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We present an analysis of the electron beam emitted

from a laser driven photocathode injector (Gun,

operating at 2856 MHZ), through a Transport beamline

[1], to the LINAC entrance for the Brookhaven

Accelerator Test Facility (ATF) The beam parameters

including beam energy, and emittance are calculated.

Some of our results, are tabulated and the phase plots

of the beam parameters, (at downstream end of the

elements), from Cathode, through the Transport line

elements, to the LINAC entrance (labeled as element

27)), are shown.
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Tables 1-1, 1-2 and Fig. 1 show the layout

(including lengths and magnet strengths, in CGS units),

and labeling (n) of the elements respectively. B-g-,

element n=l is the cathode, specified as a zero length

(dz=O) drift; n=4, is a 2.22 cm length drift (dz=2.22),

from the gun exit to the 1st quadrupole in the transport

beamline, etc. Where the particles are transported from

the gun exit (downstream end of element ne=3) through

the beamline to the LINAC entrance (element ne=27).

Table 1-3 a, include the (calculated) Gun

parameters (e.g. energy "w", emittance "rms" and "90%"

etc.), from cathode (element labeled as ne=0) through

the 1 1/2 cell cavity, (to the GUN exit, ne=3). Tables

1-3 b, and I-3c, show the beam parameters calculated

with space charge turned off (e.g. energy, emittance

etc.), and Figures 2-3 to 2-27 (labeled by element

numbers), show the phase plots of the beam at the

downstream end of the elements. For example, Fig. 2-3,

show a set of 4 phase plots (x vs xp, y vs yp, y vs x,

and e vs phi), as well as the number of particles (ngood

= 988), the energy (e=3.996 MeV), etc., that describes

the beam at the downstream end of element 3.

Table II - a, b, c show the beam parameters

calculated including the space charge effects, (Tables

I- 3a, b, c, provided similar information without the

space charge); and Figures 3-3 to 3-27, show the phase

plots for the beam at downstream end of the elements
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along the transport line to the LINAC entrance, (with

the space charge turned on). A summary, Table and

Figure captions and References are also included. We

included some data in the input and output format of

program PARMELA for illustration, and for your

convenience in the comparison with the results obtained

with various (cJder) versions of this program, (as was

requested by some users of PARMELA). Front - End Layout

of the BNL Accelerator Test Facility, showing the

location and dimensions of the elements along the

beamline is given on the inside back cover for

convenience (as a quick reference).



Table I - 1. Layout of the elements for the ATP -
Photocathode RF Gun and Transport line to the LINAC
Entrance (element 27). dz is the elemnt length, in [cm]

PAGE

zoui
n
1
2
3
4
5
5
7
8
9
10
11
12
13
14
15
15
17
18
19
20
21
22
23
24
25
26
27

zl
0.0
0.0
2.B
7.9
10.1
22.2
22.8
43. S
44.2
5E.3
112.1
132.1
152.3
164.3
179.0
193.7
20S.8
226.0
246.0
Z73.8
288.2
288.8
312.2
312.8
327.2
388.4
408. G

element
drift
cell
cell
drift
quad
drift
quad
drift
quad
drift
bend
drift
quad
drift
drift
quad
drift
bend
drift
quad
drift
quad
drift
quad
drift
drift
drift

22
0.0
2.S
7.9
10.1
22.2
22.8
43.5
44.2
55.3
112.1
132.1
152.3
164.3
179.0
193.7
205.8
226.0
246.0
273.8
288.2
288.8
312.2
312.8
327.2
388.4
408.6
439.6

dz phase
9.000
2.625 0.000
5.250 -180.000
2.220
12.065
0.600

20.830
0.500
12.065
55.815
20.000
20.202
12.065
14.700
14.700
12.065
20.202
,20.000
27.793
14.400
0.600

23.370
0.600

14.400
61.240
20.230
30.925

amp

63.750
G3.750
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Figure 1. BNL Accelerator Test Facility Injection System
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Table 1 - 2 . show the Layout of tlie elements for the -
Gî n and Transport l i n e ( to the LINAC Entrance (element 27))
In PARMELA input format. Where the lengths and strengths
of the magnets are given.

13:23--S3.86 01/23/90
freq« 2956.00 mhz.

ATF PHOTOCATHOOE RF SUN + TRANSPORT LINE Z.P.
title
input 9 999 .3 .9 2.06 6.18
drift 0 1 1
cell 2.625 1. 1 8. B3.75 1 5 -1
iape7
cfield 1
cell 5.25 1. 1 180-. 63.75 1 10.
drift 2.22 5 1
quad 12.065 5.08 1 -111.36
drift .6 5 1
quad 20.83 5.08 1 72.86
drift .S 5 1
quad 12.065 5.08 1 -61.36
drift 55.815 5 1
bend 20.00 1.5 1 4.02 90 0 0 5.076 S.076
drift 20.2025 5 1
quad 12.065 3.81 1 33.58
drift 14.7 5 1 .
drift 14.7 S 1
ouad 12.065 3.81 1 33.58
drift 20.2025 5 1
bend 20.00 1.5 1 4.02 90 0 0 6.076 5.076
drift 27.7925 5 1
quad 14.4 3.81 1 -78.36
drift .6 5 1
quad 23.37 3.81 1 61.34
drift .6 5 1
quad 14.4 3.81 1 -78.38
drift 6A.24 5 1
drift 20.23 5 1
drifi 30.925 5 1



