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Introduction

This handbook 1is intended as an aid for tuning the external particle beam
(EPB) 1lines at the 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 1ines and beam optics. Next, each beam line is described in detail:
schematics of the beam 1line components are shown, all the variables required
to run a beam transport program are presented, beam envelopes are given with
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 bmagnet'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 4 MeV/amu @ F1
Hydrogen ] 1 1 4900 2 x 10°
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 1k 5 5 1840 1 x 109
Carbon 12 6 6 2100 5 x 109
Nitrogen 14 7 7 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 217 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 107
48 20 20 1640 1 x 107
Manganese 55 25 25 1840 1 x 106
Iron 56 26 24 1700 2 x 108
16 1050 5 x 107%
Nickel 58 28 26 1810 1 x 100
Krypton 84 36 33 1510 1 x 107
Niobium 93 41 35 1420 1 x 108
23 770 8 x 107
Xenon 129 54 45 1280 5 x 109
132 54 45 1240 1 x 105
136 54 45 1180 3 x 100
Lanthanum 139 57 52 1410 1 x 10°
48 1260 4 x 107
32 690 8 x 10/
29 587 6 x 107
Ho Tmium 165 67 54 1170 2 x 109
Gold 197 97 61 - 1080 1 x 109
37 490 1 x 10/
35 450 5 x 106
1 50 1 x 109
Uranium 238 92 68 960 1 x 106
40 410 1 x 107

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

** (Ref. 1)
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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 ubper 1imit in rigidity

which it can transport. The rigidity is given by

Ro= RB = P/A = poep Bey

(Q/A)

where Ro 31.07155 kG-m = moc/e

[n(2+n)]%

(I/A)
W
‘ 0
= 931.5016 MeV/amu = moc2

~charge state of the ion = Qe

1

where yB

n

atomic mass = Amo

kinetic energy

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

W
0
q
m
.
p
B
_ e
Peff

Thé ihportance of the beam rigidity is that for a given beam obtics
the magnet field strengths (and currents) scale linearly with rigidity
(where there is no magnet saturation). The following two pages a]]ow one
to determine the maximum energy for a given charge/mass ratio that a
particular beam line 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 particular beam line is
given in Fig. 1B for that particular (Q/A). (e.q. 136Xe in the +45

charge state must have an kinetic energy below 295 MeV/amu to be

transported down Beam Line 44, which has a rigidity limit of 80 kG-m).
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Table

2.2.1

Rigidity for Ions with Charge/Mass of 0.5

T/A 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
50 ~0.332016 10.31625 20.63250
60 0.364655 11.33039 22.66078
70 0.394895 12.27000 24.54000
100 0.475638 14.77882 29.55764
150 0.589908 18.32935 36.65870
200 0.689575 21.42615 42.85230
250 0.780255 24.24372 48.48744
300 0.864780 26.87005 53.74010
400 1.021384 31.73597 63.47194
500 1.166900 36.25738 72.51476
600 1.305042 40.54967 81.09934
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 78.51737 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 rigidity limit of 65 kG-m when the focal
point (F4) before the quadrupole (B44Q2A) is 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 horizonta] 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 1in 1length, 2z, between the
1ongitudiné1 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' is defined as the ratio of transverse to
Tongitudinal velocities. That is x' = dx/dz = VX/VZ’ 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 ellipse as shown in Figure 2. (This 1is a projection.'of the six
dimensional e]]ipﬁoid on the x'-x plane). The area of fhe ellipse 1is
given by Ex = xoxo' and 1is called the horizontal emittance: the
vertical emittance 1is just Ey = q 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 tracking 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 1in the six dimensional coordinate system. The finput to such

programs are the initial six coordinates of the ellipse (xo, X y

o' Yo’ Yo’

April 1987 11



(a)Phase space ellipse at a waist
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z Ap/p) - see Fig. 2) when emerging from the accelerator, and the beam

o’
line magnet positions and field strengths. In Table 2.3.1 we 1ist the
maximum transportable angular divefgengiés (xo', yo') and momentum spread
(ap/p) speﬁified at the initial F1 focal point, for the Bevalac beam
lines. Typically, the output from such 'cbmputer brograms is a tlracing
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 beam profile is

approximately Gaussian, the beam envelope's horizontal half-width is then
x(envelope) =2.36 ers ~FWHM with the same relation for the vertical
envelope. The horizontal and vertical beam envelopes for the maximum
transportable emittance, and for a beam momentum spread Ap/p = 1% are
shown 1in 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 x_ = Yo = 5mm. The divergences xo' and yo‘ were taken as

0
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 distance down the
beam Tine or optic axis 1is given in meters while the half - widths of the
horizontal and vertical envelopes are given in cm. Obstructions for a
given beam line are generally not shown. The magnet names for a given
beam line are listed at the top of each page as well as whether a given

quadrupole 1is horizontally (H) or vertically (V) focussing. Note the

following aspects of the envelope pictures:

April 1987 13



Table 2.3.1

Bevalac Beam Line Acceptances
Angular divergence at F1 Momentum
Eﬁaem Horizpntal Vertical Spread at F1
+Xo tYo +Ap/p
26 7.5 mr 42 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 (1) 7.5 5.0 0.73
44 (1) 7.5 20 0.73
Biomed | 3.7 6.4 4.2
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 certain
horizontal and vertical size and divergence which will determine the
initial emittance. The emittance of a beam of particles emerging from the
Bevalac varies according to energy; low energy beams have emittances of
about 30 v mm-mr while high energy beams have emittances of about 10 «
mm-mr. (This is a consequence of adiabatic démping in the;Beva1ac). As
the group of particles travels down the beam 1ine the ellipse changes
shape, but the area remains constant (if there are no obstructions). This

is a statement of Liouville's theorem.

B. The dispersion dx for a given beam line tune gives the horizontal
displacement of a particle with a rigidity (R + AR) differing from the
central rigidity R (Optics nomenc]éture often equates AR/R = Ap/p).
The dispersion is propoftiona] to AR/R, that is dx = 8x AR/R where 6x
is a function of the longitudinal position along the beam line. In the
beam enveTope pictures the dispefsion ﬁs given by the dotted line for
AR/R = 1%.

Dispersion is produced when a group of particles is bent by a dipole
magnet. Particles with lower values of R are bent more than particles
with higher values of R.  Once off-axis, the dispersidn vector will be
focused or defocuséd by the subsequent quadrupole and dipole magnets. 1In
Sec. 2.2 we see that a spread in beam rigidity can occur due to beam
energy spread (AT), different isotopes (AA) or different charge states
(AQ). The dispersion.has iwo 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 distributions in both coordinate

and momentum space, the horizontal half-width becomes

2
X ?

X = v/;z (envelope) + d

April 1987 16



where x(envelope) 1is the monoenergetic half-width of the beam of
particles. The momentum spread of the beam at the exit of the Bevalac is
typically ap/p £ 0.1%:

Usually, beam line optics are designed to give zero dispersion at the
target focal point. A beam 1line of this design is 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 minimum variation in beam size with
respect to beam enefgy.changes. Those positions along the beam l1ine where
the dispersion 1is 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 Tine quadrupoles.

(b) The dispersion = 0 at the target with minimal slope Adx/Az ~ 0.
(ii) A second effect of dispersion is to separate beams of different

]39La in the +30

charge or isotopic mass. As an example, 50 MeV/amu
charge state ‘traveling through a poor vacuum (8 x 10'5 Torr) in thevFl
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
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Another example is shown below. The wire chamber distribution on the
left is that of a 450 MevV/amu U (+92) beam at the Beam 40 wire chamber 2
(wires have a 2 mm spacing). When the 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 : 91 92

,llmml“"

N

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 colliimators. 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, collimators 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:-1ists, wire chamber pictures and

magnet current lists. ' B e

A. Magnet Parameter Lists (See Sec. 3.1.2)

The magnet parameter lists give the optic elements for input into 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 thé incoming and outgoing beam. The sign convention
can be obtained by examining the Bevalac map and the magnet 1list.
Finally, the magnet type 1is given. The dipole dimensions are listed in
the order of gap, pole tip width and pole tip length.” Some of the 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 beam line is located on
the right of the wire chamber pictures. After the name, the voltage
applied to that chamber is listed. Higher voltages are required when the
particle flux is low. (The 6mm wire chambers are more sensitive for
detection of low particle fluxes). On the next 1line the auto-ranging
information is given. A0 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 information the wire spacing
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distance is given. The horizontal display of each wire chamber is shown
on the Teft followed by the vertical display. Given next to each
distribution are the mean and the standard deviation from that mean of the
wire number distribution. 1In most cases beam center is physically located’
at wire #16. The four vertical dots indicate 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 line. It is
importanf to realize that the mean and standard deviation of the
distribution of wire numbers is often.distorted and in error due to noise.
on the chamber. The distributions can also be intensity dependent.

C. Current Values of the Magnet (See Sec. 3.1.4)

The current values associated with the wire chamber pictures are
given on the following page. The name of each magnet for a given beam
Tine 1is Tisted on the left side of the page. The current in each magnet
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), the position of the extraction

magnets (MICE) and information about the type of 'spill' used.
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2.5 Emittance at F1

Using known distances between wire chambers and using the beam sizes
at these wire chambers, one can estimate the emittance ét F1, the first
external focal point of the Bevalac. The distances between 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: 14.439 m
Any two wire chambers may' be used to determine the beam's size and
divergence, or they may va]] be used for comparison. If r is the
full-width at half-maximum beam size and L is the distance between the F1
wire chamber and some downstream wire chamber, the divergence ro' is ro’
~ r/L. Shown 1in 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) horizontal and vertical emittances
are similar, with a value ¢ = 20 « mm-mr for the few samples of data
taken. Due to beam cooling in the Bevalac accelerator, the emittance has
a dependency on energy. Since the error in the horizontal and vertical
emittances 1is large due to the crude determination of beam size and
divergence from wire chamber pictures, we have averaged the horizontal and
vertical emittances at a given energy. Shown in Fig. 6 1is this average

unnormalized emittance for some Bevalac fields. 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

E

ALL DIMENSIONS. IN INCHES

.010 ALUM.
XF162 e g _\ —_—
F-1 VAC. MYPC = . '—f
CHAMBER L N .

——— 0-1.0
: -HORIZ. & VERT Q

DEPLETED URANIUM

COLLTMATOR — éf !

1.G00 X 2.0V X 3.0 BERYLLIUM (D)

<
|

s .005 MYLAR
~ | 002 MYLAR
: 010 MYLAR
.042 PLASTIC DEGRADERS — M 002 COPPER (E)
SCINTILLATOR R
NUG. ENT. E-104 L 3 z 001 coppe
SCINT-» L H—(2)-4.0 SQ X .0015-1100 ALUM.
‘ : . SEN—~ J o
(2) 4.0 DIA : — ~—(9) 4.0 DIA X .00025-1145-H19 ALUM.
X .001 ALUM. :
XEIGT —— - :
_ (2) 4.0 DIA X
.020-6061-T6 ALUM. ‘ .010 ALU - 0.8
.300 THK. NEMA G-]O_/ ' I
INSULATING FLANGE ! i

$ REMOVABLE POLAROID

RCFERENCE DRAWING:
20F6966 - F-1 AREA LAYOUT

(XBL 874-1691)
NOTE: THE FOILS AND THE DEGRADERS MAY BE CHANGED.
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9¢

2.1

Name
XF1JAWS
X1F2/ST1F2JAWS

X1JAWS

X2 JAWS

X2F2JAWS
B40JAWS

B42JAWS

B39JAWS]

B39JAWS?2

BOJAWS

STF3JANWS

B44SL1
*(Ref. 2)

0981s
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 Dnstr. B40OWC1
N/A Dnstr. B42WC1
Drive Unit
1760076
N/A Dnstr. B39WC3
From Brookhaven :
Same as #1 Dnstr. B39WC4
N/A Dnstr. BOSI
20E4066 Upstr. STM7
20E4066 Dnstr. B44
ug

Beam pl

Position of

Ver

Jaws

./Hor.

Hor.

Ver

./Hor.

Ver.

Hor

Ver

Hor

. (Anderson)

. (Anderson)

. (Manual)

Hor.

Hor

Hor

./Ver.

./Ver,

Hor.

Hor

Hor

./Ver.

./Ver.,

Size of Jaws

(inches)

Material

4H x 4W x 4L

3-5/8x5-1/2x6-3/4

3x8-5/8x24

4-1/8x8-1/4x12

4-1/8x8-1/4x12

2llx4llx8|l

4"x8"x19"

2-3/4x4x1.4CM

2-3/4x4x1/2
3-1/2x4x2

3-1/2x4x2

4"x8"x10"

3-3/4x7-1/4x9-1/2

3-3/4x7-1/4x9-1/2

Type

Depleted Uranium Spot size

Lead

. Lead

Lead
Lead

Lead
Lead

Copper

Carbon
Lead
Lead

Lead

Lead

Lead

Lead

Spot size

Divergence

Divergence

Spot size.
Spot size
Spot size

Divergence

Spot size

Divergence

Spot size

Spot size
Divergence

Spot size



3.1 Beam 26
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STREAMER CHAMBER

B26WC6
émm

B26M4

Portable
2 mm.

