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THE WIMP MIRACLE
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* Remarkable coincidence: particle physics independently
predicts particles with the right density to be dark matter
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STABILITY

New Particle States

 This all assumes the -
WIMP is stable

T
\ /
« How natural is this? /

Stable

Standard Model
Particles
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LEP'S COSMOLOGICAL LEGACY

Gauge Hierarchy requires Precision EW excludes
SM SM
Higgs new Higﬁs _ ne.w
- particle particle
SM SM

« Simple solution: impose a discrete parity, so all interactions
require pairs of new particles. This also makes the lightest
new particle stable:

LEP constraints < Discrete Symmetry < Stability
Cheng, Low (2003); Wudka (2003)

* The result: new, stable particles at the weak scale are
predicted in many models, motivates DM with mp,, ~ 5 GeV

24 Sep 2013 DaMaSC 2 Feng 6



ASYMMETRIC DARK MATTER

 The SM matter relic density was
not generated by freeze-out, but
by an asymmetry

 |If the dark matter relic density
was generated in a similar way

Npy ~ Ng
J

Mpy / Mg~ Qpy / Qg ~ 5

Asymmetric DM motivates “light
WIMPs” with mg,, ~ 5 GeV
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DIRECT DETECTION

DaMaSC 2

Dark matter elastically

| s,catters off nuclei |

' Nuclear recoils detected
by phonons scmtlllatlcn
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CURRENT STATUS AND FUTURE PROSPECTS
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INDIRECT DETECTION

« Dark matter may pair annihilate L
) ] i ow-gnergy photons Positrons
In our galactic neighborhood to Qs ~ A~

 Photons X

. q A
* Neutrinos . Mediun-enery Electrons
\ gamma rays | }%‘

* Positrons
* Antiprotons

\/\/\/\’ ) Neutrinos
—r. } [ ]

q Leptons
. Antideuterons / p v
. ? Antiprotons
* The relic density provides a pespeic (@ -vf\v"’“‘v‘"““”"\*?j 4
target annihilation cross section RELE Bosons WWWWMPWWHS
<GA V> ~ 3 x 1026 cm3/s Decay process mmmm—m)
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AN EXAMPLE: PHOTONS

Current: Veritas, Fermi-LAT, Future: Cerenkov
HAWC, Magic, HESS, ... Telescope Array (CTA)

Core-energy array: High-energy section:

FGST

FERMI GAMMA-RAY SPACE TELESCOPE
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INDIRECT DETECTION: PHOTONS
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 Fermi-LAT has excluded a light WIMP with the target
annihilation cross section for certain annihilation channels

« CTA extends the reach to WIMP masses ~ 10 TeV
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DARK MATTER AT COLLIDERS

* Full Models (e.g., pPMSSM -« DM Effective Theories
Supersymmetry) (Bare Bones Dark Matter)

M (GeV) Model 2403883

Mono-whatever

X g
Cascades
X q
Y1 j1 Wa Z
@_—
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DARK MATTER COMPLEMENTARITY

« Before a signal: Different experimental approaches are sensitive to
different dark matter candidates with different characteristics, and provide
us with different types of information — complementarity!

« After a signal: we are trying to identify a quarter of the Universe: need
high standards to claim discovery and follow-up studies to measure

properties

Nuclear Matter
quarks, gluons

Direct
Detection

Mass measurement
for m > 500 GeV?
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Dark Matter

Leptons
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taus, neutrinos

Photons,
W, Z, h bosons

Particle
Colliders

Indirect
Detection

SM x DM
SM

DM

Lifetime:

i ?
Asymmetric DM~ 107 s = 1017 52
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COMPLEMENTARITY: FULL MODELS

PMSSM 19- parameter scan of SUSY parameter space
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Different SUSY models are probed by different experiments
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AXIONS

Strongly motivated by the
strong CP problem

93
. UV PO I o
327‘_2 € GMUGPO’

