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A b s t r a c t : 

The·differential 5ao·Mev neutron-proton elastic scattering 
.: . 0 

cross-sections for the angles 11 °, 2J 0 and 35 (centre - .. of -

mass-system) have been measurede Sharp rise_ of the cross- sec-. 

tions with the decrease of a s_cattering angle has been fo}'llllll out o 

. 

The obtained results point out the ~pproximat~ly equal probability 

of the "forward" and 11 bac~ward 11 scat~eringo 

In the present pap~r we p~~c~!d~d with the investigatiqns on 

neutron scattering with the mean energy ,ao Mev byprotons(l)o 

These investigations were performed to find out the,pecula~ities 

in the character of elastic (n - p) collisions '-¼t neutron energy 

considerably exceeding the energetic threshold of meson product

iono This paper is devoted to the measurement of the differential 

cross sections of small angle (n - p) scattering ( V s J5 in the 

centre of aass system)c A generally accepted method for measur

ing the differential elastic (n - p) scattering cross-sections_by 

means of a recoil proton d_etecting is not convenient due to small 

ene:rrgy of the recoil prot_on in the menti~ned angle regiono_ Because 

of it the described measurements were made applyihg the method Ylhich 
t' .• 

is different from that useti in (l)o However, the main conditi,ons 

of the experiment (the energetic threshold, angular resolution 

and the solid angle of the detector) in the this experiment and 

p4per (1) are identiaal*: 

* At the present time V .Po Dzhelepov et al are finishing .the 
measurements of the differential cross sections of small angle· C 

(n-p} elastic scattering using the method of ring-shaped scatterer 
when at the best angular resolution the; detector takes the consi-
derabl;, greater solid angleo 1 
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h The se ... t up of the experime~~ 

The determination of the· relative cross-sections of (n"pp)~ 
·"' ' 

scattering:h~s been mide by measuring ihe number of neutrons emerg-
. . r 

ing at the g1Tfm angle from the hydrogen target placed into a. neutron 

beamo'The high energy neutrons' have been obtained by charge exchange 

'680 MeVproton sca'ttering on the berillium target which wa.s placed 

inside the chamber of the synchrocyclotron at the Laboratory of Nuc-

, lear• Problems~ (The Joint In~_titute for Nuclear Research)o 

TheJi neutron energetic spectrum has the maximum at 600 MeV and 
: ' 

the· half..;.;tidth-lJO 'Mevl 2 1 o ·The mean neutron effect'ive energy turns 

otlt to be equal io 580 Mev.tak~ng i~to account the neutron detector 

threshold ( 450 MeV) o The neutron be~m flux in the place of the dis·

posi tion of a scatterer was 2ol04 .neutrons/sec cm2
o 

' The first experiments have been perform_ed with the polyethfene. 

and graphite scatterers o. In the main experiments liquid hydrogen in 

~hi•~yli~drical glass dewar was used as a scatterero The dewar was 

thre·e litres in volume, 10 cm in diameter and J4 cm in height o It 

w~s placed into a duralalum\inium protecting casing, the window:a of 

'which· 1ivere sticked up by an aluminium foil 20 m th,ick in the place 

of the beam passageo Such a design of the target provided the per

forma'nee of the experiment with the liquid hydrogen for seven hours o 

T~e effect of (n = p) ;lasti~ ~cattering was determined by the dif-

ferences. of the effects from polyethylene and carbon in the first ca

se and by the differences of the effects from the dewai filled with 

liqui!d hydrogen ·and an• empty: one
1

· in:_ t_he second case, respectively o 

The effect from the• .air ·filling, tlle 
1
d~Yvar after the evaporation of 

t I 

hydrogen WqS neglected in view of its smallness ( < J~0) 0 The neu-

tron detector used for scattered neutron detection consisted of five 

scintillation counters and a "converter" - the polyethylene cylinder 



5 ,6 g/cm2 th~ck _and 6. cIIJ :in diameter which- was place,_,d ·b.etWeen. t.he .. 

first two counters (Figo 1).,. Being. inc,ident, ,Ort.the, r~1.c_onv:er§er1F ~the 

scattered. neAtrons underwent ,t_he ,charge .e~cha~e scatt_ering-. ,.The .· 

rec oil protons emerging from the,· ·1' c_ o:r:iver:terl'-, we.re detected by· four, -- 1 . 

