DEGLI STUDI

IGOCC

— :( Towards quantum limited read-out
FONDAZIONE of cryogenic detectors

E. Mantegazzini'%, F. Ahrens'? M. Borghesi**°, P. Campana®*>, R. Carobene>*°, N. Crescini'?, P. Falferi'®% M. Faverzani**°, E. Ferri*,
M. Gobbo**°, A. Irace'*?, D. Labranca>*>, B. Margesin', R. Mezzena’?, R. Moretti**°, A. Nucciotti**°, A. Vinante'®?, A. Giachero>*>

O UNIVERSITA'
= ONVIIN Id

'Fondazione Bruno Kessler (FBK), Trento, Italy *Bicocca Quantum Technologies (BiQuTe) Centre, Milano, Italy
INFN - Trento Institute for Fundamental Physics and Applications (TIFPA), Trento, Italy °IFN-CNR, Trento, Italy
SDipartimento di Fisica, University of Milano-Bicocca, Milano, Italy "University of Trento, Trento, Italy

*INFN - Sezione di Milano Bicocca, Milano, Italy

MOTIVATION

Calorimetric neutrino mass experiments Parametric amplification:

requirements: energy resolution is often limited by system noise:

non-linear energy transfer from strong pump to
e high energy resolution = cryogenic detectors . _—_— TN 2 N TN 3 . TN k circuit weak signal in non-linear circuits
* high statistics = microwave multiplexing: Netot = INI T e " 616G, G1Gy...Gy_q
— o ' ' ' ' {>_o = first amplification stage with: e minimal noise SC non-linear elements:
nput ;7 B 3 & " & 3 \°”“°”‘ e high gain e Josephson junctions
~ N ™ < o . . . - .
A DNE[ @l AE| @S| stamelifien _ _ - e high kinetic inductance lines
s(lS] IB8lIS] (BIIS] (8ISl [BIS] ceanG Superconducting parametric amplifiers:
UL AT ATeia T AT e reach the Standard Quantum Limit (SQL) (= we develop superconducting\
st ) h 25 mK T . .
2 Ty = —f =TsqL = f - 3-wave mixing: parametric amplifiers based
£ 2kg GHz wp, = ws + w;
c . . J. Opt. 18 (2016) 103501 \ on both elements /
= frequency > ® aChleVE galn > 20 dB
JOSEPHSON PARAMETRIC AMPLIFIERS
Parametric oscillator with resonant geometry: o (41 IC)—l Frequency modulation upon DC flux bias JPA gain profile JPA - pros and cons
quarter-wave resonator terminated by a L(®eyi) = Do - 0 - . oy large gain
flux-tunable non-linear inductance (SQUID ‘COS (” D, ) = \ /\ /\ e low non-linearity ) | L -
( ) : CED . s f e low amplification =, —30 I ': qyan;cumlllml;ces pmse
. . = e ¢ 3 s 2 i il ol ! 1@ simple microfabrication
Microscope image of the JPA Spectroscopy set-up T R ¢ . x e high stability A | P
. > ° : : ° : ° . . - — —40 |
resonator line (CPW) RF pump + Flux bias = .. . . e high non-linearity = ! . TR
D e @ ] = .o oo oo e large amplification % I ® small a.mpllflcatlon
¥ @ = = 3 o low stability E L F= fo/2 bandwidth (few MHz)
— 4 ~ /——QOdB }_f\ Lo-« 40 . o .o Cé) _50 : r pump
: VNA] 360 a0 & ¥ ¥ | @ JPAworkingpoint = | travelling wave geometry
groungplane SQUID 50 JPA SQLID — —1 0 | 1 4.59 4.60 + allows for Iarge
. : . sh RT setup Cryogenic environment flux bias ®ey | Do) frequency f [GHz| amplification bandwidth

TRAVELLING WAVE PARAMETRIC AMPLIFIERS

KI-TWPA based on artificial transmission line  Step 7: Exploration of the NbTIN film deposition parameters
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Step 2: Optimisation of the NbTIN film Step 3: Fabrication of the KI-TWPA
Fine-tuning of L, Wafer scale homogeneity SEM images of the microfabricated artificial transmission line OUTLOOK - NEXT GENERATION TWPASs
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Optimal L, for KI-TWPA Joaas New Iayout
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film thickness / [nm] Radial variation of about 4 % transmission line length = 17 cm number of fingers ~ 10° Develop inverted microstrip KI-TWPA
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Step 4: Characterisation of the KI-TWPA TWPAs - pros and cons / i meta (winn g)§‘
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Phase shift measurement Pump on-pump off measurement Hot-cold noise measurement s large gain
s large amplification
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Prototype

Realisation of first half-size CPW KI-TWPA
KI-TWPA prototype:
e CPW geometry
e ~10dB gain
e noise = 2.5 quanta
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more complex design
(phase-matching)
extremely long CPW line
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Non-linearity due to L, Measured gain of ~ 10 dB Amplifier noise: 2.5 - 3 quanta 4 microstrip line KI-TWPA custom LU ROIEEr
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