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Lyman	alpha	blobs	(LABs)	
•  Dura%on	%me-scale~0.1Gyr	(1%	of	Cosmic	%me)?	
•  Cosmic	cherry	blossoms	(3	days	per	year	–	1%)?	
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Summary	
•  Lya	halo	is	ubiquitous	

•  ALMA	started	to	detect	dusty	sources	in	LABs	

•  One	ALMA	source	in	a	filamentary	LAB	may	
be	in	transi,on	phase	from	dusty	starburst	to	
passive	galaxy		



Lyman	alpha	halo	is	ubiquitous	
Lya	halo	around	the	Earth		
Kameda+17	 PROCYON	

Earth	

Lya	halo	is	x50	bigger	than	the	Earth	

Lya	halo	around	distant	galaxies	
Steidel+00	
Matsuda+04	
Hayes+11	

Lya	halo	is	x50	bigger	than	galaxies	

Size	difference	is	1013		

300	kpc	



ALMA	observa,ons	of	LABs	
et al. (2004) found 33 LABs in and around the protocluster, including two 100-kpc scale filamentary
LABs (LAB5 and LAB18, Fig. 3). Matsuda et al. (2011) found a hint of Lya morphology-density
relation: bright/spherical LABs tend to reside in galaxy over-dense regions, while faint/filamentary
LABs tend to reside in lower-density regions (Table 1). One possible interpretation is that spherical
LABs may be made from gas outflows from intense starbursts induced by frequent galaxy-galaxy
mergers in over-dense regions, while the filamentary LABs may be more isolated systems and reflect
continuos cold streams.
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Figure 2: Pseudo-color Subaru/S-Cam images (B for blue, NB497 for green, V for red) of the

2 spherical LABs (Steidel et al. 2000). The size of the images is 32 ⇥ 32 arcsec

2
(⇠ 240 ⇥ 240

kpc

2
). The yellow circles indicate ALMA band 7 FoVs. The white horizontal bar in the left panel

represents the angular scale of 100 kpc (physical scale) at z = 3.1. Such spherical gaseous structure

may be made from gas outflows from intense starbursts induced by frequent galaxy-galaxy mergers

in over-dense regions. Proposed ALMA observations will identify any obscured starbursts with SFR

> 10 M� yr

�1
and SFR surface density > 0.1 M� yr

�1
kpc

�2
, which can drive substantial gas outflows

in the spherical LABs.

To see possible obscured starbursts, these LABs have been observed by JCMT / SCUBA
(Chapman et al. 2001, 2004; Geach et al. 2005). The LAB1, LAB5 and LAB18 were detected above
3.5-� at 850µm while LAB2 has a marginal (2.8-�) detection (see Table 1). These results showed that
both type of the LABs have obscured star-formation activities, which potentially drive superwinds.
However, recent several followup observations claimed that the SCUBA fluxes could be overestimated
(Matsuda et al. 2007; Yang et al. 2012; Tamura et al. 2013; Alexander et al. in prep). For example,
Chapman et al. (2001, 2004) reported that LAB1 has a 850µm flux of S850µm = 17.4 ± 2.9mJy. In
contrast to the SCUBA detection, Matsuda et al. (2007) could not detect any submm source in the
LAB1 and constrained a 3-� upper limit of S880µm < 4.2 mJy from SMA observations. More recently,
as a part of an Cycle 0 program (PI, D. Alexander), LAB2 was observed at 870µm with ALMA. The
ALMA observations could not detect any continuum source in the LAB2 and constrained a 3-� limit
of S870µm < 0.75 mJy. The filamentary LABs, LAB5 and LAB18, were not observed with ALMA yet.
It is possible that these filamentary LABs have brighter submm sources than the spherical LABs. If
it is true, the above interpretation for the spherical and filamentary LABs would have a problem.
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Figure 3: Pseudo-color Subaru/S-Cam images (B for blue, NB497 for green, V for red) of the

2 filamentary LABs. Such filamentary gaseous structure may be made from gas inflows along the

surrounding large-scale dark matter filaments. Proposed ALMA observations will test if obscured

starbursts exist even in the filamentary LABs.

