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6 Secondary Beamllne

Target Station (TS)
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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
2.4 )|( 10]4 [3_3)(-'014] 2ok 26X1 014 —W’ 3 2X1 014
1.3 s

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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-z MR Upgrade Plan o

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



5w Neutrino BeamllneUpgrade

BaS|cphllosophyforbeamlme deS|gn B

Most of components were designed to accept 3.3x10'* 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
Produce larger aperture magnets
Remote maintenance for equipment in final focusing section
DAQ
Upgrade DAQ/control system for higher rep. rate and safety operation
Secondary beamline
Upgrade Horn system for higher current operation (250kA — 320kA)
Increase cooling capacity for secondary beamline components
Increase capacity for radioactive water disposal

Understand radiation damage 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 3.3x10'4 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
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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 monltor upgrade Talk by Y. Ashida

Existing: Si and lon Chamber = Si is not high radiation tolerant

Developing new type of muon monitors (electron multiplier tube, EMT)
OTR upgrade Talk by M. Yu

Problem on rotation system
Develop more redundant system

Radiation damage is an issue

New TiI material to be used
MUMON

+ 26.5 cm from the center
(1 cm accuracy?)

' REMTC3
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,“%... Control/DAQ Upgrade for 1Hz Operation

L/ 4

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

New hardware interlock for safe beam

< Present system > Attenuate signal from Calculate beam

VME SU SSEM position and profile
attenuator —=— N

. oy, S | N
operation = New interlock module (by : ez ot

DAQ to calculate the
beam position

Yamasu@QOkayama U)

Add some function and remake this )
<New system> module )
Prototype boards under development ey .
Signal from New module Attenuate signal from SSEM
SSEM B MPS -:;cznvter;c the alrzskclggcs)ignal to
- - - - g the digital signa
Aim to implement in FY2019 or earlier Bl > | cacie e sosionin
\ . FPGA
2017/2/6 4

CAVALIER

Future prospect

Beam position calculation method in FPGA

(16 ChAnnel Vme Adc moduLe for neutrIno ExpeRiment)

MIE7O0—

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

pulse height[ADC] SSEM19Xch12
-t Integrate &% The
s0of over spill = ..t quantity
: E of signal
400 E .
: 3 smmare] per spill
' 3 =g
(@ADC (AD4249) S ~ 2
S . Gather 24 quantity of signal per spill

PP

beam profile

SSEM19X_int

‘ I have done the study of analysis of SSEM

s 0.08— Entries 0
beam data with this method and have §’ (Mean -1.008D),
reported the result in regular beam monitor ~ ° RMS 1429
meeting.
Beam
PPy position
------- . AU S B S

T —RERE Make quantity of signal and a position of each strip aléree

,,,,,,,,,,,,, o
........... m... )

2017/9/14 HAMEBZE@QFHEKRFE 9

@Ethernet (LANS810) J
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<o Target

~ Talk by T. Nakadaira

Original target design

Understanding radiation damage is crucial
Cooling capacity: 750kW + 20% margin — 900kW

- Improvement

Higher flow rate needed — higher pressure tolerance

Upgrade of He compressor is needed to increase flow rate
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




17

(o Horn System Upgrade

" i - . — . __Talk by T. Sekiguchi
Horn Current Increase 250 kA — 320 kA (deSIgn) v flux SK (0.4-1.0GeV, normlized)

~10% flux gain for right-sign neutrinos § i 0% LS
5~10% flux reduction for wrong-sign neutrinos %0'8 o
3 power supply system is adopted % 06
New PS, new transformer, new striplines developed g 04 I
Further 1PS, 2trans., striplines needed £ 0z P
- x e i

Stripline cooling improvement 0 100 200 300

Horn current (kA)

Higher He flow rate (>750kW) = He compressor upgrade
Water-cooled striplines to developed for >1.3MW
R&D ongoing = to be implemented to horn by FY2020

Spare horn production is also important

Current o Proposed

Power st ov%ly (new) Power suny.y (new) Power supply (new)

5.4kV@320kA




.-z.. Radioactive Water Disposal *

—dalk by Y. Oyama

Radioactive water disposal
3H (Tritium) — dilution, 7Be — 99.9% removed by ion-exchange
HTO disposal by dilution
Current dilution tanks (84m?3) : 400kW (8.4x102° 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)m?3, entailing
construction of new dedicated building

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

> gn exchangers L
Horn CW Off limit dilution water
lon exchangers during beam (l;)nly ﬁl;:{ + - .- -»l
1 eam-
11.3GBY off on 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—
13.9GBY i )
1
.

All drain water == 30113 Drain tank

---------------- | 2

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




2,..Cooling Capamty Improvement

- Secondary beamlme
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

outside yard Inside building

Pump

Pump Water 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




21

Timeline

FY2017 FY20138 FY2019 FY2020 FY2021 FY2022

Target/Beam Window
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
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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 (2.4x10'4 ppp — 3.2x10'4 ppp) : RF upgrade
Beamline upgrades

Beam monitor upgrade

Control/DAQ upgrade for higher rep. rate operation

Target upgrade

Horn current upgrade to 320kA

Higher cooling capacity for secondary beamline

Upgrade of radioactive water disposal

§- e Summary

23



