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1.3GHz Development

1011 , : « Optimizing and understanding RF
performance have been focused on
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Medium Field @ . .
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Low B Resonators

* 4K reduce cryogenics system FRIB 80.5MHz =0.085 QWR
cost for low frequency | . . . :

applications.

10
» Strong Medium Field Q-Slop
(MFQS) exists in low frequency
and low B resonators.
« Presently facilities are = 100

choosing to operate at 2K even
at low frequency to avoid
MFQS, such as FRIB and RISP.

3.85 Watts

—8— ReA6 phase | Cavity #1 (2K)
—©O— ReA6 phase 1 Cavity #1 (4K)
. Y¢ FRIBGOAL2.0K

i . e——=—— ——
0 2 4 6 8 10 12

* 120°C bake improves 4K Q in
medium field. (SPIRAL-II and

FRIB) Eaa_‘ (MV/m)

« MFQS and improving 4K K. Saito, ‘FRIB Project: Moving to Production Phase’, This
performance need to be further conference.
understood.
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RISP Coaxial Resonators

« 81.25MHz QWR and 162.5MHz HWR
designed by RISP.

« Cavity treatments
* 120um BCP (+15um for HWR)
* HPR
 48hr 120°C bake

e Cavities were tested before and after

bake.
QWR HWR Unit
Frequency 81.25 162.5 MHz
B 0.047 0.12 1
L.+=BA 0.173 0.221 m
Epeak/Eace 5.3 5.6 1
Byeak/Eace 9.5 8.2 mT/MV/m
G 21 40 Q
U/E, .2 0.126 0.159 J/(MV/m)?
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QWR BCP Result
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QWR Comparison
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HWR Comparison
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4K to 2K

HWR Cooldown
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BCS Resistance

QWR Ry @ 4K
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Quadratic Dependent Rg¢

) QWR Rygs @ 4K RBCS — RBCSO(]‘ + Y( ) )

EZD 7 —17//‘ % BCP +Bake RBCSO @ 4K 'Y
e et nQ 1
0 - -ka_’%; -------------- J
S AL SR S QWR BCP 3.70 @ 64.2 @
1] 10 20 30 EIrm:.klll"rrm- S0 60 70 80 QWR Bake 2.69 15.8
HWR Rycs @ 4K HWR BCP 13.03 36.7
% HWR Bake 7.53 @ 14.3 E
g A o - Bake reduced Ry, and field
Ezn | %, o X BCP +Bake BCSO
{w_{/' %ﬂ“ e dependent coefficient.
S —e==r o+ Field dependence is quadratic for
T Bcak<40mT. _
ormE e » Slope is stronger than quadratic at

the field of >60mT.
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BCS Resistance

QWR R, @ 4K
'""""""""": 2 A
.| Rpes =A (1 +Y( ) )' e ksT
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Energy Gap

QWR Energy Gap

2 A

18 -

S R

s Jf :H*%% -------------- S A

Afmev

QWR HWR
M e m % m m e o m meV
Bpeak /mT
BCP 1.35 1.49
HWR Energy Gap Bak 1.67 1.73
20 aKe . -
R | |
13 4 . ©* Field dependence of energy gap is
Sal LA e not obvious in low and medium field.
o - Bake increased average value of
N energy gap by about 20%.

Bpeak/mT
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Fitting Parameter A*

QWR BCS Fitting Parameter A*
0.3

o, 02
% }\ X BCP +Bake
L AN (| ™ i /Sl S M X BCP
R

+ + - Average

0 ;
0 10 20 30 an 50 60 70 ]
Bpeak /mT
HWR BCS Fitting Parameter A*
0.3
o, 02 - +
% ____#___#___i___%__i___ ____»% ____________ X BCP+Bake
€  |___x_.X® 4L %: ________________ X BCP
= === Average
o1 % === Average
o ;
0 10 20 30 ap 50 &0 70 20
Bpeak/mT

2 A
— A*?__ o kpT
Rpcso = A" —e 8B
A*
QWR HWR
nQ-K/MHz2
BCP 0.110 0.128
Bake 0.133 0.155

Bake effect for A* is not obvious with
these two data set. The differences

are within error bars.
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Residual Resistance
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Linear Dependent R,

B

QWR Rres p
2] Ries = RresO + Ryes1 (B
B +‘-”_,—"“ C
% 1 .- '-+(" —————————— X BCP +Bake R R
£°] ) /,,.{« + = « B res0 res1
ety -+ i ” ”
1 QWR BCP 2.09 ! 9.76 !
. QWR Bake 3.07 15.1
) HWR Rres HWR BCP 12.6 23.5
-] L HWR Bake 13.2 ﬁ 31.9 ﬁ
i %++ --------- <= o Bake increased R, and field
e ¥i¥ - B —" dependent slope.
N = « High R, of HWR is suspected due to
e w m m m w & m w cool down procedure and trapped flux.
Bpeak /mT

* R,.1 is proportional to frequency

within error bar.
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QWR 4K Q-Slope
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Multi-modes Test Resonators

* Motivation

« Systemic study tools for field
and frequency dependent
surface resistance.

« Coaxial geometry that is
common for low 3 resonator.

« ‘Single cell’ for low 3
resonators.

* Resonator Design
 Resonance frequency
* Integer harmonics of
200MHz
* Field optimization
* Uniform field distribution
for different modes
 Good access for processing
and cleaning
* Fit RF induction oven for heat
treatment and doping study
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Preliminary MFQS study on low 38 resonator with measuring
cool down Q data at various field level.

120°C bake improved 4K performance in medium field for both
RISP QWR and HWR by reducing Rg.5, and field dependent
coefficient. On the opposite side, bake increased R,

With our data, field dependent component of BCS resistant is
shown to be quadratic, and residual part is linear field
dependent.

More tests and data are required to have an insight of MFQS for
low 8 resonators.

More treatments will be studied, such as HF rinse after bake,
heat treatments, and doping.

This is just a beginning.
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Linear Dependent R,

Rreso Rrest errR e
nQ nQ
QWR BCP 2.09 9.76 1.83
QWR Bake 3.07 15.1 0.73
HWR BCP 12.6 23.5 7.50
HWR Bake 13.2 31.9 2.54
fuwr/fawr Rres1_nwr/Rres1_awr
BCP 2 212 +0.20
Bake 2 2.40 £ 0.89
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Geometry Factor

G :; G [Rs(B)|B|*ds
— = R =
Q ° Qo [ |B|%ds

Rs(B) = Ry + a4|B| + a;|B|?

G
Q_O = RSO + alﬁpr + azﬁzsz L

_ JUBI/By)™*2ds
"~ T[(IBI/B,)?ds

QWR HWR
B, 0.68 0.71
B, 0.53 0.58
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From Ry(B,) to R,(B)

., B
Ries = Ryos0 + Rresl( ) Rres = Ries0 + Ryest (B_C)
Rpcs = Rpeso(1 + Y( ) ) ; Rpcs = Rpeso(1 +y ( ) )
Rres1 Rres1* v ’Y*
nQ nQ 1 1
QWR BCP 9.76 14.4 64.2 121.6
QWR Bake 15.1 22.2 15.8 29.9
HWR BCP 23.5 32.9 36.7 63.6
HWR Bake 31.9 44.7 14.3 24.8
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