Physics in Underground Laboratories
Dark Matter / Neutrinos

G Gerbier IRFU-CEA
& slides from Hue Qian (THU)

Underground Labs 5th workshop of FCPPL
Current programs LAL-IRFU Saclay
Status of FCPPL 011 activities 22" march 2012

Projects for 2012 : News
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Two underground labs
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Main actual programs @ LSM

« EDELWEISS Il : dark matter search : Ge @ 10 mK
e TGV :double electron capture
* Spherical gazeous detectors (low activity prototype“SEDINE”)

* Low background facilities & low level monitors
— Gamma ray spectroscopy : 12 HPGe
— Radon trapping facility
— Neutron (10®n/cm2/s) & radon ( mBg/m3) monitors
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DM search: EDELWEISS
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2011 : 101D 400 g detectors
Combined with CDMS=>2" after Xenon

2013 : 40 FID 800 g detectors
NB : bckg rate 1 evt/100kg.d




JinPing CJPL : status

2012 : New ventilation installation
completed : The fresh air outside has
started to supply CJPL.

2012 : Two expts planned : Ge & Xe



The first ULB facility has been installed in CJPL
and is under test.




CJPL thermal neutron detection system developed by our group
has started to take data in CJPL. The tube has been changed
from usually stainless steel tube to OFHC copper tube in order to
reduce the background.
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Initiated by Jiao Tong U
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* Three stages:
— Stage la: 25 kg fiducial (120 kg
o sensitive mass) mid-2012
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PandaX Stage la:
* light yield: 4 -5 pe/keV,, (w/ field)

NB : Xenon100
light yield : 2.2 pe/keVee
(0.5 pe/keVnr)



CDEX -TEXONO

Physics goals for
. sub-keV Ge Detectors
Collaboration

Taiwan (AS, NTHU, INER, KSNpPs) Mass ~1kg : threshold ~100eV : bgfk ~t1dcpI:kak |
count day” keV"' kg

Turkey (METU) > vN coherent scattering.
India (BHU) » Low-mass WIMP searches.
* |Improve sensitivities on neutrino magnetic moments.

China (THU, CIAE, NKU, SCU,EHDC!
* |mplications on reactor operation monitoring.

» Open new detector window & detection channel.
4x5 g Ge : performance 900g PCGe
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Exchanges in 2011

* Visit of LSM in feb2011 by Ma Hao + Hue Qjan (THU)
for infrastructure @ low background facilities

 Workshop on TPC and gazeous detectors @ THU in
nov 2011 :

— | Giomataris, D Santos, GG from France

— 15 physicists from Tsinghua Univ, IHEP, Jiao Tong Uniy,
USTC Hephei



November 14th-19th Mini workshop on directional Dark Matter detectors in Tsinghua

3 days : Presentations about gazeous detectors => areas of common work
=> “goals”

-R&D on directional MiMac (LPSC, Jiao Tong), work on scintillartion
-Development of large Micromegas (USTC, IHEP, Tsinghua, Saclay)

-Making cheap Micromegas/GEM (Saclay, Jiaotong, IHEP, Tsinghua)

-Low activity PCB : investigate in China, measurements @ JinPing (Jiaotong)

< S— ;
-Path for a large a “multipurpose” 2000m3 , : — /-w-—wf""“

(High P, Low P) TPC for DM and v ?

- Spherical detector for neutron detector &
v coherent scattering measure @ reactor ¢
(Saclay, LSM, IHEP, Jiaotong)

-----



Directional detection
MiMac (MIcro-tpc MAtrix of Chambers )

» Directional detector for WIMP galactic origin identification
» Demonstration of proof of principle

WIMP flux Recoil events (se, M=20 Gev)

J. Billard et al., 2009
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Spherical Proportional Counter SPC
plans for 2012

* | Giomataris, G Gerbier (Saclay) + Yang Changgen @ IHEP + F Piquemal
(LSM) Kaixuan Ni (Jiaotong)

* YCinititiate some investigations for nuclear plant and quotation for large
spherical tanks

* |G+ GG + FP initiate loan of a prototype 1.3 m diameter to be sent to
Tsinghua (paper work on going)

« Wang Zhimin (IHEP) to come 4-5 weeks at Saclay in June to work on
handling, acquisition and work on prototype @ IHEP

* |G+ GG + FP to work on optimisation at high pressure, calibration (3’Ar)
and low activity prototype @ LSM

* Next meeting by end 2012/beginning 2013



Spherical Proportional Counter
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Measurement of coherent neutrino scattering : a
long unsuccesfull search
Why ? Subkev threshold & large mass
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Fig. 1. Detectable signal in different gases from neutral-current nuclear
scattering of reactor antineutrinos (10'® 7 cm~—2 s—!), obtained by folding
of the differential cross section in [8] with the reactor spectrum in [24] and
applying quenching factors derived from SRIM [25]. The tradeoff between
endpoint energy and rate with increasing atomic mass is evident. Table: total
coherent recoil rate in different gases under the same conditions.

0.7GWt @ 10 m < 10 3v/cm?/s <>10-20 evts/kg.d

On Argon : 10 evts/kg.j >= 2 electrons,
for 10 13v/cm2/s in 50-150 eeV (QF)

2m diam @ 5 bars => 37 kg => 400 evts/d
In 0.1 eekev bin

Signal/noise =1 if noise = 100 evts/
kg.d.kev @ 1 keV
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Fig. 2. Distribution in the number of free electrons produced by coherent
nuclear scattering in a gaseous detector exposed to a typical reactor antineutrino
flux. This estimate includes the reactor emission spectrum [24], differential
cross section [8], a theoretical quenching factor derived from Lindhard’s theory
[25] and the mean ionization energy of the gas mixtures. “Total” denotes here
the expected number of recoils/kg/d producing at least one free electron. Top:
for pure noble gases, Bottom: after addition of a small fraction of TMAE vapor
which may in principle reduce the ionization threshold to ~6 eV. The effect of
gas additives such as TMAE or TEA on energy threshold is to be investigated
as part of this work [26].
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Calibration at low energies
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Performances @ Saclay
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Performances @ Saclay

 Run with 16mm ball + Ne (10% C2H6) @ 200 mb, HV 1500V
* Trigger down to 80 eV

e Pulses:
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« SEDINE » project for LSM

* Low activity Cu 60 cm diameter in lead/PE shield

e Study background in « best » conditions

-2 kg Ar @ 10 bar
-10 g 3He @ 0.7 bar = : ‘

wawawawawawawawawawa

Pb (10cm)+ PE (30 cm)



Initiating NEWS project & collaboration

Neutrino Experiments With Spheres
France, Greece, China

* v coherent scattering measurement @ nuclear plant
— 2m diameter sphere & shield
— Threshold optimisation @ P> 1 bar, calibration
— Detector characterisation vs gaz ,HV ,P ...
— Background & shield studies
— Depleted Ar ?
— Bestsite ?

— Sterile neutrino Expt ?

* Larger sphere underground for v SN monitoring
— 5m diameter + large water shield
— Multi sites ?

* First EVO meetings held since 1/01/2012



Thank you
Merci
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