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DATA listed top to bottom on plot

CDMSlite Soudan, Run 1 (2013)

CoGeNT, 2013, WIMP region of interest, SI
Heidelberg—Moscow, 1994 165.6 kg—days, SI
CRESST II (2011), 730kg—d, 2—sig. , SI pt. 2

Heidelberg—Moscow, 1998, 196 kg—days, SI

CDMS I (SUF), 2000, 10.6kg—days in Ge detector and 1.6kg—da—
ys in Si detector, SI

DAMA/LIBRA, 2008, with ion channeling, 5sigma, SI
CoGeNT, 2014,90% C.L. M.L .+ floating sys.

CRESST II (2011), 730kg—d, 2—sig. allowed region, SI pt. 1
SuperCDMS Soudan LT, 90% C.L.

XENON100, 2012, 225 live days (7650 kg—days), SI

LUX (2013) 85d 118kg (SI, 90% CL)

Neutrino Background Projection for DirectDet



THE SIGNALS

* Direct detection

* |ndirect Detection

< Force Searches

» Collider signals



| will gladly build you a model Tuesday for an
anomaly today”




THE ANOMALIES

« DAMA modulation

. DAMA light WIMPs (& CoGeNT & CRESST & CDMS-Si)

ERINREERAE S | ke line

+ PAMELA (& Fermi & AMS-2)

 The 130 GeV Line

« The GC Excessess

* (newl!) the 3.55 keV X-ray line



ANOMALY

-ATIGU

» Beware “anomaly stasis’” or “anomaly fatigue”

* An anomaly that Is not being updated or tested

tends to be neglected for lack of good ideas

* [his does not mean It Is resolved



DAMA MODULATION

2-6 keV
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« Still there

* Explanations that | know must appeal to ignorance (e.g., MIDM with unknown magnetic form
factors, Fitzpatrick et al general operator analysis w/o models)

» Modulation fraction must be large (>10—20%) [ask Itay]

« Non-WIMP explanations? (E.g., solar sources)



DAMA/LIGHT WIMPS

[qd] uonoas sso4o uosPNU-4ANIM
(4] < (o] (o] N~

o o o o

*~— *~— *~— *~—

TTT T T T | [T r7 TITTT T ST T !
36 o [

20
WIMP mass [GeV/c?]

6 7 8 910

5

_
9 O 1 2 3
q_... A._. A__. A__. A._.

o o o o o

[zwo] uonoss sso04o uosNU-dNIM



—_ —
S, S,
N w
o ©
fail
—_

-
on
&

1
—_

WIMP-nucleon cross section [cm?]
iy
o|
S

-

(=
A
@

-
o
IS
>
w

WIMP mass [GeV/cq]

e
ol

DAMA/LIGHT WIMPS

o
&

o
b WIMP-nucleon gross sec?tion [pb]

L ooks bad

o
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e Fven Xenonphobic/Germophobic

models have trouble now

To the extent that these curves are mutually
reinforcing, that Is now gone.

Many people have thought a lot about this, but that doesn't mean
something important hasn't been missed (e.g., Luminous dark matter)



INTEGRAL ST KEV

synthesis of new elements by
el super-massive stars in the

EaRoeraienle e e aiitli el

MeV dark matter seems borderline with CMB

what about WIMPs!?



PAEIPED STATES AND [INFFECIREE

it splittings ~ MeV, subsequent
Y2 decays should produce e+e-

. é/ Dairs
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X2 > X1
X2
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§ Possible origin for

& o001 -3 INTEGRAL positron excess
,,,,,,,,,,,,,,,,,,,,,, " - eXdting Bl

0 2 4 6 8 10 0 D.Finkbeiner, NW,
Galactocentric angle [deg] Phys.Rev.D76:083519,2007



- - -- Solar-modulated leaky box a

—— 380 GeV/c® WIMP, KT -

------- 336 GeV/c” WIMP, BE ]
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POSITRONS!

DM annihilation => positrons [antimatter]

Coutll et alETs
1999 - HEAT results



NOW THAT'S A SIGNAL
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t's too great to be dark matter!
If DM:

Need rate above expected.
Need harder than expected positron spectrum.
Also: no significant anti-protons



PARK FORCE MODELS

Finkbeiner+NW '07; Pospelov, Ritz, Voloshin '08; Arkani-
Hamed, Finkbeiner, Slatyer; NW '09; Pospelov+Ritz '09;
Nomura+Thaler '09...

