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ABSTRACT

We present a physical model for origin of the cosmic diffus&ared background
(CDIRB). By utilizing the observed stellar mass functiomadis evolution as input to a semi-
empirical model of galaxy formation, we isolate the physidsing diffuse IR emission. The
model includes contributions from three primary sourcdfka#mission: steady-state star for-
mation owing to isolated disk galaxies, interaction-dniNeirsts of star formation owing to
close encounters and mergers, and obscured active gatact& (AGN). We find that most
of the CDIRB is produced by equal contributions from objexits ~ 0.5 — 1 andz 2 1, as
suggested by recent observations. Of those sources, thenggwity of the emission origi-
nates in systems with low to moderate IR luminositiesg < 10'2 L); the most luminous
objects contribute significant flux only at high-redshifts¥ 2). All star formation in ongo-
ing mergers accounts fog 10% of the total at all wavelengths and redshifts, while emissio
directly attributable to the interaction-driven burseifsaccounts for S 5%. We furthermore
find that obscured AGN contributgs 1 — 2% of the CDIRB at all wavelengths and redshifts,
with a strong upper limit of less that¥ of the total emission. Finally, since electron-positron
pair production interactions with the CDIRB represent thiengry source of opacity to very
high energy (VHEE,, 2 1 TeV) v-rays, the model provides predictions for the optical depth
of the Universe to the most energetic photons. We find thaetipeedictions agree with ob-
servations of high-energy cutoffs atTeV energies in nearby blazars, and suggest that while
the Universe is extremely optically thick ai 10 TeV, the next generation of VHE-ray
telescopes can reasonably expect detections from euttido— 150 Mpc.

Key words: galaxies: starburst — galaxies : active — galaxies: formmaticosmology: diffuse
radiation — infrared: galaxies — gamma-rays: theory

1 INTRODUCTION Sanders & Mirabel 1996), leading to the expectation of aifiign
cant EBL component at ~ 10 — 1000zm. Measurements of this
Cosmic Diffuse IR Backround (CDIRB) were notoriously ditfic

to obtain, owing primarily to the presence of significant iacdl
and galactic foregrounds and the lack of access to this megfio
the spectrum from the ground. The launch of ®asmic Back-
ground Explorer (COBE: for an overview, see Boggess €t al. 1992)
finally revealed a CDIRB comparable in brightness to theoapti

Diffuse extragalactic background light (EBL) represetits sum
total of all the photons produced by luminous matter over the
lifetime of the Universe. In the ultraviolet, optical, anckar-
infrared (IR) the EBL is directly attributable to star fortizan
and active galactic nucleus (AGN) activity (for reviewse S&/son
1990, 1995; Henry 1991, 1999; Leinert etial. 1998, and rafare
thgreln). However, in regions with S|gn|f|cant dust opagii- . EBL, providing a complete census of obscured star formatdiuh
?rfg)rI]Rg:Q?trwaetr?rgalb)érnsit:sriso:r(lge:(i[\]qIss:)?g?;esztz?]e?;udellji g'gtoAGN activity across cosmic time (Hauser el al. 1998; Keletél.
s < ” 1998; | Arendt et all 1998; Dwek etlal. 1998; Fixsen etal. 1998;

Hauser & Dwek 2001).
Because the emission mechanisms that generate the CDIRB
* jyounger@ias.edu are intimately connected to galaxy formation and evolytion
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it provides a powerful observational constraint on models
(Partridge & Peebles 1967). A particularly popular techeiq
for modeling the CDIRB has been backwards evolution (e.g.,

served quasar luminosity function (Hopkins etlal. 2008lng t
growth of the red sequence (Hopkins et al. 2008a), the d@wvolut
of massive elliptical galaxies with redshift (Hopkins et2009d),

Rowan-Robinson 2001, 2009; Lagache et al. 2003, 12004,/ 2005; bulge-to-disk rations (Hopkins etlal. 2009f), and the IR ilnosity

Xu et al.l 2008; Franceschini et/al. 2008; Finke & Razzaque& P00
in which a parameterized fit to the evolution of the IR Ilu-
minosity function — using low-redshift observations as @&eha
line — to reproduce a number of observables, including numbe

function (Hopkins et al. 2010b). Semi-empirical modelitgpaep-
resents a fundamental advance over pervious techniquesddr
eling the CDIRB,; it is predictive, incorporates the relevahysics,
includes the results of high-resolution hydrodynamicaiigations

counts and the CDIRB itself. A complementary approach has where appropriate, while at the same time is constructedatohm

been to use semi-analytic models (SAMs: Cole ¢t al. 119940200
Somerville & Primackl 1999), in which the hierarchical grbwt
of structure is tracked by N-body cosmological simulati@msl
baryonic physics — e.g., star formation, radiative coqliggs ac-
cretion, AGN activity, etc. — are implemented as simple ana-
lytic prescriptions, tuned to match a predetermined setusti{
ally local) observational constraints. Mock galaxy cagal@en-

the galaxy mass function at all redshifts. Therefore, weisalate
the physics driving the production of the CDIRB without sfgn
cant degeneracies model components and parameters.

In this work, we use this semi-empirical framework to con-
struct a physical model for the origin of the CDIRB. In adofiti
to providing an important verification of this particular ded of
galaxy formation more generally, this approach will allow to

erated by SAMs can then be combined with template spectral unfold the contributions from objects as a function of luosity

energy distributions (SEDs) to construct predictions famber
counts at a given wavelength and the CDIRB more generally, (e.
Primack et al! 1999, 2005, 2008; Devriendt & Guiderdoni 2000
Baugh et al. 200%; Swinbank etal. 2008). Finally, cosmiaicel
evolution (CCE) techniques (e.g., Pei & Hall 1995; Pei ¢1809)
model the EBL from the optical through IR by solving for théfse
consistent evolution of globally averaged quantities -hsas gas
depletion and star formation — in an analogous manner tctala
chemical evolution models (e.q., Tinsley 1980).

and redshift, as well as by emission mechanism — includiag st
formation in isolated disks, merger-driven starburste, AGN ac-
tivity. Furthermore, because electron-positron pair poidn in-
teractions f + v — e + e¢~) with CDIRB photons is the pri-
mary source of attenuation of extragalacti¢,TeV photons (of-
ten referred to as Very High Energy, or VHErays; Jelley 1966;
Fazio et al| 1966; Fazio & Stecker 1970; Gould & Schréder7196
Stecker 1969; Stecker etial. 1992), model predictions feretfo-
lution of this background with redshift yields a predictifor the

Each of these approaches has clear advantages and disadvarepacity of the Universe to the most energetic photons.

