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ABSTRACT 

I describe how two different modes of chiral symmetry can be 
seen in nuclei. In particular, it is shown that the nuclear axial 
charge or more precisely the 0 + •»->- 0~, AT=1 transition at zero mo
mentum transfer probes the nuclear configuration wherein the axial 
charge g A is effectively enhanced in nuclear medium due to soft 
pions, symptomatic of the Goldstone realization of chiral symmetry 
in the medium while the Gamow-Teller resonances probe the configu
ration wherein soft pions are no longer operative, suggesting an 
approach toward the Wigner realization of chiral symmetry. Using 
the celebrated Adler-Weisberger relation, it is argued that the 
observed ~ 50 % quenching of the Gamow-Teller strength reflects 
the possibility that the Gamow-Teller operator sees the quarks in
side the bag, blind to the Goldstone vacuum outside. Some implica
tions on chiral phase transitions are also discussed. 

I. INTRODUCTION 

The recent experimental developments on nuclear axial charges 
and giant Gamow-Teller resonances bring into focus the interplay 
of chiral symmetry in nuclear many-body system and highlights some 
fascinating aspect of nuclear structure that is now emerging as 
one begins to understand better the underlying theory of strong 
interactions, namely QCD'. In this talk, I would like to discuss 
in a unified way how to correlate the experimental observations 
t 
Invited talk given at the International Conference on Spin Excita
tions in Nuclei, Telluride, Colorado (March 25-27, 1982) 



with what is now believed to be a complex structure of the vacuum 
wherein nuclear matter provides a convenient laboratory with con
trolled conditions. 

The crux of the matter is the question : what is a nucleus in 
the quark-gluon picture of QCD ? Nobody knows the answer. But I 
claim that we have some beginning of understanding at least in one 
aspect of QCD, namely chiral symmetry. In hadrons made up of up 
(u) and down (d) quarks whose current masses are nearly zero, there 
is an almost perfect global symmetry SU(2) xSU(2) called chirality: 
strictly zero mass quarks conserve their helicity in their equation 
of motion. Thus the QCD Lagrangian for the u and d quarks is almost 
invariant under this symmetry transformation. [For convenience, let 
us forget the tiny masses (known approximately to be n^w 4 MeV, 
iDçjR»? MeV) whenever no ambiguity arises]. The vacuum, on the other 
hand, is known to break this symmetry, presumably due to strong 
coupling which induces quark-antiquark pair condensation, as a con
sequence of which zero-energy Goldstone bosons are excited. Nature 
confirms this picture, the relic of the Goldstone bosons being the 
triplet of pions TT±,TT°. Thus in nature, chiral symmetry is realized 
in the Goldstone mode rather than in the alternative mode, Wigner— 
Weyl mode. If QCD is to be a correct theory, this feature must form 
an ingredient as essential as quark confinement. At the moment, 
nobody has a very clear idea how one can de/U.i/e these two features 
but there is no reason to doubt them either. The sensible thing to 
do at least for the moment seems to assume them and see how well 
things fit in. 

A phenomenological way of looking at a hadron is to consider 
it as a bubble in a complex medium or simply as a bag2. The bag 
may be visualized as a means of confining quarks and ^luons, but 
it also delineates the inside and outside of the bag as two regions 
of chiral symmetry realization. Inside it is in a Wigner mode rea
lized with zero mass spin 1/2 objects (spin > 3/2 cannot be zero 
mass) ; outside it is in a Goldstone mode realized with zero mass 
scalar mesons, e.g., pions. Classically pions do not penetrate into 
the inside region though fluctuations of the same quantum number 
will occur and propagate as qq pairs. Is the confinement size the 
same as the size of the Wigner bubble ? Probably no'j as I will 
argue later on. 

What is the order parameter for the two regions if considered 
as two phases in statistical mechanics ? It is actually <tyty>, but 
for our discussion, the relevant quantity will be the axial-vector 
coupling constant g.. It is well known-* that because of pions, 
g^f 1 in the Goldstone mode (experimentally ~ 1.26), while in the 
Wigner mode g A = g v =» 1. 

