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1. Interest in the phot~production by p~larized phot~ns t~ok a ~ew tum once 
-the high intensity '~lectrori accelerators st~rted to bec~me .an experimental reality," 
These, ac<;ele;-ators provide high quality polarized photon beams and.thus bring 

. : into focus a strong potential of polarized experiments. _ For example;·• the LEGS . 
· ~oll~boration reported ~ecently results of an experimental study of the ~eutr?-1 pion 
photoproduction ~n the proton by_ the linearly pola:~ized phot~ns [i]. .The obtained 
v~ry ac~urate data can confront· different quarkmcidelsin view of th~ evaluation of 
the~E2 excitati~n magnitti'de in the pres~nce ~fthe dominant Ml orie: · -

Up to now, there are many-problems which ~an be resolved by means of reactions· 
with th~ lin~arly pola:z.ized-photoris on 'nuclear targets. As well known, _for the 1r

0 

ph'atoproduction _off zero-spin nucllii the photon 'asymmetry I: :::; J· Tl).us one can · 
meMure the-degree of polarization ofthe iiicidentphoton beam, for exa:mple; in the 
reacticm, 'Y + 4 ' He-~- 7!"0 + 4 Ii e. Anothe~)riteresting branc~ of t~is 'topic is connected 

. with the investigation of the non-conservation oLth~ P-parity in_ 'Y + !Y --+ 1r+ N 
' proce~ses. Such analysis can providethe v~ry impo~tant -value of the constant of 

the P~odd'irN N-interaction. _ . - _ , · / 
. It seems natur~ to ~~tend the i~vestigation~ci the spin+~uclei. firs~ theoreti<:al 

studies ofthe I:, P~ and T-asynimetries have already been done in Refs.[2, 3].' In' 
this.paper we present a detailed analysis of the I: asymmetry for the 71"--ph~topro" 
dueti~n off the 13Cand 15N nuclei. The rriain topic of interest is the. effects of.the 
interplay ~fth~ EO and Ml type'nucl~ar transitiqns: '..: ,. •· · ' : . · · -· 
~.The sta~dard expansionofthe elementary operator ~eads- · . 

. f~;> = j_. e~ = iF;(;t. e~) .+ F2(i · ?)(u[f x-e~])+-: 
< ' ,.,·· ' ~ ,· - ~ -- ··~ A ' ·~• • • ... A 

7: · iF3(8 · ~)(tf' e~) + W4(~' q)(tf· e}.), -(1)_ ... 

· wlierewe introdricethe unit vectors if=:' <f/ltll ~nd·f = k/iki a~d-the photon polar~ 
ization ·vector 0.· with ,\ = ±1. · . : · . · . . . ' · · 

The carte_§iari c~~ponents of the current] can be foun~ to be· . 
' ~ . . .- ' - '. . . - ' ' . . ' . . . . 

. :.. JJ.c = i(F1 + F4sin28)u~ + isi~I'J'(Fa -j- F4cos8)uz; 
. JH ·=- ~F2si~~·+iF1uu· ·. . . . / ' {2)· 

Ari exami~ation ortheabbve expressions'~ho~s·that oniythespin~flip transi-. 
tiou's oc~u~ for ~he photons polari~ed along the x-ruti ( J L) w~ile for t~e y-poiar~zed 
phoFms·(Jil) th~ n~nspin-flip transition contributes as well.·. . . ·. . . · 
, Foll~wiri.g *~Madison Convention [4] >ye dir~cted the photon momentum k along 

. the z axi~ and the vector [k X q} to be parallel to the y a.Xis: The photon iUlymmetry ' 
' is t1iel1 wr~tten aS . . .· ' . . . ' . ' ' . 

~ ·· ull( 8) -:- u-:'-( 8) 
: I:(8) F ull(8) +uL(8)' {3) 

.where (} is the polar angle of the outgoing pion, u+( uli) is the differential cro~s-section · 
for the photon polariza:tion along x (y). · , · 
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With the above ~d~fi~itions the I: asy~metry on th~ free neutron can be e~sily 
evaluated in the following manner: ' 

-~~~n = ~ si~~B :~ (IF3I2 +-If'W ~2~e(F2Fj + FfF;+F3P:cosO))., _ . (4) · 
c • • ' , • • • " • • • •• • -· ~ • 

For. tl:le pion plwtoproductionoff a nucleus th~ corresponding exp~essi(;ns ar~ · 
·developed in terms of the ·nuClear form factors: .. · . · ·- - · ·-

