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Rho-omega Dlixing and the Nolen-Schiffer anomaly 

in relativistic nuclear models 

L. A. Barreiro, A. P. Caleao and C. Krein 

Instituto de Ffsica Teorica - Universidade Estadual Paulista 

Rua Pamplona 14.1, OHO!)-900 Sao Paulo, 5P, Brazil 

Abstract 

Wp calculall' within thl' frallH'work of relativistic nuckar models the conlribu­

tion of tIle po - w mixing intPfaftion to the binding pner~' diffPfenfPs of tllp mirror 

nudei in the neighborhood of 1\=16 and A=40. We usp t.wo relativist.k llIodf'ls for 

ttll' nuc!c'ar strudllrp, onl' with scalar and Vl'cl.or Woods-Saxon potentials, and trw 

Wa!ecka 1II0del. TIll' f/l - w intNa.dion is tH'al.c'd in first order !H'rtllrhatioll tlll'ory. 

Whpl! nsill/1; thl' Walefka modl'l thl' p- and W-IIUc!POII couplin~  constants arl' th{' 

sallie fill' (alcnlatill~ hound statl' wav{' functions alld thl' pNtllrbation dill' to tl)(' 

lIlixill/1;. WI' find that thl' rclativistk results 011 thl' aVf'ra/1;1' arl' of t.!I1' salllp orciN 

as t!ll' onl's obtaillpcl with nonrplativistic falrnlal.ions. 

Introdllction 

The Nolen-Schiffer allomaly (NSA) is fill' persist.ent dis!Tepallcy ht'!wf'c'lI eXlwl illWIlf. illld 

convelltiollal nllclear theory for t.he billding elll~rgy  diffcITIIC('s of lIIirror 11 IIC h-i [I) [2]. 

FrolH the studies along the last 2:' years on t.he sllbje~d, t.11l'r<' clIlergcd a wiclt-spread 

consensus that the anomaly can event.llally he explaillcd by t.he' cbarge synlllletry violatioll 

in the fIIlcleon-nucleon force [3J. In particular, class III (pp-nll) alld class IV (pn) I,lj 

charge symmetry breakin~  (CSA) forces can affect fhe binding ('m'r~'y  diffcfC'Ill'f'S of mirror 

lIuc!e'i 1:'1. IlIlhis rOIlt.c'xt, BllIndell ilnd Iqllal [hI (HI) perforJIJ('d il syste'lIli1tic lIlId clC'lililc'd 

calculatioll of hilJ(ling Plll'r~y diff('J'(,IlCl'S of mirror 11I1r/ei in t.l1(' rall~e of A=-11 t.o A=,11. 

In their calculat.ion, HI employed CSB lIucleoll-nllcleoll pot.elltials derivcd frolll pI' - W 

alld Jlo - 11 lIJixill.e;~ and illrllHlPd t.he· dff'('f.S of t hI' 1J('IIt.roll-prutoll IIlass diffl'll'lIn' ill the 

one- and t.wo·-pion exchange potentials. WithilJ the framework of a Schrudinger equation 

calculation, using harmonic oscillator bound··state wave fUDctions, BI concluded that CSB 

effects can resolve a large fraction of the anomaly. Moreover, their calculation showed 

that the pO-w mixing effect gives by far the most important contributiolJ. In a subsequent 

calculation, Miller [7J ohtained a larger effect than BI by using a new experimental value 

for the mixing parameter, which is larger than the one used by 81. 

In this letter we calculat.e within the framework of two relativistic nuclear models 

the contribution of the pO - w mixing interaction to the bindin~  energy differences of the 

mirror nuclei in t.he neighborhood of A=16 and A=40. Both the nuclear structure and the 

mixing amplitude are treater; relativistically. Relativistic models based on the original 

Walecka model [8J have heen very successful in describing several nuclear properties and 

t.1J(' study of CSB effeds in the \(mtext of sllch lJIodds is all int.eresting IJ('W application. 

