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HST Frontier Fields:  Goals

✦ enable awesome science (on a level playing field)
             

✦ engage the astronomy community in planning and follow-up
              

✦ engage the STScI staff                                                           

     and use HFF as vehicle for improvement 
               

✦ strengthen cross-observatory collaborations
            

✦ engage the broader community in astronomy,                               
     HST and deep field science
              



Milestones Completed

Fall 2012:            HDFI SWG presented a unanimous recommendation 

Winter 2012:       Frontier Fields announced in Cycle 21 call for proposals

                           All six clusters selected and announced

                           WFC3/IR F140W filter added to parallel field observations 
       

                           Blank field positions announced
 

Spring 2013:       ~35 Frontier Fields related proposal received for HST Cycle 21; 

                            3 GO program and 7 archival/theory programs selected.  

                            Public lensing map-makers selected through separate call 

Summer 2013:     PhaseIIs submitted for first 4 fields

                            Data Pipeline testing:  astrodrizzle, tweakreg, + self-calibration

                            Chandra GO programs awarded
            

                            Lensing maps delivered  (8/30)
 



Fall 2013:            First Spitzer observations of Abell 2744 obtained 9/14/2013

                           Frontier FIelds ‘readiness review‘  9/20/2013

                           Abell 2744 Lensing Map release by MAST/HLSP with interactive tool  10/16/2013

                           First HST Frontier Field observations  - epoch 1 Abell 2744 10/25/2013

                                 v0.5 data releases: 11/01; 11/08;  11/15;  11/22;  11/29
                         

                           press release announcing Frontier Fields program  10/24/2013

                           Lensing Map release for all 6 clusters  11/27/2013

WInter 2014:       HST Epoch 1  Abell 2744 complete - 12/10/2013

                           v1.0 data release for Epoch 1 Abell 2744 - 12/16/2013

                           AAS poster session + press release  - 1/7/2014

                           HST Epoch 1 MACSJ0416 begins - 1/4/2014

                                   v0.5 data releases:  1/10;  1/17; 1/24;  1/31

                           v1.0 data release for HST Epoch 1 MACS0416 - 3/1/2014
                            

                           Spitzer observations of Abell 2744 complete  - 2/2014

Milestones Completed
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HST Frontier Fields:  Goals

✦ enable awesome science (on a level playing field)
             

     HST FF data downloaded from >600 IPs (total)
     

     HST Lensing Model data downloaded from >200 IPs (total)
             interactive lensing tool used >400 times

     HST Frontier Field website visited by >585 visitors

      early days for science..                                                                



Early science (Abell 2744)

• z~ 8.2 galaxy with strong 4.5 μm emission (rest-frame [OIII], Hβ) 

     - Laporte et al. 2014 (accepted).

N. Laporte et al.: The first Frontier Fields cluster: 4.5µm excess in a z ⇠8 galaxy candidate in Abell 2744

Stacked 
optical F435W F606W F814W F105W F125W F140W F160W 3.6µm 4.5µm 

Fig. 1. Postage stamps of the Y105-dropout discussed in this letter. The size of each HST stamp is 2”x2” ( 7”x7” for the IRAC channels) and the
position of the target is displayed by a red circle of 0.4” (ACS and WFC3) and 1.4” (IRAC) radius. We show also the mean stacked optical image
computed using the 3 ACS bands.

Table 2. Photometry of the z ⇠8 galaxy candidate

Filter F105W F125W F140W F160W 3.6µm 4.5µm

Abell2744_Y1 27.50 26.32 26.26 26.25 >25.48a 25.16
±0.08 ±0.04 ±0.03 ±0.04 ±0.16

Notes. Informations given in this table : Kron-like aperture corrected
photometry . Error bars are computed using noise measured in empty
apertures around the object.
a 3� limit at the position of our candidate

similar to other high-redshift IRAC studies (e.g., F13). Then,
we measured the photometry on residual (contamination-free)
image in a 1.4” radius aperture. At 3.6µm, the source is not de-
tected neither in original nor in residual images. If we consider
the 4.5µm detection and the 3.6µm 3 sigma limit, the flux ratio
is larger than ⇡1.3.

