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MUFFIT : a MUlti-Filter FITting code to explore the
stellar content of galaxies in photometric surveys

Introduction & Motivations
Nowadays, there is an increasing number of multi-filter surveys, e.g. 

ALHAMBRA (Moles et al. 2008), COSMOS (Ilbert et al. 2009), SHARDS (Perez-
Gonzalez et al. 2013), J-PAS (Benitez et al. 2014), J-PLUS (Cenarro et al. 2014, in 
prep.); with a vast volume of high-quality data in which we can study the stellar 
content of galaxies. 

This kind of surveys sample the spectral energy distribution (SED) of galaxies, 
and owing to their configurations, the retrieved SEDs are half-way between 
classical photometry and spectroscopy, being in practise a low-resolution spectrum. 
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Introduction & Motivations
Nowadays, there is an increasing number of multi-filter surveys, e.g. 

ALHAMBRA (Moles et al. 2008), COSMOS (Ilbert et al. 2009), SHARDS (Perez-
Gonzalez et al. 2013), J-PAS (Benitez et al. 2014), J-PLUS (Cenarro et al. 2014, in 
prep.); with a vast volume of high-quality data in which we can study the stellar 
content of galaxies. 

This kind of surveys sample the spectral energy distribution (SED) of galaxies, 
and owing to their configurations, the retrieved SEDs are half-way between 
classical photometry and spectroscopy, being in practise a low-resolution spectrum. 

We should take advantage of these data to carry out stellar population studies 
at larger redshifts than typical spectroscopic data.

It would be very useful a tool designed to determine the main stellar population 
parameters of galaxies using their multi-filter SEDs.
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MUFFIT : a MUlti-Filter FITting code to explore the
stellar content of galaxies in photometric surveys

MUFFIT: a MUlti-Filter FITting code
to explore the stellar content of galaxies 

in photometric surveys

²-test!
Mixture of 2 SSPs

Detection of emission lines
Monte Carlo approach
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MUFFIT: a MUlti-Filter FITting code
to explore the stellar content of galaxies 

in photometric surveys
Photometric 

system SSP Models Photometry
+ errors

²-test!
Mixture of 2 SSPs

Detection of emission lines
Monte Carlo approach
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Posters Id
9 and 10

Further details in Díaz-García et al. (2014a, in prep.)Age • Metallicity • Extinction • Redshift • Stellar mass • !-corrections 
(for a more general case, IMF slope and !-abundances)

MUFFIT : a MUlti-Filter FITting code to explore the
stellar content of galaxies in photometric surveys
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MUFFIT: a MUlti-Filter FITting code

Testing the code with ALHAMBRA galaxies

More details in Poster Reg-Id 9 and in Díaz-García et al. (2014a, in prep.)

M32 at J-PLUS, ALHAMBRA, and J-PAS resolution

Synthetic photometry of M32 + MUFFIT

vs

Stellar population parameters from the literature

MUFFIT : a MUlti-Filter FITting code to explore the
stellar content of galaxies in photometric surveys
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MUFFIT: a MUlti-Filter FITting code
Testing the code with ALHAMBRA galaxies

RS Galaxies

ALHAMBRA + MUFFIT stellar masses
vs 

COSMOS stellar masses

MUFFIT : a MUlti-Filter FITting code to explore the
stellar content of galaxies in photometric surveys
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MUFFIT: a MUlti-Filter FITting code
Testing the code with ALHAMBRA galaxies

RS Galaxies

ALHAMBRA + MUFFIT stellar masses
vs 

COSMOS stellar masses

Ellipticals

ALHAMBRA + MUFFIT 
Age-Metallicity distributions

(0.06 ≤ z ≤ 0.22)

MUFFIT : a MUlti-Filter FITting code to explore the
stellar content of galaxies in photometric surveys
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MUFFIT: a MUlti-Filter FITting code

Testing the code with ALHAMBRA galaxies

RS Galaxies

ALHAMBRA + MUFFIT stellar population parameters

vs 

 SDSS + Line Index Strengths from Gallazzi et al. 2005

                Redshifts          •                 Age              •          Metallicities        •       Stellar masses

