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

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

@ 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
Q@ MeV-mass dark matter annihilation!?

Q@ Ahn+Komatsu ‘O5a; Rasera+’06
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Cosmic SN Rate Evolution

Q SN Ia rate evolution to z~1 O T s | e
now well known . CCSN rate density 7
v
b
Q ~-10 times short to explain = | <
MeV background from SNe 3 y %‘ % '
[a (Ahn+ ’05; Strigari+ '05) % 10™ [ Tt :
> e
o
B T {1
[
© %»04
>
(7))
| SN |la rate density
10~ - ! £z ] ! ! | 1

0 0.2 04 06 0.8 1 | 1.4 1.6 1.8
Redshift

Oda+’08
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rnova Searches

High-z Supe

3
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High-z Supernova Searches

Image Analysis (Subtraction)

April

May images
Point Spread
Function
matched
with April
images

| May - April

(Ref. Alard, C. and Lupton, R. H. 1998) SN2001cv (z=1.039)
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Why not AGNs!?
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- e y SAS-2 (Thompson & Fachtel 1982) |_
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@ conventional AGN X-ray model predicts “exponential cut-oft”

Q@ However, MeV component “smoothly” connects to CXB!
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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
1018-20 cm

\ Je't




The Picture ot AGN X-ray Spectra

Q@ picture of normal X-ray AGNS (e.g., Seyferts)

] f
S e . corona N Molecuar torus
N
S \\\ °o " k . X-ray source
g, N\ SCATTERED BROAD LINES AND SEYFERT 1 SPECTRUM dl S
A

¢ LY3AAES
A Soj

SATI-X

logv

| SEYFERT 1

Mushotzky et al. 1993
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MeV background by AGNs with

nonthermal coronal electrons

@ Comptonization calculation by Yoshi Inoue, TT, & Y. Ueda 2008, AplJ, 672, L5
Q@ Energy fraction 3.5%, dNe/dEe xEe =38 will explain MeV background

Q@ consistent with MeV upper limits on nearby AGNs

T lilll

T

1 LI | IITIYI'

T T IIIITII

LI Yl

10 A 0 10° '.;:‘ ;;.-' 10° 10* 10°

FIG. 1.— The AGN S eCtrum ds calculated
by our model. T p /dE . where
dN /dE 1s a differenual photon spectrum. They are (omptomzauon of UV
seed photons without taking mnto account the reflection component and the
absorption effect. The thick solid curve 1s our standard spectrum with ['=3.8
and gy = 4.4. The other thick curves are for the cases of different model
parameters as indicated mn the figure. The thick dotted curve 1s the spectrum
only with the thermal component (KIz = 236 keV). The thun dotted curve 1s
the mnput UV spectrum (a black body with 7; = 10 eV).

l N 1 1 1 200l I I 1 I 1 J 0 T 1 |l ' LI Yl:
- I “ ] = ‘E 4 4 —
: B,4.0) === 3
M : = .ET E -1 l e
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+ 1 vl 1 IR T X T O Lo

background Spectrum

FIG. 2.— The spectrum of the cosmic background radiation in X-ray and
gamma-ray bands. predicted by our model of AGN spectra shown i Fig. 1.
For each line-marking. the corresponding AGN spectrum i Fig. 1 15 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
are also shown.
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The Origin of Non-thermal Electrons in Hot Coronae
in AGNs?

Q The heat source of corona is still an open question
@ A populuar scenario: magnetic reconnections (e.g. Liu+’02)

@ non-thermal particles are accelerated in reconnections!

s
- f ) N
= il " ’ \ Molecular torus

~
o ~ 2 o
- ~ X-ray source
Z. N\ SCATTERED BROAD LINES AND SEYFERT 1 SPECTRUM
4]

¢ JHFAATS
A doj

shes-x

logv

SEYFERT 1
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Particle accelerations 1in reconnections

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

@ Interestingly very similar to X-ray-MeV
background spectrum

Q@ A reasonable explanation, supporting the
reconnection hypothesis tor AGN coronae

magnetosheath

magnetopause

a)

b)

5
m )

3

[(electons)

C)

f(1ons)

10713
10 s = -
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10!

clectron distributions carthward of X-line
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Particle accelerations 1in 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

hackoromind enectritm
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Particle accelerations 1in reconnections

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

@ Interestingly very similar to X-ray-MeV
background spectrum

Q@ A reasonable explanation, supporting the
reconnection hypothesis tor AGN coronae

magnetosheath
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MeV background: Summary

Q@ Theoretically best explanation is “non-thermal tail” from normal
AGNs

Q@ smooth power-law connection to CXB
@ non-thermal electrons naturally expected in AGN coronae

@ but, non-thermal electrons must be observationally confirmed
from individual AGNSs

Q@ Fermi?

