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QCD Axions

- QCD sector needs a solution for the “strong-CP puzzle”

- Distribution of quarks in n => electric dipole moment =
(EDM)

. Experimentally: |8] < 10710

a -~ Peccei, Quinn, PRL 38 (1977) 1440

A 0CD D 066G —» —GG Weinberg, PRL 40 (1978) 223

Wilczek, PRL 40 (1978) 279
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Haloscope searches

. Axion-photon coupling gayaE - B modifies Maxwell's equations

- Cavity resonating T T MHMT Amplifier
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“Wavy” Light Dark Matter

Pseudoscalar Dark Matter

Interaction with the EM field Axions, ALPS, Majoron
1 o -
| — aF.“VF
Scalar Dark Matter Masstve bosons 4 gaY}’ HV

(integer spin)

Moduli, dilaton Ultralight

bosons
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é_l Edry ¢F/l\’ F**

Scalars
0, CP even)

Scalar extension of GR
Chameleons

1 p,d - ' Vector Dark Matter
Z exXp (M_pl) F' Fyv Dark photon
m
- (XX 4+ 2x X AT

Phys. Rev. D 104 095029, CERN-TH-2021-04 arXiv:2105.01406, Physics of the Dark Universe
42 (2023) 101370, Living Rev. Relativity 21(2018), 1
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FLASH: Resonance Cavity

FINUDA magnet for Light Axion Search Haloscope

.+ Range v, ~ (117 — 360) MHZ:

cosmic axions of masses ~ 107° eV

- Resonant frequency tunable on the mode
I'M ¢ for the axion search

- Two cylindrical resonant cavities of
different volumes, each with its tuning
system

. The larger cavity L = 1200 mm and
R = 1050 mm

“The future search for low-frequency axions and new physics 6
with the FLASH resonant cavity experiment at Frascati National Laboratories”
Physics of the Dark Universe 42 (2023) 101370
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FLASH: Cryogenics

FINUDA magnet for Light Axion Search Haloscope

. Cryostat and cooled at 4.5 K, using liguid
helium

« External stainless steel vacuum vessel,
aluminum-alloy radiation shield,

~ 70 K by cold gaseous helium

- Cooled in contact with pipes in which
the helium flows

“The future search for low-frequency axions and new physics 7
with the FLASH resonant cavity experiment at Frascati National Laboratories”
Physics of the Dark Universe 42 (2023) 101370
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FLASH: Cryogenic amplifiers

FINUDA magnet for Light Axion Search Haloscope

- Superconducting QUantum Interference Device (SQUID)
=> Microstrip SQUID Amplifier (MSA)

- Low-noise, low-power-dissipation radio frequency and microwave

amplifier

- Ultracryogenic temperatures, noise scales with the temperature

down to 200 — 300 mK

TM,TE mode
L i {
e b e
SQUID (MSA) SQUID (MSA) SQUID (MSA)

Signal out Signal out Signal out
100MHz — 200MHz 200MHz — 300MHz 300MHz - ...

Characterization of noise and gain
variation on T in autumn

(4 K in Trento, mK in Pisq,

1to4 Kin Camerino)

University of Liverpool responsible for
designing the magnetic shielding of the
SQUID, to be tested in Camerino with o
DC magnetic field



Design study and R&D

fortheT
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Approved by INFN in Sept. 2024 = T

DR ready in 2026

. Six WP ranging from Physics reach to old FINUDA detector and

magnet decommissioning

- WP4: Responsibility for Signal Amplification and DAQ

« INFN Pisa
« INFN Trento

«  Mainz University

iy, -

« Universita di Camerino

- University of Liverpool @

- WP5: Responsibility for Data Analysis and Computing

«  Mainz University
SQUID (MSA)

7

- Bonn University
« INFN Pisa
« INFN Frascati

« University of Liverpool @

ADC

FPGA

PC
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Project timeline

e 2025
+ FINUDA decomissioning
 Design FLASH and R&D ,,\.,.. - 3
- Formalisation of FLASH Collaboration Yy N
TN

—

e 2026

. Certification and maintenance of the cryogenic system
and magnet

- Design FLASH

- Fabrication 500 MHz FLASH cavity prototype
(Bonn University)

- Protoype characterization at 4K

e 2027

« Technical Design Report
- Call of tender for cavity cryostat and RF cavity

10

- 2028 - 2030 Start fabrication & Data Taking



FLASH.

°Nysics reach

AXion searches
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Cu cavity at 4.5 K

Parameter Value
v. [MHz] 150
My [peV] 0.62
gz - iGeV | 2.45 x 10716
Qr, 1.4 x 10°
Co1o 0.53
Biax [T] 1.1
B 2
7 [min] 5
Tsys [K] 4.9
Pz [W] 0.9 x 10722
Scan rate [Hzs™ 1] 8
Mg [ueV] 0.49 - 1.49

Jaryy 90% cl. [GeVT]

(1.25 — 6.06) x 10~1°
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mixing

Kinetic

‘Exotic” models

Vector Dark Matter
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Majoron Chameleons
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Physics of the Dark Universe 42 (2023) 101370

AR PIRE SR Contents lists available at ScienceDirect
/ NG Y &

Physics of the Dark Universe

journal homepage: www.elsevier.com/locate/dark

Full Length Article

7N\
n)
Check for

The future search for low-frequency axions and new physics with the FLASH
resonant cavity experiment at Frascati National Laboratories

