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- 1. Introduction_ 
.. "-

At pre;ent, polarization observabl~~ attract c~nsiderable attentim1 a,;, a po~~rful-
_tool for investigating the mi~lear reaction~' mechanisms. Siriglepolarization ex~ 
periments 'at fixed kinematics enrich knowledge,· which comes from the ,unpolarized 
dif!::ereritial cross-seCtions, with three more obserVa.bles; namely, photon. asymmetry 
(I:), target asymmetry (T) and_ recoil asymmetry (P). They are given by an inter- .. 

'fenince between tne nori~spin-flip _and the spin~flip transitions,' thus enhancing the­
effe~t of the 'small parts of the reaCtion amplitude. So fa_i-, the properties hidden in 
the unpolarized charactenstics 'can be revealed._ - - - • . -_, ~ ' .. 

. -. -Rec~ntly, the first measurements of pion scattering and ~ingle charge exchange on -
polarized 13C and 15 N nud~i from PSI, LAMP~ aiid TRiUMF havebeeri reported 
1

•
2

). The data pr~vide a sensitive test of nuclear.model input in different theoretical 
·-models elaborated for the d~cription of th~sereactioris. For example, the th~oretical-­
p~edictions of Ay for the charged pion-nuclear scatteririgfrom ref.3 ) with two dif~ 

•. _ feient phenomenological sets of the nuclear transition densities have opposite signs. ,>, 

' Thi~-show~ the sensitivity ofthe polarization observables to the nuclear structure. It- __ 
is natltral to extend the researches like that to the A( 1, 1r )A' readiori. The first the- :_:_ -

- oreticalattempts to study the polarization observables for the photopionproduction 
' ha~e be~n.undertaken; for instance, in refs.4- 8 ). - ' · - ·· -- -

Iri some special cases there exists a good possibility to measure the ·P-asymmetry .. 
.· As has b_een discussed in ref. 8), if the residuai riucleU:s is a 1emitter, then the 

rec~il pola;ization can be d~te~mined completely by measuring the intensity and the 
- - ~ircU:la:r asy~metry of the emitted photons. Unfortunately, the theoretical analysis 

has been pe~fcirmed in this paper in terms orthe Plane WaveJmpulse Approximation 
(PWIA) which is irisuffi.~ient for the calculationofthe T- and P-asymmetries, asyvill 
be shown below.- ' : . - -- '\ . ' - ( ' ; _____ -- ' ' ' ' 

_ i._ The T and P asymm~tries are proportional to the imaginary parts of th~ bilinear 
combinations 'of the reaction amplitudes:~ :In the elementary operator, which we 

used i~ our calculations [refs.9•10)]l the imaginary parts come from the ~-isobar 
contribution _to the elementary process 1 + N -> . 1r + N. That is why there is a 
goOd possibility_ to st~dy:the properties of the ~·in the nuclear medium: This to'pic 
b~comes more attractive in view ofn;cent results obtained by Koch·et al:11 ). In these 
papers-a modification of the ~~isobar propagator in the reaction 1 +13 C -> 1r:- +13 N 
has been studied. For this r~action an influence of the nuclear medium on the 
eleme~t~ry operator is more essen'tial fodhe l~ngitudinal p.;:rt conrie~ted witlithe 
EO n~clear transition._ Therefore, the T ~d P asy~metl:ies are expected to be. 
e~tremely' sensitive tothe medium effects as they are proportional to the imaginary 
part of the product of the EO_and Ml transitions. · . " .- _ _ . . ~ 
_ , The imagi~ary part of the nuclear photoproduction amplitude c?mes'a1so from 
the ~ffects of the piop-nuclear interaction in the final state. This _topic is discussed 
iri details below; - _ "': . . · · ' . . . , 

· There is also a pur~ nuclear aspect in the presented investigation. For the spin-
. !-nuclei, we can study the interplay of the magnetic-type Ml transition and the . 
el~ctric-type EO one .. In other words, one-canobtain a good pi~ce of'information 

t .... _<'V~~~-~~­
> r,~..,_· .. ~.c,.,a, :l·<> ',,_,.,...,..,._':'\.,.,. j 
;;: t,'V~,.;.~::~~· ~t.wd ~j~-.u . .1aJ;"!: ,~ 
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about the iso~ector transition EO, \vhose contribution to the elastic.ele~tr~n-nu~lear 
scattering is-small in comparison with the large isoscalar co transition. The i~ves­
tigation of the polarization obserfables can provide also additional restrictions on 
the strength of the monopole (L = 0) and quadrupole (L.= 2) parts of the magnetic 
transition operator. . ;:: . . · 

"".The strJ.lcture of_this paper is.as follows. in section 2, we start with the qualitative 
analysis i'u terms of the PWIA; we discuss sgme general properties of the T~ and P­
asym~etries and deduce useful relations between the observables forth~ free P.eutron, 
s- and p-shell nu~lei. ·The Dist9rted Wave IJ?pulse A pproximatioii (DWIA) i; b~iefly · 
outlined in section 3. • The sensitivity oftlie polarization observables to differeni. 
ing~edients oHhe model are analyzed in. section 4. The main topic ~f this section is -
the study of the effects which come from different nuclear model input; The obtained 
r~sults are sum~arized in Conclusions. , · ·. · · · . · . 

< 
. ~i., G'ene;al Pro~erties ~f T a~d P 

Following the Madison Conve~tion 12 ) we d.ii:ectel the photo~ moment;:;;;;- k al~ng 
tll~·.z axis_ and _the v~ct~r [~ x ~ ~long' they a~ds. Tlle r).~l.ari-~ation obs~nables are\ 
wntt~n so far m the followmg manner: · · · · . 1 

·. target asymmetry . 
,.._,.-?. 

