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1. INTRODUCTION 

The fundamental question of how the hadron properties are modi
fied in hot and dense nuclear matter is the currently central problem 
in relativistic heavy-ion collisions. The rho meson dynamics is crucially 
important here because it may be related to the observables. Really, one 
hopes to explore the dilepton production in the 11"+11"- annihilation [1] 
because the pion electromagnetic form factor is almost completely domi
nated by the p meson below an invariant mass of about 1 GeV [2], which 
strengthens the well known and widely used vector dominance model [3]. 

The rho properties under extreme condition are ambiguous, especially 
in the region below the chiral phase transition. Above the critical tem
perature, which probably coincides with the deconfinement temperature, 
the p meson should disappear from the hadronic spectrum of excitations 
as predicted by both the chiral mean field models [1] and lattice calcula
tions [4]. The p properties below the chiral phase transition depend on 
the physical picture .of the "matter" constituents and their interactions 
with the rho meson [5]. The models based on quark degrees of freedom, 
such as QeD sum rules [6], the effective Lagrangians of the Nambu-Jona
Lasinio type [7], or the models based on the conventional hadronic degrees 
of freedom [8-10] show different qualitative and quantitative predictions 
of the in-medium modifications of the rho properties. 

For a deeper understanding of the role of the conventional hadronic 
interactions on the p property modification at extreme conditions, which 
should be considered as background for more exotic interactions, it seems 
to be important to study the simplest system - a dense and hot pion gas 
of a strongly interacting matter with a small baryon density, which is 
often expected to be produced in the central region in relativistic heavy
ion collisions. Gale and Kapusta [11] have analyzed the temperature 
modification of the p self-energy in the one-loop order (order g;) at a 
vanishing pion chemical potential. They found a modest increase in the 
p width and mass with temperature, which means that if a high energy 
experiment shows a substantial modification of the dilepton spectrum 
with an invariant mass in the p region, it may be some indication of a 
more exotic interaction. 

The model of Gale and Kapusta is extended by Koch [13] who con
siders the pion system in a chemical non-equilibrium state described by a 
positive chemical potential /-L1'i' The chemical potential is ksociated with 
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the total pion density of the pion gas, and it is supposed that fl1r has the 
same value for 7r+ and 7r-. Previously, this idea has been put forward by 
Kataja and Ruuskanen [14} for explanation of the observed enhancement 
of pions at low transverse momentum in relativistic heavy ion collisions 
[15} as a consequence of the Bose-Einstein statistics. In Ref. [13], it is 
found that the incorporation of the pion chemical potential fl1r gives a 
strong enhancement of the muon pair yield in the low invariant mass 
region, provided the lepton pairs are produced predominantly via pion 
annihilation. This might serve as explanation of the so-called dilepton 
excess [16] observed in the present CERN-SPS heavy-ion experiments 
[17]. 

In principle, one can consider an additional degree of freedom in the 
conventional p-7r dynamics, namely a po~sible non..,zero total electric or 
isospin charge of the pionic system. Generally, there'is no restriction on 
the production of a hadronicfireball with a net electric charge in the first 
deep-inelastic stage in a relativistic heavy-ion collision. Moreover, some 
experimental data [18} and theoretical speculation,s [19} point out this 
possibility. This may be a consequence of the proton-neutron asymmetry 
of the colliding heavy ions, and the asymmetry increases with increasing 
atomic weight of the colliding ions. The electric charge of a pionic system 
is controlled by the" charge" chemical potential flQ which should not be 
confused with the chemical potential used by Koch fl1r = fl~ that is a 
measure of the chemical equilibrium breaking. The chemical potentials 
for positive and negative pions are fl1r:t = fl~ ± IlQ' 

Incorporation of the finite IlQ into the theory leads to non-trivial 
effects as, for example, the dilepton enhancement at 2m1r [20], sharp 
modification of the Golstone modes [21], and others,. 

Here, we explore this additional degree of freedom. Our work may be 
viewed as an extension of the results of Gale and Kapusta [11] to the p 
meE;on self energy at finite temperature to finite values of the ~hemical 
potential flQ. Crucial questions of how does the isospin asymmetric sys
tem may be produced in experiment and the role of the baryonic degrees 
of freedom at high temperature are beyond the scope of our present con
sideration which may be considered as necessary part of the future theory 
of the pion - rho medium in a hot and dense baryonic isospin-asymmetric 
environment. 

