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J-PARC: Japan Proton
Accelerator Research

Complex
Status and outlook

TAKASHI KOBAYASHI
IPNS/KEK, J-PARC
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A Quest for High Intensity
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High Intensity

High Statistics
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* More Precision
e More Rare Searches

e More Materials
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| Search for CPV beyond CKM theory w—ute | moute
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Neutrino Mixing thru PMNS matrix

\ - pegrar i

T2K EXxp.
CPV in neutrino
sector?

n

p Strange quark may play an

A | important roles in an extreme high

density matter, aka neutron star. g -
u

A
AA-Hyper Nuclei



Accelerator-based neutrino program
INn Japan: K2K 2> 12K 2>

KEK-PS (Skw) | I J-PARC (470kW=> >750k
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T2 K - I I https://j-parc.jp/researcher/Hadron/en/pac_1601/pdf/
Eol_2016-10.pdf

» Upgrade of T2K Baseline design of ND udgrade
»Beam power f

Scintillator target

> 1.3MW

» Near detector upgrade

Same as present ND280 New detectors:

» POT goal : 20x10?' by ~2026 onessckefortarmet

TOF detectors

» Physics goal
» Evidence of CP violation
at > 30 (6=—=2)
» Stage-1 status at J-PARC PAC

» Strong participation/commitment
of French collaborators

With CERN SPSC Eol-015
https://cds.cern.ch/record/2240188/files/SPSC-EOI-015.pc

Work in Progress
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Protons-on-Target (x10?")
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Hyper-Kamiokande
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» “Hyper-Kamiokande Project”

» Upgraded J-PARC with >1.3MW

» Infermediate detector

» Hyper-Kaomiokande detector

» Option to place 2" detector in Korea in the future
» Physics goals

» Acc nu: CPV

» Aim nu: mass hierarchy

» Astronomical nu: SN, solar nu

» Discover Proton decay!



Beam Power History at MLF

Beam Power [kW]

1 MW eq. pulse
B Beam Power [kW] Test
900
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as of July 3, 2018

~1 month interruption  Interruption due to
~10 months interruption due to the fire in MLF troubles of Hg-target
due to the earthquake
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Beam Power History of Main Ring

MR Beam Power

e Stable operation at 485kW
— 250T p/pulse (2.48s)

= World recorde ppp | |I
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2 | I

: 2 Sl I

; | [
& 200

: I [

8 150 I II
e 100

= 50 W A "Il | R . _“__
: - miN IH

2010/01/01 2011/01/01 2012/01/01 2012/12/31 2014/01/01 2015/01/01 2016/01/01 2016/12/31 2018/01/01

Date
JO0VUT47REEE EWERM2018 10



T2K history

ol?I Accumulated POT i%r Physics

T
v-Mode Accumulated POT for Physics
V-Mode Accumulated POT for Physics
20 ' v-Mode Beam Power
x 10 ' V-Mode Beam Power
B _Runl  Run2 Rund Rund RunS Runb Run? Run§  Rund g
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* Data taking period : Oct.-Dec. 2017 and Mar.-May 2018

* 485 kW stable operation

* Total delivered POT to T2K : 3.16 x 102!
* v-mode POT: 1.51 x 10%' (47.83%)

* y-mode POT : 1.65x 10?' (52.17%)

Analyzed data
2,62 x 1021 POT
v-mode : 1.49 x 102! POT

v-mode : 1.12 x 102 POT

Anti-neutrino data is doubled from 2017

— (~50% increase of analyzed data for now)
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Sato-san’s slide

ngh lnTenSI.l.y T”O‘ @T2K collab M.

Successful 50 straight shots to NU at 500 kW

Run# 79 Shot# 1495021 18/05/31 09:00:08 DCCT#1
> TU n e S C O n TO S U p p ress RCStoMR  6.57e+13 MR Injection Condition 10 average top T A TR P

LINAC Beam 44,9 mA
b | @ DCCT@K1 6.56e+13 | Nb- 5 6.56e+13
edm IOSS © DCCT@K2 1.33e+14 | Buidth- 463 ns 1.33e+14
© DCCT@K3  1.98e+14 | Thin Ratio- 28 i3z 1.98e+14

» RF \/'l'op 310 kV = 320 © DCCT@KA  261e+14 | MRCycle- 240 ma|  2.67e+14

DCCT@P2  261e+14 | MacroPuse= 500 us
k\/ DCCT@BE 261e+14 RCSEXTKicker 51484

MR 700 W |OSS IRI??E?K/ZRCS %23? Klloss

P2/K2 1.961 K2loss

RF#3 anode current BEke 1980 Kilos

10 average data

A\ A 4

BE/P2  (.999 1 TREER
] OO~ ] 02A Beam loss|Watt| LL.A_. a I h R i P
INJ(K1+K2+K3+K4) 231 1.19e+12 3 A1es12 HH T Chn EE D ER T AR TG
P2 --> +90ms 316 1.31e+1? 273 l1.4le+ 20 40 60 80 100 120 14D 160 183\ 200
> N U |OSS, d p/ p P2+90ms --> +120ms 69 2.88e+ll ddress#
P2+100ms ---» EXT 2.00e+12
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Sato-san’s slide

High intensity trial: @TQng"ObM-
520kW 1 shot

+ The beam power of 520 kW was achieved by a single shot with the cycle time of 2.48 s.

