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Current VHE Gamma-ray Sky

~60 銀河系内天体。 

宇宙線加速の起源(PEVATRON)に迫りつつある。
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Cherenkov Telescope Array (CTA) is a next 
generation TeV Cherenkov telescope. 

3http://www.cta-observatory.jp/
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CTA	
  計画（チェレンコフ望遠鏡アレイ計画）
従来より一桁高い感度
広いエネルギー領域

1000を超えるガンマ線源が
銀河系内・系外に発見されると予想される

Simula)on	
  銀河面スキャン（HESS	
  	
  and	
  CTA）



VHE gamma-rays are absorbed by ambient photon 
field. γ(>VHE)+γ(opt-IR)→e++e-

typical wavelength :

This leads to softening and cutoff in gamma-ray 
spectra of distant sources (e.g. blazars).

Gamma-ray Absorption

λ ∼ 1.24(E/TeV)µm



Extragalactic Sources



VHE Gamma-ray Absorption

High redshift AGNs and GRBs enables us to study 
the cosmic star formation history.
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1FGL J1344.2-1723 
@ z=2.49

CTA can detect 
a blazar at z~2.5!

internal MC code by Daniel Mazin

A Distant Fermi Blazar

50 hr, 9.03 sigma 

Spectrum is simply extrapolated from the 
Fermi data (Γ=2.11). 

>20 blazars at z>1.



A new probe of reionization epoch: 
GeV gamma-ray attenuation

γ(>GeV)+γUV→e++e-. 
GeV flux attenuated by 
high-z UV background 
(Oh ’01, Gilmore+09, S.Inoue+09).

Constraints on first 
star/galaxy formation.

GRBs at z>6 by CTA ?
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CTA can see 
the PopIII signature.



Galactic Sources



MC simulated Galactic plane map

CTA-Survey in prep.
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Expected Source Counts

20-70 SNRs (>3mCrab, |l|<60°, |b|<5°)

Assume 2.5 SNe/century & VHE dominant of 5 kyr

300-600 PWNe (>3mCrab, |l|<60°, |b|<5°)

Assume 40 kyr lifetime

200 sources in |l|<30°, |b|<0.5° (~3 sources/deg2)

cf. ~500 AGNs are expected in the entire sky 
(YI, Totani, & Mori ’10, CTA-AGN in prep., CTA-Survey in prep.).



Gamma-ray Opacity of the Milky Way

Same as EBL, Galactic interstellar 
radiation field (ISRF) would absorb VHE 
gamma-rays (Moskalenko+’06,Zhang+’06).

Is it possible to see the PeV CR 
signature with CTA, HAWC, or 
LHAASO?

Is it possible to constrain the 3-D 
Galactic ISRF with CTA?



ISRF of the Galaxy

ISRF model by GALPROP (Porter+’08).

Large uncertainty in modeling.

e.g. Cylindrical approximation for the 3-D ISRF map.

IC Origin of the Galactic Ridge Emission 3
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Fig. 1.— Spectral energy distribution of the MW ISRF in the Galactic plane. Line colouring: black, R = 0 kpc; blue, R = 4 kpc; red,
R = 8 kpc; magenta, R = 12 kpc. Left: maximum metallicity gradient; Right:, minimum metallicity gradient. The cosmic microwave
background (CMB) is included in both figures and dominates the SED for wavelengths λ ! 600 µm.

as positrons and electrons from inelastic processes in
the ISM that increases the γ-ray flux at MeV ener-
gies (Strong et al. 2004b). Gas-related γ-ray intensi-
ties are computed from the emissivities as a function of
(R, z, Eγ) using the column densities of H i and H2 for
galactocentric annuli based on 21-cm and CO surveys
included in the GALPROP model. Neutral pion pro-
duction is calculated using the method given by Dermer
(1986a,b) as described in Moskalenko & Strong (1998),
or using a parameterisation developed by Kamae et al.
(2005); bremsstrahlung is calculated using a formalism
by Koch & Motz (1959) as described in Strong et al.
(2000). The IC scattering is treated using the appro-
priate cross section for an anisotropic radiation field de-
veloped by Moskalenko & Strong (2000) using the full
angular distribution of the ISRF.

