Cosmic dawn of galaxy formation: linking observations |,
and theory with new-generation spectral models " e
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Cosmic evolutzon of W\
synthetic nebular emission “f'

from masswe galaxies <,
» \‘. - '
Michaela Hirschmann (IAP) v
S. Charlot, A. Feltre, J. Gutkin, E. Curtis-Lake & the NEOGAL team . '
R. Somerville, J. Ostriker, T. Naab, E. Choi PP
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» Nebular emission lines contain information on ionizing sources
(young stars, AGN & evolved stellar populations = ESP) and on
the state and metallicity of the ISM

» Optical line ratios used to distinguish between different types of
(local) galaxies (“BPT” diagrams)




- ‘ Observatial challes '

» Which present-day galaxies are selected using commonly used
optical emission line diagnostics?

» Is there a redshift evolution of emission line ratios, e.g. [OIII]/Hp, if
yes, physical origin?

» Can we still use optical diagnostic tools as for the local Universe to
distinguish between different ionizing sources?
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[ Coil+15 i Tool:
- MOSDEF galaxies ¥ -

~ and AGN, z~2.3 .

Generation of synthetic
nebular emission spectra

Newly developed Ha+[N 1]
spectral evolution
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A Galaxies '- : Cosmological
® X—ray AGN . : hydrodynamic
® IR AGN '. : simulations
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Cosmolog1cal Z0Oom-1n s1mu1at1ons

Set of 20 cosmologzcal zoom-in Slmulatzons of massive galaxzes
(5612 M@ < Mhalo < 5613 M@ Xspat1al QOOpC mgas ]. 4‘65 M@)

(“Modem” SPH-code Gadget-3 (Hu+14)) ( Detailed chemical enrichment (Aumer+13))

(Gas and metal-line cooling down to 100 K (Aumer+13) ) (Star formation (Hu+14))

(Stellar feedback (Nunez+16, in prep.), energy & momentum from SNIl&la & early fb)

(BH growth & mass, momentum & energy conserving AGN feedback (ostriker+10) )
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Successful predictions of realistic massive galaxies

A number of studies soon to be published:
4+ Choi, Ostriker, Naab, Hirschmann+16, in prep. -- Simulation
overview and general roperties
4+ Hirschmann, I?Taabﬂ g in prep. -- Stellar populations
4+ Choit+16, in prep -- Size evolution
*lI.—Ilrschmann Charlot+16, in prep -- Synthetic nebular emission
ines

t= 0.261 Gyr
z= 15.67




Nebular emlssmn models
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AGN 1um1n081ty FV oy
See A. Feltre’s talk

CB16 (GALAXEV) new stellar

SE I‘egions,_Oo 6 0("0‘3:33 Several evolutionary tracks & atmos-
S N 9<~F """ Hll regionspheres, also for massive stars
See J. Gutkin’s poster

Old SSP from GALAXEV

Post-AGB stars ‘»4 P

CCESP”

See G. Bruzual’s talk

Adjustable
arameter

AGN models
Feltre+16

Ionizing spectrum I UV slope -1.4, -1.7

SF models
Gutkin+16

const. SFR, 108 yr

ESP models
SSP 3, 5, 7, 9 Gyrs

Dust-to-metal ratio

0.1, 0.3, 0.5

0.1, 0.3, 0.5

0.1, 0.3, 0.5

log(onn) [N/ cmd]

2.0, 3.0, 4.0

2.0, 3.0, 4.0

1.0, 2.0, 3.0

Ionization

arameter I(4QH>
LA GN, stellar)

-1.0--4.0

-1.0 - -4.0

-2.5--5.0

Gas metallicity

0.0001 - 0.07

0.0001 - 0.03

0.0001 - 0.07

[C/ O] abundance I

solar

subsolar-solar

solar

Normalized to I

LagN

SFR

Mstellar, old




- ~ Synthetic BPT diagrs ‘

... for massive galaxies (~1el1) at low redshifts

) I LI

< - W <-2, logZ

» Observational
flux limits applied

» Theoretical
distinction into
different galaxy

types according to
BHAC/SFR ratio

el

A \GN
B [ INERs

* SF gals =

—20 -10
log(|NIT| /Ha)

Hirschmann+16, in prep.

Successful in reproducing the observed SDSS results
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ptica selection in BPT diagrm '

Observational selection into different galaxy types | Kauffmann

+03, SDSS
([OIII]/HB)Kewley O 6]. / (10 ([NII]/HO() - 047) + ].].9
log([OIII] THP)kauttmann = 0.61 / (log(|NII]/Ha) - 0.05) + 1.3

-

AGN/Seyfert: [OIIl]/HP > 3 and [N II]/Ha > 0.6,
LINERs: [OIII]/HP < 3 and [N II]/Ha > 0.6
Kauffmann+03

. log ([OI1I] A5007/HB)

log ([NII] A6583/Ha)

' Hirschmann+16, in prep.

