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High Energy Gamma-ray Instruments
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High Energy Gamma-ray Instruments
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High Energy Gamma-ray Instruments
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® ~1m?
® Any point on the sky observed ~10% of time
® Signal limited at high energies
+ e.g. sensitivity > 50 GeV
+ 10 p]mluns x 50 GeV /(8 yearsx0.1x104 cm?)
R 3 x 10" erg/cm?/s
® Resolution improving wth energy
+ o degree at 50 GeV
® Very limited at high energy
and short timescales
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High Energy Gamma-ray Instruments
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High Energy Gamma-ray Instruments
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7
y -ray enters the Primary ¥

atmosphere

Electromagnetic cascade

10 nanosecond snapshot

0.1 km? "light pool”, a few photons per m?
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65 Active Galaxies
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Second Fermi Hard Source Catalogue
2FHL 60000 photons

80 months
>50 GeV
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Extragalactic Background

IGRB composition with MW SF model

"F!'l] T T T Trrrrrr] T T L
MAGN Di Mauro ot al. 2014 1
BL Lac Di Mauro ot al. 2014
SF MW Ackermann et al. 2012
FSRQ Ajello et al. 2012
Tot
Fermi-LAT MODEL A | _g

E? dN/GE [MeV/icm®/s/st]

arXiv1601.04323

® ~90% of EGRB from blazars!, BL Lacs dominate above 100 GeV
® Many puzzles here (will come back to that if time)

“Feedback over 44 orders of magnitude”, Perimeter Institute, March 14" 2016
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The TeV Galactic Plane

Diffuse emission suppressed by background modelling technique
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HAWC

® Very wide field of view, very
high duty cycle
+ More modest resolution and
background rejection power Last Tank Constructed Dec. 2014

® Very early days but
+ Will reach comparable sensitivity to HESS survey (at ~TeV energies) for extended
objects (~0.3 degrees) very quickly = huge improvement for very extended emission
+ Planned outrigger extension (2016) - improved high energy performance

-> Lots of potential, exciting times

Milagro £ ®

8 years

HAWC-250
150 days

o]

“Feedback over 44 orders of magnitude”, Perimeter Institute, March 14" 2016 1
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HAWC

® Very wide field of view, very
high duty cycle

+ More modest resolution and

Last Tank Constructed Dec. 2014

background rejection power
® Very early days but
+ Will reach comparable sensitivity to HESS survey (at ~TeV energies) for extended
objects (~0.3 degrees) very quickly = huge improvement for very extended emission
+ Planned outrigger extension (2016) - improved high energy performance
-> Lots of potential, exciting times
8! FACT Preliminary
: Mrk 421
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® Very poor experimental situation 1-100 GeV pre-Fermi
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TeV Blazars

® High energy peaked BL Lac objects - the typical TeV-emitting AGN
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EBL Absorption

Y+y—=>e'+e

100 or T T T T T TTTTIT T™T"TTTTIY y—
F Madau & Porretti 0 (HeT) -
b -ﬁ Elbaz et al, ‘02 (1S0)
|'|\-\| hoet ol O (Spitren) - Threshold.
.

Fazio et al. 04 {Spitzen)
Xuetal, "08 (GALEX)

‘ :i I T Daode et al. 06 ( Spitren) :
b, : sadg ] | EE>mact
¥

TR Bertact al. * 1 (HernheUPEP) +
; : \" Wright & Roese 00 (DIRBE) Or ETQV > 0‘26/Eev

Wrright "0 (IMRRBE)
Leverson et ol "07 (DIRBE) +—dt
evemon & Wright "08 (DIRBE)

E., - PKS 2005-489 / Mrk 421 ~0.03
~ 1 PKS 2155-304 y
. ~1ES 0229+200 / H 2356-309
: o8 1ES 1101-232/ 1ES 0347-121~ (), 7
R H.E.S.S.
" 0.6
" el 3 Coll. 2013
Alpm] ;_E 0.4
® 1 pm background - 200 GeV ys
0.2
® 100 pum background - 20 TeVys
® Pairs can IC scatter - cascades 0 "
1 10
Energy [TeV]
- © I
19

“Feedback over 44 orders of magnitude”, Perimeter Institute, March 14th 2016

Pirsa: 16030089 Page 20/44



Pirsa: 16030089

Missing cascade gammas

® Implies:

which is hard to see

+ Pairs lose energy (by synch. ? 8 need v. high B)

+ or deflections are big enough to make a halo

“Feedback over 44 orders of magnitude”, Perimeter Institute, March
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EBL Absorption
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Missing cascade gammas

® Implies:

+ Pairs lose energy (by synch. ? 8 need v. high B)
+ or deflections are big enough to make a halo

which is hard to see

“Feedback over 44 orders of magnitude”, Perimeter Institute,
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TeV Blazar Variability
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® Variability timescales down to ~1% Rg ¢
+ Causality requires R < ¢t 0, emission region is very small, and
+ Implies bulk motion with I" > 50 (e.g. Begelman, Fabian, Rees 2008)
- © e

“Feedback over 44 orders of magnitude”, Perimeter Institute, March 14" 2016 21
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The Future?

