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Damping mechanisms of theA resonance in nuclei
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The damping mechanisms of tig1232 resonance in nuclei are studied by analyzing the quasifree decay
reactions °C(#*, 7" p)'B and >C(Het="p)''B and the D emission reactions’C(=*,pp)'%B and
12C(®Hetpp)!%B. The coincidence cross sections are calculated within the framework of the isobar-hole
model. It is found that the 2 emission process induced by the decay ofaheesonance in the nucleus can be
consistently described by aw+p+g’ model for the A+N—N+N decay interaction.
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PACS numbgs): 21.30.Fe, 14.20.Gk, 25.55.Kr, 25.80.Hp

I. INTRODUCTION In the present paper we apply thehole model of Refs.
Recently, new information on th(1232) propagation in [8,11] t.o the calculation of the Qamping of the collective pion
. . mode in the nucleus. The major decay channels are the co-

the nucleus has been obtained from a coherent pion dec%rent ion d : o

_ N o i pion decay, the quasifree decay, and {herission.
experimen{1,2] and from a p,n) spin-flip tr%nsfer SXPETl while various calculations for the coherent pion decay were
ment [3,4]. In the first experiment the“C(*Hefn")*C  ,plished already in Ref$8,11,12,16,17we give here the
ground-stateg.s) reacyoiwas used to measure the ISOVECyagults for the quasifreen(* p) decay and the 2 emission.
tor spin-longitudinal & -qT) response function in thd  Since the coupling interaction for the quasifree decay is
resonance region. In the second experiment the spin obserknown we can use this process to study the distortion effects
ables of the ﬁ,ﬁ) reaction were used to decompose theon the outgoing pion and proton wave functions. For the
charge exchange cross section in theesonance region into 2p emission process we assumeré p+g’ interaction. We
its spin-longitudinal(LO) and spin-transverséTR) compo-  show that the p emission in thed resonance energy region
nents. Similar to ther-nucleus total cross-section d4f-8]  is dominated by the zero-range Landau-Migdal interaction,
the LO cross sections of both reactions show a substantidiie strength of which can be exctracted from the data. Both
downward energy shift of tha resonance in nuclei, as com- the pion induced reactions and the charge exchange reactions
pared to the proton target. From a consistartole model ~ are well reproduced by calculations with a Landau-Migdal
analysis of pion and photon scattering, and charge exchandi@rameter in the range gf,~0.25-0.35.
reactiong8—11] it is found that a large part of the observed
shift is due to a nuclear medium effect on the LO response
function. The medium effect is caused by the strongly attrac- | this section we describe thie-hole model used in the
tive, energy-dependemt-particle—nucleon-hole residual in- analysis of the experimental data. The formalism and the
teraction Vynan. In Refs. [8-12 it was shown that methods of calculation were presented already in recent pa-
Van,an €an be well described by the+p+g’ model([13],  pers[8,11]. In the present paper we discuss only those for-

and references therginThe strong attraction of the ex-  mulas which are connected with the quasifree decay and the
change in the LO channel produces a collective pion mode atp emission.

excitation energies of-250 MeV in the laboratory frame.
The collectivity shifts the LO response function down in
energy by 60 MeV relative to the spin-transver&x@T) We start our formulation by writing down the fivefold
response function. Other, smaller effects come fiornon-  differential cross section for the charge exchange reaction
version processes, such&bl—N+N [9,10], and from pro- A+a—(B+A)+b—C+c+d+b in the LAB frame

II. THEORY

A. The excitation processes

jectile excitation[14,15. (EA=Ma, pa=0)
|
d°c 11 mgm,memgme
dEpdQydEdQcdQy  (2m)° |5, Ea Ep Ec Eq Ec
PuELPEcP4ELE
S W

X
|(Ma+ @ee—Ec) = (Eq/Pa) (PaCOHag— PpCOSpg— PcCOHeq)|
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Here A (B+A) anda (b) denote the targefexcited inter-  where|p) is the doorway state excited initially by the reac-
mediate nucleysand projectile(ejectile), respectively. The tion. The Green’s functiorG describes the propagation of
B+ A system de-excites to the residual nucldyg) by the (B+A) system and is approximated by that of the
emission of the particles andd which carry four-momenta isobar-hole mode]18-21. I'y(w) is the energy-dependent

