
	
	

The	Lyman	Alpha	Reference	Sample(s)	
-	update	and	recent	developments:	

Tol1214-277	&	SAFE		
Göran	Östlin	(Stockholm	univ.)	

In	collaboraKon	with	the	LARS	team	
(Hayes,	Bridge,	Runnholm,	Verhamme,	
Gronke,	Rivera-Thorsen,	Finley	at	this	

conference	+	many	more….)	

L RS
LYMAN ALPHA
REFERENCE SAMPLE



1”	/	200	pc	 ESO338-04	

Hayes+2005,	Ostlin+2009	

SBS0335-052,	GHRS,	TI+97	



Why	LARS	?	
•  Study	Lyα	at	low	z	where		sources	are	brighter	and	be_er	

resolved	
•  Unbiased	sample,	UV	and	Hα	selected	from	GALEX+SDSS:	

where	do	we	find	Lyα	and	not?	(see	Hayes	talk)	
•  Original	LARS:	14	galaxies	with	EW(Hα)>100Å	
•  eLARS:	improve	staKstcs	and	add	’normal’	galaxies	

(EW>40Å)	
•  Ancillary	data:	

–  VLA:	HI	masses	(D/C)	and	distribuKon	(B/A)	
–  IFU	Hα	kinemaKcs	(MUSE	and	PMAS)	
–  CO,	FIR,	etc	

•  In	progress:	LyC	leakers,	ULIRGs		->	55	galaxies	
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Figure 1. False-color images of the LARS galaxies 01–08. Red encodes continuum-subtracted Hα, green the FUV continuum, and blue shows continuum-subtracted
Lyα. Images have been adaptively filtered to show detail. Scales in kiloparsec are given on the side. Intensity scales are logarithmic, with intensity cut levels set to
show detail.
(A color version of this figure is available in the online journal.)
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Figure 2. Same as Figure 1 except for LARS galaxies 09–14. The black square in LARS 09 masks a UV-bright field star.
(A color version of this figure is available in the online journal.)

η ∼ 1 (R > 12 kpc) and can expect the true extent of Lyα

to be much larger. For the 11 galaxies in which R
Lyα
P20 is well

measured, its determination is robust, and would not change
were the observations deeper or the field-of-view larger. RP20
is computed for Lyα, Hα, and the FUV continuum, and listed
in Table 1. Based upon aperture-matched Hα and Hβ imaging
and standard Case B assumptions, we recover up to 60% of the
intrinsic Lyα flux, although the median value is just ∼3% (M.
Hayes et al., in preparation).

We compare the light radii graphically in Figure 3. The plots
show R

Lyα
P20 versus RFUV

P20 , a comparison that could be made at

high-z, and R
Lyα
P20 versus RHα

P20, a comparison that more directly
conveys the difference between the observed and intrinsic Lyα
sizes. Clearly, though, there is little difference in the result: Lyα
radii are, on average, substantially larger than corresponding
FUV or Hα radii. In Table 1 we also report the Relative Petrosian
Extension of Lyα compared to Hα, ξLyα , which is simply defined
as R

Lyα
P20 /RHα

P20. Twelve galaxies show net emission of Lyα,
where all except for one (LARS 03) has ξLyα > 1. The galaxy
with the largest extension is LARS 14, for which we measure
ξLyα = 3.6. It is not clear whether the globally absorbing galaxies
LARS 04 and 06 become emitters on larger scales, but if so their
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η ∼ 1 (R > 12 kpc) and can expect the true extent of Lyα

to be much larger. For the 11 galaxies in which R
Lyα
P20 is well

measured, its determination is robust, and would not change
were the observations deeper or the field-of-view larger. RP20
is computed for Lyα, Hα, and the FUV continuum, and listed
in Table 1. Based upon aperture-matched Hα and Hβ imaging
and standard Case B assumptions, we recover up to 60% of the
intrinsic Lyα flux, although the median value is just ∼3% (M.
Hayes et al., in preparation).

We compare the light radii graphically in Figure 3. The plots
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Figure 2. Same as Figure 1 except for LARS galaxies 09–14. The black square in LARS 09 masks a UV-bright field star.
(A color version of this figure is available in the online journal.)

η ∼ 1 (R > 12 kpc) and can expect the true extent of Lyα

to be much larger. For the 11 galaxies in which R
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P20 is well

measured, its determination is robust, and would not change
were the observations deeper or the field-of-view larger. RP20
is computed for Lyα, Hα, and the FUV continuum, and listed
in Table 1. Based upon aperture-matched Hα and Hβ imaging
and standard Case B assumptions, we recover up to 60% of the
intrinsic Lyα flux, although the median value is just ∼3% (M.
Hayes et al., in preparation).
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η ∼ 1 (R > 12 kpc) and can expect the true extent of Lyα

to be much larger. For the 11 galaxies in which R
Lyα
P20 is well

measured, its determination is robust, and would not change
were the observations deeper or the field-of-view larger. RP20
is computed for Lyα, Hα, and the FUV continuum, and listed
in Table 1. Based upon aperture-matched Hα and Hβ imaging
and standard Case B assumptions, we recover up to 60% of the
intrinsic Lyα flux, although the median value is just ∼3% (M.
Hayes et al., in preparation).

We compare the light radii graphically in Figure 3. The plots
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high-z, and R
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P20, a comparison that more directly
conveys the difference between the observed and intrinsic Lyα
sizes. Clearly, though, there is little difference in the result: Lyα
radii are, on average, substantially larger than corresponding
FUV or Hα radii. In Table 1 we also report the Relative Petrosian
Extension of Lyα compared to Hα, ξLyα , which is simply defined
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P20. Twelve galaxies show net emission of Lyα,
where all except for one (LARS 03) has ξLyα > 1. The galaxy
with the largest extension is LARS 14, for which we measure
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η ∼ 1 (R > 12 kpc) and can expect the true extent of Lyα

to be much larger. For the 11 galaxies in which R
Lyα
P20 is well

measured, its determination is robust, and would not change
were the observations deeper or the field-of-view larger. RP20
is computed for Lyα, Hα, and the FUV continuum, and listed
in Table 1. Based upon aperture-matched Hα and Hβ imaging
and standard Case B assumptions, we recover up to 60% of the
intrinsic Lyα flux, although the median value is just ∼3% (M.
Hayes et al., in preparation).

