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Linking stellar and dust emission

Physical processes and related parameters

Véronique Buat
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Outline

e SFR determination: basic parameters

e SFRs based on the dust emission and composite
tracers

e How to correct stellar light for dust attenuation?
e M* determination
e Fitting the whole Spectral Energy Distribution
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Outline

SFR determination: the basic equation

Emission lines &UV continuum, timescales &
star formation histories

SFRs based on the dust emission and composite
tracers

How to correct stellar light for dust attenuation
M* determination
Fitting the whole Spectral Energy Distribution
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A basic equation to derive the SFR
(assumlng no dust attenuation):

L(A 1) = f f F (m 8)(m) dm do

M low

Intrinsic Ium|n05|ty \ stellar tracks Initial Mass Function
emitted by all the  t=0 the first (IMF) from M, to M,,,
stars of the galaxy stars in the Star Formation rate
ga|axy function (Msun/yr)
Simple recipes: Stellar Populations synthesis
SFR is assumed to be constant over T m(.)dels. with various SFR(t)
SFR proportional to the intrinsic +!:'t5 with a large set of data at
monochromatic Luminosity: different wavelengths (SED
ﬂ fitting)
M, T -1 ﬂ
SFR =1 [ [ F,(m.0)d0)¥(m)dm} L(A.T)
Mlow 0 SFR(t)
Only useful if the luminosity reaches L(A,T) calculated at any time for any A
a steady state L(A,T) = L(A) > SED fitting technics

LAM Summer school-July 2014



Simple recipes:
SFR is assumed to be constant over T
SFR proportional to the intrinsic monochromatic Luminosity:

U

M, T o Only useful
SFR = f f F,(m,0) dO)W(m)dm L()L,T) if the luminosity reaches a steady state
M, 0 L(A,T) = L(A)

SFR (M, yr~ 1) =14 x 1072 L, (ergs s—! Hz ™).

1500-2800 A, Salpeter IMFE, >10% years of CSFR

SFR (Mg yr~ 1) =79 x107* L(Ha) (ergs s~1) = 1.08 x 10753 Q(H") (s71).

Case B recombination, T, =10* K, Salpeter IMF, « nearly » instantaneous SFR

from Kennicutt 1998, ARAA

GDSF 2015, Chania, Crete




relative flux contribution per 0.2 dex

Stellar populations and their

emission at different wavelengths

UV - Young stars
Visible = intermediate age stars
Near-IR = Old stars
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=1Gyr)

L(t)/L(t

Timescale to reach a steady state an to apply
SFR (Mg yrt)=CL, (ergs?tHz?)

Uv
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Boissier 2013

GDSF 2015, Chania, Crete
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Calibrations given for a constant SFR:
SFR (Mg yrt)=CL, (ergstHz?)

Observation Time-scale ||C Comments
YSOs, stars and remnants | variable Traditional method in the Milky
Way, difficult in distant objects
A in Eq. 24
1524A(FUV-GALEX) 75 Myr 0.97 10~ o :
2018A (UV-FOCA) 131 Myr || 0.98 1028 szs-‘ at h‘gt‘ .redSI}tl.ft’ tl?ut
23084 (NUV-GALEX) 130 Myr  |[1.02 10-28 | aT8e/uncertain extinction
3561A (u) 434 Myr 0.95 1028 :
36514 (U) 160 Myr || 0.89 10-28 | Lomeger time-scales
in Eq. 26
Ha == 6.5 Myr 5.1 10742 Strong line, short time-scale but
difficulties with extinction, NII
Lyman contamination, diffuse/absorbed
P-Cc)nt-inuum fractions, sensitive to the upper
IMF slope
Lya__ 6.5 Myr Lya/Ha=8.11 in theory but has
to be multiplied by the unknown
escape fraction

Table 1: Primary SFR tracers. Timescales and coefficients are computed using Starburst99,
solar metallicity, with the Kroupa (2001) “universal” IMF (0.1 to 100 Mg, slope x = 0.3/1.3
below/above 0.5 M ). Values are given (adopting a constant SFR) when the luminosity reach
90% of the luminosity after 1 Gyr.

