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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 gi ven 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 Intensities 

Bevalac Particle Inventory** 
August, 1985 

Atomic Atomic Accel. Max. Intens ity, 
Ion Weight Number Charge Energy particles/pulse, 

A _Z_ MeV/amu @ Fl 
Hydrogen 1 1 1 4900 2 x 109 

2 1 1 2100 1 x 109 
Deuterons 2 1 1 2100 1 x 105* 
Helium 3 2 2 3010 3 x 108 

4 2 2 2100 1 x 1010 
Boron 11 5 5 1840 1 x 109 
Carbon 12 6 6 2100 5 x 109 
Nitrogen 14 7 7 2100 1 x 105* 
Oxygen 16 8 8 2100 6 x 109 
Fluorine 19 9 9 1950 1 x 108 
Neon 20 12 10 2100 1 x 1010 
Magnesium 24 12 12 2100 1 x 10h 
Aluminum 27 13 13 2000 5 x 108 
Silicon 28 14 14 2100 8 x 108 
Argon 40 18 18 1815 1 x 109 
Calcium 40 20 20 2100 4 x 107 

48 20 20 1640 1 x 107 
Manganese 55 25 25 1840 1 x 106* 
Iron 56 26 24 1700 2 x 108 

16 1050 5 x 10h 
Nickel 58 28 26 1810 1 x 106 
Krypton 84 36 33 1510 1 x 10h 
Niobium 93 41 35 1420 1 x 108 

23 770 8 x 107 
Xenon 129 54 45 1280 5 x 105 

132 54 45 1240 1 x 105 
136 54 45 1180 3 x 106 

Lanthanum 139 57 52 1410 1 x 105 
48 1260 4 x 107 
32 690 8 x 107 
29 587 6 x 107 

Holmium 165 67 54 1170 2 x 105 
Gold 197 97 61 1080 1 x 105 

37 490 1 x 107 
35 450 5 x 106 
11 50 1 x 105 

Uranium 238 92 68 960 1 x 106 
40 410 1 x 107 

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

** (Ref. 1 ) 
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2.2 Beam Line Rigidity Limits 

The Bevalac has a rigidity limit of 192 kG-m. Depending on the magnet, 

current and angular bend, each beam line has an upper limit in rigidity 

which it can transport. The rigidity is given by 

R = R YI! = P/q = Peff B 
-0 ev 
(Q/A) 

where R = 31.07155 kG-m == m c/e 
0 0 

where yf3 % = [11(2+11)] 

11 = (T/A) 
W 

0 

Wo= 931.5016 MeV/amu == moc2 

q = charge state of the ion == Qe 

m = atomic mass == Amo 
T = kinetic energy 

p = momentum = mc yf3 

Bev = Bevatron field (1500-125756) 

Peff = The effective extraction radius (15.21-15.31m) 

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 particular beam line is 

given in Fig. 1B for that particular (Q/A). (e.g. 136Xe in the +45 

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

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

Apri 1 1987 7 
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Table 2.2.1 

Rigidity for Ions with Charge/Mass of 0.5 

T/A R/(q/m) R 
(MeV/amu) yl3 (kG-m) (kG-m) 

10 0.146921 4.56506 9.13013 

20 0.208332 6.47320 12.94640 

30 0.255830 7.94905 15.89810 

40 0.296187 9.20299 18.40598 

50 0.332016 10.31625 20.63250 

60 0.364655 11.33039 22.66078 

70 0.394895 12.27000 24.54000 

100 0.475638 14.77882 29.55764 

150 0.589908 18.32935 36.65870 

200 0.689575 21.42615 42.85230 

250 0.780255 24.24372 48.48744 

300 0.864780 26.87005 53.74010 

400 1.021384 31.73597 63.47194 

500 1.166900 36.25738 72.51476 

600 1.305042 40.54967 81.09934 

800 1.566921 48.68667 97.37334 

1000 1.816466 56.44041 112.88082 

1200 2.058168 63.95045 127.90090 

1400 2.294506 71.29385 142.58770 

1600 2.526986 78.51737 157.03474 

1800 2.756584 85.65135 171 .30270 

2000 2.983966 92.71646 185.43292 

2100 3.096979 96.22793 192.45586 

GK/0980s 10 



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', z, l'Ip/p). The components of the 

vector are the horizontal and vertical displacement (x and y) from the 

central trajectory (optic axis), the horizontal and vertical divergence 

(x' and y'), (see Fig. 2) the difference in length, z, between the 

longitudinal position of the particle and that of one at the central 

momentum, and the fractional momentum deviation l'Ip/p from the central 

momentum. The divergence x' is defined as the ratio of transverse to 

longitudinal velocities. That is x' = dx/dz = v/vz ' with a similar 

definition for vertical divergence. A plot of the horizontal divergence 

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

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

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

given by Ex = ~ x X ' o 0 
and is called the horizontal emittance: the 

vertical emittance is just Ey = ~ Y y. A single particle can be traced 
o 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 
, 

programs are the initial six coordinates of the ellipse (x o ' xo ' Yo' Yo' 

Apri 1 1987 11 
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zo' l1p/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 divergenci~s (x " y ') and momentum spread o 0 

(l1p/p) specified at the initial F1 focal point, for the Bevalac beam 

lines. Typically, the output from such computer programs is a tracing 

down the beam 1 i ne of the extreme traj ectori es (both hori zonta 11 y 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
rms 

~FWHM with the same relation for the vertical 

envelope. The horizontal and vertical beam envelopes for the maximum 

transportable emittance, and for a beam momentum spread l1p/p = 1% are 

shown in Fig. 3 above and below the optic axis (center line), 

respectively. At the Fl focal point, the beam was taken to have an 

average size of Xo = Yo = 5mm. The divergences xo ' and Yo' were taken as 

the maximum acceptance values given in Table 2.3.1 for each beam line. If 

the actual initial divergence at 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: 

Apri 1 1981 13 



Table 2.3.1 

Beyalac Beam Line Acceptances 

Angular divergence at F1 Momentum 
Beam Spread at F1 
Line Horizpntal Vertical , 

±dp/p ±xo ±Yo 

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 11' mm-mr while high energy beams have emittances of about 10 11' 

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 dx for a given beam line tune gives the horizontal 

displacement of a particle with a rigidity (R + l1R) differing from the 

central rigidity R (Optics nomenclature often equates l1R/R ~ l1p/p). 

The dispersion is proportional to l1R/R, that is d
x 

= cS
x 

l1R/R where cS
x 

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 

l1R/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 (l1T) , different isotopes (l1A) or different charge states 

(l1Q). 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 

x = Ii (envelope) + d2 , x 

Apri 1 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 is 

typically 6p/p ~·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 6d x/6Z ~ O. 

(ii) A second effect of dispersion is to separate beams of different 

charge or isotopic mass. As an example, 50 MeV/amu 139 La in the +30 

charge state ·trave 1i ng through a poor vacuum (8 x 10-5 Torr) in the Fl 

area produced by electron loss the charge state distributions shown below 

at the Sl M3 wi re chamber and -the F2 wi re chamber. At the Sl M3 wi re 

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 

S 1 M3 Wire Chamber S 1 F2 Wire Chamber 

Apr; 1 1987 17 



Another example is shown below. The wire chamber distribution on the 

left is that of a 450 MeV/amu U (+92) beam at 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 

........... 

840 Wire Chamber 2 840 Wire Chamber 2 with 

840 Wire Chamber 1 inserted 

With the use of collimators we can select the desired charge state or 

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

of collimators. A 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 parametert'1~~ts)· wire chamber pictures and 

A. 

magnet current lists. 

Magnet Parameter'Lists (See ~ec. 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 gi ven in 

column one. Starting at the first focal point of the Bevalac in the 

external particle beam region XF1, the effective magnet lengths and drift 

spaces are listed in column two. In columns three and four the quadrupole 

maximum gradients and pole tip radii are given respectively. The 

f '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 i ncomi ng and outgoi ng beam. 

can be obtained by examining the Bevalac map and 

The sign convention 

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/Bevalac User's Handbook. 

B. Wire Chamber Pictures (See Sec. 3.1.4) 

The name of each wire chamber along a given beam line is located on 

the ri ght of the wi re chamber pi ctures. 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 sensHive for 

detection of low particle fluxes). On the next line the auto-ranging 

information is given. AD with a black background auto-ranges the 

amplitude of the wire chamber distributions the most while A7 changes the 

amplitude the least. Following the ranging information the wire spacing 

Apri 1 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. 

Look i ng downstream, if the hori zonta 1 and vert i ca 1 wi re chamber 

distributions are to the left of center then the beam is to the left and 

above the surveyed central 

important to realize that 

or optic axis of the beam line. It is 

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 listed on the left side of the page. The current in each magnet 

is then given in the column with the heading AM. 

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

Bevalac field, the beam radius (FT RAO), the position of the extraction 

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

Using known distances between wire chambers and using the beam sizes 

at these wire chambers, one can estimate the emittance at Fl, the first 

external focal point of the Bevalac. The distances between the initial 

wire chambers are 

XFl wire chamber to XQ4 wire chamber: 4.000 m 

XFl wire chamber to XM4 wire chamber: 6.493 m 

XFl wi re chamber to X1Q4 wi re chamber: 9.306 m 

XFl wi re chamber to X2Q4 wire chamber: 14.439 m 

Any two wi re chambers may be used to determine the beamls size and 

divergence, or they may all be used for comparison. If r 

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

wire chamber and some downstream wire chamber, the divergence rol 

is the 

the Fl 

is r I 
o 

~ 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 £ ~ 20 11' 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 determ"ination 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 emittance for some Bevalac fields. We estimate the error in 

the average emittance to be ± 25% for these samples. 
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Fig. 6 

The average of the horizontal· and vertical 

emittances for various BEVALAC fieids. 

(Error in (E) for a single data point%50%). 
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2.6 CONTENTS OF THE F 1 BOX 

ALL DIMENSIONS IN INCHES 

.010 ALUM • 

.. , 'Ho~i~:D& VERT' ~ . . J 
DEPLETED URANIUM I ~ ~" .. 
COLL1~1ATOR -- ~!. " 1. 000 X 2.0V X 3.0 BERYLLIUM (D) 

I I .OOS HYLAR} 

J 
. .002 HYLAR 

.(i)1 a ~WlAR (E) 
.042 PLASTI C DEGRADERS --"" .. .002 COPPER 
SCINTILLATOR . .001 COPPER 

·WC.EtIT.:IE-l!) L I 

• SCINT_ I (2)-4.0 SQ X .0015-1100 ALUM. 

SEr1- }f-
(2) 4.0 OIA • • (9) 4.0 OIA X .00025-1145-H19 AlUH. 
X .001 ALUM. ~ 

XFIGI 
._. -_. . (2) 4.0 OIA :--c~~~ 

.020-6061-T6 ALUM. .010 ALU~-----==-~ 0.8 
... - - AIR. 

.300 THK. NEtIA G-l0 /1 I 'I I i IHSULATIN~ FLANGE ~ • 

I I REMOVA8LE POLAROID I FILM HOLDER 

I I REFERENCE DRAIn rl(::: 
20F6966 - F-l ARE;" LI\YOllT 

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

Position of Size of Jaws 
Name ASS''Y Print Location Jaws (inches) Material ~ 

XF1JAWS 20E6116 (area) F-l Box Ver./Hor. 4H x 4W x 4L Depleted Uranium Spot size 

X1F2/S1F2JAWS 1844106 Dnstr. SlM3 Hor. 3-5/8x5-l/2x6-3/4 Lead Spot size 

X1JAWS 17 J1536 Upstr. X1Q5WC Ver./Hor. 3x8-5/8x24 Lead Di vergence 
17J3096 
17J4733 

X2JAWS 20P4066 Dnstr. X2M5S Ver. Lead Divergence 
l6P9376 Dnstr. X2M5S Hor. (Anderson) 4-1/8x8-1/4x12 Lead 

X2F2JAWS l6P9376 Upstr. X2F2WC Ver. (Anderson) 4-1 18x8-1 14x12 Lead Spot size 

B40JAWS N/A Dnstr. B40WC1 Hor. (Manual) 21X41X8" Lead Spot size 

N B42JAWS N/A Dnstr. B42WC1 Hor. 41x8 1x19" Copper Spot size 
C'\ 

Drive Unit Divergence 
1760016 

B39JAWSl N/A Dnstr. B39WC3 Hor./Ver. 2-3/4x4xl.4CM Carbon Spot size 
From Brookhaven 2-3/4x4x1/2 Lead 

3-1/2x4x2 Lead 

B39JAWS2 Same as #1 Dnstr. B39WC4 Hor ./Ver. 3-1/2x4x2 Lead Divergence 

BOJAWS N/A Dnstr. BOS1 Hor. 4 I x8"xlO" Lead Spot size 

SlF3JAWS 20[4066 Upstr. SlM7 Hor./Ver. 3-3/4x7-1/4x9-1/2 Lead Spot size 
Divergence 

B44SL 1 20E4066 Dnstr. B44 Hor./Ver. 3-3/4x7-1/4x9-1/2 Lead Spot size 
Beam plug 

*(Ref. 2) 

0981s 
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Z'U' III IEUIs!ro IE III (eOOUls Ii'IIIB IE IJl 
826WC6 

6mm 

B26WC5 
Portab Ie 
2 mm. 

B26WC4 
6 mm 

2 mm 

6 mm 

o IRiIRUAIIll. 5511'&. 

GJ[I[J)Lrlllll (CW~WW[l~ 

29 

3mm 

WIE\?UlsIL£te 

I 

XF1GVJI 

BOX+ 
rerr. late 

~. ' :; i i ! 1 

XF1WC 
2mm 

XBL 874-1706 



3.1.2 Beam 26 Magnet Parameters 

Quadrupole Magnet Dipole Magnet 

Beam LIne 
Effective 

Malnet 
Length Pole Incomln, Outgoin, 

Element 
(m) Mall. tip Field Bend Bend Ed,e Edge 

Type (In) 

Gradient Radius (l92kG'm) Radlu. Angle An,le Angle 
(kGfm) (m) (kG) (m) (de,.) (d.,.) (del.) 

(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 -16.88 11.37 5.222 0 5.222 6-1/8xI8x36C 

0.173 

XM5 1.080 -13.50 14.22 4.351 -5.222 9.522 6-1/8x29x36H 

--- XIQ4WC 0.282 

0.235 

XlQ4A 0.884 +144 0.1046 8QN32 

0.284 

X1Q4B 0.884 -147 0.1046 8QB32 

-- S1M3l-lC 4.862 

0.340 

S1M3 2.250 4.51 42.58 3.028 0 3.028 4. 38x15x84H 

(F2)-X1F2WC 0.770 

-- X1Q5WC 9.480 

0.240 

XIQ5A 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.) 

f Quadrupole :Wa,net Dipote :Wa,net 

Beam Line 
Effective 

Mapel 
Len" .. Pole Incomin, Out,oin, 

Etemeat (m) MalE. tip Field Bend Bend Ed,e Ed,e 
Type(in) 

Gradient Radiu. (192kG·m) Radlu. An,'e An,'e An,'e 
(kG/m) (m) (kG) (m) (de,.) (de,.) (de,.) 

X1M6 1.036 20.05 9.577 6.2 0 6.2 6x16x36C 

(F3)-B26WC1 8.600 

9 500 

B26M1 1.542 16.74 1l.47 7.7 3.85 3.85 6x18x60H 

---B26WC2 0.435 

0.308 

B26Q1A 0.884 +147 0.1046 8QB32 

0.177 

B26Q1B 0.490 -146 0.1046 8QB16 

0.120 

B26Q1C 0.490 -146 0.1046 8QB16 

(F4)-B26WC3 8.214 

---B26WC4 7.055 

0.484 
-

B26Q2A 1.308 -128 0.1048 8/120B48 
0.181 

B26Q2B 1.308 +128 0.1048 8/12QB48 

(F5)-B26WC5 5.140 

---B26WC6 4.060 
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17.6 

3.5 

4.9 

1.5 

16.0 

1.5 

16.6 

2.5 

16.8 
< ... 
'.-' • ...J 

16.3 

2.5 

8.6 

1.5 

18.2 

5.5 

19.0 

1.5 

16. 1 

16. ~3 

XM2 
Auto Range 3 

21:47:49 

XM3 

499 1'/01 ts 

B On 

Oct 86 ,,;, t1M 

498 1.,101 ts 

Manual Range 0 B On 

21:49:31 23 Oct 86 3 MM 

XF1 
Auto Range 1 

1000 Volts 

B On 

21:50:05 23 Oct 86 2 MM 

XM4 
Auto Range 5 

1050 Volts 

B On 

21:51:07 =~ Oct 86 6 MM 

X1Q4 

Auto Range 5 

1000 Ijol ts 

B On 

21:52:45 23 Oct 86 6 MM 

81M3 747 Volt.s 

ALlta f;:a.nge 3 B On 

21:53:18 'Oct 86 6 t11'1 

81 / X 1 F2 1001 '/01 ts 
Auto Range 2 B On 

21:53:56 23 Oct 86 _, Mt1 

X1Q5 499 Volts 

Auto Range (2) B On 

21: 54: 24 2~ Oct 86 .:;, Mt-1. 

B26WC;" 
" 

ALIta Range 2 

1498 Valls 

B On 

21:55:37 ~30ct 86 2 MM 

B26WC2 

Auto F~ange 3 

1502 \)01 ts 

D On 

21:56:39 23 Oct 86 6 MM 

B26WC3 1999 Volt:. 

M",mu.<.ll R<.lnqe,., D Un 

21:59:24 23 Oct 86 6 MM 



17.9 

3.0 

0.0 

0.0 

___ : ___ :~ ... :nnn_:_ .~d;'111'h· _n __ nn_ 

L 
. 

... ~ ... :._.:... : ... : ... : __ .l~_: .. _: ... :_._: .. _: ... ~ .... 

