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Tilt of COBE can constrain aspects of superstring geometry*
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Abstract. Superstring theories for which experimental evidence is meagre are
considered a most promising approach to understand the quantum nature of gravity
and its unification with other fundamental interactions. The geometric structure of
these theories goes beyond the usual Riemannian one of general relativity. In the
low energy limit they are well known not to simply reduce to Einstein's theory, but
inevitably contain an antisymmetric field associated with space time torsion and a
dilation scalar field. Although equivalence principle tests and evidence from the
binary pulsar would make their effects very small these fields could have dominated
in the inflationary epoch and left their imprints in the COBE spectrum. This
approach enables us to quantify quite precisely the relative strength of the
antisymmetric field and consequent deviation from general relativity at that epoch.

A popular and promising line of approach to reconcile general relativity with quantum physics
possibly leading to a unified picture of fundamental interactions is contained in superstring
theories for which the experimental evidence is very meagre despite the rich geometrical and
physical structure of thesc theories. It is generally agreed that the distinctive effects predicted
by these theories should have manifested themselves in the conditions prevailing during the
early inflationary phase of cosmological evolution. These first instants of creation, by their
production of a spectrum of long wavelength gravitational waves, characteristic of these
theories, could have left a detectable imprint on the cosmic microwave background [1]. The
measured ‘anisotropies give direct information about the inhomogenities and the way the
inhomogenities amplitude vary with wavelength (quantified by the so called power law index)
tell us about the variations in the space time metric and the relative contributions of the
different entities producing such variations. As we shall see, deviation from a scale invariant
spectrum can be related to the way the universe was expanding during the inflationary phase
which in turn is determined by the additional geometric structure (and the associated fields)
present in the gravity of superstrings. This enables us to quantify the deviation from general
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relativity at that epoch. These constraints are much more stringent than bounds from
primordial nucleosynthesis and post-newtonian effects.

The content of superstring theories are such that their particle spectrum, amplitudes,

- dimension of space-time etc. are essentially determined by their own algebraic structure

originating from the internal geometric property of the string whose length is related to the
Regge slope [2]. The effective string action involves the spin-2-graviton field h, the
antisymmetric tensor field A (introduced in all superstring theories) and the dilation scalar ¢. It
is usually expressed as:

Sesr(h, A, 9) = S© + o' (SU) + o (SP) + .... etc. 1)

(a' being the Regge slope related to string tension. The string tension is the basic constant in
string theories, the gravitational constant being derived from string tension [3].

From the geometric view point, the structure of the interaction is interpreted in terms of

geometric entities like the metric tensor and affine connection, defined through a d-bein field
V&x)(@ =1 ... d) and its inverse so that g,, = V& V,,, V&V = nab(n00 = _pii = _1). The
effective action S© is then written as (in d dimensions) :

SO = [ d4xg!2[R + exp[-2Kk¢/(d ~ 2)2H?] + (1/2)3,¢IH¢ 2)

where the antisymmetric field strength H is defined as
Hyyp = K(GuAyp + 9vAyp + 0pAyy)

In addition to the usual Spin-2 part of gravity, this third-rank gauge-invariant
antisymmetric tensor field defined as the exterior derivative of a potential, i.e. [3,4]:

Huvo = A[uv,a]a

has been a ubiquitous feature of all superstring theories including N = 8 supergravity in 11
dimensions and in N = 1 supergravity.

Scherk and Schwarz first observed [3, 4], that the antisymmetric tensor field strength
appears in the effective Lagrangian only as torsion in the connection of generalised curvature.
There are also indications from non-linear 0 models [5] and supersymmetry [7,8] that the
torsion requirement is natural.

Thus this antisymmetric field arises naturally in a gravitation theory with a torsion
potential and in fact the above effective string action can be completely rewritten in terms of
the Hilbert Lagrangian as:
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SO(h,A) = -0 — [ aseVeraty
= -2 |aeeVgR(D) + L H,,, HOv
= K X g[ (D + 2 tavp ]

but with the connection [5, 4, 3]

(hg,= G, + +=HE ©®)

Vi

which contains torsion. The curvature scalar is the same but defined with I Thus the string

action can be written generally solely in terms of the Riemann tensors with torsion with the
effective substitution R —- R + H, 71-10437 Thus the A field strength occurring in all string

theories turns out to be the torsion or 'supertorsion’ associated with the string modified space
time geometry. Just as redefining, A,,,, involves action with torsion, the dilation ¢ can be
related to propagating torsion as Q — d,,¢ as outlined below. Essentially this arises through a
duality transformation H,,3 = €,,,30°H, (satisfying d,(e P#¥* H,,,) = 0, giving the
replacement of the form: R - R + 1/2[}1(1) $- Again the torsion Hl =1/2 ([*‘ 1'*‘) can be

written as:
. :
H=5q (& &;- 50, ©
where @ is a torsional potential, which may be expressed as [9] -

D=lny

Here the quantity q in eq. (6), to be more explicitly identified later is defined to be constant
at different space time points and can be identified with a kind of gauge coupling of the H field.

