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WIMP-nucleon scattering
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WIMP elastically scatters off nuclei — nuclear recoils

X+N- X+N

Small recoil energy E = (1 — cosf) < 100keV

Small event rate

dR _ py o|F(E) /U B, Je0!)
dE mx 2”12) Umin(E) v

v~ 230 km/s

m, = 10 — 10* GeV/c?

py ~ 0.3 GeV/c*/em?
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Hunting WIMPs ...
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DAMA, (arXiv:1104.3088v1, arXiv:1104.2549) 90% CL
WIMP mass [GeV/c?] CRESST-II 730 kg-day, (arXiv:1109.0702) 95% CL

cMSSM, (Fowlie et al., 2012, arXiv:1206.0264) 95% CL

PMSSM, (Arbey et al. 2013, arXiv:1211.4004) 99.5% CL

= -rontier of experiments that did not find any signal
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Noble gases used as target for direct Dark Matter search
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threshold recoil energy, keV Neon Argon Xenon
Atomic number 10 18 54
Atomic mass 20.2 40.0 131.3
Boiling point [K] 27.1 87.3 165.0
Liquid density @ T, [g/cm’] 1.21 1.40 2.94
Ionization (W [eV]) 23.6 15.6
Scintillation (Wﬁ“ﬁ [eV]) 27.1, 24.4 17.9, 21.6
Scintillation wavelength [nm] 78 128 178
Abundance [ppm] 18.2 9340 0.09
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Argon

N s

e Large abundance (~1% of air) WARP, ArDM, DEAP, CLEAN, DarkSide, . . .
— modest prices in natural composition

- huge detectors feasible

e Relatively compact detectors
— exploit self shielding

e Cryogenics at —180°C
e Scalability to larger detectors
e Excellent background discrimination

- scintillation/ionization
- pulse shape discrimination (scintillation)

e Small A = 128nm e Wavelength shifters on PMTs and/or TPC
- need to ,shift” light surfaces (e.g. TPB - 420 nm)
e Very high background from °Ar (**Ar/*°Ar~8.10'°) e Use of low-radioactivity Argon:
(B emitter: Q=565 keV, t =269y ), ~1 Bag/kg - depleted Argon
~ limitation on detector size - underground gas wells
- limitation on energy threshold — Concentration <<5% than natural one

T ——
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Xenon

N Xe
e No long lived Xe isotopes ZEPLIN, XENON, PandaX, XMASS, LUX, . ..
e High mass number (A~131)
- high rates

e High atomic number (Z=54) and density (p~3kg/l)
— compact detectors
- self shielding

e 50% non-zero spin isotopes

e Cryogenics at —100°C
- relatively easy to handle

e Scalability to larger detectors

e Good background discrimination
- scintillation/ionization

e Pulse shaping discrimination not used
-T1=0(1) - O(10) ns

e Quite expensive

i e
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Energy recoll detection
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Energy recoll is transferred to three possible phenomena: scintillation, ionization, heat
One or two among these three signals are used for particle detection.

Heat

CRESST,
ROSEBU

ZEPLIN Il/11,

XENON,

DarkSide,
ARWI

lonization Scintillation

PANDA-X
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Neon, Xenon and Argon based detectors

I e e
Energy recoll is transferred to three possible phenomena: scintillation, ionization, heat

One or two among these three signals are used for particle detection.
This talk will focus only on detectors using Ne, Xe, Ar

Heat

COUPP,
PICASSO

XMAILIBRA,
CoGENT
ZEPLIN l1/1I,
L XENON, T
lonization DarkSide, Scintillation

DARWI

PANDA-X
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Focusing on scintillation and ionization
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at high fields (few kVv/cm) Response depends on
particle type and energy!
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The nuclear recoil energy scale
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The energy deposit of a nuclear recoil is usually computed through the expression:

/

S1 Ser
Leff ) Yer Snr

\\

Measured light yield for a reference y-ray line (detector dependent)
Usually reference is the 122 keV gamma from >’Co

Detected scintillation signal

Enr —

< Field quenching corrections

S]./Enrr- Serr anr- (En?“)
Le Enrr — * >
riBnr) = ——— "5~ Yor(Fee = 122 keV)

L_. is the ratio of the scintillation yield for a nuclear recoil of given energy E_ and the
scintillation yield of an electronic recoil of 122 keV at O field

