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1. Introduction

A previous note!) discussed the effect on the beam spot at the west target of beam line 2A of a window
placed at various distances upstream of the target. Since that report was issued a decision to insert two
windows upstream of the target has been made.

The first, located 44 inches (1.1176 m) upstream of the target, is an aluminum window 0.005 in. thick that
serves to isolate the beam line 2A vacuum (and thus the cyclotron) from the (relatively) poor vacuum of
the target module. The second, located 16 inches (0.4064 m) upstream of the target, is a copper window
0.010 in. thick at the entrance of the target module containment vessel. (A third window, similar the the
second, is located at the exit of the containment vessel but does not concern the study presented here.)

This note presents a REVMOC study of the effect of the effect of these windows on the beam size at the
target location.

2. Method of approach

A TRANSPORT? run was made in which the measured effective lengths of the quadrupoles were used in
the determination of the optics of the beam line. In addition the effective length of the 15° dipole that has
been field-mapped to date was used for each of the 15° dipoles that direct beam to the target. Because
neither of the 27.5° vault dipoles have yet been field-mapped, their effective lengths were taken as the
nominal design value.

The effect of these (relatively minor) changes in the effective lengths of the quadrupoles and the 15° dipoles
in the TRANSPORT calculations was virtually transparent. Consequently, it is expected that insertion of
the measured effective lengths of the remaining 15° dipole and the two 27.5° vault dipoles will not affect
the calculations that follow.

Transport element settings obtained from TRANSPORT were inserted into the program REVMOC?® and
used to predict the effect of the stripper and the windows on the beam spot at the west target. This was
done in three consecutive runs; first, the stripper foil only, second, the stripper foil and the aluminum
window and third, the stripper foil and both of the windows. In this manner it was possible to determine
which scattering elements most affected the beam size at the target.

In each case 150,000 particles were traced through the system. Fach window was divided into the appro-
priate number of 0.001 in.-thick slices.

2.1 The effect of the stripper foil only

The first run was made with only the stripper foil inserted. This we use as the reference for the beam size
at the target. Figure 1 shows the predicted beam size at the west target without the stripper foil—that
is, what the beam spot is to be predicted to be without foil scattering. In figure 2 is shown the effect on
the beam profile when scattering in the foil is included. In these and all subsequent plots, units along the
horizontal and vertical axes are cm, the z-axis is horizontal and the y-axis is vertical.

With no foil scattering REVMOC predicts that the beam size at the target would be +0.23 ¢cm horizontally
by £0.30 cm vertically. When foil scattering is included it is predicted that the beam size will increase to
40.32 cm both horizontally and vertically. However, the fraction of beam predicted to lie outside the un-




Page 2 of 19 File No. TRI-DNA-97-4

scattered dimensions of £0.23 ¢m horizontally by £0.30 cm vertically is only 0.049% in the horizontal
plane and 0.001% in the vertical.

Thus we conclude that foil scattering alone does not contribute substantially to an increase in beam size
at the target.

2.2 The effect of the stripper foil and the aluminum window

As a second step, an aluminum window 0.005 in. thick was inserted 44 inches upstream of the target.
This window was in addition to the stripper foil. A REVMOC run was then made with this configuration.
Figure 3 shows the prediction of the beam size at the west target with scattering in both the stripper foil
and the aluminum window included. From figure 3 it is seen that virtually all of the beam is predicted to
lie within £0.93 cm in each of the horizontal and vertical planes.

The same data, plotted on an expanded scale to match that of figure 2, is shown in figure 4. From figure
4 it is seen that the central core of the beam—that is, that portion lying between £0.32 cm in each of
the horizontal and vertical planes—contains 99.55% of the beam in the horizontal plane and 99.30% in the
vertical plane. Thus the percentage of beam lying outside of the region predicted for the stripper foil only
is increased by approximately 0.5% when the 0.005 in.-thick aluminum window is added.

Thus we conclude that the addition of the 0.005 in.-thick aluminum window causes a small additional
amount of beam halo but does not significantly disrupt the core of the beam. The vertical size of the beam
at the target is predicted to be more affected by scattering in the aluminum window than is the horizontal
beam size.

