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PREFACE

“Orbis Scientiae 1999” constitutes the"28onference on High Energy Physics
and Cosmology that were begun in 1964. It has now become an institution by itsel
under the aegis of which the physicists convene annually in South Florida. It created
Belle Epoguén Coral Gables. The series of Orbis Scientiae started with the participants
of highest distinction in physics of the 2@entury. After its first two decades the
conferences have been placed in the hands ofyounger and promising physicists.

The 1999 meeting was the last conference of the millennium. The topics that
were covered did not give the impression of laying the foundations of great
advancements in theoretical physics. Work on such concepts as strings or super string
is being actively pursued. Itis ofcourse true that revolutions in physics are not frequent.
Finding the neutrino massiveness was quite exciting but did not provide enough basis fol
further progress in the field of neutrino physics.

Recent efforts with regard to extensive studies, gamma ray bursts do manifes
themselves as exceptionally important events. There are many papers in the literatu
studying theoretical implications of the energy dependence of the gamma rays. In thi
field one of us (Kursunoglu) had published a paper in the Physical Review in 1975. Ou
first conference in 2000 or rather its Orbis Scientiae will certainly contain some topics on
this matter.

It is quite conceivable that in the Big Bang creation of the Universe, very high
energy dependent gamma rays must have played an important role especially causi
very fast initial expansion of the early Universe. This may well have been the
mechanism for the existence of the-cadled inflationary behavior of the process of
creation. We are looking forward to the Orbis Scientiae 2000 to include in its program
this subject matter.

The Chairman and Trustees of the Global Foundation, Inc. wish to gratefully
acknowledge the generous support of this conference by Lady Blanka Rosenstie
Founder and President of the American Institute of Polish Culture, Chopin Foundation
and Honorary Consul of the Republic of Poland in Miami, and to Dr. and Mrs. Edward
Bacinich of Palm Beach, Florida

Behram N. Kursunoglu
Stephan L. Mintz
Arnold Perimutter
Coral Gables, Florida
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DEDICATION

The trustees of the Global Foundation and members of the 28th Orbis
Scientiae 1999, dedicate this conference to Dr. Joseph Lannutti of
Florida State University. The late Professor Lannutti was a loyal and
active member of this series of conferences on the frontiers of physics
since 1964. He also served as a member of Global Foundation's
Advisory Board. Professor Lannutti was instrumental in bringing
experimental research in high energy physics to Florida. We shall all
miss Joseph. We extend our deepest condolences to his wife Peggy
Lannutti and all the other members of his family.

--NOTES-

1. Each presentation is allotted a maximum of 25 minutes and an
additional 5 minutes for questions.

2. Moderators are requested not to exceed the time allotted for their
sessions.

Moderator: Presides over a session. Delivers a paper in own
session, if desired, or makes general opening remarks.

Dissertator:  Presents a paper and submits it for publication in the
conference proceedings at the conclusion of the
conference.

Annotator: Comments on the dissertator's presentation or asks
guestions about same upon invitation by the moderator.

CONFERENCE PROCEEDINGS
1. The conference portfolio given to you at registration contains
instructions to the authors from the publisher for preparing
typescripts for the conference proceedings.

2. Papers must be received at the Global Foundation by February 15,
2000.

3. An edited Conference Proceedings will be submitted to the
Publisher by March 14, 2000.
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VARIABLE SPEED OF LIGHT COSMOLOGY

BehramN. Kursunoglu

Global FoundationInc.
Coral Gables, Florida
kursur@globalfoundationinc.org

In the past two or three years there have been many papers in the field of the Enel
dependence of the speed of light emitted from regions of cosmic distances whe
phenomenon of gamma ray bursts are taking place. These very interesting cosmic eve
have inspired many theorists to research on the implications of gamma ray speed depende
on energy or variable speed of light. The work depends to a large extent on making gues
with regard to the behavior of such gamma rays, which provide some information on tt
source of the gamma rays especially the mechanism for the explosive expansion of the e:
universe. The cosmic regions like, for example, the cores of some galaxies containing su
massive black holes provide powerful sources of gravitational acceleration of particles
very high energies to produce-téys and even gamma rays. These are like experimenta
demonstration of gravity acting as a source of the electromagnetism and more precise
these cosmic phenomena provide, beyond any shadow of doubt, dramatic demonstration
the“Unified theory of electromagnetism and gravitatibrin the general relativistic theory of
gravitation electromagnetic energy and momentum do act as a source of gravity but in t
unified theory gravity itself can act as a source of electromagnetism. In fact the unifie
theory does more: it brings in the shoainge weak and strong forces.

Observations demonstrate that the explosive behavior of the cosmic regions is gree
affected by the energy dependence of the emitted gamma rays. Here what we have
comparable to an inflationary behavior for which energy is provided by the emission ¢
gammarays. In 1975, | calculated the speed of electromagnetic waves from the unified fie
theory of electromagnetism and gravitation'. For the propagation of light in the presence ¢
gravitational field we use the equation:

tBehram N. Kursunogl®hysicaReview D Volume 14, Number 6, 15 September 1976.

Quantum Gravity. Generalized Theory of Gravitation, and Superstring TiBzmgd Unification
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g dxdx'=0, (1)

where gv is the metric of spactime representing gravitational potentials with i and v
ranging from 1 to 4. However in spatieme geometry pertaining to a unified theory of
electromagneticism and gravitation the metric is defined by the symmetric tbpysas
described below:

bu\, dxe dXVZ 0, (2)
where
1
(1+§ : gw'Tuv
buv = (1+ : _AZ)l/z (3)
andwhere
21 A=l 1
- =T uv uv’ uv |.1V1fV _HVpVUV 4
2) ) 4) =) ) (4)

The energy dependence of the speed of light is computed here, by using the equat
(2), in a straightforward way. In fact Erwin Schrédinger had obtained the same result a lol
time agc% by using Borrlnfeld nortlinear electrodynamics. The reason for the complicated
procedure adopted by Schrédinger was due to the fact that his version of tisgmaoretric
generalization of the general theory of relativity did not include the metiic bThe
calculation of a variable speed of light has been perfotnied which a special case,
irrespective of polarization and frequency, is given by

Vi= 1+: -~ sSieT+cosT

1

(1 5 +)2 ©)

where Trepresents one of the angles to determine direction of the wave normal. The speec
the direction of coordinates are obtained by setling for the “1” direction, T= 1/2Snd)

= 0 for the “2” direction, andri= S 3 Sor the “3” direction thus the variable speed
of lightin the “3” direction is given by

Vo= 1 .- .2
1, L=
(1+§.+I)

+ 2 (6)

ENJTN

We can now determine the energy dependence of the speed of light to be an invari:
result. The numerator can be written as

2 —(H4 2= lZ' 2 402
1o 2=(1+50%1) q‘epp, )

2 E. Schrédinger, Proc. R. Irish Acad. 47A.77(1942). To this author's knowledge, the report by E. Schrodinge
mentioned in the text does not seem to have been published.



where

CZp“pu:L :2+,2:|2, (8)
4
By using the identities
) T =Gl + ) )
we can write 4
cp,= Tu WP, (10)

wherev Uis a unit vector iey v = 1,

The metric tensor,band the parameter g were introduced or rather discovered i
1950 while as a graduate student in Cambridge University | was working on a ne
formulation of Einstein’s and Schrodinger’s neymmetric unified field theories. The use of
the metric tensob,, led to the existence of a fundamental length paramgtevhich is
related to the parameter g by an equation ofstate

c4
r2 2 — 2
= s (11)

where § has the dimensions of energy density

From (6) it is clear that¥is less than 1 and the region from where light is emerging
depending on its total energy content could partition this energy among the massive parti
and as it may have happened in the creation of the universe leading to a very fast expar
in its early fractional seconds of birth. We can thus imagine that the energy dependenc
the speed of light bursting out from a cosmic region must have been the early part of the
Bang creation of the universe. Hence we are able to consider the Big Bang taking plac
several stages whose effect on the early Universe were actually the foundation of the cree
process. An explicit display of energy dependence can be obtained by observing that
numerator in equation (6) can be expressed in the form of equation (10), which represer
momentum density four vector.

By splitting the general artiymmetric field into the sum of a background field and a
radiation field we can see that the momentum density ygeteexpressible as

Pu = (Tiou+ Ty + Toy) Vi (12)

representing the sum of momentum densities of photon, massive particle, and interactio
photon with the massive particle. Thus we see that the gamma ray bursts provide a sour
energy for massive particles in a cosmic region to acquire large energies to lead to
expansion of matter contained in the region.

It is quite interesting to observe that variable speed of light does not present a
difficulties with regard to some cosmological behavior of the universe like for example tt

3BehramN. Kursunoglu, Phys. R88,1369 (1952)



problem of flatness or copious production of monopoles since the process of monoy
condensation does not leave any room for the existence of free monopoles. The flatne
the Universe in the unified field theory is a consequence of, as a result of the expansic

the universe, increasing sizemgf In this theory there exists no free monopoles all of them
as a result omonopole condensatidmave been confined to create elementary particles
Monopole condensariooontrary to BoséEinstein condensation, takes place at very high
temperatures. In fact in this theory all the participating field equations are fully compatil
with one another. At microcosmic distances the theory yields masses that result from us
length scales much shorter thancedled Planck length of #cm. The most general form
for the mass is obtained as

_ (o3
™= 26 r, (13)

Wherer, = 105 cm for proton and for the Universe = 1’ cm. How many protons can |
put side by side to make the Universe?

It is rather remarkable to see that various papers on the subject have been basec
proper analysis without having the benefit of a metric of sfigme All of these
considerations are of course compatible with Einstein’s theory of gravity. Where c the sp
of light, relates time to space. In order to pursue further the significance of varying of 1
speed of light and its role in the important quantities like Planck Scale length and Pla
Scale mass could be affected. Should we then imagine two different metrics one descri
the propagation of photons and the other describing gravity itself, which istspaceetric,
and the associated particles of gravitons? This would complicate simple things. The |
way to describe propagation of photons and gravitons is the use of a unified field the
where gravity and electromagnetism are unified like we have introduced in this paper wt
the most general metric is expressible as

buv = Agpv + BTpv; (14)

where the functions A and B, as follows from the definition (3) above, are given by

1

- (@30)

A= (1+:E_’2)% , (15)
1

N 1o

It must be understood that the invariant functionsand A contain besides free
electromagnetic field also the background fields and the interaction between the two fie
At this point | would like to quote from my Paper 1 referred here earlier: “A possible dire
experimental test of the result (5) could be based on the emission of radiation from a pt
where the interplay between the field on the surface of the neutron star and electromag
wave may be described as a nonlinear effect of the kind predicted in this paper. Thus



directional effect of emission of radiation implied by equation (5) might be due to dispersiol
intrinsic to a pulsar itself arising from the high densities and field strengths. The net effe
could manifest itself by time delay in the arrival of some radiation. In this case, one shoul
observe an asymmetric broadening of the radiation independent of bandwidths.

NASA's $326 million project to launch The Gamma Ray Large Area Space
Telescope into Earth orbit in 2005 will open new windows to study gamma ray burst
coming from distant cosmic regions, which should reveal the presence of violent cosm
phenomena. These gamma rays are, most likely, the result of the acceleration of particles
the powerful gravitational forces. Thus gravitation is acting as a source of the
electromagnetism and, therefore, these cosmic phenomena do vindicate unification of gray
with electromagnetic forces. It is thus cosmic acceleration of particles that reveal informatic
about the gamma rays bursting regions of the universe.






ENERGY DEPENDENCE OF THE SPEED OF LIGHT EMERGING FROM
COSMIC REGIONS

Arnold Perimutter

Department of Physics
University of Miami
Coral Gables, FL 33124

Observations of very high energyrays from cosmological sources have increased in
frequency and refinement. Among the numerous examples of the emissions by Gamma
Bursters (GRB), several have led to estimates of the variation of the speed of the phot
as function of their energy. Several authors have proposed that quantum-gavitational fl
tuations in the space time background may endow the conventional particle vacuum w
nontrivial optical properties, such as a frequency-dependent refractive index, birefringen
and a diffusive spread in the apparent velocity of lig#®)

A particular example, the active galaxy Markarian 42has lent itself to interesting
analysi® of the time delay of the signal of mullieV Jrays. They use the result that
various approaches to gquantum gravity lead to a description of first order effects of a tir
dispersiory, given by

S~
t= [EQG c (1)
where 't is the time delay relative to the standard endrgiependent speed of light,
c; [ is a modeldependent factor of order 1E is the energy of the observed radiation;
EoG is the assumed energy scale for quantum gravitational effects which can couple to
electromagnetic radiation, and is the distance over which the radiation has propagated
While they state that & is generally assumed to be of the orderkpf Planck energy

(= 10°GeV), some string theory work suggests that it would be as low as540®.

Using the value of the redshift of Markarian 421 to be 0.031, which translates to
distance of 1.1 x 18 light-seconds for an assumed Hubble constant of 85km/s/Mpc, the
obtain a lower bound ond&/ [ of 4 x 10%GeW. If X= 3/2, as indicated from recent
calculations of Bbrane theory, then kb > 6 x 1016GeV. Calculations in the context
of loop gravity® lead to a value of[ as large as 4, suggesting an energy scale larger the
1.6 x 10°GeV.

In the Unified Gravitational theory of Kursunogiu there is an exact formula for the
dependence of the light speed on the field variables of the electromagnetic radiation.

Quantum Gravity, Generalized Theory of Gravitation and Superstring TBased Unification
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the purposes of this paper, this speed can be written as

(1+§n+1)%

I+i0+w (2)

where W = E2+B is the energy density; = B> — E and A = B. E are invariants of the

field, and? - % : 2+ A2, Note that W, and A are actually multiples o, given by

¢
or, =26 3)

where rO is a fundamental lengtit is the speed of light and G is the gravitational constant
Theq? is therefore an energy density associated with a vacuum and is presumed to be |
larger than W; and ,. Again, for the purposes of this discussion, we will assume tha
W >> : | although in the future it is hoped that one can find ways of estimafingnd

A. Hence, we may write eq. (2) as

¥
vl @
and for W << 1,
& ol 194
The time delay is then given b
y g y e W L
tEIE T (6)

giving a value of the ratié@ = 4.2x 10 if we use the input of Biller et a)(
q

L E, :
Slnce|t|sclearthatwemustha% = Eqo thenthe factorineq. (1) must b%
This gives a value & > 4.8 x 10<GeV.

We can now calculate limits orf gnd § from EqG and eq. (3). We have

Eoc > 4.8 x 104GeV = qrs =2%ro (7)

This gives ¢ = 1.25 x 1&%cm, which is about three orders of magnitude smaller tha
Planck length, just asds is about three orders of magnitude less than Planck energ
Finally the energy density from eq. (7), is given by

¢ = 3.9 x 102eerg/cm.
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CONFORMALITY, PARTICLE PHENOMENOLOGY AND THE
COSMOLOGICAL CONSTANT

Paul H. Frampton

Department of Physics and Astronomy,
University of North Carolina,
Chapel Hill, NC 275998255.

Abstract

Conformality is the idea that at TeV scales enrichment of the standard model particle
spectrum leads to conformal invariance at a fixed point of the renormalization group.
Some aspects of conformality in particle phenomenology and cosmology are discussec

Alternative to “Grand” Unification

In GUT theories there is an unexplained hierarchy between the GUT scale and the
weak scale which is about 14 orders of magnitude. There is the question of why these
very different scales exist and how are the scales stabilized under quantum corrections

Supersymmetry solves the second of these problems but not the first. Supersym
metry has someuccesses(i) the cancellation of some UV divergences; (ii) the technical
naturalness of the hierarchy; (i) the unification of the gauge couplings; and (iv) its
natural appearance in string theory.

On the other side, supersymmetry definitely presents sepaeles: (i) the “mu”
problem- why is the Higgs at the weak scale not at the GUT scale?; (ii) breaking
supersymmetry leads to too large a cosmological constant; and (i) is supersymmetn
really fundamental for string theory since there are solutions of string theory without
supersymmetry.

These general considerations led naturally to the suggestion [1, 2, 3, 4, 5, 6] tha
supersymmetry and grand unification should be replaced by conformality at the TeV
scale. Here it will be shown that this idea is possible, including explicit examples
containing the standard model states. Further it will be shown that conformality is
a much more rigid constraint than supersymmetry. Conformality predicts additional
states at the TeV scale and a rich int@mily structure of Yukawa couplings.

Quantum Gravity Generalized Theory of Gravitation. and Supersrting Theory-Based Unification
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Conformality as a Hierarchy Solution

First we note that quark and lepton masses, the QCD scale and weak scale ¢
small compared to a (muji TeV scale. At the higher scale they may be put to zero,
suggesting the addition of further degrees of freedom to yield a quantum field theor
with conformal invariance. This has the virtue of possessing naturalness in the sen
of 't Hooft [7] since zero masses and scales increases the symmetry.

The theory is assumed to be given by the action:

S=S+ °xDQ (1)

where$ is the action for the conformal theory and tBe are operators with dimension
below four which break conformal invariance softly.

The mass parametei® have mass dimension 4 5 where '; is the dimension 0O,
at the conformal point.

Let M be the scale set by the parameters ai, and hence the scale at which confor
invariance is broken. The foE > M the couplings will not run while they start
running forE < M. To solve the hierarchy problem we assukhds near to the TeV
scale.

d = 4 CFTs

In enumerating the CFTs in 4 spacetime dimensions, we must choodé tifie
SU(N). To leading order in N, the RG Efunctionsalways vanish as they coincide
with theN = 4 case [8, 9]. For finitdN the situation is still under active investigation.
To prove the E functions vanish whell = 0 is rendered more difficult by the fact
that without supersymmetry the associated nonrenormalization theorems are abse

We extract the candidates from compactification[10] of the Type IIB superstring
on AdS x S/W.

Let W C SU4) denote a discrete subgroupSif(4). Consider irreducible repre
sentations of WWW Suppose there are k irreducible represent&iomih dimensions;
with i = 1, ...,k. The gauge theory in question has gauge symmetry

SU(Nd;) x SU(Nd;) x ...SU(Nd) (2)

The fermions in the theory are given as follows. Consider the 4 dimensional repri
sentation of' induced from its embedding iBU4). [tmayormaynotbeanirreducible
representation of . We consider the tensor product of 4 with the representatiyns

4 fRi=,ni/R (3)
The chiral fermions are in bifundamental representations

1,1,..Nd 1, .,Nd1.) (4)

with multiplicity ni  defined above. Fdr=j the above is understood in the sense that
we obtain h adjoint fields plus i singlet fields ofSU(NG).
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Note that we can equivalently view ras the number of trivial representations in

the tensor product
(4 fR fR*)tivial =n (5)

The asymmetry between i and j is manifest in the above formula. Thus in general
we have n xn! and so the theory in question is in general a chiral theory. However if
I? is a real subgroup ddU4), i.e. if 4 = 4* as far as' representations are concerned,
then we have by taking the complex conjugate:

n = (4 fR fR) = (4fRi fE*)*tivial = (4* fR fR))trivial = (4 f R fRj)tivial =n; .
6
So the theory is chiral only if 4 is a complex representationt gfe. only if 4 xz(l*)
as a representation of. If I? were a real subgroup &U4) thenn =n’ .
If ' is a complex subgroup, the theory is chiral, but it is free of gauge anomalies.
To see this note that the number of chiral fermions in the fundamental representatiol
of each groupSUNd) plus Nd times the number of chiral fermions in the adoint

representation is given by
On Nd = 4Nd @)
i

(where the number of adjoints is given by)n Similarly the number of aniundamentals
plus Nd times the number of adjoints is given by

6n} Nd, = 6Nq(4 fR fR)rivial = 6Nq (4* fR f R)trivial = 4Nd, (8)
|

Thus, comparing with Eq.(7) we see that the difference of the number of chiral
fermions in the fundamental and the antifundamental representation is zero (note tha
the adjoint representation is real and does not contribute to anomaly). Thus eacl
gauge group is anomaly free. The requirement of anomaly cancellation is, of course,
familiar one in string theory [12, 13] as well as in model building beyond the standard
model [14, 15, 16, 17].

In addition to fermions, we have bosons, also in the bifundamental represenations.
The number of bosons M in the bifundamental representationS(Nd) f SUNJ) is
given by the number dR representations in the tensor product of the representation
6 of SU(4) restricted to' with the R representation. Note that sinéeis a real
representation we have

M} =(6fR fR)tivial = (6 R* fRitivial =M,

In other words for each Mwe have aomplescalar field in the corresponding bifunda
mental representation, where complex conjugation will take us from the fields labeled
by M{ to M .

The fields in the theory are naturally summarized by a graph, called the quiver
diagram [11], where for each gauge gro8pJ(Nd) there corresponds a node in the
graph, for each chiral fermion in the representatisd,iid ), nj in total, corresponds
a directed arrow from theth node to the-jth node, and for each complex scalar in
the bifundamental of SUNd ) x SU(Nd), M; in total, corresponds aandirectedline
between thd-th node and thg-th node

15



Interactions. Gauge fields interact according to gauge coupling which, combined with
corresponding theta angle for i th group, is writable as

H Td,'

=60+ _41rg? = Tﬁ

where Wi complex parameter (independent i) ard ¥ order ' .

Yukawa interactions. Triangles in quiver. Two directed fermion sides and an undirected
scalar side.

1 a 1ol
S¥ukawa = gt S d%eTr ¥y @8, U,
in which d== is ascertainable as Clebs@ordan coefficient from product of trivial rep
resentaionsoccurringrespectivelyif{B AR ),(6 fR, fR*)and(4 fR,, fR*).

