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Cavity RF design
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Fine Tuning:
Dielectric  rod

Dielectric Rod:
Material: Sapphire
Diameter: 20mm
Position: on z-axis, on one of the end caps Credit S. Tocci



Tuner

Cooling manifold is not 

needed for prototype

Loop Antenna 

(TEmode)

Monopole

Antenna 

(TM mode)

Rotating disk

S. Tomassini

S. Tocci

Cooling/connection 

rods for prototype only

• Copper surface roughness measured (Ra < 0.6 microns)
• Chemical solution for surface treatment tested on a 

copper sample at LNL (target Ra < 0.4 microns)
• The copper has been shipped to Bonn for fabrication

Scale ratio with FLASH cavity
                           1 : 5.43

Prototype cavity



4K  Cryostat  for  the Cavity  Prototype

4K Cryostat for the Cavity Prototype

50K Copper Flange (+Al Shield)

4K Copper Flange

• The design of the cryostat for the prototype is 95% completed

Pulse Tube refrigerator
Feedthroughs for cavity tuning

300K Stainless Steel Flange

Cavity prototype

• 300K top flange design is complete –
it will be machined by an external 
company (order ongoing)

• The rest will be machined at LNF’s
mechanical workshop

• Rotary/linear Feedthroughs 
purchased from Pfeiffer. Waiting for 
delivery

• Cryostat ready for October 2026

Credit C. Ligi, A. Iungo andG. Chiaraluce



FLASH Cryostat Design
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1. Design of the vacuum vessel and thermal shield almost 
completed. 

2. Cryogenic design in collaboration with CERN PBC ongoing: 2K is 
feasible!

3. Design of the carpentry structure for the access to the 
experimental and technical area in progress.

4. New FINUDA Magnet cryogenics control system delivered.

Credit F. Rosatelli



Detailed extraction procedure defined by the LNF Mechanical Service
Credit C. Capoccia and F. Rosatelli

Internal “Clessidra” extracture procedure



𝑇𝑛𝑜𝑖𝑠𝑒 = 1.6𝐾 𝑏𝑎𝑡ℎ + 0.34𝐾
𝑓

120 𝑀𝐻𝑧

𝑇

1.9𝐾

• SQUID gain about 20 dB, bandwidth 40 MHz
• We now expect 2.2 K total noise in FLASH at 120 MHz. 
• No need to cool SQUID to lower T (e.g. 300 mK)!

Credit Rezvani, Pinto (Camerino), Beltrame (Liverpool), Lamanna, Puglia 
(Pisa), Falferi, Vinante (Trento).

MSA SQUID Characterization

Trento Camerino Pisa



Temp. of 10 mK plate
𝑇𝑏𝑎𝑠𝑒 ≃ 20 𝑚𝐾

Target next run QUAX:

To take data on about 
100 MHz frequency 
range

Resonant 
cavity

Undercoupled 
antenna

AntennaTuning
system

MuMetal + Al + 
lead shield

Cryo switch

Mixing 
chamber 

plate

HEMT amplifier

New RF coax lines

Magnet

SC coax 
cable

➢ Improved tuning mechanism 
for wider scanning range;

➢ Magnetic field 8.5T;
➢ Added double junction 

circulators;

➢ Introduced TWPA amplifier 

(tentative) Run with TWPA



Pump Frequency = 7.87 GHz 
Pump power = -13.84 dBm

Succesfully tested TWPA in 
magnetic field

System noise temperature has 
been reduced from 4.7K to 0.5K

TWPA characterization

Credit V. Spasiano (Sapienza Uni)



TWPA does not react to Pump-
on/Pump-off anymore. The peaks 
seem to be box modes

SilentWaves replaced it with a new one.
Data taking with TWPA in Spetember

TWPA damaged



Run without TWPA to debug all the setups

< 𝑇𝑛 >= 4.2 𝐾

< 𝐺 >= 67.1 𝑑𝐵



cryogenic
HEMT

4 K 300 K

FET

𝐺𝐻𝐸𝑀𝑇 ≃ 37 𝑑𝐵 𝐺𝐹𝐸𝑇 ≃ 35 𝑑𝐵

Next run:
TWPA

10 mK

FET

IQ demodulator

𝐺𝐹𝐸𝑇 ≃ 36 𝑑𝐵

C
av

ity

Expected Noise: 1.5 
photos Expected Gain: ≈ 
15 dB 
Operation Band: 6-10 GHz

RF amplification chain

Credit S. Tocci



Calibration of downconversion electronics

LF
Voltage amplifier

digitizer NETBOX 
DN2.59x 
(10 MHz, 8 channels) 

IQ downconvertion

2nd stage 
downconvertion

P input = -60 dBm



Calibration of input/output cryo lines

frequency (GHz) 𝑸𝟎 𝜷𝟏 (fixed) 𝜷𝟐 (tunable)

mode1 TM010 8.737119 54250 4.5e-4 0.79

mode2 TM011 8.780838 54309 6.5e-2 0.73

mode3 TM012 8.841184 40001 0.106 0.52

Simultaneous fit to extract 
cavity parameters and line 
attenuations/gains

< 𝐺𝐿5 >= 67.1 𝑑𝐵

Consistent with 
noise-source calibration!



