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A world-wide effort to search for WIMPs
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+ (ERIEHES
e 100~200kg A\

SuperCDMS SNOLAB

Ongoing R&D
100 mm detector
CRESST procurement
Gran Sasso fabrication
' Cawo, testing

production (6 det/mo)

Readout improvements
Tower engineering
new SQUID arrays
JFET = HEMT

Installation @ SNOLAB
Shielding design
Cryogenic System
Neutron Veto

IDM talk by Silvia Scorza

for 60 GeV/c2 WIMP




Future argon and xenon detectors

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

= commissioning in 2014, first run in 2015, goal 2 x 1047 cm?

* Near future + design and R&D: XENONNT (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 Xe DarkSide: 5t LAr XMASS: 5t [ Xe LZ: 7t LXe DARWIN: 20 t LXe/LAr

Baudis @ TAUP2013
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XENON1T
(2011-2015)

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

Detector size:

~1m? ~3tLXe, ~1tfiducial mass
Water Cherenkov Muon Veto
Approved by INFN.

Funded.

Construction start: fall 2012.

LNGS, Italy

XENON1T in Hall B
(next to Icarus) @ LNGS

20134 9A21E
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DM2012 ~=._ Y0 R Buddik Colambia University



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?

— RICHARDSALDANHA 4 4

;’26th Julf 20:12 IDENTlFICATION OF DARK MATTER 2012



+ XMASS-II

xMass-1 - XMASS project XMASS-I
XMASS-1.5 Lt

25 ton, 10 ton FV

'S ®2.5m
¢80 cm, 642 PMTs ~ *Darkmatter
*Dark mattei *pp solar neutrino
*Axion like p +0v2f decay
Y. Suzuki, hep-ph/0008296

« In this slide, I'd like to explain our X oject at Kamioka observatory in

Japan. il
* Our final goal, a ten ton scale detectorafx
such as dark matter, pp solar neutrino and | CYGNUS s, @Toyama
* Refurbishment of XMASS-I will be comple! 2013 [o6/11

planed to start in 2015. They are mainly for . . y 8
» Commissioning data of XMASS-I was taker Nagoya univ. HlI‘OYOShl Uchida
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Conclusions

Buchmeetler et, al, 201, LHC &
XENON 100 constraings on NUHMI,
(b LHC data by ATLAS & CMS
and 0,31 dara by LHCh), CL95%, SI
(arXiv: 1H10.3568)

10°
Wi ? Mass [GeV/c']

10

B¢

yond 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 4

A

™ 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
power

seart
Hopeft Jt |

present something exciting at
the next IDM!!!

o
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o (EBGYttz>H— "QUPID"

u-'—\u:n:l Radio-assay of Titanium samples for the LUX
o FHY

Experiment

11065 (Ar) Cryostat

111410 (Xe) 3 inch

LAl V‘V‘—- " 3inch ,)L;]A))(( Top thermosyphon F
XENON1T o =

Titanium cryostats

Photocathode

at -6kV \

Electron _
Trajectories

Anode and electron
extraction grids

-

Expect ~ 1 kV/cm in liquid

) 0 J - 300 kg active liquid xenon

- “‘*']\

e ! mm =

Cathode grid

‘ UTh~0.1mBq

‘ K Ja y 7777 7 Phommu_liipl.ier tubes =l
v T sld s -LI i ' el l,_,.' I UITh 5 mBq 122 Hamamatsu R8778, 12 stage 2.2 PMTs
/r'UITh ~1mBq | Confirmed by ICP/GD-MS

A AT
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R :countrate

o Cross section E.. : recoil energy

c,,C, : const

E, : Kinetic energy of DM
V, : DM velocity

127|

100% 0.023 16

dR Ry _cE. /e keV/ka/d M, :DM mass
dE, =4 E,r © [count/keV/kg/day ] M :target mass
4M M
361 O, N P V r= z N
R, = £ b count/kg/da ?
"M M, ( 1pb j(O.SGchm"*j(ZSOkm/sj [ g/day] M, +M,)
POp - DM density
> Enhancement factor C M My .
4G C M, = VIV reduced mass
?( - F ILI;( N Z N
» Slintefaction G2 :Fermi coupling constant
C oc A° A: atomic number
> SD mteractlon (contribution of either proton or neutron is considered)
C oc ) (J+1) A: Lande factor
Isotope | unpaired abundance | A2J(J+1) J : total spin of the nuclei
L P 92.5% 0.411
19F P 100% 0.647
23Na P 100% 0.041
3Ge n 7.8% 0.065
p
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0.5

0

[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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Zlrh) International\orkshoplon'Directional Dark Matter Detect 'on _

10 - 12]une,2013
Oarks Canal Park HoteI
Toyama,]ap n

Scientgqc Program

Technical progress on direction sensitive detectors

Data analysis (2D /3D track reconstruction, background. rejécrion, ...