Table I - 3a. Gun parameters calculated with PARMELA
units of phase are in [degrre], Energy Vr in [MeV]
The space charge effects axe also included.

ne np
01000
11000
01000
01000
01000
01000
01000
01000
01000
01000
01000
0 999
0 998
2 999
0 997
0 995
0 992
0 989
0 988
0 988
0 9S8
0 988
0 S8S
0 988
0 S88
0 988
0 988
0 988
0 988
0 988
0 988
0 938
Z 988
0 988
0 988
0 988

ref
69
65
79
89
99

109
119
129
139
149
159
169
179
172.
189,
193.
209,
219.
229.
239.
249.
259.
269.
279.
289.
299.
309.
319.
329.
339.
349.
359.
356.
3G9.
379.
38S.

phase
-0( 69.)
.2( 65. )
.0( 79. )
.0( 89. )
.0( 99.)
.0(109. )
.0(119. )
.0(129. )
.0(139. )
.0(149. )
.0(159.)
.0(169. )
,0(179. )
.8(173. )
.0(189. >
.0(199.)
.0(209.)
0(219. )
.0(229. )
,0(239.)
,0(249.)
0(259.)
0(269. )
0(279. )
0(289. )
0(299. )
0(309. )
0(319. )
0(329.)
0(339.>
0(343. )
0(359. )
2(355. )
0( 9. )
0( 19.)
0( 29. )

zr
0.0
0.0
0.1
0.3
0.6
0.3
1.1
1.4
1.7
2.0
2.2
2.S
2.8
2.6
3.1
3.4
3.6
3.9
4.2
4.5
4.8
5.1
5.4
5.6
5.9
6.2
6.5
6.8
7.1
7.4
7.7
8.0
7.9
8.2
8.5
3.8

zr—zmtn
0.0
5.1
0.1
0.1
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
"3.2
S.0
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
5.0
0.2
0.2
0.2

rmax-zr
0
6
0
0

•9
.2
A
.1

0.1
13
0
0
0
0
0
0,
0.
6.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
7.
0.
0.
0.

.1

.1

.1

.1

.1

.1

.1

.1

.6

.1
,1
.1
,1
1

I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0
0
0
0
0
0
0
1
1
1
1
I
1
1
1
1.
1,
1.
1.
1.
2.
2.
2.
2.

•3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

uir
.010
.000
.118
.310
.536
.764
.973
.147
.277
.360
.402
.415
.415
.415
.419
.443
.502
.605
.756
.952
.185
444
,717
991
250
483
578
825
922
974
994
996
956
396
995
996

urn in
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1.
1.
1.
2.
2.
2.
2.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

.000

.000

.040

.189

.397

.621

.835

.022

.170

.272

.330

.353

.358

.353
,358
.369
.411
.502
.645
,833
.056
,304
,556
831
089
327
S35
704
828
998
927
933
933
933
933
933

umax
0.049
0.300
0.203
0.417
0.551
0.880
1.083
1.248
1.365
1.436
1.468
1.475
1.474
1.475
1.479
1.509
1.577
1.630
1.8S1
2.055
2.293
2.555
2.828
3.098
3.353
3.577
3.761
3.895
3.980
4.023
4.038
4.039
4.039
4.039
4.039
4.040



Table I - 3b. Beam parameters caloulated with PARMELA,
for the Transport line (element no. 4 - 27) Units of PAG
phase are in [degrre], Energy ¥r in [MeV], (with the
space charge turned off).

ref t>li«S« *•• zr-?Hln triax-zr Mr unln

4 988 432.8( 73.) 10.1 5.0 7.3 3.996 3.933 4.040
5 988 849.3(129.) 22.2 4.8 8.8 3.99G 3.933 4.040
S 988 870.0(1S0.) 22.8 4.8 9.0 3.996 3.933 4.040
7 988 1589.0(149.) 43.S 4.S 12.7 3.99S 3.933 4.040
8 988 1609.7U70.) U.2 4.S 13.0 3.995 3.933 4.040
9 988 2026.2(225.) 55.3 4.5 15.7 3.996 3.933 4.040
10 988 3952.8(353.) 112.1 4.6 17.4 3.996 3.933 4.040
11 988 4641.9(322.) 132.1 9.4 44.7 3.996 3.933 4.040
12 988 5339.3(299.) 152.3 9.4 44.9 3.996 3.933 4.040
13 988 5755.7(355.) 154.3 9.4 45.0 3.996 3.933 4.040
14 988 6263.1(143.) 179.0 9.3 45.1 3.996 3.933 4.040
15 988 6770.6(291.) 193.7 9.2 45.2 o.996 3.933 4.040
IS 988 7187.0(347.) 205.8 9.1 45.2 - 3.996 3.933 4.040
17 988 7884.4(324.) 226.0 9.1 45.1 3.996 3.933 4.040
18 949 8573.4(293.) 246.0 1.1 17.6 3.996 3.942 4.040
19 949 9532.7(173.) 273.8 1.2 18.9 3.996 3.942 4.040
20 948 10029.8(310.) 288.2 1.2 23.4 3.995 3.942 4.040
21 948 10050.5(331.) 288.8 1.2 24.0 3.996 3.942 4.040
22 934 10857.3( 57.) 312.2 1.3 24.5 3.996 3.942 4.040
23 934 10878.0( 78.) 312.8 1.3 24.8 3.996 3.942 4.040
24 934 11375.0(215.) 327.2 1.4 27.7 3.996 3.942 4.040
25 934 13489.0(169.) 388.4 1.7 27.8 3.996 3.942 4.040
26 934 14187.3(147.) 408.5 1.8 27.9 3.996 3.942 4.040
27 934 15254.8(135.) 439.6 1.9 28.0 3.996 3.942 4.040
fraction lost in element 2-0.00100 average energy- 1.44974 MeV,
fraction lost in element 3-0.01100 average energy- 1.49823 MeV,
fraction lost in element 18»0.03900 average energy- 4.01983 MeU,
fraction lost in element 20-0.00100 average energy- 3.99214 MeV,
fraction lost in element 22-0.01400 average energy- 3.99097 MeU,
fraction good at end of calculation-0.93400 average energy- 3.99902 MeU, bean
total beam power- 11.35321 MUatt

