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ABSTRACT

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 exira 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 con-

sidered in detail.
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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 features of elastic scattering. This amazing similarity leads to the
conclusion that the basic dynamics for elastic and diffractive dissociation
reactions are the same. The general approach to understanding of this
phenomenon was outlined in the .‘L‘?SO'S1 and suége sts that similar to optics,
diffractive elastic and inelastic scattering is a result of absorption of different
components of incorﬁing 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 KS from K, through the different absorption of K and K in

L
hadronic matter. Another example is the "vector meson dominant" inter-
action of photons with hadrons.

Unfortunately up to now there is no explicit dynamical realization of
this general idea which can explain in a completely satisfactory way all
detailed features of diffractive dissociation. One of the most popular models
is the double-peripheral model of Drell-Hiida-Deck (DHD) type2 which
explains many hnpoi'tant features of diffractive dissociation. However,
recently some serious objections against this model were put forward which
led to scepticism with its validity.

In this paper we show that the remedy for this model can be found by

taking into account the absorption. The possibility of building upon and
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refining this model seems to us very important, especially 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 Section II the most important features of diffractive dissociation are
discussed with emphasis on nucleon dissociation which we chose as an ex-
plicit example in this paper.

Sta.rting from the Good and Walker aq:tpr‘c»ach1 we consider in Section III
the derivation of traditional DHD-iype model for processes NN-nNN, mAN,
and oNN (where ¢ is an effective two-pion system). With some approximations
we obtained a simple analytic expression for dzc/dt de2 which can be used
in the missing mass analysis.

Derivation of the DHD-type amplitude with absorption is done in Section
IV. We show that the absorptive corrections introduce into the invariant
matrix element an extra depender_lce on momentum transfer and slope-mass
correlation.

These features were found nebessary for agreement with the experiment.
The absorbed amplitude becomes more peripheral and a diffractive minimum
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.
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II. LOW-MASS NONRESONANT ENHANCEMENTS
IN DIFFRACTIVE DISSOCIATION

One of the most interesting problems in diffractive dissociation is
connected with the properties of the produced system. Missing mass distri-
butions in diffractive dissociation of nucleons and v and K mesons exhibit
strong eﬁhancements in the low-mass region. Such peaks in mass specira
are usually interpreted as resonances. However, a detailed comparison with
the phase shift analysis shows that not all of these peaks have counterparts
in resonance spectrum found in formation experiments. Moreover, as has
been shown recently by careful analysis of dissociation 7 — 3113 in the A1 -,
AZ-’ and A3-peak region, none of the partial waves except JP - 2+ (Az) has

resonance behavior, i.e., A1 and A3 enhancements are not resonances,

Similar results have been found also for Knnr system. (For review see

Ref. 3a.) The other important fact is that most peaks produced in diffraction
dissociation processes are not produced by any other reaction process (for
example, in charge exchange). These facts mean that in addition to peaks
corresponding to the excitation of "mormal" resonances one should admit the
existence of nonresonant enhancements, 4 Thus, we are faced with an ex-
tremely interesting question: what is the mechanism causing a "resonance-
like" enhancement for the nonresonant amplitude at certain mass values?
And here the experiment provides us with the very important information
which, probably, 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 = Xi + 1r)5
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2} the mass distribution peaks usually near Mx + u threshold
1
3) there is a reciprocal relationship between the slope of the
differential cross section and the mass M of the produced
system. Typically the slope parameter i ~1 (GeV/c)~
near threshold and decreases to 4-5 (GeV/c) ~ at larger Mx

4) in contrast to elastic scattering the diffractive sysiem does
not conserve s-channel helicity.

These properties, if understood, would lead to insight into the dynamics
of diffractive dissociation.

The experimental data on mass spectra in nucleon excitation N - N
are somewhat contradictory. All measurements are agreed that the most
pronounced feature of mass spectra at small t is a bump at Mx ~1.4 GeV,
But in some experiments this bump is found to be structureless6a whereas
in anothereb some narrow peaks at sz ~1.5 and 1.7 GeV have been found.
Similar structure has been recently found at high energies.

Sometimes there is a tendency to associate the bump at 1.4 GeV with
the Roper resonance P11 found in the phase analysis of N 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 total
wN cross section mth I =1/2, but only in detailed partial wave analysis.
But in diffractive excitation the 1.4-GeV bump is a dominant feature at low
masgs and small t.