MUFFIT : a MUlti-Filter FITting code to explore the
stellar content of galaxies in photometric surveys
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The formation epochs and size effects of RS galaxies

Data

ALHAMBRA (20 optical bands): 

Gold Catalogue

(complete up to mF814W = 23)

BPZ2.0 photo-z constraints

Fitzpatrick's extinction law

Bruzual & Charlot SSP models

Formation Epochs of 

RS Galaxies

Galaxy size and 

stellar populations

in the RS
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Sizes, formation epochs and stellar population 
properties of Red-Sequence galaxies up to z~1

MUFFIT details in 

Poster Reg-Id 9 and 

in Díaz-García et al. 
(2014a, in prep.)

More details in Poster Reg-Id 10 and in Díaz-García et al. (2014bc, in prep.)
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The formation epochs of RS galaxies

(Definition of the sample)

Input

ALHAMBRA: Gold Catalogue

(~95 000 galaxies)

!-corrections

Colour-magnitude 

diagram (CMD)

mF365W-mF582W = 1.15 – 0.3 z – 0.08 (MF582W- 5 log h + 20)
(RS galaxies, Bell et al. 2004 + Fritz et al. 2014)

~18000 RS-Galaxies 

0.0 ≤ z ≤ 1.0

M
!
≥ 10¹  M"

#
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Sizes, formation epochs and stellar population 
properties of Red-Sequence galaxies up to z~1
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The formation epochs of RS galaxies
(Results)

Massive galaxies were formed before in a 
more efficient way than their low mass 
counterparts. DOWNSIZING Scenario 

using ALHAMBRA+MUFFIT

More details in Poster Reg-Id 10 and in 
Díaz-García L.A. et al. (2014b, in prep).
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Size effects of RS galaxies

(Definition of the sample)

Input

ALHAMBRA: Gold Catalogue

(~95 000 galaxies)

!-corrections

A
V

Colour-magnitude 

diagram (CMD)

Pure Red-Sequence galaxies (PRS)

(without red galaxies whose colour is due to a high dust content)
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Size effects of RS galaxies
(Definition of the sample)

ALHAMBRA

¿SIZES?

ALHAMBRA overlaps with HST fields
(AEGIS, GOODS-N, and COSMOS surveys)ACS general Catalogue

(Griffith et al. 2012)

•AEGIS, GOODS, COSMOS, GEMS 
•GALAPAGOS (Häu!ler et al. 2011)
•Sérsic index (n) + half-light radius (re)
•F814W (AEGIS, COSMOS)
  F606W (AEGIS, GOODS-N)
  F775W (GOODS-N)

Pure Red-Sequence 
galaxies (PRS) and M

!

~1500 Galaxies with 
0.2 ≤ z ≤ 1.2
M

!
≥ 10¹  M"

#

!"#$%&'(&#)'*+!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"!!!

Sizes, formation epochs and stellar population 
properties of Red-Sequence galaxies up to z~1

mailto:diaz@cefca.es


Size effects of RS galaxies

(The age of the RS galaxies in the size-mass relation)

ALHAMBRA Sizes (HST/ACS)

!
!
!0.27!!!!

"
"!0#!!

!
L##
!0.73!!!h#!#0.71
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Sizes, formation epochs and stellar population 
properties of Red-Sequence galaxies up to z~1
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Size effects of RS galaxies

(The age of the RS galaxies in the size-mass relation)

ALHAMBRA Sizes (HST/ACS)

!
!
!0.27!!!!

"
"!0#!!

!
L##
!0.73!!!h#!#0.71
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Sizes, formation epochs and stellar population 
properties of Red-Sequence galaxies up to z~1

At z>0.8, we find compact 

PRS tend to be ~0.5 Gyr 

older than extended PRS 

(99% confidence level using a 

Kolmogorov-Smirnov test).

 No significant differences 

were found between the 

luminosity-weighted 

metallicities and extinctions 

of both populations. 

(Preliminary results)

More details in Poster 

Reg-Id 10 and in Díaz-
García et al. (2014c, in 
prep.)
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Conclusions

ALHAMBRA

•  We directly measure that massive galaxies were formed before in a 
more efficient way than their low mass counterparts (DOWNSIZING Scenario) 
using ALHAMBRA photometric data + MUFFIT.

