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Solving reionization with HWO
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SHAPING THE ITALIAN CONTRIBUTION TO HWO



Our Universe: 13.8 billion years of history in a picture

Time:
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When and how
did Reionization
happen?

What was the topology .
of reionization?

B ¢

What produced the
ionizing photons?
Stars, AGN or both?

How many ionizing
photons managed to
escape from the
sources?




The equations governing reionization:

C = (nf,)/ﬁg

ionization recombination clumping

Reionization is completed when:

Nion lese Z ny,




The total ionizing radiation n._ :
the “ingredients”

nion — pUV gion fesc
0./~ the total

density of UV )
photons Gion the photon

‘ production efficiency
(how many ionizing
photons per UV
photon)

f =the fraction of
escC

ionizing photon
escaping to the IGM

combined
from galaxies
and AGN



o,,/~ the total
density of UV
photons

Harikane+22b Constant SFE A Bouwens+23
Oesch+18 Halo Evo ¥ Harikane+22c
Perez-Gonzalez+23 McLeod+23
Donnan+23 Finkelstein+23
Oesch+13/18 Willott+23
Bouwens+22 (XDF) @® These Results
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Adams+25 with results from Harikane+23,
Perez-Gonzalez+23 Donnan+23, Willlot+23
and other programs



25.0 Llerena+24
see also
7 Simmonds+24

Phal+25
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- Matthee+17 JADES-prism B GLASS-prism B Full sample

+= Pahl+25 JADES-MR # GLASS-MR @ Complete sample

- Best fit: slope=0.067 CEERS-prism GO-prism ® Median error log&ian
Canonical value CEERS-MR Castellano+23

¢, = the photon

1 production efficiency
NMH[s7] = — x 10" Ly corlerg s71].

1.36



The total ionizing radiation n._ :
the “ingredients”

nion 4 Uv gion fesc fesC = the fraction of
lonizing photon

0./~ the total escaping to the IGM
density of UV

photons &, = the photon
production efficiency



flion =P uv gion fesc

— In galaxies usually a tiny fraction of
the produced ionizing photons can

. lonizing phatons UV NON-ionizing
escape since the dust and gas effects (A<912A) LyC photons UV
within ISM/CGM/IGM are very important . B (A~15004)

Attenuation by ISM B
(530 ars) Attenuation by ISM
B (dust)

Attenuation by the
IGM (LAF, LLS, DLAs)




1st challenge: our atmosphere

The restframe range of Lyman continuum
emission (800-910 A) is NOT observable

from Earth for z<2.5
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1st challenge: our atmosphere

The restframe range of Lyman continuum
emission (800-910 A) is NOT observable

from Earth for z<2.5

o
S
X

Atmospheric
Opacity

for low redshift galaxies %
10nm 100nm 1pm 10pm 100 pm 1 mm 1cm 10 cm 1m 10m 100 m 1km
we need a UV space Wavelength

telescope

M f th
Visible Light ?st odt L " Long-wavelength
obeervable rarecispeciun Radio Waves observable  Radio Waves
absorbed by from Earth. ]

Gamma Rays, X-Rays and Ultraviolet P Earth

Light blocked by the upper atmosphere r?t:’ arth,

(best observed from space). with Somes gasses (best
atmospheric Sbeeved

distortion. from space).

atmospheric




2nd Challenge: confusion

at intermediate redshift, the presence
of interlopers can mimic the LyC flux

the flux in NB387 band
actually comes from the nearb
galaxy at another redshift

(so itis NOT IyC radiation)
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band with
non -ionizing
continuum

band with
ionizing
continuum



2nd Challenge: confusion

at intermediate redshift, the presence
of interlopers can mimic the LyC flux

the flux in NB387 band
actually comes from the nearb
galaxy at another redshift

(so itis NOT IyC radiation)

we need high spatial
resolution
(a big space telescope)
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band with
non -ionizing
continuum

band with
ionizing
continuum



3rd challenge: LyC flux is very faint since most sources have very low f

=21 -20

Muyv [mag]

Smith+20, Jung+24 etc

esc

(LyC)

Stringent constraints from stacking analysis

stack of 69 3.27<z<3.40 galaxies

Flury+22, see also Grazian+17, Marchi+17,
Guaita+15,Liu+23, Begley+22, Saxena+20
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3rd challenge: LyC flux is very faint since most sources have very low f

upper limits)

=21

Muyv [mag]
Flury+22, see also Grazian+17, Marchi+17,
Guaita+15,Liu+23, Begley+22, Saxena+20

Smith+20, Jung+24 etc

esc

(LyC)

