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MWL/GeV photons during
GRB afterglow
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Very bright GRB 130427A

GRB 130427A emits many high-energy gamma-rays during the
prompt & afterglow period, T4o-138s
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Spectral evolution
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Power law index doesn’t change!
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What did we learn from
GRB 130427A7?

* Many very high-energy photons come from the
afterglow phase,

* and the 95 GeV photon was detected at 243s after the
trigger,

* So, afterglow 100 GeV photons are there.

* However, is there any ~100 GeV during the prompt
emission?

YESII!



Very bright GRB 130427A

GRB 130427A emits many high-energy gamma-rays during the
prompt & afterglow period, T4o-138s
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Second component during prompt phase

GRB 090902B
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Why bother the very high-
energy photons of GRBs?

¥ The radiation mechanism is still under debate

* The energy band where extragalactic background light
(EBL) attenuation starts to modify the intrinsic spectra

of the sources (e.g., AGN, GRBs)

* At these energies, GRBs can be seen at distances
further than those of AGN, because of the EBL



Historical observations of GRBs

* Opver the last twenty years or so, ground-based telescopes have not
detected GRBs at significantly high confidence

* Some early claims:

GRB 970417A by MILAGRITO (2.70)

GRB 991208 by Tibet-ASy (1.880, z=0.706) steep fall-off of
optical flash like GRB 990123 was also seen

* Not even MAGIC II/H.E.S.S. II/VERITAS/HAWC (yet)

* High energy threshold (thus absorbed by the Extragalactic
Background Light, EBL) is a major reason, other reasons include
low sensitivity, time delay, etc. (see, e.g., Xue, Tam, et al., 20009).



HAWUC 1s observing GRBs

* With less than 1/3 of the array active, the HAWC
observatory obtained limits for GRB 130702A, which is
at a close redshift of z = 0.145, and a limit for GRB
130427A

* Simulated HAWC light curve of GRB 090310
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LHAASO opportunities

* Best instrument to observe GRB prompt emission at
above -100 GeV

- "’V herenkov
= ““{- e L=

“Detector
90,000 m?

Maybe a good early
science project

| -km*Arrayz:
Plus scintillator detectors every 15 m
and p=detectors every 30 m _ '




GRB observing modes by
LHAASO-WCDA

* Shower mode, high threshold -100 GeV

* Low multiplicity trigger mode can increase the
sensitivity by a factor of a few, and lower the energy

threshold to -10 GeV, but background is huge

* Single particle (scaler) mode, lowest energy threshold at
-1 GeV, but loose directional information

c.f. based on slides by Wu, H. given in Tianjin,
LHAASO collaboration meeting@August 2016
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Second component during prompt phase
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Sensitivity to GRBs 1n the
WCDA shower mode
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GAMMA-RAY
BINARIES

MICROQUASAR BINARY PULSAR

Cometary radio emmission

Relativistic jets

Compact object
of center

Ultraviolet and Accretion disk

optical emission
{ % 7-rays

& Microblazar



Currently known high-mass gamma-
ray binaries (only 7 are known)

name binary components Py, (d) HE VHE refs (x) notes

(high-mass) gamma-ray binaries

PSR B1259-63 pulsar Be 1236.7 v o7 1 2l Sl At Vs
HESS J06321057 ? Be 315 e, A

LS T +61°303 4 Be 26.5 v v [16, 17] magnetar ?
1FGL J1018.6-5856 i O 16.6 v v [18, 19]

LS 5039 ? O 3.9 G oo

New comers:

e
T ————= gt o o oy g i T



Orbital modulation
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Gamma-ray binaries
Gamma-ray loud
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IFGL J1018-5856
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In general, low photon statistics at

>10 TeV energies by current IACTs



Iransient emission/flares in GeV/
TeV from gamma-ray binaries
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comprising of a pulsar and

an Oe star, at d-2.3 kpc
orbital period: 3.4 years

Interaction between the
stellar wind/disk and the

pulsar wind => non-thermal

radiation close to periastron
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Radio to TeV Enhancement over
periastron passages
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X—ray/ GeV connection:

! SWI f t+NuSTAR I ] wind interface

E*IN/GE [erg/(cm?s)]

wind flow line
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o Doppler boosting?

& next periastron passage

at 2017

periastron
brightening

GeV flare

« —— inferior conjunction
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A young, gamma-ray pulsar.

Pulsed emission in Radio/GeV
P=143ms L = 1.7x10% erg /s

Very long orbit binary: Po-5o years. 5
(Lyne et al. 2015: Ho et al. 2016)
Nesxt periastron passage in late 2017.
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o Xy flux is increasing now.

9

4 (see also Ho et al 2016) .

> What cause the increase
= rays? Shock?
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0.1-10TeV flux [erg cm2 s]

Future perspective

¢ TeV
- [.C. scattering
-- Absorption by the pair-creation.

--Good target for Cherenkov

telescope.
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Particle acceleration in
gamma-ray binaries

* Persistent emission: How high can gamma-ray binaries accelerate
particles persistently?

* ’Transient emission: What produces GeV/TeV flares?

* TeV gamma-ray observations may help to answer some of these.
Wide field-of-view instruments are complimentary to pointed,
deep observations, e.g., by CTA, given the unpredicted nature of
enhanced emission/flares.

* Also, for long period (years or above) gamma-ray binaries, pointed
observations find it hard to cover the whole orbit, not to mention
orbit-to-orbit difference.



Summary

* GRBSs: I have presented the prospects of GRB

observations using wide-field detectors at -100 GeV,
from what we know from Fermi/LLA'T observations

* Gamma-ray binaries: they are rare but

important particle accelerators. Whilst observations at
>10 TeV are limited, there are rooms to explore with
high-altitude photon detectors.



