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6 Secondary Beamllne
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,macMR Beam Power Upgrade Plan

Beam Power

# of protons/
pulse

470
(achieved)

750kW

[original]

(proposed)

1MW

(demonstrated)

1.3MW
(proposed)

Operation

cycle

2.0x1014
24x1014 | BOCSN ., 26x1014 0325101
1.3s

Method

Increase repetition rate for 750kW
Increase beam intensity for

>1.3MW

T2K-II Protons-On-Target Request
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Accelerator/beamline upgrade for HK/T2K-Il has selected as
the highest priority project in KEK PIP
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New PS for High Rep. Rate Operation "

‘Q.T -PARC
Courtesy of T. Koseki

Large scale PS for bending magnets and quad. magnets in arc setions

Sma Il_pdwer Large power (full mag. power)
' v - v Two large converters and large capacitance for

—: = energy recovery, symmetric power module circuit

a Y a

Y
- . AC-DC | DC-DC
‘Convert-or Convert-or
g

Transformer \ J
C-bank
Budget for three buildings of the magnet PS’s and starting mass production of the PS’s have been

approved by the governmentin JFY2016.
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11
SEMTE

1oude

S

Construction will be finished in 2017.




2. First New PS for Q- magnet

Courtesy of Accelerator group

Output cur/volt patterns
g n . . - —
- - Voce
= _ 2.48 s cycle —t‘"
> 1000~ ~iner
i Output current ripple
0
- —4 AL A A S M § T -y ARt aase 1 |
g 1 O T_ OLD QFRPS 2% IO'_ i 2 kHZ (mees.rad) -
s o K S107 @ 2 kHr (sirulznan)
= 5| — NEW QFAPS -
0 @ 1075¢ -
- = -
O B .
—_ .‘g o L |
< ST 5 107°H8
= 1.3 s cycle b a w N
E REF 5 |‘|'
> g 10—;’ ; veee e BB . '.d,
O
-_,9_, 10 BE_
B
R |
10° ~
. L, 10 10° 10° 104
0 1 2 3 Frequency [Hz]
t [sec]

Operated stably in user operation since the end of October 2016.



> New PS for B-magnet -

‘,‘J—PARG
From Jul. 2017 PAC slides by F. Naito

- First new PS will be tested in the new building in this winter

Scheme of BM PS 1 unit of C-bank Containers for capacitor bank
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1 container has 16 units.
1 power supply has 3 containers.



,.MCToward Beam Power > 1MW :

Courtesy of T. Kosekl

Beam 460
Power (kW) Achleved) - 1049 | 1326

#ppp(10™)
Rep T (s) 2.48 1.32 1.32 1.16
Bunching factor and longitudinal distribution
3.2x10"3 ppb (~1 MW for 1.3 s cycle)
(1) To achieve 750 kW:
Without 2nd harmonlcs it ond -
- New power Supplies o ' l , ' ' l . Wlth 2 harmonl(?s
- 2" harmonic rf system . y
2 harmonic cavities 5 ; o . 5
S O3 EI v dv- AVt @ 0.3 -
(2) Toward >1 MW g S R S R B i "
- Higher rf voltage and more margin Sl I ‘ 1
11 fundamental caVities ° 0 5:)0 1(;00 1;00 2(;00 25i00 3(;00 35100 4000 0 900 1000 1:10:)0:0;1;?00 30003300 4000
In addItIOn > ' ' ' ' " T180 —— 5 . . . . . T
- VHF rf system ‘ - o
- BPM upgrade R g 5|
- FXKkicker upgrade : ! 1 _

1000 1200 1400 1600 1800 2000 2200 2400

time [ns] time [ns]




‘,‘J PARGC

Peak Anode Current vs Circulating Protons/pulse

Courtesy of T. Koseki

v_ _(.)vzer Current

[ @ APS50-1 (4-GAP) | Limit 19-inverter-units
140 | o APS50-2 [T 77T Tooo J140A | (RCS modification)
QE ® APS50-3 L
= 10 | & AE320°3 7 * Original Anode PS
- ~ APS50-6 . . .
Q consists of 15-inverter
S D R units
O 100 -
)
o
@) @i
é 80 - s For 1.3MW,
= g Pt * 11 RF system in total &
) - . . L
0 60 - 19-unit modification
| are necessary.
150 200 250 300 350

