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~« Overview of Background Rodlaﬂonsbtm the._
Universe, their cosmological & astrophysucal
significance

~+ The EBL, origin and evolution of galaxies
EBL interactions with VHE emissions, cosmic

~ opacity,
~+ The UV-optical-NIR EBL, obs. problems, h
modelling.’ The GeV o\ﬁ:glty Selected results

'+ The elusive IR part. Observohonal results
(Spitzer & Herschel observatories).

| '+ The VHE BLAZAR emissions, IR background
crisis?
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The 6lobal Background Radiation & the EBL



The -- Ex*l'ragalactic ’
_Background nght

* The reposu’ror'y of all r'adlan‘r energy pr'oduced by cosmic sources and

cosmic structures since the Blg Bang -

# - —-Point sources -
- Duffuse s’rruc’rur'es ‘ _ i
- ‘Essential data to understand how ‘rhe Unlver'se has ‘raken shape and
 evolved ' A
- Three main physncal pr'ocesses for' gener'a‘rmg ener'gy and l |ghT
- -- Thermonuclear reactions (in s‘rar's) |
“- Gravu‘ra’rlonal accre‘rlon (in galaxy nuclen' Ac‘rivé Galactic Nuclei)
-- Decaying par"rlcles (genem’red inthe ear'ly phases of cosmic’
e.xpansuon - still specula’nve) ‘
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Local non evolving
galaxies
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- EBL measurements
- particularly difficult =~
(ess'entlallyly |mp033|ble) i
Where they would be most_,, |
‘ mterestmgl o

-(UV _—opt-lcal IR)
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Can we directly measure the Extragalactic Background Light ? (§

10-8

Foreground emissiaon
sources in the optical,
upper limits on the
EBL, and lower limits
based on the _
«integrated flux from
Zodiacal light ~_resolved galaxies
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Data from the Infrared
Telescope Facility (IRTS)
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Left: Differential UBV IJHK galaxy counts as a function of AB magnitudes. The sources
of the data points are given in the text. Note the decrease of the logarithmic slope d
logN/dm at faint magnitudes.

The flattening is ' more pronounced at the shortest Wavelengths Right: Extragalactic
background light per magnitude bin, i = 10-0.4(mAB+48.6)N(m), as a function of U
(filled circles), B (open circles), V (f|IIed pentagons), | (open squares), J (filled
triangles), H (open. triangles), and K (filled squares) magnitudes.

For clarity, the BV IJHK measurements have been-multiplied by a factor of 2, 6, 15, 50,

150 and 600, respectlvely Madau & Pozzetti 2()0()
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Great progress in the

| observation of faint

| sources of EBL by the
Spitzer Space -

| Telescope
D Salpeter

: R . nde . Miller & Scal

\). . .- Spitzer's IRAC & MIPS
| ) - ;. photometric cameras

2003 T

stoa Jine 2014 = FranceschihiA. " SciNeGHE Meeting Loz AT 11


http://sirtf.caltech.edu/Media/gallery/sirtf_08_2002.jpg
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L

MOde"lS’l'lC scheme ‘ro
integrate. all the. data

-~ The most adhereh’r possible to. the multi- waveieng’rh da’ra S

 Basic SPIIT m‘ro the photospheric stellar componenT (O. 1 10 um) and
the dus’r reradua’ruon (10 1000 pm) par"rs "

Each SCCTIOH IdenTlfIZS fundamen‘ral galaxy ca’regomes wu’rh reference
to their different cosmic evoluhonary proper"rles non- evolvmg splr'als

, fast- evolvmg s‘rarburs‘r 90|0XI€S

For all tomponen‘rs both lumin and cbmoving density evolution are

' ~ treated with free parame‘rers

- density evolution for r'epr'esem‘mg the galaxy mer'gmg and hierarchical assembly |

- luminosity evolution following the aging stellar populations and ‘rhe evolution of -

* the rate of star formation (typically much larger at z=1 than locally) -
Lisboa June 2014 e ‘Franceschini A. " SciNeGHE Meetina
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Galaxy number counits and The cosmic |

bacrground emissivity - ..
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A [pem]
10 1

The redshift-dependent photon number
density in the comoving volume. _

green z= O
Blue: z=1.