tages. Backwards evolution models, while robust and ssbdes
in reproducing the observations, must assume simple éoniut
ary scalings. Therefore, they contain no physics, and dase
arate out the relative contributions to the CDIRB from didfiet
emission mechanisms. SAMs, by contrast, can determineethe r
ative importance of, e.g. AGN versus star formation, buy
simple analytic implementations that introduce paramdegen-
eracies and may not include all of the complexities in the-rel
vant physics — though some have sought to address this shertc
ing by incorporating the results of hydrodynamical simiolas of
merger driven starbursts and AGN activity into the SAM frame
work (Somerville et al. 2008). Furthermore, SAMs have aistefi
difficulty simultaneously matching the observed galaxy srfasc-
tion and cosmic star formation history (Somerville el alo&)) it

is no generally possible to separate these well-known $sBoen
other model elements in driving their predictions for thelRB.
Finally, while CCEs do not require a detailed implementatid
these complicated baryonic physics, their global naturana¢hey
have little to say about specific populations of objects.

An alternative approach, outlined in detail by Hopkins ét al
(2008h.a) attempts a semi-empirical model of galaxy foromain
the context of a merger-driven cosmic cycle: while isolagathx-
ies dominate the overall cosmic energy budget (howeverdisee
cussion in_Hopkins et al. 2010a), major mergers of gas-risksd
drive an evolutionary sequence through a period of intetse s
formation and AGN activity, to produce passive ellipticallax-
ies (Sanders et al. 1988; Hopkins etlal. 2006b). The model con
nects measurements of the stellar mass function to the dark m
ter halo population through a halo occupation distribuid®D)
approach (e.g., Peacock & Smith 2000; Scoccimarrolét all;200
Berlind & Weinberg | 2002;| Berlind et all 2003; Kravtsov et al.
2004;| Zehavi et al. 2004; Zheng et al. 2005, 2009; Brown et al.
2008; Conroy & Wechsler 2009), and implements baryonic jgisys
by incorporating the results of high-resolution hydrodyical
simulations. This approach has successfully reproducedoth

This work is organized as follows: i§ [2 we outline our
methodology, in§ [3 we summarize the primary sources of un-
certainty in the model predictions, if 4 we verify that the
model is consistent will the relevant observational caists, in
¢ [B we investigate the result of changing some of the model as-
sumptions, in§ [6l we present predictions for the relative impor-
tant of different populations of objects in generating tH2IRB,
in § [ we make predictions for the-ray opacity of the Uni-
verse, and ing [@ we conclude. Throughout this work, we will
make frequent reference to the total IR luminosity which és d
fined according to convention as the integrated luminosibynf
8-1000 um (e.g.,. Sanders & Mirabel 1996). Furthermore, we as-
sume the most recent cosmological parametersifrom Komatdu e
(2010): €2, Q) (0.26,0.74,0.71), the WMAP 7-year
mean. However, it is important to note that varying thesehiwit
a reasonable range has no noticeable effect to our results.

2 METHODOLOGY

In this work, we make extensive use of the semi-empirical@hofl
galaxy evolution presented by Hopkins et al. (2008b,a),satbe-
quently by Hopkins et al. (2009d, 2010b, 2009a,f); in paittc we
utilize the model IRLFs presented by Hopkins etlal. (201Tbgse
predictions, which are consistent with the observed galaggs
function, IRLF, and cosmic star formation history fram= 0 — 4,
include contributions from the three dominant sources désion:
steady-state star formation, merger-driven starburatspéascured
AGN activity. While we refer the reader to the above-mergibn
references for details, here were briefly summarize thecymah
model components and methods and how they are used to adnstru
predictions for the CDIRB.
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2.1 Steady-statestar formation

Given the observed stellar mass function at redshiffe.g.,
Bell et al. 120083; | Fontana etlall__2006; __Arnouts et al. _2007;
Pérez-Gonzalez etlal. _2008; llbertet al. 2010), we pdpula
dark matter halos with galaxies following the methodology
outlined byl Conroy & Wechslet (2009). These galaxies ara the
assigned properties consistent with observations of s\ystd that
redshift with comparable stellar masses.

The gas mass is estimated from observations of the gas
mass fractions f;) of star-forming disks, and is a strong func-
tion of mass and redshift (e.q., Bell & de Jong 2001; Kanneppa
2004; |McGaugh_2005;_Shapley et al. _2005; Daddi &t al. |2009;
Tacconi et all 2010). It has been shown (Hopkins et al. 2@08b,
2009d.,f) that this evolution is well-described by a simpiedtional
form, motivated by cosmological simulatioris (Kere$ et2405,
2009):

— ~ 1
fo(Mi|z=0) = fo= 1+ (M, /109-15)04
) —2/3
LOL12) = fox[i-fua) (1-87)] T @

where f1;(z) is the fractional look-back time from the present day
to z (fiy — 1 asz — oo0). Motivated by the observations listed
above, we furthermore assume a constant scatter 0£25 dex
independent of stellar mass.

The size of a given disk galaxy is assigned consistent with
the observed size-mass relation (Shen ket al.|2003) andaitistion
(e.g., Trujillo et al.l 2004} Ferguson et al. 2004; Toft et2007).
Somerville et al.[(2008) found that this too can be represkhy a
simple analytic fitting form:

*

M. )0‘25

R.(M. |z =0) o

Ro ~ 5.28 kpc x (

Ro(M, | 2) Ro(1+2)7%¢ 2

Again, motivated by observations we assume an intrinsittesoaf
0.2 dex.

Finally, given the gas mass and size of a disk galaxy, the
rate of steady-state star formation — i.e., quiescent, ang\pri-
marily to internal gas dynamics rather than external fac(see
also Hopkins et al. 2010a) — can be estimated using the Keattnic
Schmidt Law |(Schmidt 1959; Kennicutt 1998b):

Yop = (1.3 x 107HEIK Mo yr~ ' kpe? )

where X, is the disk-averaged gas surface density in units of
Mg kpe™2, ©,; is the disk-averaged star formation rate surface
density, nx 1.4 for consistency with observations (see also
Kennicutt 1989, 1998a), and the normalization has beerectad
assuming a_Chabrler (2003) stellar initial mass functidiiF).
Given the assumed IMF, we can convert this star formatioa rat
to the total IR luminosity using the known linear scalingg(e.
Kennicutt 1998a).