. ' 

:. '. -.J' . -. t ' ·. -. 
· · T(B)::: 17+(8) :-17:(e} 

.· . 17t(8) + ci!_(Bf 
. -

. ' \ 'y 

'._ (1) 

wh~re 17t ( u:) is_ the differential cross-section for the target polarization parallel 
. (antiparallel)to the vect_or [.tx q]; . .· r. . . 

re~oil asymmetry 

P(B) ~--- 17+.(8)-' u:(B) 
· c;+( B) + 17; (B)' 

(2) 

where 17+ (a:) is the-differential cross:section for the rec~il polarization parallel 
· • (anti parallel) to the vector '[k x q]: ; _ ' 

• ~I!.. -~ ' •• • 

It is convenient to calculate the· polarization observables in term~ of the spheri~al 
spin-tensors TkK· ;rheir Iriatrix elements i~ the case_ ofspin:!-nuclei are" 

• • • .<c -·• -

_; .. • · 'm • 1··· ··1 '·--
{m h lm) = rk' = k( -m hi-m )• ,/ 

. - li ~ i. K .: • 2·; ) .- 2 ' ·-
., 

--(3) 

where k := J2k + L Then, one .can write· 
~ . .. . / . - . 

lkl dl7 - · . - - · . ~ lkl dl7 · ·-· _ . ' ~ - · ·· - -
llfl anT= t(T1~+ T~~-:-I)/v'_2,_ - ·. llfl_dnP =:= t(tn+ t 1_-.~);J2, (4} 

2 

" 

·I - ... 

•where_. -\ ------v 

~- --,~ ,;,,•, /i • ..:Ji~ 
.LkK ~ L .H::t7r.., rk,. . .a::~.'11'.., , tk•. = ~ At';Mli",lJ ,. L.:... '11'")' .,..., ~ k,;; • (5) 

~i' J , iff'. 

'. , . ',· . -' 

'!'he standard expan?ion·of the elementary operator reads 13) ~. 

F;~l~ iF1(a · f"i) + F2(a · i_}(a[f x ~]) + iF3(a · f)(lf: f"i) +'iF4Ca :'i)(i· f"i},'. (6} 
. './• . . . . . - . 

- . -· ~ . . 

· where \~e int;oduce the unit v~ctor~ i = tf/ltJl ~nd k = k/lkl and the phot~n p~Iar-/ 
ization vector E). with >. = ±1. . · · . - . · . ' 

· L<;!t's now write do~vn theelement~ry amplit-ude for tlic pl;otopion production in 
the cyclic'basis 14): ··.· -~ . . .. . . .. . . . . 

. ·' 

~(.\) =(GII7~ +>.G2;o + G317->. + G4)r(+l= t C/3Gf317(Sp),(+) 
!_r! ," ··~ ~ . ·~ ' . . . ,<' 13~1 . .. _P.(j .:._ .~. 

... (7) 

where.C13>= .1 for (J = 1,3;4, C2 = >.; S13 = 1 for (J ~ i,2,3 corresponds.to the 
. spin-Hip and·S4 = 0 to the: non spin~ flip transitions; j1~ = -Jt3 =,.\arid lh''=·J-14 = 0. 

' · ·For the' qualitativ~.uri.de~stil.nding of the results we make at this point two ap­
'· · _ proximations.' Fir~t, in ·nucl~ar ~atrix eleinents we neglect the quadrupole L = 2 
: transitions and adopt the·factori~ation approximatio~ 14) while averaging 'over the 

nucleon Fermi-motio~. Then the nuclear photoiJroductibn amplitude in terms of the 
PWIA em{ b~ ;vritten i~~ the follo~ving form: · · · · · 

. .. . • .. · 4 • . ' •. · . . . -· . -. . . 

:M,.,;.;.:;, -fc:~.(Q)wAmn:r~nlJ 2: §13C13 (~m,S!3J.1!3i~m')(_:1)'lG!31f}'{ii;;;sLo6J~,: (8) 
~ . /Jo=l - -. . 

\ 

··. where, the ·determination of th~ cocffi~icnt ~·Y<ii:~~ is' ~ivcu in Ap;Jendix' A. ~his 
~mplitude describes the pion photoprodt:Jction ofr 1 ~1i1. > •to: l!m' >' mi'~lear states;.­

Q = f_c- q f~ the transferred momentui1~, fc.,~.( Q)1 
= ·ca·z;( Q21N4A) eliminetcs the .. 

center_of mass motion, b is ari oscillator parameter and-T·VA is' akincmaticai factor.' 
I;;_ the "given 'above ·expression we defi~e the. nuclea~ r.:idial integrals · · . . 
- . '. .- . •; . ~ . . .. 

· · ~,..,l,ni)(Q) ~lK> Rn;,,_(~)io(9r)R,.,·(~)r;d{, _, __.. (9) 

_ whereJ0( Qr) is the spl1e;i~al Bessel function ai1d R,.1(r) are' the radial-parts. of the 
bound nucleon ~av(!'functions._ . .; , ' - .. 

