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Who | am:
1) 2000-2016 cryogenic responsible of AURIGA and after retirement of Cerdonio Pl (2011-2016)
2) 2009-NOW responsible of Dilution Refrigerator of Cuore (Double Beta Decay experiment)
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To know some historical aspects of acustic GW detectors watch the slides
of this Coccia’s talk

€ O amaldi12.0rg/talks v [ | Sea B 4+ A O

Amaldi12

12 Edoardo Amaldi Conference on Gravitational Waves
July 9-14, 2017, Hilton Hotel, Pasadena, CA

ﬂ Program

Proceedings Attendees

Talks N

Talks as given

Plenary Speakers

Chris van den Broeck, "Testing general relativity with gravitational waves”
Eugenio Coccia, "The Lasting Contribution of Acoustic Bar Detectors”

Karsten Danzmann, "LISA: Opens the low-frequency gravitational universel’
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UltraCryogenic tons Apparatus evolution

AURIGA CUORE
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UltraCryogenic tons Apparatus evolution

AURIGA CUORE

Thase (work point) 65(200) mK 7(16)
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UltraCryogenic tons Apparatus evolution

AURIGA CUORE
Thase (work point) 65(200) mK 7(16)
Precooling mixture 1 Kpot Pulse Tube
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UltraCryogenic tons Apparatus evolution
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Thase (work point)
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UltraCryogenic tons Apparatus evolution

AURIGA CUORE
Thase (work point) 65(200) mK 7(16)
Precooling mixture 1 Kpot Pulse Tube
Wiring 20 cables 6000
Weigth below 4 K 6 t 16
Ultimate Thermal links OFHC annealed and golded copper (RRR) NOSV

Pirsa: 17080037 Page 13/107



Pirsa: 17080037
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PT tech: true revolution
Isoenthalpic Process, not reversable
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PT tech: true revolution
Isoenthalpic Process, not reversable
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Vs WN

QUAX(QCD axion)
Moduli vs AURIGA
Cuore

Planck length
Feedback Cooling

5 STORIES

Table Top Exp

Particles Data Book
Double Beta Decay Exp
2012(Nature Physics)
2008 (PRL)

Just started
Just done

Data Taking
Hard to explain
Emotional
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The QUAX (QUest for AXion) Exp.

* Due to the motion of the solar system in the galaxy, the axion DM cloud acts as
an effective RF magnetic field on electron spin via electron-axion coupling

* This field excites magnetic transition in a magnetized sample (Larmor
frequency) and produces a detectable signal

* The interaction with axion field produces a variation of magnetization which
is in principle measurable

The effective magnetic field
Axi “ associated with the axion wind
X0 ; ] Microwave

Detector &(nah\m

----- >
----- > M Ba — J maVE
icrowave cavity
2e\m,c
Magnetized sample
- . o By=20:1072{——-—] T,
« R. Barbieri et al., Searching for galactic axions 200 peV
through magnetized media: The QUAX proposal . m
Phys. Dark Univ. 15, 135 - 141 (2017) — =48 ———— ) GHz,
21 200 peV '
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QUAX: Axion induced rf emission

T=4.2K
f. = 13.960 GHz
Qs = 5.0*¥1075

Pirsa: 17080037

) ) Resonant cavity YIG sphere
A volumf.' V, of_magnetlzed material, ?trong we, T¢, Ve (Ferrimagnet)
coupled in a microwave re.sonar?t cavity, will . RE B wL=yBO, 2, Vs
absorb energy from the axion wind and re-emit Y DCB
as rf power e 0
With magnetizing field
BO=1.7T => 48 GHz
P, m, " V. ng Tl
Pou - - In — 38 x 10 26 a s h min W
g (200 peV ) (100 cm-") (2 : 1028/1113) (2 ,u.s)
R & D in progress :
T S21 2
4 L-.‘ 30
3 1@;“» * 40
T =300K s =
f. = 13.964 GHz g g
Qu = 50*10A3 ; . T // 70
S .L 7 80
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QUAX needs 10
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BN This is a WET DR
With 1 Kpot and
Liquid Helium reservoir
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QUAX needs
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| am so grateful for your invitation and so happy to meet this community!
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week ending

