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Distant Extragalactic Science with Roman
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First Galaxies Form (z~15-30)

Brief Observable History of the Universe
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Reionization (z~6-15)

Brief Observable History of the Universe
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Modern Galaxies Form (z~0-2)
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CMB/S4

Current 21cm Chandra

Rubin Observatory

Hubble

Future 21cm
Extremely Large Telescopes

ALMANancy Grace Roman

James Webb

Observations with Nancy Grace Roman Space Telescope, ALMA, JWST, 
Rubin, and the ELTs will drive astronomical discoveries over the next decade.

A New “Golden Age” for Extragalactic Astronomy
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Roman Distant Galaxy Science Questions
• Can we quantify the importance of galaxies and AGNs for reionization through the 

statistical samples finally delivered by Roman? 

• Can we use the grism on Roman to map the ionized bubbles created by the first 
galaxies and quasars?

• How will Roman help us understand galaxy properties in the context of their 
environments over cosmic time?

• What will Roman spectroscopy teach us about galaxy properties and evolution during 
the peak era of cosmic star formation?

• How can we leverage Roman to discover and characterize rare AGN and quasars?
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Notional Roman Surveys
• Roman High Latitude Survey (Mission)

~2000 deg2, YJH~26.7AB, g~10-16 ergs/s/cm2

x-scale: 2x width == 100x area

y-scale: 2x width == 2x flux

HLS

Medium Deep

• Roman Medium Deep Survey (Mission+GO)

~20 deg2, ZYJH~28.5AB, g~1.6x10-17 ergs/s/cm2

Ultra Deep

• Roman Ultra Deep Survey (GO)

~0.28 deg2, ZYJH~29.5AB, g~10-17 ergs/s/cm2



Reionization Science with Roman
• Can we quantify the importance of galaxies and AGNs for reionization through the 

statistical samples finally delivered by Roman?



Roman Provides Cosmic Context
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UV Luminosity Function @ z~7

Including 

Frontier 

Fields

UDF +

CANDELS

Schenker, BER, et al. (2013)
BER et al. (2014)

• The z~7 luminosity function of galaxies has a steep faint-end slope ~-2, meaning most of the light 
and ionizing radiation are contributed by faint galaxies.  

• Very deep view of early galaxies, but current deep surveys probe very small volume. 
• Uncertainties dominated by limited volume / cosmic variance.



Roman field of view is ~100x HST WFC3, with similar sensitivity.

Roman Surveys Enormous Areas



Galaxy Formation and Evolution in the Era of the 
Nancy Grace Roman Space Telescope October 9, 2020B. Robertson (UCSC, Roman EXPO/FSWG)

Predictions for Roman High-z Populations85h-1 comoving Mpc @ z~7
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Galaxy Formation and Evolution in the Era of the 
Nancy Grace Roman Space Telescope October 9, 2020B. Robertson (UCSC, Roman EXPO/FSWG)

Predictions for Roman High-z Populations85h-1 comoving Mpc @ z~7

Roman Camera 
Field of View

HST WFC3 or 
JWST NIRCAM

CV ~ 33%

CV ~ 12%
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See also Trapp & Furlanetto, arXiv:2020.05059



Roman will provide enormous samples of z>8 galaxies
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luminosity function at z~8-10.
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HLS will detect >105 to 106 galaxies 
at z>8 constraining bright end of 
luminosity function at z~8-10.

Bulk of UV output thought to be 
produced by fainter galaxies.

Medium and Ultra Deep surveys 
probe fainter galaxies at 6<z<10, 
also detecting more than 105 
galaxies.



Roman will provide enormous samples of z>8 galaxies

Mirocha, Furlanetto, 
& Sun 2017

HLS 

Medium

UltraDeep

HLS will provide largest samples but will 
only probe down to L* at z~8. 

Medium and UltraDeep components 
provide somewhat smaller samples but are 
needed to identify the more typical faint 
galaxies which dominate UV output.  

