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_Dark Matter Has Been Discovered

e Have evidence at vast time & length scales
e What are the quanta of Dark Matter?
e Study interactions:

colliders
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_Possible Dark Matter Masses
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Thermal Rehc Part1cles
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from cosmology for
any thermal relic:
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~Crossing Symmetry

production annihilation scattering

// AR /
— 3RS
1/ Dk X ¥ \O i X X
V S X, " V ! !
\4 //
collider indirect direct
searches searches searches
“make i1t” “break it” “shake it”
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Collider Searches

Buchmueller+ 1308.6799

Direct production of v,
or decay of heavy particle into y
Signature: missing transverse E

trigger

EFT approach:

validit}y issues
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Collider Searches: Strategy

uchmueller+ 1308.6799

M

Direct production of v,
or decay of heavy particle into y
Signature: missing transverse Energy
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trigger Vector/ aX1a1 vector/ .
scalar/pseudo-scalar
EFT approach: simplified model! UV complete model:
validit Bf issues arXiv:1506.03116 too specific
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_ATLAS Mono-Jdet Example

search for missing E: place limit on simplified model
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- CMS Mono-Jet Example

simplified model:

35.9fb” (13 TeV)
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compare with direct searches:

35.9 fb! (13 TeV)
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Indirect Detection
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_The J-Factor

Annihilation signal strength from VL Lactea simulation

A cto / 22 (r)di()

l.o.s.

(simulation)

Galaxy clusters
low background

i Dwarf

g low statistics AT
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good statistics ample astrophysics

diffuse background
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_Air Cherenkov

Significance

MAGIC, H.E.S.S., VERITAS

e.g. search for excess from
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tic Center Excess
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Lecky Hepburn

| .,.t1c Center Excess

| Countmg statistics of excess
somewhat prefer collection
~of point sources (pulsars)

~ over smooth dark matter
emission.

Need to find pulsars directly
with upcoming surveys
(MeerKAT, SKA)
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Dwart Galaxies: Best Sig/Bck
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Outlook: FERMI and CTA

1024

10-77}

t —= 15 dSphs, 6 Years

== 15 dSphs, 15 Years
f —= 45 dSphs, 15 Years
== Pass 8 Combined dSphs (15 dSphs, 6 Years)
[ ~~- HESS. GC Halo
| @@ Abasajian et al. 2014 (10)
— Gordon & Macias 2013 (20)
- = Daylan et al. 2014 (20)
f — Calore et al. 2015 (20)

\

——— ™ \ CTA GC Halo 500 h
5 b5 Fermi 15 Years, 45 dwarfs 7
107 107 10° 10¢

DM Mass (GeV/c?)

A.Morselli ICRC2017



_Positron Excess
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HAWC 1702.02992

_Positron Excess: Known Pulsars

Positrons from known, nearby pulsars fit data nicely
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SEETTTRITY Other Pulsars
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Excess: WIMP Limits
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Neutrinos from Sun

accumulate, then annihilate
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WIMPs scatter in Sun, loose energy,

2450 m

2820m

IceCube Lab

icecube.wisc.edu

. Deep Core

|

Eiffel Towe:

324m
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Direct Detection
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_What to Expect from WIMPs

* rate: < few events per year, per tonne of target
N = Narget® 0y, N A? or o< oy N J(J+ 1)

* coherent scattering: heavy target
AdeBrogliec D hc 197 MeV fm

o2 P mciufc 100 GeV 103

~ fm ~ Tnucleus

* recoil energies: low threshold
Py (100 GeV /c? x 10_3(3)2

r,max 5
2my 2 x 100 GeV /c?
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~Recoil Spectrum

 nonrelativistic kinematics: simple falling exponential
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_CRESSTIII @Gran Sasso

Scintillating 24g CaWO, calorimeters

thermometer \

& target — |

F.Petricca B

phase e
transition / scintillating
thermometer ~10mK eflector
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_CRESSTIII @Gran Sasso

Scintillating 24g CaWO, calorimeters
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SuperCDMS and CDMSlite

CDMS 1707.01632

Germanium & Silicon @Soudan until 2015
phonons & ionization: SuperCDMS @SNOlab 2019+
ionization with Neganov-Luke amplification:
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- PICO @SNOLAB (=COUPP+PICASSO)

PICO 1702.07666

* CF,l or C,;F; Bubble chambers
* Detector blind (<10-19) to ER
* Acoustic alpha-NR discrimination

* Only integral energy spectrum
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' XENON100 & LUX

Large variety of models tested:  Excellent understanding
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XENON 1T

XENON 1705.06655

3t total, 2t active xenon target

e 30 live days _""
limit L 10
published  §w-
El 1054
e >100 live I SRR e R WY
10! 102 10 10
days on tape WIMP mass [GeV /]

e XENONNT & LZ
with ~6t xenon

starting 2020
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- Coherent Neutrino Nucleus Scattering

1039 IRURUTU T T T T L B B I T ]/m—l—N%Vm—I—N
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get coherence
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~Supernoval

few second burst v, + N = v, + N ﬂac‘{or' [
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CNNS: O(10) per ton complementary
information

, : DS _
30| 27 Msun, L5220 EoS € 10l 27 Mgyn, LS220 EoS ]
XENONI1T — DARWIN (400 = F 0.1 % b 10]s]
| o AENOIDT/LE QR = : 1o contours
41 5 5 g i Rntes = 8t — XENONIT (29)
sensitive 210 i : e | — XENONNT/LZ (7¢) ]
L : g | —— DARWIN (40t) |
aCross g2t : 2 6
. 5 5f i : B |
entire e NN < 4
: 8 ° & & : % |
O g ¢ o o : [
Mllky W ay. g | 3 5 : % of
- : a4 =] ]
2 Pe of o ‘g [V true values )
1t S: S = H 2 ol © ML reconstruction ]
0 20 40 ) 80 Z 0 5 10 15 20 25 30 35

SN distance [kpc] Average Neutrino Energy (E7) [MeV]
Rafael F. Lang: WIMP Status & Prospects 33

Rafael+ 1606.09243



Nature Sets the Scale
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_Direct Detection: Status
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best limits set by
liquid xenon TPCs
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_Direct Detection: Outlook

ruled out

Coherent
Neutrino
Signal

1 3 10 30 100 300 1000 3000 10000
WIMP Mass in GeV/c?
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best limits set by
liquid xenon TPCs

strong program to
improve factor 100
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_Probe WIMPs down to Neutrinos

U 1042 =

i i ruled out best limits set by

- k . .

. liquid xenon TPCs

§ 10744
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