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1. FLASH physics


2. The FLASH detector  
and collaboration


- UoL involvement


3. Frascati CryoMagnet and Quantum 
R&D prospect
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Axions
• QCD sector needs a solution for the “strong-CP problem”


- Distribution of the quark in nuclei => electric dipole moment (EDM)


- Experimentally: 


⇒  not a parameter but -> field  the axions  





• Coupling of the axion with the photons

• Axion also viable Dark Matter candidate

|θ | ≤ 10−10

θ a ℒQCD ⊃ θG̃G →
a
fa

G̃G

ℒ ⊃ gaγ a E ⋅ B + gaf (∇a) ⋅ S + gEDM a S ⋅ E

The QCD sector of particle physics demands solving the “strong-CP puzzle”

QCD Axion: Theory motivations

The distribution of quarks in a neutron 
defines the neutron’s electric dipole moment 

Experimentally, this is remarkably small
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The QCD sector of particle physics demands solving the “strong-CP puzzle”

QCD Axion: Theory motivations

The distribution of quarks in a neutron 
defines the neutron’s electric dipole moment 

Experimentally, this is remarkably small

2

<latexit sha1_base64="sIc9qlgYYA4fKH0yOFaApwekaUE=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBi2FG3I5BLx4jmAUyMfR0KkmTnoXuGiFMAl78FS8eFPHqT3jzb+wsB018UPB4r4qqen4shUbH+bYyC4tLyyvZ1dza+sbmlr29U9FRojiUeSQjVfOZBilCKKNACbVYAQt8CVW/dz3yqw+gtIjCO+zH0AhYJxRtwRkaqWnvDTzsArIB9SRorUVAXec+PXadYdPOOwVnDDpP3CnJkylKTfvLa0U8CSBELpnWddeJsZEyhYJLGOa8REPMeI91oG5oyALQjXT8w5AeGqVF25EyFSIdq78nUhZo3Q980xkw7OpZbyT+59UTbF82UhHGCULIJ4vaiaQY0VEgtCUUcJR9QxhXwtxKeZcpxtHEljMhuLMvz5PKScE9L5zdnuaLV9M4smSfHJAj4pILUiQ3pETKhJNH8kxeyZv1ZL1Y79bHpDVjTWd2yR9Ynz/dfJcE</latexit>

|✓| . 10�10

<latexit sha1_base64="FtdJBE2miJI4OuDwZjPYKzRvaZ0=">AAACGHicbVDJSgNBFOxxjXGLevTSGAQPEmfE7RiMEA8eEjALZELo6bwkTXoWut8IYchnePFXvHhQxGtu/o2d5aCJBQ1F1Xu8rvIiKTTa9re1tLyyurae2khvbm3v7Gb29qs6jBWHCg9lqOoe0yBFABUUKKEeKWC+J6Hm9Qtjv/YESosweMRBBE2fdQPREZyhkVqZM9dn2ONM0odW4iqflgt3Q+rqONKA1MUeIHNPXRSyDbRIi61M1s7ZE9BF4sxIlsxQamVGbjvksQ8Bcsm0bjh2hM2EKRRcwjDtxhoixvusCw1DA+aDbiaTYEN6bJQ27YTKvADpRP29kTBf64HvmclxDD3vjcX/vEaMnZtmIoIoRgj49FAnlhRDOm6JtoUCjnJgCONKmL9S3mOKcTRdpk0JznzkRVI9zzlXucvyRTZ/O6sjRQ7JETkhDrkmeXJPSqRCOHkmr+SdfFgv1pv1aX1NR5es2c4B+QNr9AMZbp8t</latexit>

LQCD � ✓ G̃G
<latexit sha1_base64="F6rZiuXLH/+VtNrbtKAHHZy3dGc=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgQkoivpZFF3VZwT6gCeFmOmmHTh7MTIQSght/xY0LRdz6Fe78G6dtFtp64MLhnHu59x4/4Uwqy/o2FhaXlldWS2vl9Y3NrW1zZ7cl41QQ2iQxj0XHB0k5i2hTMcVpJxEUQp/Ttj+8GfvtByoki6N7NUqoG0I/YgEjoLTkmftOIIBkkGeBB7lz4ijGexTXcd0zK1bVmgDPE7sgFVSg4ZlfTi8maUgjRThI2bWtRLkZCMUIp3nZSSVNgAyhT7uaRhBS6WaTF3J8pJUeDmKhK1J4ov6eyCCUchT6ujMENZCz3lj8z+umKrhyMxYlqaIRmS4KUo5VjMd54B4TlCg+0gSIYPpWTAagM1E6tbIOwZ59eZ60Tqv2RfX87qxSuy7iKKEDdIiOkY0uUQ3dogZqIoIe0TN6RW/Gk/FivBsf09YFo5jZQ39gfP4AjheW4g==</latexit> a