2018 Apr 06 18:17:36 - Run 79 Shot 52375

2018 Apr 06 18:17:36 - Run 78 Shot 52375 Accumulated Loss #1 W Low Gain

B High Gain
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15
time from K1 [sec]

20 40 €0 80 100 120 140 160 130 200
Address#

Extracted beam: 2.68e14 ppp Total beam loss ~ 1.0 kW in the cycle of 2.48 s

Protons Bunch Repetition Beam Beam Notes
per pulse [ number | period (sec) | power (kW) | loss (kW)

2.68e14 8 1.0 measuremen
.I.

2.68e14 8 X 2.1 estimation



Sato-san’s slide

Summ(]ry Qf MR @T2Kf2|l0bl\/\.
achievements and plans

Beam Power Hls’rory MR to NU (FX) / HD (SX)

Achievements | |
Opergﬂon with | Fast extraction ~500kW2 $x1014ppp) | |
Slow extrc:chon ~51 kW (5. 4*1013 pp )
500 W loss

successfully with 700 W loss
with TkW loss
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10/10/0102
10/10/T102
10/10/2102
10/T0/€10¢
10/10/5102
10/10/9102 S0
10/10/£102
10/10/8102

Plan for near future
Transverse:
« Enough for 500 kW, but having good keys un-optimized yet.

Longitudinal:
» For stable 500 kW, realizing Feedback system is essential.
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Upgrade to 1.3MW

» Strategy 17
e 1,300
&
#p/p(10'2) 250 250 320
Rep T (s) 248 1.28 1.16
Funding siofél -1 070,
» Method
» Higherrep rate:
» MR magnet power supply upgrade
» MR RF upgrade (High grad/PS) After funding for 750kW
» MR Fast Extraction Kicker upgrade design power is secured,
» Higher #p/p No big step to >1.3MW

» MR RF upgrade (PS)



More Rapid Cycle:
248 s 2 1.28s > 1.16s
* Main Power Supply to be re-
newed
* High gradient RF Cavity
* Improve Collimator
* Rapid cycle pulse magnet for
injection/extraction

More Protons / Pulse:

* |Improve RF Power
* More RF Systems

e Stabilize the beam with
feedback
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_____UFY | 2017 | 2018 | 2019 | 2020 | 2021 |2022] 2023 | 2024

Event wmNew buildings }

shutdown

FX power [kW]
SX power [kW]

Cycle time of main
magnet PS
New magnet PS

High gradient rf system
2"d harmonic rf system

Ring collimators

Injection system
FX system

SX collimator / Local
shields

Ti ducts and SX devices
with Ti chamber

Mass production

o

dmanufacture, installation/test H- I S - ’

Add.collima
tors (2 kW)

i Kicker PS improvement, Septa manufacture /test H
*Kicker PS improvement, FX septa manufacture /test H

Local shields = ’

installation/test

(Ti-ESS-2)

O T4 7 RESE EWET{@2018

>700 800 900
>80 >80 > 80

132 <1.32s <1.32s

_—

----->

HREES
20180320
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J-PARC Main Ring (30 GeV) operates beyond 1 MW

1 400 v L) L ' L . A ] L) A L) L) L) v I L) L) L l . bl Ll ] L)

; | RF upgrade
1200 [ i

o'y
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800 s T s g B B oo [P 3
- 132-)1163’ .

600 [ ......

' Magnet PS upgrade
| 248-)1 323cycle

Beam Power [kKW]

400
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0
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MR magnet power supply
upgrade for higher rep rate

» Large capacitor bank Rkt
for energy recovery D1-3: existing buildings

Small power Large power (full mag. power)

» Construction started

» Buildings to be
completed in 2017

» First mid scale PS
installed and being
operated successfully




RF upgrade status and plan

» All 9 cavities are FT3L now
» 7 for fundamental Sepe——
’ 2 fOr 2ﬂd H. NIA FT3L -#-)-PARC RCS (large aperture)

» For 1.3MW 600 kV accelerating voltage ’ Ry

-~CERN PSB
: MA: FT3M
needed for 1.16 s operation. P ——
H > | L
» 11 accelerating systems

O RALISIS (largh aperture)
» 2 2nd harmonic
Needed

» Anode power supply upgrade required to Ferrite
increase output current 10

RF frequency (MHz)
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Field Gradient (kV.” m)
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Long MR 1.3-sec MR 1.16-sec
shutdown  operation operation

FT3L 4GAP Cavity 9

additional 4GAP Cavity

300-390kV  300-390kV ~ 300-390kV 510kV 510kV 600kV

2nd Harmonic Voltage 110kV 110kV 110kV 120kV 120kV 120kV



Neutrino beam facility upgrade

» Original design principle/specification 23
» 750kW for replaceable components
» >3MW for irreplaceable parts (Decay volume, Dump, etfc)
» 750kW = 30GeV x (330Tp/5us pulse) x (2.10s cycle)

» Godal

» 1.3MW =30GeV x ( /5us pulse) x (1.16s cycle)
» Similar impulse thermal shock!

