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- Higgs took 45 years!

DM: 80 years! Or at least 40 years!?



WHERE TO LOOK!

- Unlike the Higgs, for DM at best we have guesses



NEW IDEAS

Dynamical Dark Pangenesis

Matter B. von Harling; K. Petraki
K. Dienes; B. Thomas

Mirror Matter

R. Foot

Our 1deas of what dark matter Is gives us
ideas on how to find It



- Unlike the Higgs DM has been discovered many times
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INDIRECT DETECTION
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INDIRECT DETECTION

PIREC. | DEECTICHS

JETS + MET

NB: | won't discuss the axion for time, but it Is a
oreat DM candidate




INDIRECT DETECTION
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NOW THAT'S A SIGNAL

* more data o
* new classification algorithms
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[t's too great to be dark matter!
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S THERE AN “ANOMALY"?

Auchett]l, Balazs 2011 Sept
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SO WHAT IS [T
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PULSARS & POSITRONS

 Pulsars remain the best explanation of the PAMELA/
Fermi excess (i.e., we know there are pulsars and they

make e+e-)

- They have not taken it upon themselves to demonstrate
that they are, in fact, the origin (spectral breaks,
anisotropies)



GIVE UP?

- Pulsars leading candidate - tough to prove
» Could still be DM - too important not to check

- Has also not taken advantage of opportunities to
present itself (galactic center, diffuse background...)

- how do we test?
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MODELS FOR PAMELA

- Dark Matter Explanations for PAMELA are tough
- Large rates
- Large rates info e+e-

- Low rates into antiprotons



DARK FORCE MODELS

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

leV

-

1, search for this

v o

osenerates hard leptons by annihilations into a light
mediator, no anti-protons

Redalization: We are amazingly ignorant of weakly
coupled GeV scale physics!



OTHER MOTIVATIONS FOR
LIGHT DARK FORCES
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A NEW CONNECTION TO
DARK MAT TER: DARK FORCES

Accessible final states + o
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BF(Y(1S)—yA%)*BF(A%'—pup) < (0.3-10)*10°6 for 0.2<ma0<9.2 GeV
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POSITRONS AND DARK
FORCES

- the PAMELA excess is challenging to achieve with dark
matter, but viable scenarios exist

- hasn't shown up elsewhere yet

- CMB test (hopefully) in 2013

- Dark forces easy to come by, esp in SUSY theories =>
should keep looking regardless



POSITRONS ARE TOO MESSY

“The only really convincing signal of DM would be a
monoenergetic line. Nothing can fake that.”

- Almost everyone
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U AC TUALLY EXPECT PV
LINES

L= — {)ZX (cos 0, BB +sind TrWV, ,,W’“”’)

4A513%
+ 72 X)5X (COS 0, ., B" 4+ sin 6 I‘WWVVW) }
aif 2

' p hotons  vavintNw
/
nd photon;

\
contain both Z

expect yy and yZ




YOU ACTUALLY EXPECT TWO
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effective theory of DM-> photons
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New physics scale of 400-500 GeV =>
should be weakly coupled ~ 100 GeV/
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effective theory of DM-> photons



CONSTRAINTS



Rth i Jann Cohen, Lisanti, Slatyer & Wacker;

) 4 . | i
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want a signal here
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No astrophysical uncertainties!

Models with sizable tree-level annihilation cannot
yield this signal
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MONOPHOTON/JET
SEARCHES

o Dl [l

Yavin+NW

detection Is model dependent



YOU DON'T HAVE TO BELIEVE
IN ANOMALIES TO BE
EXCITED ABOUT INDIRECT
SEARCHES
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DIRECT DETECTION



ANOMALIES AND CONSTRAINTS
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WANT MODEL INDEPENDENT
CONSTRAINTS

Halo restframe Earth restframe (Summer)

Kuhlen, et al

f(v) x 10° [(km/s)™']

NN ANON 2NN QNN

B oONN ANDN 2NN QAN



WANT MODEL INDEPENDENT
CONSTRAINTS

Usual: make assumptions on this
set limits on this

Alternative: set limits on this

Fox, Liu, NW
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IF1T'S NOT A LIGHT WIMP?

- DAMA: Nal(Tl) => What about iodine scattering?

- Some models (Magnetic Inelastic DM) can have
dominant signals on lodine

» Other models we haven’t thought of

Want direct comparisons to
iodine targets -
COUPP (CF3l) and KIMS (Csl)



Exposure (kg—days)

CO U P P (talk by R. Neilson)

Exposure

500 F i
—— Commissioning data, 40 C :
400 ==y — Commissioning data, 37C| I'_'_”"
— Physics data, 34 C
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Claim: exclude lodine

Our PSD parameter
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Strong limit, but...
energy scale uncertainties! energy
resolution comparison?
does the model describe the data’
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DIRECT ANOMALIES

- Light WIMPs seem really constrained

- Someone has to be quite wrong

- lodine scattering must be very highly modulated
- Models exist - but at the edge

« XENON100 could see rates at high (30-60 keV)
energy

 Nuclear recoil+nuclear excitation of Xe (40 keV
photon) would be striking signature



XENON 100!

- Upcoming XENON100 results - already strong
- Lower threshold
- Higher exposure in “iodine” range (30-60 keV)

- Could see strange signals (e.g., nuclear recoil + 2°Xe
40 keV excitation)...



