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Long-duration GRBs:
Probes of Star-forming Activity

LGRBs can be used as an unbiased tracer of star formation?
e.g., Perley+13, Greiner+15

Need to understand the properties of LGRB hosts
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ALMA cycle 3

* 10 hosts were observed

* CO detection in 5 hosts (+ 1 tentative)
e 2=1.0-2.1

1§ GRB 051006 ¥ cré 060814

Hatsukade+
(in prep.)

. GRB 080207
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* 10 hosts were observed
* CO detection in 5 hosts (+ 1 tentative)
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Star Formation Efficiency (SFE)

SFEs (L;r/L'co): comparable to normal SF galaxies atz ~ 1-2
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Cycle 4: GRB 980425 Host

* GMC-scale molecular gas (5x10°> Msun) with SN 25
* 0.59” resolution (100 pc)

* CO(1-0) at band 3 Band 3 FoV/ (FWHM ~ 50.9”)
e 16 =1.4 mly, Av =5 km/s i i
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Super-luminous Supernovae
(SLSNe)

* Very bright explosions, ~10-100 times brighter than
ordinary Type la and core-collapse SNe
* Gal-Yam 12

* Detected at high redshifts, uptoz=3.9
e Cooke+12

=>» powerful indicators of environments in the distant
universe

* Classes
* SLSN-I : hydrogen-poor in spectra
e SLSN-II: hydrogen-rich in spectra
e SLSN-R: a long light-curve tail powered by radioactive decay
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Host Galaxies

SLSN-I hosts

* low-luminosity, low stellar mass, and low SFR galaxies compared to local star-
forming galaxies and the hosts of core-collapse SNe,

SLSN-II hosts

* show a larger range
* e.g., Lunnan+14; Leloudas+15; Angus+16; Perley+16

Comparison between SLSN-I and long-duration GRB hosts =»
controversial issue

* SLSN-I hosts have lower stellar mass and SFR
* Leloudas+15; Angus+16

* similar in terms of SFR, stellar mass, and specific SFR
* Lunnan+14; Japelj+16

SLSN-I occur in galaxies with strong nebular emission lines

* common properties with Extreme Emission Line Galaxies (EELGs)
* e.g., Leloudas+15; Perley+16
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» Extreme Emission Line Galaxies (EELGs): low-mass, metal-poor, intensively star-
forming galaxies with strong nebular lines and a hard ionizing radiation field
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VLA Proposal 2017A

3 GHz continuum observations of 8 hosts at z < 0.3

To examine whether there is significant dust-obscured star
formation or not

* =>» allow us to derive true star forming activity

 Studies of SLSN hosts have been made exclusively in UV/optical/NIR,
which are sensitive to dust extinction

1. no significant obscured star formation

. cclmfirm the similarity between SLSN-I hosts and EELGs in M*-SSFR
plane

e =» support the idea that SLSN-I result from very first star exploding in a
starburst, earlier than GRBs
2. significant obscured star formation
* the hosts are starbursts

* preferred by the progenitor model of dynamical interactions and
collision of stars in dense young star clusters



VLA Targets
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NIR images of the targets obtained by ground-based telescopes or HST (Angus+16; Perley+16).
Circles and crosses represent SLSN positions. 10” x 10”



Fast Radio Burst (FRB)

« IRFEIFEIN = U DHRO TSV S 1 IR

e Parks, Arecibo, GBT
e peak flux ~ 0.5-1 Jy at 1.4 GHz
 dispersion measures (DMs) >~ 300 pc cm”-3

» =» extragalactic origin?
 SN? GRB? magnetar?

. - ' '
g De-dispersed time series 8 J-L| "
§ =0 1.45 - 1.53 GHz L
_5-'_5- fz: J-‘Nu""—w»""\f":‘; b~
5 1
L J ————— 1.38 - 1.45 GHz JjL\
3,400 2 L " U U e A e
z
F 200 2| 1.30-1.38 GHz JJrL
. : - . .
Time—frequency 5 oo} e e ——~~Byrsttime series
1.22-1.30 GHz of FRB 121102

wruyoeds esind

data of FRB 121102¢__|
(Chatterjee+17) o

Hf o
o Qe +16)

= A e, 527.94 527.06 527.98 528.00 528.0(
ignal-to-noise ratio Time (s)




Host Galaxy of FRB 121102

* VLA detection of the repeating FRB 121102
* Host galaxy at z=0.19273

e dwarf, low-mass, low-metallicity galaxy
* =» similar to Iong GRB hosts and SLSN hosts
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ALMA

bright end AD IR

. AzTEc‘CffﬁHj UTzBBDU333E DT T = VKR Az
ZEfe o EREeEUHI (1 arcsec)
. ALMA cycle 2, 3 (Pl: Hatsukade)

faint end AR

e SXDS 105” x 50” (PI: K. Kohno)
e GOODS-S 4.8’ x 4.8’ (PI: K. Kohno)



ALMA Observations of bright AzTEC
Sources in ADFS/SXDS/SSA2?2

e cycle 2 & 3 (PI: B. Hatsukade)
* 333 sources

* Band 6 (1.1mm)

e proposed rms: 180 uly

AZTEC 1.lmmmap "= 572"

ADF-S 909 0.38-0.80 233 100
SSA22 973 0.73-1.30 125 91
SXDS 954 0.52-0.92 280 142
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SXDS-ALMA Survey

ALMA observations of a contiguous 105” x
50” (or 2 arcmin”2) window in the SXDF-
UDS-CANDELS field

Pl: K. Kohno

Band 6 (1.1 mm, 274 GHz)

19-point mosaic

Total observing time: 3.6 hours
Beam size: 0.53” x 0.41”

Typical rms noise level: 55 uly/beam

Publications:
* survey design, source catalog: Kohno+ in prep.
* properties of Ha-selected galaxies: Tadaki+15

* multi-wavelength analysis: Yamaguchi+ in prep.,
Wei-Hao+ in prep.
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GOODS-S-ALMA Survey

* ALMA cycle 4 (PI: K. Kohno)
e survey area: 23 arcmin”2 (4.8’ x 4.8’)
* x10 times wider than SXDF-ALMA
e proposed depth: 60 uly (10)
* c.f, 55 uly in SXDF-ALMA
=» Expected number of detections ~ 100-200 sources (>40)???
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GOODS-S-ALMA Survey:
preliminary

e data of tunel-north (1.6’ x 1.6%)
 rms ~ 110 uly/b (taper 0.5”)

» expected number of sources (SN>5)
e ~1-10






