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RECENT RESULTS ON NUCLEON DIFFRACTIVE DISSOCIATION

S. V. Mukhin and V. A. Tsarev
Joint Institute for Nuclear Research, Dubna, USSR

I. Introduction

In the past year a lot of interesting data on hadron diffractive
dissociation (D. D.) became available. In this paper we shall concen-
trate on results on D. D. of nucleons in nucleon-nucleon and nucleon-
nuclei collisions at high energy and small momentum transfer which
give the main bulk of the recent data on D: D. The n- and K-induced
b. D. will be mentioned only briefly. We shall discuss D. D. into low
and high mass states separately, and we choose to divide them some -
what arbitrarily at Mx ~ 3 GeV. In Section Il we make a short sum-
mary of the properties of low mass D.D. of v- and K-mesons and then
in Section III we present in more detail the recent data on low -mass
nucleon D.D. Some remarks on the interpretation of these data are
given in Section IV. The new data on high mass nucleon excitation are

considered in Section V. In Section VI we summarize our conclusions.

11. Diffractive Dissociation of v~ and K-Mesons into Low Mass States

Elastic scattering and D, D. have in common the following general
properties:
1. Approximately energy-independent cross sections

2. Peripherality



3. Vacuum exchange

4. Approximate factorization

5. Approximately eqﬁal cross sections for the dissociation of a

particle and its antiparticle.

Apart from these general features D.D. has some interesting
specific properties which may probably give us a key to an understanding
of this phenomenon.

1. Missing mass distributions in D. D. exhibit strong enhance-
ments in the low mass region (Figs. 1 and 2). Such peaks in mass
spectra are usually interpreted as resonances. However, it has been
shown recently by detailed spin -parity analysis of D. D, of r = 3r in the
regions of A1 , Az’ and A3 peaksfl and K - K1r+11'~ near the Q—region'2 that
only the A2{2+) partial wave has resonance behavior (Figs. 3 and 4). (In

fact the situation with the A _ is not completely clear. The recent

3

measurements in the 11 -25 GeV ra.nge3 may indicate that generally the

phase of the 2 states relative to 0’s, 1+s, and 1+p rises across the AZ

mass region (Fig. 5). On the other hand, the data of the CERN-

Serpukhov collaboration at 40 GeV/c1 do not show a comparable rise. )
2. Diffractively produced systems preferentially dissociate

into two particles, one of which is always a pion: X - X‘1 + w:

A‘1 {(1.4) - pm, A3(1.65} - fr, Q(1.3) -~ K*(0.89)11', L(1.75) -~ K*(1.42)1r,

etc, The mass distributions for these enhancements usually peak near

the MX1 + ko threshold,
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3. There is a reciprocal relationship between the slope b of the

differential cross section and the mass M_, of the produced system.

X
Typically b ~ 15 (GEV/C}-Z near threshold and decreases to 4-5 (G,e\/’;fc)-2
at large MX' This is illustrated in Fig. 6 from Ref. 5.

4. In contrast to elastic scattering the diffractive system does
not conserve s-channel helicity (for review see Ref. 6).

5. The cross section of the interaction of the produced system
with nucleons is found from nuclear reactions to be close to the cross
section for the interaction of incoming hadron with nucleons. Thus,
recent measurements7 give crA N = 2321 .5 mb for 1.0 < M(37w) < 1.2GeV

1
and U'QN = 22+2 mb for 1.0 < M(Kurm) < 1.4 GeV,

We shall see later that nucleon D. D. displays esentially the same

properties.

