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Matter Inventory

Dark Matter

normal
matter

“Regular” Matter ~15%
Dark Matter ~ 85%



Gravitational Evidence

If you know the 
rotational velocity (       ),  
you can compute the 
force (    ).



• Vera Rubin: Galactic Rotation Curves (1960’s-70s)

Galaxy-Scale 
Evidence

Steele, Mottram, Newsam & the LT Project

Far away from 
the galaxy, 



• Vera Rubin: Galactic Rotation Curves (1960’s-70s)

Galaxy-Scale 
Evidence

Begeman et al. (1991)
Far away from 

the galaxy, 



Cluster-Scale 
Evidence

• Fritz Zwicky: used Doppler shift to measure peculiar velocities 
of galaxies at the edge of the Coma Cluster

‣ Virial Theorem 

‣ Velocities implied MUCH more mass than that visible

“If this [overdensity] is confirmed we would 
arrive at the astonishing conclusion that dark 

matter is present [in Coma] with a much 
greater density than luminous matter.”                            

F. Zwicky, Helvetica Physica Acta 6: 110-127 (1933)



The Bullet Cluster

✓Optical (galaxies)

✓X-ray measurements 
reveal hot gas

✓Weak gravitational 
lensing shows where 
the mass is

Clowe et al. (2006)

Dark matter is definitely needed to explain this.
Natarajan & Zhao (2008)



What We Know:

• Some explanation is necessary for observed 
gravitational phenomena.

• It’s non-baryonic (Not Normal Matter!).

• We know how much there is:  ΩCDM = 0.26

• It’s neutral.

• It’s stable or very long-lived.

• It’s slow-moving/cold (structure formation).

Dark 
Matter

normal
matter



What Could It Be?

• Standard Model Particles

• New DM particles just for DM

• New particles from SM extensions that 
happen to have the right properties to be 
DM.  I find this more compelling, but that doesn’t mean it’s right.

We have ample theoretical evidence that the SM is incomplete. 

Completions involve new physics with mass scale O(100) GeV.



Relic Abundance

Jungman, Kamionkowski & Griest, PR (1996)

1
2

3

1.  New (heavy) particle χ
in thermal equilibrium:

  
2.  Universe expands

and cools:

  
3.  χ's “freeze out”



Relic AbundanceWIMP “Miracle”

Expansion and annihilation 
compete to determine the 
number density:

1
2

3

Stable matter with GeV-TeV 
mass and weak-scale 

annihilation cross section yield

Ωχh2 ≈ 0.1

{

Jungman, Kamionkowski & Griest, PR (1996)



What We Know:

• Some explanation is necessary for observed 
gravitational phenomena.

• It’s non-baryonic (Not Normal Matter!).

• We know how much there is:  ΩCDM = 0.26

• It’s neutral.

• It’s stable or very long-lived.

• It’s slow-moving/cold (structure formation).

We DO NOT KNOW that dark matter is made of WIMPs.

Dark 
Matter

normal
matter



To Catch a WIMP

• Colliders

✓ Produce WIMPs directly; missing energy signature

✓ Observe decays of Next-to-Lightest particles to DM

• Direct Detection

✓ Observe WIMPs through interactions with nuclei in 
terrestrial detectors

• Indirect Detection

✓ Observe the products of WIMP annihilation or decay in 
terrestrial or space-based detectors

DM      DM
  +   ➜   +
 SM       SM

SM       DM
 +    ➜   +
SM       DM

DM       SM
  +   ➜   +
DM       SM

DM

DM

SM

SM

New
Physics

Collider Searches

Indirect Detection

Direct
Detection



1. Experiment

2. Theory



Direct Detection

• If WIMPs are the dark matter, they are all around us, 
and will occasionally bump into nuclei.

➡ How occasionally?

Differential Rate
(counts/ton/yr/keV) Flux of WIMPs

Velocity
Distribution

Probability of Interaction 
w/ Target Nucleus



Direct Detection

slide by Laura Baudis



Direct Detection
10 Direct Detection Program Roadmap 39
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Figure 26. A compilation of WIMP-nucleon spin-independent cross section limits (solid curves), hints
for WIMP signals (shaded closed contours) and projections (dot and dot-dashed curves) for US-led direct
detection experiments that are expected to operate over the next decade. Also shown is an approximate
band where coherent scattering of 8B solar neutrinos, atmospheric neutrinos and di↵use supernova neutrinos
with nuclei will begin to limit the sensitivity of direct detection experiments to WIMPs. Finally, a suite of
theoretical model predictions is indicated by the shaded regions, with model references included.