Sense n’m.gnition :unull Sis ,\‘[mrcgics & measurements,
Experimental results from directional prototypes
Theoretical studies

Dark matter halo dynamics

Related activities

ternational Organizing committee

James Battat (Bryn Mawr College)

loannis Giomataris (CEA Saclay, France)

Anne Green (U.

Igor Irastorza (U.
Dinesh Loomba (University of
Frederic Mayet (LPSC

Ken

0 Miuchi (Kobe University, Japan)

Local Organizing committee
K. Miuchi (Kobe Univ.)
T. Naka (Nagoya Univ.)
A.Takeda (ICRR, Univ. of Tokyo)
H. Sekiva (ICRR, Univ. (‘)/'7:)1\’!1')
K. Nakamura (Kyoto Univ.)
K. Hosokawa (Kobe Univ.)




« JEDI's weapon

\ ) y
What is this?
It's a lightsaber. Much smarter than blusters.
Star Wars Episode IV
20134 9A21H
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« JEDI's weapon
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« ANKOK (BX+)
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. TPB OEBE(L, RAMOEAIZEY, KiRHMES KIF-kE

o BIZ{Tof- 1 HERHEFORERIRTIEH 1.8 pes/keV,, ZERK
- WNEORMIFELEE-HS(RHHM, QE. , FHE )

[GORE® ?If\ﬁ&}i%ﬂa‘] EMARF=9X R1105] [PURERON GP/GPF])
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ERR4RE, RATRERMEE, 20aSL-10
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« XMASS-Il (ICRR+)
o 2/ VIV IFUL—H

Y]
L

. . Suzuki, hep-ph/0008296
« In this slide, I'd explz Kamiol servatory in
Japan.
* Our final goal, :

Y2
&b a c‘h-‘—"'a.’.} e e e i

CYGNUS 2013@Toyama
2013/06/11
oshi Uchida

* Refurbishment of X VA
planed to startin 2015.



+ PICO-LON ({BE&X+)
e NalZ/>/F L —~
o BT » 10X10X0.1cm?®

PICO-LON single layer module



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 DM-Ice |PICO-LON |Goal of
Ingot 23 PICO-LON

TENS <20ppb  500ppb Not yet

232Th  0.5-0.7ppt 50ppt <1 ppt <1pot
ey 0.7-10ppt 7.5ppt ~8 ppt <1ppt
210pp  5-30 2000 ~50 <100
uBa/kg

* Low background Nal(Tl) completed!!!
* Next stop: Stability 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.

KamLAND

DAMA/LIBRAI250kg
Nal 1 kAl
' 4

PICO-LON-III design

Side view
15¢m

PMYT R1166F
|
Upper view | !

m 15cmXiSe

1%m




-~ N EWAG E | (New generation WIMP s_earch

with an advanced gaseous tracker experiment)

o CF4 J Z+3RTRIME JINST 7 C02023

a Phys. Lett. B 686(2010)11
o [ERVER=)ES

fEBAE T HE— 1 — X 31(2013)
o 10gF2E Tl N8R

NEWAGE-0.3a detector

| vessel (3mm-thick)
DRIFT=-8.2kV

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

mirol PC.
&
P,
o\‘ ./. N

e readout (768ch)

cathode readout (768ch)




o NRICEEZRDOERAEDHIR

o =HRXBIEBGIE AEUE

Pas
IRILF—ARIML O FRFR
% - 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%/cm?

