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NOTE

From photographs taken in tho 17-litre propane-xenon bubble
chamber, the reactions # +p-n+a° and o +p->n+1n (n > 2¢)
wore investigated with 7 ot 1.25, 1.55, 2.8 and 4,5 BeV/e,  Total
cross—-scctions of both reactions were measured for the ebove momenta,
Angular distributions of #° in chaorge-cxchonge were-obtained, The
do (w +p->n+7°)/d0 at 180°- (backwerd charge-exchange) was
estimated,



V.V, Barmin, .,G, Dolgolenko, Yu.d. Krestnikov,

i Go lieshkovsky, V... Shebanov

An investigation of charge-exchange T+ p~+n+m° and

7 +p->n+n (n->2¢) rcaction in the 1,25 - 4,5 DeV/c region,

ABSTRAGCT

In 17-liter propan-xenon bubble chamber a charge-exchange
T +p->n+7 and 7 +p->n+n (n > 2) reaction were investigated
in 1425 - 4,5 DeV/c region, Total cross-scctions of both reactions were
measured in this region., Angular distributions of #°-mesons in charge-
exchange woere received, Cross~section of charge~exchange baclward
around 180° was cstimated.
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Introduction

Until now, information about the # + p » n + 7° ochorge-
exchan?Q was to be found only in the T ~moson energy rcgion up to about
1 BeV 1). For higher encrgies, therc is very littlc cxperimental date
concernin% the cross-scetion o, of the = - p~>n+ 7° reaction,

2 -
), it wos shown that for # -mesons at an energy of 2.8 BeV/e,

In paper
(3,4)

Oy = 0,20 * 0,25 mb; in papers. the upper limits of the cross-
sootion o ere estimated as (<0,014 mb) at 6,1 BeV/e, (<0,2 mb) at
7-8 BeV/c and (<0,03 mb) at 18.1 BeV/e, Hoanwhile, the measurcment

of the charge-ocxchange cross-seetions in high-cnergy regions is of greot
intcrest, As shown in the theorctical work of Okun and Pomerenchuk (5),
when. the encrgy of the T ~mesons increoses, o considerable reduction of
tho charge-cxchange cross-scctions is to be expeeted,  This is due to
the foeet that the totel cross—scctions of w+ and 7 -meson interoctions

with nucloons become increosingly similar at high encrgiovs (R 1-2 BeV),

The purposc of the present paper is to investigote the charge-

exchonge

T 4+ p->n -t (1)
in 7 -meson encrgy rogion of 1,25 - 4,5 BeV/c, and also to study the

reaction

-

7 +p-=>n+n (n->2) (2)

Until now thc cross—section of rcaction (2) was estimated only for 1,14 BeV/e

) 6
in the paper establishing n - 2y decay for the first time .

EEEdrimeqﬁgi:séction

Roactions (1) and (2) werc studied ot w -meson cnergics of )
1425, 1455 and 2,8 BeV/c, in photogrophs obtained cerlicr by ourselvos
with the 17~litre xenon-propanc bubblc chomber in a 7 -meson beem of tho



proton synchrotron of the Institute for Theoretical and Ixperimental
Physies (11,000, 20,000 and 60,00u stereoscopic photographs respectively),
InAaddition, 20,000 further stercoscopic photographs were taken for the

above work at a 7 -moson oﬁergy of 4.5 BeV/ec,

In order to identify reactions (1) snd (2), we took advantago
of the fact that the decay of the neutral particle X° = 2y corrcsponds
to the minimum engle of flight betweon sy-quanta Pnin dotermincd

according to the ecuation

P - :
; min _m
Sin 5 = T- (3)
where m and I are the mass and total energy of tho X°-particlo.
The distribution ‘of the prbbability of deecay according to the angle

between two Y-qﬁanta ¢ has a sharp pedk near o ¢ » and thore-

min
fore obtaining this distribution experimentelly can serve to determinc
the value of ?in and, conscguently, of the mass of the perticle m,

