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Self-gravitational structure formation theory for astrophysics and cosmology is revised
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Introduction remaining 96% is truly exotic as an engineering fluid because it
Information about the early universe has been flooding in wi ha;(s:ethin%h?r']s:y itr)l?jzz\gotr)eoilgjtl;itrrwlgss ,\;kc‘)asltt 'thetrhagte%rtheo\?’?ﬁg
spectacular resolution from bigger and better telescopes on eaj ' y . : . 9y
87 southern hemisphere supernova was radiated by a powerful

on high altitude balloons, and in space, covering spectral IOemn?sutrino blast wave that passed through the earth as though it

previously unobservable. The 1989 COsmic Background EXploreasn’t there, producing only a handful of collisions in great pools
(ffi%fstﬁflgaﬁvi?sdetgg i?t:zrstgjtg%rg%rgg ri;fsla?teiotlﬁé ﬁg?t Ii‘water and cleaning fluid buried under mountains in the northern
grap ' Y misphere that serve as neutrino detectors. Several neutrino spe-

B:QQI-\IALIJ t;)%r;ettge g(éghggéggggfs%aﬂa ;(?Srr;? g\,\? g/%rl]\?ggr;?a?_' i&s have been identified and some of their mass differences have
gas. P 9 bqen measured; so that presently, neutrinos are the only known

tres earlier than expecte’d from standard linear 'cosmologiqgrm of non-baryonic dark matter. Dozens of nonbaryonic par-
E&ge;ig ;ﬁﬁg‘fg%&egggg]v'sgd?gnggxg([g\]{zgh dS Ill?ke[e?:é_lg% ticles have been proposed but none detected in a new discipline,
X ! ' ~aniermed astro-particle-physics, whose major goal is the solution of

However, the most remarkable conclusion from all these obser\é & non-baryonic dark matter problem. Gibs@} suggests that

. ; ; 5
tions of galaxies and galaxy clusters is that 99% or more of trﬁany aspects of the dark matter paradox of astrophysics and cos-

matter is not in stars but is in unknown "dark matter” forms, ology may be resolved by a better job of fluids engineering.

What is this dark matter? From measured ratios of the light el Jhen was the first turbulence? What was the viscosity? Won't the

ments(H, D, He, Li) and nucleosynthesis theory of the Big Bang, . y yswont
eakly collisional non-baryonic dark matter have a large diffusiv-

0 ) A
only 4% or less of the total mass in a *flat” universe can b ty that dominates and delays its gravitational instability, indepen-

ordinary “baryonic” matter that interacts by the strong force ent of its temperature and sound speed? Won't this render con-

comprised of protons and neutrons in atoms and plasmas. ﬂb%ts like cold and hot dark matter obsolete? Present cosmology

Commibuted by the Fluids Endineering Division f biication in oA relies on Jeans’s 1902 inviscid linear theory that reduces the prob-
ontributed by the Fluids Engineering Division for publication in NAL : ; ot
OF FLUIDS ENGINEERING. Manuscript received by the Fluids Engineering DivisionIem of structure formation by gravity to one of grawtatlonal

June 15, 1999; revised manuscript received June 12, 2000. Associate Technical agoustics. . . . o .
tor: S. Banerjee. In the following we review two theories of gravitational insta-
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bility. The linear acoustic Jeans theory is strongly modified by @f causal connection, whepgande are dissipation rates of tem-

nonlinear theory based on the mechanics of real fluids. Cosnperature and velocity variance that represent rates of entropy pro-

logical differences between the theories are discussed, and cauetion at the beginning of inflation.

parisons are made with observations. Finally, a summary and conAccording to the turbulent mixing theory of Gibs¢®0], con-

clusions are provided. stant density surfaces move with the local fluid velocity except for
their velocity —rDV?p/|V p| with respect to the fluid due to mo-
lecular diffusionD, wherer is a unit vector in the direction of the

Problems With Jeans's Theory density gradient. The scale of the smallest density fluctuation is
set by an equilibrium between this diffusion velocity D/L and the