PRL 118. 021302 (2017) PHYSICAL REVIEW LETTERS 13 JANUARY 2017

Search for an Ultralight Scalar Dark Matter Candidate with the AURIGA Detector

. I nas .23 . ; WY ([ AENOE S T : 859
Antonio Branca,” Michele Bonaldi,”” Massimo Cerdonio,’ Livia Conti,” Paolo Falfen,”” Francesco Marin,

Renato Mezzena,”® Antonello Ortolan,” Giovanni A. Prodi,”® Luca Taffarello,’
Gabriele Vedovato,' Andrea Vinante,' Stefano Vitale,™® and Jean-Pierre Zendri'
"INFN, Sezione di Padova, Via Marzolo 8, 1-35131 Padova, Italy
Institute of Materials for Electronics and Magnetism, Nanoscience-Trento-FBK Division, 1-38123 Trento, ltaly
"TIFPA—INFEN, c/o Dipartimento di Fisica, Universita di Trento, Via Sommarive 14, 38123 Povo, Trento, laly
“Istituto di Fotonica e Nanotecnologie, CNR—Fondazione Bruno Kessler, 1-38123 Povo, Trento, laly
\f)f;lru'!mn'.fr.m di Fisica e Astronomia, Universitd di Firenze, Via Sansone I, I-50019 Sesto Fiorentino (FI), Italy
®Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Firenze, Via Sansone 1, I-50019 Sesto Fiorentino (FI), Italy
'European Laboratory for Non-Linear Spectroscopy (LENS), Via Carrara 1, I1-50019 Sesto Fiorentino (Fl), Italy
h”i,’hn')‘mu'mr- di Fisica, Universitd di Trento, 1-38123 Poveo, Trento, htaly
INFN—Laboratori Nazionali di Leenaro, 1-35020 Legnaro (PD), Ttaly
(Received 28 July 2016; published 12 January 2017)

A search for a new scalar field, called moduli, has been performed using the cryogenic resonant-mass
AURIGA detector. Predicted by string theory, moduli may provide a significant contribution to the dark
matter (DM) component of our Universe. If this is the case, the interaction of ordinary matter with the
local DM moduli, forming the Galaxy halo, will cause an oscillation of solid bodies with a frequency
corresponding to the mass of moduli. In the sensitive band of AURIGA, some 100 Hz at around 1 kHz, the

expected signal, with Q = Af/f ~ 10°, is a namow peak, Af ~ | mHz. Here the detector strain sensitivity
is h, ~2 x 1072 Hz~"2, within a factor of 2. These numbers translate to upper limits at 95% C.L. on
the moduli coupling to ordinary matter (d, + d,,, ) <107 around masses my = 3.6 x 107'* ¢V, for the

standard DM halo model with ppy = 0.3 GeV /em?’.
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| am so grateful for your invitation and so happy to meet this community!

