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What do we know about Dark Matter

Interacts via gravitational action +
Dark + Massive + Still around today + (Quasi)Stable ’

DM is a manifestation of
physics beyond the Standard
Model.

Wide variety of candidates :
Axion, WIMP, superWIMP,
Exotics, ...

A symmetry (at least approx.)
is needed to prevent DM
particles from decaying.
WIMPs are one of most
attractive proposals. Why?
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Why WIMP?

Assumption: DM in equilibrium with the SM plasma at early times
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1. WIMP miracle an attractive T ‘ ‘
picture explaining the density of ) e
DM in the Universe today as
thermal relic DM density for
particles with masses and
coupling strengths at the
electroweak scale.
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2. WIMPs automatically occur in many models of physics beyond the
Standard Model, such as i.e. supersymmetric extensions.

3. WIMPs interacting with SM particles allow us to use particle physics
experimental techniques to search for them.
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How WIMP

First goal: measure WIMP interactions with the SM compute mass and
cross section then check the relic density.

INDIRECT X X PARTICLE
DETECTION COLLIDER
search for SM SUPER Super search for DM
byproducts HEAVY WlMP production
of DM annihilationlj DM Light Rdirect or via
(or decay) DM decay of new particles
Axion
q like q
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How WIMP

First goal: measure WIMP interactions with the SM compute mass and
cross section check the relic density.

SPECIFIC PARTICLE
PHYSICS MODEL

INDIRECT X X PARTICLE
DETECTION COLLIDER
search for SM search for DM
byproducts production
of DM annihilation direct or via
(or decay) decay of new particles
STANDARD
q wmopber (@
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EXPECTED SIGNAL IN cMSSM
(WMAP+LHC+XENON100)

ALLOWED

WIMP mass

WIMP-nucleon cross section WIMP-nucleon cross section
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simple SUSY model with predictive power (4+1 independent parameters).
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Direct dark matter detection

Astrophysics: Earth within the solar system is ‘flying' through a halo of
WIMPs with Vg ~ 220km/s.

2
meN

A non-relativistic WIMP () striking a nucleus (N) will induce:
2
Erecoi/ = W—mN)ZV (1 — COS 0) ~ 100keV (mX >> my) ‘

1.Detector with low energy threshold.

2.3 Vinin = / My Erecoit /2142 required to produce Eecoj-

Coherent Sl elastic scattering of WIMP:
os = (M%V/M%uc/eon)zA20-g7deon , p-reduced mass ‘

3. Target material with high A.
4. 3 when AdeBroine < (RN X A1/3).
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Direct dark matter detection

Astrophysics (Standard halo model):

Local WIMP density p, ~ 0.3 GeV//cm®.

WIMPs form ~ isothermal halo around the galaxy with Maxwellian
velocity distribution with Vy ~220km/s and a cut-off due to the escape
velocity from the galaxy of Vesc = 650 km/s.

counts/day/kg/keV:
leon
dRat PxOS[<
dE 2 e, = 2,: Sé A2F2(E,,A)./—"( Vmin(ErecoiIa A7 mx)a Vesc; VO) )
recoil XM nucleon

velocity distribution

5. 3 pyoduclon /m, degeneracy. Several energy bins and/or targets (A).

6. 3 kinematic limit:my, >> my = Viin = \/ Erecoil /2mn.
7. Astrophysics uncertainties affect all DDM experiments equally.
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Complementarity of targets

Signature of dark matter

Vm, quasi-exponential spectral shape dependent on A.

(Sl) WIMP Recoil Energy Spectrum (Xe, c = 10"5cm2) (SI) WIMP Recoil Energy Spectrum (M = 100GeV, ¢ = 10"5cm2)
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Complementarity of targets

Choose WIMP benchmark case : o2¢" and m,,.
Generate mock counts according to experimental capabilities.
Reconstruct the mock data in m, — g2ucleon

