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The dispersion.telation for the elastic s~in-flip forward scat-, 
I 

tering of pions by deuterons is derived and oohipared wit-h the experi-
1 . 

- . ! 
mental data by means of Chew's impulse approximat1on. Unlike the for-

mer treated case of the. elastic forw~d soatteLing without spin-flip 
_,. I 

·~ • . • j 

the oontribution from the non-observable regioµ in the dispersion re-

lation is now large ~q,: .allows a determinatio, of the :p;ton-nuoleon 

coupling· .. c~o,J~~ari.t. !t~ .:value ·i·s :in ac:co~dan_c'e with .::that':iollowing 

from dispersion reiations for pion scattering· Ion free nucleons. The 
' 

investigations sho,t the practical possibility lfor treating bound sta-

tes in the framework of the theory of aispers~on relations, for which, 

however, it ia necessary to perform explicity jthe;::analytio continua-

tion because of the •divergences appearing in 

the non-observable region. 

elements of 



I •. 

I .. introduction 

In two pr_eoeding papers I)' 2) we have dE?_rived the dispersion ~e-
. ·r . :r.~ ·_· ... ·.;.· 

lation for the elastic no-:-~pin'.""'.flip fqrward scattering of pions by 
',.. .. '~- :.. - . ,. ~. . -~ ,. ' .... : _., t .... ,· . 

. unpolarized deuter.ons ~d compared this with the experimental data 
.... t ,~ • ·: ; : :-' 

by means of Chew's impulse approximation. It was ~hown,that the dis-
- ·,B 

persion relation is consif?tent with the results of _the impulse a.ppro-
. : . · · -~ ,. · ~v-:1 ~··. 

ximation.,·but a detailed test of_ the. theory was not possible,becausa 
• .• ,: ' • )>. • :. .: .;·: • ·_;_,. :. • _,. ··~ . '. . . - ( ,: t) . 

t'Ae contribution from the non-observable part turned out only as 
~.: .. ' ; -:\ ·~:.:. . ! -·_ ..• ,,y . ~~ _,;) 1'; ·::~ f'! 

small. Therefore it vras suggested in Ib to investigate the case of 
... ! • . .:- .... \ • •• ' .":?·:'!!.f::--; ·. .··.!• . ; . "•·:.· _·· 

elastic forward scattering with spin-flip, since for that the contribu• .. 
1 

'· . • , ... l... •· :~ ~ • • .-.-~.. • ,.· ... ~ 

tion from the non-observable region in the dispersion relation mu.st 
-, ._;~.)"(, ·j (~· _ ... ,<· . ;"":{)_\ _.. ..t~·: .-;·,,;";: ~ ~ -- --

be large a.nd compar~ble ,. which followed from the corresponding resul t:s 
• > ·' ••• ··,·. 

of the impulse approximation. 

In the present work we derive the dispersion relation for the 
-:;_1 ,ii~': • . -; ... 

suggested case of elastic spin-flip far,vard soatt~ring of pions by 

deuterons under the same assumptions as in Ia. Like there it is neces•-, 
'', :_ ?)_;· . 

sary to perform explicity the a.nalyt,ic continuat:1:on because of the 
.,.. 

divergences appearing in the matrix elements of the current with res­

pect to the deuteron system in the non-observable region, which is doJle 

· a:a~~-nb; -~eans o:/~:~~goliubov; s meth~dJ). As in I~ th~ whol,e ~~n-obser•-
1 

I 

vable region yields a continuous contribution (without pole contribu­

tions) that is calculated in a.'~uffioient approxl~nation. As in Ia the 

dispersion relation is again independent from the pion charge~ 
' ~•- . 

The comparfs·on of the dispersion relation with ·the results of 
, • '1:•• I ::.~ i! • 

the impulse approximation req_uj,.res "a.s in Ib, that · ffie contribuI;:Lon 

I)-F::K;;~hl~.~~ . Nat ~;;~;;~:-z~~ pr~;t); 11·er;af ~ e;-~,f ~e !l--~; ;s 
Ia. . · . 

2) ;:F • .Ka:schluhn,, Nuclear Physics (in°:1prin.t), hereafter ret!f·/le:d ·1•a· as Io. 't', ~ -

J) N .,N. Bogoliubov, B .. V .Medvedev,,M.-K .<Poliiranov; Problems of :ui'e .Theo­
ry of Dispersion Relations, Gost.ekhisdat Mo-scow (in print); shor-ten~­
ed tra.:r;slatim~. ;into German in ·Fo:rtschr.diPhys .. 1 Altademie-Verlag · 
Berlin(in print). 