It is a property of target material, it does NOT depend on the detector !

i s
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L_.in Argon

LAr cell

LAr level |

Meu_trun o e Top PMT
shield |

Active
volume

Bottom PMT —

Dewar —— g
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e dd fusion neutron generator (E_= 2.45 MeV) A e e e o wap |
e LAr cell as active target _ _ _ £ T work
. - . . . 1] L L 1 1
e Organic liquid scintillator to detect scattered n 0 50 100 150 200 250

Ar recoil energy [keV]

Regenfus et al, J.Phys.Conf.Ser. 375 (2012) 012019, arXiv:1203.0849
T
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L_.In Xenon
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| Exp. setup at Columbia University
*H{(d, n)*He J[ EJ301

e

J‘; — p—
0.35 :— o Arneodo 2000 _:
— Bernabei 2001 —
— & Akimov 2002 —
0'35 ¥ Aprile 2005 3
— O Chepel 2006 —
0'255 & Aprile 2009 3
] = & Manzur 2010
3 0'2: B Plante 2011 i
0.15

e dd fusion neutron generator (E_= 2.45 MeV) %!

e LXe cell as active target 0.05
e Organic liquid scintillator to detect scattered n 9 7 3 4 5 67800 30 2050100
e TOF cut to select only neutrons non interacting Encrgy [keVnr]

In the detector materials Plante et al, Phys.Rev. C84 (2011) 045805, arXiv:1104.2587
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The electron recoil energy scale in xenon

L s
g &

e Knowledge of the response of LXe to low energy ER is extremely important
e 33mKr provides 32.1 and 9.4 keV lines; but this is still “high” energy
(DAMA annual modulation signal is in the 2-6 keV energy window)

E,p.r — .E‘--?I - E_;,-

Recent measurements using the “Compton coincidence” technique g _ Ey

l+%g|:l — cosf)

Crynstat LXe Pb Nal
\ M s v |
n an o T
l]fi?fiir@ : :
Zurich : Baudis et al.,
Columbia : Aprile et al., Phys. Rev. D 87, 11501 (2013)
Phys. Rev. D 86, 112004 (2012) Including field quenching
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The electron recoil energy scale in xenon

L s
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Results of the measurements
Baudis et al., Phys. Rev. D 87, 11501 (2013)

T .I (I:} LI Islkll(lgg-:'-) T T T TTTT T T T T TTTT ] T T T T T TTT T T T T T 1T Ié C T Iscaltle]l._s I(ttllj.ls I“I'm-k)
& Aprile (2012) H O Calibration sources (this work)
=——=NEST (v0.98, 2013) 1+ 1.2 © Manalaysay (2010)
1r + # ¢ Aprile (2006)
=— NEST (v0.98, 2013)
1t
0.8+ )
=08 & —
m *
e 0.6 | ! = A :
| 1 = {)
7 | 1 = 0.61
04f /1 I -
£ l il 0.4r
AL ]
0.2 O Compton scatters (this work) . 0.2+
O Calibration sources (this work) ]
Bmmfmmmldcaklﬂaﬁon ] 0 1 1 1 L1 111 1 1 1 1 L1111 1 1 1 1 L1 111
0 0.5 1 2 5 10 20 50 100 200 0.5 1 2 5 10 20 50 100 200
Energy [keV] Energy [keV]

Light yield decreases at O-field below 50 keV

e Field quenching ~ 75% at low energies
e Derived XENON100 energy threshold: 2.3 keV

— sensitive to DAMA signal! Results coming soon
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Detecting WIMPs : single-phase vs. double-phase

Single-phase detector I Dual-phase detector | ¥
(TPC) _
;' VUV tﬂ
| t%
J 14 E % |
i i §
W &
| ArDM (1ton LAr)
DEAP-3600 (3.6ton LAr) DarkSide-50 (50kg LAr)
MiniCLEAN (360kg LAr / 310kg LNe). LUX (350kg LXe)
XMASS (835kg LXe) | PANDA-X (1ton LXe)
ZEPLIN | (3.1kg LXe) XENON (14kg, 62kg, 2ton, ... LXe)

ZEPLIN II/1l (31kg, 6kg LXe)
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Background sources

