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1. Introduct i on 

In the present paper we shall const ruct t he rad i~t ive-muon

capture (RMe) amplitudes for the 'Y(r··rv)n5(1') and"~~~v)"N(2") 
transitions. These are the first applications of the procedure 
suggest ed in our earlier paper 111 ( referred to as I) . Relying 
fully on t he no t a tion introduced in I we give i n Sec . 2 a conden
s ed a ccount of t he proc edure t o be used in Sec . J a nd 4, wher e 
we present with necessary det a ils the derivat i on for the two above
mentioned transitions. A short summary is gi ven in sec . 5. 

2 . ~ 

T (l,) 
The hadron-radiating part of the ru~e amplitude contains 

the tensors v,...~ (~·'J-,Q) and A,_.~ U.l)t,Q) connected with the vec-
tor and axial-vector weak currents, respectively. The tensors ~l 
and A~~ should be expanded in terms of the independent Lorentz 
covariants. Then, imposing the current-conservation conditions 
(eEe-charge, eve, PeAe), one obtains the systems of constraint 
equations for the radiative form factors accompanying the kinema
tical covariants in the expansions for v,..l and A,..~ • Now assum
ing a plausible explicit form (see Sec. J of I) of these solutions 
the equations may be solved if a few form factors are taken from 
the perturbation theory (PT). In this way the radiative-muon-cap
ture amplitude is expressed in terms of (nonradiative) weak f orm 

factors. 
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J • .!.!!! ·~c~···J~'>-.Y"> <1.a. .•. C1•) reaction 

In our treatment we have adopted the "elementary-particle" 
approach to the nuclear states in question. They are for our pur
pose fully characterized by the structure of the relativistically 
invariant equations corresponding to their spina and parities. 
First we consider the radiative transition 0\'1(,_,.)-t•(nB~.,.). 
The weak currents needed in analysis of this process can be writ
ten following the construction due to Delorme 12 1 as 

< 1~B(p*./)i\~JOW2C(p'))=-fi.£, f+ ~~./=' (q2) <1> 
"a<f~ fx 2.mp 2M M 1 > 

< lls (p~. f) J A.\ (o) 112c (p'>> = n[(; ~ Cf) +. ~ r,.(~·)-;, ~K Vf>], <2 > 

where {. ;o (f, ifo) is the polarization 4-vector of the spin-one 
nuclear final state ( 128) and €.otf\tS' is fully antiaymmetric unit 
tensor ( E'01'-'" ·1-'1 ) • The nuclear form factors f::,..,, f:A/f> and F( 
should be determined from the other experiments, 

).1. Vector part of the RMC amplitude 
A straightforward application of the rules discussed in Sec. 

5 of I gives 

- £* ~ ( .._I ct ) vr-) - e,..f>, ~· ,.,l v;, ~~ t- lf,'J. Q_.~ 
p 

+ fA"- f'( ([~1.' (u;~~ • ~~Q,. ~> ~~~,.) + ~(v!k,. + ~~Q,. + V2~ ~r) 5· r mr 

+ k~~r(v~ (,. +vf;O,. +V3~1r)] 
f 

. (3 ) 

+ ~f""('f ~[v:, r + : r (11,~ Ql + V1~ 'f;) + ~ (l't; Q~ + V,~ ~A)) m,. p ... , 

H\ . ~.~ (vd. kf"' + v,:. of*) + 
-fl( ,~ .,.. •• ' p p 

+ €,_~~{> [ ~; Cv.: k~ + vo~ Q~ +- vo: ~~) + ~)1t ( u-,:· k( + v;~ . ~["') J 

f 
4' t.~ ~ a. 1c ( 1 , f 0 ) + (:""I'YS "'- ' 4j . ~ tr~, K~ + tr;l ..1 • 

"'f rnf' 

As suggested above, we should substitute the general form 
(3) into constraint eqs, (12) and (14) of I to obtain the system 
of equations for the form factors u1 . It can be seen that the 
system splits into two slightly connected subsystems . For the fur
ther reference we call them group A and 8 , respectively. 
A: 
lr( kQ +-Ire kq " rn~ · - 1 J.... .fi F (a1-) 

l;t. I~ V p 1,M ~1>1r M I 
(4) 

t kQ e k 'L e """n.. + 1r B 1 + m f \f ol., "" 0 (5) 

r.,.e t ) \ I.e e) l )., <l. - 'f I r r. ~) ~ ll. +tr~:t I<Q +- ~,3+ !T3~ ·t +- "'r 1io~- mf :LM J.mr v1. r:.M <q (6) 

