GammarRay Astronomy
from the Ground
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Many new

Intreduction) - summary Results from

ICRC 2015

“NO — we haven't discovered dark matter, yet
%Yes — we have discovered sources of cosmic rays

%Yes — we have detected the optical extra-galactic
background light

%Yes — we are sensitive to new physics (LIV/ALPS)

sYes — there are at least 160 Gamma-ray sources
detected from ground

%Yes — upgrades and new experiments are coming
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Gamma-ray’ astrenemy With Air Snowers:

Curse and Blessing

»Blessing: Large collection area

« Curse: Huge background

« Two strategies (complementary — hybrid):
% Air Cherenkov imaging technigue

» Non imaging technique (particle/light sampling)
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Status of instruments:

Mon Parallel
Session,
Miguel Mostafa

300 Water Cherenkov detectors
on a 22 000 m? surface at high
altitude (4100 m a.s.l.)

100% duty cycle, 1 srad
Fully operational since 3/2015
Data will be public >2017

Sparse outrigger extension for
improved >10 TeV sensitivity
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s Since 7/2012: 4x12m telescopes + 28 m
telescope (“CT5")

* Energy range 30 GeV — 100 TeV

» Major upgrade of CT1-CT4 cameras
ongoing

"
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MAGIC= Z x 17 m IACTS Sexsion.

David Paneque

wImproved triggering scheme — reduced threshold of ~35 GeV
wAfold improvement of Sensitivity
wCorrection of data for changes of the atmosphere with LIDAR

Mono (2005) —Jll— Stereo Upgr. (2013)

[270 ) I : . ......................................... o

@+ Mono (2008) =3~ Stereo Upgr. Zd 30-45, (2013)

%eeoooee| e Stereo (2010)

Integral sensitivity (5c in 50h) [% C.U.]

Energy threshold [GeV]
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VERITASE 45x 112" m |ACTS Session,

Lucy Fortson

» Upgrades of PMTs in 2012
» Observations with moon light
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Improvements/Sensitivity
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TeV: Sky as o1 new.

Already 162 detected sources reported in the TeV Catalog in August 2015 |
65 sources are extragalactic - 70 are Galactic - 27 UNID

Source Types

& PWN

& Binary XAB PSR Gamma
BiM

@ HBL IBL FRI FSRQ
~ Blazar LBL AGN

(unknown type)

+180

& Shall SNR/Maolae. Cloud
Composite SNR
Superbubble

& Starburst
"f‘ DARK UNID Other

& uQuasar Star Forming
"~ Region Globular Cluster
Cat. Var. Massive Star
Cluster BIM BL Lac

(elass unclear) WR
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Highlighitts: Galactic plane

» Gamma-rays from the survey — comparison HESS and
HAWC, 3000 hrs of HESS, 64 sources + 13 complex
source reaions
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Highlighitts: Galactic plane

» Gamma-rays from the survey — comparison HESS and
HAWC, 3000 hrs of HESS, 64 sources + 13 complex
source reaions

HAWC-111, 280 days
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[1411.7568]
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Diffuse emission from the

inner Galaxy (IHESS)

g
S,

Comparison (red lines)
Emission from CR-
Gas interaction

Flux [em® s TeV ar-1)
A =Y
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Population studies...

Shell-type Supernova

Pulsar wind nebulae remnants
[Klepser et al. 2015] [Hahn et al. 2015]
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Crab nebula

» New

Systematic uncertainty (MAGIC)

—
<
k=]

measurements
from the ground -
very good overlap /
consistency with

(TeV cm? s)

dN
dEdAdt
3
=

E2

i | —e—— MAGIC stereo data (this work)
: Log-parabola fit (MAGIC only)
| ——s—— Fermi-LAT ApJ 749 (2012)

| e HEGRA ApJ 614 (2004)

| mm HESS A&A 457 (2006)

| e MAGIC ApJ 674 (2008)

» Difficult time for

IIIIIIi | Illll\i 1 IIIIIIIi | IIIIIIi SR F S |

models (none fit..) i
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Shell-typerstpernoya

remnants
Tycho SNR

% Spectra not consistent with g T e

= Morlino & Caprioli (2012)

the hadronic scenario bt '

E? dN/dE ( cm? s e

s |nteresting new developments

In spatially resolved spectra
B-field map
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Galactic center: Pevatron

Viana et al.
ICRC 2015
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Galactic center: arch!

Galactic latitude

Galactic Latitude

Galactic latitude
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/ Galactic longitude Galactic longitude

HESS

contours on H E S S ET T . 35.?.3 359.600

Chandra

image (Lemiere et al. 2015)

|
e

VERITAS, E>2 TeV
(Smith et al. 2015)
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Dark matter searches

wNo detection — but limits are improving
“New combinations: Fermi-LAT combined with MAGIC

Rico et al. 2015

a Ceeiieei e e Fermi-LAT +MAGIC Segue -1
; ) {  —— no J uncertainty
- - . 22 Bo e === MAGIC Segue 1
sMain targets A A TR
" H, 95% containment = . = Thermal relic cross section
10—25 L Il ||||||I | L ||||||| L L ||||||I
10° 10° 10*

wlnner Galaxy (halo) toV]
wDwarf galaxies (including newly identified obj.)

wDark halo objects (unid. Fermi-LAT sources)
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Large Magellanic cloud Seience 2015

»PWN N157B
Crab-like (lower B-field)