2. 

from . tiie_r·:nonlobservabie ··;part must be··• equal' tcf'th.at :l.n . hie .. dispersion 
-1' , -,_ • • • • • 

' - r,: , . ., • ~,· :_' ;. '~ •· ' .~ •.-:- • • '. ,-... ,.. ;;.. ' ·: . . " .. . ..... . ,, ' . ...~ 

relation for the s,fol' of the spin-flip· amplitudes tot' forviard scatte~ 
, .~, . :-•r :-·,. ... ,,.:, .. .- -~- -~t!.~ ... -~ •. ~-::~::.~~-:. _.-.·~~---~ •. --. ,_ •. _. ••• ·•:e,· ..... ··. -- :. ~-

ring ot·· positive a.nd-•.n:egatiye pions by" free nucleons, ,,h1ch, how ~--- ., · 

ever_, is (a~ known) .t3..pur~ pole· contribution·, so--tliat the req'lliref~-.. 

accofda.nce is ·quite-~ non-trivial 'matter~ Now the··contribut1.on from 

the ntin-ob~ervable :pa.rt iii~: the dispersion relation '-for . the elastic 
-... -··-.:~ '.-•i'. . ::~:_. .. _,-,-r~•:r w.::.f"r.:- · ..• ·-:!._'V~\ -"(-fr~-. '- .· . ·. -·~·:· -,,.;·;,"'·· '{'q''' 

spin-flip forward· soatte•ring ·o:r pions by-deuterons resulting from·'the 
. -. . '., . . . :: .i t·.-.-·: . . -·• . .:. _, . ·. _ _.,,. . ·- . _· ./4.J ·:, •• . ,,_;.-.~· . . . -~ ·, .. :! :;:; 

analytic con,tinuation shows indeed. the required behaviour over the· who~<·· 

ie -~an~e of enJrgt: In:·other v,ords the dispersion relation <tor spin­

flip §oa.tte~i~g ot pi6iia by _deuterons allovis '.. a,•: det~rmiriation of the 

piol\-nucieoil cotip11:ng constant usi:rig Chew's impul;~ app;&ximation. 

Its value is g2/t.. o = IS as found by Davidah and Goldberger4J from 

the disp~rsion reiiti~n for _spin-fiip ~battering~ of pions ·by free 
, . . , . . . ! . . .... :·· . . . .. .. . . .. .: . .. . . :.• 

nuole~ns, at rvhich1theferror i_s of' Ci6U:rse a little larger in our case~ _y·: 
-1•· . , . 

The present investigations show,that it is practically ~ossible 

also. to handle bou:nd states in ·fthe -.framework· of the theory of disper~ 

sion relation~ ,<'.for which, howiver, it . is neoessary t"o carry out 'expli-

. citly the analytic continuation beoaui!is of the ·a1vergences 'appet:t:ririg 1n. · -
• :--, . . ~ • ' ,t:.:- -<-~• 1 "",.; . .- ,I'"" .... -·, : .!_ • 

. the matrix elements o_f the current in the non-obser'lfable reg_ion. 
_i_ --'\..•" 

~. ,:£h~ -~pin:~!ip ,;~pl::~1_: .•.'. . ~.H! 
. . 

·r . . . r:- ;> ._-,: .. : .. :·_ ,-.r_ .. -· ·:· _,..__ ~~ : . . 

As_ suggested in section 4 of Ib we define the sp~n-flip amplitude 

for the elastic scattering of pions by deuterons by 
.r. ,.,._ ,· 

'5ff,, .· 

. -;·: ,.,: 

··:I= :z.,1,x~, {<.:t.,.lTlx~·1)-<X1MITIX1~1>f·---· (I) 
1 1 i · ., • .. , · 1 · ' ·· · · , 

Tis the ~a.~al transition amplitude for el~stio pion-deuteron scatte-
~, ..... . 

ring, . q ?,1ld i -~ina.l_ ,.and ini ~ia.1 mome~tum of the pion and );
1 

---------------~------~ . .,,. ,1 .. 
4) W.C. Davidon, M.L. G~-1:dfberge;._~,-- Phys.,.'.Rev. I04, II9(I95_6) •.. 

