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oduction to J-PARC (Japan Proton Accelerator Research Compl
)m diagnostic instruments at J-PARC
n-invasive" diagnostics (two examples)

ym diagnostics for the MPS (two examples related to targets)



Introduction to J-PARC



High Intensity (Power) Frontier in the world
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J-PARC =Japan Proton Accelerator Research Complex
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f J-PARC

Construction of J-PARC facilities started.

January Expected energy was achieved at Linac.

October Expected energy was achieved at RCS.

May First beam was successfully received for neutron target at MLF.

September First beam was successfully received for muon target at MLF.

December Initial target energy (30 GeV) was achieved at MR.

December  Utilization of the Materials and Life Sciences Facility (MLF) was started.
January Hadron Experimental Facility was completed.

March Neutrino Experimental Facility was completed.

November First neutrino was successfully observed by the T2K near neutrino detector.
December The world's highest intensity of muon generation per pulse was confirmed at MLF.
March Operation was suspended due to the Great East Japan Earthquake.

January Operation resumed and user operation started.

November The world's highest intensity of neutron generation per pulse was confirmed at MLF.
May Incident at the Hadron Experimental Facility occurred.

January Energy upgrade was achieved at Linac.

January Short pulse 1 MW was achieved at MLF.

April  User operation resumed at Hadron Experimental Facility.

July  Continuous operation with a beam power equivalent to 1 MW was succeeded at MLF.
April  Operation and user operation were suspended due to COVID-19.

June 36.5 hours of 1 MW user operation was implemented.

February Hyper-Kamiokande Project started.

April 750 kW beam was achieved for the first time in MR
P https://j-parc.jp/c/en/about/hi



Secondary beams produced with high-intensity proton beam

Proton is accelerated to the speed close to the light speed
and collided against atomic nuclei of a target metal. Then the
nuclei are destroyed, and neutron, meson and neutrino are
produced. J-PARC will use these particle beams for various _
kinds of research. Pion s
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Need to have high-power proton beams

R&D toward Transmutation at 0.6 GeV

MLF = Materials and Life Science Experimental Facility Materials & Life Sciences at 3 GeV

Nuclear & Particle Physics at 30 GeV
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Nuclear & Particle Physics Program
at J-PARC Hadron Experimental Hall

Hypernuclei
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Neutrino Experiment : IZK
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Beam from LINAC to RCS
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RCS (Rapid Cycling Synchrotron) & MR (Main Ring Synchrotron)
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S. lgarashi, Y. Sato, R. Mi

MR Beam Power

FX operation (Apr. 15 — 25 and Nov. 20 — Dec. 27, 2023) with the cycle time of 1.36 s
* Beam power (max.) : 760 kW stable user operation 710 kW

SX operation

* 8 GeV (Feb. 10 — 14, March 1 — 14, 2023) with cycle time 0of 4.8 s X 2=9.6s

* 30 GeV (June 13 — 22, 2023) with cycle time of 5.2 s As of Dec. 26. 2023
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Beam Power [kW]
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Achievement of FX 750 kW
(design param. of the MR)

'e have successfully demonstrated the conditions for the FX user operat
'th the beam power of 750 kW.

Beam intensity and beam loss estimated by the DCCT
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inally, MR/NU succeeded continuous
peration at 760kW

MR Power  783.97 K
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First /50 kW beam

Yasui,
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¥ J-PARC future plan * 4 ATAC2024
2022 2023 224 2025 2026 2027 2028 2029 2030 2031 2032
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’ ' HD-Hall Extension / Commissioning

Neutron Experiments for Materials and Life Science
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® J-PARC future plan

Neutrino: Hyper-Kamiokande experiment « MLF: TS2
» Beam power 1.3MW » Beam Power >1.5MW from RCS with 25Hz
Hadron Facility: « Transmutation Experimental Facility: Irradiation
« Hadron Facility Expansion Facility

» Beam power 0 100kW as soon as possible » Beam energy 400MeV,Beam power 250kW

COMET experiment with 25Hz from linac

» 8GeV slow bunched extraction
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Beam diagnostic instruments at J-PARC



Overview classified by the detectors Miura, Kazami, Toyama 2021

- S & LINAC 3 GeV RCS 30 GeV MR MLF 3NBT) |

nsity FCT, SCT FCT, WCM,DCCT, MCT, FCT,ICT, WCM, DCCT Scintillator
SCT IPM, IC
on Stripline Stripline, Stripline, Stripline, = profile
ESM ESM ESM
Scintillator, Scintillator, Scintillator Scintillator Prop. chamber,
Prop. chamber, IC Prop. chamber Prop. chamber, IC, Prop. chamber IC
Semiconductor
) Wire Scanner, MWPM, IPM, SCM, MRPM, IPM, MWPM OTR,
(Gas-sheet PM), (Halo)SEM+Wire Gas-sheet PM, (Halo)SEM+ IPM,
Bunch shape monitor Scanner (Halo)OTR/FL Thermocouple IC, SCM

Slit/Collector (off-line)

y/ Mom. analyzer
Stripline kicker/BPM Stripline kicker/BPM
k Stripline kicker/PU
back RF cavity/FCT RF cavityWCM
ector retarding field analyzer

Scintillator,
Prop. chamber



A\l 4

FCT
MCT
SCT
ICT
ESM
MWPM
MRPM
SSEM
WSEM
SCM
Stripline kicker
IC

Proportional chamber

“Fast” Current Transformer (passive CT)
“Medium” Current Transformer

“Slow” Current Transformer (Active CT)
“Integrating” Current Transformer
ElectroStatic Monitor

