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ABSTRACT
A STUDY OF NUCLEAR
PION ABSORPTION
BY

HAITOOK SARAFIAN

Various aspects of pion-nucleus interactions are stud-
ied. The S-wave pion optical potential is studied up to
second order investigating effects due to the modification}
of the pion propagator. That 1s, the ordinary off-shell -
pion propagator is replaced by one which includes the
effects'o§ the average field generated by other nucleons.

S and P wave pion absorption in a finite nucleus and
in nuclear matter are studied. Emphasis is on a rescat-
tering absorption mechanism which turns out to be equivalent
to the quasi-free deuteron model, The results are improved
by including medium effects in the pion propagator, as in
the S-wave séattering case.

The possibility of nuclear opalesence and pion con-
densation phenomena are discussed. The isospin dependence
of the P-wave absorption in He lsotopes in the resonance

region is explained by the rescattering process. Finally

the question of the region in which absorption takes place

and the problem of overlapping sources is discussed.
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Chapter I

Introduction

Information about nuclear structure is usually ob-
tained from nuclear reactions. The pion has become an
important probe, with the production of high quality meson
beams. Because it has zero spin, its interaction is sim-
pler than that of spin 1/2 or spin 1 probes.

The pion has a small mass, m, = 140 Mev = 0.151n~ ,
so it is relativistic even at low energies. It can also be
absorbed by a nucleus. 1In these two respects it is similar
to a photon. However the pion strongly inferacts with nu-
clear matter, it also exhibits strong resonance behavior due
to the formafion of the A resonance in the P wave pion-
nucleon channel.

In this thesis the emphasis is on a particular mecha-
nism for pion absorption, the rescattering mechanism where
@ pion is absorbed by a pair of nucleons, being’scattered by
one and.abéorbed by the other.

There are two such mechanisms, the first being S wave
pion scattering followed by absorption, and the second
involving P wave pion scattering. The first is predominant

at threshold, the'second, which goes via the creation of a

1




virtual A resonance, is the most important for pion.
kinetic energies > 50 Mev, including the resonance region.
Here both & and f mesons are included in intermediate
states.

Experiments on pion absorption by the He isotopes in
the resonance region, show that the ratio of absorpﬁion on
T = 0 nucleon pairs to T =1 nucleon pairs is very large,
and this is explained in a natural way by P wave rescat-
tering in the present model, thus justifying the old quasi-
deuteron absorption model.

However absorption parameters in nuclear matter cal-
culated by fitting the parameters of the model to pion
absorption by free deuterons generally give results which
are too small as compared with experiment. One difference
between absorption by a free deuteron and two nucleons in
nuclear matter is that in nuclear matter,the pion propagator
is affected by the average field of the other nucleons,
expressible in terms of the pion self-energy in nuclear
matter., This is not a small effect, and occurs also in other
physical processes. It could give rise to phenomena like
pion condensation or nuclear opalescence. These processes
do not appear to happen at normal nuclear densities. The
strong momentum dependent P wave pion interactidn with
nucleons which would tend‘to give rise to such phenomena is
damped by processes at short internucleon separation,
usually parameterized by the Landau parameter g', or equiv-

alently by the Lorenz-Lorentz-Ericson-Ericson parameter, A,




( LLEE ) , [Ref. I.1] which derives its name from-an
analogous process in the propagation of an electromagnetic
wave in a polarizable medium. Non observation of nuclear
dpalescence in other experiments means the g'> 0.5 or
As>1.5

The parameters of the theory are the couﬁling con-
stants at the interaction vertices, the form factors Ag

AP at the vertices, which give the effective size of the
nucleons or isobars acting as sources for the meson fields,
and the LLEE parameter A . This is all part of the
standard T + L phenomenology involved in other areas
of nuclear physics such as the excitation of spin-isospin
flip states in 1nelast1c proton scatterlng ’ -

The use of finite size sources, where the size is an
effective one, and may be due to complicated processes at
short distance, indicates that the calculation is likely to
be invalid if the sources overlap, so the region of nucleon
separation in which absorption occurs is investigated. The
‘relation, if any, between source effective size and the bag
model of hadrons is briefly discussed. Clearly an under-
standiﬁg of the parameters A or g' , would involve
understanding the properties of overlapping bags. A recent
attempt in this direction has been made bnyeise [Ref. 1.2].