lr~ k Q + lr~ k~ ~ ~~I t 1r;J k~ f ~~ t lr3~) f' 
L .f f . '\ 1. e 

+ ~~~ kf + 17;,_ k.Qf"}- rnr ~.t. ~o 
(7) 

B: 

'lr~ kQ + 1re 'kq - m"r lr~l :Q (8) 
H. B Jt 

("~It tr!l) k Q t (1r:,_ f lT;,_) Ql.. t (1r ,; kr f ~~~ k Q) k Q + m f (1f0~ -11;,)•0 (9) 

•< kQ + lr~ (k1)~ r m'f (1r~1 + ~r:.,)- m~ (1r71 t-IJ-3~) ~ o ( 10) 

lr~ 1 kQ +-lr~,_(k+~)t + n<~ (t>j:r- lro:)- m~(lr,~fJr3~v1~}-l{.,):O (11) 

( 12) 

( 1 J ) 
~:~o 

~~ ~o 
I~ 
In Appendix A we describe the way of solut i on of these sys-

tems and display the final expressi ons for the radiative f orm 
f ac tors v; . Subst i t uting them i nto eq, (J) one obtai ns 
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I ,.. 
mt' ~r v,.>. = 

fi[- E J'' ~~)p _(Q-k)r F (Qt)e · fi~ 
>- o~. r~ "' .trnr 1 tvt 11 ' ~ r'l( 

+ t- ),o(n J; (t'Yf ~~ "-)r FK (qt) e t ~ 
J.mp lM L ft ~ 

+ Er.~_N E; L." ~ . ~ FK (ct~) ( e ~ (Q)I - h)-
J"'f .1M l l '- lc. r 

+ t .. .. Q ) ,..~.(6 t,... L. ~ . J_ F (4 1 

I lM ).Nf k I 

et (QAf ~ ' 
'- r fl( ) 

~ fr">-J.f G; J,~." ~r . fM Ftt(f) (e ._ +et) 

+ "r>..tp €p. J: ~r.t'M F"' Cf)(e <+-ef)1 

(14) 

In I we haYe mentioned that aeYeral equiY&lent aeta of algeb
raicall7 independent kin ... tical coYar~anta may be constructed to 
fix tbe general form of the tenaor V~ (A~) in unnatural (natu
ral) parity traJUii tiona on integer-a pin targets. 'l'be practical 
procedure to find the uniYocal choice ie connected with the an&l7-
aia of the corresponding &7Jiiema of constraint equaUona. Pro• the 
pragmatic point of Yiew which ia summarised in the •rulea• giYen in 
Sec.. ' ot I one alwaylf can avoid the ambigui tiea. In the present 
case the expaMion ()) of \1~~ ia tbe only one which provides 
the explicit solution which ie unique within the fraaework of LH 

and minilllal uae of the perturbation theo%'7. 

J.2. Axial-Yector part of the RKC amplitude 

Tbe con~~truction of tenaor A,.J. atarta fro• the general fol'Wl 
wbicb ie g1Yen by eq. (10) of Hwang and Primakoff /)/ (referred to 
ae HP2 in what follows). We repeat here neither thia expreaaion 
nor the algebraic coMtraint ayatema deriYed in HP2 from the CBC 

and PCAC conditioJUI. As for the solution, howeYer, our procedure 
ia described in Appendix A; it ia baaed on the linearity hypothe
s~s (LH) for the form factors entering into the expression for 
A~~ only. LH must not be applied to the form factors of brw • We 

h&Ye 

6 

L it ~ m- f r Jlr~ = 
~ [ '" F (o~) + lq+K) (~+ k)I ~ (q:o.) - ( Q>i" k,.). (1tk)J .. F (q•) e . P'E, 
~ .oi. ) ), A I ~ I ). m ";. r I .1. M : rM F E I J ~ ( 1<. 

( 
If /, ~ ~ 

- {i [.r : fA (f )+ (rk)A ~~f Fr(f ) - lQ>. + k>.) · ~J~ ft (f)J ef ~ ~~ 
Jt .1. M ~mf (15) 

.. • 1 -a E\ [ ~: Ff(~~) + ~ - 1~ rE (~t)(~~+ej) 
m it f 

- {i, t:' t l (~ xt-"-x) ~ (q') + k ~ J_ F (q')(e . t e")- Q) . _L Fe (q')] 
l ~>''j.; f u Jmi' 1M f V , J ). M Jmf I 

The form of the solution for A~ which we have obtained is the 
same as one would expect from the "perturbati on theory + minimal 
