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Abstract. Central to the on-going debate on how massive stars come into being is the
so-called Radiation Problem. It has been argued that for stars of mass greater than ~ 10M,
the radiation field emanating from these objects is high enough to cause a global reversal
of direct radial in-fall of the material onto the nascent star. We argue here (1) that this
accepted argument applies only to an isolated star, i.e, a star in a vacuum — a star without
any circumstellar material around it (2) further that, this argument is applicable only for
a spherically symmetric gravitation. Correcting the former, i.e, taking into consideration
the circumstellar material, we find that at ~ 10M,, the radiation field will begin to create
a cavity and, if and only if, the accretion disk is (1) not destroyed and (2) it acts up as the
channel via which the star’s mass grows; then, the circumstellar material is pushed away
gradually until a point is reached when the cavity is the size of the core itself, at which
point complete in-fall reversal is attained. If the star is forming inside a gravitationally
bound core of mass Mcye, then according to our findings, complete global reversal of in-fall
will occur when Mga = (Meore/10Mo)Y3. This picture is very different from the common
picture that is accepted in the literature that at ~ 10M,, all the material — from the surface
of the star right up to the edge of the core; is expected to be swept away by the radiation field.
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. INTRODUCTION If this is the casei.e., the radiation problem really did exist
as stated above, and our physics where compietais prob-
lem, the solution to the conundrum would be to seek a star

It is now bona-fide knowledge that our understanding of theformation model that overcomes the radiation pressure-prob
formation massive stars is lacking both theoretically abd o lem and at the sametime allowing for the star to form (accu-
servationally. In the gestation period of a star’s life,itass  mulate all of its mass) before it exhausts its nuclear fueb T
will grow via the in-falling envelope and also through the such models have been put forward, that is (1) the Accelgrate
forming accretion disk laying along it's equator. As far as Accretion Model (Yorke 2002, 2003) and (2) the Coalescence
our theoretical understanding is concerned, this worksd welModel (Bonnellet al. 1998, 2002, 2006, 2007).

for stars less than about AM,. In the literature, it is said that
the problem of massive stard gy > 10M,) arises because
as the central prostar’s mass grows, so does the radiatsn pr

sure from it, and at about 18, the star’s radiation pressure lenbrand 1997; Clarket al. 2000). In these dense environ-

becomes powerful enough to halt any further in-fall of mat- - - i L
ter on to the protostar and the disk (Larson 1972; Kahn 1974r_nents, the probability of collision of proto-stellar objecs

i ._significant, hence the coalescence model. This model easily
Bonnelletal. 2002; Palla & Stahler 1993). So the problemiis , -passes the radiation-pressure problem and despitache f
- how does the star continue to accumulate more mass beyo

s e . at not a single observation to date has confirmed it (dyrect
? - .
the 10/\./1O limit? If the radiation field really dld. reverse any . indirectly), it [the coalescence model] appears to be the
further in-fall of matter and protostars exclusively acaum

lated maswia direct radial in-fall of matter onto the nascent most natural mechanism by which massive stars form given

star and alsvia the accretion disk. it could set a mass u erthe said observational fact about massive stars and thefir pr
' PPETe ential environment.

limit of 10 M,, for any star in the Universe. Unfortunately

or maybe fortunately this is not what we observe. It there-The other alternative, which is less pursued, would be tk see

fore means that some process responsible for the formation @ physical mechanism that overcomes the radiation pressure

stars beyond the 181 limit definitely must be a work hence problem as has been conducted by the authors Krundtolz

a solution to the problem must be sought. al. (2004, 2009). These authors (Krumhazal. 2004,
2009) believe that the radiation problem does not exist be-
cause radiation-driven bubbles that block accreting gas ar
subject to Rayleigh-Taylor instability which occurs any#

*Electronic address: gadzirai@gmail.com a dense, heavy fluid is being accelerated by light fluid for ex-

