
gion, the discrepancy between relativistic and non-relativistic ph exci ta tion is v ery small

bo th fo r PV and fo r PSπNN coupling , so people is save to use non-rela ttivistic appro xima-

tion. Fo r high energy momentum transfer, how eveer, the NN- exci ta tion wi ll have some

ontributions also. But quanti tativ e calula tion depends on the scheme of reno rmalization and

explici tly speaking the PV πNN coupling is no t reno rmalizable. The pion condensation is

no t like to happen due to Landau damping. This is just a preliminary conclusion since NN-

excitation, sho rt range co rrelation, △ -hole excitation a re no t included yet.

Ano ther impo rtant conclusion is tha t people can not get the co rrect formulae fo r ph

excitation wh en propaga to rs GF , GD a re used to calcula te the pola riza tion insertion i f

ПF

PS (PV )
i s neglected.

Th e au th or Liu is very g rateful to Prof . Ma Weixing and Prof. Jiang Huanqing for v aluable discussions.
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相对论 Lindhard函数和粒子 -空穴激发

刘良钢
 　周歧发　王卉

摘　要　用两种方法计算子核物质中 π介子传播了的极化插入 .通过计算 π介子的色散关系 ,

发现在低动量转移区相对论与非相对论的差别很小 ;πNN的膺标量与膺矢量耦合之间的差别

即使对大动量转移区也很小 ;在所有情况下 ,没有 π凝聚现象出现 .
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RELAT IV IST IC LINDHARD FUNCT ION FOR
PART ICLE-HOLE EXCITAT ION

 

Liu Lianggang　 Zhou Qif a　Wang Hui
( Department o f Physics, Zhongshan Univ ersi ty, Guang zhou 510275)

Abstract　 Th e nucleon 1-loop po la rization inser tion fo r pion propagato r in nuclear ma tter is

calcula ted in tw o ways. One way is that the nucleon propagato r is split into Feynman and densi-

ty dependent nucleon propagato r(GF and GD ) a nd ano ther w ay is to use par ticle-hole-antipar ticle

r epr esenta tion ( Sp , Sh , Sp- ) o f the nucleon propagato r. Thepo larization inser tion can be ex-

pressed in terms o f Relativ istic Lindha rd func tions defined in the tex t. By calcula ting the disper-

sion r elation it is found tha t: fir st, the difference between relativ istic and non-rela tivistic ap-

prox ima tion is small in th e low energ y-momentum transfer r eg ion. Second, the differ ence be-

tw eenπNN pseudo-scalar ( PS) and pseudo-vecto r ( PV ) coupling is small also even fo r larg e en-

erg y-momentum t ransfer. Third, in all cases the zero sound braneh o f the dispe rsion r elation is

completely dam ped so ther e is no pion condensa tion can happen in this calcula tion.

Keywords　 rela tivistic par ticle-h ole excitation, Lindha rd function, π disper sion r elation

Classification number　 O571. 2, O572. 339, O413. 3

1　 Int roduction
The pion propagator o r the pola riza tion insertion o f the pion propaga to r has been

studied ex tensiv ely in the non-rela tiv istic approx imations
[1 ] . Besides the particle-ho le( ph)

ex citation, △ -hole (△h ) ex citation and NN short range co rrelation are all included[ 2] .

These mechanisms are really w o rk very w ell in the low energ y-momentum region. But one

can ask a basic question: to w hat energ y scale the non-rela tiv istic formalism still holds

va lid, or put i t in ano ther w ord, w ha t is the discrepancy betw een non-relativistic and rela-

tivistic fo rmalism in the same order of approx imation.

Usually , the polariza tion insertion fo re,k
[3 ]
andπ

[4 ]
propagators w ere calculated in the

Walecka’ s model in the fo llowing w ay: the nucleon propaga to r in nuclear mat ter can be

spli t into Feynman pa rt (GF ) and densi ty dependent pa rt (GD ) . Fo r example the polariza-

tion insertion fo rπNN PS coupling case can be spli t into Feynman partПF
PS

and density de-

pendent pa rt ПF

P S
, and they can be expressed as fo llow s:

ПF

PS
(q )= -

g
2
πNN

( 2c)
3∫dP

EP Ep- q
[4Ep - q+ q

2 ( 1
Ep+ Ep- q - q0- iX

+ 1
Ep+ Ep- q+ q0- iX

) ] ( 1)
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ПD

P S
(q)=

g
2
πNN

( 2c) 3
∫d p

Ep Ep- q
{ ( 1- np )np- q· q

2 (
1

Ep - Ep- q- q0- iX
+

1
Ep - Ep- q+ q0- iX

)+

np [4Ep- q+ q
2 ( 1
Ep+ Ep- q+ q0- iX

+ 1
Ep+ Ep- q- q0- iX

) ] } ( 2)

w here gπNN isπNN PS coupling constant. Ep= p
2
+ m

~ 2
,m~ is nucleon ef fectiv e mass. np i s

the nucleon dist ribution function. It i s obvious that ПF
PS

is diverg ent and its fo rm depends

on the scheme o f reno rmalization. usually people negleted i ts cont ribution and only re-

mains densi ty dependent part. The fi rst term in eq. ( 2) lo oks like a ph excitation ( la ter

w e can understand tha t this is not complete) but the second term viola tes the Pauli princi-

ple simply because the excited nucleon is in the Fermi sea. In this sense, w e can no t know

what is the ph and particle-antipar ticle ( NN- ) contributions, unless w e sta rt from the par-

ticle-hole-antipar ticle representa tion of the nucleon propagato r.

2　 Relativis tic and Nonrelativis tic Lindhard Function

The nucleon propagato r in nuclear mat ter can also be expressed in the fol lowing w ay:

　　　　 G(p )= Sp ( p )+ Sh ( p )+ Sp- ( p ) ( 3)

　　　　 Sp ( p )= (m~ /Ep ) [ ( 1- np )Λ+ ( p) ] /( p0 - Ep+ iX) ( 4)

　　　　 Sh ( p )= (m~ /Ep ) [ (npΛ+ ( p ) /( p0- Ep- iX) ] ( 5)

　　　　 Sp~ ( p )= (m~ /Ep ) [Λ- (- p) /( p0+ Ep - iX) ] ( 6)

here Sp , Sh , Sp- is the pa rticle, hole, antipa rticle propaga to r andΛ+ ( p) ,Λ- ( p) a re the par-

ticle and antipa rticle projection opera to r, respectiv ely
[5 ] ,

　　　　Λ+ ( p)= (V· p+ m
~ ) /2m~ ( 7)

　　　　Λ- ( p)= ( - V· p+ m
~ ) /2m~ ( 8)

The po larization inser tion for pion propagator can be recalcula ted by employing these

propagators. It is no thing but just the ph and NN- exci tations. Fi rst let us define relativis-

tic Lindhard functions U (q) , V (q) a s follow s:

U( q) = - 4
( 2c)

3∫ dp
EpEp- q

( 1 - np )np- q  ( 1
Ep - Ep- q - q0 - iX

+ 1
Ep - Ep- q + q0 - iX

)

( 9)

V (q) = -
4

( 2c) 3∫
d p
EpEp

( 1 - np- q )  (
1

Ep + Ep- q - q0 - iX
+

1
Ep + Ep- q + q0 - iX

)

( 10)

In the limit p→ 0,

　　　　U (q )→ ( 1 /m~
2
)UN (q)+ O (|q|/m~ ) ( 11)

w here UN ( q) i s the w ell know n non-relativistic Lindhard function
[ 2, 6], and i ts real part can be

w ri tten as follow s:

　 　　　 ReUN (g,qF )=
m
~
kF

c2 { - 1+ 1
2qF

[1- ( g
qF

-
qF
2
)
2
] ln|( g

qF
-
qF
2
+ 1) / ( g

qF
-
qF
2
- 1)|

-

1
2qF

[1- ( g
qF
+
qF
2
)
2
] ln|(

g
qF
+

qF
2
+ 1) /( g

qF
+

qF
2
- 1)|} ( 12)

here　g= q0m
~ /k

2
F ,qF= |q|/kF ,kF i s Fermi momentum.

The rea l pa rt o f V ( q) is diverg ent thus there is no non-relativistic cor respondence.

The real part of U (q) is easy to evalua te and i ts imaginary part v eri fied ag rees wi th tha t o f

ref. ( 4) .

