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Introduction

This handbook is intended as an aid for tuning the exiernal particle beam
(EPBY lines at tihe Lawrence Berkeley Laboratory's Bevalac. We hope the
information contained within will be useful to the Bevalac's Main Control Room
and experimenters alike. First, some general information is given concerning
the EPB 1lines and beam optics. Next, each beam line is described in detail:
schematics of the beam line components are shown, all the variables required
to run a beam transport program are presented, beam envelopes are given wiih
wire chamber pictures and magnet currents, focal points and magnifications.
Some preliminary scaling factors are then presented which should aid in
choosing a given EPB magnet's current for a given central Bevalac field.

Finally, some tuning hints are suggested.

April 1987 1/;
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2.1 Some Bevalac Ions and Intensities

Bevalac Particle Inventory**
August, 1985

Atomic Atomic Accel. Max. Intensity,
Ion Weight Number Charge Energy particles/pulse,
A Z MeV/amu @ F1
Hydrogen 1 1 1 4900 2 x 109
2 1 1 2100 1 x 109
Deuterons 2 1 1 2100 1 x 109%
Helium 3 2 2 3010 3 x 108
4 2 2 2100 1 x 1010
Boron 11 5 5 1840 1 x 109
Carbon 12 6 6 2100 5 x 109
Nitrogen 14 1 1 2100 1 x 109%
Oxygen 16 8 8 2100 6 x 109
Fluorine 19 9 9 1950 1 x 108
Neon 20 12 10 2100 1 x 1010
Magnesium 24 12 12 2100 1 x 107*
Aluminum 27 13 13 2000 5 x 108
Silicon 28 14 14 2100 8 x 108
Argon 40 18 18 1815 1 x 109
Calcium 40 20 20 2100 4 x 10/
48 20 20 1640 1 x 107
Manganese 55 25 25 1840 1 x 100%
Iron 56 26 24 1700 2 x 108
16 1050 5 x 107*
Nickel 58 28 26 1810 1 x 106
Krypton 84 36 33 1510 1 x 107*
Niobium 93 41 35 1420 1 x 108
23 770 8 x 10/
Xenon 129 54 45 1280 5 x 109
132 54 45 1240 1 x 100
136 54 45 1180 3 x 106
Ltanthanum 139 57 52 1410 1 x 109
48 1260 4 x 107
3?2 690 8 x 107
29 587 6 x 107
Ho 1mium 165 67 54 1170 2 x 102
Gold 197 97 61 1080 1 x 109
37 490 1 x 107
35 450 5 x 106
1 50 1 x 100
Uranium 238 92 68 960 1 x 106
40 410 1 x 10!

* Low intensities are at experimenters' requests; no maximization has
been done.

*% (Ref. 1)

977s 5/(,



2.2 Beam Line Rigidity Limits

The Bevalac has a rigidity limit of 192 kG-m. Depending on the magnet,
current and angular bend, each beam line has an upper limit in rigidity

which it can transport. The rigidity is given by

R = R0Iﬁ = P/a = Peff Bev

(Q/A;

where R0 31.07i55 kG-m = moc/e

where y8

[n(2+n)]%

(1/A)
W
0
= 931.5016 MeV/amu = m0c2

charge state of the ion = Qe

n

atomic mass = Amo

kinetic energy

momentum = mc Y@
v - Bevatron field (1500-12575G)
ff = The effective extraction radius (15.21-15.31m)

W
o
q
m
T
p
B
e
Pe
The impartance of the beam rigidity is that for a given beam optics
the magnet field strengths (and currents) scale linearly with rigidity
(where there is no magnet saturation). The following two pages allow one
to determine the maximum energy for a given charge/mass ratio that a
particular beam 1ine can deliver. For an ion of mass A, Fig. 1A shows the
charge/mass (Q/A) ratio for the various charge states. Then the maximum
kinetic energy/amu that can be transported in a particuler beam line is
given in Fig. 1B for that particular (Q/A). (e.qg. ]36Xe in the +45
charge state must have an kinetic energy below 295 MeV/amu 1o be

transporied down Beam Line 44, which has a rigidity 1imit of 80 kG-m).

April 1987 1



0.0 0.1 0.2 0.3 0.4 0.5 0.6
A ! ! [
1 238 | 38+ lsT. - Top+
U H
208
63+ 82+
. i
197 35+ 161+ 79+
AU I I 1 I
— 1391 29+ 1 ag+ |}57+
I_JJJ La i
136 .1 45+ 154+
s 1 | X‘e 1 1
2 Qahllqza-rl a5+ | A a1+
B4 (22 1] 143
- Kr lj 33+ 1"
5 64 {16+ 1304
Z i"L ! :
~ 6 17+ 4+l 28+
g Fle | F 1|
40113+ 18+
3 AF .
2814+
=20 |1o+
e
] 16 8+
I fully stripped limit 1
12 e+
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Q/A (CHARGE/MASS) cuup-

XBL 874-1684

SOME HEAVY IONS ACCELERATED

AT THE BEVALAC AND THEIR Q/A

Fig.1A



KINET!C ENERGY (MeV/amu)

2000

B=12575G
R=192 kG-m
\

1600

1200

800

400

- 8=7530G
R=115kG-m

EPB1
EPB2

/

EPB26
EPB30
EPB40
EPB42
EPB43

0.0 0.1 0.2 0.3 0.4 0.5 0.6

Q/A (CHARGE/MASS) oy

KINETIC ENERGY VS Q/A
FOR CONSTANT RIGIDITY

Fig.1B

XBL 874-1685



T/A

Table

2.2.1

Rigidity for Ions with Charge/Mass of 0.5

R/(q/m) R
(MeV/amu) Y8 (kG-m) (kG-m)
10 0.146921 4.56506 9.13013
20 0.208332 6.47320 12.94640
30 0.255830 7.94905 15.89810
40 0.296187 9.20299 18.40598
%0 0.332016 10.31625 20.63250
60 0.36465% 11.33039 22.66078
70 0.394895 12.27000 2454000
100 0.475638 14.77882 29.55764
150 0.589908 18.32935 36.65870
200 0.689575 21.42615 42.85230
250 0.780255 24.243172 48.48744
300 0.864780 26.87005 53.74010
400 1.021384 31.73597 63.47194
500 1.166900 36.25738 12.514176
600 1.305042 40.54967 81.0993%
800 1.566921 48.68667 97.37334
1000 1.816466 56.44041 112.88082
1200 2.058168 63.95045 127.90090
1400 2.294506 71.29385 142.58770
1600 2.526986 718.51731 157.03474
1800 2.756584 85.65135 171.30270
2000 2.983966 92.71646 185.43292
2100 3.096979 96.22793 192.45586

GK/0980s 10



2.3

Note that beam line 44 has a rigidily 1imit of 65 kG-m when the focal
point (F4) before the quadrupole (B44Q2A) 1is used. A table of rigidities

(2.2.1) is included for ions with Q/A = 0.5 at different energies.

Optics, beam envelope definitions

A charged particle moving down a beam line may be represented by a
six dimensional vector (x, x', vy, v', z, Ap/p). The components of the
vector are the horizontal and vertical displacement (x and y) from the
central trajectory (optic axis), the horizontal and vertical divergence
(x' and y'), (see Fig. 2) the difference in 1length, z, between the
longitudinal position of +the particle and that of one at the central
momentum, and the fractional momentum deviation Ap/p from the central
momentum. The divergence x' 1is defined a' ’t?e ratio of transverse to
longitudinal velocities. That is x' = kdx/dz. = v./v,, with a similar
definition for vertical divergence. A plot of the horizontal divergence
(x') vs the horizontal size (x) of a group of particles will approximate
an eliipse as shown 1in Figure 2. (This is a projection of the six
dimensional ellipsoid on the x'-x plane). The area of 1ihe ellipse is
given by Ex = 7 xoxo' and is called the horizontal emitiance: +the
vertical emittance is just Ey =7 yoy;. A single particle can be traced
through the transport system by matrix multiplication, and an extension of
the matrix algebra provides a means for defining and iracking a beam of
particles through a series of magnets and drift spaces. Computer programs
such as TRANSPORT or LATTICE) represent the beam of particles as an

ellipsoid in the six dimensional coordinate system. The inpul to such

programs are the initial six coordinaies of the ellipse (xo, Xor Ygr ¥

0 o’

April 1987 11
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Z,s Ap/p) - see Fig. 2) when emerging from the accelerator, and the beam
line magnet positions and field strengths. In Table 2.3.1 we 1list the
maximum iransportiable angular divergencies (xo', yo') and momentum spread
(ap/p) specified at the initial F1 focal point, for the Bevalac beam
lines. Typically, the outpui from such computer programs is a Llracing
down the beam 1line of the extreme trajectories (both horizontally and
vertically) of a group of particles. The emittance we will use, will be

one which contains 98% of the beam within the extreme trajectories, called

the beam envelopes. On wire chamber pictures, where the heam profile is

approximately Gaussian, the beam envelope's horizontal half-width is then

x(envelope) =2.36 er ~FWHM with tihe same relation for the vertical

s
envelope. The horizontal and vertical beam envelopes for the maximum
transportable emittance, and for a beam momentum spread aAp/p = 1% are

shown in Fig. 3 above and below the optic axis (center line),
respectively. At the F1 focal point, the beam was taken to have an
average size of Xg =Yg = 5mm. The divergences xo' and yo' were taken as
the maximum acceptance values given in Table 2.3.1 for each beam line. If
the actual initial divergence at F1 is smaller then this (see Sec. 2.5),
the envelope will be the same at the subsequent focal points, but will be
proportionally smaller near subsequent quadrupoles. The disiance down the
beam Tine or optic axis is given in meters while the half - widths of the
horizontal and vertical envelopes are given in cm. Obstructions for a
given beam 1line are generally not shown. The magnet names for a given
beam Tline are listed at the top of each page as well as whether a given
quadrupole 1is horizontally (H) or vertically {[V) focussing. Noie the

following aspects of the envelope pictures:

April 1987 13



Table 2.3.1

ine A

Angular divergence at F1

Beam SMomen’[um
Line Horizpntal Verticai pread at Fi
+Xg Yo +Ap/p
26 75 mr 4.2 mr 0.85 %
30 7.5 5.0 0.73
39 6.1 7.5 0.60
40 7.5 4.7 1.5
42 3.7 6.4 6.2
43 3.7 4.1 6.2
44 () 7.5 5.0 0.73
44 (1) 7.5 20 0.73
Biomed | 3.7 6.4 42
Biomed I 3.7 6.4 0.85

14
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A. At Z = 0 on the optic axis the beam 1is assumed to have a certiain
horijzontal and vertical size and divergence which will determine the
initial emittance. The emittance of a beam of particles emerging from the
Bevalac varies acctording to energy; low energy beams have emitiances of
about 30 & mm-mr while high energy beams have emittances of about 10 «
mm-mr. (This is a consequence of adiabatic dampirng in the Bevalac). As
the gqroup of particles travels down the beam 1line the ellipse changes
shape, but the area remains constant (if there are no aobstructions). This

is a statement of Liouville's theorem.

B. The dispersion dx for a given beam 1line +tune gives the horizontal
displacement of a particle with a rigidity (R + AR) differing from the
central rigidity R (Optics nomenclature oftien equates AR/R = Ap/p).
The dispersion is proportional to aAR/R, that is dx = ax AR/R where 6x
{5 a function of the longitudinal position along the beam line. 1In the
beam envelope pictures the dispersion is given by the dotted 1line for
AR/R = 1%.

Dispersion i5 produced when a group of particles is bent by a dipole
magnet. Particles with lower values of R are bent more than partiticles
with higher values of R. Once off-axis, the dispersion vecitor will be
focused or defocused by the subsequent quadrupole and dipole magnets. I
Sec. 2.2 we see that a spread in beam rigiditv can occur due to beam
energy spread (AT), different isotopes (&A) or different charge states
(AQ). The dispersion has two primary effects on beam optics:

(i) An energy spread in the beam produces an increase in beam size at
a place where the dispersion vector is large. For example, at a focal
point such as F2 in Fig. 3, and Guassian distribulions in bolh coordinate

and momentum space, the horizontal half-widilh becomes

X = v/;z (envelope) + di ,

April 1987 16



“

where x(envelope) is the monoenergetic half-width of the beam of
particies. The momentum spread of the beam at the exit of the Bevalac is
typically ap/p £ 0.1%.

