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p-meson self-energy and dielectron emissivity in an isospin-asymmetric pion medium
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The p-meson self-energy in an isospin-asymmetric pion gas at finite temperature and charged-pion chemical
potential is evaluated. We utilize a conventional effecti#@ Lagrangian and the functional integral repre-
sentation of the partition function in the second order in phew coupling constant. We analyze the
p-meson polarization operator and its dependence on the invariantvhassl spatial momenturp| of the
p meson. The pole positions and the values of the imaginary parts of the self-energy for different polarization
states have different functional dependence#oand|p|. The corresponding dielectron rgtalculated from
the imaginary part of the in-mediuprmeson propagatpshows a distinctive asymmetry when the momentum
t=p, —p- is perpendicular or parallel tp, wherep.. are thee™ momenta of the electron pair.

PACS numbsdis): 12.40.Vv, 11.10.Wx, 25.75.q

[. INTRODUCTION interactions for theg meson modification under extreme con-
ditions, it seems to be appropriate to study first the simplest
The intriguing question for modifications of hadron prop- model system of strongly interacting matter: a dense and hot
erties in hot and dense nuclear matter is currently an interpion gas with a small or negligible baryon admixture; such a
esting problem in the realm of relativistic heavy-ion colli- matter state is often expected to be produced in the central
sions and has been addressed by many authors. Mosggion in ultrarelativistic heavy-ion collisions. This can be
investigations focus on the temperature dependence of hadensidered as background for more complete mogetsch
ron masses and widths. In addition to other aspects, thshould include also the baryonic degrees of freedom in case
p-meson dynamics is crucially important here because it magpf intermediate-energy and relativistic heavy-ion collisjons
be related directly to observables. According to the vectoand for more exotic interparticle interaction types.
dominance moddll] the pion electromagnetic form factoris  Gale and Kapust4l2] have analyzed the temperature
almost completely dominated by tiremeson below an in- modification of thep-meson self-energy in the one-loop or-
variant mass of about 1 Ge\2]. So can one hope to explore der (order gﬁ in the coupling constaptat vanishing pion
in-medium properties of the meson via the dilepton pro- chemical potential. They found a modest increase ofgdhe
duction in thew " 7~ annihilation proces§3] in the course  width and mass with temperature; this means that if a high
of heavy-ion collisions. energy experiment would show a substantial modification of
The investigation of the-meson properties in dense and the dilepton spectrum with an invariant mass in gheegion,
hot matter is quite ambitious, especially in the region belowit could be considered as some indication of a more exotic
the chiral phase transition. Above the critical temperatureprocess.
which probably coincides with the deconfinement tempera- The model of Gale and Kapusta is extended by Kiddj
ture, thep meson should disappear from the hadronic specwho considers the pion system in a chemical non-
trum of excitations as found in both the chiral mean fieldequilibrium state described by a positive chemical potential
models[3] and lattice calculation§4]. The details of pre- w.. The chemical potential is associated with the total pion
dicted p meson properties below the chiral phase transitiordensity of the pion gas, and it is supposed thathas the
depend on the physical picture of the matter constituents angame value forr* and w~. Previously, this idea has been
their interactions with the meson5]. The models based on put forward by Kataja and Ruuskangl®] as an explanation
quark degrees of freedom, such as QCD lattice calculationsf the observed enhancement of pions at low transverse mo-
in quenched approximatiof6], QCD sum ruleg7], the ef- mentum in relativistic heavy-ion collisio45] as a conse-
fective Lagrangians of the Nambu—Jona-Lasinio—f\fleor  quence of the Bose-Einstein statistics. In Ref3], it is
the models based entirely on the hadronic degrees of fredeund that the incorporation of the pion chemical potential
dom [9-11] result in partially different predictions of the u,. gives a strong enhancement of the muon pair yield in the
in-medium effects. low invariant mass region, provided the lepton pairs are pro-
For an understanding of the role of conventional hadronicduced predominantly via pion annihilation. This might serve
as explanation of the so-called dilepton exdd€q observed
in the present CERN Super Proton Synchrotf8R3 heavy-
*Permanent address: Physical and Technical Institute of Uzbelon experiment$17].
Academy of Sciences, 700084 Tashkent, Republic Uzbekistan. In principle, one needs to consider an additional degree of
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freedom in the conventiongl-m dynamics, namely a pos- Sec. Il we evaluate th@-meson self-energy in one-loop
sible nonzero total electric or isospin charge of the pionicorder at finite temperature and chemical potentigl. The
system. Because of the presence of other charged particlpsmeson self-energy is analyzed in Sec. IV. With this at hand
there may be a pronouncedl” -7~ asymmetry. Some ex- Wwe calculate in Sec. V the dilepton rate from the imaginary
perimental datd18] and theoretical investigatiofd9] in-  part of the in-mediunp-meson propagator and discuss the
deed point to this possibility. It may be a consequence of th@symmetry for different polarizations. The summary can be
proton-neutron asymmetry of the colliding heavy ions, whichfound in Sec. VL.

