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Bonn potential model at finite temperature
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By using the thermofield dynamics, we have calculated the effective coupling of nucleon-nucleon mesons by
summing the three-lines vertices and the masses of nucleon and mesons by summing the corresponding
self-energy diagrams of the Bonn potential model at finite temperature. Through the temperature dependence of
effective couplings and the screening masses, we have extended the Bonn potential to finite temperature.

PACS numbsd(s): 21.30.Fe, 11.10.Wx, 13.75.Cs

The Bonn potential1] is one of the very successful po- be itself and five other mesons. For example, the effective
tentials in nuclear physics. It provides a nice fit to nucleon-coupling of aNN pseudoscalar meson due to the exchange of
nucleon (NN) phase shifts and deuteron properties and is2 pseudoscalar meson is
widely in use[1,2]. For studying physics under extreme con- dk
dition of high temperature_and/o_r hlgh density, it is egs_entlal gpsAgé'}’sTk:i f —4(gp3757'i)A11(p' —k)
to extend the Bonn potential to finite temperature. This is the (2m)
purpose of this paper. 106 A1l

The Bonn potential model is a boson-exchange model. *(9ps¥5 i) A (P~ k) (Gps¥57i) Dipl(K),
The intermediate bosons in this model are o, 7, 4, o, 2
and p mesons which provide the long-range and
intermediate-range as well as the short-range forceNfiur
andNA interactions. For simplicity, we neglect the reso-

where

nance here. The interaction Lagrangian for the Bonn poten- p
tial model is i -
P
L= SLpst Lt Ly
L o=~ Gpsli Ysthe, Y= Gsiih, (1)
(a)
2 PN = G N~ 0,
L= _ v O_V =0, ,
v gv Y y23 4mN M y73

where ¢, ¢, andV, are the pseudoscalarr(n), scalar O
(o,6), and vector {,p) bosons, respectively, amdy is the ~—= + S

nucleon mass in vacuum.
We use the thermofield dynami€EFD) [3] to extend the

Bonn potential to finite temperature. In order to investigate (b)

the NN potential due to various meson exchanges, as in our

previous studie$4—7], we calculate the three-line vertices

correction[Fig. 1(a)] which will lead to the temperature de-

pendence oNNa (a=m,7,0,8,0,p) effective coupling,

and the vacuum polarizatidiFig. 1(b)] which will lead to ST = e + ““Q'“ T

the temperature dependence of the masses of mesons and

nucleons, and then use the temperature-dependent effective

coupling and masses to study the Bonn potential. In the

framework of TFD, the thermal propagator hag 2 matrix (©)

structure, but only the 1-1 component refers to the physical

field [3]. The calculations are very complicated; hereafter we FIG. 1. Feynman diagram&) The three-line vertices; the solid

show the final result and some examples only. lines denote nucleons, the dashed lines for the corresponding me-
1. Vertices correctionEach effective coupling oNNa sons, and the dotted lines for all meso(®. Self-energy diagrams

includes six diagrams, because the exchanging mesons cém the nucleon(c) Self-energy diagrams for the meson.
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1 are the 1-1 component propagators for fermions and bosons,
AM(k) = (k+my) TJrZWlnp(k) S(k2—mg) |, respectively[3,6,7]. Substituting Eqs(3) and (4) into Eq.
N (2), we can prove that Eq2) can be separated into two

3) parts: the zero-temperature part and the temperature-
1 dependent part. The contribution of the zero-temperature part
D(k)= ——5—— —2ming(k)8(k3—mZ), (4  can be treated by introducing a form factor as in Ref, and
ke—my+ie the temperature-dependent part is

o d k2 2 2 ) d*k k?
Ag:(T)— gpsf (277)3 [(p'—k)z—mﬁ][(p—k)z—mﬁ] 5(k mps)nB(k)‘*'gpsj (277)3 [(p_k)Z_mﬁ](kZ_mgs)
k2
Xé[(p k)2 mN]nF(p k)+gpsf (277_ [(p k)Z mN](kZ 5)5[(p k)z mN]nF(p k) (5)

The vertex correction of pseudoscalar mesons due to the edashed lines denote the corresponding six mesons. The self-
change of scalar mesons or vector mesons can be calculatedergy corrections of mesons can be obtained by summing
similarly. The total vertices correction of pseudoscalar methe corresponding self-energy diagrams of mesphRig.

sons at finite temperature is 1(c)]. For example, the self-energy of pseudoscalar mesons is

Aps(T)=Ag:(T +ASS(T +Ap(T) (6) 4K
) =i0% | a7 A (K om0
®

and the effective coupling of the pseudoscalar meson is

Opd M =0gpd 1+ ApdT)]. @)