The second scenariag., the coalescence model (Bonnetl
al. 1998) is born out of the observational fact that massive
stars are generally found in the centres of dense clustés (H



ample when a cloud receives a shock, or when a fluid of @f light and is measured inkg™. This analysis by Yorke
certain density floats above a fluid of lesser density, such a@002) which is also reproduced in Zinnecker & Yorke (2007),
dense oil floating on water. The Rayleigh-Taylor instaieiit is a standard and well accepted analysis that assumes-spheri
allows fingers of dense gas to break into the evacuated bulzal symmetry and at the sametime it does not take into account
bles and reach the stellar surface while in addition, ouslow the material outside the nascent star. On the other hand, sta
from massive stars create optically thin cavities in theetec formation is not a truly spherically phenomena (ssg re-

ing envelope. These channel radiation away from the bulk ofiews by Zinneker & Yorke 2007; McKee & Ostrikker 2007)
the gas and reduce the radiation pressure it experiences. hut this simple calculation $fices in as far probing the con-
this case, the radiation pressure feedback is not the doninaditions when radiation pressure becomes a significant playe
factor in setting the final size of massive stars and acaretioon the star formation podium. What will be done in this read-
will proceed albeit at much higher rates. ing is simple to perform the same calculation albeit with the

This short reading, as the authors Krumhetzal. (2004, circumstellar material taken into account.

2009) albeit on a dierent note and point of departure — for the This calculation by Yorke (2002) and Zinneker & Yorke
spherically symmetric case, we redefine the radiation prabl (2007), proceeds as follows; the inequaliy,(sets a max-
viathe overlooked assumption made in the analysis leading ténum condition for accretion of material, nametys¢ <
the radiation problem; that the surroundings of the pratost 47cGM/L, and evaluating this we get:

is a vacuum (see.g. Yorke 2002; Yorke & Sonnhalter 2002;

Zinnecker & Yorke 2007), this is clearly not true. Having re- )

defined the radiation problem, we argue from there-on that, ket < 1.3 104(&) (L) )
for as long as the accretion disk is not destroyed by the ra- Mo)\Ls)

diation field; (1) accretion of mass onto the star is not laalte _ _ )

and (2) complete in-fall reversal throughoutthe gravitagilly ~ Where M and L are in solar units. Given that,¢ar =
bound core (of mas#eyre) from which the massive star is Lo (M/Mo)®, implies that:

forming will not all be reserved, a cavity that grows as the ra

diation field grow will emerge. When the star's mass reaches 2

Mimax = (Mecore/ LOM)Y3, all the circumstellar material will Kett < 1.3 1&(&) ) ©)
be swept away leaving only the material on the disk. The ra- )

diation problem is arguably the most important problem bf al
in the study of massive stars hence thus it is important teemak
sure that this problem is clearly defined and understood.

Now, given that the interstellar medium’s (ISM) opacity is
measured to be about 20m?kg™?, this sets an upper mass
limit for stars of 10M,, for gravitation to dominate the scene
Given that the solution to this problem has been sowt  before radiation does, thus halting any further in-fall. islt
sophisticated computer simulations and given also the simglear here that the ISM’s opacity and or the opacity of the
plicity and naive-ness of the present reading which seeks tmolecular cloud material is what sets theM@ mass limit
further our understanding of this problemperhaps — this  thus if there is a way to lower the opacity inside the gas cloud

reading presents my misunderstanding of the problem — om which the star is forming, the radiation problem would be
the optimistic side of things, | believe the radiation peshl  splved.

has here been understood and that this reading is somethi

worthwhile! e AAM finds some of its ground around the alteration of

the opacity. For example, if the opacity inside the gas cleud
significantly lower then the ISM value, then accretion cam pr
ceed viathe AAM Model. To reduce the opacity inside the gas
Il. THE RADIATION PROBLEM cloud, the AAM posits as one of the its options that optical an
UV radiation inside the accreting material is shifted frdme t
opticafUV into the far IR and also the that the opacity may be
- . _lower than the ISM value because the opacity will be reduced
LIS hy the accretion of optically thick material in the blobs bt
accretion disk. Thus reducing the opacity or finding a phajsic
mechanism that reduces the opacity to values lower than the
ISM is a viable solution to the radiation problem. The above
mechanism to reduce the opacity are rather mechanical and
dependent on the environment. Is there any physical mecha-
nism that exists naturally that can alter the opacity to @slu
CMaar (V) Kef f Ltar (t) (1) lower than the ISM inside the cloud? On the condition tHat,
r2 4rer2 the accretion disk where not destroyed and accretion of mass
onto the star where to continwia this disk up-till all the cir-
wherec is the speed of light in vacuumes¢ is the @éfec-  cumstellar material has been sweftloy the radiation field,
tive opacity which is the measure of the gas’s state of bethen, we dfer the following solution which appears to us as a
ing opaque, a measure of the gas imperviousness to the ragsrdurable solution capable of shading light on the problem

