Brazilian Journal of Physics

BRAZILIAN JOURMAL OF

> ISSN: 0103-9733
luizno.bjp@gmail.com
Sociedade Brasileira de Fisica
Brasil

Sorella, S. P.

Remarks on the dynamical mass generation in confining Yang-Mills theories
Brazilian Journal of Physics, vol. 36, num. 1B, march, 2006, pp. 222-228
Sociedade Brasileira de Fisica
Séo Paulo, Brasil

Available in: http://www.redalyc.org/articulo.oa?id=46436215

How to cite é} //._‘-

.
p .

Complete issue o .
P Scientific Information System

More information about this article Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal

Journal's homepage in redalyc.org Non-profit academic project, developed under the open access initiative


http://www.redalyc.org/revista.oa?id=464
http://www.redalyc.org/articulo.oa?id=46436215
http://www.redalyc.org/comocitar.oa?id=46436215
http://www.redalyc.org/fasciculo.oa?id=464&numero=2866
http://www.redalyc.org/articulo.oa?id=46436215
http://www.redalyc.org/revista.oa?id=464
http://www.redalyc.org

222 Brazilian Journal of Physics, vol. 36, no. 1B, March, 2006

Remarks on the Dynamical Mass Generation in Confining Yang-Mills Theories
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The dynamical mass generation for gluons is discussed in Euclidean Yang-Mills theories supplemented with
arenormalizable mass term. The mass parameter is not free, being determined in a self-consistent way through a
gap equation which obeys the renormalization group. The example of the Landau gauge is worked out explicitly
at one loop order. A few remarks on the issue of the unitarity are provided.
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I. INTRODUCTION to color confinement. The physical spectrum of the theory |
made up by colorless bound states of quarks and gluons givi

In the last years many efforts have been done to put forwarfiSe; for instance, to barions, mesons and glueballs. This ir
the idea that gluons might acquire a mass through a dynamicglies that the asymptotic Fock spagis, [out) of the theory
mechanism. These efforts have led to a considerable amouR@\ve to be defined through suitable operators from which t
of evidence, obtained through theoretical and phenomenologihysical spectrum of the excitations is constructed. Of cours
ical studies [1-22] as well as from lattice simulations [23-33].the Smatrix describing the scattering amplitudes among th
Many aspects related to the dynamical gluon mass generatigicitations of the physical spectrum of the theory has to &
deserve a better understanding. This is the case, for exarinitary. Although intuitively simple and easily understand
ple, of the unitarity of the resulting theory, a highly nontrivial able, this framework is far beyond our present capabilitie:
topic, due to the confining character@QCD. An operational definition of the gauge invariant colorless op

Needless to say, the unitarity of tBenatrix is a fundamen-  erators defining the physical spectrum of the excitations anc
tal property of the spectrum of a quantum field theory. It ex-well defined set of r_ules to evaluate their scattering amplitude
presses the conservation of the probability of the amplitudedre not yet at our disposal. _ _
corresponding to the various scattering processes among theQuantized Yang-Mills theories are described by the

excitations of the spectrum. Faddeev-Popov Lagrangian [38]
In a nonconfining theory, the first step in the construction
of the S matrix is the introduction of the so-calldah) and S=Sim+Syr=
|out) Fock spaces characterizing the asymptotic behavior of
the physical states beforie,~ —, and afterf — +o, a scat- z 4 (1 aca an na a
tering process. Th&matrix is thus defined as the unitary d*x <ZFWFW +b auAu+Caau(DuC) ) ) ®)
operator which interpolates between the spaicesnd|out), . . )
namely here taken in the Landau gauge. The figldn expressior{3)
is the Lagrange multiplier enforcing the Landau gauge cor
lin) = S |out) . (1) dition, oA} = 0, while c?, c? stand for the Faddeev-Popov

ghosts. The actio(3) is renormalizable to all orders of per-
The relation of this equation with the Green’s functions of theturbation theory and displays color confinement[39]. Furthel
theory is provided by theSZformalism. A key ingredient of  more, thanks to the asymptotic freedom, the gauge Aéld
this formalism is the introduction of the asymptotic fieldls,  behaves almost freely at very high energies, where perturk
and¢oyt, describing the asymptotic behavior of the interactingtion theory is reliable. However, at low energies, the couplin

fields, according to constant increases and the effects of color confinement ce
not be neglected. We do have thus a good understanding
Ol e = 72in (2)  the properties of the field] at high energies, whereas it be-