Jeans's[10] theory of self-gravitational instability poorly de- cqnyection velocityyL at distances L away from points of maxi-
scribes this highly nonlinear phenomenon because its truncalgfl, and  minimum density, giving the Batchelor scale

momentum-mass equations and linear perturbation stability anabgz(D/y)l’z independent of the ratio B/D, where y is the

sis exclude turbulence, turbulent mixing, viscous, Coriolis aqgcal rate-of-strain and is the kinematic viscosity. This predic-

magnetic forces, and molecular and gravitational diffusivity. Iﬂ‘sn has been confirmed by measurements in air, water and mer-

fluid mechanics itis well knqwn that linear theories may give va ry for 0.02<Pr<700 and by numerical simulations at smaller
errors when applied to nonlinear processes. For example, negléct

of the inertial-vortex forces in the Navier Stokes equations giv €~2500 for 10.2$Pr$1‘ Gibson et al[21]. Even if gravita-
constant laminar flow velocity profiles that are independent jpnal condensation of mass were to take place on a sound wave
time and Reynolds number, contrary to observations that su¢Pv'Ng 1N a stationary fluid, it would immediately produce a
flows always become turbulent when the Reynolds number dxonacoustic den3|ty_maX|mum frqm the_ conservation of momen-
ceeds a critical value. It is argued by Gibg@11-1§ that the tum. Since the ambient condensing fluid is not moving, its mo-
dark matter paradox is one of several cosmological misconc%ﬁ_entum(zero) would immediately dominate the tiny momentum
tions resulting from the application of Jeans'’s instability criterio! e sound wave crest. . .
to the development of structure by gravitational forces in the ear{i%/G'bs.On [9] shows that gravitational fragmentation at a non-
universe. .coustlc.densnly minimum or pondensatlon on a non-acoustic den-
Jeans's[10] theory predicts only acoustic instabilities, wherely maximum is limited by viscous or tulr/lz)ulent forces at either
sound waves of wavelengthrequire a time\/Vs to propagate a the viscous Schwarz scales|=(y»/pG)™ or the turbulent
distance of one wavelength and gravitational response require§@warz scale &=:"%(pG)*, whichever is larger, where is
free fall time of (0G) Y2 with p the density,G Newton’s con- the viscous dissipation rate of the turbulence. For the super-
stant of gravitation, and/s the speed of sound. Sound wavedliffusive non-baryonic dark matter that constitutes most of mass
provide density nuclei for condensation and fragmentation f@f the universe, the diffusive Schwarz scalgpi[D%pG]Y*
wavelengths\=L ; by setting these two times equal to each othelimits instability. The criterion for gravitational instability at
so the Jeans criterion for gravitational instability of density pescalel is thusL=Lgy ma=max{Lsy,Lst.Lspl, where only vis-
turbations on scale L is£L;=Vs/(pG)'2 By the Jeans theory cous and turbulent forces are assumed to prevent instability in the
all density nuclei propagate with velocitys as sound waves. €arly universe(magnetic forces are negligihléor the baryonic
Waves withhA <L ; move away before gravity can act. matter, and kp sets the maximum scale for fragmentation of the
However, most density nuclei in natural fluids are nonacoustiapn-baryonic mattefy<[pG]*?). Because the universe is expand-
drifting with the local fluid speed)~0 rather thanVg. Such ing, the largest scale structures form by fragmentation, which is
density extrema generally result from turbulent scrambling efssisted by the expansion, rather than condensation which is re-
temperature and chemical species gradients, which produce dsisted.
sity fluctuationsdp/p much larger than acoustic levels. The refer- Lgp=[D%pG]"*is derived by setting the diffusion velocity D/L
ence pressure fluctuationsp for sound in air is 2 equal to the gravitational velocity(hG)Y2. The diffusivity D of a
X 10" %kg/m €, corresponding t&T/T of 6x 107 and fp/p of  gas is the particle collision length 1 times the particle velogity
1.4x107 1% Measurements by COBE of the cosmic microwavéf 1=L4, the particle is considered collisionless and more complex
background (CMB) show 8T/T is ~107 5. This small value methods are required using the collisionless Boltzmann equation
proves the primordial plasma was not strongly turbulent, but it &nd general relativity theory. Density perturbations in collisionless
large enough to make any acoustic interpretatieny., Hu[17])  species are subject to Landau damping, also termed collisionless
highly questionable. Maximum locafT/T~10"* values of 124 phase mixing or free streaming, Kolb and Turf{&q p. 351. The
dB mapped by the BOOMERanG telescofe Bernardis et al. free-streaming lengthdsis about 18*m for neutrinos assuming a
[18]) nearly match those for the 125 dB sonic threshold of paimeutrino mass of 10°°kg corresponding to that required for a flat
Because no local sources of sound existed in the hot plasiiverse, giving an effective diffusivity of 810**m?s™ ! from
epoch, viscous damping was strong with short viscous attenuatiogy, Thus if neutrinos are the missing non-baryonic mass and
lengths VA?/v, and because BOOMERanGT spectra show collisionless, they are irrelevant to structure formation until
small or nonexistent harmonic “sonic” peaks it seems likely that .=, at ~ 10° years. From observations anddit appears that
all 6T/T fluctuations measured are nonacoustic. The observ@@atever the non-baryonic fluid may be, its diffusivity D is too
spectral peak at subhorizon scalesll, is more likely a fossil of small for its particles to be collisionless but too large for them to
the first gravitational structure, Gibs¢8], nucleated by fossils of have the mass of any known particles besides neutrinos or they
