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Isolated population Il stars are postulated to exist atraxmately z=10-30 and may attain
masses up to a few hundred solar masses. The James Webb &pscepe (JWST) is the next
large space based infrared telescope and is scheduledifahian 2014. Using a 6.5 meter pri-
mary mirror, it will probably be able to detect some of thetfgalaxies forming in the early
Universe. A natural question is whether it will also be allesee any isolated population 11
stars. Here, we calculate the apparent broadband AB-maigrisittor 300 M, population Il stars

in JWST filters at z=10-20. Our calculations are based ongt&abtellar atmospheres and take
into account the potential flux contribution from the sumding HIl region. The gravitational
magnification boost achieved when pointing JWST through egimund galaxy cluster is also
considered. Using this machinery, we derive the conditreqsiired for JWST to be able to de-
tect population Il stars in isolation. We find that a detewtdf individual population Il stars
with JWST is unlikely at these redshifts. However, the mawbpegm is not necessarily that these
stars are too faint, once gravitational lensing is taken &dcount, but that their surface number
densities are too low.
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1. Introduction

Both theoretical arguments and numerical simulations, reviewed in [1],g$rsapport the
notion that population Il stars were very massive, significantly more sotti@population | and
population Il stars that formed later on. When stars form in metal enrichgdtlge Jeans mass is
lower, which leads to fragmentation and thus lower masses. Lacking metdispacally unen-
riched cloud does not fragment in the same way and higher stellar masstbe@afore possible.
It has been argued that two different classes may have existed: populhl and population
[11.2. Population lIl.1 stars formed in dark matter minihalos of mass 1@ M., at z=10-30. As
described in [2], probably only one star, with an average mass #00 M., were produced in
every subhalo. This follows as the massive star that is formed emits a lot ahdistion which
destroys the molecular hydrogen in the parent cloud, preventing furtloéing and star formation.
Population I11.2 stars then form due to HD cooling with an average massl@f M.,. Even though
recent simulations indicate a more complex scenario, see [3] and [4], wksiimplicity assume
that only one heavy population Ill.1 star is formed per halo. As we will @rguflux boost due
to gravitational lensing by a foreground galaxy cluster will be necedsagigtect such stars. To
assess the required properties of the lens in order to see on avemgemuiation 1ll.1 star per
survey field, we will in general use the most optimistic parameters for thelatitms. Although
debatable, it has become standard practice to assume a mass range ot&300 M, for such
stars, (e.g. [2] and [5]). Here, we will explore the most optimistic scenmgsible, and therefore
adopt 300 M, for our population I1l.1 stars.

The spectral energy density of a primordial star has previously beestigated by Bromm et
al [6], with the result that isolated population Il stars were deemed to biatatfor detection with
the James Webb Space telescope ([7] and [8]). Even though the possibiitgvitational lensing
has been briefly mentioned in [7] it has not been investigated in detail. Hwegravitational
lensing seems to offer the only plausible route to direct detection of isolafdation Il stars
before they explode as supernovae (e.g. [9]).

2. Modelling the spectra of Population Il stars

The population Il properties derived in [10] have been used as this bar our magnitude
calculations. Here, we adopt the main sequence properties of thesarslatsgereby neglect the
star emitting less ionizing flux when aging. We have used realistic stellar atnrespdred have
also taken into account the potential flux contribution from the surroundlhgegion. To model
the atmosphere we have used the publicly available TLUSTY code, se€liis]code computes
1D, non-LTE, plane-parallel stellar model atmospheres and specten gicertain input stellar
composition, surface temperature and gravity.

The observed flux from a population Il star probably originates mostisnfthe HIl region
that is created around it. To model this, we have used the publicly availabteiphization code
Cloudy [12]. We use this to calculate the spectrum from spherically symméeirieg¢ions around
these stars. Both the nebular continuum and emission lines are predicisdrddedure results
in an optimistically bright emission spectrum, since real nebulae experieadbdek effects that
could give rise to holes in the HIl region. This exposes the star undérzeal the spectrum
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Figure 1: The predicted AB-magnitude in the NIRCam F200W filter of a 809 population Ill star as a
function of redshift.

emerging from the stellar atmosphere. The region could also break ow gfdkitational well of
the host halo if the feedback is strong enough. As described in [13]dithites the nebular flux
and exposes more of the purely stellar spectrum.

