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Running masses in the standard model
         

 
  Running couplings: αQCD, αEW

  Heavy quark (B-quark) running masses
    
 Different mass parameterizations 
 (different approaches to include higher orders):
 - pole (on-shell) mass
 - running mass

SM running masses 
- fermions and vector bosons: logarithmic 
- scalar Brout-Englert-Higgs boson: logarithmic 
                                                               or/and quadratic ?
                                             quadratic -> “non-naturalness”
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Standard Model with 125 GeV BEH-boson  

Brout-Englert-Higgs boson: 
      if only logarithmic mass evolution 

Brout-Englert-Higgs boson defines electroweak vacuum density
         (meta)stable vacuum up to Planck scales

  F. Bezrukov, M. Kalmykov, B. Kiehl & M. Shaposhnikov, JHEP 10 (2012) 140
 within MSbar-scheme
  One may conclude:
  (Almost) no need for a New Physics up to Planck scales
  Only needs: 
  - (~ 1 GeV) BSM neutral leptons to explain Dark Matter
  - strong CP-problem
  - neutrino masses
  - baryon-antibaryon asymmetry
  …
  - and still explain why there is naturalness (New Physics?!)  
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Standard Model with 125 GeV Higgs boson  
  Brout-Englert-Higgs boson mass defines 
electroweak vacuum density: meta-stable vacuum
  G. Degrassi et al., JHEP 08 (2012) 098
  D. Butazzo et al., JHEP 12 (2013) 089
  A. Bednyakov et al., Phys. Rev. Lett. 115 (2015) 201802
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Figure 3. Left: SM phase diagram in terms of Higgs and top pole masses. The plane is divided into
regions of absolute stability, meta-stability, instability of the SM vacuum, and non-perturbativity of
the Higgs quartic coupling. The top Yukawa coupling becomes non-perturbative for Mt > 230 GeV.
The dotted contour-lines show the instability scale ΛI in GeV assuming α3(MZ) = 0.1184. Right:
zoom in the region of the preferred experimental range of Mh and Mt (the grey areas denote
the allowed region at 1, 2, and 3σ). The three boundary lines correspond to 1-σ variations of
α3(MZ) = 0.1184±0.0007, and the grading of the colours indicates the size of the theoretical error.

stability, metastability, and instability of the EW vacuum are shown both for a broad range

ofMh andMt, and after zooming into the region corresponding to the measured values. The

uncertainty from α3 and from theoretical errors are indicated by the dashed lines and the

colour shading along the borders. Also shown are contour lines of the instability scale ΛI .

As previously noticed in ref. [8], the measured values of Mh and Mt appear to be rather

special, in the sense that they place the SM vacuum in a near-critical condition, at the

border between stability and metastability. In the neighbourhood of the measured values

of Mh and Mt, the stability condition is well approximated by

Mh > 129.1GeV + 2.0(Mt − 173.10GeV)− 0.5GeV
α3(MZ)− 0.1184

0.0007
± 0.3GeV . (4.4)

The quoted uncertainty comes only from higher order perturbative corrections. Other

non-perturbative uncertainties associated with the relation between the measured value of

the top mass and the actual definition of the top pole mass used here (presumably of the

order of ΛQCD) are buried inside the parameter Mt in eq. (4.4). For this reason we include

a theoretical error in the top pole mass and take Mt = (173.10 ± 0.59exp ± 0.3th)GeV.

Combining in quadrature theoretical uncertainties with experimental errors, we find

Mh > (129.1± 1.5)GeV (stability condition). (4.5)

– 18 –
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(Non-)Naturalness of the standard model
         

Logarithmic evolution of theory parameters:
weak dependence between low and very large scales

->  concept of ”Naturalness”

 
 - Scalar field is simple, but “non-natural”:
    scalar mass evolution is quadratic, not logarithmic
  K. Wilson, Phys. Rev. D3 (1971) 1818
     L. Susskind, Phys. Rev. D20 (1979) 2619

 - Scalar field is not protected by a symmetry,
    while fermions are protected by chiral symmetry
  G. ‘t Hooft,  Proc. Cargese Summer Inst. (1980) 

      
     for reviews see, e.g., G. Giudice,  (2008) 
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Standard Model: Higgs boson roles
         

