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1 INTRODUCTION

ABSTRACT

In this reading, a new theoretical model of star and clustenétion is posited. This model seeks
to set a mathematical framework to understand the origirtke&tellar Initial Mass Function
and within this framework, explain star and cluster formatirom a unified perspective by tie-
ing together into a single garment three important obsemvatfacts: () that the most massive
stars of most observed clusters of stars are preferent@liyd in their centers;2) Larson’s
1982 empirical observation that the maximum stellar mass igedlto the total mass of the
parent cloud; §) that clump masses in giant molecular clouds exhibit a poness spectrum
law akin to that found in star clusters and this behaviorss &lue for molecular clouds as well.
Key to this model is the way the cloud fragments to form coremfwhich the new stars are
born. We show that the recently proposed azimuthally symaoiteory of gravitation has two
scale of fragmentation where one is the scale that leadotaldollapse and the other is the
scale on which the cloud fragments. The collapse and fratatien takes place simultaneously.
If the proposed model is anything to go by, then, one canafasit that the slope of the IMF
can be explained from two things: the star formation ratehefdores from which these stars
form and the density index describing the density profiledifidnally and more importantly,
if the present is anything to by, then, fragmentation of roolar clouds is posited as being a
result of them possessing some spin angular momentum.

Key words: stars: evolution— stars: formatior— stars: general stars: luminosity function,
mass function— (Galaxy:) open clusters and associations: general.
PACS (2010):97.10.Xq, 97.10.Yp, 97.10.Bt, 97.10.Kc

first, important and most famous paper of all on stellar IME an
since then countless efforts have been made to try and decipial

It is clear and goes without saying, that a complete comm&ba
and resolution of the fundamental origins of the stellatidhMass
Function (IMF), is at present, one of thedly grails’ of astrophys-
ical research. Its complete understanding would lead tdteren-
derstanding of the way stars and star clusters come intgb&he
IMF is an important physical attribute of stellar systemséaiese it
determines the baryonic content, chemical enrichment aoidtton
of galaxies — in-turn it determines the Universe'’s light dadayonic
content and thus an in-depth knowledge of it, is of paramouapor-
tance. Reviews on the subject have been carried out overetrs y
(seee.g. Miller & Scalo 1979; Scalo 1986; Scalo 1998; Meytal.

2000; Kroupa 2001; Kroupa & Boily 2002; Larson 2003; amongst

others).

Today, it is fifty five years ago since Salpeter (1955) pulelisthe
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understand its fundamental origins and implications oretiwdution

of stellar systems. The significant observational workiedrout to
date €.g. Scalo 1986; Kennicutt 1998, amongst others) confirm the
Salpeter Law is linear on a logarithmic scale for the masge@nt —
10.0M (seeeg. Larson 1982) and at the sametime universal (see
e.g. Kennicutt 1998; Leitherer 1998; Scalo 1998). Further, for t
mass rangd0 — 100 M, the IMF exhibits a Salpeter IMF (see
review Zinnecke®& Yorke 2007) thus the IMF, on the average, has
the same Salpeter slope for the mass range- 100 M.

Despite all the above cited works, we still lack a proper th¢o ex-
plain it and this is intrinsically a product of our knowledgaucity
regarding the star formation process itself. The questiorhat is
the physics behind such an orderly distribution of mattet #nds
up locked as stars has never stopped to bother the agile &usuri
minds. It is unfortunate (or maybe fortunate) that therezaiay the-
ories of clustered star formation that have been proposedt&each
with the ability to explain the IMF. Most of these theorieg able
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to explain the IMF after some fine tuning. This fine tuning isdema

possible because the IMF does not constrain the dominarsiqshy
that leads to its raise (sesy. Clarke 1998). These theories of the
IMF fall into three main categories:

(i) Fragmentation (seeg. Vazquez-Semadest al. 1997)

(ii) Negative Feedback Processes (s Silk 1995; Adams&
Fatuzzo 1996)

(iiiy Competitive Accretion (see.g. Zinnecker 1982; Clarke 1998;
Bonnell et al. 2001a,b; Bat& Bonnell 2004)

In reality all these processes may play an important ancgiyeaiole
in shaping the IMF but the elusive answer to the question -efwhi
of these processes dominates giving rise to the IMF remaiag-u
swered. Because of this, a pandemonium arises since nohessf t
theories can be ruled out unless sufficient observationawaitable
to act up as the arbiter thus pressure is put on the need fag mor
refined observations. Should these observations becaniatdea
there is hope that only the correct theory will stand the éssthe
fine tuning of these theories requires that stars and ststeckiform
under meticulous and specific conditions in-order to repcedthe
observed IMF. Clearly, is a need to seek a completely newrdreo
ical avenue of thought (if at all possible there) within tlealm of
present observational evidence and known Physical Lawsharier
quires little if any fine turning at all, so as to make it possito
easily falsify the theory. It is our hope that the ideas pgated in
present satisfy the just said.

Before we lay down our idea(s) on the origins of the IMF, wechee
to make one thing clear to our reader, that, this reading sntn®
lay down the mathematical foundations of the IMF model wegare
ing to propose. It is not a comparative study of this IMF moaith
those currently in existence. We believe we have to put ttons
lieing down these ideas and only worry about their plauisbii.e.
whether or not they correspond with experience and onlyetfesr
make a literature wide comparative study. This literatuigevcom-
parative study is expected to be done once a mathematicalrobd
our proposed IMF model is in full swing. This mathematicaldab
is expected to form part of the future works where only-atftet, it
would make more sense to embark on this literature wide coapa
tive study. The next reading is expected be one such wheridvisur
model is going to be full swing and a literature wide compaeat
study is conducted. We hope the reader concurs with us tisaisth
perhaps the best way to set into motion a new idea amid a péetho
of ideas that champion a similar if not the same endeavor.

Now, let us begin our expeditioné., seeking this theory of the IMF)
by looking into the natural world as it lay hind for us to mdrve
at. So doing, we see that a mass distribution or segregaition s
ilar to the IMF is not only exhibited by a population of stanst b
larger systems such as cores inside clumps and; clump iNKDb.
Clumps are found residing in MCs; while cores are found iegid
in Clumps. Clumps have masses of the ordet@iM, and size of
aboutl.0 pc and average Hdensity of10® cm™2 and these are the
sites where clusters are born. Studies of clumps have ex/¢aht
their masses are distributed in an orderly fashion mucherstme
manner as what is found in a population of stasms, they exhibit

a mass function and the observed slope lies in a surprisimaly
row range (.40 < T' < 1.70) and this is for a clump mass range
[2.00 < log;q (M /M) < 6.00] (seeeg. Lada 1990; Blitz 1991;

Krameret al. 1998; Motteet al. 1998; Kroupa & Boily 2002). Let
us call this the Clump Mass Function!{@F).

