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Motivation QHERMES

e Infrared/Submillimeter emission
reprocessed starlight by dust

¢ |R/Submm traces star formation
e Half the emission Is tied up in dust

Optical Sttt SRR Infrared

AL, (Ly)

Ll 3o el Lo vl Lo vl
0.1 1 10 100 100
da Cunha+2010 A (um)

e How do we reconcile COB and CIB?

e \Vant to know: i=
=which galaxies make up CIB? =
=nhow much of the CIB is accounted for? 0.1

=\what limits does this place on models? 0.1 10 1000
Wavelength (um)

COB
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Herschel/SPIRE

Band PSF size Confusion
(FWHM)  Limit (50)

250 pm: 18”7 24.0 mdy
350 pm: 25”7 27.5 mdy
500 ym: 367 30.5 mdy

e < 1% of sources resolved at
50 due to source confusion

e Strength is surveys, with
~1000 deg? observed
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SIMSTACK: Synthetic Intensity Fitting Algorithm

“« / / - / C1
sub- catalog1

+
4
" : /-) /X CQ
sub-catalog 2 +
N
4
- 4 ' // /)( CN
sub-catalog N
fS

Formalism
developed w/
Lorenzo Moncelsi
(Caltech)

/ - ) / sky
> map

SIMSTACK code publicly available (see arXiv:1304.0446):
IDL (old) — https://web.stanford.edu/~viero/downloads.html
Python (under development!) — https://github.com/marcoviero/simstack
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Aside: Correlated vs. Uncorrelated Emission

no bias
(Ol N LA | R o rrr it
e Uncorrelated
o 10,000 |terat|ons 2 aresecom _
emission does _ 25 arceea™ _
not bias result, 0.8 39 OreseCrum -
only increases j :
noise )
T 0.6 n
g _
o 0.4 a =
=z
] _
0.2 | -
| o T e |
0.0 e T » ...IL....T.LH.TT@,:M_
0.8 0.9 1.0 1.1 1.2

Sstocked/binput
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Aside: Correlated vs. Uncorrelated Emission

no bias
! ' ! | | | |
e Correlated — | . .
emission does — |
bias the result, é
and more with O1.0-
INncreasing © T
) -
beam > r |
'-I: B i
g i Traditional Stack + |
O | ]
O
O | .
&
= 5 arcsec
3 15 grcsecx::
@ " 25 arcseCeyum
CDO L 35 arcsecCryum i
' | | | ) | ) 1 ) |

1.2 14 1.6 1.8
Sstacked/ Sinput
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Aside: Correlated vs. Uncorrelated Emission

no bias
! ' ! | | | |
e Correlated —~ t )
emission does — . |
bias the result, é L.
and more with Oro- f
INncreasing M
N—" |
beam > r |
= | r _ Simultaneous Stack o -
v | Traditional Stack + |
-
m — -
O
O | |
O
= 5
= ArcSeCeyum
o | ! 52 oresecr
CDO L 4 ; 35 arcseCeyum B
' | ) 1 | | ) l ) | ) 1 ) | )
1:0 1.2 14 1.6 1.8
| Sstacked/ Sinput
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SIMSTACK: Flux Densities (M,z)

350um

0g(M/Mg)= 11.5 C
og(M/Mg)= 10.8

og(M/Mg)= 10.2 O
log(M/Mg)= 9.8 O

Flux Density [mJy]

Redshift
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SIMSTACK: Flux

Densities (M,2)

-;101___ “ccccc
J= E Y—o— ¢
2 10°'.®\@\@... RS
g 107 ..
QO -1
< 10
=
T
107°
0 1 _ 2 3
Redshift
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350um
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Flux Density [mJy]

Viero, Moncelsi, Quadri+ (2013) 10

SIMSTACK: Flux Densities (M,z) QHERMES
24um 70um 100um 160um 250um 350um 500um 1100um
e U T e s s sessa oo
ol a0z | .'wxxw-yﬁf
10"r\ | R 1
1072} S

arXiv:1304.0446

100
Wavelength [um]

1000
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SIMSTACK: SEDs

=—==redshift
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SIMSTACK: Lir(M,2)

log(Lir) [Le)