' 'To bring the general properties of_theT and p·asymmetries into better focus, let 
u~ consider in this section ~he very simple extrcn1e single ~article nuclear models. It 

,means th~t we p~t the ituc!ear transiti~n den~ities iii the jj-couphng to be' 

·1f;,r(Osi;2,os;12)',;--(-1)5"+r fiJI: 3 H, 
tPspr(1PI/2> 1Pt/2) = 1 \_ , for 1~C,< 

· ( . . ) ( )S +T - 15 ~r 1/Jsfl~· 1PI/2> lpl/2 = _ -:-1 fl · for . iv, 

~,Jo 

-~ ._ ~.--": 
3--:-



'. 
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thus assuming 3 H (15 N) to have a p~n!Os 1t2 (1~1 t2 ) p~oton hole in a closedcshell 
4 He (160), and the 13C nucleus as a· pure 1p112 neutron outsiae a closed 1p312 shell. 

· After some straightforward 'manipulations one finds: · · 

• n(y,11"~)p: 

• 3H('Y,7r-)3He: 

. ).' 
Mm'm. 

. -L-

' '!'' " 1 . 1 ' 
7~ C13G13S13 (2m,SI3Jllll2m'), .. (10) 

.,o;1 

. >. 
Mm,;, ~- :~mo.~o·>(Q)tyA!c.,;,. I:( -:-1)5"CI3~JJsJJ(~~.sJJJl131~~'), (11) 

. . • 13 ·.. . . . .. ·' 

• .13C('Y,ii..:)13N: 
' -· - ~ 

M
>.- 'R(1;·1P)(.Q).WJ. · .. , ~(- 1.):/C .. G .. l(l .··. S .. 11 . ')··· (12) 

. , m'm -= A'1J · • .· A ~.m. -7 -:- -~~- 13./ Sp 2":1 13';"!3 2,m ; 

• 1~N(f,11"-:-)t5o: 

- ;.·· 
'Mm'm 

•. 

;..,. ........ 

_- - ~ 1 1 ' . 1-
. = . mt.v,t~l(Q)WA/c.m .. L CpG13...,--(2m, S13Jlpl2m'). 

• --:- . .... :JJ . . Sp ·-
(13) 

Loclking atthematrix -elements we easily obs'erv!! tliat the rdativ~ w-eights of 
th~flip and n~n-spin-flip t~ansitio~s are iclentic~l in the first·t~o ~ases:! s~ = 
,j2S13 + 1.- '.fhe only differ~nce (tosa?' n,ot~ing of th~ for~ factor ,R,s 'Which cancels. 
in the expressions for the. pohtrization observables) i~ in the phase factor ( -1 )5 11_ 

which appears in the expression for the 3 H. matrix elerrient.-Fof the p-shell nuclei -
the relative weights of the spin-flip arid non. spin-flip tr~nsitii:ins' change by· factor -
1jS13 .in comparison with thidree neutron case .. The interpretation of thi~ effect is 
clear in view ofadditi~nal possibilities for the spin-flip and non spin~flip transition~-
for th~ nucleons with the orbital ~omentum l = 1. -. 

We proceed by· writing down. the-expressions f~r- the polarization obser.vables in 
terms of the eleinentary amplitude~ · _ · ·.. .·· · .: .· ·.. · -

aa(n)T(n) ~ 
an· 

da(n) ~(n) 
an -

siriO Im(F3F; + F2F; +(F4 F1*-:- F~F;)~osO +F3F;sin20); . _ 
- . . . . . . . 

;sinO Im(2F2Ft +F3F;+.F2F;+ CF4Ft- F3F;)cosO 
. I . . 

. +F3F;sin20); . .... 
-

1.' 

.. 

I 

l' 
l 

i 

__ ilJI( 

/ 

- -

·- aaeH)T(3H)-. = ·.:.ca~(n)p- (. ) -_ 
an .· · -:-- . · an · n ' 

d;,(3H) PeH) = .:... aa(~)T( ) an . . ·. an n, . . 
aa(l3 C) - ' ao-(15 N) .. __ . .. . : .. .. 

.. -. . TC3C) - = an PC5N) ~ sinO( 4F2F; + F3F; + F2F; + 
(F4F;- F3F{)cos0 + F3F;si~20), . . ·ac ·i3c) . a (15N) .. _ . ·_ .. . -· . - .. 

' 0' . (13 ) ' (1' (15 ) . . • . . . • ' • 
; . . P C = -. dn. T _IV_ ":' -;-szn0(-2F2,f1 +F3F1 +F2F4 .. 

+CF4F; ~ F3F;)cos0 + F3F; sin20). · >{14) 
' ., 

The relations between .T. and P 'fn. th~ case· of the free. neut.ronand 3 H, which 
. have been· obtained in ref.6 ), can. be direCtly interpreted. The polarization of the~ 
i~itial 3 H is given by the spin:state of the proton. Then, due to the Pauli princjple 
the reaction -y + n ----+ 11"-p is going with the recoil proton in the 3 He nucleus in the 
well defined spin-state as if it is polarized: That is why one has the w~itten above 
relation between T(3 If) anci P(n ). .- · .. . 

There is no any simple expression-which connects the observables on the 13C and · 
~15N nuclei with that for the neutron. It reflect~ the change of the relative strengths of 

'the sj}in-flip_and spiri~independent parts of the reaction amplitude when the neutron 
is:-on tP,e p-sliell. · - · · ' . · . . · · ' · • ' • ~ . · · . . ...• 
· ~-The :given above expressions provide the general ~ules for T arid P. Due. to · 
the sinO dependenc'e they. are identically zero at 0 =· 0° and 180". Besides, at ·the 
threshold ~egion they are very small· because of vani~hing imaginai:y parts of the 
ele'ruentary amplitudes. · - . .'C' • • • · . • 