As already stated the story does not end here because whear@Cs
inspected in their large proportions or numbers, once againum-
ber of MCs within a certain mass range are seen exhibitingha si
lar mass distribution as the IMF (Solomenal. 1987; Motteet al.
1998; Heuithause& Corneliussen 1995; Miyazakt al. 2000) and
in-passing, it is important to note that gravitational frentation
(Fiege& Pudritz 2000) and turbulent compression and fragmenta-
tion models are capable of explaining the MCMF (sggeVazquez-
Semadenkt al. 1997). Let us call this the Molecular Cloud Mass
Function (MCMF). This is the same for cores that reside imysa
that later go on to form the stars and star clusters égeéVotte et

al. 1998) — let us call the mass function exhibited by cores theCo
Mass Function (BMF). Sure, something universal and subtle must
be at work giving rise to such important prominent charastierof
stellar systems on the different scales.

It is only natural to ask the important and perdurable qoastivhy

is it so thatNature appears to distribute, segregate or partition mat-
ter in such an orderly fashion on the different scales? [euriis
the mechanism that gives rise to the MCMHFME, CoMF and the
IMF universal? That is to say, do these arise from the samsiqdily
mechanism? Given thaMature almost always manifest Herself in
the simplest imaginable, universal and unified manner agide et
when one looks at the broad spectrum of physics, it is natoi@in-
ceive that the mechanism that gives rise to the mass funetiany
scale,i.e., cosmological, galactic, molecular cloud or clump scale
ought or might be universal. This leads one to the idea of aiples
Universal Mass Function (UMF) whose shape and charadteisst
dependent on the initial conditions and scale. The selflairstruc-
tures observed iNature e.g. in the Orion Nebula maps observed by
Maddalenaet al. (1986) at8.7’ (65 pc) resolution in CO (Dutrewgt

al. 1991),1.7’ (3.5 pc) resolution in ¢*0 and Wiseman (1995) at
8" (0.6 pc) resolution in NH of the same region but different scales
strongly suggests th&dature may behave in a self-similar manner
on different scales somewhat in support of a universal nmésha
giving raise the mass functions (MCMF|MF, CoMF & the IMF)

at the different scales.

In this reading, we shall put forward the new ideas of the IMB a
these fall under Fragmentation Theories.e- Jeans-collapse and
subsequent-fragmentation leading to the formation of skeanes
that in-turn collapse to form the stars. Basically, the tgegision of
these ideas is the endeavor to tie together in a single gatheari-
gins of the all the mass functions, that is, the MCMF, CIMBME

and the IMF. In our endeavor to derive the IMF, we also seek to
answer to the following questions:

Pertinent Questions

(i) Why in stellar populations there exist well ordered sysatic
radial mass segregation with a pronounced concentratioras§ive
stars in the cluster center.

(i) When, where, how and why does mass segregation occur?
By mass segregation it must be understood to mean not only the
spatially varying mass distribution found in stars clustehat is,
concentration of more massive stars in the cluster centealbo the

well ordering of the mass across a given mass range.

(© 2009 RAS, MNRASDOQ, 1-12
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(iii) Is the IMF universal? By this what is meant is do all thdR's
observed ifNature originate from the same physical mechanism and
if so what does it depend on?

Observational Clues

What observational clues i any; do we have to guide us in the
search for the origins of the IMF? The following is a catalegf
paramount and vital clues:

(1) Any theory of star formation must be able to explain the obser
vational fact why massive stars or the most massive membemyof
stellar population is found in the center.

(2) The IMF exhibits a cutoff in the mas$1.;, = 0.4 — 1.0 Mg
and this behavior seems to be a universal character of thethdF
suggestion of which is that the mechanism that gives risedtso
ought to be universal. Two basic type of hypothesis have peen
posed to explain this characteristic mass (@gelLarson 2003 and
references therein) and these are:

(i) Stars form from MC clumps whose masses are similar toghos
of the stars that form from them and in-turn they derive thgiical
masses from the clumps. The properties of the clumps prddyma
are determined by the cloud fragmentation process.

(ii) The other possibility is that stars continue to accratess indef-
initely from an extended medium and they may determine their
masses by producing outflows that terminate the accretiooegs
at some stage.

These clues shall guide us in the formulation of our new ideas
the IMF. It is important that we mention that the chief ideade
ing to our proposal for the IMF, surprisingly comes from teeent
ideas set out in Nyambuya (2010a,b). The azimuthally symemet
gravitational field (see Nyambuya 2010a,b) sets up two scate
which the cloud must collapse, the first scale is one of theroofl
the cloud size; collapse on this scale leads to the entitgldio col-
lapse. The second is the fragmentation scale which is muefiem
than the cloud size. If this scale where to lead to fragmamtathen,
it must be of the order of the molecular cores from which tlaesst
from. Thus collapse and fragmentation takes place simedtasly.
No theory proposed to date is capable of simultaneous a&lapd
fragmentation, thus if our survey of the literature has bgaod, the
ideas in the present reading are appearing for the first time.

The synopsis of this reading is as follows: in the subseqeeot
tion, we lay down the Jeans collapse process as it is commuonly
derstood. In§(3) we look at the Jeans collapse process under the
azimuthally symmetric gravitational field and show thathe first
order approximation, the azimuthally symmetric graviadl field
leads to a two scale collapse scenario. We show there-in hisw t
twin collapse scale leads to cloud fragmentationg(#) we argue
and show that the Jeans collapse should lead to the formation
massive stars in the centre. §(6) we derived the IMF. Ir§(6) we
argue that the present ideas should lead to the observedpfiag
files. In the penultimate, we give an overall discussion aydibwn
our conclusions.

© 2009 RAS, MNRASDOQ, 1-12
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2 SPHERICALLY SYMMETRIC GRAVITATIONAL
JEANS COLLAPSE

It is generally believed that the star formation processrizegick
started by the collapse of a MC in which process when the M€ col
lapses, it contracts causing portions thereof to also éuartiollapse
and this causes the cloud to fragment into smaller parcatsattier
(cores) and these collapse further to form stars. Thispsdig@rocess

is generally believed to be kicked started probably by |aleadsity
inhomogeneities in the MC caused by random fluctuations due t
cloud turbulence which causes the density in some parteafitud

to be high enough for gravity to overcome the local cloud gues.
Also, it is believed that the collapse may be triggered by p@s-
sion caused by outside forces such as a shock wave from aynearb
supernova event.

From a dynamical gravitational view-point, consider a @edion-
ally bound system of matter. For such a system, the viral-theo
rem applies and as first realized since the subject was firgt st
ied by Sir James Jean$929), a MC or portion thereof can col-
lapse gravitationally under its one own weight if its massngity
and temperature satisfy the criterion known as the Jeansrion
where the kinetic energykK{ = pkpTa./ummu) of the particle in
the gravitational field must be less than the absolute madgibf
the gravitational potential energy/(= —GM?/r) at any given
point (C < |U[). The condition I < |U{[) leads to Jeans collapse
which can be defined as\{.; < M ;). That is to say, for a uniform
density and temperature (we neglect magnetic fields andionja
MC of mass of M,; (or portion thereof) to collapse, the cloud’s
mass (or portion thereof), must be greater than its Jeans ineas
M > M where:

()

o (2

where7,, is the average cloud temperatupe,, the average cloud
mass density( is Newton’s universal constant of gravitatiqn,is
the mean molecular maskg is Boltzmann’s constant anch is
mass of atomic hydrogen. Another way to express the Jedrsani
is to express it in terms of the Jeans radius, that is to say:

1/2
e

which is the minimum size that a MC (or portion thereof) mutdia
in order for it to collapsei.e., R < R..
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Itis instructive for our purpose here to demonstrate theewsature

of the Jeans collapse process hence we shall go through arprop
derivation of the Jeans criterion from a fluid dynamics vgatpoint.

