


1 Introductlon

At present polarlzatlon observables attract con51derable attentlon asa powerful : e
o .tool for: mvestlgatlng the nuclear reactions’- mechanisms. - Smgle Ppolarization-ex-.
perrments ‘at fixed- kinematics enrich Lnowledge, which comes from the unpolarlzed -
.. differential cross- sectlons with' three more observables, namely, photon asymmetry
(E), target a.symmetry (T) a.nd recorl asymmetry (P). They are given by an'inter-...
. ference: between the non-spin-flip a.nd the spin-flip trans1t10ns, ‘thus enha.ncmg the: -
i effect of the small parts of the reaction amplltude So fa.r, the propertles hldden in ,
o - the unpolarlzed characteristiés can be revea.led S Sy
.- -Recently, the first’ measurements of p pion scattermg a.nd smgle charge excha.nge on~
' polarlzed 13C and 1°N: nuclei from PSI, 'LAMPF and TRIUMF have been reported " . -
L2y, The. data prov1de a sensitive test of nuclear model 1nput in dn‘ferent theoretical = . -
models elaborated for the’ descrlptlon of these reactions. For éxample, the theoretlca.l-’,: ST
e predlctlons of ‘A, for the charged plon-nuclear scatterlng from'ref.?) ‘with two_ dif- :
. ferent phenomenologlca.l sets of the nuclear transition densities have oppos1te signs.
Thrs showsthe sen51t1v1ty of the polarlzatlon observables to the nuclear structure Tt°
-is natural to extend the researches like that to the Ay, )AL reactlon “The first the—: R
i“oretlca.l attempts to study the polarlzatlon observables for the photoplon productlon; Nt
: fhave been undertaken; for mstance, inrefs.?~ 8) o : S
v‘ . In some spec1a.l cases there exists a good poss1b1hty to measure the P asymmetry SR
" As has been d1scussed in ref.?), if the residual’ nucleus i is a ¥, em1tter, then the ™ .
rec01l polarlzatlon can-be determ1ned completely by measurlng the intensity and the ;0
c1rcular asymmetry of the: emltted ‘photons. Unfortunately, the theoretical analys1s‘(,
“has been performed in thls paper in terms of the Plane Wave Impulse Approx1mat10n P
o :_f(PWIA) whichis 1nsuf'fic1ent for the ca.lculatlon of the T- and P asymmetrles, as. w1ll" i
oy be shown below . e
S The T and P, asymmetrles are proportlonal to the 1mag1nary parts of the blllnear g
comblnatlons ‘of the reaction’ amphtudes ‘In the elementary operator, ‘which we P
- . used-in our calculatlons [refs 910)], the i 1maglnary parts come from the A-isobar =
o contr1butlon to the elementary process ¥+ N. =+ N.. That is why there i is a"__ Tt
. -good posslblhty to study the propertles of the A-in the nuclear medlum This topic = =
- becomes more attractive in view of recent results obtamed by Koch et al '“) In these
‘. papers a modification of the A-isobar propagator in the reaction y4+3C = 7 +13N o
-i-has been’ stud1ed For ‘this- reactlon an influence ‘of the ‘nuclear medium ‘on: the - 7=
o ‘elementary operator is more ‘essential for. the longltudmal part connected with the -
L EO nuclear tra.n51tlon Therefore, the’ T a.nd P.asymmetries are expected to be, o
. extremely sensitive to. the medium effects as they are proportlonal to the lmagmary' 7
L part of the product of the EO a.nd M1 transitions. - : o
‘ The i 1mag1na.ry part of the Tnuclear photoproductlon amplltude comes also from
E ’the effects of the plon—nuclear mteractlon in the ﬁna.l state ThlS top1c lS dlscussed; e
1n details below.’ RRER S : RS i s
o * There is'also a pure nuclear aspect in the presented lnvestlgatlon For the spin- S
o --nuclel, we can’ study the 1nterplay of the magnetic-type M1 transltlon and the -
SR electrlc-type EO one. In other words, one can’ obta.ln a good plece of mformatlon P |
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. about the 1sovector transxtxon EO whose contnbutlon to the elastlc electron-nuclear
scatterxng is'small in companson with the large isoscalar co transition.’ The inves--
. tigation of the. polarization observables can provide also additional restrictions on -

