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Mass ranges of dark matter

Dark Sector Candidates, Anomalies, and Search Techniques
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The direct detection principle

WIMP elastically scatters off nuclei — nuclear recoils

X+N - x+N

nuclei

HH v~ 230 km/s
my = 10 — 10* GeV/c?

py ~ 0.3 GeV/c*/em?

11202

mny

Small recoil energy E =

(1 — cosf) < 100keV

Small event rate
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Experiences in LPNHE looking for a direct evidence of dark matter

Competition and complementarity !!!
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Today’s menu : from current status to perspectives

Current - Under design/construction - Beyond

1) DAMIC - DAMIC-M - DAMIC 10 kg?
2) DarkSide50 — DarkSide-20k - ARGO
3) XENONI1T - XENONNT - DARWIN

- Cryogenic lab

4) nothing...
— Synergy Direct, Indirect, Colliders
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DAMIC-M

B
» Un détecteur innovant
» Une grande camera (1kg of CCD)

> WIMP « legeres » (1-10GeV) » Utilisation de la technologie skipper
(bruit < 1le)

> Objectifs scientifiques

» Secteur cache

» Screening radioactif complet
» Potentiel unique d’identification des chaines
» Bruit de fond radioactif < 0.1 d.r.u.

(compétitif pour plusieurs scenarios)
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» Un projet: L P N H E » Antoine: Science coordinator
FPARIS
» LPNHE porteur de ’ERC » Herve: Electronics Task

» Paolo: Spokesperson leader
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DAMIC-M schedule

Work Package
1: CCDs (LPNHE)

2: Electronics, DAQ
(LAL. LPNHE)
3r Cryosiai (PNNML)

4: Shielding

(LAL, LSM)

5: Background mitigation
(LSM, LAL, PNNL)

6: Calibration

(LPNHE)

7: Simulation, data
analyvsis (LPNHE)

—_—p | 8 Installation  (all)

» | 92 Data taking
(LPNHE, LAL, LSM)

. Design, preparation . Pre-production, design evaluation . Production

» Exploitation prévue jusqu’a 2023
» Le LPNHE impliqué dans la plupart des WP d’exploitation

» Coordination étroite avec d’autres labos IN2P3 (Nantes, Bordeaux, Orsay, LSM)
(besoin d’un soutien au dela de ’ERC)
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DAMIC-M calibration and installation

> Integratinn du systéme de lecture > QOptimisation du systéeme de lecture (<2022)
<2022 > Sequence Skipper CCD
» C(Cartes filles (controle / ADC) » Bruit d'une fraction d’electron
avec ODILE (carte mere) » propreté horloges
» Hardware/Firware avec DAQ » Caractérisation du bruit de 'ampli de
lecture
(IPNO)
» optimisation de la temperature du systéme

» Développement d’un systeme de calibration sur site

> Bonding des CCD et CROC (chip de lecture) a Modane

> Systeme de test / selection a developper
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DAMIC-M simulation and data analysis

Simulation Analyse

maasured charge in pial [o)

avant apres

DAMIC-M '
D(LELJCI;E?O (Subatech) (Sklpper)

» Experience avec DAMIC-100 (simu et analyse)
» nouvelle Geometrie / systeme de lecture / bruit radioactif plus faible
» Collaboration avec Subatech

» nouveau PhD en Novembre au LPNHE
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Beyond DAMIC-M

DETECTEUR SILICIUM HAUTE GRANULARITE BAS BRUIT BAS SEUIL

Efforts lancés (5-10 ans) par le DOE (pour Fermilab) pour les
détecteurs Silicium de prochaine generation

le LPNHE pourrait s’y associer

» DAMIC-10kg ?
> Detection de diffusion coherente de neutrinos
» Autres applications:

> Nuclear forensic

» Soft error rate
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DarkSide-20k

DarkS.de\50 - [ DEAP- 3600-—*
- DS-France: APC, CPPM, LPNHE i 5 —

+ technical support from IPNO

: Access to
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CERBN Neutrino Platform
joined DarkSide-20k —
many synergies with DUNE DS-20k collaboration

(DS-20k cryostat will be 350 scientists
the same of protoDUNE) 13 countries
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Expected sensitivities
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Discovery potential