I IIIIII|
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] IIIIII|

p(z*vo) = (1 +2*) - L, (z*) =

_ 1 ~*\3  [Zmax dz-jlvo(1+2),2]
N fn(l +27) L (1+2) [(1+22 (148, 2)—z(2+2)Q, ]2 °

0.01 0.1
e |eV]
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The optical depth for yy collision of a high-energy potn with E,, from a source at z,:

T(Ey,z,) = cj:' dz— f dx— j\;c‘ dn,,(i,.. ) w(B)

Eyex(1+2)

Al

30T

Frr(Eyrs6) = 2 - (1~ ) X 28082~ 2) + (3 ﬁ“)ln( I

p=q - 4m§c4/s)”2; s=2Eyex(1 +2); x=(1-cosb),

For a flat universe, the differential of time to be used in eq. 1 1is:

_ \2 e -1/2
dt/.._HO(l |1+ 271+ Qma) -2z +2)Qa| .

€: energy of the background photon,
E,, that of the high-energy colliding one,
6 being the angle between the colliding photons.
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x10 width

0.01 0.1
2m.c*/E e(1—cosb)

sectlon
is quite

' br'oad...-'

- /I[ym] :1.2Ey [Tev]
{4 =(0.1-2.4)umE [TeV]




Modelling the sources of EBL
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/ 5 , A ‘8l | Long-short dashed red
o — & solid and dotted
(T o T black lines: Gilmore et
104 108 Al b
' LI ! L ! LI ! - P
| EBL INTENSITY AT VARIOUS Z - S e

| g raneeschini et al.;
long-dashed green
Kneiske et al. (2004); -
‘dashed orange: Finke et
al. (2010);
low and high dotted =
violet points: Stecker et
al. 2006.
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LAT best fit -- 1 sigma
LAT best fit -- 2 sigma
Franceschini et al. 2008

Finke et al. 2010 -- model C
Stecker et al. 2012 -- High Opacity

Stecker et al. 2012 -- Low Opacity
Kneiske et al. 2004 -- highUV
Kneiske et al. 2004 -- best fit
Kneiske & Dole 2010
Dominguez et al. 2011
Gilmore et al. 2012 -- fiducial

Abdo et al. 2010 e
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Energy [GeV]

Confidence regions including systematic uncertainties on the opacity — from the best

fits to the Fermi-LAT data compared.to predictions of various EBL models. The plot
shows the measurement at z =1, which is the average redshift of the most

) _ 5 constralnlng b|n (e: 0.5<z < 1.6). *
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. Ratio of the average
~ extrapolated vs observed LAT
. spectra of BLAZARSs in different
‘redshift bins, showing a cut-off
feature increasing with redshift.
Vertical lines: energy below
~ which <5% of the source
photons are absorbed by EBL,
- and where the source intrinsic
spéctra are estimated.

‘Dashed curves show the
~attenuation expected from the -
EBL (A.F. et al. 2008), obtained

by averaging in each redshift
. and energy bin the opacities of
| the sample.. '

0.2<z<0.5

S
N
S
©
)
q) .:
~
<
©
5
Q
DN

Thin solid curve: best-fit model

~ assuming that all the sources
have an intrinsic exponential -

cut-off and that blazars follow

107 I  the ‘blazar sequénce” model.
Energy [GeV] ' - ' g
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< ’T .eusive IR EBL '

The sub mllllmeter
 (7»>100 pum) background _
~ the only safe detectlon 5
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O 200 400 600 8001000 O 2
 OWHL (K kem s71) -

00 400 600 8001000
WHI (K km s7')

Fig. 1. Correlation between IR and HI emission at 100 ym (DIRBE
data, smoothed to 7° resolution) and at 736 um (FIRAS LLSS data,

averaged between 600 and 900 rm). The lines represent fits to data at
Wi < 250 K kmi s™*,

The sub-millimeter:
the only spectral
region where the

total EBL has been
reliably measured |

v, (W m™ sr™)

o W

Wovelength (microns)
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The Herschel Infrared Space
Observatory

Lisboa June 2014



Lisboa June 2014 ‘Franceschini A.

~ (red)