The only pllblisheo calculation of billding energy differences of minor nuclei using a 

reiat.ivistic nllclPar modd is the Of\(' by Nl.'djadi alld Rook (Nil) [9]. In their ca.lculation 

til(' nuclear structure is dcscribed in a single-particlc approximatioll ill terms of the Dira.c 

equation with scalar and vector 'Nooos-Saxon potentials. The only CSB effeds taken 

into account were the ones of the electromaglletic force. Here we calculate the binding 

energy differences employing the NR and Walecka models, both supplemented with the 

pO-w mixing interaction. In the Walecka model wc include the 1r, rr, w, p, and the photon 

fiPlds. In both models pO - w mixing is tr<'at.ed in first order perturbation tlwory. In an 

earlier publication [IOJ, the Walecka model was employeo to calculate the contribution of 

the pO - w rnixin~ interact.ion to the neutron-proton self-energies in nuclear matter. The 

CSB effect found there is of the right sign and about the ri~ht  lJIa~nitl1dc  of the anomaly 

in a large nucleus. Til{' use of the Walecka model wit.h the po - w mixing is particularly 

int.eresting because of the coupling coherence, i.e., the 90 allel gw couplin~ constants 

appearillg ill til(' fUllel.'l.llwntal La~rallgia.n an' tllf' sanl(' for t.he' nllcll'ill' structure and til(' 

CSH int.eraction. This is Ilot t.he case for the NH IlIode'l, wlle'J'(' till' lIudl'ar st.mellll'<' has 

110 clircct collnection wilh tl)(' CSB interaction. 

We start. with t.he NH model. III t.his model, t.he nuclear structure is deserihed by thf' 
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single-particle Dirac equation with spherical mean fields: 

{-ia· V + W(r) +,8 [M - U.(r) - ia· VV(r)]} u'Ai) = EaUo(i) , ( I ) 

where U,(7') is a scalar potential, and the potentials W(r) ami V(r') are given hy: 

I
W(7') = lJlJ (7') + 2'(1 +T3)Ve(r) , (2) 

V(r) = [~( I + T3) + ~ ~I - T3)] V, (1') (3)
2M 2 2M 2 e, 

Uv(r) is a vector potential and Ve (7') is tlw Coulomb potential. The tcrm ii· VV(r), 

which is due to the anomalous magnetic moments of the proton and the neutron, was not 

included in the Dirac equation of Rd. [9]. The index 0' = {a, m} = {n, K, m, i} indicatt's 

the usual quantum numbers of energy (n), Dirac (1i:), total angular momentum projection 

(m) and isospin projection (i). In the NR model, the scalar and vector potentials 11. and 

Uv are parametrized in terms of Woods-Saxon forms: 

v.. 
1 = v, s . (4)(1i(r) = I+e(r-R,l/a, ' 

The parameters \ti, Ri , and ai are adjusted to give the best fit to the single-particles 

levels of the nuclei of interest. 

The single-particle spinors Ue.. (i) are written as usually: 

I ( iGMt<l>"m ) (t , 
Uo(i) =;. -FnKt~-"m U» 

where K. is the Di~ac  quantum number given in terms of the total angular momentum as 

I
j=IKI-2, (6) 

and 

~"m = In.,n.2: (Im,!m.ll!jm}}/mt(lhh)ems , (7) 
2 2 

with 

and ~m.  and (I are respectively Pauli spin and isospin spinors. 

The components G and F are solutions of the following set of coupled first order 

equations: 

d ~ dV(7')) ,
dr - ;:- + -d-;:- Fn..t(r) + [EI&I<t - W(r') - M + U.(1·)] (11&1<1(") = 0 , (8)( 

d K dV(r)) ,
dr + ;:- -~ GI&I<t(r) - [En"t - W + M - U.(r)] fll"t(") = 0 . (9)( 

We solved these coupled Dirac equations in two ways: (I) directly, using the lIH'thod 

of Rd. [II], and (2) hy transforming the two first order equations into a second order 

Schr()dillger equivalellt equation as in Ref. [9]. Both methods gave the same results. We 

fixed the parameters of the Woods-Saxon potentials to get the best fit to the single­

part.ide energies and T.1Il.S. chargt' radii; these art': 

V. = -473 ..5 MeV, R. = 3.9 fm, a. = 0.6 fm, 
( 10) 

VlJo = :198.5 Mt'V, R" = 3.9 fm, 11" = 0.6 fm. 

for 160, and 

V. = --457.2 MeV, R. = 3.95 fm, a. = 0.8 fm, 
(II) 

VlJo = 378.5 MeV, RIJ = 3.9.5 fm, alJ = 0.8 fm. 

for ~oCa. For Ve (7') we used the same of Nedjadi and Rook, namely the Coulomb potential 

corresponding to a uniformly charged sphere of radius Re = 1.25A 1/3 fm. The results for 

the single··particle energies, (a = Ea - M, and Lm.S. charge radii are shown in Table I 

below. The corresponding experimental values shown in column Exp for 16 0 art' taken 

from Ref. [12] and the ones for 4
0 Ca are taken from Ref. [13]. 