(E. ,50) and Egq 15d)1 respectivelym; stands for the mass of free decay width of the, Hg is th_e H_amiltonian of the hole
particle i (i=A,C,a,b,c,d) and (wc.e.,ac.e) denotes the NucleusB, T, andU, are the kinetic energy operator and

four-momentum transfer in the excitation process. In casd'€ A-nucleus one-body potential, respectively, angh an
that one of the outgoing particles is a bos@ng., in the IS the A-hole residual interaction. For the calculation of

quasifree decaythe according normalization factM/E has | %) We use the same input parameters as used in featsi].

to be replaced by 1. The full four body kinematics in the The Pauli blocking effects are assumed to be included in the
final reaction channel is included. averageA-nucleus one-body potential, which we fixed by
reanalyzing the relevant scattering d@fg6]. We refer the

The transition amplitudd; for the decay process is de-
P fi yP reader for more details to Refi8,11].

fined as :
For charge exchange reactions the doorway $jgtenas
Tri=(@c [ de(Pe) da(Pa) | Veaal ), (20  the explicit form[11]
where V4, denotes theA decay interaction that will be |pce)=(xb " @ultunnal X5 a®a), (4)

specified later.¢.(p.) and ¢4(py) are the distorted wave

functions of the outgoing particlesandd, respectively, and wherex{") andx{* denote the projectile and ejectile dis-
oc is the wave function of the residual nucleus. The indextorted wave functions, respectively, agq and ¢, are the
(A) indicates that in case of thepZmission the wave func- corresponding intrinsic wave functions of the projectie
tions of the two outgoing identical fermions have to be anti-and ejectileb; |¢,) describes the target ground-state wave
symmetrized. The wave functidw) describes the interme- function. The effectiveNN— NA transition operator for the

diateB+ A system and is defined Kyt 1] charge exchange process is denotedtfjyns . The round
bra (| on the right side of Eq4) denotes the integration with
_ _ 1 respect to the projectile coordinates only.
|0 =Clp)=——F pop =T U= lp), ion i : inci i
w+ila2—Hg—Ty—Ux—Vanan For pion induced reactions the coincidence cross section

3 in the LAB frame is threefold differential

d3c _ 1 1 1 Mg Mg M PEcPJEJEC D T,
dE.dQ.dQq (277)5 |5rel| 2w, E¢ Eq Ec [(Ma+ @,—Ec) = (Eq/Pg)(PaCO¥ag— PcCOLc)| e

©)

where (wfrrrd)q'r) is the four momentum of the incident pion. from elastic pion scattering in th& resonance region. The

Now the doorway state has the foifi] explicit formulas for the quasifree decay of theare given
in Appendix A.
‘ In case of the®®C(=",pp)i°B and >C(®*Hetpp) 1B re-
_lmNA - 2 iq, T i he interaction for the proceAst N—N+N is de-
_ .§hTTeitnr , 6 act!ons t p
lpa) m, (@7 SHT,e% o) C scribed by ar+p+g’ model[13],

. _ Vopa(@',q)=V.(0',q)+V (0',q)+Vs, (8
whereS" andT" are the spin and isospin transition operators, Pp4 q a . a °
respectively, that convert a nucleon intoA#1232 isobar. ~ With

The coupling constarit.y, is fixed from pion-nucleon scat-

f_nnf e s o
tering data and has the valué,,/47=0.324. The index Vy=ho— Mg (09-S1) (75 To). 9)
v==*1 distinguishes between™ scattering. e

In Eq. (8), o’ andq’ are the energy and three-momentum
B. The decay interactions transfer involved in the interactiod + N—N+N, respec-
In case of the?C(a* 7" p)1B and 2C(Hetn* p) B tively. The interactionV; is the so-called Landau-Migdal

: \ ! . term. It describes the short-range correlations for
reactions the decay interactith,, of Eq. (2) is represented A+N—N+ N transitions. The special value for the Landau-

by Migdal parametegy,=1/3 (in units ofhcfﬂNNfﬁNA/mf,%
fnas - 800 MeV fm®) is known as the “minimaly},” because it
Vo, A=r7;—8-q;TM. (7) cancels out the attractive short-range part of the

