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Abstract: ·rhe recently derived dispersion relation for elastic 
-, 

.forward scattering of pions by unpolarized deuterons is compared 

'W-i th the et:ue:rimental data in the sense that the r"esul ts of Chew' f ., .. 
imputse approximation. are· adopted·. It. is shown< that,. the di~persior - · 

: · relation ·is consistent with these data. But for,,a, more. detailed 
- - - ,. • :: i- ~-:: :. • ~.: ~;.. . 

test of '-the theory ·it. is necessary to consid~-~, other --'ii'~D·,. proces.;_ 

ses for vrhich the contribution from the non-observable part · in. 

·· · 'the· disp·ersfori relations ·is 'no small qu~ntity. It is indicated 

that for this the considiratio« of the elastic forward scattering 

amplitude for spin-flip is sufficient. 

·- I-. Introduction 

.~-·'·In a preceding paperI) we have derived (under s~me· de.fi~ite 

. assumptions) the followi:itg. dispersion relation for the ~·l~stic 
' '. . . ., :·-t ,., ,,, 

forward·scattering of pions by unpolarized.deuterons (I(95)) 

b(E) .... ·-D(~) ~-
l 

matrix by 

to 
',. 

as I. 
J.J 
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and the total cross section &0 (E) f·or pion scattering on unpola

rized d.euterons with the antihermetic J>art A(E) of the scattering 

matrix by the optical theorem .. 
(; -~ , :· ·· • ~ i < ··1:; , \: '. · ~ : ~ '. ., ~r :-r :· .. _:: :~ ·) · ... : , t! ! , , . D f-; "\! ·J:· -'.!-~.:.1-:-: 

·~ '!"~t :.: : . ..-! ~o 7~,.! ·sp,/\, i:.:., .. 

•. '"'t -~ ~i ·..,_ , . (J) 

· :.E :::i:s the. _.l:ab,or.e.t:o;J;".y •tenergy. ~i: the incoming pion. V{i;th. r.es,t mass .m 
. . ~ . -, ' . . ., ' ' .. ,. ·, . ' 

:o i:a.nd:;:f=::.gm/2M. ,~h'e tl.:l.nl;ens:!-Q_n:l;~s~ •;qµantities_ F and :q ,a;re :gi ven"r.-b~~: .. 
. . 

t:he 1:expr.es~,ihns: I(Q0~6,J:}, -but fo-r _qur ,.:g~rp9;se.~\ it.,.~s .sufficient~ 

---t~o, :~W$.e
0 

t-l;le{i i:tp1Jroximc1,-fii,Q:J;}.j;_.I(64). ao:cur..ate wi t,h,_in_ .. JO% . ( d:~:cidedly ~:< 

f<>~ 10., Mev: .~.n.d•,;q10,1w ... la~o:r.-,ar\;-ory; ,ki~1~t~9-.•:,en~:rey; :Jhe ;C.Q!1neotion .-. 

be;t.wee,n ':F,·G and ::X, ~,r±s .,F.7,?X •an.:~t G=.2Y r. >i ~_:-{p,. ;-~he· ,.,c,ol}.p,E~_c,tirig fa~tor 

,".• i:s_,,2 ;;and not :·10.;-r45,;:~S sJ.at.ed in I. ;Jt+-t.~r.. '. (6:"?))' •:,> r: . '\" : : 

f-':; -os tvl.' 
I E-<.. 

, ., ,_; _c ~-);: .j\ ·L·o· . . 
.! "7 ~ . 
::', 

,,..,•.•.'·I· 
,.·.,.: ·. (4) 

The comparison of the relatfons:{I)n.l (4) with the experimen-

~::,ta;J~ :sca.tt,e;r-,:t.:ng·"d~a.ta is impaired .'py th~If9)J~owi.ng .t.w,o. difficulties: 

I) .. wbel."eas_r;a,lr:e.8;dy ._ t.Qtfl.l cros-~-:~~ec_tio~ · q.eterminc=ft:to~s ;!hcJN@--been 

perf.orriH~O. at:::a·,Y:·8..r•ie.ty:,o:f. ;ener;g:l,:e& iri_.Jf- D , , ~.catt~l:iing (~e~L_. 

ref. 3)), there are carried out ·till now only two ,me-asurenf~-trt of 

th~ crqs~, ~e1o~!pns ~d 5·angular tdt$trij)ut~.?~i f_or ~1:1~ in.di vi dual 

process·~~}-•·;-~~?\·~·: ~~~es t~g~:;;·b~z· i'?"i~a~i~~> ;·f,~-~ ;iI9''.il[L€;· and es-

