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Nucleon diffractive dissociation. I. Peripheral model with absorption
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A model for diffractive dissociation of hadrons into low-mass states is proposed. It is based on a

peripheral mechanism with absorption. The absorption effects lead to an important modification of the

amplitude by introducing an extra dependence upon momentum transfer and strong slope-mass

correlation. A diffractive minimum is predicted for small values of the mass of the produced system.

The connection with the crossover effects in diffractive dissociation is discussed. The nucleon

dissociation is considered in detail.

I. INTRODUCTION

Diffractive dissociation of hadrons into low-
mass multiparticle states has been studied for
many years but still remains one of the most
enigmatic phenomena in hadron physics. These
processes, while inelastic, have most of the fea-
tures of elastic scattering. This amazing simi-
larity leads to the conclusion that the basic dy-
namics for elastic and diffractive dissociation
reactions are the same. The general approach
to understanding this phenomenon was outlined
in the 1S50's' and suggests that, as in optics,
diffractive elastic and inelastic scattering is a
result of absorption of different components of
incoming waves. A hadron is considered as a
set of virtual states which can be transformed
into real particles by elastic scattering without
the change of internal quantum numbers. A
classic example is the regeneration of K& from
Ki through the different absorption of K and K
in hadronic matter. Another example is the "vec-
tor-meson dominant" interaction of photons with
hadrons.

Unfortunately, up to now there has been no ex-
plicit dynamical realization of this general idea
which can explain in a completely satisfactory
way all detailed features of diffractive dissocia-
tion. One of the most popular models is the
double-peripheral model of the Drell-Hiida-Deck
(DHD) type' which explains many important fea-
tures of diffractive dissociation. However, re-
cently some serious objections against this model
were put forward which led to skepticism concern-
ing its validity.

In this paper we show that the remedy for this
model can be found by taking into account the ab-
sorption. This possibility of building upon and re-
fining this model seems to us very important, es-
pecially since it is nearly the only model which
gives explicit predictions for the dependence on
all kinematical variables and involves a minimal

number of free parameters.
In Sec. II the most important features of diffrac-

tive dissociation are discussed with emphasis on
nucleon dissociation, which we chose as an ex-
plicit example in this paper.

Starting from the Good-Walker approach' we

consider in Sec. III the derivation of the tradition-
al DHD-type model for the processes NN- 7tNN,

v4N, and cNN (where c is an effective two-pion
system). With some approximations we obtained
a simple analytic expression for d'o/dt dM&'

which can be used in the missing-mass analysis.
Derivation of the DHD-type amplitude with ab-

sorption is done in Sec. IV. We show that the ab-
sorptive corrections introduce into the invariant
matrix element an extra dependence on momen-
tum transfer and slope-mass correlation.

These features were found necessary for agree-
ment with experiment. The absorbed amplitude
becomes more peripheral and a diffractive mini-
mum arises for production of low-mass systems.
The effect of the absorption on the crossover in
diffractive dissociation is also discussed. In this
paper we present only a qualitative discussion of
the model. Detailed comparison with data will be
given elsewhere.

II. LOW -MASS NONRESONANT ENHANCEMENTS

IN DIFFRACTIVE DISSOCIATION

One of the most interesting problems in diffrac-
tive dissociation is connected with the properties
of the produced system. Missing-mass distribu-
tions in diffractive dissociation of nucleons and
m and K mesons exhibit strong enhancements in
the low-mass region. Such peaks in mass spectra
are usually interpreted as resonances. However,
a detailed comparison with the phase-shift analy-
sis shows that not all of these peaks have counter-
parts in the resonance spectrum found in forma-
tion experiments. Moreover, as has been shown
recently by careful analysis of the dissociation
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m-3m [Ref. 3(a)] in the region of the A„A„and
A., peaks, none of the partial waves except J
=2' (A, ) has resonance behavior, i.e., A, and A,
enhancements are not resonances. Similar results
have been found also for the Kvw system. [ For a
review see Ref. 3(b).] The other important fact
is that most peaks produced in diffraction disso-
ciation processes are not produced by any other
reaction process (for example, in charge ex-
change). These facts mean that in addition to
peaks corresponding to the excitation of "normal"
resonances one should admit the existence of non-
resonant enhancements. 4 Thus, we are faced with
an extremely interesting question: What is the
mechanism causing a "resonancelike" enhance-
ment for the nonresonant amplitude at certain
mass values'P Here the experiment provides us
with the very important information which, prob-
ably, is a key to the understanding of diffraction
dissociation. It tells us that

