


sky, is opening up a plethora of opportunities for progressive galaxy evolution

studies. This workshop will bring together aficionados in the field of multi-object

spectroscopy and galaxy evolution, from experts to new users, with the intent to

share knowledge on the scientific potential of multi-object spectroscopic data and

analysis techniques/tools, while also enabling the discussion of innovative ideas.

From a scientific perspective, the workshop will focus on assessing how galaxies

evolve chemically and dynamically, the effects of feedback on galaxies, what winds

do to galaxies, how galaxies halt their star formation, and the nature of the

connection between IGM and CGM. From a more technical perspective, the

workshop will provide the opportunity for hands-on training on spectral analysis tools

(e.g., astropy and specutils), grism data reduction techniques, and statistical tools to

compare models and observations. The workshop commits to actively support
diversity and inclusion.
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Program Schedule



Monday,  May 17, 2021 
 

10:00-10:15 Welcome 

Dr. Kenneth Sembach, Director, STScI 

 

10:15-10:25 Logistics:  Cami, Nimish 

 

Session 1  

 

10:25-10:45 Alan Dressler (Carnegie) 

 History of MOS 

 

10:45-11:10 Masami Ouchi (NAOJ/U. Tokyo)  

 MOS Surveys  

 

11:10 -11:35 Christina Williams (Arizona) 

 ERS/GTO Programs  

 

11:35-12:00 Michele Cirasuolo (ESO) 

 MOS Future Missions 

 

12:00-12:15 Andrew Bunker (Oxford) 

 

12:15-12:30 Gwen Rudie (Carnegie) 

 

 12:30-1:00 Break  

 

Session 2 

  

  1:00-1:25 Rachel Bezanson (Pittsburgh) 

Chemical-Dynamical Evolution of Galaxies 

 

  1:25-1:40 Aliza Beverage (UC Berkeley) 

 

  1:40-1:55 Mirko Curti (Cambridge) 

 

       1:55-2:10 Ryan Sanders (UC Davis) 

       2:10-2:25 Irene Shivaei (Arizona) 

       2:25-2:50 Poster Discussion / Lightning Talks 

       2:50-3:30 Discussion / Break-out Rooms 

  3:30 Poster Viewing  
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Tuesday,  May 18, 2021 
 

Session 3  

 

10:00-10:25 Vivienne Wild (St. Andrews) 

Star Formation Timescales and Environment 

 

10:25-10:40 Jorge K. Barrera-Ballesteros (UNAM) 

 

10:40-10:55 Adam Broussard  (Rutgers) 

 

10:55-11:10 Dave Setton (Pittsburgh)  

 

       11:10-11:25 Vy Tran (UNSW) 

11:25-11:50 Poster Discussion / Lightning Talks 

 

11:505-12:30 Discussion / Break-out Rooms 
 

 
 

Session 4  
 

1:00-3:00 

 
 

 
 

 

Un-conference Session (All three at the same time) 

 

Three Topics 

(1) Spectral Analysis with Astropy and Specutils 

Erik Tollerud (STScI) 

Indigo Team (STScI) 

 

(2) Grism Data Reduction 

Megan Sosey (STScI) 

Gaël Noirot (SMU, Halifax) 

Vincente Estrada-Carpenter (Texas A&M) 

 

(3) Statistical Tools (SED Fitting Codes) 

Adam Carnall (Edinburgh) 

Kartheik Iyer (Toronto)" 

 
 

3:00-3:30       Discussion 

 

 3:30 Poster Viewing  

12:30-1:00 Break 
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Wednesday,  May 19, 2021 
 

Session 5  

 

10:00-10:25 Michele Fumagalli (Milano Bicocca) 

Winds in Galaxies / IGM-CGM vs Galaxies 

 

10:25-10:40 Charlotte Avery (Bath) 

 

10:40-10:55 Matteo Fossati  (Milano Bicocca) 

 

10:55-11:10 Ting-Wen Lan (UC Santa Cruz)  

 

       11:10-11:25 Andrew Newman (Carnegie) 

11:25-11:50 Poster Discussion / Lightning Talks 

 

11:505-12:30 Discussion / Break-out Rooms 
 

 
 

Session 6  
 

  1:00-1:25 Aldo Rodriguez-Puebla  (UNAM) 

Modeling Spectra and Simulations 

 

  1:25-1:40 Prerak Garg (Florida) 

 

  1:40-1:55 Evelyn Johnston (Diego Portales) 

 

       1:55-2:10        Tjitske Starkenburg (CIERA, Northwestern University) 
 

       2:10-2:25 Emma Curtis Lake (Cambridge) 

       2:25-2:50 Poster Discussion / Lightning Talks 

2:50-3:30        Discussion / Break-out Rooms 

 

 

 3:30 Poster Viewing  

12:30-1:00 Break 
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Thursday,  May 20, 2021 
 

Session 7  

 

10:00-10:25 Elisabete de Cunha (ICRAR/UWA) 

Statistical Measures for Galaxies 

 

10:25-10:40 Alice Concas  (Cambridge) 

 

10:40-10:55 Luca Cortese  (ICRAR/UWA) 

 

10:55-11:10 Benjamin Horowitz (Princeton)  

 

       11:10-11:25 Kristi Webb (Waterloo) 