;eciall;: ~-h;•~!; ~} riJgers flr{d: Le~e;~~nJ) ,: at ;85 '.°iJi~V. f;~b,orator; 'i~i-
netic. energy, which,however, are not sufficient for a f;si· oi·'~he 

theory according to (I); 2) th,~a:·;1ne;-su:r~1ents are all related to 
-~-· 

the scattering b~,r unpolarized deute-1'!0ns-.. fqr:---which. .... the ,theo:c~ ... of; 
. :~, ' j' : . ·. ,•• >;: ~- . . . . ' ; ; ;:; .~, ' : ~.... t • : \. .:•: 

b~)~~~_ip;_s~qn .. _,7:~-.l~-~io!!s. ( Vf.?:th?:~~' ~~t, ;:D},d \1( f~:r~~~r ,_r.~+a\~?:~s) .?:telds 

only an unequality as a test rHlation (see section 2)~-~ :,,'.• 
·•:;, 

But- in· the · case of 'it-6 ·. scatt_ering ,ve may use sufficiently 

·2;-----------:------=----------- i:; . 

D.E~ Nagle, Pnys.Re~. 97~480 (19?5) 

J) K.C. Rogers, L.!vl. Lede,rma.n, Phys~Rev. 105, 247 (I957) 

~ · \, .._,, ... ··~ ~"- .i 
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~, .:.:•i,::~. 

Chw,-r' 8, ~~;;ulse ~:~~-p~~~i-~ation4 ?'which 
0

Vle ado~t i~
0

~he f~;r.m ,of_ the 

pure-scatterj.ng 
•.·•~.: ,.,, .. -. . . ,- "ff• !::· --,- .C::::• :_-5)°' 
model suggested py Fernba_ch, Grer,n and_ \1tatson , • · 

' ; ---~ : . ·:;'.~.'!- . ;· . . ·1-1·.~-• .: '. •.'~J .";r __ ~::;__-·! ~,_r-~ :·:;',,:-._; ·,-~: 

~ehe acoui'acy of this approximation exceeds very like_ly :the pre-
_,,: .. , ~-·'. ~ • :,- .; ,. • 1 •::·-..·-·-·~,-<\··.· ~- .. -.. i · r·,· -./'_r•·---·---

sent ex~erime~t-~1 poss-ibilities6 ) ~~d. w~ -~~-~ suppose that -t,l1.e -errors 
conriected--·•_)'i<"'.::'' ,, .. ··-:- _,;._ ·:_.·,.· :,n~· :.,:.Jc, . .. L."J _: __ ·:r.:.--· ,:"'T·-,71 ":'~I: 

•.•ii th the neglect of binding effects, multiple sca7~tering and ab-
. l ...... 1 • - :~r. -. ,. , - -: r ~ ,".'•, ') 

than 201;~ i). · i~~~-~e-~-~er i~ ! 

rion for the availability of the impulse approximation (see sec-
. ; •:.,_ • '- ·•·.t > ; '· .C' :•. 7~ :--., • :. . ,.: ? "t t I • • 

ti_on J} · that the elastic 1r-O scatterj_ng a1nplitude and the total 
. . .... , ' "":~ ~:, . ~. . ... 

cross se6tion should 

_ des resp,ectiyely the 

be the direct sum of the scattering arnplitu-
. '• . . .- . : . . ·. ~-- ' ~ . •, . t l't .'-': '' ·,: ·:.. ·, . ~" .. 

total cr'oss sec'tins -for the scattering by tlle 
~ "'ft ' .''I' --\. • . -:· 

free nucleons. This is fulfilled with the above asstuned accuracy 
. ; . ! ,.,., •,...., -. -~ . ,- • : . : : ' •. 

In section 2 the relations wi).1 be derived necessary for the 

comparison with the expeririiental data and in section J it will be 
"':'··· ~ 

shown that the impulse approxirtrn.tion allows a real·"·testf'fi5f•·the· 

dispersion relation (I). 

2.Conse~uences from the Spin-Structure of the Scattering • 
;:~ ··1 ::.:~ ·_··· ··:.~~-~-...;.-~~_;;~4,:,~~~~ .. -=~~:--....:--~~~------..;...:~~.:...:..~----..;...:...~~~-\ , 

:i•: Cheysh"V'ili9 ) ·>·~hast:rec:\:ently. detefnii:ried the gener'iil spin- ,,-~'if. 