Two nucleon absorpﬁion may not be the whole story.
Reéent experiments near resonance indicate tﬂat cluster

absorption involving the excitation of two A 's may be

important at resonance energies for large nuclei. This will




not be considered here. 1In any case it involves the same
basic processes, which have been used to estimate the ratio
Qf 4-body to 2-body terms.

This dissertqtion is organized as follows.

In Chapter II the S:wgve part of the optical potential for
pions is discussed. Calculations are carried out up to sec-
ond order, including nuclear medium effects in the second
order term, but excluding absorption. The purpose is to
investigate the origin of.the strong repulsive nature of
this part of the potential observed empirically.

In Chapter III pion absorption by S wave rescattering
is investigated for both nuclear matter and qu . The
nuclear medium efflect is calculatéd, as are. the isotopic
ratios and anqular distribution of emitted nucleons. Some
of this has already been published by the présent investi-
gator;

In Chapter IV P wave rescattering is investigated
for both nuclear matter and “He . Nuclear medium effects
are calculated, as is the isotopic ratio for emi;ted nu-
cleons. The latter has also been published by the present
author.

In Chapter V the question of the region in which
absorption takes place and the problem of overlapping
”Sources is briefly discuSéed. A calculation of the absorp-

tion parameter in an alternative form of the P wave optical

-potential ( 8 -h model ) is also presented.
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Chapter 1II

7N SCATTERING

The kinematical region of interest is pion kinetic
energies of < 220 Mev . In this region, the XN scattering
amplitude consists of at most two partial waves, L = 0 and 1.

P wave ( L = 1 ) scattering, dominates due to the formation

of the intermediate resonance state, A , in spin and isospin
3/2 channels. The S wave ( L= 0 ) channel, although small,
is important at low energies. In this section S wave TT.N

scattering is studied.

2-1 S Wave N Scattering
S wave pions in principle could be scattered by the
meson ( pion ) cloud surrounding a nucleon and also by the

" bare " ( core ) nucleon,

T
\
N
AN

Figure 1II.1 Scattering of a pion by a nucleon

or equivalently
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Figure 1II.2a Scattering of a pion by meson cloud
Figure 1II.2b Scattering of a pion by nucleon core

Figure II.2a shows the scattering of the incident pion by
the pion cloud and Figure II.2b shows the scattering by the
core,

The contribution of Figure 11.2a is small and may be
ignorerd [Ref. II.1] . But part 2b itself, is composed of

at least three dynamicai channels.




L O
I
o = :rv;fv + i’vv(}fv +

*N K+ 4N K4 *N’ K* *N

Figure II.3 Three dynamical channels of pion-core
lnteraction

The channel in Figure 11.3a, due to the exchange of
the scalar ¢ meson, contributes to the isoscalar part of
KN scattering. Diagrams 3b and 3c are due to vector-
meson ( and anti-nucleon N exchange and describe the iso-
vector part.
For low energy scattering it is sufficient to use a

phenomenological interaction [Ref. 11.,2]

T \ T o ab, 4Ry T2 (22
Hum~= _/.‘.A‘cp ¢-PY¥ . 1)7_¢ c.(nxe)d (2-1-1)
, J
. 2 -
where 4 is the nucleon field operator and ¢ and X
> .
( =D{P ) are the pion field and its conjugate operator re-
. - . , . .
spectively, and € 1is the nucleon isospin operator. This
interaction is parameterized through two scattering lengths,

A; and )1 which are given [Ref. 1I.3]




A, = 0003 £ 0.001
(2-1-2)

A.l_ 0.08 + 0.00]

By using these two scattering lengths the S wave [N,
Sy, phase shift in isospin 3/2 and spin 1/2 channel up
‘to 50 Mev and S, phase shift in isospin 1/2 and spin
1/2 channel up to 250 Mev pion's lab kinetic energy are
well reproduced. |

To improve the Sy, phase shifts for higher energiés,

energy dependent scattering lengths are proposed [Ref. 11.4]
. T i Y
)A=00034 0034y ! _o0.0058 (T )
/A-

