From hlgh energy to highest energy
gamma-ray astronomy and LOFT

ey
[

Rhaana Sfarllng

Umvermty o] Lercester
with thanks'to . . . 1 L” jf:.'g"_.-_' Eone LR N
‘Richard Whrte-,ﬁer «Hmton _, g AER
LSte‘tan_th"a‘nd. Paul GBrten e P

T 1"!-"" _’_q__.
-n‘l'-Fl "'Ci_.-.--u_._'l'-' f

_J.éseﬁs:;-ﬁﬁ'

......
-----

2 University of
0 Lelcester E

Via THE ROYAL T
@] SOCIETY = s




-

Production mechanisms include "*-

:.-Il

« |€ scattering of energetic elecfron’s on ik
soft photops g 0L
* Decay of neutral pions created durlng
iInteractions of accelerated protons zYa¥
nuclel
* Bremss emission when electrons
iInteract with surﬁoundlng medlum
l.e. protons as well as electrons .“_l'
i
|
.'
| |

probed via HE gamma-rays ~L1/ / |
[

*E neutfinos (eg IceCubJ /\"

UHE protons (eg Pierre .
|
| f

also probe HE ihenomena ilr...;.'

image: lIoP



The 'high energy’ gamma-ray sky

Observed since 60's but field took off in 90's with
the first >100 MeV all-sky map by EGRET

EGRET All-Sky Map Above 100 MeV



Large Area Telescope (LAT) since 2008
100 MeV-100 GeV

Fermi two-year all-s

Cen A

Nova V407 Cyg

Crab Nebula

Gamma-ray
Space Telescope

Credit: NASA/DOE/Fermi/LAT Collaboration
Nolan et al. 2012, ApJS, 199, 31
1873 point sources, 100 MeV - 100 GeV
>50% AGN; many transients incl. GRBs



What has Fermi found: The LAT two-year catalog

Supernova

Pulsars remrlants Globular clusters,
4% high-mass binaries,

6% \ / normal galaxies
Non-blazar \ AN fere

active galaxies — 1%
1%

Blazars
57%

Unknown
31%

Credit: NASA/Goddard Space Flight Center



Fermi bubbles
giant gamma-ray lobes from the Milky Way

edges visible in ROSAT and radio
<10 million years old
sudden impulsive event: star formation or AGN activity?

Credit: NASA/DOE/Fermi LAT/
D. Finkbeiner et al.



Timing key to

resolving brightest .
rogions of the sky Fermi’s 9 Newest Pulsars and

the Youngest Millisecond Pulsar Known

>100 total | a RS 2
1 .
About %2 seen in X-rays Credit: NASA/DOE/Fermi LAT



NASA’s Fermi telescope resolves supernova remnants at GeV energies

. ‘

Cas A W51C W44 IC 443

am Discovering the sites of cosmic ray acceleration in our MW g;fgitﬁ'\/%SA/DOE/




y-ray enters the
-atmosphere

Figure: Richard White
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- Optical
+TeV

(1/4)

> Shell-type SNRs or SNR

(1/5)
inaries, stellar

~ = Pulsar Wind Nebulae
— MC interaction regions

ic) F. Acero & H. Gast



HESS J0632+057 f| rst hlnary detected via VHE gamma-rays

: Hl‘l‘lrl *Il:ll'l ’ ‘ & ¥ L ; 1

' -ﬂ'ﬁm arJ(w 0704.6171
Hmﬁnhﬂtal arXiv:0809.0584 o o
" (ERITAS, arXiv:0905. 3139 ATEL 31 §3
"MAGIC, ATEL 3161 7 ' ¢ .

: ©Adam Block T|m Puckett

« Compact object + Be star binary
« TeV point source discovered by HESS

« Swift follow-up showed long time-scale periodic behaviour in X-rays

* joint campaign with HESS and VERITAS confirmed this

Only a handful of TeV binaries known: TeVs may come from pulsar
winds driving shock acceleration or accretion driving a microquasar jet



HESS J0632+057: Swift XRT monitoring
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Adapted from Bongiorno et al. 2011, ApJ, 737, L11




HESS J0632+057: HESS+VERITAS monitoring
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Slide from Stefan Ohm & collaborators




High frequency peaked BL Lac PKS 2155

Minute-time-scale variability in the VHE emission of the blazar PKS 2155-30.
Aharonian et al. 2007, ApJ, 664, L71
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Well-known gamma-ray emitter but average flux in the bright flare
reached a spectacular 7xCrab >200 GeV.



Results from HESS, |
i MAGIC and VERITAS §
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HESS-2: one of first air showers seen by new 5-telescope set-up.
Courtesy of the HESS Collaboration.



How to do better?

