
2 

Abstract: 

A general derivation of Landau parameters for an interaction with density de
pendent finite range terms is given. Particular carefulness is devoted to the inclu
sion of rearrangement terms. This report is part of a larger project which aims at de
fining a new nuclear interaction improving the well-known 01 force of Gogny et 
al..The improvements are mainly: severe constraints on the sum rules on a large 
range of density, good properties in exotic nuclei and better reliability with respect to 
extrapolation to high energies. 
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1- Landau parameters 

The Landau parameters represent the effective particle-hole interaction at 
Fermi surface. Because of the direct connection between the physical observables 
and the Landau parameters, thei r evaluation from the effective interaction is very 
useful. The parameter Fo determines the incompressibility K of the system, 

(1 ) 

The parameter F1 determines the effective mass (thus controling the single-particle 
level density at Fermi surface) through the relation, 

m 1 
-= 1+-F, (1 ')
m· 3 1 

Moreover F'o determines the symmetry energy, Go the magnetic succeptibility and 
G'o the onset of pion condensation in nuclear matter. 

Evaluation of Landau parameters from the effective interaction is often a 
lengthy and tedious operation. Landau parameters have been calculated before by 
Backman et al. from the Skyrme interactions and by Padjen et al. from the finite 
range Gogny D1 interaction. 

In that report we give a detailed derivation of these parameters for an interac
tion with finite range density dependent terms [EFS95]. Density dependent term 
make the calculation more complicated because we have to take in account rearran
gement contributions. 
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make the calculation more complicated because we have to take in account rearran
gement contributions. 

The effective interaction is written in the form, 

where 9 is the angle between the momenta k and k' of the particles at the Fermi 
surface. Upper indexes refer to the spin-isospin channels. Quantities fST(9) are ge
nerally expanded in terms of Legendre polynomials as, 

1ST (9) =lj/T~(cos9) (2') 
1 

Landau parameters F,ST are simply defined as, 

(3) 

No is the state density at the Fermi surface, m·is the effective mass in nuclear matter 
and kF is the Fermi momentum. Special cases are, 

Fo = Fooo 

~ =~oo 

Fo
I 

=Fo
01 

Go =F~o 
11

Go
I 

=Fo 
Landau parameters must meet Migdal stability conditions [Mi67], 

F,ST 
1+-1->0 

2/+1 (4) 

Moreover, Landau parameters are not independent: they are constrained by two sum 
rules [Mi67], 

p,ST1 (_l)S+T (2S + 1)(2T + 1) 1 ST =0 
1ST 1 F,+-

2/+ 1 

1 F,ST =0 
(4') 

ST 
lST1+~ 

21 + 1 
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instabilities due to isovector breathing modes occur at physical values of the densi
ty.For Skyrme type interaction there is no candidate able to meet that demand. 

Our future interaction will have first to fulfil relations (4) and (4') on a large 
range of nuclear densities and to minimize (or shift to higher densities) the instabili
ties. 

2- A generalization of Gogny D1 interaction 

We consider an interaction of the form, 

(5) 

The spin-orbit term is not written here because it doesn't contribute to Landau para
meters. 

The total energy of the system is then, 

(6) 

3- Landau parameters calculation 

To calculate Landau parameters we have to evaluate the following quantities 
[GP77], 

(7) 

with the condition, 

(8) 

Matrices A and B appear in the RPA equations which are obtained in lineari
zing TDHF equations with respect to smafl variations of the density matrix around 
the equilibrium HF density. 
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Indexes hand p refer to hole and particle states respectively. Inserting the expres
sion (6) for E in the previous set we get (neglecting the first term in A p It ,p'It')' 

Aph,p'h' =(Ph'lv:tl hP') + L,(Ih'ho ~V: P'ho) + Ipho aaVij" hhO)J 
ho \ Php \ PP' h' 

+-1 L, \ hoh'o iJ2V~ hoh'o) (9)&J 

2 Ito It'0 iJp hpiJp p'h' 

Bph,p'h' = Same with p' H h' 

where, 

ViJ =Vij (1- PrPop,;) (10) 

The second and the third terms are due to the density dependence of the in
teraction. Contributions of such terms which were sometimes neglected [BJS75] 
have to be included. 

In nuclear matter we set p =(kp ,sp' tp), sand t refering to spin and isospin. 

(11 ) 

Pi~ =We + BePo - ReP,; - MePoP,; 
(12) 

Pi;e =Me + RePo - BeP,; - WePoPt 

We split the calculation of Aph,p'h' or Bph,p'h' in three parts and get rid of index c. 