- . - - . '"'.. . ~ r: 

- . - A . -

.MJLJ(Q) = (JJTJIII2:)uJ ®);'d~iL(Qri)IIIJ;T;)', (5) 
j=l 

where Q = k "- q is the transferred momentum .. ·_ . . _ 
In the c~se of -71"- photoproduction off the 13C and 15 N nuClei two. types of 

transitions contribute:' the,isovector EO (with S = 0,~ L = 0 ~nd J ;== 0) and. the 
isovector- Ml(with S = 1, L = Oor 2 and 'J ~ i)."'Asgoes froni (2fthe EO typ~
transition contributes only .to ull.·· ·This separation of the. non spin~ flip. transition· " 

·' gives an 'advance for our forthcoming analysis. · ' · , .. · · · .. -.... - . · . - ·._ ~ . · 
2. For the· qualitative understanding of the pion phc:itopi:oduction off spiri-¥

nucle1 we neglect for_ a moment the pion wavedistortion effects· and make' following 
~pproximations. Fir~t, in the nuclear matrix elements we omit thequ11drupole L ~.2 
transition~ a~d adopt the factorization approximatio~ (5] while~vera:ging over the 
nu'cleon Fermi-motion: .We have found the latter to he reliable for the differential _ 
cro~s-sections (5] and to be valid for the.!JOlarization obser~ables as ~ell:'For further 
simplicity we assume th~t for 13C the o~ly configuration is that of ;ov1p1,:i'!leutron 
outside a dosed "12.C core. After all; we are in a:position to write dow'n the I: , . 
asymmetry in terms ~f the elemel1ta.'ry' amplitude~ (1) a~ follows: . . .. . ~. 

: ·_ .. 2 -~ .' '. . . __ .·! . ' . '\. . . } - . ' . ' ... : . . .. ~ •. :_'. . ' 

du ... sm o llfl ( I .12 I. 12 . I 12 . . C • . . . -.. • .. )·· ·c ) . d!1L:13c ~ --. -. ----=- -8 F2 + ,F3 + F4 + 2Re F2F3 + F1F4 + F3F4 cosO) . 6 . _ . 
. ·' :~2 lk! - . . .. .. . - .. . . : .. ,·- .-

Because 6f the sin?B' dependence, it is iderttically zero at'() =: 0; . ~d 180°. : 
Besides, ~nderthe above madeassu~ption~; L:for p-shell nti~Jeicoiitains an'~xtra 
term; proportional totl).e non spin-flip IF212 amplitude. As has beenshown in Ref.(3], 
the I: asymmetry for the S:-shel1 3 H ~ nucleus has an identical f~rm to that for the 
free nucleon. The extra term in eqn.( 6) reflects a change of relative ~eights ~f the· 
spin-flip and non spin-flip triu:isitions for, the p-shell nuclei: Due to 'the enhancement 
of the no~ spin-.flip transition's contribution i~ these nuclei; the phot,on"as'ymmetry . 
contains a large body of information about the isovector EO .form factor which is of 
a particular interest as.it strongly depends on the b.-isobar contribu-tion.. . ~ 

We finishthis section with a discussion of the pion wave distortion (or the final 
state interaction - FSI) effects; These ~ffects can be t~eated in a quantitative ~ay . 
using the Distorted Wave Impulse Approximation (DWIA). The theory of the DWIA 

·and calculations for a number of practical cases have been given in Refs. [5, 6]. Here 
we do not discuss the DWIA in det'ail. ' . . . 
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- .The most important eff;ct a"fthe distortion is' a change6f the 'transferred mo
mentum (Q) scale. The effective momentum 'of th~ outgoing pion being res~attered 
is large than the asymptotic momentmp., due to the attractive nature of the 1rA. op

. tical potential. The incr~asein __ monientum (_ q 2 -> ii.J ;-= q 2 - 2E,.U.-A; ~h~re the 
mean optical·potential U,.A <.0 ), leads to a corresponding increas~ in. the effective 

· momentum transfer, and to shift of diffraction minima ari.d.i:naxima ofthe nuClear. 
foini factors; - . . · ' · · 

Letus ~OW consider allnuclear matrix elements~vith"the unitary BL ~lementary 
phofoproducti~ii operator [7]. Using the realistic many-body nu'clear wave functions 
from Ref.{6], we illustrate the above arguments in Figure 1, \vhere the res11lts ofthe. 
PWIA (dashed lirie) ~nd DWIA (solid line) ~alculations are comp~r~d at. E-y = · 
170 ana·300 MeV. The kinematical ~oriditions in the first case do not provide a~y 

