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Cosmic X-ray & gamma-ray background
(CXB, CGB)
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Origin of X/MeV Background

@ Cosmic X-ray background (CXB)
Q@ can be explained by integration of normal X-ray AGNS

Q@ has mostly been resolved into discrete sources

@ MeV background
Q@ AGN? (“conventional” AGN models for CXB cannot explain)
@ SN [a? (rate not sufficient)
Q@ Clayton & Ward ‘75; Zdziarski ‘96; Watanabe+’99
@ MeV-mass dark matter annihilation!?

@ Ahn+Komatsu ‘0O5a; Rasera+’06



Cosmic X-ray Background
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Active Galactic Nuclel

broad line region (BLR)
] O] 5-17 cm

supermassive black hole
and accretion disk

1062 Msun, 101215 cm

dusty torus
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The Picture of AGN X-ray Spectra

Q@ picture of normal X-ray AGNS (e.g., Seyferts)
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Cosmic X-ray & gamma-ray background
(CXB, CGB)
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MeV background by AGNs with
nonthermal coronal electrons

@ Comptonization calculation by Yoshi Inoue, TT, & Y. Ueda 2008, ApJ, 672, L5
Q@ Energy fraction 3.5%, dNe/dEe «<Ee3-% will explain MeV background

Q consistent with MeV upper limits on nearby AGNs
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FIG. 1.— The AGN t ds calculated
by our model. T Sp eC rum [/dE. where
dN /dE 1s a differential photon spectrum. lhey are Comptomization of UV
seed photons without taking mto account the reflection component and the
absorption effect. The thick solid curve 1s our standard spectrum with ['=3.8
and vy = 4.4. The other thick curves are for the cases of different model
parameters as indicated n the figure. The thick dotted curve is the spectrum
only with the thermal component (k7 = 256 keV). The thin dotted curve 1s
the mnput UV spectrum (a black body with I; = 10 eV).
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FIG. 2.— The spectrum of the cosmuc background radiation in X-ray and
gamma-ray bands. predicted by our model of AGN spectra shown 1n Fig. 1.
For each line-marking. the comresponding AGN spectrum in Fig. 1 1s used
for the calculation. The data points of HEAO-1 (Gruber et al. 1999) SMM
(Watanabe et al. 1999). and COMPTEL (Kappadath et al. 1996) experiments
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Particle accelerations in reconnections

Q soft power-law spectrum (dN/dE ~ E4) is
typically found in solar flares or Earth

magnetosphere

Q@ Interestingly very similar to X-ray-MeV
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MeV background: Summary

Q@ The best explanation is “non-thermal tail” from normal AGNS
Q@ smooth power-law connection to CXB
@ non-thermal electrons naturally expected in AGN coronae

Q@ ultimate confirmation would be direct observation from nearby
normal AGNs

Q@ no strong motivation to consider about other sources
Q@ too small SN Ia rate

Q@ no good theoretical motivation for MeV DM



E* dJ/dE (keV/(cm’-s-keV-sr)

Origin of the GeV background
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the primary candidate: blazars

Q@ almost all extragalactic EGRET sources (-50) are blazars

Q@ blazars can account for at least >~30 % of GeV background, but
probably not 100% of the EGRET data

Q@ new sources? DM? systematics in theory and/or data?

EGRET All-Sky Gamma-Ray Survey Above 100 MeV Third EGRET Catalog

Active Galactic Nuclei y Pulsars
® Unidentified ECRET Sources A LMC
@ Solar FlLare




Fermi £ 5 @ B A

The Fermi LAT 1FGL Source Catalog

Fermi two-year all-sky map

AGN-BI IR s s o SNR

-Blazar . SRR G

AGN-Non Blazar ::R P PWN
No Association 1 Starburst Galaxy R w/iPWN

] Possible Association with SNR and PWN Galaxy Globular Cluster
Possible confusion with Galactic diffuse emission < HXB or MQO

Creddt: NASA/DOEFermiLAT Colaboratios

Crodet: Formy Large Area Telescope Collaboration



broad line region (BLR)
] O] 5-17 cm

supermassive black hole
and accretion disk

1062 Msun, 101215 cm

blazars

dusty torus
1018-20 cm

\ Jet
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dN/d(log, ; 2)

I. and z distribution of EGRET blazars

Q@ oood fit to 46 EGRET blazars up to z-3 (cosmologically significant!)
Q@ LDDE better fits than “pure luminosity evolution” model

