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Principle of WIMP Direct Detection

A Particle physics  Astrophysics
(cross section) (flux)

ettt d sl ot

W o / 5 (7)o

Oy-N - WIMP-nucleus cross section

P WIMP density
f (%) : WIMP velocity distribution

Both the WIMP cross section and flux mu s t be st u
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Astrophysics -The model-

|
NASA/COBE Project p (fr) i T_Z
p(rsun) = 0.3GeV/ cm”

Collision-less Boltzmann equation

$

Maxwell distribution
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Astrophysics -Recent N-body simulations-

A Density A Velocity distribution
p = U.39G-EV/CH13 Indications of deviations from Maxwell
arXiv:0907.0018 distribution, particularly at high velocities.
>l PR V4 PN . .
p i GS{G[V /Llﬂ I lgfeict;[o%nslgggitti\\//\(/a”\sﬂgasrch JCAP 02(2010) 030

JCAP 02(2010) 012

Halo restframe Earth restframe (Summer)
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Recent Halo models

A Tidal streams
I C. Savage, K. Freese, P. Gondolo, Phys. Rev. D74,043531 (2006).
I A. Natarajan, C. Savage, K. Freese, Phys. Rev. D84,103005 (2011).
I C.W. Purcell, A.R. Zentner, M.Y. Wang, JCAP 08, 027(2012).
A Debris flow
I M. Kuhlen, M. Lisanti, D.N. Spergel, Phys. Rev. D86, 063505 (2012).

A Extra galactic components
I K. Freese, P. Gondolo, L. Stodolsky, Phys. Rev. D64,123502 (2001).
I A.N. Baushev, Astrophys. J. 771, 117 (2013).
A Dark disk
I T.Bruch et al., Astrophys. J. 696, 920 (2009).
A etc, é .
i P. Belli et al. Phys. Rev. D66, 043503 (2002).

i A.M. Green, JCAP 10, 034 (2010).PRD 74 043531(2006)
i
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Particle physics after LHC

NN\

ASUSY; s st O vl

I Nucleon scattering cross section, s.,, , IS now
down to ~ 1048 cm?

Eur. Phys. J. C72(2012) 2243 arxiv:1311.0678




WIMP-Nucleus elastic scattering

A Recoil energy |
MyM2
Er = sUt(l — cosq)
(My + M,)

7 : scattering angle in CM
A Cross section
M, My

2
Il 1] 4G2 CSI CSD
O-X N F (A’IX_I_M]\?) ( N _|_ N )

CP «(a,(s, )+

8w 45,0 )l

In this talk | will focus
on only Sl
(but I love Fluorine!)



Digression:1°F

MM
— 22 = eVin
y =4G22 i C, "N +M, Reduced mass

G, Fermi coupling constant

Enhancement factor

C,=CP+Cy  (CY A) <S,>y nucleon spin
,J+1 <S>\ in the nucleus

Cy’ (ap<Sp>N +an<Sn>N) ~3  aa, :c-nucleon coupling

Since the signs of <Sp>, and <Sn>
are opposie. g
7Li 3/2 0.497 0.004

“9F can play a unique role in
setting limits on a & a,
il
il
il
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Expected detection rate

A Integrated over the velocity distribution (SI)
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Ton scale experiments are necessarly.

Heavy nuclei and Light WIMPSs are easier for experimentalists
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Direct Search Experimental Challenge

As we have seen
A WIMP nuclear recoil signal is:

I Low rate (<1 events/ton/year)
I Low energy (<10keV, actual visible energy is even lower)
I Expected exponential spectrum is similar to many background
signals
A Detection technigue must be:
I Extremely low background
I Low threshold
I Large mass

Altods better to be

I Position sensitive to allow fiducialization
I Discriminating between WIMPs/n and g/b
T Directional

ra)
,X?_? IPMU ACP seminar 7/2/2014 H. Sekiya




Technologies in 2003

Y.Ramachers
Nucl. Phys. B (proc. Suppl.) 118(2003)373

Cresstll
\!_!osebud__‘
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Technologies in 2013

Tracking

DRIFT
NEWAGE

CRESST DMTPC
CUORE MIMAC

ROSEBUD emulsion
Nuclear

( Recoil

Detection Superheated
liquid

lonisation Scintillation
IGEX COUPP

GENIUS DAMA,LIBRA PICASSO
CoGENT NAIAD SIMPLE
CDEX XMASS
DAMIC DEAP,CLEAN

TEXONO DM-ICE
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Direct searches on Earth

PACIFIC
OCEAR
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Current Status

A S| WIMP-nucleon cross section limits as of Nov 2013

I The bestis LUX, reaches 1046 cm-.

