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KpynHomacwTtabH Pesynbrat N-body
af CTPyKTypa CUMYnSALUMN,
BceneHHOMN, npoBeneHHbIU Ha
PEeKOHCTpyupoBaH cynepKomMmnbloTepax
HasA U3 U3MepeHn

KpacHoro

CcMelleHus

00BLEeKTOB

maBHbIN pe3ynbTrat cumynsaumm — TemHaa Matepua AomkKHa ObITb XONO4HOM
(HepenaTBUCTCKON)

Teopusa Cynepcummetpum SUSY npeanocraBnsieT HaM HOBbIN KNacc 4YacTuu,.

Heumpanuno = Haubonee eeposmMHiLIt kaHOudam &
WIMP - (Weakly Interacting Massive Particles)

Inana3oH Macc oT HecK. Aaec. A0 HeckK. coTeH 3B

~HecCK. YyacTtuu B nutpe!
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0, Ez z+n,

Mp v m_,— masses of WIMP and target nucleus, and
their reduced mass, respectively; y

E — Earth Z =

T] —_ Vv, _ escape
2 V,
2myy v2 0

g™ V@Z,km/s — Earth velocity,
— Quasi-Maxwell distribution parameter,
Ny — number of target nuclei,
@.3 GeV/cm?3 — WIMP density in Galactic halo,
o0 — WIMP interaction cross-section,
F.2(E) — nuclear form factor
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Experimental Ideas

dR 4R
dT dT dcos

DRIFT
WEISS RDM —

Rashid Djilkkibaev, NYU, Dark Matter
Recoil Direction Meas.
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Directional detectors with
low pressure gas (large
volume)

Challenge is to measure 3D
tracks of low energy recoils

‘DRIFT-II @ Boulby mine:
1 m3 MWPCs with 40 torr
CS2 (167 g)

DIN=-TPC @ MIT: 2x 10-2
m3 with 50 torr CF4 (PMTs
+ CCD readout for 3D + E)
‘NEWAGE @ Kamioka: 23 x
28 x 30 cm3 TPC with 150
torr CF4 and microwell
readout
JUTMAC @ Saclay : 3 He &

kmmoB, INR semin

CF4 TPC modules (3 x 3 cm

100 torr
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Dark matter Direct

do do
dT dTd cosO ,

V, =250 km/s

June Vearth —‘—k‘ —

/ 30 km/s

V.
s Sun /
235 kmls

December

k/_’ R

Rashid Djilkkibaev, NYU, Dark Matter
Recoil Direction Meas.
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P
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Status of direct WIMP
searches

* DAMA (Nal) o
107 p
- CDMS (Ge) Sl Leom A

+ EDELWEISS (Ge) §pu |
+ CRESST (CaWO) 4oy

* /EPLIN (Xe) 10%
« New Experiments w*F  \\ \ K MAx-c;z
+ XENON .

—_ Ar 50 to/ MAX-G3

* XMASS L Twm
. DRIFT BT 1w ua,,(eeo,o’
. PICASSO

Rashid Djilkkibaev, NYU, Dark Matter

Recoil Direction Meas. 04/17/12 @12
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S -

The use of low-radioactive materials ONLY |

Every component must be

screened with Ge detector or MS Construction materials:

or NAA

The main contaminants are the
isotopes of U/Th chains and “°K

Th
239keV\2\§T{\3§£kegggta\ ‘/609keV
| |

K
1460keV

1765keV

| mmmw.uu

lm"m Nll

2615keV

HMII]II L0 RALL

lMl‘ Depesn o-l vy

Cowrnts

Teflon U <0.7 10-%, Th <2.3 10-°, K<2.2 10-¢
Electrolytic copper - U<1.2 101!, Th<1.1 10-!!, K<5.6 10°°

Detection media used for DM search:
Ge - U <104, Th < 1.5 1013

LXe U/Th <~10713 (XMASS)

technogenic 8°Kr (beta)

Can be removed : K. Abe et al., arXiv:0809.4413v3
[physics.ins-det] by distillation (XMASS)

A.I. Bolozdynya et al., NIM A, 579 (2007), p. 50 by
chromatographic separation (Xenon, LUX)

LAr - cosmogenic 3°Ar (beta)
Depletion, Ar from underground reservoirs.