W
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Neutrons : (Th,U chains assumed in secular equilibrium)

e (a,n) reactions through Th, U chains

Source — site (surrounding rock), detector components

Estimations — More complex: material-dependent cross-section of (a,n) reactions and branching
ratios for transitions to excited states. To be calculated for each relevant material in the
detector

e Spontaneous U fission (mostly 23%8U)

e Induced by cosmic rays muons

Gamma and beta :

e 238, 235, 232Th chains and “°K, *°Co

e “intrinsic bg” (i.e. diluted in the target): ®°Kr, *°Ar, Rn
Physical backgrounds :

e Solar neutrinos

e 135Xe 2v[3[3 decay

T ———
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Background suppression : natural shielding

il 105:
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£ -
é ------------------------------------------------------- Canfranc, Spain (tunnel) : ArDM
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2 L ) KRR Boulby, UK (mine) : ZEPLIN I/11/11
= L Ny R Gran Sasso, Italy (tunnel) : XENON10/100/1T/nT, DarkSide
°

103;_ --------------------------------------- Homestake, USA (mine) : LUX

1025— ------------------------ SNOLAB, Canada (mine) : MiniCLEAN, DEAP-3600

I s N Jin-Ping, China (tunnel) : PandaX
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Noble liquid detectors fer direct. dark matter search
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http://fineartamerica.com/featured/world-map-paint-drop-michael-tompsett.html

Background suppression : detector design

N e
Goal: avoiding background particles entering in the fiducial volume of the detector

Use of radiopure materials :
e Screening of all detector components close to the active region
Shielding :

e Large shield (Pb, water, plastics)
e Water / liquid scintillator tanks very important for large scale detectors (~>1 ton)
— Water: passive or used as an active veto for muons with PMTs (Cherenkov light)

v

Self-shielding :

e Active veto
e Fiducial volume cuts

100

0 m w0 100 m 0 Example: from XENON100 to XENON1T

r|mm)]
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Background suppression : signal analysis

Goal: using knowledge about the expected WIMP signal

Very low WIMP-nucleus cross section :

e Single scatter process — 3D reconstruction ability

WIMPs interact with target nuclei :

e Nuclear recoil vs. electron recoil
— lonization/scintillation ratio
— Pulse Shape Discrimination on scintillation process
(strong discriminations (~10%) with Argon)

log,,(82/81)

Exal'nple: ArDM
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«.H—I—n—— — e

— 1
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30 a5
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J v !
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Update on current detectors

i
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WIMP hunting : the current WIMP hints and exclusion limits
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WIMP hunting : adding neutrino bg limit and some reference

e
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See the yesterday S. Scorza talk in this workshop
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XENON100

E. Aprile et al. (XENON100), Astropart. Phys. 35, 573 (2012) BOINQOM: 80 PMTs
Vax photecathode coveragl

E. Aprile et al. (XENON100), Phys. Rev. Lett. 107, 131302 (2011) - .
VETO: 64 PMTs

E. Aprile et al. (XENON100), Phys. Rev. Lett. 109, 181301 (2012)
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XENON100 : background
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XENON10O0 : latest results
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XENON100 : Spin-Independent cross section
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XENON100 : Spin-Dependent cross section
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E. Aprile et al. (XENON100), Phys. Rev. Lett. 111, 021301 (2013)
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XENON100 : Control on systematics with AmBe data

E. Aprile et al. (XENON100), Phys. Rev. D 88, 012006 (2013)
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XENON100 : Control on systematics with AmBe data

E. Aprile et al. (XENON100), Phys. Rev. D 88, 012006 (2013)
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XENON100 : Control on systematics with AmBe data
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E. Aprile et al. (XENON100), Phys. Rev. D 88, 012006 (2013)
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XENON100 and CDMS : What if ?