T the strength of the monopole (L = 0) and quadrupole (L 2) parts of the magnetlc -

transxtlon operator i k :
~The structure of thxs paper is as follo.avs In sectxon 2 we start thh the quahtatlve
analysxs in terms-of the PWIA; we dxscuss some general properties of the T- and P_,

ik _asymmetries and deduce useful relations between the observables for the free. neutron,

- s- and p-shell nuclex ‘The D1storted Wave Impulse Approxxmatlon (DWIA) is brleﬂy
1outhned in section 3. :The sens1t1v1ty of ‘the polanzatxon observables to different -

1ngred1ents of the model are analyzed in.section 4. The main topic of this sectionis - "= -

the study of the effects whlch come from dlﬁ'erent nuclear nlodel mput The obtalned
: results are summanzed in Conclusxons S T o

=i

T ; 2 General Propertles of T and P

Followmg the Madrson Conventxon 12) we dxrected the photon momentum k along e

the 2 axis and the vector [L X (j] along the y.axis. The polarlzatxon observables are\ 5
o wrxtten so far n the followmg m'mner -

target asymmetry < it
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e where o" T (a ) is the 1ﬂ'erent1a.l cross-sectlon for the rec01l polarlzahon parallel
(antxpara.llel) to the vector [k X (j] ;

R It is convement to calculate the polanzatlon observables inl terms of the sphencal g
spln tensors -r,m The1r rnatrxx elements in the case: of spm-—-nuclel are’ : :

|k| da
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“where,.

F(”- z1"1(0' €A)+Fz(0 ‘T)(Ul’» X eAl)“HFz( I?)((} €A)+1F4(0 fl’)(q fx), : (6)
" where we 1ntroduce the unit vectors q = q/]:ﬂ and l:‘ /Ik] and the photon polar-
o ~1zat10n vector € thh A="kl Lt
*Let’s now: wrlte down the elementary amphtu(le for the photoplon productlon in
'the cychc b'lSlS 14) ; S : STl »

: ;F,‘i’”,—‘ (Gm + Aczao 4 Gsa_l - G4)r‘+’

. there Cﬂr— 1 for ﬂ = 1 3 4 Cz = /\ Sg 1 for ﬂ = 1 _.,3 corresponds to the
spxn-fhp and S, =0 to the non spin- fhp tran51t10ns, ,ul =—p3= “XNand pp =y = 0.

e For ‘the quahtatlve understandmn' of the: results we make: at tlns point two ap-
prommatlons "First, ‘in ‘nuclear matrm elements we neglect the quadrupole L=2"

nucleon Fernn motion: Then the nuclear photoproductmn amphtude in terms of the
i PVVIA can be wrltten m the follow1ng form T S e S

(n 4 nl)

S =FSGis the tnnsferred moxnentum, fem. (Q) = exp( Q2112/4 4) eliminetes the
: ,center of mass motion; b is an osc1llator paramctex and-Wyis a lunemahcal f'xctor
v In the glven above express1on we deﬁnc the nuclear r"tdll‘ll mtegrals ' :

(n’l ,nl)(Q) / R ,,,(1 )JD(QT)Rnl(r)Tsz

P where JQ(QT) 1s the spherlcal Bessel functlon and Rnl(r) are the radlal pa.rts of the
bound fnucleon wave functions. ! : AT ; L
“To bring the general propertles of_ the T aud P asynunetrles mto better focus lct
L us cons1der in this section the Yery simple extrenie smgle partlcle nuclear nlodels It
"'f_l‘;means that we put the nuclear tr'lIlSlthll de11s1t1es in the _1_1 couplmnr to be

g ‘ : ,': . | 7~ ’;» ’T_ 7» L V/ ¢sﬂT(031/2’ 031/2) — ( l)bﬂ"'T fOl H
LT e 1!’5,,T(1P1/2,1P1/z) =1 2 for 30
1!’5,,1 (1P1/2, 1Pr/z) = ( 1)“""’rT for 15N