IIi. Low-Mass Nucleon Diffractive Dissociation

1. Bump Structure

a, Missing mass experiments

High energy missing mass experiments have been performed
recently at Fermilab with the gas jet target. The DFRR -collaboration

measured proton excitation in pp - Xp at 175, 260, and 400 GeV/c in
8

2 2 2
the range 0.01 <{t]< 0.05 (GeV/c}", 1.3 < My < 3.7GeV  andin
the reaction pd - Xd at 50 to 400 GeV/c in the range 0.03 < |t £ 0.12

5 9,10

(GeVIc)Z,l\.f[X'2 < 36 GeV .
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The results with the proton target exhibit fwo striking features:
(i) The cross sections at fixed t are energy independent to within about
+20% uncertainty, and (ii) the data show a sharp peak at MXZ ~ 1.8 which
falls very rapidly as ]tl increases (see Fig. 7). The data were analyzed
in terms of isobars N(1400), N(1520), and N(1688) but without any back-
ground. For N(1400) the mass and width have been found to be approxi-
mately 1350 MeV and 165 MeV respectively. The fit of the form
do/dt = Ae bt for N{(1400) yielded A = 6.60+0.45 mb (GeV/c)_Z and
b =16.122.7 (GeV/e) .

In the experiment with deuterium target the same broad enhance-
ment at MX ~ 1.4 GeV was also observed (Fig. 8). For comparison with

proton data the effect of deuteron structure was eliminated by dividing

out the deuteron "form factor'':

do 1 do

— = (pd - Xd),
dtdm._2 Fi® tam_ 2
X Iy Iy

where

2
_ 2 bt+ct
F 4(t) -’[O'tot(pd)/crtot(PP)] e .

and b = 25.9 (GeV/c)Z, c =60 (GeVlc)z. This corresponds to the as-
sumption that the Glauber corrections for D.D. are the same as for
elastic pd scattering at t = 0, that the t-dependence introduced by these
corrections can be neglected, and the proton and neutron cross sections

are equal.



0, :
in order to improve the mass

A special slit was used1
resolution. As a result, in addition to a broad enhancement
at Mx v 1.4 GeV, some structure at MX ~ 1.7 GeV has beer
observed (Fig. 9). The nucleon cross sections extracted
from this data were analyzed in terms of N(1400) and N(1700)
which gave Mr v 1387 + 10 MeV, T = 313 + 25 MeV, dog/dt
(¢ = 0) = 7.7 + 0.5 mb (GeV/c)? and b = 19.0 + 2.0 (GeV/c) 2
for the 1.4 GeV enhancement (Fig. 10). The agreement with
proton data is reasonable, showing the validity of factor-
izing the deuteron data in terms of pp data and the deuteron
form factor. At the same time the parameters of N(1700) are
very unstable to small changes in the parameters of the
N(1400) contribution.

The RICC collaboration performed an experiment to
search for heavy nucleon resonances.11 The recoil protons
were measured from the reaction pp + Xp in the region of the
Jacobian peak at |t| = 0.175 (Gev/c)? and 0.25 (Gev/c)Z2.

The incident momentum range from 9 to 300 GeV/c was covered
continuously by taking data during the acceleration ramp of
the Fermilab machine. The result shown in Fig. 11 indicates
the presence (at low energies ~ 10 and 20 GeV) of 1700 MeV
and 2200 MeV bumps but no significant structure at higher
mass.

A comparison of the Fermilab missing mass experiment10

12

with previous measurements at low energy is shown in Fig.

12. The extrapolation of these data to s -+ =« is also shown



which has been done13 by fitting the data at each value of
M, to the form do/dtdM, = a(M.) + b(m,) s M) e
resulting values of a{MX) which give the limiting distribu-
tion for s » « are seen to be very close to the deuterium
data at p = 180 and 270 GeV/c. The low energy data were
interpreted in Ref. 12 as the production of the N* isobar
plus a smooth background, shown schematically in Fig. 12

by dashed-dotted lines. The results of the fits at low and

high energies is shown in Table I.

Table I

Slope (GeV/c) ~2 do/dt (t = 0) mb GeV

[12a] [10] {12a) [10]
A(1236) 6.4 * 0.8 8.18 + 0.05
N(1400) 24,2 + 2.5 19.0 + 2.0 1ll.e * 4.2 7.7 % 0.5
N(1520) 4.84 * 0.24 0.91 + (.19
N(1688) 5.12 + 0,08 2.35 + 0.36
N(2190) 3.01 + 0.17 0.16 £ 0.05

Thus, if one assumes that the smooth background disappears
at high energies, the N(1400) contribution seems to be
practically energy independent.