elapased time- 1067.47sec3, fraction in scheff 0.51
elapased time- 1067.47aecs, fraction in scheff 0.51



Table I - 3c. Gun parameters calculated with PARMELA.
Where the space charge effects are included in the cal-
culations of the Gun parameters (element no. 1, 2, 3),
but is turned off in the Transport line (elements no.
4 - 27). Units of phase are in [degrre], Energy Wr
in TMeV] and Enittance is gj*»«•*, in pi-cm-mrad

ATF PHOTOCATHOOE RF SUN + TRANSPORT LINE Z.P.

PAG2 7

nel
no.

1
2

3.
4
5
6
7
8
9
10
11
12
13
14
15
16
17
13
19
20
21
22
23
24
25
26
27

subnun
output
optcon
begin

part
in

1000
1000
1000
1000
1000
1000
10S0
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
7
2 1 II

part
out

1000
999
988
988
989
988
988
988
988
988
988
988
988
988
98J
988
988
949
949
948
948
934
934
934
934
934
934

50
i l 2 10 l s e

ATF PHOTOCATHOOE RF

n«l part part
in out

1 1000 1000

0
0

rns , n
X

.0132

.9543
1.2O6J
1
3
3
7
7
5
6
10
10.
10,
10.
10.
10.
10.
S.
6.
6.
6.
5.
5.
5.
5.
5.
5.

.2446

.4725

.5598

.1480

.1894

.7934

.1091

.7122

.7047

.70S0
,7101
,7151
7137
6987
4219
4449
3899
3952
3303
9336
7361
72S9
7239
7194

> 400 0 1

SUN

enax,n

0
3
5
5
14
14
26
27
25
27,
49
49,
49.
49.
49.
49.
49.
29.
29.
29.
29.
27.
27.
27.
27.
27.
27.

x.90%

.0988

.9990

.1348

.2598

.1250

.8750

.8203

.01SG

.6169

.6493

.8750

.7177

.7080

.7942

.8803

. 9063
,8165
1643
.1093
5938
4583
2109
2461
1116
0847
0757
0620

emax,n
x,

0
26
26
28
201
200
344
344
201
200
311
339,
309
310,
311,
310.
306.
203.
203.
190.
191.
210.
211.
151.
151.
151.
151.

+ TRANSPORT LINE Z.

z-enittance (
rns

0.00(21
90%

0 .000

deg-kev )
1002
0.010 I

dpb

1.30

100%

.8035

.6602

.1318

.4180

.2500

.3750

.1975

.1552

.7187

.9840

.3546

.4B38

.1510

.1503

.1507
,S264
.8937
,6637
.4072
0000
,0938
2031
4375
8080
7301
7060
6705

P.

dub

0.00

0
0

rma, n
y

.0185

.9935
1.2300.
1
1
1
1
1
1
1
1,
1,
1.
1.
1.
1.
1.
3.
3.
4.
4.
5.
5.
5.
5.
S.
5.

.2745

.4883

.4918

.3553

.3628

.5120

.5619

.8197

.8222

.8217
,8206
,8195
,8201
,8247
7595
.8590
1987
2384
3904
4313
8265
8250
8258
8255

alpha

0. 1 7 J . . » .

emax , n
y

0
4
5
5
6
6
5
5
6
6.
7
7,
7.
7.
7.
7.
7.

16.
16.
18.
18.
25.
25.
27.
27.
27.
27.

beta

,902

.0921

.1602

.1948

.3789

.2258

.2402

.5545

.S889

.4019

.5975

.4761
,4899
.4949
,4808
,4801
5142
5996
0112
6719
7500
7656
4717
6670
7550
7585
7593
7506

enax,n
y«

0
35
57
61
7S
7S
73
74
84
90

121,
122.
121.
120.
119.
116.
102.
357.
318.
82.
82.
56.
54.
58.
5S.
58.
58.