104 - = T T T T T
E c 1 ton*year Xenon '.é [ p 04Ge\//cm Vg -544 km/s \A 230 km/s, k=1 ]
= [ | = 5ton*year Argon ¥
2 I 1 toreyear Ko + S ton'year Ar | 25, 50 and 250 GEV WIMP
4 L [ cross section 10%b = 10%2m2
ﬁ Xenon (56 events) | 5ton-yr (Xe) + 3 ton'yr (Ge) + 10 ton-yr (Ar/,
g S /
(3} ]
10
E Argon (42 events)
L 100 GeV WIMP [ ]
cross section 10 tm2 3 1
r G2 3 1
Arisaka et al, L Patv_:u et al, i
45 | 2TXiVi1107.1205v2 | arXiv:1012.3458v2 ) ® DM benchmarks
10° ) Ve . L h iR . il
2 s 50 102 10°
10 10 Mass (Ge\}{) m, [GeV]
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Annual modulation

Signature of dark matter
Vm, & Eecoit modulation in DM scattering rate dependent on A, Eireshold-

=
F(Vimin Evecoits A ), Vese, Vo) = [y @3V, Vi = /iy Erecon/ 2015
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But what is the background 7

Gammas & betas — electronic recoils

From: CR, natural radioactivity and cosmogenic UNDERGROUND LABORATORY
activation of the detector and shields, 2?Rn DEPTHﬂZOO(l)(-)gool%ZmV\’Zi

5 5 o o muon Tiux o m
Reduction via: low-activity Pb, Co, H,O, noble y

liquids (active), IN, purge, purification (liquids) a
and active background discrimination. Q
e g
. ¢
Neutrons— nuclear recoils

From: (a, n) and spontaneous fission (concrete,
rock, etc.). Neutrons from CR muons

|

=Y

Reduction via: n-moderator (PE, paraffin, ...), ED
n-veto, u-veto, multiple hit. E
f (@

. . — . T
Alphas interact both with e~ and nuclei ‘ o
From: Rn daughters decays, intrinsic contamin. N \\\,R
Reduction: active background discrimination. \ = U
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Direct DM Detectors: Detection channels

Coulomb interactions

diffusive
Heat = Phonons
™~ ballistic

Free charges E field effect

IO nisation 4 Recombination light

recoﬂ\ \ Excitations
Excitation

__+ Light (via chemical processes)
De-excitation light

Partitioning usually dependent
on energy and ionisation density

Electronic recoil and nuclear recoil events have different energy sharing

This allows for active discrimination of electromagnetic background via
two detection channels. But this is not the only way.
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Direct DM detectors

T PHONONS
PHONONS& CRESST-I
LESS PHONONS & LIGHT
CDMS CRESST-II
ROSEBUD
ML - LIGHT& CHARGE

HEAT VIA
NUCLEATION
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Direct DM detectors

/LIBRA PHONONS
PHONONS& CRESST-I
LESS PHONONS & LIGHT
CDMS CRESST-II
ROSEBUD
SLaids - LIGHT& CHARGE
CoGeNT

XENON10-100
HEAT VIA
NUCLEATION
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ound discrimination:

gammal/e P

~ ~ gammal/e
Ko} alpha Ko} alpha
C c
C o
© ©
K <
(&) (&)
c ey
o neutron o
Is] Is] neutron
2 A o Al
a 3 A2
Detection channel 1 x Detection channel 1
3
~ gamma/e H‘
Q alpha 5
c ~
© o
< S | REJECT
(&}
c degraded o
Q neutron ACCEPT
3
Detection channel 1 Detection channel 1’
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Active background discrimination

Fiducialization

Surface sees most of environmental background + radioactive deposits on
the surface + "edge" effect lead to signal losses.

Requires: partitioning of the signal readout or position dependent response.
Many of experiments. 1:> 102 ER rejection.

Pulse shape discrimination

Electronic and nuclear recoil events produce
light with different timing. 5
Requires: Timings sufficiently different. E
Enough photons.

(a) Neutron induced ion recoils
40-60 keV

Log (S2/S1)

LAr detectors: Tget =~ 6ns and 015 BT
Tolow =~ 1.6us. 1:> 10® ER rejection. o

* a-nuclear recoil acoustic discrimination °j

1:> 103 rejection in nucleation detectors. O e Shime Disrimmation Parametor ()
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Active background discrimination

Nucleation threshold

Superheated liquid - nucleation occurs
when enough energy to create a bubble
with critical radius is deposited.

Tune by operating P and T to measure
only NR.