Another assumption about the background was used in
Ref. 14 where the entire 1.4 bump was assumed to be a non-
resonant threshold enhancement (shown schematically by the
solid line in Fig. 12). 1In this case the contribution of

the 1.4 GeV bump decreases with energy and is expected to

2



approach some limiting value, connected with diffractive
contribution.

b. Exclusive data

With exclusive measurements one can separate the miss-
ing mass spectrum into different multiplicity channels.
At low energies the nucleon dissociation was recently

measured in the following reactions: pp + parn’, pprinT,

+4 15

pA” " (1236)m at 12 GeV/c by the BHM collaboration.
Pp ppwo, pnn+ at 16.2 GeV/c by Gnat et al.16 In neutron
dissociation n + pm  on nuclei in the range 10 to 28 GeV/c
by a Michigan-Princeton group17 and from 8 to 16 GeV/c by

18 19

Carithers et al. In pd~collision with single and

double20 pion production at 11.6 GeV/c by Hochman, et al.
and at 19 and 28 GeV/c by Hanlon et al.zl

In all these experiments the one-pion production
channel is characterized by a broad enhancement at low mass
with a maximum at Mx ~ 1.3 GeV, which falls off sharply above
1.7 GeV., A typical mass spectrum is shown in Fig. 13. The
apparent absence of any peaks in the mass distribution cor-
responding to the well known N resonances is perhaps the
most striking result of these data on one pion production.

On the other hand, the mass distribution in the two
pion channel shows marked peaks near M, = 1450 MeV and 1700

Mev!d (see Fig. 14). The comparison of mN and mwN channels

leads to the following observations:



(a) The low-missing mass enhancement at 1.4 GeV is a
combination of two peaks: a 1.3-GeV peak in the 7N channel
and a 1.45-GeV peak in the 7mN channel. This is illustrated
in Fig. 15 from Ref. 21 which shows these experimental dis-
tributions at 20 GeV/c. We would like to note, however,
that these experimental mass distributions were arbitrary
norma.ized to have equal areas:; this seems to overestimate
the 77N contribution.

(b) There is a puzzle with the 1.7 GeV enhancement
which is seen in muN and not in nN-channel. If this en-
hancement is the N(1688) isobar, then the branching ratio
mwN : mN should be 40% : 60%. This led to the suggestion22
that the 1.7 bump is not a resonance but a N(1500)7 threshold
enhancement.

The lack of "fine structure” in low energy one pion
production data becomes particularly puzzling in comparison
with the recent ISR measurements of the reaction pp +

23 Two distinct components of inelastic diffraction

pinth).
scattering were observed at the ISR: narrow peaks and

broad bump, which can be interpreted as N*-isobars and a
nonresonant component. The strong forward-backward asymmetry
found for this component may be evidence of dominance of the
one pion exchange contribution (Deck-type). The comparison
of the distributions in the forward and backward hemisphere

in the Jackson frame would indicate complicated resonance-

background interference structure in the low mass region.



In fact, rescnance component has both real and imaginary
parts, so one can expect the interference to occur irrespec-

tively of background phase. Nevertheless, it is often

12 Preliminary data on neutron dis-

24

neglected in analysis.
sociation n + pr  from Fermilab®® also indicate that the

1.4 GeV enhancement has a structure with peaks at Mx N 1.5
and 1.7 Gev (Fig. 17). But at the same time, the dramatic
forward~backward asymmetry found at ISR was not confirmed

at Fermilab (Fig. 18).

2. t-Dependence and the Slope-Mass Correlation

The slope b of the differential cross section
dzc/dthx2 = Aebt for proton dissociation from pd inelastic
scattering9 is shown in Fig. 19 as a function of the missing
mass Mx. The data clearly show the general trend found for
DD: the sharp rise of the b(Mx) near the threshold. The

10 are shown in

high-mass~resolution data of the same group
Fig. 20. There is a general agreement with Fig. 19, although
the slit data are somewhat higher. There is also an indica-
tion of decreasing b at values of Mx just near the threshold.
It is not clear if'it is a real effect or not, but the same
tendency for flattening of b(MX) near threshold seems to be
present in the exclusive data on pn - ppﬂ'21 as seen from

