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A “real” superconductor
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(b) Sketch of flux trapping

External magnetic flux can get trapped on cool-
down, resulting normal conducting spots.

As a result, in a superconducting cavity the
effective surface resistance increases leading to
lower quality factors

Sketches from:
H. Padamsee, J. Knobloch and T. Hays,
RF Superconductivity for Accelerators, John Wiley, New York 1998.
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Does the orientation of the magnetic
flied with respect to the

superconductor impact flux trapping?




28" Linear Accelerator Conference
East Lansing, M| USA - 25-30 September

Experimental Set-up

Ingredients: solenoids, flux gates, T sensors and
a piece of niobium
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Ch 2 Ch1
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Each experiment had 5 phases:

1: T>T,, solenoids off 2: T>T_, solenoids on

3: T<T,, solenoids on, 4: T<T_, solenoids off 5: T>T,
solenoids off

120 - 40
""" Fluxgate 1
100 iR i B L 25
Fluxgate 4
80 uxgate | a9
— . : Temperature
Q 60 ] -
£ '- : 25 X
3 40 ) : £
o | 2 3 | 4 20 ®
o : | ]
ﬁ 2§ e e e L | - - s A o
c I i : E
& | 15 e
s 0 |
[ ' I
| 10
VT e N e e e - - - (
5
i P S —— 5
_ED ! . - . - . - D
0 100 200 300 400 500 600
Time (s)




LINAC 16

D ata 28" Linear Accelerator Conference

East Lansing, M| USA - 25-30 September

20 - 80
""" Fluxgate 1
10 1
= = Fluxgate 2 - 70
01 [ ' Temperature
J - - 60
_10 2] F'O‘"&"J—'"&'—"H"ﬂ'.‘"
GE“ ._____' | Tty 1
520 i ! T
G N ! 3
L .30 1 | 40 ®
i) | | )
] i : g
£ 40 - : ! £
> I\ i F30 2
= i :
-50 - i\ !
: ! - 20
-60 - ! I
! j
7 b sz - 10
-80 T T T T T T T 0

0 100 200 300 400 500 600 700 800

Camnell Laboratory for
Accelerator-based Sdences
and Education (CLASSE)




CLASSE Data LINAC 16

Cornell laboratory of Accelemtor-Based Siences & Edication East Lansing, M USA - 25-30 September

1
(=]
o

60 -

""" Fluxgate 1
50 1 9

co
o

= = Fluxgate 2

.......................

40 - b o : ~—Temperature

30 +

o
o

o 0
/
i
i
|
’
]
i
|
1
0
i
S

Temperature (K)

20 A

10 -

Magnetic Field (mG)
-
o

— . — . — — S WD
o on
o o

----------------------

1

o
]
|
|
|
\

L &
;
I
|
|
!
|
\
&

w
(e
1
—
o

A
o
o




CLASSE LINAC 16

Cornell laboratory of Accelemtor-Based Siences & Edication East Lansing, M USA - 25-30 September

40 0000 e Fluxgate 1 - 80
= = Fluxgate 2
\ - 70
20 - Temperaiure | = = = = = = -I
: )
I
a 0 ] Peessaniy, I l _
E I [ 50 ¥
5. ! | o
g ................... I R R R R a
ol e e e R b Sty et A 40 ®
2 | ' g
2 | ' : £
g | - ! : 130 2
= -40 Ve - - :
: 20
-60
’ = 413
-80 - . i = . . 0
0 200 400 600 800 1000

Time (s)




#: CLASSE LINAC 16

Cornell laboratory of / Based Siences & Edication East Lansing. MI USA - 25-30 September

20 - 90

10 - graessevseseinsstsaeien " <==** Fluxgate 1 - 80
: = = Fluxgate 2

01 Temperature - 70
® -10 - : - 60 _
E  ld e 3
220 T~ 5 LA i o + 50 S
= i : ' 2
L ; : | -
2 -30 | : | - 40 o
c : £
o ! : @
S | R - : ; =
= -40 : R e “l - 30

0 100 200 300 400 500 600 700 800 900
Time (s)

Camnell Laboratory for
Accelerator-based Sdences
and Education (CLASSE)




CLASSE Data LINAC 16

Cornell laboratory of Accelemtor-Based Siences & Edication East Lansing, M USA - 25-30 September

- 70

50 -
Sessnasesasssanat® 3 - 60
. cem o fgn, sy . P ey o S, ga —vn—l.! i_ R ‘r-v— ----- Py o Sy oW
0 1 I o 0 e Fluxgate 1 - 50
— I- I .
(g | : = = Fluxgate 2 g
- \l : “Temperature | 45 o
® -50 i ! 5
i i 5
L I i 5
- L Q.
: | ; %0
8-100 - ! , 2
= I !
i ! - 20
i l
. | i
-150 - i N
: \ : F 10
-200 . . . . . . . 0
0 100 200 300 400 500 600 700
Time (s)
B ot 2

and Education (CLASSE)




CLASSE

Cornell laboratory of Accelent

250 -

_—

Magnetic Field (mG)
= o
o o

([9)]
o

tor-Based Siences & Edication

Data

LINAC 16

28" Linear Accelerator Conference

East Lansing, M| USA - 25-30 September

Bassssunsssannsvonenssenanrssrass T Fluxgate 1

: ~ = Fluxgate 2

i “Temperature
|

|

!

|

|

I

|

|

== == = = = - - w/=

-50

o,
Camnell Laboratory for

Accelerator-based Sdences

and Education (CLASSE)

0 200

400

600

800
Time (s)

1000 1200 1400

- 200

180

- 160

140

- 120

o
=)
Kelvin (K)

(6]
o

o
o

40

- 20

-20




B Comell Laboratory for

coclerator-based Scences
and Education (CLASSE)

100

80

] S (@]
o o o

Magnetic Field (mG)
o

""" Fluxgate 1
1 = = Fluxgate 2
‘Fluxgate 4

Temperature

el el aall ) R —————
| .