Boissier 12, see also Kennicutt & Evans 12, Calzetti 12
LAM Summer school-July 2014



Which stars do produce most of the light?

o rtxL,(t) y
Luminosity weighted age f 7 4
o L)
' SFR constant over T o ‘”"ﬁ:

100
- Luminosity weighted ages

ages depend on the SFH

- Impact of long lived stars
on SFR estimates

=
(™

*UV - luminosity weighted
age <100 Myr

*Lyc photons: « instantaneous

1 0 | | ! ! ! !
1 oo 150 200 N 250 300 350 400 measure»
avelength [nm]

Luminosity weighted age (Myr)

See also Kennicutt & Evans 12

Boquien, Buat & Perret 2014

GDSF 2015, Chania, Crete



SFR [Msun/yr]

Models from MIRAGE hydrodynamical simulations
Boquien, Buat & Perret 2014

25

Model, , FUV, MUV, U, TIR
*SFR estimators in Lyc, FUYV,

, U,TIR, assuming a
constant SFR over 100 Myr

201

*No attenuation
except in TIR :all the stellar
luminosity is re-emitted by

dust)

15F

10+

Time [Myr]
Except for Lyc, overestimation of the SFR: 25% in FUV, 65% in U
Explained by the contribution of stars older than 100 Myr

- SFR estimators on timescales larger than 100 Myr

are better for non starbursting galaxies
GDSF 2015, Chania, Crete



Is a constant SFR a reliable assumption in galaxies?
Probably YES for the nearby universe

* SINGS
o MKO6

_IITIITIT]TTI[]ITIITI]I] a
- 45 —
S _ N
+— - -
(@] - -
@ " n
5 44 -
(@) — -
4>-<; N N
U 43 I~ -
> C ’
- - ]
<42 - —
\O—E - =
o) 5 / @ @ i

—
41 7’ -
llllllllllllllllllllllll-

39 40 41 42 43
log [L(Ha),,,.] (ergs s-?)

Hao+11
Extinction corrected Ha and FUV luminosities fully consistent with a constant
SFR over 100 |V|yr' LAM Summer school-July 2014



Log [F(Ha)/F(FUV)] + K

Log [F(Ha)/F(FUV)] + K

But dwarf galaxies: best cases to measure SFH variations,
Weisz+12, Lee+09

Variations of the SFH seen in Ha/UV ratio:
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Log SFR [Mg yr™']

Recent insight on the SF at high z
/> 2: evidence for an increasing star formation

Redshift z

7 8

v 1 N I

| Power law alpha=1.7
1-23 Increasing exp tau~0.5 Gyr
(Papovich+11)

1
|
N
N
]

More physical models:
Increasing SFR allows a SF
starting at very high z
(Maraston+10, Lee+11,
Renzini09)

——— SFR~(t/T1)°
———- SFR~exp(t/T)

-o.s [ | M 1 " 1 : | M 1 " | M |

9.4 9.2 9.0 88 8.6 8.4 8.2
Log [ Lookback Time(z, z,=11.0) ] [yr]

Papovich+11

LAM Summer school-July 2014



Star formation history: simple modeling versus
‘realistic’ simulations

Simple models are usually assumed

Schaerer+14
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SFH from numerical models,
compared to simple models
Ciesla+15

T
B 1 exp decreasing
SF — delayed SFH

| wonm 2 exp decreasing

SFR (M yr)

SFR (M_yr)

SFR (M yr

t (Gyr)



Dependence of the calibrations on the
metallicity and IMF

Table 1. Calibration constants for the H, and [OII] luminosity * Table 2. Calibration constants for the UV luminosities

SER relations. (Values in brackets are for f = 1). SFR relations.
M 100 M 120 M IMF |" ' m 100 M 120 M
up ® @ up Q@ (O]

yA }CHU C[OII] CHu C[0||] 2 ClSOO C2800 C1500 C2800

- - - — _ -1

10t e | [x10 e | . X107 Bt | | 1077 st
0.0004 | 2.7 0.5 3.0 0.5 5 0.0004 | 14.6 13.7 | 148 13.9
0.004 | 2.3 1.4 2.6 1.6 = 0.004 | 128 11.8 | 13.1 12.0
0008 | 1.4(2.1) 1522 | 1.7(23) 1.8(2.6) g 0.008 | 11.9 10.8 | 12.2 11.0
002§ 1.3(1.8) 13(19 | 1.6(22) 1.6(2.3) 0.02 | 106 100 | 11.0 10.3
005 1.2(1.7) 12(1.8) | 1.4(1.9) 1.42.0) 0.05 9.3 8.9 0.8 9.2

Ha [Ooll] Far-UV Near-UV

Bicker& Fritze, 2005
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Outline

SFR determination: the basic equation

SFRs based on the dust emission and composite
tracers

Monochromatic fluxes, Global dust emission,
Combination of optical and IR measurements

How to correct stellar light for dust attenuation?
M* determination
Fitting the whole Spectral Energy Distribution

LAM Summer school-July 2014




log,,[AF, (t}] (erg s' Mg!)

