.‘,‘;? :

Direct Dark I\/Iatter Searohlth XMAS

---modulatlon anal SIS—-
! 1 . , r f*., ' ‘ R

ICRR Unlver3|ty of Tokyo |
K.Kobayashi
On behalf of the XMASS collaboration

September 8, 2015
TAUP 2015, Torino, Italy

- \-..7' s




XMASS experiment

Dark Matter

U XMASS

Multi purpose lowbackground and lovenergy threshold

experiment withliquid Xenon
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Purpose of the first phase is the dark matssarch. = : ; : —* 3
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XMASS detector

U Outer detector (OD, water tank)
U 72 20inch PMTs for cosmi@y muonveto.
U Water is also passive shield for gammag
and neutron from rock/wall.
U Inner detector (ID, LiquiXe
U LiguidXesurrounded by 642-ihch PMTs
U photo coverage: 62%
U diameter. ~800mm
U high light yield: 14.7 P2V
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NIM A716, 7885, (2013)
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Data set

600

Data set — \Ii've fimé (WIMP seallrch'} 359.2'da3'rs
A 359.2 days live time (during .|
504.2 calendar days) g
A Nov. 2013 Mar. 2015 35
A 0.82ton-yearexposure g
(cf DAMA 1.33on-yeal) o . O N gl
A Trigger threshold: 4 ID PMT hits§ 300L e A A
A 10bit 1GS/s flasihDCs record =
waveforms of individual PMT. = 2001
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Stepping

Inner calibration mg

We performed the inner calibration witt?Fe 10%Cd,
241Am’ 57C0,137CS.

~
s 12r
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8 L 5 5 5 | Co122.1keV
9 B (CdAg 22.6keV Am 59.5keV i (fixed)
S 1_0 (I R , ................. , ............. ., .,-‘--___..._.._
O L
= -
QS o S 3 SE : Cd88.0keV
8 0-9 __ .......... : ....... ............... __ ......... . . i
c L r— é é ] :
o C F Am 2pi. : : : :
0.8 9. 1| Xray : T SO
T escape.  (Co)W 59.5keV
55Fe 5.9keV | -30kev ;
Ver2 : H :
D-? e
(Am)Np
17.8keV : : : : :
D-E _I | | 11 1 | | 1 I 1 | | 11 1 | | 1 I 1

20 40 60 80 100 120
Energy[keV]

In this presentation, we use energy with can be
keVs,c, that is determined’Coby Z=30cm removed i\
calibration.
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Detector stabllity

e — A We carried out weekl§’Co
::,iM.Q...(j.e.d.uc.Qd...a.bs.o.rpt.|on....le.n.g.th...(m) .......... calibration to monitor PE

WE -ﬁcﬁh‘f. _______________________________________ L A y ield.
e iaes w1 A We observed PE yield
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~EMC Heduced scattering fength () According to the MC

N ettt L T e --« == simulation, it is due to the

SR .............................................................................. ........... +/'950/0 Change Of the absorptlon
5 parameter.
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Rate [counts/day/kg/keV., ]

Selection criteriagdNo particleidentification)

Modulationanalysis #
A
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e AR
live time 35¢ = 298854.40 kg days
103% T T L T L D Trig | :(34272303, 1.000, 1.000) = |3
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Nhit (ID)>=4 Nhit (OD)=0)
A Remove muon and muon induced events.

dT(pre)>10msec veto
A Remove noise events

Trms(timing RMS of event)<100nsec
A Remove remaining noise events.

Nhit in the first 20nsec<=0.6 of totalhit
A Remove Cherenkov events.

Max PE/total PE cut
A Remove events in front of PMTs by higher ma
PE/total PE cut.

20GeV/EWIMP MC

—— No cut
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WIMP signal detection efficiency

> : : :

S 0.9, T 20 GEVICT WIMP
':g 0.8 i — 10 GeV/c* WIMP
b . — 8 GeV/c? WIMP

3 07 —— 6GeV/c? WIMP

. LAald23INIYa SYyR ©
___have statistics in the higher energy.
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o
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Efficiency depends on WIMP mass.
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Relative cut efficiency

Relative efficiency

0.5<E<1.0keV, 1.0ke\,-<E

1.1 : : : > 1.1 ; ;

B ; : 5 5 2 B : : 5 5

i 2 i
1.05 ©1.05
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i e |

| E | i

1 2 1
0.95 0.95[

5 6 7 8 9 10 11 5 6 7 8 9 10 11
Absorption length [m] Absorption length [m]

A Relative efficiency to the absorption length=8m data.

A The PE yield changes in time effect the efficiency of the cuts due to not onl
the threshold but also the position dependency of the scintillation light
response. Those uncertainties are taken into account as systematic error b

MC for the different energy ranges.