The other model we use for the nuclear structure is the one originally introduct'd by 

Walecka [8], supplemented by the rr- and p-meson and photon fields. We also include 

the tensor couplings of the photon and vector mesons. The Lagrangian density of the 

model is gi ven by: 

K ~ > 0 
I­

{
. -(K + I) K < 0 , 
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£ = if, {1' [iii" - 9wW ' - !::.15Toii"" - 9,Top' - e~(1  +',)A'] - (M - 9.1»} '" 
1 ( 1 2 1+ - a.. 4>al'-I. - m 2¢2) + - (a 1r·a" 1r - m 1r' 1r) - -F FI'''2 ~ 'P ~  . 2 I' " '1 1'''� 

GIJ" ") 1 (1 B 2�!2 (!cJ IJ" - 2 - 2" 2" Il//' HI''' - 772 p p ,,·pIJ)2 nl·Ww"W 

.1 1\,,1' , ··1 , ,. .1 1\" , - 1 1
lJ'"2('2Mr""V'"2(1 + T3h'-y 1/' -1"2('2M 1'lwV'2"(I- T.lh -y 

I) 

11' 

. 1 K w r, - 'L' . 1 K p 'j - L"
'2 9w 2M('IWV'-Y' ''l 1/' - ''29P 2M lJ~,,1/'T:I')J  "I V'� 

(' Ip" 1\ B"" + 1r 1\ (iY'1r + gnrr 1\ p")L~ A" + LpO_w , (12)� 

where, V', All, 4>, rr, Wi', and pi' are respectively the nucleon, photon, scalar-isoscalar, 

pseudoscalar-isovedor, vedor-isoscalar and veetor-isoveetor nlf'son fields, and FIJI', (;IJ", 

and B'll' are t.h(' vector fidd tensors dt~fined  in the usual way, F'w = (-}I';1" - i)" A" I 

Gil" = allV" .- a"VIJ, BIJ" = a'lp" - iJ"p". The r/) -w mixing Lagrangian density Lpo_ w 

can he writ.ten as: 

LpO. w = Aw" p~ I ( I:~) 

where A == -2m p < wlHlpo >, is the po-w mixing parameter. 

We solve tlw model in the Hart.rce-Fock approximation fl4]. However, helow we 

present the lIartree formulae only because till' cOlllplete expressions wit.h the Fock terllls 

are too lengthy to he present.ed ill this If'tier; t.he complete f'xprt'ssions will be pn·sf'nt.ed 

elsewhere. The coupled first ord~r  equations for the upper and lower 1"0I1lpOl)('nt.s F and 

G are the same 'as in Eqs. (R,9), and t.IH' poteutials Wand V are now ,givcn hy: 

W(r) 9wwo(r) + 9p;3PO(7') ° + t:'2"(1 I + T1)A o(7') , (1'1) 

Kp (I + ;3) Kn (1 - ;3)] Kw K p 0V(r) e [ 2M --2- + Ud -2- 110(1') + 9w2Mwo(7') -+ 9P2M T1PO(7') . 

(I,,)) 

The potentials 4>0(7'), WO(I'), pg(I'), and ;1()(7') arc' not. giwn "xf."rJlal fundions, hilt. an' 

determilwd self- consist.ently. Th"y CI.r(' ,e;iven hy int.q?;rals ovpr tIl(' nuc!"on SOl\f('f' t.ertlIS, 

which dC'peud on the F and (,' fllnet.ions. Ikcaus(' of t.h~  tensor l"ollplill,!!;S, the soun'(' 

terms for the vector fields are modified as compared to the usual ones 18}; they are given 

by: 

00 ilS 2
wo{r) = 9w 1 dr' r 12 ~(r, 7.'; m w) E(2 ~21) { [I Grucl{r') 12 + I FnICI{r') 1} 

o nICI 47rr 

2K~{-2)d~,IGnKI{r')FnKI{r')]}' (16) 

i rcpg(I') = - 9p [Xl dr' r'2 ~(7·.  7.'; 7Tl. p)E(2 ~21) 21 { [I GnKI (I.') 12 + Il'~'KI{r') 12] 
·0 nKI '1llT 