increases with increasing atomic weight of the colliding ions.

(For example, new experimental data for AuAu collisions Il. THE MODEL

at 1 GeV per nucleon points to values from 2 to 0.7 for the
ratio of #~ to =" multiplicities depending on the pion en-
ergy [20].) The electric charge of a pionic system is con-
trolled by the charge chemical potenta,, which must not
be confused with the chemical potential used by Kpt8| 1 1 1
w.=u’ . The latter one is a measure of the chemical equi- %= =(D"¢)*D ,¢— Emig{:gﬁ* — ZPuP" Emipz,

librium breaking. Instead, the chemical potentials for posi- )

tive and negative pions ar/eﬂ,=,ugi Ho-

The incorporation of the potentigky into the theory \yhere ¢ is the complex charged pion fielg, stands for the
leads to some nontrivial effects as, for example, the dileptoRecior field with the strengthp,,,=d,p,— d,p,, and
enhancement at invariant mass.2 [21], or a strong modi-  p =g, —ig,p, is the covariant derivativez andv are Lor-
fication of the Goldstone mod¢&2]. entz indices. The Hamiltonian of the system is related to the

Here, we explore this additional degree of freedpry Lagrangian of Eq(1) in the usual way:
#0. Our aim is an extension of the results of Gale and Ka-
pusta[12] to the p-meson self-energy at finite temperatures E3%
and finite values of the chemical potentjaf . The role of T= on0)
baryonic degrees of freedom and the estimate of the dynam- 0¥
ics of the isospin asymmetry are beyond the scope of our. -
current considgrationy Despi}':e such }éimpliﬁcationsp we beVith #=(#,4",p). The reference for what follows at finite
lieve that our work may be considered as a necessary part g?mperaturél'qto andu.,==0 is the paper of Gale and Ka-

a more complete theory of the-p subcomponent in a hot puit;[lui]. consider now the case when the system admits
and dense baryonic isospin-asymmetric environment. y

In our recent work{23], we restricted ourselves to the some conserved electric or isospin charge. We focus on the

0_ . .
simplest case when the vector field, describing thec,afsel“w_0 and concenFrate on th_e incorporationaf . A
p-meson, is considered in its rest frame with momenturdinite value of the chemical potential, leads to a transfor-

p=0. In such a case we find a weak increase of both th(gnation of the Hamiltonian which we use for the calculation

p-meson mass and the width with increasing temperature an?}f the partition function
chemical potentiaug . In the present paper we generalize
our approach to an arbitrary finite value of theneson mo-
mentum. We evaluate themeson self-energy by using, as a ) )
starting point, a conventional effective-p Lagrangian and WhereJo is the time component of Noether's current
the functional integral representation for the partition func-
tion, which is familiar from the relativistic quantum field
theory at finite temperature and charge chemical potential.
We take care of the transversality of tpepolarization op-
erator and analyze its dependence on the invariant filass The p-meson propagatoDd in a medium may be obtained
and the spatial momentufp| of the p meson. We show that from the partition function with a functional integral repre-
this dependence leads to a noticeable modification of theentation of the forni24,25

shape of the thermal dilepton production rate, which we cal-

Our starting point is the effective Lagrangian which
describes a system of charged pions and neutral vector
mesons by

dop— L @

H— T = ugdo, ©)

