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EGRET on CGRO

1 ) Prompt 1993/1/31 (Superbowl) Burst
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Fermi detections as of 2011-01-20

Circles:
= GBM: 250 GRB/yr In Field-of-view of LAT (<707): 275

LAT: 10 GRB/yr

Out of the FOV
Squares:
LAT detections

11 months Fermi LAT count map

Credit: N. Omedi




GRB080916C: LAT light curves

Abdo et al. 2009, Science

GBM Nal, + Nal,
(B HEV-260 keV) o 7

Countshin
Countsisec
-1
—
o
%]

100 MeV)

GBM BGO,
(260 keV-5 MeV)

Countshin
Counts/sec
x 107%(>
x 1 (50-300 keV)
E; ks
o %

S
o
|

w0
(5]
i
£
o
£
o
e
x
=
L

I
»

LAT
[no selection)

|
N
o

All LAT eventg™

|
N
w

Counts/bin
Counts/sec

I
&)
o

Photon Index

|
]
w

LAT
[> 100 MeV)

) C nﬁn t.w'h-i n

| Pl

&

Counts/bin
Countsfsec

Time since trigger (s)

LAT
(=1 GeV)

Counts/bin
? .Cﬁur;tw'.bi r|.
Counts/sec

145 photons >100MeV
14 photons >1GeV



GRB090510: A shott GRB seen by Fermi
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Luminosity (erg/s)

Prospect of Ground-based GeV-TeV detector

Prompt emission:
Initial steep decay ? [IREARSICLIEERs CZRIIEA@LelY

LELAT milr 50 E 4,

GeV-TeV flares?

GeV-TeV plateau ?
Or new phenomena ?

t (sec): ~102 ~104  ~105  ~106



it CTA GRBIEMN| 2

B 0.5/ for atterglow, 0.1 /2 for prompt emission (ﬁiﬁ
% HE 230 GeV)

Prospects for Detecting Gamma-Ray Bursts at Very High
Energies with the Cherenkov Telescope Array

TACT observations of gamma-ray bursts: prospects for
the Cherenkov Telescope Array

Rudy C. Gilmore™,
Goldstein®, Nepomuk

011

) Dec 2

N




‘ Cutoff energy by EBL
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LI (LN E GRB

Name Distance comments

SN1998bw GRB980425

SN200063j GRB060218

SN 2010bh GRB100316D
SN2009bb No GRB associated

(Soderberg et al. 2006; Liang et al.06)
Within 200 Mpe, rate~=3-10/yr (&KRILAEAM)

Event rate: 300-1000/Gpc”™3/yr

X X e BE 2 34T IR B B follow-up WLl




1. E2 2 R 5LHAASO

Abdo et al. 2010
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SMC-LAT observations

Abdo et al. 2010
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Cosmic rays accelerated by SNRs

Cygnus Loop (0.5-10 GeV)

o Supernova explosions induce shocks
(SNRs)

o Cosmic rays are accelerated across
these shock fronts

o GeV Gamma-rays are produced by
Cosmic rays

- 21:00:00.0 50:00.0 20:40:00.0 -
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Correlation between gamma-ray
and infrared luminosities

'I:-'\
(7]
=
@
S
-
L]
o}
(=]
S
S
=

SFR (M_yr)
107"
[ L

© LAT Non-detected (Upper Limit) 5
O LAT Non-dstected with AGN (Upper Limit) 2
¢ LAT Detected

m LAT Detected with AGN

102 10° 10 10" 10%
L8—1000].1m (LG)

Ackermann et al. 2012

Several nearby star-forming galaxies
detected

Gamma-ray and infrared luminosity
well correlated

Naturally expected if more CR energy
1s converted 1nto gamma-rays in motre
luminous galaxies



CR calorimeter?

m “calorimetry fraction limit”

0.0001

B
B
~
—
(S
L
(@]
NI
-
B

Best target: (ultra) luminous infrared galaxies
Lacki et al. 2011




GeV emission from LIRG NGC 2146

Tang, Wang & Tam 2014

® A luminous infrared galaxy
— CR calorimeter ?
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Arp 220- the nearest ULIRG: must be
calorimeter!

® A prototype of ULIRG: L=1.4*1012L
®D=78Mpc
®n~10%%m-

sun

®Possible AGN
O SN rate: 4+-2/yr
®[ ong predicted to be GeV sources

(e.g.,Torres 2004; Lacki+ 2011; Yoast-Hull+2015)
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Fermi observation- PASS 8

Peng, Wang et al. 2016, ApJL

Point Position Fos Separation Photon Flux Energy Flux ' IS Association

Y 2 —1 12 2
(degree) (degree) (degree) (107" phem " s7) (10" ergem

043 .35 40 Arp 220

33.677, 23.5163) 0.090 0.058 76 + 05 1.92
33.239, 23.8049) 0.279 0.547 45 + 052 1.39 + 0.40 45 4 22

™
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L.C and SED of Arp 220

Peng, Wang et al. 2016, ApJL
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LHAASO proposal: VHE observations of star-
forming/starburst galaxies

=

LHAASO Science: VHE observations of star-forming/starburst
galaxies

iu!, Qing-Wen Tang?

E* dN/JE (MeV em®s™)

10°
Energy (MeV)

Abstract

o Using NGC 2146 as a template (d=15Mpc), we estimate the VHE flux

assuming a stmple power-law extrapolation:
E*2 dN/dE =10"-13 TeV ecm™-2 s"-1 (E/1TeV)"-0.1

e Observe nearby star-forming and starburst galaxies within 20
Mpc (up to 100 TeV energies).



IceCube: diffuse PeV neutrinos detected

lceCube collaboration , 2014, 2015
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Conclusions
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