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Very Energetic Radiation Imaging Telescope Array System

>  array of four 12 m Imaging Atmospheric Cherenkov Telescopes

>  located at the Fred Lawrence Whipple Observatory in southern Arizona

>  US-led collaboration of ~85 scientists, 22 institutions in five countries  
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VERITAS Fall 2009 - Array Layout Optimization

T4
Spring 2007

T2
Spring 2006

T3
Fall 2006

T1
Spring 2005

108m

T1 relocated
Fall 2009

August 2009: telescope relocation and improved mirror alignment
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VERITAS Sensitivity

>  Data:
  2009/2010: ~1180 h of observing (~15% in moonlight; 94% with 4 telescopes)

>  Characteristics:
 angular resolution: r68%<0.1o

 energy range 100 GeV to 30 TeV
 energy resolution: ~15%

VERITAS Fall 2007
VERITAS Fall 2009

1%: <30 h 

1%: <50 h 

5%: 1 h 

30%: 7 min 

5%: 2 h 

5%: 8 min 
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VERITAS Upgrades (2010-2012)

>   PMT replacement with high efficiency PMTs (Summer 2012, funded)
 lower energy threshold (trigger threshold from 120 GeV → 80 GeV)

 improved sensitivity

>  trigger upgrade (installation/commissioning Summer/Fall 2010, funded)
 lower energy threshold and improved CR event rejection

>  drive update (study phase) shorter response time to GRBs, etc. 

QE and PDE measurement of Hamamatsu 
R9800 by WashU and UCSC simulation of gamma-ray response
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VERITAS: Astrophysics, Cosmology, Fundamental Physics

>  Extragalactic Science (GRBs, AGNs, Starburst Galaxies)

>  Galactic Science (SNRs, PWNs, Binaries)

>  Search for Dark Matter

http://tevcat.uchicago.edu

VERITAS Source Catalogue (June 2010)

http://tevcat.uchicago.edu
http://tevcat.uchicago.edu
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VERITAS Science with Extragalactic Objects

> Gamma-ray Bursts
 Search for afterglow emission 

 highest priority in observing procedure

> Starburst Galaxies (M82)

 Are SNRs the sources of charged cosmic rays?

 Nature 462, 770 (2009)

> Radio Galaxies (M87, NGC 275)

 Search for emission region of VHE photons

 Science 325, 444 (2009)

> Blazars
 AGN population studies; Blazar sequence

 AGN emission mechanism and region; AGN states

 Constrain optical/IR extragalactic background light

 Fundamental physics (e.g. quantum gravity)

NASA/CXC/M.Weiss
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Observations of AGNs with VERITAS

>  ~700 h (incl. moonlight data) in 2009/2010
 discovery; deep exposures of known sources 

(multiwavelength); ToO

>  20 detections (10 discoveries); all with MW data

>  4 VHE intermediate BL Lac

>  Target selection: 
 Fermi LAT / EGRET; 

 X-ray bright HBL & IBL

>  2007-2009
 Exposures on 49 X-ray selected AGN (~6 h each)

 ~5σ ‘stacked’ excess

AGN Type z
M87 FR I 0.004

Mkn 421 HBL 0.030

Mkn 501 HBL 0.034

1ES 2344+514 HBL 0.044

1ES 1959+650 HBL 0.047

W Comae IBL 0.102

RGB J0710+591 HBL 0.125

H 1426+428 HBL 0.129

1ES 0229+200 HBL 0.139

1ES 0806+524 HBL 0.138

1ES 1440+122 IBL 0.162

1ES 1218+304 HBL 0.182

RBS 0413 HBL 0.190

1ES 0414+009 HBL 0.287

PG 1553+113 HBL 0.34 < z < 0.47

1ES 0502+675 HBL 0.341 ?

3C 66A IBL 0.444 ?

PKS 1424+240 IBL ?

VER J0521+211 Blazar ?

RX J0648.7+1516 Blazar ?

