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Neutrinos as astrophysical messengers
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Charged particles: 
p, N, e±
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Outline

1.  イントロダクション: ガンマ線観測
–  これまでのガンマ線によるフォローアップ観測

2.  IceCube-170922A/TXS0506+056
–  高エネルギーガンマ線による観測

–  2014/2015 “neutrino flare” 時のガンマ線

3.  考察

–  なぜTXS0506+056なのか？

•  ブレーザーが主なニュートリノ起源天体か？

–  ブレーザー以外の候補天体
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Gamma-ray sky (>100 MeV)
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Fermi Gamma-ray Space Telescope
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Large Area Telescope (LAT) •  2008年6月11日打ち上げà今年10周年を迎えた
•  検出器に大きな問題はなく観測中
•  全天サーベイ観測にて運用

à変動/突発天体を毎日観測できる優れた性能

All-sky survey-mode observation

2.4strの広視野により、
３時間（２軌道）で全天
のサーベイ観測可能

-  20 MeV-300 GeV



現状の観測モード
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• 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

Current Fermi
operations

21

6 – 13 May

6 – 20 May

6 May – 6 June

Celestial coordinates

VHEPU 2018



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

Blazar	

©NRAO	

Blazars: Active Galactic Nucleus Jets
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FSRQ 

LBL 

HBL 

Blazar sequence (?)



LAT blazars and IceCube event correlations
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(2LAC = 2nd LAT AGN catalog)
[862 srcs, |b| > 10 deg]

no spatial  
correlation between 
2LAC source and IC events
•  < 27% of the IC neutrino flux

(IceCube Coll. 2017, ApJ)

ガンマ線ブレーザー（の定常放射）はニュート
リノ起源の主要な天体、とは言えなそうだ。



Observations for Archival ν events by IACTs (>100 GeV) 
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H.E.S.S.

Multimessenger studies with VERITAS Marcos Santander

VERITAS follow-up program originally focused on muon positions released by IceCube in publi-
cations or through private communications, which introduced a delay of several months between
the neutrino detection and gamma-ray observations. We describe preliminary results from these
observations in Subsection 2.1. In April 2016, IceCube began circulating public alerts for inter-
esting neutrino events minutes after they are detected at the South Pole as a way of improving the
sensitivity of electromagnetic follow-ups to transient sources. We present preliminary results from
a VERITAS prompt follow-up of a “realtime" alert in Subsection 2.2.

2.1 Observation of archival neutrino positions

Muon neutrino positions observable with VERITAS were selected from three IceCube data
sets: six muon events from a sample of high-energy starting events (HESE) collected by IceCube
over four years [4], 21 events from a sample of through-going Northern-sky muon tracks collected
over two years [5], and 29 through-going tracks with high-astrophysical purity collected over six
years [3], with some overlap between the different data sets. The map in Fig. 1 shows the position
of the muon events selected for observation.

Figure 1: Skymap in equatorial coordinates showing the positions of HESE (‘C’, circles) and through-
going (‘UC’, squares) muon events compared to the maximum elevation these sources reach when observed
from VERITAS. Typical observations are performed when sources go above 50� elevation. White markers
indicate those positions where VERITAS has collected observations.

Thus far, VERITAS has collected a total of 57 hours of good-quality data on 18 muon neutrino
positions. The observations have been performed using the standard wobble observation strategy
where the telescopes are offset from the position of the potential source to allow for a simultane-
ous determination of the background. Offsets of 0.5� and 0.7� with respect to the best fit neutrino
location were used to provide better coverage of the neutrino error circle. During the analysis of
VERITAS data, cuts are introduced to separate gamma-ray shower candidate events from a domi-
nant background of hadronic cosmic-ray showers. In this work, we have used soft cuts optimized
for sources with spectral indices of ⇠ �4. No significant gamma-ray excess has been found in
these observations and consequently 99% confidence-level upper limits have been derived at the
neutrino positions. Preliminary integral upper limits above 100 GeV are given in Table 1 for a
subset of the observed neutrino positions. On average, the limits are at the level of a few percent of
the Crab nebula gamma-ray flux.

