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Abstract
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ABSTRACT
This reference manual describes the IBM 704 program called Kick,
by which complete bubble chamber events are kinematically analyzed.
Kick's input data is the output from the Pang program, which uses raw
. track measurements to spatially reconstruct the tracks, and fits appropriate
curves to them. The reader who requires a more introductiorAy exposition
. of the general ideas is directed to UCRL-9098 which describes an earlier

version of Kick in less detail.
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Parentheses md1cate MBANK word numbers (FORTRAN Convention) on output tape.

TNoi: yet in program.

July 1960
MBANK for Kick 5 Only

(constitutes first record of binary output)

Run I.D. [Copied from DATE (in TEMPAR)] . Full Wd Integer

. STM--Now used for KKT FailingTrack No. ' Int D
Contains 9999 if event not found in ZTABLE :

- Date Franckensteined YR/MO/DAbbbb’
Date Panged ﬁ/ﬁo/ﬂbbbb
‘Measurement No. (1 on first remeasurement) . Tnt D
Franckenstein Operator Number Int D
Experiment number Int D
Event type ) Int D
Serial number (R=Roll, F=Frame, T=Beam Track) - RRRbbbFFFbTT
PUC "Pick-Up Command" The character P from PANGMC+6 Ex't_D_—
Free

" GPM "Good-Print Mark" Counts number of successful fits Int D
x &; 500 signifies HRJ; but for missing-mass "fit", "y 2" is xZ(UnSP) Fl.
DAMN (Sign bit determines sign used in QC ambtguxty) Sign Bit
Report counter (Counts reports on a given beam track) Int D
HWdD through J; Floatmg handy words 2t Fl.
"Fuzzy KKT's", Reserved for Ziuzzy(KKT) Fl.
LPM-Nonzero for last Print of an Event
CPM - "Check-Point Mark", also called Fit I, D. Int D .
Parameter ID Int D
WALL. Max. prOJ. range of zero-length charged track (cm) FlL
MMASS - missing-mass p. Negatwe means E -E;j, <0 Fl. ;
DMMASS - 6p Negative means 2 <0 - Fl,
ZCCTR1 = fZ(Control of DAMN slgn) Counter Int D
Ord ’ Int A
Print type 0=Param, 1=P, 2=V, 3= MM. 4=HRJ, 5 FRJ, 77777= endoftape Int D
Length of second record of output Int D
Tracks in second record of output Int D
Reject type IntD
ZVERT calling sequence Coded
Free
Free
Free
Free
HWdl through 15; floating handy words Fl. .
IHWdl through 15; more integer handy words Int D
(Starts second binary record of output. Has additional GUTS fit
information. Listed on assembly between GUTS and Kick., Des-"-
cribed in Glossary of both write-ups and in mxssmg-maes section. )

Partlcularly useful locations are:
KLOCP (P is number of particles fitted by GUTS) Int D
KLOCL (L is number of constraints used by GUTS) Int D
KLOCI (I is number of variables) “ Int D
KLOCLL (Flag for special classes, two vertex or WALL) Int D
Int D
GCONTR (Step Counter) Int D
CUTI1 through CUT (Cutstep Counters - see RJICT2 in Memo. 86) Int D
MPRIME [true value of xZ, never touched by Reject routines or xZ(Un4)

) for MM] Fl.

KDAMN (actual sign of DAMN as used by GUTS). Int D



ZTn Banks, Kick 5
(See also ZTn glossary)

2Tnt .Name Units Format ZTn+_
s 08)  #(0<¢< 2w radians  FL 27
= or flags; Wall=1 ' IntA
a Poison=7 IntA
N 119" s=tanx Fl. 28
¢ & 2010*  k (Mev/cy! FL
g e *
] 3(3) Status (+/-) . Int D 29
2 = (fit/unfit) ,
2 N 44)* Cm =0 =] =3 Int D.
N Crm =0 =1 =3
g 3 5 5966  6pB0 FL 30
[} — —_—
8 9 " 6 b06s  b¢bs Fl. 31
= ot pR— —
3 § 9 7 68k  5sbd Fl, - 32
. - PR —
ok o 8 686 6sbs Fl. - 33
£5 32 e
5o , 9 68688 @ prd Fl. 34
: g . 10 86k g ! FL 35
A ° b ! <
ga. o 11 859 2? ] FL 36
A ¥ 8kbs < FlL
> m — O 37
o 13 kbk FlL. o
3 4 5
f;, Al4(5)’°= Endwd (+/-)=angl=s Int D A
w set up at (beg/end) £ 38
: _ 4
o * B 39
w & 15(6) Lsz; L=1,8%2,2=3 B=4 . IntD
a3
83 16(0*  Ftn IntD 40
&
o
41
17(1)*  Track No. IntD ,
42
18(2)%  Mass Mev FL 5
(and charge)
19 L cm Fl. 44
® 20 SL cm Fl. 45
g a : 46
21 k [For 2pt .o] (Mev/c) Fl. 47
g 22 8k LSet 1o 10.0f (Mev/c)-! Fl 48
;: 23 6p via arc {(Mev/c) Fl. gz
If neutral set 10.0
24(11) kPTest or Fl. 51
kKTest . 52
25 8¢bs - Fl. 53
| - L
i 26 540k FL. v 54
\4

*
Numbers in parentheses are the track word members (in FORTRAN cor.vention) in a vertex report.

Name Units Format
{k| via arc Mev/c Fl.
{Neutrals set

to 1.0)
bk via arc Mev/c Fl.
(Neutral set

to 10.0)
$1,(beginning radians Fl.
azimuth)
0<$<2m
$e (end} radians Fl.
5d(beg. ad end) radians
s, (beg. slope) Fl.
'se {end slope) Fl.
&8s (both ends) Fl.
Coulomb ratio " FL
Bk, . 68 (Mev/e)-!  FL
(Neutral set to 0)
Track code (Con- Coded
tains LSZ,
FTN information)
Points measured IntD
view P
Points measured IntD
view Q
py(For 2p set .Mev/c Fl.
~to 1.0)
Pe(For 2p set Mev/c Fl.

to 1.0) or over-

shoot in mm mm
p arc(if neutral Mev/c Fl1.

set 1.0)
&p/p set to 10.0 Fl.
for 2-point tracks
Charge code, +1, 0, IntD
Xb cm Fl.
Yb} beg. Spa- cm Fl.
Zy, tial cm Fl1.
Xe - coor- €m Fl.
Ye end di- cm Fl.
z, nates ©m Fl.
(4] : cm Fl.
O:Y }residuals m FL
View P(integer Coded

in add)

View Q(integer in dec.)
Pang test Fl.

0961 ‘127 AInr

6606-TYDN



UCRL-9099
Contents
May 1961

Contents
1.- Introduction 0
After a brief introduction, this part contains general.introductory

. commentaries, in alphabetical order:

Assemblies Output

- Coordinate System . . Parameter Storage
Identification Numbers "Rejects

Input Running Instructions
K-Pang and K-Kick Tests "Trap Kick

-Missing Mass Wall

-IL.. Calling Sequence and Summaries of Kick,Processing, Routines.
- These are.in the order in which an event-type subprogram uses
“them: ZSET, ZVERT, ZSWIM,. two PRINT routines, and ZEND
IIL. - Main Processing Routines, to be read in. con,junction with the flow
diagrams and the assembly. . These again are in a '"'chronological®
order!’ ZKICK, ZREAD, ZSET, ZVERT, ZSWIM, ZEND, VPRINT,
QVRT Each write-up .is followed by .the flow diagram.
IV, . Auxiliary Processing Routines (in alphabetical order).
- V. Banks and Glossary |
In the sequence: Main Bank, Track Banks, GUTS Banks
VI.. Utility routines and the 4AP assembly program.
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INTRODUCTION

General

This manual describes the Alvarez Group kinematics program K1ck 5 6
for the IBM 704 as it runs .in Berkeley For an assembly more recent than
Kick 5.6, changes are indicated on the listing by a gang—punehed comment
- (e. g+ FEB 61) starting at column 68. A 709 version, Kick 6, is about to be
released and will be described in a later edition of this manual.

It is assumed that fhe reader is familiar with the following:
1. A general description of the Franckenstein—Pang;Kick—Examin System.
- See A. H. Rosenfeld, Digital Computer Analysis of Data from Hydrogen
Bubble Chambers at Berkeley, Alvarez Group Memo 123 (UCID-1047), 1959.
- Refer also.to A. H. Rosenfeld, "Computer Programs and Uses, " Paper 6A.9

in Proceedings of the 1960 International Conference on Instrumentation for

. High-Energy Physics (Lawrence Radiation Laboratory, University of

California, Berkeley, November 1960).
. 2. A. H. Rosenfeld and J. N. Snyder, Digital Computer Analysis of Data |
from Bubble Chambers. IV, T‘he Kinematic Analysis of Complete Events,
UCRL-9098, February 16, 1960 (submitted to the Review of Scientific
Instruments). Although this report describes an obsolete version of Kick,
it is useful because of its didactic presentation.
- 3. IBM 704 and 709 manuals (at least the Command Structure sections), the -
- Symbolic Assembly Program (SAP), and the local version.of SAP, called
4AP and 9AP. - (See the 4AP and 9AP descriptions in Section IV of the present
. report, entitled Notes on Auxiliary Processing Routines. )

In addition, we will refer: to:
For Pang:

1.-'W. E. Humphrey, A Description of the Pang Program, Alvarez
Group Memo 111 (UCID- 1043), September 18, 1959. '

#The owner of this copy should make sure that his name and room number
(or mailing address) are on the Editor's list.. He will then receive new or '
modified pages describing irﬁportant changes in Kick., This manual itself,
will always need ''debugging'’, since some of its pages will always be new.
Therefore please inform the Editor of mistakes and suggestiong for

improvements.
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. 2. W. E. Humphrey, A Description of the Pang Program, Supplement
No. 1: Input and Output, Alvarez Group Memo 115 (UCID-1044), October 24,
1959. |
- For GUTS:

1.. J. Peter Berge, GUTS, Alvarez Group Memo 86 (UCID-1251),
January 18, 1960.

. 2. F. Safier and C. Hansen, IBM Program GUTS--Detailed Description
.and Flow, UCRL-9309, September 9, 1960,

. 3.-J. P. Berge, F. T. Solmitz, and H.. D. Taft, Digital Computer
Analysis of Data from Bubble Chambers, III. - The Kinematical Analysis of
Interaction Vertices, UCRL-9097, March 15, 1960, Lo be publiched in
Review of Scientific Instruments. '

- This book.is written as a reference manual; therefore the sequence in
which topics appear may not be the easiest for straight-through reading. - We
suggest for the initial reading that one peruse first the summaries of the A
input format, coordinate system, etc. .in this Introduction section. - Next,

- read the first page of the Banks section which is the combined index for the
-section'plus the list of the banks and their functions. Then read the MBANK
and Track Bank lists and their accompanying glossaries. - Next, read the
over-all flow diagram (first page of Section III, MAIN PROCESSING ROUTINES
and the description of Output in this Introduction section. Finally, read
simultaneously for each main processing routine (a) Section II.. Calling
Sequence and Summaries of Kick Processing Routines and. {b) Sections II1.
Naotes on the Main Processing Routines. - In addition, as their use is.indicated,
the reader can read Notes on the Auxiliary Processing Routines, with Lheis
flow diagrams (and perhaps an assembly lisling). |

- GUTS and Kick were written independeﬁtly. The definitions in Kick
-were headed with-a Z to avoid the possibility of choosing a GUTS definition.

- Now that Kick.and GUTS are assembled togefher,‘ the Z has been dropped on
some new Kick routines, but it is still convenient to remember that often Z

means a part of Kick. The heading K (as in KMASS) was used. in GUTS to

' de signate banks that are to be filled by Kick as it sets‘ up for GUTS.

- The first page of the Kick Assembly Listing contains a list of the se-
quence in which subroutines and banks have been ORGed. - The second page
lists the general-purpose subroutines available in a subroutine deck. called

SUBPAK 1.3, which starts at 14,00010.
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Kick Program Tapes and 4AP -Assemblies -~ = .~

Genéral
A complete running version of Kick contains three separate assemblies,
. as .follows:
. 1.. Subroutine package (Sub pac)
2.  Pure Kick
. 3.- Kick event types , - Event-type deck

go onto Kick master tape

-Notice that a given assembly of Kick is used with as many different
event-type assemblies as there are independent exper.iments.in progress.
Therefore Sub pac and pure Kick are kept separately as a "Kick master
_.tape, " '

After a complete Kick program has been assembled and tested, it may
_ be.necessary to make corrections or changes in pure Kick to insure that it
is running properly. . These corrections or changes are made in the form

. of CML cards~* and become a part of pure Kick: (they are kept at the back of
. the Kick deck).  Similarly CM.L' s on.the event types must be kept behind
.each event-type deck.

- Program Tapes

. ‘Event-type(-,assemblies are normally assembled many times in order
to add new event.types, etc.: Thus.it is found to be more convenient to make
a separate Kick master tape, containing no event types, and use this tape to
make .future program .tapes for experiments, tl;lan to use a complete set of
binary cards when making new Kick. experiment tapes.. However, when only
one set of event types is to be used with a pure Kick assembly, Parts A and
B below can be combined by omitting steps A-2, B-1, and B-2..
" A. Kick master tape (Sub-pac and Pure Kick)
l1.. Load into core the following cards; stacked in the sequence
- specified:
(2) Sub-pac
(b) Pure Kick
-(c) Any CML's for Kick master tape (as soon as Kick is read
in, it will read its CML's).
2. Load into core the one-card program SSCTCS, whichldum,ps
core to-tape, to make a self-loading Kick master.tape. SSCTCS is

described at the back of the subroutines section.

= :
- "Card Mixed Loader" (see ''Utility Routines").
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B. - Kick experiment.tape
'1.- Load Kick master tape .into core.
- 2.- Press reset, since the Kick program, after being read .into
core, will select card reader looking for CML cards.
. 3. Load event-type deck along with- CML cards; if any, .into core.
. 4. Load into core SSCTCS to make a self-loading program for a
_particular experiment.

. 4AP Assemblies (4AP write-up is in utility—routiAne section)

The following is intended to give a brief outline of,{:he procedure to be
used when modifying an assembly of Kick. By following the steps listed
.below, either a pure Kick or anEvent-Type assembly may be made.
A, General Instructions ‘
1. When making a pure Kick assembly, it will be necessary to
obtain the coltated tape (4AP output, tape 3) corresponding to the
Kick listing which is to be modified.
. 2. Corrections or modification in CML form will, in general,
. have been made on the old assembly. Obtain a list of these changes
and make sure they are converted to ALT cards for permanent
. assembly via 4AP. .
3. Additional modifications or corrections that are to be made
- should be written according to‘the format described in.the 4AP
write-up (see subroutine section).
4. In the case of an event-type assembly, it is quite feasible to
assemble an entire set of event types (original eVent-typé assembly).
However, after the event types have been assembled once, it would
be more convenient to make future assemblies using the collated

.tape from the original event-type assembly. i

. 5. Before an event-type assembly can be made, the symbol table

- which.is punched when assembling pure Kick must be obtained.

. 6. A special assembly intended.to modify or add a routine in Kick
can also be assembled from the Kick symbol table.  If such an .
assémbly.is desired,; the same procedure that.is used when fné.king

. an event-type assembly should be followed. '

B. Card for Altering Kick 4AP Assemblies
l:- The "alteration deck', which is .used.to modify previous
as,sémblies of Kick, will be defined to .include all of the following

cards:
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(2) Remark.card (REM); defining the assembly. - (Any remarks
that might appear at the of the previous assembly should be
--updated with an ALT card.) B
(b) Alteration cards (ALT); used to insert or remove commands.
- These ALT cards must be in riumerical order. '
(c) A final card (FIN); defining the end of the alterations.
2. When event types are assembled, the pure Kick Symbol Table
must be preceded by the psuedo-op (RST), and followed by a blank
card.. The blank.card. indicates that the alterations are on cai'dé
and not on tape..- Thus tHe word "Symbol-Table deck' will refer
-to the following cards:
(a) RST
(b). Symbol table
(c) Blank card
3. The éard ordering for the various types of Kick assemblies will
be listed below. The event-type as sembly using a collated tape
(mentioned in Section (c) below) may be necessary because either
(1) a New Kick assembly forces use of a new symbol table or (2)
- ALT's in event-type processing are desired, or both. [A comment
on (c)-2 below: The RST from the previous eVeﬁt-type assembly
will appear on the collated tape and will be executed,which will
cause difficulties if not removed by an ALT. ]
(a) Pure Kick aséembly using collated tape
(1) 4AP call card
-(2) Alteration deck
-(b) Event-type assembly (original)
(1) 4AP call card
- (2) Symbol-Table deck
(3) Alteration deck
(c) Event-typé assembly using collated.tape
- (1) 4AP call card
(2) ALT card removing old RST
(3) Symbol-Table deck
(4) Alteration deck. . ..
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Coordinate S\ys.tem and Variables

The coordinate system used by Pang (and hence by Kick) is based on
a right-handed coordinate system for the 15-in. chamber, and a left-handed
system f.or the 72-in. chamber.. In both chambers, the Z axis is perpen-

- dicular to the bottom of the chamber (not the tilted glass), i.e., parallel to
the nominal 'magneficvfield axis.  The origin is at the bottom of the chamber
(top of the coat hangers) and in the center of the square defined by the cam-
era lenses. The x coordinate increases toward the high side of the front
glass (which-is the side on which views 2 and 3 are located in the 72-in.

. chamber and on which 1 and 3 are located inthe 15-in. chamber). The
polar angles are defined so that A = [ 90 deg - (angle between z axis and
track direction)], where \.is the latitude, and thé azimuth, ¢ is the angle
measured. in the x-y plane from the x axis (the y axis has ¢ = 90 deg). See
-Memo 111, p. 12, | '

- The inversion in the case of the 72-in. chamber arises from a mirror
.between the glass plate and the film, i.e. at the bubble chamber itself.~ There
-1 no inversion 'between the optical systems of the measuring projector and
' the scanning table. Hence, Pang-Kick-Examin print-outs agree with the
- scanning table, but not with.real life. - In summary, the 72-in. chamber.is

really like this:

X
— I\
N N SRaN N
Vies 2 View 3 «—High side of glass
Beam
—_ > ! —m- Yy
EEEEE—

Because of the inversion, the coordinate system, as seen on the scanning

table is right-handed..- The top view is:
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e_—b
‘ ‘ High side of glass

o

2x

Users bf..the 72 inch chamber must remember to change the signbof~
any vector cross-product obtainedufrc;m a‘prihtout in order to make it
, Areahstlc | | v ‘ o

Thc variables used to specily Lracks are "dzimuth",\s( .tan )\) and
"curvature" [k =.1/(p cos )\), where p.is.the momentum in Mev/c] These
Were. chosen since it was hoped that, from the method of measul:erner;t and
.track reconstruction used, these \;vo.uld. be independent and have an. approxi-
mately Gaussian distribution, or at least more nearly.so than any other
_available choice of variables. . In fact, we know that while these variables
. at the middle are appro%imately:independent, the curvature and azimuth at

- one end of a track are highly correlated, but we ignore this fact now.
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Identification Numbers

In a system as complex as the present one, it is frequently important
to know the history of a given event.. Several identification numbers are
output by Kick to provide this history. Changes both.in the number and
location of these .identification words will occur.in later versions of Kick;
but those for Kick 5.6 are listed below.

Run ID (Old Kick ID) in MBANK + 0 and in DATE

This is the date the event was processed by Kick. - It .is loaded by a

CML* card .into DATE (in TEMPAR) as an integer.  The format should be

two digits each for year, month, and day, followed by four digits for such
things as shot number; for example, 6104140002 would mean. shot N.o.r 2
of April 14, 1961.  If this number is not encountered at the start of a run
.an HPR is encountered.

- Par ameter ID 1n MBANK 4+ 28 and in PARID

Th1s is an 1dent1f1cat10n word for the parameters and might contain

.the date the parameters were decided on. - Since this number is increased
whenever PARCH cards are read, the format should be the same as for
Run ID with four digits free to the right.

. Date Measured in MBANK + 2 and MBANK + 3

Date Panged in MBANK + 4 and MBANK + 5

%k ' -
- CML = ""Card Mixed Loader" (See "Subroutines™ Section).
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Pang Binary Output (Kick Input) Tape Formats - (Tape 3):

(For more details see W. E. Humphrey's Memorandum 115)

Event ' Complete Event
E of File :
Master Card ‘|~ i

Ten words which Kick reads !

into MBANK+2 through MBANK+12 - !
E of Record ’

Track Record 1:38 words

which Kick reads into

ZT1+417 through ZT1+4+54

E of Record .

Track Record 2

etc. ---{(as many

track records as there
are track interpretations)

Track Record n, n < 31

*«
Parameter Changes

_E of File

T-o0 . |
XXXXXXXAAAAA g

YYYYYYYYYYYY&Word Pair

e tWord Pair

(Word Pair

YYYYYYYYYYYY

_E of Record-
-

Master Card of next event

XXXXXXX = arbitrary
AAAAA = Octal address
12 Y's = Parch Word to go
into this address

tracks into its normal
track banks. (A Kick sub-
routine called ZSET can
manufacture one more
"missing neutral'. )

fR
Kick can read £ 31 Pang : T A

£F

-

Pang Omission

E of File

End of Tape
E of File
T +0

Aftér + 0 Kick
Stops reading.

I Master Card S

E of Record .
) 20 BCD words Yy This is a dummy
s explaining B track bank written
| omission in binary mode

!  (see Memo 115A).

E of File | _ ;

T l Next event ‘ A l

' *Pang writes this,record’
whenever it reads a parameter
change ("'"Parch") card.

(Memo 115, p 5).
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k-Pang Test (KPT) and k-Kick Test (KKT)

Both before and after a fit, tests are made on the consistency of

curvature and length, and the results stored in ZTn + 24.. These tests are
- most often useful in discovering a wrong-mass hypothesis.- When performed
on the Pang data, they are referred to as KPT; later the tests on fitted data
.are written over them and called KKT. |

A comment on notation: in Kick we use L for the measured length of
a track and R for its range, as calculated from k- (al.quM).

k-Pang Test
This is calculated in ZSET.- ZVERT then rejects any hypothesis that

fails by ''three' standard deviations 'three'' is actually the parameter
- KPTLVL in I"ARAK) to catlafy the following requirement:
For a stopping track (i.e. sz = 2) R =1L
For a leaving track (i.e. £sz =1): R>L
For a beam-averaged.track: P(beam) = P-(Pang).
- If expressed.in terms of léngth, however, the distribution would be
- skew; so we use the measured (Pang) curvat.ure at the middle of the track
kfn - We compare this measured curvature with the theoreticé.l curvature
for a given mass hypothesis, k(L/2), i.e. k computed assuming a mass and
.the residual range L/2. Specifically, we form, ‘and store in ZTn + 24
the following k—Paing Test functions:

P
K(L/2)- 1%, |
Stopping tracks - | — ~ Pl ' should be > (-""Three'')
6km
Leaving tracks: L <R so k(L/2)> kri =» should be > (- "Three'')
k(L/2) - 1KE |
KPT = + — =
§ k
m
Beam-averaged track:
kbearn lkP |
- m

KPT

t+ianalogues intd and s.

J(é beam)z+ (6k ) |
should be > (-"Three').

beam .
» where the beam has been.swum

By k
y MT
to the middle of the track (see Aux: BMAVG).

beam we specifically mean k
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k-Kick Test

This can be applied only to charged, '"leaving", outgoing tracks be-

cause of the following considerations: .
. (a) If a track was fitted as stopping, then of course any discrepancy between

k and k(L) is reflected in x 2. Thus we arbitrarily set KKT = 0.

(b) Incoming tracks must be excluded from KKT; since L is-a length back

upstream and has nothing to do with R(k). '
But for charged, l.e-av'fng;tradksj,;"ZVE'R'T calculates i o
KKT = lgi(;zrr;el;- ’

which 1s different from KPT, however, in‘th‘-at it should'be subjected to two
different tests.  If any KKT is negative, ZVERT cexits; with the MQ negative,
and with the track number of the questionable traék in STM (MBANK+1). If,
in addition, KKT is less than -""3" (we agin use KPTLVL), the fit should be
-rejected. We do not givé an ordinary HRJ, since we feel that the event-fype
writer is.in the habit of thinking of the track banks having been untouched by
. HRJ. - We therefore give the largest HRJ number possible, namely HRJ 62,
and store the number of the KKT-rejected track in STM. - (For further details
see PRINT).

- Note that we permit an ordinary "successfﬁl" print, with a deceptively
low XZ value, for the "fuzzy" case where KKT is negative but greater than
M_3, . If the physicist wants to constrain the fit to have léw KKT, he must
call for a refit with ""L" changed to "'S".  This is not done automatically,
| since the fit is consistent with the k information (via curvature).- We leave

-it up to the physicist:to decide whether he wants to use the length information.

"+ We do intend, however to set the MQ <0 in ZVERT, and perhaps we shall

eventually put in MBANK+25 the sum of the sc'luar'es of all the '"fuzzy' KKT's,
. so that Examin can @dd them to x 2 for the vertex or the event if it wants to
do so for some tests. This will make it possible to check on these fuzzy

KKT's without having to look at many different track banks.
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Missing Mass,

.In the Kick-Examin system there are .two routines that calculate a
mass | = Nw2 - p2 and O
(1) the ""Missing Mass'" entry-to ZVERT
(2) the Effective Mass Fortran routine in Examin called MDM.
The ZVERT MM routine calculates the unbalance of four-momentum
(UnPx, UnPy, UnPz, UnW) and then the mass p and 6u of the missing
“'"particle'. In forming &p, GUTS assumes that there are no intertrack
error correlatioﬁs. - That is, it assumes fhat although some of the tracks
_that enter into Un4 may~be fitted tracks, the vertex at which Un4 is cal-
- culated has not been previously fitted.
. The Effective-Mass routine MDM is written.to handle the opposite
case; it assumes that the vertex has been fitted and calculates &p by using
the- GUTS 3n-by-3n error matrix. . In summary, it will calculate the

effective mass of any fitted diparticle (it will be extended soon to include

_triparticles),
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‘Missing Mass Entryto ZVERT . .
. The procedure of a 4c GUTS fit can be stopped after the first iteration,

and, fr.om the unbalance in four-momentum P,E= -(Fl, FZ’ F3, F4) and
6Fi fSFj , the following quantities calculated (see Memo 86, Sect V, pp. 13
. and 14) and .stored in:
- (1) MBANK+30 and 31

The rr{issing mass HZEEZ—P;, and 6p2.- [ carries the sign of the .

t); o6u carries the sign of |.'LZ. }:

energy balance (+ for E._ > Eou

(2) GMFCN
For no unbalance in three-momentum ¥ 2 = X?’(Un3) (see notes below).
(3). MPRIME |
For no unbalance in four: momentum X 2 = X 2(Un4) (see notes below).
(4) GFFCN+0, 1, 2,3 (SNYDER+27-30 in.the Second Record)
P, P, P, W of missing particle o
- (5) GFFCN+4, 5,6,7 (SNYDER+31-34)
»6Px’ pr’ BPZ, 5W

}

o) B s e )
P = «/EXZ + pYZ +P_2)1/2  and sP.

'Notice that in the vpresent GUTS, only p and 6p z_iré stored where they
will not be overwritten at the first step; to see the rest one must call for a
PRINT.” On return from an MMass GUTS entry, ZVERT of course. copies
.GMFCN into MBANK+15 as usual.

- Quantities Associated with Missing Mass

Consider a vertex which would be 4c if no particle escaped. ! If one then
. assumes a particle of mass m_ es_caped, one loses three momentum

- measurements, and so is'left with a lc situation. The following notation

.1s convenient: call '|.L2 = T, 6}.L2 = 6T, and mi-z To.

- Then our postulate can be tested with

, T-T, 2. F*Z'mi 2
= ' = l—_ . - (1)
X 5T 5.2
R .

*In the next version of GUTS, it is suggested that w, 69; X 2(Un3)' and ¥ 2'(Un4)
be stored automatically after the first itération of any 4c fit.: Then, for
MMFLAG = 0, we get these four quantities and a fit. For MMFLAG # 0, we

get these four quantities and no further iterations.
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2p 8. - Then for p = .'mﬁ, it is convenient.to

Now we have 6p2
write
2
> (b +m ) (p -m_) p-m

™
X = Zu op B ’ (2)

[
u

Notice further that x 2 _ (;I‘S%)) does not test the hypothesis that no
particle escaped [for this use XZ(Un3)‘}or X 2(Un4)] but only that it was a
massless particle (y or v), which is rare for strong interactions. Even if

one should want to calculate x 2(T0=O), it .is not given by Eq. (2) but by

‘ 2 2 2
2 _ 'y 1 pY
el ‘(3‘) | o

More Detailed Diocuooion of x&(Un3) and x 2(Un’l) '

If the missing momenta components P were uncorrelated, one would

.def1ne ayx for the hypothe51s that no momentum is missing by

4 2
' XUnP ?;1 . .- To.take into account that 6P1§Pj # 0, one uses
instead the reciprocal matrix H3-1 = (6P16Pj)-1, where 61316Pj is the

3-by-3 momentum-error matrix. - Then we have

. -1
X Un3’z Pi(H )5 Py
1 .

or, in GUTS notation for the missing-mass, calculation (Memo 86, p. V-13),

XUn3 Z Fy (H

- Notice that XIZTn% depends on three-momentum only, and does not explicitly ..
depend on ma;; 'assignments, which may be wrong or ambiguous.: For the
case that no neutral particle escgped, X %an. _should be distributed.like X 2

for three constraints. ()(2 = 3). There is, of course, some implicit dependence
on mass assignments because Kick has to assume a velocity (and therefore,

~ a mass) to swim from the middle of a track to the vertex end.