(ii) There is a significant shift of the peak position in production and
formation experiments. In N - N and N - wwN channeis the peaks are
observed at different masses (1250 and 1450 MeV) in contrast to the "normal"

8
resonance decay (see, however, ).
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(-iii) The width of the peak is much larger in production than in forma-
tion.

(iv} There is no reasonable explanation in the resonance model for a
fast decrease of the slope parameter from 15-20 (Ge‘.?'/c:)“2 at Mx =1VI_N +
threshold to 5-7 at Mx ~2 GeV.

Another interpretation of the bump is connected with 'a DHD-type multi-
peripheral mechanism corresponding to the diagram shown in Fig. 1. This
model successfully explains many characteristic features of diffractive
dissociation:

a) Weak s-dependence is a result of the approximate constancy of the
wlN 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 gquantum number exchange.

e) Preference for dissociation into X, + v system.

1

In this model some important features of diffractive dissociation arise
from kinematics:

{i) The low=-mass enhancement resulis from a phase-space factor

which leads to the vanishing of the amplitude at the threshold and from a
decreasing of the matrix element when going to larger IVIx due to peripherality
and kinematics.

(ii) Strong Mx~dependence of the slope parameter is a consequence

of the double peripherality of Fig. 1: T ~exp (Bt + B _lt At the threshold

L
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t and t:i are linearly related and consequently. T ~exp[(B + Bi)t]' As Mx
becomes larger the dependence of 1:1 on t becomes weaker leading to weaker
t-dependence of T.

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

The DHD-peripheral model in various modifications was successfully
applied in analysis of w-, 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.

First, in a detailed analysis of the reaction pp - pnr+ as a function of
all four variables it was pointed outio that pure kinematics is not sufficient
to reproduce the whole Mx -dependence of slope parameter and that the data
still show some extra Mx-dependence of the slope which must be explicitly
present in the invariant matrix element.

Secondly, for only one of the two crossovers observed in diffraction
dissociation: -rr+ (TI'-) - A1+ (Ai-) the DHD model gives the right prediction,
whereas for the other KO (-IZO) - Qo (Qo) it predicts a ratio of cross sections
which is opposite to the data. 1 T_he fact that the relative normalization of the

K° and K° differential cross section are taken care of automatically through

o]

the natural composition of the KL

makes this result very reliable.
These difficul’(:ies‘12 are serious problems for the DHD-~type model. We
shall show that the possible way out is connected with absorption. The

nucleon dissociation will be considered as an explicit example.
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III. DOUBLE PERIPHERAL MODEL
We shall start from the Good and Walker model of diffractive dissociation.
According to this model, the incoming particle at large momentum in the tar-
get rest frame can be viewed as a fluctuating object with various fluctuations

permitted by the quantum numbers:

> = N >
I)tin z:':’[in,kl)\'k )
The components of the incoming wave l;\k') interact with target particle due {o

the elastic diffractive scattering caused by absorption, so that after scattering

> = \
Min” = Z %, kM N
where ]nk[< 1 are absorption parameters.

The scattered wave is the difference

> = > - > = - > - Y >
e R T NI VS PR NEN IV (3.1)

The first term in Eq.(3.1) describes elastic scattering whereas inelastic
(i. e., diffractive dissociation) is contained in the second one. One can see
from Eq. (3.1) that the diffractive dissociation amplitude is proportional to
the difference between the amplitudes for the absorption of produced particles
and the incoming particle (Fig. 2).

The experimental evidence that the cross sectipns for diffractive pro-

duction processes (o) are about one order of magnitude smaller than the

d
elastic one (cel) can be used_{14 to show that to first order in (od/oel) the

scattering of a virtual component off the target can be approximated by scat-

tering of real particles.
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We shall now apply this formalism-to the case of nucleon dissociation
NN — 7tNN. Neglecting first double scattering in the final state we have the
diagrams shown in Fig. 3. Diagrams 3(a) and (b) have the same vertices but
contain in general independent singularities in differert channels s = (qb + qc)
and u = (qb - qc)z. However, in the high energy and small momentum trans-
fer limit for the Reggeon, shown by the bubble in Fig. 3; q2 = -q 2. Then

1
qo2 = qz2 so that s = rna2 - ZquaZ + qz, u = mb2 - zqubzl + q2 and as q2 ~ 0,
s - m: simultaneously u — m_b2 15 and the contributions of diagrams 3(a) and
(b) cancel each other. 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 DHD-model. 16

At first sight it seems that it is very naive to expect that the amplitude
Reggeon + N - 1w + N (entering the upper part of Fig. 1) can be adequately
described at low Mx by only the p‘ion pole. If one assumes fhe similarity with
usual binary reactions then this approximation is definitely unreasonable at
small s.