2.3 The effect of the stripper foil and aluminum and copper windows

A final REVMOC run was made with the insertion of a copper window 0.010 in. thick, located 16 inches
upstream of the target. The stripper foil and the 0.005 in.-thick aluminum window were also included in
this run. Figure 5 is the REVMOC prediction of the beam spot at the west target under these conditions. It
is seen that the beam is predicted to fill the entire 4-inch diameter of the beam line at the target location.

The data shown in figure 5 is replotted on an expanded scale in figure 6 where it is seen that REVMOC
predicts that only 0.10% of the beam is outside the region bounded by = 1 cm and 0.11% lies outside
the region bounded by y = +1 em. Thus approximately 99.8% of the beam is contained in an area of 1

cm?.

Figure 7, drawn to the same scale as figure 2, is a plot of the same data on and even more expanded scale.
From this figure it is seen that 2.57% of the beam is predicted to lie outside of the region bounded by z =
+0.32 cm and 3.39% lies outside the region bounded by y = £0.32 cm. Thus approximately 94% of the
beam lies within the area predicted were the only scatterer the stripper foil.

From figures 5, 6 and 7 we see that the beam is predicted to be significantly larger at the target with the
addition of the copper window. Thus we conclude that the addition of the copper window significantly
increases beam halo at the target but that approximately 94% of the beam still lies within an area defined
by the reference beam (2 = £0.32 cm and y = £0.32 cm).

3. Beam loss and spill calculations

Inherent in the program REVMOC is the calculation of beam loss caused by multiple scattering, absorbtion
and nuclear scattering in materials placed in the beam path. Absorbed particles are removed by nuclear
interactions and do not contribute to beam spill downstream. Particles lost by nuclear scattering have
been scattered such that they hit the wall of the beam tube causing beam spill and activation of the beam
line and its components.
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Absorbtion and nuclear scattering data from the above runs are listed in table 1. Losses are tabulated as
a function of the distances downstream of the scatterers. Downstream of a scatterer any losses listed at a
given point are to be construed as occurring between that point and the previous listed location.

It should be noted that the data presented in table 1 are not inconsistent even though they appear to
be. Thus, for example, 0.005% of 150,000 particles represent only 7.5 particles and, given that this is a
statistical process, the error on that number is £1/7.5 = £2.74 or £0.0018%. All data presented in the
table should be viewed with that in mind.

From table 1 we note that between the vault exit and the aluminum window that separates the beam-line
vacuum from the target containment vacuum REVMOC predicts no beam loss—at least to the level of 1
particle in 150,000 or 7x10~*%. Beam spill between the exit of the aluminum window and the entrance face
of the copper window is predicted to be 0.0159% where we have averaged the predictions for the stripper
and aluminum window alone and those for the stripper and aluminum and copper windows. At 100 pA
this represents at spill of 15.9 nA per 0.7112 m or 22.4 nA/m. The prediction of beam spill between the
exit face of the copper window and the target is 0.0240% over a distance of 0.4064 m (16 in.). Again, at
100 A this represents at spill of 59 nA/m.

Any designs for target protection and/or beam collimation should bear these figures in mind. To this end
we present in figures 812 the REVMOC predictions of the beam sizes at and downstream of the aluminum
window. Figure 8 shows the beam spot at the exit of the aluminum window where the overall beam size is
predicted to be approximately 1.24 cm in the z-plane by 2.5 ecm in the y-plane. Figures 9 and 10 show the
predicted beam size 0.2794 m (11 in.) and 0.5588 m (22 in.), respectively, downstream of the aluminum
window. Figure 11 shows the predicted beam size at the upstream face of the copper window, 0.7112 m (28
in.) downstream of the aluminum window and 0.4064 m (16 in.) upstream of the target. There the beam
size is predicted to measure approximately 1.2 cm in each of the horizontal and vertical planes. Finally,
figure 12 shows the predicted beam profile 0.1270 m (5 in.) downstream of the copper window.