Ocp

Current bound from electric
dipole moments is

Ocp < 10~V

Motivates introduction of the
axion field, which couples to
two photons
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AXION PROPERTIES

Many production mechanisms, but all
yield cold dark matter

Parameter space constrained by
— Supernova cooling, etc.
— Relic density

— Direct detection constraints
ADMX Achieved and Projected Sensitivity
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ADMX is projected to cover the
first of these three decades in
its first year of operations, and
the second decade over the

following two years
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STERILE NEUTRINOS

« Strongly motivated by the fact that neutrinos have mass

o 1
L, = v P — ( ;?BL"”VB@ -+ h.c.) — §J\JQBV""VB

 No SM gauge interactions, but they mix with the active
neutrinos

T ( /\zj <U> Jh}ff:) ) A ’ VR ! o

» Correct relic density for ~keV masses

Q, =~

1o sin® 20 { M r-a
"0 [T kev
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STERILE NEUTRINO PROPERTIES

, Ocv
Ny, — y,) = —
v Va) 204874

<Yy
~Y

)
y4

May be warm dark matter,
depending on mass and

production mechanism
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HIDDEN SECTOR DARK MATTER

« Dark matter could be in a hidden “dark sector,” with no
SM couplings; this is viable and perhaps even natural,
since all solid evidence for DM is gravitational

Hidden
o : h
I | ..‘

« However, a priori, it's a bit unsatisfying
— Missing the particle physics motivations of many popular DM

candidates
— Too much model-building freedom, lack of predictivity

— Makes no use of the WIMP miracle
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MOTIVATIONS FOR HIDDEN DARK MATTER

«  WIMPless Miracle: Consider hidden sectors T
in SUSY models. In many models, my ~ g,2, Breaking

which leaves the relic density invariant
1 -mi- r / \

QX 0.8 ~ .
) 4 Hidd
(ov) 9% Bt MSSM idden h

iy, | X

Restores T
— Particle physics motivations
— Structure, predictivity

0 3
— The miracle: SUSY hidden sectors 10 ' '

automatically have DM with the right Q o 3

Feng, Kumar (2008); Feng, Tu, Yu (2009) 2 ]

107 ¢ i

: . . 3 ]

- Self-interactions: Observations vs. 107 ¥ :

simulations motivate self-interacting DM with N ya \
w*e 7 :
o+/m ~ 0.1-1 cm?/g (or barn/GeV e a
! 9 ) /" WIMPless DM
Rocha et al. (2012), Peter et al. (2012); 10 “= L ' J '
Vogelsberger et al. (2012); Zavala et al. (2012) 10 107 102 10° 10° 10*

my [GeV]
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SELF-INTERACTING DM FROM SU(N) HIDDEN SECTOR

Boddy, Feng, Kaplinghat, Tait (2013)

« WIMPless miracle requires weak interactions, self-interactions require

strong interactions

* A natural possibility to consider is a non-Abelian hidden sector with
weak coupling at high scales and early times, and strong coupling at

low scales now (cf. QCD)
Feng, Shadmi (2011)
x
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Feng, Kaplinghat, Yu (2010); Tulin, Yu, Zurek (2013)
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SELF-INTERACTING DM FROM SU(N) HIDDEN SECTOR

* An extremely simple possibility: AMSB with a pure SU(N)
hidden sector (just hidden gluons and gluinos)
« ~1-10 TeV gluinos freezeout with the correct relic density

« At A~ 10 MeV, (gg) and (gg) bound states form
« (gg) dark matter strongly self-interacts through (gg) exchange
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SUMMARY

* Many interesting dark matter candidates

* Vanilla WIMPs are still very well motivated, as are
other cold dark matter candidates, such as axions

 But there are also well-motivated warm dark
matter candidates and self-interacting dark matter
candidates

* Astrophysics may motivate specific candidates
and provides unique probes of particle properties

