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IFMIF: International Fusion Materials Irradiation Facility
LIPAc: Linear IFMIF Prototype Accelerator

I LIPAC

Current 125 mA X 2 lines 125 mA X 1 line
Energy 40 MeV 9 MeV

Acceleration Line RFQ + 4 SRF RFQ + 1 SRF
Target Li Cu
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IFMI?

RF coupler for LIPAc-RFQ, and its problem

B QST

(Designed for low duty cycle)

Double Spiral for [So&
two-path wate

roove for RF joint

RF Window
6’’1/8interface

Damaged O-ring

\
8 couplers,

160-180 kW for
each in nominal

Current RF coupler (O-ring coupler) at the RF window Observed light emission

Overheating, damage of O-rings, and light emissions observed
* Duty cycle limited < 10%

* Multi-pactoring (MP) is suspected as a major cause. ~+ Electron motion

$Origir ally designed for high dutyy le) I:> E-field
Test of a set of new RF couplers | = ;i @E Z] ‘
(brazed coupler) is ongoing  §+} [ —
 Reduce axial field around time ’ time ]
the window to relax MP Single surface Double surface

* Improve its durability to plasma

expose and thermal stress

07/Aug./2025

Testing new couplers (brazed coupler)

Principle of multi-pactoring (MP)
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(FMIF . . FUSION j
) Simulation study of MP fe QP QST

Totgd—~ e

Purpose 4 —
B Analyze the MP conditions in both old and new | <
couplers to support testing of the new coupler ) \

. . I S (true secondary:SEY p ‘\< ANy

B Establish an alternative countermeasure to control MP T ti_______}ws - treased in simulations)

i ——c - T Re dlff used

0 60 200 300
nt Energy @ Incident Angle 0~ / eV

Energy dependeﬁéy of 2ndary emission of Cu*

Method (also using same one for ceramic window)
*M.A. Furman and M. T. F. Pivi, LBNL-52807, SLAC-PUB-9912

MP simulation with electromagnetic particle simulations using
the CST-Studio suite® (Charged Particle Dynamics solver)

B Comparison of MP between O-ring and brazed couplers
B MP control by the axial B-field bias

0 20 40 60 80 100 120
Time / ns

Typical case of electron number growth
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(FMIF . : ; S (4
) MP simulation of the O-ring coupler - B QOST

B MP caused around the ceramic window
on the entire power level until 200 kW

* Near the damaged O-ring

B MPis likely to be strong in the areas of structural
changes.

* Around the window and a corner in this case

o))
o

Op. region'

[6)]
o

N
o

Position of
damaged
O-ring

N
o

| —@—SEY(true) peak=1.6
- —@—SEY(true) peak=1.4
- (SEY(true) peak = 1.89 for Cu in literature)

40 60 80 100 120 140 160 180 200
Input power [kKW]

Growth rate of the electron number by MP

Growth rate [dB / 100 ns]
= 3

o

Electron motion and

MP significant regions
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T/ MP simulation of the brazed coupler B DQST

The electron number growth rate notably decreases e o
compared with that in the O-ring coupler. . ; y e . 321
Low power region \ ./ N v

~ - GO0 —

B Improved especially in the lower-power side MP at window and >~ 0]
while not so remarkable in high power region. edge of cone

400 —

B Improved in the entire region of input power - SEY=1.6, 60kW 7
with high (but still lower than literal) SEY 200

B Still the MP-free (growth rate < 0) not achieved

B |MP associated with the motion of electrons
like rubbing on the window surface still exists

£
-—

Peak at 120 kW:

&0 _ =

—8— Brazed, SEY=16 ---%-: O-ring, SEY=1.6 2 H
. -surface MP increased
50 - —e— Brazed, SEY=1.4 ---%--: O-ring, SEY=1.4 - SEY=1.6, 120kW
reed (SEY peak = 1.89 in literature) bT

40

ha
(=]

i high power region: \_ /
Op. region MP around window

Growth rate [dB/ 100 ns]
= a8

o
N

SEYC1.0,2000¥

i
[ ]

60 a0 100 120 140 160 180 200
Input power [kW]

Comparison of growth rate Electron motion and MP regions

07/Aug./2025 22th PASJ annual meeting(2025)



