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1. Introduction 

The space dimensions · of the region in which __ ·J quarks 

behave as quasi-free objects increase with· the interaction energy . 

At the energies of tens of GeV · th~y: J.re alread~/ comp~rable with the 

size of atomic nuclei (e:~: sei:R~f.[l]). Sd'the i~vestigation of 

hadron-nucleus interactions allows· ·a unique possibility of studying 

the 
c, __ ' ,. • ~ •. • ---.'c. { ·-,· ' ' ' ' ~r; ._ ·t -~- - '• ' i ' .. : .-: 

.properties· of the~ intermediate" 'quark-parton . structure as a 
(I' .~'~iJ ~ • 

result of its "re-scattering•· on intranuclear.- nucleons. 

A large program for investigations of the ha~ron-nucleus 

ractions at''Emergy 'ai' 10 GeV has bee~ ~a.rried out "[2-S]. by :HYPERON 

collaboration at' the' 'serpukhov · a'ccelerat~r~ In this ·paper our 

result's' 'for inclusive reactions 
,-_ 

·"rr~;+.A! ~ ( 1) 71.+ X 

(A~H,D,Li,Be,Al,Ctf)at the.·li~'am energy of 1b.if GeV are prese~ted. The 
. ~ 

kinematic regiori covered corresponds to the :fragmentation ~-f -~~e 

beam pai::ticle·: 

0 1 6 0 :S X :: ~1. 0; 
F. . 

. -~~ ,·z· 
_o:S Pt 

..... . -c .. • 2· 
:s 0.6 (GeV/c.). 

.J,'c:. 

The' reaction with." an 1)-mes'cin .fn . th~ fi~al stat~{ -h~s been ch~sen 
because practically all 1)-mesons in this energy region are produc~d· 

. ·.• . .-. . . • ·l.. -- . •: • .: •. ;.:· . 

in the ·primary act, Le. the yield of 1)-mesons from decays of 

heavier resonances, whlch could distort the ~~cture, is neglig.i.~-1~. . .,. . ~ 

This facilitates the _theoretical analysis. ot'''the proces·s~~:t~tudied. 
Fragmentation:· of pions· intci .-.-~'-mesons ~~-o~:r..':~to~lc .. ~uclei .. h~~ ·~e~~ 

experimentally studied in our earlier papers' { 3..:5] · bas~d · on l~wer 

statistics. 

~,..~...-n--·-· -l Qt .. i,t.iio:·-·:'::":ii-::1 ~-~:-·~ 
II i'"'"'!i~i. 1 l' Pt ·' ~"''!OS1U&.1~ ( ~· ...... :..-,: c,:*'""l,.~"'} J i 
i c•hl::IJ!Lt!OTEH."\ ~ . ___ , ................ --> 
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2. Differential ~ross sec~YoiJ.s for ,}lrc;>,ducHon o,f 11-mesons 

pions on a· nucleon and nuclei 
;',; ,:; ,.,.'<!.> ~ <- ..; 

SHO 

by 

Measurements hliVe ·been carried out at the HYPERON spectrometer .. 
'.",!: ,,_I; o ~ ' "" ' 

[6, 7] situated ·in the beam of positive particles with the. momentum 
"; : -. '1 : . '-~< . ' (. • . ... - ), ~" . ' • ' •".i 

10.5 GeV /c at .. the Serpukhov accelerator. The .11-mes.ons. have_ been re;-. 
e ~ : ' • 

gistered by their decay into two 7-quanta. The gammas have been de-
-· ·- --- - - ,.; - . 

tected by the multichannel 
' . :. , -~ .. -:~ ' 

Cherenkov shower 
• '.- ?·::_ 

hodoscopic detector 
•• • • ' -' '· ~ - -0 • - • - :, • ' - .. 

