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= QUAXR&D
= QUAX Experiment at LNF

a.

b.

Multicavity approach
The Resonant Cavities
The Magnet

Signal Amplification
Data Acquisition

Single Photon Detection

OUTLINE




QUAX R&D 2018-2020

Created by Chameleon Design from Noun Project
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State of Art Haloscope

/ Room Temperature Amplifiers

Dilution Refrigeretor T<100 mK

Cryogenic Amplifier (noise at SQL)

Resonant cavity SC magnet (~10T)



QUAX-ae with Quantum-Limited Ferromagnetic Haloscope

Phys. Rev. Lett. 124, 171801 (2020)
EP)C (2018) 78:703

SO Pump Readout Aux
@ (? A2 (\P Experimental Setup

ZF I_gn Frequency [GHz] o
g 1024 1026 1028 Jf103 1032 1034 1036 1038 104 1042 2
4K B [T] 0.5 8| ® S
i i N. of GaYIG Sphere 10 R
QOH;I-’{- (diameter =2| mm) 3 424 425 ' 42.7 428 42.9 a3 43.1
= Axion mass [peV]
ng [spin/m3] 2.1x1028 o g 19
 [sp : | 2 Ba<5109T
Tmin [HS] O I - '
10‘11 1 L 1 Il 1
Frequency [GHZ] I0'7 - 0 Axi405n mass [peV] ” *
I Cu-cavity Q (mode TM110) 50,000
E& : Tcavity [mK] 20
g s T amplifier [K] (JPA) 0.5-1
T s 0 05 1 5
Effective temperature [K] §




QUAX-ay Searh for QCD Axion with m,=43 neV
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QUAX EXPERIMENT 2021-2025




QUAX 2021-2025

Assembly of haloscopes at LNL and LNF

LNF LNL
Magnetic field 9T 14T
Magnet length 40 cm 50 cm
Magnet inner diameter 9 cm 12 em
Frequency range 8.5 - 10 GHz 9.5 - 11 GHz
Cavity type Hybrid SC Dielectric
Scanning type Inserted rod Mobile cylinder
Number of cavities 7 1
Cavity length 0.3 m 0.4 m
Cavity diameter 25.5 mm 58 mm
Cavity mode TMO010 pseudoTMO030
Single volume 1.5-107* m? 1.5-107* m?
Total volume 7®0.15 liters 0.15 liters
Qo 300000 1000 000
Single scan bandwidth 630 kHz 30 kHz
Axion power 7T®1.2-1002 W| 0.99-1072 W
Preamplifier TWJPA/INRIM |DJJAA /Grenoble
Operating temperature 30 mK 30 mK

Performance for KSVZ model at 95% c.l. with Ny = 0.5

Noise Temperature

0.43 K

0.5 K

Single scan time

3100 s

69 s

Scan speed

18 MHz/day

40 MHz/day

Performance for KSVZ model at 95% c.l. with Ny = 1.5

Noise Temperature

0.86 K

1K

Single scan time

12500 s

280 s

Scan speed

4.5 MHz/day

10 MHz/day

Data Taking
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10—15 ]

Scan in range 85 - || GHz
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INFN

Istituto Nazionale di Fisica Nucleare

http://coldlab.Inf.infn.it

o VNA 20 GHz
4 WFG 20GHz
SA 20 GHz

4 RF lines installed from 300 K to MixCh

Leiden CF-CS-110-1000

Sumitomo PT I.5Wat4.2K

Cooldown time (with LN) 2 days

Base temperature (measured) 8.5 mK

Sample holder for SC chip at

10 mK for single photon Cooling power at 100 mK 450 pwW (up to 700 puWV with a
(measured) new pumping system)

device




Tasks
Cavity design & Fabrication

Materials for resonant cavity
e Cu

e NbTi (LNL)

«  Nb,Sn (SQMS, LNL)

*  YBCO (Enea, Uni RomaTre)

Frequency tuning

Feedline coupling

Signal Amplification
DART WARS
SIMP

Single Photon Detection
SIMP
SUPERGALAX

Digitization&Acquisition (1 GHz)

Data analysis

QUAX-LNF Haloscope
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1) HFSS simulation = 2) Superconducting
single cavity . coating

Length 30 cm NbTi

TMO10 8.5 GHz

Nb;Sn

Di Gioacchino et al IEEE TRANS.
APP. SUPERCOND. 29, 5 (2019)

4) Multicavity fabrication
\_/
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9T SC Magnet (AMI)

|0 cm bore

40 cm height

Cancellation coil to host SC
devices

New radiation screens
Delivery Summer 2021



Signal Amplification (DART WARS): TW]JPA

Travelling Wave Josephson Parametric Amplifiers amplify
microwave signal over a broad range adding the minimum NRIM

. . ISTITUTO NAZIONALE
noise set by quantum mechanics. B

N-cell

pump

signal

DART

\A =) 14
WARS Detector Array Readout with Travelling Wave AmplifieRS Call GRV approved by INFN



Signal Amplification: TW|PA
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DATA Acquisition and Analysis
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Single Microwave Photon Detection with |

SIMP Single Microwave Photon detection JJ switch induced by incoming photon

Incomi hoton
neoming photo Flux bias

‘---

-----’

Mo d
L}

L L LTI

10.50

EBL chip by CNR-IFN Simulation

24]
p v ‘ 22 1640
| i 2.0 1B
\‘r: — ol 18] 10.35
. 164 190
: 14] Jo.25
, J0.20
— 1.2] %)
o * 0] {015 8
: T 0.8 10.10
) 0.6 {0.05
- 04<—_—VV\/\/\/HHHHVH\/\/W——— 0.00
0.24 — ]-005

- 1 N 1
500 520 540 560 580 600 620 640 660 680 700
J. Phys.: Conf. Ser. 1559 012020 DC SQUID . W e
normalized time
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Single Microwave Photon Detection with Qubits

Network of N interacting superconducting qubits

SUPERGALAX
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