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

Takao KATO
KEK, National Laboratory for High Energy Physics
Oho 1-1, Tsukuba-shi, Ibaraki-ken, 305, Japan

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.

1GeVIEFY) =7 v 27DRFQ LDIL DD -4 71V DiksE

1.IZC®DIZ
REDB/IANF—TF) =T v Tid, F
V7 b Fa—7Y=7vZ (DTL) O A4E:E L
T, ERFEDONTW-FEROMERR KDL o T
RFQ MM &N B, RFQ DFHIZE Y, ZDHED
IEARICBVTE L ORI EI /OIS, F—IF
HEH MO DTL ASFHHEDMARIEAVNE ( HR B FHT
Hb, £ _IIDTL 7 7t 7% v ADERMEOK T
PHEVEIZL D, V=T v 7 DOEIRVF— IR
HACBWTTFHEENEE—ADRICEVEELY D
oTHETHL, BT, HFRAOZI vy U 2R
W2, B LEBRBG52ZNEETHD, HMIT,
DTL At ANV F— 2@ RRERELFICLD,
DTL DA OBIENBFS 2 Y . R BHRDE
bEALTBETH A, iE> T, RFQ EDTL ¥R
¥'—AF 4 (MEBT LIER) &, DL~/ RAT
LBE—LOUEEEC—LF 4 Y AIZBNTHILEE
W Hiz, BHo, %@&@Mﬁﬁﬁ@ﬁwTE—
A@ﬁﬁ#%ﬂt&wlo RETTAELVEREL R
b, KEINFOYEHE! (JHP) Tix. RFQ DA
Y—Al3¥—2 & 200mA, ZFLVF—3MeV &
ZoTWADT, MAMEMAMORNEDE —LD
BENCK LT, EREMRIESHEIEAT 5, 22
TEMEWNIREPY) AN/za 2 a—y—a—F
REL. E—AT 4 VORRE R IT R o720 FRIZ,
DTL ASIER OB F DI AT v F » 7id, ¥—AT

Iy FVADEMEL LS TENLVOT, EEE
. L4k, SEEEPIZE —A8T X — ¥ —HI5EAT]
BRTHBY—LF AL /LT

23 ¥a—4%—a—F
ZEEEMBREN) ANTE—L T VR
R=FIIFA4 v R&FTHI—-FERE L. N F
YRR TIEML T £ 0EE) 29
32— F (BTSCF., BTFIT) , K& U %41 22 6] i
s RE R FHBICEE LS P v X UV 7EHER
B %) bW 5 multi-particle code (LEBT?) Td
b5, UED=D2ma—Fk, EiihomADEEDE
—iEH & L TMAGIC? & 2 F\WCaxat 2D 72,

Code BTSCF
Z BT F O Ao EE) I
B’y dz (B (1)
k? = k ksch kff
kZ — q EEL
Q 2 B,Y
k2, =9 __PM, (2)

“f 7 mc? g,B2y>

q TE Tcos@
mc:2 AB3,YS

2
krf_"

— 168 —



4
I= ?axayb fp

ko PBRREA & 2 WURT), kA3 ZEREHTRDR
k R SEBIEELIC X BIGENERLTBY,
B=vic. v=1/N1-P%. v BT THHE, q 2B, m
R EE. BIIIUREESHAER., p \TEMHE,. Mx
RFZEHBEMOBIRE T, e, 3FER, E, 13V
Fx —DONEF ¥ v 7OFIEEYS, Tidtransit time
factor, @ IXF ¥ v ZHLIIBIT S of (LA, A=c/f ik
Bk, fIRERERE. LIER, a,a 34071
E—L¥EF, bIINVFREDEGFERL TV,
HERX (1) 3hr—EnHaicik{mshTwn
%X ICEEICIT T, kRTEEINS,

sin@
(ij__ cosO » ("'0) K>S0 (3)
X —ksin® cosO \Xo

sinh@/ ,
(f)z cosh® . (PJ’ 20 (4)
X ksinh® cosh® \X o

(RoOFTITkIZMHEE T5)