Quiartic scalar interactions. Quadrilaterals in quiver. Four undirected sides. The
coupling computable analagously to above.

Conformality. To leading order in 1/N all such theories are confromal[8, 9].

Are they conformal for higher orders?

YES, forN = 2. All suchN = 2 theories are obtainable.

YES, forN = 1: nonrrenormalization theorems ensure flat direction(s).

UNKNOWN for N = 0.

Conformality forN = 0. We can offer a plausibility argument for a conformal S fixed
point. If only one independent coupling occurs then thdudity of the progenitor
Type |IB superstring implies gm1/g symmetry. If the next to leading order in 1/N

is asymptotically free then IR flow increases g. Therefore for large g IR flow decreases
g. HenceE = 0 for some intermediate g.

Applications of Conformality to Particle Phenomenology.

It is assumed that the Lagrangiannisarly conformal. That is, it is the selftreaking
of a conformal theory.

The soft breaking terms would involve quadratic and cubic scalar terms, and fermior
mass terms. In the quiver diagram, these correspond respectivefjpts 2nd triangles
with undirected edges, andgdns with compatibly directed edges.

S=s+ D.Ir ﬁﬁ <ﬁ*+ QdTr)ij*)ﬁ*
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+or 1o Tr 5, 81, 85, + c.c.

Depending on the sign of the scalar mass term the conformal breaking could ind
gauge symmetry breaking.

Consider a gauge subgro@iJNdi) x SU(Ndj) and suppose that J;* >>0
Assume for simplicity thati, = d; = d. Then the VEV can be represented by a Squ
matrix with diagonal entries. The symmetry breaking depends on the eigenvalues.
there are two equal eigenvalues and the rest zero we get:

SU(Nd) x SU(Nd) +
SU(2)iagonal X U(1) x SUNd — 2) x SU(Nd — 2)

With more such VEVs and various alignments thereof a rich pattern of gauge symme
breakings can emerge.

GENERAL PREDICTIONS.

Consider embedding the standard model gauge group according to:
SU(3) x SU(2) x U(1) c R SU(Nd;)
Each gauge group of the SM can lie entirely irSBI(Nd;) or in a diagonal subgroup

of a number thereof.

Only bifundamentals (including adjoints) are possible. This implies no (8,2), etc. £
conformality restriction which is new and satisfied in Nature!

No U(1) factor can be conformal and so hypercharge is quantized through its incorpc
ration in a norabelian gauge group. This is the “conformality” equivalent to the GUT
charge quantization condition in e.GU(5)!

Beyond these general consistencies, there are predictions of new particles necessary
render the theory conformal.
The minimal extra particle content comes from putting each SM gauge group in on

SU(Ndi). Diagonal subgroup embeddingcreasesnumber of additionaktates.

Number of fundamentals plubld times the adjoints is Md. Number N3 of color
triplets andN; of color octets satisfies:

N; +3N; > 4 x 3 =12
Since the SM habl; = 6 we predict:
"N, +3Ng > 6

17



The additional states are at TeV if conformality solves hierarchy. Similarly for colol
scalars:
My+3M; >26x3=18

The same exercise f@U(2) gives 'N, + 4N; > 4 and $M, + 2M3 > 11 respectively.
FURTHER PREDICTIONS

Yukawa and Quartic interactions are untouched bytwefiking terms. These are
therefore completely determined by the IR fixed point parameters. So a rich structu
for flavor is dictated by conformal invariance. This is to be compared with the MSSN
(or SM) where the Yukawa couplings are free parameters.

GAUGE COUPLING UNIFICATION

Above the TeV scale couplings will not run. The couplings are nevertheless relate
and not necessarily equal at the conformal scale.

For example, with equaBU(Nd) couplings embe®&U(3), SU(2), andU(1) diagonally
into 1, 3, 6 such groups respectively to obtain proximity to the correct ratios of th
low-energy SM gauge couplings.

Some illustrative examples of model building using conformality:

We need to specify an embeddirig« SU(4).

Considerz,. It embeds as (-1, -1, -1, —1) which is real and so leads to-ehmmah
model.

Z3. One choice is 4 = D 1)Dwhich maintains N=1 supersymmetry. Otherwise
we may choose 44) D [Dhbut this is real.

the next transparency with the SUfNJauge groups at the corners, the fermions on
the edges and the scalars on the diagonals. The scalar content is too tight to brea
the SM.

Naming the nodes 0, 1, 2, 3, 4 we identify O with color and the diagonal subgrou
(1,3) and (2,4) with weak and hypercolor respectively. There are then three families
3,31 +(1,3,3)+(3.1,3)

and one ardfamily.

We suppose that the soft conformal breaking excludes a mass term marrying the tt
family to its mirror.

18



There are sufficient scalars to break to the SM with three families.
This is an existence proof.

Simplest three family model h&s= 1 supersymmetry.
Z3. 4= (Of‘ @, O 1)

Fermions and scalars are:

3 3
2{3,', 3{4.1) + E(S + 1},‘
i=1] =]

3
o _ 9 [Reoey 2 _1
B = -5 [30:(6) ~ 3T(Rw) - 5T(Rw)
Find:

BN ~9-9=0

for all threeSU(3) factors in supersymmetric trinification.

NON-ABELIAN ORBIFOLDS

We consider all nolabelian discrete groups up to order g < 32. There are exactly
45 such groups. Because the gauge group arrived AS8/(Nd) we can arrive at
SU(4) x SU(2) xSU(2) by choosingN = 2.

To obtain chiral fermions one must ha¥ed* This is not quite sufficient because
for N=2, if4is complex but pseudoreal, the fermions are still1cbiral [6].

This last requirement eliminates many of the 45 candidate groups. Forexampls
Q2 < SU(2) has irreps of appropriate dimensions but cannot sustain chiral fermions.
because these irreps are , I&E(2), pseudoreal.

This leaves 19 possible nabelian R with g < 31, the lowest order beirg~ 16.
This gives only two families.

The smallest group which allows three chiral familes has ayde24 so we now
describe this model.

Using onlyDn, Qn, Sy and T



(T = tetrahedral &Z,) one already finds 32 of the 45 rahelian discrete groups
with g < 31:

g

6 D3 = Ss

8 | Dy Q=04
10 | Ds

12 Dﬁl QB: T
14 | Dy

16 Dg, Qa, Zz * D4., Zg X Q

18 Dg, Z3 x D3

20 | Dy, Quo

22: Dy

24| Dyg, Qua, ZaxDgy, Z:x Q¢ Z2xT
Zg X D4, Z3 X Q, 24 X Da, 34

26 | Dy

28 | Dy, Qu

30 D15, D5 X Zs, D3 X Z5

The remaining 13 of the 45 neaibelian discrete groups with < 31 are twisted prod
ucts:

16 | Z, X Zg(two, excluding Dg), Z4xZ,
Z3%(Zp X Zy){two)

18 Zz X (Za o Za)

20 Z4XZ§

21 Za X27

24 ZaXQ, ZSXZs, ZsXD4

27 ZgXZa, Zs;_(ZQ, x Zsr

Successfuly = 24 model is based on the group= Z;, sQ.
The fifteen irreps of* are
I A L
1D 1'D1"D1"D D
Bl 1D 1"B1" ARA!

The same model occurs fof = Z; sD,. The multiplication table is shown below.
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1 lf 1” 1"! 2
1 [ 1 [v [V [1” 2
lf 1) 1 lfﬂ 1" 2
ll'.l' 1!.!' 1!" 1 11' 2
1!." 1!” ll'l' 1! 1 2
51 2 [ 2| 2| 2| 1+7
1” + 1”!
la le | Ve | I"a | 1P Qe
Va || 'a | 1la | 1¥a | 1"a 2
1" || 1"a { 1" | 1o | e 20
llﬂa ln‘n‘la lﬂa l!a 10.' 20,
2 || 2 | 2¢ | 20 | 200 | la+ 1
1"a+ 1"
etc.

The general embedding of the required type can be written:
4= DB, I'D> 2B)

The requirement that thé is real dictates that

&+ a =23

It is therefore sufficient to consider fod = 0 no surviving supersymmetry only
the choice:

4=(1D 1, 2D

It remains to derive the chiral fermions and the complex scalars using the proce
dures already discussed (quiver diagrams).

D, sZ3; MODEL.

VEVs for these scalars allow to break to the
following diagonal subgroups as the only
surviving gauge symmetries:

SUQR)1.: m SUQR)
SURk: m SUQR)

SU@4)L, m SUA)

This spontaneous symmetry breaking leaves theSa#dim type model:
SU@4) x SU2) x SY(2)
with three chiral fermion generations

3[(4, 2 2)+(4 2, 2)]
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Towards the Cosmological Constant.

INCLUSION OF GRAVITY.
The CFT arrived at is in a flat spacetime background which does not contain gravity.

One way to introduce the fodiimensional graviton introduces an extra spacetirme di
mension and truncates the range of the fifth dimension. Thedwnensional graviton
then appears by compactification of the higtienensional graviton, as is certainly the
path suggested by the superstring.

Although conformality solves the hierarchy between the weak scale and the GUT scale
the hierarchy existing in nestring theory without gravity, it is clear that classical grav

ity violates conformal invariance because of its dimensional Newton coupling constant.
The inclusion of gravity in the conformality scheme most likely involves a change in the
spacetime at the Planck scale; one possibility being explored is noncommutative space
time coordinates [18]. Another even more radical idea is the one already mentioned t«
invoke [19] at TeV scales an extra spacetime coordinate.

SUMMARY.

Conformality is seen to be a rigid organizing principle. Many embeddings remain to be
studied. Soft breaking of conformal symmetry deserves further study, as does the eve
more appealing case of spontaneous breaking of conformal symmetry.

The latter could entail flat directions even in the absence of supersymmetry and if this
is really possible one would need to invoke a symmetry different from supersymmetry
to generate the flat direction.

This would lead naturally to an explanation of the vanishing cosmological constant
different from any where a fifth spacetime dimension is invoked [20, 21].

New particles await discovery at the TeV scale if the conformality idea is valid.
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ETERNAL INFLATION AND THE PRESENT UNIVERSE

Alexander Vilenkin

Department of Physics and Astronomy,
Tufts University, Medford, MA 02155

INTRODUCTION

| am going to discuss the structure of the universe on daggr scales, so large
that we are never going to observe them. | shall argue, however, that this analysis r
help us understand some features of the universe within the observable range. Thi
based on the work done with my student Vitaly Vanchurin at Tufts arid with Serg
Winitzki at Cambridge University.

Let me begin with a brief introduction to eternal inflation. As we know, inflation
is a nearly exponential expansion of the universe,

a(t) = eHt, (1)
which is driven by the potential energy of a scalar field W, called the inflaton. a(t) i
Eqg.(1) is the scale factor and the expansion rate H is determined by the inflaton pot
tial V(J. Inflation ends whenl starts oscillating about the minimum of the potential.
Its energy is then dumped into relativistic particles and is quickly thermalized.

A remarkable feature of inflation is that generically it never ends completely. A
any time, there are parts of the universe that are still inffb@ng’ he reason is that
the evolution of Jis influenced by quantum fluctuations. This applies in particular
to the range ofdnear the maximum of \{J, where the potential is very flat. As a
result, thermalization does not occur everywhere at the same time. We can introdu
a decay constant such that t = 1f is the characteristic time it taked to get from
the maximum to the minimum of the potential. Then the total inflating volume in the
universe is proportional to

Vinf ve- " e, (2)
The first factor on the rigkitand side describes the exponential decay of the inflating
volume due to thermalization, while the second factor describes the exponential ¢
pansion of the regions which still continue to inflate. For flat potentials required for
successful inflation, we typically havé << 3H, so that Vinf grows exponentially with
time. The thermalized volume grows at the ratétdm /dt = *dVinf /dt and thus
Vitherm also grows exponentially.

Different thermalized regions in such eternally inflating universe may have very
different properties. Here are some examples.
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The potentiaV(J may have several minima corresponding to vacua with different
physical properties. For example, the values of some constants of Nature (e.g., tt
electron mass or the cosmological constant) or cosmological parameters (such as t
amplitude of density fluctuations, the baryon to entropy ratio, etc.) could be different
in the corresponding thermalized regions. A more interesting possibility is that the
“constants” are related to some slowlgrying fields and take values in a continuous
range. For example, the inflaton could be a complex fielts || exp(X), with
a potential having the shape of a “deformed Mexican hat” (that is, with s¥me
dependence). Then different paths tdatan take from the top of the potential to the
bottom will result in different magnitudes of density fluctuatio®@p. The amplitude
of the fluctuations will therefore be different in different parts of the universe. Another
example is a fieldX(unrelated to the inflaton) with a seliteraction potential \X). If
U(X) is a very slowly varying function aX, then it can act as an effective cosmological
constant. Quantum fluctuations will randomi2e during inflation, and observers in
different parts of the universe will measure different values oKy(

Perhaps the most important example is the spectrum of cosmological density fluc
tuations. The density fluctuatio®RRl) is determined by the quantum fluctuation
GJ 1) of the inflaton field J at the time when the corresponding comoving scale 1 crossed
the horizon. Different realizations of quantum fluctuationd IG result in different den
sity fluctuations spectra in widely separated parts of the universe. This uncertainty i
present inall models of inflation.

In all these examples, we have parameMgich we cannot possibly predict with
certainty. All we can hope to do is to determine the probability distributiod)P(

An eternally inflating universe is inhabited by a huge number of civilizations that
will measure different values of. We can define the probability X)dX as being
proportiona:l3 to the number of observers who will measurén the interval K. Now,
observers are where galaxies are, and thu€)@X is proportional to the number of
galaxies in regions wherX takes values in the intervalxd We can then write

PXX) VR(X)v(X), 3)

where FX)dX is the fraction of volume in thermalized regions wiK in the interval
dx, andV(X) is the number of galaxies per unit volume (as a functiorx)of It is
convenient to consider comoving regions and to measure their volumes at the time
thermalization. The calculation af()X) is a standard astrophysical problem, and here
I shall focus on the volume factor3j(

In this discussion | am trying to avoid the word “anthropic”, because it makes
some people very upset, but what | want to emphasize is that the approach | have j
outlined is as quantitative and predictive as it can possibly be. ©M is calculated,
we can predict, for example, tha€ should have a value in a certain range with 95%
confidence.

The first attempts to implement this approach encountered an unexpected diff
culty. It can be traced down to the fact that eternal inflation never ends, and.the
number of galaxies in an eternally inflating universe is infinite at&. In order to
calculate the volume fractioff(X), one therefore has to compare infinities, which is
an inherently ambiguous procedure. One can introduce a time cutoff and include on
galaxies that formed prior to some tinkg with the limitt. m8 at the end. One
finds, however, that the resultin Erobability distributions are extremely sensitive
the choice of the time coordinate*: 2 Linde, Linde and Mezhlumiénattempted to
determine the most probable spectrum of density fluctuations using the proper tim
along the worldlines of comoving observers, which they regarded as the most natur:



choice of the time coordinate. They found a probability distribution suggesting that a
typical observer could find herself at a deep minimum of the density field. On the other
hand, if one uses the expgnsion factor along the worldlines as the time coordinate, or
recovers the standard result Coordinates in general relativity are arbitrary labels,
and such gaugdependence of the results is, of course, an embarrassment.

The rest of the paper is organized as follows. After reviewing the physics of eternal
inflation, | shall discuss the origin of the gaudependence problem and its proposed
resolution. Then, as a specific application, | shall analyze the spectrum of density
fluctuations measured by a typical observer. Finally, | shall briefly summarize the
conclusions.

ETERNAL INFLATION
The metric of an inflating universe has a locally Robert¥galker form,
ds = di?2 — a¥(t)dx, (4)
with the expansion rate given by
alax H(W) = [8 ¥(J/3]¥2 (5)

The potential V{ is assumed to be a slowly varying function of W. As a reddlis
a slowly varying function of the coordinates, and we have an approximately de Sitter
space with a horizon distandé. The classical slowoll evolution equation for W is

W, ® —H'(W)/4S (6)

Quantum fluctuations of W can be represented as a random walk with random
steps taken independently in separate horziae regions, with one step per Hubble
time H. The rms magnitude of the steps is

Gdms= (H2 3. (7)

We do not have a completely satisfactory derivation of this stochastic picture in the

general case. Its main justification is that it reproduces the results of quantum fiel

theory in de Sitter space for a free scalar field of mass mH<that is, the twepoint

function obtained by averaging a classical stochastic field coincides with the quantur

two point function). For flat inflaton potentials, the dynamicsJshould be close to

that of a free field, so one expects the stochastic picture to apply with a good accurac
Let us define the distribution FJ(t)d Jas the volume occupied h¥in the interval

d Jat time t.t satisfies the FokkePlanck equati&r18’ 9,10, 11, 4

uF + uzk= 3HOF, 8)

where 1 1
= = D - = -1H"'

33 wHP B 4§|D1HF. (9)
The first term of the flux J describes quanttdiffusion” of the field J, while the
second term corresponds to the classluhift” described by Eq.(6). The paramet@r
in Eqs.(8),(9) represents the freedom of time parametrization, with the time variable
related to the proper tima\according todt = +— R WHence, D= 1 corresponds to
the proper timef = Wand D= 0 to the scale factor timd,= Ina.
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A great deal of research has been done on the properties of the Heikkek
equation (8) and on its solutions. To summarize the conclusions, there are some goc
news and some bad news. The good news is that the asymptotic form of the solutior
of (8) is

F(Lt) —F()e? tmy (10)
The overall factor et drops out in the normalized distribution, and thus one gets-a sta
tionary asymptotic distribution fod. The bad news is that B has a strong depen
dence on a, so that the results are very sensitive to the choice of the time codrdinate
This very disturbing result lead some authors to doubt that a meaningful definition of

probabilities in an eternally inflating universe is even in principle poséibf We shall
see, however, that these pessimistic conclusions may have been premature.

THE PROPOSAL

The gauge dependence of the probability distributions obtained using a censtant
time cutoff can be understood as follows. The fad®X) in Eq.(3) is the probability
distribution of the fieldsX on the thermalization hypersurfacé which separates in
flating and thermalized spacetime regions. It is an infinite spacelike surface which play:
the role of the big bang for the thermalized region that lies to its future. Due to the
stochastic nature of inflation, this surface is rather irregular and is in general multiply
connected. The time variabtes usually defined in terms of some geometric or scalar
field variables, and since these variables are subject to significant fluctuations, the cu
off surface & : t = constis also expected to be rather irregular. The intersection with
6 cuts an infinite number of predominantly small pieces off the surféceand the
distribution FX) is to be calculated on this population of pieces. A change of the time
variable t results in a deformation of the cutoff surface, accompanied by a substantic
change in the population of the regions 6f that are being included. The resulting
probability distribution is also substantially modified.

The resolution of the gauge dependence problem that | proposed in Ref.16 is t
calculate the probability distribution faK within a single, connected domain on the
thermalization surface6,. If the field X varies in a finite range, it will run through
all of its values many times in a sufficiently large volume. We expect, therefore, that
the distributiorF(X) will converge rapidly as the volume is increased. It does not
matter which thermalized domain we choose to calculate probabilities: all domains are
statistically equivalent, due to the stochastic nature of quantum fluctuations in eterna
inflation. This is a very simple prescription, and | am a bit embarrassed that | did not,
think of it earlier, having thought about this problem for a number of years.

With this prescription, the volume distribution X) can be calculated directly
from numerical simulations, and we have done that in Ref.13. In some cases-an an
lytic calculation is also possible. Suppose, for example, that the potentid) \i¢
essentially independent ¥ for | J | < J, where WO is in the deterministic slewll
range, where quantum fluctuations of f and x can be neglected compared to the cla
sical drift. Then, the evolution o8 at J> jo is monotonic, and a natural choice
of the time variable in this range is= J The probability distribution forX on the
constant’time” surface J= J, is

F o,(X) = F(&, X) = const. (11)

since all values aKare equally probable at< Xb. We are interested in the probability
distribution on the thermalization surface(X) = F ( Ji, X), where J« is the value of'
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Jat thermalization. This is given [59

3Xu
x|

Here, Xois the value oiX at J= Jythat classically evolves intX at J«, N(x0)

is the number of doldings along this classical path, exp(B is the corresponding
enhancement of the volume, and the last factor is the Jacobian transforming<érom
to x. In many interesting case¥ does not change much during the slow roll. Then,

FOX)  exp[BNX)]. (13)

In a more general case, when the diffusionXo not negligible at>> J, the
distribution F(X) can be found by solving the FokkBlanck equation with = W in
the rangeJ, < J< J* and with the initial condition (11). The corresponding form of
the equationvas derivedn Ref.13

OF ., { H’F H'y 12rH
o (E) a(l)
We have solved this equation with the same parameters that we used in numerical s
ulations and compared the resulting probability distributiq@Fwith the distribution

obtained directly from the simulations. We found very good agreement between tt
two (see Ref.13 for details).

F(x) o Fo(xo) exp[38N{xo)]det (12)

DENSITY FLUCTUATIONS

As a specific application of the proposed approach, let us consider the spectrul
of density perturbations in the standard model of inflation with a single field W. The
perturbations are determined by quantum fluctuatibndthey are introduced on each

comoving scale at the time when that scale crosses the horizon and have -a gat
invariant amplitude

GRR=8 H GJ H, (15
whereH:= dH/d J. With an rms fluctuation ( Grms=H/ Sthis gives
(D AYms = 4H? [ |HY]. (16)

Fluctuations of Jon different length scales are statistically independent and can be
treated separately. We can therefore concentrate on a single scale corresponding
some valueJ= J, disregarding all of the rest.