Structure of· ·the S catt:c:t'ing rn;:';it-rix iricludi:n,g l the corres-pcirtdinf:(1 

-"'C;"'---------:----~------:-----~~-"":-~--...,._~:--::- , .. . :. -,• ~ ' . . ·. 4) G.1". Chew, Phys .. ·ii~l;·'.'edt·1~/6 (!95-◊)/ G::i<'. Ch~~;, a.-c. ·wick, .. 
_,. P.hys •. ,Rev; .•. --~~-,. 6J~ ,.(J95.~U; J}_.;F. Chf}w.,, .. L.M. -Go,ldrb.e,rge,r ,- ·Phys •. 

5
) Rev. $7, ·.77'8''(1952);·•' ·" ·' ·· ·:·· · · · · · ·· · ·· :· · .. ·· · ·-

·6) Fernbr:~ch, Green, Watsor1:, Phys. Rev, •. 8~_,;;t0f?4i(I~?I) i.,. --'·:·:•c:·,--.'~·-, 
1l1he measurements of Rogers . .and Lederman for the_ elastic scatte
rin,g are only accurate to 40r-~0% in th~. }'egipn .of sinall_er an
gles so that t_he extra.:pola.tion t{)~:-ro.rware.- sctttit!ering i-::; ,subj ec-

?) tea to tht~ corresponding uncertainti'es. 
This is especially in accordance with the results from the work 
·of 11ockmore, Phys. Rev. 105,256 (I957), that gives an impulse 

B) approximat:lon ane.lysis :for the data of Rogers and Lederman. · · 
II.1\. Bethe,F. deHoffmann, I.iesons .and Fields (Row, Peters·on and 
Company, EYanston, 1955), Vol. II, p.405. 

9) o._D .. Ch<~yshvili, JETF,JO, II47 ----"(._..I._...9_.:..5_:6'__!__)_:. ________________ _ 
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phase shift ~elations for the ~lastic scattering.of deuterons by 
.. ;_ . . . • i • j , , .. , ; . .' .,:'_.: :.. , _ , • . •• • , • • • . l ,,- '~ r: 

nuclei with zero spin. These formula. may be taken over directly 
. ·./ ·--~--~~- , ...... -~ .,., ~-- ·./ ,~:~ ', •,• , ·• . '. . . .') , 

if we replace the initial and final momentum of the deuteron ap-

pearing _'1n9)<·' ~-y '\-1f~. cori\;'spon.ding :mo~,~~-ta of·. the. pi'on~ ,,Then the 

·sca.tt~~in~ ~~tfix h~;· the follo,~ing ~-tructure with respect t9. the 
.. :'. ·. .,: •:· .. ➔ " . 
deuteron· .. -spiri '/k. ·· 

I ' ... ' ..... _,,, i' . ,f. - ,., _..➔ ;·,. ~_; ...... _, l (5) . 
: '\= . r~,a: .+ b s n + c (s_n.) +- d ~{CS<tJ(s~ )+ (s~XSci) J 

a, .. ~- ,'"'d 'a.re sc~i~ _amplitudes depending on the scattering angle 
',,.:.,, . . .... ·· ... ,:.. . ·. , . ~ 

and the energy of the incoming·pion, the unit vectors q~ and 
. !.;,l' . . . / . . . . . . : :· . 

q specify the directions of its init_ial and final momentum and 

n 1~· the unit vector ix-~ I I qi>.~ q I perpendicular to the 

'-§~att~rintl plane. In the case of. forward scatterine we get from 

the relatio~s in 9) 
.l.;-'.'-,:; 

._l. ' ..... 

• •• ! .. 

~ ➔ 
:md. with :.,·q =: q 

.. ~ Q 

·.b ::,,c::.-0 

(5) becomes simply ... ,,. . . -

( _,,➔)~ T==a +cl Sec 

(6) 
Ju•,,; 

(7) 

(7). me~s.t'hat contrary to pion-nucleon scattering the forward· 
' . . ' . d..~~n.d.<:, . _,,. 

'scattering amplitude for ir-0 scatteriri.gYon the target spin S. 

From this some complications follow for .the experimental test of 

the· dispersion r~latio_p._; (I) if one uses 9nly experimental data 

for pion scattering by unpolarized d'(iuter6ns. 
,· 

' The diff erent-ial cross section for· elastic~ scattering· by un-

:polarized deuterons is· given by · 
;:;. if•.,.'l:: 

c10-/d.o = 1 srt~·r. 
. ~ 

':, \,:-; 

:.., .. 

