


CopepxaHue

» MoTtuBauua noucka TemHon MaTtepuu
» [Mouck WIMPoB npambiM geTekTnpoBaHuUeMm
» OOHbl 1 OCHOBHbIE NPUHLUKMNLI NOCTPOEHUS OETEKTOPOB

» OKCMEepPUMEHTbI



Ceroans cBUIETEJIbLCTBA B MOJIL3Y cyuiecrBoBaHus TemHoii Marepuu
HAMHOI0 CHJbHeEe, 4eM Kkoraa-Juool

AcTpoduanyeckas Kocmonormnyeckaa motmBauus

MoTMBauuA
KpuBble BpaweHus
cnupanbHbIX
ranakTuk

KpynHomacwTabHas

cTpykTypa BceneHHoii 3amMevyartenbHoe cornacue

BbiBogoB no CMB and SN la

AHN30TpPONNA PENUKTOBOIO
nsnydyeHusa (CMB)

rpaBMTaLWIOHHoe
JINH3NpoBaHue

CKonmneHunamMmu
ranakTumk

Teopus
HYKIeocuHTe3a

N-body cumynsuumsa

CospemeHHaﬂ KOCMoOJiorm4yeckasa moagersb
5%

Buaumas

B
maTtepus (1%) cero 6apuoHoB

P = Pe =>
XonopgHasn

TemHasn Q= pl pcr ~ 1

MaTepusa

AHeprus
BaKyyma




~—

——=AgTpalllitiygexve CamagTenilThgs:

YTo Xe HabnpgaeTca Ha ranakTuyecKux macwuraoax?

r
f—___-ﬁ\
-
7 Mo \\
f M
N )
N L7
I\“-————’l
I I
[ Mano I
| I
| I
| I
I ~ 30 Knc I

»

|

12 o y
v(r) ~r 12 gna cnyyas yueHTpanbLHOM Macchl
~Mj

|- v(r) ~r pns cnyyas paBHOMEpPHOro

pacnpepenenus maccobl (M, ~ 13)

" v(r) = const gns cnyyaa M, ~r




Velocity in the galactic plane, km/s
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== Actpafiuzuyeckve cenaetenkCrea..

EcTb ranaktuku, cocroawme us TemHon Marepuu!

B 2005 r. actpoHombl U3 Cardiff University oTkpbinu
ranaktuky VIRGOHI21 npakTtn4yeckm nosIHOCTbLIO COCTOSILLY IO
n3 TemHou Matepuu (arXiv:astro-ph/0502312)!

B Heu HeT 3B€34, TONIbLKO OAMH BOAOpPOA BUAMMbIU B FIUHUMU
21 cm; BOOOpOA BpallaeTcsl, U ero CKOpocTb He yObIBaeT ¢
paccTosiHueMm
MH:MtotaI =1:1000




== Actpafiauyeckue cenaeTenhCrea..
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== KocMgJioruieckan MOTUBaUMH.

KpynHomacwitabHasn Pesynbtat N-body
CTPYKTypa cumynsiumn,
BceneHHown, npoBeAeHHbIN Ha
PEeKOHCTpyupoBaHHas cynepKomMrnbloTepax

U3 N3MepeHnn
KpacHOro cMmelleHus
06beKTOB

I'naBHbIi pe3yjabrar cumyasauuu — TemHas Marepust 10/15KHA OBITH X0JIOIHOM
(HepeaATHBHCTCKOI)

Teopus Cynepcummerpun SUSY npenocrasiisieT HaM HOBBIi KJIacc YaCTHII.
Heumpanuno — naubonee ¢epoamuviili KAHOUOAm @
WIMP - (Weakly Interacting Massive Particles)

JIlnama3zoH Macc OT HeCK. Jec. 10 HecK. coTeH 1B

MecTHasi rajJakTudeckasi Iiotuocts ~ 0.3 I'B/em?® ~ Heck. yacTun B autpe!
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B I'annakTuke pacnpeaeieHue
WIMP 1o ckopocTsimM kBa3u-
MakcBe/L10BCKoOe :

MULLUEHb
(BewwecTBO
AeTeKTopa)

Ekin

B K3B-HOoM o0On.

o~ A? - spin-independent (SI)

interaction

o~J(J+1) - spin-dependent (SD)
interaction
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dv v, \

dN M g (nE)
L= Loy, Fo(E)
dE M, dm vV, 1
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erf( § +m)—ef( & —n)— ‘-ne
¢ Z-1