K p ' .- 2M (-2) dr'd I(;nKI(r )FnK,{r), ]} , ( 17) 

and 

2Ao(r) = e1''''' dr' rl2~(7.,r';0)~  (2iK~21){ [I GnK ,{7.') 12 + I F"Kt(r') 1] (! + t)
o nKI 411'r 2 

KnKp (1 ) (1)] d , , ]}
[ 2M \"2 + t + 2M "2 -- t (-2) dr' IGnKt(r )FnKI(r ) (18) 

where ~(7',  7", m) is loll(' Green's function 

~(I·,7·',nlj) = -_I-sinh(111.jr<)exp(-7Tl.i7'», ( 19) 
772jrr' 

with r> (rd being the greatest (smallest) between rand r'. 

The parameters of the model are the masses and the coupling constants. For the 

pion parameters we take the ones used in the Bonn potentiaIIUj]. The parameters of the 

ot.lwr mesons are usually chosen to adjust the saturation properties of nuclear matter f16}. 

Although the single-part.icle levels and r.m.s. charge radii for both 160 and 40Ca nuclei 

with such a set. of parameters conlf' out in reasonahle accord with the experimental 

values [16}, we preferreo to readjust the parameters to get the best fit of the spectra 

and radii. We used the following set of parameters: 9~  = 113.6, 9~  = 19,'}.2 for 160 and 

9; = 11.5.8, 9~ = 201.1 for 40Ca and 9~  = 16.3 for both nuclei. The final results for the 

binding energy differences arc not affected by this readjustment in a significant way. For 

t.he anoma.lous couplings we uSf'd "'p = 1.79, K n :;": --1.91, K w = -0.12, and I\.p = :~.7. 

The results are shown in Tahle 2. Columns Hand HF are respectiwly the Hartree and 

lIartree-Fock results. In hoth columns the t.ensor cOllplin,e;s have hCf'n Iwgleded. Column 

!) 6 



presents the Hartree result including the tensor couplings. From this column one sees 

hat the effect of the tensor couplings on the binding energies is not significant. One 

,]so notices that there is no significant difference between the Hartree and Hartree-Fock 

The next step is to evaluate ';. first order perturbation theory the effect of the pO - W 

ixing interaction on the binding energy differences. The binding energy difference 

Ibetween two mirror nuclei can he written as: 

!!"E = Eo(A ± p) - Eo(A ± n) , (20) 

where Eo(A ± p) and Eo( A ± 71) are respectively the ground-state energies of nuclei wit.h 

A nucleons plus (minus) one proton and A nucleons plus (minus) one neutron. We are 

interested in the contribution from the po - W mixing interaction to !!"E. In first order 

this is: 

!!"Epw == < A ± plHpwlA ± p> - < A ± nlHpwlA ± n> 
A 

± E «alJIHpw lnlJ > - <nnillpwlnu» (21 ) 
0=1 

where the perturbation IIpw is, from Eq. (I:J), given by 

l/pw = Jd3 x 'Hpw = -,X Jd3 x : wl'(x)p~(x) : , (22) 

and IA ± p> and IA ± n > are the ground state nuclei. 

tiE".., requires evaluation of two-nucleon mat.rix elements of the type < ~1Jlllpwl~1J > 

where {, '1=P, n. First, we write the solutions for the WI' and p~  fields in terms of the 

nucleon densities as 

WI'(x) = Ja'y D;II(x - y) [9w¢(Y hlltP(y) + 2~~ o.\tP(y )(J.\IIV,(y)] , (23) 

4p~(x)  =Jd y D~II(x - y) [9p~(YhIlT31!'(Y) + ;~a.\~(y)a.\L·T3tP(Y)] • (24) 

where the D:
1I 

and D:
1I 

are the Green's functions of respectively the wand po field 

equations. 

