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Abstract. Itis assumed that Be star discs are driven by viscogfemission lines created in the disc are indeed largeriian:
ity. Emission from disc models is calculated and is confronted the star.
with continuum observations. It is found that the outflowing The theory which seems to be most applicable to Be star
viscous disc models can reproduce the observed IR continudiscs is that of viscously driven outflow (Lee et al. 1991). Here
emission. However, to exist asitflowingdiscs, either the discs angular momentum is added to the inner edge of the disc in-
are significantly acted upon by the stellar radiation field and/oreasing its angular velocity to slightly super-Keplerian. The
there is significant cooling with radius in the disc. The energlisc interacts with itself via viscosity and angular momentum is
generated via viscous dissipation is calculated and showntri@nsported outwards. The angular momentum source has been
play only a minor dle in the energy balance of the disc. suggested by Osaki (1986) to be due to non-radial pulsations dis-
A scenario wherepa B star may change into a Be star (andipating in the atmosphere of the star. The outflowing viscous
vice versa) by generating (reaccreting) the disc is suggestedlisc model has several circumstantial corroborations — the vari-
ation in the line asymmetry (the V/R variation) can be naturally
Key words: stars: circumstellar matter — stars: emission-lingenerated in Keplerian discs (Papaloizou et al. 1992, Okazaki
Be — stars: mass-loss — stars: rotation 1991). Excess IR emission generated by the disc is seen to disap-
pear over a timescale of months (Hanuschik et al. 1993) which
is similar to the viscous timescale in these discs —this is perhaps
indicative of phases of outflow and inflow within the disc.
Although the outflowing viscous disc model appears to be
Be stars are fast rotating stars (Slettebak 1982) with rotati#le mostlikely, it has never been subjected to observational tests
rates up to break-up, and a modal value~of70% of break- — ¢an these discs generate the IR excess? What is the source of
up rotation (Porter 1996). The circumstellar matter around B&cosity? How and why do they dissipate and regenerate? In
stars is thought to consist of two distinct regions: a diffuse poltiS investigation, Be star discs are assumed to be outflowing
stellar wind and a dense equatorial “disc” (Dachs 1987, Sl¥iscous discs and an attempt is made to answer these questions.
tebak 1988). The nature of the polar wind seems to be well In Sect.2 aspects of the outflowing viscous disc model are
understood in the context of radiation-driven wind theory (Cagonsidered along with their application to Be star discs. In
tor et al. 1975, Kudritzki et al. 1989). However, the mechanis®fct. 3 the energy balance within the disc is studied, and the
generating the equatorial disc is more elusive: several theori@8ory is applied to a test case in Sect. 4. Discussions and con-
have been proposed including wind compression (BjorkmanQusions are presented in Sect. 5 and Sect. 6.
Cassinelli 1993), outflowing viscous discs (Lee et al. 1991),
and wind bistability (Lamers & Pauldrach 1991). Recently it has Can outflowing viscous discs exist?
been found that stars with high rotation will generate a metaIIiE-1
ity enhancement in their equatorial planes (Porter 1999), which
through the metallicity dependence of the radiation driving pahe gas dynamics of viscous discs has been analysed and de-
rameters may change the nature of the wind there. veloped by several authors (Shakura & Sunyaev 1973, Pringle
Wind compression has already been shown to be insufficid®81, Frank et al. 1992). Here, some comments are made re-
on theoretical (Owocki et al. 1996) and observational (Portgarding the structure of such discs (following arguments of the
1997) grounds. The major problem with wind bistability is thaeferences above). First, a disc interacting with itself via vis-
the disc appears to be rotating in a Keplerian fashion (e.g. Daclesis stresses transports angular momentum outward. In order
et al. 1986, Hanuschik 1989, 1996), whereas any wind causfogviscous stresses to existin a disc, there must be (i) anon-zero
the equatorial enhancement is likely to conserve angular muiscosity and (ii) some differential rotation in the disc. Conser-
mentum, and should not be observed to be rotdtsterthan vation of angular momentum in a cylindrical co-ordinate system
the star — Hanuschik (1996) has shown that the half-line widtfR, ¢, z), yields