14.8 
"""' 1:"_" 
L • ..J 

0.0 

0.0 

B26WC4 1250 Volts 

Auto Range 3 B On 

21:59:55 -,"":!' 
":"._1 Oct 86 2 ~lM 

B26WCS 2000 Volts 

Manual Range 4 B On 

22:01:07 23 Oct 86 2 MM 

3.1.4 WIRE CHAMBER PICTURES AND MAGNET CURRENTS 
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230CT86 

NAME 
NE7284 B26 

COMMENTS 
NE7284 B26 

EPB ACL PRINT 22:16:53 

TIME ENTRY DATE 
230CT86 22:16:13831218 

BEAM TUNED TO B26WC5 

PAGE 1 

BEAM LINE 
BEAM26 

UNABLE TO GET A NO QUAD STEETING TUNE 
E 594.121 S 586.58 
RADIUS 61210.1 
XSl FEEDBACK SPILL 
EXT PFW ACL 6390 EXT 

PERTURBATION UNIT DATA 

NAME FLAGS AMPLITUDE DELAY GATE 
X Pl P+ 79.33 4121121 168121 
X P2 P+ -3.20 4121121 151121 
X 82 S+ 291.31 47121 13121121 
X 81 S+ 51.28 44121 142121 
X S2 P+ 3121.84 45121 1 1121121 
X M3 S+ -9.77 4121121 14121121 
X S1 P+ 36.71 4121121 15121121 
X M2 S+ -32.1218 4121121 145121 

NAME SP AM D1 OFFSET 
X P1 121.121121 121.66 5 121.0121 
X P2 12I.1Zl0 121.29 5 1Zl.1Zl1Zl 
X 81 -1.68 1.32 5 12I.1Zl1Zl 
X S2 -0.1216 2.08 5 1Zl.12I1Zl 
X Ml 51213.1Zl5 545.77 5 12I.1Zl12I 
X M2 1466.60 151214.49 21211215 121.121121 
X t13 121211.82 1218.76 5 1Zl.12I12I 
X Q3A 766.76 76121.38 5 0.1210 
X Q3B 75121.92 817.05 5 121.121121 
X M3V llZl.l21121 9.4121 21211211 1121.121121 
X M4V 121.121121 1. 47 1 121.121121 
X M4 617.84 617.59 212101 617.84 
X M5 31211.42 31214.45 2001 31211.42 
Xl Q4A 1135.91 1135.1214 21211215 121.121121 
Xl Q4B 115121.88 121211. 56 21211215 121.121121 
Xl M5S 54.53 54.11 201211 54.53 
Sl M3 183.31 183.89 21211213 183.31 
Xl Q5A 11214121.1214 112135.61 21211211 11214121.1214 
Xl Q5B 11212121.21 112118.61 21211Zl1 11212121.21 
Xl M6 764.29 756.1218 21211211 764.29 
X Q4A 121.121121 121.1210 5 12I.1Zl12I 
X Q4B 121.121121 0.1210 5 121.0121 
B26 Ml 684.66 724.96 1 684.66 
B26 QIA 1119.87 1129.95 1 1119.87 
B26 QIB 112144.94 112156.67 1 112144.94 
826 Q2A 595.48 592.45 1 595.48 
826 028 61217.90 619.32 1 61217.9121 
B4121 M2+3 80121.68 4.89 1 800.68 
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3.1.5 Beam 26 Focal Points 

Focal 
Location 

Horizontal Vertical Dispersion 
Point Magnification Magnification (mm/%) 

Fl XFIWC 1.0 1.0 0.0 

F2 XIF2WC 1.63 0.50 -19.4 

F3 B26WCl 1.03 0.87 20.6 

F4 B26WC3 1.25 0.35 -8.0 

F5 B26WC5 0.42 0.56 2.3 
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3.2 Beam 30 
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830M7 

B30WC4 
2mm 

830WC1 
6mm\ 

830M1 
830M2 Vert 

6mm 

43 

~104~ 
·6mm 

lSM4W..G. 
6mm 

XQ4A/8 

XBL 874-1704 

XF1GV1 
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3.2.2 Beam 30 Magnet Parameters 

Quadrupole )ta,net Dipole Ma",e' 

BeamUne 
Errecd .. 

Lenetb Pole 
Mapet 

Element 
Incominl Out,oln, 

(m) Mu. tip Field Bend Bend Ed,e Ed,e 
T)"pe(in) 

Gradient Radiul <l92kG·m) Radlul An,le An,le An,le 
(kG/m) (m) (kG) (m) (de,.) (de,.) (de,.) 

(F1)-XF1WC -
---XQ4WC 4.000 

0.221 

XQ4A 0.884 -147 0.1046 8QB32 

0.284 

XQ4B 0.884 +147 0.1046 8QB32 

---XM4WC 0.220 

0.242 

XM4 1.036 -16.88 11.37 5.222 0 S.222 6-1/8x18x36C 

0.173 

XMS 1.080 -13.50 14.22 4.351 -S.222 9.S22 6-1/8x29x36H 

---X1Q4WC 0.282 

0.235 

XlQ4A 0.884 +144 0.1046 8QN32 

0.284 

X1Q4B 0.884 -147 0.1046 8QB32 

---S1M3WC 4.862 

0.340 

SlM3 2.250 -4.42 43.44 2.968 0 2.968 4.38x15x84H 

(F2)-S1F2WC 0.770 

0.645 

S1M4 1.405 -14.31 13.41 6.0 0 6.0 t2~7~x48H 

0.370 

·SIM5 2.2S0 -16.38 11.72 11.0 5.S 5.S 4x38x15x84H 

---SIM6WC 0.247 

0.247 
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Beam 30 ~13gnct Pnrametcrs (cont.) 

Quadrupole :\Ia",.t Dipole :\Ia,net 

B.amUne 
EIf.cd .... 

Magnet 
Lenpb Pol. Incoming Out,oing 

ElemeDt 
(m) Mas. tip Field Bend Bend Ed,. Ed,e 

Type (in) 

Gradient Radiul (192 kG·m) Radlul Angl. An,le Angle 
(kGJm) (m) (kG) (m) (de,.) (deg.) (de,.) 

SH16 2.250 -6.18 31.07 4.15 4.15 0 4.38x15x84H 

---SIQ7WC 2.350 

0.336 

S1Q7A 1.308 -138 0.1046 8QB48 

0.216 

S1Q7B 1.308 +138 0.1046 8QB48 

---SIM6SWC 1.608 

(F3)-SlF3WC 3.700 

5.280 

B30Ql 1.308 +128 0.1048 8/12QB48 

0.218 

B30Q2 1.308 -128 0.1048 8/12QB48 

---B30WC1 0.594 

(F4)-B30WC2 5.760 

---B30WC3 4.660 

0.185 

B30Q3A 0.490 -146 0.1046 8QB16 

0.120 

B30Q3B 0.490 -146 0.1046 8QB16 

0.145 

B30Q4A 0.490 +146 0.1046 8QB16 

0.120 

B30Q4B 0.490 +146 0.1046 8QB16 

(PSA)-B30WC4 3.315 
(PSB)-B30WCS 3.830 
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NAME tATE tIME ENTRY E4EAM LINE 
BEAM30 CUnRENT 5B3029MAR86 1~:42:43 0 

COMMENTS 
NB37 12. 583vJ 1.54GEV/N NB37 STRIP 41 TO 830. 

E 594.0 S 586.6 
RAC. 600 FFT 2.311MHZ. 
XSI FOBK. SPILL. 
EXT PFWS: "12573/EXT~. 

WIRE 23 AT Fl. ALL STO Fl MAT. IN. 

PERTURBAT10N UNIT DATA DATA FOR ENERG'( CALCULATION 

NAME 
X PI 
X P2 
X 62 
X M2 
X 61 
X M3 
lC 51 

NAME 
X PI 
:c f'2 
( 51 
( 1:2 
.-: ttl 
~ M2 
( Ml 
( Q3A 
\ Q3B 
.( M3'1 
;( M4V' 
( M4 
t M::i 
XI 'Q4A 
U Q4B 
~1 M:5S 
X Q4A 
.( C4B 
51 M3 
El M4 
51 M5 
51 "6 
51 G7A 
51 Q7B 
sa 1166 
51 M7 
$1 Q1 
S1 Q2 
S1 Qll/B 
S1 Q4A/B' 

FLAGS AMPL', TUDE 
P+ • 167.66 
P+ -fJ.71 
5+ 7.71 
6 -3QJ.66 
6+ 106.54 
S+ -1:i.21 
P+ 99.QJI 

5P 
(D.(DQJ 
£1. £II~ 

-3.0121 
-0.18 

896.19 
2329.92 
1382.42 
13311J.l~ 
1293.37 

71.212J 
121.121" 

1076.07 
431.66 

1891.24 
1864.71 

0.00 
~J.1ZI0 
0.013 

272.66 
2719.27 
967.~:5 
423. en 

1307.99 
1418.60 

33.1lI!!I 
43.:56 

1100.00 
1070.00 
2550.00 
2360.00 

AM 
0.88 
0.1211(1 
0.44 
3.42 

969.72 
2334.73 
191217.29 
1359.55 
1422.33 

70.59 
fD.73 

U,75.82 
436~13 

1833.21 
1888.47 

3.52 
0. ((1111 
0.i!111I 

276.22 
2711.92 
967.93 
429.34 

1~9:5.6Q 

1453.43 
33.38 
48.17 

1100.00 
1070.00 
2550.00 
2360.00 

DELAY GATE 
412J/21 12QJ0 
41QJ 1210 
41210 1121:0 
4,,10 1190 
40121 14:5~ 
4 III 0 1=~QJ 
4613 1690 

OI 
5 .. 
oJ, 

:5 .. ... 
5 
5 

2i!11lJl' 
1 

21301 
21!101 

7 
5 

2001 
:5 

:5 
2~03 
21!1I!1 t 

:5 
:5 
I 
I 

OFFSET 
12I.11Ii!l 
1,'1. !,1lI 
lZI~fZI'" 
Ill. 21:) 

121. ""!' 
0. ~11;' 
11I.1!lI!I 
121. I~"!' 
IZI.IZII!I 0 

71.20 
Ill. 0" 

112176.tZl7 
431.66 

0.01!1 
Ill. illIZI 

1lI.1l'" 
.!I.00 
121.121.11 

272.66 
1199.99 
564.66 
42~.97 

til. "'i' 
I!I. "'" 35.1111;' 
43.~6 
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------------------------------ .-INJECTION:HIL,:\C LOCAL 

;~;~~~~~~-~\;---;~-;~;~-;-i~2C-

MASS NlJMa ~>" ~s F fELDa ,'Z , 
CHARGE 131.'1/ t<.ENERGYt II] 7 1f£V 

/: 

INFLECTOR H.VI 

~~~~;~~~~;.~-;;~~-~-~;;~ 
--------------~-------------------. 
FIELC; 'l.r7) k(. PI CIJRC 

FF'ECl1 '2. 'b /11,11-2 P2 CUR, 

BEAM RAt,. "CI 

, RAOIUS 

M" S"'f 
M2' ra'- c, I 

M31 ------J 

CURRENT T~IL WAG 
RISEI GAUSS 00 

T I ME. .SECS 

St Q OFFC 

S2 om OFF I 

sro MATEF:U,L AT Ft: ~ Our' 0 

---------------------------------- . 

OPTICS (I) 



2.3.5 

10.5 

29.3 

1.5 

17. 1 

4.0 

16.3 

5.5 

16.8 

2.121 

36.1 
2·.5 

15.9 

2.0 

17.3 

3.5 

16.9 

5.121· 

16.9 

1.121 

16.8 

4.121 

16.121 

3.5 

... : .. :jillllilllllllilllill~ ... : ...... L.· 5.6 

2. ~, 

.. : ... : ..... 1:.:1 ... : ... : ... :. L.: ... : ... 16. f3 

1.0 

"':'" "]l" 15.8 

.......... IlIilllh.. ................. .. ......... 2.5 

... : ... : ... : ....... : .. 1: ... : ... 15.5 

4.0 

~ . 15. 1 

... ~ ... :.. . . .. : ... : ....... ~ ... :.Jl ... : ... : .... 3.0 

. ± 6.3 

... : ... : ... : ... : ... : ... : ... : .. ll. .. :... . : ... 1.0 

i . 16.9 

... : ... :.... .' ... : ... : ....... : ... : .. ~.: ... : .... 3.5 

· ..• dh: .. . 
......... -tIllllllL.. ................. 11l11I00lllL .. .. 

17. 1 

7.(2) 

.. : .. j]l.: ....... : .. Jl: .. ~ .. .. 15.5 

3.0 

· . ·1· .. . .. ~I' .. 
........................ ~ ................. ~ ............ . 

17.6 

1.0 

... : ... :Jl ... : ....... : . .:JffiIIL.: ... . 
16.5 

5. ~j 

• .• : • •. "'~"" '16.6 
.lIn__ I 2. ~) 

......... ...dlllllh.. ...................... .J1 .......... .. 

53 

XM3 5 III !!! Volts 

1'1z~nu.::\ 1 Hange 5 B On 

23:10:39 13 .1an El7 3 MI1 

XF1 5m~ Vults 

Auto Range 7 B On 

2~5: 11: 02 13 Jan 87 .., 
"1M .:;. 

XM4 5lll('1 Volt.s 

ALIta Range.' 7 P- On 

23:11:42. 13 Jan 87 6 MM 

X 1Q4 500 Volts 

Auto Range 6 B On 

23:12:18 13 Jan 87 6 MM 

81M3 750 Volts 

Auto Range 7 B On 

23:12:51 13 Jan 87 6 I"IM 

81 /X 1F2 300 Volts 

·Auto Range 6 

23:13:30 13 

81Mb 
Auto Range 7 

23: 14:21 13 

81G!7 
Auto Range 7 

23:14:52 13 

S1M6S 
Auto Range 7 

23:15:43 13 

81F3 
Auto Range 7 

23: 16: 13 13 

830WC 1 
Auto Range 5· 

23:17d8 13 

B30WC3 
{luto nanqe 6 

B On 

Jan 87 .:;.. MM 

5~10 Volts 

B On 

Jan 87 6 MM 

10(10 Volts 

B On 

Jan 87 6 MM 

1121121121 Volts 

B On 

Jan 87 6 MM 

50121 Volts 

B On 

Jan 87 2 MM. 

5121121 Volts 

B On 
Jan 87 6 MM 

5(2)121 Volts 

B On 

23:17:5121 13 Jan 87 6 MM 



13. 1 

1.5 

2\'1.2 

6.0 

B3C21WC4 1mjl~ Volts 

... ~ ... ~ . .lll: ... : ... : ... : ....... : ... : .. f .. : ... : ... : ... . 
1 4 • :::;: 

II Un (..)uto Hc:~nge "7 1 ,,"' • J 
87 a MM 23:18:32 13 Jan 

... : ... :. :",fmilllih.: ....... : ... : Jl.: .. : ... . B3C21WC5 1l?)~121 Volts 
15.9 

(.~uto F\anqe 7 B (In 
2.5 

2~'::':19:~3 13 ,1 an 87 6 MM 

3.2.4 WIRE CHAMBER PICTURES AND MAGNET CURRENTS 

OPTICS (II) 
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EPB ACL PRINT 23: :~5: 4·5 . PAGE 1 

NAME DATE 
AR 12575 B312113JAN87 

TIME ENTRY 
22:50:548402 

BEAM LINE 
BEAM3121 

COMMENTS 
AR 12575 83121 1.8 GEV/AMU AR+18 TO 83121 

E 594.121 5 586.6 
RADIUS 599.85 
X51 F8. SPILL. 
EXT PFW ACL 12575 EXT 
WIRE 16 XM4WC 
WIRE 36 51F2WC 
ALL 5TD F1 MAT IN. 

PERTURBATION UNIT DATA 

NAME FLAGS AMPLITUDE DELAY GATE 
X P1 P+ 202.49 4121121 12121121 
X P2 P+ 121.0121 41121 121121 
X 52 5+ 7.71 4121121 11213121 
X M2 5 -30.66 4121121 119121 
X 51 5+ 11216.54 4121121 145121 
X M3 5+ -15.21 4121121 122121 
X 51 P+ . 22.86 '46121 169121 

NAME 5P AM 01 OFFSET 
X Pl 121.121121 0.66 5 0.00 
X P2 0.1210 0.29 5 121.0121 
X 51 -2.94 0.1210 5 0.121121 
X 52 -0.15 3.05 5 0.00 
X Ml 84121.42 91214.98 5 121.121121 
X M2 2308.1210 2313.35 5 121.121121 
X 1'13 1859.67 1874.63 5 121.121121 
X Q3A 1348.38 1347.46 5 121.121121 
X Q38 1322.85 1434.05 5 0.121121 
X M3V 121.121121 121.24 212101 121.121121 
X M4V 121.121121 3.18 21211211 121.121121 
X M4 112188.1214 112191.55 21211211 112188.1214 
X M5 53121.24 533.1217 21211211 53121.24 
Xl Q4A 21211214.99 2025.38 2005 0.121121 
Xl Q48 212168.99 212159.67 21211215 0.121121 
Xl M55 2.93 5.04 21211211 2.93· 
X Q4A 121.121121 3.48 5 121.121121 
X Q4B 121.121121 3.48 5 0.121121 
51 M~ '...1 289.3121 293.15 ~1l12l1 289.3121 
51· M4·· 2981. 59 2980.80 2005 1199.~9 
51 M5 1151. 44 1137.2121 21211215 999.96 
51 M6 422.8121 426.26 21211211 422.80 
51 Q7A 1428.58 1450.2121 21211215 121.00 
51 Q78 1572.65 1587.72 21211215 0.1J1Zl 
51 M6S 5121.85 51. 98 1 50.85 
51 M7 44.45 48.88 21211211 44.45 
83121 MZ 121.121121 16121121.39 21211211 121.0121 
133e M3 121.121121 121.0121 201211 121.121121 
83121 Q4A . 121.121121 121.121121 2 III 121 1 0.013. 
830 Q4B 121.121121 0.1210 201211 0.0121 
B30 Q1 899.00 899.00 
B30 Q2 770.40 770.40 
B30 Q3A/B 1251.60 1251.60 OPTICS 
B30 Q4A/B 2632.80 2632.80 
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3.2.5 Beam 30 Focal Points (I) 

Standard Optics 

Focal Location Horizontal 
Point Magnification 

F1 XF1WC 1 . a 

F2 S1F2WC 1 .65 

F3 S1F3WC 0.44 

F4 B30WC2 1 .16 

F5B B30WC5 0.75 

Beam 30 Focal Points (II) 

Vertical 
Magnification 

1 . a 

0.50 

0.65 

0.33 

0.98 

High Rigidity and Short Focal Length (F5) Optics 

Focal Location Horizational Vertical 
Point Magnification Mag nification 

F1 XF1WC 1 . a 1.0 

F2 S1F2WC 1 .65 0.50 

F3 S1F3WC 0.44 0.65 

F4 No Focal - -
Point 

F5A B30WC4 0'.30 0.46 

57 

Dispersion 
(mm/%) 

0.0 

-21 .4 

1 .9 

-3.8 

1 .3 

Dispersion 
(mm/%) 

0.0 

-21.4 

1 .9 

-

- 2.1 



3.3 Beam 39 

59 



839M3 

839M4 

remole 

839~1 
6mm 

839WC2 
6mm 

839 Jaws1 

839Q1/t/8 

839M5 

839WC5 
6mm 

X1Q4WC 
6mm 

~._~839WC6 

6mm 

B39M6V 

839Q2A/8 

EPB 0 

XQ4A/8 

XM4WC 
6mm 

""_- 839WC7 
6mm 

X8P1 
XF 16Vl 

XM4V remote 

.e80X * 
FISEM 

XF1WC 
2mm 

XBL 874-1703 

I 
I 



3.3.2 Beam 39 Magnet Parameters 

Quadrupole Malnet Dipole Mape' 

aeamLine 
Erreeal .. 
IAnl&lI Pol. Ineomln, Outsoln, Malnet 

Element 
(DI. Ma •• tip Field Bend Bend Edse Ed •• 

Type On) 

Gradient Radiul (t82 kG .. ) Radlu. An,le Ansi. Anllo 
tkG/m' (ad (kG) . (m) (des.) (des.) (do, •• 

(Fl)-XFlWC -
1-- XQ4WC 4.000 

0.221 

~Q4A 0.884 -147 0.1046 8QB32 

0.284 . 
~Q4B 0.884 +147 0.1046 80B32 

1--- XM4WC' 0.220 

0.242 

~4 1.036 -16.88 11.37 5.222 0 5.222 6-1/8x18x36C 

0.173 

~5 1.080 -13.50 14.22 4.351 -5.222 9.522 6-1/8x29x36H 

-- X1Q4WC 0.282 

0.235 

K1Q4A 0.884 -144 0.1046 8QN32 

0.284 

KlQ4B 0.884 +147 0.1046 8QB32 

0.259 

1339M1 1.036 -64.67 2.969 20.0 10.0 10.0 8x16x36C 

-- B39WCl 0.774 : 

0.394 

~39M2 1.036 -64.67 2.969 20.0 10.0 10.0 8x16x36C 

-- B39WC2 0.274 

0.540 .-
~39M3 1.080 -68.41 2.807 22.036 11.018 11.018 8x18x36HPH 

F2)-B39WC3 1.958 

2.428 
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Beam 39 Magnet Parameters (cont.) 

Quadrupole !\Ia,net Dipol. !Ka,net 

Beam Lin. 
Etrectl •• 

Malnel 
lAn(lb Pole Ineomin, Out,oln, 

Element 
ha) Mu. lip Field Bend Bend Ed,e Ed,. Type (in' 

Gradient Radlul (192 kG·m) Radlul An,l. An,l. An,le 
(kC/m) (m) (kG) (m) (de,.) (de,.) (de,.) 

B39QlA 0.734 -95 0.1571 12QB24 

0.142 

B39Q1B 0.734 +95 0.1571 12QB24 

--- B39WC4 0.220 

1. 753 

B39M4 1.872 ,...89.50 2.145 50.0 25.0 25.0 7 - 7/16x631f 

(F3)-B39WC5 3.115 

4.372 

B39M5 . 1.093 -75.17 2.554 24.5 12.25 12.25 6x18x36LPH 

--- B39WC6 0.270 

1.959 

B39Q2A 0.882 +100 0.1016 HP8Q32 

0.160 

B39Q2B 0.882 -100 0.1016 HP8Q32 

- - B39WC7 0.500 

(F4)-B39CSC 1.675 
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0'1 
U'1 

~ C\I C") ~ ~ LO C\I 
~~~~ 0 ~ ~ 0 

