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WHAT IS RESUMMATION?

FAMILIAR SUMMATION: 1
1�x =

P1
n=0 xn

RESUMMATION:P1
n=0 Cn�

n
s

(
= FRES(�s)
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n
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A LITTLE HISTORY: 1988 ICHEP-Munich Conference
Dinner, ONE YEAR BEFORE LEP DATA TAKING THAT
LED, BY PRECISION PHYSICS, TO THE
‘t HOOFT-VELTMAN (1999) EW AND
GROSS-WILCZEK-POLITZER (2004) QCD NOBEL
PRIZES IN PHYSICS:
F. Berends and I considered, ’How Accurate Can
Exponentiation (RESUMMATION) Really Be?’
Would It Limit or Enhance Precision for a Given Level of
Exactness: LO, NLO, NNLO, .... ?
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’Two’ Realizations in Literature:
Jackson-Scharre(JS)(APPROX) vs YFS (EXACT)
JS! ’limit to precision’
YFS! ’no limit to precision’
See 1989 CERN Yellow Book article: Frits was almost
convinced, but not completely!
Today, the analogous discussion continues to a new
paradigm: quantum gravity
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IS QUANTUM GRAVITY (Einstein-Hilbert Theory)
CALCULABLE IN RELATIVISTIC QFT?

STRING THEORY: NO. You need superstrings, supersymmetric
one-dimensional objects of Planck length size, 1.62�10�33 cm.

String Theory
• Advantages:

UV FINITENESS,

THEORY OF EVERYTHING: 𝑆𝑈2𝐿⨂𝑈1⨂𝑄𝐶𝐷⨂𝑄𝐺,

APPLIED PHYSICS IN PURE MATHEMATICS, …

• Disadvantages:

So Many Solutions ~ 10500 and counting  ⇒ ANTHROPICITY, …

• quark:      QFT - •     SST -

0 size  ℓ𝑃𝑙 = 1.62 × 10−33 𝑐𝑚
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LOOP QUANTUM GRAVITY: NO. You need Planck length
size loops that are the fundamental constructs for quantum
gravity.

Loop Quantum Gravity 
• Advantages:

Suspected UV FINITENESS,

LINEARIZED QG Constraints, …

• Disadvantages:

UNKNOWN SEMI-CLASSICAL LIMIT,

QUESTIONS OF PRINCIPLE, …

• graviton:      QFT - •  LQG - …. 

0 size  ℓ𝑃𝑙 = 1.62 × 10−33 𝑐𝑚
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HORAVA-LIFSHITZ THEORY: NO. You need anisotropic
scaling at Planck length scales:

Time and space differ by a factor of z in how they scale at
Planck length distances with z = 3 in the original proposal–
this violates local Lorentz invariance.

HORAVA-LIFSHITZ Quantum Gravity 
• Advantages:

POWER COUNTING UV RENORMALIZABLE,

CONNECTIONS TO CONDENSED MATTER, …

• Disadvantages:

VIOLATES LOCAL LORENTZ INVARIANCE,

SCALAR GRAVITON (PATHOLOGY?), …

• graviton:      RQFT - •  :    1/(𝜔2 − 𝑘2) HLQG - •  :    1/(𝜔2 − 𝑘2 − 𝐺𝑘6)

0 size propagator  0 size      propagator ,   

ℓ𝑃𝑙 = 1.62 × 10−33 𝑐𝑚 = 𝐺
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