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Abatract
Several phenomenological and theoretical arguments are given
for exisience of the second scale in QCD, besides the confine-
ment length, and the second phase transition connected with

chiral symmetry breaking and instanton-induced effectis.




It is well known that quark masses ar'e relatively inessen-
tial ingredients of the QCD Lagrangisn and in fact the ouly
relevent dimensicnal parameter of this theory is /. which
enters the famous asimptotic freedom expressicn for the coup=
ling constant at distance /K namely a(_ifx‘?)"; ?'Fff/ff*:%ﬂ'}fé?w %2
{ HF is the number of Tlavours ). It is known now that A
ia of the order of 100 Mev ( in IS ascheem ).

However, the world of sirong interaction is complicalcd
enough to include some numerical factors leading to new
scales. To glve un example one may remind the well lncvm
discussion of the number of colors HG as larpge paraneter.

in this papeyr we discuss several phencmenclogical and
theoretical observations which we consider as arguments in
favor of real exiatence of at least two scales and phase
transitions in QCD, affecting the structure of ordinary
hadrons made of light quarks. Of course, numerically thesc
two scales are nol very different, their ratic is 3-5, but
even such parameter is of importance in so compliceted prob-
lem,

The wain and so far unexplained phemomenon in QCD is color.
confinement, it happens when the coupling constant becomes
strong enough, and determines the so called continement
length

R

B ok ~ 1/2/ - A 17200 Mev = 1 fermi (1)

48 experiment shows, this is also the scale of hadronic dim=-
enticns,. ;

The instruciive way.ol locking at QCD vacuum structure is

to-discuss ngt only its.elementary excitations ﬁ hadrons ),




but macroscopic excitations, say by the nonzero temperature.
In this case one is able to speak about qualitatively diffe-
rent phases, separated by phase transitions. In particular,
in works [1]| the so called deconfinement transition was

predicted at some temperature T above which the confining

conf
strings " are melted"., Intereasting, that quite different es-

timates of T based on the instanton suppression [2 ]

conf
lattice numerical calculations [3] y analysis of data on had-
ronic collisions [4 ] all give very close values 200-250 Mev,
More deteils on this trensition can be found in reviews[S,B].

The second scale we are going to diécuss in this work is
the dimension of the constituent quark Rﬂ-q' » which is se-
veral times smaller than the confinement length

Rﬂ‘q‘“*1ff0.5+1 Gev ) (2)

Probably the most convineing argument in favor of ihis sug-
gestion is given in recent work[é] where power scaling viocla-
tion in deep-inelastic lepton-hadron scattering is discussed.
It follows from this analysis that average values of certain
four-fermion operators over the nucleon are very large, In
order to explain them the cloud of virtual pairs surrounding
the valence quark should have the dimensions (2).

Earlier works include the idea of constituent quark as the
meaningful dynamical objects in multiple models devofed to
description of hadronic spectroscopy. The smallness of R /

Cols

R naturelly explains this idea, for the interaction between

conf
constituents quarks is in such case relatively small.
This idea is also in agreement with data on hadronic inter-

actions, as seen from total cross sections [T'] and interacti-

on with heavy nuclei[é]. The value of quark-quark cross sec-

tion G‘i‘i}_ ~ -i {;va used in these works is algo in
agreement with (2). And it also corresponds to rather high
"intrincic" transverse momentum of the order of 1 (Gev seen
in high mass dileptona and high 8 hadrons.

Now, what is the physical origin of such substructure in-
gide ordinary hadrons and what interaction determins the
scale (2) ? PFirst, it should be connected with breakdown
of chiral symmetry for constituent quarks ( unlike "current"
ones from the Lagrangian ) have mass of the order of 0.3 Gev.
Possible mechanism of this phenomenon, connected with the
instanton-induced multi=fermion interaction is discussed in
the works BD}. Although the general defect of the instanton
calculus - - the strong divergency for large scale instantons
= - does not allow for the real solution of the problem, it
is observed that rather small instantons with §?£'1ICL5 Gev
can give the needed effect, This statement can also be demon-
strated with the result of the wcrk[ﬁ1] where the effeciive
me.as of gquark due to its interaction with quark condensate
has been found*J:

2 —
= ‘Z} CINZ AP fzf 0.1 6ew 3 g"?

W, (3)

where ? ig the scale at which it is measured ( in fact,
by size- E instantons ). Again, the needed mass is reached

at rather small 9 , of the order of (2).

¥
jThE'E&IliET result [14] obtained by OPE of the quark propa-

gator is not gauge invariant, so iis meaning is unclear,



There are other indications that instenton-induced effecis
ﬁre connected with rather large ascale, although we are still
unable to calculate their zffect consistently. In particular,
such effects are known to be important for JP=Di mesons, For
gluonium 0~ the prediction of the QCD sum rules{ﬁ}}iﬂ that
it has mass 2&3 Gew, For ordinary pion the chiral symmetry
demands small mass proportioncl to that of quarks. However,

if one devides by it as follows

P1

in

mg /( W, + Mq) (4)

in order to get finite result in exact chiral limit, he also
finds the result as large as 1.8 Gev.

So large effects are not seen for other hadrons, for which
the mass is more or less clecse to the sum of constituent quax
masses., Arguments given in papars[iz, 13] show that it is
alsc true for gluoniums with constituent gqluon mass of the
order of 700 Mev. However for hadrons made of heavy gquarks
the effects under ccnsideration seem to be small.

llow we are going to put these cbservations on the languag:
of finite temperature theory. As far as instantons are suppr:
sed ab high enougn T, the chirel symmetry is restored, Let
»lie temperature of corresponding phase transition be Tchir‘

e e - ?
Jnat is the relation between T and Tconf

chir
I'irst., they are not equal because they depend on quark ma
ses in differenl way: for Hﬂi going to infinity T . remail
fixéd viiile Tchir disappears. The proposed picture of amall
instenton-induced constituent quarks being much smaller than

hnadrens naturally suggests that Tconf sk In this case

chir”*
there exists at least three phases as follows:(1) T<T__ .

beirg the gag of hadrons, (2) T T g where hadrons

; T :
cond % ahnilr

are melted buie the constitueut guarks and guark condensate

is present, and (> TLT the plasma of nearly massless

rhir?®
Tourrent" quarks and gluons,
It is ¢iftriculy at present to estimate relisbly %

Aty e ¥

Ledd X2

Tha obvious idea is that conatituent gquerks are melted when
vhey strorgly overlep in grace., More gquantitative way is the
studics of instantons at iinite temperatures ( see e.g.fﬁ,b:
and referen.es thereir ) which e.re suppressed if F§ AR 4
and so . he intersction producing chiral symmetry breaking
pecomes weanker witn nigher T till it disappears. For orienta-
tion, Eﬁhir is of the order cf 300 lev., The corresponding
barion ciic vge density ( at T=0 ) is of ithe order of 100 B
where n, is ordinary ruclear density.

In conclusion, many observations puint toward the existence
ngﬁhe subatructure inside ordinary hadr@nﬁ,_une congtituent
guarks with dimensions (2)., Presumsbly, two scales are due to
two different phenomena: confinement and chirﬁl symmetry brea-
king due to instantons, The most transparant it becomes with
the macroscopic treatment which suggest two independent phase
transitions.
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