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1. INTRODUCTION

In the theory of the diffraction interaction of high-en-
ergy particles with nuclei, the situation is to a certain
extent paradoxical. On the one hand the Glauber-Siten-
ko theory of multiple scattering,?’® which is reliably
justified by the field-theory analysis of Gribov,' gives a
reasonable description of the elastic and quasielastic
scattering of hadrons by nuclei and also of the total
cross sections and absorption cross sections over a
wide range of energies. On the other hand, the recti-
linear generalization of the theory of multiple scatter-
ing to diffraction-dissociation processes proposed by
Kolbig and Margolis® and further developed by many
authors (see the reviews of Refs. 5 and 6) has led to
meaningless results. In the Kolbig-Margolis approxi-
mation the cross section for diffraction dissociation in
a nucleus is sensitive to the cross section o} for inter-
action of the diffraction-produced system with the nu-
cleons of the nucleus. The values of o} for 37, 57, or
N(nw) systems determined from the experimentally ob-
served dependence of the diffraction-dissociation cross
sections on the mass number of the nucleus A turn out,
as a rule, to be less than or of the order of o,y and

_oyn,'® and sometimes even turn out to be negative.”’®

The reason for this contradiction is clear in its gen-
eral features. At high energies, diffraction properties
are possessed not only by elastic scattering but also by
processes of production of small masses as the result
of exchange of vacuum quantum numbers in the ¢ chan-
nel—diffraction dissociation. The existence of diffrac-
tion dissociation means that in reality the diffraction
scattering of hadrons is a multichannel process and
that ordinary hadrons—which are eigenstates of the
mass matrix—are Dot eigenstates of the diffraction
scattering matrix 7. This formulation of the mechan-
ism of diffraction dissociation goesvback to the classi-
cal studies of Pomeranchuk and Feinberg,” Akhiezer
and Sitenko,'® Glauber,' and Good and Walker.!?

In optical language the simple theory of multiple scat-
tering corresponds to the gas approximation for the re-
fractive index of nuclear matter:

n=1+2. " uful K. (1)
Here p, is the density of nuclear matter, % is the mo-

mentum of the particle (the system of units 7= c=1 is
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used), and f,, is the amplitude for forward elastic scat-
tering by a single nucleon. Inthe general case Eq. (1)
involves instead of f, the matrix f of the amplitudes of
all diffraction transitions at an angle 0°. The simple
multiple scattering theory corresponds to approxima-
tion of the matrix f by the single number £, and the
Kolbig-Margolis formula for the cross section in a nu-
cleus corresponds to replacement of f by a 2x 2 ma-
trix. These approximations are usually justified by the
fact that for all dissociation processes aN—cN the
amplitudes f,, are much smaller than the elastic scat-
tering amplitudes f,, and formally perturbation theory
in the nondiagonal amplitudes f,, seems to be appli-
cable.

Corrections to the simple multiple scattering theory
due to diffraction-dissociation processes were dis-
cussed for the first time by Gribov,' who calculated the
correction to the total cross section for interaction
with a deuteron. The similar correction Agi to the
total cross sections for interactions with heavy nuclei
in perturbation theory in f, , was found by Karmanov and
Kondratyuk.!* Although Ac# /o4, ~5+107%, a quantita-
tive description of the total cross sections for nA and
KA scattering is impossible without taking into ac-
count this correction.!*™” At the same time it remains
unclear why the absorption cross sections are de-
scribed by the simple multiple scattering theory very
well,'®1° while in the case of diffraction dissociation
the perturbation theory in which the Kolbig-Margolis
formula was derived leads to completely meaningless

results for o.

In this situation it is important to understand why
perturbation theory is applicable in some situations and
poor in others, why it is necessary to describe diffrac-
tion dissociation outside the framework of perturbation
theory, and what kind of connection there is between
coherent and incoherent diffraction scattering outside
the framework of perturbation theory. The analysis of
this problem is the subject of the present work. This
problem has been partially discussed already in a pre-
vious note by the author? regarding the limit of appli-
cability of the Karmanov-Kondratyuk approximation for
the total cross sections. General formulas for the
amplitudes of coherent diffraction dissociation outside
the framework of perturbation theory were obtained in
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the work of Good and Walker'? and also by Czyz and
Zielinski.?! In the present work we formulate a general
description of incoherent diffraction dissociation,
quasielastic scattering of hadrons by nuclei, and the
cross sections for absorption of hadrons by nuclei.

