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TALKS you should have heard - yesterday

E. HAYS: High Energy Astrophysics with the Fermi LAT

B. HUMENSKY: Highlights of Gamma-ray Astronomy with VERITAS

C. COVAULT: Pierre Auger Observ. South & North: Results & Future
R. HUGHES: Search for Anisotropy in the Flux of CRs w/ Fermi LAT

P. SMITH: Prospects for Measuring CR Proton Spectrum w/ Fermi LAT

TALKS you should hear — this afternoon

R. DICKHERBER: Indirect Dark Matter Search with VERITAS
D. PHALEN: Pulsars and Indirect Signals for Dark Matter
1. DEYOUNG: Recent Results from IceCube and AMANDA




AstroParticles

Detection Points to Energy Range
Source Observed
(Expected)

Y Easy Yes 10° eV to 1014 eV

Gamma Rays (>10" eV)

CR Easy Only above 108 eV to 1020 eV

Cosmic Rays 6100eV (?)  (>102eV)

\V; Yes

15 19
Neutrinos (10™eV to 10%eV)




New Eyes
Gamma-Rays

IACT —

Imaging Atmospheric
Cherenkov Telescopes
~1019t0 <10 eV




New Evyes
Gamma-Rays

Fermi GST
LAT:
20 MeV - >300 GeV
GBM
8 keV - 40 MeV
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I New Eyes
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. IceCube  m

IceTop

currently instrumented

Deep Core




Goals of the Field

To understand Nature's HE Accelerators
To use Cosmic Particles to study HE interactions
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Nature's HE Y Accelerators

Extragalactic Galactic
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TeV Y Catalog (IACT sky)
> 75 sources

Hoffman TeVPAQ09




Fermi Gamma-Ray
Space Telescope
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3 Month High Conﬁdgn*ce Source List

+

205 sources with significance > 100 (EGRET found fewer than 30)
Typical 95% CL error radius is <10 arcmin

(Abdo et al. 2009 ApJS, 183, 46)
Chiang TeVPAO09




9 months - all sky

PSR J1836+5925
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Fermi Pulsars
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© New pulsars discovered in a blind search

Fermi Pulsar Detections @ Millisecond radio pulsars

@ Young radio pulsars
© Pulsars seen by Compton Observatory EGRET instrument




Fermi - Individual AGNSs

PKS 1502+106

:

PMN J0948+002

/

PKS 1454-354

NGC 1275 /

3C 454.3

PKS 2155-304




Variable sources in the LAT Bright Source List

0 variable
X steady

Based on 1 week time scales
68/205 show variability with probability > 99%
Isotropic distribution = blazars

Chiang TeVPAO09




Fermi + ACT

E > 200 MeV

How do supermassive black holes in Active
Galactic Nuclei (AGN) create powerful
relativistic jets? What are the jets?

What are the mechanisms of Gamma-ray Bursts?
What are the unidentified EGRET sources?

What is the origin of Galactic Cosmic Rays?
SNRs? What are the Pevatrons?

What is the Extragalactic background light?




Goals of the Field

To understand Nature’'s HE Accelerators
To use Cosmic Particles to study HE interactions
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Dark Matter
Indirect Searches

-13 -8
Log, ( Intensity / K [10%* cm™ s sr™'])

y from DM annihilation in
Galactic substructure —
Siegal-Gaskins ‘08

Annihilation signal

dQ) 2(r(1. &"))dl {
2 /A P /zos”(”("”” (r, )

~ el e e B
LIY1 AISTributic



1 Dark Matter
Indirect Searches

Galactic Center

95% CL upper limit (100 MeV-50 GeV)
Flux: 2.43x107cms]

8 219 | _j: qﬁ_-—
<Ov>: 3.98x10%cm? st




Dark Matter:

Dwarf Spheroidals

Annihilation signal

13 — -8

Log, (Intensity / K [10%* cm™s™ sr'])
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Dark Matter:

Dwarf Spheroidal UL

| Fquupper limits assumlng a point-like source at the dwarf location

power-law with fixed spectral 100% b-bbar
index of y=-2 DM annihilation
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Dark Matter & GeV EGRET excess?




Dark Matter & GeV EGRET excess?

Fermi says: No

- Strongly constrains DM interpretations

100 MeV — 10 GeV

Murgia TeVPA09
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Dark Matter & LE Cosmic Rays?




Cosmic Ray
Spectrum
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Each Energy
range tells
its story

108 eV < E < 10! eV
Solar Modulation

Pamela & ATIC
Dark Matter? Pulsars?
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Dark Matter & LE Cosmic Rays?

Fermi says: No to ATIC! CR electron spectrum
Phys. Rev. Lett. 102, 181101 (2009)

O AMS (2002)

m ATIC-1,2 (2008) % Tang et al (1984)
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Dark Matter & LE Cosmic Rays?

Data consistent with astrophysical sources

(pulsars SNR) + CR propagation.
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“Time of flight” test: ¢ = const?
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UHE CRs (+ photons & neutrinos)

To understand Nature’s Highest Energy
Accelerators (EXTRAGALACTIC)

To use UHE Cosmic Particles to study HE
interactions (T 350 TeV CM)
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Auger & HiRes spectra (2008)
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GZK effect
Greisen, Zatsepin, Kuzmin 1966




Auger & HiRes spectra (2008)
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Horizons:

100 Mpc @

102° eV < 100 Mpc




Horizons:

Distance In Indica t@l’..m

he Ability to-Point o Sources!

