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Search of new physics in the
neutrino sector with the

Ricochet experiment at ILL
16/04/2024

Nicolas MARTINI, 2nd year PhD student
Supervised by Julien BILLARD



Context : CENNS in the Standard Model

Coherent Elastic Neutrino-Nucleus Scattering V Neutrino Neutrino '}/

|
i Sub-keV
! Nuclear recoil
Neutrino
from nuclear reactor

o—@© 20

Elastic scatterin 7o
o J J
For a recent and detailed review Nucleus Nucleus
M. Abdhulla et al., « Coherent elastic neutrino-nucleus scattering: Terrestrial and astrophysical applications », arXiv:2203.07361
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Context : CENNS, a new physics probe

Event rate [evis/kg/keV/day]

Recoil energy distribution

v-flux: 102cm2s-1

104§ e
— uv=10"9pug I v v
- -
103'-5--' oo}
i -
102%—
10=—
1=
_1_ Lol | Lol EREEERETIL L L lrtll
10403 102 10~

)

1 10
Recoil energy [keV]

Excellent probe for new physics
beyond the Standard Model

J. Billard, J. Johnston and B. Kavanagh, JCAP (2018)



Context : CENNS, a new physics probe

50 eV threshold

4 v-flux: 10'2 cmr2-s°1 (8m from ILL reactor)
= 10
S
% e My = l 0-’ 0 ,‘ B

3 L
e 9 e, Standard Model
L —— . T
e Electronic recoils
o 10
% - ER/NR
‘E 10 discrimination
2
L

1

107

1072 1072 107"

\;]0
Recoil energy [ke

- Excellent probe for new physics
beyond the Standard Model




Context : The Ricochet experiment

Neutrino source : Nuclear reactor at Institut
Laue-Langevin (ILL) in Grenoble (8,8m)

CryoCube : 18 Ge bolometers
Cryostat : about 10 mK
Background noise : ol

e Cosmogenic
e Reactogenic
e Radiogenic

Shielding:
Muon-veto

Lead (20 t)
Polyethylene (4 t)

Water channel (1I5m V\/e)Started comm|55|on|ng in February 2024 5




Context : Working principle of bolometers

lonisation/Heat sensors
I h_l_L Germanium I

>
AV z** < Heat

I o/ \e I

lonisation sensors



Context : The CryoCube and its components
Mini-CryoCube:
CryoCube: CryoCube's part (3 bolometers) tested
38g detectors (18 => 0.7 kg) during my PhD : world record in
lonisation resolution (30 eVee) [1]
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Context : Processing and analysis tools

MPS Processing:

filtrage adapté + détections

800
input

600_ S— input-bruit
= — — output
he) o n
& 400 deétections
©
o
=
= 200
E
©

temps [s] (fs = 800Hz)

e Adapted filtering
e FEventfitting
e Obtaining observables

BALT :
°
Run102 RED197 2V wd191002-we011001 (184.4 h) 2.0V
17.5 “
15.0 N
125 i

Eion tot [keVee]

=
o
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N
o

o
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N
w

0.0 1+

0.0 2:5 5.‘0 7.’5 10‘.0
Eheat [keVee]

Calibration
Cuts
Analysis

125

15.0

17.5



My PhD : What have | been doing?

Goal : A first CEVNS measurement with RICOCHET at ILL
R&D objectives before going at ILL:

o Assembling CryoCube detectors
o 30eVee HEMT common source analysis [1]
e Tests of Ricochet acquisition boards

RICOCHET installation and commissioning:

e Ricochet commissioning at [P2|
e Ricochet installation and commissioning at ILL

Data analysis pipeline development:

e One of two main developers of BALT
e MPS Efficiency



My PhD : What have | been doing?
Goal : A first CEVNS measurement with RICOCHET at ILL

(R&D objectives before going at ILL: p
o Assembling CryoCube detectors
o 30eVee HEMT common source analysis [1]

\_° Tests of Ricochet acquisition boards Y

RICOCHET installation and commissioning:

e Ricochet commissioning at [P2|
e Ricochet installation and commissioning at ILL