3

VERITAS

MAGIC

どれも対応ガンマ線源
の発見には至らず。



Possible association of PeV neutrino  
with high fluence blazar PKS 1424-418 (z=1.522)
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Kadler+16

•  Cascade event of
error radius of ~10 deg
(17 γ-ray blazars inside)

•  ~5% chance probability

4 December 2011: ~2 PeV



Fermi All sky Variability Analysis (FAVA)
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•  一週間ビン	

•  E>100 MeV, E>800 MeV
•  一定領域内の検出光子数と、

平均値とを比較	

•  aperture photometry 
(⬌ max. likelihood fit for 
the standard analysis.)

•  カニ星雲のフレアを発見

PSF (68 %) 



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)

論文には、この結果ではなく、標準解析  
(max. likelihood fit)した結果を用いたほうがよいです！！
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|Ê

µ
)

101 102 103 104 105 106

Neutrino Energy (TeV)

0.0

0.5

1.0

1.5

P
ro

b
ab

il
it
y

D
en

si
ty

E�2.00 (90% lower limit: 200 TeV, peak: 311 TeV)

E�2.13 (90% lower limit: 183 TeV, peak: 290 TeV)

E�2.50 (90% lower limit: 152 TeV, peak: 259 TeV)

IceCube-170922A
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EHE alert: 2017/9/22 20:54:30 UTC
IceCube event 
(νµ :muon track)

GCN CIRCULAR #21916 
RA: 77.43 deg (-0.80/+1.30 deg)
Dec: 5.72 deg  (-0.40/+0.70 deg)  
(J2000: 90% error)

side view

125mtop view 0 500 1000 1500 2000 2500 3000
nanoseconds

energy estimation

~290 TeV

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

singleness: 56.5 %



IceCube1
70922A

HE gamma-ray data by Fermi-LAT
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Fermi-LAT:  >1GeV light curve  
4-week bin (9.2 years)

IceCube170922A

BL Lac  TXS 0506+056  
(z=0.3365)

Tanaka ,Y, et al. ATel#10791



VHE γ-ray observations
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MAGIC (>90 GeV): 41hr (Sep 24 – Nov 2) 
2 flares, day-scale variability 
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VERITAS (>110 GeV): 35h (Sep 23 – Feb 6), 5.8σ

H.E.S.S.: 13 h (Sep 22 – Oct 24) 
no detection

MAGIC skymap



VHE γ-ray spectra
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● MAGIC: 2 ;ares + lower state, but no spectral index variability measured

● MAGIC+VERITAS: simple PL, index much softer than Fermi-LAT (~ 4.0)

 → clear spectral curvature, apart from EBL effect: internal absorption, primary particle 
spectral break, production inef=ciency…?

 Further observations: spectrum

The MAGIC Collaboration, ApJL 863, 1, arXiv:1807.04300 The VERITAS Collaboration, accepted by ApJL, arXiv:1807.04607 

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

 deabsorbed z=0.34

•  VHE spectrum index ~ 4.0 (while Fermi-LAT: ~2.0)
•  significant curvature apart from EBL effect

no spectral 
index variability

VERITAS MAGIC



Broad Band SED
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(color points: obtained within 14 days of the IC170922A event)

/7.5 year

/0.5 year



In the past IceCube data for TXS 0506+056
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April 2008 to October 2017
(IceCube Coll. 2018 Science aat2890)

the Gaussian window show that it is consistent with the box window fit. Despite the different

window shapes, which lead to different weightings of the events as a function of time, both130

windows identify the same time interval as significant. For the box time window, the best-

fitting parameters are similar to those of the Gaussian window, with E2J
100

= (2.2+1.0
�0.8)⇥ 10�4

TeV cm�2 and � = 2.2 ± 0.2. This fluence corresponds to an average flux over 158 days of

�
100

= (1.6+0.7
�0.6) ⇥ 10�15 TeV�1 cm�2 s�1.