N T

(CDMS Collaboration) Sumbitted to Phys.Rev.Lett. arXiv: 1304.4279
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0.19% probability for the known-
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XENON100 and CRESST : What if ?
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XENON1IT

I e ——
Water tank

Factor 100 lower background than XENON2100
o Low radioactivity components
e ~ 10 cm self-shielding
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New Perspectives in Dark Matter, IPNL 34/66 Luca Scotto Lavina, Subatech, CNRS/IN2P3



XENON1IT

A
Water tank

Factor 100 lower background than XENON2100
o Low radioactivity components
e ~ 10 cm self-shielding
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WIMP hunting...
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WIMP hunting : XENON1T and XENONNT
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XMASS-I

i 700L reservoir

-

72 20inch PMTs (veto)

J. Liu, Nucl.Phys.Proc.Suppl. 229-232 (2012) 564

K. Abe et al. (XMASS Collaboration), PLB 719 (2013) 78-82
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XMASS-I : latest results

N A W

K. Abe et al. (XMASS Collaboration), PLB 719 (2013) 78-82
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XMASS-I : latest results

ArXiv:1212.6153, Accepted for publication in PLB
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XMASS-I : refurbishment

e
Full volume spectrum
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XMASS-1.5 and future

I

XMASS-1.5 full volume

XMASS-1.5, 2keV
threshold, 1 year

B

: ' 5 ton,1 ton FV 25ton, 10 ton FV

100 kg Fiducial volume (FV} @1.5 m, ~1000 PMTs @2.5m
80 cm, 642 PMTs *Dark matter 107
*Dark matter search *pp solar neutrino

*Axion like particle search *Ov2[3 decay
Y. Suzuki, hep-ph/0008296

T ' N ' Tttp://dmtools brown edu/
Gatskell Mandic Filippin

. 2 .
Cross—section [cm~] (normalised to nucleon)

10" 0" 10
WIMP Mass [GeV/c™)
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WIMP hunting...
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WIMP hunting : XMASS
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PandaX
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Stage-la (125 kg target) Stage-1b (500 kg target)

L T
New Perspectives in Dark Matter, IPNL 45/66 Luca Scotto Lavina, Subatech, CNRS/IN2P3



WIMP hunting...
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WIMP hunting : PandaX
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ArDM : results in GAr

GAr data@LSC F. Resnati, LIDINE 2013
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DarkSide-50

arXiv:1204-6218

DarkSide-50
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WIMP hunting...
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WIMP hunting : DarkSide
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LUX : progresses and waiting for the announcement

I e ——

Expectations (MC):
With 40 live days — ~11 ER events

D.S. Akerib (LUX Collaboration), Astropart. Phys. 45 (2013) 34-43 04
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WIMP hunting...
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WIMP hunting : LUX
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DEAP-3600
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MiniCLEAN

Ll - ——

Calibration
Port

Inner
Vessel

(arXiv:1111.3260)
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WIMP hunting...
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WIMP hunting : DEAP/CLEAN
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Ultimate WIMP facilities: DARWIN, LZ, ...
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WIMP hunting...
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WIMP hunting : huge activity and competition within next decade . . .
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WIMP hunting : ultimate detectors?
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Search for axions with present and

future liquid xenon detectors

N
e Search for the existence of axions or axions-like-particles (ALPs) through their coupling to

electrons g, (axio-electric effect)

e Dual phase xenon TPCs have good potentiality for this search, as described in:

K. Arisaka et al. Astropart.Phys. 44 (2013) 59-67

107 g
10"

10

i

W

LI

} Solar Axion

j

The potentiality of four LXe detector = '*" |

generations are studied, with o

different target masses and with an = DM Axion

assumed level of  expected o™ /L/l/

background L

Weight Live Time Resolution Energy Threshold -Ba('.'kgrmmd | TR A REETT BRI BT AT R Tt AT AT AR T

w T b dN/dE 10 10° 10’ 10° 10° 10° 10’
(kg) (years) (VkeV) (keV) (dru) axion mass {ercz)

GI  XENONI100 34 ! 0.6 2 0.01

G1.5 LUX/XMASS 100 1 0.4 1 5x 1074

G2 XENONIT 1000 2 0.4 1 (1.44+.07TE)x 10~ 5*

G3 XAX 10000 2 0.4 1 1.4x10-°1

L T
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Summarising

L s
g &

Liquid noble gas detectors currently dominate the field
on direct dark matter searches (XENON2100)

About 7 Collaborations are presently engaged in 7 long term LXe and LAr projects

Most of the projects are based on scalable detectors with increasing sensitivity.
For all of them, the technology is mature and the background sources are taken under control

Very few “ultimate” WIMP detectors (i.e. close to the neutrino background limit) are planned

New Perspectives in Dark Matter, IPNL 66/66 Luca Scotto Lavina, Subatech, CNRS/IN2P3
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