Following Yorke (2002), for direct radial accretion and gec
tion via the disk to occur onto the nascent star, explicitly,
required that the Newtonian gravitational for@\ gz (t)/r?,
at a point distance from the star of mas# g, and lumi-
nosity Lgar (t) at any timet, must exceeds the radiation force
Kef f Lgar (t)/47Cr? i.e.:
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I11. RADIATION AND THE CIRCUMSTELLAR Now, from (6), if we insert the mass-luminosity relationship of
MATERIAL starsLga () = Lo (M(t)/Mo)3, the equality in 6) will occur
when:

Neglecting thermal, magnetic, turbulence and any otheefor

(as will be shown latter on in this section, these forces do no 13 13

change the essence of our argument, hence there is no need to (Mstar) _ ( Kef Lo ) (Mcore) . ©
worry about them here) and considering only the gravitation Mo 4nGMscC Mo

and radiation field from the nascent star, we assume hera that

star is formed from a gravitationally bound system of maleri Giyen this and takinger; = 20m?kgt and then plucking this

enclosed in a volume space of radfgre(t) and we shall call 5 the other relevant valugsc etc in the above, we are lead
this system of material the core and further assume that thig,.

core shall have a total constant maelg, at all times. Now
for as long as the material enclosed in the sphere of radius
I < Reore(t) is such that:

Msar | _ ( Meore | ™ 10
Mo 10M,) -

GM(r,t)  Kefflsar(t)
>
r2 4rcr?

(4)

What this means is that the mass of the core from which a
star is formed may be crucial in deciding the final mass of the
then, radiation pressure will not exceed the gravitatibor@e  star because the mass of the core determines the time when in-
in the regior < Reore(t) hence thus direct radial in-fall is ex- fall reversal will occur. The time which the radiation begjin
pected to continue. IMcq(r, t) is the mass of the circumstellar to disperse the material of the core, is the time that we can
enclosed in radiusat timet, thenM(r,t) = Mcg(r,t)+ M(t),  consider that in-fall will be reversed and before then ghit
hence the dference betweer and () is that in @) we have  still taking place and at the same time, it is in the approheh t
include the circumstellar material. halting-point wher_g4 (t) = L.(core). If in-fall is not taking
place, at least the material in the core can not be blown out
of the core because the star’s luminosity has not reached the
critical luminosity of the core to be able to do this — thisris i

Kef f Laar (1) accordance withg).

()

47Ge From this simplistic and rather naive calculation, we cstit e
mate the #iciency of the core:
which basically says as long as the amount of matter enclosed

in the region of sphere radiussatisfies the above condition,

Proceeding,4) can be written dferently as:

M(r,t) >

the radiation force will not exceed the gravitational forde- M M -2/3
plied to the entire coree. r = Regre, this means, if the star’s Eore(M) = 32 = 0.10( wre) , (12)
luminosity is such that: Meore 10M,

thus a 100V, core will have an ficiency of about 2% and it
Kef f Lstar () will produce a star of massM,. A 10M,, star will be pro-
Meore > AGe ®  duced by a core of mass 1M1, at an dficiency rate of about
0.1%. A 10*M,, core is basically a fledged molecular cloud.
then, the radiation field of the star will not disrupt the @if  The dficiency with which this 10, star will produce is A%
of material inside the core. From this, let us define the-criti and this is on the assumption that the rest of the materi&l wil
cal luminosity L.(core)] of a core of masdye and whose not form stars. This is not the case as some of the material
opacity iskef f, to be: will form stars. Further, a 1081, star will form in a GMC
of mass about 10V,. The above deductions that high mass
stars will need to form in clouds of mass10* M., resonates
4rcGMcore with the observational fact that massive stars are not found
) ) in isolation (Hillenbrand 1997; Clarket al. 2000) since the
other material will form stars.

