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Computer Codes for Designing Proton Linear Accelerators

Takao Kato
(National Laboratory for High Energy Physics)

Summary:  Computer codes for designing proton linear accelerators are being discussed
from the viewpoint of not only designing but also construction and operation of the linac. The
codes are divided into three categories according to their purposes: 1) design code, 2) genera-
tion and simulation code, and 3) electric and magnetic fields calculation code. The role of
each category is being discussed on the basis of experierrce at KEK (the design of the 40-MeV
proton linac and its construction and operation, and the design of the 1-GeV proton linac). We
introduce our recent work relevant to three-dimensional calculation and supercomputer cal-
culation: 1) tuning of MAFIA (three-dimensional electric and magnetic fields calculation
code) for supercomputer, 2) examples of three-dimensional calculation of accelerating struc-
tures by MAFIA, 3) development of a beam transport code including space-charge effects.
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Fig. 1 The scheme of the 1-GeV proton linac.
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Fig. 2 Unit cell for a DTL accelerating structure.
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Fig.3 Parameters of the codes for designing proton linac.

t = transverse, L = longitudinal
in = injection value

j = value for j-th cell

+ = variation through linac
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BEDED< vy F Uy I EFDOMOY — AEEPEEMEL %5, 4+ VIEERFQ
D, #LTRFQ ¢EDTL DD E— L DIRLFEVEFARL BT, ZHABEHIEL
BHEICE ) AN ¥ — A#kA O — F (LEBT ) %BA% L7, 2084 Ll
TS &,

1. ZHEEFRE4 O TFHRITEHET %,
L VY FE Iy BFEICE VS ERRER L
3. A—=N—av¥a—%—fFHIZa—F{tT 5%,

MENKREDHFTCERZTDH A2 Lk v, EBRICESELERIEL LD
D% h o, BABIIREIIRNS,

33 H=H (ERHEITa—-F)

IERE OERSRTOEEWIRAEL TV 5, i, &il. BHELEE
PR TELFL, BRINDBEVELTWIEIHTH DL, (ER, INEE X ET
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ML OBED Y A4 THEDN 12D T, WL ERE T — F251E T 5SU-
PERFISH ) SZH I iz, SIERBESIERALETTH S, LA, HEKR
IR B EZFOREYWIRILD - T (BREY Yy 79 -8, IEEOHKE
.. DTLORA NI Y TF—, Fa—F—%E) . £#Z T, tral and error TH
PE# AT o Tz 3RITEBHGHNIT I — FOBSHC OS5 CIXIEF ICHFES
TWDTH 5, AW IRTERGIFNT 2 — F MAFIA ) 2SFRICFIHE RS
91 %oT, COGTHOENCEOERIIFEELDIDTH B, LI LEHDL,
BAEOKEK BT 5FIHRE ., SHERE LFALRSEBRERED AV ATES T
HoT. SHOBEERFEIHREINTVS, FEIC, CDLd AR a— FIiT,
ARDIEOPOEEN I V2 — 9 —HICEIPNLEIRETH > T, FDOHE, MA-
FIA \Z I3 AiiiAF%E %, Table 1 CKEK T&{fEbNBI—F2F LB,

Table 1 Examples of codes for designing proton linac.

E—E s FE E=1E
RFQ RFQUIK PARMTEQ  MAFIA
GENRFQ QKEK SUPERFISH
KEKRF
DTL EQUI PARMILA SUPERFISH
DELIFO MAFIA
CCL PROEND SUPERFISH
MAFIA
Beam line TRANSPORT
LEBT
Magnet PANDIRA
IMAG

(THROVDWVWTH S DIt KEK H)
4, 21— FFIH»BAH

KEK D REEMES X 7 ADOBTI % o TE-5HEB 2BNT 2, TF. KEK
DFHEEIRIE % Table 2 IR T,
FHEEE IR & LCh, MERFEVBEFCHE, AHT—avFa—¥%—
(M680H) 1%, FIFHR2EEFESNRAT 75MB, STEBMS2BETHL, X
—N—=ar¥a—%— (S820) ik, ERMICFIAEL%SLIEESEIL 128MB.
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Table 2 Speed of the computers at KEK.