We compare the light radii graphically in Figure 3. The plots
show R
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conveys the difference between the observed and intrinsic Lyα
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radii are, on average, substantially larger than corresponding
FUV or Hα radii. In Table 1 we also report the Relative Petrosian
Extension of Lyα compared to Hα, ξLyα , which is simply defined
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P20. Twelve galaxies show net emission of Lyα,
where all except for one (LARS 03) has ξLyα > 1. The galaxy
with the largest extension is LARS 14, for which we measure
ξLyα = 3.6. It is not clear whether the globally absorbing galaxies
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η ∼ 1 (R > 12 kpc) and can expect the true extent of Lyα

to be much larger. For the 11 galaxies in which R
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P20 is well

measured, its determination is robust, and would not change
were the observations deeper or the field-of-view larger. RP20
is computed for Lyα, Hα, and the FUV continuum, and listed
in Table 1. Based upon aperture-matched Hα and Hβ imaging
and standard Case B assumptions, we recover up to 60% of the
intrinsic Lyα flux, although the median value is just ∼3% (M.
Hayes et al., in preparation).

We compare the light radii graphically in Figure 3. The plots
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P20, a comparison that more directly
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FUV or Hα radii. In Table 1 we also report the Relative Petrosian
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P20. Twelve galaxies show net emission of Lyα,
where all except for one (LARS 03) has ξLyα > 1. The galaxy
with the largest extension is LARS 14, for which we measure
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Figure 2. Same as Figure 1 except for LARS galaxies 09–14. The black square in LARS 09 masks a UV-bright field star.
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η ∼ 1 (R > 12 kpc) and can expect the true extent of Lyα

to be much larger. For the 11 galaxies in which R
Lyα
P20 is well

measured, its determination is robust, and would not change
were the observations deeper or the field-of-view larger. RP20
is computed for Lyα, Hα, and the FUV continuum, and listed
in Table 1. Based upon aperture-matched Hα and Hβ imaging
and standard Case B assumptions, we recover up to 60% of the
intrinsic Lyα flux, although the median value is just ∼3% (M.
Hayes et al., in preparation).

We compare the light radii graphically in Figure 3. The plots
show R

Lyα
P20 versus RFUV

P20 , a comparison that could be made at

high-z, and R
Lyα
P20 versus RHα

P20, a comparison that more directly
conveys the difference between the observed and intrinsic Lyα
sizes. Clearly, though, there is little difference in the result: Lyα
radii are, on average, substantially larger than corresponding
FUV or Hα radii. In Table 1 we also report the Relative Petrosian
Extension of Lyα compared to Hα, ξLyα , which is simply defined
as R

Lyα
P20 /RHα

P20. Twelve galaxies show net emission of Lyα,
where all except for one (LARS 03) has ξLyα > 1. The galaxy
with the largest extension is LARS 14, for which we measure
ξLyα = 3.6. It is not clear whether the globally absorbing galaxies
LARS 04 and 06 become emitters on larger scales, but if so their
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were the observations deeper or the field-of-view larger. RP20
is computed for Lyα, Hα, and the FUV continuum, and listed
in Table 1. Based upon aperture-matched Hα and Hβ imaging
and standard Case B assumptions, we recover up to 60% of the
intrinsic Lyα flux, although the median value is just ∼3% (M.
Hayes et al., in preparation).
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to be much larger. For the 11 galaxies in which R
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P20 is well

measured, its determination is robust, and would not change
were the observations deeper or the field-of-view larger. RP20
is computed for Lyα, Hα, and the FUV continuum, and listed
in Table 1. Based upon aperture-matched Hα and Hβ imaging
and standard Case B assumptions, we recover up to 60% of the
intrinsic Lyα flux, although the median value is just ∼3% (M.
Hayes et al., in preparation).
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high-z, and R
Lyα
P20 versus RHα

P20, a comparison that more directly
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FUV or Hα radii. In Table 1 we also report the Relative Petrosian
Extension of Lyα compared to Hα, ξLyα , which is simply defined
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P20. Twelve galaxies show net emission of Lyα,
where all except for one (LARS 03) has ξLyα > 1. The galaxy
with the largest extension is LARS 14, for which we measure
ξLyα = 3.6. It is not clear whether the globally absorbing galaxies
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η ∼ 1 (R > 12 kpc) and can expect the true extent of Lyα

to be much larger. For the 11 galaxies in which R
Lyα
P20 is well

measured, its determination is robust, and would not change
were the observations deeper or the field-of-view larger. RP20
is computed for Lyα, Hα, and the FUV continuum, and listed
in Table 1. Based upon aperture-matched Hα and Hβ imaging
and standard Case B assumptions, we recover up to 60% of the
intrinsic Lyα flux, although the median value is just ∼3% (M.
Hayes et al., in preparation).

We compare the light radii graphically in Figure 3. The plots
show R

Lyα
P20 versus RFUV

P20 , a comparison that could be made at

high-z, and R
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P20 versus RHα

P20, a comparison that more directly
conveys the difference between the observed and intrinsic Lyα
sizes. Clearly, though, there is little difference in the result: Lyα
radii are, on average, substantially larger than corresponding
FUV or Hα radii. In Table 1 we also report the Relative Petrosian
Extension of Lyα compared to Hα, ξLyα , which is simply defined
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Lyα
P20 /RHα

P20. Twelve galaxies show net emission of Lyα,
where all except for one (LARS 03) has ξLyα > 1. The galaxy
with the largest extension is LARS 14, for which we measure
ξLyα = 3.6. It is not clear whether the globally absorbing galaxies
LARS 04 and 06 become emitters on larger scales, but if so their

3

The Astrophysical Journal Letters, 765:L27 (6pp), 2013 March 10 Hayes et al.

8.0 4.0 0.0 -4.0 -8.0
8.0

4.0

0.0

-4.0

-8.0
01

6.0 3.0 0.0 -3.0 -6.0

6.0

3.0

0.0

-3.0

-6.0 02

6.0 3.0 0.0 -3.0 -6.0

6.0

3.0

0.0

-3.0

-6.0 03

8.0 4.0 0.0 -4.0 -8.0

8.0

4.0

0.0

-4.0

-8.0 04

5.0 2.5 0.0 -2.5 -5.0

5.0

2.5

0.0

-2.5

-5.0
05

8.0 4.0 0.0 -4.0 -8.0

8.0

4.0

0.0

-4.0

-8.0 06

5.0 2.5 0.0 -2.5 -5.0

5.0

2.5

0.0

-2.5

-5.0
07

8.0 4.0 0.0 -4.0 -8.0

8.0

4.0

0.0

-4.0

-8.0
08

Figure 1. False-color images of the LARS galaxies 01–08. Red encodes continuum-subtracted Hα, green the FUV continuum, and blue shows continuum-subtracted
Lyα. Images have been adaptively filtered to show detail. Scales in kiloparsec are given on the side. Intensity scales are logarithmic, with intensity cut levels set to
show detail.
(A color version of this figure is available in the online journal.)

