Universitat Zrich

Thursday, August 26, 2010 1



Goal of Direct Detection Experiments

e Detect new, yet undiscovered particles, which may be responsible for the dark matter in the MW

e Here focus on WIMPs = heavy (few GeV - few TeV), color and electrically neutral particles; in thermal
equilibrium with the rest of the particles in the early universe, freeze out when Mw>>Tr

e Such particles are predicted by most attempts to understand the weak mass scale

e \We are interested in the local distribution of WIMPs (density and phase-space)
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Strategy for WIMP

Direct

Detection N\

e Collisions with atomic nuclei

e Rates depend on: [my, ], [f(v), po], [N, F3(ER), Ei] ...
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e Recoil spectrum featureless
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e With WIMP-nucleon cross sections

<107 pb, the expected rates are

< 1 event/100kg/day
e Energy of recoiling nuclei
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Sighals and Backgrounds
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Diurnal directional modulation:
~ 50% effect

gamma, betas: ER vs NR discrimination and self-
shielding

muons: go deep underground, add muon veto

neutrons: NRs, but also capture and multiple
scatters

alphas: much higher energy depositions, but
recoiling nuclei a problem if @ energy not seen in
active detector volume
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The Challenge

e To observe a signal which is:
= very small (few keVs)
= extremely rare (1 per ton per year?)

= embedded in a background which usually
iIs millions of times higher

e Why is it challenging?

e Detection of low-energy particles - donel!
= e.g. microcalorimetry with phonon readout

e Rare event searches with ultra-low
backgrounds - done!
= e.g SuperK, Borexino, SNO, etc

e But can we do both?

Laura Baudis, University of Zurich, SUSY10, August 26, 2010
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Direct Detection Technigues
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Where did we stand? © _: _/bAma; Na
(by the end of 2009) '/
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This talk: focused on latest results
+ prospects for the future

Laura Baudis, University of Zurich, SUSY10, August 26, 2010
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In severe conflict with other experiments!
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New XENON100 results (more later!)
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Low mass WIMPs: excluded?

Preliminary!

P. Sorensen, IDM2010

: : ® Max Gap 90% C.L. upper limit
arXiy:1001.2834 between 1.6 keVr and 3.8 keVr
arXiy:1007.1005 ®12.5 live days

® 1.2 kg target

e conservative -10 QQ, energy

calibration Summary by
\ \ ®no account of (L*S()IU!i()hﬂhiS
<3 would improve limits) T_ SChwetZ, IDM201 0
]()_39 T T T T T T T ]
B solid: q, =0.3+/-0.03
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e Reanalysis of XENON10 data 210 — CRESST
. o™ - — CDMS Si (2005)
using S2 (charge) only and a - - CDMS Ge
1.2 kg target u — XENON100 (mean L )
. B XENONI10 S2 analysis
e z-cut based on S2-width i " P.Sorensen, talk @ IDM201
e Energy threshold: 1.6 keVr I |
-41 | !
103 10
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he CDMS-II Experiment

e 30 Ge (4.75 kg) and Si (1.1 kg) phonon and ionization Entrance to the Soudan mine

detectors below 40 mK in 5 towers

e At Soudan since 2003
o Latest CDMS-II analysis: 191 kg days (Ge) of exposure
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CDMS: Signal versus

Sackground

e Ratio of the charge/phonon-signal and time difference between charge and phonon
signals => distinguish signal (WIMPs) from background of electromagnetic origin
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Runs: 191 kg days
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he CDMS 90% Confidence Upper Limit

B Science, 1186112 (2010)
107 ¢ Ay , ,

A gl e CDMS combined Soudan data:

= at a WIMP mass of 70 GeV, the limit
on the spin-independent WIMP-

nucleon cross section is: 3.8 x 1044
cm? (90% C.L.)

=t
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e Background estimate:

WIMP-nucleon o [em’]

e 0.8+0.1(stat.)+0.2(sys.) surface events

0.04 .
0.047 o3 COsmMogenic neutrons

10' A A " A " S . .
10' 10° 10’ 0.04 — 0.06 radiogenic neutrons

WIMP mass [GeV/c?]

Probability to observe 2 or more background events is 23%
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New results: EDELW

1SS

See talk by Klaus Eitel,

e Bolometric detectors (Ge) at 18 mK at LSM, France

e | atest analysis: 322 kg days of exposure

= 3 events near threshold, 2 outliers (background?)

