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We don’t know yet what DM is... but we do know many of its properties

Good candidates for Dark Matter have to fulfil the following conditions

* Neutral (*)

 Stable on cosmological scales (*)

* Reproduce the correct relic abundance (*)
* Not excluded by current searches

» No conflicts with BBN or stellar evolution

Many candidates in Particle Physics

* Axions and ALPs

» Weakly Interacting Massive Particles (WIMPs)
« Sterile Neutrinos

* SuperWIMPs and Decaying DM

* WIMPzillas

* Asymmetric DM

* SIMPs, CHAMPs, SIDMs

* Bose Einstein Condensate ...
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... they have very different properties



Dark matter MUST BE searched for in different ways...

/Direct DM detection\

Weakly-Interacting Massive Particles
Inelastic DM

Axion-like particles
Millicharged particles
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Dark matter MUST BE searched for in different ways...

/Direct DM detection\
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/Collider DM searches\
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.. probing DIFFERENT aspects of their interactions with ordinary matter

Direct Detection
(scattering)
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Accelerator

ducti
Searches [production)

Indirect Detection
(annihilation or decay)

Constraints in one sector
affect observations in the
other two.

“Redundant’ detection can
be used fo extract DM

properties.



Current challenges for DARK MATTER

* Experimental detection:
Does DM feel other interactions apart from Gravitye
Is the Electro-Weak scale related somehow related to DM?

How is DM distributed?

 Determination of the DM particle parameters:
Mass, interaction cross section, efc...

 What is the theory for Physics beyond the SM:
DM as a window for new Physics
Can we identify the DM candidate?
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Upper bounds on the SI cross section

XENONT10, XENONT100, LUX (Xe), CDMSIlite, SuperCDMS, Edelweiss (Ge), COUPP (CF;l), and
CRESST (CaWQ,) have not observed any DM signal, which constrains the scattering cross
section

10 — Including the latest SuperCDMS low-mass results

Operating at High Voltage (~70V)
~ 116 kg day
DELM  ~0.3 keV threshold
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Upper bounds on the SI cross section

XENONT10, XENONT100, LUX (Xe), CDMSIlite, SuperCDMS, Edelweiss (Ge), COUPP (CF;l), and
CRESST (CaWQ,) have not observed any DM signal, which constrains the scattering cross

section

107 —{ DISCLAIMER:

THIS PLOT ASSUMES

Isothermal Spherical Halo

~

WIMP with only spin-independent interaction

coupling to protons = coupling to neutrons
elastic scattering
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Isospin-Violating Dark Matter can ease this discrepancy

10730 g~ . - 3
) L flfy =07
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R=oc —JA |Z A, — 7 1077k LS~ 3
pzn’b MZQ) A’L [ + ( 7 )fn/fp] ; \‘ \\\~~-_____§]_1N91:“9_§
z — 10—38;— \ E
The scattering amplitudes for proton and neutrons may 8 :
interfere destructively 5 10-9L 4
100 \.XENON100 ]
folfp=—2/(A=Z) : R
3 CDMS-Si
10—41 1 1 1 M 1
, 5 10 20
The interference depends on the target nucleus m, [GeV]
For Xe (7=54, A~132) > fn/fo = —0.7

XENON100 (Xe) and CDMS I (Si)
results can be “reconciled”

Frandsen et al. 2013
The effective interaction of DM particles with nuclei can be more diverse than
previously considered

Fitzpatrick, Wick et al. 2012-2014
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On Taxonomy and Taxidermy
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Construct a bestiary of “well motivated models”

Taxonomy (Theory-biased)

Predictions are tested with experimental results
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Particle Physics models for dark matter

Well motivated DM models in theories beyond the Standard Model (e.g..

Supersymmetry)

Minimal SUSY extension

Squarks

Sleptons

Neutralinos

Charginos

Gluino

MW2016 - Mainz

Nevutralino

Good annihilation cross section. it is a WIMP
Goldberg '83

Ellis, Hagelin, Nanopoulos, Olive, Srednicki '83
Krauss ‘83

Sneutrino

Viable candidates in scenarios with Right-Handed

sneutrinos DGC, Mufoz, Seto 08
Arina, Fornengo 08

Gravitino (Superpartner of the graviton)
AXINO (Superpartner of the axion)