O e = 722 0. comes more and more difficult to have a clear picturéf

and of the whole theory, as the energy decreases. We mi

The asymptotic fieldgi, anddou allow us to define the cre- thus adopt the point of view of starting with a renormalizable
action built up with a gauge field} which accommodates the

ation and annihilation operato(sa?n, a‘”) and (agUt’ ao“t)’ largest possible number of degrees of freedom. This wou
from which the Fock lspacdi:ng] and |Ouk;[>l arehODIﬁined- The amount to start with a quantized massive Yang-Mills action
entire construction relies on the possibility that the asymptotic
fields can be consistently introduced. S = Srm+ Syt + Smass; “)

In a confining theory likeQCD, the quanta associated with where Snassis a suitable mass term for the gauge figf
the basic fields of the theorye. the gluon fieldA} and the  The best choice fofnasswould be a gauge invariant, renor-
quark fieldsy, , cannot be observed as free particles, duamalizable local mass term. However, no local renormalizabl
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gauge invariant mass term built up with gauge fields only isory displays the important property of being multiplicatively
at our disposal. Nevertheless, it might be worth remindingrenormalizable [34].
that, recently, a consistent framework for the nonlocal gauge Though, for the time being, we give up of the requiremen

invariant mass operator of the gauge invariance. This will enable us to present ol
7 analysis with the help of a relatively simple example. There
O(A) = 1 d*xE2 [(Dz)fl] abe (5) fore, as possible mass term we shall take
- 1Y W -
Z
1
has been achieved [34]. More precisely, the nonlocal opera- Shass= émz d*XALAT (6)

tor (5) can be cast in local form by means of the introduction
of a suitable set of additional fields. The resulting local the-so that

z

Sn=d% <%F§,F® +%mzAﬁAﬁ+baapAﬁ+Caau(Dpc)a> : @)
\
Expression7) provides an example of a massive nonabelian and fix the mass parameter through the gap equatio
gauge theory which is renormalizable to all orders of pertur- If the resulting value om will be small enough, one
bation theory [35], while obeying the renormalization group can argue that the unitarity is violated by terms whict
equations (RGE). become less and less important as the energy of tl
A few remarks are now in order: process increases, so that the amplitudes of the ma:

less case are in practice recovered at very high energic
The present set up might thus provide a different cha
acterization of the aforementioned phenomenon of th
dynamical gluon mass generation, which has alreac
been successfully described in [1,7,10,11,13,14,16,17
In the next section, the gap equation for the nrassll

be discussed.

e The amplitudes corresponding to the scattering
processes among gluons and quarks display now a
violation of the unitarity. This can be understood by
noting that the inclusion of the mass tennn?Af}Aﬁ
gives rise to éBRST operator which is not nilpotent.
However, as shown in [35], it is still possible to
write down suitable Slavnov-Taylor identities which
ensure that the massive theofy) is renormalizable
to all orders of perturbation theory. Moreover, if || 14 cap EQUATION FOR THE MASS PARAMETER m
sufficiently small, this violation of the unitarity might
not be in conflict with the confining character of the . . .
theory. Otherwise said, since gluons are not directly The gap equation for the mass parametes obtained by

observable, we could allow for a gauge fiedd with requiring that the vacuum functiongl defined by

the largest possible number of degrees of freedom, z v

provided the renormalizability is preserved and one is eVt = [Do ef(s“1+ "(9)7) , (8)
able to recover the results of the massless case at very