Cross-sections are based on the extensive LANL
database, nuclear codes, and parameterisations
(Mashnik et al. 2004). Starting with the heaviest
primary nucleus considered (e.g. 64Ni) the propagation
solution is used to compute the source term for its
spallation products, which are then propagated in turn,
and so on down to protons, secondary electrons and
positrons, and antiprotons. The inelastically scat-
tered protons and antiprotons are treated as separate
components (secondary protons, tertiary antiprotons).
In this way secondaries, tertiaries, etc., are included.
(Production of 10B via the 10Be-decay channel is
important and requires a second iteration of this pro-
cedure.) GALPROP includes K-capture and electron
stripping processes, where a nucleus with an electron
(H-like) is considered a separate species because of the
difference in lifetime, and knock-on electrons. Primary
electrons are treated separately. Normalisation of
protons, alphas, and electrons to experimental data
is provided (all other isotopes are determined by the
source composition and propagation). Gamma rays
are computed using interstellar gas data (for π0-decay
and bremsstrahlung) and the ISRF model (for IC). The
synchrotron emission is computed using the Galactic
magnetic field model. Spectra of all species on the
chosen grid and the γ-ray and synchrotron skymaps are

output in standard astronomical formats for comparison
with data. Recent extensions to GALPROP include
non-linear wave damping (Ptuskin et al. 2006) and a
dark matter package to allow for the propagation of
WIMP annihilation products and calculation of the
corresponding synchrotron and γ-ray skymaps; an
interface between GALPROP and the DarkSUSY code
(Gondolo et al. 2004) will be implemented in the near
future to allow direct calls of GALPROP from within
DarkSUSY.

The optimised model (Strong et al. 2004b) is used to
calculate the diffuse emission in the range 10 keV – TeV
energies. The CR source distribution is based on the
Galactic pulsar distribution (Lorimer 2004), while the
XCO-factors, XCO = N(H2)/WCO, are variable, increas-
ing towards the outer Galaxy, and fully compatible with
the expected variations based on the metallicity gradi-
ent and COBE data (Strong et al. 2004c). Such a model
reproduces the diffuse Galactic γ-ray emission for the
whole sky as well as the radial gradient of diffuse Galac-
tic γ-ray emissivity.

3. interstellar radiation field

The Galactic ISRF is the result of emission by stars,
and the scattering, absorption, and re-emission of ab-
sorbed starlight by dust in the ISM. The most de-
tailed calculation to date (Strong et al. 2000), which
includes spatial and wavelength dependence over the
whole Galaxy, has been widely used. The Strong et al.
(2000) model uses emissivities based on stellar popu-
lations based on COBE/DIRBE fits by Freudenreich
(1998) and the SKY model of Wainscoat et al. (1992) to-
gether with COBE/DIRBE derived infrared emissivities
(Dwek et al. 1997; Sodroski et al. 1997). Subsequent to
this work new relevant astronomical information on stel-
lar populations, Galactic structure, and interstellar dust
has become available, motivating a re-evaluation of the
ISRF. We briefly describe our calculation of the ISRF;
further details can be found in Moskalenko et al. (2006)
and Porter et al. (2006).

The fundamental factors influencing the ISRF are the
luminosity distribution from the stellar populations of

0kpc from Galactic Center
4kpc

8kpc

12kpc



Optical Depth: Distance
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Absorption is significant above 30 TeV at >4 kpc away from us.
see Moskalenko+’06



Optical Depth : Coordinate
Distance = 8.5 kpc
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Galactic Center @ 8.5 kpc w/ CTA (100 hr)

absorption signature at >20 TeV

it would be difficult to see >100 TeV gamma-rays

hard to see signatures of PeV CRs with distant sources 
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Galactic Center w/ CTA (100 hr)
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GC with H.E.S.S. (100 hr)

CTA の有効面積の1/10を仮定。

H.E.S.S. クラスでは吸収の兆候を探るのは厳しい。
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G0.9+0.1(PWN) @ 8.5 kpc w/ CTA (100 hr)
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Crab @ 2kpc w/ CTA (100 hr)

Absorption would not affect nearby sources.
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Future Works

1.Deabsorbed spectra catalogs of 
Galactic TeV sources are required for the 
opacity map.

Population studies of the Galactic 
sources

2.Do created e+e- pairs contribute to the 
Galactic e+e- spectrum?



Summary

CTA will detect ~300 galactic sources.

Gamma-ray absorption is significant at 
>4kpc above 30 TeV for CTA.

Gamma-ray opacity map would be a 
key to understanding the Galactic 
ISRF map.

To search PeV CRs, deep observations 
of nearby sources are preferred.


