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Abstract : 

We investigate the modification of the Gamow-Teller sum rule brought in by 

nucleonic excitations. The general trend of the data is well reproduced. The 

value of the force which mixes nucleonic and nuclear excitations is discussed. 

One of the most striking aspects of the recent detailed exploration of the 

Gamow-Teller resonances is the systematic observation that the summed 

axial vector strength is appreciably lower than that expected from the 

Gamow-Teller (GT) sum rule . The latter is obtained under the assump

tion of additivity of the free nucléon coupling g a T* (g. = 1.25) to the 

axial current ; indeed simple Pauli matrix algebra gives then : 

I K H l ^ W w>f-L\<«iLM%)z?;\o>\=(«-z)Ql (i) 

In principle, both-the positively and negatively charged branches have to 

be measured ; in a nucleus with positive neutron excess however, equation (1) 

gives already a lower limit for the a & strength which is the quantity ac -

cessible through (p, n) reactions and Pauli blocking rapidly suppresses the v 

branch as (N-Z) increases. 
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Thus, if one assumes that no part of the strength has escaped detection, 
a reduction such as that observed in a wide range of nuclei is strongly sugges
tive of the intervention of new degrees of freedom. The latter can be achie-

(2) ved through the now popular Lorentz-Lorentz (L-L) effect* which embodies 
the coupling between nuclear and nucleonic degrees of freedom (in particular 
the A isobar) through short range spin-isospin force. However the origin of 
the quenching is stiil controversial and other mechanisms are possible . 

There could also be strength at higher energy which has escaped detection up 
(4) 

to now . It should however be clear that the strength under discussion re
fers only to the difference between ^ and B branches and not to the indi
vidual ones. In fact it i s certain that there is G-T strength at high energy 
even without A excitation but a large part of it cancels out in the diffe -
rence of eq. (1). 

There is no question that the nucleonic excitations produce a certain 
amount of quenching. How much exactly i s still under debate. It depends on 
the magnitude of the force which mixes nucleonic and nuclear excitations. If 
one accepts the Lorentz-Lorenz interpretation one can turn the argument 
around and obtain informations on this force from the quenching of g . In 
this letter we show that the sum rule (1) is in this respect more favourable 
than specific transitions. Indeed surface effects generally tend to compensate 

the reduction of g , as was immediately realized from the first suggestion 
2a 7) of the LL quenching ' , This had in fact hampered the recognition of the 

existence of such a quenching in the standard calculations of the meson ex -
(8) change currents . The first experimental indication came from a detailed 

(9) analysis of data on mirror transitions . 

While the surface terms are important for many individual transitions, 
we will show that in the CT sum they are negligible leaving intact the L.L 
quenching. Our formalism is based on the incorporation of the nucleonic ex
citations through the axial polarizability. This formalism which was used in 

A preliminary account of our results has been given in ref. 6. 
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our original suggestion of the 1..L quenching has been applied also to treat the 

modifications of the pion field in the nuclear medium . This is practically 

equivalent to an RPA treatment of the A h excitations, which requires lengthy 

computations for the sum rule whereas our method i s very economical. The 

main difference between our approach and that of the RPA is the neglect of 

the transition energies (static limit) and the use of closure for the A h states 

(which makes the polarizability to be local in x-space). It is then more conve

nient to work in x-space. 

Nevertheless in a first stage and as an illustration we will work with the 

isobar-hole model which describes the microscopic content of the nucléon po

larizability . We define several Landau-Migdal parameters g ' M M , 

g' , and g ' , , for the interaction at zero transfer between the various nu-

cleon-hole and isobar-hole excitations. The LL quenching is easily derived 

for infinite nuclear matter. In RPA the NN and A N polarisation pro

pagators, it (q-0,u>) and It (q=0, IU) are related to the bare quantities IT 

by the following equations 

ii' . it-•«-££*-n-iVji 
J L ' TAJ * "**& 

« C , T1N (2) 

which have the solution 

In the low energy region of nuclear excitations where Im n = 0 and the 

real part is a smooth function of «u , Re II (tu) = It .the response ar ises on

ly from the second term of (3) and can be cast in the form 



/ 

The first factor in eq. (4) represents the LL quenching (n < 0 ) of the GT 
strength. It involves the mixing force between N and A, g' . and the ef
fective Ah polarization propagator n which depends also on g ' . . . It i s 
thus clear that the most important Landau-Migdal parameter is g ' N . b u t 

the role of g' should not be ignored. 