Big Bang “turbulent” 6T mixing in the quantum gravitational would have been observed.
dynamics(QGD) epoch. QGD mixing is between a chaotic source |n the early universe, the sound spéégiwas large because of
of the space-time-energiand 6T) of the universe at the Planck the high temperatures, and horizon scale Reynolds numbers Re
temperatureT = (c°h/Gk?)"?~10* K, Planck length scale & ~c%/, were small because the viscosiywas large and was
=(hG/c®)*?~10 *m and Planck timép=(hG/c®)*?~10"**s  small. Therefore, k, and Ly were both smaller than,|giving
terminated by the strong force freeze-out temperatu@KL@t sub-Jeans-mass fragments in this period of time. From linear cos-
10~%s and 10" m, with inflation by a factor of 1% to the fossil mology, no such fragmentation is possible wita300,000 years
Planck scale ¥m and fossil strong force horizong=10?m  (10%s) in the plasma epoch following the Big Bang because
(see website http://www-acs.ucsd.edirL 18 for figureg. The in- L ;>L,=ct. No structures can form by causal processes on scales
termediate QGD “turbulence”sT spectrumk®¢r=Byxe Yk larger than |, because the speed of information transfer is limited
(not the Harrison-Zel'dovich spectrugiy~k %) is fossilized by by the speed of light c. Star formation is prevented by the Jeans
inflation (Guth[19]) stretching the fluctuations outside their scalesriterion until the Jeans mass;M(RT/pG)*?p decreases below a
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solar mass as the temperature of the universe decreases, butabigal universe structure. Such curve fitting is no longer required
requires~ 108 years contrary to recent observations showing ndft the Jeans criterion is abandoned in favor of the recommended
only stars but galaxies and galaxy clusters existed at the earli8shwarz length scale criteria.
times observable; that is, at times 10° years with redshiftz of
4 and larger. By the present nonlinear theory, viscous and turbu-
lent forces permit fragmentations beginning at about 30,000 yegrReory of Gravitational Instability
(t=10%s, z=4000 when decreasing dy values first match the
increasing horizon scaleylwith rate of strainy=1/t andv values
more than 1&m?s !, Gibson[11,17. At this time the horizon
mass l;°p equaled the Schwarz viscous masgMLg,°p at the .
observed supercluster mass of*élky, Kolb and Turnef5], the v
largest structure in the universe. Density as a function of time can ot
be computed from Einstein’s equations of general relativity as- - . 21 ) R
suming a flat universe with kinetic energy always just matchingherev is the velocity,B=p/p+v®/2 is the Bernoulli groupy
gravitational potential energy, Weinbetfl], Table 15.4. The X & is the inertial vortex forcew is the vorticity,F is the gravi-
horizon Reynolds numbec?t/v therefore was~150, near the tational forceF, is the viscous force, and the magnetic and other
turbulent transition value. forcesF,+ F¢. are assumed to be negligible. The gravitational
This enormous = 10°*m?s™* can be explained as due to phoforce per unit mas&,=—V ¢, where is the gravitational po-
ton collisions with electrons of the plasma of H and He ions biential in the expression
Thorzfs?n2 scattering, with  Thomson cross sectio=6.7 V24— 47pG @
X 10" “°*m“. Fluctuations of plasma velocity are smoothed by the
intense radiation since the ions remain closely coupled to the elét-a fluid of densityp. The density conservation equation in the
trons by electric forces. We can estimate the kinematic viscosiicinity of a density maximum or minimum is
v~lc=5x10°*m?s~ ! using a collision length of 10**m from
. . - ap .
I=1/o¢n, with number density of electrons about m~2 as- —+0-Vp= DeﬁVZP 3)
suming the baryorfordinary) matter density is 107 less than the at
critical density pc=10 kgm™3 at the time (pc=10"2% at where the effective diffusivityD o4
present, from Weinberg[1]. Between 30,000 years and 300,000 D.—D—L2 4
years during the plasma epoch of the universe the temperature eff™ g @
decreased from £Oto 3000 K, decreasing the viscosity for includes the molecular diffusivityp of the gas and a negative
the baryonic matter with its expansion gravitationally arrested gtavitational term depending on the distancellsy max from the
p=10 Y"kgm3, and decreasing the viscous Schwarz scajg L nonacoustic density nucleus and the gravitational free fall time
of condensation due to decreases in botnd y. The final frag- 74=(pG)~*% Turbulence is driven by X & forces.
mentation mass by this scenario is about?k@, the mass of a  For scales smaller than,lLgravitational effects on space-time
galaxy. As mentioned, the primordial plasma was not strongff€ described by Einstein's equations of general relativity
turbulent from CMB observations ofT/T~10°. If the flow G;=R;—g;jR=—(87G/cHT; (5)
were strongly turbulentsT/T values would be 3—4 orders of . o o
magnitude larger. Gravitational structure formation results in sup"€reR;; is the Ricci tensorR is its trace, a term\g;; on the
pression of turbulence by buoyancy forces within the structurd&ht has been set to zefthe cosmological constart introduced
Gibson[22]. by Einstein and Ia'ger dropped.has rgcently been resurre(’:ted in
Because the non-baryonic matter decouples from the fragmefiemPpts to reconcile observations with theor§ is Newton's
ing baryonic plasma by lack of collisional mechanisms whildravitational constantTy; is the energy-momentum tensqy; is
Lep=L,, it diffuses to fill the expanding proto-voids between thé"€ Metric tensor, and indicésndj are 0, 1, 2, and 3. The Ricci
proto-superclusters, proto-clusters, and proto-galaxies develo;i%'asqr was developed to account for curvature problems of non-