m-exchange potentidlL3].
The - and p-exchange potentialé,. andV, are defined
Note that this interaction has no free parameter and is knownonsistently with the potentials for the residual interaction:
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FIG. 1. Schematic representation of the @mission induced by m_g L e L B m e e s
the decay of the\: (a) direct graph,(b) exchange graph. 40 60 80 100 120 140 130 150 200 220 240
T, (MeV)
2_.2\2
V(0 3= fannf WNA/ AZ—mz 1 (Zoc FIG. 2. Triple differential cross section of the
7T(w q ) c 2 2 ’ ’ 7. ..02°(Q ) 1 + 11 . . .
m, \ ALt t'—m_+ie C(=*,p7*)'B reaction at given pion and proton angle plotted
.. L versus the kinetic energy of the decay proton. The data have been
X(S1:q")(15-Ty), (10 taken from Ref[27]. The dashed curve shows the result without
inclusion of the residual interactiodf,y n While the dot-dashed
. f anf NA/AZ_mZ 2 1 curve shows the result with the inclusion Wy an. The solid
V,(0',q")=fc —r \ Apz_t,p P——— curve shows the result with additional inclusion of the distortion
m, P m,Tle effect on the decay pion and proton wave functions.
X(02Xq")-(S:%Xq")(712-Ta). (11

Furthermore, our calculations treat the distortion effects
v o 22 on the incoming and outgoing particles in the adequate
In the Egs. (100 and (11), t'=w'"—q'" is the four-  fameworks. In the pion induced reaction the distortion of
momentum transfer in the decay process, andA . (M, the incoming pion is treated within the isobar hole model
A,) are the mass and cutoff mass of thgp), respectively.  while the distortion of the decay pion and protons is de-
The various parameters are fixed as followsigeriped by optical model wave functior@5,26. In the
fannt ana/4m=0.162,f ,unf na/47=8.32,m;=0.14 GeV,  (34et) charge exchange reaction the projectile and ejectile
m,=0.77 GeV,A ;=1.20 GeV, and\ ,=2 GeV. and the decay particles are described by optical model wave

~ As a consequence of the Pauli principle the wave funcynctions, whereas tha propagation through the nucleus is
tions of the two outgoing protons have to be annsymme—again treated within the isobar-hole model.

trized. This leads to two contributions to thg Zmission
process, namely the direct and the exchange teee Fig.
1). The antisymmetrization has to be carried out only for the
finite-range - and p-exchange potentials. The Landau- In Fig. 2 we compare the results of our calculations for
Migdal term is a zero-range interaction and has not to behe *C(7*,pm*) 1B reaction to the data of Reff27] at the
antisymmetrized. This treatment of thet N—N+ N inter-  pion kinetic energy off .=245 MeV. In the experiment the
action is in line with microscopic nuclear structure calcula-angles of the outgoing proton and pion were fixed at
tions [22,23 and microscopicG-Matrix calculations[24].  6,=37.5° andg,=—130°, respectively, in coplanar geom-
Therefore the Landau-Migdal parametgy, extracted from etry. The threefold differential cross section is plotted versus
the 2p emission reactions can be directly compared with thehe kinetic energy of the outgoing proton. Three different
values found in these calculatiof22—24. The explicit for-  calculations are compared to the data. The dashed curve
mulas for the » emission process induced by the decay ofshows the result of our calculations with\y sn=0 while
the A in the nucleus are derived in Appendix B. the dot-dashed curve shows the result withy ,n#0. By
comparison of both curves one recognizes that the inclusion
of the residual interaction reduces the quasifree decay cross
section by a factor of-4. This reduction is due to the ab-
With the formalism described in Sec. Il we have calcu-sorption taking place in the multiple scattering of the pion. A
lated cross sections for the quasifree decay reacsimilar reduction factor is also observed in the total pion-
tions ’C(#*, 7w p)'B and *C(®*Hetn*p)''B and the nucleus cross sectiof8]. The solid curve shows the result
2p  emission  reactions C(x",pp)'®B and with additional inclusion of the distortion effect on the out-
2C(Hetpp)'°B. While the pion induced reactions are going proton and pion wave functions. The distortion effect
truely exclusive with the decay particles measured in coincifeads to a further reduction of the cross section by a factor of
dence at given energies and angles the decay cross section8. We describe the relative motion of the decay particles
of the charge exchange reaction have been integrated ovemath respect to the residual nucleus by optical model wave
certain kinematical range, as determined by the geometry dfinctions. This is a consistent method within the framework
the DIOGENE detectof1,2]. Therefore the integrated cross of direct nuclear reaction theory and has been used in the
sections for tHe}) induced processes are in a way less ex-analysis of other reactions, like Afe’pp). For the calcula-
clusive than the pion induced reactions and show only théion of the proton and pion wave functions we used the op-
gross features of the process. tical potential parameters, as derived from elastic proton-

