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Gamma-ray sky (>100 MeV)
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Fermi Gamma-ray Space Telescope

Large Area Telescope (LAT) 20086 A 11 BT LIT>SHF10AFZ DA 1=
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All-sky survey-mode observation
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Current Fermi

operations

The orbit’s inclination is 25.6°

The LAT can stay at the same
rocking angle for one week (top)

... but not for two weeks (center)

Over one month (bottom), exposure
minima (20 — 25% of maximum)
correspond to the Sun and antiSun.

Average over one year broadly
similar to previous survey mode

Working to improve sky coverage
over daily time scale

VHEPU 2018

Celestial coordinates




Blazars: Active Galactic Nucleus Jets

+ Flat Spectrum Radio Quasar: luminous disk
Observer « BL Lac type:low luminous disk (almost no optical line

Blazar <y

Narrow Line
Region

Blazar sequence (?)

Broad Line
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LAT blazars and IceCube event correlations

90°  All 2LAC Blazars

(IceCube CoII 2017 ApJ)
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Observations for Archival v events by IACTs (>100 GeV)

MAGIC

O IceCube events observed by MAGIC

ICECUBE PRELIMINARY ___— e ———
— g 43 —~———
_— $ 51 \
- + \
- 3
/ +29 160427A °, 2.6Pe¥ track ¥
g
/ 26
1l 1e0731A (%) T
33 + 54 9, & al
“ 3 » +
+ A Ii 27
25 24 ‘o + »
\ 18 )2‘:"’ ‘3 1 f Jf 6 4 4
\ 4 .
N\ 414, 53 £ -SQ o :-
& * 48 7
40
ngs 9 35 “ 3 . )
+ 19 . A2
gzt - 23/ : .
30 d’/t Equatorial = . Galactic
R - 0
B ] L
0 TS=2log(L/LO) 131 C.Kopper etal.,ICRC 2015 0 TS=2log(L/LO) 13.1

VERITAS

D'I‘hmugh-going muons (UC)
O HESE muons (C)

£ ENERIGHTUTIRIR
C DERICEEST,

360°
Equatorial



Possible association of PeV neutrino
with high fluence blazar PKS 1424-418 (z=1.522)

L]
4 D eCe I I l be r 20 1 1 . ~2 P eVTable 1| Maximum-possible number of petaelectronvolt-neutrino events in 36 months (988 days live-time) of IceCube data for

the 17 2LAC y-ray blazars in the field of the 2 PeV IceCube event based on 2LAC catalogue y-ray spectra and contemporaneous

Fi00-300,000 mey (1076 cm 2 s77)

« (Cascade event of
error radius of ~10 deg
(17 y-ray blazars inside)

« ~5% chance probability
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X-ray data.
2FGL name Common name Fy (ergcm~2s~") NToay
2FGL J1230.2-5258 PMN J1229-5303 41]2)x10-" 014
2FGL J1234.0-5733 PMN J1234-5736 153D x107" 0.06
2FGL J1303.5-4622 PMN J1303-4621 19138 x 107" om
2FGL J1303.8-5537 PMN J1303-5540 (104731 x 10~ 0.38
2FGL J1304.3-4353 1RXS 130421.2-435308 @nz32%2) x10~" 012
2FGL J1307.5-4300 1RXS 130737.8-425940 84117y x10712 0.05
2FGL J1307.6-6704 PKS B 1304-668 (15473%) x 10-10 0.89
2FGL J1314.5-5330 PMN J1315-5334 (8113310~ 0.47
2FGL J1326.7-5254 PMN J1326-5256 104732 x 10710 0.59
2FGL J1329.2-5608 PMN J1329-5608 (1.387938) x 1010 0.93
2FGL J1330.1-7002 PKS B 1326-697 (153131 x 10710 0.89
2FGL J1352.6-4413 PKS B 1349-439 G419 x107" 0.32
2FGL J1400.6-5601 PMN J1400-5605 (69738 x10~" 0.40
2FGL J1407.5-4257 CGRaBS J1407-4302 1.6732) x10~" 0.09
2FGL J1428.0-4206* PKS B1424-418* (2.04%317) x 1010 1.57*
2FGL J1508.5-4957 PMN J1508-4953 (76139 x10~" 0.55
2FGL J1514.6-4751 PMN J1514-4748 (56199107 0.32
Sum (2LAC) 79
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Fermi All sky Variability Analysis (FAVA)
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FAVA webpage
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 https://fermi.gsfc.nasa.gov/ssc/data/access/lat/FAVA/LightCurve.php
« Automatic production of light curve at any locations (RA, Dec)

s X IZ(E. COFBRTIE L, FRERH
(max. likelihood fit)L7=fERZ AL =I5 KIVTT !