MIPS MFLOPS
HITAC M680H 32 59 B-system
REIHITAC 150 100
Super HITAC S820 3000 C-system

HEBMIZ00TH D, AVNT—IT v Fa—%—3FIHEENZ VI L., EEEER
FREERROTHEL LR o TLE)FENH S, REZ=ZRTHEL THHAEK
2. SNHIREEL Lo TWAEY, RBEXHHEINZEFLHFL TS,

4.1 MAFIA (old version) DF 2 —=2 7

MAFIAIZ, Maxwell 52 BBEHN LI - FThH b, BT, BERGHFEITE
T5E2FTRL, B (¥—4) 280 AERES TEHHEHRL DT, 5% L HF
RS Bbns, FIAENEE L, HOFERHO»»2 KBV 3 728
W THRIE-OT, FNEITAHTFT—T ¥ —% — 2 TE> TWVW/-MAFIA % X — /%
—IVE2—F—IREETELETH, I F2EIRILFONS LRI
820 % Thb, BEICL-oT, A=N—IVEa2—F— %) HODTOREKRTH
D, FEREDBED o705, FELTHTNV—F4 V52 RBEAT B % EDIEEDER.
BHEIIIE, X7 PVAEER 93 % Ll EEF, ThDEELST58ITE3, £K10%
EXWRZEBVLBELTEDOT, FE2dhkLl COBR, AHT—aVEa—F—
ET 824 (155000 2 v ¥ ) 2h o5t ElA—N—a a2 -5 —ETIX 55
TTEB LI hot, TOREME#Fig. 6§ LFig. 7 2R T,

100 —r—r—r—r

g o 20 .I LB LA ERS l. LR B B J
~ I 2 [
g B 1 & 15
¢ ]
3 [ ol & i 0
Eoat 1§ u ;
g P - &
5 [ ] % r 0°
g 3 PSS S o N S—— - 8 5
> [ 2 [
[ © o
80 A = A 0 Sendanbend e 2 4 1 Reddind ‘ bddd b A L
0 5 10 15 0 5 0 15 20 25
DAY (April 1990) DAY (April 1990)

Fig. 6 Increase in the vectorized ratio by tuning. Fig. 7 Increase in the speed of calculation.
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T TOVERRBWREEL 5770 KEKDA—/S—a v Ea—¥F—lZ, X7 MVE
RHPEWYRL DT FTHLIHFHL —HRWITERLTVWD L) DT, 72h7E24 93
% Tk, BFENE VI ETHE, BLEVWFERARENER SN HLLL & [
2o A=N—Foa—Fik, BULrLENEZ YA TRETHL &) %
o7

4.2 RFQ D &R

RFQ (Fig.8) (&, f&x AN F—SEDNY F ¥ 7 EHTTROPR LW & % [F]
BIFE) =Tyl LT, BEShTwd, BET— FRIUED2EAHRT
TE21 T 0, MEEBIC ) L) &2 2FIT & Y IREHPST £fFo Twobe 20
MEBFTZ @2 2P IHREELHFICL), A4 VEPLRLDCE-LE) FL
Ny FSELEDNMEDL, WHHTEVIOE- FiZ, RUEEDLNTE 2B
it 2 — F (LALA, SUPERFISH) TRIALE YR %o FEHIC wicky %RIRIE
(BT —h%o3 T F—FvEOFESFES) 2HAVIHEICLY, BHEEF
o T, ZRTEMSFE - FOSHITL ), RFQ IMHIFHELRS £ )
27 o7 LOLEDDL, LELAy ol EstERfME2E2 5 L, BHAEDKEK D
REEHEE S 27 2B THIATE 22— —REE FIATREEAE) - EH)
(7 SHEREE) ATHPECHESNLENEEND, Fig. 9 - 11 ISRL7ZDE,
MAFIA IZ & 2RFQ N HLEBE ORI HMERTH 5o T DFIE 165000 £ v ¥ 212
Tz, FHERER305THS (MESOH) o

Fig. 8 Four vanes of an RFQ.
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Fig. 10 Accelerating field distribution.

Fig.9 Electric field distribution between two vanes.

Fig.11 Geometry of the vanes used for calculation. Fig. 12 Magnetic field distribution for

post mode.
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Fig. 13 Electric field distribution for post mode. Fig. 14 Geometry of DTL with post-

couplers.