11:25-11:50 Poster Discussion / Lightning Talks 

 

11:50-12:30 Discussion / Break-out Rooms 
 

 
 

Session 8  
 

  1:00-1:25 Mark Dickinson (NOIRLab) and Jeyhan Kartaltepe(RIT) 

Concluding  
 

  1:00-3:00 Un-conference Session (All three at the same time) 

 
Three Topics 

(1) Spectral Analysis with Astropy and Specutils 

Erik Tollerud (STScI) 

Indigo Team (STScI) 

 

(2) Grism Data Reduction 

Megan Sosey (STScI) 

Gaël Noirot (SMU, Halifax) 

Vincente Estrada-Carpenter (Texas A&M) 

 

(3) Statistical Tools (SED Fitting Codes) 

Adam Carnall (Edinburgh) 

Kartheik Iyer (Toronto)" 

 

3:00-3:30       Discussion 

 

3:30 Poster Viewing  

12:30-1:00 Break 



ORGANIZING COMMITTEES



Workshop Organizing Committee (WOC)
Nimish Hathi (co-chair)
Camilla Pacifici (co-chair)

Harry Ferguson
Norman Grogin
Sherita Hanna
Tim Heckman (JHU)
Alaina Henry
Flory Hill
Bethan James
Susan Kassin
Anton Koekemoer
Stephanie LaMassa
Ray Lucas
Thomas Marufu
Ivelina Momcheva
Takahiro Morishita
Laura Pentericci (INAF-Rome, Italy)
Nor Pirzkal
Marc Rafelski
Kate Rowlands
Alice Shapley (UCLA)
Raymond Simons
Arjen van der Wel (Ghent University, Belgium)



INVITED TALKS



Rachel Bezanson, University of Pittsburgh

Expanding our Horizons: Probing the (chemo)dynamical evolution of galaxies through cosmic 
time with multi-object spectrographs 

Over the last few decades, spectroscopic surveys have provided an impressive wealth of information about
the chemical and dynamical states of galaxies in the Universe. Spatially integrated surveys, like the original
SDSS, provided extraordinary statistical power to established scaling relations. In recent years, a number of
large IFU surveys - e.g., ATLAS3D, CALIFA, MANGA, SAMI - have provided spatially resolved views of the
distribution and motions of gas and stars within nearby galaxies. At the same time, the community has made
great strides to broaden our spectroscopic horizons - pushing even resolved studies of statistical samples of
galaxies out to ~cosmic noon. In this talk I will provide an overview of what these studies have revealed
about the empirical evolution of galaxy dynamics and scaling relations. Finally, I will conclude with a brief
discussion of how future large surveys, like PFS and MOONS, and IFU instruments on future observatories,
like JWST and the thirty-meter-class telescopes, will further expand our understanding of the dynamics of
early galaxies.

Michele Cirasuolo, European Southern Observatory

The wealthy landscape of upcoming MOS facilities 

I will provide a brief (and hopefully not too biased) overview of the upcoming MOS facilities both ground-
based and space-borne. I will focus on some of these facilities and highlight how they will shape our
understanding of galaxy formation and evolution, emphasizing possible synergies.

Elisabete da Cunha, ICRAR/University of Western Australia

Galaxy physical parameters from spectral modelling: recent successes and future challenges 

It is not an overstatement to say that our empirical understanding of galaxy formation and evolution relies
on our ability to derive the intrinsic physical parameters of observed galaxies, such as their stellar masses,
star formation histories, dust content, etc. In the last 20 years, there has been an explosion of multi-
wavelength datasets containing large samples of galaxies, from ultraviolet-to-radio photometry to integral
field unit spectroscopy, from the local Universe to increasingly higher redshifts. This has motivated the
development of increasingly sophisticated tools that aim to extract galaxy properties from their observed
emission. These tools combine physical models for the multi-wavelength emission with computational
statistical tools to optimally constrain parameters in a complex parameter space. In this talk, I will attempt to
summarize the main features of these tools, with an emphasis on their recent successes, and I will discuss
some future challenges posed by new and upcoming observations of galaxies.



Michele Fumagalli, University of Milano-Bicocca

Studying gas flows around galaxies with multi object spectroscopy 

I will review recent and ongoing efforts to characterise the impact of gas flows on the evolution of high-
redshift galaxies focusing on the key advancements enabled by multi-object and integral-field surveys at 8
meter telescopes on the ground, as well as by slitless grism surveys in space. I will then focus on key
challenges in connecting the properties of gas flows with galaxies, and conclude by discussing opportunities
that new technology will bring in the coming decade.

