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MR Params. in Slow Extraction

Circumference 1567.5 m

Kinetic Energy 30 GeV (or 8 GeV)

Betatron tune (22.333, 20.78)

Repetition 4.24 sec
(from 2024 Mar)

~2 sec

Spill Length
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Physics Experiments 1in the Hadron Experimental Facility
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Hadron Experimental Facility & Its Extension Plan

Acceptable
Beam Power:
115 kW

Present HEF
(2009~)

14roduction target (T1) )
1 secondary-charged beamline (K1.8/K1.8BR)
1 neutral beamline (KL) "

1 primary beamline (High-p)

1 muon beamline (COMET)

Cooling Water

.

New Production Target
(under development)

He gas cooled (assuming 50 W/m?/K)

temperature

max 342°C
(AT ;

3333333
342.475

171012 (120rpm-346-1P-He) (Au-Ni, f92.5,1.0) @ 30GeV-172.2e13ppp 8| 50w/m2/k -2

Acceptable
Beam Power: >150kW
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FX (Fast Extraction)
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Time

S X (Slow Extraction)
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!- in every 4.24 s

Time

2 seconds
= 5u seconds x 400,000
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FLUKA simulation for 30 GeV proton deflection by bent silicon crystal
Channeling (CH)

Beam deflection angle (mrad)

0.3

i
g™
L

0.1_ -

Initial beam angle (mrad)

Bent Silicon Crystal Dimensions

Longitudinal Length 0.5 mm
Bending Angle 0.2 mrad

100

Volume
Reflection (VR)

Channeling (CH)
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FLUKA simulation for 30 GeV proton deflection by bent silicon crystal

03 C}’l annehng (CH) Multiple Scattering
| | c 0.044
------- 0=0.
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200
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Bending Angle 0.2 mrad

Beam deflection angle (mrad)

Initial Angle
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VR Acceptance Dif Cic Z > CWW A Z &

Going INTO the VR acceptance
Going OUT of the VR acceptance
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VR Acceptance Dif Cic Z > CWW A Z &

Reflected by VR Going OUT of the VR acceptance

400 -

VR Multiple Scattering
200 M “Half-VR”
0 . .

0.2 0.1 0.0 0.1 0.2 0.3
Beam deflection angle (mrad)
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No mitigation - 1.00
Diff - 0.58
CH 200 prad 0.57
VR 100 prad 0.54
Half-VR 100 urad 0.31
CH + Diff 200 urad 0.27
VR + Diff 100 urad 0.26
Half-VR + Diff 100 urad 0.20
Estimation using FLUKA
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J-PARC MRH) 5 HDA~AD B — LA B H L 101 KW &E

26/04/04 22:55:04 Run
MR Power 101.00 kW
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Beam Power Trend of J-PARC Slow Extraction
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Spill Duty Factor [%]

Achieve 99.5% Extraction Efficiency
with Dynamic Bump

2026-Apr

Beam power: 101 kW
Repetition: 4.24 s
Particle Number:

8.9 e+13 protons/pulse
(world record)

Ext. efficiency: ~99.6%

Spill duty: ~83%

36



37



Particle Number
in Ring [e+13]

Beam Rate

Spill structure without tune ripple mitigation
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Spill regulation systems at J-PARC MR

current ripples

RF < RF Noise

AMP Generator

Power

Transverse RF

Supply

— Stripline

(RF-KO) system

/ Kickers

Supply

- —
Power

®

®

®

’ spill .
J/W\AM Experimental

>  Facility
(HD Hall)

N\ =
CC’
conection LV AEED |9 -
EQ x2 + RQ t Spill Monitor
Spill Feedback P
Magnet Control | €— System
Signal
(100 kHz DSP)
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Particle Number
in Ring [e+13]

Beam Rate

Spill structure with spill regulation systems

2021-June
Before MR Upgrade

Beam power : 64 kW with 5.2 s repetition
(7.0 x 10" particle/pulse)

