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Abstract 

E lastic &catl arlng of 2.8 and 6.8 BeV/c negative pions on carbon nuc la/ has b<1en :J tudlarl. 

Th<1 dlflaran tla l c ross ·•actions obtained are analysed with the aid of the optical modal. 

lt luis been shown thBt In th e aner~y range under study the charactarlstlca of eltul/c nasatlve 

pion ttctt llarlns on carbon depend only upon the transf erred momentum. 

The croMt section for nalltttlva pion scattering on tt neutron to the backward httli•:Jphere htltt 

been al:to ettl/matad to be a (~90°) ~ 0.4 mb, ( 2.8 BeV/C ) and a ( ~ 90 °) ' 0.1 mb. 

"" "" ( 6.8 nev;c ) . 



Introduction 

The purpose of the present paper is to measure the total and differential cross section for elastic ne

gative pion scattering on cnrbon nuclei. The data obtained enable to cletermine the magnitude and the sign 

of the spin-independen t real part of the pion-nucleon with the hell' of the optical model. / 1•21 Ther appear 

due to the interference of the Coulo'l!b ancl nuclear scattering. These data allow also to get the information 

about the energr derendenee of the differential elastic scattering cross section at the identical transferred 

momenta. 

Experiment 

1. Measurements of 2.8 BeV j c Negative Pion Scattering 

\leasure'llents of 2.1! :t 0.15 fleV/ c negative pion scattering / 3/ have been made by means of a 37 x 10 

x 10 cm
3

propane bubbl e chamber without a magJ.etic fi eld. Only those trackes of relativistic particles were 

selected for measuring which entered the chamber at an angle of not more than ':f to its horizontal axis ( the 

angle projected along the observation plane ) and lay in the e ffective region 28.4 em long ( 60mm on the 

film) where the distortions of the tracl<s are minimum and about the same by magnitude. 

To select the scattering events more quickly we measured the deviation of the strongly magnified image 

of the track from the s traight line drawn on a transparent ruler. It was established at the point where the 

track intersects with the boundurills of the effective region. This method made it possible to select the scat-

* tering events at an angle ¢ ~ l 0 practically without losses. The use of the rule accelerated ten times the 

select ion o f the scattering events and decreased the missing of stars what happens in usual scanning. 

(sec ~ppenclix ~ l ).· 

The scattering events selected with the aid of the ruler were analysed twice by means of a microscope 

·'V\6V!-9 under 3.5 x 15 magnification. A working cell 10 mm long was chosen for measurements what yield-

ed the rninimum inac curacy in measuring the angle which is due to the multiple Coulomb scattering and to 

. - Th~ proJ• c t l<>n ,, t h• 100lld .. oaunlng an ~tie 0 along the observ&llon plane '" meant by t h" anRI• ~S . In thl8 lnv••ll· 

gatlon w~ mf'&JIIIUtllld the proJecti on!\ o f the soatterlng angle.s slong th~ o hotographlnR pl ane whllt prnvfdftd " ttnnstd~rab

ly hlghPr A('I4"Utl\0)' than t h flt m~a!luremen\ of ~JOltd angles. 
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tl,.. ' nnj..,, • frolm the buhblt•,.. •lf tl,r ll . t c~ ( 0/16") \ r!'li al.lt· •tll'•'"" f,,r ,.,rpar.tlln~ the r!'.ll scntterin~ 

C\l'n ts frnrn tlw f,ol ,.,e 'lca ttcring ,.,cnl,.. is the local11ation nf the ... catlc>rtn:.: point. For itll the ~c-lrc t c<l !iCat-

tnan~ 1' \'o>nt"' nt an an~ l c of .. '> /I 0 tht' "l'fltlt•rine; poin t was visual!,· .ll'tE'rminE"cl "ithin l •nm 1n the ch,l nthE' r 

T lw sn1ttering pn1nts arc •li"< tr ib•a teJ nni forrnh a lon~ thr lc.> n ~t lt of thE' rha•11her. T he romparison ,,f t he nllm-

he r o f the ;.cattcri n ~ c \·cnt >< in cl iffe r!'nt d irc.'ctions ( 67 unJ .'i ~ ) incl ica lcs that tl>t' !ot•lection of the t' \·cnt'< 

