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~400 late-type galaxies within 11 Mpc
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11 Mpc Halpha Ultraviolet Galaxy Survey
Kennicutt+08 (Halpha), JC Lee+11 (UV)Bok 90” @KPNO

0.9m @CTIO

1.8m VATT @Mt Graham

GALEX (Martin+05)



~400 late-type galaxies within 11 Mpc

~260 galaxies in complete sample
|b|> 20 deg, B<15, T>0
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11 Mpc Halpha Ultraviolet Galaxy Survey
Kennicutt+08 (Halpha), JC Lee+11 (UV)

>80% of sample less luminous, 
lower SFR than LMC
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Lesson 1: H⍺ does not faithfully trace SFR in 
the low density regime (SFRs<0.01 Msun/yr)



L(Ha)/L(FUV) systematically declines for 
dwarf galaxies

Population synthesis assumptions 
underlying L(Ha)/L(FUV) or SFR/L=C

• universal IMF (Salpeter, Kroupa)
• fully populated IMF (Mup=100)
• stellar evolution tracks and model 

atmospheres (Z=Z�)
• continuous star formation over teq
• case B recombination (for Ha); no 

leakage of ionizing photons
• L represents intrinstic, dust corrected 

values

JC Lee+ 09b
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~10 O stars in ~5000 Msun SSP
à SFR ~10-3 Msun/yr



L(Ha)/L(FUV) systematically declines for 
dwarf galaxies

Population synthesis assumptions 
underlying L(Ha)/L(FUV) or SFR/L=C

• universal IMF (Salpeter, Kroupa)
• fully populated IMF (Mup=100)
• stellar evolution tracks and model 

atmospheres (Z=Z�)
• continuous star formation over teq
• case B recombination (for Ha); no 

leakage of ionizing photons
• L represents intrinstic, dust corrected 

values
~10 O stars in ~5000 Msun SSP

à SFR ~10-3 Msun/yr
da Silva+ 14



L(Ha)/L(FUV) systematically declines 
below SFR~0.01 Msun/yr

• FUV more robust to stochasticity
• Ha underestimates SFR

JC Lee+ 09b
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SFR, gas depletion times 
underestimated with 
Halpha (gray) vs. FUV (color)

L(Ha)/L(FUV) systematically declines 
below SFR~0.01 Msun/yr

• FUV more robust to stochasticity
• Ha underestimates SFR
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Lesson 1: H⍺ does not faithfully trace SFR in 
the low density regime
à
FUV is essential for measuring 
SFRs<0.01 Msun/yr
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Lesson 2: 
Different tools required to model the observed 
properties of systems where the upper IMF is 
not fully sampled (dwarf galaxies, extended 
UV/outer disks, star clusters)



A cascade of problems when SF does not fully sample IMF

Stellar IMF stochastically sampled above 
~20 Msun for SFRs < 0.01 Msun/yr

Modeling of physical properties related to 
massive stars non-deterministic, e.g.,
• SFR over Myr timescales
• Ages of YSCs
• Escape fraction of ionizing photons
• 𝛼-element yields

But standard population synthesis models 
predict SEDs by scaling/summing properties 
of 105 -106 Msun SSP

Require tools to perform synthesis star by 
star, provide PDFs for physical properties.
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Stellar IMF stochastically sampled above 
~20 Msun for SFRs < 0.01 Msun/yr

Modeling of physical properties related to 
massive stars non-deterministic, e.g.,
• SFR over Myr timescales
• Ages of YSCs
• Escape fraction of ionizing photons
• 𝛼-element yields

But standard population synthesis models 
predict SEDs by scaling/summing properties 
of 105 -106 Msun SSP

Require tools to perform synthesis star by 
star, provide PDFs for physical properties.

Fouesneau+12

Colors of 
stochastically 

modelled single 
aged populations

HST photometry 
of star clusters in 

PHANGS spiral 
galaxies

JC Lee+ in prep
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Lesson 3:
H⍺/FUV as a burst indicator not as 
straightforward as initially imagined.



