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The fermion to scalar field Yukawa coupling non-derivative term is considered as a member of total 
potential in the full Standard Model Lagrangian. In cotrast to other terms, this new term violates a 
discrete symmetry. We show that at classical level this term does not participate in the ground state 
stability condition, but at the quantum level, where the fermion condensate can be nonzero, this term 
takes place in the corresponding equation. We find that in spite of expectation, it can change only the 
nummerical value of the Higgs vacuum parameter, leaving all the consequences of traditional 
approach without any substantial modifications. In our opinion, this fact may be interpreted as an 
alternate mechanism of breaking for gauge symmetry in the Standard Model. If so, then the 
symmetry breaking can be interpreted as explicit, but not spontaneous. © 2024 Bull. Georg. Natl. 
Acad. Sci. 
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It is well known that the Standard Model [1], the modern theory of particle physics, is based on local gauge 
symmetry, which is spontaneously broken by adding the scalar (Higgs) field ϕ . At the same time the scalar 
field Lagrangian is symmetric under a discrete transformation ϕ ϕ→ − . But a full Lagrangian, 

corresponding to exact gauge symmetry, does not contain the nonzero masses of matter fields. They appear 
in the electroweak sector after introducing scalar fields, which contain the tachyon particle. Therefore, this 
part of Lagrangian is unstable and undergoes spontaneous breaking. Stable regime is achieved after 
assigning a constant value to the appropriate component of the scalar field [2]. Ascribing to ϕ  a non-zero 

vacuum expectation value 0ϕ ϕ= ≡ υ  and shifting ϕ ϕ υ→ − , all the matter fields receive masses, but 

at the same time the mentioned discrete symmetry breaks down and we obtain a final theory – the standard 
model. In this brief report, I want to refer the attention to alternate possibility of this scenario.  

The point is that the potential is produced by all non-derivative terms of the Lagrangian. Besides the 
Higgs part, the term of this kind is a Yukawa coupling of scalar field to the fermions, writting formally as 

.f ψψϕ
−

 By our knowledge, the potential in Lagrangian is a collection of all non-derivative terms. Why do 

not include it into the potential, that determines the minima? After doing this the full Lagrangian, consisting 
the Higgs field, would be  
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                                                   ( )
2

1
2 2

L ig ig Y V Lϕ µ µ µ ψϕϕ ϕ ϕ∗ ′= ∂ + ⋅ − − + 
 

W τ ,                                (1) 

where ( )V ϕ ϕ∗ is the Higgs potential, which is an even polynomial of the 4th order, and Lψϕ is the Yukawa 

coupling term for fermions with scalar (Higgs) fields, formally written as
1

FN

i i i i
i

fψ ψ ϕ
=
∑  and the sum ranges 

over all fermions (leptons and quarks). For simplicity, we take only one Higgs multiplet into account as in 
the simplest Glashow- Salam -Weinberg (GSW) model [3-5].  

                                                           ( ) ( )22V hϕ µ ϕ ϕ ϕ ϕ∗ ∗= + .                                                              (2) 

In this model Lψϕ  is a fermion-Higgs Yukawa like term 

                                                            ( )†L f R L L Rψϕ ϕ ϕ= + .                                                                  (3) 

If we take [4], as usual 

                                                                      ( )

( )0

ϕ
ϕ

ϕ
+ 

 =
 
 

,                                                                            (4) 

then ( ) ( )( )† † †
0,ϕ ϕ ϕ+=  and ( ) ( ) ( ) ( )

† † †
0 0ϕ ϕ ϕ ϕ ϕ ϕ+ += + .  

Decomposing the neutral field into real and imaginary components  

                                                     ( ) ( )
†1 2 1 2

0 0,
2 2
i iϕ ϕ ϕ ϕ

ϕ ϕ
+ −

= = ,                                                          (5) 

the bilinear form of Higgs potential becomes 

                                                     ( ) ( ) ( )† † 2 2
1 2

1
2

ϕ ϕ ϕ ϕ ϕ ϕ+ += + + .                                                                  (6) 

And choosing the gauge as follows [1] 

                                                         
0

2

ieϕ υ χ⋅

 
 = +  
 

ξ τ  ,                                                                              (7) 

where ξ is Goldstone particle’s fields. It is equivalent to 1 0
0ϕ ≠ , but 2 0

0ϕ =   

Minima of this potential is to be find by the requirement  

                                                     
( )( )2

0
f Vψψϕ ϕ

ϕ

∂ +
=

∂
.                                                                    (8) 

We remark that all terms in the Higgs potential as well as in total standard model Lagrangian except 
fermion-scalar field coupling, are invariant under discrete transformation ϕ ϕ→ − . But the total 

Lagrangian is not invariant under such a transformation. Only terms, coupling fermions to scalar multiplet 
explicitly violate this symmetry. Moreover, the only output of these manipulations is that the above 
mentioned discrete symmetry is broken, without breaking a gauge symmetry [6]. 

In the spread form the stability equation (8) reads 
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0

0

0V f ψψ
ϕ
∂

+ =
∂

.                                                           (9) 

The fermion average 0
ψψ  is zero at the classical level, but in quantum physics it is a fermion 

condensate and in general 0
0ψψ ≠ . Therefore, if we perform first the quanization in the false vacuum 

and then look for stability problem, we can take a nonzero 0
F ψψ≡ .  