(a) (b)

Figure 3: Time-dependent analysis results for the IC86b data period (2012-2015). (a)
Change in test statistic, �TS, as a function of the spectral index parameter � and the flu-
ence at 100 TeV, E2J

100

. The analysis is performed at the coordinates of TXS 0506+056,
using the Gaussian-shaped time window and holding the time parameters fixed (T

0

= 13 De-
cember 2014, T

W

= 110 days). The white dot indicates the best-fitting values. The contours
at 68% and 95% confidence level assuming Wilks’ theorem (31) are shown in order to indi-
cate the statistical uncertainty on the parameter estimates. Systematic uncertainties are not
included. (b) Skymap showing the p-value of the time-dependent analysis performed at the
coordinates of TXS 0506+056 (cross) and at surrounding locations. The analysis is performed
on the IC86b data period, using the Gaussian-shaped time-window. At each point, the full fit
for (�, �, T

0

, T
W

) is performed. The p-value shown does not include the look-elsewhere effect
related to other data periods. An excess of events is detected consistent with the position of
TXS 0506+056.

When we estimate the significance of the time-dependent result by performing the analysis135

8

excess:3.5σ



2017/06/04-2015/09/22

Detailed look of the Gamma-ray band
(Padovani+18 MNRAS, 480)
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TXS 0506+056
Gamma-ray (> 2GeV)

Low flux, but hard state
(ただし <2 σ)

200 P. Padovani et al.

Figure 9. The hybrid photon – neutrino SED of TXS 0506+056. The red points (OVRO at 15 GHz and ASAS Vmag) are simultaneous with neutrinos, grey
ones refer to historical data, while the black ones are Fermi data. The red bands for the γ -ray flux show the 1σ error bounds on the best fit, while upper limits
are given at 95 per cent C.L. Fermi data points were de-absorbed to correct for the extragalactic background light following Domı́nguez et al. (2011). Left: the
MJD 57908 –58018 period (2017 June 4 –September 22). The neutrino flux has been derived by IceCube Collaboration et al. (2018) over the 200 TeV–7.5 PeV
range (see text for more details); we give here the all-flavour flux. The vertical upper limit is drawn at the most probable neutrino energy. The average Fermi-LAT
photon index for E > 2 GeV is 2.16 ± 0.10. Right: the MJD 56949 –57059 period (2014 October 19–2015 February 6). The neutrino flux has been derived
by IceCube Collaboration (2018) over the 32 TeV–3.6 PeV range; the error is the combined error on the spectral index and the normalization. The average
Fermi-LAT photon index for E > 2 GeV is 1.62 ± 0.20.

(iv) PKS 0502+049 is flaring right before and right after the neu-
trino flare (but not in coincidence with it) while TXS 0506+056
was at its hardest in that time period but in a relatively faint state,
suggesting a shift to high energies of the γ -ray SED;

(v) The hybrid γ -ray – neutrino SED of TXS 0506+056 during
the neutrino flare is as expected for lepto-hadronic models since
the photon and neutrino fluxes are at the same level (Petropoulou
et al. 2015). We note that the hybrid SEDs of Padovani & Resconi
(2014) and Padovani et al. (2016) were based on one shower-like
IceCube event, which could in principle have been emitted over
the full IceCube detection live time, and were therefore affected by
a very large uncertainty. In the case of the neutrino flare, instead,
a sizable (∼13) number of neutrinos has been detected within a
well-defined time window and good spatial resolution.

In short, all spatial, timing, and energetic multimessenger diag-
nostics point to TXS 0506+056 as the first identified non-stellar
neutrino (and therefore cosmic ray) source.

5 D ISCUSSION

5.1 Source properties

We now explore in more detail the properties of TXS 0506+056.
First, we note that this source is a very strong γ -ray source, having
an average flux of 7.1 × 10−8 ph cm−2 s−1 above 100 MeV, which
puts it among the top 4 per cent of the Fermi 3LAC catalogue
(Ackermann et al. 2015). Moreover, it also belongs to the 2FHL
sample (Ackermann et al. 2016), which includes all sources detected
above 50 GeV by Fermi-LAT in 80 months of data. TXS 0506+056
also has a large radio flux density ∼ 1 Jy at 6 cm (Gregory &
Condon 1991), and ∼537 mJy at 20 cm, which makes it one of the
brightest radio sources (in the top 0.3 per cent) of the NRAO VLA
Sky Survey, which covers 82 per cent of the sky (Condon et al.
1998). Fig. 7 shows the overall SED of the source in luminosity,

based on the redshift of 0.3365 recently reported by Paiano et al.
(2018).