4. Estimate of power loss in the aluminum and copper windows

Figure 13 shows the same data as figure 8 but on an expanded vertical scale because it is clear from figure
8 that most of the beam at the exit of the aluminum window is contained in an area smaller than 1.24
cm square. From figure 13 we find that 85.8% of the beam lies between # = 4+0.18 ¢m in the horizontal
plane and that 87.6% of the beam lies between the same vertical limits (that is, y = £0.18 cm). On the
assumption that horizontal and vertical losses are independent we then have the probability of the beam
lying outside of an area 0.36 cm square is

P(outside = +0.18 cm and y = £0.18 cm) = P(outside 2 = £0.18 cm) + P(outside y = +0.18 cm)
— P(outside z = £0.18 cm) xP(outside y = £0.18 cm)
= 0.146 + 0.124 — (0.146)(0.124)
= 0.252.

From this we conclude that 25.2% of the beam lies outside an area 0.36 cm square of that 74.8% of the
beam is contained within that area. REVMOC predicts an average energy loss of 1.5x107? MeV per 0.001
in. of thickness of the aluminum window. Thus a total energy of 0.075 MeV is predicted to be deposited
in and area 0.36 cm by 0.36 cm. At a beam current of 100 pA this represents a power density of

(0.075 MeV)(100 ;A)
(0.36 ¢cm)(0.36 cm)
= 57.9 W/em?.

Power density in aluminum window
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In figure 14 we show the predicted beam profile at the exit of the copper window. Here 93.6% of the beam
is predicted to lie between 2 = £0.18 cm and 88.4% of the beam is predicted to lie between the same
vertical limits. (Remember that the beam is still converging to the target despite scattering upstream.)
Proceeding again on the assumption that horizontal and vertical beam losses are independent we find the
probability of the beam lying outside of an area 0.36 cm square is

P(outside 2 = £0.18 cm and y = £0.18 cm) = P(outside 2 = £0.18 cm) 4 P(outside y = +0.18 cm)
— P(outside z = £0.18 cm) xP(outside y = +0.18 cm)
= 0.064+0.116 — (0.064)(0.116)
= 0.173.

Thus 17.3% of the beam is predicted to lie outside of an area 0.36 cm square and therefore 82.7% of the
beam lies within that area. For the copper window REVMOC predicts an average energy loss of 4.32x1072
MeV per 0.001 in. of thickness of copper or a total energy deposition of 0.432 MeV. At a beam current of
100 pA the power density that is predicted to be deposited in the window is then

(0.432 MeV) (100 pA)
(0.36 ¢cm)(0.36 cm)
= 333.3 W/cm?

Power density in copper window

To be on the safe side, we suggest that the aluminum window be cooled such that a power density of at
least 100 W/cm? could easily be accommodated. For the copper window a cooling capability of at least

600 W/cm? should be designed in.
5. Discussion

This note has presented a study of the effect of the proposed windows that are to be inserted upstream
of the west target of ISAC. It is shown that at a beam current of 100 A the insertion of the aluminum
window can be expected to cause beam spills of the order of 20 nA/m downstream of it and upstream
of the copper window. The addition of the copper window could produce spills of the order of 60 nA/m
between it and the target.

In addition, we suggest that the aluminum window be provided with a cooling capacity of at least 100
W/cm? and that the copper window be provided a cooling capacity of at least 600 W /cm?.
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Calculated beam loss for the cases of a) stripper foil only,

All losses are expressed as a percentage of initial beam.

Table 1

b) stripper foil and aluminum window and
c) stripper foil and aluminum and copper windows.

Location Case a) Case b) Case c)

Absorbed  Nuclear Absorbed  Nuclear Absorbed  Nuclear
Scattered Scattered Scattered

Stripper 0.0044 0.0057 0.0078

Extraction 0.0023 0.0030 0.0042

Al window 0.0339 0.0382

Al Window + 0.2794 m 0.0014 0.0008

Al Window + 0.5588 m 0.0097 0.0130

Al Window 4 0.7112 m 0.0036 0.0033

Cu window 0.1893

Cu Window + 0.1270 m 0.0014 0.0025

West target 0.0031 0.0215

(Cu Window + 0.4064 m)
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No=H Q4