el ectroma gnetic coupling" treatment . The fo rm factors are taken , 
however , at momentum ~2 rather tha n a t ('j tk i • It should be inter
pr eted /3,4/ as an ef fect of higher -order processes. One can easily 
check by substituting k,... f or r;. that t he rad i at ive amplitude 
as given by eqs. ( 14 ) , (1 5) and eq. (4) of HP2 i s gauge invariant , 
t hi s last property s impl y f ol lows from t he CEC cons traint. 

4. ~ 
16~. s . (fA-, y l1) ''N9·•· (2) reaction 

u- r --- V -v 

The weak currents corres ponding t o t his .c.J = 2 ·· parity
changing trans i t i on can be again construc ted by the method of 
Delorme 121. They are 

f.
(..,)IO. Q 

<~6NG ~ f("'>)jV.(O)\ 4'0( i)\=-[ . ~ __!J:x_ * ,:- ( 1) 
f ' (o<f' A f f/ Ad-fit «r · 2.M 2..,P 2 ... , M ~ 1 

( 16 ) 

<~'N(~{ i("'))) A (a) I ••o(f~>::: £("')* l G~ Fr('f) - 'k~ r, ('I-t)} 34P--
'f"'f 1 ~«r 2M .2 ... , ,.,.,_; 2"'} 

{

(.,)>!< - ~ r l ~... 2m A('].), 
p 

( 17) 

(.
(...,) 

where ~ is a spin-two- type polarization 4-tensor representable 
in terms of spin-one- type polariza tion 4-vector {. , as, 

(
c ... > "' \ r 4 1 2.1 ~c ... ,) I'"'•) /""' 
ce~ L_ L...,4 '"2""' J.c lp 
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with the symbol [::: l for SV(2) Clebech-Gordan coefficients. 
The epin-two wave functions f~';:(""d2,t1,0) obey the equation 

(pt • M') t:;'(p) = 0 
and supplementary conditione of iarita and Schwinger 

f<"'> " ?(n,J == ~("''=?<"") l -=0 
~<(~ p.. 0) 1-:~ ?f'> 0) f ¥ $fo<. J ~o(o( • 

A straightforward application of the ad hoc rules euggeeted 
in Sec. ' of I allows one again to fix the general form of the 
teneore V,.~ 1 Ar'A and Dr- • 

V.\-= r 

= f ".~.n ~ [ "~? ( u-~ 1cf 1~ + ""~ 1for , lr~~ ~P"t) 
(" "' k~qb ( "" 4.- (j) fiT._ G). k) +- orr "-a1.r lr~o +- 7 tr:z., ~c:f'ti + lr.u it 'if J3 'J 'i 

r 

+- ~:~ (""~kr,~+-IT~~~r'Jtl!"~l?~) 
f 

+ 
6'r '~fir - v-~ t ~ (~~~ "P1i +- u-~ 1P'J t rr~ ~~) <1s> 

r . 
t- Qrm1 ( lr~ l:~~l t ""~,Pod t ""~~ Qplci) 

t £Fr 0i1Y lr~o +- Q~1r ( v-~ ~r-11 t v-:--:~.Jt<? +- Ir:J Qf ~) 
f 

+- ~ff ( t--~ ~t71 t f.l-:;,.1~ 01+ ~:;GJ~Jj 
t ~ r* k.o.lt QRI<>- c • Q ~ e '/)) r).Po .)J.f ~ · 7;:.} 1r.., +- e ,...~.N !"17! ~ ( tr, k>- + lr,

1 
..,,.~ 

t (: ~ * 1~¥ ( • c • ) r).~K .s .If m} tr 01 "-,;. 7 + tro-1 7.1. ~ + lro3 f.,~, if 
t- E k. Q.(), " [ ~ ~ 

J. rn ~'t ·51' o.~.,.. ( tr., ~ +- "'·1-1f) 
+- k,.li:r ( v- ol k t \r ,f / +-!r ei Q ) 

' 1\ t' 11 ,... 11 t mp 1 

8 

+- ~ ... k.p ( ~ k o\ ol 0 ) ~ t,..i.l I+- lr,_,_ 1r t-li.u f 
r 

+- ~,( ~r ( 1r ~ k 1- L';2. i t- tt 1:~ 0,..}] ----;;,< ~ I f f I r 
+ ~ ..( · '<~1~ 01 ? ,. I f "-1 ( ~ e. € ) . ~j' ( e k e t ~e Q )' J 

N1 ~ .)"f · rr L rn'r \l" .. k)l+~,~,h+lrnQ)I +-~ ~>-u )l+-tra1)1 1l .l~j, 

A,.~= 

.... It If [ 'J ( .... I ._ c.- ) k ( "' "- a.. )'I "'"'-' ... ~r~-+- ~rr "'r o..,, ·-~ ro...,~Q,>,tct.,3 ~A t M) 0..,1/kA+ll.~iQ.A fa.Jlrx ~ 

~If. [ ~f e I, ' . ' ) u e e ' ,l 
t .)>.J ~'<'r(o..,~i - .).to..,i1Q_.~I-a,_31>- + ~(a.,ttkAf-t.Vu~A+£2.-.t~~>.)j 

