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..and it dominatés the Universe Matter Budget

» » - -

A

. ...but what is.it made of? -
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~No’stan dard Model Carj.did'ate.

* Dark Matter has to be ,

o.ncutral
‘. ® méssive (cold)
~® stable: , 7 LA o0
® no EM interaction .

et U‘UJ'; L: ALy 4
- '@ correct'density
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‘Mariy models and.a zoo.of candidates

.~ ® ‘the most convincing’evidence '
for a particle candidate'to be ; Q-bil

' »
the dark matter |s'd|rect g
: e‘te‘&tlo In.a,terrestral

10" neutrinoe WIMPs :

Black Hole Remnant

* . EXPE 1Ent 10 neutralino .‘.
ST . . .. : - mj t(K ,:1hfﬂﬂl
' » . ) ) ., . ‘Uj- [9{['0“—)
® Axion and WIMPs well- i
- 10 o
smotivated:candidates and o - |
' We” suited for deteCthn with ' 10~ Super WIMPs -
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10 Muzzy CDM ‘ gravitino
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Aotion= 2. s

® |ight bséudoscaler as a natural solution to the srong CP problem (Peccei & Quinn) A .

- o -

o An excellent DM can8lidate as its.density relative t3 critical densityis given by:"

we ¢ 4 ‘ " Q, ocm_7/6%.m;>‘fv‘lue\/

’ » - . » : ! - -

»

- ® Axjons with ~ 20 peV can account for aII.the DM: density. of the Universe ( Q@n=~023). Much lighter
. axions would overclose Universe thus iS.lower limit on ma from cosmolegy |
2 . . : " . 3 b - -
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* ¢, Axion Dark Matter eXperiment since 1996 in search of axions in,the few peV range ! :
® microwave cavity, up to-8f, down to 100mK*(ADMX-phase I) ' - a
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* . Axion Dark Matter eXperiment since 1996 in search of axions in,the few peV range ! :
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’ Weakly Intéraéting’MasSive -Particles . .

. ® rellc partlcles in ’[hermal equmbrlum in the early Umverse i

LT XX R R

o Decouple from the rest of the particles when M >> T (“cold”)

.
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- ®xSuch parhcles are predicted to exist in most Beyond-Standard- Model
theorles (neutrallno lightest Kaluza- Kleln particle, etc)
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from indirect detectors and from*the LHC
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Direct Detection of WIMPs: Principle

0 o & LAz , . Goodnn and Witten, PRD31, 1985 _»

'

’ . 3 .
» Elastic collisions with nuclei in ultra-low background,detectors

L "

“= Enetgy of recoiling nucleus: few tens.hof.keV AT . (WIMP)

: | . : ‘ .- .° > a . . : l ‘ - ; . p
. . ; q ' - . //éo. " .0 : '. . 3 .‘ oF
Fp=—-="——(1—=cos0) - .
o 21N AR NP S e A ML D
' * g = momentum transfer (~ 10~ 100 MeV) . .
* 1 = reduced WIMP-nucleus mass ' - 2 A
e v =mean WIMP-velocity rglative to the target ) } .
_ . * B =scattering-angle in the center of mass system ; X ™
‘ »
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- Expected Rate.in a Terrestrial Detector =
) ol s el Astrczpliys'i;:s'. ‘

' Particle‘phyéics |

NT = number of farget nuclef in a,deteetor :
P, = lbcal density of the dark matter im the Milky Way - £ Opqlo ™~ 0.3GeV - cm™
) ™ L ’ -

3

9(v) = integral pver WIMP*v&locity distribution in lab frame ' | ’ P
.M, = WIMP-mass . / ' .
.

o,\*=cross section for WIMP-nucleus elastic scattering
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,,W‘IM'P.SQétt:ering Cross Sectidns

, » - -

A general WIMP candlderte fermion (Dlrac or-Majorana), boSon ©r scalar part|cle

The most general, Lorentz invariarit Lagranglan has 5 types of mterachons

n the extreme NRelimit relevant for galactlc WIMPS (1Q- 3 c)rthe! mteractlons Ieadlng to !
WIMP nucleon.scatterlng CIaSS|f|ed as (Goodman and Wltten 1985) ' ) . > 4

.

scalar interaction | IM,P' njulniu { 1SS fromithe s 'al I éc tﬁsorpa’rt of L)*
2P