» Main upgrades
» Horn current 250kA = 320kA (+10% nu flux)

» Cooling power
» Radio-active waste (water,..) processing power

Beam Power # of protons/pulse Rep. rate
350 kW (achieved) 1.8x10' 2.48 sec.

a0 sec.

750 kW (proposed) 2.0x10'4 1
[original plan] [3.3x104] [2.10 sec.]

1.3 MW (proposed) 3.2x10' 1.16 sec.




Present capability of

2ndary beam line

Component Limiting factor Current acceptable value

_ Thermal shock 3.3x1074 ppp
Target/Beam window : -
Cooling capacity 0.9MW
Stripline cooling 0.75MW
250KA, 2.48s

He Vessel : -
Decay Volume . -

Cooling capacity
Beam Dump _ y

Radiation shielding 0.75MW

Radiation . . , 8.4x102° POT/y
Radioactive water disposal (0.4MW-equiv)
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SSEM (profile monitor) UEpag maldﬁing monitors

Cause beam loss = only most downstream SSEM19
used continuously Current SSEM_

Radiation tolerance iIs also an issue

Wire Secondary Emission Monitor |
. Use Ti1 wires instead of thin Ti foils "

. First prototype installed = worked well asg
Beam loss reduced by 1/10 of current SSEM '
Resolution and precision equivalent to SSEM
No problem at long-term (160H) continuous operation

: SE] 8 to be exchanged to WSEM in summer 2018 or

WSEM signal Jeee

"e WSEM ™
Beam loss

- ~1/10

A =
o " - . - -
NN



<4 Target Upgrade

Current ta rget | II Temp distribution

Solid graphite can accommodate T —— —
3.2x10'* ppp g

e.‘;"‘d ».."”«p $ .:&"3‘4* 0°
Radiation damage is an open — .
question
Cooling capacity: 900kW
Improvement oW
Double mass flow rate (32—60g/s)
= Need higher pressure (1.6—5bar)
Upgrade of He compressor is STBWY || 1B
needed He pressure
Titanium container to be optimized Pressure drop 083bar | 0.8 bar
for high He pressure e s flow
FEM simulation for 1.3 MW = 909°C Heat load 235 KW | 408 kW
expected (assuming 1/4 thermal e — —
conductivity due to radiation damage) el
Higher temp. requires lower O2 o> indow teme RSO I
contamination Target core temp
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Thickness changLJtplQregg %Ierance of

beam window

. 0.3—0.4 mm = Stress reduction to half (250 MPa —
~125 MPa)

. Operation at 1.3 MW appears feasible for upgraded
window

- Ragdiation.drmage.is Amsig - 0.3mm

5 ANSYS

ADOAAS #99! (foasure *
el tabum lampecatow = XX

rngmnree %0 | K oo
Holurs Iamoamsiese rioe » 5001 ) Z 50 VNV A i N oA AN A ARA B 8 A Al W\
N Mo sy weckne tomoaranse « 429.2 K] Ul © .. \mM/ W‘W\ WWMM%‘W‘W“W&%MV(

"Way Bear: postion = carbe

225m/s 'm ;f:.

1] . "
R s
) %0
I 2000  2%00 00 )
08 a0
o 1)
- Equivalen Stress - o~ X Stress
i A E A e
300 \ /\ Sty
o " ~ \v/J \—v’{ L‘ ./.__,’A, A \tﬁH_. e \\l
156 C at center ; e :
| 50+
A 100
025 030 035 040 045 0350 055 g6y 065 070 075 080 085 090 095 |
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Horn current lncuggg@lde 320 kA

(deSig n) v flux SK (041 .0GeV, r!ormllzed)

. ~10% flux gain for right-sign neutrinos “;o.s ek
5~10% flux reduction for wrong-sign néutrinos
- :
3 power supply system is adopted 2 o |
New PS, new transformer, new striplines developed '§ 0.2 el S
Horn1 upgrade already completed & gl . (3 sl dgh
3 o 0 100 200 300

Haorn current (kA)
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Radioactive wateQi§&Qsal

SH (Tritium) — dilution, “Be — 99.9% removed by ion-
exchange

HTO disposal by dilution

Current dilution tanks (84m?3)
= 400kW (8.4x1020 POT/year)

