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N 0 T E 
••• f 

From photographs to.ken in the 17-litre propo.no-xenon bubble 

chamber, the roo.ctions 1T + p -? n + rr0 o.nd rr + p -> n + 77 ( 77 -l> 2y) 

wore invcstigo.tod with rr at 1, 25, 1.55, 2,8 o.nd ~.5 BoV/c . Totnl 

cross-sections of both r oo.ctions wore measur ed for tho cbovo momenta , 

Angular distributions of 

rkr (rr- ..;. p -? n + i 0 )/<ill 

estimated, 

rr0 in cho.rgo;..oxchm1ge wero · obtained, 

o.t ·1 80° ; (bo.okwo.rd cho.rge-excho.nge ) wo.s 

Tho 
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v.v. Barmin, l~. G. Dolgolenko , Yu.s . Krestnikov, 

~ ..• G. Eeshkovsky, V •. ~. . Shebunov 

.An investigation of charge-exchange 1T + p -l> n + 1T0 and 

1T + p-+ n ·:· TJ (TJ -> 2y) reaction in the ·1. 25 11-. 5 DeV/c r egion. 

A B S T R A C T 

In 17-liter pr opan-xenon bubble chamber a charge-exchange 

1T + p -> n + 1T0 and 1T- + p -l> n + Tl (TJ -> 2y) reaction were investigated 

in 1. 25 - 4.5 DeV/c region. Total cross- section s of both r eactions \7ere 

measured in this region. Angular distributions of 17°-meson s in charge

exchange were received. Cross-section of charge-exchange ba ckward 

around 180° y;as estimated. 





Until now, information about t ho 1T ·:- p -> n -:- 1r
0 cht:~rge-

exchanZo wc.s to be found only in tho 1T -mason energy r egion up to a.bout 

1 BoV ·i ) • F'or higher ener gi es , thoro is very lit tle oxpcrimcmtal cktc. 

concerninZ the cross-section CJ of tho 1T ·:- p ...) n + 1r
0 reaction. 

) 
0 

In paper 
2 

, it was shown thr~t f or 1T - mesons at an energy of 2. 0 BeV/c, 

CJ
0 

= 0.20 ± 0.25 mb ; in papors . (3,4 ) the upper limits of tho cross

section (J ar e estimat ed as (<0.014 mb) at 6.1 BeV/c, (< 0. 2 rnb ) c.t 
e 

7-8 BoV/c and (<0.03 mb ) o.t 18 .1 BeV/c. r:Ieanwhilc , the meo.surcmont 

of tho chnr ge- oxcho.ngo cross-sections in hi gh-ener gy r egions i s of gro~t 

intur est. As shown in tho thoorotico.l work of Okun ~m<l Pomerc,nchuk (5 ), 

when. tho · energy of tho 1T -mesons incroo.sos , o. considor o.bl o r ocluction of 

the chargc-oxcha.nge cross-sections is to be uxpoctod. . This i s due to 
+ tho feet that tho tota l cross-sections of 1T and 1T -meson intcr o.ctions 

with nucleons become increasingly similar o.t high energies (~ 1-2 BoV). 

Tho purpose of tho present po.por is to investigate tho chc.r ge-

ox chango 

1T .;. p -> n -:- 1To 

in 1T -mos.on energy region of 1. 25- 4.5 DoV/c, o.nd also to s tudy t he 

rea ction 

1T ••• p ...) n ·:- 77 ( 77 -> 2y) 

( 1 ) 

(2) 

Until now tho cross-section of r eaction (2) w.:~s estimated only for ·1.14 BoV/c 

in tho po.por establishing 77...) 2y doco.y for tho first time (
6). 

2. Exporimon~GJJ.~ section 

Reactions (1) and ( 2) wore studied c.t 1T - meson energies of 
(7) 

1. 25 , 1.55 and 2.8 BeV/c, in photographs obto.inod earlier by ourselves 

vci t h tho 17-li t ro xenon-propane bubble cht~bor in a 1T -meson beam of t ho 

7326/p 



7326/p 

- 4- -

proton synchrotron of tho Institute for Thooroticul and :Cxporimont a.l 

Physics (·1'1 ,000, 20,000 and 60,00\) ster eoscopic photographs r espectivel y ). 
. . 