•' 
··-..:.~:-



J. 

and X,
1
>"'

4 
the spin funot19p.~:~or the triplett si5ate_s5_2 .-:· We s~pf.?,;~t\ 

as in.section 4 of Ib, that the deuteron is pol~ized (contrar/ to 

Ia) ,.perpendicular to the scattering plane .in the direction of q1><.-;f." ,_ 
• -.' ) i ·:. ' ·'"· • "·" ••• 

As ~s-uallyJ) we cho~·~e .that :r'rame
1 
in \Vhich···the (s·~ of· the initial 

and final momentum of the deuteron vanishes 

\ 

For th~ dispersion relation derived in the next section we rieed 
..... _ .... : ··· .. :.1. -J ;,-_, __ i·•._-t·: X. :; .. ·:: :· ... , ~ , .. .. :3 _,; .~ . · .... ::· ·rt'...... ·: ; :j .t• a 

the antihermitic part of th~ spin-flip amplitude (I) i~ the non-obser-
:_,._ . . ·.;;:., 1~· ;· ·-:~/~":'\' ().1~(·;. . {:.} ,>... ............. ·'·, -~-.~:" .;· '. ,·"';'::..-.t:, ; ; __ .J.~~-·~ 

vable reg~on. The antihermitic part of the transition matrix Tis ge-

ner~lly. g.iven b~ (~-o~;:~r~Jf and:· ;a (IJ) for nota~ion) ' · ·.o 
•• I• ' ;:! • • .. , f:; •;- ,. •,' • ,. •• .• t • !' •i-

A""' (E,::n = . . ,:, ,F,. __ ,_, ,.. · ______ .,.\--_,..,,,. ... :.•·i· j ____ _ 

. = ti f ~~ -1.,l>·ti,~(c){r+~,h.?~f +1,nlj~(cl(p,~>-b (a--)M;!:+(p+:;,~ +{t-t;+;,;t) . (J) 

·"' l <-iV I j;(b)Fr -i, n ><-P-i, .-..f i ~(Oll P, .. > i ( E: t-1 M ~ + < Nl'-'! M,; 1'-fo,f}-, '•' . ~~ 
n. ' 

where we hav~ ai'f~-~dy used the 'tact, that according to Iii the sc~tte:r:lng 
. !';': ...j • 

ampiitude is diagonal in the '1.sotopic spin indices of the pion. Since\ 
... ;·:; ' ~ ... ~: .. '.'~· .... •, '. . ~ ·-· ' . . . . -~ . 

. we shall restrict us in the following section for practi~~L~easons to 

forw~d ·s~~tt~ri~g, ~·,;e -may take over directly the resul t·s from Ia, 
that ''11/ t}~e non~;bs~rv'ab.le region oniJ tnf\;~..:nucdeon-terms' coritri~---~ 

(' 

bute. Th'.~- neJaea. ·\gener~l matrix element of the current is again given 

by Ia (20). 
7;>-~ , .. ,.,, ~··. .Q~f· .. :., . ~[ .t 

tude 

The calculation of the a.l:1.~:i:9-f:!~mitic pa.rt of the. spin-flip ampli­

(I) using (J) yields in. th;--·~on-ob~ervable region after carrying 
..... n~-;1•• ~~:).. . . . .~._r{rr 

_out the. summation over spin, and· isotopic spin states _of the two""'.'nucle-
·-:-·· (~ :· ~--·. '· l!..,., ~.~.:·-~ ~ _f';_ • · :_; .~": 1 / .,. ~ .'": ~ . . . . . .i: 

on• system and speeial1,z1ng to ~o;vmrd scat~ering ( compare the correspo-
. : . 

' . • ·.J • .J 

nding considerf:tti9ns_ !n J:fi( leading to· Ia (27)) 

,. .. - .... , '"; ,: ~ ,· ., -------------------·--.---... -----..... 
5) We remark that (I) corresponds to the second term in the general -. · 

expression Ib (5) exhibiting the spin structure of the transition_ 
matrix. · 



4. 

A (E,'f )"" l.n -j= -s ¼~{\1-,~·l[BJf,2)1-~,_('f,il1[i(Et-E;z)+'S(E-Ez)] 
(4) 

i" "!. ·~ 

with 
·.•. . .· . ,t . . . .. 

B:;: (<j,z) ~ ~~ 15 .t3
-\, •(~) :: (i?)rJ 

(5)'°. 

··-i 

(O< E < -~Y. Ez. is _defined by Ia (JO) and the investigation of the pos-
f'. •. 

sible oont~ibutions from the individual S -f~cti'ons 1~ the non-obser ! 
·~ ·.) '!' "" • _.,,,,,,. ,, ~'~ .. '~- . .. .... 

vable region can be performed in exactly the same way as in ·section J 
i·• _~:: . ' ~~ •:;.~ - --.. . ~ ~. 

of Ia._ We notice, tha{ contrary to the no-spin-flip. scattering ampli.:.. 

