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The investigation of the reaction 

( 1 ) 

"d . 1 f . 11 - 51 h d d h d at a w1 e 1nterva o energ1es as emonstrate t e o-
minance of two channels:.double production of isobars and 
diffraction dissociation of proton and antiproton. 

The results of studying the beam and target diffraction 
dissociation in reaction (I) at 22.4 GeV/c are presented. The 
data have been obtained on pictures from the Ludmila bubble 
chamber exposed to a separated antiproton beam at IHEP (Ser­
pukhov). 

The general characteristics of reaction (I) and ofj)p~~Ht\++ 
channel at 22.4 GeV/c can be found in paper 161• 

2021 events of reaction (I)* were used to analyse the 
diffraction dissociation that corresponds to 1.44 events per (b. 

The separation of proton and antiproton diffraction was 
performed by two methods: longitudinal phase space(LPS-analy­
sis171)and method of maximum rapidity gap between secondari­
es 181 • 

The two-dimensional plot of the reduced longitudinal mome~­
ta x + and x- of "±-mesons from reaction (I) is presented in 
~171. 

The diagrams of the processes which dominate in the cor­
responding LPS-sectors are also shown here. The whole LPS­
space was divided into cells oX= 0, 125x0. 125 in size. 

The occupation of the separated LPS-sectors by the events 
is clearly seen from fig. I. The weighted 6.w distributions 
were obtained by the formula 

-1 -1~ 
6.w- uoN t s ~ Wy. (2) 

y 

where u 0 is the cross section of reaction (I); N1 ,the total 
number of e :n · :e experiment. Jtal energy squared 

*The cross section of reaction (I) at 22.4 GeV/c 1s equal 
to 1.40+0.04 mb. 
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in the c. m. s.; y • the number of events in each cell 8x : Uly • the 
weight of each event as a function of longitudinal momenta and 
energies of particles in the c.m.s. 

The number of events in the LPS-sectors and corresponding 
cross sections are give? in table I. 

LPS-sectors 

A [(PIT+ 17-)p] 

B[(j)IT+)(piT-)] 

C[p(p 11+11-)] 

D[(p!7-')(p!7+)]. 

Number 
of events 

598 

149 

599 

638 

Table I 

Cross section, 
mb 

0.41+0.02 

0. 10+0.01 

0.41+0.02 

0.44+0.02 

As can be seen from this, the numbers of events in sectors 
A and C coincide. This fact points to an equal fraction of 

the proton and antiproton dissociation in reaction (1). 
The separation of diffraction by the maximal rapidity 

gap/S,11/ method was performed by ordering the secondary par­
ticles of reaction (I) in each event according to their longi-

. 'd' . . 1 H;+P.i Th tud1nal rap1 1t1es 1n the laboratory system Yi .. n-E_.._......_, en 
i -Pui 

rapidity intervals between neighbours were determined. The 
particles in the diffractively produced system tend to group 
within a limited rapidity interval. To separate diffractive 
and nondiffractive components, the variable ij

191 was introdu­
ced: 

ij=l-e-f, {= rl 1Ym.:£L\y_l, 
i=1 <t!.y> 

(3) 

where 1Ymax is a maximum rapidity gap, 1\yi is a rapidity 
gap between two neighbouring particles in the diffractively 
produced system and <1\y> is their mean value. For diffractive 
events 1\ymax>>t\yi and therefore T/"' 1, for nondiffractive 
events 1\ymax ""1\yi and 1J"" 0. 

The TJ distribution for antiproton dissociation at 22.4 GeV/c 
is shown in fig.2. 

As can be seen from fig.2, the separated sample contains 
some fraction of nondiffractive events overlapping with dif­
fractive ones at intermediate values of 11 • 

2 
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Fig~. LPS-sectors for reac­
tion pp-.pp"+"-· 

Fig.2. ij -distribution for ~ 
antiproton diffraction disso- r 
ciation. 
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200 

100 

~I 
To minimize this ambiguity, the cutoff value of Tic was de­

termined from the approximation of the TJ distribution by the-

func t ion191 

(4) 

After such a cutoff procedure 598 events were selected for 
antiproton diffraction and 575 events for proton diffraction. 

