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The present paper 1a d@voted to the study ot <ir~mescn inte

raction with hydrogen in the energy region )OO-J70 MeVo At these 

energies bes1des the ~@attering processes 

(elastic scattering) (I) 

1T ~ * p --=-r n° t n (cha,:-ge exchange scattering) {2) 
~? t 

pion produ,;;tion in pi@im,;.,]Pt~oton collisions ma7 take _place: 

(J) 

,- . . ~o ..:" ll ·t p ·-? ~I ·c1r II -+ n 
We have measured the differential cross-section~ of processes (I) 

and (2) at the energies of the incident TI- -meson beam J07 and))) 
0 

and the differential cross sections for the production at 800 labo-

ratory angle of charged meson in the processes (J) and (4) at the 

energies of J07, JJJ and 370 MeVo 

P 1 o n b e a m s 

, Pion beams with the energy of 2.50, ~07, -)JJ and J70 MeV · 

obtained.at the synchrocyclotron of the Joint Institute tor Nuclear 

Research (Fig~ I)II, 2 1 have been usedo Pi-minus mesons generated· 

in Be target inside the synchrooyclotron chamber traversed _the 

collimator mounted in the. synchrocy,clotron_ magnet yoke, were def

lected b;r a focusing,ma.gnet on the hydrogen targeto The energ ot 

\(,~eson _ beams was determined tron:, a. range measurement in co

pper o A typical range C'1:f'1''i. , is gi Tera in J!ig o 2 e .The muon frac t-

. ion 1n, the :~~aina ~a~ about~ ~>1,,,io The p1cn ,1ntens1t1es which 

used_Ei;:r;e~. acre at the energ:r .. or2,o.MeV= 45 mes«>ns.cm2 osec-l• 

J07 ,MeV = +9P=l,50 me,sons ocm2 ose«t"'
1 ; J.33 MBV - 80~100 meson3 ocm~,o 
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The intensit~ di~t~ib~ti~n acrosa the beam ha.8 been studied 

fQ'Jf' ever,- energy usi!'.i\g th® sc1nti1lato:r Ix Ix I Cillo 

Sc1ntillat1on Ccuntars and Elect~onic Equipment 

· So1nt1llation counters (F1go J and,) have been used for de= 

tett1ng the part:te1~.so Counters lJ.:3 9 4- 9 5 96 8 7 9 8 are plexiglas cells 

filled with terphenyl solution in phenylcyclogexaa (Ji/liter)o 

CoU1lter NI has the size 6 x 6 x I em, counter• N 3,4,5,6 and! 

.... l2j6 x 11 9 5 x I cmj counter N 8 = 16 x 17 x 1 15 cmoCounter N 2 

was made of a tholane crystal 6 x 6 x 0,4 cm to reduce the backp-ound 

of scattered mesonso Counters N I,2,,,5p7 and 8 were connected with 

photomultipliers by means o! 116ht pipes ma.de of plexiglaso Coun

ters N 4 and N 6 were connected with photomult1pl1ers by means or 

hollow light pipes with mirror aluminium. wallso The necgessity for 

·the use of hollow light pipes vas due to the !act that the light 

pipes made of plaxiglas are sensitiYe to high velocity charged partic

les ( true, with on offitienc;r of only 5%i apparently, due to 

Cerenkov radtat:~n)9 

The photomultipliers have been placed into a double magnetic 

screen to protect them from the synchrooyolotron fringing magnetic 

fieldo Impulses from the photomultipliers were applied to the form= 

ing device and then were fed into a multichannel coincidence circuit ) 

through -80 m long coaxial ci:ibles o A block-diagram of electronic equip

ment is ·shown in Figo 4o Gerr.:anium detector fast coincidence cir-

cuits were used~ These oir@uit5 m~ke tt poss1bie to obtain resoiv

ing.timeso up·to o;5o io=S rie@ w1th·a sensitivity of -0,5 voltso 

The fast antico1nc1dence ~1.!'@uit was also made o! germal\ium detec= 

t~~ 



tor~ and had a ~®~@lwi~ tfu&l@ ©~ 0 ~ 0iol@~ 5@©o Tu~®1ad® al@~ 

coincidenc<e and anlt1©©~di\@ffi\@@ ©U©Uita (~ .;;:;. ,010=1 :£®@) 11cg,kis4 

with standard fo;,rm~d pul5®&l g@i~g f~©m th~. @utpui; of• th~ fast 
V • •' r ,,, 

.coincidence c1r6ultao 
I ' ··:·\ •• V>~ . ., 

The eff1c 1en~~ @f. @©1~©1demu:i~ and antic©,incidenoe: cU'i~its :t./, ' .. · 
> , i ~ • '"·-. • :~ •, "~, • ·•. '•~ 

1
' ... , , ·•. !) ~~ ! ~ l • •' 

ha:5 been, ve1~if.led b~ mow~~ the ~<6rJrceispond1~~ ec,ua~~rs i in,, on®•: , 
· .• ' i 'f .,..ii."\'~ -I <~ ··.(,. I ·' , __ f ·,. 

line along the !tr <"=~@~@im b@eJmt 9 at r,~due~d ; int•~itYo ·Th~, t1ffi=" 1. 
•; ·, •. \ ~ ~~- • • • ~ • : . ~'I-. ' ' i' 

ciency of coinoidenc~ ©il'@\Aita\~ll.S ~·tose ·to l00%;,t}J.;,_eff;1c:1en~7· 
. )°'I.~··< ~-- -- '1~ • . . .·.• ,:;; '.. ·.: • 

of fas-t anticoincide~e® ©U©U:it~ ~as .. n(Ot Jess.than 97%; the•ef= 
: ~ ;.,.,.: ' ~ . 

ficiency.of slow ant1ceinc1dence·c1;e~1ts was notlessthan~99 91-bo 
<' • • < t • , •- ·. '~~ .; , 9 

2 walls - 0,J5 g/cm o 

Elastic Scattering of Negativ~ Pions 
;nnr: .. = 

. ~· 

.. , .· :-~. 
:•·r·;.1. • 

The elastic .scatter1.ng greometry 1s given. in ·Figo Jo The double 

coincidence of count~rs I and 2 serw~d as a¢ monito~o Th® s©attered 

pions have been detected b.1 telttsc©pes 9 consisting ot th® counters 

J1 4 and 5,6 (more exactlyg quadruple coincidenc~s of counters 1,2,J,4 

and I,2,5,6 were measured)o To :ir@dUI0(81 the background from acciden

tal coincidences Ii2~J~4p ~w~nt~ ©f the last type wer~ counted in 

ant1co1ncidenc~ with ©@Mt®~ 1o 

7 ,, .. , ,.. 