2.2 Interaction-driven starbursts

In addition to steady-state star formation, close encoaftetween
and mergers of gas-rich galaxies can concentrate largéitjesiof
gas in the nucleus, leading to a dramatic enhancement irotake t
star formation ratel (Hernquist & Kaiz 1989; Barnes & Hersqui
1991;| Mihos & Hernquist 1994, 1996). This owes principalty t
the effects of the time-varying gravitational potentialidg close
passages: an intrinsic lag in the induced stellar relativeéhe
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Figure 1. Examples of the template SEDs use to connect the model IR
luminosity functions to observable quantities. We showtdraplates for
star-forming systems (black) and AGN (red) at four différeminosities:
log(Lir/Lo) 10 (dotted line), 11 (dashed line; a LIRG), 12 (solid
line; a ULIRG), and 13 (dot-dashed line; a HyLIRG). The teatg$ for
star-forming systems are from the library of Chary & Elba@d?2), and the
AGN are from_Siebenmorgen et &l. (2004b, and referencesitf)er

gaseous bars drains the gas of its angular momentum within a
characteristic radius, sending it on a free-fall trajegtior the nu-
cleus|(Barnes & Hernquist 1996; Hopkins et al. 2009c¢). Thalte

ing nuclear gas concentration fuels a massive starburstctra
enhance the global starburst by more than an order of maignitu
(Di Matteo et al! 2007, 2008; Cox etlal. 2008), and yields abar
teristic central mass concentrations that have been aix$émnocal
elliptical galaxies|(Hopkins et &l. 2008c, 2009e,b).

Mergers in our model are tracked via halo-halo merger
rates estimated from cosmological N-body simulations .(e.g
Stewart et dl. 2008; Fakhouri & Ma 2008, 2009). We then egéma
the galaxy-galaxy merger rate atas a function of stellar mass,
redshift, and mass ratigu(= M. /M- < 1) by first correcting for
the dynamical friction time delay (Boylan-Kolchin etlal.G&), and
then convolving with the galaxy population using the HOD milod
Though the exact star formation history of an individual@maer
is impossible to determine from our model, the IRLF requoely
a knowledge of the distribution of times spent at a givenfstana-
tion rate, which can be estimated using an ensemble of siionta
(e.g., Hopkins et al. 2006a). Hopkins et al. (2010b) fourat this
can be represented by the fitting function

~ tsp €XP (— )

where M., is the total mass participating in the starburst, and
tsp =~ 100 Myr is the characteristic timescale (Cox el al. 2008). Itis
important to note that tracking the gas content of galaxdesariti-
cal component of the model. Owing to simple gravitationalgits,
the burst properties can be represented in simple anatytic €in

agreement with the results of hydrodynamical simulatiptiie to-
tal gas mass that is stripped of its angular momentum and
ticipates in the nuclear starburst scalesMg, ~ (1 — fq)uM,

(Hopkins et all 2009c). In the context of the model, star fation
owing to the interaction-driven burst itself is independefithe gas
that retains its angular momentum and continues steatky-star
formation in the disk — a distinction that will become imort
when characterizing the relative importance of these twdes®f
star formation (e.g., i§[6.2).

M,
My /tsp

dt
dlogM*

4)

par-
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2.3 Obscured AGN

In addition to a nuclear starburst, it has been shown that en-
counters between gas-rich galaxies will excite AGN agtivit
(Di_ Matteo et all 2005; Hopkins etlal. 2005b,a). Furthermorere
recent analyses of hydrodynamical simulations have shdah t
the peak luminosity of these AGN, corresponding to the Egidin
ton limit of the final black hole mass, is proportional to the
binding energy of the bulge in the remnant (Hopkins ét al.7200
Younger et al. 2008). This bulge mass consists of both thengas
participating in the burst/,;) and the fraction of the stellar mass
which undergoes violent relaxation (Lynden-Bell 1967)isTac-
tion is proportional tquM,, again owing to scalings derived from
simple gravitational dynamics and in agreement with thaltesf
hydrodynamical simulations (Hopkins etlal. 2009c). Hoslkét al.
(2010Db) find that the relationship between the peak AGN lasin
ity and these quantities can be conveniently approximayed b

)

where the redshift evolution reflects the effects of higher
gas fractions and smaller scale-lengths in high-redshigksd
(Hopkins et al. 2007). The distribution of time spent abogiven
luminosity has been studied extensively in a series of [gafse
Hopkins et all 2006h, 2008b, and references therein), anelis
described by:

Msb + ,LLM*

LAGN
1019 M

peak ™

4.6 x 10" Loy x (1+2)*° ( (5)

dt Lot \ Lo
—— =~ 0.22G — 6
dlog Ly " (L) eX"[ (L)] ©
AGN
~ pea
a =~ —044+0.211log ( 1012 L ) . @)

Thus, given the merger-rate as a function of redshift, atetlass,
and mass ratio we can estimate the peak luminosity and canvol
with the distribution of time abové,;,; to yield an estimate from
the bolometric luminosity function (the whole exerciseriegented
in |[Hopkins et all 2010b). However, while it is trivial to caw
a star formation rate to an IR luminosity, the situation fdr- o
scured AGN is rather more complicated. Therefore, to tansf
the bolometric AGN luminosity function to the IRLF, we addpé
luminosity-dependent luminosity fractionlof Gilli et/a2d07) and
assume this obscured luminosity is reprocessed into thEH&ugh
this is a simplification, we find that it yields similar resuto either
using the observed column density distribution (Ueda €2@03)
or the mean X-ray to IR bolometric correction for obscuredMG
(Elvis et al! 1994; Zakamska et al. 2004; Polletta &t al. 2006

2.4 Predicting the diffuse background emission
Given a theoretical IRLFdn/dlogL;r) and an assumed cosmol-
ogy, the predicted CDIRB is:

I,(CDIRB) = / dz / dlogLir  Su(Lir,z) %

dn dv

dlogLir dzdQ) 8)

where S, (L1r, z) is the flux density at frequency in the ob-
served frame for an object with total IR luminosiby z at redshift
z, anddV/dzdS) is the comoving volume element. For this work,
we deriveS(Lrr, z) for star formation dominated systems (both
steady-state and merger-driven star formation) by assigtiiem

templates from the library of Chary & Elbaz (2001), whichrie
selves include models first presented_ in Dale et al. (2001etso
This template library has been found to reproduce many af¢he
ing relations observed in local IR-luminous galaxies. Harity,
examples of these templates for three different luminesiie pro-
vided in Figurd L.

