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COLD@LNF

CryOgenic Laboratory for Detectors:
= Axion Dark Matter Experiments
=  Quantum Sensing with
Superconducting Devices
= Typelland HTC
Superconducting Cavities
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QUAX@LNF The LNF Axion Haloscope
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* Cavity temperature 30 mK 1

* Magnetic Field B=8T | A e

* Frequency 8.8 GHz IR N Y
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The LNF Haloscope

CryoPhi - Al magnetic shield Sample holder for SC devices

NbTi 9T magnet

Magnet successfully operated at 9T




Cavity Tuning
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e Starting frequency (¢ = 0°): 8.83 GHz
* Tuning ~300 MHz with Aa ~ 100°




Cavity Tuning
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Acquisition Chain

o
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low-noise cryogenic
low-freq

I-Q/mixer Voltage ampli

GHEMT ~ 37 dB GFET ~ 36 dB G’ ~ %1000
THEMT ~ 3 K TFET ~ 80 K V, = 2.3nV/VHz

Tot eff. Gain = 116 dB Noise Temp = 4.5 K
=
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Calibration

= V=01411
" fstart = 8.83 GHz
" m, = 36.5 uel

= Q, = 50000

= =05

" Co10 =0.667

* By =8Tp., 658
= At=3760s

" Teqv = 40mK
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Raw power spectrum

LO

—— raw data
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From the calibrated power
spectrum we extract the noise

temperature
T, ~ 45K



Signal Extraction

Example of power spectrum with SG fit
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Calculate the efficiency of the
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simulations with fake axion
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QUAX@LNF Results for 2023 Run

= 24 runs, 1 hour each, 250 kHz of frequency steps
= Average exclusion 90% c.l. g,,, = 2X1071° GeV ™!
= Paper submitted to PRD. Preprint arXiv:2404.19063
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Program for Next Runs

To reach sensitivity to KSVZ axion model:

-l

Improve tuner design (vibrations, thermalization)
Improve isolation and thermalization of RF lines

Use JPA from NIST received within SQMS collaboration
Use YBCO cavity (in collab. with ENEA Frascati)

YBCO cavity
Q0>250,000 @17 GHzand 77K
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Flux JPA at FBK
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Superconducting Qubits

Design of 2-qubits photon counter

3D qubit (CNR)

200 pm EHT= 500 kV Signal A=InLens StageatT= 0.0° 4 Oct2023
— WD= 3.9 mm Mag= 42X 15:07:11
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FLASH

Finuda magnet for
Light Axion SearcH

Galactic axion search at 100
MHz (0.5-1.5 ueV)
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Experiment for Light Dark Matter (WISPs) Searches
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Commissioning of the FINUDA Magnet — Last Operated in 2007

70K
send/retur
nlines

Reconnection
of He transfer
line

FINUDA/FLASH

Control of Magnet Power

4.5K = | Cold
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nlines S0
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e
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/
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Successful Test of the FINUDA Magnet

After a series of operations, the
cryogenic plant was finally put back
into operation. On Jan the 19th
2024, FINUDA was cooled down to

4 K and energized with a current of

2706 A, generating a magnetic field
of 1.05T.




Laboratori Nazionali di Frascati s NP9

November 7, 2019

INFN-18-09-LNF
September 18, 2018

The KLASH - Letter of Intent

D.Alesini", D.Babusci', F.Bossi', P.Ciambrone', G.Corcella’, D.Di Gioacchino', P.Falferi?, C.Gatti',
A.Ghigo', G.Lamanna®, C.Ligi", G.Maccarrone', A.Mirizzi*, D.Montanino®, D.Moricciani’,
A.Mostaccis, E.Nardi', A.Paolom‘, L.Pe\legrinow, A.Rettarol\‘, R.Riccw‘, L.Sabbatini‘,S.Tocci'. KLASH

Conceptual Design Report

_ meonCaingig | 0oV

Lol / Eol - INFN-PM-QA-502

Plysics of the Dark Universe 42 (2023) 101370
Contents lists available at ScienceDirect
Physics of the Dark Universe

ELSEVIER journal Isevier.