... 4 = 

The observations were made at the angles of J0°, 45°, 60°, 
0 0 0 0 . 80, 100 , 125 and 150 in the laboratory systern 9 In the measure-

ments at the angle of J0°, 45° and 60° aluminium absorbers were 

placed be!ore·-the counters 4 and 6 to- remove the recoil protonso 

At the incident pion energy J07 MeV this absorbers were 28,4; 20,2; 

9,4 g/cm thick respectively and Jl 1 0; 21,6; 10,a g/cm2 - at the 

energy JjJ MeV. In the measurement at other angles the aluminium 

absorbers 5,4 g/om2 thick were placed before counters 4 and 6 to 

reduce the ao~idental coincidence baokgroundo Th~ influence of 
' aluminium absorbers of different thickness on the efficiency o! 

pions detection has been investigated experimentallyo 

Several measurement runs have been conducted for every ener-

gy of TI--meson beam. The ratios of the numbers of quadruple coin

c14ences observed in one of the runs of measurements / E1;= = 307 M.eV/ 

to those of double coincidences ( Q/D) are given in Ta~le Is 

The ratios Q/D observed at the energy of JJJ MeV were similar 

to those presented in Table Io The differential cross section has 

been calculated by the formula 

\J '5 ~ = (%)with 1-i - (%)without H 
'd w TI--r r,- k . N · uJ 

(6) 
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C,~Q = 

where N = O 11 44J ~ 102·-A- .,,. thtD awexage . number ot hydt•ogen at oms pie!? 

I r.:m2 , (,...> ""' the sol1d angle subtended by teleecopes, K = a coet= 

fit:i~nt taking 1nto acece,11;mt convQnt1ona.l (i<0:rreet1ons for such e!= 

feota: decrease of telesoope eff1cienc7 due to aluminium absorber, 
. _o 

inc:rease of the count due tc th@ , ~ ...,.ra:r oonvers1on from <Jl - me= 

sons in counters NJ and N 5, muon contamination of the beam, meson ab= 

so:rption in the target walls and in counters N 2,J,!>, countin,g losses 

1n the scaler of the monitor and some other eorrect1onso 

Measurements whit:h wt; shall speak about below have show.n 

that at energies of 'lT--m•aons la.rger th.au 300 MeV the effect of 

meson production by mesons becomes observableo Correct1ona tor this 

effect have been made by assuming that the produced mesons 1A the 

centre of mass system are distributed 1sotr.op1cally and their eneE

getic spectrum has a trapezium formo 

The values of the different1af cross section of elastic scatter= 

1ng in oomo system obtained after all the corrections ha,re been 

made are given in Tables ,a and J and :tn Figo 6 and 7o 

Expressing by th.e least square method the differential CHU 

section dependence on the centre mass scattering angle as a sphere

oal harmonics swn: 

d ~-" = A -1-- B p ( cos iJ) + C p (cos 1J) 
dt,J ' ' . a (7) 

<lG' .d (~,) =- A + s P, ( cos 1' J + c pr! < cos .J > + D 11 (COS 1') + E p'-1 <ca] IJ-) 
where Pk - is the K' th sphrtcal ha.rmonio, vrn obtain_,{ the values of 

-27 ~1 the coefftcients (1n 10 om/sterad ) given in Tables 4 and 5a 

In the last colomn of Tables 4 and 5 are ,t.a,e ~ivefhgofresponding 

values of the weighted least wquares sumso 

1 6 )a M = ~ ( l/f . L "'l 1 
id 

(9) 



where A. - the deviation of' the t1al@ulated value of the dif'!eren=-
i 

tial cross section from:the experimentalo ft ~-: the experil!!ent~l 
':: 

error in the measured d1:fferent_1a1· cross secti~n,o It can .be'/~een -

from Tables 4 and 5 that the accuracy of the performed,oalctilation:s 
' > • ' , ,,' 

. \ -· \ 

does not make 1 t possibte o_n the basis of the an,~1:~r ~;~;~ribution 

to account the D=wawe contribution to elastic soatteririgo 

The cross secti10n o:f the process (1) obtaine4·when integrat-

ing (7) is equal 

fo'JE [ 51 - !if< ,01 MeV 

for [ n - ta: JJJ MeV 
H 

T a b 1 e 

M = 

T a b 1 e .5 

En-=. JJJ MeV 

A B C - - = D I .M = = 

0,85t0,05 0 9 J~0 9 09 Op;60+0,09 . = = "'" _4:~lJ 

0 1 8J;;t;,0,0'.5 Oe,29±,0 812 0 51+0·16 . ~ =- Ii 
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Ar:Ntngement f 01· observing the charge exchang• scattering ,ia 
.¥· ,) 

shown in Figo 5o In order to eliminate the cou•t from the elast1-
, ' 

~a.ll;r scatter<lld piona the quadruple eoi~cidenc•• t,a,J,4 wer•'/,set 

in ant1coinc1denoe with counter 8 placed before CeWlter .3o (fanun&, 

detection efficiency is increased b,;r the ,lead con;:erttr · 7,1 35 g/c■2 
thi~k, placed before the counter Jo 

The magnitudes· of the. ratioe of number o:r. qua~~ple . co1J!.den- ' 
. . , 

r.e>s to that of double observed in one of the runs ot ollserv~tionil 

ar® given in Table 60 

The differential ~ross sections have ;b·een calculated accord;.;. 