The choice of SED templates for obscured AGN represents
a somewhat more complicated exercise. While a simple ecapiri
template — e.g., the local ULIRG Mrk 231, which owes much &f it
luminosity to a deeply obscured AGN — can be used, this approa
does not account for potential dependence of the effectisetdm-
perature on the luminosity of the system, as is the case éosttr-
burst models (Chary & Elbaz 2001; Dale el al. 2001; Dale & ldelo
2002 Lagache et al. 2003). Therefore, we choose to utilizelk
studied suite of models for heavily obscured AGN (Siebermyar
1991,11993| Siebenmorgen & Kruegel 1992; Siebenmorger et al
1992/ 2001, 200418.IB,)WhiCh are parameterized by the outer radius
of the dust cloudsR), the total emergent IR luminosity.¢r), and
the visual extinction 4v/) — or alternatively the hydrogen column
Nu/Av =~ 1.8 x 10> cm~? mag ' (Predehl & Schmitt 1995).
In particular| Siebenmorgen et al. (2004b) find that opfiggde Il
AGN are best fit bydy =~ 16 — 32mag — log(Ng/cm™?) =
22.5—22.8, andR =~ 1 —2 kpc. These columns are also consistent
with the observed distribution of column densities in AGiNerred
from X-ray spectroscopy (Ueda et al. 2003). Given theserobse
tional constraints, for most of this work we assue-= 1 kpc and
Ay = 16, orlog(Ng/cm™?) = 22.5; we include examples as a
function of luminosity in Figur€ll.

3 SOURCESOF UNCERTAINTY

There are three primary sources of uncertainty in the madeillts:
(2) the stellar mass function (also shown/ by Hopkins et al0b0
this dominates the uncertainty in the predicted IRFLs)l{2)tem-
plate SEDs of star formation dominated objects, and (3) e¢he t
plate SEDs of obscured AGN. The first owes to the dynamic range
of observational estimates for the stellar mass functiatifegrent
redshifts (e.g.. Bell et al. 2003; Bundy et al. 2005; Fontainal.
2006;/ Pérez-Gonzalez et al. 2008; Arnouts €t al. 200¢rtket al.
2010) which is the primary model input. As in_Hopkins et al.
(2010b), we represent this uncertainty by characterizing t
full dynamic range spanned by the observations ($e21 of
Hopkins et all 2010b, for a detailed description), whicheasally
defines the upper and lower bounds for the model predictidmis.
uncertainty naturally increases with luminosity and réftistving
to the lack of large, robust samples of objects which yieldrger
effective dispersion among different observational témies. In
the context of the CDIRB, this yields &0.15 dex uncertainty
in intensity (,) at A\ops ~ 100 um , increasing tox~0.2 dex at
longer wavelengths; this owes to larger systematic unicgiga in
the IRLF at the high luminosities and redshifts that prodtiis
part of the CDIRB (seé [6.1). It is also important to note that an
apparent spike in integral quantities neass 2 (e.g., Figs. 4 & 8
inlHopkins et al. 2010b) is an artifact of observationalraates for
the stellar mass function at these redshifts and not a pdiyesfiect
owing to the model itself.

While we find that the observed mass function represents the
primary source of uncertainty in model results, for this kvare

L Available athttp://www.eso.org/~rsiebenm/agnmodels/
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Figure 2. The predicted CDIRB from the model (solid red line), inchglithe uncertainty in normalization (red shaded region)oaspared to observations:
the black shaded region shows the fit and normalization teingr from| Fixsen et al! (1998) to data obtained by the FIRXBeriment on board COBE, the
filled diamonds upper limits fromy-ray absorption (se&[7l for more details: Mazin & Ralle 2007), and and the remainlbmgeovations are listed in Talile 2.3

Table 1. Observational Constraints on the CDIRB

Wavelength Symbol Instrumeht Reference
1-100pum Filled diamond IACTs Mazin & Raue (2007)
15 um Lower limit ISOPHOT Chary & Elbaz (2001)
24 ym Open diamond MIPS Papovich et al. (2004)
60 um Upper limit IRAS Miville-Deschénes et al. (2002)
60, 100pum Inverted triangle DIRBE Finkbeiner et al. (2000)
65, 90, 140, 16Qum Pentagon AKARI Matsuura et al. (2010)
70, 160um Asterisk MIPS Dole et al. (2006)
100-1000m Black region FIRAS Fixsen et al. (1998)
140, 240um Square DIRBE Hauser et al. (1998)
150-180um Cross ISOPHOT Juvela et al. (2009)
170 um Star ISOPHOT Lagache & Puget (2000)
250, 350, 50Qum Circle BLAST Patanchon et al. (2009)
850 um Filled Triangle SCUBA Knudsen et al. (2008)

@ Instruments include: Upper limits from imaging atmostphi€@herenkov telescopes (IACTSs: Finley & The VERITAS Cobiadtion| 2001: Daum et al.
1997; Hintol 2004; Cortina et al. 2005), the Multiband InmegPhotometer for SIRTF (MIPS: Rieke etlal. 2004) on boardSphiezer Space Telescope
(Werner et al. 2004), the Infrared Astronomy Satellite (lRAeugebauer et ial. 1984), the Far-Infrared Absolute Spambtometer (FIRAS) and Diffuse
Infrared Background Experiment (DIRBE) on board the CosRaickground Explorer Satellite (COBE: for an overview, |segi@ess et al. 1992), the
Far-Infrared Surveyor (FIS: Kawada eilal. 2007) on boardMKARI Sattellite (Murakami et &l. 2007), ISOPHOT (Lemke €tE996) on board the Infrared
Space Observatory (1ISO), the Balloon-borne Large-Aper8ubmillimetre Telescope (BLAST: Pascale et al. 2008),taacSubmillimetre Common User
Bolometer Array (SCUBA(:_Holland et al. 1999).

also must consider our lack of knowledge of the template SEDs in Figure[2, but note that the model uncertainty is still doatéd
This can be done in a similar manner to the mass function uncer by the dynamic range in stellar mass function estimatesc@bd

AGN again represent a more complicated case, and we consider
two methods for determining the systematic uncertaintpcaged

with their contribution to the CDIRB: a limiting case in whi¢he

full bolometric luminosity is reprocessed into the IR, ahe effects

of varying the templated SED model parameters {4&4).

tainty, by considering alternative suites of template S&bd/or
considering limiting cases. For star formation dominatéfeats

— including both the steady-state and merger-driven modes —
compare the results of using the template library of Lagatizd.
(2003) as opposed to our fiducial choice of Chary & Elbaz (2001
This yields a~0.05 dex normalization uncertainty independent of
wavelength. We add this in quadrature to our model predistio
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Figure 3. The cumulative fraction of the CDIRB resolved as a functidrflax density. The left panel shows model predictions for/24 (blue), 70um
(red), and 16Qum (black) as compared to observations: the black circleos fFrayer et al(2005a), the triangles Frayer et al. (2006ke) inverted trian-
gle[Dole et al.|(2006), the squares Dole etlal. (2004), thedfiitars Béthermin etlal. (2010), and the asterisk Dole ¢2@01). The right panel shows the
BLAST/Herschel bands at 250m (black), 350um (blue), and 50:m (red) bands as compared to observations: the vertica iimicate the error range
from|Patanchon et al. (2009). Finally, the bottom panel shihwe 850um (SCUBA2) and 110@um (AzTEC) bands as compared to observations: the square,
circle, and triangle are estimates from the number coun®eR et al.|(2009), Cowie etlal. (2002), and Knudsen ket aD§2@espectively, and the star is an

estimate from the number counts presented by Austermann(2040).

