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CryOgenic Laboratory for Detectors: 
§ Axion Dark Matter Experiments
§ Quantum Sensing with 

Superconducting Devices
§ Type II and HTC 

Superconducting Cavities

COLD@LNF
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Solving the equation inside a cylindrical resonant cavity, the signal power is

b antenna coupling to cavity

V cavity volume

Cmnl mode dependent factor about 0.6 for TM010

QL cavity “loaded” quality factor

Sikivie’s Haloscope



QUAX@LNF: The LNF Axion Haloscope

Lin
e 

5

300 K

4 K

600 mK

10 mK

50 mK

FET
+35 db

Lin
e 

1

Lin
e 

3
At

t.
-2

0 d
b

4-12 GHz

4-16 GHz

At
t.

-2
0 d

b

Run december 2023

HE
MT

+3
6 d

b

VNA
Signal

cavo 10

cavo 20cm

ca
vo

 FE
T

1

4

Lin
e 

2

C
A
VI
TY

Spl.

DOWN 
CONVERSION

C
1 2

1 2
C

C
2 1

C
1
2

RT1

RT2

RT3

CR7

cavo 7

ca
vo

 1
2

ca
vo

 1
3

ca
vo

 2

ca
vo

 1
1

cavo 36cm ca
vo

 1
3c

m

switch polarity

C  <->  1  

switch polarity
1- 2+
C  <->  1  

December 2023 Run

• Cavity temperature 30 mK
• Magnetic Field B=8 T
• Frequency 8.8 GHz
• Copper cavity Q0=50,000 

with tuner
• HEMT amplifier
• Tnoise 4K
• 2 weeks data taking
• 6 MHz scan
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Resonant cavity

2 piezo motors

Antenna

Undercoupled antenna

Tuner

Mu metal + Al Shield 

Circulator

Mixing Chamber plate

HEMT 
amplifier

SC coax 
cable Cryo switch
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§ 24 runs, 1 hour each, 250 kHz of frequency steps
§ Average exclusion 90% c.l.  𝑔!"" = 2×10#$% 𝐺𝑒𝑉#$
§ Preprint arXiv:2404.19063 
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QUAX@LNF Results for 2023 Run
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LNF:
§ Superconducting cavity 

Q0> 2×105

§ B=9T
§ Multicavity 

LNL:
§ Dielectric cavity Q0>106

§ B=14 T
§ Single cavity

<latexit sha1_base64="nsTsr2KLEJOWr7WtVI5yksQONfI="></latexit>

ma 2 (40, 180)µeV

Next years with noise 
at Quantum Limit

Beyond Quantum 
Limit with photon 
counter (ongoing 
R&D)

What about the low 
mass limit?

QUAX LNF&LNL 2023-2025



FLASH 
Finuda magnet for 
Light Axion SearcH 

Galactic axion search at 100 
MHz (0.5-1.5 µeV)
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B(T) 1.1
I(A) 2845

R(m) 1.4

L(m) 2.2

B(T) 0.6
I(A) 2300

R(m) 2.43

L(m) 4.4

FINUDAàFLASH

KLOEàKLASH
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Large Superconducting Magnets at LNF
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KLASH CDR  arXiv:1911.02427
FLASH paper Phys. Dark Univ. 42 (2023) 



THE F(K)LASH Cryostat and Resonant Cavity

KLOE/FINUDA Magnet

Vacuum vessel made by a-magnetic stainless steel

Shield in aluminum alloy, to be cooled to 70 K by gaseous Helium

OFHC Cu resonant cavity, cooled to 4.6 K by saturated liquid Helium

3 OFHC Cu tuning bars mounted on eccentric cranks with reduction 
gearboxes

Design by FANTINI Sud Mechanical Div. counterweight Stepper motor 
(2.5 µrad) 11



2 years integrated time 
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Sensitivity to Axions and ALPS



Light Primordial Black Hole Dark Matter with
Ultra-high-frequency Gravitational Waves
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A. Berlin Phys. Rev. D 105, 116011

Franciolini Phys. Rev. D 106, 103520 2022
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Mode Resonant 
Frequency 

[MHz]

Q factor 
(@4°K)

TM010 109.5 626e3

TM011 166.1 526e3

TM012 272.3 752e3

TM110 174.4 790e3

TM111 214.5 598e3

TM112 304.7 712e3

TM210 233.7 915e3

TM211 264.9 664e3

TM212 342.1 755e3

Sensitivity limited also by short duration time of the HFGW from 
PBHs. Gain 1 or 2 order of magnitudes wrt GHz cavities:

• Signal power scales as Radius2

• Q factor effective as long as Ncycles∼Q

FLASH Sensitivity to HFGW



70K 
send/return 

lines

4.5K 
send/return 
lines

FINUDA/FLASH

Control of Magnet Power 
Supply

Cryogenic plant

Reconnection 
of He transfer 
line

15

KLOE

Commissioning of the FINUDA Magnet – Last Operated in 2007
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Successful Test of the FINUDA Magnet
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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 1.05 T.
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CONCLUSIONS

FINUDA Magnet 
successfully tests 
in January 2024 
after 20 years 

from last 
operation.

Next steps: 
Technical Design 

Report, INFN 
approval, 

construction and 
commissioning. 
About 5 years 

from now.

For the TDR we 
need to fully 

design 
mechanical 

cryogenics and RF 
components:

Vacuum vessel

Cryostat support

Service Turret

Radiation screens

RF Cavity and pick up 
antennas

Tuning System

Assembly Tools

Signal amplification 
and DAQ

SQUID multiplexing

B field shields

Computing

Setting up a 
Collaboration 

with both theory 
and experimental 

groups  

Experimental 
groups:

LNF, INFN and 
Uni Pisa, INFN 

Trento, Uni 
Camerino

Ongoing 
discussion with 

INFN Milano

Groups are 
joining from 

Spain and 
Germany