Masami Ouchi, NAOJ/University of Tokyo

Multi-Object Spectroscopy Surveys: Bridging Past, Present, and Future 

In galaxy evolution studies, we have witnessed clear 'evolution' of multi-object spectroscopy (MOS) surveys
whose scientific motivations are stimulated by instrumental innovations. By the start of the MOS surveys with
10m-class optical/near-infrared telescopes, the MOS surveys require galaxy samples pre-selected by
colors/photo-zs, unlike SDSS, due to the exponential increase of galaxy number counts towards faint
magnitudes. By applying minimum-level selections, the MOS surveys have revealed galaxy evolution not only
in stellar population with spectroscopic redshifts, but also properties of metal enrichment in stars and
interstellar medium (ISM) and dynamics with line ratios and profiles, establishing basic pictures of galaxy
evolution understood to date. On the other hand, recent successes of wide-field integral field spectroscopy
(IFS) such with VLT/MUSE, beyond Hubble's slitless spectroscopy, realize truly unbiased surveys that are only
limited by wavelength coverages, survey volumes, and sensitivities. Moreover, the contiguous field coverages
of the wide-field IFS allow to kick off new galaxy studies probing from stars+ISM to outer galaxy, the
circumgalactic medium and intergalactic medium, complementing classical QSO absorption studies. I will
review these progresses of galaxy evolution studies on the instrumental and scientific sides, and discuss
strategies of next-generation MOS surveys with unprecedentedly deep or massive spectra taken by the
forthcoming space and ground-based observations.



Aldo Rodriguez-Puebla, UNAM

Constraints on galaxy evolution from galaxy observations: the empirical modelling of the 
galaxy-halo connection. 

Over the last two decades, large spectroscopic surveys have transformed our understanding of galaxy evolution
by determining with unprecedented accuracy the statistical properties of galaxies both for local and distant
galaxies. At the same time, the formation and evolution of cold dark matter halos are better understood due to
the increasing resolution and large volumes simulated in recent cosmological N-body simulations. In light of
these advances, the empirical modelling of the galaxy-halo connection has emerged as a powerful statistical
framework for understanding galaxy evolution in the context of structure formation. In this talk, I will discuss
how by combining information of large galaxy surveys from different epochs to the evolution of dark matter
halos, the empirical modelling provides robust constraints on growth mass and star formation histories of
galaxies.

Vivienne Wild, University of St. Andrews

From 2dF to MOONS: reflections on 20 years of galaxies in redshift surveys 

From treating galaxies as point sources (albeit split into red and blue!) in a counts-in-cells analysis of the 2dF
galaxy redshift survey, to full spectral fitting of beautifully calibrated spatially resolved MaNGA galaxies and
z~1 VIMOS spectra to obtain complete star formation histories, and now onto planning a close-to-SDSS-like
survey at z~1-2 with the upcoming MOONS MOS on the VLT, the field has come a very long way during even
my relatively short academic lifetime. I will do my best to cover a little bit of this history, from a personal
perspective, and then move on to provide an up-to-date summary of some of the recent progress on
estimating star formation timescales, and how these are related to environment.

Christina Williams, University of Arizona

A preview of our first multi-object spectroscopy from JWST 

After its launch in Fall 2021, the James Webb Space Telescope (JWST) will revolutionize our understanding of
galaxy evolution with its exquisite sensitivity at near and mid infrared wavelengths. The first year of JWST
observations will yield a wealth of unprecedented spectroscopic datasets, including the Early Release Science
(ERS) and Guaranteed Time Observations (GTO) programs with lasting legacy value throughout the JWST
mission. The approved Cycle 1 programs also include a wide range of regular General Observer (GO) and
treasury multi-object spectroscopy (MOS) surveys whose data will be public on arrival, providing the entire
astronomy community with immediate access. In this talk I will overview the range of MOS from these legacy
and public programs. Their rapid analysis early in Cycle 1 will be critical for shaping science in Cycles 2 and 3
during JWST's limited lifetime.



CONTRIBUTED TALKS



Charlotte Avery,  University of Bath

Ionised gas outflows in the nearby Universe

We investigate ionised outflows driven by star-formation and low-luminosity AGN among 2744 nearby
(z~0.04) galaxies in the MaNGA survey using the Hβ, [OIII], Hα, [NII], and [SII] line emission. We find strong
correlations between various outflow properties and host galaxy properties for which we provide scaling
relations to compare to feedback processes in galaxy evolution models. In particular, we find mass outflow
rate to be strongly correlated with SFR and, in active galaxies, with AGN luminosity. By taking advantage of
the resolved IFU observations, we explore the radial dependence of outflow properties. We further explore
inclination dependencies to constrain wind geometries and find a correlation between mass-loading and
inclination in disk galaxies. Using the broad- and narrow-component line ratios to assess the different ISM
conditions in the outflow compared to the disk gas, we show that the outflow component has harder
excitation, possibly due to shocks, and higher electron densities compared to the disk gas. Finally, we
address how the ionised gas and neutral gas winds compare using the Na I D absorption feature. Given that
the majority of previous studies have focused on more extreme systems with higher SFRs and/or more
luminous AGN, our study provides a unique view of the non-gravitational gaseous motions within ‘typical’
galaxies in the low-redshift Universe, where low-luminosity AGN and star formation contribute jointly to the
observed outflow phenomenology.