• The stellar masses recovered with ALHAMBRA+MUFFIT are in 
agreement with the growth in size of massive galaxies.

• At z>0.8, we find compact PRS tend to be ~0.5 Gyr older than extended 
PRS (99% confidence level using a Kolmogorov-Smirnov test). No significant 
differences were found between the luminosity-weighted metallicities and 
extinctions of both populations. (Preliminary results)

Thanks for your attention!

Sizes, formation epochs and stellar population 
properties of Red-Sequence galaxies up to z~1

More details in Poster Reg-Id 10 and in Díaz-García et al. (2014bc, in prep.)
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The formation epochs and size effects of RS galaxies

Data
ALHAMBRA (20 optical bands): 

Gold Catalogue
(complete up to mF814W = 23)

BPZ2.0 photo-z constraints

Fitzpatrick's extinction law

Bruzual & Charlot SSP models

Formation Epochs of 
RS Galaxies

Galaxy size and 
stellar populations

in the RS
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Sizes, formation epochs and stellar population 
properties of Red-Sequence galaxies up to z~1

MUFFIT details in 
Poster Reg-Id 9 and 
in Díaz-García et al. 

(2014a, in prep.)

More details in Poster Reg-Id 10 and in Díaz-García et al. (2014bc, in prep.)
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The formation epochs of RS galaxies
(Definition of the sample)

Input
ALHAMBRA: Gold Catalogue

(~95 000 galaxies)

�-corrections

Colour-magnitude 
diagram (CMD)

mF365W-mF582W = 1.15 – 0.3 z – 0.08 (MF582W- 5 log h + 20)
(RS galaxies, Bell et al. 2004 + Fritz et al. 2014)

~18000 RS-Galaxies 
0.0 ≤ z ≤ 1.0
M

�
≥ 10¹  M�

�
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properties of Red-Sequence galaxies up to z~1
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The formation epochs of RS galaxies
(Results)

Massive galaxies were formed before in a 
more efficient way than their low mass 
counterparts. DOWNSIZING Scenario 

using ALHAMBRA+MUFFIT

More details in Poster Reg-Id 10 and in 
Díaz-García L.A. et al. (2014b, in prep).
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Size effects of RS galaxies
(Definition of the sample)

Input
ALHAMBRA: Gold Catalogue

(~95 000 galaxies)

�-corrections
AV

Colour-magnitude 
diagram (CMD)

Pure Red-Sequence galaxies (PRS)
(without red galaxies whose colour is due to a high dust content)
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Size effects of RS galaxies
(Definition of the sample)

ALHAMBRA

¿SIZES?

ALHAMBRA overlaps with HST fields
(AEGIS, GOODS-N, and COSMOS surveys)ACS general Catalogue

(Griffith et al. 2012)

•AEGIS, GOODS, COSMOS, GEMS 
•GALAPAGOS (Häu�ler et al. 2011)
•Sérsic index (n) + half-light radius (re)
•F814W (AEGIS, COSMOS)
  F606W (AEGIS, GOODS-N)
  F775W (GOODS-N)

Pure Red-Sequence 
galaxies (PRS) and M

�

~1500 Galaxies with 
0.2 ≤ z ≤ 1.2
M

�
≥ 10¹  M�
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Size effects of RS galaxies
(The age of the RS galaxies in the size-mass relation)

ALHAMBRA Sizes (HST/ACS)
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Size effects of RS galaxies
(The age of the RS galaxies in the size-mass relation)

ALHAMBRA Sizes (HST/ACS)
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Sizes, formation epochs and stellar population 
properties of Red-Sequence galaxies up to z~1

At z>0.8, we find compact 
PRS tend to be ~0.5 Gyr 
older than extended PRS 
(99% confidence level using a 
Kolmogorov-Smirnov test).
 No significant differences 
were found between the 
luminosity-weighted 
metallicities and extinctions 
of both populations. 
(Preliminary results)

More details in Poster 
Reg-Id 10 and in Díaz-
García et al. (2014c, in 
prep.)
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Conclusions
ALHAMBRA

•  We directly measure that massive galaxies were formed before in a 
more efficient way than their low mass counterparts (DOWNSIZING Scenario) 
using ALHAMBRA photometric data + MUFFIT.