The peak luminosities of ∼2 × 1046 erg s−1 in the synchrotron
peak, and almost 1047 erg s−1 at 10 GeV, place this object among the
most powerful BL Lacs known, particularly in the high-energy/very
high-energy γ -ray band. For comparison, the corresponding maxi-
mum luminosities ever observed in MKN 421 (and PKS 2155−304)
are ∼4 × 1045 (∼2 × 1046) and ∼1.5 × 1045 (1046) erg s−1, a factor
of ∼5 (1) and ∼50 (10) lower than TXS 0506+056 (Giommi et al.,
in preparation). What seems to be peculiar in this source is the very
large luminosity at ∼10 GeV compared to other similar sources.
From the overall SED point of view TXS 0506+056 shows a vari-
ability range in the γ -ray band (almost a factor 1,000 at 10 GeV: see
Fig. 7) much larger than that observed at the peak of the synchrotron
emission. Even during the large γ -ray flaring event observed close
to the detection of IceCube-170922A the peak of the synchrotron
emission (located in the UV band) did not vary by more than a
factor of 2, nor did the X-ray flux, at the tail of the synchrotron
peak, change by a large factor. This behaviour is consistent with
an excess of hard γ -ray radiation possibly associated with hadronic
processes.

We now possess all the elements to calculate reliably the lumi-
nosity of a high-energy neutrino source. Using the fluence, spectral
index, and energy range given in Section 2.1.2 and IceCube Col-
laboration (2018), we do the following: (1) derive an integrated νµ

flux of 1.2 × 10−10 erg cm−2 s−1 from the fluence by integrat-
ing over the 2σ range around the central value of the time period;
(2) estimate Lνµ ; (3) derive a neutrino luminosity all-flavour (as-
suming νe:νµ:ντ = 1:1:1) by multiplying by 3 the νµ power. The
result is Lν = 3 × Lνµ ∼ 3 × 4.5 × 1046 erg s−1 ∼1.4+0.6

−0.5 × 1047

erg s−1 between 32 TeV and 3.6 PeV. (This luminosity is fully con-
sistent with the one derived by IceCube Collaboration (2018) of
1.2+0.6

−0.4 × 1047 erg s−1 based on a flare duration of 158 d derived
from the box time-window result.)

MNRAS 480, 192–203 (2018)
Downloaded from https://academic.oup.com/mnras/article-abstract/480/1/192/5052376
by University of Tokyo Library user
on 10 August 2018
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Figure 9. The hybrid photon – neutrino SED of TXS 0506+056. The red points (OVRO at 15 GHz and ASAS Vmag) are simultaneous with neutrinos, grey
ones refer to historical data, while the black ones are Fermi data. The red bands for the γ -ray flux show the 1σ error bounds on the best fit, while upper limits
are given at 95 per cent C.L. Fermi data points were de-absorbed to correct for the extragalactic background light following Domı́nguez et al. (2011). Left: the
MJD 57908 –58018 period (2017 June 4 –September 22). The neutrino flux has been derived by IceCube Collaboration et al. (2018) over the 200 TeV–7.5 PeV
range (see text for more details); we give here the all-flavour flux. The vertical upper limit is drawn at the most probable neutrino energy. The average Fermi-LAT
photon index for E > 2 GeV is 2.16 ± 0.10. Right: the MJD 56949 –57059 period (2014 October 19–2015 February 6). The neutrino flux has been derived
by IceCube Collaboration (2018) over the 32 TeV–3.6 PeV range; the error is the combined error on the spectral index and the normalization. The average
Fermi-LAT photon index for E > 2 GeV is 1.62 ± 0.20.

(iv) PKS 0502+049 is flaring right before and right after the neu-
trino flare (but not in coincidence with it) while TXS 0506+056
was at its hardest in that time period but in a relatively faint state,
suggesting a shift to high energies of the γ -ray SED;

(v) The hybrid γ -ray – neutrino SED of TXS 0506+056 during
the neutrino flare is as expected for lepto-hadronic models since
the photon and neutrino fluxes are at the same level (Petropoulou
et al. 2015). We note that the hybrid SEDs of Padovani & Resconi
(2014) and Padovani et al. (2016) were based on one shower-like
IceCube event, which could in principle have been emitted over
the full IceCube detection live time, and were therefore affected by
a very large uncertainty. In the case of the neutrino flare, instead,
a sizable (∼13) number of neutrinos has been detected within a
well-defined time window and good spatial resolution.