On the equaltime” surface J= b, the fluctuationsD dan be regarded as random
Gaussian variables witidistribution

Fy(DJ exp[ ( D 32' (17)

whereHo= H (W0). We are mterested in th distribution F(dj)on the terminalization
surface J= J*. This will be different from F O if there is some correlation betwéed
and the amount of inflationary expansion in the period betwdesnd J*. In fact,
there is such a correlation. lf fluctuates in the direction opposite to the classical
roll, then inflation is prolonged and the expansion factor is increased. Otherwise, it
decreased, and we can write

F( GJ) vFo( G Jexp(3H Q), (18)
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where
6= -4y @ (19)
is the time delay of the slow roll due to the fluctuatidn J
Combining Eqgs.(1719), we obtaid6

272 - g
F(dp) o exp [—?02(550 = b¢p) ] , (20)
which describes Gaussian fluctuations with a nonzero mean value,

GJ=H3/ $0. (1)
This is different from the standard approgohhich disregards the volume enhancement
factor and uses the distribution (17). The effect, however, is hopelessly small. Indeed,

S 6H2 (ép) _5
— =t = ~107%,
(‘SLP)rms H F{‘.l e g (22)

We thus see that the standard results remain essentially unchanged.

CONCLUSIONS

Eternally inflating universes can contain thermalized regions with different values
of the cosmological parameters, which we have denoted generical{. bwe cannot
then predictX with certainty and can only find the probability distributionX)( Until
recently] it was thought that calculation &f inevitably involves comparing infinite
volumes, and therefore leads to ambiguities. My proposal is to caldBlitea single
thermalized domain. The choice of the domain is unimportant, since all thermalizec
domains are statistically equivalent. This apprach gives unambiguous results. Whe
applied to the spectrum of density fluctuations, it recovers the standard results with a
small correctionO( 10+).

It should be noted that this approach cannot be applied to models Whisea
discrete variable which takes different values in different thermalized regions, but is
homogeneous within each region. One can take this as indicating that no probabilit
distribution for a discrete variable can be meaningfully defined in an eternally inflating
universe. Alternatively] one could try to introduce some other cutoff prescription to
be applied specifically in the case of a discrete variable. Some possibilities have bee
discussed in Refs.17, 18. This issue requires further investigation.
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Abstract

Observations and models of galactic and extragalactic magnetic fields lead to the con
clusion that monopoles of mass 10" GeV are accelerated in these fields to relativistic
velocities. We explore the possible signatures of a cosmic flux of relativistic monopole:
impinging on the earth.

INTRODUCTION

We discuss the possibility that light magnetic monopoles are cosmic ray primaries
The inferred strength and coherence size of existing extragalactic magnetic fields sugge
that any monopole with a mass near or less than &8V would have been accelerated
in magnetic fields to relativisitic velocities. On striking matter, such as the Earth's
atmosphere, these relativistic monopoles will generate a particle cascade. Here v
investigate the shower signatures of relativistic magnetic monopoles.

The monopole flux is limited only by Parker's upper bound Fpo/cmi/s/sr
[1] , which results from requiring that monopoles not short—circuit our Galactic magnetic
fields faster than their dynamo can regenerate them. Since the Parker bound is seve
orders of magnitude above the observed highest—energy cosmic ray flux, existing cosn
ray detectors can meaningfully search for a monopole flux.

Because of their mass and integrity, a single monopole primary will continuously
induce airshowers,in contrast to nucleon and photon primaries which transfer nearly
all of their energy at shower initiation. Thus we expect the monopole shower to be reac
ily distinguished from non—monopole initiated showers. However, we also investigate
the possibility that the hadronic interaction of the monopole is sufficiently strong to
produce air-showers witdE/dx comparable to that from nuclear primaries, in which
case existing data would already imply a meaningful limit on the monopole flux. One
may even speculate that monopoles with a lalfgix have been observed, as the pri
maries producing the enigmatic showers above the GZK cutefftak 10° eV [2, 3].
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MONOPOLES IN MAGNETIC FIELDS

The number density and therefore the flux of monopoles emerging from a phas
transition are determined by the Kibble mechanism [4], where at the time of the phas
transition, roughly one monopole or antimonopole is produced per correlated volume
The resulting monopole number density today is

nM ~ 10 (TJ/10:GeVy(l/ [c): cm? (1)

where [c is the phase transition correlation length, bounded from above by the horizo
size |, at the time when the system relaxes to the true bra@mmetry vacuum.
The correlation length may be comparable to the horizon size (second order or weak
first order phase transition) or considerably smaller than the horizon size (strongly firs
order transition).

To avoid overclosing the universe, the monopole mass density today, relative t
the closure value, is

i M ~0.1M/10=GeVYy(l/ [)3. (2)
Hence, monopoles less massive thad 0% [/IH)** GeV are allowed. Requiring that

the Kibble flux be less than the Parker linkit= Fp < 10'15/chsec/sr, one derives
a combined mass bound [3]

M < 104( [JIH) GeV (3)

which is stronger than the curvature constraint by about two orders of magnitude.
The general expression for the relativistic monopole flux may be written [3]

Py =cnpfér ~2x107* (_{4;_)3 I ’ cm™? gec™! sr7!
M= CnM 10%GeV/ \& ' )

The energy—density constraint for relativistic monopoles is stronger than that for nor

relativistic monopoles,

: RM~(E'm'%|_)(‘IT=NET) ’ ()

wheremp1 is the Plank mass. This shows that a Kibble monopole flux respecting the
Parker limit cannot overcurve the universe, regardless of the nature of the moenopole
creating phase transition (parameterized[if\4), as long as (&) < mPl.

Although minimalSU(5) breaking gives monopoles of mas$017 GeV, there are
ample theoretical possibilities for producing monopoles with nfasE)s GeV and the
possibility of strong interaction crossectionsthat avoid proton decay [5,6,7,8]. Based
on the Kibble mechanism for monopole production, bounds on the universe's curvatu
constrain the monopole mass to less thart GV, while a comparison of the Kibble
flux to the Parker limit constrains the monopole mass to less tharfGéu. However,
we note that in higher dimensional cosmologies, the Kibble flux given in eq. (4) may
be altered. If the Kibble flux estimate is changed, then the straightforward Parke
upper limit Fp< 109cne/sec/sr becomes the only reliable bound on the monopole
flux. Thus, in the spirit of generality, we will |8l be a free parameter and use the
Kibble mechanism as a rough guideFm. We will, of course, require thaEm obey
the Parker limit. We also will assume that proton decay is avoided in a way that doe
not restrict the parametevl.
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Monopole Structure

Monopoles are topological defects with a +igvial internal structure; the core
of the monopole is a region of restored unified symmetry. Monopoles are classified [
by their topological winding, but for the case of GUT monopoles this classificatior
is too coarse. In arBU5) GUT the fundamental minima#yharged monopole is
six-fold degenerate. For an appropriate Higgs potential there are four other types
stable bound states formed from the fundamental monopoles [9, 10]. In this work v
need to distinguish between those monopoles with €mlagnetic charge and those
with only ordinary Ugm(1)) magnetic charge. Thus, we adopt the nomenclétgre
monopoles” for those monopoles with celoragnetic charge andl“monopoles” for
those with only the ordinary magnetic charge. The possible confinement of magne
monopoles has recently been considered [11] via the formation ocbl@-magnetic
“strings.” If such a mechanism was realized one result could be the formation ef colc
singlet “baryonic-monopoles.” The fusion of three differently colored strings produce
a baryon-like composite of fundamental GUT monopoles. The internal structure of
baryonic—-monopole would approximate that of an ordinary baryon in the QCD strin
model, but withg—-monopolesin the place of quarks. Thus, the baryonémopole
structure is quite different from a sindlemonopoleand, as such, we expect it to have
a very different crosssectionand cosmic ray shower profile.

Monopole Acceleration

The kinetic energy imparted to a magnetic monopole on traversing a magnet
fieldis [3]

Ex=gB 1c|.dv, )

where
g =e/2D= 3.3 x 10® esu (or 3.3x 10%dynes/G) (7)

is the Dirac magnetic charg®, is the magnetic field strength] specifies the field's
coherence length and directio@, is the curve describing the monopole path, ahd

is the direction of the monopole velocity at a given point along the path. Galacti
magnetic fields and magnetic fields in extragalactic sheets and galactic clusters ran
from about 0.1 to 100uG, while their coherence lengths range frofridl@bout 30Mpc

[12, 13]. These fields can accelerate a monopole from rest to the energy range 2 X
to 5 x 10 eV. Monopoles that random walk N steps through a set of domains are
expected to pick up an additional factor\éNin  their energy. For extragalactic sheet:
which we expect to dominate the spectrum, this number can be roughly estimated
be of order N~ H,*/50Mpc ~ 100, and so kx ~ 10° eV. Hence, monopoles
with mass below~ 10= GeV are relativistic. The rest of this talk is devoted to the
novel phenomenology of relativistic monopoles. As a prelude to calculating monopol
signatures in various detectors, we turn to a discussion of the interactions of monopc
with matter.

RELATIVISTIC MONOPOLE ENERGY LOSS IN MATTER

Regardless of the interaction, the fact that the monopole is conserved in ea
interaction, due to its topological stability, argues for kinematics rather different fron
those applying to nucleon or photon primaries. The differing kinematics in turn argue
for differing signatures. However, our explorations of possible strong interactions wi
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include a model wherg-monopolesare excited and their hadronic cross—section grows
after impact, so that the energy transfer is large enough to stop the monopole ve
quickly. In this model, the monopole’s hadronic signature may be similar to that fron
a nucleon.

The strong interaction of a monopole is difficult to asse&nlor confinement
ensures that all monopoles are color singlet objects, and so have no classical long-ra
color—magnetic field. However, we expdemonopolesand gmonopoles to have very
different hadronic interactions. Althoughmonopoleslack a color—magnetic charge,
the unbroken symmetry in their core ensures that gluon and light quark fields will lea
out from the center to the confinement distancégo ~ fm.

We will resume the discussion of the monopole’s hadronic interaction with matter
after first discussing in some detail their better—understood electromagnetic-intera
tions. The electromagnetic interaction of the monopole may dominate the hadron
irl1teraction because the electromagnetic coupling of the monopole is Buge, ¢ =
7a~34 and mediated by a loaange field. At large distances and high veloci
ties, the magnetic monopole mimics the electromagnetic interaction of a heavy ion
chargez ~ 3 A4~ 68. We will view the monopole as a classical source of radiation,
while treating the matteradiationinteraction quantum mechanically. In this way, the
large electromagnetic coupling of the monopole is isolated in the classical field, and tt
matter—radiation interaction can be calculated perturbatively.

Electromagnetic Interactions

We consider here the energy losses of the monopole due to the three electromagn
processes: collisions (ionization of atomsf,e™ pair production, and bremsstrahlung.

It will turn out that Bethe—Heitler pair production will be the dominant mechanism for
the growth of the total shower electron numidy;, which in turn is the source generat
ing the Cherenkov and radio wave signatures. On the other hand, the bremsstrahlt
process will be the major energy loss mechanism and so is the main contributor to tr
nitrogen fluorescence signature.

The monopolanatter electromagnetic interaction fdr< 100 is well reported in
the literature [14, 151. Previous works include atomic excitations and ionization losse
with electrons in the absorber. The density suppression effect is also included. The
effects are collectively referred to as “collisional” energy losses.

For J> 100 the expression for collisional energy losses needs to be modifie
[16, 17], andQED effects like primary particle bremsstrahlung and electron-positron
pair production can become operative. As we are interested in the energy loss
ultrarelativistic monopoles in matter, we will need to consider these processes. He
we only have space to collect the results. See [15] and [17] for more details.

dE  dBon | dEpes | dBvrem , dFhaa
dc  dw + dx + + (8)

dz dz
dEen 7N, in m.3y? §
moshe g

Ne is the electron number density of the absorbds, the mean ionization energy of
the medium, andds the density effect;

where

dBpuir 16 g*¢*ZaN, ZaN
% IR 4 ln(y) =~ —wsm:ﬂn(v), (10)
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where Z is the atomic number of the atoms comprising the absorber;

d 16 ZN. a o} 137 ZN,
‘f;‘d & —?-—ﬁﬂvlnv &~ 1), (11)

and the energy loss for baryomimnopoles can be approximated as

dE A
d;“'(m) ~ _7A[ic)'n o~ —yAgep Nol(2) onag (12)

wherel(x) = 1 for I-monopoles, but folg-monopoleshe strong crosssection\(x) =
I(x) shad is explicitly a function of column depth

Monopole Electromagnetic Signatures

Signature events fot-monopolesare discussed with a specific emphasis on 1)
the general shower development, 2) Cherenkov signatures, and 3) earth tomograpl
with relativistic I-monopoles. The general shower characteristics are developed first,
as the other signatures are derivable from that model. -fmndpoles will be highly
penetrating primaries, interacting mostly via the electromagnetic force and all the while
maintaining their structural integrity. On average, there will be a -gteeily cloud
of secondary particles traveling along with th@onopole. Thus, we will call this type
of shower “monopoleinduced.”

Given a fast monopole passing through matter, the various electromagnetic pro
cesses can inject energetic photons, electrons, and positrons into the absorbing medit
If the energy of these injected secondary particles is sufficient, they may initiate ¢
particle cascade.n [17] we review a simple model to describe such a cascade. An
electromagnetic cascade can be initiated by an electron, positron or photon. In th
simple model we consider, the photon pair production length is equal to the electrol
(or positron) radiation length. In this model, originally developed by Heitler [18}, pho
ton and electron showers will develop identically. After reaching the shower maximum
at Xmx the shower size decreases exponentially with column depth. The attenuatior
length for the shower decay aft¥f. is approximately 2002z .

A monopole is highly penetrating and, as such, can initiate many cascades befol
stopping, but the energy injected into the absorber in any single interaction must b
greater than Ec for a subshower to develop. This restricts the inelasticiti:ttgjﬁ

10 (ﬁ%ﬁw)'l, for monopole-matter interactions which can develop subshowers and
contribute to the quasi—steady cloud of secondary particles traveling with the monopole
Lower inelasticity events will contribute directly to ionization without intermediate
particle production. For shower development the main process is pair production. Fc
a monopole of boost factor &1&@ J< 10 the shower size will be- 10+ particles.

It is surprising, and may seem courfetuitive,that the shower profile changes
very little while the monopole passes through a medium boundary. For example, il
traveling from the earth’s mantle into air the shower size is reduced3096 while
the density decreases by10+ In a more dense medium there are more interactions
per unit patklengthbut the subshowers range out more quickly. Thus, the monopole
induced quassteady shower is mostly fixed by the properties of the monopole and only
weakly determined by the absorber medium.
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The lateral profile is approximately uniform out to._a_lateral cutoff given by the

Molié di
oliere radius 2 s g ( ) (IUOMCV)
M= em? 35g/cm3 (13)

As defined, the Moliére radius is independent of the incident monopole energy, beir
determined only by the spread of low energy particles resulting from multiple Coulom
scattering. Within a distancBw of the monopole path will be~ 90% of the shower
particles [19].

Monopole Cherenkov Signatures

When a charge travels through a medium with index of refranti@ a velocity
E> &, Cherenkov radiation is emitted. The total power emitted in Cherenkov radiatio
per unit frequency and per unit length by a chargeZe is given by the Franiamm
formula ow

1
mi =raZy [1 - W] . (14)

The maximal emission of the Cherenkov light occurs at an a@lex=arccosg;)
where Qs measured from the radiating particle’s direction. Magnetic monopoles radiats

Cherenkov light directly [20] foriw > L, whereZ2 is replaced with (3_15)2 ~—4700 for
minimally charged monopoles. Cherenkov light from an electric charge source is linearl
polarized in the plane containing the path of the source and the direction of observatic
However, the polarization of Cherenkov light from a magnetic charge will be rotate
90 degrees from that of an electric charge. This rotated polarization in principle offel
a unigue Cherenkov signature for monopoles [21].

The monopolénduced shower also contributes to the Cherenkov signal. in par
ticular, an electric charge excess (of roughly 20% the shower size) will emit cohere
Cherenkov for wavelength€D>> Rw. For coherent Cherenkov th& factor will be
large: 185 Z2 & 10w The proposed RICE array may be sensitive to such a monopol
signature.

Earth Tomography with Relativistic Monopoles

Direct knowledge about the composition and density of the Earth’s interior i
lacking. Analysis of the seismic data is currently the best source of information abol
the Earth’s internal properties [22,23]. However, another potential probe would be tf
study of highly penetrating particles which could pass through the Earth’s interior an
interact differently depending upon the composition and density of material traverse
Thus, it may be possible to directly measure the density profile of the Earth’'s interic
[24]. Over a significant range of masses and initial energies, monopoles can pass thro
a large portion of the Earth’s interior and emerge with relativistic velocities.

Upgoing Monopole-Induced Shower

An upgoing monopolinduced shower will be created along the path followed by
an upgoing monopole. When a monopole passes through a medium boundary
shower size will change to reflect the shower regeneration rate of the new medium. T
nitrogen fluorescence signal for upgoing monopoles is too weak to be measured, |
Cherenkov light may be an observable signal. The future OWL/Airwatch experimer
may be able to see such an event. Radio—Cherenkov emission from the moon may :
be observable. An attempt to infer the high energy neutrino flux incident on the moc
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by detecting the associated radio emission from showers in the lunar regolith has be
undertaken recently [25]. Monopoles should penetrate the moon and emit sufficier
power in radio—Cherenkov to be observable by the same means.

Baryonic—Monopole Air Showers

The natural acceleration of monopoles to energies above the GZK cutaffiat E
5 x 10¢° eV, and the allowed abundance of a monopole flux at the observed super—-GZ
event rate motivates us to ask whether monopoles may contribute to the super-GZ
events. As a proof of principle, we have studied a simple model of a baryonic—-monopo
interaction in air which produces a shower similar to that arising from a proton primary
To mimic a protorinduced shower the monopole must transfer nearly all of its energy
to the shower in a very small distance. The large inertia of a massive monopole mak
this impossible if the crossectionis typically strongy 100 mb [26]. The cross—section
we seek needs to be much larger.

We model our arguments on those of [11] where thgiegnonopolesare confined
by Z; strings of colormagneticflux to form a colessinglet baryonic monopole. We
further assume that 1) the cross—section for the interaction of the baryamnicpole
with a nucleus is geometric; in it's unstretched state (before hitting the atmosphere
the monopole's crossectionis roughly hadronic\) ~ -2 (where , 5 Qcb); 2)
each interaction between the monopole and an air nucleus transfers an O(1) fractic
of the exchanged energy into stretching the chromomagnetic strings of the monopol
3) the chromomagnetic strings can only be broken with the formation of a monopole
antimonopole pair, a process which is highly suppressed and therefore ignored; oth
possible relaxation processes of the stretched string are assumed to be negligible [2
4) the energy transfer per interaction is séft,= K~ &. The colormagnetic strings
have a string tension I —,2. Therefore, whenO(1) of the energy transfer G),
stretches the colemagneticstrings (assumption 2), the length L,~1 increases by
& = dE/y, so that the fractional increase in length@&/L = J Consequently, the
geometrical crosssectiongrows v dfter each interaction.

Already after the first interaction, the cressctionis sufficiently large to shrink
the subsequent interaction length to a small fraction of the depth of the first interactior
Thus, O(1) of the monopole energy is transferred to the air nuclei over a short distance
just as in a hadrefinitiated shower. A gquantitative analysis yields the total distance
traveled between the first interaction and th€)th interaction is

ax~ D). (15)

Thus, the stretchable chromomagnetic strings of the baryonic monopole provide &
example of a very massive monopole which nevertheless traferof its relativistic
energy to an air shower over a very short distance. This baryonic monopole is therefo
similar to the air-shower signature of a primary nucleon or nucleus in this respect.
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VERTEX OPERATORS FOR
STRINGS ON ANTI-DE SITTER SPACE

L. Dolan

Department of Physics, University of North Carolina
Chapel Hill, North Carolina 27599255, USA

INTRODUCTION

M-theory and Type IIB string theory on ande Sitter (AdS) space is conjectured
to be dual to a conformal field theory on the boundary of the AdS space. Recel
formulationg™? of the IIB string onAdS5x S may be useful in giving precise data
about the large 't Hooft coupling limit of the fedimensionalN = 4 super Yang
Mills, which is conformal and lives on the boundaryAalS. Earlier®!, a quantizable
worldsheet action was given for the 1IB string on Ad8 S* x M with background
RamondRamond flux, whereM is T* or K3. The vertex operators for this model
can be explicity computed in the biffik Correlation functions constructed from
these vertex operators, restricted to the boundanAd®; will be those of a twe
dimensional spaetme conformal field theory. Mheory on eitherAdS, x S’ or
AdS x S'is dual to either three or sidimensional conformal field theories, but
these constructions, outside of the supergravity limit, remain elusive.

In this talk, we describe the difficulties in formulating strings on AdS, and new
worldsheet variables which thAdS; vertex operators are expressed in terms of. In
flat space, constraint equations on these vertex operators follow from the physic
state conditions coming from aN = 4 superconformal algebra. We generalize[4]
the constraint equations to AdS for the vertex operators for the massless states t
are independent of the compactificatiy, and show they are given in terms of
the D = 6, N = (2,0) supergravity and tensor field multiplets linearized around
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AdS; x S3. We work to leading order inD but because of the high degree of
symmetry of the model, we expect our result for the vertex operators to be exac
Tree leveln-point correlation functions for & 4 presumably haveD corrections.