• The stellar masses recovered with ALHAMBRA+MUFFIT are in 
agreement with the growth in size of massive galaxies.

• At z>0.8, we find compact PRS tend to be ~0.5 Gyr older than extended 
PRS (99% confidence level using a Kolmogorov-Smirnov test). No significant 
differences were found between the luminosity-weighted metallicities and 
extinctions of both populations. (Preliminary results)

Thanks for your attention!

Sizes, formation epochs and stellar population 
properties of Red-Sequence galaxies up to z~1

More details in Poster Reg-Id 10 and in Díaz-García et al. (2014bc, in prep.)
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The influence of  the Galactic tidal field on the 
internal rotation of  globular clusters  
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The influence of  the Galactic tidal field on the 
internal rotation of  globular clusters  

Thank You for your 
attention! 
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SDSS image 

NGC 448 



SDSS image 

NGC 448 
ATLAS3D  
Krajnovic et al. (2011) 

2! peak galaxy 



SDSS image 

NGC 448 

SAURON 

- 1” long-slit mode 
- 4800-5550 AA 
- Sp. Resolution~2.3 A  
- !inst~60 km/s 
- Texp~3h 

6m BTA telescope!



SDSS image 

NGC 448 

SAURON 

6m BTA!

- 1” long-slit mode 
- 4800-5550 AA 
- Sp. Resolution~2.3 A  
- !inst~60 km/s 
- Texp~3h 
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E.P. Lagioia

WFPC2 UV survey of GGCs - The HB Temperature Distribution of M15

UV-optical CMDs

RR Lyrae from Clement+ 2001 catalogue

cool stars are as bright as BHBs in F170W filter

Poster 
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Homogeneous photometric survey of 31 GGCs in far - mid UV 
and optical bands using WFPC2@HST (GO 11975, PI: F. Ferraro).
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E.P. Lagioia

WFPC2 UV survey of GGCs - The HB Temperature Distribution of M15

HB Temperature 
distribution

Multimodal distribution 

• from Teff ~6,000K to ~30,000K 

• main peak located at Teff ~8,000K and secondary at ~14,000K 

• About 95% of the cluster HB stars lie below Teff ~20,000K 
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WFPC2 UV survey of GGCs - The HB Temperature Distribution of M15

Y variation

No effects on the color - Teff relation
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WFPC2 UV survey of GGCs - The HB Temperature Distribution of M15

Evolutionary 
effects

~800 K for Teff < ~8000 K  —>  ~10% error in  
F255W color - Teff relation
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WFPC2 UV survey of GGCs - The HB Temperature Distribution of M15

Omega Cen  UV-opt CMD: color distribution
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WFPC2 UV survey of GGCs - The HB Temperature Distribution of M15

Thanks
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WFPC2 UV survey of GGCs - The HB Temperature Distribution of M15

Z variation

No effects on the color - Teff relation
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The outer regions of M87

Ultra-deep wide field (1.5◦ × 1.5◦) image of the Virgo cluster core
(Mihos et al. 2005)
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The PNe projected phase-space distribution,
VLOS-R: separating the M87 halo and ICL
components
Sample of ∼ 350 spectroscopically confirmed PNe
Red stars: halo PNe (bound)
Blue stars: intracluster PNe (unbound)
Black squares: data from Doherty et al. 2009
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Function
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dispersion
profile

Surface Density profile
(Longobardi et al. 2014)

αhalo = 1.05 × 10−8 NPNL−1#,bol
αICL = 2.4 × 10−8 NPNL−1#,bol
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Function

M87 velocity
dispersion
profile

Planetary Nebula Luminosity Function
(Longobardi et al. 2014)

Red: halo PNe
Blue : intracluster PNe
Green: M33 PNe from
Ciardullo et al. 2004
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Function

M87 velocity
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profile

M87 velocity dispersion profile

A.Longobardi O.Gerhard M.Arnaboldi R.Hanushik The extreme outer regions of M87. The PN perspective
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Giant-giant and giant-dwarf binary system in the LMC 
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Giant-giant and giant-dwarf binary system in the LMC 
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Example eclipsing binary lightcurves from E2.  
Most likely giant-giant systems.  

