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UVEX Science

Finding the local 
low-mass galaxies

Physical processes in very low-
metallicity environments

LMC/SMC as a low-
metallicity laboratory

The Low-Mass, Low-Metallicity Galaxy 
(LMLZ) Frontier Lead: Dan Weisz 
UVEX will uncover the lowest mass, most pristine local 
galaxies and diagnose their unique cosmic ecosystems     
2020 Decadal priority area: Drivers of Galaxy Growth

Afterglow of merging 
compact objects

Core collapse 
supernovae

Community-driven 
follow-up programs

Variability across 
multiple timescales

Mapping of dust and 
Galactic diffuse emission

The life cycles of hot 
stars

New Views of the Dynamic Universe 
Lead: Suvi Gezari 
UVEX will follow-up multi-messenger and community 
triggers to probe the early UV emission of transients  
2020 Decadal priority area: New Windows on the Dynamic 
Universe

A Legacy of Deep, Synoptic All-Sky Surveys 
Lead: Kevin Staussun 
UVEX cadenced all-sky imaging leaves a legacy dataset 
for the entire community.  
2020 Decadal priority areas: Drivers of Galaxy Growth, 
New Windows on the Dynamic Universe
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UVEX Capabilities
•  Sensitive wide-field imaging in two ultraviolet bands (FUV & NUV) 
•  High angular resolution across large field of view (<2‘’/12 deg2) 
•  Broadband ultraviolet spectroscopy (1150 – 2650 Å; R~1000-3000) 
•  Simultaneously acquires imaging and spectra 

3

HST/COS
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Deep Synoptic Surveys – All-Sky, Cadenced Imaging
Explore the UV time domain by performing imaging surveys of the entire sky 
in two UV bands with cadences spanning hours to months 

UVEX will discover variable and 
transient UV phenomena and 
alert the community for follow-up 
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UVEX provides a modern UV time-domain survey

A variety of cadences will probe 
fast transients, tidal disruption 
events, and monitor variability



Provide deep all-sky maps in two UV bands with sensitivity and resolution 
complementing modern wide-field surveys in the optical and infrared 

UVEX matches the deep cosmological 
surveys from Euclid, Rubin, and Roman 
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UVEX covers the entire sky, and achieves depth and resolution matching 
modern optical and IR facilities 

The UVEX all-sky survey is >100x deeper 
than GALEX, and will be the first deep UV 
survey of the Galactic plane. 

Deep Synoptic Surveys – All-Sky, Cadenced Imaging



Deep Synoptic Surveys – All-Sky, Cadenced Imaging

A modern UV / optical / near-IR filter set for most of the sky  
(Euclid -> Roman in the Galactic Plane). 

Provide deep all-sky maps in two UV bands with sensitivity and resolution 
complementing modern wide-field surveys in the optical and infrared 
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   Why UV?
Rest-frame UV spectra characterize galaxy evolution across redshift 

Drivers of galaxy growth

z~0.1 - UVEX  
(local universe)

z>6 - JWST (distant 
universe)

Wavelength
FUV IRNUV Optical

In
te
ns
ity

credit: N. Byleroptical GALEX FUV+NUV

IC 1613 (credit:NASA) 
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Star-forming galaxies are UV bright



   Why UV?

UVEX

Rest-frame UV spectra characterize galaxy evolution across redshift 

GW-discovered 
neutron star mergers 
emit first in UV light

Drivers of galaxy growth

z>6 - JWST (distant 
universe)

Dynamic Universe
Star-forming galaxies are UV bright

Massive star 
explosions evolve 
UV-optical

Key diagnostic 
lines lie in UV

Wavelength
FUV IRNUV Optical

In
te
ns
ity

credit: N. Byleroptical GALEX FUV+NUV

IC 1613 (credit:NASA) 

FUV NUV Optical
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z~0.1 - UVEX  
(local universe)

UVEX can follow 
up within hours



A modern UV / optical / near-IR dataset set for the extragalactic sky
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Simulated UVEX + LSST + Euclid SED of a 
~106 M☉ star-forming galaxy at 100 Mpc (z~0.02)

Find the local (z<0.3; d~1.5 Gpc) low-mass (<109 M⊙) star-forming galaxies through wide-field 
imaging surveys (e.g., UVEX+LSST+Euclid) and compare them with known cosmic structures 
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Low-Mass Galaxy Frontier - Mapping Local LMLZ Galaxies

Leo P 

(R
hode, M

cQ
uinn+ 2013)

(J
on

es
+ 

20
23

)

Lead: Dan Weisz (Berkeley)

Credit: Peter Boorman
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Figure 5. UVEX imaging picks out low-mass, z < 0.3
galaxies by providing the crucial UV photometry needed
to di↵erentiate the Balmer break for a low-redshift system
(blue) from the Lyman break in far more numerous high-
redshift galaxies (orange).

and many more interact in binary systems (Sana et al.
2012; Krumholz 2014). In close binaries, lower-opacity
winds reduce mass loss rates (e.g., Smith 2014) which
leads to significant, but poorly understood changes to
stellar evolution such as fewer red supergiants (Weisz
et al. 2012), enhanced production of single and binary
black holes (Sana et al. 2012), and a broader diversity
of supernova (SN) types.