S T‘ ( 3 (2-1-3)
A~ 005~ 2-[o0033¢ T _o0.058(T)
o} 4 w [ /.‘ | /p ]

where T is the pion's kinetic energy in the laboratory sys-

tem,

2-2 T A First Order S Wave Optical Potential

Adopting the multiple’ scattering approach [Ref. II.5]
to study the A scatterindiproblem, the basic process
would be the scattéring of”;n incident pion via single bound
nucleons. To lowest order [Ref. II.6], the optical

potential ) , 1s parameterized in the follo&ing form

opt
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(&)

2L UoPt =~ 4mb, p (2-2-1)

w
where b  is the first order S wave scattering parameter
and e is the nuclear density.
From the Hamiltonian Equation (2-1-1), the XN scat-

tering amplitude i » in momentum space for this process
is

N Y v
t = YT a) -i(w4e) A E2 (2-2-2)

’ . . . -~
where W 1is the rescattering pion's energy and t is

the pion's isospin operator.

The Fourier transform of the expectation value of this
operator between initial and finai nuclear states expressed
in momentum space in the elastic écattering channel i.e.

W = & results in the spatial representation of the -

optical potential
2w UOpfz _87'7_5_[),(;.6%19_1:3((‘,-(")] (2-2-3)

In nuclear matter and / or symmetric nuclei, where the
proton and neutron densities are identical, Edﬁation (2-2-3)

would reduce to the more compact form
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U , = 8T
< °pt 2 A‘() (2-2-4)

By comparing this equation with Equation (2-2-1), the
S wave scattering parameter becomes,in terms of the fitted

scattering length A, ,

(

b, = - A (2-2-5)

<
2

From this result one may conclude that the first order
S wave scattering parameter b:, in the kihematical region
of interest is independent of incident pion energy, and
since it is negative, it leads to a repulsive optical po-
tential. But since M, is very small, the first order S

wave potential would not have any significant effect.

Hence, higher order S wave effects should be considered.

2-3 A Second Order’'S Wave Optical Potential

In the second order S wave WA multiple scattering
process, the incident piéé gets the chance of being scat-
tered twice by two different nucleons. The incident on

shell pion gets scattered by one of the nucleéns, propagates

off shell through the nucleus and is rescattered by a second
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nucleon.This process is shown diagramatically in Figure II.4
N4 ‘N
":—C-—-ir---—‘E-—-—‘P_.‘._ T

N* *N

Figure II.4 Second order S wave pion scattering

Applying the interactive Hamiltonian Equation (2-1-1)
twice in this second order diagram in the ‘elastic channel,

the scattering amplitude becomes

(1 2 2 1 2.2 ) an (2-3-1)
= a & (W .
T =(yr) G(U,k)_}.‘.;[A..‘._s_(_/.‘_) ALC z]

an .
vhere G(W k)= =¢ is the off-shell propagator,
2 “3 2
an Yol L b a! a2
is the pion momentum, and T and T are first and

second nucleon's isospin operators.
Fourier transformation of this amplitude gives the
optical potential operator

BT jar
dk (2-3-2)

(v
AW Uopt-'- f T e

(an)® V
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where the F= ?"-t-}; is the relative separation vector of the
two nucleons. The nuclear matrix element of this operator

involves the exchange part of the two body density operator

S R ] J (Keli?y
(e = 72 70 fnlba Kel?-Rl

)T
]("""("1) (2-3-3)

. . q
where A is the atomic number of the nucleus and Piv

t . - . -
and are the spin and isospin exchange operators
. g P

qg ) a2
Po=— (1+5.37)
p= §
(2-3-4)
Pr = 2 (14'T.2Y)

-1, S .
k} = 1.4 fm 1is the Fermi momentum,.and C’ 1s the nuclear
: 3
density. For nuclear matter i.e. (’ = 2/31!7‘ KF and for
threshold pions the following second order S wave optical

potential parameter results

() :
b, = - 6 K (1%a)) (2-3-5)
T 2

Above thresﬁbld, analytical calculation is not pos-
silble and integration hé;»be carried out numerically,
[(Ref. 11.7] .

One may compare this result with the first order

. v n
parameter Equation (2-2-5). The ratio of b, / b, =3
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shows the significance of second order effects. Identical
signs of St)and b:)stress the coherent nature of these

two effects in generating a stronger repulsive optical po-
tential, which is needed for better fits to S wave pionic

atom level widths.

