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CLUSTERS OF GALAXIES�
Dark matter (85%)   Hot gas (13%)   Galaxies (2%) �

Cl0024+1654 (Credit: NASA/ESA/M.J. Jee) � Bullet (Credit: NASA/Magellan/Markevitch/Clowe) �
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Fig. 1.—Rest-frame color-magnitude diagrams for spectroscopically con-
firmed members in the main cluster sample. Filled red circles are MIPS de-
tections with SF rates ≥5 yr!1 (where all clusters are better than 50%M,

complete). The larger symbols represent galaxies with . Thelog (M ) ≥ 10.610 ∗
rest-frame B-band magnitude has been corrected for passive luminosity evo-
lution, as determined from the fundamental plane (van Dokkum et al. 1998a).
The vertical dashed line is the rest-frame B-band magnitude selection limit of
!19.5. The solid diagonal line is the best fit to the red sequence galaxies,
adopting the slope of van Dokkum et al. (1998b), and the dotted line denotes

mag; only galaxies below the dotted line would be part ofD(B ! V) p !0.2
the standard BO sample. [See the electronic edition of the Journal for a color
version of this figure.]

Fig. 2.—Fraction of confirmed cluster galaxies that are star forming as
revealed by the MIPS 24 mm observations. Only considered are members with
MIR SF rates ≥5 yr!1 that are brighter than and locatedM M p !19.5, B

within 1 Mpc of the cluster centers ( filled circles) and 500 kpc (open squares).
The points for the two clusters are offset slightly in z for clarity.z ∼ 0.83

Fig. 3.—As in Fig. 2, the fraction of confirmed star-forming cluster galaxies
(MIR SF rate ≥5 yr!1, , Mpc), but now with the ad-M M ≤ !19.5 R ! 1, B P

ditional stellar mass cutoff of for the five main clusterslog (M ) ≥ 10.610 ∗
( filled circles). Stellar masses are not available for the remaining three clusters;
they are shown as upper limits (open circles).

of strongly star-forming galaxies increases significantly with red-
shift. Using a field galaxy sample drawn from the same pho-
tometric and spectroscopic catalogs, we estimate a possible field
contamination at to be ∼8% (i.e., no more than onez p 0.83
galaxy per cluster). In Figure 1, the dotted lines represent the
original color criterion for BO galaxies. The ratio of the number
of cluster galaxies with MIR SF rate ≥5 yr!1 above thisM,

color cut to the number of blue galaxies [ ]D(B ! V ) ! !0.2
increases with redshift.

3.2. The Mid-Infrared Butcher-Oemler Effect

For each cluster, we compute and plot in Figure 2 the fraction
of confirmed star-forming cluster members after selecting by
rest-frame B-band magnitude ( ), clustercentric dis-M ≤ !19.5B

tance,6 and MIR SF rate (≥5 yr!1). The errors onM f, SF,MIPS

represent the range that can be produced by taking the minimum
and maximum conversion factors from to insteadF F24 mm 8–1000 mm

of a single average value for each cluster and by varying the
different selection thresholds by amounts comparable to the
errors on each of these parameters.

Figure 2 shows that the fraction of galaxies in clusters with

6 While the optical observations generally extend to Mpc, the MIPSR 1 1.5P

imaging for MS 1358 only extends to ∼1 Mpc (∼50%–60% of for theser200
clusters).

MIR SF rates ≥5 yr!1 steadily climbs from ∼3% locally toM,

∼13% at . Because H07 showed that a cluster’s mor-z p 0.83
phological composition can vary depending on whether members
are selected by mass or by luminosity, we apply an additional
stellar mass cut of (Fig. 3). The mass cut islog (M ) ≥ 10.610 ∗
applied only to the five main clusters for which uniform pho-
tometry and thus stellar masses are available; the remaining three
clusters are shown only as upper limits. While the mass cut
attenuates the increase in fraction of star-forming members, it
does not completely suppress the trend. Thus, the MIR BO effect
is not due to an increase in the fraction of faint, low-mass mem-
bers temporarily brightened by strong star formation.