Deep UVEX all-sky imaging, undertaken during the
baseline mission, along with upcoming O/IR surveys
(e.g., Rubin, Euclid), will help uncover millions of
nearby (D  100 Mpc; z  0.03) LMLZ galaxies that
are predicted to exist and measure their basic properties
(e.g., mass, age, star formation rate, dust). Targeted
UVEX spectroscopy of the youngest, strongest star-
forming LMLZ systems will provide crucial rest-frame
UV nebular emission templates needed to interpret ob-
servations of the first galaxies in the early Universe. The
unique and powerful capabilities of UVEX will define
the LMLZ frontier for decades to come.

3.1.1. Finding the Low-Mass Galaxy Population in the
Local Universe

With an all-sky survey � 50⇥ deeper than GALEX ,
UVEX will find the missing local population of LMLZ
galaxies. Key questions that will be addressed include:
Where are the local LMLZ galaxies located? What are
their properties? How do these properties vary with
environment?

Our current census of the nearby LMLZ galaxies is
highly incomplete. Within 100 Mpc (z  0.03), theo-
retical matching of stellar and dark matter halo masses
predicts the existence of ⇠10–200 million LMLZ galax-
ies. Yet only ⇠20,000 LMLZ galaxies are known in this

volume (Karachentsev & Kaisina 2019; Tully et al. 2016,
Tully et al. 2019), far fewer than even the most conser-
vative theoretical estimates.

Finding local LMLZ galaxies is challenging. They are
intrinsically faint and spread across the sky, tracing the
local cosmic web from low-density filaments and voids
to high-density groups and clusters. Their properties
appear to vary with environment: star-forming and gas-
rich galaxies dominate the field, while groups and clus-
ters host more diverse populations. But these conclu-
sions are based on small, incomplete samples.

Mapping the nearby LMLZ population requires a
wide-area, sensitive UV imaging survey. Degenera-
cies in age/metallicity/dust/redshift mean that opti-
cal/infrared (O/IR) colors (e.g., from Rubin, Euclid)
alone cannot distinguish local LMLZ galaxies from more
massive higher-redshift (z > 2) interlopers (Figure 5).
Due to redshift and intergalactic gas absorption, mas-
sive background galaxies have little flux in rest-frame
UV bands, whereas local LMLZ field galaxies have lit-
tle dust and are predominantly star-forming (e.g., Geha
et al. 2012, Lee et al. 2009), making them UV bright.
Moreover, joint analysis of GALEX+SDSS data shows
that the UV is essential for measuring basic properties
(e.g., mass, age, star formation rate) of nearby LMLZ
galaxies (Salim et al. 2016).
UVEX will identify millions of LMLZ galaxies within

100 Mpc down to M⇤ ⇠ 106
M� when combined with

optical imaging from Rubin and Northern-hemisphere
counterparts (e.g., UNIONS, DESI Legacy Survey). Due
to the lack of deep, wide-field observations, we base
the expected numbers that UVEX will find on theoreti-
cal models, which come with large uncertainties (e.g.,
Garrison-Kimmel et al. 2017). We estimate the to-
tal number of low-mass galaxies (M⇤ ⇠ 106 � 109

M�)
within 100 Mpc using two di↵erent stellar halo mass
relationships (SHMs; e.g., Behroozi et al. 2013, Con-
roy et al. 2015) that bracket the accepted range of
low-mass galaxy formation models and current empir-
ical constraints (M? / M

↵

halo
, where ↵ ⇠ 1.6 � 3.1;

e.g., Garrison-Kimmel et al. 2017). These relations
predict between ⇠ 1.5 ⇥ 107 and ⇠ 3 ⇥ 108 luminous
M⇤ > 106

M� galaxies within 100 Mpc. The lowest-
mass galaxies dominate the population by number due
to the steepness of the SHM relationship.