100%

.6516

.9199

.1367

.6016

.6992

.2852

.4980

.2891

.4556

.9140

.4859

.1846
,9353
,8705
,8116
.6748
,7133
644=
8711
5117
1543
0928
7168
5775
5507
5418
5293



Table II - a. Gun parameters calculated with. PARMELA.
Units of phase are in [degrre], Energy Wr in [MeV].
(The space charge effects are also included.).

ne np
01000
11000
01000
01000
01000
01000
01000
01000
01000
01000
01000
0 937
0 306
2 99G
0 933
0 930
0 989
0 987
0 985
0 985
0 985
0 985
0 985
0 985
0 985
0 985
0 985
0 985
0 985
0 985
0 985
0 985
3 985
0 985
0 085
0 98S

ref
63
G5
79
89
99
103
119
129
139
149
1S9
169
179
172
189
199
209
219.
229.
239.
249.
2SS.
269.
279.
289.
299.
309.
319.
329.
339.
349.
359.
356.
369.
379.
389.

phase
,0( 59. )
.2( 65. )
.9( 73. )
.0( 89. )
.0( 99.)
.0(103. )
.0(113. )
.0(129.>
.0(139. )
.0(143. )
.0(159. )
• 0UG9. )
.0(179. )
.8(173. )
.0(183. J
.0(199.)
.0(209.>
.0(219.>
.0(22S-. >
,0(239.)
,0(249.)
0(259.)
0(253. )
0<273.)
0(289. )
0(299.)
0(303.J
0(313. )
0(329.)
0(339.)
0(349.)
0(353. )
2(356.)
0( 9. )
0( 19.)
0( 29. )

zr
0.0
0.0
0.1
0.3
0.6
0.9
1.1
1.4
1.7
2.0
2.2
2.5
2.8
2.6
3.1
3.4
3.6
3.9
4.2
4.5
4.3
S.I '
5.4
5.6
5.9
6.2
6.5
6.8
7.1
7.4
7.7
8.0
7.9
8.2
8.5
8.8

zi—zmln
0.0
5.1
0.1
0.1
0.2

" 0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
4.9
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
4.8
0.2
0.2
0.2

zmax-zr
0.0
6.3
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
G.3
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
6.5
0.1
0.1
0.1

0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1,
1.
1,
2.
2.
2.
2.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

wr
.010
.000
.118
.310
.536
.7G4
.973
.148
.277
.3G0
.402
.412
.416
.41G
.419
.443
.502
.605
.756
,952
,186
.445
718
9S1
251
484
678
825
923
975
394
996
996
996
996
99G

wm in
0
0
0
0
0
0
0
1
1
1
1
1
1
1,
1
1
1
1.
1,
1.
2.
2.
2,
2.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

.000

.090

.039

.188

.338

.623

.836

.021

.155

.263

.317

.333

.343

.343

.344

.360

.406

.495

.fi33
,817
.041
.295
,555
838
102
343
550
712
826
892
920
32S
326
92B
926
926

uinax
0
0
0
0
0
0
1
1
1
1
1
I
1
1
1
1
1
1.
1
2.
2.
2.
2.
3.
3.
3.
3.
3.
3.
4.
4.
4.
4.
4.
4.
4.

.048

.000

.201

.414

.547

.875

.079

.244

.362

.434

.4GS

.474

.472

.474

.478

.507

.574

.688

.849
,052
.290
,550
.822
092
346
571
75B
891
979
023
037
033
039
039
033
040



Table II - b. Beam parameters calculated with PARMELA. PAGE 9
for the Transport line, (element 4 - 27). Units of phase
are in [degrre], Energy Wr in [MeV], (with the space charge
turned on in the beamline).

ne n{. ref phaso zr zr-znl-. 2nax-zr wr bjnln uimax

4 9SS 432.S( 73.)
5 985 849.3(129.)
G 98& 870.0(150. )
7 9aS 1589.0(149. )
8 3CS 1609.7(170. )
9 985 2025.1(226.)

10 9GS 3952.7(353. )
11 985 4643.1(323. )
12 985 5340.4(300. )
13 985 5755.8(357. )
14 985 5254.2(144. )
15 985 6771.6(292. )
IS 985 7188.0(348. )
17 985 7885.3(325. )
18 551 8577.5(297. )
19 551 9536.7(177.J
20 551 10033.8(314. )
21 551 10054.5(334. '
22 545 10861.2( 61. >
23 545 10881.3( 82. )
24 545 11378.9(219. )
25 545 13492.5(173.)
25 54S 14130.B(151. >
27 545 15258.2(138.)
fraction lost In element 2*0.00400 averagfc energy- 1.44125 MeU,
fraction lost in element 3-0.01100 average energy- 1.521G8 MeU,
fraction lost tn elan«nt 18=0.43400 average energy- 4.01QS2 Met/,
fraction losl in element 22*0.00600 average energy- 3.99528 Mev1,
frae-tion good at end of calculation»0.54500 average anergy- 3.9874S MeU, bean
total beam power- 11.33605 MUatt

eiapaaerf time- 1877.853«cs, fraction in scheff 0.75
elaoased time= 1877.8Ssecs, fraction in scheff 0.75

10
22
22
43
44
SB
112
132
152
1S4
179.
193.
205.
226.
24G.
273.
288.
288.
312.
312.
327.
388.
408.
439.

