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History of beam delivery from RCS to MLF

May 2008- March 2013
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Beam delivery of ~ 300 kW was started in Jan. 2013.

High power beam study of the RCS was performed in Apr. 2013.
Beam delivery of 556 kW was successfully demonstrated.
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History of delivered beam to the T2K experiment
as of May 7t ,2013
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MR FX commissioning

MR ~240 kW [ BRI RO E N R HH]
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% 10" protons

Without 2"? harmonics rf voltages

Improvement of beam survival with 9t rf system in MR
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x 10" protons
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The 5-year medium term plan

for FX operation
2013~2017



Upgrade plan of linac

The design specification of the J-PARC facility (e.g. IMW@RCS, 0.75MW@MR) cannot be
realized with the present 181 MeV/30 mA linac.

For beam energy (Small emittance beam for the RCS injection) :

New accelerating structure, ACS( Annular Coupled Structure linac ) will be installed to increase the
extracted beam energy of the linac from 181 MeV to 400 MeV. Power supplies of RCS injection
magnets will also be replaced for adopting 400 MeV injection beam.

For peak beam current :

Front-end part (IS+RFQ) will be replaced for increasing peak current from 30 mA to 50 mA.

== New ion source using rf antenna
- ;" (CoIIaboratlon with SNS)

181 MeV LINAC

3- Im 27.1m 91.2m (Two SDTL tanks are used as a debuncher temporally.)

I8k o DL SDTLH-DBs—pB2—— = |

MEBT1
(324MHz) (Linac 3-GeV Beam Transport) \

3 MeV 50.1 MeV 181 MeV

( )

400 MeV LINAC

159m 108.3m To 3-GeV RCS
I8} RFQHDTLHISBTL - B1.2f- ACS |—DBL2}—
MEBTT 2 amriz) | vesr2 v | 38
190.8 MeV 400 MeV

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




Limitation of the RCS beam power
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RCS collimator limit ~4 kW

Summery of 400 MeV inj.

RCS

intensity

1.0 MW

1.1 MW

1.2 MW

1.3 MW

1.4 MW

1.6 MW

1.8 MW

2.0 MW

Particle
Loss

~0.3%
~0.3%
~0.3%
~0.3%
~0.3%
~0.5%
~0.7%

~1.5%

Loss power
at 25 Hz
(for MR)

400 W
(64 W)

440W
(70 W)

480 W
(77 W)

520 W
(83 W)

560 W
(90 W)

1067 W
(170 W)

1680 W
(269 W)

4000 W
(640 W)

RCS has a feasibility to operate 2 M/ == 556 KW operation was successfully
(2MW is twice of design beam power) demonstrated in Apr. 2013.

LAL.RCS2 MWADERRIZIX, 174 >iK100 mMADREDHIEERE
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Power upgrade for Linac & RCS

We revise the power-up curve after the earthquake: shifted 6 months.

=10 : : . .
S 08 f-nn oeemmmmnneee e Original power upgrade
=06 b A plan of RCS to MLF
= 0.4 I S AR I I S el Revised plan
; 0-2 '_____________i' _____________ :;7;‘{________I______________I______________: ____________________________
0 00 L : : - - -
o 2008 2009 2010 2011 2012 2013 2014 2015
A00MeY Fabridation, Offling test Installation, Beam test
U >
c
-5| lon source, R&D, Fabrication, Dffline test
RFQ
400MeV Inj.
: R&D, Fabrication, Offljne test User operation,
8 > Power ingrease
| Realignment
—
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Mid-term plan of MR

FX:We adopt the high repetition rate scheme to achieve the design beam intensity, 750 kW.
Rep. rate will be increased from ~ 0.4 Hz to ~1 Hz by replacing magnet PS’s and RF cavities.

Li. upgrade
FX power [KW] 150 200 240 ~ 400 5 750
Cycle time of main magnet PS 3.04 s 256 s 248 s 240s | Manufacture 13s
New magnet PS for high rep. R&D installation/test

Install. #7,8 Install. #9

Present RF system Manufacture
New high gradient rf system installation/test

Additional Add.collimators  Add.collimators
Ring collimators shields and shields (3.5kW)
(2kW)
|njecti0n System New injection J Kicker PS improvement, Septum 2 manufacture /test b
FX SyStem A A LF septum, PS for HF septa manufacture /test »




IR1TERIR TH O EEE
BIERMTHEREE V) 7T HED IR

[Lu |J |

1.0 - ' - - |
(V¢ Survival ratio for K1 injection 2.6E14ppp, 2.4s cycle,
1.4s accel, 0.88s decel
BT 1.2 kW loss (42pi cut),
s UV, | MRS2SIw (6Spicuy
E BT loss 1.2 kW (42pi) MR 0.49 kW loss
E MR loss 0.6 kW (65pi)
09T \@g Fundamental RF: 100 kV ->240 kV
. nd i .
Injection Smoot near 2"¢ harmonic RF: 70 kV
accel accel
O%SO 0.05 0.1 0.15 0.2 0.25 0.3
0 Time ([®e 0.3