1. Introduction

. Viscous discs
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rd (SR2Q) + 0 (RSupR2Q) = 109G (1) the dynamics of the disc is determined by the viscous stresses:
ot OR 21 OR if only this initial couple is present then a ring of gas will move

whereY is the surface density of the dig@,is the angu|ar ve- away from the star until it finds its Keplerian Orbit, at which

locity, andvy, is the radial “drift” velocity. The viscous torque Point it will stop. The evolution of the disc away from the inner

is G = 2r RuXR2(09)/OR) wherev is the viscosity. If a ring boundary is governed by the viscosity.

of matter is placed in a Keplerian orbit and allowed to interact The rotational velocity of a outflowing viscous disc is

with itself through viscous stresses then part of it will move t» ~ /GM. /R, where}, is the mass of the star, ard

smaller radii having'z < 0 and parts of it will move outward is the gravitational constant. Assuming that the disc is steady

vgr > 0 (e.g. Pringle’s 1981, Fig. 1). This is solely due to th€s09/0t = 0), the equation for transport of angular momentum

redistribution of angular momentum in the gas. The outflowirREcomes

(inflowing) parts have increased (decreased) angular momen- P

tum with respect to the initial state. Time steady@t = 0) SvzRY/? = —3-—— (R”%Z) (2)

solutions which show no drift velocities; = 0 occur when7 OR

is a constant with radius, i.€2/0R « (vXR*)~!, although \yherex: is the surface density of the disez is the radial ve-

these solutions hz_alve .I|m|ted_ physical applicationin discs aro“f@)@ity, andv is the viscosity.

stars. These static discs stlll'transpo.rt angular .momentum OUut-The surface density § = p(R, 0)H, wherep(R, 0) is the

wards, even thou_gh th_e gasin the_m is not moving radially. density in the equatorial plane at radi@sandH = R c, / v,
For an accretion disc, matter is added at the outer parti@fine density scale height(is the sound speed). The disc is

the disc. The viscous stresses lower the angular momentumsgthermal in the: direction and assuming that the density in

a ring of gas which in response moves inward and increasgg equatorial plang(R, 0) is a power law, the density field is
its angular velocity until it it regains rotational support. This

mechanism creates the accretion flow: the gas moves inward —n .2
(7)o (aim) @

vr < 0throughoutthe disc. The disc’s velocity field is typically (R, z) = po
rotationally dominated with rotational velocities very close to

Keplerian, and a subsonic radial velocity. where pg is the density at the inner boundary. Note that the

Eq.1also pgrmns SOIUt.'onS.W'th po§|t|ve rad|gl drift ve!ocn umerical simulations of outflowing discs by Narita etal. (1994)
vy everywherei.e. outflowing discs. This sort of disc requires #Nd that steady state outflowing discs do indeed have power

angular momentum source at the inner boundary — the disc-%@\; surface densities fromt > 2R, , justifying the power-law
interface — as well as a gas source taken to be the atmOSph%EUmption in Eq. 3 ~ '
: .3.

The disc recieves angular momentum from the star which w Following convention, an alpha prescription is used for the

itself spin down. It is exactly this sort of model which has beqﬂs osityy = ac. H (Shakura & Sunyaev, 1973). Finally, to en-
suggested by Lee etal. (1991) to apply to the discs of Be star nge the disc is as general as possible, the temperature of the disc
s

jested T
are investigated below. Porter (1998a) has already condlselr sumed to follow a power lay — 0.8T.z(R/R. )™,
hereT.g is the effective temperature of the star.

the angular momentum evolution of Be stars for this sort
disc, and finds that the observational result that there is little
or no angular momentum evolution of Be stars (Zorec & Briot
1997, Steele 1999) may be explained if the viscous stresseg-gt Inflow or outflow?