What is a nucleus in this picture ? It seems reasonable to 
consider it as a collection of bags. If the bag size is not too 
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big, then those bags can be thought to be surrounded by the exact 
vacuum infested with Goldstone pions. Two nucléons in a nucleus 
must be in various configurations, namely those in Fig.l with appro
priate probabilities. The wave function is made up of linear combi
nations of these configurations. In what follows I will discuss 
how one can set a filter to iee the configuration I or the configu
ration II. The quantity g A will in principle tell us which configu
ration is observed. 

2. PROBING WITH E.M. AND WEAK CURRENTS 

When a nucleus réponds to a.current, say the vector current 
Vh or the axial-vector current Aj where \i is the Lorentz index and 
i the isospin index (i=l,2,3), the current samples all configura
tions with certain weights associated with their probabilities. 
The wave function should of course take care of the latter. In deve
loping the idea, I shall use the following which is well established 
in nuclear physics although its origin is not understood at all : 
that two nucléons feel a repulsive core at short distances. (Where 
does this repulsive core come from is an open question in nuclear 
physics, usually sought in quark-gluon dynamics^). As a consequence, 
two nucléons like to stay apart, given kinematical and symmetry 

• CD-O 
Fig. I. Configuration I where soft pions influence the nuclear 

response and configuration I I where soft pions "evaporate". 



conditions to allow them to do so. This phenomenon, usually refer
red to as short-range anticcrrelation, is assumed to play the role of 
a ^iXAM. to block the second configuration in Fig.2. 

Let me first present a qualitative argument to set the stage 
for the quantitative discussion to be made later. Consider two 
nucléons in interaction responding to the Current. The two nucléons, 
when not overlapping, are surrourded by the true vacuum infested 
with the Goldstone excitation (e.g. pions). I can then make an ex
pansion in terms of number of pions exchanged between the two which 
is equivalent to an expansion in terms of COn^iguACUtloni. This is 
quite similar to Weinberg's discussion of the ÏÏTT interaction in 
terras of a chiral Lagrangian , so I shall pattern my argument" after 
his, although our case is more complex and much less rigorous than 
his. In diagrams, the amplitude looks like Fig.2. I will generical-
ly designate a characteristic energy or momentum scale involved in 
the process by Q (in a nucleus, it is actually the three momentum 
carried by the pions). To make this expansion meaningful, Q should 
not be much larger than m^. Chiral symmetry arguments allow one to 
write** 

•Q-' N*)1»®-:-] • 

E n>2 
(a) 

Fig. 2. Chiral expansion of the amplitude (the cross indicating 
where the current acts) in terms of number of pions exchan
ged. The first term (a) gives the soft-pion limit; the rest 
corrections to the soft-pion limit. 



Here Z is the one soft-pion exchange term corresponding to 
Fig.2a, independent of Q, f r the pion decay constant and y the renor-
malization scale parameter needed to define loop diagrams. Beyond 
0,2 order, there are lots of other terms that come in, but the nice 
thing is that one can have some ideas on those higher order terms 
from quite general considerations, as Weinberg demonstrated for the 
im scattering^. 

Now the crucial assumption is that whenever the soft-pion term 
is kinematically allowed, it dominates over the higher Q^ terms, the 
reason behind this being that the short-range anti-correlation keeps 
those terms small. (So far this assumption has been checked to be 
valid in light nuclei by model calculations, though the fundamental 
mechanism is still to be discovered). Conversely whenever the Z 
term is suppressed kinematically or by symmetry, the non-soft-pion 
terms nted not be negligible. Furthermore processes not appearing 
in the chiral expansion (1) can contribute. This corresponds to 
filtering off of the soft-pion exchange configuration I, allowing 
the configuration II to manifest. 