... .:...,. 

:.~ . .,::·' 

( '\ 8; 
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whence we get for forward scattering using (7). 

.. (IO) 

We suyipose th8 t;!;:{:perir11~~tal qu2.nt;it1e~•.::..:l~/d..0.0 • 1:;?.].'lq. lfn; to·:o,e,::: 

kncr,m. gnc1 may crtJQplatc a f.urt~e{" qu@Ji ty, frorn<the::dispci'_si.o:r;i, 

relation (I) 

From (9), (IO) and (II) it follows now 
. -~ 

dc::r / d.. a =t I°' 1- & d I~ + ~ I ct 1-t ~ l ~ + ~ d. I ~ · 
/. 0 . ,3 9 ..;,· 

:"/"' 
,!J.J... 

at vihi.'~ii" ~-C~oidirtg,rt·o (IO) and (II) ·~;e:;· can only dete;;riin~""th'e/1~~-~t 
:"~ .. ·. :·_, .. ·:-:·.~:_:,.":~.~ {:·1 .. -•·:~.:~i:J~i:\, _: .· .-.r·· : ; ... ~)~·:·>,:~-l.··~·,. 

expression in (12). So we COE}e to the :resu:l t that a real·· test of fhe 
•. • ·•. _ • ... ~.. ••. .. ,. ·~-· _. · i ~- _ ., • _ ~-,l~ .. · ... , .-. r,j __ ~ -:: rt ·~ .··, -; ·\ · 

dispfirsion refatio'b.''' (without~' the aid o'f. further relations) is 'not 
•:.:( 

.,_ J ; i ,.. . .°• l~"l ;• • -: . • j ~ ' • •, ; ;- i:.--; ;...--,f"!!.~•- • 1' ,._,. "ll"I t..) :\ ·r~·, '-1 ;_ 

poss±·b'le . ii1.. gene·ral ···since. the theory. yields only an unequali ty,_•, . ,., . 
':j'_,:·_t_:!;::/i')~-~ F~-·-{t t·:rt~ . :::<·i;·~.:·~--· . f:V".Ft~- J ;· _r,--~.t., 

as a necessary . condition. Secur-2 aus·i.vers can only be given ~1"'.f. , 

the q_tihritity (2/9)ld.J 2 ,, .. ;~- \,· . ·. "•·· . 
may -be neglectec, in (I2) ( which 9.ccor-

dine to section J ,is true for the results of the impult1i appro-
: .- I 

ximaLi~n)' or i:r';the, --~neq_~;~L. tf .(I.?.) mgy be proved to be n~t fuJ.-
:•: _: ;·: '•,•.•~ c,-,;,,·· ;·.;···.:• <:··.;:·-:-r·:1_:. )'-"~ ;0

::, • • ., .-)f'r';.."" r~c;i • 

filled (in the··1ast ca.fie· thi:~ state1r1ent is clearly neg~itive). 
,. nc,J· 

-----------•--.. --------------------------------- ' 

. . ii) j_ • ~· .. ~ 

f oi s'i:H:\.eh~ring dr•'·;pattic:£ es ·i·by a bouiid system· -c{ri .·be-::writ. t eri'· ~ 1 
;,,-,. 

the surn of the amplitudf?S t. for scattering by the corresponding 
J, 



C • • .. •••..,_ ... •,('" • 

< •~',,,"-J ..,. 
,,.·,,,. 
J' . 

.!:.:r.: '._ 
; .. .,_,, 
r•~•~i. 

- 6 ·.-

~ 

free· ·target particles, i. e,.;,,: for, th:e: case o;f scatterin·g by deuterons 

t• 

T :::: t .-"t tN . ... P, ·---:- (,' 
. ·. ,,-.,\ ), . .- \ ~- (IJ) 

---·' If one considers.the matrix elements of·T between the initial 

state 'Pa.· and firi.al stat.e "cpb :-:~f the- vihole syst~m · 

<. q>b tTl<i>"> ~ <<{>,Jt,::,\~dy·+ <<p~ lt,.j}cp~~ (14) 

it may_; be seen ~) ... :.that, ·thip approximation represents. the sc~tte-
~ 

ring .of: .the_ incoming p~_ticles by a wave packet of free target . 