In addition, 20, 000 f urther ster eoscopic photogr aphs wor 0 to...kon f or tho 

above work a.t a 7T--moson anergy of 4-. 5 13eV/c. 

In order to i dentif y r:oactions ( 1 ) cmcl ( 2 ), we took ndva.ntngo 

of thG fact t ha t tho doco.y of tho· neutral particle X0 
-> 2y corresponds 

to tho minimum o.nglo of fli ght between y- quanta m • determined - Tmln 
according· to tho o~uation 

<p . 
S . mln m 
ln --=~ 2 .t:.. 

whore m o.nd :U o.ro the mass o.nd total energy of tho X0 -pa.rticlo . 

The distribution ~of tho probability of decay according to tho anglo 

(3) 

(8) 
between two y-quunto. <p hus a sharp peak noo.r to <pmin and thoro-

f or e obtaining this distribution oxporimontally can servo to dot or mino 

tho v~lue of <p . and, consoc_tuontly, of tho mnss of tho particle m, . mln 
if its anergy is knovm. 

li'or r eactions ( 1 ) and ( 2) in tho 1T -no son-proton centro of 

mass system, t ho momentum of tho 7T0
- or 77-moson has a constant va.luo 

which i s independent of tho anglo of flight , and can bo co.lculctod· f rom 

tho knovm moment um of the 1T -mesons in the l aborntory system. Thun , 

by finding tho di stribution according to tho angl o 

from tho 1r
0 ~ 2y or 77 ~ 2y decay in tho ~ -p 

tho above mGntionod method co.n be used to identify 

<p 1 between tho y-gununa 

centro of mass system, 

tho 7T0 or 77-moson( 6 ). 

'l'ho fact of 77 ~ 2y . decay in o. gi von time cnn be considered o.s osto.
bli·s'hcd ( 6 ,_9) . 

In tho photos obtained in the bubble chamber , tho y-quo.ntn 

wore observed through their conversion into electron-positron pair s . · · 

!!.'vent s ·were sought with two or more pairs directed towards the stopping 

point of tho 1T -meson, provided thc.t tho stop was not accompanied by . 

tracks of' a nuclear interaction. Tho event::; found wer e interpreted as 
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resulting from such interactions of 1T - mosons with f rou hydrogen or vit h 

protons of C or Xe nuclei , in which o.. proton char ge- exchange occurs 

and one or more neutral particles c.ro gonoro..ted, nhich then cloco.y into 

y-quanto.. It was considered that events with two po.irs v;ero duo to 

roo.ctions of the typo 1T + p -> n ·:- X0 (X0 -> 2y), o.nd also to proces ses 

with a number of y-quo.nta of k > 2, uhon only 2 out of k y- quantc.. were 

r<:)Cordod in the chamber. For tho r eaction 1T -.- p -> n + X0 (X0 
-;. 2y) , 

such events formed o. background Hhich ni ght be due , for instance , to tho 

reaction 1T -:- p -> n -{- w -;. n -:· 7r0 
-:- y -;. n + 3y or 1T ·:- p -;. n + 2rr0 

-;. n ·!· 4y, etc. 

For events with 2 y- quo.nta , mco.suromcnt Yms mo. do in o. s torco-

pr ojector of ·cwo angl es and e 2 bet ween tho y-~uanto and tho 

direction of the 7T - mason and of tho angl o cp bet ween t ho y-quant o. . 

Those da.t a woro used to transfer tho angl o cp into tho 7T - p centro 

of mass syst em. l~or events with 3- 6 y- quo.nto. , t ho angles bet ween every 

pair of y-quanto. and o.l l tho Gk angl es wore measured. 'l'hc for mation 

of such doubl e combinations of events with 3- 6 y-quanta was us0d to find 

tho background distribution according to the o.nglo cp ' • Furthermore , 

tho potential lengths of tk wore measured for each event o.ncl used to 

cal cul ate tho recording officioncy x of tho singl e y-quunto.. Tho 

moun valuos of x for ovonts of giv~n mul tiplicity o.nd for a given 

7T -meson momentum, were used to calculate t he pr obabi lity of rocorcling i 

out of lc quanta. . 

conver s i on length 

For the calculations , it wo,s assumed thot tho 

t 0 = 17. 8 ± 2. 2 em (7 ) . Tho moan val ue of X was 

found to be between o. 5 and 0 . 7. Tho remaining detail s concerning tho 

experiments nnd the processinc of tho results ar c contained in our po.por 

on tho " ~.:;vid.cnco for w -> rr0 ·!· y deco.y11 ( 
7) . 

