The Coleman-Weinberg Potential

SE Current topics in theoretical particle physics

Carla Schuler

University of Vienna

January 30" 2015



Outline

» Discussion of Vg of massless ¢* - theory

» Massless scalar electrodynamics

» Computation of CW potential Vg up to one-loop
» SSB generated by one-loop corrections

» Summary

» Qutlook



Classical scale invariance

» Example: massless ¢*-theory

S = / d*x <au¢au¢ + i\!gb4>

» Scale transformation
x = px, d*x — ptd*x
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» Mass term %¢2 breaks scale invariance



Vs of the massless ¢*-theory

» V. in the MS scheme
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» One-loop correction breaks scale invariance:
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» The value of ¢ at which the ,new” minimum occurs is
determined by
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» Perturbation theory is only valid for small A — new minimum

lies outside the range of validity of the one-loop approximation



Massless Scalar Electrodynamics

» Calculations in dimensional regularization — gauge invariance
is preserved

» Lagrangian L in Euclidean-space
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» Introduction of u, [u] =1, to keep A and g dimensionless
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Introduction of real scalar fields 1,
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» Manipulation of terms to get an expression for the action
S= fddX,C
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Saddle point method

» Expansion of the action S around goc’ and A<,
55[907/4#] — 55[‘:07’4#] —
—=rpl =0 oA =0
g):;pd,A:ACI

0pa
cp:soCI,A:ACI

> Au:A;’—FBM Lo =9+ a

s [tpd +a, AT+ BM] V2 S o) A+

+ terms linear in avand B, +
+/ddx {%B‘L (6,0 — (1 — €)8,0,) B,—
_1
2

—d —d
+ MAT gaTD;’ (Bueyp) + uAT ggaTDfL/ (Buea)

4—d
a™DIDa + 7 gaTBMeDﬁlw—i—

4—d

— 2
+p 7 gcpTBuaD;/a - MA_dq?gaTBusBuegp

A —a A
4 IJ/4 dg(aT¢)2+M4 dEL,DTQOOCTOC}

+ terms cubic and quartic in cand B,



The differential operator D

» Terms quadratic in o and B, represent the one-loop correction

to W [f]
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» with A, =0, D is determined by
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D in momentum-space, with ¢(x) = const
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Eigenvalues of D
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» one-loop correction written as det of differential operators
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Calculation of WL=1

1 dk
WL—l :/ d /
2] %) n)y?

In 2 +
Ld-nm Tt “4k2dq290T(P+
K24 Lt <1 _ W)
+ In % 4
K2 4 19207, <1 i W)
+ In 2

» Landau gauge: £ — oo



Calculation of W=1 in Landau gauge
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Calculation of W=1 in Landau gauge
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Calculation of W=1 in Landau gauge
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> Divergent terms ~ ¢* — because of renormalizability of the theory



Effective action I [¢], effective potential V()
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» Terms ~ (1 4+ T7(1) + In(47)) absorbed by counter terms —
MS scheme
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» CW Potential Vg:
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The CW Potential
S. Coleman, E. Weinberg, Phys. Rev. Vol. 7, Nr. 6, 1888 (1973)
» Instead of MS, renormalization condition employed by Coleman and

Weinberg:
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SSB generated by one-loop corrections 1
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» Second coupling constant g : minimum obtained by balancing
2
a term of O()) against a term of order g*In {7

» Choosing M = (), with V' ({¢)) =0 — X is of order g*
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SSB generated by one-loop corrections 2
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Redefinition of coupling leads to an expression of gy,
in terms of q
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2 dimensionless free parameters A\, g — 2 free parameters q
(dimensionless), (¢) (dimensional)

» — Dimensional transmutation
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» Further analysis like for the Abelian Higgs model:
scalar electrodynamics with a negative mass term

» Determination of mass of the scalar meson m(S)
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» Photon mass m(V) is given by
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» Scalar-to-vector mass ratio to lowest order
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Summary

» Massless scalar electrodynamics — Abelian Higgs model:
massive real scalar meson, massive vector meson
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» Scalar-to-vector mass ratio to lowest order
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» Remark: renormalization group analysis — restriction
Aew ~ g% not necessary; A ~ g? < 1 sufficient



Recent Applications

» One can see: all terms in the action of SM scale invariant,
except Higgs mass term in the Higgs potential
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» Attempts of scale invariant extensions of SM:
» Introduction of an additional field ¢:
singlet under SU(3)_,,.xSU(2)xU(1)

color
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» scale invariant term
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