Because of likely Lyr absorption in the neutral IGM at#, the spectra have both the contin-
uum intensity at wavelengths shorter than therland the Ly line set to zero. At high redshift
this has a huge impact on the magnitudes since this effect will be redshiftetthénfitter we are
using, as described below.

3. JWST broadband fluxes of population Il stars

Figure 1 shows the predicted AB-magnitude in the JWST NIRCam/F200W filteruio300
Mg star. This instrument/filter have been selected to optimize the probability of dgtdotirstar
through deep imaging. The NIRCam/F200W filter has its main transmission betwez00 A and
22,500 A. This means that the redshiftecil§1216 A) absorption starts affecting the magnitudes
at approximately z=15. For objects at z=18 it has absorbed most ofékatrsm entering the filter.
The effect from Lyr absorption can be seen as the sharp increase of magnitudes in thistredshif
interval. With a very optimistic scenario of a 100 hour exposure, a detectiondfmibo;=31.68
can be reached atd5 Since the flux of a 300 M star is predicted to be 5¢>37 magnitude, a
flux boost due to gravitational lensing is required for a detection to bélead he gravitational
lens magnification required for this has been plotted as a function of z irefgurAt z=10, a
magnification of 160 is required to detect this object. At higher redshift.gteired magnification
becomes even greater.
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Figure 2: The gravitational magnification required to detect a 300 pbpulation Il star through deep
imaging with the JWST in the NIRCam F200W filter.

Using the Trenti and Stiavelli models [5], the number of stars per squan@raand redshift
can be calculated. Here, we have adopted the no Lyman-Werner iscesirace this results in the
most optimistic prospects for detecting isolated population Il stars at z<th6.nmfagnified area
required for detecting on average one population Ill star of 3Q0ckih be seen in figure 3. In this
graph we have also used the very unrealistic assumptiorathstiars attain the mass of 300:M
In reality just a fraction will be, and the area should increase accordifgig area is moreover
calculated with the assumption that it has exactly the required magnificationrela &ns, the
magnification will generally be higher in certain regions. This means that teasi@covered in
the source plane, and that a larger area is required in the lens planereghactually decreases
from z=10to z=12, where an area of about 0.15 square arcmin isthesaply because the models
predict more stars at this epoch. The area at redshift 12 correspmadnagnification of 200. For
comparison, the gravitational lens with the greatest known Einstein radid€ \M0717.5+3745
at z=0.546, [14]) has a magnification of 100-300 (average 160) imemnaf 0.3 square arcmin at
redshift 6-20 (see [15]). While this is in the right ballpark to allow 309 kbpulation Il stars to
be detected, this requires that a number of desperately unlikely conditiomsed, as we discuss
below.

4. Discussion

Even though the calculations presented in section 3 would suggest thaapop Il stars
might be detectable when viewed through a powerful gravitational lensptihysholds true if the
most optimistic assumptions possible are adopted. Hence, no matter how onahdisitisns, the
prospects of detecting isolated population Il stars in the foreseeabte fpear bleak. However,
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Figure 3: The required lens-plane area over which the magnificatiomdvoave to be equal to that derived
in figure 2, in order to allow on average one 300, tb be detected.

contrary to previous claims, [7] and [8], the problem is not necessardyghpulation Il stars
are too faint for detection, since the magnification of a lens may actually lift tisoae the JWST
detection threshold. The main obstacle is instead that the surface numbitieddor a sufficiently
massive population Il star is likely to be too low.

We have calculated the AB-magnitudes for population Il stars using reatistdels for the
atmosphere and the HIl region. However, our results are admittedly basadumber of simpli-
fications, most of them made in the direction that would improve the prospedetextion. The
spherically symmetric HII region that we have assumed is likely overestimatintutheas there
probably will be holes in the nebula. Recieving a 100h exposure time forsadefield is prob-
ably overly optimistic so in reality the detection limit would be lower. The model saldstéhe
model with highest SFR among the Trenti and Stiavelli models, thereby giviogerly generous
estimate of the number of stars in a given area of the sky. The magnificatiesuimad to be ex-
actly the magnification needed for observation. Finally our strategy ofrasguhat all population
Il stars attains masses of 300 Mprobably overestimates the probability of detection. The only
possibly pessimistic assumption is that of a negligibler lgmission line.
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