Table II.
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Table II
pr Mass Interval Slope Parameter b (Gev/c) "2
(GeV) 19 GeV 28 GeV/c
< 1.25 15.4 + 1.4 17.1 £ 1.3
1.25 - 1.40 16.2 + 1.1 17.1 + 1.3
1.40 - 1.55 8.6 * 0.6 7.8 £ 0.6
1.55 - 1.80 6.7 * 0.4 7.6 * 0.5

Measurements at small t do not show any indication of

the forward turnover in inclusiveg'semi-inclusive PP *

+ 25

(pm T ) + X or exclusive (pp ~+ pn—nza) cross sections,
which is expected in some theoretical models.

Two interesting features have been observed in the
ISR measurement23 of the pp + p (nﬂ+) cross section
(Figs. 21, 22).

(a) Two distinctly different slopes. The first at
le] < 0.4 (GeV/c)2 is found to be rapidly decreasing with
increasing mass. (Compare Figs. 19, 20}. A second smaller
slope observed at |t] < 0.4 Gev? is almost mass independent,
At the highest mass the steep slope component disappears.
The s-dependence of these slopes is shown in Fig. 23 and are
very similar to elastic scattering.

{(b) There is indication of a diffractive minimum at

€] ~ 0.2 - 0.3 (GeV/c)2 for the excitation of small masses.

3. Isospin Decomposition

Isospin analyses of the reaction NN + N (Nm) were
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reported by Hachman et al.l and by Gnat et al. A marked
difference in the energy behavior of the I = % and 3/2 amp-
litudes (see Fig. 24) was observed (Fig. 25). The dominance
of the I = % amplitude at higher energies and its weak energy
dependence are characteristic of a diffractive process. The
other amplitudes drop sharply with energy.

The CHOW-collaboration23 also estimated the I = %
cross section. Extrapolating do/dt for pp -+ pn1r+ to t = 0,
they obtained o(pp ~+ pnw+) = {270 * 80)ub at Vs = 53 GeV.
Assuming that all observed (nn+) sfates are produced by
diffraction (i.e., I = %) they have olipp + p(Nn))I =y =

3/2 o(pp ~» pnw+) which leads in comparison with low energy

data to a dependence on equivalent lab momentum of the form

""0-4 * 011
% = &P1ap

dependence indicates the importance of a nondiffractive

(Fig. 26). This relatively strong energy

component in this range of kinematical variables. It can
be easily accommodated into the double-peripheral mechanism
where the s—dependence for pp ~+ n+np is translated into the
sub-energy s dependence of the ™ scattering amplitude

26

having both pomeron and nonpomeron contributions.

4. Helicity

Polar and azimuthal angular distributions of pﬂﬁ in
*
the n c.m. system of the reaction

*
pPp+n-n +p_
P

have been studied by the Vanderbilt groupzl for |t'] < 0.1
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(Gev/c)z. The results show (Fig. 27): (a) lack of symmetry
in the polar angle, particularly for M(pm ) > l.4 GeV which
is indicatiﬁe of an interference between different angular
momentum states, (b) the azimuthal distributions are incon~-
sistent with either s- or t-channel helicity conservation.
The same conclusion has been recently reached from the
coherent excitation of the n+n_p system in the reaction pd -
pdﬂ+ﬂ_.27

5. Absorption in Nuclei

The neutron dissociation inté the pn  system on dif-
ferent nuclei from C to U was studied by the Rochester-
Brookhaven group.18 Using the Kolbig-Margolis optical model
a cross section of 30-40 mb for scattering of the (prm )
system with ~ 1.4 GeV mass on nucleons was extracted from
the data (Fig. 28). The result is in agreement with other
measurements and shows that the produced system interacts

similarly to the incident hadron.

