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Qutline

® |Introduction of Fermi/LAT

® Fermi/LAT transient search in various timescales
v LAT Transient Factory
v LAT automated Science Processing+Flare advocate
v Fermi All-sky Variability Analysis (FAVA)

® |ceCube optical/NIR follow-up by Japanese telescopes

v Kanata/HONIR follow-up for lceCubel 61210

v Future plan



Fermi Gamma-ray Space Telescope

® launched on 2008 June ||

® Continue to observe without any
critical problems

® All sky survey mode

Large Area Telescope (LAT)
- 20 MeV-300 GeV

- Thanks to the wide FoV of 2.4 str, scan all-sky every 3 hours

Gamma-ray Burst Monitor (GBM)
- 8 keV-40 MeV
- all-sky




Large Area Telescope

Pair-conversion telescope ! ACD

Si-strip Tracker with tungsten foil converter:
Measure the photon direction

Csl Calorimeter: Measure the photon energy,
Image the shower

ACD (Plastic scintillator):

Reject charged-particle background ». %

'::-_3.

.

« Large effective area (9000 cm? @ 1 GeV,
normal incidence)

« Large field-of-view (2.4 str)
» The entire sky 1s observed every ~3 hours
* Energy range: 20 MeV - 300 GeV

* Angular resolution (68% contaminant radius):
0.6 deg @ 1 GeV

"CslI Calorimeter

4 x 4 modular array
3000 kg, 650 W




Energy resolution and PSF

P8R2_SOURCE_V6 acc. weighted energy resolution 68% containment
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All-sky survey-mode observation

100 Sec 1 Day

1 Orbit 1 Year

\‘

® Thanks to the large FoV of 2.4 str, LAT scans all-sky every
3 hours (i.e., 2 orbits) and perform unbiased survey

—
o
<

)
Flux > 100 MeV ( phot cm?s)

0-8

SN




3FGL catalog from 4-year data

(http://fermi.gsfc.nasa.gov/ssc/data/access/lat/4yr catalog/)

o No association
* Pulsar
= Binary

= Possible association with SNR or PWN
4 Globular cluster * Starburst Galaxy
+ Galaxy o SNR

* Star-forming region

Normal Galaxies

Other AGN____ ‘

Nebulae

Globular Clusters Pulsar Wind ~ Supernova

Remnants
High Mass

Unassociated
low latitude

w Binaries
Galactic

Unassociated
(high latitude)

Pulsars
6%
Unclassified
Blazars
19%
BL Lacs
21%

22%

Associations
2%

Arxiv: 1501.02003

3033 sources with TS>25 (~5
sigma) detection

992 sources are unlD

GeV spectra and 4-year light
curves are available for all the
sources

15

1l
s

Flux (10'7ph cm™ s")
= 8 8
' Ay
»—i—}

-
o
—

54800 55000 55200 55400 55600 55800 56000
MJD (days)

Fig. 12— Light curve of 3FGL J2021.5+4026 (PSR J2021-+4026 in the  Cygni SNR). The
variability of that pulsar is easily detected by the automatic procedure. The vertical scale
does not start at 0.



3LAC (LAT AGN Catalog)
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Confirmation of Blazar sequence

® FSRQ:strong optical emission lines
due to bright accretion disk

® BL Lac: weak/no lines (EW<5A)

® Blazar sequence: Bright/faint blazars
have lower/higher sync. peak freq.

Log vL, [erg s7!]
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Fig. 14.— Photon index versus gamma-ray luminosity. Red: FSRQs, green: LSP-BL Lacs, light

Fig. 10.— Photon index versus frequency of the synchrotron peak v, .. Red: FSRQs, green: blue: ISP-BL Lacs, dark blue: HSP-BL Lacs, magenta: other AGNs (circles: NLSyls, squares:

LSP-BL Lacs, light blue: ISP-BL Lacs, dark blue: HSP-BL Lacs. radio galaxies, up triangles: SSRQs, down triangles: AGNs of other types).