ZZ

g(nE)= {erf(z)=erf(&~n)~ 2 (z+n-Eme
Z—n<é<z+np
0, E> z+ 1,
\
My u m_,— masses of WIMP and target nucleus, and
their reduced mass, respectively;
MEI — VE% — Vescape
Sl 1T e ET

Veann = 232 km/s — Earth velocity,

v, = ﬂ"r.m.s. — Quasi-Maxwell distribution parameter,
Ny — number of target nuclei,

p = 0.3 GeV/cm3 — WIMP density in Galactic halo,

(o DWIMP interaction cross-section,

F\*(E) — nuclear form factor
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of bckg of various origins.
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B 2012 r otmeuanca 25-neTHuUun roomnnen:
http://www.pnnl.gov/physics/darkmattersymp.stm

Volume 195, number 4 PHYSICSLETTERS B 17 September 1987

LIMITS ON COLD DARK MATTER CANDIDATES
FROM AN ULTRALOW BACKGROUND GERMANIUM SPECTROMETER

S.P. AHLEN * F.T. AVIGNONE III ®, R.L. BRODZINSKI ¢, A.K. DRUKIER ¢, G. GELMINI "#!
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An ultralow background spectrometer 15 used as a detector of cold dark matter candidates from the halo of our galaxy Using a
realistic model for the galactic halo, large regions of the mass—cross section space arc excluded for important halo component
particles. In particular, a halo dominated by heavy standard Dirac neutrinos (taken as an example of particles with spin-indepen-
dent ZY exchange interactions) with masses between 20 GeV and | TeV is excluded. The local density of heavy standard Dirac
neutrninos 1s <0.4 GeV/cm® for masses between 17.5 GeV and 2 5 TeV, at the 68% confidence level.
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LUX 2 min Dark Matter Searches: Past, Present & Future
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Dark Matter Searches Rick Gaitskell, Brown University, LUX / DOE
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Reactor building directly after Chernobyl accident

Full body CT scan

Average in Ramsar, Iran

Average In US (including Radon gas in alr)
Average In US (excluding Radon gas In air)

Davis Cavern - 4850’ underground

Middle of Water Tank

Middle of Detector

Rick Gaitskell, Brown University

*| Gy = | J/kg = 100 rad




PagunoakTuBHbIe 3arpA3HeHUA

OObIYyHbIe BelwecTBa Hu3kod¢goHoBbLIe

TedJion
<710 Bx/kr

KanueBas ceqauTpa -

10 104 Bk/kr
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Pexekuuna ramma-dgoHa u
3NEeKTPOHOB

CooTHOLEeHMe 0NN IHeprumn, nayLwen no pasfmMyHbIM
KaHanam aHeproBbigeneHus, pasnudHo ana NR n ER

Phonon{heat)

Cryodenic
detector
Le, Si

-

HPFGe detector

From http://dmrc.snu.ac.kr/english/intro/intro1.html

Photon{light)

MNaliTly, CsI(Tl), e

Z phase xe

Ionization{ current)




OeTtektupoBanue WIMP ¢ noMoLwblo HU3KOTEMMNepaTypHbIX OonoMmeTpoB
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OeTtektnposanue WIMP ¢ nomouwbro
AByXxdra3Horo aMuccmoHHoro pgetekropa (LXe, LAr)

top hit pattern:
x-y localization
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_biscrimination-ef-partigles in a-two-phase desectorsfxe)

B.A. Dolgoshein, V.N. Lebedenko, B.U. Rodionov, e ..—>
JETF Letters (in Russian), 1970, v. 11, p. 513 Iomsfmn Electrons are
partly extracted

For the Dark Matter search: Particle (e, a, n,WIMP)

A.S. Barabash and A.I. Bolozdynya, JETF N el from the track:
Letters (in Russian), 1989, v.49, p. 359 Excitation ':ﬂ}’ recombination is
N (recofi- suppressed
e* X b;na?)en) .
Suppression
\ / O e depends on dE/dX

Electric——
field PR ]