We believe that any proposed new direct detection experiment must demonstrate that it meets at least one
of the following two criteria:

• Provide at least an order of magnitude improvement in cross section sensitivity for some range of
WIMP masses and interaction types.

• Demonstrate the capability to confirm or deny an indication of a WIMP signal from another experiment.

The US has a clear leadership role in the field of direct dark matter detection experiments, with most
major collaborations having major involvement of US groups. In order to maintain this leadership role, and
to reduce the risk inherent in pushing novel technologies to their limits, a variety of US-led direct search

Community Planning Study: Snowmass 2013



Indirect Detection
• Look for end-products of  WIMP 

annihilation (decay?)

• If WIMPs annihilated in the early 
universe, this process should still 
be occurring today.

• Downside:  Astrophysics is 
complicated. 

• Up-side:  Many places to look, 
many experiments looking(ed)

DM

DM

SM

SM

New
Physics

Indirect Detection



Indirect Detection
• WIMP annihilation (or decay)

• Need a LOT of dark matter:

• In the Milky Way halo                   
Ellis, Freese et al. 1987; Feldman & Sandick, 2013; 
Kumar & Sandick, 2013

• Near the Milky Way GC           
Gondolo and Silk, 2000

• In the Sun or the Earth                  
Silk et al. 1985; Kraus et al. 1986; Freese 1986

• In nearby dwarf galaxies              
Evans, Ferrer & Sarkar 2004; Sandick et al. 2009; 
Feldman & Sandick, 2013

• In Milky Way substructure           
Evans, Ferrer & Sarkar 2004,                         
Sandick et al. 2010, 2011a,b



Interesting (positive) Results...

AMS Collaboration, PRL (2013)

Fermi LAT Collaboration (2013)

Rising positron fraction?
⬇

Gamma-ray line?
⬆

(        )
Kumar & Sandick, PRD 2013

In a generic MSSM model, how 
large can a line signal be relative to 

the continuum gamma-ray flux?

Galactic Center ! Excess in inner 1 degree!



Indirect Detection

DM

DM

SM

SM

New
Physics

Annihilation 
Indirect Detection (today)

Link to annihilation in the early universe?



The Large Hadron Collider



Large Hadron Collider
• Mono-Anything Searches

• Can relate to WIMP-quark elastic scattering 
if you know what the New Physics is, or if 
you use an effective operator method

New
Physics

e.g. Zhou, Berge, & Whiteson (2013)

DM

DM

 
q

q
 

• Missing Energy Searches

• New Physics Searches

http://atlas-live.cern.ch

http://atlas-live.cern.ch


What Could It Be?

• Standard Model Particles

• New DM particles just for DM

• New particles from SM extensions that 
happen to have the right properties to be 
DM.  I find this more compelling, but that doesn’t mean it’s right.

We have ample theoretical evidence that the SM is incomplete. 

Completions involve new physics with mass scale O(100) GeV.



Standard Model (pre-2012)

“weak-scale”
masses

massless

Electroweak Symmetry 
Breaking (EWSB)

(1)



Standard Model (pre-2012)

(2) Unitarity
• Prob. of WW scattering increases with energy.

• Prob.  > 1 for high energy W’s,

• SM-like Higgs prevents this if mh ≲ 800 GeV,     
or something else new at or below that scale.

+



Standard Model (2012)

+



• Electroweak Symmetry Breaking (EWSB)

• Probability of WW scattering increases with energy

• Gauge Hierarchy Problem

• Dark Matter

New Physics at the Weak Scale?

✓
✓

New Physics Still Needed
(more than just the Higgs)}



New Physics at the Weak Scale?

• Electroweak Symmetry Breaking (EWSB)

• Probability of WW scattering increases with energy

• Gauge Hierarchy Problem

• Experimentally,  

• Quantum corrections:

h h

t

✓
✓



New Physics at the Weak Scale?

• Electroweak Symmetry Breaking (EWSB)

• Probability of WW scattering increases with energy

• Gauge Hierarchy Problem

• Dark Matter????

• At least some explanation is needed, since it’s not SM particles.