(1) a hadron preferentially dissociates into two
particles, one of which is always a pion (X =X, + w)

(Ref. 5),
(2) the mass distribution usually peaks near the

M~ + p. threshold;
(3) there is a reciprocal relationship between

the slope of the differential cross section and the
mass Mz of the produced system [typically the

slope parameter is = 15 (GeV/c) ' near thresh-
old and decreases to 4-5 (GeV/c) ' at larger Mr],
and

(4) in contrast to elastic scattering the diffrac-
tive system does not conserve s-channel helicity.

These properties, if understood, would lead to
insight into the dynamics of diffractive dissocia-
tion.

The experimental data on mass spectra in nu-

cleon excitation N-N* are somewhat contradic-
tory. All measurements a.gree that the most pro-
nounced feature of the mass spectra at small t is
a bump at M~= 1.4 GeV. But in some experiments
this bump is found to be structureless, '~'] whereas
in others' ' some narrow peaks at M~= 1.5 and

1.7 GeV have been found. Similar structure has
recently been found at high energies. '~'~

Sometimes there is a tendency to associate the

bump at 1.4 QeV with the Roper resonance P, .

found in the phase analysis of mN scattering at
M=1470 MeV. But this interpretation meets a
number of difficulties:

(i) The contribution of the Roper resonance is
much smaller than the contribution of N*(1500)
and N*(1688) resonances and is not seen in the
total nN cross section with I = &, but only in de-
tailed partial-wave analysis. But in diffractive
excitation the 1.4-6eV bump is a dominant fea-
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FIG. 1. DHD-type diagram.

ture at low mass and small t.
(ii) There is a significant shift of the peak posi-

tion in production and formation experiments. In
N- mN and N- mmN channels the peaks are ob-
served at different masses (1250 and 1450 MeV}
in contrast to the "normal" resonance decay (see,
however, Ref. 8).

(iii) The width of the peak is much larger in
production than in formation.

(iv) There is no reasonable explanation in the
resonance model for a fast decrease of the slope
parameter from 15-20 (GeV/c} ' at the Mz
=M„+p, threshold to 5-7 at M~-2 QeV.

Another interpretation of the bump is connected
with a DHD-type multiperipheral mechanism cor-
responding to the diagram shown in Fig. 1. This
model successfully explains many characteristic
features of diffractive dissociation, including the
following:

(a.) weak s dependence as a result of the approxi-
mate constancy of the vN scattering cross section
at high energies,

(b) approximately equal cross sections for the
dissociation of a particle and its antiparticle,

(c) approximate factorization,
(d) predominantly vacuum quantum number ex-

change, and
(e) preference for dissociation into an X, + w

system.
In this model some important features of dif-

fractive dissociation arise from kinematics:
(i) The low-mass enhancement results from a.

phase-space factor which leads to the vanishing
of the amplitude at the threshold and from a de-
creasing of the matrix element when going to
larger M~ due to peripherality and kinematics. '

(ii) StrongMz dependence of the slope parame-
ter is a consequence of the double peripherality
of Fig. 1: T~e p(xBf B,+t, ) At the thr.eshold t

and t, are linearly related and consequently T
o-exp[(B+B,)t]. As Mz becomes larger the de-
pendence of t, on t becomes weaker, leading to
weaker t dependence of T.

(iii) The difference in the peak positions for wN
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and mmN channels is naturally explained in terms
of the different masses of the final states.

The DHD-type peripheral model in various mod-
ifications was successfully applied in analysis of
m, K, and N diffractive dissociation in different
regions of the kinematical variables. However,
recently, some objections have been found against
such interpretations of diffraction bumps.

Firstly, in a detailed analysis of the reaction
PP-Pnw' as a function of all four variables it was
pointed out' that pure kinematics is not sufficient
to reproduce the whole Mx dependence of the slope
parameter and that the data still show some extra
Mx dependence of the slope which must be explic-
itly present in the invariant matrix element.