‘ One can also form a more specific .xi which tests all four components

of the missing-momentum four vector:
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4
x2= Z F (H“l)x F = Sig Un4P
- 4 > A TV g Ln=r.
- Thus an event with small X‘%Jn3 “and: 1afge xi is evidence that either

(1) no n.eutral escapéd but mass assignments are incorrect, .or possibly
(2) neutrals did escape, but carried little total momentum.
GUTS puts x% 3 into GMFCN, and x4 into MPRIME; then ZVERT

copies GMFCN into MBANK. '
» In As sembly 4, the event-type writer will have to store GMFCN in

some Handy Word. If he then calls for an immediate print, he can also see '
SigUn4P in MPRIME as well as UNPEE and DUNPEE, and PX, Py, Pz, E, pr’
etc. which appear in the MBANK appendage as GFFCN through GFFCN + 7.



The binary output of Kick appears on.Tape 4.
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- Each report produces

one record of MBANK followed by a second record for all the print types

except File Reject.

contained.in MBANK.
- First Record

MBANK is always 76 words long. -

- If there is to be a second record, this. information is

It consists of one heading word

. factually LLTB), which.is required but ignored by Fortran, plus 75 words
- of MBANK: |

MB + 26

- MB + 34
- MB t+ 35
- MB + 36

- MB + 36

MB + 38

+ 40

- Print Type

: '(5) File Reject '
: (77777)8 End of this.tape }

MB + 34 gives the print type:

set £ 0 on last print of an event
is PRINT TYPE, . see next paragraph.

is length of second record.

gives number of track banks, P, . 3 ..

in second record.

gives REJECT TYPE, if any.

- Integers
stored in
the
decrement

complete ZVERT calling sequence for .last

entrance.to ZVERT.

(-) Bad Print

(t) Good Print

(0) Parameter Print

(1) Pang Print
(2) . Vertex Print

(3) Missing—Maés Print

(4) Hypothesis Reject

- Second Record

All followed by second records

No second record.

If present, it is again headed with a code word- (DMASK) followed by
- the numbers of words specified in MBANK+35

Print Type MB+35 must be set to: This report written by:
0, Parameters 150[ PARAK(50)+ TEMPAR(50)+ EVPAR(50)] PPRINT |
1, Pang 55P[ P tracks, set up at beginning] PPRINT

2, Vertex 68+15P+(3P) [Pg7 tracks fitted by GUTSY]: .PRINT |

3, MMass 68[ Missing-Mass quantities; see "Missing PRINT

Mass" ]
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Print Type , MB+35 must be set:to: - ' This' report written by:
4, HRJ 68[ Hypothesis Reject] o “PRINT'

5, FRJ 0[ File Reject] -+ - PPRINT
777778 O[Siaecial_ record to signify end of te}pe] éither routine.

- Note that the first two sorts of reporté are written automatically viéﬁ_

a routine called PPRINT.» The Parameter report occurs automatically on
return from CML (thus is seen every time the program is loaded or alterations
..are read by CML); :the Pang Report.is written automatically by ZREAD when

it starts a new . event. - The next three print types are written by PRINT when
the command TSX PRINT, 4 is written in an event type subprogram ‘

. The 68 words heading the PRINT second record are the sum of:

. (1). The 52-word SN.YDERl bank in GUTS, containing fit parameters such

-as the number of constraints, number of steps, X 2, etc. They are listed in
.the GUTS glossary at the end of the Banks- and- Glossary Section.
- (2) Sixteen words of HLM (ignore these, or see Memo 86 for more deta1ls)

The Vertex Traclks in the PRINT second record consist of 15 words for each

-track that took part in the fit, .listed in the same order that they were specified
.-in the ZVERT calling sequence.  Further details of these words can be found

inthe Track:Bank Map and Glossary. - The 15 words are:

M from ZTn+ Name
1 17 T_rack Number
2 18 ' Mass and Charge Code (Mev)
3 3 | Status |
4 4 Crn (Cohstraint Reduction Number)
5 14 Endwd ' s
6 15 . Lsz
7 16 Ftn
8 0 | &
9 1 s
10 ' 2 k
211 24 KKT
12-14 - -GYFCN Normalized steps (see Memo 86)

15 Code DMASK = 0 77777 0 00000
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The Variance Matrix in the PRINT second record is the 3P-by-3P variance

#hatrix on the variables (¢, s, k) for the P.tracks is written out!  This matrix

is stored in the order

¢lslk1,¢2,sz,k2,¢3,s3,k3 ..... )

- where the subscript applies to the track order in the ZVERT calling sequence.

Thus, we have the symmetric matrix:

) s, K ) 52
¢, ,6¢1’64>1 6¢ 85 66 6k TR
Sy bslﬁcbl’ 651551A 6516k1 mz
k, 8k b6, sk bs, ok bk, 6k, b9,
2 64’254’1. 8,08 - 89,0k | 60,50, _5@@2
kp

Physical Length of Output

Pang Report (assume 10 track banks) 2 ft
Vertex Report (assume four track banks) 1 ft
~HRJ , 1/2 ft

A typical event may then occupy 6 ft of tape, or 1/400 of a 2400 ft roll.

. (Mnemonic: at a tape reading speed of 75 in. /sec, EXAMIN can read an

event in about 1 sec.)

(SR

{

N

8k 8k
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Print Types 6 through 10

Print C and Examin have been modified to accept a new print type from

Kick.- It can be given any one of the print-type numbers 6 through 10, and

it must be the last report of an event. It consists of two records: the usual

76 words of MBANK as first record, and a second record of less than 1000
words. A .zero-length second record is acceptable.

- In. Examin, the first record goes into a .list called FINAL and the
second record is left in COMWS. _ ‘

- The report can be produced by the event-type programmer by meahs
of the Kick routine called PPRNT. Before calling PPRNT, load AC and MQ
as follows: | .

AC: HTR 0,0, T p MQ: HTR. 0,0, R,

- where T .is the print.type number, and - R is the reject type. The calling

sequence is . _
a TSX PPRNT, 4, :
at l:HTR FWA+L, 0, L. (E‘irstilVord _A_xddres S, andiwls‘_,eng.th-of second record),
a+ 2 Return. . '
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Parameter Storage

There are logically several different.types of parameters in Kick,
{true constants are-of course in the constant banks and are not dealt with-in
‘this note).. Some of these parameters change only seldomly, such as masses
-of 'the par’ticles, levels of significance at which tests internal to processing
routines.are set, etc.- These parameters belong in a relatively permanent
parameter=storage bank, which we will call PARAK, (parameters of Kick).
PARAK starts at location 001008 and is a part of the ''pure Kick" deck.
The particle masses are actually dealt with in such a special fashion that a
- special. name MASTBL has been given to the part of PARAK containing the
masses.

This a 30-word bank defined by a BES order.  The neutrals are the
last seven entries in the bank.. Particle masses can be called by the order

CLA'MASTBL, 1 where IR1]1 has the code for the mass. This code is as

follows:
Co-dej ', Particle:.:.. Code T | Pafticletf. ... Code . Particle
1 Yy or v 11 e'+ 21 e
2 L 12 wt 22 W
3 KOor I_{O 13 1r+ 23 o
4 N or N 14 K 24 K
5 AVor &V 15 P 25 P
6 =0 16 =* 26 Y
7 o 17 - 21 ="
8 A%+ 18 =t 28 =
9 - Zero(OCT 0) 19 D 29 Zero(-)
(OCT 3)
10 Zero(+) 20 T 30 He3

(OCT 1)

Note that particles and antiparticles are duplicated if charged, since the
last two bits contain the particle charge code (see ZTG-2 for explanation of
..this code).

TEMPAR: Some other parameters are used in processing routines in a
consistent manner but with values .that change regularly from experiment to
experiment (such things are direction of magnetic field, térget nucleus,

beam momentum, etc.).. These parameters are stored in.a temporary
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parameter bank known as TEMPAR .- TEMPAR:is defmed behind PARAK
in the pure Kick.deck to define the symbols, but the values are assigned. in
the event-type assembly. Some _of‘th.e most important entries must be
copied into MBANK before output of each event.

- EVPAR St111 other parameters are not used in a general way but are
used. by- the event types for internal use (e. g., the value of x 2 at which a
given hypothesis will be rejected). . From experirhent to experiment, .these
parameters will change not only their values, but also their functions.- This
bank is known as EVPAR. The values in EVPAR and TEMPAR are assembled
into the event-type deck.

- For the immediate future we will continue to print all parameters--

- PARAK, TEMPAR, and EVPAR--both immediately on entering ZKICK
(after CML) and any time a parameter is ché.nged via PARCH cards or by
Chapter-and-Verse (see Pang).: Eventually PARAK need be printed only

. on first entry but will in any case be consulted less frequently because of

the stab111ty of its entries.
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Rejects ’

In addition to troublés that are so serious as to stop the IBM 704, there
are two distinct types of rejects:
l.. File Rejects* |

The Read Routines ZKICK and ZREAD make many format checks on
the Pang Inpﬁt. Failure of any of these tests leads to a File Réject (see below)
which .involves a ""Type 5'" trouble print on Tape 4, and an on-line print, after
wh;lch the whole event (i. e., one file of input data) is rejected and the next
file is read. In order to minimize output on events that may lead to FRJ,
all tests that may lead to FRJ's must bé written ahead of the Pang report in
ZREAD. - There are currently neither File nor Hypothesis rejects in ZSET.:
2.. Hypothesis Rejects

- If ZVERT detects evidence against a single hypothesis;, or if GUTS
fails to get a fit to a vertex,T
x % is set to 100, and control is returned to ZVERTX, the exit of ZVERT.

a "Type 4" or trouble print is made on Tape 4,

- File Rejects are accomplished with the open subroutine FRJ which
follows ZKICK. - Specifically we write TSX FRJ, 4, n; where n is the type
of reject (n will appear in MB + 37). Note that FRJ is not a closed sub-
routine; Index 4 is used only to pick up n, control goes to ZKICK 8 (to clear
PUB and return to ZKICK 2 to read the next file).

Hypothesis Rejects are not handled by writing TSX HRJ, 4, n. - This is
partly historical, in that GUTS was written before HRJ. The scheme used is
to write in the error return: TRA RJCTn. The list of RJCT's follows ZVERT

in the assembly. Rejects 1, 2, and 3 are seldom used; after these the list

. runs

RJCT4 TSX HRJ, 4, 4 CHI. SQ. large on first step
RJCT5 TSX HRJ, 4, 5 too many steps.

Again, Index 4 is used only to pick up n; control goes to the ZVERT return in

. the event-type subroutine. - In summary, HRJ is an open subroutine used by

Ce e

>FCa.lled Event Rejects in the Rev. Sci. Instr. article.

TThére may be many reasons for this '"failure!'; see RJCT list - R - 4ff.
- Some, like y LS 500 (Reject 4) are evidence that the input data are inconsistent
with the hypothesis; others, like 'no such GUTS class'" (RJCT 24) are

clearly inadequacies of the program.
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ZVERT .to bypass a-GUTS {it.- GUTS accomplishes.its own bypass by the
sequence RJCT HRJ. ,

- We want. in the future to distinguish between. rejects frorﬁ' Kick proper
(using HRJ) and those from control subroutines which. véry from experiment
.-.to experiment. - We shall write a new entry.into HRJ called ETRJ (Event-

. Type Reject), which will write a. new print type.
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List of File Rejects

Reject Type ==Report type 5. (In Kick 4 these are 108-type ReJects )

1.- Event needed to p1ck up previous data and found none.
.- Pang omitted thlS event.
Too ‘many track records in event or a track record has too few words.

.- Pang gave amegative word in ZTn + 54.

2
3
4
. 5. Had tape-reading error on some event.
6.. Attempted.to store when all pick-up banks were full.
7.. ZSETS8 found no "mate'" in any ZTn for ZPUBn.
8. - (Kick 4 only) Some neutral track was called stopping.
9. (Old 7-track Kick) p imaginary on Oc fit in event types 10 through 19.
10,- Got L <R on. initial swim of K~ beam.
11. (Old 7 track) Got p imaginary in phony GUTS - Vertex Il
- 12.. (Old 7 track) Got p imaginary on a decay.
13. (0ld 7 track) Got p imaginary on Vertex I of Type 52.
. 14, (Old 7.track) Got p imaginary in 20-21-22 Vertex IL
15.. Free ‘
16, Experiment number fails to check
17.. + non-Pang data. |
18.. = non-Pang data.
19. ZPUB # 0, but file has neither FTN nor PUC (nonconnected Event type
. buried in middle of connected Event types. )
55. Reject Report forced by manual TRA 377608 to get by program stop.
- +63. - (Kick 5 only) ZVERT was told to process a numberless track
(In Kick 4.this is HRJ63, rathcr than FRJ 63).

Hypothesis Rejects
See the RJCT list following ZVERT, and; for more deta1ls, the next

few pages (taken from Memo 86).

A special comment should be made about RJCT 20 (Missing mass
entered with LC#4. - In Kick 4, no Report is given).- RJCT 20 merely sets
the Missing Mass equal to 9999.99, sets GMFCN equal to MPRIME = 100,’
and returns to.the ZVERT Exit routine. |
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List of Hypothesis Rejects
RJCTI1: This is not used in the present version of GUTS.

- RJCT2: . Too many cutsteps. If on some stép after the first, one of five
nonanalytic constraints is violated, that step is I:e,jé'cted and the
size of the step that gave the violation is. reducefi by 1/2 for a
new try. If a 'tofal of 30 cutsteps is taken, GUTS checks the size
of x 2. For.)(2 > 25.0, the event is .rejected. For 'XZ < 25.0, the
fitting process is continued.  If at any time there are more than
21 cutst‘eps between successful steps, the event is rejected. If
more than 500 total cutsteps are taken, the event is rejected.
. Cutsteps come in the following five brands.. These cutsfeps are
counted separately and occur in KICK PRINT. . o
- GCUT! Some k became < 0.
- GCUTZ2 The incident track undershot KLOCD.
. GCUT3  In3C, P,° or E, <O.
GCUT4 In 2C, l.<£ or'km < 0. .
- GCUT5 The constraints have not yet been satisfied, and they
failed to improve on the previous .step.
- GCUT is the sum of all these cutsteps.

RJCT3: . H;H - was singular.

RJCT4 X 2 >'500 on the first step.

. RJCT5: . Too many iterétions.- If GUTS takes 15 steps without obtaining a
| fit, XZ is checked. For xz > 25.0, the fit is rejected. For

X 2‘<‘ 25.0, iip to 250 steps are allowed.

2
- RJCTé6: 5 > CHECK. CHECK is set at the present time to 0.01.
I XB |
- The actual ratio is printed to KICK PRINT as DELTAM.

v m
: Xi - X i
- RIJCT7: . Some GYFCN ==

was imaginary. (A fit has

been obtained. )
RJCT8: . FNORM was imaginary.
- RJCT9: . Not in present GUTS (in earlier assemblies this meant that DELM

was imaginary).
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‘RIJCT10: In 2C on first step, k or k ~were <0.
RJCTI11: Not used in present GUTS
RJCTI2: Gj 1 is singular.

RJCT13: lA divide check occurred, showing that some quantity computed by
' GUTS was zero. The _five;digit octal address of the command

where the divide check ocAcurred is found at RJCT in KICK PRINT.

RICT14: Zero C, ZCCTRI = 0, the curvature as specified by DAMN be-
| came negative. ‘

RICTI15: .P“ was imaginary in zero C.
RJCT16: Not used in the prcsent GUTS.
RJCT].?: Not used in the present GUTS
RJCT18: Inthe missing-mass calculatlon, 6M? is less than 0. Here M

has been found and put into MMASS; (16M l) / has been put into DMMASS
RJCT19: Not used in the present GUTS. } ‘ A
- RJCT20: The missing-mass calqulétion was entered with KLOCL # 04.
.RJCT21: Some input k equals 0 when it shouldn't.
RJCTZZ: Invalid const.raint class (directly from ZVERT).
RJCT23: LC = 0 when forbidden (ZVERT).
RJCT25: ZCCTRI1 # 0 and both signs of DAMN lead to k < 0.

In zero C, for ZCCTRI1 = 0 the discriminant 1s assigned the

algcbraic sign of DAMN. For ZCCTR1 # 0, the sign of k _is checked.

- Por k < 0, the other sign of DAMN 1s tried. If,both k < 0 the event is

. re.,)ected

RJICT20: KPT fallure (from 2ZREAD), A
RJCT27: Zero C, KLOCD 74 0, incident particle undershot KLOCD.
RJCT30: Poisoned Track (from ZREAD).
RJCT62: KKT failure (from ZVERT after return from GUTS).

There are really two kinds of reject. The first types can happen
frequently. These rejects are: |
Reject 2, 4, 5, 14, 15, 20, 25, 27.
The .remaining rejects should happen RARELY Thesé can happen only
through rounding errors or misprogramming: .
Reject 3, 6, 7, 8, (9), 10, 12, 13, 18, 21.

If any examples of these occur, please notify P. Berge.
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Running Instructions

1." Hang Tape: (1) called Production Program Tape '
~(3) Pang | o
" (4) a blank full tape, -appropriately labeléd
(9) -ditto. (Note: all tapes except 9 to be saved; 9 to be
printed. ) -
2.- Ready the Card Reader. It is necessar); to p.reparé a card called.the

 Shot card or Date card. It has the f_ollgw_ihg format:
LO 23172 I .60 04 20 0001 Y

(N U

‘var month day  shot

All of the control cards in front of the shot card must be loaded every
time the program is loaded. '

3, Clear and Load Tape. Kick will select the card reader, read the con-

trol cards, if any, and the shot card.

. 4, Press Start. Kick should start pfoceséing and will fill Tape 4 in about
.-an hour unlcso the input tapce is so short that it comcs to:the end of that first.
5.. To End Kick ‘

a, If time is up:

l1.- Depress Sense Switch 2. The program will stop in less than a
minute at the first permissible stopping place. The MQ should be
full of bits. The SR will have HPR (Ord).
2.- Write down on the log sheet Ord, and the contents of AC. (This
is the last event processed, so we cén run again before everything
. 1s printed.)
. b.. In case of machine trouble or severe program trouble and if for some
reason Sense Switch 2 cannot be used as above, transfer manually to a pro-
gram called "Crash'" at 77770. This will end tape 4 and rewind it.
. 6. Kick Stops |
- The following stopsmay occur while running Kick:

HTR 77772 CML error return, check CML cards and try again.
- HTR 77773 If it again stops, PHONE.

- HTR 00077 Tape 3 gave check while reading parameters;
restart program. ’

. HTR 00777 Experiment number on event fails to chetk;
check labels on tapes 1 and 3.  If they appear
correct, push start.



HTR 77701
HTR 77702

- HPR 50005

- HPR 55555

. HTR 14245

- HTK 70707
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- Free

Non-Pang data, use sense switch No. 2 to force
end of Kick.

- CML advance use to searching tape No. 3, program

found wrong serial number; push start.

- CML advance use to searching tape No. 3, program

found correct serial; push start to begin production.

Stop to enter or exit CML; push start.

. You are through. Successfully Kicked and Barbed

all the wayto the end of an .input tape.
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Trap Kick
A note on automatic running features used.in KICK.
- The Berkeley campus IBM-704 is equipped with the floating-point trap
feature, permitting automatic adjustment of numbers resulting in exponent
spills. - If the result of a multiplication, for example, is too small to be ex-
pressed with an eight-bit binary-biased exponent, the machine can be in-
structed to "trap'" this multiplication, and a routine can be devised to take
corrective action. (in this case, substitute zero .for the answer). [See the
commands EFM/LFM (enter/leave floating-trap mode in the IBM 704
manual)].
- This feature does not affect the dpera.tion with regard.to attempted
division by zero.  This can be detected satisfactorily only by a divide-check-
~test instruction, which allows one to.take appropriate action.
- Our assembly routine (4AP, see .""Subroutines'') has been modified so
that it assembles FDH commands as FDP commands, and hence all FDH

commands are eliminated from the binary program, though not eliminated

"~ from the listings.

. Furthermore, nearly all of the program halts (HTR and HPR commands)
~ have been removed from the program and replaced with two commands:

‘ETM (Enter Trapping Mode. ..not Floating Trap Mode)

TXL A, 0,B ’

address of next command.to be executed

where A
B

address of eight words of BCD information which will be
printed on-line.

Since register 0.is specified, it ‘will be lower than B, so we actually
-have an unconditional (alWays trapped) unindexable transfer. . This sequence
is used, for example, to print out the event number and a comment to the
operator in case an event .is found on the input tape whose experiment number
. is .incorrect.

- Since .trapped instructions must be interpreted anyway, it is no extra
work to detect transfers to location 00001 that are not trapped.- If this
happens, the program assumes that serious trouble has developed. A
comment on the on-line printer requests a Tape 8 from the operator. - On
this tape is written in binary, the entire content of memory. The Kick
program is then reloaded from Tape 1, and proceeds to calculate from the

next data on Tape 3.. This means that one may use this instruction to produce
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what amounts to a file reject: '
| TSX 1,4 |
The reason for settmg IR4 is that the ''trap" routme can then 1dent1fy
‘the locatlon where the trouble occurred. Since the entire memory content
is preserved on Tape 8, one can later dump thls tape and reconstruct the

trouble, if desired.
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Consider a small-angle scatter in which the recoil porton is <~.-’,~_1/2-mm~=

long and cannot be seen. The proton is measured as a "zerolength(Z)"_
‘track, and ZVERT sets "WALL'" to a parameter, currently 0.05 cm.
. - The treatment of WALL is different for lc and Oc "FITS'". The lc
processing .is described in Memo 86; if the.fitted Z track has ny > WALL,
- GUTS automatically introduces the constraint ny = WALL and refits by
~using the 2'c constraint class.
- With "FIT" now destined to replace GUTS, we are reluctant to write

a.l'c class.to impose WALL on a Oc calculation which violates WALL.
. Instead GUTS defines ¥ ZWALL' On Return . from Oc, X ZWALL (in DELTAM)
ds 0 for R < WALL; otherwise it is set to [ (kg - Ky o)/ 8K] 2

- In Kick 6, 2'c is being removed. Instead, if WALL was to have been
fitted WALL ‘

imposed, and.if P > P ; the k-Test function
' fitted . WALL
k-Test -k Pk
WALL 6kfit'ced

is computed and stored in DELTAM. . This is then treated as fhe KKT by
"ZVERT. We wrote 2'c because of obvious advantages, but are now aware
of the following disadvantages: | |
. (). For the 72-in. chamber, RXY should be a much more ;omplicated
projection anyway;
(b) Sometimes a Z track is invisible because it is lqng (ny > WALL)
but goes along another track;
(c) Consider the following, which happens occasionally: ny is set to
0.05 cm. A track whose ny is really 0.03 cm is calculated by Oc
to be, say, 0.05 % 0.03 cm; and the momentum parallel to the Z
track is not well constrained.. WALL is then invoked, and this
momentum is recalculated by 2'c.. Its central value is probably
: improved, but its calculated error becomes far too small. ROc can
now never get to 0.04 cm, and we have seen events then flunk when

these unrealistic errors are promagatéd to other vertices.
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CALLING SEQUENCES FOR PROCESSING SUBROUTINES "~
AND SOME NOTES ON EVENT-TYPE WRITING.
Below is a check-list of facts which should be 'borne in mind when .
writing a new event-type program, and a summary of the subroutine calling
sequences.

ZTABLE and EXTABLE , o A

These tables contain lists of event-type routines that are available in

a given assembly. . They must be filled in by the everitatype assembly with
the event-type in the address field and a negative branching address in the
. decrement field.  Thus for event- type 14 we have the entry:

ORG ZTABLE
PZE 14, 0-ZETI14

. where ZET14 is the symbolic location at which processing starts for event-
type 14. .

EXTBL has the same format as ZTABLE but differs in that it can only
‘be entered once for each event, whereas, if the '"-S—L'", charge-exchange
feature is invoked by ZEND, control will return a second time-to ZTABLE.
Further details on the use of these tables are.,to be found in the ZREAD
section ofAthis manual.

Chetk that no Pang track.is missing

It is advisable to include, at the very beginning of a 72-inch event-type
program, a test which checks that the correct number of track-banks have
been read in from Pang.  When ZREAD transfers control to the event-type
program, the number of track-banks read in from Pang is contained in index-
: regfster 2, which should be compared with the required number. If these
~ numbers disagree, give FRJ63.

- TEMPAR

The event-type programmer is responsible for the correct setting of

the parameters.in TEMPAR. The most important of these in Kick 5 are the
following: .

PBEAM Beam momentum as floating point number in Mev/c.
DPBEAM Error in PBEAM; also floating point and Mev/c

GAPL Mean gap length between bubbles. . This is used in EXTENDing
zero prongs.. Floating point in cm.

DGAPL  Error in GAPL
EXP. Experiment number
DATE Kick I. D.
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BMAVG

A de‘s»criptioh of the beam-averaging routine is contained in the
: Aﬁxiliary Processing Section.- The point to be noted here is that, if the
direction of the beam has ¢ = 90°, the instruction FAD ZT1+49 at ZSET YY
must be overwritten with FSB ZT1+49 by the event-type assembly.. The
beam averaging routine in ZSET is coded specifically for a system in which

the beam direction is approximately along ¢ = 27 0°.
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ZSET

Summary of Function

ZSET extracts measurements (beginning or end, etc. ) first.from the
ZTn and then from'the PleUp Banks, and sets up the Kick part of each

- numbered ZTn for further processing.

. Entrance:
‘a’ . TSX ZSET, 4, N,
a+t+l OCT code word
a+ 2 {Return)

Here N is the number specifying mass of missing neutral.  For Ng =0,
ZT31 is not set up.: Otherwise it is set up as an.LLSZ = 3 neutral at the end

- specified by bit 31 in the octal code word a + 1 with a mass specified by Ng,.

- . (See list.in MASTBL in the assembly-. )

- a + 1: Sign bit 0 means beam average, 1 means don't beam average Bits
n,. foi; | 1 £n £ 35 specify end at which-ZTn is .to be set up: 0 for end, 1 for
beginning.  Note that the neutral in ZT31 must be set up at the correct end.
- Note. furlther that it is ‘pe-rmissible to save thinking when writing a + 1 by
writing more ''1" bits than there are tracks, since ZSET does not set up
numberless.tracks.. For example, a typical case with ZT1 incoming and
Beamc-averaged and all other ZTn outgoing is most easily written
OCT 177777777777 BITS 001.111...., etc.
- A vertex with missing neutral ZT31 incoming (and obviously not beam-
averaged) would. call for
- OCT 777777000000 'BITS.111.111... 000.

- ZSKTLB

This is a closed subroutine of ZSET to set up a single.track. It saves
all index registers.. Before entering ZSETZ2B, set Endword of that track to
.indicate the setup wanted at the beginning (+) or end (=) of the track, and
set CRN = 0.. Address ~«ZTn must be in. IR2. |

- Calling Sequence: . a TSX ZSETZ2B; 4
a+ 1 . Return
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ZVERT
Summary of Function
ZVERT ;akes Kick (set up) track banks and enters GUTS to fit a
hypothesis. Upon return from GUTS, ZVERT does the following: . .
- {(a) If a fit has been obtained, ZVERT puts XZ into MBANK+15, transfers

-fitted measurements and variances from GUTS into track banks, sorts x
against a standard. set of ¥ 2 test levels (1%) and returns to event type. AC
is (+) for "good'fit and (-) for '"bad'fit. - MQ is (-) if any KKT was (-) but
not < - '"4",
- (b) For hypothesis reject, REJECT type (an integer in the address) is put
into PRINTR, 500.0 is put into MBANK+15, the AC is set (-), and rcturn
is made to the event type.  No information in the track banks is changed
from the entry conditions, EXCEPT:

(1) If 6k/k exceeds "DKLVL" (~ 1), CRN will have been set to 1,

. (2) If any KKT is less than - "4", leading to HRJ 63 a_ftir track banks

. have been changed. '
Entrance

a TSX ZVERT, 4, X

a+ 1l OCT code word of vertex specifications

a+ 2 OCT code word enumerating participating ZTn
a + 3 (Return, with AC and MQ as specified above)

X is normally zero; X = 16 specifies Missing-Mass calculation.

r— —dgnored Low-order bLit is
- Code worda +1 S ’ ’ <—sSet to 1 to call two-
112 3 4 5| "vertex entries to GUTS.
’ ¢ \ V.

1 - Zero C forbidden including neutrals but

0 > Zero C permitte \ number of particles in fit
\s
excluding target

0 - no target

. 1 = ‘target.
- Code word a + 2
S 1.2 3 45 6 7 8 9 10 -
J A1 T T T T T T 77 -
d \.——-\/—/ .
Not used 5 bits per track; the "n'" in ZTn of track

‘banks which contain track data for the present
fit
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Special Requirements for Two-Vertex GUTS Entrances

Special GUTS Entrances

2CZL2V (Two-constraint, zero-length, two-vertex):

Particles must be entered in the ZVERT calling sequence in the order 1, 2,
3, n,4, m (where m 1is necessarily assumed leaving v'eftex I). For any
2V fit, the low-order bit of word a + 1 of the ZVERT calling sequence must
be 1. '

4C2V: (Four-constraint, two-vertex)

.'. ’ N

Specify particles in the order 1, 2, 3, 4, m. The following extra inf,ormation>

must be filled into locafions DD, PP, and TT (in ZVERT) for Kick 5.6 only.
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Target at vertex B in TT .

Nurﬁber of completely measured particles in PP

Length of particle (if charged) in DD, otherwise zero in DD

Further, the sign of DD is (+) for £ incident to B.
The low-order bit of word a + 1 of the ZVERT calling sequence must again
be 1.
Notes and Cautions

ZVERT uses the sign of ENDWD to find the incident track (-).. Spec-
ifying >1 incident:]ga:d;sto HRJ 28. Thus, the neutral track, ZT31, must be

set up at the right end;, and all tracks must be swum between vertices.

If the incident track is stated to be stopping, its mass is added to the
target, and only the outbound tracks participate in the GUTS f{it.. After the
fit, ZVERT sets the angles on this track to the measured end angles, k - 10,
variances to 100.0, and covariances to 0. This treatment applies even to
. the special two-vertex GUTS classes.

