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1. Introduction

In Ref. [1], Weinberg suggested that the general theorylafivity may have a non-trivial UV
fixed point, with a finite dimensional critical surface in thi/ limit, so that it would be asymp-
totically safe with an S-matrix that depends on only a finitenber of observable parameters. In
Refs. [2—-4], strong evidence has been calculated usingoWa [5] field-space exact renormal-
ization group methods to support asymptotic safety for timstgin-Hilbert theory. We have shown
in Refs. [6, 7] that the extension of the amplitude-basedceresummation theory of Ref. [8] to
the Einstein-Hilbert theory (we call the extension resurdrgaantum gravity) leads to UV fixed-
point behavior for the dimensionless gravitational andwalsgical constants, but with the bonus
that the resummed theory is actually UV finite. More evidefareasymptotic safety for quantum
gravity has been calculated using causal dynamical triatepli lattice methods in Ref. [Q] There
is no known inconsistency between our analysis and Refd, fl—Our results are also consistent
with the results on leg renormalizability of quantum grgvit Refs. [11]. Contact with experiment
is now in order.

Specifically, in Ref. [12], it has been argued that the apgitoa Refs. [2—4] to quantum gravity
may provide a realizaticnof the successful inflationary model [14, 15] of cosmologyheut the
need of the inflaton scalar field: the attendant UV fixed padhitson allows one to develop Planck
scale cosmology that joins smoothly onto the standard Fréth-Walker-Robertson classical de-
scriptions so that one arrives at a quantum mechanicaligoltd the horizon, flatness, entropy
and scale free spectrum problems. In Ref. [7], using themesed quantum gravity theory [6],
we recover the properties as used in Refs. [12] for the UV fpeitit with “first principles” pre-
dictions for the fixed point values of the respective dimenkiss gravitational and cosmological
constants. Here, we carry the analysis one step further rive at a prediction for the observed
cosmological constarft in the context of the Planck scale cosmology of Refs. [12].camment
on the reliability of the result as well, as it will be seeready to be relatively close to the observed
value [16]. More such reflections, as they relate to an erpantally testable union of the original
ideas of Bohr and Einstein, will be taken up elsewhere [17].

The discussion is organized as follows. In the next sectierraview the Planck scale cos-
mology presented in Refs. [12]. In Section 3 we review ouulteg7] for the dimensionless grav-
itational and cosmological constants at the UV fixed pointSéction 4, we combine the Planck
scale cosmology scenario [12] with our results to predietdbserved value of the cosmological
constantA.

2. Planck Scale Cosmology

More precisely, we recall the Einstein-Hilbert theory

L = 55V G(R-2N) (2.)

Iwe also note that the model in Ref. [10] realizes many aspéthe effective field theory implied by the anomalous
dimension of 2 at the UV-fixed point but it does so at the experisiolating Lorentz invariance.
2The attendant scale choike- 1/t used in Refs. [12] was also proposed in Ref. [13].
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whereR is the curvature scalag is the determinant of the metric of space-timg,, A is the
cosmological constant and= /8nGy for Newton’s constanGy. Using the phenomenological
exact renormalization group for the Wilsonian [5] coarseiged effective average action in field
space, the authors in Ref. [12] have argued that the attémaianing Newton constar@y (k) and
running cosmological constart(k) approach UV fixed points als goes to infinity in the deep
Euclidean regimek®Gy (k) — g., A(K) — A.k? for k — oo,

The contact with cosmology then proceeds as follows. Usiplgeammomenological connection
between the momentum scdtecharacterizing the coarseness of the Wilsonian graininésise
average effective action and the cosmological tirigt) = 5 for & > 0, the authors i |n Refs. [12]
show that the standard cosmological equations admit oﬁiltm/\flng extensmn.(a) + 2 = 3/\+
8GNp, p+3(1+ w)dp =0, A+8mpGy = 0, Gn(t) = Gn(K(t)), andA(t) = A(k(t)) for the
densityp and scale factoa(t) with the Robertson-Walker metric representationda$ = dt? —
a(t)? (1 [ +12(d6? + sin? 6d¢?) ) so thatk = 0,1, —1 correspond respectively to flat, spherical
and pseudo-spherical 3-spaces for constant time t. Theiequa state isp(t) = wp(t) wherep
is the pressure.

Using the UV fixed points fog, andA,, the authors in Refs. [12] show that the extended cos-
mological system given above admits, Foe= 0, a solution in the Planck regime wherel® < tgjass
with tgassa “few” times the Planck timés, which joins smoothly onto a solution in the classical
regime,t > teass Which coincides with standard Friedmann-Robertson-@faihenomenology but
with the horizon, flatness, scale free Harrison-Zeldovighicsrum, and entropy problems all solved
purely by Planck scale quantum physics. We now review thdteein Refs. [7] for these UV limits
and show how to use them to predict the current valu.of

3. g« and A, in Resummed Quantum Gravity

We start with the prediction fag,, which we already presented in Refs. [6,7]. We have shown
in Refs. [6] that the large virtual IR effects in the respeetioop integrals for the scalar propagator

in quantum general relativity can be resummed toekeet resultiAg (K)|resummed— (kz%%
for Bg(k) = % In (WTZ_II@) where this form holds for the UV regime, so that the resummed

scalar propagator falls faster than any powejkéf. An analogous result [6] holds for m=0. A$,
the residual self-energy function, startsdiik?), we may drop it in calculating one-loop effects. It
follows that, when the respective analogsfyf (K)|resummedare used for the elementary particles,
all quantum gravity loop corrections are UV finite [6].

