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+ Motivation
+ Outline of 9 GeV linac

+ Simulation of each straight section

+« Summary and prospects




Beam Intensity Upgrade

+ Present: 240 kW @ J-PARC MR
— Linac beam current : 15 mA

— MR repetition : 2.48 sec

A

+ FY2017 : 750 kW @ J-PARC MR
— Linac beam current : 15 mA = 50 mA

— MR repetition : 2.48 sec = 1.0 sec

¥ | Toward Multi-MW
beam power

+ Intensity upgrade of J-PARC

— RCS higher top energy ' proton driver E
— 8 GeV second booster ring ' — Linear accelerator for high |
= Igarashi-san’s talk = This talk



Beam Energy, Integrated v Flux

Neutrino flux normalized by beam energy

- Neutrino flux at Super Kamiokande as a

x10°
5 f function of proton energy.
% | - Hadron generation model.
X - - FLUKA2011
= - Off axis beam 2.5 deg.
E‘: I - 3 Horn magnet scheme same as T2K.
® 5000 _
- * At <9 GeV, Neutrino flux per energy
= F|—§UKA20§11 increases as beam energy to be high.
: 5 * Then, the flux almost saturates.
0 IR R R A SRR

0 10  —T
Kinetic energy (GeV)
K. Sakashita ‘
Beam power = [Beam energy] x [Peak current] x [Duty]

* 9 GeV proton accelerator
* Linac configuration for high duty
e Construction at the KEKB tunnel for cost issue.



Proton Driver in the KEKB Tunnel

KEKB tunnel: Top view of the KEKB tunnel
« fourfold symmetric configuration.
» Circumference: ~ 3 km
« Straight section: beam acceleration
200m x4 =800 m
 Arc section: beam transportation to
the next straight section.
550 m x4 =2200 m

Subjects:

» Feasibility of 9 GeV proton linac in
straight sections of 800 m.
= High acceleration field is required.
= SC accelerator is essential.

» Beam transport at Arc sections.
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SC Cavity for 2"? to 4" Straight Sectior

For the acceleration in the 2" to 4t straight section, We choose the ILC cavity.

ILC cavity

Shape

ellipse

RF frequency

1.3 GHz

# of cells per
cavity

9

Quality factor

>1x 1010
@ 2K

KEK has rich experience and know-how of
ILC cavity and cryomodule fabrication.

40

N w
(6, o

Yield
Number of cavities
N
o

Average gradiend (E,) ?

Yield of usable gradient of 185 ILC
cavities as received (European XFEL)

35 1

=
w
I

10

T T T T T T T T T
11 13 15 17 19 21 23 25 27 29

T T T T
31 33 35 37 39 41 43 45

100%
90%
80%
70%
60%
50%
40%
30%
F 20%
r 10%
- 0%

Yield

vsable Gradient MY/ Detlef Reschke @SRF2013

Average usable gradient:

(26.2 + 7.

5) MV/m

With the expectation of further
R&D, we set the E, to 30 MV/m.



Outline of the Proton Driver w/ ILC

I
O Outline of acceleration : | — Quadrupole
e 1.2 GeV in 15t straight. : Bending
* 3.3 GeV in 2"d straight. : 6.2GeV ,Hm,l AF cavly [13'3=6ng
* +2.9 GeVin 3" and 4" straight. | 13GHz 5 TN
3.3+2.9x2=9.0GeV : Bg:l‘/' \
I .
O Peak current : 100 mA (pulse) | GeV
O Beamduty:1% : :
' To Kamiok
0 Beam power : ' © hamioka
I \Y) & 9 GeV
9000 MeVx0.1AXx1%=9 MW : S==c
O B, of SC cavities : :
2" straight :B,=0.93 13.3 Ge\? ///’;’
° d th H . - | ////
3dand 4™ straight 1B, =1.0 | ,5c. /
I i I B =0.93 iy A
O Normalized RMS emittance e R 12 GeV
* Transverse :0.30 m~mm=mrad :
* Longitudinal : 0.37 m=MeV-deg 1
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Reference of 15 Straight Section (1)
+ Spallation Neutron Source (S_NS)

Front-End: 1 GeV Accumulator Ring:

Produce a 1-msec LINAC Compress 1 msec
long, chopped, long pulse to 700
H- beam nsec
25MeV 87 MeV 186 MeV 387 MeV 1000 MeV
lon Source l ' l l '

SRF, =0.61 SRF, f=0.81 mmltr e ESees

251.6m arget L

Parameter Value | Parameter Value

lon species Repetition (Hz)
Output energy (MeV) 1000 Macro-pulse duty factor (%)
Peak current (mA) 38 Average beam current on target (mA) 1.4

Chopper beam-on duty factor (%) 68 Beam power on target (MW)
Pulse width (ms) 1 Length (m)




Reference of 15t Straight Section (2
M. Eshraqi et. al.,, TUO1BO01,

+ European Spallation Source (ESS) HB2010 (2010)

352.21 MHz .- 704.42 MHz

75 keV 3 MeV 50 MeV 240 MeV 590 MeV 12500 MeVI
) 3153 m dl
lon species Repetition (Hz)
Output energy (MeV) 2500 Macro-pulse duty factor (%) 4
Peak current (mA) 50 Average beam current on target (mA) 2
Chopper beam-on duty factor (%) 100 Beam power on target (MW) 5
Pulse width (ms) 2 Length (m) 315.3*

*Energy reaches 1200 MeV at 230 m.