Neglecting antiparticles, the nucleon field operator can be expanded as: 

tP(x) = EU.(x)e-iEoxoAo, (25) 
o 

where Act (Al) is the nucleon annihilation (creation) operator, and Uo(x) are given in 

Eq. (5 l. Then, substituting Eqs. (23,24) in Eq. (22) and using for the nucleon field 

operator the expansion above, we ohtain for li pw the following expression: 

4 

IIpw -'x-Jd:l.r d4 yJ d k 
m~ - m; (2'11-)2 

[Dw (k) _ 
1'" 

[)P(kl] f,ik.(r-
y 

) 
1'" 

x E ei(t.,-t 6 )YO [Uo(x) (9w')'l' + i 1K~  k.\o-,\jJ) U/l(X)) 
o{3-.,6 

x [U-.,(y) (.qp')'l1 +i2K~~~.\a\lI) T1U6(Yl) A!A~A5A{j. (26) 

One can perform the integral OVl'r over Yo ann ko to obtain: 

3 
'x9p9w J:l .1 J d k III pw - 2 2 d.r d y -'-3 [ LJI'II(l{J -- l,n k) - D,JlI (f/1 - f,n k) 

m w - nip (21r) 

x e-ik.(X-y) E {[U,,(xhl'U/J(x)) [11-.,(YhIlU5 (Y)] 
o{3-.,fJ 

K w h p 2 [ ~ 0 ] [ - 0 )+ 2M 2M (t{3 - t,.,) Uo(x)o- "U{3(X) U-t(Y)(J T.1UfJ(Y)II 

- 2K~ 2it k'k~)  [U,,(X)o-i/JUfl(X)] [U-.,(y)aJl'T3U5(Y)] 

- i;~  ki [l1o (xhI'U,J(x)] [U-.,(Y)(JiIl T.1UfJ(Y)) 

i ;~ ki [Uo(x)ai/JU/l(x)) [U-"(Y)"(T3U5(Y))} A1A~AfJA/j.  (27) 

The integrations over d3 k and the angles of x and Y can be done analytically. The 

resulting expressions, with all the tensor couplings included, are very lenghty and not 

very instructive. For illust.rative purposes we present the results with the tensor couplings 

dropped ( the numerical results of Table 2 do include their effects). These can be written 

in terms of two functions I o {3-y6(7', r /) and Jofl-.,fJ(r, r /), which result from integrals of terms 

respectively proportional to [f)lf)tJl [f)tf)6) and [f)luf)Il1· [f)tuf)d· They are given by: 

lc>,hfJ(r,7.') = _1_ E(21 + 1)( _1)mo-m,B+ioh.,+Iat /..,+1 [1(W)(r r /) - l(p) (r r/))
21r2 I 0{3/' a~'  



I 1160 
X t(21", + 1)(2j{3 + 1)(21"1 + 1)(2j6 + 1)P (1",010 11",1l{30) (1",010 11"1 ) 

X (1m", _ mf3jf3m{3lljpj",mo)(lm", - m{3ism6 \lj6j"lm-y)� 

X J I", j", ~)  J 1"1 i., ~), (28)� 

1j{3 1{3 1 1jh Is 1 

and 
3, '[;(2/ + 1)(_I ji+'+l+mo -m,+jd'+;,-" 1/;,;/,(r, r') - I~J,( r, r')] 

J",,'1"1s(r, r') 
11" j,1 

X t(21 + 1)(21.., + \)(2ip + 1)(2)s + \)}1/2 (/('1010 I 'olliJO) (l..,OIO II"lll~O) 

n 

x (2j + 1)(jm m
- TTl.i3iam(J 1 jjllj"Tn",)(j - rna + mll.is 6 I jj6i..,m ... ) 

n 

x \ I; I; :\\II I; :\. (29) 

)0 J~  J 1"1)~ J 

where 
(i) (:~O) 

(i) ( ') _ rrpnf3 rh(I)(. (i) ')h(1)(' (i) .') + h(I)(' (.) . )h{2)(' (i) . )1
offl r, r _ --1- t I 71100' I 1P,,(l' I zp",(lr." ./ 'pol,7 < ' 

I 

with 
(i) rl ( )21'i 

1 

. (' )Pnl3==tm (i) - (o--tIJ ,z==w,p. JI 

What remains is a douhle int.egral over Ixl == rand Iyl = 1" which has to b(' done 

numericallY: 
_ . ~g~w2  J(IT- d1.' L lC;n(1·)GI3(1·)lmh li (1·.,· ' )G"I(1-')(;,d

r/ 
) 

lI PlJ In.., m. ,,(hlip 

+ G('I(r )G(l(r)/n (l-"l-Ii(l', J.') f'''I( r')G~(l.') 