j[he inner edge of thg d,'SC are small or that the disc is pres Bt us assume that we have a disc which is viscously interacting

intermittently in the I_|fet|me of the star. A small couple appllg ith itself. Is it possible to tell whether the gas flow is inward,

from the star at thﬁ inner gdge leads to slow .OUtﬂOW Veloc't"aﬁtward or zero? In asking this question, the nature of the addi-

of vp S 0.01.km s at the_mr!er edgg of the disc. Note that ag, ¢ torque to the inner boundary of the disc for outflowing

outflovymg disc cannot exist if there is no couple from the St?jriscs, or that of the angular momentum removal for inflowing

atthe Inner edge. , L , iscs has beenignored. An attempt is made to ascertain whether
Aside from Lee et al.’s (1991) initial suggestion and mod-

I ‘B di fowi . di h b 4 utflowing viscous discs are credible Be star disc candidates.
elling of Be star discs, outflowing viscous discs have been 'S Forug > 0 then the radial exponent of the term in brack-

cussed by .Pringle,(1991), _Narita et _al' (1994) and_ Okaz 5 in EqL2 must be less than zero, ensuring the differential
(1997). Narita et al.’s numerical analysis showed that if the ng'negative and hence the right hand side is positive. Insert-

tral object rotates fast enough, then the disc does indeed becqwg’eEq 3 and they viscosity into EG.R and collecting powers
an o_utfloyvmg one. Letus assur_nethen that Be star Mt'_ of radius R together, then the right hand side is proportional
flowing viscous discs and subject them to some observatm%I_a/aR(R%_n_1_5m) Therefore the disc is an outflowing
tests. discif2n 4 3m > 7, assuming that is a constant (see later). It

is worthy of note that when outflowing viscous discs have been
2.2. Angular momentum transport in a viscous disc modelled, this limit onm andm has always been obeyed (e.qg.

. : L ee Narita et al. 1994 and Okazaki 1997).
The existence of an outflowing disc is dependent on angufar )

momentum being added at the inner edge of the disc whereas
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2.4. Confrontation with observations Hence the rotation velocity of the disc will lie between Keplerian

. N —1/2y and angular momentum conservi -,
There does appear to be a problem with the outflowing wscoﬁ% xr ) au u ving, (< ")

disc paradigm straight away when confronting it with observ% s difference may be very difficult to discriminate observa-

tions. (bte & Waters (1987) found that the IR emission (orig- nal!y, and so radiation-driven discs c.:anno.t be ruled_out. HO\.N'
S . L o ever, it should also be noted that the inclusion of optically thin
inating in the inner 10s oRk, of the disc) is well fit with an

. ) ; . . radiation driving does not necessarily produce non-Keplerian
isothermal disc:x = 0) having a density power law index of g yp P

2 3.5. Values ofn are larger when fitting the emissiondisCS (e.9. see Okazaki 1997).
=< N < 9.0, Val " 9 g the . It is noted that the viscosity parametemay be dependent
in the radio regime, corresponding to larger radii of the dis

. 'Th radius. The parameter represents the difference between
(Dougherty et aI.,_1991). According to_ the _above quk' the Mhe actualvalue of (sizexvelocity) of the turbulent eddies and
ner parts of the discsannotbe outflowing viscous discs, and

. . the characteristic product of scale and speed in the disc (disc

must actually be accretion discs! . .
If the outflowing viscous disc model is applicable to Be st hrelghtxsound speed). In fact if the turbulence becomes super-
9 PP Lonic then it is possible that > 1. In the situation currently

discs then this discrepanegustbe examined. First, Cons'de.rconsidered, a dense rotationally-dominated disc is adjacent to

the emission fitting procedure: typically both a constant openi fast wind which is dominated by the radial component of

angle for the disc and an isothermal disc are used. The cons ar?t . . . . .
Velocity. In the interaction region there are large shearing veloc-

i 3/2
0.2 igmst‘];sgéealggds tl?lrszoacrt']: atsh% psplpshetdnfgé.?:: a]f'on 'i?t:) i ities and therefore the interaction region will become unstable
\allln ulljalr rr:omentu\r; 'conseri/a%ionl ex I?ession IIleadls toI the n§VIv<erin-HeImhoItz instabilities.
ANy P ' Consequently it might be expected that the typical turbulent
limit 2n + 3m > 6 for outflow. Lo . )
However. comparing this with the derived valuesiadoes velocity will be a function of the Mach number of the fast wind.

