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Requirements
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e Current
— Average 675 nA
— Peak S0 mA
 Pulse
— Pulse width 500 usec
— Repetition S0 Hz

— Chopping ratio 34 %
— RF duty 600 psec) ~3%
e Beam
— Energy 400 MeV

— Momentum width Ap/p =+0.1% (100%)
— Emittance 3 ~5x mm-mrad (99%)

Proton linac



400-MeV linac
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248.79 m
e 3
3.0m 159m
3.1m 27.1m 912 m 108.3 m
D b e B
To 3-GeV RCS
Ion source 4 RFQ I~ DTL F SDTL ACS e >
MEBT MEBT2 \\ To ADS
(324 MHz) (972 MHz) St |—
50 keV 3 MeV  50.1 MeV 190.8 MeV 400 MeV 600 MeV
5.7 MW 23.6 MW 43.8 MW (10 MW)
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RFQ, DTL, SDTL and ACS parameters
G Y SR e el T e e

REO DIL. . SDIL A¢CS
Output energy 3 50 191 400 MeV
Frequency 324 324 324 972 MHz
Total length ol 20 9.2 108.3 m
Structure length 3.1 26.7 65.7 68.2 m

Number of tank 1 3 32 46

Number of cell 146 160

Number of Klys. 1 3 16 23
Accelerating field 2.5~2.9 2.5~3.7 4.2~4.3 MV/m
Stable phase ~ -30 -30 -27 -30 deg
Vane voltage 82.9(1.8KL) kV

Drive power 536 55 16.6 33.3 MW
Beam power 0.148 24 70 10.5 MW
Total power 0.484 5.7 23.6 43.8 MW

Ipeak=50mA, beam pulse length 500 usec
Proton linac Repetition frequency 25/50 Hz, KI.=Kilpatrick limit
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Adopt equipartitioning focusing
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Space-charge effects vs. frequency

Tab|e 3 Accelerator parameters !or various operating !requenc:les.

Frequency 201 300 324 350 432 MHz

Emittance(90%) 0.15 0.15 0.15 0.15 0.15 scmrmrad
(normalized)

Eacc ) 2 2 2 2 MV/m

Beam radius 245 1.85 .77 1.69 1.47 mm

Ad 6.4 8.5 9.0 9.6 11.6 degree

B' 43.3 96.5 112.6 131.4 200.2 T/m

o) 60 60 60 60 60 degree

o, 42.4 50.0 51.1 52.2 54.4 degree

o, [/o? 0.71 0.83 0.85 0.87 0.91 , (0, 2

u, 0.50 0.31 0.27 0.24 0.18 e _\?)

EGF 5.0 2.3 1.9 1.6 1.1 %

EGEF: emittance growth factor due to the field energy of the bunch of Gaussian distribution.

Proton linac
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Equipartitioning focusing scheme
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Equipartitioning focusing Constant phase advance
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Design features
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* Suppress space-charge effects by selecting both
higher operating frequency and suitable focusing
scheme, and three times the fundamental one for
high-f3 structure

— Reduce emittance growth
— Decrease beam losses

* Balance transverse and longitudinal motion by
using equipartitioning focusing scheme

* Select relatively higher energies for structure
transitions from the viewpoint of longitudinal

motion; 3 MeV, 50 MeV, 190 MeV

roton linac 10




Focus design features
BT e

e Variable transverse-focusing strength against a
change in peak current

* Keep sufficient focusing-strength in transverse
focusing
— Higher o/0,, compared with other schemes

e Minimize bad effects on beam-quality parameters
— Low modulation factor ~ 1.6 (FFDD:2.3 - 3)

O = transverse phase advance

Proton linac 11




Focus design features (2)
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e SDTL X [3CCL #R45r DUNRE D LLE5l

