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1. Introduction

At this writing, we are at an important juncture in the development of the theory of elementary
particles. It has been noted [1] the that success of the so-called Standard Model of Elementary
Particles [2] is sufficient that it should now be called the Standard Theory of Elementary Particles.
This we do this henceforward. Nonetheless, there does remain the search for a correct, testable theory
of quantum gravity, where we mention the well-known possibilities represented by superstring
theory [3], loop quantum gravity [4], exact field-space renormalization group methods [5–8], the
running vacuum approach in Ref. [9], Weinberg’s asymptotic safety idea [10], etc. – we apologize
but we cannot list all of the still viable ideas due to the lack of space. Here, we give an update on
the status of our resummed quantum gravity (RQG) approach [11] in this context.

The basic idea we exploit in our approach to quantum gravity is the demonstrated improvement
of the accuracy of the quantum loop expansion with the systematic resummation of its large IR
(infrared) contributions for a given order of exactness in the respective overall loop expansion as
demonstrated in Refs. [12] following and extending the approach of Ref. [13] in the context of the
ST EW theory. Our brief report is organized as follows. In the next Section, we give a concise
review of the resummation theory which we use. Preliminary remarks in Section 3 are followed by
a concise review of RQG theory in Section 4. Section 5 closes with some exemplary results and an
outlook.

2. Exact Amplitude-Based Resummation Theory - Concise Review

The application of exact amplitude-based resummation theory to quantum gravity has as its
starting point the master formula, for the process 𝑞1 + 𝑞2 → 𝑞′1 + 𝑞′2, in an obvious notation for the
kinematics,

𝑑�̄�res = 𝑒SUMIR (QCED)∑∞
𝑛,𝑚=0

1
𝑛!𝑚!

∫ ∏𝑛
𝑗1=1

𝑑3𝑘 𝑗1
𝑘 𝑗1∏𝑚

𝑗2=1
𝑑3𝑘′ 𝑗2
𝑘′ 𝑗2

∫
𝑑4𝑦
(2𝜋)4 𝑒

𝑖𝑦 · (𝑝1+𝑞1−𝑝2−𝑞2−
∑

𝑘 𝑗1−
∑

𝑘′ 𝑗2 )+𝐷QCED

˜̄𝛽𝑛,𝑚(𝑘1, . . . , 𝑘𝑛; 𝑘 ′1, . . . , 𝑘
′
𝑚)

𝑑3𝑝2
𝑝 0

2

𝑑3𝑞2
𝑞 0

2
, (1)

where new (YFS-style) non-Abelian residuals ˜̄𝛽𝑛,𝑚 (𝑘1, . . . , 𝑘𝑛; 𝑘 ′1, . . . , 𝑘
′
𝑚) have 𝑛 hard gluons and 𝑚 hard

photons. Definitions of the infrared functions SUMIR (QCED) and 𝐷QCED and of the residuals are given
in Ref. [14]. The non-Abelian nature of QCD means that these methods can be directly applied to the
Einstein-Hilbert Lagrangian as it was presented by Feynman [15, 16], as we discuss in what follows.

3. Preliminary Remarks

We present some preliminary observations to set the stage for our discussion. Specifically, the RQG
theory which we present here will be seen to have to following properties::

• RQG is UV finite.

• RQG is consistent with Weinberg’s asymptotic safety ansatz [10] and its realization by the exact
field-space renormalization group program of Refs. [5–8].
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• RQG, combined with the Planck scale cosmology of Bonanno and Reuter [7, 8], allows a prediction [17]
for the cosmological constant with a relatively small error.

• RQG is consistent with Kreimer’s [20] leg renormalizability results for quantum gravity.

We feel these remarks may be inviting for some.

4. Resummed Quantum Gravity - Concise Overview

Returning to the general development of the RQG theory, we write Feynman’s formulation of the
Einstein-Hilbert Lagrangian for the simplest case of matter, that of a Higgs-like scalar field of mass 𝑚:

L(𝑥) = − 1
2^2 𝑅

√−𝑔 + 1
2

(
𝑔`a𝜕`𝜑𝜕a𝜑 − 𝑚2

𝑜𝜑
2
) √−𝑔

=
1
2

{
ℎ`a,_ ℎ̄`a,_ − 2[``

′
[__

′
ℎ̄`_ ,_′[

𝜎𝜎′
ℎ̄`′𝜎,𝜎′

}
+ 1

2
{
𝜑,`𝜑

,` − 𝑚2
𝑜𝜑

2} − ^ℎ`a
[
𝜑,`𝜑,a +

1
2
𝑚2

𝑜𝜑
2[`a

]
− ^2

[
1
2
ℎ_𝜌 ℎ̄

𝜌_
(
𝜑,`𝜑

,` − 𝑚2
𝑜𝜑

2
)
− 2[𝜌𝜌′ℎ`𝜌 ℎ̄𝜌

′a𝜑,`𝜑,a

]
+ · · · .