t { lt k.tll: [ <. ("" k "- k c < .J"f ~ a., .. Of'). t ~(o..," ).ta..,tQ.A+CL,~ · 9>-) (19) 
r . 

t- ~ (G.--~ k>. .. a-~ 1o>-.ra..;~1-" ) + Jf; (CL~ kA+a-;zoJ+a...;Jf).)j 
r r 

r• ~ lc J J · ~ ) 
t-.).u. ~[0,; 0 , + ~(a.,,k>-ta...,:~.O>-ta.,,\~). 

~") M1. • h r .f\ ~ ,...,z.. I 

r +~ l J \zrlo..<~ Q +-et" .q )t- k ·(~~.k)l-~a.~~.Q-'t-a.~J_?>.)j 
"'L ().,~ }. 11. ). H 1). .,.., 31 ' 

i . . . ' ,( 

+ J.;, ~~~ l~;.ot'A t *r (Cl-~kA tbv~l0xtCL~j7)) 
t- ~ ( o.." k} + Cl-e,l 0>. t 0-. ~3 r .. d t J.t:: (a.. ~,L~ +· a..1~ Q ..\ fa. e3J ?J..) j 

]) " "fA" 

""''r 2.1 " m i' . J 

* 1 "" oO.. ) ~ lc.._k ( t k 1 ' le ) :~ - l J qr -+- 01 ~ "J + ~.,/.p ~ o/1 "'+Of,_ G>r +' J 7r r j M f I I J m r I ( 20 ) 

1- J~ ~? ( c{ ~ t.f+J~e Q~ / ot; rrJ t ;; Y: ( cf,.f kf+d/q, fdJ" if) 
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The constraint· equations for these forms are much too lengthy 
to be displayed. In Appendix B we list only the resulting form 
factors v; and ai . Putting ~i into (18) we obtain the expli
cit expression 

_1... ' ... v : + e (t+t)f . (i-l::Jr. f >( ~H:.)! F ( ') . e . /f tf 
mf r r), >.•n 3."'1' '-M "! Jmr M ~ L f'k.. 

- t>..!..f~ ~ ~+L:);-_ i" {,+«~ F (4') . e . PfE* 
=.mr .21-1 1 Jmf M {I j t't:. 

- €: E" ~ . ~ ·§ >< jJ_ F (qz)( e.(Q-k)>. e1(Q+4)AJ 
t'"'P~ r ~mr .H1 Jj J.mr ,., II Jr'"- - 2/k J 

- E: E" ~ · ! • ~r l. · F ( ') r),rr r "~'~ 1 ~,- ~ ... , ,., t (21) 

- E >.PA t- ~ ~ . ~; j,r_ ...!.... F,.. Cet,') ( e i ~e.f) 
f' J r r l'"r J ~~r .tM 

- ff'ly~E:r f;;r~~~~,-JM F,.JttJ(e.<+€f) 

- E ~.Ur ~~, ~ . 5; fJ• ·!-- F ,Jr~ 
r11 '-"'r ,tl'\ J •"'r 

+ E Mpj jt . ~ . §.; ·EJ" J~ FM(i·'l(ei.Hf) 
J,..r '-"'r I 

It should be noted that substantial easement 1n deriTation of v~~ 
bas been achieTed by the uae of independent kinematical coT&riant• 
ln this case of apin-two nuclear final state. Tbe taak of setting 
the general form of v~~ becomes almost impracticable without re
ference to the identities aa ia eq. (22) of I. 

The final result for A~1 ia 

~ ] p• .. /;-_ €~A,..\ :o J.: '+k).,._ (~+klr l (€:0~ . ~ (Q1.)- ~tk)A Fr(t•) e~ ,..: 
,. I I J.mf .tM·2"'t T ~ "4~ 

- J,. ~ .~+1<-)J' [ (QH•·h F ( t)- ~-'F. (f)J "t r:~· 1' ,_,.,r lH ·lmr T \ ,~ " 1 r k.. 

J ~j (~+~<)' F,.(q•·) [ e~ ~ - ef 4--"'J +-
~'"r v f'lc. ,. IC. 

(22) 

10 . 
' 

t- J .. ~... . q . f" [ 1 r , ~ -:r Jmr i.f A .21\.2"' rT l'j) ( e' Ht) + -4 Ff 0:J 
r m" 

t- J:f (~).f [ ~ . 1. fr(~t)(e,+~)- 0;, L r,~')+rf;!;,r.~zJ1 
1 :;,,f J.Mf JH 4M Pmf m,c f :J 

+ 5:JEf · f,.(~z)l~r 

The comments of Sec. J concerning the relation of the "diag
ramatic" approach to our treatment and the gauge invariance are 
Talid also for this case of RJIC on 160 • 

TO proceed in calculations, one should estimate the numerical 
Taluea for the nuclear form factors FM, f:A, f:p and f:.T • An 
example of aucb--ea-timatea can be found in ref. /5/. 

5. Concluaiona 
• • o• -The 0 -- 1 and -2 radiatiTe-uon-capture amplitudes 

are presented within the elementary-particle treatment of ' 1C, (t~ 
i'O and ''N nuclei. The appealing features of the method 