Letus summarize the results ofthissection .. Using simple one-particle (one~ hole) 
nuclear functions, switching off: the rescattering effects and neglecting the L ;, 2 
term ip. the.transitici~ operator,' we got the relations ;,hich connect. the polarization 
observables for the free: neutron, 3 H, 13C . and 15 N. We nave .fourid out that th~ 
nucleon, being ()~ the p-'shell, changes the relative ~~ightsofthe spi_!!:-flip and non . 
spin-flip parts oftlie reaction's amplitude. It leads to significant differel.ice between 
the polarization obse~bles for. the free nuclt~on and-jrshell nuClei: In addition we 
have found the simple ·relations ·between the polarization observables for· 13C and 
i'5N. · · · '· • · · · :... · · 

~· DWIA Ingi:edie'nts 

· The expression for .the full pion photop~oduction matrix T,..,, .which includes 
·rescattering effects (final state' interaction -:- FSI), is 'given in refs.5 •1~). For further 
discussion it is useful to enlist the ingredi~nts of the DWIA .. The pionphotoproduc-
tion-m.atiix T"'., is given as __ . .. . 

,. ' . .:. 

·. . . _ .·. ~-- _ •1·dij T'(ij,~)U".,(ij,k>-.) 
-~· _ T,..y(qo,k>-.), =U7i~(qo, k>.)~ (27r)3E(qo)- E(~ + te' 
. . --- ' ' -

. (15). 
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where d;_, is the plane- ~~ve pholoproduction amplitude and E(q) _= E1r(q}-f:E~(q) 
is the total energy of the pion-nucle'ar.system. We !{ave introduced ·'an auxiliary 
matrix T' which is rela~ed with'tlie true pion-nuclear scat_tering T-matrix by . ·· .. : ·· 

T. '( _; _ ) . A- 1-T· ·( _ :.. ). , 
.. q, qo = .A . q, qo . · 

·--.-'-.!. . '~(16) > 

The factor (A- 1)/A eli~inate8 double c~unting of the pi~n-nucleon lnteracti~n as 
it is included in the plane-wave part of the"operator~. We--construet·the T' matrix. 
as a solution of the Lippmann-~Chwinger eq'!lation with the optical pote~tlal taken 
from 15). The standard DWIA; is strongly based on the assumption that'the dom-: 
inant pion~ave distortioJ?: effect~-conieirom;the coherent rescatteringof the pion 

· in·the spherically symmetrical part of the pion~nuclear optical potential ('!coherent' 
approximation"). We have found that -the extended version ~Uhe DWIA/ where 
the non coherent (spin-flip) rescattering is included, doe~ notlead to a;ysignifii:ant 
changes in the final result for the p-shell nuclei. . . , 

The optical potential, used in our· analy!)isof the p-shell nuelei,is splitted into 
. the fii'st order ten~-and a phenomenological p2 term, which stands -for true/pion 

absorption ~d-'nigher order processes. 15) • .-For the 3 H e ~u~leus the•~econd order 
.effects :are very small and the. first order optical potential provides~a 'satisfactory·:~ 
'description of the 1r~3Heelastic scattering 5). , . . . . . 

Using the Impulse-Approximation, one can express the matrix elements ~£ U,...; 
in tex:ms of the elementary ()'1r) ,amplitude' (see ,App(mdix A:). We hav.e us(!d:in 

. our calculations the Blomqvist-Laget model 9
:
1?). This model is unitary in the p33". 

channel where the corresponding pion~nucleon phase-shift is large. ' . . 
. The 1ew-body structur~ form.alism, whicl~ hM be"en applied .to inv~stigat'eJhe 

polarization observable~f~rthe -r+3 H --+ 1r:- +3,H e, is suinmarize~ in ref.6
) •• The . 

trinucleo~ wave funCtion ca.rl.be calculated "exactly". by Faddeev's techniques, thus 
the nuclear input here i~ under controL As ,in ref.6 ), we used in thi,s paper. the wave.' 
functions by Br<lndenhurg et a_l. 16) which h~ve b-een obtained' by solving the Fadde~v 
equations ,in momentuiu space for the_ Reid soft:core potential. Using this functions, 
Maize and Kim 17) have predicted the three-body .magnetic form faCtor quite close. 
to the dat~: _' . ' ' . ~ , ' · . . . . . .. . \ .·. , ', -~- ' . ' ..... • ··. , . 

. The complexities of the nuclear many-body input for the p-~hell nuclei are isolated. 
hi the ~e-body d~nsity-matrix elements (the nudeartr~nsition densities)tradition~ 
ally §enotkd a$.,p~~~~~T 14•18). These values accompany the r_educed matrix elements 
of the single-particle multi pole operators: ·. :. _ · · -. · __ · · .. · .. 

• • -· • • ••• • < , 

ji(Qr) [~{~u5)Jr1'; ,_ \ ' (17) 

--=-where s = 0, 1, T = o, l, u 1 = iT and r 1 = rare the Pauli matrice~, r~spectively, ~ ... 

1- '" 

I 
I 

l 
! 

