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* Cool down dynamics and thermal gradient
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CE/RW Rs strongly depends on the thermal gradient ATDQ""‘“

\
7 ® AT (Tc=9.5K) = 300 mK

m AT (Tc=9.5K) = 45 mK
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Short thermal cycle Eacc [MV/m]
- Uniform cool down
TV - —> Better performance




Both Q, and Q-slope depend on AT~ 15%Ldz

CERN
\ Byeaic [MT]
N / g 188% 10 B30 0 !5‘0 ﬁ% Come to my poster THPB047
gg% Act Rs1 < AT Bpeak/Bc=O'15
50: el \
40¢ -4 00< ; (B =200 mT)
30E =) -
20t WS '
RSO 105 Q&> T Correlation factor 95%
0o 1 2 3 4 5 6
Eace IMVIM] == goE o L L L T B
Low-Field surface resistance f 140 | 1 3=
Rs0 o« AT = 1205 + ]
@ 100 T f ] %55‘:2-:
— 80f 1 1l
2 60 . |85
W) C ] Q8181
* 405 =¢Qi@ 1 '”
200 - || @
0 20 40 60 80 100120140160180
> RsO/AT [nQK
i1dE In0K! 3



C

[ |\

(\)

249

50—

45

Rs [nQ]

40
35

30

AT=476 mK "

25

A

20

15F%

10

i

Rres(AT)

e AT K

N

25 3 35 4 45

m INIRRN RN AN RN AR EEN NN NN NNl AN T NN AR

TK]

Possible hypotheses

i) An additional term is added

AT effect at low RF field

* Theresidual component is bigger
* The T-slope is steeper

Come to my poster THPB046

RS(T; AT) = RBCS(T) + Rnew(T; AT) + Rres(AT)
—> Not easy to reproduce exp(—A/T) (quasi-particles’ thermal excitation)

ii) Modified BCS term [in Tayler expansion R'gcs(T; AT) o< AT X Rgcs(T)]
Rs(T; AT) = R'ps(T; AT) + Ryes(AT)

iii) Some of the BCS material parameters are affected by AT
Ry (T; AT) = Rpcs[T; x(AT)] + Ryes(AT)



ciﬁw Decrease coupling A ,/kgT.
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0.77xA ,/kgT, (AT=0) can reproduce the degraded Rs (T) by thermal gradient
- Gap reduction by a supercurrent produced by AT?
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Estimated B-field produced by AT
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Thermoelectric current in bi-metal structure 1/2

Seebeck Seebeck
voltage voltage

SablT17T5) Tl Scu(T17T))

discretized

n=2"+1 bridges
Tl

Equivalent circuit
= ladder of small circuits
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Magnetic field produced

was done
& measured |
*Bx (radial)
*Bz (axial)
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Most of the magnetic field is
cancelled outside the cavity

Still no direct evidence ®

Measurement by
fluxgate sensors

Fluxgate sensor

0.6f

0.5/

0.4

toroidal field \\

: NA° ¢6
Outside B
Biot-Savart law .

- - =
— . Ho IdINb X T', .E.‘
Nb = o |r_’)| o5
— Ho Idfcu X 7'_';
cu =, Y 53
41t |rl|
Inp~ — Icy

0.3

0.2




C
\

E/RW Contents

NS
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Céw Seamless cavity (see Silvia’s talk WEYAO03) 291 dE

Welded cavity Seamless cavity
welding

outer
part L Machined from
modification a bulk Cu billet
Different cool

down dynamics
was expected!!

Inner part
T I Y- 21
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* The thermal gradient
achieved was 1 order of
magnitude better than
welded cavity!

* Thanks to better thermal
conductance without the weld

counts [a.u.]
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CE/RW Cool down & thermal gradient

Cool down process was optimized
Slow cool down above T_ in order to
make the cavity temperature
uniform

Similar method to both welded and
seamless cavities
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Seamless cavity is 1 order of magnitude more sensitive
to the external magnetic field

* |In any case much more insensitive than
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Summary

The original design of the HIE-ISOLDE Nb/Cu cavity is
very sensitive to the cool down process, which affects
Q,, Q-slope, and T-slope (Come to my poster THPB046)

Contrary to bulk Nb, uniform cool down is more
preferable (Come to my poster THPB047)

Thermal gradient corresponds to a very strong external
magnetic field

Magnetic field probably produced by a thermoelectric
current in bi-metal structure was observed but
qguantitative study has not yet done

The seamless cavity has very good thermal
conductivity, and is also not affected by the thermal
gradient at all (See Silvia’s talk WEYAQ3)

These experimental facts may help us to theoretically
understand the effect of cool down dynamics in Nb/Cu

26
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