50 mA, 50 MeV
FD FODO 0,(FOD0)=90
’ o,(FD)=45
B’ (T/m) 6.7 4 U&= Thst
0/0, 0.69 0.57
Modulation factor = X_ /X .
X X 1.32 2.18 E—ADx - y O
Cylindrical symmetry73;
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FD: || I

FODO: | | j
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Selection of CCL frequency
L e e T e R e M

Frequency multiple injection

e LANL x4 at 100 MeV CockCroft
e INR x5 at 200 MeV CockCroft
e JHF/JAERI x3 at 190 Mev RFQ 3MeV
e ESS x2 at70 MeV (RFQ--->DTL x 2)
_ RFQ 5MeV
e SNS old x 2 at20 MeV RFQ 2.5 MeV
* SNS new X2 at87 MeV RFQ 2.5 MeV

* phase damping

Ag, _ I-ﬁf)/l?)EIZISin% ]
Ag, lﬂ;)’;EzESind’zJ

/i

Proton linac
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Relative bunch width at CCL injection point

CockCroft

Low-energy scheme

Relative phase spread

Proton linac

RFQ
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ks
1F // SNS new
8 o .
0.5 \ ®
A\
JHF 191 MeV désign
0 E

ESS: 175-MHZ RFQ + 350-MHz DTL

SNS: 403-MHz RFQ
JHF: 150-MeV SDTL

JHF ESS SNS LANL INR

tesign

Ag, ot fﬁfoElTISinfl’l ]%1

A | BrsETsing, |

Spread at the RFQ exit is included
according to phase damping formula

JHF: 3-MeVRFQ
ESS: 5-MeVRFQ
SNS: 2.5 MeVRFQ
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Errors in accelerating parameters
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* Error-1 --->No beam loss
— +1% cell and tank fields
— +1% cell phase and £3% tank phase
— Q-magnet displacement +0.05 mm
* Error-2  --->~0.1% beam loss
— +2% cell and tank fields
— 2% cell and 6% tank phase

— Q-magnet displacement +0.1 mm
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Stmulation results: sorow tyec. s0ma
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Injection beam € € o,/ o, O,/ o, klsk

Xrms Zrms
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X
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Exrox - 1 is applied.
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Matching & tuning

MERT MEBT?2

3 MeV

DTL 8 SDTL

ACS |==1 L3BT -

X,y X.y.Zzmalching X.Y vz matching Xy

Xy matching & current

Profile monitor

3 Mev: DTL matching example
OmA: 6,=58, §,=0.26
10mA: ¢ =51, § =0.29
S0mA: o =37, ,=0.41

REEE—A

Emittance monitor

Beam width with BPM = C —ABAROKIEALZE(

Scraper & loss monitor WA R 7 E R

Proton linac
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MEBT transverse tuning vs. current
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Q-magnet number
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rms beam size

Beam size & EM.growth vs. current (tuning® 4 ()
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Injection error simulation in DTL & SDTL
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6 10
4 4
S
2 2
E —~ ~
E 0 E 0 E 0
> > >
-2 g
-5
-4 -4
-6 % &
6 4 -2 0 2 4 6 R e R AT 19,5 -5 0 5 10
x (mm) x (mm) x (mm)
Xrms ©  X99
no error *_X90% X x999 b S ervor
1.2 T injection error +20% beam radius
; 1.2 x 14
’ era(, XKy X *
1 s X x 7 Xx
— X
g § g§§9 . 1 = ... X % W"x
£ 08 K x
£ £ . =
£ £ £ 3
_é 0.6 g E
8 o4 s 5
§ ' 8 < & >§
£ 8 0 o” @
€ R00000% 2 3
(] Q00000 E
150 200 asietassatfteseovasaabaccerane
Energy (MeV) 150 200 200
Energy (MeV) Energy (MeV)
Nearly matchin : . ..
Bl y & 20% increase in both x and y radii

20




Profile of the DTL output beam with an injection error
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Example of emittance growth in L3BT