4. Physical properties

4.1. Photometric redshift

Photometric redshifts were computed with a new version (v12.2)
of the public code Hyperz (New�Hyperz6), originally devel-
opped by Bolzonella et al. (2000). The method consists on fitting
the SED by a library of 14 templates: 8 evolutionary synthetic
SEDs extracted from Bruzual & Charlot (2003), with Chabrier
IMF (Chabrier 2003) and solar metallicity ; a set of 4 empirical
SEDs compiled by Coleman et al. (1980), and 2 starburst galax-
ies from the Kinney et al. (1996) library. In case of non-detection
in a given band, the flux in this band was set to zero, with an error
bar corresponding to the limiting flux.

The best SED-fit is found at z ⇠7.98 (�2
red=0.17), with 1�

confidence interval ranging from z ⇠7.5 to 8.2. We also fitted the
SED assuming a low-redshift solution, with z ranging from 0.0
to 3.0. In that configuration the best SED-fit is found at z ⇠1.92
(�2=1.17 - 1� : 1.7 - 2.1). This z ⇠8 candidate has a SED re-
markably similar to the F13 z ⇠7.51 galaxy where a strong break
is observed in the IRAC data. For these two galaxies, the excess
of flux observed at 4.5µm could be explained by contamination
due to strong H�+[OIII] lines. For the SED fit shown in Fig.2 ob-
tained assuming 1/50 solar metallicity and imposing an age prior
of >50 Myr, the [OIII]5007, H� restframe equivalent widths are
600 and 190 Å , respectively, which are compatible with the val-
ues derived by Smit et al. (2013) from the photometry of seven
z ⇠ 6.6-7 LBGs. At this stage and even if the high-redshift solu-
tion seems more likely and the low-z solution disfavored by the
SED-fitting work, it appears di�cult to conclude definitively on
the nature of this source. The arrival of new IRAC data in 2014
will improve the SNR at 3.6µm and help to better understand the
nature of this object.

6 http://userpages.irap.omp.eu/⇠rpello/newhyperz/

Fig. 2. Fit of the z ⇠8 galaxy candidate SED at high (black line) and
low-redshift (magenta line). ACS upper limits are shown at 1� and
IRAC non-detection is plotted at 3�. The high-z SED fit shown here
is for 1/50 solar metallicity, imposing an age prior of > 50 Myr. The
high-redshift solution shows an excess at 4.5µm due to [OIII] and H�
emission lines as already observed in the z ⇠7.51 galaxy published in
F13. P(z) and �2(z) are also plotted.

4.2. Magnification

One of the interest of using lensing by galaxy clusters to search
for very high-redshift galaxies is the magnification by the cluster
lens. However this object is relatively far from the cluster core.
We estimated an amplification factor of µ=1.49±0.02 using the
public lensing model provided by the CATS group (Richard et
al., in prep), in the framework of the Frontier Fields. This factor
is consistent with those found using other lensing models pro-
duced by Merten (µ=1.50), Sharon (µ=1.91), Williams (µ=1.16)
and Zitrin (µ=1.33-2.11), confirming a moderate amplification
regime for that object.

4.3. Star Formation Rate, Mass and Size

In this section, the SFRs, mass and luminosities are corrected for
magnification, and are derived assuming a Salpeter IMF from
0.1–100 M�. Overall the quantities derived from SED fits are
fairly uncertain, since they depend on assumptions on the metal-
licity and degeneracies in age–extinction. We therefore only give
indicative values for these quantities.