— Axial B-field bias to control MP H QST

— e- motion with B-field

Control of the MP by the axial B-fields ! |
----» e- motion w/o B-field
 Suppress the energy gain of electrons from potential change ,, W 4
until re-injection to the wall surface. 7NN N
time
. Image of electron motion
" with and without bias B-field
70 Elast\c:I
40
N
10
(¢}
44 * 4
%;Ei% § % §§ D1 é 3I ‘;> 5I GIT‘f'I :1:0 2:0 3:0 4:0 | 60 ll:)O Z[IJU 360 ‘ 560 ‘?(I]U‘IIO‘OO 20‘00 3DIDU I50‘00I ‘ I1I0000
. . . . e h‘-.-:--.-h“t“-~*“-—‘- “ . “ - Incident Energy @ Incident Angle 0- / eV
Optimized bias field configuration for the O-ring coupler . .
Using energy dependency of secondary yield
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) MP characteristics under the bias field = & @aost

@ : fittedto 70-120ns O : fitted to 5-35 ns for instead

50 —
Optimized bias Bz field can suppress MP up to T SEY=16
MP-free region(Growth rate < 0) S .
o
* Inthis case, around 50-75 Gauss of bias B field can achieve 2 0k
MP-free for almost the entire region of input power. 8 | _g-lcoil<0.0A
'§ 30 b _elcoil=05A
° 5o [ —@—Icoil=1.0A
o - —@—Icoil=1.5A
70 .l —@—Icoil=20A T

40 60 80 100 120 140 160 180 200
Input power [kW]
Growth rate with bias field for the O-ring coupler

1000

600 -4+

400 15
300 N

200

100 -

ticl
w
=1

Electron motion; SEY=1.6, 140kW, Icoil = 1.0 A (Bz ~ 50 Gauss) ’ o
Particle decrease of a MP free case
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") Effects of the bias fields in the brazed coupler fhe @QST

B With enough field more than 2A of coil current (50 Gauss) at the
straight pipe, it can effectively decrease the growth rate.

B The currently considered bias fields could not achieve MP-free

(growth rate <0), as the coil configuration still not well optimized.

e Thereis some difficulty in coil setting since the brazed coupler
has a bit more complicated structure than the O-ring couplers.

 The field configuration is specified so as to generate Bz fields in
the straight pipe region of the coupler
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Bias field configuration

40

——Icoil=0 A
——lcoil=1A
—-Icoil=2 A
—-lcoil=3 A
——lcoil=4 A

(%]
=

Growth rate [dB/100ns]
= S

SEY=1.6
0

40 60 80 100 120 140 160 180 200
Input power [kW]
Growth rate with bias field for brazed coupler

(the field configuration is still not well optimized)

SEY = 1.6, 120kWjle0il=4.0A :;;]

Electron motion

07/Aug./2025 22th PASJ annual meeting(2025)



=/ Tests of couplers are ongoing i @asT
_ v/

B Testing of the brazed couplers are ongoing

and going better than the simulations. Load &RFin 1 'n 35,
(details will be reported by others) — g | [ 1 i ':k/sz\, -
* CW runin 4 hours with 180 kW(nominal input) has been demonstrated. n ‘ -

* MP region is limited to several input power bands f e.g. 60-80 kW CPL2 CPL1

* Not all couplers have the same behavior ta”d 120-150kW
(some present more pronounced MP than others)

Fitting secondary yield distribution is needed, since High power test bench (HPTB):
they seems to have lower secondary yield than that in a test of new couplers is ongoing
literature due to surface procession or conditioning.

B Preparation of bias field test with using
the O-ring couplers is also ongoing.

Simulation study of MP
(with and without bias)

E Feedback knowledge :I

Brazed coupler MP control test by bias Test of b'?Sf'e|d effeFt with using
HPTB test field using O-ring coupler the O-ring coupler is prepared
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FUSION

) Summary and future tasks 5" ($QST

Summary
B Simulations of O-ring/brazed RF coupler have done.

* Brazed coupler shows better characteristics especially in low power region
e MP around the RF window is important for the both designs, especially in high power region.

e MP around taper end is important for low power region
e 2-surface MP at the 120-140 kW

B Tests of brazed couplers are ongoing, with better behavior than the simulations
* MPregionis limited to several power bands in the tests.
* |t seems to have lower secondary yield than a literature by surface processing or conditioning.

B MP control by external B-field bias simulations
* |t showed promising result especially for the O-ring coupler
*  Preparation for test of the bias is ongoing

Future task
B Secondary emission parameter fitting to the brazed-coupler test results.

B Optimization of bias B-field for the brazed-couplers.
B \alidation of the couplers with the RFQ
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e (S QST

Thank you!
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