Vy = 220 km/sec

Vg = 244 km/sec

Vese = 650 km/sec
Energy resolution = 50%

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

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

Emulsion detector for dark matter search

Kr200keV

-
"
200Nm I 4

[Current Detector density : 3.2 g/cm3]

M 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

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
ILF—
[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 @ B&BN\vDISDVYERE

20134 9H21H
BAYHES



Ideal S| cross section limit by using Emu

5~10F " CDreach
Physics Goal

1

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

ANKOK

WARP(2007)
1 Er>60keV. 100kg

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

Preliminary
107 [N -

)
—
<

w
=)

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

10 R>100 nm

- -k RN _ m—l
Q © O o o
IS A IS IS FN
IS w N oy o

WIMP-Nucleon Cross Section (cm

: Sl 10’ 10° 10°
>60keV.- IR WIMP Mass [GeV/c’]
o i ke
10-45 St b %) Expected timit of
ALY : A NEWAGE 2016

( ; BG

104} I

10 -

DAMA(Mal) alfowed

/

01

'|111 arn}
1

\\\ VR

NEWAGE 2021
(1m3year; BG 5dru@25keVnr

0.01 |

168 —= 7
1004 —> 7
0.00L | 1000FF —» ==

20008 —

00001

i " PLE | P PR T T
10 100 1000

MASS(GeV/c?) P I CO_LO

107,
Myme [GeVicT]
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/ Dark Matter Seargh W

JEDIs, equipped with their WEAPC 'i
are ready to attack the dark side.

JEDI : Japanese “xperimental Dark matter Investigators
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Noble liquid recent results: spin-independent

* No evidence for WIMPs

* Upper limit on WIMP-nucleon cross section is 2x10*° cm? at Mw = 55 GeV

- e 5 i
XENON100: Phys. Rev. Lett. 109 (2012) XMASS: Phys. Lett. B 719 (2013)

AEMNONIOO (2012}
== pherved lima (P CL)
Expected Limig of this r

+ | o expeetod

i
)
5
g
2
"
#
=
-
=
=
|
3
nl
=
=

. XENON100

1 il 1 L IS NN S - 1 1
v T R @10 ) e 40 0 10 200 30 40d)

WIMP Mass [GeVic']
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XAX (Xenon-Argon-Xenon)

‘ arXiv:0808.3968 ‘

WIMP (Spin even) WIMP (Spin odd)
Double Beta Decay pp Solar Neutrino

R
N

WIMP (Spin even)

40
129M31Y @

12 ton
(5 ton)

~__

Katsushi Arisaka, UCLA

20134 9H21H
BAYHES




o Direct detection

> EXpected spectra R : countrate
drR Ry  ob./Er E : recoil energy
i, =C Eoor e [count/keV/kg/day] .C, : const
> E, : Kinetic energy of DM
361 O, N P Y .
R — 4 D 0 count/kg/da DM vel
"M M, ( 1pb J(o.seeva 3 j( 230km/sj [ g/day] Yo velocity
Mz : DM mass
(Maxwellian distribution is assumed M, : target mass
for DM velocity) AM M,
LiF 1kg & ,.,=0.1pb (v Ny 7
X N
8;? | 'Mx=3oGch-§ ' po : DM density
> 06 M,=100GeVc
2 05
Y featureless _
o :
2 83 low rate (<1counts/kg/day)
> . |
(o i
s Ol ;\, low threshold
-0.1 ' ' ' '
0 20 40 60 80 10( low BG
keV (deep underground etc...)

SABABR] B1IHYEES= 2002 Jan 15 46



o SD cross section (more precisely)

> SD enhancement factor C>° oc(ap<5p(N)>+an<Sn(N)>)2JT+l

(Phys. Lett. B 488(2000)17)

(contributions of both proton and neutron are considered)

a,, a,: y-hucleon couplings

— 27 SUSY model

<S,ny>:proton spin in the nucleus <—— 1! shell model
Destructive interference for

ap<Sp(N)>/an<Sn(N)><O and ‘ap<Sp(N)>‘ ~

Isotope | unpaired | <Spy)> <S,n>
7Lj p 0.497 0.004
19F P 0.441 -0.109
ZNa p 0.248 0.020
BGe n 0.009 0.372
1271 p 0.309 0.075

SNEARS

@ (Suw)

19F has opposite sign of
<Sp><Snew>

compared to 2Na,’3Ge,1?7|

—> COMPLEMENTARY

for a,, a, determination
[BTFRNBEES 2002 Jan 15 47
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N EWAG E (New generation WIMP search

with an advanced gaseous tracker experiment)