With an absolute UV magnitude M1500 = -20.5 the star for-
mation rate is SFR ⇡ 8 M�.yr�1 using the standard Kennicutt
(1998) relation, and without correcting for attenuation by dust.
Standard SED fits with solar metallicity models and neglecting
nebular emission yield SFR ⇠ 10 M�.yr�1 for a AV=0.15. When
nebular emission is included, following the models of Schaerer
& de Barros (2009,2010) the best fits yield SFR ⇠ 8–60 M�.yr�1,

Article number, page 3 of 4

Fig. 2.— Composite color image of Abell 2744,
made from the optical ACS images and the
WFC3/IR F140W image. The critical curves are
from Zitrin “NFW” model (see §4.1) for back-
ground sources at z = 9 and are plotted in white,
marking the region with extreme magnification
µ > 100. The field of view of WFC3/IR is marked
by a red box. Cyan symbols: 7 < z < 8 objects;
yellow: z & 8, and magenta: potential candidates
that are subject to further examinations with the
deep ACS observations. At the upper-left corner
there is a region with four candidates at z ' 7.5
and five at z ' 8.5. A triple system of z ' 7.4 is
marked in red.

sources. Positions and radial profiles of neighbor-
ing sources in this region are derived from the
higher resolution HST F160W-band mosaic, while
the initial input magnitudes are obtained by run-
ning SExtractor on the IRAC images. During the
fitting process, all input parameters are allowed
to vary, except for the positions of the objects of
interest. Four of our candidates are so heavily
blended by nearby bright sources with complex
radial profiles that GALFIT fails to satisfactorily
deblend them. This yields a total of 18 sources for
which photometry or upper limits from GALFIT are
possible (see Table 5).

We carry out extensive tests to check the reli-
ability of our IRAC photometry for each source.
First, we place a simulated point source of magni-
tude 25 near the candidate and run GALFIT with
di↵erent fitting windows and background levels
until the expected magnitude of each simulated
source is recovered (with a magnitude di↵erence
< 0.1 mag compared to the input value, consistent
with the photometric errors). We then proceed to
fit the flux of each candidate, using the fitting
window and background level on the image that
recovered the brightness of the simulated source.
We repeat these tests at three di↵erent positions
for the simulated source to verify our measurement
of the source magnitude. To account for the uncer-
tainties in estimating the background, we choose
the average magnitude of three measurements as
the source magnitude, which are reported in Ta-
ble 5.

4. MODELS

4.1. Gravitational Lensing Models

As part of the HFF initiative, seven indepen-
dently derived gravitational lensing models of the
Abell 2744 field were developed and publicly re-
leased through the MAST archive.17 For our anal-
ysis we adopt the Zitrin “NFW” model as our
fiducial lensing model, and utilize the other six
models to help quantify the systematic uncertain-
ties in our magnification estimates. The Zitrin
“NFW” model assumes a pseudo-isothermal el-
liptical mass distribution for each cluster galaxy,
scaled by the galaxy luminosity, and an elliptical

17For details, please see the Acknowledgements and http:

//archive.stsci.edu/prepds/frontier/lensmodels.
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• cluster of z~7-8 galaxies?
     - Atek et al. 2014, Zheng et al. 2014 (submitted)

Fig. 2.— Composite color image of Abell 2744,
made from the optical ACS images and the
WFC3/IR F140W image. The critical curves are
from Zitrin “NFW” model (see §4.1) for back-
ground sources at z = 9 and are plotted in white,
marking the region with extreme magnification
µ > 100. The field of view of WFC3/IR is marked
by a red box. Cyan symbols: 7 < z < 8 objects;
yellow: z & 8, and magenta: potential candidates
that are subject to further examinations with the
deep ACS observations. At the upper-left corner
there is a region with four candidates at z ' 7.5
and five at z ' 8.5. A triple system of z ' 7.4 is
marked in red.

sources. Positions and radial profiles of neighbor-
ing sources in this region are derived from the
higher resolution HST F160W-band mosaic, while
the initial input magnitudes are obtained by run-
ning SExtractor on the IRAC images. During the
fitting process, all input parameters are allowed
to vary, except for the positions of the objects of
interest. Four of our candidates are so heavily
blended by nearby bright sources with complex
radial profiles that GALFIT fails to satisfactorily
deblend them. This yields a total of 18 sources for
which photometry or upper limits from GALFIT are
possible (see Table 5).