Secondly, for only one of the two crossovers
observed in diffraction dissociation, v' (v )
-A, + (A, ), the DHD model gives the right pre-
diction, whereas for the other, K (P')-Q» (go),
it predicts a ratio of cross sections which is op-
posite to the data. " The fact that the relative
normalizations of the K and K differential cross
sections are taken care of automatically through
the natural composition of the K~ makes this re-
sult very reliable.

These difficulties' "are serious problems for
the DHD-type model. We shall show that the pos-
sible way out is connected with absorption. The
nucleon dissociation will be considered as an ex-
plicit example.

HI. DOUBLE PERIPHERAL MODEL

We shall start from the Good-Walker model of
diffractive dissociation. ' According to this model,
the incoming particle at large momentum in the
target rest frame can be viewed as a fluctuating
object with various fluctuations permitted by the
quantum numbers:

I&. )=+~,»l&»&

The components of the incoming wave l X») inter-
act with the target particle due to the elastic dif-
fractive scattering caused by absorption, so that
after scattering

I&, &= Qo. ,»n»l&»),

where lq»[& 1 are absorption parameters.
The scattered wave is the difference

l~„&=l». )-l»., )

tive dissociation) is contained in the second one.
One can see from Eq. (3.1) that the diffractive-
dissociation amplitude is proportional to the dif-
ference between the amplitude for the absorption
of the produced particles and the amplitude for the
absorption of the incoming particle (Fig. 2).

The experimental evidence that the cross sec-
tions for diffractive production processes (o, ) are
about one order of magnitude smaller than that
for the elastic one (c„}can be used" to show that
to first order in (o~/o, ~) the scattering of a virtual
component off the target can be approximated by
the scattering of real particles.

We shall now apply this formalism to the case
of nucleon dissociation NN- mNN. Neglecting first
double scattering in the final state, we have the
diagrams shown in Fig. 3. Diagrams 3(a) and

3(b) have the same vertices but contain in general
independent singularities in different channels s
(q, +q,}' and u =(q, —q, )'. However, in the high-
energy and small-momentum-transfer limit for
the Reggeon, shown by the bubble in Fig. 3, q'
= —q, '. Then q,'=q, ', so that

s = m, '+2q, (P„-P.,)+q',
u =m,» +2q»(P —P o) + q

'

and, as q'-0, s-m, ' simultaneously &-~,
and the contributions of diagrams 3(a) and 3(b}
cancel each other (see also Ref. 9). It means that
in the limit of high energies and small mass and
momentum transfer the main contribution arises
from diagram 3(c). Thus we come to the DHD

model i6

At first sight it seems that it is very naive to
expect that the amplitude Reggeon+ N- v+ N (en-
tering the upper part of Fig. 1) can be adequately
described at low Mx by only the pion pole. If one
assumes similarity with the usual binary reactions
then this approximation is definitely unreasonable
at small s ~ However, it is clear from the above
discussion that neither in the physical picture of
the reaction nor in the kinematics does one have
full similarity for these reactions.

At very high momentum, it becomes reasonable
to consider the incoming hadron as a superposi-
tion of "almost free" components and the high-en-
ergy kinematics stress the one important diagram.
Experiment confirms the importance of this double
peripheral diagram in diffractive dissociation.

=(I —n )I&,„&++(q n»)~;„»l4) . —(3.1)

The first term in Eq. (3.1) describes elastic scat-
tering, whereas inelastic scattering (i.e., diffrac-

FIG. 2. Production amplitude in diffractive-dissocia-
tion model.
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Now, let us calculate the contribution of Fig. 1.
For further reference, we shall consider the

general case when all particle masses are differ-
ent. All necessary kinematical relations and de-
finitions are given in the Appendix.

The cross section for reaction NN- zNN is

Q'~ d g2 d Q'3
do=(2zz) 's 2(zzzzzzz, MzMz) g ( TD('

~10 ~20 ~30

(3.2}

Choosing as independent variables the invariants
s, t, s =M»', and angles 6} and P between p, and

q, in the system where q, + q, =0, we can rewrite
Eq. (3.2) as

do 4 m~m2M~M2 q
dsdtdqdcose ="'

(3.3)

The matrix element for Fig. 1 can be written in
the following form:

ample, Ref. 7(a)] indicates that the amplitude
must have some additional t, and t dependence,
which we choose here in the simplest form

F(t, t, ) = F,(t, ) F,(t),
with

F;(x) = exp[5;(x —tz')] .