Significance distribution for candidate AGN
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New Blazar Detections - the impact of Fermi/LAT
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New Blazar Detections - the impact of Fermi/LAT

RBS 0413
 ~5.5σ in 25 h
 1.6% Crab
 X-ray bright HBL @ z=0.19
 brightest LAT extrapolation
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New Blazar Detections - the impact of Fermi/LAT

 ~18σ in 15 h
 4% Crab
 z=? (unsuccessful MMT, 

MDM, & IR efforts)
  bright flare (>20% Crab)

VER J0521+211

RBS 0413
 ~5.5σ in 25 h
 1.6% Crab
 X-ray bright HBL @ z=0.19
 brightest LAT extrapolation
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New Blazar Detections - the impact of Fermi/LAT

 ~18σ in 15 h
 4% Crab
 z=? (unsuccessful MMT, 

MDM, & IR efforts)
  bright flare (>20% Crab)

VER J0521+211

1ES 0502+675
 ~12σ in 30 h
 5% Crab
 z≠0.341 (1h MMT 

exposure (10x sensitivity)

RBS 0413
 ~5.5σ in 25 h
 1.6% Crab
 X-ray bright HBL @ z=0.19
 brightest LAT extrapolation
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New Blazar Detections - the impact of Fermi/LAT

 ~18σ in 15 h
 4% Crab
 z=? (unsuccessful MMT, 

MDM, & IR efforts)
  bright flare (>20% Crab)

VER J0521+211

1ES 0502+675
 ~12σ in 30 h
 5% Crab
 z≠0.341 (1h MMT 

exposure (10x sensitivity)

RX J0648.7+1516
 ~5.2σ in 18 h
 2% Crab
 Keck: Blazar
 z≠?

RBS 0413
 ~5.5σ in 25 h
 1.6% Crab
 X-ray bright HBL @ z=0.19
 brightest LAT extrapolation
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New Blazar Detections - the impact of Fermi/LAT

 ~18σ in 15 h
 4% Crab
 z=? (unsuccessful MMT, 

MDM, & IR efforts)
  bright flare (>20% Crab)

VER J0521+211

1ES 0502+675
 ~12σ in 30 h
 5% Crab
 z≠0.341 (1h MMT 

exposure (10x sensitivity)

RX J0648.7+1516
 ~5.2σ in 18 h
 2% Crab
 Keck: Blazar
 z≠?

1ES 0414+009
 ~7σ in 45 h; 2% Crab
 among X-ray brightest HBL
 z=0.287 
 EBL! high-z Mkn 421
 H.E.S.S. detection

RBS 0413
 ~5.5σ in 25 h
 1.6% Crab
 X-ray bright HBL @ z=0.19
 brightest LAT extrapolation
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New Blazar Detections - the impact of Fermi/LAT

 ~18σ in 15 h
 4% Crab
 z=? (unsuccessful MMT, 

MDM, & IR efforts)
  bright flare (>20% Crab)

VER J0521+211

1ES 0502+675
 ~12σ in 30 h
 5% Crab
 z≠0.341 (1h MMT 

exposure (10x sensitivity)

RX J0648.7+1516
 ~5.2σ in 18 h
 2% Crab
 Keck: Blazar
 z≠?

1ES 0414+009
 ~7σ in 45 h; 2% Crab
 among X-ray brightest HBL
 z=0.287 
 EBL! high-z Mkn 421
 H.E.S.S. detection

1ES 1440+122
 ~5.2σ in 50 h
 <1% Crab
 hard-spectrum IBL (LAT)
 z=0.162 

RBS 0413
 ~5.5σ in 25 h
 1.6% Crab
 X-ray bright HBL @ z=0.19
 brightest LAT extrapolation
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Mkn 421 monitoring

>  long-term monitoring program
 Whipple 10 m / VERITAS

>  major flares in 2008 & 2010
 initiated large MWL efforts

 spectral hardening with increasing flux

>  high in VHE & X-ray since 11/09
 VHE & X-ray monitoring

 35 h of data; ~400σ

>  huge flare on Feb 17th 2010
  variability on 5-10 min time scales

 >10σ per 2 minute bin

ApJ submitted (2010)

A
.U

.
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Mkn 421: SED Evolution

2006-2008: ~50 h VERITAS, 100 h Whipple

Quasi-simultaneous SEDs for 17 days (ΔX-ray<0.15d; Δopt<1.5d, Δradio<3d)
SSC works in all flare states for Mkn 421

ApJ submitted (2010)
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Intermediate BL Lac Modeling: SSC or SSC+EC

ApJL 708, 100 (2010)

PKS 1424+240

ApJL 684, 73, (2008) ApJ 707, 612 (2009)

W Comae

3C 66a

ApJL 693, 104, (2009) ApJ submitted (2010)

>  3C 66A & W Comae - flare states
 SSC needs large unnatural emission region 

and very low magnetic fields

>  PKS 1424+240 - steady flux state
 SED: SSC works; no EC needed

 borderline HBL?

