LEGIBILITY NOTICE

A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
- report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1




LAY -90-1390 i 474 ~4L =
LA-UR--90-1390 ' .

R L
DE90 010613 R
MAY O 9 1890

08 Alamos Natorsi LADOTAIOrY -§ ODEYEIEd Dv e Umversity of Califorma for e ‘Jnited States Depantment of Erergy under conact #-7408.ENG 16

)

TITLE OPEN SUPERSTRINGS AS THE THEORY OF EVERYTHING?

AUTHONS) ZVI BERN, THEORETICAL DIVISION, LANL
D. C. DUNBAR, D.A.M.T.P., LIVERPOOL UNIVERSITY

SUBMITTED TO PROCEEDINGS OF APS DIVISION OF PARTICLES AND FIELDS
CONFERENCE HELD IN HOUSTON, TX, JAN. 3-6, 1990.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the [/nited States
Government. Neither the United States Government nor an'' agency thereof, nor any of their
employees, makes any warranty, eapress or implied, or assumes any legal liability or responsi-
bility for the accuracy. completeness. or usefulness of sny information. spparatus, product, or
process disclosed, or represents that ity use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, of service by trade name, irademark,
manufacturer. or otherwise does nit necessarily constitvte or 1mply 1ts endorsement, recom-
mendation, of favoring by the United States Ciovernment or any agency thereof The views
and opitrons of authors eapressed herein do not necessarily state or reflect those of the
United States (jovernment ot any agency thersof

By accepiance of 173 a2nCIg tNe DUDIIREr ECOPMESE TREL 1RQ U 3 GOvernment reteng & nOAGICREvd. *OYSity 170w HCONES 10 DUIIBN 07 reDroduce
1FQ DUDHENE@E '0r™ 3t 'Aig COMIDULION ™ 10 BlOW ONGrS 10 G0 90, 'or U S Qovernmem oursesee

*ng LOE AIamDs NONORS! LADOTSIONY 'OSUESE INSL ING DUDISREr (GORNly thig A7HCID B8 WOrn PEriur™med under 1he ausincut of tne U § Derantmerr o i-eryy

Los Alamos National Laboratory
L@S A @m@ Los Alamos,New Mexico 87545
eyt o JiSURIDUTION OF THIS DOCUMENT 1S UNLIMI!

3T %0 BMY O an l‘AOTED


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


OPEN SUPERSTRINGS AS THE THEORY OF EVERYTHING?*

Z. Bern
Theoretical Division, MS-B285
Los Alamos National Laboratory
TLos Alamos, New Mexico 87545

USA

D.C. Dunbar
D.AM.T.P.
Liverpool University
Liverpool, UK

ABSTRACT
We discuss the first examples of one-loop finite four-dimensional superstrings.
These examples can be either space-time supersymmetric or not depending on the
details of the models.

1. INTRODUCTION

One of the most important features of all string theories is that they provide a
framewcrk for a consistent theory of quantum gravity unified with all other forces
[1]. The recent interest in string theories began with the observation of anomaly can-
cellation in the Green-Schwarz SO(32) ten-dimensional open superstring [2]. Since
then open strings have been neglected as potential theories of nature, although there
is no a priori reason for this. Since the original ten-dimensional superstring was
constructed there has been great progress in constructing four-dimensional closed
heterotic string theories [3-6]. However, there has been no analogous progress for
four-dimensional open superstrings. Part of the reason for this is sociological and
part is technical. The basic technical difficulty with lower-dimensional open strings
in contrast to closed strings is that there is no simple symmetry principle analogous
to modular invariance. This makes the construction of lower-dimensional open su-
perstrings less machanical than the corresponding closed constructions constructions,
but is not a fundamental obstruction. Indeed, we have succeeded in constructing the
first examples of sensible four-dimensional open superstrings.

The main motivation for studying open string theories as compared to closad
string theories is the hope that some of the important unsolved problems in string
theories such as the dilaton problem [7], and the fact that there seems to be no fun-
damental way to choose between the large number of consistent lower-dimensional
string models {3-G], may have a simpler resolution in open string theory. The con-
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struction of open string models is considerably more constrained [8,9,10] so that the
number of viable open string vacua seems to be considerably less than that of closed
strings alone. .' :0 since open string field theory is much simpler than closed string
field theory, a string field theory understanding of why a particular vacuum is chosen
over others would be much simpler for the open string case.

2. EXAMPLE OF CONSTRUCTION

For simplicity, we only focus on the simplest example of a four-dimensional
superstring, although we have developed a formalism for constructing a variety of
open superstrings. For our example we take the world sheet fermion’s contribution
to the partition function on the torus to be
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Ztorus _ _2_(2::,’: + Z;Vo) + E(ng" - Zg) ' (1)

where we are following the notation of refs. [4,8]. The upper vectors specify the space
boundary conditions and the lower vectors specify the time boundary conditions
of the world sheet fermions on a torus. In this example, Wy = ((1/2)!°|(1/2)'%)
and 0 = (0'°]0°) respectively correspond to Neveu-Schwarz and Ramond bnundary
conditions on all twenty left- and right-mover complex world-sheet fermions. The
complete model consists of tensoring the world-sheet fermionic contributions with
the bosonic contributions and integrating over the modular parameter as described
in, for example, refs. [1,4].

