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I • INTRODUC'.];ION 

·This pqblication is the third one in the ser'i.es of our 
works/ 1 , 2 / in which experimental data on hadron- 12C6 nuclear 
cqllisions are presented. The aim of -these~works has'been to 
gain insight in .the physics of the nucleori:,eiriission" and pion 
production'-proc'esses in hadron-nucleus collisitin reactions; 
the niean characteristics of: the prcicesses·'are he~e analysed 

_predominantly. 
The characteristics of the protonemission process are pre:-: 

pared •in dependence on- the multiplicity·npi · of the produced 
. pions in the collision reactions; the characteristics of the 
, pion production process are prepared in dependence on the _mul
tiplicity np o_f _the emit:ed protons! ~he proto~s. are emi_tted 
from the target nucleus in the collision reactions. The phy
sical motivat}on for .such a presentation is given in our 'for
mer works/ 3

, 4 • 

2. EXPERIMENTAL PROCEDURE 

The pr~blems concerning _the exposition of. the,2 m propane 
bubble chamber to the 'beams of hadrons . from the. accelerators. 
'in Dubna, JINR •and in Serpukhov,. IHEP; as well as the -.chamber 
photographs analys.is were discussed in the former works/ 1 , 2 / 

and. in. the works: cil:ed• in :them; 

I 
'3.- EXPERIMENTAL DATA 

The experimental _·material was obtained in scanning the 
photographs of the JINR 2. m long propane bubble chamber expo
sed to pion beam at 40. 9eV/c-momentum from the Serpukhov, IHEP. 
accelerator. Any of the pion'.""carbon nuclear,.collisions were 
look:d for witt:1~1! the fid1;1cial 7egi~n ~ns~de·the chamber, ac::; 
cording to definite scanning •criteria/ ' 5

/. · · · • 

All the secondary .pa.r:ticles in· the. pion...;carbon collision 
reactions-have been·accepted to be pions, if not protons with 

,. ' . ' . ~ . , 
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the momenta Plab 0.15 GeV/c ~ Plab ~ 0.7 GeV/c. The admixture 
of the protons in the sample of the secondary positively char
ged particles is about 15%, in this case, the admixture of the 
K+- mesons and~+- hyperons is no larger than/ 6

/ 4-5% . 
In this work 7577 pi-+ 12C6 collision events were selected. 

Mean characteristics of the pion production process were prepa
red in dependence on the multiplicity np of the emitted pro
tons; the multiplicity np indicates/ 1

,
2

/ how thick layer of the 
intranuclear matter was involved iri the collision reaction. · 
Similarly, mean characteristics of :the proton emission process 
were prepared in dependence on the_piori production intensity 
in the collision events; the produced pion multiplicity npi · 
serves here·as the measure of the pion production intensity. 

Experimental data are. pre·sented on figs. 1, 2 and in the· 
. tables I_:XII. . , 

4. DISCUSSION AND RESULTS 

A short conclusion review may be useful and give a summary 
of this work. 

I. As it concerns the nucleon emission process: -
+ · 12c 

of th~ 
nu-I • ·The mean number <np> of the protons in Pi -

clear collisions in dependence on the intensity nPi. 
produced pions changes from about J.6 up•to about 2; in avera
ge, the <np> may be accepted as •independent of the npi, within 
tne <np> value change. 

2. The mean _number of· the em~tted protons, <np> =J.8 
protons, is near to the mean thickness<~> in protons/S of the • . 2 
carbon target nucleus <~>-S = 1~5 protons, where S = 'IT Do= 
= 10 fm2 and D0 is th~ diameter of the· ·nucleon or the nuclear 
interaction range. 

· 3. Mean momentum <P~0 t> and energy values <Ek> of the 
emitted protons do not depend on the intensity npi of the pion 
prod~ction in the collision reacti9ns; <Ek> = 60 MeV = (mpi)/2 
and mpi is the pion rest mass. 

4. In general, the mean values of the proton emission 
angles .<0> do no_t depend on the multipHcity npi of the pion 
production in the hadron-nucleus collision reactions; the evi
dently different values of the <cos0> observed at np{ = I may 
correspond to the quasi-free collisions of the incident pion 

-with a peripheral protons in the target nucleus. 
II. As it concerns the pion production process: 

3 tti,:-;~~•-~---~ ~~~c. I .JJ,~.,... . . -:oly, l 
1 ,?!'l·:Y' . . .. " ... ~,~mit l 
? :;_;.~, ~ .. ; "~. ·_.: ,J , t ... ,".~ .... ,, ,_al\ 



C1
l 

1
4

 

~
1

2
 

+
 

~
1

0
 

V
 

8 6 

(,
) 

1
.5

 
·o

 
.....

