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AlIP

« Have to control:

— sensitivity
— spectral window
— spatial window

log (AL, / L)

Spectral Energy Distributions

A/ um

da Cunha et al., 2008
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a
M Purpose of the exercise
AlIP

Determine physical properties of a
large quantity of “stuff” from its
intfegrated light.

"Stuff” means stars, gas, dust, and more

Walcher et al., 2011; Conroy et al., 2013
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2 Physical properties

—

AlIP

* Physics 101: A physical property is described by
— a number
— a unit
— an errorbar

* Only well-defined quantities can be measured.

« The “Star Formation History” is not a well-defined
quantity.

« The “contribution of stars aged between 1*10°

and 5*10° yrs to the total luminosity in the V-band”
IS a well-defined quantity.
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_%_ SEDs: two regimes
A
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 Photometric SEDs
(R<100): typically very
accurate flux
calibration.

» Spectroscopic SEDs
(R>200): visibility of
lines in absorption and
emission.
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@ Spectral Energy Distributions and

—

air the spectral response curves
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Sidenote: discrepancy between line

spread functions may be reason 000 L)
why we never get the Balmer lines
right in spectral fitting...
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@ Spectral Energy Distributions and
e the spatial window

PB! RESOLUTION AT L%NG
WAVELENGTH

SPIRE 250um, 18"

The problem exists
for spectroscopy as
well (e.g. DAR on

ALMA bea SDSS spectra)

Slide stolen from
Drouard’s talk

Cycle 1/2 ALMA program at ~1” resolution (Gullberg et al., in prep)
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.
ﬁ_ Fitting a photometric SED

AlIP

"Minimizing X2 is a maximum likelihood estimation of the
fitted parameters if the measurement errors are
independent and normally distributed. *

Press+, Numerical Recipes
is a measure of probability:
2
P(D|M) x e X /?

X2

« One difference is in minimum x? vs. “bayesian”

* Other difference is in the prior:

SSP vs. pre-computed library vs. step-wise
(MCMC)

* For codes check out http://www.sedfitting.org
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http://www.sedfitting.org

a Example SED fit

AlP
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a

AlIP

L(t) =

2 F

Constructing libraries j

At low S/N results tend to the prior!

Frequency

0N L

You always have a prior!
Only using SSPs is a prior as well.

Prior for age of universe 13.47 Gyr
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—
_i Dust extinction
AlP

O
E(A-V)/E(B-V)

10 Paper (R = 3.1)
(R = 3.1)

P o

8
Fitzpatrick, 1999
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—
_i Dust attenuation
AlP

MCs

The apparent attenuation law
is a composite of the
attenuation laws for the
clumpy younger stars and for
the diffuse older stars with a

luminosity weight.
Inoue, 2005

A equatorial

7 plane

Silva+, 1998

Also: clumpiness
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g Stellar masses and the “poor”
e mans SEDmt - wewete
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F “...these results strongly suggest

- inconsistencies between the observed
- ReS|d u aIS optical-minus-NIR colours of real galaxies
AlIP and those contained within our SPL.”

BCO3 fit to optical only BCO03 fit to optical+NIR
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_ﬁ_ SED fitting works ...

AIP
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@ SED fitting works, but not all
arp parameters are equal!

P2 O e A
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—
_% Example degeneracy problem
A

10

Observed Wavelength (pom)

a4l UDF12-3954-6284 I’

Flux (nJy)

2 h
| : 1 .
. L/J = 2=12.2
UDF12-3895-7114 0 s - i et

a high redshift galaxy 04 06 08 10 1.2 14 1.6 1.8 2.0
candidate Observed Wavelength (pm)

Pirzkal et al., 2013, TMC?2
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5 Example degeneracy problem
AlIP ..