97/11/18 - 2A AT 500 MEV - FINAL Leff - Stripper ONLY, NO Windows

Space # 8: Distribution of particles as a function of X AT TGT2 (Element #170) (along HORIZONTAL axis)
& Y at TGT2 (Element #170) (along VERTICAL axis)
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Figure 1. The predicted beam spot at a target without foil scattering.
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No=H Q4

97/11/18 - 2A AT 500 MEV - FINAL Leff - Stripper ONLY, NO Windows

Space # 8: Distribution of particles as a function of X AT TGT2 (Element #169) (along HORIZONTAL axis)
& Y at TGT2 (Element #169) (along VERTICAL axis)

REAL! Distribution of FINAL RUN FOUND HERE
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Figure 2. The predicted beam spot at a target with foil scattering.
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97/11/18 - 24 AT 500 MEV - FINAL Leff - 0.005" Al 44" UPSTREAM of target

Space # 7: Distribution of particles as a function of X AT TGT2 (Element #169) (along HORIZONTAL axis)
& Y at TGT2 (Element #169) (along VERTICAL axis)

REAL! Distribution of FINAL RUN FOUND HERE
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Figure 3. The predicted beam spot at the target with scattering from the foil and 0.005 in.-thick
aluminum window.
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Figure 4. The predicted beam spot at the target with scattering from the foil and 0.005 in.-thick
aluminum window on an expanded scale.
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NoH QA

97/11/18 - 24 AT 500 MEV - FINAL Leff - 0.005" Al 44", 0.010 Cu 16" UPSTREAM of target

Space # 9: Distribution of particles as a function of X AT TGT2 (Element #169) (along HORIZONTAL axis)
& Y at TGT2 (Element #169) (along VERTICAL axis)

REAL! Distribution of FINAL RUN FOUND HERE
COUNTS = 149579.
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Figure 5. The predicted beam spot at the target with scattering from the foil and 0.005 in.-thick
aluminum and 0.010 in.-thick copper windows.
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NoH QA

97/11/18 - 24 AT 500 MEV - FINAL Leff - 0.005" Al 44", 0.010 Cu 16" UPSTREAM of target

Space # 7: Distribution of particles as a function of X AT TGT2 (Element #169) (along HORIZONTAL axis)
& Y at TGT2 (Element #169) (along VERTICAL axis)

REAL! Distribution of FINAL RUN FOUND HERE
COUNTS = 149579.
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Figure 6. The predicted beam spot at the target with scattering from the foil and 0.005 in.-thick
aluminum and 0.010 in.-thick copper windows on an expanded scale.
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Space # 8:

97/11/18 - 24 AT 500 MEV - FINAL Leff - 0.005" Al 44", 0.010 Cu 16" UPSTREAM of target

Distribution of particles as a function of X AT TGT2 (Element #169)

& Y at TGT2 (Element #169)

REAL! Distribution of FINAL RUN FOUND HERE
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Figure 7. The predicted beam spot at the target with scattering from the foil and 0.005 in.-thick
aluminum and 0.010 in.-thick copper windows on a further expanded scale.

-

HoH-_ OGO ™"




File No. TRI-DNA-97-4 Page 13 of 19

]

o= o

97/11/18 - 2A AT 500 MEV - FINAL Leff - 0.005" Al 44", 0.010 Cu 16" UPSTREAM

Space # 1: Distribution of particles as a function of X AT ALW5  (Element #154) (along HORIZONTAL axis)
& Y at ALWS  (Element #154) (along VERTICAL axis)

REAL! Distribution of FINAL RUN FOUND HERE
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Figure 8. The predicted beam spot at the exit of the aluminum window.
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pace # 2: Distribution of particles as a function of X AT M8382

97/11/18 - 2A AT 500 MEV - FINAL Leff - 0.005" Al 44", 0.010 Cu 16" UPSTREAM

REAL! Distribution of FINAL RUN FOUND HERE
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The predicted beam spot 0.2794 m (11 in.) downstream of the aluminum window.
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97/11/18 - 2A AT 500 MEV - FINAL Leff - 0.005" Al 44", 0.010 Cu 16" UPSTREAM

Space # 3: Distribution of particles as a function of X AT M5588 (Element #156) (along HORIZONTAL axis)
& Y at M5588 (Element #156) (along VERTICAL axis)