2-4 Modification of KA Second Order S Wave Optical
Potential
Even restricting the multiple scattering to second
order, the method of the previous section is an approxi-
mation to what actually happens. Although only two nucleons
get involved actively in the second order rescattering
process and the rest of the nucleus acts as a spectator, it
does have an effect. That is the off shell rescattered pion
does not propagate between two isolated nucleons in vacuum,
but in a medium which exerts an average field on the pion.
Usually this effect is refered to as the pion's
" Self Energy " JI , [Ref. II.8)] . It should be added

explicitly to the pion propagator

Gtie = - (2-4-1
/,1+ k":-'-wz /“L_‘_ k.ul_ul_‘_Tr

.

Diagramatically the self energy contribution is de-

picted in Figure II.5




A’+ 15 4\N
T () - T

ujf *N

Figure I1.5 The second order S wave pion rescattering
mechanism with inclusion of medium effects

In brief, [(Ref. I11.8], the off shell propagation of
the pion in nuclear matter is considered as the excitation
and de-excitation of an infinite number ofkvirtual isobar-
hole states ( A - h ) . The complete pion self energy
is obtained by summing the chain of A -h diagrams con-
nected by the reduced isobar-hole interactions.

Analytically it is given by

T(K) = ﬂ‘o(k)/ 1A Ttk (2-4-2)
i g

"o is the self energy of pion due to a single A -h

excitation

. | éu«m 1t £ (2-4-3)
Tk = _ - (.7_.) K e (D|+ =)

with the energy denominators
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D, = My -Mmy - (2-4-4)

Daz WA—”‘HN-I-U

N
2 N
the MANA coupling constant -f-m“ /4T = 0.32 [Ref. 1I.9]

mA and m are the A and nucleox{ masses respectively,

and K and w are the incident pion's momentum and
energy, ( is the nuclear density and }“(k) is the

monopole form factor,

-‘"(k):: I\l-/‘z/AI_*. k’:_ g" (2-4-5)

A is the cut off mass parameter [Ref. II.3] and A\
is the LLEE parameter [Ref. I1I1.10]: its range should be
confined to 1 < A < 2, [Ref. II.11] . This takes ac-
count of, among other things, the short range correlation
between nucleons.

IT(k) can be written as

M=k Pf (k) (2-4-6)

Inclusion of this in the propagator means
2 " 2 2 1
K'— k (I‘an)and, as at threshold W ‘-'-'/4 , {Tl‘ =1, ,

this means approximately that '/ku".__«_y- '/kal“_P) i.e.
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the propagator is ampiified by a factor !/ 1-p

Putting in the numerical values, at threshold,

P-= I~IS'/,"O.33). Note that if A was small, '/I—P

could be very large.

Performing the calculation, the second order S wave
scattering parameter then becomes [Ref. 1I.12]
)

bo=-2_ K (1 +u) |- _OmPKE
A [ S401- P Af 7] e

Since P carries all-the information about the nuclear

medium, the overall many body contribution to the problem,

i.e., the 'Il-P factor, amplifies the strength of the

. ‘ ) ) )
scattering parameter b° + The second term in Equation

(2-4-7) simply shows the effect of the form factor.
By extending the above formalism beyond pion thresh-

old, we have shown that the second order scattering para-

meters become

(2) 2
Reb, [k ReI_ _8TPke ] (2-4-8a)
/4 W1-PUA™-})
(2.)1 2
Imb, = _ & 7‘1(). ' ImI - (2-4-8b)
o -

where




A
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2 . 2 4] )
Ke ReI = tmj _LJ,I(KF;() Sin(3kx) 4. (2-4-9a)
o X 2EX
o 2
2 2 .
Ke ImT = 4K | J Ckpx) (Sin(kx) ) dx (2-4-9b)
o K x

By choosing Ag = 1.2 Gev and ) = 1.6 , which is
the appropriate value to use for pion absorption in
nuclear matter [Ref. II.13], discussed in detail in
Chapter III, the combined first and second order S wave
scattering parameter at threshold becomes - 0.066/":l
which is about 2.5 times stronger than the original value
given by ﬁ:’+ ﬂt)without medium effect . This extra
repulsive strength in the optical potential gives better
fits to level shifts of pionc atoms.