IV. Some Remarks on Interpretation of the Data

1. The picture of the low missing-mass nucleon spectra
which seems to be emerging from the data is the following:
there is a strong broad enhancement at MX v 1.4 GeV which
consists of two bumps Mx v 1,3 GeV in 7N and 1.45 GeV in
mtN channels. On the top and tail of this bump some other

narrower peaks are superimposed. Possible candidates are

* N
N*(1470) -Roper, N (1520), N (1688), N(1700)-bump and N (2200).
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2. As was already mentioned.from direct spin-parity
analysis it is known that not all bumps in D.D. corres-
pond to resonances. The interesting question is: what is
the mechanism causing a "resonance like" enhancement for the
nonresonant amplitude at certain mass wvalues? In nucleon
D.D. this is a guestion first of all about the nature of the
1.4 GeV enhancement.

Sometimes there is a tendency to associate the 1.4
GeV bump with the nucleon iscbar N*(1470) (Roper resonance).
But this interpretation meets a nuﬁber of difficulties:

(a) The significant shift of the peak position in

production and formation experiments. In
N - 1N and N +» m7N channels the peaks are
observed at different masses.

(b) The width of the peak is much larger in produc-

tion than in formation.

{(c) The resonance model is not able to explain the

strong slope-mass correlation.

Another interpretation of the 1.4 GeV bump (and other
diffractive non-resonant enhancements) is connected with
Drell-Hiida-Dick-type (DHD) multiperipheral mechanism,28
corresponding to the diagram shown in Fig. 29a. This model
successfully explains many characteristic features of dif-
fractive dissociation: weak s-dependence, approximately

equal cross-sections for the dissociation of a particle and
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its antiparticle, approximate factorization, predominantly
vacuum exchange, preference for dissociation into Xl + 7
system.

The low-mass enhancement and strong slope-mass cor-
relation in this model are a consequence of kinematics and
double preipherality: T ~ exp(bt+b1tl). At the threshold
t and tl are linearly related and consequently T v exp
[(b+b1)t]. At larget Mx the tl—t connection becomes weaker
leading to a weaker t-dependence of T. The difference in
peak position for 7N and mtN channéls 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 n-K- and N- diffractive
dissociation in different regions of kinematical variables.
However, recently, some objections have been found against
such interpretations of diffraction bumps.

First, in a detailed analysis of the reaction pp -
pnw+ as a function of all four variables it was pointed out29
that pure kinematics is not sufficient to reprocduce the whole
Mx-dependence of the 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, the DHD model gives a wrong prediction for
the cross-over in K(K} + Q(Q) diffractive dissociation.>°

These difficulties are serious problems for the

DHD-type model and led to skepticism with its wvalidity.
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However, it was shown recently31 that a way out may
be found which is connected with absorption. The idea is to
take into account, in addition to the "indirect" interaction
via pion emission, the "direct" interaction (wavy lines in
Fig. 29b) of the incoming nucleon with the target. Such
absorption effects are known to be important in binary reac-
tions. The model displays the following features:

(a) Absorption introduces extra t- (and tl-) depen-
dence into the amplitude leading to a very steep differen-
tial cross section near threshold.‘ This dependence is found
necessary from a comparison with experimental data and is
usually attributed to off-shell effects. The relative mag-
nitude of the absorptive correction is shown decreasing with
Mx due to increasing of the helicity-flip effects leading
to a decrease of the slope of the amplitude at larger Mx.

(b) At some t = t* a diffractive minimum is predicted

*
which disappears at larger M A rough estimate gives |t |

X
~ 0.2 (GeV/c)2 in agreement with the data (Fig. 22).

{(c) It may be possible to explain the cross-over in
K(K) + Q(Q) but at present it is difficult to say anything
more definitive since the K*N scattering amplitude entering
into the absorptive corrections is unknown.

The measurement of the cross-over for reactions’ such
as

pp > 7 np (v°pp), pp » " n'p (1°n7p)

can be a crucial test because the absorptive corrections
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can be expressed in terms of known values of cross sections
and slopes for pp and pﬁ scattering.

If the final-state scattering is known the model will
involve no free parameters, in comparison with the usual
DHD model, and it gives predictions for dependence on all
variables.

The detailed comparison of the model with experiment
has not been done yet.