The consistency of this closed model follows from its modular invariance proper-
ties which can be easily checked using the transformations which may be found, for
example, in ref. [4]. (The standard bosonic contribution to the partitior function is
also modular invariant by itself.) Furthermore, the model can be truncated to a type
I unoriented closed model (8], as follows from the left-right symmetry of the model.

The set of states of the closed string model which may couple to a boundary or
crosscap state are the left-right-symmetric (LRS) ones, that is states which have the
same left- and right-mover content {11,8,10}. Thus, as discussed in refs. [8,12] the
cylinder with two boundary states is

Z88(r") = trLas[e™Weq™e P(Wo)] +trip "y g% B(o)

o g7 &
= Fie(r"),
where 7' = In|q|/ir and Uy = ((1/2)'?) is a Neveu-Schwarz boundary condition

vector of Lialf the length of Wy, P is a GSO projector and Hyy, is the closed string
hamiltonian for the world sheet fermions in the Neveu-Schwarz sector. The GSO
projectors collapse because they are resricted to LRS states so that
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For LRS states, N = (N|N;) and so exp(27iWj-N) is unity for such states. By Jacobi
transforming this, we obtain the annulus contribution to the open string partition
function - open - open

Z*"(r) - Fg:(r) =tr [0 | = tr [wve ], (4)

where 7 = —1/7'" and HF*® is the open string hamiltonian in the Up sector.

Given the annulus contribution, we can then construct the mébius contribution
by requiring a physically sensible projection between the annulus and mébius con-
tributions. This is equivalent to requiring the action of the twist operator [1,8] {2 on
open string states to satisfy (22 = 1 when acting on a state. Since the open string Uy
sector, which does not have a GSO projector, contains states at both integer and half
integer mass levels, the naive twist operator { ~ e™H¥ is not sensible. In the pres-
ence of a GSO projector which would ensure that this twist operator is well defined,
consistent open string models exist only in D = 2,6, 10 as described in ref. [8,9] and
not in D = 4.

The solution to this difficulty is actually quite simple: Use a GSO projector to
separate the states into integer and half-integer mass levels before applying the twist
operator and essociate different phases with the two parts of the twist operator so
as to ensure (2% = 1. The explicit form for the twist operator is then

Q = emid/24 [771 (_L*'(_:l)_lvl)eril:l;:'“ _ inz(l——'-—(#\,ﬁ)cri”;‘rn] ’ (5)

where N is the usual fermion number operator and d = 10 for a four-dimensional
model. The phase e™/24 absorbs the phase in e™ 0% due to the zero-point energy
of the hamiltonian Hyf*". For n = n; this twist operator is equivalent to the
one given by Clavelli and Shapiro 16 years ago [13]. The choice of the n; = *1
determines the Chan-Paton gauge group representation [14] of the various mass levels.
(See ref. [1] for details.) (We are allowing for an independent choice of the Chan-
Paton gauge group representation at integer and half-integer mass levels because
these lie in different representations of the two-dimensional Kac-Moody symmetry.)
The Chan-Paton representation of the massless gauge bosons corresponds to the
adjoint representation of the gauge group, so for n; = +1, —1, which controls the
representation of the massless states, the gauge group will respectively be a Sp or SO
group.
With this choice of twist operator the mobius contribution is
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The Jacobi transformation properties of the mébius contributions to the partition
function are given by

Fl‘}"'\‘_T + 1/2) = e4fi(U—Uo)'(V—Uo)ez‘N‘l'(V'V—d/ﬁ)efi(U'U-J/G)Fg_U(T'/4 + 1/2) , (7)

where U and V consist ¢f Neveu-Schwarz and Ramond open string boundary condi-
tions and the overbar on the boundary condition vector indicated that it should be
evaluated mod 1. By Jacobi transforming the mobius partition function (6) (after
the usual rescaling [2] 7'/4 — 7') we obtain the cylinder with one boundary and one
crosscap (D = 4,d = 10)

ZBC _ pimd/24 (%nz(Fb]:(Tl +1/2) + Fé}°(7" + 1/2))
2 (8)
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which contains the same closed string states as the cylinder with two boundary states
(2).

The potential divergences of the amplitudes in egs. (2) and (8) are determined
by the leading and next to leading terms in the Taylor expansion, in e2™i™  corre-
sponding to the tachyon and massless scalars propagating into the vacuum. In the
Jacobi trasformed mébius contribution (8), the relative normalization of the tachyon
singularity is 22n; while for the massless scalar it is 22 M, where we are including
the factor 22/2 arising from the bosonic [1,8]. Similarly for the Jacobi transformed
annulus (2), the relative normalizations of these singularities is M for gauge groups
Sp(M) or SO(M). Thus, for cancellation of both tachyon and massless scalar diver-

gences
M+n2t=0, M+m22=0, (9)

so the gauge group is SO(4).

Further models can be constructed by the addition of extra boundary condition
basis vectors. In ref. [12] examples of open-closed string models with .V = 4,2,1
space-time supergravity were presented.

3. CONCLUSIONS

Much work remains to be done before open strings are as well developed as
the heterotic string for phenomenological purpnses. For example, the question of
chirality remains a difficulty with lower-dimensional open superstring constructions,
apparant progress has been made on this question within the context of the orbifold
approach to string theory [15]. Additionally, there is the question of higher loop
nmplitudes [16] as well as the potential of using non-trivial projections on the Chan-
Paton factors [17,10,15). However, we have shown that it is possible to construct a
variety of four-dimensional one-loop finite open superstring theories and are hopeful
that such constructions will eventually lead to phonomenologically viable models.
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