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ABSTRACT

I model profiles of the [Na] forbidden emission line at 12.8in, emitted by photoevaporative
winds from discs around young, solar-mass stars. The gegtline luminosities{ 107°L)

are consistent with recent data, and the line profiles vamyifsitantly with disc inclination.
Edge-on discs show broad (30—-40 kri)sdouble-peaked profiles, due to the rotation of the
disc, while in face-on discs the structure of the wind resinta narrower line4 10kms™?)
and a significant blue-shift (5-10km'3. These results suggest that observations ofi[Ne
line profiles can provide a direct test of models of protoptany disc photoevaporation.

Key words: planetary systems: protoplanetary discs — stars: pre-segjnence — hydrody-
namics — line: profiles

1 INTRODUCTION of a slow (~ 10 km s*) ionized wind from a T Tauri disc. The high
ionization potential of neon (21.56eV) means that Maly exists
close to T Tauri stars in photoionized gas, so forbidden sioris
lines from neon ions are unlikely to arise elsewhere in thadiril
system. The 12.8im line also falls in an atmospheric window (un-
like the [Nem] line at 15.5m), and can therefore be observed
from the ground at echelle resolution. Moreover, the cantm
emission from the star-disc system is orders of magnitucekere
in the mid-infrared than in the optical, so the line-to-dnatim ra-
tio for [Nen] can often be higher than for optical forbidden lines
such as [Ni] or [Su]. In addition, as will be shown, the critical
density of the [Nex] line is such that most of the emission arises in
the “launching region” of the photoevaporative wind, makiban
excellent tracer of disc photoevaporation.

Recently theSpitzer Space Telescopas detected the [N8
12.8um line towards more than 20 young, solar-mass stars (Pas-
cucci et al. 2007; Lahuis et al. 2007; Espaillat et al. 20@Ry in

The manner in which gas is removed from discs around youmg sta
has critical consequences for theories of planet formatisnthe
formation of gas-giant planets must precede the dissipatigas
discs. Currently, models of protoplanetary disc evolusoiggest

that the most of the gas is removed by a combination of visaous
cretion through the disc and photoevaporation by irragiefrom

the central star [e.g., Clarke, Gendrin & Sotomayor (20819xan-

der, Clarke & Pringle (2006b); see also the recent revienBuiie-
mond et al. (2007) and Alexander (2008)]. Such models agre r
sonably well with current data, but the ionizing lumincesitiof T
Tauri stars (required to drive the photoevaporation) arg peorly
constrained. Alexander, Clarke & Pringle (2005) used ardldata

to estimate the chromospheric ionizing fluxes from a smafiga

of bright T Tauri stars, and found values in the ramge- 10**—

10% ionizing photons per second. However, recent data suggests
that this may over-estimate more typical value®dfy 1-2 orders S o -
of magnitude (Herczeg 2007). Photoevaporative flows haea be most cases it is thought to arise in the star-disc systentzdgret

observed clearly in ultracompactiHegions around massive stars al. (.2007) obsgrved the [Neline from the nearby sourcelTW Hya
(Hollenbach et al. 1994; Lugo, Lizano, & Garay 2004), anchie t at high resolution {/AA ~ 30,000), and found that the line (with

externally illuminated “proplyds” in the Orion nebula (edphn- width 21+ 4kms') was narrower than lines that originate in the

stone, Hollenbach & Bally 1998). However, the evidence for o accretion funnel, but significantly broader than lines &lifrom

against the existence of central star-driven photoevaiperainds the d|§c at Iarge_r radii: this strongly suggests tﬁat the bnigi-
from discs around solar-mass stars is rather tenuous. Eailt e nates in a hot disc aimosphere. Glassgold, Najita & lgea#200

(2004) modelled the profiles of optical forbidden emissioes 3nd Gorti & Hc:jllenbar(]:h (Zboos) S(;"l).we(ilthat X;ay heﬁting @ th
and found reasonable agreement with both the line fluxes and p Isc can reproduce the observed line fluxes, but a photos¥apo

files obtained in the spectroscopic survey of Hartigan, Ede/& t'\llezglos;:_ Vémd_ zhlc-)lml(lj ggl € Eszeogé a\f\;m Ia{) Ilr;]e_ flu_x (If’asghlmt
Ghandour (1995). However, some discrepancies were alseire al ; Gortl ofienbac )- lle both lonization che-