It will be shown that the corrections to the absorption
cross section ¢, and to the differential cross section
for quasielastic scattering, as well as to the total cross
section, are expressed interms of the complete differen-
tial cross section for allforward dissociation processes.
The correctiontothe quasielastic scattering cross section
is very large, while that to the absorption cross sec-
tion is small. The latter explains why o4 is satisfac-
torily reproduced by the simple multiple scattering
theory. In the case of diffraction dissociation a multi-
channel treatment is necessary in principle. In the
case of the simple three-channel problem it is shown
how its approximation by the Kolbig-Margolis two-
channel problem leads to paradoxes. A new procedure
is proposed for analysis of experimental data on dif-
fraction dissociation in nuclei, which permits a lower
bound to be obtained on the true cross sections for in-

teraction of diffraction-produced systems with nucleons.

The discussion is arranged as follows. In Sec. 2,
which is introductory, we present a multichannel gen-
eralization of the multiple scattering theory of Glauber
and Sitenko. In Sec. 3 we discuss elastic and quasi-
elastic scattering and the inelastic corrections to the
total cross section and to the absorption cross section.
In Sec. 4 we formulate a new procedure for analysis of
diffraction dissociation in nuclei.

The questions discussed here are comparatively sim-
ple, and we were stimulated to write this article only
by the fact that up to this time numerous experimental
data have been incorrectly analyzed. In a number of
cases in which a simplified analysis gave a good quan-
titative description there was no understanding of the
magnitude of the corrections for inelastic screening.
The purpose of this work is to fill this gap. A number
of remarks of a general nature have been placed in the
Conclusion.

2. MULTICHANNEL GENERALIZATION OF
MULTIPLE SCATTERING THEORY

Let f be the matrix of the amplitudes of diffraction
transitions forward in a nucleon. The matrix f is diag-
onalized by the states |a), which either are only ab-
sorbed or are elastically scattered (the eigenstates of
diffraction scattering). For a fixed impact parameter b
the matrix element of the T matrix for the transition
between the states la)=)),a,la)and I¢c)=},c,la) has
the form (we are considering all diffraction amplitudes
to be pure imaginary)!?:22+23

<clim Tlay= Zc;'aata- (2)

@

In particular, for elastic scattering

<a|1m“Tla>=E |aql2ta=<ta, (3)

while the complete differential cross section for all
diffraction dissociation processes'?'??'® ig
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dopp/dh={1*>—(t>2, (4)

If we go over from the impact parameters to the mo-
mentum transfers q, then! for q= 0 we have
d*c 1
(5)

—_ = (02> —<0a)?).
a7 o _16n(0> 02)%)

Here o, is the cross section for interaction of the
eigenstates |a) with the target.

No transitions occur between the eigenstates, so that
their interaction with the nucleus is described by the
simple multiple scattering theory. It is just for this
reason that they are convenient for analysis of the in-
teraction with the nucleus. The Glauber -Sitenko ampli-
tude is well known; we shall recall its derivation,
since the method of derivation will be needed by us be-
low. In scattering by a nucleus the phase shifts of
scattering by the different nucleons of the nucleus are
assumed to be additive?'3:

A
64(b,s.,...,sA)=26N(b—s;). (6)
Here s, are the nucleon coordinates. The additivity of
the phase shifts is valid in the eikonal approximation
for potential scattering. Equation (6) was justified in
field theory by Gribov.*

The element of the T matrix corresponding to Eq. (6),

A
t.A(b,s,, .. .,SA)=1—H[1—ta"(b—S.-)] , (7

et
is an operator in the nucleon positions in the nucleus
and it is necessary to calculate the matrix element be-
tween the initial and final wave functions of the nucleus
lin) and | f). We shall assume that the nucleons in the
nucleus are uncorrelated and shall neglect the motion
of the center of mass of the nucleus. It is assumed that
the energy is high and that longitudinal momentum
transfers can be neglected. For the problems being
considered by us, these approximations are unimpor -
tant; the corrections can be taken into account by
standard methods (see Ref. 5).

We shall begin the analysis with the case of elastic

scattering. Then
Cin |t (b, Sy .. ., 84) [ =1—[1—<1, in|t" (b—s,) |1, in>] 4. (8)

The matrix element over the one-nucleon wave function
11,4n) is

1 3
A inlta" (b—s)) 11, in> = —  dz, @14 (51,2 1a" (b—s,)=;’—AT¢(b). 9)

Here we have introduced the notation

(b—s)*
2B,

T(s)exp[—— ], T(S)=IdZPA(S’Z)y (10)

d's
CRE
where B, is the slope of the diffraction peak of elastic
aN scattering: do,n/dq?~exp(-B ,q?). In the ordinary
situation B, <«<R?%, where R, is the radius of the nucle-
us, so that T,(b)=T(b). We shall use this below to

simplify the formulas.

Since A > 1, the power function in Eq. (8) can be re-
placed by an exponential, i.e.,

Cin|ta* (b, S, ...,84) |[in>=1—exp[—"/20.Ta(b)]. (11)
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Finally the exact amplitude for the coherent diffraction
transition aA - cA has the form!?'2

et (b)= Y ca'ae (1—expl /20,7 (b) 1}. (12)
A discussion of Eq. (12) and its comparison with the
Kolbig -Margolis approximation can be found in Sec. 4.