@ future MeV missions?

@ no strong motivation to consider about other sources
Q@ too small SN Ia rate
Q@ no good theoretical motivation for MeV DM

Q “MeV blazars” may have significant contribution? (Ajello+’09)
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Origin of the GeV background
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the primary candidate: blazars

@ 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

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

EGRET All-Sky Gamma-Ray Survey Above 100 MeV

Third EGRET Catalog
E > 100 MeV

“ {“I%ﬁu!ﬁl} "
S

o Active Galactic Nuclei m Pulsars
® Unidentified ECRET Sources A LMC
® Solor FlLare
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GeV background from Blazars

Padovani+’93; Stecker & Salamon ‘96; Chiang & Mukherjee ‘98; Miicke & Pohl ‘00;
Narumoto & Totani ‘06; Giommi et al. ‘06; Dermer ‘07; Pavlidou & Venters ‘08;
Kneiske & Mannheim ’08; Inoue & Totani 09

@ The basic scheme:
Q@ luminosity function (LF) evolution model (X, radio, etc.)
Q fitting to EGRET blazar distribution (flux & redshift)
Q@ spectral modeling of blazars

Q@ (power-law, SED sequence, theoretical model, ...)

@ The latest model by Inoue+TT ’09 (arXiv:0810.3580)
Q@ “LDDE” LF evolution based on X-ray surveys of AGNSs
@ the SED sequence for blazar spectra
@ careful fitting to the EGRET data by likelihood analysis

Q@ likelihood analysis including radio counterpart detection probability
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I. and z distribution of EGRET blazars

Q@ oood fit to 46 EGRET blazars up to z~-3 (cosmologically significant!)

@ LDDE better fits than “pure luminosity evolution” model

@ not large uncertainty about evolution
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GeV background from blazars

@ can account for >~ 50% by blazars

Q@ but difficult to explain ~100%
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Total gamma-ray background from normal+blazar AGNSs

Q@ the “minimum” contribution from the two populations

@ normal AGNs in MeV and blazars in GeV
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Systematics in CGB measurements?
Q a slide by S. Funk

The Fermi LAT View

o ™

o]'i:l]
e LAI

1 Galprop conventional "

| Med

Spectra shown for mid-latitude range = GeV excess in
this region of the sky is not

®=  SQOurces are not subtracted but are a minor component

= Diffuse emission matches very well expectation
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Systematics in CGB measurements?
Q a slide by S. Funk

The Fermi LAT View
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Ources are not subtracted but are a minor component

= Diffuse emission matches very well expectation
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New Measurement of GeV background by Fermi

SED of the isotropic diffuse emission (1 keV — 100 GeV)
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+ Nagoya balloon - Fukada et al. 1975
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SMM - Waltanabe ot o 1997 +
10-4 _— + RXTE - Revovisev of o 2003 + ——

|

BAT - Apelic et & 2008

+ INTEGRAL - Churazov ot 3. 2007 R
| A (E:?::TTFLSz:\g«U 2003 o e LAT error bars = statistical + instrumental systematic -
- v EGRET . Seeckumar of ol 1008 (added in quadrature) -
ol LG uncertainties from galactic diffuse model not included
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Comparison with the Prediction by 1109
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Comparison with the Prediction by I'T09
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Blazar Prediction for Fermi (1)

Q@ ~1,000 blazars down to the expected final Fermi sensitivity
Q@ (considerably lower than many previous studies)

Q@ ~-100 blazars in the current bright source catalog of Fermi

Q@ Background from blazars will be resolved almost completely (>~99%)
@ background sources 100 times fainter could be probed

Q@ background from normal AGNs remain largely unresolved
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Blazar Prediction for Fermi (2)

Q@ redshift distribution not much different from EGRET

Q@ (but many more high-z blazars in absolute number than EGRET
@ probes lower luminosity range than EGRET

Q@ 7>77 blazars may be found (expected number ~ 1 from IT09 model)

1.6 lllll I I LI lllll I I LI ll-_lll I I | 0-8 | | I I I I I | | | I I
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04 I ‘\ i 02 \ —
02 i ‘ 0.1 . :-1‘; 1 -
i I . \‘ == | S
O L2 e | 1l 1 1 43 48 49

h
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DM annihilation contribution to gamma-ray background®