Such extra t, and t dependence turns out to be
quite sizeable and is usually attributed to the off-
shell effects. In Sec. IV, we shall give another
interpretation of this dependence.

Using Eqs. (3.4)-(3.8) we can write Eq. (3.3) as

d(T

dt d .dq d-.e
-="'-""—

&& [q, (sz)zt']' exp[5(t 2
—tz'}],

(3.9)

where

TD = G„V(t, ) D(t, )M,„(s„t, t 2) F(t, t, ) . (3.4)
0 2 Q 2

exp[(f2 „„+5,}t]Sm' 4w s »
Here G„ is a rationalized and renormalized nÃN-

coupling constant G„'/4 s14.4. V is a spin part
of the vertex, and

(3.5)

and

= 5y for elementary m

M» -M~
5 =5 +2m„'ln

0
for Reggeized w.

D.((t,)=(t ' —t, )
'

or in the Reggeized form"

(3.6)

The meson propagator D(t, ) can be chosen either
in the elementary particle form

At large energies we shall neglect the weak s, de-
pendence of o,„. Then only [(q, )'s, ] in Eq. (3.9)
depends upon ((2. Integration over (tz leads to the
following form useful in the analysis of t, M», and

t, (=—a+ b cose) distributions:

I)2
(3.7)

dt d s dcos

where the m trajectory is n, =z, '(t, —p. '). In

Eq. (3.7)

$ =s —t M, '+(mz' M,-—t, )(tz-t, —t)/2t,

and (0 is a scale factor.
We shall use the following approximation for

Eq. (3.7):

D '(t, }=D. (t, (exp 2, 'Ie ,
'* ' (t, —n'(] .

0 ' [4(x ) —4(x, )],
1

(3.11)

x exp[5(t 2
—p, ')] .

where

R, = & zz(A, + B cose)(A + Bcose) + 2 C' sin'8 .

(3.10)

Further integration over 6 gives the missing-
mass cross section:

(3.8}

We assume that the off-shell mX scattering am-
plitude M„„can be approximated by the on-shell
amplitude M,~, so that at large s and small t

M
[o'"(s,) q.'(s, )"']',

m2M2

where

g wg wb
C

~b
a

C
C

where we neglect the small contribution of the
real part of the zzN scattering amplitude. (q, is
the momentum in the system where q, +q =0.)
Comparison with experimental data [see, for ex-

(a) (b)

FIG. 3. Diagrams for NN- wNN dissociation.

(c)
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20

+ Ei(6x)(a+ p'P+ p'n6, ),
Ei(x) is the exponential integral function, x, =

=a —p. '+b, and the kinematical variables a„b, n,
P, and y are defined in the Appendix.

The Mx and t dependence of the cross section
(3.11) has the gross features found in experiment:
the bump inM„near threshold (M„+ p, } and the
rise of the slope parameter when Mx approaches
threshold. " The extra t, dependence due to F,(t, )

leads to suppression of the cross section especi-
ally at larger Mx and to a shift of the maximum
in the M„distribution to smaller M„(see Fig. 4).
The Reggeization has a similar effect with even
stronger suppression of larger Mx.

As an example, we show in Fig. 5 the compari-
son of Eq. (3.11) with recent data on PP -XP and
Pd-Xd diffractive dissociation. ' [More details
can be found in Ref. 7(b)].

If we suggest that the whole experimental peak
near M~= 1.4 GeV is connected with P -p+ m' and

p —n+ v' dissociation then we need 6, =3 (GeV/c)-'
and 6, =3 (GeV/c)-' to have a reasonable absolute
value and the peak position. Even with these large
values of 5, and i5, the value of the slope is still
smaller than in the experiment. If we accept that
there are other contributions in this M~ region,
we need even stronger suppression of the absolute
value. In Sec. IV we show that the t and t, depen-
dence and suppression in the absolute value can
be obtained from absorption.