13

12

11

10

SFR~200 Mo/yr
log(L/Le)=12.3
T=28K

Nga= 157,55

llllIll.ll_ll
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Redshift
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CIB Breakdown Y HERMES
" ™ — L
B O Total Stocked + Logache (2000) .
L . _._ Total SED O Miville-Deschenes (2002) -
- o Dole (2006)
102k e Bethermin (2010) —
- A Berto (2011) .
= X Jouzac (2011) .
- Lagoche (2000) -
- Vieira (in prep.): S,y > 40wJy -
ol L1 Mo i
A af, B TR TRy,
o~ - XK 2y \ '\ -
|E 1 : % - ,Al:;/' l‘q\j\l :
= [ '] A -
L0k | E
s F :
A [ ]
107
0%k -
100 1000
Observed Wavelength [um]
Viero, Moncelsi, Quadri et al. (2013)
arXiv:1304.0446
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CIB

Sreakdown

QHERMES

Split Sample by:

N

N

stellar mass

- O Total Stacked +
- —-—-—-— Total SED o Miville—Deschenes (2002)
O z=00-10 o Dole (2006)
102k o z =1.0-2.0 * Bethermin (2010) .
O 2=20-30 A Berto (2011) 3
. O 2z =30-4.0 X Jouzac (2011)

redshift

0-2 @ < 200um
>1 @ > 200um

10°

log(M/Mo~10-11)

l.e., M < M-

Viero, Moncelsi, Quadri et al. (2013)
arXiv:1304.0446

Lagoche (2000)

Lagoche (2000)
Vieira (in prep.): S,y > 40uJy
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CIB

Sreakdown

QHERMES

Split Sample by:

ULIRGS
LIRGS
Normal

Viero, Moncelsi, Quadri et al. (2013)
arXiv:1304.0446
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S0, 70% of CIB resolved...
what about the rest”



A New Accounting of the CIB

Source in Cata

Source not in Ca:

Imagine this is a SKY MAP — ¥
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A New Accounting of the CIB

Source in Catalog

Source not in Catalog

make synthetic “hits” map from -
positions of

V4
& & V4

fit “synthetic” map to " e
the map of the sky i '

NN

Unbiased if :
-beam is small
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A New Accounting of the CIB

Source in Catalog

Source not in Catalog

make synthetic “hits” map from
positions of
fit “synthetic” map to
the map of the sky

Biased if :
-beam is big
-missing a lot of sources
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Total CIB [nW m™2 sr™']

A New Accounting of the CIB

COBE: Fixsen 1998
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11 ]
. ] L | ]
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O.0F z2<304 0.0F 1 00F :
. 2:<-2:5 ‘ _
250um Rl 350um 500um
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Effective Image Resolution [arcsec]

Viero, Moncelsi, Quadri et al. (2015)
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A New Accounting of the CIB

COBE: Fixsen 1998 ------==-=-==----
P xeaxdis increasing beam
10'0 =._._._._._.-._._._.: _______________ &\ =
s ://l/{/ |
lE M
= 95.0r
C .
e R I
® - _
O 1 ‘
[c —_t ! 7l < 4._3 '
° oo} 25l
L 2K 2.5 |
250um P <o)
bty e <00

S50 100 150 200 250 300
Effective Image Resolution [arcsec

Smooth with bigger beam=——p Viero, Moncelsi, Quadri et al. (2015)
arXiv:1505.06242
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A New Accounting of the CIB

COBE: Fixsen 1998 ---------==------
s f_"i':jf;'Z’;f.’ff.li * x-axis increasing beam
oob=smmoms et . . |

—_ ./%’ | i | ®y-axis cumulative Intensity below z
'E M’
= 95.0r
= [ I
® SR
O | 1 E
T 1358
2 0.0 5 gg-

250pm <10

M BFET AT AT ST A AT T B SR T B SR S "-z-_<,o_5.