X102 ppp

| oo s0 300 B30 [fof AccRF [VRF(h=9) |fof 2ndRF VRF(h=18)
2.48s  |390kW  465KW |580kW  640kW ____
12285\ 750kw  900kw  1100kW 9 510kv 2 110KV

1.16s  830kw 1000kW 1.2MW 1.3MW 11 600kV 2 110kv
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Courtesy of T Kosekl
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,cheutrmo Beamllne Upgrade

BaS|c phllosophy for beamlme deS|gn

Most of components were designed to accept 3.3x10'4 ppp
Replaceable components designed for 750kW (can be upgraded later)
Non-replaceable components (HV, DV, BD) designed for 3~4MW

Necessary upgrade toward >1.3MW

Primary beamline

Upgrade beam monitors
DAQ

Upgrade DAQ/control system for higher rep. rate and safety operation
Secondary beamline

Higher current horn operation (250kA — 320kA)

Cooling capacity upgrade

Upgrade for radioactive water disposal

Radiation damage studies and develop more radiation-resistant
beamline components (target/beam window, etc)



%= Current Acceptable Beam Power

. ess Current
Component Limiting factor acceptable value
Target/ Thermal shock 3.3x1014 ppp
=CEURUGE A Cooling capacity 0.9MW
Conductor cooling 2MW
Stripline cooling 0.75MW
Hydrogen production 1MW
Operation 250kA, 2.48s
Thermal stress 4MW

He Vessel : :
Cooling capacity 0.75MW
Thermal stress 4MW

Decay Volume : :
Cooling capacity 0.75MW
Oxidization 3MW

Beam Dump : :
Cooling capacity 0.75MW
Radiation Radioactive air >2MW
disposal Radioactive water 0.4MW




“#~_Beam Monitor Upgrade

ol 19

W|re Secondary Em|SS|on Monltor (WSEM)
First prototype installed = worked well as expected
Beam loss reduced by 1/10 of current SSEM

Beam Induced Fluorescent Monitor (BIF)

Light emission from beam-gas interaction
Various component tests ongoing

Schedule

WSEM Mounted on Mover 13/

e £ WSEM signal 0l T E

gzoo:— ; E — SSEMS5 IN

Aim to install Swo- — wsEm
. B S 600 ]
WSEM In ~20-| 8 100:— - E ]
_ : 400 Beam loss -
BIF N ~2020 505_ k L\ k& K\m 200 j ~1/10 —;
OW. LoV VY Y Y W T 004_' 20 — L
= Nz_ﬂuorescent gas 0 100 200 300 400 Item“oiqso 30 40 BLM5#0

o i \\ equally distributed

Test Vacuum Vessel @Tokai Test Optical System @IPMU
- L sp 51 gl ,::‘h

to increase separation
- i between beamplpe d

M light d

— Test Optical System —

lrnage s taken Ing amera will be )
Iyzedl order to understand light Jed

t portl cluding possible light

Lens, Image-Intensifier =N 4 an | :' losses or profile distortion .‘
and CCD FireWire-Camera ey & *& 3

N S5
N\
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Vo Other Monltors

Muon monitor upgrade

Si detectors and lon Chambers = Si degradation at high beam power
Developing new type of muon monitors (electron multiplier tube, EMT)

OTR upgrade

Problem on rotation system Electron multiplier tube  dynodes
Develop more redundant system §— \ \ ™\

Radiation damage is an issue K \ \

New T1 material to be used

Observed signal

Other material (e.g., graphite) D e
BN o o [ (- e
S50 01 Rt
e
|
|
E’?m SR ] +26.5 cmfrothecenter
§ /ﬁ / 7 / [ [ \ / - (1 cm accuracy?)
e
IRIENENENN
IRRRIEEN

FADC sample (~ 15 ns/sample)
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. 2. Control/DAQ Upgrade for 1Hz Operation 2

L/ 4

Faster DAQ for high rep. rate = New FADC
(by Hamada@KEK)

New hardware interlock for safe beam mE U S sestionna e

attenuator —=—=———

New hardware interlock

operation = New interlock module (by E . O | e

24stri
strip to calculate the

Yamasu@QOkayama U) =1 peam st

Add some function and remake this
module

~

Prototype boards under development Stemsmem> | eou

Signal from New module Attenuate signal from SSEM
SSEM : " A + Convert the analog signal to