I Top 3 limits are all from double-phase Xe detectors
arXiv:1310.8214 Phys. Lett. B 719 (2013) 78
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Noble liquid detector

A scintillation detector / ionization detector

Baudis SUSY2013 Aprile Phys. Rev. Lett 97(2006)

photon energy [eV

7 15 20

| | | | | T T T Aprile et al., Phys. Rev. Lett. 97 (2006)
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Why are noble liquids good for WIMP searches?

A Large mass/scalability especially Ar Y cost
A Large mass number especially Xe

Y Passive BG rejection: self shielding by fiducialization

A Large light yieldsY low threshold

Noble gas interaction process

L. Xe*
lonisation —

A PurificationY low BG lon=
Electron/nuclear recoil
N\
Excitation
A Both scintillation and ionization .
sighals are detectable. Gepends on gas
A Excitation/ionization ratio provides et

electron/nuclear recoil separation

Y Active BG rejection

NJT Smith ICRC2013
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depend on gas
e.g. Xe 3/27ns
Ar 10/1500ns
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How to use noble liquids

3 concepts has been considered.
A Single-phase (liquid)
I Just as scintillators
I TPC to measure ionization directly

A double-phase (liquid+gas)
I TPC same as single-phase,
but this is easier.

How to use noble solids (R&D@ UCLA, Fermilab, € )
A Single-phase (solid)

I Just as scintillators

I TPC to measure ionization directly
A double-phase (solid+gas)

I TPC same as single-phase,

but this is easier. 160 180 200 220 240
Temperature [K]
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Single-phase scintillator

A This concept has been realized recently

I Also sensitive to ionization, in a sense, through the recombination process
I Singlet/triplet ratio differs between nuclear/electron recoil events
Y possibility of PSD

PMT array 7

Time
S1 PSD?
IPMU ACP seminar 7/2/2014
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Single-phase TPC

A The original concept, but has not been realized yet.

I By applying an electric field, electrons produced by ionization can be collected. These
can be observed via charge amplification or proportional scintillation with a strong

electric field.
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double-phase TPC

A Realized first. Now well-established with several

successful implementations

I Same as single phase TPC, but if electrons are extracted from liquid phase to gas
phase, charge amplification / proportional scmtlllatlon become easier with a strong
electric field

51 S2 ' Time
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Based on
N.J.T. Smith ICRC2013

LiC]Uid Xel/Ar TPCs L. Baudis SUSY2013
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350kg total 161kg total 125kg total ~ 850kg total 50kg total
118kg FV 50kg FV 25kg FV 100kg FV 33kg FV
122 200 2P2M®6 PMTs1431606 PM8s 366 P M™4r (depleted)
Data taking Data taking 37 30606 dodlhissioning 38 30606
will continue on-going Started Will start Started

until 2015 data taking  taking data in 2014 data taking
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Example events in double-phase detectors

A 1.5keV gamma in LUX A 9keV rec0|l in XENONlOO

1.5 keV gamma ray scattering event
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Electron/nuclear recoll separation power

AXENON100086s performance

S1 [PE]
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ER calibration: ¢9Co and 232Th, NR Calibration: AmBe
99.75% ER rejection for 50% efficiency loss on NRs

N. Priel SUSY2013
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DM search results

A LUX 85 days A XENON100 225 days

S 51 [PE]
Profile-Likelihood Ratio used to determine |
nWIMP 90% CL upper limit
Value ranges from 2.4 events at low mass to
5.3 events at highest masses

p-value of 35% consistent with ER
backgmund and no WIMP 5|gnal
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» Expected background of 1 +/- 0.2 events
» 2 events observed
DI (ISSVARMICE TS Gl <Xl - Compatible with the background hypothesis

N. Priel SUSY2013

S1 x,y,z corrected (phe)

IPMU ACP seminar 7/2/2014 H. Sekiya 25




Liquid Xe/Ar scintillators

XMASS-1@Kamioka MiNiICLEAN@SNOLab DEAP3600@SNOLab

835kg total 500kg total 3.6 ton total

100kg FV 180kg FV 1 ton FV

642 2060 PMTs LNe for solar neutrino 255 8606 PMT.

Refurbished Under construction Under construction

Restarted data taking Will start taking data in Will start data taking in
2014 2014
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