“Ionizing stellar population in the
starburst N G,C_. 33107

LA

UNIVERSIDAD AUTONOMA

Daniel Miralles Caballero
Universidad Auténoma de Madrid (UAM)

A. Diaz, F. Rosales-Ortega et al.

P,

Galaxies meet GRBs — Cabo de Gata — 25 September 2013




Motivations & goals

* NGC 3310 — @ 16 Mpc. Evidence of galactic cannibalism

1 - Impact on star formation activity
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Motivations & goals

* NGC 3310 — WR features observed in the past

- Strong constraints on stellar population models

NGC 3310 Ha
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Motivations & goals

* NGC 3310 — WR features observed in the past

- WR — GRB connection at moderate redshifts

\ SDSS & star-forming

galaxy samples
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J|_ Motivations ¢ goals
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* Goals of the study

- Gas mixing (metallicity gradient)
- Impact of the merger in SF and galaxy evolution
- Characterize the 1onizing stellar population

- Spatially resolved WR population in the disk of NGC 3310

- Predictions from models and observations of WR features
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J|_ IFU data & sample of HII reg %F
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* PPAK Integral Field Spectroscopic (IFS) data

- Full spatial coverage of the disk
- PINGs program (Rosales-Ortega +10)
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IFU data & sample of HII reg

* Integral Field Spectroscopic (IFS) data
- Full spatial coverage of the disk
- PINGs program (Rosales-Ortega +10)

Ha
R(} (_‘ :j :3 ]_ O PINGS slit extraction

Moustakas & Kennicutt, 2008
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IFU data & sample of HII reg

* Sample of HII regions
- HII EXPLORER (Sanchez +12)

, 99 Hil regions 1dentified
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40 12+log(O/H) ~ 8-8.4 ¢
[ r~200pc

20

0

60 40 20 0 -20 -40 -60 60 40 20 0 -20 -40 -60
ARA (arcsec) ARA (arcsec)

/ \ e ) ) Galaxies meet GRB
' ' -‘ \ - Daniel Miralles Caballero
UNIVERSIDAD AUTONOMA ) | RS Sl T September 25
b Mad fit ) . 4 —

DE MADRID




Multiwavelength + cLOUDY

* Gas-star decoupling method
- STARLIGHT (Cid-Fernandes +04)
- PYCASSO library (Cid-Fernandes +05), 1Myr — 17Gyr

100 5| || 1oy 4959.5007 oo [(‘E}

7| [om 3727,3720

40 i
=2

Observed spectrum Residual “gas” spectrum (+ WR)

x
=

2
=

4300 4350 4400 4450 4500 |
Hel 5876

|
|
!

=
>
-—

[OI] 6300,6364

[
|
|

Flux (10 " ergs 'em?A™")

[
=

=]

L |

4000 4500 5000 5500 6000 6500 7000 4000 4500 5000 5500 6000 6500 7000
MA) MA)

AT y Vv | it Galaxi t GRB
LA : W W UGN Daniel Miralles Caballero araxics mee
S\ NS CED September 25

DE MADRID




Multiwavelength + cLOUDY

* Tonization conditions

=

- Line ratios
sensitive to log u,
n., T, Z,N/O, etc
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J|_ Multiwavelength + cLOUDY
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* Jonization conditions. CLOUDY fit
-v 10.0, Ferland +98
- Constraints:
1. Line ratios
2. log HB luminosity ranges — 37.5-38.5, 38.8-39.8
3. log EW (Hf}) ranges — 1.35-1.65, 1.6-2.1, 2.05-2.35
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JL Multiwavelength + cLOUDY
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* Jonization conditions. CLOUDY fit
- v 10.0, Ferland +98
- Constraints:
1. Line ratios
2. log HP luminosity ranges — 37.5-38.5, 38.8-39.8
3. log EW (Hp) ranges — 1.35-1.65, 1.6-2.1, 2.05-2.35
- Output:
1. Age of the ionizing population — t=3 — 5.5 Myr
2. Absorption by dust grains — f = 1.3 —4 !!!

If f ~2 — Half of the photons are absorbed

N NP Galaxies meet GRB
UA{W : ; A Daniel Miralles Caballero *

UNIVERSIDAD AUTONOMA /& S i) September 25
DEMADRD A LA k\.‘ ,,’_/}" .




J|_ Multiwavelength + cLOUDY
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* CLOUDY fits & STARLIGHT

1. Subract light from “old” non-ionizing (t > 15 Myr) populations
as obtained with STARLIGHT

2. Multiwavelenght fitting using:
a) Imaging from UV to IR

b) POPSTAR models (Molla +09; Martin-Manjon +10):
age binning 0.2-0.3 Myr & includes nebular emission
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Multiwavelength + cLOUDY

* Multiwavelength analysis

- XMM UV OM + SDSS + broad band imaging obtained with our
spectra (8 broad band filters)
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Multiwavelength + cLOUDY

* Multiwavelength analysis

- XMM UV OM + SDSS + broad band imaging obtained with our
spectra (8 broad band filters)

- Ha, HP and Ews

- Chi square minimization
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Multiwavelength + cLOUDY

* Combination with CLOUDY results

- 2 minimization varying Ha, HB & Ews according to derived range of
f for each HII region

Absorption by dust grains

important in HII regions!
(Pérez-Montero & A. 1. Diaz 07,

Pérez-Montero +10, Garcia-Benito

& Pérez-Montero 12)
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Multiwavelength + cLOUDY

* Combination with CLOUDY results

- 2 minimization varying Ha, HB & Ews according to derived range of
f for each HII region
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WR population in NGC 3310

* HII regions with WR features

Flux (107" erg s 'em~A™)
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WR population in NGC 3310