COVARIANT WORLD SHEET FIELDS

P-brane solutions with an antie Sitter metric include nemero flux of Ramone
Ramond (RR) boson fields. In the RamédweleuSchwarz (RNS) formalism, these
RR target space fields couple to 2d spin fields in the worldsheet action for string:
on AdSspace. This violates superconformal worldsheet symmetry , since worldshee
supercurrents are not local with respect to the spin fields, and makes the worldshe
conformal field theory difficult to understand.

This problem has been overcome in some special cases. The Bevlafaits
formalism for manifest Lorentz covariant and supersymmetric quantizatior? VR
uses the following worldsheet fields. The bosonic fiefdg, 2 contain both leftand
right-moving modes. In addition there are lefnoving fermi fields T, (2),pi (2) of
spins 0 and 1, together with ghosk&(z), -.(z), and rightmoving counterparts of all
these lefimoving fields. These variables allow RamédRamond background fields to
be incorporated without adding spin fields to the worldsheet action as follows: in the
AdS; x S case, i.e. after adding RR background fields to the worldsheet action, one
can integrate out thp's, so that the model has ordinary conformal fiekds F, F
(all now with both left and rightmoving components) as well as the ghb¥ts

N = 4 SUPERVIRASORO GENERATORS

The N = 4 superconformal generators with= 6 are given in flat space )

T= —%6:3“‘83:,,, — pa09° — %apap - %8060 +(p+io) +Tc
Gt = _e—2p—£a(p)4 + %e—ppapbaxab
+ 6= 3007000 ~ 2,06° = 30(p +i0)0(p + i) + 070 +i0)) + G
G- =e" +Gg
J=8(p+io)+ Jo
G"-I- = eng(_e—Sp—2lcr(p)4 + %e—‘zp—iapapbaxab
+ e‘*"(—%&x’“&xm — pa06° — %a(p +i0)0(p+ ic) + %32(,0 +i0)) +eP9G;
J+ - ep+£ng

JT =g
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CONSTRAINT EQUATIONS FOR VERTEX OPERATORS

The expansion of the massless vertex operator in terms of the worldsheet fiel

o0

Ve Z gmlictoyinta+d y (5 6 §).

ma=—0o0

In flat space, the constraints from the left and riglolving worldsheet super Virasoro
algebras are:

(V).ivl,n = Ve VE'faabvl..ﬂ. =0
149,V . Va0 = =iV, 8%Von
Vo Vo Vo — S€a0ca 84 Voy =0, VaVoin =0;
641’;‘,1 = f’af’géasVn,l =0
ée‘mvﬁﬁg’lfn, 1= —fvséﬁsv,,,o
VaViVno — 38350309 Vo1 =0,  VgVp_1 =0
) yame,n = 0
for =1 £ m,n £ 1, with the notationea = d/dF, ¢, =d/dF, a> = —V*p. In
flat space, these equations were derived by requiring the vertex operators to sati
the physical state conditions
GsV=GV=GV=GV=TV="=0hV=0,
BV =RV=0, GIGIV=G{Gv=0
whereT,, Gﬁ : Gﬁ y I, ﬁ and corresponding barred generators are the left and right

N = 4 worldsheet superconformal generators. These conditions further Nfpply=
Oform>1orn>1orm<1 orn <1, leaving nine nexero components.

In curved space, we modify these equations as follows:
PV, = FL R K®®V,, =0
leobed B B FyVyp = —iFy K%V + 2iF*Vp o — E°V_1 0
FoFyVon — §€abea K4 Vo1 n =0, FoVon=0;
F, = BFER®™V, 1 =0
ée‘WFEFEFgV,,,, = —iRK "BV,,,G + 2P, o - E*V,
FaFiVoo— iepeg K% Va1 =0, FV,_ =0
There is also a spin zero condition constructed from the Laplacian:

(FaBa + teapcd KK Voo = (Fa Bq + 3e50a KB K Vy = 0.
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We derived® the curved space equations by deforming the corresponding equatior
for the flat case, which were presented above, by requiring invariance under tt
PSUZ2/2) transformations that replace thik = 6 super Poincare transformations
of flat space. The Lie algebra of the supergr®®U2/2) contains six even gen
erators K, ¢ SQ4) and eight odd generatofs, F . They generate the following
infinitesmal symmetry transformations of the constraint equations:

A; Vm,ﬂ =F, Vm,n , Aagp Vm,n = fab Vm,n
A: Vl,n = E, Vl,n ) A: %,n =E; %,n + 1:-F'cA\VI,ﬂ, s ﬁ: V—l.n = Ea V—l,n - t.-'F'c:I"’EI!,!rz .

LINEARIZED ADS SUPERGRAVITY EQUATIONS

The AdS supersymmetric constraints imply
FoFyK®Wy) =0, FpFR¥V;;1=0

(FoEo + 3easca KPKY Vi = (Fa Ba + 365 KK Vi = 0.

We can gauge fix to zero the vertex operators: Vi1 Vo1, Ve, Vi, and
therefore they do not correspond to propagating degrees of freedom. Furthermo
this gauge symmetry can be used both to set to zero the componentsvatiVno

Ts or no Ts, and to gauge fix all components of,\VV.,., Voo that are independent

of those of M, The physical degrees of freedom are thus described by a superfield

Vip = 800V +6°0°8%0iE 5 + 9208 e Tt
+ 6% 0780 00 (gmen + bun + Frun®) + 0%(F)a A7 + (8%)aP AL
+ 0“9"(53)50,’;},)2;"‘ + (63)“§5§Eo-g‘5x,';° + (53)¢(53)ap++ ad
This has the field content @ = 6, N = (2,0) supergravity with one supergravity
and one tensor multiplet. In flat space, the surviving constraint equations imply th:
the component fields&are all on shell massless fields, that 6%:1 u"d") =0and
in addition
O"gmn = ~Bnd, I™bmn =0, IxE =" =0
aabX§1b = 3&5X$.B = 0’ 8CbFiibﬁ = aESF:I::I:ﬁa = 0‘
where
F+-ad — 3&5}1;_“ , Fetad — 3a&A;+&, F-—ad aabaaBng—

x;‘o = aab&;b’ X;l.ﬁ = 6656‘;‘5 .
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The equations of motion for the flat space vertex operator component fields describ
D = 6, N = (2,0) supergravity expanded around the-dsirensional Minkowski
metric.

In AdS, x S° space there are corresponding gauge transformations which reduce
the number of degrees of freedom similarly, but the Laplacian must be replaced by
the Ads Laplacian, and the constraints are likewise deformed. We focus on the
vertex operator ¥ that carries the physical degrees of freedom. We show the string
constraint equations are equivalent to e= 6, N = (2,0) linearized supergravity
equations expanded around the AdS S® metric.

For the bosonic field components of the vertex operatorsAiti® constraint
equations result in

Oh% V™ = —40% 05, 8% 1% Gonn
Oh% k% 008 03 Gmn = Yeabcetgnk 5ok nl RS, Frvek
OrJFH+%9 =0, DRJAIY =0, OrGAF =0
Coaca PR ATTO =0, et hF AT =0
Ccaca tEREFHH00 =0 e ¥ RG FHTEE = g

t3° kY hhﬁ g5 Ogn Gmn = 0, taRB hf hbﬁ 6;}; 055 Gmn = 0.

We have expande@mn = 9y, + bmn+gmnf. The SQ(4) Laplacian is

1 ab ccd _1 4_-t3h.2d - ,
=8 Hoedt” tp =g Ebed®tR. In order to compare this with supergravity, we

need to reexpress the above formulas containing the igidtleftinvariant vielbeins
tatb,t%b in terms of covariant derivativespldn the group manifold. So we write

T8 = —0P* D, THé = o?®p, .

Acting on a scalarT. =tL andTr = tr, since both just act geometrically. But they
differ in acting on fields that carry spinor or vector indices. For example, on spinor
indices,

13V, = TRV, + 368 6%V, ~ Lobgocv,.
For AdS x S® we can write the Riemann tensor and the metric tensor as
Rmnpf = i (gmfﬁnp + gﬂpRmr - gnrRmp - gmp}?nr )

= —_ 1 _ab
Gmn = 50, Onab-
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The sigma matrices/"satisfy the algebra

o.ma.bazc + a.naba.:; = nmﬂag

in flat space, whereK™ is the sixdimensional Minkowski metric, and £ a < 4.
Sigma matrices with lowered indices are defined@ = % Hbca W4 although for
other quantities indices are raised and lowered \@h so we distinguishv;, from
Gc GdVncd | In curved spaceknn is replaced by theAdS x S° metric gnn.

We then find from the string constraints that the-ddimensional metric field
Os, the dilaton | and the tweform bys satisfy
%Dpr rg = — %(Urapoq)abaab Dp {gqs + .ﬁqa@b] + %(Jsapaq)abfsabpp [gqr + ﬁqr¢]
- Rrra). bTA - %Rr‘r bn - %R: brr
+ %F;;,"g" 0208 Sandpedys
%Dpr (Gre + Gre) =~ %(Urapoq)ab‘snb Dybgs + %(asapaq)abéab Dby
- R-rrc). (gf’\ + §TA¢) - %R: (grs + 3red) — %R; (Grr +Trr )
+ iF;;gh CrgaTsns 6. '
This is the curved space version of the flat space zero Laplacian con@itiprs =
Pygs = ppl=0.

Four selfdual tensor and scalar pairs come from the string bispinor fields
F+ab, Vi, AJg'a , A,*P . From the string constraint equations they satisfy

p ++ab _
b, D, Frieb =0

168005, D, FrroH — gHeg? D, F31oB) =5 SH Bt
We also find
- — h - 1, ghyr—
3DPD, V™ — 36%R08, Do V™ + 46008, Do Vig™ + 36.d Vi
= — 40’:;0’2,- (Se'f Gmn .

The last constraints can be written as

CeacatPE RF T+ =0, egatyf A5 F¥ =0
where
+—a8 — 85 g4+-a  4ab 4+-a
Ft—ed = § AE +tg A5

F—+aﬁ = 635 A;-f-a +taLb Ab—+d ,
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where
+—a8 — &b 4+—a | 488 4+-a
P08 = g7 gd=o 4 43 43
—+od — gab - b 4=
so F+ab and F*@ satisfy equations similar to those for 2

Independent conditions on the fermion fields are

Ohf o} émg = ~ 3k €cdab hyt i and
Ok ok £y = — O €edab B 69 X35F
tP s o by =0, t R ot Emy =0

tPomhEREI =0,  tPoRhGXET =0

caeab RGN O XA =0, eqemtBRIhP oTARHE =0.

We now show that theAdS; x S supersymmetric vertex operator constraint
equations are equivalent to the linearized supergravity equations for the supergravi
multiplet and one tensor multiplet @ = 6, N = (2,0) supergravity expanded
around theAdS; x S® metric and a selflual threeform. We give the identification
of the string vertex operator components in terms of the supergravity fields.

We will see that the twéorm bmn is a linear combination cdll the oscillations
corresponding to the five seffual tensor fields and the arsgl-dual tensor field,
including the oscillation with noewanishing background.In flat space, kn corre
sponds to a state in the NevBohwarz sector. In our curved space case, the string
model describes vertex operators fAdS, background with RamorBamond flux.
When matching the vertex operator component fields with the supergravity -oscille
tions, we find that not only the bispinoryy (which is a Ramond&amond field in
the flat space case), but also the tenset mclude supergravity oscillations with
nonvanishing sekdual background.

The linearized supergravity equations are given by
D" Dy’ = 3 B}, g%
= —'EI: mg:pq - f_f:' pqg:m + 2hP I_{::pq E:tq
D*H,,, = - 2 H;,, D?¢'
+ B [-AiPDy hgy + HyPIDp hyy + H} 9D hpy — LH:IDH? ]
where we have defined dr yggrS +B g'prs as a combination of the supergrav
ity exact forms § ydw,g ydbi, since we will equate this with the string field
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strengthH = db. We will chooseB' = 2. In zeroeth order, the equations are
Rrs = _lepq Hg Pd.

We define the vertex operator components in terms of the supergravity fielc
Obrs s hvs 1,150 < 5 (andX 1 < 5)as

HP"S = ggrs + 291!.-1'5 + BI Q;ra

Grs = hps — %grs hA)\

$= —% hl\)\
Fs;r-ll;ab = %(Upo'ro's)ab BI g;rs + Jab ¢++
F;;-ab — a.pab Dp ¢++
¢++ = 40! ¢I

: , . 0 : o)
which follows from choosing the graviton tradeoto satisfy I* — ho= -2C I,
and we have useiprs = ybs + by, + UbD,.

The combinationsC' I' and B'Gprs reflect the SO(4) symmetry of theD =
6N = (2,0) theory onAdS; x S°. We relabelC = C,,, B = B4+ . To define
the remaining string components in terms of supergravity fields, we consider linearl
independent quantitieS! 1I' BL glors, | = ++, +— —+ ——

Fin® = Yop0,0,) By _ gl + 6% 9%
Flo® = o?® D, ¢t

ot =4Ci_ 'y
Fs}rtab = 2(0,0,0,)* B!, g;;,., + 8%t ot
Fiob = gPeb D, g+

o=+ =4CL. ¢
V apis given in terms of the fourth tensor/scalar paL"LrC I, B'__g'mnp through
DPDy Vg™ =80l Dp Vg™ + 605 DpVeg™ o heod" V™ = ~80%05 6% G

With these field definitions, the string constraint equations for AdS, vertex op
erators reduce to the linearized supergravity equations for the vertex operator fie
components .

The fermion constraints imply the linearized AdS supergravity equations fo
the gravitinos and spinors, due to the above correspondence for the bosons and
supersymmetry of the two theories.
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Abstract

In 2+1 dimensions, the Cheimons Gauge theory of a simple groGpn
a manifold with boundary is known to lead to a WZW theory. When a source
characterized by the Cartan subalgebraf G is coupled to the Chei®imons
theory, the corresponding WZW theory is modified. We study the consequences
of this modification on the corresponding Kidoody and the Virasoro algebras.
The relevance of this development to the microscopic structure of the AdS3 black
hole is pointed out.

1 Introduction

It has been known for sometime [I] that, for a simple gauge g@&uthe CherrSimons
theory in 2+1 dimensions on a manifold with boundary leads to a WZW theory. It
is also known [l, 21 that when a source characterized by the Cartan subdigebra

G is coupled to the Chef@imons theory, the corresponding WZW theory is modified.
The main purpose of this work is to study the structure of-Keody and Virasoro
algebras of the modified theory and compare and contrast them with the correspondir
algebras in the absence of a source.

Our initial motivation for studying such algebras was to understand the microscopi
structure of the AdS3 black hole [3], which is a solution of free Einstein's equations with
a negative cosmological constant. It is well known that the free Einstein theory in 2$.
dimensions with or without a cosmological constant can be formulated as a free Che
Simons theory [4, 51 which has at most a small number of degrees freedom. To accol
for the degrees of freedom which are responsible for the black hole entropy, a numb
of interesting suggestions have been made. In one way or another, these suggesti
make use of a conformal field theory on some boundary. In one of these [6], use is ma
of the asymptotic behavior of the black hole solution [7] to obtain a conformal field
theory at infinite boundary. In this case, one does not directly count the states bl
makes use of a formula due to Cardy [8] for the asymptotic density of states. In anoth
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approach [9, 10], Cher@imons theory is studied on a manifold with boundary, where
the boundary is identified with an apparent horizon. One advantage of this approach
is that one can directly count the states. But the central charge of the corresponding
conformal field theory is different from the previous case, and the role and the location
of the apparent horizon boundary is not well understood.

A third possibility is to consider a CheBimons theory coupled to source on a
manifold with boundary. The motivation for adding a source is the requirement that
all the information concerning the black hole, e.g., its discrete identification group, be
encoded in the Cher8imons theory. It is easy to demonstrate that the free Chern
Simons theory is not sufficient for this purpose [12, 13, 11], so that the inclusion of the
source is essential. This brings us back to the primary motivation underlying the presen
work. In section 2, we review some known results on free Cienons theory on a
manifold with boundary and the corresponding WZW theory. In section 3, we study
how this WZW theory is modified in the presence of a source. In particular, we point
out that the resulting conformal field theory has a twistedMaody algebra. Finally,
the implications of this result for the entropy of the AdBlack hole are discussed in
section 4.

2 Chern-Simons Action and Boundary Effects
For a simple or a semimple group, the Chern Simons action has the form

1
les =TT 2

4S ‘i\/|A/\(dA+ S ANA) M
where Tr stands for trace and

A=A dxH (2

We require the 2+1 dimensional manifold M to have the topoRgy 3 with 3atwo
manifold andR representing the timlike coordinate x0. Moreover, in accord with
Mach’s principle, we take the topology &fto be trivial in the absence of sources, with
the possible exception of a boundary. Then, subject to the constraints

1 ..
F*lA] = 55"‘(3_5142 — A+ L ATAT) = 0 (3)

the CheraSimons action for a simple group will take the form

I, = Qiﬂ fR dx L d2x (e ATGAY + AGF,) 4)

wherei,j = 1,2.

Up to this point, our analysis is independent of whether the manNbldoes
or does not have a boundary. Let us now assume that the two dimensional surface
3has the topology of a disc. The main advantage of this approach is that it is not
necessary to identify this boundary with a specific physical boundary such as a horizon
The manifoldM is still a topological manifold without a metric, and the topological
features of the Cher@imons theory is maintained. Moreover, since there is no notion
of a distance irM, any physics which can be extracted from the CHgimons theory
on such a manifold, must be independent ofdizeof the disc and hence ofthe location
of the boundary relative to some internal features such as a source.

From our point of view, a Chei@imons theory on a manifold with boundary must
have the correct information encoded in it so that it can describe a physical system c
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interest. So, the topology of the manifdltl must be chosen with the specific physics

in mind. As pointed out in the introduction, one of the applications we have in mind
is the entropy of the AdS3 black hole. In that case. to be compatible with Mach"
principle, there can be no ndivial features withinM in the absence of matter. This
means that in the absence of sources, a Wilson lody ia contractible to a point
and that to have nenvial observables, we must couple the CHeimons theory to
sources. Therefore, what we wish to explore here is a Ghirons theory coupled to

a source on a manifold with boundary. For comparison and contrast with other works
let us first consider the theory in the absence of a source.

The main features of a CheBimons theory on a manifold with boundary has been
known for sometime [I, 2]. Here, witM = R x 6 we identify the two dimensional
manifold 3with a discD. Then, the boundary dfi will have the topologyR x S.

We parametrizeR with Tand $ with | In this parametrization, the Che8imons
action on a manifold with boundary can be written as

ko 2 .k
Sou= o A{ Tr(AdA+5 A + [ AuA., )
The surface term can be justified by, e.g., requiring the cancellation of the surface tern
which arise in the variation of the first term. It vanishes in the gauge in which At = 0
at the boundary. In this action, &t = A + A Wandd = dt_t‘N + d. Then, the resulting
constraint equations for the field strength take the form

F=0. (6)
They can be solved exactly by the ansatz [l, 2]
A=-dUUT, @)

where U = U(I, Wis an element of the gauge group. Using this solution, the
ChernSimons action given by Eq. (5) can be rewritten as

R ey 2 BT e -ren
Swaw = 13- fMTr[U WP + o faMTr(U B U U18,U). ®)

We thus arrive at a WZW action and can take over many result already available in
the literature for this model. As in any WZW theory, the change in the integrand of
this action under an infinitesimal variatio® of U is a derivative. We interpret this
to mean that U = U( W i.e., it is independent of the third (radial) coordinate of the
bulk. In other words, the information encoded in the disc depends only on its topolog
and is invariant under any scaling of the size of the disc.

The above Lagrangian is invariant under the following transformations dfl the
field [2]:

ucr,wWm: =(hu: (W (9

where © () and : (Ware any two elements @. To obtain the conserved currents, let
U mU +dU. The corresponding variation of the action leadswa® mSwzw +
Gwzw, where

k -
§Swow = 5- j; (DU BU)eU. (10)
We thus obtain an infinite number of conserved currents:
k

Js= —5UT0,U = J°T.. (11)
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Here, T. are the generators of the algebra of the gr@mnd J is a function of
only becauseu\ = 0.
If we expandJi in a Laurent Series, we obtain

Jo = TJaz™", (12)
wherez = exp(i). As usual,J, satisfy the KagMoody algebra

1
[JrsIm] = 2 Tmtn + §kﬂ9°55m+n.o (13)

The corresponding energy momentum tensor for the a@mmw can be computed
using the Sugawara construction :

1 1
Toe = s Jdeds = 5

EYye I it = TL, 27, (14)

where .
L. = 5 SIREYS.
The L, operators satisfy the following Virasoro algebra:

[Las L] = (7 = m)Lnsm + 15707 = Dnmo, (16)

with ¢ the central charge.

