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Astroparticle Physics Overview

Astroparticle Physics encompasses a wide variety of topics:

1) New Particles/Interactions (BSM)

¥/ Dark Matter, Weakly Interacting Slim Particles (WISPs)
Other relics (PBH'’s, GUT patrticles, etc.)
Lorentz Invariance Violation
etc.

2) VHE Astrophysics (VHE = Very High Energy, E > 10'? eV)
\f/Point/diffuse sources of VHE y-rays, CR’s and v’s.

Origin of cosmic rays
\:’/Intergalactic radiation fields

etc.

3) Particle Properties
Neutrino properties (atm., solar, SN, and relic v)

\V’/Proton, photon and v interactions at ultrahigh energies
etc.

4) Cosmology (afield in its own right)



Outline

A. Very High Energy (VHE) Astrophysics

* VHE sources of y-rays (and possibly neutrinos and CR’s)

B. AP Topics Connected to LHC

 Proton-Proton Cross Section at 70 TeV
 WIMP DM — Direct and Indirect Detection Results & LHC

C. Other Topics (possibly connected to LHC)

« Axions and axion like particles (ALPS)



Many Detectors, Many Techniques
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A. Very High Energy (VHE) Astrophysics

* VHE sources of y-rays (and possibly neutrinos and CR’s)



VHE Multi-Messenger Astrophysics
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TeV y-ray Sky c2013
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* Almost all discoveries made by atm. Cherenkov telescopes
» Detailed information from spectra, images, variability, MWL ...
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VHE/UHE v Sky ¢2013
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* Neutrino detections should be coming soon !



The High Energy Milky Way

Extended sources, size typically few 0.1°

H.E.S.S. (TEV) few 10 pc
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The Many Faces of TeV Particle Acceleration

AGN Star Forming Regions
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| atest IceCube Results
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Outline

B. AP Topics Connected to LHC

* Proton-Proton Cross Section at 70 TeV
« WIMP DM — Direct and Indirect Detection Results & LHC
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Dark Matter

Postulated in the 1930’s, dark matter (DM)
remains one of the deepest mysteries of science.

There is now overwhelming evidence
for existence of DM.

What we do know:
Dark matter:
IS non-baryonic
IS non-relativistic (cold or warm)
Is stable on cosmological times
has v. weak interaction with SM matter
comprises ~85% of the matter in Universe

x

Planck

Temperature fluctuations

One of the clearest indications for physics
beyond the standard model !

Planck



What is Dark Matter ?

Some Dark Matter Candidate Particles
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WIMP Dark
Matter Particles
Ecm~100GeV
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WIMP Direct Detection
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Underground Labs & Some Expts
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Detection Techniques by Experiment

it DarkSide, LUX, PandaX, o
Scintillation XENON, ZEPLIN lonization

~ 1 keViy ~10 eV/e
few % energy 20% energy

ANAIS,DAMA, CoGeNT,

DEAP/CLEAN, DM-TPC, DRIFT
DM-Ice, KIMS, XMASS

CDMS,

CRESST-1I EDELWVEISS

Phonons PICASSO
10 meV/ph
~100% energy

P. Decowski, Aspen 2013 CRESST-




WIMP Direct Detection Limits
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SuperCDMS Results (2013)
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WIMP Indirect Detection

GeV Fermi, AGILE
(Satellite)

TeV HESS, MAGIC
VERITAS
(Atm. Cherenkov)

WIMP Dark : '
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WIMP Indirect Detection: y-rays

@  Gamma rays from DM annihilation:
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WIMP Limits: y-rays
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130 GeV WIMP Line in Fermi Data ?
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Anti-Protons
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But ... what about Positrons ?