Multi-wire Profile Monitor

Multi-Ribbon Profile Monitor
Segmented Secondary Emission Monitor
Wire Secondary Emission Monitor
Screen Monitor

same device as an “exciter”

lonization chamber

same device as the proportional counter but acquire the curr



1. LINAC



ain Parameters of Linac

species: Negative hydrogen ion
frequency: 324 MHz (RFQ, DTL, SDTL), 972 MHz (ACS) RCS injecti
lput energy: 400 MeV
1k current: 50 mA

se width: 0.5 msec
oetition rate: 25 Hz

L3BT 2 g

Transverse
halo scrapers

L3BT
50keV 3MeV  50MeV 191MeV 400MeV 4t gre

lMEBTl \ MEBT?2 3BT

!Z/ y v/ ‘ AW
/D A\ 1 1 Debuncher
IS RFQDTL SDTL ACS Cauvity




List of IS & LINAC regular monitors
-

Stripline

FCT 5 50 6 21 7

SCT 1 5 19 2 21 6

Proportional 0 31 3 21 39

chamber

Scintillator

WS 4 4 2 4 22

BSM 1* 0 1 3* 1* MEBTZ2: INR de

*: under develoj



Listof | & LINAC monitors under development
T L

le 1 Gas-sheet profile monitor; IOP Conf. Series: Journal
Physics: Conf. Series 1067 (2018) 072006

h shape monitor 5



NV

. Commissioning Tools

Beam Position Monitor (BPM)
Strip-line type is employed.

Resolution
AX < 0.1 mm
Ay < 0.1 mm

| Quadrupole Magnet




Beam Current (SCT: Slow Current Transformer)
Phase Monitor (FCT: Fast Current Transformer)

Annular magnet core “FINEMET" is employed for

the current transformer.

Dynamic Range
SCT: 0.1 - 80 mA
FCT: > 30dB

Winding caoil,
SCT: Fifty turns
FCT: Single turn

Resolution,
SCT: Albeam < 1.0 %,

Al (resolution) ~ 0.1 mA

FCT: Apbeam < 1.0 deg.
Energy: <0.1 %

Laser Tracker
(Corner Cube Reflector)

2l
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=+ |~ Break
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Core for Core for

FCT SCT



Beam Profile Monitor
(WS: Wire Scanner)

10° SDTLO3A
&
£
=
E
E 4
g 10
E
il
fxa]
10
(i}
10° 4 ;
-20 20

Horizontal Profile
Example of Transverse Profile

1
1
|
|
i
i
i
]

Carbon
Plate for
Vertical

Resolution

ybisH :esmd’

ox< 0.1 mm % Beam Size —
- ” Ceramic Frame | | |
(step size) oy<0.1 mm 200 mV/div, 40 us/div
Four WSs are located in each matching section periodically. %‘mwm 2012

] (1YL A BEar "o FEE: 0 EESima)20:03:37
Dynamic range reaches four orders.

Signal Obtained at the Peak of

Beam Pulse
Carbon nanotube target (100 um) is used at MEBT1 (3 MeV)

A Miura et a/2018 J. Phys..: Conf. Ser. 1067 072020



Beam Loss Monitor (BLM)

Sensitive for charged
particle, X-ray and
gamma-ray

Fast time response
It is enough fast to
alarm the protection

system.
Gas Proportional BLM, E6876 - 600 1<1.0 ps
Toshiba Electron Tubes & Devices Co. Ltd.,

Length: 600mm
Diameter: 50.8 mm
Gas pressure: 1 atm
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Anode Pt Wire,®50um
(Gas: Ar+CO2)




Utilities of bunch shape monitor

« Optimization of buncher settings based on the amplitude scan.

nplitude tuning using scan curve and Twiss

rametersis trying.
GZBSMI 82[(1+Lk>2BB_2 |_<1+|_k)OLB+|_2yB]

S emittance,

s drift length,

Bg, vyg are Twiss parameter at BSM position,
s longitudinal focusing force (variable).

Vacuum
Pump

Vacuum
wage

Bunch shape monitr installed
at beginning of ACS section

SDTLIL6 Buncherl Buncher2 ACS01 ACS02

i _.—_l—“ |||‘i|| l&L d‘hndﬁh
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84m = 8\m >

2nd collimator 1st collimator
4 Deflector

) &F field
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[
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N IE

Electron Secondary DC field
detector electrons (focusingé&steering)




>M has been developed to measure the high-power beam in MEBT1

on nanotube): Field emission was serious forthe BSM
ghly Oriented Pyrolytic Graphite):
Its high thermal conductivity is suitable to mitigate the heat loading

Setup of MEBT1 (upstream)

Buncher

RFQ

\

* Longitudinal beam parameters (Twiss and
emittance) were measured using the BSM.

» Amplitude scan method with buncher.
* Required time ~ 1 hour/scan

* When the amplitude of the buncher was
scanned, the dependence of longitudinal
profiles was observed as expected.