(SHD) with an active converter (AC),_both made .of lead,glass. (see. 
. . . . ... '' ' - . ~; '. ·- - ' . . . ' ). ;:, . ' . ' 

Fig .1). Proportional chambers PC and scintillation hodo_s~()pe ._H hf!XcE! ::, 

.been used to reconstruct the tracks of charged pa~ticles. The set-
• \ •. \' . ' ,,. , ~ 1 J l: .• <.:, .:, '._1• . • , -~ • ~ .:·; • ' ' 

up, experimental conditions. and data processing was., described. in 
~~,I !'~.:~ ·: ;.._" • .·~.:~·.7':. • ,..... ::;. • ;~) ,-.'~ ,; ;,,_;,j•.o· • ,> • •·' ,~ ' ,,. -::-•.;_ ) 

detail in Ref. [4,5,7-9]. . . . .· 
> ' 7

0 

·." •• :~ [.._:,<_~~-··; ."• \'' , r~-• "3, •;•' .::'t; :i}, J~-;'' , ' ,j· 

During the run 3 .. 4*10
9 .1t-mesons passed. through the .facility. 

..... ' __ .. -_:. . ·_ ':-.. - 4 ·:· ~ -j • • - .- ·','(-:'. .:-,;. ---~ - '. -

The total amount of 5*10 11-mesons.have been detected. A 7-quanta 
• • ~ ., - • • - ,< ;. - • -, - • • ; ..... .:• -~:- ... •> •• ,. 

pairs invariant.mass spectrum, obtained in one of the x ~intervals. 
~;~. _._~.::.-? '<~::-.: -:-·· _.-" . ___ .,_, ·...:._-c; ~ .: .:.~~-~:~.)'- ;· _ ~-··. ··-:·_... •:: • ~-F.<-~--<··q_ ,-,-,__ 

and corrected· for ' geometrical acceptance of the apparatus and 
. ..; -! ~.·-:~:;;.~ ,.._,_-::4_L~-,-;, \>.'. ::~. ·-~; ~_-J;"~ •"', ·-··-·.-:\ .- -·· •' · .,.._.,. 

trigger efficiency,is shown in Fig.2~ 
."''·· . --~-: ·,, 

. ::..:. ~.;;."' 
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Fig. 2.: An example of, acceptance corrected events distribution over 

the invariant mass .of 77 pairs in the reaction. n·+~17.+x·~ Detecti-
..... ,_ '. • •J ' .. ~ , - • •• ' ~ • • .- i {~ ·' i- - t' : 

on of 77 pairs·;with ·a mass <..400 MeVjc2 .is suppressed by special 

trigger condi,tion applied [4·,'8] ·; .. ;_ (; 

.t., 

The measured irit.egral inclusive cross sections' 

I!J.u ·cn·+A--? 11+X) 

>:o. 60 "' X 
F 

I dx ·J· dp
2

. • . F · t 

. . - ... 

2 + ~ 
d. u ( n +A ~-1!+Xl 

o :s p2 "'o:·6 (GeV/~) 2 

! •:. r. t · .. ' 

"' 1. 0; 
·"i-

( 2) 

are pre ented i Table 1 and Fig.3. The errors have.been determined 

ln the. fitting pr~ce~ure MINUIT . [ 10 ]. We estimate: the systematic 
. .- i·\ ""·1·, '_ t' ·.. i (_;. ' _. { ,_-. ·. . . f ... .;. • ~ " . • - • 

errors of· t;h'e cross sections to be ~.S. l~:ge as \(-5.~ 1 ~20%). These 
' -, ~ '- ,; • ' • ' •-* -· ~ ; 

errors are mainly. due t.o ambig1;1ity in <;:~<?osi~g 1 the, .form of the 
I • 

non-resonance background. 'in distrib~tions -iik.-e-th; on~ -i~ Fig. 2. 
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Table 1. .Cross sections -llcr(rr·+A .~ l)X) integr~ted· over the 
2 • . 2 

region 0.6 < x .< 1 and :0 < P <:0.6. (GeV/c). 
1 F t ·. .-· 

w -.• .~... .. ~ 
Nucleus I Mass nuffiber (A) Cross section ·(millibarns) 

~-, -
' H 1.91 0.·148 ±~0,009 

0.328 ± 0.011 
; 

D 2:01' 
'._ 

t.i 6~94 0.860 ±- 0.036 . •" . -

Be 9 .• 01 .- ;.- 0.904 ±. 0.060 

'"' ( 1.;711 ± 0.155 . Al -26.98 ., . 

