OBSERVATIONS OF GRBs IN VERY HIGH ENERGY REGIME
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FENOMENOLOGY OF GRB:
Disovered in 1973 by Vela satellites: 12 GRB in the keV-MeV energy range

First systematic studies from the ‘90s.
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GRB IN THE VHE REGIME: HYSTORICAL HINTS

EGRET (20 Mev-30 GeV) : GRB940217

FEBRUARY 17, 1994 BURST Hurley et al 1994

18 GeV photon
was observed

EGRET observed emission above 30 MeV for more than an hour after the prompt emission.

A. Caros



GRB IN THE VHE REGIME: HYSTORICAL HINTS

EGRET (20 Mev-30 GeV) : GRB941017

GRB941017 Classic sub-MeV component observed
ol in BATSE
“};rfm to 14
13 ¥ | SE': 3 Second Higher Energy component has been

| . Bl observed within 14-47 seconds by EGRET and
F = at later times by both BATSE and EGRET.
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GRB IN THE VHE REGIME: HYSTORICAL HINTS

MILAGRITO (500 GeV-20 TeV) GRB970417a

Searching 54 Batse bursts
(T90)

One burst 970417a showed 18
events w/background of 3.46
This has a prob< 2.9x10*
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GRB IN THE VHE REGIME: FERMI

EGRET observations triggered new questions in GRB field:

"Typical' Prompt GRB Spectrum
FERMI

GBM (8 keV - 1 MeV)

* Onboard trigger
and localization
* Spectroscopy

LAT (20 MeV - 300 GeV)

= Pair-production telescope

p _ for HE emission
Z order of magnitude of energy covered ~ Onboard and ground
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GRB IN THE VHE REGIME: FERMI

8—14.3 keV |
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GRB IN THE VHE REGIME: FERMI
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GRB IN THE VHE REGIME: FERMI
DURATION DISTRIBUTION

Preliminary
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Systematically longer duration
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GRB IN THE VHE REGIME: FERMI

The bulk Lorentz factor of GRBs can be constrained by observations in the HE:

1-GRB 080916C (b section) -
2-GRB 080916C (a section) |
3-GRB 090902B
4-GRB 090510 ]
non-cutoff target spectrum
—— self-consistent

The compactness
problem implies that
the bulk Lorentz
factor must be large

(if GeV emission is
originated in the same
zone of sub-MeV
photons)




GRB IN THE VHE REGIME: FERMI

Observations of GRBs can
discriminate between
different EBL models

— Finke et al. (2010)
- - Stecker et al. (2006)
Kneiske et al. (2004)
= = Oilmore et al. (20049)
Franceschini et al. (2008)
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TETRIS SCENARIO FOR VHE ASTROPHYSICS:

e High energy emission is often = Common temporal decay law
extended in time, even for short GRBs for LAT GRBs

= Delayed onset of the high energy = LAT fluence < GBM fluence
emission

Bulk Lorentz: factor
EBL models
Lorentz invariance

= LAT and GBM spectral slopes are
different (but one case)
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GAMMA RAY ASTRONOMY EXPERIMENTAL TECHNIQUE:

, "Typical" Prompt GRB Spectrum
10 I | | | I | | |
10 . GBM i) Space based instruments
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Secondary detection
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THE THEORETICAL PICTURE

Many models have been suggested for HE emission justification:
Internal/external shocks

Fermi Mechanism

= Power law distribution for

-~ particle

A

Leptonic component
* Synchrothron

\ >
* » L E > emission
Ultra- =
Inner  relativistic / ™
engine jet

o0oys esioned
18)1BWL payoous 10H

4apew pexooys 1°0H
Mooys piemiod

* Inverse Compton

A

Hadronic component
* Proton syncrothron
* 1T, decay

Internal shocks External shocks

SSC in RS, keV-GeV (Granot & Guetta

SSC in internal shock: 1-50/100 GeV 2003, Kobayashi et al. 2007)

Guetta&Granot 2003; Galli&Guetta 2007; . . 4

(Zhang & Meszaros 2007) SSC in FS, MeV-TeV (Galli & Piro2007)

P-[] interactions: MeV- TeV Syncrothron in FS, GeV (Ghisellini+ 2009, Kumar+ 2009)

