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OUTLINE

3®» 15" quantized String theory as a conformal theory on the
world - sheet

2 Motivation for Liouville string theory : restoration of lost
conformal invariance in non - equilibrium cosmologies (eg.
strings on colliding brane-worlds, etc)

2 A new approach to Liouville field theory, through an exact
functional method
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Motivation: (I) Free Bosonic String Theory

Free bosonic string propagating in D — dimensional flat space-time

Sl — /dQJ\/_’y&anc? XHFoy X"

47roz
o= (r,0), Xt'= (XO, Xt ...XD_l)

This is a conformal theory on the 2 — dim world — sheet.

Central charge : Ctot = CX T+ Cqg = — 206

Conformal invariance I @

Cr/t/cal Bosonic Str/ng
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Motivation : (IT) Strings in Background fields

Now consider a deformed world — sheet action :

S =54 g": f dzg{/; g': couplings

V. : vertex operators

anomaly coefficients

equations of motion for J

background fields in target — space

Conformal invariance | =) Vanishing of Weyl [@% = OJ

— effective target — space action
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Motivation : (IT) Strings in Background fields

e.g. for Graviton and Dilaton backgrounds :

World - sheet action (2 — dim) :
1
S = / P07 [V X)0u X 0,X" + o/ RPD(X)]
T

&’ ny =o' R, +2a'V,V, &+ O (04’2)

. D—-2
G — —— - %v%b +a'V,OVP + O (o)

A

Conformal invariance : ﬁg/ = ﬁq) — () look like equations of motion!

&’ Effective action in D — dim target space (in 0 — model frame) :

2(D — 26
Seff oc/dDa: —Ge [ ( )

3a/

+RWP) 4 48u<1>8“<1>] +O(d)
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Motivation : (IT) Strings in Background fields

o N
62:62+593762_ JRr

0g" change under general coordinate diffeomorphisms in target space
g
[T world — sheet RG scale

giR : renormalized coupling

more general, vacuum energy

D — 26
6

. ()*
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Motivation: (ITT) Non - critical Strings

“String theory space” : space of coupling constants, { gz}

(Zamolodchikov : metric space, Gi; = 2°2° < Vi(z, 2)V;(0,0) >, ...)
fixed points : conformal invariance conditions are satisfied Bi =0

Non — equilibrium processes may result in non — critical (non — conformal)
string configurations, i.e. configurations which lie away from fixed points in
the string theory space.

DIRECTION OF FLOW
C1 > C 2

FIXED (CONFORMAL)
e POINT #1

CENTRAL CHARGE C 1

RG FLOW

FIXED (CONFORMAL)
e POINT #2

CENTRAL CHARGE C ,
STRING THEORY
SPACE
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Motivation: (ITT) Non - critical Strings

Example of such a non — equilibrium procedure :

Brane collision (early universe ?)

P

conformal strings

\\ egm\\

D - brane
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Motivation: (ITT) Non - critical Strings

non — smooth
process !!

S —
non — conformal
strings !

)

ASR
VRN
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Liouville string theory

We are away from the critical theory : B@ £ ()

How do we restore conformal invariance ?

mm) Liowville - dressing procedure

Couple our model with an extra world — sheet quantum field |¢ (T, 0) with action:

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

__________________________________________________________________________________________________________________________

Every non — conformal operator, V', of conformal dimension 4, becomes
“Liouville — dressed” :

Vi (6. X#) = ety (0

Conformal, as long as :
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() : “charge at infinity”

()?: central charge deficit
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Liouville string theory

. ~ .9
generalized conformal invariance conditons : | + Q¢ = —3" 4+ O (g )

dg" 4
, ' = d-dim beta functions
900" "

.
il

In supercritical (central charge surplus, Q2 > () ) models : qbo can be identified
with target time, and conformal invariance can be restored in one dimension higher

Need to study Liouville field theory on
=> 2 - dim world - sheet
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Non-perturbative approach to Liouville theory

Novel non-perturbative| functional field theory method :

1

In early universe cosmology, higher order curvature (RQ, R*, .. )
terms could be relevant.

These are terms of order O/ in the effective action.

‘ Our method should be non — perturbative in o
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Non-perturbative approach to Liouville theory

Novel non-perturbative functional field theory method :

Apparent technical similarities with usual (Wilsonian) renormalization,
but essential differences :

* Fixed world — sheet cutoff

“ Fixed world — sheet area, A (Distler — Kawai)

204) = [ oD ([ doert - 4)
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Non-perturbative approach to Liouville theory

Bare action :

Liouville field theory on 2 — dim flat world — sheet

5 = /d{ cﬁa@mv@(@}

Path integral quantization leads to the effective action, I, whose evolution
equation with respect to the bare parameter, Q2 , IS

T

oI 2 a
S0z = [ de50u00s

1

Tr[ N, ( 5°T )
| 069G, \ 6000

N

J

Exact evolution equation, independent of any loop expansion
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Non-perturbative approach to Liouville theory

We assume the following functional dependence of the effective action :

rlo) = [ e { 220,000+ V(o)

Alexandre, Ellis, Zo = independent of ¢
Mavromatos,
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Non-perturbative approach to Liouville theory
Solution :

7. — QQ &) |Nho quantum corrections for Z,,,
Q consistent with conformal invariance

e In the limit Q% >> 1 :
In(Q?
V(o) = 1i*Po(d)e” =~ pi° (1 + 8%2}) exp { (1 — 87:@2) cb}

+ In the limit Q% — 0 :
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Conclusions & Outlook

I We tested a novel functional method in the context of Liouville
strings, motivated by non - critical stringy Q - cosmologies

I We found no wave function renormalization in the Liouville
model, as expected from the general conformal invariance
restoring properties of Liouville mode.

Outlook :

Application to violent cosmic phenomena such as
colliding brane - worlds, D-particle space - time
foam (capture of strings by DO - branes as source
of non - conformal invariance) etc.
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