Cu _:.: ·;.; 63.54 2.795 ± 0.309 

j_.· 

; f ,_; ~~ ~-;· '; ::.· 

Table 2. Differential cross sections dcr(rr.+A ~ 71X)/dx (mb/uni·t). 
;: ·' •.. -., Y·.-.. F' 

··: '" .- Li ::.: 

1 -, •• - ' 

1~750±0.260 3.98oio:92o · 

0.675 0.759±0.053 1:540±0.060 41l30±0.510 

o.12s o:s8o±o.os6 1.120±0.090 .3.600±0.270 

0.775 0.421±0.029 0.896±0.046 2.500±0.230 

0.825 0.262±0.042 0.800±0.047 2.120±0.190 

0.875 0.202±0.023 0.567±0.037 1.686±0.139 

0.925 ::9~021~0~015 0.260±0.031·· 1.0_44±0.115 

0.975 0.009±0.009, -0.086±0.012 0.325±0.105 
----------------

--- -- . -
- . - . ~., .. ' 

X .. Be 'Al' ' Cu 
F 

. 0.625. ::4.·_450±1. 410 ' . 8.950 3.200 14.160±5.130 . . - . 

0.'675 4.610±0.590 8.690±1.270 12.510±2.140 

0. 725 ·. '3.950±0.300 7. 060±0. 600 10.490±1.160 

o;ns · 2.850±0.220. 5.310±0~450 -7.830±0~880_' 

0.825 

0.875 .. , 
0.925 

0.975' 

2.080±0 • .140 

1.600±0.120 ... 
1.03B±0.108 

·0;371±0.089 

"i!' \ . ··-;:--,; 

3.850±0.350. . 7 .-370±0. 690_,; 

·2.440±0.300 4.520±0.500 
·-· ·' ::_ -~ -.. : .·.: -

1.560±0.260 3.020±0.490 

0.460±0.20'0 · L16o±o:4lo 

··- ·- -

4-

: ·~ 
___ , 

.,:, 
I 
I 

,"t•" 
'• 

'I? 

·Table 3. Differential· cross sections dcr(rr• +A ~ 71X) /dp2 (rr.b/ {G"ev /c) 2 ). 
. t 

.. 
' 2 
pt .. H D. Li .. 

-.. _ .. >A 

0.025 0.563±0.100 .. o. 922±0 .105 4.610±0.680 
~- '<" .... .. 

0.075 0.508±0.057 1.240±0.078 ·3.930±0.290 

0.125 0.441±0.048 0.885±0.061 ·2.470±0.210 
-.. 

0.175 0.353±0.050 0.794±0.073 1. 900±0 .190 

0.250 0.200±0.031 0.536±0.033 1. 450±0.104 

0.350 0.144±0.025 0.313±0.027 0.604±0.091 
- ··----~--"-'>- --

:' o·.16l±O. 021 
- .. 

o. 37s±o.:o6s·· 0.450 ·0.030±0.016.< 

0.550 0. 052±0 .0?1: ;0 ~ ~59±0. 029:; 0.214±0.168· 

0.700 0.011±0.020 0.048 0.025. 

'i. ~~ ·:;c:;·,_ '· 
. ~...: .; :~ !.i-) f_ ~-; r_, j ::. :·~- ) :.: 

. 2 
Be Al Cu pt .. .. 

0.025 . 5.230±0.840 7.900±1.390 15.710±2.460 

0.075 3.910±0.310 6.680±0.640 9.280±1.130 

0.125 2.380±0.200 4.380±0.420 6.950±0.730 

0.175 2.000±0.180 3.530±0.440 6.460±0.760 

0:250 •' 1 ;680±0 .110' ' 2.940±0.260 .. 4.330±0.470. 

