% CuL.

Iréne Joliot-Curie
Laboratoire de Physique
des 2 Infinis

RF absorber development at 1JCLab

CNRS/IN2P3/1JCLab

Akira Miyazaki and Axel Perez Ruiz

— e



 |Introduction

Theory

Preliminary warm experiments at CERN

Cryogenic experimental setup at [JCLab

Conclusion




Introduction

Theory

Preliminary warm experiments at CERN

Cryogenic experimental setup at [JCLab

Conclusion




@

Circular colliders
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Courtesy Andrew Hutton
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M PERLE project at IN2P3/1JCLa

Ultimate goal of PERLE: first multi-turn ERL designed to operate at 10 MW (20 mA, 872250 MeV)

- A hub to explore a broad range of accelerator phenomena and to validate technical choices improving
accelerators for future energy and intensity frontier machines

Target Parameter Unit  Value ® ERL PERLE 250 MeV

Injection energy MeV 7 .. DC Photogun HV system
Electron beam energy MeV 250 ] PERLE -
Average beam current mA 20 HEE)

Bunch charge pC 500 s

Duty factor CW

Booster

/

Linac cryomodule .\ )
y Injection line

(Four 5-cell SRF cavities)
T, A '

800 MHz 5-cell
SC cavity x 4
(22 MV/m)




4
) HOM power & Beam Line Ab
pe
N

(HOM couplers = Patricia Duchesne’s talk) | . //p” -

Preliminary study by Carmelo Barbagallo ] N O s o
- Between two cavities could be feasible - CERASICB is known to be lossless at 40K
- He-cooling and thermal intercept (40K) — - Coorstek products are out of market (?)
- Power absorbed: ~120 W - Realistic (&,, tan §) in CST/COMSOL?

- Power flux limit (simulation): 3.09e-03 W/mm2 | - Measurement?

— Basic studies of BLA and its materials are proposed locally at 1JCLab



@
‘b Technical synergy with other science fields

“Give us budget for ONLY BLA material studies...” may sound too technical for funding agencies.

The need of dielectric RF absorbers is not limited to the accelerators

Cosmic Microwave Background (>40 GHz)

“Fundamental studies of RF absorbers in fundamental science” convinced university
* Preparation of test-stand for PERLE/MADMAX/LiteBird: 20 kKEUR (GS transverse 2025)

* Procurement of dielectric material: 20 kEUR (AAP P2l project 2025) = more funding (?)



HOM absorbers for accelerators in the literature

N T N B e T

SiC Coorstek ~ CERASIC-B KEKB, KEK-PF, SKEKB

- Hexoloy
SiC Coorstek  SC-30/SC-35 80-300 APS, CBETA - - -
SiC Kyocera SC1000 300 EIC - le-10 200
SiC ECM Cesic 50 ARIEL - 1.5e4 30
AIN  Ceradyne Ceralloy137CD1 70 LCLS-II, EuXFEL - - -
AIN  Sienna STL-150D14 40 LCLS-1l, CEBAF 04 - 120
AIN  Sienna STL 100HTC 300 BESSY, BERLinPro 0.2 - 120

Previously ferrite (dusty) = either SiC or AIN recently
e Most of candidates absorbs RF via dielectric loss

Courtesy:
* Cesic exceptionally eliminates RF via Ohmic loss JALB. HZB
Limited market (Coorstek SC-30/35 & Ceradyne no longer available) ’ ’
KEK. TRIUMF

Some materials lose tand at cold (= problem for PERLE)
Some materials are promising but very expensive (x10 than others)



AIN STL-150D: LCLS-Il standard

inner diameter ¢90mMm
Thickness 10 mm
length 50mm

- 40 K operation

* 2-12 GHz losstangentdataat 2K

e 13.8 WHOM power OKin LCLS-II
 RMSbunch length 25 ym - 1 THz HOM
« Capable of 100 W absorption

https://siennatech.com/wp-content/uploads/2021/10/STL-150D-1. pdf

https://indico.fnal.gov/event/10102/contributions/813/attachments
/436/508/Solyak_HOM_Absorber.pdf

Composition

Density, g/cm?®

Outgassing

Thermal Conductivity, W/m-K

Thermal Expansion Coefficient, X10%/°C

Dielectric Constant
2 GHz
4 GHz
6 GHz
8 GHz
10 GHz
12 GHz

Loss Tangent
2GHz
4 GHz
6 GHz
8 GHz
10 GHz
12 GHz

Flexural Strength, MPa
Elastic Modulus, GPa

Hardness, GPa

Application

Additional Attributes

STL-100
AIN - SiC (Composite)
325
No
90410
55

42
38
36
33
32
31

0.20
0.24
0.29
0.31
032
032

500

350
12

Lossy Dielectric
replacement for BeO-
SiC composites,
HOM Absorbers,
Severes, Terminations,
Wedges

