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Matter and Energy Content of our Universe

Tuesday, May 3, 2011 (week )



Particle Dark Matter Candidates

Masses and cross sections 
span many orders of 
magnitude

From 10-6 eV to 1015 GeV

From non-interacting to 
strongly interacting

We know that the dark 
matter particle must be some 
state not contained in the 
Standard Model 10
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Weakly Interacting Massive Particles

One good idea: WIMPs; in thermal equilibrium in the early Universe

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

Their relic density can account for the dark matter if the annihilation cross 
section is weak (~ pb)

Such particles are predicted to exist in most Beyond-Standard-Model 
theories (neutralino, lightest Kaluza-Klein particle, etc)

χ+ χ̄ ↔ X + X̄

Ωχh
2 � 3× 10−27cm3s−1 1

�σAv�
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The WIMP Hypothesis is Testable
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Deep underground Above ground (in ice) At the LHC

We hope to learn a lot from direct detectors, from indirect detectors and from accelerators!

q--

Tuesday, May 3, 2011 (week )



Direct Detection of WIMPs: Principle

By their elastic collision with nuclei in ultra-
low background detectors

The energy of the recoiling nucleus is a 
few tens of keV:

WIMP

WIMP

ER

• q = momentum transfer

• µ = reduced mass (mN = nucleus mass; mΧ = WIMP mass)

• v = mean WIMP-velocity relative to the target

• θ = scattering angle in the center of mass system

µ =
mχmN

mχ +mN

ER =
q2

2mN
=

µ2v2

mN
(1− cosθ)

Tuesday, May 3, 2011 (week )



Expected Rates in a Terrestrial Detector

For now strongly simplified:

R ∼ N
ρχ
mχ

σχN �v�

Particle physics

Astrophysics

N = number of target nuclei in a detector

ρχ = local density of the dark matter in the Milky Way

<v> = mean WIMP velocity relative to the target

mχ = WIMP-mass

σχN =cross section for WIMP-nucleus elastic scattering
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Local Density of WIMPs in the Milky Way

ρhalo = 0.1− 0.7GeVcm−3 ρdisk = 2− 7GeVcm−3

For a density of 0.3 GeV cm-3, 
we have ~ 3000 WIMPs m-3  
(MW = 100 GeV)

WIMP flux on Earth: ~ 
105 cm-2s-1 (100 GeV WIMP)

Even though WIMPs are 
weakly interacting, this flux is 
large enough so that a 
potentially measurable fraction 
will elastically scatter off nuclei

~ 600 kpc (J. Diemand et all,  Nature 454, 2008, 735-738)
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WIMP Mass and Spin-Independent 
Cross Section

Examples for recent predictions from supersymmetry: cross 
sections down to a few ×10-47 cm2
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FIG. 5: (color online) The spin independent cross section σSI
χ̃0
1p

versus neutralino mass. Points are

colored according to the value of m1/2 taken. Applying the XENON and CDMS limits we see that

m1/2 is preferred in the 120 GeV to 155 GeV region.

well as the indirect constraints imposed above. For example, one such model in Figure 5 has

mA = 190GeV, tan β = 56, mχ̃0
1
= 60GeV, n11 = 0.994 and n13 = 0.102; for this particular

model, σSI
χ̃0
1p

∼ 5.5× 10−43 cm2 in excess of what is allowed by XENON 100 data. Thus the

XENON constraint is stronger than the Tevatron bound for this point. More generally, we

obtain a limit arising from the dark matter direct detection constraint:

mA
>∼ 300GeV XENON Constraint . (28)

Including uncertainties in the form factors that enter the computation of σ

SI
χ̃0
1p

one may

loosen or tighten this constraint a bit; however, the point here is that the constraints on mA

become rather strong from the XENON data. The value quoted above is particular to the

requirements within the confines of the scaling predictions in Eq. (10) and the mass range

Eq. (12). However, other models with radiative electroweak symmetry breaking are also

strongly constrained. We have performed a separate analysis to investigate minimal super-

gravity models which satisfy the WMAP constraints of Eq. (11) via stau-co-annihilation,