(notably between the predicted and observed fluxes frorf) [@nd nisms (X-_ray and UV) can likely explain t_he opserved line ﬁsx
no further studies of such emission lines exist. the velocity structure of a photoevaporative wind shouklilein

For several reasons, the [NEfine-structure line at 12.8in a line profile that is distinct from that produced by X-rayanlia-

offers perhaps the best opportunity to confirm or deny the existe tion of a bound disc a_tmosphere. In thistterl model_the profiles
of the [Nen] 12.81um line emitted by photoevaporative winds, and

find that high-resolution spectroscopy can provide an ungunelis
* email: rda@strw.leidenuniv.nl means of detecting such winds in T Tauri systems.
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2 MODELS
2.1 Hydrodynamic models

In order to construct velocity profiles it is first necessarncom-
pute the hydrodynamic structure of the wind. Here twfiedent
cases are considered: the standard photoevaporative katieg-
bach et al. 1994; Font et al. 2004) and the “direct” wind, aapl

ble to a disc with an inner hole that is optically thin to iang
photons (Alexander, Clarke & Pringle 2006a). | usezhes2p hy-
drodynamics code (Stone & Norman 1992) to model the winds,
following the approaches of Font et al. (2004) and Alexaredex.
(20064a) respectively. | assume azimuthal and midplane stmym
and therefore model the disc using a polard)] grid covering the
ranged = [0,n/2]*. The grid cells are logarithmically-spacedrin
and linearly-spaced if, with the numbers of radialN;) and po-

lar (Ny) cells chosen so that the grid cells are approximately squar
throughout (i.eAr = rAg, see e.g., Bate et al. 2002). The rotation
option in zeus2p, which introduces a centrifugal pseudo-force, is
turned on, and accelerations due to gravity are evaluaiad osly

a point mass at the origin. | adopt the van Leer (second-pider
terpolation scheme, and the standard von Neumann & Richitmye
form for the artificial viscosity (withgisc = 2.0).

2.1.1 Standard case

In the standard case the wind models follow the “photoe\atper
disc wind” models of Font et al. (2004). These models make use
of the results of Hollenbach et al. (1994, specifically theeé&k-
wind” case), who used detailed radiative transfer caloutat to
determine the structure of the ionized disc atmosphere afihe-
sphere is isothermal at 4R, with a sound speeds = 10kms?.

The critical length-scal®;, known as the gravitational radius, is
found by equating the sound speed of the ionized gas witlotted |
(Keplerian) orbital speed, so

GM M.,
=2 M
S ©
where M., is the mass of the central star. The (number) density at
the base of the ionized atmospheang(R), determines the structure
30

of the wind, and the value & is
)1/2( M. )3/2
47ra'3@ 1M, ’

ag = 2.6x 10 8cnPs ! is the Case B recombination d@eient for
atomic hydrogen at & (Cox 2000), and the consta@was de-
termined by the numerical calculations of Hollenbach ef1#194).
InsideR, the base density scalesRs/2, while outsideR; it scales
asR™2. Font et al. (2004) adopt the following fitting form for the
base density, which varies smoothly between the two poswes:|

*=8.9( )AU, 1)

D
10Ms?

)1/2 ~28x 104( 2)

ng:C(

1/5
2 /

(R/ Rg)15/2 + (R/ Rg)25/2

The disc atmosphere is given an isothermal equation of, siate
the outer and inner radial boundaries are set as outflow lzoigsd
The inner polar boundary (theaxis) is a reflecting boundary, but
the flow is not at all sensitive to the inner boundary condgiol he
base of the flow (i.e. the disc midplane) is held constant atyev
time-step, using the density profilg(R) from Equation 2. [The

®)

no(R) = ng(

1 Lower-case denotes spherical radius; upper-cisgylindrical radius.

Att=

40.0000

Figure 1. Density and velocity structure of the steady-state phaipera-

tive flow. z = O corresponds to the base of the disc atmosphere; the under-
lying disc is not shown. The plot shows the “launching regjioithe wind;

the grid extends to = 20Ry. The density is shown on the colour-scale, with
velocity vectors plotted at regular intervals. The whitelshows the sonic
surface, where the velocity in the ) plane is equal to the sound speed.
The black contour indicates where the local density is etuéie critical
density for the [Ner] line, for parameter® = 10*s™1 andM, = 1M,.