Let us consider now incoherent scattering in which
the nucleus is excited and summation is carried out
over all final states of the nucleus. The amplitude of
the transition aA ~ cA * with excitation of the nucleus to
the state | f) is

i ik i . A .
f (@)= 5[ 'Y caaalfltat (b5, 8 lim), (13)
and the differential cross section is
do‘”" 1 2] iq(B— .
= =-—4—;J‘d bd*de’? "’Zc“ .
x Y s inltat (b5, 8 D<A @580 i), (14)
1]

For the summation in Eq. (14) over all final states
except the ground state, the transition to which is co-
herent and is given by the amplitude (12), we use the
completeness relation*

Z I<fl=1—lin><inl.

fomin

This gives
Z(inlt.‘(b, 8i,...,84) [P <fltgA(d, sy, ...,84) lind
fomin
=(inlta*(b,s,,...,84) ts*(d,s,,...,s4) lin>
—Cinlta* (b, 8y, . ...,84) lin)<inlts* (d,8,, . . .,84)"lind. (15)

As above, the matrix elements which arise reduce to
an average over one-nucleon states. What is new is
the matrix element of the form

: 1
A, inlt" (b—s,) ts" (d—s,) "4, in>= = Id‘s,T(S.) ts" (d—s,) ‘2" (b—s,).

(16)
We introduce

0us(A)= deSz,N(s)-m (s+4). (17)
Then Eq. (16) can be written as

<4, in|te¥ (b—s,) ;" (d—s,)* |1, in>=A~'0up(b—d) Tup(b—Ags), (18)
A,,=(b—d)B,/ (Bu+Ba)'

where T, is calculated with the slope B = B .4 = BB,/
(B4 + By). In the ordinary situation both A,; and B,
are small and Tyz5(b -4 45)= T'(b).

The final exact expression for the differential cross
section of incoherent diffraction dissociation aA ~cA*
has the form

do..* (incoh)
—

X Eaaa,'c,ca' exp[—"/:6.T4(b) —!/,0sT5(d) ]

1 2 ,iq(b—d)
o jdzbd de's

ab i

X{t" [0as(b—d) Tap(b—Aas)]—1}. (19)
This formula is new and has not been derived previous-
ly.
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3. ELASTIC AND QUASIELASTIC SCATTERING IN A
NUCLEUS. TOTAL CROSS SECTION AND
ABSORPTION CROSS SECTION

Here we shall discuss how the allowance for diffrac-
tion dissociation changes the description of elastic and
quasielastic scattering by nuclei and also the descrip-
tion of the total cross section and the absorption cross
section. For simplification of the formulas we shall
neglect B, in comparison with the radii of the nuclei.
In the Glauber -Sitenko approximation

Ofhi=2 J' @b {1—exp[—"/20mT (b) 1}, (20)
ods= Jd’b{i—exp[—'/zo.:(T(b)])’. (21)

The absorption cross section o4 is the cross section
for interaction with the nucleus with production of new
particles. It does not include the cross section for
elastic scattering with breakup of the nucleus aA ~aA*,
which is designated differently as quasielastic scatter-
ing. By integrating over the scattering angles in Eq.

(19) it is easy to find that in the one-channel case

oh =0 Y=o -0,
0ot = jd‘b{exp[—a.f.T(b) ]—exp[—omT (b) 1}, (22)
o = | a'b {1—expl—od.T(B)1). (23)

In the multichannel case Eq. (12) gives instead of Eq.
(20)

om=2{ @b {1—<expl—T20.T (b) ). (24)

For calculation of the inelastic correction to the
Glauber -Sitenko formula we note that ¢, = ,). The
correction for inelastic screening is the difference be-
tween expressions (24) and (20):

Aoih=2 jdlb{ezp[—‘/#oa)T(b)]—(exp[—‘/z,o,;T(b)])}
= —j d@*bT?*(b) exp[—*/:¢0>T (b) ] {!/:{A6.*>—"/2:{ A>T (b) + ... }
~—dn j d*bT* (b) exp[—"/20m T (b) ] (d0 5o/ dq?) ems. (25)

In the transition to the last line in Eq. (25) we made use
of Eq. (5).