. LR e, | " 1 ffectve couplnds o'
. m oy ,, ' L el ¢ '.,’ vro’gons ‘and neutrons -
e 4 - X » : 0. . y . - .- 0'
L - ) . . ! . ] . v P O+ Y, : v
spin-spin interaction (WII\/IPs Couples to the nuclear spin, from the axial part' of L)
¢ | : © Qp, an: effective couplings to
' protons and‘neutrons ’
- JN —I— 1 2 » > .
M R, i L <. p{9p) Fan(Sa))® sy ma (as Ao
. (]'N . ’ . -
expectation values of Qrotons and
'S * neutrons spin within the nucleus

-
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WIMP Mass and Cross Section

Vi Example fof recent predlctlons from supersymmetry:

* WIMP-nucleon scattering cross section as low as 3 1048 cm2(10 3 12 pb)

pPMSSM (19 parameters at the weak scale) '

: p(6 | CMS)
— 68% BCR — 95% BCR S. Kraml et al, JHEP 1202 (2012)075

o ' .
= ee also arXiv:1206.4321v2 4 - F o
v > i
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Expected Interaction Rate

Recoil rate after integration over WIMP velocity distribution : %
R ~.0.13 event§ A. G éWN >< <U> X o :
o= kgeyear 100 107°%cm?s 220kms—! 0:3 GeVem S

) : X a
 spectrum foPdifferent.
WIMP. masses

’

events on Ge / keV [arb. Units]

.
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Expected Interaction Rate

Recoil rate after integration over WIMP velocity distribution QoS
| events i A " OWN ] U . ‘ 0 y
R ~0.13 R T A T g <,>'1>< 2 :
o < kgyear | 100  107°°cm~. 220kms— 0.3 GeVem 2 |
. - ’ ; . . . ) " | ’
] Mwive = 100 GeV S f o
heaVI_er own=1x10"%" cm? o ) : al CO”. .
nuclei : RCREL
— | o AR,
H differént target
3 “ nuclei’ y
30 40 50 ; -
Recoil Energy (E ) [keV] -

L
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WIMP Det‘.e"c.tjon ChaHehgeS: &

-
» » » L »

~ @ “Expected S|gnal s L8 % 30 {7 .
e ™8 Very small (few, ke\/) ) .’ Uiy ! Cegdt | :
AL ° detectors with very low energy: thresho1d . .

.

’ .vh ”‘ _‘l‘. peryear

. & T e ,““- iy G e s 5
o detectors operated ’dee unérgrouﬁd T RL, T Y Ly le %
e Cetectors Shielded with effectwe out clean matenals § B |
' | ® detectors bu[lt with onvest radioactivity materlals |
.® detectors with eﬁecf:ive S/N discrimination P L
. . : . | ., ; ;
" . » *
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-
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WIMP Detection Background - |

' -

e Electromagnetic radiation

e natural radioactivity in detector and, .
« shield materials .~ ,* _ . LCosmic rays: operate

. deep uhderground

® airborne radon (*?°Rn)
’

e. tosmic activation of materials during
storage/transport at the Earth’s surface

".-1) .

e Flat-overburden sites

A
<

.

o .‘N'eutl’ons 2

e radiogenic Trom (&,n) ancet
- - P

reactions * ¥ s PNy

Total Muon Flux (cm

-
o
&

. B
.

e, codmogenic from spallation of nuclei in
Materials by cosmic muons
‘ JinPing |
” Alpha partiCIeS' ) _ ¢ !quidvalent Vertigal Depth (lu:.w.e.) & ’
- ) | . .'
e 210Pp decays at the detector sutfaces , . <

e nuclear recails from the Rn daughters

L
.

. o o
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ThePower ot Discrimination

s . E [keVr]
electronlc recoils . M L™ A 5 4] 0 4 50 6 70
e are most common background ok $ 20)
e scintillate and ionize more (for given energy)” z,:ez-
—, discriminate between the two _ ¢ i
. : T

e.g. measure both energy and'someadditional parametef,
(ionization yield, scintillation, yield, ratio ionization/
scintillation, pulse" decay time, acoustic signal)

““i'neutron recoils (AmBe;

.

