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Introduction 

This handbook is intended as an aid for tuning the external particle beam 

(EPB> lines 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 lines 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 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 magnet's current for a given central Bevalac field. 

Finally, some tuning hints are suggested. 
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2.1 Some Bevalac Ions and I n t e n s i t i e s 

Bevalac P a r t i c l e Inventory** 
August, 1985 

Atomic Atomi c Accel. Max. Intensity, 
Ion Weight Number Charge Energy parti cles/pulse, 

A Z MeV/amu 
4900 

@ Fl 
Hydrogen 1 1 1 

MeV/amu 
4900 2 x 10^ 

2 1 1 2100 1 x 109 
Deuterons 2 1 1 2100 1 x 10 5* 
Helium 3 2 2 3010 3 x 10 8 

4 2 2 2100 1 x 10™ 
Boron 11 5 5 1840 1 x 109 
Carbon 12 6 6 2100 5 x 109 
Nitrogen 14 7 7 2100 1 x 10 5* 
Oxygen 16 8 8 2100 6 x 10* 
Fluorine 19 9 9 1950 1 x 10 8 

Neon 20 12 10 2100 1 x 1010 
Magnesium 24 12 12 2100 i x 10 7* 
Aluminum 27 13 13 2000 5 x 10 8 

Silicon 28 14 14 2100 8 x 10 8 

Argon 40 18 18 1815 1 x 10 9 

Calcium 40 20 20 2100 4 x 10 7 

48 20 20 1640 1 x 10 7 

Manganese 55 25 25 1840 1 x 10 6* 
Iron 56 26 24 1700 2 x 10 8 

16 1050 5 x 10 7* 
Nickel 58 28 26 1810 1 x 10 5 

Krypton 84 36 33 1510 1 x 10 7* 
Niobium 93 41 35 1420 1 x 10 8 

23 770 8 x 10 7 

Xenon 129 54 45 1280 5 x 10 5 

132 54 45 1240 1 x 10 5 

136 54 45 1180 3 x 10 6 

Lanthanum 139 57 52 1410 1 x 10 5 

48 1260 4 x 10 7 

32 690 8 x 10 7 

29 587 6 x 10 7 

Holmium 165 67 54 1170 2 x 10 5 

Gold 197 97 61 1080 1 x 10 5 

37 490 1 x 10 7 

35 450 5 x 10 6 

11 50 1 x 10 5 

Uranium 238 92 68 960 1 x 10 6 

40 410 1 x 10 7 

* Low i n t e n s i t i e s are at experimenters' requests; no maximization has 
been done. 

* * (Ref. 1) 

977s s/fc 



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 = R YB = P/q = p ,, B 
_ 0_u_ M i-eff e v 

(Q/A) 
where R = 31.07155 kG-m = m c/e o o 

where yp = [ n ( 2 + n ) ] % 

n = (I/A) 
W 

o 

W = 931.5016 MeV/amu E m c 2 

o o 
q = charge state of the ion E Qe 
m = atomic mass E Am 

o 
T = kinetic energy 
p = momentum = mc yP 
B = Bevatron field (1500-12575G) ev v ' 
P c c = The effective extraction radius (15.21-15.31m) eff 

The importance 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 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 particul?>" beam line is 

1 qc 

given in Fig. IB for that particular (Q/A). (e.g. Xe 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). 

April 1987 1 
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Table 2.2.1 

R i g i d i t y f o r Ions w i th Charge/Mass of 0.5 

T/A 
(MeV/amu) Y0 

R/(q/m) 
(kG-m) 

R 
(kG-m) 

10 0.146921 4.56506 9.13013 

20 0.208332 6.473?0 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 81.0993* 

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 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 



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. 

2.3 Optics, beam envelope definitions 

A charged particle moving down a beam line may be represented by a 

six dimensional vector (x, x', y, y 1, 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 

(x1 and y'), (see Fig. 2) the difference in length, 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 1 is defined a* the ratio of transverse to 

longitudinal velocities. That is x1 = "dx/dz = v /v , with a similar 

definition for vertical divergence. A plot of the horizontal divergence 

(x1) vs the horizontal size (x) of a group of particles will approximate 

an ellipse as shown in Figure 2. (This is a projection of the six 

dimensional ellipsoid on the x'-x plane). The area of the ellipse is 

given by E = ir x x ' and is called the horizontal emittance: the 3 J x o o 
vertical emittance is just E = ir y y . A single particle can be traced 

" y 0 0 

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 in the six dimensional coordinate system. The input to such 
i i 

programs are the initial six coordinates of the ellipse (x , x , y , y , 
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(a)Phase space ellipse at a waist 

(b) Phase space ellipse elsewhere 

XBL 874-1686 
Fig. 2 

The phase space ellipse (divergence 

horizontal ly or ver t ica l ly vs beam width 

horizontally or ver t ica l ly ) 
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z , 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 list the 
maximum transportable angular divergencies (x ', y ') and momentum spread 
(Ap/p) specified at the initial Fl focal point, for the Bevalac beam 
lines. Typically, the output from such computer programs is a tracing 
down the beam line 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 X =FWHM with the same relation for the vertical v v ' rms 
envelope. The horizontal and vertical beam envelopes for the maximum 
transportable emittance, and for a beam momentum spread Ap/p = 1% are 
shown in Fig. 3 above and below the optic axis (center line), 
respectively. At the FT focal point, the beam was taken to have an 
average size of x = y = 5mm. The divergences x ' and y ' were taken as ^ o Jo o Jo 

the maximum acceptance values given in Table 2.3.1 for each beam line. If 
the actual initial divergence at Fl 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 line 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 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 is horizontally (H) or vertically (V) focussing. Note the 
following aspects of the envelope pictures: 

il 1987 13 



Table 2.3.1 

Bevalac Beam Line Acceptances 

Beam 
Line 

Angular divergence at F1 Momentum 
Spread at F1 

±Ap/p 

Beam 
Line Horizpntal 

± x o 
Vertical 

±/o 

Momentum 
Spread at F1 

±Ap/p 

26 7.5 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 (I) 7.5 5.0 0.73 

44 (II) 7.5 20 0.73 

Biomed I 3.7 6.4 4.2 

Biomed II 3.7 6.4 0.85 

14 
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A. At Z = 0 on the optic axis the beam is 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 it mm-mr while high energy beams have emittances of about 10 ir 

mm-mr. (This is a consequence of adiabatic damping in the Bevalac). As 

the group of particles travels down the beam line 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 d 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 nomenclature often equates AR/R - Ap/p). 

The dispersion is proportional to AR/R, that is d - 6 AR/R where 6 

is a function of the longitudinal position along the beam line. In the 

beam envelope pictures the dispersion is 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 dispersion vector will be 

focused or defocused by the subsequent quadrupole and dipole magnets. In 

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 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 distributions in both coordinate 

and momentum space, the horizontal half-width becomes 
12 2 

x = / x (envelope) + d , 
April 1987 16 



where x(envelope) is the monoenergetic half-width of the beam of 

particles. The momentum spread of the beam at the exit of the Bevalac 's 

typically Ap/p s 0.1%. 

Usually, beam line optics are designed to give zero dispersion at the 

target focal point. A beam line of this design is called momentum 

recombining. This is 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 energy changes. Those positions along the 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 line quadrupoles. 

(b) The dispersion « 0 at the target with minimal slope Ad /Az « 0. 

(ii) A second effect of dispersion is to separate beams of different 
139 charge or isotopic mass. As an example, 50 HeV/amu La in the +30 

_5 charge state traveling through a poor vacuum (8 x 10 Torr) in the Fl 

area produced by electron loss the charge state distributions shown below 

at the S1M3 wire chamber and the F2 wire chamber. At the S1M3 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 

• H ; 

: - -.. , '••'; • • • • * [ ' • ' • . . ! - • : 

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 MeV/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 

Jli ..itn..„. .tiiiulli n i l . . . . 

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 

isotonic mass to be transmitted. The Bevalac beam lines contain a number 

of collimators. A list 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 lists, wire chamber pictures and 

magnet current lists. 

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 XFl, 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 list. 

Finally, the magnet type is 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/Bevalec User's Handbook. 

B- Wir° 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 line the auto-ranging 

information is given. AO 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 

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 to each 

distribution are the mean and the standard deviation from that mean of the 

wire number distribution. In 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 end 

above the surveyed central or optic axis of the beam line. It is 

important 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 

line is 1 isited on the left side of the page. The current in each magnet 

is then given in the column with the heading AH. ' :: 

Also listed on the current value page are the ion species, the main 

Bevalac field, the beam radius (FT RAD), t?he position of the extraction 

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

April 1987 20 



2.5 Emittance at Fl 

Using known distances between wire chambers and using the beam sizes 

at these wire chambers, one can estimate the emittance at Fl , 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 XH4 wire chamber: 6.493 m 

XF1 wire chamber to XIQ4 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 all be used for comparison. If r is the 

full-width at half-maximum beam size and L is the distance between the FT 

wire chamber and some downstream wire chamber, the divergence r ' is r ' 

~ r/L. Shown in Fig. 4 are the vertical vs. horizontal full-width at 

half-maximum beam sizes in the Fl area. Shown in Fig. 5 are similarly the 

average vertical vs. horizontal divergences in the Fl 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 c ~ 20 -ir 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 is 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 is this average 

unnormalized emittar.ce for some Bevalac fields. We estimate the error in 

the average emittance to be ± 25% for these samples. 

April 1987 21 
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3 ( 2 ) - 4 . 0 SQ X .0015-1100 ALUM. 

— (9) 4 .0 OIA X .00025-1145-H19 ALUM. 

I 
8 

AlR 

(2) 4 . 0 DIA X 
.010 A L U i r ~ V ^ I J — f — 0. 

REMOVABLE POLAROID 
FILM HOLDER 

REFERENCE DRAWING: 
20F6966 - F-l AREA LAYOUT 

(XBL 874-1691) 
NOTE: THE FOILS AND THE DEGRADERS MAY BE CHANGED. 
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2.7 Collimators (Jaws) Index* 

Name Ass'y Print Location 

CI 

XFUAWS 20E6116 (area) F-l Box 

X1F2/S1F2JAWS 1844106 Dnstr. S1M3 

Upstr. X1Q5WC 

Dnstr. X2M5S 

Dnstr. X2M5S 

Upstr. X2F2WC 

Dnstr. B40WC1 
Dnstr. B42WC1 

X1JAWS 17J1536 
17J3096 
17J4733 

X2JAWS 20P4066 
16P9376 

X2F2JAWS 16P9376 

B40JAWS N/A 
B42JAWS N/A 

Drive Unit 
17G0016 

B39JAWS1 N/A 
From Brookhaven 

B39JAWS2 Same as #1 

BOJAWS N/A 
S1F3JAWS 20E4066 

B44SL1 20E4066 

*(Ref. 2) 

0981s 
3/87 GK 

Size of Jaws 
_ (inches) 

4H x 4W x 4L 

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

3x8-5/8x24 

Position of 
_ Jaws 

Ver./Hor. 

Hor. 

Ver./Hor. 

Ver. 

Hor. (Anderson) 4-1/8x8-1/4x12 

Ver. (Anderson) 4-1/8x8-1/4x12 

Hor. (Manual) 2"x4"x8" 

Hor. 4 " x8 "x l 9 " 

Mater ia l Type 

Dnstr . B39WC3 Hor . /Ver . 

Dnstr . B39WC4 Hor . /Ver . 

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

3-1/2x4x2 

Dnstr. B44 
Beam plug 

Hor./Ver. 3-3/4x7-1/4x9-1/2 

Depleted Uranium Spot size 

Lead Spot size 

Lead Divergence 

Lead 
Lead 

Lead 

Lead 

Copper 

Carbon 
Lead 
Lead 

Lead 

Dnstr. B0S1 Hor. 4"x8"xl0" Lead 

Upstr. S1M7 Hor./Ver. 3-3/4x7-1/4x9-1/2 Lead 

Lead 

Divergence 

Spot size 

Spot size 

5pot size 
Divergence 

Spot size 

Divergence 

Spot size 

Spot size 
Divergence 

Spot size 



3.1 Beam 26 

27/.V /' 



/ 

STREAMER eiwamtDEiB 
B26WC6 

6mm B26M4 

B26GV1 
F3) remote 

M6 

QSi 

29/jO 



BEAM 

iPED a 

IQSA/B 
XI JAWS 
V H 

X1F2/5IF2 JAWS 
Honz. 

/ X1GV2 
J remote 

IBE9MAC 

euMJsaaiL a 

I® I SIM3 

/ 
X1QSWC 
6mn 

XIFZ/SfFZWC £U35WC 
3mm 

6mm 6 r n m XF1GV2 x | m

w c 

remote 

m m&wm. BEAN 3® 
(sm^siiaaEL a 

XBL 874-1706 



3.1.2 Beam 26 Magnet Parameters 

Beam Line 
Element 

Effective 
Length 

(m) 

Quadrupole Magnet Dipole Magnet 

Magnet 
Type (In) 

Beam Line 
Element 

Effective 
Length 

(m) Max. 
Gradient 

(kG/m) 

Pole 
Up 

Radius 
(m) 

Field 
(192kG-m) 

(kG) 

Bend 
Radlui 

(m) 

Bend 
Angle 
(deg.) 

Incoming 
Edge 
Angle 
(deg.) 

Outgoing 
Edge 
Angle 
(deg.) 

Magnet 
Type (In) 

(Fl)-XFIWC _ 

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 - 1 6 . 8 8 11.37 5.222 0 5.222 6-l/8xl8x36C 

0.173 

XM5 1.080 -13 .50 14.22 4.351 -5 .222 9.522 6-l/8x29x36H 

XIQ4WC 0.282 

0.235 
X1Q4A 0.884 +144 0.1046 8QN32 

0.284 
X1Q4B 0.884 -147 0.1046 8QB32 

S1M3WC 4.862 

0.340 
S1M3 2.250 4 .51 42.58 3.028 0 3.028 4.38xl5x84H 

(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.) 

Beam Una 
Element 

Effective 
Length 

(m) 

Quadrupole Magnet Dipole Magnet 

Magnet 
Type (in) 

Beam Una 
Element 

Effective 
Length 

(m) Max. 
Gradient 
(kG/m) 

Pole 
tip 

Radiua 
(m) 

Field 
(19SkG-m) 

(kG) 

Band 
Radiua 

(a) 

111 

Incoming 
Edge 
Angle 
(des-) 

fill 
Magnet 

Type (in) 

X1M6 1 .036 2 0 . 0 5 9 . 5 7 7 6 . 2 0 6 . 2 6x l6x36C 

(F3)-B26WC1 8 . 6 0 0 

9 . 5 0 0 

B26M1 1 .542 16 .74 1 1 . 4 7 7 .7 3 . 8 5 3 . 8 5 6x l8x60H 

—B26WC2 0 . 4 3 5 

0 . 3 0 8 

B26Q1A 0 . 8 8 4 +147 0 . 1 0 4 6 8QB32 

0 . 1 7 7 

B26Q1B 0 . 4 9 0 -146 0 . 1 0 4 6 8QB16 

0 . 1 2 0 

B26Q1C 0 . 4 9 0 -146 0 . 1 0 4 6 80B16 

(F4)-B26WC3 8 . 2 1 4 

—B26WC4 7 . 0 5 5 

0 . 4 8 4 

B26Q2A 1 .308 -128 0 . 1 0 4 8 8 /120B48 
0 . 1 8 1 

B26Q2B 1 .308 +128 0 . 1 0 4 8 8/12QB48 

(F5)-B26WC5 5 . 1 4 0 

B26WC6 4 . 0 6 0 

1 
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xxx x co 

X 
(HORIZ) 

50 
METERS 

1 0 0 

SEC 3.1.3 BEAM 26 
XBL 874-1692 



1 5 . 2 
5 . 0 

3 4 . 6 

ilk... A 

111. 

1 7 . 6 

4 . 9 

X M 2 
A u t o Ranqe 
2 1 : 4 7 : 4 9 : 

x i ~ i : 3 

499 V o l t s 
B On.^.-.*—"-' 

; MM 3 d c t e 6 

49B V o l t : 
Manual Range 3 B On 
21:49:31 23 Oct 86 3 MM 

19.7 
1.5 i i 16.0 

1.5 
X F 1 1000 Volts 
Auto Range 1 B On 
21:50:05 23 Oct B6 2 MM 

17. 1 
4.0 

15.9 
5.0 

J 
..lllllll,.. 

L 

k. 

16.6 
2.5 

16. B 

XM-O- 1050 Volts 
Auto Range 5 B Dn 
21:51:07 23 Get E6 6 MM 

X 1 G J ^ 1030 Volts 
Auto Range 5 - B On 
21:52:45 23 Oct E6 6 MM 

0.0 
0.0 1::: •ifli. 

16.3 S 1 M 3 : 747 Volts 
Auto Range 3 B On 
21:53:IB 25 Oct S6 6 MM 

0.0 
0.0 i ! : . . 

B.6 
1.5 

S l / X I F 7 " ^ 1001 Volts 
Auto Range 2 B On 
21:53:56 23 Oct 86 3 MM 

1 5 . 8 
3 . 5 JlflL .nimiiin.. 

I B . 2 
X 1 G ! S 4 9 9 V o l t : 
Auto Range 0 B On 
2 1 : 5 4 : 2 4 23 Oct e 6 6 MP 

9 . 7 
1 . 0 

i l l i . 1. 1 9 . 0 
B S < £ » W C ; ± 149B V o l t s 
Auto Range 2 B On 
2 1 : 5 5 : 3 7 23 Oct 06 2 MM 

1 4 . 9 
4 . 0 ,.111111)11. 

16. 1 
B S < £ > W C 2 1502 V o l t s 
A u t o Range 3 B On 
2 1 : 5 6 : 3 9 23 Oct 06 6 MM 

2 0 . 2 
3 . 5 JL .ilk _. 