Going now to x-space, we introduce the axial nuclear polarizability « 
in the standard notation of mesic atoms : e» (x) = - —— IT . In our local 

A Ou 
approximation n is proportionnai to the nuclear density. Hence 
or (x) = 4 n c P (x) where c (il)=o) represents the p-wave pion-nucleon am-o o 
plitude for zero energy pions. According to eq. (4) we define the effective po-

*v cy (x) + 
larizability a (x) = ' / . .. The axial current A" (x) undergoes then a 
local renormalization which embodies the LL quenching : 

A A 

The sum rule (1) i s then simply modified to the following ground state expec
tation value, defining thus an effective axial coupling constant g : 

with p (x) and p (x), the neutron and proton density of the nucleus. Thus the 
" I f ~ 

evaluation of g . simply follows from the knowledge of the quantity g ' N A

a ' (x) 
and conversely. 
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We now introduce the surface terms which can invalidate the simple 

relation (6) : in order to illustrate how they arise we notice that in the ex -

pression (5) of the axial current we have not yet incorporated as we should 

the pion pole piece (i-e the pseudoscalar term) which writes in free space 

fn £. V <p{x, x.) where <p (x, x.) are the individual pion fields radiated by the 

nucléon located at x.. With this form there would be no contribution in the 

GT limit q -• o. However in nuclei the polarization effects invalidate this 

expression. On order to satisfy the constraints of PCAC the pion pole piece 

has to be renormalized and becomes f̂  (1 + a (x))E. V<p (x, x.). In this 

case a contribution in v« (x) survives at q = o in finite systems, giving rise 

to the surface term. This is equivalent in (he RPA scheme to adding the one 

pion exchange force to the Landau-Migdal piece in the p-h interaction. 

In our approach we evaluate the exact expression of the axial current, 

including surface terms from PCAC and the Goldberger-Treiman relation : 

fa <M A* f*> lo> = *fc0 J | - ̂  <*l $*(S)I«> 

where * (q) is the total pion field * (q) = s . <p(q, x.). The GT sum rule is 

then expressed as 

£i<*i A;Mo>f- L i<wiAĵ i<?>f = a - ^ ^ <dcéw,***• ( 7 ) 

One checks easily that in a description limited to nucléon degrees of freedom 
i fJ'y *y *y _t 

* - (q) = "jr~~ ? °-(%J '3, + "V J c i - a n d t b e '• b- *• o l e a . - (7) becomes 

(N-Z) g£ , which is the original GT sum rule. The individual pion fields 

obey the following Klein-Gordon equation 

^ r ^ a ^ . 7 * * i 7 ^ ^ ^ - - ^ f ï x i ç ^ - ^ ^ ? J (s) 
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We have solved numerically the equation (8). using the multipole expan-
, (12) sion 

After Fourier transforming, the commutator on the r. !.. a. of eq, (7) becomes 

The only surviving terms are 3=1, L=0 and 2 corresponding to allowed GT 
transitions. Therefore the effective coupling constant becomes : 

In order to prove the smallness of the surface corrections we have compared 
the exact value of (g. ) given in eq. (11) with the approximate value of 
eq. (6) where surface effects are ignored. We have used proton and neutron 
densities with a Fermi profile for a ser ies of nuclei covering the whole range 
of atomic numbers (a modified gaussian shape has been preferred for the 
lighthest case A = 14). The result of the comparison is displayed in fig. 1 

2 
which gives the quenching factor of g as a function of the nucléon number 
A. Here we have assumed g* = g'„ = 0. 6. The surface terms only bring 
in a small reduction of the quenching effect : with their introduction the quan
tity ( g . ) / g A is increased by only 0. 03 to 0. 06 from heavy to light nuclei. 