A. The reaction *C(#*,pm*)''B

Ill. RESULTS AND DISCUSSION
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FIG. 3. Double differential cross section of the FiG. 4. Threefold differential cross section of the
“C(m*,pp)'®B reaction. The angle of proton 1 is fixed at 12c(;* pp)%B reaction. The two protons were detected at
0,1=130°. The cross section is plotted versus the angle of proton 29p1:82.5° andg,2= —70°, respectively. The cross section is plot-
The data have been taken from Ref28,29. The dashed curve teq as function of the kinetic energy of proton 1. The data have been
shows the result witV yy sn=0 while the dot-dashed curve shows taken from Refs[28,29]. The curves shown have the same meaning
the result withV,y An#0. The solid curve shows the result with a5 in Fig. 3. Note that the data are given in arbitrary units and are
additional inclusion of the distortion of the decay protons. thus normalized to the solid curve.

nucleus[25] and elastic pion-nucleus scatterif@f]. Using  sion reactiond 30,31 many competing processes are pos-
these optical model wave functions we overestimate the alsible and the Landau-Migdal parametgy, can only be ex-
sorption and thus obtain a lower limit for the tracted in an indirect way.

2C(7*,pm™)MB cross section. A comparison of the solid  In Fig. 4 we study the same reaction as in Fig. 3; here the
curve with the data shows that we underestimate the data liwo protons were detected @,1=82.5° andfp2=—70°,
~10-20 %. This is in agreement with our expectation andand the cross section is plotted as function of the kinetic
assures us that our treatment of the distortion effects is reanergy of proton 1. The curves shown have the same mean-
sonable. In the following calculations we will use the sameing as in Fig. 3. Note that the data are given in arbitrary

model for the description of the distortion effects on the out-units. Thus the data are normalized to the solid curve. The
going particles. inclusion of the residual interaction and the inclusion of the

distortion effects reduces the magnitude again by a factor of

~4 and~ 2, respectively. The dependence of the cross sec-

tion on the kinetic energy of the proton 1 is reproduced well.
In Fig. 3 we show the results for th&C(m",pp)'®  The slight deviation of the calculated cross section from the

cross section al . = 165 MeV. The experiment was per- data at low kinetic energies could indicate that the treatment

formed in coplanar geometry with the angle of proton 1 fixedof the distortion on the outgoing nucleons should be im-

at 6,1=130°. The threefold differential cross section is plot- proved for these energies.

ted versus the angle of proton 2. The dashed curve shows the

result of our calculation with/,y ,n=0 while the dashed- C. The reaction ?C(®Hetpn™)

dotted curve shows the result with\ an# 0. The inclusion

of the multiple scattering of the pion in the medium results

again in a reduction of the cross section by a factor-ef.

The solid curve shows the result with additional inclusion of

B. The reaction Y?C(z*,pp) 1B

In Fig. 5@ we compare our results for the
C(®Hetp™) reaction with the data of Henniret al.[2].
The data are integrated over the kinematically allowed pion

the distortion effect on the outgoing proton wave functions.2d Proton energies as well as pion and proton angles. The

This leads to a further reduction of the cross section by £°lid curve shows our calculation with inclusion of the re-
factor of ~2. The calculations shown here were performeds'Idual Interaction/ s an and V\.”th inclusion of the distortion
with a minimal Landau-Migdal parametep,=1/3 in the effgcts on the o_utgplng_partlcles. We see no effect of the
2p emission matrix element, which gives a very good agree_resujual interaction in this energy and angl_e mtegrated_ Cross
: ; section, i.e., the cross sections with and without inclusion of
ment with the data[28]. Neglection of the #- and v are the same. This is an indication that the*
p-exchange potentials in the decay interaction leads to al- ANAN 7= S
most the same results. Thus the Landau-Migdal term is thgvents in this reaction come only from the nuclear surface.
most important ingredient to th& + N— N+ N interaction.
This is a consequence of the large momentum and energy
transfer involved in théd + N— N+ N decay process leading In Fig. 5(b) we compare our microscopically calculated
to a very short-ranged interaction. We remark that the deter!?C(®Hetpp) coincidence spectra with the data of Hennino
mination of thegy, parameter in the#*,pp) reaction is etal. [2]. The data are integrated over the phase space of
rather direct since this reaction is dominated by the intermeboth outgoing protons. Two calculations are compared to the
diate A™* excitation. On the other hand, in case of thedata: The solid curve shows the result withy »n7 0 while