1 6 . 3 
B 2 6 W C 3 
Manual Range? 
2 1 : 5 9 : 2 4 23 Oct P.i, 

1999 V u l t s 
D Un 

MM 
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E s ^ ^ s t ^ J C : ' ^ 1250 VaH.5 
I / . V , . . ] | : . . . M . e 

II 1 - A u t o Range 3 B On 
Willi.. ... i i lmJli... ~"""J 2 1 : 5 9 : 5 5 23 Oc t 86 2 MM 

L jL. 
B 2 < £ > W C S 2000 V o l t s 

0 . 0 . . 1 : . . . 0 - 0 
: Manual Ranae 4 B On 

0 . 0 I , 0 . 0 
2 2 : 0 1 : 0 7 23 Oc t 86 2 MM 

3.1 .4 WIRE CHAMBER PICTURES AND MAGNET CURRENTS 
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230CTB6 EPB ACL PRINT 22:16:53 PAGE 1 
NAME DATE TIME ENTRY BEAM LINE 
NE7284 B26 230CTB6 22:16:138308 BEAM26 
COMMENTS 
NE72B4 E26 BEAM TUNED TO B26WC5 

UNABLE TO GET A NO QUAD STEETING TUNE 
E 594.0 S 586.58 
RADIUS 600.1 
XS1 FEEDBACK SPILL 
EXT PFW ACL 6390 EXT 

PERTURBATION UNIT DATA 
NAME FLAGS AMPLITUDE DELAY GATE 
X PI P+ 79.33 400 1680 
X P2 P+ -3.20 400 1510 
X c ? 

U b 5+ 291.31 470 1300 
X SI S+ 51.28 440 1420 
X S2 P+ 30.84 450 1100 
X M3 S+ -9.77 400 1400 
X SI P+ 36.71 400 1500 
X M2 S+ -32.08 400 1450 

NAME SP AM DI OFFSET 
X PI 0.00 0.66 5 0.00 
X P2 0.00 0.29 5 0. 00 
X 51 -1.6B 1.32 5 0.00 
X -0.06 2.08 5 0. 00 
X Ml 503.05 545.77 5 0.00 
X M2 1466.60 1504.49 2005 0.00 
X M3 1201.82 1218.76 5 0. 00 
X Q.3A 766.76 760.38 5 0. 00 
X Q3B 750.92 817.05 5 0. 00 
X M3V 10.00 9.40 2001 10.00 
X M4V 0.00 1.47 1 0.00 
X M4 617.84 617.59 2001 617.84 
X M5 301.42 304.45 2001 301.42 
XI Q4A 1135.91 1135.04 2005 0.00 
XI (34B 1150.8B 1201.56 2005 0.00 
XI M5S 54.53 54. 11 2001 54. 53 
SI M3 183.31 183.89 2003 183.31 
XI C!5A 1040.04 1035.61 2001 1040.04 
XI Q5B 1020.21 1018.61 2001 1020.21 
XI M6 764.29 756.08 2001 764.29 
X Q4A 0.00 0. 00 5 0.00 
X D4B 0.00 0. 00 5 0.00 
B26 Ml 684.66 724.96 1 684.66 
B26 Q1A 1119.87 1129.95 1 1119.87 
B26 Q1B 1044.94 1056.67 1 1044.94 
B26 Q2A 595.48 592.45 1 595.48 
B26 D.2B 607.90 619.32 1 607.90 
B40 M2+3 B00.6B 4. B9 1 800.68 

3 V 3 V 



3.1.5 Beam 26 Focal Points 

Focal 
Point Location Horizontal 

Magnification 
Vertical 

Magnification 
Dispersion 

(mm/%) 

F l 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 

3 9 A / ^ 



3.2 Beam 30 

*Vv,2 



mm m 

e iPTin BHftaiiiaa. 
S u I F 3 u * Y S S I M M 

H o m - V t r t - • • 

S1Q7A/B 

B50WC1 B S O B P S * ' S1M7, 

0B&II1 3 3 

B30M7 

aaaoa ^w 
B44WC3 

6mm 

4 3 / 4W 



Mm 
51H6WC 

6mm 

X1F2/SIF2 Jaw* 
Horlz 

a t » 5 f f i S1M6 X1GV1 
remote 

B39M1 

31D5 

81F2/31F2WC a 6 m m W C 

3mm ° m m mm® 

[Birammfm. n 
X04WC 

6mm 

XF1GV2 
remote F1SEM 

XFIGVt > 
remote 

XBL 874-1704 TEKAWA 



3.2.2 Beam 30 Magnet Parameters 

Beam Una 
Element 

EftectiTa 
Length 

(m) 

Quadrupole Magnet Dipole Magnet 

Magnet 
Type (in) 

Beam Una 
Element 

EftectiTa 
Length 

(m) Max. 
Gradient 

(kG/m) 

Pol* 
tip 

Radiui 
(m) 

Field 
U92kG-m> 

<kG) 

Bend 
Radiui 

(m) 

HI 

Incoming 
Edge 
Angle 
(deg.) 

Outgoing 
Edgt 
Angle 
(deg.) 

Magnet 
Type (in) 

(Fl)-XFIWC -

—XQ4WC 4 . 0 0 0 

0 .221 

X04A 0 .884 - 1 4 7 0 .1046 8QB32 

0 .284 

XQ4B 0 .884 + 147 0 .1046 8QB32 

—XM4WC 0 .220 

0 .242 

XM4 1.036 - 1 6 . 8 8 11 .37 5 . 2 2 2 0 5 . 2 2 2 6 - l / 8 x l 8 x 3 6 C 

0 .173 

XM5 1.080 - 1 3 . 5 0 1 4 . 2 2 4 . 3 5 1 - 5 . 2 2 2 9 .522 6 - l / 8 x 2 9 x 3 6 H 

—X1Q4WC 0.282 

0 .235 

X1Q4A 0 .884 + 144 0 .1046 80N32 

0 .284 

X1Q4B 0 .884 - 1 4 7 0 .1046 8QB32 

—S1M3WC 4 .862 

0 .340 

S1M3 2 .250 - 4 . 4 2 4 3 . 4 4 2 . 9 6 8 0 2 . 9 6 8 4 .38x l5x84H 

(F2)-S1F2WC 0 .770 

0 .645 

S1M4 1.405 - 1 4 . 3 1 1 3 . 4 1 6 . 0 0 6 . 0 2Ux7!sx48H 

0 .370 

S1M5 2 . 2 5 0 - 1 6 . 3 8 1 1 . 7 2 1 1 . 0 5 .5 5 . 5 4x38xl5x84H 

—-S1M6WC 0 .247 

0 .247 
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Beam 30 Magnet Pnramcters fcont . ) 

Beam Una 
Element 

EffectWa 
Length 

(m) 

Quadrupolt Magnet Dipole Magnet 

Magnet 
Type (in) 

Beam Una 
Element 

EffectWa 
Length 

(m) Max. 
Gradient 
(kG/m) 

Pole 
tip 

Radiui 
(m) 

Field 
(l92kG-m) 

(kG) 

Bend 
Radiui 

(m) 

II! 
{ill 

Outgoing 
Edge 
Angle 
(dig.) 

Magnet 
Type (in) 

S1M6 2 . 2 5 0 - 6 . 1 8 3 1 . 0 7 4 . 1 5 4 . 1 5 0 4 .38x l5x84H 

—S1Q7WC 2 . 3 5 0 

0 . 3 3 6 

SI 07 A 1 .308 -138 0 . 1 0 4 6 8QB48 

0 . 2 1 6 

S1Q7B 1 . 3 0 8 + 138 0 . 1 0 4 6 80B48 

—S1M6SWC 1 . 6 0 8 

(F3)-S1F3WC 3 . 7 0 0 

5 . 2 8 0 

B30Q1 1 . 3 0 8 +128 0 . 1 0 4 8 8/12QB48 

0 . 2 1 8 

B30Q2 1 .308 -128 0 . 1 0 4 8 8/120B48 

—B30WC1 0 . 5 9 4 

(F4)-B30WC2 5 . 7 6 0 

—B30WC3 4 . 6 6 0 

0 . 1 8 5 

B30Q3A 0 . 4 9 0 -146 0 . 1 0 4 6 8QB16 

0 . 1 2 0 

B30Q3B 0 . 4 9 0 -146 0 . 1 0 4 6 8QB16 

0 . 1 4 5 

B30Q4A 0 . 4 9 0 +146 0 . 1 0 4 6 8QB16 

0 . 1 2 0 

B30Q4B 0 . 4 9 0 +146 0 . 1 0 4 6 8QB16 

(F5A)-B30WC4 3.315 
(F5B)-B30WC5 3,830 

46 



T - C\J CO " t 
• * CO t IO ID s. oo oo • * t m o ^ "S 2 S o o o o o 

0 2 2 * - T— 1 — 1 — T— , _ CO CO CO CO 
X X X X CO CO OT CO co mm m no 

X 
(HORIZ) 

40 50 60 
METERS 

SEC 3.2.3 BEAM 30 (I) 

80 90 100 

XBL 874-1693 



• f co •>* m (0 K 
• * • * » • ir> O ? 2 5 2 O 
0 5 2 V— T— T - T— r— 
X X X X CO CO CO CO CO 

T-CV co^t 
2 o o oo 2 o o o o 
i - COCO coco 
co com com 

to 
x 

( H O R I Z ) 

SEC 3.2.3 BEAM 30 (II) 

8 0 90 100 

XBL 874-1694 



OPTICS(I) 

12 
5 

17 
3 

16 
4 

1? 
5 

16 
i 

!I 
16 

3 

36 
3 

16 
1 

18 

16 
3 

15 
2 

72 
2 

33 
3 

: R AHfl 6 HH 

: • ; nzmm 502 
...rr!.: R ATTR e H HH 

» w b. 1 n u t . 

TARGET 

,: R 
HFUHRpB 501 

2 HH 

: R 
mmwmiszi 

& HH 

mrmmm 501 
R A H R 2 HH 

UMJPB1000 
R AH R 

: R 

6 HH 

501 
6 HH 

1002 
3 HH 

'- Pmragsa 50 
: R A H R 6 

,: R 

HH 

501 
& HH 

B33HC3 
V U U I H U C 

TARGET 
B.S3HV2 

B33HC3 

VQU0GL 

TARGET 

B30HC3 
B3BHC2 

B30HC3 
VOLTAGE 

TARGET 
VULIAUL 

TARGET 
VULittUt 

B30KC3 
I 

H i m B B B 401 
R AH R 6 HH 

t M B I l l l 500 
R AH H 6 HH 

• • XF1 „ „ 501 
. . . . . : R AH R 2 HH 

B30HC2 

B30HC3 

TARGET 

B30HCT 

•R AH R 3 HH 

r 3 
TARGET 

0 

0 

D 

C 

0 

c 

D 

L 

D 

C 

D 

C, 

0 
I 

D 

C 

D 

VOLTAGE C 

3.2.4 WIRE CHAMBER PICTURES AND MAGNET CURRENTS 
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NAME CATE 
CURRENT 5B3029MARB6 

T I M E ENTRY 
1 3 : 4 2 : 4 3 0 

BEAM L I N E 
BEAM30 

COMMENTS 
NB37 12 .5B3k l 1 . 5 4 G E V / N NB37 S T R I P 41 TO B 3 0 . 

E 5 9 4 . 0 S 5 8 6 . 6 
RAD. 6 0 0 F F T 2 . 3 U M H Z . 
X31 FDBK. S P I L L . 
EXT PFWS: " 1 2 5 7 3 / E X T " . 
WIRE 2 3 AT F l . ALL STD F l MAT. I N . 

PERTURBATION UNIT DATA 

NAME FLAGS AMPLITUDE DELAY GATE 
X P I P+ " 1 8 7 . 6 6 4 0 0 1200 
X P2 P+ - 0 . 7 1 4 1 0 1 2 1 0 
X S2 S+ 7 . 7 1 41.10 1 0 3 0 
X M2 S - 3 0 . 6 6 4 0 0 1 1 9 0 
X S I S+ 1 (36 .54 4 0 0 1 4 5 0 
X M3 S+ - 1 5 . 2 1 4 0 0 1220 
X S I P+ 9 9 . 0 1 4 6 0 1 6 9 0 

MAMS SP AM D I OFFSET 
X P I 0 . 0 0 0 . 8 8 5 0 . 0 0 
X P 2 0.013 0 . 0 0 *• 0. :30 
< S I - 3 . 0 0 0 . 4 4 3 0 . 0 0 
< E2 - 0 . 1 8 3 . 4 2 0 . 0 3 
J MI 8 9 6 . 1 9 9 6 9 . 7 2 5 0 . 0 0 
i H2 2 3 2 S . 9 2 2 3 3 4 . 7 3 •T 0.0:3 
( M3 1 3 B 2 . 4 2 1 9 0 7 . 2 9 z 0 . 0 0 
( Q3A 1 3 5 0 . 1 3 1 3 5 9 . 5 3 0 . 0 0 
\ Q3B 1 2 9 3 . 3 7 1 4 2 2 . 3 3 0 . 0 0 
X M3V 7 1 . 2 0 7 0 . 5 9 2 0 0 1 7 1 . 2 0 
X M4V 0 . 0 0 0 . 7 3 1 0 . 0 0 
X M4 1 0 7 6 . 0 7 1 0 7 5 . 8 2 2 0 0 1 1 0 7 6 . 0 7 
X MS 4 3 1 . 6 6 4 3 6 . 1 3 2 0 0 1 4 3 1 . 6 6 
X I Q4A 1 8 0 1 . 2 4 1 8 3 3 . 2 1 7 0 . 0 0 
X I 0 4 B 1 8 6 4 . 7 1 1 8 8 8 . 4 7 5 0 . 0 0 
X I M5S 0 . 0 0 3 . 5 2 2 0 0 1 0 . 0 0 
X Q4A 0 . 0 0 0 . 0 0 3 0 . 0 0 
X Q4B 0 . 0 0 0 . 0 0 0 - 0 . 0 0 
S I N3 2 7 2 . 6 6 2 7 6 . 2 2 2 0 0 1 2 7 2 . 6 6 
£ 1 M4 2 7 1 9 . 2 7 2 7 1 1 . 9 2 5 1 1 9 9 . 9 9 
S I MS 9 6 7 . 3 3 9 6 7 . 9 3 2 0 0 3 5 6 4 . 6 6 
S I M6 4 2 3 . 9 7 4 2 9 . 3 4 2 0 0 i 4 2 3 . 9 7 
S t G7A 1 3 0 7 . 9 9 1 2 9 5 . 6 a 5 0 . 0 , J 
S I Q7B 1 4 1 8 . 6 0 1 4 5 3 . 4 3 5 0 . 0 0 
8 1 HhS 3 5 . 0 ( 9 3 3 . 3 8 1 3 5 . 0 U 
S I M7 4 3 . 5 6 4 0 . 1 7 1 4 3 . 5 6 
S I Ql 1100.00 1100.00 
S I Q2 1070.00 1070.00 
S I Q3X/B 2550.00 2550.00 
S I QAA/B 2360.00 2360.00 

DATA FDR ENERGY CALCULATION 

INJECTION:HILAC LOCAL 
PARTICLE? ti\» 2S FREQ I 3?2- i 2-
MASS NUMI «\$ 2S FIELDI C.1 1 

CHARGE «:H«r<// K.ENERGY1 I fl ~T »£*>> 

INFLECTOR H.Vl 
EXTRACTION: PFW: £rjp OFF» 
FIELD; \LS7f f̂c P» CUR« 

FPEGI 2. & II l1*f~2 p 2 C U R | 

BEAM RAO I £« O 

RADIUS CURRENT TAIL WAG 
WW r"tt < RISEl GAUSS 
M2irsc-Q i 
M 3 , 1 

TIME! nSECS 

51 flMp OFF! 

52 ONI OFFI 
STD MATERIAL AT Ft: ON:) OUT! 

OPTICS (I) 

52 
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JIIIIIIIIIIIILL„ Jli ' . 0 

X M : 5UH Vo l t s 

M.-.nual Ranqe 5 R On 

l':.:10:39 13 Jan 87 ~. MI-1 

.1. i. 1 6 . H 
1 . 0 

X F 1 
Huto Ranqe 7 

500 Vol t s . 
B On 

13: 1 1 : 0 2 13 Jan B7 2 MM 

1 

0 k 
15 .B 

XM-4- ".110 Vo l t s 
Auto Range 7 P On 

23:11:42 13 Jan 07 6 MM 

~A 1L_. 
4 . 0 

X 1 Q 4 500 Vo l t s 

Auto Range 6 B On 

23:12: IB 13 Jan 87 6 MM 

B 

0 J JIIIL. 
1 5 . 1 

3 . 0 

S I M : : 750 V o l t s 
Auto Range 7 B On 
2 3 : 1 2 : 5 1 13 J a n 87 6 MM 

..lllll... 
6.3 

1 .0 

S 1 S X 1 F^S 300 Vol t s 

Auto Range 6 B On 

23:13:30 13 Jan 67 3 MM 

9 

0 • l l l l l , . num.. 