• Supersymmetric particles:  neutralino, sneutrino, gravitino, axino

• Kaluza-Klein states

• Little Higgs heavy photons or scalars

• Lots of other ideas 

• may or may not be related to the weak scale

• may or may not address particle physics needs

✓
✓



Supersymmetry is the only possible extension 
of the Poincare algebra in a consistent 4d 

quantum field theory. Haag, Lopuszanski, & Sohnius (1975)

Supersymmetry

Fermions BosonsSUSY

Each Standard Model particle
gets a Supersymmetric partner!



Minimal Supersymmetric Standard Model
Three Generations

of Matter (Fermions)
Three Generations

of Matter (Sfermions)
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Virtues of Supersymmetry
• Elegance (!)

• Gauge Coupling Unification

• Hierarchy Problem Addressed

• Light Higgs Boson

• Dark Matter
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Virtues of Supersymmetry
• Elegance (!)

• Gauge Coupling Unification

• Hierarchy Problem Addressed

• Light Higgs Boson

• Dark Matter

SM:

SUSY:

H H

t

H H

t
∼

SUSY maintains the 
hierarchy of mass scales.



Virtues of Supersymmetry
• Elegance (!)

• Gauge Coupling Unification

• Hierarchy Problem Addressed

• Light Higgs Boson

• Dark Matter

H H

t

H H

t
∼

WMAP

CMS-PHO-EVENTS-2011-010

Clowe et al. (2006)

Clowe et al. (2006)



• Abundance of experimental data! 

‣ Dark matter is being explored with unprecedented and 
growing precision.

• Theoretical approaches:

Current Situation

Totally Data-Driven

Totally Theory-Driven
��

Figueroa-Feliciano (2011)

PAMeLA

H.E.S.S.VERITAS



Current Situation

• Abundance of experimental data! 

‣ Dark matter is being explored with unprecedented and 
growing precision.

• Theoretical approaches:

Totally Data-Driven

Totally Theory-Driven

�

�
Hybrid / Simplified Models
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From Theory to Predictions
Supersymmetry

MSSM Non-Minimal Model

mSUGRA

CMSSM

NUHM

Gravity Mediation Gauge Mediation … EW-Scale Inputs

pMSSM

MSSMn (n=7,9,etc.)

Relevant Parameters Only
for Specific Signature



Constraints

• Higgs mass

• Sparticle mass limits from collider searches

• Flavor constraints

• Lepton dipole moments, etc.

• DM abundance

• Indirect and Direct dark matter searches

Lightest Supersymmetric Particle (LSP):

(bino) (wino) (higgsino)



SUSY Dark Matter

1. What is predicted within the SUSY framework? 

‣ specific realization or more general possibilities

2. What are the data really telling us? 

‣ Priors on model

‣ Connection to predictions

3. When will we know for sure?

� Direct Dark Matter Searches

➔ different 
interpretations}



pMSSM (19 parameters)
Cahill-Rowley et al. (2013)



Future Prospects
• Timeline for discovery/exclusion?  

Akerib et al. (LUX Collaboration), 2013

?

Simplified models 
can help you 

construct a definite, 
model-independent 

answer.

Could answer within
a low-dimensional

model (not general),
or within the MSSM

(not conclusive).



If DM abundance is achieved through a 
resonance, how small could σSI possibly be?

Hooper, Kelso, Sandick, & Xue, PRD 2013

all detectable on  
~decade timescale

• Relic Abundance:  μ
• Higgs mass:  A0

• Free parameters:                       
(m0, M1, mA, tanβ)

LUX (2013)



If DM abundance is achieved through a 
resonance, how small could σSI possibly be?

Hooper, Kelso, Sandick, & Xue, PRD 2013

all detectable on  
~decade timescale

LUX (2013)

If Nature is MSSM-like, and neutralino 
dark matter at a resonance makes up all 

the dark matter in the Universe, then 
direct detection experiments are pushing 
the resonance to be more and more exact.

At this rate of progress, direct 
detection experiments will be 
able to close the A/H/h funnel 
regions in just over a decade!

• Relic Abundance:  μ
• Higgs mass:  A0

• Free parameters:                       
(m0, M1, mA, tanβ)



SUSY Dark Matter

1. What is predicted within the SUSY framework? 

‣ specific realization or more general possibilities

2. What are the data really telling us? 

‣ Priors on model

‣ Connection to predictions

3. When will we know for sure?

� Direct Dark Matter Searches

➔ different 
interpretations}



Spin-Independent Scattering with Nuclei

q

Z

q

~~

N

~~

q q
N

h,H,A

0 0 0 0 ~0 ~0

N

q q

q

N

~

Fig. 24: Examples of diagrams for elastic neutralino-nucleon scattering.