As far as the other contributions are concerned,
we assume that at low Mx they are connected with

16'

C9
14

C5

E
Ol X

12

10

1.2
I

1.3 1.4
M„(G ev)

1.5 1.6

FIG. 4. Mass distribution and slope parameter from
Eq. (3.11) for non-Reggeized pion with 6~ = 1 and 2,
62=3 (GeV/c), 0~„=24 mb, and b,~=(9 GeV/c)

two-pion production (N- vvN}. For small values
of Mx the two-pion-nucleon channel can be de-
scribed in this model through the channels N- n4 and N-cd, where ~ is a 33 isobar and 0

is a "scalar meson" which effectively takes into
account the enhancement in the two-pion system
near threshold [diagrams (a) and (b) in Fig. 6].

The corresponding contributions can be easily
obtained from (3.4), noting the difference in cou-
plings and in ths spin structure of nNN and AN@,

ANN vertices. This leads to the substitution in

15-
N
I

C9

IQ

Cl

3
Mx (Gev )

FIG. 5. Comparison of Eq. (3.11) with data from Ref. 7.
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(3.10) and (3.11): 28

2 rNN

2

qM»2cr, „(M»2) dM» ("6")
m'

6- 24

ONN & 2(M +m)2
4m

4 (x) -4, (x) = e " ———+Ei(5»}(P+o.5) .
5 x

(3.12}
The effective coupling for the "& ease'* ean be

calculated from the »N cross section (or the &

isobar width). For the "v case" neither G»
nor o.,N is known experimentally.

Both diagrams have nearly the same threshold
and lead to similar Mx and t dependence, shown
in Fig. 7. The characteristic feature of both dia-
grams connected with scalar coupling is the larger
value of the slope near the corresponding thresh-
old than for the diagram with N- mN dissociation.

It is reasonable to assume that the missing-
mass peak at M~ -1.4 GeV is a superposition of
those diagrams corresponding to X- wN and X- vmN dissociation.

IV. ABSORPTION

In Sec. III we considered the process (Fig. 1)
where an incoming nucleon interacts with the tar-
get by means of emission of a pion which in turn
scatters diffractively on a target. Simultaneously
with this "indirect" interaction, the nucleon must
also interact "directly" with the target (waved
lines in Fig. 8). It is well known that such ab-
sorption effects, connected with distortion of in-
coming and scattered waves, play an important
role in binary reactions, leading to the substantial

ax 4-
bX
U

20
N

IS
C5

X

l2

2-

I.4 I.S I.S I.7 I.8 I.9

Mx ~GeV)

modification of the "unabsorbed" amplitudes. In
this section we present a model for absorptive
corrections to diffractive dissociation.

We shall suggest that similarly to the binary
reaction case (see, for example Ref. 19), absorp-
tion can be taken into account using the S matrix
of elastic scattering of particles in the initial (S;)
and final (Sz) states:

T(Py) =S (P, ) To(P, )S/ (P, ) . (4.1)

Here T,(p, ) is the unabsorbed amplitude of Sec.
III in the impact-parameter representation"

FIG. 7. Mass distribution at t =-0.02 (GeV/c)
(arbitrary normalization) and slope parameter for Fig. 6.

K
K%' +

T.(p, ) =(») ' Q d'k, e' '
~& T(k, ) 5'(Q k,. }.

j =I j=1
(4.2)

K
0

I

go
1F

(c)

I

)
i Q

k, is the two-dimensional transverse (with respect
to p, ) component of momentum qj and pj is the
two-dimensional impact parameter conjugate to
the k, . [We work here in the over-all center-of-
mass system (p, +p, =0).]

The absorbed amplitude T(kj) can be found from
Eq. (4.1) with the inverse transformation

(d)

FIG. 6. DHD-type diagrams for dissociation NN
—»nfl, NN —vNN, and Eo(KO}—Qo(Q }.