uaed are both the conceptual simplicity and a general correspondence 
of the reaulta obtained to the onea to be expected from diagramma
tic treatment. Aa a main difficulty we wish to point out that the 
interpretation of the dynamical assumptions (Wlinearity hypothesis") 
1a not Tery transparent. Purther, the PCAC condition, due to its 
peculiar structure, worlcs rather ineffectively. A new dynamical 
h;rpotbeaia about the structure ot tbe auxiliary vector D,.. is needed. 

It ia indeed clear from general considerations that tbe ampli
t~de of a radiatiTe proceaa cannot be uniquely determined in terms 
o' non-radiatiTe quantities using the CEC, eve, and PCAC constraints 
oPlY• !be uniqueness of the solutions we obtain is intimately con
n~cted with the dynamical aa~ptiona which wore used to aolTe the 
c~natraint equations. 

: lOw it will be interesting to obtain numerical results for 
tbe obeerTable characteristics of thia process and compare them 

I 

wlth tho•• calculated via impulse approximation. Indeed, mast ; 
important will be tbe comparison with the new experimental data fo~ 
RMC on light nuclei to appear aoon. 
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Appendix A 

Hadron-radiating amplitude for the 0 +- 1+ tranai tion. 
A 1 • Tensor v,.~ . 

(eqs. (4)-Here we outline the solution of systems A and B 
(1J)) of Sec. ). The form factors entering into A can be ob
tained without any reference to PT. Actually, using LH (see Appen
dix A of I) one gets from eq. (4) 

1re c: d 1 .rr F. ~~J( ~- ::_t_) I~ :& . ~M ;t. M t (Q-~)IL (Q+9)k. > 
(A.1) 

e 1 . 
,_ .,. - !!!.! . _j_ {i F ( ') ( ~ ~ ef ) 

1'!. .2. ~M k t (Q-1)k (Q+1)k . 
(A.2) 

Eq. ( 5) shows that VO~ does not contain any term proportional to 
CJ~I [(q:tttHJ • Therefore, in eq. (7) we have v;f + ll'ue. .. o , i.e. 

\r ~ ~ ' -- + - (A. 3 e ,.,, 1 ()(e.' e.t) > 
'!>', ~ . J.M-[1 FM '\! (Q-~)1<.. (Qt~)k. 

From eqs. (5) and (A.J) and using LH one obtains 
e 

"'>:t. ~ I fi, F ( L) ( ~ - l!f ) 
,!).. . .211 ;t. M 't (Q-~)k. (Q•'\)IL 1 

1)-e. - mo I r. F ( L) 
o~ - ~ ·.2M v~ K 't · 

Now, comparing eqs. (5) and (7) we have 

.. (,. 
v.~ " - lf}l. ' 

· .~: . ' e. 
11;, " - ,,Vn: ··'- . 

To obtain these la~t · results we have put 

f - f (,. (,. . " ., . . . l • 
v;, - v,2 ~ ~. .. Vj, : 0 

(A.4) 

(A. 5) 

(A.6) 

(A. 7) 

(A.a > 

since the corresponding covariants, being proportional to ~will 
vanish in the expression E~ ~ • 

To solve the system .B (eqs. (8) through (13)), we have to · 
use the perturbation theory result•) 

*)A word of warning is in order concerning the consistent use 
of PT. Normally, (none through) several form factors are needed to 
supplement LH for determination of a whole group of Vi • To be con
sistent one must take from PT the term which is nonzero there (e.g. 
v.~ or v.~ in the above case). If the solution starts from the 
form factor which does not appear in PT (e.g. starts with v0~ =0 
here),it can result in a clear contradiction: from LH we get then 