Kitamur

Waveform of BSM with strong focusing
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Waveform of BSM with weak focusing
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Fitting result using simulation

Kitamur

| initial parameters are estimated with 3D Particle-In-Cell code (IMPAC

Amplitude-scan result

rasurement
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2. RCS



324BPMs WCM

‘ —

TInjection time : 0.5 ms

Circumference : 348.333m
Injection energy : 400MeV
Extraction energy : 3GeV
Output Beam Power : 0.77MW
Beam intensity : 6.44%10"13 ppp

®
e )
)
\
;

Repetition rate : 25Hz
Harmonics : 2

Circulating Frequency : 0.61-0.84MHz
RF Frequency : 1.23-1.67MHz

o4 BPMs
90 PBLMS

From Linac Exciters 24 SBLMs

N. Hayashi et. al., “BEAM INSTRUMENTATIONS FOR THE J-PARC RCS COMMISSIONING”, Proc. EPAC2008, TUPCO03:
K.Yamamoto et al., “BEAM INSTRUMENTATIONS AT THE1 MW PROTON BEAM OF J-PARC RCS”, Proc. HB2014, WE

J-PARC RCS Parameters and Monitors



List of RCS regular monitors

Kazami, 2021

T L

& Tune BPM

54

2 (1 for horizontal,
1 for vertical)

1 DCCT /1 SCT

1 MCT

3 WCMs

3 FCTs in the ring

3 FCTs at dump line

90 Proportional counters(PBLM)
22 Plastic scintillation counters(SBLM)

3 (2 for horizontal, 1 for vertical)

2 measurement mode(COD or turn-by-turn),
resolution ~ 20 um (averaged), 0.3 mm (turn-
uncertainty < 0.5 mm (BBA)

Exciter AMP: Freq:100 kHz-7 MHz, Power:1 k

DCCT: Range:150mA-15A, Bandwidt: DC-20k
FCT: Coil:20turn, Bandwidth:2kHz-10MHz
WCM:Shunt impedances 0.1 ohm(10 ohm*10(

PBLM for MPS
SBLM for study

Signal range : single to multi turn injection
Pitch : 2.5 mm (core: £40 mm) and 10 mm (h
to +120 mm and -40 to -120 mm)

Wire material : Au-coated W, Wire diameter :
(MWPM1~5 for H-), Imm (MWPM6~8 for HA
measurement pitch:0.03mm

Large dynamic range : 10-6 Halo can be meas



Beam Position Monitor(BPM)

Inner diameter of the BPM detectors is larger than 250 mm
-> Diagonal cut chosen to ensure linear response

2 mm gap Ceramic
e o
N /A
LA
To siga.l »ra |l
Connector / ”
Ch.Dx * T
n Inner
T / diameter
v/ ChA
* [ %
| /]
M " 3 mm gap
92,5 mm 92.5 mm each

-

Fig. 7. Inside view of the BPM detector from the top.

Diagonal cut

 record the full 25 Hz pulse data for the so-called “COD mode” (averaged

beam position calculation)
e it can also store the whole waveform data for further analysis, like turn- by-
turn position calculation(not25Hz but 1 shot per several seconds).

The position uncertainty is estimated to be S 0.5 mm(COD mode) using a
newly developed Beam Based Alignment method. (resolution ~ 20 um)

N. Hayashi et. al., “Beam position monitor system of J-PARC RCS”, NIM A, Volume 677, p. 94-106



Tune measurgmen(
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Freq:100 kHz-7
Power:1 kW

hag;z-nnhl mna
7S

Ilhl

Jlation ;
SUremel  gafk




Current Transformer(CT)

-
- £ 4 .
- " ?\‘.‘\ C‘:' W& (

; ~ N -
S0 WY )

I: purchased from Bergoz (BDCCT-S-380-H)
T: made by the FINMET(FT3M)
ge:150mA-15A
dwidth:DC-20kHz

>r Diameter:380mm

DCCT Coil:1000turn

: made by the FINMET(FT3M)
:20turn
dwidth:2kHz-10MHz

huntimpedances 0.1 ohm(10 ohm*100 para)

Some FCT: limit beam
current to dump

Longitudinal profil

| w/o 2" harr

baam Lgeal [eolt)

boom signal [vol]




Beam Loss Monitor

Proportional counter(PBLM) Scintillation counter(SBLM)
Fill GasiAr + additive gas e (DPlastic Scintillator
(BC-400) ®PMT
(@Reflector ®PMT HV Cable

. _ (®Blind tape (DPMT signal cable

e / SHV CONNEGTOR @®Kapton Tape (®Magnetic shield «

=

L g

A ER

PBLM: Integration for MPS
SBLM: Wave form data analys




Beam Loss Monitor

SBLM signal comparison

20
Simulations

_
L4]

]

# of lost particles

=]
=k

g 3 4 5
Time (ms)

E)gperlments data from SBLM

Time (ms)

The time structure and the amount of the beam
loss are well in agreement with the simulation.

T‘: — 4.609 x 10** (Thinning 32/32) : 553 kW- -£q
3. 600 — 3.452 x 10" (Thinning 24/32) : 414 kW-eq
Té‘ i — 2.583 x 1083 (Thinning 18/32) : 310 kW-eg
9‘1:' —1.719x 10"* (Thinning 12/32) : 206 kW-eg
»

S 200 0.855x 10 (Thinning 6,/32) : 103 kW-eg
aa 0 1 2 3 4 5

PBLM signals around the RCS

BLM Signal [V]

Loss at

. ¢oII|mators- I5th Jan. 2011 (Befor earthquake) ™
0.55 V -------- [—jll]lh.lan 2!]]2 {After earthquake} -
s toss tar(:'a“nd' xtraction - e e

5 5 e \Reflection
0.45 (sensrtr\fltlds are too high) -

. ; . iror1
L O e e B i e T O
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cosBRIEMEN----1H--H-¢HH-----------
0.00 Arc
I PRSI =+ ATETo T ?a o> <
Injection e Arc RFArC jpjection

BLM Posision [m]

Integrations of PBLM signal are

archived at all times.
PBLM signals are also

compared with the limit value at

every shot.