PVERT

' This is the alternative entry to ZVERT discussed at the end of UCRL-

9098. If the locations PX, PY, PZ, and ENERGY in GUTS storage are
filled before entry to ZVERT, their contents will be added to the constraint
equations during the fit. The sign convention is (+) for an outgoing track.
Thus suppose you want to force Track 2, outgoing from a proton elastic
scatter, to have a momentum of 100 Mev/c in the y direction: Place in PX,
PY, PZ, ENERGY the values-0, 100, 0, (938.Z+1002)1/2’ respectively,
specify only Track 1 (incoming) and Track 3, and TSX PVERT. If you wish
instead to force the incoming track to have 100 Mev/c, calculate the com-
ponents of the four-momentum and change the sign of all components before
planting them. In this case, of course, do notASpecify the bank on the in-
coming track; specify Tracks 2 and 3 outgoing. .

ZSWIM

Summary of Function

ZSWIM transforms the contents of a set-up track bank to apply at the
other end of the track. '
- Entrance

‘a TSX ZSWIM, 4
a+t+ 1 HTR 0O, 0, -ZTn
a+t+ 2 return.

(For neutrals, all that happens is that the sign of ENDWD is changed. )
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VPRINT. o .
(Vertex-Print, can also be called. PRINT: SYN card is at back of VPRINT.)
Summary of Function ' '

VPRINT reports Vertex fits and Hypothesis Re_]ects (prints types 2, 3,

and 4) in accordance with specifications described under "Output'.  VPRINT
decodes clues left by ZVERT and plants in MBANK the print type, length of
second record, etc. o

Entrance . . _
a TSX'PRINT, 4, X

a+ 1 return. A

" Entry with the AC (+) gives good print, ( ) gives bad print.

: (If a ""good'" report is made, GPM (=Good Print Mark) is increased by un1ty )
PRINT saves and restores the indices and AC condition. For X = 0, CPM

(Check-Point Mark) is unchanged; for X # 0, CPM is sét equal to X.

PPRINT (Pang Print)

Summary of Function

A tiny report routine used automatically by :

ZKICK for the parameter report,
ZREAD for the Pang report, and
FRJ for File Rejects.

Uses COMMON+0, +10, +11. ,

_Entrance
For Print Type T, Reject Type R: load AC and MQ as follows:
' - AC: HTR 0,0, T MQ: HTR 0,0, R
a TSX PPRINT,4

a+l HTR FWA+L,0,L (First Word Address, and Length
‘ “of second record).
a+2 Return.

ZEND
" (Not a closed routine, just TRA ZEND. . Saves no 1ndex reglsters )
ZEND ‘normally returns control to ZKICKZ to read the next event;

alternat1ve1y failures with a negatwe S track may be channeled down the
charge-exchange branch and reprocessed via ZREADS.

Special care must betaken with a connected scatter in which more than
one hypothesis is tried, as each set-up over-writes the fitted quantities in
. the ZTm banks.. For such an event it is necessary to store the results of
each. fit (except the last one) and, then to restore them to the appropriate ZTn

banks.imr'nediatelylv before the transfer to ZEND.
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For example, consider an ambig.uous ™ p, K“'p scatter in which ZTI1
and Z2T2 contain the m andK~ respectively. The easiest procedure is to‘
use QVRT.. Fir..s:t try -the K- hypothesis désignating ZT2 as the track to be
. saved automatically in the Fitted Banks. * Then use SAP coding to decide
which hypothesis to accept, transfer the K~ results back to ZT2 if necessary,
- and poison any unacceptable ZTn banks.. ZEND will then transfer ZT1 and
. ZT2 to Pick up Banks provided that at least one.fit was good. If no hypothesis
succeeded and it.is desired to pass on Pang data,. do a set-up and set
GPM # 0. _ S '
- If the event-type program does not use QVRT, the K results in the

above example may be stored in a PUB while the next fit is being done.

’p‘The w results need not be .stored as this will be the final fit,- Note also
.that QVRT never stores ZT! in a fitted bank; 'if ZT1 is the first track bank
-designated in a QVRT entry. it is the second track that is saved. This

. restriction would be relevant to the case of a -n+p scatter in which two
hypotheses must be triedb but the conﬁected,track is in ZT1 for both. This
difficulty can be overéome by traﬁsferring ZT1 to ZT11, say, for the first
. .fit, and having QVRT save ZTI11 in a fitted bank.during the second set-up
and fit. '

¥
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MAIN PROCESSING ROUTINES

Summary of Kick Flow

UCRL-9099
Processing:

€ Event-Type Deck ——m———

¢———— On Kick Master Tape#

ZKICK: Reads CML cards.
Parameter REPORT

T ya

3
7

1 €

ZKICK2: Tests input format

and reads Master Card Record
J{ Normal

ile
Reject

FRJ input
no good

ZREAD: Reads track records,

consult extra table EXTBL

-~

Y

ZREAD4-1: Consults event-type
table; then write Pang REPORT.

EXTBIL: Optional chores such
as "Extend" tracks by mean
track length

- vertex event,

No (pvent in ZTABLE Y28 —
ZSET for all tracks selects —

appropriate variables from
N Pang data, sets them up in
Processing part of Track

Banks, and picks up passed-on
tracks from Pick-Up Banks

ZVERT: Takes data in Processing
part of track banks and stores
.them in GUTS input banks.

Y

v ©OK

_Reject

cessing banks.
(KkT)

Curvature tests

ZVERT (Second Part) updates pro-

SWIM variable and variances t
other end. :

&
N
HRJ-Hypothesis
Reject routine
Hypothesis
4
OK

BVERT, again as above

-

REPORT: (1) BCD summary (2)
complete binary REPORT

<ZEND: Tests previous fits,

/&

Poor Good
~4

——(L“(Tries charge ethange)-big_‘

<

On to next event °

£ 3
Kick Master Tape includes Subpak and pure Kick. See

'Evenf-type SUBPROGRAM controls
all subsequent swimming: This
example is for an unambiguous two-

Specifies all tracks incoming or
outgoing and whether to beam
average .

Specifies tracks at First Vertex.
Specifies fit 1. D, (Check-Point Mark)

Stores interesting results in handy
words,

Specify track connecting two vertices.

.Specify tracks on next vertex. '

Specify summary desired.

-End of hypothesis

"Assemblies. "
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Notes on ZKICK

General Description

ZKICK has two main functions: it is the starting routine for KICK

“ which sets up the 704 to receive the first event, and it is the routine which

begins the reading of each new event from the input tape. (See the first flow

' diagramA labelled "Summary of Kick Flow, ' and the ZKICK flow diagram:. )

On the initial entry ZKICK reads in, from cards, any required pro-

- gram or parameter changes for the current run. On each '"new event'
entry the first record for each event is read. This is the Master Record,
and contains a variety of identification r;umbers and marker flags relevant
to the event. It is checked for format to identify the chamber to which the
data belongs, and some master record data is decoded and stored; storage
space 1s cleared before control is passed to ZREAD which reads in the re-
maining records of the event which contain‘ the tfack data.

ZKICK responds to sense switch settings which can either temporarily

-halt the processing after an event or force an end to the KICK run. In this
latter case the (binary) output tape is rewound, and it can then be read by
rany- of the programs Examin, PrintB, or Print C to produce a BCD tape.

. ZKICK also keeps count--the ordinal count--of the number of files

" (i. e., events) read during a run, and it detects various fnarks on the input
tape (e. g. the end-céde-word on Tape 3). In addition, there is an error
entry to ZKICK which causes the binary program tape to be retroacted into
.core for a fresh start.

The following remarks are to be read in conjunction* with the flow
diagram; the marks in brackets on the flow diagram refer to the numbered
remarks. |

- Detailed De scription

The various entries and salient points in ZKICK are;:

ZKICGK - Initial entry point; flow goes from ZKICK to ZKICK 2 once pef
program load. |

ZKICK 2 Entered each time a new event is to be processed. May be
entered via ZKICK 8 Which clears Pick—‘Up Bank, or directly.

ZKICK4-1 An enAd-of-inpu_t=tape routine which is used to rewind all
tapes and terminate Kick processing.

ZKICK 5 Begin reading new event off input tape; commence format tests

on first word of file.
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. ZKICK 6 - Master .record read in. C . ER
‘ | ZKICK T - Return to read in next event whén pickup banks areito: be
, cleared. '
1. SQERR - are two error entries (Imaginary square root called for and
RPERR range-momentum table ovérshoot, which cause the program
tape to be reloaded.) | . '
2. WIMPY - are two entries to be short sub-ro‘utin(‘é -which perform the
WILLIE same functions as performed by pressing '"Load Tape'" ahd
"Load Cards', ‘respectively. -
3. Comments - some versions of Kick contain a variety of HPR, HTR stops.

Wherever COMMENT appears, the stop at this point may
have been replaced by an on-line printed comment. For
fuller details see sections entitled "Trap; "."'Stops, "
"Rejects. " o . .

e The Comments invoked during ZKICK are, together with the stop

instruction which they may have replaced:

Square-root error A . HTR WIMPY
2. Range-momentum error HTR WIMPY-
3, No Kick ID number ‘ - HTR ZKICK
4, SS1 Stop ' ' " HPR 0
5.  SS2 Stop . - ‘ HPR 0
6. tve more Pang garbage

(ZKICK cannot recognize input at all) HPR =77701
7. -ve more Pang garbage ' o

(ZKICK cannot recognize input at all) HPR =77702
8. ~ RTT test fail at PARCH card pad '

(PARCH cards are PARameter CHange

cards, see INPUT -1 -.) HTR WIMPY
9. Error return from CML pad return HTR=7777z

4, TAPES used by ZKICK are described under "Tapes." In summary:
Tape 1. Self-loading binary Kick program tape
Tape 3. Binary input data tape, previously output by PANG
Tape 4. Binary output tape.

5. CML cards-cards read by Card Mixed Loader routine (see Subroutines

Section) which allows numbers, instructions or BCD to be read to

‘specified locations. The convention adopted here.is that a Y-termination

on a CML Card causes return to CML, while W-;, Z-, or EOF (i. e.,no cards in
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hopper) terminations cause return to main routine. - The first operation
of ZKICK is to read a set of such cards fo fill in any new values of
constants, and any program modifications required, together with the
 serial . numbers of any events which are to be searched for (see ZHUNT
feature of ZREAD routine. ) It is required that a date must be read in
with the CMLs; this is |

. KICK IDENTIFICATION number, which is stored .in location DATE

(follows DCONS) see also Section calle'd "Identification Numbers.'"" DATE
'is set at 99 in the program, and if an ID # has been read, it can be
detected by finding DATE # 99.
. Scale Factor-A triple entry range-momentum time table is stored with
the sub-routines in SUBPAC (see section on Assemblies.).,- For hydrogen
and deuterium the shape of the range/momentum curve is assumed the
same, but the absolute values may be changed by means of a scale factof
read in from a CML card to temporary location RSCALE. ZKICK then
plants it in a permanent location, called. SCALE, in the subroutine deck.
. Parameter Report-So that the binary output tape may be read by a FORTRAN -
program, the output format used by ZKICK is standardized. Output is

in units of "Reports' made by the subroutines PRINT, PPRINT or
VPRINT, and the output of an event may consist of several reports. Each
report contains one or two records; thé first always consists of the 75-
‘word MBANK (certain words in MBANK specify the type of report being
-made, whether there is a second rec)ord in the report, and if so what is

in it etc. (for details see section on Output.) MBANK+26 # 0 means that
this is the last report of a given event; ZKICK makes an initial report
via PPRINT of the contents of the MBANK and the Parameter Bank,
. (PARAK), making an end-of-event mark to indicate that no more associated
i_nformatio}l follows.
- Serial number- This is stored in MBANK + 11, but beforeAreading in a
new event, ZKICK stores the serial # of the last completed event in
location GINOUT (part of GUTS storage) so that it can be examined later
by ZREAD, which will be interested in whether the serial number has

changed or not.
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Connected events-if an event has been measured in two parts, the
possibility of a sense switch test stopping the processing betwéen the -

two parts must be avoided; a test is made to see if the contents of the

first word of the first Pick Up Bank is zero or not. If the event is

connected, -the carried-over information is stored in these banks so
this word will # 0, and the sense switch tests are skipped.
Sense Switches (''no effect'' position defined as uP)
SS1 —down stops program after current event to allow debugger to take
stock. Continue processing by pressing start. Just before the stop,
routine ZWAIT makes a visual display (see below) and an on-line
comment is printed.
SS2-down, the Kick processing is brought to an end after the completion
of the current event. An on-line comment is made and the output tape
rewound.
Visual Display-Subroutine ZWAIT is usually followed by a stop so its
calling sequence is: a TSX ZWAIT, 4 (exit)

at+tl HPR O (return)
The ordinal counter (see below) is loaded into the address part of
(a+ 1) by ZWAIT, and the serial number of the last completed event
is copied from GINOUT to the AC. When the machine stops as the
HPR in (a+ 1) is obeyed, the opérator has a visual display of these
numbers. ' 4
Ordinal c‘ount=-T}.1is is an iﬁtegér which counts the number of files (i. e.
number of events) read duriﬁg the current Kick run; it is stored in the
address of the location ZORD HPR 0 in the assembly. Just before a
new. file is read, it is advanced by one and copied to the decrement part
of MBANK + 33, It is reset to zero if a PARCH card is read (see below).
Sense Lights-Whenever an end-of-tape mark is recognized, the
corresponding sense light is turned on; in this respect forcing an end
to'the processing by SS52 is equivalent to an end-of-tape mark on tape 3.
Pang Data Format-The first word of the Master Record of an event is
read to MBANK + 2. The word is tested for a Pang identification number,
made up of BCD words; whose format determines whether 15-0r 72-in.

chamber data follows. For the 15 in., 'the format is tmxboc: whers biindicates

" a BCD blank 608, and X’ indicates any BCD character. The word is

masked with BLK15A OCT 770000 770000 to select the first and third
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BCD words, and this is tested by subtracting BLK 15B OCT 60.00 Q0 60.0000

to see if they are blanks. For the 72-in., the format is bxbxxb an‘d‘a

similar test is made to identify it..- If it is not a Pang ID number, the
possibilities Ain 17, 18, 19 below are tested. These cases are sum-
marized in the Input section.

Chamber flag-If the identification word corresponds to the 15-in. (72-in. )
chamber, the sign of location ZKICKD is made +(-) as’ a marker.

PARCH cards-If MBANK + 2 = -0, then PARCH card data follows. These
are Parameter Change Cards incorporated into the Frankenstein deck are
copied to the Pang output tape. They are read by Kick thus allowing
paré.meters to be changed during a Kick run. The new parameters are
read into fheir specified addresses until an EOR is found. The parameter
identification number, PARID, is advanced by one for each cha'nge of
parameter, and ti’xe ordinal count is reset to zero. )

Pa-ng omission-If MBANK + 2=-1, this means Pang has omitted to

process this event for some reason (e.g. errors of measurement).

. If this is found, an error exit FRJZ2 is made and the next event read in.

Non>«=Pang input-If neither chamber 'has PARCH card data identified,

then the record contains rubbish, classified positive or negative depending
on the sign of the first word. Plus or minus nonzero in MBANK+2 gives
error exits FRJ 17 or FRJ 18 respectively.

Master record-The lst word‘of the master record from Dang has been

read to MBANK+2 at ZKICK5+1.. The remalmng 9 words are read in by

"a-copy loop at ZKICK 6 into MBANK+ 3 to MBANK + 11 using IR1 (prev1ously
‘set at ZKICKS5) to count the entries. This completes the reading of input
‘done by ZKICK. ‘ |

Pick-Up Command-A marker (one odd octal digit) is used in the third
BCD character of MBANK + 8 to indicate if an event is connected to the

previous measured one. This octal digit is unpaéked and stored in

- MBANK+ 12 ready for examination by ZREAD3.

End-of- tape report-Just before rewinding tape 4, the subroutine PRINT
makes a report of one record only; this is MBANK with 0 77777 0 00000
in MBANK+ 26 to indicate end of event and end of tape.
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Pang omission test-Just before exit to ZREAD, which tests last BCD of
MBANK + 6, is an addition made so that Kick will be ready for some
preferred changes in Pang output when these are ready, For Kick 5
this test can be ignored, as Pang omission events will be found earlier
in ZKICK by -1 in the lst word of event record.

ZKICK - Starts at 106168, destroys contents en' entry of all index
registers, and makes the following error exits: FRJ2, FRJ17, FRJI1S8.
Other words- Other words stored in MBANK at this stage are event
type, Franckenstein ID which are transferred to the decrement (for
later use by Fortran/progranrs as integers. )

The experiment number is examined for format, after testing ZKICKD,
the chamber flag, For details see MBANK glossary.

ZNUTS - Error routine, reads input tape to end-of-file, and exits to
error FRJ 63. Called in whenever tape 3 has too short (or too many)

records for an event. Press start to try next event.
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Notes on ZREAD
The basic function of ZREAD is to read, prepare, and check the data

for the computational parts of Kick, and to make the Pang Report (of the
‘unfitted Pang Input).
Reading Output of Pang

ZKICK has read the Master Record of the event in hand. The track

records, one for each mass assignment of each track, must now be read

into the track banks. ‘The nth bank is denoted ZTn. Pang output is loéded

into ZTn+17 to ZTn+54. The total number of track banks, 'denot'ed by NTB, .

at present equals 31. ZT3l, however, is reserved for missing neutrals, so

that up to 30 track records can be read in from Pang.
. Before reading, location COMMON is set to zero for a purpose
mentioned below, and IR2 is zeroed to count track records.

- ZREAD +2. IR4 counts the words in each track record and is tested for
exit from the copy loop that reads the data. An end-of-record mark on tape
3 causes a different jump out of the loop. This jump means a too-short
record (because the end of a record of proper length will be detected by the
word count) and causes a transfer to the error routine ZNUTS in ZKICK.

At the end of a proper record, the Pang test word ZTn+54 is tested.
If Pang has found inconsistent curvatures in the two views of the track,. this

. word will be negative, and COMMON in turn is set hegative by ZREAD. Next,
the Future Track Number and LSZ information is unpacked and stored in

‘ Z.Tn+16 and ZTn+15, respectively. The details of unpacking depend on

whether the data come from the 15-or 72-in. chamber. Integer data, such

as t-he track number, are shifted from the address to the decrement bits

(with a view to making the Kick format compatible to FORTRAN format), and

certain correlation terms on the track error matrix are zeroed.

If the track is not '"poisoned', all angle daté are also converted to
radians. * Finally, the track count in IR2 is tested. If there are more than
NTB-1 records, ZNUTS is i'nvoked. If not, ZREAD starts another track
(ZREAD+2). : '

"‘Poisoning is a method used by event-type routines to transmit info;"mation
resolving ambiguous mass interpretations of pickup tracks. If successful fits
cannot be obtained using certain mass assignments, the correspondlng track
banks are marked with the "Poison'' flag so that they.will not be tried in fitting
the main event to which they are connéct. As an example, a track might be

a priori either a pion or proton, but is identified as a plon by kinematical anal-
ysis of a second scatter. Then the proton track bank is ""poisoned. "
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An end-of-file marks the end of the event and causes a jump out of the
loop to ZREAD 3.
ZREAD 3, A tape redundancy test is made to 1ook~ for reading errors. (A~
tape error leads to File Reject 5.) Then the Pang test results in COMMON
are tested. If any track was rejected, COMMON will have been set negative.
. At present, the negative sign is ignored. It will lead later to a rejection of
the event when certain adjustments are made in Pang.

The serial number of the last event processed (in GINOUT) is examined.
- If it matches that of the new event, there may be pickup data. If it does not -
match, however, the ptckup banks are cleared (because we have a new event)
before continuing. |

Pickup Test. The Pickup Command PUC in the Master Record is now tested.

If absence of'a low order bit indicates no pickup, control jumps to

ZHUNT (SYN ZR3A). Otherwise, the track numbers in each of the pickup
banks in turn are compared with those in the data banks. If a match is found,
the mass-and charge words are also compared. If they match, i.e. ifgﬂ
two tracks ''mate' so that a track can later be picked up, all is well, and
control goes to ZHUNT. If no "mate'" can be found, File Reject 1 is invoked.

Notice that the data in the PUBs is only checked, not picked up. The
actual pickup is not done till the end of ZSET, but the éheck is made earlier
to avoid a Pang report and other wasted time.

ZHUNT. The quantity- SERHNT is examined. If it is zero, control jumps to
-ZR3C, and processing begins. If it is nonzero, it is the serial number of the
next event to be processed. It is compared to the serial number of the event
in hand. If SERHNT is smaller, then the events are out of order on the tape
~or.we have somehow gone too far along the Pang tape.. An on-line comment
and halt are made. On restart, control returns to ZKICK 2 to read another
event. _

If SERHNT is greater, control goes to ZRD10, which looks to see if
any tracks in the event in hand are to be picked up (FTN#£0) and, if so, have ' »
present TN of 1. Those that do are set up at the end. Control then goes to
ZEND to transfer pickup data to the PUB's, then to Kick 2 to read another
event, continuing the search. _

If SERHNT matches, contfo-l is sent to the CML card-reading routine.

* CML will read any data that should be loaded for this event, followed by

either the serial number of the next event to be hunted, or STOP to end.
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4 processing.. After exit from CML,. an on-line comment is pr1nted and the
selected event is processed starting at ZR3C. - ‘ A
If ZHUNT is not to be used, it is not necessary to zero SERHNT with
a CML card.. ZKICK sets it to zero before beginning the run. '
CML cards for ZHUNT use the '""W' return feature of CML, and are
" prepared as follows: '

(a) Start punching in colﬁmn 1 (Let NNNNNN eqﬁal a seria.l number).

(b)" First event, first card: WI+NNNNNN

(c) Any special data or instuructions for processing this event. Terminate
each card with Y.. See the CML writeup under '"Subroutines''.

(d) Next card: W1+ followed by serial number of next event to be hunted,
or ' | A

(e) by 000000 (6 zeros), or by nothing, if it is desired to process all events
following the last hunted event, or )

(f) by STOP if it is desired to stop after processing the last hunted event.

(g)‘ The general rule is to stack first a "WI1'" card, then data or instructions
for that event on "Y' cards, and so on, ending with- W1+STOP, W1+000000,
or Wl.

. Example: To start & run at event 567890, the AJCML cards for ZHUNT-
" (at the end of the CML deck) wop'.ld read: -
W1+567890 (Hunt to here) -
{W1+000000} (Continue processing).
Event-type Lookup and Pang Report (Starting at ZR3C).

‘'Next we consider two routing tables, ZTABLE and an extra table of the
" same format, EXTBL. They appear in the pure Kick assembly after the

track-bank reservation as follows:

HTR 100 (Length of table, for use in search loops)
" ZTABLE BSS 100 "(Define and reserve space)
..U i, HTR 25 '

EXTBL BSS 25.
The tables are filled in by the event-type assembly with the event type

“in the address and a negative branching address in the decrement. Thus for

event - type 14, we have the entry
ORG ZTABLE
PZE 14,0,-ZETI14.
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EXTBL and then ZTABLE are entered once during ZREAD. If the
event fails later, however, and the "-S= > L'" charge-exchange feature is
invoked, control will return again to ZTABLE, whereas EXTBL is never
entered a second time. ’ '

Every event that is to be fitted must be defined in ZTABLE so that
control can go to the event-type subprogram (which is located in our example
-at ZET14). EXTBL need not be used, but is available for some extra
operations.

- 'EXTBL has so far governed useful operations such as:

(a) In some runs it has allowed selection of events within a fiducial volume
of the chamber. The selection depends on event type, becaﬁse some types
contain several vertices, and the proper one must be tested.

(b) Tracks with zero-prong endings should be extended one-half inean bubble
spacing before their end-points are used to compute the direction of neutral
tracks. (If the ZTABLE controlled the extendihg routine, a track might get
extended several times because the ZTABLE can be entered more than once
per event, e. g. by the ”—(S) Return" from ZEND to ZREAD 6. ) |

(c) The ZSET (a + 1) calling-sequence word at ZREAD9+2 preceding the
Pang report may be changed to get beam averaging of a track before giving
the Pang report.. Normally this word is restored by RESTOR in ZR3C,
which is where EXTBL routines should return. If atl has been changed,
however, EXTBL must return to ZREAD4-1.

Normally the event is defined in ZTABLE; the logic is stra1ghtforward
and the reader should f1rst read the flow diagram to the end (reading these
comments in the following pages, starting at Flow for Events Defined in
ZTABLE, but ignoring ZRD10). ' -

Next we must consider two '"abnormal" cases. In both the event is not

defined in ZTABLE but in

(a) Case 1 we do not want a Pang Report, and .
(b) Case 2 we do want a Pang Report. This is the way ZREAD runs if not
overwritten. | |
In both cases flow goes through ZREADS. )
. An example of Case 1 might be as follows: We have jus\f_“modified some
subprogram, say type 14 (Z'ET14), and wish to process all type 14's, but

nothing else, on an input tape. However there is the problem of connected

events; some of the type 14's may have been measured with one track missing
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because that track was connected to a scatter that was sup'poéed-to be fitted
first. Therefore, nothing else involves some exceptions. '

The most complete treatment is to define also in“ZTABLE all elastic
scatters to which type 14 fnight be connected.. For exarn'plé,' in one experi-
ment typé 14 happens to be a Kp scatter and therefore can be connected to
either another type 14 or to type 15, which is pp elastic scattering... For
simplicity, let us assume that it cannot be related to anything else. If these
two types are defined in ZTABLE, then we need truly process nothing else.
Thus, we can simply overwrite the present command in ZREADS8 with
TRA ZKICKS8 to clear the pick;up banks, and continue looking for a defined
.event type. . ‘However it may be that some type 14' s are also connected to
a complicated event type which is‘ not even written yet, so-that the easiest
thing to do is to pass on the Paﬁg track data on all undefined events with
tracks having future track numbers. This is accomplished by a short loop"
called ZRD10, which is described at the end of this s‘ection., ZRDI10 sets up
these tracks at the right end and then ;cransfers to ZEND. '

The Pang report may be bypassed by depressing sense switch 6. How-
ever we are trying to get Kick to run without having to tell the operators to
set sense switthes, and the sense-switch tests will eventually be removed.
Hence we recommend bypassing the Pang report with CML cards. To
simulate sense switch 6 down, 'merely write NOP over the TRA *+2 that
follows the command SWT 6. ' '

If sense switch 6 or overwriting is not used, ZREAD will give a Pang
report on undefined events. This might be useful on a run in which we are
processing most events types anyway and want a record o'f"everlything that
is on the Pé.ng oufput tape.

"Flow for Events Defined in ZTABLE(Starting at ZREAD5-1)

If the type is in the list, IR4 is set to the proper event-type subprogram
address (in our example, to ZET14)., The table entry sign indicates whether
the bias ¥ 2 values are to be set to zero (-) or to the standard values (+).

. ZREAD 7. The bias XZ numbers are used to determine whether additional
hypotheses are to be tried on certain event-types even if the first hypothesis
succeeds., For example, in the 15-in. Experiment 1, event-type 30 (KSF)

is to be tested as a stopping K (KS). If GUTS finds a ¥ 2 exceeding the bias
level, interaction in flight (KF) is to be tested also. On the other hand,

event-type 40 (KS+F) uses the same event-type routine but is always tested
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for both-KS and KF interaction By.setfing the bias values to zero. . In summary,
the sign of the event-type listing word in ZTABLE determines whether the
working biases are to be overwritten with zero (using ZREADY7) or left at

their present values in ZCHBM (ZCHi-squared Bias Main). )

ZREADY. Before control can go to the proper ZET address in IR4, IR4 is
‘saved, and a.- Pang report is invoked:. Then control goes fiﬁally to the ZET
subprogram. _

The Stopping-Negative Keturni = . N

ZREAD 6. Ordinarily, the branch through IR4 at the end of section. ZREADS5
e;nds the operation of ZREAD. If, however, routine ZEND later finds that

no hypothesis succeeded, it looks to see if any tracks were negative and were
~called '"'stopping" when measured (i.e. were -S). If it finds a -S track, it
changes it to a leaving track (one that did not stop) on the chance that it
charge-exchanged, then redoes the event by returning to ZREAD at point
ZREAD 6.. ZREAD 6 clears Qarious working storages, then returns control
to normal processing sequ.en‘ce at ZREAD 4-1.
ZRD10. Special Set Up for Undefined Events, with Tracks Having NonZero
FTN's. | |

This foutine is straightforward and is not included on the flow diagram.
It first sets the Good Print Mark (GPM £ 0) sothat ZEND will be fooled into

storing any track with a FTN. (The reader unfamiliar with the function of

GPM should read the first paragraph of the notes on ZEND. )

In the routine we assume that tracks with nonzero FTN's should be set . :.

up as follows:

Present track number - Set up at Comment
1 end ZRD10 must re-set up.
all others beginning Already set up properly.

: . “Note that if a track numbering convention should ever be chosen such
‘that tracks other than | are incoming, you cannot rely on ZRDI10 but will
have to write some more general logic which tests the coordinates of the

ends of all tracks and determines which ones are attached to a vertex.
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Notes on ZSET

General Description

ZSET is a closed subroutine of Kick, designed to set up the Kick
portion of every track bank (at that end of the track specified in the calling
sequence for ZSET) by using some of the Pang data from the Pang regiont
of the track banks. These data consist of direction at both ends of the track,
(¢b Sb’ ¢e Se; b = beginning, e = end) and the curvature at the middle (km).
Since most further Kick processing routines operate on information stored
in the Kick region of the track banks, ZSET must be called very early in
each event type. If the event is of sufficient complexity, ZSET may be in-
voked several times in the event type. (Each time measured instead of
fitted data must be used. )

ZSET's job is to set up tracks with either ""beginning' variables (if
the track is outbound) or '"end'" variables (if inbound). We prefer, however,
to think of the dynamics and state in the calling sequences whether the track
is "In" or "Out'". Specifically: "Out" tells ZSET to set up all variables at
the beginning. But "In" does not mean set up all variables at the end, since
GUTS will use the D-hold feature; instead angles are set up at the end, and
k at the middle. ZSET calls on the subroutine KSWIM (see ZSWIM notes) to
transform the measured curvature km to the beginning value kb if required.