-
-
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ThePower ot Discrimination

L
. y o Y E [keVr]
electronlc recoils v ot LS b A Y WIS W UL NSNS NN
® dre most common background oh - S
e “scintillate and ionize more (for given energy)” . ;
—, discriminate between the two _ ¢ i
. : T

e.g. measure both energy and'someadditional parametef,
(ionization yield, scintillation, yield, ratio ionization/
scintillation, pulse" decay time, acoustic signal)

U’t fon recol s (AmBe)

“ -

-
-
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Detection Techhjques.
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Worldwide WIMP. Searches
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_T.he WII\/IPa.I"an'dsoape:Spin INndependent

The parameter space abqve thick blue line is excluded : .' :

XENON100 yields the strongest limit todate above*10 GeV 4

s Ny F ' . Phys. Rev. Lett. 109(2012)

XENONI100 (2012)
=== Observed limit (90% CL)
Expected limit of this run:

+ 1 0 expected
L)A.\% +2 6 expected
+2 xpected

""""""" 7012)

R ™ i mr et ™ \\\\)\ \ \"

CRESST-II (2012)
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The'WIMP. \andeeape Spln Dependent

~50% of xenon has spin
XENON100 vyields the strangest neutron-only limit
XENON100 Vields competitive protonsonly liniit

WIMP:n.eutron coupling . arXiv:130'1.‘66'20 * WIMP-proton coupling

— XENON100 limit (2013) neutron ] : — XENON100 limit (2013)
* 26 expected sensitivity 1 3 + 26 expected sensitivity
*+ 10 expected sensitivity + 16 expected sensitivity

—_
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http://arxiv.org/abs/arXiv:1301.6620
http://arxiv.org/abs/arXiv:1301.6620

_WINIP search’evolution in time

| I | |

L. B., Physics of the Dark
Universe 1, 94 (2012) ]

A
'S

~1 event kg-yr1
Ge ionization
Csl and Nal
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- About*a factor of 10 evéry 2 years!
Can we keep this rate of progress’?
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http://xxx.lanl.gov/abs/1012.4764v1
http://xxx.lanl.gov/abs/1012.4764v1
http://xxx.lanl.gov/abs/1012.4764v1
http://xxx.lanl.gov/abs/1012.4764v1

‘Room temperature scintillators

-~

e Nal: DAMA/LIBRA 250 kg of ultra-pure ¢rystals at.LNGS. Observed a time variation in the event * .
«rate with: T = 1 year, phase June 2+7 days, amplrtude = 0.018 events/(kg keV day)

o Csl KII\/IS 103 kg of ultra-pure. crystals at Yangyang laboratory. ER / NR discrimination based
on time structure of events; does not confirm DAMA/LIBRA modulatron '

: » = . 9 _ - .
. Future ANAIS(,Nal) at Canfrartc and DI\/I Iee (Nal) at South PoIe AT7 kg Na1 crystal deployed %
_since 2011 to search for annual modulationiinithe sodthern hemrsphere 2.4 km deep inice. AR,
~_ Analysis Underway 1:| al goaljisa 2 letector array, closely. packed inside &

\J tz| UGS VO OL

CsI(T]) Crystal 8x8x30 cm?
(8.7 kg) + 3” PMT (9269QA)
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Modulation: DAMA/LIBRA, CoGeNT

e DAMA/LIBRA (250 kg Nal, 0.82 tons-year): 8.9-0 effect

(2_4.kev) . Wl . N WIMP Wind v‘:u.'ia
e CoGeNT (330 g HPGe, 450 d). 2.8-0 effect (0.5 - 3 keV) - oy 22 >

'® Modulation signal Compatible with what is expected from‘a ‘
‘DM particle, due to the movement of the  Earth-Sun sytem
through the DM hale

Residuals (cpd/kg/keV)

4000 4250 4500
R.Bernabei et al, Eur.Phys.J). Cé7 Time (day)

'® _ However when interpreted as due to “vanilla WIMP” other
experiments fail t0 observe 'such modulation, including
KIMS. « ' . '

e -Origin of the timg variation*in the dbserved rate remains
unclear!

-
’

e Envirommental effects? Unknown background? arXiv:1203.1309  Days Since Jan. 1st

-0.5
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http://xxx.lanl.gov/abs/1203.1309
http://xxx.lanl.gov/abs/1203.1309

'
.