Three IPMs were inste

Jonization Profile Monitor(IPM) ;.o ..
1: Ext-straight (Dispe
Anode structure

lon collection mode

g
(321}
Ll

mountain view

111111

4020 0 20 40 40 20 0 20 40
vertical position (mm)
Results of injection beam orbit correction

larada et al., “The Residual Gas lonization Profile Monitor in the J-PARC 3-GeV Rapid Cycling Synchrotron”, JPS Conf. Proc. 8, 012011 (2015)




Multi Wire Profile Monitor(MWPM)

SEL SB2 ‘Si

gty gy |

® Used at beam transport lines or i e
one-pass operation

(L3BT and injection line correction)

® \Wire material : W
® \Vire diameter: 0.1 mm (MWPM1~5 for H")
» 1T mm (MWPM6~8 for H*)

® Used at beam transport lines or
one-pass operation

(L3BT and injection line correction)

® MWPMT7 (installedin the
injection dump line) was used
not only to measure the profile,

but to measure the amount of HY

MWPM head and H- unstripped particles

Signal [V]

0.2

| A
H

0.8 !g
Partially — g3 *

0.6 stripped ' 3 8
Un-stripped H o
04 : t
Y .o

M
]

60 40 220 0 20 40 60
Horizontal position along MWPM wires [mm]

P. K. Saha et. al., “First measurementand
online monitoring of the stripper foil
thinning and pinhole formation to ensure
proper uses and achieving alonger foil
lifetime in high intensity

accelerators”, Phys. Rev. Accel. Beams 23,
082801

(2020)



Extraction beam halo moniftor
WSM & BLM

halo monitor is combined a wire type beam scraper and some beam loss monitors.

e the scintillation counters with different sensitivities, it has wide dynamic range. Beam profile i

f the beam core and halo can be measured.

P& - wire
\ B S} scanner
i /-" :_ o
5 s
Z4beamis
L]
Some kinds of
beam loss T’éf”"""*
monitors s 4 - & ) (i

M. Yoshimto, et. al., “Beam halo measurement using a
combination of a wire scanner type beam scraper and some
beam loss monitors in J-PARC 3-GeV RCS.”, HB2014, MOPAB44

LS-BLM integral [mV*sec]
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] 10
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2
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—— fit_LS-BLM_m3:
center = 323.62[mm] / 6=10.534[mm]

fit_LS-BLM (2)
center = 323.4[mm] / 6=10.41[mm]
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3. MR



eam Monitorsin MR

MEBT1 VIEBT? 2
!

DTL

SDTL

L3BT & dumps

ACS

RCS

3-50BT

17
10
50

FCT

BPM

MRPM

BLM (proportional)

BLM (ionization)

OTR/ Fluorescent
screen

Abort dump line

2
2
1

BPM rotated 45 degree
MRPM
FCT

DCCT
FCT
WCM
BPM (COD, turn-by-turn)
BPM (stripline)

BLM (proportional)

BLM (ionization)

BLM (scintillator)
MRPM

[PM

Flying wire

Stripline kicker (exciter)
16-electrode monitor

1

Hadron BT
MRPM




>M

/FL

List of 3-b0BT regular monitors
R L

17

5 FCTs

50 Proportional counters(PBLM)
2 long air-filled lon Chamber (ABLM)

10 Multi-Ribbon Profile Monitors
4: Ti target
6: graphite target

bunch-by-bunch mode, resolution < 0.3 mm

FCT: Coil: 25 turns, bandwidth: 200 Hz-17 MHz
|ANg/Ng| < 1% @ Ng< 8E+13/2 bunches
3 FCTs for MPS, 2 FCTs for PPS

PBLM for MPS
ABLM for study

Material: graphite, thickness: ~ 1.1-3 [ m, widtt
2.5 mm, pitch: 2.5-4 mm,

Material: Ti, thickness: ~ 1.2 [ m, width: 1.5-3 r
pitch: 2.5-4.5 mm

Large dynamic range : 10-® Halo can be measur



ESM

Stripline

FCT

WCM

DCCT

Listof MR and abort-dump BT regular monitors
po Number s

186

2
2 systems / 4 kickers
(1 system = horizontal / vertical)

4 for Acc. RF
2 for observation
1 for abort-bump BT

2 for Acc. RF
1 for observation

2

238 Proportional counters (PBLM)

36 air ionization chamber

3 (2 for horizontal,
1 for vertical)

1 in MR (graphite), 2 in SX line
2 in Abort-BT (Ti)
1in HD BT (graphite)

1

2 measurement mode(COD or bunch-by-bunch), accuracy: ~0.(
mm(COD mode)

Exciter AMP: (1) Freq:100 kHz - 250 MHz, Power: 500 W x 4,
(2) Freq:100 kHz - 100 MHz, Power:3 kW x 2

Coil: 50 turns, Bandwidth: ~20 Hz - 180MHz

Shunt impedances 0.1 ohm(13 ohm*130 para)
f>afew 100 Hz

Range:150mA-15A, Bandwidth: DC-20kHz
for MPS

Signal range : bunch-by-bunch
Relative measurements

Material: graphite, thickness: 1.1-3 pm, width: 1-3 mm, pitch: 2
Material: Ti, thickness: 1.2-10 um, width: 1.5-~40 mm, pitch: 2.