Gravitational condensation for scales smaller than the horizon
Ly in the early universe can be described by the Navier Stokes
equations of momentum conservation

=—VB+UX@+Fy+F,+FntFeg, 1)

; : o - -Elclidean geometry by Riemann and Christoffel and is formed by
?ourzgg'rtpee s\l/?;errgz Z'Z?g‘ty it;pgparlzsxsi;nsgoriea?é?%/ltsat;ggzil ?SHVIC ntracting Itl’]:_e I(l;ourth-order curxattljrtfat tefnsorhso thellt Einstein’s
10* less than the initial protogalactic baryonic density O?rawtatlona leld tensor fpon the e o (5) as only terms

17 e . X . inear in second derivatives or quadratic in first derivativeg;pf
10" -"kg m™° estimated in the present scenario, so galaxies NeMgleinberg[[1] p. 153. G; was adapted frorR;; to preserve Lor-
CP”apseg but eépanded slowly and sometimes merged. The dgRs; invariance and the equivalence of inertia and gravitation in
sity 10" “"kgm™* matches the density of globular star clustersnechanics and electromechanics. An expanding universe with
which is no coincidence since bofhand y at this time of first critical density monotonically decelerates and is called flat by its
fragmentation should be preserved as hydrodynamic fossils, Gfaathematical analogy to zero curvature geometry. Classical solu-
son [14,15. At some later time~10° y gravitational forces tions of the Einstein equations are given by standard cosmology
caused fragmentation of the non-baryonic matter gf 4cales to texts such as Weinberfll], Peebleg6], Kolb and Turner[5],
form halos of the evolving baryonic structures with galaxy t®admanabhafv], and Coleg23].
supercluster masses, as an effect rather than the cause. The homogeneous-isotropic Robertson-Walker metric describes