. 
....

._ 
1

.0
4

 
~
 

>
 

a>
 

1
.4

 
a>

 1
. 

e
, 

d 

++
 

/\
 

1
.3

 
~

0
.9

6
 

~
 

+
-

++
t 

V
. 

-+
.+

+
+

+
 t 

~
0

.9
2

 
. 

+
 

1
.2

 
0

.8
8

 
/ 

1.
 1

 
0

.8
4

 
4 

0 
2 

, . 
0 

2 
4 

6 
0

.8
 

0 
2 

4 
6 

np
 

np
 

(,
) ...
...

. 
>

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

1· .
. 

/\
 1

: 
'a

,'
0.

95
 

G>
 0

.4
4

 
~
 

. 
/\

0
.4

 
a:

' 
. 

V
 
0

.3
6

 

0
.3

2
 

0
;2

8
 

0
.2

4
 

e>
,0

.9
5 

/
\
 

. 
~

0
.9

 
V

0
,8

5
 

0
.8

 
0

.7
5

 
0

.7
 

0
.6

5
 

·-.
 

-~
0

.9
 

~
0

.8
5

 
0

.8
 

""
'"

"+
++

+f
t 

0
.7

5
 

0
.7

 
0

.6
5

 
. 

0
. 6

' ·
 

._
_.

...
._

.,_
__

._
__

._
__

._
__

._
_.

__
, 

0
. 6

 .
 

0 
2 

·4
 

6 
0 

. 
2

. 
4 

6 
0 

.. 
2 

4 
F

ig
. 

I.
 

T
he

 m
ea

n 
;n

u
H

ip
li

c
it

y
 <

~
pi

>
;·

 m
ea

n 
to

ta
l 

<
P

to
t>

, 
Io

n
g

it
u

d
in

a
l 

<
P

io
n>

., 
an

d.
 t

ra
n

sv
e
rs

a
l 

<
P

tr
>

 m
om

en
ta

, 
an

d 
m

ea
n 

k
in

e
ti

c
 

en
er

g
y

 <
E

k>
, 

an
d 

m
ea

n 
<

co
s0

>
 o

f 
th

e 
e
je

c
ti

o
n

 a
n

g
le

 
e 

fo
r 

th
e 

p
io

n
s 

e
je

c
te

d
 

in
 

P
i-

+
 

1
2

C
6 

n
u

c
le

a
r 

c
o

ll
is

io
n

s 
a
t 

40
 

G
eV

/c
 

m
om

en
tu

m
, 

in
 d

ep
en

d
en

ce
 

on
 

th
e 

nu
m

be
r 

np
 

o
f 

th
e 

p
ro

to
n

s 
em

it
te

d
 

fr
om

 
th

e
 

ta
rg

e
t 

n
u

cl
eu

s 
in

 
th

e 
c
o

ll
is

io
n

 
re

a
c
ti

o
n

. 

I\
 o.
 2

.4
 

f} 
2

.2
 

2.
 

1
.B

 

1
.6

 

1
.4

 

1
.2

 

~
0

.3
6

 

~
0

.3
2

 

/\
0

.2
8

 
~

-

v 
0

.2
4

 

0
.2

 

0
.1

6
 

0
.1

2
 

0 0 

+
 ++

++
 

+
 

4 4 
8 

(
)
 

.....
.. ~
 0

.4
 

e
, /\
 0

.3
6

 
31 

~
0

.3
2

 

0
.2

8
 

0
.2

4
 

0
.2

 
0 

•1
0

-
3 

t:, 
1

0
0

 
e

, 
9

0
 

/\
 

~
 

V
 

8
0

 
7

0
 

6
0

 
5

0
 

4
0

 
3

0
 

2
0

 
0 

Ht 
++

Ht
 

4 
B

 

(
)
 

.....
.. >.
 

4>
 0

.2
 

e
,'

 .. 
/\

 0
.1

6
 

... c
t"

0
.1

2
 

V
 0

.0
8

 

0
.0

4
 

o.
 

A
o .

 .32
 

C
i)

 

~
0

.2
8

 

~
0

.2
4

 

0
.2

 

0
.1

6
 

0
.1

2
 

0
.0

8
 

--
-.