' " tn tlcpcnclrnt o f the s •gn c) f th r s ca tte ring anglr. 

o\11 in all, a hont 1.\9.10 $ e rn of n<'gativc pi on trarks have bee n scan ned hv mrans of the ru ler a n•l rnorr 

than 800 events wrre selectE- d, ont o f wh ich 121 scnttering events at th e a ngles fro m 1° up to 100 and 30 

scatte ring e ve nts a t the a ngles o f more thnn 100 rema ined afte r the rnensure rnc nts ma•lc a t the 'll ic ro!-lcnpr. 

2. .lteasurements o f 6. 8 BeV j c Ne(lative Pion Scattering. 

The measurement o f e las ti c negative pion scatte ring on carbon nuc le i wns rnacle by means of a 2-t-litre 

propane bubble chamber placed in the magneti c fi e ld of ]3. 700 oe rs ted in stre ngth * . The beam of negati\'1' 

pions incident on the chamber had the momentum o f 6 .8 t 0.6 11e V/ c. The admixture o f negative muons cun

sta tutecl ( ') t 2) <t. -\ de tailed description of the experime nta l arra ngeme nt is g ive n in ' -1- ' . 

l'hr ef£ect ive region of the chamber -1-2 em long has been chosen for measurements, where the clis tort aon>< 

o f the tr.lcks are min imum and a pproximate ly equal hy magnitude . T he tracks pass ing through this re~ion 

whose dev ia tion from the beam axis did not exceed t 0.6° were selectcrt. T he search fo r scatte ring 1'\·cnh 

nn•l the measurements were performed with the aid of the mic roscope./V\6\.-1-9 u n<ler the magni fication of 

6.3 x 1 5 . The length of the work ing ce ll was 6 mm on the film. 

o\fte r the firs t meas urements of a ll th e tracks. th e events with the scatte ring auglc ''-' ;> 0.33° were nle<l

s urcd a<lditi onailr with a dis placed cell. This enabled to localize the scattering po int more a ccura tc h · and 

increased the a ccuracy of meas uring the angles from O.l5° up to 0.09 ° . Th .... scanning of .the sca tte ring 

C \ c nts hr means of a reproject or has s hown tlutt for the angles ~ 0.5 ° in more than flO% events there is oh-

served a break in the re~on where, accord ing to the meAsureanents at the mic roscope, the s catte ring point 

nm'lt be s itua ted. It has been shown als o that the corre la tion between the scatte ring e vents ancl the s cau er

in~ on neighbouring tracks is absent. T he scat te ring points arc d is tributed uniformly along the e f£1'cli vl' 

length of the chamber. The comparison of the number of scatte ring events in J iffr rent d irections ( 1 t 2 an• l 

* Th tl! a uthor s are lnd.,bted to Wtlhg Kl\n -c h,,n&( •" group wu rkl n,:;t u t th ,. L nhor a to r )' o f H l.w:h Jo;n"" r~ I N~ (Joint Ln ... titu\f• 

fur 'urlear "*"~f"Rrt"h) for prov1rlln< thl':m wl 1, th'• chnmb•·r vhoto~. 
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159) points out that t~e selection of the events is independent of the sign of the scattering angle. 

As a result, in measuring 3.25 . 10 ~em tracks of negative pions 301 scattering events at the angle., 

¢ ~ 0.33° were found ( among them 2l'J scattering events at the angle dJ ~ 0.5° ). 

II Correcttms to Experimental Dlstdbutlons 

The corrections which take into account the character of the measurement as well as the contribution of 

the interactions different by their nature from negative pion scattering on carbon nuclei must be introduced 

into the material we have obtained ( see Table 1 ). 

The correction for the one-prong stars due to multiple production of neutral pions was taken into ac· 

count by extrapolating the distribution of the one-prong stars from the large angle region to small angles. 

The extrapolation law ~as determined fran the angular distribution of the products of many-prong stars as 

the measurements made for the momentum of negative pions of 2.8 ReV/ c (see Table 2) ~ave shown a weak 

dependence of the angular distribution of relativistic charged particles on the number of particles in a star. 