10%° eV < 100 Mpc




Auger VCV correlation

VCV catalog of AGN: z < 0.018, 6~3°, E > 57 EeV
27 events test prescription: 99% isotropy rejection




Nearby VCV AGN - 21% sky




First 27 events

Exploratory scan — 12/15 events correlated (3.2 expected)
Prescription passed when 8/13 correlated (2.7 expected)




Recent Results
58 events above 55 EeV

g - ——__ — -

Correlation decreased to 38% (2 s.d from isotropy)
26/58 (iso 12.2) and masked - 25/45 (iso 11.3)
(P~ (6) 2 10-3 (un) masked events after scan)




27 events as of November 2007

Simulated data sets based on
isotropy () and Swift-BAT

model (1) compared to data
(black line/point).

Log(Likelihood)
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Light and intermediate
nuclei photodisintegrate
rapidly.

Only protons and/or heavy

nuclei survive more than 20
Mpc distances.

Cosmic magnetic fields
should make highly charged
nuclei almost isotropic.

fraction of cosmic-rays from distance > D

0%

L] YYYTTTYTYY'YTYTTT1YY

GZK Horizons

(uniform source distribution)
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Shower maximum over 2 decades in E
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Auger ICRC 2009
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Puzzling Composition

Unexpected Astrophysics:
Sources are very Iron rich
and have low E_ .

Interesting Particle Physics:

Hadronic Models do not represent well UHE
interactions




Puzzling Composition

Unexpected Astrophysics:

Sources are very Iron rich

and have low E_ .
Very Bad News for Neutrino Detectors
Interesting Particle Physics:

Hadronic Models do not represent well UHE
interactions

Higher Cross Sections or Multiplicities
) ,




GZK fits to spectrum
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If Correlated
with Sources
< 10° =» protons

Galactic & ExtraGalactic Magne’riFs make
iron deviate many 10°’s from source position

If Astrophysically shown to be protons then
hadronic models can be tested knowing the
primary composition.

For example, assume current data is protons
=»change the cross section...




Cross Section Uncertainties
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Cross Section Higher
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Hadronic Interactions
Parameters

cross section
multiplicity
elasticity

Mean log

e.m. ratio

(N)

RMS log

5

[TTTTT

Scaling factor at 10'? eV
(Ralf Ulrich, 16-Oct-2008)




UHE CRs (+ photons & neutrinos)

To understand Nature’s Highest Energy
Accelerators (EXTRAGALACTIC):

- AGNs? GRBs? Acceleration to 10%! eV?
- Propagation: backgrounds, magnetic fields

To use UHE Cosmic Particles to study HE
interactions (T~ 350 TeV CM):

- Hadronic Interactions 350 TeV CM
- Neutrino cross sections 240 TeV CM




HE & UHE Neutrinos




enic (GZK)

Neu’rrin%s & Photons

cosmo

_,;*ﬂ,

;', Ry

.,p

-
4

,’),'_V —
e

-

= =
=5
>

”~
”

>

—
-

p+YCmb_>A+ _>p + ﬂo

VY

—n+a’

-

»

-
-~
e

s

4’/»
2

’
-
2

r o

b

i




Neutrino Fluxes
Highly Composition dependent
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Neutrinos Limits AMANDA

compilation by S. Grullon & T. Montaruli

Bartol + Naumov RQPM IC22 Atmo. ICRC2009

Honda + Sarcevic Min AMANDA.-I 2000-86 v . 1387 d
Razzaque GRB Progenitor 2008 Balkal 1038 d cascades
Waxman Bahcall Prompt GRB v AMANDA-II §000-4 cascades
Waxman Bahcall 1998 x 3/2 AMANDA Il 3 year v x

Blazars Stecker 2005 cesnms AMANDA/TWR 3 year UHE (all flavors)
BL LACs Mucke et all 2003 Rice (all flavors),(2006) 854 d
Allard et al, 2006, protons : HiRes v.+v, x 3/2, (2008)

ESS v +v,, 2001 PAO v, x 3, 2yr ICRC 2009
IC22 EHE(all flavor),242 d ICRC2009 —»— 1C22 v x3 ICRC2009 Sensitivity
ANITA-2008 (all flavors), 35 d
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Auger as a UHE Neutrino Observafory

Neutrinos can be identified as “‘young’ showers at very great
atmospheric slant depth (either upward or downward).

Auger exposure to
tau Neutrinos

Earth Skimming V,

zenith angle ~ 90-92°
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Testing UHE Neutrino Interactions
Need to know the expected GZK

neutrino flux from UHECRSs

Tyler, AO, Sigl ‘00
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Photon attenuation length
exceeds 10 Mpc for E > 2
EeV
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State of Astroparticles

- Great Progress from Fermi’'s 15" year of data: new
sources, new views of old sources, precision
studies of bright sources and backgrounds

- Multimessenger & Multiwavelength studies: key in
finding hadronic vs leptonic accelarators &
underlying mechanisms AGN, GRBs, pulsars, ...

- Dark Matter not yet needed: Gev excess not
there, Atic excess not there, Pamela + Fermi: DM
or astrophysical sources (Pulsars, SNR)?

- UHECRs evidence for large cross sections
- HE & UHE neutrinos and photons coming soon!




Particle Astrophysics @ UHEs
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