0.05
0.04
0.03
1 oo
UDF12-3895-7114 002 0.01
a high redshift galaxy i,
candidate oA

Pirzkal et al., 2013, TMC? u
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—
_i Example model problem

AlP
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—
_i Example model problem
AlIP

T ]
0 _
“Few” hot stars
in the library
cHl ]
S
4 - _
library: MILES N R R
isochrone: Padova 3x 104 2x 104 104
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,i Example model problem - solved
AlIP

old New
2 QT I I .
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| f y | |
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g —r

Based on test models by Bruzual & Charlot
2009 including theoretical hot stellar spectra
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= Space dens of gals & selection effects

0.21<z< 0.37 0.57<z< 0.83
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Fitting a spectroscopic SED

NGC6125

; ' NP
Available codes (complete?):
ppxf, ulyss, starlight, steckmap, fit3D
(parad|se moped, platefit, nburs’rs vespa)

AlIP

«  Age =11.49 gyr
- [Fe/H] =-0.252

* [a/Fe] = 0.174

Dust and continuum
slope!!

fl10°" erg s~

4600 4800 5000 5200 5400 5600

2 Zn: F — sz‘il agSiltx, Z°, T°17°
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Why SSPs are not enough
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.
_i Do not trust good fits!

AlIP

0 0.2 0.4
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5 Residuals

ATD

4 T - v
—  SPDSS
3}| — CALIFA 1.4 ] Templa’re
mismatch
2 .

mean resid [%)]

| N

| dominates!

CALIFA Pipeline vsl.4 / DR2

4600 4800 5000 5200 5400
wavelength [A]

15.10.2014 : RASPUTIN, Walcher



.
_é Effect of noise
AlP

OR1 runs

SC002 runs OC002 runs SRI1 runs

; ] i I I i I I i I ‘ I ! i I : I ] i i I I | ‘ I ] I
-0.4-0.20.0 0.2 0.4 -0.4-0.20.0 0.2 0.4 -0.4-0.20.0 0.2 0.4 -0.4-0.20.0 0.2 0.4 -0.4-0.20.0 0.2 0.4 -0.4-0.20.0 0.2 0.4
Alogt); Alogt) Alog(Z), Alog(Z),, AAy AlogM

Cid-Fernandes et al. 2013, 2014
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_é Effect of

GM - CB

BC - CB

BC - GM

9

-0.4-0.20.0 0.2 0.4 -0.4-0.20.0 0.2 0.4 -0.4-0.20.0 0.2 0.4 -0.4-0.20.0 0.2 0.4 -0.4-0.20.0 0.2 0.4 -0.4-0.20.0 0.2 0.4
A<logt>L A<logt>M Alog<Z>L A10g<Z>M AAy AlogM

ernandes et al. 2013
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EW(OIl+Ha+NII) =

Young stellar populations in particular

N H
© O O

log(Mean age)
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Walcher et al., 2011
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_g_ 2-Z relation from CALIFA
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@ Blurring the boundaries:

eff. flux [counts]

field 1 field 2
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Martin Mitzkus et al., 2014
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arp. Spectroscopic surface brightness fluct.




AlIP

1.0

@& Blurring the boundaries:

high R photometry
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See also COMBO-17 and others

RASPUTIN, Walcher

1.0
x10*
Javalambre observatory (Benitez et al.)



a Blurrlng the boundaries:

ar shectrosconic” info from nhotoSEDs
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_i UNresolved stellar populations
AlIP

The (ongoing) future
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_i Resolved stellar populations ELT
AlIP

and resolved dust structures out to Virgo
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1)
M Conclusions
AlIP

« Without analyzing the integrated SEDs of galaxies
we would know far less about the universe.

* Our dependance on the way we model the input
physics clashes with the need for progress.

* Good practices exist that allow robust statements
about galaxy physical properties given the model.

* To make best use of present and future
iInstrumentation potential we need to emphasize:
— Model development and verification
— Rigorous sample selection
— Discard old habits (e.g. fitting SSPs, calibrating to Lick system)
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@ Extensive verification of spectral
e fitting
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Fig. S. Variations in the light fractions in Young, Intermediate and Old  Fig. 6. As Fig.5, but for a finer graded description of the SFH in terms
age groups (spanning log ¢t = 6-8.2, 8.2-9.2 and 9.2-10.2, respectively)  of 5 age groups.

for OR1 simulations. Contours are drawn at 20, 40, 60 and 80% of

enclosed points.

Cid-Fernandes et al. 2013, 2014
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