The first nonvanishing term of the expansion in a¢,
=0, - (0g) in Eq. (25) coincides® with the Karmanov-
Kondratyuk correction,'® which was obtained in pertur-
bation theory in the nondiagonal £, .. on the assumption
that all f,, are equal to each other: ¢y=0,y (otherwise
a closed expression for Ag#4 would not have been ob-
tained). From this derivation it is clear why the Kar-
manov -Kondratyuk approximation is reasonable: al-
lowance for the spread in o,y would correspond to
terms ~Ag%. While the value of (Ac?2 ) was determined
beforehand by the experimental value (dopp/dq?),., in 2
nucleon target, on the other hand (A¢% ) is actually a
new parameter, knowledge of which would be interest-
ing for construction of the parton wave functions of
hadrons. Calculation of (Ac3 ) for nucleons in the
Miettinen-Pumplin model®® gives

<(A0/01)*> = —0.15¢ (AGa/0tur) >
and inclusion of the term (Ao} ) increases A¢A insig-
nificantly: by 6% of AgA, for the Al nucleus and by 10%

tot
for the Pb nucleus.?’ Experimentally Ac!% is actually
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FIG. 1. Inelastic corrections to the total cross section, the
absorption cross section, and the effective number of nucleons,
as functions of the atomic number of the nucleus.

larger than given by the Karmanov-Kondratyuk formula,
but the discrepancy between the experimental results

of Refs. 16 and 24 on the nA cross sections are of the
same order as the discrepancy between any of the
groups of data and the Karmanov-Kondratyuk approxi-
mation. It would be very interesting to have precision
measurements of o4 and a direct analysis of data on
the cross sections in terms of the moments (Agl). At
an energy 200 GeV for all nuclei Ag ! ~(0.05-0.07)o !

(Fig. 1) and rises slowly with increase of the energy.

We shall calculate now the correction to the absorp-
tion cross section. We note at the beginning that in the
multichannel case the cross section for elastic scat-
tering by a nucleon is

0u” =Y Y\ 1011517005 (0) = (020 (0)) (26)
a [}
and that according to Eq. (19) the total cross section
for quasielastic scattering is
O = }' d?bexp[—"/,(0at0p) T (b) ] {exploas(0) T (b) 1—1}).  (27)

Instead of Eq. (23) we then obtain the exact formulas

Oy = Id’b(i—((exp{—’/g[0¢+0,—20a,(0) 17(b)}), (28)
Aca, = [ &b exp[—((0.0—Caus (0))) T (b) ]
—(exp {—*/2[0a+0s—2025 (0) 1T (b) } 9}. (29)

Let us consider again the first nonvanishing term of
the expansion in A¢,,4 in Eq. (29). Since

045 (0) =0,04/87 (Bo+Bs),

the relation between o, and B, is also important. We
shall consider two extreme cases: global geometric
scaling B,/0, = const, and the case of universal slopes
B,=B=const. Inboth cases Ag4, has the form

( (= Boe™
q=0 a”

tot

dODD
dq®

Acan=—4n j(FbT’ (b) exp[—0an.T (b) ] )2 . (30)

where for geometric scaling 8= 1 and for universal
slopes = 2. It is natural to expect that in the general
case 1«<B<2.
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Comparison of KN, N, and NN scattering shows that
the slope of the diffraction peak increases with increase
of the cross section, but substantially more slowly
than in direct proportion to the cross section. A con-
crete model of eigenstates for pp scattering was con-
structed by Miettinen and Pumplin.?® In this model also
the dependence of B, on o, is very weak. Therefore we
must expect that 8 is close to 2.

The correction (30) for nA interactions is given for
B=2in Fig. 1. For 8= 1 the value of the correction is
higher by a factor 1.7. Also given are the ratios
A4 /o4 for o4, and oA . Numerically the value of
Ag#A is small, of the order of 2% of ¢A,. The sup-
pression is due both to the factor in the large paren-

theses in Eq. (30) and to the fact that
exp[—0u. T (b) ] <exp[—/s0mT (b) ].

Experimentally o4, is usually measured with a statisti-
cal accuracy of 0.5%, while the systematic errors are

higher, of the order of (1-3)%.!%!®

For completeness we give the correction to the in-
elastic scattering cross section 04 =04 -04:

N daDD
Avit==2n | d*bexp[—0.T (B) IT*(b) ——| . (31)
Jber =l
1t also is small and is numerically close to Ac#% with
B=2.

Inclusion of terms ~Ag? in Eqs. (30) and (31) is not
complicated, but their contributions are small and un-
important for the accuracies of conceivable experi-
ments. The correction Ao 4 has been discussed pre-
viously by Gaisser et al.?’ and by Nam et al.?® in con-
nection with the analysis of data on total cross sections
measured in experiments with cosmic rays. It was
correctly noted in Refs. 25 and 26 that Ag4 is small. In
Ref. 25 Ao# was found to be Ao 4 (A) =340 (24),
which does not agree with the exact formula (31) either
in its dependence on A or in magnitude. In Ref. 26 a
more general analysis was made, but an explicit Gaus-
sian parametrization of the nuclear density was used,’
and the general equation (31) was not derived. In real-
ity cosmic-ray experiments measure not o4, but o4,
and use of Ac# in Refg. 25 and 26 instead of Ac%4 was
incorrect. Shabel’skii?’ also has discussed the correc-
tions to o4, and also found that Ac4 is small. However,
he used the two-channel approximation, and the correc-
tion to quasielastic scattering and its dependence on
the slopes of the diffraction peak were not discussed.

