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Where is the field of Dark Matter Direct Detection today?
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Direct Dark Matter Search with xenon in the world

Using xenon
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Background rejection: charge-to-light ratio

Scalability: massive target at modest cost

Intrinsically pure: no long-lived radioactive isotopes

3D reconstruction: strong reduction of neutron interactions

(S2/S1)
WIMP

 << (S2/S1)
gamma

Advantages of two-phase xenon TPC principle
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The XENON program roadmap: growing in target size...

past still present... present ...upgrade future
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… and people: XENON Collaboration

The XENON 
Collaboration

21 Institutes
~130 members
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XENON100

XENON1T

below 1400 m of Rock (3100 w.m.e) 

Laboratori Nazionali del Gran Sasso (LNGS)
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La region du Gran Sasso : Abruzzo

Tartufo Arrosticini Scamorza

ChitarreGenzianaZafferano
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Bagnaschi et al., Supersymmetric Dark Matter after LHC Run 1, Eur.Phys.J. C75 (2015) 500, arXiv:1508.01173

Scoping Supersymmetric Dark Matter
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Potentialities 
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XENON10/100 :  a rich science throughput

2001          2003          2005          2007          2009          2011          2013          2015

Science Impact 
(citation numbers as of 2016)

XENON Concept

XENON10 
First Results

Spin-dependent

XENON R&D
NR Scintillation in LXe
ER/NR Discrimination

XENON10 
Inelastic DM

XENON100 
First Results

XENON10
Light DM

XENON100 
100 days

XENON100 
225 days
XENON1T

Project

XENON100 
Spin-dependent

Axion search

XENON100 
DM-electron
Modulation
XENON1T

Start

Science Publications:
1 Science
8 Phys. Rev. Lett.
30+ Phys. Rev. etc.

63

881

1230
402

352
707 277

11382

22
305
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2012
E. Aprile et al. (XENON100), Phys. Rev. Lett. 109, 181301 (2012)

2016 News !!!!
arXiv:1609.06154
1.1×10−45 cm2 @ 50 GeV/c2, 90% CL.
Gained a factor 2 better than the aimed sensitivity

XENON100 → XENON1T/nT → DARWIN scientific results

SI

● Scoping “standard” nuclear recoil 
WIMP models:

● Spin-Independent (SI) and Spin-
Dependent (SD) WIMP-nucleon 
interactions

● Inelastic scatterings
● Low mass WIMPS

● Looking for axions particles:

● Solar axions
● Axion-like particles (ALPs)

● Scoping leptophilic models:

● Annual modulation
● Exotic models: WIMP axial-vector 

coupling to electrons, mirror dark 
matter, luminous dark matter

● Neutrino physics:

● 2νββ decay with 124Xe
● 0νββ decay with 136Xe
● Nuclear recoil from solar neutrinos
● Solar neutrinos
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g = 0.25

g = 1.45
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XENON100 → XENON1T/nT → DARWIN scientific results

SD

Complementarity with the LHC:

minimal simplified DM model with Dirac fermion 
interacting with an axial-vector mediator

g ≡ gq = gDM

S. A. Malik et al., Phys. Dark Univ. 9-10 (2015) 51
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XENON100 → XENON1T/nT → DARWIN scientific results

Solar axions

Axion-like
particles (ALPs)

Assumptions for DARWIN:
● 200 t·y exposure
● Similar energy threshold as in XENON100
● 30% better energy resolution

Dominating background: solar neutrinos and 2νββ 136Xe

Dependency
from exposure:
Gsolar

A e∝ (MT)−1/8

GALP
A e  ∝ (MT)−1/4
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● Scoping “standard” nuclear recoil 
WIMP models:

● Spin-Independent (SI) and Spin-
Dependent (SD) WIMP-nucleon 
interactions

● Inelastic scatterings
● Low mass WIMPS

● Looking for axions particles:

● Solar axions
● Axion-like particles (ALPs)

● Scoping leptophilic models:

● Annual modulation
● Exotic models: WIMP axial-vector 

coupling to electrons, mirror dark 
matter, luminous dark matter

● Neutrino physics:

● 2νββ decay with 124Xe
● 0νββ decay with 136Xe
● Nuclear recoil from solar neutrinos
● Solar neutrinos

XENON100 → XENON1T/nT → DARWIN scientific results

E. Aprile et al. (XENON), Science 2015 vol. 349 no. 6250 pp. 851-854 
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XENON100 → XENON1T/nT → DARWIN scientific results

arXiv:1609.03354

XENON100 : using  0.021 tons x year 

→ T
1/2

 > 6.5 x 1020 years   

XENON1T : using 2 tons x year 

→ T
1/2

 > 6.1 x 1022 years   
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XENON100 → XENON1T/nT → DARWIN scientific results

136Xe: Q
ββ
 = 2458.7 ± 0.6 keV

Sensitivity to 0νββ by 136Xe:
● T1/2 > 5.6 · 1026 yr (95% CL) 
in 30 t y
● T1/2 > 8.5 · 1027 yr (95% CL) 
in 140 t y

Assumptions:

● Fiducial mass 6 t natXe
(needed stronger 
 fiducialisation)

● 222Rn: 0.1 μBq/kg
(rate compatible with 8B)

• σE/E = 1-2% at Q
ββ

●DARWIN “ultimate” assumes 
negligible background from 
detector materials

DARWIN: arXiv:1606.07001 (under submission in JCAP)
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XENON100 → XENON1T/nT → DARWIN scientific results

