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The TeV Sky Now

Diverse Categories of TeVV Gamma-ray sources:
GALACTIC

Pulsar Wind Nebulae (18)

SNR (7)

Binaries (4)
EXTRAGALACTIC

AGN (20)

Unidentified Sources (~23)
..andgrowing... 11
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Importance of Broadband Simultaneous Coverage

UV/optical & X-ray Spectrum:

Mrk501 SED taken from Catanese & Weekes 1999
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Swift
UV/Optical Telesco
(UVOT) K | s Sunshade

v - ‘ X-Ray Telescope
: & (XRT)

Burst Alert Telescope | §
(BAT) N

XRT Radiator

* Multiwavelength campaigns with one observatory
e Three instruments on-board
» Versatile scheduling and response to ToOs
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The Swift Observatory

*BAT First Light: 3 December 2004
*XRT First Light: 11 December 2004

XRT First Light: Cas A

Chandra First Light
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oFirst BAT Burst: 17 December 2004
*First XRT Afterglow: 23 December 2004
*UVOT First Light: 12 January 2005

All data public since 5 April 2005
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The X-Ray Telescope

MIL-1553 Bus
{Science Data / Cmds / HK})

Primary Power
Analeg Digital Power [ =
Electronics | Electronics Supplies Temps.

XRT System
Block Diagram
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XRT Positional Accuracy

The XRT point spread function has a half-
power diameter of approximately 18 arcsec, :

. i : o for instance, for GRBs:
which results in typical source positions
accurate to within 6 arcsec (gets even better | ove
for bright sources) | can

July
B August
Sept-Oct

delta Dec (arcseconds)

delta RA (arcseconds)

Average: 2.3” 90%: 4”

Moretti et al. 2005, A&A

TeV UnID Workshop (Jun 2008) Abe Falcone, Penn State



" ]
¢ - : VERITAS
WJ ‘ Very Energetic Radiation
- ’ — = Imaging Telescope Array System

The X-Ray Telescope

XRT FIRST LIGHT IMACE: CAS A (Single Pixel Events)
— 77—

Spectroscopy
(example from first light on Cas A)
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St Flux limit ~10-1° erg/cm2/s

PKS0745-19
White: XMM pat 0—12; Red: XRT grade 0—12 (bld14 phys arf)

Example AGN spectrum

>
[
X
Y
)
Q
]
-
%)
a2
C
=1
=)
o
el
o
N
K=
E
[
Q
c

==> We can see Fe Lines
o ik v SRR AL !.ﬂ (when they are there) !!!
_F+++¢++huw'{ws-._ﬂsw w«mﬁ ) ‘_1%‘1*“"5![;@ @ !
2

1
channel energy (keV)

TeV UnID Workshop (Jun 2008) Abe Falcone, Penn State



" ]
. 5 : VERITAS
W'f 4 Very Energetic Radiation
1:_) n - - o Imaging Telescope Array System

Rapid and strong variability from Jets

Mrk 421

XRT Rate( ofs)
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Swift can provide monitoring on multiple timescales to search for rapid
non-periodic variability (such as that from blazar jets) as well as periodic

variability (such as that from X-ray binaries and pulsars)
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LS1+61303: (Microquasar?, pulsar wind-driven shock?, or both ??)

LS 1 +61 303 Detections and 99% Flux Upper Limits
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Holder, Falcone, Morris 2007; Smith et al. 2007; Esposito et al. 2007; Acciari et al. 2008
» These observations are from combined ToOs

 There have been more observations in 2007-2008 which
more completely sample several orbital periods....

TeV UnID Workshop (Jun 2008)

Abe Falcone, Penn State



Unidentified TeV Objects Follow-up

Milagro Diffuse near TeV 2032,

Gal Center, Aharonian et al.
2006 Selected TeV UnID sources, Abdo et al 2007

Aharonian et al. 2005, 2008

e ~ 20 TeV objects waiting for identification
 SWIFT, GLAST, radio, and optical follow-up can help!
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HESS Survey of Inner Galaxy

HESS J1837-069 HESS J1825-137 HESS J1804-216 Gal. Center
HESS J1834-087 HESS J1813-178 G0.9+0.1

Aharonian et al.

HESS J1640-485 HESS J1614-518
HESS J1616-508
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RX J1713.7-3946
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- H.E.S.S. 2003

H.E.S.S. 2004

17h11m

dN/dE (TeV™' em2 s7)

HESS Gamma: color

ASCA X-ray: Lines
Hard spectrum I' ~ 2

Not a simple power-law.
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So far...

o Systematic follow-up of TeV unidentifieds with Swift is
just beginning. A few observations are already in:
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MGRO J1908+06/HESS J1908+063
MGRO J2030+37
HESS J1813-178
HESS J1303-631
HESS J1614-518
HESS J1837-069
HESS J1841-055
HESS J1857+026
TEV J2032+4130
HESS J1804-216
HESS J1616-508
HESS J1834-087

More on the way...

Abe Falcone, Penn State



¢ — VERITAS
5 et il e et
Conclusions

e TeV gamma ray astronomy has entered a new era with many new
sources (>70), including various classifications (X-ray binaries,
AGN, SNRs, PWN) and many unidentifieds

e Due to the intrinsic double-peaked SED nature of many of these
sources, simultaneous multiwavelength coverage in the UV-X-ray
band is critical

» Due to variability of many sources, flexible scheduling is desired

« The versatility of Swift allows it to provide these critical data for
multiwavelength characterization of TeV unidentifieds

o TeV follow-up programs with Swift have begun. The Swift team
welcomes collaborations and suggestions
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Relative Sensitivity
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Photon Energy (GeWV)

GLAST and next generation VHE instruments complement one another well
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