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Long-baseline neutrino experiment

T2K experiment
- Operating since JFY2009.

» Discovery of ve app. in 2013
- Anti- v operation since 2014
to measure the CP violating phase (0 cp)

CP violating phase (8cr) m « CP symmetric
can take a value between -180° and 180° W (No neutrino-antineutrino difference)
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Recent results ature 580, 339-344 (2020

- Obtained strong preference of
the ve appearance enhancement.
- Constraining possible 0 cp value,
excluding region at the 3o C.L.

- But it is not yet clear if CP
symmetry is violated or not.

To accumulate more data in a shorter time, J-PARC will increase
the beam power by upgrading the accelerator and beamline.



Beam power upgrade

- The beam power will be increased up to 1.3 MW as shown in the plan below
with the “faster cycle time” and “increased protons per pulse”.
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- Upgraded work in progress!!

J-PARC MR Power Upgrade Plan
(shown at ATAC 2021)

- This talk covers upgrades of “J-PARC Main ring” & “Neutrino beamline”



J-PARC Main ring



Overview of the J-PARC Main Ring

Beam abort line Fast extraction

I i — =— Hadron
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- ~1.6 km circumference
- Three-fold symmetry
- 3 (30) GeV injection (extraction)

Beam power : ~500 kW (FX)

- 2.48 sec cycle

-+ ~2.6x1014 proton per pulse (ppp)
(*) the world highest ppp in synchrotrons
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Slide from

Beam loss after upgrades L

Requirement

To enable hands-on maintenance in non-collimator area.
<300 puSv/h at 1 foot, 4h after user operation.

v

Beam loss reduction and better loss localization are necessary.

Cycle Intensity Power Total beam loss Coll. Capacity

[s] [PpPP] [kW] [kW] [kW]
Present 2.48 2.6x1014 500 0.8 2.0
JFY2022 1.32 2.1x1014 750 1.1 3.5
Future 1.16 3.3x1014 1300 i 3.5
x2 faster x1.3 x2.6  Upper limit is determined by

localization efficiency

Reports in this talk:
(1) Beam optics for resonance compensation
(2) Evaluation/reduction of beam coupling impedance



Optics study for resonance compensation

Structure resonances cause beam loss.

Vertical phase adv. in the arc section was optimized.
' Arc B *
¥ — The 3rd-order sextupole-like structure resonance
T v —2v, =—21 was compensated.
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Optics study for resonance compensation

® new optics
994

The new optics also suppress 2y, =42 2v — 2v, =0
some space charge resonances. T
Long-term beam loss was reduced 4
. 21.
by suppressing the resonance 8y, =171
induced by the space charge effects. ) 8vy =171
Measurements of beam survivals
at injection period 21.
S 100 gadmaage- 4 - -1 -~ ----mm--mm--o--oo--- -
g ’ 21. _—
2]
: B Yx — ZVy — _21
.g 99‘8__ ) oI DT P S
a 21.1 21.2 21.3 214 21.5
2 i v,
99.6/- Beam survival recovered!

* IPfesent ?Ptics | | Further optics study is planned

P TR T BT
20 40 60 80 100 120 to realize 1.3 MW operation.
time [msec]

?Beam loss reduced!
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Beam loss and instability Aine

Kobayashi

For high-power beam realization, it is necessary to suppress the beam instability that

S causes beam loss. _
R e It is necessary not only to strengthen the
3 'B;FB on system to suppress the beam instability, but
O _F ! 3 . .
5 ; fl Beam instability oceurs . also to identify the cause and take
S °F E
L G —— % — — N rm r . . . . .
g o 7 IBEB.off ] countermeasures _escillation inside
2 < bunch -
™ = . E ) E
o d-. — Typical example of beam :
~ callniection  Acceleration. . . .3 : . ——
0 02 04 06 10 12 16 instability measurement = _
time(sec) P R R R E
1.03x10'3 ppb, 0.3 A, 8 bunches £ : e " 1st bunch ]
IBFB: Intra-bunch feedback system é 3 bunches 7466'4&6‘4&6'4&6‘4&6'5&6‘séb'élm'_séa'ééb'
- . _ T rkw=21.22 | ; _yslice
The resistive-wall effect, which is the main 10 EE;/=-0 907 ..’ :
cause of the transverse beam coupling 1025-49x1013 ppp
Impedance, is being evaluated by calculations, #316783
simulations, and beam study measurements.— 10 -
growthrate]
In order to predict the behavior of the beam, 1" ™ ||,|a,=13l6Hzf
estimation of the beam coupling impedance 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
turns

IS necessary.

