
    
      Fig. 3. 
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Spectral energy distributions of the galaxies in our target sample, sorted by increasing observer-frame z − K color (rest-frame NUV  −  g at z  =  3.5). The observed photometry is shown with open black squares and gray error bars, and the best-fitting stellar continuum template from FAST++ obtained assuming z  =  zphot is shown in gray in the background. For galaxies with a measured spectroscopic redshift (see Sect. 3.3), we display the best-fitting template at z  =  zspec in orange, and the photometry corrected for emission line contamination with red squares.



    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
Calibration of the criterion for redshift reliability, p, using simulated spectra. The p value quantifies the probability that the measured redshift lies within Δz  =  0.01 of the true redshift. The x-axis shows the p value estimated from the P(z) of the simulated spectra, and the y-axis is the actual fraction of the simulated redshift measurements that lie within Δz  =  0.01 of the true redshift. The line of perfect agreement is shown wish a dashed black line. The relation obtained with C  =  2 (see text) is shown with colored lines for simulated spectra of different K-band magnitude (the S/N given in parentheses corresponds to 70 Å bins), and for all magnitudes combined in black. All simulated galaxies with K  =  22 had an estimated p ∼ 100% and are therefore shown as a single data point in the top-right corner. The relation for all magnitudes and C  =  1 is shown in gray for comparison.



    

  
    
      Fig. 7. 
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From left to right: MOSFIRE spectrum, redshift probability distribution, and false-color image of the galaxies with a measured zspec. The galaxies are sorted as in Fig. 6. The spectrum on the left is displayed as a function of rest-frame wavelength. The observed spectrum is shown with a black solid line and blue shading, and the best-fit model obtained at the end of the redshift fitting procedure is shown in red. The uncertainty is shown as a dark shaded area at the bottom of each plot, and the 2D spectrum is displayed at the top, with smoothing to enhance the display. For the redshift probability distribution, the p(z) from the spectra are shown in red, while the p(z) from the photometry (EAzY) are shown in dark blue. Finally, the false-color images are composed of the WFC3-F125W (blue), WFC3-F160W (green) and Ks bands (red, either from ZFOURGE, HawK-I, or Ultra-VISTA), with linear scaling. Each image is 3.6′′  ×  3.6′′ across. We also show the extents of the MOSFIRE slits as a dotted yellow rectangles.



    

  
    
      Fig. 10. 
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Stacked rest-frame optical spectrum of the eight spectroscopically confirmed z > 3 galaxies with no strong emission lines (i.e., all the galaxies with robust or uncertain redshifts at z > 3, except ZF-COS-20133 and ZF-UDS-8197). The stacked MOSFIRE spectrum is shown in black, normalized to unit flux density at λ ~ 0.48 μm, and the error spectrum is shown in shaded gray at the bottom. We overlay the stacked model spectrum of all the galaxies in red (as obtained in Sect. 4.1), and we indicate the main absorption and emission lines with colored lines (blue: emission, green: absorption, orange: Balmer series) with labels at the top of the figure. The residuals of the spectrum, after subtracting the stacked model and normalizing by the uncertainty, are displayed at the bottom of the figure.



    

  
    
      Fig. 11. 
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UVJ colors of our candidate quiescent galaxies targeted with MOSFIRE. The legend is the same as in Fig. 9. The black solid line is the quiescent-or-star-forming dividing line used in S14. For galaxies with no spectroscopic redshift, shown in small gray symbols, the colors shown were computed at z  =  zphot. For galaxies with a spectroscopic redshift, the colors shown were computed at z = zspec; the colors initially computed at z  =  zphot and without the correction for emission lines are shown with empty squares, and blue lines connect the old (empty black circle) and new (colored star or square) colors of a given galaxy . These values are listed in Table 3.



    

  
    
      Fig. 12. 
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Photometry and models of ZF-COS-20133. The observed photometry is shown as black circles with gray error bars. Our model spectrum and photometry using the fiducial SFH parametrization Eq. (2) is shown in blue, and the model without the additional late burst Eq. (1) is shown in red/orange. The fit parameters are given in inset. At the top of the figure, we show the star formation histories of both models. The time axis was split in half to better display the behavior during the last 200 Myr.



    

  
    
      Fig. 13. 
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Comparison of sSFR estimates from several sources: SED modeling with FAST++ (black), Hβ luminosity (blue), [O II] luminosity (green), and, when available, LIR from ALMA (orange). The error bars for all quantities indicate the 90% confidence interval. The line luminosities were corrected for dust attenuation using the AV from the SED modeling. Each galaxy with a spectroscopic redshift at z > 3 is shown in a different column. For visualization purposes we limit the minimum sSFR to 10-3 Gyr-1, which is indicated with the dotted line; galaxies on this line are actually at lower sSFR. The blue horizontal line gives the average sSFR of main-sequence galaxies (see Sect. 4.4).