But 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 superposition of "almost free" components and the high energy
kinematics stress the one important diagram. Experiment confirms the

importance of this double peripheral diagram in diffractive dissociation.

Now, let us calculate the contribution of diagram 1. For further
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referehces, we shall consider the general case when all particle masses are
different. All necegsary kinematical relations and definitions are given in the
Appendix.
The cross section for reaction NN — NN is
3 3 3
d
d'q,d q,d q,

-5 -4 2
do =(2m) s (m,m M M)Z |T | _ . (3.2)
1ree °" 94992090

Choosing as independent variables the invariants s, t, s = sz and
angles 8 and ¢ between ;1 and ;1 in the system where El:t + 33 =0, we can

rewrite Eq. (3.2) as

do 4 BymM M, T |2

J5dtdedcos d 2™ 73 M
2s X

(3.3)

ol

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

T0 :Grv(t‘-l)D(ti)M-:rN(Si’t'ti)F(t'ti)' (3.4

2
Here Gr is a rationalized and renormalized wNN ~-coupling constant Gr {4m

=14.,4, V is a spin part of the vertex, and

t

2 1
= T e 3.5
spin'v‘ 4miM1 (3-3)

The meson propagator D(ti) can be chosen either in elementary particle form

2 -1
Del(ti) ={p _ti) : (3.6)
. . 17
or in the reggeized form
> "'('n'af_r:_)2 Zaﬂ_
DR (ti) - 2(1 - cos waﬂ)(glgo) ' (3.7)

2
where the n trajectory is @ = ':::'“.(t1 -H )
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— 2 2 2 2
g—s-t-Mi + (m, - M, -t ) -ti-t)IZti

and §0 is a scale factor.

We shall use the following approximation for Eq.(3.7)

2 2
=~ T
DR (ti) D(;31 (ti)exp Zawln

.

We assume that the off-shell N scattering amplitude M“N can be

approximated by on-shell amplitude M

b .t
2 e'ITI\]

le - 1'1'.121\"12

N’ S° that at large s and small t

1 5 N P 2
Lzl o™ s a5 V) (3.8)

where we neglect the small contribution of the real part of N -scattering
amplitude. (q3P is the momentum in the system where (_{2 + 33 =0,) Com-
parison with experimental data [see, for example, Eq. (7a)] indicates that the

and t-dependence, which we choose

amplitude must have some additional ti

here in the simplest form
F(t,t,) = F_ (t,)F_(t), with F.(x) = exp {6.(x - 2)}
a7 AR i ] hog-

Such extra t, and {-dependence turns out to be quite sizeable and is usually

1

attributed to the off-shell effects. In Section IV, we shall give another inter -
pretation of this dependence.

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

-2
do 2 2 2
qtasagdcesd - Ry ()t - m) (4 N5 exp {8ty ~u)}, (3.9)

where | >

R, =L “’N)(G) | q
472\ a5 R L )t
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and 5, for elementary w

= 2 2
° x 4
+ ' _— i
51 Za_n_ In z for reggeized .

o

At large energies we shall neglect the weak s, -dependence of o

i N

2
Then only [(q3p) S:l] in Eq.(3.9) depends upon ¢. Integration over ¢ leads to
the following form useful in the analysis of t-, Mx-, and ti' (Za+bcos@)-

distributions
do 2 -2 2
i =R,R (-t} (t, ) exp{s(t, -p},
dtdsd cos @ 172" 171 1
where

2 2
R =12r-(A++B cosG)(A_+BcosG)+f'2—C sin 6. (3.10)

2

Further integration over 6 gives the missing mass cross section:

dzcr “R‘.l
— = [®(x ) - &(x,)], {3.11)
dtds 4qp1 - +
where
5x B+ 2 2 2 2
$(x) = e [YG—X - —Y-i + BH. Y . uan + Eif 5x)[a+|_|, ‘3+P« aﬁ],