both v,~ and v.~ zero as well. Examples of such a "destructive" 
use of PT can be traced in BP2. 

12 

,_c ~ cl ..L r. F ( •) ( ~ + !:.L ) 
:a. 2.- • .2.1'1 v1. M 'f, (Q-1)1<. (Q+-Cf)k. • 

Eqs. (8) and (A.9) together with LH lead to 

e __ m,. J.....fi.F (.L)(~- ~) 
\)-~> - T .JM .2,. M ~ (Q-~)k. (Q+~)k. , 

,.~!. =- ~ . JIM .fi F,.,_ (~') ( e, + ef). 

Now, using 

Ire 
Ol 

(A.1) and (A.2) we have from eq. 

"- ;:. ·fM {5; FM(if,')(ei +ef). 

We rewrite eqs. (10) and (11) in the form 

'b-~ + \r~ k Q + \)".:1.~ (~<-tt)t ~ 0' 

\r• -1- 1r .. kQ ~ \1'<!. (~c.+4)o ~o. 
oo ,, '"- "" II 

(9) 

(A.9) 

(A.10) 

(A.11 ) 

(A.12) 

(A.13) 

(A.14) 

None of the form factors contained in eqs. (A.13) and (A.14) ap
pears in PT, therefore an arbitrary one of them can be chosen zero, 
then all the others via LH assume zero value as well, e.g. 

tr. c .. o- u' -u· .. u:c .. v:• =0 
l4 DO 11 l2 12 • 

(A.15) 

We have determined completely the form factors of tensor V~~ • To 
achieve tbia, we ueed LH and two fol'lll factors fixed through PT. 

'fbia ia in contraat to HP2,. where 14 form factors were built in 
Tia periurbation theo1'7. 

A2. 'l'emor A,..).. 
Constraint equations to be solved !or the radiative form 

facton which determine A,..). have been derived in HP2. In I we 
bave mentioned already that the PCAC condition gives no additional 
constraint on the fom of AI'-).. since the dynamical structure of the 
•auxiliary" vector 1>,.. is arbitrary. Therefore we consider only 
the equations which arise from the CEC condition. In notation of 
HP2 they are 

r;.e 
6!1, 

G- :-, 

kQ1- G.:, 4 ~ m~ li ~ (rzJ 
kQtG~~-1 ~-l<{;cc.~f(;:::J 
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(A.16) 

(A.17) 



G- "'- k Q +- G- a_ kq : - nt 'l.f' G- ~,_ 
ll,. ~1 (I 

G- "- k. Q t G e.. kq- = - mr' G- :-3 
B ·n 1r 

e k /'e k --~.<.<'~- c' G- l I Q t \>- 31 '/; - f' • 0 

c. !1 kQ 1- G~l k~ :- ? 'l- ~ fi FE (f) 

G ~~ kO t c.:"!> k~. ~ fi F!' (~~) . 
m li 

Eqs. (A.16), (A.21 ) and (A.22) along with LH lead to 

e . ef ) G;,_ ., mj, ~'I Fll ( (ct-7}t:. - (C.>r r )k. 

e z{l.F (5- + .!.L) Go~ -- -mr 4 (Q-r!k. (Q+rJt.: 

e • _ m • J_ _f'l F ( _ii_ _ ~ ) 
G "'- ? .JM v.t E CQ-1)k. (Q+9)k 

e - m' I {iF ( _£j__ ~ ~ ) 
G 32. - ~ ~11. 2. E (Q -9)k. (Q ... 1)k 

~ e. e~ ) ' m . __:::J-- - --G-:t~ ., ~ .f2 Fp ( (c;:>-4)"- (O•~)k. 
e , ( e . e5- _ ) - .::'.£. !=' __!- + - k.. • G :>:."> - - m; J2 p (O-,)k. (0< 1) 

(A.18) 

(A.19) 

(A.20) 

(A.2l) 

(A.22) 

Por the furth er solution we have to calculate several form f actors 
via perturbation t heory: 

c. II> - !:'2e.. _1- - ~ + ~ r __.::__ f --n ~ ( e · e t ) ~ ( e. - ef ) 

,_, - m: Fp ~-9)k (Q4)k. J. :1. M e (Q -1)k. (Qf<t)k 

G-~ m F e, ~ !.'2t-- F e ; + t ~ ) 3 e 
u ~ ~ rC (Q-~)k - (Q~)"- +- :~ - ~H E ((w-1Jk (~~) 

14 

1. " . e L 6"' - ~ ~ F f ...:::1- - .J- ) 
a - :1. - :I.M e- \. lQ-1)"-- (Qt<f) k 

o..._m ~ ----'i ( , . et ) 
'-n - ~ Fp (Q-q l"- (Q+~ )k. 

Ueing theee expressions and LH we obtain from eqs. (A.17)-(A.2o) 