B26M2

B26Q2A/B

B26WC4
6 mm

BEAM 26

BEVALAG
|
B260Y ! EPB 1 CHANNEL |

X1F2/S1F2 JAWS
Hor iz,

XBP1 XF16Y1
XM4yY remaote

® Box‘

X1Q5A/8 XIG’V{Z XM5 XM4 XQ4A/B
Jr( éerzo ® sim3 ftH Ey
3 : SEM
BEAH 40 % xMawc XQaWe . 'Ll.v?E__
=] < 6mm oMM xpigv2 XEIW
;- X1Q4WC remote

remote

| CHANNEL {
SEPTUN CUANNEL BEAR 39 T

YBL 874-1706
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3.1.2

Beam 26 Magnet Parameters

Beam Line
Element

Effective
Length
(m)

Quadrupole Magnet

Dipole Magnei

Max.
Gradient
&G/m)

Pole
tip
Radius

. (m)

Field
(192 kG-m)
kG)

Bend
Radius
(m)

Bend
Angle
(deg.)

Incoming
Edge
Angle
(deg.)

Outgoing
Edge
Angle
(deg.)

Magnet
Type (in)

(F1)-XF1WC

—-— XQ4WC

4.000

0.221

C[XQ4A

0.884

-147

0.1046

8QB32

0.284

XQ4B

0.884

+147

0.1046

8QB32

~—= XM4WC

0.220

0,242

XM4

1.036

-16.88

11.37

5.222

5.222

6-1/8x18x36C

0.173

XM5

1.080

-13.50

14.22

4.351

-5.222

9.522

6-1/8x29x36H

—-—- X]Q4WC

0.282

0.235

X1Q4A

0.884

+144

0.1046

8QN32

0.284

X1Q4B

0.884

=147

0.1046

8QB32

-—- SIM3WC

4.862

0.340

SIM3

2.250

4.51

42.58

3.028

3.028

4.38x15x84H

(F2)-X1F2WC

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.)

; Quadrupole Magnet Dipole Magnet
Effective : )
Beam Line Length Pole Incoming | Outgoing _:"“':.“)
Element (m) Max. tip Field Bend Bend Edge Edge ypelin
Gradient Radius | (192kG-m)] Radius ]| Angle Angle Angle
&kG/m) (m) (kG) (m) (deg.) (deg.) (deg.)
X1Mé6 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
(F4)-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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X1a4
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o
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“Oct B& A& MM
= 1001 \olts
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BZ26WC 4 1290 Volts

17.9 14.82
=0 3 ~ . Auto Range T B On
T ||| [ YO _.n.lll“.lu. .......... “*Y 21:59:55 2T Oct B& 2 MM

2.0 . 2.0 BZoWCS 2008 Volts
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3.1.4 WIRE CHAMBER PICTURES AND MAGNET CURRENTS
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N

270CTR6 EFE ACL PRINT 22:16: 37 FAGE 1
NAME DATE TIME ENTRY BEAM LINE
NE7284 B26 2Z0CTBL 22:16:138308 BEAM264
COMMENTS
NE7284 B26 BEAM TUNED TO B26WCS

UNABLE TO GET A NO GQUAD STEETING TUNE

E S94.0 5 586.58

RADIUS &00.1
XS51 FEEDBACK
EXT PFW ACL 63I9Q EXT

FERTURBATION UNIT DATA

NAME

X F1
X P2
X gz
X 51
X sz
X M3
X St
X M2
NAME

X P1
X F2
X S1
X g2
X M1
X M2
X M3
X ZA
X XIB
X M3V
X M4V
X M4
X M5
X1 Q4A
X1 4B
X1 MSS
51 M3
X1 ascA
X1 @SB
X1 Mé&
X Q4A
X 24B
B24 M1
B24 Q1A
B24& Q1B
BZ& 02A
BZ4 0ZB
B4@ M2+7Z

+
F+
S+
S+
F+
S+
F+
S+

SP
2.060
2.20
-1.68
-0.026
503.05
1466.60
12@1.82
766.76
758.92
10.00
0.0
617.84
I01.42
1125.91
115@.88
54.53
183.21
1840.084
1220.21
764.29
2.00
2.00
684. 466
1119.87
1044.94
o?5.48
6Q7.90
B0A. 68

S
&~

FLAGS AMPLITUDE

77.33
?1.31
51.28
Z0.84

-9.77

Z6.71
I2.08

AM
D. &6
Q.29

T
w el

2.8
545.77
1504.49
1218.76
740.738
817.03
?.40
1.47
617.59
384.45
1135.24
1281.356
o4.11
187.89
18335.61
1018.61
756.088
@.20
@.020
724.96
1129.95
13546.67
592.45
619.322
4.89
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SFILL

DELAY GATE

400 1680

400 1510

470 1300

449 1420

450 1100

4Q0 1400

400 1500

400 1459

DI OFFSET

S 2.20

S 2.00

3 2.82

3 2.00

S 2.00

2085 2.0

3 ©.00

S 0.0

5 @.00

2001 10.00

1 0.00

2001 4617.84

2001 3@1.4Z2
=085 .82 -

2083 2.00

=001 54.5%

200 183.731

2001 10240.04

2021 1020.21

2001 764.29

S 2.020

S 0.00

1 684.66

1 1119.87

1 1044.94

1 595.48

1 607.°90Q

1 B80Da.&s8



3.1.5 Beam 26 Focal Points

FO(.:al 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 B26WC1 1.03 0.87 20.6
F4 | B26WC3 1.25 0.35 -8.0

" F5 | B26WC5 0.42 0.56 2.3

.39




3.2 Beam 30
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g
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3.2.2 Beam 30 Magnet Parameters

Quadrupole Magnet Dipole Magnet
Beam Line Effective ] Magnet
Element Length Pole Incoming | Outgoing Type (i)
(m) Max. tip Field Bend | Bend | Edge Edge ype
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 14,22 14.351 }-5.222 9.522 6-1/8x29x36H
---X1Q4WC 0.282
0.235
X1Q4A 0.884 +144 0.1046 8QN32
0.284
X1Q4B 0.884 -147 0.1046 8QB32
---SIM3WC 4,862
0.340
S1M3 2.250 -4.42 43.44 2.968 0 2,968 4,38x15x84H
(F2)-S1F2WC]0.770
0.645
S1M4 1.405 -14.31 13.41 6.0 0 6.0 2%x7%x48H
0.370
"SIMS 2.250 -16,38 11.72]1 11.0 5.5 5.5 Ux38x15x84H
---S1IM6WC 0.247
0.247
45
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Beam 30 Magnet Parameters (cont.)

Quadrupole Magnet Dipole Magnet
Effective
Beam Line Length Pole Incoming ] Outgoing M'agn.et
Element (m) Max. tip Field Bend Bend Edge Edge Type in)
Gradient Radius | (192 kG-m)] Radius Angle Angle Angle
(kG/m) (m) (kG) (m) (deg)) (deg.) (deg.)
S1M6 2.250 -6.18 31.07 4.15 4.15 0 4.38x15x84H
---S1Q7WC 2.350
0.336
S1Q7A 1.308 -138 0.1046 8QB48
-0.216
S1Q7B 1.308 +138 0.1046 80B48
---S1IM6SWC 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
---B30OWC1 0.594
(F4)-B30WC2] 5.760
---B30WC3 4.660
0.185
B30Q3A 0.490 ~-146 0.1046 80QB16
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 8QB16
(FSA)-B30WC4} 3 315
(F5B)-B30WCS | 3,830
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CATE = TIME ENTRY BEAM. LINE

MNAME
CURRENT SB3@29MARBSG 12:42:43 1) BEAM3D
CCMMENTS

NB37 12.5B3¢

PERTURBATION UNIT DATA

NAME

Pt
F2
€1
€2
Mt
n2
M3
Q3R
Q3
M3V
Mav-

M3
QA
Q4B
M3S
@3A
Q4B
M3
M4
M3
Mé
G7A
Q78
Mas
n7

Q3A/B
Q4A/B

FLAGS AM
Fe

P+
S+

s

S+

S+

P+

SP
2.00
©.00
-3, 00
-ID. 18
8946.19
2328.92
1382.42
1359.15
1295.37
71.20
.00
1876.087
431.646
1801.24
1864.71
.00
3.0
0.00
272.446
2719.27
9867.35
42%.97
13A7.99
1418. 49
35.03
43.54
1100.00
1070.00
2550.00
2360.00

FLITUDE
187.66
-0.71
7.71
1046.54
-15.21
99.91

AM
Q.88
3.03
v.44
3.42
69.72
2334.73
19@7.20
1359.59
1422.33
70.5%
@.73
1075.82
435,15
1833.21
18688.47
3.52
@ . e
.3
276.22
2711.92
9467.93
429,34
12985. 66
1453.43
33.38
490,17
1100.00
1070.00
2550.00
2360.00

1.54GEY/N NB37 STRIP 41 TO B39.

E S94.0. S SB&.S

RAD. 603 FFT 2.311MHI.

"X31 FDBK. SPILL.

EXT PFWS: "12573/EXT".

"WIRE 23 AT F1l. ALL STD F1 MAT. IN.

DATA FOR ENERG'Y CALCULATION

DELAY GATE  [MJECTION:HILAC  LOCAL
400 1200 _ 3"
410 1210 parTICLEY WV 25 FREG 1 372
400 1020 :

agy 1198 MASS NUMi®3 28 FIELDY &2 7
430 1453 -

A0 122 CHARGE 3 374/ K.ENERGY: €537 h&;
460 1690 : , -
INFLECTOR H.Wt
Dt OFFSET - :
5  0.08  EXTRACTION: PFW: OFF1
. Q.30 :
S 0.00 FIELL: |2.575 G F1 CLRS
g 9. 09 _ .
s o.08  FREQs 2 3/ 1142 P2 CURs
g 8.0 o _
= o, o BEAM RADY Ce ©
5 . A :
] 2.00 .
2001 71.20 * RADIUS - CURRENT TAIL WAG
1 a. M1 G ¢ I RISE? - GAUSS
2001 1976.67 _ '
2001 431.66 20 C8C.C 3 TIMES - mSECS
7 g.on ,
5 . B M3t ==—me—e 3 51 @ OFFt
2001 ) ,
5 ?.00 - . B2 OMs  OFF
S 0.00 .
2001 272.66 STD MATERIAL AT Fis(IN:) OuTe

5 1199.99 - ———— e
2005 S64.65 .
200%  423.97

5 3.0
5 m.ma
i igzgﬂ OPTICS (I)
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17.1

16.9
1.0

16.8

4.0

: 17.1
7.0

.. 1 " ... 15.5

...... lll l "ll.. cecmaens 3
. s . L . . s . . . 3 . . . 17- 6
1.0

.............. LJH"""“"""""""""jJ"""""“.

.. C e e .."ﬁ . 16.5
hhh S5.5
R - 16,4

XM=
_Nanual

Range
27:10:39 13

XF 1
Auto Range 7

27:11:02 13
XrM4a

Auto Range 7
23:11:42. 13
X124

Auto Range b

27:12:18 13
S1MS
Auto Range 7

23:12:51 13

S1/X1F=2 00

‘Auto Range 6
23:13:30 13
S1M&SE
Auto Range 7
27114121 1Z
S1Q7

Auto Range 7
23:14:52 13

S1M&6S
Auto Range 7
15:43 13

PR

S1F3
Auto Range 7
23316213

BTOWC1

Auto Range 5

2Z:17:¢18 13
B=ZAaWC>=

Auto Range 6
27:17:5@ 13

13

QW Volts
S R On
Jan 87 = MM
500 Volts
B On
Jan 87 2 MM
S0 Volts
E On
Jan 87 & MM
500 Volts
E On
Jan 87 &6 MM
750 Volts
E On
Jan 87 & MM
Volts
B On
Jan 87 I MM
oS00 Volts
B On
Jan 87 & MM
1200 Volts
B On
Jan 87 &6 MM
1000 Volts
‘ B On
Jan 87 6 MM
S0 Volts
B On '
Jan B7 2 MM.
S508 Volts
B On
Jan 87 6 MM
oS00 Volts
B On
Jan 87 &6 MM



[

[
&)

tJ

oo

R

BEZowcCc4a 1000
Auto Range 7 B Un
2X:18:32 13 Jan 87

TAaAWCS 1000
Auto Range 7 B On-
27:19: 03 13 Jan 87

Volts

Volts

3.2.4 WIRE CHAMBER PICTURES AND MAGNET CURRENTS

OPTICS (II)
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130aN37 EFB ACL PRINT 23

NAME

DATE

AR 12575 B3B13JANB7

COMMENTS |
AR 12575 BZ0

TIME

25:49

ENTRY

22:50: 548402

S PAGE 1

BEAM LINE
BEAMZQ

1.8 GEV/AMU AR+18 TO B30
4.@ S 586.6

E 59

RADIUS 599.8%5
SPILL.

XSt

FB.

EXT FFW ACL

WIRE
WIRE
ALL

16 XMAWC

12578

36 S1F2WC

STD

PERTURBATION UNIT DATA

NAME
X = P1
X P2
X 52
X M2
X St
X M3
X S1
NAME
X F1
X P2
X 51
X 82
X M1
X M2
X M3
X ozA
X IR
X M3V
X M4y
X M4
X M5
X1 Q4A
X1 04B
X1 MSS -
X 04A
X 04B
S1 3
St M4~
' 81 MS
S1-  Mb
s1 074
.St Q7B
S1 M&S
S1 M7
0 M2
BI0 M3
30 04A
B30 04B
B30 Q1
B30 Q2
B30 Q3A/B

B30  Q4A/B

FLAGS AMFLITUDE

P+ T 202.49
P+ 2.00
S+ 7.71
5 -30. 66
S+ 106.54
S+ -15.21
P+ 22.8B6
SP AM
.20 0. 66
@.00 @.29
-2.94 0.00
-@.15 3.05
840.42 ©<B4.98
2T08.09 2313.35
1859.67 1874.&73
1348.38 1347.46
1322.85 1434.05
.00 Q.24
0.00 3.18
1088.04 1091.55
530.24 S3I3.07
2004.99 2025.38
20468.99 2059.67
2.93 5.04
2.00 T.48
0.00 .48
289.320 293.15
2981.59 2980.20
1151.44 1137.20
422.80 424.26
14268.58 14592.20
1572.65 1587.72
52.85 51.98
44 .45 48, 88
2.00 1600.29
.00 2.00
' 3.00 2.00
.00 v, 00
899.00 899.00
770.40 770.40
1251.60 1251.60
2632.80 2632.80

55

F1 MAT IN.