o

Terrestrial y-ray __

o

Flashes

GRBs

Magnetar Flares

s, ermi Fermi Transient Searches
Camr ~
/ Space T lescopdP,
Method LAT Transient Factor (LTF) )
Timescale Likelihood Around GBM/BAT triggers Fermi All sky(\é:rvlaAt;lllty Analysis
e seconds to orbits
Distribution LAT Team - Results i:m GCNs Coauzts Map Aperture Ph1otomitry
7)) Status Triggered Operating + Blind Search Coming Soon ay (cornlgges;son). wee
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-
s, eyl Onboard alert and ground analysis
Gammaray
/ Space Telescope - . -
Typical GLAST GRB Timeline
i 1s 10s 100s 1000 s
Instrument(s) East signal Alerts and updates
Tngger(s)  GBM->LAT to GCN with localization » 10°s 10¢s 105s
" " GBM: <15 deg initially, with
Science processi : .
et refinements to <5 deg Slew to keep burst within LAT FOV__
by Users Committee LAT: ~few - tens of arcmin, (dwell time initially planned for ~5 hrs) Updates from detailed
depending on burst Repoint Repoint 1 ground analyses
properties epoint Repoint reques

request LAT->Spacecraft Regularly-scheduled

GBM->LAT data downlinks (5-8/day)

Planned repoint frequency (adjustable):
* bursts starting within LAT FOV ~1/week
* bursts starting outside LAT FOV ~1/month

» GBMI/LAT on-board processing (10—15 s):
- GCN alert within 10—15 s from the trigger time through TDRSS (alert, location)
- We have several LAT onboard triggers ( GRB 090510, 131108A, 160509A, 160821 )
- Automated repoint for bright GBM burst (1~2/month)
» LAT ground processing (a few hours after data downlink)
- Data downlink (~1hour) and ground processing (~4hours)
- Pipeline searches for transients (LTF, BA tools, +GW tools in the near future)
- Quick localization provided via GCN_OFFLINE_NOTICE, and detailed by
following circular.



/ Fermi Observations of GW detections and

(@ [ .
T candidate
/ Space Telescope
GW150914 | LVT151012 | GW151226
GBM coverage of LIGO 75% 68% 83%
region at trigger time GBM Field of View
GBM observed entire LIGO 25 min 8 min 34 min
region within AT
LAT coverage of LIGO 0% 47% 32% F'\*;'d of
region at trigger time o
LAT observed entire LIGO 70 min 113 min 140 min

region within

GW150914 LVT151012 GW151226

o ———— = " I
)4 3 iy as
o & vt _—m

5 per deg

LAT FoV
Earth Shadow



/s Fermi EM Counterpart Search

-
P oermt ~GW 150914 - GBM
S:m( e Tvlesm;x-
GBM detectors at 150914 09:50:45.797 +1.024s
2000 - * One plausible candidate from GBM
5400 * search
5200} { « Temporary coincide to GW150914

d (0.4 s after the GW trigger)

1 m * False alarm probability of 0.0022

! 1 e Similar spectrum to weak short GRB
{ l « Challenging for BBH merger model if

H | J“J!

flux [counts/s]
H H
(@) (00]
o o
o o

4400

"mode ed light curve |  real detection
e —4 —2 0 2 4
Connaughton+16 _ reltivetimels] . Non detection by INTEGRAL/SPI-

ACS, (larger photon collecting area
‘ and allsky coverage)
LIl = Background fluctuation ?
i (Greiner+16)
. Still in debate on this signal

Count rat

Counts per Second
L8 B b 8§ § i

Sec df om GW TO



.

s, crmi LVT 151012 and GW 151226 - GBM

Gamma-ray
Space Telescope

No evidence for any significant GBM signal from both LVT 151012 and GW 151226

Racusin+17 LVT151012
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LAT Transient Factory

GRB170214

® Once LAT data is processed, automatic analysis at
the GBM trigger time is performed

® The result is sent via email

® Once detection with TS>25 is reported, burst
advocate run the BA tool and confirm the result

® |mmediately GCN draft is prepared and sent



Standard automated analysis method for the GW source search in LAT data is

developed

* Fixed time window search (+-10 s, 0-1.2 ks, 0 — 10 ks ...etc. after GW trigger)
« Adaptive time window search (optimized time bin for each pixel)
« Longer time scale search (6 hour and 1 day) usual pipeline for searching

flaring object

* Much longer time window (+/- 1week) search for variable sources in 7-day

scale

No LAT detection of counterpart for GW detections and candidate so far.