In our recent paper [22], we restrict ourselves to the simplest case 
when the vector field is taken in its rest frame with p = O. We find an 
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increase in both the p meson mass and the width with increasing tem
perature and chemical potential J-LQ. In this paper, we generalize our 
approach to an arbitrary and finite value of the rho momentum. We 
evaluate the p meson self energy by using, as starting point, the conven
tional1f'-p effective Lagrangian and the functional integral representation 
for the partition function, which is familiar to the relativistic quantum 
field theory at finite temperature and charge chemical potential. We 
pay attention to the gauge invariance of the rho polarization operator 
and analyze its dependence on the invariant mass M and the spatial 
momentum \pl of the p meson. We show that this dependence leads 
to a sensible modification of the shape of the thermal dilepton produc
tion rate. Moreover,at large J-LQ we find a definite difference in the pole 
positions and in the value of the imaginary parts of the self~energy for 
different polarization states as the functions of M and Ipl. This leads 
to the perceptible asymmetry of the dielectron production when the mo
mentum t = p+ - p_ is perpendicular or parallel to p, where P± are the 
momenta of e±. 

II. THE MODEL 

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

(1) 

where ¢> is the complex charged pion field, p stands for the vector field 
with the strength p#J.V = 8#J.pv - 8vp#J.' and Dv = 8v - igpPv is the covariant 
derivative; J-L and II. are the Lorentz indices. The Hamiltonian of the 
system is related to the Lagrangian of Eq.(I) in the usual way 

8e 
(2)1i = 8(80<p) 8o<p - e 

with <p = (¢>, ¢>*, p). The reference for what follows, at finite temperature 
T i= 0 and J-L1f:f: = 0, is the paper of Gale and Kapusta [11]. 

Let us consider the case when the system admits some conserved 
electric or isospin charge. We consider the case J.'~ = 0 and concentrate 
on the incorporation of J.'Q. The incorporation of. the chemical potential 
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/-LQ leads to a transformation of the Hamiltonian which we use for the 
calculation of the partition function 

(3) 

where Jo is the time component of Noether's current 

(4) 

The p meson propagator in a medium is related to the self-energy 

(5) 

where D~v is the free propagator. 
In the Euclidean space, the rho meson self-energy may be obtained 

with the help of the partition function having a functional integral rep
resentation of the form [23] 

z = JV7rcp f .. Vcpexp { r dT f dx(i-rr<p ~'P -1i + I'QJo)} ,1penodlc 10 1v T 

where again cp = (¢, ¢*, p), and 7rcp = 8CI8(80 cp) are the relevant conju
gate momenta.. The integration over 7rcp gives 

z = { VpV¢V¢*eSO+Sint, (6)
1periodic 

where So = S01l: + Sop describes the non-interaction part of the total 
effective action, and Sint corresponds to the interaction part, i.e., 

{fJ { (1 8 2 1 2 2 2 . )
S01l: = 10 dT 1v dx 2"1 ¢I - 2"(m1l: - /-LQ)I¢I - /-LQJo , 

SOP = l dT fv dX( - ~P~vP~v + ~m;p2 - 2~(a"p")2); 
l P 

Sin' = dT 1dx(~g:P'1<p12 + gp(p~j~ + I'QPoI<p12)) (7) 

whereVp = Vp·det(84 ) (det84 == det(8;p:")) andjp. = i/2(¢*ap.¢

¢ap.4>*), iao = aT' Po = iP4, etc. Sop includes the gauge fixing term. We 
use the Landau gauge with a -4 O. 
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Expanding Eq.(6) in power series in Sint and taking the logarithm of 
both sides, we get in the second order of gp 

InZ = InZo + InZint, 


In Zint ~ 


~9; (< / drdxp21<p12 >0 + < (/ drdx(pvi. + JlQpol<p12)2 >0)' (8) 

where 

(9) 

The polarizatiori operator TI#II is related to, the partition function as 
follows 

TI = _2 fJ InZint (10)#11 fJD#1I , 
o 

III. RHO PROPAGATOR 

The calculation of In Zint tnay be performed by utilizing the meth
ods of Ref. [23] and textbook reci.pes [24]. After some tedious algebraic 
exercises we get the following expression for TI#II 

g;211#11 (jLQ, p) = fJ#1I II - ~I~II + 4jLQ (fJ: I; + fJ~ I~) (11) 

where 

d3k 1 A(k)2 - B{k)2 

II = T L / (27rp A(k) ( 1 + A(k)2 + B(k)2) 


k. 