'l'ho distr ibution of the events found according to tho number 

of' conversion pairs is given in Tablo I. 
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'I'a.blc I 
~~-

M;::ont-:- o;---l --~-:n~e~---~~-::-n~~-1-c~y---q-u_a_n-;a--~-~--. 
11' -mesons .~~--.--~-~ ~~-.....-.r~-- ~-c--· ~- --

BeV/c N2 y i :t{3 y" N4 y N5 y N6 y N7Y N8 y N9 y N1 oy 
-. ... --..... ...,.._.-._ -

1. 25 182 40 13 1 

1. 55 338 118 25 6 2 

2, 80 769 433 136 53 24 2 2 1 

4. 50 104 68 31 12 5 2 1 
..... -=oo.~..-.... -._ ..... ..,. .. ~ ... ...--_,__ -..... -~ ~ 

Tho majority. of events voro moo.surud in n steroo-proj octor, 

after Hhich the a.nglos <p 1 in the rr -p centre of mO:ss system wore 

calcula.tod for events with 2 y-quo.nto. anCl for double combinations of 

events with 3-6 y-qua.nta.. Tho Clistribution according to the angl e <p ' 

for events· wi th 2 y-quanta is shown in figure 1. When plotting these 

graphs , the r 0cording offibior10y of each sepa.ro. te event was t aken into 

account , by t ::llcing ·tho va.luo 1 /x1 , x2 ins toad of one event along tho 

Y- axis , 'l'he a.reas of tho spectra. \/ere sta.ncW.rdized for t ho number of 

events measured, · ·· · 

. I~ is evident that the uistributions 3hown in figure 1 or e due 

not only to rr + p -> n + X0 (X0 
-> 2y) reactions , but aiso to processe-s · 

with higher y-quanta multiplicity, i , o. they inclu<lo bc.ckgroun<l. Never

theless , in all tho distributions (f i gure 'I) thoro is in the small anglo 

region a clearly mo.rked narrow peak corresponding to tho formation of a 

rr0 -meson in tho rr <· p -> n -:· rr0 cho.r gG-oxcha.ngo . 

~~ho background f rom tho r eaction rr- -:- p -> n + k y (k > 3) was 
(7) deducted in a similar way to thnt mentioned i n tho previous paper • 

The results ar e given ih figure 2, Tho arrows show t ho -value of the 

minimum angles of divergence between y-quanta , <p 1 min' ca.lcula.t od from 

exprossion (3) , for tho rr0 -meson o..ncl tho n-moson with a mo.ss of 548 MeV. 
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As is cloo.r from figure 2, in o.ll 4 gr aphs , r1pcrt fran tho cloo.rly dis

t inguished rr0 - meson muxi~:mm, group s of events can also be notod corres-

ponding .:;ppnr ont ly to tho 77-moson, i.e , due to r eaction (2) . 'l'~1e 

statistical certo.inty of 77-moson p"alcs is not considerable , but it cnn be 

soon that , when tho initial momontUJa of t ho rr - mesons increases , the 

r.1axiwa of thu peo.!cs move tom:.rds tho smLO.ll or angle side in good agrocJ~lOnt 

·wi th t he calculatud values of m 1 for the 77-moson ( arrows ), 'r hin 
y J:lin 

confirms tho hypothesis t hc.t, in addition to tho reaction 7T -:· p -~> n -:· rr0
, 

the r eaction 7T -:- p -> n -~· 77 (77 -> 2y) is a lso occurring. 