I 

J 
I 
~ 

-r 
j' 

l 
1 It 

:* 

u0 = r 0 =' 1, Yi is ,the spherical function. - . , . . . . · 
As the sarri.e set of the transition operators appears in: the electron~nuclear scat-: j-. 

tering, this reaction is' a traditional source of information about the values of the , 
corresponding nuclear transition-densities .. However, the. analysis like . that retains 
two uncertainti~sfor the spi~+targets. :rh~ fi~st one is that it does not provide a 

f 
; 

V<tl~~ for tl{e EO-type isovector transition density (L =· s = J ,;, o;-T =d): The 
. second uncertainty is .that there is no pos~ibility to separate. the contributions of 
• the moiiopoie' L = 0 and quadr1,1pole ]1 = 2 parts of the 1111-type transition (S and 
J ;, 1 ): " . . ' . . .. · ' ' . . . . ' .. : . . ' . . ' • • .. ·... -·-· 

_ Atpresent, the 13C magneticform factor is not sa,tisfactorily understood, despite 
. a rather intensive efforts. For example, the extreme single-particle model, used in the .. 
pre~ious section~ fa:ils t~ explain the data on the magnetic scat~ering in particU:lar in 

· ·/ · th~ second maximum:. An improvemerit of the extreme. single~ particle model results 
can be achieved by allowing the configuration mixing bet\veen 1p~/2 and 1p3t2 orbitals 
within·the On"'?. shell model space (theCohen-Kirrath model 19)). -

On.the other hand; instead of mi6roscopical_calculations it is possible to exfract 
_r1uclear tran~ition densities from the electromagnetic forni factors data by allowing 
. them forafree variation wi~h constraints that k~ep the~ close to the calculated ones. 
.':.This· pure phenomenological proced~re considerably improves of the description of 

:the magnetic form factors 18·20
), but it·is not si.Ifficie1it to fix the'uniqU:e_value·of . 

the L =: 2 transition, For example; t\vo iitd~pendeut analyses performed inthe Onw 
· .. d. 1' . , . . -. • t,lp,!p . .:... 34 18) ' d 58 20) . ''. . . 

ll'!o e space gtve. V:1{2l),l - • . , an : . . , · , . . 
Recei1t:analysis of the experimental data for the 13C('Y,1r:-)13N reaction shows 

'\ - . ~. - '. .- - . . . ·. . . .. ...._ -~ 

the. necessity of an essential suppression of the~ isovector electric tratisition EO . 
. As has been shown in re£.21

), this suripressioit can be :achie~;ed by ~dding. a few­
percent ad~ixture of the 2p-shell configurations. Recctitly, this fact has b~en ·verified 
Within.niic~OSCOpicaJ COnstraints \vhich take into acc~>nnt the COI~trilnttions of the 2nw 
configU:~ations in the ground state of tlte _13C nucleus. - -

. The compa:rison of' experimental data . and theoretical predictions for· the .15 N 
nucleus shmvs~the same features; ~s djsscused in detail f~r 13C, The magnetic for~ 
factor, for example, is too large in the maxinlunl, imd"falls too quickly at large Q. 

. As fo!' 13C,the analysis of the pion photopr()dtiction and·pion scattering reactions 
on 15 N also reveals. the importance of the 2nw configurations 22). : ~. . - .. . 

. · ' Taking into account all the;e circumstances we expc~t tl~e influen~e .of higher: 
configurationsori the_polaiization observables in picn~ photoprodtiction to' b~ inuch' 
~arger.andinformati~e. . · · · •, .• ·. c .. · • .• : · .• - .• • • _: •. , 

Below in our.:inalysis'we are.going to use hvo modck The first has becnelabo- · 
rated pl~en~menologically in the on.£.:, mod~! space .by Tiator and \Viight (TW) is), 

.. where the Mfti-ansition density has been cxtra'cted from the mag1ietic form fac­
t~rs while the EO transitio'n density is the saiuc·as iii the Coheii-Kura:th~n;,odel. I~ 
the sec~nd mi~roscopicalmo'del developedby van Hecs with c~llahorators 23), the 
transi'tiondensities ha~ been obtained within aftill (0 + 2)ftw shell model space. 
· As follows from Figure ( wl~ere we ;epreset~t the chn;·g~ form fadorJor 13C and 

15N; tltes'C two ~~dels give different strengths of.the ism·cctor electric tninsition: 
. The eff~ct of this difference on the pol~rization ohset\-ablc;:· which are detennitied 
by the interference ofthese two types oftransitions, is\ii~bstantial ris viill be ~htl\'{.11 
. below> . ' ' . ·· . . ' · · < · . · · · 
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4, R~stilts and Disc'ussi~n 
I 

.\ 

4.1 PHOTOPRODUCTION Of-PH. _ . _ - · , .· ·· 
. ·We start o~r discussion: ;,;ith the r~s~ltsfo:r th~ 7+3 'H-+ ?r- +3He re~ctiori, 

keeping in/mind a possibility to' study it 'thio~gh the inierse reaCtion 1r3 +He~ 
7 +3 H. As goes from Figure 2a, the values of the polarization '{)bservables are small 
at low energies of photons. A~tually, i'u the threshold !:egion th'e aominant p~rt of · 

. th~elementary operator is the Kroll-Ruderrii.annte1:m; which is real (s:wa~~ pions). . _ 
Therefor~, T and-Pare small beca.'i.1se they are proportionarto the imaginary parts-' 

_ of bilinea:r combinations of the elementarY arriplit~des: -· _ . . · . _· . . 
. As the ~n:ei:gy ofthe incident photons increases; the rol~· of:the Li-isoha~ excita­

tions increases. That is why i~ the resonance regio~ the T and P asyr:;;1metries are 
. about -0.5 and ":"LO,'respectively. . .. ·.. . . - ··. . . -.- .. · : 

· -An additional contributicin iri,the imagim1ry part of the reacti8n amplit~de coines 
due to the rescattering oftlie outgoing piori' on the nucleus in the finaf state; In Figure 
2, we separate the effect o(the final state int~raction (FSI) by plotting' the r~sultsgf 
the DWIA calculations' with the Born part of the element~y a~plitude orily. Note".' 
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.Fig. '2..'T-and P-asymmetries for,, +3_H-+ 1r-:- +3 He reaction calculated with· 
Faddeev wave functions. at E-y,;, 170 and 300 MeV: 