Proposed location of new tank
case 1 : tank at underground level

§ e . FEDTY i ‘ Rl
‘ | . [P L
Toward >1.3MW | b2 Yk
. r . g E) X ;
= Construct a new tank with O(400)m3 = ) I
. . , i z
Design in FY2018~2019 = [ 1 | DO NG e 5 ..
Construction in FY2020~2021 M New tank s —— —
42 Bg/cc (70% of 60Bg/cc limit) x 84m3 a |
1$ | 3-GBq/disposal case 2 : tank at ground level
Hom CW Off limit 1 diuton _ﬁ' _____ el e T
lon exchangers during beam U iy ‘1 {;"r{ ! ‘ '; | ."S-xn.L“L—.g‘jaw - -‘
11.8GBY | el XK 2 DPtank  |koose [m . ‘ERE:
g B2 tank _{2wwm“ H (2 tanks are : > | I'_;] Y . :
Fie vessel/OV CW P - @- : used together) | . ! NU2 .
1T E pHcomroIF-. stem l lO«KﬁW‘vuﬂ"M‘ )I | ! ' 4 {
13568(] . : R Ve ; ___ | ’. ! . ST e S
.. Jlldrain water =%130m* Drain tank Y = B L
25GBq HTO produced per 1x102°POT B New tank [EEESS— g
In Horn/TS He Vessel/Decay Volume Cooling Water m o
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Timeline

2018 2019 2020 2021 2022 2023 2024 2025 2026

Beam power assumption (kW) >480 >480 >480 900 1100 1300 1300 1300
Acceptable beam power (kW) 750 750 750 Long shutdown | >1300 >1300 >1300 >1300 >1300
Acceptable POT (POT/year) 8.4x10% | 8.4x10%° | 8.4x10% 3.2x10% | 3.2x10% | 3.2x10% | 3.2x10%* | 3.2x10*

Primary beamline H Ti duct, large aperture magnet _J

WSEM upgrade :eplace SSEM 18, 19
OTR upgrade

Muon monitor upgrade

Tal’get for 1.3 MW H Manufactuﬂh Install

Target He system Manufacture, install

Beam window upgrade ] Vanufacturing jumm—)

Horn for high power operation Hornl Horn2 Install Horn3 Install
Horn electrical system Manufacture, install

Horn stripline cooling Water cooling

Hydrogen removal system ﬂ System upgrade

Monitor replace

Horn cask

Remote maintenance reinforcement

Radiation shielding
Cooling capacity upgrade
Radioactive water disposal Tank truck M New tank/building construction =}
Beamline DAQ upgrade Manufacture, install
Beamline interlock improvement

GPS upgrade
Earlier realization by 1 year is technically feasible




KEK Project Implementation
olan (KEK-PIP)

» Prioritization of projects which require
new funding requests

» External review (May 22,23, 2016)
» Recommendations

» hitps://www.kek.jp/ja/About/
OrganizationOverview/Assessment/
Roadmap/KEK-PIP Evaluation.pdf

31

» KEK-PIP taking into account the
recommendations

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

Upgrade of J-PARC for Hyper-K is highest priority



Funding sifuation 32

» Funding for 750kW upgrade started
» Power supply
» Budget request from KEK to MEXT for FY2019
» Upgrade for 1.3MW
» Intermediate detector facility
» Budget request from MEXT to MOF
» Power supply + alpha for power upgrade

» Will make funding request for 1.3MW again for JFY2020
(around June 2019)



ldeas for even higher
power

» Second booster in J-PARC

» Infroduce new 8GeV booster for MR el =g —
injection to “eliminate” space charge B a5 i
effect at injection RCS : 1.6 MW

MR > 2.6 MW
» Upto 3.2MW when RCS is 2MW

RCS:2MW |
MR> 32MwW [l

» “Circular” Linear accelerator o
» Utilize TRISTAN/KEKB tunnel at Tsukuba ~ A0
C O m p US 1.3 GHz rebuncher x 3
> QGeV, ]OomA, ]%dUTy — QMW 1.3 GHz rebuncher x 3

To Kamiok
0 Kamio aQGeV

1.2 GeV
650 MHz rebuncher x 3




Summary

» J-PARC neutrino beam achieved 490kW stable operation

34

» Accelerator demonstrated 1100kW equiv. shot

» J-PARC plan to upgrade to 760kW and then 1.3MW
» Funding for 750kW is started (FY2016-)
» Modest upgrade and budget from 750kW to 1.3MW
» Highest priority project in KEK-PIP

» 1.3MW is challenging goal but technically achievable
» Higher beam power should also be pursued

» - Big impact on the long baseline neutrino physics

» Your partficipation and challenge are highly welcomell
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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
( Existing data up to ~0.3DPA)

$EFermilab Bty

g Science & Technology BIIIIIII(IIM'EH
Facilities Council NATIONAL LABORATORY
22
)
Pacific Northwest - Los Alamos
ARORA Y

NATIONAL LABORATORY
ST194.

> 7
v (4 \\ | EUROPEAN
" , -::‘%} | SPALLATION

SOURCE

FRIB <
OAK Ciemat
RIDGE oS e g
PO Vo
o : g > ! NuMI graphite broken target o
A "' X 5SS I oot irradiation Examination (PIE) New Irradiation Run at
‘ rgonne ..................................... at PNNL: Swelling effect observed BNL (2017 February ~)



2.48 s Cycle

Beam Power Upgrade Concept L 2000
~ 1500

» Stable operation of 490 kW has been achieved so far with 5 1000 /\/\/
the cycle time of 2.48 s and ; 500

the accelerated protons of 2.5e14 ppp. g %, , , .

