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Issues: beyond Nb for sustainability and higher performance

* Niobium material is getting more and more expensive
* Cryogenic costs: infrastructure, helium, and electricity

N Electricity costs in M€

Average electricity tariff to CERN 2023 MTP
- == «= Average electricity tariff to CERN Dec 2022
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Another point: HTS market is growing :



Critical temperature T, [K]

Three different families of superconductors
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HTS SRF cavities under B reaching 10/

cuprate tapes on copper cavities ... Danho Ahn PATRAS2022
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- How to estimate surface resistance at low B-field and lower RF frequency? *



Optical conductivity in the Meissner state

e E+ho|—Op o ho
o
o, = h—" [f(e) — f(e + hw)][ReGE(e)ReGR (e + w) + ReFR(e)ReFR (e + w)]de E —Q—T
@ Jo S. N. Nam, Phys Rev 156 470 (1967)
20_ A
— (1 —e “)/T)j e /KT N(e)N (€ + hw)de E+how _.l_ .
J. Halbritter Z. Physik 266 p.209 (1974) E

Conventional s-wave (Nb, Nb;sn)  Cuprate d-wave Pnictide s..-wave

N]\([E) Re €+ N(e):Re< €+i6 ) N(e) _ Re €+i6
2_p\2 No € +i6)? — A%(0 No
JCe+io2-n3 J(e+i8)2 - 42(0) Jevior—a, @0
A(6) = A,y cos 26

Clean Mng P. Coleman ”Introduction to Many-Body Physics” Aa1,2ﬁ1,2 (491,2) = Ay q)“1,2'31,2
N]\(IE) — Z NaRe( a + ad 2) q’%z -

0 a=o,m \/(E + la)Z_A“ _ 1 + cI)ﬁmin (1 B q)ﬁmin)

(Dﬁl,z — 2 * 2 COS(2¢1,2)

K. Watanabe and T. Kita, JPS) 73 2239 (2004)
Y. Nagai et al New J. Phys. 10 103026 (2008)



Fermi surface and gap structure

BCS Cuprate Pnictide
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ummary of density of states

material ~ T¢ [K]  Ao/kgTc  d/kpTc  A[nm] &, Pg =~ Ny/Ng

niobium 9.25 2 0.1 40

Nb3Sn 18.3 2 0.1 80 -
MgBo 39 2/0.65 0.1 140 - 0.72

pnictide 50 2 0.1 200 0.5

cuprate 70 2 0.1 150

e/kTo(NDb)

Substitute N(€) to

0, hw

And perform numerical integral
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o, vs T: an example (w = 0.02~600 MHz)
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a1(T)

Surface resistance z - [ e jw“_ ot i) By = Re(z) =

The penetration depth is factor 10 longer in HTS than Nb = RF field looks more materials

By vacuum
| | ] T ]
- 5 - ] > surface
3. — : '~v~.,v"v - - >
IEI 1 06 E— * rr:llgbslum ) | ""v ﬁ y X P : bulk
C - " n 'v' “‘Aﬁ . — B
© B MgB LTt 7 . —_ (Z)
Ew 105 - pnlctlde : xIA““ 4 2 ¥ VB = —B
E s Cuprate 3
- Auﬂﬁ = — B (Z) = BO exp (— /1_)
- AAAA““A‘ -~ vv'v -]

~ =" 100-1000

v
v
Y Y VvV vvy vvvvvv"vvvvvi'
n

A

N
T
>
>
| 4
>
>
>
|
>

>

>
%

o
<4

‘4

| lllllll

3| _ I—
10 SR T L LLL L, = ——
- e \ A=
: l.l. " NJ'O nQ ] ] R ! 1:
1 10 Thin film,
T[K] multilayer
I




HTS: between SC and NC = pulse operation (?)
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Lack of experimental data at high RF field

Microstrip resonator (200 um, t350 nm, 8 GHz)~10'! A/m?
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- High gradient test at SLAC (I.FAST IIF) with the mushroom cavity /..



summary

e Current SRF technology is at the risk of sustainability for the future

* Materials beyond Nb or even beyond Nb;Sn could be useful to
* Operate cavities at higher temperature
* Ultimately high performance at low temperature

* A phenomenological model calculation was developed to compare s-wave, d-wave,
and s+ -wave superconductors’ RF performance in the Meissner state

* High resistance due to long penetration depth = multilayer
e Pulse operation

* More measurements are necessary!

Discussions

* More realistic modeling of the material

* residual resistance, influence of grain boundaries, band-structure, e-ph counting, etc
* FeSe is also studied for higher gradient = H,,, calculation

« Z.Lin et al SUST 34 015001 (2021)
* Deposition process: CVD, PVD (?)



summary

e Current SRF technology is at the risk of sustainability for the future
* Materials bevond Nb or even bevond Nb.Sn could be useful to
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. mol Potential of non-conventional superconductors for
particle accelerator cavities
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* residual resistance, influence of grain boundaries, band-structure, e-ph counting, etc

* FeSe is also studied for higher gradient = H,,, calculation
e Z.Lin et al SUST 34 015001 (2021)
* Deposition process: CVD, PVD (?) 12
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Material table
H H H H A A
Materia Te (9 (pfz;m) :jr(r:T;’: :'r:ﬂ;f (‘rj:lT;:* L(Jr;TS)': (nm)* (nri)* (meV) Type
Pb 7.1 n.a. n.a. 80 48 I
Nb 922 | 2 | 170 | 400 | 200 | 219 | 40 | 28 | 1.5 I
NbN 171 | 70 | 20 [15000| 230 | 214 |200-350 | <5 | 2.6 I
NbTi 4-13 |>11000| 100-200 | 80-160 | 210-420 | 5,4
NbTiN 173 | 35 | 30 [L5000? 150-200 | <5 | 2.8 I
Nb,Sn 183 | 20 | 50 |30000| 540 5 | 80-100 | <5 | <5 I
Mo;Re 15 | 10-30 | 30 | 3500 | 430 | 170 | 140 I
MgB, 39 [0110| 30 | 3500 | 430 | 170 | 140 | 5 |[2.3/7.2|ll-2gaps**
2H-NbsSe, | 7,1 | 68 | 13 12338(') 120 | 95 |100-160 | 8-10 Il- 2gaps**
YBCO/Cuprates| 93 10 100 000| 1400 | 1050 | 150 (0,032 d-wave**
Ba K Fons, | 38 30 (>50000| 900 200 | 2 (1020 |s/dwave**

Claire Antoine SRF2021 tutorial
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N(e)N(e + hw) and e ¢’k TN (e)N (e + hw) (T = 0.2, w = 0.02)
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