Extra-weakly interacting massive particles

12



Nevtralino in the MSSM

* —— —— bestfit, 10, 20

Impose LHC1 bounds and explore the
predictions of MSSM parameter space

e Bounds on SUSY masses

* Low-energy observables

* Invisible Higgs decay

Hi 10° 10" 10 10° 10°
MSSM after LHC1
X /\ Bagnaschi et al. 2015

The current bound on BR(H-> inv) sets constraints on the DM-Higgs coupling

This also translates into (upper) bounds for the scattering cross section of low-mass WIMPs

MW2016 - Mainz 13



Nevtralino in the MSSM

* —— —— bestfit, 1o, 20

Impose LHC1 bounds and explore the
predictions of MSSM parameter space

pMSSM10 NUHM2

Bounds on SUSY masses

Low-energy observables

Invisible Higgs decay

Correct DM relic density

1070 L ' '
The predictions for the scattering 10° 10! 102 10° 10*
cross section still span many orders of m [GeV]
magnitude MSSM after LHC1

Bagnaschi et al. 2015
(excellent motivation for more
sensitive detectors)

Combined with LHC + Indirect searches - excellent coverage of SUSY parameter space

MW2016 - Mainz 14



Right-handed sneutrino in the NMSSM
DGC, Munoz, Seto 2007 , DGC, Seto 2009

e Addition of TWO new superfields, S, N, singlets under the SM gauge group

2 extra Higgs (CP — even, CP — odd)

NMSSM = MSSM + S { 1 additional Neutralino

1 additional (right-handed) Neutrino
+ N .
and sneutrino

e New terms in the superpotential
1 .
W=Y,H-Qu-+Y;H Qd+Y.H; Le—\SH;Hs + gh-..s3

W = Wxussm F ANSNN + yn Lt Ho N

o After Radiative Electroweak Symmetry-Breaking EW-scale
Higgsino-mass
n Hy Ho parameter
(HY) =v1 ; (Hy)=wv2 ; (S)=s &
my NN Majorana
neutrino Mass

MW2016 - Mainz 15



Right-handed sneutrino in the NMSSM and the GCE

* Scanin the parameter space imposing all constraints (direct, indirect and colliders)

* The full final state is studied
Do not restrict the analysis to pure annihilation channels.

Points fitting the GCE at 90% CL
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Right-handed sneutrino in the NMSSM and the GCE

* Many of these points can be checked by G2 direct detection experiments
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Once more: Complementarity of DM searches
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Neutralino and Right-handed sneutrino in the NMSSM

Extensions of the MSSM can be more flexible (new light mediators)

Low-mass SUSY WIMPs are still viable (1-100 GeV)

WIMP-nucleon cross section [pb]
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DGC, Peird, Robles JCAP 08 (2014) 005
DGC, Peird Robles, 2015

Excellent motivation for direct searches at low masses

MW2016 - Mainz
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WIMPs behave very similarly (not surprisingly)

There can be correlations in the “phenomenological parameters”

Information on spin-dependent WIMP couplings can prove important to distinguish models
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“Advance in both fronts” (spin-dependent and -independent) to gain discriminating power
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If there is a positive detection of DM, can we identify the underlying model?

Problem:

* Experimental data allow us to reconstruct “phenomenological
parameters”.

my, o®, o°P, <ov>;

 Theoretical models tend to produce similar results
(e.g., most WIMPs are alike)

Solution:

e Data from different experiments has to be combined in order to
remove degenerate solutions (and reduce the effect of
uncertainties)

Strategies that allow the identification of DM from future data

MW2016 - Mainz 20



On Taxidermy
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quidermy (Phenomenology-driven)

Interpret experimental results in terms of simplified models or effective Lagrangians

ldentify some basic
features from a
positive
observation

(Galactic Centre Emission)

MW2016 - Mainz 22



quidermy (Phenomenology-driven)

ldentify some basic
features from a
positive
observation

(Galactic Centre Emission)

Perform @
complementary
measurement with
other search
technique

(Signal in various direct detection
targets or at the LHC)

MW?2016 - Mainz
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quidermy (Phenomenology-driven)
Some data might be more

difficult to explain in terms
of “standard” DM models

|dentify some basic (DAMA annual modulation)

features from a
positive
observation

(Galactic Centre Emission)

Perform @
complementary
measurement with
other search
technique

(Signal in various direct detection
targets or at the LHC)

MW?2016 - Mainz 24



quidermy (Phenomenology-driven) .
Some data might be more

difficult to explain in terms
of “standard” DM models

ldentify some basic
features from a
positive
observation

Perform @
complementary
measurement with
other search o © Esteban Seimandi
Technique Animalia Exstinta

This motivates working with general frameworks, where
MW2016 - Mainz little or nothing is assumed for the DM particle 25



ldentification of Dark Maftter

Given a DM direct detection, the DM mass and couplings can be determined from the
observed number of events and energy spectrum.

