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DARK MATTER | |
.. rotation velocity of our galaxvy

« Dark matter has already beeﬁ

discovered through 7 -
- Galaxy clusters %
» Galactic rotation curves:
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dark matter identification
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Direct Detection Principle

WIMPs elastically scatter off nuclei in targets,
producing nuclear recoils.

Dark Matter .
(WIMP) /6 ‘ Deposit Energy
. Erecoit ~ <100 keV

X+N—=x+N T

For example, assuming R ——
Mw = 100 GeV/c2 ,Mr =100 GeV/c2,r=1 /

WIMP velocity: v~ 0.75 X 10-3 = 220 km/sec
data

Egp = %Mwﬂzcz ’T
= ) heavy
=1/2x 100 x GeV/c2 (0.75 x 10 -3) c2 :
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Direct Dark Matter Search in the World
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Evolution of the o for a 50 GeV/c> WIMP
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Figure 16 History and projected evolution with time of spin-independent WIMP-nucleon cross
section limits for a 50 GeV WIMP. The colors correspond to technologies: cryogenic solid state

blue), crystal detectors (purple), liguid argon (brown), liquid xenon (green) and threshold
detectors (orange). The band gives a rough idea of the difference in projected versus actual
results, due mainly to unexpected backgrounds and delays in achieving sensitivities.




Techniques for Detector

Various Targets: Ge, Xe, Ar, Ne and so on.
Two Signals are used to particle identification to distinguish btw Nuclear Recoil

and gamma or bet
WIMP or Neutron
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DAMA/LIBRA in Gran Sasso

 DAMA(~100 kg) + LIBRA (~250 kg) of Nal
*Annual Modulation .80 (DAMA 7 yrs +

LIBRA 4yrs -> 1.17ton X yr)
*Muon rate in Gran Sasso ?( arXiv:1202.4179v2)
phase is different.
« Other experiment can do same thing ? Ll
Especially by Nal ? ( ->DM-ICE program)

* v, ~ 232 km/s (Sun velocity in the halo)
A * Vo = 30 km/s (Earth velocity around the Sun)
_I"_. - ~ e . » oy = /3
L5 . ry — *m=2n/T T = 1 year
r‘=J o —— : * t, = 2™ June (when v, is maximum)
 ww ey " ve(t) = v, T v, cosycos[w(t-t,)]
1 R o N
- ,,1... =, « T B S.[n(®)] = f dE. dE.=S,, +S, ,coslw(t-1,)]
2l N U o #———— | DAMA/Nal - 100 kg ——> «—— DAMA/LIBRA -280kg —>
| '._\ T - (0,29 ton<yr) [0.87T tam<vr)
| _:‘r 4 i [
< 2 NN AN NGNS g Dl X 0 B NG
8.8 sigma

l'ime (dav)
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To develop ULB NaI(Tl): many years of work, specific experience in the specific
detector, suitable raw materials selections, developments of purification strategies
and of growing/handling protocols, long dedicated time and efforts, etc. etc. The
developments themselves are difficult and uncertain experiments.
ULB NaI(Tl) - as whatever ULB detector - cannot be simply
bought or made by another researcher for you ...




Gran Sasso Gran Sasso Canfranc PICOW
Northern DAMA/Libra ] ANAIS KIMS
) Princeton-Nal
Hemisphere 250kg R&D 250 kg etc...
running starting in 201472
]Cmncept of PICO-LON detectc:r‘
South Pole ANDES Lab
Southern DM-Ice (proposed)
Hemisphere 17 kg running expected start ice rock
R&D for 250 kg 2048 2017
under development
|

Several Groups conducting ultra-pure crystal with several vendors to go to the full scale

Menuiocturer  [Form | Measurement | U (ppt) | T ipp

Saint Gobain

Saint Gobain

Saint Gobain
Bicron/Saint Gobain
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Alpha-Spectra
Alpha-Spectra

Powder

Crystal
Crystal
Crystal

Powder (standard grade)

Powder (astro grade)
Powder (astro grade)
Powder

Powder

DAMA (HPGe)
DAMA/LIBRA
ANAIS-0
NalAD/DM-Ice
DM-Ice (HPGe)
DM-Ice (HPGe)
A-S (ICPMS)
DM-Ice (HPGe)
ANAIS-25 (HPGe)

<20
0.7-10
6.1
20*
40
63
<100
<55

<20
0.5-7.5
3.2
20*
89
<95

< 200
<130

< 100
<20
410
650*
440
<126
~ 4
<120
<90

*preliminary



D
PICO-LON for WIMPs search

o Planar - High selectivity

_ - Background reduction
-Inorganic
. Crystal - Sensitive to

- Elastic scattering (SI+SD)
-Observatory f()r - Inelastic scattering (SD)

-LOw- . Study the interaction type
background of WIMPs

-Neutr(al)ino
BEXRF
RERE—
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Concept of PICO-LON detector
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Background reduction

Y

cattering

¥y

SCa

Y 4

S2
Segmented detector > Remove Compton scattering
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PICO-LONDE KRB

27 yiRZBY B OFE A TERY
Nal(Thi#ERmNES < 0.1cm

AEI RV —ERE E,, <5keV
BEREE EFAOICEE

BT fERE
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AE/E=15% at 80keV
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R&D for pure Nal(Tl) production

|.S.C. Lab.IZKYREF
HIRDER
Nal(TI)[R #3402 Al &t
B3R 15R D E s

3.07$pX3.0" Nal(Tl)
Improvement step by step &



Present result

Goal of
PICO LON

natk (ppb) <20 Not yet

232Th(ppt) 0.5-0.7 2.5 3.3£2.0 <
238U(ppt) 0.7-10 1.4 54+0.9 <
S 5-30 1470 58+26 <100
(MBa/kg)

* U-chain: 1ppt=12.3uBg/kg
* Th-chain: 1ppt=4.0uBqg/kg
« 210Pp: 1ppt=2.5kBqg/kg
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-2 keV electron equivalent.

faemDETE1L
-R&D #E{TH
.210Ph > DAMA/LIBRAERIZIZ/E -1
- 40K IR 1% 4[] TH|E




KamLAND-PICO®D %K &T1H

- Install PICO-LON detector into KamLAND

- KamLAND is an ideal active shield.

KamLAND
DAMA/LIBRAZ25Ckg
PICO-LON-III desi
e Ien W Nl Nal 1h>f
e view O Z~1HH1F
15cm Imm [] PMT f:?ii%ﬂ:b

15cm \lmm

PMT—R1166P

Upper view

15cmX15cm




>
=
>
=
N
C
Q
7
QL
O
O
Q.
>

1keV

5/day/kg/keV Eth=

0.

wu_

S .
o

NP 8g
TE - C
NI +Z°
NINVOL
ww=2z3
Co0ow<
owoOo XN

_

— CDMS-II
DAMA
— Co0GeNT

atatad et

TATT T T TATCCCTT AT TS T AT T
]

e
—--lJiLLd

-—--

TTATTT
ey
i

oy
"
-t

==

1

1000

100

WIMP mass [GeV]

10

[qd] uonoses sso

~—

19 u0a|INU-dINIM




- RT3 H26£

FFEIRIR

- ZEAR—AFRE

FHOBRZVLECH TRMFIRFZUR

« 2~4 MeVDEBTIE/NYI T SOURIRIBEZERT S

-FHIEEYEER

- 10 keV LI TFO4EE TR/ AvIS S U RBIEAERT S

EETED, IRILFT—

SN ANy )¢

- FHRERBITHAI2ZTADIK

LT EELC