For the cloud configuration described above, we know frondflui
mechanics, Newton’s second law and the universal bb@ravita-
tion; and from the idea gas law; that the system of equatiessrib-

ing the global dynamics of the cloud are:

dp
A v = 3
V() =0, €
ov R -
+pv-VV=—-VP —pVd =0, @)

ot
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V2 = 47 Gp, (5)
P = (L) knTaw = 2, ®)
wmy

whereP is the cloud pressure; the speed of sound in the cloud
medium,v the velocity of the gas at any point in the cloud anthe
Newtonian gravitational constant. EquatioB (4), (5) and @) are
the continuity equation, Newton’s second law, Newton’s tfwni-
versal gravitation, and the ideal gas equation respegtiw, (1)
taking the divergence of equatiof) @nd @) then dividing equation
(3) by ¢, and taking the partial time derivative of this same equation
and then subtracting the two resultant equations and theareang,

we are lead to:

1%
P~ 2 o2

=2

= —4xGp* 4+ V(W) =V -(pv - V¥)=V-(pV®),(7)

and now if we introduce a small perturbatiare. p —— p + dp,

® +— P+ 0P andv — V 4+ §V, and the terms withy are
the perturbation terms; and substituting these into thealegua-
tion and then neglecting all second order perturbationsdseee.g.

Perkunliet al. 2002), we are lead to the equation:

=— (47‘;20p) op.
In the derivation of the above equation, the assumptionseniad
the perturbation, namely that we are considering variates local
scale, lead to vanishing derivatives of the tepm® andv, because
locally these terms are constant. Now, assuming a gendralso
of the formép = pe™ ' [Asin(k - x) + B cos(k - x)] whereAB
are normalization constants, is the density wave frequency and
|k| = 27/ the density wave number andis the wavelength of
this perturbation, we get the dispersion relation:

1 9%5p

c2 Ot?

V36p — (8)

w? = ke — 4nGp. 9)
Proceeding — now for self gravity to bring about the collaptthe
cloud system, the densify must grow in time. A necessary condi-
tion for this isw? < 0. This is however not sufficient condition. A
sufficient and necessary condition is thabe purely an imaginary
numberii.e, w = iw. wherew, is a real number, in which case:

dp = pe**" [Asin(k - x) + Bcos(k - x)], (10
and as one can clearly see for themselves, the conditionthatst
be imaginary brings an exponential time dependent groviththre
amplitude of the perturbation. This condition¥ < 0) ensures

growth of the density with time and is equivalentitd < 47Gp/c?
thus the critical size of the perturbation is:

( WkBY:lU ) 1/2
A= |—F"— )
UG Pav

which is the well known Jeans length given in equatign At this
point, we shall digress a little from the main theme so thatuolee
a small butvery important problem with the density wavefunction.

11

What we have to do is to impose boundary conditions to thisequ
tion. As one can recalled from quantum mechanics, that, wbbn
ing the problem of a particle in a box using Schrondiger'satipn,
one has to make the wavefunction to vanish at the edges affihe i
nite potential well. This is done because the wave is trajpgédeen
these wall. In a similar manner, we have to confine the dengityes
here so that they vanish at the center and at the edge of thé, clo
that isdp(r = 0) = 0 anddp(r = Ra) = 0 = B = 0 and
clearly the perturbed density wavefunction will have to beg by:

5p = Ape”~* sin(k - x). (12
Once the cloud collapse has began, the density inhomog=naitd
turbulence will, as already said before, cause the cloudaggnient
into smaller aggregates of matter and become cores fromhwaic
star will be born. As the Jeans collapse theory stands, iacaaunt
for the collapse of the MC but not the fragmentation ther&bfs is
set to change as we shall see that the azimuthally symmeng-g
tational field provides not just for the collapse of the entiloud but
the fragmentation of the cloud.

Assuming that by some unknown mechanism, the cloud fragsnent
into core, these cores will undergo free-fall and assumisgafor-
mation efficiency rat€sr»r = 100%, meaning to say all the mass
in the collapsing core forms the star, then, this would ocuar a
time scale:

. B 371' 1/2
1=\ 32Gpan(0) ’

where p,.,(0) is the average density of the core at time= 0.
This time scale is known as the free-fall time scale. Thisliapp
for low mass stars in their early stages of formation befadgation

is thought to begin to significantly affect the collapse. For interme-
diate and high mass stars more process other than the fteerfe
into play during the gestation period of these stars thugltiag in
the star, forming in a time significantly less thery.

(13

To give one an intuitive grasp of the Jeans process at wogk, su
pose we are given the Jeans Criterion and we trace mattertback
the time of matter-radiation decoupling era according ® ¢hr-
rently accepted Big Bang Theory where the temperature ofemat
was abouB00 K and its density about x 10° cm~2 and inserting
these into equationl) yields M ; ~ 10° M. It therefore follows
that the smallest possible mass capable of collapsing aintieeof
decoupling was abouit0® M. That is about the mass of a present
day globular cluster. By contrast in the interstellar mediof our
Galaxy wherel' ~ 50 K andn ~ 10° cm™® the Jeans mass is about
500M . Itis clear that today, far smaller parcels of gas can cetap
and that is why MCs do and are home to individual and groups of
stars. The question how they collapse or fragment to forms sita
such an orderly fashion to give raise to the IMF is a questibitiv
we are shall make an attempt to address.

Itis important to note that once the material has collapseedomes
gravitationally bound, meaning it would require a mass atipo

L 1t has been shown in Nyambuya (2010b) that the radiation $letdild not
be an impediment to the nascent star while it is in the steltanb.

(© 2009 RAS, MNRASDOQ, 1-12
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thereof to attain the escape velocity of the entire cloudesysn-
order to escape the gravitational binding imposed on its,thue
shall take a parcel of matter that has reached and passeshits-J
limit to constitute an individual system. To evince on theraaid:
a parcel of matter of mass sayt, that has fragmenteda the Jeans
Criterion — from a given cloud system which initially acteslarigid
body with the fragmented unit before the fragmentation tplaice;
will detached from the main body and now act itself too, asi& un
conglomerate body — a single unit of mass. This is what is meant
by “a parcel of matter that has reached its Jeans criterinstitotes
an individual and independent gravitating system”.