Rn - should be removed from the vicinity of setup:
overpressuring by dry pure nitrogen.

11.04.2011 @13
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The experiments are carried out in 'rhe underground labs
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DAMA/LXe DAMA/R&D low bckg DAMA/Ge
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== _ -Experigents: DAMA/L-IERA o

9 crystals NaI(Tl) 9,7 kg each, placed in a copper box, then

lead, polyethylene, paraffin and enclosed in a plexiglas box
filled with HP N2 to protect from Rn

BROTIO ks’ LIBRA- 25 of the same type in the
JL’J&?!!'JL‘."3?.:.".'3.'3?.’2‘.70’;'?3.22" . same shield; 250 kg.
L22oncry, Data taking with LIBRA 2003 - 2008

.

. / ) /” g e : ‘b /’ ,
: ' / | Z o2\
g ) :
g
=
$5
=3
25
g2
e 7
A m,yﬂag %’"D
1 m concrete
DAMA/NaI |
o [0.10. Akumos, INR seminar 11.04.2011 ® 16
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Experigents:-DPMA/LIERA o

—

-
--
-

-‘—r

Deviation of the count rate from the mean value (2 - 6 keV only)
during the whole exposure time on both setups DAMA and LIBRA

arXiv:1002.1028v1 [astro-ph.GA] Total
event/kg/keV/day exposure
~1 17 ¢- y

et DAMA/NAL (0,29 ton sy 1) e
s (target mass * 873 kg)

K. DAMVLIBRA - 20K¢ (05" owor

Time, days

A-cos w(t—1,) with a period T=27n/w =0.999 + 0.002 y,
and a phase t, = 146 + 7 day, which is very close to the expected: 152,5 days (2 June)
A=(0.0114+0.0013) event/kg/keV/day, CL.=8.80c

[.HO. Aknmos, INR seminar 11.04.2011 @ 17
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= -Experigents:-DFMA/LIERA o

Data reduced to one period:

0.04 2-6 keV » 6-14 keV
The effect

el L ] takes place
-~ -—‘—‘_?__ o
> : —
T o == — S S — only in 2-6-
)] ‘ -
< ——t— » keV intervel
5 -0.02}
5 t

-0.04 - -

.!60 B -ulm <00 o(L)o 360 460 560 oao
Time, days Time, days
2-6 keV

The effect takes
— e . | place only for
| T 5 single “hits"|

event/kg/keV/day

4 4
Time, days

O.KO. Aknmos, INR seminar 11.04.2011 © 18
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Cryogenic Experiments

Heat Sensor,

»- Heat

Electrode
(charge
collection)

WIMP

WIMP P ionization

Rashid Djilkkibaev, NYU, Dark Matter
Recoil Direction Meas.

Heat Detetctor

Light Detector

Particle

04/17/12 @19
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EDELWEISS Expe—~—*

* High purity Ge
« 120 (30 kg)

Rashid Djilkkibaev, NYU,
Recoil Direction Meas.

