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SaTIOHR 6.8. R np. 
E1 · 12297 

Yfayqeaae peaKUHH - ++ 
PP ~ !\-- ( 1232) +X npa 22,4 fsB/c 

9 CT8Tbe npB.I'.f>LlRTCR HHKI1103HBHbie H fi011YHHK/1103HBHble ceqeHHR o6pa-
30B8HHR H306apbi6-- BO aceA KHH€M8THqecKoA 06118CTH, 

PacnpeneneHHR no x H y• (nnR .\-- (1232) npoH3BOL1HI10Cb orpa"'e
Hae OTHOCHT€11bHO TO'IKH X ~ y* ~ 0) HM.,IOT np000/1)1(€HH€ B nepeQHIOIO nonyc<J>e 
py. BKnan 6±± ( 1232) ae 3aaacar or rononoraH. Cpet~aee 3aaqeHHe nonepeq 
Horo HMnyn&ca H3o6apbi<PT> paaao 0,43±0,10 fsB/c, a HBKI10H P,f-pacnpe 
neneaag paaea 4,3±1,0 (f38/c) 2 . 

3neMeKT CfiHHOBOii MaTpHUbl fii10THOCTH Pgg paaea 0,20± 0,07, 'ITO MO)I(e 
roaop&Tb 0 npHMeHBMOCTH MOL1€11H OL!HOllHOHHOrO 06MeHa C nornomeHH€M, 

Pa6ora Bblll011H€HB B na6oparopH>! Bb!COKHX saepraA OYI.RYI. 

npenpBHT 06hellBHBHHOrO HHCTHTYTB SlllepHbiX HCC/1€.QOB8HHA. Lly6Ha 1979 

Batyuna B.V. et al, E1 · 12297 

Study of the Reaction 
at 22.4 GeV/c 

pp ~A±± (1232) +X 

We present inclusive and semi-inclusive cross secti
ons for A±± ( 1232) production in the entire kinematical 
region. The x and y* distributions (for 6-- (1232) 

reflected about x~ y•~ m extend into forward hemisphere 

The fraction of A±± (1232) production seems to be constan 
as a function of topology. The average transverse momen

tum is 0,43 ± 0.10 GeV/c and the slope of the Pi distri
butions is -4,3± 1.0 (GeV/c)2.The spin density matrix 

element p33 is 0.20:!: 0.07 favouring the absorptive OPE 
model. 

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

++ --
In this paper we study f\. (1232) and L\ (1232) 

production in ~p reactions at 22.4 GeV/c in 
a truly inclusive way without applying any cuts 
to the data, which enables us to study the AZ! 
p~~duction close to the central region. Recently 
A-- has been also studied in this way in other 
experiments /1·3/. 

The data used in this analysis consist of 
-8200 events with charged multiplicity 4 or 

higher. Experimental details have been given 
e l s e w he r e 14 • 5/, To c a l c u l a t e the (p ± rr ±) m a s s 
distributions, we assume that each positive 
(negative) particle is in turn a proton (anti
proton) in the case when the proton was not 
identified by ionization ( Plab 2: 1.5 GeV/c), and 
thus make all the possible combinations. We 
assume that wrong combinations enter into the 
background. We get some justification for this 
assumption from the events with identified 
protons. We have reassigned the protons as 
pions and assumed each true pion in turn to be 
a proton. The mass distribution thus calculated 
does not make any contribution to the A++ sig
nal. Generating the A++ signal by the Monte
Carlo method and reassigning the proton and 
pion masses ~ive an effective mass distribution 
without any resonance structure. 

Consistency checks of the CP-invariance of 
f\.++ (1232) and i\--(1232) have been done 

throughout the work. 
In our earlier work !61 only events with pro

tons identified by ionization were used for the 
inclusive distributions. Cuts were applied to 
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the (Prr+) mass distribution and the momentum 
transfer. Thus this investigation was limited 
to the peripherally produced ~++ (1232). 