At this stage we would like to justify the validity
of the sharp resonance approximation which was used to
construct the pion self-energy. That is, the direct

channel's energy denominator D, , given by Equation

(2-4-5) , does not include the isobar's width. The exact

D, should read
Di=mpy-my L p-sl, (2-4-10)
P 1
where ’
My = _-3}_( Frwa ); L g (2-4-11)
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and K is the pion's momentum [Ref. II.14] .

At low energies, say T = 50 Mev , the maximum value

T
of Ia = 0.02 , which by comparing to the real part of
3 /.

D, can be neglected. At higher energies the isobar's width

|
becomes larger. Consequently, for more accurate calcu-

lations, one should take it into account.
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Chapter 1III

PION ABSORPTION
Introduction

As pointed out in Chapter I, the distinct feature of
a pion which distinguishes it from other probes, is its
absorption by a nucleus. A pion cannot be absorbed by a
free nucleon. It can be absorbed by a bound nucleon, but
more likely by a cluster of nucleons, which contains at
least two nucleons.

Experimental data [Ref. III.1l] in the kinematical
region of 1nterest indicates that pion absorptlon in a ty-
pical light nucleus often results in two-nucleon emission.
So a two-body microscopic absorption model is investigated.

The JTA scattering amplitude in the pion's energy
region that we are interested in containes only two partial
waves i.e. L = 0,1 . So, the two-nucleon absorption pro-
cess is studied separately for S and P wave pion rescat-
tering. In the next section detéils of the S wave absorption

are presented.

3-1 S Wave Pion Absorption in Nuclear Matter
True absorption by S wave pion rescattering is para-
metrized by an optical potential term quadratic in the

21
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‘nuclear density [Ref. III.2] , which indicates absorption

via a two-body mechanism, so
2wl B, ¢ 3 )
W opt =-4n > (3-1-1

Here W is the incident pion's energy, e is the nuclear
density and B, is the absorption parameter. On the other
hand from the multiple scattering pion-nucleus series

expansion the optical potential may be written as

CKIU[K'> = <k'[VIKk) 1<KV ! VIk>  (3-1-2)

E _H_ +i€

where the optical potential <k'fUIKD s usually
denoted by U°P£ , and <k'[V/k> is the nuclear matrix
element of the elementary single pion-nucleon interaction
operator. The pion momenta are K and &’ .

By inserting a complete set of nuclear states
‘%'N‘)(«(lai in the second order optical potential and

splitting the nuclear Green's function into its dispersive

and absorptive parts it becomes

Ufz) | fP
=1 T — (T S(E pw-E ):IT, (3-1-3)
' ['_Eq_'-l-D_E’( ‘ ct f'] £

Here 7;¢ is the matrix element of the two-nucleon pion
absorptive opérator between the nuclear states i and .- f

of energy E. and E, respectivly and L) is the nuclear
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volume. For a Hermitian absorption operator Equation

(3-1-3) beomes

!
£

— 2
L [’ l _ ,-755(E£+u-r='f)]l7{".l (3-1-4)
{ EC-‘-‘«)~E+ '

By comparing Equations (3-1-1) and (3-1-4) we get

<L
RCGBO_:.~ L i ITI ?
_’_ .

Qi«'.'(zﬂ ¥ EHw-E*
2 (3-1-5)
I’)nBQ = L 7: 17;_'I S(EL'\" LJ—E{)
2 .
Q() 0 -f#c

1
In most of the S wave calculations [Ref. ITI1.3-4] the

absorption operator is based on the diagram given below

hl* 1 N
| z_.__#‘-_'i——?
w4 b

Figure III.1 S wave pion absorption via two-body mechanism

Here the S wave pion is scattered by one of the nucleons and

absorbed by the second one. The scattering vertex can be

described by Equation (2-1-1) and the absorption vertex by
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the usual HNNN Hamiltonian density [Ref. III.S5]

A

N = {INN//" ‘I D,s' $ ‘I’. [~ (3-1-6)

By applying the standard Feynman rules, the absorption

operator becomes

22
T=1_¢ 3/(. ! 1[A z ¢ 4y (Q+Q)(ch)J(3 1-7)
Yo pikie 2p

The calculation of the matrix element of 7T is
straight forward. Two cases are considered. The first is
nuclear matter, wﬁére the Fermi gas model is used to con-
struct the initial pair wave function [Ref. III1.3). The
second deals with finite nuclei, where harmonic osc1llator
wavefunct1ons are used to construct the initial pair wave
function [Ref. III.4] . 1In both cases, the final pair
nucleon wave functions are described in terms of out going
plane waves, that is, distortion is not included.

