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Functional Renormalization Group Equations

Calculating the contributions to the effective action
from momentum shell to momentum shell:

1 —1
Oy = 5STr Ry (T + Ry )

The regulator term suppresses p < k terms
by giving them large mass.

T'x contains the quantum fluctuations with
momenta higher than k.
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L Functional Renormalization Group Equations

The Optimized Regulator
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Higgs-top model with discrete chiral symmetry

Classical action of a scalar-fermion Yukawa bound system:

1
5= /d4 [ Up) + 930 + howp|, p=30° I=0uy
p and I are invariant under the discrete chiral symmetry:

o(z) = —o(z),  P(@) = we(), D)= —P@)s

Scale-dependent effective-action for k < A:

Zy = = Zy
Tk = / d'e [T’k@a)z + Ur(p) + Zy kb + hiodp |, p= 2207
Infrared observables (obtained by fine-tuning the initial conditions):

v =200 = 246GeV,  my = hooo = 173GeV

o
m5 = Ug(po) + 2p0Ug (po)
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Functional Renormalization Group Equations of the system

-1 1 A
0Ty, = —STr ok (T + Bi) = S85Trlog(T?) + Ry)

The right hand side of the Wetterich equation:

1
—STr log(T}” + Ri) = —5 Trlog(Tigy + Ri) + 5 Tr log(T?) + RY)

+§Trlog [1 - (r@+ Rf) r® (r&%w +Rf) rg;g}

-loop in o-bgd o-loop in o-bgd mixed loop in ¥-bgd
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The Local Potential Approximation (LPA)

Constant background values, no field renormalization:

O'(.’,U) — Uk, ’(/)(l’) — wka Qﬁ(x) — &k, Za-,k; — 1, Z’L/),k — 1

14
On[Uk(pr) + i) = 50k / l — 4log(gk, +mi) + log(gf +m3)+

q

1 2hi 1
—}—log{l—hi AR }

4% +m2 g} +m3

ma = Ug(pr) +2p1U5 (px),  mi = 2hjpx
At a given scale p; and [j, are connected by the equation of motion of
the scalar field:
ol

0'_
00 lo=vyp=ys

= hidy + 2p1Ug(pr) = 0.
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Consistent solutions

The consistency of the two sides of the LPA equation can be ensured in
different ways.

Complete elimination of I on RHS

Orh: =0,

14
KUy (px) = 5@ / { — 5log(q + m3,)+
q

+log [(qk + m2)(qk + m3,) + 4hipeU’ (pr)] }

After rewriting the equation using dimensonless variables and
perform the O; operation on RHS:

Oy = (d — 2)prul,. — du,+

P 2+ p3, + 2
N1 " A+ )+ p2) + Ah2p,u
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Consistent solutions

Linearization of RHS in I},

1A 2h3Ik
Oy(hiIx) = —=0 k :
thels) = =3 t/q<q%+mz><q§+m3>

1A
OUk(pr) = 500 / — dlog(qr +my) +log(¢h + mg)+

q

!
+log{1+h§ . - 4PkUk(pk)H

+ m2 q%—}—mi

14 / Ahipr Uy (pr)
2 qR—i-mw (g% +m2)

Gies et al. (2014): no % background, last two terms missing.
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— Results

Results
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— Results

Results

version A

version B

- Giesetal.
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— Results

Results

version A
version B

== Giesetal

Experimental Higgs mass
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Results

The allowed range of the Higgs mass has been determined with FRG
in presence of a pointlike composite fermion background.

Close agreement of all approximation signals a robust determination
of Aoz

Investigation of a more general ansatz for 'y, with the effects of
heavy neutrinos of the seesaw mechanism

Inclusion of the multiplet structure and the gauge interactions of the
SM
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