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The experimental results are presented for the studies of quas~

binary hypercharge-exchange reactions on carbon and deuterium nuclei. 
Differential croSs sections for reactions 

n++n-. K++ ~o 

fi++n --. K++ 1\ 
have been measured at the incident pion momentum 10.3 GeV/c. Earlier, 
these reactions were investigated only at energies up to 5.1 GeV/c/1( 

The experimental investigations of binary ~eactions with hyper
charge exchange at different energies are of interest as tbey allow 
us to study the behaviour ~f cross sections and strange Regge-trajec
tories. Such experimental data are also usefu~ for testing the exist 
ing theoretical models (see, e.g. /2/ and /3/). 

Besides, we have measured tbe ratio Ae f f of differential crose , 
sections for quasibinary reactions on the carbon and deuterium nuclei. 
Intereet in ·this measurement was provoked by the recent model 14!-, 
based on QCD principIes, wbich predicts tbe growth of that ratio Aef f 
with increasing absolute value of the momentum transfer I ti , where
as the Glauber phenomenology and additive quark model give bo~h 

= constoAef f 
Differential cross sections. Measurements were carried out at 

the spectrometer HYPERON/51 at Serpukhov a~celerator. The measure
ment procedure and data analysis are described in detail in refs./6, 7/ 
in which the experimental resulta are also presented for the 
binary reaction 1t+p-K+.r:+ obtain~dwith,the same set-up. Sta
tistics for the reactions fi+n -+ K+E/'A Was collected under the 
same conditions with the deuterium target. 

The reactions under investigation were selected by analyeing 
missing-mass-squared spectra· fo~ the forward-emitted K+ meson; the 
dlstribution of events over t he- missing mass squared (~) ia plotted 
in Fig. 1; here a peak is clearly seen tnat is produced by the three 
reactions 

l: ,iJ 5"(++ n - K+ + r~ (1 ) 

rr++n --.. K+ + /\~ (2 ) 

d o 

l'lteah·il~\JHi:.ift 'Ú,CTv,rYT \ 
.i~~31\t!X NU .'H·.;J.:>~aH!1 

6HSJ(t-:C;í'f~t-l-,-~_ 



fi + + p --+ K+ + 2 +.	 (J) 

It is just the events with «M2 < 2 GeV2/ v4, that have been se1ected 
for further analysis. In each transfer-momentum ínterva1 missing
mass-squared spectra were histogrammed taking into account the accep
tance of apparatus. In Fig. 2 a typica1 distribution is shown for 
weighted eventa in the transfer-momentum range 0.01:G lt-t

mi 
I 

t' <. 0.02 Gev2Ic 2 • n 

N Since the maaa difference 
of 1:. + and ~ o hyperons is 

2 _5> 4smaI1, li. m = 0.007 GeV-Ic , 
20 

then by analysing the MM2 spectra 
on1y a total contri bution of 
reaction (1) and (3) can be deter
minado The contribution 01' each 
reaction can be found by uaing 
isotopic invariance reIntion: 

•	 Fig. 1. The misaing-masa-aquared 
distribution of avents for deute

f rium target.
/1°f t'i 

1.5 2.0 2.5 MM2~)\ N 0.01 < I (I < 0.02 .
 
50 

Fig. 2. The miasing-maaa-squared 40 

apectrum in 0.01~ t' = J t-tmtJ" 
0.02 Gev2/c 2 interva1 weighted 
with al10wance for the apparatu~ 3D 

acceptance; the daahed 1ine ia 
the diatribution of nonweighted 
eventa; the aolid 1inea: I ia 26 

the fit with th~ approximating 
function, 2 ia a aummed contribu~ 

tion Df reactiona (1) and (?), 10 

3 is a contribution of reaction" 
(2). 4 - 'background from 3-par-~ : 
t1c1es final states.	 1.0 1.5 2.0MM~~ 

2 

2âf (n+n-+ K+L:°) = ~ (5í,+p-K+L+) " (4) 

The aeparated contributions of reactiorts (1)-(3) were determined 
by fitting of MMf-spectra (see /6/), similar to ahown on Fig. 2. Par
ticIe masses were taken equa1 to its tabu1ated va1ues. Peak widths 
are conditioned by faci1ity reso1ution. 

Tab1e 1. Differen~ial cross sec
tions dó /dtCAAb/(GeV/c)2] for 
the reactions n+n - K+L o 

and n+n ~ K+I\. 

~ t' I rr+n -+- K+L: o 11"n -+-K+/\ o 

0,00-0,01 1 20,3±26,2 183. B:!::40,0 

0,01-0,02 98,9±2f,9 137,2±33,3 

0,02-:.0,03 81,Q±14,9" .139.2±28,O 

0,03-0,05 91,3±1 5,7 101,8±23,3 

0,05-0,10 54, 7±1 0,2 114,6±20,4 

0,10-0,20 28,6± 4,9 67,5±11,4 

0,20-0,40 6, g± 3,4 13,2 ± 5,B 

The resu1ts of measurament 
of the differentia1 cross sec
tiona for reactiona (1) and (2) 
in the momentum-tranafer" range 
O ~ t' <. 0.4 Gey2/c2 are present
ed in TabIe 1 and Fig. 3 and 
compared with the resulta of 
approximation of the diffarenti 

e L cross sections to the exponentia1 function: d6/dt'=Aexp(bt? the 

approximation parametera A and b being given in Tab1e 2.
 
