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Quasiquarks in two stream system
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We study the collective quark excitations in an extremely anisotropic system of two interpenetrating streams
of the quark-gluon plasma. In contrast with the gluon modes, all quark ones appear to be stable in such a
system. Even more, the quark modes in the two-stream system are very similar to those in the isotropic plasma.
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The quark-gluon plasma exhibits a rich spectrum of col-X (k#) has been founil0] within the hard loop approxima-
lective excitations. During the past two decades a lot of eftion at the one loop level in the following form:
fort has been paid to studying the equilibrium plasma and the
excitations are rather well understood in this case] $&for 9° d®p f(p) yo—V-¥
an extensive review. Much less is known about the collective (k)= 16 ~F 3 |p| @— St

. o (2m)° IPl w—v-k+i0
modes in the nonequilibrium quark-gluon plasma such as the
parton system generated at the early. stage of ultrarelativistighereg is the coupling constant of QCD witK,. colors and
heavy ion collisions at the BNL Relativistic Heavy lon Col- Cr=(N?-1)/N;; v=pl|p| is the parton velocity and*
lider (RHIC) or CERN Large Hadron CollidefLHC). The —(y°.9) are Dirac matrices;(p)=n( )+F( )+ 2n.(p)
parton momentum distribution is not isotropic but strongly YY) al 1P - _p ) P 9 P
elongated along the beafi2,3]. Therefore, specific color andn(p), n(p), andng(p) denote distribution functions of,
fluctuations, instead of being damped, can exponentiallj€SPectively, quarks, antiquarks and gluons. The effective
grow and noticeably influence the temporal evolution of thedistribution functionf is arbitrary though symmetric, i.e.,
whole system. In a series of papéds-6] it has been argued f(_P): f(p). ] ) )
that there are indeed very fast unstable transverse gluon Since the spinor sgrugture af given by Eq.(2) is very
modes in such a parton system. The anali/sj6] has been simple, i.e.,%(k*)=y"X%(w,k) — ¥2(w,k), the dispersion
performed within the semiclassical transport thegryg.  eduation(1) simplifies to

@

However, it has been later shown that one gets equivalent <0 2 5
results within the hard loop approa¢B] extended to the [&=2%wk)]"~[k=2(0,k)]"=0. @)
anisotropic systemfl0]. In the same papdr0], the quark Let us now consider an extremely anisotropic system of

self-energy for an arbitrary momentum distribution has beeny,q interpenetrating streams with the distribution function of
computed at one loop level and the dispersion relation ofye form

qguarks in the anisotropic plasma has been also briefly dis-
cussed. f(p)=(2m)3p[ 8 (p—a)+ 6P (p+a)], (4)
The aim of this Brief Report is to consider for the first
time the quark modes in the anisotropic plasma. We startvhere the parameter is related to the parton density in the
with an extremely anisotropic system of two interpenetratingstream. The vectoq is assumed to be parallel to tzeaxis.
parton streams. The gluon modes have been discussed f¥bstituting Eq.(4) into Eq. (2) one immediately finds the
such a system in several papé4sl1—14 and the instabili- Self-energies
ties have been found. We show here that in contrast to the
gluon excitations all quasiquark modes in the two-stream 3%(w,k)=m2———y,
system are stable and rather similar to those in the isotropic 0 —K;
plasma. At the end we argue that our results obtained for two
streams approximately hold for any system of strongly elon- 3 w,k)=2Y(w,k)=0, 5
gated momentum distribution.
The quark dispersion relations are determined by the
poles of the quark propagator or equivalently are found as
solutions of the equation

k,
wz—kg’

>4 w,k)=m?

wherem?=g2Crp/(8|q|), and gets the following dispersion
defk—2>(k*)]=0, (1)  equation:

20,2 2 2\2 20 2 2 2\2
wherek* = (w,k) is the mode’s four momentum; the mass of oi(0’—k;—m9)" K"k —m%)
the bare quark is assumed to vanish. The quark self-energy (0?—Kk2)? T (0?—Kk2)?

=0, (6

with kTE\/kX2+ kyz. Equation(6) is easily solved providing
*Electronic address: mrow@fuw.edu.pl two quark @->0) and two antiquark¢-<0) modes:
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FIG. 1. w2 as a function ok for k,=0 andk,=m. FIG. 2. w2 as a function ok, for ky=0 andk;=m.
1 1 Substituting the self-energig®),(9) into the dispersion

2 2.2, T2 2,2, 4 equation(3), one finds the quark modes which in the long

S (K, k) =m+ks+ + 4/ + ha ;
% (kr kg =mt; 2kT mky 4kT wavelength limit @>k) can be computed analytically and

read
2 2 1 2
=m +kz+§kTika, (7) 1
wi(k)zM2+§k2¢Mk. (10

where the second approximate equality holds rioe k.
Since the modes are pure real, there is no instability. Thé\s seen, the quark long wavelength modes in the two-stream
dispersion relation$?) are illustrated in Figs. 1 and 2. system(7) and in the isotropic plasmd.0) are very similar

We are going to compare now the quark modes in thdo each other. The, mode is nearly the same in the two
two-stream systeni7) to those in the isotropic plasma stud- Systems for any wavelength. However, there is a qualitative
ied, in particular, i 15,16. In contrast to the derivations in difference in the case of the . mode. In equilibrium,o
[15,16, we do not assume that the system is in the thermoinitially decreases withk according to Eq(10); then there is
dynamic equilibrium. We only demand the isotropy of thea shallow minimum ak~M and furthero_ monotonically
parton momentum distribution, i.e., the distribution functiongrows. In the two-stream system, is a monotonically de-
which enters the self-enerd®) is of the formf(p)=f(|p|).  creasing function ok;. Since the phase velocity of the_
Then, the angular and momentum integrals in @y factor- mode is greater than the velocity of light for sufficiently
ize and one finds largeky, the quasiquarks can emit gluons due to the Cher-
enkov mechanism. The relevance of the phenomenon for the

M? k nonequilibrium plasma from the early stage of heavy-ion
0 - i _
2wk =S|Il o —imO(k—w) collisions at RHIC and LHC is under study.
5 One observes that the form of the quark self-engf)y
_ M—[1+O(k2/w2)] ) and consequently the dispersion relati@rs hold not only
1) ' for a highly simplified distribution functiori4) but for any
. , strongly elongated momentum distribution. Indeed(gf)
M M| otk >(p2) the velocities under the integré2) can be approxi-
o) =1zk=ZFn w—k’ —imO (k=) lk mated a®,=1 andv, ,=0. Then, one immediately gets the
M2 formulas(5) with
_ 2/, 2
Ok, ® 2 9 f d*p f(p)
=—Cf | ——.
wherek=|k| and 16 (2m® Ipl
) We conclude our considerations as follows. In contrast to
M2= g C J“d i(p) the gluon modes, the quark ones are all stable in the two-
3242 o PPIR). stream system. In the long wavelength limit, the quasiquark

properties in the strongly anisotropic and isotropic systems
In the case of a massless baryonless plasma in thermal equire qualitatively the same. The_ mode can be responsible

librium M is proportional to the system’s temperature. for the Cherenkov radiation.
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