Positron fraction
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WIMP Detection Summary

Technique

Direct Detection
Spin-independent

Direct Detection
Spin-independent

Direct Detection
Spin-dependent

y-rays
Dwarf galaxies

Y-rays
Galactic center

Anti-Protons

Positrons

Neutrinos
Sun

Experiment(s)
with “Signal”

DAMA, CRESST,
CoGeNT

Super-CDMS

No Signal

No Signal

Fermi-LAT

No Signal

PAMELA, Fermi,
AMS

No Signal

Features

Low E
Annual modulation

Low E
Si detectors only

Line near 130 GeV

Rising e+ fraction
above 10 GeV

Difficulties with DM hypothesis

Possible unknown bkgnds & large modulation;
seemingly ruled out by Xenon100, Super-CDMS.

Near threshold, not significant yet.

Hard to account for strength of line signal;
possible systematic? Not very significant.

Requires “leptophilic” models and large o.
Possible astrophysical source(s).
DM hypothesis ruled out by y-ray, v results.
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possible systematic? Not very significant.

Requires “leptophilic” models and large o.
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DM hypothesis ruled out by y-ray, v results.




WIMP Comparisons to LHC
Operator  |Coefficient
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Some LHC Results and Comparisons
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WIMPs: a More General Framework

Gluon Interactions Quark Interactions Lepton Interactions

DM interacting with gluons DM interacting with DM interacting with leptons
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C. Other Topics (possibly connected to LHC)

« Axions and axion like particles (ALPS)



Axions as Dark Matter

Some Dark Matter Candidate Particles

't : neutrinos  WIM
neutraling
KK photon
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Extension to ALPs
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Axion/ALP Current/Future Limits
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VHE y-rays as Cosmological Probes
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Is the Universe too Transparent ?

D. Horns & M. Meyer,
JCAP 1202, 033 (2012)

- » Earth
<< ¢ (EBL) 4

Axion conversion ??
B source Sanchez-Conde et al.,
arXiv:0905.3270




(Some) Future Experiments

TOF-ACD GAPS | Satellite

Balloon |
Instruments Dedlcgtetz’l search e Instruments
ANITA for anti-D’s. Fermi. AMS
Sensitivity: | PAMELA ...
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Atmospheric —

NETE K ()
Cherenkov Telescope Array (CTA)
v-rays, 30 GeV-300 TeV; factor 10 sensitivity improvement
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SUMMARY

A tremendous amount of activity exists in astroparticle physics.
There are new results from a wide variety of experiments.

VHE y-rays have opened a new window in astrophysics. TeV particle
acceleration is ubiquitous in the cosmos and needs to be
understood. VHE neutrino astronomy is likely to follow soon.

WIMP dark matter is being increasingly constrained by LHC, direct
and indirect measurements. Interesting anomalies exist, but none
(as yet) provide convincing evidence for dark matter.

Numerous other dark matter candidates remain viable. Some (e.qg.
axions and ALPs) are being pursued by new projects with improved
sensitivity. What other well-motivated candidates remain?

There are a large number of future experiments being planned or
proposed. A common thread is the wish for “large scale” (> 40 M£)
instruments. Not all of these will be realized.




Some of the Topics Not Covered

Proton decay

Sterile neutrinos

Cosmic electrons

DM astrophysics — local density, cusps, streams, etc.
The Galactic center

Fermi “bubbles”

WMAP/Plank “haze”

Fermi “haze”

Primordial black holes

UHE Cosmic Rays

GUT-scale particles

Lorentz invariance violation (LIV)

Relic neutrinos

Extragalactic magnetic field (EGMF)

Origin of cosmic rays (real progress made here !)



QUESTIONS

1) What is required to eliminate the generic thermal WIMP
picture for dark matter? (or, can the WIMP scenario be
falsified?).

2) If LHC does not clearly see any new physics, are there
other accelerator experiments that can shed light on
dark matter? (If so, how well?).

3) When can we say that we have determined the origin
of cosmic rays? (“astro” part)

4) What is the appropriate balance of accelerator and non-
accelerator projects in particle physics?