~~LOOO)O)O) 0) 0) 0) 0) 

o ~ ~ ~ CO) C") ('I) C") C") CO) C") 

x xx XCO coco CO CO co co 
10 

x 
(HORIZ) ~ If\ II) 

B39WC2 

1 5 ~ \1 

cmO I . <;::1 I I III 

~~Fl 
Y 

(VERT) 

10 I I "I I 

o 10 20 

F~ { CENTER 
SCATTER 
CHAMBER 

WC7 
II II 

30 40 50 60 
METERS 

SEC 3.3.3 BEAM 39 

-- BEAM HALF WIDTH 

---- DISPERSION WITH 6P = 1% 
P 

70 80 90 100 

XBL 874-1695 



19 
9$ 

r 

17 
1 

17 
2 

11 
:3 

12 
:3 

15 
-3 

· . . i . .. ... E .,~. 2 3 . . . I .. " It 
..................... h~ ........................ III. I...... _ 0 ,. 

· ...... . 
· '1 .... :U ......... ·] ... I[+1II--l '2 5 ~ 
: ..... RArJ ~ f:> tiM 

: : J ~ 1 

.... ~ ... ~;J~~h.~ .......... ~ ... ~ ... ~ ... ~dlf1l: n 3 

. . -~" .. f:···:······:··· ". ~ .... "':'" · : 
5 

~_ ... :.;.: ....• I 1 ...................... ,; .• 11 al! ............. _ 0 : 

. ,1 111.. .. ..; 1. .. \6 

h •• ~ .. Jilllrnnlk...... , ....... ,1. I I ............. _ 0 ~ 

· ...... . 
: : I:mnftl ~2S 
: ...... : R A • 6 HH 

.. , . . . 
' .. ' ..... . 
: : l:murotJll 9 7 9 
: ... _ .• : R ArJ ~ 6 HH 

· : 'R*sl=J!f!Il,lq 5 ~ 6 
• • • • • • • • ... ' 1=3 6 Ii M 

: -: l:mn~ 5£11 
: ...... : R7 ~ 6 HH 

. MR' :]I~ 531 
.• • • • • • . ~ ~ 6 MM 

. .' '~~Il · . · .. ·I~I· I ~ 
..... I.Jllin ......................... ~ .... d illl............. _ 0 r 

· ...... . 
· : .R:tm:~ SS9; 
••••• ~_. ~w~6MM 

: :, £n~., '51 
: ....... :R ~ 6 HH 

• ~R:ia:~A""'~· S !Q ~ 
........ Ai ~ 6 HH 

· ...... . 
: :£ .., ..... 1"11"'"-- 5 £12 
: •••••• : R A '2 HH 

: ...... : R Am ~. 6 H M 

~ ~ ! • • : II .. .. I ~II: ." 5 

...... _ ........... ) mil ................ I In fill h ... _ 0 : 

: ......... V.Ulijift 1251 
•• ...... ··R A~ :3 ~H1 

3.3.4WIRE CHAMBER PICTURES AND CURRENTS 

Note: The first few magnets in this line would be better tuned as 
shown in Sec. 3.7.4. This tune is not optimized horizontally. 
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NAME:. 
£URRENT 39 

COMMENTS 
NE22b3 e3~ 

DATE TIME ENTRV 
4DEC83 17:~1:~7 ~ 

130 MEV 21l1NEII2J 
E ~94.12J 5 ~8b.6 
RADIUS 61212.~ 

BEAM L.INE 
BEAM39 

PFW ACL INJECT,VMODE ON,EXT PFW OFF 
15 G TW 
WIRE 15 AT Fl 
AL.L MATERIAL OUT AT Fl 

PERTURBATION UNIT DATA 

NAME 
X 
X 
X 
X 
X 
X 

NAME 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Xl 
Xl 
Xl 
X 
X 
839 
839 
839 
839 
839 
839 
839 
839 
839 
839 

P1 
P2 
52 
51 
52 
M3 

PI 
f'2 
Sl 
S:: 
Ml 

M3 
Q3A 
Q3B 
M3V 
M4V 
M4 
M5 
Q4A 
Q4B 
M55 
Q4A 
Q4B 
Ml 
M2 
M3 
QlA 
Q18 
M4 
MS 
Q2A 
Q28 
M6V 

FLAGS AMPL.ITUDE 
P+ 39.87 
P+ 39.48 
5+ 291.31 
S+ 156.49 
P+ 30.85 
S 6.92 

SP 
0.121" 
".12M 
0.01Z1 
0.1Z10 

133.48 
558.05 
486.34 
229.98 
193.64 
313.94 

121.02 
174.23 

75.09 
279.44 
408.57 

12J.00 
0. 01l' 
121.1210 

112157.22 
112157.18 

911.96 
1181.60 
1113.30 
879.00 
438.80 
292.20 
383.40 
48.48 

AM 
0.66 
IZI. 12"~ 
0.44 
1.83 

139.92 
545.95 
466.93 
195.47 
2121121.1215 
31.63 
.0.12 

173.1Z13 
77.38 

323.51 
470.54 

121.41 
1.16 
3.48 

1079.53 
l!Z155.64 
945.97 
1181.60 
1113.30 

879.00 
438.80 
292.20 
383.40 
48.48 

DEL.AV 
41Z1QJ 
400 
470 
440 
450 
440 

DI .. 
w 

5 
5 
5 
5 

2005 
5 
5 
5 

212111J3 
1 

201211 
2i!11Z11 

5 
5 
1 

DATA FOR ENERGY CAL.CUL.ATION 
. GATE ------------------------------

1680 INJECTION:HIL.AC LOCAL 
15U' 
1300 
1060 
110121 
lC2120 

------------------------------
PARTICLE: JJe. 
MASS NUM:~O 

25 FREO :d.-. If' 
2S FIELD: Lf t 
K. ENERGY: 1(,3 

12I.0QI ,----. 
0.121121 EXTRACTION: PFW: ON: bFF;! 
0. Qllil -----------------------~----
0.121121 FIELD; ~d...' 3 F'1 CUR: " 
0.IMJ 7 
C21.0121 FREQ: I ;t (-'0, P2 CUR: 3 
0. IZI/ZI 

3121.94 BEAM RAD: 

174.23 
75.1219 
0.00 
0.00 
0.1210 
0.0cl 

RADIUS CURRENT 

H1; S'1.~ I l'tc:> 

TAIL WAG 

RISE; ,J b· (;. 

5 IZI. 121121 i M2: 5". b I ~ 1I b 
1 1057.22: 

TIME: 

21211215 112157. 18 
1 911.96 M3: ------; ~.7 SI ON: oFf 

S2 ON: . OFf 

STD.MATERIAL AT Fl: IN: our:" 
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3.3.5 Beam 39 Focal Points 

Focal 
Location 

Horizontal Vertical Dispersion 
Point Magnifica tion Magnification (mm/%) 

Fl XFIWC 1.0 1.0 0.0 

F2 B39WC3 0049 0.62 -54.2 

F3 B39WC5 0.56 0.95 25.6 

F4 Center Scatter 0.46 0.23 -38.0 
Chamber (CSC) 
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3.4 Beam 40 
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6mm 

73 

840BP 

840 Jaws( Manual) 
Horlz. 

Xl F2/S 1 F2 JAWS 

""" Xl F2IS 1 F2WC S 1 MJWC 
3mm 6mm 

X1Q4WC 
6mm 

lIPID I 

XBL 874-1708 



3.4.2 Beam 40 Magnet Parameters 

Quadrupole ~la,net Dipole Ma,net 

SeaDIUne 
ElfecU., 

Malnet 
Ltnltla Pole Incomin. Outlolnl 

EIt.ODl 
(aa) Mu. tip Field Bend Bend Ed"e [d,e Type Un) 

Gradient Iladlul (192 kG·al) Radlul, Anile An,le Anile 
(kG/m) (m) (kG) (m) (de,.) (de,.) (de,.) 

{Fl)-XFlWC -
-- XQ4WC 4.000 

0.221 

XQ4A 0.884 -147 0.1046 8QB32 
0.284 

XQ4B 0.884 +147 0.1046 8QB32 

-- XH4WC 0.220 

0.242 

XM4 1.036 -16.88 11.37 5.222 0 5.222 6-1/8x18x36C 

0.173 

XM5 1.080 -13.50 14.22 4.351 -5.222 9.522 6-1/8x29x36H 

- X1Q4WC 0.282 , 

0.235 

XIQ4A 0.884 +144 0.1046 8QN32 

0.284 

XIQ4B 0.884 -147 0.1046 8QB32 

-- SIM3WC 4.862 

0.340 

51M3 2.250 4.51 42.58 3.028 0 3.028 4. 38x15x84H 

(F2)-XIF2WC 0.770 

- XIQ5WC 9.480 

0.240 

XlQSA 0.884 -144 0.1046 8QN32 

0.306 

XIQ5B 0.884 +144 0.1046 8QN32 
0.361 
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Beam 40 Magnet Parameters (cont.) 

Quadrupole ~I.",., Dlpol. )fa,n.' 

BeamUne 
Eff.ctlve 

Malnet 
Len"" Pol. Incomin, Out,oln, 

E ..... al 
(aa) MaL tip Field Bend Bend Ed,. Ed,e 

Type Un) 

Gradl.nt Iladlu. (l92kG·al) Radlu. An,l. An,l. An,l. 
(ltG/m) (m) (kG) (m) (de,.) (de,.) (de,.) 

XIM6 1.036 -20.05 9.577 6.2 0 6.2 ~x16x36C 

(F3)-B40WC1 4~318 

4.940 

B40Kl 1.036 20.05 9.577 6.2 3.1 3.1 ~x16x36C 

0.335 

840QIA 0.884 +144 0.1046 8QN32 

0.082 

840QlB 0.884 -144 0.1046 8QN32 

(F4A) 6.453 

(F4B)-B40WC2 1.817 

4.625 

B40Q2A 0.884 -147 0.1046 8QB32 

0.132 

B40Q2B 0.884 +147 0.1046 8QB32 . 
1.087 

B4OM2 1.036 17.78 10.80 5.5 2.75 2.75 8x16x36C 

0.173 

B40KJ 1.056 17 .44 11.01 5.5 -2.75 8.25 8. 12x40x36H 

(F5)-B40WC3 9.264 
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~ 
~~It)O 
O~~'f"'" 
XXXX 

ew) 

~ 
'f"'" 

(J) 

It) CD 
O~ 
'f"'" 'f"'". 

xx 

'f"'" 'f"'" 

~O 
00 
~~ 
mOl 

(\J (\Jew) 
o ~~. 
o 00 
~ ~~ 
m mOl 

1 0 'Kalil h(Xl II III I kJiuil iKJKA KA\AI 

-- BEAM HALF WIDTH x 
(HORIZ) ---- DISlpERSION WITH AP = 1% 

P 

-......J 
-......J 

t S1M3WC 

5 I P 1\ 1 1 A \ J f U 1 1 \ 

em 0 I I { 10::::::1 A I l ( 7' 

\ / 
\,/'/ 

/ 
/ 

5 I I J I \ I \ 1 \l.' ---t\--f--I-I +I-t\----:;f-l-----+------------I 

~ 
y 

(VERT) 

10' " II " 

o 10 20 30 

SEC 3.4.3 

40 50 
METERS 

BEAM 40 

60 70 80 90 100 

XBL 874-1696 
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t~ME DATE TIME ENTRY 
CUF\F:EtH 114!~1I3::::NH;:8!3 ::2: 4 '7: 4: 1'1 

CCit1NEt ITS ' 
U.:8 12.5£!4IiIG PADIUS' =59 q .8 

E 594.00 S ~86.60 

1 

8£::,'11" L rilE 
8Ei\i'14~!1 

XSl CO~FUTER RAMP SPILL 

EXT PFW "12575 EXT" 
ALL MATERIAL OUT AT Fl -

FERTURBATION UNIT DATA O~T~ FOR ENERGY C~LCUL~TICN 

NAME 
X PI 
X P2 
X S2 
JC 1'1: 
X S1 
X 1'1:-
X 51 

NAME 
X F'1 
X P:: 
;( 51 
X 52 
X Ml 
l( t12 
~ 1'13 
X a::A 
X 0::8 
X M::'J 
:c Ml .... 
X M'~ 
X M~ 

Xl 0.4 A 
Xl Q48 
III 1'15~ 

S 1 i'13 
X 1 D~'~ 

Xl Q~S 
1.1 M,:, 
X 04A 
X (HB 
9411 Ml 
E',tl.~ 01 ~ 
~L:q. 013 
EI4~~1 t12A 
B4f~ Q2:~ 

B-10 1'12+3 

FLAGS AMPLITUDE 
P+ 2'''6.92 
P+ -1!'.71 
S+ 7.71 
S -30.66 
5+ 179.03 
5+ -15.21 
P+ 71. 69 

SP AM 
0. 01~ 0.88 
f2J. 121121 "'. 0121 

-3.1210 121.22 
-kl.18 ::.~2 

9'?9. 8::' 1081 • 11 
231211.6723iZI0.77 
18~1.63 1876.61 
1336.::1 1343.43 
1310.:>0 14:2.3:::; 

17.28 16.85 
0.24 1.34 

1213.03 1212.6121 
485.34 490.1118 

20111f.1. 15 21Z137. 62 
21!184. 75 2048. 1:: 

3QI. all~ 30: .~b 
31Z14.98 31Z18. 54 

2210.95 2211il.56 
~413.71 :385.73 
1615.39 1599.11 

12J.0'1I 0 .121:~ 
Ill. 1!l!!1 ell. !t'1!! 

164t,.CJ2 1671.71 
294121. 83 2'?BIJ.::8 
2835. 49 291J9. 13 
I1J3b. 29 11213~~ • 41 
6:",4.27 6~~e. 82 
13~2.47 3.91 

DELAy' Gr;TE 
41,il 12'!l111 
41!11 ,121!1I 
4100 1.;:J:3l!1 
41!11Z1 119121 
4121121 1451Z1 
4100 1~21J 

46,3 16'?!Z1 

01 OFFSET 
5 0. tillZl 
5 !!I. !EII:I 
5 121.IZ'0 
5 IZI. iZl,Z! 
5 IZI. i!l0 
5 121.11iC!1 
5 QI.I!IIJ 
5 I!I. ,:1111 
5 121. cl l2l 

201H 17.28 
1 121.24 

21iJ011213.I2131 
21211211 485.34 • 

:; 111.01!1 
5 C!I • 1211!1 
1 3el.I%1 

201213 31Z14. 98 
2 121 C!I 1 221111.95 
2(101 2413.71 
21!1!l11 1615. 39 

5 (!1.I21i!1 
5 1l1.1!1!, 
1 1646.92 
1 2941ZI .83 
1 28::'5.49 
1 1 li136. 29 
1 6:::4. ::7 
1 1352.4 i 
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INJESTIctJ:HILAC, VLOC~L 

FARTICLEC U 
MASS NUM: 1.1' 
CHARGE c fa' 

25 FRE:l ; 330. b 
2S F;ELO: 'I <IS 
J:. ENERGVt 

I NFLECTOR H. V; S 2,.S 
---------------------/1:6 ---------
EXTRACTION: F'FW:@ OF::: 

----------------------------------
PI CUR: FIEL.D: 11./i 1 «; 

",10320 
P2 CUR' FREo.: 

BE( .. M RAO: 5'l1/i~"" 

RADIUS 
MU c 

CURR~NT r~IL WPG 
RIS~: 



3.4.5 Beam 40 Focal Points 

Focal 
Location 

Horizontal Vertical Dispersion 
Point Magnification Magnification (mm/%) 

FI XFIWC 1.0 1.0 0.0 

F2 XIF2WC 1.63 0.50 -19.4 

F3 B40WCI 0.53 0.58 0.9 

F4 71-112" upstream 1.04 0.32 10.1 
B40WC2 

F5 B40WC3 1.09 0.97 9.1 
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3.5 Beam 42 
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~ 
6 mm 

842M4 842Q3A/BIC 

842WC6 
6 mm 

2 mm 

85 

842WC4 
6 mm 

mm 

BEAM 42 

842Q1A 

842WC2 
6 mm 

lEApt 43 

X2Q5WC 
6 mm 

X2F2WC 
2 mm 

I'll 

XBL 874-1707 



3.5.2 Beam 42 (HISS) Magnet Parameters 

Quadrupole !'rIagnet Dipole Magnet 

Beam Line 
Errecdve 

Magnet 
Lengtb Pole Incomln, Outgoing 

Element 
(01) Maa. tip Field Bend Bend Edge Edge 

Type (In) 

Gradient Radius (192 kG·m) Radlu. Angle Angle - Angle 
(kGim' hll' (kG) (m) (deg.) (deg.) (deg.) 