Because the Jeans criterion does not permit baryonic mattettiie universe after the Big Bang, where the cosmic scale factor
condense to form the observed structures, standard linear cosmagt) =R(t)/R(t,) gives the time evolution of spatial scales in
ogy requires “cold” non-baryonic dark mattlCDM) to con- “comoving” coordinatesx’ =x/a as the universe expands to the
dense early in the plasma epoch, forming gravitational potentiglesent timet,. Variations in curvature of space can result in
wells to guide the late collapse of the baryonic matter to formcausal changes of density for scales larger thanidocurvature
galaxies az~5 (~0.7x10°y). This is accomplished by assum-fluctuations may not grow after inflationary expansion beyond the
ing the weakly interacting massive particlddIMPs) have large horizon and reenter the horizon at a later time with the same
masses, about 16°kg, giving small sound velocities and smallamplitude, Kolb and Turnef{5] p. 238. Curvature fluctuations
Jeans CDM condensation masses in the galaxy mass range. Mjsow with the cosmological scal(t) at?® until they reenter the
tures of such “cold dark matter” with less massive “warm” andhorizon. Strain rates diverge at zero time and in proper coordi-
“hot” dark matter particles are used to match observations of theates the horizon expands faster tltan
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Jeang10] considered the problem of gravitational condensatiowherer . is the distance from which core material has fallen in
in a stagnant, inviscid gas with small perturbations of densityime t toward the core. The core mass chameis then
potential, pressure, and velocity so that the nonlinear ter)in M7= or3= M’ 0Gt2= M’ )2 pr(tr)2] (14
could be neglected along with all other terms exdept He as- =pre=M"pGt™=M"(to)(t/7g)" exq 2m(t/7g)"] (14)
sumed that the pressumeis a function only of the density. from (13) and(12).
Either the linear perturbation assumptions or this barotropic as-For M’ <0, the velocity of the rarefaction wave is limited by
sumption are sufficient to reduce the problem to one of acoustigge sound speeWs, but for M’'>0 velocities become large for
Details of the Jeans derivation and its corrections fréB) smallr according to(10). This may cause turbulence and inhibit
are given in Kolb and Turnef{5] pp. 342-344 and in most condensation at timessof order 74, depending on &, and Ls.
other standard textbooks on cosmology, so they will not be re-The viscous Schwarz scalgylis derived by setting the viscous
peated here. Diffusion terms are neglected in £}, and the force F\=pryL? at scalel equal to the gravitational forcg,
adiabatic sound speeds=(ap/dp)*” reflects an assumption that — g, 3,L3/L2, so
there are no variations in the equation of state. Cross differentia- '

tion with respect to space and time of the perturbed equations Lsv=(vy/pG)"? (15)

neglecting second order terms gives a wave equation for the d@fkere  is the rate of strain. Viscous forces overcome gravita-

sity perturbatiorp, tional forces for scales smaller thar,L The turbulent Schwarz
7%p, s scale gt is dzerizved by setting th% igertial vortex forces of turbu-
W—VSV p1=47Gpgp, (6) IenceF|:pV_L equal t3§g=Gp L%, sgbstltutlng the Kolmog-

orov expressiory = (eL)™* for the velocity at scalé.,
wherepg is the unperturbed density. The solutions(6f are of Ler=c12/(pG)%* (16)
the form ST P

. . . where e is the viscous dissipation rate of the turbulence. These
pa(r,t)=a(r,t)po=Aex —ik-r +iowt]pg (7)  two scales become equal when the inertial, viscous, and gravita-

which are sound waves of amplitude A for large-k, which tional forces coincide. The gravitational inertial viscous scale

obey a dispersion relation Lan=[2pG]¥* 17)

w?=V2Zk?— 47w Gp, (8) corresponds to this equality, whergl.=Lsp if D=1».
| §| We can compare these expressions with the Jeans scale
wherek= |k| and the critical wavenumber
Li=Vs/(pG)"*=[RT/pG]"*=[(p/p)IpG]"*  (18)