  - provide mass to SM particles by 
     Brout-Englert-Higgs mechanism
 
  - restore unitarity for EW vector boson scattering: 
    Brout-Englert-Higgs boson cancels quadratic growth
   of longitudinal components for EW vector bosons
   with collision energy

   - if Higgs could be very light -> no noticeable growth
                                                       with collision energy

   - if Higgs could be very heavy -> 
     strong growth of EW vector boson interaction -> 
     New SM dynamics: nonpertubative strong EW interaction 
     can lead to heavy EW resonances
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Naturalness criteria of the Standard Model
         
M. Veltman, Acta Phys.  Pol. B12 (1981) 437

                   

On Naturalness of Scalar Fields and the Standard Model
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We discuss how naturalness predicts the scale of new physics. Two conditions on the scale are

considered. The first is the more conservative condition due to Veltman (Acta Phys. Polon. B 12,
437 (1981)). It requires that radiative corrections to the electroweak mass scale would be reasonably

small. The second is the condition due to Barbieri and Giudice (Nucl. Phys. B 306, 63 (1988)),

which is more popular lately. It requires that physical mass scale would not be oversensitive to the

values of the input parameters. We show here that the above two conditions behave di↵erently if

higher order corrections are taken into account. Veltman’s condition is robust (insensitive to higher

order corrections), while Barbieri-Giudice condition changes qualitatively. We conclude that higher

order perturbative corrections take care of the fine tuning problem, and, in this respect, scalar field

is a natural system. We apply the Barbieri-Giudice condition with higher order corrections taken

into account to the Standard Model, and obtain new restrictions on the Higgs boson mass.

PACS numbers: 11.10.Hi

It was pointed out in [1–3] that theories with scalar fields are facing a serious problem (and the Standard Model is
among these). It consists in absence of a natural explanation for small values of masses of scalar particles. (”Small”
here means much smaller than the possible fundamental scales like Plank mass or a unification scale.)

The problem appears as follows. Let us try to expand the physical mass in a series of bare couplings. In the
one-loop approximation we have

m2 = m2
0 + ⇤2P (�0, g). (1)

Here m2 is the squared mass of a scalar particle, m2
0 is the corresponding bare mass of the fundamental Lagrangian

of the model defined at the fundamental scale ⇤, which is also used as a cuto↵ in the Feynman integrals, P (�0, g)
is a polynomial of dimensionless bare scalar field selfcoupling �0 and the rest of dimensionless bare couplings g of
the model, and we neglected the corrections depending logarithmically on the cuto↵. (For example, in the Standard
Model, P (�0, g) = 3(3g22 + g21 + 2�0 � 4y2

t
)/(32⇡2), where g1, g2, and yt are the gauge couplings of the gauge groups

SU(1), SU(2), and top quark Yukawa coupling, respectively [5].) Here comes the question: How to keep m much less
than ⇤? One obvious option is to fine tune the values of m2

0 and P (�0, g) to make the two terms in the right-hand-side
of Eq. (1) cancel against each other. But this seems not to be a natural way (thus the name of the problem—the
naturalness problem). Another way is to ask for a model where P (�0, g) is exactly zero (which is the case for softly
broken supersymmetry models [4]). More generally, if one rejects unnatural fine tunings of fundamental parameters,
introducing scalar fields one should also point out a mechanism that keeps the hierarchy between m and ⇤ (the
hierarchy problem).
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2

v = 246GeV

�m2
H

⇡ m2
H

(⇤ = 550GeV, mH = 125GeV)

On a more practical note, Eq. (1) had been used [5, 6] to obtain the scale of new physics. The idea is not to consider
⇤ as a fundamental scale, but as a scale up to which we can use the low energy e↵ective theory implying Eq. (1).
One may restrict ⇤ requiring, for example [5], that the radiative correction to the mass squared would not exceed the
bare mass squared:

|m2 �m2
0| < m2

0. (3)

In what follows we call this condition Veltman’s condition.
Another possibility is to restrict not the magnitude of the radiative correction, but the sensitivity of the physical

mass to small changes in the values of the bare couplings [6]:

���
�0

m2

@m2

@�0

��� < q, (4)

where q parameterizes the strictness of our requirements (the value q = 10 was suggested in [6]). Hereafter, we call
this condition the Barbieri-Giudice condition.