24 Sep 2013 DaMaSC 2 Feng 24



	Slide Number 1
	DARK MATTER CANDIDATES
	OUTLINE
	THE WIMP MIRACLE
	STABILITY
	LEP’S COSMOLOGICAL LEGACY
	ASYMMETRIC DARK MATTER
	DIRECT DETECTION
	CURRENT STATUS AND FUTURE PROSPECTS
	INDIRECT DETECTION
	AN EXAMPLE: PHOTONS
	INDIRECT DETECTION: PHOTONS
	DARK MATTER AT COLLIDERS
	DARK MATTER COMPLEMENTARITY
	COMPLEMENTARITY: FULL MODELS
	AXIONS
	AXION PROPERTIES
	STERILE NEUTRINOS
	STERILE NEUTRINO PROPERTIES
	HIDDEN SECTOR DARK MATTER
	MOTIVATIONS FOR HIDDEN DARK MATTER
	SELF-INTERACTING DM FROM SU(N) HIDDEN SECTOR
	SELF-INTERACTING DM FROM SU(N) HIDDEN SECTOR
	SUMMARY
	1309hepap.pdf
	Slide Number 1
	INTRODUCTION
	CF WORKING GROUP STRUCTURE
	CF WORKING GROUP STRUCTURE
	Slide Number 5
	DARK MATTER
	DIRECT DETECTION
	CURRENT STATUS AND FUTURE PROSPECTS
	MOORE’S LAW FOR DARK MATTER
	INDIRECT DETECTION
	INDIRECT DETECTION: PHOTONS
	INDIRECT DETECTION: PHOTONS
	INDIRECT DETECTION: NEUTRINOS
	INDIRECT DETECTION: NEUTRINOS
	INDIRECT DETECTION: ANTI-MATTER
	NON-WIMP DARK MATTER
	AXIONS
	DARK MATTER COMPLEMENTARITY
	COMPLEMENTARITY: FULL MODELS
	Slide Number 20
	Slide Number 21
	DARK ENERGY PROBES
	Slide Number 23
	PRECISION DARK ENERGY
	MODIFIED GRAVITY
	INFLATION AND CMB
	Slide Number 27
	Slide Number 28
	Slide Number 29
	COSMIC SURVEYS SUMMARY
	Slide Number 31
	Slide Number 32
	ULTRAHIGH ENERGY (GZK) NEUTRINOS
	GZK NEUTRINO PROSPECTS: ARIANNA, ARA
	Slide Number 35
	COSMIC PARTICLES SUMMARY
	COSMIC FRONTIER SUMMARY
	THE COSMIC FRONTIER MENU
	1309hepap_pdf.pdf
	Slide Number 1
	INTRODUCTION
	COSMIC FRONTIER STRUCTURE
	COSMIC FRONTIER STRUCTURE
	DARK MATTER
	DIRECT DETECTION
	CURRENT STATUS AND FUTURE PROSPECTS
	CURRENT STATUS AND FUTURE PROSPECTS
	CURRENT STATUS AND FUTURE PROSPECTS
	CURRENT STATUS AND FUTURE PROSPECTS
	CURRENT STATUS AND FUTURE PROSPECTS
	CURRENT STATUS AND FUTURE PROSPECTS
	MOORE’S LAW FOR DARK MATTER
	DIRECT DETECTION ROADMAP
	DIRECT DETECTION ROADMAP
	INDIRECT DETECTION
	INDIRECT DETECTION: PHOTONS
	INDIRECT DETECTION: PHOTONS
	INDIRECT DETECTION: PHOTONS
	INDIRECT DETECTION: NEUTRINOS
	INDIRECT DETECTION: NEUTRINOS
	INDIRECT DETECTION: ANTI-MATTER
	NON-WIMP DARK MATTER
	AXIONS
	AXION FUTURE PROSPECTS
	DARK MATTER COMPLEMENTARITY
	COMPLEMENTARITY: MODELS
	COMPLEMENTARITY: FULL MODELS
	COMPLEMENTARITY: DM EFFECTIVE THEORIES
	DARK MATTER SUMMARY