In addition ZSET does the following things that are not strictly connected
with setting up measurements:

(I) If the calling sequence specifies a beam track, the momentum
measurements of the track in ZT1 are averaged with a beam momentum
stored in the program as a parameter. The resulting average is put into
the Kick region of ZT1. If the track stored in ZT1 has a future track number,
it is not beam-averaged. This allows connecting upstream scatters as
connected events without complicating the event type,

(II) The last track bank (ZT31) can be set up as a completely missing
track, with a neutral-particle's mass as specified in the calling sequence.

(III) After setting up all tracks, ZSET collects all information passed
on from previous events for the current event from the Pick-up banks.

(IV) ZSET computes KPT ("K-Pang-Test'), one of three simple test
functions on the internal consistency of the curvature information for each
track, and stores this function for later reference (see note on K-Pang-Test).

(V) If something is radically wrong with the format of the event, ZSET

may reject the event.
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The general form of ZSET is shown in the first flow diagram; the
routine may be divided into three separate sections. The "Preliminary
Part" saves the indexes, a small loop cycles to clear the Kick parts of all
track banks, and sets the values of two control words STATUS and ENDWD
in each track bank. These words are used to indfcate, respective}y, the
stage that the processing of the given track-bank data has reached and the -
way in which the variables have been set up. (For details sée Track Bank
glossary, and notes 2, 3 below. ) Finally this part does the beam averaging
on the beam track if required by the 'ZSET calling sequence.

The '"Set-up Part" contains one large loop which sets up the variables .
in each track according to the ENDWD in the track bank, and manufactures the
K-Pang test quantity for each track and stores it in the track bank for future
use (by ZVERT for instance).. ‘

The "Pick-Up Part'' examines the p1ck up bank and 1£ there is any
track previously measured which is to be connected mto the present event,
the necessary transfer of data to the track bank is made. '

More detailed notes on. ZSET follow. The flow diagram is divided
into the three parts described above; numbers in brackets on the flow diagrams
refer to detailed notes in the text.
Detailed Description*

(1) ZSET entrance and exit conditions. Notice the structure of the following

type B 704 commands as translated by the assembly program (the octal
address corresponding to ADDress is xxxxx8):

TSX ADD, 4 007400 4 XXXKX g

TSX ADD, 4, 8m+n

There are 6 bits (mn8) available in most of the Kick subroutines calling

I

0 074mn 4 xxxxx8 .

sequences. In'ZSET we use these two extra octal digits to control the setup
of the last track bank (missing neutral). .
CALLING SEQUENCES: '

a : TSX ZSET, 4, N,

a+1: OCT code word; referred to as "a+1'" below and in
the flow diagram

a+ 2 : normal return. _ ' '
ZSET preserves all indices; it uses all Common presently available (25 wordé).

Numbers in parentheses refer to identical numbers in the flow chart.
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a : N, is the code number specifying mass to .put into Z2T31 for

0
the missing neutral;

number to zero;

= 0 means we are not interested in ZT31, set its track

N0 = 1 means mass = 0 (y or v); 2 means nq, 3= KO, 4 = n,
5=4% 6=2% 722" [all from MASTBL-(N, - 1)]
a+1 : A(l/0) bit means set up as (outbound/inbound) and the nth bit
refers to track bank n. The first track bank requires an extra
(preceding) bit (the sign bit), for which 0 means beam average,

and 1 means don't average.

. All measured tracks are set up. 1
Example: Consider the sketched.scatter: If track 1 3
is to be beam averaged, we havea+1 = _0011....; if it
is not to be beam averaged, we have a+1 = 1011..... 2

: a-i— 2 : Normal Return. Provided nothing important was wrong with

the format of the event,, ZSET returns control to {a+ 2) of the
main program (i. e. event-type subroutine) with all track banks
and. ENDWD's set up (see bank map).
(2) STATUS: in.ZTn+ 3
Sign t+/-) means (fitted/unfitted). Magnitude set = 1 in ZSET.
(3)) ENDWD : in. ZTn+ 14 ‘ ,
Sign (+/-) means angle of a track set up at (beginning/end). The
magnitude is the distance from this point that k is set up, in units of L/2.
j (4) This small inner loop uses IR1 to select the word to be cleared, stepping
it on by one each time; the count through these words is made by- initially
loading IR4 with the number to be cleared then loading this number into IR1;
. IR1 then contains the address of the 14th word of the current bank on exit
from the loop (the address of ENDWD). The main outer loop counting through
the track banks is controlled by IR1, and the loop is left when IR1 contains
the address of ENDWD in the last bank.
(5) Somewhere early in ZSET (it happens to be here) we set the track number
to zero in the last track bank to ensure that the ''set-up'' part (ZSET2) finally
exits to the '"pick-up', ZSET 8, by-the test in ZSET2+1.
(6) The address of the first word of the track:being examined is contained
in‘IR2. The set-up loop is cycled until a zero track number is found in a

track bank.. At each pass through the set-up loop IR2 is advanced by the
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number of words in a track bank (ZSET 2A, ZSET 2A+1). The actual setting
up is done, one track at a time, by a closed subroutine starting in. ZSET 2B.

- (7) If a missing neutral is specified in the a word of the calling sequence of
ZSET, the required mass is selected from MASTBL (in PARAK bank). The
track is given a constraint reduction number of 3, an LSZ number of 3, a
future track of 0, and a track number of 31 to identify it as a missing neutral.
(8) The closed subroutine ZSET 2B may also be entered from ZSWIM.

(9) In word 15 of each track bank is LSZ. Its maghitude is 1 for a leaving
track, 2 for a stopping track, and 3 for a zero-length or miss'ing-neutral

| track. The test is made to find if it's a Z track. If so the manufaActureA'of

| the KPT word is bypassed.

- - (10) Ifit's an L or S track, the set-up is begun by stéring the "angle'' terms
of the error matrix. This is stored by rows in words 5 to 13 of the track
bank. ZTN+5 = 6¢2, ZTn+8 = 6 6s = ZTn+b6 (symmetric matrix), and
ZTn+9 = §s°. |

(11) It may be necessary to swim k later in ZSET, and so in preparation we
store 5, now ip readiness for a possible exit to KSWIM. The correct Sb or
Se according to ENDWD will not be stored until the end, after ZSET4.

(12) We assume the most likely case, that it's an L, and make up KPT word
on this basis. RINTOP is a range-td—momentu_m conversion subroutine which
is entered with the mass in the AC, and in the MQ the distance (halfioftrack
kengthj:.) in this case, as we wish to calculate the momentum at the midpoint).

Return from RINTOP leaves the momentum P(L/Z) in the AC. Th1s is

- 5%

2 P (1/2)

2
)
(&) - i

&k ‘ :
is stored in. ZTn+24.. RINTOP error exit goes to RPERR in ZKICK, and

- converted to

) and the KPT word

‘square-root routine error goes to RSERR in ZKICK.
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(13) The last two .bits of the mass word ZTn+18 are put in the first two bits
of MQ. This makes the sign of MQ positive for positive charge, negative
for negative charge, since the mass-word charge code is 00 for neutral, 01

" for positive and 11 for negative for these two bits. The magnitude of the

Pang curvature, krn’ is stored in Z',Tn+2, and its sign is made the same as

" (sign of charge times sign of Pang km).- Thus if these two signs are the

same we have +lkm| in ZTn+2; if they differ we have —,Ikml .

(14) Continuing the error matrix started before (Note 10) we have
. ZTn+13 = 6k%, ZTnt+7 = 6k6é = ZTn+11.

. (15) We next want to .éee whether there are meaningful k measurements
“on the track. If not, we must increase the constraint reduction number to
1; and reduce the dimensions of the variance matrix to 2 by 2. . There can

be two reasons for unmeaningful k: (1) the track was a two-point track,

- (2) the fractional uncertainty dk/k, was larger than about unity. - We know
ffom the theory of least squares that if one variable is badly determined, the
variance matrix tends to become singular; we find empirically that this
trouble sets in at dk/k ~ 1.’

Our next version of GUTS (to be called FIT) will probably solve for the

bé.dly-known variables last (see Memo 187, by F. | T. Soimitz); for the mo-

-ment we simply throw away k information if dk/k > DKLVL.

We intend to put in better logic; namely to introduce two dk/k levels.

. For dk/k > "10", we may throw away information immediately; otherwise,

we may try for a fit. Only if GUTS gives a reject for singular matrices

will we re-try after throwing away dk/k > "1' .

The test of dk/k is currently both in ZSET and ZVERT; the reason for
putting it two places will probably continue as long as we have a version of
GUTS that must be protected against large errors, even if it is a two-vertex
version. The argument is as follows: -

It must be in ZVERT, because even with a two-vertex GUTS, we shall
often want to fit two vertices in sequence; one at a time, and the first one
may give a large dk/k.

On the.' other hand, Peter Berge has found it useful at least in the K +p
low-energy exi)‘eriment, to have the constraint reduction numbers already
assigned as far as possible on entry to ZVERT. This is an experiment where
most of the two-vertex fits have been programmed to use the special 2V

GUTS classes, so that most of the ZVERT entries are directly from ZSET.

/
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It is convenient to know whether or not the GUTS class can be used before .
entry to ZVERT. ,

We have already mentioned that when there is no meaningful- k
information CRN is set to 1 and the error matrix reduced to 2 by 2 from
3 by 3. In addition, we set 6k’ in ZTn+13 = 1010, and Endwd to 0.
(16) ENDWD negative means angles set up at end, so it's an incoming track.
For this case, GUTS will automatically use the curvature upstream, km,
and so it is unnecessary to SWIM k. .
(17) For a ze’ro-length track, CRN is set equal to 3 and ENDWD to O, _and
the mass word is tested to.see if the particle is charged. If so, and its:
mass is less thana A or more than a d'eute,rbn (i. e. it's not aAvery short-
lived Z or =) the Wall condition is imposed.
When setting up a zero length, charged 'stable' particle, we wish to set -
this flag (Integer+l in ZTn+0; after a fit this will be occupied by ¢, a floating
number) so that ZVERT may invoke WALL (see Memo 86; ‘Only one zero-
length track per vertex is possible). . We realize that the definition of
"stable' is arbitrary: Currently all particles are called ''stable' except X
and = - (we had in mind low-energy particles when making this decision --
In terms of probability of traversing more than 1/2 mm it may be that even
these particles should be considered ''stable' for high energy'experimenté. )
(18) For S ‘tracks, the momentum calculated from arc length'by Pang is
used. The magnitude of ENDWD is adjusted to show that k is set up at
beginning. The error matrix is completed as before (14) except using the .
terms for k-via-arc rather than ‘km' The KPT quantity is replaced by ito
negative modulus as required for an Sitrack.
" (19) At ZSET 4 the. S and L branches rejoin, and (sb, ¢b) and (Se, ¢e) are
stored in (ZTn+1, ZTn) according to the sign of ENDWD.
(20) KSWIM is a subroutine of ZSWIM, and wasn't désigned to be used
with ZSET. KSWIM assumes that the sign of ENDWD shows the pla‘ée you
want to swim away from. Hence if we wish to swim upstream, we must
impress KSWIM that the track is already set up at the end, so we must make
ENDWD negative before entry. _ ; k
(21) The sign of the curvature beffofe swimming-is preserved and added'fo
the magnitude of the swim curvature in ZTn+2,. ENDWD is now set equal to

zero to show k is set up at the beginning.
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(22) Now that k has been swum, .it is necessary to recalculate the terms
involving k. in the error matrix.. ZSWIM contains machinery for doing this
. in a general way, but for this particular case.it is simpler to do it explicitly.

The following new correlations and errors are computed:

9k, —— 3k

2 2
BE 06y 5Ky * g 66, 85, ~ 64 ok
ok, dlk,
E_Fl : 651 5_k1 + 031 " 68*1 651 - §S 6k

ok, '35, 9K K,

(ak2 2 ok, ok, 8k2>2 _

6k1 6k, + 2 ‘55~ * 3% .68“1 le Mt 6k1 6k, - 6k 6k
-{23) The pickup command (PUC) stored in MBANK*+12 is tested to determine
whéther,.the eyént is connected or not.- If connected, it is known that at least
one track from.the previous event should be found in the pickup banks.. These
tracks have been placed.there by ZEND in the previous event starting from
Z2PUBI ana filling up in sequence as many as necessary of the nine available
banks.. ZSETS8 looks at each ZPUBn+17 (the track number) and ZPUB+18
{the mass value) in turn starting from n=1, and finds the '"mating' track
bank with.the corresponding track number and mass value. It then transfers
the 55-word track from ZPUB into the track banks. - No .allowance is made
in ZSET for pick-up failure because this is dealt.. with in ZREAD.

&
Map for Kick 5. If a track has a future track number other than zero,

+ ZEND transfers this track from the track banks to the pickup banks in the
following modified format,. The numhers given in square brackets are

examples.

‘*Notice,that‘ in. Kick 4 the PUBs are one word longer than the ZTN's, because
the old FTN was temporarily stored in ZPBn+0.. This leads:tothe annoying
complication that the wth word of ZTn.is associated with the (w+ 1)st word

of ZPUBn. - -
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- Kick 5 ; Kick 4"

In. ZTn+ - ‘In ZPUBn+t 4 © ZPUBn+.

0¢ A . - ¢ swum ' ~.- . 00ld FTN [ 5]
1S _ .. S swum , : s L (. e
2k . .- . kiswum- - : . .2 :displaced

3 Status [+1] , Doubled and set neg[ -2] 3 ‘one) i

4 crn ' Unmodified : . 4
.5 .5

. Error ' o 6
. . Swum
matrix 7

13 8

14 . Endwd _ 9

15" LSZ . Unmod. '10

16 FTN [5] . Cleared [0] 11

17 Present TN [ 3] ~_ Old FTN [5]

18 \ - . , o .

.;All Pang ‘data passed along

54 / - . | 85

"See note on preceding page.
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Jon Peter Berge, Janice Button, and
. * Hovan Zarian

EXTEND -

This closed subroutine is useful for events including a zero-prong and

.a neutral. Its purpose is to "extfen‘d” the zero-prong (since the average inter-
action occurs beyond the last bubble) and thus modify the measurements on the
neutral track, The present routine is designed to treat tracks in the format
. resulting from the use of the Kick subroutine ZSET; the numbers that are
altered are those in the Kick, rather than the Pang, part of the track b'an_ks.k

- There are three cases in which this routine EXTEND is applicable, as
indicated by the sketches on the left, (The case in which two particles are |
inbound is ignored.) We have. fi = (r‘iZ - g.A )/d where € = (g/L,

Case 1:- NORMAL d=(1+e? - zt.ﬁl 2) 2, 'L ie the length of
(one in, two out) " '

the neutral; and g is the mean gap length, which

i a_ _> equals the extension length. . The quantity ¢ is
- :, - given a positive value in Cases 1 and 2, and a '
7 ﬁ?,’ L negative value in Case 3.. Subscript 1 refers to
T . the cha-rged track and subscript 2 to the neutral.
ﬁ1 : The present calling sequence for EXTEND
is: .
| a 'TSX EXTEND, 4
Case 2: (1 out, 2 in) a+1 PZE-ZTn, T, -ZTm
A _ = a+ 2 return ‘
-5 with T = 0 for Cases 1 and 2 and T = 7 for Case 3.
'g -~ 2 The track-bank address of the charged zero prong
_nl i to be extended is Z2Tn, while that of the neutral

track to be modified is ZTmi |
- If the CRN of either.trackis 3, no action is
taken and the input quantities are unchanged.  If

Case 3; (l' out, 2 out)
.the CRN of track m .is 0, they are also unchanged.

-3
ol . .
- Otherwise, the setup measurements in track bank
-, ) p
A /ﬁ m are modified in accordance with.the procedure
‘r 2 . .
described below.
fi
A 8 ‘

5 . :
The. contributions of Frank Solmitz. to the development of this program are
very much appreciated. -

i
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- In terms of Kick variables, we have .

.l l/(1+ 2 1/ ] [cos¢1, 81n¢1, sl] =[n .lx’ nly’ nlz]’

and n, has the same form. (The trigonometric factors within the bracketé
are associated respectively with the x, y, and z components of'n.) Thus

in terms of these same variables, the modified neutral direction is -

fi = l/deRZ[Il{lcos $,-€R, cos¢;, Rysing, - éRZ sinq)l, R;s, =-est‘.1] |

= l/deRZ (A, B, C),

- . where

) R1 = §11+sl

A

R1 cos ¢2 - eRZ cos 4)1

B = R1 s1n¢2-eR2 s1n<f>1

Then we have
¢ =tan"l(B/A)
s =c/+B%)Y/2

with A, B, and C as defined above and w1th 0oLt foriB>0x a.nd with &2 for B0,

. To compute the variance matrix of ¢ and s for the mod1f1ed track m,

we define the following:

Xi = ¢1, Sl., ¢2, Szn €

Yi = Yi(¢1) sll 4)29 SZ, e):,‘} E‘
6Y;6Y, = Ay Gy Lo ,T
ik"ke UL
aY1 . “
with A i and G = ox,.6x. .

The new varia‘bles Y and the new variance matrix'éY 0Y. are stored in the

appropriate places in the K1ck region of track bank m. and return is made

“to the program




UCRL-9099
v Processing:ZSET-11
' . (EXTEND=3)April 1960

Note that by .this procedure particle-particle correlation terms -have

been introduced into the 'mormal'" variance matrix for the tracks of the

event; for there are now such terms as 64)64)1 # 0. That is, all terms of
6Y16Yj, the error matrix for the modified neutral track, are calculated, but

"no 6Yéx'terms. GUTS does not accept these in its input.

To obtain 6Y16Yj, we evaluate the following quantities with the
appropriate gap length (GAPL), g, and its error (DGAPL), dg, for the film
sample of interest. So far we have set DGAPL = GAPL. Thus we have:

e =) g/L
— 2 2
<@
~ : . N
886, 6,65, 0 0 0
85,66, 65,65, O 0 0
-1 : .
G = 0 0 54,66, 64,65, 0 u
0 0 8S,8¢, 85,85, 0 o
0 0 0 0 &2
Y, 1 9B 0.A
A.. = = A - B =—|;
ij Bxj AZ+B2 ng axj

J
A 0B _ 9C _
ch—l,— €R, sin¢, —dTl = -eR, cos ¢, T] =0
84 S— cos ¢ 8B . -S—l'sin¢ 9c . °1% - eR
5§1 R1 2 Sl 1 2 8_Sl R1 2
0A . 0B oC
+—. = <R, sin¢ - =R, cos¢ = =0
84)2 1 2 ¢2 1 2 <§¢2

S o €S: o S.S,
9A €22 9 B- 2 5C 172
== = - —5— cos¢ = = - —— sin¢ —_—— = -€ + R
852 R2 1 BSZ R2 1 BSZ Rz 1
0A _ 0B _ oC
—zF—-RZCOSnb1 Era --R2s1nq>1 — = -R.,S

(e
Cm

[s¥]

—
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The following Foitran program was used to check the ca.lculations‘

.performed in. EXTEND. 'In its present form the Fortran program ‘assumes
“the a + 1 word of calling sequence to be PZVE‘ -ZTl, 0, -ZT2.. Furthermore
it is not in the form of a Fortran subroutine. . | :
‘This program can be made ‘equivalent to the present SAP vers1on of

© EXTEND by the addition of the followmg Fortran III statements:
- a.. A subroutine statement, SUBROUTINE EXTEND.

b.. A common statement, and dimension statements serving to designete
~all the Kick constdnts as Fortran common variables.

c.. Several logical statements in Fortran III that pick up the a + 1 word of
. the calling sequence, calculate from the address and decrement which two
‘trackbanks are specified (courzting the trackbanks backward with resi)ect to
the order in memory), and plant these two numbers in MEX 1 and MEX 2,
respectlvely ' ' .
: d.. A test on the tag of the a + 1 word of the. calling sequence as described
on page ZSET 19 Extend-1 should be introduced. It also should be in
-Fortran III statements.

e.. A RETURN statement should be added as the last statement.
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Fortran program.for checking EXTEND calculations -

DIMENSION EM(5, 3),, EN(5, 5), BECPHI(5), VECS(S), EXTZTN(55, 15)
MEX1=15

MEX2=14 -

GAPL=0.05

‘DGAPL=0.05

R1=SQRTF(l. +EXTZTN(54, MEXl)mEXTZTN(54 MEXl))

" R2=SQRTF(l. +EXTZTN(54, MEX2)*EXTZTN (54, MEX2))
" SINFI1=SINF(EXTZTN(55, MEX1))

SINFI2=SINF(EXTZTN(55, MEX2))

" COSFI1=COSF(EXTZTN(55, MEX1))

COSFI2=COSF(EXTZTN(55, MEX2))

© EPS=GAPL/EXTZTN(36, MEX2)

EXTA-R1*%COSFI2-EPS*R ?*COSFII

- EXTB=RI1*SINFI2-EPS*R2%SINFI1 .
- EXTC=RI*EXTZTN(54, MEX2)-EPS*R2*EXTZTN(54, MEX1)
" EXTPHI=ATANF(EXTB/EXTA)

" EXTS=EXTC/(SQRTF(EXTA*EXTA+EXTB*EXT B))

" EN1DN2=(COSFI1*COSFI2+SINFI1*SINFI2+

. EXTZTN(54, MEX1)*EXTZTN(54, MEX2))/ (R1%R2)

~EXTD=SQRTEF(l. +tEPS*EPS-2. *EPS*ENI1DN2)
- EXDELL=EXTZTN(35, MEX2)
" DLSQEP=(DGAPL*DGAPL+EPS*EPS*EXDELL*EXDELL)/

(EXTZTN(36, MEX2)*EXTZTN (36, MEX2))

" EM(1, 1)=EPS*R2*SINFI1

EM(1, 2)=-EPS*R2%COSFIl

"EM(1, 3)=0.0

EM(2, 1)=(EXTZ TN(54, MEX1)*COSFI2)/R1 -
EM(2, 2)=(EXTZTN(54, MEX1)*SINFI2)/R1

. EM{(2, 3)=(EXTZTN(54, MEX1)*EXTZTN (54, MEX2)- EPS*RI*RZ)/RI
2 EM(3, 1)=-R1*SINFI2

EM(3, 2)=R1*COSFI2

EM (3, 3)=0.0

EM(4, 1)=- (EPS*EXTZTN(54, MEXZ)*COSFII)/R

EM(4, 2)=-(EPS4+EXTZ TN (%4, MEXZ)4SINPHI1)/R2

EM(4, 3)=-(EPS*EXTZTN(54, MEX1)*EXTZTN(54, MEX2)-RI1*R2)/R2
EM(5, 1)=-R2*¥COSFI1

- EM(5, 2)=-R2%SINFII

EM(5, 3)=-R2¥EXTZTN(54, MEX1)
DO 101=1,5

DO 10 J=1, 5

EN(I, J)=0.0
EN(l; 1)=EXTZTN(50, MEX1)

" EN(1, 2)=EXTZTN(49, MEX1)
" EN(2, 1) =EN(1, 2)
KRN=EXTZTN(51, MEX1)
“IF (KRN-1) 20, 15, 20

EN(2, 2)=EXTZTN(47, MEX1)

"GO TO 35
IF (KRN-0) 30, 25, 30 /

EN(2, 2)=EXTZTN(46, MEX1)
EN(3, 3)=EXTZTN(50, MEX2)
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EN(3, 4)=EXTZTN (49, MEX2)

EN(4, 3)=EN(3, 4)

EN(4, 4)=EXTZTN(47, MEX2)

EN(5, 5)=DLSQEP

EMODAB=DQORTF(EXTA*EXTA+EXTB*EXTB)

DO 40 1=1, 5

VECPHI(I)=(EXTA*EM(I, 2)-EXTB*EM(I, 1))/ (EMODAB*EMODAB)

VECS(I)=(EM(I, 3)-EXTC*(EXTA*EM(I, 1)+EXTB*EM(I, 2))/ (EMODAB*EMODAB))
/EMODAB

DFIDFI=0.0

DFIDS=0.0

DSDS=0.0

DO451=1,5

DO45J=1,5

DFIDFI=DFIDFI+VECPHI(I)*EN(I, J)*VECPHI(J)

DFIDS=DFIDS+VECPHI(I)*EN(I, J)*VECS(J)

DSDS=DSDS+VECS(I)*EN(I, J)*VECS(J)

GO TO 30

STOP

END (0, 1,0, 0, 1)
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ZSET (Kick §) dome 1411

Gencra!, low
enfer (zssi} l

Clear Kick-part of all tTrack banks J

Set STATUS | ENDWD $ee all
track baw

LT‘S“' 1§ Ream Overogiag fur tracke 1'
Yes

eccor
exit

Set up specibied Teacks
as vequiced by ENDWD
v

o [Tsx ZSETIB—3{ser up widurddual track,

av 1| Rebuwsm widuding formng KPT
and ok vack Wy o Bk/k
tou large

(ZSET 8!

P\ICK vP omy “'(‘a.r.k
information to be |
carried forward Srom

previous measured event ector
ex(t

!

Out to vetuen oaddress A+2

MU=23676
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ZSET (kick &) Detailed £low =~ Reliminary Bhet
; ave Index Register
Entec (ZSET —3 I e e
[Eofy (k+1) 4o MGI
J-ve

Set IR1 = Address of 1T track bank
IR 2= Number of track bank

3 ,[[,
[Sd- IR 4 = |4, number of worde in Kick part of tFeade 1....?]
ls‘ldb to clear all these 14 words of cuerent teack bank l(ﬂ)

4
l&f STATUS = -1 £or current terack bank ](1)

< Examin bit of (k41) relevant to current  toack bank >(l)

‘E =| Set up besinning = O Set vp and
|Set ENODWD = +1 |® [ShpalR1 [Set ENDWD=-£]®

to  select
next

{truck bank

i More tracks Tig e IR >
‘IL'ﬂwougA ol tracks
Restore IR 4
Set IR 2 odd of first +rack bank

JL
< Test sign oflﬂx#l)>

e avg.
<T€§T Forvre Frck N°> Set +vack No. =0 q
B W last Feack banK + 1
el (T ey
l Set ENDWD %o h;;n-l. = -OI ZSET
- 2
Moke beam averase ecrar
in sub-rovtine BMA¥E s (To Set-up pact)
N
Advance IR 2 for A
next  Teack  gelection
l >

MU =-23675
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ZSET et - act

=i

Test track No/ssit Svam .
@ in bank selor oo Restore
specified by =0 ) IR 4
IR 2 =
ani[=e oy vl e
(2SET ZAI Stece mass
Set CRN = 3
A Set LSZ = 3
: — Set FTN=O
X |TSX ZSET28, 4 | HESETZE skt up Set track No = No, of
YR | Ly debadl wert page last track bank
v

S‘fafﬂ\IR 2 to select
next track bank

ZSET,
Eél 8

on to
piek - vp part

MU-23674



ZSET Set - vp part continved
ZSET 2B — one pacticle get-up sub-routine
o ( @) Set KPT Set CRN =3
ZSET 2B IR 4 Jest LSZ word= O (ENDWD) =0
#3 =3 Track (")
Set vp P,S teems
0o [of ecror  mateix
(n
I Form KPT word for L Tmﬁl ()
e <RPER ‘ | (ZSET 19
UJTS
ZKICK <SQERR Test LSZ

=2 e
7

L Track

Set vp Ky with sign
(%) fadjusted to pick

Carru-\-]oﬁl |

Steve K tecm: of
ov mao.

G

S teack

Stote K i o

Test total No. g prints :
zsetq @9 ,:::“ bR Complete eoror wateix
Form Z track KPT word
| s
Colispsea Evror mateix
+o 2x2 Set CRN=1 ZSET
T 5 5 o (T
+ve » . Y
wim K > } )
Change Store Ky, TransForm
E'ﬁ;'no KSWIM - odjust sign ENDWD =0 o  adte
& (20 @2

Exit  from
ctlosed sub-coutine
to address in IR4

MUB-67I

Surssedoag
6606-TYON

81-1LiUSZ
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Do track Ne)s i PUB amd
track boank agtee ?

Yes, transter
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ZSET Pick—ue Eart prge S,
(23,24)
[ZseT 8 )——(Test Puc , o
[xit
ILR's ]

TR4 = No. of track banks
IR2 = add. of fict tanck hank,

r 3
i9n of Endwd i PUR
VS,
Sign of Endud in 2Tn &

- S
Step on IR for

next track bank

barks dealt wilh ?

Don'T
T |iie: § Agree
<TIX IR4. Are all track. w

N, T X
l i Teansfer PUR to ZTn,
Sfep orn IR1 for oand fhongP IR? hy ITR
next PUE.

\__4..._N°—<T'¢st f all Puk's dealt with } ,Z,es

Gl P)‘;k-up failures never reach Z2SET as ﬂ-ey cesult in FRT1 in FREAD.

MU-23670
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Notes on ZVERT

On the as sumption that the subroutine 2SET .has been called on:at least

" once to operate on the information contained in the track: b,anks, ZVERT, as
-directed 1)y two code words, (see Calling Sequence Section) extracts from the,
track banks, and places in GUTS storage locations the information necessary
~ for GUTS to execute the fit. In this sense ZVERT may properly be termed
a calling sequence routine. During the process of extraction and deposition, °
various tests are.-made on the physical and logical properties of the par-
ticipating tracks. (These tests further delineate the precise manner in
which GUTS will functlon ) The results of these tests sometimes manifest
themselves as '""hypothesis reJects " o d

Two entrances to ZVERT are p0551b1e, one is called ZVERT, the other
PVERT. PVERT is used least frequently and its:function is more easily -
described By_ an example.. Consider an event of the type shown where the

incéming track 1 has no measured k. Vertex I cannot be fitted first. 'The
. 1 -

W o following procedure will give the 'best' values
rro for track variables and the correct value of chi
0 :
v K squared for a multi-vertex event, but not the
II - '

correct errors.