1
J,=i5[¢"D,d—¢(D,h)*]. 4

culate from the imaginary part of the polarization operator. N ) )

Moreover, at large values gfq we find for different polar- 4&=f @%f - Ye

ization states a distinctive difference in the pole positions periodic

and in the values of the imaginary parts of the self-energy as B . o ‘

functions ofM and|p|. This leads to a pronounced asym- Xexp[ jo deVdX(”ﬂpE_'%”L MQ%) ]

metry of the dielectron production rate when the momentum
t=p,—p_ is perpendicular or parallel tp, wherep.. are
the e* momenta of the electron pair. This nontrivial in-
medium effect can be, in principle, verified experimentally
with sufficient accuracy.

Our paper is organized as follows. In Sec. Il we present zzf ng¢@¢* eSo* Sint (5)
the functional representation of our-p model system. In p

where 7,=3d“1d(dy¢) are the conjugate momenta to.
The integration overr, gives

eriodic



3772 A. I. TITOV, T. I. GULAMOV, AND B. KA MPFER 53

whereSy= Sy, + Sy, describes the noninteracting part of the (D~ YH#*=(D, LS | L1 (9)
total effective action, an&;,; corresponds to the interaction
part: i.e.,

whereDg” is the free propagator defined I84,, and the
polarization operatoll ,, is related to a functional derivative

S J'Bde dx[ 3|9¢|>— (M2 — ud)| b2 moiol, of the partition function as
0 \
1 1 =" 2
f dTJ dx( 4p,uvaV+2mPp _Z(aupﬂ)z oDg

lll. THE p-MESON PROPAGATOR

_ 2| 112 ™ 2
St f drf 2050|617+ QP+ ol #1)] The calculation of IrZ;,, may be performed by utilizing

(6)  the methods of Refl24] and textbook recipef25]. After
. some tedious algebraic exercises we get the following ex-
where “p= Zp- det(d,) [with det,=det(9d, p"/dps)] and  pression forl ,,
ju=112(¢* 3, 0— $d, %), 19d9=0,, po=ipa, €tC. Sy, in-
cludes the gauge fixing term with— 0, which insures that PN , 1 v v i
only those vector field configurations with,p*=0 contrib- 9, " (nq.p)= "1y = 7127+ 4uq( 9415+ 841 3),
ute to the partition function.

(13)
Expanding Eq(5) in power series ir5;,; and taking the
logarithm of both sides, we get, in the second ordeg pf where
|n@=|n£0+|n£im, _TE J d3k SHY ( A(k)Z_B(k)Z
1 B (2m)® A(k) A(k)?+B(k)?)’
Inzimz—gz« f drpr2|¢|2>
2™ 0 dk  4KkFK"— 454 Su
| 12 9=T2 | Gap AA LT (kP
+ f drdx(p,j,+ ugpol 41 . (D 4 e
0
§ d3k B,A_+B_A,

where |3—T; f(z )3 (AZ+BD) AL+ B0 (12)

»@o=f Tpe, <R>OE@51J TeREX. (8  In the above, the fourth component of the momentum four-

vectors is the Matsubara frequency, i.ek, or
The full p propagator may be obtained with the help of p,=2#TXinteger. The functioné.. andB.. depend on the
Dyson’s equation chemical potential as

A== (ke 3pa)*+ 0l — g, Bo=—2uq(kit3py), wi=(k*3p)*+m?,
andA(k)=A.(p=0),B(k)=B-(p=0). The function”(uq,p,k) is a combination ofA.. andB.. :

A2-B2 A%2-B®> (A’2-B2)(A2-B%)-4A,A_B.B_

T = + +
L v ) (AZ+B%)(A? +B?)