3R

a

35

a3 -

N

t = 0.10 Gyr

A

- Takeuchi+05

c.'l,_‘ 0.10 E

IRAS (1980s) , Spitzer (2000s), Akari
(2000+), Herschel (2010s), ALMA, SPICA

(2020s)?

0.0 0.2 0.4 0.6 0.8 1.0
Redshift z

At least half of the SFR is locked
in IR at z=0 and the fraction
increases with z (up to z="2)

LAM Summer school-July 2014



Log[Sy4 um]) (erg/s/kpc?)

L

44

42

40

38

24um

Luminosities at 24 and 8 um as SFR estimators

- Using monochromatic fluxes avoids the extrapolation to the whole IR range

- Direct comparison with the Paa recombination line
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is a reliable SF tracer, more difficult for L
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8um

Low metallicity regions exhibit a low 8 to 24 um flux ratio

SFR(M,,, yr?) = 1.27 1038 (L

24um

Calzetti et al. 07
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L,z (5-1000 pm) : a reliable measure of the SFR?

Complete dust obscuration, dust heating fully due to young stars
Timescale for the calculations: constant SFR over 10 -100 Myr
L; =L, (e.8. Kennicutt 98)
—> Starlight not absorbed by dust: under-estimate of SFR
— dust heating by evolved stars: over-estimate of SFR

— Calibration can vary for different SFHs, as discussed before for the
UV emission

- IR templates not well known (as seen before)
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L,z (5-1000 pm) : a reliable measure of the SFR?

A very strong hypothesis:
complete dust obscuration, dust heating fully due to young stars
Timescale for the calculations: constant SFR over 10 -100 Myr
L = L, (Kennicutt98)

—>calibration varying by ~30% from 10 to 100 Myr (SB99)

Starburst99- SFR constant for t

(100Myr)

t)/L_bol

L_bol(

0.0 1 | 1 1 1

0 20 40 60 80 100

Time (Myr) LAM Summer school-July 2014



Composite tracers: stellar and dust emissions

(Hirashita+06, Iglesias-Paramo+07,Kennicutt+09, Calzetti+07,09,Hao+11,
Kennicutt & Evans, 12, Leroy+09,12, Zhu+08, Elbaz+07, Daddi+07, Wuyts+11
etc...)

Combining L and L, would give the total light from young stars.
In a very simplified way we can write:

L., (corr) = L, (obs)
UV light absorbed by

dust, a fraction of the
total IR luminosity

2> A, =2.5*log(1l+n 10X
Agyy = f(IRX) , IRX=Lz/L;,y

with Lz : 5-1000 um, Ly,,= v.Fv at 150 nm
(e.g. Meurer et al. 99, Hao et al. 11, Kennicutt & Evans 12)

Some authors used a polynomial dependence on IRX (Buat+05,11, Cortese+08,
Boquien+12)

= SFR (Mg yr?) =CL,(corr)



Lr/Lyy flux ratio is a robust tracer of the dust
attenuation for star forming galaxies only
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Data: AFUV = f(IRx=|—|R/LFUV)

** = Meurer+99 /
*°I =—— Buat+05
5 = (Cortese +08 i

This work

Ay (mag)
o

-0.5 0.0 0.5 1.0 1.5 2.0 25
log(Lir/Leyy)

Buat+11: AKARI selection, z=0, variations
between different estimates ~0.3 mag

A, =0.483+0.812*IRX
+0.373*IRX2+0.299*IRX3-0.106*IRX*

Apyy (mag)

AAgyy (mag)
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log [L(R4um)] (ergs s-!)

log [L(Ha),,,+0.020*L(24um)] (ergs s1)

44

42

40

42

40

38

and

TABLE 1
MULTI-WAVELENGTH DUST-CORRECTIONS

Various combinations of luminosity
from young stars (Ha, FUV, NUV)

from dust (L(TIR), L(24um), L(8um)

Composite Tracer

Reference

L(FUV)corr = L(FUV)ops + 0.46 L(TIR)

(S

L(FUV)corr = L(FUV) . + 3.89 L(25 pm)

FUV)corr = L(FUV)p. + 7.2 E14 L(1.4 GHz)®

NUV)corr = L(NUV)_5. + 0.27 L(TIR)

NUV)corr = L(NUV)ops + 2.26 L(25um)

NUV)corr = L(NUV),;. + 4.2 E14 L(1.4 GHz)®

Ho)eorr — L(Ha),p, + 0.0024 L(TIR)

Ha)corr = L(Ha)ops + 0.020 L(25 pum)