4. DISCUSSION

Having established an increase in the fraction of MIR-
detected galaxies from to , we stress that opticalz ∼ 0 z ∼ 0.8
studies are likely underestimating the increase in star-forming
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SF HISTORIES�



The project aims to study the SF population in clusters...�

[OII]


Hβ

[OIII]


Hα+[NII]


… observing several emission-lines, at �
 z ≈ 0.4, 0.63, 0.86 �

(avoiding atmospheric emission),…�

… by exploiting the OSIRIS/GTC tunable filters (TF)�



TFs are low-resolution �
Fabry-Pérot interferometers, 
working in a large λ range�

TUNABLE FILTERS: BASICS �
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λ SHIFT !!             �

GHOSTS !!               �

TUNABLE FILTERS: CAVEATS�

CCD �
TF�



TUNABLE FILTERS: DATA REDUCTION �

1.  Basic reduction: �
•  Bias and flat-field corrections, CR removal�
•  Sky rings subtraction �
•  Fringing correction �
•  Image alignment �
•  Image combination �
•  Astrometry �
•  Image degradation �

2.  Source extraction and photometry: �
•  Detection in the deep image�
•  Photometry on the degraded slices�

3.  Calibration:�
•  Wavelength�
•  Flux�



TUNABLE FILTERS: DATA REDUCTION �

1.  Basic reduction: �
•  Bias and flat-field corrections, CR removal�
•  Sky rings subtraction �
•  Fringing correction �
•  Image alignment �
•  Image combination !!?�
•  Astrometry �
•  Image degradation �

2.  Source extraction and photometry: �
•  Detection in the deep image�
•  Photometry on the degraded slices à Building of pseudo-spectra �

3.  Calibration:�
•  Wavelength à λ=λ0 - 5.04r2 + a3(λ)r3 �
•  Flux !!?�
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Total on-source exposure time = 5.1+2.9 hours�
Wavelength range = 9047 – 9341 Å �

Number of scan steps = 50 �
Space between scan steps = 6 Å �

 TF FWHM = 12 Å �

Two pointings�
SF�

AGN�

Cl0024+1654: THE TEST CASE �



210 ELGs detected: �
•  174 robust cluster Hα emitters�
•  28 interlopers �
•  8 unconfirmed � fHα completeness ~ 0.9 x 10-16 erg s-1cm-2 �

SFRHα completeness ~ 0.9 M☉/yr �

Cl0024+1654: Hα SAMPLE �



Cl0024+1654: Hα LUMINOSITY FUNCTION �

——                                                This work

‒ ‧ ‒      Area corrected

•                      Kodama+04




Discrimination between SF and 
AGN using the EWαn2 diagram 

from Cid-Fernandes+10 �
�
�
�
�
�
�
�
�
�
�

25 BLAGN � 39 NLAGN �

37% OF ELGS ARE AGN �

wavelength
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Seyfert 1.5
 ID 998


The fraction of AGN depends on the limits 
set to F[NII]/FHα …�

Cl0024+1654: SF AND AGN POPULATIONS�
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We found the double-peaked redshift distribution (Moran+07 & Czoske+02): �
•  structure “A” (centred at z = 0.395, the main cluster) �
•  structure “B” (centred at z = 0.381, a l.o.s infalling group) �

zSPEC


N



Czoske+02


Cl0024+1654: REDSHIFT DISTRIBUTION �



Following Diaferio99 caustic technique �
implemented in the CausticApp code (Serra+11)…�

…we obtained mass, radius and velocity dispersion compatible with previous results�

CAUSTIC MASS PROFILE �REDSHIFT DIAGRAM�

‒ ‒   Kneib+03

⧯    Diaferio+05

⧳      This work


THIS WORK�
r200 = (1.21 ± 0.1) Mpc h-1 �

M200 = (4.1 ± 0.2) × 1014 M⊙ h-1 �

KNEIB+03 �
r200 = (1.19 ± 0.9) Mpc h-1 �

M200 = (3.97+0.8
-0.7) × 1014 M⊙ h-1 �

Cl0024+1654: CLUSTER DYNAMICS�
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RXJ1257+4738: THE TARGET CLUSTER �

 OSIRIS/GTC (g'r'i'z')�
 LIRIS/WHT (J) �

 IRAC/Spitzer (3.6µm,5.8µm)�
 IRAC/Spitzer (4.5µm,8µm)�

 MIPS/Spitzer (24µm)�
 PACS/Herschel (100µm,160µm)�

 SPIRE/Herschel (250µm,350µm,500µm)�



Total on-source exposure time = 18 hours�
Wavelength range = 6884 – 7104 Å �

Number of scan steps = 24 �
Space between scan steps = 10 Å �

 TF FWHM = 20 Å �

BROAD-BAND IMAGING �

OSIRIS TF IMAGING �

GMOS/GEMINI MOS�

21 spectroscopic cluster members�



Photometric cluster members using Monte Carlo simulations�
1.  Creating 600 mock catalogues varying each band flux�

�

RXJ1257+4738: THE CLUSTER SAMPLE �



Photometric cluster members using Monte Carlo simulations�
1.  Creating 600 mock catalogues varying each band flux�
2.  SED-fitting the optical-to-NIR part with LePhare�






Using Bruzual & Charlot (2003) templates�




RXJ1257+4738: THE CLUSTER SAMPLE �



Photometric cluster members using Monte Carlo simulations�
1.  Creating 600 mock catalogues varying each band flux�
2.  SED-fitting the optical-to-NIR part with LePhare�
3.  Defining the initial cluster range by fitting a Gaussian �
�
�
�
�
�

## ## ## ## ## #                      Gaussian function �
## #      exp(– (x – μ)2/2σ2)�

## ## ##�
## ## #            Cluster zPHOT range�
## ##            [<μ> ± <σ>] = [0.886 ± 0.185] �

�

RXJ1257+4738: THE CLUSTER SAMPLE �



Photometric cluster members using Monte Carlo simulations�
1.  Creating 600 mock catalogues varying each band flux�
2.  SED-fitting the optical-to-NIR part with LePhare�
3.  Defining the cluster range by fitting a Gaussian �
4.  Classifying each source using its simulated zPHOT distribution �

# # # # # # # # # # #�
�
�

## ## ## ## ## ## ## ## ## #     zPHOT = μ ± σ/2�
�

## ## ## ## ##  ## ## ## ## #  inside the cluster range�
�

RXJ1257+4738: THE CLUSTER SAMPLE �



Photometric cluster members using Monte Carlo simulations�
1.  Creating 600 mock catalogues varying each band flux�
2.  SED-fitting the optical-to-NIR part with LePhare�
3.  Defining the cluster range by fitting a Gaussian �
4.  Classifying each source using its simulated zPHOT distribution �
5.  Obtaining the final sample defining the cluster range with the accuracy�

# # # # # # # # #�
�
�
�

# # # # # # # #              σ∆z/(1+zSPEC) ∼0.094 �
�
 �

# # # # # # # # # #     zPHOT = [0.79, 0.98]   �



292 robust cluster candidates

(including 21 spectroscopic sources)


RXJ1257+4738: THE CLUSTER SAMPLE �



RXJ1257+4738: THE FIR SAMPLE �

1.  Match the cluster sample with the MIR/FIR catalogues: �
67 FIR-emitter candidates�






Blended�



Unreliable matched (SPIRE only)�



1.  Match the cluster sample with the MIR/FIR catalogues: �
67 FIR-emitter candidates�

2.  Visual inspection of r' and MIR/FIR images, discarding �
15+14 sources �




6 of them Herschel-detected�



r'
 8µm
 24µm


38 FIR-emitter cluster galaxies�



r'
 8µm
 24µm
 100µm
 160µm
 250µm


r'
 250µm


RXJ1257+4738: THE FIR SAMPLE �



1.  Automatic classification using a S/N criterion: �


 