Aim to implement in FY2019 or earlier e e
New FADC

CAVALIER
(16 ChAnnel Vme Adc module for neutrlno ExpeRiment)

=+ Calculate beam position in
FPGA

2017/2/6

Future prospect

Beam position calculation method in FPGA

’ I’'m making beam position calculation firmware now.

pulse height[ADC] SSEM19Xch12
1000

Integrate s
& oosf-

over spill = .
004

The
quantity
of signal
5| per spill

@ADC (AD4249)
L. Bl s 10~250MHzT
............ g 7 Yoy

-

Gather 24 quantity of signal per spill

beam profile

6
time(ps)

SSEM19X_int

| have done the study of analysis of SSEM : wF Enties 0
beam data with this method and have 2 b Mean -1.008
reported the result in regular beam monitor "} pMS 1420
meeting.

Beam
position

vvvvvvvvvv @Ethernet (LAN8810) ]

2017/2/6 . ) . strip position(mm) .15
Make quantity of signal and a position of each strip agree

=X ) -"-” lllllll = = | Y ?—giﬁ%

2017/9/14 BAYEZE@FEHEKXE 9
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Original target design
Design intensity = 3.3x 1014 ppp — 3.2x 1014 ppp should be no problem

Understanding radiation damage is crucial \ 1 - w-r,'L:
Cooling capacity: 900kW | '
Improvement

Upgrade of He compressor is needed to increase ﬂorat
FEM simulation for 1.3 MW = max temp. = 909°C (should be reduced)

Further study is ongoing

_ 7 = Helium pressure 1.6 bar 5 bar
%:wwmw% | Pressure drop 0.83 bar 0.88 bar
8 oE 3 N F NS
— Helium mass flow 32g/s 60 g/s
Heat load 235KW  40.8 kW
US window temp 105° C 157° C
DS window temp 120° C 130° C

2 Targe core temp 736 °C 909 C
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~10% flux gain for right-sign neutrinos

5~10% flux reduction for wrong-sign neutrinos

3 power supply system is adopted
New PS, new transformer, new striplines developed
Further 1PS, 2trans., striplines needed

Pow:r supply (new)

5.8kV@320kA

Horn System Upgrade

. Horn'curren‘t |ncvrease 250 kA—> 320 A (Slgn) vfx SK(“,V no,,,

Current o

Powet ¢ upply (new)

. 6.3kV@250kA

23

< 1

i S 1 L

o 10% .

g ................................................. 320kA|

z

> 0.8 < T

e 250kA

o

(]

N 0.6 .

©

£

o

S 0.4

.9 5321 / 4

whd P1 0.9417E-01 0.4949E-03

0.2 . T esmmr s oreto

>< P4 -0.3098E-06 0.5110E-09

3 » P5 0.6829€E-09 0.1719E-11

E O P6 -0.5786E-12 0.4240E-14
S Proposed 0 100 200 300

Power st¢Lly (new) Power sun;.y (new)

5.8kV@320kA .

He Vessel

5.6kV@320kA

. 5.4kV@320kA

- Horn current (kA)
Power supply (new)
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%= Horn System Upgrade

Strlplme coollng |mprovement
Heat deposit by defocused particles = Cooling w/ forced He flow (750kW)
Staged upgrade toward 1.3MW

Higher He flow rate w/ He compressor upgrade = ~1MW
Water-cooled striplines for >1.3MW
Water-tube embedded in Al plates using FSW
Can be acceptable >3MW
R&D plan : |
Cooling test (~FY2017) = current test (FY2018-~)§=
To be installed to horn in FY2021 |

FSW 1F

i Temp.@i.BMW beém 4407




425 Radloactlve aterDlsposaI

Radloactlve water dlsposal
SH (Tritium) — dilution, 7Be — 99.9% removed by ion-exchange

HTO disposal by dilution
Current dilution tanks (84ms3) : 400kW (8.4x1020 POT /year) acceptable
Toward >1.3MW, following will be adopted step by step
Increase disposal cycle = needs some technical improvements
A portion of radioactive water is taken by tanker truck