Now, assuming that the radiative correction to mass squared is positive (P (�0, g) > 0) and neglecting the di↵erence
between bare and physical couplings, Veltman’s condition (3) implies the following restriction on ⇤:

⇤2 <
m2

2P (�, g)
, (5)

where � denotes the physical coupling corresponding to the bare coupling �0. The quantities in the right-hand-side
of this inequality are measurable. So we can substitute the measured values, and obtain an estimate for the scale of
new physics. This program was realized in Ref. [5] for the Standard Model. The outcome is that the scale for the
new physics is estimated by 1.2 TeV. Similarly, if we assume Eq. (1), Barbieri-Giudice condition (4) implies

⇤2 < q
m2

�P 0(�, g)
, (6)

where the prime over P denotes derivative with respect to �.
As we see, the two conditions yield similar upper bounds for the scale of new physics. In fact, Veltman’s condition

and Barbieri-Giudice condition are rather di↵erent, and the similarity of the bounds (5) and (6) is due to the use of
the leading order formula (1).

Let us consider what may be the influence of higher order perturbative corrections on the bounds (5) and (6).
This problem was briefly considered in Ref. [8]. It was observed that higher order corrections modify the polynomial
P (�0, g) from (1) (even making it dependent on ⇤ logarithmically). If this would be the only way higher order
corrections are getting involved, they could not influence significantly the bounds (5) and (6) (at least, at small
couplings).

Unfortunately, there are important higher order corrections overlooked in Ref. [8]: In higher orders of the expansion
of the physical mass squared in powers of the bare couplings, Eq. (1), higher powers of ⇤ will appear, and the larger
the order of perturbation theory, the larger is the power of ⇤ appearing in the right-hand-side of Eq. (1). For example,
in the third order in �0 there is a diagram with two tadpoles attached to the scalar propagator. It gives contribution
proportional to �3

0⇤
4/m2

0. Similarly, in the expansion of the physical couplings in powers of bare couplings, infinitely
high powers of ⇤ appear, and the power of ⇤ appearing in the expansion is bounded only if we consider a finite order
of the perturbation theory in �0.

A direct approach is to study the powers of ⇤ appearing in the expansion of physical parameters in powers of
bare couplings. This may be an interesting problem, but there is a shortcut allowing one to avoid it. Indeed, for
renormalizable theories, dependence of bare couplings on the cuto↵ is known if they are expressed in terms of the
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Standard Model: Higgs boson mass evolution
         

M. Veltman, Acta Phys.  Pol. B12 (1981) 437
quadratic mass divergences within MSbar renormalization: 
Dim = 4 – 2/L

 mR
2 = mB

2
 + 𝛏 Λ2

,

  where 𝛏 = 𝛏(mH, mt, mW, mZ)

Veltman’s condition for absence of quadratic mass divergences:
                   𝛏(mH, mt, mW, mZ) = 0

Veltman condition holds up to 2-loops:
but in higher orders it cannot be hold in self-consistent way
M.S. Al-sarhi, I. Jack, D.R.T. Jones, Zeit fur Physik  Pol. C55 (1992) 283

Veltman condition and Higgs effective potential
M.B. Einhorn, D.R.T. Jones, Phys. Rev. D42 (1992) 5206
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Naturalness of the Standard Model
         

Quantifying Naturalness
 Naturalness criterion:
   weak sensitivity physical parameters for small variation of bare ones
 J.R.Ellis, K.Enquist, D.V.Nanopoulos, F.Zwirner, Mod.Phys.Lett. A1(1986)57
  R. Barbieri, G.F. Giudice, Nucl. Phys. B306 (1988) 63

  Using BG condition with both quadratic and logarithmic 
  contributions leads to extension of Naturalness domain of SM:
  up ~ O(10 TeV) instead of ~ O (1 TeV)
   V.K., G. Pivovarov, Phys. Rev. D78 (2008) 016001
   V.K., Phys. Part. Nucl. 55 (2024) 156

  Regular way for scalar boson mass evolution 
  with quadratic mass divergences
   G. Pivovarov, Phys. Rev. D81 (2010) 076077
   K. Fujikawa, Int. Mod. Phys. A (2016)

                   



«QFTHEP-270», Moscow, 30 june - 5 july 2025              V.T. Kim NRC KI – PNPI, Gatchina