3 AZIMUTHALLY SYMMETRIC GRAVITATIONAL
JEANS COLLAPSE

Now we are going to investigate the collapse of a rotatingaldhe
gravitational field inside this cloud is not spherically syetric but
azimuthally symmetric and from Nyambuya (2010a,b), thevitpa
tional potential of this azimuthally symmetric gravitaia field is
to first order approximation given by:

D(r,0) = — (14

GM(r) (1+ Ach(g)cose)

rc

Given the azimuthally symmetric gravitational potentidd) this

means the gravitational energy of a particle inside the ctlmu
U(r,0) = pmud(r,0). Now, the kinetic energyk() of the this
particle is given by its thermal energy which kg T, this means:
K = kp7a.. For Jeans collapse to occur whét:< —U(r,0) =

j(r,0)].

Now for collapse to occur on a global scale, then, at the sartd
the cloud,i.e. at r R, the kinetic energy of the particles on
this surface must be less than the least (in-terms of the itoaign
i.e, [U|) possible gravitational potential energy of the partiaietee
surface of the cloud, that i$C < |[U/(Rci, 0)|min. The minimum
value of |U(Rei, 6)|min Will occur whenf = 180°, therefore the
condition for global collapse i€ < |U(Rei, 180°) |min. We know
that M(R.;) = M thus the conditioniC < |U(R i1, 180°)|min,
leads us to:

nGMamp ~ AMGMe

7:111 1 ) 1
b << Rei )( Rerc? ) @9
this can be re-written as:

RZ — RiRe + MRIRE <0, (16)

where R; has the same meaning as in the spherically symmet-
ric gravitational Jeans collapse amds, = GM./c* is the
Schwarzschild radius of the MC. To solve this inequality, vese

to find the solution to the quadratic equati®?, — RsRc +
MRJRS = 0. The two solutions to this equation are:

R —4MR/RE  Ry+(Rs—20RS)

2

R+
Rcl: !

.7
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We have taken these solutions to their first order approximaince
we would generally exped®; to be much greater thak R5), so
instead of burdening ourself with the complicated expragsive
can work with a less complicated first order approximatiomitiéh
more lucidly asR, andR3, these two solutions are given:
Ri=Rs—MRy and Rao=MRS. (18
With these solutions, the inequality&) becomeg R —R1)(Rer —
R2) < 0 and there are two solutions:

(i) Condition One: If[Ry — R1 < 0] then [Re; — R2 > 0], and
all this leads us to:
Re < Ri 19

(if) Condition Two: If [Re; — R1 > 0] then [Re; — R2 < 0], and
all this leads us to:

Re > Ra

and R. > Ro.

and Ra < Ra. (20

The second condition is an impossible condition since uatiepn-
ditions of existencéR1 > R2), hence 19) is our desired solution.
Clearly, the conditiorR.; < R1 leads to collapse on a global scale
and we see from it that the cloud will have to be smaller (by an
amount\; R3) than the Jeans radius applicable in the case of spher-
ically symmetric gravitation. What about the other scaldtai\tloes

the conditionR.; > Rz mean?

3.1 Cloud Fragmentation

We shall go back to the afore-described spherically symmgtavi-
tational Jeans collapse, and we go through description alerabd-

ify this description to that is takes into account the twolesaf
collapse discovered above. As afore-described: in thenbewj — a
serene MC of radiu® .;, with an average temperaturg,; and ini-
tially under the action of two opposing forces. the inward grav-
itational force (whose end and quest is to muzzle all the rizdte
to a single point) and the outward resisting thermal forsestich
thatR. > R,. In the case of azimuthally symmetric gravitational
collapse, the global collapse condition nowds; > R;.

As already said, it is acceptable that the Universe begarsiata of
higher temperature than it is today, that it has cooled tpriésent
temperature of- 2.73 K; a corollary to this, is that MCs have also
cooled to their present thermodynamic state. When a gas,dbel
mean (average) distance between the particles of this dadewi
crease too, the meaning of which is that the cloud size musedse
as-well.

Now, if the cloud size where to decrease, it is foreseealade ah
somepoint in time during its evolution, the critical comalit of
Jeans-collapse will be reached, that®:; = Ri. Any further
cooling of the cloud must lead to Jeans-collapse of the MGQhse
Re < Ri. From this, it is pristine-clear that thermodynamic cool-
ing of the cloud will naturally lead to the Jeans-collapséhefcloud
on a global scale. So from a fundamental physics view-pditi,
perfectly reasonable to assume that star formation mayheetick
started by the thermodynamic cooling of MCs. This assumptimes
not in any way alter the fragmentation model that we wish to se
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(Generation op-wave)

Jeans Collapse Wave

(b)

(Generation ok-wave)

Outward Jeans Collapse Wave

Figure (1). In (a) the initial Jeans-collapse wave generated by thejesd

of the cloud travels to the center of the cloud and in (b) thesevarrives at
the boundary demarcated by the seed region. Upon arrivaleabaundary
of the seed region, this seeds a shock that cause this regmsilapse and
in-turn, this collapse generates a secondary Jeans-selid@pple wave that
moves outward. This secondary wavewave) causes the cloud to be Jeans
unstable on the scale of the wavelength of #twave and in the process,
Jeans-spheres of the size of the wavelength oftheve collapse causing
the cloud to fragment into Jeans-cores that go on to forns.star

forth. We are simply trying to remove exogenous agents arcthme
anisms from the star formation podium such as supernovgetregl
collapseetc.

Now we come to the interesting question of the second calapale
R.. Just as we argued and accepted that the condRion< R1,
once satisfied, implies that the cloud must collapse on sRale
with this scale being measured from the cloud centre, thelicon
tion R, > R also means that once it is satisfied and as-well the
conditionR.; < R1, then, on this scal®., — with it [scale] being
measured from the cloud centre, the cloud must collapseoAdc!
whose radius is less thaR, is one that is in a highly relativistic

state since this scale is comparable to the Schwarzschllds®f
the MC, so since for ordinary MC, their spatial sizes are &rand
their Schwarzschild radius, then, MCs must collapse oreties
scalesR; andR». Thus while the entire cloud collapses, it will col-
lapse internally as-well and in its interior it will collap®n a scale
R beginning from the cloud centre. Let us as shown in figdje (
(a) call the internal region where< R the seed region.

Now, at the moment of collapse, an outgoing collapse waveris g
erated in which process it causes the region engulfed bywing

to contract. In the case of the collapse wave generated atitfece

of MC, this wave can not move outward since it is at the bound-
ary. Since it can not move outward, it must be reflected ancentad
travel down to the nimbus of the MC. Let us call this wave gatest

at the surface the primary wave and for short let us call iptheve.

On the other hand, the seed region will collapse in which ggedt
will generate outgoing waves, let these waves be callednsiecy
waves and for short let us call thesawaves.

At this point, let us depart from the deep space of MCs and come
back home to mother Earth so that we can learn something from
her and then take this lesson into the deep space of MCs. Wieen o
casts a pebble into still waters in a pond, a wave with a sgecifi
wavelength spreads out (into the outer reaches) from thet pdi
impact of the pebble to the outer reaches of the pond. Thegeswva
are seen as spreading concentric rings. Redolently, thieregen

will send outs-waves. The seed region acts much the same way as
a pebble when it is thrown into the pond. The collapse of theslse
region, will generate waves whose wavelength is the saneeasiz
the seed itself. This wave will spread outward, just as happéen

one casts a pebble into still waters causing the outwarcadpoé
waves from the point of impact of the pebble on the surfacéef t
still waters.