LIETBEAY VAR B LY, 2Aovatrf ADERE LB TR L
FHEREVNRELZoTLE ) o TEEDA Y ¥ 2 HHT100 FIEETIX., HE
DEREVEFEIZ R VWA DDH B, Fig 12-14 KR LDIE, BA Ay 79 —fF
EODTLOFIERERTH 5, BEEIAKS DL b, BRIFGOE— FBL b
D, KRR ME— FOMITITIFIEFEICRICIZD, X v ¥ 28 405600, SHERFR
11343 TH 5 (M680H) o

4.4 LEBT (Low Energy Beam Transport) &4l
Y o DRLF OEH) TR

®_qE+vB)  P=mgv

B0
4112-:0 34

1
P
EPT B, TCTTIEH—MITEL LN TWBEREICHED » ZRIEMNEIEIE4
DHFDED 7 —a v EFEL TR ALEICT S,
COFBREMLMRONV Y T2 v FFEI L VIEBELH> TR, Furbo
HELZDT, BRIPLA—N—a v ¥a—y—FIEELTa— FMt+ 5, IE
WHDODE—AT A4 Vv eBEL CROMLEEBRE LT,
LEMNELZPLET B,
2.BEAT Yy PTIZEBENNTA—F - LT3,
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3. AT BHLIGRREZIE) -
4. EFy v 72HY Anb,
5. 2B AT VEFIX, transfer matrix X & BB L B TX 5,
6. ZFEHDASTRFERZHEL., AL LK FIHARDB LI I2T 5,
1. EHEEC—AENYFE—L 2T,
8. BN B BREKFNTF— 92774 VIZEEET,
O.UELZE—LOHWERFELT, F97FRTH, TO—FRAH T —IZ
TiT% o
Table 312, SEEDI V¥ 2 — 9 —DFEEDELRE R LT

Table 3 Increase in speed of computers.

1978 1990 YEAR
BFFEH 1 59 MFLOPS
N7 MV 10 3000 MFLOPS

1978 4ED A ¥ 2 — % — % {#i5 T, P-P (particle - particle) 5t E 247% 5 &, B xid
B EHATI 282D, R MVTITR ) E3EMI2505, P-PEIE
BEETHL LM IR TV, £250, BfoavEa—%—Tidk4 284
LBPLEOTHD, P-PEIELRATAMERXSH S L E X b5, Fig 15 &/
BRLERE—LATA VEIHTI0m 2FTET 20O LELRERETRT, HTFH
5000 L EDERHEEMETH B, X7 PIVEERIZ99.6% LLEHY, A H 5 —D 30
BEOREIEL N,

150 [

; i 100 ————7————7———
- @ Yect 7
I ector ‘/_/_ R 50 L . .
E 100 i O Scalar " 2
5 I / 1 5
g i > 0 F
E I O . // 1 g
g 50 ! i
© - e & -
ye : =50 - -
! ot ’/// :
0 ole—— | . L oo b ‘
-100 0 100
0 5000 10000 15000 P

Np

Fig. 16 A 100 mA injected beam with an
RFQ.

Fig. 15 Particle number dependence of
CPU time for M680H and S820.
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ZNI— FEfEo TFig 4 KRLAHVARATROZHETHREZHEL TH %,
IANE—T50keV DY — AENAYF ¥ —ZRAC L) BBCNYF 78020
T, ZORICEKE L ZHERHRI S %, Fig. 16 I BIHAT 100 mA DR D)
MIIvF Uy A%RT, Fig. 4 LR2 L ZHEBEHHEOIERA» L K b S, (M
LIANVE—DLEDY) OB, NV F v —DBENT A —F — DEBBEHHRC
AL B LR EN DY I aL—Ya vy bLRBTR,

BbhHiZ
LHANOHFERSFETITEDELV, F—iF, FTEAEY - FORE

SBMBETHE, 10fEAE— FHFFEL LB EHLWEIHFEERS, 40ikB~<
bNeholdt, E—ar%2E8tBEREOEIT L EIXBENKEV, £, X
HROMBENLZ IV 2 -7 —0EFICL ), BERNZMZOEHLHALRA
T, Vo7 v 7 DRFVHELPD LNV EWIBFETHE, T0LI B>
¥a—%—a—Fi, V=7 v 7 0ORFtoPT, BL2ERBM &L LTkl
o2 T5ENRTEL,

AREOWEE5ZTTEVE L-BEREOERICBILEL EIFE ¥,
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