3 The Coupling of a source

Next, we couple a source to the Ch&imons action on the manifold which, as in

the previous section, has the boundaryF&. In general, we take the source to be a
representation of the group G [12, 13]. To be specific, let us consider a source actio
given by [1, 2]

Suouree = [ drTri(r)™(8; + A Jo(7). (17)

Here O= GH, whereH, are elements of the Cartan subalgebraf G. The quantity
w(t) is an arbitrary element @. The above action is invariant under the transferma
tion w(t) mw( W( Wwhereh( Weommutes withO

Now the total action oM is,

k 2 k }
St = 7= [ Tr{AdA+ Z4%) + L [ AsAo+ [drTr(nar) ™8 + A)ut)  (18)

The new constraint equation takes the form,
X fe) 4wl (1)8%e - 1) = 0, (19)

where x, specifies the location of the source, heretofore taken to be the origin. The
solution to the above equation s given by

A=—d00mt, (20)
where[2] \
U= Uexp{Ew(‘r)z\{-«"’l(1')¢’]| (21)
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The new effective action on the boundad¥ is then
1
St = Swaw + 5 [ Tr(N9,U). (22)
This Lagrangian is also invariant under the following transformation:
U(¢,7) = UWUQA7) (23)

where : (Weommute with O Varying the action under the above symmetry transfor
mation, we get

6Stotal = 6SWZW + 6Saourcev (24)
where]1]
1 - -
88 source = 5; [TT‘ (—U IEU[U 18,U, )i]) . (25)
Hence, the requirement tha&otal = 0 will give rise to the conservation equation
ko _ 1
a. (—aU ‘3¢U + 5[1?1{’7,)\]) =0. (26)
Thus, the new total current is given by [11]
s k_._ 1
J, = -§U 13,0 + §[InU, A (27)
A solution of J1 can be written in terms of the current in the absence of the source:
Jp = e¥ Ty ¥ (28)
Then, it is easy to check that )
& J, =0. (29)
We can also rewritef ¢ in the form [11]
j¢. = 0‘13¢6’, (30)
where L .
U=eFUe ¥, (31)

With the new currents at our disposal, the next step is to see how this modificatic
affects the properties of the corresponding conformal field theory. In this respect, w
note from Eq. (28) that our new current} | are related to the currents th the absence
of the source by conjugation with respect to the elements of the Cartan sub&lgebra
of the groupG. This kind of conjugation *has been noted in the study ofaody
algebras [14]. So, to understand how the coupling to a source affects structure of t
sourcefree conformal field theory, we follow the analysis of reference [14] and expres:
the algebra of the grou@ of rankr in the CartarWeyl basis. LetH' be the elements
of the Cartan subalgebra and denote the remaining generatdes byhen,

[H', H?] = 0
[H', B*] = o' E*
éle, BYET? if o+ B is a oot
(E®,E*] = { 207 %a.H) fa=-8 } (32)

0 otherwise
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In this expression, & i,j < r,and D dfe roots. Now we can rewrite the affine Kac-
Moody algebrag of the sourceless theory of the last section in this basis as follows:

(Hi, HI} = kmb6m, _n

(Hi,. B3] = of E,

m+n
elo, NESE if o+ B is a root
[E2,E8) = 20~ o Hppn + kmbp ) ifa= -3 (33)
0  otherwise

We also note from the last section that in the absence of the source the element Lo
the Virasoro algebra and the curredfshave the following commutation relations:

{L01 J:] = n‘}:‘ (34)

With these preliminaries, it follows from Eq. (31) that the symmetry algebra of our
solution U( | t) can be realized as an inner automorphism of the algebra g in the form
0(J,) = J, ¥, where, suppressing the couplikg

J= e« (35)

The map dhas the propertyng 1. This implies that Nl 4 an integer multiple of
2 Sfor all roots D - g. The algebray in the modified CartaiWeyl basis is given by

§(H') = H'

ﬁ(Ea] = ec,\.aEaf (36)
Thus, the basis dj consists of the elements},, and Efwhere m+ Z andn - (Z+%2).
These operators satisfy a Kisloody algebra which is formally the same as those of
g but with rearranged (fractional) values of the suffices. Hence the algebra g can b
viewed as thé'twisted' version of the algebra g.
Given their formal similarity in structure, it remains to see to what extent the
algebrag and its twisted versiog are physically equivalent. To get some insight, let

us see to what extent we can undo the twisting. To this end, we introduce a new ba

for § , . _
F: = E:+A,o=}2ar! I; = H:a + k/\‘&n_c./?ﬂ', (37)

The new operators,_#and b satisfy the untwisted algebra’of g. So, in this basis the
presence of the source does not affect theM@ady algebra. However, in this basis
the Virasoro algebra is modified. For example, instead of the opdratore get

Ll = Lo ~ A\H/2n. (38)

This change has important physical implications. For one thing, it implies that the
symmetry of the ground state has been reduced @otm H. In other words, in the
absence of the source, the ground state is a linear representaBowhareas in the
presence of the source, the ground state is dimear representation d& which is
linear with respect to the subgrol. Similarly, the loop group symmetiyG is
broken down toLG/H. This turns out to have important consequences for the black
hole entropy, as we shall see in the next section.
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4 The Entropy of the AdS Black Hole

Consider first a derivation by Strominger [6], in which use is made of an earlier work by
Brown and Henneaux [7]. Starting with standard (metrical) Einstein theory with- a neg
ative cosmological constant, these authors demonstrated that under suitable bound:
conditions the asymptotic symmetry group of AdS3 gravity is generated by two copie:
of Virasoro algebra with central charges

€L =CR = 55 (39)

wherel is the radius of curvature of the AgdSpace, ands is Newton’s constant. The
presence of such a symmetry indicates that there is a conformal field theory at tt
asymptotic boundary. It was shown by Strominger that the BTZ solution satisfies th
Brown-Henneaux boundary conditions and possessed an asymptotic symmetry of th
type. So, he identified the degrees of freedom of the black hole in the bulk with thos
of the conformal field theory at the infinite boundary. Then, using Cardy’s formula [8]
for the asymptotic density of states, he showed that the entropy of this conformal fiel
theory is given by

2rry,

S = G (40)

in agreement with Bekensteitawking formula.

The strength as well as the weakness of this derivation rests on its independence fr
the details of the black hole’s microscopic structure. It relies only on the diffeomorphisn
invariance of Einstein’s metrical theory and the asymptotic symmetry of the black hole
solution. These features are, however, not limited to the BTZ solution [11] and apply
to other regular horizonless solutions also. This is clear from the work of Brown anc
Henneaux [7], which preceded the discovery of BTZ black hole. In particular, to any o
the horizonless solutions which have asymptotic Virasoro symmetries, we can associs
a conformal field theory with notrivial degrees of freedom. We would then be led to
assign the corresponding entropy to the horizonless solutions also.

To obtain the entropy given by Eq. (40) from a more intrinsic microscopic structure,
attempts have been made to derive this expression from -Skmeoms theory on a
manifold with boundary. Most of these attempts [9, 10, 15, 16] are based on pur
ChernSimons theory for which the manifolfl is identified with spacéme. An
alternative possibility [12. 13, 11] is to consider a Ch&mons theory coupled to a
source on a manifolt with boundary, which is not identified with spatme. What
all the approaches using the Ch&imons theory have in common is that in one way or
another they lead to a conformal field theory in which one can count the states directl
Among the features in which they differ are the values of the central charge ¢ and the
lowest eigenvalue', of the operatorL,. Both of these quantities figure prominently
in the computation of the asymptotic density of states. Whewmanishes, Cardy’s

formula [8] states that
A
p(B) % exp(2my[ =) (41)

In this expression,R" is the number of states for which the eigenvalue efis $,
and it holds for large

When the lowest eigenvalue does not vanish, the analysis is somewhat more
subtle, and the asymptotic density of states for ldrge given by [15]

(c — 24A0)A

2200 (80) = exp(my U200 (42)

plA) = e.rp{:er
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From the analysis of the last section, it follows that in the presence of a source thi
eigenvalue' is in general nonvanishing. We therefore expect that the expression
for the entropy of the AdSlack hole obtained in our approach will be different from
those obtained by other (sourceless) approaches based onSChens Theory. The
details will be given elsewhere.

This work was supported, in part by the Department of Energy under the contrac!
number DOEFG0284ER40153.
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Westport Connecticut, 06880 USA
Email: ajmeyer@optonline.net

INTRODUCTION

The Total Mass of the Super Spin Model Universe is a Function of only Four
Fundamental Parameters.

This is a briefreview ofthe Super Spin Model (SSM), wherein the relationship,
M= P(he/G)rexphcl/e?),

was established for a nestationary axisymmetric spacéme, where Méis the space
time’s total conserved energy.

Also established were three additional independent equations for the mass ‘M’ of su
non-stationary axisymmetric spacéimes, which led to a set offormal linkages among:

The Universal Gravitational Constant ‘G’,

The Fundamental Quantum ofElectric Charge ‘e’,

The Fundamental Quantum of Action, Planck’s Constant’ ‘h’,
The Speed ofLight ‘c’ in Vacuo and

The Electron and Proton Masses, me amd m

This set of connections, in turn, led to linkages among the four fundamental forces
the Gravitational, Electromagnetic, Strong, and Weak. These linkages are discusse:
Meyer (095). The present paper primarily consists of a brief synopsis of the unificatic
of ‘G’ and ‘e’ along with a short overview of the Super Spin Model.

1 = h/2s

Quantum Gravity. Generalized Theory of Gra vitation, and Superstring ThBasgd Unification
Edited by Kursunoglu et al, Kluwer Academic / Plenum Publishers. New York 2000 6



The Super Spin Model yields a mathematical relationship between the universa
gravitational constant ‘G’ and the fundamental electric charge quantum ‘e’ in terms of only
Planck’s constant ‘h’, the speed of light ‘c’ and the proton and electron massesidn
‘me.

From this relationshp, it is now possible to compute the value of G with much greate
accuracy than the current experimentally measured value of 6.673 emi/gm/sed,
which has arelative standard uncertainty of 1.5% 10

The new theoretical value of G as calculated in terms ofthe betasured values of
the above fundamental parameters is: 6.67294%griitigm/seé. This new value has a
relative standard uncertainty ofonly 1.092 x. 1@roviding this model is correct, the new
value of G is over a thousand times more accurate than the cuxpetimentally
measuredvalue.

A Sample of Additional Predictions Calculated Directly from the Super Spin Model

The Mass ‘M’ ofthe universe is predicted to be:
M=4 S+(hc/G) exp (hc/g =2.8062060 x 18gm; which implies:
The gravitational radius ofthe universe is: 2.0835498 % d.
The present decay time for an isolated neutron in vacuo is predicted to be:
t,=( Yce)2 Gm, (m/m)wexp( he/é) = 15.317381 minutes.
The present Cosmic Background Radiation Temperispeedicted to be between:
2.7193Kand 2.736 K.
The present value ofthe Hubble “constant” is predicted to be:
2.159167 x 1®/ sec = 66.593 km/secMpc.
The present age of the universe is predicted to be: 15.253369 billion years.
The presentdensity of the universe is predicted to be: 3.303909brhicnT,
The Cosmic Temperature at Creationis predictedto have been: 5,2777301.10
The total Number of protons H\ in the universe is predicted to bé°2
The total Number of electrons éNin the universe is predicted to bé®2
The relative abundance of Heliumin the universe is predicted to be: <~ 25.79%.
The presentNumber of “flywheel” neutrinos,'Ns predictedto be: 3.05 x 1091.
The present average energyl‘of the “flywheel” neutrinos is predicted to be:
0.0015lev.
There is a more complete list in the earlier published SSM paper, Meyer (1995).

However, the calculated values for G etc. in that paper are based upon the 1986 publicati
from N.I.S.T. while those in this paper are based upon the 1998 firtdings.

> December, 1999.
The SSM gives the average Cosmic Background Radiation (CBR) photon energy as a function of F as:

B= {(hc/G)3/[2 Sexphe/2e )]} {43 § —[2(1+sin))]¥)/[8sin) (5) — 3sin ) cos )]} . Where) isan

expansion parameter, which at present is predicted by the SSM to be: 1.52413073, The average photon
energy as a function oftemperature may be approximatet=a@8/15 kT, or as H= 3[ [(4)/ [(3)]KT. The

latter form (with the Riemann zeta functions) is based upon integration over an infinite range of frequencies
and gives the present CBR temperature as: T =2.7360 K. The equ#ti@8/15 kT, which is based

upon a calculation ofthe average photon’s volume, assumes that photons completely filled the space ofthe
early universe before matter condensation took place, gives the present CBR temperature as: T=2.7193K.
The actual CBR temperature may reside in the range between 2.7193 K and 2.7360 K, with the mean
temperature being 2.7277 K.  See.Meyer(1995)

4 CODATA Recommended Values ofthe Fundamental Physical Constants: 1998, PeterJ. Mohr and Barry N
Taylor, National Institute of standards and Technology, Gaithersburg, MD -B338349 USA
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OVERVIEW

In this paper, a few highlights of a cosmological model, dubbed the Super Spin Mod
(SSM), are presented. The Model comprises a set of equations linking the univers
gravitational constant ‘G’ to the electron charge ‘e’ and to other fundamental parameters.

These interconnections are then interlinked with equations describing the strong a
weak forces interms of the same fundamental parameters.

This model is based upon the Kerr family [Kerr (1963)] of stationary solutions for the
empty space axi-symmetric- EinsteinMaxwell - source free equations. An expanded
Kerr topology and thermodynamics is used which incorporates both the inner and out
event horizon areas as a measure of entropy, thereby achieving Third Law consistency.

These results are then extended to includestationary axsymmetric spacémes,
which possess nestationary “evolving” eventhorizons.

Due to their parametric simplicity, the Kerr family of solutions for the empty space
axi-symmetric EinsteirMaxwell source free equations (i.e., uncharged Kerr black holes)
provide a rich laboratory in which to perform “gedanken versuchen.” This uncharge
family is determined by just two parameters: Eg@nd  where Eidvthe total energy of
the spacdime and'g” is its total angular momentum. This family is represented by the
following metric:

KERR MERIC
( 2R r-0’ -aR! 5in*0 )
:oz 2 du’ @ N dudé dude 0
g, dx'dx’ = :‘-’-‘-‘-;-‘,i’i-ﬁdwu R’%df _asin*6d¢dr O
drdu ~asin’ 6drd¢ 0 0
\ 0 0 0 o'd6?
Where:

R,= GM/¢ = Gravitational radius of spatiene,

a = Spactime’s specific angular momentum radius = J/Mc,

V=r2+ &cos T= Space-time’s rotation radial coordinate offset,

R = 2Ry

Tz = Rz1 —r - 32=

R,! = (7 + a%)* + yalsir,

Mc2 = Conserved total energy of spéoee,

J=1# |=aMc = Scalar value of spatime’s angular momentum.
Such that:

-8,S r< 48,

-8 <u< +8,

0<1<2S

0<T<S

Note, there exist two nenegative event horizon radii, @and r, which are the conjugate
solutions ofthe equatiord(r) = 0, which_are’
r,=Ry = [R~a'}"%

65



They can be ravritten as:
1, =Ry [1 + sin(x D)) =

8l = Lr.= Rszcosz(d)) and r, +1_=2R,.

Hence, the spaeime’s specific angular momentum radius is parameterized in terms of
and %)
a = a(x®) = Ry cos(®) = GMcos(P)/c”.

The angle ' is therefore a measure of the magnitude of the spiaees angular
momentum (and/or expansion state). Thatis:

XM, = @) = a(z®)Mc = RMccos(®) = GMcos(P)c = | (M, = D))

As is easily seen,)=x0, implies a maximally rotating Kerr spaime and
) =+ 32 implies a static Schwarzschild spdicee.

WHY DOES THE UNIVERSE EXPAND?

In the beginning when the universe was in a sdeese energy state, how could it
possibly expand and overcome the intense gravitational fields that should have reduce
to a state of permanent and complete gravitational collapse?

According to the Super Spin Model, the reason the universe expands is due to
initial structure-its topology. Ifenergy were distributed in the form of maximally rotating
Planck density string, then it would naturally begin to expand in three dimensions in spi
of its huge density.  Such a string is already -ipfated” in one dimension, while
"compressed" in the other three.

One may visualize this beginning state as a circle of light—a gemseécido ring
singularity — a closed string of maximum energy density light consisting of Planck mas
photons=primatons.” See Wheeler (1955) and Meyer (1980).

THE DESCRIPTION OF THE SSM UNIVERSE (U) AS A ROTATING
NON-STATIONARY AM -SYMMETRIC SPACE-TIME

One way to produce a model of a m&tationary axsymmetric spacéime, is to
characterize the entire family of stationary uncharged Kerr solutions for the empty spa
axi-svmmetric EinsteiMaxwell source free equations as the set of ordered pairs:

{<M,I>} = {<M, )z P)>3[-n/2 s D s n/2]}.

Such a parameterization gives the entire family of Kerr solutions in terms of only twi
parameters ‘M’ and )’ and only two universal constants ‘G’ and ‘c’.  That is any member
ofthe Kerr Metric Family can be represented as the ordered pair:

<M, J(®) > =< M, GMcos(d)c >

From (A), by treating 4), as a duatime dependent variable, it is possible to transform
the Kerr metric for thestationary familyof completeevent horizons into aingle dual-

5 Geons are gravitational electromagnetic entiti@hey are objects wherein light has sufficient energy to
be gravitationally confined. That is, light, itself. forms a sort ofblack hole Wheeler developed this concept
in 1954.
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valued timevarying metricwhich governs the evolution of incomplete event horizons
growing in both directions in bothand B = 32+ ), starting from) = +0, where:

1:{0) =R and 6.(0)=n/2.

For the stationary metri@d), when J(r) = O« r. = R, + [R2 — &]¥2 then ds= 0.
However, this is not generally true when the metric coefficients of (A) are written as
function ofthe parameter )That s, for the metri¢A):

dst/d) is generally 0, ford(r.) = 0, when 1) is aduaitime dependent variable.
Rewriting (A) in terms of its past directed and future directed-stationary event

horizons, we get:
sm E)(lti;1 2aR’, sin’ Bd¢du, A sin’ Odu?
a, o,

% ®

ds} = 01d0’ - 2asin’ 6dr dé+ 2dr du, o R

Where.the haundry_conditions of ‘U’ are:
0<sr <Ry <2R, :
0<0.=n2-P< 0<n/2+P=0,,
0< ¢< 2m,
-~y s o,
And: . Rﬁ[l + sm(::di)] event horizon radii,
0* =1’ + a’cos’0 = “rotation offset” radii,
Ra(®) = [2Rgr: 1'% = [r.2+a%]" = Ry[2(1 sind)]"? = the radii ofgyration of event
horizons and
: 2())=cdl/du.=-g.())c/gi()) = ac/(R.)>= ccos)/[2R,( 1% sin))]
are the dual event horizon rotation rates.
For a constant M, one can see thatrtfenents of inertiare L= M(R..)?, since:
. =J(*)) =a(x))Mc = RMc coq)) = GMcoy))/c=|$ (z=))

The above formulations are valid for the subset, U, of thesgmaimetric spacéme
manifold¢ M, such thatJ is isomorphic to the intrinsically nestationary region which is
partially bounded by or swept out by the two “incomplete” event horizons with radii:
r. = r()(t.)), provided that the initial configuration (fluctuation) of the sptice is
isomorphic to a Planck density closed string, spinning at the speed of light, (i.e. a geon
pseudo ring singularity). Note that af =+ 32 the U becomes identical to a
Schwarzschild black hole with complete and stationary event horizons. It is also critical
notice, that for constant (the stationary case), the rt are the loci of null mmefaces,
but for variable) (the nonstationary case) thelociare null only where:

cog T=sirt) » T= T y32+)

There might also exist an independanti M y-M simultaneously created with equal energy and
angular momentum, but with opposite parity
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ABOUT THE BOUNDARY CONDITIONS:

The Heisenberg uncertainty principle dictates that the initial conditions are calculated
when: sin® = sin®, « O, = +Nx /N,

where: N,= M/m,= R/R, = either thadimensionless mass thedimensionless
gravitational radiusof U,
where: m, y (hc/Gy? y Planck mass

and R, y(Gh/&)” yPlanck radius

In this model, only the initial boundary conditions are positgdi@i. The final
boundary conditions are “teleological,” based upon positing that F is a function of some
temporal variable ‘t'. That is& = &t) is a time varying function, with sg&( = sgn(t)
and with ) ~ +0 corresponding to¢+0

The initial state is a maximally rotating gravitationally closed Planck density string of
mass M. This initial state is also isomorphic, at least in terms of its mass and angul
momentum, to an extreme Kerr black hole, and is topologically geasiorphic to its ring
singularity.

The final state, af) =+ & is a Schwarzschild black hole of mass M, which is the
fully expanded nomotating Kerr solution with:

a(xn/2) =0,
r(-n/2) =0 and
r(+n/2) =2R, =Rs, the Schwarzschild radius.

Note: The excess angular momentum energy, givenByMc,[1-1/ 2], not taken
up by the expansion, see Christodoulu (1970), is hypothesized to be taken up by tt
generation of flywheels surmised to be a species of neutrinos. Some of the excess n
also be stored in the rotational energy of galaxies, stars and other spinning and rotatir
objects.

7 This is due to the fad that the creation process has to be complete and its minimurtisgEeg@nularity
increased to the Planck limit before the universe is as old as its Comptortiid®second. Otherwise it
would return to the vacuum. See the further se¢li@MMPORAL MEASURE” and Meye 1995).
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Photon Energy Density as a Function of Wavelength

(Planck Units)
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Figure 1. This illustrates how energy density is inversely propoxtional to the square ofthe
energy, while wavelength is inversely proportional to the energy. In general, any infinite

mass object has zero density if its volume is proportional to its gravitational radius raised to
any power greater than unity.
Thatis: A —0 =p—0,
A—ody = P Pas
h— oo = [ R d 0.
Where: hq = 27R,, = 25(Gl/c)'?,
Put’ = €' 189G h.
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THE INITIAL CONDITIONS:

When: 1{P)=Ry= &= R,
0.4(P) = /2 £ B, w /2 and
| @S | @, =N, = 0,
there exists an extreme gravitationally closed Planck density string ofle@gthwhere:

Ca= o [ggm-o]]m d$ = 4mR,,
which e

Maximum Possible Electromagnetic Energy Densityjcz = ¢/8 3Gzh.