0.8 

.0.5 

0.2 

Fig. 1 . .The sensitivity of;~ ~d I: t~ the FSiat.(~, b) E~ = 170 MeV and (c,d) 
300 MeV. Transition densities.are froll1 Ref.(6]. 

notic~a"ble ~fr~ct (see Figure.1a):· th~ FSI simultan~ously incre£is~s ;,l. ~nd ~II '<1.5 
compared with the PWIA calculations. Therefore its effect on theL: asymmetry is 

. slight, as can be seen in Figure 1b: .· . . . - -. ·.. . . 
Ho~ever; in the resonance region the inclusion ~f the FSI leads to. very. compli

cated diffrai:ti~e struCture of the differential cross sections in comparison \vith the· 
· PWIA calcuiations, as plotted in Figur~ lc. As has already beenmeriti~ned, the FSI. 

---· -- .-~. 
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results mainly to the ·eff~ctive increas~ ofthe.loc~l pion monient'u~ .. Thus.ii leads 
to an·additionafminimum of all which reflects the second minimum of the EO·form 
factor. For tile PWIA calculations•this miniJ;num. is out of the kinem~tical-region. < 
As a result we observe a significant difference' ~f the curves obtained in terms of the · 
PWIA and theDWIA, in particula~ at 8 > 90°.. . . ' · 
. . The curves corresponding to the photon. asymmetry in the resonance region are 

presented in Figure 1d.· We obs.erve im additional minimum. at 8. ~ 100°, whiCh is.· 
associated with the second fninimum of the i.sovector EO type tr:ansition. · '· ·.. . 

3. As has already been mentioned, a central point· of the present research is 
·placed on theEO and M1 type transitions' interplay. The first one contributes to 
the electromagn~tic charge form factor (see Figure'2). The M1 type transition c~ 

/~ 

1 

Fig. 2. The sensitl~ity ofthe charge form. factors of th~13C nucl~~s and ~~(7 +13 

C __;·11'-: + 13 N) • to different nuclear ~odels. _ . ' · · · ··. . . . : ·· :. 

be extract~d fro~· the b~ckward electron-.s~attering data (e.g~, Ref.(8)). .·. . · · 
At present, the 13Cmagnetic form facto~ is'not satisfact~rily understood, d~spite ; 

rather inte~sive effort~. A shell~~odel calculation in<the Onw space (the_ Colien--
Ku~ath model [9]) fails to' explain itsbehaviourin paiticularin the;region of the 

· second maximum. . . . . . . · .. ' . . 
. The small n~mbe~ of the de~sity rria~rix eleme~ts i~ the Onw: spac~ mal{esa, 

phenomenological analysis of the_ data possible. This y;ay implies that the nuclear 
transition. densities ar~ adjusted to the electromagnetic formfactors data by allo":'ing 
them for a free variation with constraints that keep them close to tlie calcuiated on~s. 
Although this procedure considerably improves the description of the magnetic. for~ 
factors [6], it is not sufficient to fix the unique·value.a'Lthe L = 2 transition: -:' · 

Recerit analysis of 'the experimental data for· the 13q{/,'1l'-)13N re'actiori has. 
shownthe necessity of an e.ssential suppression of the isovector eleCtric transition· 
EO. This goal can be achieved by adding thdew-percent 2~shell admixtti~es [10; 8] 
within~ for example, the ~icroscopical constraints whieh tiilie into a~count the contri
butions of the 21iw con_fi~ra'tions in the ground state of 13C: The similar indication 
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· has" also beenfound for the pi~~ ph~toproduction.and. pion scattering reactions on 
. 

15 N [11].' The effects of the higher configuration on the charge n~clear form factor 
··are illustrated in Figure 2, where we. compare the results of calculations done using· 
. the phen.omenologic~l TW modd [6] which is.res£rictedto the .Onw configurations 
; and the microscopic VH model (12j.which covers tl!e (0+ 2)nw .space. Evidently, 
. these two models provide different beha~ior. of the isovector electric EO transition~ 
In this· respect, an indepen:dent test. via, for example; tliephotoproduction reaction . 

_is more than welcome. The sensitivity of ~II .. to the different nuclear model inpu( at 
E7 = 300 MeVis plott~d iu' F.igure 2c Clearly, the-region 4o" <8 < 70°.i~ extremely· 
promising in view. of the direct information on the isovect~r.EO transition: More
over, we show in Figure 2 how. the different predictions for theM1 typ·e transition 

r·· · h · .l ·.· · · • · ·· ·· resu t In t e a . . ... . . . · . . , . , . ·.. . . . . . . , . .. . . , . 
In Figure 3a,'we su~marize theresults of calculation of~· done using the TW 

model, (solid line) and VH model (dashed Jine) at E7 = .170 MeV:· In .the region of 
; . ,"- '· -. . . . - . - . 

l.O . ·.· . . isc(y.~.:)tsN(g,~) · o.9 . . . 

·:..:o.a,l ~-.a',. • • bh ' ...... ~ . ;, i\x' ·, i!x' ·, ~J 

\ 

Fig. 3. The sensiti~ity of~ to the ·nu~learm~del input. Fodhe meaning of the .. 
curves see text. . . . . .. ._ ---·· 

srriallangles, the.TW modelpre\licts alargevalue for theM~ transitionas compared. 
with the VH model (8] .. At the same time,' the difference between the isovector EO 
form factors, calculated within these two models in this kinematical region, is not ~0 
strong; Therefore, all cillculated within 'these models are close to each other, while. 
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u.L(TW) :;;:; ;.L(VH). Ci:ln~equently; ~cco"rding to eqn.(J), E(TW) < E(VH). At large . 
angles due to the suppression of the isovecto!" EO transition in the VH model, we 
find aabrupt falloff of E(VH) i~ contrast to E(TW);. . . ._ .. · -· ' . . 

The similar calculation at E-y = 300 M~ V, "illustrated in Figure 3o; exhibits·· a 
pronounced diffraction fe~ture! characterized by a nU.niber of maxima and minima 
orthe E asymmetry. The-most noticeable difference between two calculations occurs
.at 8 ~ 40°, where the TW model gives a.'deepminimum,'which refleCts a significant 
shift. of the minima of the isovector EO and· magn~tic form factors in terms this. 
model. It leads to the situation when the' y-p'olarized,cros~-section decreases while: 
the increase of the .x-polarized one. At. the same time 'tl1e VH modeL provides 
a simultaneous increase of the. charge ·and ~agnetic form factors· and, so far, the. 
minimum of the. E asymmetry is not •~ell pronounced. · .. . 
... The second conside;-able difl:"erence can b_e seen :at large angles. The TW model 
gives ·a smooth falloff of the E for the ·pion angles from 130° to' 180°. ,The VH
model predicts here an addition.;lmaximum associated with the rapid decrease of., 
the magnetic formfact~r and a maximum of the ci1~rge fo~m faCtor.· --

We complet~ the item by mentioning that th~ .similar results have been obtained 
for the 15 N ·nucleus:. We ill~strate them in Figures 3c _and 3d with' the 'nude~' 
transition d.erisities obt~inedin the Onw (rriodel L) [13Jarid-(O +'2)nw (modelVH) _ 
[12) spaces;•: Th~~bt~ined results show a ~trong sensitivity to the nuclear model -
input and to the pion wave distortion effects as wdl. . __ . • / 

4. The analysis of E on the spin-~-nuclei reveals the urgent necessity_ to have 
data for the pion photoproduction with-the polarized photons. These pata provided 
with the theoretical analysis done in the pre:'lent letter can throw ·light upon the 
isovector EO transition strength.· After solving this p~re nuclear ~tructure problem, . 
it is possibl~ to 'concentrate "an the study of the .6.~isoba~ modification in a nuclear 
medium. Our preliminary analysiii of the small ~ariations of the .6.-mass; like tha( 
from Ref. [14), h~ shown a noticeable effect on th~ photon asym~etry .. Howe~er, 
a more thor~ugh investigation is .needed to study: this phenomenon; keeping the 
unit~rity of the elementary amplitude pre'~-erved:" . . . -.- . : _ · · ~ _· · ·• 

To our mind; the Qbtained res~lts a~e useful for the fortl~coming experiments in . 
Mainz (MAMI), NIKHEF.(Am .PS), Sa8katoon anclMI'fiBates: In fact, the LEGS 
collaboration already uses the linearly polarized photon beams in experitnentswith' 
3 H. We think it to be also possible to make. measurements with the15 N target with 
final nucleus in the ground and first eiited states: . . · · · 
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