= pbackground estimate < 1.6 events for the run

e New run with 4 x 800 g detectors started on July 3rd
= Goal: 40 detectors, 3000 kg days in 2012
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New results: CRESS

e Bolometric detectors (CaWQs) at 20 mK at LNGS, Italy
e | atest analysis: ~ 400 kg days of exposure

= 32 events observed
= pbackground estimate 8.7 + 1.4 events for the run

e Next step: new run with strongly reduced & background

1.5
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0 — W-recoil band
| ’l. 1 1 1 1 I ] | ] | I 1 1 1 1 ]
0 50 100 150

Energy [keV]

Thursday, August 26, 2010 17



Cryogenic mK Experiments: Near Future

EURECA at ULISSE Lab (LSM extension)

Joint effort for 100 kg -1t experiment in Europe
Cresst, Edelweiss, Rosebud + others
Multi-target approach

Design study (2009-2012) :
approved by ASPERA first call

Operation:
by 2015 (150 kg version)
2018 (1 ton version)

SuperCDMS/GEODM at Soudan/SNOLAB/DUSEL

US/Canada program for 15 kg - 1.5t Ge
experiment

15 kg at Soudan, approved
(detectors: 17 thick ZIPs, each 650 g of Ge; first
SuperTower run has been completed)

100 kg at SNOLAB

1.5 tons at DUSEL

transition from cavern

cryo/vac eqpt room

shield and cryostat
@5.6m x 5.6m

control room

rollup door for
construction access

'ﬂm

DAQ/electronics room

detector assembly roo
‘ class 100 6m x 4m x 6m
2 L‘ (detector can shown)

shield lid storage

Thursday, August 26, 2010
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Noble Liguids Time Projection Chambers

Ar (A =40); A =128 nm
Xe (A=131); A =175 nm

¢ Dense, homogeneous targets/detectors; high light and charge yields

e Prompt (S1) light signal after interaction in active volume; charge is drifted, extracted into the gas
phase and detected as proportional light (S2)

- S2/S1 depends on dE/dx

=> particle identification
- good 3D position resolution } > particie | mcau

Gamma
200
gamma
_ 150 S2
: St
i 1% drift time
= < >
0 |
0 20 40 60 80 100 120
time [usec]
200/
150, WIMP (here neutron)
5 S2
= 100 siken
3_4 drift time
S0 S1 = ﬁ
0 l
0 20 40 60 80 100 120
time [usec]

Laura Baudis, University of Zurich, SUSY10, August 26, 2010
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The XENON Program

2011-2015
XENON R&D

studies in progress
technical proposal
submitted to LNGS

2008-2011 end of April, 2010
taking science data

2005-2007

ongoing Columbia, Ziurich, Coimbra, Rice (Mainz), LNGS, Minster,
MPIK, Subatech, SJTU, UCLA, Bologna, Torino, Nikhef
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The X

—NON100

Experiment at LNGS

161 kg ultra-pure LXe: 62 kg in the active target surrounded by 99 kg LXe as scintillator veto
e 30 cm drift gap TPC with two PMT arrays to detect both charge and light signals
e 242 1-inch square PMTs with < 1 mBg/PMT in 238U/?32Th and high QE (25-33%) at 178 nm

e 3D event localization with few mm x-y-z resolution

The XENON100
detector in its
low-background
shield at LNGS

Thursday, August 26, 2010
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XENON100 Neutron Calibrations

e AmBe (~ MeV neutrons) data to map the nuclear recoil band, 220 n/s

* Inelastic n-scattering on Xe: 12%131Xe + n — 129.131Xe + n + y (40 keV, 80 keV)

E [keVr]
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XENON100 Backgrounds: Data and Predictions

e Preliminary: data and MC (no MC tuning; before the active LXe veto cut)
e More detailed studies are in progress (include cosmogenics)
e The background meets the design specifications:

= 100 times lower than in XENON10 (and than in any other direct dark matter detection experiment)
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Analysis of XENON100 “non-blinded” data

Exposure = 170 kg days = 11.2 live days x 40 kg x 0.76 (€) x 0.50 (50% NR acceptance)
(data taken between Oct - Nov 2009)
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XENONT0O: First Spin-Independent Results

o 107 e T 3 XENON100 collaboration
5 A DAMA 1 arXiv:1005.0380v2
ERTTIANS _ | PRL 2010, in press
% E “ ColGeNT E
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| et’s dream for a moment...

e \What if the two CDMS events are WIMPs?... What would XENON100 see?

e Assumptions:
= 50 kg x 40 days x 50% signal acceptance = 1000 kg days exposure

= 30 kg x 200 days x 50% signal acceptance = 3000 kg days exposure (lower background)

. Xe target; 5-50 keV; 1000 kg—days e Xe target; 5-50 keV; 3000 kg—days
10— —————— : — 3 ‘ ———— : _
: e 1-Sevents | i e 1-5events
* 5-10 events | I * 5-10events |]
I g 10-20 events | I 10-20 events |;
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2 | 2
% 7
o} © ,
- =7 | i
107} 107} HTTATAAEG
i i L | H
i : L 90 %
10°} 107}
107 ——— T — —J 107
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Next Step: XENONTT