"s*tsssssssassssssnssnsssipassannnnns

LINAC 16

28" Linear Accelerator Conference

East Lansing. M1 USA - 25-30 Se;

A

F, .

.

.
q——————--_‘

.

.

.

| -

I | v ¢ gy, , s S o o

i "

-

o o= - - - -

ptember

- 60

- 50

- 40

- 30

- 20

- 10

0 200 400

600

Time (s)

800

1000

Temperature (K)




CLASSE LINAC 16

Cornell laboratory of Accelemtor-Based Siences & Edication East Lansing, M USA - 25-30 September

120 - 40

""" Fluxgate 1

100 - | : é .............. O E . F]UXgatez - 35

- \ Fluxgate 4
80 \; g I
“Temperature /

o)
o

[ 25

B
o

- 20

N
o
!
:
:
|
|
i

s X3 1R ]

Temperature (K)

Magnetic Field (mG)

o
— g

B . i/ 1R

0 100 200 300 400 500 600




LINAC 16

L]
An a Iys Is 28" Linear Accelerator Conference

Cornell laboratory of Accelemtor-Based Siences & Edication East Lansing, M USA - 25-30 September

Solenoids Inward (Trapped)
Selenoids Inward

Side A Side B
Side A Side B

Ch1 Ch2

Ch1 Ch2

Camnell Laboratory for
Accelerator-based Sdences
and Education (CLASSE)




Cornell laboratory of Accelemtor-Based Siences & Edication

Solenoids Outward

Side A

Camnell Laboratory for
Accelerator-based Sdences
and Education (CLASSE)

Side B

Analysis

Solenoids Outward

Side A

i

Ch1

LINAC 16

28" Linear Accelerator Conference

East Lansing, M| USA - 25-30 September

Side B

Ch2




CLASSE

Cornell laboratory of Accelemtor-Based Sien

& Edication

Analysis

LINAC 16

28" Linear Accelerator Conference

East Lansing, M| USA - 25-30 September

Both Solenolds Pointed Toward Side A (Left)

Side A

Ch1

Camnell Laboratory for
Accelerator-based Sdences
and Education (CLASSE)

Side B

Both Solenoids Left (Trapped)

Side A

Side B




LINAC 16

L]
An a Iys Is 28" Linear Accelerator Conference

East Lansing, M| USA - 25-30 September

Edication

Ch1i Ch2 Solenoid A Right (Trapped)
Solenoid A Right 1
Side A Side B
Side A ’— Side B
N -
-

Ch1 Ch2

Camnell Laboratory for
Accelerator-based Sdences
and Education (CLASSE)




LASSE

Cornell laboratory of Accelemtor-Based Siences & Edication

Analysis

LINAC 16

28" Linear Accelerator Conference

East Lansing, M| USA - 25-30 September

Camnell Laboratory for
Accelerator-based Sdences
and Education (CLASSE)

Side A

Side A

Side B

Side B

Side A

Chz2 Ch1

Side A

Side B

Side B




LINAC 16

L]
An a Iys Is 28" Linear Accelerator Conference

Cornell laboratory of Accelemtor-Based Siences & Edication East Lansing, M USA - 25-30 September

— Side A Side B
Side A Side B

Chz  Chi Chz  ch1

Side A Side B Side A Side B

Ch h 1

Camnell Laboratory for
Accelerator-based Sdences
and Education (CLASSE)




LINAC 16

28" Linear Accelerator Conference

Cornell laboratory of Accelemtor-Based Siences & Edication East Lansing. MI USA - 25-30 September

Time to breath

Camnell Laboratory for
Accelerator-based Sdences
and Education (CLASSE)




Cornell laboratory of Accelemtor-Based Siences & Edication East Lansing, M USA - 25-30 September

CLASSE Results LINAC 16 ﬁ

S1 S2 Fluxgate B, Bz[mG] B3[mG] Bs[mG] Bs[mG] Brrapped  Bsolenoid Trapping

Channel [mG] [mG] [mG]
R L 1 -12.6 -68.2 -67.6 -8.81 -13.6 4.75 -54.6 8.7%
R L 2 -14.6 -68.5 -69.5 -9.80 -14.1 4.33 -54.4 8.0%
L R 1 -15.6 41.4 42.5 -18.9 -16.0 -2.91 57.3 5.1%
L R 2 -19.1 36.0 35.2 -23.8 -19.1 -4.72 55.1 8.5%
R - 1 -15.8 -53.7 -52.0 11.0 -16.4 27.4 -37.3 73.5%
R - 2 -15.4 -36.9 -39.2 -40.3 -19.2 -21.1 -17.7 119%
U u 1 17.0 -173 -173 30.9 18.6 12.3 -192 6.4%
U U 2 17.5 -152 -152 15.7 19.2 -3.50 -171 2.1%
D D 1 17.7 208 208 5.16 16.9 -11.8 -191 6.2%
D D 2 18.7 188 188 20.9 17.5 3.40 -171 2.0%
D U 1 18.0 -62.1 -62.1 71.9 18.1 53.8 -80.2 67.1%
D U 2 18.4 61.4 61.2 -9.77 18.1 -27.9 -43.3 64.4%
U ] 1 17.8 98.8 98.5 -35.3 17.8 -53.1 81.0 65.6%
U D 2 18.4 -24.0 -23.9 46.8 18.3 28.5 -42.3 67.4%
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Does the orientation of the magnetic
flied with respect to the

superconductor impact flux trapping?
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Find out at poster
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