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L "INTRODUC'I'ION — OVERALL PROGRESS

'-1--v We have been studying high energy w -proton and . -Neon inter-

act1ons in the SLAC 82 inch bt.oble chamber and in the Ferm1lab 30-inch
bubble chamber. The present work is aimed at lstudymg the production and
mteractlon of pions, in hydrogen and nucle1 over the monenturn range of 10
to 200 GeV/c. . We have continued our study of the productlon of states in-
volvmg 7% in hydrogen which have not been accessible to previous bubble
chamber enper1ments We have contmued our studies of T -nuclear inter-

' act1ons over a wide" range of bombardmg energies (5-10, 15-200 GeV) S
- The observat1on of the energy aependen,ce of mult1p11crty and single part1cle
spectra g1ves us very us‘elal deta'and a better understandmg of processes
going on in a heavy nucleus We still have an approved proposal to.run the
30-1nch chamber at Fermilab with 2 very heavy nucleus (Pb or U) at 200
GeV This heavy nucleus, ‘would give approx1mate1y two times the nuclear
path 1engths as compared to neon. We candelled our experiment at SLAC
(40-1nch bubble chamber usmgfa large Nal crystal as a triggering device)

‘ 1n order to study d1rect electx on productlon inm »-p COlllSlOl’lS at 18 GeV.

'  IniJ anuary, 1977, we rnade a proposal to SLAC for the use of the
"Lead—Glass Wall" in con.unct-on with the SLAC 40-inch bubble chamber
We were competmg with a group from the University of Ca.hforma at Santa
Barbara a.nd Dav1s for. the use of the Wall Fortunately, our proposal was
accepted “The experunenu was proposed in collaboration w1th groups ‘from
the UmverS1ty oI Tennessee at l{nox'vﬂle and Florlda State Un1vers1ty The
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experlment replaces the prev1ous1y approved experlment which was to _
' be done- with blocks ‘of sodlum iodide whlch Would have been furnlshed by
Professor R. Hofstadter S group at Stanford.

A number of papers have been’ submitted for pubhcatlon or are in.
the process of preparatlon for publlcatlon at the present time. 'I‘he results :
* of our research are as follows. ' |

II. PROJECTS UNDERWAY
A. Neutral Particle P'roduction at Intermediate and High Energies

Over the pa.st'year we have contmued and extended our studies of
neutral pa.rtlcle production from - proton interactions at lntermed1ate _
and high energies. In contrast to the detailed data which exists for charged
particle production'; experimental information on the production of neutral
particles from hadronic collisions has accumulated rather slowly. Although
K° and A° spectra are rather e‘asi.ly obtainable, the measurement of precise,
fully inclusive Y spectra is a difficult experimental task. We have approached
this.problem by using bubble chambers (for fully inclusive 7y dete ction) filled -
with light 11qu1d m].xtures (to insure relatively accurate energy measurements)'."
' We will first rev1eW the data we have available for analysis and then summa-

rize the progress of various research toplcs

. Data currently available.

i) rwipat 10 5 GeV/ c. 4.5x 105 photos in the SLAC 82-inch

. bubble chamber filled with Hz—Neon (in collaboration with SUNY- Alb:my)

7's measured 26, OOO
v°'s measured 1,000

i) w¥pat 15.0Gev/c. 10 photos in the SLAC 82-inch bubble
chamber f]lled mth H (in cooperatlon with Columbia Un1vers1ty)

7's measured 40,000
N ~ v%s measured 22,000
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| 111) T p and T Neon at 200 GeV/c 5 x 104 photos in the FNAL
30-1nch bubble cha.mber fllled with H2 Neon (m collaboration with SUNY-
Albany) ' S o

.
i |

- J‘ K s plu's vos scanned and edited, 4400, |

: The combmed data at 10 and 15 GeV/c prOV1de the best fully inclusive
'y 1neasurements that are ava1lab1e as of th1s date ‘The data at 200 GeV/c
-is more exploratory but W1ll provide useful compansons to the lower energy .
data ‘ , "

e 1 We have spent several months culling through the large number of

'V'Columbla events and have Wr1tten out the data cleanly on a relat1vel’r small

. number of tapes. We expect to do some useful phys1cs with these data.