When we use our resummed propagator results, as extendddthe garticles in the SM
Lagrangian and to the graviton itself, the denominator &f ginaviton propagator becomes [6]

(Mg is the Planck massy + 27 () +ie = ¢* — q43gf;[;\;|2 ,for caet = 3 sm partictes Njl2(Ac()) =

2.56x 10* with I, given in Refs. [6] and with¢(j) = 2rr12 . nj is the number of effective degrees
of freedom [6] of particlej of massm;. We take the SM masses as explained in Refs. [6, 7]
following Refs. [16, 18-20]. We also note that from Ref. [#14lso follows that the value afj

for the graviton and its attendant ghost is 42. We thus ifleve useGy for Gn(0)) Gn(K) =

Gn/(1+ S,Cgoe;;vll(z ) s0 thatg. = limz_., k’Gn(k?) = 32T = 0.0442, a pure property of the known
world.
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Turning now toA,, we use Einstein’s equatioB,y + Agyy = —KZTW in a standard nota-
tion whereG,y = R,y — %ng, Ryv is the contracted Riemann tensor, ang is the energy-
momentum tensor. Working with the representat@n = n,y + 2khy, for the flat Minkowski
metric n,y = diag(1, —1,—1,—1) we may isolate\ in Einstein’s equation by evaluating its VEV
(vacuum expectation value). For any bosonic quantum fjeldle use the point-splitting defini-
tion (here, : : denotes normal ordering}0)¢ (0) = lim;_0¢ ()9 (0) =Ilim_oT (¢ ()¢ (0)) =
lime_o{: 9(£)$(0): + < O]T(¢(£)¢(0))|0 >} where the limit is taken with time-like = (¢,0) —

(0,0,0,0) = 0 respectively. A scalar then makes the contribution [6)tgiven by’ As = —8nGy

— 2 /(2m2)) In(k2 /P41
[dK (2K2)e A/ @) InGe/mP 1) 3 1 2 . , .
>~ _8nGN|==—], wherep = In &, and a Dirac fermion contributes [6
20272 K22 Nl7607): P =IN35 [6]

—4 timesAs to A. The deep UV limit ofA then becomes\ (K) — 2., k?As,
A = — 35555 i (—1)Finj /p? = 0.0817 whereF; is the fermion number of andpj = p(Ac(m;)).
We see again thak, is a pure prediction of our known world A, would vanish in an exactly

supersymmetric theory. Our results f@., A.) agree qualitatively with those in Refs. [12].

4. An Estimate of A

To estimate the value of today, we take the normal-ordered form of Einstein’s equmti
: Guv t +A gy = —k2: Ty 1. The coherent state representation of the thermal density
trix then gives the Einstein equation in the form of thermalleraged quantities with given
by our result above in lowest order. Taking the transitioneiibetween the Planck regime and the
classical Friedmann- Robertson Walker regimig at 25tp from Refs. [12], we introduge (ti; ) =

M4
Alter) M"' (kar) _ ”J and use the arguments in Refs. [23] (s the time of matter-radiation
J

8 () — ZJ
equality) to get the first prlnC|pIes estimate, from the noettof the operator fieldpa(tg) =

—ME (14Coer k2 /(360mME )2 Fn 2 t&4%\37 A —M3(1.03622(—9.197x10°3) (252 .,
64 ZJ J.2 [tz (tzﬁ ) ]— 64 2
0

t

(2.400 x 10~3eV)* where we take the age of the universe totpez 13.7 x 10° yrs. In the
latter estimate, the first factor in the square bracket cofraa the period fromt;, to tyg (ra-
diation dominated) and the second factor comes from theogeriom teq to to (matter dom-
inated)*. This estimate should be compared with the experimentalltr¢s6]° pa (to) |expt =

(2.368x 10~3eV(140.023))%.

To sum up, our estimate, while it is definitely encouragirggnot a precision prediction, as
possible hitherto unseen degrees of freedom have not belew@u and;, is not precise, yet. — We
thank Profs. L. Alvarez-Gaume and W. Hollik for the suppart&ind hospitality of the CERN
TH Division and the Werner-Heisenberg-Institut, MPI, Mehmi respectively, where a part of this
work was done.

3We note the use here in the integrand kg Bather than the &2 +-m?) in Ref. [7], to be consistent witty = —1 [22]
for the vacuum stress-energy tensor.

4The method of the operator field forces the vacuum energifesloov the same scaling as the non-vacuum excita-
tions.

SSee also Ref. [24] for an analysis that suggests a valugfip) that is qualitatively similar to this experimental
result.
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