particles whj_ch has th~ same impulse distribution as the ret:1~bpund

state. In the pure-so~tteri.ng model of Fernbach·, Green and 

Watson5) for ·· 1r - :0 · soatterins the expression (14) may be 
• ', ,' . i 

further a:.ppriximated by 
• • • 1 ~ • ;,v 

. p . JSi:· .. ' N N 
< cpbl T(q,Q.> ~ to.b J-=-.b + to.lo J c..b 

'(I5) 

--p ·._.i .. N . ; . . .,·,.- .. . .. , . 
where t"'b ana.' t°''- ··are the matrix elernenfs for ·pion 'scattering 

b/ t-he free p;·~ton ~d neutron but theirspin stat·~s are 
,. ::··:, . ..... - · .. ·,.;-,' :.· _... . :. ; p . 't;; ''.v-,\N , . 

related to the whole P-N system and J~6 and :I~b are some in-
tegrals depending ':on the '.sp~~i~t tr:~;~ition·. ~rli:l ~~t¥ic~s "'tfb. 

H . , ... ! ,,-! :. .. .. .• . ·. \:/: ·-~ '·· 

and t~ have the well-known spin-structure 
.:.' } ~ 

\ ·i \ 

:t:J.=: ~j t ; vj <r j ("i' x-;;;) (16) 

whe·;~· uj · and 
. . ·.·,:·-·. . ~ .. 

VJ . are scalar amplitudes ' (j J th~· spin vectors 
, - .- ,. '•.?· , ..... I :~:.,_, ... •t.': ·, . ➔ l_.1 ~:;. . ,· . .· • '~ . , 

of proton and neutron and q and q initial and final momentwn 

of the pion. : . . i· _· ·· ::, _. 

.In the case, of elastic forward scattering the integrals ] p 
!r· ... ··,i · 

and JN turn to the normalisation integrals, i.e. simply to one,_ 
i ' :,, . ··p ~ . . . ; 

whereas the spin dependence. of the ma,trices t _and t disappear 
.' • -~ : \Y '. . . -... ' '' .. 

< 
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due t~_(I6). So ~e eet 
·, :, :;;"•, ·-,:_. 

, (I7) 

,-...;-•:.. ·-

and especially it .fol+ows:from:th,i~ for the total cross sec.tion 
. ,. l ·t "'j , "? ·. , •"'> ·:: ! : 

accor'ding to the opt_ic~i .theci~~m (j) ·- . ,~j- .i:'. ~ ~· I\\:;::)_.::":'·~· .. '" , 
\ ,.-.l .• ·,... 'Tl" , "(:\ _;· ,),,e::·' · .. : .. :'\~-~) 

;Jhe ap~;;~i~at_i ve f ~:::.: :t~:li h:d 0 ~een ~lscu~~ef 
1~{~;:, in-

,..1troduotion. We note that the spin dependen·c~ o+ t:q.e soatte
1

ring ·. -
.!.• _ .... : ......... ~:-~ ~-=~(t~Y · Y ")::'.•'::_ · ___ :_: -~-~-- ~-~·f.'. ·-,-'. ·i:~-- .: .. -. :--

amplitude disapneared nnd consequently_tJ:ie difficulties discusse<;l 
.,. • .-. ... • .. ""':. -1'..f .::.',;.·,,•· ' :. ;:,-;' 

in section 2. 
''"' 

'. ~ . ' . : . 
The -~(?mpar,ison of the dispersion relation w~1h- the results 

• < ! ... ·_:·.~- (.-~-~-- ~-"-::.r,~-:- ·.J- :: .• ,';.• 

of the impulse approximation is now nearly tr:tvi?,1 _ -~inoe according 

to (I7) containini· only s;pin -1nd~perident. quarttiti~s":. -~'~:~\r~li~~~'.; 
from (2) · 

Taking into account the c~a.:rge' i:ndependen'ce· of ~:he theory we J!lay,,i'..:- '.!.' 
. , .. ,~ ,. ·: ", 

'I- i;, 

· ~ .-\~,~-'.\~; ... /.r1-,·-;..,:· -,-t.rr: -_,: .' .· .· 
where n; ,·. D_ ~d o-+/cr_ .. ,._are the hermitic parts of the scat:.:.: 

·-, -~tering mat"-:.ix: and th_e. total '--cross ·seot"1·on for scatt~;idi(bt "1:+ ... 

, ::, iJorlt:mesons -by pr<itolis, · ~'' 

;·.,·.. Now th'e ampJit_udes; D + and D _ satisfy tii"e. Gold"b.erger ·;'i1';.:_••.i .. :· -
~ions ro") : : ' ,., (( . :.'·. ';-'; ~' 

_;_ '. 

