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Beam delivery to MLF in JFY2010
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Improvements in the summer shutdown: Date

- new power supplies for sextupoles

- small size charge exchange foil

Accelerator study in the autumn run:
- beam loading compensation
- tune, painting parameters, pattern of sextupoles

Since December 2010, 200 kW beam delivered to the MLF.



Beam power [KW]

MR beam power in 2010 JFY
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Accelerator study in the autumn/winter run:
high power operation with bunch by bunch feedback system

shortening the MR cycle time 3.52 ->3.2s->3.04 s

slow extraction tuning with spill feedback and dynamic bump system




Delivered proton#

Beam delivery to T2K experiment

—— Delivered proton#

By courtesy of the T2K collaboration

Total delivered number of protons:1.43x102° pot

(K2K: 1.0 x1020 pot/ 4 years)
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Time structure of extracted beam

T 2
fldt I(t): PM signal sampled at 100KHz _—_
0

_ through 10KHz LPF
Duty r r t=0: spill start Duty 100 %

f dtf Izdl‘ t=T: spill length
L 9 01 . .,

i e %
1'S ! 2'S 5
. large current ripple 10* _
E - PP w/o spill FB,
'E_ :'[L_ duty 3.6% W/O TRF
= w/ coil short

0
4: } 4 } ) *
af- duty 17% w/ spill FB,

w/ coil short

|

4+ —t 3 L i + 315 + —t 3

*b duty 30% 20MHz TRF ON, 5dBm,
§-2E_ w/ spill FB

1 - w/ coil short




The problem of 20 MHz TRF system:
Pressure rise in the horizontal excitor section due to the multipactoring.

n.enl ——m—m—m 7 71—
i Channelss
[ MEVAC: TG 013 VAL:FRESS
30 MHZ MRYAC: [G NE1:VRLIFPRESS
sine-wave
Llo-04 - -
pand
l=e-B85 |-

3 band noise, when
power pbecame too low (7.5M?).

l==06 F

lo-f7 Lo MR B | I B
1178872618 11788972618 117892618 11-82-2010 11-92-2310 11-982-23
17:Q0: 00 12:Q0: 00 19:Q0: 60 20:ee: oe 21:00: 00 22:0e:0

For users operation with transverse RF, solenoid coils should be installed to
reduce the discharge due to the multipactoring.



Installed solenoid coils on the rf excitor
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Suppression of multipactoring is expected in slow extraction with 20 MHz transverse rf .



Power [dBm)

Vacuum pressure rise at the exciter
Solenoid = OFF
With vaouum pressure rise

No vacuum pressure rise
measured at the” 1G 013"
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2011.7.18-20 measured by A Schnase, T.Toyama, K. Satou

T ¥ 1 KW

With the solenoid ON,
pressure rise filly suppressed:
gy, > 2 A (~20G) .
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J-PARC recovery schedule

2011 2012
4 5 6 7 8 9 10 11 12 1 2 3

Emergency Recovery N Full Recovery Work
Infrastructure N . 2 PuraE— I —— -
Linac ‘_’Investigatio? Recovery Alignment >
Investigation R MLF User Operation
< - ecovery
et ‘ Tmgw> g
3GeV synchrotron ooling Water,
Investigation Recovery T:Eesctt with NU or HD Operation
— _ lectricigy
MR - Alignment - >
50GeV synchrotron g
Investigation L et
4#;; Shielding recovery BL Components New Hg Target - _J Bea_m '_"lec“M LF User Program
Materials&Life b Extended Buildin
Experimental Facility
HD - _
Hadron Experimental  qmecsueation Recovery N m Injection HD Experlmerg
Facility « P
NU 4_'Invesu'ga tion‘ Recovery N Beam Injection NU ExPerimerg
Neutrino Experimental - P —————
Facility

- Beam test will start in December 2011.
- User program will be restarted with beam time of about 50 days. It will be provided to
users until the end of March 2012.
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1. E—AIRILF— RCSOAFIRILF—% LIF CERBRHRICLDHFHROHRESI LIF5,
1) =77[ZACS( Annular Coupled Structure linac )ZREL. E—LIRILF—%181 MeV 75\15
400 MeVIZ EIFBHEEBIZ, RCSHOAF IRILF—%400 MeVIZT 5-OICRBAGTAEWEE
#1889 5, 2008 FEEDFHETFTETREA— N, 2013FEEIZFEA(TITEIZTVIaIZUITEFE,