fa
G̃G

Idea: the quantity     is not a parameter but a field      (the axion)<latexit sha1_base64="aQB1NLJLmpWxpNxBSCEdSqcwMbw=">AAACE3icdZDLSgMxFIYz9VbrbdSlm2ARRKRkitZ2V3TjsoK9wHQomTTThmYuJBmhDH0HN76KGxeKuHXjzrcxM+2Aih4I/PzfOcnJ70acSYXQp1FYWl5ZXSuulzY2t7Z3zN29jgxjQWibhDwUPRdLyllA24opTnuRoNh3Oe26k6uUd++okCwMbtU0oo6PRwHzGMFKWwPzJOlnl9hi5DoJqiBdtdppKqw6srRoNOrVamOGZwOznHOYc5hzaGUIoTJYVGtgfvSHIYl9GijCsZS2hSLlJFgoRjidlfqxpBEmEzyitpYB9ql0kmydGTzSzhB6odAnUDBzv08k2Jdy6ru608dqLH+z1PyL2bHy6k7CgihWNCDzh7yYQxXCNCA4ZIISxadaYCKY3hWSMRaYKB1jSYeQ/xT+LzrVilWrnN+clZuXiziK4AAcgmNggQvQBNegBdqAgHvwCJ7Bi/FgPBmvxtu8tWAsZvbBjzLevwDlsppk</latexit>a
<latexit sha1_base64="zPUJJAqltLG4iyhBzIRDOuYPJ4k=">AAAB7XicdVBNSwMxEM3Wr1q/qh69BIvgqWSL1vZW9OKxgv2AdinZNNvGZrNLMiuUpf/BiwdFvPp/vPlvzLYVVPTBwOO9GWbm+bEUBgj5cHIrq2vrG/nNwtb2zu5ecf+gbaJEM95ikYx016eGS6F4CwRI3o01p6EvecefXGV+555rIyJ1C9OYeyEdKREIRsFK7T6MOdBBsUTKxKJaxRlxa8S1pF6vVSp17M4tQkpoieag+N4fRiwJuQImqTE9l8TgpVSDYJLPCv3E8JiyCR3xnqWKhtx46fzaGT6xyhAHkbalAM/V7xMpDY2Zhr7tDCmMzW8vE//yegkENS8VKk6AK7ZYFCQSQ4Sz1/FQaM5ATi2hTAt7K2ZjqikDG1DBhvD1Kf6ftCtlt1o+vzkrNS6XceTRETpGp8hFF6iBrlETtRBDd+gBPaFnJ3IenRfnddGac5Yzh+gHnLdP/nyPbw==</latexit>

✓
[Peccei, Quinn, PRL 38 (1977) 1440]
[Weinberg, PRL 40 (1978) 223]
[Wilczek, PRL 40 (1978) 279]

Gluon field
<latexit sha1_base64="gFZWEIXK0F+cDGXiNUk2rpfdl3E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9ijvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gA8RI3I</latexit>

fa New energy scale

<latexit sha1_base64="DEQlhW9xQgx015gwB+tblbcMxJ4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQgx4TMA9IljA76SRjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJIPZhyjH9KB5H3OqLFS7a5bLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77J8UTsvVW6yOPJwBMdwCh5cQQXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A581jNU=</latexit>

G

Luca Visinelli

3



Haloscope searches
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Courtesy of ADMX collaboration

Significant enhancement when

The axion-photon coupling                        modifies Maxwell’s equations
<latexit sha1_base64="D6kOw49HJ1kCbZtmAP/8OoSpJKI="></latexit>

L � ga� aE ·B+ gaf (ra) · S+ gEDMaS ·E

SQUID magnetometer FFT

Amplifier

Axion mass is unknown:
Requires tunable cavity
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2⇡⌫c ⇡ ma
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⌫c ⇠ GHz

Particle/astro Instrument

<latexit sha1_base64="pDjE/jMyPIfObGnshaVjEcgCxvs="></latexit>
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�

Luca Visinelli

• Cavity resonates at  
When  and  then 

νc
2πνc ≃ ma ma ∼ μeV → νc ∼ GHz

Haloscope searches

P = g2
aγγ

ρa

ma (B2
0VC

β
1 + β

QL)
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FINUDA magnet for Light Axion Search Haloscope 

• Frequency range  
cosmic axion masses 


• Resonant frequency tunable, mode 
 for axion search


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


• Lagrer cavity  and 


• Cryostat and cooled at  using liquid He

• External stainless steel vacuum vessel,  

aluminum-alloy radiation shield   
cooled by gaseous He

νc ∼ (117 − 360) MHz
∼ 10−6 eV

TM010

L = 1200 mm R = 1050 mm
4.5 K

∼ 70 K
“The future search for low-frequency axions and new physics  
with the FLASH resonant cavity experiment at Frascati National Laboratories”  
Physics of the Dark Universe 42 (2023) 101370 5



FLASH Physics reach: axion search
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Multiple models searched

Interaction  
with the  
Electromagnetic  
field
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High Frequency Gravitational Waves
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Liverpool involvement
Tyler Jameson (MPhys Student)

David Sim (Senior research technician)

Paolo Beltrame
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Magnetic field studies
SQUID shielding

end caps were added to the cylinders in Figure 8. This addition was an attempt to further suppress

the amount of flux entering the cylinder. This was done to create a primary barrier for magnetic

flux before suppression inside the cylinders.

(a) (b)

Figure 9: Two di!erent levels of magnetic shielding corresponding two di!erent configurations (a)
1 layer of NbTi and 1 layer of Mu-metal from Figure 8a, (b) 2 layers of NbTi and 2 layers of
Mu-metal from Figure 8b

Shieldingfactor =
Bexternal

Binternal

Magnetic shielding performance was evaluated for the two configurations in Figure 9. The single

layer configuration shown in Figure 8a achieved a shielding factor of 105. The addition of a second

layer in Figure 8b increased the shielding factor to 107. This demonstrates the e!ectiveness of

multi-layer shielding configurations as attenuation of magnetic field improves with the addition of

an extra layer.

The shape of these plots is the result of the holes allowing flux to enter the cylinder. Therefore,

the flux is not immediately attenuated to the minimum value as soon as it enters the cylinder.

Instead, the flux enters the cylinder and decreases as it gets further into the cylinder, up to a max-

imum attenuation in the centre of the configuration. This is due to shielding from superconducting

material via the Meissner e!ect described in Figure 6 where the maximum attenuation of flux is

the furthest point away from the holes. This shape of the shielding plot limits the region in which

the SQUID can be placed in the shielding cylinder. Therefore, it must be locked in the centre to

experience maximum shielding.

To verify the extent to which the end caps are necessary for maximum shielding, a horizontal

configuration is tested. These cylinders are placed perpendicular to the direction of magnetic flux

in an attempt to block as much of the applied axial field as possible.

15

Two layers of NbTi and  
Two layers of Mu-metal

(a) (b)

Figure 8: Configuration of SQUID shielding for COMSOL testing (a)1 layer of Mu-metal and NbTi,
(b) 2 layers of Mu-metal and NbTi

this is essentially 0 below its critical temperature [52]. Mu-metal has resistivity 60µ!cm [58] that

converts to → 1.7↑ 106 S/m. The permeability of Mu-metal can vary as seen in [58], however, its

lowest value is 105. So, to not overestimate the shielding capabilities, this minimum is the value

used.

Material Electrical conductivity
(S/m)

Relative permeability

Air 0 1
NbTi 1012 10→12

Mu-metal 1.7↑ 106 105

Table 1: Materials and the properties input for the COMSOL simulation

For each configuration, NbTi was always the inner layer, and the outer layer was always Mu-

metal. This is because of the ability of Mu-metal to redirect and absorb flux through its high-

permeability structure, reducing the field strength before it reaches the superconducting cylinder.

This means that if the residual field is removed then NbTi can reduce the remaining field, reaching

shielding levels Mu-metal could not produce by itself.