Now, we see that if the fermion average 0F ≠ , then the stability equation should contain the extra term. 
If this term is non zero, then 0

ϕ υ≡ , corresponding to minima, becomes dependent on F in such a way, 

that when 0F = , it will satisfy to well-known nonlinear equation which may have spontaneous solution. 
This solution provides all features known in the standard model (we mean a generation of masses, etc.) and 
on the other hand, in quantum theory it is related to fermion condensates, because the scalar field has a 
coupling with all fundamental fermions. By our opinion it seems very intriguing thing a realization of this 
program. 

If even 0F ≠ , this extra term does not contribute to the mass of the Higgs boson 
2

2
2

0

Vmϕ ϕ
∂

=
∂

. Its 

contribution may arise only in the numerical value of υ . 
In conclusion, if F=0, we return to the ordinary Higgs mechanism. It is clear that in any case symmetry 

breaking in the standard model must be interpreted as an explicit broken discrete symmetryϕ ϕ→ − . For  

illustration, let us consider the simplest case of the Weinberg model, where the Higgs potential is 

constructed from a single Higgs doublet 
( )

( )0

ϕ
ϕ

ϕ

+ 
=   
 

 and is  

                                                                  ( ) ( ) ( )( )22V hϕ µ ϕ ϕ ϕ ϕ+ += + .                                                  (10) 

Denoting ( ) ( ) ( )0 0 0
1 2iϕ ϕ ϕ= + , the stability condition takes the form  

                                            ( ) ( ) ( )2
0

0 0

2 0U Vf F hψψ µ ϕ ϕ ϕϕ
ϕ ϕ

+ + +∂ ∂
= + = + + =

∂ ∂
.                      (11) 

Taking into account the Higgs potential (11) and our notation, we write the stability condition as follows 

                                                               ( ) ( )0 3 02
1 1 0h fFϕ µ ϕ+ + =                                                             (12) 

or  

                                                                ( ) ( )
2

0 3 0
1 1 0f F

h h
µϕ ϕ+ + =                                                           (13) 

and the mass of scalar particle is 
2 2

2
2 2

0 0

U V mϕϕ ϕ
∂ ∂

= =
∂ ∂

, the same as without fermion condensate.  

The Eq. (5) is a semi-full (or reduced) cubic equation, solutions of which are given by Cardano forms 
[7]:  

                                            ( )1
1 10 2,3; 3

2 2
A B A By A B y iϕ + −

= + = = − ± ,                           (14) 

where  
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                                                    3 3/ 2 , / 2A q Q B q Q= − + = − −                                       (15) 

and  

                                                      ( )3/ 2Q p= ( ) ( )3 2/ 3 / 2Q p q= + .                                                     (16) 

For our case  

                                                              
2

, fp q F
h h
µ

= = .                                                        (17) 

Note that in the limit 0F → , it follows from the Eqs. (15)-(17) well-known expected roots 1 0υ =  and 
2

2 / hυ µ= −  which means that there must exist a tachyon with 2 0µ < . To solve these equations 

analytically in case of 0F ≠  is a difficult task.  
In conclusion, we saw that the inclusion of the Yukawa coupling term into the potential leads to the 

explicit breakdown of existed discrete symmetry.  
On the other hand, this breaking is very distinctive: on the classical level it has no effect, but on quantum 

level it can have an influence on the numerical values of model-parameters at least.  
 

 

ფიზიკა 

მოკლე შენიშვნა სტანდარტულ მოდელში სიმეტრიის 
სპონტანური დარღვევის მექანიზმის ალტერნატიული 
შეხედულების შესახებ  
 

ა. ხელაშვილი 

აკადემიის წევრი, ივანე ჯავახიშვილის სახ. თბილისის სახელმწიფო უნივერსიტეტი, მაღალი 
ენერგიების ფიზიკის ინსტიტუტი, თბილისი, საქართველო 

ფერმიონის სკალარულ ველთან ბმის არაწარმოებულიანი წევრი განიხილება როგორც სრული  
სტანდარტული მოდელის საერთო პოტენციალის შემადგენელი. სხვა წევრებისგან განსხვავე- 
ბით ახალი წევრი არღვევს დისკრეტულ სიმეტრიას. ჩვენ ვაჩვენებთ, რომ კლასიკურ დონეზე  
ამ წევრს არ შეაქვს წვლილი ძირითადი მდგომარეობის სტაბილურობის პირობაში, მაშინ,  
როცა კვანტურ დონეზე, სადაც ფერმიონული კონდენსატი შეიძლება არანულოვანი იყოს, ეს  
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წევრი მონაწილეობს სათანადო განტოლებაში. ვიპოვეთ, რომ მოლოდინის მიუხედავად, მას  
შეუძლია შეცვალოს ჰიგსის ვაკუუმური პარამეტრის მხოლოდ რიცხვითი მნიშვნელობა, ხო- 
ლო ტრადიციული მიდგომის ყველა შედეგი უცვლელი დატოვოს რაიმე არსებითი მოდიფიკა- 
ციის გარეშე. ჩვენი თვალსაზრისით, ეს ფაქტი უნდა გავიგოთ, როგორც სტანდარტულ მო- 
დელში ყალიბრული სიმეტრიის დარღვევის მექანიზმის ალტერნატივა. თუ ასეა, მაშინ 
სიმეტრიის დარღვევა ყოფილა ცხადი და არა, სპონტანური. 
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