GWQgeni‘C'EXperiments.ét T~mK" _

. - - »
- NI

o _Detect a temperature increase after a particle interacts,in an absorber .~ . .

e The temperature rise (~ pK) i measured with Trans'ltio_n Edge Sensors

L. St % .; : .".0 | | ..‘ ) . .. E . o
! . : .. .‘ A;T :. :
TR

X N>
. ir

| : LN Wig TN
‘ - .. -
Absorber

C(T)

' 4 M = absorbermass

3 . 7% : A ’
) JK_l ' ~ M=mpolecular weight of absorber

Op = Dehye temperatyre (at whi€h the
«highest frequency gets excited) |

-
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Cryogenic Ekp'e'rimer)ts at T~ mK

. i-\dvanfages: glle]g Sénsitivit'y to nuclear recoils (measure'the full'enérgy in‘thes « *
phonon channel); good energy resolution, low energy threshold (keV td sub-keV)

e :Ratio of light/phonon or charge/phonon: . .

‘® nuclear versus electronic rec;oils disc'rimination'—> separation of S and B, vy

o Dlsadvantages small mass complex and expensive fabrlcatlon surface . . .
" contamination. : Ve S .
. 3 . ." :
o |33Ba g : : ) ". -4
o = 252Cf ' A v, pall §
Ratio of Baiaacan oy ' ' y
charge « HElE-. - ooiad g e ' . -
' (Or |Ight) 2
ohonon e ik hme S S Expe‘cted signal reg{on
_________________________ ' » e
Jionaty . 4;)_——5(;——(_30-_—7—0___8;)——-90—_— .
. Recoil Energy (keV)
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. -

(CDMS, CRESST, EDELWEISS

" -Absorl'oer'masses frOm ~ 100 g,to 1500 g (SuperCDI\/IS at SNOLab) *+ « =« =
Currently running atSoudan LNGS, I\/Iodane -2 | e ‘

L Future EURECA (mult| target approach up to 1 ton mass), SuperCDI\/IS (1 50,
P kg) and GEODI\/I (1 ton Ge deteotors) ' . . < :

- CRESST detector: ¢
~300 g CaWO: (g

- e - = '-i-.' TS . 2 5, . B
i e - e -
oy o Y g -
- i . 4?--.;r,3.' _.._ g Y TR A\ \ TN
} > (3€ : g 1 Wi i v o T for naiqd il 06 : L ol ARG
2 O Ll t o i bndnnbun b ‘»‘m \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
.
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SuperGD I\/tS at Soudan

.

° Currently operating 5 tovvers of IZIP detectors
(9 kg Ge) inthe existing cryostat at Soudan

[t
° 1
7]

|

o ‘After 3 years of operation,’ expected to
_improve sensitivity (Sl) by a.factonof=il@ dver

éscgtlﬁ' éw w | .):11 (S Q) Mh
.; XENONTQOGE OeST IIMITOl

=
‘J

[y

o 1
=
(&)

&
w
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), CDMS-II

[

c 1
SN
E =N

Ly
-----------

XENON 100>

SI WIMP-nucleon cross-section (cm )
[a—y
[—}

S
wn

2
WIMP Mass (GeV/c )

Installation eorttplete Nov. 8, 2011.
Operating with fimal deteetor
settings since Mar. 201 2
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CDMS I1:-Si Results

“+ S ZIP detectors (106 g), :
+ Data: July2007 - Sep 2009

.+ Aprofile likelihood analysis favors a*
+ WIMP+background hypothesis over the
known baCkground eshmate as the

.
-
n
[E—
-
dn

3
Sa
~
~

.
-
g
S
-
]
>

L
~
-------
------

[E—
-
&

WIMP-nucleon cross section [cm?]
[
=
L
[\

\\
\\
~

.
<
N
O8]
[E—
-
4

+ The maximum. |Ike|IhOOd occurs at a 5 6 78910 15
- WIMP mass of 8.6 GeV/c2'and WH\/IP—. ) WIMP Mass [GeV/c?]
nucleon cross section of 1.9 X 1041 | -

. 1% ‘ @ CRESST-II (2012)

—- XENON100 (2012)
—- XENON10 S2 (2013)

-- CDMS I Ge (2010)

90% Upper Limit, this data
= 90% Upper Limit CDMS II Si Combined

S ® Best fit, this data
¢e @ 68% C.L., this data
() 90% C.L., this data
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.Hovv"would,th"ese.events.\oo_k ike in
XENON1007. . By A

E, [keVnr]

® . 1307 events, incluging .events
elovgouanalysisithresholds, .