After the II-I fit, the KO track connecting the two vertices has been
completely fitted and its vector momentum, P (connecting), can be calculated.
As has been empirically shown, essentially the same P (connecting) would be
obtained were it possible to do the I-II sequence of fits. If the II fit is
repeated in such a way as to force the connecting track to have the correct
value P (connecting), then the other tracks at the vertex will also have their
correct values.

To effect this procedure, it is necessary before entry to PVERT to
store the vector P (connecting) in ZVERT locations PX, PY, PZ, E. GUTS
will then recognize the situation by setting 6¢(conn. ) = 6tan \{conn. )= dk(conn. )=0
‘and carrying out the fit, subject to the constraint of a fixed P (connecting). The
ZVERT entrance differs from PVERT ogly in that'it zeroes PX, PY, PZ, E.

ZVERT reaches its climax, so to speak, when it enters GUTS; on ret"urn
from GUTS, ZVERT takes the fitted quantities out of GUTS storage, and places
them in the track banks. Other features include a'rearrangement of GINOUT
(the GUTS 3P-by-3P error matrix«éee Memorandum 86) to make the order

of each particle's elements correspond to the particle's order given in the
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ZVERT calling sequence. This will simplify data handling in EXAMIN. Also,
an equivalent to K-Pang test, called K-Kick is computed. |

. To facilitate a clése scrutiny of the coding, a brief description of each
of the major loops will be given in the following order (the mnemonic on the
left is the symbolic first word address of the loop):

ZV2: Track analysis
ZVERTZ2: GUTS ordering

Before
GUTS ZV5: Constraint class determination
ZV5A: Transfer of information to GUTS storage A
% : Enter GUTS
ZV9+4: Expansion of GUTS output to account for
_ : stopping incident particie
'. Aé%e;s ZV6: Storage of fitted quantities into track banks

ZV10A: Reordering of GUTS output to correspond to
- ZVERT order
ZV1l: Consistency check on fitted curvature of
leaving tracks
ZVERTX: Exit
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Particle Lists Required by GUTS LT
Before GUTS is entered, ZVERT must provide four lists comprisiné

‘the known information on the P < 7 tracks to be fitted at the curtent vertex.
These lists are at locations: “ -
1. ZTEMP + 1 (onwards): The ZTn address and the in/out"éondition of

each particle are stored as described in the table on page ZVERT -6
~ 2.. KMASS — (onwards): The masses of each of the particles o

3.. XMEAS — (onwards): The measured variables. Up to three Variable-s
for each particle
4.. GINA — (onwards): The error rmatrixes for each particle.

The ordering of the information for each particle is the same for all
four lists. . Namely, particle-track information is ordered such that those
'""best' particles with the lower CRN come first. Tracks which have the
same CRN are ordered amongst themselves in the same sequ'ence given in
the code word (a + 2) of the ZVERT calling éequence. '

: ZTEMP list | | |

This list contains P words, one for each particle, and the storage runs
from ZTEMP + (8-P) through ZTEMP + 7. These words are called the
- "particle words', . |

The format of each particle word is shown in the accompanying sketch.

)

Siﬁn . Decrement Tag Address

NN /—M—\ P — A -
. S (-ZTn in,
A ' A .ZVERT orddr)

the first location of the

Particle trackin=.&.: / | The -ve of the addfess of -
Particle track out = 0 '

track bank in store

(i.e. - ZTn).
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KMASS list. There are P entries in.this list running from KMASS to
KMASS + (P - 1), each entry of which contains the mass of the relevant
particle.. Also if a production vertex is being fitted, KMASS + 7 contains
"the target mass. _ "

- Location IRK in store is used.as a pseudo index,regist.er in indexing
.through this list.

- XMEAS list. There are P entries in this list each of which contain zero,
two, or three words corresponding to‘the known information on each track,
This information is packed.so that no gaps are left in the list.  If all in-
formation.is known on P tracks at a vertex, -the list runs from XMEAS to
XMEAS + (3P + 1), The maximum length of the list.is 21 words.

- T.ocation IRX in store is used as a pseudo index register in indexing
through this list.

_ GINA list. There are P nine-word entries in this list which runs from GENA
-to GINA + (9P-1). Each block of nine words contains the appropriate error
matrix sfored by rows and starfing from the first location in.this block. The
maximum length of this list.is 63 words (7 X9 words).

Location IRG in store is used as a pseudo index register in indexing
through this list.

- The ZTEMP list is first filled in by reordering the tracks denoted by
the code word-a + 2.according to the specification given above (i. e. .increasing
.CRN). - A loop is then initiated which is circuited P times, once for each

particle. - Each.time around, one entry is made (about this particle) in
. each of the lists KMASS, XMEAS, and GINA while the pseddo index registers
IRK, IRX, and IRG are advanced. '
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ZT2
The address of the first word location of the track bank of the track
“in hand is constructed and stored in the order in which it occurs inthe a + 2

code word. The storage takes place backwards from common +20 with the ' i-o:

. "irst" particle in the lowest machine location (see example list on next page).

If the WALL flag has been set in ZSET, a program parametelj to be
‘used as a constraint under certain conditions is placed in WALL. The con-
straint reduction number (CRN) is tested, and if zero, the curvature is
chécked for goodness. If the curvature is found to be bad, the error matrix
is collapsed from a three by three to a two by two, and the sign of Endwd is
retained, but its magnitude is set equal to zero.

In case the track is associated with a stopping, incident particle, a
flag is set ZVWS + 4}, the target mass is incremented by the particles mass,
and-the number of particles to participate in the fit is decreased by one.

- For nonstopping incident tracks, if the Endwd is. equal to one or two,
DHold is set equal to L/2 or L, respectively.
- ZVERT2 ‘

Using a number called the constraint-comparison digit' (CCD), we
determine the total number of constraints pertaining to the hypothesis. With
-the CCD initially set to zero, a loop is executed which compares the CRN of
each particle with the CCD. When the two are equal, the particle's address
is stored in the decrement of a ZTEMP location. . At the beginning of the
loop, the CCD is incremented by one so that eventually the particle list is
exhausted and the corresponding addresses are ordered monotonically
. {GUTS order) in the ZTEMP block according to increasing CRN values.. As

in the ZVERT ordering of particles in COMMON +20, the storage takes
place backwards from ZTEMP +8 with the lowest CRN particle in the lowest
.machine location.

- ZV2, ZVERT2 and ZV5 Loops

The operation of these loops is illustrated by an example and the table

on the next page. Assume that the ZVERT calling sequence specified three
ZTn:

ZT1 incoming and stopping, CRN irrelevant

ZT2 outgoing, : ~ CRN=1" |

Z'I‘3 outgoing, CRN = 0.




K
,"

- UCRL-9099 :
Processing: ZVERT-6
June 1960

First, thé ZV2 loop fills the decrements of the three locations ahead of
COMMON+20,1 in ZVERT .ordér, Next the ZVERT2Z loop fills the decrements

of the three locations ahead of ZTEMP+8, 1 in GUTS order, i.e. the best -

track»'(ZT3) first, followed by ZT2, and the incident S track last in Z’I‘EMP{—_7,

*. Finally, the short ZV5 'loop' stores the decrements of COMMON+20; 4 into"
" the addresses of ZTEMP+8, 4. ’

Decrement| Tag | Address Decrement | Tag |Address
‘COMMON+3 (ZVERT\| .| ZTEMP+1 ' 'ZVERT\;\
14 \order || 2 (GuTs \order )
15 3 \order/ - '
16 4 ,
17 -(ZT1) 5 +(-Z2T3) 0 (-ZT1)
18 +(ZT2) 6 +(-2T2) 0 (=Z2T2)
19 +(ZT3) 7 -(-Z2T1) 0 (-2zT3)
' g - Incident | S'in ZTEMP+7
N . T -~
by ZV2| by ZVERT2 by ZV5

Note that ZTEMP+0 is not -used.

ZV5+5

.-_’I‘.his straightforward seéction of coding deals with the question of whether
the constraint class is a "2CZL2V" or "4C2V'., These two-vertex constraint
. classes are called fér‘ by event-type subprograms by placing a bit in the lower-
~order bit of a + 1 in the ZVERT calling sequence (see section on ''special re-
quirements of two-vertex fits''), '
ALY

At this point the program is prepared to store the appropriate quantities

in GUTS. storage to obtain a fit. . Before the variables of any given track are
“transferred, its KPT and ¢-locations are examined for a negative KPT-and
78 (""Poison''), respectively. If neither of these tests gives rise to a reject,.
the three variables of each track are stored forward starting from XMEAS.
The particle error matrices are stored similarly in GINA. Note that the
ordering of the particles is that of GUTS as plucked out of the ZTEMP block

of ZTn addresses,

“The few words after the TIX to ZV5A are to Reject the lc case for which
three CRN=1 tracks have been set up. That is, for the lc case there must
have been a CRN=3 track-just transferred. '
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ZV9+2
Immediately after return from GUTS,;, the GYFCN block is rearranged
from the GUTS order to the order given in the ZVERT calling sequence

word a + 2,

A test is then made to see whether an incident stopping particle was
.involved in the fit. If so, the following operatio'ns are performed: - -.

1... Meaningful values of ¢, s; and k for the incident S-track are stored. in
.the GUTS bank, XVERT, in preparation for the subsequent transfer of fitted
data from XVERT to the ZTn banks., The angles ¢ and s are givén. their
- Pang values (at the beginning of the track, as set up by ZSET) and the
curvature k is set equal to 10.0 as a code.

2.. The total error matrix resulting from a GUTS f{it is located in GINOUT
et seq., and its dimensions are 3P by 3P, where P is the number of particles
participating in the fit. It will be recalled, however, that, if there is an . |
-incident ..stopping particle, P represents a number that is one less than the |
numb_ef of particles physically participating. Therefore, GINOUT is ex-
panded by three rows and three columns to include a special 3-by='3 matrix
for the incident S track. This matrix has variances equal to 100 aﬁd co-
-variances equal to zero, as shown in the following diagram. The rhatrix is

stored sequentially by rows in the machine's memory,

3P-by-3P error
matric on exit

from GUTS O

1100 0 O
0 100 O

O 0 0 100

Thus, three diagonal elements of 100 are inserted. The lower right one in
the diagram is located at GINOUT +_(3P+3)2-1; the next one up is 3P+3+1

earlier, etc.
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' At this‘.point ‘the ‘ﬁt-ted variables aTe transféz‘red“to the‘track Banké
- The CRN's are set equal to zero, the magmtude of Endwd is also set equal

. to zero; and the sign. of the status word is made p051t1ve. o .

.ZV10A '
‘The eleménts of GINOUT are rearranged. according to thé'particle -
order given in the a+2 code word of the ZVERT calling sequence.

_Z_V_l_l' | e :
| Here a loop starts to form and test k-Kick-Test kKT for each track.
" As mentioned in "k-Tests', kKT makes sense. only for charged, "L'; tracks
outbound from a vertex. Otherwise kKT is set at zei‘oq

The result is stored over k-Pang Test in ZTn+24 and also .(fo‘r:hi'stor..ic:al
reasons) in COMMON+8, 1 If KKT is negative for.any track, (1) that Avaluelof
- kKT is stored in COMMON, which on exit from ZVERT is loaded into the MQ

(i. e., the MQ will be negative for any negative kKT; (2) the number of that

track is stored in STM. | —

If any value of kKT is less than -3, the loop is abandoned, and we

transfer to HRJ 62. A

Sometime we shall perhaps add the folldwing feature to take account of
the kKT's in the fuzzy region between -3 and 0; namely, to put the sum of
“the squares of these kKT's in MBANK+25 so that later programs can.add
them to X 2 if desired for certain tests.

ZVERT X : : :

This is the exit of ZVERT. The chi squared is stored in Handy word A

(HWA): the difference between the former aﬁd the 1% confidence.limit .is', put
~into the AC and the MQ is loaded with COMMON+18 (see ZV11l).. Finally, the

index registers are reset to the values they had upon entry to ZVERT and

transfer back to the event type is made, ’ .

N
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Notes on ZSWIM

General Discussion

ZSWIM is the routine used to transfer the information on a track from
one end (where it has participated in a fit) to the other (where it will, in
general, be used to get another fit). This ""swimming'' of information naturally
divides into two subtopics, swimming of curvatures and swimming of angles;
these are separately discussed below. ZSWIM swims the angles directly
but calls on a separate subroutine KSWIM to swim the curvature (using
REROUT, a GUTS subroutine).

Swimming of ""Angles'' ¢ and S

Normal fitted tracks. If Kick had easy access to the magnetic-field com-

ponents Hz (%, y, z) and to the horizontal component normal to the track
ny(x, ys z), then for relatively short tracks it could swim ''angles" c]>1 and
S1 from an initial vertex (1) to get d>2, SZ at a new vertex (2). For example
consider a flat track (X = 0) and suppose we swim ¢ downstream. Then we
have ¢ ,-¢, = A¢ = joi‘ (d¢/dL)dL, where d¢/dL is given by

i dL
(:t)c Pc =103 Hz . (downstream) (1 Flat)

¢

with Hz in kgauss; L in cm, Pc in Mev, and with the particle charge indicated
by (:!:)C. It is easy to generalize (1-Flat) to dipping tracks if we resolve
momentum p and displacement L into components parallel and perpen-
dicular to Hz. Get rid of the parallel components by a Lorentz transformation
parallel to Hz. 1-Flat then applies to the perpendicular components p_ cos A
and L cos \. giving:

d(L cos \)
dé

If we denote the fitted k by k- (always > 0), then we have P_cos\ = l/kF.

() P cos\A=0.3H (downstream). (1)
- C z

Therefore Eq. (1) can be written

d¢ & =
d(Lcos\) (#), 0.3 H, k” (downstream) (2)
- Lcos\ L
s d n A d(L'cos \) = (&) kF(O 3 H ) cos\dL'
L' cos\ " . = A

0 0

(3)
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To perform this integration, one must.take into account the variation

along-the track of. k because of ionization loss and Hz - Luckily,.- Pang has -

already done this and passed along ¢11::;1g_ and ¢1;’2gg. Thus we can form

A¢Pang o -y = f P cos)\ (0.3 H,)dL (downstream). (4)

. In this Pang case, Pa.ng has assigned to kp the observed sign of -A¢Pang.

Then, to an excellent approximation the value of A¢ given by Eq. (3) is
"\ kF

Ap ='(x) | A'q)Pang (downstream) (5)
c P

1l k beg.
. The reason for choosing ""beginning' is discussed later below Eq. (8).
We chose to regroup Eq. (5) and write '
[ a¢ Pan‘Q . ‘
Ap = (:*:) k ~ (downstream). (6)
: b '

//. Equatlon (3) shows that the last factor (Acp/k Pang
(

is

kF/k beg" ){(0.3 H )dL, S0 wr1t1ng H as some effective average, we have

Ad Pang 0.3 0 '
(k—b-> = 0, H~2 L, (downstream), (7)
which is independent of the pafticle’ s charge and the way it curved in the
bubble chamber. Actually, for programming convenience, since we have
stored (in ZTn+2) the absolute value k and not (*) k, the (*) factor. is
- associated with (A¢/k, )" to make (2) (2¢/1,)° which is in JACOB3 and used
several. times Notice.that (:!:) and k~ will usually have the same sign, so
that A¢ will usually have the same sign as A¢Pang - But if the track coulomb-
. scattered so much that the sign of A¢P ng(and therefore kP g) is wrong,
this is automatically taken care of by the known sign of (t)c. '

- The above example was for a. downstream swim. Now A<|>P is 45§-c|>b,\

not ¢2-=<|>1, so to.take into account the direction of swim we recall that:

Endwrd +ve means angles are set up at the beginning, so must swim down;
- Endwrd -ve means angles are set up at.the end; so must swim up.

Vi
. Hence .in all formulas, the reservation "Downstream'' can. be replaced by a

factor (i)Endwd; and (f)..) becomes in general

" Pang
Ap) -
&) (kp , ] . - (8)

® ¢ Blgnawd *p
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A comment is in order on the choice of '"beginning' for (kF/kP) in
* Eq. (5). Perhaps (kF/kp) middle might be more accurate, but after a fit,

we have kF at the ends, not the middle. - It is easier to make kl:lj)e from
PPang g

"~ beg '
.is nonlinear and 'beginning' variables are less skewed, in general, than

at ZTn + 40 than to swim kF by L/2.  The range-momentum relation

-"end" variables.

Dips are swum by the analogue to Eq. (8).
' \ Pang
F _ F -F AN
)\2 - {)\1 (i)Endwd kb [(i)c<§> } (9)
s]’; = tan xF_;_ = tan { Eq. (9) } (10)

Fitted. two-point charged tracks. For two-point tracks, Pang gives

: q’b' = q)e’ .S'b = S’e;“ Tlie' swim logic could be simplified. if Pang arbitrarily
,assiglned say k = 107~ (p = 10 Bev/c) and calculated ¢b - ¢e:, .'S'b - 'S‘Q, but this
. has not been done. ’
. In ZSWIM2P, therefore, dL/d¢ is actually calculated according to
. Eq. (2), getting H, from HZ in. TEMPAR (HZ = 0 in pure Kick, Event-Type

. assembly responsible for sign and value); Thus we have

Ab = BF' (0.3 H_) L cos . (11)

(i)Endwd (:h)c k
For a 100 Mev/c track, at 10 kgauss with L = 1 cm, we have

| A | = 10—2(0,3><10)1 = 0.03 radian = 2 deg, which seemed to make Eq (11)

big- enough to include. . However A\ is much smaller than .Ad, so ZSWIMZ2P

sels )

As =0 . (12)

- Unfitted tracks. To swim these, we merely set up again at the other end.

P e R T N Y

This concludes the discussion of the swimming of angles, but the flow
~chart for ZSWIM will be much more intelligible if the reader looks next at
the following pé.r'agraphs on KSWIM and. Error Transformation in ZSWIM,
and then at the flow chart for KSWIM before finally reading the flow.chart
for ZSWIM. | | |
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. Swimming of Curvature

This is  done via a closed subroutme called KSWIM, pr1nc1pa11y de-
signed as a subroutine of ZSWIM. - Its funct1on_ is to compute k (hence its
-name) at one end.of a track, given some input k in track banks. It is also.
.used by ZSET directly to swim the curvature from the middle of the track
to the desired end. |

- To understand the operation of KSWIM, first let us discuss the mag-
‘nitude of Endwd, whose sign has already been discussed under "Swimming

of Angles, " i.e. +/- for "Angles' ¢ and \ set up at.the beginning/end.  If
-tracks were always set up with k at-the same place as the angles (as was

once nearly true in earlier versions of Kick) or if tracks were always set

up with k at the middle of the track (as we would now like to do if it did not
involve work, i.e. reprogramming GUTS), then this sign information would

be sufficient. - In fact, in our normal procedure if the '"angles'" of a track

are set up at the beginning (Endwd +) then k is élso set up there (except | i
Aintérnally to- ZSET). . However if the direction is set up at the end, k may be

~ set up either at the middle or the beginning (depending on whether the track

is set up.from Pang data or received from a fit at a previous vertex) and
.will later be set at the end of the track if a fit is obtained.. Since we would like
. to be able to tell, from the track bank alone, where the track has been.set up, .
- we have had to add.additional bits to Endwd to tell us this.. This means. that:
some of the information in Endwd is redundant if one assumes that Status,
which tells whether the track has ever been fitted, plus STM and CPM (in

- MBANK), which tells the result of the last :fit.:, are.available.. However we

may at some timie wish for multivertex events to merge tracks from different
. vertices (particularly in EXamin) in which case the information from MBANK
would. not be available. _

- The arbitrary convention adopted for the magnitude of Endwd is to use
it to give the distance D, in units of L/2 between the end whefe,j:he angles

-are set up, and the place where k .is set up. Thus we define

|Endwd| = 0 means k is .stated at same end of track as angles, D=0,

1 means Kk is stated at middle of track, D=L/2,

-2 means k.is stated at opposite end of track from angles, D=2% .



. UCRL-9099
Processing:SWIM-5
July 1960
(KSWIM-2)

. In KSWIM the curvature is swum by the distance D from wherever
‘it is stated on input.to the opposite end of the track from that indicated by

the Endwd. (Cllearly ZSWIM must not change the sign of Endwd until after
KSWIM has operated. Moreover ZSETZ2B which uses KSWIM to get from the
middle to the end of a track must artificially change the sign of Endwd
before entry and restore it later to achieve a swim in the right direction. )
In normal Kick processing only the swim upstream is actually used, since
with the automatic use ‘of the D feature of GUTS, we do not swim curvatures
downstream. However we visualized a physicist wanting to see a printout
of a.track swum down to its end, so KSWIM will swim downstream. This
means that ZSWIM must bypass KSWIM for Endwd +. '

- REROUT, the subroutine of GUTS that does the actual swimming is

described in Memorandum 192. - It uses a lookup Table described under

- RINTOP (R into P) in the Subroutine Section. - The REROUT error return
occurs when, for a downstream swim (which we seldom use), the range
computed from the curvature is less than the distance you attempt to swim.
KSWIM in this case merely sets the AC negative as a signal [Note that in
Assembly 4, k was set to l(Mev/c,)“l and (6k)2 to 100 (Mev/c)'-z].v This of
course will not occur for the normal procedure of not swimming k down-

- stream. |

KSWTM does nat alter any of the contents of the track banks, neither

curvatures nor Endwd. * Any routine using it must take care of storing the
swum Kk, modifying the error matrix, and changing the Endwd. In the no-
tation explained. in detail in the ERRORS section of SWIM, the quantities
A.33(8k2/8k1) and A3z(ak2/a_sl‘) are computed in. KSWIM (by REROUT) and
stored in REWS and REWS + 1.

"Overstopped' tracks

A difficulty arises in the error propagation when an '"overstopped"
track is swum upstream.. As an example and definition of such an "over-

stopped' track, consider a recoil proton track of length LL = 10 cm which

In assembly 4, KSWIM stored swum k in.track banks, but did not change
errors. . KSWIM always swam tracks at distance L (so.that if necessary

. any user would have to change L to % in ZTn + 19 to accomplish a halfway
swim).
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leaves the chamber just before it stops, and is measured 'leaving'. At its
middle, .its momentum P(L/2) is 220 + 40 MevV/c.  Then 1/6. of such tracks
would Coulomb scatter by one standard deviation or more in such a direction
~as to give P 5180 Mev/c and a calculated range beyond the middle of
£ 2 cm (whereas we know L/2 equais 5 cm).

The truncated a priori probabiliﬁy‘distribution.for the range (calculated
from kmiddle and‘kmiddle) is shown in rhe< ~s.ketc‘h;.the allowed. reg_lon; is .
. clearly non-Gaussian. '

standard

deviation

.——41 ‘ -

[ / / / / /
1 _2 3 4 -
Rarige R below m1dd1e (cm)

Probabiligy P(R)

- How should Kick describe the equivalent troncated k- distribution?
Some useré may want to replace it with a. Gaussian centered at k(L/2 + E)
with some appropriate &k, but at Berkeley we have r:hosen to stick with the
measured variables until. after the fit, so as to postpone the problem of _
working with skewed d1s1:r1but10ns° After the f1t, k-Kick- Test will check
R-L [actually k(L)-kF] and for R < L will give reject HRJ62. - This warns
the physicist that only a part of the fitted probability distribution P(RF) is

consistent with L, just as. only part of P(R-measured) was consistent before
the fit. . o _

. There still remains the question of how -ZSET. should swim upstream -
by L/2 with 6k, akz/a s etc. so as to set up a frack at the beginhing:-First
note how 8k'is swum for nonoverstopped tracks (see. Memorandum 86, Sect IV).
. We assume px< R” [a = 0.27], so we have k = l/pe < 1/R%s.. Then,

. ignoring for a moment variations in the slope: s, we have at the beginning
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har S |
X5 R,
é.nd at-the end
' sk, 5R
T = e e
1 Rl

. Notice that SR is the same quantity.in both equations; diQide; them:

ok k, - K p, K, (x '
2 2 1 1771 1
- == A =S ==+ == 8k, = === =—]|14a=1.27 (undcr-
’akl 33 RZ kl i 1 pZRZ RZ) stopped)
(13)

. Suppose we were to apply Eq(l13) to our overstopped proton. If we were to
believe kPang’ ignoring the fact that the track.is overstopped, then we have
Ry =2cm, Ry=2+ L =7cm, and R /R, = 2/7.. On the other hand, we
¢ know Rl < 1/2,» and we have RI/RZ’ > 1/2. . Thus, if we use the coefficient
A?}‘,"...='_(2_/7)%f%".g as computed by REROUT, we will have &k, smaller than it
should be by at least [(2/7)/(1/2) = 4/7)]}%".

- with nonGaussian errors, but we do want the width. of the Gaussian.to be as -

Now we don't want to work

~reasonable as possible.. Hence, .in. KSWIMB+4, we replace A
"Eq. (13) by

as given by

33

2

1 1.27 )
A:,’3 =(—> .= 0,414 (overstopped). . - (14)

A similar correction must be made in 8k2/'«fas = Aj,. As derived in

--Memo 86, page IV-6, this is normally given by

‘D
Az, T - R

Js 2

(normal) . (15)

For an overstopped.track, we can .ta.keAk2 from k via arc as given by
"Pang.. Writing. P; = l+'s2/k§ - and 'D‘/RZ':. 1/2, we have

* ’ v ‘
1 s+ k '
A32 = -5 _s_.__g%'c_)_ (overstopped). (16)

1+s
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The errors are .swum by modifying the variance matrix from the. fit.

Before modification this is (G-;)ij= 6Xi6Xj.- It becomes

.1, Swum Z Co-l T

where
8¢2 8¢2 .8¢2
8¢1 -_.asl - 51{1
axiz o asz 852
i1 BX = R asl 8k1
! 31
. 8k2 ~6k2
le 4ak1
| ok, o ok,
Note that in. the GUTS write-ups 'a—s— .is referred to as B, and 5K -is .
' 1 1 :

referred.to as. A.

The elements on the first row come from differentiating (8).
} _ Pan
¢, = ¢, + 'kF' ¢2 ¢1 ¢

2 1 b i:!:)c kb

= ¢, t ki [ const. ], (8)

- where b stands for beginning.- Thus if we were to swim downstream. (which

is known, then we have

3¢, 3¢, 3, |¢,-¢ Parg

117 3%, T AT A13T R T 3k, T BICE,

. is rare) kb

A

. (17-down)

In general we swim up, so we have

8¢, 9%, dkg 8¢, 3k, 29,

- . " . T = .A. s
B T IE, KT DK, T ok 33

b
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_§¢2 _ 84;2 ‘Bkb i} 8(1)2 3]5(2 i} 8_4?2 N
651- akb. le BRB Bvsl __akb 32
. and therefore
A13 = [A.l3(do'wn)]A33A and A12 = [A13 (down)]A32., (17 -up)

. For two-point tracks (as already mentioned) Eq. .(8) goes over'into Eq.- (11) .

. so we have

Ajsldown) = (F)p gwa &)

(0.3:.“ H)Ls (17.-2P)

The elements of the second row come from differentiating Eq. (Z9):

52 =vtan {KZ} = tan {)\1 + kb [ const] }

- 2,
ds,= sec ,)\Z(dxl + [f:onst] dkb)

2
. dsy ,
= sec A + [ const)] dkb : (9)
sec A '
AT 1
ces .2 2
. Writing sec A =1+ s, we have
ds 1+ sz 9s -\, |Fang
A= —2 =2 and A = o f=(l+sd) | ot |
22 9s, 1 +*sf 23 akl : 2 (:l:)c»kb
For two-point tracks we set the constant in Eq. (9) equal to zero, so
we have '

Ayy=0 . (8-2p)
The elements. in the third row were discussed in. KSWIM and are
evaluated by REROUT, internal to KSWIM. - On return .from KSWIM, 433 is.
~in REWS, A_3‘2 in REWS+1. - y o T
The matrix multiplication (C;‘I )2.--? A (9 4 )lé 1is performed using
.MMATRIX (see subroutines), where é is loaded into a block starting at
. JACOBI, éT is loaded into a block starting at JACOB2, and g‘"’l i§ :already. ina block
. starting at ZTnt5. First A X gc-lis.‘f.m'and stored at JACOB3;C(JACOB3)
X AéT is then formed and stored at ZTn+5. l



UCRL-9099
Processing:SWIM-10
July 1960

- In.the matrix operatlons above, we assume that G 1 is a 3- by 3 .
matr1x, ’1. e.. that CRN = 0. If this is not the case, ZSWIM treats the track
as if it were unfitted, and swims by" settmg it up at the other end Event'=
type programmers should notice that for CRN # 0 the above procedure is

.

inappropriate. Such cases have not arisen yet

Note for the Future

The preceding paragraphs have described what Kick now does on
.swirﬁmin’g curves and angles. In this memo, suggestions as .to possible
future alterations in the swimming of angles will be discussed. (We know
of no significant mistakes in our swimming of curvatures from one end of
. the.track to the other.) '

It will be.convenient to begin at the beginning, i.e. with Pang. . Pang
.. fits tracks by making a least-squares adjustment of curvature and direction
..of the track to the measured film coordinates. For the case in which errors
on the individual points are independent and Gaussian distributéd (as we
assume for.true measurement errors), this gives us the ""best' values.of
the output quantities.'. However, when the errors on the individual points are
correlated (as is true for errors caused by multiple Coulomb scattering and
possibly turbulence) this is no longer true., At present Pang throws away
some of the information relevant to the determination of directions at the
ends.. The "best'" answers could be obtained from a much more complicated
least-squares-fit using not only the full correlated error matrix but several
. extra parameters.. The complexity of doing this correct sort of fitting is

such as to make it completely impractical. A corﬂpromise could be arrived
at by using the present calculation for the curvature and a different calculation
for the angle at each end in which the weight of the measured points decreases
.as you get further from the point at which the direction is required, or even '
using only the nearest segment of the track to make the fit. - Possibly Pang

-will in the future provide some such answer.