1:> 100 ER rejection.

dE/dX Nucleation Threshold

% nuclear recoils™>

\\ clectrons —3

2 4 s 8 W 1 4 1 18 0
Vapor Pressure - Operating Pressure [bar]

Multiple scatter rejection

Mean free path of gamma’'s < m.f.p of neutrons < m.f.p WIMPs.
Requires: Multiple modules or big detector with many readout channels or
active veto.

All experiments.

dE/dX [KkeV/micron]
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Status of SI DM search

Theory driven : most experiments are designed to achieve the best
sensitivity in the 50GeV-1TeV range. No WIMP only exclusion plots. J
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Status of SI DM search

. . —_— " . .
Data driven : some experiments report "hints” for WIMP interaction. )
T T T T 3
== g
=
ﬁ‘Q' DAMA/LIBRA (no channeling)
S 'F N, 3
< F N CDMS (SUF)
\}) [ CoGeNT — \ ™=
o) + 145 kg-day \
I \XENON100
0.1 1 1 1 1 1 1 1
4 5 6 7 8 9 10 11, 12
arXiv:1106.0650 - m, (GeV/c)
10% T g P 1 E &3 Dashed :  90%
| Vo= 230kmls, v, =550 ks |
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o~ (modulation) 5
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Status of S| DM search: Conflicting results

XENON10/100, CDMS-II exclude
these region at 95% CL.

DAMA/LIBRA, CoGeNT and Questions raised:

CRESST (?) see low energy How certain are these exclusion?
events excess.

DAMA/LIBRA and CoGeNT see T Saaas .

the signal modulation.

Light WIMP (<15GeV) scenario
individually fits all of the them.
Questions raised: :
Some exotic DM model? °
Does it has to do with DM at all?
Is it the same DM?

energy threshold
energy scale (QF Leff,...)

nergy resolution

m, ~m,

m, [GeV]
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Nuclear recoil energy scale

Most of recoil energy eventually becomes heat. Heat detection channel
measure true recoil energy for both ER and NR i.e. keVee=keVr=keV.

Fraction of total recoil energy transferred to charge/light is different for
NR and ER.

Expressed by energy dependent quenching factor for NR:

CHARGE LIGHT
QF := / JEIRT | QF € {0,1}
QFer == 1 deﬂned by calibration.
»
EJOT[keVr] = EZST [keVee]/ QF, o |
Example: T 10keVee
QF=0.25 at 10keV. °
10keV by ~v: = 10keVee. g i AOKeVr
10keVee/0.25= 40keVr. .

L L L T L L4
10 0 30 50
Observabzle Ch1or é?nz (a.u.)
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Noble liquids: Nuclear recoil energy scale

QFLSHT = absolute NR scintillation efficiency = Linhard factor

Interaction in LXe (or LAr) produce N; ionized and Ney excited atoms.
Recombining ions contribute to the scintillation light production.

ny o< Nex + riN;

Sum is independent of recombination: N; + Nex = ny + Nejectron

QF = ﬁ(NR) - E(l\é’.’\?—;gl\#)() = 6(""7_""'electron)

Eng”
QFgr := 1 defined by calibration.

Relative NR scintillation efficiency = Effective Linhard factor

Lefr is zero-field ratio of light yields of nuclear recoils and electronic recoils
at defined energy (122keVee).

Ler(NR) = I E,éy:(szzR/?eVee), where Leg(NR) # L(NR)
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DAMA/LIBRA

Measures scintillation light from 25 x 9.7kg Nal(Tl). 2PMTs in
coincidence per crystal.

With 13yr and 1.17txyr:

Sees modulation signal (only singles) in 2-6keVee at ~8.9 ¢ CL with
period lyr and phase 146+7days. ~2% modulation amplitude.