4 COMPARISON TO OBSERVATIONS

The primary observational constraint is clearly the obsérnten-
sity (I,) as a function of wavelength of the CDIRB itself. In Fig-
ure[2 we present the model predictions, including the fuligea

of uncertainty, as compared to a range of observations (see T
ble[2:3 for references). We find that the model predictiorscan-
sistent with direct observations from the COBE satellite:at00 —
1000pm, as well as estimates from number counts in the same
wavelength ranges from instruments like IRAS, MIPS, BLAST,
and SCUBA. While many different observations seem to agree i
this wavelength range, the mid-IR from 10 — 100 xm has been

a source of considerably more controversy owing to the ditfjc

of effectively subtracting galactic and zodiacal foregrdsiand the
general lack of access to this wavelength range from thengrou
In particular, at 60um upper limits from the power-spectrum of
IRAS maps |(Miville-Deschénes etlal. 2002) and the TeV opac-
ity of intergalactic space owing to electron-positron gaioduc-
tion (Stecker et al. 1992; Dwek & Krennrich 2005; Mazin & Raue
2007, and references therein) are potentially incondistéh a re-
analysis of the DIRBE data by Finkbeiner el al. (2000) — thesia
analysis by Matsuura etlal. (2010) has fairly large systemiater-
tainties, and thus does not favor either scenario. Our mureelic-
tions appear not to strongly rule out this measurement, learly

indicate a preference for a dimmer CDIRB in the mid-IR thagyth
suggest.

Another important test of the model predictions is the redat
contributions from individual sources as a function of thigix
density. In Figur€13 we present this comparison to obsematior
24,70, 160, 250, 350, 500, 850, and 1108 data. It is clear that
the model can account for the vast majority of the CDIRB; at 24
70, 160, and 85@m we find good agreement with the fraction of
emission at those wavelength above a given flux density down t
10% of the total emission. At the same time, however, we find that
the model cannot account for the 10 — 15% of the CDIRB owing
to the brightest sources at,s 2 250um. This is a well-known
problem, exemplified by the difficulty semi-analytic modéesve
found in reproducing the bright 85@m counts|(Baugh et &l. 2005;
Swinbank et al. 2008). There are a number of potential smisti
have been proposed in the literature, including cosmotbgias
accretion|(Daveé et &l. 2009) and a more sophisticated ledicn of
the IR SED including full radiative transfer (e.g., Naragaret al.
2010) combined with the well-known effects of cosmic vaciaim
these rather small-area surveys (see discussion ir_e.@3. adval.
2009; Austermann et al. 2010). However, because the mooedsig
with observations ove> 90% of the CDIRB emission, we do not
believe this discrepancy materially affects our resultsd®ling the
bright end of the luminosity function and the number countsen
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Figure4. The predicted CDIRB under three different sets of modelmgsu
tions: the fiducial model (red), a steeper Kennicutt-Schigv (nx ~ 1.6
rather than 1.4; blue), and no significant evolution in the gmtent of disk
galaxies with redshift (black).

generally is, however, clearly a very interesting problerits own
right and a full analysis is currently ongoing (C. C. Haywatdal.,
in preparation).

5 CHANGING THE MODEL ASSUMPTIONS

That our model is entirely consistent with available obatonal
constraints is very encouraging. However it is importanexs
amine how its predictions for the shape and normalizatiothef
CDIRB are affected by changing our assumptions. For example
strong evolution in the gas content of galaxies and the eoegt
of the Kennicutt-Schmidt Law with redshift — both criticalrapo-
nents of the model — may themselves drive the model preditio
Relaxing them provides insight into the origin of the CDIR®,
well as a test of the robustness of our results. It is also itapbto
note that while we could just as well vary the model assumgtio
around the sizes and evolution of disks, the trend of obslcuae-
tion with AGN luminosity and redshift, and evolution of thilfF
with redshift,l Hopkins et al! (2010b) found that these weoé an
significant source of uncertainty in their predictions.

In Figure[4 we present the model predictions for the SED of
the CDIRB for two scenarios: one in which the gas content sl

does not evolve with redshift, and another in which we assume

a somewhat steeper Kennicutt-Schmidt Law (the effects dfi bo
of these variations on the IRLFs are presented by Hopkink et a
2010Db). Clearly the most dramatic differences arise fronoiigng

the redshift evolution of gas fractions at fixed stellar madss
systematically suppresses the Universal star formati@natanter-
mediate to high redshift relative to the fiducial model by dwving
the gas mass of those disks. Its effect on the predicted CO4RB
two-fold: first the normalization — particularly ag 100pm — is
substantially lower, reflecting the systematic decreas@riiver-

sal star formation rate density, and therefore IR lumiryodin-
sity atz > 0 relative to the fiducial model; second, it shifts the
peak of emission to shorter wavelength, owing to the pretak
suppression of high-redshift star formation which is pietl by
emission longward of the peak in a typical starburst SER{ ~

60 — 100um;|Sanders & Mirabgl 1996). While there is strong ob-
servational evidence that high-redshift disks are pretéaty gas-
rich (e.g.| Bell & de Jong 2001; Kannappan 2004; McG&ugh|2005
Shapley et al. 2005; Daddi et/al. 2009; Tacconi ét al. 20h@) eix-
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Figure5. The differential contribution to the predicted CDIRB as adtion
of redshift including all objects (black) and separate® ihiree luminosity
bins: ‘normal’ (blue), LIRGs (green), and ULIRGs (red).dtlso important
note that the apparent discontinuity near 2 is an artifact of the observa-
tional estimates for the stellar mass function at thosehiéidsadopted for
the model, rather than a physical effect.

ercise demonstrates our model requires a systematic asthstibl
evolution in their gas content to remain consistent witheots-
tions. Put another way, we can interpret the shape and nizanal
tion of the CDIRB as reflecting this increase with redshifttoé
typical gas fraction of galaxies at constant stellar mass.