Theoretical input

R:/ dERL/ vf(v dUWN(U ER)dv

ET mN mX Umin dER
dJWN my
dEr - 2/@\[1}2 ( OIFSI(ER) + UgDFSD(ER))
L Nuclear form factors J

The energy spectrum depends on the
WIMP mass and the mass of the target

log,,[(dR/dE)/(dru)]

1 1 1 I 1 1 1 I 1 1 I\I

0 20 40 60 80 100

) E; (keV)
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|dentification of Dark Matter with direct detection experiments

Given a DM direct detection, the DM mass and couplings can be determined from the
observed number of events and energy spectrum.

Theoretical input

R:/ dERL/ vf(v dUWN(U ER)dv

Er mN mX Umin dER
dow N my
_ SI SD
= 53 3 (05 F51(ER) + 05 Fsp(ER))
WA 4
Nuclear form factors
:-8\_. _6 _IIII|IIII|IIIIIIIIIII_
The energy spectrum depends on the E E
WIMP mass and the mass of the target < -6.5 —
@ u _
= rE =
There are degenerate solutions a0 — 7
o) B -
—7.9 —
Example: my=100 GeV - Green '07
Exposure: 3000 kg day (Ge target) _8‘||||||||||||||||||||||_

0O 100200 300 400 500

MW2016 - Mainz mx (GeV) 27



Astrophysical uncertainties in direct DM searches

o Nuisance parameter Range
There are uncertainties in the parameters 0.2, 0.6] GeV cm?
describing the Standard Halo Model PWIMP,© &
Vese 478, 610] km s~ *
2 2 k (Y0) [170, 290] km S_1
L ex M P 1 if w < v
fw) =< Ny PP\ k2 = Vesc k 0.5, 3.5]
0 if w > Vesc Lisanti et al. *10
Binney, Tremaine ‘08
L T T T T T T 1T I T T T T T LI — T T T T T L T T T T T T 1 1
ﬁ'_ p,=0-4 GeVicm’, Voo =044 km/s, v =230 km/s, k=1 ] ‘é_ | p,=0-4:0.1 GeVicm’, vesc=544|:33 km/s, v,=230=30 km/s, k=05-3.5 |
YL ] Y |

B xe

107~ .
. Bl xe i
B [ Xe+Ge
i " Xe+Ge+Ar i ]
1 1 1 1 1 1 11 I 1 . DM benChmarkls 1 1 1 1 1 1 1 11
50 102 50 102

10°
m, [GeV]
Pato, Baudis et al. ‘11

10°
m, [GeV]
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Uncertainties in the spin-dependent form factors

.
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.

d 16 G2 J 41 '
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Spin-dependent structure functions:

S(C]) — agSOO(Q) + CLOCL1501(C]) + G%SH(Q)

; T T T A
=) 730 ; ShM COMPUTATIONS:
-1 i € i >
10 P & | 2 E Ressel, et al. ‘93
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[ P ow
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o : : <
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MW?2016 - Mainz Cerdeno, Fornasa, Huh, Peiro 2013 .



Degeneracies in reconstructing the phenomenological parameters.

The same detected rate can be due to different combinations of SI-SD interactions

R— / BP0 / of (v )djggw Er) dv

ET mN mX

Umin

dow N L\
dEr 2302

(00 F&,(ER) + 03 " Fép(ER))

L Nuclear form factors J

Integrating in energies and velocities

2
SD, SD
Rlz:AlO:{)S'I_i_(BZl? P_|_'Bn ./ n)
Target-dependent

A single experiment cannot determine the three WIMP couplings (the shape of the differential
rate allows a determination of the WIMP mass)

MW2016 - Mainz



We need mulfiple experiments (with various targets)

A single experiment cannot determine all the WIMP couplings, a combination of
various targets is necessary.