>  PKS 1440+122 (analysis ongoing)

>  IBL: SSC+EC preferred

>  HBL: SSC works in all states
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VERITAS Galactic Observations

>  Survey of the Cygnus region

>  Supernova Remnants and  Pulsar Wind Nebula
 Cas A, IC 443, SNR G106.3+2.7/PSR J2229+61114, 

G54.1+0.3, VER J2019+407, Tycho

>  Binaries
 LS I +61 303, 1A0535+262

>  Unidentified
  HESS J0632+057 

http://tevcat.uchicago.edu

http://tevcat.uchicago.edu
http://tevcat.uchicago.edu
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Survey of the Cygnus Region
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Survey of the Cygnus Region

>  2007-2009, 112 base hrs with 56 hrs of follow-up studies

>  Cygnus region coverage: 
67o < l < 82o, -1o < b < 4o

>  4 pre-defined cut-sets

>  depth: <3% Crab E>200 GeV [99% CL] for point-like sources
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VER J2019+407 (coinc. with γ Cygni)

>  early survey follow-up candidate
 independent data set from Fall 2009 

confirms new source with ~7.5σ

>  Preliminary flux level >1 TeV: 
~2-5% Crab

>  Preliminary Extension: ~0.2o 
(Symmetric Gaussian Fit)

>  Peak in NW of γ-Cygni
 distance 1.5-1.8 kpc

 Age 5-10 kyr

>  VHE mechanism?
 PWN of PSR J2021+4026

 shock-matter interaction (but most matter to 
the SE)

 ...

>  Multiwavelength picture
 white: Radio (4.865 GHz)

 black: optical (red-band)

 yellow star: Fermi pulsar (PSR J2021+4026)

 white dashed: SNR extend
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Tycho (G120.1+1.4)

>  remnant of a Type Ia Supernova event of 
1572
 size: ~8 arcminutes

 distance: 1.5-3 (5) kpc

 bright x-ray rims and filaments interpreted as 
evidence for electrons up to 10 TeV

 MWL expansion studies suggest entry into Sedov 
phase (slower expansion to the east might 
indicate interaction with a molecular cloud)

 detailed x-ray morphology studies suggest 
efficient hadronic particle acceleration (Warren et 
al 2005)

>  HE/VHE observations
 no detection by EGRET, no 1FGL sources nearby

 limits from Whipple, HEGRA, MAGIC (point 
source limit: J(>1TEV) <1.7% Crab [3σ])
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Tycho - VERITAS results

>  67 hrs of observations
  2007 and 2010

 mean zenith - 38 deg

>  5σ post-trials 
(scan over area x2 area of remnant + 2 
cut sets)

>  peak significance located close 
to molecular cloud

>  no strong statistical evidence 
for angular extension

>  flux level above 1 TeV: 1% 
Crab

smoothed VHE excess map

black: X-ray (Chandra)
purple: 12CO emission (FCRAO)
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VHE Binaries

>  only variable galactic VHE sources known

>  particle accelerators operating under varying, but regularly repeating, 
environmental conditions; some have jets

>  each system is unique - and the population is increasing 
(Cyg X-1, Cyg X-3, LS 5039, LS I +61 303, PSR B1259-63, HESS J0632+057 (?))
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Figure 2. Radial velocity curve of LS I +61 303. Periastron corresponds to
φ(TG) = 0.275 and is marked as a dotted line in this plot. The points plotted
as open diamonds are from Grundstrom et al. (2007), crosses are from Casares
et al. (2005a), and filled circles are from this work.