Clearly, the generation of the-wave will dissect the cloud into
annular-like regions like an onion and inside these regideans
unstable spheres will be created as thwave sweeps through the
cloud because as thiswave sweeps through the cloud, it causes
these annular onion shells to undergo compression and ¢ian
this regions are already in their critical Jeans condititiey will
undergo an immediate Jeans collapse — clearly the cloud finagst
ment. This is the key idea and forms the bedrock and fouratio
our model. If the reader concurs with us, then what follonere¢h
from, is a given.

From this simple picture and idea of cloud fragmentationyids
be shown irg(4), one can derive the Initial Mass Function (IMF) of
stars. In a nutshell, the IMF is posited as originating fréva ther-
modynamic cooling process taking place prior to the inidie&ns-
collapse and subsequent-fragmentation originating flaollapse
of the seed region. It should be mentioned that, in our deoivaf
the IMF, weshall deliberately neglect the role of turbulence (see
e.g. Padoan& Nordlund 2003; Padoast al. 2007) and radiation
transport — these processes come-in, only after the fratiemhas
taken place hence these processes are not relevant atilgs Be-
fore we go on to derive the IMF, we need to compute the timesscal
on which thes-andp-waves will last.

(© 2009 RAS, MNRASDOQ, 1-12



Isthe Stellar IMF an Azimuthally Symmetric Gravitational Phenomenon? 7

3.1.1 Time Sales

As shown in figure ) (a) the initial Jeans-collapse wave generated
by the collapse of the cloud travels to the center of the cle
shall make a calculation here of the time it would take to hethe
cloud centre. We are doing this so as to get an estimate ofrtiee t
scale of how long this might last. Because th@ave must vanish

at the cloud surface and center, thatjis:= 0 atr = 0 and also at

r = R.; and given that only one cycle of this wave must fit inside
the cloud from the center to the edge, it follows that the Weavgth
(A\p) of this cloud must equal the size of the cloué,: A, = R;.

Given that these andp-waves are sound waves, from equatiéh (
and also from the fact the speed of a wave equdls wherer is
time it take for the wave to travel one wavelength, it follativat the
p-wave will last for a time:

1
-2
Tp = (kBj—CLv> Rcl:

pmy

(21)

Taking a typical cloud size of.0 pc and an average typical cloud
temperaturé/,,, = 10 K one obtains, ~ 100 000 yrs.

The most important time scale is the time is will take thevave to
reach the surface because then, the fragmentation of thd eldl
be complete. What cause the cluster is these fragments ribis o
they are all in place can we say the stage for star formatiaetis
has all the stellar wombs would have formed. Now for theave,
this must vanish at the cloud centre and as-well at the clolge,e
thatis:dp = 0 atr = 0 andr = R. The former {.e. jp = 0 at

r = 0) yields no information and the lattef4 = 0 atr = R.;)
yields27R . /As = mn. Just as the-wave, the wavelength of the
s-wave must equal the size of the seed, \; = Rsccq. It follows
that the number of ripple waves that will be generated is:

Ra _ R
Rseed N RQ '

(22)

Nmaz =

We know that thep and s-waves both travel the same distance and
that they do so at the same speed, it follows thastirave will take
the sametime that the-wave takes to travel down to the centre for
the same typical conditiong(,; = 1.0 pc and7,, = 10 K), hence

Ts ~ 100000 yrs. So, it means the initial collapse of the cloud lead-
ing to the cloud fragmentation will take place on a scale efdtder

of 0.10 Myrs. Given that stars form on a scalelof— 100 Myrs, the
time scale on which the collapse and fragmentation occusma|
compared to the time that is takes for the stars to form. Ttimate

is just a hand-waved estimate, obviously, a most robustlzlon
will be needed. This has been conducted so that we obtaingi rou
estimate.

4 JEANS-CRITERION & THE CENTRAL MASSIVE STAR

Our model, which is wholly a model based on the Jeans meahanis
will have to explain, how it is possible for massive starsdmf in
the center given the nature of the Jeans condition [seeiequd)
& (2)]. In the center of these MC, the density of material is hitgpe;

massive star since the Jeans mass varies as the inversesqtidre-
root of the density.e. M s « p~'/2. This is a question that has been
raised by the authors Bonnell al. (1998); Bonnell& Bate (2002,
2004) for example; they have used this as a very strong angiume
against the Jeans mechanism to serve as a vehicle leadihg to t
formation of star clusters — because as already said, neastvs
are found deep in the centers of these cluster; so how dodgémes
mechanism generate massive stars in the center if thisateagion

is without enough mass to form these massive stars? Obyjass|
will be seen shortly, these authors have assumed througf®iMC

a uniform density and temperature; this is certainly notdhse as
we have already know that MCs do exhibit a radial density f@ofi
given by:

r\ Y
P = po <R70) )

wherep, and Ry are normalization constants particular to the cloud
in question. Additionally, MCs exhibit a radial temperatprofile
similar in form to the density profilé,e.:

r\ T
T =Ty =—
O(RO) ’

where7y is another normalization constant which is particular ® th
cloud. Now, inserting equatior28) and @4) into equation {) and
(2), we get:

(23

(24

r 7<3QT27ap)
MJ - M*J (R_l) ) (25)
and:
Ry =Ry (Ril)_( =) , (26)

where M. ; andR..; are normalization constants. From this we see
that if:

a, > 3ar, 27)
then, on a scale dR, from the center of the cloud, the Jeans mass is
much higher in the cloud center than in the outer reachesed@,

the meaning of which is that the claim (Bonnetlal. 1998; Bon-
nell & Bate 2002, 2004) that Jeans fragmentatian not lead to
massive stars forming in the center may not necessarily &olas
been demonstrated above. For typical clouds, we have:a, < 2
and0 < ar < 1, thus the conditiond, > 3ar) can be sat-
isfied. Clearly, the scenario just present runs contraryhéoden-
tral arguments posited by Bonnell al. (1998); Bonnell& Bate
(2002, 2004) in their pioneering work(s). In light of the jaemon-
strated, one sees that they (Bone#l. 1998; Bonnelk Bate 2002,
2004), have assumed a constant density and temperatucepiou

file (ar = a, = 0), in which case according t@9), the Jeans mass

is the same throughout the cloud andvjf < 3ar, then the Jeans
mass is smaller in the center and it grows as one zooms outof th
cloud thus if ¢, < 3ar), then the arguments advanced by these

meaning of which is that there will not be enough mass to form a researcher holds.
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We have just paved the way and we hope the reader accepts thahamely that the mass of the most massive $t@rM,ax

when @, > 3ar), the Jeans mass will be higher in the cloud centre
than in the outer reaches of the cloud. As a first step, thisvalus

to entertain the idea that massive stars can indeed forneioghtre
viathe Jeans collapse process for as long as the emergent fregme
have enough mass needed to form these massive stars.