&
Ei(x) is the exponential integral function, X, =a - p.z +b, and the kinermatical
variables a, b, «,pB, 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 in Mx near threshold (MN + w) and
the rise of the slope parameter when Mx approaches threshold. 18 The extra
t1 -dependence due to Fi(ti) leads to suppression of the cross section
especially at larger Mx and to a shift of the maximum in Mx-distribution to

smaller MX {see F'ig. 4). The reggeization has a similar effect with even

stronger suppression of larger Mx.
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As an example, we show in Fig. 5.the comparison of Eq. (3.11) with
recent data on pp - Xp and pd - Xd diffractive dissociation. 7 [More details
can be found in Ref. 7(a).]

If we suggest that the whole expefimental peak near Mx ~1.4 GeV is con~
nected with p - p + Tl'o and p -n + 1'r+ dissociation then we need 61 = 2 GEV/C)-Z

-2 .
and 5. = 3(GeV/c) ~ to have a reasonable absolute value and the peak position.

2

Even with these large values of §, and §

1

> the value of the slope is still smaller

than in the experiment. If we accept that there are other contributions in this
Mx region, we need even stronger suppression of the absolute value. In the

next section we show that t- and t, - dependence and suppression in the

1
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 two-pion production (N - waN). For small values
of Mx the two pion-nucleon channfel can be described in this model through
the channels: N — n& and N - oN where A is a 33 -isobar and ¢ is a "scalar
meson'' which effectively takes into account the enhancement in 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 couplings and in the spin structure of vNN and ANw, NN

vertices. This leads to the substitution in {(3.10) and (3.11):

2
o
2
2 —Elg-—l.quo (M_%ydM ("a
2 x N x X
o TNN - T
N (;411' ) GZ
oNN 2 2 - ITHRT!
yp O'ON(Mi-i-Mi} ("e')

@(x) + 3,(x) = e (L - L)+ Bi(ex) (B+ as). (3.42)
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The effective coupling for the ""A-case’' can be calculated from the N
cross section {or the A-isobar width). For the "o-case'' neither GoNN nor
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 larger value the slope near the cor-
responding threshold than for diagram with N -+ #N dissociation.

It is reasonable to assume that the missing -mass peak at Mx ~ 1.4 GeV

is a superposition of those diagrams corresponding to N — #N and N - N

dissociation.
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IV. ABSORPTION

In the preceding section we considered the process (Fig. 1) where an
incoming nucleon interacts with the target by means of emission of a pion which
in turn scatters diffractively on a target,

Simultaneocusly with this "indirect” interaction, the nucleon must also
interact "directly" with the target (waved lines in Fig. 8).

It is well known that such absorption effects, connected with distortion
of incoming and scattered waves, play an important role in binary reactions,
leading to the substantial modification of the "unabsorbed" amplitudes.

In this section we present a model for absorptive corrections to dif~
fractive dissociation.

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

- i, - 1
Tép,) = siz(pj) TO(Pj)S;(pj). (4.1)
Here To(;j) is the unabsorbed amplitude of Section III in the impact param-
eter representation
- 3
TO(F.) =(2n)'3f " d2 <. e "y JT(k)a (Z ) (4.2)
J 721
Ej is the two-dimensional transverse (with respect to [-;1) component of mo-
mentum c-f; and ;:I is the two-dimensional impact parameter conjugate to the
1—%. [We work here in the overall center -of-mass system (f)':l + 52 = 0). ]
The absorbed amplitude T (1_:}) can be found from Eq. (4.1) with the

inverse transformation
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ik o 3

3

- A3 2~ 1jp.j - 2 -

T(k.) =(2 d p. T{p. . |- .

(&) = (2m _]’Jll1 P, () & (ZPJ) (4.3)
]=

In general S, describes rescattering of all particles in the final state.

f
In particular for Mx near a resonance, the resonance interaction between the
produced particles may be important. Here, however, we are interested in

a nonresonant mechanism giving rise to a bump. Therefore, we shall restrict
our consideration here to the region near threshold I\/I1 + p where the reso-
nance interaction presumably can be neglected; Since in the first approxi-
mation (i.e., in TO) 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 quasiparticle which

interacts with target as a nucleon so that

Sl - Sf - Sel’
where
S‘ =1 + -}—T (4.4)
el ~ 4 “el )

is the S-matrix of elastic nucleon-nucleon scattering. However, the presence
of the pion in the final state still affects absorption. The reason is that
absorption depends upon helicities of particles. The relative motion of the
produced particles generates "spin' of the quasiparticle. The higher MX the
more orbital states of the produced system with different helicities are
important.

