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A world-wide effort to search for WIMPs
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e (RIS
m 100~200kg

SuperCDMS SNOLAB

Ongoing R&D

100 mm detector
procurement
fabrication
testing
production (6 det/mo)

Readout improvements
Tower engineering
new SQUID arrays
JFET = HEMT

Installation @ SNOLAB
Shielding design
Cryogenic System
Meutron Veto

|DM talk by Silvia Scorza




Future argon and xenon detectors

¢ Under construction: XENON1T at LNGS, 3.5t LXe in total

= commissioning in 2014, first run in 2015, goal 2 x 10*" cm?

e Near future + design and R&D: XENONRNT (n t LXe), XMASS-1.5 (5 t LXe),
DarkSide-5000 (5 t LAr), LZ (7 t LXe), DARWIN (20 t LXe)

XENONIT: 3.5t 1LXe DarkSide: 5t LAr XMASS: 5t LXe LZ: 7t Lxe DARWIN: 20 t L¥a/LAr

Baudis @ TAUP2013
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XENONAIT
(2011-2015)

Liquid xenon TPC to explore o ~ 2x10%
cm?

Detector size:

~1m? ~3tLXe, ~ 1 tfiducial mass
Water Cherenkov Muon Veto

Approved by INFN.

Funded.

Construction start: fall 2012.

i
. - ; j Lra B
LNGS, ftaly o Y et ARGl

XENONA1T in Hall B
(next to lcarus) @ LNGS
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DarkSide Program

Multi-stage program at Gran Sasso National Laboratory

DarkSide 50
First physics detector
Physics goal ~ 104 cm?

DarkSide G2
Multi-ton detector
Physu:s Goal ~ 10 47 cm?

_. RICHARD SALDANHA 44

lDENT#FICATION OF DARK MATTER 2012



= XMASS-II
xMAss-1 - XIMASS project

XMASS-1.5

g
L

835 kg, 5ton,1 ton FV 25 ton, 10 ton FV

100 kg Fiducial volume (FV) @1.5 m, ~1000 PMTs 2.5 m
80 cm, 642 PMTs = *Dark matter
*Dark matter search *pp solar neutrino
*Axion like particle search *0v2[3 decay
Y. Suzuki, hep-ph/0008296

* In this slide, I'd like to explain our XMASS project at Kamioka observatory in
Japan.

* Our final goal, a ten ton scale detector of X
such as dark matter, pp solar neutrino and | CYGNUS ZUI?’@TGYama
* Refurbishment of XMASS-I will be comple! 1(}13/96]11

planed to start in 2015. They are mainly for . ] ) _
* Commissioning data of XMASS-I was take:NElng}’a unitv. Hll*ﬂ}r'ﬂﬂhl Uchida
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Biichmueller er, al
NENON 100 constraints o NUHMI
{11 LHC data by ATLAS & CM5S

and 0,30 dara by LHCE), CLYS%, 5]
carXiv: 11103568)

Beyond LUX, LUX+ZEPLIN=LZ

7 T fiducial Xe, 8.6 T total,
scintillation signals read out with
=500 Hamamatsu R11410 3” PMTs

[wo-step veto uses water shield +
™ liquid scintillator in acrylic vessel,

| as well as instrumented Xe outside

active region

See Tom Shutt and Dave Malling’s talks for details **

Liquid xenon detectors are very
POWET Kare
sear - T
Hopeft July 26, 2012
present something exciting at

the next IDM!!!
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u-'—\u:n:l Radio-assay of Titanium samples for the LUX
mFyY

Experiment

11065 (Ar) QUPID
111410 (Xe) 3inch

A . = 3 IHCh MAX Top thermosyphon F
e XAX : |
XENON1T ~¢
£ < . y =3 i

Cryostal

Titanium cryostats

Photocathade

at -8k HH_
e

——

Anode and electron
Electron a2 .
extraction gr[d.\.