= 0.05

50025 T
Resolution g 0 LS .
~32%@©2keVee. 0025 L
Mutiple scatter cut. -0.05

, 0 2 4 6 8 10 12 14 16 18 20
R. Bernabei et al., Energy (keV,o
Eur. Phys. J. C67,

39 (2010)

2-6 keV

U

DAMA/LIBRA ~ 250 kg (0.87 tonxyr)

-4

o

3
Residuals (cpd/kg/keV)

Time (day)
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DAMA/LIBRA

QF(Na)def: <03 + 0~01>6.5—97keV = 2keVee ~ 6.7TkeVr

4

&

4

8

3

&

Na recoils in'Nal(TI)

3

g

2

&

2(

Quenching Factor [%]
]

DAMA;
default value
taking uncertainties
for consistent picture
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0
00>
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6

arXiv:1007.1005,1106.0650 |
20 40

Spooner
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arXiv:0806.1916 Nuclear Recoil Energy [keVnr]
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107 T — T T T
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| \ i
g
S 10*F S
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| o CDMS Si05
m
Z
[ (@]
Z
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QF(Na) >0.3 allows for compatibility between DAMA and CoGeNT

allowed regions.
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CoGeNT

Measures ionization from one 440g

%160’ /9 }
PPC HPGe with one readout 3l 5 g 12
channel. %1207 %16 i
With 442live d and ~145kgxyr: o S ’O»Gé
Sees modulation signal (only % = g
singles) in 0.5-3keVee at ~2.80 g st £ loas
CL with period 347+29 days and 3 E §

5 ~<

minimum in Oct. 164+12d.
16.6+3.8% modulation

'S
S
T
L
=)
bo

=
+
o
+
o
S

amplitude. oLiacii S 0
Energy resolution ~14%@0.5keVee. e Sﬁergyz'fke\f’)z
Multiple scatter cut. L2140 ' ‘ ' ' T ‘
. . Si1zoF Tt e 5
Surface events cut = rise time cut. & R
Background subtraction. g = Tt 0:5:9.0 osvim
GO0 T .I;JO. T 2‘06 - l3;.)0‘ o 4‘00 T 5‘00 ’
arXiv:1106.0650 Days since Dec 3 2009
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CoGeNT

QF(Ge)o‘ﬁkeVee: 0.218 £ 0.0058 = 0.5keVee ~ 2.3keVr.

Quenching tactor

Sotller 66

o Chasman 68

o Jones71-75
Shutt 92

v Messous 95
Boudis 98 LINDHARD (k = 0.20),

o Simon03

A ELELWEISS 07

CoGeNT 9%4

10

o, (x10™ pb)

ilija Pantic (P1C2011)

QF(Ge)@3keVr~0.6keVee=0.218+-0.0058

'".'_'|""\I""I""I""I""I""l""

QF(Na) (2-6keVee)= 0.3 £ 0.13

DAMA/LIBRA (no channeling)

o
CoGeNT —\
145 kg-day \

3 )
E CDMS (SUF)

N e GO
\XENON100 7
PR S S NS TS  [NS ST S [N S S [N ST S S [N T S S [ S T ST S [ ST SR
5 6 7 8§ 9 10 11 1
m, (GeV/c")
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Measures heat and ionization from
30 modules: 230g Ge /100g Si. Per

module: 4 phonon (x-y position) and

2 ionization (r cut) readouts per
module.

With ~2y and ~191kgxyr.

In 10-100keV:

Expected surface ev =
0.8+0.1(stat)+0.2(syst).
Expected n = 0.1+0.05(syst).
Observed: 2 events

Cuts: veto, multiple scatter, fiducial
volume, ionization yield, phonon
timing, 20 n-band
Resolution@10.37keV: 3% for
ionization, 5% for phonon.

Emilija Pantic (PI1C2011) short

- IONIZATION YIELD -

n

T

Event 1:

Tower 1, ZIP 5 (T1Z5)
Sat. Oct. 27, 2007

Tower 3, ZIP 4 (T324)
Sun. Aug. 5, 2007

Expected signal region
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CDMS: Low threshold analysis

stimate:

Soeg e

1. CDMS SUF data reanalysis line v Sidebands for background ¢

. 0.7
with 1keV threshold :
0.6
2. 2006-2008 Ge data o 0]
reanalysis with 2keVr 2 04
S
threshold. 3%
=
Loose the ER/NR NP2
discrimination accept some o1
of: T
b?Ckground' —oal: o Zero-charge
Tighten NR band ) 10 100
—10 Recoil energy (keV)
(+125,-05) o & N X\ CDMS 2010\ " 90%CL!
L <3 N~ _SUF '\ %, CDMS 2009
No phonon timing cut. o S\
. § >\ DAMA
No background subtraction. 210 N
= CDMS 2010 "+
. E low thresh TN
Energy scale uncertainty? 2 *
. T N e
4 6 8 10 12
arXiv:1011.2482 WIMP mass (GeV/c?)
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CDMS and CoGeNT comparison

Comparison of CDMS and CoGeNT spectra:

10!