if its onergy is known,

For rcactions (1) and (2) in the # =meson-proton centre of
mass system, the momentum of the #°- or n-meson has a constont valuo
which is indopendent of the angle of flight, and can be caleulatoed from
the known momentum of thc # -mesons in‘tho laboratory system, Thus,
by finding the distribution according to the angle ¢’ betwoen the y=gammoa
from the #° - 2y or 17 - 2y deccay in the 'ﬂ-—p centre of mass system,
the above mentioncd method can be used to idenfify the #° or n-meson‘ ’,
The fact of n =+ 2y  decay in a given time can be considered as csta-
¥iishea (647, |

In tho photos obtained in the bubble chamber, the sy-quanta
were observed through their conversion into clectron-positron pairs,
Lvents werc sought with two or more pairs directed towards the stopping
point of the w-—meson, provided that the stop was not accompanied by -

tracks of a nuclear interaction. The events found were interpreted as

7326/p



N

7526/p

resulting from such interactions of 7T -mesons with free hydrogon or with
protons of C or Xec nuclel, in which a proton charge-exchange occurs
and onc or more ncutral particles arc goncrated, which then decay into
y=quanta, It was considored that cvonts with two pairs were duec to
reactions of the type 7 + p >n + X° (X° » 2y), and also to procosscs
with a number of s-guanta of k > 2, when only 2 out of Kk y=-guanto wore
recorded in the chamber, For the rcaction w =+ pand X (X 2y),
such events formed a background which night be due, for instance, to the
reaction 7 po>n+w-=>n+qg° +y->n-+ 3} or T+ p+>n -+ 27°

-+ n -+ by, ete,

For events with 2 y-quanta, measurement was made in o sterco-
projector of two angles ©; and O, botween the +y-quanta and the
direction of the m -meson and of the anglc ¢ Dbetween the y-cuonta,
These data were used to transfer the angle ¢ into tho W--p centre
of mass systcm, F'or ovents with 3-6 y-quanta, the anglcs betweon every

pair of y-quenta and all the ©,_ angles were measured, The formation

of such double combinations of efents with 3-6 y=quanta was used to find
the background distribution according to the angle ¢’.  Furthermorc,
the potentiel lengths of ﬂk were measured for cach event and used to
calculatc the recording efficicncy < of the single #=-quanta, Tho
moan valucs of i for ovonts of given multiplicity ond for a given

T -moson momentum, were used to calculate the probability of rccording i
out of Lk quanta, Fof the caloulations, it was assumcd that the
conversion length £, = 17,8 £ 2,2 cm (7). The mean value of i was
found to be between 0,5 and 0,7, The remaining details concerning the
oxporiments and the processing of the results arc contained in our papor

o (7).

on the "kvidence for w -» 7° =y deecay

Results obtaincd end intcrpretation

The distribution of the cvents found according to the number

of conversion pairs is given in Table I,
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Toblo I
Monontun of Number of events with k sy-quanta
T =MOSOMNS  brwmm sy s ey o i pores e
in Bgv/c Nay | Nay' | Nay [Nsy | Ney |Noy | Nay (Noy | Nyoy
rs:ls T e st SRR i SR e ]
1,26 1182 40 13 1 - - - - -

1455 338 | 118 25 6 2 - - - —
2,80 769 | 433  156.| 55 2l 2 1
4,50 104 68 3| 12 5 2 - 1 -

oA A o T R ATt R - s ‘ = z e

no
1

e e s w3

The majority. of events were measurcd in a sterco-projector,
af'ter which the angles ¢’ in the w--p centre of mass system were
calculated f'or events with 2 y-quanta end for doublc combinations of
cvents with 3=6 y-quanta, The distribution according to the angle ¢’
for events with 2 y-quanta is shown in figure 1, ‘hen plotting these
graphs, the recording efficiency of cach separate event was taken into
account, by taking‘ﬁhe value 1/%4, X2 instead of one ovent alonglthe
Y-axis, The areos of the spectra were stondardized for the number of

events measured,

It is evident that the aistributions shown in figurc 1 are due
not only to # +p -n + X° (X° > 2y) rcactions, but also to processes '
with higher +y-quanta multiplicity, i,e, they include background, Never-
theless, in all the distributioﬁs (figure 1) there is in the small angle
region a clearly marked narrow pealk correspbnding to the formation of a
0