RCS conditions: 800kW, full errors, 400 MeV 100pi painted injection
MR conditions:

Bunching factor ~0.2 at injection

65pi cut, Alignment errors, measured multipole,
Sum resonance corrected (we have Skew Qs)
Chromaticity fully corrected, No instabilities

MR total loss is acceptable
for maintenance.
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FHEIR (1.3 scycle) TOIFYA

hNER B R 52 #E5 (U =& #Eupgrade + commissioning AVEIT i

Survival ratio for K1 injection 2.0E14ppp
10— i 1.3s cycle, 0.5s accel
Tacc:0'5secsTpara:0'1sec BT 1-3 kW |OSS (60 pi Cut),
0995 RF during para. accel. {=0.12->0.22,: ] MR 727kW (65pi CUt)
V= 140->440kV .= 0->54° MR 1.11 kW loss
2 ossf Vo= 91-50KV  g,.= 0->143° -
% 0.085 | ] Fundamental RF: 140 -> 440 kV
> < 2" harmonic RF: 91 -> 0 kV
098 | K During accel. ®_2s >0
Inectiony —__Smooth™ Linear
0975 e ':'-1 ~—aeeel———aecel
097§ time (sec)
0 Time (s) 0.25

RCS conditions: 600kW, full errors, 400 MeV centered
MR conditions:

MR total loss is acceptable
Bunching factor ~0.3 at injection

for collimator capacity.

65pi cut, Alignment errors, measured multipole, LAL. BEHERIEEEL
Sum resonance corrected (we have Skew Qs) OXEDEEREBRENADE

Chromaticity fully corrected, No instabilities 18



Long-term plan for FX operation
2018 ~

Multi-MW proton driver :
K. Hara, H. Harada, H. Hotchi, S. Igarashi, M. Ikegami,
F. Naito, Y. Sato, M. Yamamoto, T. Koseki

19



Scenarios for Multi-MW output beam power for neutrino experiment are being
discussed .

1. Large aperture MR
Enlarging the physical aperture from 81 to > 120 mmm.mrad
A new synchrotron in the MR tunnel

2. Second booster ring for the MR (emittance damping ring)
The BR with an extraction energy ~ 8 GeV, between the RCS and the MR

3. New proton linac for neutrino beam production

- Linac with an beam energy > 9 GeV
- The MR is operated only for the SX users

20



Survival ratio

Injection energy and beam loss in the MR

Simulation of beam survival in the injection period of the MR
for the RCS 1MW eq. beam (4e13 ppb)

MR-mgere :M1=140kY M2=31kY  Mp=4 . 161E1Z . Tuned 376 RCS-mgerr 1MLW-400H (5-() (:;EE\V/ + BTROpi

1.0 3.0 Gol m—
e
nen 3.6 GEVT R =
4,0 Gel  —
20 GeY
B.0 GeY
0.98
0
| i | 3.2 GeV Inj: Ave Inj loss 1.5%
, i | (Total loss x1.5)
0.96 || (15 kW loss for MR 640 KW@2.4 s
1| cycle
3.0 GeV Inj: Ave Inj loss 3.2% \ : ycle )
%#T | (Total loss x1.5) "~
(3 kW loss for MR 640 kW @2.4 s cycle)
0.94 - - - - - -
0) 0.04 0.08 0.12

Time [s]
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De3|gn of the 8-GeV BR : Lattice & parameters

Parameters of the RCS and 8 GeV BR

________ [3GeVRCS [8GeVBR

= Circumference 348.333m 696.666 m
= T = super-periodicit 3 4
T 8-GeV BR Q T Perp y
4 = =+ Injection energy 400 MeV 3 GeV
7 Extraction energy 3 GeV 8 GeV
Repetition 25 Hz 25 Hz
Ramping pattern Sinusoidal Sinusoidal
il ox Transition energy 9 GeV 15 GeV
Beta & Dlsper5|on for 1- superperlod Harmonic number 2 4
1 T H&V Number of bunches 2 2
20
% 15F Momentum +1% +1%
= acceptance
0(; — 20 ~ 4‘0 HI 6‘0 - 8‘0 - ‘100‘ ‘ ‘1‘20‘ Ilz‘lo‘ ‘ ‘16‘,0 ‘ Rlng acceptance 486 189
. 3.§_ T rmmmrad 7 mm mrad
% 2 | Collimator aperture 324 126
S o3 mmmmrad 7 mm mrad
OF I
00 120 40 1§0(m) 29

