VHE Galactic highlights from VERITAS

ﬁ HELMHOLTZ

| ASSOCIATION

Stéphane Vincent”

for the VERITAS collaboration
Rencontres de Moriond
La Thuile, March 9"-16™ 2013

“DESY Zeuthen




> (Quick) introduction to VERITAS

> Highlights from the Galactic Program

= Crab pulsar

= Supernova remnants — Tycho

= Pulsar wind nebulae — CTA1

= Gamma-ray binaries — LSI 61+303

> Future prospects and summary
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VERITAS @ Mt Hopkins, AZ USA
> Energy range: ~100 GeV to several 10 TeV

> Angular resolution: ~0.1° (energy dependent)

> Energy resolution: 15% (energy dependent)

> Systematic uncertainties: Energy ~15%; Spectral Index ~0.2
> Sensitivity: 1% Crab Nebula flux in <30 hours
> Summer 2012 PMT upgrade giving 35% improvement in light yield

= Reduce Energy threshold & improve sensitivity




VERITAS Skymap

Galactic observation time per year~400hrs (40%)
17 Galactic sources detected (SNRs, PWNe, Binaries, Unlds, Pulsar)
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Galactic Science Program & Physics Motivations

Pulsar Wind Nebulae

= TeV emission from nebulae of energetic pulsars.
Large fraction of Galactic TeV sources.

= TeV PWNe associated with high Edot pulsars.

TeV observations of binaries:

= May provide the keys to an understanding of
astrophysical jets.

el = Two Scenarios: Microquasar or Pulsar Binary

Supernova remnants

= Galactic Cosmic-Ray accelerators
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Crab Pulsar: a VHE y-ray clock

> Milli-second y-ray pulsar (33ms)

> Theoretical expect.:

= Curvature rad. most favored y-ray production
mechanism — exp. cut-off @100GeV

= MAGIC reported pulsed emission at 25GeV and
hints at 60GeV

> VERITAS analysis:
= 130 hours of data, energy threshold at 120 GeV

> Find a 10.70 result for pulsed emission
Crab Pulsar with VERITAS 2007-2012
; hlightcurveatfreg

Entries 1439320
Mean -0.001071
0.5811

Counts

Phase



Crab Pulsar: the GeV-TeV Connection

> Good description with smooth
broken power law

> Emission above 100 GeV, unlikely

curvature radiation

= Would require 100% efficiency of

> Inverse Compton could be more

the accelerator

important at higher energies

F. A. Aharonian et al.,

Nature (2012)
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CTA1 (VER J0006+729)
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Fermi y-ray pulsar

= 5 arcmin from TeV emission
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Properties of CTA 1 nicely fit in the
middle of those of known TeV/X-ray

PWN



CTA1 (VER J0006+729)

> SNR reverse shock — PWN interaction?

= Young NS powers a particle/magnetic wind that expands into
SNR ejecta

* Reverse shock forms in ejecta propagates back to the SNR
center and eventually interacts with PWN

Reverse Forward
shock ¢ Lshock
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Tycho (VER J0025+641)
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> Young (441 yr) - D~2-5kpc
> Obs. in IR, optical, radio & X- ray
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LSI +61 303

> High-mass x-ray binary system included Be
star and unknown compact object (BH or NS)

= Elliptical orbit: €=0.537x£0.034
= 2 kpc distance =01 ~

= 26.5 day orbit
> Radio outbursts near apastron, ~4yr

modulation /

> High x-ray activity throughout orbit /
(strongest at apastron, secondary giear
periastron)

> TeV activity (typically, but not alwaEBi Stal'

around apastron passage



LSI +61 303
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> While VERITAS cannot rule out the possibility that the normal
emission was “missed” in intervening years, LSI +61 303 may go

through multiyear TeV modulation... perhaps related to chang%i

Be star disk??
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LSI +61 303: Winter 2011/2012
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> TeV detection >100, evidence for nightly variability

> Overlapping monitoring with Fermi-LAT shows no indication of
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LSI +61 303: Winter 2011/2012
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> Fermi-LAT shows emission “shoulder” coincident with VERITAS
detection. System still shows cutoff at a few GeV

> Connection between GeV and TeV could be the key to resolving the
microquasar/binary pulsar model debate %
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> Lots of new results from VERITAS:

= Crab Pulsar: detected for first time above 100 GeV. Pulse profile
is different than at lower energies — new understanding of
pulsars needed !

= SNRs: we detect young shell-type SNRs directly and older ones
through interaction with material. Tycho is a relatively clean
system that supports hadronic acceleration picture.

= CTA 1: VHE discovery by VERITAS; indicates a likely PWN.

= L SI+61 303: TeV emission shows an excess beyond what is
expected from an exponential cutoff power law fit of GeV dataset
- No hint of correlation with Fermi (GeV) contemporaneous
photons

> VERITAS is operating well and will further improve with Advanced
Trigger System and Cameras Upgraded

= Jower energy threshold

= Improved SenSitiVity Stéphane Vincent | VERITAS Galactic Highlights | March 9th-16th | Page 15
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