IceCube-170922A

(lceCube, Fermi-LAT, MAGIC++Coll. 2018 Science, aat1378)

EHE alert: 2017/9/22 20:54:30 UTC energy estimation

— |, —2.00 (90% lower limit: 200 TeV, peak: 311 TeV)

ICeCU be event E~213 (90% lower limit: 183 TeV, peak: 290 TeV)

= E72:50 (90% lower limit: 152 TeV, peak: 259 TeV)
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flux(>1 GeV) [ph/cm2/s]

HE gamma-ray data by Fermi-LAT

original GCN Notice Fri 22 Sep 17 20:55:13 UT 10
refined best-fit direction IC170922A
= |C170922A 50% - area: 0.15 square degrees 9
= |C170922A 90% - area: 0.97 square degrees 8
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Fermi-LAT: >1GeV light curve
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Tanaka Y, et al. ATel#10791

[ Previous | Next | ADS|]

Fermi-LAT detection of increased gamma-ray activity of
TXS 0506+056, located inside the IceCube-170922A
error region.

ATel #10791; Yasuyuki T. Tanaka (Hiroshima University), Sara Buson (NASA/GSFC), Daniel
Kocevski (NASA/MSFC) on behalf of the Fermi-LAT collaboration
on 28 Sep 2017; 10:10 UT
Credential Certification: David J. Thompson (David.J Thompson@nasa.gov)

Subjects: Gamma Ray, Neutrinos, AGN

Referred to by ATel #: 10792, 10794, 10799, 10801, 10817, 10830, 10831, 10833, 10838, 10840,
10844, 10845, 10861, 10890, 10942

3 Recommend 3

We searched for Fermi-LAT sources inside the extremely high-energy (EHE) IceCube-170922A
neutrino event error region (https://gen.gsfc.nasa.gov/gen3/21916.gen3, see also ATels 10773,
10787) with all-sky survey data from the Large Area Telescope (LAT), on board the Fermi
Gamma-ray Space Telescope. We found that one Fermi-LAT source, TXS 0506+056 (3FGL
J0509.440541 and also included in the 3FHL catalog, Ajello et al., arXiv:1702.00664, as 3FHL
J0509.4+0542), is located inside the IceCube error region. The FAVA (Fermi All-sky Variability
Analysis) light curve at energies above 800 MeV shows a flaring state recently
(https://fermi.gsfc.nasa.gov/ssc/data/access/lat/FAVA/SourceReport.php?week=477&flare=27).
Indeed, the LAT 0.1--300 GeV flux during 2018 September 15 to 27 was (3.6+/-0.5)E-7 photons
cm-2 s-1 (errors are statistical only), increased by a factor of ~6 compared to the 3FGL flux, with
nearly the same power-law index of 2.0+/-0.1. We strongly encourage multiwavelength
observations of this source. We also encourage optical spectroscopy for this source, because the
redshift is still unknown. According to NED, the R-band magnitude is reported as 15.1 (Healey et
al. 2008, ApJS 175, 97). Radio observations show that this blazar has had increasing flux during
the past year: http://www.astro.caltech.edu/ovroblazars/data.php?page=data_query,
http://www.physics.purdue.edu/astro/MOJAVE/sourcepages/0506+056.shtml.