The number of dark matter halos predicted by SHMs
agrees well with large-volume N-body simulations at
slightly higher masses (Elahi et al. 2018), which un-
fortunately cannot be used directly for our estimates
because no simulations include large enough volumes
and low enough halo mass ranges. Local galaxies with
M⇤ < 106

M� are often quenched in groups due to

Low-Mass Galaxy Frontier - Mapping Local LMLZ Galaxies

UV imagining critical for separating local low-mass 
and higher-z more massive star-forming galaxies
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z=0.3

z=0

UVEX  
detectable 
star-forming  
LMLZ galaxies 200 deg2 = 

1.5% of UVEX 
survey area 

FARPOINT simulation +  
Behroozi+19 SMHM relation  

Find the local (z<0.3; d~1.5 Gpc) low-mass (<109 M⊙) star-forming galaxies through wide-field 
imaging surveys (e.g., UVEX+LSST+Euclid) and compare them with known cosmic structures 

C
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arpovScience: field stellar-halo mass connection, star formation, 
effects of environment, large-scale structure, … Frontiere+ 2022



Low-Mass Galaxy Frontier - Mapping Local LMLZ Galaxies
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z=0

Examples of LMLZ galaxies in COSMOS (~2 deg2)   
Wright+ 2017, Weaver+ 2022

z=0.3

Find the local (z<0.3; d~1.5 Gpc) low-mass (<109 M⊙) star-forming galaxies through wide-field 
imaging surveys (e.g., UVEX+LSST+Euclid) and compare them with known cosmic structures 

Science builds on GAMA, ELVES, SAGA, DESI, Merian, …
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FARPOINT simulation +  
Behroozi+19 SMHM relation  

Photo-z  
precision of  
z~0.017 (d~70 Mpc)  
to z~0.3 (~1.5 Gpc).  

Tremendous  
synergy with  
optical & HI 
spectroscopy
Frontiere+ 2022



Low-Mass Galaxy Frontier - Mapping Local LMLZ Galaxies
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z=0

Examples of LMLZ galaxies in COSMOS (~2 deg2)   
Wright+ 2017, Weaver+ 2020

~105 local  
star-forming LMLZ 
galaxies in all catalogs

~107 star-forming  
LMLZ galaxies 

predicted to exist

z=0.3

Find the local (z<0.3; d~1.5 Gpc) low-mass (<109 M⊙) star-forming galaxies through wide-field 
imaging surveys (e.g., UVEX+LSST+Euclid) and compare them with known cosmic structures 

Science builds on GAMA, ELVES, SAGA, DESI, Merian, …

C
redit: Joanna P

iotrow
ska-K

arpov

Frontiere+ 2022



Ultraviolet Explorer 9

Figure 6. UVEX will obtain spectra of the lowest-
metallicity galaxies in the local universe. Orange dots are
measurements from HST , blue squares indicate the known
sample selected for UVEX followup. HST can still make
some progress in the lighter shaded blue regions but probing
the darker blue region requires UVEX .

2018, Endsley et al. 2021). Twenty very low-metallicity
galaxies too faint for HST but accessible to UVEX have
already been identified (Berg et al. 2019; Izotov et al.
2019a,b; Senchyna & Stark 2019a; see Figure 6). New

systems will be selected from the first year of UVEX
imaging based on UV-optical spectral energy distribu-
tions (SEDs), good proxies for age, metallicity, and dust
(Senchyna et al. 2019b), and confirmed with follow-up
optical spectroscopy. UVEX exposure time calculator
(ETC) simulations indicate 2–80 ksec exposures for the
existing sample of 20. Exposures for the UVEX sample
will be at the lower end of this range as bright systems
will be prioritized. We provide more details (e.g., extinc-
tion, targeted excitation states) on the sample and cal-
culations for the UV line measurements in Appendix A.

3.1.3. The Magellanic Clouds: A Laboratory for
Low-Metallicity Stars

Massive star evolution is key for understanding galaxy
evolution, and mass loss and multiplicity are key for un-
derstanding massive stars. Mass loss from stellar winds
in massive single and binary stars are driven by high
energy radiation pressure which is uniquely observed
through absorption line spectroscopy of resonance lines
in the UV – only stars with the very highest mass loss
rates exhibit wind features in the optical (Hillier 2020).
Metallicity is a key parameter in wind-driven mass loss
due to the strong metallicity dependence of wind opac-
ity (Vink & Sander 2021). However, at fixed metallicity
and spectral type, there is significant variation in wind
properties. These variations are currently not under-

Figure 7. The UVEX spectrograph is optimized for observ-
ing nebular emission lines over the crucial wavelength range
of 1500–2000Å. (Left) A gri image of a local extremely metal-
poor galaxy showing HST/COS and UVEX spectroscopic
apertures. (Right) A simulated UVEX spectrum of a ⇠1%
Z� low-mass galaxy at 100 Mpc compared to HST/COS for
similar integration times.

stood and may reflect variation in the past history and
current evolutionary stage of the objects, including pos-
sible consequences of the presence of a nearby compan-
ion and/or prior interaction. Indeed, the binary fraction
increases with stellar mass while interactions between
close binaries are more common at lower metallicities as
stars can grow to larger sizes (Moe et al. 2019).