. (2,J,4,5) last counters .. ,The . first ,counter· ser.ved to exclude -the, · 
.. _ ;. . . ~ ' ,:_:.... " ':'> ' 

charged ]:)articles :flying from the target_ ... It w.as connectedc:-inia:n~..: .. I~~·/ 
. ' ' . ,. ~ ; ~ - . ' ' ,, '' ,- " . 

ticoincidence with the rest counters,. In order to reduceJloads: in the ant 
. •.·; .· ' '· \ .· ' 

'" :., i~~ ,\, ,,~;, 

coincidence circuit counter No 1 was orig'iiially connected in conci-

dence with counter No 2 and only after it the pulses· trom the coin-.-.-~;· 
;' ' :~ . ' _, . . f '" 

oidence circuits were applied.~.t~ ~n~icoin~idence~:,c~rcuit·(Fig·s :,1) .. 

Fig .. 1 the therphenyl sol~t1:o~ ;(C6H5) 2q6H4 in phenylcyclogexan · .1 i:•:.'c 

c6H
5

CH(CH2)
5 

_with .the ooncentrati_o.n ·J g/11 te;r; !illing:the :,pl~xig-. ..·> · 

las containers with the ,dimensions: 

1) 12 cm X 12 cm X l cm· 
. ' 2) 5 cm x,5 cm X L,om; /,'J}·5 cm·x ·5·cm.x:ilcm• 

' .. ' 
4) 12 cm X 12 cm X 1 om· ~); 12 cm,x 12 cm ,X· 1 cm ser,ve,d a_s a.·sc'in;... ,l . ,/ ,,.: -'~ -_' ' ., ~ "'~ ~' " 

tillator .. The energetic threshold of the neutron dete.cuor was:,se.t'.•.·.<:,~:,c, 

by a copper absorger placed between counters No.-J. and. ·No,r4'. '.When 
'! . .'" ,• l ., : " ' ) '"" ', ' ' • ' 

colculating t_he. thickness . 
o O ·o ·o 1 

• 

V =- 15 .. . 10 ·S . 

of .. ,the.,,apsorbers,,for ,the· scattering angles·,:. 
• , ~, • ' '".'. ~,,: .... > -- • - ,_ •'•• ·- , ' -· .. • ' • 

,(~~lJ_o _system .. ; ,it .. was· assumed,:·: . .-, 
' ; ) .. ) . . 

on the_ basi_s of the results. obtained .. Jrom 12 ,.3 1,, that;:the mean ener~:,··· 

gy loss at neutron. flcha1tge-exchange.1.! in, light ~atter is; a.bout- 15% , ' ·,,: 
' - '< •••• - ,, _.. • ' _. ' 

of the initial energy_.,and,,remai!l~ constant in the wide energy ·inter-,,: 

val (179 l~ey "':" 6~0 MeV_}~< T!1e ~st~~a~~ons show.:, that the mea~ effecti-,. 

ve energy of scattered neutrons for. the angles.~5°, 0 10~, 59-(labo , . ·::.t 

syst o) o ohc1.nges slightly (in our c_~se, ~: 40 MeV) that_ makes •it• pos~ 
I • •·: i •• . • ,, ·.f ,, ' ,. ,, ... ·• " ' 

sible to consider the efficiency of the neutron ,detector.in the 0 gi-::. (: ~ < ' ) - , j - ; _, : ' .. --· 

ven regi~n o~ angles to .be const~nt .. ,The_qngular-·resolution of th·e. 

detector \Vas 2 ° o 
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(n - .. p) scattering a scatterer ,vas placed' into the neutron be~m; 
, ' - f, 

the neutron detect6r wa~·set~ela.tive· to the axis ·of the be~m at 

the given angleo• The·· diffe:rence<:of 'the counting rates frcim the 

given•-scatterer' with the c"onv'e:rte:r 11 ·
1 'placed between t_h{ first and. 