The holes at the top and bottom of all shielding configurations are in all tests due to the wires

required for the MSA. The radius of the holes remains the same; however, the height doubles for

Figure 8b due to the extra layers. The copper end caps in Figure 7 are non-superconducting,

therefore they apply no attenuation of magnetic flux. This shows that end caps are not necessary

for the shielding of magnetic flux using superconducting materials as shown in Figure 6. Despite

this e”ective shielding from a combination of Mu-metal and superconducting cylinders in Figure 7,

14

Simulation performed 
for SQUID shielding  
with COMSOL

The shielding box

- Geometrical construction: hallow cylinder → minumum of 40mm and maximum
(thickness) of 47mm; inner heigt 85mm and maximum height of 100mm (info from Javid
- Camerino)

- Materials construction:
Niobium-Titanium is a Type-II superconductor. Critical temperature (around 10K )
↑ 4K : µr = 0 → µr = 10→12 and ω = ↓ → ω = 1.612 S/m

4 / 7

Thanks to  
Sergey Burdin and  
Sean Hughes for COMSOL in hep49 10



Magnetic field studies
FINUDA filed map

(a) (b)

Figure 12: (a) Contour plot of R vs Z with scale of Bz (b) Contour plot of X vs Y at Z = 0 with
scale Br

these radial edges in Figure 12b, the data points spread further apart. This distance between points

could possibly contribute to this increase in Br. Figure 12b also shows a region outside the data

points, and in this region there is an increase in field stength. This region of increase is likely caused

by the trend from within the data region bleeding outwards. Therefore, we must apply physical

limitations as outside of a solenoid the magnetic field strength should not decrease ideally it should

decrease to 0.

Due to suboptimal results for the region external to the data, i looked for a way to implement

a physical reality to the interpolation to produce an accurate representation of the magnetic field

strength outside the FINUDA coil. Therefore, i applied the matrix-valued condition to the RBF

interpolation which enforces the divergence-free physical condition described in appendix B. The

divergence-free correction follows a similar approach described by McNally [59], who constructs

equation vector-valued RBF kernels of the form of Equation (7) in appendix B. The interpolated

field is produced by inserting all the coordinates and corresponding field strength values into the

same ”RBFInterpolator”. To remove the divergence in B, the B can be split into its divergence-

free component and the gradient that contributes to the divergence. Therefore, you get B =

Bdivergencefree +→ω where Bdivergencefree is the divergence free component and →ω is the gradient

that gives the divergence [60]. From this, all you need to do is subtract the gradient from the

interpolated field and it enforces the divergence free condition.

The method implementing the divergence-free condition still produces similar increases of mag-

netic flux density. Therefore, the divergence free property is not the condition required for the RBF

interpolation to correctly map a solenoid magnetic field.

To conclude, regular scalar valued RBF interpolation works reasonably well inside the data

18

Interpolate the data point of the  
measurement performed in late ‘90s

11



Magnetic field studies
Amplifier tests at LNF and at the Camerino University

4.1.1 Experimental Setup

A Vector Network Analyser (VNA) is used for the calibration of the attenuation and gain in the

wires in the system. Due to the di!culty in measuring current or voltage at high frequencies [63],

VNAs instead measure S-parameters. The S-parameters are a ratio of power transmitted and power

incident at either port of the VNA. VNAs have two ports; port 1 produces a small known signal

that passes through the system, the second port reads the signal, and the output produced is the

ratio of these signals [63]. The unit of this ratio is measured in dB. S21 is a ratio of the transmitted

power from the VNA to the received power.

S21 =
Vout

Vin
→ Pout

Pin
(4)

The calibration of all the cables and amplifiers was done. The attenuation of the cables inside

the cryogenic system was calibrated at room temperature before the cryogenics were turned on.

Then their attenuations were corrected for by a factor of 0.9 to correct for the cold temperature

regime; this is for the calculation of l for the equation (5).

Figure 14: QUAX noise measurement testing system

The spectrum analyzer shown in Figure 14 produces measurements of the magnitude of the

power output in dBm of the signal against a selected frequency range [64]. dBm is the logarithmic

unit of power produced which converts to linear power via P (watt) = 10
p(dBm)

10

1000 . The resolution

20

C Cryogenic system for QUAX testing

Figure 22: Internal cryogenic system for SQUID testing

39

Microstrip SQUID amplifier test

•  at 6 T 1.6 K

LNF Dilution refrigerator

•  and  

• Testing the HEMT and  

the TWPA amplifier 

1 T 1.7 K

12



FLASH timeline
Design studies and R&D  
for the TDR:   
Approved by INFN in 2024
Six WPs ranging  
from Physics reach to  
FINUDA decommissioning
- WP4:  
Signal Amplification and DAQ 
- WP5:  
Data Analysis and Computing