3. Another experimental fact which is usually con-
sidered as evidence against DHD-type models is a small cross
section for interaction of the diffractively produced system
in nuclei. The popular approach for explanation of this

32

phenomenon is based on Pomeranchuk's idea that at the

early stages of production processes the hadronic matter is
confined in a region of size § 1 fermi and does not have a
definite number of particles due to strong creation and
absorption of virtual particles. Then the cross section for
the interaction of this system can be much smaller than the
sum of cross sections for all final particles, as observed
in experiments.

However, the multiperipheral model suggests another
picture of particle production. Particles are created over
an extended region of 5pace-time.33 In particular, s&me of

the particles are created before the projectile reaches the

target and they miss the target. This leads to a decrease
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of the nuclear scattering of produced particles, the usual
cascades do not develop in the nucleus and the DHD-type
multiperipheral models can also be reconciled with experi-
ment.

4. The slope-mass correlation for nucleon D.D. has
been also discussed by Humble34 on the basis of a general
approach suggested by Kane.30 Peripheral impact profiles
for each helicity amplitude were assumed, so that helicity
amplitudes have the form

2 at

T (s,thx ) ve JM(R/:'E)

AA
’ ) \ 2 2
(3,5 (¥) is the Bessel function) and dc/dthx LV > ITAA! .

J, Al
At small masses the main contribution is assumed to come

2 (RY-t) is a

from the nonflip amplitude. Then do/dt ~ Jo
steep function of t. For R ~ 1 fermi the first zero is

expected at |t| ~ 0.2 (Gev/c) 2. At larger M, the differen-

X
tial cross section becomes more flat due to helicity-flip
contributions. To describe the impact profile, relative
strength of different helicity amplitudes and the shape of
mass distributions, the model introduces a number of
phenomenological parameters.

5. One of the possible reasons for the absence of
resonance structure in the neutron dissociation experiment17
may be connected with a specific feature of the experimental
o

set up: insensitivity to decays with 9: i 90°. The effi-

ciency was calculated assuming a symmetrical distribution
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23 indicates that the forward-

of about 90°. The ISR data
backward asymmetry may be significant. The other possibil-
ity is a dip in the N (1688) production for -t < 0.05
(GeV/c)z. The forward dips (due to the vanishing of heli-
city-flip amplitudes), as a reason for the absence of N* in
neutron dissociation, have been discussed in Ref. 35. The
problem of experimentally recognizing such forward dips in
cross sections for N* production is complicated due to
uncertaintly with background.

Apart from the trivial kinem;tical {spin) reason for
this forward turnover, there may be some other, more funda-
mental reason to expect it in diffractive dissociation
amplitudes. If the total hadronic cross sections approach
constant limits at infinite energies, then one of the con-
sequences will be a vanishing of diffractive dissociation

cross sections at t ¥ - qf = 0 for any mass of the produced

szstern.36 Existing experimental data do not show the for-
ward turnover either in the low or large mass region. How-

ever, the accessible energies may be far from asymptotical.

V. Diffractive Proton Dissociation into High Mass States

Recent data on proton D.D. into high mass states have
already been excellently reviewed at the APS meeting in
1973 by Leith.37 So, in this section we shall discuss only
new results, obtained after that meeting.

l. The DFRR collaboration9 has stuaied the coherent
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low momentum transfer interaction of high energy protons

with a deuterium gas jet target p + d » X + d in the range

50 < p < 400 (Gev/c), 0.03 <|t|< 0.12 (Gev/c)? and M2 <

35 GeVz. The results are presented in Figs. 30-33 in terms

of the cross section "per nucleon". These figures show the
following essential features:

(a) The cross sections are consistent with energy
independence to within ~ 10% over the entire missing mass
range within X >v 0.97. However, the 50 GeV/c data seem to

be consistently higher.

{b) For sz 26 Gev? the points in Fig. 30 lie on a

horizontal line within errors, indicating a l/Mx2 behavior
for the cross section. The same behavior is observed for

other t values in this mass region.

(c) The slope parameter appears to be energy indepen-

dent. It decreases rapidly as a function of sz from a

value of ~ 18 (Gev/c)_2 at Mx ~v 1,8 GeV2 to become constant,

within errors, at ~ 5.5 (GeV/c)"2 for sz > 6 Gevz.