Construct an additional dilution tank with O(200)m3, entailing
construction of new dedicated building

42 Bq/cc (70% of 60Bg/cc limit) x {
= 3.5GBq/disposal

> gn exchangers L
Horn CW Off limit dilution water
lon exchangers during beam gn|y ﬁdes:n{ + [ ——— -l
1 eam-
11.3GBy off DP tank  |kpose

8 tank t' 21m? Buffer tank I—L (2 tanks are —=—>
-1

[He vessel/DV CW ! ! : used together) | |
lon exchangers : 2 INaOH l (effectively 84m?3) ’I
I pH control system P w—
13.5GByg ! T
1
3

All drain water —b 30m? Drain tank

25GBq HTO produced per 1x102°POT
In Horn/TS He Vessel/Decay Volume Cooling Water




. %~Cooling Capacity Improvement

. Secondary beamline
Designed for /50kW — higher capacity needed for > 1.3MW
Improvement

Higher flow rate — replace with larger pumps
Higher cooling capacity — larger heat exchangers/cooling tower

Detailed design is heeded soon

Water/He

- : Equipment
1 Cooling : Heat
: tower : exchangers



5w Acceptable Beam Power

Current Upgraded

Component i) el acceptable value acceptable value
Target/ Thermal shock 3.3x10'4 ppp 3.3x10'4 ppp
=CElRVUE VA C ooling capacity 0.9MW >1.56MW
Conductor cooling 2MW 2MW
Stripline cooling 0.75MW >3MW
Hydrogen production 1MW >1.5MW
Operation 250kA, 2.48s 320kA, 1s
Thermal stress 4MW 4MW
He Vessel : :
Cooling capacity 0.75MW >1.5MW
Thermal stress 4MW 4MW
Decay Volume : _
Cooling capacity 0.75MW >1.5MW
Oxidization 3MW 3MW
Beam Dump : :
Cooling capacity 0.75MW >1.5MW
Radiation Radioactive air >2MW >2MW
disposal Radioactive water 0.4MW >1.5MW




Timeline

FY2017 FY2018 FY2019 ©FY2020 FY2021 FY2022
1.3MW =---===----cccccccccmeccecccccceeemmmmmmmm—mmaaa- T____________
750 kW --=-=========-=---c-=---=-c-o---m-=- FrmmTm e
300 kW T ---------------- E. .................
Target/Beam Window i I

He cooling

Horn stripline cooling
Horn PS

Water cooling

Radio-active water
disposal

Beam monitor
upgrade

DAQ/control
upgrade

Upgrade system

Water-cooled
striplines

Reinforce He
flow system

320 kA/1Hz

Upgrade system

Additional
dilution tank

WSEM
installation

BIF
installation

1 HZ DAQ
Beam interlock

28
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Upgrade toward 1.3 MW

Accelerator upgrade

Higher rep. rate (248 s > 1.3 s — 1.16 s) : PS upgrade, RF upgrade

Higher intensity (2.4x1014 ppp — 3.2x1014 ppp) : RF upgrade
Beamline upgrades

Beam monitor upgrade

Control/DAQ upgrade for high rep. rate operation

Target upgrade

Horn current upgrade to 320kA

Upgrade of radioactive water disposal

Higher cooling capacity for secondary beamline

§- e Summary

29
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- High intensity beam
/50 kW proton beam (design: 30 GeV, 3.3x10'4 ppp, 2.1 s cycle)
. Off-axis neutrino beam (2~2.5°)
Narrow band beam ~ 0.6 GeV

Suppress high E background | =295km
99% pure v, beam (1% ve contamination) i T
sinzze23 =1.0 _:
SK AmZ, =2.4%10%eV? ]
Horns Decay Pipe | :
_Ta:. ...................................................................................................... L OA 0.0° )
> %2 0A2.0°
T ME o

& _ SNO0A2S5
}1.2 - "‘-||.I1L |
"E I"I. —
08 [ h _

L
0.6 — I1 |
M 04B 2 degrez i
0.2 - 30 E)AB 2.5 dgeg“ree -
:....I....I....I....l....l..l.IO.A.B.3.CIjelg.r?e.l...ll.... .g

° 0 1 2 3 4 5 6 7 8 9 10 : !