:ng to r~·f!~)ormul: tcyl)) t w-,th H' - (<1/n) K ur,t
1
ho~t H 

\, d W JT :,.. d~ N · w . K · E, . . (10,) . 

where N"" 0,44Jol024 is the average number of hydrogen:a.tom~ pe:r> 
, . · .. , . .< l .. ; ·.:.:·.·. , , 

Iom2 
o (,J is the solid angle subtended by angul~e.l}•s~~P•o . _,~ .. 

K is a coeffiea ient taking into account conventional oorr·eotionao_. , 

£ is the detection effiotenoy for '( =rayso 

The determination of' l -ray. detecting ef:f'i~ienoy is kno~n 

to be a very difficult tasko We used the gamma detection efficien

cies given in Anderson and coworkers. paper IJl because our 'geomet-
/-

ry was approximately the same as Andersorfso Errors in the deternai.:.. . : '. 

nation of the gamma. detection effioienc1 give the ma.in contribut-' 

ion to the experimental erro:rso 

The differential. cross section· 1n the center of mass syst'1m. 

obtained after all the corrections have been ■a.de for. , ! -quanta.· 
0 ; ' ' 

from Jr -meson decay in the process(2) are given in Tables 7~ 

8 and in Figo 60 and 7o 
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J~ \'.Jf,tl/ ~~p:1.e~ss th,, dtpe!ild®n~® of dif:f.4renti.al cross settion om. 

~:,i@ scca:tt~,ring an.glei. in the center of .. mass syste!ll' in the fo~m ot 

:1) IRD\d (8) 11 we obtain the ec,cefficients given Lu Tables 9 and lOo 

The c~®$po:adi:ng values of M a.re giv~n in th• same wayo 

T a b 1 e 9 
-;;tOM:rt == .... 

I.:::_~.-= J07 MeV 

=----------""'""""'-------------=---------_...,= J. ?{ : B ~< C O D · ! E f ~--.. ----.... ~ ... ~,-------------------,-_,---------= 
2~92 t 
± 092~ 

'. 'Jl)?() ± 
± o,.5J 

2189 t 
+ 0,45 ~. ' . 

2,09± 
± Oll48 

.Tab 1 e 10 

D l{ 
:., :.w 

E . tr M 
"' 

- - - . 
""" 19,1 

= ;t;:t' a rt;;;4:; ., ,::;i::::--,c~ 

0 18 + -Oll04 + 1927 l) .... 
! o,6J + 0,54. 

Just as in the case of elastic scattering, on the basis of the 

x=quanta angular distribution form, one cannot draw a definite 
V 

oonclusion about. the necessity of taking into account D=w~yeso 
. 

From. the coefficients of expression (7) (as well as (8)) for 

the ~ =quant~ ang~lar distribution it is easy to obtain the cor= 
{21 

responding oMf:f'icdi,ents for Jf -me~rnn angular distributiong 

for Err-= 'J(Jf M<t'f Ac)= 1,46 + 0 912; B
0 

= 2,10±0 9 34; C
0
= 1,78±0,40 · 

fo~ E:rr= .JJJ MilV Ao== l,J2 ± 0,11; Bo= ll)Bot0,27;.Co= 1,27±0,JJ 
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From these the integral cross section' of the process (2) turns out 

to be equal~ 

for J07 MeV {), __ . -,-<> 
. J! ·--~J,, 

- 2"1 
·t-f,,tit!,6)·l0 Cn'"!~ 

for JJJ MeV f5 .. o :: ( !6 6 t 1;4) w~ 27 cmc 
{! --,_-/1 l 

The total cross section of n--meson 1nteract1.on with hydro-

gen obtained from the angular dist:t·ibutions of elast1~ and charge 

excaange scattering if take into account the meson-meson production 

is 

for J07 Mev 

for JJJ Mev 

-· ') 7 r.. . 2. <=\ 0
:: ( 3 0 > 2 ·t ! 1 5 ) I 0 cm 

.. 'i! '7 ? 
6t -== (?.8,8 ±: 1

1
8) 10 · crrr·-

The total cross sections determined bt a transmission expe~1-

ments141 are equal 

for J07 MeV 
-2 7 

6, ::c:(31)6 '± 1,6) 10 Crn~ 
t 

for JJJ MeV 
---J., ? 

ot::::(Z5>7:t1)0) to" cr·n-

Phase shift analysis 

(interpolated 
value) 

( iB:kn1tda:ke:i· 

BIHi 

There has been made a preliminary phase shift analysis of the 

data on :rr--meson elastic scatte»ing at J07 MeV o It was supposed that 

only S-.. and P waves participate· in scattering and that. the angular 

distribution of elastically scattered )1 .:.mesons at ,..: JOO MeV is 

determined through phase shifts by the same equations atl:in the ab

sense of inelastic proc,esseso The phase shifts determining the in

teractions in s, Pt>.. and P3;
2 

states with the isotopic spin J/2 are de-

noted respectively d.. 3,ci3tand ol 3~ " The values of these phase shifts r:13 -::: 

0 / 0 d. 0 = - 2J,2 t 01. 31 = =- 8 11 4 , 33 • lJ.'.3,2 were taken from pa-

per l 5 Io The phase shifts determining the interactions in S l P 1h 

and P -1/?. states with the isotopic spin 1/e ane denoted respectively 

d. ;, l d.. H and d. 13 o There was f'ound four sets of phase shifts which 

give th~ 

--
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1 

, ... the minimum value of the weighted least squa,re3 sum f1 ~ f~ (!J!f ·/ 
· I,:,! . · t 

'V!'here Ll 1. is the deviation of the differential oross sect!ffl 

calculated from phase shifts at the.g~ven angle from-the e:tpe~ 

rimental orie 11 . tL = the experimental error 1D the ineas\l?'ed dit= 

ferential cross sectiono The obtained phase $hifts a.llCi the 

corresponding magnitude M are given in Table !Io 
t ' ' ,' ..... '"' . ~. 

Tab 1 e II 

[ Jr·· · J07 MeV 

cl...1 J,1n J !.3. - M. 

