CERN LIBRARIES, GENEVA

O MR

CM-P00058465 Ref .TH.1551-CERN

THE AMOUNT OF DIFFRACTION DISSOCIATION IN PROTON-PROTON
SCATTERING AT 24 GeV/c

*)

P. Pirila and P.V. Ruuskanen
CERN - Geneva

ABSTRACT

We estimate the amount of diffractive single
and double dissociation in proton-proton scattering at
24 GeV/c in the context of the factorizable diffraction
excitation model. We find that a realistic estimate for
the maximal diffractive contribution ist 1/3 of the
total inelastic cross-section. The study of inclusive
pion spectra shows that the possible early scaling
cannot be attributed to production through diffractive

excitations in any region of the phase space.
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INTRODUCTION

One of the present popular models of particle production
is the diffraction excitation model 1)’2)’3) (DEM) *). Even though the
model is supposed to be valid only at infinitely high energies, it has been
often used to explain certain features of the data at presently common
accelerator energies (plab§530 GeV/c). This is especially the case with

the Nova Model 3)

which tries to give a unified description of all the
recently available experimental one and two-particle distributions in the

range =10-30 GeV/c. The successes in reproducing certain features

P

of data i?:h various versions of DEM, are claimed to manifest the importance
or the dominance of diffractive production at these energies. Some pre-
dictions deal with gross features concerning all the data like the explanation
of the flatness of the proton spectrum through the shape of the diffractive
excitation spectrum 5). Others concern limited regions of phase space:

e.g., the early scaling in the intermediate x vrange (O.3'<XH<O.7) is

thought to be due to the energy independence of the excitation spectrum 3)’6>.

The relevance of the arguments depends naturally on the extent
of diffractive dominance. Otherwise, one can only conclude that diffraction
and the relevant production mechanism, whatever it might be, have that

same property or that the quantity in question is not a very sensitive test.

In the present work we try to estimate the maximum amount
of diffractive production for proton-proton interactions at 24.0 GeV/c.
In order to be able to do this directly from the data assuming only that
diffraction is roughly energy independent, one would need data at different
energies and for several exclusive channels. Such an analysis has been

7)’8) for some low multiplicity channels in jfp scattering.

performed
For higher multiplicities the required data do not exist and the analysis
would probably become too cumbersome to be practical. Our approach is
much simpler and will strongly depend on the assumed properties of the

diffraction.

The idea is simply to start from a region of phase space
which most probably is dominated by diffraction, namely the region where
both the missing mass M and the momentum transfer t of the proton are
small, and to try to extrapolate to uther parts of the phase space by using
*) The name DEM is here used much in the same spirit as by Gottfried and

Kofoed-Hansen in Ref. 4).
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a model. Although the results thus obtained are strongly model dependent,

they correspond to a consistent use of the stated properties.

To estimate the size of the diffractive single dissociation
cross-section 2cr3, we essentially have to state the M dependence of
the excitation spectrum. In our estimates we come to the conclusion that
2 c? is at most 10 mb. It does not seem reasonable to assume that what
remains of c?nel would be dominated by the double dissociation cross-
section @°,. Moreover, we cannot point to any part of phase space where
double dissociation dominates, and are, therefore, forced to make an extra

assumption in order to normalize 6&-

We will in fact take the differential cross-sections for
the excitations to be factorizable 9). In the case of low mass resonances
produced through single dissociation the experimental results are consistent

with factorization 8)’10)’11>,

Even assuming factorization the magnitude
of G} is harder to estimate because it is affected by the t dependence
of the dissociation vertex which cannot be obtained directly from experiment

for all masses.

To see the importance of diffractive particle production
for the inclusive distributions, we calculate the pion spectra. Since we
do not include kaons in the calculations, our results are somewhat too
high, but they are still not high enough to fill in the spectra in any of

the regions. where we have data to compare with.

