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Anomalous decay of pion and» at finite temperature
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We study the anomalous decay$, »— yy in the framework of the three—flavor Nambu—Jona-Lasinio
(NJL) model at finite temperature. The similarities and differences between these results and those obtained at
zero temperature and finite density are discussed. In both cases the lifetimes of these mesons decrease signifi-
cantly at the critical point, although this might not be sufficient to observe enhancement of these decays in
heavy-ion collisions.
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I. INTRODUCTION [NJL] [12] model indicate an enhancement of the width

The i L f q | b bl around the temperature at which the pion dissociatesggto
e investigation of pseudoscalar meson observables ?airs (Mott temperaturg

high density or temperature is specially relevant since, du The calculation of temperature effects on the decays

;he fac_t that the origin of the_se mesons is as_souated t_o th%o(,,])_> yy is important in several ways, but the calculation
ynamical or explicit breaking of symmetries, possible

modifications in the mass spectrum, lifetime and widths offor the  is more involved, since the structure of this meson
> SPe ’ . hibits a mixing of strange and nonstrange quarks. The well
those mesons could provide signatures for the restoration

; . - own fact that chiral symmetry shows a tendency to be
symmetries associated to phase transitions that are expectiiored in the nonstrange sector, while the same is not evi-
to take place under such extreme conditiphg)]. '

. . dent for the strange sector, makes the study of the electro-
A great deal of attention has been dedicated to the ele 9 y

. Crhagneticn decay particularly interesting. The present work
tromagnetic decay_s of the neutral pseudos_,calar meséns comes in the sequel of our previous studies on the behavior
and», and calculations of such observables in the frameworl& neutral mesons in hot and dense mafier 13—185, in the

of different models may be found in th.e literatuje-11]. framework of the S(8) NJL model[16,17. In Ref. [11] we
Since the great percentage of photons in the background Pfve studied the decay® () — yy, in vacuum and in quark

h -ion collisions i h h ) g
eavy-ion collisions is due to the decayS(z)— vy, these (r]natter in p—equilibrium at zero temperature and we have

processes deserve special attention. On the other side, modj- X .

o - . . . own that these decays are affected by the medium, their

fications of anomalous mesonic interactions is a topic thaf, .. . I o .
ifetime decreasing significantly at the critical density. It

ha_s attracted a lot of interest, since, Wh.'le for fermlons_ th.GShould be noticed that, although the behavior of several ob-
axial anomaly is not affected by the medium, the opposite is

L . Servables with temperature is qualitatively similar to that
expected for anomalous mesonic interactipis Whether ; . !
. . : with density, there are fundamental differences between me-
enhancement or suppressiondi( ) — yy will be found in

experiments of heavv-ion collisions is an open question AI_dia with T#0, p=0 andT=0,p#0. In the first case the
Xper e VY- ISl ! pen question. hase transition is probably a smooth crossover and there are
though the lifetimes of these neutral mesons are much long hreshold effects on the mesons. that dissociatgjipairs at

than hqdrqnlc tlme scales "’.‘”d its decays mlght not be Obt'he Mott temperature; in the second case the phase transition
served inside the fireball, it is nevertheless important to un:

derstand the underivi hvsics. that i obablv the same is first order and the threshold effects mentioned above do
s underlying physics, that s probably S ot generally take place. The question whether these differ-
other more complex anomalous mesonic decays

i . nces will aff ignificantly th houl
— i, w— p) that are relevant for experiments in the hot/e ces affect significantly the decay(7) — vy should

dense regior7]. be clarified.

The aim of this work is to report an investigation on the
Temperature effects on the process— yy have been the .
. . . . nomalous decays of° and  at finite temperature and zero
object of several studies but less attention has been given

the investigation ofy— yy. Calculations of themd— yy é)en5|ty, in comparison with the behavior at finite density and

[4—6] in the framework of the S(2) Nambu-Jona-Lasinio zero temperature, giving special attention to the possible en-
hancement or suppression of these decays at the respective

Mott temperatures.
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interaction that breaks thg,(1) symmetry, that has the fol-
lowing Lagrangian:
1 &8
L=qliy*d, - Mg+ 5952 [(a\%)? + (qi ys\*0)?]
a=0

+ gp{defq(l + ys)q] + defq(1 - y5)ql}. 1

Hereq=(u,d,s) is the quark field with three flavor$y;=3,
and three colorsN.=3. m=diagm,,myq,my) is the current
quark mass matnx and? are the Gell-Mann matrices,
=0,1,... 87\°=V— l.

By using a standard bosonization procedure, an effective
meson action is obtained. The first variation of the action
leads to the the gap equations, which gives us the constituent
guark masses, and the second order expansion of the action
over the meson fields allows to obtain the meson propaga-
tors, from which several observables are calculdfed de-
tails see Refs[11,13-159).

Our model parameters, the bare quark massgs
=m,,ms, the coupling constants and the cutoff in three—
momentum space), are fitted to the experimental values of
masses for pseudoscalar mesaiM 0=135.0 MeV, Mg
=497.7 Me\j andf_=92.4 MeV, using the parameterization
of Refs.[14,15,18.