Jorge K Barrera-Ballesteros UNAM

The EDGE-CALIFA survey: Self-regulation of Star-formation at kpc scales

We present the relation between star formation rate density, ΣSFR, and hydrostatic mid-plane pressure, Ph,
for 4260 star-forming regions of kpc size located in 96 galaxies included in the EDGE-CALIFA survey covering
a wide range of stellar masses and morphologies. We find that these two parameters are tightly correlated,
showing a smaller scatter in comparison to other star-forming relations. A power-law, with a slightly sub-
linear index, is a good representation of this relation. Its residuals show a significant anti-correlation with
both stellar age and metallicity whereas the total stellar mass may also play a secondary role in shaping the
ΣSFR- Ph relation. For actively star-forming regions we find that the effective feedback momentum per unit
stellar mass (p∗/m∗), measured from the Ph/ΣSFR ratio increases with Ph. The median value of this ratio for
all the sampled regions is larger than the expected momentum just from supernovae
explosions.Morphology of the galaxies, including bars, does not seem to have a significant impact in the
ΣSFR- Ph relation. Our analysis indicates that local ΣSFR self-regulation comes mainly from momentum
injection to the interstellar medium from supernovae explosions. However, other mechanisms in disk
galaxies may also play a significant role in shaping the ΣSFRat kpc scales. Our results also suggest that Phis
the main parameter that modulates star formation at kpc scales, rather than individual components of the

baryonic mass.



Aliza Beverage, University of California, Berkeley

Elemental abundances across cosmic time: Implications for the formation of 
quiescent galaxies

The existence of a population of massive quiescent galaxies beyond $z\sim2$ has spurred questions about
how these galaxies form so rapidly and shut off their star formation so early. Chemical properties of this
population provide crucial insights into solving these puzzles. Unfortunately, characterizing their chemical
compositions has proven difficult due to their already faint stellar continua and the redshifting of key
absorption features into the NIR. New ultra-deep multi-object spectroscopic surveys, along with
advancements in full spectrum modelling, are beginning to open a new window into studying this
population. In this talk, I will present the Heavy Metal survey, which has taken the deepest rest-frame
optical spectra (~3600-5400 Angstom) for a sample of 20 massive quiescent galaxies at $z=1.4-2.1$. These
spectra target a range of Balmer and metal absorption lines, enabling the measurement of elemental
abundances and stellar population properties using full spectrum modelling. By comparing results from
Heavy Metal to those of massive quiescent galaxies at lower redshifts, I will discuss implications for
chemical enrichment and star formation quenching across cosmic time.

Adam Broussard, Rutgers University

Measuring Star Formation Stochasticity from the Distribution of Burst Indicators from 3D-
HST, FMOS-COSMOS, and MOSDEF

A key question in galaxy evolution is how starbursts affect the assembly of stellar populations. Following
Broussard et al. (ApJ 873,74; 2019), we define a burst indicator (η) as the log ratio of a galaxy's star
formation rates (SFRs) on short (∼10 Myr) and long (∼100 Myr) timescales. The width of the η
distribution characterizes the burstiness of a galaxy population's recent star formation. We apply realistic
noise and selection effects to simulations to generate mock galaxy catalogs for the 3D-HST survey and the
FMOS-COSMOS survey, along with mock catalogs for MOS with JWST and Roman. We compare these
mock catalogs with Hα detections of 956 3D-HST galaxies at 0.65 < z < 1.5 and 1646 FMOS-COSMOS
galaxies at 1.46 < z < 1.72. Measurements of η are unaffected by dust measurement errors under the
assumption that E(B-V)_stars = 0.44 E(B-V)_gas (i.e., Q_sg=0.44). However, setting Q_sg=0.8 removes an
unexpected dependence of the average value of η upon dust attenuation and stellar mass in both the 3D-
HST and FMOS-COSMOS samples while also resolving disagreements in the distribution of SFRs between
observed samples and the mocks. We use Keck MOSDEF observations of 107 galaxies with Hα and Hβ
detections at 1.38 < z < 1.73 to further probe the dust attenuation of nebular emission lines. This enables
an analysis where we remove differing dust attenuation of stellar and nebular light as a contributor to

scatter in η, producing a robust measurement of galaxy star formation variability.



Andrew Bunker, University of Oxford

Exploring the high redshift Universe with the James Webb Space Telescope 

JWST will provide a great opportunity to explore high redshift galaxies, and understand their role in
reionization. I present our observational plans for the Guaranteed Time Observations of the NIRSpec
Instrument Science Team, including those co-ordinated with the NIRCam Team as part of the JWST
Advanced Deep Extragalactic Survey (JADES). We will chart galaxy evolution at z>2, and potentially out to
z>10, using the rest-frame optical and near-IR. NIRSpec spectroscopy at 1-5microns will measure secure
spectroscopic redshifts of the photometrically-selected population, and emission lines can constrain the
dust attenuation, star formation rates, metallicity, chemical abundances, ionization and excitation
mechanism in high redshift galaxies. We can also search for signatures of Population III stars such as
HeII1640. Determining the UV luminosity function to faint magnitudes, coupled with determinations of the
escape fraction from observations of the Balmer lines and UV continuum, will address the ionizing photon
budget from galaxies. The fraction of high redshift star-forming galaxies with Lyman alpha in emission will
constrain the neutral fraction of the IGM at z>6, and the size of the ionized bubbles, and the study of rest-
UV absorption lines and nebular emission will shed light on the outflows and the role of the circum-galactic
medium. NIRSpec on JWST will explore the star formation rates, metallicities and IGM surroundings of
galaxies within the epoch of reionization.