.1

.2

.8

.6

.2

.3

.1

.1

.3

.3

.0

.7

.8

.0
0
8
2
8
2
8
2
4

6
S

4
4
4

.8

.2

.1
3.9
3
3
4
10
10
10
10
10.
10.
10.
9.

' 9.
9.
9.
8.
8.
8.
7.
7.
6.

.9

.9

.3

.9

.8

.7

.5

.3

.2

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

G
6
7
12
12
IS,
17.
39.
39.
33.
40.
40.
40.
40.
IS.
16.
20.
20.
18,
18.
20.
20.
20.
20.

.5

.8

.3

.3

.7

.4

.3

.2

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

3
3
3
3
3

.997

.9<J6

.596

.907

. 99S
3.999
4
4
4
4.
4,
4
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.

.017

.030

.035

.037

.039

.040

.041

.042

.042

.041
041
041
042
042
042
045
046
047

3
3
3
3
3
3
3,
3
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

.925

.'J23

.523

.919

.91S

.317

.897

.385

.885

.382
,878
.875
.872
.867
8E3
.874
875
87S
880
380
881
891
894
097

4.041
4. "43
4.049
4.058
4.058
4.0S3
4.097
4.113
4.119
4.120
4.120
4.122
4.124
4.127
4.125
4.122
4.121
4.121
4.119
4.113
4.117
4.112
4.110
4.108



Table I I - c. Beam parameters calculated vith PARMELA.
Where the space charge effects are included in the cal-
culations of the Gun parameters (element no. 1, 2, 3),
as well as in the Transport line (elements no. 4 - 27).
Units of phase are in [degrre], Energy tfr in [MeV]
and Emittance i s given in pi-cm-mrad.

A T F PKOTOCATNOOC R r GUN 4 TRANSPORT L I N E Z . P .

ne!
no.

1
2
3
4
5
G
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
2G
27

subnum

part
in

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
7

part
out

1000
396
985
955
985
385
985
385
985
985
985
385
985
385
985
985
985
551
551
551
551
545
545
545
545
545
545

0
0
1
1
3
3
7
7
6
7
19.
19.
19.
13.

rms ,n

*

.0179

.S13J

.0407

.0343

.3261

.4560

.2952

.3751

.7847

.8234

.2248
,3901
.4225
.4471

19.4327
13.
13.
15.
15.
15.
15.
14.
14.
14.
14.
14.
14.

.4061
3045
5450
4436
6631
S470
1872
1911
0735
0955
1257
1641

cnax,n

0
3
4
4
14
15

x,90X

. 0U0S

.4924

.5535

.8916

.8750

.6C7S
29.3281
23
31
36
87
88.
88.
88.
88.
68.
83.
G4.
GS.
65.
63.
62.
62.
60.
60.
61.
61.

.7773

. 1572

.3753

.7033

.3685

.5730
794S
.7930
,8232
.8448
9537
,3918
4531
3203
1602
2734
5B3B
38G8
1773
2209

x,100X

0.5G04
24.0990
25.1303
28.0820
193.3750
132.5000
410.7500
40S.0G2S
230.7900
240.8GS4
420.3501
419.75B0
416.9652
413.5914
409.9117
407.4031
404.8661
329.G24S
326.3318
473.8SS4
472.2344
1GE.GS7S
189.6953
157.474 1
159.1629
1S3.1187
157.9046

0
0
1
1
1
1
1
1.
1.
2.
2.
3.
3.
3.
3.
3.
3.
4.
4.
C.
6.

12.
13.
14.
11.
14.
14.

rns,n

y .

.0179

.8278

.0251

.0778

.4276

.4359

.4120

.4256

.6891
• 34ES
.9970
.1034
,1406
,1915
,2334
3783
9370
1376
8109
SG98
9088
91E8
0776
5S9G
2782
1315
1000

e«ax,n
y

0
3
4
4
6
G
6
G,
7
3.
12
13.
13.
13.
13.
14.
17.
20.
25.
33.
34.
E7.
63.
74.
74.

73.
72.

,30%

.0830

.4648

.3701

.B3G7

.1252

.1562

.1123

.2227

.4645

.9772

.5675

.1872

.3419
,7032
.9831
,7773
.9253
5473
.121!.
97BE
3219
6108
3701
5147
1068
1453
3882

anax,n
y-

0
33
29
30
41
41
39,
39.
46.
63,
94,
SG.
96.
95.
94.
89.
75.
86.
79.
108.
114.
244.
246.
269.
265.
2S4.
261.

10D7.

.8838

.G7S8

.0820

.7148

.2148

.4707

.2656

.4375

.3711

.3663
,8413
.3534
.8334
,5S42
,0471
,6773
,4239
9G23
6055
5B2S
9637
0096
6079
GS5S
795S
0403
5128



Page ii

Following Figures ( 2 - 3 to 2 - 27), show phase
plots of the beam parameters, along the ATF Transport
beamline. The plots show the beam profiles at down-
stream ends of the elements, (with space charge turned
"off" in the beamline):

Fig. 2 - 3 . Beam profiles at the Gun exit. This plot
shows the parameters obtained at the downstream end
of element 3 (which is the start of the Transport
line) .