Coherent neutrino-nucleus scatters: ν + N → ν + N

●
 8B solar neutrinos → 90 events/t/y @ E>1keVnr

(note: LUX re-analysis Eth>1.1keVnr)
About 3000 CNNS events/year

● Atmospheric neutrinos → 3 · 10-3 events/t/y @ E>4keVnr

● Neutrino from diffuse supernovae

A deviation from expected fluxes 
→ signature for a new physics
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XENON100 → XENON1T/nT → DARWIN scientific results

Solar neutrino scattering: ν + e- → ν + e-

DARWIN:
Expected rate at 2-30 keVee

pp neutrinos : 7.2 events/day
7Be neutrinos : 0.9 events/day

More than 2000 neutrino pp events per year
2% precision in a year, 1% after 5 years

Scoping neutrino and solar models
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XENON1T : built, commissioned and now under calibration runs
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WIMP sensitivity with time

Sensitivity at WIMP masses above ~ 6 GeV/c2 is clearly dominated by noble liquid (Xe) 
time projection chambers
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My main involvements

1 Infrastructure
2 Muon veto
3 Water tank
4 Detector: TPC, Grids, HV
5 PMTs
6 Cryostat & Support
7 Cryogenics
8 ReStoX (Coordinator)
9 Slow control
10 Screening
11 Distillation column
12 Xe Purification
13 Gas purity and analytics
14 Calibration
15 Monte Carlo
16 DAQ/Electronics
17 Computing (Coordinator)

Then also:

- Commissioning team

And a structure from XENON100:

- Operation team
- Analysis team

- Collaboration Board
- Editorial Board
- Speakers Bureau
- Collaboration members administrators
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Computing

French contribution:

 Coordination of the WG 
(Luca Scotto Lavina)

 Requested and obtained 
resources at CC-IN2P3

 A plan of 20TB per year, 
which can be extended

 CPU sufficient to cover a 
third of the required 
processing power
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Recovery and Storage of Xenon : ReStoX

Goals:
- store up to 7600 kg of Xe in gaseous or liquid/solid phase under high purity conditions 
- fill Xe in ultra-high-purity conditions into detector vessel
- recover all the Xe from the detector. In case of emergency all Xe can be safely recovered in 
a few hours

Method:
• Double walled, high pressure (72 bar) 

vacuum insulated sphere of 2.1 meter 
diameter, cooled by LN2 and by an 
internal LN-based condenser.

• Sphere built by Costruzioni Generali 
(Milano)

• Condenser built by DATE (France)
• Cryogenic Valves by Thermosess 

(Milano)
• Heat Exchanger by Ravanat (France)
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ReStoX construction phases
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XENON1T: data taking is going fine

March 2016: first scintillation signal seen in xenon gas

May 2016: first event in a two phase operation

June 2016: first gamma ray spectrum (137Cs)
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XENON1T: data taking is going fine

July 2016: increasing water level and going to low background mode

September 2016: first low energy calibration
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XENON Project : a clear roadmap

Estimated timescale
2010 2020 2030

XENON1T/
nT

1T
runs

nT
runs

Construction &
Commissioning

2015 2025

R&D ...

R&D and
Design Study

R&D
ASPERA funded

Engineering
studies

Construction &
Commissioning    Physics runsDARWIN

June 2013: 
Published
ASPERA final 
report

2018: 
CDR/TDR

Expected
HL-LHC “run 4”

Luca Scotto Lavina, DM2016, Santander, June 2016, JCAP: arXiv:1606.07001

Now
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XENON Project : fulfills all desires of a WIMP hunter

What is required?
• A clear roadmap
• Allocated funding
• An already existing community 

of experts
• An already existing technology 

(double phase LXe TPC)
• No construction of extra 

facilities
• Existing techniques (to be 

improved) of background 
rejection
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“Mutation” to LPNHE for September 1st

Present responsibilities covered in XENON: 

● Computing (Responsible for Computing and Data Management) 

→ Leading the data flow, processing and quality monitoring for next 5 years

● Storage and Recovery (aimed French participation: Subatech and LPNHE)

→ Designing a new prototype to go over the limit of 7.5tons of storage (290 keuro)

● Analysis tasks (plenty of analysis tasks for new students/post-docs)

Luca Scotto Lavina and possible role for LPNHE
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ReStoX 2
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Analysis activities at LPNHE

● Taches d'analyse

Stage de doctorat pour suivre un grand sujet d'analyse physique

Demande : 1 stage de doctorat au plus vite (2017)

Activité de l'etudiant(e) :

● Shifts : participation à la prise des données pour 2 semaines/an.

● Surveillance à distance de la qualité des données.

● Mise en ouvre du ReStoX2, avec une période passé au Gran Sasso

● Analyse des données : sujet de stage
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Sujet de stage

Titre : Scoping Leptophilic Dark Matter Models using XENON1T Electronic Recoil Data

Études nécessaires :

● Calibration du détecteur à basse énergie avec:

● Tritium (Tritiate Methane)

● 83mKr

● Étude de la bande de recules électroniques 

   à basse énergie

● Résolution en énergie en fonction de l'énergie

● Rendement lumineuse en fonction de l'énergie

Ils sont tous des sujets dont je maîtrise les méthodes d'analyse ou je suis responsable en 
XENON100. J'étais referee interne du papier Science.

Science 2015 vol. 349 no. 6250 pp. 851-854
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