(d) The integral of sz do/dthi over t seems to be

a constant in s and sz for all mass values in the interval

considered, x 2 0.97: do/dM> ¥ 0.7 M;% mb Gev™’. The

plot of the cross section in terms of the Feynman scaling
variable X is shown in Fig. 33. All points (except those
below M;/s) lie approximately on the same straight line.

These data were analyzed in terms of a simple model.14
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The low mass peak was described by a DHD type amplitude.

At large M, it was suggested that only the PPP term was im-

X

portant. The value of G (t) has been calculated from the

PPP

low mass contribution using the finite mass sum rule.38 The
important point about this calculation is that both elastic
and Deck terms contribute to GPPP(t). If confirmed by more
detailed data and analysis this will support the idea39 that
unlike hadronic cross sections, resonances and background
contribute to the Pomeron in Pomeron-hadron scattering. The
result of the calculations is shown in Figs. 30, 31 and the
éorresponding Pomeron-proton cross section in Fig. 34.

We want to stress here that the approximate constancy
of sz
the PPP term, can be also the result of a chance interplay

dc/dthx2 which motivated the simple model with only

of different triple Regge terms. This is illustrated by
curve 2 of Fig. 35 which has been calculated with P and R
contributions found in Ref. 40. Using aR(O) = 0.4 instead
of 0.5 used in Ref. 40 (but with the same values of Gijk(tl)
leads to curve 3.41

The other reﬁark with respect to comparison of deuter-
on and nucleon data is that the isospin selection eliminates
Dy A2 and m- contributions for the deuteron case. The w-
contribution is particularly important for nucleon aE small

X=1 - sz/s. The effect of 77R and 7#P terms can be seen

from comparison of the curves 1 {(with #7R and nwP) and 2
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(without these terms).

2. This pion contribution can be directly obtained
from measurements of the pd + pX cross section performed on
a deuteron jet target by RICI group.42 Combining this data
(Fig. 36) with their previous results on pp + Xp the authors
extracted the invariant cross section for charge exchange
inelastic scattering p + n - p + X shown in Figs. 37, 38,
The following assumptions were used. pd » pX cross sections
were multiplied by 1.05 to correct for the shadowing effect.
From the resulting cross sections they subtracted the pp-
elastic and pp * pX inclusive cross sections both of which
were Fermi smeared, corrected for coherent pd scattering
(by including the deuteron form factor) and corrected for
rescattering off the spectator neutron. The prediction of

the triple Regge model with #7R and 7P terms from Ref. 40

as seen in Fig. 38 is in good agreement with the data.

VI. Conclusions

1. The low mass nucleon excitation spectrum is a
superposition of a broad nonresonant enhancement at M, ~
1.4 GeV (which consists mainly of a 1.3 GeV bump in the N
channel and a 1.45 GeV bump in the mmN channel} and narrow
peaks at MX ~ 1.47 (?), 1.5, 1.7, and 2.2 GeV. Experimental
data are still contradictory on some important features of

the structure of D.D. cross section. Further work is needed

to clarify the situation with respect to "fine" structure of
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the bump and forward-~backward asymmetry.

2. A good candidate for the mechanism for nonresonant
enhancements in D.D. mass distribution is Drell-Hiida-Deck
model modified by absorption.

3. The forward peak in the low mass D. D. cross section
shrinks similarly to the elastic pp c¢ross section.

4. The dip in do/dt for small MX indicates the
peripherality of the low-mass production amplitude.

5. There is no experimental evidence for the forward
turnover in the D.D. cross section.

6. s-channel helicity nonconservation may play an
important role in D.D., in particular in the slope-mass
correlation and dip structure.

7. The triple Pomeron coupling may be quite large

2

(G (0) ~ 4 mb GeV )+ There is no indication of its

PPP

turnover at small t. The compilation of values of Gppp(t)

at small t from recent analyses are wresented in Fig. 39.
An abnormal type duality for the Pomeron-particle amplitude
has some support from the analysis of recent high Mx—data.
In conclusion we would like to say that the new data
give us better understanding of some important features of
diffractive dissociation. Nevertheless, the whole picture
is still obscure. 1Is the animal which we touch in diffrac-
tive dissociation the elephant, mentioned by Dr. Dac in his

talk or does it look more like that ip Fig. 40? We hope

3
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we shall sometime be able to answer this gquestion.
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Figure Captions

Bump structure in the mass spectrum for 37 and mwnK
systems (Ref. 43).