Usually, beam Jine optics are designed to give zero dispersion at the
target focal point. A beam 1line of this design 1is called momentum
recombining. This 1is a desirable quality for experiments whose results
may be biased by a dependency on target interaction point with momentum.
Beams of this type also have a mirimum variation in beam size with
respect to beam energy changes. Those positions along tne beam line where
the dispersion is non-zero will show greater beam movement. For maximum
beam stability at the target it is important to have beam optics such that
(a) The beam is centered going through all the beam 1ine quadrupoles.

(b) The dispersion = 0 at the target with minimal slope Adx/Az = 0.

(i1) A second effect of dispersion is tc separate beams of different
charge or isotopic mass. As an example, 50 MeV/amu ]39La in the +30
charge state traveling through a poor vacuum (8 x 10—5 Torr} in the FI1
area produced by electron loss the charge state distributions shown below
at the SIM3 wire chamber and the F2 wire chamber. At the SIM3 wire
chamber the dispersion is 14mm for each % change in rigidity. At the F2
wire chamber the dispersion is 21 mm/% and some of the charge states have

been bent out of the detection area of the wire chamber.

33 32 31 30 31 30

S1M3 Wire Chamber S1F2 Wire Chamber

April 1987 17



Another example is shown below. The wire chamber distribution on the
left is that of a 450 MeV/amu U (+92) beam at ithe Beam 40 wire chamber ?
(wires have a 2 mm spacing). When ihe Beam 40 wire chamber 1 is inserted
upstream of wire chamber 2 a new charge state, U (+91), appears on wire

chamber 2. This is an example of electron capture.

92 81 92

h’in ....;..u;:llillﬁIIMIlilll;..... .....

« e
,llmml“"

B40 Wire Chamber 2 B40 Wire Chamber 2 with

B40 Wire Chamber 1 inserted

With the use of collimators we can select the desired charge state or
isotopic mass to be transmitted. The Bevalac beam lines contain a number
of collimators. A 1list is given in Sec. 2.7. Collimators placed near a
focal point (waist) are effective in reducing the beam spot size at the
subsequent focal points. As well, collimzters located near quadrupoles do
not change the spot size but reduce the beam divergence at the subsequent

focal points.

April 1987 18



2.4 Explanation of the magnet parameter 1lists, wire chamber pictures and

magnet currenti lists.

A. Magnet Parameter Lists (See Sec. 3.1.2)

The magnet parameter 1lists give the opitic elemenis for input inio a
beam transport computer program. The names of the magnets are given in
column one. Starting at the first focal point of the Bevalac in the
external particle beam region XF1, the effective magnet lengths and drift
spaces are listed in column two. In columns three and four the quadrupole
maximum gradients and pole tip radii are given respectively. The
following five columns give information about the dipoles in a given beam
line. First, the magnetic field required to bend a maximum rigidity (192
kG-m) particle is given followed by the dipole's bend radius, bend angle
and finally edge angle. The edge angles are the angles that the pole tips
make with respect to the incoming and outgoing beam. The sign convention
can be obtained by examining the Bevalac map and the magnet 1list.
Finally, the magnet tiype is given. The dipole dimensions are listed 1in
thé order of gap, pole tip width and pole tip length. Some of ihe magnet

parameters may be found in the Bevatron/Bevalac User's Handbook.

B. Wire Chamber Pictures (See Sec. 3.1.4)

The name of each wire chamber along a given heam 1line is located on
the right of the wire chamber pictures. After the name, tihe voliage
applied to that chamber is listed. Higher voltages are required when tihe
particle flux is low. (The 6mm wire chambers are more sensilive for
detection of low particle fluxes). On the next line the auto-ranging
information is given. AD with a black background auto-ranges the
amplitude of the wire chamber distributions the most while A7 changes the

amplitude the least. Following the ranging informalion the wire spacing

April 1987 19



distance is given. The horizontal display of each wire chamber is shown
on the left followed by the vertical display. Given next 10 each
distribution are the mean and the standard deviation from that mean of the
wire number distiribution. In mosi cases beam center is physically located
at wire #16. The four vertical dots 1indicite the central position.
Looking downstream, if the horizontal and vertical wire chamber
distributions are to the left of center then the beam is to the left and
above the surveyed central or optic axis of the beam 1line. It is
important to realize that the mean and standard deviation of the
distributics of wire numbers is often distoited and in error due to noise
on the chamber. The distributions can also be intsnsity dependent.

Current Values of the Magnet (See Sec. 3.1.4)

~The current vaiues associated with the wire chamber pictures are
given on thg following page. The name of each magnet for a given beam
line is 1isied on the left side of the page. The current in each magnel
is then given in the column with the heading AM. '
Also listed on the current value page are the ion species, the main
Bevalac field, the beam radius (FT RAD), fhe positiongof the exiraction

magnets (MICE) and information about the type of 'spill' used.

April 1987 20
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2.5 Emittance at Fl

Using known distances between wire chambers and using the beam sizes
at these wire chambers, one can estimate ihe emittance at F1, the first
external focal point of the Bevalac. The distances belween the initial
wire chambers are
XF1 wire chamber to XQ4 wire chamber: 4.000 m
XF1 wire chamber to XM4 wire chamber: 6.493 m
XF1 wire chamber to X1Q4 wire chamber: 9.306 m
XF1 wire chamber to X2Q4 wire chamber: 74.439 m
Any two wire chambers may be used to determine the beam's size and
divergence, or they may all be used for comparison. If r is the
full-width at half-maximum beam size and L is the distance beiween the F1
wire chamber and some downstream wire chamber, the divergence ro' is ro'
= r/L. Shown in Fig. 4 are the vertical vs. horizontal full-width at
half-maximum beam sizes in the F1 area. Shown in Fig. 5 are similarly the
average vertical vs. horizontal divergences in the F1 area. These values
are the average values from using all four wire chambers given above. We
see (Fig. 6) that the (unnormalized) hoirizontal and vertical emittances
are similar, with a value ¢ = 20 « mm-mr for the few samples of data
taken. ODue to beam cooling in the Bevalac accelerator, ithe emittance has
a depandency on energy. Since the evrror 1in the horizontal and veriical
emittances is large due to the crude determination of beam size and
divergence from wire chamber pictures, we have averaged the horizonial and
veriical emittances at a given energy. Shown in Fig. 6 is this average
unnormalized emittar.ce for some Bevalac fieids. We estimate the error in

the average emittance to be t 25% for these samples.
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2.6 CONTENTS OF THE F1 BOX

ALL DIMENSIONS [IN INCHES i

XF1G62 —
F-1 VAC.
CH-MBER

———e

.042 PLASTIC

SCINTILLATOR
HUC.ENT . ME-194]

(2) 4.0 pIA
X .001 ALUM.
XFIGI

.300

.010 ALUM. k
e —-_——::l:
mz !..'— \ ﬁ-
MUPC — . :
I | s
0-1.0 AAY; A
‘HORIZ. & VERT % N
DEPLETED URANIUM : _ o0 e
MATOR — A
COLLTMAT AL l 1.000 X 2.0V X 3.0 BERYLLIUM (D)
,/;Zﬁ 005 MYLAR
/- 002 MYLAR
_ - 010 MYLAR ) (E)
DEGRADERS = | 002 COPPER
L 001 COPPER
re 1
SCINT-» L (2)-4.0 SQ X .0015-1100 ALUM.
SEH"_I E l
: — =—(9) 4.0 DIA X .00025-1145-H19 ALUM.
—_—~/1;?=:1 (2) 4.0 DIA X
.020-6061-T6 ALUM. . -010 ALU 0.8
ol . - - A‘R
THK. NEMA r.~1c_1_/ l l
INSULATING FLANGE i i

NOTE:

REMOVABLE POLAROID
FILM HOLDER

RLFERENCE DRAMING:
20F6966 - F-1 AREA LAYOUT

(XBL 874-1691)

THE FOILS AND THE DEGRADERS MAY BE CHANGED.
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9¢

2.1

Name

XF1JAWS

X1F2/ST1F2JAWS

X1JAWS

X2JAWS

X2F2JAWS
B40JAWS

B42JAWS

B39JAWST

B39JAWS2

BOJAWS

S1F3JAWS

B44SL1
*(Ref. 2)

09815
3/87 GK

Collimators (Jaws) Index*

Ass'y Print Location
20E6116 (area) F-1 Box
1844106 Dnstr. SIM3
1731536 Upstr. X1Q5WC
1733096
1734733
20P4066 Dnstr. X2M5S
16P9376 Dnstr. X2M5S
16P9376 Upstr. X2F2WC
N/A Dnsir. B4OWC1
N/A Dnstr. B42WC1
Orive Unit
1760016
N/A Dnstr. B39WC3
From Brookhaven
Same as #1 Dnstr. B39WC4
N/A Dnstr. BOS)
20E4066 Upstr. S1M7
20E4066 Dnstr. B44
Beam plug

Position of

Ver

Hor.

Ver

Ver.

Hor.

Ver

Har

Hor.

Hor

Hor

Hor.

Hor

Hor

Size of Jaws

Type

Depleted Uranium Spot size

Jaws _ (inches) Material
./Hor. 4H x 4W x 4L
3-5/8x5-1/2x6-3/4 Lead
./Hor. 3x8-5/8x24 Lead
Lead
(Anderson) 4-1/8x8-1/4x12 Lead
. (Anderson) 4-1/8xB-1/4x12 Lead
. (Manual) 2"x4"xB" Lead
4%x8"x19" Copper
./Ver. 2-3/4x%4x1.4CM Carbon
2-3/4x4x1/2 Lead
3-1/2x4x2 Lead
./Ver. 3-1/2x4x2 Lead
Ahxg xi10" Lead
./Ver. 3-3/4x7-1/4%x9-1/2 Lead
./Ver, 3-3/4x7-1/4x9-1/2 Lead

Spot size

Divergence

Divergence

Spot size
Spot size
Spot size

Divergence

Spot size

Divergence

Spot size

Spot size
Divergence

Spot size
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STREANER EHANBER

B26WC6
6mm

B26M4

B26M1Y

Portable

2 mm o

L7,
/

B26WC2

6 mm

IRRAD. STA.

B266Y1
remote

BEAN 40

S
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BEAM 26
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®PB 1 CHANNEL

X1F2/351F2 JAWS
Horz.

XBP1 XF1GYI
XM4Y remaote

‘@Boxl

XM5XM4  XQ4A/B

X16Y2
[éeﬂiote SIM3 X1Q4A/B — E[—H- ;g
El ; h = |
\\ hawe 1§ XEiGV2 XE1w H
X194WC emm “remote m
6mm:
CHANNZL 1

T 3m
EPTUN EHANNEL BEAH 39
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3.1.2

Beam 26 Magnet Parameters

Beam Line
Element

Effective
Length
(m)

Quadrupole Magnet

Dipole Magnet

Max.
Gradient
(kG/m)

Pole
tip
Radius
(m)

Field
(192kG-m)
kG)

Bend
Radius
(m)

Bend
Angle
(deg.)

Incoming
Edge
Angls
(deg.)

Outgoing
Edge
Angle
(deg.)