Croes secton [an’] (ot leed 1o necleon)

Dark Matter

N
WIMP Mass [GeV)
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okcnepumeHT EDELWEISS

Laboratoire Souterrain de Modane (LSM)

320 grams

* heat and ionisation Ge detector
* aluminium interlaying electrodes
* NTD sensor on guard ring electrode

R R esolutions @ 10 keV @ 122 keV)
* jonisation : 1.3 keV 2.2 keV 'y
 heat :1.0 keV 3.0 BT

o O.10. Akumos, INR seminar
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JkcnepumeHT EDELWEISS

anpenb 2009 no man 2010 384 kr cyT
arXiv:1103.4070 [astro-ph.CQO]
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SOF RShadge e 2:° weve.d 5per410r
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10 100 1000
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o [0.10. Akumos, INR seminar 11.04.2011 ® 22
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okcnepumeHT CRESST

L.aboratori Nazionali Gran Sasso

Cryogenic Rare. Event Search with *Max-Planck-Institut fiir Physic
Superconducting Thermometers «Technische Universitit Miinchen

T liguid nitrogen

—————— iU i

—— NG ChamMmbDer

= intemd lead shigdds

— extemnal leca shield

————— COopper shield

*University of Oxford

Service area

3 ' Clean
room
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CRESST II Experiment

« 33 Crystal CaWO, (10 kg)

Neutron-
shield

Muon-
veto

Lead-
copper=
shield

SQUID
Cryvo-
cables

SQUID : o o
six packs I ——.

Rashid Djilkkibaev, NYU, Dark Matter
Recoil Direction Meas. 04/17/12 @24
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Konnabopauusa no noncky TemHon Matepun CDMS —
Cryogenic Dark Matter Search

Ge BLIP Detectors

Berkeley Large lonization-
and Phonon-mediated Detectors

Vpb

NTD Ge
thermistors

lockin
amplifier

—_—

ionization
— collection
e : electrodes
(electronics not shown) Qinner
ionization
measurement 1
circuit (|

VQb

o O.10. Akumos, INR seminar
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Dilution Refrigerator e B
(< 50 mK)
. [ 3He in “He - endothermic 4 2 -
; . In the Soudan d 41 &

mine, Minnesota

{»

o O.10. Akumos, INR seminar

Cryocooler (77K and 4K)
Removes heat load from signal cables.

Icebox (Detector Cold Volume)

11.04.2011 © 26

Tuesday, April 17, 2012



h‘
-

. m

"o~
222RER

Data taking
arXiv:0802. 3530& \ 7 vy b Side View

CFrA T A Simteat o g %o bao ¥ avn on e plont
LAADTAL LI 12 A \lUA Mg, teon s s © nnuo u‘-_a
Ectelbwemn 1 fGinad hnt, & Ls <daym e 2 ‘nr‘»\lunn
DA A 000 Y&k kg claym FHal Ann M .c \usnn‘v- DAMA L0
STHERTLATE Y OO0 N
\Al(l‘ = 3L, V0 S kg-dave 35 keV thieahold
ZEFLAN LILfdan 2007 ) result
S lll 1Dec 008 weault
Lnas O A 00N 1 —.uds- e O0R O
RO IO 00T e . gty
Mita ot al 008, < N AYWR LA O R O O U
o =t al 008, C M -

™

5

sank ot

e .n:d -_.ondolo -0 4 BMarkoy C han Mome Cadon

' http Vdmtool s beown echa/

Gartskell, Mandic Filippi

- I IH ‘ III

1

onuc

malised

-~
e

](n

Bckg events

."." )
:- -".3r - TN ¢ TR
,.!”. . ‘l :('u?.' s "'/ 'L)l. f

n [pb

-
v

- -

Cross-secti

| CITRSRETTY

10" 107

WIMP Mass [GeV/cT]
11.04.2011 @ 27

40
Recoil energy (keV)

Tuesday, April 17, 2012



h‘
-

. m

1.1 kg Si
Data taking
Oct2006 - Jul200g NG 5= . S d [
arXiv:0802. 3530& - RI= W Side View

EFA T A Dinteat o o B vt i an plon
LAADTAL LI 12 A \lUA Mg, teon s s © nnuo u‘-_a
Jehe e 1 il oot & Ls <daym e 2 ‘nf‘»\lum!
l) \l~|\ OO vEM I-L-I\\sl Al Ann Wi \C \-usnl"v- D AN A R0
ll 0700 N
— YO 3 kg-dayve 35 keV threahold
n 2007 vesui