In the limit of uo=0, Eq.(11) reduces to the self-energy of R¢L2], obtained within the framework of finite-temperature
Feynman rules. We calculate the self-energy of @4) by utilizing the standard technique, i.e., the discrete summation is
replaced by the contour integr#5,26.

The first term,l;, in Egs.(12) does not depend on the external momenmnand its calculation gives

d*k 1

whereN(w)=n(w+ ug) +n(w—ue), N(w)=(e*T-1)"1, andw?=k2+m?Z. Calculatingl4” and !} we see that only the
poles located ak,=a, , andb, , with

1 1
A= @+ F Q™ 5104, bio=w_*ugt 51Pa,
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contribute to the contour integral. For example, the contributiorié‘ﬁoandI‘31 stemming froma, yield

d3k  4(kE+ ud) 1 1
|‘211§1:2 (2 )3 SAat — 2_ 2 §+n(k0) y
™ w4 (w4 =P~ w2 ko=24
d*k ko 1 1
1$h,=2 —+n(k ] :
sat 2m? 40, (w,—poP—a? |2 ") ooy
and their contributions tg;ZH”V(,uQ,p) in Eq. (11) result in
1 d3k K3+ud 2k 1 1
_ T 44 (4 _ 0 Q 0MQ <
4'2,a1+8:“Q|3,a1 2 (277)3{ P + 0: | (@ —po)i—o? 2+n(k0) -
o=

Bk 1 (w,—pol2)?

(2m)% 0, (0, —po)’—w

2 §+n(w++,u,Q)

(po=1ip4). The final result for the components B*” is

2 2 2 2 .
g okedk | 4w"—py ipaw
44__ P - —
1%4= (ZW)ZL - [ Zkq @+ (b)) =2 {14 N(w)),
M4i=— p“g] 1R
p
ini
mi=s_z+ pp_‘;’ﬁ, (14)
where
(p4+p?—2K|p|)?+4pjw? (p5+p?)2—4(ips0+2K|p|)?
a= il = . ’
(p3+ P>+ 2K|p|) %+ 4ps0? (p3+p?)?—4(ip,0—2K|p|)?
19 kazdk 2p5-P%) Tpaw(Pitp?) | PAPE-4e’)pAAK-pP-2pD) )
Tran)y e T e 4P (@) ) itr Nk
1 g} (=kdk( 2(3p;—p?) ipsw(p*+3pd) 3p3(p5—4w?) —p?(4k?—2p5—p?)

(15

One observes that all the dependence on the chemical potemasses, angf*” and P£” are the longitudinal and transverse
tial ug and the temperaturg is absorbed into the Bose projection tensors:

factor N(w). The substitution of o L
PP=pY¥=pP=0, Pi=41—-ppl/p?

1 v v v v
{0+ po) +n(w—pg)}—n(w) Pt=p#p!/p?—g"—P4". (17
The tensor structure d?{"” and P4” results in the transver-
in the above equations reproduces the results of [Rél. sality of [T#” with respect to the external momentum which
In Minkowski space the self-energli*” may be ex- confirms the current conservation. The final expression of the
pressed in the form in-mediump propagator reads
PMV P,uV MRV
TI#'= F P+ G P&, (16 prr——_ - T PP

- + .
p’~m;—F p?’-m;—G  p*(p’—am;), o

whereG andF are the so-called longitudinal and transverse (18
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In the limit T=0,uo=0G=F=0, D*" is reduced to the Minkowski space, i.e.pp=ips—po=E+i6, and calculate
conventional vector meson propagafab,27,28. the divergent part of the self-energy, and regularize it with

For applications we must perform an analytical continua-counterterms. We use the dimensional regularization as in
tion from the discrete Matsubara frequencies to theRefs.[12,23 and find

