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A Nano-Course in Non-Critical (Liouville) Strings

s-Model: 2 ~ J.dza\/zhaﬂGﬂ.,(X)aaX‘”aﬁX” +on
2

l
“Coupling Constant” (g;)

— Conformal Invariance — B¢, (X) = 0 —
as”, .
oG

v

=O!

Where S"D(?,ﬁr ~ IdDX \/ae_{b(R(D) +)

— Non-Criticality — B #0 (At Least For Some i)

— Addto $°,; 2 [d°XNGe™ [ + Q2 (1) + -]

With 0'()=1(C-¢) (Central Charge Deficit).
This leads to
g +0¢g =-p'(g)=-G"0C[g]/ dg’

_d__d _d

Where._dlny:dqo:Hdt




Whereas the Liouville zero-mode ¢ is “dormant”
(decouples) at criticality (8, = 0) , it gets very active
In non-criticality (4, # 0)

Such that, for (super-critical) Q2 >0 .
St > [d*oNh(--=h™d 40 ;0 + QPR +---)

. Extra time-like d.o.f. !
— The tale of two times - - -
= @Q=—1

dynamics

«++ "Quantum Origin" of Time - - -
i.e. from the would-be (D +1) spacetime, we live in

the (¢+1)=0 D-gpacetime - - -

av,,
o< cosh(f + @) — =)
dg

V

effective

@p+1t=0




/NON-CRITICAL STRINGS: Definitions\

DIRECTION OF FLOW

Cl> 02

FIXED (CONFORMAL)
e POINT #2
CENTRAL CHARGE C 4

STRING THEORY
SPACE

S,=5"+ [ gV, B =dg/dinu£0
b3

S5* fixed point (conformal) action, z RG scale on
world-sheet ¥, {g*} =space-time fields
={Guw,®,A,...}.

Clg] = 22* < T(2)T(0) > —32%z < T(2)0(0) > —
—62°2° < ©(2)0(0) >

Zamolodchikov's running central charge (counts d.o.f.).

NB: Critical strings: 0 = 8¢ = 9Z egs. of motion,
59

{ oc Clg] effective target-space action, /




(l NON-CRITICAL STRINGS: Properties '\

Irreversibility of RG flow (c-theorem):

oC B ; : ; P
3s = 126" <Vi)V;(0) > 57 < 0

for unitary o-models.

Extension of irreversibility for Non-Unitary o-models
Ceff = ¢ — 2447, A, =scaling dim of lowest energy
state < 0 for non unitary theories.

For stringy o-models time-like dilatons induce
non-unitarity, hence central charge may oscillate before
settling to non-trivial infrared fixed point

C-c*
/N — Unitary CFT

uv ————— stringy

mad




Non-Critical (Liouville) Strings
and Cosmic Inflation

The Origins: (ABEN ’87 —’89)

g'+0¢ =-p'(g)=-G"0C[g]/ dg’

Applying this to scalar, inflaton-like string modes

5 . oV
b, +3H g, = — =
—_— ¢r ¢’; (34?5!

"+ Standard field equations for scalar fields in de
Sitter (inflationary) spacetime « « - !

Provided O =-3H

Example: {g,i } = {Gﬂg; ’ B‘Hp ’ (I)}

B =a'R, +2V,0,0-V/H HX)
B =a'(- YoV HE + HE 0 @)
§° = 5° _%Gmﬂ;‘j :%(C——26)

where we take #,,, =¢,,,0°0 with b=>b(t)=pt
f = constant and ®(7, X)=¢ +cyt | ¢,¢, =constant.




This “linear in time dilaton” field makes no
> i G B
contribution to ﬂ,ws v

Turn on Q(# 0) = constant
(Initial quantum fluctuation; D-brane collision)

Liouville Dressing = P(7,x,9) = Q@ +c, +c,t

with O = Cy; thus: @(z,x,¢) = ¢, =constant, and:
= s ] 3
G, +0G, =-R, +A,6 G,
Goy +QGy, =—Ry,

which accepts as solution the RWF Inflationary
(de Sitter) metric

Gy =-1, G; = emﬂg
H=-9 F=%0" QED.
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'EXAMPLES (cont'd) I

(i) Catastrophic events (e.g. collision) in brane worlds,
take branes out of equilibrium — relaxation to critical
state, which is reached asymptotically. Collision —
recoil problem in brane worlds. Break SUSY at TeV by
compacitfying higher branes to three branes in
magnetized tori Rela'xing to zero quintessence like
cosmological constant, 1/t2?, t =age of Universe=106°
(Planck units), quintessence fields: dilaton, instabilities
(tachyonic condensates from breaking of SUSY) etc.