16.9 
S1M<£» 500 V o l t s 
Auto Range 7 B On 

23:14:21 13 Jan B7 6 MM 

1 7 . 1 
7.0 

s i a - 7 1000 V o l t s 
Auto Range 7 B On 

23:14:1 13 Jan 67 6 MM 

9 

0 JUL. u...... 

S 1 M < £ » S 1000 V o l t s 

3 . 0 
Auto Range 7 B On 

23:15:43 13 Jan B7 6 MM 

9 

0 I 17.6 

1.0 

S 1 F 3 500 V o l t s 
Auto Range 7 B On 

23:16:13 13 Jan B7 2 MM 

B 

0 JUL ...illlll, 
16.5 B 3 0 W C 1 500 V o l t s 

Auto Range 5 B On 
" ' • ' " ' 23: 17: IB 13 Jan B7 6 MM 

JUL 
• 1 6 . 6 

B3C3WC3 500 Vol t s 

Auto Ranqe 6 B On 

23:17:50 13 Jan B7 6 MM 
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3.2.4 WIRE CHAMBER PICTURES AND MAGNET CURRENTS 

OPTICS (II) 
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IT-.IANC37 E p B A C L PRINT 2 3 : 2 5 : 4 5 • PAGE I 

NAME DATE TIME ENTRY BEAM L INE 
AR 12575 B3013JAN87 2 2 : 5 0 : 5 4 8 4 0 2 BEAM30 

COMMENTS 
AR 12575 B30 i.B GEV/AMU AR+IB TO B30 

E 594.0 S 5B6.6 
RADIUS 599.B5 
XS1 FB. SPILL. 
EXT PFW ACL 12575 EXT 
WIRE L6 XM4WC 
WIRE 36 S1F2WC 
ALL STD F l MAT I N . 

PERTURBATION UNIT DATA 

NAME F L A G S A M P L I T U D E DELAY GATE 
X P I P + 2 0 2 . 4 9 4 0 0 1 2 0 0 
X P 2 P + 0 . 0 0 4 1 0 1 2 1 0 
X S 2 S + 7 . 7 1 4 0 0 1 0 3 0 
X M2 S - 3 0 . 6 6 4 0 0 1 1 9 0 
X S I S + 1 0 6 . 5 4 4 0 0 1 4 5 0 
X M3 s+ - 1 5 . 2 1 4 0 0 1 2 2 0 
X S I P + 2 2 . B 6 4 6 0 1 6 9 G 

NAME SP AM D I OFFSET 
X P I 0 . 0 0 0 . 6 6 5 0 . 0 0 
X P 2 0 . 0 0 0 . 2 9 5 0 . 0 0 
X S I - 2 . 9 4 0 . 0 0 5 0 . 0 0 
X S 2 - 0 . 15 3 . 0 5 5 0 . 0 0 
X M l 8 4 0 . 4 2 9 0 4 . 9 8 5 0 . 0 0 
X M2 2 3 0 8 . 0 3 2 3 1 3 . 3 5 0 . 0 0 
X M3 i e 5 9 . 6 7 1 B 7 4 . 6 3 5 0 . 0 0 
X Q3A 1 3 4 8 . 3 B 1 3 4 7 . 4 6 5 0 . 0 0 
X Q3B 1 3 2 2 . 8 5 1 4 3 4 . 0 5 5 0 . 0 0 
X M3V 0 . 0 0 0 . 2 4 2 0 0 1 0 . 0 0 
X M4V 0 . 0 0 3 . 1 8 2 0 0 1 0 . 0 0 
X M4 1 0 8 8 . 0 4 1 0 9 1 . 5 5 2 0 0 1 1 0 8 8 . 0 4 
X M5 5 3 0 . 2 4 5 3 3 . 0 7 2 0 0 1 5 3 0 . 2 4 
X I G34A 2 0 0 4 . 9 9 2 0 2 5 . 3 8 2 0 0 5 0 . 0 0 
X I Q4B 2 0 6 8 . 9 9 2 0 5 9 . 6 7 2 0 0 5 0 . 0 0 
X I M5S 2 . 9 3 5 . 0 4 2 0 0 1 2 . 9 3 
X Q4A 0 . 0 0 3 . 4 8 5 0 . 0 0 ' 
X Q4B 0 . 0 0 3 . 4 8 5 0 . 0 0 
S I M3 2 8 9 . 3 0 2 9 3 . 1 5 2 0 0 1 2 B 9 . 3 0 
S I MA­ 2 9 8 1 . 5 9 2 9 8 0 . 8 0 2 0 0 5 1 1 9 9 . 9 9 
S I MS 1 1 5 1 . 4 4 1 1 3 7 . 2 0 2 0 0 5 9 9 9 . ?t> 
S I M6 4 2 2 . 8 0 4 2 6 . 2 6 2 0 0 1 4 2 2 . 8 0 
S I Q7A 1 4 2 B . 5 8 1 4 5 0 . 2 3 2 0 0 5 0 . 0 0 
S I Q7B 1 5 7 2 . 6 5 1 5 B 7 . 7 2 2 0 0 5 0 . 0 0 
S I M63 5 0 . 8 5 5 1 . 9 8 1 5 0 . S 5 
S I M7 4 4 . 4 5 4 8 . 8 8 2 0 0 1 4 4 . 4 5 
B 3 0 M2 0 . 0 0 1 6 0 0 . 3 9 2 0 0 1 0 . 0 0 
B 3 0 M3 0 . 0 0 0 . 0 0 2 0 0 1 0 . 0 0 
B 3 0 Q4A ' 0 . 0 0 0 . 0 0 2 0 0 1 0 , 0 0 -
B 3 0 Q4B 0 . 0 0 0 . 0 0 2 0 0 1 0 . 0 0 

B30 Ql 899 .00 8 9 9 . 0 0 
B30 Q2 770 .40 7 7 0 . 4 0 
B30 Q3A/B 1251 .60 1 2 5 1 . 6 0 OPTICS 
B30 Q4A/B 2632 .80 2 6 3 2 . 8 0 

5 5 / * Q> 



3.2.5 Beam 30 Focal Points (\) 
Standard Optics 

Focal 
Point 

Location Horizontal 
Magnification 

Vertical 
Magnification 

Dispersion 
(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 B30WC2 1.16 0 .33 -3 .8 

F5B B30WC5 0 .75 0 .98 1 .3 

Beam 30 Focal Points fin 
High Rigidity and Short Focal Length (F5) Optics 

Focal 
Point 

Location Horizational 
Magnification 

Vertical 
Magnification 

Dispersion 
(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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MttM 
B39Q1A/B 

EES^nsa-^ B39WC4 
6mm 

— B39 Jaws2 

B39M4 

B39M5 
B39WC6 

B59WC7 
6mm 
B396V2 

XBL 874-1703 



3.3 .2 Beam 39 Magnet Parametera 

Beam Line 
Element 

Effective 
Length 

(n) 

Quadrupole Magnet DIpole Magnet 

Magnet 
Type (in) 

Beam Line 
Element 

Effective 
Length 

(n) Mai. 
Gradient 

(kG/ml 

Pole 
tip 

Radiui 
On) 

Field 
(192 kG-m) 

(kG) 

Bend 
Radius 

(m) 

If! 
fill Ill

f Magnet 
Type (in) 

(Fl)-XFIWC -

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 

SM4 1.036 - 1 6 . 8 8 1 1 . 3 7 5.222 0 5.222 6-l /8xl8x36C 

0.173 

KM5 1.080 -13 .50 14.22 4 .351 -5 .222 9.522 5-l/8x29x36H 

X1Q4WC 0.282 

0.235 

ilQ4A 0.884 -144 0.1046 8QN32 

0.284 

tlQ4B 0.884 +147 0.1046 8QB32 

0.259 

J39M1 1.036 -64 .67 2.969 20.0 10.0 10.0 8xl6x36C 

— B39WC1 0.774 
0.394 

J39M2 1.036 -64 .67 2.969 20.0 10.0 10.0 8xl6x36C 

— B39WC2 0.274 

0.540 
339M3 1.080 - 6 8 . 4 1 2.807 22.036 11.018 11.018 8xl8x36HPH 

(F2)-B39WC3 1.958 

2.428 
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Beam 39 Magnet Parameters ( con t . ) 

Beam Line 
Element 

Effective 
Length 

(m) 

Quadrupole Magnet Dipole Magnet 

Magnet 
Type (In) 

Beam Line 
Element 

Effective 
Length 

(m) Max. 
Gradient 
(kG/m) 

Pole 
Up 

Radius 
(ra> 

Field 
(192 kGm) 

(kG> 

Bend 
Radius 

(m) 

III 
Jill 

Outgoing 
Edge 
Angle 
(deg.) 

Magnet 
Type (In) 

B39Q1A 0 . 7 3 4 - 9 5 0 . 1 5 7 1 12QB24 

0 . 1 4 2 

B39Q1B 0 . 7 3 4 +95 0 . 1 5 7 1 12QB24 

B39WC4 0 . 2 2 0 

1 .753 

B39M4 1 .872 - 8 9 . 5 0 2 .145 5 0 . 0 2 5 . 0 2 5 . 0 7-7/16x6311 

(F3)-B39WC5 3 . 1 1 5 

4 . 3 7 2 

B39M5 1 .093 - 7 5 . 1 7 2 . 5 5 4 2 4 . 5 1 2 . 2 5 12 .25 6xl8x36LPH 

B39WC6 0 . 2 7 0 

1 .959 

B39Q2A 0 . 8 8 2 +100 0 . 1 0 1 6 HP8Q32 

0 . 1 6 0 

B39Q2B 0 . 8 8 2 -100 0 . 1 0 1 6 HP8Q32. 

B39WC7 0 . 5 0 0 

(F4)-B39CSC 1 .675 
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3 . 3 . 4 W I R E C H A M B E R P I C T U R E S A N D C U R R E N T S 

Note: The f i r s t few magnets in t h i s l i n e would be b e t t e r tuned as 
shown i n Sec. 3 .7 .4 . This tune is not opt imized h o r i z o n t a l l y . 
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NAME 
CURRENT 39 

DATE TIME ENTRY BEAM L I N E 
4DEC85 1 7 : 3 1 : 0 7 0 BEAM39 

COMMENTS 
N E 2 2 6 3 B39 130 MEV 20NE10 

E 5 9 4 . 0 S 5 8 6 . 6 
RADIUS 6 0 2 . 5 

PFW ACL INJECT,VMODE ON,EXT PFW OFF 
1 5 G TW 
WIRE 15 AT F l 
ALL MATERIAL OUT AT Fl 

PERTURBATION UNIT DATA 
NAME FLAGS AMPLITUDE DELAY GATE 
X P I P + 3 9 . 8 7 4 0 0 1680 
X P 2 P + 3 9 . 4 8 4 0 0 1510 
X S 2 S+ 2 9 1 . 3 1 4 7 0 1300 
X S I S+ 1 5 6 . 4 9 4 4 0 1060 
X S 2 P + 3 0 . 8 5 4 5 0 1100 
X M3 S 6 . 9 2 4 4 0 1020 

NAME SP AM D I OFFSET 
X P I 0 . 0 0 0 . 6 6 W 0 . 0 0 
X F 2 0 . 0 0 0 . 0 0 0 . 0 0 
X S I 0 . 0 0 0 . 4 4 5 0 . 0 0 
X 5 2 0 . 0 0 1 . 8 3 5 0 . 0 0 
X M l 1 3 3 . 4 8 1 3 9 . 9 2 U 0 . 0 0 
X M2 5 5 8 . 0 5 5 4 5 . 9 5 2 0 0 5 0 . 0 0 
X M3 4 8 6 . 3 4 4 6 6 . 9 3 5 0 . 0 0 
X Q3A 2 2 9 . 9 8 1 9 5 . 4 7 5 0 . 0 0 
X Q3B 1 9 3 . 6 4 2 0 0 . 0 5 5 0 . 0 0 
X M3V 313.94 O l a O-Jf 2 0 0 3 3 0 . 9 4 
X M4V 0 . 0 2 . 0 . 1 2 1 0 . 0 2 
X M4 1 7 4 . 2 3 1 7 3 . 0 3 2 0 0 1 1 7 4 . 2 3 
X M5 7 5 . 0 9 7 7 . 3 8 2 0 0 1 7 5 . 0 9 
X I Q4A 2 7 9 . 4 4 3 2 3 . 5 1 5 0 . 0 0 
X I Q4B 4 0 8 . 5 7 4 7 0 . 5 4 5 0 . 0 0 
X I M5S 0 . 0 0 0 . 4 1 1 0 . 0 0 
X G4A 0 . 0 0 1 . 1 6 5 0 . 0 0 
X Q4B 0 . 0 0 3 . 4 8 5 0 . 0 0 
B 3 9 M l 1 0 5 7 . 2 2 1 0 7 9 . 5 3 1 1 0 5 7 . 2 2 
B 3 9 M2 1 0 5 7 . I S 1 0 5 5 . 6 4 2 0 0 5 1 0 5 7 . 18 
B 3 9 M3 9 1 1 . 9 6 9 4 5 . 9 7 1 9 1 1 . 9 6 
B 3 9 Q1A 1181.60 1181.60 
B39 Q1B 1113.30 1113.30 
B39 H4 879.00 879.00 
B39 M5 438.80 438.80 
B39 Q2A 292.20 292.20 
B39 Q2B 383.40 383.40 
B39 M6V 48.48 48.48 

DATA FOR ENERGY CALCULATION" 
INJECTION:HILAC LOCAL 
PARTICLE; h}£ 2S FREQ i^^i, 

MASS NUM;^ 0 2S FIELD! */1 

CHARGE ; // 0 K.ENERGY; /^ 3 

INFLECTOR H.V; {<? 

EXTRACTION: PFW: ON; 
FIELD; i^£3 PI CUR; If 
FREQ; 1^.(0, P2 CUR; 3 
BEAM RAD; 

RADIUS CURRENT TAIL WAG 

Mis 5=74 * (*fc RISE; , /£ . c-

M2; StiC> I $%& TIME: 

M3; : HXPI S I ON: OFF 

5 2 ONi •OFP 

STD MATERIAL AT F l : I N : OUT:V 

(Iir 
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3.3.5 Beam 39 Focal Points 

Focal 
Point Location Horizontal 

Magnification 
Vertical 

Magnification 
Dispersion 

(mm/%) 

F l XF1WC 1.0 1.0 0.0 

F2 B39WC3 0.49 0.62 -54.2 

F3 B39WC5 0.56 0.95 25.6 

F4 Center Scatter 
Chamber (CSC) 

0.46 0.23 -38.0 
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3 .4 .2 Beam 40 Magnet Parameters 

Beam Una 
Element 

Effective 
Length 

Quadruple Magnet Oipola Magnet 

Magnet 
Type (In) 

Beam Una 
Element 

Effective 
Length 

Mai. 
Gradient 

(kG/m) 

Pole 
tip 

Radlui 
(in) il

l 
1 

Bend 
Radius 

(m) II
I Incoming 

Edge 
Angle 
(deg.) 

Outgoing 
Edge 
Angle 
(deg.) 

Magnet 
Type (In) 

(Fl)-XFIWC -

X.Q4UC 4 . 0 0 0 

0 . 2 2 1 

XQ4A 0 . 8 8 4 -147 0 . 1 0 4 6 8QB32 
0 . 2 8 4 

XQ4B 0 . 8 8 4 +147 0 . 1 0 4 6 8QB32 

XM4VIC 0 . 2 2 0 

0 . 2 4 2 

XM4 1 .036 - 1 6 . 8 8 1 1 . 3 7 5 . 2 2 2 0 5 . 2 2 2 6 - l / 8 x l 8 x 3 6 C 

0 . 1 7 3 

XM5 1 . 0 8 0 - 1 3 . 5 0 1 4 . 2 2 4 . 3 5 1 - 5 . 2 2 2 9 . 5 2 2 6 - l / 8 x 2 9 x 3 6 H 

X1Q4WC 0 . 2 8 2 : 

0 . 2 3 5 

X1Q4A 0 . 8 8 4 +144 0 . 1 0 4 6 BQN32 

0 . 2 8 4 

X1Q4B 0 . 8 8 4 - 1 4 7 0 . 1 0 4 6 8QB32 

S1M3WC 4 . 8 6 2 

0 . 3 4 0 

S1M3 2 . 2 5 0 4 . 5 1 4 2 . 5 8 3 . 0 2 8 0 3 . 0 2 8 4 . 3 8 x l 5 x 8 4 H 

(F2)-X1F2WC 0 . 7 7 0 

X1Q5WC 9 . 4 8 0 

0 . 2 4 0 

X1Q5A 0 . 8 8 4 - 1 4 4 0 . 1 0 4 6 8QN32 

0 . 3 0 6 

X1Q5B 0 . 8 8 4 +144 0 . 1 0 4 6 8QN32 

0 . 3 6 1 

( 
75 i 

) i 



Magnet Parametera 

Beam Una 
Etanent 

Effective 
Length 

(m) 

Quadrupole Magnet Dipole Magnet 

Magnet 
Type (In) 

Beam Una 
Etanent 

Effective 
Length 

(m) Max. 
Gradient 

fltG/tn) 

Pole 
tip 

Radius 
(ra> 

Field 
(192 kG-m) 

(kG> 

Bend 
Radius 

(m) 

HI 

Incoming 
Edge 
Angle 
(deg.) 

fill 
Magnet 

Type (In) 

X1M6 1.036 - 2 0 . 0 5 9.577 6.2 0 6.2 Sxl6x36C 
(F3)-B40WC1 4.318 

4.940 

B40M1 1.036 20.05 9.577 6.2 3 .1 3 . 1 5xl6x36C 

0.335 

B40Q1A 0.884 +144 0.1046 8QN32 

0.082 
B40Q1B 0.884 -144 0.1046 8QN32 

(F4A) 6.453 
(F4B)-B40WC2 1.817 

4.625 

B40QZA 0.884 -147 0.1046 8QB32 
0.132 

B40Q2B 0.884 +147 0.1046 8QB32 

1.087 

B40H2 1.036 17.78 10.80 5.5 2.75 2.75 8xl6x36C 
0.173 

B40M3 1.056 17.44 11.01 5.5 -2 .75 8.25 8.12x40x36H 
(F5)-B40WC3 9.264 
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22AFT:B6 EPl? ACL P R I N T 2 2 : 4 7 : 4 2 PAI3£ l 

NAME DATE T IME ENT^Y SEAM LIME. 
CUFiFENT H4'-)i.322AI :r-:Qb 2 2 : 4 / : 42 <i 2E(Y>*\4-* 

COMMENTS 
U i U 12 .5B40L3 P A D I U S = c 5 9 9 . 8 

E 5 9 4 . 0 0 S 5 B 6 . 6 0 
XSl COMPUTER RAMP SPILL 

EXT PFW "12575 EXT" 
ALL MATERIAL GUT AT Ft 

FERTUPBATION UNIT DATA 

NAME 
X 
X 
X 
X 
X 
X 
X 

PI 
P2 
S2 
M2 
SI 
M7 
SI 

NAME 
X 
X 
X 
X 
X 
X 
* 
X 
X 
X 
A 
X 
X 
XI 
XI 
u 
SI 
XI 
XI 
/.I 
X 
X 
940 
E4i:i 
D4«» 
B4!:! 
B40 

Fl 
P2 
SI 
£2 
Ml 
n2 
N3 
QTA 
Q3B 
nz-j 
MJV 
M.l 
M3 
Q4A 
G>4B 
M55 
M3 
D5A 
05 B 
Mo 
04A 
D4B 
Ml 
Ql=> 
013 
Q2A 
D2Ii 
M2+3 

FLAGS 
P+ 
P+ 
S+ 
S 
S+ 
S+ 
P+ 

AMPLITUDE 
2(36.92 
-0. 
7. 