2. E—LER RCSADASHHIFHEEMEE S,
JOURIVRER(IS+HRFQ)FANB R D EIZKY . E—IEFR%E30 mAH S50 mAIZIERT B,
2010 E ER LB BHETRY—k, 2013FE (CIEZ 1TSSy a5 45FE,

181 MeV LINAC

31 m 27.1m 91 2m (Two SDTL tanks are used as a debuncher temporally.)

: To 3-GeV RCS
IS+ RFQ-DTLF SDTLH-—DB1—DB2!
i L3BT

MElB-H (BZfMHZ) l (Linac 3-GeV Beam Transport)
3MeV 50.1 MeV 181 MeV
s : )

400 MeV LINAC

159 m 108.3m To 3-GeV RCS

ACS(Lowest beta module )
l@p-m 2 acs |—oeizh— -
MEBTT (324MHz) l MEBT2 (972MHz) l i)
190.8 MeV 400 MeV

MEBT2 ACS L3BT
Two bunchers| [21 Acc. Modules| | Two debunchers )




Operation plan of RCS/MR-FX: made after the earthquake

1 -0 ----- l ----- l -------------------------
— @ hCS powe.r Original power upgrade
é ® VR oower plan of RCS
RCS improvements ~N
c - Additional collimator at injection 7 month summer/autumn
9O area (2011) ~ shutdown
© - Pulse magnets for different painting for installation of ACS,
© 0.6} scheme for MR and MLF (2012) __newRFQand IS.
Q. 3 month summer Expected
Ll>j shutdown MR power
“ Shutdown due to \
d;J 0.4 the e?rthquake
g | 200 kw \
O | (achieved) —
< 0.2 145 kKW [ 74 O
1 (achieved) \ \(
0.0 i | — — e
2008 2009 2010 2011 2012 2013 2014 JFY
MR New injection kicker, Ring collimator shields, Ring collimator upgrade,

Improvements | RF (6" fundamental, 2"9 higher harmonics) RF (3rd HH)




SX power upgrade plan (~2013)

Plan made before the earthquake

Plan made after the earthquake

User operation

Accelerator study

User operation

Accelerator study

2010.10-2011.6 5 kW 10 kW
2011.7—9 (shutdown) SX collimators 2011.6—11(shutdown) SX collimators
2011.10-2012.6 10 kW 50 kW 2011.12-2012.6 3 -5kW 5-10 kW

2012.7-2013.1 (shutdown)

Li 400 MeV/Ti chambers (ESS,SMS)]2012.7-2012.9 (shutdown)

Ti chambers (SMS)

2013.2-2013. 6 10 kW 50 kW 2012.10-2013. 6 10 kW 50 kW

2013. 7-9 (shutdown) Li 50 mA 2013. 7-2014. 1 (shutdown) |[Li 400MeV/50 mA, Ti chambers (ESS)

2013. 10-2014. 6 50 kW 100 kKW 2014. 2-2014. 6 50 kW 100 kKW

2014.7 — 9(shutdown) 2014.7 — 9(shutdown)

2014. 10— 100 kKW 2014. 10— 100 kKW
2011.12-2012.6: Recovery of the operation in the autumn 2010.
2012 summer: Installation of Ti chambers in the SMS section.
2013 summer: Installation of ESS with Ti chambers.

For duty

- Upgrade of RQ power supply for higher output voltage
- Coil short / ripple cancellor
- increase emittance
- ramping speed control of horizontal tune
- Replace the main magnet power supplies with newly developed ones

(high rep. rate and low ripple)
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300 kW operation of RCS

On Dec.10, 2009, 300 kW-1hours beam delivery
from the RCS to the MLF was successfully
demonstrated.