Assuming that the observed quenching can be entirely attributed to the 
LL.< mechanism we can extract from it informations on the mixing forces. 
The two quantities g' and g' govern the quenching together with the p 

wave amplitude c . In most treatments this amplitude is taken to arise en-
° (13) 

tirely from 4 excitations. However this quantity i s known from 



extrapolations ' of the T N amplitude c = 0. 19 m n" and other excita
tions than the A do contribute (the A alone gives a contribution ranging from 
0.12 to 0. 15 m,, ). Hence the mixing interactions g ' . and g' are effec
tive forces which should not be strictly interpreted as referring to the A alo
ne. In order to extract g ' N A we can make two different assumptions : 

i) Take c = 0. 19 m_" . In addition, assume universality g' . = g ' . , , 
O ~ No ^ o 

as is often done but is questionable. 
ii) Use the informations provided by the " mesic data which supply 

the effective polarizability at the pion threshold energy Of (m = m n ) to infer 
our « (iu=o). There is in principle an uncertainty associated with this proce
dure since the densities explored in the " mesic data (o M 0. 7 0 ) and 
in the GT sum rule (where all densities are explored) are not identical. Ho
wever this uncertainty is unimportant for the accuracy that we need here. 
Thus we take the « mesic atom result 9 (ou = m n ) = 4 " c (<u = m ) p with 
~ -3 ° 
c *• 0. 21 m n . We apply to this expression a mild energy extrapolation 

suggested by the comparison between the bare quantities c : c (u> = m ) = 

0. 22 m " and c («u = 0) = 0. 19 m_~ . We have used then : 
TT O " 

<*(u) = 0) = 4 T t c ((v=0)p with c (w=0) = 0. 18ra„ 
O O IT 

The two procedures lead to different valeus of g ' M , but similar fits to 
the experiments-These are represented in fig. 2. The observed A dependence 
is well reproduced. Notice that the nuclear matter limits are not reached, 
even in the heaviest nuclei. The reason is that the surface nucléons are prac
tically not subject to renormalization. The corresponding values of g '„ A 

are : 

* This procedure incorporates the contribution to the nuclear polarizability 
arising from the 2p2h excitations, provided it extrapolates smoothly at tv = o. 
Its role has been emphasized recently 
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i) in the first procedure g' . = 0.6 for the upper curve and g' = 0 . 8 

for the second one. 

ii) in the second procedure the corresponding values are smaller 

g' = 0 . 4 and 0.5 respectively. 

The second Bet of values are not for from those of ref. (18). However 
(10) 

larger values have recently been evaluated which are more compatible 

with the first set. 

To summarize we have shown that the GT sum rule can be appreciably 
quenched even in light nuclei and we have obtained a good fit to the experi -
mental trend. The condition is that the mixing interaction between the nu -
cleon-hole and isobar-hole states is of sufficient magnitude. We have shown 
however that its exact value cannot be unambiguously determined. The rea
son is that it is sensitive to the force which mixes isobar-hole states among 
themselves. With two different assumptions, the values of g'„ . derived 

from the experimental quenching can differ by as much as 0. 2-0. 3. As it is 
* 

the mixing with N excitations stands as a good candidate to explain at least 

part of the observed quenching. 



Figure captions 

Fig. I : The full curve represents the complete calculation of the quenching 

factor of g including pion exchange whereas the dashed one displays only 

the pure Lorentz-Lorenz effect (one has taken g' • g' , . = 0.6), 
NO ÛÛ 

Fig. 2 : The calculated quenching factors are compared to experiments. 

The full curves are obtained following the "universality" procedure (i. e. 

g'»T« = g 1 . . ) f o r g' = 0. 6 (upper curve) and 0. 8 (lower curve), Th* dashed 

curves use information from n - mesic atoms data and correspond to 

g' = 0 . 4 (upper) and 0. S (lower). The arrows mark the nuclear matter l i -
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