Ha)corr - L(Ha)obs + 0.011 L(Sl‘m)

EIEEENEEIEIEE

Ha)eorr — L(Ha)obs + 0.39 E13 L(1.4 GHz®

P BI DO DO = | ]| =t |

~(1)Hao et al. 2011; (2) Kennicutt et al. (2009)

/
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log [L(Ha),,,.] (ergs s™!)

nZhu#08,Rieke+09,

1 Composite tracers: Kennicutt & Evans, 2012, see also
~1 Calzetti+07, Zhu+08, Hirashita+03, Bell03, Leroy+08,12
Monochromatic IR tracers: Calzetti+05,07,09; Wu+05,



Outline

SFR determination: the basic equation

SFRs based on the dust emission and composite
tracers

Monochromatic fluxes, Global dust emission,
Combination of optical and IR measurements

How to correct stellar light for dust attenuation?
useful recipes

M* determination

Fitting the whole Spectral Energy Distribution
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F(A)

log,[AF, (1)] (erg s Mg!)

Dust
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Amount of obscuration
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Dust attenuation: a dramatic effect on SED (mainly in UV)

Differential attenuation characterized by the
attenuation curve A(A)/E(B-V) or an
extinction curve, an adopted geometry and
radiation transfer calculations

15
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Log[A(um)]

Calzetti 01
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Attenuation & extinction laws in galaxies

They are different because of absorption & scattering of photons

*-

Extinction Only (UV, Opt, NIR)

MW Extinction
curve along one
ligne of sight,
depends on dust
properties only

Witt & Gordon 2000
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Attenuation in a galaxy, stars
and dust are mixed
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— — — — dusty (¢,mw) (1,
shell (h,mw) (7,
shell (c,mw) (7T

— — — — cloudy (¢,mw) (7
Extinction Curve

2 LAM Sumher school-
A [um

%le 2014 8

,,,,,,

f\ equatorial
A Q:‘C)/ ]

7 plane

)
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AN /AV)

Extinction curves, Gordon+03
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2 4 6 8
/N [um™]

— SMC

- MW

— LMC2

— Charlot,Fallo0(n = —0.7)
- Calzetti + 00

= Buat + 11

10000 15000

wavelength

5000

Evidence for some bumps , steep and flat attenuation curves (Buat+11,12, Kriek &

Conroy 13, Chevallard+13, Salmon+15)
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What can we do when we have only UV-optical data?

The slope of the UV continuum commonly used as a measure dust attenuation

41

f, «AB(1200-2500A), B: a proxy for dust
attenuation in local starburst galaxies
observed by IUE and IRAS

log {Luminosity [erg st &-1])

1og(Fer/F1600)
Als00 [mag]

log (Wavelength [A])

Meurer et al. 95, 99,
Calzetti et al. 00 LAM Summer school-July 2014



Issues when using the slope of the UV contiuum to measure dust

attenuation
-2 -1 0 1 2
1000 F T T T T T T T T T T T T T T Tt T _l' T T =
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Dale et al. 07
Local Starburst and Star forming galaxies do not lie in the same area of the plot
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The IRX-B diagnostic is very sensitive to the shape of

the attenuation curve in the UV
z ~2 (U)LIRGs
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Flattening of the attenuation curve in L
high attenuated objects IE T
—In agreement with Chevallard et - - o= — ]
al. 2013:

Compilation of Radiative Transfer
modeling results, confirming GRASIL
calculations

- All predict a grayer attenuation
for an increasing attenuation
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#4(6)

JWST@ROE, Edinburgh, july 2016



Outline

SFR determination: the basic equation

SFRs based on the dust emission and composite
tracers

Monochromatic fluxes, Global dust emission,
Combination of optical and IR measurements

M* determination 2 ONLY STELLAR MASSES
Fitting the whole Spectral Energy Distribution
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Stellar mass estimates : M/L VERSUS COLORS recipes

