Current Status of Resummed Quantum Gravity
B.F.L. Ward

Forward

** What is KK MC?

KK MC is the MC event generator for the process:
e"et > ff +ny
f=wrt,v,udscb n=01,2,..,co.
Interfaces: TAUOLA+PHOTOS,
Electroweak library DIZET.
Published version 4.13 (to be cited):
Comput. Phys. Commun. 130 (2000) 260, hep-ph/9912214,
F77 code description and user guide (manual).
Phys. Rev. D63 (2001) 113009, hep-ph/0006359.
Physics content, CEEX exponentiation of QED corrs.
"Workhorse" in data analysis of all four LEP collaborations.
(Replacement of earlier MC’s KORALZ and
KORALB.) (Not applicable for ee*—ee*)
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More KKMC versions available since 2000
http://jadach.web.cern.ch/jadach/KKindex.html

*Production Version 4.16 , Oct. 2001,
(KKMC-v.4.16d-export.tar.gz). Improved matrix elm.
RRes module for ! narrow resonances at LEP.

*Developement Version 4.19, Sept. 2002,(KK MC-v.4.19-export.tar.gz). C++wrapper.
Improved matrix element and RRes for low energy colliders.
ISR with complete NLO corrs, as in Phys.Rev. D65(2002)
073030 by S.Jadach, M.Melles, B.F.L.W. and S.A. Yost.
Collinear beamstrahlung for NLC/ILC.

*Development Version 4.22 , June 2013, (KKMC_v4_22 .tgz).

Tested u u* and qq beams (instead of ee*) a fixed energy.
Optionaly, collinear PDFs for qg beams instead of
beamstrahlung, as a patch in the source code (temp. solution). PRD 88(2013)114022.

*The complete "algebraic" description of the NNLO formulas has been published in

Introduction

@ 'Two’ Realizations in Literature:
Jackson-Scharre(JS)(APPROX) vs YFS (EXACT)

® JS — 'limit to precision’

@ YFS — 'nolimit to precision’

o See 1989 CERN Yellow Book article: Frits was almost
convinced, but not completely!

® Today, the analogous discussion continues to new paradigms:
precision LHC/FCC physics and quantum gravity: here we
focus on the latter.
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@ Preliminary Remarks

@ Overview of Resummed Quantum Gravity
® Planck Scale Cosmology

® An Estimate of A

® An Open Question?

@ Einstein-Heisenberg Consistency Condition
@ Constraints on SUSY GUTs

Preliminary Remarks

e [SQUANTUM GRAVITY (Einstein-Hilbert
Theory) CALCULABLE IN RELATIVISTIC QFT?

e STRING THEORY: NO. You need superstrings,
supersymmetric one-dimensional objects of Planck
length size, 1.62x10-33 cm.

e LOOP QUANTUM GRAVITY: NO. You need
Planck length size loops that are the fundamental
constructs for quantum gravity.

e HORAVA-LIFSHITZ THEORY: NO. You need

anisotropic scaling at Planck length scales:

Time and space differ by a factor of z in scale dimension at Planck
length distances with z = 3 in the original proposal-this violates

local Lorentz invariance.
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Preliminary Remarks

@ New Approach: Exact Amplitude-Based Resummation of
Feynman’s Formulation of Einstein’s Theory —
Resummed Quantum Gravity (RQG)

® RESULT (1): UV Finiteness!

® RESULT (2): Constraints on SUSY GUT's

@ RESULT (3): Prediction for the Cosmological Constant A
with Relatively Small Theoretical Uncertainty.

@ RESULT (4): Consistent with Weinberg's Asymptotic
Safety Ansatz, as realized by Exact Field Space
Renormalization Group Program of Reuter et al.
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Preliminary Remarks

@ RESULT (5): Consistent with Kreimer’s Leg
Renormalizability Results ...

@ Today we give highlights on the status and outlook
for this new RQG approach.

SM < Many Massive Point Particles.
Feynman: spin is an inessential complication — checked. We

replace L%M(X) with that a free physical Higgs field, ¢(x), with a
rest mass 125 GeV(ATLAS,CMS) =- the representative model
{R.P. Feynman, Acta Phys. Pol. 24 (1963) 697; Feynman

Lectures on Gravitation, eds. F.B. Moringo and W.G. Wagner,
(Caltech, Pasadena, 1971). }
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Overview of Resummed Quantum Gravity

YES resum the propagators in the NON-ABELIAN gauge theory of
QG:
= from the YFS formula

J—_ Bi;

o ie
S S (P) — T'E(P) (2)

we find for Quantum Gravity, proceeding as above, the analogue of

g / dte —ipv —ie(2ik,) —ie(2ik")
T ] @) (@02 e) (R — 2tk + A+ ie) (2 —20K' + A + ie) lkek

as —Bj (k) with

B, (k) = —2i "2k4f 7 1 1 )
o) = el K s @ N2 1 ie (2 1 20k 1 A + ie)?

for A = k% — m? = for a scalar field

jeBy (k)

— M2 — X +e)
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Overview of Resummed Quantum Gravity

=
Expand theory with the 'improved Born’ propagators

iP ., eBa(k)

a'.l... ;a1 e

ij"- ;a;---A;:(k)IYFS—resummed,Z’S:(} — (k2 . k) (5)

where in the DEEP UV we get

K2

k?| m?
/" o
By (k) = =55 n (—2 - k2|) , (6)

i

— ALL PROPAGATORS FALL FASTER THAN ANY POWER
OF |k2| = QG IS FINITE (SEE MPLA17 (2002)
2371:hep-ph/0607198)!
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Overview of Resummed Quantum Gravity

CONTACT WITH ASYMPTOTIC SAFETY APPROACH

@ OUR RESULTS IMPLY

k2
G(k) = Gn/(1+ )

= FIXED POINT BEHAVIOR FOR

k2 — o,

IN AGREEMENT WITH THE PHENOMENOLOGICAL
ASYMPTOTIC SAFETY APPROACH OF BONANNO &
REUTER IN PRD62(2000) 043008.

@ OUR RESULTS = AN ELEMENTARY PARTICLE HAS
NO HORIZON. THIS AGREES WITH BONANNO & REUTER
THAT A BLACK HOLE WITH A MASS LESS THAN
Mcr -~ MF‘:'

HAS NO HORIZON.
BASIC PHYSICS:

G(k) VANISHES FOR k? — oo.

An Estimate of A

@ In Phys. Dark Univ. 2 (2013) 97, using (5) and (6) we get
rigorous cut-off independent values for the fixed points
g.. A, and the following estimate of A:

 —ME(1 + ¢ ek /(3607 M2)))2 (=1)Fin
p.-"\(t(}) ~ Pl 19641?' Pl Z > ]
TR
t§ f2/3

—M2,(1.0362)%(—9.194 x 1073) (25)?
64 t2

(2.4 x 1073eV)*,

where the age of the universe is t; =2 13.7 x 109 yrs.
@ Compare: pa(to)lexpt = ((2.37 £ 0.05) x 10 3eV)%.

Constraints on SUSY GUTS

100 TeV too small!

NEW LHC LIMITS?#?

Conclusion: IR-improvement enhances QG physics