With this defined, what@) is saying is that for the radiation The relationship 10) is interestingviz its similarity to Lar-
field to overcome the gravitational field, the nascent star's  ggn’s 1982 empirical discovery. With a handful of data, Lar-
minosity must exceed the critical luminosity of the coratth son (1982) was the first to note that the maximum stellar mass
IS: of a given population of stars is related to total mass of the
parent cloud from which the stellar population has been born
That is to say, ifM is the mass of molecular cloud am.
Lgar (t) > L.(core) (8) is the maximum stellar mass of the population, then:

L.(core)=
Kef f
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that one arrives at the same result @ \We hope, that this
this alternative approach gives one a more intuitive fegtin
(12) what we have presented above. Additionally, this alteveati
approach gives more information in that it tells us that the
radiation field will create a cavity inside the star formirge.

-2

Mo

where My = 132M, anda. = 0.430. This law was ob-
tained for cloud mass range3D < log,,(M/Ms) < 5.50.
Could the relationshipl() be related to Larson’s result? The
indices of Larson’s relation and relationshif){ have a devia-
tion of about 33% and the constahty has a similar deviation
of about 33%. Could Larson’s fitting procedure be “tuned”First we compute the enclosed masr,t). We know that

to conform to relationshipl(0) and if so, does that mean Lar- stellar systems such as cores and molecular clouds are found
son’s relationship finds an explanation from this? to exhibit a radial density profiles given by:

Perhaps the deviation of our relation from that of Larson may

well be that our result is derived from an ideal situation vehe R

we have considered not the other forces such as the magnetic, o0, 1) = pol®) (ro_(t)) (16)

thermal forcesetc, also, we have considered star formation ’ r

as a spherically symmetric process of which it is not and this

may also be a source of correction to this result in order tavherepy(t) andro(t) are time dependent normalization con-

bring it to Larson’s result. Let us represent all these othektants. In order to make sense of this density profig} we

forces byﬁothe,. Clearly these forces will not aid gravity in its shall have to calculate these normalization constantstdad t

endeavor to squeeze all the material to a single point but aighall be done soon. In its bare form, the power law equation

the radiation pressure in opposing this. Given this, it nsean(16) as it stands implies an infinite densityrat 0. Power

we must write §) as: laws have this property. Obvious one has to deal with this.
The usual or typical way is to impose a minimum valuerfor
sayrmn = ro(t) and assign a density there. Here, this mini-

GM(r,t)  keftlsar(t)  [Fotherl mum radius has been made time dependent for the sole reason
r2 Arcr2 + m (13 that if the cloud is undergoing free fall as in the case in star

formation regions, this quantity will dynamically respotod

wherem is the average mass of the molecular species of th&is, hence it will be time dependent.

IV. ALTERNATIVE APPROACH TO THE PROBLEM

the form: bution is calculated from the integral:
ArcG (M(r, 1) = r2|Fotherl/m r
Laar(t) < ( - ), (14 M.t = f Anr?p(r. . (17)
Kef f I'min

Inserting the density functiori6) into the above integral and

and writing M’ (r,t) = r3F m, we have from the above: i X
gM(r.9 Fotverl/ then evaluating the resultant integral, we are lead to:

ArcG [M(r,t) — M'(r,1)] ’ (15 Arpo(t)ra(t)

Lgar(t) <
star (1) Kef f M(r,t) = 3

(r¥ —r3e ). (18)

and from this it is clear that the other forces will act in mann
as to reduce the critical luminosity of the core thus our re
sult (10), when compared to natural reality where these other

forces are present, it is expected that a deviation fromehk r

observations must occur. As stated in the opening of this sec M(r.t) = drpo®ri(t) In (L) (19)

tion that the inclusion of the magnetic, thermal forces att w ro(t)

not change the essence of our argument, hence the above jus-

tifies why we did not have to worry about these other forces a¥Ve shall not consider this case as it will not change the
the essence of our result stands. The situation is onlgatiti essence of our argument.

when these other forces become significant in comparison t
the gravitational force.