(Fl)-XFlWC -
--- XQ4WC 4.000 

0.221 

XQ4A 0.884 -147 0.1046 8QB32 

0.284 

XQ4B 0.884 +147 0.1046 8QB32 

--- XM4WC 0.220 

0.242 

XM4 1.036 11.46 16.75 3.545 0 3.545 6-1/8xI8x36C 

0.173 

XM5 1.080 9.26 20.72 2.985 -3.545 6.529 6-1/8x29x36H 

--- X2Q4WC 5.415 

0.495 

X2Q4A 1.308 -138 0.1046 8QB48 

0.216 
--- -----

X2Q4B 1.308 +138 0.1046 80848 ------ ----. 
(F2)-X2F2WC 5.675 

5.566 

X2Q5A 0.882 +117 0.1016 LP8Q32 

---X2Q5WC 0.504 

0.504 

X2Q5B 0.882 -117 0.1016 LP&Q32 

o 504 

X2M7 1.036 14.88 12.91 4.6 6.0 -1.4 8x16x36C 

(J;'~\_R.!"?lJrl 7 /.?n 

4 . 9'>6 
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Beam 42 Magnet Parameters (Cont.) 

Quadrupol. Ma,nat Dipol. Ma,net 

8 .... Un. 
Eff.ctlv. 

Malnel 
Len" .. Pol. Incomin, Outloln, 

Type(ln) EI .... D& 
(III) MaL Up Field Bend Bend Ed,_ Ed,. 

Gradient Radlul (192 kG'ID) Radlul Ansle AnsI. Ansi. 
(kGJ .. ) (ID) (kG) (m) (d.S.) (d·S·) (de,.) 

B42Q1A 1.308 -138 0.1046 RORL.R 

---B42WC2 0.260 

0.260 

B42Q1B 1.308 +138 0.1046 8QB48 

(F4)-B42WC3 10.992 

10.602 

B42Q2A 1.308 +138 0.1046 80B48 

---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 BxlBx60H 

1.689 

B42Q3A 0.490 -146 0.1046 RORJ F. 

0.939 

B42Q3B 0.884 +147 0.1046 AnR'l? 

0.939 

B42Q3C 0.490 -146 0.1046 Rmu(:. 

(F6)-B42WC6 3.693 

-B42CM4 2.250 
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.q- .q-1O 
O~~ 
X xx 

.q­
o 
(\I 

x 

1.0 r-­
O~ 
(\I (\I 

X X 

,.. 
o 
(\I 
.q-
CO 

(\I 

o 
(\I 
.q-
CO 

(I') (I') 

:2 0 
(\I C\I 
.q- .q-
CO IX) 

10 iKA\AIi II IKJ\A KAIK11 Ii I~AII\A II .KAIKA Ii KIA\)i 

Viti HIV VHV 

-- BEAM HALF WIDTH 
x 

(HORIZ) 

t 
---- DISPERSION WITH 6P = 1 % 

P 

5 I I I /1 \ I I 1\ II \ / \I 

-~ em 0 I " I 1..-- h I ........ ;;> --I ........ ::::>"1.. d 

y 
(VERT) 

" 1_ 

'-1 
X2Q5WC 

10 II II" " 

o 10 20 30 40 50 60 
METERS 

SEC 3.5.3 BEAM 42 

---....... 

70 80 90 

XBL 874-1697 

100 



21.3 

4.5 

29. 1 

7.121 

22.2 
1.5 

16.6 

3.121 

16.9 

5.0 

8.3 

1.121 

15.7 
8.5 

17. 1 

1.5 

21.4 

5.121 

9.121 

2.121 

2121.7 
9.121 

13.4 

2.5 

... ~ .. ~. 
.............. . ............ " ...... 

. 1 . . . . . : . . . .. : . . . 
................ .... 11111111" • .•••••••• . •.••... 

... : ill" ... : ... 
............... ~... . ...................... .Ill .............. 

... : ... :.l ..... : ...... : .. ±~.: ... 
... ~ .. ~ ... ~ ....... ~ ... · .. ,illl~IIIIt, ... 

. 
....... 

1 . . ... ~. .~ ... : ... ~ ... ~ ... ~ ....... : ... ~ .. Jl ... : ... : ... : .... 
· . . • . · . , . m ' , · 

.... ~~ ....... ...... 1111 It" ... 

... : ... : .. :1 ... : ... :._.:: .. ~ .. · ... · .. ~ 
· . . : . ,. ,. ',Ii ' . , 

.. :"llIIltl .. .L. ....... ~ .......... . 

. d . . 
_.jl ... ~ ... : ... : ... : .. .Ilmlll"." ........ ~ 

. 
... ~" :'llilll':"':' ... ·1· .. 

...... -.............. .. .......... ~ 
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17.7 

5.0 

4.9 

1.5 

l.7 • (2) 

1. ~j 

16.2 

3.0 

16.7 

5. ~:; 

13.5 

1.5 

1 ~:;. 2 

5.0 

16.8 

2.0 

15. 1 
.~ .". 
.'::" J 

4.9 

4.0 

1:3.6 

6,0 

16.(2) 

1.5 

XI~I~ 1 LHI~l '.'u Its 

(\uto Hc\lIge ~..) JI Un 
:?:~:: 52: 31 06 Feb 87 ,. 1111 .J 

XM3 1. ~:;ItH?) Volts 
?\uto Range 6 B Un 

2:;:::55:21 06 Feb 87 ~~ MM 

XF1 ~mt ',.101 ts 
()uto J(angE? Ft Un 
2~~;: 56: 17 06 Feb EJ7 ,.) 

L 1111 

XM4 5~11ll 'Jolts 

Auto Range 1 B On 

:;:~3:56:50 !lI6 Feb 87 6 t1M 

X2Q4 nWl(2) Volts 

Auto Hang~~ :.::; l-J On 
2~~::57:16 06 Feb 87 6 111'1 

X2F2 1(lJ01 Volts 

Auto Range 2 B On 

23:58:~35 06 Feb 87 ~, 

L MM 

X2Q5 101210 Volts 

Manual nange 5 B Un 

23:59:40 !lI6 Feb 87 6 MM 

B42WC1 11211211i'1 'Jolts 

Auto f<i.\Ilge 1 B On 

LIM: 01.: 24 07 F(~b 87 2 MI1 

B42WC2 1000 Volts 

"uto f~ange 3 B On 

1?l12I: 01: 59 !lI? Feb 87 6 1111 

B42WC3 1:;00 Vol ts 
Manual Range 2 B On 

00:03:06 07 Feb 87 2 MM 

B42WC4 

Auto H;'mge :5 B On 
0(2):03:50 07 Feb 87 

B42WC5 H)(2)~ 

Manu"",l Range I B 

(,W): 05: 12 !lI7 Feb 81 

Volt.s 

6 MM 

Volts 
On 

2 Mt1 



B42WC6 Imm VCllts 
17.7 A . , 17.0 

... ~._.~ ... ~. . ... ~_ .. ~ ....... ~ ... : ... : J t~~.: ... : .... Aut.o Rangp 1 F.I Un 
2.0 1.0 

12I1l1: 06: ~'12 07 Feb 87 6 MM 

B42WCa T!'5Q1 Vults 
18.3 

~ I 
1 h. ::~ ... ~ ... ~.... . ~ ... ~ ....... ~ ... :.~l~ Il~.: ... : .... 

Aut.o Rallgu 5 B nn 
3.5 ~3. 5 

1110:07:16 1217 Feb 87 6 MN 

3.5.4 WIRE· CHAMBER PICTURES AND MAGNET CURRENTS 
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N(')I"IE 
i:: '765VJ B4:Z 

C']I'1MENTS 
7650 Ei42 

19: 1,3: :~:;C1 

D{HE TIME ENTf~Y 

6FEB87 23:~3:2~8437 

1 

BE~~I'1 LINE 
BE(..'t142 

1048 MEV/AMU C+6 TO B42 
E 594.0 S 586.58 
RADIUS 599.5 
XSI FEED8ACK SPILL 
EXT PFW ACL 7650 EXT 

Po c.u S 114 IV C W '" i 14 fP 3 If /8/ c. 

PERTURBATION UNIT DATA 

NAME FLAGS AMPLITUDE DELAY GATE 
X P1 P+ 82.52 400 1680 
X F'2 P+ 29.01 4lllii' 1510 
X 52 S+ 291.31 470 1301£1 
X 51 S+ 125.66 440 1150 
X 52 P+ 30.84 45(1 1100 
X M3 S+ -9.77 400 1220 
X 51 P+ 15.47 4 (2HZ) 1240 
X M2 5+ -17.61 420 1120 

NAME SF' AM Dr OFFSET 
x P1 0.1£10 0.66 5 lZi i71 PI 

• 'ri..Jto:J 

't. P'-" ..:.. 0.1£10 1£1.29 5 0.00 
X 51 1£1.00 1.32 5 0.00 
X C''':' 0.00 3.05 t:' 0.00 -..I":'" ...J 

:1.. Ml 540.81 587.54 5 0.00 
X M2 1609.69 1621.48 2005 0.00 
X M3 1237.68 1256.35 C' 

...J 0.00 
X Q3A 8~B. 16 803.37 5 0.(2)0 
X Q3B 813.39 882.27 5 0.00 
X M3V 12.46 12.09 2001 12.46 
X M4V 0.0::. 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 0.1£10 3.48 5 0.00 
X Q4B 0.00 3.48 5 0.00 
X2 M5S 29.95 26.91 21211211 29.95 
X2 Q4A 769.78 77121.15 201215 0.00 
X2 Q4B 854.70 840.5121 201215 121.00 
BI2I M1 0.1210 48.85 11211211 0.1210 
B3 M1 0.0121 0.1210 1 0.00 
X2 Q5A 648.14 647.04 2001 648.14 
X2 Q5S 574.96 578.16 2001 574.96 
X2 M7 782.11 791.99 2001 782.11 
B42 QIA 918.78 896.37 2001 918.78 
842 DIB 773.84 778.65 2001 773.84 
842 MIV 58.09 63.86 2001 58.09 
B42 Q2A 795.39 797.12 201211 795.39 
842 Q2B 907.63 917.15 21£101 907.63 
842 M2V 0.1£10 3.76 2001 121.00 
842 M3 1395.6'1 910.99 2001 895.6'1 
842 Q:)A+C 1465.90 1452.15 2001 1465.90 
B4::~ Q38 1432.66 1418.47 2001 14::;2.66 
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3.S.S 8eam 42 (HISS) Focal points 

Focal Horizontal Vertical Dispersion 

Point Location Mag nification Magnification (mm/%) 

F1 XS1WC 1.0 1.0 0.0 

F2 X2F2WC 0.22 0.88 2.0 

F3 842WC1 0.70 0.60 O.OS 

F4 842WC3 0.62 0.28 0.03 

FS 842WCS 0.77 0.68 -0.14 

F6 842WC6 0.77 0.69 -1.S 
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3.6 Beam 43 
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B43111 

B43YC1 

99 

3.6.1 BEAM 43 SCHEMATIC 

BEAM ~J 

X2GY2 
remot. 

X2BP 

BOM1 
X2f15S 'Xf15 Xf14 

XBL 874-1709 



3.6.2 Beam 43 Magnet Parameters 

Quadrupole ~agnet Dipole Magnet 

BeamUne 
Effective 

Magnet 
[.enlth Pole Incomln, Outgoing 

Element (m) Maa. tip Field Bend Bend Ed,. Ed,e 
Type (In) 

Gradient Radius (192 kG·m) Radlu. An,le An,le Angle 
(kG/m) (n)) (kG) (m) (dell·) (dell.) (deg.! 

(Fl)-XFlWC -
---XQ4WC 4.000 

0.221 

XQ4A 0.884 -147 0.1046 8QB32 

0.284 

XQ4B 0.884 +147 Q.1Q~6 80B32 

---Xl-t4WC 0.220 

0.242 

XM4 1.036 11.46 16.75 3.545 0 3.545 6-1/8x18x36C 

0171 

XM5 1.080 9.26 20.72 2.985 -3 'i45 '/1 'i?Q 6-1/8x29x36H 
---X2Q4WC 5.415 \ 

0.495 

X2Q4A 1.308 -138 0.1046 80B48 

0.216 

X2Q4B 1.308 +138 0.1046 8QB48 

(F2)-X2F2WC 5.675 

5.566 

X2Q5A 0.882 +117 0.1016 LP8Q32 

---X2Q5WC 0.504 

0.504 

X2Q5B 0.882 -117 0.1016 LP8Q32 

0.504 

X2M7 1.036 -9.70 19.79 3.0 -6.0 3.0 8x16x36C 

(F3)-B43WCl 7.430 

9.888 
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Beam 43 Magnet Parameters (Cont.) 

Quadrupole Ma,nel Dipole Ma,net 

8eamUne 
Effective 

Malnet 
lAnstb Pole Incomln, Outlo1n, 

Type(\n) Ea..eat 
(aa) Mas. tip Field Bend Bend Ed,. Ed,e 

Gradl.nt Radlu. (l92kG·m) Radlu. An,l. An,I. An,l. 
(kG/m) (m) (kG) (m) (d.,.) (de,.) (de,.) 

B4301A 0.493 +1'\Q 0.1046 on""t:. 

0.978 

B43Q1B 0.884 -147 0.1046 8QB32 

---B43WC2 0.230 

0.748 

B43Q1C 0.493 +146 0.1046 80B16 

0.548 

B43M1 1.542 -17 .04 11.27 7.84 3.92 3.92 8x18x60H 

-B43WC3 3.000 

;(F4)-B43CPB 6,414 

B43WC4 1.710 
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-' 
o 
w 

"O:t "O:tLO 
O~~ 
XXX 

"O:t 
o 
C\J 
X 

. Il) ...... 

O~ 
C\JC\J 
xx 

T"" T"" 

o ~ 
(") (") 

"O:t "O:t 
m m 

10 1101)11 1111 KAllll II KiKJlilli. 

x 
(HORIZ) 

-- BEAM HALF WIDTH 

---- DISPERSION WITH ~p =1 % p 

t 51 /1 1\ Ix II 

em 0 1"""- I " J. I 

10 I I I II II 

o 10 20 30 40 50 
METERS 

SEC 3.6.3 BEAM 43 

60 

CENTER 
~lPLASTIC 

BALL 

70 80 90 

XBL 874-1698 
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: • • • • • .; N A tl E: VOL T S 
• • S ~ 3 H CJ, 1 5)5 '2 
: •••••• : R AU r:I '2 t1 H 

: •••••• : NOH:' \JO'.TS 
• • 1:)!5:}1t5rft 1 ~s r5 Z 
: • • • • • .: R A • '2 M ~I 

: •••.•. : NQ~ VOL TS . '- . r.~l~" 1 ~); 1 
: ...... : fi;~ J~ ~ MH 

: • • • • • .: N Q ~i . VOL T S 
· . tlil *fl1 Z~ 1 
: •••••• : R An· '2 M H 

: •••••• : N~)~'-tlOl TS . · . m~' -, . iiHH, 
: ...... : R3 Ai : I) MI1 

· ...... . · · · · ...... . 
NAME Vf..lLI~ 
XMIt ~!i.ll 
R A~ r:1 I) 11 ti 

: ...... : NQN- \1Vt.I~ · . r.(r'~"ft 10\1 1 
: •••••• : Ii; A ~ • ~ MH 

· ...... . · . · . · . · ...... . 

.......... ~~i VOLTS . ~t :r'ft S \1 1 
.. • • • • • • • • • l\: '2 A;: 3 t1 Ii 

3.6.4 WIRE CHAMBER PICTURES AND CURRENTS 
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4tIO',:85 EF'B ?-'tCL F'R I NT PAGE 1 

T I 1'1E ENTRY 
NE 5666 843 4NOV85 :2:28:267754 

BEA!'l LINE 
EEAM43 

COl'11'1ENTS 
NE 5666 943 E 5q4.00 S 586.58 

TUNE WITH NEW EPB0 
BEAM AT WIRE 16 AT F1 
RADIUS 599 
XS1 FEEDBACK SPILL 
EXT PFW ACL5666SF'LR EXT 
F'REL I M I NAF:Y TUNE 

PERTURBATION UNIT DATA 

NAME FLAGS AMPLITUDE DELAY GATE 
X P1 P+ 96.62 4100 1680 
X P2 P+ 24.102 400 1510 
X S2 S+ 291.31 4710 1312110 
X 51 S+ 221.65 440 1150 
X S:2 P+ 3~1. 85 4510 11lZl121 
X M3 5+ -210.40 400 1040 
X 51 P+ 64.69 41210 12410 

NAME 5P AM D1 OFFSET 
X F'1 i!1. JZI0 0.88 5 0.1210 
X P2 121.100 0.00 5 0.00 
X 51 0.00 121.44 5 0.12110 
X 52 121.12110 4.03 C' 121.00 w 

X M1 301.52 325.79 5 1!1 • 121~:1 

X H2 1194.73 1187.49 - 2005 0. fEI0 
X 1"13 989.50 999.15 5 0.0121 
X Q3A 574.32 564.24 5 10.1210 
X Q38 581.55 625.1216 5 121 • I2IQI 
X H3V 25.63 25.89 2!2101 25.63 
X M4V 1!1. j!10 ~!t. 37 1 10. IZI~;I. 
X M4 -347.35 -347.44 201!11 -347.35 
X M5 148.22 149.68 2~~1t!11 148.22 
X Q4A 0. (110 3.48 5 0. ~10 
X Q48 0.0QI 3.48 5 121. j!10 
X2 M5S 8. ,,:16 9.38 2001 8. "'6 
X2 Q4A 571.38 554.71 5 0. /Z1v.1 
X2 048 616.91 619.20 5 0. j!10 
90 M1 121. (113 9.77 11Z101 0. /ZltiJ 
B~ -' M1 121. (10 0.19 1 121. (21121 
X2 Q5A+C 486.11 479.97 1 486.11 
X2 Q5B 425.84 427.94 1 425.84 
X2 M7 357.27 358.04 1 357.27 
B43 1"11 71212.99 7l!!1.94 1 7iZl2.99 
B[~3 QIA+C 1 !21:-~7 • 5kl 1033. lil7 1 1027.5(!1 
r,42 Q3B 1 (!i~J7 • '52 1¢6b. 9 3 2!J!:ll 1"57.52 
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3.6.5 Beam 43 Focal Points 

Focal Horizontal Vertical Dispersion 
Point Location Magnification Magnification (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 

,--
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3.7 Beam 44 
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830M7 

830WC4 
2mm 

830WCt 83Q.BP~~~~!t SU17 
6mm\ ""'-

830MtS 830Ql .... 
830M2 Vert 

6mm 

111 

cem~mm[J!l f) 

II ,. 
4 
:I ,. 