2

g _
ReF ,d M?) =ReG,,( M?) = K;Z( M2(1—4m2M~2)%n

1+(1-4miM )Y
1-(1—-4m2M 217

+8mf,+Cl\/I2) ,

8m2
- (19

m,

G

4am2\ %2 [ (1-4m2/m2)¥2+1
C=- n
P

(1—-4mZ/m)¥2-1

2
IMF . d M2)=IMG,,d M?) = — %Mz(l—élmiM‘2)3’2®(M2—4mf,), (20)

g5 (~k’dk
ReGma—g 2 o TN(w)fG,R(|p|'M'w)’

92 (=k%dk
Rd:matzﬁjo TN(w)fF,R(|p|vaw)'

9> (~k2dk
lmeat:gfo TN(w)fG,I(|p|vaw)v (22)

92 [=k2dk
IMF g | SN (9] M,0); @2

where the functiong ... in the integrands read
2(E?+p?) MZEwI b E2(4w’+ E?)—p?(4k%—p?+ 2E?)
— n J—
p° Klp[® 4k[p|*

M2
fF,R(|p|!M'w):k|_p|3

In|al,

fG,R(|p|1le):

4w+ E?
2

Inja| + 2EwIn|b| -4/,

E*(4w®+E?) — p?(4k*—p?+2E?) —4M°Ew
feui(lp M, )= 4K[p[® Z,

M?(2w—E)?
,M,w)Z—WL (23

fF,|(|p

and we have introduced the azbbrrgvli%tion energyE and spatiap momentunp separately. More explic-
£=G)(k—k,)-®(k+'—k)“ W','fh 2"‘;: |,!E(1—4mW/M ) itly, a noncovariant decomposition of the self-energy in Eq.
*|pl|. The subscripts “mat” and “vac” denote the matter (16) in the medium’s rest frame leads to a difference in the
dependent contributions at finite valueslodnduq , and the integrand functiong, andfe in Eq. (23) which are defined

vacuum contributions afl=0 anduq=0, respectively. o »
The above expressions show the physical origin of thecompletely by the form of the projection Op?rat%“ and
differences betweelr and G. In the vacuum there is no 2iSOTr . depends separately @handp. At fixed values of

preferred rest frame, i.e., the polarization operdit” is M (Or E) andp they have a different dependence @nln
proportional tog”*p2— p*p?, and the equalitF =G holds the nopreal|st|c case dﬂ(w)=C0n.St th|s difference is not
with F and G depending only orp?. At finite temperature ~€Ssential because the corresponding integrals fandG are
and density we must take into account the particle distribu€qual to each other and one obtafig.=Gma. But in the
tion functions which depend on the reference frame. Theskgalistic case in a medium with preferred rest frame the dis-
particle distributions now define a preferred local rest frametribution functionsN(w) deform the integrands and result in
This means that the form factoFs and G depend on the a difference ofF,,;; and G,5. The influence ofN(w) in-
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creases with the temperature and the chemical potential and,

. i . s . Ay, (MeV Awp (MeV
moreover, its role is growing with increasing values| gif. 90 ,(‘JL.( ° ) —_— T.( ° ) :

IV. THE p-MESON SELF-ENERGY

From the above we see that the in-medium effects mani- Hq (MeV) | HQ (MeV))
fest themselves in(i) the shift of pole position of the
p-meson propagator because of modification of the real part
of the self-energytii) the modification of the imaginary part
of the self-energy, which is responsible for the decay width,
and (iii ) the differences in the differences of the real and
imaginary parts for different polarizations. All these phenom-
ena depend off, anduq, and thep-meson momentum. At . .
large values of the spatial momentyp all medium correc- 0.0 0.4 0.8 0.0 0.4 0.8 12
tions vanish because this case corresponds to short range p (GeV/c)
correlations, where the many-body effects become rather
small. At |p|=0 we have no preferential direction and the . . o o
directional differences itti) and (i) disappear. FIG. 1. The in-medium _modlflcatlons of_ the Ipngltudlr(@ft

The mater corecons a fnctons 1 and ol at  P0_wS_vneienetan pne Heesen emn

=0 have been studied in R¢fL2]. There it is shown that =L T~ LT 0 )

#1?9 corrections decrease rapidly with decreasing temperatufée = 0:60,120 MeV =150 MeV) as function of the momentum.
T. So we focus on large values ®f In our calculations we
usem,=139.6 MeV,m,=770 MeV, andg§/477= 2.93. M E,T(P) = wf’T(p) — p?, which coincide withw, 1 at|p|= 0.

