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Introduction

The cosmological constant problem
Strict experimental bound: |A| ~ 107123

in Planck units
Can we predict the value of \? J

Vacuum energy density in QFT <> cosmological constant in GR

4
Pvac ~ )‘cutoff

Aew ~ 100GeV

4
Pvac/ A ~ 10%*

What about gravity?
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Introduction

Gravity in lower dimensions

1d gravity with matter
o Quantization condition on A
o 1 to 1 correspondence between values for A\ and quantum states

o )\ takes values in the energy spectrum of the matter sector

(141)-dimensional Dilaton Gravity
o Simple (non trivial) model of quantum gravity
o Limit of spherically symmetric GR

o Effective limit of superstring models
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The classical model

The classical model

(141)-dimensional Dilaton Gravity with a non-minimal Maxwell field:
1 1
Spm = ~ / dx?\/—g <XR — UX)X X+ —2V(X) — 4G(X)FWFW>
Kk Jm

M compact with no boundaries
Parametrization for the metric tensor:

dx® = e? (—AoMdt® + (Ao — A1)dt ds + ds)
Dilaton dependent conformal transformation:

(X)

Buv — eX Buv
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The classical model

Equivalence with Liouville Field Theory

Isolating the cosmological constant: V/(X) = A 4+ Av(X)

U(X) =55 — 0xIn(v(X
Decoupling conditions (%) g;l\cexiz (X))
G(X) =Sy

= { [+ x(X) +In(1 4 v(X))] + & In(A)

. V4
New fields < _
{v — & [+ x(X) + (L4 V(X)) — X/€2] + € In()

Extracting the CC from the fields

Z=Z+€m(\) Y=Y+<£In(N)
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The classical model

The effective action with the cosmological constant

Effective action

/— 1 /\
Sefr = /dzx—gb S (ZuZH =Y, Y ) —2ne?/E — e YIEZSF, vy
M K 2 ’ ’ 2\

+(Z-Y)R,

Wlth (gb)/u/ = g,uU|90:0

This is a gauge independent equivalence!

Covers Liouville Gravity, the Witten Black Hole, the
Callan-Giddings-Harvey-Strominger model and more
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The classical model

Equations of motion

Coulomb gauge

Conformal gauge
Aizo—)AozAl,_g:O

X=X\ =1
* Liouville fields
Yie — Vs + 22" g
Zi — Zss — 26? =0

* Gauge field current equations
Oy (Al,tefy/‘c) =0—E= Al,tefy/g = const

* Two constraints

o20g (A1) v
(Y,tiy,s)2¢4§(y,tiy,s)5+6()\l’t)e ¢

(Zet ZoP £ AE(Ze £ Zs)  + 86N =0.
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The classical model

Additional terms

* The Gibbons-Hawking-York boundary term has a LFT equivalent
dx VXK = [ds2(Z—Y)(EK, + € (1 +8g) Zs)
oM oM

* Minimally coupled massless scalar fields are trivially included

1 1
_5\/_7g¢u¢'u — _E\/Tgkﬂb,uﬁﬁ’“
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The classical model

Hamiltonian formulation

Hamiltonian density & constraints

H = MLt + A\ L™ + AgL?

Lt = Z(PZ:FZ) ¢§(Pz¢z,s),s+AeZ/5+

1 P 1
“(Py+Y Py +Y Y/5n2 (P; + ¢is)?
2 (Py P FEL(Py£Y) + +Z4 ¢

Classical algebra

{L5(f), L5 (g)} = £L5(fg' — f'g) =0
(LHO. (@) = 3 (ML) (f) ~ 0
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The classical model

BRST formalism & gauge fixing

o one pair of BRST ghosts per constraint
o BRST charge {Q,Q} =0

o BRST extensions: Hpse = —{t, Q}

o gauge fixing \p = A1 =1, Ay =«

gauge fixed BRST extended Hamiltonian (density)
4(BRST _ | +.BRST | | —BRST . 0.BRST ’

Compactified space dimension s € [0, 27)
e.o.m. admit chiral decomposition for the L*

Virasoro algebra

(L BRT, L PRy = —i(n — m) Ly,

| £,BRST |
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Quantization

Quantization generalities

General a la Dirac quantization prescriptions:

©

Polarization of phase space

o Hilbert space

o Functions — (normal ordered) Operators
°

Poisson brackets — Commutators — central charges?

©

1st class (classical) constraints — Conditions on physical states

Keeping in mind decoupling:

D
[EBRST _ .7 4 | +£Y | Z LE T8
i=1

we can quantize each sector separately
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Quantization

Quantum realization of 1st class constraints

Classical Theory Quantum Theory
1st class constraints conditions on physical states
L=0 Litphys) =0

Determining A for physical states

If [¢)) is physical, what is the value of A?

<¢phyS’L(/\)’¢phyS> =0
Equations to be solved for A and the parameters in pps
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Quantization

The quantum constraints

(LF+L7) = —3(P3+2Z3) + 3Py + Y2) + L 3(PP + f,)+
F26(Zss) — 26(Yss)+
2 [2(/6) + gho (YN + O(m)
(LY =L7) = (PzZs) = 2(Pzs) + (PyYs) — 26(Py s)+
+ > (Pidis) + O(h)
(L% = (Nis)+O(h)
Compensating contributions from the Z and the Y sectors
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Quantization

Ghost sector quantization

Chiral decomposition

ct(s) = Z cefins byi(s) = Z bEeTins

nez nez
with [c;7, bl ™ = pim
Radial quantization
15, 05] = (0= MLt — (0 — Mo
[Z;’g, Z;’g] =(n—m)L,%, 16—3(n3 M) min
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Quantization

Liouville sector quantization

Quantum corrections to the coupling constants
§—=&z=E8+0z {28y =E+0dy

1
+ 1(P + Y ) Téy (Py £ Y) b v
4 Y ,S Y Y s).s 8/\6 1| »

Mode expansions

Z(s) = 2&; [ao —al+2,'L (ane™ ™ + 3,e™) e*’f‘”q ,

Pz(s) = ﬁ [ao +ay+ Y, (ane™ + 3,e™) e‘5|”q ,
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Quantization

Commutation relations
[an, am) = [3n, 3m] = nh 6", ah = a_p, 3h = 3_p, [a0,ah] = h.

