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%M GeV bright sources
v Crab pulsar and nebula,Vela and Geming pulsars
v Fermi Bubble

v Cygnus X-3 (transient jet), Cyg X-| (steady jet in low-hard state)
%9} GeV bright sources

v 3C 454.3 (highly variable, very bright in GeV band)
v 3C 273 (almost steady, hard X-ray brightest)

X% 7 L7, Terrestrial Gamma-ray Flash (TGF)

Summary
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Bright Fermi sources
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SEDs of Crab nebula and pulsar
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Flux > 100 MeV [107 cm2s]
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Giant flare in 201 | April
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Vela pulsar (P=89.3 ms)
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Geminga (P=237.] ms)
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Fermi bubble

Significance of integrated residuals for £ = 6.4 — 289.6 GeV
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%M GeV bright sources
v Crab pulsar and nebula,Vela and Geming pulsars
v Fermi Bubble

v Cygnus X-3 (transient jet), Cyg X-| (steady jet in low-hard state)
%9} GeV bright sources

v 3C 454.3 (highly variable, very bright in GeV band)
v 3C 273 (almost steady, hard X-ray brightest)

X% 7 L7, Terrestrial Gamma-ray Flash (TGF)

Summary
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3C 273 and 3C 454.3

3C 273 (almost steady) Jy Hz 3C 454.3 (highly variable)
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%M GeV bright sources
v Crab pulsar and nebula,Vela and Geming pulsars
v Fermi Bubble

v Cygnus X-3 (transient jet), Cyg X-| (steady jet in low-hard state)
%9} GeV bright sources

v 3C 454.3 (highly variable, very bright in GeV band)
v 3C 273 (almost steady, hard X-ray brightest)

X% 7 L7, Terrestrial Gamma-ray Flash (TGF)

Summary
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LAT event list

Table 1
Solar Flares Detected by the Fermi LAT from 2008 August to 2012 August
Date GOES X-Ray Type Duration CME Speed? Fermi Time Window Tsh Flux® Energy Flux®
Class, Start—End” (hr) (kms ') Start’, Duration (minutes)
2010 Jun 12 M2.0, 00:30-01:02 I e 486 00:55, 0.8 LLE®
2011 Mar 7 M3.7, 19:43-20:58 1/S 10.7 2125 20:15,25 230 1.9+03 6.7+10
S 23:26, 36 520 35+03 119+1.1
2011 Mar 8 S 02:38, 35 450 35+03 11,6+ 1.1
05:49, 35 200 19+03 54+07
2011 Jun 2 C2.7,9:42-9:50 1/S 0.8 976 09:43, 45 35 04+02 14+05
2011 Jun7 M2.5, 06:16-06:59 S 22 1255 07:34,53 570 36+03 11+09
2011 Aug 4 M9.3, 03:41-04:04 1.9 1315 04:59, 34 390 25+03 79+08
2011 Aug 9 X6.9, 07:48-08:08 I e 1610 08:01,3.3 LLE®
2011 Sep 6 X2.1,22:12-22:24 I 0.6 575 22:17,0.2 LLE® e
1/S 22:13, 35 ! f
2011 Sep 7 X1.8,22:32-22:44 S 2.1 792 23:36, 63 350 1.0+0.1 35+04
2011 Sep 24 X1.9, 09:21-09:48 I e 1936 09:34, 0.8 LLE®
2012 Jan 23 ME.7, 03:38-04:24 1/S 57 1953 04:07, 51 180 0801 27+04
S 05:25, 69 650 2102 6.6 05
S 07:26, 16 69 3709 96+22
S 08:47, 35 97 2605 70+£13
2012 Jan 27 X1.7,17:37-18:56 D 4.0 1930 19:45, 11 78 32108 96+22
S 21:13,24 47 1.0+03 28+08
2012 Mar § X1.1, 02:30-04:43 1/S 53 1602 04:12, 49 69 05+0.1 1.5+03
S 05:26, 71 250 09+0.1 25+03
S 07:23,28 39 08+02 24+07
2012 Mar 7 X5.4, 00:02-00:40 S 20.2 2684 00:46, 31 22000 f f
X1.3, 01:05-01:23 1/S 1785 00:46, 60 LLE# e cee
03:56, 32 16000 1131 £20 400.5 £ 6.6
07:07, 32 8900 719+ 1.6 2326 +49
10:18, 32 1900 30115 91.9+43
13:29, 32 120 89+19 299+59
19:51, 25 50 04 +0.1 1.7+05
2012 Mar 9 M6.3, 03:22-04:18 D 57 LEE) 05:17, 34 51 06+02 20+05
S 06:52, 35 100 09+02 28+06
S 08:28, 34 159 14+02 43+07
2012 Mar 10 MS8.4, 17:15-18:20 D 4.3 1379 21:05, 30 43 04 +0.1 1.0+03
2012 May 17 MS.1, 01:25-02:14 1/S 1.2 1582 02:18, 22 45 1.0+03 34+09
2012 Jun 3 M3.3, 17:48-17:57 I 0.2 605 17:52,0.6 LLE® e cee
1/S 17:40, 23 300 312404 106 +12
2012 Jul 6 X1.1,23:15-23:49 1/S 0.9 892 23:19,52 930 35402 104 +£07
Notes