12.0 6.0 0.0 -6.0 -12.0

12.0

6.0

0.0

-6.0

-12.0 09

10.0 5.0 0.0 -5.0 -10.0
10.0

5.0

0.0

-5.0

-10.0
10

20.0 10.0 0.0 -10.0 -20.0

20.0

10.0

0.0

-10.0

-20.0 11

12.0 6.0 0.0 -6.0 -12.0

12.0

6.0

0.0

-6.0

-12.0 12

16.0 8.0 0.0 -8.0 -16.0

16.0

8.0

0.0

-8.0

-16.0 13

16.0 8.0 0.0 -8.0 -16.0

16.0

8.0

0.0

-8.0

-16.0 14

Figure 2. Same as Figure 1 except for LARS galaxies 09–14. The black square in LARS 09 masks a UV-bright field star.
(A color version of this figure is available in the online journal.)

η ∼ 1 (R > 12 kpc) and can expect the true extent of Lyα

to be much larger. For the 11 galaxies in which R
Lyα
P20 is well

measured, its determination is robust, and would not change
were the observations deeper or the field-of-view larger. RP20
is computed for Lyα, Hα, and the FUV continuum, and listed
in Table 1. Based upon aperture-matched Hα and Hβ imaging
and standard Case B assumptions, we recover up to 60% of the
intrinsic Lyα flux, although the median value is just ∼3% (M.
Hayes et al., in preparation).

We compare the light radii graphically in Figure 3. The plots
show R

Lyα
P20 versus RFUV

P20 , a comparison that could be made at

high-z, and R
Lyα
P20 versus RHα

P20, a comparison that more directly
conveys the difference between the observed and intrinsic Lyα
sizes. Clearly, though, there is little difference in the result: Lyα
radii are, on average, substantially larger than corresponding
FUV or Hα radii. In Table 1 we also report the Relative Petrosian
Extension of Lyα compared to Hα, ξLyα , which is simply defined
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Lyα
P20 /RHα

P20. Twelve galaxies show net emission of Lyα,
where all except for one (LARS 03) has ξLyα > 1. The galaxy
with the largest extension is LARS 14, for which we measure
ξLyα = 3.6. It is not clear whether the globally absorbing galaxies
LARS 04 and 06 become emitters on larger scales, but if so their
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η ∼ 1 (R > 12 kpc) and can expect the true extent of Lyα

to be much larger. For the 11 galaxies in which R
Lyα
P20 is well

measured, its determination is robust, and would not change
were the observations deeper or the field-of-view larger. RP20
is computed for Lyα, Hα, and the FUV continuum, and listed
in Table 1. Based upon aperture-matched Hα and Hβ imaging
and standard Case B assumptions, we recover up to 60% of the
intrinsic Lyα flux, although the median value is just ∼3% (M.
Hayes et al., in preparation).

We compare the light radii graphically in Figure 3. The plots
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Extension of Lyα compared to Hα, ξLyα , which is simply defined
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P20. Twelve galaxies show net emission of Lyα,
where all except for one (LARS 03) has ξLyα > 1. The galaxy
with the largest extension is LARS 14, for which we measure
ξLyα = 3.6. It is not clear whether the globally absorbing galaxies
LARS 04 and 06 become emitters on larger scales, but if so their
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η ∼ 1 (R > 12 kpc) and can expect the true extent of Lyα

to be much larger. For the 11 galaxies in which R
Lyα
P20 is well

measured, its determination is robust, and would not change
were the observations deeper or the field-of-view larger. RP20
is computed for Lyα, Hα, and the FUV continuum, and listed
in Table 1. Based upon aperture-matched Hα and Hβ imaging
and standard Case B assumptions, we recover up to 60% of the
intrinsic Lyα flux, although the median value is just ∼3% (M.
Hayes et al., in preparation).

We compare the light radii graphically in Figure 3. The plots
show R

Lyα
P20 versus RFUV

P20 , a comparison that could be made at

high-z, and R
Lyα
P20 versus RHα

P20, a comparison that more directly
conveys the difference between the observed and intrinsic Lyα
sizes. Clearly, though, there is little difference in the result: Lyα
radii are, on average, substantially larger than corresponding
FUV or Hα radii. In Table 1 we also report the Relative Petrosian
Extension of Lyα compared to Hα, ξLyα , which is simply defined
as R

Lyα
P20 /RHα

P20. Twelve galaxies show net emission of Lyα,
where all except for one (LARS 03) has ξLyα > 1. The galaxy
with the largest extension is LARS 14, for which we measure
ξLyα = 3.6. It is not clear whether the globally absorbing galaxies
LARS 04 and 06 become emitters on larger scales, but if so their
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(A color version of this figure is available in the online journal.)
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is computed for Lyα, Hα, and the FUV continuum, and listed
in Table 1. Based upon aperture-matched Hα and Hβ imaging
and standard Case B assumptions, we recover up to 60% of the
intrinsic Lyα flux, although the median value is just ∼3% (M.
Hayes et al., in preparation).
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where all except for one (LARS 03) has ξLyα > 1. The galaxy
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ξLyα = 3.6. It is not clear whether the globally absorbing galaxies
LARS 04 and 06 become emitters on larger scales, but if so their
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Fig. 6. Observed Ly↵ spectra of LyC leakers from our Ly↵ criteria.
Top: HST/COS Ly↵ profile of the known LyC leaking galaxy Haro 11
Bergvall et al. (2006), with a narrow P Cygni profile with vpeak 
150 km s�1, typical of Ly↵ transfer through low optical depth medium.
Bottom: GHRS Ly↵ spectrum of a low-metallicity blue compact dwarf
galaxy Tol 1214�277, highly suggestive of Lyman-continuum leakage
from a riddled ISM (Sect. 2.3). The systemic redshifts and their errors
(grey shaded area in each plot) were adopted from the 6dF survey for
Haro 11 and from Pustilnik & Martin (2007) for Tol 1214�277. The
blue horizontal line denotes the continuum level.

(FWHM ⇠ 1000 km s�1), which di↵erentiates them from LyC-
leaking candidates, as well as images, with extended Ly↵ emis-
sion over several tens of kpc. Faucher-Giguère et al. (2010)
computed the Ly↵ spectra of cold streams, which they find
double-peaked, almost symmetrical (note that the IGM was not
included in these calculations), and broad.

