


ПРОБЛЕМА

• Over the last two decades, the contrast between the 
dramatic improvement in measurements of the stellar 
properties of high-z galaxies (e.g. Madau & Dickinson 
2014) and the lack of information on their Hi properties 
has become more and more stark.
• It has not been possible to detect Hi 21 cm emission 

from individual galaxies beyond even fairly low 
redshifts, z > 0.4, with the highest-redshift detection till 
date at z = 0.376 (e.g. Fernandez et al. 2016).
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ПОЯВИЛАСЬ НОВАЯ ВОЗМОЖНОСТЬ:
A progress can be made by ‘’stacking" the Hi 21 cm emission signals 
of a large number of galaxies with known spectroscopic redshifts, that 
lie within the primary beam of a radio interferometer.



Цель работы

• Recently Chowdhury et al. (2020) used the new receivers and 
the new wideband correlator of the upgraded Giant 
Metrewave Radio Telescope (GMRT) to obtain the first 
detection of the stacked Hi 21 cm emission. They stacked the 
Hi 21 cm emission signals from 7,653 star-forming galaxies at 
z = 0.74 – 1.45 to measure the average Hi mass of star-
forming galaxies at z~ 1.

• In this Letter, we report an independent  400-
hour GMRT search for Hi 21 cm emission from a 
sample of star-forming galaxies at z = 1.18- 
1.39.



Использовался глубокий обзор  DEEP2 Galaxy Redshift 
Survey. Its redshift coverage extends out to z ≈ 1.4 
(Davis et al. 2003; Newman et al. 2013), due to the use 
of the high spectral resolution (R = 6000) mode of the 
DEIMOS spectrograph on the Keck II Telescope, allowing 
the clear identification of the O IIλ3727 doublet out to z ≈ 
1.4. 







                        Выборка

• The DEEP2 DR4 catalog contains 3,109 galaxies with accurate redshifts (Newman et al. 
2013), for which the redshifted Hi 21 cm line frequency lies within our frequency coverage, 
and that lie within the  FWHM of the GMRT primary beam at the redshifted Hi 21 cm line 
frequency.
• the DEEP2 selection criterion (R <24.1) preferentially picks out blue star-forming galaxies at 

z > 1 (e.g. Weiner et al. 2009). 
• Для однородности выборки (starforming galaxies) исключались «красные» (для 

данного z)  галактики(162) – по Willmer et al 2006 (the rest-frame MB versus U-B color-
magnitude diagram of DEEP2 galaxies shows that the color-magnitude bimodality seen in 
galaxies locally is still present at redshifts z>1)
• Исключались AGN (по континууму) (238).
• Складывались области  1500 km/s  вокруг каждой галактики (всего 3596 

независимых спектров).  Размер области вокруг каждой галактики на z~1 – 
около 60 kpc.
• After excluding galaxies that fail the Gaussianity tests, our sample contains 2,841 blue star-

forming galaxies at z = 1.18-1.39.





Предыдущая работа на GMRT для 857 галактик 
обзора  DEEP2 (наблюдения 2011 года)

До усреднения                                          После усреднения





РЕЗУЛЬТАТЫ по  HI

• <Mhii> = (3.09 ± 0.61) 1010 Ms, for the 2,841 blue star-
forming galaxies at <z> ~ 1.3.
• Increasing the size of the beam beyond 60 kpc does not 

result in a statistically-significant increase in the 
average Hi 21 cm emission signal. We thus find no 
evidence that the average Hi 21 cm emission from star-
forming galaxies arises from a region larger than 60 
kpc.



• We obtain a median rest-frame 1.4 GHz luminosity of L1.4GHz = (3.93  0.30)  
1022 W Hz-1. Using the SFR calibration of Yun et al. (2001), this implies a 
median SFR of (14.5± 1.1) Ms /yr.



РЕЗУЛЬТАТЫ ПО ЭВОЛЮЦИИ

• The average properties of our galaxies are consistent with those 
of the star-forming main-sequence at z ~ 1.3 (e.g. Whitaker et al. 
2012; Leslie et al. 2020).
• The typical Hi masses of main-sequence galaxies at z~ 1.3 are 

significantly larger than their stellar masses, with an average Hi-
to-stellar mass ratio <MHI/M*> of 2.6  0.5. This is very different 
from the situation in the local Universe, where the Hi-to-stellar 
mass ratio is only  0.4, for blue star-forming galaxies with a 
similar stellar mass distribution.
• Менее массивная половина галактик (<M*>~4 109 Ms) имеют 

более высокое значение <MHI/M*> = 7.4±2.2, более  
массивная – 1.61±0.44 (это средне-взвешенные значения).



Сравнение с СО-газом

• CO emission studies of similar main-sequence galaxies at 
z ~1.2 have shown that their molecular gas mass is 
comparable to the stellar mass (e.g Tacconi et al. 2020). 
Our results thus indicate that the atomic gas content of 
star-forming galaxies at this epoch is larger than their 
molecular gas content.
• ТАКИМ ОБРАЗОМ,
at this epoch, star-forming galaxies contain nearly four 
times more cold gas, including both atomic and molecular 
gas, than stars, very different from the local Universe.



ГАЛАКТИКИ Z~1.3 – 
В КОНЦЕ АКТИВНОЙ СТАДИИ ИСЧЕРПАНИЯ ГАЗА

The average Hi depletion timescale <tdep Hii >= 2.13±0:45 
Gyr. In the local Universe, the Hi depletion time for the 
main-sequence galaxies is  7 Gyr (e.g. Saintonge et al. 
2017).
• The short Hi depletion timescale is comparable to 
the timescale on which the cosmic SFR density 
declines after its peak at z~  1 - 3.



ТАКИМ ОБРАЗОМ, 

• main-sequence galaxies in the local Universe can continue 
to quiescently form stars at their current SFR for  5 -10 Gyr 
without the need for fresh gas accretion, as long as there is 
efficient conversion of Hi to H2. Conversely, main-sequence 
galaxies at z ~1.3 can sustain their current SFR for only ~ 2 
Gyr unless their Hi reservoir is replenished.
• Our results are thus consistent with the hypothesis of Bera 

et al. (2018) and Chowdhury et al. (2020) that 
the quenching of star-formation activity at z < 1 may 
arise due to insufficient gas accretion, resulting in a 
paucity of neutral gas to fuel further star-formation.
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