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Scientific Goals 

Ø  Galaxy Catalog out to 200 Mpc 
Ø  Pinpoint an electromagnetic counterpart of  a gravitational wave event 
Ø  Assisting transient surveys (e.g. ZTF, LSST, VLASS, etc.) 

Ø  Star formation rate (SFR) density at z=0 
Ø  Reduce cosmic variance 

Ø  SFR(Ha)/SFR(FUV) discrepancy  
Ø  Better constraints for low SFR galaxies 

Ø  Plus many more… 

 



Why Do We Need a Nearby Galaxy Survey? 
Ø  NED, SDSS, +other studies: N~250,000 galaxies 

Ø  B-band light ~50% complete at 200 Mpc 

Courtesy: Mansi M. Kasliwal 

Galaxy: D=20 Mpc 
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PTF  Hα 

λ~6563 Å (z ~ 0) 

Ø  15,000 deg2 of  the sky 
Ø  4 narrow-band filters 

Ø  Hα at different z 
Ø  >75% finished in all filters 
Ø  Observations will be finished by end of  2016 

Cook+16 (in prep) 
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Narrowband Strategy 
 

SDSS gri Hα on – 6630 Å 

6563Å 6630 Å 6720Å 

Hα off - 6563Å 

Hα 

Ø  New Galaxy  
Ø  Hαcolor (On − Off) = 1.5 mag 
Ø  at z ~ 0.017 (~75 Mpc) 
Ø  Hα EW = 675 Å 
 

Continuum 

BOSS - spectra 



Selection Criteria 

Ø  Selection Criteria  
Ø  (Sobral+09,Lee+12) 
Ø  Continuum sources > 3σ 

Ø  mag < 15 
Ø  Excess Hα color > 2.5σ 
Ø  Extended sources 

Ø  Galaxy candidates 
Ø  4 preliminary fields 
Ø  With SDSS coverage 
Ø  N~500 total 
Ø  N=273 new candidates        

Cook+16 (in prep) 

1 Prelim Field 

3σ bright stars 



Comparison to SDSS galaxies 
Ø  Galaxy candidates (4 fields with SDSS overlap) 

Ø  N=273 new candidates        

Ø  ~half  are known SDSS galaxies 

Ø  Completeness (galaxies with redshifts that have Hα in the filter they were found) 

Ø  95% at EW ~ 50 Å 

Ø  75% at EW ~ 20 Å 

Ø  15% are high redshift galaxies (False Positives) 

Ø  Estimated new galaxies: 
Ø  273 * 0.15 (contaminants) * 0.05 (junk via visual inspection) / 4 = 54 per PTF field 

Ø  N=109,000 new galaxies for all ~2000 PTF fields  

Ø  Lower limit on new galaxies - Half  area covered by SDSS à ~150,000 new galaxies? 



New Candidates 

Hα1 Hα2 Hα3 Hα4 

Ø  No redshifts! 

SDSS 



Impressive New Candidates 

Hα1 Hα2 Hα3 Hα4 

r=17 mag 

r=15 mag 

Ø  No redshifts! 

SDSS 



Spectroscopic Follow-up 
Ø  SDSS/BOSS – 20 candidates confirmed 

Ø  Palomar 
Ø  200 inch 

Ø  Awarded 3 nights in 2016 
Ø  1 night – another 21 candidates confirmed 
Ø  2 nights in July 

Ø  Proposing for more 

Ø  60 inch – 60+ hours in Summer-Fall 2016 

Ø  WIRO 2.3m 
Ø  10 nights in April 2016 
Ø  Data still needs to be reduced 



New Local Galaxy 
Discoveries 

Ø  All with BOSS/SDSS spectra  
Ø  Prelim sensitivity using SDSS overlap: 
Ø  EW~tens Å 
Ø  Line flux~1e-15 erg/s/cm2 

EW~580 

EW~260 

EW~10 EW~6 EW~28 EW~675 

EW~125 EW~290 EW~205 EW~15 



Sensitivity 

Rau+2009 – Modified by Cook 

Ø  PTF Hα Sensitivity 
Ø  point source 
Ø  2e-17 erg s-1cm-2  
Ø  1e-15 erg s-1cm-2  
Ø  R~10 Rayleigh 

Ø  In order of  area: 
Ø  PTF – 30,000 deg2 

Ø  PTF – 15,065 deg2 

Ø  SHASSA – 17,000 deg2 
Ø  WHAM – 17,000 Deg2 

Ø  IPHAS – 1,800 deg2 

Ø  Galactic plane 
Ø  VTSS – 1,000 deg2 

 



CLU  
Completeness 

Courtesy: Mansi M. Kasliwal 
A comparison to 11HUGS complete out to 11 Mpc 
- Kennicutt+08, Lee+09 

Ø  PTF Hα Sensitivity 
Ø  EW ~ 20 Å 

 

Ø  At 200 Mpc 
Ø  Log L(Hα) ~ 39.8 erg/s 
Ø  85% complete B-band 
Ø  90% in L(Hα) 
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Gravitational Waves 

? 