Let us see how this argument works . For two bags (i.e. two 
nucléons) that are widely separated, the exchanged pion is soft, 
so the relevant vertex to concentrate on in Fig.2a is that one where 
the current is acting. There the current algebra^ gives the relevant 
matrix elements 

[V\QJ] = i e... A k 

\i A ijk y 
U\Q J'] = i €... V k 

y'^A îjk y 
(2) 

Here Q^ is the axial charge. Since nucléons in nuclei are non-rela-
tivistic, one can look at the space and time components of the cur
rents separately in non-relativistic limit and discovers that the 
two components behave quite differently : for the probes VJ, Ah 
(those appearing on the left-hand side of Eq.(2)), the vertex matrix 
elements have the properties : 

Vector 
current 

Axial vector 
current 

From,this follows our first conclusion : the Ml and the axial char
ges should sample primarily the soft-pion configuration I whereas 
the vector charge and the Gamow-Teller transition should "see" 
the short-range configuration II. 

y=0 (Charge) y=l,2,3 
0(P/M) 
Charge form factor 

0(1) 
Ml 

0(1) 
Axial charge 

0(P/M) 
Gamow-Teller 



3. "SEEING" SOFT PIONS 

I now discuss how this prediction fares with experiments. The 
well-known case where this argument works beautifully is the elec
tro-disintegration of deuterons with small energy transfer and large 
momentum transfer" (see Fig.3). This has been discassed extensively 
in recent conferences' so I will not repeat it. I will just say 
that it is rather surprising that soft pions survive up to a large 
momentum transfer. This indicates rather persuasively that pions do 
not evaporate until s all two-nucleon distances and if one argues 
on the basis of the two-phase nucléon picture discussed above, then 
the chiral bag must be considerably smaller than that implied by 
the usual hadronic size. 

A more recent exciting confirmation of our simple picture comes 
from the axial charges, <0~jAj|0+> or in general the matrix element 
<f|Aj|i>. This information can be accurately extracted from the mass-
12 triplets, since these nuclei have been thoroughly studied both 
experimentally and theoretically. The essential idea is to measure 
various angular correlations of the B~ decays and, supplemented 
with the l +-*0 + v(Ml) decay and p-capture processes, to separate 
out the time component. A detailed theoretical analysis has recently 
been done by Guichon and Saraour-' . They have been able to show a 
clear evidence of the soft-pion presence in both Ty and A 0 matrix 
elements. The results are summarized in Fig.4. 

The most convincing evidence comes from the axial charge 

<0"|Q^|0+> . (3) 

Suppose I write this quantity in terms of a single-particle charge 
operator Q* : 

<O'|Q A |O + > = n<o"|Q^ s < pJo+> . (4) 

One can easily calculate n. from the soft-pion term [i.e. Eq.(2) and 
Fig.2a] and the prediction was' 

1.4 < n < 1.6 (5) 

where the lower limit corresponds to light nuclei like 0 and the 
upper limit to the nuclear matcer. One notes the insensitive den
sity dependence and the extraordinarily large contribution from the 
soft-pion presence. One can express Eq.(4) in terms of an "effec
tive charge" g^ ; 

g J = H g A « 1.75-2 . (6) 
One can interpret this as saying that in the presence of soft pions, 



10 

da 
dQdo 

cm2 

Sr MeV 
n 

•3; 

10 1-35 

10 ,-36 

10 •37 

die e') np 
E„p=0-3 MeV 

IA • Soft Pion Terms 

Impulse 
Approx. 

10 
q 2 (fnr 2) 

15 20 

Fig. 3. Electro-disintegration of the deuteron. The data are from 
Saclay^ and the theoretical prediction with soft-pion 
corrections from Ref.l. 
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Fig. 4. Ensemble of the theoretical results normalized to the expe
rimental data for A=12 system. The quantities most sensiti
ve to the soft-pion influence are the gamma width Ty, and 
the angular correlation (a -+a +) of 8* decays. See Ref.10. 

the effective g A is znlxanczd. I will discuss the meaning of this 
enhanced gj more carefully later on. 