In short, all spatial, timing, and energetic multimessenger diag-
nostics point to TXS 0506+056 as the first identified non-stellar
neutrino (and therefore cosmic ray) source.

5 D ISCUSSION

5.1 Source properties

We now explore in more detail the properties of TXS 0506+056.
First, we note that this source is a very strong γ -ray source, having
an average flux of 7.1 × 10−8 ph cm−2 s−1 above 100 MeV, which
puts it among the top 4 per cent of the Fermi 3LAC catalogue
(Ackermann et al. 2015). Moreover, it also belongs to the 2FHL
sample (Ackermann et al. 2016), which includes all sources detected
above 50 GeV by Fermi-LAT in 80 months of data. TXS 0506+056
also has a large radio flux density ∼ 1 Jy at 6 cm (Gregory &
Condon 1991), and ∼537 mJy at 20 cm, which makes it one of the
brightest radio sources (in the top 0.3 per cent) of the NRAO VLA
Sky Survey, which covers 82 per cent of the sky (Condon et al.
1998). Fig. 7 shows the overall SED of the source in luminosity,

based on the redshift of 0.3365 recently reported by Paiano et al.
(2018).

The peak luminosities of ∼2 × 1046 erg s−1 in the synchrotron
peak, and almost 1047 erg s−1 at 10 GeV, place this object among the
most powerful BL Lacs known, particularly in the high-energy/very
high-energy γ -ray band. For comparison, the corresponding maxi-
mum luminosities ever observed in MKN 421 (and PKS 2155−304)
are ∼4 × 1045 (∼2 × 1046) and ∼1.5 × 1045 (1046) erg s−1, a factor
of ∼5 (1) and ∼50 (10) lower than TXS 0506+056 (Giommi et al.,
in preparation). What seems to be peculiar in this source is the very
large luminosity at ∼10 GeV compared to other similar sources.
From the overall SED point of view TXS 0506+056 shows a vari-
ability range in the γ -ray band (almost a factor 1,000 at 10 GeV: see
Fig. 7) much larger than that observed at the peak of the synchrotron
emission. Even during the large γ -ray flaring event observed close
to the detection of IceCube-170922A the peak of the synchrotron
emission (located in the UV band) did not vary by more than a
factor of 2, nor did the X-ray flux, at the tail of the synchrotron
peak, change by a large factor. This behaviour is consistent with
an excess of hard γ -ray radiation possibly associated with hadronic
processes.

We now possess all the elements to calculate reliably the lumi-
nosity of a high-energy neutrino source. Using the fluence, spectral
index, and energy range given in Section 2.1.2 and IceCube Col-
laboration (2018), we do the following: (1) derive an integrated νµ

flux of 1.2 × 10−10 erg cm−2 s−1 from the fluence by integrat-
ing over the 2σ range around the central value of the time period;
(2) estimate Lνµ ; (3) derive a neutrino luminosity all-flavour (as-
suming νe:νµ:ντ = 1:1:1) by multiplying by 3 the νµ power. The
result is Lν = 3 × Lνµ ∼ 3 × 4.5 × 1046 erg s−1 ∼1.4+0.6

−0.5 × 1047

erg s−1 between 32 TeV and 3.6 PeV. (This luminosity is fully con-
sistent with the one derived by IceCube Collaboration (2018) of
1.2+0.6

−0.4 × 1047 erg s−1 based on a flare duration of 158 d derived
from the box time-window result.)

MNRAS 480, 192–203 (2018)
Downloaded from https://academic.oup.com/mnras/article-abstract/480/1/192/5052376
by University of Tokyo Library user
on 10 August 2018
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ジェットはニュートリノ起源天体か？

•  ν とγフレアの同期：3 σ (post-trial)
– ただし1事象

•  νフレアもあった

– ただしγ では暗い (冪は硬い?)