22

MSUGRA
Feldmann, Freese, Nath et al;
arXiv:1102.2548v1 [hep-ph]
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Figure 7. The regions of the (mχ̃0
1
,σSI

p ) planes in the CMSSM (upper left), NUHM1 (top right), VCMSSM
(lower left) and mSUGRA (lower right) favoured at the 68% and 95% CL including the CMS constraint
(solid lines) and excluding it (dashed lines). The best-fit points after (before) the CMS and ATLAS
constraints [19,20] are shown as open (solid) green stars, and the best pre-LHC fits as green ‘snowflakes’.
The results are calculated assuming ΣπN = 64 MeV.

Ref. [59] analyzes the CMS constraint within
the CMSSM and reaches similar conclusions on
the increases in m1/2 and tanβ that it entails.
Ref. [60] considers a more general model than
those examined here.
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Expected Interaction Rates
Calculate the differential recoil rate by integrating over the WIMP 
velocity distribution

dR

dER
=

σ0ρ0
2mχµ2

F 2(ER)

� vmax

v>
√

mNER/2µ2

f(�v, t)

v
d3v

MWIMP = 100 GeV
σWN=1×10-44 cm2

(Standard halo model with ρ= 0.3 GeV/cm3)
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spectrum gets shifted to low energies for low WIMP masses⇒
need light target and/or low threshold on ER to see light WIMPs

T. Schwetz, TEXAS 2010, 9 Dec 2010 – p. 7

Different WIMP masses Different target nuclei
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The Challenge

To observe a signal which is:

very small ( few keV)

extremely rare (1 per ton per year?)

embedded in a background that is 
millions of times higher

• Why is it challenging?

• Detection of low-energy particles - done!
➡e.g. micro-calorimetry with phonon readout

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

• But can we do both?

Tuesday, May 3, 2011 (week )



Direct Detection Techniques

Phonons

Charge

NaI: DAMA/LIBRA 
NaI: ANAIS
CsI: KIMS

Light

LXe: XMASS
LAr, LNe: 
DEAP/CLEAN

CaWO4,  Al2O3: 
CRESST

C, F, I, Br: 
PICASSO, COUPP
Ge: Texono, CoGeNT
CS2,CF4, 3He: DRIFT 
DMTPC, MIMAC 
Ar+C2H6: Newage

Al2O3: CRESST-I

WIMP WIMP

LXe: XENON 
LXe: LUX
LXe: ZEPLIN
LAr: WARP 
LAr: ArDM

Ge, Si: CDMS
Ge: EDELWEISS
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Cryogenic Experiments at mK Temperatures

Detect a temperature increase after a particle interacts in an absorber

Temperature sensors: superconductor thermistors or 
superconducting transition sensors

χ

E

χ

T0

T-sensor
Absorber
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Cryogenic Experiments at mK Temperatures

Advantages: high sensitivity to nuclear recoils (measure the full energy 
in the phonon channel); good energy resolution, low energy threshold 
(keV to sub-keV)

Ratio of light/phonon or charge/phonon: nuclear versus electronic 
recoils discrimination
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Expected signal region
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The Cryogenic Dark Matter Search (CDMS)

At the Soudan Laboratory in Northern Minnesota, 2090 mwe

Neutron background due to muons: ~ 1 kg-1 year-1
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CDSM: Signal versus Backgrounds

Ratio of charge-to-phonon signal and time difference between charge 
and phonon signals to distinguish WIMPs from backgrounds 

                  acceptance region

γ (133Ba)

β (133Ba)

n (252Cf)

• 133Ba

•  252Cf

Neutrons/WIMPs

Gammas

Surface events

Gammas

Neutrons/WIMPs
Tuesday, May 3, 2011 (week )



CDMS-II at the Soudan Mine

5 towers, each with 6 Ge/Si detectors operated at 40 mK at Soudan, in 
appropriate low-background shield until 2009

Entrance to the mine CDMS cryostat
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Final CDMS WIMP Search Runs: 191 kg d

