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Whitaker et al 2012

LMSFGs

Rodighiero et al 2011

• They are the most poorly known.

Very faint and small                    difficult to observe. 

• Biased to local samples and clusters

• Similar to first galaxies. Simplified scenarios Reionization.

• Abundant systems.
Dwarfs are the most common galaxies
and play a significant role in galaxy evolution.

• Candidates to host the coalescence of black hole binary systems 
(BHB) generating GW150914-like events (Marassi+19)

• High-redshift systems are much younger, so are less evolved

z=0.045
Mass= 4.37·107 M⊙

z=0.90
logMass= 9.38 M⊙

z=0.98
logMass= 9.43 M⊙

Why study Low-Mass SFGs?

The role of dwarf galaxies in Galaxy Evolution

Villar et al 2011

z = 0.84

Torrey et al 2017



Determine physical properties of 
dwarf galaxies at different redshifts

1. To study these distant faint (JAB~22-24)
galaxies we need to employ infrared
techniques and large ~10m telescopes.

2. The high spatial density makes them ideal
for large surveys fillers!

Rodighiero et al 2011

• Star Formation History
• Mass assembly
• Formation redshift
• Cosmic role

z=0.045
Mass= 4.37·107 M⊙

z=0.90
logMass= 9.38 M⊙

z=0.98
logMass= 9.43 M⊙

The role of Dwarf Galaxies in Galaxy Evolution

Mass assembly not well understood

• Early formation model (Dekel & Silk 1986)

• Delayed formation model (Kepner+ 1997)

• Mass dependent scheme (Mamon+ 2012) 



Physical properties of dwarf 
galaxies at different redshifts

z=0.045
Mass= 4.37·107 M⊙

Pilot study with VIMOS/VLT
Rodríguez-Muñoz
Ph.D. thesis
& et al. 2015

t0  : Look-back time of the first burst
t10: Look-back time when forms 10% stellar mass
t50: Look-back time when forms 50% stellar mass LMSFGs: Low-Mass Star-Forming Galaxies



MEGARA VIS-MOSEMIR IR-MOS

CSU (Configurable Slit Unit)

Allow to configure and observe 
in real time up to  55 slits!

92 robotic positioners 
holding 7 fibres 

each of them

FoV: 4’ x 6.67’ 
Spectral range:  0.9 - 2.5 µm

FoV: 3.5’ x 3.5’ 
Spectral range:  3600 - 9600 Å

Searching for [OII]3727, Hβ 4861
and [OIII]5007 emission

Searching for H⍺ emission of LMSFGs at z∼1

GTC-10.4m

The GOYA (Galaxy Origins and Young Assembly) survey
with EMIR/GTC

GOYA survey

• 300h EMIR GT @ GTC 10.4m

• 4h Exp Time, R=3500

• High-redshift universe
at z~1 (t = 6 Gyr)
q Low Stellar Mass galaxies
q Massive galaxies
q Primordial galaxies



7EMIR/GOYA survey: Low-Mass Star-Forming Galaxies 
(LMSFGs) 0.7 < z < 1.7

LMSFGs

Reddy et al 2018

20 Kriek et al.

Figure 16. Left: Rest-frame U − V vs. V − J color (UVJ diagram) for the three different redshift intervals. Quiescent galaxies populate
the sequence enclosed by the box in the top left of this diagram. Star-forming galaxies populate the bottom sequence. In grayscale we show
the parent galaxy samples from which the targets are selected, with H-band magnitude limits of 24.0, 24.5 and 25.0, for the low, middle,
and high redshift intervals, respectively. The colored symbols represent our targeted objects, with red circles and yellow stars indicating
galaxies and AGNs with robust spectroscopic redshifts. The green squares and blue triangles indicate targeted galaxies and AGNs for
which no robust redshifts have been obtained. AGNs are identified by either their X-ray luminosity or IRAC colors (Coil et al. 2014). The
success rate for quiescent galaxies, blue star-forming galaxies (below/to the left of the dotted line) and red star-forming galaxies (above/to
the right of the dotted line) are given in gray. The open black and shaded red histograms represent the distribution of the parent and
confirmed samples (galaxies and AGN), respectively, for the property on the corresponding axis. The histograms are normalized to the
same area. Right: HF160W magnitude vs. stellar mass for the parent sample (grayscale) and the MOSDEF targeted galaxies and AGNs.
Symbols and histograms are similar as in the left panels.

MOSDEF survey (Krieck et al 2014)

LMSFGs

LMSFGs



8GOYA survey: EMIR/MOS commissioning May 2018
July 2018
January 2019
March 2019 

III. WORKING WITH EMIR

17

MOS Scientific commissioning 25-31 May 2018

03-04 July 2018

• Selection of the targets (LMSFGs).
• Design of the masks, taking into account the different scientific interests of

the group.
• Participation in the observations at GTC.
• Data reduction and data analysis.