•  なぜTXS 0506+056なのか？

– なぜもっと明るい天体 (例：3C 279, 
Mkn421)ではないのか？

20	



ジェットはニュートリノ起源天体か？

•  3FGLと3FHLから銀河系外天体全て  
（含、未同定|銀緯|>5deg) à 2257天体

•  期間：9.2年 (2008/8月-2017/10月)、 > 1GeV

21	

TXS 0506+056 (LBL, z=0.3365)
•  (RA, Dec) = (05h09m25.964 +05°41’35’’.33)

<比較対象>
3C 279 (FSRQ, z=0.536): sub-TeV検出あり 
•  (RA, Dec) = (12h56m11.166s -05°47’21’’.52)
•  分スケールの変動

3C 279 
Fermi-LAT: > 100 MeV  
(1 day bin) 

(MH+17)



ジェットはニュートリノ起源天体か？

•  3FGLと3FHLから銀河系外天体全て  
（含、未同定|銀緯|>5deg) à 2257天体

•  期間：9.2年 (2008/8月-2017/10月)の平均flux > 1GeV
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Flux > 1 GeV (9.2年平均）

TXS0506 3C279 TXS0506: 44番目/2257

3C279 :  7番目/2257

Highest: 3C454.3



ブレーザーガンマ線フレアの頻度

•  3FGLと3FHLから銀河系外天体全て  
（含、未同定|銀緯|>5deg) à 2257天体

•  期間：9.2年 (2008/8月-2017/10月), 28日bin, > 1GeV

23	

Flux > 1 GeV (28日bin）

TXS0506
(at ν)

3C279
(max)

TXS0506 at IC170922A
0.20 % (全天体、全ビンの中で)



4th Fermi catalog (preliminary: FL8Y)
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3FGL vs FL8Y (pre-4FGL)
4 years (Pass7) Data                     8 years (Pass8), 2.3x(acceptance)
100 MeV – 300 GeV Energy 100 MeV – 1 TeV
3033 No. of sources ~5500



4th Fermi catalog (preliminary: FL8Y)
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3FGL vs FL8Y (pre-4FGL)
4 years (Pass7) Data                     8 years (Pass8), 2.3x(acceptance)
100 MeV – 300 GeV Energy 100 MeV – 1 TeV
3033 No. of sources ~5500

(Ackermann+12)



star-forming galaxies
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(Bechtol+17, ApJ)

Maximum 
non-blazar γ-ray 
spectrum (17%)

Corresponding 
neutrino spectrum

(Sudou+18, PASJ)
49-7 Publications of the Astronomical Society of Japan (2018), Vol. 70, No. 3

Fig. 3. Cosmic diffuse background of gamma-rays (left-hand panel) and neutrinos (right-hand panel) from star-forming galaxies predicted by our
baseline model are shown for different values of !inj. Solid and dashed lines correspond to the contributions from all galaxies and starburst
galaxies respectively. Data points represent the gamma-ray spectrum of unresolved isotropic gamma-ray background observed by Fermi-LAT [blue,
Ackermann et al. (2015)] and the astrophysical neutrino spectrum per flavor observed in the IceCube experiment [red, Aartsen et al. (2015a)]. For the
purpose of presentation, the scale of the vertical axis is different between the left- and right-hand panels. (Color online)

and we cannot rule out the possibility that the spectrum
at production is different for other galaxies, especially for
starburst galaxies that on average have dense ISM and
strong magnetic fields. Hence, we also test optimistic cases
where !inj ! 2.1 is realized in other galaxies, even though
it is unlikely for our Galaxy.

5 Cosmic gamma-ray and neutrino
background

Figure 3 presents the cosmic gamma-ray and neutrino back-
ground spectra predicted by our baseline model, in com-
parison with the Fermi and IceCube data. Our calculations
show that the gamma-ray energy flux from star-forming
galaxies is (5.1–7.0) × 10−4 MeV cm−2s−1str−1 above
100 MeV, which is 18%–25% of the IGRB flux observed
by Fermi, in reasonable agreement with previous studies
(Fields et al. 2010; Makiya et al. 2011; Stecker & Venters
2011; Ackermann et al. 2012a; Lacki et al. 2014).