1.2 Immediate objective:

We propose band 7 continuum observations of the two morphological types of LABs to identify any
associated obscured starbursts, which can drive superwinds. We request a continuum sensitivity of
rms = 0.04mJy, which is 6⇥ deeper than the previous ALMA Cycle 0 observations of LAB02. The
spherical LABs could have at least SFR ⇠ 100�200M� yr�1 from the UV observations (see Table 1).
Main part of the spherical LABs can be covered within the primary beam size of 17.9” (see Fig. 2).
In an extreme case, each LAB has 4 multiple submm sources with SFR ⇠ 25 M� yr�1, locating near
the 50% edge of the 12-m primary beam. To detect such source with 5-�, we need the continuum
sensitivity of rms = 0.04mJy (assuming assuming a dust temperature of Tdust = 30K and a dust
emissivity index of � = 1.5). The angular resolution of 1.1” (8 kpc at z = 3.1), achievable with the
most compact configuration, is small enough to check if the SFR surface density exceeds the threshold
for superwinds (⌃SFR ⇠ 0.1M� yr�1 kpc�2, Heckman 2002). This beam size is comparable to the
spatial resolution of the Subaru/S-Cam Lya and UV continuum images of 1.0”. Another purpose
is to constrain upper limit to the filamentary LABs. The filamentary LABs have smaller size and
possible associated source should also be located near the center of the FoV. The SFR estimated
from the Lya luminosity is 8 � 13M� yr�1. To constrain 3-� limits of SFR < 8 M� yr�1, we need
the continuum sensitivity of rms = 0.04mJy at 860µm.

Previous Hershel/SPIRE and ASTE/AzTEC observations of these LABs could not detect any
submm sources (Tamura et al. 2013; Kato et al. in prep). The 3-� upper limits of S350 < 18mJy and
S1.1 < 2 mJy correspond to the FIR luminosities of LFIR < 2� 10⇥ 1012L� (or SFR < 400� 2000
M� yr�1 ). However, these limits were not deep enough to investigate the di↵erence between the
obscured star-formation activities in the spherical and filamentary LABs. If we can detect obscured
starbursts in these LABs with ALMA, then it is strong evidence that their gaseous structure are
mainly formed by superwinds. With 4.6-hours of observations we will identify the key processes
forming these Lya nebulae, which may be more widely relevant for galaxy formation and the large-
scale gas circulation between galaxies and the surroundings.
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Ø  ALMA	Band	8	[CII]	(Umehata+17)	
Ø  ALMA	Band	7	cont	+	[NII]	(Geach+16,	Umehata+17,	Ao+17,		
Matsuda+	in	prep)	
Ø  ALMA	Band	3	cont	+	CO(4-3)	(Kato+	in	prep)		
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See	also	Yiping	Ao’s	poster	



Filamentary LAB at z=3.1 (LAB18)
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ALMA deep 3mm observations
5 hrs on-source (PI: Yuta Kato)
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Ø  LIR(8-1000μm) = (2.7 ± 0.4)×1012 Lo (Td=32.5 ± 0.6 K、β=2.3 ± 0.1)
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Short gas depletion time τdep=16Myr

Herschel/SPIRE
250,350,500μm
(Kato et al. 2016)	

LAB18.b  
CO J=4-3

Ø Mgas = (4.4 ± 0.3) × 109 Mo (r41 = 0.41, α=0.8)
Ø SFR = 273 ± 35 Mo/yr         τdep = Mgas/SFR = 16 ± 2 Myr
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Summary	
•  Lya	halo	is	ubiquitous	

•  ALMA	started	to	detect	dusty	sources	in	LABs	

•  One	ALMA	source	in	a	filamentary	LAB	may	
be	in	transi,on	phase	from	dusty	starburst	to	
passive	galaxy		



β reflects dust chemical composition

(κ850 = 0.4-8 cm2 g-1)	

(κ850 ~0.4 cm2 g-1)	

Mg-rich  
amorphous silicate  
(1-x) MgO – x SiO2 

β~2	

steep  
β>2	

Mg1.1Fe0.9SiO4	

κd	

Demyk et al. (2017) 	
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