second counters, and without if \v(ls meas\1redo. The ·re'1a.t1ve d1f:f'e

renti9:l cross-sect:ions were obtained accond1ng th the formuiai 

· K- ': . : . 0 : ·.: · · · .. ~ -· ::/ ,: 0 1 

.(NHa -.NHa) ~( N~ - l)J.3J=.ncrnp (d:>) (i) 
I-< o K o 

where,_ NHa ~ NH{\·N8;, :Ng ·- are the counting 'rates 

with a.}."c.onverter 11 .;placed betv1eeri' the first and the second ~ounte;~ 

and without~ it i from .the dewar fil_ie,d. with hjdroge~ and '.a~· empty 

. one, "r.espectively.;. · · · · 6' hp .( cp '') is :tlie ::differential cross-sec..;. 

tion at the giv~n angle ¢ (labo siite~)'n is the coefficient 

.:of,.:the ,proportionality :dependent on <the dete:ctor' s geome:hry and 

the .. intensity of -the neutron: beam •(und'er ··the c cind1 tions of the 

experiment· remains cons.tant) e 

t. 

Thus, the measurement Of neutrons scattere·d on a given angle 

. made it possible' to det'eririine- tn~·: diffe'rehtia.l (n - p). scattering 

cross-sections in 'relati:Ve units for the angles 5°, io 0
, 15° (lab o 

system)., The absolhte·values of the cross~sections have been found 

by the known' Ill scattering' oross·:...sect'ion at the ~ngle 15°~ The 

counting rate<,NH
0

.'for the angles· 15°;' and· 10° was '50% of the count'...: 
. l 

ingrate: ·N;,and for the, angle , 0 1t'was 60%0 The'aceidental coin-
. f ·. ;; ,. '•' '• ' 

cidence ;background, did·'not exceed J% • 

It is to be noted·: also .that tlie·:small efficientcy of the neutron 

detector (1 - ?%) "imposes·strict"riondit:tons on the·effeciencyof 

antico·incidence :circuits o Indeed,· ;'the ·change in the disposition 

of the "converter" in the measurements with and without 

it changes considerabl,;{iri our 'ca.se. approximately by 20 MeV) the 

,-
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J,;: 

·• 

1

The estima t:1:on :.made'conT,th.e,,:,basis.:::ot,:'.theiknown ·neutron ,,spectr.umr.~ 
-·' . _'._ ·-·.: :. . :: . c, • ·;, ;,: :..' ,-,. ·:, •. j . _,_·_. . . : ·, '---<- ;,_ .:5 :\ ;_; 2 ._. .. '.. . -· . . . . .. 

at the g_iven··\thickne_ss·_'.:·~fa::t_~,e:f;~' c o_nva~~:~~er},t,·(~_J9/glcm r: CH2), .. :,sh,ows--,5. _ 
. r:y~~ .. ,·:·.: ;~.' .!~ .·,J n;,·,·-~·•.·i~,. ~:i:1:.,.1 j ._ \ 1

-.· ~'- ,, •.• ,. :.;,-··... ,i . . ..... .., 

that the relat.iv:e c•iricrement:::'o:t.i:the;tnumber::;oftthe. ,count,d°'_:chargedd 
• C ~,.,,,. ",!{ '.:•t,, S ~ ':'( 'if• ,••;: \ ;;:,-;,•, •/_'-, :. ,:, '•> 

particles .. ' ''A N' · -· · co;d±t::t:oned-:1by, ;;the ,af'or~mentioneci ,changeyof'L::the.e 
-- - :r,N·,,;, ···.:··;::-"' .. ri'_·'~·,"AN'/\:,,_._·; ;.· :;'• .·--• .·-. 

detector thre~~old.r.:1s~:2equ_a.Ltta_t:. N-,i_·=:1/J9:{(,.:-£L _ ,, . 
. •... ' ,.. 

where. 2 ,.is ,.the.fe:f:f1.tc.1':enc.V;.-:fof1f.the:,:antj:c.oincidenc.e ;;:•c hanne1,; N 