"o~
222RER

™

5

ll 44 00% ieanalymint & 08 Cie
llc M0 ool clrol s . gty
Aot ul VO, < . A Haswsian 6% oo
008, © h'n SEM Davyenian D55 comvtow
70 L 1) Post LB b hiroask ot s
<onvcdolo QN
Gondolo, 2004, Markoy Chaan Mome Cadon

T

http Vdmtool s beown echa/
Gartskell, Mandic Filippi

.
0

O nucie

] (normalised

n [pb

Bckg events

.l'..'_‘ .I'-‘ . o o - ~ -
{' - iy - .+
> = ?‘ ’ » . . ". ) P

?(&?o . ot Ax.l.‘(

-
v

- -

0ss-sectl

| CITRSRETTY

107

WIMP Mass [GeV/cT]
11.04.2011 @ 27

40
Recoil energy (keV)

Tuesday, April 17, 2012



1.1 kg Si
Data taking
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- EXpeniments: SUherCOMD. e

T~

SuperCDMS B SNOLAB
150 kr — 3x10-1° n6

Cavern
Fridge
Tals
Veto
Outer Poly

ovC

Lead

Innor Poly

Inner Cans
Cryocooler

Heat Cxchangers
Ebox

AneMeHT aeTeKTopa
SuperCDMS
Ge : anam.76 mm, TonLy.

il =ec 507 - superCDMS_QB Soudan GEODM B DUSEL
15 kr — 5x10° n6 1.5 1T-2x10"1 n6

o [0.10. Akumos, INR seminar 11.04.2011 @ 28
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okcnepumeHT EDELWEISS

Laboratoire Souterrain de Modane (LSM)

320 grams

* heat and ionisation Ge detector
* aluminium interlaying electrodes
* NTD sensor on guard ring electrode

R R esolutions @ 10 keV @ 122 keV)
* jonisation : 1.3 keV 2.2 keV 'y
 heat :1.0 keV 3.0 BT

o O.10. Akumos, INR seminar
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CLEAN
()-FV ‘:’ 50 ton
LNe
LAr
LXe
XENON100+ |
XENON100 250 kg
;‘:':'; 170kg  (100kg) . 850 kg
(183kg) & §‘m’)&‘ WARP 140 kg
@l f
40cm =~ 20cm M‘ Aoem
43cm £
ZEPLIN-III XENON10 Xenon Tt, LZS..
12kg  14kg LUX  4.5.5t0n (1 ton)
(6.5kg) (5.4 kg) 350 kg
(100 kg) _m 2m 11.04.2011 © 30

o O.10. Akumos, INR seminar
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- ~‘E'Xpemma:n'rs a=iquid nabie gasde’rec},prs

Liquid noble gases are increasingly used
as a derection %uw for WIMPSs

‘very low contamination by
(can be easily purified by filtering)

‘possibility of discrimination by d .
simultaneous measurements of /
scintillation and ionization signals in Active

a two-phase mode veto ek
‘possibility to build large and even WIMP " JFV
very large (ton-scale) detectors p S SRS

3D position sensitivity => “WALL-
LESS” detector!!!

LAr, LXe: at the same mass LXe detectors have by an order
of magnitude higher sensitivity:
Og;~ A?, higher density and Z => better self-shielding

But to use different targets is very important!

o [0.10. Akumos, INR seminar 11.04.2011 @ 31
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- -‘E'X,per'lmen‘rs a=iguid-- natte gasdetec};rs

Example of self-shielding effect. Slmulatlon by LUX
Single scatter events from PMTs gammas
DRU - event/keV/kg/day

Activity vs. Fiducial
(BotPMTs_TopPMTs_U_Th_K Co) (Single Scatters) (5-25keVee)