Gupta & Zh 2007
(Gupta ang ) p-y interaction in FS, GeV - TeV
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THE VHE REGIME:

A GOOD OBSERVATIONAL PROOF A SCREENSHOT OF
THE PROMPT EMISSION

Expected prompt emission from GRB: Esp=1, Tg=20 s, £,=0.45, £g=0.1, p=2.5, 2=0.2

Internal
pair-production
absorption
makes difficult
observation in
the VHE range

—_—
cl

Most probably
candidates for
high energy
emission: (XRF)
(I >500)

Expected vF, [erg cm2s ' ]
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THE VHE REGIME:

A GOOD OBSERVATIONAL PROOF

Observation in GeV-TeV energy
range is a powerful diagnostics tool
for the emission processes and
physical conditions of GRBs

Expected VHE Emission from GRB: E;,=4.5, T, =T +4ks, £.,=0.1, £5=0.01, n=1 em?
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» Discriminating between different
emission models
= EBL at “high” redshift
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THE VHE REGIME:
A GOOD OBSERVATIONALS PROOF

Expected VHE Emission from GRB090102: Eg,=10°, T, =T,+4ks, 2=1.547, £,=10", £5=0.01, n=100 cm" The cooli ng

10° : g frequency for protons can

, i i Electron Synchrotron
EBL Model from Dominguez+ 2011 S5C (z=1.5

: SSC (2-0) - - - easily reach the GeV
Rf ; ! Proton Synchrotron :
5 ? regime.
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= Discriminating between hadronic
and leptonic emission model
» Constraining space parameters
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TACT OBSERVATION:

Difficult task for cherenkov telescopes:

*Low duty cycle (10%) b
°Ga‘1\1]1m121 }(’)pacity dueoto EBL absorption ‘;bﬂ S(E ) — Qb(E ) ) exp(—*r(E y & ))

pre—Swift bursts

Median: z = 1.04
Meon: z = 1.37

Optical Depth t

o
O

Swift bursts i 10
Median: z = 2.72 )
Mean: 2z = 2.76 J O\ s0cev
0,1

Ry

O ’0 l 1 1 L I 1 'I..I/ I 1 11 I L1 1 I 1 L1 L1 1 I L1 L. / .I 1 1 I 1 1 1 I 1 1 L
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log(Energy/GeV)

Z~x=1 for an energy threshold of about 60 GeV
IACT observation possible if :
* Low energy threshold
* Fast repointing
* High C — factor : Near (but not too much!) GRB A. Carosi
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MAGIC DUTY CYCLE FOR GRB:
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Sun below the horizon
ZA>103 degree

Zd < 60deg

Humidity <90% & wind
Speed <10 m/s

Angle from the moon <30 degree

-+

Communication:

*e-mail

*web

*Acoustic alarm

Dedicated filter for
GBM packets

Alert System
Central Control

=y | ADOUt 1 GRB/month
is observed
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MAGIC STATISTICS:
MAGIC GF{B Dbseruatmns
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— Dominguez+ 10

MAGIC STATISTICS: From 2005 MAGIC observed 68 GRBs

10%F z = 1.547

lOl L

6 —

=

100 L

107 1F

Zmean > 2

10°

# Number of GRB
L)
|
|

(]
|
|

101 100 1ot
Energy [TeV]

L L B I L L L) L B \
0 1 z-15 \
5 1 N\
: I
Lo \
Only ~ 20% of the observed GRBs [k N\
Stay in the useful redshift range  [EMH [ N\
A\
We need more statistics 02 §
RN AT N
0 05 1 L5 2 25 3 35 4 45 5 55 6 65 T 95 3

| ) Redshift z




MAGIC STATISTICS: Two prompt emission
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THE CASE OF GRB080430:

Zenith angle: 22°-30°
Delay: 1h 19m
Redshift: 0.767

Follow up observation start
about 4000s after the prompt
emission due to bad weather
conditions at the MAGIC site

GRB 080430
blue WT = red PC

Count Rate (0.3-10.0 keV) (s-1)

vF, (ergem™ s’
—
=]
=
[ =]
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Tyt1 ks
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To+8 ks
MAGIC ULs (at Tn+ﬂ ks)

time since BAT trigger (s
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AND THE OTHER IACT