Though local star-forming galaxies are well-fit by a Keniicu
Schmidt index ofyx ~ 1.4, there is some observational evidence
for a steeper relation at high-redshift and in more extrems-e
ronments|(Bouché et al. 2007; Bothwell et al. 2010). Theefwe
consider a model which is otherwise identical to the fidusit
of assumptions, but withx ~ 1.6 (renormalizing the relation to
avoid overproducing the local star formation rate). Hopléhal.
(2010b) found that the primary effect of this change was sama¢
more star formation in the most massive systems at higthifeds
The result is a set of IRLFs that are largely unchanged cerisigl
the systematic uncertainties in the model, though with ghtiy
higher contributions form the high-luminosity, high-rédstail. In
the context of the CDIRB, the results are again similar withita
more emission al,»s = 300um — a region of the SED which
we will see in the proceeding section has the most significant
tribution from high-redshift ULIRGs. But again, considegithe
systematic uncertainties, we find that the model predistare rel-
atively insensitive to this change ik .

6 INTERPRETING THE COSMIC DIFFUSE INFRARED
BACKGROUND

6.1 Sourcesof emission

Given that our model predicts a CDIRB that is consistent with
observational constraints, we can use it to interpret thgiroof
the emission. In particular, we can separate out the reladn-
tribution from sources at different redshifts and in thréféedent
luminosity bins: ‘normal’ systemsIfr < 10! L), luminous
infrared galaxies (LIRGS10'! Ly, < Lir < 10'2 L), and ul-
tralumionous infrared galaxies (ULIRGE;z > 10'? L). In Fig-
ureld we show the differential contribution of each to thegnated
background emission as a function of redshift. The modelvsho
that observed intensity of the CDIRB is dominated by sousates
z ~ 0.5—1 and consists primarily of ‘normal’ systems and LIRGs.
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Figure 6. Model predictions for the fraction of CDIRB flux density as a
function of wavelength owing to sources at (top to bottonasteft of 2 >

0.5, 1.0, 1.5, and 2.0 including objects of all luminositiesr Eomparison
we show BLAST observations of the fraction of CDIRB light taiouted

by sources at 2> 1 estimated via a stacking analysis (Marsden gt al.|2009).
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Figure 7. Model predictions for the fraction of CDIRB flux density as a
function of wavelength owing to sources at in three différieminosity
bins: ‘normal systems’ (blue), LIRGS (green), and ULRIGa(r

In general, sincell;r/dz ~ p.(2)(dV/dz)/D3%(z) — wherep,

is the cosmic star formation rate density}//dz is the comoving
volume element, and;, is the luminosity distance — this is con-
sistent what one would expect from observations of the IRiHum
nosity density and cosmic star formation history, whichénbeen
found to peak at ~ 1 (Hopkins & Beacom 2006, and references
therein); at those redshifts the IR luminosity density isduced
by roughly equal contributions from ‘normal’ systems andRGs
(Le Floc’h et al.| 2005; Magnelli et al. 2009). The model fuath
more predicts that ULIRGs will become more important thaor-n
mal’ systems in producing the CDIRB only at 2 2, and will
equal that of LIRGs at even higher redshift>, 3. However, the
vast majority of the total CDIRB emission comes from objexts
low to moderate redshifts, witk 50% arising from contributions
atz < 1 and 90% fromz < 2. Again, the discontinuities in these
guantities at & 2 are artifacts of the observed galaxy mass func-
tions adopted, rather than a physical effect.

In Figure[® we isolate the contribution from sources above a
given redshift threshold. This can then be compared to whser
tional estimates measured via a stacking analysis usingHLA
data at 250, 350, and 500m which found roughly half of the
CDIRB at those wavelengths was contributed by sourceszatl

(Marsden et al. 2009; Devlin etlal. 2009). We also find a greate
contribution from high-redshift systems at longer wavgtbs past
the peak of the CDIRBX 2, 200u:m); this again makes sense con-
sidering the peak in emission for IR-luminous systems tloa-d
inate the local IR luminosity density i 60 — 120 um (see re-
view by Sanders & Mirabel 1996), and therefore longer wavgtle
emission in the CDIRB must arise primarily from redshiftithgs
peak to longer wavelength.

We perform a similar exercise in FigUre 7, breaking down the
CDIRB into contributions from the three luminosity bins. \filed
that LIRGS contribute= 50% of the observed emission at all wave-
lengths; ‘normal’ systems contribute 40% at A,ps ~ 20um de-
creasing tox 30% at \o,s ~ 1000xm while the contribution from
ULIRGs increases from: 5% to =~ 20% over the same interval.
This owes to the strong evolution in the IRLF of ULRGS, yielgli
a much more important contribution at> 1 than at low-redshift
(Le Floc’h et all 2005; Magnelli et 1. 2009) and thus conttibg
a much larger fraction of the CDIRB at wavelengths that araido
nated by emission from high-redshift objects.

6.2 Steady-stateversusinteraction-driven star formation

The primary emission mechanism for producing the CDIRBas st
formation, in which dust associated with periods and regimfrac-
tive star formation reprocesses their UV-optical lighbitermal
emission. The model predictions presented in this worknaille to
unfold the relative importance of two different modes ofr $ta-
mation: steady-state and interaction-driven G€ll and 2. for an
overview). In FiguréB, we show the differential fractiontbé to-
tal CDIRB emission contributed as a function of redshift]irling
both the total and that arising from merger-driven bursts. fitd
that mergers generate only a small fraction, on the orderfeiva
percent, of the emission at all redshifts. Steady-statd@taation
therefore contributes the vast majority of the CDIRB flux sign
observed today. The same is true at all wavelengths (seedfu
with merger-driven star formation accounting from orly2 — 5%
of the total emission.

This owes trivially to the fact that, in our model merger-
driven bursts account for a similarly small fraction of the |
luminosity density, which is consistent with a number of ob-
servational constraints (out to ~ 1; Brinchmann et al. 1998;
Bell et all2005; Lotz et al. 2008b; Jogee €t al. 2009; Robeirs.
2009; | Lépez-Sanjuan etlal. 2010) and semi-empirical edém
(Hopkins & Hernquist 2010). It is important to note, howeueat
in this context 'merger-driven’ refers only to the star fation ow-
ing directly to the interaction beyond what the two disks lgou
have formed in isolation. When all on the star formationJude
ing the steady-state mode, is taken into account, systeats th
would be identified as ongoing mergers (e.g., via their molqy;
Lotz et al! 20082, 2009) can be a factor of 1.5-3 higher (disava
in Figured8 anfl]9). However, even in this limiting cases merg
will never contribute more tharx 10% of the CDIRB emission.