FIG. 8. Double peripheral amplitude with the ab-
sorption.
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3

T(k&) =9(2m) ' II d'p, . e ' i '~i T(p, ) 6'(g p&) .
j=1 j=l

(4.3)

In general, S& describes rescattering of all par-
ticles in the final state. In particular, for Mx
near a resonance, the resonance interaction be-
tween the produced particles may be important.
Here, however, we are interested in a nonreson-
ant mechanism giving rise to a bump. Therefore,
we shall restrict our consideration here to the
region near thresholdM, + p. where the resonance
interaction presumably can be neglected. Since
in the first approximation (i.e., in T,) we have
already taken into account the direct pion-target
interaction, we are left with the nucleon-target
interaction in the final state. In other words, we
can consider the produced system as a quasipar-
ticle which interacts with target as a nucleon so
that

S] -Sf -8,),
where

T„(s, t) = (i + n)ee"", {4.9)

where o is the total NN cross section and b is the
slope parameter, o. is the ratio of the real to the
imaginary parts of the elastic NN scattering am-
plitude. At high energies it is experimentally
small and will be neglected. '2 From Eqs. (4.8)
and (4.9)

S„(p}= 1 —(a/'4mb) e (4.10)

Thus absorption leads, just as in the binary case,
to suppression of low impact parameters.

Substituting (4.8) into (4.9) and using form (4.10)
for S„(p) one obtains

T "(k) = To(k} —5T"(k},

where

5T "(k) = —exp(a tb)
4m

where J„(x) is the Bessel function.
In the diffractive peak region the elastic nucleon-

nucleon scattering amplitude can be parametrized
as

1
S =1+ —T

4m
(4.4) k' dk' T",(k') exp(- & k "b) f„(k'kb)

1
T,"(k) =

2
e '"~ T,(g, k),

0
(4 6)

where g is the angle between the planes q„q,
and q„p, (Fig. 9).

It is clear that in our approximation only one
impact parameter is relevant which we choose to
be conjugate to k, the transverse component of

is the S matrix of elastic nucleon-nucleon scatter-
ing. However, the presence of the pion in the
final state still affects absorption. The reason
is that the absorption depends upon the helicities
of the particles. The relative motion of the pro-
duced particles generates "spin" of the quasipar-
ticle. The higher Mx, the more orbital states of
the produced system with different helicities are
important.

Let T", be an amplitude (corresponding to Fig. 1)
which describes the production of particles 1 and
3 with helicity n along p;." We can define it as

(4.11}

and f„(x) is a Bessel function of complex argu-
ment. A similar equation for the binary reaction
case was obtained by Henyey et a~.23 Using the
expression for T0 from Sec. III and kinematical
formulas given in the Appendix one can perform
the integration in Eq. (4.11). These calculations
and the detailed comparison with experiment will
be given elsewhere. Here we restrict ourselves
to qualitative discussion.

First we note that, if the final-state scattering
is known, the absorption will involve no free
parameters (as is the case for reaction NN-T(NN).
Unfortunately, in diffractive dissociation the final-
state particles X, are usually unstable (p, K*,
etc. ) whose elastic scattering is unknown. '4 Thus
a simplifying assumption must be made (for ex-
ample, that: the final-state scattering is the same
as the initial one). The other source of uncertain-

k =q 2sin2(9'= —I, .

Then instead of Eq. {4.2) and (4.3) we can use

(4.6)

and

T"(k) = pdp To(p}S.)(p) J.(pk)
0

(4 7)

&lip)= f a% 7'i():)&.(a)),
0

(4.8} FIG. 9. Kinematics in the center-of-mass system.
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(Bt+Bytg) /2
0 ) (4.12)

and we neglect the t and t, dependence of A.
The integration over (} in Eq. (4.5) involves only

t, . Noting that

ty is connected with inelastic absorption. From
experience with binary reactions it is known that
the real absorption is stronger than follows from
the elastic prescription. This fact is usually at-
tributed to the contribution of diffractive inelastic
scattering which effectively enlarges the rescat-
tering cross section. These effects are usually
taken into account phenomenologically ' by the
change

o„-xo„(x&1).
The other effect of inelastic rescattering could
be to change the effective slope 5- gb.