Directly compare the rates (same
target). Energy resolution are similar
0(10%)@1keV.

Rate in CDMS inconsistent with
7GeV WIMP.

CDMS fairly understands the

alti
o CDMSII (all det)
noise, contamination. o R e \

——a—

Counts (keV™" kg™ day™)

e —
[ =

spectrum. CoGeNT excludes neutrons, CDMSSUF

4 5 6 8 9 10
Recoil energy (keV)

Comparison not really apples to

apples: NR scale is wrong for ER o g
events in case not full energy is e b /\
recorded. See 1.3keV line at two —i“”' r:?’}ﬁo L
different locations. ! ER O

FoiE S

N
n

10 15 20
Recoil energy (keV)
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CRESST-II

Measures phonon and light

from 9 300g CaWO4 crystals.

With ~1y and 730kgd (not
published)

In 10-40keV

Excess of events!
Composite target: additional
active discrimination via
selection of one type of
nuclei.

For WIMP <10 GeV only O
recoils above threshold.

For large masses W
dominates.

Emilija Pantic (PI1C2011)

= IF T
ff Light yield (QF) of different nuclei recoils in
£ CaWO04 measured at different temperatures and
3 different input energies
02r. %0
o+ Ca E!
F" 4 v 1
M O O T
[ v i S I Pb 1
0021 i
i
0,01 Lot [ [ [ Lt

short
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A

fraction of WIMP interactions in 10 - 40 keV
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CRESST-II

Erecoil = Ephonon

nght yleld = E/ight/ErecoiI =

1:10* rejection via O recoils

1:>10° rejection via W recoils.
Resolution@3.6keVee: 8% for phonon.
No surface dead layer.

Degraded o and 2%°Pb recoils from:
210 pp 206 pp(103keV) + a(5.3MeV)

Non-scintillating clamps contamination.

Preliminary: From ~50 events in O
band, 40% not explained by
background. Possible solution with
~13GeV WIMP and o ~ 10~ 5pb
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XENON100

-
Measures light and ionization from i :
62kg of LXe with 178 PMTs. With g B3 ks
100.9 live d and 1471kgxd & g e

In 8.4-44.6keVr (4-30pe):

] 30
Recoil eneray (keVr)

Expected bck = 1.8+0.6 S T

arXiv:1104.2549

Observed: 3 events

Cuts: veto(LXe), multiple scatter,
fiducial volume, S2/S1 cut, from
99.75% ER rejection to -30 n-band,
pattern cut, posterior noise cut.

4

\
i\ O pavana

A\
\ cDMs ﬁ
N\

%, EDELWEISS

ool N,
SN

WIMP-Nucleon Cross Scction [cm’]
3

XENON100 (2010)

ol 1

XENON100 (2011)

4 | . .
6 78910 20 30 40 50 10( 200 300 400

0
'WIMP Mass [GeV/c?]

2
8
8
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certainties at low masses

The nuclear recoil scale
determined down to 3keVr.
Below the trend is
logarithmically extrapolated

ITTTL AT rrT e, T T A

g |1 to 0@1keVr.
i ‘ XENON100 energy threshold
3 4567 SE:lc[:gy[keanr(l) 30 40 50 100 is 84kevr
o10% XENON100 (2011)
SOEYN L . S — Sensitivity to low masses is
c1°“‘°§ oo skt only due to energy resolution
ool B e of the detector.
Even with the cut of
e Lesr@3keVr, does not affect
wol the result compared to
CoGeNT 2010 data.
10 ‘ T bcoandioy lhev?