For the calculation of the decays— yy we consider the
appropriate triangle diagrani$l]. The corresponding invari-
ant amplitudes are given by:

~ ) d4 R R
THi—.yy(P,01,02) =i f (ZWF;Jr{FHS(p —d)eSpe;

XS(p+Qp)} +exchange. (2)

Here the trace Tr={tritr,, must be performed over color,
flavor and spinor indices. The meson vertex functiog, has
theiys form in the Dirac space, contains the corresponding
coupling constanygy (see Ref[11] for detaily and is a 3
X 3 matrix in the flavor spaces(p) is the quark propagator
S(p)=diags,,S, Sy, €1, is the photon polarization vector
with momentuny; ,. The trace over flavors leads to different
factors for different meson§)g,, that depend on the electric
charges and flavor of quarks into each mesbnQ,=1/3,
Q,7 =5/9 andQn =—\2/9.

We perform the calculation in the meson rest frame and
use the kinematic=q;+q, and P=(My,0). Taking the
trace in(2) we obtain:

?HHVV(P’ql'qZ) = MVaﬁeé-LEZq%qg?thy( leqi’qg)! (3)
where
T, (P?=M o,ql,qz) 32amg oMyl o (4)
and
T,y (P?= M3, 0, 05) = [cos 0(59,7Ml",
- 209,=Md ﬁl) -sin g2
X(5gnUuMu|L7j;+ gy?sMsli,)]- (5
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a is the fine structure constant and the integials: I},(P)
are given by

i [ d
|H(P)—If(

2m)* (p? - MA)[(p - qy)? -

IL(Po,P=0) =

MZI[(p+ )2 -

MFT’
(6

with i=u,s. At finite temperaturel (P) takes the form:

dp

p2 > In<
4772 EZ4E?- P}

X[1-2f(E(p)],

wherekE; is the quark energy.

Finally, the decay width is of the form:
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FIG. 2. Meson—quark—quark coupling constants and integral

|19 X 10 as functions of temperature, fer° (left pane) and 7
(right pane).
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FIG. 4. The decayp— vyy: transition amplitude, decay width
and coupling constant as functions of temperai@e(c), and as
functions of the densityd)—f).

FIG. 3. The decayr®— yy: transition amplitude, decay width
and coupling constant as functions of temperai@e(c), and as
functions of the densityd)—f).

tively). For the sake of comparison, we also plot these quan-

M3 tities as functions of the baryonic density, in neutron matter,
Fyoyy= . |THHW|2 (8) in the right panels of these figures. Since we are mainly
interested in discussing the behavior of these quantitieos up to
and the decay coupling constant is: the critical point, we plot our results only fof <Ty
~212 MeV and forpg =< p, = 2.25,,.
O THWV 9) The transition amplitude for the pion depends on the
BRCOI- qguark meson coupling constarg, oy, and on the integral

IY5(Py=M o), that are plotted in Fig. 2, left panel. As dis-
fussed in Ref[4-€], at the Mott temperature there are
threshold effects which cause a complicated behavior of the
transition amplitude, a fact that does not occur at finite den-
sity where the behavior is smooth. Whilgoy, has a sharp
decreasel:‘To has a sharp increase, the combination of these
We will discuss our results for°(7) — yy observables at two effects leading to a smooth increase of the transition
finite T and we will show that, in spite of a different behavior amplitude(see Fig. 3. The width has a sharp increase near
of quantities relevant for the calculation of those observihe Mott temperature due to the increase of the pion mass,
ables, as compared to the case of finite density and zenghich is a manifestation of the tendency for the restoration
temperaturg11], the conclusions are qualitatively similar. As of chiral symmetry. Let us remember that a sign for the res-
already mentioned, the phase transition with density is firstoration of this symmetry is that the mass of the pion in-
order and the mesons are still bound states beyond the critbreases with density and this meson becomes degenerated
cal density, although with a weaker coupling to the quarkswith ¢ meson and the pion decay consténtgoes asymp-
the phase transition with temperature is a crossover one aridtically to zero.
the mesons dissociate int at the Mott transition point, Concerning thep— yvy decay(Fig. 4), although qualita-
where the meson masses cross the threshblg Fig. 1, tively similar to 7°— yy, it depends on the couplings to
upper panel and the meson-quark coupling constants de-strange and nonstrange quarklss,d,u, On the integrals
crease sharply, going to ze(big. 2). IS(PO—M 2 I“(PO—M » (Fig. 2, right pangland also on the
We plot7y_.,,,I'y_,y,0H4, as functions of temperature mixing angIeH(M o that we plot in Fig. 1, lower panel. The
for #° and for the (left panels of Figs. 3 and 4, respec- behavior of the mixing angle is very smooth, but the cou-

As we have shown in Ref11], there is a good overall agree-
ment between our results for these quantities, calculated i
the vacuum, and the experimental val(i&s].

Ill. DISCUSSION AND CONCLUSIONS
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pling constants and the integrals referred to above show densities. However, although the peak of #feand 5 widths

behavior similar to the case of the pion. The main differenceare at moderate temperature, the decays are probably ob-

is that the peak for the decay amplitude occurs before theerved only after freeze-out, since its life timesare still of

Mott temperature for they, T/, ~180 MeV . the order of 10's and 10%*s, respectively, much larger
In conclusion, we show that these anomalous decays atban the expected lifetime of the fireball, #0s. A similar

significantly affected by the medium, leading to an enhanceeonclusion was obtained for matter at finite density and zero

ment of the width around the Mott temperature. Howevertemperature, although the behavior of the relevant observ-

this enhancement is probably not sufficient to lead to life-ables is more smooth.

times shorter than the expected lifetime of the fireball. Re-

cent expenr_nental results f_rom PHENI20] sh.ow thatz° ACKNOWLEDGMENTS
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