Binary interactions have dramatic evolutionary con-
sequences. A third of all massive stars are expected
to lose their hydrogen-rich envelopes via mass trans-
fer or common envelope ejection (Sana et al. 2012; de
Mink et al. 2014; Moe et al. 2019), leaving hot and
compact helium cores exposed (i.e., a stripped star).
As prolific sources of ionizing radiation, low-metallicity
stripped stars helped power cosmic reionization (Stan-
way et al. 2016; Götberg et al. 2019, 2020b; Secunda
et al. 2020). Binary stripped stars are thought to be pre-
cursors to many merging compact objects (e.g., merging
neutron stars [NSs]; Tauris et al. 2017; Vigna-Gómez
et al. 2020; Ye et al. 2020); while extremely compact
stripped binaries may themselves be sources of GWs de-
tectable with the Laser Interferometer Space Antenna
(LISA) (Götberg et al. 2020b; Nelemans et al. 2004; Wu
et al. 2020). However, our knowledge of stripped stel-
lar systems is essentially unconstrained by data. Only
a handful candidate stripped stars have been identified
so far, most of them in the form of an sub-dwarf O star
(sdO) paired with a rapidly rotating Be star (Thaller
et al. 1995; Peters et al. 2008, 2013; Wang et al. 2017,
2021). Some objects have been caught soon after the
mass transfer before the stripped star has reached ther-
mal equilibrium and is still bloated and cooler than its
sdO counterpart (Shenar et al. 2020; Bodensteiner et al.
2020; Frost et al. 2022). In many cases, these systems
cannot be su�ciently characterized from the optical to

Low-Mass Galaxy Frontier - Extreme LMLZ Galaxies
Diagnose the physical processes that drive  

LMLZ galaxy formation through UV spectroscopy
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Figure 6. UVEX will obtain spectra of the lowest-
metallicity galaxies in the local universe. Orange dots are
measurements from HST , blue squares indicate the known
sample selected for UVEX followup. HST can still make
some progress in the lighter shaded blue regions but probing
the darker blue region requires UVEX .

2018, Endsley et al. 2021). Twenty very low-metallicity
galaxies too faint for HST but accessible to UVEX have
already been identified (Berg et al. 2019; Izotov et al.
2019a,b; Senchyna & Stark 2019a; see Figure 6). New

systems will be selected from the first year of UVEX
imaging based on UV-optical spectral energy distribu-
tions (SEDs), good proxies for age, metallicity, and dust
(Senchyna et al. 2019b), and confirmed with follow-up
optical spectroscopy. UVEX exposure time calculator
(ETC) simulations indicate 2–80 ksec exposures for the
existing sample of 20. Exposures for the UVEX sample
will be at the lower end of this range as bright systems
will be prioritized. We provide more details (e.g., extinc-
tion, targeted excitation states) on the sample and cal-
culations for the UV line measurements in Appendix A.

3.1.3. The Magellanic Clouds: A Laboratory for
Low-Metallicity Stars

Massive star evolution is key for understanding galaxy
evolution, and mass loss and multiplicity are key for un-
derstanding massive stars. Mass loss from stellar winds
in massive single and binary stars are driven by high
energy radiation pressure which is uniquely observed
through absorption line spectroscopy of resonance lines
in the UV – only stars with the very highest mass loss
rates exhibit wind features in the optical (Hillier 2020).
Metallicity is a key parameter in wind-driven mass loss
due to the strong metallicity dependence of wind opac-
ity (Vink & Sander 2021). However, at fixed metallicity
and spectral type, there is significant variation in wind
properties. These variations are currently not under-

Figure 7. The UVEX spectrograph is optimized for observ-
ing nebular emission lines over the crucial wavelength range
of 1500–2000Å. (Left) A gri image of a local extremely metal-
poor galaxy showing HST/COS and UVEX spectroscopic
apertures. (Right) A simulated UVEX spectrum of a ⇠1%
Z� low-mass galaxy at 100 Mpc compared to HST/COS for
similar integration times.

stood and may reflect variation in the past history and
current evolutionary stage of the objects, including pos-
sible consequences of the presence of a nearby compan-
ion and/or prior interaction. Indeed, the binary fraction
increases with stellar mass while interactions between
close binaries are more common at lower metallicities as
stars can grow to larger sizes (Moe et al. 2019).

