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INTRODUCTION




SC IN ACCELERATORS: WHERE ?

Partictle
W accélérée
Part&e
chargée '
Ehamp magnétique

B Magnets (deviation)
- Curvature, focalization magnets
- Detectors

B RF Cavities (acceleration)

B Other close applications
= Magnets for medical imaging (at development origin)
= Fusion magnets
- Electrical engineerindhigh challenges!!!)

= Josephson Junctions
= SC electronics (RSFQ logic )
- SQUIDS
= Magnetic field detection
== Bolometers

- Nanodetectore) O2 Yy a i NA Ol A 2y a
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DC
Driving some10 000 A/
Copper Wire

NbTi SC wire (He cooled)

Electromagnets

B Examples
= LHC @ CERNbTimagnets:

= 27 km circumference, power ~1 energy plant (only cooling, cryogenic power).
= |f magnets = Cu (+Fe) : 100 km circumference, power supply ~4 power plants,

= [N detectors: allows increasingtkansparency»

= Magnets needed for trajectory curvature. Occupied volume => no detection
elements
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B  More complex, depends a lot upon
duty cycle
== Duty cycle = 1 (power 100% of the

time) <= only superconductivity

RF Cavities

B Example

== Proton linacs (neutrons sources):
Other advantages
== Larger aperture => lower impedance
=>easier alignment and lower wake
field / better emittancy

Cuivre Niobium (SC)

Surface resistance: Rg 7 mq 10nq
Foreseeable accelerating field: 1.6 MV/m 10 MV/m
Eacc
RF efficienc
© J 15% 100%
h RF_Pbeam/(Pbeam+Pcav)
Cryogenic efficiency
(hcryo:hCarnot X hthermo avec 100% 0,2%
hCarnot:Tfroid/(Tchaud'Tfroid))
>Gl | effici
Global efficiency 7 5% 49%
I:)fournie au faisceau/Pa la prise
Actual length to gain 1 GeV 833 m 286 m
0.1 Vipe
R/Q (fundamental) = 265 Q/cell T—
R83
R224 m‘r
273
R20

178

Copper cavity shape

(b)

Superconducting
B-Factory Cell Shape
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SOME COSTS ELEMENTS ﬁ

For an arbitrary E, | :

m O2ailmm 6AGK 5dzie
B $ Optimum accelerating field
== LOW field => longer machine =>
cost y
=Hi gh field => RF
and cryogenic cos
B Other example: CLIC vs I[G/e-
collider, Higgs factory)
= [LC: D.C.=05% @ 1,3 GHz
== CLIC:D.C.=0,001% @ 12 GHz
B Linac costs
== ~ 1/3 tunnel, construction

Costs
(investment 4
+ operation)

' Egee(MV/m)

Duty Cycle == ~ 1/3 niobium, cryo
0,1% % % .
Y 0% 100% A jog scale = ~ 1/3 RF, beam control
Cu
Supra
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BACK TO BASICS




SUPERCONDUCTIVITY

Simplified principle: O O© © O
I Coupling of e- via phonons
I Single e- = fermions, Cooper pairs = bosons ° ° ° 0
I Condensation (Bose-Einstein) + gap opening
B 1! Wave function for all paired e- : macroscopic o o ° o
coherent state w. R=0 ( /1. : not always true !!!) o ° o °
_'_ S Molecule
E A E A E A
.. Semiconductor
EF ...................... EF' ........... L - EF ---------- R
Metallic bond ‘. ‘ . 2 (@ ! 2 DI(T
— b — ©0°® W% » o

7
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MEISSNER STATE, TYPE | & 1l SC

_)
HoH |B|
0 ¥9
%
M
O
15 —_ il p Typ@l
N — | Vel plw
H “4pMHe | | || e Vol
.......... \[E" o Type “
: O 1 == al v
K :a sc figure of
merit (see below)
\
0,5 —\
\‘ Magnetization of
| ~50 nm (Nb) 0 i o e defect free SC
Supercurrent >> GA/m?2 R ST I L= \'%
0 1 2 3 4 5
h = H/Hc

o1

© O+0)=0
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TYPE | & Il

Important parameters:

B Hc : thermodynamic critical field (intrinsic)

B He:Itcritical field (transition: Meissner state =
B Hep:249critical field (transition Mixed state => No
B k : Ginzdbwg-Landau parameter (depends on material 6s s
B | :field penetration depth, x : Cooper pairs coherence lentgh (see below)

HoH |B| T I
/gl e
¥% 115 VNI/GCT ppﬁ” yp
————— )
° N s s } Type
- 1 U=
M
-_— O
\
Y
o — 0,5 )
\ z\ Magnetization of
- 00 0 ‘ T"X2 \::--—— ——. . defect\?free SC
Hc He,
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MIXED STATE AND VORTEX

Mixed state : H > H;

B Field is not fully screened anymore

m Flux |lines enter the materi al => nor mal zones sur
B Remaining material still in the superconducting state 2/
—_— (}(} @
o O
0 2X
L — N — —lle
S ‘0O 0O
L B
Y
: - O (param tre df¢
— l _? 0‘0‘ X / r
L X (@)
= Each votex contains 1! Quantum of flux F,

== Screning currents extend overr ~ |

NB : do not confuse intermediary state (type | SC, coexistence
of normal zone and SC zones, WITHOUT vortex, if H is non
uniform) with mixed state (vortex state, for type Il SC)

F,=h/(2e) = 2,06783376 T 1015 Weber (T/m?)
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A COMPLEX PHASE DIAGRAM

. . , Cauviti
Applicationsé W Caviies
i%  Coils
B type Il SC: 3 main Phases
== Meissner state (SC, B=0)
== Mixte state (SC + vortices ( B1 0) )
T

== NOrmal conducting State

H I
®  $ thousands of SC
B In practice:

== <10 are actually used

== They are all type Il : low H-; and high H,
Te => mixed stateé EXCEPT Nb ! (RF appli.)

NB : JD depairing current dens. (intrinsic)
| JC critical current den
Jc has no meaning in RF (see part Il)
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A COMPLEX PHASE DIAGRAM ﬁ

Vortex behavior is conditioning the application limits

B Vortex (VX)

== Centered hexagonal lattice (triangular)

== Can be pinned on cryst. defects (see part Il)
—=Several | states

= H>H,=> RI 0

Hy [ H,,
t \
H \ Vx Liquid \
Vx glass X \
'\Jg‘::::}(\‘\ \ H
71 1
:\ N \
: \
; \
VX Lattice i i
Hea -t
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