GeV

//“\4% | .

generates hard leptons by annihilations into a light
mediator;, no anti-protons
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CONS

X_’I‘l‘ NFW

T

— IC+FSR, w/o background modeling
— FSR, w/o background modeling
— IC+FSR, constrained free source fits

O WIMP freeze—out

10?
m [GeV]

XX—)TT,NFW

e IC+FSR w/o background modeling
— FSR, w/o background modeling
—— IC+FSR, constrained free source fits

== T WIMP freeze—out
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— IC+FSR, w/o background modeling
— FSR, w/o background modeling
— IC+FSR, constrained free source fits

O WIMP freeze—out
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Rare are the constraints on dark photon scenarios.
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Accumulated significance [o]

Time-evolution of significance

P7CLEAN_V6, Reg3

ya k- ] ]

40 50
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Bringmann+ 2012; CW
2012; Su & Finkbeiner
2012; Tempel+ 2012

6l

Signal events
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Dashed/dotted lines:
68% and 95% CL
containment regions for
true signal (green) and
statistical fluke (red).

Reg3, CLEAN events, 1D fit, 65-260 GeV
Aug 2013

s

Average SIG(BG) events per bin: 7.1(19.6)
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2-5 GeV residual
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DARK ANN
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There are significant reasons to conclude, however, W Ov ULS

that the gamma-ray signal described in this paper is far K
more likely to be a detection of dark matter than any
of the previously reported anomalies. Firstly, this signal

Thirdly, we once again note that the signal described in
this study can be explained by a very simple dark matter
candidate, without any baroque or otherwise unexpected
features. After accounting for uncertainties in the overall

are required. Furthermore, it is not difficult to construct
simple models in which a ~30-40 GeV particle annihi-
lates to quarks with the required cross section without
violating constraints from direct detection experiments,
colliders, or other indirect searches (for work related to
particle physics models capable of accommodating this

signal, see Refs. [62-74]).

not hard to make models # not baroque
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E2 J(E) [GeV em2 s Lsr!]

Easy to write down

Q determination of baroquocity left to

Dark photon best—fit
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"ARCHES FOR DARK

interesting to €~108

just at the start

talk by Rouven Essig
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* Signal => wait and see
» Models: bbar seems not as simple as it sounds

» Dark forces: | know when you have a dark

nammer, everything looks like a dark nall, but still
these look like nice explanations to me
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DETECTION OF AN UNIDENTIFIED EMISSION LINE IN THE STACKED X-RAY SPECTRUM OF GALAXY
CLUSTERS

EsrA BULBUL'?, MAXIM MARKEVITCH?, ADAM FOSTER', RANDALL K. SMITH' MICHAEL LOEWENSTEIN?, AND
ScorT W. RANDALL!

I Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138.
2 NASA Goddard Space Flight Center, Greenbelt, MD, USA.

Submitted 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. lakubovskyi®* and J. Franse!-®
Mnstituut-Lorentz for Theoretical Physics, Universiteit Leiden, Niels Bohrweg 2, Leiden, The Netherlands
2Ecole Polytechnique Fédérale de Lausanne, FSB/ITP/LPPC, BSP, CH-1015, Lausanne, Switzerland
3Bogolyubov Institute of Theoretical Physics, Metrologichna Str. 14-b, 03680, Kyiv, Ukraine
“4National University “Kyiv-Mohyla Academy”, Skovorody Str. 2, 04070, Kyiv, Ukraine
SLeiden Observatory, Leiden University, Niels Bohrweg 2, Leiden, The Netherlands



Bulbul et al

/3 Clusters, XMM, central,
iez=—035
incl Coma, Perseus

Perseus Chandra, central

Virgo Chandra, central (not seen)

Boyarsky et al

M3
central+non-central

Perseus XMM, non-central
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BUT WHAT IS |17

assuming it's BSM physics, that Is



DECAYING DARK MAT TER

Sterile neutrino N — v + v ——

e R-parity violating gravitino
g—v+y G

e Also R-parity violating axino, ...