The neutrino flux predicted by our baseline model
(!inj = 2.3) is only a 0.5% contribution to the IceCube data.
If we assume a harder spectrum at injection !inj = 2.1 and
2.2, the contributions increase to 8.4% and 2.1%, respec-
tively. Even in the most optimistic (and extreme) case of
!inj = 2 in all galaxies, star-forming galaxies can account
for only 22% of the IceCube data. It should be noted that
such a hard injection spectrum in our Galaxy is in contra-
diction with the Galactic diffuse gamma-ray spectrum and
the isotropy of the IceCube data. Therefore, we conclude
that star-forming galaxies cannot be the major source of
the IceCube neutrinos, and a reasonable estimate of their
contribution is about 1%–8% or less.

Fig. 4. Comparisons between predicted and observed gamma-ray lumi-
nosities of nearby galaxies for different modellings of l0, max (upper
panel) and Hg (lower panel). In both panels the red cross points corre-
spond to our baseline model. For the purpose of presentation, gamma-
ray luminosities of SMC, LMC, and MW are multiplied by the numbers
indicated in parentheses in the figure. (Color online)

6 Dependence on model parameters
Dependence of our results on different modelings of l0, max

and Hg is shown as the change of the gamma-ray luminosi-
ties of nearby galaxies (figure 4) and the cosmic gamma-
ray/neutrino background flux (figure 5) from our baseline
model. For l0, max we test different values, 10 and 100 pc,
from the baseline model (30 pc), and also test a model with
l0, max = Hg, as the case where the coherent scale of tur-
bulence is determined by the system size. The model with
l0, max = 10 pc also agrees reasonably well with the Lγ data
of nearby galaxies, and the models with l0, max = 100 pc
and l0, max = Hg show larger deviations, especially for MW
and NGC 253, which deviate by up to a factor of 3. The
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背景ガンマ線放射とニュートリノフラックスを
同時に満たすように説明するのは難しい



Radio-quiet AGNs

27	c.f. 降積流(RIAF)からのニュートリノ放射 (Kimura+14)

1

0.1

0.01

1. Hard-X-ray bright Seyferts: 120 (Ackermann+12)

4-year data

2. Radio-quiet AGNs with Ultra Fast Outflow 
candidate  (42, 19 with UFO)
6-year data
(Tomono, MH, Inoue,S, ICRC15)

=radio/Hard-X

1,2共に未検出！！



4th Fermi catalog (preliminary: FL8Y)

28	

3FGL vs FL8Y (pre-4FGL)
4 years (Pass7) Data                     8 years (Pass8), 2.3x(acceptance)
100 MeV – 300 GeV Energy 100 MeV – 1 TeV
3033 No. of sources ~5500



ガンマ線未同定天体

•  主にブレーザーかパルサーだと言われているが、、

– 突発天体からの年スケールの遅延放射？

– gamma-ray emission from NS merger??

29	

Takami+14, PRD

Murase+18, ApJ



ガンマ線未同定天体

•  主にブレーザーかパルサーだと言われているが、、

– 突発天体からの年スケールの遅延放射？

– gamma-ray emission from NS merger??

30	

Takami+14, PRD

ニュートリノも出る (Kimira+18, PRD)

Murase+18, ApJ

1GeV

年



まとめ
•  ブレーザーは一番数の多い高エネルギーガンマ線天体

•  ブレーザー定常放射とν事象に（全体的な）位置相関は無い

IceCube170922A/TXS0506+056
•  通常の~5倍の明るさ (>1GeV)、>100 GeV放射検出

•  Top 0.2% (>1GeV, 28日平均。全天体、9.2年中）

•  2014/2015のnフレア時、γ強度は低い（冪は硬い？）

•  |赤緯|<10度のBL Lac天体では一番明るい
–  実は、FSRQよりBL Lacの方がより好ましいν生成環境の可能性は？

ブレーザー以外の起源天体の可能性

•  スターバースト銀河 ❌ (背景ガンマ線放射と両立せず）

•  ジェット以外のAGN ❌? (ガンマ線放射は未検出）

•  未同定天体。NS mergerの可能性はある????
•  ガンマ線 (100 MeV)で光らず、(sub-)PeV νだけ出せる機構

はあるか？ 31	