Q@ DM may contribute to gamma-ray background by

@ astrophysical/particle-physical boost factor

Q@ e.g., substructure down to ~10° Msun

Diemand+ 05

Oda, TT, Nagashima ’05

TTTY
I+ sz T _ i
p— 10 - 1 B = I S -
’ZL. 1 I 1 I
- e
w Pt :
% p e N\
[ — e N\
G 7 N\
e s 100GeV
® 107 \
9 // ; 0 \
LU 4 / /// ,"-
© T
Z. // //". ".
? . /"// 7’ ///1 TUV "'u
W 10° 17
‘ R
L4 1 4 o Nl
0.01 .1 1 10 100
E,[GeV]
FIG. 1: The background gamma-ray flux from neutralino an-

nihilation in the microhaloes. The GGRB (dashed), EGRB
dot-dashed). and the total l.\n]ili_l components are shown.
The two cases of m, = 100 GeV and 1 TeV are presented,
with fsurv = 0.35 and 1, respectively. The EGRET EGRB
data points are from ref. !l 1 The GGRB component as-
sumes Hg = 5 ]{Il(‘ and the ]ml'.\'« 1~ C( ltll]>1"~->4-ll NFW ]»l‘t'ﬁl"
for the Galactic halo. It is the mean of all sky except for the
Galactic disk region, where the EGRB data are obtained.
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Anisotropy background signal from DM annihilation?

Q (relatively) easy prediction:
Q@ blazars & other astro sources

A e blazars
Q@ DM annihilation from
1 1
extragalactic halos obE 7% LDDESO "
(1,7 457=0.39) K (7,"5T=0.61) S
0.1 - —
Q@ Complication: 0.01 = 5253’5
Q@ DM substructures in our A e - e~ "
Galaxy halo ~ '
9\ 1 S e
v LDDE30
;I: 01 (1,2 457=0.80)
Q@ Challenge: =
Q anisotropy in foreground DM —o-e4 )
Galactic diffse (CR origin) -y dipiga
R ’
10-4 1.14'1‘11111 PP RPN ¥ 1 Y A TP BT
1 10 100 1000 10 100 1000

Q@ see also Cuocco+’08, Miniati+’07,
Hooper+°07, Fornasa+’09, Siegal- Multipole [

Gaskins+’08, Taoso+’09, Lee+’08
Ando, Komatsu, Narumoto & TT 07
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Galactic vs. Extragalactic Diffuse

Galactic center region Galactic pole region

galdef ID 44_500180 galdef ID 44_500180
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|
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1 lllllll
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-4,75<b<-0,25, 0.25<b< 4,75 =89,75<b<-60,25 , 60,25<b<89,75

] L

E2 intensity, cm” sr' s™ MeV

. . ‘2 .1 .1
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1 B To ._:.-_'“
- —_— T .,
- . :‘ - > x.’
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1 10 10° 10° 10° 10° 10° 1 10 10° 10° 10 10° 10°
energy, MeV energy, MeV

Q@ Strong+’04
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GeV Background: Summary

@ AGN’s non-thermal tail + blazar can account for ~50-100% at < 1 GeV
Q@ A bump at > GeV in EGRET data?

@ DM annihilation?

Q@ systematic error in the EGRET detector (e.g. Stecker+’08)?
Q@ New Fermi measurement in excellent agreement with IT0O9 model

@ Almost no room for exotic component

Q@ Prospects for Fermi:
Q@ GeV background from blazars will be completely resolved
Q precise determination of LF evolution of blazars (AGN jets)

Q@ BH mass growth history vs. jet activity history of AGNs?
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w6 D 511 keV
1B EE N THIR A v = g
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The 511 keV Annihilation Line Emission from GC

Q@ extended spherical bulge with -8 deg FWHM (~1.1 kpc) + weak disk
component (Knodlseder et al. 2005)

Q@ bulge / disk flux ratio = 3-9 (c.f. mass ratio 0.3-1.0, Robin+’03)

Q@ positron production rate ~1.5x1043 s-1

Knodlseder et al. 2005
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Unique Morphology!

Weidenspointner+ ‘06

S L R R Y

el 48 AN e IV, ’ o Poet N BN - AL e
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[he 011 keV Anninilat Ine emission rrom GC
2 narrow line widtl
@ positronium fraction: 0.967+0.022 (Jean et al. 2006)
@ [SM model & @D Lhuse7) i ea 13 IS IR . 2V S
I warm medium ¢ CA _f’l};f/
@ NIHPAD time scale ~ 107 yr
2 Injection positron energy <~ o5 MeV (be:

e SP1 2004 publsc data

o().5

3
E [MeV]

FIG, 2. The INTEGRAL and COMPTEL ditfuse gamima ray
fliex messuretments are shown with a black solid line, and their
430F uncertaimtios by the gray shaded band, For positron
injection energies of 1, 3, and 10 MeV (dotted, dot-dashed and |
dnshed lines), the thick lines show how this would be incrossed

by the inflight annihilation gamma ray flux (thin lines also
include the internal bremsstrahlung flax). Al results are for

a 5%diameter rogion st the Calactic Center. The 0511 MeV
line flix &s not shown.
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Proposed Models tor 511 keV Emission