-30. 
17<?. 
-is.: 
71, 

.71 

.71 
66 
.03 
!1 
69 

5P 
0.00 
0.00 

-3.00 
-0. 13 

9°9.S3 
2301.S7 
1821.63 
1336.21 
1310.30 

17.2B 
0.24 

1213.03 
4B5.34 
2000.15 
20S4.75 

30.GI0 
304.98 
2210.95 
2413.71 
1615.39 

0.09 
0.00 

1646.92 
2940.83 
2935.49 
103&.29 
634.27 
1352.47 

AM 
0.83 
0.01.1 
0.22 
3.42 

11 
77 
61 
43 

B5 
34 

10B1 
2300 
1376 
1343 
1422 

16 
1 

1212.60 
490.08 
2037.B2 
204B.12 
30.V'J6 
308.54 
2201.56 

1599.11 
0 
0 

1671 
29013 
29U9 
1030 
6<:0.B2 

3.91 

03 
C'0 
71 
28 
13 
41 

DATA FOR ENERGY CALCULATION 

DELAY GATE INJECTION:HILAC 1 / L Q C A L 
410 1200 
410 1210 FARTICLE; \J 25 Ff̂ ES ; 3 3 0 ^ t» 
400 10 :-0 0 b 
400 1190 MASS MUM! 1£O 2S FIELD: ^^S 
400 1450 fe 

400 1220 CHARGE I \j° »'.. ENERGY J 
460 1693 c 

INFLECTOR H.V! 5Z--> 
D I OFFSET ~>jn72."£ 

5 0 . 0 0 EXTRACTION: FFW.Qhy OFF: 
5 0 . 0 0 xC-
5 0.00 FIELD; / "2 /STf F 1 C U R ! 

5 0.00 Jno320 
5 0 . 0 0 FREQ: * l ' P2 C'JRJ 
5 0 . 0 0 ., .-* 
5 0.110 BEAM PADS S ^ ? « f ' 
5 0 . 0 0 J 

5 0 . 0 0 
1 7 . 2 8 RADIUS CURRENT TAIL WAG 
0 . 2 4 Ml J \ R I S E : G^USS 

1 2 1 3 . 0 3 

2001 
1 

2001 
2001 

1 
: 003 
2001 
2001 
2001 

4 8 5 . 3 4 
0 
0 

3 0 
304 

2 2 1 0 
2 4 1 3 
1 6 1 5 . 3 9 

0 . 0 0 
0.0i5 

1 6 4 6 . 9 2 
2 9 4 0 
2B35 
1036 

634 
1352 

00 
00 
00 
98 
95 
71 

33 
49 
2L> 

M2S 

M3: 

OpM&#p 
STD HATERI i lL AT F l : I N 

47 
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3.4.5 Beam 40 Focal Points 

Focal 
Point 

Location Horizontal 
Magnification 

Vertical 
Magnification 

Dispersion 
(mm/%) 

F l XF1WC 1.0 1.0 0.0 

F2 X1F2WC 1.63 0.50 -19.4 

F3 B40WC1 0.53 0.58 0.9 

F4 71-1 2" upstream 
B40WC2 

1.04 0.32 10.1 

F5 B40WC3 1.09 0.97 9.1 

8 1 / n 
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3 . 5 . 2 Beam 42 (HISS) Magnet P a r a m e t e r s 

Beam Lin* 
Elcmtnt 

Effective 
Length 

(ra) 

Quadrupole Magnet Dipole Magnet 

Magnet 
Typa(in) 

Beam Lin* 
Elcmtnt 

Effective 
Length 

(ra) Max. 
Gradient 

(kG.m) 

Pole 
tip 

Radius 
(in) 

Field 
(192 kG m) 

(kG) 

Mend 
Radlul 

(ra) II
I Incoming 

Edge 
Angle 
(deg.) 

Outgoing 
Edge 
Angle 
(deg.) 

Magnet 
Typa(in) 

(FD-XF1WC 

XQ4WC 4 . 0 0 0 

0 . 2 2 1 

XQ4A 0 . 8 8 4 -147 0 . 1 0 4 6 8QB32 

0 . 2 8 4 

XQ4B 0 . 8 8 4 +147 0 . 1 0 4 6 8QB32 

XM4WC 0 . 2 2 0 

0 . 2 4 2 

XM4 1 .036 11 .46 1 6 . 7 5 3 .545 0 3 . 5 4 5 6 - l / 8 x l 8 x 3 6 C 

0 . 1 7 3 

XM5 1 .080 9 .26 2 0 . 7 2 2 . 9 8 5 - 3 . 5 4 5 6 . 5 2 9 6 - l / 8x29x36H 

X2Q4WC 5 . 4 1 5 

0 . 4 9 5 

X2Q4A 1 .308 -138 0 . 1 0 4 6 8QB48 

0 . 2 1 6 

0 . 1 0 4 6 X2Q4B 1 .308 +138 0 . 1 0 4 6 80B48 

(F2)-X2F2WC 5 . 6 7 5 

5 . 5 6 6 

X2Q5A 0 . 8 8 2 +117 0 . 1 0 1 6 LP8Q32 

X2Q5WC 0 . 5 0 4 

0 . 5 0 4 

X2Q5B 0 . 8 8 2 -117 0.1(116 LP8032 

0 . 5 0 4 

X2M7 1 .036 14.88 1 2 . 9 1 4 . 6 6 .0 - 1 . 4 r -*x36C 

fFT)-RA?uri 7 , i 7 f l 
; 

4 . 9 5 6 
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Beam 42 Magnet Parameters (Cont.) 

Beam Una 
Element 

Elective 
Length 

Quadrupole Magnet Dipole Magnet 

Magnet 
Type (In) 

Beam Una 
Element 

Elective 
Length 

Max. 
Gradient 

(kG/oa) 

Pole 
Up 

Radius 
On) 

Field 1 
(192 kG-m) 

(ItG) 

Bend 
Radlui 

(m) 

III •m
l fill 

Magnet 
Type (In) 

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 8QB48 

B42WC4 0.260 
0.260 

B42Q2B 1.308 -138 0.1046 80B48 
(F5)-B42WC5 5.452 

0.429 

B42M3 1.542 -16 .30 11.78 7.5 3.75 3.75 8x l8xf i0H 

1.689 

B42Q3A 0.490 -146 0.1046 Rf]R1fi 

0.939 

B42Q3B 0.884 +147 0.1046 nnp32 
0.939 

B42Q3C 0.490 -146 0.1046 HORlfi 

(F6J-B42WC6 3.693 

B42CM4 2.250 
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n-t:r<y ' LTPD A C L P R I N T 1 9 : 1 3 : 3 d PAGE I 

NAME D A T E T I M E E N T R Y BEAM L I N E 
,.; 7 6 5 1 3 B 4 2 6FEBE3 7 2 3 : 0 3 : 2 0 8 4 3 7 B E A M 4 2 

C'MMMENTS 
7 6 5 0 B 4 2 1 0 4 E M E V / A M U C + 6 TD B 4 2 

E 594.0 S 586.58 
RADIUS 599.5 
XB1 FEEDBACK SPILL 
EXT PFW ACL 7650 EXT 
Focus 0* uut% at)fly (pSA/B/c 

PERTURBATION UNIT DATA 

NAME FLAGS AMPLITUDE DELAY GATE 
X PI P+ 82.52 400 1680 
X P2 P+ 29.01 400 1510 
X S+ 2 91.31 470 1300 
X SI S+ 1 25. 66 440 1150 
X S2 P+ 30.84 450 1100 
X M3 S+ -9.77 400 1220 
X SI P+ 15.47 400 1240 
X M2 S+ 17.61 420 1123 

NAME SP AM DI OFFSET 
!K PI 0. 00 0.66 5 0.00 
f. P2 0.00 0.29 5 0.00 
X c:- 1 

_J i. 0. 00 1.32 5 0.00 
X cr- 0.00 3.05 0.00 
x Ml 540.81 587.54 5 0.30 
X M2 1609.69 1621.48 2005 0.00 
X M3 1237.68 1256.35 5 0.00 
A Q3A 809. 16 803.37 5 0.00 
X Q3B B13.39 682.27 5 0. 00 
X M3V 12.46 12.09 2001 12.46 
X M4V 0.03 1.47 1 0.03 
X M4 -472.59 -476.70 2001 -472.59 
X M5 203.71 206.74 2001 203.71 
X Q4A 0.00 3.48 5 0.00 
X Q4B 0.00 3.48 5 0.00 
X2 M5S 29.95 26.91 2001 29.95 
X2 Q4A 769.78 770.15 2005 0.00 
X2 Q4B 854.70 840.50 2005 0.00 
B0 Ml 0.00 48.85 1001 0.00 
B3 Ml 0. 00 0. 00 1 0.00 
X2 Q5A 648. 14 647.04 2001 648. 14 
X2 Q5B 574.96 578.16 2001 574.96 
X2 M7 7B2.11 791.99 2001 782.11 
B42 Q1A 918.78 B96.37 2001 918.78 
B42 DIB 773.84 778.65 2001 773.84 
B42 M1V 58.09 63.86 2001 58.09 
B42 D2A 795.39 797.12 2001 795.39 
842 Q2D 907.63 917. 15 2001 907.63 
042 M2V 0.00 3.76 2001 0. 00 
B42 M3 895.60 910.99 2001 895.60 
B42 Q3A+C 1465.90 1452.15 2001 1465.90 
B42 Q3B 1432.66 1418.47 2001 1432.66 
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3.5.5 Beam 42 (HISS) Focal Points 

Focal 
Point Location 

Horizontal 
Magnification 

Vert ical 
Magnification 

Dispersion 
(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 

F5 B42WC5 0.77 0.68 -0.14 

F6 B42WC6 0.77 0.69 -1.5 

9 5 / < ^ 
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3.6 .1 BEAM 43 SCHEMATIC 

EHGKISQ 

X2QS8 
X2Q3A B3M1 B3Q1 

apss 
80M1 
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3 . 6 . 2 Fjeam 43 Magnet P a r a m e t e r s 

Beam Line 
Element 

Quadrupole Magnet Dipole Magnet 

Magnet 
Type (in) 

Beam Line 
Element 

Effective 
Length 

(m) Max. 
Gradient 

(kG/ml 

Pole 
tip 

Radius 
(m) 

field 
(192 kG m) 

(kC) 

Bend 
Rndlu* 

(m> 

III 

fill 
fill 

Magnet 
Type (in) 

(Fl)-XFIWC _ 

XQ4WC 4 . 0 0 0 

0 . 2 2 1 

XQ4A 0 .884 -147 0 . 1 0 4 6 8QB32 

0 .284 

XQ4B 0 .884 +147 0 . 1 0 4 6 8QB32 

XM4WC 0 . 2 2 0 

0 , 2 4 2 

XM4 1.036 1 1 . 4 6 1 6 . 7 5 3 .545 0 3 .545 6 - l / 8 x l 8 x 3 6 C 

0 . 1 7 3 

XM5 1.080 9 .26 2 0 . 7 2 2 .985 - 3 . 5 4 5 6 . 5 ? 9 6 - l / 8x29x36H 
X2Q4WC 5 .415 

0 . 4 9 5 

X2Q4A 1.308 -138 0 . 1 0 4 6 80B48 

0 . 2 1 6 

X2Q4B 1.308 +138 0 . 1 0 4 6 8QB48 

(F2)-X2F2WC 5 . 6 7 5 

5 .566 

X2Q5A 0 . 8 8 2 +117 0 . 1 0 1 6 LP8Q32 

X2Q5WC 0 . 5 0 4 

0 . 5 0 4 

X2Q5B 0 . 8 8 2 -117 0 . 1 0 1 6 LP8Q32 

0 .504 

X2M7 1 .036 - 9 . 7 0 1 9 . 7 9 3 . 0 - 6 . 0 3 . 0 8xl6x36C 

(F3)-B43WC1 7 . 4 3 0 

9 . 8 8 8 1 
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Beam 43 Magnet Parameters (Cont .) 

Beam Line 
Element 

Effective 
Ungth 

(IB) 

Quadrupola Magnet Dlpole Magnet 

Magnet 
Type (In) 

Beam Line 
Element 

Effective 
Ungth 

(IB) Max. 
Gradient 
(kG/m) 

Pole 
tip 

Radius 
(m> il

l Bend 
Radlui 

(m) 

111 
ft!! 
fill 

Magnet 
Type (In) 

B43Q1A 0 .493 +139 0 .1046 RQNIfi 

0 .978 

B43Q1B 0 .884 - 1 4 7 0 .1046 8QB32 

B43WC2 0 . 2 3 0 

0 .748 

B43Q1C 0 .493 +146 0 .1046 80B16 

0 . 5 4 8 

B43M1 1 .542 - 1 7 . 0 4 11 .27 7 . 8 4 3 . 9 2 3 . 9 2 8xl8x60H 

B43WC3 3 . 0 0 0 

(F4)-B43CPB 6 .414 

B43WC4 1 .710 
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4N0VS5 EFB ACL FRINT 22:19:08 FAGE 1 
NAME DATE TIME ENTRY BEAM LINt 
NE 5666 &A7 4NQV85 22*. 2B: 267754 &EAM43 
COMMENTS 
NE 566b &4: E 5=54.00 S 536.58 

TUNE WITH NEW EP&0 
BEAM AT WIRE 16 AT Fl 
RADIUS 599 
XS1 FEEDBACK SPILL 
EXT FFW ACL 5666EFLR EXT 
PRELIMINARY TUNE 

FEFTUREATION UNIT DATA 

NAME 1 FLAGS AMFLITUDE DELAY GATE 
X PI P + 96.62 400 16B0 
X F2 F + 24.02 400 1510 
X 52 S + 2 91.31 470 1300 
X SI S+ 2 21.65 440 1150 
X C - l P+ 450 1100 
X M3 S+ 20.40 400 1040 
X SI F+ 64.69 400 1240 

NAME SP AM DI OFFSET 
X PI 0.00 0.e8 5 0.00 
X F2 0.00 0. 00 5 0. 00 
X 51 0.00 0.44 5 0.00 
X S2 0.00 4.03 0. 00 
X Ml 301.52 325.79 5 0 . 00 
X M2 1194.73 1167.49 - 2005 0.00 
X M3 939.50 999.15 5 0.00 
X Q3A 574.32 564.24 5 0. 00 
X 03 B SB1.55 625.06 5 0 . 00 
X M3V i-vj. C O 25. B9 2001 4- o • O - J» 

X M4V 0.00 0.37 1 0 . 0 0 
X M4 -347.35 -347.44 200 1 -347.35 
X M5 148.22 149.68 2001 14B.22 
X 04A 0.00 3.48 5 0.00 
X 04B 0.00 3.4B 5 0. 00 
X2 M5S 8.06 9.38 2001 8.06 
X2 04A 571.38 554.71 -J 0. 00 
X2 04B 616.91 619.20 5 0.00 
B0 Ml 0.00 9.77 1001 0.00 
B3 Ml 0.00 0.19 1 0 . 00 
X2 05A+C 4B6.11 479.97 1 4B6.11 
X2 Q5B 425.B4 427.94 1 425.84 
X2 M7 357.27 353.04 1 357.27 
04 3 Ml 702.99 710.94 1 702.99 
B4 3 0 1 A-+ C 1027.50 1!:I33. 0 7 1 1027.50 
r«i2 Q3B 1057.52 1066.°3 2001 \'V57.52 
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3.6.5 Beam 43 Focal Points 

Focal 
Point Location 

Horizontal 
Magnification 

Vert ical 
Magnification 

Dispersion 
(mm/%) 

F1 XF1WC 1.0 1.0 0.0 

F2 X2F2WC 0.22 0.88 2.0 

F3 B43WC1 0.74 0.60 -10.5 

F4 Center Plastic 
Ball (CPB) 

0.86 0.74 -1.3 

107// eV 



3.7 Beam 44 
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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 1C~^ 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 10^ per bunch. We * 
note, however, that the values of B^ that correspond to the 
Palmer4 OR criterion are a factor of 5-10 lower than the value of 
B^- 100 specified by Pellegrini.^ it is also important to note 
here that the parameters for Lattice 1 imply a low frequency, 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 about 5 x 10 - 4, which 
should be achievable. However, the bunch length requirement of c^ 
=• 1 nuii is more difficult. In the present cases (at their nominal <• 
operating energies), it was not possible to achieve a bunch length 
as low as 1 mm, even with a rather high frequency (1000 MHz) RF 
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Beam 44 Magnet Parameters (Cont.) 