REAL! Distribution of FINAL RUN FOUND HERE
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-.3900 | o 12 7 3 47 910 618 9 5 3 3 | 87
-.4500 | 2 1 237 35 43 41 41 1 | 41
-.5100 | 2 122322212 2 | 21
-.5700 | 111 2 1 2 1 1 2 1 | 13
-.6300 | o 1 2 1 11 11 ol 9
-.6900 | 1 1 | 2
-.7500 | 1 1 11 | 4
-.8100 | ol 0
-.8700 | | 0
-.9300 -5 0 0 3- 9
L e B | =mmmmm oo R | =mmmmm oo I+
- - - - - - - - - - - - - - - -0000000200O0UO0O0O0O0O0
6 555 443332 2111000011122 3 3 3 442555
2 8 406 28 40 6 2 8 0 6 2 2 6 2 6 048 26 0 4 8
X AT M5588

Figure 10. The predicted beam spot 0.5588 m (22 in.) downstream of the aluminum window.
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97/11/18 - 2A AT 500 MEV - FINAL Leff - 0.005" Al 44", 0.010 Cu 16" UPSTREAM

stribution of particles as a function of X AT M4064 (Element #157) (along HORIZONTAL axis)
& Y at M4064 (Element #157) (along VERTICAL axis)

ution of FINAL RUN FOUND HERE
COUNTS = 149899.
X PROJECTION

11 2 2 2 1 1
1 37 27 1 2 17 2 7 3 1
3 1 4 3 5 4 2 7 3 67 2 10 2
11 3 8 0 3 2 4 1 6 7 01 6 7 8 3 0 4 7 3 2
01 4 8 8 85 96 005 07 6 13 137 46 15 174 4 07
—————————————— Rl B Bl Bt e b
0 2- 4
| 0
| 0
1 | 1
1 1 ol 2
| 0
1 1 11 1 1 ol 6
1 2 1 2 121 1 5 2 1 1 2 | 22
1 3 5 3 2 2 4 5 5 3 1 2 | 36
1 2 3 2 1 911101815 9 5 8 5 4 1 1 ol 105
2 1 1 2 1223448 69 848371614631 1411 2 3 1 1 - 588
1 2 4 10 30 84169267336451497440353285175 68 25 7 2 2 1 | 3210
2 2 1 27 77212488862k **kkkkkkkikkxx790430215 66 22 6 6 2 1 | 9789
2 1 6 12 35149462980%kkkkkskikkkkkiikkk**x921409126 34 5 3 3 1 | 19095
2 4 6 15 50206619k *kkkkkkkskkkkkdkkkkkdkkrkkx561173 43 7 6 3 1 3 | 26653
2 3 4 14 54223694k kkkkkkkkkkkkkkikkkkkkkkkk k626176 40 8 5 2 | 30289
3 2 7 15 44197571 x%kxkkkkkkkkkkkkkkkkkkkxk*x¥*x566185 29 12 6 2 | 27244
1 2 2 3 7 30130446930%kkkkskkkkkksikikkikkkx979384120 35 10 3 1 1 o] 19178
1 1 5 8 26 73228517807*kkkkkkkkkk+**xx866478205 81 19 5 5 1 1 | 9800
11 2 1 4 13 25 57171258346430458369389288159 72 28 7 & 4 1 | 3089
1 1 1 514 19 34 47 67 77 76 82 64523414 5 2 & 1 - 601
1 1 3 4 2 6 9 9111115 612 8 2 3 4 1 | 108
1 3 2 1 3 1 7 4 7 3 3 4 4 1 | 44
2 11 3 2 1 1 1 1 2 | 15
11 2 2 1 1 1 | 9
1 | 1
| 0
| 0
ol 0
| 0
0 3- 7
—————————————————————————————————————————— R Bttt B b
- - - - - - - - - - - - - - - 00000O0O0O0OUO0OUO0O0O0 0 0
5 5 5 4 4 3 3 3 2 2 111 00001 1 1 2 2 3 3 3 4 4 5 5 &
8 4 0 6 2 8 4 0 6 2 8 4 06 2 2 6 0 4 8 2 6 0 4 8 2 6 0 4 8
X AT M4064