Large dynamic range : 106 Halo can be measured



|
ile)

List of MR monitors under development

~ 200 signal processing circuits upgrade
Two 16-electrode monitors

2 Gated IPMs
(1 for horizontal, 1 for vertical)

1 OTR/FL

1 Gas-jet profile monitor

< 1/3 of the present position uncertainties
Aele <5 %



DCCT (MR)

lency bandwidth DC - 20 kHz
mic range 0.2/2/20A (6.5E+14ppp)
-acy (uncertainty)

design goal 1%

present performance ~ 0.6 %

sion present performance 0.1 %

E . Ry=R,=30 :

,”-i ij qwi : - Step respor
sm e [ ] s =4 | g ] ——

i . . operation

hs of the DCCT and the active CT cross at ~ 5 Hz .,‘J B
chingis very sensitive to the errors of feedback resistors i Gj’”
:;"_"____\ : 184 :: iy oo o F

b mp . ‘nna-t-- B 200+ Bm O-BSI

e W 3 e | o LT Step responses is corrected.

e p A PEgnT

K. Satou et al., "PRESENT PERFORMANCE OF A DCCT FORJ-PARC MR", PA.
Open and closed loop gain K. Satou, US-Japan collaboration mini-workshop, Nov. 9-10, 2016.



FCT and WCM

T Coil: 50 turns
Frequency bandwidth: ~20 Hz - 180MHz

Shunt impedances 0.1 ohm(13 ohm*130 para)
Frequency bandwidth > a few 100 Hz

signal was acquired with the "sequence mode": 0.2 ms data at every 40 ms
10 ppp, 426 kKW

Injection

KA N A
S UV VO L SIS sem—m i S ) BNV R

Acceleration

0035s Weeme Go3
Pou




3-50BT PPS-FCT (ICT)

25 turns Integrator
Riorq = 50Q/2para

Sensitivity

* PPS
2kQ 10"3proton/V
e ! » PLC/ADC

Ready for ADC

011 _‘I‘_‘_ * EPICS

Pre-trigger

50

S/H trigger

i) +— Signal trigger

generator

Cal. input

Example of the calibration

20000 !

17500 f15(x)
f25(x) :

FCT#4 corrected —e— | : : : : ’ :

15000 HFCTHS corrected 8 oo ]

FCT Counts

el ISR MU SN S OOt SO U SO SO S

+

B 1.00VQ Che Soomve 29 Nov 20186
> -12.0000ns 17:33:41

1 1 1 1 1 1 1 1 1
0 le+13 2e+13 3e+13 4e+13 5e+13 6Ge+13 Te+13 Be+l13 D9e+13 le+ld
Proton #



350BT

ameter sizes: $230 (#1, 2)
nd $200 mm (#3, #7 - #17)

Imipadance matching franstommer

s =
2. -( Ii1|'.|'."|l"“.|5.|_| %
| L -] E]
\ /
—r —
s A/Z
Wire posi.

-75 -B0 -25 0 26 B0 75 100
¥ [mm]

BPM / 350BT & MR

\

loop-coupler BPM: #4, #5, #6
(Collimator section)

Precision ~ 300 um

MR

/

ESM
diameter sizes: $130mm(standard,
$134, 165, 200, 257, 140x302mm(s

Dynamic range < ~4.
Resolution ~ 30 um
Accuracy ~ 300 um

1

= 00131 x - 00023
(A2 R T o
a6 =
[ ]
04 L]
az * Full aperture
H - . |-
W < — >
9. P-0-90-40-0-20-J0 0 10 20 0 0 0 @ 0
, -2
. (14
L]
- -06
L] - . .
% Wire posi.

>

Wire position for Y- aas (rmm)




from MR data

BPM @ MR

| Measurement with Injection Error

)

700 800 900
,, s (m)

FE T
1000

N P A M B I P P B
1200 13[}5[]111 1400 1500
Before (O), After(@®)

0.42 —

Linear Dispersion (m) | .
3melm) T T i Y
21, Z : ] 040 - :‘h‘_—'- :

o - R P A L. P s f
0 >i< 039 :‘-". ':r “'."mﬁw“' k ;-."' h-‘\#-u"'-‘.' % 7, -‘-%-1—'%' £ ‘N‘ “-.-"-
=1 1 f -"'.'r - : 5 \-. i
038 : "." A
— 4
; . Injection (Ky) £
1 !
0 036 0 500 100
-1 t [ms]
3
2
l -
0 Chromaticity x Chromaticity y
-1 " ; i ) i 1 . ; 003 ° 001
1100 1200 1300, . 1400 1500 meas.
s (m) 002 0.005
*  Measurement(®), Calculation(—) -
Z001 —SADwith 2 0
0 Bend sext- 0008
=== §AD wio J
001 Bend sext. 001
DOI5001-0005 0 0005001 0015 comp. 00150010005 0 0005001
dplp dp/p




BLM

Shield Day-one signal processing circuits are
replaced upgraded system in FY2016-.

HV

Absolute amount of the beam loss is ¢
to the DCCT value or residual radiatior

1600

1400

Figure 1. a) Photo of the PBLM and sAIC. b) Cable structure used for AIC.
== o —— : o j == | H 1200
0&%?%.@4; VVVVV rcA) ) >i—fAreB) >R S pie——(MeOr—1s-
e ESE i ESESIF N
07 ol f——=—=—-=---= Red circle: 1-meter AIC 3 1000
o e -
| O @
(P ' SCT) I I L S i S— % E
,,,,,,,,,,,,,,,,,,,,,,,, il =
5 2 600
0 1|E
S

400

200

0 50 100 150 20(
BLM #
)-10 |
oy Figure 4. Contour plot of the waveforms from the PBLMs.
3. Integrated charge plot. The beam loss signals from PBLMs and sAICs are shown as blue K Satou et a/2017 J. Phys.: Conf. Ser. 874 012087

d red solid circles, respectively. The yellow bars show the residual dose. K. Satou et a/, NIM, A 887 (2018) 174-183



