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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 2 - | Infrared

'-l 1 1 11 lllll 1 1 1 llllll 1 1 11 lllll
0.1 1 10 o 100
da Cunha+2010 A (um)

e How do we reconcile COB and CIB? Lz
¢ \Vant to know: P
=\which galaxies make up CIB? =
=how 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)
250 ym: 18”7
350 ym: 25”7
500 pm: 367

Limit (50)

24.0 mdy
27.5 mdy
30.5 mJy

’JY‘?‘&
B
-
£
i
g
:.hf-.:
)
O
|
7 4 : ‘-g.‘
A B8 |

3.5M
Primary

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

e Strength is surveys, with
~1000 deg? observed

marco.viero@stanford.edu
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QRHERMES

Realize that
fluctuatians are
real signal

__Take advantage
by modeling
based on fitfing

" to the intensities

'

marco.viero@stanford.edu

GOODS-S
Halt 1
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18" SPIRE
250pum Beam

marco.viero@stanford.edu Lisbon Seminar — May 3 2016


mailto:marco.viero@stanford.edu

SPIRE Contour

SPIRE 250um

18” Beam . | o
o Difficult to attribute an individual

submillimeter “source” to any
single galaxy



SPIRE Contour

SPIRE 250um
18” Beam

e Key is to identity galaxies with
similar physical properties, and
then rely on statistics to fit
fluctuations



SIMSTACK: Synthetic Intensity Fitting Algorithm

make hits map from catalog of - _

similar objects -

convolve with instrument p.s.f. _ - /
regress to find mean flux -

density =

Formalism developed w/ Lorenzo Moncelsi (Caltech);
also see Kurczynski & Gawiser (2010), Roseboom et al. (2010)

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

marco.viero@stanford.edu Lisbon Seminar — May 3 2016 9
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Simplest Intensity Fitting

149.853 2.608
149.854 2.258
149.752 2.584
149.832 2.724
149.275 2.196
149.262 2.966
149.915 2.206
149.546 2.564
149.824 2.047 -4
149.453 2.278 |
149.863 2.788
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Simplest Intensity Fitting
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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)

e / 3 - / SKY
{ &6 > 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
(X0 AL LA | o
¢ |n a typical
2 YpIte 10,000 |terat|ons 2 arcsecom _
thumbnall 25 orcsecx:: _
StaCk, 0.8 35 arcsecCeyyy |
uncorrelated ‘ :
emission does |
not bias result, T %[ )
only adds noise =
g i
o 0.4 ]
e
1 |
0.2 | —
N |
| ﬁm o, _
- #_H_,r_g_~“’ | ~1\%\—‘—\:—| -
OO0l 3l ot v vy 2y v by PR o I e S = |
0.8 0.9 1.0 1.1 1.2
stocked/si
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Aside: Correlated vs. Uncorrelated Emission

no bias
' ' ' [ [ | |
® However — |
Al i
correlated —
emission does é F
bias a typical O1.0-
thumbnall L
stack, > [ |
| INQl =
|npre§18| gy 2 Traditional Stack +
with increasing GCD
beam a
(),
O
= S5
> e
@ i ;g orcsecx::
CDO L 35 arcseCeyum ~
' | \ | ) | \ A \ |

1.2 14 1.6 1.8
Sstacked/ Sinput
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Y S »
QY Y
\>

o) :
% Near-Infrared

S
.; b o IR R (T
O

ke B¢ Take advantage of statistics

> ¢
.‘ Split catalog up into groups of Similar Galaxies
) % &S

r;.
by
;y
)

’

gv
D

,  =Assumption is that galaxies with similar

. physical properties — described by their
optical SEDs — will have similar infrared
properties.

=This is Key! Only works if this assumption

O .9 O

o& O

Q
O




The Measurement



SIMSTACK: Measurement Data Y HERMES

Catalogs
Separating Quiescent from Star-forming
UKIDSS/UDS [2/3 deg?] / e S
COSMOS [1 .0 degz] 2ol ' . IN InN= 22959

1.5F

uBVRizJHK + IRAC ch1234

1.0

K-band cut 23.4 / 24 AB 0.5}

0.0

80,000 / 120,000 sources 2ol N

1.5F

Redshifts - EAZY (Brammer 2008)

1.0

Masses - FAST (Kriek 2009) o5}

0,0 i 1 i i i i i i 1 i 1 i 1 i 1
-0500 05 10 15 20 -0500 05 1.0 1.5 20 -0.50.0 05 1.0 1.5 2.0 25

Colors - UVJ (Williams 2009) V - Jrest

Muzzin et al. (2013)
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SIMSTACK: Measurement Data