SDSS-like survey for high redshift galaxies.

courtesy of B. Robertson and EXPO team



Roman will provide enormous samples of z>8 galaxies

Mirocha, Furlanetto, 
& Sun 2017

HLS 

Medium

Ultra Deep

HLS will provide largest samples but will 
only probe down to L* at z~8. 

Medium and UltraDeep components 
provide somewhat smaller samples but are 
needed to identify the more typical faint 
galaxies which dominate UV output.  

SDSS-like survey for high redshift galaxies.
•Luminosity function establishes relative role 
of bright/faint galaxies in reionization. 

•Angular clustering establishes galaxy/halo 
connection. 

•Brightest gravitationally lensed galaxies at 
z>8 for detailed spectroscopic study. 

•Rare overdense regions easily identifiable. 
Earliest sites of structure formation.

courtesy of B. Robertson and EXPO team
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Roman and Ionized Bubbles
• Reionization begins around largest 
overdensities, with large ionized bubbles 
growing over time at 6<z<10. 

• Lyman alpha spectroscopy provides means of 
identifying bubbles. Lyman alpha weakened by neutral 
IGM. Lyman alpha emitters likely to be located in 
bubbles, providing signpost of largest ionized regions.

Ly𝝰

Ly𝝰

Ly𝝰
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Roman and Ionized Bubbles
• Reionization begins around largest 
overdensities, with large ionized bubbles 
growing over time at 6<z<10. 

15 h-1Mpc

85h-1 comoving Mpc @ z~7

• Ionized regions are big (~10-15 arcminutes), 
requiring large fields of view. JWST and ELTs ill-
suited to this task. 

• Lyman alpha spectroscopy provides means of 
identifying bubbles.

• Roman grism spectra in medium survey can 
reach requisite flux level to identify Lyman alpha 
in H=24 (EW>7Å) and H=26 (EW>35Å) — can 
identify and map size of ionized bubbles.
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Roman grism reveals nature of early galaxies

In addition to Lyman alpha, the Roman grism is 
sensitive to a suite of fainter lines in the far UV 
(NV, CIV, He II, OIII], CIII]). 

Lines are faint but detectable in bright galaxies 
(and have already been detected with HST/WFC3 
grism; Tilvi et al. 2016, Schmidt et al. 2017).

  
EW=20Å detectable at H~25 for medium depth grism survey.

Low luminosity AGN can cleanly be selected 
via line ratios, revealing their role in 
reionization.

Mainali et al. 2017



AGN and Quasars with Roman
• How can we leverage Roman to discover and characterize rare AGN and quasars?



AGN and Quasars with Roman

Wang et al. 2019b



Slide courtesy of Feige Wang
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AGN and Quasars with Roman

Slide courtesy of Feige Wang

Quasar LF at z>7 

Gravitationally lensed quasars 

Quasar host galaxies 

Obscured AGN 

AGN variability  

Environment of quasars

Many science cases to follow 
discovery of quasar samples:



High z Quasar Environment with Roman

Slide courtesy of Feige Wang



High z Quasar Environment with Roman
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High z Quasar Environment with Roman



Galaxy Formation and Environment with Roman

• What will Roman spectroscopy teach us about galaxy properties and evolution during 
the peak era of cosmic star formation? How will Roman help us understand galaxy 
properties in the context of their environments over cosmic time?



Galaxy Formation and Environment with Roman

Current state of the art grism survey: the 3DHST 
Survey (Brammer et al. 2012) has provided WFC3 
G141 spectra for 10,000s galaxies (Momcheva et al. 
2015). 

HLS

Medium

Ultra Deep
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Medium

Ultra Deep

H-alpha [OIII]

courtesy of B. Robertson and EXPO team
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Roman will deliver orders of magnitude larger 
spectroscopic samples, with over 10 million in HLS.  