Let Tc‘n be an amplitude (corresponding to Fig. 1) which describes the
production of particles 1 and 3 with helicity n along 1:?1 We can define it as

2w _s
n~ 1 -iny -
o () = j; e (4,8, (4.5)
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where | is the angle between the planes E‘l 1?3 and ;251 (Fig. 9).
It is clear that in our approximation only one impact parameter is
relevant which we choose to be conjugate to E, transverse component of c-fz

—Z -2 _2 c _
k =q, sme‘2 = -t. (4.6)

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

)
™ (k) = f pdp T ' (p) S 4 (p) I_(pK) (4.7)
0
and
n | @ n
T, (p) =f0 kdk T (K) I_(pK), (4.8)

where Jn(x) is the Bessel function.
In the diffractive peak region the elastic nucleon-nucleon scattering
amplitude can be parametrized as
bt/2
T .(st) =(i+ a)oe / , (4.9)
el :
where o is the total NN cross section and b is the slope parameter. « is the
ratio of the real to the imaginary parts of the elastic NN scattering amplitude.

21
At high energies it is experimentally small  and will be neglected. From

Egs. (4.8) and (4.9)

2
4 .. O _-p /2b
Sel(p) =1 5 ° . (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 Sel(p) one obtains
T (k) = T (k) - 8T (K,

where
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Wb

©
§T (k) = = exp(tﬂ)f krdiet T Mke > I (k'kb) (4.41)
m 2 0 o n
and In(x) is a Bessel function of complex argument. Using the expression for
To from Section III and kinematical formulae 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 our -
selves 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 — 7wNN).
Unfortunately, in diffractive dissociation the final-state particles Xi are
usually unstable (p, K*, A, and so) whose elastic scattering is unknown. ez
Thus a simplifying assumption must be made (for example, that the final-
state scattering is the same as the initial one). The other source of uncer-
tainty is connected with inelastic absorption. From an experience with
binary reactions it is known that ~the real absorption is stronger than follows
from the elastic prescription. This fact is usually attributed to the contri-
bution of diffractive inelastic scattering which effectively enlarges the re-

scattering cross section. These effects usually are taken into account

23
phenomenologically by the change

- A >
Oa1 7\.0'e1 ( 1).

The other effect of inelastic rescattering could be to change the effective
slope b = £b.

To make our qualitative discussion more transparent, we shall start

-1

2
from a simple model for the amplitude To’ We choose instead of (- ti)
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an exponential form for the upper peripheral part of Fig. 1 so that

(Bt + B,t,)
T0 = Ae , (4.12)

and we neglect t- and ’c1 - dependence of A.

The integration over ¢ in Eq. (4.5) involves only ti' Noting that

1:1 =ri+r2 cos \, (4.13)
where
_ 2 2 c c c c c c
r,=m, + Mi 2q10 Pjg * Zq1 p,; cos 92 cos A
c ¢ | c o, c
r, = Zqi py sinf, sink (4.137)
one gets from (4.5) and (4.12)
—-}(Btd—Biri)
- i
To = Ae In(_a Birz). (4.14)

In both limits: t -0 (Bzc - 1) and Mx - m, + u ()\c - 7) the argument in

(4.14) vanishes and

1 (B,r, /4"

In(gBirz}-"-—l_,F;_—i)—-. (4.15)
Let us first consider production of the system with Mx near the threshold.
One can then see immediately from Eq. (4.15) that only the nonflip amplitude
(n = 0) is important. In this limit from Eq. (4.13’)1‘1 = t and

o %{B+B1)t
T, = T = Ae . (4.16)

o
Substituting (4.16) into (4.11) we obtain the following expression for the
absorbed amplitude (Mx near the threshold)
T(t) = T (L) (L),

where
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2
(B+B,)

t) = |1 - g A3 |

#o B+ B, v | ZBYE, +b (4.47)

If we fix Mx not too close to ihreshold, then for some limited range of

t we can also fix ti‘ Then T(t,ti) = To(t’t1)¢(t1t2) and

2
o tiBi B +BB1 -bB1

£
o(t,ty) =1 "4W(B+Bi+b) EXPl- "3 "% B+B, +b

(4.17Y

These expressions display the following important features of diffractive
dissociation:

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

(ii)} Absorption introduces extra t- (and 'ti -) dependence into the ampli-
tude leading to a very steep differential cross section near threshold (Fig. 10).
This dependence, as discussed in Section IV, is found necessary from a
comparison with experiment and is usually attributed to the off-shell effects.