12C(x*,pn)19%C reaction[29] or photon induced @ emis-  the dashed curve shows the result Wity sn=0. In both

D. The reaction *’C(®He tpp)
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0.100 e APPENDIX A: EXPLICIT FORMULAS
FOR THE QUASIFREE DECAY
12C( Het p1v) (0 Q
0080 L gy I In this appendix we derive the explicit formulas for the
% o transition amplitude of the quasifree decay. Inserting the de-
= %% 6,°0 7 cay interactiorV, , of Eq.(7) into Eq.(2) one can write the
- transition amplitude in the following way:
O 0.040- ]
~
= 1 fona
0.0204 T ZV I o3 ™ S 7
E qu:<Jth’qp§mSlq’ﬂ m_Sqqu,u > (Al)
N’ m
o-ooc T T T T L] T T T L]
3 0.1404 .

0.120- i Here J|, and M|, represent the total angular momentum and
© " the magnetic quantum number of the fi@-1)-nucleus;
c 0.100- . >, , . L

d, andmg are the three-momentum and the spin projection
O 00807 i of the outgoing protonﬁ; is the three-momentum of the
? 0.060+ 7 outgoing pion. We expand the wave functio#) of the
C\I_O 0.040- . A-hole state in terms of the channel wave functiphs]
0.0204 4
O‘OOC T ¥ L] T T T T T T . = i i i . .
0 50 100 150 200 250 300 350 400 450 500 LY a®hljm) m%ﬁh (Famaf oMol i Mo [Yj g, P, )
@ (MeV) (A2)

FIG. 5. Coincidence spectra for the’C(°*Hef) reac- whereY;  is the spin-angle wave function of the and
tion at Tye=2 GeV and triton scattering angle=0°. (& The @, s the hole wave function of nucleus B. Thus we ob-
12C(3Hetpm*) data[2] in comparison with the result of our cal- ,_‘h™h
culation. (b) The **C(®Hetpp) reaction datd2]. The solid and tain [11]
dashed curve show the results with and without inclusion of the
residual interaction, respectively.

1
)= 2 2 PO Y s Prlim).  (A3)

cases the distortion effects are taken into account. In order
to reproduce the magnitude of the experimental data we used

a Landau-Migdal parameter afy,=0.28. This value is |, gq. (A3) N, denotes the total number of allowédhole
consistent with that found in t.hep(ﬂpp) reactions of Figs.  states. The radial wave function is then given by the inver-
3 and 4. Both values fogy, lie in the range from 0.25 - gjon of Eq.(A3):

0.35 and are thus in agreement with values of the Landau-

Migdal parameter found in microscopi@-matrix calcula- (] me
tions [24]. n O =r(YaPp]jm ) (A4)

IV. SUMMARY . .
The wave functions of the decay nucleon and the outgoing

In conclusion, we have presented microscopic calculapion are also expanded in multipoles:
tions for the quasifree decay of thk resonance and the
2p emission in nuclei induced by pion absorption and by

charge exchange reactions. These calculations are performed |d' ml)=4mx 2 2 i'oy (q r
o - p2 Ip\Hp
within the framework of thel-hole model and are consistent oM fpMp
with our former calculations of inclusive and exclusive reac- A
tions on nuclei. Since the coupling interaction for the quasi- X(lpmy %mé|jpmp)Y|* m (q"))
p p

free decay is known we use this process to study the distor-

tion effects on the outgoing pion and proton wave functions. -

In the 2p emissign grgactions pwe describe the XY, (N @ xazeljgmy, (A5)
A+N—N+N decay interaction by ar+p+g’ model,

which is consistent with our description of the residual inter- . R R

action. We find that thet + N—N+N decay interaction is Ay =4m > i'mx (AL0DYF (G m (T), (A6)
dominated by the zero-range Landau-Migdal term. The data LM i i

for both the ¢r*,pp) reaction and the3Hetpp) reaction

are well reproduced by calculations with a Landau- Mlgdalwherex| andy; denote the distorted radial wave functions

parameter in the range g@f,~0.25-0.35. of the outgomg proton and pion, respectively. Using the ex-
pansion of Eq(A3) for the wave function¢) and using the
expansions of EqgA5) and (A6) for the outgoing nucleon