PRICRBEER OBRMBEDRR | 5~106

- BhFIES JINST 7 C02023
= Phys. Lett. B 686(2010)11

- IRIJANTTHOIBRMEBEDESNAFEL : 10~205F HEZ 21— 31(2013)

30 detection sensitivity

RFZRBROBE DT

NEWAGE 2016
( ; BG
[ ™

~ ‘ | '
wuz'o F\‘\

NEWAGE 2021
(1m3year; BG 5dru@25keVnr

counts/3m* year/bin

1L L L\'Rﬂ-
-06 04 -02

RIARRELDE—2

100,
M,me [GeVicT]
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o FENREN(S%UT) CLLB U CHERS L ET8D

(BT DOIEXTFEIIERATLOR, )
o BHDRICIIEBEE DL EHES

Gxp = 0.1 pb
p = 0.3 GeV/c2/cm?
o =220km/s
E =247 km/s (Jun.)
217 km/s (Dec.)
esc = 050 km/s

counts’keV/day/kg
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T XDBZL :

0.3? 0.3X0.3X0.4=0.04m3
0.6 0.6X0.6X0.4=

1.0 1.0X1.0X0.4=0.4m3
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- MPGD? [CKBFiHH U
- CF, gas (~0.05 bar)

T MPGD: Micro Pattern Gas Detector
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+« NEWAGE-0.3a RE (#2f7dh)
o 20125 A1
e exposure 0.140kg  days
o AN ~)UBIIE 100keV=>50keV
e rate: ~1/5 at 100keV

SD 90% C.L. upper limits and allowed region
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2 T s MWPC (2mm pitch) * u-PIC (400pm pltch)
1 ¥ «First started direction- - * Only NEWAGE obtained
.| sensitive method direction-sensitive limit
£ @+ Underground * Underground
LS&( I+ Low background | ;
P Large S|ze (1m3)

- Micromegas (¥Y400um pitch)
» Measured quenching factor
: * Jdentification of head-tail in detail
=2 5; * Reading to underground  R&D at surface
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lth¥International Wor]esho D1rect1onal Dark Matter Detect1<n

10 - 12 June 2013,

Oarks Canal‘P rk Hotel v
IToyama, ]apan

Scientjﬁ'c Program

Technical progress on direction sensitive detectors

Data analysis (2D /3D track reconstruction, background vr"'ejéctién,

Sense recognition :analt'sis strategies & measurements,_~~
Experimental results from directional prototypes  / '
Theoretical studies

Dark matter halo dynamics

Related activities

\International Organizing committee

James Battat (Bryn Mawr Colleye)
JToannis Giomataris (CEA Saclay, France
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DRIFT im

MIMIAC 10cm
NEWAGE 30cm
NIT 10cm

DMTPC 20cm
D3 lcm

o DRIFT : BGOIE@IAFTIC KD IR

RSB « R

BB CEREICIE DI, arxiv : 1010.3027
o NAICHEZRF D ICEERIERIINEWAGEDH

+ MWPC (Multi Wire Proportional Chamber) Z5FI\ELBIFTEIE -

+ MPGD (Micro Pattern Gas Detector) 0T /J 2F&HSS -
EwFZ400ud NICTED, BRRFBOEIADTFE T D,
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TPC with QPIX(JAPAN)

+ Concept

« pixel readout "ultimate" TPC

« detect the shape of the electron cloud

TOF : Time of Flight drift time —  Z position
TOT : Time over Threshold  pulse width ~ — Z duration
ADC : SAR ADC ADC — charge

Position — XY position

Quad information
Quasi- 3D ;Pixel
Q(ADC)fequipped: PiXel




QPIX-verl
+ QPIX ver-1 ~
circuits
| N | B s
designed specs QPIX.v.1
Dimensions 200 x 200pm?
(circuits in 130pum?2)
Channels 20 X 20ch/chip
ADC LSB/MSB 15fc/1.5pCc | @ e—=
Readout TOF: 14 bits
information :
TOT: 8 bits
< >2
ADC: 10 bits, 10Msps LABO tests i
I Prrsining Excellemee 1200 T T T T T T T
TOF of Pixel (0,0) TOT of Pixel (0,0) PO @
18000 1 : : ; of Pixel (0, PIX1 m
16000 + o , ! WOF ez a I
14000 254 a00 | : 4
12000 7 : : — = j
& 1000 { Max count:, § 5 eoof = =
g o 16382 | £ o] g .
BOO0 T . 400 = I
! ! 100 Y
4000 | =ideal }{ | |
| T S i || meas | | 200 b Y
2000 | : : | =T L
| | B
E-!J 50 10 150 0 0+ 0 _'_' . * * : : :
Time [us) _ i 0.5 'I'mejlal] 25 ] 1] 200 400 EOO 800 1000 1200 1400
charge[ fC]
+ wWorks mostl