~k 4k# kll - 4fJ#fJII jL2
W = T ~ / (211-)3 A+A: 4 Q (1+ F(JlQ, p, k)) 

/11 T ""' / d
3
k kll 'B+A_ +B_A+ ( 

3 ~ (27r)3 (A~ + B~)(A: +B:) 12) 

In the ab<;we, the fourth component of the momentum four-vectors is the 
Matsubara frequency, i.e., k4 or P4 27rT x integer. The functions A± 
and B± depend on the chemical potential as 

1 ')2 2 2 1 2 1 2 2
A± = (k"±2P4 +W±-jLQ' B± -2jLQ(k4±2P4 ), W± = (k±2P) +m,.., 
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and A(k) = A±(p = 0), B(k) = B±(p = 0). The function F(I"Q,p,k) is 
a combination of A± and B± 

A2 - B2 A2 _ B2 

F(Jl.Q,p,k) == A; + B; + A; + B; + 

+ + - 

(A! - B;) (A: - B:) - 4A+A_B+B_ 

(A~ + B!) (A: + B: ) 
In the limit of Jl.Q = 0, Eq.{ll) reduces to the self-energy of Ref. [11], 
obtained within the finite-temperature Feynman rules. We calculate the 
self-energy of Eq.{ 12) by making use of the standard technique [24,25], 
i.e., the discrete summation is replaced by the contour integral as 

(13) 

The first term in Eqs.(12) II does not depend on the external mo
mentum p, and its calculation gives . 

(14) 

T 2where N{w) = n{w + Jl.Q) + n{w - Jl.Q), n(w) = (ew
/ - 1)-1 and w = 

k2 +m;. Calculating 1:11 and I~ we see that only the poles at the points 
ko = aI,2; bI ,2, where 

1 . b 1. 
al,2 = w+ ± Jl.Q - 2'~P4' 1,2 = w_ + ±Jl.Q + 2'ZP4, 

contribute to the contour integral. For example, the contrihution coming 
from al to li,4 and Ij reads 

3
4,4 Jd k 4{k5+pb). 1 {1 }

12,aI = 2 (2)3 . . ( . )2 2 -2 + n{ko) , 
1r w+ w+ - Po - w_ ko=al 
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and their contribution to g;;2fpJ.II(IlQ,p) in (11) results in 

114,4 8 1(4)4" 2,al + IlQ 3,al 

3 
2 J	d k {- k5 + + 2kollQ } 1 { 1 }

(27r)3 w+ w+ (w+ Po)2 - w: 2" +n(ko) ko=al 

J d3k 1 (w+ po/2)2 {I }
=-2 (27rpw+(w+-Po)2-w: 2"+n(w++IlQ) ; po='tp4· 

The final result for the components of IIJ.J.II is 

00 

II" = - (::)2 Jk~k {4w:k~ p~ In(a) +tw 
In(b) - 2} {I +N(w)}, 

o 

II4,j = _ P4pi II44 
p2 

IIij = 8ij A + pipi B (15)p2 

where 

a = (p~ + p2 - 2klpl)2 + 4p~w2 , b = (p~ + p2)2 - 4(iP4W +2kJpl)2 , 
(p~ + p2 + 2klpl)2 +4p~W2 (p~ +p2)2 - 4(ip4W - 2klpl)2 

00 2A = _~ g; Jk dk (2(P~ - p2) _ ip4W(p~ + p2) In(b) + 
2471"2 W p2 klpl3 

o 

p~(p~ - 4w
2
) - p2(4k

2 
- p2 - 2pD In(a)) {I + N(w)} 


4k lpl3 , 

00 2
B = _~ g; Jk dk (- 2(3p~ - p2) + ip4W(p2 +3pD In(b) _ 


247r2 W p2 klpl3 

o 

3p~(p~ - 4w
2
) - p2(!k2 - 2p~ - p2) In(a)) {I + N(w)} , (16) 

4klpl 

We see that all dependence on the chemical potential IlQ and the tem
perature T are absorbed into the Bose-factor N(w). The substitution 
of 

