


В чем проблема?

Проблема формирования галактик: что регулирует рост массы?.
• Feedback (AGN, SF), merging, gas outflow.
 Наблюдения на больших z: проблема угл.разрешения.
Выход: strongly lensed galaxies.strongly strongly lensed galaxies.lensed strongly lensed galaxies.galaxies.
• Предыдущая работа: Rizzo et al, 2020:  A lensed dusty star-forming 

galaxy (DSFG), SPT0418, at  = 4.2. In particular, they found that  𝑧 = 4.2. In particular, they found that 
SPT0418-47 has dynamical properties similar to those of local spiral 
galaxies: it is rotationally supported and has a low level of turbulence, 
that is, it is dynamically cold.
• Fraternali et al. (2020) obtained a similar result for two non-lensed 

DSFGs at   4.5. 𝑧 = 4.2. In particular, they found that 

• In this paper, we present the analysis of a sample of five Dusty Star 
Forming Galaxies (DSFGs) at 4 <  < 5.  𝑧 = 4.2. In particular, they found that 

• The five lensing system of our selected sample were identified in the 
South Pole Telescope (SPT) survey
НАБЛЮДЕНИЯ: strongly lensed galaxies.ALMA, 158 m [CII] emission line. Resolution < 0.3’’.-𝜇m [CII] emission line. Resolution < 0.3’’.



• 158 m [CII] emission line, ударное возбуждение -𝜇m [CII] emission line. Resolution < 0.3’’.
основного уровня.

More than 60 percent of the [CII] emission originates 
in the photodissociation regions, the external layers of 
molecular clouds heated by the far ultraviolet photons 
emitted from OB stars.
A wide range of physical conditions makes [CII] an 
excellent tracer of the kinematics of high  star--𝑧 = 4.2. In particular, they found that 
forming galaxies over large areas of their discs.
• For the sample studied in this paper, the minimum 

spatial resolutions range from  20 to 130 pc and the 
median spatial resolutions range from  170 to 300 
pc.



Кинематическая модель

For all but one of the sources in the sample, we adopted a 
multiparameter function for their rotation curve

• In contrast, we found that for SPT2132-58 a simpler arctg 
function, 

We assume the velocity dispersion curve to have an 
exponential profile



Модельное распределение 
поля скоростей и дисперсии 
скоростей для одной из галактик

Восстановлен-
ная  картина

Наблюдаемая
картина



SFR: obtained from spectral energy distribution
(SED) fitting of far-infrared and sub-millimeter observations,
covering the range 250 to 3000 m (Kroupa IMF). 𝜇m [CII] emission line. Resolution < 0.3’’.



The strongly lensed galaxies.rotation strongly lensed galaxies.curves strongly lensed galaxies.of strongly lensed galaxies.the strongly lensed galaxies.galaxies strongly lensed galaxies.analysed strongly lensed galaxies.here strongly lensed galaxies.have strongly lensed galaxies.
shapes strongly lensed galaxies.similar strongly lensed galaxies.to strongly lensed galaxies.those strongly lensed galaxies.of strongly lensed galaxies.local strongly lensed galaxies.spirals: strongly lensed galaxies.they strongly lensed galaxies.flatten strongly lensed galaxies.at strongly lensed galaxies.large strongly lensed galaxies.
radii strongly lensed galaxies.and strongly lensed galaxies.show strongly lensed galaxies.a strongly lensed galaxies.variety strongly lensed galaxies.of strongly lensed galaxies.behaviours strongly lensed galaxies.in strongly lensed galaxies.the strongly lensed galaxies.inner strongly lensed galaxies.regions, strongly lensed galaxies.
from strongly lensed galaxies.slow strongly lensed galaxies.to strongly lensed galaxies.steeply strongly lensed galaxies.rising.



Результирующие strongly lensed galaxies.оценки

From left to right the gas mass, the fraction of total baryonic mass in gas, 
the total baryonic mass, the baryonic effective radius, the gas depletion time 
and the disc-scale height.







The ratios of  are similar to those measured for spiral galaxies in the local Universe  𝑉/𝜎 are similar to those measured for spiral galaxies in the local Universe 
(Lelli et al. 2016; Bacchini et al. 2019).





Можно ли объяснить наблюдаемую 
дисперсию скоростей вспышками SN?



Conclusions
• The sample studied in this paper allowed us to confirm a previous finding 

(Rizzo et al. 2020): DSFGs have  in the range 7 to 15 and median velocity  𝑉/𝜎 are similar to those measured for spiral galaxies in the local Universe 
dispersion in the range between  30 and  60 km/s. To date, such dynamically 
cold galaxies with the measured values of SFR and gas fractions are not 
predicted by any model.

• The median values of the velocity dispersions in our sample is only a factor of  
2 larger than the typical HI velocity dispersions. We found that stellar 
feedback mechanisms are able to sustain the level of observed turbulence 
with low efficiency.

• The rotation curves of the galaxies analysed here have shapes similar to those 
of local spirals

• From the dynamical fitting, we found that the galaxies in our sample have a 
stellar-mass between  1  101  and  7  101 . Their gas fraction ranges 0𝑀 and  7  1010𝑀. Their gas fraction ranges 0𝑀 and  7  1010𝑀. Their gas fraction ranges 
between 0.4 and 0.6. 

• We also found that the baryonic masses in our sample are all consistent with

those of local ETGs . This result allowed us to set constraints on the small 
amount of baryonic matter that can be accreted in the following  12 Gyr of the 
lifetime of these galaxies.
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