· tude Ia( 27) the two ·· 8 -:-functions in ( 4) have the.\1ame si_gn_, wh'ioh 

will be very .important in the following. Further the wave functions•· · 
. ·--~ ... ·, 

~' . eJ.1 . of the continuous spectrum of,Ia(J) ·may again·oe l'.~pla-
' z. ,i. I I 2. Is . . 

oed .'exactly-'· by. plane waves due to Ia ( 4J) and·;,.t_he-, _calculation of .the · 
: ' • . .r 1•'- . 

• f • ' 

matrix.. eleiµetits in ,{5). ~sing as in Ia the Hulthen fun~~-:1.on :I:~ (44) for 

,,D. ,; .leads :to the:· expressions Ia ( 45), ( 46). The r:es~l ts f~om.. sec_t~::' 

on __ J -.o:f Ia (especially tnose re.marked at the end) concerning the di-
. \.• . ~' •, ' :-, ' ' . ,· . ~' :\ . . . 

vergences in the matrix elements of the o~rent .in the non_,-:pbserva.ble 

reg~,on. are valid. h~re. without any change and the analytic continua-
• ..._ • , ~ ~ • '• ,. : 1 •• 

. tion will be performed in the following se_(;}_t~on i~ · t~_e same. way as 
' . • ..,., • -~- j ' 

in Ia section 4 for the case of no-spin-flip soatteri~g. 
I. 

J. The 'Dispersion Relation ~-... __ ,-

I ; 
I 

The dispersion relation. for the elast_:to ·s;;n~flip, forward ~catte-·! 
.. :. ·- _ ....... , - . ·-· ,·· _, r .. ., . _... .... .:" .:t ."... . .; : ,,,. . - . ,,.;.. . .. ,_ ~ .... :· ~ l_ .. -

ri~g of pions by deuterons·, which will be written down for the present ' 

' 
~ .• 

ag~i~ f:or 't < 0 1 has u~like :i:a (47) th~· form:_:_. .,, '· 

·, ~- ...• :· 'E't) .. (Et,ii~<.tll ;A(E't-l ' 
- =- ,l ·P[ -5 .J..E' A(' -t ( QtE.' '.z.] D(E','t') iE. .. ·. E'..i ... E~ )· . El.t-E,, .. 
. . . . , etitiho (t"}' •_,;,'· . · 1e <-r1r 

m~ 

(6) /'." 

I 



5 •. 

~· . D(E, ?') is .the hermitio part of the spin-f°lip ~plitude (I), Th.e sub-

tractio~ needed. for convergence/ '~1th respect to,\arge ·E' in the· case 

of no-spin-flip scattering.is. unnecessary here (oom~are afso4)). 

AS iri:Ia. (50), (5I) we can.write' the oontribuiib-n of tb:'e second 

term in· (6)
1
that yields the non-observable part after.the analytic 

contin:u_ation t" ➔ ~,(.(. in the :form (we suppress in th_e following .. 

the P-symbol) 

with ._. 

~f·\r> ~ E~(t) -1" >0 

· where P is gi veii by Ia( J6) and Ez ( 't ) ·., by Ia(40). ' · ,, •· .. , ·. - . !'. 

. . ~ 

The analytic continuation , t' ....,. m. · can be performed· in.( exactly.·.· 

the same way as in Ia (52)-('56) and (7) becomes like Ia(-!n) ·,;_ ·, ,._ 

• _j 

with 
.· ,'• 

Z(x)~ (f~i<)"(I- ~D ~~:") Lf,4 :t + tt~i- -

. • •~ •• !~I ,. , ·• ,·. ·, 

. (9). 

. --· .............. .., , ~-, . 

(IO) 



6. 

, .. ,.~- -'.!C· .... ·. ~.· .... ~ .. f;: .. :::r.~ .. ·r n .✓ 

Th~::;f~nq;tio~s t 1, ,f 2 ._ and g;:,~~;:,.!j~ll as the con~.~~:g.t~,l ~tJ~ .. '.r~e.,,:··-­

given in Iij C.?_8), '.(:?9-6t :/~;Y.: ~~-. ;3 by Ia -~~4).~ ··t,"' -7 ,.~._.._,:: ... _ !;J ·.,: 

!:iu .. ~hen ,~~e __ gisper~ion relation,};Q:t;;., .. ,elastic ~pin-flip scattering ap:-
. . . , . . ~ .. 

pears,in the final form 
' .. , ... , . . . . . . . .'~ .,- . . . ~i';,. ,;:., . . . . ~-~~~ ..... , .... /. ·:- '"\ 

' . . f 

. ~ (E),. ~ E r~E; E~~E~,.·,":" £ ~~t.~;~ ~· sol'< z M 
··- . . 0 . 

