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The Fermi/LAT two-year catalog
above 100 MeV

what has Fermi found: The LA
VR
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Supernova

remnants Globular clusters,
_ high-mass binaries,
normal galaxies

and more

Non-blazar 19%

active galaxies
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Unknown - Blazars

o No association 31% 57%
x AGN
* Starburst Gal
+ Galaxy
Nolan+’12 1873 Sources

Credit: NASA/Goddard Space Flight Center


http://adsabs.harvard.edu/abs/2012ApJS..199...31N
http://adsabs.harvard.edu/abs/2012ApJS..199...31N

The First Fermi/LAT Catalog
above10 GeV

Class Fraction of
1FHL (%)

Blazar BL Lac 259 50.4
Blazar FSRQ 4 13.8
Unknown type AGN 55 10.7
Pulsar 27 5.2
SNR 1 2.1
PWN 6 1.2
Other Galactic 11 2.1
A BlLlac O FSRQ %  AGNSs of unknown type Other extraga|actic 9 1.8
| PSR A SNR v PWN
Other Galactic objects Other (non-beamed) Extragalactic objects ® No association Unassociated 65 12,7
Ackermann+’13

+ 514 Sources (first 3 years)


http://arxiv.org/abs/1306.6772
http://arxiv.org/abs/1306.6772

Very High Energy (VHE; >100
GeV) Gamma-ray Sky
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- 145 Sources

- 3 FSRQs, 49 BL Lacs, 4 Radio Galaxies, 2 Starburst Galaxies


http://tevcat.uchicago.edu
http://tevcat.uchicago.edu
http://tevcat.uchicago.edu

Gamma-ray Absorption by the
Extragalactic Background Light (EBL)

s blazar = - | = ~

_ - - Extragalactic Bac_kground"L"iQﬁt_ =

. - : : : - == == TMKO7 (this work) ——— Primack et al. (2005)
;7, I Primack et al. 2005 = 10.5 == == = energy threshold of MAGIC === +m Stecker et al. (2006)
) L | [ = "
£ 10? - Kneiske et al. (low limit) 2004 = o 7L 3C279, z=0.536 °® :
C . £ 10 [T R\ e opacity for gamma-rays
% N Stecker et al. (base evolution) 2006] | ._.o | 3 10 el
— > = . - -
: i \ b C ngr; 2
— i = he; c
> T 4 g C Il o] = 10°| sic s
I l ! 1 1| 4 3
l z " & 1} c
sed 4 ] M ETF SRS
/N 510" s | Nt ST
‘ \ e | |=——3c279,slope-25| " N\N"" | T I @ sl TS S=Smmm—0]]_\_
= [ | = Primack 05 »
210" . 10
g - | = KneiskeLow | N NN ] eemeeameamemmememm === -
° n Stecker Base previously newly opened
- known region by MAGIC
10.15 L Il e L Il Il T Y|
30 4050 100 200 300 1000 2000 10‘20 - 57

Energy, E [GeV] rdshift z




EBL Constraints from Gamma rays
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Fermi derived the EBL opacity using the combined spectra
of blazars (see also Gong & Cooray '13, Dominguez +'13).

H.E.S.S. derived the EBL intensity using the combined
spectra of blazars.


http://adsabs.harvard.edu/abs/2012Sci...338.1190A
http://adsabs.harvard.edu/abs/2012Sci...338.1190A

Surface brightness (nW m™ sr™")

Direct Measurements of EBL
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- Pioneer 10/11 measurements are consistent with the galaxy count lower limit.

. But, recent AKARI measurement is consistent with IRTS.

- EBL peak at near infrared?

- CIBER rocket experiment will provide more information.



EBL Model with First Stars
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- An EBL model explaining galaxy formation and reionization data.
. First stars’ contribution to EBL at z=0 is minor, and difficult to

distinguish through gamma-ray attenuation even with high-z
objects.
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.+ Combining reionization (fraction of neutral hydrogen & the
Thomson scattering optical depth) and distant gamma-ray
data.
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TeV blazar PKS 1424+240atz > 0.6

Hubble/COS Spectra
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VHE SED Wlth Ferml/LAT &VERITAS
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Intergalactic absorption put the

Contemporaneous Fermi LAT from Acciari

Contemporaneous Fermi LAT Power-law Fit from Acciari et al. 2010
VERITAS Observed VHE Spectrum from Acciari
2=0.6035 Absorption-corrected Spectrum using Dominguez et al. 2011

2=0.6035 Absorption-corrected Spectrum using Gilmore et al. 2012

z=1.2 Absorption-corrected Spectrum using Dominguez

ietal. 2010

ietal. 2010

etal. 2011

L €

redshift lower limit of
z > 0.6035.

Spectral hardening?

1OZEnergy(GeV)m3

« See David Williams’ talk (tomorrow)



Two VHE (>100 GeV) gamma rays from

PKS 0426-380 at z=1.1
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Tanaka, YI, +'13
- Detection of 2 VHE photons by Fermi/LAT at flaring states.