+ f'o( r )fiJ( 7') I_o-{hli( r, r')G"I( l")(:S (1") 

+ Go(r) FfJ(r).J,,-lh-li(r, r')G-y(r')f'1i(7-') 

_ G",(r)F (r)J,,-f3--yt;(r. r')F~(r')(;6(r') 

13 

F'c.(r )G(l(1').1_nlh-li(r, ,·')G (1.') F~(r') 

+ Fer(r)G iJ(r)J_,-.(l--yli (1',1.') F (r')(;~( ,.') 

+ F (,.) 1'0(7' )/_n-fJ- ... -d 1',1.') F-y(r') f'~(r')l  a
(12) 

T"I DTf\,TJ f,T"T~  AiA~AIiA(l  , 

9 

where -'0' = {n, -K, m, t J. 
Table 3 summarizes t.he results. Columns DME a.nd SklI are the calculations of 

the NSA of Sato (17]. Column BI are the results of Blunden and Iqbal, as rescaled by 

Miller {7] to take into account the present value of the mixing. Column NR presents the 

reslllts obtained with the Nedjadi-Rook wave functions, and columns H, HF, aud T a.re 

the results obtained Ilsing the different approximations to the Walecka model (see Table 

2). In the Table, only t.hosp levels which are bound are presented. We Ilsed for the mixing 

parameter the value>. = -4500 MeV2 
• The masses and coupling constants of the p and 

the w mesons used in calculating l::1 p.... are the ones of the Bonn potential [15] in the case 

of the NR model. whereas for the Walecka modd we have usco the sa.rIlf' values used in 

tlJP calculation of the bound-state functions. 

Both the Nedjadi-Rook and Walecka models give similar rpsults. One notices two 

main features of the relativistic results: (I) they a.re of the same order, with a tendency 

of being on the average larger, than the nonrelativistic results of B1unden and Iqbal, and 

(2) t.he P3/2 value is larger than the PI/2 one for A = 15 nudells, contrary to the HI result. 

and to what is required to elimina.te the anomaly. This last effect can be due to the 

corp polarization; the missing nucleon can induce a large deformation of the strong scalar 

and vector fields. This is heing investigated in the framework of a deformed mean ftdd 

'lpproximation in HIP W·alecka. morlel [18]. 

An important issue that is being discussC'd in the literature lately is the off-sbell 

variation of the pO - (",' lllixing amplitude [19]. In tIll' calcula.tiolll~  in this paper, and in 

others involvin11; CSB NN processes 13], one a..<;Slll1leS that < lllJ Iw > is wC'akly momentUlJl 

dependent and Ilses the value extracted at t.he w pole frqm data on e+ c- - p, w - 11"+ 11"-. 

However, while ill the NN processes the exchanged mesons have spacelike momeutum, 

in the e+e- processes they have t.imelike momentullJ. All of tlw studies in Ref. [19] 

predicted a significant \lI0!lWntulll dependence for < pUIJllw > and a \lod£' ncar or at the 

origin (ql == 0). The il1lplicatioll[; of this is that tIlP contriblltion of t.he mixillg for the 

CSB component of NN force is very small alld its importanre to the NSA is significantly 

diminished. Although this is still controversial, as disClJssed hy Miller and van Oers in 

10 
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, recent review {20J, the diminishing of the rl - w mixing contribution might require 
[10) G. Krein, D.P. Menezes and M. Nielsf~f1, Phys. Lett. B 294 (1992) 7. 

lew eSB effects for explaining the NSA. One class of effects that has received some 

/J JIe.J. 1I0row; tz, D. P. Mil rdoeli, alld B.D. Sero', COlli P11 tal ;011.' NIIdear PI,y,ic, I, 

lttention lately is the one related to possible changes of the U-, d-quark condensates in 

ed. K. Langanke, .l.A. Maruhll, S.E. Koonill (Springer Verlag, 199.1). 

medium [21]. 

Future investigations involve the study of core polarization effects 1I8J, which might 
[12J D. Vautherin e n.M. Brink, PllYS. Rev. C (1972) 626. 

be important in presence of deformed strong scalar and vector mean fields, and the effects 

lI:lJ L. Ray t' P.E. Hodgson, Phys. Rev. C 20 (1979) 240.1. 

of the change of quark condensates in medium [21} in conjunction with the pO -w mixing. 