* The beam power of 1.3 MW is planned with
the faster cycling of 1.16 s and 2000

the accelerated protons of 3.3e14 ppp. jzzz /\/\/\/\/\
500

1.16 s Cycle

* Hardwares (Magnet PS/ RF/ Colli/ Inj&FX/...) are under preparation

Magnet Current (A)

* The most powerful neutrino beam can be realized in several years.

0 2 4 6
Time (s)
. VU00 (—i—iimimsitimri—riimiimimimsimit
Cycle time | Protons Protons Eq. beam - RESE !
. ra
per pulse per bunch | power in __ 1200 [ "pg\e ........
(PpP) (ppb) RCS 2 1000 : P
490 kW 248 s 2.5e14 31e13 760 kW g - X
800 |
520 kW 248 s 2.7 el14 3.4e13 810 kW a i A .
E 600 | A
750 kW 13s 2.0e14 2.5e13 610 kW 8 i ‘________)/
= 400 | Magnet PSupgrade
1.3 MW 116 s 3.3e14 4e13 1MW : e st
200 dd.two.2™ H_.REs.
9076 2018 2020 2022 2024 2026 2028 2030
T. Koseki: TUPAKO005, IPAC2018, “Upgrade Plan of J-PARC MR” JFY
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Possible operation points

(21.35, 21.45) demonstrated 1.1 MW
capability in 1.16 s cycle.

However, it is affected by the structure
resonances of 2vx—-2vy=0 and vx—-2vy =
-21.

Working points of (22.35, 22.45) and (21.35,
20.45) may be free from the structure
resonances.

23
New\posgiblev. p.
(22.35,R2A45)
22'5 /
22

Cl;f‘re‘nt w P
(21.35;:2)/45)

21

205

21

Ne os:' ‘e"\'/'v.p.

20

215

PrevioUs w. p.

¢ |(22:40,20.75)

22.5 23

40



350

300

#p/pulse (101?)

U
o

0

vl

p/p & rep cycle

«B=#p/p (1012)

+20%l

@d=Rep rate (Hz)

Stable

operati
realize

1 N
ﬁpower supply up;%de for 1.3MW

New MR Mag PS

2015

2017 2019 2021 2023 2025

1,800
1,600
1,400
1,200
1,000
0,800
0,600
0,400
0,200

0,000

(zH) @1e4 doy



Nex’r big goal: CPV 47

Neu’rnno and anti- neu’rnno behave samee

- Mire- . ; 5

Supergamiokande
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e Elucidate Origin of Matter and Universe

=

— Neutrino Oscillation and its CPV search ™ ;
— Charged Lepton and Quark Flavor studies and 7
CPV search U
— Strong Interaction studies
* Explore Origin of Diversity in Matter and Life " (/. @
— Neutron as penetrating and hydrogen sensitive
probe atom
e Energy materials (e.g.bettery), Life and soft matter —

(e.g. proteins, polymer), Hard matter (e.g. super
conductor)

— Muon as a micro magnetic probe
* uSR, X-ray from muonic atom, muon microscope oy
* Fundamental physics positron

— Create core of innovation with multi-probe

— Industrial Application ig

» Synergetic use of SPring-8/PF and J-PARC, Super
Computer “Kei”

e R&D for Nuclear Transmutation muon |7~

neutron
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R a DIl ATE

High Intensity Accelerator requires investigation of
radiation damage of target and beam window
RaDIATE: an internat’l collab. of scientists and engineers
from acc. and reactor facilities to solve the problems
J-PARC has joined the team since 2014. MOU is in
preparation.

radiate.fnal.gov

<& Fermilab

o Scmnce t woesiory  BROOKHAVEN

Los Alamos
g e
FRIB

¢ OAK Ciomat
RIDG < rrpnee

Argonne

- —
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’ i :

e



Domestic University

2016
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Oversea Institutions

oIIab n.wit

Contribute wly constkucted major
facility based on the experience of J-PARC
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Industrial Sector
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Japan Science Council Master Plan 2017

e JSC selected 28 important HIHR

projects from 166 proposals

 Two J-PARC related proposals
are selected as importan
projects: &

— Elucidation of the origin'c «"’\ii.f o J—
with an upgrade of the J-PARC
experimental facility

— Nucleon Decay and Neutrino = |
Oscillation Experiment with a Large
Advanced Detector (aka Hyper-K) upgrade

selected ¥

— MLF the 2™ target station" '
neutron and neutron

L S ,\ - .v,‘
e S

\

.

i

Science Council of Japan
-

w




Megumi Naruki
Associate Professor, Kyoto Universi ty

Hajime Nishiguchi
Associate Professor, High Energy Accelerator Research Organization (KEK)

Atsuko Ichikawa

Associate Professor, Kyoto University

sor, High Energy Accelerator Research Organization (KEK)

Nuclear Physics Division, }-PARC Center
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How to make v, beam

