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« Type-I: Meissner State
below applied field Hc,
normal above

« Type-1l: Meissner State B
below Hcl. Energetically
favorable to enter mixed
state below Hc2. Normal

above Hc2. [& & &
Normal core @ @ Ha
» Hc3 is a surface effect: bulk 0L ® &
is normal, but surface layer ® & &
(~&) superconducting. R
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Critical Field | Value at 0K (mT)

Bc 200 Finnemore; Casalbuoni
Bcl 174 Finnemore

Bcl 190 C. Vallet

Bc2 390 Casalbuoni

Bc2 400 Finnemore

Bc2 410 Saito

Bc2 450 C. Vallet
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Metastability and Nucleation

Normal

Flux Lattice

Metastable

Pressure P

Superconducting
. - Te ' Temperature T
“Superheating” like Gas phase metastable for
110% humidity T, >T > T, spinodal temperature
B
0 . Metastable

Gdroplel(R)

=L energy barrier B
°  droplet nucleation
. R? surface tension cost
Surface tension © .
R3 bulk energy gain

(@)
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Type | (Pb) Type Il (Nb and Nb;Sn)

H H

Normal H.5;
Metastable

Flux Lattice

Metastable

Superconducting

Superconducting

J. Sethna, Cornell University
Can we calculate the phase diagram for Hg,?
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Why Is there a barrier to vortex penetration?
Why a superheating field?

Coherence Iength:_’@_
Decay of ¥

e Ener
b>ﬁ/ — H Field gain ergy COS.
- § 5 — Total Energy
: — Condensat1 _ . >
lG:) }M ................ OnensalonT Penetratlon depth: A
=2 Decay of H
T sNA>

Depth X

Costly core &enters first;
gain from field A later

J. Sethna, Cornell University

August 7, 2011 N. Valles. 15% International Conference on RF Superconductivity (2011) 8




SIEBR) Comell Laboratory £ - -
Uzo &5 A(c)::leeratgr-(l;raas:é'y Sc(i);nces and Education (CLASSE) M Ot I Vatl O n

* Why do we care?
— H, sets the ultimate physical limit for surface fields
— Hg, can be effected by surface treatments
— Metastability Is an interesting phenomenon to study

August 7, 2011 N. Valles. 15% International Conference on RF Superconductivity (2011) 9



;*ss’g Cornell Labor tryf

26:; Accelerator-based Sciences and Education (CLASSE)

 Critical Fields of Superconductors
« Survey of Previous Work

 New Results from Cornell on the
Superheating Field

August 7, 2011 N. Valles. 15% International Conference on RF Superconductivity (2011) 10



¥ Cornell Laboratory for

3:( Accelerator-based Sciences and Education (CLASSE) H Sh : Te m p e ratu re D e pe n d e n Ce

« Most H,, work based on Ginzburg-Landau Theory
( 2\
Hsh(T):C(K)HC 1-| —

_ \ ¢/ )
e GL solved In 1D case

Lead
Niobium

0.89 =
H sh = - H ¢ fDI’ K{,'f, <1 Mixed State
K /Y \/
H, ~12H for x., ~1 c /| superheated
.\.FI‘ L& (6T 1.0 \ State
H, =075H, for k,, = 1.
Meissmer State "
035 e

— Asymptotic expansion (Dolgert et. al.)

<<— TYPE | TYPE 1l

A P T S Y S T S |
0 04 08 1.2 .8 20
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SUPERHEATING IN PURE SUPERCONDUCTING NIOBIUM *

J.C. RENARD and Y. A. ROCHER
Alcatel. Bruyerves le Chatel 91, France

Received 28 March 1967

We present experimental evidences of superheating in pure niobium: our results are in agreement with a
superheating field larger than H.

Magnetization curves of Nb cylinders at 4.2K showing Hsh > Hc
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Hsh Measurements: Midrange «

‘,/—SI'I
= 30} TYPE [ —wta—TYF
H
o NORMAL STATE| He
. 20k H,
E []
= > | L [MIXED STATE]
A S e . ™ =
Iz 1 -
N SUPERHEATED STATE] LS
= eo (11141~
E 1.0 f - 2 Rt T, —
™~ pgh LEGEND! hy vs x at 90 MHz [H
= H
E 0.8} =— h{1=1.0) By Exirapolation H_H
S 0.7F Snlng  InBig=— hl{t=099) IMEISSMER STATE ;
= 0.6
B H
=— Abzolute Error Bor | H—"
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06 OF 0BO9 Q) 0.2 03 04 05 06 0F0DB0910 20 25
K

Type-I and Type-11 superconducting spheres near T.. Yogi (1976)

August 7, 2011

N. Valles. 15% International Conference on RF Superconductivity (2011)

13



SR comell Laborstory fo H,,: First measurement of

/s Accelerator-based Sciences and Education (CLASSE)

Temperature Dependence

250 . . . . _
S EPPEPSY Ginsburg-Landau Theory for H_ |
- O Data from Hays (1995)
= '_ ]
£ 150
T 100 :
50 | :
D - l 1 1 | ..'-
0 0.2 04 0.6 0.8 1

(TIT )*
Hays Measurement of Hsh(T) for Nb (1995)
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Validity versus complexity