107
i -
s
’
107 25
» So Ir:_‘_'_—_____'_‘:*:
= ot ' Fiducial!
- -4 - . | I
S 10 4 , Mass__ |
2 LUX
Q : 350 kg Total Mass
T 107} '
S
(I
10™"} 3T
- = = All Events 10T OT
_7|L=_=_=Single Scatters : : J
10 1 2 3 4
10 10 10 10

Fiducial Mass (k@)

o [0.KO. Akumos, INR seminar 11.04.2011 @ 32
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Electrons are

B.A. Dolgoshei .N. Lebedenko, B.U. i
olgos elrf, V.N .Le edenko, B.U. Rodionov, Tonisation = e+@—>
JETF Letters (in Russian), 1970, v. 11, p. 513 e

+Xe
For the Dark Matter search: Particle (e, a, n, WIMP) par"rly extracted
A.S. Barabash and A.I. Bolozdynya, JETF N e Xe" . .
Letters (in Russian), 1989, v.49, p. 359 Excitation :::;;. from ﬂ}e ‘h:'GCk-
. | (ecom-  Pecombination is
xe' === x&el@n)  suppressed
+Xe [
, Suppression
Electric field 1:;5% Xe;' 4'"":75,,,“ senzpdsr w8/l
Tri Singlet .
Z%M\ 3w different for
Xe 2Xe  2Xe different kind of
pmg‘clcs
SVC‘> L
can be rejected
LXe J
a,n, WIMP
v O.r0. ARMMOB, TNIR sermmar 11.04.2011 © 33
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Electrons are

B.A. Dol i .N. .U. i
o goshelrf, V.N .Lebedenko, B.U. Rodionov, Tonisation = e+@—>
JETF Letters (in Russian), 1970, v. 11, p. 513 e

+Xe
For the Dark Matter search: Particle (e, a, n, WIMP) par"rly extracted
A.S. Barabash and A.I. Bolozdynya, JETF N ~.xf2* ot .
Letters (in Russian), 1989, v.49, p. 359 Excitation Ko 08 from ﬂ}e 'h:'GCk
. | (ecom-  Pecombination is
xe' === xintie)  suppressed
+X -
, : Suppression
Electric field 1:;5% Xe;' 4'"":75,,,“ shzpzndss v/ Ak
Tri Singlet .
Z%M\ 3w different for
Xe 2Xe  2Xe different kind of
icles
j sC Pag
T\ r e
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Discrimination of particles in a two-phase detector (Xe)

B.A. Dolgoshein, V.N. Lebedenko, B.U. Rodionov,
JETF Letters (in Russian), 1970, v. 11, p. 513

For the Dark Matter search:

A.S. Barabash and A.I. Bolozdynya, JETF

Letters (in Russian), 1989, v.49, p. 359

-

Electric Fietd-

SC UV

Particle (e, a, n, WIMP)

Excitation

Electrons are
- partly extracted
N 'ez from the track:

—

Tonisation =% ”f@

N (recom- Mecombination is
Xe® <= Xelinatign) supmss'd
' e Suppression
75n 175nm mm‘«
%\smym different for
2Xe  2Xe different kind of

sC pagijcles

r

can be rejected

L L'I,D RRD"V'UB, N semmnar

. @, n WIMP —

11.04.2011 33
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The DRIFT Concept

How to build a directional detector?

Problem: In solid or liquid targets <100keV recoil tracks ~ 1-100nm long

Scattered WIMP //’

Drift direction

[TV

MWPC Readout
Plane

A

Cathode Electric Field

b Rashid Djilkibaev, NYU, Dark Matter
Recoil Direction Meas.

DRIFT: A Low Pressure

Negative Ion Drift TPC (NITPC)

Low Pressure TPC:

e Low pressure target extends range of
WIMP nuclear recoils to a few mm.

e 3D reconstruction possible by
combining 2D readout with signal

timing analysis.

