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— Presentation of cavities studied

= Spiral2 Quarter-Wave Resonator (QWR)
= ESS Double-Spoke Resonator (DSR)

— Surface resistance model
— Test results and model comparison

= Flux trapping study

= Spiral2 Quarter-Wave Resonator (QWR)
= ESS Double-Spoke Resonator (DSR)
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‘ PN LOW FREQUENCY CAVITIES STUDIED
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SPIRAL2 QUARTER-
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‘PN PRESENTATION OF RS MODEL
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s Standard expression : 0, = 7.
Y G=2-7m-F-L
(L.
2

% True if Rs does not depend on B !! J; j

»* Not valid once we implement Rs(B) to model the Q-
slope

— Need to discretize
[[Rs(B)-B* =~ Rs,(B)-B} -5,
S i

—> Evaluate B, and S, all over the surface
with CST Microwave Studio
S, = total surface area where B, ; <B< B,
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PRESENTATION OF RS MODEL
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‘PN A GOOD MODEL TO FIT SPIRAL2 QWR Q-CURVES
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** Qo can be expressed :

> B?-X, .
0, =G i With Rg = Ry (T,Bi)+ R
ZRSi(Bi)'Biz 'Xi

2
! B
¢ Second order phase transition : AT, B)= AT, B = O).[I(BC(T)j J

o tirn fsraaza

k, T Be(T)

R, (T,B) ‘ +@ Be(T) %]

¢ 5 fitting parameters A, B, R,.,, Yand o
“* o0 and y contribute to residual resistance because dominating at low temperature
(T< 2K).

(T, Bi)

res
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—> o and vy are attributed to residual resistance because their contribution is
dominating at low temperature (< 2K). Ry is negligeable.

= o : linear dependence : zero for good cavities, not zero when Q-disease or bad

etching

= something to do with hydrogen

= 7y : quadratic dependence : never zero, dominating below 2K.

= something to do with material pollution ? Or temperature

instabilities ?



iPN BETA PARAMETER B Y
I(P;%&IEJTDEPHYSIOUENU(LEAIRE RBCS cC eXp 1 —_ ﬂ .

Over 3 Spiral2 QWR, none have the same B factor. Be(T)
—> B could be either : a magnetic field enhancement (geometrical or roughness?)
OR
a degradation of Bc
= Quench detection campaign showed quench is occuring around plunger port (not
maximum surface magnetic field if radius of curvature is 5 mm !!)

17 1.62

= lefl.cult welding 6 45 a mt:ger e
—> Radius of curvature o 1\ L3 o
is lower than expected = \\ R-without S
and not controlled 3 14 prubger ——r 133 :
E 13 1.24 -..E,_~
= Bpk/Eacc is not £y 1.14 "E
10.5 mT/MV/m but __-E_ " \\ 105%-
between 13 and 17 5 \@ .

= Explains why none of ° o5

cavities could go above 160 mT 8 . i o s

Radius of curvature (mm)
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TEST RESULTS (MB09-BAKED)
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TEST RESULTS (MB09-BAKED)

INSTITUT DE PHYSIQUE NUCLEAIRE

Eacc (MV/m)

Eacc (MV/m)

0 2 4 6 8 10 12 12.8342 0 2 4 6 8 10 12 12.8342
1E+11 ‘ ‘ : ! ‘ — 1E+11 ‘ ‘ ‘ ‘ ‘ —
e, . _mmata s
& 1E+10 = & 1E+10 .
i T (m - LN G T(K) BcT (mT)Bpk/Eacc a lrnn
iGSS Tz(f) Blgg(GT)BpkgEgs 2.1K N 33 244 |1859 9.35 <.a41
hY RresO(Ohms)a | q "
. RresO(Ohms) o Y | Residtial contribution r \ - -- - Residual c.ontt:|but|on V \
By - - BCScontribution /1 A Freq (GHz) RbesO (Ohms) ij;:::lt:b:gn g >
A rod (Ghz) Rocs (Ohms) Residkal + BCS r 8E-5 |8.8E-2 12.56E-10 Experlmental pomts r
1E+9- — ; SBE_% 9“73&11‘ Expenmemal poiis r % 10 20 0 40 0 e 70 .sb 9 100 110 120
0 10 20 30 40 50 0 70 Magnetic field (mT)
Magnetic field (mT) Bpk/ Eacc = 15 4 mT/MV/m
Eacc (MV/m)
0 2 4 6 8 10 12 12.8342 . . .
EalE SrTrrie—— | | | = Red curve : Residual contribution
L Green curve : BCS contribution
\*\'\! Blue curve : Residual + BCS contributions
4.2K ., Black dots : Experimental points
& 1E+9 =
L \ L o
?ig o e NG None of fitting parameters changed
 Fres0(0hms) o | Resicusl contrbution 7 Just temperature is changing :
- -- -  BCS contribution V
A Freq (GHz) Rbes0 (Ohms) Residual + BCS V => RbCS(T)
SEo RS BE 2 il Expenmental pomts F
S 10 20 30 40 50 60 70 8 % 100 110 130 => BC(T)