Let us consider now in more detail the quasielastic
scattering aA -aA*. In Eq. (19) we expand the expo-
nential in a series in 0,4(A)T(b). In the usual case this
is a small parameter. The individual terms of the se-
ries, since it is found to be of constant sign, can arbi-
trarily be interpreted as the contributions of #-fold
elastic scattering by the different nucleons of the nu-
cleus. The important contribution is that from “single”
scattering. In view of the inequality B, <RZ , in the
expression

exp [—*/20.T (b) —*/20sT (d) ]

we can set d=b. Then the contribution of single scat-
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tering takes on a particularly nice form

“ 1 .
%— = j d*b d*A e'9°T (b) €0us (A) exp[—*/2(0at0s) T (b) >

=j%r(b)|</,,(q)exp[—v.o¢r(b)1>|=. (32)

This expression permits a simple interpretation: the
factors f,(q) correspond to elastic scattering proper,
and exp[-z0,T(b)] describes the absorption of the wave
before and after the quasielastic scattering. It is just
the amplitude of the wave which is attenuated, as can
be seen also from the fact that the exponential contains
the total cross section, and not the absorption cross
section as would be the case in a statistical attenuation
of the intensity. This is a manifestation of the fact that
the scale of longitudinal distances Az = E/Am®>R,, so
that the scattering by nucleons with different z is co-
herent. However, interactions with different impact
parameters are incoherent: the intensities of the scat-
tered waves are summed over the impact parameters.

To estimate the inelastic correction to the differential
cross section for quasielastic scattering it is suffi-
cient to use Eq. (32). For q= 0 we obtain

% ._nzd:;: _J e @expl—olz ®))
x{1- 'f;"::’ [O:IT(b)~%[oz‘T(b)]‘]},
Il @)

A specific feature of quasielastic scattering is that
the relative size of the correction is not suppressed by
small factors of the form exp[-zo%, T(b)] or
eXP[—Of.,S T(b)], which decrease the contribution of small
impact parameters and accordingly of large T(b). For
all nuclei the correction decreases the quantity

do‘; do.™
= 5 2]
dq dq*l o

by 20% (Fig. 1). In the limit of infinitely heavy nuclei
the sign of the correction would change, but real nuclei
are not sufficiently large and the term in Eq. (33) which
is linear in T'(b) is dominant. Detailed calculations in
terms of the model of Miettinen and Pumplin show that
within the diffraction peak the relative size of the cor-
rection is a weak function of the scattering angle. This
is a manifestation of the previously mentioned small-
ness of the fluctuations of the slopes of the diffraction
peak in comparison with the fluctuations of the total
cross sections.

For calculations of all of the cross sections being
discussed it is necessary to know the hadronic size of
the nuclei. As we have seen, the corrections for in-
elastic screening decrease all of the cross sections, so
that if we analyze data on cross sections without in-
elastic screening, the nuclear radii are underestimat-
ed. Independent information on nuclear radii is given
by the study of elastic scattering, in which the location
of the first diffraction minimum should be especially
sensitive to the radius of the nucleus.

The correction to do# /dq® for inelastic screening can
easily be calculated by using Eq. (25): the integrand in
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FIG. 2. Differential cross sections of protons and neutrons
in carbon nuclei at energy 175 GeV, as functions of the mo-
mentum transfer. Also given is the ratio R of the cross sec-
tion with inclusion of the inelastic correction to the cross
section without inclusion of the inelastic correction.

Eq. (25) is a correction to the partial wave. Results of
the calculations for the lead nucleus are given in Figs.
2 and 3. We shall discuss first nA scattering. Without
taking into account the inelastic correction the first
diffraction minimum occurs at ¢! = q>= 0.0111 (GeV/
¢)®. Inclusion of the correction, with the same nuclear
radius, shifts the minimum to the right by A¢= 3-10™,
i.e., A¢/1#1=3+10"2 In Figs. 2 and 3 R is the ratio of
do4 /dt with inclusion of the correction to doA /dt without
inclusion of the correction. However, in description of
the total cross section without inclusion of inelastic
screening, if we decrease the nuclear radius, then

At/|t]=—AR MR 2=~—Ac/c=T-10-*.

This shows that accurate measurement of ¢4, and
do4 /dt permits separation of elastic screening effects
from changes of the nuclear radius.