- Properties can be
tailored by changing
composition.
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Propagation of microwaves into a material

k| z

oD — . .
VXH=j+— D ¢k ce=¢g" —ig" E = E,exp(iwt — ikz)
at ] — O‘E
> VXH=0E+ (¢ —i&") XiwE = (we" + 0)E + iwe'E
= iwe'|1 —itand] E tanSEwa:G
aB ! o ! . 2
VXE:_E B = uH p=u —ip’ =pll—itanody] tan6m5'u—,
U

> VX (VXE)= —,u%(v XH)=—-u'(1-itané,,)iwe'(1 — itand)%
VX (VX E) = V(Y- E) — V2E = —u'(1—itanéd,,)iwe' (1 —itand)iwE
V-E=p = +w?u'é'(1—itand,,)(1 —itand)E
- p— (—ik)’E = +w?u'e€'(1 —itanéd,,)(1 —itan6)E
lfp =0 k‘E = +w?u'e'(1 —itanéd,,)(1 —itand)E



Generalized skin depth 0¢y,

Wy 1'e
k' = \/%l \/—tanSmtan5+1 \/(1—tan6mtan6)2+(tan8m+tan6)2 kil z
by WJH'E
k' = 7 \/tan dp,tand — 1 \/(1 —tan §,, tan 6)? + (tan §,,, + tan §)?
E(t,z) = E, exp(iwt) exp[—ik'z — k' Z] Thanks to the correction by Justine Gabrael!
s _ L |2 ||l= 1
gen — k! _ ,u’aa) we'

— Uskin

tand,, tand — 1 \/(1 —tan d,, tan )2 + (tan §,,, + tan §)?

Conventional skin
depth of normal
conductor

1(z) = |E(t,2)|?> = I, exp[—2k" z] = I, exp [—

=«
Correction factor due to dielectric and magnetic loss

we'+o _u
— tan 5 =
7 ] tand = - m 'u’

Sgen/ 2

wE




Check 1: normalmetalu’” = 0,&" =0

r

If the frequency is below the plasma frequency, the effective real permittivity of metalis &' = g,

we' + o o 5.8%x 107 X (o/0 o/o
( / Cu) =6.6X109 ( / Cu) >>1

we we;  8.85x 10-12 x 1 x 10° x (21f/1 GHz) (2nf/1 GHz)

tand =

T 1
a =
N we’ \/tan Sptand — 1+ /(1 —tané,, tan §)2 + (tan §,,, + tan §)2

tan & tan o :
g~ ~ -1 (+ is taken from )
1+4/1+ (tans)? 41 tand

5gen = Ogkin@ — 5skin




Check 2: purely dielectric material ' = 0,0 = 0

r

tand,, =— -0
! Z
wgl;l/ + o el I(Z) = IO exp [_5 /2]
tan o = — - — =tanf, < 1 gen
WE I3
1=

1 2 , o 1
5gen = F = / /
pow Nwe' [tané,,tand —1 + /(1 —tan§,, tan )2 + (tan §,, + tan §)2

12 1 11 2
w e =1 V1+tanzd o #'e -1 V1 +tan2é

. [} _ >
Consistent® v _ Y& J 1+V1+tan?§
I(Z) — IO exp [— Z—] /'—O

0

C _1/\/80,110\/80\/ 2 1\/ 1\/ 2 We need to

Zog — —
C2n'w 20 V¢ |-1+V1+tan?26 2w €' -1+ V1+tan?$ take + from +



Check 3: ferrite “magnetic loss” o = 0

tan & i ’-, Wy e
m= oy k' = 7 —tanéd,,tand, + 1 + /(1 —tan§,, tan8,)2 + (tan &,,, + tan 6,)?2
we" +0 &" —
tand = — > — = tan d, a)\/,u’e’
we € k' = 7 tan &, tand, — 1 + /(1 — tan &,,, tan 8,)2 + (tan 8, + tan &,)?

Vacuum Absorber Metal

AVAVAINVANY

A ek A ekz

MM
B, elkgz B ek 4

15

TT2-111R i

d12-111 R

100

10
Re s/




Cesic: conductive dielectric ceramic

H,, 5
I 1-10°
tand,, = — — 0 ; 5
™ ;W Ho€ 3
k' = 7 14412 +tan2 6 s
r 3 110*
an s = ©¢ +o0 _ 5
= oyia?
[,l, = U k' = —1 \/1 +tan?§ ' sEEsm @114 GHz
_ \/E data from SLAC
(S- Tantawi) 164 S/m, data from ECM /

We need to knowthree parameters (O', g”g”) 100712 14 16 18 20 22 24 26 28 30 32 34 36 38 40

frequency, GHz

we't+to  we” o
— tand = PP (1 + we”) =tand,. (1 + ) .
08
A parameter representing deviation from pure
dielectric ceramic "
g = o 04 M’
wg,, 0.2
Cesic: 0 = 1.5 x 10* S/m at 300K from Cornell’s study | A
- high thermal & low electric conductivity (# metal) e » frequency, GHz w 0
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Test stand at CERN CLIC RF measurement bench

s s
- Calibrated : 2025 par - 6 (5000~ 30000 i
DAXTL2 30632

BB Morgen Pollenfiug  ~ om @ q BNG o33
us g !