It now appears that this large enhancement is clearly pin
pointed in the process 

16 N(0 ,T=1) ,60(0+,T=0) + e" + v (7) 
Because of selection rules, the time component shows up significan
tly. Because of cancellations between the single-particle matrix 
elements, the two-body process with a soft-pion comes in with ven
geance. A model-independent prediction is that the decay rate Ag .. 
would be enhanced by a factor of more than three. Towner and Khanna , 
in a careful calculation, confirmed this expectation and predicted 
(using the force which they had constructed for understanding of 
Gamow-Teller transitions, see later) 

A? 1 =• 0.42 sec"1 (8) 



which was in agreement with the only data available then 

A = (0.43 ±0.10) sec"1 . (9) 

The recent beautiful re-measurement by Gagliardi, Garvey, Wrobel 
and Freedman'3 corroborated this result and provided a convincing 
case by further reducing the error bar 

A„ = (0.39 10.05) sec"1 . (10) 

The important point is that Ag is consistent with the inverse pro
cess, u-capture data and that if the soft pions were not present, 
the theory would undershoot the experiment by a factor of more than 
three. 

The Ml process (e+d -»- e'+n+p) and the axial charge provide a 
common information : that the soft-pion presence is iZZn. Further
more the 0~->-0+ g transition shows that the axial charge associated 
with non-relativistic nucléons is enhanced when i0^t-pion& conXfu.-
butz ; and totally blind to the quark degrees of freedom I 

One additional remark : consider PCAC, 

3 A*(x) » C (J)1 

U P 
If I take a matrix element between nuclear states i & f and inte
grate over the space, then 

The right-hand side is just the s-wave ïïfi vertex. Assuming that 
things extrapolate smoothly as required by PCAC, then the enhanced 
axial charge (i.e. the left-hand side) implies that the two-body 
contribution to the s-wave pion absorption is precisely (n -l) times 
the single-particle term or 40 to 60 7. increase. This should be a 
strong constraint on the models built to describe s-wave pion nu
clear interaction. 

4. FILTERING OFF SOFT PIONS 

Let me now turn to the situation where soft pions are (by 
kinematical constraints) screened. There is a dramatic change of 
physics in this case. As noted in section 2, the relevant obser
vables could be e.m. charge form factors of nuclei and Gamow-Teller 
transitions. Because of charge conservation, there cannot be multi-
body corrections to the charge and hence one has to look at form 
factors to uncover new degrees of freedom. Although there are nume
rous attempts to calculate mesonic corrections to charge form fac- . 
tors (all of which are model-dependent) in such light nuclei as 
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H and He, there is at present no reliable theory whatsoever*. 

We know very little of what sorts of physics are involved there. 
This remains an open problem. 

The situation with the Gamow-Teller transition is quite dif
ferent and in my opinion opens up an extremely interesting window 
to a new area of physics. The recent beautiful experimental results 
on the giant Gamow-Teller resonances'^ attest to this aspect. 

The specific feature that is relevant to my discussion is the 
quenched Gamow-Teller strength that Goodman talked about in this 
conference. In fact the quenching of the Gamow-Teller strength has 
rather a long history, so ^ather than describing the quenching argu
ment in detail which is now fairly well known, I shall summarize 
the main development and then discuss the quenching phenomenon in 
a new light, namely in terms of the chiral structure of the vacuum. 