The caser = 3 leads to the special form of the MDF:

Rlow, what we shall do here is to constrain theind show
that 0< a < 3. Constrainingr will not change the essence of

In the succeeding section, we provide an alternative ajgproa our argument. This exercise is being conducted to define the
where we compute the mass distribution and from there showdomain which our result has physical significance.
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Letry > rp. For this setting, we expect thatl(r1) > M(rz)  will be a cavity of radiusro(t) in the cloud. What we shall
and this is obvious thing because as we zoom out of the cloudo is diferent from this normal or traditional normalization.
radial, one would expect in the sphere of radipishat there  We shall setM(ro(t)) = Mgar Where Mgy is the mass of the

will be at least more matter than the engulfed sphere of sadiucentral star. Thus what we have done is to place the nascent
ri. The conditionM(r1) > M(ry) = M(r1) — M(rz) > 0. star in the cavity. This means we must write our MDF as:
Using equation18), we have:

Arpo)ro(t) /5 s
Ampor (H M(r,t)z—ao(lr3 —Raar(t))+/\/lstar(t), (23

M(r1) = M(r2) = =20 (1] - r3)>0, (20) 3-
and this applies foRgar (t) < < Reore(t).

Now, if the mass enclosed inside the core remains constant
throughout, then we must haverat Reqre(t) the boundary
condition M(Reore, t) = Meore, thus the circumstellar material
Mes(t) = Meore — Mgar(t), @and hence:

and fora > 3 we have 3- @ < 0 so when we divide by the
term (4rpory;.)/(3 — @) on both sides of the inequality, we
must change the sign of the inequality fromo < because

(4nmport; )/ (3 — @) is a negative number. So doing we will
have from this:

e 3o <o, (21) Bnpo®ro®) _ Med (24)

3-a (R - REI(M)

and this implieg§~3 < r5~3 and from this follows directly the

relationship: and this means the MDF can now be written as:
r]_ < I’2, (22) Circumstellar Material in Region Radius r
Mass of the nascent star
PR |
and this is acontradiction because it violates our initial con- M(r, 1) = Mes (1) m Maar (1)
dition ry > r, = M(ry) > M(rz). We therefore conclude core star 25
thate < 3.

We shall take this as the final form of our mass distribu-

tion function. If the reader accepts this, then what follows

is straight forward exercise and leads to what we believe is a
ignificant step forward in the resolution of the radiatioolp

Going further, if 3— @ > 3, it means as one zooms out of
the cloud from the center, the cloud’s average materialitlens
increases. This scenario is unphysical because gravity is
attractive inverse distance law and thus will always packemo
and more material in the center than in the outer regions as

one zooms out of the clouds from its center and hence thBlow substituting equatior2g) into the left hand side of equa-
only material configuration that can emerge from this settin tion (1) [where we placeM(r,t) in the place oMy (t)] we

is one in which the average density of material decreases ase lead to:

one zooms out of the cloud. This implies®@ < 3 which leads

to @ > 0, hence combining the two results we have @ <

3. As has already been said, constrainindoes not change Circumsdlar Gravitation e Oraitation

the essence of our argument but is an exercise to define the ———

physical boundaries. dr) = - (GMcsl (t)) ( " - Rar () ) . (GMstar (t)) ;
r2 3—a — 3—a r2 :

Now we have to normalize the MDF by imposing some Reoie(t) = Rear (1 26)

boundary conditions. The usual or traditional boundary-con
dition is to setM(ro(t)) = 0 and this in actual fact means there Now with all the above, the inequalitg) now reduces to:

(GMcs‘(t))( ¥ — Ry (1) )+(GMstar(t))>Keff|—star(t) 7

2 ARG - R (®) r2 4nr2c

where the first term on the left hand-side is the gravitationafield of the circumstellar material and the second term & th
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else from here follows. What we have done here is simply to
take a rather lengthy exercise to arrive at the same result.

V. RADIATION CAVITY

The inequality 6) gives us the global condition that must be
met before the radiation field is powerful enough beforeiit ca
push away all the circumstellar material. As-well, the inalq
ity (27) as does®), tells us the conditions to be met before
the radiation field is powerful enough to halt in-fall alb@t)
sheds more information tha6)(because from27) we deduce
that the radiation field will create a cavity in the star fongi
FIG. 1: A cavity is created inside the star forming core due to core ahd in the th_iS Ca\{ity’ the radiation field is povyer erfoug
the nascent star's radiation field. to halt in-fall in this region. One can not deduce this frdh (
hence the alternative root we have taken is a necessary root
as it supplies us with vital information. To see this — tH&jt (
gravitational field of the nascent star. The equality wiltoc  entails a cavity inside the core, we have to wr@)(with r as
whenr = Reore(t), and this leads directly td] and everything the subject of the formulae. r > Ryt (t) where:

ef t Letar (t) — 47CGMsar (1)) (R353(1) — Rz (t -
(Ker t Laar (1) 7r4ﬂCGstM(cs)l)(t() (t) - R% ())+R§‘a?(t) ’ (29)