A similar result has been obtained for negative pions with the momentum of 6.8 BeV/ c. The estimates of the 

contribution from one-prong s tars based on the number of y-quanta from the decay of neutral pions generated 

in one-prong stars ( the momentum of negative pions being 6.8 De V / c ) confirm that the correction intra· 

duced is right. 

The most essential correction is connected with the elastic scattering process on quasi-free neutrons 

of a nucleus. It has been shown in / 5•6/ that the angular dependencies of the cross sections for elastic 

and quasi-elastic scattering practically coincide. As long as we could not determine accurately enough the 

eHective number of quasi-free neutrons, the correction was introduced by recalculating the background re

maining after the introduction of other corrections for the region of small angles. In doing this, we started 

from the differential cross sections lor 17·-p scattering measured at same energies of negative pions / 4,7/ . 

As a matter of fact, this correction takes into account the contribution of inelastic scattering of negative 

pions accompanied by the excitation of the carbon nucleus, since the dependence of the excitation cross 

sectio/81 and the quasi-elastic scattering cross section on the transferred momentum are not different up 

to the coeflicient 1.5. It is worth while noting that the introduced correction for quasi-elastic scattering 

corresponds to approximately one quasi-free neutron on a carbon nucleus (what coincides with the estimate 

made in 191. ) 

The account of the corrections in another possible way ( e.g., by means o£ the linear extrapolation of 
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the background from the region of large angles ) changes slightly the final result . 

10 c ross Section for Inelastic Negative Pion Interaction on Carbon 

The available data made it possible to determine the cross section for inelastic interaction o f 6.8 OeV/c 

negative pions on carbon 

o
1
n ("-C) - 197t 7mb 

In doing this, the value of the total cross section for "- p- interaction o "'28mb / lO/ was used. The total 
t 

cross section for negative pion interaction with a bound nucleon of a nucleus obtained from a. ( "-c ) by 
10 

the optical model was found to be ( 28.5 t 1.5) mb i.e. , it coincides with the cross section for the interac-

tion on a free nucleon. 

This result was used for determining the admixture of negative muons in the beam of"- -mesons with 

the momentum of 2.8 BeV/ c. We s tarted from the total cross section for pion-nucleon interaction 

a t "' ( 30t 1.5) mb / lO/. 

The calculation has shown that the cross section for inelastic scattering of negative pions on carbon is 

equal to ( 202 t 5.6) mb at this energy. Hence, being aware of the whole number of events in the chamber, 

one can fiud that the admixture of negative muons in the 2.8 Be V / c beam was ( 27 t 4 ) "0 • 

IV Discussion of the Results 

Figs. 1 and 2 show the exper imental differential cross sections projected on the plane of observation • 

for elastic s~attering of 2.8 and 6.8 DeV/ c negative pions, respectively. In the same Figs. are indicated 

curves 1,2,3 calculated by the optical nuclear model under the assumption that the real part of the ampli tude 

of the negative pion scattering on a nucleon in the forward direction is equal to: 

+3.39 • ·w-ucm; -3.39 · l<fu em; 0 

and +6.9 ·10-u cm; -6.9 · : 10"13cm; 0 respectively • • ( see Appendix II ) . 

At the same time, according to the optical theorem, the imaginary part of the pion-nucleon scattering ampli-

tude is 

• It wa& ahown that the difference bet~eeo the oentral and orthogonal proje c tions ts not e"'senttsl under our oo ndltto n8 . 

•• 'fho value Ref N(0)-3.39•10"'-b! (f> •2.8 BeV / c) a nd Ref (0) •6.9 • 10"1-'cm ( P • 6.8 BeV / c) oorruponda 
" " "N " t o the elteo\lve potential of about 80 MeV. 



lm r ( o > "' -l.QL .. I 
TTN 4rr 

.3.39 · 10" 1{:m (P ~ 2.A neV 'c) 
1T 

7.96 · 10-ucm (P ~ 6.8 neV 'c) 
1T 

'The anisotropy in pion scattering on nucleons at these energies was taken into account in the calcula-

tions 
111

•
4

•
7 1. (In F'igs. 1 and 2 the dashed lines represent the results oJ the calculations with Re f,JO)= 