'I • -/' • . -

.- ' •. ' ·~ ( ·.!' ~ . •. ·~. . -_....-;, - ·, -.· \-

that in terms. of the PWIA the pure Born approximation leads to zero. values of the 
. asymmetries.' Thus, alf d~~iations from zero a~eniferred to the FSf c~ntribution: 
As go_es from Figure 2, these contributions are important ~t large angles .. F6r the • 
forward angles, the 'i:ole Or the FSI is smalL This faCt is clearly se~n especially in­
,the reson~nceregion. As has been shmvn in'ref.6),in thi~regi9n the sirriplerelations 

\ between the polarization charaCteristics for the elementary process and. that for the 
three-nucleonsysterri-(likethose presentyd in eqri;(14)) are'valid with:a high degree 

. of .;,ccuracy .. Hence, one ha8 a good possibility to study the propeities of the Cl-isobar 
i~ the nuclear medium~ Any experimental de_;iation from these relations could serve 
~ an evidence 'of the Clciso~ar's:characteristics change inside a nucleus; ·- , 
_, To s!mula:te this phenomenon; we analyse a small (~ 3%) variation of the Cl­
mass in a spinl of re£.24)> The correspondi~g res"Ults an; platte~ in Figure 3 with 
Ma :_. fJMa, {i = 0.97, 1.00 anct"l.03. The caused differ~ncesare very impressive. 
H~w~ver, a more thorough in~estig.;,tion is needed to study this effect, keeping the 
unitarity of·the el~mentary amplitude; In·the end of this part of.the discussion we/ 

_note that in our opinion a~ role of the· irriaginarj parts ofthitelementaiy Eo+ and 
. ""'-.'' \. ;. ~. . -::·_;. . "---""" . 
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'other multipoles,differe~t from the ~~s~~arit Ml+ i.nd E 1+, is not significa~t: As. 
these imaginarities are originated by the unitanty constraint, they are small because 
of smallness of the corr~sponding pion-nucleon' phase shift; il1 the energy region of . 
interest. ·· 

1.0. 
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0.2 r ' 

, 
~-

...:o.sl- ~, / t. ... \. ' ,~ / 
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-• ·· Fig~ 3: The sesifivity of the P 
a~d T-asymtl1etries to the chang~s 

, of the 4~is6bar ~a,;,s (see text). 

~-

! 

'J' --

4.2 PHOTOPRODUCTION. ON THE P-SHELL NUCLEI. _. . . - . 

; -Let ~s return t~ the ~shell ~ticl~{:Here T ·~nd ~are expected la~ge be~ause ~f the 
large influence ofthe disto~tiori effects (or the FSI).· Thus, the FSI almost determines·. 
the value~ of the T ~d P asymmetries at lpw energies where the contribution of the 
4-isobaris small. . . •' . 

' However; at large -energies the role of the .4-isobar is significant and leads to the 
relative diminution of the FSI effect'S at small angles ( B <. 50°). In this region, where : -
the eikomi.l approximation is' relevant, the FSI can be-included a8 a multipli~ativ~ 
factor'and thus cari~ekin the e~pressions for the polarization observabl~s .. That is 
why it doesn't,play any significant role at B .<-50° as is refleCted .in the pl"ats: the 
PWIA and DWIA results a.re.close to each other .. But at large angles the discrepancy 
between these two:cases is clearly seen:: the r~scattering effects cause an ,additional . 
anomaly in the angular dependence of the polari~ation observables at B < 100~ (se~ 
Figure 4). Its origin is in the second minimum-for the iwvector E()type·transition. 
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Fig._ 4. Tl~~ sesitivity oLthe P and T~asymmet~i~sfor:_j+13 C--> _;.,. +13 N reactlo~ · 
to the FSLTransiti6n densities are frem Tiator and vVright18). DWIAl - calcu­
lations with factorization approximation, .DWIA2 - calculations with.nuinerical 
averaging over 'the ntiCleo'n tl1omcntun1 inside nuckus. . .-. .' . 

.- ., l . .· I' . , --~oliOi;:;:;.-: 

'-

:.Because of the. strong (attractive) _rr A interaCtion this· minimum is effectively 
shift~d. in the region of small t;a~sferr~d ~n~ment~un.· Like fo~ the el~ctron s~at t~r7 

. ', ing; in oi:der to .tal~einto account the pi~n \vav~:distortiOii ~~~e c~ul'iU:troduce the 
; '' . . . . ' . . . / .. " ~ 

"effective" momentum 

-2..:. _; _,.:2_ ?E.·[-, 
q · · lJejf_:;-- q__ - rr. ""'-- .· (18) 

where the mean ~ptic~l'potenti-al otr/t < 0 UI~d. COl;SCCJUl';ltl~, ii,JI > 1<11- - . 
' ~~ Figure (we also present the c{nalysis of the imclcon Fcrmi~motion effect; The 
calcuia:tions have been' performed in terms of the fadorizatiOii approximation (see' 
eqii.(A5)) and ,vith numerical ~\'~raging ov(!r th<; m;clcoJ;·moiiicntun_l dlstributi~n1 
inside' a nucleus. The differences are 'small a't lo\v Cllcrgics. The. "ex.:tct" treatment of .. 
the'nuCieon Fer~i in~tion provides iamceffectnt lowenc·;gies as it brings into play 
the gradient__terms which-'-change the relative contribution of the- spi~-Hip .;_i1d n~m 
spin-flip transitions. At. high eneqi;ies, thc,effect is small.~ The gcnerai conclusion is 

~ . . . - .. · - . . ' ' - ' ... -,. . ,. -. . .. : - ~~ 

/~ 
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.'11 

i 



t. ~~ 

··~ 
c ',-- ( 

.- that _the fadori~ationapproxiin~tio~ is valid fo~ the quii.ntitative a~al~~is of the T 
and P asy~metnes. .. ' ' · _ · · ·· _ · · -. __ 

w~ finish our discussio~ with the analysis of the sensitivity of the polarization' 
· observables to the_ nuclear structure.. As h.;,s been ni~ntion~d, we choose for this 

T' 
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-o 3A I ' I I . I I 0 I I I ~ I I .!: '1 1 6 • i!lf\- ZH\ - hi\ 1 X 1 1\ 4 
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,'\ D~. 