EXT

DELAY GATE

400
410
4020
400
400
400

AU AU U UG U e

1200
210
1030
1190
1450
122

1670

OFFSET
2.00
0.00
2.020
2.0Q
2.00
2.00
2.00
0.00
2.00
2.002
2.00

1288.04

530.24
2.00
2.00
2.93:
2.208°
2.020

289.70

1199, 99
999, 96

422.90
2.00
?.00

50.85

44,45
®.20
?.020
@.D28.
?.00

OPTICS (II)



3.2.5 Beam 30 Focal Points ()
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 (I
High Rigidity and Short Focal Length (F5) Optics
Focal Location Horizational Vertical Dispersion
-Point Magnification Magnification (mm/%)
F1 XF1WC 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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L9

BEAM J9

HAINNEIS EPB 0

X1Q4A/8

BEVALAG

XBP1
XFi6V1
XM4V  remote

xns xma  XQ4A/8 L #

XM4wC
6mm

X1Q4wWC
6mm

B396V1?

remole

B39wC1

6mm

BIIWC3
6mm

B39 Jaws1

B39Q1iA/B

i

I ¢—B39WC4
By 6mm

e— B39 Jaws2

4——— B39WC6
i

N 6mm

— B3IIWC?
‘4? 6mm

B396V2

X0AWC / XF IWC

éinm  XF16V2  2mm
remote

XBL 874-1703




3.3.2 Beam 39 Magnet Parameters

Beam Line
Element

(F1)-XF1WC

R

Quadrupole Magnet

Dipole ﬂunot

Effective
Length
(m)

Max.
Gradient
(&G/m)

Pole
tip
Radius
(m)

Fleld

(192kG-m)

*kG) -

Incoming
Bend Edge
Angle

(deg.)

Bend
Radius Angle
(m) (deg.)

Qutgoing
Edge
Angle
(deg.)

Magnet
Type(in)

A, R

-~ XQ4WC

4.000

0.221

XQ4A

0.884

=147

0.1046

8QB32

0,284

XQ4B

0.884

+147

0.1046

8QB32

XMA4UC

0.220

0.242

M4

1.036

-16.88

11.37 §5.222 0

5.222

6~1/8x18x36C

0.173

KMS5

1.080

-13.50

14.22 |4.351 |-5.222

9.522

6-1/8x29x36H

X1Q4WC

0.282

0.235

K1Q4A

0.884

-144

0.1046

8QN32

0.284

X1Q4B

0.884

0.1046

8QB32

0.259

+147

B39M1

1.036

-64.67

2.969 | 20.0 10.0

10.0

8x16x36C

--— B39WC1

0.774

0.394

B39M2

1.036

-64.67

2.969 20.0 10.0

10.0

8x16x36C

== B39WC2

0.274

0.540

39M3

1.080

-68.41

2,807 22.036| 11.018

11.018 [8x18x36HPH

(F2)-B39WC3

1.958

2.428

63



Beam 39 Magnet Parameters (cont.)

Quadrupole Magnet

Dipole Magnet
Effective
Beam Line Length Pole Incoming | Outgoing _rM“'::',
. Element (@) Max. tip Field Bend | Bend Edge Edge ype(in
Gradient Radius ] (192kG-m)| Radius Angle Angle Angle
&G/m) (m) kG) (m) (deg.) {deg)) (deg.)
B39Q1lA 0.734 -95 0.1571 12QB24
0.142
B39Ql1B 0.734 +95 0.1571 12QB24
-—— B39WC4 0.220
1.753
B39M4 1.872 -89.50 ]2.145 50.0 25.0 25.0 7-7/16x63H
(F3)-B39WC5 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 |o0.1016 HP8Q32
0.160 '
B39Q2B 0.882 -100 0.1016 HP8Q32
-—— B39WC7 0.500
(F4)-B39CSC 1.675
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VH II H\V ' _ﬁ
X _
(HORIZ) | \ —— BEAM HALF WIDTHAp
| | ——-— DISPERSION WITH T=1%—
c2 | /\\ i
I \
5 /\ f
| \ i
| |
WC1| i -
f |
I P
v | /
CmO 114
B39WC Bsgycs
N
| _
'5 L \\
| | |
F1 F2 I F3 F4 ]
CENTER _
(VEYRT) N \\ ! SCATTER
XQUWC ‘ | 5 CHAMBER -
XFi1WC B39WC3| /IB39wC5 B39WC7 —
-10;| L | do Lo oo ) 1 1 | 1 L ] \
0 10 20 30 40 50 60 70 80 90 100
METERS

SEC 3.3.3 BEAM 39

XBL 874-1695



19 i L m Y.
- lu;. -'Ill i llu.._ - 0,
{8 R il . 21
3 ih ’ [
;" """'.:':."*F' .;.I.!!!l’. ............. ..'lll' h' Mo m Q3 v
17 . .. . |
S W N
ol b, oliith cees = 0.

{4 ‘1| #’ 16
4 L8
..... l l ‘-lllu.-.......-.......n-!" Wt pirucerrere = 0’

[

s .. f . . ,

3 A

c - "I"u-n 'l '_0
H .

7 R . e o B e 16
AR TR
- S 57‘16’2',;3'. R .ll Lo - 0‘_

L >
(VS 1
Lo
= .
.- oense
)
.
.

F! te
Ll 0’

]

E !.ll]l.il.. . uhﬂlh -(;6
I A
L GRS W
:

~
o]

sesnsurersnnanagtttti s

3.3.4WIRE CHAMBER PICTURES AND CURRENTS

Note: The first few
shown in Sec. 3.7.4.

Mhm" i

-------------

magnets in this line would be better tuned as

This tune is not optimized horizontally.
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NAME
CURRENT 39

COMMENTS
NE2263 B39

PERTURBATION UNIT DATA

DATE
ADECSS

TIME ENTRY
17:51:07 "]

BEAM LINE
BEAM3?

130 MEV 20NELQ
E 994.80 S TBb6.6
RADIUS &02.35

PFW ACL INJECT,VMODE ON,EXT PFW OFF
13 G TW

WIRE 15 AT F1

ALL MATERIAL OUT AT F1

DATA FOR ENERGY CALCULATICN

3 2 X X X 2K X K X X X X X

NAME FLAGS AMPLITUDE DELAY . GATE
X P1 P+ 39.87 499 1680 INJECTION:HILAC LOCAL
X P2 P+ 39.48 400 . 1510 . —
X g2 S+ 291.31 470 1300 PARTICLE: 28 FREQ 3
X 3 S+ 156.49 8490 1060 MNe. 246
X sz P+ 30.85 4543 1199 MASS NUM: 2 2S FIELD:
X M3 5 6.92 a4 1020 20 He
" CHARGE ¢ ,{ 0 - K.ENERGY:
NAME _ SF . AM DI OFFSET 2 163
F1 0.00 ?.66 S @.49 INFLECTOR H.Vi ....(?,
F2 8.900 @. a0 s Q.00 —- -
S1 @.00 g.44 s @. B0 ,
sz 0.00 - 1.8 S @.98 EXTRACTION: PFw: On:  bFFs 7
M1 133.48 139.92 S @B -
M2 55B8.05 S45.95 2065 .99 FlELD: D043 F1 CURS 4
MI 486.34 466.93 5 9. o0 .l;é
aza 229.98 195.47 S 2.9¢ rreas | 1O, P2 CUR: 3
ocB 193.64 200.45 . S @. B .
M3V Z3.94 31.63 2003 30.94 BEAM RAD:
May .02 .@.12 1 6.02 :
M4 174.23 173.03 2001 174,23
MS 75.09 77.38 2081  75.49 RADIUS CURRENT TAIL WAG
X1 QaA 279.44 3I23.51 s - g.00
X1 Q4B 408.57 479.54 s .00 Mys C s [ L RISE: e
X1 MSS 0.00 @.41 1 0.00 594 (%o ' /’é
X a4A g.00 1.16 5 @. 00 o
X Q4B 3.0 3.48 s 0.00 m2: SYUCs SH6  Tive:s s
9 M1 16957.22 1979.53 1 1057,22!
B39 M2 1957.18 1055.64 2005 1057.18 . _
B39 M3 911.96 945.97 1 911.96 MI3 ~m—e—m « 467 S1 ON:  OFF
B39 Q1A 1181.60 1181.60
B39 Q1B 1113.30 1113.30 §2 ON: . OFF
B39 M4 879.00 879.00 ) J
B39 MS 438.80 438.80 STD MATERIAL AT Fl: INt ouT:
B39 Q2A 292.20 292.20
B39 Q2B 383.40 383.40
B39 M6V 48.48 48.48
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3.3.5 Beam 39 Focal Points
Focal Location Horizontal Vertical Dispersion
Point ¢ Magnification | Magnification (mm/%)
F1 XF1wWC 1.0 1.0 0.0
F2 B39WC3 0.49 0.62 -54.2
F3 B39WC5 0.56 0.95 25.6
Center Scatter .
F4 leamberc(% Sec) 0.46 0.23 38.0
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3.4 Beam 40
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BEAH 40 |

BEAH 26 _ | | =P8 ®
I::p ﬂ 3 BEYVALAG
IRRAD. STA. \ CHANNEL XBP 1
X1M6 X1F2/S1F2 JAWS : XM4V XEASyt
X1Q5A/B Heriz - v 16v2 : XMs XH4 XQ4A/B $ ox
X1 JAWS \ ’ XiQ4A/B A tHEE T |

B40QIA/B

4 XH4AWC
N we 6mm 6mm XF16V2  “omm
B40 Jaws(Manual) X1Q4wC remote

B40BP Horiz.

B40Q2A/B

BEAH 39

XBL 874-1708
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3.4.2 Beam 40 Magnet Parameters

Beam Line
Element

Length
(m)

Quadrupole Magnet

Dipole Magnet

Effective

Pole
tip
Radius
{m)

Max.
Gradient
&Gmm)

Fleld
(192kC-m)
G)

Bend
Radlus
(m)

Bend
Angle
(deg)

'

Incoming

Edge
Angle
(deg.)

Outgolng
Edge
Angle
(deg)

Magnet
Type (in)

(F1)-XF1WC

~—— XQ4WC

4.000

0.221

XQ4A

0.884

~-147 10.1046

8QB32

0.284

XQ4B

0.884

+147 ]0.1046

8QB32

--= XM4WC

0.220

0.242

XM4

1.036

-16.88

11.37

5.222

5.222

6-1/8x18x36C

0.173

XM5

1.080

°13050

14.22

4,351

-5.222

9.522

6-1/8x29x36H

——— X1Q4WC

0.282

0.235

X1Q4A

0.884

+144 0.1046

8QN32

0.284

X1Q4B

0.884

-147 10.1046

8QB32

-—— SIM3WC

4. 862

0.340

SIM3

2.250

4.51

42.58

3.028

3.028

4,.38x15x84H

(F2)-X1F2WC

0.770

~—- X1Q5WC

9.480

0.240

X1Q5A

0.884

-144 10.1046

8QN32

0.306

X1Q5B

0.884

+144 §0.1046

8QN32

0.361
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Beam 40

Magnet Parameters (cont.)

Quadrupole Magnet Dipole Magnet
Effective :
Beam Line Length Pole Incoming | Outgoing TM“'(‘:‘)
Elsment (m) Max. tp Field Bend | Bend | Edge Edge ype(in
Gradient 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 hx16x36C
(F3)-B40OWC1 4.318
4.940
B4OM1 1.036 20.05 § 9.577 6.2 3.1 3.1 Ex16x36C
0.335
B4OQLA 0.884 | +144 | o0.1046 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
h ' 0.132
B40Q2B 0.884 | +147 0.1046 8QB32
1.087 |
B40OM2 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)-B40OWC3 9.264
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- —_— ab _
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1 5: /\\sm

~J
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~
\ —
4WC -
5
L F1 -
Y —
(VERT) X -
XF1WC 4
10 l Il 1 | { 1 1
0 10 90 100
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XBL 874-1696
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. - BYSHCI 1257
tee.... R néﬁsnu

: smc 18972
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22AFFB4

HAME
CURREMT

7:47

EFE ACL FRINT oo
DATE TIME  EMTRY E

BaAGH

COMMENTS .