* CME data are available at the following url: http://cdaw.gsfc.nasa. goviCME_list/.
" The significance of the detection in terms of & is roughly +/TS.
¢ Flux and energy flux are calculated between 100 MeV and 10 GeV and have units of x 10 photons cm 2 s~ ' and x 10"% ergem 2 5 *, respectively.
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Neutron capture line by proton: 2.2 MeV
| 2C deexcitation line: 4.4 MeV
| 60 deexcitation line: 6.1 MeV



Nuclear Emission Processes

Yray lines 1000 ——r—rrrr——rrrrr—r e
r O*613
L Ncolél
p} +12C — 12CT4430 [ newtrons
a — ‘I’
:E 100} .
p} L+ 160 —» 12074430 4 .
a 2
3
o +4He —> TLiT0478 -
£ 10p
o +4%He — T7Be*0420 C
neutrons
p+%He — n + . | I B
1 10 100 1000 10000
C+O—> N+ escape to Earth Energy (MeV nucleon™)

p} +12C > n+ capture on photospheric H —> D +7, 54
o

positrons

p} +12C —» 1C —» et
x

ySﬂ.com.

PPl st > o Neutron capture line by proton: 2.2 MeV
e 2C deexcitation line: 4.4 MeV
pepy L T | Y 16O deexcitation line: 6.1 MeV

p+a | nt | et™ > Y511, com



CGROIC KB K57 L 77 ToOER A

Table 1. High-energy observations of three X-class flares in June 1991.

Rank+0|

Instrument Energy Range 9 June 1991 11 June 1991 15 June 1991
COMPTEL 0.8 to 30 MeV several hours several hours several hours,
w/o imp. phase
10-100 MeV about 1 hour about 1 hour several hours
neutrons
BATSE-LAD 20 keV to >1 MeV about 1 hour about 1 hour about 40 min
OSSE 40 keV to >150 MeV  imp. phase about 2 hours -
EGRET >30 MeV — several hours —
(TASC: imp. phase) (TASC: imp. phase)
GAMMA-1 >50 MeV — — several hours
PHEBUS 75 keV to >1 MeV imp. phase — —

® All the instruments onboard CGRO observed X-class solar
flares in 1991 June

® COMPTEL results are shown in Rank+0|



Fermi/LATOFER EFER [T K < Llfz

Long-duration 2.2 MeV gamma-ray emission
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FIGURE 17. Intensities of >50 MeV photons observed by EGRET around the time of
991 June 11 flare.

IGURE 18, Intensities of 2.223 MeV photons observed by COMPTEL displaying the
extended emission from the 1991 June 11 and 15 Sares.

Time-extended >50 MeV and
2.22 MeV emission from the
1991 June 11 flare observed
by CGRO EGRET and

| COMPTEL (Kanbach et al.

1993, Rank, Ryan, et al. 2001)



Light curve of 2.2 MeV line

100 3 T T T 3 IOO§ T T T T E
- Solar Flare 9 June 1991 ] 3 Solar Flare 11 June 1991 7
-1/ 2.223 MeV Line | 0_1'_ 2.223 MeV Line ]
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— E T, = 460 min ] frl r Ty = 230+180 min ]
I L | L ]
E 1072k 4 £ 1073L .
g P F ]
~ ~ - 4
— - et _3
. 107°F E x 107°F 3
5 : 3 E= £ ]
e X = C ]
1074k ; 1074 3 4
10_5 I 1 . . [ 1 R R ] 10_5 L
0 2 4 6 8 0

Time after flare onset [h] Time after flare onset [h]

Table 2. Characteristic parameters for the extended phase. Ran I(+ O I

flare energy i T ®P Te

9 June 2.2 MeV 4.9 £0.9 min 450 min 2.5x 107% 30 min
4-7 MeV 4.2 £2.0 min 220 =+ 150 min 6.5 x 1077 20 min

11 June 2.2 MeV 9.13 = (.54 min 230 £ 180 min 9.0 x 101 65 min
4-7 MeV 10.4 £ 1.2 min 220 =+ 160 min 1L.0x 1077 60 min
pion decay 10.8 = 1.4 min
bremsstr. 8.6 = 1.0 min

15 June 2.2 MeV 10.3 £ 2.0 min 180 £ 110 min 9.0 x 107* 75 min

* 71, To: decay constants for the short and long decay phase, respectively;
! r -2 - R a2

> &,;: photon flux [yem ™ ?s™ '] at which the transition occurs;

¢ Ti: time after flare onset at which the transition occurs.

c.f.511 keV line flux~1.l1E-3 photons/cm2/s from GC measured by Integral
RDKIGEENER (2020~2025)IC KERERMNEHIZSIES ?
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Terrestrial Gamma-ray Flash
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511 keV line from Positron annihilation
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Summary

o U1 )LITHRHEUTWEESL\MeV/GeV Y VIRIRIE

v Vela, Geminga, Crab pulsars
v flaring blazars
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v Temporary extended 2.2 MeV neutron capture line emission

v SAEDEEEDOERIEGRIPSKEKSEER by Rhessi team (UCB)
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