Iog(mX/GeV) Iog(mX/GeV)
SI _ 10—9
oy =10""pb We use simulated data to assess the
0691) — 10~ pb reconstruction of DM parameters
mw = 50 GeV Astrophysical and nuclear uncertainties included
€ = 300 kg yr Prospects for SuperCDMS (Ge)

MW2016 - Mainz 31



We need mulfiple experiments (with various targets)

A single experiment cannot determine all the WIMP couplings, a combination of
various targets is necessary.

L-SI
Ge+Xe
-8
2 < 2
wg -9 - (/)b
8 ? K
—10F

—q 1 -10 -9 -8 -7
Iog(mX/GeV) Iog(mX/GeV) Iog(oS'/pb)

A combination of Germanium and Xenon greatly helps in reconstructing the DM
parameters

Targets with different sensifivities to SI and SD cross section are needed (e.g., F, Al)
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We need mulfiple experiments (with various targets)

A single experiment cannot determine all the WIMP couplings, a combination of
various targets is necessary.

s ' Ll T ' I R g
Ge+Xe+AI203 _2_ Ge+Xe+AI203 _2_ -
-8t
g | &8 2~
== o )
"’3 -9 o- wg -4 wg -4
(®)]
o 3 _s} 3 _s}
~10}
-6 -6 L-sI
Ge+Xe+AI203
_1 1 _7 L L _7 L L L
1 4 1 2 3 4 -11 -10 -9 -8 -7
log(m /GeV) log(m /GeV) log(c°'/pb)

A combination of Germanium and Xenon greatly helps in reconstructing the DM
parameters

Targets with different sensifivities to SI and SD cross section are needed (e.g., F, Al)

This is an excellent tool to help design future experiments.
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Are we being too conservative in describing DM-nucleus interactionse

The most general effective Lagrangian contains up to 14 (x2) different operators
that induce six types of response functions and two new interference terms

Spin-Indep.

Spin-Dep.

Angular
momentum
of unpaired
nucleon

Angular
momentum
and spin

MW?2016 - Mainz

Haxton, Fitzpatrick 2012-2014

Lin(®) = ¢ YERDO0 (D) Wiy (DO (D)

= q
O10 =iSN - —
mn
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These operators can be obtained as the non-relativistic limit of
relafivistic operators (e.g., starting from UV complete models)

E.Q., For a spin 2 particle

Scalar Mediator

XYY XTYuYa :

XXx4qq > (h,igl) Oy
XX47°q > <h§igl) O10
X7°X4q — <— hi(ﬁ;ﬁ) O11
X7 X074 ) <hin§j$f Og
Vector Mediator
XV XAVpa — (—h;fg 3) Oy
XY XGVu°q — (—2};;*1:2;3) (—07 + %—Z%)
XYY xae — (— 2}"3?4) (Os + Oy)
(

_ Dent, Krauss, Newstead, Sabbharwal 2015
MW?2016 - Mainz



These are extremely sensitive to the choice of target material, being crucial in the
design phase of new experiments.

Vector, proton coupled: #(i) vs. /(i)

I N i ! Xe I N (i I Xe

Some targets have
enhanced

sensitivities for a
v v given set of
operators

MW2016 - Mainz ' N [ Me ! Na Ge I Xe 36



Limits on EFT operators (SuperCDMS)
K. Schneck et al. PRD 2015

EFT event sample for 300 GeV WIMP in Ge

— EFT event sample
-- 03 300 GeV WIMP 5
— Standard SI 50 GeV WIMP
— Standard SI 300 GeV WIMP
Standard SI 1000 GeV WIMP

0.040

e The spectrum differs from the 0.035
expected for standard

interactions 0.030

0.025

- A DM ignal could be

misidentified as background 0.020

0.015

normalized event rate

0.010

0.005

0.000 '
20 40 60 80 100

Nuclear recoil energy [keV]
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Limits on EFT operators (SuperCDMS)
K. Schneck et al. PRD 2015

EFT event sample for 10 GeV WIMP in Ge

— EFT event sample
-=- 03 10 GeV WIMP
— Standard Sl 5 GeV WIMP

0.25

e The spectrum differs from the
expected for standard 0.20

interactions T —  Standard SI 10 GeV WIMP
) = \ —— Standard SI 20 GeV WIMP
- A DM signal could be $ 0.15F N ——————————————
misidentified as background o
©
o
- The reconstruction of a signal % 0.10f
would point towards the wrong &
mass and couplings 2 |
0.05|
0.00 ' e