Figure 3. Orbital geometry of LS I +61 303, looking down on the orbital plane,
showing the relative orbits (r/a) of the optical star (12.5 M!; Casares et al.
2005a) and its compact companion of unknown mass. The relative orbit of the
compact object is shown as a solid line, while the Be star’s relative orbit depends
greatly on the mass of the companion. The dashed line indicates the Be star’s
orbit assuming a 4 M! black hole, while the dotted line assumes a 1.4 M!
neutron star. The relevant phases of periastron, apastron, and conjunctions
are marked along the orbit of the compact companion. The center of mass
is indicated with a cross, and the thin solid line is the orbital major axis.

our Vr measurements provide excellent coverage of the orbit
with no large gaps in orbital phase, and the errors in our fit
are slightly lower than those of Grundstrom et al. (2007) and
significantly lower than those of Casares et al. (2005a). We also
emphasize that our final orbital solution relies upon the fixed
P from Gregory (2002), but we found very similar values for
each orbital element when we allowed P to vary. We found
P = 26.4982 ± .0076 d using the fitting program of Morbey &
Brosterhus (1974) with the combined Vr data, which is not an
improvement over Gregory (2002).

3. OBSERVATIONS AND RADIAL VELOCITY
MEASUREMENTS OF LS 5039

Spectra of LS 5039 were taken at the CTIO 1.5 m telescope
between 2007 August and 2008 April in service mode. We used
grating 47 in the second order, a 200 µm slit, the BG39 filter, and
the Loral 1K CCD detector. Spectra were wavelength-calibrated
using He–Ar comparison lamp spectra generally taken before
and after each exposure. The observed wavelength region was
therefore about 4050–4700 Å, with 2500 < R < 3150 across
the chip.

For each night that we had service time available in fall
2007, we obtained four to six spectra, each with an exposure
time of 30 minutes. During the spring of 2008, we obtained
two spectra each night of observations, each of 22 minutes
duration. Thus we obtained a total of 98 blue spectra of LS 5039.
The images were zero-corrected, flat-fielded, and wavelength-
calibrated onto a log wavelength scale using standard procedures
in IRAF, and all spectra were interpolated onto a common
heliocentric wavelength grid. The spectra were rectified to a
unit continuum using line-free regions.

Since the signal-to-noise ratio was somewhat low, we chose
to coadd pairs of consecutive spectra from each night. The total
elapsed time during two consecutive observations is only one
hour, about 1% of the orbital period, so coadding the spectra
does not significantly affect the measured Vr. On two nights we
collected an odd number of spectra, and in these cases the last
spectrum of each set was examined individually. Therefore, we
had 50 new spectra from which to obtain Vr measurements and
improve the orbital elements.

The spectra from 2007 August 29, were taken near the time
of inferior conjunction and thus showed the least variation in Vr,
so we chose to average these six spectra to produce a reference
spectrum. This reference spectrum is plotted in Figure 4. Five
lines were examined in each spectrum: Hγ , Hδ, He ii λλ4200,
4542, and He i λ4471. The spectra also recorded the strong
He ii λ4686 line, but a bad column on the chip interfered with
measuring reliable Vr from this line. We performed a cross-
correlation between each spectrum and the reference spectrum
to obtain its relative Vr, and then we used the mean Vr from a
parabolic fit of the line cores in the reference spectrum to find
its absolute Vr.

The period of the system was obtained using the dis-
crete Fourier transform and CLEAN deconvolution program of
Roberts et al. (1987) (written in IDL7 by A. W. Fullerton). The
Vr from our observations were combined with the mean values
from all lines measured by McSwain et al. (2001), McSwain
et al. (2004), and Casares et al. (2005b). The Vr measurements
of Casares et al. (2005b) indicate a value of γ that is sys-
tematically higher than our data sets by 7.0 km s−1, so we
subtracted this value from their measurements. No significant
difference was found between the Vr data presented here and
past measurements obtained by our group. We used all of the
available Vr with the CLEAN algorithm, which found a strong
peak at P = 3.9060263 d (which was improved slightly with the
later orbital fit), nearly identical to the period found by Casares
et al. (2005b). Our group has previously found P = 4.1 d (Mc-
Swain et al. 2001) and P = 4.4 d (McSwain et al. 2004) for
LS 5039, due to the very high scatter in its Vr curve, which
has lead to considerable confusion about the correct orbital pe-
riod of this system. We note that our period search also resulted
in P = 3.906 d when we excluded the data of Casares et al.