2 or more points �
> �

continuum �
+ 2 std(continuum)�

�

1 adjacent point �
> �

cont �
�

1 adjacent point �
> �

cont + std�
�

1 point �
> �

cont + 2 std�
�

+




+




1080 sources automatically selected from the raw catalogue of 4478 �

RXJ1257+4738: THE [OII] SAMPLE �



1.  Automatic classification using a S/N criterion �
2.  Visual inspection of each pseudo-spectrum�


 


271 sources visually selected from the automatic catalogue of 1080 �

116 6. TF [O II] SURVEY OF RXJ1257.2+4738

Figure 6.2: Example sources that were automatically classified but visually rejected because show multiple
peaks (top left), do not appear any clear peak (top right), the line is located at the pseudo–spectra edge
(bottom left), or it is a “false” selected source, i.e. the clear line does not meet the criterion explained in
the text (bottom right). Horizontal lines show the position of the pseudo–continuum level (dashed) and
the pseudo–continuum level plus two times de pseudo–continuum noise (solid), used as the upper limit as
explained in Sect. 6.1.1.

in a diametrically opposite direction of the optical centre movement (since the pointing is slightly
different from an observation to another).

Finally, we performed the rejection of interlopers (galaxies with emission–lines at different red-
shifts than that of interest) based on the optical colours. We combined the spectroscopic catalogues
from All–wavelength Extended Groth Strip International Survey (AEGIS) (Davis et al. 2007) and
zCOSMOS (Lilly et al. 2007) surveys to create a redshift grid in the g� - r� vs r� - z� diagram. As
shown in Fig. 6.5, we visually defined a region around the redshift ∼0.9, represented by the grey
shaded area and coincident with yellow to red small crosses. Thus, we considered that the sources
that fall outside are outliers, i.e. ELGs at other redshift, many of them probably galaxies with
emission in Hβ or [O iii] λ5007 at z∼0.40-0.44. From the initial sample of 161 ELGs, 15 were
found to be outliers, 118 were confirmed as [O ii] cluster members, and the remaining 28 sources
have not enough optical data neither spectroscopic information to confirm or reject them.

RXJ1257+4738: THE [OII] SAMPLE �



1.  Automatic classification using a S/N criterion �
2.  Visual inspection of each pseudo-spectrum�
3.  Visual inspection of each TF source thumbnail �
�
 �

161 ELGs visually selected from the previous catalogue of 271 �

✘

✔ �

RXJ1257+4738: THE [OII] SAMPLE �



1.  Automatic classification using a S/N criterion �
2.  Visual inspection of each pseudo-spectrum�
3.  Visual inspection of each TF source thumbnail�
4.  Colour-colour diagram to reject interlopers �
�
 �

118 [OII]-emitter cluster galaxies�

RXJ1257+4738: THE [OII] SAMPLE �



1.  Automatic classification using a S/N criterion �
2.  Visual inspection of each pseudo-spectrum�
3.  Visual inspection of each TF source thumbnail�
4.  Colour-colour diagram to reject interlopers�
5.  Radial velocity constraint �


 


87 [OII]-emitters in the vLoS range full covered�

315 robust cluster members �

RXJ1257+4738: THE [OII] SAMPLE �



RXJ1257+4738: COLOUR, MASS & SFR �

FIR and [OII] populations almost no overlap… �

SFR[OII] = [0.5, 20] M☉/yr �
SFRIR = [0.5, 45] M☉/yr �
Completeness ∼5 M☉/yr   �[OII]�

FIR �
FIR+[OII]�



but filamentary/group look, traced by SF galaxies�

RXJ1257+4738: SF ACTIVITY �

[OII]�
FIR �

FIR+[OII]�

Centre of the main structure (A) quenched�



(average) SFR & sSFR show no clear dependence with the environment �

LOW � MEDIUM� HIGH �

[OII]�
FIR �

FIR+[OII]�

RXJ1257+4738: SF ACTIVITY �



FIR sample �



[OII] sample �

All cluster�
members�
�

As seen by the 
spatial distribution 
of SF galaxies…�

… the fraction of 
[OII] and FIR-

emitters suggest 
that the 

intermediate density 
cluster environment 
is the preferred for 
the enhancement of 

the SF activity �

[OII]�
FIR �

FIR+[OII]�

RXJ1257+4738: SF ACTIVITY �



RXJ1257+4738: MORPHOLOGY�

Classification between ET and LT 
of 30% of the cluster sample using 
galSVM (Huertas-Company+08), 
but…�
�
�
�
�
�
�
�
�
�
�
�
…we observed a large fraction of 
ET galaxies in the blue region!!! �

--      LT (18) �
-      ET (26) �
-· BLUE ET (46) �

Physical properties distributions 
show no remarkable differences 
among the three morphological 
types… �



RXJ1257+4738: MORPHOLOGY�
LT�
ET �

BET `LCBG’�
BET `WITH SF’�
QUIESCENT BET �

Are the “blue” ETs…�
… incorrect classified (morph, z)?�
… peculiar galaxies?�
… AGNs?�
… ET with recent star formation?�
... LCBGs?�



RXJ1257+4738: MORPHOLOGY�

Mild morphology-density and morphology-radius relations�



CONCLUSIONS (I) �
This work aimed to achieve two main goals: to prove the usefulness of the TFs 
to study ELGs in galaxy clusters, and to make a complete study of an 
intermediate-redshift galaxy cluster.�
�
The first objective was completed performing an Hα/[NII] survey of the 
Cl0024+1654 cluster at z=0.395, and the main results are: �
•  With the catalogue of 174 robust Hα cluster emitters we improved the 

initial GLACE requirements achieving a SFR completeness of ~ 0.9 M☉/yr.�
•  The technique allowed us to deblend the Hα and [NII] lines and, therefore, 

to discriminate the AGN population.�
•   Our redshift estimation - of spectroscopic quality – allowed us to identify 

two cluster structures (the main cluster and an infalling group in the l.o.s)�
•  The radial velocities of our ELGs allowed us to estimate the mass, radius, 

and velocity dispersion of the cluster by using the caustic technique 
(Diaferio99). The results are in very good agreement with previous weak-
lensing estimations.�

These results indicate that the TF tomography technique is adequate for the 
GLACE research purposes.�



CONCLUSIONS (II) �
The second goal was performed as a multi-wavelength study of the 
RXJ1257+4738 cluster at z=0.866, including the study of the star formation 
activity through the FIR and [OII] emitters samples, and a partial 
morphological characterization of the cluster members. The main results are: �
•  We built a cluster catalogue of 315 reliable cluster members, including 38 

FIR-emitters and 87 [OII]-emitters.�
•  The structures of the cluster density map with a filamentary-like look, also 

traced by the SF galaxies spatial distribution, suggests that the cluster is 
still under the process of formation.�

•  No correlation was found between the SFR and the local density, indicating 
that the average SF galaxy forms the same stellar mass per time unit in all 
local density environments.�

•  A dependency is found when analysing the number of emitters respect to 
the total of cluster members: the fraction of emitters significantly grows 
from low- to intermediate-density regions, and even the number of [OII]-
emitters in the highest densities is not negligible.�

•  We were able to morphologically classify 30% of the cluster sample using 
ground-based observations. We reproduced a mild morphology-density 
relation, and found that a blue ET sample is the dominant population. �



AND THAT’S ALL…�
THANK YOU FOR YOUR TIME!! �



EXTRA: [OII] VS FIR �


