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Formation and evolution of massive galaxies that we see in the present Universe is a
consequence of complex phenomena with a mixture of galaxy mergers, environmental effects,
and various star formation histories. Thus, understanding how and when massive galaxies
acquired their stellar structures across cosmic time remains as a fundamental question in
modern astronomy. Spatially resolved information on the interstellar medium (ISM) in distant
star-forming galaxies (SFGs), a direct progenitor of nearby massive galaxies, is crucial for
addressing this conundrum. This thesis presents the spatially resolved studies on SFGs at
kiloparsec (kpc) to sub-kiloparsec (sub-kpc) resolutions throughout the active phase of cosmic
star formation history, from the cosmic dawn (z ~ 6) to the end of the cosmic noon (z ~ 1).

First, I present the morphological and kinematical studies of two galaxy clusters at cosmic
noon (1 <z < 1.5) and show that star formation activity in the cluster SFGs, traced by either
dust continuum or Paa line emission, is more compact than the distributions of stellar or
molecular gas, indicating that they are in the active phase of bulge formation. Kinematical
analysis shows that the majority of cluster SFGs are rotation-dominated and exhibit a flat
rotation curve from 1 kpc to 5 kpc radius, indicating a dense mass distribution at the center.
Second, 1 conduct the joint analyses on sub-kpc resolution Atacama Large
Millimeter/submillimeter Array (ALMA) and James Webb Space Telescope (JWST) images of
three luminous submillimeter galaxies (SMGs) at 3 < z < 4.5. Given the heterogeneous and
incoherent morphologies among various wavelengths and sources, I identify multiple pathways
to trigger active star formation in SMGs: secular instability in gas disks in addition to possible
minor mergers, and a combination of the efficient gas supply to the central core induced by a
gas-rich major merger and the reformation of cold gas disk. Finally, I investigate the spatial
extent of the [CII] line emission in 34 SFGs on the star-forming main sequence at 4 <z < 6
through the interferometric visibility analyses. I find that [CII] line emission is in general more
extended than rest-frame UV and FIR continua but can be well-characterized by a single
exponential disk component. These results suggest that the spatial extent of [CII] line emission
can primarily be explained by photodissociation regions associated with star formation activity,
while the contribution from diffuse neutral medium (atomic gas) may further expand the [CII]
line distributions, causing their variations among our sample.

In summary, these findings suggest that SFGs form their stellar structure in diverse ways across
cosmic time, and that the origins of their intense star formation vary among the sample.
However, due to the spatial variation among the ISM tracers, the use of single ISM tracer can
potentially lead to misinterpretations of their structural formation. Future studies should
scrutinize individual galaxies by observing multiple tracers (CO/[CI]/[CII]/dust continuum)
and conduct statistical surveys at sub-kpc resolution to comprehend the prevalence of each
evolutionary pathway.
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