
Abstract. The observable world is the one consisting of nucleons
and electrons. The mass of the nucleon arises from chiral
symmetry breaking in quantum chromodynamics (QCD), so
that high-energy accelerator experiments cannot give any clues
to the nature of the mass of matter in the observable world. The
origin of the mass of matter will be clarified when the mechan-
ism of chiral symmetry breaking in QCD will be established.

The Large Hadron Collider (LHC), where two beams of
protons, 7� 7 TeV, will collide, is under construction at
CERN. The plan is to make the LHC operational during
2007 and to begin experiments in 2008. The possibility of
constructing other high-energy accelerators, namely, a linear
accelerator for electrons and positrons with colliding e�eÿ

beams with energies in the 0.5 ± 1-TeV range, and muon and
photon colliders, is also being discussed. The goal of the
experiments on high-energy accelerators to come is to study
physics beyond the Standard Model, i.e., to study physical
processes at energies inaccessible with existing accelerators
and to search for new heavy particles that are unknown but
predicted theoretically, such as the Higgs boson and super-
symmetric particles (to name just two). What is known as the
Standard Model is the SU�3� � SU�2� �U�1� gauge theory,
where SU(3) corresponds to quantum chromodynamics
(QCD) presenting the strong interaction theory, and
SU�2� �U�1� to the electroweak theory which combines
electromagnetic and weak interactions. The results of experi-
ments involving operational (or operational in the past) high-
energy accelerators agree with the predictions of the Standard
Model and have produced no clues as to whether there is a
new physics beyond the model. Experimental evidence on
neutrino oscillations, the first data on the existence of the
Majorana neutrino, and astrophysical data (the existence of
dark matter) indicate that such a physics exists. Hence the
great expectations related to experiments with the LHC and
other future high-energy accelerators.

One of the most important problems that has remained
unresolved in the verification of the Standard Model is the
problem of the origin of themass of particles that experiments
with the LHC (and future accelerators) are supposed to solve.
In their report [1] devoted to experiments with future

accelerators, De Roeck, Ellis, and Gianotti suggest that
``The most prominent areas where the Standard Model
leaves unsolved problems include the origins of the particle
masses...'' In the joint suggestion of possible experiments on
the LHCmade by the ATLAS and CMS Collaborations [2] it
is stated that ``The SU�3� � SU�2� � �1� gauge interactions in
the Standard Model provide an elegant and tremendously
successful description of existing data, but they give no
explanation of the origin of particle masses.'' It is also
believed [3] that the main problem of future studies on a
linear e�eÿ collider is ``the mechanism of electroweak
symmetry breaking or, in other words, what is the origin of
mass in particle physics.'' This problem is formulated in a
similar way in other papers devoted to experiments on future
accelerators (e.g., see Refs [4, 5]).

The above statements are based on the initial idea behind
the Standard Model. In this model, the breaking of the gauge
SU(2) symmetry, which is needed for the W� and Z
intermediate bosons to acquire mass, is realized by the
introduction of a scalar field j, being the doublet in the
SU(2) symmetry. The field j interacts with the W� and Z
fields, quarks, leptons, and itself. It is assumed that the self-
action potential is such that itsminimumemerges at aj that is
finite and constant in space and time, j � j0. Thus, the field
j is represented as a series expansion near this potential
minimum: j � j0 � w, where w is a quantum field whose
quanta are Higgs bosons. It is because of the constant scalar
field j0, i.e., the terms g2j2

0W
2, g2j2

0Z
2, hlij0

�lili, and
hqij0�qiqi in the interaction Lagrangian, that intermediate
bosons, quarks, and leptons acquire their masses. (Here li
and qi are the lepton and quark fields, while hli and hqi are the
coupling constants.) Therefore, the observation of the Higgs
boson and of its interaction with quarks and leptons should
explain the origin of lepton and quarkmasses. It is exactly this
possibility that was expressed in the above statements.

The aim of the present note is to draw readers' attention to
the fact that elucidation of the problem of the existence of the
Higgs boson and of the structure of its interactionwith quarks
(and, more broadly, the study of interaction at high energies)
is in no way related (more exactly, is related very little) to the
problem of the origin of the masses of particles of the
observable world. The observable world Ð the stars, the
planets, the galaxies, and, in general, objects that surround us
Ð consist of protons, nuclei, and electrons. Electrons
contribute insignificantly to the mass of the Universe, less
than 0.1%. Hence, to establish the origin of the mass of the
observable world, we must establish the origin of the nucleon
mass. (For the time being I will not mention the mass of dark
matter.) A nucleon consists of u- and d-quarks, but these
quarks have small masses: mu �md � 10 MeV, i.e., their
mass is only a small fraction (� 1ÿ2%) of the nucleon mass.
It can be shown that in the formal limit mu;md ! 0 the
nucleon mass remains practically the same. The nucleon
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acquires mass because of spontaneous breaking of chiral
symmetry in QCD, and this mass can be expressed in terms
of vacuum condensates which break the chiral symmetry [6].
There is an approximate formula that expresses the nucleon
mass in terms of the quark condensate [6 ± 8]:

m � �ÿ 2�2p�2h0 j �qq j 0i�1=3 : �1�

Here, m is the nucleon mass, h0 j �qq j 0i is the quark
condensate, and q is the field of u- or d-quarks. (Reviews of
the current state of chiral symmetry in QCD, its breaking and
the problem of proton mass can be found in Refs [9, 10].)
From the chiral symmetry (conservation of the axial current,
violated by the quark masses) there follows an expression for
the quark condensate (the Gell-Mann ±Oakes ±Renner for-
mula [11]):

h0 j �qq j 0i � ÿ 1

2

m2
p f 2

p

mu �md
; �2�

where mp and fp are the mass and decay constants of the
p-meson. As the quark masses tend to zero (mu;md ! 0), so
does m2

p, with the result that h0 j �qq j 0i tends to a constant
limit. The value of the quark condensate recently found from
the data on t-decay [10] is equal to

h0 j �qq j 0i � ÿ�254 MeV�3 � 10% :

Substituting this value into formula (1) yields
m � 1:09 GeV, while the experimental value of the nucleon
mass is 0.94 GeV. Thus, to establish the reasons for the
nucleon acquiring mass we must understand the mechanism
of chiral symmetry breaking in QCD. The breaking of chiral
symmetry occurs over large distances (� 1 fermi� 10ÿ13 cm)
and, in this way, is not related to experiments at high energies,
which probe small interparticle distances of about 10ÿ17 cm.
(Chiral symmetry is not broken at small distances.) Clarifica-
tion of the mechanism of chiral symmetry breaking in QCD
constitutes a theoretical problem. Calculations on lattices
could possibly help here, as well as experiments in collisions of
heavy ions at high energies, from which data on phase
transitions in QCD could be hopefully extracted. Inciden-
tally, the baryon number density in such experiments is large,
i.e., the chemical potential m is high, while m � 0 in a vacuum.
Phase transitions with m finite and m � 0 can be quite different
[12, 13].

In the Standard Model, the electron acquires its mass
because of the interaction with the Higgs field. Consequently,
the origins of the proton and electron masses are very
different, so that their large difference is not surprising.

A brief remark concerning darkmatter is in order. For the
present, the nature of such matter remains unknown.
Apparently, the particles of dark matter are extremely heavy
and interact only weakly with ordinary matter. In this case, it
is highly improbable that they acquire their mass because of
the interaction with the Higgs field.
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