y as designed... T
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A New ldea: Char

Pixel readout dominates detector
cost (~¥S18 /cm?)

Can reduce cost by electrostatically
focusing the drift charge between
GEMs and pixels

Not the same as using larger pixels

— Reduction in needed readout area
and hence cost

Small reduction in position resolution = N Y O R
(diffusion + GEM resolution worse GARFIELD simulation
than pixel resolution) i

Expect to retain excellent noise level l

and high speed (due to small pixel

feature size / capacitance)

Also solves the problem of tiling pixel W\
. . ast —aaa
chips (to achieve full area coverage) o2t | \W 7=\
in high electric field 4 _ S\ ‘i Ny

* Simulation looks promising = e S>> IRAYETENL
experimental tests this summer S e RS PN B AT

—> High priority since reward in case of success is large
(up to factor 10-25 reduction in cost per sensitivity )

Sven E. Vahsen January 16, PNNL Seminar




« Calibration with 1B
.+ 10B(n,a)’Li reaction (Q=2.70MeV

NEWAGEO.3a |~ e
152 torr CF4 gas T ]
—TTF T < . op ST ELE
E - : : =
§’1|}: .....
5 F

5: ......

of

-15:

arvada[cm]

s -

~1.5MeV a)

NEWAGEOQ.3a
152 torr CF4 gas

U rcc | DATA (20110114/per7-9)
Enao[ oy %[ blue: simulation
EMI}f—
-IMI]'f— I
EMI]'f— +
nﬁ_ = Iﬁllm I I1Iﬁ|:|II I1H-I'.|I:|'I IEMI} 2800
ke
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« €U CNEWAGE
o RATRIFELIC NuPIC] #&HES

o 30cmAEHES Cith REERDP

o CF4 7JR SDIRZ

electron

Position
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30cm

|
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-~ :HEJ:(_ET*) TOD DM%?& %Eﬁ PLB654 (2007) 58-64
@ %%*Zﬂ_%ﬂﬁjéA : L\f:%aif—cslj:*)]&)—c CosB 47
e 2006 &FBIFE . L00-400KEV)
e exposure 0.15 kg days "

C.FORFHTHW=TRhA4<vT]
(100-400keV)

counfkeWikgidaysicoss

N SR
. DMDESIZE X2 T +THERF
- DRICREREZE > IEHDHIR




o I NERERIER (20085F)
o £33810.524 kg * days
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Current status
- First direction-sensitive DM search PLB654 (2007) 58

- Improved (still the only direction-sensitive) limit

PLB 686(2010)11

North sky by C and F nuclei
(100-400keV)

direction-sensitive
u pper |Im |tS SD 90% C.L. upper limits and allowed region
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On-going and to the future

- BG reduction (material screening, gas purification...)
- Design larger volume detectors (tiling 30cm MPGDs)
- Tracking (pixel-readout ASIC)
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« AUNIR . BT 1>V Y T2k

e gas gain is not uniform in 30X30cm?

maan nain=12R8 R rme=470 1

old gain map ~ new gain map
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« HRJE:0.2atm = 0.1atm

- HE N FREE: 40/E @50-100keV
« RN : 0.6@50keV

angular resolution ¢ [deg]

« Tr)L¥—FEF{E : 100 = 50keV
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— Expected energy spectrum
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+ quenching
e 0.5@40keV
o ~10keVee th for 35keVn.r.
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Figure 4.11: Nuclear quenching factor for helinm (red line), carbon{green line) and fluorine
(red line) in C The Jmml:u.'r_ ol inn-electron pairs produced wmrticle with energy
of E' in gas is caleulated as Fy = 55, where W is the W-value of the gas.
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