high energies. whereV is the Euclidean space-time volume, obeys a mini

mization condition with respect to the massi.e. the value
of the massnis determined by demanding that it correspond
to the minimum of the vacuum functiondl, namely

e This framework would be useless if the value of the
mass parametan would be free, meaning that we are
introducing a new arbitrary parameter in the theory,
thereby changing its physical meaning. A different situ- O
ation is attained by demanding that the mass parameter — =0. 9
is determined in a self-consistent way as a function of ony

the coupling constart. This can be obtained by requir- Equation(9) is the gap equation for the mass parameter

ing that the masenin eq(7) is a solution of a suitable  The quantityn(g) in eq(8) is a dimensionless parameter
gap equation. In other words, even if the masss  \hose loop expansion

included in the starting gauge-fixed theory, it does not

play the role of a free parameter, as it is determined once n(g) = Nno(g) +n1(g) +4%n2(g) + ... (10)
the quantum effects are properly taken into account.

Here, we rely on the lack of an exact description of aaccounts for the quantum effects related to the renormalizati
confining Yang-Mills theory at low energies. We start of the vacuum diagrams in the massive case. The parame
then with the largest possible number of degrees of freer(g) can be obtained order by order by requiring that the vac
dom compatible with the renormalizability requirement uum functionalE obeys the renormalization group equation:s
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(RGE) a gauge fieIdAf1 with the largest number of degrees of
4 fret;:)gjlpm compatible with the requirement of renormal
_ izability.
M =0 (11) Y
e This amounts to start with a renormalizable massive ac
meaning thatZ is independent from the renormalization tion, as given in eq7). However, the mass parameter
scalep, as it will be explicitly verified in the next section. is determined in a self-consistent way by imposing thy
Equation(11) expresses an important property of the vacuum minimizing condition(9) on the vacuum functionat.

functional £. We also remark that a term of the kind of
nnt* in eq(8) has been already obtained[40] in [1] in the e Also, it is worth observing that, in the case of the mas

evaluation of the vacuum energy of Yang-Mills theories when sive model of eq7), a non vanishing solutiomr,ﬁol #0,

gluons are massive. of the gap equatiori9) implies the existence of a non
vanishing dimension two gluon condensé&gA?). In

The gap equation equatiofill) can be given a simple fact, differentiating equatiot8) with respect tar? and

interpretation. Due to the lack of an exact description of settingm? = rréol’ one obtains

Yang-Mills theories at low energies, we have adopted the

point of view of starting with a renormalizable massive 1, a.a

action, as given in e@?). As far as the mass parametaiis 2 <Au )= —nmg, (12)

free, expressiofi7) can be interpreted as describing a family

of massive models, parametrized loy For each value ofn

we have a specific renormalizable model. Moreover, as thall. EVALUATION OF THE VACUUM FUNCTIONAL ‘£ AT
introduction of a mass term has an energetic coast, we might ONE LOOP ORDER

figure out that, somehow, the dynamics will select precisely

that model corresponding to the lowest energetic coast, as |nthe case of pur8U(N) Yang-Mills theories, for the vac-

expressed by the gap equatidt). uum functionalE we have
Before starting with explicit calculations let us summa- vE —(Sn+vn -
rize our point of view: € = [Dofe ( 2) ’ (13)
e Since gluons are not directly observable, we allow forwith Sy, given by expressiofi7), namely
|
z 1 1
Sn= d' (ZF@F@ " émzAﬁAﬁ+baauAﬁ+taau(Duc)a> . (14)
\
As it has been proven in [35], the massive acfip4) is multi-  Also
plicatively renormalizable to all orders of perturbation theory. )
In particular, for the mass renormalization we have [35 _dg
P 19°] Be?) =Ry = —2(Bog' +Bugf+OE) . (19)
go = Z9,
Ao = Z/%A
_ 11 N 34/ N \?
- Zmzrf/z Po=31ee P13 (lﬁﬂz) - @
Zp = ZgZp"", (15)
from which the running of the mase? is easily deduced In order to obtain the_paramenqalat one_—loop_ order, i_t is useful
to note that expressiofi3) can be written in localized form
AL a6
M T NATALLEE
i z
with eVE_ Do e—(sn+vnm74)
Yir2 (9%) = Yoo + Va9 + O(cP) , (17)

35 N 449/ N \2 z
-2 N vlzﬁ(ﬁ> (1) — DI I —mP) e WO (21)
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with
Z
eV — Do e,
z

Sim+Sr+  d*x (%J(x)Af}Aﬁ—i— %Jz(x)> .