XF1GYl :I 
remote r: 

~ 
TEKAWA 

XBL 874-1704 



3.7.2 Beam 44 Magnet Parameters 

Quadrupoll ~Ia,ne' Dlpoll Ma,nl' 

B ... Un. 
ElflcU •• 

Malnl' Lenpll Poll Incomln, Ollt,oln, 
E .... nt 

(a) Mu. Up FIeld B.nd Bind Ed,. Ed,l T)1NI(la' 

Gradllnt Radlul U.lkG .. ) Bad III. An,l. An,I. An,ll 
(kGJaa) (m) (kG) (m) (d.,J (dlIJ (dlIJ 

(Fl)-XFlWC -
-XQ4WC 4.000 

0.221 

XQ4A 0.884 -147 0.1046 8Q832 

0.284 

IXD4B n.AAt. "']47 o .1 OM, 8QB32 

-XH4WC 0.220 

0.242 

XM4 1.036 -16.88 11.37 5.222 0 5.222 6-1/8x18x36C 

0.173 

XM5 1.080 -13 .50 14.22 4.351 -5.222 9.522 6-1/8x29x36H 

-X104WC 0.282 

0.235 

XlQ4A 0.884 +144 0.1046 8QN32 

0.284 

XlQ4B 0.884 -147 0.1046 8QB32 

-SOOWC 4.862. 

0.340 

SOO 2.250 -4.42 43.44 2.968 0 2.968 4.38x15x84H 

(F2)-SlF2WC 0.770 

0.645 

51H4 1 405 -1431 13,41 16_Jt 11 6 0 2.25x7.5x48H ., 
. 0.370 

S1M5 2.250 r-16.38 11 ___ 72 111 ,0 .5 5 15 5 4.1Axl'ixRlaH 

--S1M6WC 0.247 

0.247 
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Beam 44 Magnet Parameters (Cont.) 

; 

Quadrupole Mapel Dipole Ma,nel 

Be&IDUn. 
Effectlv. 

Malnel 
Lenet .. Pol. Incomin, Out,oln, 

Type (in) Eleaaea& 
(III) Mas. tip Field Bend Bend Ed,e Ed,. 

Gradl.nt Radlu. (192kG·m) Radlu. An". An". An,'. 
(kCJaa) (m) (kG) (m) (de,.) (de,.) (d.,J 

S1M6 2.250 -6.18 31.07 4.15 4.15 0 d ~1hl r;:vll .. Ht 

---SIQ7WC 2.350 

0.336 

S1Q7A 1.308 -138 0.1046 80848 
0.216 

S1Q78 1.308 ... 138 0.1046 8QB48 
---SIM6SWC 1.608 

(F3)-SIF3WC 3.700 

0.700 , 

S1M7 1.170 -47.37 4.053 25.0 12.0 12.0 7-1/4x63H 

0.808 

84401A 0.726 +93 0.1571 12QN24 

0.265 

B44QIB 0.726 -93 0.1571 120N24 

(F4)-B44WCl 2.686 
---B44WC2 3.405 

0.295 

B44Q2A 0.126 -93 0.1571 12QN24 
0.265 

B44Q2B 0.726 +93 0.1571 12QN24 

0.460 

B44MI 1.036 -32.34 5.938 10.0 5.0 5.0 ~x16x36C 

---B44WC3 1.094 

(FSA)-B44CIM 3.S70 

---B44WC4 I.SS0 , 

(FSB) -B44CSC 1.116 

114 



~ 
~~IO- 0 
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XXX X 
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CD CD. 

1 0 rJ0C411 II KA\A II Ii iii i KAlA I i Ii ilk.. I KA<A i I Ii 

x 
(HORIZ) 

t 
t ~ tt \ I I BEAM HALF WIDTH 

S1M3WC I r ~ I 1\ I Jt\ II' ---- DISPERSION WITH "p =1% 

5 ~ \ I I r,!N \ nTB44WC4 P j 

::: em 0 I I I .... I I , " j I III 
(J1 

B44WC3 

10 I I. II II I.' I" II III I· I· 

o 10 20 30 40 50 
METERS 

60 

SEC 3.7.3 BEAM 44 (I) 

70 80 90 100 

XBL 874-1699 
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v 
.q .ql.() 0 
O~~ .... 
xxxx 

('I) .q I.() co "-
~ ~~ ~ 0 .... ............ .... 
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.... 
"-0 
~~ 
....~ 

enm 

"',... 
O~ 
~v 
.q~ 

mm 
10 I 1MX1111f)(f)(1 III 11111 III IMM II 1111t'iCM II 11"llfX111 I II 

x 
(HORIZ) 

t 5 I I I I I \ I 1 1 V 1\ I . 1\ I 1 1 I \ I II ( , \ ", \ 

--BEAM HALF WIDTH 
---- DISPERSION WITH 6P :::1% . P 

B44WC4 

B44WC3 

CENTER 

I ~ < ISOTOPE 

MAGNET 

10 20 30 

SEC 3.7.3 

40 50 
METERS 

60 

BEAM 44 (II) 

70 80 90 100 

XBL 874-1700 
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\5.6 
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6. I!.! 

14.7 

1. 4. (J) 

4. ~; 

1 ::~. 6 

2. ~j 

16.4 

:3. '" 

14.'1 

~5. 0 

0.0 

0.121 

18.0 

4.0 

9.4 

1 ~J. 4 

4. ~; 

17 • ~) 

4.0 

16. ::~ 

4. ~j 
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B4-4-WC4- Hmo Vol t s 

Manual R~nge 6 B On 
1/)8: 42: :S7 2V1 Feb El7 Jl, 1111 

B4-4-WC3 
Manual Range 6 BUff 

08:43:40 20 Feb 87 6 MM 

B4-4-WC2 11.2l(lHll Vol t.,,; 

Manual Ri).nge 7 P- Un 
08: 44: 41t) L\0 Feb El7 6 !"H'l 

B4-4-WC1 5(1)0 Volts 

Auto f~<'Ulg(~ "1 B Un 

08:45:29 :ZIi'I FHb 87 :;~ 11M 

S1F3 5121121 Vol t~; 

Aut.n nanq€? 7 B Un 

08:4·0:21 20 Feb 87 r~ 

"-- t1t1 

S1M6S 7~)0 Volts 

11anu.:11 nangp. 7 B Un 

I2IEI:'Fr: 1,6 20 Feb 87 6 1-lt1 

S1M6S 7~jli'l Volts 

Auto h:anqe 0 B On 

0[1: ~;1,: VlB :20 Feb 07 6 MM 

S 1 M6 7~i0 Volts 

()I...lto nanqe "1 El Un 

11.18 : ~:i 1. : 4:::; ::~0 FF'b 87 6 t1t1 

S 1 / X 1 F2 7~:i~j Volts 

Auto Range 7 B Un 

08:52:18 20 Feb 87 3 MM 

S 1 M3 51210 Volts 

I"li,~nua1. f~ange r=' 
~I B On 

00: ~:i:3: 11:)5 ~.~V,) Feb E17 6 t1t1 

'X 1 Q4 10(7)(2) Volts 

A 1...1 t. 0 F:;:",lnge 1 8 On 

elfl: ~.:; :;;: ~5 5 ::'~(1.) Fpb [:37 6 Mf'l 

XM4- ~iv.lC!l VDlts 

{',-!to Hcm~JP 7 H nn 
ml: ~'j'l: 1.7 :::Ci.l F:€i>b H7 b 11t1 



XF1 1000 
24.7 'Jl A 18.4 · . . :. . ... .. Auto Range 11 B On 
4.0 ............... :. .......... . ...... 

4.0 
08:54c55 20 Feb 87 

XQ4 500 
17.3 .. 1 .... 1 .. 17.5 • Auto Range 7 B On 
3.0 1.5 ........... . .. :................. .. ............. 08155c38 20 F(~b 87 

XM3 10110 
28.8 JniullIL 4.8 · . . .. . ... :. Auto Range 7 B Un 
5.5 4.5 

08:55:55 20 Feb 87 .................. ........... .. 

XM3 1000 
28.8 JnuutIL 4.8 · .. . .. . ... :. Auto Range 7 B On 
5.5 4.5 .................. ............. .. 1ll8:56:1ll6 20 Feb 87 

XM2 1 III III 0 
16.0 · • . 18.7 

ALIta Range III B On 
2.5 ............ iI.lu-.......................... .hIw. .......... 

.2.5 
08:56:51 2 III Feb 87 

'3.7.4 WIRE CHAMBER PICTURES AND MAGNET CURRENTS 

OPTICS (I) 

120 

Volts 

2 M/'I 

Volts 

6 Mt1 

Volts 

." t'lM '-' 

Volts 

3 MM 

Volts 

<' Mt1 .... 



:[ 

1\1(~I'it ))(\'T'F HEJ)t-1 L.. J I\!E. 
LA3~ ~033B4420FE887 BE.:nl-144 

CDI'WI[hITE; 
L.{)~;:,CI ::::'~~3::::;f!4LI E 594.00 S 586.58 

r:U·1D I Uf.:; ~:S9C?)' 

BEhT TUi'.!E HU F nF, 

PERTURBATIUN UNIT DATA 

N?iME 
X 
X 
X 
X 
X 
X 

X 
X 
X 

x 
x 
x 

Nnl'1E 

X 
Xl 
Xl 
Xl 
X 
X 
81 
51 
81 
51 
i.31 
51 
81 
~; 1 
B44 
B44 
B44 
B44 
844 

F'l 
F'2 
32 
C"i __ , .t. 

Pl 
P2 
C· i 
.-oJ J. 

Ml 
Ivi'"') 
I I"';'" 

M, 
t 1°_' 

u:::.?"\ 
c! 2:' B 
M:3lJ 
M4lJ 
1'14 
1"15 
Q4A 
048 
M5S 
C!4A 
Q4B 
M~~:' 

1'14· 
115 
M6 
Q7A 
Q78 
M6S 
1'17 
Q1A 
Q1B 
D2A 
C12B 
I'll 

FL.tlGS AMF'L I TUDE 
F'+ 59.9 t? 
F'+ :~~;O. 00 
S :~;06.09 

S 6:::::4. '+7 
F' 114.vJ4 
S+ 

(2). m:) 
0.00 
0.00 
U.00 

1.61. 16 

614.94 
261.46 

1~' 96 
0.00 

21.~1. 6El 
127.21 
493. T!.. 
480.39 

16.53 
0.00 
0.00 

70. Fl8 
66~:;:. 01 
267. :':;;7 
105.22 
~~:'52. 42 
::-::;86.54 

6.54 

-,,11.99 

A 1'-; 
0.66 
0.29 
0.00 
3. 18 

171.95 
727. QN 

236. ,+4 
235 .. :::2 

ilJ. ::4 
246.21 
129.75 
464.52 
479.99 

15. 18 
3.48 
4.64 

T:'.86 
651. :;:'0 
266.99 
10"1.72 
~.52. 53 
377.29 

9.21 
556.32 566.68 

1706,,42 1701.46 
168121. ~57 1658.96 
1333. 1 ') 1354. :~:'7 

DEU~Y GATE 
4i2lD 1680 
4:zJ0 1510 
400 142'~ 

4~J0 1. 790 
4m2) :l~:;:::m 

670 

D I OFF~':;ET 

c:: 
....! 

~j 

5 
::5 

t:: 
. ...1 

0. vJ0 
0.00 
II;. m1 
0. J!.')(ZI 

0.00 
Do ~,)D 
(;~. em 
(L ~'D 

12.96 
:::001 0.00 
2001 ::::41.68 
20Ql i 1 ':.07 21 
200~5 0.00 
:?005 0.00 
2001 1.6.53 

5 0.00 
5 0.00 

2001 70. t38 
200=; 0.00 
2005 l'l.00 
:~001 105. 22 
2005 ,~. 00 
2005 0.00 

1 6.54 
2001 556. :32 
2001 1706.42 
2001 1680. 5-1 
2001 1.::')33.12 

11 '~7 . 1 b 1127.70 2001 1 iii:'! 7 • 16 
662.34 656.57 2001 662.34 
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/31 jD-I­

Lit 
'16,33 ff.fJ/(1f 
.3" 3 0 dtUl~S 

OPTICS (1) 



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

Focal 
Point 

F1 

F2 

F3 

F4 

F5B 

Focal 
Point 

F1 

F2 

F3 

F4 

F5A 

Horizontal 
Location Magn ificatio n 

XF1WC 1.0 

S1F2WC 1.65 

S1F3WC 0.44 

B44WC1 1.00 

Center Scatter 
Chamber (CSC) 1.04 

Beam 44 Focal Points (II) 
Secondary beam optics 

Horizontal 
Location Mag nification 

XF1WC 1.0 

S1F2WC 1.64 

S1F3WC 0.44 

B44WC1 1.00 

Center Isotope 0.71 
Magnet (CIM) 

123 

Vertical Dispersion 
Magnification (mm/%) 

1.0 0.0 

0.50 -21.4 

0.65 1.9 

0.25 -16.7 

1.00 2.6 

Vertical Dispersion 
Magnification (mm/%) 

1.0 0.0 

2.01 -24.5 

2.67 2.7 

0.98 -18.2 

3.12 3.7 



3.8 BIOMED I 
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I 

Physics Bench 

Biology Bench 

6 mm 

127 

81WC2 
6 mm 

B1WOB 1&2 

=~::..- B lWC 1 
6 mm 

BOM1 

Bending 
Nag. 

X204WC 
6 mm 

~ 
6 mm 

XE16..'lJ 
----remote 

XBL 874-1705 



3.8.2 Blamed I Magnet Parameters 

Quadrupol. )la",e' Dlpol. Ma,Det 

B .... Une 
Err.cd •• 

Macne• 
IAniUa Pol. IncolDln, Out,oln, 

£ ..... 0& 
Cal) MaL tip FI.ld aend aend Ed,. Ed,. T,.,eCin) 

Gradient Radlul (l.2 kG·.) Radlu. An,le An,l. An,l. 
(kG/ID) (ID) (kG) (ID) (de,J (d.,.) (d.,J 

(F1)-XF1WC -
-- XQ4WC 4.000 

0.221 

XQ4A 0.884 -147 0.1046 8QB32 

0.284 

XQ4B 0.884 +147 0.1046 80B32 
-- XM4WC 0.220 

0.242 

XM4 1.036 11.46 16.75 3.545 0 3.545 6-l/8xl8x36C 

0.173 

XMS 1.080 9.26 20.72 2.985 -3.545 6.529 6-1/8x29x36H 

- X2Q4WC 5.415 

0.495 

X2Q4A 1.30B -13B 0.1046 8QB48 

0.216 

1x2Q4B 1.30B +138 0.1046 80B48 

3.142 

BOM1 1.898 27.82 6.902 15.75 7.875 7.875 5.4x16x72H 
(F2)-BOWC1 2.756 

0.350 

BoM2 1.898 27.82 6.902 15.75 7.875 7.875 5.4x16x72H 
1.138 

~lQlA 0.882 +117 0.1016 LP8012 

0.160 

1s1QlB 0.882 -117 0.1016 LP8Q32 
(F3A)-B1WC1 4.000 

(F3B)-BllSC 5.704 
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170CT85 

NAME 
CURRENT 

COMMENTS 
BIOMI 

EPB ACL PRINT 9:27:31 

TIME ENTRY DATE 
170CT85 9:27:31 121 

585MEV NEON TO CAVE 1 
~ 594.0121 S 586.50 
RAD= 599.5 
EXT PFW ACL= 5234 EXT 
XSI FEEDBACK SPILL 
BEAM AT WIRE 17 AT F1 

BEAM LINE 
BIOMI 

LARGE BEAM AT BIWCl ~ BIWC2 
COMPUTER CONTROL ED SPILL 
TUNE WITH NEW EPB 0 AREA 

PERTURBATION UNIT DATA 

NAME FLAGS AMPLITUDE DELAY GATE 
X PI P+ 80.35 41210 1680 
X P2 P+ 8.18 400 1510 
X S2 S+ 291.31 470 1300 
X S1 5+ 125.66 440 115121 
X 52 P+ 3111.84 450 1100 
X M3 5+ -9.77 400 91121 
X 51 P+ 15.51Z1 400 124121 
X M2 5+ -17.61 420 1120 

NAME SP AM DI OFF5ET 
X P1 121 • tZllZl 121.88 5 121. IllQJ 
X P2 {l1.00 0. illiZI 5 0.0QI DATA FOR ENERGY CALCUL; 
X 51 0.01Z1 Ill. tZI0 5 !21. $l11Z1 
X 52 0.01Z1 3.54 5 0.0fll INJECTION:HILAC LOCAL 
X M1 346.42 375.22 5 1£1.00 
X 1'12 1098.81 111l16.99 21Z105 0.00 PARTICLE. "/~ 2S FREQ ; 
X M3 917.04 921Z1.99 5 0.00 
X Q3A 521.84 51219.83 5 1£I.0QI MA5S NUl'l: 2. a 2S FIELD: ~ 
X Q3B 524.3121 562.04 C' 0.!2I0 ..J 

X 1'13 V 41.84 41.65 2001 41.84 
X M4V 121 • QIIZI tZl.01£1 1 0.01Z1 

CHARGE ; I ~ K. ENERGY ~ 

X 1'14 -349.83 -35121.17 2001 -349.83 INFLECTOR H. V: - 11. " t)'. 
.X M5 119.59 121.15 2001 119.59 

X Q4A IZI • ~!I!~I 3.48 5 0. IZI!!I 
X Q4B IZI. ~:I!ZI 3. 4 8 C' Ill. ill0 ..J 

B!::I 1'12 10852.4610845.13* 21llaJ 11121852. 46 
X2 M55 11. 51 11.90 20~,1 11. 51 

EXTRACTION: PFW: €~ OFF: 
-----------------~--------
FIELD; !) Z '3 ~ P1 CUf: 

X2 Q4A 48!ll.8!ZI 463.85 5 !!I. 0!11 
X2 Q4B 51211.95 5Q!!!1.49 5 0.01ll FREQ; /,.'17 0 P2 CUF 
BIZI I'll 10681.1810727.59* 3(ZI!.n l!21681 • 18 
BIZI 51 1.25 121.77 1 1.25 BEAM RAD; S , q_ r 
81 QIA 547.35 542.44 1 547.35 
Bl QIB 351.91 353.93 1 351.91 

RADIUS CURRENT TAIL 

*magnetic field in gauss Ml: 5 , '( ~ )..., {" RISE: 

Il CJ 7 TIME; 
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3.8.5 Biomed I Focal Points 

Focal Location Horizontal Vertical Dispersion 
Poi nt Magnification Magnification (mm/%) 

F1 XF1WC 1.0 1.0 0.0 

F2 BOWC1 0.98 0.98 13.0 

F3B Isocenter 1.92 1.21 -45.0 
(ISO) 
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3.9 BIOMED II 
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Physics 8ench 

8iology 8ench 
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B1WC2 
6mm 

81W08 1&2 

iiiiiiiliiiii~t--~ 
6 mm 

B1Ql 
Quads 

A 

80MI 

X204WC 
6mm 

XBL 874-1705 



3.9.2 Biomed II Magnet Parameters 

Quadrupole ~Iagnet Dipole ~fagnet 

Beam Line 
EfTectlve 

Magnet 
Lengtb Pole Incomin, Outgoln, 

Element 
(m) Mu. tip Field Bend Bend Edg_ Edge 

T)-pe(in) 

Gradient R:uliut (192 k(;·m) Radlul Angle Angle Angle 
(kG/rn) (m) (kG) (m) (de g.) (de,.) (deg.) 