The calculations of the temperature-dependent effective couubstituting the nucleon propagator into H&), we can
plings for other mesons are analogous to that for the pseeparate II,{q) into two parts: II,{(q)=TI;{q)
doscalar meson. But for theNN coupling, there are two +1I,{d,T). The last term depends on temperature explic-
coupling constantg,, andf , which correspond to the vector It|y, and the first termlI7{q) depends ormy; . Obviously,
coupling and the tensor coupling, respectively. S(q) involves divergent integrals and also depends on
2. Self-energy correctionsiccording to the Feynman temperature througlmy, . These divergences may be ren-
rules of TFD, the in-medium nucleon masg can be found dered finite by a regularization procedure as in RE#s9],
by summing the self-energy diagraffsig. 1(b)] where the and the finite parts are called the vacuum fluctuatigr)
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FIG. 2. The central potential at different temperaturesT A:0; FIG. 3. The tensor potential at different temperaturesT A:0;

B: T=100 MeV; C:T=150 MeV. B: T=100 MeV, C:T=150 MeV.
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correction. After the above treatment we find that the VF part

of the self-energy of ar meson, for example, is
g2
o(a)=— ﬁ{ my—my 2= 2(my—mY)+ §(q°—m?)
1
+f dx[m¥%—3g°x(1—x)]
0

mi2—g?x(1—x)

XIn| ——————
ma—g°X(1—x)

]. 9)
II,{q,T) can be calculated as in Ref&,11] directly.
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The screening masses of mesons which represent the in-
verse Debye screening length and imply the long-distance
corrections are defined as in Reff$0,11]:

mZZ[mi-i— Ha(O,a—>O;T,p)]1/2(a= 7T,(T,77,5,u),p).(
10)

3. Bonn potential at finite temperaturehe NN potential due

to the one-boson exchange can be found by summing the
exchange amplitude of certain bosons with given screening
masses and effective couplings. Following a treatment simi-
lar to our previous work4—7,11], we finally obtain theNN
potential at finite temperature for the Bonn potential model
as

Veond 1) =2 Vu(r), (11)
g*2 ms3
Vod 1) =H oo — P [ Z(Xp9 Siot Y(Xpd (01 0) ], (12)
p PS A 1211% ps/ V12 p! 1°02
B g | mg? F..1d
Vg(r) _Hsﬂms 1_4_m§, Y(Xs) 2m§5- LXs dXSY(Xs) , (13

ms2
1+ M) Y(XUL)_ %Zl(XvL)L )

s2 s2
mUT ( mvT

2
amy

Vv(r):

HUL 2
4 mlszL[ g:

Hor
+ 4:7 miT[ 932

S

1(mp)\? - - T
+9:f:{§( ) Y(X,1) (01 02) = Z1(X,1)L- S=§Z(X,7)S12

My

where a=m,7,0,6,p,0, andHgy, H, , Hg, andH,r are
some convergent integrdlg,11]. The contributions from the
isovector bosonsm, 6, and p will multiply a factor of
7,- 7, to the corresponding equatioii$2), (13), and (14).
Thex;=mr, Y(x;), Z1(X;), Z(x;), andS,, are defined as in
Ref. [1].

The Bonn potential can be separated into different com-

ponents as

V(1) =Vc(r)+V(r)Sy+V «r)L-S, (15

whereVc(r), V1(r), andV g(r) are, respectively, the cen-

tral, tensor, and spin-orbit potentials.

mS2 1
1- 1Tm§> Y(X,7)— ( 1- Tcmﬁl)Zl(XuT)L'SJF 3

S

1 * £k ML ’ S
+§gv fu m Y(XUL)_Zzl(XUL)L‘S

N

mlSJT 2 - hd 1
m Y(X,1)(01-02) = 13Z(X,7) S12
N

fx?
+ —
6

s \2
( mvT> Y(XUT)((;l'(;z)_%Z(XuT)Su”:
N
(14)

This result is in agreement with the in-medium tensor force
[12]. Figure 4 shows the curves of the spin-ojtg(r) for

various temperatures; the absolute value of the spin-orbit po-
tential |V g(r)| increases as temperature increases, but

.10 -

VLS (MCV)

The numerical results of the Bonn potential at finite tem-
perature are shown in Figs. 2—4, where the parameters have
been chosen as in Rdfl]. The central potential curves for
different temperature&zT=0 (A), 100 (B), and 150(C)

MeV are shown in Fig. 2. From Fig. 2, we find that the
potential well of V(r) becomes shallower as the tempera- -20
ture increases. The tensor potential curves for different tem-

perature are shown in Fig. 3. As the temperature increases, r (fm)

the zero of the tensor force is shifted toward the large  FIG. 4. The spin-orbit potential at different temperatures. A:
region, and the tensor force is weaker in the outer regionT=0; B: T=100 MeV; C:T=150 MeV.
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V| «(r) is not sensitive to temperature. The above result is ofections, for example, the cutoff in the meson-nucleon vertex

course reasonable because the temperature plays a “repditrm factors, must be added to the Bonn poterjtid].

sive” role. By using our temperature-dependent Bonn potential, we
Since the Bonn potential is the meson-exchange potentiatan discuss the equation of state, the temperature dependence

the above derived temperature dependence is valid only aff the saturation point of nuclear matter, and others. Work in

the temperature region below the chiral and/or deconfininghis topic is in progress.

critical temperature. If one wants to discuss the nuclear force

based on the quark model, in particular, on QCD, some cor- This work was supported in part by NNSF of China.
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