


ABSTRACT

The totasl yield of the charged pions produced im (n-p) col-
. lisions a%t the effective neutron energy 586 MeV has been measured
in the laboratory angle range from 15° up to 120°a The total cross’
*’isection for positive and negative pion production which was found~
from the obtained data.under-the assumption‘of chargeﬁ symmatry

of nuclear forces is

L 27
6(,—1!:}LFIT{):G(np-—»jT‘):(a,aot0)"""1’)10 Cm2°

The pfbcess of charged pion prbduction in neutren-proton
collisions hés not been studie&»in.detailo The sufficiently comp-
lete investigation bas. beey carried oﬁt only at the agutron ener-
gy 409 Mévl/, At the energy close to 600 MeV only one research
has been pérforméd éarlieroz/ In this research the méthod of
nuclear emulsions was used. The Spectra and yields of positive
and negative pions outgoing dt the angle (O = 900* (1ab°system)
ffom the liquid hydrogen target irradiated by the neutrons from
the 670 MeV proton "charge—exchange" have been measured. The com-
paratively small cross section for mesdn prcduction,‘three partic—
les in the finite state of the reactions under investigation, and
the non=monoergic neutron beam used in the experiments create '
great difficulties in the sudy of the positive and negative pion
production in (n«@) c¢ollisions. Nevertheless; the detailed study
of (n=p) collisions at the nucleon energiés which considerably,
exéeed the threshold for mesbn producticn fequires the investigat-
ion of thése prodess. The study of meson production in neutron-

proton collisions is also of interest freﬁ the standpoint of in-

=

* The angle <’ is measured with respect to the direction
-of neutron beam incident on the target.
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vestigating the nucleon-nucleon interaction in different isoto-

pic spin states (T =0 and T = 1)
- EXPERIMENTAL ARRANGEMENT

The measuréments were madé at the synchrocyclotron of the
Joint Institute for Nuclear Research, The neutron beam used in
‘these experiments was obtalned by the charge exchange scatter-
ing of the 680 MeV protons on the berrilium target. The energy
distribﬁtion of neutfons in the beam has the maximum at the ener-
gy 600 MeV and the half»v}idthvno Mev o>/ |

To determine the differentlal cross section for the charged
Pplon production in (n=p) collisibns the ratio of the total num=
ber of positive and negative pions Ay  to the number of the
~recoll protons F@g emerged frbm the polyethelene target at
the given angle g? as a result of (n-p) collisions has been
measured. Then the differential cross section for pion product=
ion has been found by the obtained ratio and by the differential-
cross section of‘elastic (n=p) ssatiering measured by the authors
.earlier°4/

To measure the plon yield the polyethelene and graphite tar- -
gets were placed in the neutron beam. The charged particles émerw ‘
ged from the targets were detected. The diff%enee of the numbers
Aof_particles detected from the polyethelene and graphite targets
‘gives the total flux of the charged particles emerged from the tar—
‘get as a result of (nwp) collisions. The estimate has.shown that
“this flux is mainly determihed at the givén neutron energy by the.

- number of the recoll protons and pions 1ncident on the detector.
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" It turned out that the admixture of wmuons and g%:=particles
which appear as a resulg of pion decay under the experimental
conditions does not exceed 10=15% of the number of pions. This
made it possible to neglect the admixture of PL and J%
particles and to regard in the first approximation all the par-= |
ticles different from the recoil protons to be pions. The cor-
responding corrections are introduced into the results of the mea;;
surementS‘furtheno | | |

The separation of pions and reeoiliprotons was made elther
by the ranggés or by the Velocities; The range separation was
used at the angles QS?}S@@ |

