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Characterization of star forming regions in  (U)LIRGs 

A significant fraction of (U)LIRGs are known to constitute interacting and merging 
systems, where star formation is triggered within the galaxies and along the tidal 
features  that  usually  form.  A  systematic  analysis  of  almost  3000  star  forming 
regions in a representative sample of 32 (U)LIRGs has been performed by means of 
high angular resolution ACS/HST B and I images. This talk presents the results of 
the photometric characterization of these star forming regions as a function of the 
luminosity of  the  systems,  the  interaction phase and  the distance  to  the nucleus. 
Characteristics such as sizes,  colors, magnitudes and  the  luminosity  function will 
also  be  compared  with  those  of  clusters  observed  in  less  luminous  interacting 
alaxies such as the Antennae.  g
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(U) (U) LIRGsLIRGs, extreme , extreme ……

Luminous Luminous galaxiesgalaxies

* Sanders & Mirabel 
1996, ARAA, 34, 749

LIRG

ULIRG

QSOs
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(U) (U) LIRGsLIRGs, extreme , extreme ……

Luminous Luminous galaxiesgalaxies
Star Star formingforming galaxiesgalaxies

1.1 μm Pa α 1.1 – 1.6 μm

* Alonso‐Herrero et al. 
2006, ApJ 650, 835

* García‐Marín et al. 
2006, ApJ 650, 850

SFRs up to hundreds of M yr ‐1
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(U) (U) LIRGsLIRGs, extreme , extreme ……

Luminous Luminous galaxiesgalaxies
Star Star formingforming galaxiesgalaxies
InteractionsInteractions ofof gas gas richrich galaxiesgalaxies

> 60 (95) % of LIRGs (ULIRGs) are mergers or close pairs

Wide pair Pairs with tails Single nucleus
with tails

Single nucleus

5 kpc
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(U) (U) LIRGsLIRGs, extreme , extreme ……

Luminous Luminous galaxiesgalaxies
Star Star formingforming galaxiesgalaxies
InteractionsInteractions ofof gas gas richrich galaxiesgalaxies
(U) (U) LIRGsLIRGs are are majormajor contributorscontributors toto thethe SFR SFR densitydensity
andand more more commoncommon at z ~ 1at z ~ 1‐‐22

QSOs

* Pérez‐González et al. 
2005, ApJ 630, 82

‐ STARBURSTS

‐ LIRGs

‐ ULIRGs

z
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TheThe samplesample

HST archive HST archive ‐‐> F435W > F435W ((~B~B) & F814W () & F814W (~I~I) ) bandband imagesimages

IFS IFS opticaloptical spectraspectra (WHT, CAHA & VLT)(WHT, CAHA & VLT)

~ 70 Mpc ~ 560 Mpc

11 
ULIRGs

21 
LIRGs

LIR≡ log (LIR(L ))

‐ Long‐term project:  search
for TDGs in (U)LIRGS

‐ Representative
sample
* Mean linear resolution of
~50 pc per pixel
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TheThe samplesample

Star Star formationformation at at allall scalesscales

Nuclear (d <  2.5 kpc)

5 kpc‐‐ 32 32 galaxiesgalaxies
‐‐ closeclose toto 3000 SF 3000 SF 
regionsregions ((knotsknots))

Extra‐nuclear
(d = 2.5‐20 kpc)
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PhotometryPhotometry : : colorscolors andand magnitudesmagnitudes

SpatialSpatial distributiondistribution
B –I > 2

B –I < 0.5

I < ‐15

I > ‐10

‐ Redder objects in the innermost regions ‐> Extinction gradient?
‐ Some blue and bright knots along and at the tip of the tidal tails



Workshop “Extreme Starbursts”, Granada 2010Daniel Miralles‐Caballero 9

PropertiesProperties as a as a functionfunction ofof LLIRIR

<DL >=99 Mpc

<DL >=178 Mpc

<DL >=278 Mpc

M=‐ 14.27

M=‐ 11.37 C=1.12

C=0.99

M=‐ 12.74 C=0.80

M=‐ 10.13

M=‐ 11.85

M=‐ 13.03

~

LIR < 11.65

11.65 ≤ LIR ≤ 12

LIR > 12

2.9 mag

MF814W M435W M435W – M814W Reff

N=1361

N=669

N=397
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PropertiesProperties as a as a functionfunction ofof LLIRIR

SimulationSimulation ofof distancedistance effecteffect

M=‐ 11.37 C=1.12

M=‐ 12.68

1.31 mag

C=1.12

* 1.3 * 1.3 magmag duedue toto
distancedistance effecteffect

* 1.6 * 1.6 magmag brighterbrighter &&
similar similar colorscolors: : 

‐‐ GreaterGreater densitydensity ofof
clustersclusters

‐‐More More massivemassive clustersclusters

(similar (similar ageage andand
extinctionextinction rangerange))

MF814W M435W – MF814W

degraded

same

degraded degraded

Reff
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PropertiesProperties as a as a functionfunction ofof LLIRIR

ComparisonComparison withwith nearbynearby interactinginteracting galaxiesgalaxies

ULIRGs Surace et al. 1998,
ApJ, 492, 116

LIR < 11.65 11.65 ≤ LIR ≤ 12 LIR > 12
The Antennae
(Whitmore et al. 
1999, AJ, 118, 1551) 

Age < 30 Myr
MI=‐12.3, B‐I=0.5
250 Myr <Age < 1 Gyr
MI=‐9.8, B‐I=0.7
Age > 1 Gyr
MI=‐9.7, B‐I=1.8

M51, (Bik et al. 2003, 
A&A, 397, 473)