50 80 81120 
.--~ t '· 

= 1114 

1,,0 =22° 1s0 · 1,5 

15° =19,5° 19115. 0 1,J. 

11,e0 .35,5° 0 ' 70· 1 ,J ., 

It 18 worth noting that neith~r ot these sets of phases 

describe satisfactorily ! =quarita angular distrib·utioll from 

']Z<:.meson. deca.y o Th1s can be se*n from F1go Bo 



p 
l] 
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At present there is in progress an eleotronic computer calcu

lation of the phase shifts fm: ·JTt -meson 15 l and j1· -meson I prese_nt 

work! ~ca.ttering at .the incident energy J07 MeVo We tried to :f'it 25 

experimental data (2J differential oros:s·seotions and 2 total 

oross sections) with phase shifts which take into acc.ount, either 

s,P 7D or s,P wavesq Four sets of phase shifts ealier obtained in 

the preliminary analysis were taken as input ones. It was suppos-

ed that the~ values of phase shifts of 

solute valu• less than 200 

Preliminary results a.re given below: 

])·-waves are in.ab-

lo For s,P analysis the best set of phase shifts g1vea the 

weighted least squares sum M equal about J5 when the expected 

yalue is 190 In other words it seems that at energy J07 MeV it 15 

necessary to take into account i) -waves .. The set i.s: 
I _O .:, 0 · O o 0 

d.. 
1 

:·. - 2/J . r.l. ._.,, 1 ::: - IO .. · cL:n =~ / .3 3 > d... ::: I~ ci.. 11 ::: IO l cl 13 ~ - 7 . 
. i ,. . I , ~· u . > 

2 ~ Jtor S 9 P, D analysis up t~ ru,~r we o"t,tained only one set 

@f phaa~ shifts which gives - small enough value of M (about 17 

when its expected value is 15): 
/ 1,1n , - 4 t_o_ .1 .... /,..J.':1. Fo 

r"/... . " "' r <'A :, 1 ·•• - ·-.I l r.x :i 3 - , .! . · .) ., ) ,~ ) '.J .. I ~j . ,. . I . . 

r' . n ~. =~ 16 
., 

/ l ,·#', _, 

r,{ :::.. i ~ .• ii 
} .. . ;, , .. f], 
~ 1 q ... ·- .J ,_:, 

'1, .. :- 1 

cl~3 ~:. 8 o ~3S :: -· 11 ° 
(• 0 . ? l_Q 

f<I ., ~- .,) 
·' ; 

cf "'.' C' ,-o 
1
--~.:J, 

-..] ) 

Here /~ ';· a,:-e the phase shi.fts i5or T· -wavesc 

It 1& worth noting that the phase shifts for 1s1top1o gpin 

J/2 in this S(:t are close to the ones found~ :Muk:hift and font-eo~rvol!'l 

wbo 1.nvestlg~t.ed only posttive pion scattering.., 

Tb.e1.-e is also ®ne set of phase shifts which gives -value M=24:. 
I 1Q 'Jo , .. · 910 , ~-,~0 ,~,o X -,-Ji ·uo ._(l "· ~ .,,.., 60 oi. 2 ~- - •• _,

1
., ; c-:, 1 _,. .... , J ol:.;•.1 ~ . .Jr,- / • v.2-:i ~- 1 , . Cl.:i_t;·--·oJ ... 

., . .} } J ✓ ) ) .. ; ,) ) ::J -

( ; :: •· i i, o ol :::: ... Io ,,, o d.. .. ::: I' i o .fi ;; i, .. J, o, ,cf ... ::; -S 1 o 
)I, ... 1 ,,, ·•' /. .li •~,f 01~ .. ,'i. •::-, ) l ) ,, / ,.. . 1 ,. I. 

The other sets do not f1 t the experimental resul ts(M > 30) o 

Additi.::ina.l ca.l.cn1lations are ~n progr.·ess., 
'-



From the measurements ·ct 

one can get 1~ principle gem• 1n!o~mat1on of the Talue ot tht e0upl= 

ing constant ot the meson ~uclcon 1nteraetio•. f o It 1• known 

that the. energy dependen@<t o'l the :real pa.rt tr~ the --
meson forwe.rd scatterim,g UJ)litudfJ :Q(O) ((';ala be obtained. :fro•-

dispe:r:i\ion 

the value 

relatioM,/o ih@ b~hawiov.8' ~t th• Ctu-T@ d~~ends o~ 
p2 
T o Jo Puppi and A Shang@ll1ni &/ ealled:attentQ 

of such a cu.rve with @xperiroontal data at the enero of Jf 

.
0 ~ 

mesons less than 180 MeV cone must actj<tpt th.ii value f _,,_,, 

Thei .data at the energies of 

-t 
Jr-mesons at the energies up to 400 MeV) are in agreement 

(j 2 
with the curve obtained if T ,.,..,,. 0 9 08 =0)/I)o If we express D.(O) 

through the coefficients of sum (7) and the total cross section 

of Jf 
. 

-meson interaction with hydrog~n ff. then we obtain 
t 

(II) 



- :~( .··~. C-

\•;.• \~;• 

where K ~ the wave numbe2:' o:'t a. J1 -·mesono Here it fs assumed 

that only S llp w:-1.ve's e; o:n.t:tibutie: t,.~Q,:_ rspa 4.t'te:r.:lngo Th(j. magmitud@~ 
..... > _. "~ 

D_(0) 

for 

.. for 
~ .. 

thus rJalnulated a:r.e equal i~ thee. ~Ep.<trlt of _ma_s$ .sy:stcem 
.. > • ; -. • .. , • • • • • 

-J3 
307Mev D_(O) =(-O

1
i3:t0JOY)xiO c.m 

-13 
~33_ MKbv D_ ( O) ~ (70, ~-1 ± o, o_,f)x,10 cm, 

The. sign ,of DJ 0) was o·bta.ined ,1u the bas!~ p~<iil1m1n~·;r s9 P an~Jcy= 

sis o . Suc:h values D, ... ( 0) (Figo 9) a1~~ 1Jii\ !$at1$fa.cto2t7 a~@@m<ent 

2 
w:tth t_he magnitude f = o,OO - Oplo TMl.$ @aial b~ gj(fg®ltll ~@!ill th(!) 

figo ,9 whe~e, .the curve is taken from th® pap~:!> o:f P1rJ.pp1t an! StM= 

helli:ni ('l) a. 