50 100 150 200 2
Effective Image Resolution [arcsec

Smooth with bigger beam=——p Viero, Moncelsi, Quadri et al. (2015)
arXiv:1505.06242
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A New Accounting of the CIB

COBE: Fixsen 1998 -------=-=-=----
L_::':_":':__'"_"f_'”:__ ® X-axis increasing beam
s e . . |

—_ — 1 e y-axis cumulative Intensity below z
& | | | ® FIRAS Direct measurement ~30% errors
€ U
= 95.0r
s [ |
O 1 ‘
S | 32 58
2 0.0 ' Ea gg-

250um o]

.l....l....l.._g_.qu-_sz-_fL-osn-

50 100 150 200 250 300
Effective Image Resolution [arcsec

Smooth with bigger beam=——p Viero, Moncelsi, Quadri et al. (2015)
arXiv:1505.06242
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A New Accounting of the CIB

["'__f_":':::__'"__‘f_'”:':_'j * X-axis increasing beam
oobmroamsas e . | |
—_ s % i | e y-axis cumulative Intensity below z
J paame ||| ® FIRAS Direct measurement ~30% errors
S 50 P s | | ® Null tests on random positions
o |
2 N < 3.
= QoNULL TESTS: ¢3¢
1.5 |
z2< 1.0
lllllllllllll_;llLi'_szl_<L'osl

50 100 150 200 250 300
Effective Image Resolution [arcsec

Smooth with bigger beam=——p Viero, Moncelsi, Quadri et al. (2015)
arXiv:1505.06242
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A New Accounting of the CIB

| . 1| ®X-axis increasing beam

—_ o S ae% ra o e y-axis cumulative Intensity below z
,'f’ -IRAS Direct measurement ~30% errors
'§ 5. Null tests on random positions
= Flat because Catalog is ~100% complete
- Lot teg=t1| tolog(M/Msun)=9-11.5
° ooNULL TESTS:: i¢-

250um F<i0

TP T T ol B P Lt o vl

50 100 150 200 250 300
Effective Image Resolution [arcsec

Smooth with bigger beam=——p Viero, Moncelsi, Quadri et al. (2015)
arXiv:1505.06242
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A New Accounting of the CIB

RAS Direct measurement ~30% errors

ull tests on random positions

at because Catalog is ~100% complete

to log(M/Msun) =9 - 11.5

Nearly all of the CIB is accounted for by
emission correlated with known,

cataloged, galaxies. But is it necessarily

S50 100 150 200 250 300 ) 1 ) .

Effective Image Resolution [arcsec]  Originating from galaxies?

Smooth with bigger beam=——p Viero, Moncelsi, Quadri et al. (2015)
arXiv:1505.06242

Total CIB [nW m™% sr-

0.0 NULL JESTH

250um

Lo Lo uvooo
2 M ™ | 2 M M o 1 o

N NN NONCNLN
AANA ANNANANAN
‘Of';a N LD
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Stacked Flux Density [mJy]

A New Accounting of the CIB

Submillimeter Flux Densities Stellar Mass Functlons

Data: Tomczak et al. (2014 °
g 250um 350um 500um i Vodel Lofs ot ol (2014§ :
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Redshift log(M/Mo)

Parametric fit to the (nominally) stacked flux densities (dashed lines)

Parametric fit to the stellar mass functions from Leja et al. 2014 (solid lines)
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A New Acccuntlng of the CIB

v, ["W m™2 sr™']

T T T ] [~ e T e
10 | e RO TR Ty i b A X S XA |
i O Cumulative CIB: 300arcscceffective resolution I _ ¢
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Circles/Solid lines: Model compared to total CIB after smoothing to 300
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Stellal\r Mass

— 1OO_ZOg(M/M® """""""
o L 14.00
S ol
- 80T 1580
o 12.40
o L 12.00
5 60k 11.60
9 t 11.20
S | catalog
Q 40+ 10.00 :
= incomplete
9 .
- L
€ 20}s
5 .
O

ot

1 2 3 4
* Most of the CIB comes from galaxies between log(M/Msun)=8.5- 11.5

* Black line/shaded region is the incompleteness of the catalog
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The total CIB places limits on, e.qg.,:

=| ow-Mass end of the Stellar mass function
» Any stellar mass model cannot have to many/few IR emitters

= Star-Formation Rate Density (to z = 4 for now)
» Limits on total obscured star formation
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A New Accounting of the CIB: Summary

e Current Estimates of the total CIB can be explained by known
galaxies, and their correlated companions, at z < 4

Viero, Moncelsi et al. (2016) — arXiv:1505.06242

doi:10.1088 /204 1-8205 /809 /2 /1.22

e This technique is
not limited to
submillimeter maps
or CIB studies

=as we push to
higher redshifts,
iIntensities will be
powerful probes of
first galaxies,
which will be faint,
numerous, and