Magnet
Type (in)

(F1)-XF1WC

-—— XQ4WC

4.000

0.221

XQ4A

0.884

-147

0.1046

8QB32

0.284

XQ4B

0.884

+147

0.1046

8QB32

XMAWC

0.220

0,242

XM4

1.036

-16.88

11.37

5.222

5.222

6-1/8x18x36C

0.173

1.080

-13.50

14.22

4.351

-5.222

9.522

6-1/8x29x36H

X1Q4WC

0.282

0.235

X1Q44

0.884

+144

0.1046

BQN32

0.284

X1Q4B

0.884

~147

0.1046

8QB32

-—- S1IM3WC

4.862

0.340

51M3

2.250

4,51

42.58

3.028

3.028

4.38x15x84H

(F2)-X1F2uC

0.770

—- X1Q5WC

9.480

0.240

X1Q5A

0.884

-144

0.1046

8QN32

0.306

X1Q5B

0.884

+144

0.1046

8QN32

0.361
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Beam 26 Magnet Parameters (cont,)

Quadrupote Magnet Dipole Magnet
Effective
Beax Line Length Pole Incoming § Quigoing M‘.":_“
Element (m) Max. tip Field Bend | Bend Edge Edge Type (in)
Gradient Radius }(192kG-m)] Radius Angle Angle Angle
(kG/m) (m) kG) {m) (deg.) (dezx.) (deg.)
X1M6 1.036 20.05 9.577 6.2 0 6.2 6x16x36C
(F3)-B26WC1 8.600
9,500
B26M1 1.542 16.74 11.47 7.7 3.85 3.85 6x18x60H
--=-B26WC2 0.435
0.308
B26Q1A 0.884 +147 0.1046 8QB32
0.177
B26Q1B 0.490 -146 0.1046 80B16
0.120
B26Q1C 0.490 -146 0.1046 8QB16
(FA)-B26WC3 | 8.214
---B26WC4 7.055
0.484
B26Q2A 1.308 ~-128 0.1048 8/120B48
0.181
B26Q2B 1.308 +128 0.1048 8/120B48
(F5)-B26WC5 5.140
}-——-B26WC6 4,060
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2200786 EFE ACL PRINT 22:16:53 FAGE 1
NAME DATE TIME ENTRY BEAM LINMNE
NE72B4 BZ26 2Z0CT8B6 T2:16:138308 BEAMZ6
COMMENTS
NE7284 BZS BEAM TUNED TO BZGWCT

UNABLE TO GET A NO QUAD STEETING TUNE

E S
RADI
X51

24.0 5
us 4@6.1
FEEDBACK

S86.58

SPILL

EXT PFW ACL 4&39@ EXT

FERTURBATION UNIT DATA

D
=
m

X I > M X XK Z

NAME

PRSP I P I S (S

F1
F2

cD
-

51
52
M=
51
M2

P1
e
S1

D
fur

M1
M2
Mz
QZ=A
LZR
M3V
Mav
M4
M5
C14A
4B
MSS

-
-t

QsA
GSB
Mé&

24A
4B
M1

Q1A
aiB
Q2A
0OZB

M2+

FLAGS AM
F+

E+

S+

S+

P+

S+

F+

S+

SF
Q.00
0.020
—1.48
—@.84&
303.05
1466. 60
12@1.82
766.76
730.92
10.00
2.00
617.84
Z@1.42
1135.91
1150@.88
S54.353
183.31
1840.04
1220.21
764.29
2.00
2.0
6B4. 46
1119.87
1044.24
5%95. 48
&07.99
B@Q. &8

PLITUDE
72.33

-
o w &l

Z291.31
D1.28
z0.84
~-9.77
I46.71
32.e8

AM
@. 66
B.29

-~
L L

=2.08
545.77
1504. 4%
1218.7646
760.738
817.@5
?.40
1.47
617.59
3@4.45
1135.04
1201.56
S4.11
183.89
1835. 61
1218. 61
754.08
2.00

2. 00
724.26
1129.95
18546. 67
SP2.45
a19.32
4.89

37/3 4

DELAY BGATE
4020 1480
4@ 1510
47@ 1200
440@ 1420
450 1100
420 1400
40 1506
42@ 1450
DI OFFSET

S 0.2

S 0.0

3 @.09

S 0.00

5 .00
2003 0.2a
S Q.02

9 Q.20

3 Q.00
2001 12.020
1 2.00
2001 617.84
20@1 3Z@1.4Z2
2003 B6.008
2003 2.00
=001 S4.5C
208 18B3.31
2001 1040.04
2021 1820.21
2001 764.Z2°7
b=} 0.22

S 2.00

1 6B4.&6

1 1112.87

1 1044.94

1 595.48

1 607.°90

1 B00.é&8



3.1.5 Beam 26 Focal Points

Focal Location Horizonta}l Vef'tical_ | Dispersion
Point Magnification | Magnification | (mm/%)
F1 XF1wWC 1.0 1.0 0.0
F2 X1F2WC 1.63 0.50 -19.4
F3 B26WC1 1.03 .87 20.6
F4 B26WC3 1.25 0.35 -8.0
F5 B26WC5 0.42 0.56 2.3
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3.2 Beam 30
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.2.2

Beam 30 Magnet Parameters

Quadrupole Magnet Dipole Magnet
Beam Line Effective
Element Length Pole Incoming | Outgoing Magn.el
(m) Max. tip Field Bend Bend Edge Edge Type (in)
Gradient | Radius |(192kG-m)] Radius Angle Angle Angle
(kG/m) (m) (kG) (m) (deg.) (deg.) (deg.)
(F1)-XF1WC -
---XQ4WC 4.000
0.221
X04A 0.884 -147 0.1046 80B32
0.284
xQ4B 0.884 +147 0.1046 8QB32
---XM4WC 0.220
0.242
XM4 1.036 -16.88 11,37 §5.222 0 5.222 6-1/8x18x36C
0.173
XMS 1,080 -13.50 14,221 4.351 }-5.222 9.522 6-1/8x29x36H
---X1Q4WC 0.282
0.235
X1Q4A 0.884 +144 0.1046 8ON32
0.284
X1Q4B 0.884 -147 0.1046 8QB32
---51M3WC 4.862
0.340
S1M3 2.250 -4.42 43.44 2.968 0 2.968 4,38x15x84H
(F2)-S1F2WC10.770
0.645
S1M4 1.405 -14.31 13.41 6.0 0 6.0 21:x7%x48H
0.370
S1IM5 2,250 -16.38 11.721 11.0 5.5 5.5 4x38x15x84H
---51IM6WC 0.247
0.247
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Beam 30 Magnet Parameters (cont.)

Quadrupole Magnet Dipole Magnet
EfTective
Beam Line Length Pole Incoming | Qutgoing M-agn.cl
Element (m) Max. tip Field Bend | Bend Edge Edge Typefin)
Gradient Radius | (198 kG-m) | Radius Angle Angle Angle
(kG/m) (m) kG) (m) (deg.) (deg.) (deg.)
SIM6 2.250 -6,.18 31.07 4.15 4.15 0 4.38x15x84H
---S1Q7WC 2.350
0.336
S1Q7A 1.308 -138 0.1046 80B48
0.216
S1Q78 1.308 +138 0.1046 BQB48
~-=S1IM65WC 1.608
(F3)-S1F3WC]| 3.700
5.280
B30Q1 1.308 +128 0.1048 8/12QB48
0.218
B30Q2 1.308 -128 0.1048 8/120B48
---B30WC1 0.594
(F4)-B30WC2} 5.760
~---B30WC3 4,660
0.185
B30Q3A 0.490 -146 0.1046 80B16
0.120
B30Q3B 0.490 -146 0.1046 8QB16
0.145
B30Q4A 0.490 +146 0.1046 8QB16
0.120
B30Q4B 0.490 +146 0.1046 8QBl16
(FSA)-B30WC4] 3 315
(FsB)-B30WC5| 3.830
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MAKIE CATE TIME ENTRY BEAM LINE
CURRENT SB3@29MARBS 3:42:43 U} BEAM3@
CCMMENTS

NB37 12.5B3y

PERTURBATION UNIT DATA

-y

IAME

LB B B R R .

NAME

PPC PU I O S N D e K
. e

£
-

-

P1
F2
82
M2

Bl

M3
S1

F1
F2
€1
g2
M1
Mz
H3
Q3s
Q3n
M3y
Hav’
Ha
M3

Q1A

a4aB
MSS
Q3A
Q4B
H3
M4
M3
M&
@7A
Q7
Hes
M?
ql
Q2
Q3r/2
Q4A/B

FLAGS QH
F+

P+

S+

B

S+

S+

P+

sP
8.00
g.en
=3.00
-0.18
894.19
2328.92
1382.42
1359.19
1295.37
71.20
3.00
1076.07
431,656
18611 . 24
1864,71
¥.a9
3.3
0.03
272.464
271%9.27
9&7.35
42%.97
13A7.99
1418. 40
35.09
43,54
1100.00
1070,00
2550,00
2360.00

FLITUDE
187.4646
-9.71
7.71
195.54
-15.21
99.01

AM
@¢.88
a.ed
3.44
3.42
989.72
2334,73
1947.28
1359.59
1422.33
78.59
B.73
1975.82
435.13
1833.21
18688.47
J.52
@, e
Q. Ehd
276.22
2711.92
947.93
429.34
1295. 6o
1453.43
33.38
4Q.17
1100.00
1070.00
2550.00
2360.00

1.54GEY/N NB37 STRIP 41 TO B39.

E S94.42 S SB&.&

RAD. &9@ FFT 2.311MHZ.

X31 FDBK. SPILL.

EXT PFWS: "125373/EXT".

WIRE 2% AT Fl. ALL STD F1 MAT. IM.

DATA FOR EMNERGY CALCULATICON

DELAY GATE  INJECTIOM:HILAC  LOCAL

a0n 1200 ——-

416 1210 particLes M 25 FREm ¢ 3721 2
am3 1030

a0 1198 Mass nuMiq3 28 FIELDy €2 7
423 1452

400 122 CHARGE 1 37+2¢] K.ENERGY1 1§37 MEV
340 1450 £
INFLECTOR H.Wt
DI OFFEET -
5  0.%3  EXTRACTION: PFUW: OFF1
o. A, 30 -
S 0.00 FIELD: 12.575 k¢ F1 CLR%
= 9.0 .
s  oa.en FrREOv 2 K/ IrtFz P2 CuRe
A 3.a3 o
= oo BEAM RADY (e o
5 @. o :
= 3.a0
ZagL  71.20 * RADIUS CURRENT TAIL WAG
1 a.en M1t 5'7f H] RISE! GAUSS
2@l 1974.87 .
2001 431.46 M2t $EC.G 3 TIMEL - nSECS
7 @. 0
5 . A0 M3% ————=} 51 6:) OFF?
2001 9.0
5 .08 . 82 OM:  OFFt
5 @,
2001 272.&6 STD MATERTAL AT Fl:(ﬂ:) ouTe
5 1199.99 = e————————- -

205 S44.466
26t 425.97

5 @, a3
<] 0l g1
i 333'_'22 0PTICS (I)
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XM=
Manual
23:10: 39 1=

Rkange

XF 1

Auto Range 7
2F:11:02 13
X4

Auto Range 7
23211242 13
xicvg
Auto Range &6
2Z:12:18 13
S1MM=
futo Range 7
23:12:51 13

S1/,X1F2

Auto Range &

2Z7:13:20 13
S1MS
Auto Range 7
2Z7:14:21 13
sS1QxQ7
Auto Range 7
23:14:52 13
S1M&S
Auto Range 7
23:15:43 13
S1F>=
Auto Range 7
23316213 13

BZOWC1
Auto Range S

23:17:18 13
BZOWC =

ficto Range &
22317:58 13

Sa0
] H
Jan @7

500
BE OUn
san B7

1]
B OUn
Jan 87

500
B On
Jan 87

750
E On
Jdan 87

00
B Dn
Jan &7

S0
E On
Jan 87

1000
B On
Jan 87

1020
B On

Jan 87

b1l
B On
Jan 87

520
B On
Jan 87

Volts

In

~ MM
Vol te
> MM
Volts
& MM
Volts
6 MM
Volts
&6 MM
Volts
MM

Volts

Volts

Volts

Volts

Volts

Volts



(4]

(]

=
F

o

1

.9

&l

BZ0O0OwWCqa 100
ALto RKange 7 B (n
27:1B: 22 13 Jan B7
BEZTOoOwWwCsS 1000
Auto kKange 7 B On
27:219:02 1T Jan 87

Vplts

Volts

a6 M

3.2.4 WIRE CHAMBER PICTURES AND MAGNET CURRENTS

OPTICS (II)
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Laarl7 EFB ACL PRINT 252545 C RAGE 1

NAME DATE TIME ENTRY BEAM LINE
AR 12575 BIO1TJANB7 ZI2:50:548402 BEAM=Q
COMMENTS

AR 12575 B30 1.8 GEV/AMU AR+18 TO B30

E 394.0@ § 586.6
RADIUS 599.8%5

XSt FB. SPILL.

EXT FFW ACL 12575 EXT
WIRE 1& XM4WC

WIRE 3& S1FZuWC

ALL STD F1 MAT IN.