Binary interactions have dramatic evolutionary con-
sequences. A third of all massive stars are expected
to lose their hydrogen-rich envelopes via mass trans-
fer or common envelope ejection (Sana et al. 2012; de
Mink et al. 2014; Moe et al. 2019), leaving hot and
compact helium cores exposed (i.e., a stripped star).
As prolific sources of ionizing radiation, low-metallicity
stripped stars helped power cosmic reionization (Stan-
way et al. 2016; Götberg et al. 2019, 2020b; Secunda
et al. 2020). Binary stripped stars are thought to be pre-
cursors to many merging compact objects (e.g., merging
neutron stars [NSs]; Tauris et al. 2017; Vigna-Gómez
et al. 2020; Ye et al. 2020); while extremely compact
stripped binaries may themselves be sources of GWs de-
tectable with the Laser Interferometer Space Antenna
(LISA) (Götberg et al. 2020b; Nelemans et al. 2004; Wu
et al. 2020). However, our knowledge of stripped stel-
lar systems is essentially unconstrained by data. Only
a handful candidate stripped stars have been identified
so far, most of them in the form of an sub-dwarf O star
(sdO) paired with a rapidly rotating Be star (Thaller
et al. 1995; Peters et al. 2008, 2013; Wang et al. 2017,
2021). Some objects have been caught soon after the
mass transfer before the stripped star has reached ther-
mal equilibrium and is still bloated and cooler than its
sdO counterpart (Shenar et al. 2020; Bodensteiner et al.
2020; Frost et al. 2022). In many cases, these systems
cannot be su�ciently characterized from the optical to

Lead: Danielle Berg (Texas)

UVEX imaging will help discover local 
extreme star-forming LMLZ galaxies  

UVEX will obtain deep spectroscopy for  
dozens of local extreme LMLZ galaxies

Science builds on HST CLASSY survey: stellar winds, gas-
phase high ionization abundances, carbon production 
mechanisms, feedback, outflows, …

Credit: Danielle Berg, Peter Senchyna



UVEX Spectroscopy — leverages improvements in UV technology

14

UVEX designed for 
sensitivity across 
crucial UV band



Galaxy Frontier Science - Hot Stars in the LMC/SMC
Determine the evolution of hot single and binary stars in the Magellanic clouds  

• UVEX time series imaging identifies hot stars, rare binaries, and eclipsing systems  

• Stacked LMC/SMC imaging reaches SNR>=30 at mUV=25 to find stripped stars 

• UV spectroscopy of ~1000 hot stars/binaries to measure stellar winds
15

HST/COS

Lead: Hugues Sana (Lueven)
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My focus: stars stripped in binaries

Ylva Götberg University of Amsterdam 2

Stripped star

(see e.g. Morton 1960, Smak 1962, Paczyński 1966,
Kippenhahn 1969b, Yungel’Son 1973, van der Linden 1987)

Why stripped stars?

- Proof of binary 
interaction

- Ionising photons

- Progenitors to 
SN Ibc

Stripped star
From Ylva Gotberg

Making of a stripped star

• Unambiguous signpost of 
binary mass transfer 

• Most clearly identified 
through UV color excess 

• Very few observed to date 

• UVEX should detect ~104 
stripped star candidates in 

LMC and SMC

UVEX depth: MUV ~ +6 
LSST depth: Mg ~ +8

Galaxy Frontier Science - Hot Stars in the LMC/SMC
Identifying Stripped Star Candidates in the LMC and SMC

Drout+ 2023
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Ultraviolet Explorer 13

Figure 11. Example spectra showing the C IV doublet in
O-type stars in the SMC. STIS/E140M observations (Wal-
born et al. 2000) are shown in black. The same spectra
smoothed to UVEX resolution are shown in red. Because
key features of the UV resonance lines (e.g., terminal veloc-
ities, peak intensities) are so prominent, they are preserved
at the resolution of UVEX . The low metallicity of the SMC
means these wind features are among the weakest and least
pronounced. The UV line fidelity is equally well-preserved
for stronger winds typically found in the higher metallicity
LMC (Crowther et al. 2016).

sample of events to probe viewing angle di↵erences and
spectral information to remove degeneracies in models.
While HST has the sensitivity, its FOV is too small and
it does not respond fast enough. While Swift has rapid
response, its FOV and sensitivity are insu�cient to find
the UV counterparts at early times (GW170817 was first
detected in the optical band). ULTRASAT will have a
larger FOV and rapid response in NUV but lacks the
needed two-band coverage extending into the FUV. UL-
TRASAT is also much less sensitive than UVEX , cor-
responding to an event rate ⇠7 times less than UVEX ,
without considering sensitivity losses from host Galaxy
contamination due to ULTRASAT ’s coarser (1300) PSF.