Negative Ion DRIFT:

e Electron capture by electronegative gas
reduces track diffusion.

e Diffusion of <0.5mm at 0.5m drift length
(1000v/cm)

(Rediscovered by Martoff - Temple)

04/17/12 @34
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The DRIFT Concept

DRIFT Background
discrimination

« Based on signal ENERGY
and RANGE.
Nuclear recoils have a
higher dE/dx than
background electrons or
alphas.

Gammas

Nuclear Recoils

Gamma discrimination of
>10% so far demonstrated.
(Snowden-Ifft et al. NIM A
498 (2003), & - Kirkpatrick et
al, in preparation)

Rashid Djilkibaev, NYU, Dark Matter
Recoil Direction Meas. 04/17/12 @35
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The DRIFT Concept

DRIFT Background
discrimination

« Based on signal ENERGY
and RANGE.
Nuclear recoils have a
higher dE/dx than
background electrons or
alphas.

Gammas

Nuclear Recoils

Gamma discrimination of
>10¢ so far demonstrated.
(Snowden-Ifft et al. NIM A

498 (2003), & - Kirkpatrick et _ —
al, in preparation) * Little / no gamma shielding!

» Competitive as hi-sensitivity,
limit-setting detector.

Rashid Djilkibaev, NYU, Dark Matter
Recoil Direction Meas. 04/17/12 @35
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Dilla - Construction & Commissioning

November 2004 Y

~ X .

1.5m3 cubed stainless steel Side-oriented back-to-back field
vacuum vessel (UK/USA) cages with rigid Cu piping.

: \
Grid amplification &
grouping, prior testing.

® g . |
Recoil Direction Meas.
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DRIFT-IId SD limits

0 od 200 o v B WG
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o [0.10. Akumos, INR seminar 11.04.2011 @ 37
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Boulby Mine - The JIF Area

Boulby Mine (UK)
2805 mwe

Dark Matter ‘JIF’ Area

DRIFT-II

Data acquisition
ZEPLIN-II system

Detectors / Vacuu /
Chambers

DRIFT-I Exhaust CS2 sensor

Mess

Gas/fire sensor

selnEely control

>1500m2 floor space

(5mx3.5m cross section)

2T full XY crane

Communications, workshop

Storage, clean room Late 2004

Rashid Djilkkibaev, NYU, Dark Matter

Recoil Direction Meas. 04/17/12 @38
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ZI|P detectar nhonon sensor tachnoloav

— TES’s patterned on the surface measure the full recoil energy of
the interaction

— Phonon pulse shape allows for rejection of surface recoils (with
suppressed charge)

— 4 phonon channels allow for event position reconstruction

.60 um wide
> l

380 pum Al fins

Si or Ge
surface

2 pym wide
W transition
edge senor

~25% QP collection eff.

W - Al
overlap

39 CDMS “York” September 2002 Paul Brink
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WIMP Interaction

Spin-Independent

dR, .,
(coherent) et
Spin-Dependent dRy,
Rate — 0.02 cpd/kg/keV

~ Const

5 J+1
OSDzMA >(ap ><Sp>+an ><Sn>) J

naX,xniA

T I Xy 0 PE RE L l | T N | ] T 1 l_ MA N m + m

0.2 \ X A

Germanium
gons [— 'E
§ Ow.n=7-2 107 pb 2
2 o1 [ M, = 52 GeV :
2 :
0.05 =
o I T I e o o S N R T T
0 20 40 60 80 100 04/17/12 @ 40

Energie de recul (keV)

Tuesday, April 17, 2012




WIMP Rates

dR 3
dE xd cosy |kg xkeV sday |

2

M | 1 :

det \zx o P, y 1+ mA\I X >€Xp(---)>051 SD
kg ] A GeV vy, /c My ] Ty XMy |

2 o (USun >COSY _Umin)2 \l_
o my A, \l_ A exp( Ut i
ST -
mX+mA} L2, =(mA+mX)2XER

2
2xm, xm,

Rashid Djilkkibaev, NYU, Dark Matter

Recoil Direction Meas. 04/17/12 @ 4]
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Recoil Direction