-~

&
“

F
\d._,/

Commercial device for dielectric measurement (€', €'") DAK-TL2 (5-67 GHz) with VNA ESSQQB

Warm & low power measurement - CLIC X-band o

Sample size:5cmx5cmx1cm 'h
Calibration (5-30 GHz) with the dedicated probe seems like the key =2 cryogenic application is non-trivial



Reflection Coefficient (dB)

@) 7 oy
- g

Tests with ECOSORBS

0.00 +

—0.02 1

—0.04 1

—0.06 A

—0.08 A

-0.10 1

—0.12 ]

WAL

—— AN73 (8.49662 mm)
AN73 (9.4569 mm)

— HR10 (9.42762 mm)
HR10 (10.9776 mm)

I' =

) 10 15 20 25 30

Frequency (GHz)

Voo Zi—Z
Vot Zr4+Zs

[ =T, +jI; =|T|e?

Complex Permittivity vs Frequency for AN73 and HR10 Absorbers
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2.92 mm coax (K-connector)

Probe = coax + metal plate

Some kind of
impedance
matching

E-field

force




Very similar to the
normal VNA
calibration

Load may be with
known (&', &")?
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Brainstorming: cryogenic testing setup (?) at [JCLab

Thermocouple
HP 8720A
Sensor Reader Vector Networh Plane
Analyzer
reflector

1) Ports (2 ) Port Extension Cable
DJ—M’ absorbers

https://accelconf.web.cern.ch/p03/PAPERS/TPAB053.PDF

e-field (f=20.5) [1]
Component Abs

Frequency 205 GHz
Ph 1°
P. Kolb et al, Cold tests of HOM absorber material for the ot A sos0in
Maximum on Plane (Plot) 32424 V/m
Maximum (Solver) 324242 V/m

ARIEL eLINAC at TRIUMF, NIMA A734 (2014) 60-64

Hin

Coaxial Waveguide Upper LN; {1
Sample Holder ||Reservoir
e ot 1))V 111D
— 1]
I Ferrite Sample )
I T
Iéz:f::vtg? - e-field (f=19) [1]
Component s
Port 1 Port 2 e
> VNA CL‘:;S\:::::; -0.000 in
Maximum on Plane (Plot) 3339.17 V/m
~— 11.7575" Maximum (Solver) 333918 V/m
N Type -
*  Thermocouple

"’l;‘.“."

\/
OGS
: 9

s )

Vv/m
3339

2000

1000
800
600
400
300
200
100




Test stand development at Université Paris Saclay

Foundations

P
o
o
N
AN
Illlllllllll!
O

III|III|III|III|II[|III|I|I|III|II|

_IIIIIIIIIIWIIIIIIII

40160 180200 220 240 260 280 300
T [K] Michael E. Peskin

—

¢+ Daniel V. Schroeder

ABP STEVEN WEINBERG

* Collaboration with particle physics (dark matter
axion) and astrophysics (CMB)
* Cryogenic compatibility of ECOSORB is studied
« ECOSORB is NOT for particle free applications
* Implementation to the MADMAX project is on-going



Cryostat for the RF experlment at cold (?)

* We have a LN2
cryostat originally
developed for the
tuner tests
2"d cryostat arrived at
|JCLab = 1%tone is not

in use
Enough space for
quasi-optics setup (?)
Otherwise, waveguide
setup may be more
realistic by preparing

| | different WR,, to

cURoPERN 8 cover the whole

SPALLATION

SOURCE \ | , frequency band
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PERLE@IJCLab needs efficient cryogenic Beam Line Absorbers
* 100W, 40K, <40 GHz

Collaboration with other science fields to justify funding

e 20 GHz dark matter axions
e >40 GHzCMB

Literature search - dedicated R&D on dielectric absorbers seem mandatory
* Material parameters to be included into the simulation are missing in general!
* The most promising option is simply too expensive
* A private company MARUWA will collaborate us to prepare new AlLN samples

Theory has developed
* Dielectric, magnetic, conductive RF absorbers
* High-power / mechanical properties are not included - multi-physics simulation

Warm tests with a commercial solution at CERN CLIC
e CERN has measured a lot of dielectrics at low power
* Reverse engineering to understand the relation between S-parameters and material parameters as well
as calibration scheme
Cryogenic testbench will be developed at 1JCLab
* Anew PhD student has just started on Oct 1 2025



backup



DAK manual says 0 = € wg

In my theoretical analysis

we'" + o

we'

VXH=0FE+ (¢ —ig") XiwE = (we" + 0)E + iwe'E tand, =

o and €' weg, are rather indistinguishable from reflectometry

110°

-2 o0 = €' we, sounds strange

1-10 =

conductivity, S/m

This understanding would be critical N
for conductive SiC Cesic that TRIUMF 1 S S @t e

installed in ARIEL electron linac (8- Fentapd 164 S/, data from ECM

F

100 1o 12 14 s 18 20 22 24 26 28 30 32 34 36 38 40

frequency, GHz
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