In contract to the factorized t- and t, - dependence due to the form factors,

1
Eq. (4.17) leads to coupled t- and ti- dependence. This can be used for
experimental distinguishing of these forms.

(iii) At some t = t* expression (4.17) vanishes, leading to a minimum in
the low mass diffractive dissociation cross section. | A rough estimation
based on Eq. (4.17) with B = B, = b = 10{GeV/c) "2 and o ~ 40 mb gives for
t* value = O,Z(GeV/c)Z(Fig. 10).

The contributions from n # 0 states fill in this minimum. These con-

tributions become more important at larger Mx leading to disappearance of
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the dip.. The similar conclusion about a minimum at small Mx was obtained
recently in Ref. 24 from a different approach. Experiment 25 seems to con-
firm this prediction.

(iv) One can also speculate that the factor ¢(t) may explain the cross-
over in KO(_KO) - Qo( C_QO) diffractive dissociation (Fig. 6). At present it is
difficult to say anything more definitive since the cross sections and slopes
for K¥* - N gcattering are unknown as well as the effect of inelastic absorption.
In order for the factor ¢ to act in right directions we need to assume that
the relation between O'(KHN) and o (K =e=-N) cross sections is different from
c(K+N) and o (K N). The possibility for verification of the model can be

obtained from the measurements .of the crossover in reactions

+ o ‘
pp - np (v pp)
— - — [ PR
pp - 7 np (7 pp).

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

Now, let us consider production of the system with large Mx' We shall
see that the dramatic strengthening of t-dependence of the amplitude due to
abgorption found near the threshold disappears as Mx increases.

At large Mx one can neglect the t-dependence of r, and using (4.15)

integrate (4.17). Then :

- __.t_l'ii n ;
n _ log 2(B+b) _nf b !
6T = 4 B7o) © T, (B T b) ' (4.18)

We see from (4.18) that the relative magnitude of the absorptive corrections
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, n
a‘:';’I‘n/Ton decreases with n due to the factor( ) . It means that the con-

B+b
tributions of higher n become more important in absorbed amplitude then in
the unabsorbed. But, we knowirom (4.15) that at small t 'I‘n behaves as («f-—t)n.
Thus the change in the relative contribution of different helicity states caused
by absorption leads to the flattening of t-dependence at large Mx'

The importance of spin effects for diffractive dissociation was already dis -
cussed in Ref, 26 from a general assumption of peripherality of diffractive processes.
Recently on this base a phenomenoclogical model was c:onstruc:‘ced24 where the

peripheral shape and strength of different n-states were chosen ad hoc. In our

approach we have an explicit dynamical mechanism for both.

Summing up Tn [inverse to (4.5)] and using {4.18) we obtain (for ’c1 = 0)
the full amplitude of the form T = Toa, where
a =91 - —._-g...._..-_-.... e t m (4 «19)
B +b) P{ TZBYD) | .

Typically B = B, and ¢ is practically independent of t. Thus, comparing with

1
(4.17), we obtain another important property of the model:

(v) Absorption makes the slope of the amplitude increasing as Mx ap-
proaches the threshold.

It is clear that the properties found for the amplitude with exponential

t; -dependence will also hold for the original form

T, = Ae%Bt(p.z - ti)'i.
In this case instead of (4.14) we obtain
T = Ae%BtQ (t) , (4.141)
o n

where
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L e e = n

@ - 1 ri /riz rzz
n /-—2 .2 r
ri rz 2

1

—_ 2
::mdr1 =g -r

Att-*Ooer*mi+p

n

r
1 .
Qut) = = ____z_z : (4.45Y)
1 1
Fi' r, are functions of t:
r1 =£1+ Ezt, r2 = aaf -t ,
where
2 c c 2 2 c c 2 2 c
= -+ - - - -
4y =w . 2449 Pyg "My - M, +(29,0p,5 - m, - M,)cos
q
s e
12 —-——6—cosx (4.20)
ey
c ¢
2p1 9 . .c
a = —~—~———— ginix .
c
9

Now we can integrate (4.11) using approximate form (4.15"), and the small-t
limit for In(k' k) = (k' kb/2)" /n?

