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Approaches to look for dark matter

X

indirect
SK, CTA, AMSO02 ...

Colliders
LHC, ILC ...

Pdm= 0.3 GeV/cm3

/ \
r// \

@Qﬂ a few dark matter
particle around us'!
1
|
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only direct search can

J l tell'us about dark XMASS, XENON, LZ ...

&Y matter around us.
\K:\ y Masaki Yamashita



EEESHES

A—IN\—HhZAHh>FT
ICE cube’i &

\Y)



~ p-p collisions up to Vs =14 TeV, L£=10* cm3s?, 8 molyr :
i pr PbPb up to \/s 8. 8,5. 5TeV, ;:,—1030-27 cm?s?, 1 molyr e [z BB 4 EG { 7 OD AB X R M T F
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DM

James L. P|nfold ICRC 2013 Rlo de Janeiro

dark matter production
in association with single jet
in hadron collider.

DM
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arXiv:1109.4398v1 PJ. Fox et al.
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Measuring the deposited energy due to
elastic scattered nuclel by WIMP.
Expected spectrum:

drR _ [RIF*(Bglke 1
Eor

k 2mvg

dR
dER ' v ( ) ) \4
EEY7) =~
L= o
motion dynamics

F: Form Factor Maxwellian distribution for DM velocity

RO: Event rate (depends on atomic Is assumed.
nuclei) V :velocity onto target,

\a\fl:%}j\@/z\ x)v‘)Lﬁ_’—EE Earth’s motion around the Sun
= s (o) (s 30es) (1) b
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Differential spectrum
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Energy threshold is important Detector mass is important
for low mass WIMPs. for high mass WIMPs.
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Annual modulation signal
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We are here!
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R(kpc)

radius(kpc)
KLYPIN et al. APJ 2002
232 km/s
B, t) ~ So(B) + Sul(E) cosw(t — t.) Y4 /30 ks
" Earth
Sm(FE) = % %(E, June 1) — —(FE, Dec 1)
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osi[cm?] for a 50 GeV/c? WIMP
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DAMA/LIBRA in Gran Sasso

§
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e DAMA(~100 kg) + LIBRA (~250 kg) of Nal(TI)
e Annual Modulation

e (14cycle -> 1.33ton x yr)
e Upgrade in 2010

e high QE 35% at 420nm
e Energy threshold
o 2keV -> 1keV
e a better energy resolution
e a better noise/scintillation discrimination

or

| Principal mode
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Current & Planned Nal(Tl) Experiments

Boulby

&z SNl * # | ) Hcantra
ran 9asso ustralia
YangyangCOSI E' 100 113 kg array

107 kg at Yangyang

SABRE DM-Ilce + KIMS

*

from Reina Maruyama

FIC, MFIKRTHLEvAEBEENTEN?

Masaki Yamashita



1705.06655v1 [astro-ph.CO] 18 May 2017

arxiv

First Dark Matter Search Results from the XENONI1T Experiment

E. Aprile,! J. Aalbers,? * F. Agostini,>* M. Alfonsi,> F. D. Amaro,® M. Anthony,! F. Arneodo,” P. Barrow,?
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B. Pelssers,” R. Persiani,'® F. Piastra,® J. Pienaar,'* V. Pizzella,'! M.-C. Piro,'° G"-‘,q'?\ ~
N. Priel,*? L. Rauch,11 S. Relchard,8 14 C. Reuter,'* B. Riedel,’® A. Rizzo,' S. Rosendal
R. Saldanha,'® J. M. F. dos Santos,® G. Sartorelli, M. Scheibelhut,® S. Schindler,> I8
M. Schumann,™® L. Scotto Lavina,?! M. Selvi,* P. Shagin,?® E. Shockley,'® M. Silva,’ %=,
M. v. Sivers,'3 T A. Stein,?? S. Thapa,'® D. Thers,'® A. Tiseni,2 G. Trinchero,'® C. Tunnell
N. Upole,'® H. Wang,?? Z. Wang,® Y. Wei,® C. Weinheimer, 17 J. Wulf,® J. Ye,'6 Y. Zhan J

(XENON Collaboration): It [

! Physics Department, Columbia University, New York, NY 10027, USA ._/
“Nikhef and the University of Amsterdam, Science Park, 1098XG Amsterdam, Neth: -
SINFN-Laboratori Nazionali del Gran Sasso and Gran Sasso Science Institute, 67100 L’A
4 Department of Physics and Astrophysics, University of Bologna and INFN-Bologna, 40126
°Institut fiir Physik € Exzellenzcluster PRISMA, Johannes Gutenberg-Universitit Mainz, 55099
SLIBPhys, Department of Physics, University of Coimbra, 3004-516 Coimbra, Por
"New York University Abu Dhabi, Abu Dhabi, United Arab Emirates I
8 Physik-Institut, University of Zurich, 8057 Zurich, Switzerland
YOskar Klein Centre, Department of Physics, Stockholm University, AlbaNova, Stockholm SE-
10 Department of Physics, Applied Physics and Astronomy, Rensselaer Polytechnic Institute, Troy
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We report the first dark matter results from XENONI1T, a ~2000-kg-target-n