_
,,

,-
=

,;
-o

,' 
~~

--
-~

_;
• 

..
:
_

..
.-

·_
.-

r
 

0 
4 

0 
4 

F
ig

. 
2.

 
T

he
 

m
ea

n 
m

u
lt

ip
li

c
it

y
 <

np
>

, 
m

ea
n 

to
ta

l_
 <

P
to

t>
, 

lo
n

g
it

u
d

in
a
l 

<
P

io
n

>
, 

an
d 

tr
a
n

sv
e
rs

a
l 

<
P

tr
>

 m
9m

en
ta

, 
an

d·
 m

ea
n 

k
in

e
ti

c
 ;

en
er

g
y

 <
E

k>
, 

an
d 

m
ea

n 
<

co
s0

>
 o

f 
th

e 
em

is
si

o
n

 a
n

g
le

 
6 

fo
r 

th
e 

p
ro

to
n

s 
em

it
te

d
 
in

 
P

i-
+

 
1

2
C6

 
n

u
c
le

a
r 

c
o

ll
is

io
n

s 
a
t 

40
 

G
eV

/c
 

m
om

en
tu

m
, 

in
 d

ep
en

d
en

ce
 

on
 

th
e 

m
u

lt
_

ip
li

ci
ty

 n
p

i 
o

f 
th

e 
p

io
n

s 
e
je

c
te

d
 

in
 

th
e 

c
o

ll
is

io
n

 r
e
a
c


ti
o

n
s.

 

6 

8 



Table I. The characteristics of the distributions shown Table V. The characteristics of the distributions shown 
in fig. I in fig. I 

n 11cv <,IlH> s.d.· skevmess kurtosis ll . L. Nl'i. <.15k:::,, B • d. ·~-13Ke\vriess kurtosis .I; ! p 

0.7056 l ~o 40030 1 ~2'{ 0.5a 0.2661 -0.8625 ~o 3574 7.14 3.72 0.8929 0 5232 0.86 0.65 0.7694 -0.4138 0 252 12.66 2.75 1.19u6 1.1509 1 6990 0.84 0~65 0.7868 -0.4097· 1 ·459 9.77 4.99 -0.2937 -0.2748 

I~ 
2 4996 0.82 0.65 0.0367 -0.3371 2 400 9.41 5.16 -0.1149 -0.6723 3 2742 o.so 0.65 0.8'/00 -0.2888 3 160 9.28 4.78 -0 •. 1629 -1.4175 4 · 1212 0.79 0.64 · o. 9064 -0.1635 4 73 8.35 4. 17 0.2262 .-1.0914 5 343 : o.uo · 0.70 0.9086 -0.3725 5 28 7.96 3.02 0.4220 -0.5735 

I 
Table II. The characteristics ·of the distributions shown 

Table VI. The characteristics of the distributions shown in fig. I 
in fig. I 

np ~NPi < l'tot > a.a. skewness kurtosis 

:?to 41706 1.25 1.00' 0.9452 -0.0532 
0 5943 o.96 0.98 0.9799 . 0.0403 np zNPi 

< cos _g_>_ s •. d. skewness kurtosis 
1 7919 1.23 0.97 1.0237 0.1476 
2 5636 1 .20 o.96 1.0287 0.1394 ~o 53666 0.822·1 0.3393 -3.2949 · .11.2350 
3 3058 1.17 0.96 1.1.169 0.3972 0 7077 o.8274 0.3056 -3.2599 ·, 1 .3662 
4 1350 1.15 o.96 1.1298 0.3969 1 9522 0.8152 0.3239 .-3.0462 9.6158 
5 390 1.20 1 .02 0.9735 .;.0.1091 2 6842 0.7996 0.3494 -2.8728 8.2279 

3 3682 0.7960 0.3477, :-2.8124 7.9062 
Table III. The characteristics of the distributions shown 

4 1653 0.7970 0.3486 -2.9747 .. · 9.0386 
5 ! 490 0.7917 0.3558 -2.8612· 8.4308 

in fig. I 
n __ ~NPi < l'lou > a.a. skewness kurtosis 

~o 38395 0.95 o.a2 0.7226 .,..0;41so 
0 5506 0.97 o.uo 0.7361 -0.3696 
1 7351 0.94 0.80. 0.7683 -0.3H:l9 
2 5267 0.92 0.81 0.7903 -0.3068 Table VII. The characteristics of the distributions shown 
3 2860 0.88 0.79 0.8410 -0.2094 in f~g.2 4 1264 o.88 0.79 0.8951 .-0.6688 
5 358 0.89 o.84 0.8462 -0.4219 