Foley et aI. 181 have
 

meaaured the croas sectiona for
 ~t (G~~2/c2) 
the reactiona n-p ...... K°l:;1\ f(+n.:...- K+ LO 
iaospin conjugated to (1) and 200 

(2) at about tha aame energy, 
10.7 GeY, and ca1cu1ated the 
approximation parameters for 
theae reactiona, which we liat 10 

"Fig. 3. Dependence or differenti- 200 

e L cross sections for the reactiona 100 

n+n-+K+L:° and n+n-+K+" 
on t' = It-tminl; aolid Iinea de
note the fit with the function 10	 

n+n---K+ ,,0

--... 2.2. A e bi' dashed 1ineaclt' = 
are predd ct í.ona of the mode1 12/ 
for energy 10.7 GeV.	 0'1 0'2 O') 0:4It1l~ 

3 



Table 2.	 Values of the parameters of approximation of differential 
cross 13ections to the 'func'ti-oil dEi/d'6'=A exp(bt') 
for n+n - K+liA - data from the HYPERON 
forn-p ~KO!//\ - data by Foley- et al.· /8/a t 10.7 GeV. 

11+n7K+íO n+n-K + AO l1-p~Ko íO rcp -+-KoAo 

A 11 5,3±1 2,7 170.0±18,8 103t3 11 7 ± 3 

.b . 9,4±1,2 7.4!:1,1 9,38=0.24 7,85±0,18 

';' 

}Jh/(Gevlc)2. 

(Gev/cf 2 

for comparison in Table, 2; the parameters found by Foley et ale are 
in good agreement with ours except the parameter A for reaction (2). 

Our results of measurement and approximation are also compared 
in Fig. 3 with predictio~s of the quasi-eikonal model /2/ treating a 
wide class of processes of pseudoscalar meson-nucleon scattering; a 
satisfactory agreement can be seen. 

The int~grated cross sections 6 were found to equal for 
reaction tn (11.8.:t1.n jAb and for (2) (21.7.±2.2)jAb; for reac
tion (3) Õ = (23.6±2.2).J4b was obtained by uaãng relation (4), 
in agreement w1th the value (25.7±2.4) ~b found by interpolating 
the results .of measurements at the HYPERON at 12 GeV/c /6/ to 
10.3 GeV/c beam momentum. 

The ratio of cross sections on carbon and deuterium nuclei. As 

it has been mentioned, different theoretical modela predict different 
ratios of the differential cross sections for exchange meson scatter
ing on nuclei to the ones on the free nucleon as a function of the 
momentum transfer. We have calculated thiB dependence for a carbon 
nucleus by using the cross sections for reactions on the deuteron 
rather than on the nucleon: 

A ( '1- d6/cJf (1f,+C - K+Y +A' ) 
ef( t r: d6/cJl.(r,+D-.K+Y+ N) 

because on the deuterium,as on tbe carbon,the same quasibinary reac
tions (1)-(3) take place.And since both the nuclei are s~etri~,the 

relative contribution of these reactions. is the aame for carbon as 
for deuterium,which allows us to deter.min~ Aatt by using summed cross 
sections,without separating the reaction channels.In doing,so,we have 
neglected the Glauber screening ~f nucleona in the deuteron. 

As the carbon target, we made use of a scintillation countertn 
front o~ the deuterium targàt (8 high,~teraction point reBolution 
allowed us to separate the events generated by interactions in the'" 
.counter substance). Por this case we find that in the diatribution 

of events over the missing-mass-squareda peak from reactions (1)-(3) 
is clearly observed (see Fig. 4). 

N 

80 

60 

11 

J	 40 

20 

Fig. 4. Themissing-mass-squared 
distribution of events for càrbon. 

In Fig. 5 we plot the expe
rimental results for Aef t• Tbe 
obtained dependence tends to in
crease, 'in agreement wi th predic
tions of ~he model 8 i ven in /4/. 
B.Y this	 model, is ~rowing4ef f 
because meson-nucleon scattering 
"chooses", from the meson form 

1\ factor, transverse fluctuations 
3Mt.?(~ (distances between quarks) 

c 'i:' ,.... 1/t '. Therefore t~ if scat

0t tI~
 

tering proceeds .in an absorbing nuclear matter, the meson-absorption 
cross section being proportional to T 2 will strongly depend on t'. 
For heavy nuclei, the magnitude of A ff should sh4rply increase from 
A1/3 for t'« m~ to A for t'>~ m~. Note is to be made that the 
growth ~f may also be caused by multiple rescattering if it isAef f 
not suppressed, as in our case, by kinematical constraints of binary 
reactions. 