Magnetic field (D) 4 7/09/2015 — 17th RF Superconductivity conference — Longuevergne David

11



iPN TEST RESULTS (MB05)

INSTITUT DE PHYSIQUE NUCLEAIRE

Eacc (MV/m)

’ 5 g 6 g 10 12 12.8342
5E+10 | | | | | II
.I
4._f—I—-. -
] IJ. - = [ |
| " m g "
". i m e -
N = - I_._..;L_TS—KT&—LZM{%
) L Il g |~ — = =
H g C -, . B 5
[ ] — 2.48"(
m
| = T (K) BcT (mT) Bpk/Eacc =
33 0 200 9.35 *
4.2K
RresO(Oth) o Residual contribution V
ol o ---_ 8CS contribution /'
1 Freq (GHz) Rbcs0O (Ohms) | paciqual + BCS V
JSE-5 W8.8E-2 NaN - Experimental points r
5E+8- ' ' | '

0 10 20 30 40 50 60 70 80 90 100 110 120
Magnetic field (mT)



4PN

INSTITUT DE PHYSIQUE NUCLEAIRE

TEST RESULTS (MB05 - BAKED)
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TEST RESULTS (TOKYO - UNBAKED)
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TEST RESULTS (TOKYO - BAKED)
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‘PN TEST RESULTS (TOKYO - COMPARISON)
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Unbaked Baking a cavity leads to :
cavity i

RocsatB=0 . = A decrease of Rbcs (decrease
5 n c
at 4.2K of electron mean free path)

Rgcs at B=0 . ) .
below2k < 0-1nQ : :>.An increase of Rres (diffusion
of impurities)

A 9E-5

B 1.34

— B is not changin
Rres at B=0 0.65 nQ B ging

‘;‘ = Rres*Y? is slightly changing
Rres*y?
(nQ) ' ' = ot is still zero

2
B B
T.B)=R_, |1+« +| -
R (1B) =R, Be(T) (7 Bc(T)j
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‘PN TEST RESULTS (TOKYO - COMPARISON)
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At low frequency, 120°C baking is justified if operated at 4.2K.

10

At 2K, baking is not improving Qo but could be required to decrease
multipacting strength
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WHAT ABOUT SPOKE RESONATOR (ESS)

—> 3 prototypes (ROMEA, GIULIETTA, GERMAINE)
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WHAT ABOUT SPOKE RESONATOR (ESS)

= The model is fitting nicely Qo curves for Spiral2 QWR (88 MHz)
= What about at a higher frequency (352 MHz) ?
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WHAT ABOUT SPOKE RESONATOR

ORSAY
Eacc (MV/m) Eacc (MV/m)
0 2 4 6 8 10 12 14 16 17.4419 0 2 4 6 8 19 12 14 1§ 17.4419
2E+10- | | ‘ 2E+10
UL - -
| |
u
1E+10-ma— 1E+10-Sg— LA | ul _
- = \ ‘I.%_ti
n Lo ™1
= ~ . [ -
" ., hane W |
= \
‘*
rieia emission or
o
o o
H - b
s 2K —Good-etching B=1.377 =TT T T =
-." G T (K) BcT (mT) Bpk/Eacc ! v 3 124 cielitg G T (K) BcT (mT) Bpk/Eacc
\ 130 Too eaqsly to say \ 130 2 1905 (688
n |~ n |
"'.. Residual contribution A rEsClimi) "5. Residual contribution A Whms) (X-Y- - B
T BCS contribution A - - - - T BCS contribution A
Residual + BCS A A Freq (GHz) RbcsO (Ohms) Residual + BCS A Freq (GHz) RbcsO (Ohms)|
- 2 5 ; 5 1.1E-4 |3.52E-1 1.51E-9
Experimental points J LIEAQoS2E 1 Lolbd Experimental points J
1E+8 ! ! ! ! ‘ 1E+8~ 1 ! : ! ‘
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Magnetic field (mT) Magnetic field (mT)
Eacc (MV/m)
Eacc (MV/m) 0 2 4 6 8 10 12 14 16 17.4419
0 2 4 6 8 10 12 14 16 17.4419 2E+10- i i i i i i i i s
2E+10" i i i | | i i i ' immm g .
iNmm g - . L] mn g -
"o 1E+10-mwg S —
1E+10-mwg L | - .,
- LI - u
L . L | = "
& n [~ -
n -
" e, "=
LI o
.,
L
]
“ \ﬁ\i
1E+9\g = [
] = Q disease G T(K) BT (mT)Bpk/Eacc - T BT (mT) BPk/EaCC:
o 120 2 1905 688 | \ 42 1583 688
[ n
L] ¥ | RresO(Ohms) o =
RresO(Ohms) ot *5. Residual contribution A
Residual contribution A - - |
LT BCS contribution A - - - - B T BCS contribution A - -
Residual + BCS Bla Freq (GHz) Rbes0 (Ohms) — Residual + BCS AlA Freq (GHz) Rbcs0 (Ohms)|
Experimental points J 1E-4 |3.52B1 |137E-9 Experimental points .J L1E-4 |3.52E-1  |589%-8
1E+8- ; ! ! ! g 1E+8~ ! ! ! ! ;
0 20 40 60 80 100 120 0 20 40 60 80 100 120 20