As far as I know, Migdal was the first to propose calculating 
Gamow-Teller matrix elements in a way presaging the recent develop
ment, although he was not exactly on the right track. He assumed 
that the axial current matrix element for nuclear transitions i-*f 
can be written as 

e<f|A ± S' p-|i> • (11) 
~ so 

where A is the i-crtg£e-pcytt£c£e axial current operator, e the 
e^ecXive charge associated with the current Aj* and the nuclear 
states i and f are to be calculated with the (g') Landau-Migdal 
effective force'5. p o r the Gamow-Teller transitions, say 0 +(T=0) -*• 
1*(T=1), the relevant Landau-Migdal force is 

~ g'T. . x . a . . 0 . 6(r.-r.) . (12) 
6 o i j i j l j 

Migdal did not know how to calculate e. (since he did not think 
that e A was a conserved charge), so he simply assumed it to be the 
same as the «normalization of magnetic moments and set e^»0.9. 
This Migdal mechanism was then later invoked'^ to explain the fac
tor of more than two discrepancy between the usual shell-model 
calculation in RPA and the experiment (which was quenched) in the 
process u~ + '^0(0+) •* v y + '&N(2~,T=1) • I c w a s found'6 that with 
gQ = 0.5 and e A <, 0.9, the capture rate could be easily quenched by 
a factor of three or more : Here e A was still taken to be a para
meter < 1. The first attempt'? to calculate e A was made in 1970 in 
terss of soft-pion exchange currents. As we now know, this was not 
the right way to get the quenching and led instead to an enhancement. 
* 
Of course this does not prevent some people from calculating 
lots of Feynman diagrams without knowing what they are doing. 



Y = e A * 
1 

I+a 
with 

a _ 1 (* 
3 \9 f*2 0 

2 , 

(As denxmst rated in Sec.3, soTt pions are iC ZCMd for this pheno
menon) . 

18 Shortly afterwards, Wil&inscn showed by a careful analysis 
of allowed Gamow-Teller transitions that the axial vector coupling 
constant g A is systematically quenched by about 10 7, in light nuclei 
The understanding of this phenocenon came froa two independent de
velopments. The first was the proposal by M.Ericson and her collea-
gues'9 at Lyon that the g^ can be quenched in nuclei due to the 
Lorentz-Lorenz effect already known in pion-nuclear interaction. 
(The original derivation of the quenching y = g*^/g A was not quite 
right ; this was corrected in their later works). The second was 
the sictple description2^ of the Lorentz-Lorenz effect in teras of 
û-hole configurations where the i was created as "elementary" in 
Che sense that it has a chree-quark wave function that differs froa 
Che nucléon only in its spin-isospin content. The combination of 
Che two ideas led to the prediction-' (for uniform nuclear matter) 

(13) 

) ( 1 4 ) 

"TTK 2 

where f* is the ~Si coupling [(f*/f)~* 72/25 in constituent quark 
model, =2 in the Chew-Low model], p is the nuclear matter density, 
uj£=«300 MeV the A-N mass difference. 

The next step was then to realize that the classical Lorentz-
Lorenz factor 1/3 in Eq.(14) should be replaced by a Landau-Migdal 
parameter g' appropriate in the i-nucleon sector. The si niplest 
thing to do was to assume a universality-type relation^, namely 
chat 

g* ' g' * e' (15) 
Bo 6o *o 

when the Landau-Migd.il effective forces are parametrized as in 
Fig.5. The upshot of ail these is that Eq.(II) now reads 

eA (So> <'l* ± , , P*li> . (!6) 
*o 

with e A(gp given by Eq.(I3), but g' replacing the 1/3 factor in 
Eq.(l4). Thus the same g' is seen to govern the "effective charge" 
and the "effective matrix element". I must say that this is not 
universally Accepted. For instance, Migdal has argued that while 
g' 7s 0.5, both g' and g' are negligibly small. In face, he has set 
°0 & Q 
*As pointed out by several people (e.g. Meyer-ter-Vehn ), this led 
Migdal to predict pion condensation ar a too low nuclear density. 

http://Landau-Migd.il


Fig. 5. The Landau-Migdal interactions between N-hole and A-hole 
states. S and T are transition operators. 