Beam Una 
EUnaat 

I Quadrupole Magnet Dipola Magnet 

Magnet 
Typa(in) 

Beam Una 
EUnaat 

Effective 
Ungih 

(m) Max. 
Gradient 
<kG/m> 

Pola 
Up 

Radiut 
<m> 

Field 
(192kG-m) 

<kC> 

Bend 
Radiut 

(m) II
I Incoming 

Edga 
Angle 
(dag.) 

Outgoing 
Edga 
Angle 
(dag.) 

Magnet 
Typa(in) 

S1M6 2 .250 - 6 . 1 8 3 1 . 0 7 4 . 1 5 4 . 1 5 0 4.38x15xR4H 
—S1Q7WC 2 . 3 5 0 

0 .336 

S1Q7A 1.308 - 1 3 8 0 .1046 80B48 

0 .216 

S1Q7B 1.308 + 138 0 .1046 8QB48 
—S1M6SWC 1.608 

(F3)-S1F3WC 3 . 7 0 0 

0 . 7 0 0 

S1M7 1.770 - 4 7 . 3 7 4 . 0 5 3 2 5 . 0 1 2 . 0 1 2 . 0 7 - l / 4 x 6 3 H 

0 .808 

B4401A 0 .726 +93 0 .1571 12QN24 

0 .265 

B44Q1B 0 .726 - 9 3 0 .1571 12QN24 

(F4)-B44WC1 2 .686 

—B44WC2 3 .405 

0 .295 

B44Q2A 0 .726 - 9 3 0 .1571 12QN24 

0 .265 

B44Q2B 0 . 7 2 6 +93 0 .1571 12QN24 

0 . 4 6 0 

B44MI 1.036 - 3 2 . 3 4 5 . 9 3 8 1 0 . 0 5 . 0 5 . 0 Bxl6x36C 

B44WC3 1.094 

(F5A)-B44C1M 3 . 5 7 0 

—B44WC4 1 .550 

(F5B)-B44CSC 1.116 
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35. 1 
4.0 

13.0 
5.5 

9.4 S 1 / X 1 F 2 750 Volts 
Auto Range 7 B l)n 
08:52: IS 20 Feb 87 3 MM 

16.4 
S l f i : 5 0 0 V o l t ; 
M a r i a n 1 R a n g e 5 B On 

0 8 : 5 3 : 0 5 2 0 F e b 8 7 6 MM 

1 6 . 7 

2 . 0 ::i: -ullWL 

7 . 5 

4 . 0 

X 1 G » « * 

A u t o K ^ n g t s 

0FI.-5 ••: 5 5 1 

1 

J0 

1 0 0 0 

B On 

F e b 8 7 

V o l t s 

6 MM 

6 . 5 

4 . 5 

X M - < * 

At i f ( j Fvc inq i • 7 

5HM 

I i f i r , 

V o l t ' i 
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I B . 4 
4 . 0 

Auto Range 6 
10MB V o l t s 

M Un 

WO: 20 Feb 0 7 2 MM 

1 7 . 3 

3 . 0 IL 
1 7 . 5 

1 .5 

X Q 4 5 0 0 V o l t s 

Auto Range 7 B On 
0 f J i 55 :38 20 Fob B7 6 MM 

2 B . 8 
5 . 5 

• • • • 

2 8 . 8 
5 . 5 

• • 

16 .0 
2 . 5 

• 

till. 

A 

k. 

IL 

in... 

4 . 8 

4 . 8 

1 8 . 7 

X M 3 = 1 0 0 0 V o l t ; 
Auto Ranga 7 B Un 

55:55 20 heb 87 MM 

X M 3 1000 Volts 
Auto Range 7 B On 
08:56:06 20 Feb 87 MM 

X M S 1000 Volts 
Auto Range 0 B On 
08:56:51 20 Feb 87 3 MM 

3.7 .4 WIRE CHAMBER PICTURES AND MAGNET CURRENTS 

OPTICS (I) 
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I ! I 

• ! : • < ! • ! -I I 

M 3*+ 
La 
<f6<83> Hwffr 
3>o3>o £**<;% 

UN I \ 

v ,C-.:. .;h-1l- _̂ I ' 31': S L'-UfA GATE 
• • + • 

L r w' ; ; v . . - 4 CO i-.ye 
-f- • . -s 00 -1 00 : 31 o 

p -J r, 09 4 00 1 4 20 
J C 3-" 4 7 400 i ~? •: "-1 

i 4 . 04 403 1 -~ "'• 1 

.+ •f - c-9 6 70 lolo 

- • I - ' Ah DI OFFSET 
e. MO 3. ~>6 Z) o. ati 
0. 00 0. 29 L- 0. 00 
CI. 00 e.ae 5 0. OC 
0.00 3. 18 cr LS.eo 

1 ; 1 . 1 -• 17 1 .95 '-} t3 . £>u5 
7 22.34 727.09 5 0.00 
o 1 4 . 9 4 .^04. 43 • _ ) O, 0o 
261 . -16 2 J- 6 . 4 4 cr O. O0 
222. St, *J _- !J . 2 *_ c 0. 00 

12. 96 12. 4 o 2001 12.96 
0.00 J. 24 2001 Q. 2)0 

24 1.6B 246.21 2001 241.68 
127.21 129.75 2001 127.21 
493.73 464.52 2005 0. 30 
480.39 479.99 2005 0. 00 
16.53 15. 18 2001 16.53 
0.00 3.48 5 0.00 
0. 00 4.64 5 0.00 

70. BB 73. 66 2001 7o.se 
663.01 651.20 2005 0.00 
267.37 266.99 2005 0. 00 
105.22 107.72 2001 105.22 
352.42 352. ti 3 2005 0. 00 
3B6.54 377.29 2035 0.00 

6.54 9. 21 1 6.54 
556.32 566.68 2001 556.32 
1706.42 1701.46 2001 1706.42 
1680.57 1656.96 2001 16B0.57 
1333.12 1354.37 2001 1333.12 
1107.16 112 7.70 200 1 1 107. 16 
662. 74 656.57 2001 o62.34 

OPTICS (I) 
I 2 1 / / 9 2 

http://7o.se


3.7.5 Beam 44 Focal Points (I) 
(Standard Optics) 

Focal 
Point Location 

Horizontal 
Magnification 

Vert ical 
Magnification 

Dispersion 
(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 

F5B 
Center Scatter 
Chamber (CSC) 1.04 1.00 2.6 

Beam 44 Focal Points (II) 
Secondary beam optics 

Focal 
Point Location 

Horizontal 
Magnification 

Vert ical 
Magnification 

Dispersion 
(mm/%) 

F1 XF1WC 1.0 1.0 0.0 

F2 S1F2WC 1.64 2.01 -24.5 

F3 S1F3WC 0.44 2.67 2.7 

F4 B44WC1 1.00 0.98 -18.2 

F5A Center Isotope 
Magnet (CIM) 

0.71 3.12 3.7 
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' ^ • s v ( f5) % Physics Bench 
© 6 

§ Therapy 
P1WC2 
6 mm 

B0WC1 
6 mm 

StoGS] § ^ 
PO Jaws 
Honz 

•IQNED BEAM 

B061 (remote 

X2Q1 
Quads 

B A 
=5Horiz pi ^ e r t f f 
j g g ^ j 

X20^ 
6mn-
(SO: 
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3 . 8 . 2 Biomed I Magnet Parameters 

Effective 
Length 

Quadrupole Magnet Dlpola Magna! 

Magnet 
Type (In) 

B i u L I n i 
EWaaant 

Effective 
Length 

Has. 
Gradient 
OtGJm) 

Pol* 
Up 

Radlui 
(m) 

Fiald 
(l»lkG-as> 

<kG> 

Band 
fUdlua 

<es) 

III 
fit! 
flit 

Magnet 
Type (In) 

(Fl)-XFIWC -

XQ4WC 4.000 

0.221 

XQ4A 0.884 -147 0 . 1 0 4 6 8QB32 

0.284 

XQ4B 0.884 +147 0 . 1 0 4 6 8QB32 
XM4WC 0.220 

0.2.42 

XM4 1.036 1 1 . 4 6 1 6 . 7 5 3 . 5 4 5 0 3 .545 6 - l / 8 x l 8 x 3 6 C 

0.173 

XM5 1.080 9 . 2 6 2 0 . 7 2 2 . 9 8 5 - 3 . 5 4 5 6 .529 6 - l / 8 x 2 9 x 3 6 H 

X2Q4WC 5.415 

0.495 

X2Q4A 1.308 - 1 3 8 0 . 1 0 4 6 8QB48 

0.216 

X2Q4B 1.308 +138 0 . 1 0 4 6 8QB48 

3.142 

B0M1 1.898 2 7 . 8 2 6 . 9 0 2 1 5 . 7 5 7 . 8 7 5 7 . 8 7 5 5 . 4 x l 6 x 7 2 H 
(F2)-B0WCl 2.756 

0.350 

B0M2 1.898 2 7 . 8 2 6 . 9 0 2 1 5 . 7 5 7 . 8 7 5 7 .875 5 .4x16x72H 
1.138 

B1Q1A 0.882 +117 0 . 1 0 1 6 LP8032 
0.160 

B1Q1B 0.882 -117 0 . 1 0 1 6 LP8Q32 
(F3A)-B1WC1 4.000 

(F3B)-B1!2(! ' 5.764 

1 2 9 / / 3 c -



1-018 
51AJ09 
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frWX 
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17 

2S 
0 

2S 
S 

17 
4 

15 
"I 

18 
5 

1? 

1* 
8 

2$ 
3 

11 
7 

H I R Q C H A H B E R 

JL ' ' .jJL. 

Z O N E i 3= 2H:01 

.MM^BDM 

I l f o h m ^ 

1W. 11. 

u 
5 0 

...I 
« • • * « 

k ail 

..lllfll 111. 

. H l l l l l l l l , . . . Il l l l l l 

I H *L R+ +U 0+ 

8 

:o 
• ii 
o 
16 

5 to 
17 

0 

iiiiiiim,.. : E 

i 
. . . ll . i . . . 

• 

.ilBi... 

- f • : A Jl. • 

• • a 

III, L 
i 

* • 
i 

• i I 1., 

9 
8 

IS 
1 

to 
J? 

r 0 
0 

:c 
5 
1 

r 
i 17 

3 

: NAME VOLTS 
• BiHCi 494 
: R AH B 6 MH 

| | • 6iWC2_ 101915 
R AH 

rsuHaiissssi 
A7f3 R3 6 MM 

R ASH £ MM 

czi 

nmiwi SS2 
ft AE E & MH 

RHEnraj sn 
R3 A7 Ui £ MM 

ESS 
$ MM 

R AW 6 MM 

RmE2rS118B3 
"R A0T 3 MM 

.JHI XFI 
ACI 

E S S 
MM 

- _ _ ^ , DELAY* 506 
\{ \±U*r4i OK GATE + SBC 
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17QCT85 EPB ACL PRINT 9:27:31 

NAME 
CURRENT 

DATE 
170CTB5 

TIME 
9:27:31 

ENTRY 
0 

BEAM LINE 
BI0M1 

COMMENTS 
BIOM1 

6- s\23t*G 

5B5MEV NEON TO CAVE 1 
E 594.00 S 5B6.50 
RAD= 599.5 
EXT PFW ACL= 5234 EXT 
XS1 FEEDBACK SPILL 
BEAM AT WIRE 17 AT Fl 
LARGE BEAM AT BlWCl «. B1WC: 
COMPUTER CONTROLED SPILL 
TUNE WITH NEW EPB 0 AREA 

PERTURBATION UNIT DATA 

NAME 
X 
X 
X 
X 
X 
X 
X 
X 

FLAGS AMPLITUDE 
PI 
P2 
S2 
SI 
S2 
M3 
SI 
M2 

P+ 
P+ 
S+ 
s+ 
p+ 
s+ 
p-t-
s+ 

B0.35 
B. 18 

291.31 
125.66 
30. B4 
-9.77 
15.50 

-17.61 

DELAY 
400 
400 
470 
440 
450 
400 
400 
420 

SATE 
16B0 
1510 
1300 
1150 
1100 
910 
1240 
1120 

NAME 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
B0 
X2 
X2 
X2 
B0 
B0 
Bl 
Bl 

PI 
P2 
SI 
S2 
Ml 
M2 
M3 
Q3A 
Q3B 
M3V 
M4V 
M4 
M5 
Q4A 
0.4B 
M2 
M5S 
Q4A 
Q4B 
Ml 
SI 
Q1A 
Q1B 

SP 
0 
0. 
0. 
0. 

346. 
109B. 
917. 
521. 
524. 
41. 
0. 

-349. 
119. 

0. 
0. 

10852. 
11. 

4B0. 
501. 

106B1. 
1. 

547. 
351. 

AM 
0.8B 

DI 
00 
00 0. 
00 0. 
00 3. 
42 375. 
Bl 1106. 
04 920. 
B4 509. 
30 562. 
B4 41. 
00 0. 
B3 -350, 
59 121. 
00 3. 
00 3. 
4610B45, 
51 11. 
B0 463.65 
95 500.49 
1810727 
25 0 
35 542 
91 353 

00 
00 
54 
22 
99 
99 
B3 
04 
65 
00 
17 
15 
,48 
*S 
, 13 
90 

59* 
77 
44 
93 

•magnetic f i e l d in gauss 

1001 

u 
5 

35 
5 
5 

2001 
1 

2001 
2001 

cr 

5 
20011 
2001 

5 
5 

30011 
1 
1 
1 

OFFSET 
0 . 0 0 
0 . 0 0 DATA FOR ENERGY C A L C U L I 
0 . 0 0 
0.00 INJECTION: HILAC LOCAL 
0.00 
0.00 PARTICLE; H^ 2S FREQ : 
0.00 
0.00 MASS NUN; 2. ° 2S FIELD: -
0.00 
41.B4 CHARGE ; j Q K.ENERGY; 
0.00 

-349.83 INFLECTOR H.V: _ 11. tj -p 
119.59 
0.00 
0.00 EXTRACTION: FFW: (ONy OFF: 

0852. 46 - - j - " 
11.51 FIELD; S"2-3v P 1 cur 
0.00 / 9 7 0 
0.00 FREQ; '* ' ' P2 cur 

0681.18 
1 . 2 5 BEAM RAD; J~ * M - •» 

5 4 7 . 3 5 
3 5 1 . 9 1 

RADIUS CURRENT T A I L 

M I ; 5" 1 H ; S""> f R I S E ; 

M2; 7^ l j ; " ° T IME: 
134 
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3.8.5 Biomed I Focal Points 

Focal 
Point 

Location Horizontal 
Magnification 

Vert ical 
Magnification 

Dispersion 
(mm/%) 

F1 XF1WC 1.0 1.0 0.0 

F2 B0WC1 0.98 0.98 13.0 

F3B Isocenter 
(ISO) 

1.92 1.21 -45.0 

1 3 5 / / 3 ( t . 
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%. 
^ S ^ 0 \ \ Physics Bench 

Biology Bench 

©A B1WC2 
^ 6 mm 
^Therapy 
^ Bench 

B1W0B 1&2 

B HOMED SSEM-. 

B0WC1 
6 mm 

ttauiDOll § ^ 
Horiz 

BOGltrwnotef 
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BEAHLINI 

X2Q4 
Oaads 

XM4 
Bending 

flag. 

EJSEfl 

BtTOALaC 

OISHDHSU fl 

XBL 874-1705 



3 . 9 . 2 Blomed 11 Magnet P a r a m e t e r s 

Beam Line 
Element 

Effective 
Length 

(m) 

Quadrupole Magnet Dipole Magnet 

Magnet 
Type (in) 

Beam Line 
Element 

Effective 
Length 

(m) Ma*. 
Gradient 

(kG.Dl) 

Pole 
tip 

Radius 
(in) 

Field 
(192 kCnil 

(kG) 

Dend 
Iladlul 

(m) 

H
I 

Incoming 
Edge 
Angle 
(deg.) 

Outgoing 
Edge 
Angle 
(deg.) 

Magnet 
Type (in) 

(Fl)-XFIWC _ 

— XQ4WC 4 .000 

0 . 2 2 1 

XQ4A 0 .884 -147 0 .1046 8QB32 

0 .284 

XQAB 0.884 + 147 0 .1046 8QB32 

— XN4WC 0 .220 

0 .242 

XM4 1.036 1 1 . 4 6 16 .75 3 .545 0 3 .545 6 - l / 8 x l 8 x 3 6 C 

0 .173 

XM5 1.080 9 . 2 6 2 0 . 7 2 2 . 9 8 5 - 3 . 5 4 5 6 .529 6 - l /8x29x36H 

X2Q4WC 5.415 

0 .495 

X2Q4A 1.308 - 1 3 8 0 .1046 8QB48 

0 .216 

X2Q4B 1.308 +138 0 .1046 8QB48 

3 .142 

B0M1 1.898 2 7 . 8 2 6 .902 1 5 . 7 5 7 . 8 7 5 7 .875 5 .4x l6x72H 

(F2)-BUWC1 2 .756 

4 . 6 5 1 

B2Q1A 0 . 8 8 2 +117 0 . 1 0 1 6 LP8Q32 

0 .160 

B2Q1B 0 .882 - 1 1 7 0 .1016 LP8Q32 
( F e ) - B 2 W C l 4 . 5 7 8 

4 .581 

B2Q2A 0 .882 - 1 1 7 0 .1016 LP8Q32 
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Biomed II Magnet Parameters (cont.) 

Beam Line 
Element 

Effective 
Length 

(m) 

Quadrupole Magnet Dipole Magnet 

Magnet 
Type (in) 

Beam Line 
Element 

Effective 
Length 

(m) Max. 
Gradient 

<kC/m> 

Pole 
tip 

Radius 
(ra) 

Field 
(192kG-m) 

<kG) 

Bend 
Radlui 

(rn) 

Bend 
Angle 
(deg.) 

