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HI distribution and lonizing photoHs escape .

Intrinsic LyC Observed LyC
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Probing the dust
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to understand LyC
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Hl distribution probes are the best fose Indicators
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Keck/KCWI @Hawaii HET/ LRS2 @lexas

> IFU observations of 22 galaxies from
the LzLCS and Izotov et al. 2022

(O

THE LzLCS SURVEY: LOW-REDSHIFT LYMAN CONTINUUM SURVEY High ionization Star-forming, low dust
[O /[0 ]> 3 UV slope B < -2

« HST/COS PID: 15626, Pl: Anne Jaskot A

. . l#‘
« Sample of 66 star-forming galaxies at z~0.3 Redshift 7~0.3 ‘v

35 new LyC detections

+literature detections

« Statistical sample of 89 LyC leakers and non-leakers

Concentrated star formation

=» Sample with selection criteria to find LyC leakers Zsep > 0.1 Moyr~'kpe™
4 Flury et al. 2022a, Saldana-Lopez et al. 2022
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Connecting fesc to HI distribution in known (nogp-)leakers

Keck/KCWI @Hawaii

L e ke -

> IFU observations of 22 galaxies from
the LzLCS and Izotov et al. 2022

5 kpee NUV continuum

LyC B
e Amgu-con rSiom  Aoulcont rY O EB-V) M, Flury et al. 2022a
- ury : 9

Leclercq et al. 2024 > Saldana-Lopez et al. 2022



Spatial extent of the nebular emissiop . -
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Spatial extent of the nebular emissiop ,
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Spatial extent of the nebular emissiop . .
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Connecting the gas distribution to the LyC escape




Leclercq et al. 2024

Connecting the gas distribution to the LyC escape
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Connecting the gas distribution to the LyC escape

10910033
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> Strong leakers are compact in
both Mgll and [O Il],

»  Weak/non leakers have diverse
nebular configurations
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Connecting the gas distribution to the LyC escape

100

fesc > 30%

fesc < 5%

Leclercq et al. 2024
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> Strong leakers are compact in
both Mgll and [O Il],

»  Weak/non leakers have diverse
nebular configurations

=» Nebular compactness + high
032 ratios = strong LyC leakage
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Connecting the gas distribution to the LyC escape
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Connecting the gas distribution to the LyC escape

> Strong LyC leakers show no or smalli
(<1kpc) spatial offset between Mg Il and the
stellar continuum

_ » Weak/non leakers are more diverse with
F offsets up to 4 kpc
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Gas distribution vs. LyC escape n stagks -

STACKING EXPERIMENTS
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Different mechanisms for LyC escape . -

Highly ionized galaxies
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widespread ionization . numerous porous lines of sights

Leclercq et al. 2024 0



Low N(HI)

widespread ionization

Leclercq et al. 2024

Different mechanisms for LyC escape . -
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Different mechanisms for LyC escape .,

Highly ionized galaxies Low ionized galaxies

Low N(HI) H | clouds

O+ /

LyC

widespread Ionization . numerous porous lines of sights ionized channels in the ISM + CGM

Leclercq et al. 2024 0



Different mechanisms for LyC escape .,

Highly ionized galaxies

Low N(HI)
Mg+
2

widespread ionization

Stellar populations ionizing most
of the neutral gas in the ISM/CGM

Leclercq et al. 2024

H | clouds

>

=

numerous porous lines of sights

and

Low Ionized galaxies

O+

ionized channels in the ISM + CGM

Powerful outflows and feedback effects clearing
the galaxy surroundings

10



Different mechanisms for LyC escape .,

Highly ionized galaxies Low ionized galaxies
Low N(HI) H | clouds
Mg+ Mg+
//02, H Il 7 ;
— O+ ‘ H Il
& O+
widespread Ionization . numerous porous lines of sights ionized channels in the ISM + CGM

Stellar populations ionizing most
of the neutral gas in the ISM/CGM

and

Powerful outflows and feedback effects clearing
the galaxy surroundings

Nebular spatial compactness + high ionization = indicators of LyC escape in high-redshift galaxies