1 

0.. - - !!2}. Po(~ + ~ ) -~ F. (3:i.- - !.1.. ) c;: 31 - mi- F' (Q- ~)1<.. \Q-4-i)k. ~ · !!M F (Q-'f)k. (CiJ+-1)k. 
t 1 

~._~c.-- "'- !:!L F - .!!2..t.- f. (e · fe.L) 
•• 

00 m';. f :Jft.Jm/ F ' J . 

<;"- ~ m/ ~ · ~L 
u. •. r, ( -·- r _L- ) 

.1 · ~... (Q -1)"- (O?+<j)lc 

'-~a. ... !!!l- F F 
.2-211 

G-4. 
~l 

(;~\ -:: 

'"lj c~ q ) .:;J- Fp {Q-1)1<.. - (Q+q)k .. 
~F 
m~ f 

(A.2J) 

<;. lt ... - ~ F ~ ~ 2-- - !!!.f.-t ~ ("" ' ~) ~ 
mi r (Q -1)k. ~~-1)k. ~ · ~f.t 

~ 
6- oo 

F ( e; - __$:.-) 
F ~ (Q•y)k 

~ F - ~ FE ( e < + ef) · m~ I' .:1 · 2.11 

~· we ahoulcl like to call attention to equation (A.2J ). Here 
we bave an . example of the possible ambiguity in solution. None 
of the fom factors Gio , G:; appears in perturbation theory. 
Hence we can not solve this equation. When we consider the expres
•1on for (4-+~)" A,._l, the term with G; will be proportional to 
k~ • It ia not dangerous, it simply gives rise to additional terms 

proportional to k,.. in n,.. • Though 1 t ia not a convincing reuon 
we aball put G: to be sero. 

Then 1 1. 

Ga. - - ~ r - mp F / ) 
- 1711 r- P 2M 2 E ~e.- + f!.>f ' 04 • • ... , 

We aball not display the expression for D~ here. It can easily 
be obtained substituting G,j into eqs. (15a)-(15g) of HP2. 
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This expression certainly differs from that in HP2. But we would 
. like to stress that the form factor ~ which has a physical inter
pretation and can be explored experimentally, is the same as in 

HP2, z 
[:1) = ( 1 + -;j) ( f:"A + ~ ) 2 ~p f2. 

mt: 

In other words, though we do not apply LH to determine .Dr- and 
make no assumption about the structure of its form factors, the 
physical form factor Fn has a correct dependence on dynamical va-
riables. 

Appendix B 

Radiative form factors for the "0+- 2- transition 
Terms calculated via pertubration theory are 

a.
tr 3 ( 

a.. 
1r ~l. 

~r"' 
~I 

fns-
- __1..-

(~m,f·~M 
> 

rnp 

(.:!mr)' :1.11 

" rnr 
(J. rnr)' :1. M 

r (e; +-!.1-) 
M (Q-~, (Q~9)k. 

F(S--~) 
M (Gi -1 )k (Q +?)"-

( 
~ ef 

F,.. CQ-1>"- - (6117)"-) , 

besides, similarly to (A.15) we put 
•• c- ,.d.- u.<l -0 
"04 - "<2 - 2l - . 

Solutions of the equations arising from the eEe and eve cons-
traints are as ·follows 

\r c...- - 17-c:.. 
:1.0 - ~0 

,_c.. 
~~ 

b-"-32.. -

lr"' 
~~ 

~ 

lr '10 

lt-~ -

1r~1.. 

~ 
.I'M r:M ( e, + ef) 

"c.. ~~ > ( e; + SL ) ~~ FM lQ-q)l<.. (Q+q)k 
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, 
\r-"' - ~ F r e~ ~ \ 

~':> - - 8M t-1 1... (G-ij)k + (Q+~ )!(.. ) 

\r c... 
S1 

m1 . ( e. , ~ 

'iFf F H \. ~Q-~)~ (Q+<j)"-) 
~ ).)-"

s~ 
iM H (Q-,)1-, (Qt~)l<.. 
!;!!.f~ ( e , -t ~) 

CPv .... 
'\r H ~ 'lr5'1.. 

'\)'c... -
&o -

b-" 
i-1 

"a_ 
'1. 

'\re., 

'~ 
'\ro.... 

01 
::. 

~~="' IM 
l 

~FM 
8M 

) 

- ~ Ff-1 KM 
c... 

\r'L 

- ~ F 
IM M 

( ~ ... + ~ ) 
\. ('Q-4)k (Qt~)i.L 

( C! ; et ) (Q-1)1<. - (o;)l(.. 

~ ..... 0,_ - ~ F M ( e i Ht) iM 
\ro... .._ 

o'!. ~ lr o ~ 