Figure 2-5. Shows phase plots of the beam parameters,
at the downstream end of element 5 (1st quac^rupole^

Figure 2-7. Shows phase plots of the beam parameters,
at the downstream end of element 7 (2nd quadrupole)

Figure 2-9. Shows phase plots of the beam parameters,
at the downstream end of element 9 (3rd quadrupole)

Figure 2—10. Shows phase plots of the beam parameters,
at the downstream end of element 10 (end of the drift
at the entrace to the 1st dipole in the beamline).

Figure 2—11. Shows phase plots of the beam parameters,
at the downstream end of element 11 (the 1st dipole).

Figure 2-12. Shows phase plots of the beam parameters,
at the downstream end of element 12 (end of the drift
at the entrace to the 4th quadrupole in the beamline).

Figure 2-13. Shows phase plots of the beam parameters,
at the downstream end of element 13 (4th quadrupole).

Figure 2-14. Shows phase plots of the beam parameters,
at the downstream end of element 14 (end of the drift
at the momentum slit (see Fig. 1)).

Figure 2-16. Shows phase plots of the beam parameters,
at the downstream end of element 16 (5th quadrupole)

Figure 2-17. Shows phase plots of the beam parameters,
at the downstream end of element 17 (end of the drift
at the entrace to the 2nd dipole in the beamline).

Figure 2—18. Shows phase plots of the beam parameters,
at the downstream end of element 18 (the 2nd dipole).

Figure 2-19. Shows phase plots of the team parameters,
at the downstream end of element 19 (end of the drift
at the entrace to the 6th quadrupole in the beamline).

Figure 2-20. Shows phase plots of the beam parameters,
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at the downstream end of element 20 (the 6th quadrupole
in the beamline).

Figure 2—22. Shows phase plots of the beam parameters,
at the downstream end of element 22 (the 7th quadrupole
in the beamline).

Figure 2-24. Shows phase plots of the beam parameters,
at the downstream end of element 24 (the 8th quadrupole
in the beamline)

Figure 2-27. Shows phase plots of the beam parameters,
at the downstream end of element 27 (end of the last
drift in the beamline), i.e. entrace to the LINAC.
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Figure 2-22. Shows phase plots of the beam parameters.

at the downstream end of element 22 (the 7th quadrupole
in the beamline).
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Summary:

We have studied the BNL ATF Photocathode and transport beamline,

with PARMELA [2], (the standard design program at ATF), and found

differences in the results obtained for the Gun output parameters

(e.g., Table I-3c shows the the emittance of ~ 12 pi-mm=mrad) as

compared with the earlier calculations ( of ~ 7.3 pi—mm=mrad,

[I])-

As can be seen from the tables and phase plots the beam

emittance, (e.g., Table II-c shows that the rms emittance {x, y},

in pi-cm-mrad) , grows from -{1.0407, 1.025}, at the Gun exit with

988 particles. (to {19.45,3.19}- at the location of the momentum

slit, and), to {14.16, 14.1>, at the LINAC entrance where 545

particles survived, (more than a 10% increase in the beam

emittace!).

Our results with PARMELA, for the beamline, confirms our

earlier findings with Lie Algebraic method [3], that showed

increases in the beamsize, emittance, etc. Our analysis

indicated that the beam is diverging too much, the beam get too

big, leading to large beam emittance growth [also discussed in

Ref 4,6]. We have recommended [6], some possible solutions; e.g.

by an overall improvement in the Gun performance and placing of

the Gun directly to the LINAC entrance, thus avoiding the

transport beamline completely; by a better fitting, (e.g.

changing the quadrupole strengths, etc.), by including the

nonlinear terms in the calculations; or by using slits (see

earlier work e.g. Ref. [5]), to reduce the beam size. For
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Additional results of our analysis for the ATF Photocathode Gun

see e.g. Refs. [6].

The analysis was made by inputing the field we obtained via

program SUPERFISH, into program PARMELA, and calculating the

transverse and longitudinal beam parameters at various points

from cathode through the transport line to the LINAC entrance,

including the beam energy and emittance at various points.

Different versions of program PARMELA, have been used in

last few years for the Design and Analysis of the BNL

photocathode Gun at ATF (Accelerator Test Facility), that have

resulted in variations in the output parameters calculated for

the same Gun (e.g by McDonald, Pellegrini, Kirk, Gallardo, Juang,

and others, received privately and or presented at ATF meetings,

through 1/1990). To clarify some of the differences in the

results obtained by these individuals with various versions of

PARMELA, we have used the Gun design parameters (from blue print

no. SLS-41.24-1-4-A, (received from K. Batchelor, BNL NSLS), as

our input and evaluated the output parameters of the "Gun" via

program PARMELA (in collaboration with the author of PARMELA),

(see REF [6], for more info. on our results for the ATF -

Photocathode Gun).