It is interesting that the inelastic screening shifts the
next diffraction minima in the direction of smaller |¢/,
which is evident from Figs. 2 and 3. However, if we
take into account the uncertainties in the shape of the
nuclear densities, it is hardly possible to predict re-

S
@

S]
)

do/dt, mb/(GeV/c)2
5

JIINI

A
g 005 006 009 007 45
-t (GeV/c)2

FIG. 3. The same as Fig. 2 but for higher values of momen-
tum transfer.
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liably the location of these minima.

In the case of scattering of protons by heavy nuclei it
is important to take into account the Coulomb interac-
tion, which is becoming strong. In potential theory the
means of taking into account the Coulomb interaction
are well known: it is necessary to add the Coulomb
phase shift to the nuclear phase shift.?® In a number of
studies® this procedure has been applied to scattering
of hadrons by nuclei, and proof of it in terms of field
theory has been given by Kondratyuk and Kopeliovich.*
In Figs. 2 and 3 we have given the results of our calcu-
lation of do4 /dt for pPb scattering at 175 GeV. The
theory and experiment® are in very good agreement. It
must be emphasized that in that study Schiz et al.®
analyzed the experimental data quite incorrectly: the
interference of the Coulomb and strong amplitudes was
neglected without justification. As a result the extra-
polation of the differential cross section for nuclear
scattering to 0° angle corresponded to a value of o4,
which was 1.5 times greater than that measured in di-
rect experiments. Nuclear radii determined in this
manner have no quantitative meaning.

In Figs. 2 and 3 we have given the sum of the differ-
ential cross sections for elastic and quasielastic scat-
tering, since these two forms of scattering have not
been resolved experimentally. The inclusion of the in-
elastic correction to quasielastic scattering improves
the agreement of theory with experiment in the region
of dominance of quasielastic scattering, but the accu-
racy of the existing data is still poor. As Fig. 2 shows,
inclusion of the Coulomb interaction makes proton-nu-
cleus elastic scattering comparatively insensitive to
the inelastic correction. Therefore the experiments on
elastic scattering of neutrons by nuclei being carried
out at present by the group from the Institute of Theo-
retical and Experimental Physics and Freiburg at
CERN® are very interesting.

4. WHAT IS MEASURED IN DIFFRACTION
DISSOCIATION IN NUCLEI?

We shall show first that the cross sections for diffrac-
tion dissociation in the general case do not permit mea-
surement of the cross section for interaction of dif-
fraction-produced systems with nucleons. We recall
that in the Kolbig-Margolis approximation for coherent
diffraction dissociation* (here and subsequently o,

— ~aN * — CN
= Ors O2 "ou;')

t,c‘(l))=%§:(§}-{exp[-—%cl(b) ] —'exp [——;—GZ'T(b) ]} (34)

Let us consider the simple three-channel problem.’
Let the physical states arbitrarily designated Im), 13m),
and |57) have the following expansions in terms of the
eigenstates 11), 12), and |3):

1 1 1
|y= — 1>+ —=I2>+—3),
2 V2 2

1 1 1 1
130)=— I1D— = 2>+ —13>, [|5nd=—
T 2 2 TV
and let o,, = 0y, 0,y = 205, and o3y = 30y, So that o,x
= O(3N = O(spn = 20o. Then according to Eq. (12) we ob-
tain

1
1D——= 35
1> ﬁl3> (35)
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tavsn="/. {2 exp[—0oT (b) ] — exp[—'/20,T (b) ] — exp[—*/.0,T (b) ]},

. (36)
trsn=2""{exp[—*/20,T (b) ]—exp[—'/.0,T (b) 1},

which has nothing in common with the Kolbig-Margolis
formula (34). Thus, in terms of the Kolbig-Margolis
formula #4.,, corresponds to the process in which a
system with the cross section o, = 30, = (3/2)o,x is ini-
tially propagated in the nucleus and goes over into a
system with an interaction cross section 0,* = 0,

= %0(5,. ~. However, an attempt to fit the amplitude

4 ., to the Kolbig-Margolis formula would generally
lead to 0*<0.7 The reason for this is that f,.s = 0 and
the dissociation 7~ 3w in the nucleus occurs as the re-
sult of the double transition 7= 57— 37; here, although
this process is formally of second order in the nondi-
agonal amplitude f,., in a heavy nucleus /., does not
have a special smallness in comparison with #,.,. This
example shows clearly that perturbation theory is in-
applicable to diffraction dissociation. In the case of the
total cross sections or the absorption cross sections
the situation was favorable in that one was calculating
a correction to a term in the integrand which was al-
ready small, being proportional to exp[-zo”, T(b)] or
exp[~o,,, T(b)].