- 2\1/2
ky=(47Gpo/Vy) ©) in terms of the temperature and pressure. The two forms for the

has been interpreted as the criterion for gravitational instabilitfound velocityVs in (18) have led to the erroneous concepts of
Al solutions of (6) with wavelength larger than lare imaginary Pressure support and thermal support, since by the Jeans criterion
and are termed gravitationally unstable in linear cosmologiedigh temperature or pressure in a gas prevent the formation of
Only such modes are considered to be eligible for condensationstsucture. The length scalgd=[RT/pG]"? has the physical sig-
form structure. Void formation is very badly modeled by lineapificance of an initial fragmentation scale in a uniform gas based
cosmologies, and is not mentioned in standard treatments suctPBsthe ideal gas law=pRT, where decreases in density are
Kolb and Turnef5]. matched by rapid decreases in pressure so that the temperature
Consider the problem of gravitational instability for a nonfémains constant on scales less thanThus cooling occurs for
acoustic density nucleus of diameterand massM’=dpL3, L=Lic when the finite speed of sound limits the pressure adjust-
where L>L>Lgy max. FOr Scales smaller than;lthe pressure mentin such voids, so that fragmentation is accelerated by radia-
adjusts rapidly compared to the gravitational time=(pG)~ 2 tive heat transfer from the warmer surroundings. The length scale
For scales larger than the largest Schwarz scale b, fluid me-  Lns=[(P/0)/pG]** is a hydrostatic scale that arises if an isolated
chanical forces and molecular diffusion are negligible compardtob of gas approaches hydrostatic equilibrium, with zero pressure
to gravitational forces toward or away from the nucleus. Startiﬁflde' Neither |¢ nor Lys have any physical connection to
from rest, we see that the system is absolutely unstable to gral@ans’s theory. |k and Lsy are the initial gravitational fragmen-
tational condensation or void formation, depending on whethttion scales of the primordial gas to form PGCs and PFRs. L
M’ is positive or negative. appears at the final stages of primordial-fog-particle formation as
The radial velocity, will be negative or positive depending ontheir size, but as an effect of the formation not the cause.
the sign ofM’, and will increase linearly with time since the
gravitational acceleration at radiugrom the center of the nucleus

is constant with value-M’G/r?. Thus Cosmolog)‘/. . ) )
X The conditions of the primordial gas emerging from the plasma
vy =—M'Gt/r (10)  epoch are well specified. The composition is 75% hydrogen-1 and

25% helium-4 by mass, at a temperature of 3000 K. This gives a
dynamical viscosityu of 2.4x10 5 kgm 's ! by extrapolation
dM'/dt=—pv,47r2=M'pGtdm (11) of the mass averaged values for the components to 3000 K, so
the kinematic viscosity=u/p depends on the densipyassumed.
"the most likelyp for the baryonic gas is T¢7 kg m~3, the fossil-
density-turbulence value at the time'38 of first structure forma-
M’ (t)=|M’(to)|exd = 2mpGt2]=|M’(to)|exd + 2m(t/75)?]  tion, with fossil-vorticity-turbulencey~ 10 2571 We find Lgy
(12) =(vy/pG)*=6x10°m and Ms=Ls,*p=2x10""kg as the
most likely mass of the first gravitationally condensing objects of
whereM’(t,) is the initial mass of the density nucleus. For conthe universe, termed primordial fog particles or PFPs. With this
densation the only place where the density changes appreciablgésisity the gravitational time,=(pG) 2 is 4x10"s, or 1.3

shows the mass flux

into or away from the nucleus is constant with radius. Integrati
(11) gives two solutions

at the core. We can define the core radigyss million years. However, the time required for the voids to isolate
) o2 the individual PFPs should be much less since the speed of void
re=—v, t=M'Gt/rc, (13)  poundaries represent rarefaction waves, and may thus approach
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the sound speed/s=3Xx10°ms !, giving an isolation time =10 %kg corresponding to the neutrino mass required to pro-

Ley/Vs=2X10"s, or 700 years. The viscous dissipation rate duce a flat universe. If the particles are nearly relativistic, | is 7
’ ) 9 —10-35m2

=1y?=2x10"2m?s 3. The range of estimated PFP masses fof 10®m ando=10"*m?.

various densities and turbulence level€*t® 10?%kg includes the

Earth-mass of 6.810°. Kolmogorov and Batchelor scalesConCILISIonS
Le=Lg=1.4x102m. The Jeans length j.determines the formation of Jeans-mass-

Thus the entire baryonic universe of hydrogen and helium gB$Cs (Proto-Globular-star-Clustels but it overestimates the
rapidly turned to PGC clumps of fog as the cooling plasma unffinimum mass of baryonic fragmentation by 2—5 orders of mag-
verse neutralized, with resulting primordial fog particle massd¥tude during the plasma epoch when proto-supercluster to proto-
near that of the earth, separated by distances abotftri0 galaxy objects were formed, and by 12 orders of magnitude in the