QHERMES

Maps

Spitzer/MIPS

« 24, 70um
Herschel/PACS

- 100, 160pm
Herschel/SPIRE

- 250, 350, 500pum
ASTE/AZTEC

« 1100pm

UDS - 1.4 x 1.4 deg

¥ Cosmos - 1.8 x 1.8 deg

marco.viero@stanford.edu
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M=9.5-10

z=1.01t0 1.5

X Y o

996 1009

55 1011 - -

187 1010

501 1011

336 1012

127 1011
M=10-10.5

X Y

535 1026

345 1029

340 1029

517 1027

805 1031

805 1031
M= 10.5-11

X Y

345 1029

340 1029

517 1027

805 1031l

805 1031

238 1032

359 1033

841 1034




SIMSTACK: Flux Densities (M,z) QHERMES

350um

? 101 -_ _ (‘;; o S < S S )
g 100®\®\® & o---¢
@ .
2 .
= 107 !
-
L
107°
0 1 2 3 4
Redshift
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SIMSTACK: Flux Densities (M,z) Y HERMES
' 24{.1,m ' | 70(.Lm | | 1OQMm . | 16(?,um | . ZSQum ' | 35(?,u,m ' ‘ 50(?me | "I 1O'O/J,m|
5 0| i g | gy
S | s ieze | [
@ ¢ ! ] ]
& X L
2 10™ \ - H 1
= s
R b
1 2 3

Viero, Moncelsi, Quadri+ (2013) 10 100 1000
arXivi1304.0446 Wavelength [um]
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SIMSTACK: SE

DS =—==redshift

i« slices

25-3.0 z = 3.0-3.5 z = 3.5-4.0

z =00-052=05-102=10-152=15-20 2 =2.0-25 2z =

14

1"

Star—forming

8
14
13
12
1

9
8
14
13
12
1
10
9
8
14
13
12
"
10
9
8
14
13
12
1
10
9
8
14
13
12
"
10
9
8
14
13
12
"
10
9
8
14
13
12
1
10
9
8

Star—forming

Star—forming

stellar
mass
slices

Quiescent Quiescent Star—forming Star—forming

Quiescent
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Observed Wavelength [um]

10" 10% 10%0' 10% 10%0' 10% 10%0' 10% 10%0' 10% 10%0' 10%® 10%0' 10% 10%0' 10° 10°

11.0-12.0

9.0-9.5 9.5-10.0 10.0-10.5 10.5-11.0

11.0-12.0

10.0-11.0

9.0-10.0
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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

Ngouf?5?: SDER

Star Forming
vrlog(M/Mg) = 11.0-12.0
“rlog(M/Mg) = 10.5-11.0
vrlog(M/Mg) = 10.0-10.5
Yrlog(M/Mg) = 9.5-10.0

.....................................................................

1 11 11 11 1 1 l 11 11 1 11 11 I 11 11 11 L1 1 l 1 11 L1 1 11 1

/
|

LIRG ULIRG

Normal

lllllllllllllllllllllllllllllllllll

1

O

1 2
Redshift

3

N
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Cl

Sreakdown

QHERMES

Split Sample by:

ULIRGS
LIRGS
Normal

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

10°
10’
"%
=
E 10°
E:.

10

10

Logache (2000)

i (] Total Stacked +
- Total SED a Miville—Deschenes (2002)
o z =0.0-1.0 < Dole (2006)
102k ©O z=10-20 ¥  Bethermin (2010) -
E O 2=20-30 A Berto (2011) 3
u O 2z =30-4.0 X Jouzac (2011)

Lagache (2000)
Vieira (in prep.): S,y > 40uly

L) lllllll

Model: Bethermin et al. (2011)
Total Completeness Corrected
Normal

e Z
- z _ - - Ak W
z - \ V|
- =z z e - \\ ~ ~ \ k R _\, “"‘
: -~ P 4 N @F\d'{ A —
N /s @ S N l'\ p [K' A N
C P %/ ]
O, ” N O LR .
B s \ AN \ R 7
— ” -
O - o N By
- My T
L \ \\ wk
oo\ N
\ \ RN
- \ \ \I‘
C \ I
u s m 'ﬁ
_ \
«\
L N
- \ -
L \
\
\
1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 I

Observed Wavelength [um]
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SIMSTACK: Beyond Colour

10*

o Full SED Categorization
=map physical features to FIR flux

10°

10%

10° |

107 |

10°
10°

10 |

10° |

flux density

0.0 05 10 15 20 25 30 35 40

redshift
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SEDSTACK: Beyond Flux

---------
..............
.........
. ",
. "
.* .,
.
.* .
. "
* .,
. .
"

------
----------
. ]
. L]
. L]
. L]
. L]
. e
[ L]

-------
----
- L]
- ~
. Ll
.* e
“ L]

.
------------
. L]
. ]
. L]
«* .