from optical-NIR SEDs and population synthesis models

STELLAR MASS-TO-LIGHT RATIO AS A FUNCTION OF COLOR

Color ay bg ay h, aj b,' a: b; ay b_] ay by ag b[(
U—G e —0.221 0485 —0.099 0345 —0.053 0268 —0.105 0226 —0.128 0.169 —0.209 0.133 -0.260  0.123
U—T e —0.390 0417 -0.223 029 -0.151 0233 -0178 0.192 —-0.172 0.138 —-0.237 0.104 -0.273  0.091
(TR S —-0.375 035 -0.212 0257 -0.144 0.201 -0.171  0.165 —0.169 0.119 —-0.233  0.09 -0.267  0.077
U—Z oo —0.400 0332 -0.232 0239 —0.161 0.187 —-0.179  0.151 —0.163  0.105 —-0.205  0.071 —-0.232  0.056
g—r v —0499 1519 —0.306 1.097 —-0222 0.864 —0.223 0.689 —0.172 0444 —0.189 0266 —0.209 0.197
/e O —-0.379 0914 0220 0.661 —-0.152 0518 —0.175 0421 —0.153 0283 —-0.186 0.179 —-0211 0.137
J—Z oo —-0.367 0.698 —0.215 0.508 —0.153 0402 -0.171 0322 —-0.097 0175 —0.117 0.083 —0.138  0.047
| DO —-0.106 1982  —0.022 1.431 0.006 1114 —-0.052 0923 —-0.079 0650 —0.148 0437 —0.186 0.349
- S —0.124  1.067 —0.041 0.780  —0.018 0623 —0.041 0463 —-0.011 0224 —-005 0076 —-0.092 0.019

Color dap bg ay hy ar bR ay b, ay b_] ay by ag b[(
B-V....... —-0.942 1737 —-0.628 1.305 —0.520 1.094 -0399 0824 0261 0433 —-0209 0.210 —-0.206  0.135
B—R........ —-0.976 1111 —0.633 0816 —0.523 0683 —-0405 0518 —-028 0297 —-0262 0.180 —-0.264  0.138

Nores—Stellar M/ L ratios are given by log,o(M /L) = ay + (b x color), where the M /L ratio is in solar units. If all galaxies are submaximal, then the
above zero points (a,) should be modified by subtracting an IMF dependent constant as follows: 0.15 dex for a Kennicutt or Kroupa IMF, and 0.4 dex for a
Bottema IMF. Scatter in the above correlations is ~(.1 dex for all optical M/ L ratios, and 0.1-0.2 dex for NIR M/ L ratios (larger for galaxies with blue optical
colors). SDSS filters are in A Bmagnitudes; Johnson BV Rand JHK are in Vega magnitudes.

l0g10(M/Lg)
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. 0.4p Different Codes 1[ Different population ][ Different SFH/dust/Z |
3 | : _ 11 ]
S ozl : synthesis models - models \

= | i = m——— -

~ 0.07 1t B | L o

= T .

— —0.2¢ K—correct = -1 1r No dust =s===: ’
-y MPA/JHU—DR4 =:=:m BCO3 = Calzetti

—~ MPA/JHU—DR? = s Ma05 == = No bursts == =

—04r Salim+07 =ee== T Pegase =sms= 1r Solar metallicity il
9 10 11 129 10 11 129 10 11 12
log (M / M) log (M / M) log (M / M)

The mean systematic differences between models do not exceed +/-0.2 dex

Stellar masses are securely estimated within a factor ~1.5

Comparison of different fitting codes, SPS models, and priors on derived stellar masses (from
Moustakas et al. 2012). The fiducial masses are based on fitting SDSS and GALFEX photometry of
z ~ (0 galaxies using the iSEDfit code (Moustakas et al.|2012), with SSPs from FSPS

(Conroy, Gunn & White 2009), including dust attenuation, a range in metallicities, and SFHs
with both smooth and bursty components. The left panel compares stellar mass catalogs produced
by different groups/codes. K-correct and MPA /JHU-DRYTY are based on SDSS photometry;

MPA /JHU-DRA is based on SDSS spectral indices, and Salim+07 is based on SDSS and GALEX
photometry. The middle panel shows the effect of different SPS models (i.e., different SSPs), and
the right panel shows the effect of varying the priors on the model library. The mean systematic
differences between mass estimators is less than £0.2 dex. Figure courtesy of J. Moustakas.

Conroy 13
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How do

““flat”’ attenuation curves affect the stellar mass

determination?

Best model for U4451 at z = 1.875. Reduced x* =1.65

Stellar attenuated
— Stellar unattenuated
— Dust emission
=== Model spectrum
% Model fluxes

niSM=nB8C=_0.5

(1[I Observed fluxes
‘\v'l' .
"’] '''''''' - - . .
~. attenuatiog in NIR
\\
/ N\
N
N
N
AN
\Y
N
)
| L L

" [ (Obs-Mod)/Obs
10° 10 10? 10° 10* 10° 10°

Observed wavelength [pm]

U4451

72=1.875 "

Flux [m)y]

Relative residual flux

= = = =
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IS [ o "

| | =
= o 9 o r ©
o nno o v

Best model for U4451 at z = 1.875. Reduced x? =3.28

Stellar attenuated
— Stellar unattenuated
—— Dust emission
w== Model spectrum
®®e Model fluxes

Calzetti+00

[T observed fluxes
.,," U Aae
\
-
AN
AN
AN
AN
AN
N\
AN
N\
N\
N\
AN

L : L
=4 (Obs-Mod)/Obs

- ‘ . . ‘ . .
10° 10! 102 103 104 10° 108

Observed wavelength [pm]

I . A larger amount of attenuation at longer wavelengths
(NIR) than allowed by Calzetti+00 att. law.

