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Shear viscosity of hot hadrons - contribution from strange mesons

Mahfuzur Rahaman',* Snigdha Ghosh!,! Sabyasachi
Ghosh?, Sourav Sarkar!, and Jan-e Alam!
' Variable Energy Cyclotron Centre-HBNI, 1/AF,
Bidhan Nagar, Kolkata - 700064, INDIA and

2 Department of Physics, University of Calcutta,
92, A. P. C. Road, Kolkata - 700009, INDIA

Nuclear collisions at Relativistic Heavy Ion
Collider (RHIC) and Large Hadron Collider
(LHC) may produce a very hot and dense
state of matter with quarks and gluons as its
elementary constituents, this state of matter
is known as quark-gluon plasma (QGP). The
shear viscosity (1) to entropy density (s) ra-
tio has recently been used to characterize the
QGP created in the experiments conducted at
RHIC and LHC. Therefore, microscopic cal-
culations of shear viscous coeflicient of both
QGP and hot hadrons are crucially important.
Hot hadronic system will be produced as a re-
sult of conversion of QGP to hadrons at the
transition temperature.

In the present article, the focus is being
made on how much the K meson compo-
nent contributes to the shear viscosity in the
hadronic matter.

For a hot hadronic medium, where kaons
and pions are the main constituents, the shear
viscosity can be written using the simplest
one-loop expression for kaon (as shown in
Fig. 1(a)) in the quasi-particle
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where ny,(wi) = 1/{eP“X — 1} represents the
Bose-Einstein (BE) distribution function of
kaon with energy wi = (k? +m%)'/? and Tk
is the in-medium thermal width of kaon.

The thermal width can be evaluated from
the imaginary part of kaon self-energy at finite
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FIG. 1: The figure (a) represents viscous-stress
tensor for the medium with constituents of K-
meson upto one loop order having some finite
thermal width, which can be derived from the
kaon self-energy diagrams (b), where 7 K* and K¢
are possible intermediate loops.

temperature by using Cutkosky’s rule. Con-
sidering only 7K™ and K¢ loops for calculat-
ing kaon self-energy shown in Fig. 1(b), we can
write total thermal width of kaon I'y as

T = —ImllE g (ko = wi, k) /mk
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where Hﬁ(ﬂK*)(k‘) and HZ(K@(]C) are kaon
self-energies for 7K* and K¢ loops. Super-
script R stands for retarded component and
subscripts represent the external (outside the
bracket) and internal (inside the bracket) par-
ticles for the kaon self-energy graphs as shown
in Fig. 1(b).

In Fig. 2, we have plotted shear viscosity
of kaon component (solid line) by using (a)
constant relaxation time 7 = 1/T'x and (b)
temperature (7') dependent relaxation time
7(T), calculated from Eq. (2). The corre-
sponding results for pion component, taken
from Ref. [2], are drawn by dotted line in
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FIG. 2: Temperature dependence of the shear vis-
cosities of kaon (solid line) and pion (dashed line)
for (a) 7 =1 fm and (b) 7 = 7(T).
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FIG. 3: Temperature dependence of (a) threshold
momentum or momentum cutoff (MC) and (b)
shear viscosity of kaon with MC (dashed line),
pion (dotted line) and their total (solid line).

Fig. 2(a) and (b). We notice that 7 of kaon
component for constant 7 is smaller than 7 of
pion but their roles just become opposite for
temperature dependent relaxation time. This
is because our calculated relaxation time or
mean free path of kaon is much larger than
that of pion, therefore, in that case, the kaon
component of  dominates over the pion com-
ponent 7. The mean free path of kaon, cal-
culated from the relation A\ = k/(wE&Tg),
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is observed to exceed the dimension of mat-
ter formed at RHIC or LHC (~ 10 fm) in the
high momentum domain. Therefore, we have
numerically searched a threshold momentum
ki, or momentum cutoff for a certain tem-
perature when Ax = 10 fm. This kg, is
parametrized by k¢, = 1322.55 x T4462 and
shown in Fig. 3(a). Now, we have used this
kin(T) as upper limit of momentum integra-
tion of Eq. (1) as kaon with high momentum,
whose A > 10 fm, will not play any role in
the dissipation process. We see that shear
viscosity of kaon with MC (dashed line), as
shown in Fig. 3(b), plays an important role
beyond the T = 0.150 GeV with respect to
pion component (dotted line) and our results
indicate that kaon component may play dom-
inant role than pion near the quark-hadron
transition temperature. This fact is well in
accordance with the results of Ref. [3, 4].

It may be mentioned here that we have in-
cluded kaon-nucleon interaction in the evalu-
ation of n and found that this contribution is
insignificant.
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