Quantum Virasoro algebra in the Liouville sectors

h AN
(2447'(' (587[‘£) )r +h12r] (5r+q

+ h B\ 2 1
+Y ;Y| _ Y 3
[Lr ,Lq } = (r—q)hL, q—h [(24 — 47 (5 877{) ) r+ 7L12r] Or+q

with the choices

[L,ﬂ : L;t’z} — (r—q)ALEZ +h

h
fzzﬁyzf—ﬁ
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Quantization

Additional fields

The Y field with no Maxwell-field
[B¥ = E (Py £ ¥ Féx (Py + ¥,s)’s]

No need to fix {y

+¥ +¥] _ +.¥ h 2\ 3, I
[L, ,Lq} (r— q)hLEY — h[<24—4775¥)r+12r}6r+q

Massless scalar fields

== EIN _ +,¢ 2 3 I
[L S1 ﬂ (r— q)hLE? — h ( oa" +12r>5,+q
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Quantization

Quantum Virasoro algebra: the case with no Maxwell field

D
[FBRST _ 4.2 4 |+¥ | |+& Z L 1%
i=1
Central charge

2

12

Eliminated by fixing {y (with a possible constraint on D depending on the
value of &) and shifting the zero modes

LEBRST o | 2BRST _ p2(p — 26) /24
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Quantum Constraints
Which basis/representation?

o Fock excitations for the states (dropping ghosts contributions)
allows choices of the states to “test”

[ (d)) =) | D di(n)luh)

neZ | pn=>0

D
Wy =Y W)Y (d¥) R ¢ (d’

{dZ’d¥7di} i=1

o Coherent states basis for operators
diagonal integral representation of operators

fields

/H {d zm] P(z.2)(zl  2) = @ <@|znf>>

@ (2,2) = e(Em %) (2|0|2)
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Quantum Constraints

o Projection on coherent states: (n|z) = (Q|a"|z) = z"e 2/’
o Subset of states with factorized wave functions:
12 = [LZ Y Pt

o The constraints are a sum of gaussian integrals over complex variables:

(Li [dzmdzm

]ti 5.2.2) 07 (2) P+

2T

[ dzy,dz
/ [dzmdzm} (s, 2,2)|0 (2) )2

"’] Ei(s,2,2) 0¥ (@)

/
>[I

i
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Quantum Constraints
The vacuum

The classical cosmological constant needs to vanish

At the quantum level

u++tw:A+ZiQ6D) (Lt —L7)y=0

|

\_26-D
24

Quantum correction to
the classical cosmological constant
given by the (reabsorbed) central charge of the quantum algebra
it ‘knows' the matter content of the theory
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Quantum Constraints
First level excitations

Quantum states
fields fields

H=@1)-Q|® @)@ [0 + )]
f

f n#nf

Non-zero modes constraints

(L + L) o2 (9 (m)df (n) + o (—m)dE (—n))
(1= L) =6 (B ()l ()~ o () () ) -
- 2@ (o (o) ~ A (- (),
Only pure excitations for Z and ¥
df (n?) = dg’(n¥) =0
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Quantum Constraints

Zero modes constraints

_ 26 — D |dF (n?)[?
(L + Lg) =1 —2)\<1+12

12 4rg?

Z#o)
1 fields .
+ o 2B (200" 87 ol ()2
f

fields

(L 15y« Y [ﬂ(f) of |f (n")ﬂ
f

with 8 = 1 for matter fields and ¥, and g = —1 for Z
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Quantum Constraints

D=0 first level excitations

@ Both fields are excited, n? = n¥ = N

_ 213 _27&2|N]| .
,13 1 Yo P taew NFO
7T z
#0 213 Y
! o N =0.
@ Only the Z field is excited n? =0 P
0 field i i ¥ _ _ 3213 , 1
@ Only the BY field is excited n* =0 A=h*5+ 5
18_1 13 T
12 8n 12 12 8m

| | | I! | IIII||4
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Quantum Constraints

Higher excitations

D > 0 gives loosened constraints = d's not fixed

* 1st level excitations for D =1
o the spectrum is bounded from below (the minimum depends on &)
o unbounded towards 400

o discrete values + continuous band

* Higher excitations:

o main difficulty: the s—dependence cannot be eliminated with a Fourier
transform

© main interest: contributions from £z, &y to A
o high excitations of Z compensate arbitrary excitations for ¥ and scalar
fields
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Conclusions

Summary and conclusions

@ in 141 dimensions a gauge independent duality exists between a class
of models of dilaton-Maxwell gravity and Liouville Field Theory

o the cosmological constant is fixed by space-time symmetry in the
quantum theory

o the quantum gravitational d.o.f. contributes with a negative term VS
positive matter contributions

o the cosmological constant spectrum is ‘built’ around the central
charge of the Virasoro algebra

Thank youl
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