Magnetic field (mT)

Magnetic field (mT)



ORSAY

Comments
Rgcs at B=0
below 2K

Rres at
B=0
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WHAT ABOUT SPOKE RESONATOR

Q-disease

Additional
60 um with

200 pm

6h at 90K

A better etching leads to :

— A decrease of Rres

— A decrease of Rres*o
(less hydrogen)

= At 4.2K, Qo slope more
important than predicted (thermal
instabilities).



‘PN IN CONCLUSION FOR THE MODEL

INSTITUT []E PHYSIQUE NUCLEAIRE

ORSAY

= Very nice predictions for Spiral2 QWR.

— Good predictions at 2K for Spoke resonator but not for Q-slope at 4.2K
* problems of thermal instabilities because of Rs > 50 nQ (power
density too high)

—> Helped us through B factor to explain why all cavities where limited at
100-120 mT at 4.2K

— Need more work to understand the residual parameters o and 'y
o : linear factor linked to hydrogen (Q-disease, bad etching)
* v : quadratic factor is changed with a baking
(thermal instabilities ?, material pollution?)
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INSTITUT DE PHYSIQUE NUCLEAIRE

ORSAY

MAG1V MAG3V
MAG2V

= 9 magnetic sensors (fluxgate) available
(mounted as triaxial sensor or alone)

= Monitoring of residual magnetic field
during cooling down

— Measurement of magnetic sensitivity

of cavity o
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Time
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FLUX TRAPPING STUDY ON ESS DSR

® 2K_Low residual
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= 9 magnetic sensors (multiplexed) give very precise measurement of the magnetic
field during cooling down.

— SPIRAL2 QWR :
* No thermal current
* Huge magnetic field is appearing close to transition on SPIRAL2 QWR
* No degradation of the Qo despite more than 1500 mG close to magnetic
area (field not trapped along inner conductor but at the very bottom)
* Very low magnetic sensitivity 0.01 nQ/mG

—> ESS Spoke Resonator
* Magnetic sensors difficult to install (spoke bars not accessible)
* Important thermal current created during cooling down (90 mG)
* Magnetic sensitivity in beam tube direction evaluated at 0.08 nQ/mG
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17/09/2015 — 17th RF Superconductivity conference — Longuevergne David
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< Rgcg model : R,. = AAE .. & -expL_A(T)J

T kg T

=> Transition of first order in field : A(B) = cste for B<Bc, A(B) = 0 for B>Bc
=> Transition of second order in field :

| Free energy of normalstateat4.2k ______________________ Bc
! i . B2 !
i F,- F.(B)=iF,~ F,(0)- > ° i
| | 2 uy |
. i a
|F F(U)— [ 7[;.,5'3!
: / 1 mag 2‘;10 :
i . I’s-B? i
; P E g ;
L ‘/”D .
+ e S 4
Free energy of superconducting state at zero field and
4IZKI
0 40 80 120 160

Magnetic field (mT)

B Y _ (1 (7Y
A(T,B):A(T,B=0)-{1—[BC(TJj Be(T) = Be(0) (1 (Tc) J

17/09/2015 — 17th RF Superconductivity conference — Longuevergne David 35
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‘PN A GOOD MODEL TO FIT SPIRAL2 QWR Q-CURVES
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LW B, D 0,12
JlPN .STmraZf Varkieal tasi rasulis -

[=4.21K- 120CBAKING
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/ =
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Eacc (MV/m)

4 MB01 Gilia (baking)

® MB0Z Erentrude
{baking)

B MBO02 Verena
(baking)

+ MB04 Colette
(baking)

A MBO5 Sylvana
(baking)
MBOE Richardine
(baking)

H MBO7 Pezenne
(baking)
MBOB Ursula
(baking)

& MB09 Thelma
{baking)
MB10 Praxede
{baking)
MB11 Daniela
(baking)
MB12 Ghislie
{baking)

A MB13 Sybille
{baking)
MEBl4 Bienvenue
(baking)

N MB15 Maeva
{baking)

+ MB16 Bedachonne

{baking)
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BEFORE/ AFTER BAKING AT 120°C (MB09) AT 4.2K
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WITH/WITHOUT MAGNETIC FIELD (MBO05)
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