Although they did not discuss this in the context of the Gamow-
Teller quenching, Brown, Weise, Backman, Oset and others^ were 
predating this development in their studies of pion condensation 
by calculating 

using Tr- and p-exchange mechanisms. Equation (15) was implicit in 
all their work**, ĝ  was found to be dominated by the p-exchange -
and the. cUiocÂaXtd \on.cz v&iij Ahoit-fiangod - with the numerical 
values ranging 

g' = 0.5 ~ 0.8 . (18) 

The A-hole interaction through the g^ force, appropriately 
modified for finite nuclei, was found to correctly describe the 
observed Gamow-Teller quenching in light nuclei25 a n d seems to ac
count for much of the missing strength in the Gamow-Teller resonan
ces"". This is roughly what had happened before ; anything further 

• * * 

This i s a n a t u r a l consequence of the TT- and p-exchange mechanism. 
See Ref .26 . 



is the subject of this topical meeting. 

Let me now turn to a novel interpretation of the Gamow-Teller 
quenching. I am sure that there will be a lot of calculations in 
various different approximations which will support or refute the 
mechanism based on the A-hole configuration and the g' force. The 
controversy is bound to last for some time. Here I am going to pre
sent another argument, a more fundamental one, whv the quenching 
mechanism and the magnitude of the quenching must be correct. 

The amount of quenching that we are talking about is (in heavy 
nuclei or nuclear matter) 

e A»0.70 (19) 

or 

g f f « e A g A « 0 . 8 8 . (20) 

Note that this is considerably smaller than the soft-pion-modified 
quantity gjj, Eq.(6). We will return to the relation between the 
two later. 

I am going to make somewhat sweeping assumptions to simplify 
the matter enormously. I will assume that the quenching arises 
when two or more nucléons interact at a very short distance (in the 
meson-exchange language, g Q comes from the p-exchange), in fact 
when the bagi oveAZap. In other words, Goldstone pions are banished 
from the consideration. Then the two overlapping bagà can be. in 
either. 0^ the poiiible configurations described in Fig.6. The two 
configurations differ by simultaneous spin-isospin flip of two 
quarks only and as far as the vacuum outside is concerned cannot be 
distinguished. [The mass difference (M^-M^) in free space is presu
mably due to gluon exchanges within the bag]. So when one piece of 
the bag beta-decays, we cannot iay that it Li, a puA£ nucléon that 
decaiji. It must represent a decay of some object which cannot be 
labelled as a pure nucléon or a pure A. Imagine that we have an 
SU(4) commutation and derive a sum rule from it : 

\ l xîa3 , J TTa3 1 = I T 3 . (21) 
L i j J J J i 

Take an expectation value with a nucléon state and saturate the 
intermediate sum (on the left) by the N and the A state. Separating 
out the nurlpon term and defining g as 

gA = <PflA V - I V (22) 
i 

and evaluating the N-A transition explicitly in terms of the cons
tituent (non-relativistic) quark model, one gets the usual SU(6) 
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Fig. 6. The six-quark structure of two overlapping baryons probed 
by the Gamow-Teller operator. The latter seems blind to the 
Goldstone mode outside. 

value : 

S* 5/3 (23) 

Now assume that the hadronic state put in the intermediate sum is 
something like a left piece of ?ig.6*. Then the change in the nu
cléon wave function (in the intermediate state which is probed by 
the GT operator) eats up the contribution from the would-be A, so 
when finished one would get 

eff g. = 1 (24) 

At this point, one would have 

3/5 =• 0.6 (25) 

But the statement that g^= 1 is the same as that the hadron is made 
up of free quark plasma. In terms of the constituent (non-relativis-
tic) quark picture, it is not obvious whether (23) and (24) repre
sent two symmetry realizations of chiral symmetry (since the role 

The some argument goes through for a nucleus of Z protons and N 
neutrons. One just has to divide by Z-N on both sides. 

V : 



of chiral symmetry in such a model is not clear*). In terms of the 
quark bag model, however, g^ » 1 can arise only if the Wigner mode 
is sampled or approached. 