We carry out extensive tests to check the reli-
ability of our IRAC photometry for each source.
First, we place a simulated point source of magni-
tude 25 near the candidate and run GALFIT with
di↵erent fitting windows and background levels
until the expected magnitude of each simulated
source is recovered (with a magnitude di↵erence
< 0.1 mag compared to the input value, consistent
with the photometric errors). We then proceed to
fit the flux of each candidate, using the fitting
window and background level on the image that
recovered the brightness of the simulated source.
We repeat these tests at three di↵erent positions
for the simulated source to verify our measurement
of the source magnitude. To account for the uncer-
tainties in estimating the background, we choose
the average magnitude of three measurements as
the source magnitude, which are reported in Ta-
ble 5.

4. MODELS

4.1. Gravitational Lensing Models

As part of the HFF initiative, seven indepen-
dently derived gravitational lensing models of the
Abell 2744 field were developed and publicly re-
leased through the MAST archive.17 For our anal-
ysis we adopt the Zitrin “NFW” model as our
fiducial lensing model, and utilize the other six
models to help quantify the systematic uncertain-
ties in our magnification estimates. The Zitrin
“NFW” model assumes a pseudo-isothermal el-
liptical mass distribution for each cluster galaxy,
scaled by the galaxy luminosity, and an elliptical

17For details, please see the Acknowledgements and http:

//archive.stsci.edu/prepds/frontier/lensmodels.
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• triply imaged z~7.5 galaxy
     -  Zheng et al. 2014 (submitted)

• no z>9 candidates?  ⇒ sharp decline in cosmic SF ?

    - Atek et al. 2014, Zheng et al. 2014 (submitted)



HST Frontier Fields:  Goals

✦ engage the astronomy community in planning and follow-up

      ~35 Frontier Fields related proposal received for HST Cycle 21; 

        3 GO program and 7 archival/theory programs selected.  
         

         approved large Chandra,  VLA programs; 
         VLT Hawk-I program K-band program; DEIMOS/Keck program,           

         multiple ALMA proposals; others?? 

         unprecedented coordination of 5 lensing groups for public maps; 
         work is continuing as they analyze simulated FF clusters

         HST Cycle 22 response?   

         more ground-based spectroscopy needed?

         updates to lensing maps with FF data?





HST Frontier Fields:  Goals

          

✦ engage the STScI staff                                                           

     and use HFF as vehicle for improvement 
 

       MAST: first theory models directly associated with HST data
   

       astrodrizzle/tweakreg pipeline testing,  scripts

       ACS: calibration, bias destriping,  self-cal,  geometric distortion

       WFC3: calibration (flats),  variable sky,  blobs,  
                  persistence checking
   

       scheduling: WFC3 scanned grism persistence time buffer
                       



HST Frontier Fields:  Goals

✦ strengthen cross-observatory collaborations
            

     several joint Spitzer-HST press releases;   

     Gemini Observatory DD time for GEMS K-band 

     Abell 2744, MACS0416

      -- discussion for more investment? 

     XMM?  ALMA? 

             
N. Laporte et al.: The first Frontier Fields cluster: 4.5µm excess in a z ⇠8 galaxy candidate in Abell 2744

Stacked 
optical F435W F606W F814W F105W F125W F140W F160W 3.6µm 4.5µm 

Fig. 1. Postage stamps of the Y105-dropout discussed in this letter. The size of each HST stamp is 2”x2” ( 7”x7” for the IRAC channels) and the
position of the target is displayed by a red circle of 0.4” (ACS and WFC3) and 1.4” (IRAC) radius. We show also the mean stacked optical image
computed using the 3 ACS bands.

Table 2. Photometry of the z ⇠8 galaxy candidate

Filter F105W F125W F140W F160W 3.6µm 4.5µm

Abell2744_Y1 27.50 26.32 26.26 26.25 >25.48a 25.16
±0.08 ±0.04 ±0.03 ±0.04 ±0.16

Notes. Informations given in this table : Kron-like aperture corrected
photometry . Error bars are computed using noise measured in empty
apertures around the object.
a 3� limit at the position of our candidate

similar to other high-redshift IRAC studies (e.g., F13). Then,
we measured the photometry on residual (contamination-free)
image in a 1.4” radius aperture. At 3.6µm, the source is not de-
tected neither in original nor in residual images. If we consider
the 4.5µm detection and the 3.6µm 3 sigma limit, the flux ratio
is larger than ⇡1.3.