At the angles 60(@6(15° the pion separation was mede by
velocities. | |

In accordance with the two eboveamentioned ways of pion seov
paration two types of detectors were used (Table 1); The usual
telescope of three sointillation counters in coincidenee.was‘
used as a detector, at large angles‘ﬂﬁ 2 60°% The estimates ma-=
de.by the dafaz/ have shown that at the angles é?éy 60° this de-
tector counted the uvefwhelming majority of pions even if the thre~
shold of the teleseepe nas increased up to the maximum energy of |
the recoill protons bdy means of the absorber. \ |

To.measnre the yield of the charged mesons at the angles

Qb :2 60° the separation of pidns was made by velocity select-
ing. Fdfyfie second counteér of the telespope was replaced by a
Cerenkov counter. (Fig. 1). _Other counters were scintillation ones.
Ta determine the total yield of the charged particles it became

necessary to replace the Cerenkov counter of the detector for the
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scintillation one. fn order that the géometry of the detector
?doés‘not change whén replacing the counters and thé replaceﬁent'
may be done quickly both counters had only one photomultiplierf
‘FEU-IQ—Mo The phosphorus 6f the;scintillation counter was placed
before the photocathode just behind the radiator of:the/berenkov
;ounter. At the angle b = 15° the :acoil‘biotons of the maximum

-'energy may be detectéd by the Cerenkav counters In this case the

, - ~ ,
correction which takes into account the fgactiom of the detected

protons was 1ntro&uced° The’geometry of the detegtor provided for
the angular resolution 3%. The energetic thresholds eof the de-

- tector at different angles are given in Table 1.

Energetic threshold

~ "Angle of pion of the detector for Notes

,outpu2§(labesys), pions (MeV)
j5° . 78 0 The detector is a»be;enkov v
. ' ’ counter (water) and two scin-
30 78,0 ‘tillation counters in conciden-

ce

The detector is a Cerenkov
L5° L 78 5 counter(plexiglass) and two
. ‘ . scintillation counters con-

nected in coiclidence,

- 60° 65 The detector is three scintil-
go° 37 lation counters connected in
1ol 37 concidence.
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The polyethelane and graphite dizks with the equal stépping'
power served as Bﬁattererso The polyethelene scatterer Was 0.9 g/cﬁai
thick at the angles = ~ 45° and 3.2 g/’cm2 at the angles 4500"
Copper and tungsten plates were used as absorbersf

In accordange with the above-mentioned the measurements
were made in the following way. First of all under the conditionms
of the experiments on the measurement of the differential elastio
(n»p) scaftering Cross segtiom4/ the total flux of charged partiewz
les which were incident on the detector at the given intensity of
the beam as a result of (n;p)'collisions,has been determined. A
usual difference experiment CH2 =C was arranged. Then the
detector was placed under the conditions when the recoil protons were
not detected and the total pion yield was measured. The regime |
of the detector necessgry for this was achieved as.itvwaé men=
tioned above either by increasing the telescope threshold up to
the maximum enérgy of the recoil protons (the measurements at
}the angles @:‘” 608), or the replacement of the second télescope
counter for the Cerenkov counte}o When determining the pion yield
at the angles 15%, 30°, 45°, a special attention in the experiment
was paid to the measurement of the ba@kgrojnd° Except the usual
measurments of the background from the real and aocideﬁtal cdin=
cidences it becamé necessary to measure the background which was
due to the fact that the detector detected an appreciable fraction
of the recoil protons incident just on the photocathode of the
photomultiplier of the Cerenkov counter. At the angle of 60° the
general background was less than 5% and grew up tc 2€% of the

number of'mesons incident on the detector from the polyethelene

<



‘target at the angle of 15,
The constaney of the n@utron beam intensity during the

measurements was controled with the help of the ionization chaﬁ°

ber placed in the beam and gonnected with the integraing circuit.