The laslett tune shift at the injection energy of 181
MeV for the 300 kW operation is equivalent to the
value at the injection energy of 400 MeV for 1 MW
operation, design goal of the RCS.
~ rn,
2.3
275"y eB,
~-0.15
(B=0.4, e=216 mm mrad)

Av =

420 kW-equivalent beam

50 mA Linac current: operations with 1 shot/0.3 Hz

310 — _._N_.,A,_.h._._,_,_h_.__
S 248 300 kW ||
o 186 l
5
Q 124 l
&
S 62
m
o | i _
10:39 11:09 11:39
Time [hh:mm]
At present: Design goal:
181 MeV 400 MeV
15 mA Linac current
1.3E13 ppb 4.2E13 ppb
—0.3 MW —1 MW

have been also demonstrated in
2010.



RCS 1.3 MW 1 BExDTJ

1300 kW; 65 mA, 0.5 ms, 0.56 beam-on duty,
- €, 100p

g%

Normalized emittance

- V,/V,; 80%, Df,; -100deg, Dp/p; -0.2% Horizontal Vertical
- W/ tune manipulation 200 1ookw 99.9% | 400[  99.9%
- ring coll. aperture; 324p 200 W 200 - -
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Linac D158 (ZHAGTEI7')

600 MeV (BBIzE)=7YIDEA)

-50HZE #x

RCS 600 MeV A §t/50HzBE50) Bl Rt & & 5

- AHFITXILF— : 600MeV

- HEtTIRIILF—:3GeV

- N—FZwHo:2

- #&U3RL :50Hz

- YUJEK:348.33m

- FIFE:8x10"% ppp(E—VEifR 50mA, /\JLAINE 0.5ms)
=TI A TRILF—H600MeVIZ EANIL, Y=FvH %R L TRCSAD
AR FEHZIEO T EEEEHH TS,

- IERE KL 1.36~1.67 MHz

- ERHA/T—2MW
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BHRAER R (3GeVE1LLEER)

BEEBRIED181MeV A SRR T HEE

1.2
1 \
08
/ \\ —— 181MeV A5
0.6 —— 400MeV A B¢
/// \\\ —— 600MeV A &t
04 J// \\
0.2
0
181MeV A&t |400MeV A 5t [600MeV A 8¢
[ERik: i 0.58 0.62 0.66
Lk Wi 0.42 0.38 0.34
ERENE 0.65 0.68 0.70

ASFIRILEXF—FEINSESE
TRERITFLVLUERERIZENT S

IRILE— Bp
181MeV  : 2.036
400MeV  : 3.183
600MeV  : 4.066

3GeV 12.76

400MeV A 511600MeV A 5t
|=/gll. E,/JILHS 1.08 1.14
)Luu. EE,/Ju.HS 0.89 0.81
EREMEL 1.04 1.08
| 1.09 1.16
600MeV A &t %t fits
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RCS 1 MW simulation with 400 MeV injection

Calculated
normalized emittance
Horizontal Vertical
All\inlperfections 400
u ,
TR 99% | 200 T 99%
n‘o error
5 0 15 20 % 5 0 15 2

MR Collimator: 54~81 71
(0.45kW = 2 kW and more)

BT Collimator: 54~81 71
(1pass=0.45kW = 1pass=2 kW)

RENINN|
[ THER
i

OYA—AREEITWNIE, 3-50BTIX2010FEE [
EHEMA. )T 132011,2012F B I12E e,

Phase plot at 3 GeV
calculated with “all imperfections”
0.02 2
i 147
0.015 NBT aperture
0.01 RCS collimator
0.005 aperture)
0
-0.005
-0.01
L
-0015 pO0BTcollimator)
-0.02 .
-0.02 -0.01 0 0.01 0.02
0.02
0.015 | Beam loss
0.01 at the 3-50BT
0.005 - collimator:
0 9%
-0.005 o
-0.01
0015
0.02 e ,
-002 001 0 0om 0na?
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« 2
0
0 200 400 600 800 1000 1200
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Survive ratio

WITERTARELGEYIRL=24sTDYF T

RCS:
LT o5—
700 kW

MR 435 kW
LI 5—;
Trep 2.4 s

400 MeV Center A5+ 350BT loss 1.3 kW,

MR-mgerrs V1=140->240kY, V2=91->XkY, Np=2,91E13: Inj: RCS-mgerr 700kl-400MeV-CenterInjs BT B0pi