base of the flow is actually found several disc scale-heightse
the midplane (Hollenbach et al. 1994), but additional daltons
show that this approximation has a negligibfeeet on the line pro-
files.] The flow is thus assumed to be recombination-doméhate
(with negligible advection across the ionization frontjeyious
studies suggest that this approximation is valid (e.g. Ateler et
al. 2006a). The base cells are given a Keplerian velocithénar-
bital direction, and zero velocity in the radial directidrhe polar
(vertical) velocity out of the base cells is not prescribbkdt in-
stead computed hydrodynamically: typically the launcloeiy is
~ 0.3-0.4; (Font et al. 2004). The models are computed in dimen-
sionless units: the unit of length i, the unit of time is the orbital
period atRy, and the density is normalized so tmgt= 1. Initially
the grid is filled with a uniform density of I8ng, and the model is
evolved forward in time until a steady-state is reached.rtfepto
compute line profiles, the resulting density and velocityctures
are scaled to physical units by choosing the paramdiensd M...

I use a grid withrj; = 0.03Ry, ro = 20Ry, N, = 246 and
Ny = 59. As one would expect there is excellent agreement with the
results of Font et al. (2004), with the location of the sonidace
and the integrated mass-loss rate agreeing with theirtresotter
than 1% accuracy. Choosingfidirent locations for the boundaries
(rin = 0.01Ry; rou = 50Ry) has a negligible féect on the structure
of the flow and &ects the computed line fluxes and profiles only
at the percent level. A numerical convergence test (usimnggttihe
grid resolution in both dimensions) suggests that the flowtem
is correct to 1-2% accuracy. A steady-state is reached &fter
5-10 time units; the subsequent line profile modelling malsss
of the density and velocity fields at= 40. The steady-state flow
solution is shown in Fig.1.

2.1.2 Discs with holes

For the case of a disc with an optically thin inner cavity, thedel
of Alexander et al. (2006a) is used. In this case the caliouma not
scale-free (because of the ionizafi@rombination balance calcu-
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lation), so physical units are used. In addition, becaus@tbssure
scale-height of the cold disc must be resolved into seveiditeglls,
somewhat higher resolution is required than in the standase
(where the underlying cold disc is treated as a boundaryitonji

I adopt model parameters M, = 1M, and® = 10*'s?, and grid
parameters;, = 5AU, ro,t = 200AU, N, = 360 andN, = 153. The
outer radius is chosen to be approximately equal to that unste
standard case when scaled to physical unitsifoe 1M,,), but the
results are not sensitive to the exact location of the boyndée
initial disc follows an power-law surface density profilec R,
truncated exponentially at some inner radius, and is lpésdither-
mal in the vertical direction with aspekt/R = 0.05. The total disc
mass is M01M, (consistent with the low disc mass expected dur-
ing photoevaporative clearing), but the resulting linefifge are not
sensitive to this mass. The model is allowed to evolve to @asgu
steady” statébefore computing line profiles, and considers a inner
hole of radius 9AU £R;). The quasi-steady state is reached after
1-2 outer orbital periods; the line profiles are calculatednfthe
density and velocity fields at= 4000yr.

2.2 Line profiles

In order to compute line profiles from the hydrodynamic megditl
is first necessary to construct three-dimensional densitiyvaloc-
ity fields from the two-dimensional simulations. | assunféeive
symmetry at the disc midplane in order to extend the cootéina
range tod = [0, 7], and azimuthal symmetry around the polar axis.
The resulting grid habl; x 2N, x N, cells: an azimuthal resolution
of Ny = 120 is adopted, but the exact valueNyfhas no significant
effect on the results.

The line luminosityL at a given velocity is computed as

_[v=vies(n)]?

L(v) = Y

) Abye X
th
X Ne(r) Py Ay vy dV,

1
exp(
V2rv,

4)

with the integral evaluated by direct summation over théeieix-
tent of the grid. Herey,s(r) is the line-of-sight component of the
local gas velocity vector, computed for a specified incloraan-
glei. (i = ©/2 corresponds to a disc viewed edge-ion;0 face-on.)
ne(r) is the local number density of the gas (hydrogen is assume
to be fully ionized), andhy,, is the energy of the emitted photons.
The Doppler broadening term depends on the thermal velo€ity
the emitting atoms