3. Comparison with other leaking indicators

To compare our theoretical prediction with observations, we now
examine low-redshift objects from the literature for which direct
Lyman continuum escape has been detected or which are con-
sidered candidates for LyC leakage on the basis of indirect in-
dicators. Because possibilities for directly probing the ionising
continuum in nearby galaxies have been limited to the archival
FUSE data, indirect methods have been used frequently. These
mainly include the measurement of saturation in the UV absorp-
tion lines of metals in their low-ionisation states, which form
in the Hi regions. Residual flux in the lines indicates low op-
tical depth or incomplete covering of the UV-light source (e.g.
Heckman et al. 2001; Jones et al. 2013). Independently, the
[O iii]��4959, 5007/[O ii]��3726, 3729 line ratio has been pro-
posed as a LyC optical-depth indicator (Jaskot & Oey 2013;
Nakajima & Ouchi 2014). In density-bounded H ii regions, the
[O iii] excitation zones are expected to be largely una↵ected,
whereas the outer [O ii] zones will be truncated, resulting in high
[O iii]/[O ii] ratios (Kewley et al. 2013).

Our sample was selected from Bergvall et al. (2006),
Heckman et al. (2011), Leitet et al. (2013). To this, we
added Tol 1214�277 and GP1219+15, which show a Ly↵
profile that is highly suggestive of Lyman-continuum leak-
age according to our predictions in Sects. 2.3 and 2.2. The

low-redshift data are convenient for this study because of the
availability of high-resolution Ly↵ spectra and the rich an-
cillary data. Ly↵ spectral properties of the sample are sum-
marised in Table 1, together with the other criteria used for
identification of possible LyC leakage. Column 2 indicates
f LyC
esc measured by direct Lyman-continuum-emission detection;

Col. 3 gives f LyC
esc deduced from the UV covering fraction esti-

mated from the LIS absorption lines; Col. 4 lists the observed
[O iii]�5007/[O ii]��3726, 3729 ratio, Col. 5 gives Ly↵ peak o↵-
set, and Col. 6 shows the peak separation for double-peaked
profiles.

3.1. Redshift and Ly↵ peak measurements

We present the UV Ly↵ line profiles of 11 objects in Figs. 6–8
(Table 1 contains 12 entries, but the spectrum of Tol 1247�232
will be part of a detailed study of Puschnig et al., in prep.).
The data were mostly observed with HST/COS, one object was
observed with HST/GHRS (Tol1214�277), and they were re-
trieved from the MAST multi-mission catalogue. We box-car
smoothed the archival data to the nominal resolution of each of
the spectrographs (COS R = 20 000 for a point source, GHRS
R = 2000). However, our sources are not point-like, and we esti-
mate the real spectral resolution of COS Ly↵ to be ⇠100 km s�1,
or R ⇠ 3000 (Orlitova et al., in prep.). We measured the main
red Ly↵ peak o↵set (vpeak) from the systemic velocity (Col. 5
of Table 1) and the separation S peak of the main red and blue
Ly↵ peaks of the double-peaked profiles (Col. 6 of Table 1).
The main peak was defined as the flux maximum in each case
(with no fitting performed). We comment on the cases where
other significant peaks are present, especially if they are lo-
cated closer to the systemic redshift, in the description of in-
dividual objects. Accurate systemic redshifts are necessary to
reliably determine vpeak. We assume that the intrinsic Ly↵ is
formed in the same H ii regions and by the same mechanisms
as H↵ and other Balmer lines, and therefore redshifts derived
from the optical emission lines are relevant. Where available,
we applied SDSS emission-line redshifts. For objects outside
the SDSS database (Haro 11, Tol 1214�277 and Tol 1247�232),
we adopted emission-line redshifts with the smallest error bars
available through the NED database (see references in Table 1
and Fig. 6). The uncertainties in the measured peak positions
are mainly due to the redshift errors, the noise, and the peak ir-
regular shapes. We checked that errors in wavelength calibration
contribute less than 10 km s�1.

3.2. Haro 11 and Tol 1247�232

Haro 11 is a known LyC leaker with fesc(LyC) ⇠ 3% measured
in the FUSE spectra (Bergvall et al. 2006; Leitet et al. 2013).
It is a blue compact galaxy, and its optical, UV, and Ly↵ mor-
phologies were studied with HST in Kunth et al. (2003), Hayes
et al. (2007), and Östlin et al. (2009). Knot C was found to have
Ly↵/H↵ ⇠ 10, indicating a direct Ly↵ escape from this region
through holes or an optically thin medium. The galaxy is com-
posed of three major condensations (knots). Cold gas observa-
tions through the Na i D line by Sandberg et al. (2013) suggest
that the ISM is clumpy. The Ly↵ profile of knot C has recently
been acquired with HST/COS (GO 13017, PI: T. Heckman, top
panel of Fig. 6). It presents a standard asymmetric, redshifted
line with vpeak = 115 ± 50 km s�1. It is therefore just compatible
with our prediction of LyC escape from a uniform medium of
low column density, which is indicated by vexp <⇠ 150 km s�1. Its
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Fig. 6. Observed Ly↵ spectra of LyC leakers from our Ly↵ criteria.
Top: HST/COS Ly↵ profile of the known LyC leaking galaxy Haro 11
Bergvall et al. (2006), with a narrow P Cygni profile with vpeak 
150 km s�1, typical of Ly↵ transfer through low optical depth medium.
Bottom: GHRS Ly↵ spectrum of a low-metallicity blue compact dwarf
galaxy Tol 1214�277, highly suggestive of Lyman-continuum leakage
from a riddled ISM (Sect. 2.3). The systemic redshifts and their errors
(grey shaded area in each plot) were adopted from the 6dF survey for
Haro 11 and from Pustilnik & Martin (2007) for Tol 1214�277. The
blue horizontal line denotes the continuum level.

(FWHM ⇠ 1000 km s�1), which di↵erentiates them from LyC-
leaking candidates, as well as images, with extended Ly↵ emis-
sion over several tens of kpc. Faucher-Giguère et al. (2010)
computed the Ly↵ spectra of cold streams, which they find
double-peaked, almost symmetrical (note that the IGM was not
included in these calculations), and broad.