0,97

601 cut

0,368

0,366

0,364

0,362 VlJ: (-F

\ V1=140->240kV _
| V2=91->10kV, V2=91->0kV uv, miz oot —
MEDNEAOOR

|

V1=140KY, Y2=91KY e
V2-50, Phi2 0-30 s
V250, Phi2 0-1,5 memm

2-210kY, Phi2 0-DPI/2 s 1

R MR B ga

-140W loss
for MR435kW

Smoothing by ®2 optimizing
AR
0% 0,15 0.2 0,25 0.3

Time (ms)

BT/MR QU A—%/\5V X

N\

MR/ — 435 kW

MRE X (65T cut) 1.3 kW

MR-mgerr: Y1=140->240kY, V¥2=91->¥kV, Np=2,91E13: Inj: RCS-mgerr 700kW-400MeV-CenterInj: BT B0pi
1

V1=140KkY, Y2=91kY mm—
Y2->0, Phi2 0-30 e
Y2-50, Phi2 0->1.5
0,995 V2-310kY, Phi2 0->1,5 s
Y2->10kY, Phi2 0->1,0
V2->10kY, Phi2 0-DPI/2 s

0,93

0,985

0,98 Tace 1,251 240kV*SIN(0,5665)=240kV*SIN(0,6121)-10kV*SIN(2*1,0)

=240kV*SIN(0,5735)-10kV*SIN(2*1,5)

0,975
=240kY¥*SIN(0,5665)-10KV*SIN(2*P1/2)

0,97

0,965

0,96

Kl 0 Vli [f Zme (ms(;.ZE 0.3 ‘ 0,35 0.4 0,45
pIBEEE

Tune=(22.43, 20.76)



20145 FEE LURE : X #R1E750 KW(FX)D1ZE Rk

FUSFHILTS5 (J-PARCIE L BIISRS)
750 kW @ 50 GeV :J-PARCE 285t H (WEHE < 10018)
S>ANVOFIVTSUERRRE., FIEENUTOFET. tHREODRRAEREZBIET .,
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WITEROBUETHONDRYRLIL, 22-26 s B RFR, FTEHAERORMIZEL-T.
1s#RYRLEBHET .

- HERGERBRYELEVTIL, 7Vyh—x5H)
- BHEMERZEREEMHEE, NEE) BREBVITERO—TBESHZ
- AVISBR - BREDIERESD

BRYIA—RAF—LIZLBRD MNEFTH,



R&D Of new magnet power SUpply Y. Kurimoto/K. Koseki

- Highreprate (> 1 Hz),
- Energy recovery using condenser bank
- Small current deviation ..

A small scale prototype and a real scale prototype (for QFR) will be manufactured
and tested in 2011/2012.

ok e
l'"a.} 3 i_i—
K K —

L KK
s

Transformer

i
— H

3PPWM converter: 1 kHz, control input voltage and voltage of condenser bank
Condenser bank: Film condenser, 70 mF, 3 kV, store ~ 200 kJ

NPC chopper: control output current/voltage

Filter : switching ripple reduction (5 kHz)

Magnets: L =0.567 H, R =0.3447 Q. max 850 A, 200 kJ




R&D of High field gradient RF cavity

« Adopt the higher impedance MA core (FT3L) to decrease power dissipation
in the cavity

* 4-gap cavity by reducing the cavity length

uQf (GHz)

14

12

10

uQf (BEEMEARD7 DFRE)

FT3L: annealing w/

magnetic ﬁel/

/A// FT3M: annealing

./

-

w/0 magnetic field

—=

—s— UQFFT3L,13um) | |
— =~ — uQf(FT3L,18um) .
—=— 4QF(FT3M,18um)

1 2 3 4
frequency (MHz)

5

For small size core (27 cm in
diameter) , impedance of the FT3L is
~ 2 times larger than the FT3M, the
present core using J-PARC.

We have started to manufacture the
real size core of FT3L for the MR in
the J-PARC site (HD hall) using
recycled magnet from the FM
cyclotron of INS.



