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Abstract

We investigate the photoionization models of the Lyman-alpha emitter at redshift z = 6.11 by modeling rest-frame ultraviolet (UV) emission lines using a public photoionization
code. Our target, RXC J2248-1D3 (ID3), is abundant in observational photometric and spectroscopic data from rest-frame far-infrared to UV. A suite of multi-wavelength data
sets obtained for ID3 allows us to reveal the physical properties of the galaxy in the reionization era. SED modeling with these observations reveals that ID3 has young and
mature stellar populations. On the other hand, the best-fit model fails to reproduce the intensities of UV lines, implying that ID3 has extreme ISM properties. To investigate them,
we construct a photoionization model that reproduces the observed UV line ratios. We find that ID3 favors density-bounded H 1l region models with a high ionization parameter
larger than 10-2. Our modeling shows that radiation-bounded models are insufficient to reproduce a bright C Iv emission, suggesting the presence of additional ionizing
mechanisms such as AGN or radiative-shock.

1. Introduction 2. Sample : RXC J2248-1D3 (ID3)

* Itis assumed that the galaXieS at redshift z > 6 contributed the reionization, but Grawta“ona”y lensed (magmﬁcahon factor ~ 5. 3) Lyman o emitter at z = 6.105.
the nature of these galaxies and interstellar medium (ISM) are not well .
e nature o Detections of C IV A 1550 A, O IlI] A 1663 A and [O I111] 88 um

» Upper limit of NV A 1240 A, He Il A 1640 A and C IIIl] AA 1907,1909 A

« Spectral energy distribution (SED) modeling with PANHIT (Mawatari in prep.)

_ | suggests that there are two populations; young (age ~ 2 Myr) and (age ~
* Recent observations with ground-based telescopes (e.g., VLT) report that 640 Myr).

bright UV nebular emission lines from z = 6 - 7 galaxies.

» These emission lines contain a variety of information about the physical
conditions in galaxies.

« Atacama Large Millimeter/submillimeter Array (ALMA) observations reveal
that the [O 1ll] 88 um line is a good indicator for z > 6 galaxies.

* The best-fit model can not reproduce observed UV lines (bottom-right panel in Fig.1).
ISM properties differ from
those that are often found in

[O 111] 88 )—*—I—*—(
X ‘ the local universe.
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offer a unique opportunity
to unveil them.
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 Photoionization models with UV emission lines are well constructed at z = 2 -
4. (Byler et al. 2018, Nakajima et al. 2018)

» The strength of ratios of UV emission lines can be used to constrain the nature of
lonizing source and physical properties of the galaxies.

-
o
|

W

o

=
-
I

W

=

Flux density [erg/s/cm”2/HZ]

_10-17,_Rest-UV lines
q\| ]
Combining the observed emission lines, we can explore the physical conditions of Tg | ® ci _ | |
the galaxies at the epoch of reionization using photoionization models. 35 9 10-18. o Figure 1. Red line shows the best-fit SED.
10 ®)) O !
S He I 3 It has both young (blue) and mature (orange)
g 10-19 5 stellar components. The gray squares are
o :1 - observed flux or flux density, and the crosses
_ 1033 H—— . - = are model predictions. Right bottom panel
3. MOde“ng ApprOaCh 10° 10" shows UV lines. Upper left panel shows the
We construct models of radiation-bounded and density-bounded H |l regions using Observed wavelength [um] [© 1] 88 pm line.
photoionization code Cloudy (version ¢17.01; Ferland et al. 2017).
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Parameters Figure 2. UV emission line ratios from 2 & S . ?
+ lonizing source: Binary stellar population using BPASS 2.1 (Eldridge et al. 2017) radiation-bounded models. Observed line o = g e i o *?
. Gas density (n): 102, 103 cm?3 ratio and those uncertainties are plotted as I e ® o o 10721 e NV
o R ’ ) 0 solid line and gray shadow, respectively. L . . M 10-17 L . . .
 |onization parameter (U): 10-° to 10° with steps of 0.5 dex Dashed line reproduce 20 upper limit. RS S
| Q(H) Q(H): The number of ionizing photons ionization parameter log(U) ionization parameter log(U)
U = ATrT2 1o . The separation between center source to illuminated face [cm]
o NHC . speed of light [cm/s]
- Gas metallicity Z: 0.2 Z,, (obtained by SED model), Density bounded model O i 10
. ' O ' o O
« C/O, N/O and Si/O abundances are scaled by 0.15 (Berg et al. 2018) +  To reproduce C IV/O 1] ratio, U . g 3 § g -~ 1oo.§ % % 3 %
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« Grains: Orion abundances high ionization parameter and o 8 § °c o ©® i i O 10-14 8 % ¢
= _ > ;
- We adopted closed, spherical geometry small tq,, are preferred. T 10 - *ee?® o 0
« CMB emission at z = 6.11 * The upper limit of C 111}/O III] | Hell CIv
- magnetic field 10 uGauss ratio gives a lower limit of the LT o S O
lonization parameter; 5
1 1@ 8.3 .....................
The calculations are stopped at log (U) > -2. 8 ° : ;g;g}"’g“”) g
» (Radiation-bounded) the electron fraction to ny falls below 1 % I 308 ---------------- = W00 @neiens g 4
- (Density-bounded) optical depth at 912 A (tq15) : l0g(tes,) = 0.3, 0, -0.3, -0.5 Figure 3. Circles show UV emission = - g ¢ ol S 10 §
line ratios from density-bounded models © 6x10™ ool 5 8 § 8
o with a fixed gas density ny, = 103 cm-3. ixio1] CHI o of 10777 NV
Observed emission line ratios (Mainali et al. 2017) : Triangles are radiation-bounded models . . . 1 1o-17 L , , ,
C IV/O 11i] = 3.2 = 1.1, N V/O 1li] < 0.49, He /O 1] < 0.41, C 11}/ 1] < 0.98 with ny = 10° cm?. onization parameter log(U) onization parameter log(U)
Goal:

Density-bounded H Il region models with high ionization parameters

To construct photoionization models to reproduce observed UV line ratios.
reproduce observed data well.
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