Data analysis pipeline development:

e One of two main developers of BALT
e MPS Efficiency



Assembling CryoCube detectors

W




Assembling CryoCube detectors

L




Assembling CryoCube detectors
, Ionlsatlon il




30 eVee HEMT common source [1]

Baseline resolution (eV)

0 [N isotey O 6 %0s01ev B 0 5 3s02ev)
) 4
e e
sl T SR b b 90 Wl L
ald i f Wi # ﬁ&m&ﬂ :
30 —;# 2 4'&4.#&*#4'%&#“%*{
0 20 z#?me " 60 80

e 30.8eVee mean resolution
on RED177
o Stability

Normalized event rate

RED177 10.37keV peak

10% .
Fg=75br0ey———F W dal
—— complete fit
103 - -- gaussian
] -- exponential
] -- step
102_: -- constant

2 4 6 8 10 12 14 16
lonisation energy (keVee)

Impact of calibration peaks on
lonisation spectra
Precise calibration |



30 eVee HEMT common source [_]

0=392eV | i 0=175.6eV :
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30 eVee HEMT common source [_]

Dt i 400
‘ i
=1 _ i
10 100 1 - 200
[}
0 v i 0
10-2 M 10| 12 | 14 :

1l |I.JI hit :
el

Normalized event rate
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- lonisation performances are good
enough togo at ILL



Ricochet acquisition boards

PSD [V/sqrt(Hz))
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Ricochet acquisition boards

1074

PSD [V/sqrt(Hz)]

| — 20231012_230453 RicolP2!
| — 20231016_182645_RicolP21_288

10710
10° 10

10
Frequency [Hz]

10°

10
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Ricochet acquisition boards

| — 20231012_230453 RicolP2!
| — 20231016_182645_RicolP21_288

10° 10! 10? 10° 10*
Frequency [Hz]

S Noise performance is good
' - enough to bring the Ricochet
acquisition boards at ILL
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Ricochet acquisition boards

EDELWEISS-III
104 Planar 820g + JFET
« AmBe neutron

'—é = 71Ge ' ”’r :
3 Lindhard i
=
>
2
v
(=4
w
g 11
®
N
=
o

0.1 -

Recoil Energy [keV]



Ricochet acquisition boards

lonization Energy [keV,.]

EDELWEISS-III
104 Planar 820g + JFET
* AmBe neutron
X 7lGe
-=== Lindhard e L
1 o
0.1+

Recoil Energy [keV]

10

RICOCHET preliminary
101 Planar 40g + HEMT

* AmBe neutron
« TNGe
-=== Lindhard

Recoil Energy [keV]
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Ricochet acquisition

lonization Energy [keV,.]

boards

10 4

EDELWEISS-III
Planar 820g + JFET

* AmBe neutron
= "Ge
-=== Lindhard

Recoil Energy [keV]

10

10 4

RICOCHET preliminary
Planar 40g + HEMT

* AmBe neutron " .
o NngGe .",{"f‘.
-=== Lindhard

Recoil Energy [keV]

‘ Green lighttogo at ILL
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My PhD : What have | been doing?

Goal : A first CEVNS measurement with RICOCHET at ILL
R&D objectives before going at ILL:

o Assembling CryoCube detectors
o 30eVee HEMT common source analysis [1]
e Tests of Ricochet acquisition boards

" RICOCHET installation and commissioning:1

e Ricochet commissioning at [P2|

e Ricochet installation and commissioning at II_I_J

\_

Data analysis pipeline development:

e One of two main developers of BALT
e MPS Efficiency



Ricochet c

ommissioning at IP2|

s o Retrieve EDW-III cabling

24



Ricochet commissioning at IP2]
e Retrieve EDW-III cabling

¢ Install and validate Ricochet cabling
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Ricochet commissioning at IP2]
e Retrieve EDW-III cabling
¢ Install and validate Ricochet cabling

e Install and validate thermometry
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Ricochet commissioning at IP2]

e Retrieve EDW-III cabling

¢ Install and validate Ricochet cabling
e Install and validate thermometry

¢ IR isolation between cryostat stages

27



Rlcochet commissioning at IP2]