(22)

)

From equatior(21) it follows that the renormalization of the
vacuum functionalE can be achieved by renormalizing the
functionalW(J) in the presence of the local sourég), and

then set] = n? at the end. The renormalization of the func-

tionalW(J) has been worked out at two-loops in [7]. By sim-
ple inspection, it turns out that the paramateis related to
the LCO parametet of [7] by n = —, yielding

225

Thus, for the vacuum functiona at one-loop order in the

MSscheme, we get

z—ﬁ 9 N?-1 | 16I1N°-1
2\ 132 N 52 1612
N2-1 ,/ 5 m?
3th (—é—klog?) , (24)

where we have introduced the factoto make clear the or-
der of the various terms. It is useful to check explicitly tha

9 N2-1 161N2—1 the above expression obeys the RGE equations. Indeed, fre
-7 N "5z 167 +0(g%) . (23)  egs(17), (19) we obtain
|
hSE — Pt (—19392'\'1,*) gligg“%(—zsogﬂ — 6t o)
= lee;Zl <3€5> Tga - l\llze;Z1 %: —ne ’\:4;21 i+ O(*)
= hm“% (%51% — ‘:’—2 - g) +0O(h?) = hm“% <12—f’— ‘:’—2 - g) +O(h?)
-~ '\'126;21 (105_2666_ 39) +O(12) = O(12) . 25)

It remains now to look for a sensible solution of the gap equarenormalization scheme and scale independent quantity. Tt

tion (9). This will be the task of the next section.

A. Searching for a sensible minimum

can be achieved along the lines outlined in [10] in the analy
sis of the gluon condensaté3A3) within the 2PPI expansion
technique. Let us first change notation

¢ - 7, (26)
In order to search for a sensible solution of the gap equa- m — mY,
tion (9), 2% = 0, we first remove the freedom existing in the
renormaﬁzation of the mass parameter by replacing it with and rewrite the one-loop vacuum functional as
|
9N2-11[ m* 13 Ng m 113
"N @ 2 3emm ('09?‘5)}‘ (@7)
\
As done in [10], we introduce the scheme and scale indepemwith
dent quantity® through the relation 5 5 L .
_ Ym2(3°) = Y00 +V10"+0O(@) , (30)
2 — F(@)me. (28) we(8) g +0@)
From
om? ) 35 N _ 449/ N \?
T = —V (g - I 1



226

we obtain the condition

of@®) o,
n (,(?):vn@(gz>f(92), (32)
o
from which it follows that
_ Of?
pa—ﬂ_o (33)
Equation(32) is easily solved, yielding
_ _Yo
f(@®) = (@) % (1+ fog®+0(g")) ,
1 (v 7)
fo = =—=—|(>B1— , 34
o= g (mhv 34

where the coefficienty, 1 are given in eq$l9), (20).
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The coefficientyg in eq(35) expresses the freedom related tc
the choice of the renormalization scheme. It will be fixed by
demanding that the coupling constant is renormalized in su
a scheme so that the vacuum functiofialakes the form

o 9NZ-1 1 a4 Ng?

whereL stands for

(37)