YOU DON'I HAVE 1O BE
EXCITED ABOUT ANOMALIES
1O BE EXCITED ABOUT
DIRECT DETECTION



THE IMPROVEMENT OF DARK
MAIT TER EXPERIMEN T

VY \ T T T T T
— http://dmtools.brown.edu/
8 Gaitskell , Mandic,Filippini
p—
= sifler Wis el
DATA listed top to bottom on Lﬁot
o I DAMA/LIBRA, 2008, no ion channeling, 3sigma, SI
~N— — CDMS 1I (Soudan), 2008, 121.3kg—days, Ge detector, SI
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FC - - XMASS, &rojection 2004/2007, OOk%, FV 0.5 ton—year, SI
SlﬁPerCD S, projection 2007, ZSk%( —ST@Snolab), SI
Q) """" LUX 300 k]% rojected Sensitivity: 30000 kg—d, 5-30 keV, 45% eff
192 - - LUX-ZEPLIN, projection 2008, 3 tonne (3 tonne—i/ear), SI
o p— - - XENONIT, projection 2009, 3 ton—yr, 2-30 keV, 45% eff. SI
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THE TWO CROSS SECTIONS
1O THINK ABOUT




Cross—section [sz] (normalised to nucleon)
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THE TWO CROSS SECTIONS
1O THINK ABOUT

a2 | 1 m,
= iy . i T e

oo ~ e < 10—

~ 10" cem?



Cross—section [sz] (normalised to nucleon)

“http://dmtools.brown.edu/
Gaitskell Mandic,Filippini

107 10°

WIMP Mass [GeV/cz]



“http://dmtools.brown.edu/
Gaitskell ,Mandic,Filippini

Cross—section [cm2] (normalised to nucleon)

10" 107 10°

WIMP Mass [GeV/cz]

Various physics can move It up or down -
but this Is a natural starting point




1074

10~

o in cm?

10—45

10—46

scalar DM singlet

] I N _

: Excluded by Xenon 2011

- e i

- i = S Gel |

R m, =140 GeV _
] GV -
\\\\

= | L T S T R E T S S R S SR B R

0 50 100 150 200 250 300
DM mass in GeV

Farina, Kadastik, Pappadopulo, Pata, Raidal, Strumia 11



IF XENON SEES NOTHING,
THEN WHAT/?



WHITHER NO XENON 00
DETECTION

» Are WIMPs dead?! Nol!
» Consider an SU(2) triplet (aka a “pure Wino™)

* no Z-boson coupling; no (tree level) Higgs boson coupling

DM DM DM DM DM DM

DM* DM*

: &y

. A oy

talk by R. Hil



0'(cm2)

sample lattice inputs

NN

ZﬂNlat , Zslat

i

baryon spectroscopy inputs

Zﬂ'N, Z()

100

120

140 160 180 200

- mp(GeV)

talk by R. Hil
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may be hard to find

DATA listed top to bottom on plot

DAMA/LIBRA, 2008, no ion channeling, 3sigma, SI

CDMS II (Soudan), 2008, 121.3kg—days, Ge detector, SI
XENON100, 2011, 100.9 live days of data, SI

XMASS, 1Slrojection 2004/2007, OOk%, FV 0.5 ton—year, SI
SuperCD S,Pprojection 2007, 25kg (7-ST@Snolab), SI

LUX 300 kg Projected Sensitivity: 30000 kg—d, 5-30 keV, 45% eff
LUX-ZEPLIN, projection 2008, 3 tonne (3 tonne—year), SI
XENONIT, projection 2009, 3 ton—yr, 2-30 keV, 45% eff. SI

120401134101



TWO CROSS SECTIONS

* It | had to pick two numbers for the cross section that a WIMP
would scatter with, they'd be 1037 cm? and 10" cm?.

* [t's not the former.
* [ he latter is nigh

» But that's no guarantee



A FINAL THOUGHT GIVEN
THAT [T APPEARS THE HIGGS
HAS BEEN DISCOVERED



THE HIGGS AND DM IN SUSY



THE HIGGS AND DM

- Maybe the Higgs couplings are non-standard=> new
electroweak states?

- What if there Is a sister partner to the Higgs, which has
some symmetry group Gs that keeps it from coupling to
fermions?

- But what if this sister Higgs field gets a vev and
participates in EWSB? (SUSY generalization of Type |

2HDM) A i |
Hk ,"0 C\; izm}iga,‘l‘loh

Mov \
GS:; Zk ch "(:,J&l_«}em’ereov

Arkani-Hamed, Delgado, Giudice



THE HIGGS AND DM

- Grand Unification implies GUT-related colored fields
("G-quarks” Dg)

. He Ggutr
o2 24 Da D;
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New opportunities for “stealth’” or squeezed SUSY






CONCLUSIONS

- After the Higgs, it's time for new physics discoveries
- Dark matter is due: data from LHC, direct, indirect

- Rate of anomalies in > rate of anomalies out

- Slowly, we may be able to exclude the old ones

+ CMB tests for PAMELA

- lodine tests for DAMA

- More Fermi data from the GC



CONCLUSIONS

- But DM models also provide us great motivations for
new searches

* jets+tMET
- dark forces/rare GeV decays
- monophoton/monojet

- More complicated electroweak sectors => new colored
states

» “G-quarks” could play a role in SUSY signals



CONCLUSIONS

- Hopefully, it's not another 40 years!