® Continuations
+ HESS/MAGIC/VERITAS until ~2019
+ HAWC hopefully a bit longer (with

outriggers)

+ Fermi until at least 2018
® No instrument significantly better
than Fermi >1 GeV is on the horizon
® Ground based future much more
positive

+ current instruments have relatively

modest cost and technology/techniques
are advancing

® Major projects

+ CTA
+ HAWC-like detector in southern s
hemisphere (under discussion) ' 1
+ LHAASO
-'\l‘) =
N “Feedback over 44 orders of magnitude”, Perimeter Institute, March 14 2016 22
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Cherenkov/Fluorescence
Telescopes (5 m?)

Sparse shower
particle detectors

® Multi-component detector for gamma-ray astronomy and cosmic ray
studies to be constructed in Sichuan province of China (4.3km asl)

® 1% prototype at ARGO site in Tibet is running

® Deployment starting in 2016, completion ~2021

“Feedback over 44 orders of magnitude”, Perimeter Institute, March 14" 2016
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The Cherenkov Telescope Array

A huge improvement in all aspects of performance
+ A factor ~10 in sensitivity, much wider energy coverage, much better
resolution, field-of-view, full skyj, ...

A user facility / proposal-driven observato

+ 31 nations, >1200 scientists
+ Including the lmms from lIl SS, MAGIC and VERITAS
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CTA Sites
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Sensitivity
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Differential sensitivity (5 bins per decade in energy)
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See: https://portal.cta-observatory.org/Pages/CTA-Performance.aspx

www._cta-observatory.org (2015-05-11)
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SST-1M Prototype
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First Cherenkov Light
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First Cherenkov Light
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CTA Science Themes

Cosmic Particle Acceleration, Propagation
and Impact

+ Mechanisms for particle acceleration, galactic CR
acceleration and Pevatrons, acceleration in jets and
lobes of AGN, cosmic ray transport, ... *

+ What role do accelerated particles play in [bv%a con
star formation and galaxy evolution? -

Probing Extreme Environments %

+ Neutron stars and black holes, relativistic jets, winds
and explosions, the contents of cosmic voids, ...

Physics Frontiers

+ What is the nature of Dark Matter? How is it
distributed?

+ Is the speed of light a constant for high-energy
photons?

+ Do axion-like particles exist?

Pirsa: 16030089 Page 35/44




CTA Resolution
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Example: Cen A

8° CTA FoV

. HESS centroid
2/ TH " error
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CTA>1TeV
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Sensitivity versus Timescale
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Dark Matter Annihilation
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“Feedback over 44 orders of magnitude”, Perimeter Institute, March 14" 2016
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AGN population?

® CTA will detect a sizeable population of TeV-emitting AGN through:
+ Target observations / ToO from Fermi ++ - estimate ~200 objects
+ Large field surveys - e.g. 25% EG sky survey for 240 hours
+ s mCrab sens. estimate 100-250 objects
+ Serendipitous discoveries (8 degree FoV, 1300 hours per year , 2 sites...)
+ No proper estimate made yet - but likely the dominate population in the end

® Will be mostly HBLs

+ CTA best sensitivity ~1 TeV, full field of view only > ~200 GeV

Fermi/LAT 2FHL catalog
+ Detectable sources within CTA surveys
* AGNs detected by IACTs
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CTA Probes of IGM cascades

120 Mpc, 101G

P e e ey
® Pair Halos theo” S BTN e L

+ Electrons deflected more than ~arcmin in IGM L ong MRLEIL SRR R | - ¢ ]
magnetic fields (>10'° G) — secondary gammas ,

+ Use angular resolution of to image halos /search for . ofs, R
(energy-dependent) deviations from point-like cot ”u
behaviour - combination of improved angular 1 oy o ,.‘_,'_«. Al
resolution and better sensitive makes constraints al. _“%",’:L'"'-.'_";,'-,f”é’:i?."" o]
much better than current IACT limits LA cadhre ":‘-u; =

Elyiv+ 2009 o’
® Pair Echoes (low IGMF strengths ~107¢ G) [ im0 014t e 00 ()
+ Very small deflections - travel time differences 10" | Somiamawie, '
+ Flares delayed+washed out jilL'.l\l'.lLlL'Hi“_’\il;lI :; P
+ Extractable from time-resolved spectral analysis 5 =)
:2_, 10"
® See upcoming public release of ‘CTA e
Science’ document |
10M | 03014 b - 16()0“ -
Dermer+ 2010 E (GoV)

“Feedback over 44 orders of magnitude”, Perimeter Institute, March 14th 2016
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Conclusions

Improving view of the HE/VHE gamma-ray sky

+ Fermi deeper exposures and Pass 8

+ Gradually increasing catalogue of TeV detections /
improved spectra from MAGIC, VERITAS, HESS-2

Major next step is CTA

+ First.science hopefully 2018, completion early 2020s
Operating as an international user facility - access forall
scientists of contributing countries -
See CTA web page for response info. + science doc. soon "~
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