4. Physical properties

4.1. Photometric redshift

Photometric redshifts were computed with a new version (v12.2)
of the public code Hyperz (New�Hyperz6), originally devel-
opped by Bolzonella et al. (2000). The method consists on fitting
the SED by a library of 14 templates: 8 evolutionary synthetic
SEDs extracted from Bruzual & Charlot (2003), with Chabrier
IMF (Chabrier 2003) and solar metallicity ; a set of 4 empirical
SEDs compiled by Coleman et al. (1980), and 2 starburst galax-
ies from the Kinney et al. (1996) library. In case of non-detection
in a given band, the flux in this band was set to zero, with an error
bar corresponding to the limiting flux.

The best SED-fit is found at z ⇠7.98 (�2
red=0.17), with 1�

confidence interval ranging from z ⇠7.5 to 8.2. We also fitted the
SED assuming a low-redshift solution, with z ranging from 0.0
to 3.0. In that configuration the best SED-fit is found at z ⇠1.92
(�2=1.17 - 1� : 1.7 - 2.1). This z ⇠8 candidate has a SED re-
markably similar to the F13 z ⇠7.51 galaxy where a strong break
is observed in the IRAC data. For these two galaxies, the excess
of flux observed at 4.5µm could be explained by contamination
due to strong H�+[OIII] lines. For the SED fit shown in Fig.2 ob-
tained assuming 1/50 solar metallicity and imposing an age prior
of >50 Myr, the [OIII]5007, H� restframe equivalent widths are
600 and 190 Å , respectively, which are compatible with the val-
ues derived by Smit et al. (2013) from the photometry of seven
z ⇠ 6.6-7 LBGs. At this stage and even if the high-redshift solu-
tion seems more likely and the low-z solution disfavored by the
SED-fitting work, it appears di�cult to conclude definitively on
the nature of this source. The arrival of new IRAC data in 2014
will improve the SNR at 3.6µm and help to better understand the
nature of this object.

6 http://userpages.irap.omp.eu/⇠rpello/newhyperz/

Fig. 2. Fit of the z ⇠8 galaxy candidate SED at high (black line) and
low-redshift (magenta line). ACS upper limits are shown at 1� and
IRAC non-detection is plotted at 3�. The high-z SED fit shown here
is for 1/50 solar metallicity, imposing an age prior of > 50 Myr. The
high-redshift solution shows an excess at 4.5µm due to [OIII] and H�
emission lines as already observed in the z ⇠7.51 galaxy published in
F13. P(z) and �2(z) are also plotted.

4.2. Magnification

One of the interest of using lensing by galaxy clusters to search
for very high-redshift galaxies is the magnification by the cluster
lens. However this object is relatively far from the cluster core.
We estimated an amplification factor of µ=1.49±0.02 using the
public lensing model provided by the CATS group (Richard et
al., in prep), in the framework of the Frontier Fields. This factor
is consistent with those found using other lensing models pro-
duced by Merten (µ=1.50), Sharon (µ=1.91), Williams (µ=1.16)
and Zitrin (µ=1.33-2.11), confirming a moderate amplification
regime for that object.

4.3. Star Formation Rate, Mass and Size

In this section, the SFRs, mass and luminosities are corrected for
magnification, and are derived assuming a Salpeter IMF from
0.1–100 M�. Overall the quantities derived from SED fits are
fairly uncertain, since they depend on assumptions on the metal-
licity and degeneracies in age–extinction. We therefore only give
indicative values for these quantities.