Retrieve EDW-III cabling

Install and validate Ricochet cabling
Install and validate thermometry

IR isolation between cryostat stages

External shielding installation

28



Rlcochet commlssmnlng at IP2]

Retrieve EDW:-III cabling

Install and validate Ricochet cabling
Install and validate thermometry

IR isolation between cryostat stages
External shielding installation
Investigate dilatation problems with

the internal shielding and solutions

29



Ricochet commissioning at IP2]

Retrieve EDW-III cabling

Install and validate Ricochet cabling
Install and validate thermometry

IR isolation between cryostat stages
External shielding installation
Investigate dilatation problems with
the internal shielding and solutions

New internal shielding assembly

30
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Ricochet commissioning at ILL
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Ricochet commissioning at ILL
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My PhD : What have | been doing?

Goal : A first CEVNS measurement with RICOCHET at ILL
R&D objectives before going at ILL:

o Assembling CryoCube detectors
o 30eVee HEMT common source analysis [1]
e Tests of Ricochet acquisition boards

RICOCHET installation and commissioning:

e Ricochet commissioning at [P2|
e Ricochet installation and commissioning at ILL
~

‘Data analysis pipeline development:

e One of two main developers of BALT
. ® MPS Efficiency y
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MPS Efficiency

Goal : Estimate CENNS signal detection efficiency to % level

37



MPS Efficiency

Goal : Estimate CENNS signal detection efficiency to % level

Configurations

sssssssssssssss
lon_B Stream
100 V\
ooooooooooooooooooooooooooooo
nnnnnnnnnnn
150
100
) L— L
3 1o0boo 200000 300000 o000 500000
nnnnnn

MPS Simulation
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MPS Efficiency

Goal : Estimate CENNS signal detection efficiency to % level
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MPS Efficiency

Goal : Estimate CENNS signal detection efficiency to % level
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MPS Efficiency

Goal : Estimate CENNS signal detection efficiency to % level
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MPS Efficiency

Goal : Estimate CENNS signal detection efficiency to % level
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My PhD : What have | been doing?

[Goal : A first CEVNS measurement with RICOCHET at ILL ]
R&D objectives before going at ILL:

o Assembling CryoCube detectors
o 30eVee HEMT common source analysis [1]
e Tests of Ricochet acquisition cards and softwares

RICOCHET installation and commissioning:

e Ricochet commissioning at [P2|
e Ricochet installation and commissioning at ILL

Data analysis pipeline development:

e One of two main developers of BALT
e MPS Efficiency 43



Thanks!

Any questions?




Publications / Conférences

Contribution majeure

[1] Ricochet Coll. et al,, First demonstration of 30 eVee ionization energy
resolution with Ricochet germanium cryogenic bolometers, EPJC 2023
(under reviewing, minor revisions), epjc/s10052-024-12433-1

Contribution mineure

EDELWEISS Coll. et al,, Tagging and localisation of ionizing events using NbSi
transition edge phonon sensors for Dark Matter searches, arXiv:2303.02067

Poster / Talk

Présentations de BALT et du résultat des 30eVee ionisation au Ricochet
Collaboration Meeting a Grenoble en Mars 2023 (talk)

Présentation du résultat des 30 eVee ionisation a la conférence Magnificent
CEVNS a Munich en Mars 2023 (poster)
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https://doi.org/10.1140/epjc/s10052-024-12433-1
https://arxiv.org/abs/2303.02067

My PhD : What have | been doing?

Learning to
assemble detectors, Development [

work on a cryostat of new analysis

and take data tools in BALT

Equipment of the
Ricochet cryostat

Study of a way to Study of MPS Testing of the
improve ionisation performances of a Efficiency new Ricochet
resolution (quartz) Mini-CryoCube in acquisition

common source [1] electronics

2 work axes : Instrumentation and Data Analysis 46



My PhD : What have | been doing?