H————t——t—toto-bititio-tole-to- it ho-tobo-fo-HtHhopor



Design of the 8-GeV BR: Simulation results (2)

RCS 8x99.8%/8y99.8% 8x99.8%/8y99.8% MR beam power
intensity at 14.2 ms at 20 ms (MW)

(MW) (r mm mrad) (r mm mrad) assuming 1-s cycle

1.0 35.0/36.5 31.1/32.5 1.6

1.2 39.9/42.4 35.4/37.7 1.9

1.4 44.1/47.2 39.2/42.0 2.2

1.6 49.4/54.0 44.0/48.0 2.6

1.8 55.0/60.1 48.9/53.4 2.9

2.0 57.9/62.4 51.5/55.5 3.2

8-50BT & MR collimators : 54-60r mm.mrad

h=9, bunch=8 - h=18, bunch=16
ABTEFMEI120ms > 280ms (1scycle > 1.16s cycle) = Power X 1.72

Beam loss @ 8-50 BT collimator
0.2% particle loss = 1.71 kW if assuming 3.2 MW from MR

Loss capacity of the 8-50BT collimator: 2kW (as same as the 3-50BT coIIimatozrg)






3. New proton linac for neutrino beam production
- Linac with an beam energy > 9 GeV
- The MR is operated only for the SX users

Iy ravted fhuoe om0, 7SMWAT]

Integrated flux
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0} / | MRAIRE{EIRET & (2012.7.31)
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s |
u 1 1 1 1 1
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Proton driver in the KEKB tunnel
KEKB tunnel:

Circumference ~3 km 1.3 GHz
LS section 200 m x 4 6.4 GeV Bg=1, 9 cell

1.3 GHz

_ Bg=1, 9 cell 4
Proton linac:

E =9 GeV

- 509 MHz, 5 cell (TRINSTAN)

E0=10 MV/m
Real estate grad. ~3.2 MeV/m/
900 A LDZER
—D(CZER?., 2B L?

- 1.3 GHz, 9 cell (ILC) 3.8 GeV
EO0=37.5 MV/m
Real estate grad. 13.3MeV

1.3 GHz

SNOERET1~1.2 Gev, Pe-093 3 cel
TDE., 3DDEMREIT 9 GeV.
517—2(C650 MHz rebuncher x 3
52, 37—21(C1.3 GHz rebuncherx 3



Transverse RMS emittance (ummemrad)

Transverse 99.5% emittance (xmmemrad)

F17—VROBEIMNZE

Bg=0.93 section (1.2 > 3.8GeV)

0.5 — ~ 1.0
h _W‘ o8
0.3 - 0.6

0.2 - 0.4

0.1 4 —— Horizontal - 0.2
— Vertical
Longitudinal

(39Pe ASIALY) Q0UBNIWS SIATY [EUIpMISUOT

0.0 0.0
T T T T
. ° %0 Distance alo]nogolinac (m) 1o , g ?fémrebun(:her EE(#
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N NS Gl
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Distance along linac (m)

KEKBR> 2~ JLZFHLNT=9 GeV proton driver [£R[gEE B H N B,
E—LEE (Iduty EDZFTEAREL $F(ZIow BER) TRZES,
CWT&KIFHIE, 9 GeV X 1mA=9 MW .
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FEDH

FIAREEL DK
- MLF : 300 kW (/N1 /87— E&R TI1E556 kW)
- NU: 240 kW

SEDETE: (2013 - 2017)

- 20135 EE{F L EARIRIC) =7 v %400 MeVIZHE5#T 5,
- 2014 EERF L BARI R IC) =7 w9 %50 mAICE R T 5,

- 20154 EHIZRCS 1IMW% B#69 (one shot)

- MR-FX :&#2UsBELIEIZ&>T2017EEFRIZ750 kWE B89,
SiRYBELUERE. SAMRZTHE. AR OESR, QY A—20EEBEANE, AILDF I L EEN,

FHIGTE (2018 -)
JILFMWE —L DR ET

- 8GeV J—RA—Z=E : Linac 100 mA, RCS 2 MW eq. —» MR 3.2 MW(h=8) - 5.5 MW(h=18)
100 mAL#A >R . AFtKicker DR&DMNEE,

- 9GeV =T YIFE : KEKBOIURILZE ST ~ 9 MW (cw) , 2022F LAfE ?
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J-PARCHDZR 2§ D 750kWIZ A (T - ERYEA ENUE — L5120 DEKERE
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HEEA: NRBE, /NBERR, ik IF—, TP E(KEK) R RAI(FREBX) FILFEERRK)
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(*1) http://www.icepp.s.u-tokyo.ac.jp/hecsubc/

(*2) http://www.kek.jp/ja/About/OrganizationOverview/Assessment/Roadmap/