The corresponding cross sections were obtained as ap = 
= 0.41+0.02 mb and ap• 0.40~0.02 mb. 

The-comparison of these values with the data from table 
shows an agreement between the results obtained by the methods. 

The energy dependence of the single diffraction dissocia­
tion cross section for reaction (I) was successfully paramet-
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rized by the function 
-n u0 =- Cs (5) 

in a momentum interval from 7.2 GeV/c to IOOGeV/c 
13~ The valu­

es of the parameters we~e found to be c.t. 7+0.4 and n = 
- 2 = 0.36+0.06. The value of u0 at Pin= 22.4 GeV/c (s=43.8GeV) 

for given values of n and C was estimated as 0.43+0.14 mb. 
This result is in agreement with the previously mentioned 
cross sections of diffraction in one vertex. 

The two peaks at M -1500 MeV and at M -1700 MeV were found 
in the effective mass distributions of the (piT+If"")and (i)IT+IT-)­
systems for events belonging to LPS-sectors A and C (see 
fig.3a,b). 

,. 

" 

Fig.3. a) M(i)IT+ IT-) -distribution for events from 
LPS-sector A. b) M(piT+ IT-) -distribution for 
events from LPS-sector C. 

GoV 

These enhancements were observed in reaction (I) at an anti­
proton momentum interval from 5.7 GeV/c111 to 40 GeV/c 151 and 
in the diffractively produced (pIT+ IT-) -system in ITP, Kp 
and pp interactions at different energies up to ISR /10, 11.121. 

Many authors/5,11,14/ connect the first peak according to 
decay angular distributions with the presence of N * (1470) and 
N*(l520) isobars; the second peak is considered as a superpo­
sition of several isobars with spin values 3/2 and 5/2. 

The effective mass distributions of (piT+IT-) + C.C.-systems 
decaying into ftt+(~) isobar and IT -meson are shown in fig.3a,b 
by dashed lines. The value of isobar mass is restricted by 
l.06.$.M( ITITN)$1.4 GeV. 

As is seen from fig.3 the first (ITITN) peak can be complete­
ly explained as a quasi-two-body decay (AIT), and for the second 
peak such a kind of decay is dominant. 

The (piT+) and (piT-) effective mass spectrum for events 
belonging to the A- and C- LPS sectors are given in fig.4. The 
signal of.'\++(~\++) isobars is prominent. 

\ 
I 

) 

Fig.4. M(pr.+) +C.C. -distribu­
~ tion for events from LPS-sec­

tors A and C. 

Fig.5. M(piT+IT-}-distribution for 
events from LPS-sector C.The 
dashed line is the same distri­
bution for events generated by 
the OPER-model. 

~ Fig. 6. It-t mini -distribution for 
events from LPS-sectors A and C. 

The experimental M (pIT+ IT-') distribution was compared with 
predictions of the OPER-model which successfully describes 
a lot of exclusive reactions/131. 

The OPER-model describes reaction (I) by means of the diag­
rams presented in fig. I for LPS-sectors Band D. The fraction 
of Pomeron exchange is considered in the model only through 
the diagram 

p 

:E~-
p 

p 

IT 
IT 
N 

where no resonant states in the (ITITN)-system are supposed. 
This permits this model to be used for the calculation of 

background in describing (PIT+ IT-) mass enhancements. 
The piT+IT- mass distribution for events from LPS-sector C 

is given in fig.S by the solid line, and the dashed line pre­
sents the same distribution for events generated using the 
OPER-model. It is clear that the model does not describe the 
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diffractive peaks at M- 1500 MeV and M -1700 MeV; this means 
that they cannot be connected with the reflection of double 
~+~+ and ~o~ -isobar production because the last pro­
cesses are described by the model very well. 

The parameters of resonant states in the Prr+rr--system 
(listed in Table 2) were defined with the help of two Breit­
Wigner functions and a background curve from the OPER-model. 

M(rrrrN) 

M (1500) 

M (I 700) 

M (HeV) 

1422+22 

1622+21 

r(MeV) 

65+34 

185+49 

Table 2 

% 

15+4 

30+6 

One of the important characteristics of diffraction disso­
ciation is the slope of the t' distribution ( t '=t-tmi , t is 
the four-momentum squared transferred from target to (prr+rr-)­
system). 