5 DERIVATION OF THE MASS FUNCTION

With the above presented model of cloud fragmentation, niytis

the IMF easily explained, but also the spatial distributibthe stars.
What we have is a cloud that has been dissected into anrkeaneli
gions of equal breath and this breath is the size of the wagtie

of the s-wave. From the cloud center, the boundary of the annular
regions is given by = nRseeqa Wheren = 1,2,3, ..., Nmaz. IN-

side these annular regions, Jeans unstable spheres of fadiu =
Rseea have collapsed and have become the stellar wombs from
which the next generation of stars will form.

Our first question is; how many Jeans-cores are generathdiri’t
shell? To answer this, we know that the volume oftheshellV,, =
drrd )3 —dmrd_1 /3 = Vi(3n® — 3n+1) whereVs = 47R3,.4/3
is the volume of the each of the Jeans-cores. It follows thahthe
numberN (n) of fragments emerging from the Jeans fragmentation
process in the:" shell is:
N(n) =3n* —3n+ 1. (28
This number is simple obtained froM(n) = V,,/Vi. The total

amount of mass in each of these spheres inrtfeshell can be
computed. In this case, this MDF reduces to:

7a3—cxp 3—ap
M(?‘n) = Mg % + Mseed7 (29)
(RZ = Ri’orep>

(see the Appendix section of Nyambuya 2010b) therefore the
amount of mass in the'™ shell [M(n) = M(rn) — M(rn—1)]

is given:

and assuming is large enough, then to first order approximation
we will have: n®=) — (n — 1)B72) = B[] — (1 -
1/n)3~r] ~ (3 — a,)n'>~*¢) and inserting this into the above,
we will have:

M(n) = (

wherem.. is defined as can be deduced from above. Now, from this
massM (n), there will emergeV (n) cores and these cores will go
on to form stars of masétsiar(n). If Mcore(n) is the mass of the
core in then'" shell — from this core the star of masd ... (n) will
emerge, thenN (n) Mcore(n) = M(n).

Now we shall make an extrapolation from Larson$82 result

33—«
Mcisco'rep

3—ap 3—ap
Rcl — Rcore

) (n®~% —(n—1)>"%"). (30

~

3—a
(3 - Oép)Mciscorep
3—a 3—a
R i Rco'rep

cl

) n(Q*O‘p) — m*n(2*ap). (31)

0.8

log M. If we consider that the massive star sees the entire cloud
as a core from which it will accrete its mass competitivelyhvihe
other stars, then, our extrapolation is that Larson law ssigoan ex-
tension to the effect that the mass of star and the core frorohwh

it form may very well have a similar relation namelgg Mtq, o<

log Mcore henceMiar = (Meore/ Mo pr)¥<fm whereas, is the

star formation rate index anti, ¢, is a characteristic constant. Ap-
plying this idea to the fragments, we will have:

)1/a5f.,,

Now, given that:M(n) = N(n)Mecore(n) and takingN (n) =
3n?, this impliesim.n®~*" = 3n> M.ore(n) and further this im-

(i) - ()

Now, from (31):

n

Msta,'r (n)

Mo (32

Mcore(n) = Msfr (

1

3Mp, ) apogfy (39

s

).

and from @8) we have:dN (n) = 3(2n — 1)dn ~ 6ndn. Putting
all things together, we are lead to:
2
)

(@)

Now, clearly, if we are to look on any mass range of stars,
dN(n)/dlog M(n) = dN/dlog M. Combing all this, it follows

3Mcore(n)

s

Mstar(n)
Mg

dM(n)
M(n)

= dlog M(n) = m. ( (34

dN (n)
dlog M(n)

6

>

2
5AM2;,

m3

Mstur (TL)
Mo

/(39

that:
dN M\
dlog M ! (M@) 39
where:
54MZ;,
and:
r—_2 39)
QpQsfr

From a mathematical stand-point, we have just derived the dkid

itis seen that it is dependent on just two parameters, the dessity
indexa, and Larson’s exponent, s,. From a physical stand-point,
this will only be acceptable if and only if it reproduces wives
know. Of great importance is: does this derived IMF give gslo
comparable to the measured slope? According to our model, th
Salpeter slope of' = 1.35 is reproduced by for density profile
whose index lays in the (acceptable) rang®{ < «, < 2.00),

by a SFR-index which is in the rang@.75 < as¢» < 1.00).

When collapse of the cloud occurs, the cloud will prior tcsthio-
ment be in thermal equilibrium. It this state, the graviaatl and
thermal forces will hang in balance on a knife edge. It is etg@
that the density profile will most likely bp ~ po(r/Ro) ™ i.e
o, ~ 2. Ifthis is the case, this means s, ~ 0.75.

(© 2009 RAS, MNRASDOQ, 1-12
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6 KING PROFILES

Generally, if the cloud fragmentation occurs before théremioud
system reaches its Jeans limit, a loose gravitationallpund clus-
ter of stars will emerge and this cluster has the means tedisplf
the opposite occurs as is in the posited IMF model, cloud frag-
mentation occurs concurrent with the collapse of the clowtiesn,
then, a gravitationally bound cluster of stars will emergenf this
and this cluster will not disperse easily like the one afarsatibed.

Now, if it is assumed that stars do not move significantly autiv
in the radial direction but inward (if they ever move sigrafitly —
in the radial direction that is), then the present model istedhat
the most massive stars will be found preferential in the ersnof
clusters. This assumption appears natural and reasonadblthas
explains the observational fact why it is that massive sians gen-
eral, the most massive member(s) of a cluster are foundrprefe
tially found in the centers of these clusters.

Emergent from the above thesis is the prediction that aelwsil
exhibit a Distance-Mass power law since stars of a certassmail
be found within a radial distance not greater than the rafigaéhnce
of their birth site. Since = nRs..q and @3), we have:

) —1/apagyf,
T(Msta'r 2 M) = Rseed (3M3‘f7 ) ( ) ’ (39)

TN
that is, any star of mas§ts;qr > M will be found within a radius
r(Msiar = M) from the cloud center. For a gravitationally bound
cluster, the above curve(s) will form an upper bound for & pfo
the mass of stars verse-us their distance from the clustéercéor
example, this kind of behavior is clearly exhibited by theids
cluster (see.g. Raboud & Mermilliod 1998) and many other open
cluster systems (se=g. Schilbachet al. 2006). The question is can
this give rise to the well known King profiles (King 1962) areks
for example Bonattet al. 2006; Hill & Zaritsky 2006; Slawsost
al. 2007; Sinchez& Alfaro 2009. To try and answer this question
we have to find the total number of stars in a given volume spher
centred about the cloud centre. L8t,:(n) be the total number of
stars in thex! concentric sphere. We know this we be given by:

—SZn —3Zn+21

We know thaty 7 n® = n(n+1)(2n+1)/6, > 1 n=n(n+1)/2
and)_7 1 = n, hence from all this information, we will have:

M
Mo

Niot(n (40

Niot(n) = n®. (49
The above relationship suggests that there must be a wellvbdh
sort of relationship between the star densitye; number of stars
per unit projected surface area; and the radial distanoetie cloud
centre. As 41) stands, it does not take into account projection ef-
fects. It should be possibléa Monte Carlo simulations to deduce
the expected number density of stars with distance. Thigeseeis
reserved for a future reading. It is hoped that such a studyuna
lock the origins of the King Profiles. Stars do exhibit a welhaved
spatial distribution as can be seen in the studies of Boreatéb.
2006; Hill & Zaritsky 2006; Slawsost al. 2007; Sinchez& Alfaro
2009; for example, and to study them, the King model (King2)96
is normally used to deduce some parameters of the cluster.