For threshold pions, nuclear matter calculation
leads to Re B, = 0.008/:4 and Im B, = 0.02/:

[(Ref. III1.3,6] . The energy dependence of the latter is
shown in Figure III.2 , and the energy dependence of

Re B is given in [Ref. III 3]1. As compared to the value
obtained from pionic atom level widths, Im E; = C).O42/:
(Ref. 111.7], the absorption value is too small by a factor

of two.
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Figure III.2

The imaginary component of the S wave pion absorption
parameter of nuclear matter vs. pion momentum.
Dashed line corresponds to a rescattered pion

energy of 0.5 & . ‘

Solid line corresponds to a rescattered_pion

energy of 0.5 /*
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We try to improve the result [Ref. III.8] . By the
same method as used in Chapter Il we introduce the effect
of the nuclear medium on the pion propagator. |

Also the medium affects the absorption vertex, so
that it is renormalized [Ref. III.8] .

These modifications can be taken into account by
simply replacing the Yukawa one Pion exchange potential

V() = (14 -;',C)"—"P(-/‘*')//‘*" (3-i-8)

by .the following integral
i

o 3 2
K d, (ke )T CRVL CR)

y‘ (f‘*")-—-»- J dk (3-1-9)
*2 T 3t k)
Ty ek +§,L/‘ +T0(
where the vertex renormalization is given by
- A 2,2, -1-
(k) = l/([__ g Wo(k}/k{n(k)) (3-1-10)

In both of the above equations the pion's effective mass

is /4: V/"l- w'? . The integrand of Equation (3-1-9)
contains a regular pion monopole form factor given by
Equation (2-4-5) .

Based on these modifications for threshold S wave
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pions, the variation of the absorption parameter Im B, is
studied as a function of the LLEE parameter i.e. A .
The results are shown in Figure III.3 . 1In tﬁis figure it
is quite interesting to note that by choosin§ A = 1.6 -
1.8 which is exactly in the region of the p}eferred range
of A [Ref. III.9j » we get the proper enhancement which
we need to match the pionic atom data. Also this result
agrees with the absorption parameter which is used in
phenomenological A scattering optical potentials.

A detailed study of the pion's self-energy reveals
the possibilities of an interesting physical phenomenon.
To make the point clear, one should recall the regular

static OPE potential between two nucleons in vacuum, i.e.

. )

- 0' )
l%(f]): ({mm/) (5, '71/‘ & (3-1-11)

where the coupling constant is given in [Ref. I1.9] and
%? is the pion's momentum transfer. Replacing the

vacuum by a Fermi sea, the pion polarizes the medium.

Polarization of the medium can be viewed as the virtual

excitation of nucleon-hole as well as isobar-hole pairs car-

rying the pion's quantum numbers, shown in Figqure III.4
ying P q g
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Figure III.4 Nuclear medium polarization due to pion
propagation
The polarization is determined by the Strength of the
P wave pion-nucleon coupling, the density e of the medium
and by the strength of the short- range correlation accompa-
nying the driven OPE interaction. The modification can then

be written as

anq) = Vn(q)/é(q) (3-1-12)

where the mesonic polarization effects are summarized in
terms of the diamesic function €9) . 1f, in 3 much sim-

plified picture, the repulsive short range correlations are
o~ _‘1 ’-—\l
parametrized by % ( c.T ) S(F) where g' is

related to the LLEE parameter A introduced in Chapter

I1, g' = A/3
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' 2 +
€(q) = _ 1 2(9,¢) (3-1-13)
L+ [j ({nnn//*) 72_+/‘1] ¢

where Y(?.e) contains the information about each individual
nucleon-hole or isobar-hole excitation, represented by a
single bubble in Figure III.4 .

The size of the diamesic function is essentially
determined by the competition between the attraction from
OPE and the short-range repulsion controlled by gq' .

’/é(?) becomes maximum, at about 7 = 3p and for
g' = 0.4, and at regular nuclear matter density, (’: 0.17
_ﬁﬁa,it becomes infinite. The sinéularity of €(9) at 9 = 3p
comes from the strong amplification of the pion's field.