This work is supported in part by the U.S. Department ofand pion wave functions we can rewrite the transition ampli-
Energy under Contract No. DE-FG05-84-ER40145. tudes for the quasifree decay of theas
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N
\ 3faNa oy Zpn s ., P -,
To=> 2 837 iy oM/ m, IE > 2 2w m—WIIAH’T lpJAIAIiYIpm|p(qp)(_l)J“ Y m (A7)

jtmt Ah pmlp jpmp Irrj‘nm‘rr

Y
Jp

N| =

X(jAmAjhmh“tmt)(jAmAjw_mv-r“pmp)< ¢ (1,01,0[1,0)(1,,010]] 70)(Ipm|p% mg|j pmp)

ia

.
N w

Llﬂ' 1 j7TJ

%Lk 7 30 [ dr(agnx (apr o (@0, (A7)

In Eq. (A7) the Clebsch-Gordan coefficient mng@TA) describes the isospin coupling coefficient of the decay process and
X=12x+1.

APPENDIX B: EXPLICIT FORMULAS FOR THE 2 p EMISSION

Here we show the explicit formulas for thegZmission processes. Due to the antisymmetrization of the two outgoing
protons the transition amplitude for thg Zmission consists of the sum of the direct and exchange transition amplitudes. As
a consequence of the arguments given in Sec. 1IB we have to antisymmetrize onty #imel p-exchange interactions. The
transition amplitude is given bgsee Fig. 1

T2N:<Jr,1Ml’1;[d),;l%m;lia;,2%mé2]A|Vpp,A|¢> (B1)

1

V2

((IM1:2IV 4V, + Vol ) = (ItM; 2,1V 4V [ 4)). (B2)

In Egs. (B1) and (B2) J;, and M|, represent the total angular momentum and the magnetic quantum number of the final

(A—2)—nucleus;(ﬁ;1 and m; (6;2, m.) are the three-momentum and the spin projection of the outgoing prot(®), 1
respectively. Using the expansion of E&3) for the wave functior]) and the multipole expansion of the nucleon wave
functions of Eq.(A5) we can write the matrix element for the direct decay graph in the following way:

EAMELAVs =SS S S S S S S S S 264

Jtme Ah |p1m|p1 jptmpt Ipzm|p2 jp2mp2 J'r/]zTrqz JpMp J1d3 4l

Xi |l+|2—|p1—|pz+|r’]2+|A( _ 1)J1+J2—jt( _ 1)JZ+MZjijgjpjrﬁmszﬁpﬁﬂlizmzu
X (1M peMpel JpM p) (FpM p MM Yy (G2) 1 omy (G2)

X(l plMmy pl %mél“ plmpl)(l pzmlpz %mé2|1 pzmpz)W(JZj plj thiiads)

rl L) rl ! )
j pl J|,11 Ji Pt 2 ot p? 2 Jp?
’ . . 3 , 1 ,
X (1120150[1520)(1,0140[1 20){ jp2  Jpz2 J2p 4 L 2 s > < I = il >
2 2
o In
(1 1 J3) Ul 1 J2)
X(—+3 é 1mi E 1 E’ 1
( )m:_l ms3 7yt 57A m27'h2 2 Tp2

’ ’ j+my)
XJ dr2r§¢nr’12[|}’12(1/2)]j”12(rz))(lpz(qurz)J drlrlv|l,|2,32(rl’r2)X|p1(qp1rl)¢EJAlhm)t(rl)' (B3)
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Here ‘ﬁ”ﬁz['ﬁz(l’z)“éz denotes the radial hole wave function with quantum numbgps,.j;.. The nonlocal potential
v|1,,2,J2(r1,r2) is the sum of the central and tensor part of the decay interat32in

V1, 1,3,(T1,72) = =478 3,81, 3,V (11,12) +4m\6(—1)%21115(1,01,0[2 00W(111151;3,2)V[ | 5 (r1,r5).  (BA)

For the direct matrix elemer‘thC2 andV,T1’,2’J2 are the multipole expanded central and tensor pané.efV,+V ;[32]; for the
exchange matrix element they are the multipole expanded central and tensor payts \gf .
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