Rcrit(t) =

and what this inequality issaying” is that, at any given mo- we have demonstrated that the radiation will gradually push
mentin time, there will exist a regian< Rit(t) where thera-  this material away until a point is reached where all the in-
diation field will reverse the radially in-falling materiahd in ~ falling material is halted when the nascent star’'s lumityosi
the regiorr > Rqit(t), for material therein, the radiation field reaches the critical core luminosity.

has not reached a state where it exceeds the gravitatioldal fie
This region [.e. r < Rqit(t)] grows with time thus the radia-

tion field slowly and gradually pushes the material furthet a right up to the edge of the core,= Reore(t), must sifer re-

further away from the nascent star urthir(t) = Ry where o1 due the nascent star's radiation field. What we have
radial in-fall is completely halted; this scenario is costply found here is thatf and only if the accretion disk is not de-

different from that prOject_ed_ in r_nuch of the Iltefature where atstroyed and acts up as the chanvielwhich the star's mass
10 M., suddenly the radiation is so powerful it reverses an

further in-fall. On the walls of this cavity, the materiallfiag grows, then, the circumsteliar material is pushed awaygrad

on them [cavity walls] radially will or may be expected to find ally until a point is reached when the cavity is the size of the
y y y P core itself, at which point complete in-fall reversal isaattied.

gﬁ;\rﬁéﬁ;c&i%ﬁfggrg',:km\':;';h rlsvczought o be the nextIt is foreseeable that the circumstellar material in theareg
9 ) Rerit(t) < r < Reore(t) wWill find its way to the accretion disk

iathe cavity walls and as-well as the centrifugal forces since

We need to point out that we here have considered a spher}&—is natural and expected that the core must exhibit sonre spi
cally symmetric scenario and as is common knowledge, sta P P

angular momentum. So, to the question paused in the subtitle
“Can circumstellar material — globally, stop in-fall regat?”,
our answer is a clear yes, it does.

In the popular and accepted literature, it is said that a¥LQ
all the material from the surface of the star,= Rgar (1),

formation is not a spherically symmetric process. If star fo
mation was a spherically symmetric scenario, the cavity cre
ated by the radiation would halt the in-fall of matter on the
nascent but because this is not the case, it is foreseeatble tiThe reader will ask, “Why is the accretion disk not destroyed
mass accretion by the nascent star may contunathe equa- and what mechanism keeps it un-destroyed?”. To this ques-
torial disc. It is also imaginable that the magnetic fieldhaf t  tion, first we have to take note that the present consideratio
nascent star may help also in the mass accretion. The mais based on a spherically symmetric scenario, the grawmitati
point that we have wanted to drive is that the radiation fieldfield; i.e., the gravitational field is spherical symmetric. We
will not push away all the in-falling material on the nascast have been able to show that if one considers an azimuthally
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symmetric gravitational field, the radiation field will seito  Zinnecker & Yorke (2007¥tc, is that these researchers have
exist and that the accretion disk is not destroyed. We have seeglected the treatment of the circumstellar material -rthe

up an Azimuthally Symmetric Theory of Gravitation (ASTG) equality (L3) applies only for a star in empty space. In empty
and the reading where this is done has been accepted to tepace, it is correct to say that the radiation field for a star o
Monthly Notices of the Royal Academy of Sciences Journal mass 10V and beyond, will exceed the gravitational field
(see Nyambuya 20@9 and a follow-up reading on which we everywhere in space beyond the nascent star’s surfacéyeout t
argue that the ASTG solves the radiation problem in curyentl same is not true for a star submerged in a pool of gas as the
under review with the same journal (see Nyambuya 2009 stars we observe.

