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With radiation sources at 30 GHz, we compute that present laboratory exclusion limits on axion-like
particles might be improved by at least four orders of magnitude, for masses mg < 0.01 meV. This could
motivate research and development programs on dedicated single-photon sub-THz detectors.
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Axions Experiments ]
3 classes of experimentsHaloscopic, Helioscopic, LSW

Ma < 3x102 eV from SN1987
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Light Shining through a Wall Experiments L]

a P. Sikivie, Phys. Rev. Lett. 51, 1415 (1983)
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Sensitivity on G linear with L and H, quartic root of luminosity (not depending onE)

The STAX key points are:
- High Luminosity ( gyrotronsin the SubTHzregion)
- intense H ~ 15 Tesla with L ~ 50 cm dipole
- Sub-THz single photon detector using TES

Optimal Working Point ~ 30 GHz



Light Shining through a Wall Experiments: ALPS

Ex: ALPS Desy use the Hera dipoles
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High Luminosity Photon Sources ]

e photon-axion conversion probability
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Klystrons andgyrotrons sourcesin the 30-100 GHz range
Power exceedingl MW in this frequency range
Luminosity up to 10%8-10%° y/s in CW

Laserscommonly usedin LSW experiments~ 101° y/s
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Fig. 2 Typical high power gyrotrons a JAERI/TOSHIBA 0.82 MW,

"#$%&H ) *+$'H#+,%*$%-$+.'%/'%*0F 170 GHz b GYCOM 1 MW, 170 GHz, ¢ CPI 0.9 MW, 140 GHz,
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STAX Experiment L]
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Magnetic beld H =15T,L=0.5m
Source:gyrotron; P! 100 kW, !/ .=10%" s, # =120 ueV ($! 30 GHz)

Fabry-Perotcavity: Q ! 10 4

Sub-THz singlephoton detection basedon TEStechnology, %! 1
Possiblesecond FP cavity behind the wall to enhance axion-photon conversion rate
P. Sikivie, D.B. Tannerand K. VanBibber, Phys Rev. Lett 98, 172002 (2007)



Superconducting bridge .

STAX d ete CtO I Antenna TT Antenna /
B

Si,N,or sapphire substrate

Sub-THz single photon detector

Transition EdgeSensorTES ultra-low critical temperaturesuperconductorbridge
betweentwo superconducting electrodes TEScoupled to a log periodic antenna.

TESoperateswithin its superconducting transition. DC bias voltage applied. When TES
absorbsan incoming photon, it heatsup above critical temperatureTc. Changeof
resistanceand current [3owing in the circuit, measuredby a SQUID

Material: choice of a Superconductor with low critical temperature (Tc! 20 mK) to
have a good energy resolutiona -W or bilayer Ti-Au or Ti-Cu

TES bridge Ti-Cu (gap ~2eV), superconducting electrodesNb (gap ~ 1 meV)

Very high efbciency
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Ultra low background/dark count

time t



STAX detector ]
' Tailoring TES activevolume to reduce thermal capacitance (10-3-10-* @ui?)

le ! 0.3k T2Ce C=yVT V ~300x40x20 nm 3
1 low-noise SQUID readout electronics optimization (operating at 80mK)

. Sensitivity 1 ="E/C, thermalization T(t) = exp(t/7) "=C,/G
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Noise ]

Dark count rate (phonon noise) < 6x1010 st

Black Body: at 10mK peaked around 0.6 GHz with a negligible rate of 103° m=2 s?
photons irradiated

Cosmic bkg: 1u/cm-?/min with 10 eV released in 10nm of material saturates the TES,
bkg. under control translated in a negligible dead time of the TES ~ 0.1%

| o
Ng = L5 exp(" X2/ 2) dx.
2" Eilie

where Betf = 1/! et is the effective detection bandwidth, andEr is the discrimination threshold energ

= —— | exp(—x2/ 2) dx.
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Scheme of the temperatures in the
experimental dilution cryostat set-up

Dilution refrigerator setup with TES

InputRF o Output
signal signal

shields

Figure 8 Scheme of the experimental setup of the TES based on a dilution refrigerator. The cryostat metallic shields reside at
di! erent temperatures from 300 K to below ~ 10 mK. The enclosure containing the TES element is at the fridge base temperature
whereas the readout SQUID ampliber is kept at 80 mK to improve its noise performance. Input microwave radiation is fed into the
fridge, and thereby into the TES detector, via coaxial cables while the low-frequency output signal coming from the SQUID is read
via conventional DC lines.



Alternative choices to boost the experiment |1

1 Work with a new concept Fabry Perotto enhancethe Q factor

I An upgrade in Q translatesinto the need of a lower power of the sourceP/Q?

7

Noyts o My P, .q X Pgpy xQ2

Fabry Perotwith Q exceeding 101° have beenrecently develoved with
superconducting cavities

Material choice need to be shaped to work in this particular environment

I Low temp
' High B beld

High Q and lower P can drive the use of other (more rebned and easier to handle)
photon sources thangyrotrons (klystrons?)