Maximum Possible Action for the Gravitationally Closed Spage =; (0) Z&M
Maximum Possible String Tensionz3Mc%/ C,. = c4/4%5.
MaximumPossibleVacuumPolarizationEnergz..= €(c/hG)-2

Maximum Possible Photon Energy&.,,= (h¢/G)2. (SeeFigures 1,2,3 & 4

In other words, our main postulate is that the initial fluctuation is asimgular
coherent toroidal electromagnetic disturbance of Planck dendity, This fluctuation is
formally identical to a toroidal geon, or a closed circular string composed pfilhaton
photons, with total initial angular momentum magnitude:

J(0)=[ #0)* #(0)]'*-
B[Ng* +2N,7+3]'% m
n(N,)* = R;Me.

The inner and outer event horizon areas are calculated by:
w2+ ) Im ’

A(z®) = f(m4} ja\"(g“ 8o ) 0006 = 4R, 2 sin(+P) = 8aRE sin(x DY 1+ sin(+®)].
Therefore, théotal nethorizon area for the SSM Universe is reckoned by:
Ay® (@) = A(+®) + A(-D) = 167(R, sin®).
Moreover, the spatial volume or hyparrface area ofthe SSM U is calculatedeas:
Ay @) 4R sind(5® — 3sindcosd).

We also find that the total spatine volume or 4volume (ignoring thee-1 coefficient) as
a function the expansion paramejds:

Au(P) = Bre/d) (DR sit’D (3 + 2 sin’D ~ sin' D).
Of course, thelengthC, is the one dimensional “area:”
AyV(®) = 4aR,.

& ) HIr( ) ))=0, Cx= &[g 11(c0]”d | = 4 Ry= circumference of both inner and outer event horizons

at the “equator” (the space orthogonal to the axis of symnjetry, (0),Tke32.) Note,the circumference is
constantfor all) and henceis independent ofthe event horizon radii.

o SeeFigure 1. and the discussion about maximum energy density electromagnetic quanta in Meyer (1980
1 This spatial volume calculation is worked out in Meyer (1995).
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TEMPORAL MEASURE

Please note, there always exists a net time intett4),), (which is the difference
between the current future directed and-pastcted time displacements, i.e.:

AL(D)m l,w)-%(g;m -u_m) -Bj[-ln(l-sinqb)-!n(l +sin®)]= —Ec'-fu(l -sfn’q»)

slireroed st dirorind
In general: ety(=P )= -Ry in(cos’D).
Therefore, forthe small angle at creatipn ) . =t(+ J/N,, one gets:
cty(x®, ) = —Rg In{1- sin’ ,) w Ry®,” = 7Ry /N, = /M,

which isone halfi:the Compton wavelength ofthe SSM universe. And at maximum
expansion, when) =+ $2:

ct{=n/2 )= -R, In[1- sin’(xn/2)] = +00,

The pastdrected timg is:
t(P)=u(Pyec =R, In(1 + sind)/c

Note, when) =) then t-() +) = 15.25 billion years

Again, please sdeigures 2,3and4, which provide schematics showing how the SSM
universeevolves.

The expansion parameter, F, grows in both directions away from an origir
)~+0. That is, the spacBme expands, “both ways® in time. In the beginning, the
spacetime or “creation ring is a closed cosmic string with an “inflated” circumference of
276.75 billion lightyears. Sincg, the angular momentum vector, is a cosine function ©
& then by increasing ) | the angular momentum magnitude is decreased and the spa
expands.

As ) approaches #2, the outer event horizon approaches the Schwarzchild radius
and the inner event horizon radius approaches zero.

The state of the original SSM string universe is balanced on a “razor’s edge,” wher
the “centrifugal” acceleration is precisely balanced with the gravitational. However, du
to the tiny areas of the primaton event horizons, the string will rapidly “evaporate” vie
Hawking radiation into its ergosphetavithin 2.60 x 1G°seconds.

Reiterating, we transform the entire family of metrics into one dizak(t), time
varying metric, so tha) grows in both directions away from the origin ~+0 Thatis, the
spacetime expands a9 grows in both positive and negative temporal directions from
whenorwhere ) =), yt* S N,~=% 0.

At this epoch the spad@mne is a closed cosmic string with “inflated” circumference —
a pseudo ring singularity — which is a circle of Planck density primaton light — a Plancl
density toroidal geon.

1 This might mean there were two universes created. That is, there might be another U created with
opposite parity, so that the net angular momentum would be zero. In this paper we shall just be concerned
with one of them.
2 One can see that the maximum past time is always finite and the maximum future time is always infinite.
In the SSM, the ‘present’ is defined as the time when ) ysin a[(my- me)/( M+ me)]. See the further
section:“ON THE DETERMINATION OF m , & m.’
The SSM ergosphere is defined as the region:
{«n0,4®>}a(-n2 P <a2) a(05 ¢ S20)A{0 S {(a2-P) < B S A2+ D)< "]
(Togor ST % Toggee ) 30 S g =RJ 1- (1- cos™Peos'® }'# ] < L SRAL ~sind) £ Ry =R, (1 +sind)
S Tergor =R 1+ (1 - cos’Peos0)? ] < 2R, =Ry }
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Since [#1=RM ccos) , then by increasing the absolute magnitudeg diand|t-| i.e.
) | the angular momentum is decreased and the space expands.

The major hypothesis is that the universe starts as a “stringy” toroidal geon with ¢
initial (post creation) angular momentum magnitudg()|= RMc = hN,2 and with
total post creation constant energy E=Md. That s, after creation dEjd=0.

The energy E, just after the creation event, is hypothesized to equal the tot:
electromagnetic (EM) energy of the manifol|.  Moreover, this EM energy E is
localized within U(x0), a strintike subregion ofM, at t=+0. That is, it is postulated
that all energy was created originally as light, coherent light in the form of a maximur
density toroidal geon, U(x0). Where U is a set including and bounded by the tw
incompletely propagated event horizons.

The region U (Sekigures 24) is defined as:

U= {<r8,¢t(@)>3[(rsSrsn)(a2-[@<0<|®|+x/2),(0< ¢< ),
(w22 P<m2), (0S|t |<0)) } C M
One aspect of thBuperspin hypothesis is that the expanding spawe U()) stores
its excess angular momentum in rotating matter and neutrinos and upon full expans|
settles down to the Schwarzschild metric along a future directed time coordinate.
Another aspect is: ifthe standard FRW model is assumed, then the U will appear to |
have enough mass for gravitational closure. Nevertheless, itis closed inthe SSM metric

Future Directed
Light Cones Creation|

Ring

Apparent past “Big Bang”
incides with full exp
time.

Cross Section of
Creation Ring

Past Directed Light
Cones

Graphic by JefTrey L. Jones

Figure 2. Profile offuture directed and past directed light cones starting at creation ring as
projected onto the following space: {<+T * (- )1 T 92+ ))a( | —constant)}
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Figure 3. Portrait of evolution of SSM universe
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Graphic by Jeffrey L. Jones

Figure 4 (Solid View of Figure’s 2 &3)

This illustrates the loci of future and padirected light cones, starting at creation ring as projected
in the following space:

{<xt, T I> (2 -) < TS 2+)a0< I 9}

The darkest region is a twdimensional {< +t, T>} profile of light cones as shown in Figure 2.
Only two-dimensional projections of threepace are shown in the above solid.
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OUTLINE OF THE SOLUTION FOR THE MASS OF THE SSM UNIVERSE

h G

f, )

M

Figure 5. Schematic for the Solution for the Mass ofthe SSM Universe

The solution for the maddl ofthe SSM Universe was obtained by noting that Unn
(1976) found the vacuum could exhibit a measurable temperature induced by acceleratic
And since, an initial condition for the SSM Universe was the existence of a maximal
spinning string — there was acceleration. The String Mass puzzle was solved by Meye
(1995) in the form ofequation (1), by utilizing:

The Unruh temperature,

BoseEinstein statistics,

Momenta phase space conservation,

The axisymmetric metric and the

Initial boundary conditions,
along withthe identities:

H.=eR,= Gm¢R,, =kT..= IBmZ/R.,= DH
Where: D yei/hc.
Note: H=me=[bc/Gl»=dD K= ec/dG y
Gravitational Electromagnetic Unification Energy.

In summary, the above conditions, principles, and equations led to the determination
the expectation function:

< f,>=8n/N,_= 2/[exp(€ /kTewac) - 1] =
N, = 47 [ exp(1/cr) —1] = 4 exp(H/cr) =>
M = fy(c,e,G, h) = 4rm, exp(1/ct) = 4 [he/G] Zexp(he /e?). (1)
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THE REST MASS OF U

The irreducible energy ‘E of any Kerr black hole or axsymmetric rotating spaee
time with finite event horizons is the energy that can't be radiated away by slowing dow
the rate ofrotation. This energy is equal to the energy of the-Spaesystem 'U' at rest
with respect to the rest ofthe manifdld at infinity. Thatis:

E,= Total Energy Kinetic Energy = Rest Energy = Irreducible Energy.

This irreducible energy for any Kerr black hole starting at some initig ‘ ;' Jwas shown
by Christodoulu (1970) to be determined by:

Eq=M¢? [(1 + sin|d,[)/2]

It is quite apparent, though here stated without formal proof, that Christodoulu's
formula also holds for the class oftoroidal geons such that when we stajtwijh = +0
and |J(0)| = RMc, and we increas¢) | without radiating away any significant amount of
energy through the actual final event horizons; we will find that upon rea¢hihg 92
(the Schwarzschild or findlrest' state) that, E[41/ « 2], or around 29% ofthe total energy
isunaccountedfor. This implies the rest mass ofthe SSM universe is:

Moe=10 -

Reiterating, the entire family of stationary Kerr metrics is transformed into a single,
&= &t:) =+ & dual time varying metric, (2 < ) < 32 ), so that) grows in both
directions away from the origin F ™ 0. That is, the sgane expands;both ways from
when or where:

@, =+x"/N, = 21/4n"" exp(e’/Mc) = £1.374791 x 10" = 0.

At this epoch the spadame is a closed cosmic string witinflated' and evefconstant
circumference:

Cpa = 4nGM/c? = 2.618212253 x 20cm = 276.75 billion lightyears.
Since |J| =GM:cos( ) )/c, then by increasing the absolute magnitudesthie angular
momentum is decreased and the space expands.
TWO DERIVATIONS WHICH CLOSELY DETERMINE THE MEAN CHARGED
FERMION MASS ‘m, =(m, + me)/2’
The masdM of this model universe has been determined from theory. But, how are
other masses, such as the masses of the electron and proton, going to be determined?

Fortunately, it turned out, the mean stable charged fermion mmasgould be closely
determined from theory in at least two ways.
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First Derivation of the Approximate Mean Stable Charged Fermion Mass ‘ny

h G

f,

My

Figure 6.
Schematic for first derivation of the approximate mean stable charged fermiormmyass

In this derivation the mass),, was determined by the use of:
Phase space conservation,
Both initial and enestate boundary conditions and
The exterior regshifted HartleHawking event horizontemperature15 at
infinity. See Hartle and Hawking (1976)
After some calculation, see Meyer (1995), we then get:

mo = (my + m )2 = fi( ¢, e, G, h) =

4(n/50)  [he/G exp(-he/3e”) x,e = 8.369992x107°gm. )

5 Where, %= 3/5+[Se?lhck+. .. ® 3/5 is the Fermi coefficient at the exterior+ghifted HartleHawking
temperature. This is the Fermi coefficient for a Felinac gas at the vacuum temperature of the outer

event horizon ofa Schwarzschild black hole red shifted to infinity. It is calculated by using a series obtained
by Sommerfeld. Note that at a temperature of absolute zero in a flat Minkowski vacuum, the Fermi
coefficient will be exactly equal to 3/5.
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Second Approximate Determination of Mean Stable Charged Fermion Mass ‘th

NN
f, |
P U

My

Figure 7
Schematic for second derivation of the approximate mean stable charged fermiofmiass

This alternate approximate solution fogis obtained by using:
The endstate conditions,
The FermiDirac statistics,
The Debye distribution approximation,
And by blueshifting the external temperature of the Haitlawking
vacuum at infinity, to a temperaterassociated with the charged particle
zitterbewegung. This temperature is determined at a time uncertain with
an internally reeshifted waveperiod from the outer event horizon's
2-surfaceboundary.

After some calculation, see Meyer (1995), we then get:

moE{m,+m.)!2=fg(c,e,G,h)z

{3xur /100t €'Y’} “(0e/G) " exp(-hes3e’) = 8.361938x10%gm.  (3)

®Where, %= 3/5 +@i( ...~ 3/5, is the Fermi coefficient at the interior blue shifted Halrtivking
temperature,
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ON AN INDEPENDENT THEORETICAL DETERMINATION OF THE
SOMMERFELD FINE STRUCTURE CONSTANT “ D= €/hc’

By equating the two close solutions fos, an approximate solution forD appears.
This rough methodology shows promise that the Sommerfeld fine structure cobtant *
may, in principle, be theoretically determined with greater accuracy than accomplished b
currentexperimental means.

Equating2) with (3) yields:

4(n/50) o) = [(Bred @) 10(m ) ]He.

Since,
Xef(0) = Xpt) = 3/5,

Then:
Vo = (5mX4¥/(2)*(3))

This rough method produces an error ratio of 0.00597.

M = M{a,e,G)
me = me(c,¢,G)

T

Figure 8. Itis easy to see that bollh & m, can be expressed in terms ofjust 3 fundamental
constantsD) eandG.
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THE DETERMINATION OF G = G(h,c,e,my)
From the new nosstationary metric g &, the rescaled Hamiltonian is formed:
H = -2 = gidx'dx/d\’ = gipip; =
m® + mmo + (Jmee/GM? Y =0 =
AN, =2" 3 N,= MA(mev2) & n € {iniegers > 0}. 4)

Due to the above results, the solution for n and hiipcan be accurately determined
by direct calculation. This is becaudehas been determined \{i5) andm, has also been
closely determined bfl) and[ (2) or (3)]. Also, a has been roughly determined(By
and(3).

Therefore, a “reincarnation” of Sir Arthur Eddington’s famous “Cosmical Number”,
Eddington (1939), reappears as:

Ny =2

Therefore, a connection betwe@rg, eis established.

G = 8x’hic exp(2hc/e’y [N mo)’ = 6.67294103 x 10° em’/gm-sec’, (5)

ON THE DETERMINATION OF m p & me

From the quadratic i) above, it also follows that:
m. = my( 1+sin))
m.=my(1-sin))
where) is chosen as the positive branch.
Now we know:
Me+ M, = 2m
These equations suggest the hypothesis:
The proton and the electron mass are nimss conjugates, i.e. the prot
electron exhibit mass, charge, time padty conjugation.
This implies that the proton and electron &iene vintaged” anttparticles.
Therefore, we posit that:
mp=m, = mo( l+sind)
m. = m_= mg(l-sind)
If this hypothesis is true, then at the present, when:
& m @, = sin [(m, + mg)( my - mF 1,52413073 radians,
the SSM should be able to predict the current values of certain other phenomena, whi
also depend upoi
That is, if our universe is a SSM type universe, then at present, viseh the
model should be able to predict current values of other phenomena, which also depe
upon) such as the CBR temperature and the density ofour universe.
Inthe SSM universe the CBR temperatute T .. as a functiopietderived as:
T(®)=
LOXhe G P (@3 {2-[2(1+sin®)]) 23V [8sinD (5B -3sindcos®)]} V(6K (4)exp(he/2e%)).

Therefore, the present CBR temperature[)), at) ) should be: 2.7360 K

17 Please see footnote 3.
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The average mass densitiRr", of the SSM universe as a function &f is determined
as:
pu(®) = (c/2m)*/[2hsin® (5P — 3sin®cos®)[Gexp(he/e®)].

Therefore, the present average mass denkify,), should be: 3.3039085 x -1109m/cm3.

PREDICTED INCONSISTENCIES BETWEEN THE SSM AND THE STANDARD
MODEL

The major difference between most conformal mass scaling models and the Super Sy
Model is that; in the SSM, the direction and magnitude of the mass scaling is also char
and parity conjugated with time. Moreover, in the SSM, the total rest mass is constant ar
time invariant, even though individual particle rest masses are rescaled "covariantly" an
"contravariantly,” according to their temporal senses, charges and parities.  This i
possible, because the SSM metric is -atationary, dual time asymmetric and fion
symmetric under spatial inversion.

Why hasn't proton decay been observed? At creation, after pair production, where ¢
all the antimatter go? According to the SSM, m, ardua “time vintaged” anfparticles
whose rest masses, by being geared to a dual valued time dependent metric, will v:
relative to the amount of displacement, or equivalently to the amount of time elapsed
since their mutual creation via pair production. Therefore, the originanaittér did not
mysteriously leave the universe! It is still with us and a part of us!

Moreover, if m and m. are indeed pand m respectively, then there is no apparent
reason to expect the proton to decay, unless the electron also is capable of decaying.
is because the proton’s structure should mirror the structure of itsvititaged anti
particle, the electron, unless basic particle topologies are also time and parity depende
This does not seem to be the case, since each jaratiproton and electrepositron pair
appear to retain topological equivalence under spatial inversion and time reversal.

It then follows that the SS Model contradicts aspects of the Standardleptark
Model.  Since in the Standard Model the proton and other hadrons are composed
quarks; but the electrons and other leptons are regarded as fundamentikgiatticles.
Nevertheless, over the past three decades there has been considerable evidence the
proton has structure, e.g. Krisch (1976).

This evidence, taken along with the SSM inferred isomorphism of the electron anc
proton topologies is in accord with some particle string theories and is also consistent w
certain elements of the elementary particle theory put forth by Behram Kursunoglu (197
(1976).

In the Kursunoglu “Orbiton Model,” both the proton and the electron are structurally
isomorphic; both formed as singulasftge, “onionlike,” alternating magnetic field
structures “orbitons.”

In summary, if the inferences derived from SSM are correct, it follows that, protor
decay should not only be “difficult,” but impossible to observe, and the universe shoulc
appear to consist predominantly of matter, with the appearance of very little, if any
naturally occurring ardinatter.  This is because ancient amnétter is implicit, and has
been rescaled as electrons (or protons).

Shortly after the Big Spin creation, when:, tz£1.824x10Q seconds, the metric was
still almost unitary, i.e.

ds’(to,) ~ ds*(to.).

At this point the U's energy densitylli().) = 5.7059x1@* gmc¥cnt, and the
temperature, T] , = 2.8518 x10K, were such that it became possible, within an instant,
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for matterantimatter pairs With unresolvable rest mass differehde start condensing.
Technically, virtual pairs a) = 0, have identical matterantrmatter masses.

As | ) | continued to increase, the U got cooler and less dense, globally producin
only neutrinos, which incrementally stored the decrements in the U's angular energy an
momentum. Moreover, after the requisite time had passed sindedause of the time
varying metric's asymmetric duality, observers would notice two sets containing equa
numbers of oppositely, but equally charged particles with unequal rest masses:

m. = my( 1 £sin)).

One can surmise that there would be considerable theoretical difficulties for residen
of the SSM universe, if they assumed that these two energy levels were constant; i.e. if th
assumed that the electron and proton rest masses were constant

Moreover, if they regarded this assumption as truggriari, it would be then be
incumbent upon them to create laws requiring the conservation of “lepton” and “baryon
number. Furthermore, addtional laws stipulating the conservation of other attributes th
appeared to be associated witbptonness” and‘baryonness” would also have to be
created.

Of course, similar rescaling processes will occur for pair production of other types c
particles produced at other energy levels. At the creation epoch, the proton and electr
had equal rest masses of mass nfhat is, they were anfiarticles of each other then, but
not at later times.

In the SSM U, local pair production at various energy levels can take place in what
appears to the observer to be a flat syfimee which nevertheless registers intrinsically
different energy ‘gauges’, but which in ‘reality’ are a spectrum of hgpdaces with
different curvatures, locally appearing to be flat; i.e. locally Minkowskian and Lorentz
invariant. Hence, the flat space Dirac equation correctly yields pairs of oppositely charge
particles withequalrest masses.

Nevertheless, within the rules of the “standard model” a nagging question remain
unanswered. “Why are there only two (apparently) stable rest masses, associated with
same charge quantum magnitude ‘e’, that appear from among the spectrum of “possil
rest energy levels?” This charge magnitude equality, but rest mass difference, would lec
an observer to postulate the existence of a “law” for “heavy charge* or “baryon”
conservation and consequently classify the Jived charged baryons and leptons as
“different as apples and oranges” instead of just “fruitbr the vintaged anparticles they
actually are in this type of spatime.

OTHER TOPICS
Was “Let There Be Light” of Genesis a Bubble or a String?

There is no apparent reason that a-raating bubble membrane fluctuation would be
stable. It should rapidly absorb the high pressure vacuum (EM) energy and “flash bacl
into the flat vacuum from whence it sprang within the Compton time of the universe whicl
is about D™ sec.

However, in the SSM, the angular momentum of the maximally spinning string
induces a coarser granularity by a factor piudon both the spatial and temporal quanta of
the fluctuation’s active region. That is, the previously indivisible quanta become Planc
sized.

Thus, the creative process produces a real gpaeewith new indivisible spatial and
temporal quanta (Rand 1), each respectively greater by a factor pfthan the universe’s
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Compton length and time; thereby “closing all the hatches” and stopping the massiv
virtual fluctuation from “sinking” back into the vacuum.