Because of this, we have not supplied here our arguments on

these matters. All we want is to show that the current definif Fom the alternative approach presentegdlvi one may ar-

tion of the radiation problem has some faults because it doedU€ given that the bone of contention here is that the circum-
not take into account the circumstellar material and that pe Stéllar material partly solves the radiation problem anctyi

forming the correct calculation leads us to &efient picture  25"Well that, the mass in the surroundings of nascent star ma
to the widely accepted one. not be very large as compared to the stellar mass as for exam-

ple, in Shu (1976, 1977) models of low mass stars formation,
the inner parts of the star forming core contract much faster
compared to the outer parts, and this would result in much
VI. DISCUSSION AND CONCLUSIONS more mass being concentrated in the center as compared to
the surrounding core thus rendering our argument obsdtete.
_ o _ . this case in accordance witB)( as long as the material in this
This contribution answers the question paused in the subtiegion satisfies this condition, the radiation pressurdiwit
tle, i.e,, “Can circumstellar material — globally; stop in-fall tnjs region is not going to overcome gravity because thesstar

reversal?” To this question, we find that the answeyes  |uminosity must exceed the critical luminosity for this e
it [circumstellar materialdoes. We find that the radiation regjon.

will create a cavity (whose radius #i(t)) inside the star
forming core and the circumstellar material inside theaagi Further one may argue also that the opacity varies with dis-
Rerit(t) < 1 < Reore(t) is going to be pushed away gradually as tance in a molecular cloud and this will greatly increase the
the radiation field from the star grows until a point is reathe opacity close to the star, in which case, it will cause the
when the cavity is the size of the core itself, at which pointstar’s radiation pressure to greatly overwhelm the stags-g
complete in-fall reversal is attained. If the radiationdieff ity; once again this will not hold as long as the material iis th
the star is to grow, its mass must grow, thus, the cavity mustegion satisfies conditior6j, the star’s luminosity must ex-
not prevent accretion of mass on the nascent star. ceed the critical luminosity for this defined parcel of mater

) ) o ) or region. Further-on, one may also argue again that the av-
To the question of how does accretion contimethe disk,  erage density needs not always decrease outward for example
we have been able to show that if one considers an azimuthally cjumpy clouds where one can find denser regions as they
symmetric gravitational field, the radiation field will sei®o  ,55m out of the cloud. The above argument holds still and

exist and that the accretion disk is not destroyed. We have sgggjges; it has been argued that the distribution of theriahte
up an Azimuthally Symmetric Theory of Gravitation (ASTG) gpes not really matter here.

and the reading where this is done has been accepted to the

Monthly Notices of the Royal Academy of Sciences Journal Itis important to state that star formation is not sphersyan-
(Nyambuya 2008) and a follow-up reading on which we ar- metric phenomena, thus one many also argue here that our
gue that the ASTG solves the radiation problem in currentlymodel may not be correct because it is based on the wrong
under review with the same journal (Nyambuya 2008Be-  geometry, once again this result is not dependent on the ge-
cause of this, we have not supplied here our arguments opmetry, it does not matter how the material in the cloud is
these matters. All we want is to show that the current definidistributed. What matters is how much matter is found in that
tion of the radiation problem has some faults because it doegiven region? Does it satisfy conditiof)@ If yes, then the

not take into account the circumstellar material and that pe radiation field in this closed region of radiusvill not exceed
forming the correct calculation leads us to &elient picture  the gravitational field.

to the widely accepted one. . . . .
y P In closing, the fact the we were able to derive a relationship

To this same question “Can circumstellar material — glob-similar to Larson’s 1982 result which up to now has no theo-
ally; stop in-fall reversal?”; Yorke (2002), Yorke & Sonrtha retical explanation is but encouraging, and gives one tak fe
ter (2002), Zinnecker & Yorke (2007) would give the answer:ing that our result may hold an element of truth in it. Our fesu
no, the radiation field will (is expected), according 18)for ~ — as has been shown — has, a 33% deviation from the result of
a star of mass greater than M, — for a spherically sym- Larson (1982) and it may well be possible to account for this
metric gravitational field; reverse the in-falling circuieléar  given that we have not taken into account the other forces as
material. Simple because we we give an answer contrary thas been argued. As my last words here, allow me to further
Yorke (2002), Yorke & Sonnhalter (2002), Zinnecker & Yorke say that, we do not claim to have solved the radiation prob-
(2007) etc, we consider this contribution to be worthwhile. lem but merely believe that what we have presented herein,
The real problem in Yorke (2002), Yorke & Sonnhalter (2002),is a significant step forward in the endeavor to resolving thi
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problem.
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