’ parnng . . Infact, if the eddy size is the typical scale height of the disc, then

not really change the conclusion that almost all discs should he . . RN )
thé maximum value that is possible if this is the case will be the

7 . ) N
accreting: W? must be wary Of. tgkmg the fits at face Valluefastwind Mach number—the wind typically reaches velocities of
usually the disc was assumadpriori to be isothermal, and the

arametern was not allowed to vary. If a non-isothermal disc> 1000 km s after afewR, , and with the typical temperature
P : Y- of the disc of 10 km s?, yield Mach numbers of\f ~ 100.
is used then the fits to the IR excess may change.

. herefore, it is conceviable that may become larger than unity
What can be gleaned from this apparent paradox that all ét?quite a small radius, although< M = 100.

star discs should be inflowing, given that there is a strong belie As the ind's velocit i ith di f h

that they are in fact outflowing? It is unlikely that the fittin s the fast wind's velocity increases with distance from the
rocedure produces vaIuesma’:oﬁsistentl too smallin almost% tar, thena: might be expected to increase with radius. This

P P y pect of the viscosity is difficult to examine and a full study is

every cases (see Sect.4). The conclusion, therefore, is thatl 0 a future paper. Itis expected that if this Kelvin-Helmholtz

outflowing viscous disc can not fit the observations, and cannot R : o . .
. process is significant in determiniig then it should increase
be applicable to Be stars.

This is too hasty: aspects of the problem have vet to Wéth radius. This, however, makes the gas in the observed discs
IS Y. asp P Ve 'y re likely to be inflowing rather than outflowing.

considered. The firstis the radiation field from the star: the to aIO It is also noted that the disc may be outflowing if there is a
electron-scattering optical depth in the equatorial plane is sufficient radial temperature gradient in the disc (corresponding
[ IR — epo Ry 4 to largem). This requires the disc to cool significantly as it

T= Tepait = ) drifts away from the star. However, recent work by Millar &
y Marlborough (1998) casts doubt on a such a large temperature

0.24 00 R, . .
= = | — radient being present.
n <1011g cm3> (R@ ) gradi ng p

whereo, = 0.35cn?g™! is the electron scattering cross- 5 accretion discs?
section. Inserting typical values of= 2.5, py = 10~ !'gcm3
andR, = 5R. vyields an optical depth of = 0.5. Therefore The above paragraphs attempt to show that outflowing viscous
the disc is optically thin to electron scattering, and hence tHisCs are acceptable models for Be star discs. However, to make
disc may be acted upon by optically thin lines, as suggestedtht discussion the primary one for the rest of this paper, we
Chen & Marlborough (1994) (note that the optical depth argfpust answer the question “why are Be star discs not normal
ment derived in Sect. 4.1 of Chen & Marlborough where theéiecretion discs?”
rule out radially subsonic discs is misleading due to their choice There are two prerequisites for them to be accretion discs:
of wind parameters: viscous discs may have mass-loss rate§fe must be a supply of gas to make the disc, and the gas
10~1'M, yr—* with small radial velocities and still be denseénust have larger specific angular momentum than Keplerian
enough to produce the IR excess emission e.g. Okazaki 19@)“’]8 disc surface. The first of these two aspeCtS can be ful-
If regions of the disc are par“a”y Supported and driven OLﬁ“ed at least for some stars with weak radiatively driven winds:
wards by radiation, then they will deviate from Keplerian roPorter & Skouza (1999) have examined models of radiatively
tation. This is because an insufficient amount of angular m@diven winds where the gas and radiation field decouple due to
mentum is given to a ring of material as it moves outward2n stripping (e.g. Springmann & Pauldrach 1992), before the
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flow becomes unbound from the star. The gas then stalls in $&. IR free-free and free-bound emission

star’s gravitational potential and reaccretes. This may provi . - . C
the material to make an accretion disc if the shell then was ccﬁqﬁ—e continuum emission of Be star discs is limited to the IR

centrated in the equatorial plane, but it will not have enouiﬁd'o spectral regions (e.g._ see Fig. 11 of Poeckert & 'V'a”bof'
o . . ugh 1978) and was identified as free-free and free-bound emis-
specific angular momentum form an accretion disc. If the