Construction starting in 2011
Dark matter run in 2013

Ti Vessels

PTFE

3" QUPID (121)

I\ | Hybrid
i/ photo-
Sensors

LNGS option (Hall B)

10.2 M

LSM option

Thursday, August 26, 2010
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Two-phase Argon Detectors

WARP at LNGS ArDM at CERN
WIMP target: 140 kg LAr WIMP target: ~1 ton LAr
- S1 and S2 read-out with 41 x 3” PMTs - S1 read-out with 14 x 8” PMTs
- active LAr shield: ~ 8t, viewed by 300 PMTs - direct electron readout via LEMs

(thick macroscopic GEM)
Detector had been installed in December 08
Some technical problems with HV Detector is being commissioned at CERN
Now again under commissioning at LNGS Underground operation: LS Canfranc in 2011

E
|

11

-~
-
=
=
=
-
-

Laura Baudis, University of Zurich, SUSY10, August 26, 2010
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DARWIN VAT

(DARK matter Wimp search with Noble liquids)

e R&D and design study for next-generation e Sy

nOble quUid facility in Euro pe Kaluza-Klein dark matter: Direct detection vis-a-vis CERN LHC
* Approved by ASPERA (AStroParticle ERAnet) in

late 2009

* Focus: coordinate existing European activities in
liquid argon and xenon towards the construction
of a multi ton dark matter facility

e Possible locations: LNGS (Italy) or ULISSE
(Modane extension, France)

e Physics goal: probe WIMP-nucleon Sl cross
sections well below 1047 cm?

N

Arrenberg, Baudis, Kong, Matcheyv, Yoo
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DARWIN

DARWIN

Institutions and Connections ‘

A total of 22 groups from:

ArDM and WARP for LAr
XENON for LXe

Europe: UZH, INFN, ETHZ, Subatech,
Mainz, MPIK, Minster, Nikhef, KIT, IFJPAN

USA: Columbia, Princeton, UCLA

Laura Baudis, University of Zurich, SUSY10, August 26, 2010
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Complementarity
between LAr and LXe

T -8

DARWIN

10

: 5 ton—years Xenon (50%)
| =10 ton—years Argon (80%)

|| B0 5 ton—years Xenon (50%) + 10 ton—years Argon (80%)

M =100 GeV
Ar: 141 events
Xe: 310 events

_ M = 50 GeV

E_ _9 Ar: 119 events f
— 10~ Xe: 348 events

5 [

M = 200 GeV
Ar: 102 events

Xe: 191 events
M = 500 GeV

Ar: 51 events
Xe: 85 events

WIMP-nucleon

cross section = 10° pb
-10| 1-sigma contours

10" 10

Mass [GeV/cz]

10
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International Competition (l)

e To XENON100:

e LUX in the US
= 350 kg LXe TPC, 100 kg fiducial

= t0 be operated above ground at
Homestake in 2010

e XMASS in Japan

= 800 kg single phase detector (642
PMTs), 100 kg fiducial, 10x10 m
water shield

= under construction at Kamioka

= {0 start science run in summer
2010

e Mini-CLEAN in Canada
= 500 kg LAr (150 kg fiducial)
= under construction at SNOLAB

LUX at Homestake

XMASS at Kamioka

Mini-CLEAN
at SNOLAB

Thursday, August 26, 2010
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International Competition (ll)

MAX at DUSEL

LZS at DUSEL

er ,76

Scintillator A

3.89m

LZS
1.5 Ton

DEAP-3600
cavern
at SNOLAB

e To XENON1t and DARWIN:
e MAX in the US

= engineering study for 5t LAr and 2.4t LXe TPCs
at DUSEL (ISE)

= DarkSide + XENON + new groups
LZS in the US

= engineering study for 1.5 ton LXe experiment for
the ISE at DUSEL

= | UX+ZEPLIN-Ill+ new groups
DEAP-3600

= 3.6 t of LAr (1 ton fiducial)

= under construction at SNOLAB

= first dark matter run planned for 2012

Thursday, August 26, 2010
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Summary/Outlook (l)

e Direct search for dark matter particles: a very active field!
e Steady progress in the last ~ 10 years: > factor 100 increase in sensitivity!