Xe /

75n 75nm
%\Smglet

2Xe 2Xe

Ratio of SC/EL is
different for
different kind of
particles

EL

T

can be rejected

T a, n, WIMp



Konna6bopauusa no noncky TemHoun Matepumn CDMS —
Cryogenic Dark Matter Search

Ge BLIP Detectors : Tower

24 iring
* heat sinking
i7atian- & = holds cold FETs for
Berkeley Large anlzatlon ampf' 1) :
and Phonon-mediated Detectors ) = \
Vib
NIDGe
thermistors lockin-
/\ Ry amplifier
[ 1] [
lonization : 18
165 g p-type Ge > collection iy ReINNerloizauon
Qouter . electrodes | e N-Electrode”
(electronics not shown) Qinner > ¢ g ® I;J er I 0 niZ atl on
ionization % e =\ S _ Electrode
measu rement || oy Aoy g RSSERSiVe Ge s’hi’elding-.-x
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SuperCDMS Soudan

15 germanium detectors
0.6 kg each
Operational since March of 2012

interleaved
Z-sensitive

lonization &
Phonon detector

&

Data for this analysis: 577 kg-days
taken from Mar 2012 - July 2013
7 iZIPs w/ lowest trigger thresh

Dark Matter Searches

Improved fiducialization from measurement

of z-symmetric ionization response

Phonun guard and z-symmetric phonon

response helps too!

. APL 103, 164105(2013)

Rick Gaitskell, Brown University, LALUX/DUE



SuperCDMS SNOLAB Experiment

SNOLAB 6010 mwe

.Ge iZIP 1.4 kg

Payload 50 kg of ' S
Ge &: Sl capacity 400 ke Ge Ge Tower 8.4 kg

https://www.slac. stanford edu/exp/cdms/ wausner, orvwn vinversiy, LLuauUe



AkcnepumeHT LUX

Sanford Underground Research
Facility (SURF) in Lead, SD

Muon Intensity, m "y

10

Muon flux reduced by 107 (4.3 km.w.e)

Carmen Carmona - UCSB ' k - Feb, 2013



AkcnepumeHT LUX

Nucl. Instrum. Meth. A704 (2013) 111, arXiv:1211.3788 [physics.ins-det]

Control room Breakout system Clean room
Breakout cart e A -
Thermosyphon : / Liquid nitrogen system

Walter tank

Source tubes

Cryostat
Water tank

Cryostal

recovery
bladder  Gyg system


http://arxiv.org/abs/arXiv:1211.3788

AkcnepumeHT LUX




AkcnepumeHT LUX

HV Grids . - Radiation shield

122 2” PMTs (Hamamatsu R8778) _ :
* QE (175 nm) ~33% ===
* U/Th ~9/3 mBg/PMT S5

ol PNITihoteling plate

b

I i
Y.
- Countefweight

TFE “trifoils”

Car'rnen Carmona - UCSB



LUX - Electron Recoil and Nuclear Recoil Bands

Tritium provides very high statistics electron recoil calibration (>>103 events/phe)
Neutron calibration is consistent with NEST + simulations

25 |
(a) Tritium ER Calibration
21
1.5}
5
3
N
> 251
=
@ 2
=]
&
HE 15
g

0 10 20 30 40 50
S1 x,y,z corrected (phe)

Gray contours indicate constant energies using a S1-S2 combined energy scale

L1 IY Dok Matoar Evnanmant | Sanford | ab - Birlk (Catelkall IBrrvarm




AkcnepumeHTt LZ (LUX-ZEPLIN)
Central Xenon — 5600 kg Fiducial

241 PMTs

110 skin PMTs

SSSSS

146 cm D x H

670-us drift
- W,LJ.J 241 PMTs

2/28/14 Harry Nelson for LZ 11/23



ﬂ(cnepMMeHT LZ (LUX-ZEPLIN)
Water tank

Concept

Ti cryostats
HV Connection v !

N

Liquid Xenon:
48X LUX Fiducial

Veto photomultipliers

P g
i
I

L

2/28/14 Harry Nelson for LZ

Gd-LAB (25 tonne)1w3



Jlpyrue 3xcnepuMeHThI C
HCNOJIb30BaAHUEM KUAKHUX
0J1aropoJHbIX ra3oB



Family of noble-liquid DM detectors
(cnaug 2010 ropa)