2 4 6 8 10 12 14
Nuclear recoil energy [keV]
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Hints for a diphoion resonance at the LHC@13TeV

Both ATLAS and CMS have observed a potential feature at 750 GeV

> g TS « Not observed in any other channel
15 ATLAS Preliminary B
o * Data ]
Al 3 —
@ 10 —— Background-only fit = « Could correspond to the resonance
€ . of a spin-0 or spin-2 particle
S>j 102 Spin-0 Selection _ P P P
ls=13TeV, 32" i  Large Width preferred by ATLAS (not
10 = necessarily CMS)
1 \ H N /M ~ 0.06
CMS Preliminary 2.7 fp™ (13 TeV, 3.8T) —; * Large production cross section O(10
; T T \é fb), presumably produced through its
(i EBEB ¢ Data coupling to gluons
O 102 —— Fit model
& o Y 0
= - +t20
2 | e
c -
5 10¢ 0 + )
w B b
S\
1 II
- 3.8T | Y
A I I L 1 39




Can this have something to do with dark matter?

The large decay width of the resonance might imply new decay products.
Mamobrini, Arcadi, Djouadi 1512.04913

Current direct/indirect detection constraints not too restrictive (model dependent)

10 10

|

—FDM = 006 MS _ E
2 ! —— Tow =003 My~~~ - = 1E ]
= u L 7 £ C o
%0 ——*FDMZO.OI MS“" — g- L _
= 0 ] g T |
3 L - o L 4
5] 5
o =
5 r 7 2 r 7
—_— J
B s
1071 3 5 107 ¢ R
C a & u :
;/ ] L ]
1025 0y [ B R B \/\ 1 d 1072 1 d
30 100 300 1000 3000 30 100 300 3000
DM mass in GeV DM mass in GeV
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Can this have something to do with dark matter?

The large decay width of the resonance might imply new decay products.

Mamobrini, Arcadi, Djouadi 1512.04913

Current direct/indirect detection constraints not too restrictive (model dependent)

If this olbservation is confirmed, the correlation with direct and indirect detection is

crucial to determine the DM properties

CP-even scalar ¢, vector x

104 ¢

DM-nucleon Sl cross section (sz)

MW2016 - Mainz

CP-even scalar ¢, vector x
-23

10°° —— :

. —— Fermi * e

L —-—- AMSO02p/p, DR

F —— AMS02p/p,DC

+ +4

Biet al. 1512.06787
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Conclusions

- Is the WIMP paradigm in good health?
Certainly not dead yet, although it is becoming more constrained.

- Will we ever detect WIMPs?

Exciting times ahead: G2 experiments - good coverage for WIMP models
... it DM is not a WIMP?¢ (sensitivity to axion-like particles and other exoftics)

- If so, can we reconstruct their properties?
Only through the combination of different experimental searches
E.g.. Direct detection and the Galactic Centre Excess

Need to consider more general DM interactions and/or simplified models

- How natural is the resulting Dark Matter model?
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Background

e Bulk electron recoils

Rejection

Yield = lonization/phonon helps

Compton background —> ..
1 3 keV activation line discriminating NR from ER

e Sidewall & surface events \

Z-Partition and Radial partition
befas and xrays from 2%Pb, *1%i, I define a fiducial volurrl?e
recoils from 20¢Pb, outer radial
Comptons, ejected electrons from
\ Compton scattering /

e Neutrons Use active qnd pqssive shielding.

(Cosmogenic & rOdiogenic) q Cut on mUITlple hits.

MW2016 - Mainz

Simulation determines remaining
ireducible rate
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Analysis: Selection criteria and efficiencies

We carry out a blind analysis, with all singles in energy range removed from study, except data
following 252Cf calibration due to activation

qu Quql'fy: ) Lindhard nuclear-recoil energy&keVnr]
Reject periods with poor defector performance _,, 2 38 4 5 6 7 8 ¢
Remove misreconstructed and noisy pulses e —Qualit
Measure efficiency with pulse MC é 0.6l y " Thresholds
L
Trigger and analysis threshold: 06 ]
Select periods with stable well-defined trigger ' + Preselection -
threshold
Measure efficiency from '33Ba calibration data 0.4
. + BDT

Preselection: 0.2
Single-detector scatter
Remove events coincident with muon veto 0.0 . . . . .