, , - ’ o !
TCHC CH ICECOIATCESE Y ©

- e . - . -

(SZbIS1) - ER mean

o s T . BV "
o 264 events In"the' ROI. No way
_we would Have missed them!!l ‘s

log

® .New . neutren Calibra‘tion of
XENONT00 with a YBe source
. planned to target lower NRs
! . »
30 35 ; o

s1[PE] B 4
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.SCin'tiJ\ation/ion’ization: Noble Liquids

®. Noble 'quuids: high light and charge vyield; transparent to their own light * .
® Lérge, scalable, h’or’n'ogeneous and self—shieléling detéctors’ A

e+ |n"air, by volume - Ar: 0.93%, Ne: 0.0018%, He: 0.00052%, Kr: 0.00011%, Xe: 0.0000087 %
. , . : | . . ¢ .

Aprile et al., Phys. Rev. Lett. 97 (2006)

) ionization i
G — ,\C‘+ !

o

Drift Field

& 0.34 kKV/em
4 0.46 kVicm
=& 0.70 kV/cm
& 1.00 KV/cm
£ 2.00 kV/cm
£43.00 kV/cm

[e-/keVTr]
n
n

l* Xe
recombination

o

excitation

P
tn

I

L
IE
}_
=
2
@
I!
=
o

o
tn

2

Systematic Error

e
tn

M

=
(4

20 30 40 50 60 70 80 90 100
Recoil Energy [keVTr]
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‘Noble Liquids as Scintillators

® Advantaée: scintillation from the breakup of dimers leads to two time*tonstants: promp’c (few ns)

b

-

* from excited atoms and.delayed (tens of ns) from ionized \atoms -> Pulse Shape Discrimination

J Dlsadvantage scintillation inthe VUV where common windows stop Worklng -> special PMTs with

' mostly quartz vvmdows and built to withstand several bar pressure and low temperature
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e
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o—
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~

" ’ -

w— Hellum Scint. wum Mgk Trans : i
B Neon Scint u um Sapphire Trans, :
smm Argon Scinl. = ww Synth. Sil Trans,
Krypton Scint. UVT Glass Trans,

» Xenon Scint.

'1H%m .....

' ':’? . Yoo
- .T._..

‘....:’..ol...o...i'.

i )

o »
90 o

o

= da
80 = .

*g s 44
70 Z S

= . '
60 f o

'’
-

Wavelength [nm]
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.Pho'tOmu\toib\ie’ks deve\cp_ed for | Xe

oS W [NT bialkali photocathodes: high QE (:30—40%.), all metal t;ody, Al seal (up to"5 bar and -1000) Q ©'%
’ » ' AL o . - -
o _Ultra-low radioactivity: < 1 mBg/PMT (U/T h/k/Co/Cs)

’ . '

» .
’ » *

° Quéfrtz (sapphire under develo.pment) window: transparent té) :[he Xe 178 npr scintillation light

“@ ; ‘_':‘
v s ¥

NP
W A
LN

-
ALY/

* XENON100 array LUX array XI\/IA'SS.array ,

- - -
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e Basic D,eteCth.Cdncepts

Single phase: Double phase:
No drift (E=0) lonization e” drift (E#0)
Micropattern gaseous
} A COUERO I detectI:)rs (GEgI:, LEM, '
| MicroMEGAS, ...) L

&

““;‘

INEERENR llcglol;;lgli;‘l&l UNENEENENNENENEQEENEENENE INRENENEEENE NN LU L | ]

E-field (kV/cm)

v
|
G
8

a

’ Liquid “
' ' ‘Courtesy of Andre Rubbi

PMT |mmﬂsed or PMT or Phe to-

1484444 “ei’i,.
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o XMASS (current) at Kam|oka (LXe), DEAP/CLEAN (future) at SNOLab'(LAr) e NESL

- ‘ - » - -

. . ¢
.o Large volume with S|mp|e mechanical structure, eaS|Iy scalable

]
) L .
’ ' » » 5

Zero fleld and large PI\/ITS coverage aIIows hlgh light y|e|d and low energg/ threshold

- . -

, ® Background reductlon by self- shleldlng and hit pattern reconstruotlon 4 E o'

XMASS at Kamioka W .. " DEAP-3600 at SNOLab:
MiniCLEAN at SNOLab:% ’
835 kg LXe (100 kg fiducial) in water > 3600 kg LAr (1t fiducial) in