Research topic completed over the last yvear or in pr‘o.or'ess.

i) F.o production in 7¥p interactions at 10.5 GeV/c. A general
survey of 7',~ Oﬁ, and n product10n character1st1cs has- been completed

(see section I.B. of last years progress.report). 'The manuscript describing
th1s work is attached and has been submltted to the Physmal Review D for
publ1cat1on - - ) :

o ii) -We published a summary of our work on energy balance in the
Aprll 1, 19’7'7 Physical Review D Th1s paper seems to be very elementary
and, fundamental in nature yet it was, so far as we can tell, the f1rst time

_,such an experiment had been attempted The experiment attempted to see
Whether all of the energy that is available in a T- p collision can be accounted
for in terms of the production of particles that We know about, namely, ‘IT s
K's, hyperons The work was dene by using the data from the exposure of
'the SLAC 82-inch bubble, chamber with the hydrogen—neon mlxture that we
‘have utiljzed for the last several years 'The results of the enper1ment .
showed that indeed to within about 5% one can account for the - emergmg ‘
energy from 'rr-proton mteract1ons I, :Eor example light part1cles Were

¥ '
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produced that decay into neutrinos and w mesons or 1's and neutrinos, one
would expect to find that a sizeable fraction of the energy might be un- | .
" accounted. The results are tantahzmg enough that we are contmumg this
study with data. obtamed by the Columbia Group from an extensive m -‘p
experiment carried on in hydrogen with an mc1dent energy of 15 GeV (see
vi below). '

" 4i1) Compton e~ production. We have used the 7's from - nucleon

mteractlons to make measurements of Compton e product1on up to hlgher
energles than have been done previously. At the time of last years progress
A ‘report our preliminary data seemed to show an .anomalous number of high
'.energy e”. We have now completed this work and find good agreement

" between our data and Q. E. D. predictions (for e~ energies up to approxi-

- mhately 4.0 GeV) as shown in Figure 1. The report on this work is currently
being written. | |

iv) Direct Y production from m*-p collisions at 10 and 15 GeV/c,
By direct ')' production we mean those ¥'s produced in hadronic collisions
that do'not come from the E.M.. decays of hadrons (m o’S., no's; 20, ete).
These are possibly related to direct lepton production which seems;to be -
E.M. in origin. , S

We are looking for.dire c:t 7Y's in two ways. First by comparlng the
¥ spectra coming from fitted m0— ¥ decays to the total inclusive 7Y spec- |
tra. In addition, we look for anomalies in the Y spectrum by making use
of meson decay kinematics that require certain predictable prOperties‘of
" . the decay Y spectrum. We see.a signal of low energy T's produced'ce'ntrelly
(near Feynman x = 0) that cannot be explained by 70 or n decays. We are
currently doing. backgrou.nd studies of this effect in the 10 5 GeV/c i -p
" data. In addltlon we are attemptmg to verify it using the 15 GeV/c ‘lT *p’
data from the Columbia experunent

o)

v) 7 °.and ¥ Jroductlon in 200 GeV /cm =D mteractlons Using the

200 GeV data we can extend our. analysis of v and m° spectra toa region

where multlpartlcle pI‘OduCthn models make rather clear pred1ct10ns A
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measurement of fg ®isa particularly nice way of choosing bet;;veen various
models. This high energy data together with the v and ° analysis done at °
10 GeV will gllow us to study the s dependence of v and 7° production
pr‘c')p'erties." The measurements of this data are in progress.

vi_) Neutral energy balanée studies using 15 GeV/c nt-p inter-

actions, This is the follow-up experiment to our energy balance work at
‘10. 5 GeV/c. The advanta'gé‘ is that this data was taken from a hydrogen

i1l of the bubble chamber and sliminates theyllaackground of mr-neon collisions
that was present in our earlier-experiment. The v's, V°'s and charged
tracks have been measured at Columbia but the data was not summarized

_in a form that could be used for this e’nergy balance work. We'are in the
~process of reanalyzing the datz and mavnng the careful soparauon of y's

and VOis that is required for this efp=r1ment The fmal data tapes have

been wrltten for domc* this.