·" "" ,., ,,; .. ~- ·~· ;, .J"". . r ··.,.· ,.,. :;~;e '· 

The· ~fficiency:;,of,f:the.:,2ant1c.o.1n.c·1d.enc .. es tlf~S r_determine.d 6in 1'tthe.?_ 
. ... '. ·.~: }' '"'.: , :~: '·: (~ ~ ·~- '·,,, • .. '. £-~, .,,, ... ,' ,.: , . .'· '.,_.. ·.'' .:,:' -: ,'t ;; ,., :·.r' • .': ·- ..... )'~f ·~ ·' .. • {, . ,' ,;. ' 

special exp er iments-:::;p~r:fO:rmed:d.wtth>:an t1extracted·;}pr.oton ::cb eam~::a t i:66 0Me V. -.'.,_, 
- - - ·. ·' ., '.; '' ,_L;:, , _- -.. · .. · .•. -,; ,,_:-.':" - ., ' LiN ,···, 

It turns ,out~tto ,~be:.:,equ_ax1.·ao::,;:(9.9,j-:si•=±:t0.ll%}. ,Tnµs.r,1n_:,our.:i::cas~ •:_: . · . -~ , 
. ' •': ': .~. ,-•~·:~; . ', r ~. .; " ,. . ', , " ; . ·.i ,--'"·/:~·>'.~~·'., .·J.:,,' " ' ·. ,- N;..c;·, •I 

= O
1
00S;%and.lthe(::er~ori,1i.n.ti:th~\::dete~~1~ation::of,Jthe:_number:rof,:::det-e.c,te.d-ti 

{'' ,,_,,,,·. 
. ., ;; \ -~ I •• \ " 

nautrons .due ,.to .Jthe. 0 ·ine:f.f:ro.±enc;y:,7ofc~ant±c.01nc:idence channel:.d:tdjnot;t .. 
·· • .- • I ' ' ""'"· " • , : - ' , ~ • J ' 

t ,, . 
Tne_,.,Results ;:.of J.1easur.ements ;-

The inentioned, 1 errors·:are ,the,,.,.standard·:statistical :.degiations.'. ,As_;3,wel1l 
·-, ,' ~-. . :;" ', ,) '[ ,,: ,;_:'). .' .. ',, ' " . ;~ ~··, ' ; •"~ .: ' :_" ,·;' ~ .-' ~·•' .. '._;-..•· ~ ·: ... '. . .(: ,· 

as in (1) the error: of the-.,total.:cross::,section(of'~he: .elastictc(:4·:::-:-,··P),j--e 

scattering:(12%), :to· which~~the:;.:differentialisc~~tle:roing,,,c~o,ss~sec.t-:._ . 
, ·: ", ''·. ,- , : - ': • ~ .• - ·_. . ' . ; : . : ; .'- :_ - ~·.1 .. ·: ~ ·; • ; - ' • . ' : - ' ""' .' . ' . ,. 

ions were normalized LJias, :not:tbeem'.:.includeddinLthose,i_mentio.ne_d,;_1abov.e o , 
' •• p • 

The differential1cross:-:-:sections :of~·:the f:ne.utron-:-:proton:.'1~6" pi ( 'lJ) 
- ' " -'. '' . ' . . ~ ; ; 

.·. ,;-.· ,. . ; -- .· -·· ,_. . . '. , . 0 

elastic scattering .at '58o,·MeV "in.,the angt11a.r,:1nterval,~.11 :--180~': ,. 

(centre of mass"."'.system) are,.•gtven .in,: Fi"g,,;__"2. ,Tb:e c data ob.ta.ined,J:at.t90r; 

MevC 4) ·and 400 Me:V:(5Y'are alsocgiv.en here f9r.T:;comp~r.ison({i'g-::.2~, •. 
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, ,. .. ,. 1., .. --. :•..: ·'t• ;:,.:" ·; .,_ ,. -·i·:~r-·· .. _ ~j 0 i'/•··i·'·<·~ ,.., •';,.:·:;r~t- · .. 1 .d 1 .-:· ,-.~~·'"::.·' .. J·t ,o·, ,:_ 
":The ·dependence. G"~p-("-"J iri the ·small angle region ( 1J ~is,) 

obtained at 580 Mev points out \ii rapfi :inJ·;~:~~~~~ '.·of t;{·~ a{ll~r-ential 
• : f" 

.,, •.. ~, -·~ ,r~c~, ,--~_r,·-:'•,: ('('".•"t':t:''i_-: __ ,f,·_ :.'-·~ _·.•, ." r: ,..s-f:,. ,. ·-, ., :_ ... 1; ,.~!,'~; 
cross~sectio:n: v/ftli'· tli'e··scattering· angle· decrease o The comparison of ,~ 