This amplification corresponds to the existance of g3
large number of pions, and nuclej should then undergo a
phase transition. Nuclear structure would be reordered
such that the ground state would Have a strong pion-field
component and long-range ordering of the nucleon spins would
occur due to the spin dependence of the pion-nucleon inter-
action. However the empirical value of g' is = 0.6 - 0.8,
corresponding to A % 1.8 - 2.4 and condensation is avoided
at nuclear matter densigy.

A nucleus might, however, undergo a phase transition
at higher density [Ref. III.10].

In heavy ion collisions, where creation of exotic

objects with densities higher than regular nuclear densities
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are possible experimentally one might see the phase trans-
ition phenomena.

In Figure III.5 we have shown the behavior of Im B,
with inclusion of the medium correction at A = 1.5 vs. pion
lab momentum. This shoﬁs the overall many-body effect in
S wave pion absorption. The curve is plotted for ¢0'=1/2/‘.
By comparing with Figure III.2 one sees that not only does
the many-body effect enhance the threshold value of 1Im By .
but it gives less variatioﬁlwith energy.

In Figure III.6 the effects of the medium correction
at A ='l.5 on the dispersive component Re B, of the ab-
orption parameter is shown. There is no noticeable ampli-
fication at low energies.

To conclude the discusion of the S wave pion absorp-
tion in nuclear matter, from a two-body méchanism point of
view, we should talk about the ratio of pioh absorption in
two different possible initial isospin channels. To be more
specific, for instance one could think of T~ absorption on
initial np or pp nucleon pairs.

The interesting quantity is

R = {mrmp—nn)

3 (3-1-14)
(" pp —np)

The obsérved.ratio for the above quasifree processes
is about 10 . The most sophisticated calculation based on
the two-body absorption mechanism [Ref. IIT.6] predicts

-4
R, =3 . The same work [Ref. III.G] predicts Im B, = 0.036p0
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which is close to the parameter used to fit pionic atom
level widths [Ref. III.7] . Therefore [Ref.III.11] , one
conclusion could be the involvement of more than two

nucleons in the absorption process.,

3-2 S Wave Pion Absorption in Finite Nuclei

Motivated by these results, we have studied the ef-
fects of the pion self energy in S wave pion absorption in
finite nuclei. Here, harmonic oscillator functions were
used to construct the initial nucleon pair wave function and
pPlane waves were used for knockout nucleons.

Since the medium effect is calculated for nuclear mat-
ter, the absorpticdn rate is averadged over the nuclear

density, i.e.

M= f(’cr) [(e)de (3-2-1)

To be consistent we set A= 1.5 and for convenience,
instead of the absorption parameter we studied the absorp-
tion cross-section.

The absorption cross-section is
o &
0= anp/k Z I-T+;-| 8(E£+a'-ef) o (3-2-2)
£

On the other hand the imaginary component of the

scattering length is




35

Ima = _f_’:_. (3-2-3)
I

where the absorption rate [ is

2
r_-.-.arc} P, 3(Ej4w.E:) (3-2-4)

By combining the above three equations we get

o= 4T Tma (3-2-5)
K

Hitherto we have used for the vertex form factors
Equation (3-2-5) the standard value A = 1200 Mev , obtained
from fits to - deuteron absorption. At this point we in-
vestigate the dependence of the S wave absorption both on
medium effects and the vertex form factor. The results are
shown in Figures III.7 and II1.8 , which show the absorption
cross-section and the imaginary part of the S wave pion
scattering length for qu as a function of the pion incident
momentum, for different choices of the vertex form factor
parameter A, and with and without medium effects. As in
Chapter II, for calculating medium effects we take A = 1.5.

Referring to Figure III.7, absorption cross-section

versus pion momentum, we have 2 curves. The top curve,
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S wave pion absorption cros-section of YHe vs. pion

momentum,

The solid line on the scale of this drawing corresponds
to the following three almost indistinguishable cases

one T exchange with
effects

one X exchange with
at A =1.5

one 1 exchange with
effects at A = 1.5
Diamonds correspond

Arx = 700 Mev and with and

A =1.5 .

Ax =
Ay =
Ax

to one

1200 Mev and no medeium
o and medium effects
1200 Mev and medium

pion exchange with
without medium effects at