TR : 2 4 6 8 10 12
lonization fiducial volume Total phonon enerqy [keV]
lonization and phonon partitions consistent with NR
Boosted Decision Tree: Efficiencies: measured for neutrons
Optimised cut on the phonon fiducial volume and from 252Cf. Corrected for multiple
ionization yield at low energy scattering with Geant4

Efficiency estimated from fraction of 22Cf passing
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Boosted Decision Tree (BDT)

Inputs (per detector)

10?

Output
e summed over detector.
- 10° = s
- — 10 GeV WIMP
1 — 0=6x10% cm?
5 10 2 - 0 1 2 3 B
total phonon energy [keV] ionization energy [keV] 10—
100 = 10% = -
B B 1=
10=— 10— =
= = 1 -0.5 0 0.5 1
= - BDT score
1? 1=
- 0 02 0.4 o.: . 0.3 0.4
phonon z-partition phonon r-partition
B wimp : . :
_ »05 Background: Modelled with simulated data on sidebands
(0 sidewall *°Pb and calibration.
I sidewall #'°Po+?'%Bi
BN Face *'°Pb+*'%Bi WIMP Signal: Modelled with NR data from 252Cf, then
B 1.3keVline rescaled for WIMPs with mass 5, 7, 10, 15 GeV
/Bl Comiptoris 47




Unblinding: Before BDT cut

Events passing all the cuts prior to
applying BDT

Lindhard nuclear-recoil energy [keVnr]

3 4

5

6 7/ 8 9

N
Jno

©w
II‘IIII

lonization energy [keV]

LI | | | LI | L) .l.'l..bl.‘l.;'i'}.h T 'I..;IOTOI T T | LI
o 3

e *
T L Outerradial o)
AL eventst e
o o " K ) L ° ° : .
| |- |. L | 4 | I | [

] '-".'.o.:.' °
o« ® b %
IR T 203 L
sedse 0, 0
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8 10 12
Total phonon energy [keV]
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Unblinding: After BDT cut

N

Lindhard nuclear-recoil energy [keVnr]
3 4 5 6 7 8 9

11 candidates (6.2 +1.1 -0.8 expected)

—N

LI LI LI T T 1 7,7 I.I"'bQ'h:I.fI'III LI
I I I L ,.{3,..3..\}.}:‘.. I I

S
g [ . . .-'g::i ."o.::'\'::“ 2-'
— o NN N o .
> I IR PRt
@ 3— -. .,.':‘ .::.o*: ° ‘
% — ST "55,3:"."""
c : .o...gz..!;{o?.: e o
Lo AT AR
R Yy o
c —s. o ° . .
2 L o © ©
ORI TR o+ |eT2z1
0 {{I‘a" *‘: '—'-;..:.‘ft-.‘.‘:.'- . " o T2Z2
5 re :g..:o':. Y °.°:.s.. .0.:-... Y o s .‘:.::‘ i, A T5Z2
o. () X o “..: ° ) o 3 ..... .: R
:"b n.o 0o o o 0@ . . e °, T523
_ET-I'|||I|| I T N B
b 4 6
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Post-unblinding discussion

Events are high in quality. Only the lowest energy candidate looks like spurious

noise

For most of the detectors
there is good agreement
with predicted background

MW2016 - Mainz

Number of events / 0.04

Residual

102

10

40
20
O[seees.
-20
-40

1
— I

10 GeV BDT

’lll‘llllll|l”|l IIII‘ I IIIIIII| I IIIIIII‘

+ + 4,
sooseegett #++++ tosssetessoesssssseee

—e— Data

Bl wivp

[ sidewall ®°pb
I sidewall 2°Pb+*'°Bi
B Face 2'°Pb+2'9Bi
I 1.3 keV line

I Comptons

-0.5 0

1
BDT score
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Post-unblinding discussion

Events are high in quality. Only the lowest energy candidate looks like spurious
noise

(e}

[ Range of counts with p-value>0.05
1o background expectation
® observed

* For most of the detectors
there is good agreement
with predicted background

)

SN

e However, 1573 observes the
3 highest-energy events

\V)

w
IIIIIIIIIIIIIIIIIIIIIIIIIIIII

Events passing BDT

—

(Poisson p-value is 0.04%)

T1Z1 T2Z1 T2Z2 T4Z2 T4Z3 T5Z2 T5Z3
Detector

1523 has a shorted ionization guard. This may have affected the background
model performance. Additional studies are ongoing.
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Non-observation in other experiments set upper bounds on the cross section