Off-Axis beam E, (GeV)



Japan Proton ccele;étor 4400 MeV ¢
Research Complex %
(J-PARC)

§H- Linac R
‘ l : » Aim = 2

Neutrlno Bea | LlneT

.’ fpr T2K Experlment*r M .

- (%o GeV) = N *a
. b B4t MamBl' g Synchrotron
',“f' Materlalﬁ,ﬁ ”--. 5] ;" : (MR)
Life Science " ™7 i

Facility (MLF)

> ~___ (3GeV)
ﬁ;a.
adron
;Exp’erlmental
\ <v ,a" (HD) (30
: 4 eV)




3

.5 30GeV Main Ring Synchrotron (MR)"

Main parameters

Beam enort lire Fast extraction
Circumference 1567.5 m . Hadron |
Injection energy 3 GeV el Experimental I“a“ﬁ,
Extraction energy 30 GeV
Super-periodicity 3 el /; 4
harmonic 9 RCS R S ,
Number of bunches 8 BT 7
Rf frequency 1.67 - 1.72 MHz colizmator: Ty}

Transitiony  j 31.7 (typical)

Physical Aperture

3-50 BT Collimator 54-65 m. mm.mrad
3-50 BT physical ap.> 120 x.mm.mrad
Ring Collimator 54-70 x. mm.mrad

Ring collimators ¥

Ring physical ap. > 81 x.mm.mrad To Super-Kamiokande

Three dispersion free straight sections of 116-m long:
- Injection and collimator systems
- Slow extraction (SX)

to Hadron experimental Hall

- RF cavities and Fast extraction(FX) (beam is extracted inside/outside of the ring)
outside: Beam abort line
inside: Neutrino beamline ( intense v beam Ls send to SK)

\
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MR Beam Power

34

Courtesy of T. Koseki

500
450
400
350

Beam stop due to the
300 radioactive material
250 leak incident in HEF

Beam stop due to
200 the earthquake

MR Beam Power (kW)

150 < 5
100 I
50
0

2010/01/01  2011/01/01  2012/01/01

Achieved beam power:

=

2012/12/31  2014/01/01

Date

2015/01/01

2016/01/01  2016/12/31

Fast extraction ~470 kW (2.4 x10'4 ppp) for users, 516 kW for demonstration.
Slow extraction ~ 44 kW (5.1 x10'3 ppp) for users , 50 kW for demonstration.
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-z 4 70kW User Operatlon *

Courtesy of T Kosekl
2900—
| 2016 May 23 20:08:45 - Run 68 Shot 877063 | - % ' :_ : ' : : : : :
0 : = - 13 o O Collimators Bl Low Gain
g F 1 8 o i i i i |ElHighGain :
m‘d : _— 30 §) C 6()00._- - ........ - ....... ....... -- ....... - ....... . ......
E 1 @ =2 7 A S PO SO NS NN A
X 1 ¢ D sBIUse x8 sensntlve
20 —25 3 i
_ S % 4000 \, \, ......
— 20 mn Sufﬁuent Iocallzatlon achleved
— 15 L5 Extractlon
10 | N 9 >.2000 : _
| f f : —j 10 o ©
: 2o |
—] 5 E o I : : : : : : : :
: : : ] 0 -
— 111111111111111111 l o 11 M EETE T
0 R S SR T T S SO S T SO MU S S B SO S— 20 40 o0 80 100 120 140 160 180 200
0 0.5 1 1.5
: o : 1000
Time from beam injection start [sec] 1.5 s
@ :
Power: 473 kW @ 2.48 sec O
2.44e14 ppp £1.0 —500
3.05e13 ppb —

100

Loss at MR ~800 W < MR collimator limit of 2 kW . 05
Loss at 3-50BT <100 W < 3-50BT collimator limit of 2 kW

RF anode power supply tripped several times by the
current limit. It limited the beam power.
Longitudinal instability happened frequently > 480kW MR address

50 100 150 200
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2 J-PARC

High power trial (2"9 rf voltage was adopted)

| 2017 Apr 12 08:57:35 - Run 74 Shot 330710 |

51 OkW Trial

10" prot
] B

0

—

0

Extracted beam :

1

1 1
0.5

2.64e14

8

1.5
time from K1 [sec]