I-a Spatial part (see appendix A) 
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(kpk.,lv:llk.kp.) = G~(lkp - k.1) 

(kpkp,IV;llkhk•.) = G~ (Ik p - k.l) 
(13) 

and, 

k p + k h' = k h + k p' 

kp + kp' =kh + kh, 

(kpk.,lv;p,llk.kp.) = G~(lkp - kp,l) 

(kpkp,lv.j p,ik.k•.) =G~(lkp - k.,1) 
and, (14) 

k p +k h' =k h + k p' 

k p +k p' =k h +k h' 

with, 

G~(q)= POY(2~)3e ~:q' 


Po is the saturation density of infinite nuclear matter. 


In the Ii mits, 

q =k p - k hand q I =k p' - k h' -t 0 

we have the following results, 

G~(lkp - khl) -t G~ (0) (15) 

G~(lkp - k p'\) -t G~ (lkh - k h,1) 

G~(lkp - kh,1) -t G~(Ikh - kh,1) 

I-b Spin-isospin part 

http:kpk.,lv;p,llk.kp
http:kpk.,lv:llk.kp
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(16) 

The contribution in nuclear matter is then, 

B-H M) (B My (H M} M ]W+ -- + --- .0'.- -+- .t.--O'.O'.t.t. G (0) [( 2 4 24 'J 24 'J 4 'J'J 
 j.1 

(CT1) 

This term will be expanded on the basis of Legendre polynomials PI(cos8). 

We first take in account the first term and set, 

(17) 


(18) 
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i)~(ri) = L'If h (r" 0, 't)v: (r"o, t) = LJoCr. - ri)v h (r. ,0, 't)'l': (r" 0, 't) 
uPhp (J't (J't (19) 

=\plo(rk - ri ~h) 

Inserting that result in (19) we get, 

(20) 

Inserting in the left hand side of (17) we obtain, 

(21 ) 

Reindexing the states we may write, 

(22) 

We then have, 

(23) 

II-a Direct term 
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(24) 


=~[(:+_~ -~ -~_)+~~ - ~fl(S3Icr3Is3)-(~+~fl(t3~3It31 
- 40" 2 (S3 \d 31s3)t 2 (t3lt 31t3) 

=4(W + B _ H _ M)
2 2 4 


The contribution for that term is then, 

(26) 
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which gives, 

(27) 


In the case of nuclear matter and q = kp - kJa --+ 0 we have, 

B H M) (CT2)(ph'l~fl,1Ihp')=y(W+2"-2-4 G~(O) 

(28) 



12 

(ph' 1V;~1.21 hp') =(p h' ho 1V;~1.2Ih pI ho ) 

1 d 3k (r2-r3)2
=1-__ f __3 fd 3r,fd3r: fd3r:eikllrleikp.r2eik3r3e jJ.2 

2 (21t)6 (21t )3 1 2 3 


(29) 

(30) 


(31 ) 


Inserting in the previous expression we get, 

http:1V;~1.21
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(32) 

The final result is then, 

- term with o(r1 - r3) 


We get the same result as in the preceding term and finally, 


H B W} 3 1'" -;. 
:2 

'(k r)
(ph'Iv,DI.2/hp') =4 M+----- -pY--Jdrr2e ~ 11 F J' (k r) (CT3)

12 [ 2 2 4 2 0 (21t)2 0 kFr 0 F 

The second term in (A), 

(33) 


gives the same contributions as (17), 

(CT4) 


(CT5) 
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111- Finally we set, 

1 ( a 
2 

\1 
Q

- L hoh'0 a aij 
2 hoh'o Php Pp'h' 

We have seen that, 

)hoh'0 = (ph'lV;f 3 
Ihp') 

(34) 

deriving once more we obtain, 

(35) 

We have previously seen that, 

dp(rJ = (h'lo(r. - r.)lp')
ap p'h' 

Inserting in the previous expression, 

(36) 

Reindexing the states, 
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We have the following expressions, 

hp' hoh'o (37) 

(38) 

III-a Direct terms 

1 21 kJd3k Jd3k' 
3 

(r3-~4t [1 Jk 

~f3.1 =gY(Y -1) 0 (21t )3 0 (21t )3 ~!-fd\J dr4e ~ '2(p(r3 ) + p(r4 )) 
(39) 

o(r2 - r3)/(o(r} - r3))(s3t3s4t41r;4Is3t3S4t4) 
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For the spin-isospin contribution we have, 

LL(S3t3S4t41~4Is3t3S4t4) =LL (W + B-H - M)+(B - Ml's,~,ls,)(s.IC1.ls.) 
83IJ 84'4 81IJ 84'4 2 4 2 4 f\ 

-(~ + ~Xt,~ ,It, )(t.lt .It.) - ~ (s,~ ,Is,)(s.~•Is. )(t,It ,It,)(t.lt•It.) 