Flying Wire

Horizonta
o Super-Kamiokande Flying Wire Horizontal Profile fix 154 m MR SCTR Simulation X distribution Px 154
1.33E13 ppb Initial distr.: 1 33¢13 ppb Gaussian H 16z V' 24
» kl+10ms init
0045 & o RF fund 90 KV, Skew Q, k1+120 ms 14000 |~ RF fund 90KV, Skew O, 120 ms
o RF fund 120 kV 2nd 36 KV RCS 30%, k1+120 — RFfund 120 kV 2nd 36 kV RCS 3049
. . 004 o RF fund 90 kV, k1+120 ms 12000 - — RFfund 90 kV, 120 ms

horizontal, one vertical -

- f d' 003 e I

on wire o 7[.[ m diameter 50, 4000 I

0025 .ﬁ?‘g

speed: 10m/s =5 o0 |
ation < 4.4 x 1013 p / 2 bunches mi & & e

0005 I "% L
0 ‘—g : ' St .

; 1
- -0 =20 0 20 40 L) g].ﬂﬁ 004 002 0 ooz 004
ximm} wlim

hi, et al., IPAC2011, p. 1239



Abort MRPM

Y. Hashimoto, H. Sak

2 Abort-MRPMs || j

INS-C - Measurements @SX -
M. Tc
:.I!: : R. Mt
s e 9-MRPMs
$ in 3-50BT Main Ring ; ] g
- " Qy Inj-MRPM ORT/FL-Il
3-50 GeV BT "’
/'lNS-A
skew Q
MR-Collimators
on profile monitor in the abort line (JFY2019~) Frofle P nesy Seae) -
- Tiribbon (1.2 um thick) ot S B
lary electron emission § ol ]
Jjrability against radiation
rements during acceleration, 3 — 30GeV, time resolution 200 ns
ol
rements of temporal evolution of the beam profile
of fast extraction: timing and orbit
of slow extraction: SkewQ, Debunching parameters of acc. RF \_ ’
Ribbon spacin g _, | Horizontal Vertical
3.5 mm spacing 2 .5mm 3.5 mm 3.5 mm pitch 2.5mm 3.5 mm
| B 22 ch __ 2lch __  22ch _ 12 ch 9 ch 12 ch
dth: 1 mm / 2.5 mm 77mm  525mm  77mm 42 mm 25mm  42mm

Kiwamu Sato et a/2019 J. Phys..: Conf. Ser.



beam position monitor (BPM) system
to accurately measure beam trajectories
unctions (< 1 %) by updating the signal processing circuits.

The test has been
ysition uncertainties (o) conducted since last De

im 2> < 10 um for COD mode
um 2> < 100 um for bunch-by-bunch mode

>
4 ™
> > Noise filter
~~
> Attenuator/Switch Vi
> ) BPMC o gk e <
ADC b
FPGA+Memory Test module under test
CPU+Network Variable input impedance -> Z 1
<= Attenuator: 12dB+(10dB, througk
Wa\éexgrr;norggde SFDR: >80dB K. Satou et
L COD mode y.




o “Gated” IPM system for MR

hing the HV, only the required particles can be selected and multiplied by the MCP

 will be extended much longer than that in the case of non-gated system
\B-CONF-14-332-AD

tal 1sttest of the “Gated IPM” @ Dec. 11 - 12, 2020

MR injection (3 GeV)
|l HV switching: 10 kV, 150 us
i & Ng = 2.1E+12 p/bunch, 1 bunch

10005~10166
* 151 point -> 75.

B —— |
| | "“'”'”””I“ W, Ion coIIectlon mode
‘ \ 0.25
u..',,,‘ s st L ‘\.N"'W‘WM‘M l — fit: a= 1 96E- 01 X0=-2. 18 ,5ig=8. 52 c=-2. 81E 04]
300 point  120us .
->150us 020}
120,us o1sl
0.6
0.5 > 010}
04
0.3
0.2 0.05
0.1
0
0.1 0.00 |-
-0.2
-0-3 L L L L L I I
515 52 0055 -30 -20 -10 ;)( 10 20 30 x
time (msec)

le have a similar results for the vertical plane Averaged profile from 10382th — 10456th p



OT R/ F L m 0 n ito r Pre-existing triple screen

- Inserted just after four direction s«
MULTI-SCREEN _BEAM PROFILE MONITOR

cuum Chamber

New Four Direction Alumina Screen was
... installed in 2014

I" Movable

i
T/’/;O/@C' €
c=11.33
L by beam crc?rr;
7| CollimatorON
rMirror ™ o
7 P i} :
Projection ScreenSs 5 ;
e O 1000 |
CID camera wit rt (synthetic silica) ol
nsitie
600 mm
011
yeration at the 3-50 BT since 2013

Scale [mm]

to, M.Tejima, T.Mitsuhashi et al., HB2014, TUO2AB04 New OTR/FL system is in preparation for the I



Gas-jet Profile Monitor

[Beam Colliion Post )
m JET Measurement with
lonization Gauges

Gas-jet densit

1.2 . ‘ ,
> 1 } o
£ 3
8 os| L, I
= P ‘ FWH
= 0.6 | s 62r
o | ‘
e S 0.4 . \
Table 1: Specification of the Jet Generator & f \
=
Parameter Value 4 02} :
8 R
Pulse Duration 100-1000 ps 0 gt 1 ,
20 -15 -10 -5 0 5
Source Pressure 1.0 MPa Gauge Slit Position [m
Nozzle Size 1.83 mm dia. Figure 7: A vertical density distribution at :
1st/2nd Skimmer Size 6.0 x 3.0"/20" x 5 mm?
Slit #3-4 80" x 1.5" mm*

et al, "DEVELOPMENT OF A BEAM PROFILE MONITORUSINGA NITROGEN-MOLECULARJET FOR THE J-PARC MR", IBIC2013, p.548.