Example eclipsing binary lightcurves from E3.  
Most likely giant-dwarf systems.  

Giant-giant and giant-dwarf binary system in the LMC 
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Dynamical modelling of the 
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Mass and IMF
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Dynamical modelling of the Galactic bulge:

Mass and IMF

M. Portail, C. Wegg, O. Gerhard & I. Martinez-Valpuesta

!" #$%&'()#' * &"' $+ ,-.$/0 1$/"2& $+ .*(("/ /3&4 .0
"5$253%6 * &'"22*( /3&4 "1."//"/ 3% /3++"("%' /*(4 1*''"(
7*2$&8

922 1$/"2& +$(1 * .*( '7*' .)#42"& *%/ #("*'"& *
:$;0<="*%)' .)26"8

>&3%6 '7" ?*/"-'$-?"*&)(" 1"'7$/@ A" #$%&'(*3% '7"
1$/"2& '$ 1*'#7 ?3240-!*0 .)26" /*'*B CD /"%&3'0 $+
E"/ F2)1G &'*(& H!"66 I J"(7*(/ KLMCN *%/ :E9O9
43%"1*'3#& HP)%/"( "' *28 KLMKN



M. Portail, C. Wegg, O. Gerhard & I. Martinez-Valpuesta

!" #$% &"#'("& )*" +,-." /)"--$& 0$// %""1"1
2% )*" 0'1"- )' 0$)#* )*" 34565 12/7"&/2'%

!" 7&"12#) 0$//8)'8-2.*) &$)2' 9&'0 ',&
0'1"-/ $%1 #'07$&" )*"0 )' 7'7,-$)2'%
/:%)*"/2/ 0'1"-/

5-- ',& 0'1"-/ .2(" )*" /$0" "/)20$)" '9 )*"
!"!#$ 0$// '9 )*" ;$-$#)2# +,-." '9 <=>? <@<@

A B2)* $ CDE $##,&$#:=

!" &,-" ',) )*" F$-7")"& GAH $%1 /*'B )*$)
0$)#*2%. )*" I'##$-2 GAH B',-1 &"J,2&"
$+',) ?@E 1$&K 0$))"& 2% )*" +,-."=

Dynamical modelling of the Galactic bulge:

Mass and IMF
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The VST survey of the SMC and the Magellanic Bridge 
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a.     Study of SFH of SMC and of its stellar cluster component: trends with 
position? Connection with interaction history? Cluster and Field Age-
Metallicity relations?!

b.     Systematic investigation of the Bridge populations:  SFH of the intra-cloud 
population;  How did the stellar component of the Bridge form? !

c.     Impact of metallicity on PMS accretion and on the global properties of star 
formation (star formation rate and efficiency; IMF)

Aims

Complementary projects 
!
1.       HST photometry on selected fields, old and young clusters (P.I.  J. Gallagher/A. Nota). 
!
2.       VLT spectroscopy (CaII triplet) on several SMC fields (P.I. E. Grebel). 
!
3.       VMC@VISTA ESO Public survey (P.I: M.R. Cioni): YHKs photometry of the Magellanic System 

(LMC, SMC, Bridge, Stream): 184 sq. deg. at Ks=20.3 mag.

Need to reach 1-2 magnitude below the Turn-Off of the oldest population 



STEP Characteristics:  
!
✓ g,i photometry to g~24 (AB mag) with S/

N~10  
!

✓ r,H! photometry to r~23 mag with S/N=5. 
!

✓ Time-series photometry (~24 epochs) on 
selected fields of the Bridge: g~19.0 mag (RR 
Lyrae) with S/N=100 ! g~24 (AB mag) with 
S/N~10. Only 8 “tiles” with TS because of 
low efficiency of these observations. 

!
Data  reduction:  

!
✓ Prereduction and astrometry with VSTTube 

(Grado et al. MemSait Suppl. 19, 362);  
!

✓ PSF photometry with P. Stetson’s DAOPHOT 
IV/ALLSTAR. 
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4_6

Survey status: 
!