Alice Concas Kavli, University of Cambridge

Ionised gas outflows at Cosmic Noon: a statistical perspective 

Cosmological models of galaxy formation suggest that massive gas outflows driven by stellar and AGN
feedback play a key role in shaping the star formation efficiency of galaxies. Such outflows are expected to
be particularly important at high redshift (z~1-3), during the peak of the cosmic SF and AGN activity. We
test this ejective scenario by investigating the demographic of kpc-scale outflows in a sample of 143 star-
forming galaxies at 1.2 < z < 2.6 observed with the K-band Multi-Object Spectrograph at VLT, KMOS.
Combining small gravitationally lensed galaxies with more massive galaxies, we explore the kinematics of
the ionised gas (traced by [OIII], Hα, [NII] and [SII]) in an exceptional range of stellar masses, log(M/M⊙) ∈
[7.6 − 11.3], pushing outflow studies to stellar masses down to the dwarf regime. Comparing our
observations with the expectation of a simple rotating disk model, we find that: (1) ionised gas outflows
are statistically present in very massive systems, log(M/M⊙)>10.8; (2) the AGN activity is the main source
of ionisation suggesting that the AGN may be the main responsible for ejecting the gas; (3) ionised gas
outflows are rare in low mass galaxies, where the ionised flux is dominated by the gas in the galactic disk;
(4) the winds have very low mass loading factors, accounting for less than 3% of the global mass loading
factor expected on IllustrisTNG50. I will discuss the implications of our results on theoretical models of
galaxy formation.



Luca Cortese ICRAR/University of Western Australia

How are satellites transformed in groups? Insights from the SAMI Galaxy Survey 

One of the most outstanding challenges in extragalactic astronomy is to identify the astrophysical
processes responsible for transforming simple dark matter haloes into the heterogenous population of
galaxies inhabiting today’s Universe. How did different morphological types form and evolve? Does the
environment where a galaxy lives influence its evolution? In this talk, I will take advantage of observations
from the SAMI Galaxy Survey to quantify the effect of environment on the transformation of satellite
galaxies and determine whether galaxies are just quenched or also structurally transformed. I will focus
on the importance of resolved stellar kinematics maps for unveiling real structural transformation as
opposed to disk fading, and on the need to combine observations with theory in order to properly link
galaxy populations at different epochs. In particular, by combining SAMI with predictions from the EAGLE
simulation, I will show how connecting observations to theory is critical for quantifying how galaxies are
transformed by environmental effects and correct for the effect of progenitor bias.

Mirko Curti University of Cambridge

The KLEVER Survey: a multi-IFU, multi-band NIR survey to grasp the physics of high redshift galaxies

I will present KLEVER, an ESO Large Programme aimed at investigating dynamics, gas excitation properties
and chemical abundances in high redshift galaxies, by means of near-IR spatially resolved spectroscopy.
Exploiting KMOS multi-IFU observations in the J,H and K bands we aim to map multiple optical rest-frame
emission lines (from [O II]3727 to [S III]9530) in a sample of ~200 galaxies between 1.2 < z < 2.5. The
survey targets both gravitationally lensed galaxies in Frontier Fields clusters and non-lensed galaxies in
CANDELS. We derive full metallicity maps (exploiting different calibrators) and evaluate presence and
evolution of metallicity gradients. The majority of galaxies is characterised by flat gradients, suggesting
that efficient feedback processes are in place at these epochs. However, irregular patterns as seen in some
of the most resolved metallicity maps suggests to move beyond the classical "radial-averages" approach to
get meaningful constraints on galaxy evolution models and allow for a fairer comparison with high
resolution cosmological simulations. We also investigate the physical drivers responsible for the evolution
in the BPT diagnostic diagrams and assess whether the offsets from the local relations can be reproduced
from the knowledge of properties like gas density, ionisation parameter and chemical abundance patterns
(e.g. N/O) by means of a novel machine-learning based approach extensively trained and tested on local
galaxies.



Matteo Fossati Universita' di Milano-Bicocca

Connecting gas and galaxies across 10 billion years with the deepest spectroscopic view in the MUSE Ultra 
Deep Field 

The advent of the MUSE integral field spectroscopic instrument at the Very Large Telescope has enabled us
to take the next leap forward in the understanding of how galaxies at z~1-3 are shaped by gas inflows and
outflows. I will present results from the MUSE Ultra Deep Field (MUDF) survey, a combination of large
programs with VLT/MUSE and HST/WFC3 which obtained multi object spectroscopy in a unique field where
two quasars at z~3.2 pierce the IGM and CGM with two beams approximately 60 arcsec apart. With these
data we obtained a tomographic view of the gas around galaxies in a range of environments from isolated
galaxies to rich galaxy groups. Our exquisite complementary absorption spectroscopy revealed the presence
of extended patches of gas around group galaxies at z~1 in a forming intra-group medium, which I will
discuss in terms of the gravitational interactions occurring between galaxies. The unparalleled depth of the
MUDF dataset allows us to detect low-mass galaxies down to 10^9 Msun at z~3, the building blocks of
structure formation, which remain elusive in previous shallower surveys. Leveraging the depth and complete
spectroscopic coverage of the MUDF field, I will present our latest results on the strong correlation between
dense absorption line systems at z=1.5-3 and the density of star forming galaxies. The presence of such a
correlation implies gaseous feeding of galaxies and IGM enrichment up to a cosmic time when the Universe
was only two billion years old.