Leclercq et al. 2024
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Spatially resolved spectral analysis; . -




Spatially resolved spectral analysis.
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Sample: 12 objects with KCWI data

 [OIl] : lonized gas kinematics
* Mg Il : neutral gas kinematics

Mg Il flux ratio : predicted LyC fesc
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Spatially resolved spectral analysis.
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Spatially resolved spectral analysis.
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Spatially resolved spectral anélysis.
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Lyc mapping of 41 LzLCS galaxies.
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THE LACOS SURVEY: LYMAN ALPHA AND CONTINUUM ORIGINS SURVEY ¢ 2
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Lyc mapping of 41 LzLCS galéxies.
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High resolution Lya spectra of LyC leakers .

Medium HST/COS program — PIl: Leclercg — 49 orbits —> 15 LzLCS galaxies + 27 archival objects
Henry et al. 2015,
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High resolution Lya spectra of LyC leakers .
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Connecting LyC escape with LyA spatial and spectral properties

Preliminary

= 16 LzL.CS galaxies with both spatial and spectral LyA observations

15 Leclercq et al. in prep.



Connecting LyC escape with LyA spatial and spectral properties

Preliminary

= 16 LzL.CS galaxies with both spatial and spectral LyA observations
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 |LAH size and peak separation correlate

« Strong LCEs are more compact in LyA
and have smaller peak separation

Leclercq et al. in prep.



Rs halo [kpc]

Connecting LyC escape with LyA spatial and spectral properties

Preliminar
= 16 LzL.CS galaxies with both spatial and spectral LyA observations y
fesc LyC
5
_.—
_._
4 -  LAH size and peak separation correlate
1  Strong LCEs are more compact in LyA
3 - s and have smaller peak separation
2 7 _* _.- " . .
—e— It’'s now possible to link LyC escape with
both Lya spectral and spatial properties in
] - A ® Archives statistical sample
i — % New COS
| 1 | | I 10_2
200 300 400 500 600

Vpeak [km/s]

Leclercq et al. in prep.



Updating the LyC fesc - LyA Vpeak relation .

x
3 B
AR
@ * K
) “
U N\
O - N
Y— L \\
\\
- ~
\\'
‘N
y
10_2-E b
100 200 300 400 500 600

vpeak [km s71]

16



Updating the LyC fesc - LyA Vpeak relation .

100': - == |zOotov+18b
€ Archival data
® New COS data

O 1071
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Y
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100 200 300 400 500 600

vpeak [km s 1]

Flury et al. 2022b, Leclercq et al. in prep. 16



Updating the LyC fesc - LyA Vpeak relation .

109 - ) . - == |zOotov+18b
: \l € Archival data
: e @® New COS data
=» correlation between fesc(LyC) and
Lyman alpha peak separation holds
)10 - :
> =» Scatter increased at vpeak ~ 300 km/s
O
vy
v ‘T
(V.
Is the scatter due to
i secondary parameters ?
100 260 3(30 460 560 600

vpeak [km s 1]

Flury et al. 2022b, Leclercq et al. in prep. 16



Understanding the scatter in the LyC fesc - LyA \ipeak relation
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Understanding the scatter in the LyC fesc - LyA \ipeak relation

Ry [kpc]
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For vpeak = [250 - 400] km/s :

Our results suggest that the scatter
Is driven by the galaxy UV size



Understanding the scatter in the LyC fesc - LyA \ipeak relation

E(B-V)uv [mag]
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Leclercq et al. in prep. 18



Understanding the scatter in the LyC fesc - LyA \ipeak relation

E(B-V)uv [mag]

0.200
- == |zotov+18b
- 0.175

- 0.150

For vpeak = [250 - 400] km/s :

- 0.125

- 0.100

- 0.075

i Our results suggest that the scatter

IS driven by the dust extinction
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Leclercq et al. in prep. 18



Understanding the scatter in the LyC fesc - LyA \ipeak relation

Buv
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Leclercq et al. in prep. - No obvious trends seen with other parameters...