To make our qualitative discussion more trans-
parent, we shall start from a simple model for
the amplitude T0. We choose instead of (p,

' —t, )
'

an exponential form for the upper peripheral part
of Fig. 1 so that

one gets from (4.5) and (4.12}

Tll Ae(Bt+Bl& I) /2 I (
—8 r ) (4.14)

In both limits t-0 (8;- v) andMx-m, + p. (~'- v)
the argument in (4.14) vanishes and

( 'B,r-2)"
I„(28P2)- F( 1)

(4.15)

Let us first co~sider production of the system
with Mx near the threshold. One can then see
immediately from Eq. (4.15) that only the nonf lip
amplitude (n =0) is important. In this limit from
Eq. (4.13') r, = t and

T = r'=Ae""~'"'.
0 0 (4.16)

where

Substituting (4.16) into (4.11) we obtain the follow-
ing expression for the absorbed amplitude (M„
near the threshold):

t, = r, +r, cos&,

where

+ My 2qg0pyp

+ 2q~ p~ cos6)2 cosA.

r, = 2q,'p,' sin6},' sink. ',

(4.13)

(4.13')

o t (8+82)
4v(8+8, +b) 2 8+8, +b

(4.1(}
If we fixMx not too close to threshold, then for
some limited range of t we can also fix t, . Then
T(t, t, ) = To(t, t, )p(t„ t )2and

( ) 1
o t, Bi t 8 +882 —bBi

4(((8+8, + b} 2 2 8+8, +b (4.17')

These expressions display the following impor-
tant features of diffractive dissociation:

(i) From Eqs. (4.14) and (4.15) we have a, simple
explanation for the experimental fact that for pro-
duction of low-mass states near the threshold the
s-channel helicity is approximately conserved but
for larger Mx it is not.

(ii) Absorption introduces extra t (and t, ) de-
pendence into the amplitude, leading to a very
steep differential cross section near threshold
(Fig. 10). This dependence, as discussed in Sec.
IV, is found necessary from a comparison with
experiment and is usually attributed to the off-
shell effects. In contrast to the factorized t and

t, dependence due to the form factors, Eq. (4.1 t)
leads to coupled t and t, dependence. This can be
used for experimental distinguishing of these
forms.

(iii) At some t =t * expression (4.1'I} vanishes,
leading to a minimum in the low-mass diffractive-
dissociation cross section. A rough estimation

based on Eq. (4.1'I) with B=B,= b=10 (GeV/c) '
and o-40 mb gives for t * the value = 0.2 (GeV/c)'
(Fig. 10). The contributions from nv 0 states fill
in this minimum. These contributions become
more important at larger Mx, leading to disappear-
ance of the dip. A similar conclusion about a rnin-
imum at small Mx was obtained recently in Ref.
26 from a different approach. Experiment"
seems to confirm this prediction.

(iv) One can also speculate that the factor P(t)
may explain the crossover in K (K )-Q'(g') dif-
fractive dissociation (Fig. 6). At present it is
difficult to say anything more definitive since the
cross sections and slopes for K*'-N scattering
are unknown as well as the effect of inelastic ab-
sorption. In order for the factor (II} to act in the
right direction we need to assume that the rela-
tion between the o(K*'N) and o(K* N) cross sec-
tions is different from that between a'(K'N) and
o(K N). The possibility for verification of the
model can be obtained from the measurements
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of the crossover in the reactions

PP - v'nP(v'PP),

pp" w np(F'pp) .

If inelastic absorption is negligible (g = ( = 1)
the absorptive corrections can be expressed in
terms of the known values of the cross sections
and slopes for pp and pp scattering.

Now, let us consider production of the system
with large M~. We shall see that the dramatic
strengthening of the t dependence of the amplitude
due to absorption found near the threshold disap-
pears as Mx increases.

At large M~ one can neglect the t dependence of
x, and, using (4.15), integrate (4.17). Then

bT"=
4 (B ~ b)

' ' T", (B+8) (4'18)

Tn /teat/2Q (t)

where

B()- (-B B~)8 ~
1 2 2

and Fi = p, —7'i.
At t -0 or Mx-ma+

F„x2 are functions of t:

F, = I, +12t, X2 =a V'- t,
where

I, = p, '+ 2q', Op', 0
—m, ' -M, '

+ (2q', ,P,', -m, ' -M, ') cosX',

(4.14')

(4.15')

(4.20)

We see from (4.18) that the relative magnitude of the

absorptive corrections 5T "/T," decreases with in-
creasing n duetothefactor [b/(B+b})". Itmeans that
the contributions of higher n become more impor-
tant in the absorbed amplitude than in the unab-
sorbed. However, we know from (4.15} that at
small t, T" behaves as (4 t)". Thus the -change
in the relative contribution of different helicity
states caused by absorption leads to the flatten-
ing of the t dependence at large Mx.