Let us first discuss the dispersion relation, i.e., the depenFigure 2 shows the difference of the shifts of the pole posi-
dence of thep energy on the spatial momentum. In the me-tion AM t=M_+—m, for different polarization states. One
dium, this dependence is different from that in the case of thebserves thah M, decreases faster with increasing values of
free meson,w’,=m2+p2 Moreover, the dispersion rela- |p|. This is due to the inequality Fe< ReG at|p|> 0.
tions are different for different polarization states: the longi- Figure 3 shows the dependence of the imaginary parts of
tudinal and transverse dispersions are defined by the funthe self-energy on the invariant malsk of the p meson at
tions Re&(pg,p) and Ré&(po,p), respectively, and are high temperature and for different values @f. We find

determined as solutions of the equations increasing values of I@ and InF with increasing mass
s o s M, which leads to an increase of the damping constants. We
wi=p*+ Mo+ FrloL,|p, T, 1), also find some difference between Fnand InG, given by
Egs.(22) and(21), where|ImF|>|ImG| at finite values of
wi=p+ m§+ Gr(o7,|pl,T,1q)- (24  |p|. The largest difference is seen in the region of
M ~0.3-0.5 GeV for finite values dp|. This is illustrated
At |p|=0, o1 represent just the in-mediup mass. in Fig. 4 where the ratio I&/ ImF as a function ofM at

In describing the matter modification for longitudinal and different values ofp| and uq is displayed. Here and in the
transverse dispersions it is more illustrative to specify thefollowing discussion we have restricted ourselves to the ex-
differenceAw_ 1= w1~ w,o Which is displayed in Fig. 1
for different values of the chemical potentjah=0, 60, 120

MeV at T=150 MeV. We find thai(i) Aw, 1 increase with AM1(MeV) AM 1(MeV)

increasing chemical potentialii) Aw,_ 1 decrease with in- 90 — —

creasing momentunip|, and (iii) the matter modifications - Mg (MeV) 1 Mg (MeV)
Y —————

for different polarizations are similar in shape but they do not
coincide exactly. Within the present conventionalp dy-
namics model, as in other hadronic models fad], an in-
creasing in-medium mass is obtain€@his is at variance to

the QCD-sum rules results which predict a decrease of all : : 5
in-medium massefs,7]; see, however, recent lattice calcu- 30k 60 |
lations [6].) We find that extremely large values of | 1

0

o=~=120 MeV (which should be considered as an upper

limit of the realistically expected values @i, [23]) lead to

corrections which are about twice as large as those at ol— o o o . —

pno=0 (at the same temperatireNevertheless, these in- 660 04 08 00 04 08 1.2

medium corrections turn out as comparatively small, i.e., a p (GeV/c)

4% (10% mass shift atug=0 (ug=120 MeV) and

T=150 MeV. These values appear compatible with the re- F|G. 2. The shift of the pole positions for different polarization

cent QCD lattice resultgs]. statesAM_ =M t—m, for various values of the chemical poten-
In parallel with the dispersion relation it is interesting to tial xo=0,60,120 MeV T=150 MeV) as function of the momen-

look at the pole positions M 1(p), defined by tum.

120
60

120
60
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FIG. 5. The dielectron production rate for different total mo-
FIG. 3. The imaginary parts of the polarization operatorsmentap, as function of the invariant masd (T=150 MeV:; the
— ImF and — ImG as functions of the invariant ma$4 at tem-  dashed and solid curves are fop=0 and 120 MeV, respectively
peratureT=150 MeV andp-meson momentunp|=0.75 GeV.