2.64 el14 ppp

2.48

|2017 Apr 12 08:57:35 - Run 74 Shot 330710 |

1000

o
©  count

time from K1 [sec]

-

0.5

Address#

00

36

Courtesy of T Kosekl

- at the new betatron tune (21 35 21.45) -

[Accumulated Loss #1| [[llLow Gain

-thG

count®

2

4000

2000

00 —

ngh Galn Low Galn X8

1 Néiéd "'béﬂé'i‘"'bééﬁ

1 lllilllilllilllilllilllilllill

—

Ioss Iocallzatlon

80 100 120 140 160 180 200
Address#

Total beam loss ~ 1.7 kW

511 1.7

measurement

2

2.64e14

8

1.28

991 3.3

estimation

The MR has capability to achieve >1MW with the high repetition rate operation.
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<%= Neutrino Beam Stability

T T
3 B
S ik : e Horn250kA i
gos Eventrate | | Horn205kA |
3 : _, Horn-250kA -+“-- e
_ e : ' IN ' RID ........... 3
3 4

2 0.5 Torlzontal beam f:llrectlon " MUMON :

Event rate was very stable within 1%

Beam direction was also stable within 1T mrad.



,«m.-.c KEK Pl‘OjeCt Implementatlon Plan (KEK—PIP)

Prioritization of projects which require
new funding requests

External review (May 22,23, 2016) Pg::éﬁ'be SRk
Recommendations J-PARC upgrade for Hyper Kamiokande
Hadron Hall Extension
https://www.kek. jp/ja/About/OrganizationOverview/ H-line and g-2/EDM
Assessment/Roadmap/KEK-PIP_Evaluation.pdf LHC and ATLAS
Super Computer
KEK-PIP taking into account the RNB

recommendation S Sf.parate prioritization
i Light Source

https://www.kek.jp/ja/About/OrganizationOverview/
Assessment/Roadmap/KEK-PIP.pdf

Upgrade of J-PARC for Hyper-K/T2K-Il is highest priority



https://www.kek.jp/ja/About/OrganizationOverview/Assessment/Roadmap/KEK-PIP_Evaluation.pdf
https://www.kek.jp/ja/About/OrganizationOverview/Assessment/Roadmap/KEK-PIP_Evaluation.pdf

-z MR Upgrade Plan 5

o2 Y-PARC

Courtesy of T. Koseki

Revised in Jan. 2017

s | aote | o7 | ame | amo | 2020 | zuar | 2022

® Newbuildings > ';ﬁ:f’down
FX power [kW] 390 470 480-500 > 500 700 800 900 1060
SX power [kW] 42 42 50 50-60 60-80 80 80-100 100

Cycle time of main

248 s , 248s 13s 13s 13s 13 s
magnet PS Mass production
New magnet PS 4 installation/test ‘—
High gradient rf system Installatlon - e )
2nd harmonic rf system Manufacture, installation/test H - e - )

Add.coll Add.colli.

Ring collimators imators (3.5kW) Upgrade for
0 1.3MW
InjeCtion SyStem 4 Kicker PS improvement, Septa manufacture /test h
FX sy5tem * Kicker PS improvement, FX septa manufacture /test h N N - »
X collimator / Local
?hieclgls ° ¢ ﬁ Local shields b
Ti ducts and SX devices ESS

with Ti chamber



4;6 - MR PS U pgrade

Original Plan of the PS development
JFY 2015 2016 2017 2018
for new power

: D4,D5,D6
supplies

Large PS (10) -3“» M
(B(6),Q(4)) Q@ Q@

Middle PS (1) Leading PS for mass-production

(Q(1)) _ﬂ_
Small PS (9)
(Q(6), S (3)) <t Q®eé) . S .
Cooli t
o,
Installation &

tuning r DS, :

The KEK budget of JFY2017 is too low to produce 4 large power supplies. (However we want
to make two PSs at least if it is possible.) —> It is hard to complete the mass-production of
the magnet until JFY2018. So we are discussing the postponement of the schedule for a year.