vt ‘

2 %:g Q

)
4
a : 14
D3 D3 " t
)
[}
Hidden : present
Observable !
[ S 0 ' o2 >
' R, ' 0 end of

inflation kg

L fing ~ VQs
Formalism: Logarithmic CFT deformations of

brane-world recoil crucial )

o
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Figure 2: A model for supersymmetric D-particle foam consisting of two
stacks each of sizteen parallel coincident D8-branes, with orientifold planes
(thick dashed lines) attached to them. The space does not extend beyond the
orientifold planes.” The bulk region of ten-dimensional space in which the
D8-branes are embedded is punctured by D0-particles (dark blobs). The two
parallel stacks are sufficiently far from each other that any Casimir contri-
bution to the vacuum energy is negligible. Open-string interactions between
D0-particles and D8-branes are also depicted (wavy lines). If the DO-particles
are stationary, there is zero vacuum energy on the D8-branes, and the con-
figuration is a consistent supersymmetric string vacuum. (EMNS)
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Energy
Density
~1/a 4
(radiation)
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Figure 3: The evolution of the energy densities of matter, radiation and of the quintessence
field (dilaton) vs. the scale factor of the Universe in the Einstein frame. At early stages the
energy density of the quintessence field decreases significantly, as compared with the rest,
and the coincidence situation is lost. This is due to the behaviour of the central charge

deficit of the model, shown in figure 1, which dives in to zero for a short period immediately

after inflation.
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Figure 1: Left panel: The dilaton ¢, the (square root of the) central charge deficit Q
and the ratio a/ag of the cosmic scale factor as functions of the Einstein time L Binsteio:
The present time is located where a/ay = 1 and in the figure shown corresponds to
tioday = 1.07. The input values for the densities are p, = 0.238, p, = 0.0 and w, is 0.5.
The dilaton value today is taken ¢ = 0.0 . Right panel: The values of Q; = pi/ pe for the
various species as functions of g, sein-

/(82 -+ §2,), i = ¢, exotic(e), noncritical ma®, p.at, p.at
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Figure 2: Left panel: Ratios of (’s for the dilaten (¢), exotic matter (e) and the non-
critical terms ("nonerit”) to the sum of "dust” and radiation €, + €2, densities,
Right panel: The quantities g, a®, for "dust”, p, a* and p, a* as functions of ¢,
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Figure 3: Left panel: The deceleration ¢ and the dimensionless Hubble expansion rate
H= 7—%;; as functions of fginstein- Right panel : The derivative of the dilaton and its
ratio to the dimensionless expansion rate.

a/ag,, Q deceleration g , Hubble A
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Figure 4: Left panel: The dilaton ¢, the (square root of the) central charge deficit Q and
the ratio a/ag of the cosmic scale factor as functions of the Einstein time ¢g;s10in. The
inputs are as in figure 1 with only changing the dilaton to ¢; = —1.0. Right panel: The
deceleration and H for the same inputs.
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lql/g&* String coupling squared g2 = eap(24)
1.6 - ¢ : T - . 1 —— —
| ' j f .
12k i = B g = i i
/\\—: 1Y/ HUBEIE ST, T S— R ——.
- ] i
| R N SR, i SN sl
lal/gs> —
T . N N
i ; ! . -
0.2 0 -0.2 -0.4 =0.6 0 0.2 0.4 0.6 08 1
2 — redshift z — redshift

Figure 5: Left panel: The ratio |q|/g? as function of the redshift for z ranging from
z = 0.2 to future values z = —0.6, for the inputs discussed in the main text. The rapid
change near z =~ 0.16 signals the passage from deceleration to the acceleration period.
Right panel: The values of the string coupling constant plotted versus redshift value in
the range z = 0.0 — 1.0.
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Figure 6: The deceleration as function of redshift values in the range z = 0.0 — 1.0, The
inputs are as in figure 5.
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H(z)

T RRERRRRR———

o (ELus- mv;m@ﬁﬁw-ﬂ) |

’ 5 é 1/2
= Ho(Qa(14 2P 4+ Q1+ 2)* +0,(1 4 2)%) 7
SN data set | Oy - | \"/dof
“gold 0.257=0.026 | 178 | 1.14
SNLS 02650022 | 114 | 1.00
Corubined | 0274 £ 0.017 | 230 | 1.05 |
SN dataset | 12, e R 78 x| \o/det
“Gold' —S3=04|10=17 |[410X020 32217 17| 114
SNLS —20+03|04+04] 47410 |26+00f 13| 1.01
Combined | —37=11(13+07| 3003 |34=13[23 | 105
SN dataset n:g ﬂ; n? I \? \'.z_(( dof
Gold —36x08| 12203 |[34x00f 17| L4
SNLS —-3.0+£09)] 10+04 [30+10]113] 100
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Conclusions:

e Novel way to model the origin of the Big
Bang/Universe and its Evolution

e Based upon Fundamental Principles of
M-Theory (Non-Criticality, D-Brane
Dynamics---)

e In Sharp Contrast to (Pseudo)-Effective
String Theory approaches - - -