Full Length Article

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

David Alesini ?, Danilo Babusci?, Paolo Beltrame ®, Fabio Bossi®, Paolo Ciambrone ?,
Alessandro D’Elia®", Daniele Di Gioacchino?, Giampiero Di Pirro?, Babette Débrich ¢,
Paolo Falferi ¢, Claudio Gatti?, Maurizio Giannotti ®!, Paola Gianotti ®, Gianluca Lamanna®,
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 ®?,
Michael Zantedeschi ?

# INFN, Laboratori Nazionali di Frascati, via Enrico Fermi 54, Roma, 00044, lItaly

® University of Liverpool Department of Physics, Oxford S, Liverpool, L69 7ZE, England

. fir Physk ( i itut), Fohringer Ring 6, Minchen, 80805, Germany

¢ Fondazione Bruno Kessler, Via Sommarive, Povo, Trento, 1-38123, Italy

© Department of Chemistry and Physics, Barry University, 11300 NE 2nd Ave., Miami, 33161, USA

{Centro de Astroparticulas y Fisica de Altas Energias (CAPA), Universidad de Zaragoza, Zaragoza, 50009, Spain

#INFN and University of Pisa, Largo Pontecorvo 3, Pisa, 56127, Italy

" Dipartimento di Fisica “Michelangelo Merlin”, Via Amendola 173, Bari, 70126, Italy

“INFN sesione di Bari, Via Orabona 4, Bari, 70126, Italy

i e SQUID, Herborer Strasse 9, Sinn, 35764, Germany

“ Laboratory of High Energy and Computational Physics, HEPC-NICPB, Ravala 10, 10143, Tallinn, Estonia

' ENEA Centro Ricerche Frascati, Via E. Fermi 45, Frascati, 100044, Italy

= Physics Division, School of Science and Technology, University of Camerino, Via Madonna delle Carceri 9, Camerino, 62032, Italy

" Universiy of Pisa, Largo Pontecorvo 3, Pisa, 56127, ltaly

© Tsung-Dao Lee Institute (TDLI), 520 Shengrong Road, Shanghai, 201210, China

» School of Physics and Astronomy, Shanghai Jiao Tong University, 800 Dongchuan Road, Shanghai, 200240, China

INFN-PM-QA-503 + Executive Summary - INFN-PM-QA-511

TDR - INFN-PM-QA-504 + Executive Summary - INFN-PM-QA-511
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KLASH CDR arXiv:1911.02427
FLASH paper Phys. Dark Univ. 42 (2023)
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Status of RF cavity design

Speaker: Simone Tocci (Istituto Nazionale di Fisica Nucleare)
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Cryostat design

Speaker: Carlo Ligi (Istituto Nazionale di Fisica Nucleare)

FLASH-Cr...

Computing

Speaker: Giovanni Mazzitelli (Istituto Nazionale di Fisica Nucleare)
FLASH_co...

MiB

Speaker: Lucia Canonica (Istituto Nazionale di Fisica Nucleare)
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Mainz/Bonn

Speaker: Kristof Schmieden (CERN)

Flash_TDR...
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Speaker: Seyed Javad Rezvani (LNF)

UNICAM-F...

Pisa
Speaker: Gianluca Lamanna (Istituto Nazionale di Fisica Nucleare)
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Trento
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Speaker: Diaz Alejandro
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BAWs
Speaker: Diego Blas Temifio
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All experiments & proposals linked with Tech WG

« ALPS-Il (Joern Schaffran) -> axion search light-shining-through-wall with lasers
- BabylAXO (Matthias Mentink, Igor Garcia Irastorza) -> axion search from the sun

» GrAHal (Pierre Pugnat) -> axion search with RF cavities

« RADES/HTS (Jessica Golm) -> axion search with HTS RF cavities

« Advanced-KWISP (Giovanni Cantatore) -> search for Short Range Interactions
« Axion Heterodyne Detection (TBC) -> axion search with two-mode RF cavities

« AION-100 @ CERN (Oliver Buchmuller, Richard Hobson) -> vertical atom
interferometer