PERTURBATION UNIT DATA

NAME FLAGS AMFLITUDE DELAY GATE
X F1 P+ 202.49 120 1200
be F2 P+ 2.0@ 410 210
X 2 S+ 7.71 400 1030
X M2 5] -30. 6646 4009 1192
X S1 S+ 1@6.54 1400 1450
X M3 S5+ -15.21 400 122a
X S1 P+ 22.86 460 1695
NAME SP AM DI OFFSET
X F1 Q.20 B. b6 5 2.0
X F2 Q.00 0.29 S 0.0
X St -2.94 0.0Q 5 2.00
X s2 -0.15 3.05 5 2.0
X M1 B40.42 904.%8 5 @.00
X M2 23I08.092 2313.35 5 7.00
X M3 1859.67 1674.63 5 0.00
X @3Aa 1T48.38 1347.46 5 .00
X O3B 1322.85 1434.05 5 ®.00
X M3V 2.00 0.24 2001 0.0
X M4y 0.00 3.18 2001 0.00
X M4 1088.04 1091.5S5 20Q@1 1088.04
be MS 530.24 533.07 2001 S3ID.24
X1 04A 20@4.99 Z025.38 2005 .00
X1 Q4B 2068.99 2059.67 2005 0.00
X1 MSS 2.93 5.04 70Q1 2.93
X R4A 0.22 .48 5 0.08°
X 4B 0.00 .48 s 2.00
S1 3 289.30 293.15 2201 289.70
S1 M4 - 2981.59 2980.80 2005 1199.79
s1 M5 1151.44 1137.20 2005 999.76
=3 M& 22.80 426.26 2001 422.80
S1 07A 1428.58 1452.20 2005 Q.00
S1 Q7B 1572.65 1S587.72 2005 .00
51 M&S 50.85 S1.98 1 s50.8%5
s1 M7 44.45 48,88 2001 44.45
BI@ M2 .20 1600.29 2001 Q.20
Bz M3 a.00 0.00 20Q1 .00
2@ Q4A ' 2.00 0.20 zvot ©.20-
B30 04B 2.20 V.00 Zeo1l V.00
B30 Q1 899.00 899.00
B30 Q2 770.40 770.40
B30 Q3A/B 1251.60 1251.60 OPTICS (I1)

B30 Q4A/B 2632.80 2632.80
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3.25

Beam 30 Focal Points (1)

Standard Optics

Focal Location Horizontal Vertical Dispersion
Point Magnification Magnification (mm/%)
F1 XFIWC 1.0 1.0 0.0
F2 S1F2WC 1.65 0.50 -21.4
F3 S1F3WC 0.44 0.65 1.9
F4 B30WC2 1.16 0.33 -3.8
F5B B30WC5 0.75 0.98 1.3
Beam 30 Focal Points (II)
High Rigidity and Short Focal Length (F5) Optics
Focal Location Horizational Vertical Dispersion
Point Magnification Magnification (mm/%)
F1 XFIWC 1.0 1.0 0.0
F2 S1F2WC 1.65 0.50 -21.4
F3 S1F3WC 0.44 0.65 1.9
F4 No Focal - - -
Point
F5A B30WC4 0.30 0.46 -2.1
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3.3 Beam 39
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Ermann «—B39wWC4q

6mm
839 Jaws?2
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3.3.2 Beam 39 Magnet Parameters

Beam Line
Element

Effactive
Length
(m)

Quadrupole Magnet

Dipole Magnet

Max.
Gradient
(kG/m)

’

Pole
tip
Radius
(m)

Field
(192 kG-m)
(kG

Band
Radius
{m)

Bend
Angle
(deg.)

Incoming
Edge
Angle
(deg.)

QOutgoing
Edge
Angls
(deg))

Magnet
Type{in)

(F1)-XF1WC

- XQ4WC

4,000

0.221

XQ4A

0.8B4

-147

0.1046

8QB32

0.284

Q4B

0.884

+147

0.1046

8QB32

XM4UC

0.220

0.242

KM4

1.036

-16.88

11.37

5.222

5.222

6--1/8x18x36C

0.173

M5

1.080

-13.50

14,22

4,351

-5.222

9.522

1c—1/8x29x36H

|
{

X1Q4WC

0.282

0.235

K1Q4A

0.884

=144

0.1046

8QN32

0.284

k1Q4B

0.884

+147

0.1046

8QB32

0.239

B39M1

1.036

-64.67

2.969

20.0

10.0

10.0

8x16x36C

. — B3gucl

0.774

0.394

B39M2

1.036

-64.67

2.969

20.0

10.0

10.0

8x16x36C

-—— B39WC2

0.274

0.540

B39M3

1.080

-68.41

2.807

22.036

11.018

11.018

B8x18x36HPH

(F2)-B39WC3

1.958

2.428
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Beam 39 Mapnet Parameters (cont.)

Quadrupole Magnet Dipole Magnet
Effective
Beam Line Length Pole Incoming | Outgoing :hgr::t,
Element (m) Max. tp Field Bend | Bend Edge Edge ypelin
Gradient Radilus (192kG-m) | Radius Angle Angle Angle
&G/m) {m) (kG) {m) (deg.) (deg.) (deg))
B39QlA 0.734 -95 0.1571 12QB24
0.142
B39Q1B 0.734 +95 0.1571 12QB24
--= B39UC4 0.220
1.753
B39M4 1.872 -89.50 |2.145 50.0 25.0 25.0 7-7/16x63H
(F3)-B39uCS 3.115
4.372
B39MS5 . 1.093 -75.17 }2.554 24.5 12.25 12.25 6x18x36LPH
--— B39WC6 0.270
' 1.959
B39Q2A 0.882 +100 0.1016 HP8Q32
0.160
B39Q2B 0.882 -100 0.1016 HPBQ32
-—— B39WC7 0.500
(F4)-B39CSC 1.675
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3.3.4WIRE CHAMBER PICTURES AND CURRENTS

Note: The first few magnets in this line would be better tuned as
This tune is not optimized horizontally.

shown in Sec. 3.7.4.
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NAME
EURRENT 29

DATE
ADECBS

TIME ENTRY
17:351:07 a

BEAM L INE
BEAM3Y

COMMENTS
NER26T BI? 130 MEV 20UNE1D
E 394.0 § U8&.6

RADIUS &0Z.3

PFW ACL INJECT,VHMODE ON,EXT PFW OFF

15 6 TW
WIRE 15 AT F1
ALL MATERIAL OUT AT F1

PERTURBATION UNIT DATA

DATA FOR ENERGY CALCULATICN

NAME FLAGS AMPLITUDE DELAY GATE

X Pl P+ 39.87 499 1689 INJECTION:HILAC LOCAL

X P2 P+ 39.48 400 1510 _
X s2 S+ 291.31 470 1390 PARTICLE: = :

X s1 S+ 156.49 449 1060 Me. =s Frec 246
X s2 P+ 30.8S5 459 1199 MASS NUM: o :

X M3 5 6.92 A4 1020 2o s FmE: e

CHA T :

NAME SF AM DI OFFSET RGE ¢ ,jO  K.ENERGY: [(3
X F1 3.00 0.66 s 8.93 INFLECTOR H.Vi1 ___‘c’

X F2 2.9d @ . g3 g a. o0 i

X S1 9.0 0.44 5 @. g

X sz 0.00 1.83 S ¢.08 EXTRACTION: PFW: oM:  OFF: 7

X M1 23.48 139.92 g @ . o ——’

X M2 SS8.65 S45.9S5 2045 0.0 F1ELD: D | : 4
X MZ 486.34 466.93 S B. 06 2"9‘43 F1 Cuk

X oA 229.98 195.47 s 2.9¢9 FREQ: ';U:o: P2 CUR: 3
X ase 193.63 Z00.05 5 @. o0

X AV, .94 I1.63 2037 3@.94 BEAM RAD:

X M3V .02 .0.12 1 p.02

X M4 174.23 173.403 20d1 174.23

X MS 75.09 77.38 2dd1 75.09 RADIUS CURRENT TalL WAG
x1 Q3A 279.44 3I23.51 S @. 03

X1 aap 4p8.57 479.54 5 @.08 M1: C . . .
X1 MSS a.00 g.41 1 0.00 59% ¢ (4o RISE: /:’é €
X aaa 0.0 1.16 s 8. o0

X Q4B @.08  3.48 S 0.9 m2: S¢Cs SH46 time: o=
39 M1 19157.22 1079.53 1 1057.22°

B39 M2 1957.18 1055.64 2005 1057.18

B39 M3 911.96 945.97 1 911.96 MI3 ~——mee c 47 st oz oFf
B39 Q1A 1181.60 1181.60

B39 Q1B 1113.30 1113.30 52 ON: . OFF
B39 M4 879.00 879.00 .
B39 M5 438.80 438.80 STD MATERIAL AT F1: IN: our:\/
B39 Q2A 292,20 292,20

B39 Q2B 383.40 383.40

B39 M6V 48.48 48.48

68



3.3.5 Beam 39 Focal Points

Focal Location Horizontal Vertical Dispersion
Point a Magnification | Magnification (mm/%)
F1 XF1WC 1.0 1.0 0.0
F2 B39WC3 0.49 0.62 -54.2
F3 B39WC5h 0.56 0.95 25.6
» Center Scatter .
4 C;anfberc(a(l?SeC_) 0.46 0.23 38.0




3.4 Beam 40
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Hariz B39M1 xMs XH4 XQ4A/B + ox '
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3.4.2 Beam 40 Magnet Parameters

Quadrupole Magnet Dipole Magnet

Effective
1

Beam Line Langth Pole Incoming § Outgolng : "':l“,

Elemant (m) Mas. tip Field Bend | Bend | Edge Edge ypelin

Gradient Radlus ](192kG-m) | Radlus Angle Angle Angle

(kG/m) (m) (kG) {m) (deg.) {(deg.) (deg.)

(F1)-XF1WC -

-—- XQ4NC 4.000

0.221

XQ4Aa 0.884 -147 ]10.1046 8QB32

0.284

XQ4B 0.884 +147 ]0.1046 8QB32

~== KMGMC 0.220

0.242

XM4 1.036 -16.88 | 11,37 |5.222 0 5.222 }6-1/8x18x36C

0.173

M5 1.080 -13.50 | 14.22 J4.351 | -5.222 | 9.522 |6-1/8x29x36H

-——— X1Q4WC 0.282

0.235

X1Q4A 0.884 +144 10.1046 8QN32

0.284

X1Q4B 0.884 =147 }§0.1046 8QB32

——— SIM3WC 4.862

0.340

S1M3 2.250 4.51 | 42.58 §3.028 0 3.028 |4.38x15x84H

(F2)-X1F2WC ]0.770

}— x1qswc  {9.480
‘ 0.240

X1Q5A 0.884 ~-144 }0.1046 8QN32

0.306

X1Q5B 0.884 +144 10.1046 8QN32

0.361
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Beam 40

Magnet Parameters (cont.)

Qusadrupole Magnet Dipole Magnet
Effective
Beam Line Length Pole Incoming | Outgoing :1“'::'
Elament (@ Max, tp Field Bend | Bend | Edge Edge ype (in)
Gradlent Radius [(192kG-m) ] Radius Angle Angle Angle
kG/m) (m) (kG) {m) (deg.) (deg.) (deg.)
X1M6 1.036 ~20.05 9.577 6.2 0 6.2 bx16x36C
(F3)-B40WC1 4.318
4.940
B4OML 1.036 20.05 9.577 6.2 3.1 3.1 hx16x36C
0.335
B40Q1A 0.884 ) +144 0.1046 8QN32
0.082
B40Q1B 0.884 | -144 0.1046 8QN32
(F4A) 6.453
(F4B)-B40OWC2 1.817
4.625
B40Q2A 0.884 | -147 0.1046 8QB32
0.132
B40Q2B 0.884 | +147 0.1046 8QB32
1.087
B4OM2 1.036 17.78 10.80 5.5 2.75 2.75 8x16x36C
0.173
B4OM3 1.056 17.44 11.01 5.5 -2.75 8.25 8.12x40x36H
(F5)-B40NC3 9.264
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3.4.4 WIRE CHAMBER PICTURES AND MAGNET CURRENTS
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22AFTNB4 R

tAME

CURREMT BAGGZ2ARMBS

COMMERTS
U=8 12.5ER4uG

FERTURBATION UNIT DATA

AME

2 P W O T

NAME

P ETR TE S G A A S S I

F1
F2
sz
M2

«
4

MT
S1

F1l
F2
€1
g2
M1
Mz
M>
acAa
oz
MZY/
M3V
Mat
M3
Q4A
64p
MS3
M=
DS
Qs
Ho
0D3A
(a3
M1
13
Q13
0Za
02
MZ+73

FLAGS AMFLITUDE
F+ 2036.92
F+ -@1,71
S+ 7.71
S -2, &6
S+ 179.03
S+ -13.21

P+ 71.49

SF
@,
g1, op
-3 0
-.13
05 .87
2731.687
1881,63
1236.21
1218.32d
17.2
.24
1213.03
48%5.2Z4
2006, 15
211594.75