Vih = Csy/Ma/Mhe (5)

wheremy andmy, are the masses of hydrogen and neon atoms re-
spectively. | adopt the standard solar value for the aburelaf
neon,Abye = 1.0 x 104, and the Einstein cdgcient of the transi-
tion isAy = 8.39x 103s7! (Mendoza 1983; Glassgold et al. 2007).
X, is the fraction of neon that exists as Neliscussed below. Fol-
lowing Glassgold et al. (2007), the excitation fractiontoé upper
stateP, is computed as

1
T 2CuexpETy/T)+1°

(6)

Py

2 The flow in this case is only “quasi-steady” because the nesssvoir is
finite. This state is reached i§ 10%r, which is much less than the time-
scale for disc clearing~( 10Pyr). As a result, aside from initial transients
the flow solution does not change significantly over the domadf the sim-
ulations.
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Inclination  Line flux Peak FWHM  Peak FWHM
101, Model A/AX = 30,000
Standard model
/2 3.0 +10.6 335 £76 38.1
/4 15 -12.7+0.9 26.3 7.4 28.7
0 15 -6.4 9.5 -6.6 16.8
Disc with Rg-sized inner hole
n/2 5.4 +3.1 171 0.0 19.3
/4 2.7 -4.8 133 -6.3 18.1
0 2.7 -7.9 105 -89 17.0

Table 1. Details of the line profiles shown in Figs.2 & 3, computed for a
stellar masaM, = 1M, and an ionizing fluxd = 10*s™1. The columns
labelled “Peak” show the velocities at which the line fluxes maximum,
while the full widths of the lines at half the maximum flux a@bélled
“FWHM". “Model” denotes the values for the theoretical lipofiles,
while “1/A1 = 30,000” indicates the values when observed at the typical
resolution of an echelle spectrograph. Velocities withith@s and nega-
tive values indicate that the profile is double-peaked. Albeities are in
km s'1; the ambient disc gas has zero velocity.

where the excitation temperatufg = 11228K, and the gas tem-
peraturel = 10,000K.C, expresses the departure from a thermal
level population, and is defined as
nCI’
ne(r)’
where the critical densityr,, = 5 x 1Pcm 3. | assume that the
wind is optically thin to the emitted line, but that the didzsarbs
100% of the line flux if the midplane intercepts the line-afkg to
the observer. This approach neglects line emission frortiaiigr
ionized gas in the ionization front, but analytic estimataggest
this contributes to the total line luminosity only at the qant level.
The factorX;, is determined by ionizatigrecombination bal-
ance. The first ionization potential of atomic neon is 21\66e in
the 10K disc atmosphere collisional ionization of neon is negligi
ble. Instead, neon is photo-ionized, either by UV photortk emer-
gies greater than 21.56eV or by high-energy X-rays (via thgek
mechanism). The low line-of-sight column density in the dvie-

Cu| =1+ (7)

d gion (107-10%cm?) suggests that UV ionization is moréieient

than ionization by X-rays, and | neglect X-ray ionizatioméneT he
second ionization potential of neon is 41.0eV, so the nedabun-
dances of Ne, Neand Né&* are determined by the spectral slope of
the incident UV radiation field. Little is known about the aiét of
the incident radiation field, but comparison to Galactic tégions
suggests thak|, likely lies in the range 0.1-1.0 (e.g. Rubin et al.
1991). In the models almost all the ionized gas is below theal
density, so the line flux per unit volume is simply proporbto
Xii. Moreover, the bulk of the line flux arises from a fairly limdt
range in radius+£ 0.1-2.(Ry; see discussion in Section 3 below),
andX; is unlikely to vary significantly over this range. lonizatio
balance therefore has a negligiblfeet on the shape of the line
profile, but the integrated line flux scales linearly wKh. In the
absence of any knowledge of the incident spectrum of ramtidti
adopt a constant value of, = 1/3, noting that this introduces an
uncertainly of a factor of 3 in the derived line luminosities.

3 RESULTS

The results of the line-profile modelling are shown in Tabl&#o
disc models are presented (standard, 9AU hole) for modelnpar
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[Nell] 12.81um line profiles

'Theorsticul ' ' ' '
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— — R = 30,000 i=
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Av / km/s

Figure 2. Line profiles for the photoevaporative disc wind. The blaok$
show the profiles when the disc is viewed edge-oa {r/2), the red lines
the profiles for a face-on dis¢ € 0). The dashed lines show the profiles
degraded to typical echelle resolutioty A1 = 30,000). The flux per unit
velocity interval is normalised to the peak value in the edgease. When
viewed edge-on the line is broad and double-peaked, reftptie large,
10-20 km 51, orbital velocity in the emitting region. When viewed faoe-
the disc rotation is perpendicular to the line-of-sight] arstead the vertical
component of the wind results in the line being blue-shifig&—10 km 52.

etersM, = 1M, and an® = 10*s™, and for each model the line
profile was computed for inclinations of= 0 (face-on),i = n/4
andi = x/2 (edge-on). In addition, “realistic” line profiles, at
the typical resolution of an echelle spectrograph, werepmded
by convolving the line profiles with a Gaussian profile withfha
width ¢ = 5kms™: the dfective resolution of these profiles is
/A4 =30,000.