The resulting expression for the amplitude T is

n n o b-B
TAD =T (1 - g—exp| =2t P (1)}, (4.22)
where
1 -Z
-2 -~ +1
P (t) = (o) “o/2PE) T 2| Ry
n 1 n ¥4
d? 2
2
and Z:!i(B-!-b)/ZEZ.‘

2
The cross section can be calculated now as in Section IIT with ’Tol - %!Tn[ .
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APPENDIX

We list here some kinematical variables for diagram Fig. 1.

Metric
2 - 2 =2
P Po p
Invariants
2 2 2
s =w =(p1+pz) t=(q2-p2)
- _ 2 2 _ . 2
5 = MX = (qi + qz) t'.l- (q1 Pi)
_ 2 = _ 2
Symbols

E(x, 7, 2) = (20 (x +y - 2)

-1 2
P(x, y, z} = (2x) 1[1c-2:’:(y+2) +(y-Z)2]”2

In the rest system of the fragments (Ei;i + Ef3 = 0) one has

2 2
piO = E(Mx, Mi ., 1)
2 2 2
q30_E(Mx:P‘J mi)
2 2 2
= m
2 2 ~
Py = B (M, M7, )
2 2
Pi —P(MX, Mi't)
L 2 2 2
qi —qS_P(Mx:misl'L)
=P (M MZT)
pz > 2:
— 2 2 .
and t =m, +M, +M, - M -s-~-1t
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Angles
- - _ 1 2 2
between 9, and Py cosf -m[zqiopio m, --Mi +t1]
bet P, and . -1 2 +m2rml -
etween p; and p, cosa = 2p1P2 [ PyoP20 1 2 s]

between "q",1 and f)’z cose = cosa cosf + sine sinf cosé

- -

One can express invariants 84 and ti in the system where qy + 45 = 0:

Sy = A + Becos8+ C sinf cosé

where

>

2
s+m, =2q;,(Pgg T Py

o
"

2q (p; *p, cosa)

C-= qu2 sine

t1= a+bcost

2 2
asmy *+M," -2q,.p,,
b=2qp1

and (q3P)2 51 = 4'1[(A++B cos8 ) (A_ + B cosgse) + C sing

: (A+ +A_+2Bcosf + C2 sin2 e coszti)]

2
Ai=A -(mzztp.)

In our discussion of absorption we use the overall center-of-mass system

-y

(B, +i')'2 = 0), Here
2 2 c 2 2
= K{s, Mi'MZ);pZO =E(S,N12,M1)

(e} c_ .cC 2 2
P, =p, =k =P(s, M,, M)

c _ 2 . C 2
in - E (S; mi 2 si), qi =P (S: mi ) Si)
c _ 2 .2 _c. 2 .2
qzo - E (S: mz ’ Mx)n qz- - P (sa mz ’ MX )
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Angles
-l — i
betweenpcandqc cos8,’ = - [-1
1 1 1 c
2k"g
1
b B, and § 6° - —
etween p, an q2 cosy, P
2k g
2
bet q d¢q, cos\® = 1 [-s+M
etween q, and g, ¢ =
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FIGURE CAPTIONS
Fig. 1. DHD-type diagram.
Fig. 2. Production amplitude in diffractive dissociation model.
Fig. 3. Diagrams for NN - vNN dissociation.
Fig. 4. Mass distribution and slope parameter from Eq. (3.11) for non-
-3 (Gev/e) 2, o

reggeized pion with 61 =41 and 2, § =24 mb, and

2 TN

by =09 Gev/ie) 2.

Fig. 5. Comparison of Eq. (3.11) with data from Ref. 7.

Fig. 6. DHD-type diagrams for dissociation NN - 7AN, NN - oNN, and
K%R%) - Q%Q").

Fig. 7. Mass distribution att = -O.CJZ(GeV/c)2 (arbitrary normalization) and
slope parameter for diagrams 6.

Fig. 8. Double peripheral amplitude with absorption.

Fig. 9. Kinematics in the center -of-mass system.

2
Fig. 10. Absorptive factor & (t). For comparison at small t the function

0.53 - exp( 5.6t) is shown.
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