.......
.

......... e |[nstead of fitting for
flux densities at each
wavelength (one at a
time),

- =1t for [uminosities

(i.e., SEDS) to full set
of maps at once

nulnu

log(wavelength)
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SEDSTACK Inz - M - QT/SF bins

e Advantages:
= |everage high

S/N

components

to better
constrain
faint-end

Flux Density [m]y] Flux Density [m)y] Flux Density [m]y]

Flux Density [m]y]

redshift = 0.25

redshift = 2.25

10 b

10° b

107 |

['85 sf', '12.0°]
— ['678 sf', '10.75']

['2777 sf, '9.75']
['11895 sf', *9.0']
['350 gt', '12.0']
['963 qt', '10.75']
['894 qt', '10.25']
['740 gt', '9.75']
['1882 qt', '9.0']

['1622 sf', '10.25°] [}

['383 sf', '12.0']
['1519 sf', '10.75']

['2524 sf', '10.25"] [4

['2285 sf', '9.75']
['276 sf', '9.0']
['116 qt', '12.0']
['465 qt', '10.75']
['329 qt', '10.25']
['36 qt', "9.75']
['6 qt', '9.0']

107

101 b

10° F

107

['272 sf*, '12.0°]
['2831 sf', '10.75']

['11698 sf', '9.75°]
['25028 sf', '9.0']
['961 qt', '12.0']
['2874 qt', '10.75']

['1569 qt', '9.75']
['1134 qt", '9.0']

['6722 sf', '10.25°] [}

['2888 qt', '10.25']

['322 sf', '12.0']
['865 sf', '10.75']

['1676 sf', '10.25°] |

['1064 sf', '9.75']
['291 sf', '9.0']
['65 qt’, '12.0']
['230 gt', '10.75']
['114 gt', '10.25']
['7 qt', '9.75']
['1qt", '9.0']

10°

10% b

10° F

107 F

['281 sf*, *12.0°]
['2865 sf', '10.75']

['11984 sf, '9.75']
['12847 sf, '9.0']
['661 qt', '12.0']
['2547 qgt', '10.75']
['2299 gt', '10.25']
['1017 gt', '9.75']
['185 qt', '9.0']

['6661 sf', '10.25°] |4

['124 sf', "12.0°]
['278 sf', '10.75']

['571 sf*, "10.25'] |

['234 sf', '9.75']
['77 sf', '9.0']
['15 gt', "12.0']
['34 gt', '10.75']
['13 gt', "'10.25']
['2 qt', '9.75']
['0 gt', '9.0']

10°

1(

10 b

10° F

107 |

['393 sf*, "12.0°]
['2689 sf', '10.75']

['6130 sf', '9.75']
['1960 sf', '9.0']
['361 qt', '12.0']
['1515 qgt', '10.75']
['1193 gt', '10.25']
['264 qt', '9.75']
-- ['37qt,'9.0']

['5286 sf', '10.25°] [}

['29 sf', '12.0°]

— ['42 sf', '10.75']
— ['80 sf", '10.25'] |1
— [205sf,'9.75]
— ['0sf,'9.0]

- ['6qt'.'12.01]
- ['6 qt', '10.75']
- [2qt,'10.25']

['0 gt', '9.75"]

- [0qt,'9.0']

107
10°

10°

Wavelength [microns]

)2

10°

Wavelength [microns]

Flux Density [m)y] Flux Density [m)y] Flux Density [m)y] Flux Density [m)y]

Flux Density [m)y]

160

101 -

100 -

107

107

101 -

100 -

107

— oo e

102

101 -

10° b

107 |

2
10 0

101 -

100 -

107 b

50

107

101 -

100 -

10-1 -

10‘0,0

05 10 15 20 25 30 35 40
Redshift

marco.viero@stanford.edu

Lisbon Seminar — May 3 2016

27


mailto:marco.viero@stanford.edu

SEDSTACK:

Beyond Flux

G
o

2 . 0 N
Star-Forming , - = o e SEDSTACK lets
125 Quiescent :
. us explore
S 120} 420t BB | more layers
2 115 | a r*ﬂ' i (e'g’ here 25)
D} Mo ARG IRLL )
g | e ® Deeper than
O 1O| K 1 “The deepest
[ e Herschel-PACS
S 10.5 [0 Hgy : .
3 op & far-infrared
10.0 oo ob@ { survey”
i fiY PEP — Magnelli 2013 Magnelli (2013)
9.5 L=
0.0 05 10 15 20 25 30 35 40

Redshift
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S0, 70% of CIB identified...
what about the rest”