* Multiple line fitting

- Between 5 and 6 broad and fixed narrow components
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narrow, 4658
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3. Typical relative
uncertainties 10-40%
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WR population in NGC 3310

* Multiple line fitting

- Between 5 and 6 broad and fixed narrow components
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WR population in NGC 3310

* WR ratios
- Hel1 4686, no red bump (WC/WO) or Ovi 3818 (WO) — WN stars mainly
- Absence of N111 4097 & N1v 4605-20 (WNE) — Mainly WNL

- Cannot discard presence of other sub-types 7 fa
Average luminosities WNL

Ly (Hell 4686) = (—5.430 + 0.812x) x 107 ergs™

Hell 14686
(10 erg s71)

x =12+ log(OH)  [opez-Sanchez & Esteban 10

32
30 — 500 WNL per region 1;
- Number of O stars: 20-26

2-16
4-25

Notes. References: [1] Smith (1991); [2] Vacca
& Confi (1992); [3] Schaerer & Vacca (1998);
[4] Guseva et al. (2000); [5] Crowther & Hadfield
{2006); [6] Brinchmann et al. (2008).

Correction for other O sub-types Correction for WR contribution
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WR population in NGC 3310

* WR ratios
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WR population in NGC 3310

* Stellar population models
- POPSTAR models
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WR population in NGC 3310

* Stellar population models

- Models with binaries (2/3 interacting binaries) and fast rotation

¢ .| Eldridge 09
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Meynet & Maeder 05
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WR population in NGC 3310

* Stellar population models

- Models with binaries (2/3 interacting binaries) and fast rotation
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JL WR population in NGC 3310
T N

* Binary fraction ionizing population NGC 3310
- About % of Hil regions with WR features — X-ray counterpart
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WR population in NGC 3310

* Binary fraction ionizing population NGC 3310

- About % of Hil regions with WR features — X-ray counterpart
L ~ 3x10% erg s' (HMXB)

2-10 keV
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JL WR population in NGC 3310
T N

* Binary fraction ionizing population NGC 3310
- About 2 of Hil regions with WR features — X-ray counterpart

L ~ 3x10% erg s (HMXB)

2-10 keV

IfM~2x10"M_ and t=3 -5 Myr
Cerviiio +02 models
~ 10% erg s’

fb20—> L,

-10 keV

£=05 — L

~3x10¥ergs’!

2-10 keV

Binarity matters! (Sana, de Mink+12)
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J|_ Summary & conclusions
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- Almost 100 HiI regions sampled along the disk of NGC 3310
- Different ionization conditions sampled

- Ionization + UV — optical — IR 1maging — Better constraints of the age
and the mass of the ionizing populations and necessity of absorption of
UV photons (25-60%), M ~10° — 6 x 10° M, T ~ 2.5 - 5 Myr

- 18 Hi regions with clear WR features, distributed along the
circumnuclear and on the arms

- Up to several hundreds of NWR stars in some regions

- Fluxes, EWs and WR to O ratios inconsistent in some cases with
models within factors of 2-3

- Additional processes (binary fraction, y escape, ect) needed in models

- X-ray data — Binary fraction f, ~ 0.5
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Multiwavelength + cLOUDY

* Gas-star decoupling method
- STARLIGHT (Cid-Fernandes +04)
- PYCASSO library (Cid-Fernandes +05), IMyr — 17Gyr

- Nebular spectrum can be important!

- T —_— — —— —_ —_—T— - —T T —

Nebular light ~ 25%
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Multiwavelength + cLOUDY

* Gas-star decoupling method
- STARLIGHT (Cid-Fernandes +04)
- PYCASSO library (Cid-Fernandes +05), IMyr — 17Gyr

- STARLIGHT output
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Multiwavelength + cLOUDY

* Metallicity gradient
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J|_ Multiwavelength + cLOUDY
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* CLOUDY fits & STARLIGHT

- Typical ages 1onizing population STARLIGHT — t = 1 Myr
1. Nebular emission not included in templates
2. A few “young” (1 < 15 Myr) templates
3. Only optical spectral range
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Multiwavelength + cLOUDY

* Tonization conditions

- Line ratios
sensitive to log u,
n,, T, Z, N/O, etc

log (JOINI]/H)
log (|OII]/HE)

-0.3 -0.2 -0.1 : : -0.8 -0.6
log ([SII 6731]/[SII 6717]) log ([NII)/[OII]) - 7 zones

- Mild or inexistent
correlations
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Multiwavelength + cLOUDY

* Multiwavelength analysis

- XMM UV OM + SDSS + broad band imaging obtained with our
spectra (8 broad band filters)

- Ha, HP and Ews

- Chi square minimization
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Multiwavelength + cLOUDY

* Multiwavelength analysis

- XMM UV OM + SDSS + broad band imaging obtained with our
spectra (8 broad band filters)

- Ha, HP and Ews A '-
,’ P Feiad JSalb ~ . 1[ (Z. 1. Ap.m.) = T {obs = Jmodel) ﬁfmﬂdﬂ"}
- Chi square minimization = T obs

HII ID: 86 HIIL ID: 96
L ia = 13.00

x

1

Flux (107" ergs™ em™ A™)

2000 5000 10000 2000 A 5000 10000
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Multiwavelength + cLOUDY

* Combination with CLOUDY results

- 2 minimization varying Ha, HB & Ews according to derived range of
f for each HII region

- lonizing population, up to a few
% of the total stellar population
(Alonso-Herrero +01,

Hagéle +09, Pérez-Montero +10)
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WR population in NGC 3310

* HII regions with WR features

- No clear presence of red bump
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WR population in NGC 3310

* HII regions with WR features i
- No clear presence of red bump

- Possible confusion stellar subtraction

1s not done
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