Partial waves for 3ﬂl and wwKz systems near peak
positions. Only 2+(A2) has resonance behavior.
Complex behavior of phases 2 s and 2 p relative to
0"s, 1*s, and l+p near the A, position found in

Ref. 3.

A compilation of data on the slope-mass correlation
from Ref. 5 shows a sharp rise of b near threshold.
Broad bump in the missing mass spectrum in reactions
(7) pp + Xp,% (8) ana (9) pa » x4.°/10
Compilation of data on the t-dependence of the
N*(1400) "isobar" production cross section.10
Missing mass spectrum in pp + Xp shows peaks at
My v 1.7 and 2.2 GeV but no structure at higher

11
masses.

10 and low12 energy data on miss-

Comparison of high
ing mass in pp + Xp. Low energy data extrapolated
to s + » are in good agreement with high energy
data. Solid and dashed-dotted curves correspond to
Deck~-type and polynomial background.

Data on N ~ 7N dissociation at low energies do not

show "fine" resonance structure.
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The mass spectrum for the n1N system15 shows
peaks at 1.45 and 1.7 GeV.

Superposition of 1.3 GeV and 1.45 GeV peaks in the
TN and 71N channels gives a broad bump at 1.4

GeV.Zl

The mass spectrum for the nrt system23 has strong
forward~backward asymmetry in the Jackson frame.
For cosej<o narrow peaks on the top of broad
enhancements are seen.

The mass spectrum for pﬂ- system obtained from
neutron dissociation.24
Azimutal distribution for the pm system from
neutron dissociation24 does not show the dramatic

asymmetry found at ISR.23

Slope-mass correlation in pd - xd.g'lo
Differential cross section for the reaction

PP *+ nw+p at ISR energie523 displays two slopes
at |t| § 0.4 (Gev/c)?. At small masses of the
(nw+) system data indicate diffractive minimum at
[t] ~ 0.3 (GeV/c)? which dissapears at large M,.
Shrinking of the pp -+ nn+p Cross

section23 is similar to elastic scattering.
Isospin amplitudes for the reaction NN - NNT.
Energy dependence of different isospin contribu-

tions.19 The M®% (diffractive) ¢omponent has weak

- s-dependence and dominates at higher energies.
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27.

28.

29.

33.

34.

35.

36.
37.

38.
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Energy dependence for (pp -+ N‘NT:)I=;5 cross section
from Ref. 23.

Polar and azimutal distribution for prn system21
are inconsistent with either s- or t-channel heli-
city conservation.

Absorption of pw system on different nuclei.l8
{a} Drell-Hiida-Deck-type diagram; (b} the same
with absorption.

Data on nucleon excitation in the reaction pd -+
Xd.9 S0lid curves correspond to the model of

Ref. 14.

Pomeron-proton total cross-section found in Ref.
14 from pd + Xd data.

Comparison of the data from Ref. 9 with solution

1 of Ref. 40 including all triple Regge terms
possible in reaction pp + Xp - curve 1. Curve 2 -
solution 1 with nmR and 7mP terms removed (they
do not contribute to reaction pd + Xd). Curve 3 -
the same as 2 but with aéO) = 0.4. All curves are
lowered bf 17%.

Cross section for the reaction pd » px.42
Different contributions used in extraction of the
pn + pX cross section from pd + pX data.42 |

Cross sections for the reactionpn -+ px.42 Curves

correspond to the contribution of' the sum of mnR
and mmP terms from Ref. 40.



39.

40.
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Compilation of Gppp(t) at small t from some recent
analysis. 1 - Ref. 44, 2 -~ Ref. 14, 3 - Ref. 45,
4 - solution 1 of Ref. 46, 5 - Ref. 47, 6 - solu-
tion 1 of Ref. 40, 7 - Ref. 48, 8 - Ref. 49.

What we really see in diffractive dissociation(?)
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