Q@ not large uncertainty about evolution
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Total gamma-ray background from normal+blazar AGNS

Q@ the “minimum” contribution from the two populations
@ normal AGNs in MeV and blazars in GeV

Q@ blazar model based on EGRET data, prediction in good
agreement with new Fermi data!
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Gamma-rays from Star-forming Galaxies
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Gamma-rays from Star-forming Galaxies

~ harder spectra for starburst galaxies than MW

~ good correlation with SFRxMgas
Makiya+'11
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gamma-ray background from star-forming galaxies

: : Makiya+'11
- Makiya, TT+’10, arXiv:1005.1390v1 e — y
“)-2 - Quiescent ——— _
. . s . - - Starburst ( MW) == 3
- see also Pavlidou+Fields '02; Thompson = : Sarburst (M82) weeeeeeee :
+ 07, .... - ol Starburst (NGC253) ====== 7
> 10~ 5—:33:83—9-«_% AGN eoeeeeeeees —§
- based on a detailed cosmological galaxy = - ey ]
formation model that reproduce a o 104 E <
number of galaxy observations 5 :
2 105 b ;
- LYOC (SFR)XMgaS = 10 E ?
= : 2
-~ ~10% contribution to the total gamma- 2 10° Lt
ray background i
7 , )
. 5 o 10
- predicted spectrum very similar to the 10! 10° 10! 102 10°
observed EGRB Energy [GeV]

o: total flux (incl. sres)
o: diffuse at the Fermi limit
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gamma-ray energy vs. EBL wavelength

. center-of-mass energy >~ mec=

gamma-ray energy €. vs. target EBL photon frequency v:

hv e,

Head—on y—7 Cross Section

. most interaction occurs near
the energy threshold




optical depth for gamma-rays

gamma-ray energy and higher z

. many calculations by different
groups with different

approaches

TT & Takeuchi ’02

SD98, higher IIRF
, lower [IRF
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F1G. 19.— The mtergalactic optical depth of very high energy gamma-
rays to the absorption by interaction with optical/ infrared cosmic backgxound
radiation. as a function of the source redshift (z;) and the gamma-ray energy
observed at == 0. The solid lines are the calculation based on our baseline
model. with the source redshifts indicated in the figure (indicated as TTTTT
from the imnitials of the authors). For comparison, calculations with ‘higher
IIRI-' SED (da,hed hne) and louer [IRF SED (dot-dashed line) b\ Stecker




data vs. theoretical predictions
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cosmic optical/infrared background radiation
(Extragalactic Background Light, EBL)

. fossil of galaxy formation T ——
. x 1014 1013 1012
. opt/near-IR: stellar radiation 1000.00 F 7 [17rrr T T T e

. mid/far-IR: reradiation from
Interstellar dust grains
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activity
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observational constraints

. detection as a diffuse
background light

. A>100 um

. opt/near-IR
(controversial)

. resolving EBL Into discrete
galaxies by deep surveys

. strict lower limits

. should be close to the
total background flux In
optical and near-IR
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resolving EBL by deep surveys G e
galaxy counts indicate more than >~90% of s o : o
EBL already resolved in optical/near-IR o R
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Planck CMB map
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HANRAEROERET >
. hierarchical galaxy formation in ACDM universe

. star formation history can be predicted

eo

galaxies (gas & stars) oalaxies mergers

Intracluster gas
098 ('()()Ii]“_{ ‘u‘“]“\_\' evolution

. . )a ’ '. O - . ) » -
star formation galaxies cluste

supernova feedback formation




Stellar Population Synthesis to predict opt/NIR SED
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Infrared S

- physical dust model:
- components
- silicate
- graphite
- PAHs
- size distribution
- absorption coefficient

- specific heat

- non-equilibrium
components:

- small dust grains

- stochasticly heated
to high T by a
single UV photon

- PAH line features
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TT+Takeuchi ’09

D of Galaxies: Emission from Dust

. “modified blackbody”

peak:

. thermal emission by

large dust grains

. modified blackbody by

emissivity of dust

e Fy R BV(V,T), ,8 ~

1-2

- heating radiation field

determines the SED of
dust emssion

- denoted as Un, in units
of local ISRF

- Un & Tqust



#RAI D IR SED / Tdust 2R 59387

. Taust I&. dust heating radiation field

EDFETRES
-  elocal SDSS (CGalaxies
. trend of higher Taust for larger Ly, *IRGs (000)
aSMGs (COS, K06)
but large scatter " ULIRGs (Y07, Y09)