It .i-s nec,essary ·to- note that the di:fferent::tal ©J>@~IB ll@@t.1©~@ 

for the forward scatte:r.:Lag obtained in om: expet.'1meu\t$ b@th f@1! 

elastic and cha»ge exchange iSCatte:!.'ing a:irie in g10od a@~~<tffl<eXit Yitl!l 

-th_e tJur.ves r;alm1lat;ed by Sherncha:tmi.?.J/V ©n the, bast~ o'X dl~jp®2?$1\.©llil 
)2 

relations at f- ~ 0 9 080 Such a o~r~® fo:r oharg~ ~xehange s~ait@~= 

1ng and the tlor1·4spond.ing Yalu.es, obtained from the expe!'iment ~~ 

given in Figo 10 as an exampleo 

Of c.ou:rse· if D~Vla.ves :really c.::ontr:tbute to sca:i:;t(iil:t·lng W(eJ 

? 
cannot makE a priori coni,lu.sion that thl! value o:f f- is .equal 0~08o 



Meson Production bl .p =Me~qns on Ry9&oa,&:J.; t4.e En~~il 

Reg19n of JOO~J70 MeV 

Ao Measurements and oorrectionso 

The arrangement for observing the pions produced in p1on~ 

proton collisions is given in Figo llo Charged mescna p~o~uoe4 
; ~{ !) 

in pro~esses (J) and. (4) and flying at the angle of so0 a· tbs 

Laboratory system were detected in the experimento Sueh 11&$00ll 

gi~e rise to quadruple coincidences in counters N 1 9 2 93 a.n4 4o 0~ 

course mesons elastically scattered on hydrogen will also gi•• 
. . i . . : . .' . . ., . 

rise to quadruple CHml81dences in counters N 1 9 2 ,J and 4 and in 

considerably greater numbero To exclude the counting of elast1cal= 

ly scattered mesons the coincidences of counters N I 92 9J,4 were put 

in anticoincidences with counter! (Figo lJ and 4) which was plac= 

ed at the recoil proton angle for elastic scattering (J7,5° = ,e0 )o 

Thus, only such quadruple coincidences of counters NI, 2,J,4 wh1ch 

were not accompanied by the passage of a charged particle through 

counter 8 have been detectede These events are further called coin= 

cidences of type Qe 



'1 

l 
1 

j 

c:;:, 1.:a. ;.:, 

· Ncot only m.ssonB p:t·lOduoed o!il. h,vdr.tigen may g:tre ·:r.18®: t@ 

' su~hl coincidenceso Events of SUijh type are;; p~ssib.l<t1· Stlij@il· 
. 

a) whien the recoil prrot(l;iia f~om p~il»c 8$.fi (I) 1s ,t~attt~~-a oxt 

hydrogen or on th~ ta:f>get walls ahd does nat fall ~P• oeunt~~ 

8 while thct corr~rerp~n.ding JJ ""fflfl£lOU is traversing tht: telesoo= 

pe of counte:t"s 3 and 4; b) in the do~ble scattering by hydrogtr& 

and •by the target walls of )l =mesons~ originally -elasticall.;r 

scattered on hydrogen at the angle different fJ."om ao0 ; c) wh~ 
',,,,:·";. : 

'v,? 

t - quanta, from the process (2) are comrel"ted in the target 

7 

walls and in oounte:r J, d) when Y =mesons from the prooei!a 

(2) decay (in ls6% ~ases9/) according t~ th~ $©·b6ml 
,() .J~ 

;JI . '..-- ll. .,. P. Ct.,p -a 1f ..,/ l 'd,l 

and electrons are incident on the t~lie.:Je~p$ )p4; e) in -lJi@, H = 

meson radiative,processo 

The ooinoidenoes of the typ,e Q ~ocur also due to the 

inefficiency of anticoincidenoe circuito The correction which 

takes into account this 1nef.f1c1enc;y of ant1coinc1dence cir""' 
'·' 

.©Uits doee not exc_eQd 09Il$b of the magnitude o:f the elf¼st.1©, 

scattering cross sectiono It was .::.1% of the ()bserv.e<i wall.race cof 

eeson production mesons of J07 MeVo 

,J 



PIOI PRODUC'.L1I 

=======,===========================================-r===========1-==.=== • I • ", 

The The number The The elas- The c 
Y of the coincidences effect tic scat- 1 ooif~.e 

energ_ 1,2,J,4-7,8 for 106 of Pb6 te!ing ef- ; wi~· 
of counte of the monitor for 106 fe t for ~. -
_.. -· f t 106 t (fn, 
Jt -me- With without ' net coun 8 coun s co;~-1t . 
..., of the of the mo- -; , 
oon hydrogen hydrogen (averaged) monitor · nitor(the mm.it 
beam in (the dif- difference 
M v Q ference with and 

e - with and without 
without hydrogen) 
hydrogen) 

' 
- ____ ... _______ r ,, I -----~--• ,.._., """r 

a,97+0,75 7,4J+ o,52 
- - l,7J+0,6 

9,99:t6,5J -

'------~r--- I Oz .....,__,. •• .....__. 