Tre ASTROPHYSICAL JOURNAL LErTers, BO9:L22 (6pp), 2015 August 20
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HERMES: CURRENT COSMIC INFRARED BACKGROUND ESTIMATES CAN BE EXPLAINED
BY KNOWN GALAXIES AND THEIR FAINT COMPANIONS ATz < 4

M. P. Viero %, L. MoNceLst’, R. F. Quapgrr’, M. BETHERMIN®®, J. Bock™®, D. BURGARELLA, S. C. CHAPMAN®, D. L. CLEMENTS,
A. ConLEY'", L. Converst'', S. DUIVENVOORDEN 2, J. S. DunLor'”, D. Farran'’, A. FrancescumNt'®, M. HaLpern'®,
R. J. Ivison' """, G. LaGacHE’, G. MaGDIs'®, L. MAarcHETTI', J. ALVAREZ-MARQUEZ ', G. MARsDEN'®, S. J. OLIvEr'?,
M. J. Pace'’, I. Pérez-Fournon""?!, B. ScauLz>*?, DoucLas Scort'®, I VaLtcaanov'', J. D. VIERATY, L. Wang™ ",
J. WARDLOW" ', AND M, ZEMCOV™®

ABSTRACT

We report contributions to cosmic infrared background (CIB) intensities originating from known galaxies and their
faint companions at submillimeter wavelengths. Using the publicly available UltraVISTA catalog and maps at 250,
350, and 500 um from the Herschel Multi-ticred Extragalactic Survey, we perform a novel measurement that
exploits the fact that uncataloged sources may bias stacked flux densities—particularly if the resolution of the
image is poor—and intentionally smooth the images before stacking and summing intensities. By smoothing the
maps we are capturing the contribution of faint (undetected in Ks ~ 23.4) sources that are physically associated, or
correlated, with the detected sources. We find that the cumulative CIB increases with increased smoothing,
reaching 9.82 = 0.78, 5.77 £+ 0.43 and 2.32 £ 0.19 nWm 2 sr~! at 250, 350, and 500 um at 300 arcsec FWHM.
This corresponds to a fraction of the fiducial CIB of 0.94 = 0.23, 1.07 £+ 0.31, and 0.97 = 0.26 at 250, 350, and
500 pm, where the uncertaintics are dominated by those of the absolute CIB. We then propose, with a simple
model combining parametric descriptions for stacked flux densities and stellar mass functions, that emission from
galaxies with log(M/M.) > 8.5 can account for most of the measured total intensities and argue against
contributions from extended, diffuse emission. Finally, we discuss prospects for future survey instruments to
improve the estimates of the absolute CIB levels, and observe any potentially remaining emission at z > 4.

Key words: cosmology: observations - galaxies: evolution — infrared: galaxies — large-scale structure of universe -
submillimeter: galaxies

1. INTRODUCTION

Of all the light that has been emitted by stars, about half has
been absorbed by interstellar dust and thermally re-radiated at
far-infrared to submillimeter wavelengths, appearing as a
diffuse, extragalactic, cosmic infrared background spanning
1-1000 pm (CIB; Hauser & Dwek 2001; Dole et al. 2006).
Statistically characterizing the sources responsible for this

highly correlated

background is necessary to gain a full understanding of galaxy
formation and cosmology, and thus remains an ongoing
pursuit.

The CIB was first detected in spectroscopy with the Far
Infrared Absolute  Spectrophotometer (FIRAS; Puget
ct al. 1996; Mather et al. 1999). Observations of local starburst
galaxies with JRAS (Soifer et al. 1984) showed that galaxies
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SIMSTACK: coming full circle
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Viero, Moncelsi, Quadri et al. (2013)
arXiv:1304.0446
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FLUCTFIT: Preview
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Summary

e Current Estimates of the total CIB can be explained by known
galaxies, and their correlated companions, at z < 4
e SIMSTACK works
=splitting up of sample needs improving.
=ALMA observations should provide useful priors for more
sophisticated algorithms.

e Emission from galaxies predicted by the stellar mass function can
account for the entire CIB

e This technique is not limited to submillimeter maps or CIB studies

=as we push to higher redshifts, intensities will be powerful probes of
first galaxies, which will be faint, numerous, and highly correlated

e Absolute CIB level is important, and needs to be improved (might

require a dedicated instrument)
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