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Introduction
New approach to  quantum 
gravity
Based on resummation of 
Feynman graphs
See papers by BFLW, S. Jadach 
et al.: hep-ph/0503189; JCAP 
0402(2004)011; MPL 
A19(2004)143; A17 (2002)2371; 
CPC 130(2000)260; and 
references therein
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Topics of Discussion
Preliminaries 
Review of Feynman’s Formulation 
of Einstein’s Theory
Resummed Quantum Gravity
Massive Elementary Particles and 
Black Holes: Hawking Radiation to 
Planck Scale Remnants
Conclusions
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Preliminaries

Newton’s Law: Most Basic –
Taught To All Beginning Students
Albert Einstein: Special Case of 
Classical General Relativity 
g00=1+ 2φ ⇒ ∇2φ= 4πGNρ
from 
Rαγ - ½ gαγ R = -8π GN Tαγ
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Quantum Mechanics
Heisenberg & Schrödinger, 
following Bohr
Tremendous progress: Quantum 
Field Theory, Superstrings, Loop 
Quantum Gravity, etc.
NO SATISFACTORY QUANTUM 
TREATMENT OF NEWTON’S 
LAW IS KNOWN TO BE 
PHENOMENOLOGICALLY 
CORRECT
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Today’s Talk
New Approach: Building on work 
by Feynman (Acta Phys. 
Pol.24(1963)697; Feynman 
Lectures on Gravitation, eds. 
Moringo and Wagner, 1971)
BASIC IDEA: QG is a point particle 
field theory – Bad UV due to our 
NAIVETE.
Union of Bohr & Einstein Possible
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Four Approaches to QG
Weinberg ( in Gen. Rel., p.790)

Extended Theories: Susy – Superstrings; Loop 
QG, etc.
Resummation ⇐ Today’s Talk – New Version
Composite Gravitons
Asymptotic Safety: Fixed Pt. Theory (See Lautscher 
& Reuter ;Bonnanno & Reuter, hep-th/0205062, 
PRD62(2000)043008; I. Shapiro et al., 
JCAP0501(2005)012; D.Litim,PRL92(2004)201301; 
Percaci&Perini,PRD68(2003)044018, and refs. 
therein)
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BASIC STRATEGY:

INSIDE FEYNMAN LOOP INTEGRAL – LARGE 
CONTRIBUTION REGIMES
1. ULTRA-VIOLET (UV)
2. INFRARED  (IR)
3. COLLINEAR (CL)
RESUM IR
1. UV RENORMALIZATION
2. CL BOTH ABELIAN & NON-ABELIAN -- LL 
3. IR  DOMINANT  TERMS RESUMMABLE
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New Approach: Resummed QG
Resummation Cures QG BAD UV
Consequences & Tests:

(1) Quantum corrections to Newton’s Law
(2) SM pt. particle of mass m ≠ 0  ⇒
rS = 2(m/MPl

2) ⇒ Black Hole in Einstein’s 
classical theory – is this true in QG?

(3) Fate of Hawking Radiation for a 
Massive Classical Black Hole – Planck 
Scale Remnants?

⋮
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Review of Feynman’s Formulation of Einstein’s Theory
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Resummed Quantum Gravity
YFS RESUM PROPAGATORS: EW
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(2002) 2371 ,MPLAin    Proof  Orders  All 17
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Newton’s Law

Consider the one-loop corrections to Newton’s law from Fig. 
1 – they directly show the effects of resummation. Our 
resummed propagators ⇒ (k → )
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with  the  result

GeV. 
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Continuous Transition:
1-2G(r)M/r=1-2GN(1-e-ar)M/r

Outermost solution: Ω=.2, γ=0,

⇒ r>=27.1/MPl  , x+=1.15, x- <0
⇒ x+ → 0 for M → 2.4 MPl =M’cr
with TBH > 0, as above. 

Remnant M’cr :
Decays: 2-body,…,n-body
⇒ Planck Scale Cosmic Rays, etc.
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Conclusions
RESUMMATION RENDERS QGR UV 
FINITE
SUB-PLANCK SCALE PHYSICS 
ACCESSIBLE TO QFT (TUT)
MINIMAL UNION OF BOHR & 
EINSTEIN
BLACK HOLES WITH M<Mcr ~ MPl
HAVE NO HORIZON
FINAL STATE OF HAWKING 
RADIATION ⇒ PLANCK SCALE 
REMNANT ⇒ PLANCK SCALE COSMIC 
RAYS, …
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