Moreover, one has to take into account that a change of

scheme entails a change in the coupling congfaretccording
to

o = g*(1+bog® + O(g")) . (35)
|
9N2-1 1 it 413 N¢?
E=B N oo 2 "3ee
(¢ Fo "
Therefore, fobg one has
113 3 6412 bo Yo
T m T (e 21y ) =
R, <o+2( B)) 0, (39
namely
4331 N
bo =~ 396 1672 - (40)
For the vacuum functionat (7?) one gets
9N?-1 1 [ A ~413N92}
Ee=—m———— | —— L. (41)
13 N (gz)lfgfg 2 3 642

In terms of the scale independent variabie the gap equa-
tion reads

0E

Fr= =0, (42)
so that
526 Ng?  _,13N¢?
—mz+mz§—64n2L+mz§—64n2 =0. (43)

Next to the solutionfi? = 0, we have the nontrivial solution
Mso| given by
Yo
26 N? 10 e, (9%) %o 13 NG
3 642 V4 3 6412

1+ 5 0. (44)

113
L———"
( 39

andE; is a numerical coefficient. After a simple calculation,
we get

2% (e 2]

(38)

In order to find a sensible solution of this equation, a suitabl
choice of the scalg has to be done. Here, we take full advan-
tage of the RGE invariance of the vacuum functiofialand
set

Yo
e =My (%) %0 e, (45)

wheresis an arbitrary parameter which will be chosen at ou

best convenience. The possibility of introducing this para

meter relies on the independence of the vacuum functi@nal
from the renormalization scaje Furthermore, recalling that

1
W=,
Bolog 7z

and that, due to the change of the renormalization scheme,

(46)

bo
2_pA2 B
N2 = e o, (47)
for the effective coupling and the massg,, one finds
N 12 1
Ne)o 1 : (48)
1612 |; joop 13(1+29)

Yo
. 1216 1\ %o P i s
Msoll1_j00p = <ET (1+ZS)> e %o ess(lJrZS)ez/\m.

(49)
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Therefore, choosing= 0.6, and settind\ = 3, the following
one-loop estimates are found

Ng’

— ~0.42
1612 042,

(50)

1-loop

2.4M\y5~ 560MeV |
233MeV,

rT‘sol|17|oop = (51)

K

Nys

v (AAR)

N=3

~0.22GeV,
1-loop

and
E(Msol) Y aop = —90AFs~ —0.265(GeV)* . (52)

Note that the value obtained faig is close to that already

227

built up with a gauge fieIdAf} which accommodates the
largest possible number of degrees of freedom. This wou
amount to take as starting point a renormalizable massi
action as considered, for example, in expresgion The
mass parametean is not treated as a free parameter. Instea
it is determined by a gap equation, ), obtained by
minimizing the vacuum functionak of eq(8) with respect
to the mass parameten. A preliminary analysis of this
gap equation at one-loop shows that a nonvanishing glu
mass might emerge. Also, the vacuum functioBadisplays
the important feature of obeying the renormalization grou
equations.

Finally, we underline that the infrared behavior of the
gluon propagator is expected to be affected by several me
parameters, with different origins. For instance, as pointe
out in [36, 37] in the case of the Landau gauge, the gluo
propagator turns out to be affected by both dynamical gluo
massm and Gribov parametey, which arises from the

reported for the dynamical gluon mass in the Landau gaug{;astriction of the domain of integration in the Feynman patl
[7, 10, 11, 17, 27, 31]. It should be remarked that the resultétegral up to the first Gribov horizon. More precisely, thest
(50), (51) have been obtained within a one-loop approxima-parameters give rise to a three level gluon propagator whic
tion. As such, they can be taken only as a preliminary indi-€xhibits infrared suppression [36, 37], namely

cation. To find more reliable results, one has to go beyond
the one-loop approximation. Nevertheless, these calculations
suggest that a non vanishing gluon mass might emerge from

(AAS(—K) ) =
the gap equatio(®).

IV. CONCLUSION (53)

5ap (5 _ @) kiz )
WK ) KA+ mRk2 4y

In this work the issue of the dynamical mass generation for

gluons has been addressed. Due to color confinement, gluof&%knowledgments

are not observed as free particles. Thanks to the asymptotic
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