- N W =B 0 o =~
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Improvement Plans for Spill Regulation System

current ripples

Power

Supply

\ RF RF Noise
’ \l, AMP Generator

4
I Stripline /

Power
Supply

Ripple

Canceller Spill Feedback
Magnet Control | <€— System

: Feedback
L Kickers \ on Tr. RF
A/VV\A/ 0
’ spill .
WL Experimental
> Facility
Real Time
- 8N A (HD Hall)
Calculation o -—
Spill Monitor

Signal
(100 kHz DSP)
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debunch N

Beam Instability at Debunch Timing

RUN78 (Feb-2018) 63 kW

Ext. Efficiency 99.472% with phase offset of 50°

time fro K1 [sec]

2

| 2018 Feb 26 08:39:29 - Run 78 Shot 397105 |

50

100

150

Normal case
800

200
Address#

100G

600

400

200

c
=
=]
Q

RUN79 (Jun-2018) 63 kW
Ext. Efficiency 98.666% with phase offset of 60°

[ 2018 Jun 30 03:57:30 - Run 79 Shot 1852705 |

1008
With beam instability i =

800

time from K1 [sec]

600

400

200

50 100 150 200
Address#

Beam losses were observed in the whole
ring at debunch timing



Beam Instability at Debunch Timing

i i 1585 o le.a =Vacuum Pressure Rise

Wall Current Monitor occurs in the whole MR ring

- ] M

N e L e

MRVAC:CCG_077:VAL:PRESS
MRVAC:CCG_083_1:VAL:PRESS
MRVAC:CCG 083 2:VAL:PRESS

(ESS OFF)
Microwave structure
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Transverse Beam Size Growth

60 kW beam

Run85 Shot 311512, 2020-Jun-24 _ x10® o ::mjﬁ
RF offset: 65 deg § 12:_56kW Igma.=9: 3 [S6kW '
é 10:- run86 normal (é 3; run86 w/
H-oscillation ) St PP Instability

o

4f

2k ’f

O- T 1

Beam instability occurs ~60ms after RF OFF



Suppression of beam 1nstability during debunching

Keil-Schnell criterion

-

Phase offset 0°

~

Phase offset 50°

\-

Slippage
Zy(nwo)| _ . 1nlB? Eo/e (Ap)\°
n I, P Jrwum
Impedance Longitudinal
Emittance

/

In the beam test after MR upgrade, we
were able to suppress the instability

up to 70.8 kW (7.6 e+13 protons/pulse
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with 5.2 s repetition). 4

We will further optimize RF
manipulation based on simulation and
beam study.

dp/p

After acceleration : RF 256 kV

.....
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After 80 ms with RF 17 kV )
> RF off (debunching)




Large Slippage Optics
/ KeiI—SSI?;;egllecriterion ﬁ

‘ Z, (nwg) o B2 E,/e < Ap>2 MR Lattice: imaginaryy, 2> flexible momentum compaction
I, P ) rwum Optics with a larger slippage |n| is a promising candidate for
Impedance Longitudinal suppressing the instability at a higher beam power
\ Emi /
1 =-.001920 (current optics 1 =-.00291

_009

;' ! MW* |~|| o |1 ) f ! H i MM‘M

Reported in
ATAC2021

The slippage is changed during acceleration



VHF Cavity for Longitudinal Emittance Growth

4 Ke|I—SSI?;1;ae;Lcrlterlon ﬁ Longitudinal emittance growth by VHF cavity phase modulation
Z, (nw,) “F In|B% Ey/e (Ap>2 Viotar(t) = Vg sin2mfyt + Vp sin(2nf,t + Y (t)),
B I, 12— Y(t) = Ady, sin 2 fp,t
Impedance Longitudinal

\ Emittance j

Simulation example

A/4-coaxial cavity

1.0 620
0.5 500 118MHz case
S Coupler for =
5 0.0 50 ) terminatjon JE === 76
s | dia. 120 .
w/o VHF /d“"m
1.0 :
-40 0 40 80 ‘ ai — : r— dia. 134
1.0 A g ' 4
_ 0.5 h‘q-—’qh;—""-—._
S ! =
= 00 il
=
0.5
Input coupler
o | w/ VHF
40 0 40 80 by Y. Morita dia. 120 in the preliminary design phase

d&(deg.)
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