Us8 12.5p40G

G2aAFRB S

22147142 o

FADIUS =597.8
E S94.@3 S SB6.6U
XS1 COMFUTER RAMF SPILL

(B T 1

Et LINE
FEAMAL

FERTURBATION UNIT DATA

D
o 4
n

P3P X X

NAME

M 2 I I X I K X I XN XM

F1
F2
82
M2
Si

"Mz

s1

F1l
F2
S1
s
M1
12
M
a-A
OB
MTY
M 1lvl
M
M3
04A
(AF)?]
MS3
M3
0%y
QcH
Mo
041A
03B
M1
55 B )
Q1 x
Q23
2
M2+3

F+
F+
S+
S

S+
S+
P+

SP

@. 93

@, oa
=3.0a0
-£.18

99%.87°
2Ta1.87

1881.63
1326.2
1319.20
17.2
@, 24
1213.083
485.24
20, 15
2154.7%
Ja. 00
34,98
2210.95
2412.71
1615.3%9
9. a3
. @
164£.52
2944, 8'P
"S--J .
10’5.-9
654,27
1382.47

FLAGS AMFLITUDE

EXT FFW "12575 EXT"
ALL MATERIAL GUT AT F1
DATA FOR EMERGY CALCULATICN
DELAY GaTE  INJ E”TICN HILAC. U Loces
206,92 a1 1290 —_—— e
-3, 71 a1a 1214 FAF.TICLEG U 25 FRED 3 330-(:
7.71 40 1z
-2, b6 A 11998 MASS NUM: ')_,33 2s FieLD: 445
179,03 400 1450 :
-15.21 e 1223 CHeRSE & b® t.. ENERGY$
71.69 a4 1593
: INFLECTOR H.vs §2.5
~am Dl OFFSET - =D
0.88 5 .00 EXTRACTION: FFuW: Ity Grrs
@, @) .9 m.wm ........
- @.22 s w00 F1ELD: (.85 F1 CUR:
.42 5 o, il l —]0 2 .
1081.11 5 @#.39 FREDS | F2 CURS
2T00.77 5 R
1376.61 S @.03 ' BEAM RAD:E Sqq‘vs
13437.43 3 (o Iy T}
1422.73 5 @. o0
16.85 2001 17.2 RADIUS CURRENT TAIL WAG
1.34 . © 1 @.24 Mg : RISES GaU3E
1212.60 2001 1213.037.
49 .48 20901  485.34° M2 t TIME? mSECS
20137.62 3 .30
2048.12 5  @.pp  M3T —————e : OFF ¢
O 16 1 36,00
35338.54 20017 34214.98 Opm %ﬂ‘f’ ﬁ €2 OpNg OFF ¢
224i1.56 2001 2214.95 , ' -
2385.73 2041 ~41,_._,1 STD NATERDAL. AT Fi: INs @
1599.11 201 1615.30 2 —mmmmmmm—memeooee—c——eeeo L=
@ . @ S @, 36
0. 6 5 o o
1671,71 1 1646.92
2083, 28 1 294@.33
209,13 1 28I5.49
1970, 41 1 1036, 29
640,32 1 534,07
z.91 1 1352.47
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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 B40WCl1 0.53 0.58 0.9
71-1/2" upstr
F4 846‘\5%293'“ 1.04 0.32 10.1
F5 B40WC3 1.09 0.97 9.1
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3.5 Beam 42
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BEAM 42

BIOHED
2PB 8

B42Q3A/B/C B42M3 @

X2F 2 Jaws X2BP1 XBP1 XF16V 1

B42Q2A 342r12v.
T T @ B42Q1B  B42Q1A © B42JAWS

B42M1V .
§ horiz. X217 Horiz X2Jaws
¢ p B42BP @ ° HorizoVert \‘ xgggs YO4A/B XM4V @Bri’“""‘“’
g = o X205A B3Q1 l [
& g B3M1 Baal, P xXM5 XM4 ) -
T T s BEH =) not |§ : E 3 H
“‘—822,\:;6 & mm 874 C3 i = ] = 3 HE
e = A @ \ \
X26V2 X204w X
x200W¢ remole / X228 we 2 X26V1  XMAWC “gon” O XEIWC
mm
B426V 1 \ X2F2WC remote 6 mm amote 2mm F1SEM
remote B42wC1 2 mm

2 mm

BEAM 43 CHANNEL 1

XBL 874-1707
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3.5.2 Beam 42 (HISS) Magnet Parameters

Quadrupole Magnet

Dipole Magnet

U Effective M
Beam Line Length Pole A Incoming | Outgoing agnet
Element (m) Max. tip Fleld Bend | Bend Edge Edge Type (in)
Gradient Radius [ (192kG-m) ]| Radlus Angle Angle Angle
(kGim) (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
~—— 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 ]6.529 6-1/8x29x36H
—== X2Q4WC 5.415
0.495
X2Q4A 1.308 ~138 0.1046 8QB48
0.216
X2Q4B 1.308 |]+138 0.104@__ 80B48
(F2)-X2F2WC ]} 5.675
5.566
X2Q5A 0.882 +117 0.1016 LP8Q32
---X2Q5WC 0.504
0.504
X2Q58B 0.882 -117 0.1016 LP8Q32
0.504
X2M7 1,036 14,88 12,91 4.6 6.0 -1.4 8x16x36C
(F3)-R&2WC1 | 7. 420
4,956
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Beam 42 Magnet Parameters (Cont.)

Quadrupole Magnet Dipoles Magnet
Effective
Beam Line Length Pole Incoming | Outgoing :ia":::)
Elemont (=) Max. tip Field Bend Bend Edge Edge ype
Gradient Radius |(192kG-m)] Radius Angle Angle Angle
kG/m) (m) kG) (m) (deg.) (c!oz.) (deg.)
B42Q1A 1.308 | -138 0.1046 80B48
-—-B42WC2 0.260
0.260
B42Q1B 1.308 [+138 0.1046 8QB48
(F4)~B42WC3 |10.992
10.602
B42Q2A 1.308 {+138 0.1046 | 8QB4S
——-B42WC 0.260
0.260
B42Q2B 1.308 {-138 | 0.1046 | 8QB48
(F5)-B42WC5 ] 5.452 '
0.429
B42M3 1.542 -16.30 11.78 § 7.5 3.75 3.75 18x18x60H
1.689 ‘ :
B42Q3A 0.490 |-146 0.1046 | _ 8qris
0.939 '
B42Q3B 0.884  {+147 0.1046 : : : 8QB32
0.939 1 | |
B4203C 0.490 J-146 0.1046 S0RB1A
(F6)-B42WC6 | 3 693 '
——B42CM4 2.250
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< 0~ o o S o
< <0 G cSs '
oSS« & o, 3 N ?
X XX X X X m (as] m
10 | T T XN | IMM! T I I T T T D@Q 1
— OFF V/\H V ViH QE VHV —
X N ' l .
(HORIZ) ——— BEAM HALF WIDTHA
T - : ——— DlSPERSlON WITH —p—=1%~
5 0N\ \
“N\
( // \ / \\\ -
% cm 0 . = e == - ——t
i —
- Xi24WC X2Q5WC 342[//////— B42) ]
1 5
Fi F2 Fa F4 Fs F6 .
v _
(VERT) XM4WC
| _
XF1WC X2F2WC B42WC1 B42WC3 B42WC5 B42WC6 a
10 [- |l | 1 1 1 1 ] | I JL 1 1 1 | i 1 | |
0 10 20 30 40 50 60 70 80 90 100
METERS

SEC 3.5.3 BEAM 42

XBL 874-1697



21.73
4.5

29.1
7.0

16.9
5.0

15.7
8.5

17.1
1'5

21.4
5.0

......

.....

................................

17.0

1.5

16.7

P
A

[

id

XIMZ
»

Auto Range 3

PE52131 06
XM=

Auto Range 6
2Z:55: 21 0
XF 1

Auto Range 1
2562117 Q6
X4

Auto Range 1
23:56:50 06
X224
Auto Range 3
2157116 06
X222
Auto Range 2

23:88:35 06
X205

Manual Range
27:59:40 Q6

B422WC 1
Auto Range 1
OW:21:24 @07

Bqa42wecz=
Auto Range 32
VN:01:59 07

B42Z2WCE
Manual Range
bn:@z:B6 Q7

B42WC 4
Auto Range 73
DD:0x:50 @7

B42WCS
Manual Range
VO: 0512 O7

U Volts
M n
Feb 87 3 11
1508 Volts
B Un
Feb 87 = MM
501 Volts
F Un
Febh 87 2 M
5V Volts
B On
Feb 87 &6 MM
1000 Volts
B Un
Feb 87 6 Ml
1001 Volts
B On
Feb 87 2 MM
1000 Volts
bt B On
Feb 87 & MM
1000 Volts
B On
Feb 87 2 MM
1008 Volts
B On
Feb 87 b MH

1508 Volts
2 E On
Feb 87 2 MM
290 Volts

B On
Feb 687 6 MM

1B Volts
i B On

Feb 87 2 MM



B42Z2WC O 1000 Volts
17‘7 *« e s “. s e T e e e : ¢ e » 17'0'
> : Auto Range 1 B Un

A 1.0 A ..
oo | — P0: 06102 ©7 Feb 87 6 MM

=BEq2wCsge 2350 Volts
Auto Range & B On

18'3 . » . 3 . . . . . . . . . -t .
.5 llnl . .Y ’
........... ..Ill T ||| Wo:07:16 @7 Feb 87 & MM

3.5.4 WIRE: CHAMBER PICTURES AND MAGNET CURRENTS
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TEERST

NAME
G 763@ B4

CIOMMENTS
7650 B4

AGL. FRINT 19:135: 30 FiGE 1

DATE TIME ENTRY BEAM LINE
LFEBB7  2Z2:@03:20847Z7 BEAM42

124E MEV/AMU C+6 TO B4Z
E 594.0 S 5864.58
RADIUS &9%9.5

XE81 FEEDEACHK SPILL

EXT FPFW ACL 7650 EXT

Focus o Wc® with @3A/8/c

FERTURBATION UNIT DATA

MWK I D D D D DC I DT ;I D D MK e

NAME
X F1
X F2
X ea
X S1
X 82
X. M
X S1
X M2
NAME
1
F2
Si
gz
Mi
Mz
QzA
Oze
MIv
M4y
M4
M3
4a
04k
2 MSS
2 Q24n
2 Q4B
BO M1
BZ M1
X2 0SA
X2 asB
X2 M7
B42 atA
B4z Q1B
B42 M1V
B4z 02A
B4z Q2B
B4z M2V
B4 Mz

B4Z GZA+C

B4z Q7B

"FLAGS AMFLITUDE DELAY GATE
P+ 82.52 400 1680
F+ 29.01 400 1510
S+ 291.31 470 1300
S+ 125. 66 44D . 1150
F+ 30.84 450 1100
S+ | -9.77 400 1220
F+ 5.47 400 1240
S+ -17.61 420 1123

SF AM DI OFFSET
.00 B.66 5 G.20
@.00 @.29 5 2.00
.00 LI2 5 0.0
2.2 .05 5 a.00
540.81 S87.54 5 .20
1609.69 14621.48 2005 2.02
1227.68 1296.35 5 .00
80%.1& 8@3.37 5 @.00
B13.39 EBZ.Z27 ) @. o0
12.46 12.09 2001 12. 46

@.0= 1.47 1 ©.0=
-472.5%9 -476.7@ 2001 -472.59
20Z.71  286.74 2001 20Z.71

@.00 3.48 3 .29
. 0.00 J.48 S 0.00
29.93 26.91 2001 29.9S
769.78 77@0.15 2005 0.00
854.7@ 84@.50 2085 @.0e
2.00 48.85 1001 ' 0.00
@.00 ©.00 1 .00

6&48.14 647.04 2081 648.14
574.924 378.16 2001 574.96
782.11 791.99 2001 782.11
?18.78 896.37 2001 918.78
773.84 778B.465 2001 773.84

S8.09 63.86 2001 58.09
795.39 797.12 2001 795.329
9@7.63 917.15 2001 907.472

2.09 T.76 2001 .22
895.60 910.99 2ZQ01 B8%5.40
1465.9@ 1452.15 2001 1465,.90
1472.66 1418.47 2001 1432.466
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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 B42WCH1 0.70 0.60 0.05
F4 B42WC3 0.62 0.28 0.03
F5 B42WC5 0.77 0.68 -0.14
F6 B42WC6 0.77 0.69 -1.5
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3.6 Beam 43
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DEAR 44 Ere

B43Q1A
B43Q18B —

f

B43WC2

B430Q1C

B43v¥C1

Nl

sl

BLASTIE BALL

(REMmovED 2/86 )

99

3.6.1 BEAM 43 SCHEMATIC

BEAM 43

BI0HED

EPE © ‘5P
X2BP

XM4av
Ft Box

XQ4A/8

X205A4 gzM1 8301 X2M58 +xns XM4

SN P N7 ] Bovatren

XQ4vC
XM4YC ~— — XF1G6¥2 F1SEM

remote

X2F2¥C remote

ERAEuaL 1

XBL 874-1709



3.6.2 Beam 43 Magnet Parameters

Quadrupole Magnet Dipole Magnet
Effective
Beam Line Length Pole Incoming | Outgoing TM“'::‘)
Element (m) Mas. tip Field Bend Bend Edge Edge ype(in
Gradient Radius | (192kG-m)| Radlus Angle Angle Angle
(kG/m) (m) kQG) (m) (deg.) (deg.) (deg.)
(F1)-XF1WC -
-—-XQ4uC 4.000
0.221
XQ4A 0.884 ~147 0.1046 8QB32
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
XMS5 1.080 9.26 20.72 2,985 1-3,545 16.529 6-1/8x29x364
-—-X2Q4WC 5.415
0.495
X2Q4A 1.308 -138 0.1046 80B48
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)-B43uWC1l 7.430
9.888
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Beam 43 Magnet Parameters (Cont.)