WIMP search data analysis: Two events passing all cuts (which were 
set “blind”, based on calibration and background data outside the 
WIMP search region)

Event 1:            
Tower 1, ZIP 5 (T1Z5)           
Sat. Oct. 27, 2007
2:41pm CDT

Event 2:            
Tower 3, ZIP 4 (T3Z4)           
Sun. Aug. 5, 2007
8:48 pm CDT

Gamma-Background
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FIG. 2: Ionization yield versus recoil energy for events pass-
ing all cuts, excluding yield and timing. The top (bottom)
plot shows events for detector T1Z5(T3Z4). The solid red
lines indicate the 2σ electron and nuclear recoil bands. The
vertical dashed line represents the recoil energy threshold and
the sloping magenta dashed line is the ionization threshold.
Events that pass the timing cut are shown with round mark-
ers. The candidate events are the round markers inside the
nuclear-recoil bands. (Color online.)

ate the pre-blinding misidentified surface event estimate.213

Therefore, a refined calculation, which accounts for this214

effect, produced a revised surface event leakage estimate215

of 0.8 ± 0.1(stat) ± 0.2(syst) events. Based on this re-216

vised estimate, the probability to have observed two or217

more surface events in this exposure is 20.4%. Inclusion218

of the neutron background estimate increases the prob-219

ability to have observed two or more background events220

to 23.3%. These values indicate that the results of this221

analysis cannot be interpreted as significant evidence for222

WIMP interactions. We nonetheless note that we lack223

sufficient additional information to definitively reject ei-224

ther event as a signal event.225

To better quantify the consistency of the candidate226

events with the nuclear recoil and surface event hypothe-227

ses, we performed a likelihood ratio analysis using dis-228

tributions for yield and timing of these two event classes229

from calibration and WIMP-search multiple-scatter data230

to calculate the likelihoods. We found that, in the case231

of T1Z5 (T3Z4), 2.5% (0.01%) of surface events have a232

likelihood ratio less consistent with the ionization-side233

surface event hypothesis and 0.24% (0.02%) of surface234
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FIG. 3: Normalized ionization yield (number of standard de-
viations from mean of nuclear recoil band) versus normalized
timing parameter (timing relative to acceptance region) for
events passing all cuts, excluding yield and timing. The top
(bottom) plot shows events for detector T1Z5(T3Z4). Events
that pass the phonon timing cut are shown with round mark-
ers. The solid red box indicates the signal region for that
detector. The candidate events are the round markers inside
the signal regions. (Color online.)

events have a likelihood ratio less consistent with the235

phonon-side surface event hypothesis. Similarly, ∼75%236

of neutron events have likelihood ratios more consistent237

with the neutron hypothesis. A correction for the afore-238

mentioned timing reconstruction remnant, which has not239

been made for the likelihood ratio analysis, would in-240

crease the consistency of the T3Z4 event with the surface-241

event hypothesis.242

To quantify the proximity of these events to the243

surface-event rejection threshold, we varied the timing244

cut threshold of the analysis. We would have had to re-245

duce our exposure to WIMPs by 28% in order to achieve246

zero events in the signal region, corresponding to an ex-247

pected leakage of 0.4 surface events.248

We calculate an upper limit on the WIMP-nucleon249

elastic scattering cross-section based on standard galac-250

tic halo assumptions [10] in the presence of two events at251

the observed energies, without background subtraction,252

using the Optimum Interval Method [22]. The result-253

ing limit shown in Fig. 4 has a minimum cross section254

of 7.0 x 10−44 cm2 (3.8 x 10−44 cm2 when combined255

with our previous results) for a WIMP of mass 70 GeV.256
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nuclear-recoil bands. (Color online.)