The t' distribution for events of LPS-sectors A and C is 
presented in fig.6. Fort'< 0.12 GeV 2 this distribution was 
fitted by a simple exponential function 

-bt' 
du/ dt',..Ae . (6) 

The value of the slope b is received to be equal to 11.5~ 
+1.2 (GeV)-2 and is consistent with the slope for elastic 
-~p -scattering for which experimental values are concentrated 
near a value of 12 (GeV)- 213·41 . 

It is known that the slope of the t distribution in diffrac­
tion processes decreases with increasing the diffractive sys­
tem /2,3,1 4.f. The same effect is observed in reaction (I) at 
22.4 GeV/c, and the data are given in table 3. 

Interval of effective masses (GeV) 

6 

1.25~M(p~r+rr-)+C.C. S:1.6 

1.6 s; M (p rr+rr-) + C.C. S: 1.8 

M(prr+rr-) +C.C. ~ 1.8 

Table 3 

-2 Slope (GeV) 

15.0+1.3 

9. 1+1.3 

4.8+1. I 

The main results presented here can be summarized as fol­
lows: 

I) The cross sections of the proton and antiproton diffrac­
tive dissociation in reaction (I) were determined by the two 
methods: LPS-analysis and rapidity gap. 

2) The enhancements in (Prr+rr-)-and (p7r+rr-)-systems were 
observed at M- 1500 UeV and M- 1700 MeV. 

3) The dependence of the slope of the t' distribution on 
(prr+rr-) mass was found. 
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BaT~HH B.B. H AP· El-82-415 
li3y<~eHHe AHcllpaK~HOHHoii AHCCO~Ha~HH B peaK~HH pp ... pp "+ 71-

npH 22,4 f3B/c 

.[VIH 2021 co6bJTHH peaK~HH p'p-+ pp "+"_, 6biJIO npoBeAeHo 
BbJAeneHHe MeXaHH3MOB AHclJpaK~OHHOH AHCCO~Ha~HH aHTHnpOTOHa 
H npoToHa MeTOAOM LPS-aHanH3a H MeTOAOM 6bJCTpOTHbiX HHTepsanos. 
llony<~eHHOe ceqeHHe OAHOBepmHHHOH AHCCO~Ha~HH COCTaBnHeT 
0,41±0,02 M6H • .[VIH napaMeTpa HaKnoHa AHcPcllepeH~HanbHoro ceqeHHH 
da/dt' 6biJIO nony<~eHo 3HaqeHHe b--11 ,5±1 ,2 /f3B/-2 npH t -~-

/ 
2 . 

$0,12 f3B/. B-pacnpeAeneHHH 3cPclleKTHBHbiX Mace AHcllpaK~OHHo o6-
pa3oBaHHbJX CHCTeM p'IT+IT _, H pIT+ IT_, 06HapYJI(eHbl ABe OC06eHHOCTH 
npH M- 1500 M3B H M- 1700 M3B. 3KcnepHMeHTanbHbie pe3ynbTaTbi 
cpaBHHBanHCb c npeACKa3aHHHMH OPER-MOAenH AnH paccMaTpHsaeMoii 
peaK~HH. 

Pa6oTa BbinOnHeHa B na6opaTOPHH BbJCOKHX 3HeprHH OIDIM. 

Batyunya B.V. et al. E1-82-415 
The Study of Diffractive Dissociation in the 
Reaction PP-+PP"+"- at 22.4 GeV/c 

The proton and antiproton diffractive dissociation in the 
reaction PP-+ pp IT+ IT- (2021 events) was separated by two 
methods: LPS-analysis and rapidity gap method. The obtained 
value of the single diffractive dissociation cross section 
equals 0.41+0.02 mb. The slope of the differential distribution 
da/dt' was-estimated as b-11.5+1.2 (GeV/c)- 2 at t'<0.12(GeV/c)~ 
The production of two peaks at M- 1500 GeV and M- 1700 GeV 
was obserbed in the effective mass distributions of diffractive 
systems PIT+ IT- and P.IT+IT-·· The experimental data were compared 
with the predictions of the OPER-model. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Preprint of the Joint Institute for Nuclear Research. Oubna 1982 