week ending

PRL 118, 021302 (2017) PHYSICAL REVIEW LETTERS 13 JANUARY 2017

Search for an Ultralight Scalar Dark Matter Candidate with the AURIGA Detector

i N i - 67
Anton 3/9/2017 18:06 Pagelarin,
. ~ 0 X
Axions (A”) and Other
Very Light Bosons, Searches for
7 NODE=5029 Ialy
%/ ltaly
Search for Relic Invisible Axions NODE - S029AXI
5 Limits are for (G4 m .o]“p4 where G4., . denotes the axion two-p n coupling ODE - €09
D = A Y NODE - S020AX| Ttaly
Lo P - '
n L il A F, . Flt! Ga--0aEB, and pa is the axion energy density .
Istits Int T AT A A ' 7A g 1 haly
. near the earth . ' -
Ei VALUE DOCUMENT 1D TECN  COMMENT NODE=S020AXI Italy
e = o We do not use the following data for averages, fits, limits, e1C. e o o
YOUR DATA 1 BRANCA 17 AURG mgy = 35-3.0 ueV i
3 10-42  go 2 BRUBAKER 17 m a0 = 23.55-24.0 jueV I
86x10742 90 JHOSKINS 16  ADMX m g0 =336-352 or |
"3.55-3.60 eV
4 BECK 13 mao -~ 011 meV 3
35 x 1043 5 HOSKINS 11 ADMX m o = 3.3-3.60 x 10 6 ov
20x10743 00 GASZTALOS 10 ADMX m,, = 3.34-353 x 1078 ev
10x10743 o177 T DUFFY 06 ADMX m,, = 1.98-2.17 x 10 8 ev :
55x 10743 g0 9 ASZTALOS 04 ADMX myo = 10-33x10"0 ev /
9 Kim 98 THEO ) .
2 104 I0HAGMANN 90 CNTR m,q = (5.4-5.0)10 ® eV :
13x10°92 o5 I WuUENSCH 80 CNTR m 4o = (45-10.2)10 b ev
2 1041 ¢g L1 WUENSCH 80 CNTR m 4o = (11.3-16.3)10 6 ov OCCUR=2 N
YOUR NOTE LBRANCA 17 look for modulations of the fine-structure constant and the electron mass NODE =S020AXI;LINKAGE=H
due to modull dark matter by using the cryogenic resonant-mass AURIGA detector. The
limit on the assumed diatonic coupling implies Gg.., < 4.4 x10 25 Gev !, See Fig
5 for mass-dependent limits
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Light Dark Matter

e moduli (¢): scalar fields from string theory;

@ mass values, m,, model dependent;

e good dark matter (DM) candidate: standard DM model assumed
with ppy = 300 MeV /cm?3;

. =29
o heavier than my ~ 107<“ eV
e classical wave description: lighter than my ~ 0.1 eV:

d(X, t) = pgcos(myt — myV - X) + O(v?)

Reference: A. Arvanitaki, S. Dimopoulos, K. V. Tilburg, Phys. Rev. Lett. 116, 031102 (2016);
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Light Dark Matter

Interaction of moduli with ordinary matter:

—— d :
L D \JArGNo dme Me€e — :Fﬂ,-F"“

effects of moduli can be absorbed by the fine structure constant («) and
electron mass (me):
(X, t) = a(l+ deVAnGnP(X. T))
Me(X, t) = Me(l + de VAT G (X, T))
Consequence: oscillation of the atom’s size (ag = 1/a@m,) in matter:

()-(3 K e
h= "2 = —(d. + dp_ )T GN (X, t)
a0

Pirsa: 17080037 Page 33/107



Effects on an oscillator

m m

@ 0000000 —@

L

The equation of motion is given by:

o w 2

X+ —=X+w(x=L)= For + Fsp,
Rewriting: & = x — L (displacement) = % = &+ 6L = & + hlL:

E+ =&+ mzt' = —hlL + Fext + Fth

Q

similar to the one of gravitational wave antenna subject to GW tidal force.
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AURIGA detector: read-out scheme

LC resonator

. N\
3NN
3N/ |/
~— 4|7/
/ de SQUID

//
&
==
1
1
My

j\.J'.\A,/l\./l\ /‘\.A

YYYYY

Mushroom resonant transducer

System components: 3 coupled resonators (nearly same fg ~ 900 Hz):

© cylindrical bar (aluminium alloy);
© mashroom-shaped resonator;

© celectrical LC circuit;

Operated at cryogenic temperature: T = 4.5K;
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AURIGA detector: sensitivity

— Total

Mechanical (Thermah @ detector in thermal equi-
e Electrical (Thermal)
SQUID backaction
SQUID additive

1E-19

librium: its fluctuations
are described by the
Fluctuation-Dissipation
theorem

1E-20 4

@ sensitivity (set by thermal
noise) within factor 2:

Shh (Hz ')

1E-21 4

h~2-10211/VHz

over a bandwidth of:

Af =100 Hz
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Dataset and data quality

Dataset considered for analysis: August 2015 data. Time-frequency view:

Aug. 29" 0
y ©
Aug. 27"
o 1 -20
Aug. 24" ik
Aug. 21" | 40
Aug. 18" E'];
) -60
Aug. 15" :
Aug. 12" 3 80
Aug. gt . '
Aug. 6" : ¥ _ . 1, 0, B .J S
800 820 840 860 880 900 920 940 960 980 1000
f [Hz]

@ stable detector conditions: constant mode frequency and shape;
e energetic background events (spikes at fixed time): cut-off by RMS
reauirement (86% detector dutv-cicle):
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Analysis Workflow

AURIGA DETECTOR A[v] OUTPUT (time-domain)

t[s]

Power Spectrum (FFT) + Transfer Function

Measured strain of the AURIGA bar:

!‘\' | . i
L / * thermal noise of a system in
' !

\./—\.\/ thermodynamic equilibrium;
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Measured PWS

Spectrum of the measured bar relative deformation compared to theory pre-
diction:

@ one-sided power spectrum;

e from N = 400 averaged power
spectrums;

e good agreement with predic-
tion (o1 ~5-10%);

@ spurious peaks discarded;

10-21| : : |
850 860 870 880 890 900 910 920 930 940 950

f [Hz]
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Test: signal injection

Comparison: full simulation vs signal injection

1019 J“\_, Signal parameters
X fo [Hz]) | (dm, + de)
~ ) ~ 867 | 5-107*
= g \
> ¢
—
~— 10 20 Q‘ -
— \ e signal well reconstructed;
=
" @ no reduction due to RMS
_ - N B v cut;
L odt e o7 s ta s S AR TR Y A O DR O Y rD)
lo-)i

866.965 866.970 866.975 866.980

f [Hz]

Pirsa: 17080037 Page 40/107



Test: signal injection

Comparison: full simulation vs signal injection

1019 J“\_, Signal parameters
X fo [Hz]) | (dm, + de)
~ ) ~ 867 | 5-107*
= g \
> ¢
—
~— 10 20 Q‘ -
— \ e signal well reconstructed;
=
" @ no reduction due to RMS
_ - N B v cut;
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Statistical analysis

Bins' spectrum statistic

counts
—_—
N
o

100

80

60

40+

1

i Liii
3141516 1718192
h? [1/Hz]

%10
0

f [Hz]

(") 5]

o2 [ ]

v 2/ ndf

857

1.65 - 10~41

1.11-10742

6.3/5

@ gaussian PDF describing bin statistics;

@ PDF is used to build the confidence belt
- T
in the parameter space (hZ, , h7,);
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Confidence belt

Reference: G. J. Feldman, R. D. Cousin, Phys. Rev. D 57, 3873-38891 (1998).

10
’ -
Confidence belt at 95% P i
e
8 / ‘ o
//
> 7
I"kl-,"n. /

6 P 4
D {
= 1
o 4 o
P =g _” ]

i 'y
r- -
2
/// ! @
/ gt
—~ //’
0 W o

hz,: false alarm probability

threshold of 30~ from back-
ground only hypothesis;

observed value (for a
given bin);
. upper limit correspond-
ing to experimental value;
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Upper Limits

Upper limits on h interpreted as upper limit on the DM couplings to ordinary
‘ 2
matter: ho = 1.5 10-36(dm, + de)/ (16, (v2))¥ £,

fo [HZ]
750 800 850 900 950 1000 1050 1100
102 . " rerriTtioestir it - — 1 — o
| 5F dime | ] e reached sensitivity
ol : : R ; ] X
. ’ SF d, on DM couplings:
Bk * vt et Rt e ok AR Y A AR T TR MRS WS SR M R S W G M S S . P
U‘ 1 . _4.
10| d; = 107%;
1l EP die 1 ) o
10| "y @ bandwidth sensitiv-
=10 el o e :
G 1027 - ity: Af = 100 Hz

103 Natural dise

1008 Aufiga N i AR/

10°

FIRST TIME EVER!

301012 331012 361012 391012 421012 451012
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