(Figol) o

RESULTS AND THEIR TREATMENT

The determination of the total cross ®ction. Befors the
results of the measurements might be used fer the dsterminaiion

of the total cross section for pien productiom, thef follewing

' coprections are necessary:

I. The correction for the admixture of |t -mesons and

‘electrons.-As was pointed out earlier, among the charged particles

iincidént into the detector besides protons and pions there were

. present j -mesons and electrons im small quaﬁtitya‘The number

df‘eiéctrons detected by the detector togéther with pions was
’determined by computing in accordance with the datas/ under the

- assumption that the.angular*distribution of JTOémesons in the

com.8., of the colliding nucleons is 0,2 ¢ cos? ) e It was

Jalso taken &#nto accogmt that about 1.5% of the total number of

ﬁp-mesons decay-s according to the second mode of decay.

_Phe admixture of e ~mesons was evaluated according to the known

ﬁion yield and to the calculated angular distribution of p -
mesons. ' |

2. The correction for the proton admixture., It was intro-

" duced only at the angle of 15° where the most energetic recoil

protons may be detected by the Cerenkovy counter. The correction
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5. was determined by the known neutron spectrum and by the found

dependence of the Cerenkov counter efficien@y upon the volccities
of particleso (Fig. 2)

3, The corrections for the presence of particles in pion
spectrum the energies of which are below the detector threshold.
These ccrrections were determined'by the pion spectra calculated
according to the dataz/ under the assumption that the pion spect;
rum in the comoSo of the colliding nucleons does not depend upomn
the angle of the meson output. The caloudated correction ccefficients
are given in the third line of Table 2. These coefficients were
caloulated again also under the assumption that the pion spectra
from the reactions P + P —= fkan + ﬁ’and n’+ p == Fﬁ; on,

n + p -== I+ 2p are identisal.* The magnitudes‘practicaily coinci=.”
ding with those given in Table 2 have been obtained, | ... |
4, The ccrrections for the recording efficiency due to the
different absorption of pions and protons in the detector abecrber

~and to the inefficiensy of the Cerench-ccuntero The magnitudes
of the corrections were_determined experimentally on the beqms’
of pions and prctcns of the corresponding mean energiesov |

5. The corrections for/]TwiLy decaya The correction coeffi-
clents are calculated according to the known pion lifetime, the
spectre found under the above-mentioned aSSumpticns in 3 being
taken into account. . | ‘ ,

Strictly speaking, when considering the results of the mea=

~surements it would have been necessary~to take also into acccunﬁ

# This is likely to occur at the energies, considerably exceedw o
ing the meson production threshold, see, eogofﬁj



" the error which is due to\somewhat differeht\probébility of the
‘,absorptton_of positive and negative pions in mattero The estimate
ﬁadeoby the détal7‘, however, shows that the errcr due to/thé abo-
-ve mentioned cirnumstanoe is very small under the conditions of
the experiment and may be neglected.

 The corrected results after the integratlion over angles

provided the charge symmetry of the nuclear fcrces give the value
6(hp——>—ﬂ) G(np—")= (ao+05)1o

fer the total cross seotion cf positive and negative pion pxodaot='

~ion in (n-p) collisions
Table 2,

|
| Correction ‘ o l T

for admix- ' , » ’
ture of muons | 0,3 0,9 | 0,9 0,92 | 0,90 0,88

and electrops

,Correction ;
.-for 'proton . P 0,15
admixhure

o g s

Correction R
for plons L
with the .
energy . '
below the
detector
threshold

Correction for | e
‘recording o L,al - 1,21 1,20
efficiency !

PR

1,25 | 1,95

Correction o \ | b ‘
for decay 1,03 | 1,03 1,03 1,04 | 1,06 | 1, 1

N, o 8,6£3,5 1942,3 13,742,7 | 9,740,5 | 44£1,3% 4,3+
RIS

. % Pion yield is determ%ned with respect to the yield of the
recoil protons at & = 60
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~Apart from this, the total cross sections of the react-
ions under. investigation may be determined also by the pien
Yield found for the so=-called isotropic’ anglea/, i.e.y the
~angle for ‘which thzre exist the ratio | |

