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Abstract

. An exact solution of Yang Mills equation in (1+1) dimension hés been found This solution shows a charactenstue osallation m tme,

. !
whose frequency depends on amplitude and 1t varies hinearly with spatial coordihates
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The solution of classical sourceless Yang-Mills (YM) cquation
has attracted the attention of many workers [1, 2] for a long time
for obtaining more information about the structure of the QCD
ground state. Tt is also important from the point of view of
sudying Quantumn Chromo Dynamics (QCD) vacuum, in the
back ground of such a solution and there from getting information
about the stability of the system. Here, we will motivate the
study of such a solution from the point of view of QCD flux tube
modcl, introduced originally by Low [3] and Nussinov {4] to
account for the observed scaling behaviour of scattering cross
seetions in hadron hadron collisions as well as in the nucleus
nucleus collisions.

In this model, it is assumed that at high energy, when the
two highly Lorentz contracted nuclei pass through each other,
the partons of one nucleus interact with the partons of the other
nucleus by the exchange of soft (color octet) gluons. If the fly
by time of the nuclei is less than the time scale of interaction of
the partons, the receding nuclei get randomly color-charged by
cxchange of soft gluons. These color octet partons in the
receding nuclei get connected to each other by means of color
flux tubes with color electric fields inside them. The purpose of
this note is to show that due to the presence of the nonlincar
lerms 1n the Lagrangian, the ficlds interact among each other,
generating an electric field that undergoes a characteristic non-
lincar, non-abelian oscillation in time. For this purpose, we will
make certain assumptions based on the geometry of the prolem.
These assumptions however do not change the qualitative
nature of our observation. The first assumption is that each of
ic color-charged nucleus has a uniform distribution of charge
in the plane transverse to the direction of motion so that there

exists no gradient of the ficld n this dircction. Our second
assumption 1s that these color charges produce a chromocelectric
ficld such that A, and A_ are the only non-zero potentials.,

With these simphfying assumptions, the dynamics of the
gluon fields can essentially be described in (1+1) dimensions
rather than (3+1) dimensions. Thercfore in order to get
information about the nature of the classical gluon fields, one
needs Lo solve the classical Yang-Mills field cquations in (1+1)
dimensions.

We next show that in (1+1) dimensions, the Yang-Mills
equations have a solution with a sinusoidally time varying
component whosc frequency depends on the amplitude. We
first write the sourceless Yang Mills cquation in (1+1) dimensions

D, F*Y =0, (h

where the Greek indices U4 and v take values 0 and | only. The
covariant derivative is defined as

D, =9, +iglA, 1. @

with g as the coupling constant and &[A, . as the commutator
bracket. Since we are working with an SU(2) color symmetry, A,
isdefinedas A, = A,“T, where 7, are the generators obeying
the commutation rules

[1”, t”]:ie“,,‘ T, 3)

The indices a, b, ¢ takes values from onc to three. Further, the
only non-zero components of the vector field in this case are A
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and A , and we have chosen the axial gauge A, = 0. With this
choice of the gauge we get from cq. (1) forv=0,

3%AY =0 (4)
whosc solution is
Al =a,t)z+B, . e

Here &, and B, are arbitrary integration constants. In order
to find out an exact solution of this equation, we take a, to
depend on time and B, to be a constant. Eq. (1) for v =1 gives

A0, AL +gE L ASD A" =0. (6)

ube
Substituting the solution (5) in eq. (6), we arrive at
du(')+g£uln ac ﬁh =0. (7)

One can derive a conservation law from this equation,
namely

a,(t)a,(t) = constant . ®

A summation over repeated indices is implied and ¢ is scaled
by g.

We solve this set of coupled first order linear differential
equations by Euler's method; i.e. we choose a solution of the
form

a,N=a_e" . )]

Substituting eq. (9) in eq. (7)., we obtain a set of coupled
algebraic equations whose solution is of the form

o, =B, +B,B: [emu +e""”]-—i(uﬁ2 [e'“" —-e—‘“"], (10)
o, = ﬁ2 +l3253 [e:au +e”‘“”]+iwﬁ, [elwl _e—:wr]' )

a, = p3 +/3% [emn +e—lw1]_w2 [eiwr +e-—:w:]. (12)

Here, @ =[(ﬂ.)2 +(B,)? +(/33)2]* and the constants of

integrations are sel equal to one.

Once the a's are known, one gets the solution for the Ay's
by substituting eqgs. (10), (11) and (12) in eq. (5). Without giving
the unnecessary mathematical details, the final expression is

[ .
A(') - _ﬂl +B,B: [emr +e"w']—iwﬁ2[em" —e—'w']]z+ﬁ, )
13
A= 'ﬁz +5,8, [e"’” +eio ]+iwﬁ,[e"‘" —e'iw']]z+ﬁ2 ,
(14)

& =[ps+ B3 s oo ee er s a)

Thus from the solution, it is clear that the electric field nside
a chromo-electric flux tube oscillates with frequen,

o= [(/3, Y +(B,) +(B, )Z]Ji, which depends on the amplyyg,
of oscillation. It may be worth, pointing out several fcature, (i
this solution, namely the time independent piece correspond,
to the covariantly constant field case. The time dependen
oscillating piece is due to the self interaction of the fields, thy
shows dependence of amplitude on the frequency. It may aly,
be pointcd out that there exists [2] an exact time-dependen
vacuum solution of (SU(2)) Yang-Mills equations of the type

Ag =(0,H 87, Hb8%,H8%), (16)

where
B
H =—‘/.Tg:c'n [\lng(I'—'o)] (7

with frequency, dependent on amplitude. In eq. (161,
M (=0,1,2,3) is the Lorentz index, o (= 1,2.3) is the color index

and &7 is the Kronecker delta. In cq. (17), cn represents the
Jacobi elliptic function and B is a constant determining the
amplitude of the oscillating ficld. Physically, these solutions
represent a non-linear collective oscillation of gluons with «

-
characteristic amplitude dependent time period ~( ZgB) .

which is a manifestation of the intrinsic nonlinearity present in
the system.

This is worth mentioning that earlier there had been attempts
to study the break down of QCD vacuum, in the context of
RHIC, in the background of a covariantly constant.
homogeneous Chromo Electric field, as well as a sinusoidally
oscillating Chromo Electric field [5]. In the light of thosc results,
we feel, it will be interesting to look for the same effect in the
presence of the type of background obtained in this notc. Some
work along this direction is currently under progress.
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