0.350 :· 0. 777±0 .11?:- ... 1,: 471?_±0:..' 270c . 2. 540_±0. 470 .s:-4-

0.450 0.498±0.113 0.985±0.092 2.710±0.630 

0.550 . o. :336±o~ 33's 1.0S0±0:9so L·7oi>±1 :1oo 

The curve in Fig. 3;,repr~-sents the· power ·dependence-of ~ross 

section llcr on the mass number A of the target nucleus: 
• 

.t:.cr = .flcr -A ex 
0 

! !i ~: ·;. --:_ 

5 

·. :-rt:'. /, ._. 

(3) 



,----, 
..c s ....__. 

b 
<] 

Fig. 3. 

10~--~--~--~--~~--------~~ 

Cu 

1 

:~-

'•1 :. 

mass· .. riumber A 
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The integrated cross section for process rr· +A-HJ+X vs 

target · .nucleus mass number. The. curve is the .result of fit by 

function (3)~{see~text) 

.. ')'." 

~: 

The cross, s'ections :'on Li; ·Be;"') Al, ·: Cu" nuclei ihave 

obtain . the lbllo~lng'' .;alues: '~[ th~ parani~t~rs: · 
' ! ~ < ; . c ~ :' ~ ;. . .:~ : _: ' ':-

,I:J.(j = 0. 299 ± 0. 029 .. mb, ex -~··· 0. 532 ±. 0. 035. 
I ' ~- t. : . , , • • · 

The measured differential· cross' sections 

du 

dxF 

and 

dcr· 

2 
dpt 

( rr• +A ~-~+X) Jdp: 

(rr•+A ~~+X) I dx, 

/ 

d2u (rr.+A:~ ~+X) 

· ·' dp2 ~:. dx 
t · F 

~' 

d2u ·crr~+A ~ ~+XJ 

dp2 dx 
t F 

been; used to 
.- ! 

. where A H,D,Li,Be,Al,Cu, are shown in tables 2,3 and Fig. 4,5. 
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3. In~lusi ve _charge exc::t,~_ange _ on nucleons and nuclei 

,• 

In Ref [ 11] an approach to the i_nclusive reactions on '!uclei 
. ' 

has been developed, which' ·takes into account the nucleus colour 

transparency: 1 the fragmentatiOn length effeCtS and, COlOUr String 

interactions in the nucleus;': Within 'the framework of this morleY the 

process ()f 'interest is described b¥.; the sum ··of the · cylinder:..type 

(RRP) and planar:-type (RRR) diagrams (see Fig;6). The differential 

cross section du/dx, of ~-meson production on hydrogen is given by: 

:;. ; 

du(n•p --t ~X) 
= 

dx 
' 

[ 

du(n·p--t~Xl) 

· dx· 
' p 

·[· ducrrt~xJ) 
' R 

[ du(n·p---+~Xl) + 

dx, p 

- np ~It 
n<x,>. (u >p L 

q X 

(un·p>RLD~ (x,> 

[ du(n·p--t~Xl) 
(4) 

dx,. R, 

dx q ~ 

Fn•(X) Dq(x,fx), ( 5) 
v 

X 

(6) 

- .; 

q ! 
Here F •(X .) is the structure function of the. quark q carrying part n ;· v · . 

X of the rr• -meson momentum, D~ (X /X ) is a 'quark-to-me~on ~ 
· · · q F, v -

! * fragmentation function. The sum is over all flavors of ·quarks 
' J i ~ 

involved, in !the transition n· ----t ~. The factor Q(x·,) allows for a· 

decrease in ph~s~,space near the kinematic b~~ndary;(see'Ref.[l2]). 

The factors (un•p)R a~d _ (unp)p determine 'the contribution of the 

* As D~(x /x ) we have used the n-meson fragmentation function 
q F- v --· ' ~- , , :.: ·. ·: ::-

n . 
Dq(x,/xv)in assumption of small contribution of strange quarks. 
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J~ 
b 

Fig.6a. RRR graph and corresponding quark diagrams 

·'-

.2 ~~'-.. l+g 
. I ' 1\ 

Fig.6b. RRP graph and corresponding quark diagrams 

cylinder- and planar-type diagrams respectively to the non

diffraction cross section of nN.;.interaction. T~king·: :~nto account 

the fact that reggeon can be expressed as a superposition of p-·and 
'·--

f-mesons, we can find these contributions comparing the experimen-

tal n•N- and n-N non-diffractive cross. sections: 

un~p = (unpl - + (an•pl ;/(anpl + a - a . · 
nd · · P - · R ·· ·· P f · p; 

u~:P~ (unP)P + (u~-~'lR = (;,.nplp + .af +:::~. 