Racusin+17
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Source Zenith angle (deg)

Source off-axis angle (deq)

lceCube-161210

Navigation plots

N —_— ® At the IceCube trigger time, the
140 PPN SR event position is outside LAT FoV
120 |- - _
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LAT Automated Science Processing (ASP)

+Flare advocate

Blazar 3C 454.3’s Record Flare [ Brevious | Next | |ADS|]

GLAST LAT detection of a possible new
gamma-ray flaring blazar: PKS 1502+106

ATel #1650; S. Ciprini (Uni:

INFN Perugia) on behalf of the GLAST Large Area

scope Collaboration
on 8 Aug 2008; 00:02 UT
Credential Certification: Stefano Ciprini (stefano.ciprini@pg.infn.it)

Vela pulsar

L ...@ e Subje
sferre r ATel #: 166 905
3C 454.3 Referred to by ATel #: 1661, 1905

s: Gamma Ray, >GeV, AGN, Quasar

The Large Area Telescope (LAT), one of two instruments on the Gamma-ray Large
Area Space Telescope (GLAST) (launched June 11, 2008), which is still in its
post-launch commissioning and checkout phase, has been monitoring high flux from
a source positionally consist ith the blazar PKS +106
(R.A.:15h04m24.9797s; Dec.:+10d29m39.198s, also l\n(mn as OR 103 and S3
1502+10) since August 6, 2008.

December 2, 2009 Preliminary analysis indicates that the source is in a high state with a gamma-ray
flux (E>100MeV) well above pre-defined LAT flaring source reporting threshold of
2x10"-6 photons cm™-2 s”-1.

s a well-known radio source ¢
SRQ), observed by several X:
reported to have gamma-ray emission.

Thi

ied as a Flat Spectrum Radio Quasar
. This is the first time that it has been

Please note that PKS 1502+106 has two possible redshifts listed in the literature:
7= and 1.83; the former seems preferred (A.E. Wright et al. 1979 ApJ 229,73;
B.J. Wilkes 1986, MNRAS, 218, 331).

Vela pulsar

will be pursued. In consideration of the ongoing act
this source we \lmng,[\ encourage multiwavelength observations of PKS 1502+ [Ob

The GLAST 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 N and DOE in the U.S. and many scientific institutions
across France, Italy, Japan and Sweden.

W Tweet 0 K3 Recommend < 0 | &5

November 3, 2009

started its scientific standard operations, rgguldr gamma-ray

the flaring GLAST blazar
PKS 15024106

1650 GLAST LAT detection of a
possible new gamma-ray
flaring blazar: PKS
1502+106

[ Telegram Index |

Flare Advocate run the daily (1-day and 6-hour data) analysis script

and check the ASP result

Once transient objects are found, Astronomers Telegram is issued

(typically, flux >1.0x10-¢ photons/cm?/s for E>100 MeV)



® | AT daily report is uploaded on
the confluence page

® 24-hour, 6-hour x4



LAT information except Atel

Fermi monitored source

Fermi

Science Support Center

Home Observations

Data
» Data Policy

» Data Access

+ LAT Query Re:
+ LAT We
+ GBM Data
Data Analysis
Caveats
Newsletters

FAQ

list light curve

» R 'R

Data Proposals Library HEASARC Site Map

Monitored Source List Light Curves

The LAT team monitors flux values for a number of bright sources and transient sources that have shown flares during the mission
As sources cross the monitoring flux threshold of 1x10 € cm2s-!, they are added to the monitored source list. (The initial flux
threshold was 2x10¢ cm2s™1, but this value was lowered in June 2009.) In addition to the light curves below, the flux values in
several bands are available via Browse. This list will continue to grow as the mission progresses.