The line profiles for the standard case are shown in Fig.2:
for clarity, only the edge-on and face-on cases are showren/Nh
viewed edge-on the line is broad (30-40krsand double-
peaked, while face-on inclination results in a line thatasrower
(10kms?) and slightly blue-shifted (6—7 kntY. At resolution
A/A2 = 30,000 the blue-shift is comparable for all inclinations

[Nell] 12.81um line profiles — hole radius Ry (9AV)

T T
Theoretical
— — R = 30,000

Normalised flux
0.5
T

40

Av / km/s
Figure 3. As Fig.2, but for a disc with a 9AU inner hole. The face-on line
profile is similar to that seen in the standard case, but ietlye-on case the

absence of the inner disc results in a narrower line, witlss pronounced
double-peaked profile.

the sky, and instead the vertical component of the wind wgloc
results in a blue-shifted profile. In this case the profilelighsly
asymmetric, with a blue “tail” due to high-velocity, low-atgty
gas at large. In all cases the line-widths are significantly larger
than expected from thermal broadening alone. This occuause
the streamlines are almost radial at large radius. Consdlguee
dispersion in the line-of-sight component of the flow vetpds al-
ways larger than the thermal line-width, resulting in brerathan
thermal line-widths even for face-on discs.

In the case of a disc with a cleared central hole, the linelprofi
when viewed edge-on is markedlyffdgirent from the standard case
(see Fig.3). The removal of gas with high rotation speeddtsem
a profile that is much less strongly double-peaked, andfgignily
narrower (15-20 knv$). Still larger hole sizes result in even less
pronounced double-peaked profiles, and for hole siz&R, there
is no evidence of a double-peaked profile. The profile in the-fan
case is similar to that seen in the standard model: fairlyoma(~

i < /4 (see Table 1), as any double-peaked structure in the line 10 km s1), slightly asymmetric, and blue-shifted (7-9 km)s and

is not well-resolved. These line profiles can be easily ustded

by considering the flow structure. At large radii the wind $sen-
tially isothermal and spherically symmetric, and is analggyto a
Parker wind solution. The streamlines are close to radmal, the
density along streamlines dropsrasx r=2. As the density is sub-
critical the line flux per unit volume scalesnfe o 14, so the total
line luminosity (integrated over volume) is dominated by émis-
sion from small radii. Inspection of the mass-loss profiee(s.g.,
Fig.7 of Font et al. 2004) shows that80% of the mass-loss comes
from < 2Ry, and the density structure is such that the critical den-
sity is reached only at radiy 0.1R, (see Fig.1). This highlights
why the [Neu] 12.81um line is an ideal probe of disc photoevapo-
ration: lines with higher critical densities will likely bdominated

by emission from high density regions very close to the sthile
lines with lower critical densities are insensitive to tiaerching
region of the wind. In the launching region the rotation speé
the disc is greater than the wind or thermal speeds{as c; at

R = Ry), so when viewed edge-on the line profile is dominated by
Keplerian rotation and shows a pronounced double-peakead-st
ture. When viewed face-on the rotation is entirely in thenplaf

this general shape is seen irrespective of the size of theatéole.
The integrated line flux is somewhat larger than in the stahdase
(by a factor of~ 2), due to the higher density in the wind launching
region.

The predicted line luminosities are a fesd05L,. The ex-
act line fluxes are likely only accurate to within a factor-of3,
as discussed in Section 2.2 above, but the predicted linagttis
are comparable to those predicted by previous calculatiooth
from UV ionization (Gorti & Hollenbach 2008) and X-ray iofiz
tion (Glassgold et al. 2007). The emitted line fluxes scalg@p
imately linearly with®, and the shape of the line profile is largely
independent of the value df. This can be understood from Equa-
tions 2 & 6: the line flux scales n2 as long ase < N, and the
density of the ionized gas scales®/?. We see from Fig.1 that
almost all of the gas in the emitting region is below the catiden-
sity for [Neu], and additional calculations suggest that this holds as
long as® < 10*3s7L. Higher still ionizing fluxes will result in the
critical density being exceeded, making the [ijléine less sensi-
tive to the launching region of the wind, but this is unliketybe
relevant to discs around T Tauri stars.