    

  
    
      Fig. 14. 
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Best fit specific SFR (sSFR) as a function of stellar mass for galaxies at 3 < z < 4, as derived from their UV-to-NIR SEDs. The whole ZFOURGE sample (in COSMOS and UDS) is shown as small dots, and the z > 3 quiescent galaxies observed with MOSFIRE are shown as red stars with gray error bars. Filled and open symbols refer to galaxies with and without a zspec, respectively (values are listed in Table 3). The locus of the main sequence for the ZFOURGE galaxies is shown with a blue line. Different definitions for “quiescence” are shown in gray: the one we adopted in this paper, sSFR = sSFRQ = 0.15 Gyr−1 (dashed), sSFR = 1/(3 tH (dot-dashed, tH being the age of the Universe), and sSFR = 0.01 Gyr−1 (dotted). The sSFR measured in stacks of ALMA imaging at z ∼ 4 is shown with yellow squares (Schreiber et al. 2017), and was corrected down by a factor 1.3 to account for redshift evolution of the sSFR between z  =  3.5 and z  =  4. As in Fig. 13, for display purposes we place a limit on the minimum sSFR of 10−3 Gyr−1, which is indicated with the dashed pink line. The hashed region on the bottom left shows the region of this parameter space where the ZFOURGE catalogs are incomplete because of the Ks magnitude limit.



    

  
    
      Fig. 15. 
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Summarized star-formation histories of our z > 3 quiescent galaxies. Galaxies are sorted by descending redshift, and are each displayed on a separate line. The black vertical bar indicates the redshift at which the galaxy is observed. The orange and blue bands show the 90% confidence range for the quenching and formation redshifts, respectively. Bars of darker colors indicate the corresponding best fit values. These values are listed in Table 3.



    

  
    
      Fig. 16. 
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Probability distributions functions (PDF) of the quenching (top) and formation (bottom) lookback times for our z > 3 quiescent galaxies observed with MOSFIRE. For each quantity we show the average of the individual PDFs with a solid line, the mean of the population with a darker vertical line (error bars are the error on the mean), as well as the distribution of values measured in a z  =  3.5 snapshot of the MERAXES semi-analytic model (SAM) with a dashed line (the dashed vertical bar indicates the mean value for the MERAXES galaxies).



    

  
    Table A.2. 

Galaxies targeted with MOSFIRE, properties from photometric redshift.




	ID
	zphot
	M*
	U − V
	V − J



	
	
	1011 M⊙
	rest, AB
	rest, AB





	ZF-COS-10559
	
[image: equation]

	0.23
	
[image: equation]

	
[image: equation]




	ZF-COS-14907
	
[image: equation]

	0.47
	
[image: equation]

	
[image: equation]




	ZF-COS-17779
	
[image: equation]

	0.43
	
[image: equation]

	
[image: equation]




	ZF-COS-18842
	
[image: equation]

	0.40
	
[image: equation]

	
[image: equation]




	ZF-COS-19589
	
[image: equation]

	0.64
	
[image: equation]

	
[image: equation]




	ZF-COS-20032
	
[image: equation]

	2.54
	
[image: equation]

	
[image: equation]




	ZF-COS-20115
	
[image: equation]

	1.24
	
[image: equation]

	
[image: equation]




	ZF-COS-20133
	
[image: equation]

	0.24
	
[image: equation]

	
[image: equation]




	3D-EGS-18996
	
[image: equation]

	0.86
	
[image: equation]

	
[image: equation]




	3D-EGS-26047
	
[image: equation]

	1.03
	
[image: equation]

	
[image: equation]




	3D-EGS-27584
	
[image: equation]

	4.54
	
[image: equation]

	
[image: equation]




	3D-EGS-31322
	
[image: equation]

	0.98
	
[image: equation]

	
[image: equation]




	3D-EGS-34322
	
[image: equation]

	0.43
	
[image: equation]

	
[image: equation]




	3D-EGS-40032
	
[image: equation]

	1.98
	
[image: equation]

	
[image: equation]




	ZF-UDS-3651
	
[image: equation]

	0.77
	
[image: equation]

	
[image: equation]




	ZF-UDS-4347
	
[image: equation]

	0.31
	
[image: equation]

	
[image: equation]