1
2" {new + IlQ) +new -IlQ)} ---t new) 
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in the above equations leads to the result of Ref. [11]. 
In the Minkowski space, the self-energy II~II may be expressed in the 

form 

(17) 


where C and F are the so-called "longitudinal" and "transverse" masses, 
and Pfv and p;v are the longitudinal and transverse projection tensors: 

hijpff = p~i =p}/ = 0, pi! = , - pip' /p2, 


Pfv =~pv /p2 _ g~V _ P;v. (18) 


The tensor structure of Pfv and p;1I confirms the current conservation or, 
the transversality of rr~v with respect to the external momentum. The 
final expression for the p propagator in' the Landau gauge in medium 
reads 

(19)
p2-m~.-C 

For the concrete application we must perform the analytical continua
tion from the discrete Matsubara frequencies to the Minkowski space: 
po = iP4 -i' Po = E + ih, and calculate the divergent part of self-energy 
regularizing it'with counterterms. We use the dimensional regularization 
as in Refs [11,22] and find 

Re Fuac(M2) = Re Cuac(M2) = 

g~ (M2(1 _ 4m2/M2)3(2 {In 1 + (1 4m;/M2)1/2} + 8m2 + C)
487r2 . .'" 1 - (1 - 4m!/M2l/2 ,.. 

C == -(1 _ 4m; )3/2In( (1 4m'1rlm~).1/2 +1 _ 8m; (20) 
m2 (1 - 4m2 /m2)1/2 ....... 1 m 2 


p . 1rP P 

1m Fvac(M2) = 1m Gvac(M2) = 
2 . 

- 4~~2M2(1 - 4m;/M2)3/2e(M2t_ 4m;), (21) 

00 . 
2 2 

· = ~ g; Jk dk N( ) [2(E +p2) _ M2 Ew ~ lbl-CR,mat 24 2 w 2 k" 3 n7r W P P 
o 
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(23) 

(24) 

( = 8(k k_)· 8(k+ - k), 

where k± = IE(l- 4m;jM 2)1/2 ± Ipil and "mat" and "vae" denote the 
matter dependent contribution at finite T, /LQ, and vacuum contribution 
at T 0, /LQ = 0, respectively. 
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IV. SELF-ENERGY 


From the above we see that the medium effect 'can be manifested (i) 
in the shift of the rho meson propagator pole position because of the real 
part of the self-energy modification; (ii) in modification of the imaginary 
part of the self-energy which is responsible for the decay width; and 
(iii) in the difference in (i) and (ii) for different polarization. All these 
phenomena depend on T, flQ and the rho momentum p. At large value 
of the spatial momentum Ipi all medium corrections vanish because this 
case corresponds to the short range correlation where the many-body 
effects become rather small. At Ipl=O we have no preferential direction 
and difference in (i) and (ii) is absent. 

The matter corrections as functions of T and Ipi at flQ = 0 have been 
studied in Ref. [11]. It is shown that the corrections decrease rapidly 
with decreasing T. So, we limit ourselves to presenting the results at 
large T. In our calculations we use: m1r = 139.6 MeV, mp 770 MeV, 
g;/4TC = 2.93. 

We start with the discussion of the dispersion relation or dependence 
of the p energy on the spatial momentum. In the mediumm, this depen
dence is different from that in the case of the free meson: w;o = m~+p2. 
Moreover, the dispersion relations are different for different polarization 
states: the longitudinal and transverse dispersions are defined by the 
functions ReG(po, p) and ReF(po, p), respectively, and should be found 
as solution of the equations 

wI = p2 + m! + FR(WL, Ipl, T, flQ) 


w} p2 +m! +GR(WT, Jpl, T,flQ) (25) 


At the point Ipl=O, WL,T are just the "in-medium" p mass. 
In describing the matter modification for longitudinal and transverse 

dispersions it is more illuminating to specify the difference /:::..WL,T = 
WL,T - WpO which is shown in Fig.l at different. vatues of the chemical 
potential flQ =0, 60 and T = 150 MeV. We find that (a) /:::..WL,T increase 
with the chemical potential, (b) decrease with increasing momentum Ipl, 
and (c) the matter modifications for different polarization are similar in 
shape but they do not coincide exactly. 