1 | Composites
z=0-0.9 | g 1t Liners
Sk galaxies

“8-6-4-20 2 - 0 15T 40 42 44 46 a8
log(BHAC/SFR) 1log(SFR) [Mg/yr| log(Lay) lerg/s]

Observational selection is reasonable according to simulation predictions
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debated, observed evolution ‘*".‘
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Evolution of emission line ratios

- W <-2, logZ

w1

= ~0rGeny

W —0.4 %

- wm —0.3
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- m —0.15
—0.1

0 —0.05

' ®m >0

20 —-1.0 O . \ A :
log([NTT],/Ha) e N B TINERS
3¢ SF gals

® Compos.

» Evolving emission line
ratios, increasing [OIII]/Hf
at given [NII]/Ha

» Metal-poor galaxies (less
than 50% solar) at high z

» Typical observational flux
limits applied

» Observations find similar - Hirschmann+16, in prep. :
| l 1 1 I 1 1 1 1 l 1 l’l 1 Ll 1 1
trends for metal-poor low-

—1.0 0

mass galaxies at z=0, —2.0

see Erb+16 lOg([NH]/HO()




Evolution of emission line ratios

OSDSS
O Yabe+14
A Steidel+ 14 -

i leschmann+16 in prep

redshift z

» Simulation predictions consistent with observed trend

» Optical selection effects cannot account for z evolution in our
set of massive galaxies and their progenitors

» Reason for increasing [OIII] /HP is increasing towards higher z?
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Redshift evolution of average ...:

all galaxies @ 1

top left quarter @ ]

top right quarter @ 3
bottom rith quarter 0 1
bottom left quarter @ 1

redshift z

log(z)<-0.2 |
- log(sfr)>0

1

oo
- log(str)< 4

*25\‘”\”” e e 1 B e
—-2.5-2.0-15-1.0-0.5 0.0 0.5
log([NII]/Halpha)

redshift z redshift z

Hirschmann+16, in prep.

» O[III]/Hp-evolution mainly driven by lower
gas metallicity and higher SFR in progenitor
galaxies at high redshifts (see also Cuilen+16)

» No conclusion on evolution at a given
stellar mass for global galaxy populations
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Optlcal selection in BPTs at h1gh v/

Optical selection into dlfferent galaxy types applzed at hzgh redshifts...

| I ]| SF galaxies!
~30% of SF gals wlth_ | | | | AGN
no-accreting BHs

105'

~10% of SF gals with
no-accreting BHs |
10 ¢

Hirschmann+16, 1}
in prep. :

—864202—2—10124042444648
log(BHAC/SFR)  log(SFR) [Me/yr] log(Lyen) [erg/s]
» Some galaxies misclassified as AGN, most SF galaxies contain a faint AGN

» Metal-poor (<50% solar) SF galaxies & AGN hard to distinguish, Feitre+16
--> Optical selection less suited for metal-poor galaxies (mostly at high z)
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forming

We will provide 1.5

selection criteria
based on
simulations!!
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» UV diagnostics seem to be well suited to distinguish between
SF, composite and AGN galaxies out to high z

» Important for future large samples of high-quality high-z data
from JWST (NIRSpec)




Analystis of SYNTHETIC NEBULAR EMISSION based on

self-consistently coupled nebular emission lines models
and cosmological zoom-in simulations of massive galaxies

» Good agreement of synthetic nebular emission line ratios with
low-z SDSS data (BPT diagrams)

» Success of observational, optical selection criteria in distin-
guishing between SF, composite and AGN galaxies

» Cosmic evolution of synthetic OIII/Hf ratio mainly due to
evolving gas metallicity and SFRs

» UV emission line ratios as a powertful tool to distinguish
between different galaxy types at high redshifts, where optical
emission line ratios break down

) Need to increase the sample of zooms
» Investigate nebular emission of gobal galaxy populations,
SAMs and large-scale cosmological simulations (in
progress)




outiook: Resolved nebular emission

Produce synthetic spatially resolved nebular emission (from AGN,
young and old stars) based on a statistically complete sample of
cosmological zoom-in sims of massive galaxies

» Theoretical background for interpreting results from current
and up-coming IFU surveys like Manga, Sami, Muse

» Further constraints for still uncertain sub-resolution models,
e.g. feedback, in cosmological simulations
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Spatially resolved nebular emission from Manga