SciNeGHE Meeting

T N M
S T L
. - — : ' : - . ‘_ '..'. "o 3‘: : {'.-_ x&‘;‘.
| GOODS-north field (10'x15") at 100 pm | P e -.,:“"_-}"-;;.‘f‘
(btue), 160 pm (green) and 250 pm (red) | e e T - B AT B
: - ' . " ] . 3 v % .- .0 o 0 . ‘?"
!k‘ —_— e ...i‘d "' ;i" "‘i:? ;
¥ -"-.' {':}:w . . R c.‘:o ‘.'.:’é!
‘l""'... 'Q .‘M¢ é - " o. .u f e b.f{.'?':
> 2R ah o N i Y 0
AR PRAPE Laciin® 2% L o
] -.;.:.o"#.'. L L ’ ’. . .: .‘ " '}:‘ﬁi“ ' ol ...h‘- ' .- - .:. i.‘lc_'g?'s
i, T 07 _ eSS oy Ty ‘!‘ﬁ"‘ R A L WA ]
F ® - A - s ® "0 v .l‘, . & . a0 W “‘--’&
R SO R VRIS SRRy
- PSR S TSN TS i  a, ORI A N LS 'e
ﬁ.-i' C o0 %, b "~ R, R -0 SO A Rl L LA A c.‘i;r
= § o e ? "_ a ° " p q"*""."' » . & . "'..‘ﬁ:‘.
'-.-".0-.. _ o ; ‘ " ‘,""4‘ ‘t’é&}i’ = At S-Sy N8 ‘:".
- oo &N i R IR -
\&f" ' Ye o, P _ 4 WD L IO S .ﬁ
’ P r .9 reld ¢ ». .r ..‘_sh‘:..é : o"‘,_'._;{.g,
“';1‘.'.'4- -0y ('" - ¥y - 1 T
‘ 2 > o X P - AT > S
etV Syl i | GOODS-south (10'x10") at 24 pm
v,_:;r..-.' ;I‘ el T é’““ (blue), 100 um (green) and 160 pm
_ > , |
"i:,‘ o 229, :

26



104 —

dN(S,,)/dS,, * S&5 [square degree™! mJy!?]

B 1000 — N\
N\
e
'&.1000 ||| 1 1 |\||||| 1 1 ||||\|| II‘
2] 1 10 100 1000
- S(70 micron) [mdy]
:
g
o
=
=,
#F 100 |
= L J »
513 apo el 8 004
g 00/
Ci C
&
% o0 C C Ci .
10 -I".-.l L1l /1/ L1l L L1l L L1l
0.01 0.1 1 10 100
S{24 micraon)} [mJy]
DOa - a A a aya O




ID: 508, Z.= 2.0019

& [lype Model Lib Nband x¢ % ELkw E(B-V) Lir Age SFR Mass ' |
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dt
dz Ho (1+2)- /(1 4+2)2(1 +Qnz) —2(2+2)Q)

Data from:
Rerez-Gonzalez et al 2008
Marchesini et al 2009
Gonzalez-et al 2011

Wilkins et al 2008
Eke et al 2005
Panter et al. 2004 .
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>

A.F. etal. 2014

Current view of the local EBL v
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Costamante 2013

1 10
Log E [TeV]
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MKN 501 2z=0.034 HEGRA Dominguez 2011 EBL
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extinction factor

[TeV cm-™
2

E2 dN/dE

[
—

MKN 421 (z=0.03)

r

intrinsic

= 0.94 - 1.55

A.F. etal. 2014
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Thersource used to rule out the e ' e R R B
claimed IRTS EBL excess by - ~ 1ES 1101-232

Matsumoto et al. (2005)
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~The € CT. A J/f/f/// Je ///jf:a,)/ arya / —

very high TeV energy observations:
2 tne rar-iIR € |

A/GN & Starb'(;fl.,,rst
~ contributions

O | 1
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"T/'// CTA Al J/[}’/// Te ///J £o [)_/, rre / .
very / /Uf ) TeV energy observations:

fne far- IR EBL (ent.). .

. The |ncreasmg local EBL flux at A>10 um:

untestable directly (due to huge IPD foregrounds)

- NASA JWST (2019) will observe IR sources only

to A<28 pum, and no diffuse flux measurement
Past obs. of MKN421 and I\/IKN501 I|m|ted by

‘sensitivity and spectral resolution

_CTA measurements at 10<g<50 100 TeV will aIIow
_ us measurements of the IR EBL where it will |

always be untestable

Dust extinction and re- emission: mtegrated
emissions by gravitational accretlon In AGNs
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. SIIrnm rlr/
> Already mgmfucam‘ cons’rralm‘s on the EBL local flux o

E > The analysis of the TeV specTra of well known Blazars
indicates that the presenT model of the EBL produces
_intrinsic spegtra , with natural. power-
laws and realistic (F>1 5) spectral slopes a .

> The geneml two- peak shape of EBL conSus’rem“ wn‘h '_ o
~ TeV observa‘nons and-yy-opacity corrections *

> The very hlgh energy spectra some'rlmes clalmed i
conflict with yy opacities (perhaps requiring new | N
but NO overwhelmmg evudence S0 far => ¢ jverse:

> Anewerain The fleld of The EBL TeV relation is -
~expect after the dramatic /mprovemenf ThaT wull be
“allowed by CTA | -
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