We find that the conventionalTC-p dynamics predicts increasing "in
medium" mass. This contradicts the QeD-sum rules conclusion on de
crease in all in-medium masses [5,6]. We see that finite and large flQ=120 
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MeV leads to the corrections which are about two times as large as those 
at /-lQ =0. 

In parallel with dispersions it is interesting to look at the pole posi
tions ML,T(p) defined as Ml,T(P) = Wl,T(P) - p2 which coincide with 
WL,T at Ipi =0. Fig.2 shows the difference in the shifts of the pole posi
tion /:).ML,T = ML,T -mp for different polarization stp.tes: IlML decreases 
faster with increasing Ipl. This is because of the inequality ReF < ReG 

./ at Ipi >0. 
Fig.3 shows the M -dependence of the imaginary parts of the self

energy on the p invariant mass M at fixed temperature and different /-lQ 
and p. We find increasing in 1m G, F with M, which leads to inrease 
in the damping constants. We find some difference between 1m F and 
1m G predected by Eqs.(23) and (24) where 11mFI > 11mGI at Ipl. The 
largest difference is in the region of M rv 0.3 - 0.5 GeV for finite values 
of ,pl. This is illustrated in FigA where we show the ratio 1m G/1m F 
as a function of M at different Ipi and /-lQ. Here and in the following 
discussion we have restricted ourselves to the case /-lQ =0, 120 MeV. The 
results with /-lQ=120 MeV may be considered as upper limit of possible 
effects. 

v. THE THERMAL DILEPTON PRODUCTION RATE 

Now we try to understand: may the predicted matter correction be 
seen in the dielectron production rate? Recall that the thermal dilepton 
production rate in the vector dominance model is related to the imaginary 
part of the p propagator as follows [11,27] 

4dR 1 e m;
E+E_ d,3 d3 = (2 )6 2M2 «1 - e)WL + (1 + e)WT ) n(E), (26)

P+ P- 7r gp 

with 

~ = 1 - (t2 _ (t. p)2/p2)/M2; 

-FJ 
WL = 2' 

(M2 - m~ -FR) + F; 
n(E) = (e E / T _ 1)-1, 

where p = p+ +p_ is the total pair momentum p = (E, p), p2 = M2, and 
t = p+ - p_. The function edepends on the angle between vectors t and 
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q and varies through 0 at Oqp = 1r12 to 1 at Oqp = O. Integrating Eq.(26) 
over the lepton directions we find the integrated rate as a function of the 
invariant mass 

dR 1 e m 
44J n;02- = --.-p dE --I(WL+2WT)n(E) (28)

dM . 121r4 9; M2 

Fig.5 shows the differential rate given by Eq.(26) as a function of M at 
different Ipi at the points e= 0, where both the polarizations contribute 
with the same weight. These points correspond to events where the 
leptons have equal energies'E+ = E_ = EI2 and the angle between their 
momenta is related to M and E as sin(O+_/2) = MIE. One can see 
that at small Ipi we have standard "two-bumps" structure of the rate 
where the first bump is the combination of the threshold increase and 
suppression f~ctors in Eq.(26), and the second bump is the consequence 
of the res<;mance-like behavior of the rate. At large Ipl, the first bump is 
suppressed by the Bose factor n( J M2 + p21T) which leads to the total 
rate suppression as well. We confirm the conclusion of Ref. [11] that the 
shape of the distribution at fixed Ipi is not sen~itive to the temperature 
at JLQ = O. 

At small\pl we have no difference between two polarizations and the 
matter correction to the pole shift at finite JLQ is largest. But, cOJpparing 
the calculated distributions at different JLQ we find a sensible deformation 
of the rate shape. At small M it is explained by the Bose factors propor
tional to (exp((M/2- JLQ)IT _1)-1 in Eqs.(23), (24) which increases the 
rate at small M where it is proportional to ImF, G. At M fV mp the pole 
position shifts to the largest value with JLQ increasing. But because of 
the strong suppression factor exp( - E IT)1M2, the position of the second 
bump increases moderately and as result we find some effective suppres
sion of the bump which remains in. the same position, approximately. 

At large Ipi the difference in Fmat and G mat leads to a different con
tribution of the longitudinal and transverse polarizations and, as a con
sequence, the net rate has an additional"deformation" . 

Fig.6 shows the integrated rate as a function of invariant mass. We 
see that its shape is akin to the shape of a differential rate in the region 
Ipl=OA-0.5 GeV which gives the lagest contribution to the integral of 
Eq.(28). 