In Fig. 1 w e show a comparison betw een m
2
U (q) and UN (q ) fo r tw o typical v alue o f
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qo , o ne is qo= 0. 15kF cor responds to the curv es o f higher peak and qo= 0. 4941 kF is fo r an-

o ther. W e choose m
~ = m= 938. 5 MeV, nucleon densi tydo= 0. 2 fm

- 3
. The y-axis is in uni t

o f kF
- 2
. The discrepancy betw een them will be due to relativistic ef fects. We can see tha t

fo r both cases the di fference becomes larg er when momentum goes larger. That is w hat we

expected.

Fig. 1 Rela tiv istic ( do t-

ted line ) and

non-relativistic

( da shed line )

Lindha rd func-

tion versus mo-

mentum qF for

fixed fr equency

qo . For explana-

tions see tex t

The pion polarization insertion can be expressed in terms o f functions U (q) ,V (q) as
follow s:

　　　　П
P S( PV)

(q)= Пph

PS (PV )
(q )+ ПNN

-
P S( PV)

(q) ( 13)

　　　　Пph

P S
(q) =

2g2cNN
( 2c) 3∫

dp
Ep Ep- q

( 1 - np )np- q (Ep - Ep- q ) -
1
4
g

2
πNNU (q) ( 14)

　　　　Пph
PV
(q ) =

2f
2
πNN

( 2c) 3mc
2∫ dp

EpEp- q
( 1 - np )np- q ( Ep- q - Ep )  

[ ( Ep + Ep- q )
2
- q

2
] -

f
2

πNN

m
2

c
m
~ 2
q
2
U (q) ( 15)

　　　　ПNN-
PS
(q) =

2g
2
πNN

( 2c)
3∫ dp

Ep Ep - q
( 1 - np ) ( Ep + Ep- q ) +

1
4 g

2
cNN V ( p ) ( 16)

　　　　ПNN
-
PV
(q) =

2f 2cNN

( 2c) 3m
2

c∫
dp

EpEp- q
( 1 - np ) (Ep + Ep- q )  

[ ( Ep - Ep- q )
2
- q

2
]+

f
2

cNN

m
2

c
m
~ 2
q
2
V (q) ( 17)

It is easy to v erify that П
PS( PV )

(q)= ПF
P S( PV)

(q)+ ПD
PS( PV )

(q) . CompareПph
P S

with the

fi rst term in eq. ( 2) , then we can understand that one can not get the co rrect ph excitation
contribution by ПD

PS
(q) . The same is t rue for PV coupling.

The pionic ph excitation dispersion rela tion is calcula ted by following eqs.

　　　　k
2
- q

2
- m

2
c- ReПph

P S( PV)
(k,|q|)= 0 ( 18)

in the relativistic case and
　　　　　k

2
- q

2
- m

2
c- ( f

2
πNN /m

2
c)q

2
ReUN (k,|q|)= 0 ( 19)

in the non- relativistic case.

3　Numerical Results

In Fig . 2, w e show the relativistic and non-rela tiv istic dispersion rela tion fo r PV cou
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Fig . 2 Rela tivistic ( dashed

line ) and non-relativ istic

( dot ted line ) dispersion r ela-

tion fo r PV πNN coupling .

In th e ha tched region indi-

cated th e imag ina ry pa rt o f

the po la riza tion inser tion

does no t v anish

pling. kis in uni t of kF . fcNN /mcis replaced by gπNN /2m and gπNN is chosen to be 13 in the nu-

merica l calculation. mc= 140 M eV , d0= 0. 2fm
- 3
. We can see that fo r meson branch the

di fference increases whenkand|q|increase. But the dashed line enters into space-like re-

gion at about qF= 2. 9. The zero sound branch almost ov erlaps each o ther fo r low qF and

has li tt lee dif ference fo r qF larger than 1. 4. The pion condensation is completely damped

by ph decaysso i t wi ll no t be stable.

In o rder to compa re PS and PV coupling s, thei r ph excitation dispersion rela tiolns a re

calculated by using the same pa rameters as above and the results are show n in Fig. 3. A-

gain w e an see the di fference is qui te small fo r allkand qF except that the meson branch o f

the PV coupling enters into space-like region but PS coupling doesn’ t.

Fig . 3 Rela tiv istic dispersion

relation for PS ( dot ted line)

and PV ( dashed line ) πNN

coupling s. The pa rameter s

used ar e the same as tho se

o f Fig. 2

4　 Summary and Conclusions

In conclusion f rom this study w e no te tha t in the low energy momentum transfer re-
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