The initial parameters used were, the frequency f=2856 MHZ,

beam size of r = 0.3 cm and z =2.06 degrees (where 2 ps = 2.06

degrees), that would result in the proposed beam, with momentum

of ~4.5 MeV/c at the Gun exit, (i.e. the entrance to the

Transport line), from which point the beam parameters were
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calculated through the ATF Transport beamline (to the LINAC

Entrance), with the space charge turned "on" (1 nC) , and "off",

(see phase plots in Figs 2 and 3, respectively).



Table Captions:

Table I - 1. Layout of the elements for the ATF -
Photocathode RF Gun and Transport line to the LINAC
Entrance (element 27). dz is the elemnt length, in [cm].

Table 1 - 2 . show the Layout of the elements for the -
Gun and Transport line (to the LINAC Entrance (element 27))
in PARMELA input format. Where the lengths and strengths
of the magnets are given.

Table I - 3a. Gun parameters calculated with PARMELA.
Units of phase are in [degree], Energy Wr in [MeV] .
The space charge effects are also included.

Table I - 3b. Beam paramaters calculated with PARMELA,
for the Transport line (element no. 4 - 27) Units of
phase are in [degree], Energy Wr in [MeV], (with the
space charge turned off).

Table I - 3c. Gun parameters calculated with PARMELA.
Where the space charge effects are included in the cal-
culations of the Gun parameters (element no. 1, 2, 3),
but is turned off in the Transport line (elements no.
4 - 27). Units of phase are in [degree], Energy Wr
in [MeV] and Emittance is given in pi-cm-mrad.

Table II - a. Gun parameters calculated with PARMELA.
Units of phase are in [degree], Energy Wr in [MeV] .
(The space charge effects are also included.).

Table II - b. Beam parameters calculated with PARMELA.
for the Transport line, (element 4 - 27). Units of phase
are in [degree], Energy Wr in [MeV], (with the space -harge
turned on in the beamline).

Table II - c. Beam parameters calculated with PARMELA.
Where the space charge effects are included in the cal-
culations of the Gun parameters (element no. 1, 2, 3),
as well as in the Transport line (elements no. 4 — 27).
Units of phase are in [degree], Energy Wr in [MeV]
and Emittance is given in pi-cm-mrad.
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Figure Captions

Figure 1, Schematic Layout of the ATF Injection System

FIGURES 2 - 3 TO 2 - 27 , SHOW PHASE PLOTS OF THE
BEAM PARAMETERS, ALONG THE atf tRANSPORT BEAMLINE. fcHE
PLOTS SHOW THE BEAM PROFILES AT DOWNSTREAM ENDS OF THE
ELEMENTS, (WITH SPACE CHARGE TURNED "OFF" IN THE
BEAMLINE):

Fig. 2 — 3 . Beam profiles at the Gun exit. This plot
shows the parameters obtained at the downstream end
of element 3 (which is the start of the Transport
line).

Figure 2-5. Shows phase plots of the beam parameters,
at the downstream end of element 5 (1st quadrupole)

Figure 2-7. Shows phase plots of the beam parameters,
at the downstream end of element 7 (2nd quadrupole)

Figure 2-9. Shows phase plots of the beam parameters,
at the downstream end of element 9 (3rd quadrupole)

Figure 2—10. Shows phase plots of the beam parameters,
at the downstream end of element 10 (end of the drift
at the entrace to the 1st dipole in the beamline).

Figure 2—11. Shows phase plots of the beam parameters,
at the downstream end of element 11 (the 1st dipole).

Figure 2-12. Shows phase plots of the beam parameters,
at the downstream end of element 12 (end of the drift
at the entrace to the 4th quadrupole in the beamline).

Figure 2-13. Shows phase plots of the beam parameters,
at the downstream end of element 13 (4th quadrupole)

Figure 2—14. Shows phase plots of the beam parameters,
at the downstream end of element 14 (end of the drift
at the momentum slit (see Fig. 1)).

Figure 2-16. Shows phase plots of the beam parameters,
at the downstream end of element 16 (5th quadrupole)

Figure 2-17. Shows phase plots of the beam parameters,
at the downstream end of element 17 (end of the drift
at the entrace to the 2nd dipole in the beamline).

Figure 2-18. Shows phase plots of the beam parameters,
at the downstream end of element 18 (the 2nd dipole).

Figure 2-19. Shows phase plots of the beam parameters,
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at the downstream end of element 19 (end of the drift
at the entrace to the 6th quadrupole in the beamline).

Figure 2—20. Shows phase plots of the beam parameters,
at the downstream end of element 20 (the 6th quadrupole
in the beamline).

Figure 2-22. Shows phase plots of the beam parameters,
at the downstream end of element 22 (the 7th quadrupole
in the beamline).

Figure 2-24. Shows phase plots of the beam parameters,
at the downstream end of element 24 (the 8th quadrupole
in the beamline)

Figure 2-27. Shows phase plots of the beam parameters,
at the downstream end of element 27 (end of the last
drift in the beamline), i.e. entrace to the LINAC.

FIGURES 3 - 3 TO 3 - 27, SHOW PHASE PLOTS OF THE BEAM
PARAMETERS, ALONG THE atf tRANSPORT BEAMLINE. tHE PLOTS
SHOW THE BEAM PROFILES AT DOWNSTREAM ENDS OF THE ELEMENTS,
(WITH SPACE CHARGE TURNED "ON" IN THE BEAMLINE):

Fig. 3- 3. Beam profiles at the Gun exit. This plot
shows the parameters obtained at the downstream end
of element 3 (which is the start of the Transport
line).