Incoming 
Edge 
Angle 
(deg.) 

Outgoing 
Edge 
Angle 
(deg.) 

Magnet 
Type (in) 

0.160 

B2Q2B 0.882 +117 0.1016 LP8Q32 
0.947 

B2M1 1.085 +37.08 5.178 + 12 0 12 8xl8x36LPH 

(F4)-B2WC2 3.000 

., 1 
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15 

17 

it. 
1 

1 6 
E> 

17 
3 

25 
8 

21 
2 

26 
6 

H I R E C H A M B E R 

, . . « ! III,., . . i l l 

M M t U t M l Willi. 
K' 

A' 
.iiiiiilHiiiii. 

A 
..iinliii.rr 

A * 
L...1IIIIII1I.. 

•.U'"'"'.-.!.^!..!...-*--..^..^' 

J::::::::::::::::::.:!!'!!!!".:::.::;.; 

• • • 

Z O N E D $ :57 : : : i 

IE 
& 

1-0 
12 
l£f 

tE 

17 
3 

0 

I . - - 1 . 0 . 

. . I l l l l l l , I" .illlllln 
• • 

to! 

to 
5 
1 

If. 
0 

NAMr u i VQLTS 
lffllblr&3k E-0& 
R AH 6 Hit 

IE 1 *" *' 1 E'2MC1 „ ES2 
R AS R i MM 

• E & W C 1 362 
i R A0 R 6 MM 

• HF£CTBQS 521 
; R A f iR 6 MM 

JU&0I 
R Afi R 6 UN 

D • X F l 
: R AH 

ESSf 
2 MM 

R AW R 3 HM 
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150CT85 EPB f.CL PRINT 9:03:03 PAGE 1 

NAME DATE 
CURRENT B2 150CT85 

TIME ENTRY 
9:03:03 0 

BEAM LINE 
BI0M2 

COMMENTS 
NE 5666 B2 670MEV/N NEDN TO BIO BENCH 

NEW EPB0 TUNE. CTR. AT XM4 WC. 
X2M5S ON AND IN CAVE 1 POLARITY 
E 594.00 B 586.50 
B2M1 IN REVERSE POL. 8/64" PB. 
15 GUASS TW. NO EXT PFW. 

PERTURBATION UNIT DATA 

NAME 
X 
X 
X 
X 
X 
X 

NAME 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
B0 
X2 
X2 
X2 
B0 
£0 
B2 
B2 
B2 
B2 
B2 

FLAGS AMPLITUDE 
PI 
P2 
S2 
SI 
S2 
M3 

Fl 
P2 
SI 
S2 
Ml 
M2 
M3 
Q3A 
Q3B 
M3V 
M4V 
M4 
M5 
Q4A 
Q4B 
M2 
M5S 
Q4A 
Q4B 
Mi 
SI 
Ml 
Q1A 
Q1B 
Q2A 
Q2B 

P+ 
P+ 
S+ 
S+ 
P+ 
S+ 

80.76 
39.95 

291.31 
156.49 
30.85 
14.22 

SP 
0.00 
0.00 
0.00 
0.00 

460.58 
1259.35 
965.14 
621.59 
670.13 
20.00 
0.00 

-349.74 
148.75 
0.00 
0.00 
0.00 
34.00 

524.76 
555.54 

11592.241 
85.02 

472.04 
B00.00 
839.72 
735.08 
752.11 

AM 
0.88 
0.00 
0.44 
2.69 

499.13 
1259.20 
972.44 
610.59 
723.25 
20.03 
0. 12 

-349.49 
150.07 

3. 48 
3.48 

29.31 
30.60 

507.82 
551.78 

1606.89* 
85.41 

472.42 
800.20 
839.44 
718.64 

DELAY 
400 
400 
470 
440 
450 
400 

GATE 
16B0 
1510 
1300 
1060 
1100 
930 

* magnetic field in gauss 

DI OFFSET 
5 0.00 
5 0.00 
5 0.00 
5 0.00 DATA FOR ENERGY CALCULAT. 
5 0.00 

2005 0.00 INJECTION: HILAC LOCAL 
5 0.00 
5 0.00 PARTICLE? |\JL̂  2S FREQ S 2-
5 0.00 L 

2003 20.00 MASS NUM! "*- O 2S FIELD: ' 
2001 0.00 
2001 -349.74 CHARGE ; K.ENERGY; t 
2001 148.75 

5 0.00 INFLECTOR H.V: _ ]f, Jf" V 
5 0.00 
1 0.00 

2003 34.00 EXTRACTION: FFW: ON; Q F F p 
5 0.00 
5 0.00 FIELD; $~G G C PI CUR: 

300311592 .24 
1 8 5 . 0 2 FREQ; l . & Z l F2 CUR'. 

2001 4 7 2 . 0 4 
1 8 0 0 . 0 0 BEAN RAD: Cf fO 
1 8 3 9 . 7 2 

2001 7 3 5 . 0 8 
2001 7 5 2 . 1 1 RADIUS CURRENT TAIL W» 

Mi; jT?fy ; *•! 9 9 R I S E ; / 

M 3 ! : <?7l S l ON: 
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3.9.5 Biomed II Focal Points 

Focal 
Point Location Horizontal 

Magnification 
Vertical 

Magnification 
Dispersion 

(mm/%) 

F l XF1WC 1.0 1.0 0.0 

F2 B0WC1 0.40 0.98 13.0 

F3 B2WC1 0.84 0.45 -26.9 

F4 B2WC2 0.43 1.03 13.2 

\M/ fi/^ 



3.10 Local Injector 
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3 . 1 0 SCHEMATIC OF THE LOCAL 
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tejrcUr Cxit 
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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' lists the typical tune 

for the Local injector from the 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 setting 

up the Local Injector for the different ions. 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 

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 Linac (see Fig. 3.10.1) and are saved on the computer. Drift 

tubes labeled 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 pickup coil. 

The following are typical ion intensities from the local injector at 

various stations along the injector line. 

+3 
Station 3 600 microamps 20 Ne 

Diaphragm exit foil 550 microamps 20 Ne 

Linac exit foil 400 microamps 20 Ne 

Linac exit cup 350 microamps 20 Ne 

(Station 4) 

EOS Cup (entrance to Bevatron 150 microamps 20 Ne 

Accelerated beam 10 p a r t i c l e s / p u l s e 20 Ne 
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Lilinifxs Tuffllk ©rs]ioJtl©^lt Sigitlt^isj 

iON 

SOURCE RFQ Tank 1 Tank 2 
Foils 

Diaphragm Exit 

Linac 
Exit 
Cup 

20 Ne 7 V 7.8 V 7.6 V IN IN 20 N e 

+4 

2 0 Ne 5.2 V 6.2 V 7.6 V IN IN 
M +10 

20 N e 

• 4 

Ne 
22 

6.2 V 6.4 V 8.3 V IN IN 22 " e 

+ 1 

4 He 4.2 V 4.7 V 5.2 V IN OUT 
• 2 

4 He 

+2 
. 2 c 6.5 V 7.0 V 6.0V IN IN 

• 6 c 
1 2 ^ 

2 H " 2.1 V 3.4 V 6.7 V OUT OUT 2 H " 

• 4 

2aSi 6.8 V 8.0 V 8.0 V IN IN 
+ 14 

2 8 Si 
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LQCftL-TUte 09/10/86 

ION NE ON 3* NEI ON 4* N£ :0N 4* NE ;ON 4* cf 1RB0N 2 Cf )RBON 2 H2 1+ HE I t 0) IYEEN 3 oi (Y6EN 3 SI 4* 

MASS 20 20 22 22 12 12 2 4 16 16 28 
T l CHARGE 3 4 4 4 a 2 1 I 3 3 4 

T l Q7A 0.15 0.2 0.182 0.162 0.167 0.167 0.5 0.25 0.188 0.188 0.143 
T2 CHARGE 7 7 7 8 4 5 1 2 5 6 9 
T2 OVA 0.35 0.35 0.318 0.364 0.334 0.417 0.5 0.5 0.313 0.375 0.321 

RFQ GRADIENT 7 5.25 5.B 5.8 6.3 6.3 2.1 4.2 5.6 5.6 7.3 
T l GRADIENT 7.B 5.8 6.4 6.4 7 7 2.3 4.7 6.2 6.2 B.2 
12 GRADIENT 7.G 5.7 B.4 7.3 7.9 6.4 5.3 5.3 8.5 7.1 8.3 
DIAPHRAM FOIL IN IN IN IN IN IN OUT IN IN IN IN 
LINP: EXIT FOIL IN IN IN IN IN IN OUT OUT IN IN IN 

ARC (WPS) 2.2 2.6 2.6 2.6 2 2 0.8 0.6 2.5 2.5 
SARC (VOLTS) 0 0 0 0 0 2500 
BBS PULSE (DELAY) 27 11 16 4 5 28 , 32 
GAS PULSE (WIDTH) 5 2 5 4 4 1 1 

EXTRACT (KV) 17.5 19.7 19.5 19.5 17 17 IB. 4 15.3 19.4 19.2 
EIKZEL (KV) IS. 5 16.6 16.8 16.8 15.1 15.1 8.7 10.5 13.6 14.5 
HAGtCT (WPS) 235 210 222 E22 230 230 135 165 220 250 
DECK (KV) 56 43 46 46 51 51 17 34 45 59 

LEBT Q1A (WPS) 3 6.2 9.?/ 9.9 2.7 2.7 9 IB. 9 42 1B0 
LEBT Q1B (WPS) 49 38 41.1 41.1 34.9 34.9 20 34.1 63.9 145 
LEBT Q2A (WPS) 114 92.2 111.3 111.3 101.2 101.2 35 69.4 B7.3 123 
LEBT Q2B (WPS) 95 74.5 57.7 87.7 63.5 83.5 30.3 57.5 65.4 88 

LEBT HI (WPS) 101.4 78.5 64.6 84.6 91.5 91.5 31.05 62.05 82.3 107.7 

LEBT Q3A (WPS) 106.9 60.7 94.9 94.9 112 112 26.1 53 62.4 113.5 
LEBT Q3B (WPS) 182.9 151.1 173.4 179.4 115 115 63.2 122.7 165.7 195 
LEBT Q3C (WPS) 195.2 191.7 189.8 189. B 156 156 71.7 136 194.5 199.6 
LEBT Q3D (WPS) 146.1 136.1 149.2 149.2 124.5 124.5 42. B 93.5 115.6 170.B 

LEBT SH1H (WPS) 0 0 0 0 0 0 0 0 
LEBT 91V (WPS) 0 0 0 0 0 0 0 0 
LEBT 5K2H (WPS) 0 0 0 0 0 0 0 0 
LEBT SX2V (WPS) 0 0 0 0 0 0 0 0 

Tl DRIFT TUBES 
0 33.0 24.7 27.2 27.2 29.6 29.6 9.9 19. B 26.3 26.3 34.6 
1 17.0 12.7 14.0 14.0 15.3 15.3 5.1 10.2 13.6 13.6 17. B 
2 16.0 12.0 13.2 13.2 14.4 14.4 4.8 9.6 12. B 12. B 16. B 
3 15.0 11.2 12.4 12.4 13.5 13.3 4.5 9.0 12.0 12.0 15.7 
4 15.0 64.0 12.4 12.4 13.5 13.3 4.5 9.0 12.0 12.0 15.7 

5 15.0 11.2 12.4 12.4 13.5 13.5 4.5 5.0 12.0 12.0 15.7 
6 15.0 11.2 12.4 12.4 13.3 13.3 4.5 9.0 12.0 12.0 15.7 
7 15.0 11.2 12.4 12.4 13.3 13.3 4.5 9.0 12.0 12.0 15.7 

a 15.0 11.2 12.4 12.4 13.3 13.5 4.5 9.0 12.0 12.0 15.7 
9 15.0 11.2 12.4 12.4 13.3 13.5 4.5 9.0 12.0 12.0 15.7 

10 IS. 0 13.5 14.8 14.8 16.2 16.2 5.4 10.8 14.4 14.4 1B.9 
11 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.6 22.0 
12 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 22.0 
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LOCflL-IU€ 09/10/B6 

ION 
13 
14 

ICON 3* NEON 4* NEON 4+ NEON 4+ CARBON 2 CARBON S H2 1+ IE 1+ OXYGEN 3 0IY6EN 3 SI 4* 
21.0 15.B 17.3 17.3 1B.9 1B.9 6.3 12.6 16.B 16.B 22.0 
21.0 15.B 17.3 17.3 1B.9 1B.9 6.3 12.6 16.B 16.B 22.0 

15 
16 
17 
ia 
19 

21.0 
21.0 
21.0 
21.0 
21.0 

15. B 
15. B 
15.6 
15. B 
15.8 

17.3 
17.3 
17.3 
17.3 
17.3 

17.3 
17.3 
17.3 
17.3 
17.3 

1B.9 
18.9 
18.9 
1B.9 
IB. 9 

18.9 
18.9 
18.9 
IB. 9 
IB. 9 

6.3 
6.3 
6.3 
6.3 
6.3 

12.6 
12.6 
12.6 
12.6 
12.6 

16.8 
16. B 
16.6 
16. B 
16. B 

16.8 
16.8 
16.8 
16.B 
16.8 

22.0 
22.0 
22.0 
22.0 
22.0 

20 
21 
22 
23 
2* 

22.0 
23.0 
23.0 
23.0 
23.0 

16.5 
17.3 
17.3 
17.3 
17.3 

1B.1 
19.0 
19.0 
19.0 
19.0 

18.1 
19.0 
19.0 
19.0 
19.0 

19. B 
20.7 
20.7 
20.7 
20.7 

19. B 
£0.7 
20.7 
20.7 
20.7 

6.6 
6.9 
6.9 
6.9 
6.9 

13.2 
13. B 
13. B 
13.B 
13. B 

17.6 
18.4 
IB. A 
18.4 
18.4 

17.6 
16.4 
1B.4 
18.4 
18.4 

23.1 
24.1 
24.1 
24.1 
24.1 

25 
26 
27 
2B 
29 

21.0 
21.0 
21.0 
21.0 
21.0 

15.8 
15.8 
15.8 
15. B 
15.8 

17.3 
17.3 
17.3 
17.3 
17.3 

17.3 
17.3 
17.3 
17.3 
17.3 

18.9 
IB. 9 
IB. 9 
18.9 
18.9 

IB. 9 
1B.9 
1B.9 
18.9 
IB. 9 

6.3 
6.3 
6.3 
6.3 
6.3 

12.6 
12.6 
12.6 
12.6 
12.6 

16.8 
16.8 
16.8 
16.8 
16. B 

16.8 
16. B 
16.8 
16.8 
16.8 

22.0 
22.0 
22.0 
22.0 
22.0 

30 
31 
32 
33 
34 

21.0 
21.0 
21.0 
21.0 
21.0 

15.8 
15.8 
15.8 
15.8 
15.8 

17.3 
17.3 
17.3 
17.3 
17.3 

17.3 
17.3 
17.3 
17.3 
17.3 

IB. 9 
IB. 9 
18.9 
18.9 
18.9 

18.9 
IB. 9 
IB. 9 
IB. 9 
IB. 9 

6.3 
6.3 
6.3 
6.3 
6.3 

12.6 
12.6 
12.6 
12.6 
12.6 

16.8 
16. B 
16. S 
16. B 
16.8 

16.8 
16. B 
16.8 
16. B 
16.8 

22.0 
22.0 
22.0 
22.0 
22.0 

35 
36 
37 

HflLF BJAD 3Sfl 

21.0 
21.0 
21.0 
26.2 

15.8 
15.8 
15.8 
19.7 

17.3 
17.3 
17.3 
21.6 

17.3 
17.3 
17.3 
21.6 

18.9 
18.9 
18.9 
23.5 

IB. 9 
18.9 
IB. 9 
23.5 

6.3 
6.3 
6.3 
7.9 

12.6 
12.6 
12.6 
15.7 

16. B 
16. B 
16.8 
20.9 

16. B 
16.8 
16.8 
20.9 

22.0 
£2.0 
22.0 
27.5 

HfiLF fifiD 38B 
GRP 4 (25-38) 

25 
26 
27 

21.4 
592.0 
592.0 
599.0 
605.0 

21.4 
592.0 
592.0 
599.0 
605.0 

23.6 
651.6 
651.6 
659.3 
665.9 

20.6 
569.2 
569.2 
576.0 
581.7 

22.4 
620.4 
620.4 
627.7 
634,0 

1B.0 
496.9 
496.9 
502.8 
507. B 

15.0 
414.4 
414.4 
419.3 
423.5 

15.0 
414.4 
414.4 
419.3 
423.5 

23.9 
662.0 
662.0 
6&9.S 
676.5 

20.0 
552.5 
552.5 
559.1 
564.7 

23.3 
645.5 
645.5 
653.1 
659.7 

28 
29 
30 
31 
32 

612.0 
619.0 
626.0 
633.0 
£39.0 

612.0 
619.0 
626.0 
633.0 
639.0 

673.6 
681.3 
689.0 
696.7 
703.3 

563.5 
595.2 
601.9 
60S. 7 
614.4 

641.3 
648.7 
£56.0 
663.3 
669.6 

513.7 
519.5 
525.4 
531.3 
536.3 

428.4 
433.3 
43B.2 
443.1 
447.3 

42B.4 
433.3 
438.2 
443.1 
447.3 

6B4.3 
692.2 
700.0 
707. B 
714.5 

571.2 
577.7 
584.3 
590.8 
596.4 

667.3 
674.9 
682.6 
630.2 
696.7 

33 
34 
35 
36 
37 
38 

646,0 646.0 711.0 621.2 676.9 542.2 452.2 452.2 722.4 602.9 704.4 
653.0 
660.0 
667.0 
674.0 
680.0 