Proton beam can be accelerated to 1.2 GeV in the 15t straight section



Configuration of a Cryomodule at 2n¢

+ Doublet lattice with SC quadrupole magnets.
+ 4 SC cavities (B, = 0.93) are in each cryomodule.

+ 27 cryomodules are placed in the section.
7.1x27=192m

Filling factor = 0.544
Period length 7101.9 mm

o Y
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Section 2, 3, =0.93

Frequency

Geometrical beta

Number of cells per cavity

Number of cavities per cryomodule
Number of cavities

Beam beta

Beam energy

Cell geometry

EO
d)S
Phase slip in the first and last cavity :
Transit time factor at = 0.93
Cavity filling factor

Length

Real estate accelerating gradient

: 1.3 GHz No end-cell effect
. 0.93 Included.

: 9

4

: 108 (27 modules)
: 0.9t00.975

: 1.214 GeV to 3.315 GeV

: Temporary (Scaled from JAERI 600 MHz

The same E is
assumed with {3, = 1.0.

design)

: 30 MV/m
: -24 deg

-47 to -1 deg, 9to -57 deg

. 0.7727

: 0.544

: 193 m

: 10.9 MeV/m

— r



Simulation of 2"9 Straight

RMS beam envelope (TRACE-3D simulation) Peak current : 100 mA

5.0

5.00 mm (Horiz) 5.0 Deg (Long.)

2.5 qm N/WWW Y RV RV VY Y Y Y T I T

5.00 mm (Vert) Length=192651.36mm

Normalized Emittance (IMPACT simulation)
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Small emittance growth is observed in longitudinal plane

I ’



Beam Profile at 2"d Straight

Gaussian distribution, 100 k particles

Entrance

X - Xp at entrance y - yp at entrance z - zp at entrance
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Configuration of a Cryomodule in 3™ —

* Singlet lattice with a SC quadrupole magnet.
e 8 SC cavities (Bg = 1.0) are in each cryomodule.
16 cryomodules are placed in each straight section.

12.0mx16=192m

Filling factor = 0.692
Period length = 11996.3 mm 3|>

288.3

200 (L
(Dseg) 288.3 288.3 288.3 2883 288.3 288.3 (La)
S © E g S 8

1€ leo

1037.7 284.3+450 450+288.3
I le—>]

t dgg = 1100

1037.7 1037.7 1037.7 1037.7 1037.7 1037.7 1037.7
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Sectlon 3 and 4, g =1. O

Frequency : 1.3 GHz
* Geometrical beta : 1.0
* Number of cells per cavity : 9
 Number of cavities per cryomodule : 8
* Number of cavities : 256 (32 modules)
* Beam beta : 0.975t0 0.996
* Beam energy : 3.315t09.051 GeV
* Cell geometry : Temporary (Scaled from JAERI 600 MHz
design
* E, : 30 MV/m
* ¢, . -20 deg
* Phase slip in the first and last cavity : -38 to -2 deg, -23 to -17 deg
* Transit time factoratf=1.0 : 0.7739
* Cavity filling factor : 0.692
* Length : 386 m (193 m x 2)
* Real estate accelerating gradient : 14.9 MV/m

(5]



Simulation of 37 — 4th Straight

RMS beam envelope (TRACE-3D simulation) Peak current : 100 mA

5.0

5 O 5.00 mm (Vert) Length=384442.66mm

Normalized Emittance (IMPACT simulation)
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Beam Profile at 3" to 4th Straight

Gaussian distribution, 100k particles

3rd Entrance
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Lattice of Arc section

rebuncher

\ ¥

Beta function

rebuncher

520

BB,
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RF frequency

— Quadrupole i
—— Bending
— RF cavity

H. Hotch

rebuncher

Parameters of Arc section

Length 550 m
Aperture 70 mm
Momentum acceptance 10.8 %
Bending magnet

# of magnets 64

core length 0.8 m
Quadrupole magnet

# of magnets 152

core length 0.375m

drift length between Qs | 3.25m
Rebuncher

# of cavities 3

0.65/ 1.3 GHzl:

NS




Summary of SC cavity and magnets

+ 21— 4th straight section
— Super conducting cavity : 364
* Bg=0.93:108
e Bg=1.0 :256
— SC quadrupole magnet : 164

+ Arc section

— Rebuncher cavity : 9
— NC quadrupole magnet : 608
— NC bending magnet : 256

SuperKEKB’s magnets
could reuse.