~ 0 without taking this effect into account ). The experimental and calculating values of the total elastic 

scnttering cross sections are I is ted in Table 3. All the data allow to restrict'the possible values of the 

real part of the scattering a'll >litudc by the limits: 

+ 3.39 · 10-t.J em > Re frrJO) :;:. - 3.39 • 10"1-'cm (P rr = 2.8 Be V / c) 
•t.J •t.J 

+6.9·10 cm > RefrrN(O) =;:.-6.9·10 cm(Prr=6.88eV/ c) 

( The difference was considered to be essential H the experimental value was different from the theoretic

al one by more than two standard deviations ). The corresponding values of the effective interaction poten

tial are within the limits: 

-30\leV < VeH. ~30 \leV (P • 2.811eV/ c) rr 

- 30 \leV < V eU. ~ 30 \leV ( Prr .. 6.8 BeY/ c) 

·\s is well-known, the conclusion about the smallness of the real part of the pion-nucleon scattering 

amplitude has been also obtained by means of dispersion relations 112•131 which predict the following va

lues of the real part of rr'l -scatter ing amplitude: 

Rcf(O)..~[ Ref (0) +Ref (0)] 
rr-p rr+p TTN 

-0.49 • 1013 
em 

-u 
-0.36 · 10 em 

I ( 2.8 IJe VIc ) 

-0.33 · 10-u em ( 6.8 OeV/ c) 

The data obtained in the present experiment are not accurate enough for a quantitative comparison with 

the conclusions made on the basi .,f dispersion relations, being however, within the experimental error in 

agreement with them. 

The coincidence of the differential cross sections ..i£._ , where q is the projection of the transferred 
dq 

momentum along the observation plane ( F'ig.3 ), shows that within the error the elastic scattering in the 

energy interval under study is determined by the transferred momentum only. From the point of view of the 

optical model, this implies that the optical parameters of rr~ interaction in this region do not change with 

energy. Our data pennit to make this conclusion for the transferred momenta from 60 up to 200 \1eV/ c. 
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The available data on 11p-scattering lead to the sa•ne result in the region of the transferred momenta 

) 200 \le \ ' l c • ( qee, c.g .. 
41 

). 

V Estimate of rr n- Scattering Cross Section to the Oackward 

Jla lf -Sphere 

Among the one-prong stars we have observed there were found no event when after the interaction u ne-

gative pion is £lying to the backward half-sphere in the laboratory srste'll. lienee, the upper limit of the 

cross sections for 2.8 and 6.8 ReV l c scattering hy neutrons to the backward half-sphere was estimated to 

be uiTn ( ~900)~ 0.4 mb and u (~90°)~ 0.1 mb, respectively, (we consider that the number of quasi

free neutrons in the carbon nucleus is not less than one /S,9/. I.J. Pomeranchuk drew his attention to the 

fact that there is a diagram ( Fig.4) which may lead to the increase up to 1 mb, in the cross section for 

IT+ p- and IT- n- scattering to the backward half-sphere ( in the lab. syste•n ) at high energies. The estimate 

made by the authors/13/ and the results of the present paper show that the contribution of this diagram il' 

verv likelr to compensate by other diagrams, i.e., that in backward scattering the role of the processe'l oc-

curring at the distances less than 1 ( where \1 is the nucleon mass, 1.1 - i11 the meson mass ) is great. 

\1 +"' 
The authors are grateful to Prof. :\.I. Alikhanyan for discussions, to Wang Tzu-tzen, (.\1. Gramenitzkv. 

8.~. Kladnitzkaya, V.R. Lubimov, "lgut>n Oin Ti, \1.1. Soloviev for discussions and assistance in the course 

of investigation, to A. \1.Sosulnikova, \1.A.13alashova, 0.V.Kolga, \I.T.Filipova, V.D.Shapkova for participat

ing in measurements, and to A.A.Bednyakov for help during the work at the accelerator. The authors are in

debted to the operating group of the synchrophasotron for providing the arrangement of this experiment. 11nc 

of the authors (E.K.) thanks D.Yu.Bauykov, G.A.Leksin, and l.I.Shalamov for useful discussions. 