The cross section for direct scattering of WIMPS on nuclei has an experimental upper limit of
about 10�8 pb, i. e. many orders of magnitude below the annihilation cross section. This cross section
is related to the annihilation cross section by similar Feynman diagrams. The many orders of magnitude
are naturally explained in Supersymmetry by the fact that both cross sections are dominated by Higgs
exchange and the fact that the Yukawa couplings to the valence quarks in the proton or neutron are
negligible. Most of the scattering cross section comes from the heavier sea-quarks. However, the density
of these virtual quarks inside the nuclei is small, which is one of the reasons for the small elastic scattering
cross section. In addition, the momentum transfer in elastic scattering is small, so the propagator leads
to a cross section inversely proportional to the fourth power of the Higgs mass.

The typical exclusion plots for the spin-independent and spin-dependent cross-sections are shown
in Fig. 23 where one can see DAMA allowed region overlapping with the other exclusion curves. Still
today we have no convincing evidence for direct dark matter detection or exclusion. Scattering of the
LSP on nuclei can only happen via elastic scattering, provided R-parity is conserved [13, 68]. The
corresponding diagrams are shown in Fig. 24.

The big blob indicates that one enters a low energy regime, in which case the protons and neutrons
inside the nucleus cannot be resolved. In this case the spin-independent scattering becomes coherent on
all nuclei and the cross section becomes proportional to the number of nuclei:

� =

4

⇡

m2
DMm2

N

(mDM + mN )

2
(Zfp + (A � Z)fn)

2 (70)

where A and Z are the atomic mass and atomic number of the target nuclei and the form factors are [75]

fp,n =

X

q=u,d,s

Gqf
(p,n)
Tq

mp,n

mq
+

2

27

f
(p,n)
TG

X

q=c,b,t

Gq
mp,n

mq
, (71)

where Gq = �DM�q/M
2
M . Here M denotes the mediator, and �DM, �f denote the mediator’s couplings

to DM and quark. The parameters f
(p)
Tq are defined by

mpf
(p)
Tq ⌘ hp|mq q̄q|pi (72)

and similar for f
(n)
Tq , whilst f

(p,n)
TG = 1 �

P
q=u,d,s f

(p,n)
Tq .

Since the particle which mediates the scattering is typically much heavier than the momentum
transfer, the scattering can be written in terms of an effective coupling, which can be determined phe-
nomenologically from ⇡N scattering or from lattice QCD calculations.

The default values of the effective couplings in micrOMEGAs [76] are: f
(p)
Tu = 0.033, f

(p)
Td =

0.023, f
(p)
Ts = 0.26, f

(n)
Tu = 0.042, f

(n)
Td = 0.018, f

(n)
Ts = 0.26. The lower values from the lattice
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velocity-suppressed
coupling

 Need L-R squark mixing!

L R

scattering will also occur. The cross section for spin independent elastic scattering for
pure bino LSPs is therefore determined only by the bino mass, M1, and the relevant
squark masses and mixing angles.

We are thus led to three decoupled sectors of parameter-space:

• Heavy sector: Choose µ, heavy squark masses, and top trilinear couplings to get the
mass for the light CP -even Higgs in the right range. Also decouple the wino and
gluino, as well as some of the sleptons.

• Relic Density sector: For a given bino mass, choose slepton masses and mixings to
achieve the dark matter relic abundance.

• Direct Detection sector: For a given bino mass, neutralino-nucleon elastic scattering
cross sections are determined by the light squark masses and mixings.

III. SCATTERING CROSS SECTION

A generic model for singlet dark matter which couples to Standard Model fermions
through the exchange of charged scalars was considered in [5], for example, and the results
can be applied to the specific case of bino-like dark matter. One can write the left/right
squarks (q̃L,R) as a mixture of the nondegenerate squark mass eigenstates (q̃1,2),

q̃L = q̃1 cos�q + q̃2 sin�q

q̃R = �q̃1 sin�q + q̃2 cos�q (2)

where �q is the squark mixing angle and we have dropped the potential CP -violating phase.
For simplicity, and without loss of generality, we assume mq̃1  mq̃2 .

qL

B̃ B̃

qR

q̃L q̃R

B̃ B̃

qL qR

q̃R

q̃L

FIG. 1. Bino dark matter scattering through squark exchange assuming left/right mixing.

