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The WFC3 Infrared Spectroscopic Parallel Survey 
(WISP):  an efficient blank sky survey

• Slitless grism spectroscopy over 
0.8-1.7 micron (G102, G141) + 
imaging (F606W, F814W, 
F110W, F160W, IRAC 3.6 um).  
Typically divided into 4-5 orbits.


• Over 150 fields, in cycles 17, 18, 
19, 20, 21.   1643 orbits. 


• Line flux limit ~few times 10-17 
erg s-1 cm-2 ,  broad-band limits 
25-26AB (HST) or  24AB (IRAC)

data at:  http://wisps.ipac.caltech.edu


http://wisps.ipac.caltech.edu


Prior WISP Results:

(Masters et al. 2012)

Dominguez et al. (2013)
Colbert et al. (2013)

Masters et al. (2014)

show possible nitrogen enhancement

WISP/FIRE stack

Literature



The WISP Mass-Metallicity Relation

Combining G102+G141 grisms measures metallicity from 1.3 < z < 2.3



Gas-Phase Metallicities tell us about gas-flows

• We can set up a “closed-box” model for galaxy formation and learn from 
deviations from the model. 


• M = Mgas + Mstars 


• Ṁ = 0 = Ṁgas + Ṁstars   (no sinks or sources!)


• if metallicity, Z = Mmetals/Mgas


•  y =  yield = mass of metals produced per mass of stars 


• Z(t) = - y  ln (Mgas / Mgas + Mstars) 




In fact, gas-phase metallicity is correlated with 
stellar mass.

Tremonti et al. (2004)

• Qualitatively, you could 
interpret the M-Z relation as 
lower mass galaxies being 
less chemically evolved.


• BUT! The slope is not correct 
for a closed box 


• Low mass galaxies have 
too few metals for the 
amount of gas that they 
have.  --> implies gas 
loss. 



Goal: Higher Redshifts and Lower Masses  
• Lower Masses allow for 

more stringent tests of 
models (i.e. outflows are 
most important!) 


!

• Better redshift coverage 
tells us how gas-flows 
evolve

z~0.8 (Zahid et al. (2011) 



Goal: Higher Redshifts and Lower Masses  
• Lower Masses allow for 

more stringent tests of 
models (i.e. outflows are 
most important!) 


!

• Better redshift coverage 
tells us how gas-flows 
evolve

z~2.2 (Erb et al. 2006) 



Goal: Higher Redshifts and Lower Masses  

z~1-2 (Wuyts et al. 2012) 



The WISP Mass-Metallicity Relation

Combining G102+G141 grisms measures metallicity from 1.3 < z < 2.3, 
to much lower stellar masses.



The WISP MZ relation at <z> = 1.8

• First result from 29 fields


• We stacked spectra from 64 star-
forming galaxies from WISP and 
the 19 from the UDF.  Four mass 
bins.  


• Selection: secure redshifts from 
more than one line, and no 
contamination from overlapping 
spectra


• No requirement that Hβ be 
detected in individual spectra

Henry et al. (2013, ApJ, 776, 27L ) 



R23 ([OIII] + [OII] / Hb) determines metallicity.  
(Stack averaged line ratios break double-valued degeneracy) 

Kewley & Dopita (2002)

Henry et al. (2013, ApJ, 776, 27L) 



The Low Mass Evolution of the MZ relation

• high-z MZ relation is steep! 
Possibly steeper than 
momentum-driven winds 


• Evolution ~0.3 dex (factor 
of 2 in 10 Gyr)


• Hopkins et al. (2012, 
MNRAS, 421, 3522)-- 
lower gas surface density 
in dwarfs (and disks) leads 
to energy-driven winds?  
evolution from preferred 
momentum driving?  
Larger samples/lower 
masses needed.

Henry et al. (2013, ApJ, 776, 27L) 



• The (near) future of IR grism 
metallicity studies:  

• Extend MZ relation to lower masses using strong 
gravitational lensing.  (hundreds of galaxies)


• AND! resolved gas-phase metallicities! (tens of 
galaxies)


• First Results:  Schmidt, Treu et al. (2014, ApJ, 782, 
36L)


• Web: http://glass.physics.ucsb.edu/
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Preliminary Result 
Courtesy of  

Tucker Jones

http://glass.physics.ucsb.edu


Conclusions

• Using the WFC3 IR grism data, the WISP survey  extends previous MZ relations 
an order of magnitude in stellar mass, reaching  108.0 Msun at 1.3 < z < 2.3.   


• After controlling for calibration differences, we find good agreement with the 
previous  “best measurement” of the MZ relation from Erb et al. (2006).    


• At fixed mass, metallicities are only ~0.3 dex lower than at z~0.1, indicating that 
gas-phase metallicities have increased only by a factor of ~2 in the last 10 Gyrs.  


• Theoretical models of the MZ relation favor slightly favor energy-driven winds at 
these masses and redshifts, but larger samples at low masses are needed to 
verify this result. 


• Pure parallel observing can produce robust multiwavelngth survey science, 
essentially for free.  