© 2008 RAS, MNRASD0OQ, 1-5



4 DISCUSSION

In general, these results compare favourably with the ptesvinod-
elling of Font et al. (2004). These authors modelled the emis
sion from optical forbidden lines ([§ and [Nu]), and for face-
on inclinations found that the line profiles were blue-gdftoy

~ 10kms?®. The blue-shift decreased with increasing inclination
angle, and in the edge-on discs the lines were centred orveero
locity. They did not, however, find any double-peaked limegn in
the edge-on case. The reasons for this are not entirely, blagit is
likely attributable to the dferent critical densities of the lines con-
sidered. The critical densities of theifsand [Nu] lines are lower
that that of the [Ne] 12.81um line, so these lines are dominated
by emission from larger radii, where the rotation speed efdisc

is smaller. Consequently, as in the case of a disc with a iargr
hole, the lines do not appear double-peaked.

So far | have neglected théfects of X-ray ionization in pro-
ducing [Neua] emission, but when discussing observations this can-
not be ignored. Glassgold et al. (2007) modelled tfiects of X-
ray irradiation in detail (see also Gorti & Hollenbach 2008-
like in the UV case, the X-ray luminosities of T Tauri starg ar
well-known, and the predicted [Ng emission from X-ray ionized
gas is comparable in strength to the emission from the phapee
orative wind ¢ 107°L,). X-ray heating likely creates a hot, but
static, disc atmosphere, and in real systems the emissiontfris
atmosphere will be added to the line profiles modelled hehe. T

line profiles from such a bound atmosphere have not been mod-

elled in detail, but their general shape was discussed bgsSla
gold et al. (2007). They find that emission is dominated byajas
small radii (€ 15AU), with most of the emission arising at radii
where the rotational speed of the disc gas i$0kms?. The gas
temperature in this region is 1000-5000K, resulting in dririgic
(Doppler) line-width of~ 1kms?. The line should therefore be
double-peaked when viewed edge-on, with a profile similah&bd
predicted here. In the face-on case, however, the profileldHme
different: narrow £ 1kms?), and centred on zero velocity. The
broader ¢ 10kms?) line-width predicted here is unlikely to be
matched by a static disc atmosphere unless any turbulertte in
disc is highly supersonic (which is generally not the casgrato-
planetary discs, e.g., Balbus & Hawley 1998), or unless thise
sion originates very close to the stg (AU). In addition, a static
atmosphere results in line emission centred on zero vglatis-
tinct from the blue-shifted profile of the photoevaporativend.
Critical to observing this blue-shift are the relative lfiiexes from
the static atmosphere and the wind. If these are compawbf@e-
dicted forLy ~ 10°%rg s* and® ~ 10*'s™!, then the diagnostic
blue-shift will likely be 2-5 kmst.

Recently Herczeg et al. (2007) observed the fiN£2.81um
line from the nearby face-om & 7°) disc TW Hya, at a resolution
of /A1 =~ 30,000. The emission was unresolved at #iiective
spatial resolution of 40AU, suggesting that it arises within this
distance of the central star. Herczeg et al. (2007) measuliee-
width (FWHM) of 21+ 4kms?, centred on-2 + 3kms™?. The
blue-shift is not statistically significant, in part becauws the lim-
itations of the wavelength calibration, but the line widshrather
larger than expected from a static disc atmosphere aloreddiz
tion there was some evidence for asymmetry in the profilé) auit
enhanced flux on the blue side of the line, but not at a stzaibfi
significant level. The observed profile is consistent withssion
from a photoevaporative wind (centred en-5-10 km s') com-
bined with the emission from a heated disc atmosphere @e:ofn
zero velocity). Further such observations are expectelemear
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future, and in thidetter | have shown that high-resolution obser-
vations of the [Nei] 12.81um line can provide a critical test of
models of disc photoevaporation. Detection of blue-sHifféern]
emission would provide unambiguous evidence of a photaevap
rative wind, and observations of these line profiles mayasgnt
the most readily observable diagnostic of central staredridisc
photoevaporation.
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