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RFQ, DTL, SDTL,ACS and SCC parameters

RFQ  DTL  SDTL. ACS  SCC

Output energy
Frequency
Total length
Structure length
Number of tank
Number of cell
Accelerating field
Stable phase
Vane voltage
Drive power
Beam power
Total power

3 50 200 404 600

MeV

324 324 324 972 972/648 MHz

3.1 27.1 98.4 92.1 110

3.1 26.7 70.9 63.2 34.1

1 3 34 42 42
146 170 636 294

25~29 25~3.7 44~48 7.5~84 N\

30 30 27 -30~-44
82.9(1.8KL)

0336 3.3 165  22.1

0.148 24 75 102 98
0484 5.7 240 323

m
m

deg
kV
MW
MW
MW

AV/m
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Ipeak=50mA, beam pulse length 500 usec
Repetition frequency 25/50 Hz
KL=Kilpatrick limit



Injection beam into DTL (1)

 Two types of beams: Type-C & RFQ

-beam
« Beam parameters for the matched
b&a rmzrms c)’x/ OXO OZ/ OZO kx/ kXO Uy kz/ kZO U,
mm-mrad  MeV-deg deg deg
C-30mA 0.2 0.14 42/58 19/31 0.72 048 0.61 0.62
C-50mA 0.2 0.15 36/58 15/31 0.62 0.61 0.49 0.76

rfq-30mA 0.16 0.08 38/58 14/31  0.66 0.57 0.44 0.80
rfq-50mA 0.16 0.08 32/58 10/31 0.55 0.70 0.32 0.89

JHF/JAERI LINAC



Injection beam into DTL (2)

C-type
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Injection beam into DTL (3)

input p25k

3.04 3.04
S 3.02 < 3.02
() (O]
Z <
o S
GCJ o
S 2.98 S 2.98

2.96 . 4 2.96

IIIIiIIIIiIIr.I'-i'.. li....1:--l -I i L1 11 i L1 L I-

-60 -50 -40 -30 -20 -10 0
Phase (degree)

C-type

JHF/JAERI LINAC

3-MeV RFQ output

-40 -30 -20 -10 0 10
Phase (degree)

RFQ direct (xy-match)



Injection beam into DTL (4)
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1200-|||||||||||||I|IIII- 1500_|!|

1000 [

800 | 1000 Fofoiiion] ) I

600 [

400 [

500 }mémmg ......... g. ....... § .......... g ...... ]

Number of particles
Number of particles

200 |

oL T e WCOLEO LU EEDRECHLEL
2.95 2,97 2.99 3.01 3.03 3.05 (2).95 2.97 2.99 3.01
Energy (MeV) Energy (MeV)

C-type RFQ

3.03  3.05

JHF/JAERI LINAC



Injection beam: RFQ beam with z
*

with z-match without z-match

input xyz RFQ for 1491 3-MeV RFQ output
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Emittances of the input beams

C-x RFQ-x C-y RFQ-y C-z RFQ-z
rms 0.0198 0.0164 | 0.0198 0.0161 | 0.140 0.0830
90% 0.0842 0.0703| 0.0847 0.0693 | 0.597 0.34899% 0.125 0.108

(cm-mrad) (MeV-deg)

JHF/JAERI LINAC



JHF/JAERI LIN

Beam matching

three kinds of solution

 Matched beam parameters by
calculation

« Rms matching by test simulation

e Minimizing rms or 99.9% emittance
growth by test simulation

10
AC



Emittance (mm-mrad)

x' (mrad)

No error simulation: C-type
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Emittance (mm-mrad)

x' (mrad)

No-error simualtion: RFQ (xyz)
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No-error simulation: RFQ (xy)

. 5Xrms r1509RFQxymatchmod
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Errors in accelerating parameters

e Error -1
— +1% cell and tank fileds

— +1% cell phase and 3% tank
phase

— Q-magnet displacement £0.05
mm

e Error-2
- 2% cell and tank fields
— 2% cell and 6% tank phase
minvae — — Q-magnet displacement £0.1T mm

14



Error - T simulation: Type C

x' (mrad)
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Error - 2 simulation: Type C

r1451p25kerr-2

JHF/JAERI LINAC
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Error - 1 simulation: RFQ xyz-match
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Rms emittance growth
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99.9% emittance growth

Black = no-error, red = error-1
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Energy shift

Error - 2

r1451p25kerr-2

Error - 1
r1437p25kerr-1
1.5
1 E
E 0.5; e 2
v% 0 ; ....vﬂ vnwf'
2 o5 f .
2 05 ¢ .
-1 F
0 100 200 300 400 500
Energy (MeV)
r1435p25k
0.8
0.6 F
~ 04 F
3 02k
> :
~o op -
S . - -
= -0.2 |
< 04 F
-0.6 F
0 100 200 300 400 500
Energy (MeV)