3. Comparison with other leaking indicators

To compare our theoretical prediction with observations, we now
examine low-redshift objects from the literature for which direct
Lyman continuum escape has been detected or which are con-
sidered candidates for LyC leakage on the basis of indirect in-
dicators. Because possibilities for directly probing the ionising
continuum in nearby galaxies have been limited to the archival
FUSE data, indirect methods have been used frequently. These
mainly include the measurement of saturation in the UV absorp-
tion lines of metals in their low-ionisation states, which form
in the Hi regions. Residual flux in the lines indicates low op-
tical depth or incomplete covering of the UV-light source (e.g.
Heckman et al. 2001; Jones et al. 2013). Independently, the
[O iii]��4959, 5007/[O ii]��3726, 3729 line ratio has been pro-
posed as a LyC optical-depth indicator (Jaskot & Oey 2013;
Nakajima & Ouchi 2014). In density-bounded H ii regions, the
[O iii] excitation zones are expected to be largely una↵ected,
whereas the outer [O ii] zones will be truncated, resulting in high
[O iii]/[O ii] ratios (Kewley et al. 2013).

Our sample was selected from Bergvall et al. (2006),
Heckman et al. (2011), Leitet et al. (2013). To this, we
added Tol 1214�277 and GP1219+15, which show a Ly↵
profile that is highly suggestive of Lyman-continuum leak-
age according to our predictions in Sects. 2.3 and 2.2. The

low-redshift data are convenient for this study because of the
availability of high-resolution Ly↵ spectra and the rich an-
cillary data. Ly↵ spectral properties of the sample are sum-
marised in Table 1, together with the other criteria used for
identification of possible LyC leakage. Column 2 indicates
f LyC
esc measured by direct Lyman-continuum-emission detection;

Col. 3 gives f LyC
esc deduced from the UV covering fraction esti-

mated from the LIS absorption lines; Col. 4 lists the observed
[O iii]�5007/[O ii]��3726, 3729 ratio, Col. 5 gives Ly↵ peak o↵-
set, and Col. 6 shows the peak separation for double-peaked
profiles.

3.1. Redshift and Ly↵ peak measurements

We present the UV Ly↵ line profiles of 11 objects in Figs. 6–8
(Table 1 contains 12 entries, but the spectrum of Tol 1247�232
will be part of a detailed study of Puschnig et al., in prep.).
The data were mostly observed with HST/COS, one object was
observed with HST/GHRS (Tol1214�277), and they were re-
trieved from the MAST multi-mission catalogue. We box-car
smoothed the archival data to the nominal resolution of each of
the spectrographs (COS R = 20 000 for a point source, GHRS
R = 2000). However, our sources are not point-like, and we esti-
mate the real spectral resolution of COS Ly↵ to be ⇠100 km s�1,
or R ⇠ 3000 (Orlitova et al., in prep.). We measured the main
red Ly↵ peak o↵set (vpeak) from the systemic velocity (Col. 5
of Table 1) and the separation S peak of the main red and blue
Ly↵ peaks of the double-peaked profiles (Col. 6 of Table 1).
The main peak was defined as the flux maximum in each case
(with no fitting performed). We comment on the cases where
other significant peaks are present, especially if they are lo-
cated closer to the systemic redshift, in the description of in-
dividual objects. Accurate systemic redshifts are necessary to
reliably determine vpeak. We assume that the intrinsic Ly↵ is
formed in the same H ii regions and by the same mechanisms
as H↵ and other Balmer lines, and therefore redshifts derived
from the optical emission lines are relevant. Where available,
we applied SDSS emission-line redshifts. For objects outside
the SDSS database (Haro 11, Tol 1214�277 and Tol 1247�232),
we adopted emission-line redshifts with the smallest error bars
available through the NED database (see references in Table 1
and Fig. 6). The uncertainties in the measured peak positions
are mainly due to the redshift errors, the noise, and the peak ir-
regular shapes. We checked that errors in wavelength calibration
contribute less than 10 km s�1.

3.2. Haro 11 and Tol 1247�232

Haro 11 is a known LyC leaker with fesc(LyC) ⇠ 3% measured
in the FUSE spectra (Bergvall et al. 2006; Leitet et al. 2013).
It is a blue compact galaxy, and its optical, UV, and Ly↵ mor-
phologies were studied with HST in Kunth et al. (2003), Hayes
et al. (2007), and Östlin et al. (2009). Knot C was found to have
Ly↵/H↵ ⇠ 10, indicating a direct Ly↵ escape from this region
through holes or an optically thin medium. The galaxy is com-
posed of three major condensations (knots). Cold gas observa-
tions through the Na i D line by Sandberg et al. (2013) suggest
that the ISM is clumpy. The Ly↵ profile of knot C has recently
been acquired with HST/COS (GO 13017, PI: T. Heckman, top
panel of Fig. 6). It presents a standard asymmetric, redshifted
line with vpeak = 115 ± 50 km s�1. It is therefore just compatible
with our prediction of LyC escape from a uniform medium of
low column density, which is indicated by vexp <⇠ 150 km s�1. Its
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proportional to the non-escaping fraction of ionising photons
(1 � fesc(LyC)). Almost all LyC leakers that have been reported
in the literature have an escape fraction ranging from a few per-
cent – for the few spectroscopically confirmed leakers – to a few
tens of percent – from indirect measurement of the covering frac-
tion of low-ionisation state (LIS) absorption lines. They certainly
produce copious amounts of Ly↵ radiation.

A galaxy typically contains several star clusters, which
means that a LyC leaker may be a mixture of non-leaking and
leaking star clusters, with these two scenarios: either leaking
from a LyC optically thin star-forming region, or from an H ii re-
gion with a low covering fraction. In the following, we first in-
vestigate the Ly↵ spectrum that emerges from LyC optically thin
H ii regions and the Ly↵ spectrum that emerges from riddled LyC
optically thick regions, both modelled with spherical shells of
neutral gas surrounding a Ly↵ source.

2.2. Ly↵ transfer in a LyC optically thin H II region

We first estimate the optical depth seen by a Ly↵ photon in a
medium that is optically thin for LyC, that is, when ⌧ion . 1. The
column density of neutral hydrogen along the line of sight is of
the order of

NHI = 1/�⌫0 ⇠ 1.6 ⇥ 1017 cm�2, (4)

corresponding to ⌧ion = 1. For comparison, the Ly↵ optical depth
at the line centre of such a low column density medium is still

⌧0 = 5.88 ⇥ 10�14(12.85/b) NHI ⇠ 104 (5)

for a Doppler parameter of b = 12.85 km s�1, corresponding to
an ISM temperature of T = 104 K (e.g. Zheng & Miralda-Escudé
2002).