ate the pre-blinding misidentified surface event estimate.213

Therefore, a refined calculation, which accounts for this214

effect, produced a revised surface event leakage estimate215

of 0.8 ± 0.1(stat) ± 0.2(syst) events. Based on this re-216

vised estimate, the probability to have observed two or217

more surface events in this exposure is 20.4%. Inclusion218

of the neutron background estimate increases the prob-219

ability to have observed two or more background events220

to 23.3%. These values indicate that the results of this221

analysis cannot be interpreted as significant evidence for222

WIMP interactions. We nonetheless note that we lack223

sufficient additional information to definitively reject ei-224

ther event as a signal event.225

To better quantify the consistency of the candidate226

events with the nuclear recoil and surface event hypothe-227

ses, we performed a likelihood ratio analysis using dis-228

tributions for yield and timing of these two event classes229

from calibration and WIMP-search multiple-scatter data230

to calculate the likelihoods. We found that, in the case231

of T1Z5 (T3Z4), 2.5% (0.01%) of surface events have a232

likelihood ratio less consistent with the ionization-side233

surface event hypothesis and 0.24% (0.02%) of surface234
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detector. The candidate events are the round markers inside
the signal regions. (Color online.)

events have a likelihood ratio less consistent with the235

phonon-side surface event hypothesis. Similarly, ∼75%236

of neutron events have likelihood ratios more consistent237

with the neutron hypothesis. A correction for the afore-238

mentioned timing reconstruction remnant, which has not239

been made for the likelihood ratio analysis, would in-240

crease the consistency of the T3Z4 event with the surface-241

event hypothesis.242

To quantify the proximity of these events to the243

surface-event rejection threshold, we varied the timing244

cut threshold of the analysis. We would have had to re-245

duce our exposure to WIMPs by 28% in order to achieve246

zero events in the signal region, corresponding to an ex-247

pected leakage of 0.4 surface events.248

We calculate an upper limit on the WIMP-nucleon249

elastic scattering cross-section based on standard galac-250

tic halo assumptions [10] in the presence of two events at251

the observed energies, without background subtraction,252

using the Optimum Interval Method [22]. The result-253

ing limit shown in Fig. 4 has a minimum cross section254

of 7.0 x 10−44 cm2 (3.8 x 10−44 cm2 when combined255

with our previous results) for a WIMP of mass 70 GeV.256

T1Z5

T3Z4

Properties of the candidate events                             

20/01/2010 , Seminar, University of Zurich                       Tobias Bruch, University of Zürich                                                                27Tuesday, May 3, 2011 (week )



Limits on WIMP-nucleon Cross Sections

Background estimate:

0.8 ± 0.1 (stat) ± 0.2 (syst) events

Probability to observe two or more 
events is 23%

At a WIMP mass of 70 GeV, the 
cross section limit is 3.8 x 10-44 
cm2 (90% C.L.)

Science, 1186112 (2010)
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Future Cryogenic Dark Matter Projects

US/Canada: SuperCDMS (15 kg 
to 1.5 tons Ge experiment)

Larger Ge detectors (650g) with 
improved readout

To be located at SnoLAB

Laura Baudis, University of Zurich, ENTApP DM Workshop, February 3, 2009

Cryogenic mK Experiments: Near Future

10 kg array of 33 CaWO4 

detectors 

new 66 SQUID channel array

- new limit from operating 2 

detectors (48 kg d) published 

in 2008, arXiv:0809.1829v1

- new run in progress

10 kg (30 modules) of NTD 

and NbSi Ge detectors in 

new cryostat

- new charge electrodes

- 100 kg d under analysis

- data taking in progress

CDMS-II run 129 in progress

SuperCDMS detectors (1!! thick ZIPs, 

each 650 g of Ge) have been tested

Installation of first SuperTower at 

Soudan in spring 2009

Goal: 5 x 10-45 cm2 with 16 kg Ge

CRESST at LNGS EDELWEISS at LSM CDMS/SuperCDMS at Soudan

SuperCDMS: The Next Generation

Rupak Mahapatra

UC Santa Barbara

for the CDMS Collaboration

21

Europe: EURECA (100 kg to 1.0 
ton cryogenic experiment)

Multi-target approach

To be located at the ULISSE Lab 
(Modane extension) in France

ULISSE = LSM extension
• Civil works started for safety gallery

(600m done)

• Decision for ULISSE to be taken in
spring 2011 to profit of dig machines

(2X M!, capital)