G (1) = 7 Orp(np 11" |

between the differential cross section Gﬁ(ﬂ} and the total crosel
seetieno The "isofrepic“ angle ﬂh wmay be easily found if‘dne |
takes into acoouht according to the obtained data that the angu-:
lar distribution of pions (in the CemeSo) is unlikely to involve“i‘
the terms higher than cos 1} and may be ‘written in a.\form,°

G+ (V)3=6p- (= + b 0wo?

where 'J, ~1s the angle of outgoing meson, a‘and‘b_are the
constants_llh ~1is_known to be equal to arﬁcos—j—-and corresponds;:

'B)

in ‘our case to the angle P = 30° (labosys) If onemakes use of

" the magnitude jeiﬂ‘ for this angle given in Table 2, then the

P
total cross section is found to be equal to

S | - | : a7 ‘
G(np—=-N")=G(np—M")=(2,20£044) 10 ~"cm?

The obtained galues of the cross sections are rather close to

each other. This is very 1ike1y to point out that the assumtp-
ions under which the above=mentioned values have been obtained

do not inttoduce any serious distortions into the pion angular

distribution.

The determination of the;effective'ehergz& 'In the method

of the measurments employed thefdeteetor detected the pions produq—i

-ed in o collisions of particles the energles of which
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,changed in a rghbher wide energy range fgom 300 up to 670 MeV;
 The problem about the determination of the mean effective'energy;
| b éff‘was therefore of special interesto'To'dete;miﬁe Eesf
- eRf its dependencekupon the form of the excitation function of .
the investigated reaction af the givén form of thé energetic
neutron spectra has bees found. The excitétion function was taken

in the formg/o
o i1

Stnp = M%) >
- (9
where ?Rmmxis the maximum value of the pion momentum in the ¢,
meso It has been found that under the given conditions the mean
effedtive energy for the exponents L% 3 in Ego 1 is practical=
ly constaat and does not depend upon 1 (Fig. 2 ). Taking this
into account by the known value of 6?hp~%&1#§ at the neutron
energy 409 MeV we have found that in our case the mean effecti=

ve enérgy is\equal to (586 + 15 ) MeV.

DISCUSSION OF THE RESULTS

‘The compafison of the obtained valus 6%?*;@%;!‘?‘*’)&(%2;?@3&% M)@%m’i\
with the cross section found at the energy 409 MevL/
Slhp-T1Y=0,6xd0y) 16 cm> shows that the total
"cross section for positive and negative pion production in (n=p) =
collisions increases more tian tan times with the energy increa-
se from 409 up to 586 MeV., It turnes out that the dependeﬁce of
the cross section upon the maximum pion momentum PZ,nwh(ma.y be

‘written in the form

"L& 0.6
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This dependence is in good agreement with the dependence
‘ 4yt

max
the basis of the Values of the cross sections calculated in a

founrd 1410/ whigh was obtained on

wide energy range by the known cross sectioms G(np«»ﬂ )6(pp‘rﬂ )
andCRPnawn )under the assumption of charge ﬂmdependence of nuc-

lear forces. It is to be notedp however; that for G(pn-—-N")

at 580 MeV the’ authorslo/ give $omewhat l@w‘value(0j5t1,1)10'2 m?
which, nevertheless, within the above-mentioned efHows

does not contradict to the magnitud@ obﬁaineﬁ in this paper.

| The value determined is also in satisfactory agreememt with

| the hypothesas of isotopic invariance. Really , according to this

hypothesis

Slnp -= M%) =G(np-= %)+ G(pp -~ N - /2 6 (pp— "