4+ Heidelberg -Moscow 1998

Cross-section [sz] (normalised to nucleon)

Best current limits

Theory (SUSY): Balz, Baer, Bednyakov, Bottino, Cirelli,
Chattopadhyay, Ellis, Fornengo, Giudice, Gondolo,

I 1 Massiero, Olive, Profumo, Roszkowski, Ruiz, Santoso,
_44 | Ll N | N Spanos, Strumia, Tata, Trotta ...+ many others

1 2 3

10 10 10
WIMP Mass [GeV/c”]
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Summary/Outlook (Il)

e Good news: experiments are probing some of the theory regions
e Next generation projects should reach the = 10-1° pb level

e \What will they see? (nobody has been there before!)

-40

N
S

[
-

A
~

Cross-section [sz] (normalised to nucleon)

~O

A
N

[
-

‘
|

SuperCDMS1t, WARP1t, ArDM, LUX,
XENON1t, EURECA, XMASS, DARWIN, ...

10" 10°

WIMP Mass [GeV/cZ]

Laura Baudis, University of Zurich, SUSY10, August 26, 2010

Heidelberg -Moscow 1998

Best current limits

Theory (SUSY): Balz, Baer, Bednyakov, Bottino, Cirelli,
Chattopadhyay, Ellis, Fornengo, Giudice, Gondolo,
Massiero, Olive, Profumo, Roszkowski, Ruiz, Santoso,
Spanos, Strumia, Tata, Trotta ...+ many others
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Nuclear Recoll

Energy of nuclear recoils (NRs)

Measured signal in nr. of p.e.

Quenching of scintillation
yield for 122 keV y’s due
to field (0.58 at ~ 0.5 kV/cm)

Ser
X
S

nr

S
Enr —
L L,

Light yield for
122 keV vy in p.e.
(~2.00 p.e./keV)

Relative scintillation efficiency of
NRs to 122 keV y’s at zero field

Quenching of scintillation
yield for NRs due to field
(0.95 at ~0.5 kV/cm)

—Quivalent

—nergy Scale

S(E)/S_ or Q(E)/Q

1

0.4

0.2

0.20
0.15
0.10
0.05

0.00

_—

;

—

NR light (5

*'Co charge

*'Co light

NR charge (55 keV)

|.|-l"'|"_|'_ | | | | | | | I | 1 1 1 | 1 | | | | | | | | | 1 | 1 |

0 1 2 3 4 5 6
Electric Field [kV/cm]

Arneodo (2000)
Bernabei (2001)
Akimov (20027 ¢+
Aprile (20035)
Chepel (2006)
Aprile (2009)
Manzur (2010)
Sorensen (2009)
— Lebedenko (2010)
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Other interpretations”? IDM...

¢ Inelastic dark matter: 2 states with a mass splitting around 100 keV: by “coincidence” equal

to the kinetic energy of WIMPs in the halo

o=m,. —m, ~ ,Bzmx ~100 keV

S. Chang et al.,
Phys.Rev.D79:043513,2009

= \WIMP-nucleus scattering occurs through a transition to a WIMP excited state
= probes high end of the WIMP velocity distribution

regions allowed by DAMA (not including channeling) and excluded by CDMS & Xenonl0 at 90% CIL
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excluded by CDMS

Science, 1186112 (2010)
CDMS Collaboration

allowed by DAMA

Thursday, August 26, 2010

38



Other interpretations?

e Particle with EM-interaction (sterile neutrino decaying to light v + X-ray, something else?)?
e Experiments with particle ID can also analyze their ER spectrum

CDMS ER spectrum at low-energies

CDMS r

10

Energy = 8.98 keV (65Zn)
Rate = 0.73 + 0.1 cpd kg "

6.5 keV: °Mn X-ray

Energy = 6.54 = 0.1 keV
Rate = 0.44 = 0.09 cpd kg™’

Energy [keV] 0 2 4 6 8 10 12

Energy [keV]
6 ‘ ‘ | | A ™ em—— CDMS Collaboration
| PRD 81, 042002 (2010
5F DAMA/LIBRA | 08¢ ;0.067 8 y ( )
- Energy = 3.15 + 0.02 keV 07" . |
DAMA I% 4+ Width = 0.611 = 0.025 keV E _
modulation T" Rate = 0.698 + 0.051 cpd kg™ H'&n 06
at 2-4 keV and =3 1 EXE -
excess of events E ] Upper limit on the
at 3.15 keV 27 I = 04r total counting rate in Ge
| 3 03 - direct (solid)
al T :\*"“ S s - Z2-scaling (dashed)
0.2
0 _/\ I I
0 2 4 6 8 10 0.1

Energy [keV] 2 25 3 3.5Energ§ [keV]4.5 5 55 6

Laura Baudis, University of Zurich, SUSY10, August 26, 2010

Thursday, August 26, 2010

39


http://prd.aps.org/abstract/PRD/v81/i4/e042002
http://prd.aps.org/abstract/PRD/v81/i4/e042002

