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Overview ¥

J-PARC neutrino beam to Kamioka (T2K / Hyper-K)

J-PARC

Accelerator Complex

Hyper-K
(Water C)

Accelerator-based neutrino oscillation experiments are playing an important role in
neutrino physics since 1999

* Recent T2K results showed a hint of large CP violation in neutrino sector

Next generation experiments (Hyper-K/DUNE) are aiming to reveal full picture of
neutrino oscillation with precise measurements of CP and mixing parameters, and
determination of mass ordering

* Sensitivity for CP violation 2~30 (current) — >50 (future)
* > 10 times statistics needed

m Nvod®y(E)|x ov(E) x target
To achieve it,

* ~10 x larger new detectors " "
Beam power Detector volume

* >1MW-class beam power needed



Progress on High Power Neutrino Beam

Neutrino beam faC|I|t|es for Iong basellne experlments
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KEK os 2 | os KoK 6 kW 1st generatlon '0(1 O) kW
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How To Produce Neutrino Beam?
Conventional neutrino beam from pion decay (since 1960’s)
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* High intensity proton beam hit a graphite target
* Secondary 11/K’s focused by magnetic horns and decay to neutrinos
* Neutrino beam from it — y* + vy
* Antineutrino beam fromm — py + vy
* Sign-selected neutrino beam by flipping the horn polarity
* All hadrons absorbed by beam dump
* High energy muons penetrating beam dump measured by muon monitors
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Neutrino Beamline

Target-Horn System
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Status of J-PARC Neutrino Beam ?

Total Accumulated POT for Physics
v-Mode Accumulated POT for Physics
V-Mode Accumulated POT for Physics
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Started physics data taking in January 2010

515 kW stable operation achieved : 2.66x10'*4 protons/pulse

= World-highest intensity in fast-extracted beam from proton synchrotron
* Beam power limited by space charge effect, beam instability due to insufficient RF voltage

Provide 3.64x10%! protons on target (POT) to T2K
* vmode POT : 1.99x10°" (54.7%), anti-v mode POT : 1.65x10°" (45.3%)



J-PARC Upgrade Toward 1.3 MW 9

* Staged accelerator upgrade toward 1.3 MW Power OC Ebeam X Intensity x 1/cycle

* Shorter cycle (2.48s—1.32s) for >750 kW (FY2021) —
* MR PS upgrade
* 2nd harmonic RF cavities ug*

* Higher beam intensity for 1.3 MW (~FY2028) ”

* Increase # of RF cavities (9 — 11) C Eneray
* RF anode PS upgrade /\_/\ ‘
* Upgrade of neutrino beamline is also needed «—>
l:3s(>1.16s)
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J-PARC Neutrino Beamline Upgrade  °

°* Baseline design
* Beamline components designed to accept 3.3x10'* ppp
* Replaceable components designed for 750 kW (can be upgraded later)
* Non-replaceable components (HV, DV, BD) designed for 3-4 MW

* Necessary upgrade toward 1.3 MW

Improve cooling capacity to remove larger heat generated by higher power
beam

* Target He cooling, water cooling for horn, He vessel etc
* Accommodate shorter cycle operation
®* Horn operation, DAQ

* Accommodate larger amount of radioactivity produced by higher power
beam

* Upgrade radioactive waste disposal facility
* Safe and reliable control of higher power beam
* Improved control system and beam monitors



11

Target Upgrade

Original target design
* To survive thermal shock by 3.3x10'* ppp beam = 3.2x10'* ppp should be OK
* Cooling capacity only 900 kW
Improvement
* Higher He flow rate needed to improve cooling performance

* 0.5 MPa pressure needed = high pressure tolerance

®* He compressor upgrade
* Thermal analysis for 1.3 MW = max temp. ~900°C expected

* Further optimization to be done
* Vacuum insulation pipes developed for higher temp. (~200°C) He flow = tog ,
* Prototyping of new target with high pressure tolerance ongoing = to be installed in FY2025
* He circulation system upgrade scheduled in FY2025