~he effect of the difference in the longitudinal and . transverse polar
ization contributions can be best manifested from the asymmetry of the 
differential distributions 
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A _ dR(t ..L p) - dR(t II p) _ WL - MIT 
(29)

.LII - dR(t ..L p) +dR(t II p) - WL + 3WT ' 

In Fig.7, we plot the asymmetry. At small Ipi we have WL ~ WT and 
the asymmetry vanishes. ,In the case of finite p, at M -+ 2m1l' we find 
A.LII -+ 0.5(6.Mf - 6.Ml)/m; ~ O. On the other hand, one can find that 
A.LII has the second zero at the point AI ~ mp + 6.M(O) + 6(p) where 
8(p) is a smooth decreasing function of p2 with 6(p )/mp < 10-2 • So, the 
asymmetry reaches a maximum between the two zeroes: 2m1l' < M < mp 
because of I mG < I mF at M < mp. We find that the asymmetry 
increases with Ipi a':ld it may be as much as 0.25 for Po = 120 MeV, 
whereas at Po = 0 it is about three times smaller. 

Probably, this is the most interesting medium effect of our consider
ation which can pro:vide a fresh insight into the dilepton production as a 
probe for the hadron properties at extreme conditions. 

VI. SUMMARY 

In summary, we have calculated the p meson self-energy in the pion 
medium at finite temperatures and charge chemical potential which is 
responsible for the difference between 1["+ and 1["- densities in matter. 
The calculation is performed within the functional integral representa
tion for the partition function in second order of g;. We find that the 
pole positions and the imaginary parts of the self-energy are modified 
in the medium and this modification is different for different polariza
tion states. We show that the shift of the pole positions is too modest. 
to be seen in dilepton production rate. However, incorporation of the 
large chemical potential changes the shape of the rates: both differential 
and integral. Another non trivial effect is the predicted asymmetry in 
the differential dielectron distribution which increases with pQ.But we 
would not like to overestimate our results because at the present stage, 
the predicted effects have rather a methodical importance than a direct 
relation to experimental data. For the latter, on the one hand we have to 
complete our consideration by the space-time evolution of the'hadronic 
system with taking into account the kinetic theory. On the other hand, 
more or less realistic calculation should take into account the baryonic 
degrees of freedom and their contribution to the complete picture. Re
ally, the most likely source of the large pion charge chemical potential is 
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0.0 	 0.4 O.B 0.0 0.4 O.B 1.2 
P (GeV/c) 

FIG. 1. The matter modifications for longitudinal and transverse dis
persions Dt.wL,T = WL,T - Wo at different values of the chemical potential 
ftQ = 0,60,120 MeV; T = 150 MeV. 

AM L(MeV) 	 AM T(MeV) 
90.-~--~~--~~--~~--~~--~~~ 

IJ-Q (MeV) 

60 

30 
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IJ-Q (MeV) 

120 

60 

o 

O~~--~~--~~~~--~~--~~--~~ 

0.0 0.4 0.8 0.0 0.4 0.8 1.2 
p (<leV/c) 

FIG. 2. The shift of the pole positions for different polarization states 
Dt.ML,T = ML,T - mp at different values of the chemical potential 
ftQ = 0,60,120 MeV; T = 150 MeV. 
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FIG. 3. The imaginary parts of the polarization operator -ImF and 
- I mG as functions of the invariant mass M at the fixed temperature 
T = 150 MeV and p momentum Ipi = 0.75 GeV. 
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FIG. 5. The rate of production for dielectrons with different total mo
menta, against their invariant m~s M. For T = 150 MeV, the prediction 
for PQ = 0, 120 MeV appears as dashed and solid curves, respectively. 
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FIG. 6. The integrated dielectron production rate against their invariant 
mass M. Notations are the same as in Fig. 5. "" 
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FIG. 7. We plot the asymmetry Ail! against the invariant mass M at 
different Ipi and J.lQ = 0, 120 MeV. T = 150 MeV. The asymmetry Ail! 
is defined in the text. 

the neutron-proton asymmetry of the colliding heavy ions. In this case, 
the pions are produced in a rich baryon environment where the interac
tion of the rho meson and baryons cannot be neglected. From this point 
of view, our present work may be considered as a necessary step towards 
generalization of the vector dominance model to the case of the hot and 
derise nuclear isospin-asymmetric systems. 
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flpHHHMaeT(iR nO.llnHCKa Ha npenpHHTbl, C006meHHR 06'be.llHHeHHoro HHcTHTyra 

1I.llepHbiX HCCne.llOBaHHH H «KpaTKHe C006meHHR OIUlH». 