,; ,,., t'· ~~ (•". ~:: ~) -~---,f;;,-.\. --~ /~ .t1 "'} :i,-:ci ~:-' :,. 1I;:,(i ~) f. ...~-.:{,5. - l .:-;·'.'. ,-,~ £~ ""~ ", 
the data· :p:fese·nted 'in ·, Fit;· 2 shows that the c_haJ;acter o! scatter-

/. fi ... ! .. _..: r .. ·, "f·'tr:,·_. :·_ ,.~ -· -·--; --· ~,r; :',._;·\ ~_; . .,~,:<-.,ir'f:-,- Cf I S··i· _ ,•'f: 
ing in;· this· arigle"'regiori chanies considerably .with the neutron ener-

." -~; - ·>q ·.•~-. i··· ···.r; .. ,:',(')/_ .. : ,:":.:;: ._, ,.,-.¼·,":; -~.--... .. ,:, ~; .~<~:H:1:·- ~ .r .. : ;:, 1. ··.,;r:, i. ,_ ~ 
gy incr'ea::fe ·from 400·<~:v ~P :.o 580 '.~eV ~. ,T_he,, ,~},:,~o•x,im~~e, ,cons~a:ric1 ,~! 

~ .,: _,,•~ , . 1 <:,. , . -.. - : ,~ .. ,-:·• ,,,~_,.. ,., i.: ,; J, ,.,.,::, .. : , .; f,, o , -- ,.,.. -· ,, ,J · • · 

the scattering oross-se·ction'· ·at the:·angles. iJ"< 35" which was obser-
(~:.::tf!')~;:,< J '.·~~~'ifl~--~[1"":~ .t:.i C-":;_t_,~; .._., --~ : .t ·:;_~) .,.t~,::, :•-.:\.: ... ,.' , 

ved at 400 MeV is violatedo And the symmetry in the forward (~ngles 
-··o· "'.t· __ •~t·,f';r-~·;~\.,,";·~·i\ ;~··.·:·'. ;:,•OO·!l'.t)[:,}~ "·.f" -:'·,.,;J,;; ~(.:., :; ,:)~~-:·r~-Y_<\·;·:!L'.~-··( .__r::, 

1J ~ 0 . }' arid" backw'ai·d 11 "'scatterings {angles iJ- "- 180°) which takes 
;~·-, .. \1'.~rt<)-· - ' ,;-;_->',\ ·~ '.f;'·,~·r1•.~(''~· j·):,~}.~~.ii~:rj~-.:.r ~~! ~, ;~·: _:~H ;~ fJ' .. ~, ; ':, . .f1U '·• ., 

. pl'a:cfe· at· 90 MeV 'fs re'st:ttuted to a considerable extento The rf!tion of 

the 's~'.iitte1±iil1 'g{f-bi~£s:e;6Vf~n's','i~r' th/ t1n'kiet~;; io0 "' and. i1½~ :np \17~;j\' 
., . ~,-.-' ~,. __ ~ (_1,,: .. ,~tr·,.-_:'1'·r<· :·1·:-, f11,,-:~·~~-· ... rv •J~-.---·., -~.1 -,; :: -:r_--:t .=,, _., ._· :,,. rP_-,,., .JO. 

i·s' ~q'uiaf to 1,2f·14"·arid~ o-;a for'' th'e energies 90 Mev, 400 afl:8: MeV and 
••i•· ; .• ~ \ '.~'jf("~.-~f'--1·-:.'1•·_.t~ . ..:-~_.1>•,-."L.: 1 ·.·;~·J . --~~i.) .;_,<Ji·,::,J,_)i.~L~,~ . t.· 

580'MeV',' re·sp'ectfvely·~-, 'lhus, the ratio 'between the "usual''. and _''char-
.••• J.,,.-f"' • c~ "' ··: r ~ ~_;- "'. -),}J,.. ~.-·.· 

ge exchange" soatte:r'ing approximates 1..tt 580 MeV, as appears, to the 

ratio existing at 90. MeV where the· curve G"'np ( 1J) 1s symmetrical 

relative to the angle 1'"·':i::·90!1:.-... '(ce~t:e:e -~;t';. _=-

1

mas·i;.:.;system)) and both 

types of scattering five an approximately equal contribution to the 
., 14 •• ,,..1 :·-,,:_ --·1 :. ;·_, r, • ,:; ; .,• -.• ~-- _. ·. ~ .t .. :.. ·r~.- ,) .. . •-" , _, 

total oross,;.:.seotii:m of the interactiono These changes in the character . •, '; 

of the "neut;dn;.;.~~ot'on _:elait:tl s~k:tiJ·~:G;g\n the angl_e /region, -iJ- ~ 3 s0
. 

