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SUMMARY

+ Dark Matter: one of the frontiers of
astro and particle physics.

« Still alot of room to use your beautiful
detectors for direct detection of DM.

e What is required for that?
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ON THE MASSES OF NEBULAE AND OF
CLUSTERS OF NEBULAE
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2. We must know how mucl] dark matter §s incorporated in nebu-
lae in the form of cool and cold stars, macroscopic and microscopic
solid bodies, and gases.
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ne wirial theorem ot classical mec

this theorem to the leads to a minimum value M =4.5X 10"°M @ for the

average mass of its member nebulae.



Accelerator

LHC 8TeV .
SUSY not discovered

anti matter, gamma-rays:
no signal
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« DM direct detection
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+« world-wide underground laboratories
e To reduce cosmic-ray background
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« Direct Detection Methods

E. (photon)
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+« What'’s special with DAMA?
e Large: 250kg

e Pure (clean): low contamination of radioctive
background source (Uranium, Thorium, 40K)
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]AlAD/DM'ICE 17 Cl'yStEﬂS' (3[’)’(“’14014804&!’1, PLB 616 (2005) l?—24) Neil Spooner, Reina Maruyama

~ . . behalf of the DM-Ice Collab ti
e “30x DAMA’s K-40 contamination on behalt of the BI-lce Loflaboratio
TeVPA/IDM - Astroparticle Physics 2014

¢ 5 - 10x DAMA's single-hit event rate (no multi-hit cut appli [ 2014

in NAIAD/DM-Icel7) S
Saint Gobain Powder DAMA (HPGe) <20 <20 <100
Saint Gobain Crystal DAMA/LIBRA 0.7-10 05-7.5 <20
Saint Gobain Crystal ANAIS-0 7.6 7.7 410
Bicron/Saint Gobain Crystal NalAD/DM-lcel? 55 33 550
Sigma-Aldrich Powder (standard grade) DM-Ice (HPGe) 40 89 440
Sigma-Aldrich Powder (astro grade) DM-ice (HPGe) 63 <95 <126
Sigma-Aldrich Powder (astro grade) A-S (ICPMS) - - ~a
Alpha-Spectra Powder DM-Ice (HPGe) <100 <200 <120
Alpha-Spectra Powder ANAIS-25 (HPGe) <55 <130 <90

*DAMA ppt numb PICOiLQN(TOkUSh_Ima)

far other crvetale: N A

~8ppt <lppt not yet



« DAMA/LIBRA
e 250kg Nal scintillators

e EXposure: 1.33ton ¢ years
e 1l4cycles seasonal modulation®
|
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« DAMA/LIBRA

e 250kg Nal scintillators

e EXposure: 1.33ton ¢ years
e 14cycles seasonal modulatlo

Eur. Phys. J. C (2013) 73:2648
DOI 10.1140/epjc/s10052-013-2648-7

Eur. Phys. J. C (2008) 56: 333-355
DOI 10.1140/epjc/s10052-008-0662-y



« Direct Detection Methods

——
E. (photon) photon + charge

DAMA ZEPILINE I /II
DM-ICE (Nal) XENON10/100
KM LUX (Xe)

ArDM « WARP (Ar)

Photo \ake it even larger!
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E,<~100keV 2

E, (charge)

ROSEBUD (LiF) . (charge + heat)
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(CxFx)

CDMS (Ge/Si)
EDELWEISS (Ge)




« Direct Detection Methods
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+« XMASS (Japan)
e In Kamioka

e A single-phase detector with ~830kg
L Xe

e Equipped with 642 PMTs
e Active water shield
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e exposure 0.86ton years in only 1.3years
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e excluded some part of DAMA region with
seasonal modulation analysis



« DM direct detection

Aucleus

SIGNAL
E<~100keV



« Direct Detection Methods

——
E. (photon) photon + charge
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+ 2-phase Liquid Xenon
e XENON100 : 161kg

o LUX : 370kg

XENON100

Goal (compared to XENON10):
* increase target x10
 reduce gamma background x100

— material selection & screening
— detector design

Quick Facts:
* 161 kg LXe TPC (mass: 10 x Xe10)
* 62 kg in target volume
* active LXe veto (24 cm)
e 242 PMTSs (Hamamatsu R8520)
0 shiald

ithe LUX Detector

Top thermosyphon

Radiation shield

Titanium

Vessels

Anode grid ~__ 2

PTFE reflector panels __ ,

PMT holding ¢
copper plates

Cathode grid —

Counterweight ———

Bottom thermosyphon

Water tank

Cryostat

250 kg active xenon

(370 kg total)