(22
S . ‘ o-ev, I5]
1r aszume G(np-~N")=(5,7+15).10 ctm

6(pp—s- ﬂo):(i)G +0,2) 10,2‘70')'7‘2 and G(Dpvr—ﬂ) (8 5+0,7) 10 cme _

-27
then it turnes out that G(np-~T11")=(3%1,6) 10 cm®
what within the limits of the a%ove-mentioned accuracy coincides

with the measured magnitude.
according to

~ As 1is known /V~he hypothesis of charge independence
gccordimg-tqg the cross sections of all the processes of pion

production}in nucleon-nucleon collisions are experessed in terms

/

of the three partial cross sections Gm) Gy, G - Oyomd G and

in the widévenergy range have been studled iﬂlo/. TheVobtained
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magnitude of the gross section G(npanﬂ*)makes it possible
to determine Goy  at the energy 586 MeV:

¥i

G = 2G(np—M*)-G, =(2,640,9) 10 cm?

‘ 10/ 44 o L ave el s
It is also known™™ that at 409 MeV G,,=(023t0,09)x10 cm
Thus, O, sharply increases with the energy increase whereas

B fhe dependence 65, upon the maximum meson momentum is given by

4,7+ 0,8
GW - anax

‘ The total cross sesction for pion production im (p-p)- col=
lislons at 586=590 MeVds G(np - 1 '°)=

) 7 + - -2 2
=0(np—=—I1")+2G(np—T1 )=(10,1t1,/) 10 ‘cm
the total cross section of (n=p) = interaction 1s equal to

(36 + 2)10 =27 cm . Therefore, in approximately 30% of the cases

.- the collision of a neutron with a proton leads to the pxoduction

of a pione

| _ In conclusion making use of the obtained magnitude and of

the data from5/ 10/,11/ let us compare the probabilities of

pion production in the nucleonunucleon interaction in different

isotopic spin states. It-may bei It may be showﬁlz/ that the

total cpwoss section for pion pfoduction in (n=p) collisions
Op —n5°)

may‘be written in the form

r

Eﬁ(hp—wFﬂ”OS=6n'+6§ ' )

"~ where Gé and Gg are the cross sections for pion product-
ion in nucleon=nucleon collision in the spates with the isotopk
Spin T = 1 and T = O, respectively. Assuming from the #alues |

given earlier

)
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Q(np-~T1%%=26(np-=n*)+G(np~N")=(101£1,82) 10 : cm®

from (3) one may obtain thet

60 =(10.1£3,7) 107 cm?
So, in the hueleoﬁ interaction in the states with T = 0 and
T =1 pion production occurs with approximately equal probabi-
lity and, thus, the nucleons in these-states interact in thié
sense with identical intensity. o ‘

- The approximate equality of 6% and @ﬁ% "indicates é.lso
that in the processes investigated at the energy close to 600‘MeV
the transitions as a result of which the plon-nucleon system turns
out to bhe in}the states with the totél isotppic gpin_T = 3/2 and
T = 1/2 occur with approximately equal probability. The latter

circumstance is very likely to be the main reason that the rag-
G\J"(U@ —5 nit)
S{AP~ 1%

considerably less than ten. The value of the ratio equal to

io which in our case is equal to to 3. 9 + 1l is
ten may be predicted according to the hypethesis of the isotopic
invariance under the assumption that the pilon-nucleon éystem
is always found only in the state T = 3/243%/ 1t should be noted
however, that the value of this ratio inllzl has been obtained
under some simplifying assumptions and may be in fact somewhat
different., |

The authors are grétefultto Eolo Lapidus for the discussion
of the results and to Ntsp Amaglobeii for the assistance in the

course of the present research.



Figo 1.

Figo 2,

F’igo 3.
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Figures

The set up of the experiment. n = is a neutron beam.
M is 'a monitor (ionization chamber). 1,2,3 are schin—
tillation counters. 4. is the radiator of the Ceren-—

kov counter. _.gb is a filter. P is a scatterer.

The dependence of the Cerenkov counter effigiency
upon the velocities of the detected particles,
a) = the radiator made of plexiglass, B) - made of

water,

The dependence of the effective neutron energy upon

the exponent of the maximum pion momentum im Eq. (1),
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