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Question

• What can we say about the
fundamental theory of particle physics,
assuming that it admits a consistent
perturbation theory (like string theory)?

• Is this constraint strong enough to lead
us to String Theory?
(Is String Theory unique?)



UV divergence

• UV divergence ⇐ propagators do not
approach to 0 fast enough at large k.

P(k) = 1/(k2+m2) ~ 1/k2

• UV finiteness ⇐ higher derivative
terms added to the kinetic term in L.

P(k) = 1/(k2+k4/M2+m2) ~ 1/k4

P(k) = 1/(k2+m2) - 1/(k2+M2) ~ 1/k4



First Concern

• Higher derivative terms in Lagrangian
imply stronger coupling to gravity at
high energies.

• For UV finiteness in gravitational
theories, propagators should approach
to constants at large k, e.g.

P(k) = (1+ k2/M2)/(k2+m2) ~ 1/M2



• UV finiteness can not be achieved
merely by higher derivative
modifications to propagators when
there are both gravitational and
ordinary interactions.

• Conspiracy of the particle spectrum is
needed. E.g.

N0+(s/2)N1/2+(d-8)N1=0
for finite 1-loop correction to Newton
const. (s=dim. Of fermion rep.)



Second Concern
• Only simple poles and positive residues

are allowed for perturbative unitarity.
[Cutkosky]

• Higher derivative modifications of
propagators break perturbative unitarity,
unless…

• Or, fine tune spectrum and interactions
without changing propagators.



Conclusion

Conspiracy of the particle spectrum is
always needed for a UV-finite

perturbative quantum field theory.



Example: φ4 theory

• P(k) = Σn cn/(k2+mn
2) = Σr αr/k2(r+1)

αr = (-1)r Σn cn mn
2r     (n = 1,…, N.)

• UV-finite if αr = 0 for r = 0, 1, …, D/2.
cn > 0 needed for unitarity.

• Trick: analytic continuation + N → ∞
• Example:

cn = ezn  (n = 1, 2, 3, …)

α0 = Σn cn  = c0 - 1/(1- e-z) = 0



• Example 1: (z > 0, a > 0)
c0 = 1/(1- e-z)
cn = ezn  (n = 1, 2, 3, …)

m0
2 = (1- e-z)/(1- e-(z+a))

m0
2 = ezn  (n = 1, 2, 3, …)

αr = 0 for r = 0, 1, 2  ⇒  finite φ4 in 4D

• Example 2: (z = integer)
cn = n2z   (n = 1, 2, 3, …)

mn = n2   (n = 1, 2, 3, …)

αr = 0 for all r = 1, 2, 3,…
because ζ(s) = 0 for all even integer s < 0.
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