My assignments:

Main aims:

Ø Integrate new functionalities of the DRP.
Ø Install the new Branch and associated functions.
Ø Calibrate the drift of the guided.
Ø Verify the changes introduced in the EMIR control system and in the use of the

detector's readings.
Ø Scientifically validate the MOS mode, the mask preparation tools and the

acquisition procedure.

GTC control-room

EMIR team

Main aims: 

• Install the new Control Branch and associated functions.
• Calibrate the drift of the A&G box. 
• Verify the changes introduced in the EMIR control system
• Scientifically validate:

• the MOS mode
• the mask preparation tolos
• acquisition procedure

• Integrate new functionalities of the DRP. 
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Reducing EMIR spectroscopic data Cádiz 24/11/2017!2

RAW 
DATA

SCIENTIFIC 
PAPER

RECTIFIED AND 
WAVELENGTH 
CALIBRATED 

2D IMAGE

pyemir

auxiliary scripts, 
    python, iraf,   
         idl, midas, …

Reducing EMIR spectroscopic data with pyemir

- Application of bad-pixel mask

- Flatfielding

- Rectification and wavelength calibration

- Subtraction of consecutive images

EMIR/GOYA survey: Working with EMIR MOS mode

A  data  reduction  pipeline,  pyemir,  based  
on  Python,  has been  developed  in  order  
to  facilitate  the  automatic  reduction  of  
EMIR  data
(Cardiel, Pascual, Gallego et al) PyEMIR is public



10EMIR/GOYA survey: Working with EMIR MOS mode

Optimized Pipelines are crucial !



11EMIR/GOYA survey: Working with EMIR MOS modeIII. WORKING WITH EMIR

19

Data Reduction Pipeline (DRP):  PyEMIR
Rectification
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- Application of bad-pixel mask
- Flatfielding
- Rectification and wavelength calibration 
- Subtraction of consecutive images 

pyemir
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12EMIR/GOYA survey: Working with EMIR MOS mode

III. WORKING WITH EMIR

20

First results with MOS-EMIR

H⍺+NII emitter
zspec= 0.7909, JAB= 20.31, lmass= 10.3 Mo

[OIII]5007 emitter
zspec= 1.473, JAB= 22.33, lmass= 9.77 Mo

7 ABBA blocks 
J band
Slit width: 0.8”
Exp.Time: 2.8h

ID:	3747

ID:	3353

ID:	25616

ID:	10985

H⍺ emitter
zspec= 0.8970, JAB= 21.78, lmass= 9.38 Mo

Continuum zspec= 0.4539, JAB= 19.5, lmass= 10.6 Mo

III. WORKING WITH EMIR
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13EMIR/GOYA survey: Working with EMIR MOS mode

Slit 50 (mask3a_J) 
ID: 33209 
zspec= 0.897 
J(AB) = 21.87 
Log(Mass/M�) =  9.76 

H-⍺	emi'ers	 J	band	

Slit 49 (mask3a_J) 
ID: 32688 
zspec= 0.8412 
J(AB) = 22.34 
Log(Mass/M�) =  9.83 

Low-mass	star-forming	galaxies	
EMIR	–	GOYA	survey	

Exp.Time: 3.6h 

Exp.Time: 1.8h 

z = 0.8416 

z = 0.8977 



14EMIR/GOYA survey: Working with EMIR MOS mode

H-⍺	emi'ers	 J	band	

Slit 17 (mask3a_J) 
ID: 16370 
zspec= 0.8821 
J(AB) = 22.77 
Log(Mass/M�) =  9.43 

Low-mass	star-forming	galaxies	
EMIR	–	GOYA	survey	

Exp.Time: 3.6h 

Exp.Time: 5.2h 

Slit 46 (mask1a_J) 
ID: 23583 
zphot = 0.922 
J(AB) = 23.39 
Log(Mass/M�) =  8.41 

z = 0.8824 

z = 0.956 

Lots of hard work!



15GOYA survey: Early results with EMIR

• H⍺6563 and [NII]6584 
emission-line fluxes were 
used to estimate the 
metallicity of star-forming 
galaxies at z=1.

• The dotted horizontal line is 
solar metallicity.

• GOYA galaxies show high 
metallicities (red star), in 
good agreement with 
evolved disks (Sanders et al. 
2018).



16GOYA survey: Early results with EMIR

• Environment studies and Large Scale Structure
• Star Formation Histories

13”x13” MEGARA IFU

HST CANDELS ACS/WF3 color images
CANDELS spec-z’s and phot-z’s



17Dwarf galaxies: A Science Case for MOSAIC/ELT

MOSAIC @ ELT can provide spectroscopy deep enough

Prioritized Science Case: Evolution of Dwarf Galaxies

Source densities: GOODS-S cosmological field (150 arcmin2, 3D-HST catalog,
(Skelton et al. 2014) contains about 20,900 galaxies with

7 < logM* < 3*10^9 J < 29 (AB mag) Phot-z < 2.4
Targets per E-ELT patrol field (40 arcmin2) of about 5,000.

redshift
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Dwarfs can play the fillers role