LAr Only teChniq ue :“ 1% (50 Discovery, 15 kxyr)
able to confirm B
sighals seen in E

Xenon-detectors

Excellent discovery
potential in the next

decade v (Ehvreh

20- 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

DS-50
DS-Proto
DEAP-3600
DS-20k
ARGO
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DarkSide France

Calibration system being designed by [ Event Buider/Trgger Farm g

= Air Conditioned room l' i

French groups : B i
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(Pierre Barillon, Pascal Pralavorio, 1 = = SN
Fabrice Hubaut)

Everything has to be inside a LAr bath —
cryogenic temperatures

Need to host ER calibration sources but e ] : ‘:E:‘.ﬁiﬂ
also a D-D gun for NR calibration == || ||} ﬁ
[ |

Design will be presented to the
collaboration in June 2019

Hope to get approval by IN2P3 following
positive recommandations from IN2P3
Conseil Scientifique
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XENON Program

1!

XENON10 XENON100 XENON1T

XENONNT DARWIN
Total Xe: 25 kg Total Xe: 162 kg Total Xe: 3.2 ton Total Xe: ~8 ton Total Xe: 50 ton
Target: 14 kg Target: 62 kg Target: 2 ton Target: ~6.5 ton Target: 40 ton
Fiducial: 5.4 kg Fiducial: 34/48 kg Fiducial: 1 ton Fiducial: ~5 ton Fiducial: 30 ton
Limit: ~10-42 Limit: ~10-45 Limit: ~10-7 Limit: ~10-42 Limit: ~10+¢
[ _XENONIT _
2005 2010 2015 2020 2025

---==}-
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XENONNT physics studies and LPNHE patrticipation

Many analyses in XENONIT that will be done also in XENONRNT:

e Limit on Spin-Independent WIMP-nucleon cross section
e Limit on Spin-Dependent WIMP-nucleon cross section

 Limit on Inelastic cross section

« Search for magnetic inelastic scattering

« Annual modulation

* Low-mass Dark Matter

« S2-only analysis

* Single electrons origins

« Search for SuperWIMPs

* AXions

» Search for double electron capture in ***Xe

« Ovpp-decay

A lot of analysis work with XENONNT data !!!

-
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LPNHE contribution
in XENONI1T/nT

French contribution
in XENONI1T/nT
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Darwin experiment

DARWIN darwin-observatory.org “Utimate” WIMP deteotor

- DARWIN collaboration, JCAP 1611 (2016) 017 50 tonnes liquid xenon
P4
= USA UR taly 11 France:
Columbia University ©_ INFN-Sezione LNGS Subatech
University of Caltfo mé at I:Bs }mge]es I,N“Fﬂ'— Sezione di Bologna Labor.atolre de |'Accelerateur Lineaire LAL
P— """"u..Connecticn to cryogenics, Arizona State nivers ] - ataboratmre de nhys‘Eue nucleaire et de hautes energie
feedthrough . rification, data acquisition Purdue Universi L c+ L moG
Rice 52 Great Britain = Sweden - [ ~Germany
i Imperial College London  Stockholm University _ Univer@inaf Minster

~MPIK Héldelberg
Unlversh:y of Frgiburg -
Karlsruhe Institute of Technologv
University of Mainz
TU Dresden 4
Heidelberg [‘.lnlvgrsny

’ Nét Jerlands
lehef Amsterdam

Top E3 Switzerland

Unlverqitv of Zirich |
 University of ZiJ rich Il

I Israel
Weizmann Institute of Science

a8
o

" TPC with
central dark
matter target

= United Arab Emirates
‘New York University at Abu Dhabi

- Cathode

~ Bottom
photosensor
array
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XENONLIT limit and expected sensitivity of XENONNT and DARWIN
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DARWIN : rich science goal
I

e Probe WIMP-nucleon interactions for WIMP masses above ~5 GeV/c2
(via spin-independent, spin-dependent and inelastic interactions)

e Probe even lower WIMP masses by using the charge signal alone (XENONIO,
XENON100, CDMS, EDELWEISS, DS-50)

o Coherent neutrino-nucleus scattering : °B neutrinos from sun, galactic supernova
neutrinos

e “Leptophilic DM” models : look for signatures of DM scattering off electrons
e Solar neutrinos: pp-neutrinos via nu-e scattering (precision <1% on flux)

e Search for the neutrinoless double beta decay in '**Xe

 Probe solar axions and axion-like particles models (axio-electric effect)