6.3 Theroleof obscured AGN

Though star formation clearly dominates the CDIRB, observa
tional constraints on the importance of obscured AGN renaain
topic of some controversy and debate. For example, a nunfber o
authors [(Almaini et al. 1999; Risaliti etlal. 2002; Blain &ifips
2002; Barger et al. 2001) have claimed that AGN contributeref
der 5-10% of the emission, making them comparable in impoga
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Figure 8. The differential contribution from merger-induced burtsd)

relative to the total (black) CDIRB as a function of redshittis impor-

tant to note that in this case merger-driven refers to standtion directly
attributable to the merger event, rather than all star ftionan ongoing

merger. The total contribution from ongoing mergers, idolg the steady-
state mode is also shown (blue).
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Figure 9. Same as Figurlel 8, but for the fractional contribution functf
the observed CDIRB flux density as a function of wavelength.

to merger-driven starbursts while others (Severgnini.e2800;
Silva et al! 2004i; Fardal etlal. 2007) claim they make a trivgan-
tribution. Again, our model predictions can be used to sapasut
obscured AGN, and estimate their relative importance idpcog
the CDIRB.

In Figure[I0 we show the differential fraction of the total
CDIRB as a function of redshift for the fiducial model (red dbd
region) as well as a limiting case in which we assume that 100%
of the AGN'’s bolometric luminosity is reprocessed into tiedt
10pm < A < 100pum. Therefore, our fiducial model predicts that
AGN contribute0.7 & 0.2% of the total CDIRB emission, with a
firm maximal contribution of3 + 1% in the limiting case. This
results from a simple energetic argument: AGN do not produce
enough photons to substantially affect the CDIRB.

Though the model predicts the AGN contributgs1% of the
total CDIRB emission, it is in principal possible that it édwon-
tribute relatively more at certain wavelengths. TherefaneFig-
ure[I1 we present the fraction contribution from obscuredNAG
the CDIRB as a function of wavelength. In this case, rathan #x-
amining the bolometric limiting case as we did previoushhigh
by definition ignores wavelength dependence) we can instagd
ing the model parameters about our fiducial choide (= 16 and
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Figure 10. The differential contribution to the CDIRB from obscured KRG
relative to the total (black) for two different cases: a timg case in which
the total bolometric luminosity of all AGN is assumed to beroeessed
into the IR (blue), and the prediction from the fiducial modssuming the
template SED library and model parameters that best-des€yipe || AGN
Siebenmorgen et al. (2004b).

R = 1 kpc) to examine their effect on the prediction. In the left
panel, we holdr constant while varyingly-, and in the right panel
we hold Ay constant while varyingz. In most cases, the AGN con-
tribution will peak at~ 30 — 40pum owing to its relatively warmer
IR SED as compared to star-forming systems of the same IR lumi
nosity (see examples in Figurk 1). Only in the most extrer@éco
densities and largest sizes will the template SED be coldgimto
contribute more at longer wavelengths. However, while tigNA
can contribute somewhat more than 2% at the shortest wave-
lengths, they are clearly subdominant in general, even rutige
most extreme assumptions of obscuration and size.

7 THE ~y-RAY OPACITY OF THE UNIVERSE

The CDIRB and diffuse backgrounds more generally also repre
sent the primary source of opacity to very high enefgsays in
intergalactic space (Jelley 1966; Fazio et al. 1966; Faz&te&cker
1970; Gould & Schréder 1967; Stecker 1969; Stecker|et 82)19
When the mass-energy of photons is comparable to the rest-ma
of electrons, they can interact via electron-positron peiduction:
v+ — e + e The cross section for interactions between a
photon with energye,, with a background photon at energy= hv

at redshiftz is:

o (Bt ) = 2oL (1 - §%)
[25(52 ~2)+ (3-8 (iﬂ ©
1-p5
g = 1—%’1 (10)
2\2
— % (11)

whereor is the Thompson cross sectian;, is the threshold en-
ergy, 1 cos @ where6 is the angle of incidence, and. =
dn., /de is the differential comoving number density of background
photons at given by:

(12

Encle, z) = 4%‘-1/11,(1/7 2).
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Figure 11. The fraction of the CDIRB flux density as a function of wavejtmowing to obscured AGN for the full range of SED model pagtars. The left

panel shows the contribution at fixddl = 1 kpc for (bottom to top)4y = 1,

2, 4, ...128 (log(Ng/em™2) = 22.3, 22.6, 22.9, . .. 23.5). The right

panel shows the contribution at fixeth, = 16 (log(Ng /cm™2) = 22.5) for R = 0.25, 0.5, 1.0, 16 kpc.

To calculate the optical depth of a photon with enefgyin
the observers frame that was emitted by a source at redshift
simply integrates along the line of sight:

Ty (Ey, Zem) =
a1
dz/c—/ dy’
|t

where cdt/dz is the comoving line-of-sight distance (see Hogg
1999). Since the primary emission mechanism at these @sergi
is thought to be synchrotron self-Compton, and therefore is
well-described by a simple power-law (e.g.. Aharonian &t al
2002b), one can usedl,, inferred from the observed GeV-TeV
SEDs of y-ray sources to constrain the intensity of the dif-

11—y
2

/ dene(e, ) (B € 1)

th

(13)
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Figure 12. The opacity of the local Universe to electron-positron mpao-
duction interactionsy + v — e + e~) as a function of the observed
energy ), assuming a source at = 0.03. The results assuming the

fuse background| (Stecker ef al. 1992; Stecker & de Jager); 1993 yean cDIRB froni Dwek & Krennri¢h (20D5) are shown as a solatkl

Stecker et al.[ 2007| Dwek & Slavin _1994; Dwek & Krennrich
2005; | de Jager etial. 1994. Madau & Phinney 1996; Funk et al.
1998; Primack et al. 1999; Bullock et al. 1999; Renault 2@ ;
Aharonian et al. 2002t, 2006; Schroedter 2005; Katarzetskll
2006; |Mazin & Raue | 2007; | Georganopoulos et al.  2008;
Finke & Razzaqgue 2009). In general, for a uniform backgrooid
photons, the cross section peaksfat= 0.7 which corresponds

to a background photon with wavelengte ~ 4(me.c?)? or
(Ae/pm) =~ 1.2 x (E,/TeV). The diffuse background has a
trough in the near-IR before rising steeply outtg,s ~ 200um
(Hauser & Dwek 2001; Lagache et al. 2005). Therefore, the the
opacity of the Universe te-fewx TeV photons (typically referred

to Very High Energy, or VHEy-rays) is generically dominated by
the mid-IR component of the diffuse background.