For the momentum transfer relevant for elastic scattering, the scattering interaction can
be represented as a dark matter-quark four-point contact operator. The operator relevant
for velocity-independent, SI-scattering is

O =
1

4
g02 sin(2�q)YLYR


1

m2
q̃1
�m2

X

� 1

m2
q̃2
�m2

X

�
(X̄X)(q̄q) ⌘ ↵q(X̄X)(q̄q) (3)

where g0 is the hypercharge coupling constant and YL,R are the hypercharges of the left-
and right-handed quarks, respectively. Note that, if we had allowed for a CP -violating
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be represented as a dark matter-quark four-point contact operator. The operator relevant
for velocity-independent, SI-scattering is

O =
1

4
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where g0 is the hypercharge coupling constant and YL,R are the hypercharges of the left-
and right-handed quarks, respectively. Note that, if we had allowed for a CP -violating

4

phase, there would be additional operators which permit SI-scattering, but they would be
velocity-suppressed. The dark matter-nucleon spin-independent cross section is then given
by

�N
SI =

µ2

4⇡
g04Y 2

L

(
X

q

sin(2�q)YRq


1

(m2
q̃1
�m2

X)
� 1

(m2
q̃2
�m2

X)

�
(BN

q )

)2

(4)

where µ is the reduced mass of the DM-proton system, N = p, n and Bp,n
q are the integrated

nucleon form factors with q = u, d, s. For the models we consider, we may always assume
mp ⌧ mX .

In the limit of one non-decoupled light squark flavor, with mX ⌧ mq̃1 , this expression
simplifies, yielding

�N
SI ⇡ (1.1⇥ 10�8 pb)Y 2

Rq sin
2(2�q)

✓
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where the second line is obtained for light up squarks, with �p
SI(ũ) = 3.9 ⇥ 10�7 pb for

maximal squark mixing, mũ1 = 1 TeV ⌧ mũ2 , and a reference value for Bp
u. In the limit

mX ⇠ mq̃1 , it is more convenient to express the scattering cross-section as

�N
SI ⇡ (1.1⇥ 10�4 pb)Y 2
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where, similarly, in the second line, �p
SI(ũ) = 3.9⇥ 10�3 pb for m2

q̃1 �m2
X = (100 GeV)2.

A. Isospin-Violation

In this scenario, dark matter interactions are generically isospin-violating [6–11]. Isospin-
violation in SI-scattering is typically parameterized in terms of fp,n, the coupling of dark
matter to protons and neutrons. In particular, �n

SI/�
p
SI = (fn/fp)2. In this scenario, this

ratio of couplings can be expressed as

fn
fp

=

P
q sin(2�q)YRq

h
1

(m2
q̃1

�m2
X)

� 1
(m2

q̃2
�m2

X)

i
(Bn

q )

P
q sin(2�q)YRq

h
1

(m2
q̃1

�m2
X)

� 1
(m2

q̃2
�m2

X)

i
(Bp

q )
(7)

Because Bp
s ⇠ Bn

s , bino SI-scattering will be largely isospin-invariant if it is dominated
by strange squark exchange. Generically, however, fn/fp may assume any value, including
negative values. In fact, even if up- and down-squarks are mass degenerate and have the
same mixing angle, bino scattering will be isospin-violating because YRu 6= YRd. It is thus
worth noting that even a bino-like LSP of the MSSM can be an example of isospin-violating
dark matter (IVDM).

5

Pure bino dark matter:
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of neutralino-nucleon elastic scattering cross sections are the strangeness content of the
nucleon [17], the measurement of ⌃⇡N , and the measurement of the quark masses.

The value of ⌃⇡N can be determined from pion-nucleon scattering data, but with quite
large uncertainties. Recent analyses find ⌃⇡N = 64±8 MeV [14] and ⌃⇡N = 59±7 MeV [15];
these values are larger by more than 2� than those found in previous analyses [16].