250 
11,86+0,6 -

2J,2j:2,1 9, 8J+0.747 ,l,Jl+O, - -
cm--,w ............ .......,..CWlll:Do_.,..-., ....... -'li: O" I .. •-~~,-=----------.----._..,,-:------ .,..1111 __,,.,...._ 

307 10,11+0,J2 a,JJ+ 0,26 1,a4+o,41 14,7+1,7 - - - - 8,5;tO,J2 o,a1+0, 
i -

...,.__. ____ .., _____ ___..,.._. ---••a.Mai w J .. -=-• • oara• ■ra.o • -----------+--=-----~·---- •I ............ _ 

JJJ 10,21+0,J7 - 7,5o+o,J6 - -
16,4+ o,9 14,1+ o,a ·- -

2,70+0,48 14,J+l,6 ..... ,... a,44:tO,J2 o, 79'!".,0, 

i ~-- .......................... ---~~--= a,.., .. trrw'7nl1:c.:,:ll"il?w:!1 ~~ ~....,_- & ..... ·~~b~ 

10,89+0,6~ 8,60+0,44 . - -ll,51+01 59 61 90+0,5J 4,1J+0;45 11,2+1,9 
- C;ait ·--"•- . c;;;.;;t ,. ~ 

10,86+0,55 7,37+0,55 - .... 

370 8,0l;tO;J2 'f ·o, 6-?°·r. t' 
I : ~ 

- _.J.._ ... . ... --------------------------·---------·---------------:...--

I 



Tab 1 e 12 

e correctio:~: The =========t;he = nwn--==-r;h~ = de-====[ The==,= The=========-,;===-~=··,.-

nf.eoted correction ber of tected i'con- diffe= e <5' (3 , i· 

t. connected the Q- share ven- rential ' 
f __ quanta with type of the tio- cross 1--0'/6'<

1
,> ::o 

o:..: 106 elastic coinciden- produced nal11 section 
1x2.ts of the scattering ces ca.u- pions at cor- for the 
uitor) (for 106 sed by the the ener- rec- product-

counts of produced getic tions ion of 
the monitor) mesons 6 spectrum charged 

(for 10 of the tra- meson 
counts of pezium farm f (dG\ 0 . 

the monitor) \<J&:.,/106 c.m. · 

_t =-= ~(~~)srf Lab . S...E2!L. 1n JD'~;. '4-.nejs~gr 
------...-.........----........... -,.. • ..,. -:QC' • -------+ •ca Q;t : ..., .j: czc •= t Qi - • 1111• aw._,,t,.., .. 

,._c •-• --•-•-... -•-•• --IDOajf=~---•-• --•-• -• _...,....,_..,._.u_,. ___ .___1-~-~m;.1----t'-..-»----- J N 

0,77+0,48 - o,44 o,96 

o,25+o,1J - o,57 o,95 

....... II: I ■-----•L •;tr ... ·-~-:.CJ~ -=-
0,099+0,062 1,24.\l0,78 = ' = 

0,166+0,054 2,09+0,68 - -
____ ,._,, _____ ---Ii ______ _,_, ---+-t-, ·-· ----·-----· __ .,.,.. _____ ,.,....,.. ________ ....,..._ __ _ 

0,24+0,12 - J,27+0,51 .... o,67 0,92 



-------------------------------· 

To determine the correc.t1on oonn~cted with a)\· ·it is:.necfessary 

to know the cross section ot the process (I) at the· g;tve1f ;angle : -: 
(the c_oincidences · of the counters I,2·1.3,418)0 The ooin~~d~ncea ot" <-'. 

the co~ters I,2eJ~4,a· have be~n recor4e4 d.u1:ag all ,t.he .t.ime wh~ii":: 

l'1_ W?,S measuredo The number of the recoil protons 'sca.t'te~ed "1n~·lij';a.roZ ·. 
gen and in the target walls bas been deteralned fr<>m the tot-al cr~sif 

sections of, nucleon interaction with qdrogen• andf: ca-r-bon.~O/o· :Mul,t1~ 

ple and single proton sca,tter1ng on ·coulomb field 6-r nucle~·:-hc.ts; bee'n> 

also taken into account. 

The precise determination of double scattering~ contt1~~t'1on ,~ ';,'. 

1s practically impossible o All the double' ·;scatt·er·ea · .. :.:n'.".".,..mescins-,ver~:~ ·· 

considered to be isotropically distributld in;'space'1ii:thif·:e1rst., · ·\,. 

rough approximation. The total number,'o:f' double' s·batte:r'ed:·me'sons h· 

bas been determined from total cross s·ect1ons· of~ elastic'•'me~Oll, ;, 

scattering on hydrogen and elastic and, inelastic scattering ,i,n•,;car.:. '..' 

biollll, 12/,. The number of double sea ttered · meson~'' t1'.U:a:'·obta.1ned .wait· ·:. 

l,8%0 from tbat of elastically scattered mes'onta;·.·Thia."cbrreot1oif' : 
. - . ! ~-; "l .,) :· . '/. 

is ~15% of the observed number of produced ;mesons ·,:tor::e:nergles •O:t•::fP'L 

307 MeV and for greater energies still less~·. 1 

To determine the corrections connected nth th;e effects o) , · ~·. 

and d) one must know what number of tf -quanta traverses :the .coun- ·., .. 

ter J,. With this aim measurements have been made in ·'which a lead· 

converter 7 ,35 g/om2 thick was placed before the" cc:huiter ) ·to~ fnc~· ·· 

rease the efficiency of ~ -quanta detecting from prooe'.ss· {2) ~··1I:f'' ·· ' -

we know the cross section of 

carbon and lead we can estimate the magnitude of the oorrectfon: ·· ,,:': 

for ~ =quanta conversion in the counter J ·and in• the ,targe't iwal1ls'1(j 

of the leaa effeote I •·•. 
·, 
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·t ·.;_~;' Tha. correction taking ,-into account ·the 
. ' : '• -· ~ ' .. ' - ... , ' : . . . . ' . ' 

J1 • -me.son scatte:rtng 

with r.adia,tion was, not made" Apparentl,r the er0s3 section of this 
• ... .• ~-: ... ,.. ....... • ' • ~ • • ' •#< ". •• ;>., • 

- -~ 
scat.,tjer .. ~n,g, ,has_ t-he, magn:ttud_e -~~ ,lesa, ,~~a.ft 1% ot _the .,cross s~otion 

of -!=?l?-st~_O·' t rr-- mes.on $Cat:ter.ing ,on, h;fdzogen1''" At _t:qe energ;y:-of . .. ' . . •, . . . . ~ 