Trajectonias

Expect ~ 1 kV/cm in liquid
76 mm

APD ——
— ‘T-I—l

Equipotential 300 kg active liquid xenon

L

Lines e, Indium
av Lk Rings
PR .
‘\ Cathode grid
Pt - T4 mim ——— Base eplate

UITh ~ 0.1 mBqg

‘ 7 Photomultiplier tubes
"{ i'l.b-_ .\_'.ll 1 -LI T "' e ',_,nl 122 Hamamatsu R8778, 12 stage 2.2" PMTs

= umh~1mBq |

A AT

Confirmed by ICP/GD-MS




[ZD5%] OBEIBD

B IRF
SELE +
JF SR RN EL
)rj_rj @312




e NBIKEF

mrate, AN LIVIZRDDERED D
m CDMS Ge/Si T&

B RFBEDOIY FO-IL

40 60 80
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R : countrate

o Cross section E, :recoil energy

c,,c, :const

E, : kinetic energy of DM
v, : DM velocity

AR Ry eiir M, : DM mass
iE. =q Eyr e [count/keV/kg/day ] M |, : target mass
. - _ aM My
o= M35\4N ( pb j(O.3G§€/cm'3 j( 230‘12m/sJ [count/ig/day ] O
Pp . DM density
> Enhancement factcz)r C2 §o = MMy . duced mass
O, N~ 4GFIU;(—NCN T MM,y
> Slinteraction G; :Fermi coupling constant
C oc 4> A: atomic number
> SD interac;cion (contribution of either proton or neutron is considered)
Coc A J(J+1) L: Lande factor
Isotope | unpaired | abundance | 22J(J+1) J : total spin of the nuclei
TLi p 92.5% 0.411
19F p 100% 0.647
23Na o] 100% 0.041
3Ge n 7.8% 0.065
127) p 100% 0.023 16
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[ever_ﬂf keV/kg/day]

' recoil energy spectrum in

o

Expected dark matter

summer and winter

Mx = 50[GeV]
oo= 10%[pb] -
Target = Xe
5 o '_1LO

[keVee]

IEVETIL/REV /KY/sudyY]

Energy spectrum subtraction
summer - winter

Mx = 50[GeV]
oo= 105[pb]
Target = Xe
1 i S i 1 i i i 1 i i i -IIO
[keVee]
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WIMPs interactions to be studied
Nal(Tl) is sensitive to all types!!
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10 - 12 Junel2013,
Oarks Canal Park Hotel -
Toyama, ]apqn

Scientific Program

Technical progress on direction sensitive detectors
Data analy: D7/ 3D track reconstruction, background. n.]u_rmn
recognition : analysis strategies & measuremerts
rom directional pratotypes
T[uouma] studies
Dark matter halo dvnamics

Related activities

JAqLiE .
PR=E% [CYGNUS 2013

Local Organizing committee
K. Miuchi (Kobe Univ.)
I. Naka (Nagoya Univ.)
A.Takeda (ICRR, Univ. of
H. Sekiya (ICRR, Unis
K. Nakamura (K




= JEDI's weapon

1 -~
What is this?
It's a lightsaber. Much smarter than blusters.
Star Wars Episode IV
2013 9A21H
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= JEDI's weapon
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= ANKOK (BX+)

m)?)LdY
m 20D 2EH
m Y218 Y VIRER PAETL BT

4f/12

m ittt - 10kg 20124 -10kg7 )L _./zmﬂé

® EE25cm ¥ &2 20cm
® EmSA PMTC Y E5H L.

v 2FBRI DVES (B EHEENI- R EEIE)
v 10HBINEFEEH
v B ZHEFHLE S - i

Co60 y-event

Height(mV)

2013%£ 9H21H
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2 XMASS-Il (ICRR+)
m+t/ VY FLU—F
XMASS-T XM ASS prOJect XMASS-II

835 kg,
100 kg Fiduci

@80 cm, 64-2 rk matter
! neutrino

L . 'h:g_ph;aonazsﬁ
» In this slide, I'd like to ‘observatory in
Japan.
* Our final goal, a ten ton scal T
such as dark matter, pp solar r CYGNUS 2013@Toyama
« Refurbishment of XMASS-1 will b his 2013 /06/11

planed to start in 2015. They are mainly for clark mat

« Commissioning data of XMASS-I was taken from No1Na ooya univ. leg}rgshl Uchida




= PICO-LON (fREX+)
mNal>>F L —&
m iR ¢ 10X10X0.1cm3

PICO-LON single layer module

Concept of PICO-LON de

v(INELASTHO)




Present status of PICO-LON module
- Low Energy threshold = 2keV OK

- Low background of crystal OKI!!!!
- Material selection
- Nal(Tl) powder purification

- Successfully reduced U and Th chain impurities.