Ginzburg-Landau (GL) i
« y(r), H(r) order parameters e Normal |
- Spatial dependence OK Hshm - i
» Valid only near T, Hy
Superconducting
T, ©

Bardeen Cooper Schrieffer (BCS) theory
« Pairing k, -k within vibration energy K¢
 Excellent for traditional superconductors
* Hcl(T)1 HCZ(T) done ha)d
« H(T) hard (spatial dependence)

J. Sethna, Cornell University
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Eilenberger Equations
« Valid at all temperatures
* Assumes A(r), H(r) vary slowly

Eilenberger equation results

Mng T Nb38n ' ' I
0.84 T i
T | j
. : s Ginzburg-
Eliashberg equations o Landau
* Needs electronic structure g Underestimate
- Never done before for H, 3 for Ha,
v
0.745F o |
0 0.2 0.4 0.6 0.8 1

. . Temperature 7/T
J. Sethna, Cornell University P ¢
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Eilenberger near Tc —

Mark Transtrum
T T[T 1 T ] | R O O . L I l/ 125 : : :
o |8
23 < = i i -
S § 1.2
Z.
Hsh |
1.15
20 HC Hea g
He =J/ix
MAL STATE T1F
(]
15 Mixed State - % 105k
i p]
Data fo L

A
He lead / Superheated Tr
10 \ State E

Meissner State / _—

o3 Ko 3 0.9F
"C
0.55 : ' '
ke — TYPE | TYPE 11 0 g 10 15 20
0 = ofa o o:s = |:2 = |f6 = 20 K

GL Porometer « [= ‘%‘]
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0.84

0.3;15
0.50]
n.?sf
n.?e.f

0.74L -
0.0 0.2 0.4 0.6 0.8

Hsh(T), Large

T/T.
Ellenberger Egns, kx >> 1.
Sethna , Catelani
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 Solving the Ellenberger equations are
hard, especially for moderate or small «

» Experimental measurements are

necessary to help guide theory
Hsh(kx ~ 1), convergence

25 . B Ll
A)—T=O.200TC
ﬁ)—T=O.975TC

&)

< 2

N

(%2}

I

1l

=

l

¥

\615 O\O
10 r PrrrrrrFl - rrrrrwsz r ppppprr3
10 10 10 10

Number of points on Fermi Surface
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i —

U

LR1-3 to measure Suoerheatlng Fleld
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)

4
i

7] .

Re-entrant cavity prep:
*\ertical EP

2 hr HPR , clean assembly
*120C bake for 48 hr

Ul |N L)

LR1-3 to measure Sulorheatlng Flel
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T an Pulsed Power Measurements

I'l\ll -~ ¥

Boeing Klystron supplies v

high power pulses
* P~ 1.5 MW s
* Qext = 6 X 106 N

» Ramp up power quickly ” ’
(100 us) to minimize |
thermal effects
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 Following Hays we can write:

oJ dU U
Pf:PF+QO+dt and \/Er:\/P/f_ g_

ext

hich ai ﬂ:Z wUP; _dU_a)U
wnicn gives Q, Q.. dt Q, or

1 _ 2 P, _d\/U 1
Q, a)\/U Qext dt Qe
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Determining k in CW

10°
" 2
E 10 E
I
L
T
B 10 :
oy
D
(¥
()
G 107 :
— SRIMP Prediction |
y +  Measurement
-1[] L 1 1

1.4 2 250 3 35 4 45
Temperature [K]

SRIMP Fit: MFP =27 nm. x = 3.5
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1.2+ -
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T.1¢

1.05

Hsh/He

0.595
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1.25

121
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0.595

0.9

a 10 15 200

.55 :
I

¥

Possibility for 20% increase by changing «
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Baking lowers mean free path (and thus «)

1.2

115}

.85

by introducing surface impurities

10 10
MWean Free FPath [nm]
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Re-entrant cavity prep:

» 800 C bake, 2 hr

* Vertical EP

* 2 hr HPR , clean assembly
* NO 120C bake

_\® 3 \.: !J. | —.,7-. 3\ ‘\\ |
X : "I%L\"‘ lia: "' 1 z') ")“' \ __.fi.‘\ / S

LR1- 3 o rreasure Suloerheatlng FIGF
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Severe Q drop at low fields.
Small radiation, no quenches

August 7, 2011 N. Valles. 15% International Conference on RF Superconductivity (2011) 34



8B Cormell Laboratory f
ua% \5: A(c)zzleeratgr-(l;raast:éy Sc(i);nces and Education (CLASSE) H Sh (T) I\/I eaS u re m e nt

0 0.2 0.4 0.6 0.8 1
(T/T )

c(x) =1.28%+0.06
(Theory predicts 1.30) k clearly changed!
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* \WWe now have a measurement showing the full
temperature dependence of Hsh

» GL theory is suprisingly accurate over the full
temperature range

» Surface treatments strongly influence Hsh

» There appears to be a trade-off between removing
high field Q-slope and high superheating field
— Alternative to 120C bake?
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 Eillenberger theory appears to give a small increase
to Hy, at low temperatures

« H, measurements are a place where experiment
can really drive theory

 More work needs to be done to ensure the
convergence of the Eilenberger eqns for T << T,

« Can we reproduce these results for new materials
such as Nb,Sn or MgB,?
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Sam Posen at Cornell is currently
making Nb3Sn. THPOO066
H,, measurements to follow
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