7 IDL is a registered trademark of Research Systems, Inc.

+
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LS I +61 303 

>compact object orbiting a BOVe 
companion 
(12.5 Mθ), 26.5 day, inclined orbit, e=0.54, 
circumstellar disk

>  extended radio structure; microquasar? 
(but radio images shows morphology change with 
orbital position )

>  VHE emission near apastron  
(10-15% Crab, ϕ=0.5-0.8) (MAGIC/VERITAS) 

>Fermi/LAT: GeV emission peaks near 
periastron;  6 GeV cut-off; orbital 
modulation (but: not seen since 40% 
flux increase in 03/2009)

>  GeV spectrum looks like a pulsar.
But why modulated? Where are the pulses at other 
wavelengths?

Periastron
0.1 AU

Apastron
0.7 AU

Inferior Conj.

Superior Conj.

Aragona et al 
(ApJ 2009)
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LS I +61 303 in 2008-2010 - VERITAS results

2008/2009: 37 h of data, 3.4σ overall 2009/2010: 18 h of data, 0.8σ overall

data covers almost a complete orbit deep exposure around apastron

ApJ in preparation (2010)
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LS I +61 303 in 2008-2010 - VERITAS results

2008/2009: 37 h of data, 3.4σ overall 2009/2010: 18 h of data, 0.8σ overall

data covers almost a complete orbit deep exposure around apastron

 no VHE detection 2008-2010. 
Strict upper limits

ApJ in preparation (2010)
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HESS J0632+057 - a new VHE binary?

>discovered by H.E.S.S. in 
2004/2006
(Γ=2.53, F(>1 TeV) ~3% CU)

>  only unidentified VHE point 
source
(<2’ extension)

>  located in Rosette Nebula and 
Monoceros loop
(young stellar cluster/molecular cloud, 
complex and SNR, distance 1.4-1.6 kpc)

>  coincident with massive star 
MWC 148
(spectral type B0pe (strong surface 
magnetic fields, fast stellar winds, large 
mass loss rates))

>  optical data inconclusive
(no binary system identified)

A
ha

ro
ni

an
 e

t 
al

 (H
E

S
S

) 2
00

7

(>750 GeV)
H.E.S.S.
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HESS J0632+057 - radio and X-ray data

> faint point-like, variable radio 
source
(<2’’ extension, 0.19-0.4 mJy, Skilton et al 
2009)

>  optical data inconclusive
(no binary system identified)

>  hard spectrum X-ray source
(Γ~1.2-1.9)

>  variable X-ray source
(hours: XMM-Newton, weeks: Swift-XRT)

>  not detected by Fermi/LAT

>  What is it? 
  a new VHE binary?

(see Hinton et al 2009)

  an unusual isolated massive star
(confined stellar wind model, Townsend 
et al 2007) 
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Figure 1. X-ray light curve of XMMU J063259.3+054801 from the Swift-XRT
observations in the 0.3–10 keV band. The bottom panel shows the flux derived
from binning up all photon events into time bins that are illustrated by the
horizontal error bars and finding the best-fit spectral model with NH fixed to
3.1×1021. The flux in the top panel explores temporal variability in more detail
by deriving the flux directly from the X-ray rate light curve, with a flux-to-rate
ratio derived for each of the spectral time bins defined by the horizontal error
bars in the bottom panel (this assumes that spectral variability is a negligible
effect within each time bin).
(A color version of this figure is available in the online journal.)

Figure 2. X-ray hardness curve of XMMU J063259.3+054801, where hardness
is defined as the flux in the 2–10 keV band divided by flux in the 0.3–2 keV
band. The mean hardness is shown as a solid line. A fit to this line produces a
reduced χ2 of 2.01 with 24 degrees of freedom.
(A color version of this figure is available in the online journal.)

is not poor enough to claim significant evidence of spectral
variability.