(Conventional horn e beam) 53
Decay Pipe
ljroton Target Devices
DBCdII
VM
Focusing device: Electromagnetic Horn Beam Dump
- ; Aluminum
® B j' L K . 5 |
p beam :..:..:..__;__.;__..__..1 For h|gh sensitivity/precise
—_ ‘—'_T. Pl R experiment
- More neutrinos
» Pure viu beam (299%) -~ Higher proton beam power
: X machine operation time
» viu/viu can be switched by X running efficiency

flioping polarity of Horns



Off-axis beam

Super-Kamiokande

Near detectors

Om 120m 280m
@ 3500
Decay Kinematics ) S 3000
' g 2500
4 £
B4 2=,
// ,,/"o- @ ??-ooo
// = L*
2 2 o8 - : . —— == 1
- My —M, : i J; o Oscillation probability
'~ %E —p.cosh 0 ertE e 2 97 Am? = 2.5x1072 eV?
2(Ep,cost) 1 1 /y.~0 E (GeV) g 2.3 L = 295 km
0.3
max 30 o3
Ev [GCV]—-’* oKL W , . .. ., .., T e
ﬁ[mrad] 1 . E, (GeV)
; .0—94—¢—‘4'—¢—|—H
)
o o o b) vn - I P (CCQE)
+ High intensity/narrow band/ wPed /T [VNSInN{cCn
tunable LE beam 0.5 =~ VN> IrN (NCln)
. . - o e —
¢ First application for T2K = ”

0 05 1 15 2 E(GeV)



Primary beamline

Preparation section
. . . 11 normal conducting magnets
Final focusing (FF) section — 750W beam loss shield
10 normal conducting magnets '
250W loss shield

. n N i
paraUO 7
(normal- conduc

L:—-' 2
@ Utility building #1
Pow er supplies, Cryogenic §

)
223 J
9

r
—
- =
M9 D
x /

=
Sy
—
-.-..‘k BFIvo )
i
Wtwra
—_

=572
v

+ Carry-in

: { Building
Arc section

' 28 superconducting combined function magnets

D2.6T,Q18.6T/m, L=3.3m

1W/m loss allowed

al Focus Section
al-conducting magnet)

[/
U

3 corrector mags (from US)
MSS from Saclay
CERN cooperation

Veltage (Vi 44)

T.Kobayashi (KEK) 55




o Beam Monitors

i
Auminum Lid V%g’; i b POSItIOﬂ
OTR | — 21 x Electrostatic monitors
Canedy) == & - Profile
el 'l . _ — 19 x Segmented Secondary
Mo [ i/ & ' Emission monitors

* Intensity
— 5x Current Transformers

* Loss
— 50 x proportional counters

« Targetting

— Optical Transition Radiation detector
(Canada)

» Elec.: from US/Korea/Jp
 Beamtiming: GPS (US)

cr] SSEM  Sumt Ti foil strips
CP | g 2 N -
Int(e(?Ts)lty (ESM) (SSEM) }__'-1 .\ o W ‘,
Prep.Sect. 3 9 9 | K‘ PS®,
|
Arc sect. 0 5 4 l C,Pp
I,C,P
FF sect. 2 7 6 : =

Beam loss monitor will be placed along the beam line.

T.Kobayashi (KEK) 56



« Isotropic Graphite (1G-430) 1.8g/cm3 | ikt

¢ 26mm(D)x900mm(L)
— 1.9intlen. (70% int.),

« Heat load: 58kJ/spill (~20kW)

« Thermal shock stress (AT~200K) ~
7/MPa (< tensile strength 37MPa)

» Forced flow Helium gas cooling in Ti- # 600 N\ il umw&mmmw

30GeV-750kW

alloy(Ti-6 A1-4V) container @ T
— Higher temp = less rad. damage I8 400 =)
~ 02 <100ppm to avoid Oxidization (bum!) > S RARE
tokeep SFo2lordyrs % 200/ AT_200K ~7MPa(Tensile 27MPa)
 Remote maintenance
Design done by KEK/RAL . 0 100E#F'Eﬁ @)200 300

Y



Electromagnetic horns

3 horn system OTR Camera
320kA design (now 250kW) ﬁ ‘
-- -‘iTJi“

A
— 0.7ms for 1t horn re
Horn 1 + Tafgel

— 2ms for 2"9/31 (series)
Max field: 2.1T )
AI a||0y (A6061 T6) Collimato

Heat IOad 1 1 kW@1St horn (beam Protons"
+Joule)

Water cooled.

Design max thermal stress: 26MPa Fiile 8.8 Hoal Loed to-bie horns in uak 661 fpuie:
. /T
Lorentz+Thermal) (cf. tensile stren. radiaion Joel's heat total
82 M Pa) 1 mner-conductor outer-conductor -
. Ist horn 23.6 15.6 3.3 42 5(11kW)
Fully remote maintenance sdbom 67 123 35 28(63W)
3rd horn 2.0 4.0 2.5 8.5(2.4kW)

3rd




Secondary beamline

TS H vesel -

Muon monitors

| Beam dump h « Heat load (@750kW)
= — TS ~300kW
(Vs | — DV ~150kW
N 7.8 — BD ~240kW
‘ «  Whole volume filled w/ He

1 gas (~1000m3)

= T INBT — Reduce NOx & 3H

' ‘ — Reduce pion abs.