T (Mitchell+13, Da Cunha+10)

- Affects the determination of the stellar mass

“ (Mitchell+13, Lo faro+13)

JWST@ROE, Edinburgh, july 2016



Outline

SFR determination: the basic equation

SFRs based on the dust emission and composite
tracers

Monochromatic fluxes, Global dust emission,
Combination of optical and IR measurements

M* determination
Fitting the whole Spectral Energy Distribution
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Modeling the SEDs:
SfR and M* (and other parameters) estimated
in a consistent way

-24 | S ) gl
T ECDFS-4511 : : :
7 = A2 ol A = | | Nocs1 |
102§ . L
I]'E‘ 10'25 g Ste"ar or u
’i‘ ® ® 1 + T
E emission S T T S ]
T 107 —y - ; ; : H |3
o Dust o} '/-\A%\K NGC337 ) g
() 3 w
= 10mt emission 2o a
< et B
107 . - K
g 1 t t 33
- oF g "lgo'“ rx ...IIAIII II; R I 2 I. A
o™ et N oo Y ; ' ' «L
1 10 100 1000 10f urkas | | 55
Observed A (um) ok -
. 8—
Muzzin+10 2| v
H H 1 t t
Stellar and dust emission N AR N
fitted separately Ky ; T o 1950
A/ um

Da Cunha+08, Magphys code
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F, [Yy]

Focusing on SED fitting with conservation of the energy
bewteen UV-optical and IR

Radiation transfer & multi- Simple recipes: dust attenuation curves, IR

components: valid for local resolved libraries
galaxies Valid for large samples of unresolved galaxies
- Popescu+12 dUSt : I ] I I I I | I I 1 I | I 1 I I | 1 I I I |
- emission } 1+ . 0006 1.8
| 3 I CI E code, Nol/+09 ]
I | i M \ 1
10.0F total diffuse or ’ i r |
stellar \ dust 1 3 - ‘ -
- emission emission = ]
e J 7 N | .
1.0F ul N Auie 3 .9 B \ |
= uige ‘ i = ~
r ] < -1 \ -
[ i ! ( \ / \ :
0.1k ¢ s [ ]
- oun
l/stdlior disk S, W, W I i
0.1 1.0 10.0 100.0  1000.0 Rr i
A [um] . -
-3 | Lo by o b b \_

-1 0 1 2 3
LAM Summer school-July 2014 log A [um]



Isochrones

Stellar Spectra

> 6 2 N
5 Salpeter M4II
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Example of parameter sets to build
models

V. Buat et al.: AKARI-SDSS-GALEX galaxies

Parameters Symbol  Range

Star formation history

metallicities (solar metallicity) yA 0.02

7 of old stellar population models in Gyr Ti 1;3.0;5.0; 10.0

ages of old stellar population models in Gyr 1 13

ages of young stellar population models in Gyr 153 0.025; 0.05; 0.1 ;:0.3:0.5:1.0
fraction of young stellar population fisp 0.001; 0.01; 0.1; 0.999

IMF K Kroupa

Dust attenuation

Slope correction of the Calzetti law 0 -0.3;-0.2; -0.1; 0.0; 0.1; 0.2

V-band attenuation for the young stellar population Av,ysp 0.15; 0.30; 0.45; 0.60; 0.75; 0.90; 1.05; 1.20; 1.35;
1.5;1.65;1.8; 1.95; 2.1

Reduction of Ay basic for old SP model fatt 0.0; 0.50; 1.0
IR SED
IR power-law slope a 1.0; 1.5; 1.75; 2.0; 2.25; 2.5;: 4.0

Table 2. List of the input parameters of the code CIGALE and their selected range.