Figure 11. The predicted beam spot 0.7112 m (28 in.) downstream of the aluminum window.
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97/11/18 - 2A AT 500 MEV - FINAL Leff - 0.005" Al 44", 0.010 Cu 16" UPSTREAM

Space # 7: Distribution of particles as a function of X AT M2794 (Element #168) (along HORIZONTAL axis)
& Y at M2794 (Element #168) (along VERTICAL axis)

REAL! Distribution of FINAL RUN FOUND HERE
COUNTS = 149611.
X PROJECTION

3 7 3
1 4 7 3 1
9 1 6 7 7
111 1 9 3 4 8 6 3 9 2 1 1
5 1 0 0 2 3 4 5 1 7 8 7 41 6 6 2 7 3 4 2 1 1 0 0 5
el e ekttt |====——————- | === |========——- | === |-==——=m———- |+
2.175 -1 0 0 0- 2
2.025 | ol 0
1.875 | 0 | 0
1.725 | | 0
1.575 | 0 0 0 | 2
1.425 | 0 0 1 0 1 0 ol 4
1.275 | 0 0 0 0 1 0 | 3
1.125 | 0 0 0 2 0 0 1 1 0 0 | 7
0.9750 | 0 0 0 0 0 0 1 1 1 111 0 0 0 0 | 11
0.8250 | o 0o o 11 0 0 0 1 1 1 0 0 0 O 0 0 | 12 Y
0.6750 - 0 1 1 1 0 0 1 0 0- 8
0.5250 | o 00 1 1 0 2 1 2 5 3 2 1 o 1 0 0 ol 24 P
0.3750 | 1 0 0 0 0 0 213312920 8 1 1 2 1 1 0 ol 114 R
0.2250 | 0o o 0 1 1 1 2 8 71806#**82159 5 1 1 | 3484 0
0.7500E-01 | © 1 1 0 19495 *+xk****%422 17 3 1 1 1 1 0 | 36140 J
- .7500E-01 | 01 0 1 1 2 2681T*****k*x*4731 31 1 1 1 | 69729 E
-.2250 | 0 1 0 2 23448*xkxkkkx¥427 21 4 1 1 1 0 0| 36437 C
-.3750 | 0 1 5 9 TAT5T#x%83569 12 0 1 1 0 | 3431 T
-.5250 | 0 1 0 2 7128342 9 0 1 2 2 0 0 | 119 T
-.6750 | 0 111 1 1 2 4 2 2 2 1 1 0 0 0 0 O | 25 0
-.8250 - 1 2 01 1 0 1 3 1 0 - 13 1
-.9750 | o 0 01 01 0 1 0 1 1 1 1 0 1 0 0 ol 13
-1.125 | 0 1 1 2 0 0 O 0 0 0 | 8
-1.275 | o 1 0o 1 1 0 0 O 1 0 1 ol 9
-1.425 | o 0 0 1 1 1 | 5
-1.575 | o 0 0 1 0 0 0 0 0 ol 5
-1.725 | | 0
-1.875 | o | 0
-2.025 | o 0 0 0 | 2
-2.175 | 0 0 | 1
-2.325 - 0 0 0 0 0 1- 3
el e ekttt |====——————- | === |========——- | === |-==——=m———- |+

Figure 12. The predicted beam spot 0.1270 m (5 in.) downstream of the copper window and 0.2794 m
(11 in.) upstream of the target.
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97/11/18 - 2A AT 500 MEV - FINAL Leff - 0.005" Al 44", 0.010 Cu 16" UPSTREAM

Space # 2: Distribution of particles as a function of X AT ALWS  (Element #154) (along HORIZONTAL axis)
& Y at ALWS  (Element #154) (along VERTICAL axis)