More events

» More photons = better
spectra, images, fainter
sources

« Larger collection area for
gamma-rays

Better events

» More precise measurements
of atmospheric cascades
and hence primary gammas

« Improved angular resolution

« Improved background
rejection power

=> More Telescopes!

Simulation:
Superimposed images
from 8 cameras

Figure: Jim Hinton



The Cherenkov Telescope Array (44,

A huge improvement in all aspects of performance

» A factor ~10 in sensitivity, much wider energy coverage, much
better resolution, field-of-view, full sky, ...

With two sites and a total of >100 telescopes

« A global ~€200M project
Including everyone from HESS, MAGIC and VERITAS

First: Science; ~2016
Completion: ~2020
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The Cherenkov Telescope Array
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The Cherenkov Telescope Array ( da

Tim Greenshaw : Jim Hinton

(Liverpool) (Leicester)

i r’: -lj SST Coordlnator ‘@as CTA Project Sc|ent|st 4

Paula Chadwick
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The British Contribution ( &Fm

Positioning the UK for early CTA science

CHEC (Compact High Energy Camera)
» Prototype camera for the SST

» Leicester-led effort with collaborators from
UK + US and Japan

» Funding in place for 2 prototype cameras
« UK funding from STFC and U. Leicester

Figure: Richard White



CTA Science Targets : cta

the non-thermal universe

adapted from
ioran & Weekes
2003

Pulsed

Current—

Sensitivity

Starbursts Clusters GRBs

Guaranteed astrophysics
» Current generation detections are the tip of the iceberg

Major discovery potential!



CTA Science (cta

Shocks, Jets and Particle Acceleration

> The how/where/what of particle acceleration

> Physics of strong shocks and relativistic outflows
*» GRBs, AGN jets and lobes, PWN, SNRs, Colliding winds +++

Relativistic Particle Feedback

> Impact of accelerated particles on their environments
> from ISM to ICM scales

Gamma-rays as Probes
> Probes of cosmic radiation fields and magnetic fields

Fundamental Physics
> Dark Matter indirect detection %
> Speed-of-light measurements [ LIV




CTA will rapidly respond to ToO triggers, e.g. gamma-ray
bursts

GRBs are relativistic jet sources: gamma-rays produced

In shocks




Fermi LAT GRBs show delayed and extended HE emission,
and for some an 'extra’ spectral component beyond the
extrapolation from keV: more opportunity to catch them in action.

28 GRBs seen at >100 MeV, 7 at >20 GeV in 3 years (only 8% of all
Fermi GRBs — are HE-emitting bursts special?)

Time-integrated photon spectrum (3.3 5 - 21.6 8)
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Ackermann et al. 2013 arXiv:1303.2908 e.g. GRB 090926A Ackermann et al. 2011
Apd, 729, 114



CTA predicted to catch prompt and afterglow of several GRBs/yr,
including both 'long' and 'short’ bursts (S. Inoue et al. 2013,
Astropart. Phys. 43, 252).

Predicted spectra for the recent GRB 130427A are spectacular, and
it could have been seen for over a week...
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Extrapolation
from Tam et
al. 1305.3217
EBL model Y.
Inoue et al.
2013

>100000 cts 1%, ; ; 3 4567 10

energy E(TeV)

Courtesy CTA-GRB group, in particular S. Inoue, V. Connaughton, P. O'Brien, J. Granot



CTA predicted to catch prompt and afterglow of several GRBs/yr,
including both 'long' and 'short’ bursts (S. Inoue et al. 2013,
Astropart. Phys. 43, 252).

Predicted spectra for the recent GRB 130427A are spectacular, and
it could have been seen for over a week...
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Courtesy CTA-GRB group, in particular S. Inoue, V. Connaughton, P. O'Brien, J. Granot



CTA predicted to catch prompt and afterglow of several GRBs/yr,
including both 'long' and 'short’ bursts (S. Inoue et al. 2013,
Astropart. Phys. 43, 252).

Predicted spectra for the z=4.3 GRB 080916C shows that high
redshift is accessible with CTA
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S. Inoue et al. 2013



CTA can accept urgent triggers for LOFT discoveries
and

CTA survey modes may produce triggers that LOFT

can fO”OW-Up (NB 31% of LAT sources unidentified)

CTA: simulation of a
240h Galactic Plane
Survey (Dubus et al.
2013, Astropart.
Phys. 43, 317)




LOFT operations will 6verlap wit_h_(_f?A if both are built:
CTA should be complete and ‘experienced' in 2020

Broadband coverage from keV to‘Ge_\L-MeV-TeV

The high energy'gamma-ray sky comprlses many of the
source- tyEiOFT will capture, and science within the

'‘extreme rse' theme at sites of particle acceleration:
jets, shocks, winds

Each may act as a trigger for th er in rapid transient
science il)
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