Characterization of

the new Ricochet Installation of
acquisition the Ricochet
electronics cryostatat ILL

Second year

Dismantling the MPS Efficiency [ PhD Days !!! }
Ricochet cryostat rework, now
at P2l working at
CC-IN2P3

2 work axes : Instrumentation and Data Analysis 47



Context : The CryoCube and its components
CryoCube: Two topologies :

38g detectors (18 => 0.7 kg)

Planar:

Better '\Better y
acceptance discrimination

- ‘ resolution (30 eVee) ﬂl

48



Ricochet acquisition software

0.4 — adc1

[W] acquisition_BBO2-RicolP2Lipy X | ™ acquisition_BBO3-RicolP2Lipy X (M acquisition_BBO1-RicolP2I_de X —_— a::§
= adc

B+ XD O » = Cc » Code v _ B

03 — adcs

dWdlil DU.LUSE TfemLs _LonTig(potar_nemc)
await bb.usr_offset_heat_config(offset-heat_offset) # -5nA
print(f“going to apply +/- {u/2} V")
await bb.usr_polar_heat_config(p_neg=-u/2-42e-3, p_pos=+u/2-47e-3) 02
await bb.usr_polar_ion_config(**polar_electrode)
for £ in filters:

await bb.usr_filters_config(**f)

Acquisition longue

-0.1
Start
from acquisition_tools import acquisition_longue 02
await acquisition_longue(bb, descr) 70000 80000 90000 100000 110000 120000 130000 140000

amp': 7699464490085579773, 'psd_mean_sum sart': 6:20428img; 7699712565911049433, ‘pec. misn_sum._ sqrt 2.527034

Stop ‘ ‘
# stop acq. and create tar file ‘ 10-5 4
await bb.acq_stop()
from sferriol.zarr import create_tar ' :
create_tar(fpath, dpath) !

1078 - R 107° 5
Commandes manuelles

' 10-7 4

await bb.acq_info()
await bb.acq_stop() 1072 4 1078 4
await bb.acg_stop()
await bb.acq_start() 102

10-10 o7

10° 10! 102 103 10 10 10° 10t 10? 10° 10¢ 49



Trigger wall

Peut-on voir la couche M du Ge a 160 eV?
RED177 ionisation spectrum
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Trigger wall

RED177 lon energy spectra

14 A

12

10 +

Normalized event rate

1 RED177 triggers
=1 RED177 scan noises
=1 RED177 fixed noises
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Trigger wall

Détection d'évenements reéalisée
sur la voie d'ionisation que lon
regarde

RED177 lon energy spectrum

[ RED177 triggers
f A [ RED177 scan noises
F' =1 RED177 fixed noises

1
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Détection d'évenements réalisée
sur lautre voie d'ionisation

RED177 lon energy spectrum
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Nouvelles coupures

Nouveaux graphiques

Implémentation de iMinuit

Nouvelle commande de suivi de RUN, avec une premiére
fonction pour extraire toutes les résolutions d’'un RUN
Gestion des partitions “mortes”

Gestion du nouveau format d’acquisition Ricochet
Création de tutoriels et d'un package BALT pour diffuser le
programme a la collaboration Ricochet

Maintenance générale du code

MPS Efficiency...
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Code propre, plus facile a améliorer

Capable de traiter différents types de données

De nombreux parameétres avec lesquels jouer
Implémentation au CC-IN2P3

Graphes de vérification du bon fonctionnement de
I'algorithme

Interface en lighe de commande pour les deux parties du
programme (MPS et BALT)

Encadrement d’'un stagiaire pour aller plus loin (Test,
amélioration des performances, automatisation du
fonctionnement au CC-IN2P3...)
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Formations

Scientifique 56h »
Magnificent CEVNS 2023 School (18h)

DLMI 2023 : Cours théoriques Deep Learning (18,5n)

(préevu  IN2P3 School Of Statistics 2024 ~ 20N)

Professionelle

Participation au Festival Particules (5h?)
Encadrement d'un stagiaire de L3 (20h ou 10h?)
(prévu : Colles de Physiques a 'ECAM Lyon ~30n ? )
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MPS Efficiency
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MPS Efficiency
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MPS E

fficiency
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MPS Efficiency

Compare with simulation : ion = 14000.0 eVee Compare with simulation : ion = 14000.0 eVee
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