2. RESONANCE FITTING 

To obtain cross sections for 
following procedure was applied. 

fJ1 ¢1 f3 2¢ 2 c 1- f3 cf3 2) 
f = ------ + ------ + --------------- BW¢ 

I 
1 

I
2 

I 
3 

3 

++ 
,\- - ( 1 2 3 2 ) , t h e 

The expression 

( 1 ) 

w a s f i t ted to t h e (P ± rr ± ) m a s s d i s t r i b u t i o n i n 
the r e g i o n 1 • 0 8 G e V ::::; M(p ± rr ± ) ::::; 1 • 8 0 G e V . He r e f3 's 
are free parameters and I's are normalization 
integrals. The background ¢1 is assumed to have 
the hehaviour as the phase space term ¢ 3 and 
for i= 1,2. 

-+.- ++ a ±+ '1-'i-(M(p-rr-)-M -M )i aiM(prr-) rr p . e ( 2) 

where ai and ai are free parameters. The back
ground ¢2 is introduced to account for the 

++ reflection of the true ~-- signal when assigning 
wrong masses to the true proton (antiproton) and 
pion. The background term, which has been investi
gated in Monte-Carlo events, has a behaviour 
that differs significantly from ¢ 1 (i.e. a 2 fa 1 
and a 2 f a 1 ) . BW stands for the usual p -wave 
Breit-Wigner with the width 

r = r
0 

( _ _g_) 3 _e_·_~i!l:t_~:t~ 
qo -p . M ~ ± ± ---- ( 3) 

Here q and q 0 are the decay momenta in the 
resonance rest system and in the central posi
tion of the resonance rest system, respectively, 
and 

0 ') -1 
p (M) = (M; + q-) . (4) 

The mass spectra were fitted using fixed values 
for a mass of Mt\±± ~ 1232 MeV and a width of 
1~=115 MeV. Different inclusive~±± spectra were 
obtained by fitting, for e~cp bin, expression 
( 1) to the corresponding (p_rr_) mass distribution. 

I n f i g . 1 we p r e s e n t t h e to t a 1 (p ±rr ± ) m a s s 
distribution. The curves show the result of the 
f i t o f e x p r e s s i o n ( 1 ) (X 2 I ND 1 8 I 1 1 ) • A s o b t a i -
ned from this fit, the total inclusive cross 
section for A±± (1232) production is 8.0 ±1.0mb. 
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. + + Fig.l. (p_rr_) mass distribution.The 
upper curve shows the best fit to the 
data (eq. (1)), the middle curve repre
sents the background and the bottom 
curve, the p-wave Breit-Wigner. 
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++ 
3. TOPOLOGICAL CROSS SECTIONS FOR ~--(1232) 

PRODUCTION 

++ 
At Fermilab energies ~ production is seen 

in significant amounts for all topologies n1. In 

the table ihe era,. •ection for &±± production } x. ~ 

0 • :-... ., Table I ~ 
~ ~ -++ . t 

N IQ. 
. I 

I I 
• -<1 -<1 ++ '2/ _{ ++) -+-- "' Prong a(~-- )mb a(nch)mb' a\~-- /a(nch) -f- !o4 ~ 

~ 0 04-1 
4 4 • 2 ± 0 • 4 1 4 • 1 7 ± 0 • 3 2 0 • 3 0 ±0 • 0 3 + --: 4-1 0 

6 2 8 + 4 45+ 24 3 + 4 ° A . _o. 9. -O. o. o_o.o + 11 ';, 

8 1.4+0.4 4.25:!:0.15 0.33±0.09 :< 
- ~ 

1 0 0 • 6 ±0 • 4 1 • 4 2 ±0 • 0 8 0 • 4 2 ± 0 • 2 8 0 ~ ::l 

1 2 o . o ± o . 1 . o . 2 4 ±o . o 3 < o . 4 o 
0 

_ r: g .8 
- -' 0 .Q rtl 

rtl ~ 9.0±0.8 29.53±0.44 0.30±0.03 (QW),;; 'C1 ~ 

<l.l ~ 
~ u 
u <l.l 

----- ~ <l.l .-j is given together with the total cross section · • ;;::: ~ 
++ X 

as a function of topology. The ration a(~--)/a(nch) ~ .,• ~ !o4 

seems to be constant within errors. It ~ •q ~ 

has been noted that in meson-proton reactions ~ t + 
0 

~ g 
1
1/ A + + N Q. 0 ·.-l a t 1 6 G e V I c ' the f r a c t i o n o f u prod u c t i o n "' •a. . .; ~ 

increases with topology. However, as we know x ~ 2 
that a great amount of our high multiplicity + .Q ·.-l 