:b+(~~ +D~(E)- [J)+.(ri-\J+])_(m)] ~

/I ·: : · ;, · -~ "° · -,- E' [ti-4 (E')".ret_-(E'~- •\ "' Ei~-8,.~ '':::[(ir)i 
•· - (E - m, ) { J.E . . - . .. + ltf , · ~ ~ · ·· elT.z_.' :: · J'-:~d. · (E'~~E~)(E'~~:rrt.l.) ,- ·.·E~~ (~ )~M·r.u:• .,, ' · ,. · 

- .. ·, . '+ • .. 

---------------~--------.... -----.-----~ _;,·LI.;·~~~ ':.· ... :··/ :+ 

IO) Goldberger, Miyazavm, Oehme, Phys. Rev. 99, 986 (1955). 
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_,. - ' ,, 

J\JE)_-D_(E)- .§ [1\(rn)-D_(wiij::;; 
,,·,•, tl,-.. 
\ ,.. - . ( ' 

' . 00 . ''. ··' . \. 22.) 

=- ..1. (E.t- h'"\~) E 5 c!.E t ~ ... (e')"~ ~ (E'_) .. , + J.,-f-2. E ~ -m .z. .§ 
: (o .~'. :, :,Z, ir~'. ,: . · · • ,. -J ·• . (,..'~..:.E~),(8'2 

... m~' - ' ·. · - · I':"' .t. ( 11":t )~ ._., ~- ·, tn. c:. . -J. . - C - 21'1 "..,.,., 

. l, f "•'".:. '' ·> t.': ~~ . l: :t·f/(' .·, '": ··, 

.According to (20), i.e. within the. limits of the impul~e e.ppro-

xim~ti6n, the relation (2I) represent&'tilso the dispersion re

lation'. .for: 1t+~1t _,,:sc-atteri!'ig-'rui'cl ·the comparison vi:Lti1'th:e'.~g{gi;er...:· 
. . . . ,,' . . . ,,_ -~ '·• . , ,.., , . . • . . . -. * j • 

sion ·r:el!at:ion ('I) requ'ires ·that : thri'· con tributio·n 'J'rom th·e···rion..:.. 
. i 

6bserYe.b1e c.:p-.ir;t ·tntist be the so.me in· both. equ2.·t1·ons. We show. that i 
.! 

this is indeed the case within the limiti of our approxi~ition • 

. _ ·• .:
1.l1he-.~contribution iot the non-observable :ph.rt in the·a1·J~er-

sion··.·relatiO'n: (I) becomes using ( 4) ,';J" 

,,., ,.,. 

<:"I ~,· •,, 

J.:~ (E.?._tn°')[ F(E)-iG(E)1 ~ --fz E-i-rn~ 3~'1-
tn.l . J E,t. M 

(2J) 

whereas the corresponding contribution in (2I) ~ay be written in 

the ::fofrn 
·, .. ;•"'- ~~: 

.l,.f ~ _:,""-::,. ..i. .. f~ /:"--:/ z - (2'1) 
._. -(-) 1 M ,, -, F M -. ~ i.. ..., f'-1 ·,"'- :" "\1 =· ·;:.- - . . . '.'._!, ' 

, , , r, -. .. A. . . .,;,. . :," ? . 2 n 
where··\ve ·have neglected the small quantity (m'-/2'i':1) - against E ... 

(B2 ~. rn2 >> (m2 /2Ivf . = I/IJ, 52). Fu;'the~m~re\,Ye t~ke into acco~n-~: , 

the fact'·that (24) and" consequqntly (2J) _are only small g_~;ntL--'' 
"< 1" <~ ':.)!:. 

ties their values are still within the limits of t~e present 

experime·rt tiil works or· of the impuJ.se ··approxin~~tion respectively. 