Quadrupole Magnet Dipole Magnet
Effective
Beam Line Length Pole Incoming | Outgoing ':“g'::::)
Element (m) Max. tip Fleld Bend Bend Edge Edge ype
Gradient Radius [ (192kG-m)| Radius Angle Angle Angle
(kG/m) (m) kG) (m) (deg)) (deg.) (deg.)
B43QlA 0.493 14139 0,1046 BONIE
0.978
B43Q1B 0.884 =147 0.1046 8QB32
~=<-B43WC2 0.230
0.748
B43Ql1cC 0.493 +146 0.1046 80B16
0.548
B43M1 1.542 —17.04 11.27 7.84 3.92 3.92 8x18x60H
~-~=B43WC3 3.000
(F4)-B43CPB 6,414
j-—=B4& 3WC4 1.710
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€0l

_ < o~ L -
<0 o c = Eg §§
== o N N <t <t
XX > X X om o
10 i 1 I NMUI N M 1 | 1 1 H 1
- OFF v/ \H Vv H VIH —
X i —— BEAM HALF WIDTH R
(HORIZ) | —-—— DISPERSION WITH ép9=1%_
t §i4wc B43WC3 i
5 / \
i / X2Q4WC i
\ VS (
-/XM4WC _V <\l x2aswc P —
~N |, — e 1 -
_\ N A -~ - 2 . -
\\\/
B B43WC2 B43WC4 7
5
| N/ \ /
F1 F2 ﬁa -
Y o CENTER h
(VERT) PLASTIC =
XF1WGC X2F2WC B43WC1 [ BALL |
10 l ] ] ] ] | I} i ] 1 ] 1 | 1 ]
0 10 20 30 40 60 70 80 90
METERS

SEC 3.6.3 BEAM 43

XBL 874-1698
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3.6.4 WIRE CHAMBER PICTURES AND CURRENTS
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4M0OYVE8S EFE ACL FRINT -Z:129:98 FAGE 1

NAEME CATE TIME ENTRY BEAM LINE
NE T&&65 B4AT  4NQVES Z22:28:267754 BEEAMAT
COMMENTS

NE 5666 E4Z £ SF4.099 S S36.58

TUNE WITH NEW EFE@

EEAM AT WIRE 16 AT F1i
RADIUS S99

XS1 FEEDEBACE SPILL

EXT FFW ACL S&6&EFLR EXT
FRELIMINARY TUNE

FERTUREATION UNIT DATA

NAME FLAGS AMFLITUDE DELAY GATE
X =31 P+ Q6.2 AGQD 1680
X F2 F+ 24,02 450 1519
X g2 S+ 291.31 473 1709
X S1 S+ 221.65 444 1153
X €2 P+ Ia.8% 455 . 11040
X M3 S+ C=20.49 401@ 1040
X S1 F+ . 64,69 400 1240
NAME sp AM DI OFFSET
X Ft @O0 9.8 S g.00
X F2 S . " g.00 S J.00
X st - d. 00 @.44 5 @. 00
X s2 . &. 00 4,03 = 3. 39
X M1 IP1.52 3I25.79 5 . O3
X M2 1194.73 1187.49 - 2005 3. 08
X MZ 989.53 999.15 S D.00
X T OTA 574.32 S64.24 5 @00
X OTE £81.55 625.06 5 3.0
X M3V . 25.63 25.89 2001 25.63
X M3V 3. 0D N.T7 1 Q. g
X M4 -T47.35 -347.44 2931 -347.35
X MS 148.2 149.68 2901 148.22
X Q4A 3. 00 3.48 5 .00
X 048 @ . G X.48 5 0 BT
X2 MSS 8.06 9.28 2001 8.d6
X2 04A 571.38 S543.71 5 " 17
2 GAR 616.91 619.29 5 3. 00
ED M1 .00 G.77 1401 o.00
B3 M1 @, oo @.19 1 . o0
2 OSA+C 486.11 479.97 -1 486.11
2 OSE 425.84 427.94 1 425.84
(2 M7 257.27 3IS8.04 1 357.27
R4 M1 762.99 719,94 1 782,99
B4 QI1A+C  1327.50 1@33.07 1 1027.56
[a2 638 10152 .52 1066.93 2dni1 1057.,.52
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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 B43WCH 0.74 0.60 -10.5
F4 Ce@”;ﬁf( oo 0.86 0.74 -1.3
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3.7 Beam 44
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BEAH 38444

Ei
2P 1 X1F2/S1F2 Jaws
Horiz
. COANNEL
2EPTUN CSHARIIL s1a7we o0 B!
X1BP1 remote

S1Q7A/8

S1F3 Jaws
Horiz-Vert S1MAS

B39MI1
Yert @
AT
INRY
gunﬂa.°3qaz?umu‘s:n7 (~| ﬁﬁ; ﬁﬁﬁsi o W
s X1F2/31F2we FLMIWC
DEAG 30 p3oMis. B3001% :2/9
BNz BEAM 39
B30Q3A/B \
B30Q4A/A g

TR

NG M4Y
XQ4A/B 47 8 xnwr

& %
ABP1 @ Bex

B B30MS  oneit 2\
30M7 ;@@{%\%\
6

&.- 4'
g
T rem® F1SEM f 3
2
AL
remote
B44WC
(portable)
TEKAWA

XBL 874-1704
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3.7.2 Beam 44 Magnet Parameters

Quadrupole Magnet Dipole Magnet
Effective
Beam Line Langth Pole . Incoming | Outgoing :h‘"l")
. Eloment (o) Max. dp Field Bend | Bend | Edge Edge ype (in
Gradlent Radius [ (192kG-m)| Radlus 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
X04B 0884 1 +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
XM5 1.080 -13.50 14.22 }4.351 | -5.222 {9.522 6-1/8x29x36H
-——X1Q4WC 0,282
10.235
X1Q4A 0.884 [+144 0.1046 8QN32
0.284
X1Q4B 0.884 |-147 0.1046 8QB32
-—=S1IM3UC 4.862.
0.340
S1IM3 2.250 -4.42 143.44 2.968 0 2.968 4,38x15x84H
(F2)-S1F2WC } 0.770
0.645
S1M4 1,405 =14,31 13,41 16,0 Q16,0 2.25x7 . 5x48H
0.370
SIMS 2.250 16.38  J11,72 11,0 5.5 |5.5 4. 38x15xB4H |
—-S1IM6WC 0.247 '
0.247
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Beam 44 Magnet Parameters (Cont.)

Quadrupole Magnet Dipole Magnet
Effective
Beam Line Length Pole Incoming [ Outgoing _:h"(‘:‘:)
. Element (@) Mas. dp Field | Bend | Bend | Edge Edge ype
Gradient Radius ](192kG-m)| Radius Angle Angle Angle
kG/m) (m) &G) (m) (deg.) (deg) (deg.)
S1M6 2.250 -6.18 31.07 4,15 ) 4.15 0 4.38x15x84H
~---S1Q7WC 2.350 '
0.336
S1Q7A 1.308 -138 | 0.1046 8QB48
0.216 »
S1Q78 1.308 +138 | 0.1046 8QB48
---S1IM6SWC 1.608 '
(F3)~S1F3WC | 3.700
0.700 _
S1M7 1.770 -47.37 }4.053 25.0 §y 12.0 12.0 7-1/4x63H
0.808
B4401A 0.726 +93 0.1571 12QN24
0.265
B44Q1B 0.726 -93 § 0.1571 12QN24
(F4) -B44KC1 2.686
---B44WC2 3.405
0.295
B44Q2A 0.726 -93 0.1571 12QN24
0.265
B44Q2B 0.726 +93 0.1571 12QN24
0.460
B44MI 1.036 -32.34 15.938 10.0 5.0 5.0 Bx16x36C
---B44NWC3 1.094
(F5A) -B44C1M | 3.570
-~--B44WC4 1.550 .
(F5B)-B44CSC § 1.116 -
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Tt O =322 =20 E 3 Ag <2r
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X | | — '
= _ _ BEAM HALF WIDTH 7]
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. / | L i

= cmo
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SEC 3.7.3 BEAM 44 (1)
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SEC 3.7.3 BEAM 44 (ll)

100



16.7
3.9

16.0
2.0

N O
S8 W

16.7
1.5

" 17.9
5.5

15.6
3.0

35.1
4.0

13.0
5.9

16.7
2.0

.................

............................

...................

15,6
&

14,7

.5

14.0

4.5

135.6

16.4
2.0

14.%
3.0

16.4
4.5

17.5
4.0

16.5
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Ba4A4qwWC4a
Manual Range
VwE:42:27 20

B4aAWCE

Manual Range

OB:43:40 20

BA4Aq4WC2
Manual Range
vB:44:40 20

B4 4WC 1
Auto Range 7

- 08:45: 2 gl

S1F=
Auto Range 7
PB:46: 21 20

S1MOHS
Manual Range
PR 416 20

S1iM&eS
Auto Range @
pE 108 20

S1MS
Auto Range 7
VB 5143 20

1000 Volts

Feb 87 M

10800 Volts
) B OO4f
Feb 87 &6 MM

1000 Volts
7 E Un
Feb 87 & MM

500 Volts
B Un
Fab 87 22 FM

S00 Volts
B (n
Feb 687 2 MH

750 Volts
7 E Un
Feb 87 6 HMH

750 Volts
B On
Feb 7 &6 MM

750 Volts
E On
Feb 87 & MM

S1 /7 X1F2 758 Volts

Auto Range 7
PeB:5E18 20

sS1ir=
Manual Range
RE:SEVS 20

X149

Auto Range 1

Ve HEeHE 20

X114
Auto Range 7
Os:H417 20

B On |
Feb 87 % MM

500 Yolts
5 B On
Feb 87 &6 MM

1000 Volts
B On
Feb B7 6 MM

S0 VYolts
B On
Febh 27 & MM



24.7

16.0
2.5

-----------------

---------------------

XF 1
Auto Range 6

NB:54:55 20

X249
Auto‘Hange 7
P 5538 20

XM=
Auto Range 7
PB:55: 55 20

XM=
Auto Range 7
28:56:06 20

XM=
Auto Range @
@8:56:51 20

1000
B UOn
Feb 97

500
B On
Feb 87

1000
B OUn
Feb 87

1000
B On
Feb 87

1000
B On
Feb B7

3.7.4 WIRE'CHAMBER PICTURES AND MAGNET CURRENTS

OPTICS ()
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Volts

2 MM

Volts

& MM

Volts
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FEGE 1

SR L Erp Al FRINY S N Hh

MEME LATE
LATY TEIERALZHFERZY

BEST TUMNE 50 FAR

So030 jaa??

FERTURBATION UNMIT DATA

MAME FLaGE AMFLITUDE DELAY
Ft 59.99 4@
F+ 2. 08 420
8 IA&.89 ‘ 40
8 &EZA 4T 438
F 114.04 42
G+ -11.99 &78

=y

TnmmTTa

4 P2 e B3R

RS G A A 4

NAME - BF Al DI OFFSET

X @.08 8. 466" 3 .29
X B.e0 @8.29 b 2.0
X &.0e @.00 b} 0.6

.98 .18
1610146 171.93
722.84  727.09

H14.94  HB4.47F

.20
a.2e
&, 00
. @
; B. 08 -

208 12.94

>

non L an

X
> @.00 A, 24 2061 @.20
A 241068 244021 2091 241.468

127.21 129075 2001 27021
49T.75 464,52 2005 2.20
48B.3E%  479.99 2045 g.00
16.5% 135.18 2001 16,53
.00 Z.48 = 0.00
2.0 4.464 S .00
70.88 72.84 2001 7@.88
&ET B 651.20 2005 .00
2E7.E7 24646.9% 2005 0.0
185,22 1@7.72 2001 109.22
E52.48 TI52.53 0 2009 0.0
I86.54  T77.29 2005 @.00
&.54 9.21 1 &.54
B56.32 S66.68 2001 S56.32
1706.42 1701.46 2001 1706.42
1680.57 14658.96 2001 1680.357
1ZZZ,18 13284.37 2001 13572012
117,146 1127.70 2001 1107.16
LI EL A56.57 2001 H62.734

51
51
51
51
51
51
S1
51
B44
Et44
E44
Ba4
E44

OPTICS (I)
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3.7.5

Beam 44 Focal Points (l)

(Standard Optics)

Focal . Horizontal Vertical Dispersion
Point Location Magnification | Magnification (mm/%)
F1 XF1WC 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
FS5B | chamber (CSC) 1.04 1.00 2.6
Beam 44 Focal Points (ll)
Secondary beam optics
Focal _ Horizontal Vertical Dispersion
Point Location Magnification | Magnification (Mmm/%)
F1 XF1IWC 1.0 1.0 0.0
= S1FoWC 1.64 2.01 -24.5
F3 S1F3WC 0.44 2.67 2.7
F4 B44WC 1.00 0.98 -18.2
Center Isotope
F5A Magnet (CIM) 0.71 3.12 3.7
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@ 5@%‘- B1WC2

Physics Bench ’ % 6 mm
¥ Therapy

§ Bench

BI1WOB 1&2

5 mm
] B161(lecal)
B
//’/' P g1al
80S
3 A
826 1(local /’
B2wWC1
6mm <4— B1BP1
BOM2
Bending

“™\Mag.

BOS1
' BOM1

Bending
Mag.