F. Naito @ 24th J-PARC PAC

New buildings
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2
o2 Y-ARC
o "‘ T PAC July/27/2016
'vt" J - PA RC
MR: RF voltage upgrade
Ins C Ins C Space between Kickers
mln L I S b aga v 5,
= S - el :
con . P —— — s o '
4 cavities/Long Straight E\> 3 cavities/ long straight -
2018

Li 400 MeV Li50mA MR 1.3-sec

Events .
operation

Present FT3M cavities 9 8 4 0 0
New FT3L Cavities 0 1 5 9 9
2nd harmonic cavity 0 0 0 2 2
Available voltage 315 kV 355 kV 485 kV , 602 kV 602 kV
(2 Harmonic) (35kV) (70 kV) (70 kV) \(70 kV)/ (70 kV) 80 kV
Number of cavity cells 27 29 36 \43/ 43 43+8(2nd)

Power modules are also added to the anode power supply of
the RF cavity in this summer for the beam power increment.

F. Naito @ 22th J-PARC PAC



Simulation Studies on Dynamic Aperture
at (21.x, 21.x) and (22.x, 22.x) Courtesy of T. Koseki

Dynamic aperture survey Survival ratio by space
(No magnetic error/no space charge) charge PIC simulation
N PN
Aperture Score (21 xx, 21 Xx) /ﬁ;f{ Aperture Score (22.xx, 22.xx) ﬂ;f{
21.5 2] fwor, Chwom 75%, dp= 0.0% T 22 5 Jqfosmdun st oe00® ____ & 1 = -
5—.0 ® ‘0 Score
2139 | 2239
| | o 0.999 - -
21.32 ! A 2232 8
Vy das vy 7 W oot -
| 6 <
2118 | 22.18 prd
5 m 0.997 - o
2111 2.1 4 W (2138,2140) —
| : . _ 22.38,22.40) 4
210 2108 5105 201 2115 212 2125 213 2135 21.4 2145 790 0% 0005 221 2215 222 2225 223 2235 224 2245 <3 .m 0.996 %222?:2078
21.0 v, 21.5 22.0 v, 22.5 coup. Corr. -
0995 ] ] N I |
. . 0O 1000 2000 3000 4000 5000
(21 .*, 21 .*) (22 y 22 ) tirn

Dynamic aperture at the current operation tune of (21.35, 21.45) is affected by the structure resonance of

vx-2vy = -21. Operation at the tune of (22.*, 22.*) has better beam survive ratio than (21.%, 21.)
For the area (22.%, 22.*) , new magnet power supplies are needed in our operation.




Tune survey around the present operatir

2,:4; 2T 1 S 219
21.45
21.15 21 .4

21.35

21.3

Survival ratio during beam injection
beam intensity of 2.9e13 ppb

.
2
<
<

MR colllmator set at

60p| mm. mrad

_III|IIII|IIII|IIII|IIII

2132135214214521
A%

X

g point

Courtesy of T. Koseki

for

D

1

(7))
<
0.995 +
?
0.99 &
0.985 %
0.98 —
S
0.975. £
097 =
(7))
0.965
0.96

Tune scan for 2.9 e13 ppb (450 kW equivalentfor 2.48 s cycle) provided
reasonable beam survival between (21.35, 21.42) and (21.39, 21.46).
Present 470 kW user operation is at (21.35, 21.45).
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-4 Beam Window Upgrade

DeS|gn Change COnSIdered

FEM simulation for 1.3 MW with expected beam parameters
Various thickness considered
Current 0.3mm is not good — 0.5mm or 0.7 mm is much better
Transient analyses say 0.5mm is optimum.

350 Time [ns] N.B. SZ = through
1.3 MW EQV - ® -13MW SZ e 13 MW SX thickness stress,
i ] .
» SX =radial stress
10 5mm 1 0.7mm
\ | Good I Good / "
1 7\, I . i/ =~
A 4 / n \
— . N\ | _«
\'—'I o o ot ] »
h N » N I ) ./ R
- - LA —= e
- ) .- ) - *
L. L D T P S - )

05 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

thickness (mm)

— Peak  Maximum i
Absmmgssﬂowrale—tﬂgs 1%kPa ThiCkness Sft'ess Wifh 1
b temp stress .
[mm] (K] [MPa) bar helium
[MPa]
0.3 490.7 93.9
‘ 690 132.3 126.5
0-06t 7
Pressuféfirop-0-06bar @ 1.1g/s 0.7 5650 164.0