YCTaHooneHa Cne.llYlOmU CTOHMOCTb nO.llnHCKH Ha 12 MeCRueB Ha H3J1aHIUl 

OIUlH, BKJlIO'lU nepecblnKY. no OT.lleJIbHblM TeMaTH'leCKHM KaTeroplUlM: 

TeMaTHKa UeHa nO.llnHCKH 

Ha ro.ll 

1. 3KcnepHMeHTanbHu cpH3HKa BblCOKHX 3HeprHH 22600 p. 
2. TeOpeTH'leCKU cpH3HKa BblCOKHX ::lHeprHH 59200 p. 

3~ 3KcnepHMeHTanbHu HeHTpoHHaR cpH3HKa 7800 p. 
4. TeOpeTH'ieCKU cpH3HKa HH3KHX 3HeprHH 23400 p. 

5. MaTeMaTHKa 14800 
6 . .SI.uepHu cneKTpOCKonHR H pa.uHOXHMHR 12000 p. 

7. <l>H3HKa TRJlCeJIblX HOHOB 2200 p. 
8. KPlriOnmHIICa 1400 

9. 12200 

to. ABToMaTH3auml 06pa60TKH 3KCnepH.M.eHTanbHblx .llaHHbIX 12200 p. 
11. Bbl'lHCnHTenbHu MaTeMaTHKa H TeXHHKa 14300 

12. XHMHR 1200 

13. TexHHKa cpH3H'leCKOrO 3KcnepHMeHTa 21300 p. 

14. HCCne.llOBaHHR TBep.llblX Ten H JlCH.llKOCTeH R.llepHblMH MeTO.llaMH 7200 p. 
15. 3KcnepHMeHTanbHu cpH3HKa R.llepHblX peaKUHH 

2600 

16. )l03HMeTpHR H cpH3HKa 3amHTbl 2200 p. 
17. TeopHR KOH.lleHCHpOBaHHoro COCT05lHH5I 12200 p. 

18. Hcnonb30BaHHe pe3ynbTaToB 

H MeTO.llOB cpYH.!laMeHTanbHblx cpH3H'leCKHX HcCne.llOBaHHH 

B CMeJICHbIX 06nacT5Ix H TeXHHKH 1800 
19. 1800 

«KpaTKHe c006meHH.S1 OH>lH» (5-6 BbmycKoB) 15000 p. 

nO.llnHCKa MOJICeT 6bITb ocpopMneHa C 1I1060ro MeCRua rO.lla. 

OpraHH3aUH.SIM H nHuaM. 3aHHTepecoBaHHblM B nOJIyqeHHH H3.llaHHH OIUlH, 

ClIe.llyeT nepeBeCTH (HnH OTnpaBHTb no nO'ITe) He06xo.llHM)'IO C}'MMy Ha paC'leTHblH 

C'IeT 000608905 )ly6HeHcKoro cpHnHana MMK6, r.)ly6Ha MOCKOBCKOH 061IaCTH, 

nlHH.!l. 141980 M<l>O 211844, YKa3aB: «3a nO.llnHcKY Ha H3.llaHlUl OIUlH». 

Bo H36eJICaHHe He.llOpa3}'MeHHH He06xo.llHMO yse.llOMHTb H3.llaTeJIbCKHH OT.lleJI 0 

npOH3Be.lleHHOH onnaTe H BepHyrL «KapTO'lKY nO.llnHC'lHKa». OTMeTHB B HeM HOMepa 

H Ha3BaHH.SI TeMaTH'IeCKHX KaTerOpHH, Ha KOTopble ocpopMJUieTC.SI nO.llnHcKa. no 

a.upecy: 

141980 r. )ly6Ha MOCKOBCKOH 06n. 
yn.)KonHo KIOPH. 6 
OIUlH. H3.llaTenLCKHH OT.lleJI 

http:ocpopMJUieTC.SI
http:Ha3BaHH.SI
http:c006meHH.S1
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