Summary 
1. The differentia~ cróss sections for bypercharge-exchange 

binBrr reactions 

n++n ~ K++!o {1> Aet f 

(2).n++ n -+ K++A 

at energy 10.3 GeV have been 
measured. 

The obtained results are in rough 
agreement with the data found 

Pig. 5.The dependence Aeff(t').
(t~ The solid line represents the 

prediction pf the model /4/. The 

J.	 dashed line is the,Glauber appro
ximation• 

8 

6 

o 0.1 0.2 0.3 0.10 I t'1 (~) 
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by Foley et aI. /8/ on measurement Df reactions st:»~ K°1:i'A iso
spin conjugated to (1) and (2). 

The t' depend~nce of differential cross sections for reactions . : 
(1) and (2) agree satisfac~orily with the functions calculated within 
the quasi-eikonal modeI /2/. ;j.2. The ratio A ff is obtained for the differential cross secti

e + I 

ons of quasibinary re~ctions n+A - K Y + A on carbon and deute
rium nuciei versus the momentum transfere is observed to tendAef f 
to grow with t', in agreement with predictions of the model /4/. 

The authors are grateful to the JINR and ,IHEP Directorates for 
the possibility of carrying out the experiment; to B.Z.Kopeliovich 
for useful discussions and to A.E.Nazaryan for supplying the results 
of theoretical calculations of differential cross sections. 
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iMQaA3e f.C. M AP. 
.ilMIMiepeHqMan~oHwe ce-.eHKII peaKQMH w+n .. K +I 0 H ,.+n .. K+ A 
H OTHOWeHMC AH~peHQMBnltHWX Ce4eHMH KBa3H6HHapHbiX 
npoqeccoa ,+A .. ry +A' AliA IIAep yrnepoAa H Ae.:irepHII 
npw 3HeprMM l0,3 f3B/c 

El-86-780 

npeACTaaneHW peaynltTaTw H3Y4eHHII peaKqHH ,.:rn .. K~~/A npH 10,3 f3B/c. 
M3MepeHMft 6wnH awnonHeHw Ha cneKTpoMerpe HeAOCTaiOUIHX Mace "fHnepoH", Ha yc
KQPMTene M~83. M3MepeHW AH~epeHqHanbHWe Ce4eHHII a HHTepaane nepeAaHHbiX 
HMnyn..coa 0 :SIt -CIDID I < 0,4 (f3B/c) 2 • MHTerpanbHwe ce4eHHII a Hccne;«~yeMOM 
HHTepaane nepeAaHHWX HMnynltcOa COCTaaHnH: (11,8 + 1,1) MK6 M (21,7 + 2,2) MK6 
AnA peat<QHH II'_+ a .. tt+Io H ll'+o .. l(+ A COOTaeTCTaeHHO. nony4eHHble pe3ynloTaTW 
CpaBHMBanHCb C npeACKa3aHHIIMH Kaa3H3HKOHanbHOH MOAenH H C APYrHMH 3KcnepH· 
MeHTaJ1b- AaHHWMH. M3MepeHO OTHOWeHHe Aetr(t) AHCilc)lepeHqHanltHbiX Ce4eHHH 
peaKI(MM rr+A .. K+Y +A' Ha IIApax yrnepOAa H Ae.:iTepHII. Aetf HMeeT TeHAeHqHIO 
K pocTy C aQ3pacTaHMeM jtj a COOTaeTCTaHH C npeAcKa3aHHeM MQAenM,OCHOaaHHOH 
Ha KX,Il. 

Pa6cra awnonHeHa a fla6opaTOPHM AAePHWX npo6neM OM~M. 

DpenpHBT 06w.almeHHoro IDICTJITYTI JlllepHWX Hccnelloallllllii . .lly6Ha 1986 

Bitsadze G.S. et al. El-86-780 

Differential Cross Sections for Reactions ,.+n .. K+Io and 
w+n .. K+A and Ratio of Differential Cross Sections for Quasi-Binary_ 
Processes ,+A .. ~Y+A' on Carbon and Deuterium Nuclei at 10.3 GeV/c 

The results of the study of ,.+n .. K+I 0/A reactions at 10.3 GeV/c are 
presented. The measurements were carried out at missing mass spectrometer 
HYPERON at IHEP accelerator. The differential cross sections in 0.:5 Jt-tiDio !< 
< 0.4 (GeV/c)2 momentum transfer range are measured. The integrated cross 
sections in the studied t·interval are (11.8 + 1.1) llb and (21.7 + 2.2) llb 
for reactions w+n .. Jt+:to and ,."b .. K+A, respectively. The obtained-results 
were compared with the predictions of quasi-eikonal model and with other 
experimental data. The ratio A

8
rr(t) of differential cross sections for ,.+A .. 

.. I[+Y+A' reactions on carbon and deuterium nuclei are measured. The A
8
rr(t) 

tend· to grow with Increasing jcj in agreement with the predictions of QeD
based model. 

The Investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 
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