"Non-invasive" diagnostics



Beam position and emittance measurements
Beam Transport line to MR (3-50BT)

[ 1]

New New New _
BPM-3 BPM-1 ~ BPM-2  BPM-3 BPN-4 BN

QF.

BFH-1 2 BASD QLAl QA2
O
5 %W

RCS

F={]

EPM-13  BFM-14.

AP BPYf=17 , Eﬂ“[ b ain Fing
o

BPH-10  BPM-11

( ;

LTS FT5 T T4 T4 LTS Fl L1 T
- q.g_ = OB ——— 3 Bmf .QEE'E QE :
i

2414
TZ-414
5274
42474
L2474
[==]

=]
=__ |
oo
2214

B2




Original BPM in the 350 BT

Impedance matching transformer

|
— ]
i :
Beam l 5 |
) R 100(R115)

Oscillo:
(DSO6
8 bit, 1

/Q

[ Transformer 15:2}

50 Q — 2.8 kQ

-40000

10 60000,
40000
A
20000
IR filter
£ 0.100} 0
£
-20000} 1
0.010F .
\ Sign
260 460 6(‘)0

800

nnnnn 1 4 5 6 7 8 9 10 11 12 13 14 000155 100 107 100 10° 0
200 00

Raw signal | IR Eilter Filtered signal




Additionally installed BPM in the 350BT collimator region

B o

-—

v Electrodes with small surface ares

were selected.
am
—_— O v’ The signal may suffer from seconc
electron emission at the electrode
. E surface due to lost particles.
146 mm
sooo0f ' ' ' I IE ;i :E? 40000 . : :
30000 F " / || f - J‘/"f:.-Thﬁ'\ : 20000r /\ /\ 1
g s0000F : % sm.':-i . ol "-:. E 0
.-E E . * l © \/
10000 - 13:_ i L . . =20000}
-40000 : : .
ol . . . . - 1L 0 200 400 600 800
o 200 400 600 800 1000 !:.L?w“"l =108 5n10%1 =107 t[x1.2ns]

f [Mz]

Raw signal lIR filter Filtered signal



Dipole

pole and quadrupole moment 0087
: : _ 0% Dot: BEM simulati
a function of the "pencil" beam 5 ol
§ 0.00
V,, V3, V, = Moments 5 zZi
| [ gl B OO o0 000 e
B oS G2 G Gu ot g0
¢ > [ ] % Cyy Cy Cpy Cyy % V. E Quadrupole
) > 1 0 Cyy C3 Cy3 Cyy gl Vy+ B 0'0035 Line: linear fit
) 5 1 B 00025 Dot: BEM simulation
-y o> % S Ca Ci Cu T V- E 0.001
5 0000
o -0.001}
5 < 5 2> 7 7 —0.002;
o= () -G e
4 y { y -0.003-0.002-0.001 0.000 0.001 0.00
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fx, By, mx(x10), ny(x10) [m]

0,2 — 0,2 [mm?]

40F

20

-20¢
-40E

300F
200}
100F

- 100}
- 200}
-300¢

B0L
6O F

3-50 BT lattice for Fast Extraction mode

BPM#1 2 3 new BPMst 5 6 7 89 10 11..14

T T
y y y

4 /

A :
/ Cyan: ,BIX, Orangle: ,By;I | Blu?: nﬁ, |R?d: n,are 4rnulti
50 100 150 200 250

‘Frontbunch: -
'Rear bunch ! ! E
o s 10 10 200 250
s [m]
Blue solid line: Dots

ey~28 mmm - mmrad(o) 9018 411,19, 24

e,~40 nmm-mmrad (o) _ 54414 p/8 bunches (FX operatior
0 npsp ~ 0.12 %



16-electrodes monitor

16-electrodes ~—

monitors #15

Inconsistency i
by comparing
with the MWPN
still investigatir
reason

e

QDso014 e mey
LZQ01401
BPM#012

Emittance of adibatic dumping

2ct of the horizontal Twiss mismatch 5 ] o
— #18 e v' Vertical: adiabatic damping
— #15 =4 ; 5.2 mm mmrad @3GeV — 0.52 mm mmrad ¢
E i v Horizontal: a little growth?
B, (large) E | :
_\/_1-\_ "'._--"‘-\-* ey ‘%‘ E I
)
o | Solid linex1/p <1/t
—\ ) B, (small) 5 : ! p
.._..1.. I_.-'.l -_.h '__.- ..__'. e e —w—m 1 i
% i
25 50 75 100 125 150 175 0 200 4060 600 800 1000 1200
turn time from P2[ms]

M. Tajima, Master thesis 2020.



Gas sheet profile monitor

seneration

FEATHR

kh%) / ZWVDFE
GREE (85HEE) BT + EBAROM—L

Laval / X)L

Is flow

Supersonic flow,
ful sheet distribution

rit: The device is large

s flow control is
t.

- s

RFR (FHEKEHZ or HEIH)
= E# HAMER (HEER) J|EOTHE,
+ MBEETORKRZR AR

~

TEETE

Yo,
R df

Molecular flow

Merit: Simple equipment,
easy gas pressure control

Demerit: Includes thermal

Qelocity error in profile

J

Gas inlet

(a)
to z ‘\K
pump | » X %
Gas sheet generator
/

(b)

Cover

FIG. 3. Schematic diagrams of the formation prin
sheet. (a) A thin and long gas conduit makes a ga:
cover slit eliminates the gas molecules that have 1

Yama



' 3 MeV MEBT test bench

H- beam

ons were done:
nsity spatial distribution

ion efficiency spatial distribution of

oton detector system

Intensity [arb. units]
35

35 12
30

‘ 0.8
25

‘ 0.6
20

‘ 04
19 0.2
10 0

10 15 20 25 30
X [mm)]

—_—

. A two-dimensional mapping of the transverse beam
of Fig. 12.

