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DESIGN OF A BEAM TRANSPORT LINE BETWEEN THE RFQ
AND THE DTL FOR THE 1-GEV PROTON LINAC
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ABSTRACT

A beam transport line between the RFQ and the drift tube linac (DTL) for the 1-GeV
proton linac was designed using four computer codes, MAGIC, BTSCF, BTFIT, and LEBT. The
last three codes include the effects of the space-charge. The calculated results show no increase in
the transverse emittance and about a 20%-increase in the longitudinal emittance for a 20-mA
bunched proton beam. Properties of the beam line are studied in connection with the effects on the
final beam qualities after a long acceleration with the 1-GeV proton linac. The effects of transverse
mismatch at the DTL injection, arising from the difference in the calculation method between the

code BTSCF and LEBT, are discussed.
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Table 1 Parameters of the MEBT calculated with the code BTFIT for a 20-mA bunched beam.

No Name Length Total  Gradient Gradient
mm  length T/m (0 mA beam)
1 LD1 90 90 drift
2 QF1 60 150 38.926 F 38.926
3 LD2 120 270 drift
4 QD1 50 320 33.462 D 33.462
5 LD3 260 580 drift
6 QF2 50 630 28.173 F 28.173
7 LD4 80 710 drift
8 QD2 50 760 25.617 D 20.00
9 LD5 200 960 drift
10 QF3 50 1010 13.33 F 13.00
11 LD6 120 1130 drift
12 QD3 50 1180 18.99 D 21.60
13 LD7 180 1360 drift
14 QF4 70 1430 32.51 F 32.34
15 LD8 60 1490 drift
16 QD4 70 1560 42.88 - D 37.37
17 LD9 83.5 1643.5 drift
2 ! 5 70 —— ]
: : ; |
]
g
~ 2
@ <
Pt =]
5 &
4] ~
0
]
i)
<
< -
00 0.5 1 1.5 2

Length ( m )

Fig. 1 The square-root of B-functions for the MEBT

calculated with the code BTSCF. The circles indicate the
results of the code LEBT calculation.
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Fig. 2 Variation of the energy and phase half-spreads
along the beam line calculated with the code BTSCF.
Wide lines correspond to a 20-mA beam, while narrow
lines a 0-mA beam.
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Fig. 3 The calculated output transverse emittance (x-x')
for a 20-mA beam with the code BTSCF. The
acceptances of the DTL (large ellipse) are also plotted.
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Fig. 4 The calculated output transverse emittance (y-y')
for a 20-mA beam with the code BTSCF. The
acceptances of the DTL (large ellipse) are also plotted.

Table 2 Emittance variation in the MEBT calculated with the code LEBT.

€x (mcm* mrad) gy (rtcm - mrad) ew (tMeV -deg)

rms 90% rms 90% ms 90%
Entrance 0.0251 0.104 0.0262 0.108 0.060 0.297
Exit 0.0253 0.102 0.0264 0.108 0.073 0.342
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Table 3 Comparison of the output emittances (90%) for a 20-
mA beam at an energy of 1 GeV between the simulations
with the direct-injection and with the LEBT-injection. The

energy spreads (90% full) are also listed.

€x Ey Ew AW
ncm*mrad wem-mrad nMeV-degMeV
Direct-injection  0.124 0.111 3.72 1.44
LEBT-injection - 0.119 0.115 492 1.56
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Table 4 Comparison of the output emittances at the DTL exit between the matched-injection and
the slightly mismatched-injection into the DTL.

€x (7em - mrad)

€y (mcm-mrad)

ew (TtMeV -deg)

rms 90% rms 90% rms 90%
Matched 0.0262 0.109 0.0278 0.115 0.159 0.704
Mismatched 0.0287 0.117 0.0272 0.115 0.161 0.714
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Fig. 5 The calculated output longitudinal emittance for
a 20-mA beam after accelerations by the DTL and the
CCL. The output beam from the RFQ was directly

injected into the DTL without any beam lines.
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Fig. 6 The calculated output longitudinal emittance for

a 20-mA beam after accelerations by the DTL and the

CCL. The output beam from the RFQ was injected into
the DTL after traversing the MEBT calculated with the

code LEBT.
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