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Requirements
R

e Current

— Average 675 uA

— Peak S50 mA
e Pulse

— Pulse width 500 usec

— Repetition S50 Hz

— Chopping ratio 34 %

— RF duty ~3% (10~15%?7)
e Beam

— Energy 400, 600 MeV

— Momentum width Ap/p =£0.1% (100% )

— Emittance 3 ~5 xmm-mrad (99%)

Proton linac



Targets
B ————

* Satisfy the requirements

— emittances
A
22 L01%
P

e Stable operation as an injector
— small fluctuation of the output beam
— minimize machine troubles during operation

e LLow beam losses ~ less than 103

Proton linac



600-MeV linac
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RFQ, DTL, SDTL,ACS and SCC

arameters

RE@©I DililL SDhlii ACS SEC
Output energy 3 50 191 400 600 MeV
Frequency 324 324 324 972 92 MHz
Total length 3.1 p. 1 4l ol.2 109.3 69 m
Structure length 3.1 26.7 65.7 63.2 24.4 m
Number of tank 1 3 3% 42 30
Number of cell 146 160 210
Accelerating field 2.5~2.9 2.5~3.77 4.4~4.8 12~13.5 MV/m
Stable phase -30 -30 -27 -30~ -44 deg
Vane voltage 82.9(1.8KL) kV
Drive power 013861 313 16.6 294 MW
Beam power 0.148 2.4 7.0 10.4 10 MW
Total power 0.484 5.7 23.6 3019 MW

Proton linac

[peak=50mA, beam pulse length 500 usec

Repetition frequency 25/50 Hz
KI=Kilpatrick limit




Design features

—

* Suppress space-charge effects by selecting higher
operating frequency, and three times the
fundamental one for high-f structure

— Reduce emittance growth
— Decrease beam losses

* Balance transverse and longltudlnal motion by

llSlIlg g ul pa rtitio; ’H“WCE focus W“ scheme

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

motion; 3 MeV, 50 MeV, 190 MeV

Proton linac



Space-charge effects vs. frequency

Table 3~ Accelerator parameters for various operating frequencies.

__Frequency 2008 30010 3Pt __ 3600 4820 Ml
Emittance(90%) 0.15 0.15 0.15 0.15 0.15 stem-mrad

(normalized)

Eacc 2 2 2 2 2 MV/m
Beam radius 2.45 1.85 1874/ 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 SHRI S082 54.4 degree
o /o’ ‘ 0.71 0.83 0.85 0.87 0.91 | (0, -
w, 0.50 0.31 0.27 0.24 0.18 L _\?)
EGF 5.0 23 1.9 1.6 1.1 Yo

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

Proton linac
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Equipartitioning focusing scheme
————————— T ———————————

Equipartitioning focusing Constant phase advance
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Selection of CCL frequency
————————

Frequency multiple Injection
e [LLANL x4 at 100 MeV CockCroft
e INR x5 at 200 MeV CockCroft
e JHF/JAERI x3 at 150/200 Mev RFQ 3MeV
« ESS x2 at70 MeV (RFQ---> DTL x 2)
— RFQ 5 MeV
e SNS x2 at20 MeV RFQ 2.5 MeV

 phase damping

: . /.
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Relative bunch width at CCL injection point
B

Low-energy scheme RFQ CockCroft
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JHF ESS SNS LANL INR

ESS: 175-MHZ RFQ + 350-MHz DTL
SNS: 403-MHz RFQ
JHF: 150-MeV SDTL

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

JHE: 3-MeVRFQ
ESS: 5-MeVRFQ
SNS: 2.5 MeVRFQ
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DTL - ACS simulation

e Two types of beams: Type-C & RFQ-beam

* Beam parameters for the matched beam

Exrms € rms Ox/ GXO O-z/ OZO kx/ kxO M kz/ kzO U,
mm-mrad MeV-deg deg deg
C30mA 027 0 4058 B0 072 048 o6l 0l62
C-50mA 0.2 0.15 36/58 16431 062 0.61 0.49 0.76
1fq-30mA 0.16 0.08 38/58 14/31  0.66 0.57 0.44 0.80
1tq-50mA 0.16 0.08 32/58 11.0) 2} L ()5 )5 0.70 0.32 0.89

Proton linac
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Errors 1n accelerating parameters
B

e Error- 1 --->No beam loss
— +1% cell and tank fields
— +1% cell phase and £3% tank phase
— Q-magnet displacement £0.05 mm
e Error -2 --->~0.1% beam loss
— +2% cell and tank fields
— +2% cell and £6% tank phase

— Q-magnet displacement +0.1 mm



Emittance (mm-mrad)

x' (mrad)

Simulation results: Type ¢, 50 ma
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Error - 1 is applied.
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Phase oscillation (longitudinal) & compensation

AW and A¢ along ACS Phase compenrséellstion in SDTL
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LANL beam loss
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Beam losses
IR ==,

Type A Type B
Definition loss =1 W/m | Probability = 4E-7/m
Total loss ratio in the rf
3.5E-3 6.4E-5
structures
Total beam-loss power (W) 161 8.2
-3
10 ; ' L»IIIIII I ; S s I y lllll? 100 ; T T Ipmiminielal T T amUmimlinl T 1 lllll?
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Type B results in total beam loss ratio of 1E-4 for the 248m linac.
Proronfinac T ANL 100 - 800 MeV: beam loss < 10-7 /m , except for transition
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L.ow beam loss