AM
9.88
¢. @1
- @a,20
'7 an
1081.11
2Tam.77
1376.61
1333,
1322.33
16.685
1212, 60
49@. 48
20137.E2
2048.12
Jo.60 30rve
304.98 J18.54
2210.95 220i1.56
241,71 2385.732
1615.39° 1589.11
3.0 . @
@, 0o 0. fn
164¢.52 1671.71
294,83 29803.28
7835.49 299,13
1025.29 187D, 41
&34.27 648,32
.47 T.91

1382

ACL FRINT el ¥ AW ke FaGs 1
DATE TIME  EMTRY EEAM LINE
DT 47042 v CEAFIA
FADIUS =599.8

E 594,05 S SBb.&0
XS1 COMFUTER RAMF SPILL

EXT FFW "12575 EXT"
ALL MATERIAL GUT AT F1t
CAaTA FOR EMERGY CALTULATICH
DELAY GATE IMIESTICH:KILAC U Locar
414 120§ —mmmmme e e e
410 1214 FARTICLES: U 23 FRED & 330-6
A 1320
A3 119¢ MASS NUM3 ’1_'33 2s FiELD: 945
4@ 145
g 1n~3 CHARGE &t b® .. ENERGY$
a4 1593
INFLECTOR H.vt §2.5
DI OFFSET --- & - Rt
5 . EXTRACTION: FFN:<§§Q GFes
5 @ . 0 =z
s @.00 FIELD: (2879 F1 CUR:
5 [ in| .
3 .92 FREDS 3\'1032 F2 CURT
5 @l el
S #.0¢  BEAM RADR S‘H'YS
3 @,
s @, e
2op1 17.28 RADIUS CURRENT TaIlL WesG
1 @.24  Mig t RISCS GUSE
2001 1217.03
20@1  485.32  M2: t TIME: mSECS
ot 4, uhd
5 @.@H M3 ———e—e 3 OFF 1
30, @
:mmé mg.g:a OZW“‘ g’f -7 g2 0N OFF3
2e@1 221,95
~p@l 2417.71  STD MATERIAL AT FI: IN:
el 1615,T6 T TTTomssssssmomm————ee - -
5 @. o0
g g
| 1646.97
1 294, 33
1 7B:S. 49
1 1936, 29
1 524.,.'7
1 1252.47
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3.4.5

Beam 40 Focal Points

Focal Location Horizontal Vertical Dispersion
Point Magnification | Magnification (mm/%)
F1 XF1WC 1.0 1.0 0.0
F2 X1F2WC 1.63 0.50 -19.4
F3 B40WC1 0.53 0.58 09
71-12" tream
F4 BN 1.04 0.32 10.1
F5 B40WC3 1.09 0.97 9.1
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3.5.2

Beam 42 (HISS) Magnet Parameters

Quadrupole Magunet

Dipole Magnet

B U Effective M
eamLine Length Pole Incoming { Outgoing agn.et
Element (@) Max. tip Fleld Bend | Bend | Edge Edge Typetin)
Gradlent Radius  J(192kG-m)| Radlus Angle Angle Angle
(kG:m} (m) (kG) {m) (deg.) (deg.) (deg.)
(F1)-XFIlWC =
—-~ XQ4WC 4.000
0.221
XQ4A 0.884 -147 0.1046 BQB32
0.284
XQ4B 0.884 +147 0.1046 8QB32
——= XM4WC 0.220
0.242
XM4 1.036 11.46 16.75 3.545 0 3.545 6-1/8x18x36C
0.173
XM5 1.080 9.26 20.72 2.985 }-3.545 16.529 6-1/8x29x%36H
——= X2Q4WC 5.415
0.495
X2Q4A 1.308 ~138 0.1046 8QB48
0.216
X2Q4B 1.308 +138 U.IUﬁq. N 80B48
(F2)-X2F2WC | 5.675
5.566
X205A 0.882 +117 0.1016 LpP8Q32
—--X2Q5UC 0.504
0.504
X2Q58 0.882 -117 n.1016 LP8O32
0.504
X2M7 1.036 14,88 12.91 4.6 6.0 -1.4 Forex36C
(E3)-R42ucl } 2.420 o
4,956

87




Beam 42 Magnet Parameterg (Cont.)

Quadrupole Magnet

Dipole Magnet

Eilactive
Beam Line Length Pole Incoming | Qutgoing TM"':I")
Element () Mar. up Field Bend | Bend | Edge Edge ypath
Gradient Radius ] (192kG-m) | Radius Angle Angle Angle
(kGim) (m) (kG) (m) (deg.) (d_-z.) (dagJ)
B42QlA 1,308 -138 0.1046 80B48
-—-B42WC2 0.260
0.260
B42Q13 1.308 ]+138 0.1046 8QB48B
(F4)-B42WC3 |10.992
10.602
B42Q2A 1.308 §+138 0.1046 8QB48
—-B4&2WC4 0.2560
0.260
B42Q2B 1,308 }-138 0.1046 8QB48
(F5)-B42WC5 5.452 e e e}
0.429
B42M3 1.542 -16.30 11.78 7.5 3.75 3.75 8x18x60H |
1.689
B42Q3A 0.490 {-146 0.1046 BOB16
0.939
B42Q3B 0.884 {+147 0.1046 2Q832
0.939
B42Q3C 0.490 |-146 0.1046 BNRLA
{F6)-B42UWC6 3.693
——B4 2CM4 2,250
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3.5.4 WIRE CHAMBER PICTURES AND MAGNET CURRENTS
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TEETS S FFLE ACL PRINT 17:175: 20 F b 1

AT DOTE TIME ENTRY EEAM LINE
7653 B EFEDBRB7  27:05:2847Z77 EEAMAZ
CIMMENTS
7650 B4T 104E MEV/AMU C+4& TO B4Z

E S74.0 S 384.58
RADIUS 5%99.5

X81 FEEDBACE SPILL
EXT PFW ACL 74650 EXT

Focus su we® with ¢@3A/8/¢

FERTUREBATION UNIT DATA

NAME FLAGS AMFLITUDE DELAY GATE
X F1 F+ 82.52 4Q0@ 1680
X Fz F+ 29,01 4@V 1510
X g2 S+ 291.31 47@ 100
X 81 S+ 125. &b 440 115@
% 5% R+ 32.84 450 1100
X ME 5+ —-9.77 400 1220
X 51 Fr+ 15.47 490 1220
X M= S+ ~-17.61 4720 1122
NAME SF AM DI OFFCET
X 1 .00 B.546 5 .28
2 P2 0.0a 0.2%9 5 2.0
X 51 2.00 1.372 5 Q.08
X 5z @.aa I.as = @.90
X M1 543.81 $SB87.54 5 z.20
X M2 lo@7.69 14621.428 20095 .02
X Mz 1237.68 1254.35 5 @.ee
¥ aza 809.1& BAZ.37 5 2.020
X QIR B1Z.39 BBZ2.27 5 B.00
b4 MIEV 12. 46 12.029 Z2p01 12.46
¥ May @.a= 1.47 1 ©.03
X M4 -472.59 ~-476.70 2@01 -472.5%9
X MS 2@T.71 206.74 2061 203.71
X g4aa 2.0 3.48 5 .20
X D4R .00 z.48 5 .00
Xz MSS 29.95 26.21 2001 29.95
X2 24aa 76%9.78 770.15 2005 .00

2 D4B B54.78 B4R.50 20025 Q.00
BO M1 0.00 4E8.85 1001 .00
BZ M1 0.00 0.00 1 2.020
p 054 44B.14 647.04 2001 &4B8.14
p GQSE 574.96 578.146 2001 574.94
X2 M7 782.11 791.99 2001 782.11
B42 @iA 218.78 B%94.37 2001 918.78
B4T O1E 773.84 77B.45 @1 773.84
B4z M1V 53.09 67.846 @01 =8.@9
B42 oz2A 795.3%9 797.12 2801 795.39
Ba- Q20 R7.63 917.15 2001 907.&7
B4z MY Q.00 .76 2001 @.0a
paz MZ B95.60 91@.9%Y 2001 B89%.,40
B4 CZA+C  1465.90 1452.15 2001 1465.90
B4 Oz 1432.66 1418.47 2001 1472.46
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3.5.5 Beam 42 (HISS) Focal Points

Focal Horizontal Vertical Dispersion
Point Location Magnification Magnification (mm/%)
F1 X51WC 1.0 1.0 0.0
F2 X2F2WC 0.22 0.88 2.0
F3 B42WC1 0.70 0.60 0.05
F4 B42WC3 0.62 0.28 0.03
FS B42WC5 0.77 0.68 -0.14
F6 B42WC6 0.77 0.69 -1.5

%/
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3.6.1 BEAM 43 SCHEMATIC

43 e
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3.6.2

L,eam 43 Magnet Parameters

Quadrupole Magnet Dipole Magnet
Effective
Beam Line Langth Pole Incoming | Outgoing :lagr;:l’
Element (m) Mar. tip Field Bend Bend Edge Edge ype(in
Gradlent Rudius }J(192kG-m) | Radlus Angle Angle Angle
(kG/m) (m) (k) (m) (deg.) (deg.) (deg))
(F1)-XF1lUC -
-—=XQ4WC 4.000
0.221
XQ4A 0.884 ~147 0.1046 80B32
0.284
XQ4B 0.884 |+147  lo,1046 8QB32
———XM4WC 0.220
0.242
XM4 1.036 11.46 16.75 3.545 0 3.545 6-1/8x18x36C
0,173
XM5 1.080 9.26 20.72 2,985 1-3,545 16,529 6-1/8x29x%x36H
-—=-X2Q4WC 5.415
0.495
X2Q4A 1.308 |-138 0.1046 8QB48
0.216
X2Q4B 1.308 +138 0.1046 8QB48
(F2)-X2F2WC 5.675
5.566
X2Q5A 0.882 +117 0.1016 LP8Q32
~==X2Q5WC 0.504
0.504
X2Q5B 0.882 -117 0.1016 LP8Q32
0.504
X2M7 1.036 -9.70 19.79 3.0 -6.0 3.0 8x16x36C
(F3)-B43uCl 7.430
95.888
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Beam 43 Magnet Parameters (Cont.)

Quadrupole Magnet Dipole Magnet
Beam Li Effective M .
am Line Langth Pole Incoming § Qutgoing agne
Elament (o) Max. up Fleld Bend | Bend | Edge Edge Type in)
Gradient | Radlus }(192kG-m)| Radlus Angle Angle Angle
(&G/m) () (kG) (m) (deg.) (deg)) (deg.)
B43Q1A 0.493 +139 0,1046 BNNi6 .|
0.978
B43Q1B 0.884 -147 0.1046 8QB32
--~B43UWC2 0.230
0.748
B43Q1C 0.493 +146 0.1046 B0B16
0.548
B43M1 1.542 -17.04 11.27 7.84 3.92 3.92 Bx18x60H
—=B43WC3 3.000
{F4)-B43CPB | 6,414
j—B43uWCs 1.710
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4M2w8s EFE ~CL FRINT SZil9wB FAGE 1

MNAME CAaTE TIiME ENTRY BEAM LINE
ME T&&s BAT  ANDVWESE TZ:iT8:11267754 EEAMAT
COMMENTS

MNE Sé&é66 EBA4T SPq.d00 S E36.58

TUNE WITH NEW EFEg
EEAM AT WIRE 16 AT F1
RADIUS 599

XS1 FEEDBACH SPILL
EXT FFW ACL 3S&64EFLR EXT
FRELIMINARY TUNE

FEFTUREATION UNIT CDATA

NAME FLAGS AMFLITUDE DELAY GATE
X F1 P+ 96.62 4G.0 1680
X F2 F+ 4.0 450 1519
X g2 S+ 291.71 47 1209
X g S+ 221.6&5 444 114
X el P+ Id.85 ASE 110
¥ M S+ -23. 49 40 1840
X 51 F+ &4.69 409 1240
NAME cp AM DI OFFSET
X F1 @, Ha @.e88 5 a.oa
X 2 @ . @3 g.00 S J.00
X 51 .00 B.44 5 a.00
X 2 0. 83 4,43 g 3. 89
X M1 Zp1.52 3ITS.79 5 . @
X M2 1194.73 1187.49 - 2005 a.00
X MZ 989.S34 9399.15 5 0.00
X azA 574.32 S5&4.24 5 a. a0
X OTE =81.55 25.06 5 3. 00
X M3V 25.&£3 °5.89 001 25.63
X M3V .66 0.7 1 (o Ty
X M4 -247.75 =Z47.44 2991 -T47.3S
X MS 148.22 149.68B 20g1  148.22
X 04n [ aln] .48 5 .00
X 04B @, G 3.48 5 B .00
X2 MSS 8.6 9.8 2001 8.06
X2 04A 571.28 SS541.71 5 D .06
X2 O4AR 616,91 619,24 5 3.0
j=10] M1 ¢, 0o .77 1001 0.0
RZ= M1 @, oo B.19 1 .o
2 0sSA+C 486.11 479.97 1 ass6.11
X2 05K 25,84 477.94 1 425.84
(2 M7 257.27  IS8.04 1 T57.27
AT M1 702,99 710,94 1 72,99
Eia QIA+C  141727.56 10X3_ 617 1 1077.50
L2 Q3B 1957, 52 1066.93 2001 10S7.92
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3.6.5 Beam 43 Focal Points

Focal Horizontal Vertical Dispersion
Point Location | Magnification | Magnification (mm/%)
F1 XFIWC 1.0 1.0 0.0
F2 | X2F2WC 0.22 0.88 2.0
F3 B43WC1 0.74 0.60 -10.5

| Fa Sl (CPBY 0.86 0.74 -1.3
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a small ring, gives a practical lower limit to the longitudinal
impedance that can be achieved.