L 3BT AEER

Emittance growth (100%)

Emittance growth (100%)
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Beam monitors{Cc D (VT
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— Large change in current intensity

e Fine tuning
— Halo measurement, minimize beam loss

— Beam scraper and loss monitor

e Steady high-current operation

— Non destructive type
— CT, FCT, BPM(for beam size), loss monitor

 Beam study
* Avoid unknown (part or beam parameters)

Proton linac 23




Matching & tuning®D % & &

o BAROKIBEZEEADIIE 10 -50 mA
- vIab—ariDBRBVE
o TORDEMRE, FTESH
- ABE—AZRE
- WRNZEZEAE
s WARYYFUIEMER. RITERTHHDE=S —
— Rms B ----> twiss parameters
o EHLHIICHIRELEDI I vH 2 ADIMAERS - fine tuning
- Rms T v & 2 ZBELZIFTTEARTS
- SMUERST DRIE (KIEE D)
« E-AOXREZS—DEEBHIEIER
o TEEIRRELIBEIRREDER (F3 v/—81F)
- FayN—@EAETEIERMEIIELS (BES—FEDRILL)
- YEADFa—=_ T FFay/NRX—EBLTITD
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SNSEDLEE (I RIVF—&T)
T B e A O S R B B

meEV=T7vo SNS
JE R 24 324, 972 MHz 402.5, 805 MHz
E—2J &t 50 mA 38 mA
RFQ 3 MeV 2.5 MeV
DTL 50 MeV, EQM 87 MeV, PQOM
SDTL 190 MeV CCL 186 MeV
Rk 124.4 m 99.1 m
IERELL 0.6-1.3KL 1.3 KL
924X MAY 20* 2 MW =40 MW | 7%2.5 MW + 4*5 MW
=37.5 MW

Proton linac
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— POM (kA BiA) DOIFRF @oeMHzE» S ZEREHM CHFIA
(297208, Bz IE,
SNS u=0.68, Y=2.3, 38mA,
& v=0.69,9=1.3,50 mATH 5

— DTL-CCL @Faﬁd)%ﬁf@?y?/aé & 7E
- I_JE_.%E

— 1.3 KL at 402 and 805 MHz
e 805-MHz CCL & klystron % Rijiz

( n=0/oy, Y=modulation factor)
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BlRE= (2 ) chopper system
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o Fay/N—D1BEIRRED R E

- 1. 2L U TOBERREDSRE
o Anti-chopper®f$EF (additional cost)

- 2. {El# DZERD@EREDLE
s IR INEDEDFETED N

WE. —DDERZE1EOEETHIE ---> 3X MEERIAL
LU, 2FEsEDHLBFEEINS

E—ATRBPICLYKREET S
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Anti-chopper

25.00 mm {Horiz)

60.0 Deg {(Long.)

BUMCHER-1

-~25.00 mm {Centroid Scale)
25,00 mm {Vert)

25,00 mm {Centroid Scale) LOMGITUDINAL
CENTROID /
4 HORIZOMTAL
[— ] - ] R ] ]
I~ b T d g “‘ﬂﬂ’nMﬂ'NLw
Lam. 5 5] 7 4 w11 14 13 H 15 hel 17 ng| 19 2b 21 st s 'T‘ 313 233
AT = ¢ T

CHOPPER e

/.r"

T BUNCHER 3

EIUNCHEH 2 ANTI- CHOPPER

WERTICAL

Length= 3720, 79mmn
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* HEEISDRUE
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E— AR ETIC (proposal)
A T R R R B RS B S i T
o KiBEE—AT X b---> RFQ+MEBT
- DTLEREERTII#H LV =H Y
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e CsA F iB+RFQMD T X (200-MHz RFQ)

KEKICTHERZVER(Z., EMRERIC. KEK
RFQ+MEBTZEITDT R MBEEND

¥ TDRICKERAFVRITEICH D DM?
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