Cherenkov shield \7 . o .500 kg LAr (150 _kg fiducial) B athr Chororkriand
642 PMTs: 15 pe/ke under construction s B e o e
<5ke\(ee ~25keVr in fiducial volume; ) - ¢

. ’ to run in summer 2013
Operated in 2011-12 - “+ torunin2014 - .

will resume science run in 2014 . =T
- . -
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XI\AASS Status

L unexpected BG 2 order Iarger than est|mated from dominant PMT BG
-
® most'BG from Al seal of PI\/ITS For <5keV BG most likely cqurLt is Gore- Tex
(14C) used b/w PMTs +« r,

® detector disassembled and Improvement work in progress

L - o~ : ! L . . .
" . Al seal covered by Cu ring; Gore~lex removed and additional Cu structure
vv|II cover gaps b/w rmgs to avoid leakage events produced b/vv nngs
g " > 4 \ ‘» :
Ne t %tgd Ofy 5, ton "{lﬂl‘:} 1tor =V NEWL IV cCLleEd Mmalterial,Unael
" .V_.O " YAY, 'Iaﬂl AUN | 19) ) | BVVUI R
) » » " e
e start constructiof in 2014 SenS|t|V|ty.( ) <TOMCM="at SkeVee (~25keVr)" |
,for 1ton FV and much lower threshold in“full volume .t

-

. .

-

. g ' ATM Data

: Gore-Tex 210Pb
Gore-Tex 14C
Surface Cu 210Pb

PMT Al 210Pb
PMT Al 232Th

entries/day/ke

80 90 100

scaled energy[keV]
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DEAP- 8600 Status

° vveII separated smglet/trlplet In‘etlmeS in Ar allow for good PSD: demonstrated to OB vvlth‘

DEAP 1; projected to 1010 at 15 keVee o

m, (Ge\})0
XENON-1Tonne
Design Goal (sensitivity @ 60 GeV)

Months since Jan 1, 2013
80 100 120 140

m, =150 GeV

XENON-100

12/16 01/19 12/20
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»
o ~——TOP SUFPORT

NECK PROCESS SYSTEMS
—ACRYLIC VESSEL (AV)

— ACRYLIC' LIGHT GUIDES
— 255 PMTS

~—NMNUON VETO PMTS

-3600 EG
LIQUID ARGON

1 2y
i~ —FILLER. BLOCES

5 X PENTAGONAL
SFRINGS SUPPORTS

1



| DoubJe—pha"se' detectors: _TPCS

-
« PMT array . . .
x Prompt (S1 ) light signal aftéer interacfion in the
. . .
active volume i A . S
. Anode
. Charge s drifted, extracted into the gas phase’ , o SRS . >
: " ‘and detected as ,oroport/onal light (S2) . Gate grid '
Charge/l/ght depends on dE/dx particle . .w... P Sy .
' S - field
RO VRO
Wy vier ¥
b g .
¢ ran »
) TR L 44 i 2 *d' t light (S1 .
Tk - Rl e Cathode LA e ‘
Z WWW L IR TSI Y N
Z L 100 S1 photons S2 R .
' ,%-' 0_2;— | —: 0.
_ . drift time of electrons ' el 4 ) il ey p
- — s ‘ ' ' ’
O.I_— ‘ % . "
P 81 . 3 ' a x S2:645 photoelectrons detecte‘d from 32*
£ ] ionization electrons which generated,
o.oF ;J | ': about 3000 S2 photons *
. 140 > 220 230 240 g
Time / usec N

- . - ’
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“The Power 6f a TPC.for Background Rejection,

’ » - » . ! . .

¢ 3D event imaging allows to select
single scatter eve vfs and only.ir

) = v s | ‘
. 4 . .

oackgrou .
shleldmg .

N E

e GaMmmas from detector
. components and external sources
stopped at edges

. ' ¥

—
e
— —
— — — — — — — +

° Remainiﬁg background in : :
fiducialized volume domihated by Radius® [cm?)
events from 8°Kr and 222Rn in LXe : »

.