\ppendlx 1 

Selection of scattering Events by " eans of a Ruler 

Let us consider the trak A0£3 ( F'ip;.5) of a charged particle in tht> bubble chamber which undergoes 

single scattering (break) at the point 0 at fl distance of r and f from the boundaries of the measurement 
I 2 

region. The particle suffers also the multiple Coulumb scattering which i11 churacterized by the angular devi-

ation and transverse displacement of its trajectory from the original direction. 



Let \I'{ and PQ be the tangents •lrown from the ri~ht an•l left to tht> hrenk point(). The total <lc1·iatiuu 

of the par ticle track on the segment L -= r + r from the original direction \\' is cnmpn"'e•l o f the £olin" in .: 
1 } 

parts: 

1. The trans1·e rse displacement -\ ' C = v dut> to the multiple Coulumb scattering on the seg,•ellt 

r 1 . 

2. The transverse <lisplacernent Qfl"' r
2
due to the multiple scattering on t~e segfllent f 

1 

j, The 'Je~ent C'l .. r 1 t1J due to the angular deviation on the segrnent v owing In the onultiplr 

Coulumb scattering. 

l. Segment '\') = f </> due to the single scallering a t the lingle o at the point '). 
1 

It follows from the triangles \ -\"fl and \')1( that at small scattering angles and small transvcr~e dis-

ph1cements the deviation h =()I( track Croon the straight line '\fl is 

,.1 + r 1 ·> . r 1 '1 - r 1 

h ~ r - r1 '"~------. 1a =- 1 - -- -----
r 1 + r 1 

rS - If 1- f\' - ... r l 1 • 
K 1 

'I e re <) corrc'!poncls to single scattering at the point 0, whereas ¢ is clue to the multiple Coulumb scattering 
IC 

On the se8fllents f 1 ancJ p 2 • 

We estimate the root-mean-square value of o K • -\!1 far as r
2 

is independent of ,(, an•l y 
1 

I 
+..,.-::-

2 

+oo 1 

( v2 'Hr2) ·lr1 -
r ( .~ }' ) "'v 3 w1 [ .) ,t, 2 1 y /.f + 3 ~'ll ) l 

l ' l ? r cxp - <v \ " - ~-
-" 't 'I fj 

'I ( ,. ) - \ 1 
' 1 2\ TT 

CJJ exp ( - ' 
j'JI1 ' 

1 

s - 1 
The calculntion of the integrals shows that cp1 -= _ 1> ' where <f> 1 is the mean s quAre or the angle o£ 

K 3 
the multiple Coulumb s cattering along the length t -= f + f 

I 1 
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Tf ¢ .. 2\r;p- i •is set, and cp ?0.6°, th en more than 97.5% of the events will have the deviation 
K K 

h ?ho: ~ ( <!> - 2 1>) 
P+f ?i 

1 2 

The root-mean-square angle of the multiple Coulumb ~:~cattering in the effective region of the chamber is 

0..0026 ster. Hence, one con easily conclude that at L = 1200 mm ( twenty-fold increase of the picture ) the 

deviation 1 ? 1 mm will correspond to the angles of scattering? 0.6 ° if the false curvature and false scat· 

ter ing are absent under such conditions. Therefore, the scattering events ot the angles ). 0.6 ° ore selectee! 

practically with a 100% efficiency. 

Appendix 0 

Calculations of the total and diHerential cross sections for pion interaction with carbon by the optical 

nuclear mode I. 