653.0 
660.0 
667.0 
674.0 
680.0 

71B.7 
726.4 
734.1 
741.B 
748.4 

627.9 
634.6 
641.3 
648.1 
651B 

6B4.3 
691.6 
699.0 
706.3 
712.6 

548.1 
554.0 
559. B 
565.7 
570.7 

457.1 
462.0 
466.9 
471.B 
476.0 

457.1 
462.0 
466.9 
471. B 
476.0 

730.2 
738.0 
745. B 
753.7 
760.4 

609.5 
616.0 
622.5 
629.1 
634.7 

712.0 
719.6 
727.3 
734.9 
741.4 

BBP 5A (39-50) 
6BP 5B (51-62) 
BRP & (63-74) 
HflLF am 75 

680.0 680.0 
•MC.8 -***$ 
490.0 490.0 
490.0 490.0 

748.4 

539.3 
539.3 

653. B 

471.2 
471.2 

712.6 
***** 
513.5 
5115 

570.7 476.0 
-52£E3=- J426=0-

411.3 343.0 
411.3 343.0 

476.0 

343.0 
343.0 

760.4 

547.9 
547.9 

634.7 741.4 

457.3 534.3 
457.3 534.3 
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i'v'E 1 07:42 05/21/86 22 NEON 4 + 
STA1IONS 
ARC I 
ARL E I.. III 
SPOT ARC E 
SPLIT ARC E L 

EXTRACT E 
E1NZEL E 
MAGNET I 
DECK E 

LEBl 0.1 A 0., 122 1.563 O 
l.L-t'. I 0.1 B 39..33S 39.463 0 
L.EBT Q2A 103.791 104.127 0 
LEBT Q2B 76.880 76.777 C 

0.000 0. 000 U 
0.. 000 0. 000 0 
0.000 0.000 0 
0.. 000 0.000 C 

19.578 0.359 0 
16.475 0. 039 0 

222.802 0.672 0 
47.000 0. 000 r 

LEBT M1 84. 829 84. 786 0 
DECK. E 47. 000 0„ 000 C 

LEBT 0.3A 82. ,680 84. , 103 0 
LEBT Q3B 164,, 701 166. 935 0 
LEBT Q3C 195. .354 197, ,411 a LEBT Q3D 143,, , 773 155. 018 c 
LEBT SM1H 0, . 000 0, ,001 0 
LEBT SM1V 0, , 000 -0. ,002 0 
LEBT SM2H 0, . 000 0, . 003 0 
LEBT SM2V 0, . 300 0. . 005 0 

DRIFT TUBES 
0 30. 000 30. 37 0 
1 18., 000 17.90 0 

r~y 15. 369 15.26 0 
~r_ 16. ,217 16. 06 D 
4 15.. 997 15.87 D 
5 15, , 997 15.82 a 
6 17. 000 17.78 0 
'7 / 17. , 000 17.05 a 
3 17. , 000 17.41 a 9 19, . 000 18.88 a 
10 19., , 000 16.27 0 
11 19, . 000 18.96 0 
12 19. , 000 18,. 78 a 
13 19, . 000 19. 15 a 14 19. , 000 18.79 0 

TIM I NG 

15 19. 000 19. 01 0 
16 19. 000 18. 99 a 17 19. 000 18. 96 0 
18 19. , 000 19, , 02 D 
19 19. 000 19. 21 a 
20 23. , 000 23. ,04 n 
21 000 22. ,98 a 
22 23. .000 23. . 15 0 
23 23. , 000 23. ! £!'*_' 0 
24 23. .000 .07 0 
25 23. 000 23. ,06 0 
26 23, .000 .07 0 
27 . 000 . 1 2 0 
28 23, , 000 .08 a 29 24, .262 24. .27 0 

30 22. 192 22. 33 
31 24. 832 24. 05 
32 24. 301 24.93 

24. ,417 24.92 
34 24. 965 24. 40 
35 24. ,082 24.31 
36 24. OT-F O'T O v 
37 25. .796 xli*.. Jio 
38A X_ -' u 355 27. 41 
3BB 20. ,000 I 9 __ g--
GR4 640. 000 635.1? 
6R5A 660. . 000 642.15 
GR5B 633, ,492 £> 71 .45 
GR6 420. , 000 4 11.82 

:0 1000 20 1000 200 1000 600 400 

157 



SAVE2 0 7 : 5 7 0 / 

STATIQNS 
ARC I 
ARC E L I M 
SPUT ARC E 
SPUT ARC E L 

EXTRACT E 
E I N Z E L E 
MAGNET I 
DECK E 

/ 0 4 / B 7 CARBON 2 + 

2 . 198 2 . 0 8 3 0 
0 . 000 0 . 0 0 0 0 
0 . 000 0 . 0 0 0 a 
0 . 0 0 0 0 . 0 0 0 c 

1 7 . 5 5 2 1 8 . 2 9 1 a 
1 7 . 5 4 2 1 8 . 2 1 7 0 

2 2 9 . 9 9 9 2 3 0 . 4 6 4 O 
5 1 . 0 0 0 5 1 . 0 1 6 C 

LEBT Q1A 
LEBT G IB 
LEBT Q2A 
LEBT Q2B 

2 . 6 0 1 3 . 0 2 8 O 
3 3 . 6 6 3 3 3 . 7 9 7 0 

1 0 2 . 8 0 2 1 0 3 . 3 4 6 O 
8 7 . 2 1 6 8 6 . 9 3 5 C 

LEBT Ml 
DECK E 

9 2 . 1 9 8 9 2 . 0 1 5 0 
5 1 . 0 0 0 5 0 . 9 5 2 C 

LEBT" Q3A 
LEBT Q3B 
LEBT D3C 
LEBT Q3D 

8 7 . 4 1 1 8 8 . 8 8 9 O 
1 6 8 . 5 7 8 1 7 0 . 8 4 3 0 
1 9 7 . 3 0 8 1 9 9 . 3 6 5 0 
1 5 6 . 0 9 9 1 7 0 . 2 5 6 C 

LEBT SM1H 
LEBT SM1V 
LEBT SM2H 
LEBT SM2V 

0 . 0 0 0 
0 . 000 
0 . 0 0 0 
0 . 000 

0 . 0 0 3 D 
- 0 . 0 0 1 D 
0 . 0 0 5 D 
0 . 0 0 5 C 

D R I F T TUBES 
0 
1 

6 
7 
8 
9 
10 
11 
12 
13 
14 

3 2 . 1 0 3 
1 8 . 8 7 9 
1 8 . 5 0 5 
1 6 . 4 0 3 
1 5 . 9 9 4 
1 5 . 9 9 4 
1 5 . 9 9 4 
1 5 . 9 9 4 
1 5 . 9 9 4 
1 5 . 9 9 4 
2 0 . 0 0 0 
2 0 . 0 0 0 
2 0 . 0 0 0 
2 0 . 0 0 0 
2 0 . 0 0 0 

1 8 . 7 0 
1 8 . 4 2 
16. 
1 5 . 

21 
81 

1 5 . 6 8 
1 6 . 6 4 
1 6 . 3 8 
1 6 . 2 4 
1 5 . 7 4 
1 9 . 7 4 
1 9 . 8 8 
1 9 . 6 5 
2 0 . 0 5 
1 9 . B 4 

0 
O 
O 
O 
O 
O 
0 
0 
Q 
O 
a 
a 
a 
o 
a 

15 
16 
17 
18 
19 
2 0 
2 1 

2 4 
2 5 
2 6 
2 7 
2 8 
2 9 

2 0 . 0 0 0 
X-VJ m \i.'VJVJ 

2 0 . 0 0 0 
2 0 . 0 0 0 
2 0 . 0 0 0 
^-•1* m felfel W 

*-» - T #7| t~t ,7| jLJfm ',i*\-JvJ 

xL _!' • ({• Vj \0 

2 3 . 0 0 0 
2 3 . 0 0 0 
2 3 . 0 0 0 
2 3 . 0 0 0 
2 3 . 0 0 0 

2 0 . 0 2 
2 0 . 0 4 
1 9 . 9 8 
2 0 . 0 7 
2 0 . 2 5 
2 3 . 0 9 
2 2 . 9 7 
2 3 . 13 
2 3 . 0 4 
2 3 . 0 5 
2 3 . 0 8 
2 3 . 0 4 
2 3 . 11 
2 3 . 13 

a 
0 
o 
D 
O 
0 
D 
a 
o 
o 
o 
a 
o 
a 

3 0 
31 

3 4 
3 5 
3 6 
3 7 
38A 
3 8 B 
GR4 
GR5A 
GR5B 
GR6 

2 3 . 0 0 0 
2 3 . 0 0 0 
2 3 . 0 0 0 
2 3 . 0 0 0 
2 3 . 0 0 0 
2 3 . 0 0 0 
2 3 . 0 0 0 
2 3 . 0 0 0 
3 3 . 0 0 5 
2 2 . 5 0 1 

4 6 0 . 0 0 0 
4 6 0 . 6 3 5 
3 1 6 . 8 7 4 
4 4 8 . 7 6 7 

4 5 
4 6 
31 
4 3 

1 . 

6 . 

16 
2 6 
5 7 
4 6 
5 2 
2 4 
6 2 
0 5 
5 9 
13 
19 
4 4 
6 8 
24 

2 2 . 9 3 a 

T I M I N G 
40 1000 8 0 1 0 0 0 120 1000 6 0 0 4 0 0 
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S H V I . .'. L4:ci'd 

3 TiTI [LNS 
ALL 1 
ARC E L'i.M 
SLUT APE E 
' -JPUT ARC E L 

0 3 / 8 5 HYDROGEN ' I E ' 1 < i 

V) .. d2C_. 
2.. 137 
3„ 0 5 3 
0 . 0 0 0 

0 a LJ -J ^ . 

0 . 0 0 0 G 
0 . 0 0 0 G 
0 . 0 0 0 C 

EXTRACT E 1 8 . 3 5 6 1 9 . 1 0 3 O 
E fNZEL E 8 . 7 4 0 9 . 1 4 3 0 
MAGNET 1 1 3 4 . 9 9 7 1 3 4 . 8 6 0 0 
DECK E 1 7 . 0 0 0 1 7 . 3 3 3 0 

LEBr aiA 
EEBI GIB 
LEBl G2A 
LEBf Q2B 

8.999 8.987 O 
20.000 19.. 634 D 
35.000 34.286 O 
30.293 30.379 C 

LED! Ml 
DECK E 

31.050 30.86 7 O 
17.000 17.302 O 

LEBT Q3A 
LEBT G3B 
LFBT G3C 
LEBT Q3D 

26.105 26,. 569 Q 
63.211 63.9B0 O 
71.752 71.. 893 Q 
42.796 42.686 C 

LEBT SM1H 0. 000 
LEBT SM 1 'J 0 . 000 
L.EB r SM2H 0 . 083 
L.E.BT 

! ) ! • • • I F I 

BM2 1/ 

TUBES 

0„ 102 

0 12.067 12. 05 0 
1 8. 108 "7 /_ O a 
2 8.976 8. 65 0 
.... 8. 778 8.36 0 
4 8„669 8.32 0 
cr- 8. 094 7.71 0 
\H 8.076 8. 17 a 
/ 7. 569 7.34 D 

i -\ 3. 653 8.54 0 
9 9.768 9.50 0 
10 8.623 7.95 0 
11 9.. 137 8.88 0 
12 9.. 026 8. 69 a 
13 9.572 9. 43 0 
14 8.817 8. 30 0 

T" J MINI 3 
4 4 20 1 000 80 

0.002 a 
-0.002 0 
0.004 O 
0.003 0 

15 
16 
17 
18 
19 
20 
21 

24 
,;; , i 

26 
27 
28 
29 

9. 459 9. 25 0 
O 9. a 
9. 283 a 06 0 
11. , 504 11. 31 a 
11. 209 11. 14 0 
10. .996 10. .82 o 
11. 331 11. 09 0 
11. .227 11. . 10 a 
11. ,246 11. ,07 0 
11. . 074 10. .84 a 
11, , 153 10. ,98 0 
11. .256 11, .07 a 
11. . 199 11 . .02 G 
11 ,. 458 11 . 26 G 
11. ,453 1 1 . ,31 a 

30 10.351 10. 19 G 
31 10.246 9.59 0 

10.264 10. 28 0 
-r-j. 10.268 10. 18 0 
34 11.505 11.04 0 
35 10.362 10.25 0 
36 10.205 9. 76 0 
37 10.824 10.85 c 
38A 10.863 10.85 c; 
38B 9.658 9. 34 0 
GR4 538.633 52 7,6/ li 
GR5A 618.999 594.4 6 0 
GR5B 503.6 14 48-y. :8 I i 
GE6 373.895 >62.C'' (J 

•600 120 800 400 400 
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SAVE4 15:09 02/02/8 7 HELIUM 1+ 

STATIONS 
ARC I 1 . 2 0 0 1 . 0 6 0 Q 
ARC E L I M 0 . 0 0 0 0 . 0 0 0 0 
SPUT ARC E 0 . 0 0 0 0 . 0 0 0 0 
SPUT ARC E L 0 . 0 0 0 0 . 0 0 0 C 

EXTRACT E 
E I N Z E L E 
MAGNET I 
DECK E 

1 5 . 1 3 9 1 5 . 7 9 5 Q 
1 3 . 2 6 9 1 3 . 8 0 2 D 

1 6 4 . 9 9 5 1 6 5 . 4 4 6 0 
3 4 . 2 6 8 3 4 . 2 5 4 C 

LEBT Q1A 
LEBT Q1B 
LEBT D2A 
LEBT Q2B 

18.895 19.243 0 
34.170 34.286 0 
69.438 69.451 C) 
57.460 57.436 C 

LEBT Ml 
DECK E 

6 2 . 0 5 1 6 1 . 9 2 9 O 
3 4 . 2 6 8 3 4 . 1 9 0 C 

LEBT Q3A 
LEBT Q3B 
LEBT Q3C 
LEBT D3D 

5 3 . 0 0 4 5 4 . 1 1 5 0 
1 2 2 . 6 9 8 1 2 4 . 7 3 7 0 
1 3 6 . 0 0 1 1 3 6 . 4 5 9 a 

9 3 . 5 8 4 9 3 . 5 7 8 C 

LEBT SM1H 
LEBT SM1V 
LEBT SM2H 
LEBT BM2V 

0.000 
0. 000 
0.000 
0. 000 

0.001 Q 
-0.002 D 
0.005 0 
0.003 C 

DRIFT 
0 

TUBES 
22.794 

6 
7 
8 
9 
10 
11 
12 
13 
14 

12 
13 
14 
13 
13 
12 
12 
12 
15 
15 
15 
17 
15 

836 
708 
,517 
471 
,444 
982 
. 188 
-595 
,885 
,660 
,954 
.215 
,692 

14.994 

2 2 . 9 8 
1 2 . 4 9 
1 3 . 4 9 
1 4 . 2 7 
I T T-V 

13. 10 
13.42 
12.39 
12.69 
15.65 
15.26 
15.76 
16.88 
15.69 
14.71 

a 
O 
O 
0 
O 
D 
0 
0 
0 
o 
0 
0 
a 
0 
0 

15 
16 
17 
IB 
19 
20 
21 

24 
25 
26 
27 
28 
29 

15. 
15. 
15. 
15. 
15. 
19. 
19. 
19. 
18. 
18, 
18. 
18. 
IB 
18, 
18 

692 
692 
692 
692 
692 
660 
013 
059 
942 
000 
000 
000 
000 
000 
, 000 

15.65 
15.69 
15.63 
15.68 
15,79 
19.71 
18.96 
19. 16 
18.94 
17.99 
18.02 
18. 03 
18.06 
18.06 
17.93 

0 
a 
D 
a 
o 
a 
a 
a 
a 
o 
o 
a 
a 
a 

30 
31 

34 
35 
36 
37 
38A 
38B 
GR4 
GR5A 
GR5B 
GR6 

18.000 
18.000 
18.000 
1B.000 
18.000 
18.000 
20.000 
20.000 
21.612 
21.738 

432.332 
512.796 
374.994 
356.703 

18. 13 
17.36 
18.39 
18.28 
17.59 
18. 18 
19.66 
19.99 
21.62 
21.42 

427.64 
508.72 
368.45 
349.09 

0 
D 
a 
a 
o 
o 
a 
c 
c 
n 
a 
a 
o 
a 

TIMING 
4 : 20 1000 80 1000 120 1000 600 400 

160 



A V E ' 1 . • • 0 7 / B 6 ci y. SEN 

S f A f IAN ' . , 
Al-;r [ ;;.. 2 0 0 2 . 10'.". 
A PC t: I IM <").. 0 0 0 0 . 0 0 0 
L.i'l. IT APE I. '>! 0 0 0 0 . 0 0 0 
BPUT ARE E L 0.. 0 0 0 0 . 0 0 0 

E X T P A C T E 
E. I N ZEE E 
MAGNET I 
DECK E 

1 7 . 7 0 0 1 8 . 4 1 0 
1 7 . 0 0 0 1 7 . 5 9 2 

2 0 7 . 1 7 3 2 0 8 . 1 8 1 
4 5 . 0 0 0 4 4 . 9 8 4 

LLBT 01A 4 2 . 0 2 7 4 1 . 9 0 5 
LEBT Q l B 6 3 . 8 9 5 6 4 . 0 7 8 
LEE1 i;.'2A 8 7 . 3 4 4 8 7 . 5 2 1 
LEB f 02B 6 5 . 4 0 3 6 5 . 4 4 6 