=16(W+B;H _~) 

The contributions for the different terms are then, 

(r\-r4}2 

fd3r16 ( B H 4M)(p)2 e-ro(r2 - r1)
(ph'l~f"'lhp') =8 W + ; -4 --: y{y -1) ph' 1 y-2 hp' 

b-(p(r,)+ p(r.))] 

= HW+ B; H ~}(y -1)P~(Ph' Jd'r.e (.,:;.)' o(r2 - r,) hp) (41) 

=HW+ B;H ~}(y -1)G~{O)=(ph'l~f"'lhp') 

In the case of nuclear matter and q =kp - kh ~ 0 , we have, 


(ph' Iv,~"'lhP') = t(W + B ~H - ~} (y -1)G" (0) = (ph'I",~,,4Ihp') 


(ph' Iv:',2Ihp')= t(w+ B ~H - ~} (y - l)G" (0) = (ph'I"'~" 'Ihp') (CT6) 


http:Ml's,~,ls,)(s.IC1.ls
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IIl.. b Exchange terms 

One difference with the direct term is the spin-isospin contribution, 

~~(s3t3s.t.lp34lsN.t.) ~~ (M +H ~B - :)+(~-:)(S3P3Is3)(s.P .Is.) 

-(~ + :)(t3~ 3h)(t. ~.It.) - : (S3P 31s3)(s.lcr .Is.)(t3~ 3h)(t.~•It. ) 

=16(M+ H~B _ :) 

(44) 

http:s3t3s.t.lp
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(45) 

Using the previously proved identity Jd 
3"\ei (-k,)(r.-r,) =3po iJ(kFr) we get, 

(21t) 4 kFr 

(46) 

(47) 

(ph'i",f3"lhp') =l~i16(M+ H~ B :}(y -l)[ponbe (;,' (j'i;,r)J 
(ph' lo(rl - r2 )11 hp') 

= (_1)3 ~.!.16(M+ H - B _ W\.(y -1)[poY Jd3re (;l,' (jl (kFr))2 
21t 16 8 2 4 ) 1 kFr 

=(_1)3 ~.! 16(M + H - B _ WI,. (y -1)[poY 41t [ drr2e-7(jl (kFr))2
21t 16 8 2 4 )1 0 kFr 

=1~2 (M + H~B :}(y l)[pon: drr2e (~;' e'i~;r)J 
= (ph'I~~3,4lhp') 

(48) 


(49) 



19 

In the case of nuclear matter and q = kp - kh ~ 0, we have, 

(CT7) 

The total contribution of that finite range density dependent term is then (taki ng the 
limits q=kp-khandq'=kp,-kh'~O), 

B-H MJ (B M} (H M} M ]AI..""'= W+ - + --- ·0·- -+- ·"C·--o·o:t."C· G (0) p",p " [( 2 4 2 4 '} 2 4 '} 4 ' } '} ~ 

+ 

(50) 

+ 
+ Tenns arising from rearrangement 

Rearr;angement terms, 

(r t ( . (k )}F r
( B 

2 
H 
2 

M 
4 ~ 

3 [ H 
2 

B 
2 

W 
4 0 

J 2 -2 it 
k r 

. 
0 F

2y W+-----JG (0)+- M+-----Jw 'Y 
00 

r dre ~ (k r)
n 2 o F 

1( B-H M}+2 W+ 2 --4 (y-l)G~(O) (51 ) 

All theses terms are only acting in the (S= T =0) channel and for I =O. Landau 
parameters are obtained by equating the expression (50) to (2). The Fo Landau 
coefficient, which is the only one involving rearrangement terms, is the following, 
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Other Landau parameters are not different from the D1 Landau parameters and can 
be found in (GP77). 

4· Conclusion 

We presented a complete and detailed derivation of Landau parameters for 
an interaction involving density dependent finite range terms. Complications arise 
from the rearrangement terms which cannot be neglected in order to fulfil sum rules. 
Previous calculations of Landau parameters for finite range density dependent inter
actions were done for the simplified Seyler-Blanchard interaction with no exchange 
terms [RD92]. These parameters are currently used to constraint our future interac
tion to fulfil the sum rules and to avoid instabilities in nuclear matter. 
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