Us~ng af 4,8.-(unplp-s-0
"

6 from R~f [14]_we ~btained (a n~!p=10 rob 
t • ~ 

9 
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., A •·. . , 
nuclei A ( x ) 'for 

eff F 

10 

+ 

and (o-rr P)R 6.8--·mb···at ·our energy (s ·=·:20.6 (GeV)2). 

The structure and fragmentation functions· obtained in'· the fra

mework of the quark:...gluon string model (QGSM)>ha;_,'e been used [13]. 

The result of calculation .. of .. du( rr·~1)X) /dx .i's shown.· on fig. 7 
- ' ...- /. ,·.'- - _....---~' .-! i . :.:; 

together with the experim~ntal data. One can se,e. that~ the pre-

dictions of the. mod;;l<are in good agreem~ntcwith the experimental· 
-' i ,' '~ 

data. ''· 

Now we turn to'c~~sider the cross section du/dx of process (1) 
·' F 

on nucleus. We define the effective number of nucleons in a nuclei 

as the ratio of.' the cross sections for the interaction on a nucleus 

and on free nucleon: 

~:· ~: (. 

AA (X) 
eff F. 

do-( rr• A-t 1)Xl; 
--:---,--,-..,..,-;-: ; /,· 

d.x' 
... F < -; 

da-< rr·p ---+ 11x> 

dxF 
,.:·e· 

i. 5 

i~ i:~ ~ 

~-J.Jt:if!~ 

AA (X ) 
eff F 

We have calculated for different targets within the 
t .. 

framework of model used [ 11]. The results are shown in fig.B. 

Then the differentlai cross section da-fdx of the process rr•A-t1)X 
• F . . 

is·given by: 

da-crr·A ~ 7jX) = [ da-(rr·~~Xlr 
•, 

( AA (X ) ) + 
dxF dxF P 

eff F 

p 

( tia-.crr·P--+~x>] > (A~.,(x)) 
dxF R 

eff F 

. R-

{ 7) 

The calculations by ._formula { 7) for different targets are presented 

in fig. 9. ~) ;,:-~ .:(; 

.T.o :.describe ; tlie p: -dependence;·: of the; cross' section. of 1)-meson 

inclusive' <production ·on :.hydrogen ~we have ,. used 

paramet.~r,ization: of expres~ions; (5) .and (6): ... , 

;.;,..;. !J• 

·.u 

the: following 

I I ~-
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for process Jt+A~l)+X on 

the 'targets Be,Al,Cu. The curve is the result of calculation by 
.:~ ,._.., r: f ·~.:} ? ' 

formula (7) 
·,t 

~ ... 

.;: L t: ~ : ~--

dd(n'p ~ .X)· J [ da(n•p--? l)x) ) · 
·.,•: 

· · = B -exp(-B ··p2 ) - dx 
·dp2 P p t . r 

. dxr P t 

~ : ~·. 

J [ dd(n'p ~ "') I B -exp( -B ·-p2) , dx 
R Rt,, .. dX! r 

0 • 

B = B - 2cx -ln(l-x) 
R R A . F! 

2. 

where B = B0 
- 2cx' -ln(l-x) 

P P A F ' . ... 2 . 

~ .. , .. -.. ' 

+ 
_,iJ 

(8) 

CXA is 
2· 

the slope parameter of Regge-trajectories, B0 and B0 are free 
p R 

parameters. At·high·energies.and·x ~-1 the ·cylinder'-typecdiagram 
r . ' 

corresponds to·the triple-reggeon RRP.graph. From data-presente~ in 

~ 

Ref [ 15], where the 11-meson 'production by n·- and n'7-mesons on·; 

hydrogen at 100 Gevjc has been studied, we can conclude that in the 
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Fig.10. Differential cross ~ection da/dp2 for 
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1)-meson on hydrogen •. The curve 

formul~ (8) 
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the targets· Be,Al,Cu. ·The curve is': the result.' of calculation by 

formula (9)' 
·c· t~ -.~ .. 