B. 7, m -Neoan Interactions at 10.5 GeV

We have recently subn:itted a paper to the Physical Revie_w which
describes our work on T or m -Neon interar thl’lS at 10.5 GeV. This papef '
_contains many of the results cI the thesis work of W. Yeager. The interesting
results of this ex;ierimén’f are that t'ne rapidity distribution of the pi ons that |
,are produced can be accountec for falrlv accurately in ternﬂs of either l 2,
“or 3 collisions in the struck nucleus. What is seen is a systematlc shift in
the center of the rapi'dity distr ibution as one goes from low to high multiplicity
evénj;'s,' The ‘high miﬂtipl city events aré cons1s.ent Wlth the result of three
collisions in the struck nuclecs. The characteristics of these events are
really quite different frqm"high mliltiplicitjf events rrom Tr—protdmcollisions.
The result is that the mean value, or most probable value, of rapid';tLy is
_shifted to a lower value. This most prc_)bable value corresponds to acenter
of mass frame which is consisient with that of a pion colliding with three

)



nucleons Another mterestmg fact is that in hlgh mu1t1p11c1ty events the
nuf'leons carry a larce fractlon of the momentum. -In the 20- 30% events
in Wthh two Oor more nuclmns are stuck in the necn nucleus, about 30 -~ 40%
, of the tot?l outgomg momentum is carried by the nucleons. ~ This means
"}that there are large nurnbers of neutrons and protons _emergmg irom the
.Mciollis‘ions with momentum between 1 and 2 GeV. These results-are .
'-.mterestmg enough th at 1t is probably Worthwhﬂe to pursue further meas-=
;;’;A urements at 10 GeV i

o

C .Study of D1recr e* Production in w*-p Interactions at 18 GeV/c
(Duke-CLAC Imperlal College Collaboratlon)

In September ::.I'ld October of last year we began an exper1ment at
SLAC whose purpose was to determine the, number of d1rectly produced -
‘::electrons in relatlve'* v high ensrgy m-p coll151ons This work 1s being »

- :ca:crled out in collaboratwn th the bubble chamber group at SLAC and at
Imperial’ College m London. FElectrons are identified by usmg three. .
'1—rad1at10n 1eng'th t'“"‘alum plc.tes Whlch are mounted.in the bubble chamber.
Electrons of energy Jreatar thm 200~ 300 MsV produce a readlly identifiable
electromagnetlc shower in these plates We include a picture of a char-

) ,.acterlstlf- shovver producsd b:y an electron beam into the chamber.

) 7 The experlm—nt wes successfully run at SLAC in October and

A November of 1978. . .-lppramm stely 275 K pictures of p and’ 275 K plCtU.I‘eS
of w p mteractlons 'rere iaken at 18 GeV/c in the SLAC 1- meter hydrogen—

f11]c.d bubble chamber.” A’ syStem of hodoscopes and proportional wire

RS chambers 10cated bc.h up\tree.m and-downstream of the chamber permltted
us to trlgger the cal-,.ora flash only when there:appeared to be.an interac- -
“tion Wlthln the f1duc* al vozume The plctures have turned out to be extremely

clear and ‘easy to- an.lyze Aoproxlmately 40% of the plctures contain a-
useful mteractlon ' '

- \:..‘

w



The .objéct of the experiment is to search for anomolous "direct"
or "prompt" et and e~ tracks produced in hadron-hadron collisions,
Anomolous productlon of e* has been reported recently by a2 variety of
exPerlments in widely different kinematic regions. Powcver, because

