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gion, the discrepancy between relativistic and non—elativistic ph excitation is very small
both for PV and for PSt NN coupling, so people is save to use non-relattivistic approxima—
tion. For high energy momentum transfer, howeveer, the NN excitation will have some
ontributions also. But quantitative calulation depends on the scheme of renormalization and
explicitly speaking the PV NN coupling is not renormalizable. The pion condensation is

not like to happen due to Landau damping. This is just a preliminary conclusion since NN

excitation, short range correlation, 2\ -hole excitation are not included yet.

Another important conclusion is that people can not get the correct formulae for ph

excitation when propagators G, G are used to calculate the polarization insertion if

PS(PV) .
.77 is neglected.

The author Liu is very grateful to Prof. Ma Weixing and Prof. Jiang Huanging for valuable discussions.
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RELATIVISTIC LINDHARD FUNCTION FOR
PARTICLE-HOLE EXCITATION

Liu Lianggang Zhou Qifa Wang Hui
( Department of Physics, Zhongshan University, Guangzhou 510275)

Abstract The nucleon 1Hoop polarization insertion for pion propagator in nuclear matter is
calculated in two ways. One way is that the nucleon propagatoris split into Feynman and densi-
ty dependent nucleon propagator(Gr and Gp)and another way is to use particle-hole-antiparticle
representation (S,, Si» S5) of the nucleon propagator. Thepolarization insertion can be ex—
pressed in terms of Relativistic Lindhard functions defined in the text. By calculating the disper—
sion relation it is found that first, the difference between relativistic and non-—relativistic ap—
proximation is small in the low energy-momentum transfer region. Second, the difference be-
tweennt NN pseudo—scalar( PS) and pseudo-vector ( PV) coupling is small also even for large en—
ergy-momentum transfer. Third, in all cases the zero sound braneh of the dispersion relation is
completely damped so thereis no pion condensation can happen in this calculation.

Keyw()rds relativistic particle-hole excitation, lindhard function, ™ dispersion relation
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I Introduction
The pion propagator or the polarization insertion of the pion propagator has been

studied extensively in the non-—relativistic approximationsm- Besides the particle-hole(ph)
excitation, 2\ -hole (ANh) excitation and NN short range correlation are all included .

These mechanisms are really work very well in the low energy-momentum region. But one
can ask a basic question to what energy scale the non-relativistic formalism still holds
valid, or putitin another word, what is the discrepancy between non-relativistic and rela—
tivistic formalism in the same order of approximation.

Usually, the polarization insertion for €, k™ andr ! propagators were calculated in the
Walecka s model in the following way the nucleon propagator in nuclear matter can be
split into Feynman part (Gr)and density dependent part (Gp). For example the polariza-—
tion insertion formr NN PS coupling case can be split into Feynman pari1 7> and density de—

pendent parill £, and they can be expressed as follows

2
PS, \_ _GxNN dP 2 1 1
Hr (Q)_ (ZC)3 ErEp- 4 [4Ep-at 1 (EFF Ep- g~ qo— i)t Ert Ep- i+ qo- ’)é] (1)
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2
PS( N MJ _dp 1 1
(q)_ ( ) E E, q{(l }’lﬁ)np ¢ q (Ep Ep q— go— l}é- Ey— Ep o+ qo— l)()
1 1
me L4 4w - X B B X)) (2
where gexy ism NN PS coupling constant. Ep= p+ m’,m is nucleon effective mass. np is

the nucleon distribution function. It is obvious thatll+™ is divergent and its form depends
on the scheme of renormalization. usually people negleted its contribution and only re—
mains density dependent part. The first term in eq. (2) looks like a ph excitation ( later
we can understand that this is not complete) but the second term violates the Pauli princi—
ple simply because the excited nucleon is in the Fermi sea. In this sense, we can not know
what is the ph and particle-antiparticle (NN) contributions, unless we start from the par—
ticle-hole—antiparticle representation of the nucleon propagator.

2 Relativistic and Nonrelativistic Lindhard Function

The nucleon propagator in nuclear matter can also be expressed in the following way.

