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By means of the imaginary time Green'’s function method, we extend the one
pion exchange potential (OPEP) of the nucleon-nucleon interaction to the finite
temperature. We sum up all the bubble diagrams and find that the temperature
effect on OPEP is small at the low temperature region but large at the high
temperature region. The effective mass of pion field M (T) will become imagi-
nary atthe critical temperature T, = 177 MeV. It means that the attractive OPEP
will disappear at Tc and the Phase transition takes place.

Thanks to the great development of the high energy heavy ion collision experiments,
the study of phase transitions of liquid-gas and superconductivity [1-3] in nuclear matter
and quark giuon piasma [4-5] has become one of the important areas in nuciear physics.
Many authors have investigated various aspects of this area by using different methods.
In this paper we try to relate the phase transition with the nucleon-nucieon interacting
force. As is well known, NN interaction at long distance arises from one pion exchange,
at intermediate distance from two-pion or o-meson exchanges, while at short distance
from vector-meson exchange [6,7]. The OPEP can be calculated in the quantum field
theory from the second order perturbative Feynman diagrams, or by summing up all the
bubble diagrams [8,9]. In order to extend OPEP to finite temperature, we use the technigue
of generating functional at finite temperature in quantum field theory [10] and the Green'’s
function method proposed by Matsubara [11]. The effective OPEP at finite temperature
given by this method is a temperature dependent function. It is expected that with the
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in the above equation, the summation over n can be carried out by a contour integral in
complex plane. Using the similar caiculation of vacuum polarization in the quantum
field theory, we have -

°(¢') = () + 1°(4*) (9b)
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FIGURE 3 Effective OPEP at (a) T = 18.27 MeV, (b) T = 158.98 MeV, (c)
T =176.98 MeV, (d) T = 177.0 MeV (g2 = 15.0).
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As T —0°K, 8 — co, it can be shown that I7* (¢*) — 0,i.e. I,(4*) represents the

contribution of zero temperature, and 1°(4*) is the finite temperature effect. Substituting
Egs.(9),(10), (11) and (12), into £q.(6), in the non-relativity fimit, we get
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in low temperature region. After taking the Fourier transformation, we return to the coor-
dinate space
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where Y(z) = eT . Obviously, Eq.(14) reduces to the ordinary OPEP at zero
temperature. It can also be written in the form of spin-spin interaction or tensor interac-
tion. We omitt the forms here.
In the general case, introducing

ME(B) = (m2 — 82L(B) /=6 /(1 — 1(8) + L(8)/4) (15)

as the effective mass of pion field in bubble diagram approximation at finite tempera-
ture, we rewrite Eq.(6) in coordinate representation as

Vo(r) = — = (o o) - () g
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Eq.(16) is the OPEP at finite temperature. Numerical calcuiations are shown in
Fig.2 and Fig.3.

Fig.2 displays the relation between the effective mass M, (8) and temperature. It
shows that in the region of T<100 MeV, the effect of temperature on OPEP can be
neglected. However, when the temperature increases to the region of T > 100 MeV,
M (B) decreases rapidly, at T, = 177 MeV, it reduces to zero, as T> T, M (B) becomes
imaginary and OPEP disappears, the attractive part of NN interaction vanishes, and
the phase transition of nuclei takes place. Fig.3 displays the variation of the Yukawa

part of OPEP with temperature. For simplicity, the vertical axis is chosen as V£(r) =
‘v’(a)' . . . . . . . .

= —g ‘—,.—— In fact, the inclusion of spin-spin interaction and tensor interaction

will not affect the qualitative results of Fig.3. We can see that the variation of OPEP is

surely small in the low temperature region, but above 100 MeV the variation is
considerable. With the increase of temperature, the curve becomes smoother, which
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means the decrease of the attractive nuclear force, and eventually the phase transition
takes place. '

Finally, we should like to point out that the isospin will not affect the qualitative
resuits of this paper. Qur resuit T, = 177 MeV at which OPEP vanish is smailer than
the temperature for quark deconfinement phase transition (usuaily about 200MeV--
300MeV)[12]. This is reasonable, because with the increase of temperature, the
interacting force between nucleons is destroyed first, and then the interacting force
between quarks inside nucieons.

ACKNOWLEDGEMENT

We thank professor G.E.Brown and T.T.S.Kuo for bringing our attention to this
problem. One of us (Chen Tao) thanks Mr. Huang Fayang for his help in the computer
calculation.

REFERENCES

[1] R.S.Su, S.D.Yang, T.T.S.Kuo, Phys. Rev., C35(1987); R.K.Su, S.D.Yang, G.L.Li,
T.T.S.Kuo, Mod. Phys. Lett., A1(1986), 71.

[2] H.Jaquaman, A.Z.Mekjian, L.Zamick, Phys. Rev.,C27(1983), 2782.

[3] A.Lejeune, PGrange, M.Martzoilff, J.Cugnon, Nucl. Phys., A453(1986), 189.

[4] J.Kapusta, A.Mekjian, Phys. Rev., D33(1986), 1304.

[5] L.D.Mclerran, T.Toimela, Phys. Rev.,D31(1985), 545.

[6] G.E.Brown, A.D.Jackson,"The nucleon-nucleon interaction" (North-Holland,, 1976).
S.0.Backman, G.E.Brown, J.A.Niskanen, Phys. Reports, 124(1985), 1.

[7]1 R.K.Su, E.M.Heniey, Nuc!. Phys., A452(1985), 47; T.F.Zheng, PZ.Bi, R.K.Su, Physica
Energiae Fortis Et Physica Nuclearis (China) 10(1986), 47.

[8] C.W.Wang, K.F.Liu, Nucleon-nucleon interaction, "Topics in nuclear physics, 1", ed.
T.T.S.Kuo, S.S.M.Wong(Springer, N.Y., 1981).

[9] R.J.Blin-Stoyle, "Mesons in nuclei’, Vol.1, p.5, ed. M.Rho and D.Wilkinson (North-Hol-
land, 1979).

[10] PRamond, "Field Theory" (Benjamin, 1981).

[11] A.L.Fetter, J.D.Walecka, "Quantum theory of many particle systems" (McGraw-Hill,
1971).

[12] For example, see PZ.Bi, T.F.Zheng, R.K.Su, Science Builetin(china) 31(1986), 341.