Solid (dashed curves depicjug=120(0) MeV. 2
§=1—(t2—(t'p) )M2 (26)
treme casego= 0 and 120 MeV. In Ref[23] a value of p? '
o~ 60 MeV is estimated for presently available experimen-
tal data. As seen in Figs. 1 and 2 such a valuggfdoes not _F
cause a dramatic effect. But without explicit calculations this W, = !
.. L 2_m2__ 2 2
statement cannot be anticipated. (Me=m;—Fg)*+Fj
V. THE THERMAL DILEPTON PRODUCTION RATE -G
|
Wy (27)

Now we try to elucidate whether the predicted in-medium
effects can be seen in the dielectron production rate. Let us
first recall that the thermal dilepton production rate within

the vector dominance model is related to the imaginary pal’f" erep= p++p- is the total pair momentunp=(E,p),
of the p propagator a§12,29 M-, andt=p,—p_. The function¢ depends on the
angle between the vectotsand p and varies from 0 at

dR 1 em =2 up to 1 até,=0. Integrating Eq.(25) over the
~®Pp. P 2mP°g 2 7[(1 S WL lepton directions we get the rate as function of the invariant
mass as

E.E

+(1+&WrIn(E), (29

, dR 1 em
with FIVIRE = JdE\/ —L(WL+2Wq)n(E).

(28)
. ImG/ImF
L I C Figure 5 shows the differential rate given by Eg5) as
p(Gev/c) 1 p(GeV/C) 1 function of M at different values ofp| at £=0, where both
0.1 the polarizationdV, t contribute with the same weight. This
value of ¢ corresponds to events where the leptons have
equal energiest:, =E_=E/2, and the angle between their
momenta is related tM andE by sin(@@,_/2)=M/E. One
can see that at small values {f| the standard double-
humped structure of the rate appears. The first bump is at-
| tributed to a combination of opening the available phase
fio=120 MeV] space at threshold and the suppression caused by the factor
07 1 n(¥M?+p?/T)/M? in Eq. (25), while the second bump is
0'60 . 0'4 ' 0'6 ' ola og 0'4 ' 0'6 ' 0'8 o the consequence of the resonancelike behavior of the rate. At
o ' M (Gev) R ' large values ofp|, the first bump is suppressed by the Bose
factor n(yM?+p?/T), which leads to a suppression of the
FIG. 4. The ratio In®/ ImF as function of the invariant mass total rate as well. We also confirm the conclusion of R&2]

M for different valuegp| anduq=0 and 120 MeM(left and right ~ that the shape of the distribution at fixe| is not very
panels;T=150 MeV). sensitive variations of the temperatureug§=0.

1.0

09 r

08

0.7 |

,U-Q=0




53 p-MESON SELF-ENERGY AND DIELECTRON EMISSIVIY . ..
1078 Asymmetry
0.32 : - : :
p (GevV/c) p (GeV/c)
TS L 0.7 ]
'3 0.24 Hq=0 =120 MeV
<t
|
:—‘E/ 10—7_ 016 B
= 0.08 |
S~
a4
o
0.00
1078 . o .
02 04 06 08 1.0 -0.08 ) ) : : ; :
02 05 0.8 02 05 08 1.1

M (GeV)

FIG. 6. The integrated dielectron production rate as function of
the invariant mas$/1 (notation as in Fig. b

FIG. 7. The asymmetrA, | as function of the invariant mass
M for different values|p| and for uo=0 and 120 MeV(left and
right panels;T=150 MeV).