»30 Dor C L - _
Superbubble =

o
—0.20 ::n
XMM-Newton (0.5 - 8 keV) e

*N 132 D
SNR | ey

w BUt; R
no detection from SN1987A

10

05"35"00° 05"37" 05"36" 05"35"
Right Ascension (J2000) Right Ascension {J2000)
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Other Galaxies: AGN

* Common understanding (Synchrotron/IC):

Gamma-rays from accelerated electrons in
relativistic outflows
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(at least) two surprises

«Variability time scale too short (t < r./c) for
supermassive black holes

s PKS 2155-304 (M~10° M. but t,,=2") (HESS coll.
2009)

~-IC 310 (MAGIC coll. 2014) no beamlng but t,, <4’

I(>200 GeV) [ 10° em?s™]
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Closer loek With Grav. ok eNeronoy

2015

lenses

s Discovery of gamma-ray emission from B0218+357
with MAGIC (Sitarek et al. 2015)

»Delayed signal from grav. Lensing. Variable ratios?

% Observation of micro-lensing would constrain the size
of the emission region to be ~1015 cm and its velocity
to be sub-luminal..

L R + MAG'C
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More sUIPIrSEes?

» Absorption of gamma-rays due to pair-
production on the extra-galactic background
light (EBL) — however spectra are
hardenina?

EBL: Dominguez

sr)

vI, ("W / m?

Wavelength (z2m) opt. dﬁhH (2015)
DH&Jacholkowska (2015)



E2dN/dE (erg em=2s~1)

PUsShing the

barrier...

red-shift

Vi

100
New sources discovered:
PKS 1441+25 (z=0.939)
(MAGIC and VERITAS)
B0218+357 (z=0.944) 10 ¢
(MAGIC 2015) °
[ ]
PKS 1441+25 (z=0.939) o ’
(MAGIC prel.) °
10| | T | °
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Searching fer Lerentz-

Invariance breaking

wDispersion relation of Photons modified:

2 2 2 E "
oo x - (5g) |
wEnergy/distance dependent delay +
modified absorption (shift of threshold)

Property GRBs AGNs Pulsars

Redshift < 8.2 < 0.8 0

Energy range < 100 GeV < 10 TeV < 300 GeV

Relevant time scales|10-100 msec 1-10 min 10 msec

Intrinsic effects known moderate |under control

Best results GRB 090510|PKS 2155-304 CRAB DH&Jacholkowska
(Fermi) (H.E.S.S.) (VERITARS) (2015)




Host galaxy

Galaxy cluster

(Axion-like particles)

» Spectroscopic signatures

Intergalactic
Medium

B < nG,
L~1Mpc

Milky Way
B ~ uG,
L ~10 kpc
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Gamma-ray: BUrsts

» Not detected, yet

s Just wait a little bit, either HAWC or
fast response IACTs (MAGIC, HESS II)
will detect them

3

ﬂ T L L
t '_- [ THAWC -
T HAWC | --

o HIACTS

¥ Indf 325/36
Mean -0.049 +0.006
Sigma 1.014 +£0.005

-4 -2 0
s sionificance

10" 10° 100 100 100 10" 10
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Lindfors
Thursday

Bonnoli, Pareschi

New instruments; CTA poTR)
Tﬁm 5?? @fﬁﬁ%@ v Tﬁ' fﬁfﬁ‘@'@ﬁﬁ? ﬁff‘*ﬁ’ y {’ éf“ TA }

.y a3, 2, U 4 X 210, 236, 249, 252, 26 AT

T i T e - i P R e e - e
230, oz, ol :_"-'_; 6232 665, 673, 674, 684, 629 723, 736, 773, B24, 862, BRZ, 200, 25 g65 _-"':.'."-’ Fil e

> 1200 members
194 Institutes from 31 countries
2 sites selected:
North (La Palma, Spain)
South (Paranal, Chile)
Initial construction could start in 2016
Early science: fowards the end of the decade

/ CTA South

~KIT* array of

few large telescopes
9 g medium -5l Zed

for lowest energies

telascopes
large 7 km? array of
\ l small ielescopes, for
4 LSTs rate-limited higheast
i energias
70 SS5Ts

M. Lemoine-Goumard,



lowards lewerrenergies ey
MACE

« High altitude air Cherenkov
detection (Hanle site)

s Non-imaging (HAGAR)
» Imaging (MACE)
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Towards NISNEIFENENSIES: I
LHAASO Parallel session

s Air shower array 1 kmz

/5 000 m2 of Water Cherenkov Detector
array

«12 Wide field imaging air Cherenkov
telescopes




Towards [HISNEFENErgies: .
ession Thursday
TAIGA Budnev

»* Non-imaging air Cherenkov detector field
(currently ~0.5 kmz2), upgradable to ~5 km2

* Planned upgrade: imaging air Cherenkov
telescopes with 8° f.0.v. o

Yashin et aI (2015) g |
R e T
‘ o
M
i Er_'
- | . | Ll i 0.01 CRAB
b: =— 1072 107" 1 10 102 c 10° T \;)o‘
. u - nergy (Te
. [1503.05512]
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Perspectives

« Gamma-ray astronomy — rich phenomenology
of cosmic-ray accelerators

s Fundamental sciences — unique sensitivity to
propagation effects and massive self-
annihilating dark matter

s |mpact on low-energy astrophysics:
constraining star formation

w Extreme acceleration In relativistic environment
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End off presentation
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