+ 2-phase Lig. Xenon
@ electron rejection

Discrimination technique

WIMPs and neutrons interact with nuclei
short, dense tracks

ys and € interact with atomic electrons
longer, less dense tracks

S2/S| used for discrimination
I (>99.5% @ 50% NR acceptance)
Drift time .

darticle indicates depth .
Particle Electron recoils

. |5 137Cs source
L1 S

» ionization electrons
VN9 UV scintillation photons (=175 nm)

3D Position Reconstruction
Z from time difference between S| and S2
(1.5 mm/us @ 181 V/em)

Nu« I“U.I rec« l‘
XY reconstructed from light pattern (AmBe source)
(resolution of a few mm in WIMP search region)




Spin-independent limit

Upper limit @ 33 GeV/c?is 7.6 x 10% cm? 5
— first sub-zeptobarn WIMP detector!
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« DM direct detection
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<+ L ow th Fes h O I d . Barreto et al. / Physics Letters B711 (2012) 264-269
o DAMIC (CCD 0.59)
e Extremely low threshold

Energy threshold for DM search

® CCDs cooled to -150 C to 1|| .
reduce noise '|I CCDs read out serially
||
® 50 ps / pixel “I| Noise decreases as
e . RMS of 2 e- s '-.II integration time increase

e 7.2'eV equivalent
ionizing in Silicon
® Threshold of 40 eVee
® Lowest of current DM
experiments

pixel time (usec)

® We are pushing energy Experiment Threshold
threshold even further DAMIC 0.04 keV
® RMS of 0.2 e- may be COGENT {;5 keV 7
) I M [=1]
possible CDMS II 3 keVes
Xenon 100 8.4 keV,

Ben Kilminster, 2012 IDM 6



. Barreto et al. / Physics Letters B711 (2012) 264-269

e exposure 0.5g X 11month

e comparable to kg-scale detectors
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Fig. 13. Cross section upper limit at 90% CL for the DAMIC results {solid black)
compared to CRESST 2001 (dashed blue), XENONT0 [40] (triangles) and COMS [41]
(crosses). The shaded areas correspond to the 5-sigma contour consistent with the
DAMA/LIBRA annual modulation signal (yvellow: no ion channeling, green: ion chan-
neling] [39], The magenta contour corresponds to the DM interpretation of the
CoGent observed excess and the black contour is the region of interest for the
CoGent annual modulation signal [4]. (For interpretation of the references to color
im this figure legend, the reader is referred to the web version of this Letter.)



« DM direct detection
Y,
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Key feature 1 : Large mass
Key feature 2 : Particle ID
Key feature 3: Low threshold



« another axis : nuclear track

PRL73(1994)1067 -

nuclear tarack+Eg

.......



« Recoll nucleus tracks?
e Direction-sensitive to DM

e Large asymmetry due to the solar motion
e DM-WIND

seasonal
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+ Is direction sensitivity important? YES.

! |
I
1 N . ~
:
:




Cygnus awaken | | el g
NEWAGE °

R MWPC (2mm pitch) -+ u-PIC (400pm pitch)
12 f * First started direction- - * Only NEWAGE obtained
.| sensitive method direction-sensitive limit
£ @+ Underground * Underground
ﬂi\ | ; .

* Low background

P . Large size (1m3)

L —

/ NAGOYA

_~— EMULSION
[Nagoya +]

. Mlcromegas (~400pm pitch) ¥ emulsion.(fIOOum Pitﬁh)
* Measured quenching factor B good positien.resolution
in detail _ * large mass

« R&D at surface /-No- time resolution




« DM direct detection
Y,

SIGNAL

Key feature 1 : Large mass
Key feature 2 : Particle ID
Key feature 3: Low threshold



Thank you

7”747.7710 Darke Poiller be wilh gow.