Understanding the scatter in the LyC fesc - LyA \ipeak relation

Buv
-1.0
-== |zotov+18b
l -1.2
For LyA vpeak = [250 - 400] km/s bin :
- —-1.4
- —1.6
- —1.8
| The scatter can also be due to the
. P UV beta slope
't:!skrﬁh;:f
ﬂ_gﬁ___ -2
. | LvA peak separation + UV size + dust
—-2.4
| = refining of the fesc(LyC) prediction

150 200 250 300 350 400 450 500 550 600
vpeak [km s~ 1]

Leclercq et al. in prep. - No obvious trends seen with other parameters...



The LyC fesc - LyA Vpeak relation at high z .

1.0 , ,
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L S |
silver LyC leakers
9 Fletcher+2019
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Kerutt et al. 2024 20



The LyC fesc - LyA Vpeak relation at high z .
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The LyC fesc - LyA Vpeak relation at high z .
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1.0

0.0

The LyC fesc - LyA Vpeak relation at high .z

gold LyC leakers

silver LyC leakers
Fletcher+2019
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Pahl+2021
Marques-Chaves | 2022
Flury+2022b
Verhamme—+2017
|zotov+2018
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600 800
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Redshift evolution
or selection effects ?

Need larger and non-biaised
samples at all z



Hl mapping with LyA

MUl Nk soeciMmesopic eyplorar
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MUSE GTO deep fields
(texp >10h) : UDF (Bacon et al. 2017)

Also Daniil and
John'’s kalles

> Extend over tens of pkpc (10-30
> 10 times more extended than UV continuum
> 65% of the total Lya flux is in the halo !

Lya haloes are ubiquitous
around galaxies atz > 3
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Hl mapping with LyA
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Hl mapping with LyA
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No evolution of the LAH extent with z

= Is that OK to rely on the HI distribution properties to estimate fesc LyC at high z ?

Leclercq et al. 2017 Saldana-Lopez et al. in prep.
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NiLCce review

Connecting the HI distribution to the LyC escape akhjgh z -2 ™}, sura




Nice review

Connecting the HI distribution to the LyC escape akhjgh z -2 ™}, sura
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Kerutt et al. 2024, Oesch et al. 2018, Leclercq et al. 2017 23



NiLCce review

Connecting the HI distribution to the LyC esca peakhighz 2 "1, sare
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~ Nice review

Connecting the HI distribution to the LyC escépe ath|gh z

bj Sara

Lye line [107* erg em 2 571 A 1 I.vae NRB SR radial profiles —
100 FWHNM, : ve ol I e 17 - = UV cont ;
o} 3€3 km s SRy ¥ . =
r s -...“._,‘:./ : \, ' l)\_‘l‘ -~
el ] B

T

(

log(S

4948 4958 4968 4978 49&8

7
nulli urnit spectroscumc Explore= BD
‘.\_//’ ‘‘‘‘‘‘‘ ' - | e
a . " il n - -~ ‘."' :. '/“\
U Jlr ] Xy 534:) /// : 1¢ ‘ | J oA
' ~: 4 " |
O :,.‘ < *
™) " .1" ':)Il

fééét Y%

..’- \
:)ll l " 2].

U

1 | ” |

Lvman alnha ‘%QX/P‘()()()\\— Lya linc :l,(. 2 crg em .2 51 A 1] S:l racial profiles —

" Vi1llc L.' I . a ” s . 0.1 300 : 3 , o Lyn ;

===+ Lvman limit A@S F435W ACS LW — 250} ; FWHM, = | 17-1\ == UVeont|| &

. ) i ' E : 2801 ken s F e PSI o
— W Te - — 200} : : - )