Let us now consider incoherent diffraction dissocia-
tion. In perturbation theory the correct expression for
the differential cross section of incoherent diffraction
dissociation was obtained by several workers.*® It has
a compact form only for universality of the slopes of
the diffraction peak:

daa.* (incok)
; i

do,.” ¢ d*bT (b)
dq* 7 (0.'—0.)*

2

{Uz' exp[—%cz‘T(b) ] — 6, exp [—%O.T(b) ]}

(37)

For comparison with Eq. (37), we follow Eq. (32) and
separate from the exact expression (19) for the differ-
ential cross section the contribution corresponding ar'-
bitrarily to single inelastic scattering:

do..* (incoh)

o fowr | Semiians] £

(38)

In the case of the three-channel problem discussed
above it is easy to see that in the general case it is not
possible to approximate Eq. (38) by Eq. (37). In the
case of strong coupling of the two channels (an example
is the dissociation 7~ 57) a formula is obtained which
is similar to (37) but the cross sections which enter in-
to it are neither o,x nor o -

What kind of information is provided by diffraction
dissociation in nuclei? Let us introduce the moments

Mn= Z Co’a (Oa—Glot )™ (39)

Then the amplitude (12) and the integrand in (38) can be
written in the form of an expansion in these moments:
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an‘a., exp[—véoaT(b) ] = exp[— %G,ZYT(II) ] 2 (_1): M.T (b)™,

2™"m
(40)
Z Ca"@u04 €XP [— 71 0.7 (b) ]

Sy (1)

M..T (b)™*(2m—aim T(b)).
2"m!

=exp[ - —%—G:T(b) ]
The more accurately the differential cross sections for
coherent and incoherent diffraction dissociation are
measured, the larger the number of moments M, which
can be determined from the dependence of the diffrac-
tion dissociation cross sections on the atomic number
A of the nucleus. The larger the number of moments
M, which is known, the more severe are the restric-
tions imposed on the structure of the expansion of a
diffraction-produced state in the system of eigenstates.

Traditionally the task of experiments on diffraction
dissociation is considered to be the determination of
o¥. In the eigenstate formalism of scattering this is

a,‘=2|cal’oa. (41)

For a complete experiment—determination of all coef-
ficients ¢, —it is necessary to know the systems of
eigenstates and to have infinitely precise data on dif-
fraction dissociation. In reality one can pose the ques-
tion of estimates of upper and lower bounds on ¢} .
For this purpose it is necessary to find the extrema of
the expression (41) with several experimentally deter-
mined moments M,, the orthogonality condition M,= 0,
and the normalization};,lc,|?= 1 as constraints.

Let us consider what this procedure gives in the case
of the diffraction dissociation

nd—(pn-)A, (42)

using as the system of eigenstates the Miettinen-Pump-
lin function.?® The cross section for interaction of the
eigenstates with the nucleons o, and the coefficients of
the expansion of a nucleon in these eigenstates a, are
given in the first two columns of the table. Note the
“passive” state with o, = 0. Its appearance is an in-
herent feature of quark-parton models.3436

The reaction (42) has been studied by Mollet ef al.®
in the nonresonance mass region 1.35 < m,, <1.45
(GeV/c?) and at energies 100-300 GeV. Analysis by
the Kolbig-Margolis method gave ¥ =27+ 3 mb.
Eight nuclear targets were used: Be, C, Al, Ti, Cu,

TABLE 1. Parameters of the expansion in eigenstates of the
Miettinen-Pumplin model of the systems described in the text.

Nucleon Solution I Solution II Solution III

o;, mb a; c; c;a; [ c;a;

X 0.5755 0.4568 | 0.1146 0.0312 | —0.1146
20.00 0.4394 | —0.7793 | —0.3398 | —0.2920
35.00 0.5010 0.0062 0.0031 | —0.4486 . k: .
46.7 0.4664 0.41354 0.0631 0.8268 0.3857 0.8636 0.4028

56.0 0.3761 0.1518 0.0571 | —0.0614 —0.0231 [ —0.1415 —0,0531
63.8 0.2712 0.1263 0.0342 | —0.0831 —-0.0226 | —0.1217 -0,0330
703 0.1785 0.0902 0.0161 | —0,0641 —0.0114 | —0.0847 —0.0151
76.0 0.1088 0.0580 0.0063 | —0.0421 —0.0046 | —0.0530 —0,0058
81.0 0.0620 0.0343 0.0021- | —0.0250 —-0.0015 | —0.0307 ~0.0019
85.4 0.0333 0.0189 0.0006 | —0.0139 —0.0005 | —-0.0167 —0.0006
89.4 0.0170 0.0099 0.0001 | —0.0072 —-0.0001 | —0.0086 -0.0001
93.0 0.0083 0.0049 | 0.0000 [ —0.0036 0.0000 | —0.0042 0.0000
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Ag, Ta, and Pb. If these data are analyzed in terms of
the moments M,,, one obtains M, = 3.5 mb, M, = 40
mb?, and |M,;1<10° mb®. The error in determination of
M, is of the order of 15 mb®. The data of Ref. 37 are
already insensitive to the higher moments.