*The only rare example of such a case that we have .thought of so far is as
follows: Consider a I, II sequence of vertex fits in which we desire to swim
back to vertex I, for example to make the I, II, II', I' validity check. Suppose
fit I is successful, but the connecting track badly determined, so that ZVERT
. during the II fit increases its CRN; and then the II fit fails.

If after this double trouble one: invokes SWIM, it will simply set the
connected track up again; whereas actually clever programming could have it
‘resurrect the real 3-by-3 error matrix and swim properly
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Even.without this information, Kick could, and at some future date
may, do better-than it now does for long ﬁi'acksi . Here the curﬁulative effect
- of Coulomb scattering will greatly reduce the correlation of énglés at the

two ends.- We would probably be better off to keep the Pang angles for
sufficiently lohg,tracks rather than swimming. - We have not done 'this'.. yét; )
- . primarily befause the error matrix .would be somewhat messy to compute,
. since after the fit there are correlations between various quantities, which -
are no longer correct if we revert to Pang angles. - If it.is correct to-use
.the original Pang angles, one should probably zero all correlations, but
. this is not certain. since k, for instance, depends on s through the swim -

. procedure, if not otherwise. More thought is. needed on this point.
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Notes on ZEND

A. General Description

Each Event Subprogram ends with TRA ZEND, which then does quite

different things depending on whether or not there has been a successful fit
to a2 hypothesis as determined by the Good Print Mark (GPM).

The history of GPM (in MBANK) is as follows: At exit from ZVERT,
the AC is (+/-) according to whether the fit was (successful/unsuccessful).
Entry into the report Routine PRINT with AC + then will cause a ''good"
print (sign of MB+34 positive), with the GPM advanced by unity. If one
vertex of a two-vertex hypothesis succeeds but the second fails, GPM would
misleadingly be nonzero; it is up to the event-type subprogram writer to
clear GPM before the last vertex of a multivertex hypothesis.

The main functions of ZEND are:

(2) For an event in which no successful fit was made, a search is
made for -ve stopping particles. If one is found, the LLSZ word in ZTn+15 of
the first one discovered is changed to indicate a leaving particle, and the
event is recalculated (i. e. a charge exchange is tried on the track).

(b) For successful events a search is made for non-zero Future Track
Numbers, and if no track is to be saved for the next event (all Ftn's = 0),
control is returned to ZKICKS8 to clear the pick-up banks and read in the next
event.

(c) If a track is to be saved for the next event, the variables are
swum (by ZSWIM) to the other end of the track (if it is to be connected up to
another event, the variables are needed at the end away from the vertex
which has been fitted). . Then the contents of the track bank are transferred
to a pick-up bank. When all tracks to be picked up have been transferred,
exit is made to ZKICK2 to read the next event.

B. Detailed Notes

These notes should be used with the flow diagrams at the end of this

section. The numbers in brackets on the flow diagram compare to numbered
items below:
(1) Two flags in common + 17 and common + 18 are zeroed here. Nonzero

words are stored later in:
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{a) common + 17 if the Pick-Up-Command was even, i.e. if a pick-
up was made earlier

(b) common + 18 if any number of tracks have a nonzero Ftn.

(2) Good Print Mark in MBANK + 14 is advanced by 1 (from 0) each time a
""good'" print is made after a vertex fit (i. e. entry to PRINT with AC +)

If we have GPM = 0, no good fit has been found. One possible explanation
is that a negatively charged particle has been called stopping (LSZ word set
= 2), whereas it really underwent charge exchange and so left the chamber
(in which case, of course, k from curvature should have been used rather
than k from arc length. )

(3) A loop looks for -ve S tracks and changesthem to L's, followed by exit
to ZREADG6 to reprocess the event under this new assumption. If a track has
already been picked up (|STATUS| = 2 in ZTn + 3) from a previous meas-
urement, this change is not carried out, for two reasons:

(a) If it is done exactly as for normal tracks (change -S to L in Pang
Appendage to ZTn, but not in Pick-Up Banks) we simply get a loop, since
ZSET overwrites Pang Appendage in ZTn.

(b) Charge exchange of a connected event is likely to have been already
caught and fixed when it was processed.

(4) Loop at ZEND 4 examines track numbers in successive tracks. On
finding the first numberless track, it exists from the loop. If a numbered
track has a nonzero Ftn, it is transferred to a PUB (ZEND5) and then control
returns to the loop again searching for more tracks with nonzero Ftn's.

- When all track banks have been examined, control goes to a check-before-
exit routine starting at ZEND4B. Before leaving ZEND, a test is made
which could result in FRJ 19, namely that if there are tracks stored in the
PUBs, then either (1)there must have been a pickup, or (2) some track
must have a nonzero Ftn. If this test is passed, then we leave ZEND via
ZKICKS8 (which clears the PUBs if there is no Ftn) or ZKICK2 (if there is an
Ftn).

(5) The test at ZENDS5 checks that all PUB's are not full (if they are full,
FRJ6 results; see list of rejects). If the PUB's are not full, the variables

are swum to the other end of the track and then transferred to a PUB.
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Notes on QVRT

Introduction

This memorandum describes the operation and use of a multi-vertex
processing routine in Kick called "QVRT", which automatically fits, swims
and stores fitted track banks.

The octal code words associated with each entry to QVRT are designed
primarily to allow them to be constructed automatically by some "master
routine' yet to be written. The input to the master routine should be the
minimum required to specify uniquely the particular processing that a
physicist requires for an event.

This memo is written with the following two purposes in mind. First,
QVRT can now perform automatically several of the chores associated with
current event-type writing, and it may be convenient for people who have
lengthy event-type routines to write, to learn this calling sequence. Second,
we would like to have suggestions from people concerning what they think is
a minimum input for the master routine and also suggestions regarding
modifications to the present version of the QVRT routine in order to increase
its usefulness.

Part A describes QVRT itsell and Part B illustrates its use in

programming event-types 30 and 40.
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Part A

General description of QVRT. The following is a list of operations now
performed by QVRT:

(a) A test on the K-Pang test word of every track on the first entry to QVRT
(using KPTST)

(b) Two missing-track set ups (in ZT30 and ZT31) to allow the GUTS entry
2VZL2C (using ZSET)

(c) Up to seven extends (using EXTEND)

(d) Either a normal vertex fit or a missing-mass calculation plus a normal

vertex fit

(e) Labelling up to and including 70 vertex fits with their corresponding
check-point marks.

(f) Storing all chi-squres (good and bad) into LIST AA according to their
CPM. Reject numbers for their correspondingly bad or no vertex fits are
stored into LIST B with reference to CPM.

(g) Printing-out the chi-square .and reject-number LISTS AA and B respec-
tively, at the end of each event type.

(h) Swimming and storing in fitted banks the tracks required at the next
vertex,

(i) Bringing back from ''fitted banks' all tracks previously fitted at the other
end of the other vertex and required for the fit at the current vertex. If any
of the previous vertices linked to the current vertex by a track stored in the
fitted banks failed the fit, thenthe current vertex fails,

(j) Automatically carrying out a vertex print when the fit is good.

(k) A coplanarity test on the Pang data at a three-track vertex using the
COPLAN routine. The results are stored in LIST C.

(1) Examination of each vertex for tracks with LLSZ=3., Detection of such

a track causes the vertex to be skipped. If the missing track connects also
to another vertex, the marker 222.00 is stored in LISTB; if it does not,
333.00 is stored in LISTAA.
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QVRT Calling Sequence:

a TSX OVRT 4, X
a+ 1l OCT XXXXXX XX XX XX
a { s ST o a

at 2 OCT XX XX KX - XX JAX XX
at+3 OCT XX XXXXXX XX X X

d e f 'gh
at+t4 OCT XXXXXXXXXXX X
i J

a5  RETURN
The calling-sequence code words are defined as follows:

a X = 0: no missing-mass calculation, only a normal fit
X = 16: missing-mass calculation with print and also normal fit

a+ 1 a:eight octal bits corresponding to the first ZVERT octal code word
b: first missing-mass set up in ZT31
c: second missing mass set up in ZT30. The numbers b and c
refer to appropriate locations in the mass list.

a + 2 second octal code word of ZVERT

a + 3 d: check point mark (CPM) ranging from 1 to 63. The fitted
tracks are stored away in the fitted track banks (AETS bank)
according to these CPM. The value zero is not to be used.

a + 3 e: three 6-bit words indicating that a transfer from the fitted
track banks (AETS) to the ZTN banks is required. The 6 bits
give the CPM number of the previous vertex where the stored
track was fitted. If any of the linked vertices failed, the
current vertex is automatically failed.

a+3 f Qlifcoplanaritytestion.Pang data is desired; 00 otherwise.
g: one bit, where 0 indicates no set up to be done;
1 indicales sel up all tracks. The ZSET octal code word
has already been stored in the appropriate location of QVRT;
2 indicates set up all tracks using the (a + 4) word as the
ZSET octal code word.

a+ 3 h: one bit, where 0 indicates print if a good fit was obtained;
1 indicates print always (use one only on the last fit).

al 4 1i: Eleven octal bits of the ZSET octal code word
j: One bit, gives the number of EXTEND'sto be done, ranging
from O to 7

A note on EXTEND. At present, the EXTEND octal code words must precede
the first TSX QVRT, 4 entry. (namely; (PZE-ZTN, T, -ZTN) refer to EXTEND
subroutine for its interpretation) Thus the appropriate EXTENDS can be

carried out at any QVRT entry where required.
In later assemblies, EXTEND may operate on the Pang part of the track
banks rather than the Kick part, thereby eliminating its need in the first entry

of the QVRT calling sequence.
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The fitted track banks. In 63 storage-bank locations, each 20 words long,
QVRT stores one track from each fit. The banks are referred to as AETS
banks. The ZTN number (address) is stored in the first location of an AETSN

track bank, and the first 19 locations of ZTN appropriately swum are stored
into the following 19 locations of the AETSN bank. Since there is only room
to store one track in the "fitted banks' from each vertex, the convention is
made that the first track referred to in the octal code word (a + 2) is stored,
unless this happens to be ZT1. In this latter case the second track referred
to in the (a + 2) code word is stored. The programmer must insure that he
orders the tracks in his (a + 2) code word so that tracks to be used later at
another vertex occur first.
In the QVRT program, the banks are defined accordingly:
AETS 1 BSS 20

AETS 63 BSS 20.
When the fitted tracks are needed for a particular vertex fit, they can be
transferred back to their original ZTN bank by inserting the appropriate
CPM bits into the (a + 3) QVRT code word (position e, provides for three
such transfers).
LIST's AA, Band C. LISTAA and LISTB are each 70 words long and
LISTC is 10 words long. All three are printed by the Fortran Print C

program in one block which has 15 rows and 10 columns and is called Report
Type 6.
LISTAA occupies the first 7 rows of this block and the nth word (counting

2 value or the missing track marker 333.00

along rows) contains either the x
for CPMn or else it may be zero.

LISTB starts at the first word of row 8, the nth word belonging to the
CPMn as for LISTAA. The word is zero for a good fit, the reject number if
the fit was rejected, 100 for a bad fit, 150 if no fit was attempted owing to
failure of the previous linked vertex, or 222.00 if the track which connects
this vertex to a subsequent one has LSZ=3.

The last ten-word row of the block comprises LISTC. For each
coplanarity test LISTC contains a pair of words: the triple scalar product

T = (5’ X l_;) « ¢ and its error 8T which are defined in this manual under

COPLAN.
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FLOW DIAGRAM FOR QVRTZ2.1
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Part B (Examples)

As an example of the use of QVRT, we have written two event-type
programs to be included here--event-type 30 (a zero-prong single-vee type)
and event-type 40 (a zero-prong, double-vee type). The new type-30 and -40
programs have been reduced in size by a factor of the order 2 to 3 in com-
parison to the old 30 and 40 programs. Programming event types with QVRT

amounts for the most part to filling in the octal code bits of its calling

sequence.

Event-type-30 reactions

T
Ko’Ao' EO
\ “ ol
050 & "
A KN
W

1

1 ™ 8 | mg o o

1

Sketch A Sketch B

We shall consider event-type 30 as drawn in sketch B. This event type in-

cludes the following reactions:

T +p—> AO+K0
A.O[]:"+'rr‘= KOE 1r++1r-
N+ 'rro -rro+ 170
and
T +[ ZO+K0
ZO*PAO+Y
AP—’P+TT= K0—>1r0+1r0

K0—>'rr++1'r_ A0—>N+1r.
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Event type-30 reaction sketches according to Check-Point-Mark vertex fits

CPM=1 CPM=2 CPM=3
"(-, P 6 6
P10 9 P "
K =MM
/ 1 4 /
DN - N, W 0\
CPM=4 CPM=5
™ -
6 + ™
+ Ty 6
9 O puns
—_— A _1\;1 b = Vinian
0 / i
b \\ / "
AETM30 track-bank allocations (ZTN BKS in Kick)
Physical
Track No. 1 2 3 4 5 6
ZTN I 5 3 e 5 6 Az 8 9 10 1y} 12 15 14
TRACK | KO Alle | p x|t | WAt P| <t P | | P
Physical
Track No. 7 8 9 10 20
ZTN 15 16 17 18 19 20 74| 22 S
TRACK K| A « | K% | A® | K| A | y4Not from Pang |MM




Flow diagram for event-type 30 using QVRT 2.1

o ,
TSX i TSX i TSX
]Qvnr» QVRT| | QVRT

Ent
A TR0 Check number CPM=1 CPM=2 S CPM=3 ,
of tracks entering Ag -7t P1o e Kg - %g + 9 m+tp>A3+K
= Do KPTST; Set- setup m; KO=MM
up, MM= 0; 0 Tsansf. fitted
Out TSX NONSNS \ Extend A Extend K A3
RJ 63 :
TSX ? TSX
QVRT QVRT
Yy
CPM=5 0 CPM=4
nj+p—-KJ+ = 7]+ p= K34+ A0
Out Setup; =0=MmMm < Setup, Agj\%M

N

Extend

T6ansf. fitted
K Transf, fitted

Print

KO0

1961 ‘01 1tadvy

I

j

8- LYAD:8Butssadoxg

6606-TYON
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Remarks on associated event-type 30 (AETM30) program. The program

first checks via a closed subroutine (NONSNS) to see if the right number of
tracks has been read in by Pang. The vertices are then fitted according to
their corresponding check-point marks (CPM) (see sketches), where the
subscript numbers refer to their ZTn number. To find the physical track
number see sketch A, page 7. For interpretation of the QVRT code words,
refer to Part A of this memorandum in the QVRT calling sequence.

A note of caution. On the last fit, the (a + 3) code-word octal bit 12

(extreme right-hand bit) must be a one to obtain all the chi squares and

reject numbers printed out in a table.



AETM30

CPMl

. CPM2

CPM3

CPM4

CPM5

CLA

- TSX
. TRA

PZE
PZE

- TSX

OCT
OCT
OCT

. OCT
.. TSX
OCT

OCT

OoCT

OCT
TSX
OCT
OCT
OCT

OCT
TSX -

OCT
OoCT
OCT
OCT
TSX
OCT
OoCT
OoCT
OoCT
TRA
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AET 304
NONSNS, 4
*+3

-27T1,0,-2T2
-2T1,0,-2T3

QVRT, 4

"43 00 00 03

03 14 50 00
01 00 00 0O
03.76 00.00
QVRT, 4

43 00 00 03
02 14 44 00

02 00 00 00

- 00 00 00 00

QVRT, 4
53 00 00 00

-01 07 74 00

03.01 00 00
00 00 00 00
QVRT, 4

53 00 00 05
01 0574 00

04 02 00 00

00 00 00 00

QVRT, 4

53 00 00 06
01.05 74 00
05 02 00 00
00 00 00 00
ZEND

01
00
00
00

0l
00
00
00

00

00

00
00

0l

00

00

00

01
00
00
00

00
00
20
22

00
00
10
02

00
00
00
00

00

00

10
02

00

00

11
00

Event-type program 30 for QVRT 2.1
" DEE 21

K? EXTEND word
AO EXTEND word

0

MMI1=3=K"; MMl=y— ZT30

o, -
A3 “6+P10

*Set up;

Set-up word; two EXTEND's

0 -t
KZ - T + 'rr9
Set up; ‘
Two EXTEND's

ni+p—»Ag+K°=MM3’

Transfer Ao'

MM5 = A%, y = MMI~ ZT30

TrI+p-PKg+AO=MM5
Transfer Ko; Set up
Two EXTENDS

MM6 = =0, y = MMI1—+ 2T30
TI'I +p— Kg-&- EO = MM6b
Transfer KO; Set up; Print
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Evént-‘-t-y}.)éf:-:4(‘)“ reactions. .

11 S

\ 2
AN
k%A% '\
1 ﬁ;
Sketch A Sketch B

-
,

In event-type 40 we shall consider only the reaction.indicated in sketch
B.. The leptoﬁic decay modes of the AO, KO are treated in our event type
called (AETLEP) and shall be discussed in a later memorandum.

The sketch-B event includes the following reactions:

ﬁi+p»Angg wI+P—>Kg+Ag
Ag —>'rr;+P9 Kg*ﬂ; "w;
R R
(T P ZO+KoorKg) S +p—-Kg g),

1 5

. where subscripts refer to the physical track number as in sketch B.



CPMI

UCRL-9099:
"QVRT-12 -

CPM2

CPM4
A’
TS 2~

CPM6 - &
z%
U e
°\
K *i/
CPM8

MU-24181.

Vertex fits in event-type 40 sketched according to CPM.
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. AETM40 track-bank allocations- (ZTN banks in Kick)

Physical ,
TrackNo.{ 1|2 . 3 4 5 6 7
ZTN 1 {2 3|4 1|5 |6)7|8]|]9]10 |11 12 [13-|14 |15 |16 (17
| Track | = A0 e |'n a et p,+ APl Al|e- poo|m et p+ P
Lto.re in KO : /[Store in _K0
at appropriate time at appropriate time
Physical
._TrackNo. 8 9 10 11 12 |13 {14
ZTN 18|19 |20 21 |22 |23 |24 25| 26 |27 |28 |29 30 |31
,_’I".rack x| P 'n'+ P 4.1T+ P 1T+ P’ T AO AO 1| MM | MM

-Remarks on associated event-type 40 program (AETM40). The number of

tracks entered hy Pang is first check via a closed subroutine called NONSNS;
then [refer ta CPM sketches on p. (12)]' eight possible vertex fits are done
and labeled with respect to their CPM's.. The subscripts on the tracks '
designate their ZTN number.. Note that between fits CPM= 1,2 and CPM =
3, 4, the KO mass has been stored into ZTn banks 2 and 10 respectively,
because of the change in vertex hypothesis. (Pang originally read in ZT2,

"~ and ZT10 as lambda tracks).. In doing both CPM6 and CPMS8, a two-vertex
fit (2CZL2V) is performed. In such a case, the _Z"V'ERT(ari-l) code word
must have a one in its twelfth octal bit position (extreme right); refer to

the section on ZVERT for details.

= N———
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Flow diagram'for event-type 40 using QVRT 2. 1.

QVRT-14
/
TSX [Tsx :
TSX NONSNS; QVRT CPM = | S 1 QVRT cPM:Z
checks that the =28 N3 — 75 + Py R Moss in L 5+ vy
A number of tracks [ Do KPTST 7 772 +18 7| Set up w3
entering equals 28 Set up, 7 = MM Extend K°
Extend A°
vy #28
Out . ]
FRJ 63
TSX TSX TSX J TSX
QVRT QVRT QVRT QVRT
CPM=6 [ . ‘
74P — Ko +Z% 4y | | (CPM= S CPM=4 _J Store K CPM=3
2CzL2V fit ° P, T|-+p _’A;"'K'oo 4] Kloo_. WIE + 7t he{ mass in —<¢ Aolo_' 7"30 p',,
Transfer fitted AzaK)qg Transfer fitted s o ZTIO+I8 N )
o ° et up K o set up
Setup r — ZT3I A%, Ko °
Set up =°— 2T30 No set up Extend K
TSX Y TSX
|QVvRT QVRT
CPM=7 cPm=g
Ty +p— Ko+ £ . "l"p_’Kz_*z_’Aio""
. > 2CZL2V Fit.transfer.
Tronsfer fitted . ° .0
o 0 Fitted K3 A%,
Kz, &)
Setup ¥ — Z T3l
. £ 2730
Print )
MU-24182




AETM40

CPMI1

CcPM2

CPM3

- CPM4

- CPM5
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Eventqtyi)e program .40 for QVRT 2.1

CLA

- TSX
.TRA

PZE
PZE
TSX
OCT
OCT

OCT

OCT
CLA
STO.

. TSX

OCT
OoCcT

-OCT
.OCT

TSX
OCT
OoCT
OCT

OCT
CLA
-5TO

TSX
OCT
OCT
OCT
OoCT

. TSX

OCT

. OCT

OoCT

OCT -

"AET 404

NONSNS, 4
*+3

-Z2T1,0,-2T2

-2T1,0,-ZT10

QVRT, 4
43 00 00 01
02 12 44 00

. 01 00 00 00

07 75 77 77
MASTBL-3
ZT2 + 18
QVRT, 4
43,00 00 01
02 12 40 00
0200 00 00
00 00 00 00
QVRT, 4

43 00 00 00

12 33 04 00
03 00 00 0O
0000 00 00
MASTBL-3
2ZT10 + 18
QVRT, 4
43 00 00 01

..12.33 00 00

04 00 00 00

. 00 00 00 00

QVRT, 4

" 53 00 00 00

01 04 50 00
05 01 04 00

01
00
00
60

01
00
00
00

00
00
00
00

01

00

00
00

00
00
00

00
00

22

00.

00
10
02

00
00
00
00

00

00

10
02

00
00
00

00 00 00 00 00 00

.DEC 28

' 0
AzorK

0
Mg or Ky
Gamma = MM1, Gamma ~ZT30
.A2—> T + P9
Sct up
Set up word; two extends

KO mass

Gamma = MM1, MM2
0 - +

,KZ > T + 178

Set up

Two extends

-n.,+ P

107™M3 " F17

K"~ Mass

Gamma = MM1, MM2

0 - +
Kio™m™2t e
© Set up

Two extends

~+P A+ K0

™
-1 07_ 0 10
Transfer A2 K10



CPM6b

CPM7

CPMS8
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.Event-type program 40 for QVRT 2.1 (continued)

TSX

OCT

OCT
OCT

OCT
- TSX-

OCT
oCcT

OoCcT .

TSX
OCT
OCT

+OCT

OCT

TRA

QVRT, 4

55 00 00 01
.01 24 1377

06 01 04 00
00 00 00 00
QVRT, 4
53 00 00 00
01 04 50 00
07 02 03 00
QVRT, 4
55 00 00 01
01 04 53 77
10 02 03 00

- 00 00 00 00

ZEND

06 01
40 00
0010
00 00

00 00
00 00
00 10

06 01
40 00
00 11
00 00

.Gamma = MMI, b

Gamma = MM1, Zo = MM6— ZT30
- 0 0
™ 4: P~ KlO + T +y

Transf’er AZ’ KlO’ set up

Gamma = MM1, %= MM6 - 2T30

- 0 0
T +p —>K2 + A'IO
Transfer Kg; A(l)o; set up

°=MN@»ZT30,

Transfer Kg, AIO; set up
Print ' ‘
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UCRL-9099
Aux. Processing-COPLAN-1
December 1960
o o - G. Kalbfleisch
. AUXILIARY PROCESSING ROUTINES ' = :

COPLAN: A Closed Subroutine to Test Coplanarity

Introduction

COPLAN evaluates a triple product for the evaluation. of the copf'a:narity
~ of three.tracks at a vertex. . This triple product. is

T=4. (b X E),

@

where a, b, and ¢ are unit vectors along the three tracks. The éerror 6T is
also evaluated. Special returns are made for CRN = 3, ' A

Formulae
We have

T=3.=(B><'E) =a b c_-a_b.c_+ta_b.c
; Xy X Z.'y- Yy z.X

2
3
)
a
8

with m = a, b, or c. To evaluate 8T, we use the six derivatives

T 5T T

8T 8T 8T 3 od
9 R I 9s, © 937" 953

- Thus we have (tracks are now 1, 2, and. 3)

, - cos ¢, sinp, s, - cosd, s, sin¢

+ sinxi)1 5, CO8 ¢3. - _sinc|>1 cos ¢2.s3

T.‘:.

+ 5 c:os .<1>2.:'_sin c|>3 -8 sin.¢2 cos?_,)} .



UCRL-9099
Aux, Processmg -COPLAN-2
December 1960

Letting AA = N1+ 512‘ N1+ VSZZ N1+s,2 we can also write

3 »
'371 = =% {» s1n¢1(smq>2 S5 - 8, sm¢3)
+ cos¢1(§2cos¢3 - cos ¢2s3)},
9T 1 :
8'—¢; vy {cosAcbz(coscpl §3 - 8 cos¢3)

- sinq;z(sl sin¢3 - Sinbl 93)}‘ )

oT _ 1 - ;
3¢, = A& {C°s¢3 (s, cos ¢, - cosd;s,)
- sin¢3(siri¢1 5, = 8 sin¢2)} 0
and
e B %
5si , A | 1+Siz

where B,. 'is defined by
T= (Z s. B,)/AA.
R B

For example; we have

s 1 [ |
%51 Aa(+s?) {'Sln(¢3_¢2)=--515251n(¢1'f¢3)"5183-_5'1ff(4>.2‘¢1).} .

Thus we may write

where _ :
| B <a_1_" 8T 8T - 8T 8T 8T >
3

" [ » ’ 3
¢y le 8'¢2 , as?_ '8¢3 ds
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Aux. Processing-COPLAN-3

December 1960

and
Xl. 0 0 o o
M = 0 X, 0 (a 6-by-6. matrix)
0 0 X3
: &¢. 6¢. 84.. 6s,
X, = i 1 1
6si .<'5c|>i ési 6si
and
-0 0
0 =
0 0

- Use
COPLAN works on set-up part of track banks. -
- first TSX ZSET, or do after a fit.

- Calling Sequence

Calling sequence

TSX COPLAN, 4
. HTR 0,0, -ZTa
"HTR 0,0, -ZTb

HTR 0, 0, -ZTc

RETURN

[~ =T =T = N =}
S W

Therefore if necessary

a, b, and c are the _three track bank numbers.to be used.

. Upon exit from COPLAN the AC is positive if the tracks are co_planar to

within three stahdard deviations, and negative if not. That is, the AC

contains - |T/6T| + 3.0.. T and 8T are left in COMMON and COMMON + I,

and 8T equalto 9.0.

. respectively.- For CRN = 3, AC is made positive, T is set equal to zero,




UCRL-9099
Aux, Processing-ZINT-1

ZINT - Track Bank Interchange

Ca”in? Seiuence.'

TSX ZINT, 4
HTR ZTn,0,ZTm

wheve track bamks m and n ore to be infe-rckav\’ed.

I Fv:;rm and flwﬂf
ZTm + ¢ (LLTB)

{

" Form and plant
ZTn .+ LTBH
4
| LTB > IR1 |

L
~

Interchange a
pair of words. h

This rouline is ulso delined ag ZINTA 5_\) moans of the
pseudo- opetation SYN :

ZINT SYN ZINTA
MU-23673



UCRL-9099
Aux. Processing-BMAVG

_ P BMAVG
‘If theiinitial bit of the ZSET octal code word.is zero, the beam-
averaging routine forms a weighted average of the Pahg’ curvature with the
curvature derived .from PBEAM.  In Kick 5 this routine starts at. ZSET YY-4,
an‘d.‘PBEAM‘m.u_st be given at the chamber origin (y = 0). PBEAM is
converted to a cu_.rvatufe at y =-0, and the GUTS routine REROUT is used

‘to swim this curvature back to the middle of the beam track.. The resulting

curvature, kBeam, is then substituted into the formula
, _kPang - kBeam
(B AL (5K F318)2 (skBeam,2

1 \2 1 2
. t (=
6kPang <6kB¢ anr;

A . is placed .in ZT1+2.

and k2
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" Table of Contents of S;:or‘a‘.ge Banks and Glossary Section

UCRL-9099
Banks-1

BANKS

M BANK map:

- ZTn map
ZPUBn
ZTEMP

PARAK

MASTBL
TEMPAR™
EVPAR™

- CONS
FCONS

'""Main Bank'" contains Pang master card plus some Kick

-quantities pertaining to the whole event, including some

Handy Words. ‘
ZTn is the first word of the n-th track bank (1 A < 31)

- Pick-Up Bank n (1 £n<9). The PUB's are K1ck' s only

way of passing information. from one event to another later
(connected) event, ,
"'I"emporary Event Bank' is an ‘extension~of.Main Bank
which differs mainly in that it is not put on output Tape 4.
"Parameters of Kick'" as opposed to constants, are written
on Tape 4 whenever the program is loaded or '""Parch Cards"

are passed on to Kick via- Pang. Parameters may be identified

’ by.the Parak ID "PARID" (in TEMPAR and in MBANK) which

appears on every print. See Special '"Parameters' comment
for distinctions between this bank and the ones: ‘that follow,
""Mass Bank" cons1sts of 30 words .of PARAK See comments
under ”Parameters n

(See "Parameter'’) Conta1ns values assembled along with

the Event-Type deck (See Flow-1-)

"Event Parameters'' which dlffer from exper1ment to
expernjne_ntf also assembled along with event-type deck.
"Constants'' (Integers): Part of GUTS | Berge asks that

" 1" no additions be
Floating Cons (Integers) Part of GUTS made to these.

: DCONS (and some definitions following that) are used by Kick, DCONS are

. MAPS

GLOSSARIES

integer in decrement,

for most of the above appear in this section -- for those

that do not, consult the assembly.

for MBANK and ZTn are at the back of this section, (paginated
as MBG- and ZTG- ). '

“In event-type deck.