2.2.1. Experimental setup

The formalism developed by Neufeld (1990) is not valid in this
peculiar regime where

p
⇡⌧0  103/a, with ⌧0 the Ly↵ opti-

cal depth at the line centre and a the ratio between the natural
to Doppler broadening, as illustrated for example in Fig. 2 of
Verhamme et al. (2006). Numerical experiments are necessary to
study Ly↵ radiation transfer in such low optical depth regimes.
Assuming that H ii regions are cavities of ionised gas that con-
tain young stars and are surrounded by neutral gas, we simulated
the Ly↵ transfer with our Monte Carlo code McLya (Verhamme
et al. 2006; Schaerer et al. 2011) through the same geometrical
configurations as previously published: spherical shells of ho-
mogeneous neutral gas that are characterised by four physical
parameters,

– the radial expansion velocity vexp;
– the radial column density NHI;
– the Doppler parameter b, encoding thermal and turbulent

motions; and
– the dust absorption optical depth ⌧d, linked to the extinction

by E(B � V)⇠ (0.06...0.11)⌧d.

The lower numerical value corresponds to an attenuation law for
starbursts according to Calzetti et al. (2000), the higher value to
the Galactic extinction law from Seaton (1979). However, the
exact geometry that we consider is not important. We tested that
our main results, which we detail below, are not altered by other
simple geometries such as a sphere or a slab.

Fig. 1. Spectra emerging from starbursts with neutral column densi-
ties ranging from the LyC optically thin regime (NHI  1017 cm�2) to
NHI = 1019.6 cm�2, as an illustration of the line broadening with in-
creasing optical depth. The models are dust free, with an expansion
velocity vexp = 50 km s�1, and a Doppler parameter b = 20 km s�1.
The intrinsic spectrum is a flat continuum plus a Gaussian emission
line of FWHM = 100 km s�1 and EW = 100 Å. These spectra are
not convolved to account for a finite instrumental resolution, but they
would correspond to extremely high-resolution spectra (R � 15 000 or
�v  20 km s�1). In this plot and in the following theoretical spectra,
the notation I/I0 indicates that the profiles are normalised to the flux
level in the continuum, I0, which is the mean number of escaping pho-
tons per frequency bin over an arbitrary frequency range far from line
centre, here xr = [�3000 km s�1; �2000 km s�1].

2.2.2. Results: identifiable features in the Ly↵ spectrum

Ly↵ radiation transfer in such a low optical depth medium is
characterised by extremely narrow line-profiles, as illustrated in
Fig. 1, where we compare emerging Ly↵ spectra from expand-
ing shells of increasing optical depth. The intrinsic spectrum is
a Gaussian emission line of FWHM = 100 km s�1 and EW =
100 Å. The shells are homogeneous, isothermal (b = 20 km s�1),
and dust free, and the expansion velocity is 50 km s�1. The shift
and broadening of the profile is clearly visible when the column
density increases. Extremely narrow Ly↵ profiles (FWHM ⇠
200 km s�1), with a peak shifted by less than ⇠150 km s�1 com-
pared to the systemic redshift of an observed galaxy, are there-
fore good candidates for LyC leaking through the LyC optically
thin scenario.

In the left panel of Fig. 2, the o↵set between the profile
maximum and the centre of the restframe Ly↵ line versus the
neutral column density for a sample of shell models extracted
from the library described in Schaerer et al. (2011), with mod-
erate Doppler parameter (10 < b < 40 km s�1), and moder-
ate extinction (0. < E(B � V) < 0.2), to restrain our study to
Ly↵ profiles in emission. The global trend is a correlation be-
tween log(NHI) and vpeak: when the column density of the shells
increases, the peak of the profile is increasingly redshifted away
from the line centre, except for high values of the expansion
velocity (vexp > 300 km s�1, red dots in the plot). The reason
why models with high outflow velocity have a small shift of
the Ly↵ peak is that a Ly↵ photon arriving at the fast moving
shell will be seen out of resonance, and its probability to cross
the shell without interaction is high. For high enough velocities,
the intrinsic, unaltered Ly↵ spectrum would be recovered by the
observer.

Figure 2 clearly shows that models with NHI < 1018 cm�2

are characterised by vpeak < 150 km s�1. However, it also shows

A7, page 3 of 13

V_min_Lyα=	-43	km/s	
V_min_SiII	≈	-30	km/s	
V_red	=	99	km/s	
V_blue	=	-199	km/s	
FWHM_red=	160	km/s	
FWHM_blue	=	150	km/s	
R(Lyα)≈3000	
->	FWHM_intrinsic	≈	120	km/s	
(FWHM	Hα	=	59	km/s)	

Comparing	Lyα	and	ISM	absorpKon	lines	 Homogeneous	shell	models	(Verhamme)	



Tol	21:	radiaQve	transfer	modelling	
Best	fit	shell	models,	with	only	z	fixed	(Verhamme).	NB	FWHM=400	vs	50	

Best	fit	shell	model,	w	correct	FWHM		

Clumpy	shell	
model	(Gronke)	
correct	FWHM	
(in	progress)		



Tol1214-277	
Radial	luminosity	
profiles	
	
No	dust,	sKll	
moderate	Lyα	
	
Extreme	O32	
	
+	small	Lyα	peak	
separaKon	
+high	EW	blue/red	
	
->	probable	LyC	
leaker	
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Fig. 1. Left: Reconstructed VRH↵ color image of ESO 338 as seen by MUSE. The H↵ image is not continuum subtracted. The black asterisks
mark the location of the two foreground stars. The white box shows the region displayed in the panel to the right. Right: Reconstructed three-color
images based on narrow-band images taken with HST of Ly↵ (blue), [O iii] �5007 Å (green) and H↵ (red).

90�, resulting in an integration time of 100 min. The measured
seeing was 0.900in the V band. The data were reduced using the
ESO pipeline version 0.18.5 (Weilbacher et al, in prep.). Flux
calibration is based on observations of the spectrophotometric
standard star GD 153.

We present the first results derived from this rich data set.
Broadband images in V and R were extracted using the V and R

transmission curves. Emission line maps of [S ii] �6717 Å and
�6731 Å, [O iii] �5007 Å, and H↵ �6563 Å were extracted. The
emission line maps were constructed by numerically integrat-
ing below the emission line, and the continuum was subtracted
by averaging the continuum blue- and redward of the line. To
enhance the low-surface brightness features, we made use of
the weighted Voronoi tesselations binning algorithm by Diehl &
Statler (2006), which is a generalization of the algorithm devel-
oped by Cappellari & Copin (2003) . A minimum signal-to-noise
ratio (S/N) of 20 has been chosen for the [S ii] �6717 Å line with
a maximum cell area of 100 pixels (4 ⇤00). This Voronoi pattern
was applied to all emission line maps. A Gaussian profile was
fitted to the H↵ line using the MPFIT (Markwardt 2009) to cal-
culate the velocity map.