X\ 1 LY Xxq - (5)
()00 Tl e

{B Lq=kL=k(z-z0)» @)Dk IIMHEZEL. KX
RO IZMIEE R T,

HEH T  ZHBMNIE Zs NV F O
LETHTRATEI NS,

Escf=A(Z_zs) (6)

. 31IM,
4me, r° b f

ST, NUFEFEEr EABIGEMLTW S,
EEfHERT pEE#E L T

dp _

dt - qucf ( 7 )

Z X, BiFmERKEIC L THRITT

(A¢)= cosh® “2?9 (A¢o) (8)
Aw Ksinh® cosh® \AWo

2 2
K= /gf_\_ CK=-Kme By pAp=_2Mp,
my 0 BsA

Aw =mvgAvAv=v-vgAz=z—-2z0 =ki,t = Az/vg,
RELOfNYFr—13

()~ Daw) @

EEBMIcE I NS, {BL. V=Eo0TLsing (X/¥>
FY—BETH 5,
DEOFEREZZFRFEATE—L0EE) %K
W5, Mac EDTrue Basic iZ X D EHhNTBH., L
BRTI T4 v 7 AbERENS,

Code BTFIT

BAMOE—L< vy F o IDBIZ, E—L4TF
A LOEED 4 BOVCERS: % fofifk§4 23— F
TdH b, BTSCF %5k L7-bDTH Y., Mac Lit
HITAC £ ® Fortran Tb7E 5,

Code LEBT
K1) < 2R & REUT &0 B KRE
# L 72 A% 5 multi-particle beam simulation % 177 ) -

E =—3 Iy (10)

i 3
47t€0 izj rij

ZDA— FiFA—/3—a ¥ a—%—HITAC S820/
80 ICBWVWTEHEILE NS L9 IZ. Fortran TE NN
TBH., X7 MVLE9.T% LU EXFONT WS,
RKa— Fid, ZHEMRELSD BEEDONY FDIRD
Vo, BISCF OftE#ENF vy, =
IV Y VAEMOEX RO Y — AT 1 v OFF %
WA L. ASTE— 20213, REQOY—24Y 32
L—Yarvoihx#ER L7,

3. MEBTD 7¥ {4 v DBE

Y— AT YOFEHRE% Table 1 127R7,
EX3#1.64mThHY, SEOMUEHELE, T4~
DIFIZPE 086 m ICE N 1 HONY F v — (&
JE115kV) oSNNS, Fig 1IXRX—% 77V
72 avB)DFARERT, BORKAIEIZF)22m
Thh, ThiF¥—2FfEFs2mm il 35, K
DHDFHEMNT Code LEBT DEFEAE R TH 5. Code
BTSCF (3%  DEUEIE 2T o T A DS, K&
TRIZ2oNDa—F3—H¥5EL52 5, Fig. 21IN
VFDIFNF—IREMEH AR I DELERT, 2
MEMHROFZEIZL), ZTAVF—DEIY HK
ELELT DT bH 5B, Fig. 3 £ 412 DTL A4t

— 169 —



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 LDS 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
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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)

€y (mcm-mrad)

ew (tMeV -deg)

rms 90% rms 90% rms 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
ET Table 3 Comparison of the output emittances (90%) for a 20-
B = 1_':___%0_28}1 mA beam at an energy of 1 GeV between the simulations
cAB Y with the direct-injection and with the LEBT-injection. The
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energy spreads (90% full) are also listed.

€x gy Ew Aw
ncm*mrad wem-mrad ntMeV -degMeV
Direct-injection  0.124 0.111 3.72 1.44
LEBT-injection 0.119 0.115 4.92 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 (wem - mrad)

€y (tcm-mrad)

ew (TMeV -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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