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Vignati -

Dark Matter evidence

What is the Dark Matter made of?


• primordial black holes?


• keV/c2 - TeV/c2 WIMP-like particles?


• μeV/c2 - eV/c2 axion-like waves?
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“Bullet” cluster

Gravitational lensing

Rotation curve of galaxies

Λ
− CDM

Large scale structures



Vignati -

State of the art of WIMP search
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M. Folcarelli (Sapienza)

Excluded region

Dark Matter (DM)

observable:  
kinetic energy of 

nuclear recoil

target nucleus

Multi-ton liquid scintillators
kg-scale solid-state phonon/electron detectors 

(superconducting detectors: TES, KIDs, …)
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State of the art of Axion search
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SUPPLEMENT

A. Device Fabrication

Q1 Q2

Q3 Q4

FIG. S1. Chip layout. Q1 was chosen for the measurements

as it exhibited the best combination of T1 (→80 µs) and read-

out fidelity.

The device was fabricated on a 432 µm thick c-plane
HEMEX grade double-polished Sapphire substrate with
2-inch diameter. Substrate preparation, base-layer (Nb)
deposition, and Josephson junction evaporation followed
the fabrication methods described in Ref. [1]. To prevent
oxidation of the Niobium, a 10 nm-thick Gold capping
layer was deposited using the same sputtering tool with-
out breaking the vacuum.

Figure S1 illustrates the chip layout. Qubits with con-
centric and inter-digitated pads are not used in the ex-
periments due to their lower T1 values. Q1, ... , Q4
were characterized and Q1 having a transition frequency
of 4717.4MHz was chosen for the measurements as it ex-
hibited the best combination of T1 (→80 µs) and readout
fidelity. The readout frequency was 7206.8MHz and the
readout length varied between 5 to 9 µs.

B. Simulation of Interaction Rates

We used an updated version of the GEANT4-based
Monte Carlo simulation described in Cardani et al. [2]
to predict both the rate of impacts and the energy de-
posited in the Sapphire substrate. The implemented ge-
ometry, shown in Fig. S2, includes the following compo-
nents (from outermost to innermost):

a. An 80 ↑ 80 cm2, 5 cm-thick Lead base;

b. An 80 ↑ 80 cm2, 5 cm-thick Copper base;

c. Half a round of 10 ↑ 20 cm2, 5 cm-thick Lead
bricks;

d. One full round of 10 ↑ 20 cm2, 5 cm-thick Lead
bricks;

FIG. S2. Experimental setup at LNGS as implemented

in the simulation. (a-e) External gamma shield; (f) exter-

nal two-layer Permimphy magnetic shield; (g) cryostat with

internal vessels; (h) internal CryoPerm® magnetic shield; (j)

internal gamma shield; (k) gold-plated copper box hosting the

chip. Component details are provided in the text.

e. One full round of 10 ↑ 66.5 cm2, 2 cm-thick Copper
bars;

f. A two-layer Permimphy magnetic shielding (Outer
layer: 55.6 cm (OD) ↑ 91.3 cm (height), 1.5 mm-
thick; Inner layer: 51 cm (ID) ↑ 89 cm (height),
1.5 mm-thick);

g. A simplified cryostat model with internal vessels
(48.1 cm (OD) ↑ 119.5 cm (height));

h. A CryoPerm® magnetic shield located below the
mixing chamber;

j. A 3 cm-thick Lead plate at 10 mK between the
sample and electronic components, serving as an
internal gamma shield;

k. A gold-plated copper box (30.23 ↑ 30.23 ↑ 6.3
mm3) housing the chip.

The chip substrate (7.5 ↑ 7.5 mm2, 432 µm-thick
HEMEX Sapphire) is the sole active volume, where we
store tracks and record the energy released by each sim-
ulated interaction. The main external contributions,
namely environmental gammas and muons, are gener-
ated according to the methods described in our previ-
ous work [2]. For both FNAL and LNGS, interaction
rates in the chip are obtained by scaling the number of
recorded events to flux measurements detailed in Section
3 of Ref. [2], with the exception of the gamma flux at
FNAL that was measured to be (1.7 ± 0.9) ω/cm2/sec.
For close sources of radioactivity, we simulated radioac-

tive decays of relevant isotopes (40K, 232Th and 238U
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STDM at Sapienza: Microfabrication lab
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we are here

Microfabrication lab for 

• superconducting devices

• photonic devices 

• microfluidics

social dinner
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     Università degli studi di Roma "La Sapienza"
     dipartimento di Fisica ed. CU033 "Enrico Fermi"

     Piazzale Aldo Moro, 5 - 00185 Roma



  Prima Emissione LF EN20-01-2026 FBI

  Gara europea a procedura aperta per l'affidamento della
fornitura e posa in opera di apparati per la deposizione
mediante evaporazione di film sottili in ambiente
climatizzato e depolverizzato.  
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TABELLA STRUMENTI

Nome MODELLO ALIMENTAZIONE GAS CHILLER COMPRESSORE ESTRAZIONE.ARIA SCARICHI

1. EVAPORATORE A FASCIO DI ELETTRONI Moorfield MiniLab080 415V/50/3P 20A Ar e N2 Si - 1.5 kW 230V 10A Si - 0.5kW No

2. MACCHINA ANCILLARE Moorfield MiniLab026 220V 16A Ar, O2, N2 Si Si No No

3. REATTORE AL PLASMA DI O2 E AR Gambetti Tucano 220V 8A Ar, O2 No Si No Si

4. SEM SEM Tescan Vega LMS+EBL kit N2 Si

5. MICROSCOPIO Leica Visoria M 220V No No No No No

6. SPIN-COATER Laurell, WS-650Mz-23NPPB 220V N2 o CDA No Si Dentro la cappa No

7. TAGLIO WAFER MTI SYJ-DS200 No No No No No No

8. HOT PLATES IKA C-MAG HP 10 220V No No No No No

LEGENDA ALLESTIMENTI

Pareti in cartongesso

Parete mobile pharma

Visiva 1m2 su parete

Appendiabiti

Armadietto 350x400 h.1800 mm

Rivestimento in pvc

preliminary project: start in July 2026

Electron-gun high-vacuum 
evaporator: for high-purity metals: 
Nb, Ti, Al, Au, Ag

RF magnetron sputtering:  
oxides, dielectric multilayers, 
passivation, isotropic metal 
coatings…

Electron Beam Writer (modified SEM):  
30 kV, 100 nm resolution, write-field 
around 150x150um2

Maskless lithography: Direct Laser 
Writer:  405nm, high-resolution 
(down to 0.6 um), any optical resist


+ 1 technician

+ 1 tenure-track position (condensed matter)

+ 1 tenure-track position (particle physics)

Funded under grant “Dipartimento di Eccellenza 2023-2027”
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Thank you!

• Director, for the financial support and for the help in the 
implementation of the micro-fabrication laboratory 


• Lindley, for the enthusiasm in bringing the US community here 


• Claudia and Giorgio for the organization


• Speakers: 95% of them accepted the invitation!
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