In Section II we describe the model and the method of
calculation. In Section III, we explain how we have treated the data to
put it into a form which is most suitable for the comparison with our
calculations. In Section IV, results are given and their implications

discussed.
THE MODEL

In the DEM the reaction mechanism is divided into two
separate steps: the excitation of the incoming particle (or both of them)
into a state with mass M, and its subsequent decay. We will call these
heavy excited states fireballs without any reference to any particular
theory of fireballs. To calculate physical gquantities we have to specify
how the fireballs are produced and how they decay. We use for actual

numerical calculations Monte Carlo simulation of the individual events,



which means in practice, that we have to specify the model to the last
detail. Even though Monte Carlo methods are cumbersome, they guarantee
that the numerical results correspond to the physical input of the model.

At energies corresponding to incident momenta <30 GeV/c we think that

p
lab
the approximations which must be made in other methods of calculation

could affect the numerical results. In addition, when calculating different

quantities, one has to make different approximations which means that the

reliability of the results may vary depending on what has been calculated.

As stated in the Introduction, our purpose is primarily to
study quantitatively the consequences of the ideas of DEM instead of
trying to build a new model. However, since the details and the degree
of specification of the DEM as used by different authors vary, and some of
the versions might lead to different quantitative results, we will describe

in detail the model as we have used it.

i) Production of Fireballs

We assume that the differential cross-section for one fire-

ball production can be written in a factorizable form
dzf , 2 (af A(”)}'f
- 2 63(H) e
dHdt  Jer ¥

(1)

Here M is the mass of the fireball and t the momentum transfer in the

t/2

the analogously defined proton-fireball-Pomeron

a
process. In terms of Pomeron exchange ge

vertex and G(M)eA(M)t/2

is the proton-proton-Pomeron

vertex. The energy factor s2 coming from Pomeron propagator is cancelled

against the flux factor. The elastic differential cross-section is given
by

9y 1 g 2eF
= e
dt J6 T 7

(2)
and the cross-section for simultaneous excitation of two fireballs with

masses M1 and M2 by
L’a, /
M dM, dt 6

(A(H,)+A(M,)-2

G)6,)e
(3)
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The first important consequence of the factorized form is
that there will be an effective cut-off both in d07%/dM and d20'2/dM1dM2
before the kinematical boundary due to the effect of tmax being different
from zero. For the case of one fireball production this is rather well
defined since the elastic slope a seems to be experimentally clearly
larger than the inelastic slope A(M) for large M. The parameter a
which is well known then essentially determines the cut-off and the un-

certainties in A(M) have a small effect.

The second consequence of factorization is that the
relative normalization of double and single dissociation is fixed. It is
clear that factorization is not exact, but it should still give a rough

estimate of the one-to-two ratio.

Actually, the function which we parametrize in order to
*
specify the production strength is not G2(M) but (M) defined by

d’l __?_z_ G(M) e fmax +(ar A(H))g E(H)C&'".(‘”A(H))

dM " hm a+A(M)
(4)

The Monte Carlo calculations show that for values MS1.8 GeV the missing
mass spectrum of protons gets contribution only from the through going
protons but not from protons coming from the fireballs. Because we want
to estimate the maximal amount of diffraction we assume that the cross-
section in this region is completely due to diffractive excitations. This
assumption therefore equates E>(M) to the proton's missing mass spectrum
for M<1.8 GeV. For higher values of M the missing mass spectrum gets

contributions from the excited systems too and cannot be used to determine
P(M).

As the only energy dependence in the model is in the
growth of accessible phase space for the excitation of higher and higher
masses (%n addition to a possible shrinkage), f)(M) has to drop at least
like M in order to obey the unitarity bound. Since we will assume a
decay mechanism in which the number of particles coming from the decay
of a fireball grows linearly in M, we actually need a M_2 behaviour if

we want the average multiplicity to grow like 4ns 3>. This behaviour

can be argued also on the basis of duality 3) but it is not clear how

relevant the duality arguments are for the production of high mass fireballs.

We have ignored here the contribution from the lower bound of the t

integration. It is correctly included in the numerical calculations.
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Our simplest parametrization for the region M>1.8 GeV
is then the M_2 form normalized in such a way as to give, when extended
through the low mass resonances, the experimentally observed cross-section
in the interval between the two prominent resonance peaks at around 1.4 and
1.7 GeV. This, combined with an approximation of the low mass data by

straight lines, is spectrum 1 in Fig. 1.