13
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FLASH timeline
- FINUDA decommissioning 

- Design FLASH and R&D

- Formalisation of FLASH Collaboration

- Cryogenic system and magnet

- Finalising FLASH design

- Fabrication  prototype  

(Bonn University)

- Prototype characterisation at 


- Technical Design Report

- Call of tender for cavity cryostat and  

RF cavity


- Construction, Commissioning  
& Data Taking

500 MHz

4 K

2025 

2026 

2027 

2028/ 
2030

Design studies and R&D  
for the TDR:   
Approved by INFN in 2024
Six WPs ranging  
from Physics reach to  
FINUDA decommissioning
- WP4:  
Signal Amplification and DAQ 
- WP5:  
Data Analysis and Computing
Initial UoL involvement  
SQUID magnetic field shielding  
and FLASH magnetic field  
mapping 13



Quantum R&D in Liverpool
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Steps and medium-term projects
• Quantum Science and Technologies Developments in Liverpool

• Experimental strategy: 


- Cooperation with FLASH and independent line of R&D and research


1. Cryostat and superconducting magnet from LNF (Frascati Laboratory)

- Cooling down → Liquid He


- Purchasing the LHe, applying for a recovery/liquefying system

2. Testing SQUID in magnetic field


- Electronics and DAQ system

- Magnetic field shielding


3. Amplifiers response

- Electronics and DAQ system

- HEMT+TWPA amplifiers 15



Cryostat+Magnet and LHe
• Arrival of the cryostat and superconducting magnet from the LNF in Liverpool


- Preparatory trip to the LNF, 4–7 May (many thanks to David Sim)

- Transport to Liverpool by mid-June (trip already planned for the 8-12 June)


• Liquid He facility

- Liquefaction Rate: 20+ liters/day

- Dewar Capacity: 160 liters (250 liters)

- Delivery Time: 6 months  

from the order

- Visit from QD the 21 April


- Location in Chemistry B53 room
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Quantum Design's NexGen liquefiers and 
purifiers allow you to recycle the helium gas 
currently being lost from the normal boil off and 
helium transfers of your cryogenic instruments. An 
adaptable helium recycling solution for research 
and medical cryostats, these helium liquefiers 
and purifiers allow you to always have access to 
a supply of liquid helium without being reliant on 
suppliers of cryogens or subject to unpredictable 
price changes. You will also be doing your part to 
conserve a precious natural resource which is vital 
to scientific research and medical treatment.

Liquefier Features
• Easy-to-Use, Fully Automated Operation

• Portable Liquefiers for Easy Transfers

• 250 Liter Capacity Allows Larger Transfers!

• High Liquefaction Rates; Energy Efficiency

• Liquefies at 1 PSIg so Helium is Ready 
When You Need It

• Optional Variable Speed, “Smart Energy” 
Compressor

• Self-Cleaning, Uninterrupted Service
• Modular Design: Your System Can Grow as Your

Helium Needs Evolve

Ease of Use
Quantum Design’s liquefiers have been developed 
for general users, with friendly, touch-screen user 
interfaces and remote access available over the 
internet. Fully automated operation allows you 
to spend your time on your work, not cryogen 
maintenance. And unlike industrial liquefiers, 
their small, portable size is doorway and ramp 
friendly, with a transfer process that is as easy as 
transferring from your current storage dewars. All 
of these features make the recovery and transfer 
of liquid helium more convenient than ever.

ATP30 Purifier Features
• Purifies helium gas to 99.9995%

• Ensures highest liquefaction rates possible

• Stops operation before "dirty" gas passes 
through system

• Regeneration easily through automated software

• Full regeneration of system in 5 hours

Product Description

NexGen Helium Liquefiers & Purifiers
The Next Generation of Helium Recycling 

NexGen 160

ATP30



Cryostat+Magnet and LHe
• Arrival of the cryostat and superconducting magnet from the LNF in Liverpool


- Preparatory trip to the LNF, 4–7 May (many thanks to David Sim)

- Transport to Liverpool by mid-June (trip already planned for the 8-12 June)


• Liquid He facility

- Liquefaction Rate: 20+ liters/day

- Dewar Capacity: 160 liters (250 liters)

- Delivery Time: 6 months  

from the order

- Visit from QD the 21 April


- Location in Chemistry B53 room

MPhys Student 
James Taylor 
(23 March - 5 April)
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and medical cryostats, these helium liquefiers 
and purifiers allow you to always have access to 
a supply of liquid helium without being reliant on 
suppliers of cryogens or subject to unpredictable 
price changes. You will also be doing your part to 
conserve a precious natural resource which is vital 
to scientific research and medical treatment.

