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* New superconductors for SRF accelerators 1 GHz =t

e Axion dark matter and dark photons 20-30 GHz
e Gravitational waves: storage ring 500 MHz

* Paul trap (35 MHz) for anti-hydrogen Not covered by this talk
* Relic neutrino via 28 GHz
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* New superconductors for SRF accelerators



Beyond Nb for sustainability and higher performance

* Niobium material (RRR=300) is getting more and more expensive
* Over 20 times more expensive than copper

* Nb cavities are typical operated in 2K Liquid helium o
* Crisis in He supply
* Very expensive cryogenic infrastructure

* On-going researches D. Hall PhD thesis
* Nb-coating on copper substrates ST
* Nb3Sn on Nb to be operated at 4K oemiad =0 Ter =0 [, [ 7. [a/6T
* Cryocooler nm] | fnm] | fmT] | [R]
Nb 50 22 219 | 9.2 1.8
* NbsSnon Cu Nbs5n | 111 12 | 425 |18 | 22
 NbTiN, MgB,, multi-layer, etc... A LAl
* Another point: HTS market is growing S. Posen PhD thesis A0 LOPEH1vs AEOLEC
* Magnet, cavity, detector communities Sl S

* Does HTS have any potential for the particle accelerator application?
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Critical temperature T, [K]

Three different families of superconductors
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Optical conductivity in the Meissner state

E+ ho|—O+ hw
20’n [0'0) T‘_ﬂ'ﬂ
oy =" [f(e) — f(e + hw)][ReGE(e)ReGR (e + w) + ReFR(e)ReFR (e + w)]de E| —@—
@ Jo S. N. Nam, Phys Rev 156 470 (1967)
20 oo A
Nh_”(l —e~w/T) j e /KT N(e)N (€ + hw)de E+ho _.l_f"ﬂ'ha)
@ 0 J. Halbritter Z. Physik 266 p.209 (1974) E | —O—
Conventional s-wave (Dynes) Cuprate d-wave Pnictide s .-wave
N + id .
(E) — Re € l N(E) e+ id N(E) R €+ id
No oND A2 = Re N Re
(€ +i6)*—A5 No V(e +i8)% — A2(0) 0 \[ (e+i6)2 =A% 5 (1)
Ao(T) = Agy[cos(nT?/2T2)] /2 A(0) = Aq cos 260
P. Coleman ”Introduction to Many-Body Physics” Aa1,2ﬁ1,2 (4)1,2) = AO q)a1,z,ﬁ1,z
Objectives O = —
. . . a12 a
 Compare the RF loss by thermally excited quasiparticles it o (1-0; )
1 1 L Bmin — * Bmin
in the Meissner state for these three families Pp, =—— ; cos(2¢; 5)

e Can HTS be useful?

Y. Nagai et al New J. Phys. 10 103026 (2008)



Result: density of states
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o, vs T: an example (w = 0.02~900 MHz)
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Surface resistance z - |-t jf— ot i) = B, = Re(z,) =

R, [a.u.]
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The penetration depth is factor 10 longer in HTS than Nb
- RF field looks more materials = more loss
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There may be operational point
in high T & shorter RF pulse



Cuprate SRF cavities
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Outline

e Axion dark matter
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The Standard Model does not contain dark matter

Standard Model of Elementary Particles

three generations of matter
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Classical microwave is the mean to hunt axions

an axion converts into a microwave
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Axion Dark Matter eXperiment (ADMX)

Signal to Noise Ratio is the key for discovery

e Signal is a narrow peak (f /Af ~10°) from axion
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How to improve the sensitivity?

More signal

Ps = (1.0x107*2 W) x (1:6L) (6.2T)2 (oiL) (ofw)z (0.45 GSV/cm3) (650];\/IHZ) 50((300)

Higher magnetic field while .
keeping the solenoid bore How to gEt ngher Q?
Less noise by cooling down —> HTS cavities
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Single microwave photon sensors

Current-biased Josephson Junction TES (JES)

S.K. Lamoreaux et al Phys Rev D 98 035020 (2013)
Bolometer/calorimeter
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Superconducting qubit based on a Josephson Junction

Key: quantized LC circuit
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phase qubit
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length than existing
qubits (qudits)




One important lesson from ADMX

vm  Mechanical tuning causes mode mixing
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— Can we tune the frequency non-mechanically?



Frequency is tunable in SRF: Cooper pair density

A niobium cavity at 352 MHz %
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Theory: Usadel equation (BCS theory in the dirty limit)
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Surface resistance / reactance
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Come back to SRF: anti-Q-slope in N-doped LCLS-II cavities

lIII|
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J. Maniscalco TTC high-G/high-Q 1

The theory is however not complete! New research direction!
- Frequency dependence is not reproduced s
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* Gravitational waves



Two Phenomena to address GW via microwaves

The Einstein equation

1 8l
Ruv — ERguv = C_4Tuv

can be expanded to the linear order with small strain h
uv = Ny + huv

Mechanical deformation of a cavity wall Coupling to microwaves under static B
d2x 1d?h,,  1d2h,,

Az - 2 a2 *T gz Y Uhy, = —167T,,
d’y 1d?h 1d?h 1
"3 ac “tiae 4 = FuaFy® = G0 Fep ™

arXiv:gr-qc/0502054 M. E. Gertsenshtein JETP 41 113 1961



https://arxiv.org/abs/gr-qc/0502054

Projected Sensitivities of Axion Experiments

RF cavity search for GW ou (EEET]
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RF cavity search for GW

The
(GravNet): A novel scheme to hunt gravitational waves signatures from

Projected Sensitivities of Axion Experiments
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Potential sources (1 GHz GW): mergers of sub-solar masses
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Conclusion

* HTS superconductors
e Cuprates and pnictides may be the future of SRF (pulsed & >10 K)
* Optical conductivity and surface impedance were newly calculated in the Meissner state

* Dark matter axion search
* Dark matter axion may be addressed via microwave cavities
* HTS cavities & single photon detectors are the next step
* synergy with quantum computers
 Non-mechanical frequency tuning may be inline to the state-of-the-art SRF cavity physics (anti-
Q-slope)
* Gravitational wave search
* GW may be addressed via microwaves
* A similar setup as axion search is being proposed
* Maybe on-site experiment at Orsay in the future?

* P6le Accelerator has technical competence in RF and cryogenics
How to start with? 2 make use of the existing master project in IN2P3
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We will be in the collaboration via DMLab
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