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Motivations or Antipasti

d Finite field theory: formulation in which each individual bare
amplitude is finite in the physical world (no cut-offs, 4-
dimensional space-time)

d Identification of the relevant physical energy/momentum scales
as compared to non-physical scales associated to divergences

> application to the fine-tuning of the Higgs mass

d Application to the physical interpretation and use of the
Renormalization group equations



PLAN

d The Taylor-Lagrange regularization scheme (TLRS)

> a template of a finite field theory
> main properties

d Relevant physical energy/momentum scales

> physical scales
> arbitrary scales
> derivation of the RG equations

 Application to the calculation of the 5 functions

> comparison of bare parameters and renormalized ones

 Perspectives and conclusions



The Taylor-Lagrange
regularization scheme

J Quantum fields defined as distributions

o(z) = Tob(p) = / &y d(y) plz — )

> (x): average over the initial field ¢ with a weight p

w if 0 has a space-time extension a : average over a volume a#*

> to recover a “local” field theory, take the continuum limit a — 0

a
> scaling properties inherent to this limit since also — — 0 with 1 > 1

Ui
> p : fast decrease function at infinity, as well as all its derivatives



J Construction of the test function

> for the Fourier transform of Pa

Jo PR NCHC
> finite supportfor fo, : fo(X > H)=0

> « running » cut-off to exhibit the scaling properties in the continuum
limit

w H—->HX)=nX%+cte with n>1

1

o  Xoar = H(Xee)  givenby X, =ni-=

w continuum limitfor o — 1~



d Extension of singular amplitudes in the UV domain

> since f is a fast decrease function at infinity with all its derivatives :
use of the Lagrange formula

% >t k ak+1 k
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ith )\ anintrinsicscaleex: 7T'(X) =
Wi an intrinsic scale ex (X) X
> calculation of the amplitude
A. /dXT(X —>/ dXeR) . (0
integration by part
k2
X = -£  where A isan arbitrary scale
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In the continuum limit o — 1~ , T2 (X) — T7(X) with
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> because of the derivatives in Tn (X) , the amplitude is now completely
finite

AaﬁAn:/ dXT;(X)
0]

= depends on the arbitrary scale 7)

-if T(X) = X1H T,(X) = In (1)




Relevant energy/momentum scales

d The use of finite field theory to identify relevant scales

> clear separation between the (physical) renormalization process and
the removal of divergences
> two physical scales

w  Q: experimental conditions

w m: masses of the relevant degrees of freedom
(or any other fundamental mass scale)

> two arbitrary scales
w regularization scale [t (unit of mass in DR, 77 A in TLRS)

w  renormalization point M



d Evolution of the parameters with respect to these arbitrary
scales

> example of the coupling constants

> two fundamental coupling constants to consider before doing any
calculation

w (o : bare coupling constant (for the theorist!)

w ()7 : measured coupling constant (for the experimentalist!)
or any physical observable related to go

> general behavior to consider

go(p) and  gnr (M)



d Two different renormalization group equations to consider

> for the running of the bare coupling constant (or equivalently of the
renormalized c.c. in the DR+MS scheme)

w true independently of the relevance of the Lagrangian we

a5 0 start from to describe the physical reality
d w just a check of the internal coherence of the
calculation!

> for the running of the physical coupling constant

ﬁ —0 w standard RGE for Gg’;) in terms of g (M)
dM
w only true if the Lagrangian we start from is the
dg(()") « correct » one to describe the physical reality (within a
dM =0 given precision)

w check of the physics!



Calculation of the (3 coefficients

d Comparison with the usual practice in the DR + MS scheme

> calculation at finite =4 — D

> construct in the usual way the dimensionless « renormalized » cc gr (1)

d Consider for example QED (with an effective charge in the
one photon exchange approximation)
) am(M? = Qp)

TS % [1 — HO(Q?))] = " = C;—g [1 - HR(Q(Q))}

with TI5(Q?) = AIL + I1x(Q?; ) Qo = Qo p°

M(Q%) = AL + Allgg + HR(Q%; 1)



> in TLRS, we have All. =0, i.e. one can take ¢ = 0 for
any individual amplitude contrarily to the DR scheme

> to calculate the 5 coefficients, always keep contact with
physical observables
> four interesting 5 coefficients to consider
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ou 3 Mass-
dependence
9 i beyond
M 2 Dy 2 leading order!
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Mass corrections at leading order
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Non zero already at leading order!



Conclusions and perspectives

d New lights on the interpretation of the running of
parameters (g,m)

> |dentification of two different arbitrary scales

w regularization scale (coherence of the theoretical calculation)

w renormalization point (validity of the physics)

d Identify physical and universal behaviors

> always connect to physical observables

d Essential to identify New Physics unambiguously beyond
the Standard Model



d What changes in practice?

> Mass-dependence of RGE to take into account

w corrections may be small depending on the observables and
energy/mass scales

> Use of the RGE in practice?

w one should calculate the full amplitude and not only the poles
in €

> Use of an optimized U - scale in that case?