Manufacture of real size FT3L core for rf cavity

The MA core is treated inside a high-
temperature large furnace, which is
located inside the magnet gap.

~24 hours for the heat treatments

A

N

Diameter 80 cm, thickness 2.5 cm,
and approximate weight 60 kg. ’
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Survive ratio
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571 cut 541 cut
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Future plans for SX
( under discussion )

Feasibility study for low-loss SX

- High p insertion
> several 100m @ESS
Q-PS separated in SX-INS
Add extra Qs in SX-INS
Larger-bore Qs in SX-INS

- Scatterer+ESS scheme

- Low-Z ESS, scatterer
carbon-nanotube
carbon graphite
Beryllium, Titanium, .....



REBIETIE

- Fast extraction-




Multi-MW output beam power for neutrino experiment

1. Large aperture MR
Enlarging the physical aperture from 81 to 180 pi.mm.mrad
-> A new synchrotron in the MR tunnel

2. Second booster ring for MR : Emittance damping ring
New ring with extraction energy > 6 GeV, between the RCS and the MR

3. A new rapid cycling synchrotron using ~1 GeV linac beam
- as an injector of MR / as a proton driver for neutrino beam production

4. MR with barrier bucket system



MR Survive ratio
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6 GeV and 8 GeV Injection in MR

ASONSIMRAFTFTOE—LDOR
RCS 1MW No Active Coll. 324pi, BT 62pi > MR1.33MW for Trep=1.2s

MR-mgerr: Y1=140->540kY Y2=91->0kY Np=4,16E13: RCS-mgerr 1MW-400MeV-paint-inj MNoAC: BTEZ2pi
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h=18 operation in MR

SBR ® @ < -
MR (19) K @ K @ < @ < @ < @ <@ <@ <@ < > >
MR (h=18) OO g

B AiTHIERRE -

SR YH—

F7=1&

-RCSOKREE /N> F1EE5-50 Hz 1E#x

~1.7 MW x2 = 3.4 MWIZ,
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Optical function for 3-hold symmetric lattice (one superperiod)
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Mirror symmetry

QFL
QDL
QFA
QDA
QFM
QDX
QFN
QDN
QFX

Aperture (mm)
required for
324m accept.

(H) x 85(V)
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100

rad) B@pole@SGeV
(m)

4.00
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-0.2244
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0.970
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RCS aperture required
for 486p accept.;
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- QDN; 145

- QFX; 165



RF Voltage for SBR
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SBR Ring Geometry Plot
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- Slow extraction-
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Injection

Fast Extraction

Slow Extraction
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FNAL Main Injector Tunnel
150 GeV Main Injector
8 GeV Recycler Ring

J-PARC Main Ring Tunnel
30/50 GeV Main Ring synchrotron
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F&H
NN 2 D EH K 50
RCS: 220 kW¥I| FH & &5 (MLF)
MR: 145 kW#| F:& &% (NU)
3.6 kKWH|FB&#L (HD), FRY H Lxh2£99.5 %, Duty 17 %

EXEERE:
2011412 A ICE—LEERRAIR . F£ERNIZHI508 O F| FHEER,
EHARIETE
2013F EXRZETIZ,
Linac: 50mA/400 MeV
RCS:MLFTE—L/3J—400 kW D F| A:EEzZ B 159,
MR:NUT300 kW, HDT50 kWD FI| B:EExZx B 159,

2014F E LI&
RCS: 1 MWHIFBiEEs (MLF), RUESHIEHKEEILEBHIET
MR: 750 kW (NU) @ F| FBiE &L, 100 kW (HD) D FI| F:&E#x.
RUOSHEHREEILEBEET .



FEH (EE)
RHMETE

Linac
600 MeV/50 Hz 3&E&x (with SC linac)
RCS

600 MeV A 51/50 Hz :BEDAIEEMEZFIRETH,

MR

FX: TILFMWD R F—LDEEREFIR,
SBR (6-8 GeV) ZFHL =, 1.7 MW/3.4 MWH J D ETEEM4Z R e,

SX: BITVRTLIZEDMEER L. ORDERFZE BIETRADNREBIELZH. F
KDAREEEEL TR Y Fr—EZEIR T