There is no experimental support for any strong high mass
resonances, and the highest well-known diffractively produced resonance at
2.19 GeV 12) seems to be too weak even for an M-2 decrease 13). We thus
think that it is realistic to start the M_2 tail at 1.8 GeV as in
spectrum 1. Since we try to establish an upper limit, we, however,
consider also a possibility where we raise the normalization of the M.2
tail at M=2.5 GeV as high as possible so that we saturate the missing
mass spectrum when the protons coming from the excitations are added.

This gives us the spectrum 2 in Fig. 1. There is no special reason for the
value M=2.5 GeV. We simply believe that this value is far enough above
the threshold *) that if the M_2 behaviour is ever to have any meaning,

it shouid majorize P(M) at least from there on.

We then turn to the t dependence of the production. In
a factorizable model, as mentioned already, the t dependence affects not
only the shapes of distributions but also the magnitude of the cross-sections.
For one-fireball production this is simply due to the exponential cut-off
factor in Eq. (4). To see the situation in two-fireball production, we

*x
integrate Eq. (3), and write the result in terms of e(ND

2 a AlM)) % (A(M)+A(M ))
die, 1 p(n,)pln) ENIN max THITAU
d”,d;’z-za";t e("e Y AlH,)*AK,) ©

(5)
So, in addition to the exponential factor from the upper limit t , we
have also a weight factor depending on the slopes.
Total cross-sections are typically rather smooth once the c.m. energy

exceeds 2.3 GeV.

*%
) See Footnote on p. 4.
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The elastic slope is well known and we have used the value
2a=9.2 GeV_z. For the inelastic vertex, the inspection of the experimental
data 14)’15) shows that except for the low mass region, MI1.8 GeV,
the slope i1s rather shallow [}(M)}51 GeV_%] and could even go to zero
with increasing excitation mass. Because of the (A(M1)-+A(M2))_1 factor
in expression (5), the double fireball cross-section cré depends crucially
on the behaviour of A(M). If A(M) goes to zero too fast as M increases,
622 can even diverge with increasing energy. Here we do not try to draw
any conclusions from the energy dependence since we do not know how to take
properly into account the shrinkage which in the elastic scattering seems
to persist 16 at least up to the highest ISR energies. We cannot, however,
let A(M) be too small because the t distribution of the proton at large

missing mass values then becomes too flat. The simple parametrization

o
AlM) = 5%
1

with Ol =0.75 GeV and b=1 GeV has been used in the numerical

calculations. For higher missing mass values this leads to a similar t
dependence as observed experimentally. At low masses the +t dependence
shows experimentally a break and a strong forward peak and there our para-
metrization reproduces the t distribution only in an average sense. We

have also tried other parametrizations with essentially the same results.

ii) The Decay of Fireballs
The decay is assumed to be an isotropic chain decay

independent of the production and of the mass of the fireball except close
to the threshold. We will also assume that all the decay products are pions.
Since the transverse motion of the fireballs does not contribute very much
to the transverse momentum of the pions, the transverse momentum distri-
butions directly give information concerning the decay distribution in the
fireball rest frame. Strictly speaking, this is true only if fragmentation
is the dominant mechanism but we anyway try to reproduce the shapes of the
experimental p% distributions of pions. To do this we assume that the
fireball decay distribution, as a function of the rest frame decay momentum,
is a sum of two Gaussians. We do not have any physical motivation to use
Gaussians. The reasons to use them are 1) Gaussians are easy to use from the
computational point of view and 2) the sum of two Gaussians is a parametrization
which is flexible enough for our purposes. The explicit parametrization

which we use is



f(pr=oe(E)e " vorF] e
()

w
Since in our calculations at 24 GeV/c a large part of the
fireballs have masses below 2.5 GeV (the effective upper limit due to the
tmax effect is ~ 4 GeV) a considerable number of pions come from decays
which are affected by the TN +threshold. The assumption of the independence
of the consecutive decays must break down when the previous decay leads to
a mass close to the threshold since the probability of the last decay is

then suppressed due to the smallness of the phase space which is available.