David Alesini 2, Danilo Babusci ?, Paolo Beltrame °, Fabio Bossi ?, Paolo Ciambrone 2,
Alessandro D’Elia %, Daniele Di Gioacchino ?, Giampiero Di Pirro ?, Babette Dobrich ¢,
Paolo Falferi 9, Claudio Gatti?, Maurizio Giannotti &, Paola Gianotti ?, Gianluca Lamanna 8,
Carlo Ligi?, Giovanni Maccarrone ?, Giovanni Mazzitelli , Alessandro Mirizzi ™,

Michael Mueck/, Enrico Nardi »*, Federico Nguyen ', Alessio Rettaroli ?, Javad Rezvani ™2,
Francesco Enrico Teofilo®, Simone Tocci ?, Sandro Tomassini ?, Luca Visinelli %P,

Michael Zantedeschi P

Thank youl! .
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AXIONS

U()a
problem
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M, = 958 MeV > M,

S.Weinberg U(1) problem PRD 11 (1975)

Strong CP
problem

Axion

« R.D.Peccei and H.R.Quinn,
Phys. Rev. Lett. 38, 1440 (1977);
Phys. Rev. D 16, 1791 (1977).

« S. Weinberg, Phys. Rev. Lett. 40, 223 (1978).

« F. Wilczek, Phys. Rev. Lett. 40, 279 (1978).

Xs ~a Auv
‘C/ng’/D — HQCDS_T‘_G,UJVG'Z

Phys Rev Lett 82, n.5 (1999) p.904
d, < 2.9x 107%% c¢m
9 < 10710

Veff(a)

T>T(QCD)

Axion Misqli . hani
Isalignment mecnanism °
Dark Matter 9 o > 8

Veff(a)
o T<T(QCD)
A\ '
~ Y4
> a

0 15
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AXIONS

- Mass
mq = 5.70(7) (1012G6V) peV o~ M J
fa fa
 Coupling AN~ Y
Oerr, [ F
Gary~y = R (N - 1.92(4)) a - —»>-—<Ya774
. Lifetime A
2 3

24 —1 Mg\ °
r._... = 11 %10 24 ( a)
T T4 . eV
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Cold axions as dark matter

/6 /2 w—01 =|6;|
| | e

Pre-inflation 1’

= max C—Pé’\—, (Isocurvature)

| |
107 100

Post-inflation

Strings:

SMASH, 2016 se—
Cogenesis, 2020
VISHv, 2022
Wantz, 2009 =—
kowitz, 2015 n————
2016 —
Borsanyi, 2016 ———————
2016
Dine, 2017 e—
Gorghetto, 2020
Buschmann, 2021 se—

Kawasaki, 2012 e
Kawasaki, 2014 e

Fleury, 2075

Klaer, 2017 wm
, 2019 n—

Models:

Lattice/x(T):

Strings+Walls:

Kawasaki, 2014 e ———

Gorghetto, 2020

Npw > 1:
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Gravitational Waves searches

. Gravitational Waves (GWs) at E ~ scale of grand unification
= frequencies in the MHz and GHz regime today

« Inverse Gertsenshtein effect which describes the conversion of GWs
into photons in the presence of B

= Distortion of the CMB, which can serve as a detector for MHz to

GHz gravitational wave sources active before reionization

18



Sikivies Haloscope

Sikivie Phys. Rev. D 32,11 (1985) /4\
~_
2 2 2 = “ I
VB — 6tE — _ga’y’yBOat a g -4
- Solving the equation inside a cylindrical Cavi:;
resonant cavity, the signal power is -

2 £3 .3
_ [ 207 NP p L
PSig - (g’y 2 A4 ) X (1 +5wCEBOVCm"ZQL>

B antenna coupling to cavity Cmni mode dependent factor
~ 0.6 for TMo10
V cavity volume

QL cavity “loaded” quality factor

e
KR
/
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LIVERPOOL

1uUleA
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Magnet fmm

TNU

DA

FINUDA

““IN FISICO Nucleare a DA®NE
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INFN

Istituto Nazionale di Fisica Nucleare

B [T]

1.7

R [m]

1.4

L [m]

2.2

| into operation
1 Jan the 19th 2024

- FINUDA was cooled downto 4 K
- Energised with a current of 2706 A
M. Generating a magnetic field of 1.05 T



Resonance Cavity
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[tinerant Photon Detection

Superconducting devices

placed in a B-field free region u-metal +sc shield

We must detect the photon
Traveling in the coax cable
=> [tinerant photon detection

Resonant cavity

IIIIIIIIIIII
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Radio -

“Tequency Amplitiers

Superconducting Quantum Interference Device

- The most sensitive detector of magnetic flux available

- Low power dissipation and unsurpassed noise properties

output voltage Vo

nput signal converted to current => flux in the SQUID, generates

- Function of the applied flux, the SQUID loop changes => the
voltage across the current-biased SQUID changes periodicity ®o

23
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Axion-photon coupling [GeV 1]
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keV MeV GeV TeV
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Band

D-AXIOnN .

Probing the

Next 10 Years
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Total ERC funds at INFN 3.75 Meuro:

0.5 Meuro from timesheet
0.7 Meuro for recruitment

1.5 Meuro full capitalized costs
(FLASH detector)

0.25 Meuro consumables

0.05 Meuro travel + audit.
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ERC GravNet budget

Expected costs:

FLASH 1.8 Meuro

FINUDA cost
(magnet cryogenics + decommissioning)
100 keuro

Quantum Sensing (COLD Lab) 200 keuro
Audit 30 keuro

Additionally:

DAFNE Cryogenics Refurbishment
(with LNF overheads)

26