Prerak Garg University of Florida

Modeling nebular emission in galaxy formation simulations 

Nebular line emission diagnostics have been instrumental in studying the galaxy properties over the years.
As we move into the era of next-generation telescopes giving us wider access to the high redshift universe
the applicability of these diagnostics is put into question. We are working on developing a self-consistent
model of nebular emission using state-of-the-art cosmological hydrodynamic galaxy formation simulation
(SIMBA) and photoionization code (CLOUDY). We have adopted a novel approach where we have developed
the first-ever model for calculating the nebular emission line spectrum on a particle-by-particle basis for
cosmological galaxy formation simulations which is a significant step forward from more commonly-used
lookup-table methods. We have already developed a basic framework and shown in a pilot study that it can
reproduce the observed SDSS-DR8 BPT curve. In this talk, I will be going over the modeling details and
results from the pilot study as well as talk about how we have applied this model to understand the
observed high-redshift BPT offset.



Benjamin Horowitz, Princeton University Lyman 

Alpha Tomography: Revealing Large Scale Structure at Cosmic Noon 

Mapping the cosmic web at redshift z~2.0 is critical for constraining stellar formation models and galaxy
evolution broadly. While it is possible to map the web directly from observed galaxy locations, this requires
significant observational resources and would be infeasible to do over large sky areas. A recent alternative is
to reconstruct the three dimensional structure via interpolation of Lyman Alpha absorption features in
background galaxy/QSO spectra from closely spaced sightlines. In this talk, I will review this technique in the
context of observations from the COSMOS Lyman-Alpha Mapping And Tomography Observations (CLAMATO)
survey and planned observations with the Prime Focus Spectrograph (PFS) on the Subaru Telescope. I will
highlight how Lyman Alpha tomography can be used to resolve cosmic structures across a range of scales and
masses, and how modern forward modeling approaches can be used to predict the formation history and
late time fate of the observed structures.

Evelyn Johnston, Universidad Diego Portales

BUDDI-MaNGA: a statistical spectroscopic survey of galaxy bulges and discs

As galaxies evolve and accrete mass, their morphology typically changes dramatically. The mechanisms that
trigger and the processes that occur during these transformations affect the different components within the
galaxies, such as the bulges and discs, in different ways, and thus leave characteristic imprints on their
physical properties and stellar populations. Extracting the clean spectra of these components through
traditional techniques however has been tricky due to the superposition of their light. But, with the
introduction and increasing availability of large IFU surveys of nearby galaxies, we now have the combined
spatial and spectroscopic information for these galaxies. We have developed BUDDI (Bulge-Disc
Decomposition of IFU data) to use this information to model the light profile of a galaxy and cleanly separate
the spectra from each component, thus allowing their independent star-formation histories to be extracted.
In this talk, I will present BUDDI and our work applying it to ~1800 suitable galaxies within the MaNGA DR16
in order to isolate their bulge and disc spectra, and thus derive estimates of their stellar populations. To date,
this is by far the largest sample of bulge and disc spectra extracted from IFU datacubes through modelling of
the galaxies light profiles, and we will use it to answer open questions on how galaxies have formed and
evolved, and the role of their individual structures.



Emma Curtis Lake Kavli,  Institute for Cosmology, Cambridge

Modelling Type-II AGN with BEAGLE

I will present the integration of the Feltre, Charlot & Gutkin 2016 AGN narrow-line region line emission
models into BEAGLE (Chevallard & Charlot 2016), a Bayesian spectral and SED fitting code. BEAGLE already
incorporates the HII nebular emission models of Gutkin, Charlot & Bruzual 2016, meaning that we now have
the ability to perform simultaneous HII and NLR fits. To test the models and fitting technique we fit to a)
BEAGLE-simulated galaxies with range of AGN contribution to the line fluxes b) a sample of X-ray selected
Type-II AGN with SDSS DR7 spectra and c) simulated galaxies drawn from the Illustris simulation with line
emission due to star-forming HII regions, AGN emission, post-AGB stars and shocks. I will present the results
from the study, as well as the prospects for deriving AGN physical properties using this approach from high-
redshift galaxies with instruments such as MOONS and JWST.

Ting-Wen Lan, UCSC

Probing the Galaxy-CGM co-evolution in the era of large spectroscopic surveys 

Large multi-object spectroscopic surveys have been providing unprecedented datasets which transform our
understanding of galaxies and their connection with the circumgalactic medium (CGM). In this talk, I will
demonstrate that by utilizing a statistical technique which combines the information of (1) about ~100,000
metal absorption line systems detected in the quasar spectra of the Sloan Digital Sky Surveys and (2) about a
billion photometric galaxies detected from the DESI Legacy Imaging Surveys, one can explore the galaxy-CGM
connection through cosmic time with a statistical sample which is about 100 times larger than the samples
used in previous studies. Our results show, for the first time, that the properties of the CGM co-evolve with
the properties of galaxies from redshift 0.4 to 1.2 --- a new and strong observational constraint on the models
of galaxy evolution. I will then discuss how the upcoming spectroscopic datasets provided by the Dark Energy
Spectroscopic Instrument and the Prime Focus Spectrograph Surveys will further advance our understanding
of the galaxy-CGM connection in several aspects, including their co-evolution from redshift 1 to redshift 2, the
small-scale structure of the CGM, and the multiple-phase nature of the CGM.



Andrew (Drew) Newman, Carnegie Institution for Science

Probing Galaxy Environments at z~2.5 with the Lyman-alpha Tomography IMACS Survey 

Tracing the onset of environment-dependent galaxy evolution is critical to understand its origins, but beyond
z~1 measuring galaxy environments becomes increasingly difficult. In the cosmic noon era, rest-UV
spectroscopic surveys routinely deliver information about galaxies and their spatial distribution, which is
normally the basis for defining environments. However, these spectra also contain information about
structures in the foreground of each galaxy that imprint absorption in the Lyman-alpha forest. With a
sufficiently dense network of sightlines toward UV-bright galaxies, the 3D distribution of Lyman-alpha
absorption can be mapped. On Mpc scales, this Lya absorption is expected to be closely related to the matter
density field, thereby providing a novel way of measuring galaxy environments and detecting large-scale
structures with several key advantages. We are currently implementing this approach in LATIS, the Lyman-
alpha Tomography IMACS Survey, a large Magellan program designed to map the z~2.2-2.8 IGM over ~1.7 sq.
deg. using ~4300 deep galaxy spectra. Observations are 80% complete. I will describe the survey design and
present the largest Mpc-resolution IGM maps ever made, located in several extragalactic legacy fields. I will
then discuss new results on the intriguing connection (or lack thereof) between the galaxy- and Lya-traced
density fields on the scales of proto-groups/clusters, before briefly discussing future prospects for Lyman-
alpha tomography.

Gwen Rudie, The Observatories of the Carnegie Institution for Science

Enabling next-generation infrared galaxy surveys: the Magellan Infrared Multi-object 
Spectrograph (MIRMOS)

The Magellan Infrared Multi-object Spectrograph (MIRMOS) is a next-generation near-infrared multi-object
spectrograph and integral field unit concept slated for the Magellan 6.5m telescopes at Las Campanas
Observatory. MIRMOS is designed to address frontier scientific questions in extragalactic, cosmological, and
exoplanetary science including: (1) mapping the topology of late reionization by detecting Lya and metal line
emission from z>6.5 galaxies, (2) delineating the connection between galaxies and the cosmic web by
measuring galaxy properties and large-scale environments at cosmic noon (1.5<z<3), and (3) tracking gas
flows in and out of galaxies by imaging the circumgalactic medium in rest-frame optical emission lines.
MIRMOS will be the only MOS on a 6.5-10 m telescope to observe the full NIR spectrum from 0.89-2.4
micron simultaneously. The R~3700 spectrograph can be fed by a mechanical slit mask capable of deploying
~100 slits over a 13’x3’ field, or by an image slicer IFU with a wide field of 26”x20”. Designed as a wide-field,
ground-based complement to JWST’s exquisite sensitivity, MIRMOS’s wide FOV and unprecedented
simultaneous wavelength coverage make it ~5x faster for galaxy surveys than existing instruments. I will
present the novel design of MIRMOS and demonstrate its power for extragalactic science by describing a
planned 45 night public survey, which will deliver deep YJHK spectra of thousands of galaxies spanning
cosmic noon to the epoch of reionization.



Ryan Sanders,  University of California, Davis

The Evolution of Galaxy Chemical Abundances and Baryon Cycling Over the Past 12 Billion 
Years 

Understanding how galaxies assemble their baryonic content is one of the major open questions in galaxy
formation and evolution. The gas-phase metallicity of the interstellar medium in galaxies is sensitive probe of
the key processes governing baryonic galaxy growth, including gas accretion, feedback, and outflows. Recent
spectroscopic surveys have enabled the determination of gas-phase metallicities for statistical large samples
of galaxies at cosmic noon (z=1-3). I will present the latest observational constraints on the evolution of the
mass-metallicity relation and the fundamental metallicity relation (mass-SFR-metallicity) from z=0 to z~3.3,
spanning the past 12 Gyr of cosmic history. I will discuss the implications for gas outflow rates and mass
loading factors of galactic winds, including the scaling of mass loading with stellar mass and its evolution
with redshift. I will also examine future observational prospects to improve the connection between gas
flows and the metal and gas content of galaxies, and to extend gas-phase abundance studies into the epoch
of reionization with JWST.

David Setton , University of Pittsburgh

Studying the Spatially Resolved Signatures of Quenching Using Spectroscopically Identified 
Post-Starburst Galaxies

Understanding the process by which star forming galaxies transform to quiesence is at the forefront of
current studies of galaxy evolution. Recent evidence points to a rapid mode of quenching that dominates at
high redshift, shutting off star formation on short timescales. In order to study this process and the way it
transforms galaxies, one can identify post-starburst galaxies with spectroscopic signatures of ~100 Myr old
stellar populations. However, these galaxies are extremely rare at low redshifts, and even at intermediate
redshifts, significant sky coverage is required to identify spectroscopically confirmed samples. From all of the
SDSS, we have identified a z~0.7 population of 1318 post-starburst galaxies. Using spatially resolved GMOS
spectroscopy of a subset of these galaxies, we show that the shutdown of star formation occurs on similar
timescales at extended spatial scales. Deep Hyper-Suprime Cam imaging of these galaxies reveals their
relatively compact structures and a diversity in the presence of merger signatures. These measurements
empirically constrain the scales at which feedback acts and the structures required for galaxies as they
transition to quiescence. Because deep spectroscopy over wide patches of sky are necessary to identify
these galaxies, future surveys like DESI and PFS will reveal and quantify the emergence of those population
as a function of lookback time and will bolster our statistics on galaxy quenching in the years to come.