Figure 3-5. Shows phase plots of the beam parameters,
at the downstream end of element 5 (1st quadrupole)

Figure 3-7. Shows phase plots of the beam parameters,
at the downstream end of element 7 (2nd quadrupole)

Figure 3—9. Shows phase plots of the beam parameters,
at the downstream end of element 9 (3rd quadrupole)

Figure 3-10. Shows phase plots of the beam parameters,
at the downstream end of element 10 (end of the drift
at the entrace to the 1st dipole in the beamline).

Figure 3-11. Shows phase plots of the beam parameters,
at the downstream end of element 11 (the 1st dipole).

Figure 3-12. Shows phase plots of the beam parameters,
at the downstream end of element 12 (end of the drift
at the entrace to the 4th quadrupole in the beamline).

Figure 3-13. Shows phase plots of the beam parameters,
at the downstream end of element 13 (4th quadrupole)

Figure 3—14. Shows phase plots of the beam parameters,
at the downstream end of element 14 (end of the drift
at the momentum slit (see Fig. 1))-
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Figure 3-16. Shows phase plots of the beam parameters,
at the downstream end of element 16 (5th quadrupole)

Figure 3-17. Shows phase p]f^s of the beam parameters,
at the downstream end of c~jment 17 (end of the drift
at the entrace to the 2nu dipole in the beamline).

Figure 3—18. Shows phase plots of the beam parameters,
at the downstream end of element 18 (the 2nd dipole).

Figure 3—19. Shows phase plots of the beam parameters,
at the downstream end of element 19 (end of the drift
at the entrace to the 6th quadrupole in the beamline).

Figure 3-20. Shows phase plots of the beam parameters,
at the downstream end of element 20 (the 6th quadrupole
in the beamline).

Figure 3—22. Shows phase plots of the beam parameters,
at the downstream end of element 22 (the 7th quadrupole
in the beamline).

Figure 3-24. Shows phase plots of the beam parameters,
at the downstream end of element 24 (the 8th quadrupole
in the beamline)

Figure 3—27. Shows phase plots of the beam parameters,
at the downstream end of element 27 (end of the last
drift in the beamline), i.e. entrace to the LINAC.
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Following Figures ( 3 - 3 to 3 - 27), show phase
plots of the beam parameters, along the ATF Transport
beamline. The plots show the beam profiles at down-
stream ends of the elements, (with space charge turned
"on" in the beamline):

Fig. 3- 3. Beam profiles at the Gun exit. This plot
shows the parameters obtained at the downstream end
of element 3 (which is the start of the Transport
line).

Figure 3-5. Shows phase plots of the beam parameters,
at the downstream end of element 5 (1st quadrupole)

Figure 3-7. Shows phase plots of the beam parameters,
at the downstream end of element 7 (2nd quadrupole)

Figure 3-9. Shows phase plots of the beam parameters,
at the downstream end of element 9 (3rd quadrupole)

Figure 3-10. Shows phase plots of the beam parameters,
at the downstream end of element 10 (end of the drift
at the entrace to the 1st dipole in the beamline).

Figure 3-11. Shows phase plots of the beam parameters,
at the downstream end of element 11 (the 1st dipole).

Figure 3-12. Shows phase plots of the beam parameters,
at the downstream end of element 12 (end of the drift
at the entrace to the 4th quadrupole in the beamline).

Figure 3-13. Shows phase plots of the beam parameters,
at the downstream end of element 13 (4th quadrupole)

Figure 3—14. Shows phase plots of the beam parameters,
at the downstream end of element 14 (end of the drift
at the momentum slit (see Fig. 1)).

Figure 3—16. Shows phase plots of the beam parameters,
at the downstream end of element 16 (5th quadrupole)

Figure 3—17. Shows phase plots of the beam parameters,
at the downstream end of element 17 (end of the drift
at the entrace to the 2nd dipole in the beamline).

Figure 3-18. Shows phase plots of the beam parameters,
at the downstream end of element 18 (the 2nd dipole).

Figure 3—19. Shows phase plots of the beam parameters,
at the downstream end of element 19 (end of the drift
at the entrace to the 6th quadrupole in the beamline).

Figure 3-20. Shows phase plots of the beam parameters,
at the downstream end of element 20 (the 6th quadrupole
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in the beamline).

Figure 3-22. Shows phase plots of the beam parameters,
at the downstream end of element 22 (the 7th quadrupole
in the beamline).

Figure 3-24. Shows phase plots of the beam parameters,
at the downstream end of element 24 (the 8th quadrupole
in the beamline)

Figure 3-27. Shows phase plots of the beam parameters,
at the downstream end of element 27 (end of the last
drift in the beamline), i.e. entrace to the LINAC.
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Figure 3-9. Shows phase plots of the beam parameters,
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Figure 3-10. Shows phase plots of the beam parameters,
at the downstream end of element 10 (end of the drift
at the entrace to the 1st dipole in the beamline).