• Recommendation by SAC in 2010

• Decision now (november 2010) in
hands of prime minister

Tuesday, May 3, 2011 (week )



Noble Liquids Time Projection Chambers

Large, scalable, homogeneous 
and self-shielding detectors

Prompt (S1) light signal after 
interaction in the active volume

Charge is drifted, extracted into 
the gas phase and detected as 
proportional light (S2) 

- S2/S1 depends on dE/dx 
- good 3D position resolution

=> particle identification

Ar (A = 40); λ = 128 nm
Xe (A=131); λ = 178 nm

Tuesday, May 3, 2011 (week )



The XENON Program

XENON R&D

XENON10

XENON100

XENON1T

ongoing

2005-2007

PRL100
PRL101
PRD 80
NIM A 601

2008-2011
taking science data
first results: PRL105

2011-2015

XENON: Columbia, Zürich, Coimbra, Mainz, LNGS, WIS, 
Münster, MPIK, Subatech, UCLA, Bologna, Torino, Nikhef

Proposal submitted to 
LNGS in April 2010

TDR submitted to LNGS 
mid October, 2010

1 ton fiducial
2.4 t total
@180K1 ton fiducial

2.4 t total
@180K

Tuesday, May 3, 2011 (week )



The XENON100 Experiment

At the Gran Sasso Laboratory in Italy, ~ 3600 mwe

Operated in conventional passive shields (Cu, Poly, Pb, H20)

Tuesday, May 3, 2011 (week )



The XENON100 Detector

161 kg of ultra-pure liquid xenon (LXe), 62 kg in the active target volume

30 cm drift gap TPC with two PMT arrays (242 PMTs) to detect the prompt 
and proportional scintillation signals

Tuesday, May 3, 2011 (week )



Example of a 9 keV Nuclear Recoil Event

4 photoelectrons detected 
from about 100 S1 photons

S1

S2

70µs ~ 12cm

645 photoelectrons detected 
from 32 ionization electrons 
which generated about 3000 
S2 photons

25

drift time -->z
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Example of a 9 keV Nuclear Recoil Event

Tuesday, May 3, 2011 (week )
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XENON100 Backgrounds: Data and 
Predictions

Data versus Monte Carlo simulations (no MC tuning, input from screening values for 
U/Th/K/Co/Cs etc of all detector components); no active liquid xenon veto cut  

Background is 100 times lower than in XENON10 and meets design specifications

XENON100 collaboration, arXiv:1101.3866, PRD 83, 082001 (2011)

2νββ
85Kr 222Rn
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XENON100 Backgrounds: Data and 
Predictions

Data versus Monte Carlo simulations (no MC tuning, input from screening values for 
U/Th/K/Co/Cs etc of all detector components); no active liquid xenon veto cut  

Background is 100 times lower than in XENON10  (and any other dark matter 
experiment) and meets design specifications

DAMA

CRESST CoGeNT

CDMS XENON10

XENON100

Tuesday, May 3, 2011 (week )



Background Rejection in XENON100

LXe self-shielding from penetrating 
radiation

Additional identification/rejection of 
gammas and neutrons by:

charge/light (S2/S1): > 99.5% 
rejection

3D event localization with mm 
precision: a) fiducial volume b) 
single scatters

Tuesday, May 3, 2011 (week )



XENON100 2010 Dark Matter Run 
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FIG. 2: 90% confidence limit on the spin-independent elastic WIMP-nucleon cross section (solid and long
dashed), together with the best limit to date from CDMS (dotted) [5], re-calculated assuming an escape
velocity of 544 km/s and v0 = 220 km/s. Expectations from a theoretical model [6], and the areas (90% CL)
favored by CoGeNT (green) [7] and DAMA (red/orange) [8] are also shown.