© 2009 RAS, MNRASDOQ, 1-12

7 DISCUSSION& CONCLUSIONS

The posited model of the IMF is based on simultaneous Jedns co
lapse and fragmentation. The collapse occurs on two scatbtha
condition for this to occur is that the MC must possess sonie fin
spin angular momentum. One scale is significantly smalizn the
other and collapse on the smaller scale causes the clouaigimént
sequentially from the cloud centre on the given scale in eofric
and annular regions. This collapse and fragmentation tplese
concurrently on a scale of the order @fl0 Myrs, the corollary of
which is that, star formation across the entire cloud systéhtake
place simultaneously,e., the most massive stars in he cloud centre
will form together with the least massive stars in the outabk of
the cloud.

If the most massive stars are to form together with the least-m
sive stars, then, “we have a serious problem”. It is accethatl
massive stars, have much smaller Kelvin-Helmholtz timescéhus
they will burn up and turn supernova well before the LMSs come
into being. If this where the case, then massive stars waaitdmbe
observed co-habiting with LMSs. If at all massive stars areotm
together with the LMSs, the accretion rate of the most masstiars
while they are in their stellar wombs must be much less than th
accretion rate of LMSs while they are in their stellar wombisis
means, the free-fall time scale of the most massive coresahtise
very be equal to that of the least massive cores. In this wish54d
can complete their accretion while massive stars are stilleting.
This solution does not at all appear neat nor elegant.

The other solution would the radical approach. Since thesssive
stars do possess some spin angular momentum, we must perhaps
revise the Kelvin-Helmholtz timescales. If our revisiotdgroduce
a plausible solution, it must be one such that the Kelvinahtelltz
timescales of massive can be greater or comparable to th&i$$.

In accordance with Newtonian gravitation, the Kelvin-Hbltiz
timescales is given by 5 = |£5, | / Latar where€,,S is the total
Newtonian gravitational energy antl;,, is luminosity of the star.
The superscript NG |6‘qpe stands for “Newtonian gravitation” and
the subscriptgpe for “grawtatlonal energy”. The total Newtonian
gravitational potential energ&]q],,e stored by a non-rotating star of
radiusR s¢ar IS:

Mstar
gpe / /
®(Rstar)

where®(r) = —GM.qr/r and for a spinning star possessing an
azimuthal gravitational field, the total gravitational @otial energy
EAC is given by:

gpe
/ star /¢(0027T)
®(Rstar,0)

where the superscript AG i'¢ stands for “azimuthal gravitation”
and likewise the subscrlmoe for ‘gravitational energy”. Evaluating
(43), one finds:

_ GMsta,'r

d —
M 2Rstur

(42

AG
gqpe

(r,0)dM, (43

AG __ 7GMgtar (1

2>\1 GMsta'r
gpe = 2Rsta7‘ ’

44
302Rstm‘ ( )
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Now, in the reading Nyambuya (2010b), we did show that one
can writtA\1 = ¢1Rstar/Rs WhereRs = 2GMiar/c? is the
Schwazchild radius of the star aadis a new replacement parame-
ter with the same role as;. With this, @4) becomes:

1+ €1/3)GM?Z,,,
gac_ | 617/32 tar (45)

Now, the Kelvin-Helmholtz timescales applicable to azihalgrav-

itation is:t % = |Eqpe | /Lstar. From all this, clearly:

05 = (1+5) R (46
Sinceer = €1(wstarRstar) IS @an evolutionary parameter, whad6j
means is that the Kelvin-Helmholtz timescale of a spinnitag is a
variable and dynamic parameter. If the star spins fastdsecomes
larger and the Kelvin-Helmholtz timescale increases. Théans,
the faster a star spins, the more gravitational potentietgnit has
hence the longer it lives! This kind of conclusion is noth&tmrt of a
radical departure from our current understanding and fergason,
we ask our reader to carefully go through the readings Nygmbu
(2010a,b,c) in order to appreciate this conclusion.

We did argue in Nyambuya (2010b) that during the period ofl @t
activity, e1: 1 < e1 < 3.32 x 10°. Outflows will switch on when

configurations of the material in these MCs so that one calaexp
the universality and the behavior of the IMF. Postulatingsa sce-
nario is not at all convincing thus we are of the view that thigot
the right path to take.

The second explanation could be a piecewise SFR-indgpx { law.
On the average, the piecewise IMF has the index:

0.33  for 0.00lMg < Mgtar < 0.5Mg
I'= 1.35 fOT 05M@ < Mstar < 10M® . (47)
2.33  for Mstar 2 10Mg

For stars emerging from a cloud whose density indgx~ 2, the
SFR-index that conforms with this kind of IMF index is:

1.00 for
0.75  for
0.43  for

0.00IMe < Mistar < 0.5Mo
O5M® < Mstur < 10M®
Mstar > 10M®

. (49

Qsfr =~

How can one justify or derive this kind piecewise SFR-index?
Clearly, one physical quantity of the molecular cores cthas can
significantly affect the SFR is the gas pressure of thesescdte
cloud core with a high pressure will have a high SFR and a cloud
with a low pressure will likewise, have a lower SFR. If thesalen-

ular cloud core are in a barotrophic state, then is forededadw
such a piecewise SFR-index can arise. A cloud core in a logotuit

e1 = 1 and these same outflows are expected to switch off when Staté has its gas pressure described by the barotropici@uwit

€1 = 3.32 x 10°. The point that we are putting across is the magni-
tude ofe;. For example, in accordance with Newtonian gravitation,
a100M should have a life span of abodf00 yrs. This same star,

if it has the right amount of spin angular momentum, it cag for

1 Myrs. For this to be so, its spin angular momentum must be such =

thate; ~ 900, which is well within the rangé < e; < 3.32 x 10°.

So, if the cores from which the massive stars form are to amhass
right amount of spin at the time of fragmentation, they wéldble to
live long enough to see their siblings reach their full miyuit his
strongly points to the need to study the distribution of spirgu-
lar momentum of the cores. Hence thus, in a future studyettser
need to consider the distribution of spin angular momentfithe
fragments and as well how much of this angular momentummsira
fered to the nascent star. We believe thus far we have setlamap
on how to tackle the contentious question: “Since massaes stre
expected to form quickly and exhaust their nuclear fuel Wwefbre
lower mass stars form; how, then is it possible for massiaessb
form simultaneously with their lower mass counter partshsthat
they are found co-habiting?”