�0 can either be fit from the baryon masses in chiral perturbation theory, or inferred
from lattice QCD studies. The former method, when applied to the baryon octet masses
at O(p2) at tree-level in chiral perturbation theory, yields �0 = 27 MeV and a very large

strangeness content such that f (N)
s � f

(N)
u,d . On the other hand, recent lattice studies favor

f
(N)
s ⇡ f

(N)
u,d . Moreover, recent studies show that the chiral perturbation theory result may

also be consistent much larger values of �0 [18, 19] and with f
(N)
s ⇡ f

(N)
u,d , if one includes

higher orders in the momentum expansion and includes the baryon decouplet. Note that it
is not only the values of the quantities ⌃⇡N and �0 that a↵ect the predicted scattering cross
sections, but also their di↵erence: for �0 ⇡ ⌃⇡N (y ⇡ 0), the strangeness content of the
nucleon becomes negligible, while for larger di↵erences, the strangeness content dominates.
This is immediately obvious if we consider the integrated nucleon form factors,

BP
u = BN

d = ⌃̃⇡N + �̃0

✓
z � 1

z + 1

◆
= ⌃̃⇡N


1 + (1� y)

✓
z � 1

z + 1

◆�

BP
d = BN

u = ⌃̃⇡N � �̃0

✓
z � 1

z + 1

◆
= ⌃̃⇡N


1� (1� y)

✓
z � 1

z + 1

◆�
(13)

BP
s = BN

s = ⌃̃⇡N � �̃0 = ⌃̃⇡N y,

where ⌃̃⇡N = ⌃⇡N/(mu +md), �̃0 = �0/(mu +md).
Note that, even if strange squarks are heavy and contribute negligibly to dark matter-

nucleon scattering, the uncertainty in the dark matter-nucleon scattering cross section is still
influenced by the strange content of the nucleon. The values of B(N)

q are given in Table I for
the limiting reference cases y ! 0 and y ! 1, as well as the benchmark case with ⌃⇡N = 59
MeV and �0 = 27 MeV.

Finally, there is significant uncertainty in the masses of the light quarks, which cannot be
neglected (in contrast to the example studied in [20]). A pure bino LSP will only scatter via
squark exchange, and scattering will be spin-independent in the non-relativistic limit only if
there is L-R mixing in the squark sector; this is the dominant process we consider. However,
typically, the L-R mixing is taken to be negligible for light squarks in the MSSM (�q ⇡ 0),
leading to a nearly-diagonal mixing matrix eq. A2. In this case, the higgsino content of
the LSP dominates SI-scattering, via Higgs exchange. As discussed in [20], one then finds

�
(N)
SI / (mqB

(N)
q )2. Since B

(N)
q / 1/(mu +md), the entire scattering cross section depends

only on ratios of the light quark masses, which are fairly well constrained [21]. But we focus

specifically on SI-scattering via squark exchange, for which �
(N)
SI / (B(N)

q )2 / 1/(mu+md)2;

�
(N)
SI clearly depends on the absolute masses of the up and down quark. In Table I and

throughout this analysis, we consider only the central values for the light quark masses [22],

mu = 2.3+0.7
�0.5 MeV and md = 4.8+0.5

�0.3 MeV, (14)

and note that all B(N)
q scale as 1/(mu+md), which is an additional source of uncertainty on

the ability of experiments to constrain these models1. In the figures presented in Section VI,

1 We note also that lattice QCD calculations [23] yield more precise values for the quark masses than the

results of measurements presented in [22]
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What does it mean?

• We considered light bino-like dark matter that scatters with 
nuclei via squark exchange (all other sparticles heavy/irrelevant).

• Direct detection experiments are sensitive to a broad range of models, which 
may defy the common MSSM presumption of isospin invariance. 

• Uncertainties in predictions for SI scattering of WIMPs with nuclei can span 
several orders of magnitude if scattering occurs mainly through squark 
exchange.  Uncertainties in the strange quark content of the nucleon may be 
devastating to our ability to draw conclusions from direct dark matter searches!

• The lack of knowledge of the quark content of the nucleon is seriously 
impacting our ability to interpret sensitivities of direct dark matter 
searches for WIMPs.



Looking Forward
• Direct dark matter searches - towards the neutrino background! and 

directional searches!

• Indirect dark matter searches - AMS-02, Fermi, CTA…

• LHC - SUSY/DM discovery potential at 14 TeV.

• Linear Collider - 500 GeV linear collider will study Higgs properties in 
detail! CLIC at 3TeV?

• What is left in SUSY, and when will we know we’ve 
covered it?

• Minimal models still viable (and still desirable)? Non-neutralino dark 
matter (axinos, gravitinos, axions, primordial black holes)?  

• How to analyze compatibility with experimental 
constraints..?  “With great data, comes great responsibility!”