Because Fermi operates in an all-sky scanning mode, regular gamma-ray monitoring of this
source region will continue. For this source the Fermi-LAT contact person is Yasuyuki T. Tanaka
(ytanaka@astro .hiroshima-u.ac.jp). The Fermi-LAT is a pair conversion telescope designed to
cover the energy band from 20 MeV to greater than 300 GeV. It is the product of an international
collaboration between NASA and DOE in the U.S. and many scientific institutions across France,
Italy, Japan and Sweden.
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VHE y-ray observations

MAGIC (>90 GeV): 41hr (Sep 24 — Nov 2) )
2 flares, day-scale variability MAGIC skymap

6.2
Credit: . Schiissler
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VHE y-ray spectra

VERITAS

The VERITAS Collaboration, accepted by Ap]L, arXiv:1807.04607

10—10 |

|l -4 Fermi- MJD 58019-58155

Fermi spectrum extrapolation
+ EBL absorption z=0.34
(Franceschini et al., 2008)

Fermi - MJD 58046-60/58101-14
# VERITAS deabsorbed z=0.34

T
Energy [eV]

108 109

10'12

MAGIC

The MAGIC Collaboration, ApJL 863, I, arXiv:1807.04300

10—10

10—11 4

10—12 4

10—13 4

4 M)D 58029-30
M)D 58057

»

Low state

no spectral
iIndex variability

10-14

102
Energy [GeV]

* VHE spectrum index ~ 4.0 (while Fermi-LAT: ~2.0)
* Ssignificant curvature apart from EBL effect
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Broad Band SED

(color points: obtained within 14 days of the IC170922A event)
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flux(>1 GeV) [ph/cm2/s]

In the past IceCube data for TXS 0506+056
- (IceCube Coll. 2018 Science aat2890)

Apnl 2008 to October 2017

r...“(i..hr 1700224 A R

R e e / T :

e~ J /N

200% 2010 2012 1 014 015 016
rxsos0s | excess:3.50
4t { i |
| i
2| & . 3 i{ o
» o |
I R
0
1 100 200 300 200 l 500
mission wee k: 2008.08.04-:='9'

18



Detailed look of the Gamma-ray band

TXS 0506+056
Gamma-ray (> 2GeV)
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STYME=a—r/EIRXMEN ?
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STYME=a—r/EIRXMEN ?
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4th Fermi catalog (preliminary: FL8Y)

3FGL VS
4 years (Pass?7)
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4th Fermi catalog (preliminary: FL8Y)
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star-forming galaxies

(Bechtol+17, ApJ)

hadronic y-ray emission normalized to best-fit non-blazar EGB

(Sudou+18, PASJ)

y-ray neutrino
T T

! IceCu‘be (per ﬂ‘avor) — -

1064

_
S
w
1l
NI 1

st
’$i
HH
a
=

E“0 [GeVcem ~s
o
|
|
|
e
s
g @ ‘- s
<_|} 38 ¢ -
—+ |2 F3
-
E’D [MeV cm 25 str l]

1
4
+
HH
:

S,
i

[

S
W
T

10724

2FHL r‘.lngc._\ ~ N
= ' e ~) i 3 7 " R X3 cI— )
10 0.1 1 o ;8] 10 10 10 10 Energ1§ [Mevﬁo 10 E&grgy [11\9[eV] 10
Maximum Corresponding
non-blazar y-ray neutrino spectrum

spectrum (17%)

BRAVIERSNEZ2—R)/T5VIR%E
Rz £DIZERBAT 2D ITHEL LY y



Radio-quiet AGNs

1. Hard-X-ray bright Seyferts: 120

number of sources

2. Radio-quiet AGNs with Ultra Fast Outflow™;
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4th Fermi catalog (preliminary: FL8Y)

3FGL

VS FL8Y (pre-4FGL)

4 years (Pass?7) Data 8 years (Pass8), 2.3x(acceptance)

100 MeV — 300 GeV Energy 100 MeV —1 TeV
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No. of sources ~5500

SPP:113 \\1 other agn: 14
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star forming region : 2 \ | /
starburst gal. : 6 k“
radiogalaxy : 38
PWN : 18
pulsar : 224
galaxy : 9
HMB : 6 .
globular cluster : 27 b\ BLL: 1288
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FSRQ : 761
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—~ BRERAEDSDERT—ILDELZEHRST ?
— gamma-ray emission from NS merger??
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