(2)

𝑅 is the curvature scalar, 𝑔 is the determinant of the metric of space-time 𝑔`a ≡ [`a + 2^ℎ`a (𝑥), and
^ =

√
8𝜋𝐺𝑁 . We expand [15, 16] about Minkowski space with [`a = diag{1,−1,−1,−1}. 𝜑(𝑥) is our

Higgs-like representative scalar field for matter and 𝜑(𝑥),` ≡ 𝜕`𝜑(𝑥). We have introduced Feynman’s
notation �̄�`a ≡ 1

2
(
𝑦`a + 𝑦a` − [`a𝑦𝜌

𝜌
)

for any tensor 𝑦`a 1. In (2) and in what follows, 𝑚0(𝑚) is the bare
(renormalized) scalar boson mass. We set presently the small observed [18, 19] value of the cosmological
constant to zero so that our quantum graviton, ℎ`a , has zero rest mass in (2).

The large virtual IR effects in the respective loop integrals for the scalar propagator in quantum
general relativity can be resummed [21–23] to the exact result, using an obvious notation from Ref. [21],
𝑖Δ′

𝐹
(𝑘) = 𝑖

𝑘2−𝑚2−Σ𝑠 (𝑘)+𝑖 𝜖
= 𝑖𝑒

𝐵′′
𝑔 (𝑘)

𝑘2−𝑚2−Σ′
𝑠+𝑖 𝜖

for (Δ = 𝑘2 − 𝑚2) where 𝐵′′
𝑔 (𝑘) =

^2 |𝑘2 |
8𝜋2 ln

(
𝑚2

𝑚2+|𝑘2 |

)
. The form

for 𝐵′′
𝑔 (𝑘) holds for the UV(deep Euclidean) regime, so that Δ′

𝐹
(𝑘) |resummed falls faster than any power of

|𝑘2 |. It follows [21–23] that RQG is UV finite.

5. Some Exemplary Results

For a summary of results from RQG we refer the reader to Ref. [11]. Presently, we call attention to
the running Newton and cosmological constants results [17, 21–23] 𝐺𝑁 (𝑘) = 𝐺𝑁/(1 + 𝑐2,𝑒 𝑓 𝑓 𝑘

2

360𝜋𝑀2
𝑃𝑙

), 𝑔∗ =

lim𝑘2→∞ 𝑘2𝐺𝑁 (𝑘2) = 360𝜋
𝑐2,𝑒 𝑓 𝑓

� 0.0442, and Λ(𝑘) −→𝑘2→∞ 𝑘2_∗, _∗ = − 𝑐2,𝑒 𝑓 𝑓

2880
∑

𝑗 (−1)𝐹𝑗𝑛 𝑗/𝜌2
𝑗
� 0.0817,

where 𝑐2,𝑒 𝑓 𝑓 � 2.56 × 104 is defined in Refs. [21–23], 𝐹𝑗 is the fermion number of particle 𝑗 , 𝑛 𝑗 is the

effective number of degrees of freedom of 𝑗 and 𝜌 𝑗 = 𝜌(_𝑐 (𝑚 𝑗 )) for 𝜌 = ln 2
_𝑐

with _𝑐 ( 𝑗) =
2𝑚2

𝑗

𝜋𝑀2
𝑃𝑙

for
particle j with mass 𝑚 𝑗 . _∗ vanishes in an exactly supersymmetric theory. Finally, we note the pioneering
RQG result for the cosmological constant itself in Ref. [17]:

𝜌Λ (𝑡0) � (2.4 × 10−3𝑒𝑉)4. (3)

𝑡0 � 13.7 × 109 yrs. is the age of the universe, where the result is predicted to scale like 𝑡−2
0 and is seen to be

in good agreement with experiment [19]: 𝜌Λ (𝑡0) |expt � ((2.37 ± 0.05) × 10−3𝑒𝑉)4.
We conclude with the outlook that the analysis in Ref. [24] would seem to beckon more constraints on

RQG [25].

1Our conventions for raising and lowering indices in the second line of (2) are the same as those in Ref. [16].
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