At small valuegp| there is no difference between the two
polarizations, and the matter correction to the pole shift a%bout 25 times smaller. For the more realistic value

finite valuesuq is largest. Comparing the calculated distri- 60 MeV the asvmmetry reaches its maximum value
butions at different valueg we find that the modification g‘ig tM= 500 M V'y' h yIe I ifiable effect
of the second bump position is probably too small to be atv= v, .., there IS also a verifiable efiect on

verifiable experimentally in the spectra. However, we see 1€ 20% level compared {ao=0.

noticeable in-medium dependence of the rate shape. This is Probably, this is the most interesting in-medium effect of
explained by the Bose factors being proportional toCUr consideration which can provide a fresh insight into the

[expl(M/2— ,uQ)/T}—l]*l in Egs. (22, (21) which are dilepton prodggtion as a probe for the hadron properties at
most important at small values M. At large values ofp| extreme conditions. Note, however, that the presence of other
the difference ofF 5 and G, leads to different contribu- mesons and baryons needs to be regarded for more firm
tions to the longitudinal and transverse polarizations and, aguantitative predictions.

consequence, the net rate suffers an additional deformation. An important question is whether the predicted effect is

Figure 6 shows the integrated rate as function of the inexperimentally accessible. In the present stage of our inves-
variant mass. We see that the shape is close to the shapetugfations, our goal is to point out that it might be clearly
the differential rate in the regiojp| = 0.3—-0.4 GeV which observable on the level of 15-25 %. The feasibility of the
gives the largest contribution to the integral of H§8). idea depends on the experimentalist's art and power to reach
There is some effect of the finite potentjal, ; however, it it. Known examples from different fields of particle and
seems hardly measurable. Note also that we display in Fig. Buclear physics show that such asymmetries might be mea-
again the extreme casgg,=0 vs 120 MeV. For the more sured with high accuracy on the level of a few percsit
realistic valueug~ 60 MeV [23] the effect tends to vanish. Refs.[30—32). We hope that the dedicated dilepton facility
As a rule, the temperature dependence of the rate is strongellADES at GSI Darmstadt will perform such precision mea-
than a chemical potential dependend8]. surement in the near future.

The effect of the difference of the longitudinal and trans-
verse polarization contributions manifests itself most clearly
in the asymmetry of the differential distributions, which we
define here by

VI. SUMMARY

In summary, we have calculated tpemeson self-energy

in a pion medium at finite temperatures and charge chemical
potential ug, which is responsible for the difference be-
tween 7 and w~ densities in matter. The calculation is
(other definitions are also possil{led]). This asymmetry is performed within the functional integral representation for
displayed in Fig. 7. At small values ofp| one gets the partition function in second order of the coupling con-
W, ~Wys, and the asymmetry vanishes. In the case of finitestantg?. We find that the pole positions and the imaginary
values of p, we find ALHHO.S(AM$—AME)/m§:O parts of the self-energy are modified in the medium, and this
M—2m.. On the other hand, one can see tha} has a modification is different for different polarization states. We
second zero aM=m,+ &(p), where 5(p) is a smoothly show that the shift of the pole positions is probably too mod-
decreasing function op? with a(p)/m,< 10 2. So, the estto be seen in dilepton production rates. The incorporation
asymmetry reaches a maximum between the two zerosf a large chemical potential changes the shape of the rates,
2m,<M<m, because of IB< ImF atM<m,. We find  both differential and integral. Unfortunately, this effect
that the asymmetrp, | increases withp|, and it may be as seems to be too small for realistic values of the chemical
large as 0.25 foug= 120 MeV, whereas auo=0 it is  potential ugo, which is expected from present relativistic

_dR(tLp)—dR(t[p) W, — Wy
LT dR(tLp) W+ W,

(29
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heavy-ion collision data. This means that, if the data wouldng heavy ions. In this case, the pions are produced in a

show strong modifications of the dielectron spectrum in thebaryon-rich environment where the interaction of fhene-

p Mass region, it may be a signal of a more exotic physicsson and baryons cannot be neglected. From this point of
Another nontrivial effect is the predicted asymmetry in view, our relatively cumbersome calculations may be consid-

the differential dielectron distribution which increases withered as a necessary step towards generalizing the vector

increasing values of charged pion potentiah. But we dominance model to the case of a hot and dense nuclear

would not like to overemphasize our result because in thésospin-asymmetric system.

present stage the predicted effects have more a methodical

relevance than a direct relation to expenmental data. For 'Fhe ACKNOWLEDGMENTS
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