1 or also to a lighter Bbels(split coil vs solenoid?)
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Parameter ALPS STAX gaLps / g sTax STAX I gaLps / g sTaxi
Laser Power 0.8 W 100 kW 18.8 1 MW 188
Photon Energy | 2.327 eV 124 1eV 11.7 1241 eV 11.7
Cavity Q- 55.0 104 3.7 108 37
factor

H* Ly 22T m 75Tm 0.3 75Tm 0.3
Detection 0.9 1.0 1.0 1.0 1.0

E! ciency

Detector 1.8 103 sec? 109 sect! 34.0 10° sec! 34
Noise

Combined ~ 104 ~ 8x10°

Improvement




» Cu/Al and Cu/Ti bilayers designed as 5 um X 200 nm strip of different total thickness ancf P

LOCK-IN

!

1MQ

thickness ratio

» Fabrication via e-beam lithography + e-beam evaporation

» 4-wires measurements of the resistance using a lock-in circuit
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3/9
all transitions are measured with a lock-in circuit with input current i = 6nA, except for Cu15AI110 (i=0.1nA)
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In the plot are reported the thicknesses and the max value of alpha




Next Steps

1 Cu/Tiup down to Tc ~ 20mK

1 Coupling with a SQUID read-out

I Test with a 30 GHz photon source
1 R&D of the FabryPerot

I Design of the log periodic antenna
1 R&D of the FabryPerot

1 Magnet design
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BACK-UP

O Wavelength associated to virtual axion A= 1/p, =L,
Uncertainty principle: Ax =L, — Ap 2 1/L,
In more details, if /2 <L, the entire process takes place in the H # 0 region

O Consider ¢, # m,, sothatg,2m, + 1/2L,q,=m,- 1/2L

Poles coincide when e,=m, {p*=0)
Minimum distance between poles must satisfy: min{g, -g,} = 1/L

0 We argue the formula
G2 H2 Sln2 (Qx a:/ 2) €y
qm Lm + 62 — m2

to be used when ¢, = m, to avoid unphysical divergences

P'y—)a,












Dark photons

L.B. Okun, Sov. Phys.-JETP §6, 502 (1982)

B. Holdom, Phys. Lett. B 166, 196 (1986)

Massive vectors of hidden U(1),

Visible and hidden-sector photons Lagrangian:
L = —;F"F,, — ;B*B,, +eJt A,
+enJf By — p,ZB B,

F = field strength tensor for A«; B« = field strength tensor for B* [paraphoten)

A and B rotated into B, and B,; mixing angle x < 102
B, and B, acquire masses m; = uy, M, = u

. k =~¢
Photon fleld evolve qas: 1 By

A(T) 2+1 e—ileyt— ki) [A(]. + Xze—zqr) k, =~ fg:_uz
+ XB(e—zqr — 1)] q=k -k,



Dark photons

L.B. Okun, Sov. Phys.-JETP 56, 502 (1982)
B. Holdom, Phys. Lett. B 166, 196 (1986)
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Search for dark photons

1 Exclusion limits STAXmay achieve in case
result

1 STAX limits compared to

ALPS LSW results
Lett. B689, 149 (2010)

CROWS results
Rev. D 88, 075014 (2013)

Spring-8 results
Lett. B722, 301 (2013)

results
Lett. B689, 149 (2010)

Constraints on dark photons from measurements

the CMB
Astrophys . 1 473, 576 (1996)

Searches for modifications of CoulombOs Law
Phys. Rev. Lett. 61, 2285 (1988)

at STAX

Exclusion Plot for Paraphotons
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3 years R&D project

Activities

201

2016

2017

2018
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Ql | @2 | a3 | o4 |Q

V¥ STAX-RD
V¥ Sensor
Cryostat setup
TES SC layer

TES optimization
(geometry, thermal
capacitance)

TES sensor ready
V¥ Antenna

design and
nanofabrication

SQUID electronics
Integration
Measurement

Single 30-100 GHz
photon detector ready

T
q

~ 3

N

Facilities located between INFN-Pisa and NEST-Pisa

possibility to use INFN S.Piero Labs

0 N



Financial Plan and Requests

Description Quantity Unit Price Cost
cryogen-free dilution refrigerator! 1! "I00.000!  "1200.000!
SQUID amplierst 2 "1120.0000  "1140.000!
mw Gunn oscillator radiation sources! 3 "1130.000!  "1190.000!
vector network analysert u | 1100.000!  "1100.000!
mw NbTi superconducting coaxial cables ! o "1 12,0000 "112.0000
10 Tb disk storage! u | "1 13.0000 "1 13.0000
CPU (HSO6 units)t 5000 "I 120 "116.0000
Consumables per yeart 3 "1115.0000  "1145.0000
wravel cost per yeart 3 "1115.0000  "1145.0000
publication cost peryeart 3 "1 140000  "1112.0000
personnel peryear! 6 "1130,000!  "1180.000!
Total €733.000
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Financial Plan and Requests

Description

cryogen-free dilution refrigerator! "1P00.000! "1200.000!
SQUID amplipers! ~"1120.000! "1120.000! "1140.000!
radiation sourcest ~~~~~ "gooool "1190.000!
vectoranalyser! 1100.000! "11.00.000!
superconducting coaxial cables! ‘w2000 "1112.000!
Storage!  "rgooor "1 13.000
cPOU . wmoo0! "1 16.000!
Consumablest "1115.0000 "1115.000! "1115.000! " 1145.000!
wavelcost "1115.000! " 1115.000! "1115.000! " 1145.000!
publicationcostt ~~~~ "1GO00! "1G.000! "1112.000!
personnel! "1160.000! " 1160.000! "1160.000! "1180.000!
Total 302.000 € 215.000 € 216.000 € 733.000 €