Since our model predicts the CDIRB intensity, and therefore
number density, we can invert this procedure and insteadd&o
predictions for opacity of the Universe due to pair creaiiuer-
actions as a function df, andz.., (see also Primack etlal. 2005,
2008; Franceschini et ial. 2008; Finke et al. 2009). In FifZewve
compare the model predictions to estimates-of using the 'av-
erage’ local CDIRB model of Dwek & Krennrich (2005). We find
good agreement between the two, and also confirm that by enly i
cluding the IR component of the diffuse background emissign
are essentially capturing the opacity of the Universe toeole

~
~

line, and the same only including the optical through n€cbmponent

of the background photons\ (< 10pm) as a dashed line. We also show
the model predictions (red shaded region), which includekground pho-
tons with A 2 10um. Over the range where the CDIRB dominates the
~ + ~ opacity (£ 2 1 TeV), the model provides a good match to the
Dwek & Krennrich (2005) results.

photons withE, 2 2 — 3 TeV, below these energies the model
predictions should be considered a lower limit.

Figure[I3 shows the absorption edges predicted by the model
for a number of optical depths ranging fram, = 1/3—100. Two
TeV sources have been observed to have exponential clitroffe
VHE ~-ray SEDs|(Aharonian et gl. 1999, 2002a) which are con-
sistent with the model predictions fet, 2 1 at those redshifts.
These results suggest that the Universe is very opticaitk tto
TeV photons beyond a redshift ef., ~ 0.2 with 7, = 3 for
E, 2 3TeVandr,, 2 10 for E, 2 8 TeV. Furthermore, at

= 0.5 the Universe is optically thick down t& 1 TeV, and
Ty & 10 down tox 3 TeV. At higher energiesH, = 10 TeV)
the Universe is very optically thickr{, ~ 3 all the way down to
zem = 0.01. Though significant improvements in sensitivity, par-
ticularly at 2 10 TeV, are planned in the next generation of ICATs
(e.g., the Cherenkov Telescope Array; Hermann et al.|20b83e

Zem
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Figure 13. Model predictions for the absorption edges due to electron-
positron pair production as a function of redshift or lifes@ht comoving
distance (left/right absciss) and observed photon enefy) for a range

of optical depthsxr,, = % 1, 3, 10, 30, and 100. We also include the
cut-off energies observed for two local TeV sources (Ahemoet all 1999,
20024).

results suggest that the high optical depth to pair creatiarht
pose a significant problem for VHE observations at even sdraew
low redshifts. One can, however, expect to observda:V photons
out to~ 100 — 150 Mpc.

8 CONCLUSIONS

We present a physical model for the origin of the CDIRB wtiliz
ing the semi-empirical framework of Hopkins et al. (2010bhe
model tracks three distinct sources of IR emission: stestate star
formation, interaction-induced starbursts, and obscA@N activ-

ity. We also include all the relevant systematic unceriesmwhich

are dominated by the dynamic range in observational essnat
of the stellar mass function (and increasing with redshiff)e
IRLFs generated by this model, combined with a library oftem
plate SEDs for starbursts (Dale etlal. 2001; Chary & Elbaz1200
Lagache et all 2003) and obscured AGN_(Siebenmorgen! 1991,
1993;| Siebenmorgen & Kruegel 1992; Siebenmorgenlet al.|, 1992
2001, 2004a\b), provide an excellent match to observatibtise
CDIRB from Aops =~ 10 — 1000m. In contrast of alternative tech-
nigues — including backwards evolution (e.g., Rowan-Rsirn
2001, | 2009;| Lagache etlal. 2003, 2004, 2005; Xuetal. 12003;
Franceschini et al. 2008; Finke & Razzaque 2009), semiytinal
(Primack et all. 1999, 2005, 2008; Devriendt & Guidertoni (00
and CCE|(Pei & Fall 1995; Pei etlal. 1999) models — our approach
provides a robust context in which to examine the physicprits
duction.

By varying the model assumptions, we find that the normaliza-
tion and peak of the CDIRB emission are determined in large pa
by the strong redshift evolution of the gas content of stestdye
star-forming galaxies. Without this evolution, the modas$tly un-
derpredicts the total intensity of CDIRB and peaks at shovsave-
lengths than is observed, owing to the lack of a significami- co
tribution form high-luminosity and high-redshift disksharefore,
the observed CDIRB can be taken to reflect this strong ewniuti
in the gas content of disks — an effect which has been seen-in nu
merous samples of individual objects (eld.. Bell & de Jon@120
Kannappan 2004; McGaugh 2005; Shapley &t al. 2005; Daddli et a
2009] Tacconi et al. 2010).
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We can also use the model predictions to determine thevelati
importance of IR-luminous galaxies in producing the CDIRB a
a function of redshift, luminosity, and emission mechanidte
model results indicate the following:

(i) The CDIRB is primarily produced by equal contributions
form objects atz: ~ 0.5 — 1 andz 2 1, in agreement with re-
cent observations by the BLAST experiment. However, in the o
server's frame wavelengths past the peak contain an lacgéric
bution fromz 2 1 than those at shorter wavelengths.

(i) Most of the CDIRB is contributed by normal galaxies and
LIRGs, though the ULIRG contribution becomes significant at
high-redshiftz 2 2. This also leads to a larger contribution from
ULIRGs at wavelengths past the peak.

(iif) Ongoing mergers contribute less than 10% of the totaike
sion at all wavelengths, with less than1 — 3% produced by the
merger-driven burst itself.

(iv) Obscured AGN account for< 1% of the CDIRB at all
wavelengths, with a strong upper limit at 4% of the total esiois.

In the future, these predictions can be tested via deep, sude
veys with theHerschel Space Telescope (e.g., the Herschel Multi-
tiered Extragalactic Survey, or HerM@S@combined with stack-
ing analyses similar to those presented by Devlin et al.92@6d
Marsden et al. (2009).

The CDIRB also represents the primary source of opacity
for VHE ~-rays, owing to electron-positron pair production in-
teractions § + v — e™ + e~; Jelley| 1966] Fazio et al. 1966;
Fazio & Stecker_1970; Gould & Schréder 1967; Stecker 1969;
Stecker et al. 1992). Thus, our results also provide priedistfor
the opacity of the Universe to the most energetic photonsfiide
that the model predictions are consistent with high-energpffs
for TeV sources at ~ 0.03 (Aharonian et al. 1999, 2002a). They
also indicate that while the Universe is highly opaquéstoz 10
TeV photons £,4 2 10 atz ~ 0.06), with the next generation of
ICATs we can reasonably expect to detect sources outi0—150
Mpc.
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