PLEASE NOTE: The tabulated fluxes are derived at the LAT Instrument Science Operations center in an automated analysis to
produce results quickly to facilitate follow-up multiwavelength observations of flaring sources. The table of released fluxes will be
updated as analysis and calibrations improve

These early flux estimates do not include systematic uncertainties and do not have an absolute flux calibration. Use of these
data as absolute flux measurements for constraining models or for comparison to other data s strongly discouraged at this time. In
addition to overall normalization uncertainties, source fluxes may have variations of up to 10% due to currently-uncorrected
dependencies of the gamma-ray detection efficiency on variations of the particle background in orbit. Please note that these
results are produced using preliminary instrument response functions and calibrations. The quality and stability of these results
will improve when updated calibrations become available over the coming months.

Note: Due to a software error, flux upper limits are not available for dates between approximately 2010-09-14 to 2011-02-21

A detailed description of the data included in these files can be found here.

Source Daily LC Weekly LC

4C31.03
(RA = 18.2100, Dec = 32.1380)
« Daily Light Curve
Daily Light Curve Fits File
Weekly Light Curve
Weekly

ight Curve Fits File

32.6930, Dec = -51.0170)
Daily Light Curve

Daily Light Curve Fits File
Weekly Light Curve

Weekly Light Curve Fits File

aily, weekly light curves for

bright sources

Weekly Fermi sky blog

FERMI GAMMA-RAY SKY

Fermi LAT weekly report N.221

Covered period: 2012.Aug.27 - 2012.Sep.02
LAT Mission week: 221.57 - 222.57 : zht S

Mkn 421 and B3 1343+451 were detected almost all week
long with flux in the range 0.4-0.7 X 10-6 and 0.5-1.0 X 10-6,
respectively.

Four other sources were detected at least in 3 days of the week
with some trend in brightness. The flux decreased from 2.1 to
0.5 X 10-6 for PKS 1510-08 and from 0.9 to 0.5 X 10-6 for
PKS 2
0.7 X 10-6 for 4C +38.41 and from 0.6 to 0.9 X 10-6 for PKS v S mber (1)

B1424-418. ‘erm AT w N.2

148. On the contrary, the flux increased from 0.4 to ¥ 2012(35)

Sporadic activity (fluxes above 1.0 X 10-6) was observed from

S4 0218+35 (1.7 on Aug. 27) and 3C 273 (1.9 on Aug. 31).

Sporadic activity (fluxes below 1.0 X 10-6) was observed from
BL Lacertae (0.5 and 0.8 on Aug. 27 and 28), PKS
2326-502 (0.4 and 0.7 on Aug. 28 and 30), PKS 0250-225

(0.4 on Aug. 30), PKS 0405-385 (0.4 on Aug. 31), PKS

0537-441 (0.2 on Sep. 02), B2 0716+33 (0.3 on Sep. 01), and
1H 1013+498 (0.1 on Sep. 01).

vy vy vy vYyyysy

eekly digest is uploaded every

week
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Transient modulated gamma-rays from Cygnus X-3

» 3.0x 107
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Nova is also GeV emitter

Symbiotic system

Red Giant

ST Fermi Detects Gamma Rays from Nova Cygni 2010 N%ﬁ

E>100 MeV

"Hydrogen burning
on top of WD -

® V407 Cyg is symbiotic nova, not classical nova (D~ kpc)

® | AT detected high-energy gamma-rays from NovaV407 Cyg
in 2010 (Abdo+10)



Rate (10°s™) Optical (mag) F,(10"cm™s™)

LAT observation
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® Gamma-ray emission lated for ~10 days
o

Pizero decay is favored, but leptonic origin cannot be ruled out



TOO Pointed observation

~ 3C 4543 (Ackermann+|0) o Crab nebula flare (Buehler+12)

;; :8_ W T“% % % l‘% R 3 4 ;g i | 1 I 2 |3|4|5|6|7|8| 9 110l T11OO|
5 jgﬁ%ﬂ{% Wyt t% %‘%t ﬁ%j(; BRI %*éf%%%%% ! g ol |
8 LE] ‘% - 28 %
;oi mj 17 515 i} %
X i st e S +H+_ [
g °E _ g 8O0 T é s ]

AE ahetet d it Bttty b 05 - #

o " Wy

Time [MJD]