·.-l !o4 cross section is due to annihilation, we do not --f-- If! !o4 ~ 

+ 0 ~00 expect to see such a feature. ' 
00 

• .; 

+ ~'d + 'd* 
4. INCLUSIVE SPECTRA I + . :< >, 

d 0 .... ------ -' d rtl.Q 
The Feynman x and c.m. rapidity _c:_istributions ,

1
1 (QW) xp 

are shown in f i g s . 2 a and b . For ~ the d i s t r i- Dp N 

butions are reflectrd about X=y*= 0. We notice . ) tJ> 

that there is ~±± production also in the central ~ 
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++ 
region. The forward production of ~ seen in 
negative meson-proton reactions n; may well agree 
with our results, although our limited statistics 
makes it difficult to draw any definite conclu

sions. 
The P~ distribution is shown in fig. 3. The 

slope is -4.3 ± 1.0 (GeV/c)- 2 • This value is in 
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Fig.3. Transverse momentum squared 

distrubution. 

agreement with the values given in ref.m/ for 
inclusive~"" production and with the universal 
value for inclusive vector meson production !91. 

Extrapolating the slope towards high P~, we 
calculate the average transverse momentum<PT>= 
=0.43 ± 0.10 GeV/c, which is surprisingly large 

j 
t, 

++ 
if the usual assumption that ~-- should be peri-
pherally produced is correct. The average trans
verse momentum squared is < Pf> = 0. 23 ± 0.06 (GeV/c) 2. 
In ref .. '1/ the peak in the P~ distribution was 
seen for small values of Pf. We do not see such 
an effect. 

Studies of inclusive~~+ production at medium 
energy/1.8/ suggest that there is~+~ production 
also at large momentum transfer.+tn our data 
the t-dependence of inclusive~-- (fig. 4) can 
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·Fig.4. Four-momentum transfer distri
bution. 

be fitted with a simple exponential for ills 
1.6 (GeV/c) 2 . The slope is -1.6 ±0.4 (GeV/c)-2. 
Extrapolating this slope towards higher values 
of It!, we get the cross sectionb=4.5 ± 2.0 mb. 
However, the bin !tl > 1. 6 (GeV I c l 2 , when fit ted 
by expression (1), yields the cross section 
3. 8 ± 1. 1 mb, and thus the added total cross 
section equal to 7. 9 ± 1. 3 mb is in agreement 
with the result from the total inclusive mass 
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distribution. Thus we conclude that there is a 
break in the slope of the t -distribution at 
\tl > 1.6 (GeV/c)2 and that the t-distribution 
for small itl -values cannot be used to estimate 
the total cross section (compare with ref. 1

101 
) 

Such a break (between 2 and 4 (GeV /c 2 ) in ltl was 
noted in refs. /1,8/. 

The density matrix element p 33 was obtained 
by fitting the express ion W(cos8)- 1 + 3cos 28 + 
+ 4p

33 
(1 - 3cos 28) to the polar angle distribu

tion in the t -channel (see fig. 5) . We get P33= 
=0.20± 0.07 which favours the absorptive OPE 

model. 
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Fig.5.Distribution of the cosine of 
the polar angle in the t -channel frame. 
The curve represents the best fit of 
the expression W(cos8) - 1 + 3cos 28 + 4p33(1- 3cos28) 

to the data. 

5. CONCLUSIONS 

The main physic~+results are: 
(i) Although the ~-- production is mainly 
"Pffipheral" there is an evidence for "central" 
~-- -production. 
(ii) f~ have found that a substantial part of 
the~-- production comes from high topologies. 
(iii) The slope of the P~ distrubution is in a 
agreement with the universal slope for inclusive 
isobar and vector meson production. 
(iv) The Jackson angle distribution is in agre
ement with the prediction of the absorptive one 
pion exchange model. 

The authours thank the staff of the Serpukhov 
accelerator,of the beam-line no.9, of the 2m 
HBC "Ludmila" and the technicians and operators 
of all laboratories for excellent work. 
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