. ﬁ%on from an ionized plasma by Gehrz et al. (1974). The most
gas conserves angular momentum (almost certainly true for the

outflowing phase), then when the gas reaccretes, it will has%CCGSSfUI empirical model used to calcula?e the_emlssmn IS
ue to Waters (1986), and represents the disc using a density

the same angular velocity as it left the star, i.e. sub-KepIerian.Wer law. and an opening anale. Three parameters determine
Consequently, unless there is some way of adding angular 8 : P g angee. P
mentum to the wind as it stalls, this does not seem a feasiple .
: . : : oundary, and the density power-law exponent.
way to make accretion discs. A second possible reservoir of gas . ; : .
The above expressions for a outflowing viscous disc changes

is a companion star, which is losing mass to the Be star — this

does not have the angular momentum problem, although it dé |§ncsa|a(1:ruelar:|<§)vc ?;g:;fezm_'?ﬁéog a}[?cifzsorp;(;;\évﬁifrﬁ;pres'
mean that all Be stars are in binary systems. ' P pL y

On the balance of these points, it seems unlikely that calculated at a frequeney The expression is simpler than

. o . .Waters’ expression as the integral through the disc (equivalent
stars discs araccretiondiscs because (i) not all Be stars are n[“n ) ; : .
. . . . 0 hisC(0,n)) may be completed analytically. Using Waters
interacting binary systems with the secondary star as the mﬁlg?ation
donor, and (ii) an accretion disc will not form when a star is
reaccreting its own wind.

e emission: the opening angle, the density at the star-disc

2
R,
7, (R) = Xy Xoq R™2143/27m/2 “s& -

3. Energy balance within the disc (1 _ e_,”,/de>
3.1. Liberation of energy via viscous dissipation Xy = )\QT (9rr + gy0) )
The viscous stresses enables the disc to flow outwards and in kTq

doing so liberates energy. What happens to this energy? The
timescale over which the viscous disc can evolve significantly be
7, is defined: *

2
_ 35_ % 2 " )
a=4.923 x 10 T VR (RR®

2 1/2
ry ~ B (GM BT (5)

2
v ocs

where \ is the wavelength in cmy;; and gy, are the Gaunt

factors for free-free and free-bound emission respectivélig

1/2 the mean squared atomic chargeis the ratio of the number

M, R, 1 . . - .

~ 21 ——— —— days of electrons to ionsy is the mean atomic mass, aag, is the
Mg Re oTy sound speed at the star.

where T} is the disc temperature in 1€. Inserting typical The intensity/, (R) is calculated in the same way as in
parameters leads tg ~ 102s of days. Given that Be star disca//aters (1986), and hence the spectrum of the disc may be cal-
are observed to be present for many years (a pre-requisiteCfHPted' quever, h_ere it is the t<_)tal emission at agiven radius
them to be able to develop and evolve V/R variations in tHich provides a direct comparison with outflowing viscous
lines), then a typical disc is stable over a viscous timescafiSC models. The differential energy liberated is

Therefore any energy liberated via viscous stresaestemerge dL,

_ 2
as radiation. iR 87°RI,(R) (8)
The luminosity emitted is (equivalent to Waters’ Eq. 12). Finally to obtain an expression
dL o to relate to Ed.6, this is integrated over all frequencies:
iR = o GMevRRET ar =
1-n — = 871'2R/ I, (R)dv. (9)
_ o AR, i (6) ar 0
- D) Lo s LUk R*