In other words the Creator "writes a chetko the vacuum for 2.8x¥0grams of
energy and then "changes tienking ruledefore it can clear.”

This process creates an actual massive rotating-ipaeeJ, initially consisting ofthe
combined coherent directed energy H1.289x10" primaton photons forming a closed
Planck density string or "circle of light.”

Again in other words, the angular momentum components of the fluctuation produce
topological transformation inducing a nonreversible Planckian <gpaeesnergy
“granularity,” which acts as a oneay valve, thereby preventing the return ofthé56 gm
ofenergy backto the vacuum withith02+  seconds.

Rotation Neutrinos

Another aspect of the SUPER SPIN hypothesis is that the expandingispastores
its excess angular momentum in rotating matter and neutrinos and upon approaching ft
expansion settles down to the Schwarzschild metric along a future directed time coordinat:

Entropy

Furthermore, it has also been found that the thermodynamics of black holes and nor
stationary geons became consistent with classical thermodynamics by introducing a
augmented definition of the "Bekenstditawking" entropy formula, extended to include
the inner event horizon area as a measure of “negentropy” thereby producing third law
consistency. By extending this augmentation to the SSM, the gravitational entropy as
function of ) is determined as:

S(=®) = 4nk [N, sin®)? 2 0, V.

It is easy to see that entropy will increase along both positive and negative tempore
directions as both temporal displacements increase away from the origin in both positiv
and negative time.

This extension, applied to maximally rotating, maximum density geons, results in &
low initial gravitational entropy value upon the creation of the Planck density string
at) ). Thisvalueis:

S(d,) = 4n’k, where ®, =¥ /N, and k' is Boltzman's constant.

Notice that both directions and senses of the temporal dimension, i.e. time and ant
time began (were created)at 0, along with the other spatial dimensions.

Itis simple, but interesting, to observe that ditie trajectories cannot reach the “terra
incognita” beyond or before the universe was created.

Further SSM Verification

The followingFigures 9, 10and 11 illustrate how the Cosmic Background Radiation
(CBR) behaves over time. They indicate that even though the SSM universe is closed,
appears, from our “perspective” ofthe CBR, to be expanding at afesterrate.

Further verification ofthe SSM hypothesis entails determining if there are bluer shifts
in certain spectra than expected. It also entails checking whether there is an increas
spread ofthe spectra lines between ordinary atomic Hydrogen and Deuterium as one ga:
ever further into the pastFigure 12is illustrative.
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Figure 9 This graph represents the predicted Cosmic Background Radiation
Temperature as calculated from the Super Spin Model.
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Figure 10 This represents a more recent portion of the predicted Cosmic
Background Radiation Temperature as calculated from the Super Spin Model.
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Ary/At = W(T)

Where A, is the cosmic

(T )emisec) background radiation’s
6.00E-17 - characteristic Wien
wavelength.
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Figure 11. This graph represents the predicted lengthening rate, according to the SSM.
ofthe cosmic background radiation’s characteristic Wien waveler@th,
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Figure 12. This graph represents the predicted differences between the Lyman alpha
wavelengths of Hydrogen 1 and Deuterium as viewed from the present perspective.
The Super Spin Model predicts that the Lyman alpha light reaching us now from a
common source containing Hydrogen 1 and Deuterium, situated about .75 billion
light-years away, may be observed to have the difference between their respective
wavelengths amount to over twice as much as is now locally observed in a laboratory
frame here on Earth.
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MAGNETIC MONOPOLES, MASSIVE NEUTRINOS, AND GRAVITATION VIA
LOGICAL -EXPERIMENTAL UNIFICATION THEORY (LEUT) AND
KURSUNOGLU'S THEORY

Osher Doctorow, Ph.D.
1. INTRODUCTION

The magnetic monopole has not been observed but is predicted ky(aiTd
unified theories (Dirac (1931), ‘t Hooft (1974) and Polyakov (1974)) contrary to
Maxwell's norrmagnetic monopole equation (which needs to be revised), whereas the
massive neutrino has now been observed contrary to predictions of most theorist:
(Kursunoglu (1998)), and gravitation is not even theoretically agreed upon by mos
theorists. These quandaries suggest a fundamental change of emphasis in the foundati
of physics away from the usual geometilgebraieanalytic physics toward logibased
physics, since the quandaries involve deep logical anomalies, paradoxes, and confusiol
This direction can already be seen from the related conclusion by the algebraic quantu
pioneer R. Haag in his numerous papers that an algebraic interpretation of the Lagrangi:
(which is the major expression of influence between event/things in theoretical physics)
is unlikely to be successfulvhich is at least as much the case for a geometric or analytic
or arithmetic (from which probability/statistics derive) interpretation of the Lagrangian, it
may be remarked.

Logic already has entered quantum theory and hence physics via quantum logic
which has been well analyzed by Jammer (1974) up to 1974. However, quantum logi
subsequently became bogged down due to its uncritical acceptance of logical anomali
and paradoxes including those involved in the Heisenberg Uncertainty Principle whict
seemed to imply the neaxistence ofiintersections of canonically conjugate experimental
events. The form in which this “bogged down” situation occurred was supposedly the
“pinnacle” of quantum logic accomplishments, namely, the isolation of islands of
unrelated propositions as n@oolean lattices. These islands could not be tied down to
anything practical in physics and quantum logic became almost completely divorced fron
the rest of physics including quantum theory.

The return of logic to physics via logieakperimental unified theory (LEUT)
takes as its basic assumption the principle that everything must make logical sense, eve
the definitions when they are asserted to pertain to the real world, so paradoxes ai
anomalies and incompatible events need to be resolved into meaningful logical an
experimental statements in order to be accepted into physics. It is true that definition
may ultimately involve selflefinition if carried out for all expressions, but this never
precludes requiring that “anomalies” and “paradoxes” be translated into language whic
compares them with neemomalous expressions using language understandable by all
physicists. In fact, English dictionaries define words in terms of themselves, but this doe
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not ordinarily cause trouble because the words that ultimately do not involve some clear
mental or physical description are (almost)-esistent.

To be even clearer, LEUT asserts that everything in physics needs to be describec
either in terms of logical propositions or their set/event analogue. The logical
operations are V (or),"(and)y(not), = (if...then or logical conditionalroughly
equivalent to implies) and their set/event theory analogues are U (or), * (not or
"complement") (if..then, also taken to mean “influences”), and “and
(intersection of)", which is represented either as an inverted U or, in this paper, by
concatenation of set/events, e.g., AB means A and (intersect) B.

The next section gives the main results for monopoles, neutrinos, and gravitons.
Derivations of the results is usually left for the remaining sections. String theorists can
replace the word “particle” by “string” throughout.

2. RESULTS: DISCRIMINATING MONOPOLES, NEUTRINOS, GRAVITONS,
BOSONS, ETC.

1. Bylogic. Monopoles have omweay influence and so correspond to the logical
conditional (if.. .then)=>, while dipoles and bosons including gravitons and photons have
two-way influence and so correspond to the logical biconditional (if and only if or iff)
<->. The logical picture of bosons is that of an intersection, as mentioned, so it is a two
way rather than a ongay picture.

2. By setlevents. Monopoles are generated by perpendicular set/events (the
electric versus magnetic “fields”), neutrinos do not interact with ordinary matter and so
lack set/event intersections with ordinary matter (thus forming dark matter), and gravitons
are uniquely formed by the interaction/intersection of matter with space itself as a
set/event other than mere inclusion (curvature of space).. Neutrinos must be massiv
rather than massless pointlike because point particles arise as the tangential intersection
ordinary masses, e.g., photons arising from tangential electrons, protons, etc.

3. By measures including probabilities as in Doctorow et. al. (1983he
universe is uniformly distributed, so inhomogeneities can only be produced by collisions
of uniform spaces with different dimensions. For example, a black hole regarded as a 2
dimensional line or cone in the Carlip (1998) picture with axis along time penetrates (via
its apex) threglimensional space which either ndsts in a Kaluz&lein curled up
manner at the Big Bang or is created along with the black hole (as the complement of th
black hole), creating inhomogeneity and thus stellar and galactic structures instead of thi
inflation picture, although uniformity is slowly restored especially in istercture space.
Thus neutrinos should retain their uniformity in interstellar space (explaining and
predicting dark matter), while uniformity predicts that monopoles and dipoles should be
uniformly distributed via Kursunoglu's (1996, 1998) containment in elementary particle
matter and LEUT’s central versus surface magredéictrical orthogonal combinations in
condensate and large matter structures. Bosons are intersections of two uniformly
distributed waveparticles which, similarly on a smaller scale to the Big Bang <€ross
dimensional intersection creates disturbances which are fundamental forces. The gravito
boson or gravity force involves spatial intersection as mentioned, while the photon bosor
or electromagnetic force may be generated by a uniquely tangential collision of electrons
protons, etc. Finally, neutrinos had an original uniform distribution which was displaced
by the central matter structures described above to some degree, so neutrinos should sht
up outside stellar/galactic structureprecisely where dark matter would be expected. Of
course, many neutrinos remain in matter regions because of the low neutrino interactiol
with most other forms of matter.

4. By transformations. The fundamental forces which increase as distance
between particles decreases (e.g., gravitation, electromagnetism) follow the S(x) = 1/x
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transformation applied across dimensions from the Big Bang: S(f) = 1/r, i.e., f= 1/
without constant of proportionality, where fis force and r is distance, while the other
fundamental forces follow the T(x) = x + 1 transformation, i.e., f=r+ 1 without constant
of proportionality, or considering repeated application, f=r + constant.

3. FURTHER THEORY AND MONOPOLES, NEUTRINOS, GRAVITONS

LEUT has four fundamental properties: logic, measures, set/events, and
transformations. Logic has already been discussed, and the remaining three will b
discussed below together (using interval continuous random variables) with application:
of all four fundamental properties and theorems related to all concepts.

1. Since sets/events are fundamental in LEUT, LEUT immediately notes that
measures are a major way to describe and explore and operate on sets, includi
Lebesgue type measures of set A = m(A), probability measures of set A = P(A), etc.

The uniform probability distribution, which is the unique probability distribution

whose probability density function is constant, is the fundamental probability

distribution of the universe (which can be proven (see Theorem 1) up to a reasonab
point by measure + logic arguments or can be derived from the maximum entropy
uniform distribution characteristic of Shannon entropy with unspecified mean and
variance by ranking unspecified mean and variance higher in entropy terms than specifie
means and variances which latter restrict things too much), although this can b
reformulated in terms of Lebesgue type measures and other measures. This yiel
isotropy and homogeneity of the universe and solution of the horizon and flatnes:
problem, etc.The uniform distribution on an interval of the nonnegative real line [a, b] has
probability density function f(x) = 1/(b-a) and increasing b for fixed a corresponds to
effective gauge theory having a higher maximum energy before cutoff (and in fact
replaces the need to have an effective quantum gauge field theory at all) and also to
larger influence of (random) variable X or even/set A calculated by-#X= P(A-

>B) where A = {X < =x} for uniformly distributed X, B = {Y < =y} for any random
variable Y.. This is fairly easy to derive from the fact that-P{B) is maximized at 1 for

P(A) =0 as well as for A a subset of B (with measure or probability 1), and likewise for
finite Lebesgue type measure results., using the fact theBAA’ U B so P(A->B)= 1

- P(A) + P(AB). Wave-particle duality is interpreted in LEUT as two simultaneous
measures on objects of the universe: a wave measure and a particle type measure. Un
Bohr’s original claim that physical objects are simultaneously particles and waves, whick
is logically contradictory, LEUT considers that, in probabilistic (or other measure) terms,
there are two simultaneous measures as indicated on physical space. The first measure
wave variable U, the second measures a particle variable V, and the physical object h
associated with it the couple (U, V).

Set/events (events are a type of set) when rigorously analyzed help discriminat
between monopoles, neutrinos, photons, bosons, and gravitons. The evidence
Kursunoglu (1996) that Big Bang condensates and near zero temperature Bose-Einste
condensates of rubidium-87 gas and lithium-7 gas forming central magnetic versus
surrounding (spherical, etc.) surface electric charges (with or without intermediate bands
can be interpreted as evidence that monopole/surface configurations represent our 3-
dimensional observation of the orthogonality of the electric and magnetic “fields” in 3+3
= 6 spatial dimensions. For example, a-dimensional line or the apex of a narrow 2
dimensional cone penetrates a 2-dimensional plane or surfaediroer@sional solid in
what usually looks to a “2or 3-dimensional inhabitant” as a zedonensional point or
pair of points, analogous to the central monopole point. This also solves the problem c
the Maxwell nhoamagnetic charge equation, since replacing this equation by a magnetic
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charge equation similar to the electric charge equation and assuming orthogonality yield
the remaining Maxwell equations under quite general conditions. Uniformity and
symmetry also indicate that the Maxwell equations should be symmetric with regard tc
electric and magnetic poles.

The elementary patrticle theory of bosons as force exchange particles and fermion
as particles being related by bosons is too obscure logically, and set/events analysis hel
to clarify the situation.. Since waygrticle duality is logically sound via the double
probability assignment to masses (wavelike and pattia®in LEUT, “bosons” need
not be interpreted as anything more than intersections in time of twgéeidles which
generates a wawvearticle intersection having a mass and acting upon both original-wave
particles as a force in time, followed by separation of the original-partieles which
results in disappearance ofthe intersection (“boson”).

Kursunoglu (1995) points out that the massive -@ogauge bosons replace the
HiggsBoson. This is correct from the philosophical viewpoint of Cao (1997) also, who
points out that Higgs bosons have doubtful philosophical grounding in physics whether
from the realistic viewpoint or the instrumental viewpoint (in the latter viewpoint, the
Higgs bosons are just regarded as instruments without serious physical embodiment
Higgs boson mass appears to be unpredictable from current theories. If it goes from
massless to a massive state or vice versa, which many bosons have to do to preve
infinities and other anomalies, then it falls under the even more logically obscure Higgs
or HiggsAnderson mechanism which claims that massless objects “acquire mass’
through long range forces which recombine massless modes into massive ones.

2. Transformations in LEUT replace much of the eliminated anomalous
machinery of effective gauge quantum field theory. Thus, the uncertainty principle is
mostly replaced by Carlip's (1998) and others’ (2dithensional quantum gravity
modular transformations S(x) = -1/, T(x) = x+1, which with the additional
generalizations that x can be negative and can be any physical quantity reduce to (with tl
same symbols) S(x) = 1/x, T(x) =x+1. As Jammer (1974) points out, it never has been
established that the energy and position of any object cannot be simultaneously measur
with arbitrary precision since such precision does not exist. As for the form of the
uncertainty principle stating that product of standard deviations of tweadjelfit
operators on Hilbert space exceeds a constant, th®afen school has provided
convincing evidence of the need to generalize the restrictive Hilbert space framework t
rigged Hilbert spaces, lattices of Hilbert spaces, and Banach spaces, where (especially |
the last) such forms of the uncertainty principle do not exist. That school shows that th
NeumannMackey basic Hilbert space needs to be extended at least as far as Rigge
Hilbert Spaces (e.g., because former cannot support very singular operators such
unsmeared field , but also because neither delta functions nor plane waves belong
Hilbert L2 space and also eigenvectors of points of the continuous spectrum-of self
adjoint operators do not belong to the Hilbert space) and to lattices of Hilbert or Banac
spaces (Banach spaces are much more general than Hilbert spaces). The modt
transformations play an additional role in LEUT of generating the
mass/energy/force/distance relationships of elementary particles such as (to an order
magnitude) m = 1/E for mass m and energy E in combination with the assumption that
the Big Bang all dimensions were united: mass = energy = space [=1, 2, and/or 3
dimensions] = time = force, called dimensional unification. This has the same type ©
justification as the usual physical principle of unification of the four fundamental forces
atthe Big Bang.

Several major theorems of LEUT are stated below, difficult ones with proof,
easier ones with proof outlines, and simple ones without proof.

THEOREM 1. E(X mY), the expected influence of X on Y, = integral
yEX m\(x,y)dy, and is finite iff X and Y are nonzero on a finite interval (like uniform
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distribution) and are + infinity for X, Y nonnegative. It is undefined for X, Y symmetric
about any point, e.g., Gaussian distribution. The uniform probability distribution is the
simplest probability distribution which satisfies the finite B{X) requirement where
E(XmY) is the expected influence of X on Y. The uniform distribution has constant
probability density function (pdf) from elementary probability.

Proof. E(XnY) is constructed analogously to the conditional expectation of Y
given X = x, E(Y/X=x) or E(Y/X) which integrates y dy from negative infinity to infinity
times the conditional probability density, defined as fY/X(y/x) = f(x,y)/fX(x) where f(x,y)
is the joint probability density function (pdf) of random variables X and Y and fX(x) is
the marginal probability density function (pdf) of X, provided that fX(x) is notO.

For E(XmiY), fX mY(x,y) =1 - fX(x) + f(x,y) for fX(x) the marginal pdf of X and f(x,y)

the joint pdfof X and Y. Ifyf(XmY)(x,y) is integrated over the real line with respect to

y, then the integral of the first term, 1, in the last equation is infinity minus infinity over
the real line, whereas the remaining terms are finite from probability theory. If the
integral is only taken on the nonnegative real axis, then +infinity is obtained. Onlywhen
the interval of integration is finite, meaning that X and Y are defined on a finite interval
of the nonnegative realine for example, as with uniform type distributions or
truncated/censored distributions, is BX) finite. Thus, the uniform type distribution

(for finite E(X n¥)) and nonnegative type distributions like the gamma (including chi
squared, exponential) distribution are the only types of distributions for whichn¢{x
makes sense. The symmetric distributions like the Gaussian are not usable for analysis |
E(X n¥). It should be noted that f{(X¥)(x,y) is not a pdfor a cdf. Ofcourse, neither is
fY/X(y/x) a pdf or cdf (in fact, it is a ratio of pdfs). This does not change the usefulness
of eitherexpression. Q.E.D.

An interesting and useful theorem is the following.

Theorem 2. P(AmB mC)= P(A'B’) + P(BC) and P(Aj B j C)=P(ABC) +
P(A'B'C’),and P $k mB) = P(AB) + P(A'B’) The Dirac spinor anticommutation
relations wuwv + wvwu = 2guv lo and wswu + wuw5 = 0 for lo 4x4 identity matrix and
wu [w with subscript u] Dirac spinor 4x4 complex matrix then correspond in the
probability picture to the first equation of the theorem with A = event thandtrix in
product of 2 matrices is wu, B = event that 2nd matrix is product of 2 matrices is wv, anc
lo maps to probability 1,0 maps to 0.40.

These theorems greatly simplify logieaal analysis of monopoles, Lagrangians,
interactions between particles mediated by bosons (set/event B above would be boson
symmetrybreaking scenarios from early universe, spinors/tensors/multivectors in
Clifford/division algebras, since triple intersections on the left hand sides of the equations
reduce to sums of double intersections on the right hand side (which are easier to evaluz
and with evaluation similar to what has already been done earlier in the paper). Sinc
multivectors relevant to physics almost never involve more than three products in an
term, most physical interpretation of multivectors simplifies enormously via
probability/Lebesgue-measuretype analyses. The fact that®(As maximized (= 1)
for P(A) = 0 and/or for A a subset of B (with probability 1) has an analogue for
P(A mB mC)since if Ais a subset of B and B is a subset of C, then B’ is a subset of A’
and so AB’'=B’and BC =B, so P(A'B) + P(BC) = P(B") + P(B) = 1, so Rf8 mC)=
1,and if P(A)=P(B)=P(C)=0,then P(BC)=0and P(A'B)=P(AUB) =1, so
P(AnB nC) = 1. Thus, for example, scenarios near the Big Bang such as Kursunoglu
(1996) monopole m condensatem freezing into confined matter attain maximum
influence (somewhat like maximum entropy but more tractable) if all stages involve
singularities or at least lower dimensions than 3, and/or if monopoles are a subset
condensates which are a subset of the final “frozen” confined scenario. Both
Kursunoglu's and LEUT's theories of monopoles are indicated by this.
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Magnetic monopoles have one pole, north or south. This means they have one
way influence rather than the tweay influence of dipoles.  Since (using probability
measure although Lebesgtype measures and others can be usedpBjAeflects one
way influence and P(A B) reflects two-way influence, the theorem below can be
proven from the fact that AtB = (A nB)(B mA) which is a subset of AB.

Theorem 3. Using the above measures of influence, monopoles have at least a
much influence (on other events and/or themselves) as dipoles.

Outline of Proof.  E subset of F implies P(E) < = P(F) (monotonicity of
probability), any sets E, F. Note that ()(Bm ) is the intersection of two sets.
Q.E.D.

This theorem justifies both Kursunoglu'’s theory of Big Bang monopoles entering
into all matter via confinement and this author’s theory of monopoles centrally located
(but screened) in stars, planets, galaxies, etc. Both can be correct in different regions of
spacetime or different local scenarios. Many monopoles can be confined, while others
become “semtonfined” in central regions of matter.

THEOREM 4. For X, Y nonnegative, E(KY) > = E(Y/X=X) and fXn¥(x,y) > =
f(YIX)(y/x) if and only if £X(X) and f(x,y) < = 1 except for the rare “pathological case”
where both fX(x) and f(x,y) > 1. Also, P(AB) > = P(B/A) everywhere and FXY > =
FY/X=x everywhere where FY/X=x = F(x,y)/FX(x) for FX(xX) nonzero cumulative
distribution function (cdf) of X, F(x,y) joint cdf of X, Y, and FX¥ (x,y) = 1 - FX(x) +
F(x,y). fX(x)> 1 only occurs when the uncertainty as measured by the standard deviation
or variance of a distribution is very small, so X approaches a masslike concentration,
which is in fact known as a mass or point mass distribution. There are thus two phas
regimes: those where fX(x) > 1, and those where fX(x) < = 1. To avoid logical
contradictions, however, the two “phases” are described by different random variables L
and V with respective pdfs fU and gV.