_ i  All inner surfaces water
e —\, cooled

— Concrete upto ~100deg

— Periodically waste with
dilution (obey law)

« Beam dump
— Graphite blocks

— Water-pipe casted Al block
attached to both side

- 3 — Upto 3MW beam
S E « Muon monitor
- — 5GeV thresh.
¢ - — lonization chamber & Si
s E — 7X7 grid each
Decay volume

— Monitor dir/int spill-by-spill
— Emulsion
Decay volume & beam dump 59



Neutrino Beam
Upgrade Status

( ‘ Tetsuro Sekiguchi g~
E) KEK, IPNS/J-PARC Center ',ﬁ -PARGC
on behalf of
J-PARC Neutrino Beamline Group

2018.9.13

7th Hyper-Kamiokande proto-collaboration meeting
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<% Primary Beamline -

Final focus section
(NC magnet)

/ : [__ , Carry-in
f 5 fl_-g;__l Building

- '—E E
L]
J....t Utility building #2

' (Power supplies, Air Conditioner, Cooli

Final Focus Section
¥mal-conducting magnet)

Ne
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Beam Monitors .

Proton beam measurements and control

Precise beam control is crucial for high intensity beam

p Curr ent Tr ansfox

Center Profile
MY EsM) (SSEM)

Prep. Sect. 2 9 9

Arc sect. 0 5

FF sect. 6

Beam loss

'Electro -Static Monit a

= [, Position|

=




<4 Secondary Beamline *

Target Station (Tb)

SRS SRS

Decay Volume (DV)

Beam Dump (BD)




(e Target Station

All equipments inside Helium Vessel can be replaceable

Beam window
Ti=alloy

Horn-1 Horn-2

Hornl

26mmeg x 910mm Bafﬂe

Graphit
Sl Graphite
Collimator

He-gas cooling

. ;I‘arget
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pgrade Plan

25 x 1014

2.0x1014

[3.3x1014] _+2

6%

2.7x1014

[2.6x1014]

-4

—l

6% 3.2x1014

248 s

1.32 s
[2.15s]

1shot
[50shots]

1.16 s

Method

1400 —

F. Naito @ J-PARC PAC (July, 2018)

68

Increase repetition rate
248s —> 1.3s — 1.16s
MR magnet PS upgrade

Increase beam intensity
2.5x1014—>3.2x10" ppp

MR RF system upgrade

— §

W

LS

o
o
o

Beam Power

800 [

[ RF upgrade ]
Magnet PS upgrade ¢

600 [

400 [

: 248> 1.32scyde

.......... A&dtWOZ"d;“_RFS'T""'é"'

I i I

', Y ST TS SR
2016 2018 2020

2022 2024 2026
JrY

' L i A A
2028
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AR NEETe

Necessary upgradel"l!)pdg [@q\@

. Primary beamline
. Beam monitor upgrade
. Remote maintenance in FF section

. Larger aperture magnets and/or upgraded collimators may
be needed

- DAQ

. DAQ/control system upgrade for higher rep. rate and
safety operation

. Secondary beamline
. Target/beam window upgrade
. Higher current horn operation (250kA — 320kA)
. Cooling capacity upgrade
. Upgrade for radiation protection/treatment
. Radiation damage studies and develop more radiation-

rntetFarnt kkcanaralimA ~AArAASAAIAAIRFE FAar-andF /IkAaAara wwitraA~AA~Avar AFAN
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{o Sanrc

Muon monitor upgtlallpg rade

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
Develop more redundant system

F%@A@t'ayp(g%’ele for“i *H @ ratlo

(‘H =
”_b\\?\k “ln 1]

J

/‘ E}_|'@

UQM £ }‘Jll’
-1

&\. ' I u

unt

AD

\ FADC mpl (~ 15 / mple)/




- LONUrol/uvAW vpgrade 1or 1Rz

"‘J -ARC u
Operation
Upgrade strategy __ New hardware interlock
. DAQ upgrade for shorter cycle wesy L/ oI

. Reinforcement of interlock systenr i oo e
safe operation s ona o e
Stat u S kAdd some function and remake this
<New system> I module )
. DAQ upg rade Signal from Newmodule Attenuate signal from SSEM
Hardware (New FADC) and soft “ vag o bk L
development ama
To be done in summer 2018 .
- New hardware Interlock = New 3 ¢
iInterlock module : o
Prototype boards showed good '3 Pl
performance g o .
Position measurement comparable 5 ¢ -
to offline analysis §% o
SR PN IR DR L s
To be installed at SSEM 19 for § ° = o5