Discrete values, all are considered, the number of

models is obtained by multiplying the number of
parameters

LAM Summer school-July 2014
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0.1

02

0.1

Frequency

02

0.1

o

Example of parameter sets to build
models (Walcher+08)

Prior for age of universe 13.47 Gyr

Prior for age of universe 5 Gyr

......... 02 -
o1 4 oeer ok 1 oot
L ! 13 . ) ) R R X . . o ) X X 0 [—\
L] 7 8 ® 10 6 7 8 ] 10 0 1.1 22 3.3 44 66 66 7.7 6.8 (] 7 8 -] 10 8 7 8 ] 10 0 1.1 2233446668677 648
IOS(Tfom. [yr]) IOE(Tm) Y IOE(Tgom [yr]) IOS(Tn,) 4
T T T T 0.1 o2 0.1 ™ T T T T T
1 >
: 0.06 |- - U 0.06 -4
] o
] o J\
] Q
- Lissseceocbud 0 ocessl 0 bt S . il 0 i 0 bbbt
(] 7 8 ° 10 -16 ~14 ~12 ~10 -8 (] 1 2 3 4 6 6 7 8 ] 10 -16 ~14 ~12 ~10 -8 ('] 1 2 3 4 6 L]
log(<age,> [yr]) log(SFR [My/yr]) Ty log(<age,> [yr]) log(SFR [My/yr]) Ty
T T T ™ 02 0z 0z
; o1 0.1 -
3 /\]1 1 of o1 f A 1 oof
[ '; 8 ; 10 . 0 -1 [} 1 2 % 1 2 %% -I: ; ; IIO 02 -1 [} 1 2 'y : 2
log(<age,> [yr]) log(M" [Mg]) 2/% log(<age,> [yr]) log(M" [Mg]) 2/Z

The parameters are randomly selected from the distributions
(e.g. Kauffmann+03, Salim+05, DaCunha+08 etc...)
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Parameter estimation

Classical x> minimization to determine the (single) best fit model=> not optimal for a large

range of parameters
o = X, (obs, —mod, )’
2 o’

To compare models: reduced ¥?, but the degree of freedom is sometimes difficult to estimate

Perform an analysis of the probability distribution (Kauffmann+03):
M ~ Model, D~Data
Prob(M/D) < P(M) x P(D/M)
For Gaussian uncertainties P(D/M) = exp(-x2/2)

P(M) corresponds to our prior knowledge in the absence of data, all models usually assumed to
be equiprobable (the range of parameters must be realistic, you must be sure to reproduce all
the data)

Probability distribution functions (PDF) for each parameter are built by marginalizing over all
the other parameters:

= mean, median, dispersion, quartiles of the PDF

Monte Carlo Markov Chain (MCMC) statistical analyses

http://www.sedfitting.org/SED08/Welcome.html




Number of goloxies

Number of goloxies

m All: GALEX+UBV+JHKs+IRAC+MIPS(24,70,160)+ISO+IRAS+SCUBA+Ha+HB m Case II: GALEX+UBV+JHKs+[RAC+MIPS(24)

m Case I: GALEX+UBV+JHKs+IRAC+MIPS(24,70)

W Case III: UBV+JHKs+IRAC+MIPS(24)
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Using Mock catalogues to control the results:
pseudo-galaxies created from the SED models or the
data to check the internal accuracy of the codes

125 120 25
(V)] 120F —° 0. J i 0.93 T 0.99,
— & 1nsf 5 an
D [ nsf 1 o
= i <, ; 1.5
Q 11.0F 19 1.0} 1 g ’
E _, 10f
1056 { 1 £ ©
< < 105F ] {
E 100} o ¥ gos
(g 8.5 10.0 0.0
o 95 100 105 11.0 116 120 126 100 10.5 1.0 11.5 12.0 0.0 05 1.0 1.5 20
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Giovannoli et al. 2011, pseudo-
galaxies from the data (best fit)

Exact values of the parametinsummer school-July 2014

>

Walcher et al. 2008, from the

SZED models
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Catalogues of simulated galaxies from semi-analytical or hydrodynamical

simulations: To test the ability of SED fitting to recover complex objects
(Wuyts et al. 2009, Hydrodynamical simulations’

log(Ly) [L®] log(Mgy) [Mo/yr] l0g(Mg,) [M®] log(M.) [MO] Ilog(SFR) [Mo/yr]
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CIGALE : Code Investigating GALaxy Emijssion
P.I. D. Burgarella (Médéric Boquien, Yannick Roehlly) http://cigale.lam.fr/
New version available soon

Home Download Cigale-online Help

CIGALE

Code Investigating GALaxy Emission

January 3"', 2013: The CIGALE team has updated CIGALE to allow a better rejection of the models older
than the age of the universe (at any given redshift). Note that in the present version, we assume that
Omega = OmegaLambda + Omegam = 1.0 and therefore that there is no curvature (Omegak = 0.).