T e

phase (liquid-gas) xeno rojection chamber in operation at the Laboratori Nazional: :
Sasso in Ita e first ton-scale detector of this kind. The blinded search used 34. e - P
Q acquired between November 2016 and January 2017. Inside the (1042+12) kg fidu. A 3
and in the [5, 40] keV,, energy range of interest for WIMP dark matter searches, the e
recoil background was (1.93 & 0.25) x 10™* events/(kg x day x keVec), the lowest ever ac - N
a dark matter detector. A profile likelihood analysis shows that the data is consistent s ::_
background-only hypothesis. We derive the most stringent exclusion limits on the spin-inc - = > e > |
WIMP-nucleon interaction cross section for WIMP masses above 10 GeV/c?, with a mi - S e
7.7 x107*" cm? for 35-GeV/c? WIMPs at 90% confidence level. [ 2 =_: e '{ A
- ) SRS, Ton
PACS numbers: 95.35.4-d, 14.80.Ly, 29.40.-n, 95.55.Vj
Keywords: Dark Matter, Direct Detection, Xenon Masakl YamaShlta 39
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Corrected S2 bottom [PE]

XENON 1T (Gran Sasso) PMT array
- _HEBIX &/ ViR
. 2 ton ®IAF =/ > (1ton fiducial) GasXe
- 30HDT—% " ~Eg

8000 , :

op)

N
m
o

N
(@]
(@)
(@)

10 1o LiqUid Xe

2000

0
*
*
0
*
*
- 0
Q
0
*
*
*
*
»
*
*
»
*
*
*
*
*
S 1 > ;
740%
.
.
*
*

1000 ::j--'f 3
400 [
200
100 |
8000 F

4000 E

2000

10—43

1000 | ety

400 [

200 |- A8 \ , , .
: —44
ok - + (b) Y AmBe calibration 10

vy q 15 20 25 30 ]

8000 '

ol I

4000 N 10—45
2000

1000

400 — 10—46

200 |

100 | (c) Dark matter search

- ~ ) Py 2 ] _47 | 1 1 g 1 1 g a0l
50 £ | ’q 15 Y R T 10

1 2 3
03 10 20 30 40 50 60 70 10 10 10

Corrected S1 [PE] WIMP mass [GGV/CZ]

WIMP-nucleon o [cm?]

—
o
W



Interaction with dark matter
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®)enon ive detector for Solar neutrino (KlE=21—kKY /)
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®)enon detector for Weakly Interactlng ive Particles (FlEEH)
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Aluminum block floating in liquid xenon (picture)

surface

Aluminum block

Atomic Number

Mass Number

Density

Boiling point

Melting point

Radiation length

Scintillation wave length
Refractive Index

Energy per scintillation photon
Decay time(recombination)
Decay time(Fast Components)
Decay time(Slow Components)
Scintillation absorption length
Rayleigh scattering length

54
131.29
| 3.O6g/cm3 I
165K
161K
27. 7Tmm
178nm
1.61[48]
21.6+2.8eV [49]
45ns
4.2ns
22ns
> 100cm
29cm [52]
30cm (calculated)[53]

Picture by Tom Haruyama, KEK
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e.g. 0K case

4000 N2 LIV/A

15X LIV/INFF

0.01 Bg/PMT
6.42 Bg/642 PMTs
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Detector calibration

-Inner calibration is for energy calibration.

Isotopes Energy [keV] Shape
5.9 cylinder
8(*1), 22, 58, 88 cylinder
17.8, 59.5 thin cylinder
59.3(*2), 122 thin cylinder
662 cylinder

sources by Korean collaborator

Masaki Yamashita
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Phys. Lett. B759 (2016) 64-68
Masaki Yamashita, ICRR, Univ of Tokyo
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XMASS annual modulation

Abe et al. (XMASS collaboration ) Phvs Lett. B (2016)272

¢2013 Nov - 2015 March
(359.2 live days)
eassuming WIMP spectrum
e 2D fitting (time and energy bin)

1 year data of XMASS (0.82 ton x year)
VS.

14 years data of DAMA/LIBRA (1.33 ton x year)
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Figure 1: Plot of rescaled spin-independent WIMP “detection rate {o°(x,p) versus m, from
several published results versus current and future reach (dashed) of direct WIMP detection
experiments. & = 1 (i.e. it is assumed WIMPs comprise the totality of DM) for the experimental
projections and for all models except RNS and pMSSM.
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