Fig. 5. The' sensitivity of the p a:~d T~asymmetries f~r 1'+13 c _:ur:-\+13 N 
reacti~n to.the nucl~ar modei'inpu'C DWIA calculations at E-y ~ 170 a:na 3oo 
MeV. '· ·-- · _,. · · · . . · . . · ··' · 

. '· ·- ,. . 
aim thet~o mi.dear'mo'dels: i)the phenomenologi~al~~del by Tiator and Wright18) . 
with the Onw-restricted space and ii) microscopical model >yith th~ 21iw bonfigurations 
included. ·As g~esfrom Figures:5 and 6, these_twomodels give even opposite sings 
for the T 'and P 'asymmetries.- The results with a hybrid nuclear model.-. VHT ~ 
wh~re the Valueofthe M1 typetransitio~ de~sityis taken from ref.i8 ) i~dicate that 
the main effect is that from the Mi type transition; The detailed:analysis shows 
that the resUlts are ~ery s~nsitive to the strength of the quadiup6le part .of this 
transition (J = 1, L_ = 2) which dominates at large angles4•7). Tlitis,~the study 
of thej>Olarization observables provide~additi~nal restri~tions on th~ strength 'of the 
quadrupole part of the M1 transition. . .. · · . - . . . . ---- ~-.. .. 

We would like to finish~th one,-n;or~ interes~ing circu~stance. As goes fro~ 
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reacti~n-to the nuclear model input. DWIA c.Uculatio!ls at E-r =' i 70 and 300 . 
MeV. :, 

our plane;-wave analysi_s 

. T(13C) r "'· . .:_:pes N), 

TC5N),., ---Pe3 c). 

. 
{19).' 

. (20) 

These relations are -r~li~ble at, all energies and do not depend on the nuclear I!_lodel 
and th~ FSI effects: · · 

5~ Conclusion • 

· · · _We have 'analyzed, t.he targe{and rec9il polarization asym~eti:ie~ • for. negative 
. pion~photoproduction off the neutronandspin~~-nuclei and have found out some 
very interesting effe'd.s which necessitate experimental confirmation. At low energies, 
the asymmetries for the 3 H ~ucleus 'are extrem~ly small due to the smallness of the 
6.-isobar contribution and the FSI effects. In the resonance region, the polarization 
observables are large enough for the experimental investigation and are determined~ 

13 . 
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mainly-by th~ .6.~isob~ contribution, If is a good basis for th~ investigation of the_.-· 
influence of the nuclear surrounding on the Li-isobar cha:racteristics. The preferable -. 
kinematical condition tor such'an investigation is the, region of small pion angles-as 
the values ofthe a8ymmetries are largest here and the effects of the piori rescattering 
are small. We have also founda dramatic effect which comes f~om the .6.~isobar mass 
change. Once niore\ve ~ant to point out that ~ more pliysic~lly fotinded .;_pproach 
is necessary for the quantitative predictioiis. · · ·-. · ·· : 

For the p-shell nuclei· 13G and 15 N the T and P asymmetries are large even at 
lowenergi~s. Their values are determined by the FSI effects, tJ:!e role of which in­
creases \vith atomic nuinber~ At the sanie time', the influence of the nuclear structure 
increases as well. Different nu~lear models (phenom~nologicai and inicroscopi~al) .· 
provide". different signs ~f the asymmetries; The main reason for.such an effecf is ': 
in different strengths of the quadrupole part o( the M1 transitions: ( F= 1, L = 2, 
S = i):.The~imilar result has been obtained in the resonan_ce'region at small angles 
( 8 < 50°); At large angles ( 8 > 90°,); the rescattering leads to an ad~itional anomaly 
cif the polarizations· behaviour. ·· .. ·. . •·- · . .. · · ·. /. :•- · · · 

>· •• ·' 

For the p-~hell nuclei th~i;; are r;_o-simple relatio~s \vhich connectthe polari~ation 
observables in the nuclear case -with 'thaf for the elementary process, ·as ·has been 
obtained forthe s~shellnuclei.' However, we have found the relation between 'the T 
a~d P asymmetries f~r'the 13-G and 15 N nuclei. These rel.;_tions have been :Verified in 
our DWIA analysis. It has beell. sii6wn that they hold illd~pendently on-the ~iiclea~ ' 
model input and· the. FSI effects· at all .energies: -We have als~ found· a s'trong eff~ct· --~ 
c~nnected with the diange~ cif the A-mass. • .. - -- · . 

The_ fact;orizationappr~iniation has been ~hown to be reliable not only for the 
uhpolarized cr~ss-s~ctions but for the polarization observables.as well. / ' .... · 

. The results-presented ·in this paper -seem to be useful for- the,forthcomlng ·next·· 
generation expe!:i~ents ~ith the polarized nuclear targe·t~: The simt1Itaneous analy­
ses of the pion scattering and pioriphotoproduction reactions on the same polarized 
targets give an opi>Ortunity'to check the model ingredients and, in more-practical 
sense, to n!sol~e a number:._ofproblems which have b~en revealed in the first polar~ 
ization ~easure~entsfcir 'the ('rr; 1r') reaction. -· -,; .. _ .. _. · · · ·- ·• -· .. 

