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https://inspirehep.net/literature/2624682
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INTRODUCTION & MOTIVATION
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EFFECTIVE POTENTIAL

® \Videly used phenomenological tool to study phase transitions:

1. approximate the critical temperature(s) and
2. estimate the order of phase transition(s).
® The effective potential defined via Legendre transformation is:
1. the effective action evaluated for homogeneous field configurations,

2. areal and convex function of the field expectation value(s) vg.

® Perturbative expansion depends on the model, at one-loop:

Vit (ks T) = Var({vd) + 2 [V ({wd) + 1) (e 7))

ieP

— P denotes the set of particles coupled to the scalar field(s)
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EFFECTIVE POTENTIAL IN SM AT T =0

® Fully renormalized potential at one-loop, our result from [arXiv:2301.07961]:

)\
V[}f}(v) 1 (v —vO +Z (v —vg)2
i#G

-3 i [ <

BT (1, T )

6472 ,21( )

F-3) 2 )

— Ap ;A are finite constants

— Has no free parameters
— Independent of regularization scale — Improvement compared to [hep-ph/9206235]


https://inspirehep.net/literature/2624682
https://inspirehep.net/literature/335421
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THE COMPLEX NATURE OF THE PERTURBATIVE RESULT

2 4 2
1] np 4 mi(v) _ § 9 9 nemg(v) me(v) §
Vg (v) D —— [mh(v) (In v 5 +2M;mi(v)| + 2 In W + 5

p? <0 — m2(v) = p? 4 3\v? and mi(v) = u? + Av? can be negative
— In particular m%(v) < 0 for v < vy = |p?|/A

= Ve[flf](v < vp) is complex!

The perturbative expansion implicitly assumes a convex classical potential

For non-convex potentials that have multiple saddle points:

— One has to take into account contributions from multiple saddle points
— [R. J. Rivers, Z. Phys. C 22 (1984) 137]

® Non-convexity and complexity are a consequence of loop expansion

6


https://inspirehep.net/literature/13759

& ELTE E6tvés Lorand University Corfu Workshop, 2023 ~ © Karoly Seller 7

THE COMPLEX EFFECTIVE POTENTIAL

Standard perturbative result Effective potential we want
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COMPLEXITY PROBLEM AT FINITE TEMPERATURE
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OPTIMIZED PERTURBATION
THEORY
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OBJECTIVE

® Goal: Obtain a real ng] for any v — ‘ Minimization possible at finiteT‘

Vi ({0, T) = Va({ud) + 3 [V ({wd) + ({0 )]

ieP

® All terms should be real separately!

— Classical potential is real
— One-loop T = 0 potential is complex for scalars at v < v
— Finite T potential is also complex due to the same problem with imaginary masses

® Renormalization in the Optimized Perturbation Theory scheme is shown in
[arXiv:hep-ph/9803226]


https://inspirehep.net/literature/467754
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OPTIMIZED PERTURBATION THEORY APPROACH

® The root of the problem is 2> < 0 — Introduce a shifted mass parameter m? > 0

L D Voptlg] = m?|¢* + Ao|* +| (u* — m?)|¢|? [arXiv:hep-ph/9803226]

® |mportant to keep in mind:

® Treat the as an interaction or finite part of counter-term

® Tree level masses defined above are now shifted as p2 — m?
one-loop

V[l] (v; 2 2 =V.(v: m2 ,u2—m2 2 1)/, -2
OPT nu’am)* C|<V7m)+ 2 vi+V (Vam)

VcI(V§ UQ)



https://inspirehep.net/literature/467754
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PARAMETRIZATION CONDITIONS IN SM AT T =0

® Need physical conditions — fix the values of parameters {u?, m?, \}

oy 12, m?
Condition 1: OPT(g #,m) =0 < Position of minimum
v
v=Vvp
52 v (v 2, m?)
Condition 2: OPT@ L = M} <+ Curvature of V is the Higgs mass
%
V=Vo
OVepr(vip?, m?)
Condition 3: 2 =0 < Principle of minimum sensitivity
m
v=Vvo

® System is solvable for SM with parameter values:

m? = 69 094.6 GeV?, A=0.12861, p’>=—8847.85 GeV’
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SM EFFECTIVE POTENTIAL AT T =0
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SCALAR POTENTIAL IN SM-+SINGLET SCALAR MODELS

® Adding a new singlet scalar to the potential:

Vg, x] = 138> + Aglol* + m3IxI® + Mlxl* + Nl Ix [
———
scalar mixing
I
Vortlo, X] = V(¢ X]| 2 2y s + (g — m3)|B1* + (12 — m3) x|

® The one-loop effective potential:

Vb (v, wi i, a2, mB, m?) = V(v ws 62, 12) + VO (v, w; m2, m?)
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GENERALIZING THE OPT APPROACH
® The previous parametrization conditions fix 6 out of 7 parameters

VL (v, w)
ov

Ve (v, w)

N ow =0

min

(M0
0 M2

i GVO[IF],T(V7 w)
om?

Conditions 1,2:

min

204 (1]
Conditions 3,4: ( 9, VOP[IT} 8V§W \[/IO]PT>
w0 Vopr 9w Vopr

1
8V([)P]T(v, w)
om?

min

Conditions 5,6: =0

min

min

e \We investigate the parametrization in the free parameter \
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PARAMETRIZATION OF THE SINGLET MODEL
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PHASE TRANSITIONS
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FINITE TEMPERATURE CORRECTIONS

® One-loop effective potential —> No new parameters at T > 0

VE (i T) = Va(fwed) + 30 [V (1wd) + i (1w 7))

ieP

18
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FINITE TEMPERATURE CORRECTIONS

® One-loop effective potential —> No new parameters at T > 0

VD ({w}, T) 5 Zn,Ji 2w ), T) [arXiv:hep-ph/9212235]

ieP

n (m-2 T) o T2 T3 T3

[

@ Z,(m?/T?) and m? is real if m? >0
— OPT gives m? >0 v/

@ mj is the thermal mass — m? > 0 is required at all T for m? to be real

— ﬁgcalar < 0 is possible above a high T if A’ < 0 because m msc&llelr D eNT?

2 =3 3
/. (m,) —% (m, — m) if i = scalars, longitudinal modes,

2
m
T <T2> X if i = fermions/transverse modes.

19


https://inspirehep.net/literature/342114

{@,ELTE Eo6tvos Lordnd University

EXAMPLE PHASE TRANSITION
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CRITICAL TEMPERATURES IN A SPECIFIC MODEL

© Karoly Seller

Superweak extension of SM: [arXiv:1812.11189] or talk by Z. Trécsanyi on Tuesday 10:30-11:00
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https://inspirehep.net/literature/1711779
https://indico.cern.ch/event/1311102/contributions/5521712/
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CONCLUSIONS

® \We presented a simple method for obtaining a real effective potential

1. Proof of concept: SM effective potential
2. Example: Singlet scalar extension of SM & Superweak extension of SM

® At finite T there are 3 sources of imaginary parts in the effective potential:

1. T=0partform? <0 — solved v’
2. T >0partform» <0 — solved v
3. T>0partfor T>T if N <0 — Model issue, not of perturbation theory

e THANK YOU FOR YOUR ATTENTION! e