J3;· 



region ltJs 1 (Gev/c)
2 

B; = 0. We obtained the value of .parameter 
. , .. , . .·:;. 

B0 from the best agreement of the expression ( 8) 
R 

with. the 

experimental data.· The result of calculation· is'' shown i;' fig. 10, 
\_,! 

here Bo 
R 

(4,8 
' 

+ 0,5) (GeV)-2
• As ·seen, this app~oximation 

describes the data satisfactorily. 
. :(.,.) 

Then the expression for the 

differential cross section d<T/dp 2 on nucleus can be written as 
t 

...; 

· d<T( rr• A--') 11X) 

dp~ 

I ' 2 B -exp( 2a p 
P A t 

2 

ln(l~x'n·,[ .?<T(rr;'~1lXl) ··( 
F dXF p 

AA'(x )) 
eff F 

+ 

p 
( 9) 

d<T( rr ·~11Xl) ·~ ( 

dxF R 

exp(-B 0 pt2 )I ,B -exp(2a 'p2 ln(l-x ))[ 
R . R · A . t . F . . 2 ;. :rr ( xF) ) , 

R, 

The calculations have been made for Be, ·Al and Cu. targets. Results 

are presented in fig.11. 

.·\. / 

quark structure of hadrons. ( coloiir s~reenill:in o~e. can qualitatively 

describe experimental data for a large grou~· ~f ta'f~~td;: Be~ause of 

relatb;ely sinall energy of the beam ( 10.5 ·GeV) ·the -~ome~~um depen-
·, 

dence one t'he form?tion' length is insig-nificant. 
~ • r' . • . ! c !: ' • 

Note that the approach used in "this paper for description of 
2 . . . 

pt -dependence of differential cross ·sections is too simplified; 

because 'tlie mechanism fcir- . calculation' of 
:· ~ • ~2' 

d<T/dpt is not 

developed in ~he model used. 
''~ . "\<.*, 

•'. ; ~, 

_,._ .... .• 

+· ,- .. ·- ~ . ~ e· 
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6yAaroB ~.A. ~-AP· 
ll~qxpepeHu,~anbHble ce'-leH~SI B3a~MOAe~c 
~HKnt03~BHbiX peaKu,~~ n+ + A -+ 11 + )( 
np~ 10 f3B 

II13MepeHbl A~<txflepeHu,~anbHble ce'-leHv 
Kni03~BHbiX. peaKU,~~ 1r++A -+ 11+X Ha B01 
Be, Al ~ Cu np~ 3Hepr~~ 10,5 f3B B 
ny'-IKa. npou,ecc ~parMeHTaU,~~ 1T -+ ll 
CTpyHHOii1 MOAen~, Y'-I~TbiBaJO~e~ 3QJQJeKl 
CT~ S!Aep ~ An~H~ QJOpM~poBaH~SI KOHeL 
npeAcKa3~saeMo~ KXll 3aB~C~MOCT~ A~~ 
OT KBapKOBO~ CTPYKTYP~ aApOHOB n03E 
on~caT~ 3TOT npou,ecc Ha w~poKoM Knc 

Pa5oTa s~nonHeHa s'na5opaTop~~ ~ 

IJpenpHHT 06"be~EHHOrO HHCTHTyTa i:u~·epHbiJI 

·. 

Budagov. Yu.A. et al. 
The Differential Cross Sections 
for In'clusive Reactions n++A-+ 11+X 
at 10 GeV ' 

The differential c'ross sections 
inclusive reactionsn++A ~ 11+X 
Cu nuclei at the ~riergy of 10.5 Ge1 
tation region. The fragmentation p1 
cribed within the framework of the 
lows for\colour transparency of nu1 
nal state formation length. Taking 
pr~dicted dependence of the intera~ 
on the quark st,ructure of hadronS• I 

descri6~ this process for a large · 

The investigation has been per~ 
of Nuclear Problems, JINR. 
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