We notice that in the C:'3.se of ir-P scattering an experimental · 
·. . . ' •. M,\ .. l ;.._;- . ✓- •••• .,i .. ' ~-: . . . \_ --

determination of the coupling const_,:lf\'t: f is- :only possible 
-. . ~. t ; . .')-'. I - -~ ·;) ._.~·t""·: J ---_···. , ::- .. ·-· - ___ ,,_ 

due to the relative large oontrt'l:rut~.on oL the :ion.-:ooservable :~ ., . . :._., ~ :; ...... . . . . • . ., ' -~•J" / . 

part in (22): the ratio of the .. co:rrespond-:tn-g -0-ont~i-:butions in (22) 

::,,;--



'., ...... ·J 
.,f ... •·.:", 

. }I 
., 
' 

, I 
u 

- 9 
... ,,r..,•' 

and (2I) is E2M/ rn2?;1°J,5 and the sum n;'..'+:-:,-D_ and•i!he•di'fference::·: 
.-·1 

! D -D in (2I) 
I + - 'and ( 22) are in ·general· of the s.Q.Jlle order of · · 

. II) .;'.L 1 magni t~de .. 

4~ Conclusion --~--------· .t ; .<c~: ; .: '.<" 

In the last section it was shown that the dispersion r~la-

_/·· { tion (I) for .,., ., the elastic forward scattering of pions by unpola-
- ' ,\ : c· . •'. :·-:-·. 

; :( rized deuterons is consistent with the results of··tne!'' impulse 
~ •:, ,., ·. ::,. y· .. :'.:.r:, ... ; ::· :.·· .. : . " ·:• 

"t approx~:nati9n adopted by us as the experimental' ·sck·tt_Jering data. 
• . . ' •,. 1- ,( ; . . __ , ~~ -: . 

. . ! 

But it turn.::1d out in detail that the con.tr·i bution iri'~; tli'e d,:j.sp_er-.. -
: :.~ :.. . . . '.'; ; . . ~:• 

.a simple estimc1tion of· its· order of rnagni tude because. pf tlie appea1 · 
.- . ; .. .. . . . .. 

ri11:g div,,ergences and the neoessi ty to oe.:rry out explici tlythe 

analytic cpntinuation1)). So it is desireable ton invest:~gat'e other'· 
, tr . · · · _.. ·, , : '. · . ·, ·: ·- .. ···· :· ) 

. • • • I 

f ,r-D ·. / p:rocesse __ ~. for which a more detailed test of the theory··· 
r 

·) ls possible, i.e. a .9.uantita.tive comparison of the contribution 
1 . ;~ .. , . 
1 
1 from the non-observable part. 'l'he inelastic and charge exchange 
·' 

I T-D 
f 

1{ the in1puls~:,- ?-Pl?roximat.ion , are· not ve_~.Y ~1.1i table since ~~eir 

· J · forward s,.oatte;ing amnli tudes vanish (so ! i . '·. . . . •. : .... . . . ~ ' ! . -: ( IJ '~- : i : 

•I 

it would be necessary 
,• • • • •.j "'(,. ,...:: ·r-• R • 

i) to consider non-forward sc.attering or derivatives of the sca~te:r;-
'" _:.~:· · ,, t ·· · .r;(?~·: .;:· 

·r ing matrix in forward di:r.ecti·on) .. But 1 t can be shown that the 
.-·:1 ~ ~:..:, •'·. ' . { .\ '' 
',! 
·-1 more simple·consideration of the elastic forward scatterin-g am-

..... '•••~•. ~~-· ·••. •' ••• • • : •R ., ... -fi .... ~- ' ,: ··-·;· 
t pli tude for spfn:...flip . :ts 'tiU'.iffc:i:en t. 'For this we remember· first 
., -- __________ _:_ __ ._:_ _ _:: __ ~...;...:..;.:.._~.:_~.:_~_ :_:. - :.J,. •• _· -~ ~- \ ... ,.: .. ~ - • .. ·.. . • r// : .. ~. . 

, l II) Compare fo~1

.th~•Jtetail~.~~gs.J;A-~~n,d::~,;;in·~~;· \;~;,k\\:tG.'Puppi, 
·
1

1

, 12) A •. Stanghe\:Lini, Nuovo Cil1!ti.5J IJ0Q~_(I~57))., "' . . . ~ .• 
, • R. Oehme, Phys. Rev.JOO,. I50J,,I955), se.~ also \1 •. C,.D.aviaon, 

. M.L. Goldberger, Phys. Rev. I04, III9 (1'.1.5,6) and ·,N:.~{",.f?qg~liu-
bov, B. V. MedYedev, M .. K. Polivanov, -Problems of the ·1.rheory 
of Dispersio~ Relations, Gostekhidat Moscow (in print); 

shortenedtranslation into German in Fortschr. d. Phys., Aka-
. dernie-Verlag .Berlin (in print). 



10 

that contrary to the case of no-spin-flip sc_attering the con"': 
. ,. - ' ,..,,.. . , . . 