REAL! Distribution of FINAL RUN FOUND HERE
COUNTS = 149925.
X PROJECTION

1111111
1 359 257875 295 3 1
3 218 155617871712 3
56 6 6 7 2 44 3 9 48 67 9 4405 1
1357990709 96627 318502428015 4001
#mm [ mmmmmmmm e e | =mmmmm e | =mmmm oo | =mmmmm oo | =mmmmmm e I+
0.5800 - 11 112 2 2 45 46 510 2 4 5 9 5 1 2 4 1 1 - 78
0.5400 | 1 2 11 1 1 2 2 3 11 | 16
0.5000 | 12 1 1 2 2 2 3 2 1 1 1 | 19
0.4600 | 1 3 1335 4 2 2 1 1 1l 27
0.4200 | 1 2 2 356 95 75 6 2 2 2 2 | 63
0.3800 |1 1 25 6 89 611 8 7 6 2 2 3 2 2 1 1 | 83
0.3400 | 1 4 3 9 8 91413122015 9 910 1 2 1 | 140
0.3000 | 3 3 71217 24 29 40 38 56 39 24 29 20 12 6 5 1 | 365
0.2600 | 1 5 6 24 47 48 97 92113118114 96 65 48 32 23 15 3 2 | 949
0.2200 | 1 1 5 22 53 94122196263269319296271196177 97 38 27 5 1 | 2453 Y
0.1800 - 1 11 35114200348440532596628604494423286184109 48 11 1 11 - 5068
0.1400 | 2 26 72180349528727927 ++k+k+++x919722547345186 58 18 3 2 1 | 8769 P
0.1000 | 1 3 23 98281458796k kkkkkxkkrkkrhkrbkrsr775481269108 28 3 | 12593 R
0.6000E-01 | 1 1 1 41138353652076xkkrkkrkkrbkrbkrtkrsr073589328124 32 6 2 | 15904 0O
0.2000E-01 | 2 2 1 5 51161418692k kkkkrkkrkkrbkrbkrrkkrkkrsk720370163 34 3 | 18520 J
- .2000E-01 | 1 2 2 441654107634k xkkrkkrkkrkkrbkrbkirkkxkr744406138 30 6 1 | 19384 E
- .6000E-01 | 1 9 30154369720k kkkkkkbkkhkhhkhrkrrikrikx724384148 36 3 1 | 18525 ¢
-.1000 | 1 2 50135305636989%kkkkkkkrkkrkkrkkrrkk k681351139 33 7 | 16354 T
-.1400 | 1 5 24 94265513774k kkkkrkkrkkrtkrrkrskk765475262111 23 3 | 12689 I
-.1800 | 3 18 67182317559724893995++++++955708543329174 64 17 4 2 1 | 86240
-.2200 - 1 13 49105219311450499576612572536435323199112 45 14 1 1 - 50741
-.2600 | 3 4 22 50107156206254266272284249214151 90 62 19 10 | 2420
-.3000 | 1 6 12 15 39 50 84 95126117137113 90 56 43 30 8 3 | 1025
-.3400 | 1 1 4 5 619 36 46 50 41 39 30 32 19 9 13 3 1 1 | 356
-.3800 | 3 2 3 4 5 3111216 9171815 9 8 4 1 2 1 | 143
-.4200 | 1 2 4 3 8 45 46 41112 4 3 1 3 1 1 | 77
-.4600 | 1 2135 415 432113 3 1 | 40
- .5000 | 1 2 2 26 2 6 2 361 2 11 1 | 38
- .5400 | 1 1 1 2 4 21 2 1 3 1 | 19
-.5800 | 1 316 3 3 1 | 18
-.6200 - 111 2 5 4 2 2 9 7 510 5 4 7 2 6 5 3 2 12 - 89
Hmm [ mmmmmm e | =mmmmm oo | =mmmmm e | =mmmmmm oo | =mmmmm oo | =mmmmmm e I+

- - - - - - - - - - - - - - - -00000000000O0O0O0O0

6 555 443332 211100001112 2 333447555

2 8 406 28 40 6 2 0 6 2 2 6 8 2 6 0 48 26 0 4 8

X AT ALWS

Figure 13. The predicted beam spot at the exit of the aluminum window on an enlarged scale.
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97/11/18 - 2A AT 500 MEV - FINAL Leff - 0.005" Al 44", 0.010 Cu 16" UPSTREAM