(10° AU). These PFPs constitute the basic materials of constr ot gas epoch for PFP(zPrimordiaI-Fog-Par_ticIe_)s In the cold,

tion for everything else. Those that have failed to accrete to s Fnse, turbulent molecular CIOUdS.Of galactic disks where modern
mass, and this should be about 97%, constitute the baryonic d3f#'S condense, the Jeans mass is generally smaller than the tur-
matter. The mass of the inner halos of galaxies should be do plent Schwarz mass by an order of magnitude, and is therefore

nated by the mass of such PFPs, since the non-baryonic compgievant. The Gibsori11-1§ hydro-gravitational criteria are
nent diffuses to kp scales that are much larger. ecommended instead of Jeans's; that is,>Llsy max
=maXLgy,LsT,Lsp], Where structure formation occurs at scales

L larger than the largest Schwarz scale.
According to the new theory, gravitational structure formation

Quasars are the most luminous objects in the sky. They a‘{pethe universe began in the plasma epoch at a time about 30,000

generally thought to represent black holes in cores of cannipars after the Big Bang with the formation of proto-supercluster-

laxi n earl f their formation when thev wer iHQ'dS anc_l proto-superclusters in the ba_lryonic component, trig-
galaxies at an early stage of their formatio en they were red by inflated fossil “turbulence” density fluctuations from the

gesting other galaxies, one or two billion years after the Big Ban e 35 :
Quasar microlensing occurs when a galaxy is precisely on our lifgP €poch (<10 *°s). The fragmentation mass decreased to
t of a proto-galaxy by the time of plasma neutralization at

of sight to the quasar, so that it acts as a gravitational lens. T . -
quasar image is split into two or more mirage-like images which?0,000 years. Immediately after atoms formed, the baryonic

twinkle at frequencies determined by the mass of the objects mdi@gmentation mass decreased to that of a small planet and the
ing up the lens galaxy. Schil@4] reports the results of a 15 yearUniverse of neutral primordial hydrogen and helium gas turned to
study of the brightness fluctuations of the two images of the Qgf@d Within L, scale PGCs. Some of these primordial fog particles
Q0957+561 A,B gravitational lens, amounting to over 1000'aV€ @ggregated to form stars and everything else, but most are
nights of observations. The time delay of 1.1 years was det&lQW frozen as rogue planets and sequestered in c_Iur_nqs within
mined to subtract out any intrinsic quasar variability. The domPGC clumps as the dominant form of dark matter withif't0
nant microlensing mass was shown by frequency analysis to %9 kP9 galaxy-inner-halos. Many PFPs have probably been dis-

Observations

6.3 10%*kg, close to the primordial fog particle mass estimateftpted from their PGCs by tidal forces to form the dominant in-

above and by Gibsol®]. Three observatories have since indepe
dently reported the same time delay and microlensing signals
this lensed quasar. Thus it is an observational fact that the mas
at least one galaxy is dominated by planetary mass objects,
3% 10’ planets per star. Star-microlensing searches for planet

mass MACHOs(massive compact halo objektsave failed be- ©
cause PFPs are sequestered in PGC clumps, and have highly?
termittent lognormal particle density distributions as a result

fderstellar mass component of galaxy disks and galaxy cores. The
n-baryonic part of the universe does not drive the formation of

ggfyonic structures even though it is more massive, but is instead

witiiven by them. It is highly diffusive from its small collision cross
tiono, and diffuses to large dy scales near #8m to form the

ter halos of isolated galaxies and galaxy cluster halos in re-
ppnse to these large baryonic structures. Indicatedlues near
30 3°m? are reasonable for small particles like neutrinos, dut

their nonlinear self-similar gravitational accretion cascades ©Mp(GM/r)*%pD~10"2*m? indicated for more massive non-

form larger objects and ultimately stars, Gibson and SdHif.