Credit: Simulating eXtreme Spacetimes 



Galaxy Science - SFR Density 

? 

Ø  Cosmic SFR density 
Ø  ρ = SFR/Mpc3 

Ø  z=0 Luminosity Function 
Ø  Where is the z=0 anchor??? 
Ø  What is the intrinsic shape??? 

Ø  CLU – 15,000 deg2 
Ø  Less cosmic variance 
Ø  ρerror can be ~ 100% for 

small areas (Stroe+2015) 
Ø  150,000s of  galaxies 

Khostovan+2015 



Galaxy Science - Ha/FUV  
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Figure 5. Same as Figure 2, but corrected for attenuation by dust internal
to the galaxies as described in Section 4.1. Data points which have nebular
attenuations computed from the Balmer decrement are distinguished by red
X’s, and those where the FUV attenuations are based on the TIR-to-FUV ratio
are shown as red crosses. Galaxies for which both Balmer decrement and TIR-
to-FUV based corrections are applied thus appear as red stars. Corrections for
the remaining points are estimated with scaling relationships. The shaded band
represents the range of Hα-to-FUV ratios predicted by commonly used stellar
population models as described in Section 4.2. The dashed lines in the top panel
are given by log (SFR(Hα)/SFR(FUV)) = −0.13 for log (SFR(Hα)) > − 1.5,
and log (SFR(Hα)/SFR(FUV)) = 0.32 log (SFR(Hα))+0.37 for log (SFR(Hα))
< − 1.5. In the bottom panel, the fit is given by log (SFR(Hα)/SFR(FUV)) =
−0.05 MB − 0.99.
(A color version of this figure is available in the online journal.)

Equations (6) and (7) produce a negative correction (i.e., for
TIR/FUV < 0.3). In all, A(FUV) is estimated from A(Hα)
for ∼60% of the galaxies in Table 1. Based on comparison
with TIR/FUV based attenuations (Figure 4), there is a 1σ
uncertainty of ∼17% when estimating A(FUV) from Balmer
decrement based A(Hα) values. When A(Hα) is itself estimated
(Equation (5)), the average uncertainties increase (26%), and
are larger for more luminous objects (MB < −18;∼40%) than
for the dwarf galaxies that dominate our local volume sample
(MB > −18;∼20%).

4.1.3. Comparison of Dust-corrected SFRs

After accounting for the effects of dust using the best available
attenuation value for each galaxy, the Hα-to-FUV flux and SFR
ratios are replotted in Figure 5. Data points where more robust
corrections are applied (i.e., based on Balmer decrements and/
or TIR-to-FUV ratios) are distinguished in red. There are no
significant differences between the trends described by galaxies
where scaling relationships are used to estimate attenuations
and those which have more robust corrections. Binned averages
with 1σ scatters are again given in Table 2. For all galaxies,
the correction increases the FUV flux relative to the Hα flux
(FUV is more attenuated as expected). However, since higher
luminosity galaxies tend to suffer from more attenuation than
those at lower luminosity (e.g., Figure 3), the Hα-to-FUV flux
ratio is depressed by a greater factor at the high-luminosity

end. At L(Hα) ∼ 1041 erg s−1 (SFR ∼ 1 M⊙ yr−1), the ratio
decreases by ∼ 0.2 dex, and as a result falls below the K98 value
(solid line). Galaxies with L(Hα) ! 1038 erg s−1 (SFR(Hα) !
10−3 M⊙ yr−1) are minimally affected. The main consequence is
that the slope above SFR(Hα) ∼ 3 × 10−2 M⊙ yr−1 is flattened
(i.e., the dust-corrected ratio in this regime is constant on
average). Adopting this lower value as the fiducial expected ratio
(instead of the K98 value) would have the effect of mitigating
the relative discrepancy at lower luminosities by 0.1 dex. Even
in this situation however, factor of 2 offsets in the Hα-to-FUV
ratio at SFR(Hα) ∼ 2×10−3M⊙ yr−1, which increase to factors
of "10 at SFR(Hα) = 10−4 M⊙ yr−1, would still remain.