Results of ZAP calculations for the four lattices are
summarized in Table II. For the purposes of a damping ring, all
of the candidate lattices appear to be suitable. We can see in
Table II that, for an rms momentum spread of 1 x 1073 or less, we
are able to achieve a normalized longitudinal emittance of 0.025 m
or better at a bunch intensity of at least 1 x 1010 per bunch. We
note, however, that the values of Bl that correspond.to the
Palmer? DR criterion are a factor of 5-10 lower than the value of
B£=- 100 specified by Pellegrini.3 It is also important to note
here that the parameters for Lattice 1 imply a low fregquency, high
voltage RF system. This clearly would involve practical
difficulties in a relatively small ring.

There is an implicit assumption in our calculations that we
can actually achieve an emittance coupling of 1% with low
emittance lattices such as the ones considered here. Given the
very strong focusing required to reach these emittance values, and
the precision with which magnets can reasonably be fabricated and
aligned, this is not certain. We note, however, that the VUV ring
at BNL has reportedly achieved emittance coupling values below 1%
{albeit with a higher emittance lattice), so we clearly cannot
consider this to be an unreasonable specification at this stage.

If we consider the use of such rings in a high~gain FEL mode,
at a wavelength of, say, 40 A&, the results are, unfortunately,
less encouraging. In this case, we require small values for both
the bunch length (to keep the proper phase relationship in the
undulator) and the momentum spread (to avoid substantial gain
reduction from Landau damping). The required value for the rms
momentum spread for this application is ahcut 5 x 10”4, which
should be achievable. However, the bunch length requirement of G,
= 1 mm is more difficult. In the present cases (at their nominal
operating energies), it was not possible to achieve a bunch length
ac low as 1 mm, even with a rather high frequency (1000 MHz) RF



Beam 44 Magnet Parameters (Cont.)

Quadrupole Magnet

Dipole Magnet

Baam Line Eﬂ:;::' Pole Incoming | Outgoing :"‘“_"
. Elemeat () Max. tip Field Bend | Bend | Edge Edge ype (in)
Gradient | Radius |(192kG-m)| Radius | Angte | Angle Angle
(kG/m) () (kG) (m) (deg.) (deg.) (degJ)
SIM6 2.250 -6.18 31.07 4.15§ 4.15 0 4,38x15x84H
---51Q7KC 2.350
0.336
S1Q7A 1.308 -138 0.1046 80QB48
0.216
S1Q78 1.308 +138 0.1046 8QB48
-=-=SIM6GSKWC 1.608
(F3)-SIF3WC | 3.700
0.700
S1M7 1.770 -47.37 4,053 25.0 12.0 12.0 7-1/4x63H
0.808
B4401A 0.726 +93 0.1571 12QN24
0.265
B44Q1B 0.726 -93 0.1571 120N24
(F4)-B44KC1 2.686
---B44HWC2 3.405
0.295
B44QZA 0.726 -93 0.1571 12QN24
0.265
B44Q2B 0.726 +93 0.1571 12QN24
0.460
B44MI 1.036 -32.34 5.938 10.0 5.0 5.0 Bx16x36C
--~B44KWC3 1.094
{F5A)-B44CIM § 3.570
---B44WC4 1.550
(FSB)-B44CSC | 1.116
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L+ SE LS S0 ]
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51 ME& 185.22 107,72 021 1@5.22
51 C7A Z52.42 I9L,53 0 2005 0. 00

IB6.54 2085 .40
HM&S &.54 2.21 1 &. 54
=l M7 534432 28081 =546.3%2
17086, 42 2001 1706.42
1480.97 20A1 168@.37
1722012 70 L8l 177Z012

2001

2001

11@7.14
mblt. T4
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3.7.5 Beam 44 Focal Points (})

(Standard Optics)
Focal ' Horizontal Vertical Dispersion
Point Location Magnification | Magnification (mm/%)
F1 XFIWGC 1.0 1.0 0.0
F2 S1F2WC 1.65 0.50 -21.4
F3 S1F3WC 0.44 0.65 1.9
F4 B44WC1 1.00 0.25 -16.7

Center Scatter
F5B | Chamber (CSC) 1.04 1.00 2.6

Beam 44 Focal Points (Il)

Secondary beam optics
Focal _ Horizontal Vertical Dispersion
Point Location Magnification | Magnification (mm/%)
F1 XF1WC 1.0 1.0 0.0
=) S1F2WC 1.64 2.01 -24.5
F3 S1F3WC 0.44 2.67 2.7
F4 B44WC1 1.00 0.98 -18.2

Center Isotope
F5A Magnet (CIM) 0.71 3.12 3.7
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B1IW0B 1&2

BIwC)

6 mim.

B1610eca BIOMED BEAM

BoM!?

Bendin
Mag. 9

Channsl 2 _
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AMLINE

XH4 E1SEH
XMS Beading @ Box
Bending
X2BP1 X2ZHSS g. y DEVALAC
Steering [;‘—_.
Vertl. "

1 1

X261 \ e

Channal 1

W

XF1WC
2mm

XBL 874-1705



3.8.2 Biomed I Magnet Parameters

]29//3£7

Quadrupole Magnet Dipole Magnet
Eflactive
Beam Line Langth Poie Incoming | Outgoing :h'":
Elament (m) Max. tip Field Bend Bend Edge Edge ype (ia)
Gradisnt Radius | (1924G-m) ] Radius Angle Angle Angle
&G/m) (m) kG) (=) (deg.) (deg)) (deg)
(F1)-XF1WC -
——-AXQAWC 4.000
0.221
XQ4A 0.884 -147 0.1046 8QB32
0.284
XQ4B 0.884 +147 0.1046 8QB32
—-—— XM4UWC 0.220
0,242
M4 1.036 11.46 16.75 3.545 0 3.545 6-1/8x18x36C
0.173
M5 1.080 9.26 20.72 2,985 -3.545 6.529 6-1/8x29x36H
}— X2Q4WC 5.415
0.495
K2Q4A 1.308 -138 0.1046 8QB4B
0.216
X2Q4B 1.308 § +138 0.1046 8QB43
3.152
IBOM1 1.898 27.82 6.902 } 15.75] 7.875 7.875 15.4x16x72H
(F2)-BOWC1 2.756
0.350
M2 1.898 27.82 6.902 15.75 7.875 7.B75 S.4x16x72H
1.138
B1Q1A 0.882 +117 0.1016 LP8032
0.160
1Q1B 0.882 -117 0.1016 LPBQ32
(F3A)-B1lWCl 4.000
¥3B)-B11SC 5.704
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170cTES  EPE ACL PRINT  9:27:31
NAME DATE TIME ENTRY BEAM LINE
CURRENT 170CT8S  9:27:31 @ BIOM1
COMMENTS
BIOM1 SESMEV NEON TO CAVE i
€ 594.00 § 586.50
RAD= 599.5
&=5.234xG EXT PFW ACL= 5234 EXT
XS1 FEEDBACK SPILL
BEAM AT WIRE 17 AT F1
LARGE BEAM AT BIWC1 & BI1WCZ

COMPUTER COMTROLED SPILL
TUNE WITH NEW EPB @ AREA

PERTURBATION UNIT DATA

NAME FLAGS AMFLITUDE
X P1 P+ 89.Z5
X F2 P+ 8.18
X s2 S+ 2791.31
X S1 S+ 125.64
X 52 P+ .84
X M3 S+ -9.77
X S1 P+ 15.54
X M2 S+ -17.61
NAME SF AM
X F1 @ . a0 ¢.88
X Bz .00 @ 1
X g1 @ . @y @. @9
X sS2 i 3.54
X M1 F46.42 375.22
X M2 1098.81 11846.99
X M3 ?17.44 926.99
X Qza 921.84 5@9.83
X QzE 524.3@¢ S62.04
X MV 41.84 41.65
X MEAY) a. g o.ag
X M4 -349.8% -35@.17
X M5 119.59 121.1%
X a4A o G 3.48
X Q4R 0.0 .48
18] M2 10852, 46101845, 13
X2 MSE 11.51 11.94
2 Q4A AQGH.BE  46Z.8S5
=2 Q4Kp SH1.95  Sgd. 49
|15 M1 19681.1814727. 29
B¢ S1 1.25 W.77
Bl Q1A S47.35 T42.44
El QIE 351.91 355.93

*magnetic field in gauss

*

DELAY GATE
4910 1689
499 1510
470 1306
449 1150
ASO 1100
AQd 10
400 1244
429 1128
DI OFFSET

S .09

S ag.0a0

S a.ag

] 9.0

S a.00
2805 @.00
S 21210

) a. e

=] o. a0
20@1 41.84
1 210
2001 -349.83
2041 119.59
S . a0

S a. a9
26@119832. 46
20431 11.51
] A @i

S o. 00
Je119w681.18
1 1.25

1 S47.35

1 351.91
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DATA FOR ENERGY CALCUL~

INJECTIONIHILAC LOCAL

PARTICLE: Xl 2S5 FREQ

MASS NUMS 2 o 2S5 FIELD: -

/_o

INFLECTOR H.V3

CHARGE 3 K.ENERGY:

-12. 9 o

EXTRACTION: FFW: OFF:

FIELD: $§2 2> Y7

P1 CUF
Freas (- 7170 P2 CUF
BEAM RAD: 5 79. 5

RADIUS CURRENT TAIL
Mi: §94 3 372 € RISE:
M2: SEC G e ? e
MI3 ——mmmm : 21 S1 ON:



38.5 Biomed | Focal Poin
Focal Location Horizontal Vertical Dispersion
Point Magnrification Magnification (mm/%)
F1 XF1IWC 1.0 1.0 0.0
F2 BOWCA 0.98 0.98 13.0
F3B Isocenter 192 1.21 -45.0
(ISO)
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BIOMED BEAF

Channal 2 _
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BEAMLINE

X204 X2BP1 yoreo
Staeering
-Vert. ..
xzoi;c HEA e
6 mm
Chanaal 1

XBL 874-1705



3.9.2 Biomed 11 Magnet Parameters
Quadrupole Magnet Dipole Magnet
Effective
Beam Line Lenglh Pole Incoming | Outgoing -:lagr(l.e(
Element (m) Max. tip Field Bend | Bend Edge Edge ype (in)
Gradient Radius (192 kG m) | Radius Angle Angle Angle
(kG.m) {m) (kG) {(m) (deg.) {deg) (deg.)
(F1)-XF1WC -
--— XQ4WC 4.000
0.221
XQ4A 0.884 ~-147 0.1046 8QB32
0.284
XQ4B 0.884 +147 0.1046 8QB32
-—— XMA4UWC 0.220
0.242
M4 1.036 11.46 16.75 3.545 0 3.545 6-1/8x218x36C
0.173
XM5 1.080 9.26 20.72 2,985 ¢ -3.545 6.529 6-1/8x29x36H
-—— X2Q4uC 5.415
0.495
X2Q4A 1.308 -138 0.1046 8QB48
0.216
X20Q4B 1.308 +138 0.1046 8QB48
3.142
BOM1 1.898 27.82 6.902 § 15.75 7.875 | 7.875 5.4x16x72H
(F2)-BOWCL 2.756
4,651
B2Q1A 0.882 +117 ¢G.1016 LP8Q32
0.160
B2Q1B 0.882 {-117 Jo.1016 LP8Q32
(Fe)-B2WC1 4.578
4.581
B2Q2A 0.882 -117 0.1016 LP8Q32

141




Biomed II Magnet Parameters (cont.)