(Fl)-XFlWC -
--- XQ4WC 4.000 

0.221 

XQ4A 0.884 -147 0.1046 8QB32 

0.284 

XQ4B 0.884 +147 0.1046 8QB32 

--- XN4WC 0.220 

0.242 

XN4 1.036 11.46 16.75 3.545 0 3.545 6-1/8x18x36C 

0.173 

XM5 1.080 9.26 20.72 2.985 -3.545 6.529 6-1/8x29x36H 

--- X2Q4WC 5.415 

0.495 

X2Q4A 1.308 -138 0.1046 8QB48 

I 0.216 

X2Q4B 1. 308 +138 0.1046 8QB48 

3.142 

8OM1 1.898 27.82 6.902 15.75 7.875 7.875 5.4x16x72H 

(F2)-BOWC1 2.756 

4.651 

B2QlA 0.882 +117 0.1016 LP8Q32 

0.160 

B2Q1B 0.882 -117 0.1016 LP8Q32 
(Fe)-B2WC1 4.578 

4.581 

B2Q2A 0.882 -117 0.1016 LP8Q32 
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Blomed II Magnet Parameters (cont.) 

Quadrupole !\Ia,net Dipole !\Ia,net . 

BeamUne 
ErrecUve 

&iagnet Len"" Pole Incoming Outgoin, 
Element 

" (m) MaL tip Field Bend Bend Ed,. Ed,e 
Type (in) 

Gradient R:adlul (192 kG·m) Radlul An, •• An"e An", 
(kG/m) (10) (kG) (m) (de,.) (d.,.) (de,.) 

0.160 

B2Q2B 0.882 +117 0.1016 LP8Q32 

0.947 

l82Ml 1.085 +37.08 5.178 + 12 0 12 8x18x36LP~ - -
(F4)-B2WC2 3.000 
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150CT85 EPB ACL PRINT 9: iiJ3: 03 PAGE 1 

NAME DATE TIME ENTRY 
9: 1213: fZJ3 0 

8EAM LINE 
810M2 CURRENT 82 150CT85 

COMMENT5 
NE 5666 82 670MEV/N NEON TO 810 BENCH 

NEW EPBW TUNE. CTR. AT XM4 WC. 
X2M55 ON AND IN CAVE 1 POLARITY 
E 594.0121 S 586.50 
82M1 IN REVERSE POL. 8/64" P8. 
15 GUA58 TW. NO EXT PFW. 

PERTURBATION UNIT DATA 

NAME 
X Pl 
X P2 
X 52 
X 51 
X 52 
X H3 

NAME 
X PI 
X p2 
X 51 
X 52 
X M1 
X H2 
X M3 
X Q3A 
X Q3B 
X M3V 
X M4V 
X M4 
X M5 
X Q4A 
X Q4B 
811.1 H2 
X2 M5S 
X2 Q4A 
X2 Q4B 
~0 HI 
BIZI 51 
82 Ht 
82 OIA 
82 01B 
82 Q2A 
82 Q2B 

FLAGS AMPLITUDE 
P+ 80.76 
P+ 39.95 
S+ 291.31 
S+ 156.49 
P+ 30.85 
S+ 14.22 

5P 
0.00 
0.00 
0.011.1 
0.00 

460.58 
1259.35 
965.14 
621.59 
670.13 

2121 • 1l11!1 
Cil. illIZI 

-349.74 
148.75 

0.00 
0. 1Z1!!1 
0. illiZI 

AM 
0.88 
0. QI0 
IiJ.44 
2.69 

499.13 
1259.2iiJ 
972.44 
610.59 
723.25 

2lZl. fll3 
0.12 

-349.49 
150.07 

3.48 
3.48 

29.31 

DELAY GATE 
4 iii 0 1680 
400 1510 
470 130121 
441i1 1061!1 
45121 1 h10 
4 121 III 930 

01 OFFSET 
5 0.1l1(!.! 
5 0.011) 
5 C!I • 121111 
5 121.l2Jel 
5 1Z1.I2II2J 

2005 0. IZIIZI 
5 121 • 1!1IZI 
5 1i1.01Z1 
5 11.1. IZIQI 

2IZI(!l3 21!1. !!JIll 
21!11i11 Ill. 1110 
2QI01 -349.74 
2 C!I IZI 1 148. 75 

5 YJ. C!lel 
5 121. ItIiEI 
1 I!I. IZIJZI 

34.0121 30.60 2003 34. fZllil 
iii • IZIIZI 524.76 51217.82 5 

555.54 551.78 5 0.00 
11592.2411606.89* 300311592.24 

85.02 85.41 1 85.1212 
472.04 472.42 201211 472.04 
81210.0121 80121.2121 1 8121121.0121 
839.72 839.44 1 839.72 
735.08 718.64 21211211 735.1218 
752.11 752.49 21211211 ,752.11 

* magnetic field in gauss 
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DATA FOR ENERGY CALCULAT_ 

INJECTION:HILAC LOCAL 

PARTICLE: ~ 

MASS NUM: 't. 0 

28 FRED : 2-

25 FIELD: L, 

CHARGE; K.ENERGY: ( 

INFLECTOR H.V: - J1. ~ ~ 

EXTRACTION: PFW: ON; § 
FIELD: )~ G (. 

FREQ: 2. v Z. 7 

BEAN RAD: fa 0 CJ 

RADIUS CURRENT 

1'13: ~----- ~ Cj 12. 

PI CUR: 

P2 CUR: 

TAIL W. 

RISE: / 

TIME: 

SlotH 



3.9.5 Biomed II Focal Points 

Focal 
Location 

Horizontal Vertical Dispersion 
Point Magnification Magnification (mm/%) 

Fl XFIWC 1.0 1.0 0.0 

F2 BOWCI 0.40 0.98 13.0 

F3 B2WCI 0.84 0.45 -26.9 

F4 B2WC2 0.43 1.03 13.2 
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3.10 Local Injector 
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[1 nzel Lens 
3.10 SCHEMA TIC OF THE LOCAL INJECTOR 

wjector 5t8. 2 

BL 16MH 
RFO [ntrane. 

5 Segment 153 hradalY cup/ 
randay cup Bums'op 

Bevatron .ta;'ctor [x it: CRVO PUMPS 
I nfiection li fte Gat ..... 1 •• 

XBL 874-171 0 
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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 L inac for several 

different ions which are used most often for the Bevatron. The next set 

of tables ar,e 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. 

Station 3 600 microamps 20 Ne+3 

Diaphragm exit foil 550 microamps 20 Ne+7 

Linac exit foil 400 microamps 20 Ne+1O 

Linac exit cup 350 microamps 20 Ne+10 

(Station 4) 

EOS Cup (entrance to Bevatron 150 microamps 20 Ne+1O 

Accelerated beam 1010 particles/pulse 20 Ne+1O 

Apr; 1 1987 153 



: .... ,"'.' ; 

ION 
" Foils linac 

" , 
RFQ 

" Exit 
SOURCE ~ fank 1 ; Tank 2 DiaphraCJm Exit 

Cup 
-

" 

+3 , N +10 20Ne 7V 7.8 V ': 7.6 V IN IN 20 e 

, , 
; 

N +10 +4 
; 20 e , 20Ne :. 5.2:V 

, 
6.2 V 7.6 V IN IN , 

: 

': 
+4 N +10 

Ne .6.2 V , 6.4 V 8.3 V IN IN 22 e 
22 

:, +2 +1 . 
4He 4He 4.2 V 4.7 V :,5.2 V IN OUT 

:t 

+2 +6 

12 C ,[. 

12 C . 

6.5 V 7.0 v: 6.0V IN IN 
" " 

H +. ) 

. 2.1 V 3.4 V '6.7 V OUT OUT 
H +1 

2 2 

, 

" ~ 

+4 +14 

20Si 
" 

20Si ; 6.8 V 8.0 V 8.0 V IN IN 
" , ' . .~ -
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l.IXR-nK 09/10/86 

I~ NEI* 3+ t£ON ~+ NEON 4+ NEON 4+ CARBOO 2 CARBON 2 HZ 1+ HE 1+ OXYGEN J OXYGEN 3 SI 4+ 
:,' mss 20 20 22 22 12 12 2 4 16 16 28 

T1 DlAR6E 3 4 4 4 2 2 1 1 J 3 4 
Tl QlA 0.15 0.2 0.182 0.182 0.167 0.167 0.5 0.25 0.188 0.188 0.143 
T2 DW!6E 7 7 7 8 4 5 1 2 5 6 CJ 

T2 QlA 0.35 0.35 0.31B 0.3&4 o.m 0.417 0.5 0.5 0.313 0.315 0.321 

RfO GRADIENT 7 5.25 5.8 5.8 6.3 6.3 2.1 4.2 5.6 5.6 7.3 
T1 6RADIENT 7.8 5.8 6.~ 6.4 7 7 2.3 4.7 6.2 6.2 8.2 
T2 GRADIENT 7.6 5.7 B.~ 7.3 7.9 6.~ 5.3 5.3 B.S 7.1 8.3 
D1AAlRAM FOIL IN IN IN IN IN IN OUT IN IN IN IN 
LIt« EXIT FOIL IN IN IN IN IN IN IlJT ruT IN IN IN 

ARC (~PS) 2.2 2.6 2.6 2.6 2 2 0.8 0.6 2.5 2.5 
SARC (V!l.TS) 0 0 0 0 0 2500 
GAS Pl1.5E (DELAY! 27 11 16 4 5 28 32 
liAS PlLSE (lUDTH) 5 2 5 4 4 1 1 

EXTROCT (KV) 17.5 19.7 19.5 19.5 17 17 IB.4 15.3 19.4 19.2 
EINlEl. (KV) 16.5 16.6 16.8 16.8 15.1 15.1 B.7 10.5 13.6 14.5 
Ka£T (AMPS) 235 210 222 222 230 2JO 135 165 220 250 
DED< IKV) 56 43 46 46 51 51 17 M 45 59 

LEBT 01A (~PS) 3 6.2 9.9 9.9 2.7 2.7 9 18.9 42 180 
LEST OIB (AMPS) 49 J8 41.1 41.1 M.9 34.9 20 34.1 63.9 145 
LEBT lEA lAMPS) 114 92.2 111.3 111.3 101.2 101.2 3S 69.4 87.3 123 
LEBT Q2B lAMPS) 95 74.5 87.7 87.7 83.5 83.5 30.3 57.5 65.4 B8 

LEBT"I (IV'IPSI 101.4 78.5 84.6 8-\.6 91.5 91.5 31.05 62.05 82.3 107.7 

LEBT Q3A lAMPS) 106.9 GO. 7 94.9 94.9 112 112 26.1 53 &2.4 113.5 
LEBT IDB (AMPS) 182.9 151.1 173.4 179.4 115 115 63.2 122.7 165.7 195 
LEBT IllC (AMPS) 195.2 191.7 189.8 189.8 156 156 71.7 136 194.5 199.6 
LEBT DJD lAMPS) 146.1 136.1 149.2 149.2 124.5 124.5 ~.8 93.5 115.6 170.8 

LEBT 5MIH lAMPS) 0 0 0 0 0 0 0 0 
LEBT 9UV (AMPS) 0 0 0 0 0 0 0 0 
LEBT SM2H 1!WlS) 0 0 0 0 0 0 0 0 
LEBT 9I2V lAMPS) 0 0 0 0 0 0 0 0 

T1 DRIFT TUI£S 
0 33.0 24.7 27.2 27.2 29.6 29.6 9.9 19.8 26.3 26.3 M.6 
I 17.0 12.7 14.0 14.0 15.3 15.3 5.1 10.2 13.6 13.6 17.8 
2 16.0 12.0 13.2 13.2 14.4 14.4 4.8 9.6 12.8 12.8 16.8 
3 15.0 11.2 12.~ 12.4 13.5 13.5 4.5 9.0 12.0 12.0 15.7 
4 15.0 64.0 12.4 12.~ 13.5 13.5 ~.5 9.0 12.0 12.0 15.7 

:5 15.0 !l.2 12. ~ 12.4 13.5 13.5 4.5 9.0 12.0 12.0 15. 7 
6 15.0 11.2 12.4 12.4 13.5 13.5 4.5 9.0 12.0 12.0. 15.7 
7 15.0 11.2 12. 4 12.4 13. :5 13.:5 4.5 9.0 12.0 12.0 15.7 
8 15.0 11.2 12.4 12.4 13.:5 13.5 4.5 9.0 12.0 12.0 15.7 
9 15.0 11.2 12.4 12.4 13.:5 13.5 ~.5 9.0 12.0 12.0 15.7 

10 18.0 13.5 14.8 14.8 16.2 16.2 5.4 10.8 14.4 14.4 18.9 
11 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 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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llDl.-TlJ£ 09/10/86 

Ia. taJN 3+ NEDN 4+ NEIJJ 4+ t£~ 4+ CARBON 2 CARBON 2 HZ 1+ 1£ 1+ OXYGEN 3 OXYGEN 3 51 4+ -13 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 CZ.O 
14 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 22.0 

15 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 22.0 
16 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 22.0 
17 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 22.0 
18 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 22.0 
19 21.0 15.8 17.3 17.3 IB.9 IB.9 6.3 12.6 16.8 16.8 22.0 

20 22.0 16.5 18.1 18.1 19.8 19.8 6.6 13.2 17.6 17.6 23.1 
21 23.0 17.3 19.0 19.0 20.7 20.7 6.9 13.8 18.4 18.4 24.1 
22 23.0 17.3 19.0 19.0 20.7 20.7 6.9 13.8 18.4 18.4 24.1 
23 23.0 17.3 19.0 19.0 20.7 20.7 6.9 13.8 18.4 18.4 24.1 
24 23.0 17.3 19.0 19.0 20.7 20.7 6.9 13.8 18.4 18.4 24.1 

25 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 22.0 
26 21.0 15.8 17.3 17.3 IB.9 18.9 6.3 12;6 16.8 16.8 22.0 
27 21.0 15.8 17.3 17.3 lB.9 18.9 6.3 12.6 16.8 16.8 22.0 
28 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 22.0 
29 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 22.0 

30 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 22.0 
31 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 22.0 
32 21.0 15.8 17.3 17.3 18.9 lB.9 6.3 12.6 16.8 16.8 22.0 
33 21.0 15.8 17.3 17.3 18.9 IB.9 6.3 12.6 16.8 16.8 22.0 
34 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 CZ.O 

l5 21.0 15.8 17.3 17.3 lB.9 lB.9 6.3 12.6 16.8 16.B 22.0 
36 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 . 16.8 22.0 
37 21.0 15.8 17.3 17.3 18.9 18.9 6.3 12.6 16.8 16.8 22.0 

I«.F IlIAD 3BA 2£.2 19.7 21.6 21.6 23.5 23.5 7.9 15. 7 20.9 20.9 27.5 

IR.F OOW 388 21.4 21.4 23.6 20.6 22.4 18.0 15.0 15.0 23.9 20.0 23.3 
GRP 4 (25-381 592.0 592.0 651.6 569.2 620.4 . 496.9 414.4 414.4 662.0 552.5 645.5 

25 592.0 592.0 651.6 569.2 620.4 496.9 414.4 414.4 662.0 552.5 645.5 
26 m.o m.o 659.3 576.0 627.7 502.8 419.3 419.3 663.8 559.1 653.1 
27 £OS. 0 605.0 665.9 581.7 634.0 507.8 423.5 423.5 676.5 5&4.7 659.7 

28 612.0 612.0 673.6 588.5 641.3 513.7 428.4 428.4 684.3 571.2 667.3 
29 619.0 619.0 681.3 595.2 648.7 519.5 433.3 433.3 692.2 577.7 674.9 
30 626.0 626.0 f189.0 601.9 6$.0 525.4 438.2 438.2 700.0 584.3 682.6 
31 633.0 633.0 696.7 608.7 6bJ.3 531.3 443.1 443.1 707.8 590.8 690.2 
32 639.0 639.0 703.3 614.4 669.6 536.3 447.3 447.3 714.5 596.4 696.7 

33 £t46. 0 646.0 711.0 621.2 676.9 542.2 452.2 452.2 722.4 602.9 704.4 
34 653.0 653.0 718.7 627.9 684.3 ~.1 457.1 457.1 730.2 &09.5 712.0 
~ 660.0 660.0 726.4 634.6 691.6 554.0 462.0 462.0 738.0 616.0 719.6 
36 667.0 667.0 734.1 641.3 699.0 559.8 466.9 466.9 745.8 622.5 727.3 
37 674.0 674.0 141.8 648.1 706.3 565.7 471.8 411.8 153.7 629.1 134.9 
38 680.0 680.0 748.4 653.8 712.6 570.7 476.0 476.0 760.4 634.7 741.4 