1. Inelastic Processes 

According to the optical model the cross section for inelastic pion interaction with carbon for the Gaus-

sian nucleon density distribution in a nucleus 

p ( r) • 12n-J/ 2a-3 e - ,2, .2 (1) 

is of the form / 1/ 

o,n(~r, c:'),.. ~ro 2[C+fn~ _ -f.:i (-
1To2 

12 a;;; 
1Ta 2 

) l • (2) 

llere £i - is the integral exponent, C ,. 0.577 ... -is the 1\:uler constant. The form of the distribution 

-u 
(1) and the parameter a"' ( 1.96 t 0.4) . 10 em are known from the experiments on electron scattering on 

carbon nucie/151. The results of the calculations have shown that the variation o f o by 2 "0 (experimental 

error ) gives r ise to a change in the total inelastic cross section by 1.5%. while the variation ofF br 5% ITN 

results in changing the cross section by 3%. The value a
11

N = ( 28.5 t 1.5) mb which was used in fur-

ther Calculations has been found from the quanti!)' 0 (IT-, C t ~ = 197 t 7 mb at 6.8 1Je V 1c ntCOSUred 
In 6 

experimentally. 

• A pO&f'tblo anteotropy tn 17'N~eoatter1nK1 1 ~ 1 
le not taki'Jn fnto account In thf111 rormu1n. Th~ aocount or thf11 ~trttrct 

u 
&rteote the qu&nt l ty "tn (IT,~) ln~IKnlflcantly. 
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2. Elastic Scattering 

llne can show that for distribution(!) and lle f
17

j.O) = 0 the total clastic eros~ section frr pion interac

tion with a nucleus will have the form 

) + F.i ( - ) I. 

"Inc calculati ons performed by this formula have shown thtt the variation of the pnrnmctcr within 2'C leads 

to the change a 8p ( ".C/) by I. CO, while the variation pf a:~ within t .')'1, ( experimental errl)r) leads to the 

change in the cross section by t 7"'o. Similar results were obtained from the calculations tak.ing into account 

Ji He rent from zero nc frr"i (0) . 

3. oitferenttal Cross section for Elastic scattering 

The <lifferential cross sect ion for elastic pion scattering on carbon was calculated b,· usual formulae of 

?' 
the opticAl model - for different values of the parameters: u:r\j , a, and lle f

17
\i.O) . 

The results of the calculation~ have shown that the change of o
17
'\ within the experimental error (t5'<) 

leads to the chAnge in the diHerential cross section ( in the range up to the first minimum) br 7'0. The va-

riation of the parameter a bv t 2'< lead to the change in the cross section by t 2"'o. 

Since the incirlent pion beam has the momentum spread of 6.8 ± 0.6 lle V / c , the calculations of the 

1liHercntiul scattering cross section were made for ' extreme' values of the momentum (6.2 anJ 7.4 lleV 'c) 

and added t o the weights 1 ~. It was found out. that they yielded the same result within the limit 1-2'0 as 

well as tht' calculations for the mean momen tum. Therefore, all the calculations were performed onl)' at 

the pion momentu•n of 6.8 lleV ' c. 

The account of the Coulumb interaction was made by the !lethe formula e / l / with the use of the calcu-

lations on the optical model for nuclear scattering. 

'l' h · · '' · I ll/ I k . Th' d b . d · h e an1sotropy m TT '-scottermg · was a so ta en mto account. IS was ma e y mtro ucmg t e 

factor 077~ (O) into the results of the calculations on the usual optical model. The value of this factor 
0 (0) 

wab take::1rom the experiments on TT'I-scattering/ 4, 7 / . It should be noted that in the angle region we need 

orr"\ {()) was measured only at two points. Therefore, the accuracy of introducing the correction is not 

greal. :[owever. for different models of rr\1-interaction this coefficient is about the same. The account of 

this effect dccrt'ases essentially the theoretical curves. (see Figs. 1 and 2 ). 
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-0 , 2 - - - 0 , 11 - ! , 4 ..... 0 0 +I 20 - L 

J -0 , '3 - - r 0, 4 - ! , 5 - ?. ,2 o,c /f8 .no 
- 48 

, 
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Table 2 

The angular distribution o£ high-energy secondary 
prongs in inelastic many-prong stars produced b}' 

2.8 Oe V / c rr-·mesons in propane 

-~ 

The percentage of the events in the . 

angular interva l 

The number of prongs 

black and grey relativistic 0- 5° 5-!0° I0-!80° 

0 2 ! 7,0 !4,7 68 ,5 

I 2 II , I !3 , 5 75 , 5 

2, 3,4 2 I4,5 IO ,O 75, 5 

0 3,4 I4,6 !2, 6 73,0 

!,2, 3,4 3, 4,5,6 !2 ,6 II , 8 75, 5 
All the stars 

0,! , 2,3,4 2, 3,4,5,6 !4,2 !2 , 6 73 , 2 -·-

The number of 

events in the 

angular interval 

oro- 180°. 