:307:; M~y ,:;t -ID?-Y: ·be.,-·-10% . _ _of the o~b;3erved etfect o! meson. pr_oduct1on 

by..,_.m~sonsi•· . . 
., ..... .-..., • ,,,(" ,. • ,.. ~~ I'- ·.~ • _,,.... • ' 

t, ,~ ' 

,. , . Besides' the ,:r'lumerated .speqifip· oo:rrec_t1ons the ttoonventional" 
~_, ~ •.. f,, ~ ,.... .. ,, •. . ~ ·...• -· ~ . ' 

onest have· been. also made. They, take 1:uto account such etfects: 
• ; ..... "._: . -1 .·' , , . ,, ' • ~ . , , . . -. ' • 

?-meson contamination in the beam(' t. 1 1 5:)%, t:l_ount1ng losses 

in tJ:t~, ,sc,a~ai. R;f t4e_ monitor ;(up to 6%), JT -meson absorption in 

tJi~,: ,ta;;_g~t; ;aalls a.n?-: .in, hydrogen, 

ter ,J,_.,:, Jt.~me,son_ ,decay. 

Jf -meson abso~pt1on 1n the coun-

~q, d~tter.µiine ,the background from mesons scattered 1n the 

·. target ,,r,:11.s and tp the counters 2 and .7, which is not connected 

,vi.th"_eydrogen,~ as well as that of a_ccidental oo1nc1dence:s .. measu- . 
~ •• ' o_: • 

. e . 
rme!lts· w_it.h,.ei:npty t9-rg~t have been madeo Measurements with delayed coin-

cid~_noes; !Jllowed· tha:t tp.e. accidental c,oincidences 1n the- major part 
·• 

were_ oond1.j1o_ned, by . :Jf·"-~eson trayersing the counters I and 2, and 

by accidental passage of ?'ny, cha.rged particles through- both counters 

J and ,4., at,. once. To r.edu9e, the background of accidantal coinciden

ces~.the, oounter. 7. in antiooincidences with the counters I and 2 
,1 ! , l , •. -. •··, >'l '~ , , J, . ·. , , • ' 

(Fig.i: 10;-and,_,:t,l) wa?: used, .so that the coincidences of the type Q 

have. been, recorded. only in case if l1 -meson from the beam has 
. .I.,';;,,. :. • - ~.;. .; ,. _,, • . •• 

been· soatter,ed., in the, targeto This made it possible to. reduce the 
·-· • \, .p,: ~, '··' :::,," !.;' •• .,., 1..; • " 

back~r.otin~:··fJf accidental c oinc i_denc e ...,,20 times e An additional reduct-

ion of:•,.th~. "ba~kground, of acci.dental coincidences -qas achieved by 
2 . 

p~a.oiµg an,?,1umi~iu111 absorber 5_,4. g/cm thick between the counters 
' ' . ··,.. . 

,. 

J and 4. 



.As the intensity of the synchrocyclotroncs werk did riot cha:xige. 

more than 10% relatively to· the a\r~r.~ge :f·evel, the·.· var1at1:ou oj 
the back~round of accidental coincilences did not ex-~eed .. t 0 90, 

counts per 106 · counts of the monitoi-o· ·At' the energy of' JOCj MeV 

it was 7% ;of the number of:. detected.· "produc~d mesC!nS" o 

Bo Res u 1 t ~ 

The experimental values obtained at dif'ferent energie~ and · 
.. 

all the corrections are given in Table 120 A.s e~p~cted· at the in= 

cident pion energy of 250 Mev the produced mesons fail·tp be detec~ 

tedo This is due to the fact that the produced rr-meson under the 

conditions of our experiment must· have a kinetic energy ID':)l'" than 

42 MeV in the laboratory system in order to be detect~~L The·. high 
',,~·. _· , ... -~, . , . ., .~': :;"~; 

thresholl- was due to a considerable extent by a alu.mi:nj;u~ absor=- . 

ber placed between eounte:ts N J · arid 4·0 :The. influence o:f the alumi-
•• :; < • , , • 

nium absorber on _the efficiency of meson detection with ·dif'.fe~~·nt 

energies has been studeied experimentallyo 

The existence of energetic threshold for pion detection leads· 

to the fact that a considerable part of mesons produced on hydrog~n 

fails to be detectedo In order to determine what part of the produ-

I 1:::--·ced mesons is not detected it is necessary to know the energetic . ~ = . . C 

i: ;:;; <( 
'-' <Q :r spectrum of the produced mesonso As the data about such a sp_eetru.m.· §&w 

(!J ,_ 

'i ~ C are absent, assumptions cone erning its form_ should be maide o If we 
fJ ~ :s: 
<lJ ><I c:::; 
~ ~ ~ assume that the energetic spectrum is symmetrical in the center ·o:t . 
~ i:°14 
~-: mass system with respect to the energy equal to. one 

:.; 
half'. of' the 

maximum energy of th;e produced_ JT -mesons,then it turns out that 

the recording ef!;oieI?-tY (ioee the fraction of the produced mesons 

which are recorded) does not very strongly depend on the form of the 
'.· . ~ ,, ' ' ". 



= 18 .... 

speotru~o So at the energy of 1nc1dent p1ons J07 MeV the-detect-

1ng efficiency is 44,8% 4J,4% 42 97~ for rectangular, trapezium and 

triangular form of the energetic spectrum respect1velyo At the ener{!;f 

of J70 MeV the res:pective eff1c1ences a.re e1ual to 60,8% 67%, 69, 7'foo 

In r.rable 12 the effioience_:s for t~apezium spectrwn a.re giveno 

The differential cross section for the production of ohaaged 

meson at the angle of 80° in the laboratory system has been oalculat= 

ed by the formula: 

~
d G-:) · Q pttod 

d~ p'tod = N w · f f. 