Mass [GeV/c?]
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XENON10: Nuclear recoil scale using NR charge yield Q,

Avoid debate over L.g reconstruct

SE nuclear recoil scale from ionization

# e signal (S2)
|

‘ _ 52
HE b Enr = Gx0,
[

8@*% S2 - charge signal in pe.
g

e o

Gg - gas gain in pe/e”
Qy- NR charge yield in e™ /keVr

Q, [electrons kel
O = N W H»& 0O N O O

1

10
Recoil Energy [keV]

: Reanalysis of 12.5 live days of
CoGeNT XENON10 data with 1.4keVr

107 e threshold.
] Ve s Lose: light signal S1, most of
& 10"” ha ¥ .- .
oo N z positioning and ER/NR
(S2 only) — 2 kg d . . . .
o Cekew S discrimination.
10 XF{\'ON l'ﬂ() — \\ . )
R Do a tight radial cut.
10 15 20

5
arXiv:1104.3088 m GeV]
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Status of S| DM search: Conflicting results

DAMA/LIBRA and CoGeNT see XENON10/100, CDMS-II
modulated low energy events excess. exclude these regions at 95% CL.

Can it be the same DM for CoGeNT and DAMA? Yes, but with
QF(Na) higher than what is expected. (1106.1066)

Some exotic DM model/halo model ? Yes, for some models, signal by
DAMA or CoGeNT, is consistent with or not excluded by others.
(1106.6241, 1107.0717)

Some exotic DM model for all of them? No simultaneous explanation
of CoGeNT and DAMA compatible with others. (1106.6241)

Does it has to do with DM at all? Difficult to say (1102.0815, 1006.5255)

How certain are the exclusions? To get a consistent picture = major
errors in understanding of CDMS and XENON10/100 detectors.
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Results and experiments about to come ...

Analysing Installation/ construction/R&D

CRESST-I CoGeNT-4 - 10x mass.

ZEPLIN-III (SSR ~ 560kgd) CRESST-II -improved modules.
EDELWEISS-II - 40xFID800

Data taking LUX350- LXe DP TPC

ArDM -850kg LAr DP TPC
DAMA/LIBRA  XENON100 (> 100/d) | DM-ICE -250kg.
COUPP - 4kg DM-ICE (~15kg) COUPP- 60kg.

MiniClean 500kg LAr SP

— DEAP-3600 3.6t LAr SP (1t FV)
DarkSide50-50kg LAY DP TPC
XMASS - LXe SP - 100kg FV SuperCDMS-10kg
WARP - 140kg LAR DP TPC. Directional DM ...

XENON1t, SuperCDMS 100kg, PANDA-X, DarkSide5T, EURECA, DARWIN, MAX ..
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nsitivity goal
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Summary: MORE DATA WILL TELL

Majority of Direct DM searches is theory driven.
Is it x? About to probe it for many SS models.

Is it light DM? Still unresolved. More results very soon by CRESST!
More experiments will search for modulation: DM-ICE.

ER/NR background reduction and rejection strategies are being improved.
Understanding background? Not completely, need to dig more !.

Ongoing effort around the world for better precision measurements of QF
down to lower energies. Will reduce uncertainties in the energy scale.
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THANK YOU !

Emilija Pantic (PI1C2011)



EDELWEISS with interleaved electrodes

EDELWEISS

Measures heat and ionization

from 10 modules: ~400g Ge . 37

Per module: 1 phonon and 6 jt '''''''
ionization (r-z cut) readouts per S E

module. With ~ 1.5y and ,,_sé_

~384kgxyr: osf-

In 20-200keV. i S

Expected bck = 3. N I

90% CL Limits: Simple Merger of CDMS and EDELWEISS Data

3 Y e
\ P
107 . /\? g

Observed: 5 events
Combined limits with CDMS.
Cuts: veto, multiple scatter,

Spin independent cross section [cm™]

[T
fiducial volume, surface events w0 .
(ID), ionization yield, 1.640 [y
107 -~ CRESSTI
n-band - - l _———
10 10 10 10
'WIMP mass [GeV/c?]
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CDMS: Energy scale and rejection

Phonon energy measures full recoil energy minus ER/NR " drift heating”.
Erecoil = Ephonon - Eionizationevbias/ge—hole

lonization yield = Ejonization/ Erecoilt = 1 : 10%rejection

Timing cut = 1:~200 rejection.

Resolution@10.37keV: 3% for ionization, 5% for phonon.