->This Is the dominant systematic error.
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vel)

Residual rate [events/day/kg/keV,,

0.5<E<1.0keV

1.38
1.36
1.34
1.32

1.3
1.28
1.26
1.24
1.22

We can clearly see the modulation signal if

Time variation of event rate

model independent

Co — 8GeV/c? 2x104°cm?
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Days from 2014.Jan.1st

I Statistical error

WIMP parameters are in the range where z systematic error

DAMA/LIBRA experiment indicates

—— Fitted by WIMP phase
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Modulation analysis method

Data is divided into 38 time bins 45energy bins (~10days/(time bin),
0.1ke\,-4(energy bin) in 0.5.0ke\,-) and then all data bins are fitted

simultaneously.

Two independent analyses were performed using differ@mtefinition.

Method 1 (pull term)

Systematierrors (1)

Method 2 (covariance matrix) /
Et—bins
d — d
XQ _ Z (R?bs - Ri?re )(%tat _I_@S)ijl (R?bs o Rﬁre )

t,J



Model independent analysis 1/2

Annual modulation signal is searched for without any model assumption.

Phase and term are fixed gtt152.5days and T=365.25days, respectively.

(modulated amplitude) and,Qunmodulated amplitudegre fitted in the
following equation.

Rpred(Ei,tj) — Cg' + Az' COB 27T(1§j — to)/T

To calculate the probability to have the modulation, we made dummy
data sets based on our averaged energy spectrum. Taking into account

the systematic uncertainty from absorption length dependence, we
made10,000unmodulated dummy data sets.



Model independent analysis 2/2
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‘ererayikev..] A The difference of two method:
are small.

A Small negative amplitude is
observed in 0.8ke\/, region.
But both results are consisten

Method 1 Method 2
(pull term) (covariant matrix)

ndf 1709 1710 but not statistically significant.
Minimum .2 1845.0 1901.7
.2 at no modulation 1912.3 1961.8
p-value 0.068 (1.8) 0.17 (1.4)
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Standard WIMP search

Assuming standard WIMP, data is fitted with the following equation:
Rpred(E?;, tj) =C;,+0 X A(mx, E?;) COS 27T(tj — to)/T

10 A/ (2009 S ) M > EL
DAMA/LIBRA avage) —— . AN
: H S E L\.

104 i\ e N A Leffuncertainty is taken

into account.

A Figure is drawn by
Method 1. The
difference between two
methods are within 30%.

A DAMA/LIBRA region is
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<
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(=

-

Q
F=9
o
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WIMP-nucleon Cross Section [cm?]

>k<ENO|\~|hi500 mostly excluded by our
1043 : St measurement.
wx o . XMASS
N TRl Model assumption
107 . et
> 10 , 22 20 v 220.0 kmis
WIMP Mass[GeV/c" ] V... 650.0 km/s

Jdam: 0.3 GeV/icm3
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summary

U0 Annual modulation analysis has been performed using
large exposure, 0.82ton-year data. No significant
modulated WIMP signal has been observed. The resul
excluded most of all DAMA/LIBRA allowed region.

0 We continue to take ® year of data to obtain more
sensitive result with smaller systematic uncertainties.

0 Also fiducial volume analysis with background
subtraction is ongoing.

0 Future XMASS project will be presented at 15di0
Sep. 1& by Benda Xu (Dark Matter A).



backup

K.Kobayashi, XMASS, TAUP 2015, Torino, Italy

16



XMASS collaboration

ICRR, University of Tokyo K. Abe, KHiraide K.lchimurg Y.Kishimotq K. Kobayashi,
M. Kobayashi, S. Moriyama, Makahata T.Norita, H. Ogawa, K
Sato,H. Sekiya O.Takachip S.TasakaA. Takeda, M. Yamashita,

B. Yang
KavlilPMU, Universityof Tokyo | K. Martens,Y. Suzuki, B. Xu
Kobe University R. Fujita, KHHosokawa, KMiuchi, N. Oka, Y. Takeuchi
Tokai University M. Miyasaka K.Nishijima
Tokushima University K. Fushimi, Ganzaki

YokohamaNational University | S.Nakamura

Miyagi University of Education| Y. Fukuda

STEL, Nagoya University Y.Itow, K.KanzawaR.KegasaK. Masuda, Hlakiya
IBS N.Y. Kim, YD. Kim

m, M. K. Lee, K. B. Lee, J. S. Lee

KRISS Y. H. Ki

10 institutes, 42 collaborators

K.Kobayashi, XMASS, TAUP 2015, Torino, Italy 17



Kamiokamine
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~1000m underneath Mtlkenoyama
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