Figure 12. The simulated UVEX spectrum (SNR = 10
at the C IV doublet) of a typical LMC metallicity O-star
spectrum with an average wind velocity, zoomed in on the
C IV resonance line. By fitting for the blue edge of the C IV
P-Cygni profile, we recover the wind velocity to within a few
percent. UVEX will enable the accurate determination of
massive star wind speeds for 1000 hot, massive single and
binary stars in the LMC and SMC.

Figure 13. The simulated UVEX spectrum (SNR = 5 at
the N V doublet) of a 3M� stripped star with an expected
typical wind velocity zoomed in on the N V resonance line.
By fitting for the blue edge of the N V P-Cygni profile, the
wind velocity can be recovered to within ⇠ 10%; 20% for
the weakest wind cases. UVEX will enable the accurate
determination of massive star wind speeds for ⇠ 100 stripped
stars in the LMC and SMC.
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O-type stars in the SMC. STIS/E140M observations (Wal-
born et al. 2000) are shown in black. The same spectra
smoothed to UVEX resolution are shown in red. Because
key features of the UV resonance lines (e.g., terminal veloc-
ities, peak intensities) are so prominent, they are preserved
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pronounced. The UV line fidelity is equally well-preserved
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Figure 13. The simulated UVEX spectrum (SNR = 5 at
the N V doublet) of a 3M� stripped star with an expected
typical wind velocity zoomed in on the N V resonance line.
By fitting for the blue edge of the N V P-Cygni profile, the
wind velocity can be recovered to within ⇠ 10%; 20% for
the weakest wind cases. UVEX will enable the accurate
determination of massive star wind speeds for ⇠ 100 stripped
stars in the LMC and SMC.
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Figure 10. Predicted light curves for two types of binaries containing stripped stars detectable with UVEX time-series
photometry in the Magellanic Clouds. Left two panels show an eclipsing binary containing a 7M� main-sequence star and a
2M� stripped star. Deep eclipses are apparent in the UV, where the stripped star contributes almost half of the total light.
Shallower eclipses are apparent in the optical (e.g. Rubin/LSST u-band), but these would be misinterpreted as being due to a
normal main-sequence companion without the UV data. Right panels show a 4M� stripped star with a neutron star companion
at di↵erent orbital periods in the FUV; the predicted variability is due to a combination of ellipsoidal variability and Doppler
beaming. Such a system will evolve to become a binary neutron star.

(BKN) (Metzger et al. 2010), with the blue colors imply-
ing an ejecta composition dominated by relatively light
r-process elements (e.g., Se, Br, Kr). The source of the
ejecta could be neutrino-driven winds from an accretion
disk (Kasen et al. 2015; Metzger et al. 2008) or material
squeezed from the interface of the colliding stars. How-
ever, challenges exist with both models (Fernández et al.
2019; Sekiguchi et al. 2015). The composition and mass
of the ejecta constrain the NS mass ratio and EOS.

The merger of a NS and BH o↵ers another potential,
but less certain, opportunity to probe extreme physics,
BH formation, and relativistic phenomena. LIGO re-
ported detections of the first NS-BH mergers in its O3
observing run (Gottlieb et al. 2018). However, either the
mass ratio was too large for EM emission, or poor GW
spatial localizations precluded meaningful EM counter-
part constraints. If there is a large amount of debris
(Bhattacharya et al. 2019), UV observations combined
with the GW signal will a↵ord better constraints on the
BH mass and spin distribution (Duez et al. 2010; Özel
et al. 2010). Many of the same processes inferred in
GW170817 may be present in a NS-BH merger, and
early-time UV detections or strong limits on the EM
flux are the best way to probe these processes (Metzger
et al. 2015; Bulla et al. 2019).