Irene Shivaei, University of Arizona

Dust attenuation curve and its dependence on metallicity at z~2 

Although by mass dust only represents ~1% of the ISM, it has important roles in the physics and chemistry of
the ISM and hides a significant fraction of star formation in typical galaxies at all redshifts. In this talk, I will
show our recents results on investigating the shape of the stellar dust attenuation curve of typical galaxies at
z~2 and its variations with oxygen abundances (metallicities). I will show that metallicity is an important
factor in determining the location of galaxies in the commonly used IRX-beta dust diagram (L(IR)/L(UV) vs.
UV continuum slope). These studies have been only possible by large rest-frame optical spectroscopic
samples constructed by multi-object near-IR spectrographs, such as MOSFIRE on Keck. The main results of
this work is based on the MOSDEF survey with MOSFIRE. Owing to the rest-frame optical spectra, our sample
has the unique and powerful advantage of access to robust instantaneous star-formation rates, metallicities,
and ionized gas properties. Similar studies will become possible with JWST/NIRSpec for lower mass (fainter)
galaxies and at higher redshifts, enabling us to study the evolution of dust and metals across cosmic time for
galaxies with a wide range of properties.

Tjitske Starkenburg, Northwestern University 

Apples-to-apples comparisons of theoretical and observed galaxy populations: how 
much can we learn? 

I will highlight how careful comparisons between observations and theory, and between different theoretical
models can provide novel insights into the physical processes governing star formation and quenching in
galaxies. The populations of star-forming and quiescent galaxies, whether predicted from simulations or
observed, depend on the dataset and the tracers used to measure star formation rates and the definitions of
‘quenching’ and ‘quiescent’. In the IQ-collaboratory we explore star formation and quiescence of galaxies in
large observational datasets and in 6 large-scale cosmological simulations. We carefully build synthetic galaxy
spectra for all (~3e5) simulated galaxies, including survey-specific selection functions and noise, and
(re)measure observational properties. Using this wealth of spectral data, we describe the galaxy populations
in theoretical predictions, mock observations, and observational data, and compare these populations.
Moreover, we utilize our forward modeling approach to infer the dependence of dust attenuation curves on
galaxy properties. We show how different approaches to modeling the effects of dust leads to a diversity in
theoretical predictions. Finally, we study the manifold of star-formation and quiescent indicators for all
galaxies in our large-scale simulations. We study how much unique information is contained in these tracers,
and which tracers are most informative in providing constraints on the different galaxy formation models.



Vy Tran, University of New South Wales 

MOSEL & ZFIRE : Tracking Galaxy Growth at Cosmic Noon 

MOSEL and ZFIRE are deep near-IR spectroscopic surveys that track how galaxies assemble at
1.5<z<3.5. With MOSEL, we confirm a population of Extreme Emission Line Galaxies at z~3 with Oxygen
equivalent widths >250 Angstroms and hypothesize that most galaxies at z>3 go through a strong starburst
phase. We compare galaxy kinematics to IllustrisTNG to determine how massive galaxies at z~3 build their
stellar mass (mostly by accreting other galaxies) and end their star formation (puffy galaxies quench
slower). I also summarize results from our ZFIRE survey where we find faint imprints of environmental
effects on the Inter-Stellar Medium of cluster galaxies at z~2.

Kristi Webb, University of Waterloo

The GOGREEN survey: post-infall environmental quenching fails to predict the observed age 
difference between quiescent field and cluster galaxies at z > 1 

Galaxies in dense clusters experience additional quenching processes compared to the secular processes
which affect field galaxies. The timescale of the quenching processes can be used to constrain the physical
mechanisms which suppress star formation. With the Gemini Observation of Galaxies in Rich Early
Environments (GOGREEN) survey, we have collected a sample of ~300 spectra of quiescent galaxies (two-
thirds of which are in clusters) at 1 < z < 1.5 -- when the star formation rate was twice as high as it is today.
We explore the differences of the populations, as a function of both environment and mass, through
modelling their star formation histories. We confirm that in general there is mass-dependent evolution, and
add to this picture that galaxies in the field have overall longer star forming time scales and are younger (at
fixed mass) by ~0.3 Gyr. We try to explain this age difference through two scenarios, i) galaxies in clusters
formed earlier or ii) galaxies in clusters experience environmental quenching post-infall, and find that neither
are sufficient (without preprocessing) in simultaneously predicting the observed age difference and
quenched fractions. This is distinctly different from local clusters, for which quenching of recently accreted
field galaxies plays an important role, particularly at low stellar masses. Our results suggest that quenched
population in galaxy clusters at z > 1 has been driven by different physical processes than those at play at z =
0.
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