With these substitutions, the modified curvature, scalar takes the form:
R=R({})-6q*®"®, + 6P ®)

(with {} being the usual GR connection).
With the corresponding action given by

5 [ R(() - 6420+, + k LoV ¢ ©

Making the conformal transformations:

y=9¢
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8ij = 0%

L(gij) = ¢2 L(gy) (10)
We have

oL = 5[ @ R({}) + mo2¢%¢ o+ x¢°L] V—gdx an
with

n=(-%a)
=\2" 31

Eq. (11) has the form of a Brans-Dicke type of theory with @ = ('32- q? - %) and an

effective gravitational constant G.g = [f(¢)].

The field equations following from the action given by Eq.(11) can be shown [9] (after
appropriate formal transformations) to give rise to a power-law type of inflation of the scale
factor given by

R(t)o 1973 (12)

The net inflationary factor in R(t) can be expressed as a ratio of [@(tp)/¢(t;)]’¥a’ where t; and
t; correspond to the start and end of inflation and k is a numerical factor.

The density perturbation spectrum is tilted from scale invariance to a power law:

N 2 g*2-9
PMaky n=l-p=7 = 5 (13)

q = 0 would give the usual scale invariant spectrum. If all microphysical parameters are time-
independent during inflation, then all of the fluctuations are produced with the same amplitude
on average and one has a scale invariant (n = 1) spectrum of perturbations. In GR both bubble
and perturbation spectra are scale invariant. Breaking of or deviation from scale invariance (due
to the antisymmetric tensor string geometry in the above case) would remove short-scale
power. While the COBE measurements constrains the amplitude on large scales, one has tight
limits as to how much power can be removed on short scales [10]. As the density perturbation
spectrum is now proportional to [f(¢)]!2, one expects perturbations leaving horizon at later
times to be smaller. '

Power-law inflation of the type given by eq. (12) also generate gravitational waves [11] and
their relative contribute to large angle microwaves background anisotropics is independent of
the multiple and in the case given by [12] the ratio.
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R = 300/8q% + 9 ' (14)

To obtain constraints we can for instance utilize the Cobe 10 deg. 20 result 6% = 10-5.

Depending weakly on whether one has hot dark matter (HDM) or cold dark matter (CDM)

bubbles, q is constrained to be 1 less than 5.1 or n ~ 0.75. For HDM q can be slightly higher

q < 5.5. Constraint is more severe with an admixture of dark matter or a cosmological

constant dominated flat model because more short scale power is removed. The following table
shows q for various n values. (n = 1 is the scale invariant GR result).

n q
075 5.1
0.8 5.75
0.85 5.80
(implied also by QDOT)

0.6 4.5

Roughly speaking the coupling of the antisymmetric gauge field H of the string action is
~ Geg/q at the inflationary epoch (see the defining equations)..., thus one can relate Hj‘o to the

temporal variation of f(¢)~! during the expansion (egs. (11) and (12).
. 1 . .
Hi =5 (@) /£ (98]

The constraints on q from primordial nucleosynthesis and post Newtonian effects are much
less severe [14]. (From nucleosynthesis q < 17 and post Newtonian effects give q < 19).

In short an analysis of the tilt in the COBE spectrum can constrain some important aspects
of superstring geometry.

References

[1] Smoot G.F, Steinhardt P., 1993 Gen. Rel. Grav. 25, 1995.
[2] Green M., Schwarz J., 1984 Phys.lett. 136B, 367.
131 Scherk J., Schwarz J., 1974 Phys.lett 52 B, 347; Nucl. Phys. B81, 118.
[4] Sivaram C., Phys. Report, 1989, 51, 111; Schwarz J. Phys. Reports 89, 223.
[5] Hull M, 1986, Nucl. Phys. B 267, 266.
[6] Sivaram C., 1987, Nature 327, 108.
[71 Polyakov A., 1981, Phys. lett. 103B, 207.
[8]1 Salam Abdus, Sivaram C., 1993, Mod.Phys.lett. 8, 321.
[9] De Andrade, Sivaram C., 1994, Gen.Rel.Grav.26, 615.
[10] Liddle A., Wands D., 1991, MNRAS 253, 637.
[11] LythD., Stewart, 1992 Phts.lett. B274, 168.
[12] Sivaram C., 1993, A&A, 275, 37.
[13] Smoot G.F., etal, 1992, Ap.J. 396, L 21.
[14] Sivaram C. 1995, (in preparation).

© Astronomical Society of India ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1997BASI...25..389S