Aside: Correlated vs. Uncorrelated Emission

no bias
() LS | T
e Uncorrelated
- 10,000 |terat|ons 5 oresecan,
emission does _ 12 rsechmy
not bias result, 0.8k 35 arcseCuyu
only increases :
noise i
= 0.6
S
o 0.4
Z -
- ]
0.2 |
— "’__ LJ
I jJufJ ﬁ{ﬂf L\‘l"
- _H_:"’Iﬁ-. | —‘h‘—‘ﬁr‘
OO0l s L 0 0 0 42y v by T I e
0.8 0.9 1.0 1.1
stocked/Si
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A New Accounting of the CIB YHERMES

Source in Cata

Source not in Ca:

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

Source in Catalog

Source not in Catalog

make synthetic “hits” map from -
positions of

V4
& & V4

fit “synthetic” map to " -
the map of the sky i )

NN

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

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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A New Accounting of the CIB QHERMES

® X-axis Increasing lbeam
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gl | RAS Direct measurement ~30% errors
£ 11 » Null tests on random positions
1 | | » Flat because Catalog is ~100% complete
to log(M/Msun) =9 - 11.5

2291 * Nearly all of the CIB is accounted for by
.gq emission correlated with known,

PRTTTR AL cataloged, galaxies. But is it necessarily
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Viero, Moncelsi, Quadri et al. (2015)
arXiv:1505.06242
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Stacked Flux Density [mJy]

A New Accounting of the CIB QHERMES

Submillimeter Flux Densities Stellar Mass Functlons
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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 ACCOuntlng of the CI QHERMES
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— T T ——— ——
10 __ O Cumulotive CIB: 300arcscceffective resolution (b 1
+ Cumulative CIB: nominal imoge g
- stocking+mass function model <,
- incomplete s+mf model
8F Bethermin et ol. (2012) (D
et D .
6 l ) i
| 250um 0 [ et +—t+—
[ 350um o |
4| 500um i Jt . ;
1
. - : I 1
" ! - l 7z < a .
EETTTTTTTTTTTTITTOIIRIIIY ) PRI (9 TP T PP PTTTPIN zZ < 1
- 5 @ @ @1 T 30
21 0 P B -
. - ]
_ _ - — " d F 2 < 1.5-
I D 3 1t 250um z2< 1.0
O lllllllll lllllllll | T T T T TR T N 1 | IR T R T T TR S T ] ;llllllllllllllll_’lll_JJ_Liz.¢<‘_05

0 1 2 3 '4 50 100 150 200 250 300
Redshift

Viero, Moncelsi, Quadri et al. (2015)
arXiv:1505.06242

Circles/Solid lines: Model compared to total CIB after smoothing to 300
arcsec FWHM.
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A New Accounting of the CIB: Summary IHERMES

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

Viero, Moncelsi et al. (2015) — arXiv:1505.06242

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

® 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

Te ASTROPHYSICAL JOURNAL LErTTers, BO9:L22 (6pp), 2015 August 20

© 2018, The Amencen Asonomical Society. All nghts reserved.

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,
EF : P .
A. Conrey'’, L. Converst'', S. DUIVENVOORDEN'?, 1. S. DunLop', D. Farrat'®, A. FrancescumNt'®, M. HavLpern'®,
R. J. Ivison'*"", G. LAGACHEZ G. Maapis'®, L. ,h,ducur-:rn". J. ALVAREZ-MARQUEZ ', G. MARsDEN'®, S. J. Ouvan!'.1
- 2’ 23,24 7%
M. J. Page'’, 1. PErez-Fournon-"?!, B. ScHuLz”**, DoucLas Scort'®, L VaLrcaanov'', J. D. VieEma™*, L. Wang™*°,
bl 2
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 K5 ~ 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

highly correlated

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

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
et 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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SIMSTACK: coming full circle
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QHERMES
SHELA

A 7 = o

Y : N\ ")

.(:‘) A
- ]
:

SDSS Stripe 82
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QHERMES

Viero+ 2014 Oliver+ 2012
arXiv:1308.4399 arXiv:1203.2562

Maps/Catalogs at:
HerS: http://www.astro.caltech.edu/hers
HelLMS: http://hedam.lam.fr/HerMES/



http://www.astro.caltech.edu/hers
http://hedam.lam.fr/HerMES/

Summary

* |ntensities are the way of the future, and not limited to FIR

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

* SIMSTACK/SEDSTACK works

=Splitting up of sample needs improving, but eventually will ideally:
» map optical/NIR features into infrared emission
» explain the scatter in the star-forming “main sequence”
» identify true outliers
» provide measurement-based guidance for IR galaxy models
» clean foregrounds for very high-z work

=Python Code — https://github.com/marcoviero/simstack

e | arge SPIRE surveys in the SDSS Stripe 82 publicly available:

=\WVWW.astro.caltech.edu/hers
=hedam.lam.fr/HerMES/
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