= f;m (Q)W Rf;“'"” Z sﬂcﬂ sﬂm m >( 1)'IGﬂ¢3’zL’;;;’16Lostﬁ, (8)

o TM—ZH;':;M,’;,E‘ ZM"M" Y
o x The standard expansxon of the elementary operator reads 13) ‘L, e /

Z Cﬂng(s")-r(H i (7)

. transitions and adopt the factorization apprO\mntlon 1“) while averaging over the -

where the detexmlnatlon of the coefﬁcxent d'J(Lqﬂ)l 1s t-nen in Appcndl‘( A Th1s "
: wmphtude descrlbes the pion’ photopxo(luctlou oft: |2m > to ['m > nuclear states, o



thus assummg 3H (15N) to have a pure 031/2 (1p1/2) proton hole in‘a closed-shell
-4He (*%0), a.nd the 13C nucleus as a pure1p;; neutron outs1de a closed 1p3/2 shell

After some stralrrhtforward ma.mpulatlons one ﬁnds PR R :
. n(fmr )p o o o
ML= =) CoGaSplgm, Sppplym’), . -2~ 7 (10)
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Lool\mg at the matrlx elements we easnly observe that the relatlve welghts of e
et 'the/s\pliﬂlp and non-spin- ﬁlp tranSJtlons are 1dent1cal in the first: two cases:’ ‘8= =
2S5+ 1L The only dlfference (to say nothmrr of the form factor Rs. wluch cancels SR k

~in the’ expressmns for the polarlzatlon observables) is'in the phase factor (= 1)5" =
" which appears in the expresswn for the 3H ‘matrix element For the - -shell nuclei -
" the relative wexghts of the spin-flip and non* spln—ﬁlp transmons change by factor -
-1/ Sg in comparison with the’free neutron case. The lnterpretatlon of this effect i is'
"~ clear in view of addltlona.l possnblhtles for the spin- ﬁlp and non Spln-ﬂlp transmons L

~for. the nucleons w1th the orbital momentum I=1.""
We proceed by writing down the’ expressmns for the polarlzatlon observables in
terms of the elementarv amplltudes S : ~ k
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029 )T(BC) - U‘(iQN)P(lsN) ~ sm0(4F2F + F3 + FzF' ‘
: ,(F4F - REF; )casl9+F3F"3m29), L LR

d C d 15N o b

U( ) (130) Ufia ) (ISN) sm0( 2F2F'+E3F'+F2F

S e _+(F11F‘ F;_.,F')cosa + F;,F'sm 0) et - -_f‘ : (14)

A The relatlons between T and P in the case of the free: neutron and 3H wluch
have been obta.\ned in ref. 6), can be directly mterpreted The polarlzatlon of thew
. -initial 3H is given. by ‘the. spin- “state of the proton..Then, due to.the Pauli principle ..
“the reactlon Yt+n—7nTpis gomg with: the recoil proton in the 3He: nucleus in'the

Cwell- defined spm-state as if it is pola.rlzed That is why one has the wrltten above .
relation between T(*H) and P(n) «

" There is no any simple expression whlch connects the observables on the 1BC and e

= 15N nuclei with that for the neutron. It reflects the change of the relative strengths of

the spin-flip. and sp1n—1ndependent parts of the reactlon a.mplltude when the neutron

‘is-on the p—shell R BT T

ZThe: -given above expressmns prov1de the general rules for T and P Due to"A ;
“the sind dependence they are identically zero at 6 = ' 0° and 180" Be51des, at'the

threshold region they are. very small because of vanlshlng unagmary parts of the ¥
elementary amphtudes : ' ' : N S
- Let us summarize the results of thls sectlon “Using 51mple one-partlcle (one-hole)'v: ~

. nuclear functions, sw1tch1ng off the rescattermg effects and: neglécting ‘the 'L =2 "

“term in the transition’ operator, we got- the relations which connect the polarxzatlon Tl
—-observables. for the free neutron; 3H, 130 and 1SN, We have found out that the B
“nucleon, bemg on the p—shell changes the relative welghts of the spin-flip and non . -
sp1n-ﬂ1p parts of the reaction’s amphtude It leads to 51gn1ﬁcant difference between

' the polarization observables for the free nucleon and-p-shell: nuclei. In addition we -
have found the SJmple relatlons between the polarlzatlon observables for 13C’ a.nd