Liquefier Features
• Easy-to-Use, Fully Automated Operation

• Portable Liquefiers for Easy Transfers

• 250 Liter Capacity Allows Larger Transfers!

• High Liquefaction Rates; Energy Efficiency

• Liquefies at 1 PSIg so Helium is Ready 
When You Need It

• Optional Variable Speed, “Smart Energy” 
Compressor

• Self-Cleaning, Uninterrupted Service
• Modular Design: Your System Can Grow as Your

Helium Needs Evolve

Ease of Use
Quantum Design’s liquefiers have been developed 
for general users, with friendly, touch-screen user 
interfaces and remote access available over the 
internet. Fully automated operation allows you 
to spend your time on your work, not cryogen 
maintenance. And unlike industrial liquefiers, 
their small, portable size is doorway and ramp 
friendly, with a transfer process that is as easy as 
transferring from your current storage dewars. All 
of these features make the recovery and transfer 
of liquid helium more convenient than ever.

ATP30 Purifier Features
• Purifies helium gas to 99.9995%

• Ensures highest liquefaction rates possible

• Stops operation before "dirty" gas passes 
through system

• Regeneration easily through automated software

• Full regeneration of system in 5 hours

Product Description

NexGen Helium Liquefiers & Purifiers
The Next Generation of Helium Recycling 

NexGen 160

ATP30



Cryostat+Magnet and LHe
• Arrival of the cryostat and superconducting magnet from the LNF in Liverpool


- Preparatory trip to the LNF, 4–7 May (many thanks to David Sim)

- Transport to Liverpool by mid-June (trip already planned for the 8-12 June)


• Liquid He facility

- Liquefaction Rate: 20+ liters/day

- Dewar Capacity: 160 liters (250 liters)

- Delivery Time: 6 months  

from the order

- Visit from QD the 21 April


- Location in Chemistry B53 room

MPhys Student 
James Taylor 
(23 March - 5 April)

Special thanks to 
David Sim!
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for general users, with friendly, touch-screen user 
interfaces and remote access available over the 
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to spend your time on your work, not cryogen 
maintenance. And unlike industrial liquefiers, 
their small, portable size is doorway and ramp 
friendly, with a transfer process that is as easy as 
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Dimensions

CryostatCryostat

F 756
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94
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2

58
0
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(cm)

Magnetic field:  @ 
Homogeneity: (1 cm dsv)
Max current: 

8 T 4.2 K
±0.5 %

85 A

Steel Cryostat
NbTi magnet 
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Liquid He  
for temperature @ 4.2 K
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Quantum R&D @ UoL
1. Collaboration with  

FLASH experiment 

2. Line of research and R&D at  
Liverpool

- Cryo+Magnet at UoL 

3. Cooperation with  
Lancaster and  
Manchester  
Universities
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Quantum R&D @ UoL
- Cryostat ad superconducting 

magnet in Liverpool


- Installation of the cryostat and 
magnet


- Cooling with LHe


- SQUID and Amplifier procurement 
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- Testing the Magnetic Field 

Shielding for SQUID

- Amplifiers response
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Quantum R&D @ UoL
- Cryostat ad superconducting 
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1. Collaboration with  
FLASH experiment 

2. Line of research and R&D at  
Liverpool

- Cryo+Magnet at UoL 

3. Cooperation with  
Lancaster and  
Manchester  
Universities

Exploring new approaches for Quantum Technology R&D and DM search 19
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Magnetic Field
- Bz < 0.1T outside the end caps at a distance of 1435 mm from the center and at that
point on map

- Conservative assumption: Bx ,y ,z = 0.1T → ωB = 0.2T
3 / 7



Approved by INFN in Sept. 2024 ⇒ TDR ready in 2026

Design Study and R&D  for the TDR

• 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  

• Università di Camerino 

• University of Liverpool   

• WP5: Responsibility for Data Analysis and Computing 
• Mainz University  

• Bonn University 

• INFN Pisa 

• INFN Frascati 

• University of Liverpool 
23
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