-
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qu i xenOn and iquid argon TPCS

XENON1OD at LNGS: [UXatSURF:  PandaXatCJPL: oo ¥ BN
s | . ¢ " ArDMat Canfranc: DarkSide at LNGS .
in conventional shield . in.watér in conventional . g 1 in liquid scintillator
161 kg LXe (~50 kg * CherenKov shields * shield: - | gésgoge&'f”a' SIRIAS e wlier shield
fiducial), 242 PMTs © 300 kg LXe (100, 123 kg LXe (25 kgg > arrays of PMTS 50 kg LAr (depleted
. '8 kg fiducial), 122 ﬂdumal) 180PMTs * ’ in 39Ar) .
in DM search > L PMTs* * . . |n commlssmnlng in cgmmission.ing' in‘commispioning
. : in operation °

~ % . . ‘

’
- - .
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XENON100 Status ..~

e 161 kg of LXe: 62 kg in the active target

,and rest as active L Xe veto viewed by PMTs
» . » ’

e "TPC with 30 cm drift with two PMT arrays
. (242 PMTSs) to detect the prompt and  *

. 'proportio.nal [[7 AL i’ .

] o._ 2012‘.kesul1;s for Sl and SD DM searc plus
| ) “a.stuay o résponé,'ﬁ NRS’ d resul

\Jv-\ ‘.[‘ 1"

/ .‘ . -.; es' .d oA,
1. 9 y . BN
~ . annual modulation,

SRS b
eV and GeV DM, etc.
. . »» r -

‘'« a . . o »edl® p

o 112078 new didtillation of the Xehas . »*
Iowered Kr/Xe levelto < 1.3 ppt (90% CL) %

+. reducing background,from, 85Krto <0.05
MDRU (in 2012 datgthis was 0.6 migRU)

e New:AmBe neutron calibration Comﬁleted‘ '
e New Dark Matter search started with
exeellent detector performance. Plan to take

. data-dver 1 year *
> : - .
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LUX Status . T e

» - .

® [Xe TPC - 300 kg active / 100 kg fiducial

» » . s ° »
e |nstalled in water tank et 4850 level of SURF/Homestake

° Xenbn condensed Feb 2013 C|reulat|ng S 20 SLPM

- . ' *q . » .
o Short ( 60 day) WII\/IP search 'run - result by end '20.1 3

L .u alh
'.F "ar-k'ﬁ P search run to

)

vV s\ ) /
" S - - 1<

*. zero baCkgroUnG——

)
. s *
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DarkSrde Status . St |

¢ DS-50 (50kg) LAFTPC 'in commrssronrng Underground ' N

38 PMTs (3 in) to detected Ar light shn‘ted by TPB | :

- " L .,

o PSD (I|ke in DEAP) plus. Charge/Lrght ratio and 3D spatral resolutron ' N
sub~cm) for BG rejectron

. - 7 oq

a ) ..
-»

‘o underground Ar to avoid pile- up from S9Ar

» - 5 » .

© bv Yurii Pevere

» c
. . “ 5 " .
O‘mutronvté‘é d water shield (Borex
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.Future ton..—eeate LXe and LAr Deteetdre

‘® Funded and under eonstruetron @ LNGS XENONT T (3.5 LXe)

L J Funded for Constructron start N 2014 @ Kamroka XI\/IASS (5t LXe)
L Funded for Commrssronrng start |n 201 4@ SNOLAB DEAP -3600: (LAr)

\

0~Funded for R&'D pr@p AlsjiniBreatation: L7, (7.t LXe) & 'DS#5000 (5t LAr
u

A

v.‘;

aer Stu

AV :
. Ny \J\ac N\
) o

—=il

il T i 5 Nt il

{ DARWIN

o
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‘Some of the Technical ChaHenges for
large volume liquid TPCS et e

° I|m|ted cheice of constructléwmaterlals with the reguired loy
rad|oact|V|ty level -> need large effort on materials screening. and , -
selec;tlon with multiple techmqueé ' L") « ¥

‘o drn‘t efectrons over 4 Meter dlstance with 3 nomlnal 1K¥/cm fieldes
" need low outgassing matenals & ultra pure liquid (<1 ppb O2) & .

extreme HV *
LR D

aveleng

: . . A iad
° built a dedicated cryogerflc faclllty wi’th- at CqumB‘ia o s P
(XENON1T Demonstrator) to test ‘t'echnologles relevant for large

volume LXeTPCs: , : ¢ ,
e, achieved high purity on fast'time scale with continuou$ gas
C|rculat|on through'heated getter at~ ~100 SLPM

e tested custom- made low. radioactivity HV feedthrough to > 1-OOkV

e tested performanCe of new R1 1410 PMTs in a LXeTPC with E- fleld

° _méaSured directly the charge (via S2) from events drifting 1 meter

. -
- -

Wednesday, June 5, 13 7



[ 35 ton LXeTPC

Matter Project

Xe

wena

mm@i X

_
I\ o\ || g

o4
[}

A
oy -
\J/

1m drift gap and 1 kV/cm_
- XNON.lT

in water tank: g

e active Ch
® constru
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5 \Nh‘at VOU- gia-h expect froom XENON1 5)