. . . Lo
(Frank et al. 1992, p73), where the expressiongfob: andv 3.3. How important is the viscous luminosity

have been inserted to obtain the second equality. This lumind&iere are now two expressions for differential disc luminos-
ity source is termed the “viscous luminosity” as it is the energdty deriving from the viscous stresses (ELy. 6) and the free-free,
emitted caused solely by the viscous processes leading to drge-bound emission of the plasma (Eq. 9). Here the fraction of
flow. This expression only gives the luminosity as a functioviscous luminosity to the free-free, free-bound emission of the
of radius, and contains no spectral information. As the discdssc is considered. This is an important check on the model — if
optically thin in thez direction, then the standard approach tthe viscous luminosity (Ef] 6) is larger then the disc emission
the disc emission (e.g. Sect. 5.5 of Frank et al. 1992) are ingEg[9) then the disc cannot be driven by viscosity. Eq. 8 pro-
plicable, and an alternative discussion is needed. vides a prescription for the disc emission which may be directly
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Table 1. Best fit parameters for the IR excess)efOph. Model 1 is
isothermal and se = 0. L

log(po) (g cmi™?) n m 2n + 3m 1.5 - N

Model 1 11.22 220 (0) 4.40 I ]
Model 2 11.24 1.90 023  4.49 o ]
— |- -

R

related to the observations by integrating over radius to prodlEg -
aspectrum, whereas Kd. 6 provides the theoretical emission dge |
to viscous dissipation. Sosl

The density parameter, and the power law exponent, |
can be constrained by fitting the spectrum of the disc with the
spectrum produced by Waters’ method. The rei@f lumi- r
nosity emitted from free-free and free-bound transitions to the B

viscously dissipated energy is L % i
L | | |

167 R\" [ 0.5 1 15
F = I, (R)dv. 10
9cdpoc (R* ) A (") (10) log,,(A\/ um)

The most poorly constrained parameter is then the viscosity. 1. The IR continuum excess emission as a function of wavelength.
parametery which isa priori limited to the regiord < o < 1. Z — 1 is the fractional emission excess over the stellar photosphere.
However this may an underestimate if the turbulence beconfdisdata is taken from Waters (1986). The solid line is the fit from
supersonic (see Sect. 2.4). For the current calculatigrset to the isothermal Model 1, and the dotted line corresponds to the non-
unity, although the limit that: < 100 is kept in mind. isothermal Model 2.

low when compared to fits including millimeter observations of
other stars (Waters et al. 1991). Millimeter—centimeter data pro-
To illustrate the discussion above, a test case is consideregide constraints on the extent of the outer parts of the disc, and
this provides us with a “real” example. As an example, the oRence the temperature exponentColumn 5 of Tabl€I shows
servations of the B2IV stay-Oph are used (Waters 1986). Thehe combination ofn + 3m which must be larger than 7 for a
star was assumed to have a mass, radius and temperaturigo@fradiation driven outflowing viscous disc — both models fall
10.0M , 5.7R. , and 22,500 K. significantly short.

4. A case study -=-Oph

4.1. IR continuum excess fits 4.2. Viscous luminosity versus free-free & free-bound emission

To constrain the power law exponents, the IR excess is firgéw the power law exponents have been fitted from the spec-
fitted by the outflowing viscous disc outlined in Sect. 2 usingum, the relative contribution to the total emission of the vis-
the procedure due to Waters (1986). Two fits to the excess wedgisly dissipated energy can be calculated. The fimeval-
calculated: one assumed an isothermal disc (Model 1) and thged from EJ_I0 and is shown in Fig. 2 for both models.
other allowed the temperature power law exponerto vary Clearly the free-free and free-bound emission dominates
(Model 2). The disc temperature at the inner edge was assuragér the viscously dissipated energy, by of order 1000 for both
to be 18000K (i.e. 0.8 of the effective temperature). In thigodels. This result states that the energy balance within the disc
latter case, the emission was calculated only for radii which hgdhot dominated by the energy produced by the shear motions
temperatures larger thai)* K to ensure that the region waswithin the disc itself, and hence must be dominated by the stellar
ionized. In both cases the disc is assumed to have a large radiighation field. Even with the maximum value @f~ 100, the
(Raisc > 50R. ). The best fit parameters for the models argee-free and free-bound emission still dominates, making the
presented in Table 1, and are shown in Eig. 1. result secure.

