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Population of EELGs at low to intermediate redshifts

• At z=0, so-called "green peas" shows extremely strong [OIII]5007 line (Cardamone+2009) 

• EELGs appear to be more important at higher redshifts and spectroscopically studied at z<3 
(e.g., van der Wel+2011; Maseda+2014; Amorín+2015)  

• They typically show compact morphologies, low metallicities, and high ionization parameters 

• EELGs become a more dominant and important population at the epoch of reionization

(Cardamone+2009)
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Why studying EELGs at z~3?

• Closer to the reionization epoch 

• [OIII] and Hβ can be observed from the ground, while only photometrically 
accessible at z>4 with current facilities (e.g., Faisst+2018; Harikane+2018) 

• Neutral hydrogen starts being important, yet not too significant (Inoue & Iwata 2008)

Faisst+2016
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Search for EELGs at z>3

• Photometry and photo-z from 
the COSMOS2015 catalog 

• Derive best-fit SEDs without 
K-band data and compute the 
model continuum flux 

• Look at Δ(K)=K(obs)-
K(model) vs K(model) diagram 
like the standard narrow-band 
selection method 

• Δ(K)=0.3 corresponds to 
EWobs([OIII]+Hβ)=1000Å
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EELG candidates as K-band emitters

• A population showing K-band excess flux exists at 3<z<3.7 

• The distribution of the excess has a very long tail up to 3 
magnitudes 

• 240 EELG candidates are found over ~0.5 deg2 field

Normal SFGs at z~3.3 
(Onodera+2016)



Near-IR spectroscopic follow-up

• Subaru/MOIRCS (recently upgraded to 
H2RG detectors) with HK500 grism (R~600) 

• 23 K-band emitters in 3 masks 

• About 2 hour integration per mask 

• (z>3, z<3, non detection) = (19, 2, 2)



Rest-frame optical spectra of observed K-emitters



Rest-frame optical spectra of observed K-emitters



Are EELGs at z>3 on the main sequence?

EELGs at z>3 are distributed above the star-forming 
main-sequence, especially at low mass



Any AGN contamination?

• No X-ray/Herschel/VLA 
detection 

• No broad line 
(FWHM>~500km/s) 

• 2 MIPS 24μm sources 
(one at z>3) 

• MEx diagram (calibrated 
at z=0) indicates some 
massive EELGs at z~3 
are AGNs 

• Low-mass EELGs are 
consistent with SF

Star-forming

Seyfert/LINER



EW([OIII]) vs galaxy properties

• Large EW([OIII]) are seen in low mass galaxies with high sSFR 

• Mstar vs EW([OIII]) relation is similar between z~2.3 SFGs z~3.3 EELGs 

• EELGs at z~3.3 show systematically higher EW([OIII]) than z~2.3 SFGs 

• Efficient ionization of [OIII], indicating high ionization parameters



[OIII]/[OII] and R23 ratios

• Much higher [OIII]/[OII] ratios at a given mass compared to z=0 galaxies.  Even higher [OIII]/[OII] ratios 
compared to normal MS galaxies at z~3.3 (Onodera+2016), more similar to LAEs at z>3 (Nakajima+2016) 

• Most of EELGs at z>3 are on the low metallicity branch of R23  

• EELGs at z>3 appear to have low metallicities and high ionization parameters 

• Almost all EELGs with log(Mstar)<9 show large [OIII]/[OII] values, i.e., high ionization parameter



Ionizing photon production efficiency ξion

ξion: Number of hydrogen ionizing photons 
per UV photon 

Assumption 
• SMC extinction curve for dust correction 
• No Lyman continuum escape

ξion =
QH0

LUV

L(Hβ) = 1.36 × 10−12QH0/2.86

Leitherer & Heckman 1995; Bouwens+2015; Nakajima+16



ξion vs EW([OIII])

• Lower ξion than intermediate-z EELGs 

• Similar distribution to LAEs at z=3.1 with measured Lyman continuum escape 

• Maybe due to higher f(LyC) at higher redshift? [ξion,true=ξion/(1-fesc)]



Summary
We searched EELGs at z>3 by looking at K-band excess and found >200 of them in 
COSMOS UltraVISTA UltraDeep stripes 

Follow-up near-IR spectroscopy was carried out for 23 of the candidate EELGs and 
successfully identified 19 EELGs at 3<z<3.6 with a median of 3.3 

Most EELGs at z>3 are above the star-forming MS at the similar redshift 

No direct indication of the presence of AGN, though MEx diagram shows a hint of it 

EW([OIII]) correlates with stellar mass and sSFR, indicating efficient ionization of ISM 

[OIII]/[OII] and R23 ratios suggests high ionization parameters and low metallicities 
similar to LAEs at the similar redshift 

Ionizing photon production rates ξion correlate strongly with EW([OIII]) 

LyC escape fraction may  be higher than that of intermediate-z EELGs 

These EELGs are good targets for follow-up for rest-frame UV spectroscopy