4.2. Stellar Model Uncertainties

Differences in stellar evolution and atmosphere models used
to calibrate Hα and FUV luminosities as SFR indicators give
rise to differences in the respective SFR conversion factors
and hence to the expected Hα-to-FUV ratio. While this will
not produce systematic trends in the ratio as a function of the
luminosity for a given metallicity and IMF, it does define the
fiducial from which deviations are measured. In Figure 5, a
gray-shaded area is overplotted to indicate the range of ratios
based on widely used synthesis models for solar metallicity
and a Salpeter IMF with mass limits of 0.1 and 100 M⊙ yr−1.
These have been computed by Iglesias-Paramo et al. (2004)
and Meurer et al. (2009) for the synthesis codes of Leitherer
et al. (1999; Starbust99), Bruzual & Charlot (2003; BC03), and
Fioc & Rocca-Volmerange (1997; PEGASE). All of the models
primarily adopt stellar evolutionary tracks from the Padova
group (e.g., Girardi et al. 1996 and references therein), but differ
in their treatment of stellar atmospheres. There are uncertainties
of ∼20% in the Hα-to-FUV ratio due to the models alone. The
dust-corrected ratios computed in the last section for the more
luminous galaxies in our sample are within the range of expected
model values. It thus appears reasonable to use galaxies with
SFR(Hα) " 3 ×10−2 M⊙ yr−1 to empirically define the fiducial
Hα-to-FUV ratio at solar metallicity. Hereafter, we measure
deviations from there instead of the K98 value.

4.3. Metallicity

Standard SFR conversion recipes (and hence the expected
Hα-to-FUV ratio) generally assume solar metallicity popula-
tions. However, our sample spans a range of metallicities and
is increasingly dominated by metal-poor dwarfs at low lumi-
nosities and SFRs. Given this trend in sample properties, it is
possible that the variation in the Hα-to-FUV ratio could poten-
tially be driven by systematic variations in metallicity.

Metallicity influences the spectral energy distribution (SED)
through its effect on the stellar opacity. Lower metallicity stars
of a given mass will have lower opacities, lower pressures, and
thus will be relatively smaller and have hotter atmospheres. They
produce a larger number of UV photons (both ionizing and
non-ionizing), so SFR conversions based on solar metallicity
populations will tend to overestimate the true SFR when
applied to metal-poor systems (e.g., Lee et al. 2002, 2009;
Brinchmann et al. 2004). In the same vein however, metal-poor
populations will produce more ionizing flux relative to non-
ionizing UV continuum, leading to larger Hα-to-FUV ratios at
low metallicity. This produces an effect which is the opposite of
that observed, as also previously noted by Sullivan et al. (2000),
Bell & Kennicutt (2001) and Meurer et al. (2009), and therefore
cannot be the cause of the discrepancy.

Ø  At D~50 Mpc 
Ø  PTF Halpha   

Ø  1e-15 erg/s/cm2  
Ø  SFR (M¤/yr) ~ 1e-3 
Ø  15,000 deg2 

Ø  GALEX (5σ)  
Ø  All sky Survey 

Ø  mlim~20.5 mag à SFR (M¤/yr)~1e-2 
Ø  26,000 deg2 

Ø  Medium Imaging 
Ø  mlim~23.5 à SFR (M¤/yr) ~ 6e-4 
Ø  1,000 deg2 
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Ø  Implications 
Ø  Stochastic IMF vs IGIMF  
Ø  Different timescales 
Ø  SSP models 
Ø  L-derived physical properties 

Lee+2009 



Timeline 

Ø  Limiting step is calibration (i.e., SDSS) 

Ø  With SDSS overlap 
Ø  End of  Summer 2016 

Ø  All PTF 
Ø  Will be calibrated to PanStarrs 

Ø  PanStarrs release: this year??? 

Ø  CLU candidates for all PTF timeline: Early-Mid Next year… 



Additional Slides 



Left-to-Go Hα1/Hα2 

Hα3/Hα4 

– 20 dec 

– 20 
~78% done 

~75% done 
Ø  Observations will be 

finished by end of  2016 



Calibration Cook+16 (in prep) 



Completeness:    
Hα Luminosity 

11HUGS - Kennicutt et al., 2008 and Lee et al., 2009 

Ø  CLU completeness 
Ø  ~20 Å EW 

Ø  >85% complete in L(Hα) 



Survey Sensitivity 
Ø  SDSS Equivalent width 

Ø  Limit ~ 20 Å 
Ø  SDSS spec mag 

lim~17.8 mag… 
Ø  EW limit à Flux density 

Ø  1e-15 erg/s/cm2 

Ø  ~9 Raleighs 

Cook+16 (in prep) 



High-z Elliptical Galaxies 



Galaxy Catalog 

Cook+2014c 

200 Mpc 100 Mpc 

SD
SS

 

Ø  What kind of  galaxies will we 
probe? 

Ø  Halpha emission lines 
Ø  Star-forming galaxies  



Bigiel+08 

Kennicutt-Schmidt 
Law? 

PTF Hα 