"UCRL-9099
. wocBankg: PANGMC-=1
- Januakry 1961
' PANGMC
(This page should also be considéred as an appendix-to Alvarez-Group
Memorandum 115, page .18.) ‘

. Characters under the column heading "FORMAT'" are BCD; b stands
-for Blank, and the ''variable' characters (used for actual data) are under-
lined. "IntAdd'" denotes Integer in Address.

This is a Bank in which the master-card information is saved in the
format in which it comes from the Pang binary output tape. Next the for-
mats of some of the words in MBANK+2 through MBANK+11 are changed so
that there will be no 72"-vs. -15" format ambiguities. etc, Of course, the
final format is on page MBANK-2. .

72" Format 15" Format

N

PANGMCH+ A
0 | Datc Franckensteined : { bYbMOb bDAbMO
' { Date Franckensteined } DAb704 bYb704
Date Panged | { YbMObD DAbBMOb
3 { Date Panged} AbPANG b60bPA
4" Measurement No. , bMbOP - . bM6TO
(Normally zero; set 1 on first remeasurement. '
- When Pang omits an event it changes: OP to OM.).'
Franckenstein. dpcrator' & number IntAdd IntAdd
Pickup Command (PUC) and Experiment ObPTUE ObPUBE
No. {(Tens and T._Jnits)‘ o
Event Type No. - IntAdd .IntAdd
Beam Track No. - bNO.TR bNO. bT
Serial No. :of Event (I_{oll and Frame) RRRFFF . RRRFFF



Notes

UCRIL.-9099
Banks ‘MBANK-1
July 1960

Main Bank.for Kick 5

§

- The list below is MBANK format for Kick 5 just before entry to

VPRINT. This is the form it is assumed to have by all Kick
Processing routines. However at entry to PPRINT it is convenient

to have the serial number and séveral ID numbers and dates.in words

~that will later be overwritten. for and by the processing routines.

. These numbers are listed on a.separate page, PANGMC. MBank'is

cleared in ZKICK2, and there is an auxilliary clear if the -S return

_-is made via ZREAD6G6.

- All integers are in the decrement "Int D'".(Fortran convention).

‘The characters in the format column are BCD (B stands for blaink).

- The '"variable'" characters (used for data) are underlined,

. Names written all in capitals have SAP definitions; others. do not,. -

For example, GPM is defined; HwdD is not.
All 75 words of MBANK are written on b1nary tape by both PPRINT
and VPRINT, but EXAMIN will not necessarily pr1nt all of.it.

- For further comments see the MBANK glossary,



UCRL-9099
.Banks:MBANK-2

July 1960
o
' MBANK for Kick 5 Only
MBANK#+ (constitutes first record of binary output)
o(1)* Run 1. D. [Copied from DATE (in TEMPAR)] : Full Wd Integer
1(2) STM--Now used for KKT FaﬂmgTrack No. Int-D
Contains 9999 if event not found in ZTABLE : )
2&3 Datec Franckoneteined YR/MO/DAbbbb
4&5 . Date Panged - : : : YR/MO/DAbbbB
6(7) - Measurement No. (1 on first remeasurement) Tnt D
7(8) Franckenstein Operator Number It D
8(9) ©©  Experiment number : Int D
9(10) Event type ’ . Int D
0 R 11 Serial number (R=Roll, F=Frame, T=Beam Track) RRRbbbFFFLTT '
12(13) PUC "Pick-Up Command" The character P from PANGMC+6 7T TmhEDTT
‘13 -Free
14(15) GPM "Good-Print Mark' Counts number of successful fltc : Int D
15(16) xz, 500 signifies. HRJ; but for missing-mass "fit'" "xz" is XZ(Un3P) Fl.
16(17) DAMN (Sign bit determines sign used in OQC ambiguity) Sign Bit
17(18) .~ Report counter (Counts reports on a given beam track) Int D
18(19)-24(25) HWdD through J; Floating handy words ZT Fl.
25(26) "Fuzzy KKT's".- Rescrved for Zluzzy(KKT) : .FlL
26(27) ) LPM-Nonzero for last Print of an Event
27(28) CPM - "Check-Point Mark", also called Fit L. D. . Int D
28(29) Parameter 1D Int D
29(30) WALL. Max, proj. range of zero-length charged track (cm) Fl.
30(31) MMASS - missing-mass p. Negative means E,,-E;, <0 Fl.
31(32) DMMASS - 6p Negative means p2 <0 Fl. .
32(33) ZCCTRI1 = ‘Z(Control of DAMN sign) Counter Int D
33(34) Ord Int A
34(35) Print type 0=Param, 1=P, 2=V, 3=MM, 4=HRJ, 5 FRJ, 77777=endoftape Int D
35(36) Length of second record of output Int D
36(37) Tracks in second record of output Int D
37(38) Reject type . Int D
38-40 ZVERT calling sequence Coded
41(42) Frce
42(43) Free
43(44) Free
44(45) Free
. 45(46)~59(60) HWdl through 15; floating handy words : Fl.
60(61)-74(75) IHWd1 through 15: more integer handy words Int D
SNYDER+ (Starts second binary record of output. Has additional GUTS fit

information. Listed on assembly between GUTS and Kick. Des-
cribed in Glossary.of both write-ups and in missing-mass section. )
Particularly useful locations are:

0(1) KLOCP (P is number of particles fitted by GUTS) Int D

1(2) KLOCL (L is number of constraints used by GUTS) Int D
2(3) KLOCI is number of variables) Int D

3(4) KLOCLL [Flag for special classes, two vertex or WALL) Int D
"4(5) Int D

5(6) GCONTR (Step Counter) Int D
6-12 CUT1 through CUT (Cutstep Counters - see RJCT2 in Memo. 86) Int D
46(47) MPRIME [true value of x ¢, never touched by Reject routines or XZ(Un4)

for MM] FL

49(50) KDAMN (actual sign of DAMN as used by GUTS). ’ Int D

F— .
Parentheses indicate MBANK word numbers (FORTRAN Convention) on output tape.
TNot yet in program.
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MBANK Glossary

~ MBANKH+
0 . . Kick Identification No. is currently used for data of Kick run.
. Write year, month, day, with two digits: for each, e.g.
. 31 December, 1960 is the decimal integer 601231. .
. For further details, .see ''Identification Numbers" éeqtio_n.
-1 STM (Secondary Type Mark) is no longer used for this purpose. in
Kick 5, but the name remains. Carries KKT information, or N

reasons why event was not processed:

Print Type MBANK + 1 Comment

(4) Reject 63 . Some track number  Track failed KKT by > "4"
(2) Vertex Print - Some track number Failed KKT by < ''4"

(1) Pang Print 9999 Event not listed in ZTABLE

See section on K Tests for more details on KKT = ”KA=-Kick Test".
Kick 4 users should instead. refer to.the small Appendix following
this section, since the significance of STM has been completely
. changed in Kick 5. , _
2to 7 - Dates measured and Panged,” measurement No., and Franckenstein
operator No. are notAused logicain in Kick but are passed on for

. later BCD printouts by EXAMIN.

.12 ~ PUC (Pickup Command) is a digit set up during measurement of the

second or third of a series of connected events. At the end of ZSET,

- after all.the Pang.tracks have been set up, only the LOB (lowest-
order bit of this word)ri“s tested. If it.is unity, the entire contents
of the Pickup bank are transferred to.the appropriate track banks.

. Some experiments have used the higher-order bits of PUC to store
other information. - . ) A

. All the following words except Report Counter (¥#17), Parameter ID (+28),

and - Ord, are cleared when ZREADG6 is re-entered from ZEND .:;15 a result

of a (-8) track being changed to leaving.

e
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MBANK+ .

13 . Free in Assembly 5. [In Assembly 4:DHOLD. The Dist‘ance (a
positive number in centimeters) above the vertex that the incoming
track curvature can be specified for GUTS. DHOLD is often zero,

. but will become less often so. DHOLD is really .a property of
Track 1, but we did not want to make ZT1 different from that of the
other tracks, so we put.it in MBANK. ]

14 GPM(Good. Print Mard) is an. integer in. the decrement which is
advanced by one each time that a good print is made.. ZEND regards
a zero GPM as a serious symptom and tries the -S test.. For de-
tails of how GPM is set, see first paragraph of notes on ZEND

16 DAMN: - Sce Zero-C Special-Case Supplement to Memo 86, p. 25.

Related to sign ambiguity in Zero-C fitting problem.

17 - Report Counter, is increased by one for each report and of course
cleared when a new ''beam event' is read in, i.e., .it continues to
add up for each-.report, even connected events, until the beam
track No. or serial No. changes.

- 18 to 24 Handy words. can be filled in by event types. Other floating-point
handy words are MBANK+60-74. . Integer handywords are
MBANK+45-59,

25 "Fuzzy" KKT's, Reserved for quz;_.,y(KKT)2°

.27 CPM (Check Point Mark) is set at various stages by the event type,

_just before entering ZVERT, to identify which ZVERT entry has

_ led to the current data. Tt should really be called Fit I, D.

. 28 - Parameter ID No.- Contains the contents of PARID (the parameter

ID number) which is advanced automatically as each Parch Card

- (Parameter Change Card) word-péir is read. PARID contains;, for

. example, a date and perhaps a serial number.. Format depends on

the individual user.

. 29 WALL., (See Memo 86, p. V-8) and Wall section.

. 30 MMASS (Missing Mass) See section '""Missing Mass'" MBANK+30

and 31 are filled-by ZVERT only if the missing-mass calculation

has been performed. If MM is called for but a variable is missing,

9999.99 is stored here. A ﬁegative sign onbth_e missing mass p

.means that the energy balance (Eout-.-Ein) was negative; a negative

6 means that:'p_2 was negative,



31

32

33

. 34t0 37 .

38to 40

UCRL-9099
Banks:MBGLOSS-3
July 19, 1961

: DMMASS 6 (MMASS), where 6.is:the "uncertamty") It carries

2 2

. the 51gnofp2-E =P

ZCCTR1:: "2 (Control of Damn sign) CounTeR, ' needed. in O-C*-
case. See GUTS Memorandum 86, p." 34. If ZCCTRI1 is nonzero,
GUTS is permitted to change sign of DAMN in search for positive

- momentum.

Ord: Ordinal number of event being processed It is raised on
reading a. new file.
Output .identification words. See section on "Output"

Words a to a + 2 of ZVERT calling sequence.. May be needed by |

. EXAMIN.

. 45to 59
-60to 74

Integer handywords

-More floating-handywords.
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Appendix onl STM in Kick 4

MBANK+1

- STM: "Secondary-Type Mark'" is the essential word needed.to.

understand a printout.. If no reject has occurred on a.fit, STM

“shows which event-type subroutine has just called for a "report

(i. e. written the results of a fit on Tape 4.) Thus consider

. Type 32 (Sigma production "KSF'; i.e. we want to try both

the KS hypothesis, SUB122, that the K stopped, and the KF
hypothesis, SUB22, that the K is in flight. ) There will be a

-number of reports (each can have a separate checkpoint Mark,:

see MBANK+27) with STM = 0000000122 and a number with
STM = 0000000022, If an event is unambiguous; STM may be
zero.  The convention n X 104,, added to STM by REPORT is
used to indicate the results of chi-squared testing. For
example 0 X 104. indicates a good fit, 1, "'poor", and 2,

"uncertified" (i. e. results of a O-constraint fit. or no fit at all).

STM = 2999 shows that the Missing-Mass calculation has just been

done.

STM is also used to indicate the two types of rejects, in which

-case the.two lowest-order digits, instead. of indicating the

secondary type (sometime soon we hope to also save the
secnndary type) are used to indicate the type of reject (see
"Rejects').  Specifically:

j.O + n indicates a hypothe.sis—rejeét type-n via subroutine HRJ

108- + n . indicatco file-reject.type-n via subroutine FRJ

"6or7, X 109 indicates a "forced" print.

A print can be '"forced" by one of two very short operator-
controlled programs located at the very end of the core:-
TRA 777608 will "print and proceed" and set STM =6000020000;
‘77'7708’ will "print and end'" and set STM =7000020000.
If 9000 is added to STM, . it means that the event type was not

found in.the ZTABLE, so was given the standard set-up, report,'

and end-test treatment described in ZREAD. Notice that this
standard treatment sets up ZT1 at the beginning, and all others

at the end.



ZTn Banks, Kick 5

ZTn+t Name ) Units Format
s 08)"  sl0<p<zm radians  FL
= or flags; Wall=1 IntA
z - .Poison=7 IntA
N %* -
1(9) 8 =tan \ . Fl.
i E 2(100*  k Mev/ey! FL
& 3(3)* Status {+/-) Int D
E" E =(fit/unfit)
2 N 4(4)* Crn =0 = =3 Int D
. Crn =0 =1 =3
¢ B 5 5950 6060 FL
o p S
2 8 " 6 6668 S¢bs FlL.
- o — etr—
P § 9 7 66k 6364 Fl.
> b i
R o 8 &s6¢ b8bs Fl.
£5 32 =% 1 0
g o . 9 -1:1.1-] Q prd Fl.
) —
S5, 1o - FL.
Lo K60 <
g o ° 1 k& & Fl.
. 12 §kés < FL
) o] — 0
o 13 skek | Fl.
-] . _
2 14(5)°  Endwd (+/-)=angles Int D
n set up at (beg/2nd)
Q *
" g 15(6) Lsz; L=1, 852,253, B=4 Int D
g
- ®
88 16(7) Ftn IntD
[+ %
o
17(1)*  Track No. IntD
%*
18(2) Mass Mev F1.
(and charge)
19 L cm Fl.
2 20 sL cm Fl.
[\
o 21 k [For 2pt 1.0 (Mev/c)-l Fl.
g 22 6k LSet to 10.0) (Mev/c)-! FlL
o 23 &p via arc {(Mev/c) F1.
If neutral set 10.0 .
24(11)  kPTest or . FlL.
kKTest
25 5668 FL
\L 26 Y FlL

From Pang

ZTn+

27

28

29

30
31
32 .
33
34
35
36

37

‘38

39

40

41

42

43
44

45
46
47
48
49
50

51
52

53

54

Name

|k| via arc ~
(Neutrals set
to 1.0)

6k via arc
(Neutral set
to 10.0)
$p,(beginning
azimuth)
0<$<2m

4 (end)
6¢(beg. ard end)
sb(beg. slope)
s, (end slope)
§s(both ends)
Coulomb ratio

8k, 08 -

(Ne\l;tral set to 0)
Track code (Con-
tains 1.SZ,

FTN information)

Points measured
view P
Points measured
view Q
pb(For 2p set
to 1.0)
Pe(For 2p set
to 1.0) or over-
shoot in mm
p arc(if neutral
set 1.0)
&p/p set to 10.0
for 2-point tracks

Charge code, +1, 0,
-1 :

Xy

Yb} beg.y Spa-
Zb tial
X, coor-
Y.> end di-

nates

Ixy }residuals

Oy .

View Pf(integer .
in add)

View Q(integer in dec.’)

Pang test

* . . )
Numbers in parentheses are the track word members (in FORTRAN convention) in a vertex report.

Units Format
Mev/c Fl.
Mev/c Fl.
radians Fl.
radians Fl.
radians
FlL.
Fl.
Fl.
FlL
(Mev/c)~ 1
Coded
IntD
IntD
Mev/c Fl.
Mev/c Fl.
mm
Mev/c  FL
Fl.
IntD
cm Fl.
cm Fl.
cm Fl.
cm Fl.
cm Fl.
cm Fl.
cm Fl.
m F1. .
Coded
F1.

1-17Z

syueg

6606-TYDN
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Track-Bank Glossary

Track Banks consist of three parts, all of which are cleared by ZKICK. .
Track Bank'31 (2T31) is used for a missing neutral track if present. There
are also nine Pickup Banks, ZPUBI to ZPUB9, to which the contents of a
bank (to be stored for the following event) are transferred. The format of
. all ZTn and ZPUBn banks. is the same.

. Pang Part: ZTnt17 to +54.. This part of the bank is chaﬁged only by the .-
- data=-loading .routine ZREAD except for one word, K-PANG-Test in ZTn+24.

- It would have been put in the Pang Appendage part if there had been room.
ZREAD makes various trivial changes, such as converting degrees to radians
and shifting integer data into the decrement field. ZREAD does more in.the

. case of.tracks With only.two measured points (Two-Point Tracks, = 2Pt. ) and
neutral tracks. It plants harmless dummy values of k; &k, and p in appro-
priate words of the Pang part, for the convenience of the Fortran Print
Rout-ine. » i

. Pang Appendage: ZTn+15 and +16. LSZ (Leaving-Stopping-Zero length)v and

* FTN (Future Track Number) words are unpacked from the Pang data in |

- ZTN+37 by ZREAD. They are acc¢essed by Kick from the Pang Appendage
_part of the bank.. LSZ may be changed from S to L by ZEND. If so, ZSET

. will later change k-Pang-Test (kPT) appropriately. ’
- Processing Part: ZTn+0 to +14, ZSET initially sets this part up with Pahg

data appropriate to that end of the track specified in the ZSET calling sc-

quence. It is frequenctly overwritten by passed-on data, fitted data, swum
data, etc., thus containing the most "up-to-date' information. on the.track.'
Although "Processing Part' is the better name, this is also referred to in

:this UCRL as the "Kick Part',
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Detailed Notes on the Ztn Map

Processing Part

ZTnt0

¢. (track azimuth). For a description of.the coordinate. s_ystém;

see CS1l. ZTnt+0 serves a triple purpose: in addition to its normal

. use for a nonzero length track, .it.is used .for the Wall Flag (+1.in

.address). This is set up by ZSET for a charged, stable, zero

length track. When ZVERT sees Wall Flag, it sets up WALL in

-MBANK+29 (see '"Wall Flag" in ZSET comments).  The third use

is the Poison Flag (+7 in address).- This can be planted by the

" event-type logic of a previous connected event. It signals, via.the

pic;'kedaup track, that it has resolved an ambiguity in favor of a -
particular interpretation of the track by causing rejection’by ZVERT .::
of the others.

. 8 {tan \ = "'slope")

k=% |1/pcos\ |.- The sign convention is that of GUTS, i.e., .the

prdduct of the sign of k (Pang) X sign of cha.rge (from mass word

-ZTn+18).. Since + denotes "Good'" and - denotes ''"Bad, " the

curvature d1sagrees with.the sign of charge. On completion of a

.fit the sign is positive. (For.the point on the track at which k applies,

see Endword, below. )
Status. The sign +/- means Fitted/Unfitted.- Status is set -1 by ZSET.

. After a fit, ZVERT sets its sign +. If placed in. P1ckup Banks by .

. ZEND, Status is doubled and set nega.tlve as if it were for'an unf1tted

track, * so is normally -2 when a track is p1cked up. ZSETS, the
pickup p_art, will then pull in this -2 along ,w_1t.hAthe rest of the track
into ZTn. - This permits one to distinguish piékups from virgins and
thus avoeid complications (loops), EXTEND sets STATUS (of modified
tracks only) to -3.- The Beachveraging Routine’ BMAVG sets status

-5.. Thus after fitting a beam-averaged track will have status 5,

>»kIt seemed.to us that for the event type in hand, the track plays the role of a
measurement.  Thus in computing X 2 we want to treat the uncertainties .like
- the uncertainties from:Pang data. The subroutine CHISQ will do this if

. Status is (=), Other logically similar cases may crop up, so it seemed best
. to set Status (-).-
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- ZTnt4 Crn(Constraint Reduction Number). This is the number of unavail-

- able variables for this track, initially'the number of unmeasured ‘
variables..- Zero means all three variables are present; 1 means-
no momentum; 3 means zero length, or missing neutral for ZT31.
After a.fit, ZVERT sets Crn equal to zero and supplies three
variables and the fitted 3-by-3 error matrix.

. 5to.13 Error Matrix. The error mafcrix has different rank for Crn = 0, 1,

and 3. E{F{] means. the corresponding element of the covariance
matrix, which we sometimes call the error matrix.  It.is always
. assumed that interparticle correlations are zero.
- 14 Endword. * The sign of endword.indicates the end at which ""angles"
are set up. The magnitude indicates the distance from this point
(in units of L/2) that k is set up.. The following table will amplify
this further. (See ZSWIM for fuller discussion. )

Endwd B "Angles' set up at k set up at
+0 beginning beginning
| N S _ beginning middle
+2 beginning: end
. -0 end end.
-1 end . -middle
-2 end beginning

. Pang Appendage

ZTn+15 Lsz (LeévingaStopping-Zerolength) ‘We now have L. = 1, S = 2, and
Z = 3.. We shall soon add B (Beam) = 4 and M(Missing) =-5.. The
.charge-exchange branch of ZEND changes -S to L in. ZTn+15 but not
in ZTn+37. f -
.16 - Ftn. (Future Track Number) ‘This is the number the track will have

in a future connected event. - It.is cleared by ZEND.

% Lo : '

" Until Assembly 5, 1960, Endwd was +/- as above, but was always 1 in
.magnitude except .for the track.to which DHOLD was to apply, for which.it
- was -0, '
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Pang Part (see Memorandum 115, p. 18ff, and later append1ces)

17

. 18

19

21,
.22

. 24

A

31
34
. 35

Track Number. All.track banks which. contain information re'leVa'r;t

to.the event in hand have nonzero track numbers. All other banks

have.track number zero. - ZEND writes the Ftn over the old Track

»Number before storing a track for pickup.

Mass Code. . The last two bits of the mass are used by both Pang
and Kick to define sign of charge.- None of the masses we use are

known.to the 1 part.in 1l 08 by which the mass is changed by adding

.. a bit in the next-to-last b1nary place of the floating-point number

Any track which is charged has a 1 in the last bit. - The next-to-

-last bit.is the sign bit of the charge.  Thus 00 = neutral, 01 = + char}ge,-‘

11 = - charge.. The values agreed on.for all masses are found in

-MASTBL. : A
L (Length). In Kick we use L to signify the measured length as

opposed.to a calculated range R. '
k and 6k apply to the middle of the track.. The sign. is that of

measured. curvature.. For two-point tracks, Pang writes .104. for both,

.and ZREAD overwrites these with k. = 1,0, 8k = 10.0,
‘k-Pang Test/k-Kick Test. Consistency checks to compare the range

appropriate to curvature (k) with.the measured length of the track.

- See "k-Tests'" section for the details.. Tests are made before and
-after. fitting. '

-k (k calculated for a particle of range L and mass M. ‘This is

- arc

used for the k-tests and for stopping tracks.

o¢ is assumed to have the same value at both ends of a track.

- 6s. is . assumed to have the same value at both.en_ds of a track.

Coulomb ratio (6p ). - To date this ratio is

coulomb/ measurement

'not used. in any proces.51ng subroutine. - Note that ép is calculated

.from externally assigned measurmg errors -- as are all errors used

.by Kick. -- not from internal cons1s}:ency of the measured points

with the Pang polynomial fit.
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37 Track code. This is different for the 72-in. Pang and the 15-in. Pang.

72-in. Pang. ' The Lsz and Ftn numbers are packed by Pang into

the left half of this word as. - [2“5(Lsz) + 2_'17 (Ftn)]; the bit con- -

' figuratidn thus is:
;ﬁ_z Ftn

s‘xxxx':‘x0000‘"00xxxxxxxGarbage

Lsz and FtI;]. are unpacked iﬁ ZREAD and stored in the Pang Appendage.
The data in the track code come from Franckenstein as the 'pre-
traék word, "' but the Franckenstein-Pang convention for Lsz is
smaller by one than the Kick convention; i.e., Pang: L.s.z. = 0,1, 2
and_. Kick; L. s. z =1, 2, 3. '~ ZREAD adds the 1 as it decodes. »

| 15-in. Pang. The Lsz and Ftn numbers are again packed by

Pang into the left half of this word, but the format is different;

namely
=17 4 3 . 2
-2 X 107 (Lsz) + 107 (Ftn units) + 10 (Ftn tens). .
anes =
L=1,8=2,2=3, -

Lsz and Ftn are unpacked in ZREAD and stored in the Pang ApEendage,
. The data in the track code come from Franckenstein, as the "after-
track word. " It is planned eventually to abolish the 15-in. format

and put everything on Pang output into 72-in. format.

. 40 Pb :* This is the momentum from curvature, at the beginning; the
sign is that of the measured curvature,
41 If Pang fits the track as "overstopped" (i. e. for R(k m <..L/2), 'PP
is replaced by the "overshoot' R- L/Z in m1111meters
44 b (in degrees).is Peadiin iroxnl&ngyand. issoverwritténcby the charge-code.
45 : :
thrso(\;.gh See "Coordinate System Comment CS1. "

51ad 52 Root-mean-square deviation of measured track points from fitted

track in horizontal and vertical planes.

. 54 Pang test on [pview P/p'view Q] described in Memo 115, p. 22 and
appendices. If this word is negative, indicating a large discrepancy
for some track, ZREAD will reject the whole event (FRJ4,4). This
is not to be confused with k-Pang-Test in ZTnt24. ‘



UCRL-9099

Glossary of Terms Used in GUTS

This glossary is intended to contain all.locations freguentlyiused by '

_ the program, whether or not they are referred to in Memorandum 86,

UCRL-9099, or the GUTS flow diagrams.
have synonyms in the SNYDER bank this is indicated in parenthesis.

Whenever these GUTS symbols

in its own order is listed elsewhere in this manual (UCRL-9099).

ADR
ALFA.
ALPHA
ALPHAI

BLFCN

CHECK

- CONS

CORREL.

DAMN

- DELM

- DELMOK_

DELTAM

- DKUDXI

- DMMASS

. (SNYDER+48) Test function &M’.

Block containing some addresses used by program
Range, momentum exponent, set 0.283.
(SN.YDER+39—>42) A four-word block containing a, the
Lagrangian multipliers. See page III-1,
(SNYDER+35+38) A four-word block containing the values of
ay after the first step. ‘ '
A four-word block containing b)\. ofr Memo
86.

Accepta.nce level for. the fractional d1fferences between xi

See page III-2 ff.

and x B See page III-5 of Memorandum 86.

Block containing .fixed-point constants of the program.
A 90-word block containing &x =»kﬁyﬁ* matrix after a fit.
See page III1-7 of Memorandum 86.

Sign of Zero C discriminant, set outs1de GUTS.

V-10 of Memorandum 86.

See page

See Section III-b of

Memorandum 86.

Level for 6MY acceptance.

(SNYDER+47) After a step, contains (6M
[ v2

v- 1). After a cut-

After

step type 5, contains the that was unacceptable

. a cutstep type 6, contams the (6M )} that was unacceptable

After a RIJCT6, conta1ns the quantity I(XA xB)/xAl that
was unacceptable.

A 21-word block containing Zero C kp_ derivatives. - See
Memorandum 86, page V-17 {f. '
Error on missing-mass inmissing-mass case.

V-13 of Memorandum 86.

- See page

SNYDER

See page V-9, Memo 86.

ff. of Memorandum 86.
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DUNPEE (SNYDER+51) Error on misAsing momentum in missing-
‘ mass case. See page V-13 of Memorandum 86,
EIL ' An 84-word block containing EYg .- See page III-2 of
Memorandum 86,
- ELI ' An 84-word block containing (EV)'%‘ matrix,
- ERROR A 36 word block containing
| 6ya 6yB matrix after a fit.  See page III-7 of Memo 86\
FCONS , Block containing floating-point constants of the program.
FIL An 84-word block containing FY i See page III-1 of Memd 86.
- FILOLD S Stora.ge for Fi)\ while ka t1 s being made.
FITCT Fit counter. This is zero until first fit is obtained.
FNORM (SNYDER+45) Normalized constraint functions, & FVZ
S FOK Level for constraint-function acceptance:.
GCONTR (SNYDER+5) . Step counter.

: 'GCONTR+1—>6 (SNYDER+6—+11) CUTSTEP counters (equ1va1ent to”
GCUTI -GCUTS6).

- GDELX A 21-word block contammg (xv *l .v) after each step.
- GFFCN ' (SNYDER+27—»30) A four-word block contalnmg constralnt '
. functions (F)\) See page III-1 of Memorandum 86.
- GFFCN1 (SNYDER+23+26) A four-word block contamlng the values
of F)‘ after the first step. e
- GFSQRT (SNYDER+44) Contains the value of (F"‘l)z°
GINA A 63-word block containiﬁg input error matrix G;Jl .- See

page III-6 of Memorandum 86,
GINAl A 63-word block. containing central 3-by-3 units of output
- error matrix G,;J._l. . See page III-6 of Memorandum 86.
GINOUT A 44]1-word block containing full 3P-by-3P output error

matrix, - See Section IV-b of Memorandum 86,

- GLOCA A seven-word block containing dimensions of ocutput error
‘ métrixe

- GLOCP . Number of completely measured particles.

- GMFCN XAZ . See pages IlI-1 ff,, III-4, of Memorandum 86.

- GMFCN+1 Zero-C pass counter (equivalent to ZCCTR).

- GMFCN+t2 Counter of number of Cutsteps since last good step

(equivalent to LCT).



- GUTIRI1
- GYFCN
- HELI

. HLM
HLM1

HLM2
. KDAMN

- KINECT
KLOCD

- KLOCI

- KLOCL
- KLOCLL

- KLOCM
- KLOCP

KLOCPP
. KLOCQ
. KLOCT
. KLOCTT

KMASS

KMSQ

- KNSTEP
- KNSTEP+1

- LCAFCN

LCBFCN

--F)\, F

“UCRL-9099

A three-word block used.to store index registers on’ .

entrance to GUTS.

A 21-word block containing normalized step functions after

. a.fit, - See page III-7 of Memorandum 86.

A 126-word block containing (HE ))\ See page III-3 of .

Memo 86.

A.16-word block containing HY

A 16-word block containing

1

H, for this step.

A

A 16-word block containing H;

AR

. See page III 3 of Memo 86.

1 :
" .for last step.

(SNYDER+t49) Sign of Zero C discriminant inside GUTS.

- See page V-10 of Memo 86.

Block.of counters used in loops throughout program.

(SNYDER+43) Distance specified from a vertex.for the

incident-particle's curvature.

- See section IV-d. of Memo 86.

(SNYDER+2). Number of measured variables.
(SNYDER+1) Number of constraints.