=5+ ACS FST4W = § =

7 . s | N Extended -

E‘ (); —_— E IDC i : g 3 \
=

lerg s

M S

o
- Tl
0.0 -5

10000

\
/

5360 5400 5410 5429

;sj*i -

5439 1 -2 0 2 4 0" 3

log(SB

) - -

C | =

3
2000 3000

5000 G000 7000 s000 9000

wavelenglh [AT

4000 Lyece line [107 erg e ™ g7 A 1 SB racial profiles

140

o2 Ly

17 UV cont
“‘\ T I)Sl.'

"%\ Extended

120

" arcsec |

100

80|

1

60 | 18

OMTLi{.mmm”mmmmi.uu
L

A 1 i L
5478 5483 5498

L CE candidates | |
7/ in the MUSE Deep fields

1€

log(SB) lerg s

5508 5518 ' 4 2 | 0

>

>

/

Fesc > 20%

L CE candidates

4 i1solated LAEs with
LAH measurements ..

0‘* «\gj\

%) N
=
O
[~
S
w
&8

mbari

radiag; -
Oz

Lye line [107%Y erg em

Z*IA 1J

250F

200

i

I lrl[_,"'l;_j' -Lr‘-!..:

FWHM,
203 km s !

LV TP N
s

5664

5674 5684 5694 5704

l.va

|- potential

(

0

16

SB radial profiles

r—

I

o—+ Ly
UV cont

» ’y\ v PSF e

\

\T Compact-

2
arcser

111

(

S

O
e

J

log(S13)



LyA spectro-mapping

MUSE GTO deep fields
(texp >10h) : UDF (Bacon et al. 2017)

Lya NB image

peak shift

from Apea k,core

Leclercq et al. 2020
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Normalized flux

MACS0940
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(Richard et al. 2020)
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LyA spectro-mapping

MUSE GTO deep fields
(texp >10h) : UDF (Bacon et al. 2017)
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Hl mapping across cosmic time with i

lookback time (Gyr)

02 4 6 8 10 12

Madau & Dickinson 2014

/abl et al. 2021
Leclercg et al. 2022
Guo et al. 2023
Pessa et al. 2024

Mg II

m -I'A—'m 4

1 2 3 4 5 67
redshift
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Hl mapping across cosmic time with ground-pased |FU

lookback time (Gyr)
02 4 6 8 10 12

- % See Peber’s balle on

ﬁrid&j
> HI maps over 11 bilions years
- > Overlap LyA / Mg Il at z~2
0 1 2 3 4 5 678 » new LCEs at z~3-4 ?
redshift

Large IFU samples with no pre-selection !

Madau & Dickinson 2014 26



The statistical revolution with WST-like surveys

See Roland’s kalle
On F'r'”riciav

Mega IFU 3x3 arcmin2 + 3 deg2 MOS
R~3500, A = 370-970nm

MUSE

1 arcmin?2

- .- —_—

Dead zone
width 3 arcrpir

Wide field Spectroscopic Telescope

= From few hundreds to

millions of HI maps !

= Many more LCEs at high z ?

" 3x3 arcmin?

IFS mosaic

- "'|d e |
sy 9x9 arcmin?

13 arcmin dia.

Bacon et al. 2024, Mainieri et al. 2024



summary
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summary

= The neutral gas is one of the main sink for LyC photons > important to map it to understand LyC escape !
* From low-z LyC studies:
- IFU HI maps reveals that LyC leakage at low-z depends on the nebular gas extent in the ISM+CGM
- Preliminary resolved Mg Il maps show that LyC escape is anisotropic in the LzLCS sample

- We can now link LyC with LyA spatial and spectral properties in tens of galaxies from the LzLCS

At higher redshift :
- LyC/LyA connection is difficult — very low statistics
- Trends look different than the ones observed at lower z — redshift evolution or selection bias ?

- We need to increase the statistics and work on representative samples

 Future is bright :
- BlueMUSE+MUSE = blind and consistent analysis of LAH over 11 bilions years + new LCEs at z~3 !

- WST = statistical power with millions of HI maps and many more LCEs
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Bonus slides
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Rs halo / Rs core
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