3. Results

Figure 1 (left) shows a VRH↵ three-color image extracted from
the MUSE observations of ESO 338. The reconstructed V and R

images reveal the continuum emission of the galaxy and show
numerous star clusters (Östlin et al. 1998). The H↵ map shows
a large ionised halo around the galaxy (Bergvall & Östlin 2002),
extending as far as 6 kpc from the center of the galaxy (assuming
a distance of 37.5 Mpc, Östlin et al. 1998).

The right panel of Fig. 1 shows a composite of HST obser-
vations of H↵, O iii, and Ly↵ of the central part of ESO 338. The
MUSE observations allow us to study the gas far out in the halo,

while the HST observations give detailed information about the
small scales (Hayes et al. 2005; Östlin et al. 2009).

3.1. Ionization parameter

We applied the technique of ionization parameter mapping to
determine the degree of ionization and the optical depth for Ly↵
photons using the [SII] (�6717 Å+�6731 Å)/[OIII] (�5007 Å)
line ratio (Pellegrini et al. 2012). The right panel of Fig. 2 shows
the [S ii]/[O iii] line ratio calculated using the Voronoi tessellated
data. The observed ratio varies from unity in the western and
eastern parts of the halo to 0.03 in the center of ESO 338. This
extreme line ratio shows that there is a high production of h⌫ >
34 eV photons compared to where [S ii]/[O iii] is 1. Comparing
these low values with theoretical prediction by Pellegrini et al.
(2012) shows similarities to the models with an O3V star as ion-
izing star. The lowest values are found coincident with the posi-
tions of young (<2 Myr) star clusters (Östlin et al. 2003), con-
taining these very early O stars.

The central ⇠2 kpc of the galaxy halo show an average value
of 0.1 of the [S ii]/[O iii] ratio, indicating that entire center of
ESO 338 is highly ionized. This is probably caused by the H ii
regions being optically thin for LyC photons, which allows them
to leak out and ionize of the gas outside the H ii regions. The gas
becomes optically thick for LyC photons only in the western and
eastern outer regions of the galaxy. This pattern mimics the be-
havior of a giant H ii region, as found for similar galaxies (Haro
11, Cormier et al. 2012), and confirms the existence of an in-out
ionizing front that modifies the interstellar medium (ISM) states
of the galaxy. Several cones of highly ionized gas expanding all
the way into the galaxy halo are visible. The most prominent ion-
ization cones are in the northwest (nr 1) and southeast direction
(nr 3). An additional ionization cone (nr 2) is found in the eastern
direction.
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A. Bik et al.: VLT/MUSE view of the highly ionized outflow cones in the nearby starburst ESO338-IG04
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Fig. 2. Left: Velocity map of H↵ as derived from a Gaussian fit of the emission line. As systemic velocity we have chosen 2841 km s�1. Overplotted
are the contours of the Ly↵ -continuum subtracted emission (Östlin et al. 2009) with contour levels of 0.3, 0.9 and 2 ⇥ 10�19 erg/s/cm2/Å. Right:

[S ii]/[O iii] line ratio tracing the ionization parameter throughout the galaxy (Pellegrini et al. 2012). All cells with a flux lower than 1.7 ⇥ 10�19

erg/s/cm2/Å, corresponding to a S/N = 20 for the S ii �6717 Å line, have been removed from the plot. The contours show the H↵ velocity map
with contours at -15 (dashed), 15, 30, and 45 (solid) km s�1).

Changes for instance in extinction and abundance might also
result in changes in line ratios. However, the extinction toward
ESO 338 is very low, with a luminosity-averaged value of close
to 0 mag (Östlin et al. 2003). This is confirmed by our own
H�/H↵ map, where maximum values of E(B � V) = 0.2 mag
are measured toward some clusters. To reproduce the observed
change in [S ii]/[O iii] ratio, E(B � V) values as high as 3.5 mag
are needed (Calzetti et al. 2000). To test whether the abundance
variations might cause the observed pattern, we calculated the
N2 and S3O3 indices (Stasińska 2006). Spatial variations were
found, but not in the same geometry as for [S ii]/[O iii]. The
same spatial variations, however, were found in line ratio maps
of lines originating from di↵erent ionization potentials, such as
H↵/[O iii] and [S ii]/[S iii], suggesting that the changes in the
[S ii]/[O iii] ratio are dominated by variations in ionization.

3.2. Kinematics

To relate the detected ionization cones to galactic-scale outflows,
we compared the map of ionization parameters with the H↵ ve-
locity map. Previous studies on the H↵ velocity field of ESO 338
based on Fabry-Perot data (Östlin et al. 1999, 2001) and long-slit
spectroscopy (Cumming et al. 2008) concluded that either the
galaxy is not in equilibrium, or the H↵ velocities do not trace the
gravitational potential and are dominated by feedback.

With our high-quality MUSE data we clearly detected sev-
eral high-velocity outflows (Fig. 2) and confirm that most of
their observed velocity profile is indeed dominated by the out-
flow emission. As a result of the irregular velocity profile, the
systemic velocity is only poorly defined. We measured the ve-
locity of the H↵ line of the intensity-weighted average over the
part of the galaxy where continuum is visible. This resulted
in a observed velocity of 2841 ± 1 km s�1, consistent with
HIPASS 21 cm measurements (Meyer et al. 2004). Measure-
ments of absorption lines of Na i (� 5889.9Å, 5895.9Å) and Mg i
(� 5167.3Å, 5172.7Å, 5183.6Å) in the intensity-weighted spec-

trum show similar values, albeit at lower accuracy because of
their low equivalent width. This is consistent with previous stud-
ies where no velocity di↵erence was found between stellar ab-
sorption lines and nebular emission lines (Cumming et al. 2008;
Sandberg et al. 2013). After correcting for the heliocentric ve-
locity, we chose the systemic velocity to be 2841 km s�1 as mea-
sured on the H↵ line of the integrated spectrum (Fig. 2).

A complex of outflows coincides with the northwestern ion-
ization cone, suggesting that this cone is created by the expand-
ing, highly ionized gas that is expelled from the galaxy by stellar
feedback. A similar outflow is found to the south of the galaxy,
but this outflow is not aligned with an ionization cone. In ad-
dition, two expanding arcs are detected in the velocity map,
one redshifted, roughly coinciding with ionization cone 3, and
a blueshifted arc west of the same ionization cone. The out-
flows show maximum projected velocities of 50 km s�1, which
is slower than outflows in M82 (Shopbell & Bland-Hawthorn
1998) and NGC 1569 (Westmoquette et al. 2008), for instance,
which were derived from data with much higher spectral reso-
lution. We found no evidence for multiple components in H↵,
probably because of the insu�cient spectra resolution.