Channsl 2

BIOMED BEAMLINE

Steering

[ Y
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3.8.2 Biomed I Magnet Parameters

129

Quadrupole Magnet Dipole Magnet
Effective :
Beam Line Length " Pole Incoming | Outgoing :“"::)
. Element (=) Maz. tip Field Bend | Bend Edge Edge pe
Gradlent Radius | (192kG-m)| Radius Angle Angle Angle
&kG/m) (m) kG {m) (deg) (deg.) {deg)
(F1)-XF1WC -
—- XQ4WC 4.000
0.221 _
XQ4A 0.884 | -147 |o0.1046 8QB32
0.284
XQ4B 0.884 | +147 ]o.1046 8QB32
—— XM4UC 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 .
X2Q4A 1.308 § -138 0.1046 8QB48
0.216
X2Q4B 1.308 | +138 |o.1046 8QB4S8
3.142
jBOM1 1.898 27.82 6.902 | 15.75) 7.875 | 7.875 |5.4x16x72H
(F2)-BouWCl 2.756
0.350
EBOMZ 1.898 27.82 6.902 | 15.75 7.875 7.875 5.4x16x72H
1.138
1Q1A 0.882 | +117 0.1016 LP8Q32
0.160
[B1Q1B 0.882 |~117 Jo0.1016 LP8Q32
(F3A)-B1lWCl 4.000
(F3B)-BIISC  5.7/0%
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X r -——- DISPERISION WITH —%’-ﬂ% -
(HOR1Z) |

P

T
|

\ U
-
)
/
[
\
//
I

// \
cm 0O <
N\ i
XMAWG {
) X2Q4WG \ i
-\ ) / 1
\ , \
1 3 F2 F3B ]
Q4WC i
(VERT) BOWC 1 JISOCENTER
XF1WC l B1WC1| 7
] | 1 1 | | i | L ] ] ] 1 1 1 L )
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METERS
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170CT8S EPE ACL PRINT 127:2

NAME DATE TIME ENTRY BEAM LIME
CURRENT 170CT8S $27:21 7} BIOM1
COMMENTS : :

S8SMEV NEON TO CAVE 1

BIOM1
: € S%4.90 §© T586.50

RAD= 599.5

- 5.253*1‘6, EXT PFW ACL= S5234 EXT
XS1 FEEDBACK SPILL
BEAM AT WIRE 17 AT F1
LARGE BEAM AT BiWC1 & BiWCZ2
COMPUTER COMTROLED SPILL
TUNE WITH NEW EPB O AREA

PERTURBATION UNIT DATA

NAME FLAGS AMPLITUDE DELAY GATE
X P1 P+ 80.35 400 1680
X F2 P+ 8.18 a0g 1510
X s2 S+ 291.3 470 1300
X st S+ 125, 66 440 1150
X 82 P+ .84 450 1100
X M3 S+ -9.77 400 910
X s1 P+ 15.50 409 1249
X Mz S+ . -17.61 429 112@
NAME SF AM DI OFFSET
X Fi1 @ . O @.88 5 @. B :
X F2 @ . B3 @. B 5 3. 00 DATA FOR ENERGY CALCULA
X s1 @. O @ . O 5 I
X 2 @ . O 3.54 s @.00 INJECTION:HILAC LOCAL
X M1 I46.42 T75.27 5 @.00 ' —
X M2 1098.81 11136.99 2005 @.00 PARTICLE: Ale 25 FRED 3
X M3 917.04 92%.99 5 @. 00 '
X azA 521.84 5S@9.83 5 @.0¢ MASS NUM: 2 o 25 FIELD: -
X TR 524.30 S62.04 s o. 00
X MIV 41.84 41.65 2061 41.84 CHARGE : /g K. ENERGY$
X M3y @ . B @. 00 1 @. o :
X Ma -349.83 -350.17 2001 -349.83 INFLECTOR H.V:  -/7. q p°
X MS 119.59 121.15 2081 119.59 —
X aan @ . e 3.48 5 @. B
X 04K @ . e T.ag 5 @. 3% EXTRACTION: FFW: OFF:
B M2 1U852. 461GIRAS . 1T+ 20011 19852, 46 STl
X2 MSS 11.51 11.98 2¢81  11.51 FIELD: $§2 2 Y7 P1 CUF
2 Q4A 48%.805 463.85 5 @ . B 1970
2 Q4R S31.95  SGE. 49 5 @.0m FRE@:s (- P2 CUF
B M1 17681.1813727.59 * IOU110681. 18
Bd s1 1.25 @.77 1 1.25 BEAM RAD: § 19- 5
B1 1A S47.35 542,44 1 S47.35
K1 Q1R 351.91 3I53.93 1 3I51.91
RADIUS CURRENT TAIL
*magnetic field in gauss M1z 5 ‘I € 337 ¢ . RISE:
wos SEC G 1O e
134
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3.8.5 Biomed | Focal Poin
Focal Location Horizontal Vertical Dispersion
Point Magnification Magnification (mm/%)
F1 XFIWC 1.0 1.0 0.0
F2 BOWCH1 0.98 0.98 13.0
F3B Isocenter 1.92 1.21 -45.0
(1ISO)
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. BI1wC2
Q§§. X X 6 mm
3\& Y Y Therapy
Q;\f‘jﬁ \ §Bench

Vi
Vi
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©
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BIWOB 1&2

Y B161(lecal) B[]@ME@
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Quads
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<4— B1BP}
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B28P1 \ Mag.
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3.9.2 Biomed II Magnet Parameters

Quadrupole Magnet . Dipole Magnet
Effective
Beam Line Length Pole Incoming | Outgoing :iagr:.et’
Element (m) Max. tip Field Bend | Bend | Edge Edge ypelin
Gradient Radius ] (192kG-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 o
XQ4B 0.884 | +147 0.1046 8QB32
——= XM4WC 0.220
0.242 _
M4 1.036 ' 11.46 16.75 | 3.545 0 3.545 |6-1/8x18x36C
0.173
XMS 1.080 9.26 20.72 | 2.985}-3.545 | 6.529 }6-1/8x29x36H
——— X2Q4WC 5.415 ‘
0.495
X2Q4A 1.308 | -138 0.1046 8QB48
0.216
X2Q4B 1.308 § +138 0.1046 8QB48
3.142
BOM1 1.898 27.82 6.902 15.75 7.875 7.875 5.4x16x72H
(F2)-BOWC1 2.756
4.651
B2QlA 0.882 { +117 0.1016 LP8Q32
0.160 '
B2Q1B 0.882 | -117 |o.1016 ’ ‘ LP8Q32
(Fe)-B2WC1 4,578
4,581
B2Q2A 0.882 | -117 0.1016 ) LP8Q32
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Biomed 1I Magnet Parameters (cont.)

Quadrupole Magnet Dipole Magnet -
Effective v

Beam Line Length Pole lncon_ning Outgoing _:'a"(':‘,

Element 4 Max. tip Field Bend | Bend | Edge Edge ype (in

Gradient Radius ] (192kG-m)| Radius Angle Angle Angle '

(kG/m) (m) kG) (m) (deg.) (deg) (deg.)
0.160
|B2q2B 0.882 | +117 0.1016 LP8Q32
0.947
2M1 1.085 +37.08 5.178 |+ 12 0 12 8x18x36LPH

(F4)-B2WC2 3.000
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_ L7 "~ \ ! -
—t // \
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| \ _
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n \ \ _
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150CT8S EFB ACL PRINT QeSS PAGE 1

NAME DATE TIME ENTRY BEAM LINE

CURRENT B2 150CT8S5 PIVTIBT 7] BIOM2
COMMENTS
NE D466 B2 67@MEV/N NEON TO BIO BENCH

NEW EPB# TUNE. CTR. AT XM4 WC.
X2M5S ON AND IN CAVE 1 POLARITY
E S94.0d S 5B86.50

B2M1 IN REVERSE POL., 8/64" FB.
15 GUASS TW. NO EXT PFuW.

FERTURBATION UNIT DATA

NAME FLAGS AMPLITUDE DELAY GATE

X Fi1 P+ 80.76  4Wd 1680

X P2 P+ 39.95 403 1510

X 52 S+ 291.31 470 1 300

X ST S+ 156.49 440 1060

X g2 P+ 3¢.85 450 1100

X M3 S+ 14.22 401 930

NAME SP . AM DI OFFSET

X Fi 2.00 @.88 S @ . 90
X F2 0.0 3. 00 5 B.060

X S1 @.ou @.44 5 @@  ——— e e
X 82 0. B0 2.69 5 @ . G DATA FOR ENERGY CALCULAT.
X M1 460.58 499.13 S W.os ——— ———— e
X M2 259.35 1259.2¢ 2005 @W.o3 INJECTION:HILAC LOCAL

X M3 965.14 972.44 5 -
X 34 621.59 610.59 5 @.00 FARTICLE: N, 2S5 FREQ 3 2
X 03B 678.13  723.25 5 . O L
X M3V 20.08  20.03 2003  20.08 MASS NUM: L0 25 FIELD:
X M3V @. 00 @.12 2681 @ . B0 ' ,
X Ma -349.74 -349.49 20@W1 -349.74 CHARGE & - K.ENERGY: C
X MS 148.75 150.07 2@¢1 148.75

X Q4A 0. 00 3. 48 5 @.0% INFLECTOR H.v: _ 7. & T
X Q4B g.63 - .48 5 4 B
Be M2 d.08  29.31 1 @ . @0 .

X2 M55 T4 00 TW.60 2003 I4.00 EXTRACTION: FFW: ON:  OFF3
2 (V.Y 524.76 S©7.82 5 2
X2 Q4R 555.54 S51.78 5 p.ow FIELD: S66G F1 CUR:
B\ Mz 11592.2411606.89* IHEI11592.24
B St 85.¢2 B85.41 1 85.02 FrReEG: 2.027 F2 CUR:
2 M1 472.04 472.42 2001 A472.04

? 014 8.0 BEM. 20 1 ses.0m BEAM RAD: (oo
B2 O1R 839.72 839.44 1 839.72 .

2 2A 735.08 718.64 2001 735.08

B2 aze 752.11 7T52.49 Z2u@)1 7952011 RADIUS CURRENT TAIL W

M1s § 24

M2s S'gé-fg ,2‘.? TIMES

499 wise: /

* magnetic field in gauss

(TR T S— v 972 S1 ON:
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3.9.5 Biomed II Focal Points
Focal Location Horizoynta_l Vertical Dispersion
Point Magnification | Magnification (mm/%)
F1 XF1WC 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
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3.10 SCHEMATIC OF THE LOCAL INJECTOR
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0z Injector Sta.4 Gate valre
d Injector Sta.5
5M5 Qua ) SM3
H/V  End Center End HIV VAREZ LIOAE BFET000 =
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i e
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. - 4 b, N z
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3.10.2 Local Injector Tuning Parameters

The following tables lists some of the important parameters for tuning
the local injector. The first table 'Local Tune' 1ists the typical tune
for the Local injector from the source to exit of Linac for several
different ions which are used most often for thé Bevatron. The next set
of tables are actual tuning parameters saved on the computer for setting
up the Local Injector for the different ijons. 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. Source parameters are
Tisted 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 Linac (see Fig. 3.10.1) and are saved on the computer. ODrift
tubes Tabeled 0 - 38A are located in Tank #1 of the Linac and drift tubes
labeled 38B - GR6 are located in Tank #2 of the Linac. The table called
'Linac Tank Gradient Settings' gives the local linacs tank gradients read
from a RF bickup coil.

The following are typical ion intensities from the local injector at

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 Net'0

Linac exit cup 350 microamps 20 NeH0
(Station 4)

EOS Cup (entrance to Bevatlron 150 microamps 20 Ne+10

Accelerated beam | | 1010 particles/pulse 20 Ne+10

April 1987 153



Linac Tank Gradient Settings

BRI LR AR S o R Wl 7 IR SR I TR T

| N |
| SOURCE || RFQ

Foils {  Linac '

Diaphragm Exit Exit
¥ Cup

t

%
i
¢
3

¥
e

. 0
'+

§
: i
. ; . N .
: :
L}
R PR e R N SN T R TR R R T A A SR PR
¥ N . h
: .
N . . . :
: .. . . .
T e etE L L R ST R G R ORGSR i o ) B R A I R O R E SR TR e e A 20 N e R e b

| ==
| | C Q | |

B =
| | | | 2

154



LOCAL-TUNE

IN

MASS

T4 CHARGE
TI /A
T2 CHARGE
Te /A

RFQ GRADIENT

T1 GRADIENT

T2 GRADIENT
DIAPHRAN FOIL
LINAC EXIT FOIL

ARC (AMPS)

SARC (VOLTS)

GRS PULSE (DELAY)
6RS PULSE (WIDTH)

EXTRRCT (KV)
EINZEL (KV)
MAGNET (AMPS)
DECK (KV)

LEBT QIR (AMPS)
LEBT Q1B (AMPS)
LEBT GRA (AMPS)
LEBT G2B (RAPS)

LEBT HI (AMPS)

LEBT Q3R (RMPS)
LEBT Q3B (AMPS)
LEBT G3C (AMPS)
LEBT Q3D (AMPS)

LEBT SMIH (RMPS)
LEBT SHIV (AMPS)
LEBT SMCH (RWPS5)
LEBT SV (RMPS)

T1 ORIFT TUBES
0

> W -

O ~N~OW,

09/10/85

NEDN 3+ NEON 4+ NEON A+ NEON 4+ CARBON 2 CARBON 2 He 1+

20

3
0.15
1
0.35

17
1.8
1.6
IN
IN

a2
0
ar
5

11.5
16.5
235
56

3
A9
114
95

101. 4

106.9
182.9
195.2
146. 1

(= = BN - -]