- K.Fushimi 20pSJ-7



Present result

DAMA PICO-LON |Goal of
Ingot 23 PICO-LON

natk  <20ppb  500ppb Not yet <20ppb

232Th  0.5-0.7ppt 50ppt <1 ppt <1ppt
238y  0.7-10ppt 7.5ppt ~8 ppt <1ppt
210Ph  5-30 2000 ~50 <100
uBa/kg

* Low background Nal(Tl) completed!!!
* Next stop: Stabllity test
* 1-ton Nal(Tl) in a few years.(Need Fund)



KamLAND-PICO

- |Install PICO-LON detector into KamLAND
- KamLAND is an ideal active shield.

kKamLAND

DAMASLIBRAIE2 B0k
Mal 1 k2rfi

PIOO-LAS -1 desipn
Side view

1%m
PFMT “Ril&eF

%

m 15cm X1 5em




= NEWAGE

(New generation WIMP search

with an advanced gaseous tracker experiment)

L)

m CF4 2 +3RoRiiMEE
m BEEVBERL=>ES
m 10giZE Ciii NEER

||-|JJ
LB

NEWAGE-0.3a detector

stainless steel vessel (3mm-thick)
DRIFT=-8.2kV

4—__:_*:___

—
/__ ——————— drift plane (z=31cm)
/—*_ ——

V GEM=-915V-605V
GEM (z=-Ocm) (TOP/bottom)

2NN BAS

N

_6

JINST 7 C02023
Phys. Lett. B 686(2010)11
HE— 1 —2 31(2013)
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% - SD 90% C.L. upper limits and allowed region
§ N 10 E
of RUNS (NEWAGE-0.3a) -
- 1 RUN14 (NEWAGE-0.3b) -

p = 0.3 GeV/c?/cm3

Vo = 220 km/sec

Vg = 244 km/sec

Voo = 650 km/sec
Energy resolution = 50%

20134 9A21H Energy threshold = 50ke
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Emulsion Dark Matter Search (& K+)

-KEB=IZ & %Slinteraction Mdirectional search
- FREFBICE T T, CYGNUSEHRZEBERE

Emulsion detector for dark matter search

r200keV

-
"
200Nm I 4

[Current Detector density : 3.2 g/cm3]

 ME— Scanning Electron Microscope

Kr 400keV

Detector ability

100 nm detectable

AgBr density 12 AgBr/pm 29 AgBr/pm

Detectable range >200 NM@ C >100 nm@C

Tracking E threshold >80 keV@C > 35-40 keV@C

o
0 100 200 300 400 500 600 700 800 900 1000
range[nm]

Range distribution [nm]




" Entries 239
Mean  0.7826
| RMS 0.2669

632 nm 337 NM 308 nm
Optical microscope image of nuclear recoil induced by 14 MeV neutron

. \ ]

217 NM 592 nm 392 Nm ot osDang)

03 04

Angulardistribution of 100 keV Cion 30

—:data
—: MC simulation

it

Angular resolution [deg.]
[
(9]

10 +
5 _ +
[Crystal size : 44.6 +- 0.4 nm]
‘A )
20 Anglefrad] 50 70 90 110 130 150 170 190 210

C energy [keV]
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= Low-Z Low-threshold detector for Low-
mass Dark matter search @ Kamioka

+ BERHE lowZ DR (T ATHFERE)

JOo—h— 20O ST+ HNhE
JLF—
[eV]

ccD EB(=K) . —
SOIPIX £8 () _ i

o

FHd (KEK) . K & (EffF=lE) 7.8 AN
Hoh (KEK) . £ F(JEA) 13
A (KEK) . BEA(LLITER)

BN @ &BN\vDISDYERE

2013 9A21H
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Ideal S| cross section limit by using Emu

5~10F"CDreach
Physics Goal

S limit [25 kg-year, R>100, 125, 150, 200nm

ANKOK

—WARP(2007)
__]Er>60keV. 100kg

" htp:/fdmtools.brown edu/
Gaitskell Mandic,Filippini

Preliminary
107 [N -

107

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

10 R>100 nm

- —_ —_ —a -
£ F 4 = b
= & a o =

10 0 10
WIMP Mass [GeV/cT]

WIMP-Nucleon Cross Section (cm

—_

o
s
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JEDIs, equipped with their WEAPSNS:
are ready to attack the dark side.

JEDI : Japanese =xperimental "ark matter 'nvestigators
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