Any state |¢) normalized to unity which reproduces
these two numbers M, and M, and in addition the ortho-
gonality condition M, = 0 will describe at the same time
also the dissociation cross section (42). Let us consid-
er a state |c) such that ¢, = —a,~ -0.5, c,~a,=0.44,
€,,=0.7, and all remaining ¢, are negligibly small.
Since a,, is small, the condition of orthogonality is
satisfied. Then

M,~a,a,(6,—0,) +a,,¢,,6,,~3.7Tmb,

and M,= -20 mb?, i.e., the dissociation cross section
is reproduced in all nuclei. For the true cross section
0¥, however, we have from (41)
6.'=|cy|%a,+ | 2| %0.+ | 12| *0,2=65 mb. (43)
Thus, we have constructed an explicit model in which
the state |pm) with an interaction cross section o(;,x
= 65 mb=o,y + 0,5 has the same diffraction-dissociation
amplitude (42) as that given by the Kolbig-Margolis for -
mula with the unphysical cross section ¢} = 27 mb.
From the same example it is evident that in essence
there is no upper bound on o} .

It is obvious that there are infinitely many sets of ¢,
and states |c) with amplitudes for dissociation in a nu-
cleus which agree within experimental error but which
have different 0§ . We can ask: What is the minimum
allowed o ? If no additional restrictions are imposed
on ¢,, then minimization of the expression (41) gives
the solution I listed in the table, which corresponds to
03 =16 mb. It is unacceptable for the following rea-
son.

In the quark model it is natural to assign passive
states to the constituent quarks themselves.?® A hadron
is intrinsically passive if all the quarks are passive,
i.e., for a nucleon of N quarks the weight of a passive
state P, is

Py=P,"s, (44)
where P _is the weight of the passive state for the con-
stituent quark. For the initial neutron N = 3 and for
the pw system we have N_ =5, so that the natural scale
of ¢, is

coma,=0.11. (45)
The state with the lowest nonzero cross section is na-
turally associated with the state in which all quarks are
passive except one, i.e., for P <1 it is natural to ex-
pect

le2a NP, " (1=Py). (46)
For the neutron proper, Eq. (46) would give a,=0.6,
and for the pr system c¢,=0.3. If we use (45) for ¢, and
impose the restriction Ic,1<0.3, then the minimum
permissible cross section ¢} is immediately increased
to 41.6 mb (solution II in the table). For c,= —(a,)*”
one also obtains a solution with ¢} =43.4 mb (solution
III in the table).

The example considered is purely illustrative. Both
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in the analysis of Mollet et al.®” by the Kolbig-Margolis
method and in our model problem, spin effects were
not taken into account. On inclusion of spin the eigen-
states used by us are split into subsystems in spin and
parity. It is necessary to determine the extrema of ¢¥
individually for all spin states of the produced system.
Nevertheless it is possible to draw a general conclu-
sion: the anomolously low cross sections ¢} which
follow from the Kolbig-Margolis procedure are a result
of the inadequacy of perturbation theory. It is neces-
sary to give up the habit of analyzing results of diffrac-
tion-dissociation experiments by the Kolbig-Margolis
method, since such ¢} have no quantitative meaning
and only lead one into error. The problem which must
be solved is to determine the properties of the system
of eigenfunctions of the scattering. The first useful
step would be representation of the experimental data
in the form of moments M,,, which could then be used
to check quark-parton models for systems of eigen-
states.

CONCLUSION

We have found the corrections to the absorption cross
sections and to quasielastic scattering and have ob-
tained general formulas for description of diffraction
dissociation in nuclei, which have been used to replace
the Kolbig-Margolis formula (34) for coherent diffrac-
tion dissociation and the formula of Tarasov ef al.

(37) for incoherent diffraction dissociation. The prob-
lem of determination of ¢} is not solved by the general
formalism. In addition, direct determination of o}
turns out to be impossible. However, reduction of all
diffraction dissociation in nuclei to determination of
o¥ is payment of unnecessary tribute to conservatism.
The moments M, are a no less important quantity for
the theory. Knowledge of them can make possible an
improvement of the ideas regarding the quark-parton
structure of hadrons. We have shown that even the
lower bounds on ¢} obtained with use of the moments
M,, clearly indicate that the true cross sections for in-
teraction of multiparticle systems with nucleons are
not small.

In conclusion the author expresses his deep gratitude
to E.L. Fe‘nberg and B.Z. Kopeliovich for valuable dis-
cussions which maintained the author’s interest in this
work, and to V.A. Tsarev and Yu.M. Shabel’skil for
useful remarks.
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