III. DARK MATTER SEARCH AND UPCOMING ANALYSES

Mid-January 2010, we started a Dark Matter run until summer, see figure 3. With more than

100 live days of data, and given our low background level, we now have a data set on tape that

is unprecedented in the search for Dark Matter. Additional calibrations with low anode voltages,

dedicated to light-pattern based likelihood algorithms, were taken. Analysis of this data set is in

full progress and we are anticipating unblinding of the signal region within 2010. This data will for

the first time probe the next order of magnitude in cross section of spin-independent WIMP-nucleon

interactions. In parallel to this analysis, we are working on further physics interpretations of the

already-published data set as well as publications dedicated to the detector, our extensive screening

efforts, and the background simulation.

Date
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(published)

FIG. 3: Data taking of run 7 (black) and run 8 (green). More than 100 live days to search for Dark Matter
were acquired in run 8 during spring 2010 and are currently being studied.

IV. PREPARATIONS FOR LOWER BACKGROUND SEARCH

The pulse tube refrigerator (PTR) together with its associated systems (helium compressor, motor

valve, etc.) as well as the recirculation/purification system have been in continuous operation since

early 2008 and maintenance became necessary. Having enough data on tape to reach the next order of

magnitude in probed WIMP-nucleon cross-sections, we decided to recuperate the xenon to allow these

necessary works. Helium compressor, motor valve and helium lines were exchanged. The PTR was

PRL105

New Results (2011)
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XENON100: New Results
Exposure:  ~ 1471 kg days; data taken during January - June 2010

Signal region:
3 events are observed
1.8 ± 0.6 gamma leakage events expected
0.1 ± 0.08 ± 0.04 neutron events expected

Fiducial mass region:
48 kg of liquid xenon
900 events in total

Tuesday, May 3, 2011 (week )



XENON100: New Results

Blue bands: 1- and 2-sigma 
expectations, based on zero signal

Limit (dark blue) is 1.5-2 sigma worse 
than expectations, given 2 events 
observed at high S1

At a WIMP mass of 50 GeV, the limit 
on the SI WIMP-nucleon cross 
section is 7 x 10-45 cm2 (90% C.L.)

Limit is robust against extrapolation of 
Leff below 3 keVr

XENON collaboration, arXiv:1104.2549v1 [astro-ph.CO]

Tuesday, May 3, 2011 (week )

http://xxx.lanl.gov/abs/1104.2549v1
http://xxx.lanl.gov/abs/1104.2549v1


XENON100: Status

New AmBe calibration

Taking 60Co and 232Th 
calibration data

Dark matter run since 
March

Background back to 
level in 2009
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XENON100: expected sensitivity
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IceCube: competitive limits for SD 
WIMP-nucleon interactions

C. de los Heros 
Madrid, April 2011

Tuesday, May 3, 2011 (week )



Next Phase: XENON1T

Designed to probe the σ-region 
down to 5x10-47 cm2

TDR submitted to LNGS in 
October, 2010

Construction to start in late 2011
Full physics reach by 2015

ICARUS XENON1T
WArP

10 m x 10 m water shield 
active muon veto

Tuesday, May 3, 2011 (week )



Beyond Current Detectors: DARWIN

To reconstruct WIMP properties such a mass and scattering cross 
section we will (likely) need larger detectors for high-stats recoil spectra
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FIG. 1: The joint 68% and 95% posterior probability contours in the mχ − σp
SI plane for the three DM benchmarks

(mχ = 25, 50, 250 GeV) with fixed Galactic model, i.e. fixed astrophysical parameters. In the left frame we show the re-
construction capabilities of Xe, Ge and Ar configurations separately, whereas in the right frame the combined data sets Xe+Ge
and Xe+Ge+Ar are shown.

For the local circular velocity and its uncertainty, a va-

riety of measurements presents a broad range of central

values and uncertainties [56]. To again remain conserva-

tive we use an interval bracketing recent determinations:

v0 = vlsr = 230± 30 km/s (1σ) , (15)

where we take a Gaussian prior with the above mean and

standard deviation. To account for the variation of the

local density of dark matter in our modeling, we will take

a mean value and error given by [57, 58]

ρ0 = 0.4± 0.1 GeV/cm
3

(1σ) , (16)

There are several other recent results that determine ρ0,
both consistent [59] and somewhat discrepant [60] with

our adopted value. Even in light of these uncertainties,

we take Eq. (16) to represent a conservative range for the

purposes of our study.