LEBl 
O'rCi-

l-l .1 82.302 82.344 
45.000 45.016 

LEBT Q3A 62.393 63. 004 
LEBT 03B 165.678 167. 717 
LEBl 03C 194 ,,475 196. 630 
LEBT Q3D 115.513 118. 095 

LEBT SM1H 0. 000 0. 003 
LEBT SI"! 1 v 0 . 000 0. , 000 
LEBl SM2H 0. 000 0. 006 
LEBT SM29 0„ 000 0. , 005 

DP I E T TUBES 
• ^ 2'::>.ft99 29.39 0 15 
1 1 7.500 17. 32 a 16 

15.999 15 „ 85 0 17 
7. 15.119 14. 89 0 18 
4 15 ,,099 14.90 0 19 
5 14.999 14.77 a 20 
6 14,. 999 15.60 0 21 
7 14.999 15.33 0 2!il 
8 14.999 15,25 0 
9 19.000 18.82 0 24 
10 19.000 18.70 0 25 
1 1 19,000 18,91 0 26 
12 :l 9 „ 000 18.69 0 27 
13 19.000 19. 05 a 28 
14 19.000 1 8.. 82 a 29 

TI MING 
1 00 80 1000 



SAVE6 12:20 09/09/05 1 inac e: ;it 17 0 i.i a a 1 p 1 h a 5 

STATIONS 
ARC I 2.000 0.000 D 
ARC E LIM 0. 000 0.000 0 
SPUT ARC E 0. 000 0 . 000 a 
SPUT ARC E L 0 . 000 0.000 0 

EXTRACT E 18.049 0.000 0 
EINZEL E 9.010 0 . 000 u 
MAGNET I 129.999 0. 000 a 
DECK E 17.083 0.000 a 
LEBT Q1A 3.046 0.000 a 
LEBT Q1B 12.576 0.000 a 
LEBT Q2A 35.440 0 . 000 a 
LEBT Q2B 31.093 0.000 0 

LEBT Ml 31.062 0. 000 0 
DECK E 17.083 0. 000 a 
LEBT Q3A 29.158 0 . 000 0 
LEBT Q3B 61.954 0. 000 0 
LEBT Q3C 66.966 0.000 0 
LEBT Q3D 45,433 0.000 a 
LEBT SM1H -0.050 0 . 000 0 
LEBT SM1V -0.068 0.000 0 
LEBT SM2H 0.000 0 . 000 0 
LEBT SM2V 0. 003 0.000 a 
DRIFT TUBES 
0 1 -Cl • -jjlJ* 0. 00 0 15 8. 579 0 . 00 0 30 9. 331 
1 7.409 0.00 0 16 7. 265 0. 00 0 31 9. 095 
*-i 6.800 0.00 0 17 7. 622 0 . 0 0 Q 9. 114 
O 7.712 0 . 00 0 18 8. 318 0.00 0 33 9. , 100 
4 7.018 0. 00 0 19 7. 969 0.00 0 34 9. 142 
5 7.212 0.00 0 20 9. , 045 0. 00 D 35 9. ,337 
6 5. 104 0.00 0 21 9. 100 0. 00 a 36 9. 150 
7 6.286 0. 00 0 22 9. , 159 0 . 00 0 37 11. , 079 
8 7.428 0. 00 0 23 9. 142 0 . 00 a 38A t . 510 
9 8. 153 0.00 a 24 9. , 088 0.00 0 3BB 13. . 178 
10 8.367 0.00 0 25 7 . 022 0.00 a GR4 410. ,086 
11 7.776 0. 00 a 26 9. . 056 0. 00 a GR5A 542. .564 
12 8. 154 0. 00 G 27 9. 037 0.00 a GR5B 477. , 680 
13 8.209 0.00 0 28 8. ,991 0 . 00 D GR6 311, . 404 
14 7.995 0. 00 0 29 8. 971 0. 00 0 

TIMING 
20 1000 80 1000 120 1000 600 400 
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I ' V ' E ? :.; ]- i 4 

STA' I [QMS 
AP> [ ::,. 5 4 7 2 . 4 4 7 
H R ( . I: L i LI 1 . 5 2 6 0 . 0 0 0 
GPU I n P ' \ L... 2fc>99„ 9 4 0 2 & 9 1 .. 0 8 8 
SPLIT AEP E L. 3 7 . 8 5 1 3 6 . 6 3 0 

E X T R A C T E 
E I N 2 E L E 
MAGNET I. 
DECK E 

1 9 . 2 9 3 1 9 . 9 8 3 
1 5 . 7 5 6 1 6 . 0 8 3 

2 4 0 . 3 0 8 2 4 0 . 8 4 3 
5 9 . 0 0 0 5 8 . 8 8 9 

LE.B I ' Q I A 
L E b T D I B 
Lfc-BT 0.2A 
L L P 1 Q2B 

1 6 . 2 4 5 1 6 . 5 0 8 
6 0 . 2 3 2 6 0 . 5 6 2 

1 1 5 . 2 2 0 1 1 6 . 0 4 4 
8 6 . 1 1 7 8 5 . 9 5 8 

L E B T I' 
DECT- E 

1 0 7 . 6 9 2 1 0 7 . 6 4 3 
5 9 . 0 0 0 5 9 . 0 1 6 

Lb. B l D3A 
L E B T Q3B 
L E B T D3C 
L E B T Q3D 

1 1 3 . 5 1 6 1 1 4 . 9 6 9 
1 9 5 . 0 4 9 1 9 7 . 6 0 7 
1 9 9 . 6 7 6 1 9 9 . 9 5 1 
1 7 0 . 8 0 0 1 8 8 , 3 2 7 

L E B T SM1H 0 , 0 0 0 
L E D r SM1V 0 . 0 0 0 -
L E B T SM2H 0 . 0 0 0 
L E B T SM2V 0 . 0 0 0 

Of: I I 1 TUBES 
0 29 „ 5 7 2 3 4 . 5 6 0 
.1. 2 2 . 0 0 0 2 1 . 9 0 0 
.-"' 2 2 . 0 0 0 2 1 „ 9 6 0 
":' 2 2 . 0 0 0 2 1 . 9 2 0 
4 2 2 . 0 0 0 2 1 . 9 6 0 
5 2 2 . 0 0 0 2 1 . 7 2 0 
6 2 2 . 0 0 0 2 3 . 0 4 0 
/ 2 2 . 0 0 0 2 2 . 6 9 0 
8 2 2 . 0 0 0 2 2 . 5 0 0 
9 2 8 . 3 0 0 2 7 . 9 4 a 
1 0 2 8 . 3 0 0 2 8 . 1 8 0 
1 1 2 8 . 3 0 0 2 8 . 1 2 0 
1 2 2 8 . 0 0 0 2 7 . 5 3 0 
1 3 2 8 . 0 0 0 2 8 . 0 9 0 
1 4 2 8 . 0 0 0 2 7 . 9 2 0 

1 [ M I N G 

0 . 0 0 3 
-0. 00 1 
0 . 0 0 5 
0 . 0 0 3 

15 
16 
17 
18 
19 
2 0 
2 1 

2 4 

2 8 



SAVEB 07: 03/10/87 neon 3+ 

STATIONS 
ARC I 2.600 2.447 O 
ARC E LIM 2.747 2.442 CJ 
SPUT ARC E 0.000 0.000 0 
SPLIT ARC E L 1.526 0.000 C 

EXTRACT E 
EINZEL E 
MAGNET I 
DECK E 

16.470 17.111 0 
17.073 17.661 O 

235.073 235.470 O 
56.500 55.968 C 

LEBT Q1A 
LEBT Q1B 
LEBT Q2A 
LEBT Q2B 

1.850 2.442 O 
46.856 46.789 Q 
121.026 121.026 0 
101.905 101.587 C 

LEBT Ml 101.453 101.587 a 
DECK E 56.500 56.190 C 

LEBT Q3A 
LEBT D3B 
LEBT Q3C 
LEBT Q3D 

98.706 99.731 0 
176.551 178.657 0 
198.761 199.756 O 
166.954 183.150 C 

LEBT SM1H 
LEBT SM1V 
LEBT SM2H 
LEBT SM2V 

0.000 
0.000 
0.000 
0. 200 

0.003 O 
0.000 a 
0.006 a 
0.005 C 

DRIFT 
0 
1 

TUBES 
99 

6 
7 
8 
9 
10 
11 
12 
13 
14 

17 
16 
14 
14 
13 
14 
14 
13 
14 
18 

er -r T 

000 
800 
994 
994 
996 
994 
994 
994 
994 
000 

22.000 
21.000 
21.000 
21.000 

3. 11 
16. 80 
16.66 
14.75 
14.77 
13.66 
11 
15.32 
14. 15 
14.73 
17.66 
21.88 
20.64 
21.03 
20.83 

O 
a 
0 
a 
a 
a 
o 
o 
o 
o 
a 
a 
a 
o 
o 

15 
16 
17 
18 
19 
20 
21 

24 
25 
26 
27 
28 
29 

21.000 
21.000 
*"> i tiWAfA JL. 1 • yJyJVJ 

21.000 
21.000 
22.000 
23.000 
23.000 
23.000 
23.000 
20.000 

20.000 
20.000 
20.000 

20.99 O 
21.01 O 
20.96 O 
21.06 O 
21.25 Q 
22.05 0 
22.98 0 
23.14 O 
23.04 
23.05 
20.04 
20.05 
20.09 
20.08 
19.95 

O 
O 
a 
O 
a 
0 
a 

30 
31 

34 
35 
36 
37 
38A 
38B 
GR4 
GR5A 
GR5B 
GR6 

21.000 
21.000 
21.000 
21.000 
21. 
21 

28 
600, 
500 
424 
500 

000 
000 
000 
000 
996 
000 
000 
, 000 
957 
.342 

21. 15 
20.30 
21.53 
21.43 
20.53 

23.47 
32.49 
27.51 

593.31 
502.47 
427.64 
487.23 

O 
D 
D 
D 
a 

21.19 O 
22.61 0 

D 
0 
O 
0 
a 
0 
0 

TIMING 
18 2 10 1000 80 1000 100 700 500 400 
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,hVf. '- ' :M :,•':.. 0 9 / 1 1 / 8 6 NEON 4 i 

/ i".M" Ll.iM'r. 
H l-'.l . J 
ARC L L I l i 

2.. 5 0 0 
0 . 0 0 0 

2 . 1 32 
0 . 0 0 0 

L! 
0 

SPLIT A RC E 0,. 0 0 0 0 . 0 0 0 G 
SPLIT A iRC: E L. 1 . 5 2 6 0 . 0 0 0 C 

E X T R A P T E 1 9 . 4 9 4 20 . . 1 4 5 0 
EJ .NZEL . E 1 6 . 0 0 0 1 6 . 5 2 7 0 
MAGNET • I 2 1 0 . 0 7 3 2 1 0 . 6 2 3 0 
DECK E 4 3 . 0 0 0 4 3 . 2 3 8 C 

L E B 1" 0 1 A 6 . 2 2 7 6 . 4 4 7 0 
L..EDT C-.! 1 B 3 7 . 9 6 7 3 7 . 9 9 8 0 
LPBT Q2A 9 2 . 2 0 4 9 2 . 4 0 5 0 
LEBT 0 2 B 7 4 . 5 8 5 7 4 . 7 2 5 C 

1. E B r M l 7 5 . 1 4 7 7 4 . 9 2 1 0 
DEC! / ti 4 3 . 0 0 0 4 3 . 3 9 7 C 

L E B T Q3A 6 0 . 7 6 9 1 „ 0 7 4 0 
L E B T Q 3 B 1 5 1 . 1 1 7 1 . 5 6 3 0 
L E B T Q3C 1 9 1 . 7 4 0 2 . 2 4 7 a 
L E B T Q3D 1 3 6 . 0 5 0 1 . 9 5 4 C 

L E B T S M 1 H 0 . 0 7 8 0 . 0 0 2 n 
L E B T S M 1 V 0 . 0 7 1 - 0 . 0 0 2 o 
L E B T SM2I I 0 . 0 7 4 0 . 0 0 5 a 
LEBT" SM2V 0 . 2 2 2 0 . 0 0 3 c 

DIME T TUBE' b 
0 2 6 . 0 ! 0 0 0 . 0 0 0 15 1 8 . 0 0 0 0 . 0 0 0 3 0 2 3 . 0 0 0 0 . 0 0 0 
L 1 5.. 9 9 5 0 . 0 0 0 16 1 8 . 0 0 0 0.. 0 1 a 3 1 2 3 . 0 0 0 0 . 0 0 n 

15.. 9 9 5 0 . 0 0 0 17 1 8 . 0 0 0 0 . 0 4 G 2 3 . 0 0 0 0 . 0 0 0 
"\ 1 6., 6 2 9 0 . 0 0 0 18 1 8 . 0 0 0 0 . 0 0 Q 2 3 . 0 0 0 1 . 1 2 Ci 

4 1 6 . 1 2 2 0.. 0 0 0 19 1 8 . 0 0 0 0 . 0 0 0 3 4 2 4 . 0 0 0 0 . 0 2 0 
5 1 6 . 7 15 0 . 0 0 0 2 0 2 2 . 0 0 0 0 . 0 0 0 3 5 2 4 . . 0 0 0 0 . 0 4 a 
6 1 6 „ 8 8 8 0 . 0 0 0 2 1 2 2 . , 0 0 0 0 „ 0 0 0 3 6 2 4 . 0 0 0 0 . 0 0 0 
7 1 6 . 8 2 6 0 . 0 0 0 2 2 2 2 . 0 0 0 0 . 0 4 0 3 7 2 4 . 0 0 0 0 . 0 0 0 
8 1 6 . 2 7 3 0 . 0 0 0 2 3 .C~S~ n ii'lOiO 0 . 0 1 a 3 S A 2 3 . 0 0 0 0 .. 0 0 u 
9 1 8.. 0 0 0 0 „ 0 0 0 2 4 2 2 . 0 0 0 0 . 0 0 0 3 8 B 2 5 . 0 0 0 0 ,. 0 0 G 
1 0 1 8 . 0 0 0 0 . 0 0 0 2 5 2 2 . 0 0 0 0 . 0 2 0 QR4 6 0 5 . 2 2 6 0 „ 0 0 u 
11 1 8 . 0 0 0 0 . 0 0 0 2 6 2 2 . 0 0 0 0 . 0 0 a GR5A 6 7 9 . 3 6 5 0 . 0 0 u 
12 18. . 0 0 0 0 . 0 0 D 2 7 2 2 . 0 0 0 0 . 0 2 0 GR5B 6 6 9 . 4 9 9 0 0V' c 
1 3 1 8 . 0 0 0 0 .. 0 0 0 2 8 2 2 „ 0 0 0 0 . 0 0 a UP 6 4 3 7 . 8 2 7 0 . 0 0 Li 

14 1 8 . 0 0 0 0 „ 0 0 0 2 9 2 2 . 0 0 0 0 . 0 0 0 

riMiNU 
30 I 20 1100 80 1000 220 1000 600 400 
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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 XH5 has 1000 amps through it then XM4 should have 2050 amps. 

1 Maqnet | Magnet Current/Bev F ie ld I Current Rat io I Channel I 

| | Amps/Kilogauss | | | 

| XM4 | 85.0 ±3 | 2.05 | 1 | 

1 XM5 | 41.5 ±2 1 1 1 1 1 

| S1M3 | 25.0 | | 1 | 

I S1M3 | 23.5 I ISeptum Ch.1 

| S1M4 | 228 | 6.16 ISeptum Ch.| 

| S1M5 | 87.0 | 2.35 ISeptum Ch. | 

1 S1M6 | 37.0 1 1 ISeptum Ch.1 

| X1Q4A | 159 ±4 | 0.987 | 1 | 

1 X1Q4B | 161+2 1 1 lor Septum 1 

1 S1Q7A | 116 ±1 | 0.906 | Septum | 

1 S1Q7B 1 128 ±1 1 1 1 Septum 1 

I XM4 | 61.5 ±1 | 2.32 | 2 I 

1 XM5 I 26.5 ±1 I 1 | 2 | 
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5.0 Some Dipole Tuning Hints 

5.1 Extraction Channel: Magnets XM2/XM3. 

Horizontally the beam should be centered at following wires 

XM2WC wire = 16 

XH3WC wire = 29 

XH4WC wire = 16 

Centering the beam on wire 29 at XH3WC minimizes quadrupole steering 

by XQ3. 

5.2 Channel 1: Magnets XH4/XH5. 

Horizontally the beam should be centered at the following wires 

X1Q4WC wire = 16 

S1M3WC wire = 16 

Centering the beam on wire 16 at X1Q4WC minimizes quadrupole steering 

by XIQ4. 

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 S1M3WC, 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 S1H3WC and X1Q4WC. 

5.3 Channel 1: Magnets XM3V/XM4V. 

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

minimizes quadrupole steering (vertically) by X1Q4. 

April 1^87 169 



5.4 Channel 1: Magnet SIM3. 

Horizontal ly the beam should be centered at X1Q5WC, wire = 16 to 

minimize quadrupole steering by X1Q5. 

5.5 Channel 1: Magnet X1M5S. 

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 B26WC1 in 

Sec. 3.1.4. Set X1M6 and B26M1 at nominal values from scaling or 

previous known values. 

1. Use XIM6 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 angular acceptance in the downstream magnets S1M4, 

S1M5, S1M6. 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 S1M4/S1M5/S1H6. 

Hori zontally the beam should be centered on 

S1M6WC, wire = 16 

S1Q7WC, wire = 16 

S1F2WC, wire = 16 

The procedure is as follows: 

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

S1M4/S1M5/S1H6. 

2. Adjust the S1M6 current to center the beam at S1F2WC, wire = 16. 

3. Adjust the S1M5 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 S1M4 current to center the beam at S1M6WC, wire = 16. 

6. Now repeat step 2 and step 3. 

7. Repeat step 5. Discontinue when all conditions are met. 

5.9 Septum Channel: Magnet 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 = 16 

Centering the beam on wire 16 at X2Q4WC minimizes quadrupole steering 

by X2Q4. 
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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. 

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

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 X2Q4WC is further downstream of XM5, 

then X1Q4WC. 
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