.'• , ..... .., i :- ~,. '-. ·••. : .. ~ ' -- ~"' \ : . , ·~ ' ~· !~ .. - ~. '\ ' ,~, :-:: :.~ ., ' ·'~, ', 

are diie·,· ·apparently; t'o· the rise' ··of_ the probability of 'IT -meson produc-
.• ~ ,- , •· r"- .,., ,-.-,,~. i-1•{~'t•··•· : ,··r,; 'i•:..,'}:~~ .... <·•",. :, I "', {•' 

tion pfocesse's "in•-{xi .,.:;'p) oollisiori's··w•ith nucleon energy increase from 
. · . l ·1, . ' 400 up ,)t'o :5so'·'MJy ·6·: :o . .. . .. .1 :i 

.,..--:·,·'j•:'.,~,. r•,;~;~-,~ • .- "\ ·:'•"•,•,,,:~··- ,~-: .r~ i.•;:;·~:·~;~;}_.'.J.;.-,, . 
It 'Ts ··11i'terest·1:rig to "note that. the use of the differential cross-

secfti'oni' :e'dr't'iil·e.nglks. ~1;6se ·t~i :6°'' wi;1i'thet ~~~;gy incr~,~~~'. f;~m-
1, , .. ;-,·,tj-f"~•r,:--.~~ i'~t·'i,'.~/:,,,;_) , ;.·~r; ,,: . ::~::~.>, 

400 up to 580 MeV· is pre.dieted by. the·, consequence of the optical 
•.:171 ·- ". ii. i . '.. • l ;·, 

~ • J _, , ...... .,. •.. ,~ -~~., ~. 

theorem o 

,, - '. ·: :." -~; . 
:..:> 

/' :';._, \ ,_-, 

. ·•· cr :•t, . K2.~" "'P•~oy:~j•" r·Vt _.,,'i 
16 IT' ) 

.ii 

\ 

~- .J 

(2) 

v 
i 

i 
' 

◄ 

A 
ii 
-~ 
Ji 

' ,·,j 

.-
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;\ .. -- - ,',, '. '! .'. .. ,:, ... 

where s-np (o) is the differentiar elastic (n - p) scattering 

cross-section, for o0 · (centre ;o,f rna.se~syiitem) ;·:;K 1s the wave number 

(n .- p) interactiono ' 
' ,... '.. . . ' . ~ ~- , ~ -,· ~ -~ '; ·."-• : ., .. : - , . ~ (·· .. r : ! ~· _.~-· J ,: 

The minimum possible· value G"np (O) at- 580 'MeV equals appro~ 

ximately 6 olo-27· cni2 a~c-~rding' t'o inJqtia:lity. (2f whil~ the experi

mental value shp (O}. :for :4ocVMev doef"n6·(
1
ex~eed 4.,10-21 ··~~2 

• , • - : I ', ••• '!."'; _'(',f\<''"t ,•~•)~"; •},•:{,~';'/•~ , 

(F9g .. 2) at reas'oriable extrapolation .. Thus·, a.t-J00-400 MeV the dif-

ferential elast:ld ·neutron_;pr'dt 011 '·'Jciittieri~g CI'OS; 'se'cti~~i at the 

angle Q0 (centre',\ .. "of inass~sYstem)' 'patises' tiJ'bugh thi niiri,im.~ni and'. 
f,_, ·'. ( ,-·~1f ,. - i "-~;7t_ ·;

1 
_.-: .t \! j J ... ::·. ··. ~· 

with the rise of the col-lidin'g 'nucleon. energy must increase .. 
\ 1,.} 

. '. 
Earlier in (1) using the least squq.;re method the dependence 

was- G" -np ( 11) was approximated · by the series of· spherical !harmonics 

PL ( C.05 1J') up to the polynomial at the degree L =· 'i2. 