Stringent constraints from stacking analysis

stack of 69 3.27<z<3.40 galaxies

we need sensitivity
(a big telescope)
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The final challenge!!
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Vanzella+16

Direct detection of ionizing
‘radiation IS Impossible at z>4.5

given the very high IGM opacity

880-910A
[ By definition we are not able to
| i measure a key ingredient of
| reionization for the galaxies in
redshift this epoch



Direct detection of ionizing
‘radiation IS Impossible at z>4.5

given the very high IGM opacity
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The final challenge!!
880-910A
By definition we are not able to
measure a key ingredient of

“ .

redshift this epoch
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we need to understand the
Vanzella+16 physical mechanism of LyC
escape



indirect tracers of Lyman Continuum emission

At low redshift, many properties correlate (or anti-correlate) with LyC emission

The connection between f__ (LyC) and indirect
indicators :

f _(LyC) correlates to Lya, Olll/OIl, ZSFR, CIV ...

esc(

f _(LyC) anti-correlates with UV size, UV slope, dust...

esc

all correlations are very scattered: complex problem
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Chisholm+22, Flury+22, Citro+25



Multi-variate diagnostics of Lyman Continuum emission

e To predict the LyC emission we use a Model based on log(032), UV-5 and
combination of several physical and XSFR (Jaskot+24a)
spectroscopic parameters that show
strong (anti) correlations with LyC

Fiducial Model
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We use Cox proportional hazards
models (a survival analysis technique
to best incorporate also upper limits)
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Jaskot+24a,b see also Mascia+23,Mascia+24, % o

Lin+24, Chisholm+22, Chustikov+24, L= o2 To-1
Chustikov+23
Observed f___ (LyC )
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The escape of LyC radiation over cosmic time
- state of the art -

Wang+23

F606W stack

Marques-Chaves+24
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60 [J1316+2614  reff = 220+12 pc|
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1200 1400 1600

i : G A Observed Wavelength (A) i n d i rect

About 90 galaxies with tracers

?nC::ststrZr%ECr(mlt_syg; 4 ohvsical About 10 solid Individual detections of based
pny LyC leakers (Sunburst arc, lon1, lon2, on low-z

properties (Flury+22a,b) J1316...) or limits from stacks

low redshift CcOSMic noon reionization



The escape of LyC radiation over cosmic time
/G/V/z‘ - wish list -
/‘8’78/77/88.

Spatially resolved studies e ok sl W Predictions

to understand from solid
the physics A much larger statistics models
to understand evolutionary trends in the LyC

escape mechanisms -

low redshift CcOSMic noon reionization



What could HWO do with a UV spectrometer ?

CURRENT

Table 1: Progress in galaxy sample and UV luminosdity.
Physical Parameter State of the Art | Incremental Progress
(Enhancing)

Number of galaxies iy
the studied sample (~ 2-fold S/N

increase)
UV luminosity
(in L™ units)
Apparent myv
atz ~ 0.1

WISH

Substantial Progress
(Enabling)
~ 2000
(~ 5-fold S/N
increase)
L~1/10L"
(Myvy ~ —16.5)

Major Progress »
(Breakthrough)
~ 40000
(~ 20-fold S/N
increase)

L ~1/100L*
(Myvy ~ —13)

Citro+25



LyC-leaking starburst J115205 + 340050
z=0.3f__ (LyC)=13% S/N=10

(a) J1152+3400 ‘\\\/N
E

— Observed wavelength (A)
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with the FUV channel of POLLUX
12 HST obits with COS - Spectrometer

-27 minutes with an 8m telescope
-45 minutes wth a 6m

Carr+25



What could HWO do with a UV IFU ?

Spatially resolved studies (UV to optical) of low redshift leakers
— understand the physics of LyC escape

e map the sites of ionizing photon production
e map the channels through which the photons can escape
e map the conditions facilitating the lyC escape

LyC Leaking System

A cartoon illustrating a
physical picture for the LyC
leaking star cluster of
Sunburst Arc derived from
joint analysis of photometry
and spectroscopy data
(Pascale+23)

C L, N L O i,
Ne lIl, Si Il



Further science objectives

e What is the dominant source of feedback governing LyC escape
across different galaxy populations?

e How does feedback (mechanical vs. radiation) shape the distribution
of neutral gas and dust in galaxies to allow LyC escape?

e How does the LyC escape fraction evolve relative to
the star formation episode or baryon cycle?

e What is the appropriate timeline for LyC escape?

e What are the roles of different stellar population

Some recent papers on these science cases with HWO: Citro+25 arXiv:2507.03171
Carr+25 arXiv:2506.23105
Xu+25 arXiv:2507.01312
McCandliss+25 arXiv:2507.02178