--- -- - -- -- -----
kurtosis ~i Nev <: n > s.d. skewness 

Table IV. The characteristics of the distributions shown ~o 3586 1.82 1 .14 0.9179 0.9223 in fig. I 0 88 2.00 0.52 0.0472 -1.8441 
n LN'Pi < l'tr "> a.a. skewness kurtosis 1 122 1.11 0.89 1.0835 1.7522 

2 199 2.00 1.09 0.5248 -0.1566 
~o 53781 0.33 0.32 2~3560 9.'8'/98 J 368. · 1.65 0.92 0.7496 0.4080 

0 7068 0.36 0.29 2.6807 15.)892 4 362 . 1.74 1.23 1.1123 0.8108 
1 9516 0.36 0.31 2.0309 16.3275 l 5 342 1.81 1.28 1.4360 2.7237 
2 6840 0.36 0.29 2.1570 a.6440 6 360 1.88 1.22 0.7681 0.1268 
3 3681 0.36 0.29 2.5168 14.7945 7. 342 1.80 1.16 0.9852 1.0313 
4 1652 O.J'f 0.31 2.6932 14.0877 ~ 8 364 1.76 1.20 0.9137 0.7193 
5 490 0.36 0.30 2.0698 7.0520 

6 7 
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Table VIII. The characteristics of the distributions shown 
in fig. 2 

nPi ~nl2 <.!:'tot"> s.d. skewness kurtosis 

~o 10776 0.303 0.175 1.0022 - 1.1105 
0 73 0.314 0.146 , .1.4592 2.6342 
1 331 0.310 0.136 -1 .4462 2.6926 
2 538 0.306 0.146 •1.6173 3.2254 
3 805 0.300 0.142 1.6160 3.5355 
4 1011 0.317 0.151 .1.4357 2.5744 
5 1204 0.319 0.151 1.2870 1.7402 
6 1201 0.326 0.156 1.3227 1.6942 
7 1098 0.322 0.151 1~3024 1.7454 
8 1071 0.318 0.147 1 .2145 1.5160 

Table IX. The characteristics of the distributions shown 
in fig. 2 

nPi ~ np -- <p:1on "> s.a:. slcewness Icurfosis 

~o 10810 0.099 0.200 0.5131 0.9280 
0 '73 0.091 0.168 1.2025 3.4584 
1 331 0.057 0.188 0.5031 1,64:33 
2 538 0.102 0.200 0.4478 1.3222 
~ 809 0.087 0.190 0.6040 1.1778 
4 1012 0.093 0.209 0.4468 .0.7814 
5 1206 0.098 0.208 0.4970 o.e9s2 
6 1201 0.106 0.213 0.4946 0.8455 
7 1099 0.094 0.213 0.5206 0.9548 
0· 1072 0.095 0.199 0.4162 o.9681 

Table X. The characteristics of the distributions shown 
in fig.2 

< l'tr > 
- - s.r.-- skewness - k1.frtosis 

nPi ~I!. 

)0 10001 0.216 0.159 1.2751 1.9515 
0 73 0.255 0.129 1 .0798 2.0894 
1 331 0.249 0.120 1.1238 2.6405 
2 538 0.227 0.119 1.2400 2.6815 
3 806 0.231 0.122 1-3897 3.6418 
4 1012 0.237 0.126 1.3290 0.0315 
5 1206 0.241 0.127 1.1945 1.9914 
6 1204 0.243 0.125 1.1431 1.7403 
7 1099 0.243 0.123 1.129& 2.0242 
8 1072 0.244 o. 126 1.1770 2.5398 

8 

I Table XI. The characteristics of the distributions shown 
in fig.2 

nPi z: nE c::.rlk.? s.d. - - - -skewness kurtosis 

~o 9990 0.249 0.109 1.2751 1.9515 
0 73 0.059 0.059 2.5330 8.0168 
1 331 0.057 0.055 2.5137 a.3065 
2 538 0.057 0.060 2.632·7 u.6672 
3 806 0.055 0.059 3.0159 12.4417 
4 1011 0.061 0.062 2.5829 . · 8.8709 
5 1206 0.063 0.064 2.4474 s.0907 
6 1201 0.065 0.065 2.1392 5.1377 
7 1099 0.063 0.063 2.2745 6.6757 
8 1072 0.062 0.060 2.2105 6.5737' 