Impedance measurements of the RF cavity and FX kicker, the next largest contributors,
were completed during this fiscal year.
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1200 mm

Slide from

Impedance reduction of new FX septum e

New FX septa (Eddy-current type septa) are being installed to accommodate the higher
intensity and higher repetition rate of the beam.

The simulation showed that the impedance
was very large compared to other devices.

*
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Significant reduction by adding copper plate and SiC to the flange!
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Fabrication is in process, and measurement will be done next fiscal year.

— L

11



Neutrino beamline
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Overview of the J-PARC Neutrino beamline
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Pion
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[
Main ring

- Neutrino beamline was originally designed for 750 kW (T2K goal)

— Need to upgrade to accept higher beam power
13



Status and plan

56

Overall schedule of beamline upgrade

FY2020 FY2021 FY2022 FY2023 FY2024 FY2025 FY2026

| | | [ |
Operation MR|PS upgrade E ;

Primary beamline & _
Beam Monitor FF upg‘rade‘, Beam ‘momtor

Horn PS,Trans etc.

Horn magnets Cooling cap. up New Horn production for 1.3MW
\ \ | \ | | | | ! |
\ \ ‘ \ \ \ \ \ { ‘
Target Heat Ex. Upgrade 1.3MW [target & Cooling capability up.
\ L | \
TS/NUS Cooling | L | i |
capability - - | ’ |
| | | \ \
Radiation safety For >750kW For 1.3MW 5
\ \
| |
Control/DAQ
\
\

Remote Handling

\\\ilé\\

Schedule after 2022 will be revised for earlier realization of >1MW beam

Report in this talk:
- Target cooling system upgrade in the current long shutdown



Neutrino production target

He gas Graphite target

inlet/outlet (1IG-430)

Inner cooling tube
(IG-430)

— < J—

, e

Outer cooling tube | ) ; - s dump

(Ti-6AI-4V)

I

|| (1) Beam window
| (2) Baffle
| (3) OTR
| (4) Target and
first horn
(5) Second horn
(6) Third horn

Mechanical features
+ 90 cm long (for ~2 interaction length)

- 26 Mmoo (30 range of beam size withox = oy = 4.2 mm)
- Cantilever structure in the magnet (for remote exchange using a manipulator)

Functional features
- Thermal shock tolerance (< 3.3x1074 proton per pulse, equivalent to 7.4MPa stress)
- Radiation damage tolerance (swelling mitigation by T control in [400, 700]°C)
- Oxidation consumption tolerance (oxidation mitigation by <100 ppm of Oz & <700°C of target surface T)

+ Helium gas Cooling (for cooling 24 kW of heat load to the target at 750 kW operation)
15



Concept of the target cooling system upgrade

- Current target and its cooling system in the target station are introduced.

- Then the concept of the upgrade is explained in a slide as shown here:

Secondary beamline & target station Current design

- Cooling capacity : 750kW + 20% margin = 900 kW — Need to upgrade

1 1— .
Bi’ﬁir‘ Upgraded design
- Muonmonﬁor - High flow rate applying high P() to accept x1.7 of heat load
| ) Bemnwindom (*) 0.16 MPaG (30 g/s) —> 0.4 MPaG (60 g/s)

i'! (3) OTR
%| (4) Target and

firsthomn Simple diagram of the current system https://www.enoah.cojp/

N e | (5) Second horn
SNNNNNENS () Third hom

T=200C (AT = 1707C)
P = 0.09 MPaG (AP = -0.07 MPa)

AR
T =70C (AT =-130C) /— ‘

P = 0.03 MPaG (AP = -0.06 MPa)

He Ijss ol Target (Heat load) 1st heat ex.
A
TS BI Compressor 2nd heat ex.

machine room
T=30C

Schedule

T=30C (AT = -40C)

High P tolerance

Larger diameter
to provide low AP

upgrade

Vacuum insulated pipe

P =0.16 MPaG P =0.01 MPaG (AP =-0.02MPa) L

"Wl Higher discharge P

" "C W for high flow rate
.

upgrade

New compressor

+ Long shutdown 2021-2022 : Upgrade in the service pit and Helium vessel

- Later (20247 or 20257): Upgrade in the machine room

- “Vacuum insulated pipe” is one of key devices and newly developed.