JHF/JAERI LINAC

1.5
1
S
Q
=
S 0
:
2
2 05
-1

.5 L

0.5 |

No-error simulation

A
0 100 200 300 400
Energy (MeV)

500

20



Beam-center shift
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Lost particles
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Beam halos - transverse C
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Beam halos - transverse RFQ

Fraction

Fraction

JHF/JAERI LINAC
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Output emittance - transverse
...

rms 0.0259 0.0299

0.0225
90%  0.112 0.132
9% 0281 0.281
99% 0574 0497
rms 0.0251 0.0326
90%  0.108 0.148
9% 0228 0.255
99.9% 0.640 0.501

JHF/JAERI LINAC

0.0628

0.283
0.826
2.06

0.0626 0.0248 0.0371 0.0805

0.271
0.734
1.37

x-xd
0.0268 0.0339 00687 0.0264
0.104 0.145 0306 0.104 0.0962
0490 0511 0950 0482  0.249
101 106 183 1.01 0.623
y-yd

_Xy
0.0247 0.0223

0.0995 0.166 0.344 0.0988 0.0926
0360 0.391 1.14 0362 0.237
1.07 1.02 2.02 0.870 0.673
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Beam halos - longitudinal C

Nno-error
r1435p25kno-error r1437p25kerr-1
10 §rrrr e e 10° 4 error-1
3 E - dpdw E
C dpd ]
10" o o ] 10" .
E E [ ]
§ 10° . i § 107 .
- 3 -
S 1078 ° ] & 10° °
L 3 L
10 o i 10" .
To A APV SN EFEIN SN B 10° L
0 10 20 30 40 50 o 10 20 30 40 50
Emittance/rms-emittance Emittance/rms-emittance-NOERROR
p25k input r1451 p25k err-2
10° . 10° @
i dpdw ] - dpd
10—1 g_ ..... .. _IO_] _.. paw
§ 10° o S 107 Lo
] o ‘S
(&) r [&]
2 10° o £ 1073 ®-l
0% Lo 10*
A 5 error-2
10 S RPRIFRF NFRFRUIFIS RERFRPRI e 10° b b b b s
0 10 20 30 40 50 0 _ 50 100 1_50 200 250 300
Emittance/rms-emittance Emittance/rms-emittance-NOERROR

JHF/JAERI LINAC lnpU.t 26



Beam halos - longitudinal RFQ
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Output emittance dpdw

C-noerr C -err-1 C -err-2 rfg-noerr rfg-err-1 rfg-err-2 rfg-xy
rms 0494 0.793 3.23 0.374 0871 3.60 0.361 0.354
90% 2.04 3.44 8.77 1.44 3.74 10.3 140 140
99% 5.26 6.80 19.2 6.39 10.7 25.7 590 6.35
99% 12.6 104 66.1 17.2 15.6 75.5 19.1 123

JHF/JAERI LINAC
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Longitudinal tuning
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A¢ shift (degree)

Phase compensation in SDTL
...

Phase-compensated simulation

200.6

re184comp

2004

200.2
=

200 |

199.8

26 24 22 20

PHI

30 -28

Output emittnace

r6186 no error

200.6

2004

200.2

200 |

199.8

199.6

4 e
F e i
3 : o ° P
2 3 ’. P °
1 Eo® °
0 E 00 009000 -0 @ 00 @ —
-1 _. s o
2 F
® o
0 5 10 15 20 25 30 35
Tank number
Compensation phase in each tank
r6186 no error
04
03
02 F
% 0.1
= ¢
o .01 f
02 F
03
04 Eu T
0 50 100 150 200
NC
JHF/JAERI LINAC

No-error simulation

32 30 28 26 -24

22 20
PHI

DWave

DWave

-0.1
-02
-03
-04

04
03
02
01

ré184comp

50

200

Deviation of average energy

re184
E:."- . ! . 2
0 . j L AR
W -
: 1 1 1 1 ..i.f 1 1 1 1 1 1 1 1 1 1 1 :
0 50 100 150 200
NC

With errors




Output energy width

c-noerr c-err-1 c-err-2 rfg-noerr rfg-err-1 rfg-err-2 rfq-xy

Rms 0.193 0304 0.343 0.146 0348 0.381 0.140 MeV
Full 2.13 226 324 225 2.36 4.94 2.10 Mev
Loss 0O 0 0.1 0 0 0.04 0 Yo

31
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Debuncher operation
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Fig. 4.35 Variation of spreads of phase

(in terms of 972 MHz) and energy

along the 400-MeV beam-transport line.
A debuncher of 2.1 MV is placed at a
position of 20 m from the entrance of
the beam-transport line. The peak
current of 180 mA is assumed. The
number of particles is 3200.
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Fig. 4.36 Variation of spreads of
phase (in terms of 972 MHz) and
energy along the 400-MeV beam-
transport line. Two debuncher are
used. The voltages are 2.1 and 0.6
MV. They are placed at a position
of 20 and 42.5 m from the entrance
of the beam-transport line. The peak
current of 180 mA is assumed. The
number of particles is 3200. 32



Compensation for errors
...