U

3. DWIA Ingredlents

B

The expressmn for the full plon photoproductxon matrlx T,,,,, .whlch mcludes 2

¥ rescatterlng effects (final state interaction — FSI), is given in refs.>!¥). For.further. -

- discussion it-is “useful to enhst the mgredlents of the DWIA The plon photoproduc—
tlon matrlx T,,., 1s glven as - S : ‘

e fe a7 T (q,qo)un(q, kA)
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where U,,., is the plane- wave photoproductlon amphtude and E(q) = E7r(q)+ EA(q) .
"is the total energy of the plon -nuclear. system.. We have. introduced-an aux1llary
matrlx T wh1ch is related thh the true plon nuclear scattermg T-matrlx by

“s

oy (q,qo) = T—T(q, .

The factor (A — 1) /A ehmrnates double countlng of the plon nucleon mteractlon as 7‘, '5

it is included in the plane-wave part of the operator. " We:construct-the 7' matrix.
as a solution of the Lippmann- Schwmger equatlon with the ‘optical potentla.l taken
from 15) The standard DWIA;is strongly based on the assumption that the dom- ..

mant pion:wave distortion eﬁ'ects come from the coherent rescattering of the pron L

~in-the sphencally symmetrrcal part of the plon nuclear optrcal potentlal (”coherent
‘approximation”).. ‘We have found that -the’ extended version of. the DWIA, where

- the' non coherent (spln‘f'hp) rescatterlng is: 1neluded does not lead to any. srgmﬁcant j e

changes in-the final result for the p-shell nucle1 T RTINS [ERE
:The optlcal potentlal used inour: analysxs of the p-shell nucle1 is splltted 1nto
_the first order term and'a phenomenologrcal p% term, which:stands-for' true pion
absorptlon and hlgher order processes:'®). /For the 2He' nucleus the second order
"effects ‘are very. small and the: first ‘order optlcal potentlal prov1des a satlsfactory
_“description of the m-2He elastic scattering 5). 7~ S
Using the Impulse Approxxmatron, one can- express the matnx elements of U,., S
m ‘terms’ of the elementary (ym). amplltude (see: Appendlx A% We: have used in_.~~
“our calculatlons the Blomgqvist- Laget ‘model %1°). Thls model is unltary in the p33-\ U
channel where the ‘corresponding pion- nucleon phase-shxft is large. s : e
“The few-body structure formalism," which has been- applied - to mvest1gate the ‘

polarlzatlon observables for the v +2H 5 m-+%He, is summarlzed in ref.%).: The |+ "

trlnucleon wave functlon can.be calculated exactly by Faddeev s, technlques, thus :
-the nuclear input here is under control As in ref.%), we used in this paper the wave- -
+functions by Brandenburg et al.'%) whlch have been obtained by solving the Faddeev

_equations:in momentuni space for the Reid soft- core potentlal Using this functions, - s
“Maize and Klm ") have pred1cted the three-body magnetlc form factor qulte close e

The complex1t1es of the nuclear many body mput for the p-shell nucle1 are 1solated _

“in the ale—body dens1ty-matr1x elements (the nuclear trans1tlon densxtles) tradltlon- i
ally denoted as ¢(Ip 'lp) 14,18} “These values accompany the reduced matr1x elements o
= -of the smgle—partlcle mult1pole operators Nf' ORI i ey
S N L(Qr) [YL®0lJT e ’
TR where S§:=0,1, T = 0 1 o= and =7 are the Pauh matrlces respectlvely, o

o =70=1, Y is ‘the spherlcal function: e e : . ;:» :

- As the same set of the transition operators appears in: the electron nuclear scat-
“tering, this’ reactlon isa. tradxtlonal source of 1nformatlon about the va.lues of the
corresponding nuclear tra.n51t10n den51t1es However, the ana.ly51s like that retains o
“two uncerta.mtles for the spm———targets The ﬁrst one is that it does not prov1de a:.

o ,_;_; the monopole L =0 and quadrupole L=
CoTrE- v S -
. L At present tlle 130 matrnetlc form factor is not satxsfactorlly understood despxte'