~ (SNYDER+3) Flag for anomalous constraint classes (1'C,

2'C, 2CZL2V, 3C bypass, 4C2V).

. Number of missing variables.

(SNYDER) Number of particles.

Number of particles at vertex A in two-vertex classes.
(SNYDER+4) Flag for 3C bypass (zero if not 3C bypass).

(SNYDER+21) Target mass, .
. (SNYDER+22) Target mass at second vertex in a 2V

constraint class.

(SNYDER+14—+20) A seven word block containing masses

. of particles.

A seven word block containing squares of masses.

Test level for too many steps.

Test level for too many cutsteps

A seven word block containing E k - during calculation of

N’

Y, ande.

A seven word block containing. P /E k durlng calculation

. qf F1)\’ F)\,; Ya’ and. Va.j“
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+ LCDMTX * A 90-word block containing .qu,

- LCKCOS A seven word block containing x momenta of each track.

- LCKEGY A seven word block containing energies. of each particle.

- LCKSIN A seven word block containing y momenta of each track
LCKTAN . A seven word block containing z momenta of each track.
LMAX The z-axis range of a '"zero-length' particle in 2' C case

= 6 X WALL. See page V-8 f. of Memorandum 86.
- MMASS Missing mass in missing-mass case. See page V-12 of
‘ Memorandum 86,
- MMAX - Test ievel for x 2 size at end of first step.
- MMFLAG Flag for missing-mass case. Zero if standard entrance.
_ See page V-10 of Memarandum 86,

MPRIME - (SNYDER+46) x ZB .- See page III-4 of Memorandum 86.

. .PSEGY : (SNYDER+34) Partial sum of energies €. See page V=l

of Memorandum 86, :
PSPX - (BNYBER+31)7 Partial :sum o:f::_(x momenta 7. Seé page V-1
of Memorandum 86. ‘
. PSPY . ... (SNYDER+32) Partial sum of y momenta ﬁy. . See page V-1
. of Memorandum 86,
PSPZ . (SNYDER+33) Partial sum of z momenta LA See page V-1
of Memorandum 86.
DX A four-word hlock cantaining ariginal momentum-energy

translation 4 vector.

REWS Rinck containing transformation derivatives from range-
momentum routine. . See Section IV-d of Memorandum 86.
- RIPS+5 Thi s location contains a '1010°
RJICT. : (SNYDER+13) If a reject 13 has occurred in GUTS; .this

contains the location at which it occurred.

- UNPEE (SNYDER+50) Missing momentum in missing-mass case.
- See page V-12 of Memorandum 86,
- WALL The x-y-plane range of a zero-length particle in the 2'C
'  case. See page V-8 f. of Memorandum 86.

- XMEAS A 21-word block containing measured input variables. . See

page III-1 of Memorandum 86.
- XNEW A 21-word block containing variables used,fbr step. .

v+l

- XOLD Storage for xiv while x, is being made.



- XVERT

- ZCCTR

. ZCKU

-.2ZDISC

. 2VFLAG

- UCRL-9099

A 21-word block c'ontaining variables specified.at vertex

-for each step.

A

. Zero-C pass counter.

A two-word block containing ku .in the zero-C case.. See

page V-14 of Memorandum 86.

- Unsigned discriminant in ZC K, calculation.. See page

~

V-17 of Memorandum 86.

Flag for.two vertex classes, set outside GUTS.
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UTILITY ROUTINES AND 4AP
Subpac .
The Subroutines are gathered into a. separate Subroutine Package 4
Assembly called Subpac, which contains the following routines (énd‘ has its
. own COMMON): |

CML : Card Mixed Loader

GUTRAN : Block Transfer

RINTOP : . "R into P'"

PINTOR : "P into R"

RINTOT : "R into Time"

MMATRX : Multiply"Matrix

MTXTP ¢  Matrix Transpose

MEQ!1 : Matrix Eqation Solution (SAP GM - MEQl)

SIN, COS, ATAN, SQRT

MIXINT - Matrix Interchange of Rows or Columns or Both
-ouT : . General Purpose Output Routine (NY OUT 3)
Lines } ' Spe01a1 Purpose Output Routine (for use in conjunction with

.9or 12 OUT) to report 9 or 12 floating words per line.

Also defined in Subpac are ten words of RIPS .(Range-Momentum Storagé).
- Subpac begins at Location 1400010; to change the beginning of Subpac .to.the
location Y, simply change .the first card of the assembly to SCALE SYN Y.

"

- MMATRX Matrix multlplicé.tlon, nonsta:ndard _
a TSX MMATRX, 4 E}:‘:r?t:;ii::tee;ccumulated double prec1s1on,
atl .PZEN, 0, M
at2 PZE L, 0, AA : . 89 words
at+3 PZE BB, 0, CC - Saves indices
a+t+ 4 return Uses. COMMON -~ COMMON +2
Multiplies the NXM matrix stored row-wise ,
beginning at AA by the M XL matrix stored
.row-wise beginning .at BB and stores: the
NXL product matrix.row-wise beginning at CC
MTXTP Matrix. transpos1t1on, nonstandard
a TSX MTXTP, 4 . 33 words, saves indices, uses COMMON*COMMON+4
atl . PZE AA, 0; BB
at+t2 PZEM, 0, N Transposes the M XN matrix stored row-wise

at3 return .beginning at AA onto the region headed by BB.
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GUTRAN S Block transfer routine, Nonstandard .
- 19 words long-. : S
a TSX GUTRAN, 4 - Uses no common
at+l PZEA, 0, N . Saves indices
at2 PZEB
a+ 3 return . " Transfers the N word block hea.ded by A to
,the block headed by B.-
SQRT: Square root, SAP UASQR4 '
ATAN; arc tangent: SAP; NA 33,1
-SIN . ) :
COS} sin + cos. - SAP; UAS +.Cl
RIP .. | : . Does (range — moméntum), (mdmeritum —range),
' . and. (range - time), saves indices. Uses no h
COMMON,

S a TSX(*),4 with |Mass| in AC in floatmg pt, argument in MQ in floatlng pt.
a+1 Error return: argument <0 .
a +'2 Error return: argument > largest table entry
a+3 Normal return -

. where (*) indicates:
. Argument Function
RINTOP: - converts R into P
- PINTOR: P R.
RINTOT: ' R ’ T .-

Exit is with function in AC, and in RIPS + 2

\ : . £f., . -1.
Also Af i+l i in RIPS + 3
X. -

i+l

\

For M = 0, RIP sets the functlon and 1ts der1vat1ve to 10 and gives a
normal return. =

RIP.now doe:s a table look;up in a ' 103-element table, finds

X,  $X <X,

i-1

-4
+(xx 1) X, - X, ' ’

F(x) = fi
i-1

1

and returns.
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‘The table of moderation times is- just a list of the moderation:time. *
| %— down to %‘4— » not to —'i—./[- : T

- 1 . , =0

" The n'vs £ table extends from n=20 to'n.= 5.0,
Thé ‘range-momentum table. is identical with the "R vs P'" (actually
"R/M vs P/M).table in. Pang. - It was constructed by R. R. Ross, using-as
. a.calibration.point <1;he’p+ range R .= 1,116 cm from 1r+ - p+ + é’+,. which
..corresponds to an 'q~(=P/M) of 0.2820 for the .
- For more dense hydrogen, (or for deuterium) increase- SCALE
[ part of Rips Storage in. Sub,pac., SCALE = R (H.)/Rp(X)] from 1.000 to the
- appropriate value. Thus in deuterium the p range is shorter than 1.116 cm
by 6.9% and SCALE is to be set equalto 1.069 (which:is actually stored in
~ DSCALE in Parak) - _ -
‘The R/M vs. P/M table for P/M < 5.0 was calculated by intqg.ratihg‘the

standard -dP/dx formula from some very low value of P/M up to the desired

P/M. The density was varied to give the proper rahge for the p.+~ from the:
decay of a "rrf at rest (n .= P/M= 0.2820). " The ionization potenfial used
-was 17.5 ev. atn=1.- AIt.;Ls ‘estimated that the .table is acc_urafe to 0.2%
(error due to knowledge of I = 17.5); at n = 5.it.is estimated to be accurate to
- 0.5%. ' . -

The main uncertainty in use of the.table comes fziom knowléd_.gé of the
range of the p.. The R/M entries should be scaled from 1.116 cm to.the value
. measured in the hydrofgen or deuterium chamber being used, 'simply by
changing SCALE from 1.000. o ‘ I

The-table also contains an entry at the end for 5 <1< 1010 '

.- This
entry is based on a constant energy lossvéalcula.t.‘ed using density=eff‘e’;ct'"
corrections and using only delté.-ray energies up to 25 Mev. - Enei'gy loss.to
electrons of energy greater than 25 Mev must be adde’d.to;the'energy-loss :
given by the table.- The value of dP/dXk in the region. 5 < mn <8 maybe in
error by.as much as 10%. Since.the value of dP/dx at large m has never been
-measured, to our knowledge, we are placing our faith in an article by’

E. Fermi [Phys. Rev. 57, 485 (1940)] on the density effect.



UCRL-9099
Subpac-4
June 21, 1960

MEQI1 (SHARE Program GM-MEQI).

Matrix equation solution.

a . TSX MEQI, 4 Solves matrix equation AX =B for X
.a+ 1. PZEA, 0, B ' given A, B.. Saves indices. -

a+2 PZEn, 0, 1% A is (nXn), B is (nX1).

a + 3 Error return: A singular Ifina + 2, "1" is set equal to zero,
"a + 4 Normal return . the matrix A is just inverted, and

. B = 1 does not have to be constructed
. by the programmer. The answer,
A~'B, is stored row-wise on top of B.
. Both A and B are destroyed.by MEQ.
Further, MEQ assumes a space of n
. beyond the end of each of A and B for
. working storage. .

.Error return - A was singular or

ill-conditioned.
- SQRT :
Square-root subroutine. Saves indices. Uses COMMON — COMMON +3
a TSX SQRT, 4 (argument in AC) _
.a+ 1l Error return: ‘ Argument was negative: NTArg]| in AC
a + 2 Normal return: Answer is in AC.
. SIN - COS : ' ’
Sin. or Cos. subroutine. Saves indices. Uses COMMON -+ COMMON + 1.
a. TSX SIN, 4 or TSX COS, 4 (argument in AC)
‘a + 1 Return. Answer in AC.
ATAN
Arctangent routine,. Saves indices. Uses no COMMON,
a TSX ATAN, 4 (argument in-AC)

a + 1 Return. Answer, m/2 < answers < n/2 in AC.

MIXIN'_I‘ [ Matrix row (or column) inte_rchange]
a TSX MIXINT, 4,X
a+ 1 HTR AA :
at+2 HTR R1, 0, R2
d + 3 Return.
AA is the first word address of matrix, Rl is the row (or column) index of
- one row. (column), and R2 is the row (or column) index of the second row

- (column). For x = 0, rows only are interchanged; for 0 < X <16, columns

only are interchanged; for X > 16 both rows and columns interchange.



. . UCRL-9099
Subpac-5 -
Output-1
June 21, 1960
T. Baker
NY OUT 3.  General-Purpose Output Program

Purpose.. To set up and print one line (72 or 120 columns) or to output a
complete line to a specified tape, or both.. Any desired format may be used ¢.1"
.and conversions from floating binary.to fixed decimal, floating binary to
.floating decimal, or fixed binary to. fixed decimal are made as indicated.’

An echo check is made when.printing. Locations of words to be output may

be. indexed if desired.

- Rest r1ct1ons

1. . The SAP table of operations will be modified to include the e1ght
pseudo operations. . Until this.is completed, the alternative op
' codes must be used., -
2. - No tape checking is done.
3. . This program requires the SHARE II board.
4. - NYOUT contains internal definition (see assembly); in Subpac it is
headed with '""B'" (for Bark)
Method. For floating-to-fixed conversions, fractional and integral parts are
converted separately as integers. A polynomial approximation method.is
.used.in the.floating-to-floating conversions. All output words are converted
. to binary coded decimal form and are stored according to the print-wheel
.position specified,.- Conversion to card image is made just before printing.
- This program is a modified version of GL OUT 2 written. by'M,rA. E. R.
. Clark of the Lockheed Aircfaft Corporation. - GL OUT 2 incorporates methods
. and.ideas from the General Electric Package 2 program.
Usage: Calhng Sequence

a . TSX OUT, 4 or TSX LINE9 (see LINE9 section of Output)
.a+ 1l Error Return
a + 2 . Pseudo-operations spec1fy1ng type of conversion de51red
at+ 3

1"
n

" One word. of calling sequence is needed for each word to be output in the
line (except for Hollerith information, where one word of calling sequence
-initiates printing of up to 120 columns. ) The calling sequence is completed by

giving pseudo-operations to specify the type of output desired.
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Pseudo-operations that may be used

Op. A, T,D Op. mnemonic Optional it '
‘ significance Operations
Indexable ' Code
FTF k, T, 1000D1 + PP F_'ioating to Eloating SIX
FTX k, T, 10‘00D2 + PP Iiloating to Fiied . - SVN
ITI k, T, PP ' Integer to Integer FOR
HTH k, T, 1000N + PP Hollerith to Hollerith PTH
XTX . Kk, T, 1000D, + PP ' Fixed to Fixed PTW
Non-indexable
BIN BP | Binary Point PZE
TPW TN, ,INSTR. Tape Write PON
PRT INSTRI,, INSTR2 Print FVE

.In these péeudo=~operations, PP specifies the rightmost print-wheel
- position. which will be used for this calling sequence instruction, and con-
secutive print@vheel positions from right to left will be used as needed.
"Characters using print positions less than 1 will be lost. . Specifying a print
position greater than 120 will cause an error return,  It.is the coder's
. responsibility to avoid unintentional overlapping of fields. If fields should
overlap, a later calling-sequence word will take precedence over any earlier
word of this calling sequence. .

In any of the calling-sequence words that may be indexed, T may have
. the value 0, 1, or 2, and the effective address, L, will be k minus the
contents of:the corresponding index register. Output may be to both printer
and tape. In this case the TPW instruction must precede the PRT instruction.
Off-line output should be printed under program control.. Specifications for
output pseudocommands are given in the following paragraphs. |

~ FTF. The ‘operation FTF will convert the word. in location L from

floating binary to .floating decimal. - The answer is rounded to Dl significant
digits where 1 <D, < 8.  The format of the answer will be

_ -YY - XXXXXXX.
. Positive signs are indicated by blanks, and lead zeros in the characteristic

YY do not print.  If the mantissa is zero, no characteristic will print.
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* FTX.. The operation FTX will convert the word in location L. from

. floating binary-to.fixed decimal rounded to D2 decimal places. DZ should
not exceed. 8. If D, equals zero, a rounded integer will be entered without
. a decimal point. - If the number:is negative, a minus sign will print immediately
:to the left of the leftmost character.. No.lead zeros to.the left of the decimal
point will print.. If the number is zero, it will be printed with DZ zeros to
the right of the point. If the absolute value of the number exceeds 34, 359,
738, 367 it will be printed. in. floating-decimal form as described above.
- ITL. The operation ITI will convert the word in location. L to a decimal
. integer and print. it without a decimal point.  If the word.is negative, a minus
* sign will print immediately to the left of the high-order digit.
. HTH. The HTH operation is used. in printing headings or words of

alphanumeric information. - The N words of information starting in location

. L will be set up for printing across from left to right so that the rightmost
character will fall in the print position specified. N should not exc.ee.dA 20
Normally, the calling sequence for a full line of heading will be:

TSX OUT, 4
- Error return
.HTH L,, 20120
TPW TN
(and/or) PRT;
Normal return

. The words from L through L + 19 will print. from left to right across.the
sheet. ' ‘ o

- XTX. The operation XTX must be followed by the operation .code BIN
(XTX not followed. by BIN, or BIN not preceded by’ XTX will give an error

retu»rn*). BP gives the binary point of the word in location L of the preceding

. XTX operation. - AThis' word.is converted to fixed decimal rounded.to D2
decimal places and printed with a format similar to that for.the FTX operation.
: D2 should not exceed. 8.. A BP value outside the range 0 through 35 gives an

error return.

- :
- For a modification of the use of BIN permitting OUT to write octal,
see OUT -5.
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TPW. The operation TPW signifies that the entire line which has been

. set up is to be output on the tape unit specified by TN. The decrement part
" of this instruction may contain any of the following decimal numbers which

o Will control off-line printing.

Number Significance
16 Suppress space
48 - . Single space
.0 Double space
1-9 (at Berkeley 1 Skip to channels 1-9
means Page Restore) .
33-41 Short skip to channels 1-9

. When output is to.tape, print position 1 should not be used for printing data.
PRT. The PRT command initiates the setting up of the card image (s)
for the output line. The address part of this instruction may contain any of

..the following decimal numbers which will control on-line printing.

: - Number Significance
. INSTR1: - 241 Programmed overflow causing skip to channel 1
: 242 : Skip to channel 2 A
244 Double space
245 Suppress spacing

. INSTRZ is the decrement part of the PRT instruction; it may contain the
decimal number 243 which will provide an extra space after printing.

: An.attempt to print a non-Hollerith character will cause a blank to be
-inserted in place of the character.

Usage: Error Codes. The following codes are left in the AC on an error

return. A is the address of the calling sequence word in error.  In the
case of XTX followed by BIN, A will be the address of BIN.

-0: - Echo-check error - the line just printed contains the error.
+A, 0, 1: X'I'X not tollowed by BIN, or BIN not preceded by XTX.
tA, 0, 2; BP.outside range 0-35

+A, 0, 3: PP greater than 120,
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- Coding information

1.. Space required: 408 .locations,  of whicn the last 51 are erasable.

- 2. Timing: Printing will.take up to.three cycles. per line depending

on number, length, and type of words being converted for

printing. ‘
- The following table gives results of timing test with tape output only.
. Millisecond/ Milliseconds/
Type of conversion . Words/record " record word
Floating-floating - . b6 ' 107 - 18
. Floating-fixed -~ 8 .96 12
Fixed-fixed .8 : 93 o 12

" 3.. Card decks available:

UA SAP symbolic deck labelled OUT3 0000-0361
- Relocatable binary deck labelled NY OUT3 01-18

LINE 9 and LINE 12

~Barbara Levine has added.these routines to the version of OUT in

. Subpac. - ,Tlhey.are a simplified calling sequence for writing 9 or 12 floating
~words per line. Their calling sequences are punched on cards, and may be -
. read in-the assembly of OUT, near the end. _ o

- NYOUT 3 will now output octal. - The command. BIN-:is used for this.

Ifthis command immediately follows XTX as. discussed in the NYOUT 3
writeup, it performs as specified. Otherwise, with the modification‘:the
command werks as follows: | .- |

BIN k, T, PP.
This command will convert the word .in location k to a 36- b1t unS1gned octal.

. integer with- the. rightmost print-wheel position at PP. The address may be
.tagged by a. Tag T =0, 1, or 2 (1ead1ng Zeros w111 be suppressed) -

\
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Selfloading Routine to Transfer Core Storage

to Tape in Selfloading Form (SSCTCS)

Purpose ,
To provide a means of transferring memory to tape in a form which
can be easily loaded back into memory (Written for IBM 704).

Requirements

a. First 24 locations in memory are used by the single binary card
confaining the routine. 7

b. Last location in memory is filled in by the routine with a checksum
of all previous locations. |

c.- Control is tranferred to next-to-last location in memory when the
tape is successfully loaded into memory. . .

d. Tape unit 1 is used to write the memory on tape oi' to read the
tape into memory.

Writing Memory on Tape

a.. Load 1 ca-_rd selfloading routine '_'SSCTCS" with a blank tape on
unit 1. | -
_ b. The routine will calculate a checksum, copy memory onto tape
unit 1, and stop at locatlon 158 w1th HTR 158
c¢. The memory is unchanged except as ment1oned in (2).

Readlng Tape into Memory

a. Push load tape with tape, prepared as descrlbed in. (3), loadcd on
unit 1. .

b. The tape will read itself in, compute a checksum, check the
. checksum and RTT indicator, and transfer control to the next-to-last
location in memaory, ' | |

c. If either thé checksum ori RTT indicator do not check, the routine
stops at .158 with HTR 158. |

- d..- The memory is as in (3c) when the tape was produced,

- Size of Memory

The SSCTCS routine accommodates itself to any size memory, but
the size of the memory should be the same when reading the tape as when
the tape was written. Also, special versions of SSCTCS have been written

“to transfer less than a full memory onto tape.
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Dinsmore Mixed. Loader (CML)

.Coded by Robert Dinsmore, October 8, 1956
Modified by Leota Barr, May 1, 1958

. Purpose

l.. To ,cvonvert.information on cards to BCD form, .then translate each nuz

-meric part.into a .binary number and store or use it, as defined by its pre-

aced1ng CML code letter,

- Or, to skip the card-reading part of the coding, and.translate the BCD

. information located in core memory.

- Restrictions

1.. The cbnverted binary number before the decimal point must be less than

236 or overflow will occur. Also, .the binary number after the decimal point

35

- must not have a bit smaller than 2777, By using a sign (+ or -) to define the
. first bit .as 0 or 1, a binary number equal.to 2.3 . can.be entered into the
. machine (i. e., an octal instruction). Hence, exclusive of the:sign, the maxi-
-mum size of a decimal number: is 10 decimal digits, and of the octal number,
. 11 octal d1g1ts°

- 2, A numeric value must be contained completely on one card, because after

each. card is read, all translating.is completed then a return.to the calling

sequence is executed,

. Method

1. The card format .is variable, with all nonnumeric characters acting.as

- sentinels défining,the numericivalues. - The information on a card:is trans-
~lated.to BCD, .then scanned character by character and each numeric value
.is converted and used. accor'din.g to the CML nonnumetric character which

" .preceds.it. All blanks are ignored.

. 2.. For (u)lz_”;‘ 0, BCD words .in core memory are processed. as described

above (see calling sequence).

Description of New Features

l.. CML and~'ML have been combined.
.S, W, Y, and Z code letters have been added.

- 3. L(0) does not have to be given initially, |
. 4. Ten decimal digits, on either side of.the decimal point, can be entered

. without an overflow error.




UCRL-9099

CML-2
. May 1, 1958
Calling Sequence
'~ LoC OPN ADD TAG DEC"
a TSX CML 4  No. of BCD words
ca 4l 'HTR RL! ¢  FWL of'BCD"
a+ 2 Error return '
a+3 Illegitimateocharacter return
a+4 - Normal return at the end of each record (card or LW of BCD)
athb W, Z, and end of file return
at+ 6 Y return

"If a card is to bc rcad, .the decrement parts of @ and a + 1 are not filled in.
- In fact, a card is read only if C(ﬂ.)12 17 equals zero, for otherw1se, CML
will converf and translate BCD words stored in memory startmg with-the BCD

. word at FWL (the first word location of the BCD words).

’ TRL is a "reference location' for storing the converted binary word. in'core

memory.

. Error Returns

(a + 2) Overflow, underflow return. Overflow and underflow are indicated by

all ones or all zeros.in.the accumulator, with-the sign the same as the sign
of the word causing the error return. When.(a + 2) is set equal to TRA 1, B,

and this instruction is executed, CML will store the contents of the accumulator

. and .return to its normal execution.,

(a + 3) Illegitimate-character return., All characters other than the CML code

letters are called illegitimate and will cause CML to place in index register
B, .the complement of the numeric value that follows the illegitimate character
. and then to return to the a + 3 éxit. /

‘The CML Sentinels

Storage locations in core memory for the numeric input can be defined

..and varied at anytime by giving a combination of the CML sentinels, _12_,_, L,
and K. RL is given in the calling sequence and remains fixed. (Notice that
it can bé set equal to zero.) Ln can be givén anywhere in the input and when
. interpreted causes n, an integer, to be added to RL to form a new FWL for
“the numbers that follow. Also, the increment, Ak’ is set equal to t+1. E{_n .
also can be given anywhere in the input, and the integer, n, is used as the

storage-location.increment, Ak’ until either another Kn or Ln is given.
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The numeric values to be stoxed which are 'givenAimmediately preceding and
following the Kn .are placed n memory locations apart.. Hence, the numbers,
n., i=0,1, ...,m are stored in memory .locations, Y RL+nL+ kZ Ak
with np the integer associated with L. Notice that it is not necessary to
give an Ln or Kn in the input.

- Code Letters which Define the Input.

_ An: n is stored in C(Y )21 35 where Y is the current input storage
locatlon . .
.Dn: n.is stored in C(z)3~.=17 .

.; Cn: n storage locations are cleared Ak.locations apart, starting with

Il

On: n is interpreted as an octal number. - "O'" must be given after any

_ other letter code defining n, since all letter codes except O, +, and - preset
CML to read numeric values as decimals.. n will be placed in the least-

. significant positions.in its storage location. Also, the O must be given be-
fore the sign of n. . All numeric values not preceded by O are interpreted as
decimal numbers.,

- #mSn: m is storéd in n storage locations Ak locations apart, starting with Y.

- In: nis converted 1nto a fixed octal 1nteger with zeros on the .left occupying
p051t10ns not defmed by n.- When. "I" is not given, n is converted to a

‘ - floating octal number. ‘
+mEn: n is a decimal exponent of m. The numeric value m X 10" is converted

¢ ofl.tola flogting octal.pumber;: theh stored. - |

- #n: n is read as an integer and converted to a.floating octal number.
.n: n less than one is converted ta a floating octai number,

+mPn: (n is a binary power of m, which is converted to a fixed octal number
and { with P indicating binary scaling from the right, and Q, binary scaling

- +#mQn: \ from the left. .

- Numeric values in a sequence can be seﬁa-rated by ahy of the CML

. sentinels except the point (. ), which serves as a separator only when.the
.sentinel preceding it is another point, (i. €., t”ﬁl”.nz‘ e s e nm) or one of

.the code letters A, D,.C, S; Oor K (i.e., A_nl-.'nZDln3. N4 ) These
letters refer only to integers.

- The ''-" sign following A, D, C, Lor K will complement (2 ), its associated n.

Either the 11, 12, or the 8/3 8/4 punches may be used.to represent the signs.
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Exits from CML

Z: All registers are reset and a transfer to the end of file exit (a + 5)

-is executed.
- Y:. Same as Z except a transfer to (a + .6):is made.
‘Wn: Same as Z except the complement of n.is loaded into index register B.
- Comments ' . o _
CML can be used to insert instructions if the first binary bit is written
.asat+or - (i.e., 0-300000 104222 or 0-070000.102221).
- Problem headings, which must be changed. with each problem variation,
can be placed following the exit letter-code on the .last card of the input. After
- rcturning to the calling sequence, the contents of the last card in BCD can be
found in common+13 through common+24.
-Space Required :
437, words of coding (704) - 454, words of coding (709)

‘ 2510 words of common (704) .50’610 words of coding (709) CML deck
4910 words of common. (709) and CXS3 decks

Example
Let (a + 1) = 000000 000700 (RL), and let the data card contain
14 1..' 1.1+1+. 1. 1E1K2DO0O11Z. Then the binary numbers stored in co'ré
memory will be: ' '
(700) = 201400 000000
(701) = 201431 463146
(702) = 175631 463146
(703) = 201400 000000
(704) = 175631 463146
{t05) = 200777 TTTTTT
(707) = 000011 000000.
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~ Preliminary Write-Up on 4AP
4AP is a 704 version of LC9APY9. It will assemble SAP format cards

. as well as the extended 709 format cards. This write-up will be extended

.and probably modified later.

Operator Instructions

Tape assignment.
1. 4AP

2. Input tape’
3, Cc')'lléited.t'ap'é' (save)
4. Inte rmediary‘tépe‘ S supposedly used only on batch.assemblies;
presently selected on some nonba;tch-a.ssemblies.
. 5. BCD correction tape
9.. Listing tape (have printed)

Sense-switch assignments

6. Up--No corrections
' Down=--Corrections té be read.accérding toS. S. 1.
- bUp--"P"re"pa'fe off-line listing
" ‘Down--Suppress off-line listing
4, Up--Print definite errors on-line
- wahc'JSuppresé on-line error print
3.. [.Ip—‘Suppre,ss on-line listing
- Down--List on-line '
2. Not used
1. ‘Up-—Inp‘ut from BCD tape
Down-- Inpul [roim c’;rd' reader
Note that .if S. S. 6 is up, S. S. 1 refers to input mode of main program;
ifS. S. 61s down, the .main ‘Code.is assumed to come from tape 2 and
S. S. 1 determines the source of corrections. o
The Alter Feature

The as sembiy program assigns a unique number to each card of the

input. . This assignment.is retained in the compressed BCD tape 3. - These
"numbers are presently on the far left side of the listing;, .they may be
moved in the future. If the collated tape, 3, .from one assembly is saved
and used as input for the next assembly, then corrections may be made by

referring to these alter numbers,. The ALT pseudo-op is used to do this.
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)
Example: If the correction-deck is

ALT 59
CLA X
ALT 572, 1096
ALT Al105, B200
~ STO Y .
-then the CLA card. will be inserted after card No. 59, cards 572 to
. 1096, inclusive, will be deleted, cards Al05 to B200 inclusive will be
. deleted and .the STO card will be inserted. Notice that the alter number:is
. a.four-digit number and if more than 9999 cards are in an assembly the first

. character will become alphabetic.:

- Differences from SAP

1. There is no library routine provision presently. It will be added
A shoftly.
. 2. The REP pseudo-op will not work.
. 3.. The SKP pseudo-op presently results in a page restore rég_a.rdless
of the content of the address field. This will be changed to conform to SAP
with the exception that a blank address field will result in a page restore.

Additional Features

1.. Operation codes may be from three to six characters lo'ng~.
N 2.. The variable field must be separated from the op code by at least
.one blank.and begin no later than column-16.
| . 3,. 709 codes may be assembled.
. 4, A fourth field in the variable field is interpreted as an octal number
-and inserted. in the word starting from the left. ' .
5. A number or symbol in the address.field of an ABS card. will be
interpreted, truncated modulo 8 and punched.és the first three bits of 9L

on all cards it controls.