Measurement

« BGO Crystal
* Mx-=50 GeV

WIMP

Rashid Djilkkibaev, NYU, Dark Matter
Recoil Direction Meas.
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Spin-Dependent Targets

Bi — (BGO) 2098j -100% S = 9/2, m/my = 4.1

W — CRESST (CaWO,) | '8W -14% S = 1/2, m/m, = 0.1

Ge — CDMS,EDELWEISS | 3Ge -7.7% S = 9/2, m/m=-0.9

Xe — XENON,ZEPLIN 1B1Xe -21.2% S = 3/2, m/my= 0.7
DRIFT Il (Xe/CS) 129Xe -26.4% S =1/2, m/my=-0.9
|- DAMA (Nal) 127 -100% S = 5/2, m/m = 2.8

Al - ROSEBUD(ALO,) | Z7AI-100% S = 5/2, m/m,, = 4.]

F — PICASSO (C,Fg) YF-100% S =1/2, m/my=2.6

S — DRIFT (CS,) 335 -0.8% S = 3/2, m/my = 0.6

Rashid Djilkkibaev, NYU, Dark Matter

Recoil Direction Meas. 04/17/12 @43
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Spin-Independent Interaction

Bi— (BGO) 2098 -100% 100 %

W — CRESST (CaWO,) 183W -14%, 182W — 26.5%, 184W — 77 %
30.6%, 186W — 28.4%

Ge — CDMS,EDELWEISS | 73Ge -7.7%, °Ge -20.8%, 7?Ge 12.5%
-27.5%, "*Ge -36.3%, '°Ge -7.6%

Xe — XENON,ZEPLIN 131Xe -21.2%, '97Xe -26.4%, '3?Xe |40 %

DRIFT Il (Xe/CS) -26.9%, %*Xe -10.4%

|~ DAMA (Nal) 127| -100% 37 %

Al — ROSEBUD(AL,O,) 27 A1 -100% 1.7 %

F — PICASSO (C,Fg) 19F -100% 0.8 %

S — DRIFT (CS,) 335 -0.8%, 325 -95%, 34S -4.2% 23%

Rashid Djilkkibaev, NYU, Dark Matter 04/17/12 ® 44

Recoil Direction Meas.
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BGO Crystal

« BGO Decay Time — 300ns

;;_ 120 | 1.2
= 30 = Nal(T1)
— - !

3 100 b Q.EPMT J 9 = 1
5 25 - oy Csli(Na)
S 80} | ® oef
> 20 © =)
r o in -
e 60 } = c '
o 15 w L
[ € T o4l

40 b o = = Csl(TI
5 Cdwo4] 10 & - (™)
@ 5 » 02
E 20 - 9 5 O
c A A A A A A A A A A 2
o 0 0 0
(.\O) <100 B0 .60 -40 -20 0O 20 40 60 B8O 100 120 140

200 300 400 500 600 700

Wavelength [nm)

Temperature [degrees C]

: ncoea Fig. 3.3  Temperature dependence of the scintillation
Fig. 3.1  Emission spectra of Nal(Tl), BGO and CdWO,, yield of Nal(Tl), Csl(Na), Csl(Tl) and BGO.

scaled on maximum emission intensity.

Rashid Djilkkibaev, NYU, Dark Matter

Y
Recoil Direction Meas. 04/17/12 @45
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Experimental
Measurements?

 BGO Light Yield
« BGO Decay Time
 BGO Properties Changes

 TDC

« FADC

« 2 PMT Homamatsu R7281
* High Quantum Eff 27-30%

Rashid Djilkkibaev, NYU, Dark Matter
Recoil Direction Meas.
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