The importance of absorption and spin effects
for diffractive dissociation was already emphasi-
zed by Kane et al."and the properties (i), (ii),
(iii), and (v) were discussed from a general as-
sumption of peripherality of diffractive processes.
Recently on this basis a phenomenological model
was constructed" where the peripheral shape and
strength of different n-states were chosen ad hfx.
In our approach we have an explicit dynamical
mechanism for both.

Summing up T" [inverse to (4.5)] and using (4.18)
we obtain (for I, =0) the full amplitude of the form
T=T, Q, where

C

I = —' cosA.'2 qC
2

2 c c
0 p q sin (4.21)

T "(t) = T", 1 ——exp t P„ t}, 4.22)
0 b —B

where

.5

.4

Now we can integrate (4.11) using the approximate
form (4.15'), and the small-/ limit for I„(k'kb)
= (k'kb/2)" /n! .

The resulting expression for the amplitude T"
is

(t) =1- o B(B,-B)
4v(B+b) 2(B+b)exp (4.19)

Typically B= B, and (P is practically independent
of I Thus, comps, ring with .(4.17), we obtain an-
other important property of the model:

(v) Absorption makes the slope of the amplitude
increase as Mx approaches the threshold.

It is clear that the properties found for the am-
plitude with exponential t, dependence will also
hold for the original. form

peat/2( pB t )-8

.2

.IO .I5
t. [(Gev/c) ]

.20 .25

In this case instead of (4.14) we obtain
FIG. 10. Absorptive factor 42(t}. For comparison at

small t the function 0.53 exp(5. 6t} is shown.
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Z —= l, (B + b) /2 l, .

The cross section can be calculated now as in
Sec. III with l T, I'-+ (

T"['.
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APPENDIX

We list here some kinematical variables for
Fig. 1.

Metrit.-:
p2 p

2 p2

In variants:

s = ~'=(P, +P.)', f =(q. P, )', -
s =M»'--(q, +q, )' l, =(q, p }'

s =(q +q )', l =(q. -p, )'.
Symbols:

E(x, y, z}= (2x) '(x+ y —z},

P(x, v, z) =(2x) '[x' —2x(y+z)+(y —z)'j'~'.

In the rest system of the fragments (q, + q, =0)
one has

P, o
= E(M», M, , l),

q» —E(M», p, m, ) .

q„=E(M»', m, ', p'),

P,o=E(M~', Mo', f ),
p, =p(M ',m, 2, t),

q, =q, =P(M„', m, ', p. '},
p, =P(M»', M, ', l ),

t = yyq2+~&2+~22 -~&2 —S —t.
A. ngles:

Between q, and p„
1

cos0 = (2q„p„—m, ' M, '+ I,);-
2qp,

between p, and p„

One can express the invariants s, and t, in the
system where q, + q, = 0:

s, = A+ B cos6}+C sin6}cosg,

where

A = s + rnid
—2qio(pio+ Poo)

B= 2q(p, +p, coso. ),
C = 2qp2 sinu,

= 0+ b cos6},

+I —2q]pp]p

b =2q

(q, )'s, =4 '[(A, + Bcos&)(A + Bcoso')

+C sing(A, +A +28cos8)

+ C' sin'e cos'P],

A, =A —(m, s p, )'.
In our discussion of absorption we use the over-
all center-of-mass system (p, + p, =0). Here

P,', =E(s,M, , M, '), P,'o=E(s, M, , M, ),

P,' = P', = O' =P (s, M, , M ),oo

q,';E(s, m, ', s, )-, q,
' =P(s, m, ', s, ),

q,',=E (s, m, ', M»'), q', =P (s, re', M»') .

A. ngles:

Between p,
' and qy,

1
1 2k, cqc 1

between p, and q„
1

2k'q2'

between q, and q„
1

co sA' =, , (- s + M»' + s, —p ' + 2q,', q,', ) .
2q,'q,'

2d2
o. =A+A + —I ——, +B 2

— B(A++A ), —

8 2d 2
C'

P= —(A +A ) ——B' ——
b + b 2

cosu = {2pzpp + Mz +M2 —s);
2PgP2

2 2C2
b2

between q, and p„
cosa = cosa cos6}+sinu sin0 cosg .

where

d = 0 —p.
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