With an absolute UV magnitude M1500 = -20.5 the star for-
mation rate is SFR ⇡ 8 M�.yr�1 using the standard Kennicutt
(1998) relation, and without correcting for attenuation by dust.
Standard SED fits with solar metallicity models and neglecting
nebular emission yield SFR ⇠ 10 M�.yr�1 for a AV=0.15. When
nebular emission is included, following the models of Schaerer
& de Barros (2009,2010) the best fits yield SFR ⇠ 8–60 M�.yr�1,
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HST Frontier Fields:  Goals

✦ engage the broader community in astronomy,                               
     HST and deep field science
              



the immediate future of the Frontier Fields

first two HST Frontier Fields complete August 2014

Spitzer Frontier Fields DD observations Sept 2013-June 2014

decision on HST Cycle 23 observations expected in Dec. 2014



March 2014:           HST Cycle 22 proposal deadline

May 2014:              Abell 2744 Epoch 2 observations start

July 2014:               Abell 2744 HST observations complete

                              full data release for Abell 2744 (v1.0 epoch 2;  v2.0 for epoch 1)

August 2014:         Spitzer observations of 1st 4 clusters complete

September 2014:   MACSJ0416 HST observations complete

                               MACS0717 HST epoch 1 observations begin

                               full data release for MACS0416  (v1.0 epoch 2,  v2.0 for epoch 1)

November 2014:    External committee to decide Year 3 convenes

                              MACS1149 HST epoch 1 observations begin

December 2014:    v1.0 data release for MACS0717 HST epoch 1 

January 2015:        HST Cycle 23 call for proposals released                            

                              Winter AAS meeting

                               v1.0 data release for MACS1149 HST epoch 1

Upcoming Milestones



Spring 2014:         contact external review committee members

Summer 2014:       HST data pipeline script releases:
                                       WFC3/IR time-variable sky 

                                        ACS self-calibration

                               Frontier Fields Survey Paper submitted

                               Frontier Fields HST Data Pipeline Paper submitted; 

                                    scripts/cookbook released. 

Fall 2014:                press release announcing complete data for 1st clusters?

                               convene external review  (October/November)

Upcoming Milestones



HST Frontier Fields - Year 3?

external review in October/November 2014 (committee TBD)

Criteria for year 3 observations -
✦  Are we making significant progress toward primary science goals?

     (1) probe galaxies >10x intrinsically fainter than any seen before,    
     particularly those before and during reionization

     (2) study the early formation histories of galaxies intrinsically 
     faint enough to be the early progenitors of the Milky Way 

     (3) study highly-magnified high-z galaxies in detail: structures, 
      colors, sizes and provide targets for spectroscopic followup 
   
      (4) provide a statistical picture of galaxy formation at early times
    



HST Frontier Fields - Year 3?

external review in October/November 2014 (committee TBD)

Criteria for year 3 observations -
✦  Are we making significant progress toward primary science goals?

✦  Are the community science needs being meet? (data releases,   
   lensing maps,  funding support ..)

✦  Ancillary science impacts (lensing models, cluster science .. ) 

✦  Synergistic activities (E/PO;  improved data techniques;  Spitzer )

    



HST Frontier Fields:  Goals
✦ enable awesome science (on a level playing field)

     ⇒ continue to release HST data products in timely manner
     ⇒ update lensing models
     ⇒ publish survey + HST data pipeline papers
     ⇒ fund FF science via HST archival proposals

✦ engage the astronomy community in planning and follow-up
     ⇒ maintain + improve data clearing house page 

     ⇒ coordinate/support HST GO Cycle 21/22  FF programs (Treu, Siana, Rodney, ??)

✦ engage the STScI staff                                                           

     and use HFF as vehicle for improvement 
    ⇒ propagate HFF data pipeline efforts to HST system 

    ⇒ release HFF pipeline software & scripts
               

✦ strengthen cross-observatory collaborations
    ⇒ continue to coordinate with Spitzer,  especially on last 2 clusters
    ⇒ talk to Gemini, ALMA, XMM       

✦ engage the broader community in astronomy, HST and deep field science
    ⇒ additional press releases as survey develops;  encourage community releases
    ⇒ Citizen Science project? 

    ⇒ see Brandon’s talk (next)

              

Jennifer Lotz