Galaxies in medium and ultra deep probe different 
luminosity regime and provide improved image 
quality for resolved morphological studies at z~1-3. 

courtesy of B. Robertson and EXPO team



Galaxy Formation and Environment with Roman

Current state of the art grism survey: the 3DHST 
Survey (Brammer et al. 2012) has provided WFC3 
G141 spectra for 10,000s galaxies (Momcheva et al. 
2015). 

HLS

Medium

Ultra Deep

HLS

Medium

Ultra Deep

H-alpha [OIII]

Roman will deliver orders of magnitude larger 
spectroscopic samples, with over 10 million in HLS.  

Galaxies in medium and ultra deep probe different 
luminosity regime and provide improved image 
quality for resolved morphological studies at z~1-3. 

Galaxies span wide areas and range of 
environments, enabling many new science cases. 

courtesy of B. Robertson and EXPO team
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Roman Provides Cosmic Context
Roman wide areas and 
large samples will 
establish galaxy-halo 
connection via (i)  
clustering and (ii) weak 
lensing measurements. 

Establish how galaxy 
properties map onto dark 
matter structures. 

And how cosmic 
environment affects 
galaxy evolution.



Roman Can Revolutionize z~1-2 Galaxy Surveys

Nelson et al. (2015)

Stellar Continuum

Hα Emission

Hα Emission Specific SFR Currently only ~3% of 3D-HST 
galaxies are star forming with 
sufficient fluxes to measure both 
stellar morphologies and resolved 
Hα emission.


Enables measures of the SFR vs. 
stellar mass in z~2 galaxies, and 
SFR maps (usually stacked).
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Roman Can Revolutionize z~1-2 Galaxy Surveys

Nelson et al. (2015)

Stellar Continuum

Hα Emission

Hα Emission Specific SFR

Gravitationally lensed galaxies in 
HLSS will complement these field 
studies, revealing metallicity and 
excitation gradients at z~1-2. 


Roman will increase these 
numbers by 100x, enable 
environmental studies — track how 
morphological parameters vary 
with environment at z~1-3.

Currently only ~3% of 3D-HST 
galaxies are star forming with 
sufficient fluxes to measure both 
stellar morphologies and resolved 
Hα emission.


Enables measures of the SFR vs. 
stellar mass in z~2 galaxies, and 
SFR maps (usually stacked).




Roman Can Revolutionize z~1-2 Galaxy Surveys

• Roman grism programs will detect key rest-frame optical 
emission lines (H-alpha, H-beta, [OIII], [NII) at 
z~1.1-1.9. Given redshift range and flux limits, expect 
~100x greater sample size than current surveys (i.e., 
MOSDEF). 

Runco et al. 2021, MNRAS, 502, 2600

• Track galaxy physical conditions (i.e., metallicity, 
ionizing spectra, AGN content) with environment. 



• Roman will be transformative for deep field 
studies of galaxy evolution and formation.

• Roman will provide improved statistical 
samples for studying early galaxy and quasar 
populations that cause cosmic reionization.

• Roman can teach us about the connection 
between galaxy evolution and cosmic 
environment.

• Roman will provide unprecedented 
spectroscopic samples during the peak of 
galaxy formation.

Summary: High Redshift Science with Roman



Roman Deep Survey Field Choice

Koekemoer et al. (2019), arXiv:1903.06154



Field Visibility with Roman

Koekemoer et al. (2019), arXiv:1903.06154



Roman Deep Field Filter Considerations

Akeson et al. (2019), arXiv:1902.05569



Single 
Pointing

HLS Tile

2x3 HLS Tiles

Rubin FoV

Modeling Roman Surveys



Title Text
Body Level One
Body Level Two
Body Level Three

Body Level Four
Body Level Five

Example Roman Deep Survey

Single Pointing

~2 deg2 Field

Deep Tiling

4 
di

th
er

s

50 dithers

random 5x SCA gap

random 2x SCA gap