DL=10.6 Mpc, LIR= 10

‐‐ In general, similar color In general, similar color rangerange (> 90% (> 90% ofof thethe knotsknots))
* Up * Up toto 5 5 magmag brighterbrighter thanthan clusters in clusters in nearbynearby interactinginteracting galaxiesgalaxies

(<DL >=99 Mpc)

DL=19.4 Mpc, LIR=11

M
F8
14
W

MF435W – MF814W MF435W – MF814W MF435W – MF814W
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Morphological classification

PropertiesProperties as a as a functionfunction ofof
interactioninteraction phasephase

Post‐merger
(isolated, no tails) [4]

Merger
(single nucleus, tails) [3]

Pre‐merger
(pair, tails) [2]

5 kpc

First approach
(wide pair, no tails) [1]

* Based on classficiation of Veilleux et 
al. 2002, ApJS, 143, 31; but simplified
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PropertiesProperties as a as a functionfunction ofof
interactioninteraction phasephase

Only systems at similar distance

* Brighter (1.5‐2 mag), redder (0.5 
mag) and tendency towards larger
knots in the most evolved phase

‐Merging of superclusters?
(Kroupa 1998, MNRAS, 300,200)

PRE‐
MERGER

FIRST 
APPROACH

MERGER

POST‐
MERGER

MF814W MF435W – MF814WMF435W Reff

N=459

N=1156

N=832

N=172

M=[‐11.2,‐11.9]

M=‐13.35

C~1

C=1.5
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PropertiesProperties as a as a functionfunction ofof
interactioninteraction phasephase

LuminosityLuminosity FunctionFunction (LF)(LF)
dNdN αα LLλλ

‐‐αα dLdLλλ

BinsBins ofof variable variable widthwidth (Ma(Maíízz‐‐ApellApelláánizniz & & ÚÚbeda 2005, beda 2005, ApJApJ, 629, 873), 629, 873)

α L
F 

F4
35

W

α L
F 

F8
14

W

1       2      3        4 1      2       3       4

* Similar slopes than measured
in other systems (around α=2), 
like in the Antennae, M51, Arp
284, NGC 7252, etc

‐ Though, tendency of evolution
of the slope of the LF
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PropertiesProperties as a as a functionfunction ofof
interactioninteraction phasephase

SimulationSimulation ofof a a wetwet mergermerger ((BournaudBournaud et al. 2008, MNRAS, 389, L8)et al. 2008, MNRAS, 389, L8)

Equal mass merger (total initial stellar mass of 2x1011 M )

Linear resolution of 32 pc

Mass resolution of ~105 M

Gas fraction 17 %
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All sim knots

α L
F 
F4
35
W

α L
F 
F8
14
W

α M
F

PRE‐MERGER     MERGER POST‐MERGER  PRE‐MERGER     MERGER POST‐MERGER 
Sim knots > 50 Myr

t (Myr) t (Myr)

* * *

* * *

PropertiesProperties as a as a functionfunction ofof
interactioninteraction phasephase

SimulationSimulation ofof a a wetwet mergermerger ((BournaudBournaud et al. 2008, MNRAS, 389, L8)et al. 2008, MNRAS, 389, L8)

1.65±0.05 1.82±0.05 1.85±0.04

1.70±0.05 1.76±0.05 1.82±0.04

* Slight evolution of the slope
of the LF of the red filter up 
to the merger phase

* Similar behavior than
observed systems

SSP SSP
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All sim knots

α L
F 
F4
35
W

α L
F 
F8
14
W

α M
F

PRE‐MERGER     MERGER POST‐MERGER  PRE‐MERGER     MERGER POST‐MERGER 
Sim knots > 50 Myr

t (Myr) t (Myr)

* * *

* * *

PropertiesProperties as a as a functionfunction ofof
interactioninteraction phasephase

SimulationSimulation ofof a a wetwet mergermerger ((BournaudBournaud et al. 2008, MNRAS, 389, L8)et al. 2008, MNRAS, 389, L8)

1.65±0.05 1.82±0.05 1.85±0.04

1.70±0.05 1.76±0.05 1.82±0.04

* Slight evolution of the slope
of the LF of the red filter up 
to the merger phase

* Similar behavior than
observed systems

‐ Higher knot formation rate
at early phases

t (Myr)

N
um
be
r New knots

SSP SSP
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SummarySummary

SystematicSystematic photometricphotometric studystudy ofof starstar formingforming regionsregions ((knotsknots)  in  a )  in  a 
representativerepresentative samplesample ofof 32 32  lowlow‐‐z  (z  (U)LIRGsU)LIRGs as as  extremelyextremely luminousluminous
starburstsstarbursts in extreme in extreme interactionsinteractions

KnotsKnots havehave similar similar  colorscolors thanthan clusters  in clusters  in  lessless luminousluminous interactinginteracting
galaxiesgalaxies. . FewFew ofof themthem redderredder ((i.ei.e lagerlager internalinternal extinctionextinction))

LLIRIR dependencedependence ofof thethe propertiesproperties ofof thethe knotsknots: :  increaseincrease in in  densitydensity ofof
clusters clusters andand//oror theirtheir massmass as a as a functionfunction ofof thethe LLIRIR ofof thethe systemsystem

PossiblePossible evidenceevidence ofof dynamicaldynamical evolutionevolution ofof thethe knotsknots withwith thethe
interactioninteraction: : kroupakroupa scenarioscenario in (in (U)LIRGsU)LIRGs??

SlightSlight evolutionevolution ofof thethe slopeslope ofof thethe LF LF withwith thethe interactioninteraction: :  significantsignificant
contributioncontribution ofof youngyoung
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