- But, we did not find an exact correspondence to the peak of
each flare.

- Hardening is seen in the EBL corrected spectrum.



VHE Spectral Hardening?
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Spectra of blazars at z > 0.15 show hardening,.



Secondary Gamma Rays?
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- Secondary gamma rays from cosmic rays along line of sight
(Essey & Kusenko 10, Essey+'10, Essey+'11, Murase+'12, Takami+'13).

- If this is the case, the intergalactic magnetic fields must
be 1077 G < Bigmr< 3 x 1074 G (Essey+'11).

- See Hajime Takami’s and Warren Essey’s talks (tomorrow)



CTA Survey with secondary gamma rays
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- Secondary gamma rays will enable us to detect a large
number of blazars with CTA, especially at >1 TeV.



Extragalactic Gamma-ray Background

Fermi - _
3-year survey >100 MeV

- Numerous sources are buried in the extragalactic
gamma-ray background (EGB).




EGB Spectrum
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- Power-law spectrum up to ~400 GeV.



Blazars

L T T T I 1 L I 1 1 rrrri | I 1 LI I L] -1 rrrrrrm 1 UL rrrrrmm LILLLLLLL UL —H
— ! ! ! ! - 10 %1_ | ! | 0 N!agoya baIIc;on - Fukadla etal. 197‘5
: = = = = LAT GeV Diffuse background : 5 M SMM - Watanabe et al. 1997 -
— COMPTEL - Weidenspointner et al. 2000
= 7 - % A EGRET - Strong et al. 2004 4
;' s Unresolved sources in 0.1--100 GeV band ".':' 2 § T e Swift/BAT - AjeIIo et al. 2008
2 10° "‘—+s—; = o 107 E i [ o  IGRB (Abdo et al. 2010d)
'-:_ > E" -, l s Unresolved sources in bands 3 "-cn = | i Contribution of FSRQs
7} — N - - o [ i
A B g S & 7 ;_E, L _
C}l 7 N - - - -~ > 1 0-3 — p—
O, '——{r“' =, = =
w 10% ‘* — w " -
s B . -
T -
o B 1w 100 E =
1] W B = -
10° — . [ _
:| Ll viil L i tvidiil | i i orcinil 1_- 10-5 e ol ol vl vl vl N il e
-2 -1 2 3 4 5
102 10° 10 10° 10 10 1 10 10 10 10 10
Energy [MeV] Energy [MeV]

Padovani+'93; Stecker+'93; Salamon & Stecker ‘94; Chiang +‘95; Stecker & Salamon ‘96; Chiang & Mukherjee ‘98;
Mukherjee & Chiang ‘99; Muecke & Pohl‘00; Narumoto & Totani ‘06; Giommi +'06; Dermer ‘07; Pavlidou & Venters
‘08; Kneiske & Mannheim ‘08; Bhattacharya +'09; YI & Totani ‘09; Abdo+'10; Stecker & Venters‘10; Cavadini+'11,

Abazajian+'11, Zeng+'12, Ajello+'12, Broderick+'12, Singal+'12, Harding & Abazajian 12

Blazars explain 23+ 5(stat) £12 (sys) % of 0.1-100 GeV EGB
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3+16,1 o (stat) £3(sys) of 0.1-100 GeV EGB
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Starburst Galaxies
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Components of EGB
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- FSRQs (njello+12), BL Lacs (abdo+10), Radio gals. (vr11),
Starburst gals. (ackermann+12) are guaranteed to
contribute to EGB.
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Upper Limit on EGB
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. Cascade component from VHE EGB can not exceed the Fermi
EGB data (see also Murase+'12).

- |f we try to explain EGB at <10GeV by known sources, the
observation violates the limijt.
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GRB 130427A and CTA: at 100s, 1 hr, 1 day, 10 days

- PL cutoff (steepening) at 100 s, (cutoff E=none, 0.1 TeV, 0.3 TeV, 1 TeV)

. PL cutoff (exponential) in afterglow phase, (cutoff E = none, 0.1 TeV, 0.3 TeV, 1 TeV)

- YI+'13 EBL (z=0.35), Spectra from Tam+'13, model from Granot+'08
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Dark Energy & Gamma rays?

Gammé—ray attenuation (THis work) '

: Ackermann+ 12
e Dominguez+ 13
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- Derive the cosmic expansion rate using gamma-ray horizon.
- Future data may allow to constrain cosmological parameters.

- See Alberto Dominguez’s talk



Summary

. 2000, 500, and 150 sources at >100 MeV, >10 GeV, and
>100 GeV, respectively.

- Two distant VHE sources are newly found.
- Oneisatz > 0.6 and the otherisatz~ 1.1.
- EBL corrected blazar spectra indicate a new component.

- The origin of EGB is now well understood; blazars,
starbursts, & radio galaxies.

- We may be able to probe “Dark Energy” with gamma rays.