%__ =i Helium pressure 1.6 bar 5 bar

Expected target

temperature w ,@”_@“,@",@”,@".&“,@”,@“’.@ &
ST SEEFERNITELES Pressure drop 0.83 bar 0.88 bar
521."??’55‘::: S Helium mass flow 32 gls 60 g/s
T ——r Heat load 23.5 kW 40.8 kW
Expected = ;
He velocity e, US window temp 105° C 157° C
e DS window temp 120° C 130° C

o [ Targe core temp 736 °C 909 °C




Horn Upgrade ’

* Horn electrical system upgrade for 320 kA at 1 Hz
®* Horn current 250 kA — 320 kA (design) T
* ~10% flux gain for right-sign neutrinos .@””‘
* 5~10% flux reduction for wrong-sign neutrinos
®* Three power supplies to drive three horns (one-by-one)

* New electrical system (PS, transformer, striplines)
developed

* Staged upgrade
* 1 Hz (@250kA) operation after FY2022
* 320 kA operation by adding 3rd PS (FY2023~)
* Conductor cooling improvement (for Horn2)
* Stripline cooling
* Forced He flow scheme not enough for 1.3 MW

Current config.

Power supply (new)

6.3kV@250kA
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Power supply (new)

5.8kV@320kA 5.6KV@320KkA

He Vessel

* Water-cooled striplines established Expected temperature at striplines
* Upstream conductor cooling implemented Stripline (only downstream plate shown) 55
Embedded pipe
050
aAa ey —. Embedded pipe
= \ OC flange ‘45
Embedded pipe 40

L‘ -Upstream plate

35




Other Upgrade Items

Radio-active water disposal facility upgrade (FY2020~2021)
* Produced tritiated water must be diluted and disposed

* Current limitation comes from size of dilution tank 84 m3
* Additional 400 m* tank under construction

Cooling capacity improvement for secondary beamline

(FY2025)
* Current capacity is ~1TMW
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* Pumps, heat exchangers, and chillers will be replaced

New beam profile monitor development for high intensity beam
* Beam-induced fluorescent profile monitor

Control/DAQ upgrade for 1 Hz operation (~FY2022)

Observed signals from Beam-induced fluorescent profile monitor at first beam test
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Acceptable beam power

Tentative Timeline
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International Cooperation on High Power Neutrino Beam

Good relationship among KEK, Fermilab, CERN experts Most recent NBI workshop @

since 1999 (including participation from many other institutes)

* Detailed discussions and information exchange in
Neutrino Beam and Instrumentation (NBI) workshop series

* Many lessons learned from other facilities
US-Japan Cooperative Programs in High Energy Physics

* Accelerator and beamline R&D for high power neutrino
beam since 2014

http://indico.fnal.gov/e/NBI2019

* KEK-Fermilab collaboration in accelerator and neutrino FERMILAB

beamline development 119 INTERNATIONAL WORKSHOP ON
NEUTRINO BEAMS & INSTRUMENTATION
@eneray OCTOBER 22 -25 2019

* LBNF-specific program launched since 2018 & Fermilab
* KEK-Fermilab collaboration for LBNF 1Ee 9°f‘,""°”“°" 10 LHE upgrade on HF

CERN Courier Jul/Aug 2017
CERN-KEK cooperation for accelerator and beamline , ...
technolo gy LHC Iummosnty upgrade accelerates

CERNhas»

* Accelerator technology (RF, beam monitors, etc) ,
* Expanding to other fields (radiation damage, beamlines)




Summary

* High power neutrino beam is a key for future neutrino programs
* J-PARC Neutrino Beam
* 10-year running for T2K physics data taking since 2010
* 500 kW stable operation achieved so far
* Future upgrade
* J-PARC 1.3 MW upgrade (3.2x10'* protons/pulse and 1.16 s cycle)
* Accelerator upgrades
* Magnet PS, RF, etc
* Neutrino beamline upgrade
* Major upgrade during FY2021-2022 long shutdown

* Horn replacement, Horn PS upgrade, new radio-active water disposal
facility

* Other upgrades around FY2025
* Cooling capacity improvement, high-power target installation
* International cooperation to realize high power neutrino beam facility
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