	ZF-UDS-6496
	
[image: equation]

	0.79
	
[image: equation]

	
[image: equation]




	ZF-UDS-7329
	
[image: equation]

	1.67
	
[image: equation]

	
[image: equation]




	ZF-UDS-7542
	
[image: equation]

	0.70
	
[image: equation]

	
[image: equation]




	ZF-UDS-8197
	
[image: equation]

	0.36
	
[image: equation]

	
[image: equation]




	3D-UDS-27939
	
[image: equation]

	0.54
	
[image: equation]

	
[image: equation]




	3D-UDS-35168
	
[image: equation]

	0.32
	
[image: equation]

	
[image: equation]




	3D-UDS-39102
	
[image: equation]

	0.86
	
[image: equation]

	
[image: equation]




	3D-UDS-41232
	
[image: equation]

	1.52
	
[image: equation]

	
[image: equation]








  
    Table A6. 

Summary of SFR estimates from SED modeling or emission lines.




	ID
	SFR10a
	Line
	[image: equation]
b

	[image: equation]
c




	
	M⊙ yr−1
	
	M⊙ yr−1
	M⊙ yr−1





	Confirmed z > 3 galaxies



	ZF-COS-17779
	[image: equation]

	Hβ
	3.4 ± 0.8
	[image: equation]




	...
	...
	[O II]
	1.1 ± 0.6 
	[image: equation]




	ZF-COS-18842
	[image: equation]

	Hβ
	3.6 ± 8.9
	[image: equation]




	...
	...
	[O II]
	0.0 ± 1.9
	[image: equation]




	ZF-COS-19589
	[image: equation]

	Hβ
	3.8 ± 5.6
	[image: equation]




	ZF-COS-20115
	[image: equation]

	Hβ
	0.0 ± 1.8
	[image: equation]




	...
	...
	[O II]
	0.0 ± 1.6
	[image: equation]




	ZF-COS-20133
	[image: equation]

	Hβ
	11.2 ± 1.1
	[image: equation]




	...
	...
	[O II]
	0.0 ± 0.8
	[image: equation]




	3D-EGS-18996
	[image: equation]

	Hβ
	0.0 ± 1.9
	[image: equation]




	...
	...
	[O II]
	3.6 ± 2.0
	[image: equation]




	3D-EGS-26047
	[image: equation]

	Hβ
	36.0 ± 17.0
	[image: equation]




	...
	...
	[O II]
	6.8 ± 2.6
	[image: equation]




	3D-EGS-31322
	[image: equation]

	Hβ
	11.9 ± 8.8
	[image: equation]




	...
	...
	[O II]
	3.6 ± 2.3
	[image: equation]




	3D-EGS-40032
	[image: equation]

	Hβ
	5.6 ± 5.4
	[image: equation]




	...
	...
	[O II]
	10.3 ± 2.3
	[image: equation]




	ZF-UDS-8197
	[image: equation]

	Hβ
	4.0 ± 4.1
	[image: equation]




	...
	...
	[O II]
	0.0 ± 0.2
	[image: equation]



	



	Interlopers at z < 3



	ZF-COS-20032
	[image: equation]

	Hα
	3.9 ± 1.5
	[image: equation]




	...
	...
	Hβ
	1.0 ± 2.7
	[image: equation]




	3D-UDS-27939
	[image: equation]

	Hα
	12.8 ± 0.9
	[image: equation]







(a) 
Notes. SFR estimated from the SED modeling, averaged over the last 10 Myr preceeding observation.


(b) SFR estimated from the observed emission line luminosity, without correcting for dust attenuation.


(c) Same, but corrected for dust attenuation using the best-fit AV from the SED modeling.





  
    
      Fig. B.2. 

      
        [image: thumbnail]
      

      
Ratio of uncertainties derived by bootstrapping the 1D spectra against that obtained by formally propagating the uncertainties from the 2D spectra and assuming uncorrelated Gaussian noise. The values shown are the median of the ratios among all the targets within the mask (COS-W182) and error bars show the error on the median. We show this ratio for the two bands (H in blue, K in red) as a function of spectral binning. The dashed line indicates the binning adopted in this work.



    

  
    Table B.1. 

Wavelength chunks used to define the Ak functions in the telluric correction.




	[image: equation]




	H
	K





	1.450
	1.900



	1.565
	1.951



	1.585
	1.961



	1.615
	1.980



	1.660
	1.991



	1.670
	2.009



	1.850
	2.035



	
	2.060



	
	2.090



	
	2.200



	
	2.300



	
	2.450
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