Current status & plan

Status:

- R&D completed in ~2020 (heat insulation & low pressure drop)

- Detailed design completed in 2021. Most of components were already delivered.
- Removal and storage of the current 1st heat exchanger has been started.

Plan:
- Installation of new heat exchanger will be performed in several months.
- Schedule to be optimized together with other upgrade works in the target station

run t'cl remove
st heat Fxchanger

17



Summary

- Upgrades of the J-PARC Main ring and neutrino beamline
are in progress for higher beam power up to 1.3 MW.

- Works for the MR upgrades related to the beam loss
are reported.

- Works for the neutrino beamline upgrades, especially
target cooling system Is also reported.

18



Backup



Vacuum insulated pipe R&D

- Confirmed low pressure drop by simulation
Mass flow Rpipe AP [MPa] AP [MPa] Comment
[g/s] [mMm®] | by Mike(RAL) | by Matsubara
Current system 30\ 23.9 0.0445 0.044 Comparable w/ 0.06MPa.
Upda‘ted system 50 23.9 N 0.0509 0.051
(0.1-0.5 MPaG) 307 4| 00155 0015 | Increased diameter.

- Confirmed heat insulation performance by the prototype test and simulation

Test of heat insulation (16 Mar. 2020)

- Heat insulation test in a thermostatic chamber (Stable ~60°C)
- Air flow (~200°C) within a range of flow rate of 10~100 L/min
- Temperature measurement
- 2 points at gas inlet/outlet, 4 points at surface of bare pipe,
7 points at surface of insulated pipe & one in the chamber
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Results

- Equilibrium temperature was measured for 3 different flow rate

Ga: Bar - - Bar Ga
250 27 w! T I v
AR
; ; | =-200c
g H . : [
d i |® 100 L/min
150 §  |® 50L/min N
i i tH
1001 o (] 10L/m|§n s
(] e Tchamber
50_—__5___‘_._;_._ _____ _____ _'__g____: = -60C
A | | |
0 200 400 600

Length from edge of insulated pipe [mm]

- Good capability of heat insulation at the region is confirmed
+ No significant difference in this range of flow rate
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Comparison with simulation (COMSOL)

- Flow rate of 10~100 L/min — Mass flow rate of 0.12~1.2 g/s
if calculating with density of air (1 atm - 200°C) is 0.72 g/I
- Simulation was performed with conditions below

Air o
0.1 g/s

160

140

120
100
80

- Comparable results in case of 0.1 g/s

but higher than observation in 1.0 g/s

- Investigating the difference with observation
- Flow rate correction?

- Design of the edge of insulated region?

- Boundary condition in a chamber?

109/5




Mid-term Plan of MR

FX: The higher repetition rate scheme : Period 2.48 s = 1.32 s for 750 kW.
( = shorter repetition period ) = 1.16 s for 1.3 MW
SX: Mitigation of the residual activity for the beam power upgrade

Event | Long Shutdown |
Vi
PR
FX power [kW] 515 - >700 800 900 >1000 >1100 >1200 1300
SX power [KW] 55 60-70 >80 >80 >80 >80 ~100 ~100 ~100
Cycle time for Fast Extraction  2.48s 1.32s 132s 1.32s 1.32s <1.32s <1.32s 1.16s
New Magnet PS = s e

RF system upgrade

2" RF system upgrade

. Add.colli.
Collimator system (3.5kW)
Injection system Kicker PS improvement
Septa manufacture
FX system Test
Beam Monitors (BPM circuits)
SX: Diffuser/Bent crystal/VHF
Local shield >
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