A simple absorbed power-law model, with NH left to vary
freely, was fitted to the time binned data. The NH was not
found to vary significantly. The mean NH was found to be
3.3±0.2×1021 cm−2, and all values are consistent, within error,
with the value obtained from earlier XMM-Newton observations,

Figure 3. Spectral parameters from application of an absorbed power-law model
to time binned Swift-XRT observations of XMMU J063259.3+054801. The top
panel is the power-law photon index. The bottom panel is the reduced χ2 of the
model fit. Vertical error bars represent 90% confidence range. Horizontal error
bars represent the extent of the time region used in the binning, which is the
same temporal binning that was shown in Figure 1.
(A color version of this figure is available in the online journal.)

Figure 4. Absorbed power-law model fit to sum of all Swift-XRT data analyzed
in this Letter. NH is fixed to the value obtained previously by XMM-Newton,
and the photon index is found to be 1.56 ± 0.06, with a reduced χ2 of 0.89.
Residuals are shown in the bottom panel.

3.1 ± 0.3 × 1021 cm−2 (Hinton et al. 2009). For all subsequent
fitting, the NH was fixed to the value obtained from the XMM-
Newton observations. The photon indices from these fits are
shown in Figure 3. The time axis error bars represent the full
extent of the time bin used for each model fit, and the vertical
error bars are 90% confidence level error bars. We also binned
all of the data together to obtain a combined fit of an absorbed
power law to the entire data set. The photon index was found to
be 1.56 ± 0.06, and the fit of the absorbed power law resulted
in a reduced χ2 of 0.89 with 72 degrees of freedom. The model
and data for the overall fit are shown in Figure 4.

A power spectrum periodicity search was performed on the
overall light curve shown in Figure 1, using a Lomb normalized
periodogram which is applicable to unevenly spaced data (Press
et al. 2007). However, no significant periodic signal can be
discerned from these data.
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HESS J0632+057 - VERITAS results

>30 h in Dec 2006 - Jan 2009: 
not detected by VERITAS
(ApJ 687 L94 (2009))

>  excluded with ~4σ confidence that 
HESS J0632+057 is a steady gamma-
ray emitter
>  H.E.S.S./VERITAS campaign in 

2009/2010 
>  8h in Oct 2009: no detection
>  20 h in Feb/March 2010: 

clear detection (7.5 σ)
>  position in agreement with HESS 

J0632+057 and MWC 148
>  clearly variable in VHE gamma rays
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1A0535+262 - Observations during a giant X-ray flare

But: no detailed modeling for VHE emission, 
no flux prediction, SED, etc.

>  HMXB, Be-star and X-ray pulsar 
(PSpin=104s)

>  orbital period 110 d, eccentric orbit 
(e= 0.47)

>  distance 2.4±0.4 kpc

>  large magnetic field (~1013 G)

>  giant outbursts about every 5 years
(October 1980, June 1983, March/April 1989, 
February 1994, May/June 2005)

>  VHE emission: Cheng & Ruderman 
mechanism; VHE maximum 
expected about 10-20 days after X-
ray flare (Orellana & Romero 2004)
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1A0535+262 - VERITAS observations

>Dec 2009: ToO triggered on flaring Be/
X-ray binaries

>  23 hours of data with VERITAS

>  high elevations: mean ~70o

>  good coverage of flare phase 
(rising/falling edge), apastron and 
periastron approach

>  flare occurred at best time for 
VERITAS  
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1A0535+262 - VERITAS results
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Flare - rising Flare - falling

Apastron Periastron approach

>  early results; campaign 
just concluded

>  5-8 hours of VERITAS 
observations in each bin

>  no VHE emission 
detected

>  99% flux upper limits 
above 300 GeV:
0.5-2% Crab Nebula flux

>  lots of data at other 
wavelengths available - 
publication in preparation

>  definite measurement 
from current VHE 
instruments

preliminary

preliminary

preliminary

preliminary
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Search for Dark Matter

>  DM: ~25% of the energy budget of the Universe

>  mainly observed through its gravitational interaction

>  well-described by Weakly Interacting Massive Particles 
(SuSY, models with extra dimensions, etc): 
50 GeV ≤ mWIMP ≤ 10 TeV

>  search for γ-rays from annihilation and decay of WIMPS

>  expected γ-ray flux proportional to squared DM density:

>  observe astrophysical targets with high DM content

>  challenge: distinguish dark-matter / astrophysical γ-rays

Atoms
4%

Dark Matter
26%

Dark Energy
70%
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>  Dwarf Galaxies are DM dominated 
(as revealed by star kinematics)

>  close (tens of kpc)

>  high latitude objects and low gas 
content (low γ-ray background)

>  tidal disruptions can make DM content 
estimation difficult

Search for Dark Matter from Dwarf Galaxies with VERITAS

dSph distance 
[kpc]

Exposure 
[hrs]

Zenith 
angle 

[0]

Energy 
threshold 

[GeV]

Signi-
ficance 

[σ]

Flux limits 
(95%) 

[cm-2s-1]

Astrophysical
factor <J>
[GeV2cm-5]

Draco 80 18.4 26-51 340 -1.5 0.5x10-12 NFW: 1.53x1018

Ursa Minor 66 18.9 34-46 380 -1.8 0.4x10-12 NFW: 2.68x1018

Boötes 1 62 14.3 14-29 300 1.3 2.2x10-12 Model by Martinez: 1.15x1018

Willman 1 38 13.7 19-28 320 0.0 1.2x10-12 NFW: 8.43x1018

Segue 1 23 27.7 16-33 300 -1.1 0.3x10-12 Einasto: 1.16x1018

Belokurov et al (2
007)

preliminary

ApJ 720, 1174 (2010)
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Search for Dark Matter from Dwarf Galaxies with VERITAS

>  particle physics model need for computation of γ-ray fluxes

>  choice of composite DM annihilation spectrum that represent the average 
yield of γ-rays for neutralino annihilation in pMSSM models: BR
(ΧΧ→bbbar) = 0.9 and BR(ΧΧ→ττ)=0.1: 

Uncertainty: ±1 order of 
magnitude due to 
systematics in halo 
modeling

Limits from VERITAS 
on annihilation cross-
sections: ~10-23 cm-3s-1

preliminary

ApJ 720, 1174 (2010)
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Summary

>  array layout optimization highly successful (1% of Crab in <30h)

>  upgrade of cameras and trigger ongoing (low energies)

>  VERITAS has made most-sensitive measurements of ~20 AGN
 all AGN studies have simultaneous MWL data for SED modeling

>  detections of several galactic objects:
 Tycho: historical Type 1a SNR

 γ-Cygni: new VHE-emitting SNR in sky survey

 Cas A, IC 443, G106.3+2.7, G54.1+0.3, ...

 HESS J0632+057: a variable point-source in the Galaxy

>  non-detections:
 LS I +61 303 (2008-2010): together with Fermi/LAT measurements a bit puzzling

 1A 0535+262: definite measurements at VHE of a X-ray binary during a giant outburst
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Gamma-ray Bursts Observations with VERITAS

>  most luminous events in the Universe

>  >100 GeV γ-rays expected:
 long-lived afterglows models: blazar-like 

SEDs

 Fermi/LAT: GeV photons after powerful GRBs

 delayed X-ray flares detected by Swift

>  VERITAS: GRBs have highest priority
 socket connection to GCN network

 Fermi (GBM/LAT)/AGILE/Swift/Integral trigger

 observe if <3h old and zenith <70o

 ~30 h / year of GRB observations

>  >40 GRBs observed; no detection
 best ΔT ~ 90s

 study of drive upgrade to improve slew speed

T.Piran (2003)

VERITAS Observation Delays
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Gamma-ray Bursts Observations with VERITAS

>  most luminous events in the Universe

>  >100 GeV γ-rays expected:
 long-lived afterglows models: blazar-like 

SEDs

 Fermi/LAT: GeV photons after powerful GRBs

 delayed X-ray flares detected by Swift

>  VERITAS: GRBs have highest priority
 socket connection to GCN network

 Fermi (GBM/LAT)/AGILE/Swift/Integral trigger

 observe if <3h old and zenith <70o

 ~30 h / year of GRB observations

>  >40 GRBs observed; no detection
 best ΔT ~ 90s

 study of drive upgrade to improve slew speed

T.Piran (2003)