6RP 5A 1J<}-5()) 680.0 680.0 148.4 653.8 112.6 570.7 476.0 416.0 160.4 634.7 141.4 
6RP 58 (51-{,21 ~ ~ '"'""" ~ ~ ~~~ ~ ~~ GRP 6 (63-14) 490.0 490.0 539.3 471.2 513.5 411.3 343.0 343.0 547.9 451.3 534.3 
tR..F rDlD 75 490.0 490.0 539.3 471.2 513.5 411.3 343.0 343.0 547.9 457.3 534.3 
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:1.6 .. 47::j \?!. !21:::;;9 () 

r~l ,"" ""1 
L..::' .. ::'u 81212 !21 .. 672 n 

47 .. IZHZ!!!.! Q! • Q! IZHZ! C 

!Z! .. 1 ~~::2 1 .. ~5f.<:; () 

:::'9 .. :3::5~i ::~;9 .. 46:::;; u 
I. Q!~~;. 791 11214. 1:;::-7 0 
76 .. 8B!?! 76 .. T7"7 C 

8L~ .. 829 84. 7136 0 
47 .. QI!ZI!?! Q! .. Qi IZI 0 (""' 

82 .. 68!i.! ElLj· • 1 !21~~ U 
16L~ .. 71!.!t 166 .. 9::~~5 () 

195. :~~54 197 .. 41 1 0 
:1.4::::' .. Tn; 15~)rl IH8 C 

!;~j • !!.l IZ! I?! IZ! .. IZ!Ol Cl 
!?I .. 1i.!I?!!?1 -0 .. QHZ!2 (} 

0 .. 121m1Z! O. !i.!Qf::' Cl 
!?! • ::~;!?I!?I ii.! .. i2!!2!:'.:i D 

:::WI .. ::::'7 Cl 1 ::i :I. 9 .. Ii! !Z! !?! 19 " 01 
17. 9 I?! () 16 )9 .. QIQ!(Z! lB. <:;":;> 
1 r.::· 

... "," :Z6 0 17 :[ 9 " !i! !!!(I 1U " 96 
16. 1?16 Cl 18 1 c·, 

:7 " 12!!?!!?! 19" 12!2 
1. ::.i .. 137 U 19 :1. 9 · nOI!! 1 9 " 

."', .. ::. 1 
1:5 .. 8'-·' .i_. U :?QJ :;:: :~:: " i2IQ!IZ! ~':: :~:; It !!.!4 
:1.7 .. 71:3 (J 21 ") -::-

.. :...· ... ·11 (!!i!Q! "-,r') 
..::.":: . . erO 

17. !i!::j Cl ::~ ~.~~ ''''-'- ii!(!'!QI ::~::::. 1 r.::-.,:: ... :' " .. ... J 

17 .. .<1.:1. 0 ~~~::~; 
."-.'·;r .. :: ... ~. · (I !i.! !!.! '''' ,.,. 

..:: •• _:. II iiJH 
lB. BB () 24 r'l-:--.. :: ... .:. · O!Z!!!I ,oO,",' 

..:: ... .:. " (I} 
16 .. 2"7 0 ro,I:::' .. ::.\ .... 

..... , .. ,. 
f.2!!i.112! .--. .. ,. 

06 .. :: .... :- " ..:: .. ,.:, " 
113. 96 () 26 '-1":" ..:: .... :- .. !2!!2!Q! 1'-.'-:" .. :: .. ,.:, " 07 
:I. (~3 .. }!3 0 ,'-:''' . ., 

.. :'.1 
".,,-:r f.21!i.!!!.1 '''.,.'';,. :I. 

...... .. :: ... .: ... . ,::. ... : ... ..:: . 

Ft. t ::j Cl 2B r',";t' 
..:: .... :- .. !?liZ!!!.! r)"=!, .. :'.'-' . (2113 

113. 79 Cl ~~~Cl 24 · ~:?f~~:? 24· .. "'.'''', .. :., .. ' 

2!21 :1.000 200 :I.OOd 600 40d 
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(J 

U 
U 
(J 

(J 

IJ 
0 
(] 

U 
Cl 
0 
Cl 
Cl 
CJ 
() 

";o""l 
' .. :'.I!:. 

::::: ::~: 
::::'1.1· 

::~;6 

:~:,7 

:::;nf.~ 

?:;?" :l.o::r:::: 
:?4 .. O::~;2 

::;~4 " LI· 1. 7 
2·'l" 96~j 
24.0H2 

, .. , .... , .. ; .. ": .. 
.. :: ... :: ...... : .... :. 
::~4 m:::i 
::;-:4" ,}::::: 
24,,9::::: 
24" ·q·v 

::;~·il" 5:1 

Cl 
U 
(J 

U 
C) 

U 
Ct 
(J 
(J 

58B 20"Odd 19 .. H2 0 
GR4 640,,00m 655 .. :1.2 0 
Gn5Pi 660"m00 642 .. 15 0 
GR5B 6H3,,492 671,,45 0 
Gn6 420 .. 000 411,,82 n 



SAVE2 1217:57 1213/04/87 CARBON 2+ 

STATIONS 
ARC I 2.198 2.083 0 
ARC E LIM IZI. 1211211Z1 IZl • IZIIZIIZl 0 
SPUT ARC E 121 • 121121121 1Z1.I2IIMI 0 
SPUT ARC E L 121.121121121 Vol. 121121QI C 

EXTRACT E 17.552 18.291 0 
EINZEL E 17.542 18.217 0 
HAGNET I 229.999 23121.464 () 

DECK E 51.QI0121 51.1!li6 C 

LEBT QIA 2.6Qll 3.12128 0 
LEBT QIB 33.663 33.797 0 
LEBT Q2A H12.81Z12 11213.346 0 
LEBT Q2B 87.216 86.935 C 

LEBT, Hl 92.198 92.12115 0 
DECK E 51 .1211210 51ZI.952 C 

LEBT Q3A 87.411 88.889 0 
LEBT Q3B 168.578 171Zl.843 0 
LEBT Q3C 197.81l18 199. ~:;65 () 

LEBT Q3D 156.12199 17121.256 C 

LEBT SHIH 121. 1211210 121.1211213 0 
LEBT SMIV 121. 121121121 -IZI. I2IQll 0 
LEBT SM2H 121 • III 121121 Ill. 1l11Z15 () 

LEBT SM2V 0.12IQI0 III • 12I1ZI5 C 

DRIFT TUBES 
0 3'"' .<... lfll3 32.23 0 15 2 !ZI • 12!!ZIIZI 21Z1. IZI2 () ~5QI TJ. IZII2H21 '-'7 

L.· . .:· • 16 0 
1 18.879 18.7121 0 16 21Z1 • IZIIZI QI 2121. 1Z14 0 ~;1 T:;'. IZIIZIQI 22.26 0 
2 18.505 18.42 0 17 2 121 • W 12HZI 19.98 () 32 23 " IZI !Zl!!.1 2~:;'. 57 0 
3 16.41Z13 16.21 0 18 2!!l. !iII2HZI 2121.IZ17 0 "":!'~ 

'-"-' 2 3 • 1l112!Q1 23.46 0 
4 15.994 15.81 0 19 2121 • IlI@ZI 2QJ.25 0 34 2 3 • I2HZII!.1 22.52 () 

5 15.994 15.68 0 2 III 2~:;' • 121121121 2::::;. !!I9 0 7C:-
· .. hJ 23 • ~:'I !iHZI 23.24 () 

6 15.994 16.64 0 21 2 ~J. 12HZ!!21 22.97 0 36 23. 1Z1!!I!21 22.62 0 
7 15.994 16.38 0 22 2 ~j • 1211ZHZI ,,-:r ...::. .. .:, . l' ~. 0 37 2:3 • 12HZIIZI 23. !!j5 C 
8 15.994 16.24 0 23 2 3 • !ZHZIIZI 2~::'. 1214 0 38A 33. 1Z1I215 32.59 C 
9 15.994 15.74 0 24 TJ • lil121121 2::::. ~!J5 0 38B 22.5!!i1 '-"~I "':...::. . l' '-' 0 
10 2121.0121121 19.74 0 ..... 1:::" 

.L.,J T:::. !ZI !21121 :rJ .1Z113 () GRL~ 4 61Z1 • !!II2HZI 455. 19 0 
11 21ZI. IlllZII!l 19.88 0 26 T::'. @illZI T>.IZI4 0 GR5(·' 461!1.635 4·61.4'+ 0 
12 2121 • illiZI III 19.65 0 27 2:::' • I?!!Z!!ZI 2:::: • 1 1 0 GR5B ~H6. 874 316.68 I] 

13 2111 • IZIIZI121 2121.05 0 28 23 • !21 !i!!21 2:3. 13 0 GF:b 448.767 436.24 D 
14 2121. 1211Z1121 19.84 0 29 23.IZI!?II?1 22.93 () 

TIMING 
22 4 40 11111210 80 1000 120 1W!!I0 600 400 2 

158 



SAVE3 14:08 12/03/85 HYDROGEN (H2 1+) 

~3T (::I T I ClND 
nf~C I 
ARC E LIlvl 
E;F'l..JT ARC F 
UF'U'r PIF<C E L. 

EXTHPICT r" 
FINZEL r" 

i?,! .. 826 
2 .. :I.:~;7 

::~; .. l2!':;::::: 
Q!. Ii! 12HZ! 

H3. ::::'56 
8. 7412! 

Q!. 6~52 

12!.12HM! 
12! • iZH2!!21 
IZI. !2l1Z11?1 

19. HI:~; 
9. 1.4::::; 

I"I{~UNET I 1::::'4 .. 997 1:::::4 .. 86!21 
nECI< r" 17 .. Iii!!!!?! 

LEBT 
L.EE! I" 
L..E:Bf 
L.EBT 

L..1:::)3T 
DECI< 

LEDT 
I.. .. EBT 
I.. .. E:B·r 
L.EDT 

LE)3T 
LEEl"!" 
LE:E:r 
L..EBT 

4 

6 
'7 
I 

"'\ 
(::l 

F 

"1"11"111\1(3 

o :I.{~ B .. 999 
OlE! 2121. ~~II?IIZI 

O~·:'(·) ":"'1:.:-
·"h,J • lill?l!?! 

0:.'28 :~;!21 • ::~9~::' 

111 :~:. :t .. !?1~5!!1 

:1.7. 12!IZIQ! 

n:~;n :;;:'6. 1 !!.I!'.') 
O:::::B 6:::' • 21 1 
()::::;c 7:1. .. 7~:i2 
O::~;D 4':·' 796 

81'111-1 QI .. !i.1 !:~! !i! 
::;1'11 I.,) 0 .. O!21!21 
~:;1'12H 121 .. 1218:::' 
SM2V QI .. UZI2 

:l2. !?167 1.:.? Q!~i (J 

D. l!2H3 7 • 61:3 Cl 
B .. 9,,/'6 f3. 6~.i () 
El. 7"7B B. :::::6 (J 

8 .. 669 B. ::::::::~ (J 

El .. Ol7>4 7 .. 71 () 
U .. 076 1:3 .. 17 0 
7 • ~::;69 '7 • ~:;.t.I· 0 
u .. 6~:;::~; n .. :54 0 
I:] • 7 hE! <:,. ~jQ! () 

B .. 6::~:::!; 7 .. 7~.".i U 
9 .. 1::;7 n.~:IC D 
9 .. !i.!::;~6 U .. 1::.9 D 
<)1. ~:~7:? 9 .. 4:~; D 
U .. B 1 .. / U .. 5!i.! D 

1 .'" 
• I • ::;::::;3 

B. 987 
19. 634 
St.f .. :.286 
:~;12! .. 379 

5!2! .. 1367 
17. :~:; ~~j::: 

r'~ t. 
.,::.\'.)11 569 
6::::'. <;lEl!?! 
71 .. B9~~; 
42. 

!i.! • 

'-!i! .. 

I?I .. 
!21. 

6136 

QI121::2 
!211212 
!M14 
QIO~~; 

~::::::~ 

21.1· 

,." .. .,. 
..::.,/ 

0 
() 

0 
C 

0 
() 

0 
0 

0 
() 

0 
C 

() 

0 

(J 

() 

(J 

C 

(J 

CI 
(J 

0 

9. 1.1·:~j9 9 .. 2~i (J 

9. ~.".i:::;2 9. ~~;2 Cl 
9. ~:28:~; 9. ~i.16 0 

J.1.~5m4 J.1..~:;'1. (] 
:I. :l • :.:::09 11 • 14 U 
10.996 10 .. 82 D 
:L :l • ::!; ::~; 1 :I. 1 .. W:;l Cl 
:l.1.Z27 l.:I..1Q! (] 
1 1 .. :?46 1 :I. • !i)} C) 

1. :I. .. !!I Tll· l!?l .. [VI- () 
1:t .. :I.~::j:~; 10 .. 98 U 
1 1 .. ::2~::i6 1 1. • !:~j7 C) 
:I. 1 • 199 :I. 1 • !?12 U 
11 .. 4~.".iB :I. :1. .. 26 CJ 
:I. 1 .. 4~:;::::; 1 :t .. ::::;:1. Cl 

-<l 4 80 10!!.10 120 U00 400 400 
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:~;!il H~j .. :::;~:.i:L 1. U .. 19 c::: 
~:::1 1 !:~l .. 246 9. ~:i9 [) 
52 :1.0 .. 264 10 28 U 
33 10.268 10.18 n 
34 :1.1.505 11 .. 04 0 
55 10.362 10.25 0 
36 10.205 9.76 0 
37 10 .. 824 10.85 C 
58A 10.863 10 .. 85 C 
38B 9.658 9 .. 34 [) 
UR4 538.633 527 .. 67 0 
GH5A 61B .. 999 594 .. 48 0 
GH5B 503 .. 6:1.4 489 .. 3U 0 
GR6 373.U95 362.00 0 



SAVE4 15: QI9 QI2/QI2/87 HELIUM 1+ 

STATIONS 
ARC I 1 • 2QIQI 1.1216121 0 
ARC E LIM 121 • QI 121 121 121. 1Z1I21I!1 0 
SPUT ARC E IZI • 121121121 121. 121121121 0 
SPUT ARC E L QI.012IQI IZI. 121121QI C 

EXTRACT E 15.139 15.795 0 
EINZEL E 13.269 13.81212 0 
MAGNET I 164.995 165.446 0 
DECK E 34.268 34.254 C 

LEBT QIA 18.895 19.243 0 
LEBT QIB 34.17121 34.286 0 
LEBT Q2A 69.438 69.451 0 
LEBT Q2B 57.46121 57 • 4~!'6 C 

LEBT M1 62.051 61.929 0 
DECK E 34.268 34. 19121 C 

LEST Q3A 53.1211214 54.115 0 
LEST Q::m 122.698 124.7:"57 0 
LEST Q3C 136.12I1H 136.45<1' 0 
LEST Q3D 93.584 93.578 C 

LEST SM1H 121. QIQIQI 121. 12H21 1 0 
LEBT SM1V I!I. 1Z1I21QI -1Z1.12IQI2 0 
LEBT SM2H QI. QIQIQI 121. 1211215 0 
LEBT SM2V 0. 0QIQI I!I. QIQI:3 C 

DRIFT TUBES 
0 22.794 22.98 0 1t::" ,J 15.692 15.65 
1 12.8:36 12.49 0 16 15.692 1. 5. 6 el 
2 13.71218 13.49 0 17 15.692 15.6::::; 
3 14.517 14.27 0 18 15.692 15.68 
4 13.471 13.22 0 19 15.692 15. '79 
5 13.444 13. HI 0 2QI 19.66121 1 <T. 71 
6 12.982 13.42 0 21 19.12113 18.96 
7 12.188 12.39 0 22 19.1?1:::i<1 1. 9. 16 
8 12.595 12.69 0 ,-.... -:r ..:.,..._. 18. <l42 18.94 
9 15.885 15.65 0 24 1B.IZIIMI 17.9<T 
10 15.66QI 15.26 0 25 18. QIIMI 18.1212 
11 15.954 15.76 0 26 1 B. 1211211ZI 1 B. 121:3 
12 17.215 16.88 () 27 1 (]. 1211210 1.13. 1216 
1-:0' -' 15.692 15.69 0 28 18. 121!!.1121 18.1216 
14 14.9<T4 14.71 0 2<T 1 8 • 1211211?1 17.93 

TIMING 
4 2 2121 112100 80 1000 120 1000 600 400 

160 

0 ~5QI 1 8. !ZI!211Z1 18. 13 0 
fJ :31 1 8 • 1211!11Z1 17.36 fJ 
() 32 18. IZI!MI 18.3'1 () 

fJ ~;3 1 8 • f!1!21!!J 18.28 0 
0 34 1 8 • Q1!211(,1 17.59 0 
0 35 1 8 • 1!1!~1!21 18. 18 () 

() ~56 2 121 • 1!1!2l!21 19.66 0 
0 ~)7 2!21.121!MI 19.9<T C 
() 38{~ 21.612 21.62 C 
(] ~~;88 21.7313 21..42 0 
Cl GR4 432.332 427.64 0 
0 GR5A 51,2.796 5Q18. 7:~ 0 
() GF<~5B T74.994 368. 4~..'i Cl 
0 GF<6 356.71213 34 cl.89 0 
() 

2 



f.3(~,~jE~~i 1. ~:5 : 14 :I. :t /QI7/f:36 OXYGEN ::::+ 

E;·'U'.),T· I ClI\I~3 
(~F(C I ""l :2 ~!li21 '" 1 !ZI~~: Cl ... ::. II ..::'11 

P,HC: 1"" 1.. .. I 1"1 (I .. QI!?II?I ~?I .. 121nQI 0 
f:3F'UT {1r~C I .... 1;:1 .. iZ!IZI!21 121. !21121!21 0 
f:;pu'r (·',F<C E L ~21 . 121QI121 !21. 1iJ1211?1 C 

EXTF<f:'jCT r" 17. 7 IZIIZI 18. 411Z! 0 
Elf'-.IZEL F :1.7. Ii.I QI QI 1.7. C'(::) 1"", 

,J 1..::' 0 
Ivl{·~UN[T I :;2!217. 173 2W8. 18:1. 0 
DEC!< E "1-5 a QI!2I!?1 44. 984· C 

I._E8T () :I. {.~, 42. IZI27 4:1. . 91115 0 
LE:BT D1.B 6;~: .. !:3<7>::i 64. W/8 0 
L.EBT C! :::~(.~ 87 .. ~:A4 87. ~j21 Cl 
L.EBT D2B 6~5 .. 4~21~~: 6'::'-d. 446 C 