40! 

126 

200 

302 

508 

! 537 



~ ~ &f.j~ 
the momentom of ~ ;/n,fjo) 

the inchlent w--meeon ~ 'Ill 

j anglea the experi~ental "'' I•O.~I of •••• I :,~ 
erose eectton 

2 , 8 l'leV/r 

. Io - 5o (J1 , r :!: 5 , I) ... b 
I 

6 , 8 13eV/ c 
0 0 

(26 , 5!:2 , 4) mb 0 , 5 - 1 , 9 

r 

Table 3 

The con~pariaon of the experimental and 
theoretical integral erose eectioniil for elastic 

n--meeon eeattering on carbnn. 

The calcolation by the optical model 

0 9 0 , 5 
( V:::: - JO \le \" ) ( V ~ - 15 \leV) 

ef. ef 

-t-
51 1 2mb 36 , 5mb 

-
4J mb J0 , 4mb 

- - -- ~ -- -- - --

1 
-

0 - 0,9 
( v .f 

~o) ( V ~ +JQIIe\') 

! 
ef 

I 
I 

t 25 , Jmb 40mb 

I 2I ,)mb J4,b 
- - --~-- - -- -

:;:: 



I 2 3 4 5 6 7 B 9 IO II 
~ ~~0=5~ __ l ___ = ___ =0 .. 

1
) _ _ _ .....= _________ = __ _ -Q,,2 ___ -_I ____ 0 ____ .Q .! JJ(> _ _ _ 

0 0 ( + ) I - 5 I07 - 4,2 - 5, 5 -0,7 -2,6 - 4,2 - I4 ,8 -32 75 JI,I - 5,1 mb 

5°- !0° I4 - -1,2 - - - 4, 7 - 8,1 - I4 0 0 0 0 
IO - I80 JO - - 2,6 - - -27,0 - 0,4 - JO 0 0 - 0-------- -------------- ------ ---------------------- · I - I80° I5I - 4,2 -9 ,3 -0 ,7 -2,6 - 35,9 -2J , J -76 75 (JI , I !s,I) mb 

b) The 6.8 lle V e momentum ol ,.-...,esono. 

0 0 0,33 -0, 5 59 
50 0 62 +I , 5 - I ,7 - I ,2 - I,7 -3 ,1 58,9 2940 ! 400 

o, -0 , 7 - -
0,7°-0 ,9° 46 - 0,2 - - - I , 5 -0,9 - 1,9 - 4, 5 41, 5 2080 !J60 0 0 26 -0 ,2 -1 ,0 -0 , 5 - 2,0 - 3,7 22 ,3 II20 ! 270 
0,9 -1, I - -0 0 I 5 -0 ,2 -O, J - I , 6 - 2, 1 12,9 640 ! 210 
I,1 - 1,3 - - -0 0 IO -0,2 -0, 2 -1,6 -2 8 400 ! 17o 
I ,J -!, 5 - - -0 0 IO -0 ,2 - I , 5 -I,7 8,3 4Io ! I7o 
1, 5 - 1,7 - - - -0 0 2 -1 ,4 
I ,7 - 1,9 - - - - I , 4 0,6 JO +90 

- 30 ----------------------------------------- -------- ----0 0 0 , 5 - 1,9 I7I 
JI 
40 

+0 ,7 
1,9°- 5° 
5° - 180° 

- 4,2 -3,3 
-6,8 

- II , 7 -I8 , 5 
- 24 , 2 -31 

I 52 1 5 (26 , 5!2 , 4) mb 
0 

- 40 - 40 0 ----------------- ----------- -------------------------0, 5°- 180° 242 -4,2 - 50 , 1 - 35,9 - 89 , 5 152, 5 (26, 5! 2,4)mb 

•) Tlar <'rMr .. in lhr cr1h.- ~t-rtinn!il .~r~ Jllllfttistial. 
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