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Abstract: For nearly a century, we have known that the majority of matter in the universe is not luminous. In the past few decades we have come to
be certain that this matter is not only not luminous but not made out of any of the particle ever observed in alaboratory. | will describe the ongoing
hunt for this matter and the prospects for the discovery in the next decade. | will further discuss recent claims the dark matter may have been
discovered in various signals, and prospects for resolving these claims in the next few years. Finally | will touch on the idea of "dark forces," the
idea of an expansive dark sector that is much greater than a single dark particle.
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SUSY Spectrum, 1984
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* IMHO good to think generally about DM models
because conventional wisdom on the weak scale has

not proven itself reliable

* So,even If it 1s a WIMP it needn’t look or act as we
anticipated

» Light WIMPs, very heavy WIMPs, hidden sector DM. ..
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SO WHAT ABOUT THE
SEARCH FOR WIMPS?

Evolution of the WIMP—Nucleon o g1
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" hup://dmtools.brown edu
Gaitskell, Mandic Filippini
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DATA listed top to bottom on plot

CDMSlite Soudan, Run 1 (2013)

CoGeNT, 2013, WIMP region of interest, S1
Heidelberg-Moscow, 1994 165 6 kg-days. SI
CRESST 11 (2011), 70kg-d, 2-sig. . S pe. 2

Heidelberg=Moscow, 1998, 196 kg-days, S1

CDMS 1 (SUF), 2000, 10.6kg-days in Ge detector and | Skg-da~
ys in Si detector, S1

|

DAMALIBRA, 2008, with jon channeling, Ssigma, S1

| 2 -
l 0 I 0 ColeNT, 2014, 90% C L, ML & lloating sys
2 CRESST 1 (2011), 7Mkg-d, 2-sig. allowed region, S ps. 1
\hi L -
IMP Mdss [GCV/C ] SuperCDMS Soudan LT, %0% C L.
XENONI00, 2002, 225 live days (7650 kg-days), SI

LUX (2013} 854 118kg (51, 90% CL)

Neutrino Background Prajection for DirestDet
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MAJORANA TRIPLET:
LOOP MEDIATED

sample lattice inputs

Hill + Solon " | 3:
Hill + Solon ‘14
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" hup://dmtools.brown edu
Gaitskell, Mandic Filippinji
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DATA listed top to boltom on plot

CDMSlite Soudan, Run 1 (2013)

CoGeNT, 2013, WIMP region of interest, S1
Heidelberg=Moscow, 1994 165 6 kg-days. SI
CRESST 11 (2011), 7M0kg~d, 2-sig. . S pe. 2

Heidelberg=Moscow. 1998, 196 kg=days, S1

CDMS 1(SUF), 2000, 10.6kg-days in Ge detector and | Skg-da~
& in Si detector, S1

DAMALIBRA, 2008, with ion channeling, Ssigma, S1

l 2 :
l 0 l 0 ColGeNT, 2014, 9095 CL, ML # lloating sys.
‘ﬁ r 2 CRESST I12011), TMkg-d, 2-sig. allowed region, S pt. 1
IMP Mass [GCV/C ] SuperCDMS Soudan LT, 920% C L.
XENON 100, 2002, 225 live days (7650 kg-days), S

LUX (2013) 854 118kg (S1,90% CL)

Neutrino Background Projection for DirectDet

Pirsa: 15060041 Page 13/23



* This era will answer the question: does the dark
matter couple at O(0.1-0.01) to the Higgs boson

* But perfectly plausible WIMPs can have very weak
nucleon Interactions
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HAVE WE FOUND DARK
MATTER ALREADY?
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A LINE AT Soo(ish) K&V

DETECTION OF AN UNIDENTIFIED EMISSION LINE IN THE STACKED X-RAY SPECTRUM OF GALAXY
CLUSTERS

Esra BuLur'?, Maxim MARkeviTch?, ApaM Foster', RANpaLL K. Snmire! MICHAEL LOEWENSTEIN®, AND
Scort W. RANDALL'
! Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138,
? NASA Goddard Space Flight Center, Greenbelt, MD, USA.
Submilted to ApJ, 2014 February 10

An unidentified line in X-ray spectra of the Andromeda galaxy and Perseus galaxy cluster

A. Boyarsky', O. Ruchayskiy?, D. Iakubovskyi®** and J. Franse!:
Instituut-Lorentz for Theoretical Physics, Universiteit Leiden, Niels Bohrweg 2, Leiden, The Netherlands
?Ecole Polytechnique Fédérale de Lausanne, FSB/TP/LPPC, BSP, CH-1015, Lausanne, Switzerland
$Bogolyubov Institute of Theoretical Physics, Metrologichna Str. 14-b, 03680, Kyiv, Ukraine
“National University “Kyiv-Mohyla Academy™, Skovorody Str. 2, 04070, Kyiv, Ukraine
%L eiden Observatory, Leiden University, Niels Bohrweg 2, Leiden, The Netherlands
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Bulbul et al
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DECAYING DARK MAT TER

Sterile neutrino N — v + v

R-parity violating gravitino
§— v+

Also R-parity violating axino, ...

For bosonic DM axions (or axion-like particles) would decay a —

from talk by Ruchayskiy, April 204

Pirsa: 15060041 Page 18/23



A NEW FORCE

Dark matter

Dark force carrier

maybe look for this!
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Positron, P = E0/2

FIG. 5: The layout of the experimental setup — see text for
details.

Bjorken, Essig, Schuster, Toro

my (GeV)

APEX, HPS, Darklight... - searches for new physics at the <GeV scale
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Bjorken, Essig, Schuster, Toro '08

Eo FOR DARK FORCES

Red: pp-Zo=»""

Blue: h-+ZZp-»4¢
Solid: LHCS, 20/b
Dashad: LHC14, 3000ib
Dotted: 100 TeV, 30001

EWPT wf Central Values @ ILC/GigaZ:
as currently measured (purple dolled)
assuming 2, = 0 (green dotted)
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Curtin, Essig, Gori, Shelton ‘| 4
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TIHE sEARGH FOR DARK
MAT TER

Finding dark matter is hard because it's dark and we don't

know what It is

In this era, we will learn important qualitative results about
dark matter, whether or not it is found

We have many well motivated lamp posts being pursued,
and there are tremendous prospects In the coming decade

But it may be that the lamp post that best illuminates dark
matter is still unconsidered

Pirsa: 15060041 Page 23/23