For completeness Table II summarises the information

on the parameters used in our analysis.

VI. RESULTS

A. Complementarity of targets

We start by assuming the three dark matter bench-

mark models described in Section II (mχ = 25, 50, 250
GeV with σp

SI = 10
−9

pb) and fix the Galactic model

parameters to their fiducial values, ρ0 = 0.4 GeV/cm3
,

v0 = 230 km/s, vesc = 544 km/s, k = 1. With the exper-

imental capabilities outlined in Section III, we generate

mock data that in turn are used to reconstruct the poste-

rior for the DM parameters mχ and σp
SI . The left frame

of Fig. 1 presents the results for the three benchmarks

and for Xe, Ge and Ar separately. Contours in the figure

delimit regions of joint 68% and 95% posterior probabil-

ity. Several comments are in order here. First, it is ev-

ident that the Ar configuration is less constraining than

Xe or Ge ones, which can be traced back to its smaller A
and larger Ethr. Moreover, it is also apparent that, while

Ge is the most effective target for the benchmarks with

mχ = 25, 250 GeV, Xe appears the best for a WIMP with

mχ = 50 GeV (see below for a detailed discussion). Let

us stress as well that the 250 GeV WIMP proves very

difficult to constrain in terms of mass and cross-section

due to the high-mass degeneracy explained in Section II.

Taking into account the differences in adopted values and

procedures, our results are in qualitative agreement with

Ref. [26], where a study on the supersymmetrical frame-

work was performed. However, it is worth noticing that

the contours in Ref. [26] do not extend to high masses

as ours for the 250 GeV benchmark – this is likely be-

cause the volume at high masses in a supersymmetrical

parameter space is small.

In the right frame of Fig. 1 we show the reconstruction

capabilities attained if one combines Xe and Ge data,

or Xe, Ge and Ar together, again for when the Galac-
tic model parameters are kept fixed. In this case, for

mχ = 25, 50 GeV, the configuration Xe+Ar+Ge allows

the extraction of the correct mass to better than O(10)

GeV accuracy. For reference, the (marginalised) mass

accuracy for different mock data sets is listed in Table

III. For mχ = 250 GeV, it is only possible to obtain a

lower limit on mχ.

astro-ph.CO: 1012.3458, accepted in PRD (2011)

fixed galactic model
reconstruction probabilities 
for Ar, Ge, Xe

fixed galactic model
reconstruction probabilities 
for Xe, Xe + Ge, Xe + Ge + Ar

Miguel Pato, Laura Baudis, Gianfranco Bertone, Roberto Ruiz de Austri, Louis E. Strigari and Roberto Trotta 

Tuesday, May 3, 2011 (week )

http://xxx.lanl.gov/pdf/1012.3458
http://xxx.lanl.gov/pdf/1012.3458


DARWIN: DARk matter WImp search with Noble liquids

Preliminary

LAr LXe

2009 - 2012:  R&D and Design Study
2013: Submission of LoI, engineering studies
2014 - 2015: Construction and commissioning
2016 - 2020:  Operation, physics data

R&D and design study for next-generation noble liquid detector in Europe
Location: Gran Sasso (Italy) or ULISSE (Modane Lab extension, France)
Physics goal: prove WIMP-nucleon cross sections beyond 10-47 cm2

(darwin.physik.uzh.ch) arXiv:1012.4764v1

Tuesday, May 3, 2011 (week )

http://xxx.lanl.gov/abs/1012.4764v1
http://xxx.lanl.gov/abs/1012.4764v1


Summary and Prospects

Direct detection

discover relic particle
constrain (m,ρ×σ)

with input from LHC/ILC
  determine ρlocal

Indirect detection

discover relic particle
constrain (m,σ×∫ρ2)

with input from LHC/ILC
  determine ρGC/halo

LHC/ILC

 discover new particles
determine physics model
and mWIMP
 predict direct/indirect
% cross sections
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End
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