- The dependence G'rep (iJ) for 11 < 3 5 ° obtained in the given paper 

changed considerable the character of the approximating expression, 

which: in our case has·• the. form· ; 

G"np (ll) ~ X l [c ,,;B toJJ7) ;-( 9) r± ~.o,~)t~P, ( co.s lJ)+( ,, 92 to~ OB). P2 (C05 "lJ) -
,\ ' . _, . : '' ~ "' '; . ; , ., - . ,.,_; ,\ ~ ·-· ' " - . 

-(0,12 :t 0109)·'1 (COS 'tY-.) +(0,92 t.0,1)'Pi,(cos1J)..;.(0,03'!.p,1)· Ps· ( cos iJ) t-

-t ( 0
1
5 B to) 11 i · P 6 < cos -J-) - ·( o, , s :!: o) 1 , ) • P7 (cos 19-J + ·( o, 3 3 t o, , ~) • P 8 ( c.o s 1J ) -

- ( 0, ·' 3 ! 0, I 5) · Pg (COS ~) -t- ( o, 11 t O 1 I 5 ) · P. 0 ( GO S lJ-) ~ ( 0) 0 l/ :t o, I 5} P, 1 (COS 1J-)-,, : 

- ( 0 > I ¼ :!: 0, l I) · Pi 2 ( COS V)] 

where 'X is the nucleon wave length in the centre 

of mass-system .. 

. The found approxi'rnately equal probability of scattering at the 

angles·,::J...;;. 0° ·. · -and 1ao0 ·has ied to the fa
1

ct that in e·xpression _ (J). 

the polynomials of add degrees 4 > 1 · are present with small coef-
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(J 

fioientso The deflection from;:the ·symmetry: relative to V =- 90 1' , ,.·: 
'f: < ,J) :.~ :" '.• ,.,. l ,} :1 L. ;._i,: ; !,:.' ' ! ·- -· -.,, .• ·-' ,). -. "' .,, .. 

is mainly characterized. ·1n the obtained expression by the .term,'w:i!th . 
.- ', :'.'-·~ :.,_,~t "r'" • '.,, ~ ~: ' ..... :, ~ 'i~ ... ,~, 1·, .. , , , -~ V ,: • -~ 

P(cos V ) o .The contributio;n of,, the, scattering· cross section:tfrom 
:• : • -~ • ~ 1 • <_ ,.,r~ ~_;:u .·- , ~ .,_·~-~--' ·-i.: · · · '·- · , 

the interfere:q.c e of the wave o orresponding to th!L, scatter:tIJ.g fn the :f 

states. ?f tll~ Cp- ::: J>) srshm i;,1,th_the ,,~01;'1,l 1~9top;l_c,, ~pi~!): T .= 0 and. · 1 
T = 1 in the angle-region near VO and V,= 180° i.s"much less at 1 580 · 

: :._,: ·' ,·, .,: .... : '..-•.,.. \ ,: "-:.,.'-J.,·,.: .• ,.::cu. (;. · ,, ,·•. ,:, . ··"' · ,,., . O 

MeV than,at_ JOQ ~ 40Q MeV .wher~ great,la:ssymetry,in "forward"( 1' ...._, O, 
._·_.•· .. ;·,\~~ :'. '""-:~.:-:.,:·>.·:~- :; j.'• < .= , . ., .> ·. ''" _, : 

and "backward" s,c_a.tte_ring (1-__· .,,'\J c...,_ 180°:) ,is observed_o i .: 
~ '., ~- .: ! . ·, ., : : " - . ' . ' ' ' \ '· . ' ,, ,. ' . : . ,. . ,, . ' 

It is nee essary to note ,:)~:OV'fev.:er ,: .:,that'. the.,. estimation whether 
••,1 ,. ;• ;~'- (.,,-, •. 1 •.~ •._,,}~:.~'•.~ ,,,••.• ,. \ ,J. C "' 

expre_ssion (J) is_ a _good app-~~,:X:if!latie>,n OF_ no.t,, does not: give quite>-· 
~ t ·, '< • I '. , • • ;,, 

a satisfactory result o This estimation ha¥ :,.been per:ro·rmed. using the , 
, ~ , . . . · ·· • ' , < ,.., •· • , , l ,'. ,. . · ·· ·,.• ' 

criterion l 8 1--~ . .. . 