Proof outline. The second inequality is equivalent to- IX(x) + f(x,y) > =
f(x,y)IfX(x) for fX(x) not 0, and this says 1fX(x) > = f(x,y)(L/fX(x) - 1) = f(x,y)(1 -
FOX(X))FX(x) for £X(x) not equal to 1 or 0, and if fX(X) <= 1 (the opposite case yields the
opposite direction of the inequality as required) this is equivalent to 1 > = f(x,y)/fX(x)
which says fX(x) > = f(x,y) which is true always from probability theory.. The third and
fourth inequalities hold everywhere because P(A) is never > 1 and FX(X) is never greatel
than 1 by definition of probabilities and cdfs (unlike pdfs). Also, @) > = P(B/A)
whenever P(A) is not 0 with no exceptions, because the above proof goes through exac
the same except that P(A) and P(AB) are never > 1 by definition of P(A) and P(AB). The
same proof as that of the last paragraph holds for the cumulative distribution functior
FX(x) and F(xy), and it follows that F(X¥V)(x,y) = 1 - FX(X) + F(x)y) > =
F(YIX=x)(y/X) = F(x,y)/FX(X) wherever FX(x) is not 0. It is even possible to assign only
one probability distribution fX(x) to X and then to consider that there are two phases,
namely, fX(x) <= 1 versus fX(x) > 1. The same random variable or object X then
changes from wave (fX(x) < = 1) to particle (fX(x) > 1). fX(x) attains a maximum, say x
= X0, at the patrticle “center”, and the particle is wavelike away from the center. To avoic
logical contradictions, it is preferable to regard a physical object as having associated wit
it two random variables U, V, i.e., the couple (U, V), where U has pdf fU, V has pdf gV,
and fU <= 1 always (U is wavelike), gV > 1 near V = vo and gV < = 1 elsewhere (V is
particlelike in one region and wavelike in another)Q.E.D.

This explains the Pauli exclusion principle for fermions and its absence for boson:
as well as the fact that in the algebraic physics approach two successive creation operat
yield zero for fermions but not for bosons (anticommutation relation for fermions verus
commutation relation for bosons). Masses cannot intersect except at a point of tangenc
but arbitrarily many waves associated with the masses can intersect over nonzero volume
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The first property is described by and due to the mostly masslike U1, U2, etc. of th
different particles, while the second is due to the wavelike VI, V2, etc. (respectively) c
the different particles. Bosons are (except possibly at a point of tangency) just wa
intersections. Such intersections themselves give rise to a “mostly masslike” part of tl
intersection as well as a wavelike part of the intersection not so much because of 1
original physical objects but because the intersection of more and more waves “begins
look like a mass” in the same way that more and more “adjacent” points begin to look lik
a line and more and more “adjacent” planes begin to look like a solid object. Of cours
the order relationship between “adjacent” elements is not algebraic, but it involves r
logical contradictions and makes both logical and experimental sense.

4. EXPERIMENTS TO RE PERFORMED

1. Lowtemperature results described in Kursunoglu (1996) suggest possibility
that not only is there high temperature singularity at Big Bang, but also low temperatur:
singularity at 0 degrees K, also likely because of thesaeziness of 0 degrees.
Decreasing temperatures very close to 0 may initiate a jump “through the singularity” tc
the Big Bang regime, especially if both singularities coincide or are near each other. -
Experiment 2 repeats above but alters surface electrical field, and in this version th
central magnetic field is considered to be perpendicular in 3+3 or 3+1 + 3+1 = 6+1
dimensions to the surface electrical field, so varying the surface electrical field should tel
us how the magnetic field reacts, and with version 1 as a possible supplement, tf
experiment can confirm the orthogonality at one or both of the temperature regimes.
Version 3 is based on recent geophysical resuitsen the earth’s orbit is near the sun,
ice ages are most frequent. LRQG explains this as due to the decrease in surface h
generated by electrical fields due to increase in central magnetic pole field strength b
attraction to the sun’s central magnetic pole, although an alternative scenario is th:
surface heat decreases due to the same process but with the sun and earth having opp«
central magnetic poles. The “experiment” has already been performed since the data ¢
consistent with either approach, planetary orbits around the sun may indicate that, e.c
earth and sun have opposite monopoles. One seketdhed idea is to use
superconducting material and fiber optics to create a very thin stringlike bridge betwee
earth and sun and launch ends of the string toward centers of sun and earth respective
Alternatively, surface conduction should affect string conduction similarly for the earth
sun system versus the ealthpiter system, oppositely for eatars system. 4. Version
4 is like version 3 but uses earth’s deviation from perfect sphere to determine whethe
magnetic/electrical interaction deviates considerably from that expected with a spherice
shape with versus without central monopole. 5. The recent failure of the polar Mar
landing suggests version fand a drill on mars and dig to its core or make Mars a testing
ground for all other LRQG scenarios, with giant superconductors to cover the large part
of martian surface. 6. Version 6 is to build a space pump via expansion of a sphere due
increased central magnetism of the same or oposite pole signs and then followed |
contraction due to gravity or due to an external (concentric ccocentric) sphere,
yielding a spherical space pump basis of a space engine for space travel. 7. Version
earth core penetrating drill or missile (without a warhead, obviously), to pull along or
launch supestrong fiber optic cable or superconductor. 8. version 8 is like 5 but on earth
using, e.g., unidirectional electric field.

The corporation American Superconductor leads the way in superconductc
applications to such a degree that many experiments described are either now or will Sc
be feasible. With development of high temperature superconducting (HTS) materi
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(which has a much higher critical temperature below which it superconducts), it is muc
easier than before to get superconductivity. There have been so many applications, frc
engines to wires and beyond, that almost anything seems possible. There are even mag
trains (magnetically levitated), with strong magnetic fields created by HTS coils which
produce levitation by repulsion or attraction, and these trains are high speed and low cos

5. CONCLUSION

Magnetic monopoles, massive neutrinos, and gravitation/gravitons are clearly analyzec
discriminated, and categorized by logical experimental unification theory (LEUT), a
successor to quantum logic which does not accept anomalies and which replaces effecti
gauge quantum field theory (the latest version of quantum field theory) by a combinatior
of logic, experiment, set/events, measure, and transformations (especially a generalizatic
of 2+1 dimensional modular transformations).  Monopoles are one of the very rare
objects which are characterized by only-@r&y logicatphysical influence (single pole)

and are obtained in two ways: (1) via Kursunoglu's confinement process: free monopole
m condensationm confined monopoles constituting fundamental particles, (2) via
LEUT'’s central point magnetic charge versus surrounding (spherical type) surface are
electric charge systems which are similar to condensates described by Kursunoglu b
which are predicted for stars, possibly planets, and other large scale matte
concentrations.  Massive neutrinos have of course been discovered recently and a
prime candidates for dark matter, but LEUT derives them as the unique particles whicl
do not intersect/interact with ordinary matter which precludes them from having a
massless pointlike nature since points arise among fundamental particles exclusively frol
tangential intersection of ordinary matter (as in photons from electron tangency).
Gravitons (and gravitation) are uniquely characterized as the unigue objects of th
universe formed by the intersection of matter and spatial curvature and, unlike
monopoles, involve twavay logicatphysical influence. Solar/interstellar experiments
are proposed for confirming some predictions, including superconductors.
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Abstract

Properties of the top quark such as its mass, its decay properties, and the
production cross section, have been studied by the CDF and D@experiments
at the Tevatron Collider. Currently, the observed characteristics conform to
expectationsfromthe standard model. Nevertheless, allconclusionsare limited
by statistical uncertainty, and with the anticipated improvement in quality of
detectors and the increase by over a factor of 100 in data before therturn
of the LHC, the enhanced sensitivity may finally reveal the presence of hew
particle interactions and phenomena.

INTRODUCTION

It has been almost five years since the definitive observation of the top quark by
the CDF and D@ experiments [1, 2]. The first hints of a possible signal were gleanec
somewhat before then: (i) by D@ in their famous Event 417 [3], and (ii) by CDF in
the large excess of events found in their initial data sample, and published in 1994 a
“evidence for” top [4]. Event 417 survived the passage of time and withstood greater
scrutiny, and is still regarded as one of the best examples -ahtitpp production,
but the first cross section reported by CDF for top production turned out to be
more than a factor of two larger than the currently accepted value. For the early
measurements of the mass of the top quark, D@ obtained a rather large value, bt
CDF got pretty much what is now accepted as the mass of top [1, 2].

Everything we know about top has been learned from studiet rfoduction,
which, at the energy of the Tevatron, is dominated by the gq incident channel. With
top decaying intow + b in the standard model (SM), the final states with least
background arise from events that haxe m| + i, decays. When bothV bosons
decay leptonically (either e or p), the events contain two (isolated) leptons of large
transverse momentunp(). Such events, with their accompanying jets, correspond to
"dilepton” channels. When on®/ decays leptonically and the other one via a quark
and antiquark pair, the events comprise the silegion channels, and when both
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W bosons decay via quarks the final state is called thetslchannel. In addition

to the nominal six objects, events can have extra jets arising from gluon emission
the initial or final state. The ajets channel has the largest yield, but an enormous
background from QCD jet production, and is therefore the most difficult to analyze.

During this past year, CDF and D@ joined forces to produce an averaged to
mass ;) and cross section that would best summarize the results from the analyse
at the Tevatron. The averaging of the mass parameters is now complete, and yie
M; = 174.3 + 5.1 GeV [5], but the results on ttiecross section are still not ready
(an unofficial value is 6.2 + 1.2 pb). A summary of the latest measurements of the
mass and cross section for all available final states is given in Fig. 1 and 2 [6, 7].

Considering the few events and the difficulty of the analysis, the 3% precision
achieved on Mt is quite remarkable. Cross sections obtained from separate chann
are consistent with branching fractions expectedtfan W + b decay. It would be
good to establish the electric charges are correct, but the events certainly look lik
top, feel like top, and, undoubtedly, are top. Although the uncertainties are stil
quite large, the superb agreement between theory and observed cross section is on
the great triumphs of the SM and QCD [8]. The value of the mass of the top quar
is very large, and as a result its Yukawa coupling is close to unity, suggesting th:
top may hold an especially fundamental position in the SM. Nevertheless, the ma:
is completely consistent with expectations from electroweak theory. In fact, the to
mass, taken with the well measured mass of\tfieobtained at the Tevatron and at
LEP [9], has provided additional constraint on the mass of the Higgs in the standarc
model, which is now favored to be well below 200 GeV.

With the small sample of top events available from previous runs of the Tevatron
one might wonder whether there are any other important properties of the top qua
that could be extracted from the data. Several studies carried out by CDF and D
although neither as sweeping nor as sensitive as we would have liked, have neverthele
provided some interesting limits and tests of the SM. Recently completed search
and some of the still ongoing analyses are itemized below:

® Spin correlations irtt decays.

* Helicity of the W in tt final states.

® Extraction of the branching ratio @f m W + b, and thereby the value of the
CabibbeKobayashiMaskawamatrix element | Vip |

® Production of singléop events.

* Flavorchanging decays of the top quark via neutral currents (FCNC).

® The decay of top into a charged Higgs bosénm H* + b.

® Anomalous contributions téf production from possible tt resonances

We will discuss only several of the above analyses, some of which were intendec
primarily as vehicles for assessing the eventual sensitivity expected for such studi
once data from future runs of the Tevatron become available. The next run is no
scheduled to commence in Spring 2001 at a center of mass gresgy 2 TeV, and t
first goal is to reach an integrated luminosity of 2 events/fb. With the 10% increast
in +/s and improvement in both detectors, the-2@ increase in luminosity will
correspond to a far greater increase in signal, especially for the more rare dileptc
events and for events that will haligets tagged either via displaced vertices based
on silicon microstrip detectors or through “soft” (not isolated) leptons that often
accompany b jets. It has been estimated [10] that an extra factor of at least four in tl
yield oftt events, and an extra factor of more that ten for the more difficult gimygle
events, will be obtained just from the upgrading of the detectors and incregge in
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Figure 1. Measured values of the mass of the top quark.
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Figure 2. Measured cross sections ftirproduction in different channels.
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MORE ON MASS AND CROSS SECTION

Although D@ is still working on the extraction of the mass in thgetdl channel,
and the latest values of cross sections from CDF have yet to appear in the journa
most of the results on top mass and cross sections are now relatively well known.
their independent approaches, each group has used both ingenuity and the stren
of their detectors to great advantage. CDF has concentrated on their excellent silicc
system, and D@ has relied on its calorimetry and muon coverage, and has pioneer
novel approaches in analysis through bold application of neural networks.

For example, D@ has recently-examined the yield ofje dilepton events using a
neural network approach rather than more classical means (e.g., random grid sear
of implementing cutoffs on variables used to maximize separation between signal ar
background [11]. A modest improvement has been achieved in the yield of signa
with a simultaneous reduction in background. The net gain corresponds1&9%
in statistics 0~40% in running time. These kinds of approaches will be used more
often in the next run, and will help reduce uncertainties in many analyses.

In the future, limitations on the accuracy of the top mass will be dominatec
mainly by the uncertainty in the energy scale used for reconstructing jets, and L
ambiguities in the model for production and decay of the top quarks. These ar
expected to improve by about a factor of two, and bring the total uncertainty dow:
to 2 — 3 GeV. The major improvement in measurements of cross sections will be fror
an increase in statistics for the individual channels, which will also provide bette
checks of branching fractions into different final states. The absolute uncertainty wil
be limited by comparable contributions-5%) from absolute luminosityp—tagging
efficiency. statistics, energy scale, and the model used for tt production. Thus, abo
a 10% uncertainty on the cross section should be within reach [12].

SEARCH FOR DECAY OF TOP INTO A CHARGED HIGGS

The standard model requires a single complex Higgs doublet, which, after sy
metry breaking, leaves one neutral Higgs boson. The simplest extensions of the Hig
sector, including supersymmetric theories, involve adeoblet structure, and point
to the existence of a charged Higgs)(Hf the mass of the charged Higgs «Mis

tan E

Figure 3. Regionsof parametespacefor a chargedHiggs bosonexcludedby CDF.
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sufficiently small, then the top quark can decay viart H- + b. Depending on the
value ofMuz and the parameter tanb (the ratio of the vacuum expectation values of
the two Higgs doublets), this decay can compete with the standard modé&V++b.

The branching fraction of m H+ + b is largest for both very small and very large
tanE(tanE< 1 and tarE> 50), and smallest when tanb.#Af, /M, ~ 6, where the
decay is dominated by tm W+ + b. The decay of théd* also depends strongly on
tanE with the branching tacsand tb m Wbb dominating for tanb < 1, and into

W YfavtanE> 1. The relative decay rates into the two hadronic modes are sensitive
to M.., especially near the upper edge of allowed kinematics.

The search for tm H* + b relies on a violation of lepton universality in Higgs
decay, and has proceeded along two lines. First, the more direct approach is based ¢
the appearance of excess tt signal in the t + X channels, where the analyses rely ¢
the specific decay di* m W, (andt m hadrons+v YYwhich is dominant at large
tanE The other route involves an indirect search, and is based on the disappearance
of top signal, because the standard analysis ahttepton+jets has selection criteria
optimized for the SM modes, and thereby ignores the possibility of a contribution
from H: Consequently, if a large fraction of top quarks decay vik*a then,
assuming that there are no additional sourcett signal from mechanisms beyond
the SM, there will be fewer events observed than expected in channels based purel
on the SM. A less modelependent approach, but one that is not very sensitive at
current level of statistics, is used by CDF in searches for an anomaly in the ratio of
lepton+jets and dilepton+jets final states. This indirect method is not affected by
uncertainties in thet production cross section [13].

Lower limits on M. of about 77 GeV, essentially independent of tanb. have
been obtained at LEP from searches for direct coupling om H*H™ [14], and a
more modeldependent limit oMn+ > 244 GeV has been extracted from themsg
transition at CLEO [15]. The results from CDF and D@ are given in Fig. 3[13]
and 4 [16] as a function of MH+ and tanb, and are observed to exclude much of the
phase space for tah< 1 and tanb > 30. From the connection between tan,!? and
the branching fraction of m Hb, we can exclude the existence of a charged Higgs
with M < 120 GeV, for B{ m Hb > 0.4), at~95% confidence. The next run of
the Tevatron is expected to reduce the unexcluded region of phase space by about
factor of two (as shown in Fig. 4), or, possibly, find th.

HELICITY OF THE W AND SPIN CORRELATIONS IN TOP DECAYS

Spin provides another window for viewing the predictions of, and possible-depar
tures from, the standard model. Two areas that have been studied at CDF and D¢
involve the helicity of the W boson from top decay, and correlations among the decay
products of the two top quarks thevents. Given the V—A form of the weak interac
tion, a top quark should decay into either a left handed or a longitudinally polarized
W.This implies that leptons from Wh #vedecay will tend to be emitted in a-di
rection opposite to the line of flight of the W. The angular distribution of the lepton
in the rest frame of the W, with the axis of quantization defined by the line of flight of
the W, will therefore be asymmetric, and characterized by the fraction -bhlafied
W+ in top decay (with helicity —1), &ft = 2,Ma,/(M2 + 2M3,) = 1 — @ong~ 0.3.

D@ has made preliminary studies to ascertain prospects for the next run, and CDF
has already presented analyses of lepiospectra forW decays intt events in lep

ton and dilepton channels [17]: yieldirgng = 0.91 + 0.37 + 0.13 (statistical and
systematic uncertainties, respectively), in full agreement with the SM.
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The dominance of thegq incident channel fortf production, guarantees that the
two top spins will tend to point along the same direction in the center of mass of th
partonparton collision. Because the lifetime of the top quark-igt x 102sec, and
far shorter than hadronization time, the spin information carried by the top quarks i
transmitted to their decay products. In fact, any depolarization could provide limits
on the lifetime of top, and consequently drft m W + b) and | Vtb |

For a polarized top quark, the angular distribution of the decay products in the
top rest frame is given by (1BosT/2, where a = 1 for the charged lepton or d quark
from Wdecay, and| A| <— 0.41 for the other decay products ( W, v, b or the up quark)
(The Dparameters fot have opposite sign to those fa) Because of the difficulty
of reconstructing down quarks frolV decay, charged leptons would seem to offer
the best means for extracting values @f However, for interactions of unpolarized
pp, a cannot be measured in top decay. Nevertheless, a can be determined from
correlated distribution in the decay angl@sand F of thet andt:

1 da _ 1 = kopa_cosf_cosf,
o deosf deosf_ 4

The value of< depends on the axis of quantization chosen for analyzing the de
cays. The more standard axes of the incident beam (“Gotffsiekkon” frame) or
the lines of flight of the top quarks (“helicity” frames) are not the ones preferred
here, but instead there is an optimal axis, or “off diagonal” basis, as defined by the

e Luminosity: | Ldt =2 b1,
¢ Collision energy: /s = 2.0 TeV
¢ Many detector improvements.

o Assume o () = 7.0 pb, nops = 600,
ng=50x5, ey =4.0+% 0.4 %.

]
=]

rn(H_:‘) (Gev)

120 [ .

100
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ng
Figure 4. Regions of parameter spafer a charged Higgs boson excludey DG,
and expectations for sensitivity in the next run of the Tevatron.
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transformation [18]:

3*%5ind" cosd”

1 — [3*2sin?g*

where \ and T are, respectively, the angle of the optimal axis and the angle for the
line of flight of the top quarks, defined relative to the incident direction optime

the parton-parton rest frame, aril refers to the velocity of the top quarks in that
frame. In the off diagonal basis, the impact

tany =

s b b

[/ 0.5 I
056

i 0 *

I |
Sors
0.5
025

b LA Ll A Ll R

-0.25
0.5
0,75
-1

Figure 5. Results from a study of spin correlations in tt decay reported by D@.

of contributions from opposite spin orientations of the top quarks (e.g., from-gluon
gluon production) vanish to leading order isroby providing an expected value of
k~ 0.9. To measure the decay angles, requires the full kinematic reconstruction of
tt events. Unfortunately, dilepton events are kinematically underconstrained, and a
special procedure was therefore developed @t[[9] to handle the ambiguities and
poor resolution brought about by the two missing neutrinos in these channels. Using
its 6 dilepton events, D@ calculated all possibutrunosolutions, with smeared
resolutions, and obtained a likelihood for each event permutation. These were added
for all events, and are shown in the density plot in Fig. 5. A likelihood fit was then
performed to signal (based on a spawrelatectt Monte Carlo) and small sources of
background, with k as arbitrary parameter, which establishedkttrat—0.25 at 68%
confidence [20], consistent with production through an intermediary gluon. A value
of K ~—-1.0 would correspond to an intermediary Higgs-like 0 boson.

Clearly, the results of spin studies to date have not been electrifying, however,
with the great increase in statistics expected from the next run of the Tevatron, such
measurements will provide delicate and sensitive tests of the SM.
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CONCLUSION

Considering the small number of events collected thus far, the properties of th
top quark are known to remarkable precision. The mass is 174.3 + 5.1 Ge¥, the
cross section (unofficial) is 6.2 £ 1.2 pb, the branching modes of the top quark ar
in line with expectation from tm W + b decay, and all observations are consistent
with the SM. The upcoming enormous increase in statistical accuracy will hopefully
reveal new interactions and the shortcomings of current theory.
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