#°-meson in the w p » n + 7 charge~oxchange,

The background from the roaction 7 p->n+ky (k2 ?))
7

The results are given in figure 2, Tho arrows show the value of' the

wa.s
L

deductoed in a similar way to that mentioned in the previous paper

minimum angles of divergence between vy-guanta, ¢’min’ calculcted from

expression (3), for the n°-meson and the n-meson with a mass of 548 MoV,



As is clear from figure 2, in all 4 grophs, apart from the clearly dis-
tinguished w°-meson maximum, groups of cvents can also bo noted corros-
ponding apporently to the n-meson, i.e, due to reaction (2), The
statistical certainty of n-meson poeoks is not considerable, but it can bo
seen thot, when the initial momentua of the # -mosons increcascs, the
naxima of the peaks move towords the smaller angle side in good agrecment
with the caleulated valucs of ¢f . - for the n-meson (errows), This
confirms the hypothesis that, in addition to the rcaction 7 + p » n & 7°,

the rcaction 7 +p-=n+ 7 (n - 2y) is also occurring,

The curves shown in the grophs of figurc 2 arc theorctical
distributions for 7° » 2y and 7 - 2y decays 8), normalized according
to the number of parﬁiclos'in the #° and n-groups. It can bo scen
that the exporimental and theoretical distributions arc in good agrecment,
i,e. the crrors of mcasurcacent end the inclusion of quasi-hydrogen cventbs

do not affect the results to any considorable cxtont,

In the graphs of figure 2, therc must be a certain number of
evonts duc to the reactions 7 + p =K +A (2°) + mr® » K + A + ky
(m24, k2 2), withno X° and A rccorded in the chamber, nemely when
such rocctions simulete n -+ p »n -+ ky cvents, In order to establish
the value of this background, @ll photographs, cxcept thosc at 1.25 BeV/e,
were scanned in search of 1w -meson stops accompanicd by  and A par-
ticles ond any number of #-quanta, Results ore given in Taeble II,

From the data of this table and the known rccording cfficicncy of 1° and
A, an estimate was made of the contribution of thc above mentioned reac-
tions with formation of strange particles to the numbers NkY showm in
Table I, For events with two +y-quanta, thesc contributions are 2,04,
5.8% and 15,3% for 1,55 BeV/e, 2.8 BeV/c and h.H BeV/c respectively. Tho
distribution of background from strange particles according to the angle
¢! for ovonts with 2 y-quonta is shown in figurc 2 for 2,8 BeV/c with
normalization corresponding to graph 2c., fAs follows from the figurc, thc
background is distributed approximatcly evenly over the whole range from

0 to 180° and represents a comporatively small part of the arca of the
1% p
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spectrum 2¢ (31 events), For graphs 2b and 2d, thc contributions from

strange poarticles are 4 and 8 cvents respectively,

Tablo I1
Honemtum of | Number of cvents with k y-quanta Number ol
b Lo oo e i o e e V-
in BeV/ec (% 2y r by events
20 6 2 ~ 1
1.55
2 - - - 2
o ; B S —
- 8 7 1
2,80 I L7 ©
12 6 1 - 2
IESRSTAISRPUTIEI OSSN PONDIMEI & i . S ——-
1 13 6 2 1
450 E ?
2 - - - 2