 Probe sterile neutrinos with masses in the > 10 keV range

B
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Activities for XENONNT and DARWIN in France

Activity : Offline data quality monitoring tool g we———T T

Who 3 LPNHE b o asassi s
Contribution: software development g |
Goal : run analysis algorithms to datasets and show results in a web T e r
. . . . . . i B8 ) i (| 3 ||| |3
interface in order to provide a quick feedback on data quality and trigger

alarms in case some observables deviate from standard values.

Activity : Cryogenics
Who : LPNHE, LAL, Subatech
Contribution: design, R&D, interaction with industry

Goal : develop the cryogenic network of DARWIN (cooling, storage,
purification, distillation, recovery, safety) in collaboration with other groups
(mainly Germany and Switzerland)

Activity : Computing o
Who : LPNHE (+ CC-IN2P3) e RUCIO
Contribution: analysis hub for the whole Collaboration e’

Goal : offer to the DARWIN Collaboration a place where to process data
and perform analysis remotely

P python ‘ mongo

Activity : Electrodes
Who : LAL (and eventually LPNHE, see next slides...)
Contribution: design, R&D, interaction with industry

Goal : improve the performances of electrodes for larger TPCs, reduce the
generation of electrons, performing tests

June 16", 2019, Biennale LPNHE Luca Scotto Lavina, CNRS/IN2P3



Common timeline

2019

DAMIC-M

XENONNT

DarkSide-20k

DARWIN
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Today’s menu : from current status to perspectives

Current - Under design/construction - Beyond

1) DAMIC - DAMIC-M - DAMIC 10 kg?
2) DarkSide50 — DarkSide-20k - ARGO
3) XENONI1T - XENONNT - DARWIN

- Cryogenic lab

4) nothing...
— Synergy Direct, Indirect, Colliders

B
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Cryogenic laboratory in LPNHE

Cryogenie : Goal: origin of single electrons signal
Cryostat (Costruzioni Generali) GXe Anode
Xenon bottles (Air Liquide / Orano)

Nitrogen (service Sorbonne) Dewar

Heat exchanger (DATE)
Purification system (SAES getter) botte

TPC : LXe

SiPM and/or PMT

Cathode

Slow Control :

Electrons emitted by:
- electrodes
- impurities
- delayed extraction

Open source software
DAQ :

Very simple since not many

* Very important for sub-GeV WIMP studies
channels are foreseen

» Nobody studied this so far

» Physics case common in xenon and argon
Data processing : * No major technical challenges

» Sharing technical know-how with other

* activities (LSST, AXIS, DAMIC)

Demanding very low CPU power » Allows R&D on electrodes for DARWIN

June 16", 2019, Biennale LPNHE Luca Scotto Lavina, CNRS/IN2P3



Synergies between several Dark Matter searches

.
Dark Matter Search: three different So far no interaction among us, however there are
approaches, but (hopefully) the same several opportunities:
mechanism
Phenomenology: better understanding of DM coupling
thermal freeze-out (early Univ.) with ordinary matter by cross-constraining science
indirect detection (now) results (a sort of DMfit)
—
Perspective: developing internal discussions with
S oM M (internal and external) speakers in order to have a
g deeper view on future research programs
QD
§ Outreach: animating a better diffusion on dark matter
% . . field in many contexts (fete de la science, school
‘ lectures, conferences, expositions, but also in our
— university)

production at colliders

Possible actions :

- initial brainstorming (free access, no tickets....)

- monthly meetings with all groups working on dark matter
- organize seminars, mainly on common topics

- a couple of discussions in reunions du vendredi

B
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Backup
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Solar neutrinos as NR background & Science Channel

Coherent Elastic Neutrino-Nucleus Scattering
(CEVNS) of high E astrophysical neutrinos poses
the irreducible background for WIMP searches.