"value for the EO type 1sovector tran51tlon den51ty (L
E second uncertamty 4is that there is no possxblhty to separate the contributions of

- 2 parts of the ]\11 type transition (S and"

I LTZ0) The

'a rather intensive efforts. For example, the extreme single-particle model,used i in the . :

- prev1ous sectlon fa|ls to explam the data on the ma«rnetlc scattermg n partxcular in"
+ -~ the second maximum: An 1mprovement of the extreme single-particle model results
““can be achieved by allowmg the conﬁguratxon mixing between 1p, /2 and 1p3/g orbltals 5

W1tlnn the 0%w shell model space (the. Cohen-Iurath model 19)) e
A5 On the other hand, mstead of microscopical calculations it is possrble to extract

ey nuclear transition densities from the electromagnetic.form factors data by allowmg,-

“"them for afrec variation w1th constraints that keep them close to the calculated ones. .-

*“This'| pure phenomenolorucal plocedure conslclerably improves of the descrlptxon ‘of

~‘the magnetic form factors 1 %), but it-is not sufficient to fix the’ unique value'of =

g the L=2 trans1tlon ‘For e\mnple, two mdependeut an*xlyses performed i the Ohw

1p,1p

1= 34! )'md .58 20)

model space give: ¥

:the neces51ty of an essentlal suppxesswn of ‘the’ 1sovect01 clcctnc transxtlon EO
,“'«:As has been” shown in ref 21}, this - -suppression” can be-achieved by addmg a few-
".percent admxxture of the 2p-shell couhnulatxons Rcccntl\ this fact has been verified

conﬁguratlons in the ground state of the 13C nucleus. - e ..
- - The compauson of experunental data and thcmetxcal pledlctxons for the

 nucleus shows the same features, as. dxsscused in detall for 13C' The, magnetxc form
) 'factor, for example, is too larne in the maxiniun, and-falls too qulcl\ly at large Q.

_on 5N also reveals: the 1mportance of the 2hw conﬁguratrons oy, :
‘Taking into account all these cir cumstanccs we expect the mﬂuence of hlgher

Tl tconﬁguratlons on the polanzatlon obscrvables in pxon photoproductlon to be much -

‘ larger and mformatwe ST

“Below in our. a.nalysm we' are gomg to use two moclcls The ﬁrst has been elabo-

5 rated phenomenologlcally in the 0%w model space by Tiator and’ \erght (TW) 18y

fwhere the M 1 transxtlon dens1ty has becn C\tracted fro om the mavnet}c form fac-
the second 1n1croscop1cal ‘model: developed by: van Hees with collaborators 2, the
: transxtlon densities have been obtained witlin a full (0 + 2)hw shell model space. -
As follows from Figure. 1, where we represent tlxe clmlne form factor, for 1°C and

St ,”N ‘these two models give dlﬂ'erent strcngths of thc 1sovcctor elcctrxc transmon

*. The effect. of tlns difference on the pol'ul?ahon ol)suml)lcs which are detcrmmed

g ,by the 1nterference of tllese two typcs of tmnsltxous 1s substantml as wxll be shoxvn :

Recent -analysis of the e‘rperunental ‘data for the .‘30(7 S )13N reactxon shows :

- As'for l3C’ the a.nalysrs of the plon photoproductlon and“pion scattermg reactxons

- within’ mlcroscoplcal constraints which take into acumnt the contrlbutlons of the "’hw i
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~in the Ohw (TW model’s)) a.nd (0F Z)hw (VH model”)) spaces

T:that in terms of the PWIA the pure Born apprommatxon leads to zero values of the [
‘fasymmetrles Thus, all dev1atlons from Zero ' are referred ‘to the FSI contrlbutlon
‘k‘As goes from Figure 2, these’ contrlbutlons are 1mportant at’ la.rge angles. For the "
“forward a.ngles the’ role of the:FSI is sma.ll “This' fact is- clearly seen especmlly in™’
' the Tesonance region. As has been shown in’ ref. ), in thxs regxon the simple relations
N hetween the polarlzatlon characteristics for. the’ elementary process and.that for the
o three—nucleon system “(like’ those presented in eqn: (14)) are valid with-a high degree -~
wof accuracy ‘Hence, onehas a good possibility to study the properties of the A-isobar .
tin ‘the nucléar medium, Any experimental dev1at10n from these relations could serve "
k »'as an evidence of the’ A-lsobar ] cha.racterlstlcs change inside a nucleus: o
v To simulate this phenomenon; we analyse-a small (~ 3%) va.natlon of the A-
mass in a spirit of ref. 24) The: correspondlng results are plotted in Fxgure 3. with
“Ma —» ﬂMA, g=0. 97, 1.00 and“1.03. “The caused dlfferences are very . impressive.
However, a‘more thorough investigation is needed to study. this effect, keepirg the