33.0
17.0
16.0
15.0
15.0

15.0
15.0
13.0
15.0
15.0

18.0
et.0
el.o

20

L]
0.2
?
0.35

5.28
5.8
3.7
IN
N

2.6

1

19.7
6.6
ato
LX}

6.2
38
9.2
4.5

78.5

60.7
151.1
191.7
136.1

0 OO0 o |

24.7
12.7
12.0
1.2
64.0

1.2
1.2
i1.2
1.2
11.2

13.5
15.8
15.8

a2

4
0.182
1
0.318

5.8
b.4
8.4
IN
IN

2.6
0
16
3

19.5
16.8
e
46

9.9
A1
111.3
a1.1

94.9
173.4
189.8
149.2

[— 2 - K - I

21.2
14,0
13.2
2.4
12.4

12.4
12.4
12.4
12.4
12.4

14.8
17.3
17.3

&2

4
0.182
8

0. 364

5.8
6.4
7.3
IN
IN

2.6

19.5
16.8
a2
46

9.9
Al
113
87.7

84.6

94.9
179. 4
189.8
143.2

(= I — I — )

ane
140
13.2
12. 4
2.4

12,4
12.4
12.4
12.4
2.4

14.8
17.3
12.3

12

2

0. 167
4
0.334

6.3
1

IN
IN

2

17
15.1
230
5

2.7
34.9
101.2
83.5

91.5

12
115
156
124.5

[~ — I ]

23.6
15.3
1. 4
13.5
13.5

13.5
13.5
13.3
13.5
13.3

16.2

18.9
18.9

155

1.9

12
2
0.167
3
0. 417

6.3
7
6.4
IN
IN

2

17
15.1
230
51

a1
34,9
10t.2
83.3

91.3

112
15
15%
124.5

[~ = 2~ I —

23.6
15.3
14,4
13.3
13,3

13.5
3.3
13.3
13.5
13.5

16.2
18.9
18.9

2
i
0.5
i
0.5

a1
2.3
5.3
o
out

0.8

A
4

18.4
8.7
133

17

20

30.3

31.05

6.1
63.2
n.?
42.8

OO0 OO

HE 1+

3
{
0,25

15.3
10.5
165

18.9
341
£3.4
5.5

62,05
33

122.7
136

OXYGEN 3 OXYGEN 3

16

3

0. 168
3
0.313

5.6
6.2
8.5
IN
IN

9.5

[ = 2K~ -]

19.8
10.2
9.6
9.0
9.0

9.0
9.0
2.0
9.0
9.0

10.8
12.6
12.6

6.3
13.5
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
6
0.375

3.6
6.2
1.1
IN
IN

2'5

a8
1

19.4
13.6

&5

63.9
87.3
65.4

82.3

62.4
165.7
194.5
115.8

6.3
13.6
12.8
12.0
12.0

2.0

12.0.

12.0
12.0
12.0

14,4
16.8
16.8

SI 4+
28

0.143

0.31

1.3
8.2
8.3
IN
IN

2.5

19.2
14.5

59

180
145
123

107.7

113.3

1%
199.6
170.8

3.6
17.8
16.8
15.7
15.7

15.1
15.7
15.7
13.7
15.7

18.9-
22.0
22.0



LOCAL-TIRE 09/10/86

1IN NEDN 3¢ NEDN 4+ NEON A+ NEON 4+ CARBON 2 CARBON 2 H2 §+  HE 1+ OXYGEN 3 OXYBEN 3 SI &+
13 el.0 15.8 1.3 11.3 18.9 18.9 6.3 12,6 16.8 16.8 e2.0
14 2l.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 2.0
15 eL.o 15.8 7.3 17.3 18.9 16.9 6.3 12.6 16.8 16.8 e 0
16 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 2.0
§7 21.0 15.8 17.3 1.3 18.9 168.9 6.3 12.6 16.8 16.8 2.0
18 et.o 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 22.0
19 a0 15.8 i7.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 2.0
a0 22.0 16.3 18.1 18.1 19.8 19.8 6.6 3.2 17.6 17.6 231
3] 23.0 17.3 13.0 18.0 e0.7 20.7 - 6.9 13.8  18.4 18.4 24
2 23.0 17.3 §9.0 19.0 0.7 20.7 6.9 13.8 18.4 ~ 18.4 24.1
a3 23.0 17.3 19.0 19.0 e0.7 20.7 6.9 13.8 18.4 16.4 241
2] a3.0 1.3 19.0 19.0 20.7 20.7 6.9 13.8 §8.4 18.4 24|
&5 21.0 15.8 11.3 17.3 16.9 18.9 6.3 12.6 16.8 16.8 2.0
26 2.0 - 15.8 173 17.3 18.9 18.9 6.3 12.6 16.8 16.8 e2.0
a1 2o 15.8 1.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 220
e 21.0 15.8 17.3 17.3 18.9 18.9 6.3 2.6 . 16.8 16.8 e2.0
a3 el.o 13.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 20
30 2.0 15.8 17.3 17.3 18.9 18.9 6.3 f2.6 16.8 16.8 22.0
3 el.0 5.8 7.3 17.3 18.9 8.9 - 6.3 12.6 16.8 16.8 2.0
R 2i.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 2.0
33 ano 15.8 17.3 17.3 - 18.9 18.9 €.3 12.6 16.8 16.8 2.0
34 el.0 15.8 17.3 11.3 18.9 18,9 6.3 2.6 16.8 16.8 2.0
35 2L.o0 15.8 17.3 17.3 18.9 18.9 6.3 12.6  16.8 - 16.8 22.0 .
36 2l.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16,8~ 16.8 £2.0
37 21.0°  13.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 22.0
HALF QUAD 38R 2h.2 19.7 . 2.6 al.b 235 23.5 1.9 15.7 20.9 20,9 a1.5
HALF GURD 36B el. 4 21.4 €3.6 0.6 22.4 18.0 15.0 15.0 239 - 20.0 ed.3
GRP 4 {25-38) 5920 5320 651.6 56%.2 620.4 - 496.9 4144 AlAA 6RO 53R2.5  BAS.5
) 392.0 5%2.0 651.6 569.2  620.4  496.9 Al 4 4144 BR2.O0  552.5  BAS.S
2b 93%.0 5¥.0 65%.3 5.0 627.7 028 419.3 419.3 663.8 559.1 6338
27 603.0 603.0 665.9 58I.7 6340 507.8 4235 423.5 676.5 S56A.7  659.7
28 612.0 612.0 673.6 588.5 643  513.7 A28.4  42B.4 6BA3  S5T1.2 66N
29 619.0 619.0 681.3 595.2 648.7 519.5 4333 433 6R2 ST 67A.9
30 626.0 626.0 683.0 601.9 B56.0 525.4  438.2 4382 700.0 58A.3  6B2.B
3 633.0 633.0 . £%6.7 608.7 663.3 531.3 4431 M431  707.8  §590.8 6302
32 £39.0 639.0 703.3 6144  BRI.6  536.3 MT.3 M3 TIAS  596.4 6967
3 646.0 646.0 710 61,2 676.9 S42.2 452.2 452.2 7224 6029  T0M4
34 653.0 653.0 718.7 627.9 684.3 S4B.1 AST.1  ASL.1 T30.2  609.5 72,0
33 650.0 660.0 726.4 6346 691.6 SOA.0  462.0  462.0 7380 616.0 719.6
36 667.0 667.0 73A.1 6413 699.0 559.8  466.9 486.9 745.8 BR.5 727.3
k}) 674.0 674.0  741.8 6A8.1  706.3 56S.7  A71.8 47,8 TS3T  629.1 739
38 680.0 680.0 748.4 633.8 7126 570.7 476.0 476.0 760.4  B3A.7  TALA
6RP 5A (39-50) 680.0 6B0.0  748.4 633.8 712.6 570.7  476.0 A76.0 760.4  B3A.T 7414
6RP 5B (31-62) ST HEO  PNEW- 5RE- H&E SNCTT. ANCO- AT F0F Al Aird
GRP & (63-74) 490.0 430.0 339.3 4712 5133 M3 3430 3430 547.9 453 5343
HLF BUAD T5 430.0 4%.0 539.3 4712 5133 4.3 A0 W30 5479 4573 S3A.3
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oy
i

BAVEL @742 85/21/786 MECGN 4+

STATIONSG

ARG
ARG E
SEUT
SFUT A
EXTRAC
EINZEL
MAGNET
DECK E

LERT
LERT
LEBT
LERT

L.IM

ARC E

RC E L

T E

£
1

e
1R
GEa
GER

i@ e
. i
&
2. G

19.574
16.47%
282,803

477, @i

1

@
e

-r'rlm
SO )

1@, 791
76,880

84 . 829
47 . oo

32, H89
1eg.,. 71

.
. G
¢ o
.

M., 5
0. 039
9. 673
elol

1.56%
F9. 463
1E4, 127
Tba 777

84.784
@ B

a4. 1ex
166.935

19%. 5584
145,773

197.411
155,318

. @G
@ . e
3. @
g,

@, @il

M1t
SMIV
SMaH
SMaV

DRIFT Tl JBES

¢ R IR G117 SRR € B

i 18, ddd 17,98

2 15,3269 15,26
16.8é
18,87

A 16,217
1 iR "1"“'

19, 0386 19,61

18.99

19.94
1 R L
19

21 0
L 4
2E2.98

- 1% Iy

4 15,997
pa 15,997
& 17 . e
7 17 . G
2 17 . i
4 19, prs;fm
1 19.
11
12 1 g
13
14

0
0
G

17.65
17.41
18.88
16,27
18.96
18.7 ﬁ
1 A
18.79

=7
TEA
0 HEE
0 (R4

G
Q
(3
a
G

L'.i i{i 0]

.l. ).

TIMING
2 A 26 1 G PRI R

RG]

1odga  &ag 4o

157



SAVEZ @7:57 @3/¢4/87

STATIONS

ARC 1

ARC E LIM
SFUT ARC E
SFUT ARC E L
EXTRACT E
EINZEL E
MAGNET I
DECK E

LEET ©1A
LEET Q1B
LERT ©O2A
LERT Q2B
LERT . M1
DECK E

LEET Q3A
LEBT Q3R
LERT @3C
LERT @3
LEET SMIH
LEERT SM1V
LEBT SM2H
LEBT SM2V
DRIFT TURES
3 32. 1093
1 18.879
2 18. 565
3 16. 403
4 15.994
5 15.994
6 15.994
7 15.994
8 15.994
9 15.994
13 20 . DO
11 20, DO
12 D0 . BEG
13 20 . B
14 20 . SO
TIMING

22 4  4g

2.198
3. Do
3. @
@ . @@

17.552
17.542

229.999

S1.¢a@

2.641
33.66%

192,832

87.216

92.198
51.4000

87.411
168.578
197.84¢8
156.899

¢ . A
i . @A
@ . @
3. aan

e
\2-4...

18.74¢
18.42
16.21
15.81

15.68
16.64
16.738
16.24
15.74
19.74
19.88
19.65
20,85
19.84

1200

CAREON

2.083%
o G
. B
[ inl]

18.291
18.217
239, 464
S1.016

Z.828
33.797
193,346
86.935

PR.E1E
5. 952

g88. 889
17#.843
199. 365
179,256

@
~( . @1
@ . S
@S

15
16
17
18
19
20
21

al

o
Lo

24
253
26
27
28
29

CoogogCoCcogBocO0Oooopo

8¢ 1@

b
CCoC 00 NoOeC NSoCc 0000 +

ncoo

1268

“w mmm
gm.mmm
248 . G
2, @G
2%, @
235, G
23 . @
REL @
S inln)
o GG
yalnln]
afaln]
qlofn)
o GG

e
al

1 @i

20,02
28,04
19.98
20,87
”M.Qb
2,89
22.97

Ty A
anal . t

L@s 4

158

Copooclocilooooooo

o
<

K1)
"2"1

)
s

-y

4
23
36
=27
=8A
Z8H
GR4
GR3A
GRORE
GRé&

r-|-

23 .
PRI 11010
2390
23, @)
g intn
27T . dads
s 1n1]
PRGN 7/ 1t b
22.501
{466 . D
460,635
F16.874
448.74L7

.

23.16

e Ran ]
-I--‘-l‘—

23,597
23,46

R Ran [Sten]

FasrNp .l

e o
L. .:-. £

22.62

23. W5

32.99

22,13
455.19
461.44
T16.68
476.2

coocopaonoocoogooon



GAVETX

STATIO
ARC T
ARC E
SUT f

EXTRAC
ELTNZEL
MAGNET
DECH &

D E

( T T

1
11
12
14

TIMING
N

14268
NE

LIM
RC E

= £
SFUT ARG E L

T E
=
I

VED

SMIH
SMLY
GMIEH
SM2y

TURES

12,867
8. 148
8.976
8.778
8. hHé&

' ('3 #aeq

9. 7<‘.\H

6270

4 ol

138

2AEEBE

M M(i;i

18,7356
8.74d

124,997

17 . e

8,999
26 G
Rl
o 2FE

R 7 b} 0
17, oems

Db 1HE
&HEERL21L
7 l " 7I.“' "
42,796

g,
¢l ped
. G
@, 1

8. 54
. G
k]
8. a8
8. 69

1 e

fary

0

)

HYDROGEM

., &S 0
@, @EeE )
@, giag O
L IOT617) B

19.138% 0
P.14% 0

RETO ‘3654 a

17

8.987 0O
19. é» 40

2. 867 0
17.3a42 0

RT
63,988 0
71.89% 0
42.686 O

. K?S @2 0
—f# . SO |
., viuif-l ]
g.@EE 0

'l l::'

16
17
18
19
A

LoeE LR

(HZ

1 4 )

D¢

159

i

@,
G, I
Gt
11,3
11.14
14, 82
11, &%
T1a1d
1.7
188, 84
16, 983
11,67
R v
11.2é

A1848

]
(
0
]
0
3
Q
0
]

0
W
{2
l
Qo




SAVE4 15:419 @2/d2/87

STATIONS

ARC I

ARC E L.IM
SFUT ARC E
SPUT ARC E L

EXTRACT E
EINZEL E
MAGNET I
DECK E
LERT @&1A
LEBT O1B
LERT G2A
LEBT OB
LERT M1

'DECK E

LERT @Q3FA

LEET Q3B
LERT Q3C
LEBT @3D

LEET GSMiH
LEBT SM1V
LERT SmMz2H
LERT SmM2V

DRIFT TURES
7] 22.794
1 12.836
2 13.7@8
3 14.317
4 13.471
5 13.444
) 12.982
7 12.188
8 12.595
9 13.885
1a 15. 6640
11 15.954
12 17.215
13 15. 4692
14 14.9%94
TIMING

4 2 29

1. 209
L iniu]
@ . B
. B

15,139
13.269
164.995
34.268

18.895
34.1749%
69.4738
57 . 464

62.4831

34.268

S3.BiE4
122.6989
136, @31
93.584

L 1010
@ . aua
@ . @
@ .