This suppression is introduced into our model by the
following procedure: in our (Monte Carlo) calculation a decay of a fireball
of mass M' +that leads to a fireball with small mass M 1is accepted
with probability Pone_apz, where p is the momentum available in the
decay of the fireball with mass M to a nucleon and a pion. If the decay
M' >N +9F is not accepted it is replaced by a direct decay of M' +to a
nucleon and a pion. The maximum of P 1is normalized to one and the procedure
is applied only when M is below the point which corresponds to this maximum.
The factor p in P comes from the volume of the two-particle phase space.
At this point we have replaced the two Gaussians of Eq. (6) by one because it
simplifies the calculations essentially. We use the value a=10.6, which

is the weighted mean of 15 and 4 of Eq. (6).

We have checked that with this prescription the three-body
decays below 2 GeV are similar to the three-body phase space and that the
amount of two-body decays corresponds well to the amount of three-particle
final states which we estimate from bubble chamber data 17) at plab:=28.5

GeV/c.

To determine the charges of the particies in the decay chain
we assume that each fireball state is a mixture of I=% and I::% states
with a ratio 2 which is the ratio of statistical weights (21 +1). The
first state we take to be I =%, and let it decay with probability 2/3
to I=2% states and 1/3 to I=5% states. We also treat the final
nucleon correctly as a I::% state. The way charges are assigned in the
decays of a high mass fireball is probably not very important since we have
a long decay chain, but for low mass excitations the wumber of neutral pions
and the neutron to proton ratio depends on the relative amount of I:=% and

=%~ states.
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ii1) The Method of Oaleulation

As the physical model which we have adopted corresponds to
a process that consists of several rather simple st-ps, it easily allows for
a straightforward Monte Carlo simulation. We first determine randomly the
mass of the fireball (or two masses for double excitations, with probability
density (M), and the cdirection of its womentum from the probability
density et(a""A(l\ﬁ)> for t [}<A(M1)_FA(M2))t for double excitationé].
Then we let the fireball (fireballs) decay as described in ii). After that
we determine the charges of the particles, and finally we transform all the
momenta to the c.m. system. With this method it is possible to take proper
care of all the kinematical effects, like the tmax effect, and the recoil
in the fireball decay. Each event exactly fulfils energy-momentum

conservation.

At one point oanly do we find it necessary to abandon the
idea of generating events with exactly that probability distribution which
our model predicts: we take care of the factor (a-+A(M1))(a-+A(M2))/
(A(M1)+A(M2)) of Eg. (5) by giving the correspondiaz weight to all two-
“ireball events. The almost conmplete omission of weights makes our program
very efficient ccmparsd to most other Monte Carlo prograus, (e.g., FOWL 18)
when multiplicity correspords 10 our mean multiplicity). In addition we can
easily calculate any inclusive, semi-inclusive or exclusive distribution.
The progran can be used at least up <o the energies correspon?ing to
19

Fqgp 200 GeV/c. A similar program has been used by Adair in his

calculations.
THE DATA

As mentioned above, we get the most direct information
concerning the production of baryonic fireballs from the missing mass
distributions of the reaction p+p—p+ anything. The best experiments
for determining this distribution at plabESZO GeV/c are the counter
experiments of Refs. 14) and 15) at 24 GeV/c. As can be seen from Fig. 2
these experiments cover almost completely that part of the M-t plane
where the cross-section is non-negligible. The only exceptions are at %

very near to t (t>1t -0.1) and in the high missing mass large

max max )
angle area (M5 GeV, t5-5 GeV').
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In order to make reliable comparisons with our numerical
calculations possible, we have interpolated (in some cases also extrapolated)
and integrated the data, thus getting the experimental distributions presented
in this paper. The proton distributions which we present have been determined
directly from the measured points, whereas the pion spectra are integrated from

the interpolated data as given by the experimental group 15)