Space # 7: Distribution of particles as a function of X AT CUW10 (Element #167) (along HORIZONTAL ax
& Y at CUW10 (Element #167) (along VERTICAL axis
REAL! Distribution of FINAL RUN FOUND HERE
COUNTS = 149615.
X PROJECTION
11 2 2 2 1 1
1 37 2 7 1 2 1 7 2 7 3 1
31 4 3 4 4 2 6 2 6 7 2 1 0 2
{1 1 3 8 0 3 03 9 2 3 7 6 3 4 6 3 0 4 7 3 2
7 0 1 4 8 8 8 6 7 3 9 0 4 93 1 37 713 05 05 1 7 4 4 0 7
Rl R |- |- |- | === | -==mmmmm |+
0.5800 -1 1 1 1 O 3-
0.5400 I 1 I
0.5000 | 1 1 1 1 1 ol
0.4600 | 1 1 1 2 1 2 1 1 4 1 1 1 |
0.4200 | o 1 1 2 1 2 1 4 5 1 1 |
0.3800 | 1 1 4 4 3 1 1 4 2 2 4 1 1 2 |
0.3400 | 2 2 56 5 71212 6 1 2 4 3 1 ol
0.3000 | 1 1 114 13 20 20 28 26 28 2020 6 5 5 1 2 |
0.2600 | 1 1 1 2 513 39 54 87 95 99 76 81 58 44 1310 2 1 1 1
0.2200 | 1 1 2 2 8 17 59110158215280312282225168100 45 15 4 1 1 1
0.1800 - 1 1 3 11 42 98237390499726705668525398231104 31 10 4 4 3 -
0.1400 | 1 1 3 25 63193420741981 %**kxkkkx+kx%691378193 60 20 5 2 1 11 |
0.1000 | 2 1 3 8 20 97310650%*kkikkkkkkkkkkkkkk*¥%601270 84 24 1 1 1
0.6000E-01 | 2 5 9 27139389785%kkkkkkkkikkkkkkkk*kk*%824328112 28 8 3 2
0.2000E-01 | 4 2 4 8 35138437896%*kkkkkkkdkkdkkddkiokkkk873404108 26 2 6 2 1 1
-.2000E-01 | 1 4 10 34150437923%**k¥kkkkdkdkdkkkkkkkxx908415120 29 6 3 2
-.6000E-01 | 2 4 11 38134442963%FF*kkkkkikkkkkkkk*kk*%919386128 24 7 4 1
-.1000 | 3 2 3 9 28116345803 kkkkkkkkkkkikkkkkkx*%§26363112 15 8 3 1
-.1400 | 1 2 2 2 4 17 92304633%k**kkkkkkkkkkkkk*kk*%654263 81 26 5 3 1 1 ol
-.1800 | 1 3 6 18 61201418684996%x**+*xx**985746415170 55 19 5 3 1 |
-.2200 - 1 1 1 3 4 15 35101265365519656700636573416219103 41 5 2 2 1 1 -
-.2600 | 1 2 3 9 19 36109179222272295224229188106 51 21 6 5 2
-.3000 | 1 1 1 4 4 18 34 56 73 95 96 91 83 60 34 10 9 2 2 2 1
-.3400 | 1 311 510 14 27 18 21 256 18 1514 7 1 2 3
-.3800 | 1 2 21 5 7 5 8 7 8 6 8 5 1 2 1 1 |
-.4200 | 1 1 1 1 1 656 5 3 2 4 4 2 1 1 |
-.4600 | 1 2 2 1 21 3 3 4 1 2 1 2 1 |
-.5000 I o 1 11 3 1 1 2 I
-.5400 I 1 1 12 2 1 I
-.5800 I 1 11 I
-.6200 - 4 1 0 3-
Rl el B ittt |- | === | -==mmmmm |+
- - - - - - - - - - - - - - - -0000000000D0GO0O0O00
6 6 55 4 4 3 3 3 2 21110 0 0 01 11 2 2 3 3 3 4 4 5 5 5
2 8 4 0 6 2 8 4 0 6 2 0O 6 2 2 6 2 6 0 4 8 2 6 0 4 8
X AT CUW10

Figure 14. The predicted beam spot at the exit of the copper window on an enlarged scale.
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