Quadrupole Magnet Dipole Magnet
EfTective
Beam Line Length Pole Incoming | Outgoing Magn_ﬂ
Element (m) Max. tip Field Bend | Bend | Edge Edge Type (in)
Gradient Radlus }(192kG-m)]| Radlus Angle Angle Angle
(kG/m) {m) kG) (m) (deg) (deg.) (deg.)
0.160
§82Q2B 0.882 +117 0.1016 LPB8Q32
0.947
{BZHI 1.085 +37.08 5.178 1+ 12 0 12 8x18x36LPH

(F4)~B2WC2 3.000

142
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150CT83

NAME
CURRENT B2

COMMENTS
NE S4&66 B2

EFB FCL PRINT

DATE
130CT8S

TIME

:9I:03

FiEiAz

ENTRY
7}

PAGE

1

BEAM LINE

BIOH2

&47aMEV/N NECN TO BIO BENCH
NEW EPBg TUNE. CTK.

X2M5S ON AND IN CAVE 1 POLARITY

E 59

4.0 B

586.54

B2M1 IN REVERSE POL.
15 GUASS TW.

FERTURBATION UNIT DATA

NAME
X Fi
X 2
X 2
X Si
X s2
X M3
NaME
X Fi
b 4 F2
X St
X -
X M1
X M2
X M3
¥ 03A
X oz
X M3V
X M4V
X M4
X M5
X 044
X 24B
B M2
X2 M55
2 aA
X2 Q4R
Dy M:
L& =31
2 M1
2 oA
B2 QiR
B2 2A
B2 azp

FLAGS AMPLITUDE

F+
P+
S+
S+
P+
S+

SP
0.0
a. 0
@.00
@. g
45650.58
1259.35
965.14
621.59
678,13
29 . @4
@.oa
-349.74
148.75
a@. o
gi. @
@il
34 . i
S524.76

o55. 54

11592.24
85.¢2
472.04
g . of
839.72
735.08
752.11

8d.76
32.95
291.31
1546.49
3@.85
14.22

ArM
¢.88
@.90
.44
2.869
499.13
1259.24
?72.44
610.59
723.25
20.63
bel12
-249.49
15¢.07
3.48
.48
29.21
. 60
S97.82
91.78
116616.89
85.41
472.42
8und. 2@
839.44
718.44
752.4%9

* magnetic field in gauss

DELAY
4yl
400
474
444
450
401

D

Zug

Mmoot Uen e~

2003
2001
2udt -
2081

9

=
J

1
2003
S

=
J

RAGIHRS B

1
2e1i1

1

1
priiindl
2001

AT XM4 WC.

8/64"

NO EXT PFW.

GATE
1684
1510
1Z6@
106@
11a4d

30

OFFSET
0. 00
@.H0
@, @y
0
. o
L
1 o $E5(H
¢ . g
iouin

29, o
g. 6o

F49.74

148.75
. o
ol . G
. dig

Zq ., ul
ol
(ol

592.24

85.82

472.44

8 . @i

839.72

725.658

752.11%
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FB.

DATA FOR ENERGY CALCULAT.

INJECTIUON:HILAC

LOCAL

PARTICLE:®
MASS NUM3
CHARGE 3

INFLECTOR

H.V

25 FIELD:

25 FREG : 2

L

K.ENERGV: C

~17.5 T

EXTRACTION: FFW: ON3

FIELD: 5’6—6 G

FrRep: 2.¢27
BEAM RAD: (v ¢
RADIUS

M1z §$20

mas $86-5

CURRENT

1257

TAIL W

RISE: /

TIMES

S1 ONs



3.9.5

Biomed II Focal Points

Focal Location Horizontal Vertical Dispersion
Point Magnification | Magnification (mm/%)
F1 XF1wWC 1.0 1.0 0.0
F2 BOWC1 0.40 0.98 13.0
F3 B2WCl1 0.84 0.45 -26.9
F4 B2WC2 0.43 1.03 13.2

107/, %
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& OF THE LOCAL INJECTOR

AL [NJECSTOR

1S1 Stit HAV
51 Farad "
sradiy oo " Pig 1ea Seurce
~.
-

~
at Sewrce HMagne!

170 Exft  Torbe pump
Gate Yalve

Diaghe agm
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— ¢ ‘ qate valve H/v

:n:mm .

152 Prafile meniter
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< fmysiven XBL 874-1710

-
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3.10.2 Local Injector Tuning Parameters

The following tables lisis some of the importani parameiers for tuning
the local injector. The first table 'Local Tune' listis the iypical tune
for the Local dinjector from 1lhe source to exit of Linac for several
different ions which are used most often for the Bevatron. The next set
of tables are actual tuning parameters saved on the computer for seiting
up the Local Injector for the different idons. As with EPB current
computer readouts, column one is the setpoint and column two is the actual
current in a particular magnet or source device. Scurce parameters are
listed first followed by the low energy beam transport (LEBT). Finally,
currents for the drift tube quads are listed up to the 'blockhouse' or the
exit of the Limac (see Fig. 3.10.1) and are saved on the computer. Drift
tubes labeled 0 - 3BA are located in Tank #1 of the Linac and drift iubes
labeled 38B - GR6 are located in Tank #2 of the Linac. The table called
'Linac Tank Gradient Setiings' gives the local linacs tank gradients read
from a RF pickup coil.

The following are typical ion intensiiies from the local injecior ati

various stations along the injector line.

Station 3 600 microamps 20 Ne+3
Diaphragm exit foil 550 microamps 20 Ne+7
Linac exit foil 400 microamps 20 Ne+]0
Linac exit cup 350 microamps 20 Ne”0

(Station 4)
EOS Cup (entrance to Bevatron 150 microamps 20 Ne+]0

Acceleraied beam 10]0 particles/pulse 20 Ne+10

April 1987 153



Linac Tank Gradient Settings

Exit
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LOORL-TINE

108

WSS

T1 CHARGE
T1 /A
Te CHARGE
T2 Q/A

RFQ GRADIERT

T1 GRADIENT

T2 GRADIENT
DIARHRAN FOIL
LINGC EXIT FOIL

ARC (AMPS)

SARC (VOLTS)

BRS PULSE (DELAY)
BAS PULSE {WIDTHI

EXTRACT (KV)
EINZEL (KV)
FAGNET (AMPS)
DECH (RV)

LEBT QIA (MPS)
LEBT QIB (AMPS)
LEBT Q2R (AiPS)
LEBT G2B (AMPS)

LEBT Ml (RHPS)

LEBT 037 {RMPS)
LEBT @3B (AMPS}
LEBT @3C (AMPS}
LEBT 03D (AMPS)

LEBY SMIH (AMPS)
LEBT SHIV (RMPS)
LEBT 5M2H (PWPS)
LEBT SK2V (AMPS)

T1 DRIFT TUBES
0

F VI

O mE -~

11
12

NEON 3+
20

3

0.15

b

0.3

1
1.8
1.b
N
IN

a2

21

17.5
16.3

A3
114

101.4

106.9
182.9
195.2
146.1

[— 2 = I — T =]

33.0
17.0
16.0
15.0
13.0

13.0
15.0
15.0
15.0
15.0

18.0
21.0
2l.0

NEON 4+
20
4
0.2

0.35

3,25
5.8
%1
IN
IN

2.6

1

19.7
16.6
10
A3

6.2
38
.2
4.5

18.5

60.7
151.1
191.7
136.1

[ = = =~ |

241
2.7
12.0
1.2
6.0

13.5
15.8
15.8

NEON 4+
22
i
0.182
1
0.318

3.8
6.4
8.4

19.%
16.8
eee

9.9
4.1
1.3
q1.1

B4.6

94.9
173.4
189.8
149.2

(= B — ]

2n.2
14.0
13.2
12.4
12.4

12.4
12.4
12.4
12.4
12. 4

14.8
1.3
17.3

NEDN 4+
o2
4
0.182
]
0. 364

3.8
6.4
1.3
IN
IN

2.b
0

19.5
16.8
222
45

9.9
AL
111.3
81.1

BA.6

94.9
179.4
189.8
143.2

[T o= I = ]

2r.2
14.0
13.2
12.4
12.4

12. 4
12. 4
2.4
12.4
12. 4

1.8
17.3
17.3

09/10/86

CARBON ¢ CRRBON 2 H2 1+

12
4
0. 167
4
0.3134

6.3
1
1.9
IN
IN

17
15.1
230
bl

2.1
34.9
101.2
8.5

9L.5

iz
15
156
124.5

[~ — B =]

2.6
5.3
14,4
13,5
13.5

13.3
13.5
13.5
13.3
13.3

16.2

18,9
18.9

155

ie

2
0.167
5
0.417

6.3
17
G.4
N
IN

2

17
153.1
230
St

a7
34,9
101.2
83.5

91.5

112
15
156
124.5

[— 2 = = B —J

15.3
14.4
13.3
13.3

13.5
13.5
13.5
13.5
13.5

16.2
18.9
18.5

e
-t -

(=]
.

g8

0.8

18.4
8.7
135

17

20
30.3
31.05
26.1
83.2

1.7
42.8

[ =T =~ B =]

9.9
a1
4.8

4.5

HE 1+
4
1
0.25
e
0.5

4.2
4.7
5.3
IN

oo

15.3
10,5
165

18.9
34l
63.4
57.5

62.03

22
122.7
136
93.5

[ = = I =]

19.8
10.2
9.6
3.0
9.0

9.0
9.0
9.0
9.0
9.0

10.8
12.6
12.6

OXYGEN 3 OXYGEM 3

i6

3
0.168
3
0.313

5.6
6.2
8.5
IN
IN

6.3
13.6
12.8
12.0
12,0

12.0
12.0
12,0
12.0
12.0

14,4
16.8
16.8

16

3
0.188
&
0.375

5.6
B.2
1.1
N
IN

2.5

28

i

19.4
13.6
220
45

63.9
87.3
65.4

8.3

£2.4
165.7
194.5
115.6

26.3
13.6
fe.8
12.0
12.0

12.0
12.0
12.0
12.0
12.0

14.4
16.8
16.8

Sl 4+
28

0.143

0. 321

1.3
8.2
8.3
IN
IN

2.5

19.2
14.5

59

180
145
123

101.7

113.5

1%
199.6
170.8

3.6
17.8
16.8
15.7
15.7

15.7
15.7
15.7
15.7
15.7

18.9
22.0
e2.0



LOCAL-TLRE

Im
13
15

15
16
17
18
19

&
Eusy wows=y 3
g

HLF @D 388
GRP & (23-38)
Fon}

2
21
28
23
30
)

x
3
34
35
k'

n
38
BRP 50 (33-50)
GRD 58 (51-62)
BAP & (B3-74)
HALF BAD 75

MNEDN 3¢ NEDN 4+
2.0 15.8
2lo 15,8
el.0 15.8
4 15.8
21.0 15.8
21.0 15.8
210 15.8
a2.0 16.5
2.0 1.3
23.0 17.3
23.0 17.3
23.0 11.3
2l.0 15.8
21.0 15.8
21.0 15.8
cl.0 15.8
2.0 13.8
el.0 15.8
21.0 15.8
2l.0 15.8
210 15.8
2l.0 15.8
2l.0 15.8
21.0 3.8
21.0 15.8
2.2 18.7
2l. 4 2l 4

5.0 5920
532.0 5%.0
393.0 599.0
605.0  £05.0
612.0  612.0
613.0 619.0
626.0 626.0
633.0 G20
839.0 639.0
646.0  646.0
6530 653.0
660.0 660.0
667.0 667.0
67480  B7M.0
680.0 680.0
680.0  680.0
ST 450
490.0  4%0.0
4%0.0 4%.0

NEON 4+ NEDN A+
1.3 1.3
17.3 1.3
17.3 17.3
17.3 1.3
17.3 1.3
17.3 1.3
17.3 1.3
18.1 18.1
19.0 19.0
19.0 19.0
19.0 19.0
19.0 19.0
17.3 1.3
17.3 17.3
17.3 1.3
17.3 17.3
17.3 11.3
17.3 1.3
17.3 17.3
17.3 1.3
1.3 1.3
17.3 1.3
17.3 11.3
17.3 11.3
17.3 1.3
21.6 a1.6
23.6 0.6