L.E:BT 1'1 :1. B:.? .. :::::!ZI:;~ ~:l2 ., 544 Cl 
DECI< E' 4~:.'i.. QI~i.I!?1 .<l~5 .. 12116 (" 

LEIJ'T o:::::{~ 1,1:) ~;;~ If ::~:9::~: 6":~ .••• , u ~Z1!214 Cl 
LEE('r O:::;:B 16~':; • 678 167 • ..., 

I 17 () 

L.EHT O:::::C 194 .. 47~:; 196. 6::::111 () 

L.E:BT O:3D 1 1. ~5 .. !:i 1. ::::: 1 lB. 121<7>::; C 

L.EOT f.;)lVI1H QI .. 11Im!?1 121 .. 12IQI::::: U 
) I.. .. EBT SI"11V I?I. Q1QIO 1i.1 .. QI!Ml CJ 

v L.FBT SIVI:?I .. ·I kIn OI2!1?1 121 " !:?I 121 6 CJ 
1.. .. F.:: O'T bl'1:?V QI .. 121!ZII?! !21. OW:i C 

Dr;: I F'T TUBEr:; 
0 :~~ (:,1 II 6<J9 ~.?(:.i> II 8<:, Cl 1 :5 :l 9 .. 1?10!Zl :I. G. 70 
1. 1 

..., 
~::';!211;:1 1 '7 '-=!""."l Cl 16 I . . .... ' .. : .. 1. <:;> .. !11111121 1 U · 97 

2 1. ~::i .. 999 1 ~:j .. B~:) 0 :1.7 :1.9. 1:;l!MI lB. 9 /4. 
":1' 1, ~5.. :I. :1.9 :1.4 B9 0 iB ',.:- .. 19 · 1:;1!11Q1 1 9 .. l112 
4 1':') .. 1?1()cr 14 .. 9(21 (J 19 l'::r · o !?I!ZI :1.9 .. ::~Ii.l 
I::' 
d :1.4. 999 1 'l.. '7'7 (] 2111 .-.. -:r ..:: .... :- .. 4!11!i.l I"~ '-:r 

''::''-:' .. 4"'" ",-' 
6 1LL. 99(7) 1.:5 .. ,.!:lO () :.? 1. ~":'~ ::~; .. 4(1!:;1 ,M')_:" 

•• :: .•.. :a .. ::~~ (;:) 
"';'-
,I 14. 999 :1. ~S. -=!"-::' '.M'·._' (] ~;2~2: "')",. .. :: .... :. · l.j·IZlli.1 ::;.~ :::. .. 1:::-

d 1 
B :I. LI· n 

(:l<J)C;> :I. ~.::i .. ~::~~5 (] :~~::~; 
I··.)··~· 4@i.1 '''1'',. 4::2 .,: .... _. · .. :: .... : ... 

f") :1.9 .. !il!?llil lB .. E~:? (] :.?4 "7 
1"")":" 41MI .... ,-: .. 4'-'; . ,::., .. :'11 .. ::. ... : . · '.L_ 

ll?1 :I. c;) .. (1 0 IiI :l.El .. '7 iiI 0 ~?~5 
,",":-' 4· !:;I 0 1"')";" ::~:O .. ::. .. .:." .,:: .... :. · 

:I. :I. :1.9 .. ii,l!?l!!.1 1 El.. 91, Ci 26 '''l'';'' L~Ii.lli.1 
.... ~ '-: .. 

'1- 1. .. :: .... :. · ''::''M:' · 
12 :1.9 .. !:i.IOl:;l :tB .. 69 0 ~:2)' ::~:~; l.j. !!.I 12j ..... , .. :,. .. :: .... :. .. 4(::-
1. :::. :I. C'l. !!.lQ10 19 .. ~2' ~:.i CJ :?B ...... -: .. .s::. ... :. .. 000 ~2::::; .. 07 
:I. 4 :1.9 .. (.?IOO :l.B .. B:;::~ (] ~,?(:) 1""'1-;" 

.,:: .... :." !!.I I?Il!.j :?~:::: .. 96 

TII"III\IG 
"''''i/'''' . ,::' .. ::. 4 80 1000 150 1000 600 400 
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U 
(J 

C) 

[) 

Cl 
0 
Cl 
(J 

(J 

(J 

U 
Cl 
Cl 
Cl 
(J 

'''1 
.1:: • 

::~:QI 
'":!' . .... 1 
::~;~:~ 

::~: :~:. 

54 
-;"C:;' 
''')'''' 

":,./ 
· .. )0 

:::::"/ 
:~;8P, 

::::8B 
Un11· 
FJr~~:.i(~ 

(31:;:~::j:D 

Gn6 

, ....... :~. .. : ....... .. 
:?~ZI · 
:l 7 .. 
1. ("'~ ,. · 
:[ ...... 

"r .. 
1 C) 

I .. 
:I. E~ · 
:I. "')' 

,I 

~:;:: t.::. .. 
,-'t / 
.• ::.C; .. 

\~) ~2j ~21 .. 
, , .. ~ I:::' 
c:> ,.:: .... J .. 
4 ''''.e::' 

.• ,: . ...1 .. 
~:.i::::;:·:·~ .. 

!2jf?j!21 ::?~::; .. 1. :t. U 
f30f:;1 ::~!?j .. (~j t~~ [I 

l?j':I.IO :I. 9 .. ":j. lI- C.l 
(!.lUI?'! 1 '''\ ::~;li, ("'I "? .. 
8(10 :l (:,. .. ":"1:::' 

.•• : ..... J U 
fIU!!1 :I. <,' . (:?a~ U 
400 :I. c:· (~ :':::~ C} , ..... .. 
~",!!210 1. 7 "'1 4 LI .. ,. 
l300 ....... L .. 7~:,::.; [' ..:.., ... .' .. 
UOl!) ~,?~; ~)c;' f"', , .... , 

(IUO ~:.:,; ';:?~.:,:j !:::j':;':-' [! 

QJQj(~ (}~:?i:) "2t:.. (j 

Q1Qj() -4 :I. l .. 1 ~~:': U \ .. '\ .. 
~:.:;·:7 () ~:.:,i ~,~':: :~:; .. r.::· f.. 

l \_, [i 



SAVE6 12:20 09/09/85 linac exit 170 u a alplhas 

STATIONS 
ARC I 2. 0121121 ~O • !ZIQIQI 0 
ARC E LIM 0.01Z11o IZI. ~ZIIMI 0 
SPUT ARC E 0.IZ101Z1 ~ZI. 121 QIIZJ 0 
SPUT ARC E L 121 • 0121121 121 • 012I1ZI 0 

EXTRACT E 18.IZ149 ~ZI. ~ZHZIIZI 0 
EINZEL E 9. 121l!21 121. ~11Z11Z1 0 
MAGNET I 129.999 121. 121 ~!IIZI 0 
DECK E 17.083 121. 1211ZIlZI 0 

LEST QIA 3. 11146 IZI. 12HZI121 0 
LEBT QIB 12.576 121 • IZIIZIIZJ 0 
LEBT Q2A 35.44121 IZI • ~!I!ZI 121 0 
LEBT Q2B 31.093 IZI. 1ZIIZIIZ1 0 

LEBT M1 31.12162 ~ZI • IZII2IIZI 0 
DECK E 17.083 IZI. ~ZI 12IIZI 0 

LEBT Q3A 29.158 QI. IZIIZII!I 0 
LEBT Q3B 61.954 121. 121@?1 (] 

LEBT Q3C 66.966 IZI • IZI QI !1.1 0 
LEBT Q3D 45.433 ~ZI. 121121121 0 

LEBT SM1H -IZI. 121511.1 IZI • QI W 11.1 0 
LEBT SMIV -121. 1Z168 121. III QII2I 0 
LEST SM2H 121. 121121121 121. 1211211ZI () 

LEBT SM2V 1l1.01Z13 IZI. 121@21 0 

DRIFT TUBEB 
0 12.323 !l.l. illIZI 0 1 t::-.J B. ~579 !?I. IZHZI () ::::;9.1 . cJ .331 0. QIIZI 0 
1 7.41219 121 • IZI121 0 16 7. :.265 IZI • !ZIIZI 0 ~::;1 '7.12195 10 • 9.IIZI Cl 
2 6. 81ZIIZ1 III • 121121 0 17 7.622 I!I. IZI121 0 -:r~ .. ':'~:. 9.114 IZI • !!IIZI 0 
3 7.712 121 • IZIIZI 0 113 8. ::)11:3 IZI. 1211Z1 (J .. ~-::' 

"_'0_' 9. 1QIIZI IZI • !ZI!ZI 0 
4 7.018 !ll. IZIW 0 19 7.969 11.1. IZI!21 () 34 9. 142 121 • IZIIZI 0 
C" 7.212 121 • lZII21 0 21Z1 9.1Z1'1-5 IZI. 111121 () ~!'5 9. T'::'7 IZI. IZIQI 0 ..J 

6 5. llZI4 III • QI121 0 21 9. l1Z18 121. IZIIZI 0 36 9. 151Z1 IZI. !ZIIZI 0 
7 6.286 IZI. IZIIZI 0 22 (i. 1. ~)9 121. 1Z1121 0 37 11.IZ179 IZI • !!IIZI C 
8 7.428 121. IZIIZI 0 23 9.142 f21. 1211Z1 0 38A 7. 511Z1 11.1. !ZIIZI C 
9 8. 15:::; 121 • IZIIZI 0 24 9.IZ188 QI.I!I!!I 0 :::::8B 13.1713 QI.QIO U 
10 8.367 121. 121121 0 "t::. 

,L,J 9.11.122 IZI • 12l!i.1 () GFU~ 41121.Q186 1(.1. IMI () 

11 7.776 ~ZI. 121121 0 26 (-:,). !?I:S6 !?I. !211ZI 0 GF:5A 542.564 121. QIQI U 
12 8.154 0. QII21 0 27 CJ. !?137 !ZI • !211ZI () GH5B 477. 681!1 121. 121121 (1 

13 8.21Z19 IZI. IZIIZI 0 28 B.9c)l1 121. IZIIZI (J GRb 311.41Z14 V.I. IlIQI 0 
14 7.995 121. QI121 0 29 8.971 IZI • QIIZI Cl 

TIMING 
23 2QI IIMIQI 80 1000 120 1000 61110 400 
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SAVE8 1217: 32 QI3/1QI/87 neon 3+ 

STATIONS 
ARC I 2.6QIIZI 2.447 0 
ARC E LIM 2.747 2.442 0 
SPUT ARC E 0.01210 121 • IZIIZIQI 11 
SPUT ARC E L 1.526 121. llllZll21 C 

EXTRACT E 16.47121 17.111 0 
EINZEL E 17.1!l73 17.661 0 
MAGNET I 235.073 235.47121 0 
DECK E 56.5121121 55.968 C 

LEBT. QIA 1.850 2.442 0 
LEBT QIB 46.856 46.789 0 
LEBT Q2A 121. QI26 121. !Z126 0 
LEBT Q2B HH.91215 lQll.587 C 

LEBT M1 101. 453 Hlt.587 Cl 
DECK E 56. 50111 56. 19l11 C 

LEBT Q3A 98.706 99.731 Cl 
LEBT Q3B 176.551 178.657 0 
LEBT Q3C 198.761 199.756 0 
LEBT . Q3D 166.954 183. 15QI C 

LEBT SMIH (ll • 12IQ"ZI 121. !ZIQI3 0 
LEBT SMIV (ll. 121121121 QI. !MIlZI 0 
LEBT SM2H 0.12100 0. IZ"ZI6 0 
LEBT SM2V (ll. 2(l10 (ll. 12"ZI5 C 

DRIFT TUBES 
0 32.995 "':"'7 --'-' . 1 1 0 15 2 1 • 12HZ!!!1 2121. eJ9 () 3!21 21 .IZIQIQl 21'. 15 () 

1 17. 01Zl!ZI 16.81ZI 0 16 2 1 • 12112H21 21.1211 0 ::::.1 21 • 1Z11Z10 20.31Z1 0 
2 16. 81Z!!!:! 16.66 0 17 2 1 • 12HZlIZI 21ZI.96 0 ~32 21.!!1!!1!!1 21.53 0 
3 14.994 14.75 0 18 2 1. • 12HZl!!1 21.1216 () 33 2 1 • !!HZI IZI 21 • 4:~ 0 
4 14.994 14.77 0 19 2 1 • IZHi.IiZI 21.25 () ~':::4 2 1 • IZHZH!.1 211.1.53 0 
5 13.996 13.66 () 21Z1 22. IZII?llll 22.1115 0 ::::5 2 1 • QIIZlI!I 21 .. 19 U 
6 14.994 15.55 0 21 2 ~~. !2!!!!!!1 22.98 (] :36 23. IZIQI!21 22.61 0 
7 14.994 15.32 0 22 Z3. QIIZIIZI ,~.\-::-

L" •• ". 14 0 ~~7 23. !!1I1H!.1 23.47 0 
8 13.994 14. 15 0 23 2:3. !l.l!2II!1 23.1!14 () 38A 35.996 32.49 0 
9 14.994 14.73 0 24 2 :~:.. (l12!!ZI :?3.IZI5 () 38B 28. !2IQ!!i.1 27.51 n 
10 18.IZIQ10 17.66 0 ""0:::-..::...J 21Z1 .IM!!ZI 211.1.1214 () GH4 61ZH1.1 • IllIZI QI 59::::;.31 0 
11 22.01ZH!1 21.88 0 26 :? !!.I. 12112HZI 2121.IZ15 (J GR5A ~j IMI • 121 !2HZI 51Z12.47 0 
12 2 1 • !2I!21lZI 2121.64 0 27 2121 • 1211'.1121 2!'.1.1219 () GH5B 424.957 427.64 0 
13 21 • IZIIZIIZI 21.1213 a 2B :: IZI • IlliZI Ii.I 2121. j!IB 0 GH6 5Ji.1j!1.342 487.2:3 0 
14 21 • 1211210 20.83 0 29 2QI.IMl!ZI 19.95 0 

TIMING 
18 2 1 Ql 1 QllZIQI 80 1000 200 700 500 400 
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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 XM5 has 1000 amps through it then XM4 should have 2050 amps. 

Magnet Magnet Current/Bev Field Current Ratio Channel 
Amps/Kilogauss 

XM4 85.0 ±3 2.05 1 
XM5 41. 5 +2 1 1 
SlM3 25.0 1 
SlM3 23.5 ISeQtum Ch. 
SlM4 228 6.16 ISeptum Ch. 
SlM5 87.0 2.35 ISeptum Ch. 
SlM6 37.0 1 ISeQtum Ch. 
X1Q4A 159 ±4 0.987 1 

X1Q4B 161 +2 1 lor SeQtum 
SlQ7A 116 ±1 0.906 Septum 

SlQ7B 128 ±1 1 SeQtum 

XM4 61.5 ±1 2.32 2 

XM5 26.5 ±1 1 2 
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5.0 Some Dipole Tuning Hints 

5.1 Extraction Channel: Magnets XM2/XM3. 

Horizontally the beam should be centered at following wires 

XM2WC wire = 16 

XM3WC wire = 29 

XM4WC wire = 16 

Centering the beam on wire 29 at XM3WC minimizes quadrupole steering 

by XQ3. 

5.2 Channell: Magnets XM4/XM5. 

Horizontally the beam should be centered at the following wires 

X1Q4WC wire = 16 

SlM3WC wire = 16 

Centering the beam on wire 16 at X1Q4WC minimizes quadrupole steering 

by X1Q4. 

The procedure is as follows: 

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

scaled currents. 

2. Adjust the XM5 current to center the beam at SlM3WC, wire 16. 

(Do not center on wire 17). 

3. Adjust the XM4 current to center the beam at Xl Q4WC , 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 SlM3WC and X1Q4WC. 

5.3 Channell: Magnets XM3V/XM4V. 

Vertically the beam should be centered at X1Q4WC wire 

minimizes quadrupole steering (vertically) by X1Q4. 
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5.4 Channell: Magnet SlM3. 

Hori zonta 11 y the beam shou 1 d be centered at Xl Q5WC, wi re 

minimize quadrupole steering by X1Q5. 

5.5 Channell: Magnet X1M5S. 

Vertically we require for the following beam lines: 

16 to 

Beam 26: The beam should be centered on B26WC2, wire 16 to minimize 

(vertical) quadrupole steering by 826Ql. Do not center the beam 

vertically on B26 WCl (wire = 16). 

Beam 40: The beam should be centered at wire = 16 at X1Q5WC. 

5.6 Beam 26: Magnet X1M6/B26Ml 

Horizontally do not center the beam on B26WCl (wire = 16). This wire 

chamber is badly misaligned (due to hardware constraints, it is 

difficult to reorient). Note the wire chamber pictures of B26WCl in 

Sec. 3.1.4. Set X1M6 and B26Ml at nominal values from scaling or 

previous known values. 

1. Use X1M6 to center the beam on B26WC2. 

2. Use B26Ml 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 SlM3. 

Horizontally the beam should be centered at: 

SlF2WC, wire = 35 

This maximizes the angular acceptance in the downstream magnets SlM4, 

Sl M5, Sl M6. Note: the ratio of the hori zonta 1 . to vert i ca 1 beam size 

at F2 is 3 to 1. Do not try to make the hori zonta 1 and vert i ca 1 

beams sizes the same (See Sec. 3.7.3) 
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S.8 Septum Channel: Magnets SlM4/S1MS/S1M6. 

Horizontally the beam should be centered on 

SlM6WC, wire = 16 

SlQ7WC, wire = 16 

SlF2WC, wire = 16 

The procedure is as follows: 

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

SlM4/S1MS/S1M6. 

2. Adjust the SlM6 current to center the beam at SlF2WC, wire = 16. 

3. Adjust the SlMS current to center the beam at SlQ7WC, wire = 16. 

4. Repeat step 2 and then step 3 until wire position conditions are 

satisfied. 

S. Adjust the SlM4 current to center the beam at SlM6WC, 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 SlM5S. 

5.10 

Vertically the beam should be centered at 

to minimize 

Channel 2 : 

Horizontally 

SlQ7WC, wire = 16 

(vertical) quad steering in 

Magnets XM4/XM5 

the beam should be centered 

X2Q4WC wire 16 

X2F2WC wire = 16 

SlQ7. 

at the following wires 

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 Channell (see Section 5.2) but will 

require more iterations since X2Q4WC is further downstream ofXM5, 

then X1Q4WC. 
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