-these previously reportedexpériments are electronic, they are forced A
 to rely on comphcated background subtractions and do nOL provide mfor- 4~
. mation on the characterlstlcs of the events from which. the anomolous

et tracks emerge. Our aim in the present experiment i=s o0 observe a
. small number of complete events which have eith‘;r singls or pair-

prodﬁcied ei iracks The bulk of our data is inthe kinerastic region of
:'small Py and small Feynman X. o

The prompt electrons in our experiment are obser7ed in two ways:
(1) by curl-up in the 26 kilogauss field together with minimum track ioni-
zation; ..(2) by producing an electromagnetic shower in z srstem of three
.. tantalum plates (eaéh one radiation length thick) mounted in the bubble
‘chamber. ""Conventional" sources of et ande” , such as 7%~ vee”
or po—- e*te”, are also observed in this experiment. Such conventional
sources are all easily identified and can be sﬁbtract’—:i ircm the over-all
signal. Our experiment is sensitive to single e or e” iracks and is o
eépecially sensitive to e+é' pairs having a mass & m /2.

Further details on the experlmental setup and on the obJectlves
~ of the experlment may be, found in the attached copy 6f the m‘ooosal (SLAC

* Proposal No. BC-65, August, 1976). '

In addition to the 18 GeV Tr* film, spe01al samnles cf "callbratlon" .

film were taken:

(1), et beam at 1. 57 GeV . (3000 pictures), )
(2) 7 beam at 1. 57 GeV © (110K tracks into chamber),
(8) m* beam at 3.14 GeV. (130K tracks into chamber).

The beam tracks in these samples were deliberately steered into the plates. l



\Sha;niple (_1),was used to verify that we pr0perly understood the' shower

_ charac,teri_stics' of energetic et and e” tracks hitting the pl ates. A short

..paper has been prepared on this subject (see attached paper, entitled ,>
'{Higthﬁergy Ele‘ctromagnetic Showers, " submitted to Amertcan Journal o
"ofﬂ Ph3'r‘sic,s)"" Samples (2) and (3) have been studied to determine the =
,reJectlon characteristics of ths tantalum plate system The Duke group
has b*een particularly concerned with this aspect Prehmmary results

from .about 45% of the calibration sample indicate that no more than about

1 in 20,000 to-40,000 ¥ tracks can "fzke" an e* shower. Thus the method
.is sensitive eniough to detect single e* tracks down to a level of e/m ~

O 5x 10 4. Preliminary resuits on this subject were gtvén at the i
Waslrn.ngton APS meeting (April 1977). For a more detailed discussion’of
‘this topic, see the BC— 65 Memos 9, 10, 13, 20, 23, and 24 attached to our
Progress Report No. ORO-SOﬂ‘.S-AO dstsd 11 May 1977.

v -The analysis of the meain bedy of the 18 GeV data is well under Way:
'Duke has jost completed a doudle scan of its share of about 150 K pictures.: .
A phy31c1st edit of the candidzies has elso been. carried out. Our RIPPLE
measurmg facﬂlty was: set. up io measure these events and is nearly finished
except for remeasurements Our colleagues at SLAC have already made a -
flrst measurmg pass through apout 50% of the 18 GeV film sample ‘and some
prehmmary results based on thess meesurements were presern‘ed at the
Washmgton APS meetmg in Aorll The e/m rate for events with a smgle

i 1s ‘Small (less than 3 x 107 ° at the ©0% confidence level), and perhaps
conslstent Wlth ZEro. The e/w rate for ete’, palrs is (O 9 :I: 0.5) x- 10 m
the reqlon pT > '250 MeV/c and m(a e )>m - We find more events for
m(e e Y>m w/2 than can be accounted for Dalltz decays of w° s Tl 's, @ 's,
etc. It seems likely that these events can be accounted for in terms of

some sort of hadronic bremsstrahlung process.
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D. w p-Interactions at 200 GeV

Our work on determining-ht-he probabi.iity for charge exchange across
rap1d1ty gaps as a test of the multiperipheral model was completed and
pubhshed in Physical Review Letters. _

A study of multiparticle rapidity clustering has now been compl'ete'd
and a paper has béen prepared for publication. The analysis determines.
the amount of dynamical clustering by compa‘ring the data to what is ex-
pected from a model which contains all the kinematical effects of pafr'ticle
."broduction. The results of the study show that the cluster size consists of .
~ two particles with no indication of clusters of three or more particles, '

Cluster production accounts for 20% of all charged particles.