 Bunch phase measurement at each-tank exit
— Minimizing energy deviation by adjusting rf phase
 Bunch profile/center measurement

— Minimizing beam-center deviation by steering
— Correction of Q-magnet alignment if necessary

 Energy-width compression by debuncher
 Energy compensation by a low-Q cavity if necessary

33
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Future improvements
...

e ACS

 Beam transport to the rings

e Matching methods

e Supercomputer of 10 times ability (March)
e Survey of transverse focusing parameters
 Link to the beam measurements

e Easy access to simulation system

34
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Focusing parameters: DTL
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Focusing parameters: SDTL
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Focusing parameters for 50-mA RFQ beam
-]

Energy ux Uz
DTL 3 0.69 0.90
SDTL 50 0.75 0.90
ACS 200 0.77 0.81
ACS 395 0.57 0.87
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Equivalent RFQ beam

r1496equivRFQ
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Em-growth of equivalent RFQ beam
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Two kinds of error-2
]

Error=2 & g-mag shift = 0

r1453FT83proendoutput

Number of loss particles
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Cell number loss by wall

Field error

Number of loss particles

r1454FT83proendoutput

Error=2 & Field error = 0

loss by energy

C35‘0 O 50 100 150200250300 350

Cell number

(QQ-mag error

loss by wall

40



Phase (degree)
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Max & Mini. Phase error-1
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Emittance (MeV-deg)

Tuning of ACS injection
e
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Emittance growth: RFQ-beam xy-match
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Energy deviation

Error (3,3,3,3)
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Injection generated in ACS code
...
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Injection beam
e

€xrms € 2rms O’x/ Oxo 0’z/ 00 kx/ kXO Uy kz/ kzO U,
mm-mrad— MeV-deg deg deg
C-30mA 0.2 0.14 42/58 19/31 0.72 0.48 0.61 0.62
C-50mA 0.2 0.15 36/58 15/31 0.62 0.61 0.49 0.76
rfg-30mA 0.16 0.08 38/58 14/31 0.66 0.57 0.44 0.80
rfg-50mA 0.16 0.08 32/58 10/31 0.55 0.70 0.32 0.89

Table 5 Two kinds of injection beams used for the simulations.

rms transverse emittance

Type A Type B
0.187 0.375 pmm.mrad

rms longitudinal emittance 0.133 0.266 pMeV.deg

JHF/JAERI LINAC
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MEBT

Matching, chopping and measurements

Buncher-1 RFD-1
0.147 MV 1.6 MV/m
RFQ 6.8 kW 18.6 kW
vane end
Q-1 Q-2 Buncher-1 Q-3 RFD-1
-375T/m  32.0/60 0.153/160 -19.0/60 1.6/172
60 mm
WS
CT 134 172
- BPM WS -
GV
DR-1 DR-2 DR-3 DR-4 DR-5
90 mm 160 60 60 134

JHF/JAERI LINAC

negative charge

Total length 2989.9 mm
Normal beam size < 10 mm
Deflected < 26 mm

Scraper at Q-5,r=9.5 mm

Buncher-2
0.141 MV DTL
6.7kW end plate
Q-4 BEND Q-5 Buncher-2 Q-6 Q-7 Q-8
13.0/60 12.5/150 -13.3/60 0.142/160 17.4/60 -31.0/60  34.4/60
ST BPM WS y 160 N CT
184 Scraper ST FC WS GV
BPM ]
EM o
50 150 255 FCT
" T2 BLVD
FC
DR-7 DR-8 DR- DR-10 DR-11 DR-12 DR-13
184 455 105 135 120 110 165
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ZTT (MQ/m)
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e

Equipartitioning focusing Constant phase advance
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Equipartitioning
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Emittance ratio

JHF/JAERI LINAC

Beam halos in RFQ beam

35

15§
10 £

RFQ calculated beam

..............................................................
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LINSAC DTL results

Matched
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¢  Const phase
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Nxe )

zrms

Here, halo-like particles are defined
by those in the outside of 12.5 times
the longitudinal output rms
emittance.
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400-MeV linac

o source JRFQ
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