XENONT10, XENONT100, LUX (Xe), CDMSIite, SuperCDMS, Edelweiss (Ge), COUPP (CF;l)
have not observed any DM signal, which constrains the scattering cross section

8§10

—_ —_ —_
o o o

WIMP-nucleon cross section [cm

—_
o

10
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DISCLAIMER:

THIS PLOT ASSUMES

| * Isothermal Spherical Halo
| WIMP with only spin-independent interaction

PRL 112 (2014

coupling to protons = coupling to neutrons

-
(@

WIMP-nucleon ¢

10

) 241302

3

i -8
20 309

WIMP mass [GeV/c?] 52



iZIP discrimination of surface events

lonization lines (x2V) interleaved with
phonon sensors (0V) on a ~1Tmm pitch

Bulk events:
charges (e,h) drift to both sides of
the crystal

Surface events:
charges (e,h) drift to only one side
of the crystal

Z-PARTITION:
The resulting symmetry/asymmetry in
charge collection in sides 1 and 2

MW2016 - Mainz

0V phonon

0V phonon (a)

Sidewalls

Surface events on the sides of the
detector leave more energy in the outer
Sensors.

RADIAL PARTITION:
division of energy between inner and
outer sensors
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Upper bounds on the SD cross section

XENONT100, LUX (Xe) for SD with neutron, PICO 60L (CF;l) for SD proton

SD WIMP-proton cross section [cm2]

—_
<DI

w
3

Amole et al. 2015

4

Il ,60
N
\ 79
’
\‘ ’ ,,'
\ ’ /,
’, ’
\ 7 R
'
P’CO_2L \ ,/ ’/
. R ,
\\\\ ) —,/
10’ 10° 10° 10

WIMP mass [GeV/c?]

Savage et al 2015

lceCube, Baksan and Antares also sensitive to DM capture rate in the Sun (mainly SD cross

section with protons) and its subsequent annihilation in neutrinos.
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CTA will further explore the heavy DM mass region

The thermal cross section can be probed up to ~10-30 TeV

Annihilation channels

107
"~ Einasto profile, 500 h —bb
= _T+T-
30 GeV threshold e
--WWwW
102 | Statistical errors only —ft

T lIIIIII

3 1
ov(cm s )

10°

T lv],-II|

27 ]lIIlI

i
........

1 IlII]lII 1 lII]II]l | s o) [=] |

10505 01

0.2 1

2 345
DM mass (TeV)

10 20 30

CTA Consortium, in prep.

3 1
ov(cm s )

DM GC profiles

o p

10

10%°

10

1 B

T T IHIII|

T IIIIIIII

o

Galactic halo

500h,bb
Aar, 30 GeV threshold

L Statistical errors only

- Einasto

- = NFW

= - Burkert

:]Illll | IIIIIII| | IlIlIII| 1 | Y [ O e
.05 01 02 1 2 345 10 2030

DM mass (TeV)

These predictions (as well as current bounds) are extremely sensitive to the DM profile
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CTA will further explore the heavy DM mass region

The thermal cross section can be probed up to ~10-30 TeV

DM GC profiles

’IO—23 = 10’23 =
24 7 e
107 & 10* = Galactic halo
& = z 5 500 h,bb
) o B n [#
= - ] 2 = L Aar, 30 GeV threshold
\Sf 10%° &= E_)' S 0B Statistical errors only
o = Statistical errors only Q g E
L s c C
[ — —” e N e — — — — — — — — — 9 _» - e— — — — — —
_ Q. E —
26 £ 3 ¢
107 = ~ e T 107 =
- — HESS GChalo (112 h) bb _ 2 3 c o
N Fermi dSph stacking (15 dSphs, 5 yrs) bb 2 5 -
L ——— CTA Galactic Halo (500 h, 30 GeV threshold) W*W~ § O - —— NFW
27 | == CTA Sculptor dwarf (500 h, 30 GeV threshold) W*W " < 27
L CTA LMC (340 h, 200 GeV threshold) W W~ S 107 = . Burkert
CL1illl | | L 11 iitll | | ||||||| | | |||||O O —]Illll | | ||||||| | | l|l|||| 1 1 | ! s I
0.05 0.1 0.2 1 2 345 10 2030 0.05 0.1 02 1] 2 345 10 20 30
DM mass (TeV) DM mass (TeV)

These predictions (as well as current bounds) are extremely sensitive to the DM profile
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