• full list of devices has been integrated in MIDAS and 
tested with fast and slow information

• data compression, storage, and metadata 
pipeline has been developed

• data streaming client server has been setup and 
tested for parallel data sharing/HFGW alert.

• Automatic procedures implemented for cavity and 

DAQ calibrations

process/device 
control

online display

data history

online device 
controls

DAQ controls implemented

Credit G. Mazzitelli, G. Dho



Data reconstruction

Data available:
• 1h run
• 15h run

Data are being reconstructed. Still working with numbers.

GitHub repo

𝐹𝐹𝑇(𝐼 − 𝑖𝑄) mode1



New CNR qubit chips
successfully fabricated.

CNR qubits: fabrication completed

Qubit+cavity mounted on insertion
probe in Bluefors cryostat

Credit A. D’Elia



Qubit characterization status

Cavity spectroscopy

𝜒01 = −6.6 MHz

Qubit spectroscopy
𝑓01 = 6.07 𝐺𝐻𝑧

𝑓02/2 = 5.95 𝐺𝐻𝑧
𝛼~240 𝑀𝐻𝑧

Credit A. D’Elia



Time-domain measurements are still in progress

Qubit characterization status

RO power=-80.5 dBm
RO power=-76 dBm

2𝜒

𝜒 = −1.89 𝑀𝐻𝑧

𝑔 = 105𝑀𝐻𝑧

Credit A. D’Elia



backup



Prototype Frequency Tuning
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Tuner position [deg]

TM010

TM010

TM010

TE111

TM011

TM110

➢ TM010 operating mode
➢ 650 MHz tuning range
➢ 48% tuning capability
➢ 1st mode mixing: 737 MHz

The tuning behavior of the prototype is very similar to that of the full-scale cavity. The TM010 operating frequency is around 
700 MHz, and the tuning range is about 48%. 

The prototype will also have its frequency fine 
adjustment, and its design will be the same one as 
for the larger cavity scaled of 5.43 factor



FLASH cavity tuning

➢ TM010 operating mode
➢ 120 MHz tuning range
➢ 48% tuning capability
➢ 1st mode mixing: 136 MHz

Q and C factors as a function of the frequency of 
mode TM010 

TE111

TM011

TM110

TM010

TM010

TM010

TM010

Tuner position [deg]



Mode Simulation 𝒇𝒓 

(MHz)
𝑸𝟎 ∙ (𝟏𝟎𝟓)

TM010 129 5.95

TM011 163.5 5.05

TM012 238 6.10

TM110 204.4 7.65

TM111 227.5 6.05

TM112 286 6.78

TM210 259.3 9.50

TM211 278 7.20

TM212 350 7.02

TM020 290.2 9.53

Mode Simulation 𝒇𝒓 

(MHz)
𝑸𝟎 ∙ (𝟏𝟎𝟓)

TE111 136 6.03

TE112 220 7.85

TE211 190.5 4.90

TE011 218.2 10.6

TE212 257.4 6.47

Mode Theory 𝒇𝒓 

(GHz)
Simulation 𝒇𝒓 

(GHz)
𝑸𝟎 ∙ (𝟏𝟎𝟓)

TM010 0.65 0.71 1.43
TM011 0.85 0.89 1.16
TM110 1.04 1.12 1.90
TM111 1.17 1.24 1.50
TM012 1.28 1.29 1.47
TM210 1.40 1.41 2.06
TM211 1.50 1.51 1.59
TM112 1.51 1.55 2.46
TM020 1.51 1.58 2.07
TM212 1.77 1.78 1.68

Mode Theory 𝒇𝒓 

(GHz)
Simulation 𝒇𝒓 

(GHz)
𝑸𝟎 ∙ (𝟏𝟎𝟓)

TE111 0.74 0.74 1.27
TE211 0.994 1.03 1.00
TE011 1.17 1.18 1.18
TE112 1.19 1.20 1.47
TE212 1.36 1.40 1.51

FLASH Prototype



Tuner Rotating disk

Vacuum 
Hole 

RF sliding contact

Springs

Metal contact

Credit S. Tomassini
24

Measurement of Friction in the FLASH Tuning 
System
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   T  n o i s e =    (  1 . 6 K )  b a t h   + 0 . 34 K  (   f  120   M H z )  (   T  1 . 9 K )


   T  b a s e ≃ 20   m K


  <  T n >   = 4 . 2   K


  < G >   = 67 . 1   d B


   G  H E M T ≃ 37   d B


   G  F E T ≃ 35   d B


   G  F E T ≃ 36   d B


   𝑸 𝟎


   𝜷 𝟏


   𝜷 𝟐


  <  G  L 5 >   = 67 . 1   d B


  F F T ( I − i Q )


  𝜒 01 = − 6 . 6   MHz


  f 01 = 6 . 07   G H z


  f 02 / 2 = 5 . 95   G H z


  𝛼 ~ 240   M H z


  𝜒


  𝜒 = − 1 . 89   M H z


  g = 105   M H z
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