The MUSE data are much deeper than the previous spectro-
scopic H↵ observations of ESO 338 of Östlin et al. (1999) and
Cumming et al. (2008). This allowed us to trace the halo much
farther out than before (6 kpc, 10= 11 kpc). In addition to the out-
flows, we find evidence for a gradient in the velocity of the halo
gas. The observed velocities increase from west to east between
-50 km s�1 and +10 km s�1, similar to the gradient observed in
the H i emission of ESO 338 (Cannon et al. 2004).

4. Discussion and conclusions

We presented MUSE integral field observations of the local Ly↵-
emitting galaxy ESO 338. We identified several highly ionized
channels and found evidence of galaxy-scale outflows driven by
stellar feedback in the central part of the galaxy. ESO 338 is per-
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-	COS	spectra	in	LARS	(and	other	studies)		give	Lyα	spectra	and	ISM	
kinemaKcs	along	one	LOS		
-	ESO	338-04	has	many	star	clusters	UV	bright	enough	to	enable	
mulKple	poinKngs	
->	mulKple	sight	line	ISM	+	Lya	study:	COS	+	STIS	(HSTCy24)	
	



VLA	HI	contours	
Overlaid	on	MUSE	OIII/Hα	map	

The effects of resonant scattering may be lessened if there is
a velocity difference between the site of Ly! emission and
the surrounding material from which resonant scattering can
occur. This will Doppler shift the Ly! photon out of resonance
and increase its chance of escaping the surrounding ISM.
While this process seems to be complicated (note, e.g., that
higher outflow speeds suggest less prominent Ly! emission
profiles in the sample of Shapley et al. 2003), it appears that an
important factor is the presence or absence of an outflow (see
below). Indeed, Shapley et al. (2003) measure an average Ly!
offset of greater than 300 km s!1 for the sample of Ly! -
emitting LBGs. These observations and the studies of Giavalisco
et al. (1996) and Kunth et al. (1998) argue for the importance
of ISM geometry and kinematics in affecting the Ly! escape
fraction.

The studies of Kunth et al. (1998), Tenorio-Tagle et al.
(1999), and Mas-Hesse et al. (2003) have examined the
characteristics of the ISM kinematics that appear to influence
the propagation of Ly! photons in star-forming galaxies.
If static, homogeneous neutral gas with column densities
k1018 cm!2 shields the ionized gas, no emission will be
detected. The resonant scattering of the Ly! photons will lead
to increased probability of destruction by any dust that is
present. On the other hand, there may be diffuse Ly! emission
that is detectable on sight lines not coincident with the sources
of UV photons. Similarly, if the areal coverage of the neutral
gas is not uniform but clumpy, some Ly! emission may be
detectable on favorable sightlines. Finally, if the velocity
structure of the neutral gas is not static but rather outflowing
from the ionizing regions (outflow velocities k200 km s!1),
Ly! photons to the red of 1216 8 can escape and Ly!
emission may be significant. This explains the strong Ly!
emission detected in some starburst galaxies with complete
spatial coverage by neutral gas that is also comparatively rich
in both metals and dust.

These observations were undertaken with these arguments
in mind. Our group has obtained new HST Advanced Camera
for Surveys (ACS) imaging of the Ly! line in a small sample
of galaxies (see Kunth et al. 2003), two of which are
Tol 1924!416 and IRAS 08339+6517. While these data are
only a small segment of the sample that was imaged in Ly!,

they will aid in the interpretation of the Ly! data. We note that
our H i imaging sample does not include systems showing
only Ly! absorption, so we must await a larger sample to
draw definitive conclusions on the correlation between H i
kinematics and the appearance of Ly! emission. However, the
results presented here support the scenario that the geometry
and kinematics of the ISM are important (although not the
only) factors that affect the escape probability of Ly! photons
from massive star formation regions.

2. OBSERVATIONS AND DATA REDUCTION

The NRAO VLA1 was used to obtain H i spectral line data
for these two systems, as part of observing program AC 654.
Tol 1924!416 was observed in the BnC configuration for 180
minutes on 2002 September 30, while IRAS 08339+6517 was
observed in the C configuration for 370 minutes on 2002
December 8 and 9. The correlator configuration yields a
bandwidth of 3.125 MHz, with 64 channels separated by
48.8 kHz (10.5 km s!1). The data were reduced and calibrated
using standard methods in the AIPS environment. The data
were imaged using uniform weighting; the single-plane rms
noise is 1.3 mJy Beam!1 for Tol 1924!416 and 0.40 mJy
Beam!1 for IRAS 08339+6517. With the final beam sizes
(2600 ; 1600 for Tol 1924!416 and 2100 ; 1600 for IRAS
08339+6517), this noise level implies single-plane 3 " de-
tection thresholds of 2:3 ; 1020 cm!2 and 6:9 ; 1019 cm!2 for
Tol 1924!416 and IRAS 08339+6517, respectively.

3. H i DATA: EXTENDED TIDAL STRUCTURE

With these data we detect extended tidal structure in each of
these systems. In both cases H i gas is detected in the target
system, in a neighboring galaxy, and in tidal material.

3.1. Tol 1924!416

In Figure 1 we present contours of the zeroth-moment (total
column density) image overlaid on a Digitized Sky Survey

1 The National Radio Astronomy Observatory is a facility of the National
Science Foundation operated under cooperative agreement by Associated
Universities, Inc.

Fig. 1.—(a) DSS image of Tol 1924!416 overlaid with contours of the H i zeroth-moment image. Contours correspond to column densities of
(7:3; 29; 51; 73) ; 1020 cm!2. Each galaxy is labeled; beam size is shown in the lower left corner. (b) Intensity-weighted velocity field of Tol 1924!416; it is
apparent that H i is being removed from one or both systems. A component of solid-body rotation also remains within the optical extent of both galaxies. Beam size
is shown in the lower left corner.
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SAFE	Lyα	spectra	



SAFE	
5	UV	bright	
signtlines	
	
Comparison	of	Lyα	
and	SiII	1260	line	
	
In	progress.	



Summary	

•  LARS+eLARS	data	products	soon	to	be	
released	

•  Tol1214-277	turns	out	to	be	an	ordinary	LAE	
but	is	probably	leaking	LyC	

•  SAFE	will	allow	the	first	tomographic	Lyα	+	
ISM	tomography	of	a	Lyα	galaxy	in	the	local	
universe	