The cross-sovction of charge-oxchenge (1) and the formation of
n-mesons (2) was calculated according to the formule
S n,

a (TT._ T o R R XO) =-3£'_ET Oo (l;_)

whore Sx is the area of #° or n-groups in any of the speetra in figure 2,
S is the arca of thc wholc spectrum, n, is the number of 7 = p>n +
reactions, o, is the cross-scction of the rcaction - + p = n + neutral
particles found. dx%crimontally. The number . was Jdetermined as ;
already described from the data of Teble I, corrcocted for the contri-
bution from strange particles, teking into account the probability of
recording i out of X y~-quanta, ' The values off o, werc taken as @

46 mb for 1,25 BeV/e, 40 ub for 1,55 BeV/c and 2,0 uwb for 2,8 BeV/e,
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(1,2)

contribution from strange particlecs, Fer 4.5 BeV/c, the value of

Thesce values were taken from the papers with corrcetion for the
0o = 145 mb was obtainod by interpolating data for 2,8 BeV/c and
6.1 BcV/c (3).

VWihen using formula (4), the ratio n,/En_ was assumed to be
idontical for interoctions of 7 -mesons with free protons and bowd
protons of +the nuclei, The proportion of cuesi-hydrogen events for
the xcnon~propanc mixturc used was 35%, as shoun by calculations, Tho
results of thc calculation of the cross-scction of rcactions (1) and
(2) are shown in Table III, It should be noted that an approximation
of our data concorning the cross-scction o, of 7 p->n +7° charge-
exchango may be obtained from the dependence kR 1/bn, whero p is tho

momentum of the = -mesons in the laboratory system and n = 2,10 % 0,16,

Table ITI

Momentum of Cross-scetions of the reactions (in mb)
T -1esons e e
in BeV/c T +p->n-+7° # +p-o>n+n (n-27)
e e e e st.".l-—1:.‘ e o L e
125 2,12 & 0,560 1,61 * 0,60
T4Db 135 & 032 0,32 £ 0,22
2,80 0.38 & 0,09 0.08 £ 0,07
4450 0.19 & 0,12 0,08 & 0,07

e wicre also able to obtain information concerning the angulaw
distribution of 7°-mesons in cherge-cxchanges at 1.25 BeV/e, 1,55 BoV/c
and 2,8 BcV/b. The results arc given in figure 3. The direction of
motion of the w°-meson was assumed to be that of the biscctor of the
anglo between +-quanta from 7’ > 2y decoy, Iistimates showed that tho

inaccuracy rcsulting from this assumption was slight and depoended on the



& 0 =

angle ©® Dbetwecn the biscctor and the direction of motion of the

T =FCSO0n, The error in the value cos ©® 'is shown in graphs 3a-3c,

The background for 3b and 3¢ was deducted in a similar woy to that used
when plotting the distributions in figure 2, The background for 3a
was not token into account, owing to its smallness (about 10%) and the

scantiness of information about the number of background recactions,

As can be seen from figurc 3, the charactor of angular dis-
tribution of the 7°-mesons changes as the encrgy of the T ~mesons
increascs, As in the casc of ﬂ+p and ﬂ_p elastic scattering, the
forward strétch incroases as thce energy grows, It is noted that the
aﬁgular A1 atbibliiton Ghtntned. for 1,25 BeV/c (figurc 3a) is closc to the
distribution fdr-1.1h BeV/c obtained in the paper i .

By using the results in figures 3%a and 3¢ and Table ITI, in-
formation can be obtained about backward charge-exchenge, namcly the
differential cross-section of reaction (1) at 180°, The results are
given in Table IV, For the calculations events werc used which fell
within an angle 1 storad around the 180° dircetion, The valuc pbtainpd
by us for 2,8 BeV/c was found to agrec with the cstimate of the upper

: 12 . ‘ ;
boundary for backwoard charge-cxchange given in paper (djo/hﬂ £ 000wl

stered), ‘
Table IV,
Homentun of 7 -nesons J
Te2B ()0, 2,80
in BeV/e o 22
do (m+p = n + %)/ !
at 180° m mb/ster 0,15+0,08 0,04+0,02 | 0.008+0, 005

P —— - e e
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