Glp)= S(p)t Si(p)t+ S(p) (3)
Sp(p)= (m/Ep) [( 1= mp Y\e (p) 1/(po— Ert iX) (4)
Si(p)= (m/E) [(m\+ (p) [(po— Ep— iX ] (5)
S (p)= (m/Ep) [A- (= p) H(po+r E»— iX) ] (6)

here Sy, S , S5 is the particle, hole, antiparticle propagator andAs (p),A- (p) are the par—
ticle and antiparticle projection operator, respectively[s] )
As (p)= (V' pt m) I2m (7)
A-(p)= (=Y pr m) /2m (8)
The polarization insertion for pion propagator can be recalculated by employing these
propagators. It is nothing but just the ph and NN excitations. First let us define relativis—
tic Lindhard funcgions U(q), V(q) as follows

_ _ _4 _dp 1 1
U(q)_ (ZC)3 EEp q(1 )np q (Ep - Ep—q - @ - l><+ Ep - Ep—q+ qo — lﬁ
(9)
V@)= - ) A2 (1= 1 : )
9) = (ZC) ftr=a Ep+ Ep—q— @ — lX+ Ep+ Ep—q+ qo — ZX

(10)
In the limit p> 0,
U(gy= (15m) Uv (q)+ O(l gl /) (11)
where Uv (g) is the well known non-relativistic Lindhard function L2hd its real part can be
written as follows

m ke g g g
Rl (B.gr)= "6 (= 1 5 (1= (=) Il (=G ni( -4 1)

qu 1-(g gf)zl|( + Lr 1)/(—+g§ Dy (12

here & gom /kg,qF: | ¢ lkr ke is Ferml momentum.

The real part of V' (g) is divergent thus there is no non-relativistic correspondence.
The real part of U(g) is easy to evaluate and its imaginary part verified agrees with that of
ref. (4).

In Fig., 1 we show,a comparison between sz(q) and Uy (q)for two typical value of
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@, oneis = 0. 15kF corresponds to the curves of higher peak and o= 0. 4941 kr is for an—
other. We choose m= m= 938.5MeV, nucleon density d= 0.2 fm ’. The y-axis is in unit
of kr >, The discrepancy between them will be due to relativistic effects. We can see that

for both cases the difference becomes larger when momentum goes larger. That is what we
ex pected.

Fig- | Relativistic(dot-
ted line) and
non-relativistic
( dashed line )
Lindhard func-
tion versus mo-—
mentum ¢gr for
fixed frequency
¢ - For explana—

tions see text

The pion polarization insertion can be expressed in terms of functions U(q),V (g) as

follows
S(PY) (

I (@)= ™ (g ™ (g) (13)
20% d 1
I, (q) = (2(:”;3 Eb (1= mny g (Br = Epy) = 88Ulg) (14
2f d
thPV(q): (243’\;’:’(‘2 EpEI‘:fq(l_ np)npfq(Ep—q— Ep)

2

[(Epr+ Ep—q)z_ qz] - %%2(]%]@) (15)
2 2

Do = 225 (- (B B vy (16
2w [ dp

Iy (q) = (1= m) (Ep+ Epq)°

(B~ B0 - 1+ L2 vig (1)

PS(PV)

(2 ’mi E,Ep

It is easy to verify thatll (q)=TL""" )+ 11 ™" (¢). Comparel_[phps with the

first term in eq. (2), then we can understand that one can not get the correct ph excitation
S S ) :
contribution byll» "~ (¢). The sameis true for PV coupling.

The pionic ph 2excitgl‘[ion dis]gg(l;sl/i)on relation is calculated by following eqs.
— ¢ —mc— REL (klg)=0 (18)
in the relativistic case and
Ko g’ = mi— (fiw imt) g’ ReUv (k.| ¢ )= 0 (19)
in the non— relativistic case.

3 Numerical Results

In Fig. 2, ;we show the relativistic and non-relativistic dispersion relation for PV, cou
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Fig. 2 Relativistic ( dashed
line) and non-relativistic
(dotted line) dispersion rela—
tion for PV ®* NN coupling.
In the hatched region indi-
cated the imaginary part of
the polarization insertion

does not vanish

pling. Kis in unit of kr.fovn /meis replaced by gy am and geny is chosen to be 13 in the nu-
merical calculation. me= 140 MeV, db= 0. 2fm . We can see that for meson branch the
difference increases when k and | q| increase. But the dashed line enters into space-ike re—
gion at about gr= 2. 9. The zero sound branch almost overlaps each other for low gr and
has littlee difference for gr larger than 1. 4 The pion condensation is completely damped
by ph decaysso it will not be stable.

In order to compare PS and PV couplings, their ph excitation dispersion relatiolns are
calculated by using the same parameters as above and the results are shownin Fig. 3. A-
gain we an see the difference is quite small for all K and ¢& except that the meson branch of

the PV coupling enters into spacedike region but PS coupling doesn t.

Fig- 3 Relativistic dispersion
relation for PS (dotted line)
and PV (dashed line) ® NN
couplings. The parameters
used are the same as those

of Fig. 2

4 Summary and Conclusions

In coneclusion from, this study we note that in the low energy momentum transfer re—