For the interpolation and integration of the proton data
we have used non-linear methods (three point formulae and exponential
functions). The interpolation error is less than 1% except when M>5.8 GeV,
i.e., in the rapidly decreasing part of d¢®/dM. As the data do not cover
the whole physical region some extrapolations have been necessary to determine
a9’/dM. We estimate the uncertainty of de’/dM due to these extrapolations
to be ~6% at M=1.3 GeV, 3% at M=1.5 GeV, % at M=2.0 GeV, less
than 1% when 3 GeV<M<5 GeV, 1.5% at M=5.5 GeV, and less than 1%
when 5.7 GeV<M<5.8 GeV. Below 4.5 GeV the uncertainty is mainly due
to the extrapolation to tmax (i.e., forward direction), and the error

estimates are based on the assumption that there is no strong structure in

the forward direction t>1t -0.1 GeVz.
max

The x distributions of the protons have been determined by
the same methods but no extrapolations have been necessary, interpolation
errors are < 1%. The pion data are integrated by trapezoidal rule and

the errors due to the integration are < 2%.

The systematic errors in the original experiment are 3—5%
dominating thus over the errors due to our treatment of the data almost
everywhere. The points near the threshold (M<<1.3 GeV), are less reliable
due to the contamination from elastic events. The statistical errors are
negligible in integrated distributions. In addition there is an over-all

normalization error of 12-15%.

RESULTS AND CONCLUSIONS

In this Section we present the results of the numerical
calculations and draw our conclusions. First we discuss the magnitude of
the single and double dissociation cross-sections, and the possibility of
saturating the total inelastic cross-section with fragmentation. We then
study the inclusive pion spectra in order to see whether there are any
regions of phase space where early scaling can be attributed to the energy

independence of diffraction.
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i) @hg A@ount of Diffractiog
Given the functions P(M) and A(M) we can determine
20? and aé simply by integrating the expressions (4) and (5) over the
physical values of produced masses. In the case of the lower spectrum
(spectrum 1) we get 2()"1 =7.8 mb, O,=1.8mb and O =26",]+ 0, =9.6 mb.

d
The results corresponding to spectrum 2 are 2 O?:=9.3 mb, 6. =2.4 mb and

GE_=11.7 mb. Experimentally the total inelastic cross-sectioi is 30 mb.
To see how the calculated cross-sections are built up we have plotted in
Fig. 3 the various contributions to the missing mass spectrum in case 2,

as well as the experimental points. It is rather clear from this plot

that with a factorizable model which necessarily introduces the tmax

effect one cannot hope to fill in the spectrum and that the protons that

are missing correspond to very high values of missing mass. The same effect
is seen in Fig. 4 where we present the invariant cross-section as a function

2
of x averaged over RD bins:

e Lo 30'
<:}T(X' fH});Z>PT} = J’al 1} E — ci

4] p.,.

Here our distributions are much too low at small IX .
Having seen that most of the inelastic cross-sections at

24 GeV/c must be produced by other mechanism than diffractive excitations,

it seems improbable that these mechanisms would have no contribution to

ag/aM  at M<2.5 GeV. ‘Thus our higher estimate is probably somewhat

too high *).

In order to see the size of the effect due to the exponential |
cut-off in tmax we calculated 20'1 for spectrum 2 without this cut-off.
The result is 12.0 mb (compared to 9.3 mb with cut-off), so that even
in this case we get at most 40% single diffraction in the total inelastic

cross-section.

In addition we should note that the experimental data which we have

used seem to have somewhat too high normalization, since the integration
of do&’/dM gives <n >0’nel_42.6 mb. Using O ine1 = 30 mb ’;1(’)1§s leads
to <np>r=1.42. The value given by Scandinavian Collaboration at

19 GeV/c is 1.41 ignoring kaons, however. Assuming K /9~ =0.03

and K /47" =0.085 we get <0 >=1.33.
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The results of Gottfried and Kofoed-Hansen in Ref. 4) on the
amount of diffraction from the normalization at the high energy limit are
similar to ours. We also note that a study made by M. Uehara 21) for JTp
scattering at 16 GeV/c, using as a starting point the known diffractive
contributions in exclusive channels, leads qualitatively to the same

conclusion.

ii) Pion Production

Having found that the diffractive excitations do not
dominate the whole inelastic cross-section, we are still left with the
question, whether the pions produced with this mechanism could dominate
the single particle distributions in some regions of phase space, as has

been proposed 3)’6)’22).