' c... \r 1\ ::. - \r '1) 

c .... 
v ,""- tro 

e c:. 
\)-00 .,_ - v-., 
'\/~ -

<>I 

\r ~~ -=- 0 

b-e.. .,_ D 
0';, 

v- "- ~ 0 ., 
v-<~ = 0 

0'-

'\r ~ -

'" 

.t 
\rl~ ~ 0 

~ 
1./H. -

'\)-~ -=- 0 
~!> 

1r ~ = 0 
31. 

lr ol ~ 0 
33 

While solving the equations for v~ we were not inter es ted in 
v 1"j 1 V2'j , v.1 and v.,j ( -i,j ,.1.2, 1) and t ook them zero, since 

the corresponding terms vanished in f;.. v,..~ • 
Solving t he system arising f rom the eEe constraint in the 

same lll&llller as ear l ier for 1~( we can obt a in t he fonn factors 
Q1 . The fonn factors of the first group below were calculated 

via pertubation theory 

~ 
a., .a .. 

.. 
J!), r 
"- A ( 

€< e.f ) 
(Q -1)k_ - (Q+q)"--

17 



t 
~,., 

t. ~ 
Ova 

~ 

a. .l.:!> 

_..J....- T __!_..- t-- -m'. F ( e · ef ) 
8 M (Q-9)1t... (Q+<f)k 

'!. 

~ F ( ~~· E't ) 
SM r (Q-9}lL - (~)"-

~ 

~ F ( ~~· ~ ) 
J. mi r ~)k.. - (Q+<j)l<. 

~ 

!:2.L F. ). m: f 
( .e · ef ) 
C~k. -cQ;1Jk. 

.! 
o., l I ~ e · ef ) ~M FT ( ~k +- (Q:i}k -

~ ( 12 , ef ) 
~ rp ( CQ:1J~< -(Alt. 
m;r_ 

avJ "" ~ F ( ~ - !1- \ 
l2. 'i/1 T (Q - ~)L.. (Q+9Jil.) 

~d ~ - ~ F I ~ - ~ ) 
B m~ r \ (Q-4)\1.., (Q4~)k 

~ e. -: - 5r: (~ r ..s.__.) .i1: F (ei _ :!1.- ) 
lt 8M T (Q - ~)k. (Q~q)k - ~ m~ f (Q-i}t. (Q+~)k. , 

tr lr c d. e 
The form factors a..,, a.H, a.'J, a.,J , a,J are considered to 
be zero, as the corresponding terms vanish in E'i-. A,.~ • 0.~ 0 , 

~ G~ a,
0 

are taken to be zero also, for a n analogous reason as 00 

i n AI"'-~ for 
11C • (see App. A). 

The other form factors calculated via LH are as follows: 

c. I Fll dJ = « 

'l 
a., '~- ~ ~ ~T c~ I d'') + ~ Fr " l'Y\n: 

(l., 

~ ~ ,,__ "- - FT '-{11 

r... '!. 

lV i~ ~ ~F m;- p 
< 

0.. 
~ ~ F (e·Ht) + ~F Ov ~\ 8H T I :L m'n p 

"'- ft Fr O--a ~ -
<1.- m• 

o_, ,B 0 ~ Fr J.m,.. 

~ ~F (_s_ -~) 
CL 1'-.. ~ - !2.. /1 (Q- ~ )k. (Qt-~)k. 
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' ~~~ 

~ 
~~3 

2 

~I= 
~ p. 

~ 

~F :L ft 

( e · ~ ) ~k. +- (Q+~)k. 

( ~i -t- !_±.. ) 
~k. (QH()k. 

e m:>. r ei _ E't ) dt_ ~ ( e; + eJ' ) ~ 31 ~ ~ FT \,_ c94")"- (Q-f1)k. r .'lm~ f (Q-1J"- (Qfc;J~ 

<:. - ~ F. .:::_.!- +- -~ ( , ' e.t ) 
(;t.31 - ~ ~ M T (Q-~ )k. (GI+<f)r-

<:. - ~ F ( ~; + e+ ) a.,,~ - ,lm~ f (~k. (~k. 

J - ~ r !J-- ~ ) ~ { c~ + ~ ) 
A,. ~I - ~ t-\ FT \_(Q-~)l:. (Q+q)k +- ,i: p (Q-q)k. (Qt-9)k. 

~"' ,. - ~ r ( ~ + !L) 
31. '{ M T (Q-~)1<., tQ+~)IL 

ol -
fl, 1)!. -

e 
~00 

e. 
Ov ~I 

Q. 

(l. 3:L 

e 
0... '!.!. 

e. 
A,u 

e 
0.... .t~ 

"' 

~F (.!J..- +~) m; r (Q-~)1<., c~ f<1)1c. 

~ F (e · u~)+ ~ J=i' 8M T ' 1m~ 

~F(~-~)t 
HI T \ (Q-~)k. (G+~)K. 

,.,~ ( ~ + ef ) - if1 F,.- \. (Q-,)1<. CG+<f>.._ 

~~c~+~) lm~ P (Q-?)K (@t<j)k. 

ciF(~-!L-) 
1('1 ,.- (Q-,)1<-. (Q+1)"-

, . 

--~F(~ -~) 
- .1m;._ p (Q-q)k. (Q+1}k.. 

~ 
~ 
.%,~ 

F ~ ,_ - ( 1 t _f..) ( F
11 

r ~.z.. !.f) f 
,..~ m,; 
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f: (_e i. e:f ) 
f '{Q1}k.. +- (~}k 
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