\:re ... 

. t --~ r. f<.., .. , .. ~ ;) _1 

ci·f) 

wher~·;·Z(x) is defined by (IO). 
. ,. 

·-:ii.:.· . 
~--~. 

~ f-· ; 

.• .!:.. (·, ·, 
i,), . 

4. Comparison •\?ith the Impulse. Approximat:t9n ----------~~-----~~-----------~-----~--' .J . ' . .'5. 
.. ~~ 

For comparison of the dispersion relation (II) with the results 

of the impulse approximation we calculate at first integral over Z(x) 

appeartng in (II) which can be done relatively easy in a sufficient 
- • - f 

approximation. We n_eglect the small quantity t<. · ( = o,02J) in (IO) · 

and replace the second br:i'cket involving the· r~tio m/~ by I. : The _ _.•:. , :i 

error· resulting· from these is small'e-r· than'·5% especially - as we_'.· 

shall see immedia.tely - · Z(x) is· large. pnly for· small x. We-·eonsd.der . : ·:­

the function 
i' -

</ 

Z ( ) [ 1 1 ,1 (· ? J.."-f~1~ _;-v~ ~ ,2f.4 0 ] "4.~ 
X: ~ --+ --- -- "1l:. ...;.ug ·-M< -~' --- 2 f;' + 1i. ft +t' , H.:.-f1)1 · t/·-{' ff-f (E/m)4-x" (I ) 

The function 

%.(x.)== Z (,c)[(E/m)'-7_x,t] ,.-
o-J,; .., _: ,, 

independent from Eis represented in Fig. I. 

.t . , l '· . ' .• 
, .. : ... ;:,: .. j:·~---.·-~-)-~~:1 fJ. .. r , . ,;_:·r ~~ .•. :. .. . .. ,. 

. • .. .:•':"t•( -~ 

. ~! 

' ·,r~ _:.· 

'(. 
. (IJ) 

. ,_.) :c· r .; ::\ 



10 ,----"'""'r"---·-· -----

Fig. I _, 

The twq dis?~ntinuities at x = 0,05 and x = o,4J come from the 

function ~o ~g l i. f11 / (-{f - }.:.)] ( compare Ia., esp~~ially 
. ,_ .... : • .- -~ •. • . ..., . t ' .•. 

footnote 

I5) con:tinued. an~lrtically acoor'ding to Ia (56). 
·•., : __ , 

Fr~m fii• I we ~an see·that Z(x) contributes to the integral 
.Li. 

only for such x where it is possible to neglect in a sufficient apprQ-. 
'>-'. .. .. _ _.. l.. . \· :.,_,(~.-

xima tion x4 . against (E/m) 2 in (12). Furth'ebiore we contend us with the 

estimate 
,··.,., :· 1-.. . . . . 

.. ~ z(,S&_~ - 3,s . 
'0 '•;·~: .· ,_: . 

based on Fig.I, so that we g:et finally 
,f .t., 

.. S 4~ Z (~)-~. 3~5 .. fi:. 
0 .. 

(I5) 

Then the contribution from:- the~ non-observable part in (II) becomes 
I 

(I6,) 
:, . ·•..,.• ,. ' 

(• .. 
The .cqmpari,_s_on ,of t!?-e dispersion relation (II) with __ the impulse 

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

approximation .. requires as in Ib
1

_that th_e con~ribution. from the n,on­

observable part in (II) must be equal to t1:tat-1n the dispersion rela­

tion: for the sum of the forward spin-flip amplitudes for scattering 

of positive and negative_ pions by free nucleons, i.e. equal ;to 



1.i· 'irq.t· 1 = -
Tr. E tM.t. (~)""-E.z. 

:t -1.. 
,t,1:t,_ E 

(I7) 

· ( 2 )2 where we have neglected as in Ib the small qu~tity rn /2M against 

E2 
. . l 

Indeed the quantities (I6) and (I.'.7) ~e
1 

in-.a.cc'c?danoe within 

the needed accuracy in the whole range of energy, i_. e. the dispersion 
. ~ 

relation (II) is compatible with the results of the impulse approxi-

mation. 
~-,_(, 

5. Conclusion. 

In the last section it was shown that the dispersion relation 
I) •-- -;: !.:'·"" '.'~ .. . 