1E-7/ miZEDE—ALABKRDERE

o RFQ is used, instead of Cockcroft
e Three times the frequency for CCL

e Higher transition energy

e Equipartitioning focusing

e No large change in focusing period

e Comparable in Beam handling technique

Decrease beam losses due to transition

L7



Structures’ features
T

* use stabilized rf structures
— RFQ, DTL and ACS

° new proposed structure
— SDTL (Separated-type DTL)

* new developed technique for fabrication

— PR electroplating method for DTL and SDTL
* 94% of calculated Q, high breakdown voltage

— Q-magnets by electroplating method
* use klystrons as rf sources

Proton linac
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Construction
A B B S S S SIS SRS

o 60-MeV linac in construction at KEK
— IS + RFQ + MEBT + DTL + 2 SDTL tanks

— beam test of the injection part this year

» structure, 1f system, design, beam monitors, control

o ACS
— fundamentals were established in 1296-MHz study
— detailed design of 972-MHz structure 1s under way



Proton linac

DTL under constructi

New developed techniques
— Electro-plating tank (Periodic Reverse) : Q
— Pulse Q-magnets with electro-plating

50-MeV, 324-MHz DTL with pulsed Q-magnets

on

measure

~0.94 Q

EP test tank Q-magnet coil

ideal

20
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Proton linac
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Problems 1n construction so tar
S DN PR N

e Crack in RF-coupler window

e Deviation of DT-Q-magnet center from
mechanical center during fabrication
processes ~ 50 um

e Establish reliable mass production
technique of Q-magnet (150 pieces)



RF high-power test o
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DT Quadrupole magnets ...
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Beam monitors for tuning and operation

* Monitors during tuning
— emittance monitor, profile monitor

— energy width, bunch length monitor
— and, non-destructive type

* Monitors during operation
— non-destructive type

— watching deviation Tuning procedure |
" Refgt il Operation procedure
RO |

— phase monitor
* Transverse

— BPM (beam position monitor)
— beam width by BPM

e © 3€AM 10SS monitor (fast type)

2



Improve chopper operation wang

BEAM AT HEL1= 3 I= 30, OnA
H|a= -1,8195 . 23450 W= 3.0000 3.0000 Hew H
v|a= 1.8439 " 25200 FREQ= 324.00MHz  WL= 325.29mn v
H|a= -1.8195 23450 EMITI= 11.563 11.563 645,00 % g
v [R= 1.8433 . 25200 EMITO= 11,602 11,597  662.44 v [R=-8. 6694 8E-02 .15548
il Hi= 3 n2= 40 B
. A PRONT OUT W ALVES ~ Ry
\ 7
“/ N PP PE VALVE i \‘
'
WMATCHING TYPE = 7 T 4 :
DESIRED WALVES {BERWF) 1 1]
alpha heta y 5
z L0000 .3927 B
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HFP WPE UE
e 13872
4.000 mm x 30.000 mrad a2 .12851 4.000 mn % 18.000 mrad
2|A= 6.03000E-02 B= 55810 CODE: TRACE3D v61 2|A= 5.53323E-02 B= 36111
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Proton linac

chopper

anti-chopper

0.08% unstable particles

BERM AT NEL1= 3

-1. 8185 = 23450
1.8438 = 25200

L
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PRINTOUT VALUES
PP PE VRALUE

VATCHIKG TYPE = 9
DESIRED VALUES (BERMF)
alpha beta

N x
oo
=S
s8%
=S
@
o
~

MATON VRRIABLES (NC=6)
MPP MPE U RLUE
18 100.00000
20 100.00000
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6 17 41140
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22 -13.28153

(YT

CODE:
FIL]

TRACE3D v61
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DAT] 1-Feb-01
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Schedule
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ACS I Ad
B T — —
Q
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60-Mev ) =7 v U DEIER

Proton linac

Summary

c EIRIF—FEHOE—LDMEE
— IS, RFQ, MEBT, DTL, SDTL

Chopped beam operation

Monitor, tuning & control system

RF system
Laser alignment system

S DRE
o lon source & RFQ (50 mA B3 L CTDORIZ)

e Monitor

— non-destructive profile monitor
— beam-loss monitor
© ACS TH A U RUOEUE
* Beam transport
 Initial tuning and operation procedures

30



MEBT layout

negative charge

Total length 2971.3 mm
Normal beam size < 10 mm
Deflected < 26 mm
Scraper at Q-5, 1=9.5 mm

Buncher-1 RED-1 RED-2
0.153 MV 1.6 MV/m 1.6 MV/m
Buncher-2
RFQ 6.8 kW 18.6 kW 18.6 kW 0.143 MV L
vane end 6.7 kW end plate
Q-1 Q-2 Buncher-1 Q-3 RFD-1 RFD-2 Q-4 BEND Q-5 Buncher-2 Q-6 Q-7 Q-8
-37.5T/m 32.0/60 159 -19.0/60 1.6 /172 1.6/172 13.0/60 232 -13.4/60 159 18.1/60 -31.0/60  34.5/60
60 mm
1159
FCT WS FCT Beam: WSI CIT
\(I:VTS 134 172 184 Serngs stopper FCT GV
L — —_ —_—
5 3 N = [ = = = 1
supn hommesy g tongs taerazr hoxzon ; \egwaze
| BPM  BPM BPM BPM BPM BPM BPM BPM L
50 +232 +18EM
IECIE
(€0
DR-1 DR-2 DR-3 DR-4 DR-5 DR-6 DR-7 DR-8  FC DR- DR-10 DR-11 DR-12 DR-13
90 mm 160 60.4 60.4 134 493 184 465 95 135 120 110 165
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