Q Disk component:
Q@ core-collapse SNe D=L, 26Al & consistent
Q@ Bulge component:
Q@ type Ia SNe:
@ rate not sufficient (~1/10) (Prantzos 2006)
@ B/D ratio?
@ core-collapse SNe, GRBs, hypernovae, cosmic-rays, pulsars...
Q@ massive star origin inconsistent with the large B/D ratio
@ Novae
Q@ large B/D ~ 3-4
Q@ production rate insufficient
Q@ X-ray binaries / microquasars (Guessoum-+ 06)
Q production rate uncertain
Q@ B/D ~1

Q broad line 511 keV emission directly from sources
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Proposed Models for 511 keV Emission

Q@ Bulge component (contd.):
Q@ propagation from disk positrons (Higdon+’09)
Q@ MeV-mass dark matter
Q@ B/D ratio OK, but not a natural candidate compared with SUSY particles
Q@ Sgr A*
Q@ Cheng+ 2006

Q stellar capture onto the SMBH, jet and cosmic-ray production, and
pion-decay positrons

Q injection energy ~ 30 MeV

Q@ B/D ratio? compared with the gamma-ray background in EGRET band
Q@ Totani 2006:

Q@ standard RIAF framework + higher past activity

Q@ production rate consistent

Q@ injection energy ~ MeV
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Asymmetry in the Disc component?

a

@ Consistent with the hard LMXB ‘I‘k\.

distribution along the disk

Q@ However, bulge component cannot
be explained by the B/D ratio of
[LMXB

@ Sgr A* or DM annihilation

Q@ LMXB asymmetry?

Q@ May be just a statistical
fluctuation

Weidenspointer+2008
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Positrons from Sgr A*?

Q SRV thuls O FE A

Q Sor A* ~D'EH &[EETRD 5 D positron kK (Totani *06)
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The RIAF Model tfor Sgr A*

Q@ Radiatively Inefficient Accretion Flow (c.f. standard accretion disk)
Q@ Application to Sgr A* (Yuan+ ’03)
@ Outer boundary at Bondi radius from X-ray observation

Q@ quiescent X-ray emission spatially resolved by M o I:S S _—MO ‘2‘73
i 3’/2 |
@ Bondi accretion rate ~10-6 Msun / yr n, xr

@ Non-conserving mass accretion flow

I":.‘['v‘l'n’t

loglviHz)

Yuan+ ‘04

094 9H 30E|7J<H§E| |



RIAF model |Z mass outflow Z F=79 %

Q@ non-conserving mass accretion rate o« outflow

@ e.g. Blandford & Begelman 99

: S Outflow from region around r ~ r,
M oxpr, s=0.27 "
M

nooc g ‘ mass outflow rate : ~ ——r ~1.6x10°M_ / yr

e d]/‘ sun

o M
kinetic luminosity : ~v’_ a;’_ r ~3x10"erg/s
r
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positron production from Sgr A*

Q [ D H1 Ty
9 e-e-— e-e-e-e+
@ eyl ee-e+
Qy vy — e-e+

QD 7ut A%ZEEL T, outflow IZZ

N

EZEE T A 2 & straightforward

[

1115 positron @

Q7 L. HEDEERTIHMET E 2 (1034 {Fm a3 i)

Q ik DIREE | ?
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Evidence for Past Higher Activity of the Galactic Center

Q@ Evidence for much brighter X-ray luminosity until ~300 yrs ago
from Sgr A*

Q@ Evidence for a large scale outflow from GC

0949HA30HKEH



Evidence for Brighter X-ray Luminosity of Sgr A*

Q
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Q300 yr (Z EHIE TlX, Sgr A* O XHIEEA ~3x1039 erg/s THEVT >

aﬁ%ﬁﬁﬁﬁ@7u

7=t # 2 5 EFHTE % (Koyama+'96; Murakami+’00)
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Evidence tor a Large Scale Outflow from GC

Q estimated massive outflow energy:
10°° erg in ~10° yrs on the scale of
the Galactic center lobe (GCL)

Q@ ~100 km/s
Q@ a few degree ~ 300 pc
Q@ Bland-Hawthorn & Cohen ’04

@ Other independent evidences:

Q@ Expanding molecular ring (Kaifu et
al. >72; Scoville ’72)

Q@ North Polar Spur (Sofue ’00; Brand-
Hawthorn+’04)

Q Kinetic luminosity ~ 104142 erg/s

Bland-Hawthorn & Cohen 03
Image: MSX 8.3 um (dust)
Contour: 3 cm (thermal)
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FG. 5. —Quiescent (thick lines) and flanng (thin lines) spectra for different
accretion rates. The solid lines comespond to the broken power-law syn-
chrotron model of Sgr A* shown in Fig. 3. The dashed, dot-dashed, and
double-dot- dashed lines are for systems with accretion rates of 10, 100, and
1000 umes the rate in Sgr A*, respectively. For more luminous systems
(higher M), the SSC emission from thermal electrons increases substantially.
As a result, the emussion from flares would be much more difficult to detect.
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Explaining Observational Evidence for the Higher
Activity by the RIAF Picture

Q XHp B EZED &R I 1 5 kD K HIE T Lx-3x1039 erg/s
Q Sor A* @ RIAF model T, 21 zdilHT %I

boost factor f, = M

/| M

past now

LT, f,~10° -10*
(CDEE, Ly ~107 Ly, bAARITBHEIXL, ~107Ly,)

Q 2t x=IcHifFE % outflow kinetic luminosity 13

L. . ~95x%10"

wind

! /55 erg/s

(fis =15/10")
Q@ GCL, EMR, NPS7: £7> 5732 S 41 % outflow kinetic luminosity ~3x104!1

erg/ S

F1Z[E U boost factor C¢. X#FpEE

T?%

Q@ X 5T, positron A

2 hY G EhBH ] HE

£ 3 outflow kinetic luminosity 3 #iHA
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Why Sgr A* Currently So Dim?

lonized Gas n ~ 1 ()2'3 Cm‘g
Q HIfE DIRFEAE 312 Sgr A East & DA ©

TEH D72 &

Q Sor A East O z )L#EdE)E 1 Z 1 F
TORFEE TR Z WIS 5 I12+7

Maeda+ ‘02
Q W X D1034FEEWEERIZ, WTFHED
T TSR] C L
Q I L ABIED Sor A* DFEE XL HHE
IR

Q 72 % 72 FBUED & 5 1B 5 72 %
e 2
Q G Ly I 0 B > & Jid
55 &, 91 %FLLE
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Implications for 511 keV Emission

@ positron production rate by Sgr A* accretion flow ~ required from
511 keV observations (~10%3 /s) when g ~ 10°+4

Q@ g ~ 1094 is consistent with observational evidence of GC past

activity
Q@ propagation:
QEHM S NTLH D 1E, ~107yr DR T DINED A 7 — )b & #ETF
JEi

Q Sor A* OEEDIEEIEIZ. 511 keV Bt high bulge-disk ratio d»—
DD DHEFIIH 2 52 %

Q PR D MeV #HHNC X 5 1RG4
Q@ morphology IZ X 5., Sgr A* vs. propagation from disk DGk
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Early-Type Galaxies 2 D K4

Q5 early-type galaxies DB L DM L EI G D3, 2-1-2 THAE

Q 7>3 THERIEMEIZ. £ DR, BEJZHGHEEIAE . passive evolution
TELL TE

QM DAY —IN—ZA D Y AH— I A

Q@ merger?

Q@ monolithic collapse?

Q I Ut k. z<2 T early type galaxies DY A AT 5 2 L i1x#E
s VBRI I R L
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@ early type galaxies at z ~ 1-2 (Damjanov+’'09)
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A AL+ A ?

@ Dry mergers without star formation®?

Q@ Puff up by mass loss?
@ stellar mass loss
@ AGN activity

Q@ Dynamical friction by 10° Msun dark matter compact objects

Q@ Totani 2009, arXiv:0908.3295
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Size Evolution by Compact Object Dark Matter

red(filled): 1.48<z<2
| blue(open): 1.1<z<1.48
_ grey dots: SDSS
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10> Msun Compact Objects as Dark Matter?

Q Primordial black holes (PBH)?

@ Horizon scale in the expanding universe ~ Schwartzschild radius
of horizon mass

@ a modest density fluctuation results in PBHS

@ 10° Msun corresponds to horizon mass of T ~ MeV, e* annihilation

cr

d

Q@ only a small portion (10°) of universe needs to be locked up

Q Imp.

into PBHs to explain DM abundance

ications for AGN/supermassive black hole formation

Q al

| AGNs have BH mass > 10 Mgun

Q@ 10° Msun quasar BH at z=6!
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