(II) for· elastic spin..";,:flip fo:iAv~d sc_attering '~o{··p:t-ons by deut·e-rons- -
, ,· \ '\. ·.• ._ ·. . . ., -,·· . ~. ,. .\ 

is oompatibl"e··"'vlith the ;•result's· of the impulse approximation in t'"ne 
,::: • • .•,, ~ •. . . . . I . ..,,. 

whole range of energy. 'For· the Yalue of the pion-nucleon couplfi:ig ! . !. 

constan'.t determined in this ~\vay 'we 

(;J>d.vlj,,on ~nl·. Golo\b~·rrf' If? 

~C.1" 
can take directly th~:- 't'fz:su.lt · 0 ( 

( 18) .. :.':,· 
·.1 -'· •• .) 

4-t-/li,c :;- . 18 

where the error in our case is,of oourse,a little larger than that 

following from determination by means of disp_ersion relations for 

scattering of pions by fr~e nucleons. 
t/. :t· , CH;· 

We emp~~ize once more, that tJi~ ·coinpa.risori of,: the dispe,rsion 

relation (II) with the impulse approxima_tion is quite a non-trivial 

matter, since the contribution from the non-observable part in (II) 

is a continuous one 
1 
that . comes in· the main .·from; the -t.'~~-:~1? t's -func­

tion in (4) (compare Ia), wheree.s the contribution from the non-obser-

. vable part in the dispersj.ori relat.i on· fbr 'the sum :o~.l'the sp1n::.flip 

amplitudes for forward scattering of positive and negative·· pions by 

~ S: .. · .. 

C[f1U-• ,_ ....... 
,:.1!{~J 



9 • 

. free nucleons is a. pure pole contribution,that corresponds to the 

~ec.ond ;_ .. ,>~ :,: ··.~· .funct~~~ in (4f •. Nev~;thel.,ess, ~/~ot a.~~ordance within 
: ->:' . . . . " :~ t' ., " . • • . .. ' ' .- . . ·~. 

the reqµisite accuracy, for the analytically continued functions in 
.;.-:1 . • ,_."""' .. ; .. ,. ~ '·. . .• .• ~-- \',.._. -;~ __ .... >:. ,. _._;;: -~.:- ,,_ 

(IO) sh9w~d such a behaviour, that according to Fig.I essential oon-
-~--- •~,.f .. • -:···!'."·•· ~,.,- ·--~ .· 

. ~-

tr i bu t·i on s to the integral in (IO) crone only from small x. We remem-

ber, that in the case of no-spin-flip sc_~~.tering there was necessari-

ly a diff' erence in sign in the two · ·contributions ;r<?m the non-observa.b-;,: 
.: ... ": 

le parts,which we had to com.pare in Ib1 sinoe in the relation Ia (27,) 

corresponding to (4) the ~ -functions have different signs .. The · 

contradiction was solved in such a manner,that the two before..:.merit:io­

ned contributions from the non-observable parts were only small and 

not testable within the accuracy of the impu~se approximation (compare 

Ib, section J). 

We notice further on,that very likely the ooritribution from the 

non-observable part in the dispersion relation (II) is rather insen­

sitive to the.special form of the wave function f'd:I: the deuteron ground 

state (for than we have chosen for simplicity the Hulth~n function 

Ia (44)) or to the special form of the corresponding t~o-nucleon po~ 

tential respectively. This .we can expect from the analogy to the well-· 

known fact,that in the low-energy two-nucleon problems only.the short 
' range and the great strength of the nuclear forces are important 

(The modifications arising from the existence of the D-state are cer-i. 

ta.inly unimportant with r_egard to the accuracy of the whole method) .. 

Concluding we can say that the present investigation show the 

practical possibility. of including bound states in the theory of dis­

persion relations, for which, however, it is necessary to carry out 

explicj_ty the analytic continuation because the divergences appearing 

r:::/'.'. . . J /(!'[?;;; ~ .. 
_t ) i C"! t ,£:._ 



IO .. 

::tn the matrix elements of the current in t·h~ :non-observable region. 
:. ·,! 

So the only problem remains to give a theoretical account fox the 
' ·, . ) , ~ 

special nrenormalise.tion prescriptiolll' assumed in Ia foF the matrix 

elements of the current with respect _to the a.e·uteron system •. 

/ Received April 15, 1958/ 
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