Hours observed/allocated (P88-93):  ~ 51 %  
!
Completion:  g,i   ~ 43% ; r,H! ~ 7 % 
!



First results for two tiles
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Spatial distribution

The spatial distribution of stars in 
different evolutionary stages ! 
important clues on the SF processes 
over the region.



Clusters

NGC 419

IC 1624

• Ages, age-metallicity relation, 
spatial distribution. 
!

• Structural parameters



Abstract 
    We propose to perform a detailed photometric analysis of the resolved and 
unresolved stellar population of M33 using data from the Javalambre 
Photometric Local Universe Survey (J-PLUS).

San Roman, I.  - Poster # 41  RASPUTIN, ESO, Garching, 2014

The J-PLUS Survey: !
Understanding the Formation and Evolution of M33

I. San Roman, A. Marin-Franch, A. Ederoclite, A. J. Cenarro, H. Vazquez Ramio,  
and the  J-PLUS Team   

⦿J-PLUS Survey:!
⦿A large photometric survey at  Observatorio Astrofisico de 

Javalambre in Teruel, Spain!
⦿Scheduled as part of the commissioning and scientific 

verification of the survey                Fall 2014!
⦿Filter Set: 12 Broad-, intermediate- and narrow-band filters 

(330 - 1000 nm)!
⦿IFU-like capabilities!
⦿FOV: 1.4o x 1.4o!



M33 Star Cluster System

The J-PLUS Survey: !
Understanding the Formation and Evolution of M33

I. San Roman, A. Marin-Franch, A. Ederoclite, A. J. Cenarro, H. Vazquez Ramio,  
and the  J-PLUS Team   

San Roman, I.  - Poster # 41  RASPUTIN, ESO, Garching, 2014

⦿  SEDs over a wide range of wavelengths!
⦿  Ages and metallicities of clusters using SED fitting !
⦿  The sample size of clusters with age and metallicity will rival those 

presently in existence in the MW and M31

Unresolved Stellar Population

⦿  A 2D analysis of the underlying stellar population                  
Tessellation + SEDs fitting

M31-M33 Interaction

⦿Mapping 2 regions:!
⦿  M33 Center!
⦿  M33-M31 Stream



The J-PLUS Survey: !
Understanding the Formation and Evolution of M33

I. San Roman, A. Marin-Franch, A. Ederoclite, A. J. Cenarro, H. Vazquez Ramio,  
and the  J-PLUS Team   

⦿Spectral fitting diagnostics of the resolved and unresolved populations will allow us to 
determine ages, metallicities and masses of the galactic disk, spheroidal component and cluster 
system:!

⦿Are there any indications of substructure in the disk and halo of M33?!
⦿Where is the disk/halo transition and how far out from the center can we trace the 

halo?!
⦿Does the disk metallicity gradient change slope at large galactocentric radii?!
⦿Do the identified tidal streams have clusters associated to them?

The combination of the number of filters, the sky coverage and the depth of this survey will make this project an 
unprecedented experiment for stellar population studies. 

San Roman, I.  - Poster # 41  RASPUTIN, ESO, Garching, 2014



On the Dichotomic Distribution of Galactic Clusters 
L. Troisi, G. Bono, P. B. Stetson, A. Pietrinferni, M. Fabrizio, I. Ferraro, G. Iannicola, R . Buonanno, A. Weiss 

!
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!
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Y=-0.398+0.129!I+0.121[Fe/H] 
!

"=0.022

log(age)=3.9918+0.5721!I-0.4861[Fe/H] 
!

"=0.052





Y(!)mean =0.243 ("=0.008)  

Y(#)mean =0.270 ("=0.006)
log(age)!mean =1.079 ("=0.045) 
log(age)# mean =0.957 ("=0.045)



Conclusions 
 Overestimation of the bump luminosity for     

[Fe/H]<-1.0. 
Dichotomy in the !I vs. [Fe/H] distribution can be 
explained as a difference either in cluster age (∼2.94 
Gyrs) or in He content (∼10%). 

 Need to remove the degeneracy between age 
and He content of the !I parameter.



Thanks for your attention! 
!

Poster ID 44
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