® ToO observation sometimes triggered based on interesting
phenomena such as brightest flares (3C 454.3, Crab, PSR B1259-63,
Cygnus X-3, Sun, 3C 279,,,)

® Exposure increase by a factor of ~5 compared to survey mode

® Modified survey mode is also feasible (one orbit for northern sky and
following 2 orbits for southern sky)



PeV neutrino association with high

fluence GeV

2010 2010.5 20M 201.5 2012 20125 2013 20135
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Table 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

X-ray data.
2FGL name

Common name

Fy (ergem=2s7")

max
Nv.PeV

2FGL J1230.2-5258
2FGL J1234.0-5733
2FGL J1303.5-4622
2FGL J1303.8-5537
2FGL )1304.3-4353
2FGL J1307.5-4300
2FGL J1307.6-6704
2FGL J1314.5-5330
2FGL J1326.7-5254
2FGL J1329.2-5608
2FGL J1330.1-7002
2FGL )1352.6-4413
2FGL J1400.6-5601
2FGL )1407.5-4257
2FGL )1428.0-4206*

PMN J1229-5303

PMN J1234-5736

PMN J1303-4621

PMN J1303-5540

1RXS 130421.2-435308
1RXS 130737.8-425940
PKS B 1304-668

PMN J1315-5334

PMN J1326-5256

PMN J1329-5608

PKS B 1326-697

PKS B 1349-439

PMN J1400-5605
CGRaBS J1407-4302
PKS B1424-418*

4713 x107"
A1 x 107"
19739 x 107"
1,044 x 10710
@nzdZ)x10-"
(8411710712
(1547312 x 1010
(8153) x107"
1.04352) x 10710
(1.387335) x 1010
(15321110510
(54719 x 107"
(69158 x 107"
6132 x107"
(2.047317) x 1010

014
0.06
on
0.38
012
0.05
0.89
0.47
0.59
0.93
0.89
0.32
0.40
0.09
157*

2FGL J1508.5-4957

2FGL J1514.6-4751
Sum (2LAC)

PMN J1508-4953
PMN J1514-4748

(76539 x107"
(5.673)x 10~

0.55

0.32
79

Kadler+16



Fermi All sky Variability Analysis (FAVA)

Above 100 MeV Above 800 MeV

Comparison of observed emission
with average emission

Measured counts

Weekly time interval

E>100 MeV, E>800 MeV

Expected counts

Crab nebula flare is first detected
by this analysis

ol 2
By using 47 month Fermi/LAT data, g 4
215 sources in the first flare g j
catalog
erp — tot f?’,’fek (qb’ 9)
N<P(9,0) = Z Z N;5(¢,0) x “eot($.9)
Eij=1.12 azi=1..4 0,5 \ P

Exposure ratio



FAVA webpage

@ Fermi All-sky Variability Analysis (FAVA) - Light Curve Generator

Coordinate Input Low Energy Light Curve (100 - 800 MeV)
RA: 6.58 =
Dec: 98
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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)



Flux > 100 MeV [107 cm2s]

Crab nebula flare
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vF, [ergscm?s’]

Flux > 100 MeV [ 107 cm2 5]

Giant flare in 201 | April
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«seami SUmmary of Fermi LAT transient search

Terrestrial y-ray _ GRBs
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No detection of LAT
counterpart for lceCube events

(160427)

SUBJECT: Fermi/LAT search for counterpart to the IceCube event 67093193 (run 127853)
DATE: 16/04/28 22:38:47 GMT
FROM: Giacomo Vianello at SLAC <giacomov@slac.stanford.edu>

G.Vianello (Stanford), J. D. Magill (UMD/GSFC), N. Omodei (Stanford), D.
Kocevski (NASA/Goddard), M. Ajello (Clemson), S. Buson (NASA/GSFC), F.
Krauss (ECAP/FAU), J. Chiang (SLAC/Kipac)

report on behalf of the Fermi-LAT team:

We have searched the Fermi Large Area Telescope data for a high-energy
gamma-ray counterpart for the IceCube High Energy Starting Event (HESE)
67093193, detected in run 127853 on 2016-04-27 05:52:32.00 UT (AMON GCN
notice rev. 2, http://gcn.gsfc.nasa.gov/notices amon/67093193 127853.amon.
See http://gcn.gsfc.nasa.gov/doc/Public_Doc_AMON_IceCube GCN_Alerts v2.pdf
for a description of HESE events and related GCN notices).