Thv curves shown in tho graphs of figure 2 o.r o theorctico.l 

distributions for 7To -l> 2y and 77 -> 2y . o.ccays (B)' normalized a ccordi ng 

It can be sucm 

that tho experimental and thoorotical distribut i ons ure in good agr oewont, 

i , c . the errors of n vusuromont ancl the i nclusion of (1uc..si- hydrog0n events 

do not affect tho r usults to any considerabl e extent . 

to tho number of particles in tho .,.o and 77-groups. 

In the gr aphs of figure 2 , thoro must be a certain number of 

events duo to tho r eactions rr + p -l> I\.0 
·:· A (E 0 

) + mrr0 
-> K0 

-:- A ·:- ky 

(m ~ 1 , k ~ 2 ), with no K0 and A r ecorded in the chamber, no.mcly when 

such r ec.c tions siHlulatc 7T ·:- p -> n -:- ky events , In order to establish 

tho value of this ba ckgr ound, all photogro.phs , except those at ·i , 25 DeV/c, 

wore s canned in search of 7T -meson s tops acco111pani ud by and A par-

ticlcs a nd ~1y number of y-quanta. !1esults a r c gi von in Table II. 

From the data of this table and tho known recording efficiency of a nd 

A, an estimat e wns made of tho contribution of the above mentioned rcC'.c -

tions with formation of strange particles t o tho numbers N sh own in 
KY 

Table I. For ovonts vdth two y-~uanta , those contributions ar e 2, 0/o, 

5. 8fo and 15.3% for 1. 55 BoV/o, 2, t) DcV/c a nd 4. 5 BoV/c respectivel y . 'rho 

distribution of background fro111 strange particlc. s a ccording to the nngle 

<p 1 for events with 2 y-quanta is shown in figure 2 f or 2, 8 BuV/c with 

normalization corresponding to graph 2c . As follovfs from tho figure , tho 

background is distributed approximately evenly over tho whole range f r om 

0 to 180° and represents a oompo.rati voly SJ:lD.ll part of tho area of the 
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spectrum 2c (31 events). For graphs 2b and 2d, tho contributions from 

stra nge purticlos ~ro 4 and 8 events respectivel y . 

Table II 

~OiE~~~~~;-lNumb·~~-:;~~e~h -;-;~<l~~.n~-c 
rr - mesons ~--·-···· ·- ---·~-----·~~· · ·-~·- ~ ~--~-~--- -- --- . 
in BeV/c 1y 2y 3y 4y 

1. 55 

2.80 

4 . 50 

20 

2 

94 

12 

'l 7 

2 

6 

37 

6 

13 

2 

8 

1 

8 

6 

2 

---~~·----"*' ·-, 

Nwnbor o-:: 
V-

events 

1 

2 

1 

2 

1 

2 

The cross-section of chnrge- oxch1..:ngc (·i) o.nd the. formati on c "i:' 

17- mesons ( 2 ) nus calculo..tod. uccordin~ to the fonnulc. 

(4) 

n=2 

wher e Sx in the a rea of rr0 or n-groups in any of the ~'>pectra in figure .2, 

S is tho urea of tho Hholo spectrum, ~c is t h o nur:1ber of rr -:· p -> n + 1-:··,· 

r eactions , cJo is tho cross-section of tho' r eaction rr · -:· p -> n -:- neutral 

particles found cxforil.10ntally. Tho nwnbcr nk wa :j ·dotorminecl ns 

ulroc.dy described 7) fraN tho data of' ~r~~ble I, corrected for tho co:'ltri -· 

bution f r om strc..ngo particles, taking into account tho probability of' 

recording i out of I~ y-quanta. . · Tho val ues of cJo Here t a.l.:on u"l 

4. 6 mb for 1.25 BoV/c, l~o. O 1.1b for 1. 55 DoV/c and 2. 0 htb for 2. 8 BeV/c . 