· tribution from the non-observable par_t _is lnrge in the disper-

sion relation for ,the sum Ds -1- Ds . . + and small in that for the 

difference n• - D5 
, where Ds and , , D s are the he:rmi tic 

+ - + •£i.~ ).,::1 - , .. 

parts of the spin-flip a.mpli tudes ·for ,(1-- P and t-- P scat te-

ririg12). r.r.heri we consider. the ,g.~neral case of non-forward· scat

tering and s1:3-ppose the deuteron.to be polarized perpendicular to 

the _s;a{tering'
0

plane. }'rom (I6) and (I.5) it follows for _the 
1 . . ' '..,' f· ·: . . ' . . . ~ .. '-. -~. . . ~-:.. -... , ' : ; . 

spin-flip amplitudes using charge independence of the theory 

1f.f'inafly'we restric,t· us to forward scatterin£3 again t · ;.r,_ 

· ', · V+ + v - = 2; ~~•,.<ftf<1:~J11x\,)-<x,) nx,_;\ 1--,~~ . c 251 
·. 

,_,,,,,·:,;:!"· ·_.· .·.·. •;• . !.:. ·.•.· .. I . . I .. .!'l,'i . . 
where X and'')( . are the usual spin_ functions for. the_ triplet-

• "! 1,1• ·' .· . 1,-1 .. ,-.. · • I . ·• ;···· ;'. : • • \ 

states. The corresp'oriding dispersion re·tation for D! '.i- n: are 

'given i~; IZ) (in the last .Cited; w6rk ev~ri' ±~or 11on-f~rward' ~~at~ . 

ter1ne·,· hht ;re can r-e~tr1ct U:s for 'praotioa1_: ;urpo~es to. f~r;_ 

·v,a~d sc-atte~ing ) • On the/ ~t'her hand we can derive f~r· this ch-
se dispers'i.bn rele.tioh~-i along the lines of1},·· ~a.· it. can be 

sho·wn that no,:/'the r~sulting contribution f1;b~n the''' :n~n-observable 

:;-part·:.·has th~ same sign as the c_orresi~onding'' c-~ntributiori in 

tha di.spe:r's·io'n relation for D:c; + Ds ( thaf rnust be -~o. i£ the 
+ -

theory Ts''.. consistent since now 
. . . ... ~ 

the contrib.iition from the 

non-observable part is tes.table). Ditt ir{e c:X::plicif ca.lcul;1.tion 

of ·the ilpp~1ri;ing integrals must be carried 

much'\,hi~h. shall .be don:e elscv;hereIJ). 

out 

• r .• • • 1. '.j ,.) ~ '• 'r , , _': ·. \ 

once more 

~~----~------~--------------------
T,.;) So we. may ex9pect that it is po 9r,ibl_e to determi.ne the :'_P.icn~ 

nucleon· coupling constant from tne dispersion relation .for . 
the elastic spin-flip arnplitude- of pion-deut~rbn _scn.tterifig> :; 
( whereas we can conlude from the dispersion relat:.i.oii ·.:for :the 
corresponding no.:..sJ.>in-.fiip. r.:.rnplit.tide only an upper lii\1i t · · 
fo,rt, .tJi'e: orde2 of ma~ni tuu.e of the. cdU:pl:i.n1-~ nonff,qnt ci-'c:-:res-
nondi'.ng'. to f'-'-- = o, 1) ~ ': · .... ·· · .. .. . ··:-

.... , 
){ :1~. \ ~ ~ -i -~ . \.·· -l •. :·,.; 

....... •., •'· 
,1'..J 

.. , · .. - ·.:~i ... ), ~ :i. ( .... 

,_; :=;1.:-; :.-, 
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/ The author wtshes to exnress his gratituae to Prof.Boe:oliu

bov for his interest in this work and to the members of the Ins~i

tute for 'l'he0retical Physics fox va1u,1ble o; scussi0ns, esriecial ly 
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Note: In the meantime the author hr:id tforkc->d 0ut the ~mf'fE'Sted c:01se 

of elastic spin-flip forw½rd scetterinf of plons by de11terons along 

the lines of I. The couTl_li ng const:-rnt ?.'-':is deterr.-iined as e,2/1tic = 1,8 

us\ng Chew's i~pulse approxi~ation with ~n error which is, of 

course, a little lar~er than th~t following from determination by 

means of nion-nu~leon disnersion relations. The details shall be 

~ublis~ea in near future in Nuclear Physics. 