Now to a more realistic case. Consider the Adler-Weisberger 
derivation of g^, which comes from the chiral charge algebra 

[*>h - i e i j i / <26> 
by sandwiching between nucléon states, writing the commutators by 
inserting a complete set of intermediate states and going to infi
nite momentum framed (this to obtain a Lorentz invariant quantity**), 
Imagine saturating the intermediate sum by the nucléon, the A(1232), 
the N*'s and the A*'s. The nucléon contribution is separated out to 
define g. and the rest evaluated with experimental input. This cal
culation was done long ago and by many people. Let me quote the 
result of Delia Selva and Masperi^' as an exemplary calculation : 

n=A,A*,N* 
with the numerical values (for baryon masses < 3 GeV) 

CA(1232) = " °' 6 7 5 

I C = - 0.064 (28) 
A * n 

n=A* 
V C = 0.341 *• n n=N* 

Equation (27) gives, with (28), 

g A - 1-29 (29) 

close to the experimental value 1.26. 

Imagine now the configuration of Fig.6 as an intermediate 
state. As demonstrated above with the simple model, this just means 
that the N and the A states are no longer distinguishable and we 
may assume this as before to mean that the change in gf eats up 
completely the A(1232) contribution, i.e., 

1 = ( g f f ) " 2 I C . (30) 
nM(1232) n 

Equation (21) may be viewed as the axial charge algebra in infinite 
momentum frame. In this sense, there is something to it from chi
ral symmetry point of view. 
** 
For alternative ways of deriving this and subtleties involved 
therein, see Ref.3. 



Using (28), we see that 

g* f f = 0.88 (31) 

e. « 0.68 A 
close to the value obtained in the "traditional" way, i.e. the re
sults (19) and (20). The fact that g| f f is less than 1 means that 
higher-energy states (N*) still contribute as distinct states, so 
if one assumes that at normal nuclear densities, the A(1232) loses 
its identity in Gamow-Teller transitions, one would expect that at 
some higher density, say p >, 2p Q (p0=nuclear matter density=*0.48m^), 
all the othei A*1s and N*'s lose their identities at which point 
one would have 

g A « 1 . (32) 

This means that as far as Gamow-Teller transitions are concerned, 
quarks behave as if there were no vacuum with Goldstone phase. Put 
differently the probe is blind to the true vacuum surrounding the 
overlapping bags. In an infinite system, this must be like a perco
lation phenomenon Gordon Baym.likes to talk about28 but probably 
not the true Wigner phase in which pions no longer exist. (See below) 

5. CHIRAL PHASE TRANSITION 

In nucleus, both the soft-pion-dominated configuration and the 
overlapping configuration with different effective axial charges 
can be probed with a judicious choice of probes. If the bag is small 
as in the "Little Bag" model^, then the latter configuration must 
occur with small probability. But as the temperature or the density 
is increased, its probability must increase, g^ will approach closer 
to unity and at some point there will be a phase transition in which 
the Goldstone phase vacuum will disappear. This is an interesting 
problem we would like to get at its solution without subjecting the 
nucleus to an extreme condition such as collisions at relativistic 
energies. We are still far from answering this question. 

I can, however, speculate a little here. The present lore 
(backed by lattice QCD calculations-^) is that if a nuclear matter 
is heated to a temperature 

T « 200 MeV (33) 
c 

quarks gee deconfined and a quark plasma phase is formed. Translated 
roughly into the confinement size, this corresponds to a sphere of 
radius R , 

R as 1 fm . (34) 
c 



This is about the M.I.T. bag size. Now according to the "Little Bag" 
picture™ based on chiral symmetry, a nucléon has a "pion skin" 
which may be as thick as 1/2 fm. This structure implies another 
phase transition at a higher temperature, a phase transition in 
which pions evaporate, thus resulting in an overall Wigner mode. If 
the size of the core is one-half of the confinement size, this must 
occur at 

T., . , ~ 2T ~ 400 MeV . (35) 
Chiral c 

In terms of density, the latter phase transition must be harder to 
get to. If the deconfinement transition occurs, say, at p c, then 
the chiral phase transition is expected to occur at 

'Chiral « 2 \ ' K • ( 3 6 ) 

At the moment, there is no reliable estimate of p . 
c 

What we learned from the above discussion is that looked at in 
terms of g| f f, the transition from gf f^ 5E 1 to g ^ f « ! cannot be 
abrupt. All ranges of g|ff are sampled even -in faruX?. nuclei. Clear
ly a different signal would be needed. This is a subject of greatest 
interest in relativistic heavy ion physics. Very little can be said 
of it at the moment, but let me illustrate a point by an argument 
due to Pisarski. 