-

&
10

A statistically significapt WIMP signal of
<100 events if cross section at 104 cm?

after-2 ton-years of data or” by 2017 _ /j")?f/
o A ’ by 810 F +

S00 Gev
20 events

10°
Mass [GeV]

:

.........

coun ~ Allimit on WIMP-Nucleon SI
e “interactions at the 1047.cm?
level after 2ton-years of data

-
= ol
,,,,,, e
" ——

»

\J

WIMP-Nucleon Cross Section [cm?]

6 78910 20 30 40 50 100 200 300 400
WIMP Mass [GeV/c?
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...and this is how the nightmare might unfold by the end of the

‘decade> we reath the irreducible background from solar and
atmospheric neutrinos at ~104¢ cm? --and still no signal. = - *

Soudan CDMS-lite 170
SuperCDMS Soudan Low

10—39

- =
S o
P

10—40 i

‘\E 10—41 i

10—42 .

——

=

WIMP-—-nucleon cross section [c
WIMP-nucleon cross section [pb]

10—43
1074
1074 1079
| 10_46 10710
10747 o1
1048 L Asymmetric TTme—eeT T~ Cohen and PMSSM 1012
DM J.G. Wacker M. Cahill-Rowley
jo~4o HNE o inprep) ek ew g
1 10 100 1000 10
WIMP Mass [GeV /021 courtesy of J.Cooley-Sekula
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't is hewever better.to dream and wish for multiple
~experiments with different targets to reconstruct the

properties of the DM particle and with the input froma -
rew particle discovery at the LHC'in 2018

" -

0 Differeht targets are sensitive to different directions in the My~ Osi plane

target |e [ton X yr] ‘ton X yr]| keV| o(F) keV] background events/e s ¢
Xe : : . . Eq. (7) <1
Ge : : : : Eq. (6) <1
Ar : . : : Eq. (8) <1

T T T T T T T | T T T T T T T T
3 | T T T T T T T T | T T T T T T T T
p,=0.4 GeViem’, v, =544 km/s, v =230 km/s, k=1 i " p,=0.4+0.1 GeV/em?’, v, =544+33 km/s, v,=230+30 km/s, k=0.535 ]

B xe

reconstruction probabilities
for Xe, Xe + Ge, Xe + Ge + Ar

® DM benchmarks ]

1 1 |
102

i i ) ) i m, [GeV]
fixed galactic model ™ [GeVl including galactic uncertainties

Phys. Rev..D 83, 083505 (2011)
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Summary, and _Prospeete

s We rernain N the darR about 85% of the matter in the Universe. This is both « « =
embarassing but also an extraordinary opportunity for discovery. .

o The hypothesis that tne dark matter could be made of a new, heavy, neutral,
stable and weakly interacting partrcle is well motrvated by the expectation of new
2 physrcs at the weak scale 5L PR . . )
- ® Direct detectronuexpenments have rrt-i’.l 'd unprecedented sensrtrvrty (cross”
4 eﬁttlb 1S, oWt Ol 0P R)paLIC WINPawithsmasses. fromia. few, GeV g[O

.. . --Y 'Vv ’\Lk"w ~ K . / DA “'/ | ‘.I - \«'t JJ .‘iu n‘dl” I&-]d ‘
"+ "which'will b& reso cdiwith Troreeatesanc better control of bac gre .s.- \

. .o ™ -
..v( r ‘ l'

¢ WIMP detectors Wrtn noble liquid targets of several tons are in construction or !
advaneed desrgn phase, and the first.data are expeeted oy 201 5. With two

. .orders of magnitude or better sensitivity, they might be able to prove or disprove
the WIMP hypothesrs and provide Complementary iInformation to /nd/rect
searches and the LHC. ” Y § W Ll

-

® However, as We keep SearChrng for a WII\/IP signal, we should remarn oper "for
surpnses' ‘

» . - ’
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