Now, we shall move on to the question of the piecewise natfire o

state,P = kp” whereP is the gas pressurg,the gas density and
the indexy is such that:

0.75 for p/gem 3 < 5.50 x 10710
1.00  for 5.50 x 107" < p/gem™® < 5.50 x 107 (49)
1.40  for 5.50 x 10715 < p/gem 3 < 2.30 x 10713
1.00 for p/gcm3 > 2.30 x 10713

(seee.g. Smith et al. 2008). This barotropic equation of state is
used for basic heating and cooling to ensure that the Jeass aha
the point of fragmentation matches the characteristic riseee.g.
Smithet al. 2008). With such a piecewise pressure law and the fact
that gas pressure must have a significant effect on the SE&|\l
this piecewise pressure law must lead to a piecewise SF&kiigb,

in any future model, we believe one must look into the work by
Smith et al. (2008) or similar works. With this kind of piecewise
pressure law, (potentially) one solves the problem of tteeatteris-

tic mass and as-well the piecewise nature of the IMF. We xeliee
have set a road map to the resolution of how the proposed IMF ca
explain the characteristic mass and the piecewise natute dMF,
now we have to move to other things.

the IMF and the characteristic mass. As we have done above, weThe posited model supports observations from dust continumea-
shall simply set a road map on how we think these questions cansurements which seem to suggest that the IMF is a direct desce

(hopefully) be tackled from the posited model. So far theitpds
IMF theory has been silent on the unexplained evidenceltedMF
breaks atM., ~ 0.5 — 1.0 Mg causing it to flatten in the regime
of very low mass stars and stepper slope for higher mass apars
pears twofold soluble. The first explanation would be by @ering

a cloud density structure exhibiting is piecewise power that is
consistent with this kind of flattening. We feel that suchecpivise
density law, while not an impossibility, it is very difficuib justify
because the universality of the IMF will require that MCs ibith
similar piecewise density power laws. This would requirecsal

dant of the CoMF where stars are thought to form (as in theeptes
IMF model) directly from the dense cores of gas observed irsMC
(seeeg. Johnstonest al. 2000; Testi& Sargent 1998; Johnstomre

al. 2006; Nutter& Ward-Thompson 2007; Enoch al. 2001), thus
the proposed IMF has the potency to also contribute to théaexp
nation of these observations. The close similarity in sHzateveen
the CoMF and the IMF supports a general concept bf-ato — 1
correspondence between the individual dense cores andtaden
formed stars (Motteet al. 1998; Alfev et al. 2006), this scenario
emerges naturally in this model.
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The posited model seems to gives rise to a mass-distancgdiunc
in star cluster systems. This distance-mass functionamsplivhy
massive stars will be found in the cloud centre and LMSs ithat t
edge. Because our observations at affected by projecti@ctef
LMSs will be found smeared out across the cluster will the tmos
massive stars will be found in a small smeared region arobad t
cloud centre. This distance power should have a relatipnsith
the King profile. We have not conducted this exercise to iyate
this. We left this for a future reading.

We are of the view that proposed IMF model complements the ac-

cretion model which assumes that a star will form wholly frtm
material resident in its core in that it furnishes the miggiart of
this model by explaining how the IMF will come into being frahe
fragmentation process without having to resort to comipetéccre-
tion (seee.g. Zinnecker 1982; Clarke 1998; Bonnell et al. 2001a,b;
Bate& Bonnell 2004) to generate the IMF. With growing evidence
of disks around massive stars (g Chini et al. 2005; Beltranet

al. 2004), it appears more logical to assume that massive sthrs w

form in isolation, in the manner as low mass stars. If isalae-
cretionvia the disk (Yorke 2001; Yorke 2002; York& Sonnhalter
2002) and not competitive accretion (Bonnetlal. 2001) is to lead
to the formation of massive stars, the accretion model @@®01;
Yorke 2002; Yorke& Sonnhalter 2002) then ought to explain how
the IMF comes into being. For isolated accretida the disk, the
mass of a star can only come from the fragmentation processbs
this part is explained here.

One the question of the Universality of the IMF. It is not un-
reasonable to imagine that this same mechanism that we have p
posed may be a universal mechanism by which interstellae-mat
rial on all scales will collapse and fragment. This ten&atand
tacit thought brings one to the idea that if galaxies in thet pal-
lapsed and fragmented in this way, then galaxies will exlailmhass
function as well. It is natural to go to further and think thaten
the galaxies themselves collapsed, they should have giseria a
MCMF and in-turn these MC also should collapse giving risa to
CIMF. The suggestion is clear, the present ideas about IMfeas-
ily extendable to much larger systems, that is cores, cluiiiss

& GMCs. If it can be confirmed that a clusters of galaxies do ex-

hibit a mass function, this would be support the univergaiitthe
mechanism by which the mass functions come into being.

On other interesting matters, depending on the mass of thalcl
the present ideas suggest that it is possible for there b @xluster
of massive stars. Lets make a crude calculation. Assuging: =
100% and taking for example\ .. = 20M g, the first shell of
this cloud will go on to form th€0.M, and the next shell will form
7 stars in the mass ranged M < M < 20M which is a cluster
of massive stars. Examples of massive star clusters aredhars
cluster near the luminous star LBM06 — 20 which is one of the
most unusual clusters in the Galaxy given that it is host talver of
group of massive stars. This associated object UBV6 — 20 may
be the most luminous single star in the Galaxy, with- 6x 10° L.
This cluster is home to two blue hypergiants and the soft gasray
repeaterSGR 1806 — 20, all in a volume of about less thahpc
in diameter (Eikenberrgt al. 2001). The other example is IRAS
05358 4 3543 with a rich system of collimated outflows resembling
those typically associated with low-mass star-formindgaesg. This
system of massive stars supports the hypothesis that raastsiv

© 2009 RAS, MNRASDOQ, 1-12
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formation occurs similarly to low-mass star formation (Bwer et
al. 2002).

In a nutshell, basic idea behind the present IMF theory it ttha
IMF may originate from the thermodynamic cooling and Jeaag-f
mentation process of the MC. The cloud cools until such a thme
on the global scale the Jeans criterion is attained causayIC to
collapse on two scales. The large scale leads to globalpsalaf
the cloud and the smaller collapse leads to the fragmentafithe
cloud and the mass of the fragments is already set to gerthate
CoMF and from there the IMF emerges as a descendant.

In closing, allow us to say that the present work, while ogllfor
a paradigm shift in our understanding of gravitation, it iByoten-
tative and requires further work to cement it. It being téméadoes
not at all mean it is without a basis because the soils on wisich

is founded (Nyambuya 2010a,b,c) seem very much to have some-

thing to do with reality. Actually, the proposed azimutlyatlym-
metric gravitational theory (Nyambuya 2010a,b,c) needetdatken
seriously.
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