The future for probing EM emission from GW
events is bright over the next decade (Figure 1).
The LIGO/Virgo/KAGRA GW interferometers are cur-
rently executing a major upgrade (termed A+) that will
come online in the fifth observing run (O5) in 2025–26.
The sixth observing run (O6) is planned to last 18–24
months beginning in 2028 with LIGO India added, dra-
matically improving the number of well-localized BNS
events. In O4 to O5 to O6, the expected rate of BNS
mergers localized to <100 deg2 increases from 7 to 47 to
117 per year (Abbott et al. 2017c, 2021). UVEX will
follow up a sample of �20 NS mergers with localizations
<100 deg2 within hours of the event, which requires it
to detect events as far away as 250 Mpc (for details
on the simulations that give rise to these numbers, see
Section 4.7). Given the UVEX sensitivity, it will reach
events to 850 Mpc in NUV and 450 Mpc in FUV for ei-
ther BKN or shock models. For these events, UVEX will
obtain high-quality two-band light curves (Figure 14).

For achieving the scientific goals enumerated above,
only UVEX provides the envisioned capabilities. Two-
band measurements extending to the FUV are crucial
to understanding the early explosive stages, when the
emission peaks in the UVEX FUV band. Quantita-
tive constraints on emission models require a significant

Time series imaging and targeted spectroscopy to characterize hot single and binary stars

Eclipsing MS + stripped star binary
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Credit: Ylva GotbergCredit: Kareem El-Badry
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Figure 23. Cramér-Rao bounds on the uncertainties (i.e., the theoretical precision) in [Fe/H] obtained using di↵erent combi-
nations of UVEX and Rubin band photometry, assuming photometric uncertainties of 0.02 mag. Though UVEX detects fewer
low-temperature stars than Rubin, it will achieve lower uncertainties in [Fe/H], particularly for hot (and therefore preferentially
young) stars.

mographic maps of Milky Way stellar metallicity were
a boon to Galactic archaeology, identifying chemically
distinct subcomponents within our Galaxy.

Combined with Rubin optical photometry in the
Southern Hemisphere and PS1 optical photometry in
the Northern Hemisphere, UVEX will allow an even
more sensitive determination of stellar metallicity. Al-
though FUV-NUV color alone is not su�cient to deter-
mine metallicity, the combination of UVEX photometry
and optical colors will allow a much more sensitive deter-
mination of stellar metallicity than possible with optical
data alone. Specifically, NUV�g color is far more sensi-
tive to metalicity than u � g color. Because the UVEX
all-sky survey is slightly shallower than the Rubin u-
band, it will observe fewer stars than Rubin. However,
UVEX will obtain much more precise metallicities per
star, particularly for hot stars (see Figure 23). UVEX
will obtain NUV photometry of ⇠300 million Milky Way
stars, probing a significant fraction of the entire Galaxy
(see Figure 24).

4.3. Galaxy Formation

One of the primary motivators in extragalactic astron-
omy is to understand how galaxies form and evolve over

cosmic time. This is an enormous enterprise that has
spanned decades, engaged hundreds if not thousands of
astronomers world-wide, and occupied major fractions
of observing time on the ground and in space. While
much is known, next-generation surveys could revolu-
tionize our understanding of the field if and only if they
exploit the full power of the electromagnetic spectrum.
UV imaging and spectroscopic surveys are an essen-
tial component of this revolution. This is because the
UV measures SFR averaged over a timescale which is
matched to evolutionary changes in galaxies, ⇠ 100 Myr.
Optical probes such as H↵ are noisy averages of only
⇠ 10 Myr, while IR traces reprocessed UV radiation
in massive, metal-rich galaxies. UV is uniquely sensi-
tive to the lowest mass, lowest metallicity systems that
are virtually dust-free (Fisher et al. 2014) and represent
analogues to the first galaxies (Figure 25). The UV also
cleanly probes small amounts of residual star formation
in otherwise passively evolving galaxies, essential for un-
derstanding how and why galaxies quench individually
and collectively (Figure 26). UV spectroscopy probes
key elements including carbon, whose abundance is oth-
erwise poorly constrained. UV spectroscopy also pro-
vides unique access to signatures of the circumgalactic
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Figure 4. Stellar density in Galactic coordinates in Moll-

weide projection for GeDR3mock in the top, GDR2 in the

middle, and the fractional di↵erences in the bottom panel.

For GDR2 and GeDR3mock24. These queries count the
stars and average the phot bp rp excess factor25 in
magnitude bins (the excess factor has not been mod-
elled in GeDR3mock). The data is shown in Figure 5
where the density distribution is given for GeDR3mock
and GDR2 in the left and middle panel respectively. We
see that GDR2 lacks sources26 below the grey dashed
line. The line indicates where the number of stars drops
sharply when cutting on GBP < 22mag. It seems to
be a limit where the bulk part of sources is getting
lost in GDR2 (with G< 20.7mag). In the right panel
of Figure 5 we see that sources which go below that

24
For GeDR3mock we add measurement noise to the photome-

try and also half the query volume by requiring the random index

to be lower than 786728660 (as TABLESAMPLE() does not work

on views).