baryonic candidates like 16°kg neutralinos are much larger

Planetary nebuldPN) appear when ordinary stars are in a hothan theoreticalbr~10*6 values or recenr<10"*>m? values
dying stage on their way to becoming white dwarfs. Strong stellaxcluded by observations using sensitive WIMP detectDerk
winds and intense radiation from the central star should caul&tter 2000 Conference, Marina del Rey, February 2000

ambient PFPs to reevaporate and reveal themselves. Hubble Space

Telescope observations of the nearest planetary nebula Heljgmenclature

(NGC 7293, by ODell and Handron[26], show a halo of
>6500~10%kg “cometary knots” with tails pointing away
from hot central star like “comets brought out of cold storage.” a(t)
Thousands of PFP-like “particles” also appear in HST photo- ©
graphs(PRC97-29, 9/18/970f the recurring Nova T Pyxidis by
M. Shara, R. Williams, and R. Gilmozzi, and as radial “comets”
in recent HST photographs of the Eskimo RNGC 2392, A.
Fructer et al., PRC00-07, 1/24/00

Tyson and Fische25] report the first mass profile of a dense v
galaxy cluster Abel 1689 from tomographic inversion of 6000 Kg
gravitational arcs of 4000 background galaxies. The mass of the h
cluster is 18°kg, with density 5<10 ?*kgm~3. From the re- |
ported mass contours the cluster halo thickness is about 6 ly
X 107 m. Setting this size equal togk=[D% pG]Y¥* gives a dif- Lg
fusivity D=2%x10®m?s" !, more than a trillion times larger Lsgy
than that of any baryonic gas component. A virial particle velocity Lgr

Mo O

v=(GM/r)¥?=33x10° ms* with mean collision distance Lgp
|=D/v=6X10"m=m,/poc gives a collision cross section Ly
o=m,(GM/r)"4pD=10"*"m? taking a particle massm, L,
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astronomical unitsolar distancg 1.4960< 10" m
cosmological scale factor as a function of time t
speed of light, 2.99791 ms™*

molecular diffusivity of density, rhs™*

viscous dissipation rate, 783

Newton’s gravitational constant,

6.7x10 M mikg ts 2

rate of strain, st

Boltzmann’s constant, 1.3810 22J K1

Planck’s constant, 2 1.05< 10" 3*kg n?s™!
collision length, m

light year, 9.46X 10"°m
gravitational-inertial-viscous scalgy?/pG
viscous Schwarz scaléyy/pG)*?
turbulent Schwarz scale?%(pG)%*
diffusive Schwarz scale, (IpG)**
Hubble or horizon scale of causal connection, ct
Jeans scale, M(pG)*/?
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N = wavelength, m [11] Gibson, C. H., 1997, “Dark matter at viscous-gravitational Schwarz scales:

m. = . — 27 theory and observations,Dark Matter in Astro- and Particle Physicél. V.
M P _ proton mass, 1 6%160 kg Klapdor-Kleingrothaus and Y. Ramachers, eds., World Scientific, New Jersey,
sun = solar mass, 1.991 I:g pp. 409-416, astro-ph/9904284.
Meath = earth mass, 5.9%107 kg [12] Gibson, C. H., 1997, “Dark matter formation at Schwarz scales: primordial
v = kinematic viscosity, rhs1 fog particles and WIMP superhalosThe Identification of Dark MattemNeil
pc = pars, 3.0856 10 m J. C. Spooner, ed., World Scientific, New Jersey, pp. 114-119, astro-ph/

9904283.
[13] Gibson, C. H., 1998, A fluid mechanical explanation of dark mageurces
and detection of dark matter in the univer&ine, D. B., ed., Elsevier, North-

R = gas constant, Az 2K !
R(t) = cosmological scalea(t)=R(t)/R(tg)

—_ B ~3
p = de_r_13|ty, kgm _ Holland, pp. 409—411, astro-ph/9904317.
pc = critical density, 10 26 kg m~3 at present for flat uni- [14] Gibson, C. H., 2000, “Turbulence and diffusion: fossil turbulencEricyclo-
verse pedia of Ocean Scienc&teele, Thorpe, and Terekian, eds., to be published,
o = collision cross section, fn astro-ph/0003147.

[15] Gibson, C. H., 2000, “Primordial viscosity, diffusivity, Reynolds numbers,

_ i —29 2
o7 = Thomson cross section, 6.65240 m sound and turbulence at the onset of gravitational structure formation,” astro-

t = time since Big Bang

ph/9911264.
to = present time, 4.8 10's [16] Gibson, C. H., and Schild, R. E., 2000, “Quasar-microlensing versus star-
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