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Status of the SIMP project:
Contribution D : 388 Towards the Single Microwave Photon Detection

Paolo Falferi on behalf of the Simp collaboration™

The low-mass frontier of Dark Matter, the measurement of the neutrino mass, the search for new light bosons in laboratory
experiments, all require detectors sensitive to excitations of meV or smaller. Faint and rare signals, such as those produced
by vacuum photoemission or by an Axion in a magnetic field, could be efficiently detected only by a new class of sensors.

The Italian institute for nuclear physics (INFN) has financed the three-year SIMP project (2019-2021) in order to strengthen
its skills and technologies in this field with the ultimate aim of developing a single microwave photon detector.

This goal will be pursued by improving the sensitivity and the dark count rate of two types of photodetectors: Current
Biased Josephson Junction and Transition Edge Sensor

Transition Edge Sensor Current Biased Josephson Junction

Two voltage states:
A zero-voltage state when the state is trapped inside a minimum of the potential
A resistive state with a voltage drop when the state is free of running down
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Voltage-biased TES with SQUID readout

The absorption of a photon causes the transition from the ground state to
an excited state with a higher tunneling rate => detectable voltage drop

TES Energy Resolution

kg - Boltzmann constant e e e e o e e e e mmmmmeeo - _
. 120 mK !
C Heat capacity: C=W,T ! . FTTTTTTTTTTTS ! ;
- Sommerfeld coefficient ! { ) ).,_l' | ! !
~ 2 Y 1 ] !
AE = 2.35 ZkBT E V, - active region volume ! . : | ! :
V Figure of merit a = (T/R)(dR/dT) ! ity ; - 7 ! ;
R - active region resistance au-meal | | | : 1 ! :
T - active region temperature | 30 dB e :
| Attenuat¢r -1 Nb box I
1 Copper !
1 Powder !
o 1 Filters !
Expected Resolving Power hv/o; ~ 6+20 for 30+100 GHz photons ; L scMagne !
ValeG Tcz4o mK l:::::::::::::::::::::::::::: ::::::::::::
: 4 K E r RC 1
: 30 dB Filters !
1 Attenuator :
. . . ] || c---.----""llnl e -_—_—_——,e,_ee_—_—_——_t -t e 2 e 1 ||
Improving O Reducing T_ by Proximity Effect o .
) ) DC 10 Low Noise
nAuFms IN Current | Amp.
L0 | - 110 300 - . —
(T | § | - Au=27 nm ] “H E}
08 | E | —+— o8 250 : Y OuT
e L FTiAuosoatoR ~ 200F ’ . —
g et | | TiAu 050419 b ]
s [ | | 1 |——TiAu 090419#1 = 3 @
o [ ] | | TiAu 180419 . 150 he -
04 | —{—— TiAu 170519 M~ . . ;
ias e e ool y ] A sketch of the CBJJ calibration experimental setup
Y B _/ | e - : It also reproduces the operating condition of the detector in an axion experiment
[ | | 50 .
00 f J l-‘ EEN R | 00
5 35 8 % 120 150 180 £10 3 270 500 5 560 CL e
T (mK) coom e e
i 'NBJAMMW Thickness rato Aw'T1 'NBJAMM
_ o Fabrication of an Al/AlIOx/Al Josephson Atomic Force Microscopy scan of an
Reducing T, by Current Injection Junction (Shadow Evaporation Technique) Al/AIOx/Al Josephson Junction
Sample A | i @IFN
: g J%‘.- T
90 T T T ' "
[ (nA)
60 | -
)
e
30 -
Ot ! ! -
0 o0 100 150 200
Temperature (mK)

Corresponding author: paolo.falferi@unitn.it

* Simp Collaboration: David Alesini {, Danilo Babusci !, Carlo Barone %3, Bruno Buonomo !, Matteo Mario Beretta , Lorenzo Bianchini 4, Gabriella Castellano >, Fabio Chiarello >, Daniele Di Gioacchino !, Paolo Falferi 7, Giulietto Felici ?,
Giovanni Filatrella 83, Luca Gennaro Foggetta !, Alessandro Gallo %, Claudio Gatti !, Francesco Giazotto ®#, Gianluca Lamanna %4, Franco Ligabue 4, Nadia Ligato 4, Carlo Ligi !, Giovanni Maccarrone %, Benno Margesin %/, Francesco
Mattioli >1, Eugenio Monticone %13, Luca Oberto %7, Sergio Pagano %3, Federico Paolucci 4, Mauro Rajteri 1213, Alessio Rettaroli 1*1, Luigi Rolandi #, Paolo Spagnolo 4, Alessandra Toncelli 4, Guido Torrioli 1

1) INFN, Laboratori Nazionali di Frascati, Frascati, Roma, Italy 6) Istituto di Fotonica e Nanotecnologie CNR - Fondazione Bruno Kessler, Povo, Trento, Italy 11) Fondazione Bruno Kessler, Povo, Trento, Italy

2) Dipartimento di Fisica, Universita di Salerno, Salerno, Italy 7) INFN, TIFPA, Povo, Trento, Italy 12) Istituto Nazionale di Ricerca Metrologica (INRIM), Torino, Italy
3) INFN, Gruppo Collegato di Salerno, Salerno, Italy 8) Dipartimento di Scienze e Tecnologie, Universita del Sannio, Salerno, Italy 13) INFN, Sezione di Genova, Genova, Italy

4) INFN, Sezione di Pisa, Pisa, Italy 9) NEST, Pisa, Italy 14) Dipartimento di Fisica, Universita di Roma Tre, Roma, Italy

5) Istituto di Fotonica e Nanotecnologie CNR, Roma, Italy 10) Dipartimento di Fisica, Universita di Pisa, Pisa, Italy