JHESS. obzserations of GEEBs from WMarch 2003 to Oetober 2007.
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F.Aharonian et al. A&A 2009
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AND THE OTHER IACT

VERITAS OpsErvaTions oF Gavya-Ray BursTs

Source Analysis Soft Source Analysis

GRB Taelay (8)" ) Tobs [min)ﬁ Elev. Range (°) ot Upper Limit | Eu ((}e"v’jé ot Upper Limit
070223 1.7 x 10% 74.1 67-7 1.3 95x 1012 150 0.8 20x 10
070419A 295 37.7 32-36 —0.1 81x10 420 ~-1.0 1o0x10 4
070521 1118 75.4 6388 0.1 4.6 x 10°** 120 —0.3 96x 10
0706128 201 131.9 46-50 0.6 2.5x 10 230 0.6 T.1x 10"
071020 5259 73.5 30-43 18 1.7x10° 330 0.5 2.6x 10"
080129 1456 31.4 47-50 1.2 7.7x 102 22() 1.4  12x 10
080310 342 198.0 48-58 0.2 2.2x 10 '2 170 1.8 7.3x 10'2
080330 156 107.8 6488 0.2  4.0x 10 '2 120 —0.7 6.3x 102
080409 6829 19.0 31-35 0.1 5.3x 10 720 —0.7 38x 10
080604 281 151.8 33-70 1.1 47x 10" 160 0.9 12x10 "
080607 184 56.0 32-46 1.5 16x 10 310 1.1 24x 10t
081024A 150 161.2 55-60 ~15 15x10 " 190 —20 22x10 "
090102 5344 83.1 33-48 —0.1 84x10 " 230 —0.3 18x10 "
090418A 261 30.4 8688 1.0 1.0x 10 120 1.7 3.0x 10
0904298 141 158.8 7088 1.1 3.9x 10 2 120 1.0 9.6 x 1012
090515 356 78.8 37-57 0.1  6.3x 10 *2 22() 1.2 25x 10

Upper limits are given at the 99% confidence level in terms of “F,. at Fyy,. assuming the spectral indices of 2.5 and 3.5 for the standard
source and soft source analysis. respectively, in units of erg cm 2 571, ®Time between the GRB trigger time [T‘Lrip‘.} and the beginning of
VERITAS GRB observation. #Duration of VERITAS observation. 7 Elevation range of the VERITAS ohservation. The VERITAS Energy
threshold. ¢Statistical significance (standard deviations) of signal counts observed by VERITAS at the GRB position.

» More similar to MAGIC but higher threshold




The case of the Swift J64449.3+573451 transient Dedicated observation by MAGIC

: started on 2011/03/31 at 02:22 UT
Detected by Swift/BAT on 2011/03/28 at 12:57:45 UT (~2.5 days after the trigger)

The GRB nature of the source has been rapidly ruled out by the
Unusual long lasting flaring activity detected by Swift

Swift J164449.3+573451: sSwift/XRT light curve and MAGIC observation windows
7
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TOWARD THE NEXT GENERATION

Low-energy section

k.
Medium Energies:

~24m telescopes

High-energy section
12m telescopes

A. Carosi



TOWARD THE NEXT GENERATION

10 Ae pa
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Optimistic: 4 LST (Eth=10 GeV) + 75 MST
Baseline: 4 LST (Eth=25 GeV) + 25 MST
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TOWARD THE NEXT GENERATION

Extrpolation of the Band function to GeV

» 2 spectral “type”
\Power law component added on top of the

Band function with an index -2.0
» Redshift distribution from Swift

» EBL model from Gilmore, Somerville,
Dominguez and Primack

fixed o’
¥,
I
bandex

But CTA performance is still
largely uncertain
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CONCLUSIONS:
* High energy component is expected for several competing emission processes during
both prompt and afterglow in GRBs. Still nho clear theoretical picture is really able to
describe all the new features observed with Fermi/LAT.

® All the IACTs, and in particular the MAGIC telescope, are currently performing GRB follow
up observations

® Until today, no evidence of VHE photons has been obtained in this energy regime. In
some special case also the evaluated UL could be important to discriminate the emission

processes or constrain the EBL models.

“ CTA will probably open new era in VHE astrophysics and GRB field
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