The localization region was outside the LAT field of view at the time of
the detection by IceCube (T0). It entered the LAT FoV at ~TO + 6140 s and
exited again at ~T0 + 8420 s. We ran the standard GRB search (Vianello et
al. 2015) plus an ad-hoc search for a counterpart in this time interval and
in 10 h intervals before and after the event. We found no significant
transient candidate associated with the neutrino event.

Source name | Distance | Association | Blazar Type |
3FGL J1603.7+1106 108" MGl J160340+1106 BL Lac

3FGL J1608.6+1029 117° 4C +10.45 FSRQ

3FGL J1555.7+1111 147" PG 1553+113 BL Lac

3FGL J1552.1+0852 153" TXS 1549+089 BL Lac

3FGL J1546.0+0818 249" 1RXS J154604.6+081912 BL Lac




Qutline

® |ntroduction of Fermi/LAT

® Fermi/LAT transient search in various timescales
v LAT Transient Factory
v LAT automated Science Processing+Flare advocate
v Fermi All-sky Variability Analysis (FAVA)

® |ceCube optical/NIR follow-up by Japanese telescopes

v Kanata/HONIR follow-up for lceCubel 61210

v Future plan



Kanata/HONIR ToO observation
for lceCube-161210

lceCube-161210
2016 December 10, UT 20:06:40.31

RA=46.58, Dec=14.98, error circle radius=I degree
(50% C.L., systematic error included)

|.5m Kanata telescope located at Higashi-Hiroshima
] and R-band simultaneous imaging

60 s (J) and 75 s (R) exposure in | frame
5-dithtering

HONIR FoV: [0’x10’

Central region of the large error circle was observed
by 4x4 tiling observation (2hours for 16 pointings )




J-band tiling observation
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As a reference frame, we used 2MASS images (2 Micron All Sky survey) and produced

subtracted image

® Check the transients by eye
No bright transient in the image, 5 sigma limiting magnitude J=18.8 (Mori et al., GCN20263)

R-band analysis is still ongoing. (Subtraction of Pan-STARRS images is not going well)



Blazar candidate selected by radio catalogs

® Blazars usually show flat radio spectrum with spectral index ®<-0.5 (Fy «v%)

® Flat spectrum radio sources are selected from latest radio catalog
v NVSS (NRAO VLA Sky Survey) 1.4 GHz catalog (>2.5 m)y, 2 million sources, Condon+98)
v TGSS (TIER GMRT Sky Survey) 150 MHz catalog (>3.5 m)y, 0.6 million sources, Intema+ | 6)
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Flat-spectrum radio sources
within lceCube error circle
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lceCube error circle
(r=1.0 deg)

® 6 flat-spectrum radio sources are found within the lceCube error circle
® No CRATES source within the error circle (CRATES catalog is all-sky blazar catalog)

®  Only one sources within HONIR tiling observation region



Search for NIR counterpart
for flat-spectrum radio source

® No bright transiet is found at the location of one flat-spectrum radio
source (J>18.8)

® Pointing observation toward CRATES sources and/or flat spectrum
radio sources would be efficient strategy for standard FoV instruments

such as Kanata/HONIR



Summary

We performed Kanata/HONIR R and J-band simultaneous imaging
observation for IceCubel 61210

No bright transient: J>18.8 (R-band data analysis is ongoing)

Wide-field camera such as Kiso/KWFC, Kiso/Tomo-e Gozen,
Mitsume is needed

Selection of flat-spectrum radio sources by using NVSS (1.4 GHz)
and TGSS (0.151 GHz) catalogs

Pointing observation toward flat spectrum radio sources would be
efficient strategy for standard FoV instruments such as Kanata/

HONIR

Subaru/HSC deep observation is essential to catch lceCube
counterpart (based on the flaring blazar hypothesis)