19



Summary and Prospects

+ For the next generation neutrino experiment, we check the
feasibility of 9 GeV proton linac in the KEKB tunnel.
= It is possible.

— ILC-type RF cavities for the acceleration from 1.2 to 9 GeV

— 4 |LC cavities + quadruple doublet in the 2" straight.

— 8 ILC cavities + quadrupole singlet in the 37 and 4t straight.
— Eightfold symmetric transverse lattice + 3 rebuncher cavities.

+ We could extend beam energy to > 9 GeV by placing another
straight section after the final arc section.

+ Lots of things are needed to study.
— Design of Injection part (~ 1.2 GeV).
— Beam transport to a target.
— etc.

20






Issues

+ Refrigerator

— Power loss of a SC cavity
* 1.5W at E; =30 MV/m and RF duty = 1.5 %.
* 0.55 kW for all cavities.
— Required AC power for 2 K refrigerator
e 1Wat2K=45Wat4.2K= 1.5 kW for AC power
* 0.55 kW at 2K = 0.83 MW for AC power

+ Input coupler

— Available coupler : 2 MW at peak

— Our target : 30 MV/m x 100 mA = 3 MW at peak
= 50 % higher peak power than presently available one.
= Need R&D.

22



Lattice of Arc Section

* Bending magnet x 64, core length =0.800 m
* Quadrupole magnet x 152, core length = 0.375 m, drift length between Qs =3.25 m
* Rebuncher cavity x 3, RF frequency = 0.65 GHz
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Proton lon Source

CERN |
\yj Proton Sources - 2.45 GHz ECR - Status
CEA TRIPS LANL - LEDA CEA

Type 2.45GHz ECR 2.45GHz ECR 2.456Hz ECR 2.456Hz ECR
Particle p+ p+ p+ D+
Current (mA) 130 60 117 129
Duty Factor 100% 100% 100% 0.002
Dischange Power (W) 800 1000 800 900
Emittance 0.15t 0.181 0.2
H+/D+ Fraction 83% 90% 90% 96%
Lifetime (hrs) 336 142 480

1 Emittances are r-r'
Estimated (90% proton fraction)

Lifetime results are for available tests, not including HV sparking.
CEA Deuteron beam tests limited to avoid activation.

Richard Scrivens AB Dept, CERN 3
EPAC 2004

e =



15t Arc Section w/ Rebunchers

Three rebunchers are placed. Peak current : 100 mA

8 O O '\| Graphic Display
= = o L =
BEAM AT NEL1= 1 I 100.0ma, BEAM AT NEL2= 446
HA-0B9742 B 46821 WHISISERID 2SI EEY Hi- 25256 B= 97175
WAs 18699 B= 12426 FREQ= 650.00MHz Wl= 4B1.22mm WA=-21619  B= 15.108

EMITI 0726 0726 91851
EMITO= 0.734 0726 93159
Mi= 1 MN2=446

— _ == FRINTOUT VALUES
— N PPFE  VALUE
4 122500000
6 122500000
& 122500000
10 325000000
12 325000000

3000mm ¥ 3.000 mrad 14 122500000 15000mm ¥ 3.000 mrad
16 122500000
18 1225.00000
24 00000 B 1 03000E-03 20 1225.00000 Z A=-0.15811 B= 1.05072E-03

22 1225.00000

MATCHING TYFE = 7
DESIRED WALUES (BEAMF)
alpha  beta
z -D.0278 0.0011

MATCH VARIABLES (NC=2)
MPP MPE  WALUE

1223 438924
1 397 1352650
30.000 Deg A 90.00 ked! 50000 Deg ®  90.00 kebs
|
MP1= 1 CODE: TRACESD v Linux 1.0 MNP2= 445
Eo— — P — FILE: arc+hancher 13
g (Lon
840 mrn (Hotiz. ) SU LRI, DATE: Wed Dec 12 18:3§ 12

40 deg

S Sl A T T T S Ml

OO0y SRR 2y O Frsoes T e 0y R 6 R R 2 R R il !
il I I

W

7540 m vty 3 rebunchers successfully shape longitudinal profile to the next section.

26




Integrated v Flux/energy vs. Beam Er

Neutrino flux normalized by beam energy

- Neutrino flux at Super Kamiokande as a

x10°
5 f function of proton energy.
% | - Hadron generation model.
X - - FLUKA2011
= - Off axis beam 2.5 deg.
E‘: I - 3 Horn magnet scheme same as T2K.
® 5000 _
- * At <9GeV, Neutrino flux per energy
= F|—§UKA20§11 increases as beam energy to be high.
: 5 * Then, the flux almost saturates.
0 IR R R A SRR

0 10  —T
Kinetic energy (GeV)
K. Sakashita ‘
Beam power = [Beam energy] x [Peak current] x [Duty]

* 9 GeV proton accelerator
* Linac configuration for high duty
e Construction at the KEKB tunnel for cost issue.
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