. dust heating radiation field Un (Tqust
[ICXIID) ZRODDER

. geometrical structure of galaxies

. complicated radiative transfer in a
galaxy

. difficult to predict SED from the
first princeple

Hwang+’10
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theoretical predlctlon o]} EBL

. cosmic star formation history % L§ L AT T T
ﬁE/-—J SED Tﬁ g EBI_ b — Bouwens et al. 2008 (LBG: L>004 L,

| o oy |

o/ Yt/Mpc ]

)
)
Verma et al. 2007 (LBG: 1L>0.1 L.,) ~—e—
Mannucct et al, 2007 (LBG: 1L>02 L)

Ouchs et al. 2004 (LBG: 1L.>0.1 L)

Yuksel et al. 2008 (GRB) r—e—

\hl.xk.: model: All s—
/(I(i =Sx 10 / - - -

Sx10 / s/< x 10 /
lu / s/</

. CSFH 7— % ICE 9 S ERRA1 > b

. ¥k4< 7% SFR indicator (UV, He,
Infrared, ...)

- UV [ZHFICT R b I K B IRIR(C 550 .
. IMF 65 3 AIRE 3 Rt
. -Q% Il:l:ll BEE%J;(_F 0) HE" \, \ ﬁE;\EJ Lj: 9**% | | Dahlen et al. 2007

Bouwens et al. 2007
Reddy et al. 2008 +—*—

Wyder et al. 2005

Schiminovich et al. 2005
Mitaka ee———

Cosmic Star Formation Rate Density [M

o

. CSFH plot Tl37a <. JTOERAETT —
5 —HULTWBANEE
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B ULIEHDDIFEDDIBED KL

log,o( Luminosity Density [erg/s/Hz/Mpc
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excess EBL In near-infrared”

. near-IR (2um ) @ diffuse EBI HITE
T. galaxy count DFERICK 5N ~5&
DB

. independent data from COBE and
IRTS
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2

. pop-lll star formation!?
. Lyman break at ~1-2 um & z~10

. “extraordinary” amount
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. significant fraction of cosmi
baryon goes to Pop Il !

. leaving no other evidence (e.g. | 04
metal production) at all

. Salpeter IMF T3 #E

06 08 1

Wavelength (um)

. TeV data strongly disfavor Matsumoto +03

. systematic uncertainties Iin

foreground subtraction, esp. zodiacal
light?



TeV gamma limit on cosmic NIR background

Aharonian+’'06
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What is the Reionization Era?

A Schematic Outline of the Cosmic History
<-The Big Bang
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Big Bang (years)
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S.G. Djorgovski et al. & Digital Media Center, Caltech

The Universe filled
with ionized gas

0.1

The Universe becomes
neutral and opaque

The Dark Ages start

0.01

Galaxies and Quasars
begin to form
The Reionization starts
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107°

The Cosmic Renaissance
The Dark Ages end

Relonization complete,
the Universe becomes
transparent again

Galaxies evolve

The Solar System forms

Today: Astronomers
figure it all out!
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| WMAP

Gunn—Peterson

Fan+'06



Efficient Pop-lll Star Formation? WMAP?
. WMAP B2 DREAEAEL D, z~-10 TEHEERHDIE

. efficient Pop-lll star formation?
. Z< 7 OBBATFEREIF. BENRETILET —F FIEWcW—E

- WMAP electron optical depth Z&gHRd &7cHIciE. z >~10 TEERRIRAIT
METILDOFEMEICHR, BT+EDEE i‘é??ﬁ)“/\\g

- BRIEEFICEFENS EVRIL ?

Y. Inoue+’13
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Pop-lll contribution to EBL

- WMAP ZEiBH 9 2D ICHhER L NILD Pop-lll star formation B’dp>7c& LT, D
e OB SRS DESIE... IRED EBL @ 1/100 LT

. near-IR EBL excess A* Pop-lll £ &9 id. WMAP Do RESNDEDTEDEFE
AN

. BEE N FHKREICER
. FNUBOBBELICEFD L S RIEIME U

Y. Inoue+’143.
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7 : Pop-III: (X, z.)=(1.0,0.0) ——
(X, z=(1.0,0.0) Pop-III: (X, z.)=(50.0, 10.0) ——-
(50.0, 10.0): Inst Pop-III: (X, z)=(100.0, 10.0)
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Future: CTA!

Low-energy section Possible
Implementation
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. Core array:
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~ 6 m diameter
large FoV (8-10 deg)
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