Beam postion calculated
in new interlock board [mm]

testing in summer 2018
. Improve latency for beamline magnet

PR I I R
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L@ Sanrc

Stripline cooling |prc9ecr§|ge

. Heat deposit by defocused pions = Cooling w/
forced He flow (750kW)

Upgrade toward 1.3MW = Water-
striplines
Water-tube embedded in Al plates using FSW
Can be acceptable >3MW
Schedule

Cooling test (~FY2 . o[ Temperature distribution _

FSW

ﬁN&rent test (FY2C°8: ©1.3MW beam
__ Water path

03r
0.2
I — 0.1




<5 Other Improvement

Cooling for secondary beamline

Current cooling capacity = 1T MW

Upgrade circulation pumps, heat exchangers and cooling
towers/chillers

Problem on clogging in water system for iron vessel = Need
Investigation

Rad ] atl on s h e I d In g Shields in target station ( cross se:ction )

Upper shields in Target Station = 0.75

¥ i amaaaar

“‘""" A M G A A W R A —
AN RO UIr e 177

upgraded)

Additional one more Iayer needed ‘ Radiation measured point legal limit :
. . . . . i <25uSv/h
Schematic diagram of cooling circuit W | [z | design value :
outside yard ,InSIde bu”dlng ................................................................ 3 £ .....‘V' ' <12.5 pSv/h
A A llllll"
Pump Water Pump  water/He S ssshannn
; 4,500 mm
: : Equipment c“ém wm 7 2,250 mm
' + Cooling : fi ] 2 4 T
. x ron ’
: : tower 2,200 mm —, jelds ¥ 1,600 mm
' ' :
: / K . 500 mm
3rd cooling loop 1st cooling loop : ) Z 77 . = 9
: : (P e Gl %7 <
L umm— ™ e

4,770 ~ 7,190 mm

- = L U e
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Scenario

Remote maintenance for highly radio-

activated equipment
. Already established : Target, Beam window, Horn

. Need development : Beam monitors in TS and FF
section

Long-term maintenance scenario

(>10years) for HK era

b
{s Ganrc

H () rﬁ r&@{tA a nd n r e alrag(e: erm ote a nd | N g Status after replacement for high power beam operati_o*l 215245
uide frami W | / / / = Temporary support frame for iron shields

SSSSS
mmmmmm

T

—
Il
§
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™  Technical Review
Neutrino beamline upgrade technical

advisory meeting

. Held on June 21-22, 2018

. Reviewers

K. Tanaka (chair, J-PARC), J. Hylen (FNAL), M. Calviani (CERN), N.
Fukunishi (Riken), Y. Kasugai, M. Hagiwara, K. Haga (J-PARC), H. Noumi
Mam(}pk@amtgq;@mments/suggestlons

BedMRAZ Q'Pér&?%“’l'DR submittgue TS

: Some addltlon simulations (radiation,
thermal analysis) suggested

. TDR to be revised for submission at next
J-PARC PAC
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for HK?

Baseline upgrade scenario for 1.3 MW
determined

Further improvement of neutrino flux is
really beneficial

. Target, magnetic horns can be replaceable
. Any new design can be adopted.
For example,
Denser target material w/ hybrid structure can give ~10% flux gain
Longer target (~1.7m) can also give ~10% gain
In addition, horn shape optimization gives further gain
. Target/horn design optimization is a good topic for collaboration

. Upgrades of other equipments
Primary beamline configuration change

Beam monitors (WSEM, Beam induced fluorescent monitor, etc)
. Control/DAQ

76



"

(S Summary

Neutrino beamline upgrade toward 1.3 MW for
Hyper-K
. Accelerator upgrade

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

. Higher intensity (2.4x10'* ppp — 3.2x10'% ppp) : RF
upgrade

. Beamline upgrades
. Beam monitor upgrade
. Control/DAQ upgrade
. Target and beam window upgrade
. Horn current to 320kA and stripline cooling upgrade
. Upgrade of radioactive water disposal
. Higher cooling capacity
Radiation shielding upgrade
. Neutrmo beamline upgrade technical advisory meeting
. Many useful comments and TDR will be revised



Secondary beam line
upgrade

Component

Limiting Factor

Current

Acceptable Value

Upgraded
Acceptable Value

Target

Thermal Shock
Cooling Capacity

3.3 x 10™* ppp

0.75 MW

3.3 x 10'* ppp
>1.5 MW

Horn

Conductor Cooling
Stripline Cooling
Hydrogen Production
Operation

2 MW
0.54 MW
1 MW

2.48 s & 250 kA

2 MW
>1.25 MW
>1 MW

1s & 320 kA

He Vessel

Thermal Stress
Cooling Capacity

4 MW
0.75 MW

4 MW
>1.5 MW

Decay
Volume

Thermal Stress
Cooling Capacity

4 MW
0.75 MW

4 MW
>1.5 MW

Beam
Dump

Thermal Stress
Cooling Capacity

3 MW
0.75 MW

3 MW
>1.5 MW

Radiation

Radioactive Air Disposal
Radioactive Water

1 MW
0.5 MW

>1 MW
0.75—=1.3 or 2 MW