E51.6  569.2
e31.6  569.2
6.3 516.0
663.9 5817
673.6  584.5
681.3  595.2
683.0 6019
6%.7  608.7
703.3 6144
L0 622
718.7 6219
126.4 6346
73,1 6AL3
741.8  B48.1
748.4  633.8
748.4  6531.8
- 5538
5339.3 M2
539.3 M2

09/10/86

CARBON 2 CARBDN 2 H2 1+

18.9
18.9

18.9
18.9
18.9
18.9
18.9

19.8
e0.?
e0.7
20.7
20.7

18.9
18.9
18.9
18.9
18.9

18.9
18.9
18.9
18.9
18.9

18.9
18.9
18.9
2.5

22.4
£20.4
£20.4
627.7
624.0

641.3
648.7
636.0
663.3
669.6

676.9
684.3
£91.6
£99.0
706.3
712.6

112.6
HeEré
313.3
513.5

HE 1+
18.3 6.3 12.6
18.9 6.3 12.6
18.9 6.3 12.6
18.9 6.3 12.6
18.9 6.3 12.6
18.9 6.3 12.6
18.9 6.3 2.6
19.8 6.6 13.2
20.7 6.9 13.8
20.7 6.9 13.8
20.7 &9 13.8
20.7 6.9 13.8
18.9 6.3 12.6
18.9 6.3 12.6
18.9 6.3 12.6
18.9 6.3 12.6
18.9 8.3 fa.6
18.9 6.3 12.6
18.9 &3 12.6
18.9 6.3 12.6
18.9 6.3 12.6
18.9 6.3 12.6
18.9 6.3 12.6
18.9 6.3 12.6
18.9 6.3 12.6
23.5 1.5 15.7
16.0 13.0 15.0
4%.9  MAG AlA4
496.9  AMAA ALLA
502.8  419.3 A19.3
307.8 4235 4235
513.7  428.4  428.4
319.9 4313 4333
5¢5.4 A2 438.2
5313 431 Ml
536.3 M3 M3
.2 a2 AR
S548.1 4571 45MI
4.0 462.0  462.0
S559.8 AB6.9  4E6.9
S65.7 47,8 4718
570.7 47%.0 476.0
970.7  A76.0  476.0
AT A -0
ML.3 3k30 A0
411.3 3.0 WO

DXYBEN 3 OXYBEN 3 SI 4+
16.8 16.8 22.0
16.8 16.8 22.0
16.8 16.8 e2.0
16.8 16.8 22.¢
16.8 16.8 22.0
16.8 16.8 22.0
16.8 16.8 2.0
17.6 7.6 21
18.4 18.4 2h 1
18. 4 18.4 2h.|
18.4 18.4 241
18.4 18.4 24, 1
16.9 16.8 2.0
16.8 16.8 22.0
16.8 16.8 220
16.8 16.8 22.0
16.8 16.8 22.0
16.8 16.8 22.0
16.8 16.8 22.0
16.8 16.8 22.0
16.8 16.8 g2.0
16.8 16.8 22.0
16.8 16.8 22.0
16.8 16.8 2.0
16.8 16.8 2.0
20.9 20.9 2.5
23.9 20.0 2.3

6620  532.3  EAS.S
662.0 5525 6425
662.8 T9.1 6331
676.5 5SeA7T 6397
684.3 S5N.2  BBL.3
6%R.2 SI.7T 6149
700.0 58A.3  £82.6
707.8 . 5.8 630.2
7145 5%.4 6%.7
122.4 6029 70M.4
10.2 68035 7120
738.0 6160 719.6
743.8 B2R3 7213
7537 &%l 7.9
780.4 BT  TALA
760.4  B3A.T  TALA
HEF  Llh] A
347.9  A57.3 5343
547.9  437.3 533
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SAVEZ a7:

STATIONS

ARC 1

ARC E LIM
SFUT ARC E
SFUT ARC E L

EXTRACT E
EINZEL E
MAGNET I
DECK E

LEBT 0©Q1A
LERT OlR
LERT Q2A
LERT Q2R
LERT M1
DECK E

LERT QZA
LEET Q3R
LEBRT @3C
LERT @3D
LERT GSMIH
LEBT SMIV
LERT SMZIH
LEBT SM2V
DRIFT TUBRES
0] 32,183
1 18.879
2 18.5¢5
= 16. 4653
4 15.994
S 15.994
6 15.994
7 15.994
8 15.994
9 15.994
1a 2. @
11 26 G
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SAVEA4

STATIONS

ARC I

ARC E LIM
SFUT ARC E
SPUT ARC E L

152 uky gl

EXTRACT E
EINZEL E
MAGNET I
DECK E
LEERT Q1A
LEET O1R
LERT Q24
LEBT OZF
LERT M1
DECK E

LERT @3A
LEET Q3IH
LERT 03C
LERT ©3ID
LEET SMiH
LEET SMiV
LERT SM2H
LEET SM2V
DRIFT TURES
o 22,794
1 12.876
2 17, 708
3 14.517
4 1%.471
5 3. 444
6 12.987
7 12.188
8 12.595
9 15.885
10 15. 660
11 15.954
12 17.215
13 15. 6972
14 14.994
TIMING

4 20

2787
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15.1329
J.269
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4017
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57.436

61.929
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SAVESL 12128 @9/09/85

STATIANS

ARC 1

ARC E LIM
SPUT ARC E
SFUT ARC E L

EXTRACT E
EINZEL E
MAGNET 1
DECK E
LEET Q1A
LERT QIR
LEBT @2A
LEEBT QIR
LEBT ™1
DECK E
LEBT ©FA
LERT Q3R
LERBT OZC
LEBT Q2D
LEET SMIH
LEET SMIV
LEBT SM2H
LERT SM2V
DRIFT TUBES
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1 7.4@9
2 6. 8ad
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SAVEB @7: 22

STATIONS

ARC 1

ARLC E LIM
SFUT ARC E
SFUT ARC E L

EXTRACT E
EINZEL E

MAGNET I

DECK E

LEBT Q1A
LEBT Q1Ek
LERT Q2A
LEBT OZR

LEEBET M1
DECK E

LERT @
LERT Q3R
LERT @
LEET @

LEEBT SMI1H
LEBT SH1V
LERT SKM2ZH
LEET SM2V

DRIFT TURES

1] 32.995
1 17 . il
2 16.8043
3 14.994
4 14.994
pw] 1Z.996
1) 14.994
7 14.994
8 13.994
9 14.994
14 18. 7dE
11 22 .
12 21 . dam
13 21 . aisgs
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4.0 Some Magnet Currents vs Bevalac Field

Presented below are the settings of a given magnet in amps per kilogauss
of the Bevalac main field. For example, when the Bevalac's field is at 10 kG,
XM4 should be at 850 Amps. This is preliminary data which will eventually be
expanded. Also, the ratios of currents .in some magnets are given. For

example, when XM5 has 1000 amps through it then XM4 should have 2050 amps.

| _Magnet | Magnet Current/Bev Field | Current Ratio |__Channel |
| | Amps/Kilogauss | ‘ | |
I I | | |
| XM4 | 85.0 +3 | 2.05 | 1 I .
| __XM5 | 41.5 2 | 1 | 1 I
| SIM3 | 25.0 | | 1 |
| __S1M3 | 23.5 | |Septum Ch. |
| SI1M4 | 228 | 6.16 |Septum Ch. |
| SIMS | 87.0 ] 2.359 |Septum Ch. ]
| _SIM6 | 37.0 ] 1 |Septum Ch. |
| X1Q4A | 159 +4 | 0.987 | 1 |
| X1Q048 | 161 +2 | 1 lor Septum |
| s1Q7a | 116 1 | 0.906 | Septum |
| __S1Q7B | 128 +1 | 1 |__Septum |
b XM4 | 61.5 +1 | 2.32 i 2 ]
| __XM5 | 26.5 +1 | 1 | 2 |
April 1987
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5.0 Some Dipole Tuning Hints

5

5.

5

A

2

.3

Extraction Channel: Magnets XM2/XM3.

Horizontally the beam should be centered at following wires

XM2WC wire = 16
XM3WC wire = 29
XMAWC wire = 10

Centering the beam on wire 29 at XM3WC minimizes quadrupole steering
by XQ3.
Channel 1: Magnets XM4/XM5.

Horizontally the beam should be centered at the following wires

X1Q4WC wire 16

SIM3WC wire

16

Centering the beam on wire 16 at X1Q4WC minimizes quadrupole steering

by X1Q4.

The procedure is as follows:

1. Put in the nominal currents for XM4/XM5 from a previous tune or
scaled currents.

2. Adjust the XM5 current to center the beam at SIM3WC, wire = 16.
(Do not center on wire 17).

3. Adjust the XM4 current to center the beam at X1Q4WC, wire = 16.

4. Repeat step 2.

5. Repeat siep 3, continue to repeat first step 2 then step 3 until
the beam is centered on STM3WC and X1Q4WC.

Channel 1: Magnets XM3V/XM4v.

Vertically the beam should be centered at X1Q4WC wire = 16. This

minimizes quadrupole steering (vertically) by X1Q4.
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5.4 Channel 1: Magnet S1M3.
Horizontally the beam should be centered at XiQ5WC, wire = 16 to
minimize quadrupole steering by X1Q5.

5.5 Channel 1: Magnet XIM5S.
Vertically we require for the following beam 1ines:
Beam 26: The beam should be centered on B26WC2, wire 16 to minimize
(vertical) quadrupole steering by B26Q1. Do not center the beam
vertically on B26 WC1 (wire = 16).
Beam 40: The beam should be centered at wire = 16 at X1Q5WC.

5.6 Beam 26: Magnet X1M6/B26M1

* Horizontally do not center the beam on B26WC1 (wire = 16). This wire
chamber 1is badly misaligned (due to hardware constraints, it is
difficult to reorient). Note the wire chanber pictures of B26WC1 in
Sec. 3.1.4. Set XiM6 and B26M1 at nominal values from scaling or
previous known values.
1. Use X1M6 to center the beam on B26WC2.
2. Use B26M1 to center the beam on B26WC4.
3. Repeat step 1 and then 2 etc. until the beam is centered on both
wire chambers.

5.7 Septum Channel: Magnet S1M3.

Horizontally the beam should be centered at:
S1F2WC, wire = 35

This maximizes the anguiar acceptance in the downstream magnets S1M4,
SIM5, S1M6. Note: the railio of the horizontal to vertical beam size
at F2 is 3 to 1. Do not iry to make the horizontal and vertical

beams sizes the same (See Sec. 3.7.3)
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5.8 Septum Channel: Magnets S1M4/S1M5/STMb.

Horizontally the beam should be centered on

SIMBWC, wire = 16
S1Q7WC, wire = 16
S1F2WC, wire = 16

The procedure is as follows:

1. Put in the nominal currents (previously saved or scaled) for

STM4/51M5/51M6.
2. Adjust the SIM6 current to center the beam at S1F2WC, wire = 16.
3. Adjust the SIM5 current to center the beam at SIQ7WC, wire = 16.

4, Repeat step 2 and then step 3 until wire position conditions are
satisfied.
5. Adjust the S1MA current to center the beam at SIMBWC, wire = 16.
6. Now repeat step 2 and step 3.
7. Repeat step 5. Discontinue when all conditions are met.
5.9 Septum Channel: Magnel S1M5S.
Vertically the beam should be centered at
S1Q7WC, wire = 16
to minimize (vertical) quad steering in S1Q7.
5.10 Channel 2: Magnets XM4/XM5

Horizontally the beam should be centered at the following wires

X2Q4WC wire = 16

X2F2WC wire

I

16

Centering the beam on wire 16 at X2Q4WC minimizes quadrupole steering

by X20Q4.
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The procedure is as follows:

1. Put in the nominal currents for XM4/XM5 from a previous tune or

scaled currents.

il

2. Adjust the XM5 current to center the beam at X2F2WC, wire 16.

3. Adjust the XM4 current to center the beam at X2Q4WC, wire = 16.

"

4. Repeat Siep 2.

5. Repeat Sept 3, continue to repeat first Step 2 then Step 3 until
the beam is centered on X2F2WC and X2Q4WC.

This procedure is the same as in Channel 1 (see Section 5.2) but will

require more iterations since X2Q4WC is further downstream of XM5,

then X1Q4WC.
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