The use of a deformed mean field approach will allow a complete study of all mirror nuclei [1.1 J
Il.F. RoerslJla e R. Malf1iet, Phys. Rev. C 49, 1495 (1994). 

and other analog states. [1.'>1 H. Machleidt, Adv. Nne!. Phys. 19, (19R9) IR9. 

This work was partially supported hy eN Pq. [l6] C..1. Horowitz and B.D. Serot, NucJ.Phys. A .168 (1981) 503. 

II7} II. Sato, Nucl.Phys. A 269 (1976) 378. 
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Table I: Sin~le-partjclPf'llergips (ill MpV) and r.llI.s. charp;f' radii (in fl!l) for tIl(' Nedjadi­

Rook model. The tipper (Iow!'r) part is for HiD ('\Oea). 

NR Exp 

p n p II 
~------~  

1$1/2 -38.241 -4V)l5 -40.± R 

-18.2~n -22.211 -18.4 -21.8 

IPI/2 -11.'108 -1!).~W:J -12.1 -I r,. 7 

-I.o:m -4.'11'1 -0.6 -1.17 

11h/2 

Ids/2 

2s t / 2 0.000 -3.5:11 -0.1 -3.27 
----- f---. 

(r 2)1/2 2.65 2.()O 2.73 
C~;=c 

I.~  1/2 -46.402 -.)·1.47:3 -48.;"i±5.0 

-30.6.'Pi -:18.322 -:~6.0±3.0Ip3/2 

·26.rIO'\ -:31.192 ·:31.5±3.5 

Id~/2  - j."l.'ii'il .22. 70~) IG.Ul~.() 

1PI/2 

2s 1/2 -10.224 -17.268 -12.0±1.0 -18.1 

Id:>'/2 -9.347 -16.505 -8.5±2.0 -1.,.6 

Ih/2 -1.661 -8.279 -1.4 -8.36 

(r~)  1/2 3.46 3.:39 3.49 ­

Table 2: Single-particlf' energies (in MeV) and r.nl.s. rharp;e radii (in fm) for t.lIP Walecka 

model. The upper (lower) part is for IGO ('loCa). 

--r--' 

H HF T Exp 

p n p n p n p n 

1."1/2 -39.251 -43.493 -39.187 -13.429 -39.132 -4:L55:J -40.±8 ­

Ip3/2 -18.464 -22.379 -18.433 -22.349 -18.271 -22.409 -18.4 -21.8 

-9.792 -13.586 -9.786 -1:1.570 -9.[)43 -1:1..557 -12.1 -1.5.7~P1/2 

Id5 / 2 -1.l27 -4.651 -1.121 -4.643 -0.869 -4.621 -0.6 -1.17 
.-----­

(,.2) 1/2 _.2.687 2.658 2.691 2.659 2.692 2.6.59 2.73 

Isl/2 -51.160 -[)9.535 -51.076 -59.447 -50.904 -59.644 -48.5±5.0 

Ip.1/2 -34.78'; -42.791 -34.6:n -42.639 -34.'129 -42.886 -:36.0±3.0 

IPI/2 -28.735 -36.763 -28.606 -36.73~  -28.:109 -36.801 -31.5±3.5 -­

I (1.~/2  -18.497 -26.125 -18.:366 -26.084 ·18.001 -26.181 -16.0±2.0 ­

2s t/2 -9.045 -16.478 -9.008 -16.344 ·8.760 -16.121 -12.0± 1.0 -18.1 

Id3 /2 -8.8:36 -IEl.957 -8.705 -1,1.828 -8.105 -15.930 -8.5±2.0 -15.6 

1/7/2 -3.169 -10.350 -3.003 -10.:J62 -2.441 -10.374 -- -8.36 

(r 2 )1/2 3.45 3.39 :3.47 3.40 3.43, 3.39 3.49 -­

n 14 



..� 

Table :3: 6.Epw (keV) 

Required CSB l-w 
-­

A State DME SkII BI NR H HF T 

15 Ip;/2 25C 190 182 191 20R 209 209 

Ip~/2 380 290 227 188 203 204 204 

17 Ids/2 300 190 131 168 166 166 166 

39 2 -I 
SI/2 370 270 290 220 2:12 232 232 

Id;/2 540 430 281 336 335 :3:l6 :l37 

41 117/2 440 350 175 268 260 261 262 

If} 