22.98
12. 49
3. 49
14.27

13,22

13.1%

3.42
12.39

2.69
15.65
15.26
153.76
16.88
15.69
14.71

1093

HEL. TUM

1. @360
3. M
 In1n10]
0 o B

15.795
15,802
165.446

34,254

19.247%

34,286
69.451
S97.43%6

61.929
34.19@

54.115
124,737
136.459

93.578

RAPRulah!
— (. @2
@ s
. gierx

15
16
17
14
19
208
21

e
Jragin]

24
25
26
27
~
ra

29

o0ocCcooooRooQpooo

8@ 1ddd

1+

ooco0o

ncoo 0000 ocoo

aooo.

124

15,692
15,692
15.692
15.692
15. 692
19.6461
19,6173
19. 059
18.94%
18. @
18. @
18, @
16 . @i
18. g
16. G

1 ehiates

160

15,65
15.69
15,673
15.68
15.79
19.71
18.96
19,16
18.94
17.99
18.d2
18, 47X
18.4d6
18.@6
17.93%

=141 1]

a

o Coooc

~
“

RY7]
1

ey
et il

ey

4
358
26
27
Z8A
Z8R
GR4
GRSA
GREHB
GRé&

18. g
18. @
18. aad
18. @aa

18. 3@

18. aga
200 . G
2 B
21.612
21.7328

e T e
4E2.EE2

512,796
I74.994
56707

18.13
17.356
18.39
18.2
17.59
18.18
19. 66
19.99
21.62
21.42
427 .64
508, 72
T68. 45
749,89

cCcoooOonococogoSoo



SAVES 15014 117677846 OXYEEN 2+

.18 0
It B
., G
@ . G

0o

[_ .

X TRACT 17,796 18.41d¢
S INZEL E 176088 17.592
T 1 2@7. 175 268,181

45,648 44,984 C

ooo

[ }31 U 1A 42, @27 S

' 6. 8B9Y é)4 LE78 0
87,344 @g7.521 0
6L 40 65,446 C

82.344 0
45,616 C

&R de4 0
165 167.717 0
194, 4/"-; 196,658 0O
PIB.513 118,495 C

arMi . G @
SM1V G o GHEIES L WMW ]
SMEH . G I TR W
HMEV G g, @Es .

19, 868G 18.98 0
19,008 18.97 0O
19,8086 18,94 0
19, @o 19,82 0
19, @6 19, 24
2L A4wE RER4E O
Ve O

. A5
o A
o A
o QG
' . A (lj (,

29.8% 04
1 J 7. ] ?
= 15.99 ’;’ ;
A 15,119 14.8%9 0
4 15,099 14,94 0
3 14,999 14.77 0O
& 14,999 1%.6d O
v 14,999 15.33% 0
' l f"( )( )

19, G

135,
18,82
.74 0
lag.9y 0
18,69 0
1 . EhEE 19, @R
R 1617/ B

a

TIMING
28 4 S 8@ lades ]

LB AGE Q@E 2

161



SAVES 12:2¢ @9/99/85

STATIONS

ARC I
ARC E

LIM

SPUT ARC E
SFUT ARC E L

EXTRACT E
EINZEL E
MAGNET I

DECK

LEBT
LEERT
LEET
LERT

LEBT
DECK

LERBT
LERT
LEBT
LEBT

LERT
LERT
LERT
LERT

DRIFT

NONOCUP RS

TIMING

Y i
23 209

>

014
QiR
aza

2B

M1

SM1iH
SM1V
SM2H
sSmM2v

TURES

7.409
6. 8
7.712
7.918
7.212
S. 144
6.286
7.428
8.153
8.367
7.776
8.154

. 209
7.995

1 gt

2004
@ . aed
@ . g
@ . i

18.849
F.e1E

129.999

17.483

3.046
12.876
I5.444d
31.99%

1.062
17. @83

29.158
61.954
66,966

45. 433

~ . S
—@. 368
. B
#.Baz

A
. o
a.ad
R
g, @
. G
.G
o . e
@ . @B
. 134
@, aa
]
Gl . i
12 . s
7o G363

CoCcoogocooogOogooo

linac exit 1789 w a alplhas

@ . g
5 . 1B
@ . g
@ o D@

g aioln]
@ . g
. g
@, e

1. g
2 .
3 . G
o i

12 . O
) o g

o GG
@ . @
35, G
@ . B

@ .
o

@ . G

13
16
17
18
19
20

.
23

24
26
27
28

29

8@ 1ddad

SocCco CcocoQ

cocooe

126 14

8.579
7.R265
7,622
8.7318
7.969
Q.845
9.168
9.159
?.142
?.088
G322
G B56
D.G@ET
8.991
8.971

162

G . G
@ . G
(1%
{2 . 6
G . G
@ . e
@ . @6
@ . g1
o . I
G . @
@ . 9
.
@ . (i
. g
@B

bWl 4

0

8]
0
]
(8]
0
0
(%]
a

0

o)
e

GRSA
GRESE
GR6

C9.3E
?.095
7.114
.10
P.142
9?.337
9.154

11,477
7.514

1%.178

414,986
542,564
477 . 680
I11.444

7. 93
. e
G . i
o . 0
o . @
iopaly
G o @i
(@ . G
(a1
¢f . @
gi . (84
7. s
il
A nio}

O nNooooooo

P,
et



CBAVET LEURe @ERS23E/87

STATIONS

ARG 1 2,547
ARG B LT 1.326
SPUT ARG B
SRUT GRC E L E7.8351

19,2935
15.756
246, 568
HG . @

EXTRACT E
EINZEL E

&, 2475
&L BED
1185, 4

B&. 11T

1617 . 492

B9,

115,814
19%., @49
199,676
1768, e

SMiH 8 e
SMIV .
SMEH & . O3
aMaEv . @

DRIFT TURES
i ERLHTR T
W 7
o P

’

it G2
[

4 T

72
o G

. &G

! SE .

SI+4 STA#I=

Ba A4y
(5, 1

D69, 9432691988

19.98%
16,388
246,847
58.889

1é4. 568
1oy I T
11&. 944
85, 958

107, &42
HP.016

114.9469
197. @7
199. 981
186,327

(:l
Q

‘ o
R R

W

oy vy g
TN A

1 @

163

&
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SAVEB @17:C

STATIONS
ARC 1

ARC E LIM
SFUT ARC E

SFUT ARC E L

EXTRACT E
EINZEL €&
MAGNET I
DECK E

LEBT Q1A
LEBT QIR
LERT Q2A
LEBT Q2B
LEET M1
DECK E

LERT @3A
LEBT @3B
LERT ©O3C.
LEBT . Q3D
LEBT SMiH
LERT SMIV
LEBT SM2H
LERT SmM2V
DRIFT TURES
72 JI2.995
1 17 . 3@
2 16. 80
3 14,994
4 14.994
S 13.996
6 14.994
7 14.994
a 3.994
9 14.994
1 18. g9d
11 22 . D
12 21 . adad
13 21 .33y
14 21 . 999
TIMING

18 2 19

Wi/ 1@/87

2. 6480
2.747
@ . dess
1.526

16.47d
17.873
235.873
S6 .S

1.85d
46.856
121,026
101 .9@5

141.453
S56. 30@

F8.7d6
176.351
198.761
166.954

&, G
. g
. a9e
@, 201

33.11
16.84
16.66
14.75
14,77
13.66

15.85

15. 32

14.15
14.73
17.46
21.88
20. 64
21.63
20,83

2.447
2.442
@ .
2 inia]

17.111
17.661
235.474%
05.968

2,447

46.789

21.026
191,887

191 . 587
S56.1949

9. 7351
178. 657
199.756
18%. 154

@
I ainil
3. aghs
Y b

15
1&
17
18

2

21

)
2

ras)

24

—eT
a

26
28
29

=fnleloYokal=R-N=R-N=R-R=R1=1

1 g 8@ 1add

0Q0o0 0oco

Ocoo 0o o0oopoo

Ococo

19

21 . GEHE
21 . B
21
21 . B
2. @
22 B0

‘;/i lalnin]
e alnly)]
2 . G
L B
208 . g

7

164

S

20.99
21.41
20.96

1.6

- s
’Ll - ad

22 B35
22.98
23,14
23.94
22.85
2m.w4
20,85
20, @9
20 .08
19.95

ot
T

iy

e

ey
Sl

e

-

4

b
7

Z8A
Z8R
GR4
GRS
GRSE
GBR6

21. g9
21. @
21, gig
21 . @
21 . G
21 . @
2. PO
23 . HEE
I5.994
28.

BEG . GG

S

424.957 42

S . 42

mlalulnlolsRuliaRulinRalialale:



SEVES 14028 @9/11/86

ATAT TOME
r’% Y I 2 S
;f"—“F"\'CII LM i . G
SFUT ARG E t i
SFUT ARC E L

EXTRACT E
EINZEL E
MAGNET 1
DECE E

19. 494
L& g
21d., @7

Q1A .
o OlE Ry Y
Tonme

T O2R

M1

o

L. THT
1%1.117
191,744
1356 . @50

SMiH
SMivY
thH

SHEY . f.:":.‘...l

g, @78
@ @71

II!H

DRIFT
@
i« e

2 .
A . ghE

@, G
&, e
. e
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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 I I I
| XM4 | 85.0 +3 | 2.05 | 1 |
| __XM5 | 41.5 12 | 1 I 1 |
| SIM3 | 25.0 | | 1 I
| __SIM3 | 23.5 ] {Septum Ch.|
| SIM4 | 228 | 6.16 |Septum Ch.|
| SIM5 ] 87.0 | 2.35 |Septum Ch. |
| __SiM6 | 37.0 | 1 |Septum Ch. |
| X1Q4A | 159 +4 | 0.987 ] 1 |
| _X104B | 161 +2 | 1 lor Septum |
|  S1Q7A | 116 #1 | 0.906 | Septum |
| __S1Q7B | 128 #1 | 1 | _Septum |
| XM4 | 61.5 1 | 2.32 | 2 |
| __XM5 | 26.5 +1 | 1 | 2 |
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5.0 Some Dipole Tuning Hints

5.1

5.2

5.3

Extraction Channel: Magnets XM2/XM3.

Horizontally the beam should be centered at following wires

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

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

Horizontally the beam should be centered at the following wires

X1Q4WC wire

]

16

STM3WC wire

i

16

Centering the beam on wire 16 at X1Q4WC minimizes qhadrupole 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 step 3, continue to repeat first step 2 then step 3 until
the beam is centered on STIM3WC and X1Q4WC.

Channel 1: Magnets XM3V/XM4V.

Vertically the beam should be centered ét X104WC 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 X1Q5WC, wire = 16 to

minimize quadrupole steering by X1Q5.

5.5 Channel 1: Magnel XIMSS.
Vertically we require for the following beam lines:
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 .is badly misaligned (due to hardware constraints, it is
difficult to reorient). Note the wire chamber pictures of B26WCI 1in
Sec. 3.1.4. Set XIM6 and B26M1 at nominal values from scaling or
previous known values.

17 Use XIMé to center thé beam on B26WC2.

2. Use B26M1 to center the beam on B26WCA4.

3. Repeat step 1 and then 2 etc. until the beam is centered on both

wire chambers.
5.7 Septum Channei: Magnet SIM3.

Horizontally the beam should be centered at:

STF2WC, wire = 35
This maximizes the angular acceptance 1in the dowhstream magnets S1M4,
SIM5, SIM6. Note: the ratio of the horizontal to vertical beam size
at F2 is 3 to 1. Do not try to make the horizontal and vertical

beams sizes the same (See Sec. 3.7.3)
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5.8 Septum Channel: Magnets STM4/SIM5/S1M6.

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

SIM4/ST1M5/S1M6.
2. Adjust the SIM6 current to center the beam at S1F2WC, wire = 16.
3. Adjust the SIM5 current to center the beam at S1Q7WC, wire = 16.

4. Repeat step 2 and then step 3 until wire position conditions are
satisfied.
5. Adjust the SIM4 current to center the beam at SIM6WC, wire = 16.
6. Now repeat step 2 and step 3.
7. Repeat step 5. Discontinue when all conditions are met.
5.9 Septum Channel: Magnét STM5S.
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

16
Centering the beam on wire 16 at X2Q4WC minimizes quadrupole steering

by X2Q4.

il
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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.

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

16.

"

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

4. Repeat Step 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 X20Q4WC is further downstream of XM5,

then X1Q4WC.
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