7326/p 

- 9 -

Thes e values wore t aken from tho papors(i ,
2

) with corr ection for th e 

contribution fron strange particle s . For L~.5 BeV/c , the value of 

cr0 =1 . 5mb wa s obtained by interpolating do. t o. for 2. 8 DoV/c and 

6. 1 Eo V / c ( 3 ) 

\111on using forr.mlo. (4 ), the r atio n2 fink v1as usswned t o be 

identical f'or intera ctions of 77 - r,1osons ni th free protons and bou;..Cl. 

protons of tho nuclei . Tho propor t i on of c~uo.si-hydrogen events for 

tho x enon- propane mixture used Has 35!~, us shoun by ca lculo.tions. T:.1c 

results of the calcula tion of the cross- section of r eactions (1) and 

(2) a r c shO\m in 'l'ablc III. It shoulcl be noted tha t a.n approxi1;1a tion 

of our c1o.t a concerning the cross-section cr 
e 

of 77 -:· p ...,. n ·:· 77o cha r ge--

cxchan{So aay be obtained fro1;~ tho dopondonco Cf 
e 

"' 'I /pn' whore p is t~e 

momentum of the 77 -ncsons in the l abora tory system and n = 2.10 + 0.1 6 (\ 

Table I II 

Momontwil of 
77 - mesons 
in BeV/c 

Cross-sections of the reactions (in mb) 

1. 25 

1. 55 

2. 80 

4. 50 

- 0 77 -:· P ...,. n -:- 77 

2.1 2 :!: o.6o 

1. 33 + 0. 32 
0. 38 + 0. 09 
0.19 + 0.1 2 

77 ~ p ...,. n + n (n ...,. 2r) 

1. 61 ± o. 60 
o. 32 -:· o. 22 

o. os ± 0.07 
0. 05 + 0.07 

1!Te v1ero n.lso able t o obtain information concerning tho ungulm · 

distribu-Gion of 

a ud 2. 8 BeV/c . 

77°-mcsons in cho.r gc- e'xchanges at '1 . 25 BoV/c , i . 55 BoV/c 

The r e sults a rc given in figure 3. Tho direction of 

motion of the 77°-moson wa s a ssumed t o be tha t of the bisector of tho 

anglo between y-q_uantu from 77° ...,. 2y decay . Estimates showed that tho 

ina ccuracy resulting from this a ssumption vvas slight and depended on the 
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angle e bGJcweon tho bisector o.nd the direction of notion of the 

rr -noson. Tho error in tho vo.luo cos 8 'is shown in graphs 3a- 3c . 

The background for 3b and 3c 'iiiC.S deducted in 0. similar way to thnt USOQ 

when plotting tho distributions in fie,ure 2. 'I'ho background for 3n 
was not taken into <>ccount, owing to its smallness (about 1 O?o) and tho 

scantiness of information about the number of bo.ckground roo.ctions. 

As co.n be seen fron figure 3, the character of angula r dis

tribution of the rr0 -mesons changes as the energy of tho rr -mesons 
.,. 

incroo.ses . As in tho case of rr p o.nd rr p clastic scattering, tho 

forward stretch increases us the energy grows. I t is noted tho.t tho 

angular distribution obtained for 1. 25 BoV/c (figure 3o. ) is close to t ho 

distr ibution for 1·. 1'4 BoV/c obtained in the paper ( 
11 ) 

By using the r esults in figures 3a and 3c and Table III, in

formation can bo obtained about backv-;urd cho.r go- oxcho.nge , namely the 

differential cross-section of roo.ct ion (1) a t 180° . The r esults are 

given in To.blo IV. ]'or the co.lculo.tions events were used which fell 

within o.n angl e 1 sterad around the 180° direction. The value obtained 

by us for 2.8 BoV/c rms found t o o.greo with the e.stimo.tc of tho upper : 

b d f.> b 1 d h 1 . • ( _i 2 )( ,l~e/;J.r. < OoO'·j · 1 1 oun ary i. or o.c .. cwo.r c o.rgo-oxc 1£mgo gJ. von J.n po.por UjJ 1 Ll.ll ~.. J ... 

storo.d) . 

Momentum of rr--mesons 
in BeV/c 

c1o" (11'-·:- ·p ~ n + rr.0 )/dn 
at 180° m mb/ster 

--------· ------~----~-

1.25 1. 55 2.80 

0.15±0.08 0.04±0.02 0. 008±0.005 
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