Table XII. The characteristics of the distributions shown 
in fig.2 

~i zn;e ,( cos,-g;, -a.er. skevmes~urtosis 

i 0 10815 0.2487 0.5890 -0.5521' -0.8506' 
0 73 0.2104 0.4537 -0.5600 -0.3588 
1 331 0.1527 0.5098 -0.1648 -0.9278 
2 538 0.2660 0.5360 -0.5392 -0.13338 
3 806 0.2263 0.5288 -0.4164 -0. 8481 
4 1017 0.2285 0.5462 -b.5209 -0.7521 
5 1206 0.2371 0.5362 -o.4n5 -0.8148 
6 1204 0.2548 0.5323 -0.5516 -0.6946 
7 1099 0.2166 0.5429 -0.4571 -0.8459 
8 1072 0.2381 0.5229 -0.4765 -0.7657 

I. The momentum of the produced pions and their kinetic 
energy mean values decrease slowly with the increasing of the 
number np of the emitted protons in the collision reactions; 
to larger numbers of the emitted nucleons larger thicknesses 
of _the inti;-anuclear matter layers involved in the collisions 
correspond/ 3

,
4
/. The pion longitudinal momentum mean value 

decrease_corresponding to the proton multiplicity increase 
<np> = 5 amounts about <Piano>~ 100 MeV. 

2. The transversal mom~ntum of the produced pions does 
not depend on the number np of the protons emitted in the 
nuclear collision reactions. 

3. _The mean number <npi> of the produced pious decreases 
with the np increase - form <npi> ~ 12 at np = 0 up to about 
<npi> ~ 8 at np = 5. 

4. The nean value <cos0>, for the pion P_jection angle 0, 
does not depend on np at n~ ~_2. · 

9 



And so, we do not observe the influence of the pion produc
tion process on the characteristics of the•proton emission pro
cess in pion-nucleus collision r.eactions at 40 GeV /c momentum. 
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CTpyranhcKH 3. HAP, El-92-133 
Cpe.a;HHe xapaKTepHCTHKH nPo~eccoB 

' ' ; . 
po)KJJ;eHHH IlHOHOB.H HCnycKaHHH HYKJIOHOB 
B rr-C-CTOJIKHOBeHHHX npH HMilYJibCe 4~ f3B/ C 

IloJiy'lleHbl xapaKTepHCTHKH npo~eccoB po)KJJ;eHHH. IlHOHOB 
H HcnycKaHHH. npoTOHOB B nHoH-yrnepop; .H,a;epHblX CTOJIKHO
BeHHHX npH 40 f3B/ c; Cpe,a;HHe MHOJKeCTBeHHOCTH, ·cpep;HHe · 

' . . 

HMilYJibCbl H KHHeTH'lleCKHe 3HeprHli, H cpep;HHe yrJibl Hcnyc-
KaHHH npoTOHOB' H.e saBHCHT OT MHOJKeCTBeHHOCTH po)KJJ;eHHH. 
IlHOHOB. ._Cpep;HHe HMilYJibCbl H 3HeprHH po)KJJ;eHHb!X IlHOHOB' , 
yMeHbIIIalOTCH Mep;JieHHo C .pocTOM MHOJKeCTBeIIHOCTH 'HCnyc-" ' .. . 
KaHHH npoTOHOB, 

·, . 

Pa6OTa Bb!IlOJIHe!fa B Jia6opaTOpHH Bb!COKHX. 3Heprm1 OIDIH. 

Coo6meme 061,e.11HHeHHO~O. HHCTHTyTa R.llepHbIX HCCJie,a:OBllHHH. Ay6Ha 1992 

Strugalski z •. et' al. ' 
The Mean Characteristics of the P1.on 
Production .and Nucleon Emission 
Processes in Pion-Carbon Nuclear 
Collisions. at· 40. GeV /c Momentum • 

El-92-1-33 

Characteristics of .the proton emission and bion pro: 
d.uction 'processes are obtained experimentally in pion-. 
carbon nuclear collisions at 40 GeV/c momentum. The 
mean multiplicitie$, mean momenta, and kinetic ener
gies, and the mean emission angles of the protons do 
not depend on the intensity of the produced pi6ns; 

-Mean momentum and energy values-of the produced pfons 
decrease slowly with ,increase of. the m~ltiplicity of 
the emitted. protons. . . . ... 

The investigation has been performed· at the Labora
tory of High Energies, JINR •.. ·· . 
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