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

shamelessly stolen from talk by Ruchayskiy, April 2014
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the model we should compare all models to Is the sterile neutrino. ..
(cf Davoudiasl et al hep-ph/0405097)



10°

sin? (26)

=
S
,_.
o
T
LY

1013 |

31

HEAO diffu
XMM and Chandra
Sgr A* stacked 2.0-9.0 keV|
Sgr A* stacked 2.0-9.0 keV
Sgr A* stacked 3.0-6.0 keV
* stacked 3.0-6.0 keV
Boyarsky et al. 2014
Bulbul et al. 2014 E

Looking in the MW
ey

Flergscm™2 s! 1(95% CL)

10-12 L
10-13 L

10 |

10-16 L

10"

m, [keV]

Sgr A* stacked 2.0-9.0 keV |
Sgr A* stacked 2.0-9.0 keV A
Sgr A* stacked 3.0-6.0 keV |
Sgr A* stacked 3.0-6.0 keV ]

CRPTT TR,

1 2 3 4 5 6 7 8 9

10
E, [keV]

S. Riemer-Sgrensen



CONSIDERING ALT

-RNATIV

e

* Important to have alternatives just to ask what to

test

» Other observations may motivate other scales of
B Elo e GeV excess In the GO

. 7



VIRGO VS P
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VIRGO VS PERSEUS

mvirgo~ feW |O|4 M 0 mperseus~ fe\/\/ |O|Ar M 0

dvirgo~ |5 MpC dvirgo~ 75 MpC
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i HE SIGINAE

(Perseus)

R200 2
S / 47T7“2 (@) <0-80att,0>
0 mX

2
1.9 x 10*photons/sec x ( (TscattV) ) <1OG6V)

10—19¢cm3sec—1!

| 2
D =25 e ( ) ) ( OGeV) photons cm ™ sec ™

10~ 19cm3sec—1!



i HE SIGINAE

) RIS 2
<O_scattv> — Omyr \/’U vthresh

T = MBI (DT 1L 3

oo = (012, 0,28 11,11 5¢ 1107
B = (0,47, 200, 18,0 5 L8
FM31 — (029, 13,96) X 10_5

(think 10 for Perseus, limit of 10~ forVirgo, few x 10 for M3 1)
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Signal could look like p?, could look like p
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KNOW YOUR LSP

Gl

How the details of your dark
matter can effect your limits
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HIDING SUSY
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A



HIDING SUSY: RPV

S |
. $ Pro: Hides SUSY!!

ﬁ,

A

Con: Maybe not
1 (multijets)
-lavor constraints
i« Baryon # violation
Dark Matter

1



RIDING SUSY: SQUEEZINSS

g wimpy
4

™

ﬁ,

Pro: Hides SUSY!

'X’
‘ Con: Really just | particle
WIMP can be pretty tuned



FHDING SUSY: STEALTES

q = Pro: Hides SUSY!

< °' Con: Maybe not

. (specific searches)
f'.‘*" Particular model setup



A CRAZY IDEA

(D: Alves, |- DL NV

» Hard jets and MET for searches

BliE Addaine missing energy to the event
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SIMPLIFIED MODIES

v “doubly invisible”
gy SUSY
" \'J
RN
SR o



BOIMPLIFIED MOE

SR o
N

“doubly invisible”
SUSE

More (scalar sum) missing energy
Less (vector sum) missing energy
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dN/N/dHy (GeV™)
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MISSING MISSING ENERGY

* Doubly invisible SUSY has suppressed HIT and
VMET because of the increase in energy Iin invisible

particles

* Limits seem weakened - what are the limits?

» Opportunities for more natural SUSY models



RO 1 UAL MODEES

B Esiinere are actual models



ANOMALY CONCLUSION

* DAMA: Not dead, but “light WIMPs" in bad shape, no good, complete
model (that | know of)

* PAMELA, INTEGRAL: Probably astrophysics! But how will we know?! CMB/
« GC ~ GeV excess - seems interesting. Dark matter! What's the test!

* IMHO: models that sound nice for various things are often not nice

* IMHO: dark photon toolbox seems interesting as general approach

* A new signal at 3.55 keV - just getting started!



CONCLUSIONS

» Accessible WIMP parameter space Is precisely 5/9 covered
=> this program Is running strong

* A good time to consider alternatives
* A range of anomalies have motivated DM model building

* 3 body decays (due to an LSP symmetry) can dramatically
change squark/sbottom/stop limits. Pretty dumb simplified
model - should be studied.
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