In Figs} 5 and 6 we present the calculated and experimental
Tf+ spectra. The quantity which has been plotted is the invariant cross-
section averaged over the indicated bins as defined by Eq. (7) for x
distribﬁtions, and in a similar way for p; distributions. The calculated
spectra correspond to the higher e(M) distribution (spectrum 2). It can
be seen that the calculated spectra are everywhere well below the experimental

points. The situation for negative pions is similar.

The only way of increasing the number of pions, when the
function e(NO is fixed, is to decrease the mean energy in the decay

of fireballs. This will affect the spectra. As seen in Fig. 5, our

2
P
parametrization, Eq. (6), fits the shapes rather well. We can thus produce
only slightly more pions without getting too steep p% distributions.

Our conclusion from Fig. 6 is that the pions produced by this mechanism
do not dominate in the intermediate x Tregion (O.3-<X<<O.7) as proposed
by Jacob and Slansky 3) and Berger 6). The difference seems to be still
larger in the wee-x region discussed by Hwa and Robertson 22), although

the experimental points which we have used do not extena to this region.

To summarize: we have studied the amount of diffraction
dissociation in proton-proton interactions at 24.0 GeV/c using a factorizable
diffractive excitation model. Our results show that the maximal amount at
this energy is 1/3 of the total inelastic cross-section. The investigation
of the pion spectra shows, moreover, that the pion production is not dominated

in any part of the phase space by diffraction dissociation.
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FIGURE CAPTIONS

The excitation spectra P(M) which have been used in
the calculations. Dots are the experimental points for

4@°/dM of proton. (See Section III.)

The points where the proton spectra have been measured.
The continuous lines give the data points of Ref. 14) and
there are typically 75 points on each line. The separated

points are from Ref. 15).

The missing mass spectrum of the proton. For data points
see Section ITI. The solid line is the calculated
dg-/dM; Contributions from through going protoas (=ee=),y
protons coming from fireballs in the case of single
excitations (--—), and those corresponding to double

excitations (-.-), are shown separately.

The invariant cross-section of protoas as a function of x
averaged over the indicated ps regions. The solid lines
are the calculated distributions. Coatributions from
through going protons (-..—), protons coming from fireballs
in the case of single excitations (---), and those cor-
responding to double excitations (-.-), are shown

separately.

The invariant cross-section of positive pions as a function

2
of pT averaged over the indicated x regions.

The invariant cross-section of positive pions as a function

of x averaged over the indicated p% regions.



0%

1old

o€

(A99) SSVW

0¢

ot

~~o /_ wnJjadg
~

N
SN
~

N
7 wnipadg—s

00

— 0

—0°¢

—0¢

(A9 /qu) (W)d



(M9) W

(,°9)




10.0

(A2O/qW) IP/OP

MISSING MASS (GeV)

FIG.3



10

10°
3
Q
0
E
-1
P 107
Q. Ve
5
10°!
10~2
1073

LI RRAL

T TTTTIT]

LU

I

1 llll\\|\

0.49< p$ <196

T TTTTI]

I




) (mb/GeV2)

2
I

f(X, p

102

—

m
|
w

100

N\
T TNNTT

o

—

o
o
a

T T TIATT]

107"

1072

T TTTTT]

s 0.205 <X<0.41

0.41<X<0.81

@]

o
o

0.5

1.0
pf (GeV?)

FIG.S

1.5



2
10 I T | I

| ag
1 b u —
10 = =
- ]
— [ ]
u
100 = —
- 0.0225 < p% <009
07 0.09<p2<10 —
10°2 = —]
10-3 = —_
I I I I
0.0 0.2 0.4 06 0.8
x =2PL

FIG.6

10