15 . — ionization yield 1:10%4ER rejection
"_ IBZ’:‘“;G“;““” timing cut 1: ~200 surface ER rejection
a Surface Events |- 30
O  CfNeutrons = ! 13385 Bulk Gammas
= v 5 ) + B, Surface Events
g 1H i E 2 O *CfNeutrons
- o —
<
.g g 10
g 0.5) 15
S +
— -4 :
: o o ‘
< ]
A |
0 ' ‘ -10— ‘ ' : ; .
0 20 40 60 80 100 -10 -5 0 5 10 15
Recoil Energy (keV) Normalized Timing Parameter
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XENON100: Nuclear recoil scale using Lg#

Ler sets the scale between measured S1 (pe) and keVr XENON100 values

Enr — S1 See 1 L,(122keVee) = 2.20

L,(122KeVee) ~ S» * Ler 40.09 pe/keV
L,(122KeVee) = light yield for 122 KeVee i .
s(122KeVee) = light yield for e 0 [0 Se=0.58, S,=0.95

See and S,r = quenching of scintillation yield for ERr

and NRs due to field. Ly =055 )}
= T E
035 w oL —
F % Bernabei 2001 =
03F 4 Akimov2002 _:
E ¥ Aprile 2005 L 3
- O Chepel 2006 I + ) =
0.25 - ® Aprile 2009 — 1] 1 t ‘* 3
] 0.2 :_ A Manzur 2010 — F—e—y ' i --' 3
3 C = Plame 2011 T 1k =R 3
0.15F il % ‘ i 3
0.1 e | | T =
0.05F E
O: 5 R | ; N 3

1 2 3 45678910 20 30 4050 100

Energy [keVnr]
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Implication on inelastic dark matter (IDM)

IDM: DM scatters into an excited N oty atag g ot st
state (Tucker-Smith and Weiner, Phys. M

Rev. D64, 043502 (2001))

X+ N = x*+ N, where

mX* — mX* = ~ 100keV

Modified kinematics:

Vinin = (M Erecoit /i + 8) /v/2mn Erecoir
High mass target favoured

Vm,'n(W) < Vm,-,,(Xe) < Vmin(/) <
Vmin(Ge)

arXiv:1104.3121

3 (keV)

DAMA/LIBRA signal as IDM :
disfavoured by CRESST-II, :
XENON100 ... =] L gt

10°
WIMP mass [GeV/c*]
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Comments on Cogent/DAMA

DAMA/LIBRA has = uﬂdi\jlnnon induced delayed low energy évents in , ,M-Selvi et al. (2009)

Checked that fO“OWing e%Ecombination with observed modulatlon of MUOH roTe n LNGS

can not explain low

energy excess of events: ‘ ‘
h ! ] : : ! ] I

Radon, temperature, Lp | lme N NN

Muon intensity ()’

noise, shifts in energy lmmﬁisﬂi"; Bi‘éir?n"tfé’?osue.ﬁ("’”'” 006 et
Otot combination with modulation of n's; . Neutronrate
Scale over t|me, t|me (barns) 1900 1arXiv: .5255 882 '{‘%j + at LNGS

.. R-<R>"" / N\
dependent efficiency, 100 ‘M M N %

background, muon flux L e .

- . I -0.0
variation. o ot 050 100 150 200 250 300 350
n eV day number

CoGeNT has checked that following can not explain low energy excess of
events: Radon on passivated surfaces, neutrons, electronic noise,
microphonics and is checking other possibilities.

Possibility pointed in arXiv:1006.5255: Auger M-photoelectrons from 8.5keV
X-ray produced by decay of metastable "3Ge from low energy neutron captures

"2Ge(n,y) combined with underestimated neutron rate.
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Spin Dependent DM

neutron proton
DAMA INa even odd
DAMA, KIMS, COUPP 127 even  odd
SIMPLE 3C, 317 even odd
Coupling mainly to an XENON, ZEPLIN 12%%e, B1Xe odd even
ired | CDMS, CoGeNT 3Ge odd even
un-paired nucieon. PICASSO, COUPP, SIMPLE Iop even  odd
Coupling with proton CRESST AW, 160, 0Ca | even  even
promising for DAMA - elastlc SD proton - elastic SD malnly neutron
E 90 DQ%CL(Zdof) ] 90% 99% CL(2dot) ]
VS CDMS/XENON [ g s Vg = 350 kenls sbﬁ‘lkf”” =550k

but severe bounds
from COUPP, KIMS,
PICASSO, SIMPLE.

DAMA/LIBRA

37 Il | |
5 10 15 20 el L
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