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What 1s an Axion?

non-baryonic Dark Matter candidate

It solves two problems of fundamental physics in one

85% of all the matter

in the universe is

dark matter.
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e my, ~ 10 — 103 peV
* p, = 0.45 GeV /cm?

Castaneda R. Fabio




Halo SCOPES Dilution insert with
microwave cavity

Proposed by P.Sikivie, 1985 and two magnets

Resonant cavity in a strong magnetic field

Y :
Y Inverse Primakoff effect,
a--- 4= conversion of an axion to a photon
Y
Experimental requirements:
Lo = guna B B, * Multi Tesla field
SC coilsup to 8/10 T
N 10° eV > Ea'yv = ay~a E : B_E)
Tayy ~ < n, )
if peV <m; <meV — 1yy > ageof U Tayy X B%ﬁ
12222022 UNIVERSITA .
8 DEGLI STUDI Castaneda R. Fabio
ANN I DI PADOVA




High-Q cavities

TT?_.-HCZ
Resonant frequency: v/, = }
: —— Q ~10°
. . ‘ 2 h:i (_‘,3 p A3 1/ E . [
Axion signal: P, = ( 2 & ) ( — @vc@) Xperimenta
S RUEIVY L+ 67 po\2 requirements:
e Multi Tesla field
dv * Microwave cavity
. ; . a2
Scan rate: — DC@CV)J T~ 10% mK
dt e Ultra high vacuum
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P C RS
2 UNIVERSITA
8A NN I Bf%‘;i)i“vfm Castaneda R. Fabio




INFN O)[JAX - 7 e

ay: Primakoff Haloscope at high frequency (~ 6.991 GHz) —— Q¢ < 10° (anomalous skin effect)

SC coated Cu cavities

Cu cavity NbTi coating of about 2-4 um

Dimensions of the cavity:
e d;1=32cm
e hy,;=12,5cm

heon = 1,1cm
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S up erc O nduc thlty Non-superconductor
s
Superconducting thermodynamic state 2 <
« Zero resistance “| =0 -
. . . X Of--———————fm======
* Perfect diamagnetization { z
.- 0 T, 2
* Flux quantization Temperature T =
Type II -1 } 1
0 T.

Temperature 7

Applied field /#
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Temperature T

UNIVERSITA
DEGLI STUDI Castaneda R. Fabio
DI PADOVA




NbTi

100 80 70 60 50 40 30 20 10 0

2600

Weight Percent Ti

2400

2200

:

Temperature ("C)
& =
TN

&3

£

400

1 Pl | 1 VI 1 1 1 1

0 10 20 30 40 50 60 70 80 90 100

Atomic Percent Niobium

UNIVERSITA
DEGLI STUDI
DI PADOVA

T I 8<T,<10)K
VN L. Be2<12T
%s- 1° g

T T T T T T T T
0 10 20 30 40 50 60 70 80 20 100
Ti content (wt%)

Figure 3.1: Critical temperature and upper critical field of NbTi as a function of the
weight percent of Ti. The composition around 50% of Ti offers the highest critical field
at the expense of a lower T, .

B: ductile, bce phase
o precipitates: hexagonal non ductile phase
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Cavity testing

Network
analyzer

e — = |Lakeshore
LHe (Cernox therm)
LN DC power .
2 Testing setup:
. * VNA
—RF coaxial .
[—cables * 2 RF coaxial cables
f—Cermox » He bath
Heath
. * SC Magnet
NbTi
RF cavity
Cryostat with 8T sup. magnet
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Measurement of Q factor

Transmission channel, S21
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Experimental data and fitting
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Tuning the cavity frequency

207 Tuning of ~2 MHz starting
&) a0l M A with the rods 4 mm inside
- /\ 5&
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SC tolerance to intense Magnetic Field

* The higher the B field penetration,
the higher the surface resistance, R,

* Q factor stable up to 3T
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10° 1

10° 4

Q ~5 x10°

4.2K,3T,6.99 GHz

Cavity ready for a
test at 3T

0 > a 6 8 10 (U. Paris-Saclay)
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Thin film deposition

Surface treatments

* Cleaning and
degreasing

e Ultasonic bath

- EP

« HPR

Non conformal

deposition of
2-4 um of NbT1 on Cu
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Table 1: Comparison of the results from this work to several
previous studies of superconducting cavities in high magnetic
fields for axion research.

Source Material | f(GHz) | B.(T) | T(K) | Oy

This work | NbsSn 3.9 6.0 4.2 (5.3+£0.3)x10°

[13] NbT1/Cu | 9.08 5 4.2 2.95%10°

(14] NbsSn 9 8 4.2 6x10°

(14] REBCO 9 11.6 4.2 7%x10*

[15] YBCO 6.93 8.0 4.2 1.5x10°
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Exclusion Plot

y-axis: Axion-photon
coupling constant, g,
X-axis: AXion mass, mg,

Main theoretical
models predict:

Gay X Mgy
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Further Cavity characterization

Q, = Q.(T) P, « B*Q,

75|, P EY R — L Ly e on =
| i (a) NbTiN (b) P e
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Fluxon motion

These experimental
interpolations allow us to

IMPEDANCE: AZ = AR, +1AX, measure with good precision
* London penetration depth, A
: A ¥ SN * Depinning fr ncy, v
Gittleman-Rosenblum o sl . . d(??[' tg Caue iy f
—m R in addition to a geometrica
?Odel advqcates the Ao -EEE:E?:::::: ] =, o i parameter for the alignment
uxon motion to account w7 il between fluxons and
for the dlSSlpatlon oo " microwave currents

0
00 10 20 30 40 5.0 00 10 20 3.0 40 5.0

B(T) B(T)

Fig. 5. AZ vs. B at ~4.2 K for the NbTi (a) and NbTiN (b) cavity, mode
TM11(. Experimental data (full dots), two-fluid only numerical model (dashed
lines), two-fluid plus vortex motion numerical model (GR) (continuous line).
Parameters values as in the body text.
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