Note that the derived parameters are not the same as those of
Waters (1986) as the disc model used in that work differs frogw Discussion
that used here. Model 2 is formally a better fit to the data —the re-
ducedy? values are 1.1 and 0.7 for Models 1 and 2 respectivelihe previous sections have provided a consistent description
Although Model 2 fits the data better, it's reducgtivalue of of Be star discs as outflowing viscous discs. This study links
0.7 indicates that it is possibly “over fit” and so it does natutflowing viscous disc theory with observations and finds that
provide strong evidence for non-isothermality in the disc. Thie two are indeed compatible (the first outflowing viscous disc
temperature falls below &K at R ~ 13R, providing a natural paper by Lee etal. 1991 produces very high disc densities due to
outer boundary to the emitting part of the disc — this radiustiseir choice of high disc mass-loss rate which can be ruled out
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3.6

with the theory regards the input of angular momentum at the

1 inner boundary. Although this process has been suggested to be
) dissipation of non-radial pulsations in the atmosphere (Osaki
i 1986), it has not been clearly demonstrated. If this is the under-
] lying mechanism, then there should be statistical correlations of
disc and pulsation parameters — an observational aspect which
] is still to be resolved convincingly.

34 —

* 6. Conclusion

) This paper has produced several points: first, outflowing viscous

discs can only exist around Be stars if the disc is partly driven

] outwards by the stellar radiation field This has been discussed

and shown to be viable for actual Be star discs.

| Secondly, itis found (confirming priori expectations) that

] a viscous disc can account for the observed excess IR emis-

| L | L sion of Be stars. Also, it has been found that the energy balance

0 0.5 1 1.5 in the disc is dominated by the stellar radiation field. The en-
log,,(R/R,) ergy liberated in viscous dissipation has been calculated and

. . : o ___is shown to be a small fraction of the observed luminosity of
Fig. 2. Ratio of free-free and free-bound disc emission to the viscoys

i -3_10-1 ; .
emission from Eq.10. The solid line corresponds to Model 1, the dottede d.ISC & 10 1077). These second tWO.pom.tS are the first
line to Model 2. time it had been demonstrated that outflowing viscous discs are

energetically allowable models.
The underlying reason why Be stars go through phases

by examining the IR continuum emission). This study therefo¥éhere their discs are lost has been speculated upon. This may
adds to the growing amount of evidence that Be star discs 8fedue to blocking of radiative support and driving of the disc
in reality viscously driven. There is already substantial wo the inner regions — causing the disc to change to an accretion
regarding instabilities in Keplerian discs which give rise to defiSC.
sity perturbations which produce asymmetric line profiles (e.
Okazaki 1991). Viscous discs can now explain almost all of t§
observations of Be star discs.

One major observational aspect of Be stars is that they
change phase from Be—Be-shell-normal B star, occurring apgagferences
ently atrandom (although the disc may disperse and reappeasjiitkman J.E., Cassinelli J.P., 1993, ApJ 409, 429
a more orderly fashion e.g.Cen, Hanuschik et al. 1993). HowcCastor J.I., Abbott D.C., Klein R.1., 1975, ApJ 195, 157
may the outflowing viscous disc model explain this? There m&hen H., Marlborough J.M., 1994, ApJ 427, 1005
be a clue to these changes in the suggestions made in SectC28J., Waters, L.B.F.M., 1987, A&A 176, 93
regarding the regimes where the observed discs can be outflB@chs J., 1987, In: Slettebak A., Snow T.P. (eds.) Physics of Be stars.
ing discs. Proc. IAU Coll. 92, Cambridge University Press, p. 149
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