:~{,··1 6~P(u}J.:.:~"o(L PL(ccs 1'-H)2 
:. 1,· ",· , ~ .· ~ . .- . 1--v-,. e , (~ \JC)I;, ·· .. :-:-: ':c':i -::-_ . }, 

(4) 

wher_e (3hp ( 1'-i) is the measured. ~if!erential .020zoss-seotion . 

in• the point -&i'. ) I ~L '1_ (cos ~l) is the cross-section. calculated from 
L ., .. ,. , 

expression (J); ( fl cri )2 is'·' the weight:'. of' the given measurement; 

.6.0[ is t}:le e:r-ror,in,the·measurEm~nt;··m.·, -is the number of 

points where the c J>-,~ss=seot,ion is measured and 1 is the number of the 

coefficients in(J)o ,It turns· out that the sum o:f the squares of the 

calculating ·curve 'deflections from· i:he ·- c:voss s~o tions measured ex= 

perimentally in the left-hand side of .expression (4) is- equa1'to 7,7 

whereas m • l = 40 The greatest ,deflect.ions are observed in the 
. . . ::·:_; .,,,. ·:,[ .,1, /:\ · 1._:_<·:_:.,c.r1 .... .- ._ { .. 

. 0 
angle region near 180 that, as appears, point out the nec.essity,'.of 

increasing the number of terms_ i~ exp?:::p.sion-(J)o .. The magnitudes,,of 
; ' • • • • • • •• > • [ ' '• 0 >k j f , ~ ; ' ; • • , 0 • • • ; '• •, • ' ' > > 

errprs, however; at the.; c oeffi~i.en~~; olL . i; ,,;xpression (J) sho,i;l)• 

\. 



that at the existing experimental accuracy there is a·lot of doubts 

that the increase of the number of the ter'ms in e:x:pa:n,sion (J) is 

reasonalhleo 

In conclusion it is necessary t·o note that the comparison 
. . . 

of the obtained results with the data on the st;ud.Y of. an elastic 

(p - p) scattering at similar energy (9) confirms. th_e: consequences 

of the isotopic invariance hypothesiso 

The aathors would like to thank Dr. Dzhelepov V.P. for the dis

cussions of the results o We are also gratefu_l to, C.A_.~ Baldin for 

making preliminary measur~ments, the results of which made· ·it pos

sible to choose 't'i1e optim~l working conditions, a~ wll as Yu.N.Simo

nov and G.,N. Tentyukova for their assistance·in·our research. 
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Figo L. 

, ~ \The.scheme o~rthe~exper~ment~ 
• , • ..,_, < • ~. • - • ,_ 0 • - '·' 

, n is _the neut~on beam; 
J' ! : ( } ~<t: ~! .. :."'_:,· ,,'7 =~ \ -~ ~ ":', ., . 

- ~-Mis the monitor 

Pis the scatterer (dewar with liquid hydrogen); 
f:',.?.,}-,fl:, ~.;are the -scinti-ll_ation counters; 
~ is t~e conv~rter; 

,L. i,.tj:;'\t'tlie. :r'ti t~r; . 

.:~·:·; ·, .. 't'ic, ::rs·j :the: c o1rfoi'a.enc ~- ·~ircui t ;' 

AC is the anticoincidence:circuito 

..... ~~ Ll\ t,tiJ "J:. • .:·.:·. ,(. ': 
Figo 2e 

;;_.:;:. :Th'ei"'differeritia·l: ela'stic ·(n - p) sca·tter'inf cross 

... , - .section" . : . 
··,:·•'' ·'¢ .cp '(~? -E = 91 MeV 

. ,. , ... >· ,. . - n .t: ,_ ( 4) :- En. = 400 Me_V 
. . 

(:,:: .. ·-. ''" J -· (i) . ·E ... = 580 MeT.' 
,'t:,,· . n . :: i o>'the given--paper 

·') ;~., 

The solid curve is the plot of the approximating ex
pression (J)o 
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