CIGALE means Code Investigating GALaxy Emission. The code has been developed to study the evolution of galaxies by comparing
modelled galaxy spectral energy distributions (SEDs) to observed ones from the far ultraviolet to the far infrared.

CIGALE is a software that extends the SED fitting algorithm written by Burgarella et al. (2005, MNRAS 360, 1411). But while the
previous code was designed to fit SEDs in the optical and near infrared, CIGALE is able to fit SEDs up to the far infrared using Dale &
Helou (2002, ApJ 576, 159).

CIGALE Bayesian is described in the following paper: Noll S., Burgarella D., Giovannoli E., Buat V., Marcillac D., Munoz-Mateos J. C.
(2009). This paper also demonstrates the use of the code for multiwavelength data collected from the catalogue of the Spitzer
Infrared Nearby Galaxies Survey (SINGS).

CIGALE Monte Carlo Markov Chain is described in the following paper: Serra et al., 2011, "CIGALEMC: Galaxy Parameter Estimation
Using & Markov Chain Monte Carlo Approach with CIGALE".

e~
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F.., /Fyy : @ theoretical diagnostic to study the
IMF?

Boselli et al. 2001)

TABLE 4
ADOPTED IMF PARAMETERS

IMF IMF
Slope Cutoff Ky, M) Kyy(o, M,,)° log [K (o, M)/ Kyy(ot, M )]
15...... 80 1/(1.61 x 10*2)  1/2.01 x 10*°) 1.903
2.5 40 1/541 x 10*°)  1/(3.18 x 10*) 1.231
80 1/(1.16 x 10*)  1/(3.54 x 10%) 1.514
120 1/(1.60 x 10*)  1/(3.66 x 10*?) 1.640
35...... 80 1/(5.53 x 10°%) 1/(1.67 x 10°%) 0.520

® From Charlot & Fall 1993, for M, = 0.1 M, in units of (M, yr~ ")(ergss )"

® From S. Charlot 1996, private communication, for M,,, = 0.1 M o» In units of (M
yr~Yergss PAY) L

Assumption: a constant star formation, a steady state
in the production of, )V, and Ha light,,



F., /Fyy : influence of the upper end of the IMF
AND of the short term variations of the SF

Meurer+09: upper end variations of the IMF in Low Surface Brightness Galaxies

(a) Variable M,,, y=-2.35 (b) Variable 7 M,,=100 M,
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Log [F(Ha)/F(FUV)] + K

Log [F(Ha)/F(FUV)] + K

—

Dwarf galaxies: best cases to measure SFH variations, Lee+09

Variations of the SFH explains the Ha/UV variations and
dispersion: Weisz+12, Lee+09
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Fumagalli+11

log (Ly, / Lyyy) (Hz)

log (Ly, / Lyyy) (Hz)

log (Lyy,, / Lyyy) (Hz)
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Kroupa f =1

| All staN

clusters -.

\ Fumagalii+11:

IMF variations?
Steeper IMF or lower M, (Meurer+09) (see

before)
Or other solutions?

Kroupa f,=0

All stars in

Joint effects of SFH, Cluster Mass
Function and IMF with stochastic
sampling

- Seems to reproduce the
dispersion of the data

* :
| * the field

IGIMF

Integrated galactic initial mass function (IGIMF)

(Pflamm-Altenburg+07,+09)

IGIMF: truncation of the IMF and of the Cluster
Mass Function:

® Lecs2009 M., = f(M,) and M .., = f(SFR)
A Meurer+2009 . . ey
| B Boselli+2009 - seems to predict too low Ha luminosities
= = Kroupa
24 25 26 27 28 LAM 29mmer school-July 2014
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The case of the TP-AGB
(Thermal-pulsing asymptotic giant branch) stars

The story: in 2006, Maraston et al. underlined the uncertainty about the TP-AGB phase and the
consequences on stellar mass derivations.

= TP-AGB much more luminous than previously thought for ages between 3 108to 2 10° years
- may imply lower stellar mass of galaxies by a factor ~2, particularly when NIR data are
included (where TP-AGB emit most of their energy)
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Post-starburst galaxies: a laboratory to test the influence of TP-AGB

Galaxies with a recent (< 2 Gyr) burst = no flux boosting in the NIR, prior
models with a low contribution of TP-AGB (e.g. Bruzual & Charlot 2003) is
now preferred

M4 " Model with a strong
~ contribution of the
TP-AGB

" Predict a too large

" emission in the NIR

Model with a- small
contribution of the .
TP-AGB T
Are consistent with
the NIR emission
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