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@ Detector R&D



Axion to photon conversion

¢ Light pseudo scalar J* = 0- can solve both the dark matter problem
and the CP symmetry puzzle in QCD

¢ ma < 3x103 eV from SN1987

¢ axion, like neutral pion couples to two photons via fermion loop (Primakoff
effect)




Axion in magnetic field

Axion-B field interaction can be treat quasi-classically as an interaction
of a photon with an external field with a photon-axion transition

Classical EM field Sea of virtual photons Primakoff Effect












Axion-Photon conversion probability

2 172 e ( 2 ) with the transfered momentum Qr = die
e ySa — 9 H qg g 28,
96

g is the axion-gamma coupling constant < 101 GeV-! from astrophysics

q 2 key points: very high H field

very intense source



Axions Experiments

o Three types: Haloscopic, Helioscopic, LSW
» Halo often use cavities: High sensitivity but limited mass window

1024

1025

1 0-26

& 1027
Only experiments hitting f;jé o
Peccei-Quin region -—

Ex: ADMX Livermore



Axions Experiments

e Three types: Haloscopic, Helioscopic, LSW

o First two suffer by low intensity source or depends on
stellar/galactic models

————————— < R <E> ~4.2 KeV
detector

Sun magnet

D, ~4x 10" . g em s go = Zayy/10710 GeV ™!

Ex: CAST and IAXO (CERN) use LHC dipoles
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LSW: Light Shining through the Wall

Laser Source
Higher Luminosity

Double process

"“84

Na ~ 6x10% /s
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LSW: Light Shining through the Wall

Ex: ALPs Desy use the Hera dipoles
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STAX: keypoints

¢ High dipole magnetic field soon available (dipoles of ~ 15 T)
¢ Very intense photon source gyrotrons up to 1 MW @ 30 GHz —> 10% photons/s
¢ Energy range up to ~ 0.1 meV (30 GHz)

¢ Possibility to use Fabry-Perot Q~10° cavities to enhance the luminosity

For reference 1 GHz = 4.1 ueV
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STAX: gyrotrons

Penetra I'atmosfera

terrestre?
Tipo di radiazione Radio Micropnde Infrarosso Visibile  Ultravioletto Raggi X Raggi Gamma
Lunghezza d'onda (m) 10° 1012 1070 0.5x10 ~© 1078 10710 10712

Scala approssimativa =
della lunghezza d'onda ,A\\\

Edifici Esseri umani [|Farfalle Punta di
un ago

Protozoi Molecole Atomi  Nuclei atomici

Frequenza (Hz)

10* 108 10"

10'® 10" 10'® 107
Temperatura degli
oggetti alla quale =
questa radiazione e | . ))
la piu intensa 1K 100 K 10.000 K 10,000,000 K
I h d' d y ’ ’
" ezzaemzr;s: 472 °C -173°C 9,727 °C ~10,000,000 °C

30-100 GHz is the optimal point
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STAX: gyrotrons
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¢ CPI 0.9 MW, 140 GHz,

)

Fig. 2 Typical high power gyrotrons a JAERI/TOSHIBA 0.82 MW,
170 GHz
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Parameter

Laser Power
Photon Energy
Cavity Q-factor

H* L.

Detection Efficiency
Detector Noise

Combined
Improvement

Somé N ymitreres
(VERY ) TRELIM INAR Y

ALPS
0.8W
2.327 eV
55.0
2Tm
0.9

1.8 109 sec!




STAX: detector

Sub THz Single Photon Detector REQUIREMENTS

@ Able to detect a single photon < THz
@ efficiency ~ 1

@ Negligible background /dark count

Si, Si,N, or sapphire substr.

OUTCOME of these requirements: TES (Transition Edge Sensor)
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TES detectors

@ Electronic bolometer made by a low critical temperature superconductor

Superconducting bridge
TES

@ efficiency ~ 1 Antenna Aoneana

i g, Si,N or sapphire substrate

@ Negligible background/ dark count

¢ ultralow T @, RM (©)

temperature T time t

6] | WP (T,R,) y

out

(b)

SQUID
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Sub -THz TES for STAX

R&D goal: implement TES sensors in the working region
between 30-100 GHz through 4 drivers

@ material: choice of a Superconductor with low critical T (< 20 mK) to have a good
energy resolution (~T3/2)

@ alfa-W, bilayer Ti-Au or Ti-Cu
¢ Tailoring TES active volume to reduce thermal capacitance
¢ (103-104 ym3)
@ New antenna planar design to enhance the efficiency
¢ low-noise SQUID readout electronics optimization (operating at 100 mK)
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Dark count and other bkg sources

@ Dark count rate (phonon noise) ~ 6x10 13 s1 Na= " /E . exp(—?/2) da

Berr = 1/7er is the effective detection bandwidth, and E7 is the discrimination threshold energy.

@ Black Body: at 10mK peaked around 0.6 GHz with a negligible rate of 10 -39 m2
s1 photons irradiated

@ Cosmic bkg: Imu/cm-2/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%

¢ Environmental radioactivity: negligible with similar estimates

Dark count negligible at these sub THz frequencies
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Activities

3 years R&D project

201

2016

2017

2018

Q4
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Q2

Q3

Q4

Vv 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,

/)
N

| AA 4

Facilities located between INFN-Pisa and NEST-Pisa
possibility to use INFN S.Piero Labs
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Financial Plan and Requests

Description Quantity Unit Price Cost

cryogen-free dilution refrigerator 1€ 200.000 € 200.000
SQuID amplifie,s ~~ 2€ 20000€  40.000
mw Gunn oscillator radiation sources 3 €  30.000 €  90.000
vector network analyser 1€ 100.000 € 100.000
mw NbTi superconducting coaxial cables ~~ 6€ 2000 €  12.000
107Tb disk storage 1€  3000€ 3000
CPU (HSOB units) 500 € 12€  6.000
Consumables peryear 3 € 15000€ 45000
travel cost peryear  3€ 15000€ 45000
publication costperyear ~ 3€  4000€  12.000
personnelperyear B € 30000€ 180.000
Total € 733.000
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Financial Plan and Requests

Description 2016 2017 2018 Total

cryogen-free dilution refrigerator € 200.000 € 200.000
sQuD amplie.s € 20.000€ 20.000 € 40.000
radiation sources € 90000 € 90.000
vectoramalyser € 100.000 € 100.000
superconducting coaxial cables € 12000 € 12.000
Storage € 800 € 3.000
cU € 800 € 6000
Consumables € 15000€ 15000 € 15000 € 45.000
tavelcot € 15000€ 15000 € 15.000 € 45000
publicatoncost € B6000€ 6.000€ 12.000
persomnel € 60.000€ 60.000€ 60.000€ 180.000
Total 302.000 € 215.000 € 216.000 € 733.000 €

25



Conclusions

@ We propose an improved detection scheme for axion-like particles searches
based on a Light-Shining-Through-Wall (LSW) experiment in a photon frequency
domain never explored before

@ The aim is that of setting the most stringent exclusion limits on axion-like
particles ever reached in this kind of experiments.

@ To pursue the final objective we need to undergo an intermediate phase of
research and development on the basic unit of the apparatus we have in mind to
build: a detector of sub-THz photons.

@ This R&D is the goal of this CSN5 call submission
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