31 
Pisarski points out that while g^ changes rather undramatically 

from ~ 1.26 to ~ 1, the p •*• 2TT width Tp (for instance) would have 
basically different properties depending upon whether or not the 
"pion skin" is present. If there is no "pion skin" as in the M.I.T. 
bag which also means T c ~ TChiral» t n e n a s t n e temperature appro
aches T c, the width diverges like 

,T-T,-l/4 
rp ~ ( T - £ ) , (37, 

whereas if there is a "pion skin" so that Tchiral> Tc» t n e n a s 

T-*TC, the width goes to zero, 
,T-T v3/4 

F p ~ - ^ . (38) 
c ' 

Equations (37) and (38) result from the behavior of the p mass and 
f n (the pion decay constant) near T ~ T C deduced from soft-pion 
theorems. It remains to be seen whether such a dramatic difference 
can be detected in experiments. 

6. CONCLUSION 

As a way of conclusion, let >ne clarify one point which was 
postponed up to here. The question is : why does the axial charge 

\'> 



measured in the 0 ••-»• 0 transition look much bigger than that seen in 
the Gamow-Teller resonances ? This may look more puzzling at first 
sight if one recalls that what goes into the Adler-Weisberger rela
tion is the charge operator. Now the answer to '.his question is 
as follows. The axial charge (or the axial charge matrix element) 
is not a Lorentz invariant quantity. So in the frame where the 
nucléons are moving slowly, i.e., Fig.7a, soft pions influence the 
charge in an important way. Thus the enhancement. However one should 
actually go into the frame where the nucleus moves with infinite 
momentum (°° momentum frame) to define a Lorentz invariant axial charge. 
This is where the Adler-Weisberger relation should be derived to get 
at the g^. Each of the nucléon in the nucleus moves with the momen
tum ~ P/A (A the number of nucléons) ; therefore in this frame the 
soft pions evaporate (or decouple ) as 

0(q/P) 

for q fixed and P-*00. But the contact interaction (g') which was 
negligible in the case of Fig.7a persists in the case of Fig.7b, 
inducing the e^CC-ttve qu&ncking. An important point here is then 

Fig. 7. Axial charges "seen" in 0 +-»• 0 nuclear transitions (a) 
and in infinite momentum frame (b). The g^ interaction quen
ches the charge in (b) . 



that the charge measured in the Gamow-Teller transition is the 
invariant charge given by the Adler-Weisberger relation, not the 
soft-pion-infested charge seen in the matrix element of A 0 in 
nuclei. 

My discussion so far was at best very heuristic ; although 
it smells right, it demands a more convincing treatment. I have 
been trying to construct a field theory model incorporating the 
general features discussed in this note, so far without much suc
cess. Also it would be nice to devise a systematic way to calculate 
the corrections to the main terms found here. Whatever it may be, 
such a model must arise from a better understanding of QCD. Or 
conversely, a model of this type may lead to a more profound under
standing of how QCD works in complex nuclei. 
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NOTE added : After this paper was presented at the meeting, a pre
print by J.Kogut, M.Stone, H.W.Wyld, J.Shigemitsu, S.H.Shenker and 
D.K.Sinclair (Illinois preprint, March 1982) appeared in which a 
Monte-Carlo Simulation on lattice QCD for SU(2) gave T , . ,/T = 

x c & chiral c 
1.60i0.20. The Little Bag prediction (35) is close to it. 