Future ton- and multiton-scale

Completed, ongoing, deployment

,‘,

CLEAN
20k 50 ton

()-FV
LNe ‘ IAr
LA AMASS
|I:X ASS 20 ton
e 4y (10/ton)
XENON100+
WARP XENON100 250 kg
170 k (100 ko) '
2.6 kg (50 kgg 9) 48cm
(1.83 kg) g o c WARP 140 kg
> - Jf oI 8 m
40cm 20cm 3OCm 40cm
+—> !
43cm [
ZEPLIN-IIl XENON10 ‘LU—X’ Xenon |F L /
12 kg 14 kg 1. ”‘1 5t 1+
350 kg -0 tOMNERIOL)
2m

v

(6.5kg)  (54kg)
(100 kg) — L




Cepua petektopoB ZEPLIN

lllaxTa Boulby, UK
1100 m




Cepua petektopoB XENON
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WIMP-nucleon cross section [cm?]
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i . A CoGatly Spin-independent sensitivity
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Cepusa perektopoB Ha LAr
_ ar'kde50

CRESET

OFRRA




DarkSideb0

B pa6ote ¢ okTs10ps 2013 r. ¢ 3-mn
3all0JJHEHHBbIMHM JeTeKTOPaAMHU

37/46 kg LAr FV/active, 30 t LS, 1kt H,O

3anoJsiHeH " 00bIYHBIM "
(arMoc(epHBIM) AProHOM

First Results from the DarkSide-50

Dark Matter Experiment at Laboratori

Nazionali del Gran Sasso

Liquid Scintillator
Water Tank sphere

arXiv:1410.0653 [astro-ph.CO]

_ Neutrino Limit |

M, [GeV/c?]


http://inspirehep.net/record/1319742
http://inspirehep.net/record/1319742
http://inspirehep.net/record/1319742
http://arxiv.org/abs/arXiv:1410.0653

Thanks to Kaixuan Ni

Panda-X

*Moved Panda-X equipment into Jinping Lab in Aug 2012
eSecond test run (Aug-Oct,2013) of full assembly completed

¢/ cm electron drift length, position reconstruction of 60Co events

eDark Matter Search Runs

+Phase la: 25 kg fiducial x 60 days (just reported)
+Phase Ib: 300 kg fiducial x 180 days (start data taking in 2015)

I TPC assembly
at CJPL

anode ~143 PMT 1
’ -~ RB3E0 L,ll

_____ s\ e i e f_._x.:_ liquid level
" "'"I".'"""""' T o e i A
1

Dark Matter Searches 36 Rick Gaitskell, Brown University, LZ/LUX/DOE



3aKknr4vyeHue

‘AMeroTcAa o4YeHb CUNbHbIE CBUAETENIbLCTBA B NOJIb3Y
cywecrtsoBaHua TemHoun Matepun.

*3KCnepuUMeHTbl NO NPSAMOMY AeTEeKTUPOBaHUIO UAYT NOJTHLIM
X0 OM.

bnaropaps nporpeccy B TeXHOJIOrMUsAX, ¢ Havyana
3KCNepuMEeHTOB MO HacTosiwee Bpems (3a 27 neT) PoH B
YyCTaHOBKaX yMeHblUeH Ha 5 nopaaKoB BeSfIUYUHDbI!

CynepaeTeKkTopbl (C Maccon HECKOJIbKO TOHH) nponayT
NpakTU4YeCKn BeCb AMana3oH TeOpeTUYEeCKUX npeacKkasaHUu u
yrpyTCcA B HeNnpeoaonMmbiu HeUTPUHHbLIU poH. B CLLUA roHky
3a G2 sbiurpanu SupperCDMS un LZ.
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bbli1M 0bI MOTOKH
 TEMHOM MAaTEepPHH elle
. KOHIIEHTpUpPOBaHHee!




DAMA (100 kg) = LIBRA (250 kg)

*DAMA

+QOriginal 100 kg Nal array;, first reported
positive results in 1989

[ IBRA

+[ arge sodium lodide Bulk for RAre
processes

+QOperating since 2003 in LNGS
+*Modulation persists: total of 13 cycles

Dark Matter Searches 54 Rick Gaitskell, Brown University, LUX / DOE



DAMA / LIBRA

Drukier, Freese, Spergel PRDS6

WIMP Wind "H'” -
—

eAnnual Modulation
+Significance is 8.90
+1-2% effect in bin count rate
*Appears in lowest energy bins

+Can another experiment observe this
effect?

December

hitp:/iwww.hen.shef.ac.uk/

. —  DAMANGI=1J0Kg ———F | <—— DAVIWLIBRA-250kg |—>
cos B oo L1 (0.29 tonxyr), L b 08Tty | L
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Dark Matter Searches 55 Rick Gaitskell, Brown University, LUX / DOE

Residuals (cpd/kg/keV)
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	Ge BLIP Detectors