CCD camera :
g - LBl beam
Image Intensifer p

Side view

Optical lens A7 Gas sheet
(®50 mm) 22> MM
View port ghh A A Cover
WY 1 Chamber
Cryo o cei]_Sheet generator ' TMP H" beam
pump 1 420
750L/s!  L/s
— -
-‘} - {)1 out
¥y T Anti-reflection plate z‘(‘
$_>I 300 L/s N, Gas
< >
~2m (b)
(a)

FIG.7. The gas sheet monitor system: (a) the front view and (b) the side view. The system consists of a main chaml
beam line, a gas sheet generator attached to a cover chamber that consists of a 0.5 mm x 50 mm shit and a TMP, two vz
a photon detector system consisting of optical lenses, an image intensifier, a CCD camera, and an antireflection plate.
36 degrees from the beam.
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Beam diagnostics for the MPS

(examples related to targets)



extraction of a coasting beam

1. Make third-integer resonance with sextupole magnets, make a separatrix
2. Make a separatrix shrinked by changing the betatron tune slowly
3. Spilled protons are extracted along the phase space flow line

@ Electrostatic Septum @ Magnetic Septum

Betatron phase
+270 degree

ate stages of extraction

arly stages of extraction
Mut



old target incident during slow extraction at the hadron experimental facility

) 11:55, May 23, 2013

tion Quadrupole" (EQ) malfunctioned:
ormally large command value was output.
supply reached its max. current

orted overvoltage. — MPS stopped the beam.
protons were extracted in 5 ms.

rget was instantaneously heated up

'y high temperature and

y melted or evaporated.

tion fans were turned on

ce airborne radiation dose rate in the HD hall.

um total exposure dose of the workers
1D hall was 1.7 mSv

aximum integrated radiation dose

ite boundary is estimated to be 0.17 u Sv

ation close to the HD hall.

Spill from DCCT and simulatic-

est.-tune

o o
. .
w N

o
d&

‘Spill and Simulation

sampling 2KHz

0.014 I / o
22.327

22313

black: Adcct/At ‘
red: simulation

.60

0

.61

0.62 0.63

time(s)

0.64

2x10713 particles were extracte:
by a rapid tune change to the res
due to the EQ malfunction

“Fast Slow Extraction “

Ton



A small hall of ~Imm-
diameter seen at the
Vs | downstream end of the
gold target

The édiﬁ”‘?%e\t side of the beryllium bulk
Scattereddgeld issadhered near the centes

. Y s
-




temperature

ot

=

Target Temperature (Simulation Results)

2x1013 protons/pulse

3x10'3 protons/pulse (2 seconds)

A

.= copper base

=

cooling water

\

ORLrNW

radial direction (mm)
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5V supply Board for digital signal transmission (photo-coupler) in EQ P.S.

Low power type high power type

Gty -
e *""'ﬁ”ﬂ i No power transistor
. K ey '

aa”

(=

Low-power type board had been misused in the EQ power supply.
Long operation under overheat of the regulator
caused an unstable voltage drop,
which made transmission of the digital signals unstable.
Behavior at the malfunction can be understood. Ton



MPS occurs

" Beam Abort -

- Stop SX compe
immediately

+ SX is stopped
the beam contint
circulate in MR

+ The kickers ab
at scheduled tim

s III:IIIIIJ ||||||1|| PR, ITTHITEN T

SX Abort

Kimure



quipment requiring SX Abort

lon-Source Stopped D1 D3 Timing
3508T LossO MR LossO MainPS Astop1 MainPS Astop] MR Loss0 MainPS Astopl D1-1
’ MR Inhibit 3508T Loss) MR Loss1 MainPS Astop2 MainPS Astop2 MR Loss1 Im-a
@ MR Aborted 3508T Vac MR VAC | MainPs Bstop1 MainPS Bstop1 MR VAC
Aialnbs Heton MainPS Bstop
’ mSec-Abort PulseBend-PS INJ SM1 FX SM1, 2
PulseBend-Corr. Jll IN) SM2 £ sM30 BLM Al
3508T-PS1 INJ KM1 FX SM31 D15P1
D2 D3 350BT-PS2 INJ KM2 FX SM32, 33 D15P2
- 35087-P$3 INJ KM3 SX SM31, 32 EX KM1 D15P3
) 3508T-Steer1 INJ KM4 SX SM33, 34 FX KM2 D15P4
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S of DCCT

event is generated by capturing glitches of DCCT waveform
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Monitors for the beam transportline from 3 GeV RCS to the MLF target (3N-BT)
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event @ May 27, 2018

1alo monitor @PBW Alerts if temperature exceeds limit value (~ 5 min at 25 Hz oy
VIWPM Alerts when peak current density exceeds a certain value (quick re:

yer short at the coil of one quadrupole magnet in the transport line, "3N-BT"

30% of the quadrupole magnetic field was lost.

1e magnetic center was displaced, causing the beam on the target to be displaced
proximately 20 mm in horizontal and vertical position.

1e beam halo monitor immediately detected the abnormality

d stopped the beam without any problems.

e event
also initiated by position excursion detected by the MWPM



ummary

" J-PARC achieved the design beam powers (conditionally)
1 MW at RCS and 750 kW at MR

Next targets are
1.5 MW at RCS and 1.3 MW at MR

” Beam diagnostic instruments are reviewed

;

” Two "non-invasive" diagnostic methods were introduced
” Two MPS cases related to the target were described



Thank you for your attention