Max veIOC|ty 230 m m/s . 02380:.4 degC
E 06 [W] — Window thickness = 0.7mm e e



Vo Horn Current Increase
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Horn current increase: 250 kA — 320 kA (deS|gn)

~10% flux improvement for right-sign neutrinos

Flux ratio normalized by 320kA

5~10% flux reduction for wrong-sign neutrinos

v flux SK (0.4-1.0GeV, normlized)

o 110/ |

25'0kA

320kA

ng/nd”

P1

P2

P
P4
Ps
P6

5321 / 4
0.9417E-01 +

-0.3798E-03 +

0.5822E-04 +
-0.3098E-06 +
0.6829E-09 +
-0.5786E-12 +

0.4949E-03
0.1342E-03
0.1267E-06
0.5110E-09
0.1719E-11
0.4240E-14

Horn current (kA)

200

300

Flux ratio 320kA/250kA

atio 320kA/250kA

Flux r

Neutrino mode

14¢ 1.4
iz:\’u . ;ﬁi iz vu (wrong-sign)
LiE o oo LIE

o N m - }

1; - 4 ﬁﬁ 3 g +H + HH
ot T " b T el HHH MH
“F  Flux peak : H |
0.7 0.7
06— Y Mluxpeak =

: Neutrino Energy (GeVl)O : Neutrino Energy (Ge\lfg)
Anti-neultrino mode

14 —
Svu (wrong-sign) 12 \’u +
LI | H ’ 1.1é = #ﬁ %

1 IS

- Hodf : ~ f |
o rrWWWWE T+¢ﬁWH
0:7é T | ’ 0'7; Flux peak ' MH‘
06— ———L o g6t L s
Flux peak Neutrino Energy (Ge \lfg) : Neutrino Energy (Ge\lf())
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4 Stripline Cooling

Forced He flow inside stripline ducts

Current flow rate for HornZ2 — 750 kW acceptable
ncrease flow rate with dual compressors — 1.25 M

Hornl Horn2 Horn3
Heat flux per stripline plate (J/m2) @ 1.3 MW
Total (Beam + Joule) 214 1066 141
Acceptable beam power (MW)
Current flow rate 2.10 0.75 2.04
Improved flow rate - 1.25 -

Stripline
W duct

g
=

Acceptable beam power vs He flow rate

-
)

- 1.25 MW _—
- 0.75 MW :
R T / Improved !

flow rate '

/Current ﬁ

_ flow rate;

\

\

Acceptable Beam Power (MW )

W

5
=

10 15 20 25 30 35 40
Helium Flow Rate ( m3*/min )




- Water cooled striplines

Stainless pipe embedded in 12mm-thick plate by FSW
technique.

Cooling test with small test piece — > 3 k\WW/mZ2/K achieved.
Max temp. @ 1.3 MW = ~-50°C ( < allowable temp. 80°C)
1.25 MW (by He cooling) — > 3 MW acceptable
1FT |

FSW

0.9F
0.8F
0.7F
0.6
0.5F
0.4F
0.3F
0.2F
0.1F
0k
-0.1F

A . 0.2, . . 1w 316
Water-tube embedded striplines using FSW 0 05 1

47



R a D | AT E

radiate.fnal.gov

To solve a world’s common problem to understand the effect
of radiation damage on target/window materials, accelerator
& fission/fussion communities’ researchers & engineers
work together.

= J-PARC neutrino was an active partner since 2014
*  From JFY2016 J-PARC plan to join officially

.._‘

Neutrino Beam Window .
Ti Alloy ~1x102" pot =

~1 Displacement Per Atom 2

( Existing data up to ~0.3DPA)

5 UNIVERSITY OF

3% Fermilab RS

Science & Technology BROOKHIAEN

@ Facilities Council NATIONAL LABORATORY

Pacific Northwest - Los Alamos

NATIONAL LABORATORY
EST.1943

v (7 \\ \ EUROPEAN
IEFS) | sPaLarion
\N SOURCE

FRIB <
OAK Ciemal
“RIDGE o e losipcons
° NuMI graphite broken target o
A ‘ st-Irradiation Examination (PIE) New Irradiation Run at
TBOC at PNNL: Swelling effect observed BNL (2017 February ~)

LABORATORY