·-·Appendix-~;-
-PLANE WAVE Mv.I:PLI'l'TJDR · I -

. Perfo~ming the numeric~! integration over the nucleon momentum distributioh 
insid~ ,the micleus in terms of the Impulse Approximation one c~mes tothe ·following ~ 
expression for the.plane~wave amplitude Mm'm - : . . . . . . 

.Mm·~(ij, k>.)-~.-~ iJG~,JMJi~rrt')(kN, 1Nr'i~N;)Un•f~.m.({.c. f) 
where f=·(2J+1)112 ; fc.m.(Q) ~e~ft(Q2 b2j4A)>- ;:_. ~-. . 

We have d~fi~ed ne\Vamplitud~s un: . ·.. . ... '·\ 

uJ;·~\16jt.(LML;lp;jJA1;)t/JY(ifJ,tifM~ (J;, 1p) :. ;. · 
. L - . :. .. . ·•.·. . .. 

(A.l) 

+ r: r: .r.fp,Ip . 14 . (1. 1 .) . U£~UML~fv-·J(L1)!o. LML . p, p ·. (A.2).·· 

·,, 

/,· __ . 

· The dynamic~ 'of the proces~ ·is cm~tai~ed in the follo\vilig functi~ri 

-I~Ah(n'z'n~)=( -l);+ML Id;pR~:I:(p')G{J(ij, k)!lni(P)[~;(;')_®J~(p)JL,~ML: (A.3) -·· 

Her~ Rnl are the radial parts of a bound nucleon wave-furiction, _G/J are directly 
r~lated to the eleme~tary .ph.otoproduction bperator. - · . 

The coefficients t/J}(if),t represent the !nuclear many-body input: 'They can be 
easily eonnect~d with the s~in~ and isospin-reduced matrix elements as . ·-~ 

--. 
.. . . {' 1/'> n'l';;l ,_ ...,.. "' ... ..._'":', - .,-

t/JJ(L1),1 = r;, SLJJ ·. .J, 
- ],] : . l 

,. . ·. 

1/2 s } ·_· . 
·i · J~ V'Jr(a',a), 

· 1 L - · 
(A.4)'-

wheie(X = {n,1,jJ and 
~· -, 

' : I ' ..... , -I j . ,·- ~. . . 

tfJJT(a ;n) = (JT) (J,T,IUt::~· 0 c;JJTIIJ;T;). ·. 

.There is one !!lore ~vay to hau~ll<:_ the unclcon Fct:nii~ni6tioi1 h1o~~i1·a~ thefact6~­
ization approximation. In terms _of if one adopts the following substitution: 

r ' _ , / • , • o 
0 

-~' 

· . ·. ~' ' . k 'A ~ •1 ·- :~- c_ - c'-- · • - • - · 

P---:-+ PeJJ. =-;A_- 2A (k-if), · p'-> PeJJ.+ ij-:- k. 

and comedo ev~luatio~·of IfM .in tii~ f~xm · 
,," ~ L • 

. . ~"'-- ·--· 

-~., ( · '1' 1·) r:-111'* Q-) i( ·1' 1 • ·) · Llih n n = v47l'.~ L/11 ( z. 10, 0 LO x . . L .L • . .· 

GfJ~if, f>.,p;jj)h~- Rn'l'~7:)jL( Qr )Rnl(r)r2~r .. 

(A.5) 

(A.6J: 

(A.7) 
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qyM6anon A.A., KaManon c. c., 3paM)K5JH P.A 
IlomJ:pn3a~OHHhie xapaKTepHCTHKH <jJOTOpO)K 
lt--Me30HOB Ha .si,Iij)aX. 
T- n P-acnMMerpnn . 

B pa6ore npnBOAIITCll OAHOnpeMeHHhlii am 
TepUCTIIK <f>oTOPO.x<AeHHlllt--Me30HOB Ha Hell 
McCJieAyercl! liYBCTBHTe.TibHOCTb pe3y JibTaTOB 
IlHI'peAIIeHTaM MOAe.Till (cnoco6y yqera <jJepMH­
Hllll IIHOHHOH BOJIHhl II IlCIIOJib3yeMOH MepHOH ~ 
Heo6XOAllMOCTb ylleTa BhlCillllX 2f1w KOHqmcyp 
HOBHOI'O COCT051HJI.SI 5JApa. IlOKa3aHa B03MO)KH( 
Hoii nH<jJopMau;nn o MepHhlX nepeXOAHhlX rum 
6aphl n MepHoii cpeAe. 

Pa6oTa BbiiiOJIHeHa n Jia6opaTopnn Teo peT 

Ilpenp11HT Q6J,e~I1HeHHOro 11HCTI11)'Ta ll~epHbiX 

Chumbalov A.A., Kamalov S.S., Eramzhyan R. 
Polarization Observables 
in Negative Pion Photoproduction Off NuClei. 
T- and P-Asymmetries 

A simultaneous theoretical analysis of th 
negative pion photoproduction off the neutr 
perfonned. A sensitivity of the target and rc 
ingredients of the theory (the Penni-motion, th 
nuclear model input) is investigated. An ir 
configurations in the ground nuclear states is sll 
additional infonnation about the nuclear structt 
of the !1 isobar in nucleus is shown to exist. 

The investigation has been perfonned at 
Physics, JINR. . .... 
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