- 8B neutrinos set a strong discovery limittowards

low WIMP masses

« atmospheric neutrinos dominate the limit for

higher WIMP masses

ST WIMP-nucleon cross section [em®]

= Observation of CEVNS by solar 8B neutrinos

is a science goal by itself

DARWIN will observe v gg.cnns €VENts, expected
rate depends strongly on the Eyg threshold.

June 16", 2019, Biennale LPNHE
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Xenon intrinsic radiogenic background

Goal: radiogenic ER < neutrino induced ER (pp + "Be)

> Challenging requirements on the xenon radioactivity:

133}'{& r'IEiKr EEZRn

136X e (8.9% nat. ab.) introducing 2vB3 background

Spectrum of 2vpp is subdominant in WIMP search region

=» Major science channel: Ovp

DARWIN will be a competitive OvBB experiment,

B
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SS vs. MS discrimination (x,y,z reconstruction)
0¢|Qpg optimization with extra readout channel

=> High T, sensitivity, due to mg, > 3.5t,
low background + fiducial cut / self shielding

probing <m gg> in |[H-range

Rate ({1 = ¥ = keVee)']
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pp+’Be neutrinos as ER background & science channel

ER events from low energetic (pp + 7Be) solar neutrinos 20 pp +7Be neutrinos
remain as background events and must be suppressed - .
> f
o . - x 0 2Bp_
ER/NR discrimination: 99.98% ER rejection = £0.1 ppt mKrixe
- estimated 30% NR acceptance £ |
> . =] ~ _.-"'-
JCAP 10, 016 (2015) = - - 0.1 uBq by 22Rn fkg LXe
= Solar neutrinos are an interesting science channel ¢ = oo U T
Energy [keVes|
o et .
3 m*":— pp « Highest flux from pp and "Be
5 = [ "Be
-y .
g 5107 - Several hundred v-induced events/year
q"‘ g | 131y
| @ 1072 F=SsSssatrannan. |
s = i R — . S5 P o t of d
5 10l ‘B recision measurement of ¢, and ¢;g,
A& 10 N el with £0.3% and *=2.3% accuracy
.:E; %10-5-— : N
] i : 1 . .
& & i Y - - Conclusion on the weak mixing angle
w 8 | i X . .
e , , ] , { and v-survival probability below 200keV
1} 250 500 750 1000 1250 1500 1750 2000

Recoil Energy [keV]
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Science goal : SD WIMP-nucleon interactions
neutron coupling

56 810 20 3040 60 100 200 40060(} 1000 4000 10000
WIMP mass [GeV/c’]

200 t-y exposure Complementarity with the LHC:

E = 4-50 ke\/mﬁ minimal simplified DM model with Dirac fermion
30% NR acceptance interacting with an axial-vector mediator

99.98% ER rejection g =8, = 8w

LY = 8 PE/keV @ 122keV | S. A. Malik et al., Phys. Dark Univ. 9-10 (2015) 51

-
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WIMP spectroscopy
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200 Ly exposure Capability on reconstructing the WIMP mass
= 544 = 40 km/s . .
and cross section for various masses

= 220 % 20 km/s (20, 100, 500 GeV/c2) and cross sections

p 0.3 + 0.1 GeV/cm?® ‘ﬁﬁm“; line: XENONIT sensitivity)
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Science goal - solar neutrinos

08 7 8
C PP Be  pep B
> 0.7
E - e (
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. i
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V+e DV+e
More than 2000 neutrino pp events per year

Expected rate at 2-30 keV 2% precision in a year, 1% after 5 years

« pp neutrinos : 7.2 events/day Scoping neutrino and solar models

* 'Be neutrinos : 0.9 events/day
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Science goal . double beta decay

[
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WXe: Qg = 2458.7 £ 0.6 keV

Sensitivity to OVpp by "Xe:
T, >5.6-10% yr (95% CL) in 30 t y
ol >385-10" yr (95% CL) in 140 t 'y

Assumptions:

eFiducial mass 6 t "*Xe
(needed stronger fiducialisation)

*>2Rn: 0.1 WBg/kg
(rate compatible with °B)

+ 6 /E = 1-2% at Q,,

*DARWIN “ultimate” assumes negligible
background from detec@tomaterzigsinees



Science goal . axions and axion-like particles

Solar axions
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June 16", 2019, Biennale LPNHE

Luca Scotto Lavina, CNRS/IN2P3
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