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Our Members in FY2024

« Total of 13 members including 8 students

« Conducting wide variety of researches on
observational cosmology/galaxy formation







Observing Early Universe at z>2

« Key to understand several important processes
— Large-scale structure formation
— Cosmic reionization
— First galaxy formation/galaxy evolution/AGN-galaxy
— Star formation at high redshifts (star formation efficiency, IMF)
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Observing Early Universe at z>2

« Key to understand several important processes
— Large-scale structure formation
— Cosmic reionization
— First galaxy formation/galaxy evolution/AGN-galaxy
— Star formation at high redshifts (star formation efficiency, IMF)
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Structure Formation and Evolution
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Galaxy preferentially form in cosmic nodes
Gas-Galaxy interplay is critical in galaxy
formation and evolution
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The Densest QSOs at z~2

« QSO overdensity of 30x the cosmic mean (at 170)
« With spatial offset to galaxies — Lya emitters mapped by Subaru/HSC
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The Densest QSOs at z~2

« Reconstruct IGM tomography using spectra of background quasars.
« A bimodal ionizing structure is identified.
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The Densest QSOs at z~2

* An extreme protocluster with preheating IGM/rich dust?
» A progenitor of cluster merger in the local universe?
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Galaxy-IGM correlation at z~2

Sun, Dongsheng
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Observing Early Universe at z>2

« Key to understand several important processes
— Large-scale structure formation
— Cosmic reionization
— First galaxy formation/galaxy evolution/AGN-galaxy
— Star formation at high redshifts (star formation efficiency, IMF)
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Distance Galaxies are...

« Faint: 25-30 magnitudes, x1019 fainter than Sirius
« Red: due to redshift Agps=(1+2z) X Ay

— Hubble space telescope: up to 1.6um (z~11)
* Need a large infrared telescope — JWST

Distant galaxy
Sun -27 mag Sirius -1 mag Uranus 6 mag 25 mag

| cI) (NASA) (Harikane et al.)



James Webb Space Telescope (JWST)

 Infrared telescope with 6.5m-diameter mirror

— Hubble: 2.4m
— Launch on 2021 Dec. 25th, first data on 2022 July 12th

Main mirror (6.5m-diameter)
Combination of 18 segment mirrors

Gold-coated

Sun-shield
Keeping 40 K by shielding sunlight




Comparison with Other Telescopes

» Sensitivity improved by x10-1000 at infrared
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https://www.stsci.edu/jwst/about-jwst/history/historical-sensitivity-estimates

Comparison with Other Telescopes

« Spatial resolution by from 0.6°’@ground to <0.1”

COS-zs7-1 (zspec=7.154, Myy=—21.9)
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HI Fraction at z=7-12 Obtained by
Lycx Damplng Wing Absorption

Stack galaxies with luminous
continua detected by JWST
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beyond z=7.
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HI Fraction at z=7-13 Obtained by

CEERS-01038

fa [16'20 erg s-1cm2A-1]

CEERS-01023
20:=7.776

Lya Equivalent Width

=]

120!

Lo sbal 1 1 L
0 1210 1220 1230 1240 1250 1260

Arest [A]

Nakane, Minami

« Stack galaxies with Lya
emission detected by JWST
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, : cosmic reionization.
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Many AGNs at z>4!

e Mg ~106-107 M., higher than z~0 M.-Mg,,

relation
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Significantly lower Mgy than quasars at z>4

Harikane, Yuichi
(Assistant Prof.)

BH-BH binary of these BHs can be detected with LISA?
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Observing Early Universe at z>2

« Key to understand several important processes

— Large-scale structure formation

— Cosmic reionization

— First galaxy formation/galaxy evolution/AGN-galaxy

— Star formation at high redshifts (star formation efficiency, IMF)
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Cosmic Star Formation Rate Density

« SFR density evolution at z~0-10
— HST results (e.g., Bouwens+15, Finkelstein+15)

« Constant star formation efficiency model (SFr/(dm,/dt))
— Reproducing evolution at z=0-10, 10-9-5(1+2) gt z>10
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JWST Galaxy Sample at z~9-16

* Atotal of 23 galaxy candidates at z~9-16
— 90 arcmin? from ERO+ERS NIRCam images
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Number /mag/Mpc?

Comparison with Models

Surprisingly larger number of galaxies than models
— Tension between models and observations
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Spec-z Cosmic SFR Density at z=9-12

e UV-SFR: SFR(]\/[@ yr_l) — ICUVLUV(erg g HZ_I).
Kov=115x10"2 M yr~!'/(ergs 'Hz!)
» Tension with constant efficiency models at z>10
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Size of z>10 Galaxies

* R.=200-300 pc w/ Sersic index=1-1.5 (disk)

— Consistent w/ size evolution at z=9-16 w/ (1+z)12

« GL-z12-1 is very compact (r,=60 pc e RN
_ ry. pact (1 pc) Ono, Yoshiaki
— Why this galaxy is so compact? (Assistant Prof.)
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Dynamics of GN-z11

* Dynamics of the most luminous z>11 galaxy,
mapped by JWST/NIRSpec IFU observation (res~0.1")
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Observing Early Universe at z>2

« Key to understand several important processes
— Large-scale structure formation
— Cosmic reionization
— First galaxy formation/galaxy evolution/AGN-galaxy
— Star formation at high redshifts (star formation efficiency, IMF)
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