.• '1 
10 (12) 

where Q prod.- difference between the observed value of Q-tipe 
~ 6 coincidences and .the contribution of the effects a),b)~d) ior 10 

counts of monitor scalero 
· 24 N=0,44Jol0 is the average number of atoms of hydrogen per 

l cm2 • , 
CJ-.);= 0 10417 sterad1an -·eei is the solid angle subtended 

by the tele.scppe. consisting of counters J and 41) t 
C, - the recording efficiency of the pruduced J( -mesong if 

• • ' '".:. ! 1 - , I 

the energetic spectrum of these mesons has the trapezium form; 

·f "': a." coefficenct, taking into account the conventional correct

ions o 

. 0 . . 
The angle of 80 in the laboratory system corresponds to that 

of 10,~107° in t~e e~nte~ of ma~s systemo The corresp6nd1ng ooeff1-

cient transforming cross sactions from one system to another differs 

from unit by noj! more than 1%.on the averageo 

The differential cross sections obtained at different energies 

for the pr~duction of charged meson at the angle of 80° in the la-
. . 0 . . 

boratory system, or~ 106 in the center of ·mass system are given in 

Figo 120 The differential cross section is seen to grow rapidly with 



energyo At the energy of .)07 MeV the mea.sf.tl'ed cross sect1oJt 1s _.gc,s· 

of the differential cross section cl elastic scattering. 

It j_s of interest t.o mate o!l th.e 'hti.~1~ of the obtained 41:f':t'e• 

rential cross section an approximat® ~stimate of the magn1tu4e~ o! 

the total cross secticma for meaoi'l prcd\iGtion by mesoJta en hydrogen. 

If we assume that the meson angular distribution in both processts 

(J) and (4) is isotropic and the mesons are not correlated, then 
do 

the magnitude ( -·;.rz~; ) prodo 4JT 1:J the sum 2 G'(.3) -t- o, 7 0" (lJ) 

of the total oo.rss sections .of proee8ee:, (J) and (4) (Table I)o 

The coefficient 2 before G'<3 > arises because two charged meson:, are 

obtained 1n· process Jo The coefti'-tQ·t 0,7 befol"e o(tJ> 1a connected 

w:1.th the fact that app:roximatecy )Oli of.' the recoil p:rotona from 

the process (4) may be incident on counter a, reducing re~peotively 

thi:, _;:· -meson recording efficiency from the process (4)e 

Some theoret"lcal papers has b.een recently published the results 

.: .. 1:· vlh"3 .. cl~ ;_~r~trr be compar;ed vvith the"' magn1tudes of tofal cross. sectio?ls 

obtained under the abovement;i.oned ass'umpt1onsQ In a rec~nt paper14 

the charge symmetrical pseudoscala:r interaation has been considered 

uslng famm-Da.nko:ff app:rc:z1ma.tton, the amplitudes o:f all the states 

containing more than two meson having been neglected. According to this 

paper the contribution of meson production by mesons in the energy in-

·tarval investi.gated is less than 1% of the magnitude ot the elastic 

scattering. It is, at least, 10 times less than the-obtained values. 

It is worth noting that the Tamm-Dankoff method gives the results 

which do not agree with the experiment also for usual 

scattering on protonsG 

• Ji -meson 

The cross sectJ.ons · of the ·processes (J), (4) and (5) on the 

basis of Chew-Low theory have also been calculated recently (15) .. 

The dependence of the sum 2 6 0 ) + 01 7 oun on .rr :.mes on ener-
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l 

l 
,i 

l 

,;.,,,~,r, . : ~t ,.' 

gy, which is obtained on the ~asis of the data of this work ia 

given. for comparison in Ji'igo 12 i.n the form of solid. curVf.:o Ft•((lJJJ. 

tJik' rrlEA;fr~frlicr~f p'o:G~t dt-z~¥~rth·e fact that the:r:e 1~ no g1•,eat dts1;:;rr.,. 

cy between ·fhe:- ~exrfe':1:·:tmJrff~1 ·data a:ria.' that ~f ~orkl5/ ls of some 1:n',~~c, 

res·fo,?, ;. . .. : ; J '';·· .,. 

,,:: ~;~:;_:·\·~::. "1'· ~ i: ~. ~ 

f', f -/~~ .. j 
. Summ.~ry_ 

< ,,·,.. ..... • 

,i,,,-·, ~ 

lo Th~ differential cross sections of elastic and charge ex= 
,f·. 

change JT -meson scattering on hydrogen for energies of incident 

JT--meson J07 and JJJ MeV have been ~easuredo (Figo 8 a~d 9p Tab= 

les 2,J,7,8) ~a~ea 

2o From the obtained angular distritutions it follows that 
f" " '" 

the coupling c on.stant of meson~-~ucleon interaction f. 2 
has the 

> ,~ I t, : 1!. •' ' • • 

::; . 
val_ue o,08-0,le This conclusion i:B' valid only if it turns out that 

... .,- •• , :_ : • >o • ·:· ~-!~ • "~c: C i,:~t- ·,· ·. ·.; 

onlyS~amd P waves contribute to the scattering processo 
. ~ 1 . . 

Jc On the basis of the form of the various angular distributions 
·:_,: J 

' 
taken by themselves one connot draw co~clusinns about the neces-

sity of taking into account D-wave contribution Jl ·~meson scat= 

tering in hydrogen at the energy of 307 and JJJ ffleVo However, a 

preliminary phase shift analysis of the data on J1 =meson scattering 
... t!" 

on· hyd1.'ogen at, the e;er~y of Joi !v~e~ (25 da t' points out that a &,cf~f:--

SPD analysis is probable necessaryo 

4o The differential CDoss sections for the production of ~9\ro 

charged mesons at the angle of 80° in the laboratory system (195-107° 

""" 

in the center of mass system) in the processes (J) and (4) are 

obtainedo .. (Figo 14, Table 12)o It turns out that the differential e:r,os:s 

sections are by no means small (at J70 MeV the inelastic cross 

section is about 60% of elastic cross section)Q 

The authors express their gratitude ,toprofessor BoMo Pontecorv~ 

for constant interest and assistance in· the present researt}h., and to 

HoNQ Tentiukova for earring out electronic computer calculation of the 

phase shiftso 
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