
深層学習を使ってできないかと
考えていること

ASTRO-AI 第 1 回研究会 @ 東北大学     2017.9.25 

田中 孝明 (京都大学)



Fermi Large Area Telescope
Pair-production telescope launched in June, 2008

Energy Range: from 20 MeV to > 300 GeV
Angler Resolution: < 1° (68% containment at 1 GeV)

Energy Resolution: ~ 10% (68% containment at 1 GeV)
Effective Area: 8000 cm2 (on axis at 1 GeV) 

Field of  View: 2.4 sr (all-sky coverage in ~ 3 hr)
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LAT Specifications



LAT All-Sky Survey

Atwood+ (2009)

Most of the observation time spent in a survey mode



LAT All-Sky Image

6-year data
> 1GeV
PSF3

The latest Fermi LAT source catalog (3FGL catalog; Acero+ 2015) contains 3033 sources 
cf. 271 sources for 3EG catalog by EGRET onboard Compton Gamma Ray Observatory (CGRO)



Fermi LAT vs EGRET
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Fermi Satellite Observes Billionth Gamma
Ray with LAT Instrument

Spacecraft’s Gamma-Ray Vision Provides Revolutionary Views of
the Extreme Universe
By Manuel Gnida

May 10, 2017

The sky in gamma rays. Drag the handle to compare the all-sky maps
of the LAT instrument (left) on the Fermi Gamma-ray Space Telescope
and the previous-generation EGRET instrument (right) on the
Compton Gamma-ray Observatory. The LAT data reveal much more
detail. (NASA) 

Imagine you had superhero vision and could see a whole new world of
fascinating phenomena invisible to the human eye. NASA’s Fermi Gamma-
ray Space Telescope gives astrophysicists analogous powers. It captures
images of the universe in gamma rays, the most energetic form of light.

On April 12, one of the spacecraft’s instruments – the Large Area Telescope
(LAT), which was conceived of and assembled at the Department of Energy’s
SLAC National Accelerator Laboratory – detected its billionth extraterrestrial
gamma ray.

SHARE

Artist’s conception of Fermi
in orbit. (NASA)

When astrophysicists model
the Milky Way’s gamma-ray
sources detected by the LAT
to the best of their
knowledge, they are left with
an excess glow at the
galactic center. Signals like
these could be telltale signs
of hypothetical dark matter
particles, but they could also
have other cosmic origins.
(NASA; A. Mellinger/Central
Michigan University; T.
Linden/University of
Chicago)

Technicians inspect the
Gamma-ray Large Area
Space Telescope (GLAST)
spacecraft and its
instruments before launch.
After the successful launch,
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3FGL Catalog

Several other possible causes of “lost” sources are evident:
(1) the 3FGL γ-ray centroid has shifted with respect to the
previous FGL catalogs, preventing the matching; (2) statistical
threshold effects, i.e., their TS has dropped below 25.
Additional considerations include variability and (generally
small) effects from the different event selections used for the
analyses (P7REP_SOURCE_V15 for 3FGL, P7CLEAN_V6
for 1FHL, P7SOURCE_V6 for 2FGL, and P6_V3_DIFFUSE
for 0FGL); different Galactic diffuse emission models; different
analysis procedures (unbinned likelihood analysis for 0FGL and
1FGL, binned likelihood analysis for 2FGL and 1FHL, and a
combination of binned and unbinned for 3FGL). We analyze

those causes in more detail for 2FGL in Section 4.2.4. We stress
that these differences are often not negligible.
A comparison of the source significances of the “lost”

sources with those in the 3FGL catalog shows that (Figure 21)
in the latter we have not lost highly significant sources. The
peaks of the source significance distributions for all the sources
of the FGL catalogs (not shown in the Figure 21) have shifted
from 4–6σ for 1FGL to 4–5σ for 2FGL and 3FGL.
The power-law indices of high Galactic latitude ( b 10∣ ∣ > °)

“lost” sources with power-law spectral type tend to be softer
than average for their catalogs (Figure 22).
The numbers of associated sources among the 0FGL, 1FGL,

and 2FGL catalogs and the 3FGL catalog do depend on the

Figure 15. Full sky map (top) and blow-up of the inner Galactic region (bottom) showing sources by source class (see Table 6). All AGN classes are plotted with the
same symbol for simplicity.
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The Astrophysical Journal Supplement Series, 218:23 (41pp), 2015 June Acero et al.

Space based gamma-ray astronomy

3. Cosmic accelerators

Figure 5: Number of sources detected for different source
classes in the 3FGL catalogue[15]. The figure is reproduced
from [21].

The objects accelerating cosmic
rays appear as point sources in the
gamma-ray sky (see fig. 1). Particle
acceleration is common in the universe,
as many sources have been found to
accelerate cosmic rays on very differ-
ent spatial scales; from jets of AGN on
scales of ⇠ kpc, to pulsars with sizes
of 3⇥ 10�13 pc (⇡ 10 km). With more
than 3000 sources detected to date, the
LAT has moved into “an era of cata-
logues”6. Source properties are quan-
tified in uniform ways and studied for
source type populations. A list of the
available catalogues using LAT data are
shown in table 1. The different types
of sources detected in the primary LAT
catalog (3FGL) are shown in fig. 5.
Most of them are (⇡ 80 %) are extra-
galactic, with blazars (AGN where the jet is pointing towards the Earth) making up the majority
of the sources. Among the galactic sources pulsars are the most common gamma-ray emitters. A
brief discussion of the individual source classes will be given later in this section.

The first catalogue using the improved instrument responses of the LAT was presented at the
34th ICRC for the first time, the “hard sources catalogue” (2FHL) [70]. It searches for sources
emitting above 50 GeV. In total 360 sources were detected above this energy, out of which 57 were
previously unknown gamma-ray emitters. Particularly interesting is the comparison to the scan of
the inner Milky Way performed by the H.E.S.S. telescopes above 200 GeV, due to the overlap in

Catalogue Description Time [months] Energy [GeV] Reference
3FGL Standard source catalogue 48 0.1 - 100 [15, 11]
2FHL Hard sources catalogue 80 50 - 2000 [13, 70]
2PC Pulsar catalogue 36 0.1 - 100 [16]
3LAC Active galactic nuclei catalogue 48 0.1 - 100 [14]
1FAV Flaring sources list 47 0.1 - 300 [12]
1DF Point-source candidate list 78 0.6 - 300 [8, 9]
GBM-GRB Gamma-ray bursts by the GBM 48 10�5-0.01 [81, 82]
LAT-GRB Gamma-ray bursts by the LAT 36 0.02 - 100 [17, 18]
1SNR Supernovae remnants 42 1.0 - 100 [19, 20]

Table 1: List of source catalogues based on Fermi data.

6This term was used by Liz Hays in her overview talk at the conference [21].
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Acero+ (2015)

Bühler (2015)



未同定天体を深層学習で？

• 未同定天体から「掘り出し物」を探りあてたい
• ガンマ線データのエネルギー情報や時間情報や他波長のデータからガンマ線源を
分類分けしたい (パルサー、ブレーザー、超新星残骸、パルサー星雲、、、)



X 線 CCD の生画像
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グレード法



グレード法で十分か？
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• より厚い空欠層
• CMOS センサの台頭 → 複雑なピクセル構造 → 場所ごとに異なる応答、
電荷収集効率

• 単純なグレード法では不正確になる可能性大