Naturalness Criterion
         

Logarithmic sensitivity
Transformation matrix 
RG mixing -> matrix non-degeneracy -> matrix 
V.K., G. Pivovarov, Phys. Rev. D78 (2008) 016001
V.K., Phys. Part. Nucl. 55 (2024) 156
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BEH-boson mass evolution 
and naturalness criterion

         

Logarithmic sensitivity
Transformation matrix 
RG mixing -> matrix non-degeneracy -> matrix 
V.K., G. Pivovarov, Phys. Rev. D78 (2008) 016001
V.K., Phys. Part. Nucl. 55 (2024) 156
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We discuss how naturalness predicts the scale of new physics. Two conditions on the scale are

considered. The first is the more conservative condition due to Veltman (Acta Phys. Polon. B 12,
437 (1981)). It requires that radiative corrections to the electroweak mass scale would be reasonably

small. The second is the condition due to Barbieri and Giudice (Nucl. Phys. B 306, 63 (1988)),

which is more popular lately. It requires that physical mass scale would not be oversensitive to the

values of the input parameters. We show here that the above two conditions behave di↵erently if

higher order corrections are taken into account. Veltman’s condition is robust (insensitive to higher

order corrections), while Barbieri-Giudice condition changes qualitatively. We conclude that higher

order perturbative corrections take care of the fine tuning problem, and, in this respect, scalar field

is a natural system. We apply the Barbieri-Giudice condition with higher order corrections taken

into account to the Standard Model, and obtain new restrictions on the Higgs boson mass.

PACS numbers: 11.10.Hi

It was pointed out in [1–3] that theories with scalar fields are facing a serious problem (and the Standard Model is
among these). It consists in absence of a natural explanation for small values of masses of scalar particles. (”Small”
here means much smaller than the possible fundamental scales like Plank mass or a unification scale.)

The problem appears as follows. Let us try to expand the physical mass in a series of bare couplings. In the
one-loop approximation we have

m2 = m2
0 + ⇤2P (�0, g). (1)

Here m2 is the squared mass of a scalar particle, m2
0 is the corresponding bare mass of the fundamental Lagrangian

of the model defined at the fundamental scale ⇤, which is also used as a cuto↵ in the Feynman integrals, P (�0, g)
is a polynomial of dimensionless bare scalar field selfcoupling �0 and the rest of dimensionless bare couplings g of
the model, and we neglected the corrections depending logarithmically on the cuto↵. (For example, in the Standard
Model, P (�0, g) = 3(3g22 + g21 + 2�0 � 4y2

t
)/(32⇡2), where g1, g2, and yt are the gauge couplings of the gauge groups

SU(1), SU(2), and top quark Yukawa coupling, respectively [5].) Here comes the question: How to keep m much less
than ⇤? One obvious option is to fine tune the values of m2

0 and P (�0, g) to make the two terms in the right-hand-side
of Eq. (1) cancel against each other. But this seems not to be a natural way (thus the name of the problem—the
naturalness problem). Another way is to ask for a model where P (�0, g) is exactly zero (which is the case for softly
broken supersymmetry models [4]). More generally, if one rejects unnatural fine tunings of fundamental parameters,
introducing scalar fields one should also point out a mechanism that keeps the hierarchy between m and ⇤ (the
hierarchy problem).
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Non-naturalness from BEH Higgs boson mass 
at Λ ~ O (10 TeV)

Previously without logs:    Λ ~ O (1 TeV)

+ C log(𝚲/m)
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SM with “non-natural” Higgs boson 
         
  

   Proper physical consideration with quadratic evolution 
   for Brout-Englert-Higgs boson mass:

    Higgs boson observables (mass, self-coupling, EW vacuum density) 
    gets critical values at later scales
   than in popular “standard” naturalness treatments

   -> at those scales ~ O(10 TeV) one should expect 
       new physics manifestations:
       - new strong EW dynamics
       - or/and New Physics beyond Standard Model 
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Summary
 
  �   The Standard Model without quadratic evolution for Brout-

Englert-Higgs boson mass requires (!) New Physics to have 
Naturalness

  �   Naturalness domain of the Standard Model with quadratic 
evolution for Brout-Englert-Higgs boson mass may be larger than 
generally accepted: up ~ O(10 TeV) instead of ~ O (1 TeV)

   
  � Present LHC physics: new physics is unavoidable either as a new 
dynamics of SM or/and a New Physics. Besides search direct search of 
New Physics it requires ‘non-naturalness’ studies
               