25
Excess of flux in the BP and RP integrated photometry with

respect to the G band. In the absence of nearby sources this value

should be close to 1. Large values indicate contamination of BP

and RP photometry.

26
The term ’sources’ is used for GDR2 data because not all

entries are stars. For GeDR3mock the term ’star’ is equivalent to

’source’, since all entries are stars.

line have issues with contaminated BP and RP mea-
surement. Similarly the very blue stars in the GDR2
data have no counterpart in GeDR3mock. Again these
stars have high phot bp rp excess factor, which is not
modelled in GeDR3mock. The other structures in the
CMD are fairly well reproduced. With respect to cat-
alog selection function there are only 1.6M sources in
GDR2 (5M if including sources with G> 20.7) with
GBP > 22mag, while GeDR3mock has 36M.

5. CATALOG CONTENT & LIMITATIONS

The catalog contains 1,573,457,319 stars. It is hosted
at GAVO27 and can be queried via gedr3mock.main.
Example queries see Section 6. A bulk download is also
available.28

5.1. Data model and Catalog Content

Our catalog, by design, mimicks the GDR2 data
model, which will be similar in Gaia EDR3. Some
fields are filled with NULLs rather than omitted in or-
der for GDR2 ADQL queries not to throw errors. Values
like phot bp rp excess factor or ruwe are not easy to
model because they depend on the actual measurement,
but one could train models on the real data to predict
those values for the mock catalog, using the method pre-
sented in Section 2.5 (notebook 8).
Entries in GeDR3mock that have no counterpart in

the GDR2 data model are now explained:

• phot g mean mag error For convenience we pro-
vide magnitude errors for all photometric bands.
These are only good approximations of the flux
error for small values.

• phot rvs mean mag Since we have the isochrone
models with an approximate RVS band29 we also
provide RVS mag (simply computed assuming a
Vegamag zeropoint) because it is useful to select
magnitude complete RVS samples.

• popid The popid from the Besançon model (c.f.
table 4; halo = 8 and bulge = 9), additionally
having the Magellanic clouds = 10 and the open
clusters = 11.

• d11y The visibility is given in percentage. Can be
lower than 100 due to bright sources in the near
vicinity (see Section 3.1).

• index parsec Is an index for joining the main
mock catalog to other photometric bands/extinc-
tions in the gedr3mock.parsec props table.

27
http://dc.g-vo.org/tap

28
https://dc.zah.uni-heidelberg.de/gedr3mock/q/download/

29
GRVS transmission curve: https://github.com/jan-rybizki/

Galaxia wrap/blob/master/notebook/isochrone generation/

passband/rvs gedr3mock.dat

Deep Synoptic Surveys – Milky Way Stellar Metallicites
Ancillary Science: UVEX photometric metallicities of 300 millions stars in MW

Gaia MW mock catalog

Gaia DR2 catalog

Cramer-Rao bound metallicity precision 
 for UVEX + LSST/Pan-STARRS

Rybizki+ 2020 Credit: Greg Green



Dynamic Universe - Community triggered ToOs
Provide a resource for the community to explore the dynamic sky through rapid 
UV spectroscopic follow-up — ~60 days of UVEX is community ToO time 
 

Broad absorption lines in stars being 
eaten by supermassive black holes 

Energetic flares on active stars

Relativistic supernovae - UV-bright  fast 
blue optical transients

Accretion physics at the end of the stellar 
lifecycle – novae, low-mass X-ray binaries
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By providing the first rapid spectroscopic UV follow-up capability UVEX enables a 
broad range of time-domain science and opens tremendous discovery space



UVEX — 2030 launch, 2 year prime mission
• Modern, all-sky, cadenced FUV+NUV imaging (and UV spectra)  

• >100x deeper than GALEX 

• ~60 days of community ToO time 

• Transient alerts in real time  

• All data public via IPAC 

• Strong synergy with LSST, Euclid, Roman, UNIONS, SPHEREx, PFS, DESI, …  

• Low-mass, Low-Metallicity Galaxy Science 
• Find and map millions of LMLZ galaxies to ~1.5 Gpc (z~0.3) 

• Targeted UV spectroscopy of extreme LMLZ galaxies 

• LMC/SMC: deep, cadenced imaging and targeted spectroscopy of hot stars 

• Collaboration with the broader community (e.g., spectroscopic follow up, large 
volume simulations, HI surveys, Magellanic Cloud science, LMLZ galaxy searches, …) 

• Looking for postdocs and/or grad students in the upcoming year
20

uvex.caltech.edu Kulkarni+ 2021


