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The high-energy gamma-ray sky

>2500 sources @ MeV-GeV
>500 sources > 10 GeV

Fermi LAT 3-years : e —— >150 sources > 100 GeV
sky map > 10 GeV SR e - ~

What are the sources of cosmic rays?

What are the conditions for particle
acceleration in astrophysical objects?

Cosmology? Dark Matter?



Detection technique for very-high energy photons
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ery nergetic adiation maging elescope ‘rray - ystem

> array of four 12 m Imaging
Atmospheric Cherenkov Telescopes
located in southern Arizona

-~ stereoscopic observations
’ > energy.range: 85 GeV to >30 TeV

> PMT cameras with field of view of
3:5

;‘ > Fully operational since 2007
1 » Major camera upgrade in 2012
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Observing with VERITAS

Effective area for normal,
and UV-
filter operations
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VERITAS Performance & Sensitivity

Time to detect a Crab
Nebula-like source:
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Particle Acceleration in Supernova Remnants

efficient cosmic-ray acceleration
observed in many supernova
remnants

gamma-ray observations can:

= probe the distributions of high-
energy particles in the acceleration

region -
“study the evolution of SNRsas ~ * | VERITAS + Fermi LAT byl
1C- 10 | T T o 1
cosmic-ray accelerators o107 ‘),..ﬁ o i —Tycho ¢
. . Q > S N
=study the importance of progenitor, ¥ , '."I‘
v N

SNR type, age, target material, D107
magnetic fields, ...

= study the propagation of cosmic
rays away from the acceleration site ;|
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Tycho - a historical type la SNR

> exploded in a relatively clean environment

> GeV-TeV emission provides solid case for

hadronic emission

> >100 h of VERITAS observations

= part of the long-term observation plan: exposure x2

Models:

- Emission mainly from
hadronic particles:

- Iinteraction with interstellar
medium (smooth+clumped
ISM)

- interaction with nearby
molecular cloud

- multi-zone leptonic model
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Pulsars and Pulsar Wind Nebulae

Pulsar Wind Nebula
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Pulsars and Pulsar Wind Nebulae - Geminga
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Pulsars and Pulsar Wind Nebulae - Geminga
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Pulsars and Pulsar Wind Nebulae - MGRO J2019+37

5 Milagro (2012)} . VERITAS (2014)
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Orbit of LS | +61 303 0.7 AU

0.775

Gamma-ray binaries: laboratories for

pulsar wind nebulae?

LS I +61 303 Periastron
Observations Oct - Dec 2014 0'7A‘;(TG)=
Astronomer’s Telegram #6785 oere
0.313 Aragona et al
(ApJ 2009)
35 Xlo_lz l O observer
_ 305_ ©  IstOrbit (Oct 2014) | 30% Crab flux:
ﬁ'm B e 2nd Orbit (Nov 2014) O highest fl
o o  3rd Orbit (Dec 2014) Ighest Tiux ever
. 5 seen
= [
a8 | ’(P‘
= o QY o |
> F “6 ‘((\\(\6 highest ener
Sketch from Szostek & Dubus (2011) &) - (e\\ It g gy
o 15| % +photon ~10 TeV
v [
AT very sharp } }
< ' flare profile ’ !
! v
—.|.|.|.|.|$.|.|.|I.|.I|
0

Gernot Maier 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
VERITAS: Recent Highlights .
June 2015 Orbital phase ¢



Narrow Line

Observations of Active Galactic Nuclei B \. / regen

Broad Line
Region

> AGN are among the most energetic phenomena Acorefion
In the Universe (possibly the sources of ultra-high S
energy cosmic rays with energies > 10'° eV) s
> VERITAS detected more than 35 AGN Torue
> newest detections: :
. : E
May 2015: w0 102 10" 1 10 10*> 10° 10* 10° 10° 107 10° 10° 10" 10" 1oge?g‘gev)
S3 1227+25 107" T T g
(see ATel #7516) E - 1ES 0229+200 i
= April 2015: & [ (VERITAS 2014) E
PKS1441+25 e N 2. | S R -
(see ATel #7433) = Y
- Dec 2014; ol E
RGB J2243+20 - -I- -
(see ATel #6849) - synchrotron B
107 — emission | =
- nverse 3
- Compton/ | -
- m decay | —=

June 2015
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Probing the Extragalactic Background Light (EBL)

EBL optical depth to gamma rays ‘ YHEYEBL — e*e"

dl e / : 1 —p /
T(F,2) = dz —(2") de n(e, 2") du Oeel€, E X (14 2"), 1)
dz 0 1 2
cosmo astro/cosmo particle physics
]0'6 T T T T T T -
Cosmic infrared : expect a unique redshift-
. background - dependent imprint on y-ray
10 : spectra
E CMB :
g 10° 960 3 > Most blazars at z < 0.25
< :

. > a handful are very distant:
i % A b -3C 279: z = 0.536
y : = PKS 1424+240: z > 0.60
N 10" 10° 10' 10° 10° 10°* 10° =S3 0218+357: z = 0.944
Haveengut b - PKS 1441+25: z = 0.939
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PG 1553+113

1077 R — I
_ High-frequency-peaked BL Lac
"o (HBL) at z > 0.395
e £ VERITAS data from May 2010
=107} R to June 2012
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Very-high-energy gamma-ray emission from PKS
1441+25 detected with VERITAS

ATel #7433; Reshmi Mukherjee (Barnard College, Columbia University)
on23 Apr 2015; 03:37 UT
Credential Certification: Jamie Holder (jholder@physics.udel .edu)

N
-

flat spectrum radium quasar

= only 5th FSRQ detected by ground-based
gamma-ray observatories

md most distant TeV blazar:
| 0939 (light travel tlme 7.5 Gyr)

~8 o detection with VERITAS in % o
80-200 GeV range in April 2015 “ha

= no significant excess detected in May 2015

N

(=))

- P' : T
=S

declination ,  [deg]

N
(&)

. 223 222 5 222 221 5 2<21' 22 5 22 215 5219
coverage from radio to TeV gamma rays right ascension _[deg]

= ASSAS-SN, SPOL, Swift, NuSTAR, Fermi-LAT, and VERITAS

allow us to put constraints on the EBL in the optical domain obtained
from one set of observations
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Indirect Dark Matter Search

gamma-ray flux from DM annihilation
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Search for gamma-ray emission in
dark-matter dominated region with
little astrophysical background:

dwarf spheroidal galaxies
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Dwarf Spheroidal Galaxies - Segue |

.. Geringer-Sameth, Koushiappas & Walker (2014) /\
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> 48 h of VERITAS
observations of Segue |
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Phys. Rev. D. 85, 062001 (2012)
Erratum June 2015 (to be published)

ICRC 2015 combined analysis from all
dwarf fields using energy and spatial
information of events
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Conclusions

> VERITAS is a stable instrument, running smoothly after several major
upgrades - more sensitive than ever

> deep studies & sophisticated modelling: long-term observing plan
> large synergies with Fermi LAT, HAWC and other observatories

> lots of new results will be presented in August at the ICRC in The Hague
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