« NEW: FLASH (Claudio Gatti) - > axion search with RF cavities

= Physics
‘ Berond) 27.03.2024 Calatroni/Débrich | Technology WG activities

S Calatroni during PBC meeting

https://indico.cern.ch/event/1369776/timetable/#20240325.detailed

PhySics

. *Beyond
“Colliders

Ongoing discussion for
technical support from
PBC@CERN for the
cryostat design
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Helmholtz-Institut Mainz

https://www.pi.uni-bonn.de/gravnet/en i s GUTENBERG e

GravNet: A Global Network for the Search for
High Frequency Gravitational Waves

Work Package 1 Work Package 2
Theory Modeling and Data Cavity Design and

Magnet@Bonn
B=14T, V=61

Work Package 5

Data Taking and

Analysis
All Pls

Analysis Construction
Prof. Dr. Diego Blas : Prof. Dr. Matthias Schott

obing HFGW

Magnet@Mainz |
B=14T,V=11

8

s

8 =

A | GRAVNET n Mpdels

g Magnet@Frascatti s Work Package 6

5 B=1T,V=410I Work Package 3 Work Package 4 Plug and Play

(= | —— - Cavity Readout Systems Network Operation Scheme i .
Magnet@Frascattl : Dr. Claudio Gatti , Prof. Dr. Dmitry Budker Development Global Network

B=9Tv=1lI Synergies of Expertise All PIs
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Bulk Acoustic Wave Resonators for Light DM and HFGW
Strong synergies with cavity experiments

AXIONS HFGW SCALAR DM

Piezoaxionic effect PHYSICAL REVIEW D 109, The multi-mode acoustic gravitational wave Sound of Dark Matter Phys. Rev. Lett. 116, 031102 (2016)

i t: MAGE. Sci Rep 13, 10638 (2023). . . .
072009 (2024) experimen cirep ( ) Searching for Scalar Dark Matter with Compact Mechanical

Resonators PHYSICAL REVIEW LETTERS 124, 151301 (2020)
Needs network

piczoelectric A variable 3 .
s ,P‘!‘ @4‘ Q‘@ 4} '?4\ 4\4‘ 'I‘T A dement - F |

[T=ax | Needs array + tuning

[ : @ VouH2] (b) (d)

Phonon Quartz BAW 1 102 10* 109 108 R )

distribution Z l — S
. T 10 o 2
Needs B field . x ?
I | 10° L L

=

o © Quartz BAW

- transformer | _— o _ © ©
Quartz BAW 2 | s . ° ° D
Electrodes z [ 104 | Sapphire Cylinder g
\ e @ 5 {2 AURIGA =
y X | 10% proj
| . ‘
BAW radius from 1to 50 cm / | 10" 107 10 10
3 ‘ =~ | m,,,[eV]
Use FLASH for larger devices/arrays 3 / T \ |
R}

Smaller BAWs in other labs

Synergies: Physics case, cryogenics, radiofrequency, quantum amplifiers/quantum sensing, DAQ and Data
Analysis ... in some case also same research groups (e.g. M.Tobar’s MAGE/ORGAN)
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Conclusion

* First Results from QUAX@LNF (submitted to PRD)!
*  Quantum Amplifier JPA with good performance fabricated at FBK!

* Qubitdesign, fabrication and characterization ongoing (Appl. Sci. 2024, 14(4),
1478)!

* FINUDA Magnet operated successfully and FLASH-TDR proposal in preparation!
* Ongoing discussion with Physics Beyond Collider for support on cryostat design.
* Manyyoung researchers and students

* 4 Master students (2 from MiB, 1 from La Sapienza, 1 from Eng. Dept.
Roma Tre)

e 1 Erasmus+ student from Hidelberg

* 3 PostDocs (DOE, csnV calls to be renewed on PNRR and PRIN)
* 1 non permanent Technologist (PNRR)

* 1 nonpermanent Technician (PNRR)

* Many collegues visiting us from abroad: B. Dobrich (Munich), L. Visinelli
(Shangai), M. Zantedeschi (Shangai), D. Blas (Barcelona), A. lorio (Prague), S.
Posen (Fermilab), Ray Simmond (NIST)

* Many collegues coming from Italy for measurements and discussions

* Many new ideas for future experiments and collaborations within Cosmic Wisper
COST action!