Another analysis which has been completed and has been prepé.reél
for publication is our determination of the inelastic diffractive cross-
section, solely from the forward/backward multiplicity distribution. The

'techpiQue (suggested by H. I. Miettinen, SL.AC), which is cémpletely new,
depends only on the use of hemisphere multiplicity scaling for the non- ‘
diffractive component (which we demonstrate to be true). The diffractive
cross- sections obtained for 2, 4, 6, and 8 prongs are 1,28, 1.56, 0, 38,

and 0.15 mb, respectlvely The ratio of pion to proton diffraction.obtained . -

from our analysis is somewhat different from that of previous ana.lyses
but agrees much better with what is expeé:ted from a triple-Regge model
prediction. This technique is novel and seen{s to be a simpler means of
making estimates of the diffraction dissociation cross sections.



I STATUS OF RIPPLE AND COMPUTING SYSTEM

4

t The RIPPLE system continues to operate without major change.
The film, transport has been partlally modified to accept the new 40"
BC fllm An electromc change to adapt the hit’ dete ction ‘system to brlght :
f1e1d fllm has been constructed, installed, and debugged Measurements

have been made on nearly ail of the film we have scanned in the dlrect

" electron productlon

A new large display CRT has been purc,hased as a.replacement
because of repeated fallures of the power supplies and deflection system
in the pre sent dlepla]

'Considersble effort has been, spent interfacing the surpl us C_)C
line prmter and card reader. to the SIGMA-5 cornputer. The unaVa_laDﬂ 1t'

‘of a standard controller at a reasonable price made it necessary to design

and construct both controllers here, Both units are n~v Tunctlonm~ undéer

the RBM monitor although a persistent interference problem between the

printer and the disk magkes operation unreliable. The FORTRAN part of

the RIPPLE software has been compiled once under the new monitor while .

using, the printer to obtain a listing, This software faust be extensively
l_.m‘o'diﬁed to conform to the new monitor and FORTRAN, |

e
m
. e

IV, PROGRESS ON THE Pb GLASS WALL

In early July the Pb—qlass Wall was removed from SPEAR at SLAC.

We had a sizeable number ‘of physicists at SLAC at this time. There were
three or four phys101sts and students from Duke and a simflar number from-
- Florlda State at SLAC essentially all summer. We will have one person

: there th1s fall (Dr. Peter Lucas), and the ather two groups will also have
- - one representatlve present at SLAC. : ,
S . We unstacked the Pb-glass in J‘ uly and reconf1gured fhe blocks as
- \necessary We- converted approx1mate1y 180 bloc_l;s into ~ 90 double blocks

LN
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which were then rewrapped with phototubes attached. . In the last month .
| we have completed our work of restacking the baclr part of the wﬂl inits -
new rack. We expect to have the active converter part of the wall re-
stacked in the next month. S

A considerable amount of work has gone into studies of the on-line
data acquisition-and monitorfing for this‘ experiment which will ultimately
have about 400 photomultipliers read into ADC's. We have sim;ulated the
data flow from the ADC's into a Nové. computer via a CAMAC interface
and are sttidy,'mg the integration of this dsta with that acquired in standard
40" bubble chamber operation. The details of the fast hardware trigger
and subsequent slow computer software filter still have to be ‘fixed. Some
actual beam will probably be required in order to optimize our electro-
magnetic trigger from the Pb-~-glass vrall. o

Duke hsas taken the primary responsibility for the electronic hard-
ware and software asf;ects of this experiment and our group is gaining
considerable technical experience in the process.
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