Constraints on “burstiness” (amplitudes, 
frequencies, durations) key test of galaxy 
simulations, feedback, esp in dwarfs, high-z

Modeling of physical properties related to 
massive stars non-deterministic, e.g.,
• SFR over Myr timescales
• Ages of YSCs
• Escape fraction of ionizing photons
• Chemical yields
SSP assumptions in standard population 
synthesis models violated

H⍺/FUV as a burst indicator

Flores Velázquez +21

FIRE simulation predictions
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Modeling of physical properties related to 
massive stars non-deterministic, e.g.,
• SFR over Myr timescales
• Ages of YSCs
• Escape fraction of ionizing photons
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≈

H⍺/FUV as a burst indicator

Iglesias-Páramo+04

Halpha/
FUV

FUV/
Halpha

Mehta+23, subm
also Patel+23, subm

Halpha/
FUV

Modeled Halpha/FUV 
time variation for 

burst+constant SFR

Model range of tau 
models, burst 

durations, metallicities
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FIRE simulation predictions
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FIRE simulation predictions

Original science driver for 
11 Mpc Hα UV Galaxy Survey

JC Lee+ 09b



H⍺/FUV as a burst indicator
Original science driver for 

11 Mpc Hα UV Galaxy Survey

JC Lee+ 09b

Modeling of Lee+09b,11 data: 
“galaxies below 10 7.5 Msun undergo large 
(maximum amplitudes of ∼100) and rapid 
(τ<30 Myr) bursts, while galaxies above 108.5

Msun experience smaller (maximum 
amplitudes ∼10), slower (τ ~300 Myr) bursts”

• Such large bursts not seen from dwarf 
galaxy CMDs (e.g., McQuinn+10)

• Inconsistent with Hα EW distirbution and 
optical color distirbutions 

• Forward modeling with stochastic 
population synthesis models needed, 
perhaps much larger samples



H⍺/FUV as a burst indicator
Original science driver for 

11 Mpc Hα UV Galaxy Survey

JC Lee+ 09b

• Such large bursts not seen from dwarf 
galaxy CMDs (e.g., McQuinn+10)

• Inconsistent with Hα EW distirbution and 
optical color distirbutions 

• Forward modeling with stochastic 
population synthesis models needed, 
perhaps much larger samples

EW of FUV stellar features (C IV, Si IV) may 
more reliably trace SF bursts than 
Halpha/FUV (stacked MOSDEF z~2 LRIS 
spectra) à test locally



GALEX (Martin+05)

Lesson 4:
It is easier to study spiral galaxies...



NGC 628 - MIRI F770W/F1000W/F1130W/F2100W
Image Credit: NASA / ESA / CSA / Judy Schmidt

PHANGS-JWST Treasury Survey
JC Lee, Sandstrom, Leroy, Thilker, Schinnerer, Rosolowsky+23 
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Lesson 4:
It is easier to study spiral galaxies...

à
Forward modeling of H⍺, FUV, optical SED of 
tens of thousands of UVEX dwarf galaxies with 
stochastic population synthesis models to 
constrain burstiness (SFH), stochasticity, maybe 
constrain variations in upper IMF at low 
metallicity?



JC Lee+11

11Mpc 
Local Volume 
Legacy Survey

UVEX will provide the very large 
samples of dwarf galaxies within 
100 Mpc needed for proper PDF 
modeling of observed properties 
in the stochastic regime

M(FUV) = -10 à
SFR ~10-3 – 10-4 Msun/yr

M(FUV)=25 à
M(FUV) = -10 @ 100 Mpc!



~400 star forming galaxies within 11 Mpc

~260 galaxies in complete sample
|b|> 20 deg, B<15, T>0

+
~170 additional galaxies 

11 Mpc Halpha Ultraviolet Galaxy Survey
Kennicutt+08 (Halpha), JC Lee+11 (UV)

80% of sample less luminous, 
lower SFR than ~LMC
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11 Mpc Halpha Ultraviolet Galaxy Survey
“11HUGS”



11 Mpc Halpha Ultraviolet Galaxy Survey



"I have this thing where I get older but just never wiser" T. Swift

1000 HUGS with UVEX starting 2028



1000 HUGS with UVEX starting 2028

Lessons for UVEX Exploration of the Low Mass Galaxy Frontier from GALEX

• FUV essential for measuring SFRs<0.01 Msun/yr; H⍺ unreliable
• Standard population sythesis, SFR recipes not appropriate for deriving 

properties of systems where the upper IMF is not fully sampled (dwarf 
galaxies, extended UV/outer disks, star clusters)

• H⍺/FUV as burst indicator, other parameters must be modeled using 
stochastic population synthesis

• Forward modeling of FUV, H⍺, optical SEDs of large samples of dwarf 
galaxies can potential provide constraints on burstiness and IMF 