.,:' Results and Dlscussm

4 1 PHOTOPRODUCTION ON 3H . ‘ : - :
+We start our d1scussmn w1th the results for the 7:+3 H ey +3 H e reactlon, .
keeplng in mlnd a pOSSlblllty to study it through the inverse reactlon i + ‘7 e =
Y+3H. As | goes from’ Fxgure 2a, the values of the’ polarlzatlon observables are small
. _at low energies of photons Actually, in’the: threshold region the domlnant part. of »
the elementary operator is the Kroll- Rudermann te1m, ‘which is real (s wave plOIlS)
Therefore, T and:P are ‘small because: they are proportlonal to the lmaglnary pa.rts S
of blllnear combmatlons 'of the elementary amplltudes [y = : :
.- As the energy of the 1nc1dent photons 1ncreases the role of the A lsobar exclta— ‘
" tions i increases. That is why n the resonance reglon the T and P asynlmetrles are-.
. about =0.5 a.nd ~1.0; respectlvely EER e : : s
“An addltlonal contribution in the 1mag1nary part of the reactlon a.mplltude comes. -

due to the rescattermg of the outgoxng pion on the nuclets in the final state. In Flgure L X o unltanty of the elementa-l'y amplitude; In: the end of this part of the discussion we~ "

* 2, we separate the effect of the final state 1nteractlon (FSI) by plotting | ‘the results of -~ . N ts of: th 1
the DWIA calculatlons w1th the Born part of the elementary arnphtude only Note\ B - I note that rnour ’oprmon B! role Of the 1mag1na.ry pa.r so £ ementary E?+ -a.nd




“other multipoles, different from the resonant My and EjZ, is not significant.” As
. these imaginarities are originated by ’the unitarity constraint, they are small because - -

““interest.” T

of smallness of the corresponding pion-nucleon’ phase shifts in the énergy region of .~ . -.

L
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sand T-aéymmetrieg to the éhangés

T beta=103

4.2 PHOTOPRODUCTION ON THE P-SHELL NUCLEL .. "
1 Let us return to the p-shell nuclei. Here T and P are expected large because of the .
large m,ﬂFence of the distortion effects (or the FSI)..Thus, the FSI almost determines™.
the values of the T'and P ?agymhigtrigs at lpw ex}ergigs:ﬁheré the contribution of the

A-isobar is small. "7 0

" ‘However, at large energies the rdley(r)f the ‘A~i‘soybiar is signiﬁcéxﬂ: and leads }:o the SR

i

relative diminution of the FSI effects at small angles (8 <'50°). In this region, where =
-the ejkonal approximation is'relevant, the FSI can-be included a5 a muli:iﬁliéé.tivé e
factor‘qnd thus cancels.in the expressions for the polarization observables. ‘That is
why it doesn’t-play any significant role at 6. <50° as is reflected in the plots:“the -
-PWIA and DWIA results are.close to each other. But at large angles thé'dvist':repa.r‘iéy »

between these 4tW‘Vof'2:ras4es; is clearly seen.i,.thérr»éséz'ytté\rihg effects cause'an additional - :

al:xdmé.ly ig the-;%ng\uléyr dependence offthe,:pplar‘izatioh observables at 8 < 100° (see .
Flggre 4). Its origin is in the second minimum for the isovector EQ type-transition. -

_Fig. 3 The sesitivity of the' P ' -

of the A4is6‘5a.r mass (see text). " . -

2Dl (GRS FE
" E,=300"MeV -]~

47 0deg)
Fig. 4. The sesitivity of thé P and T-asymmetriesfor y+12C — 7~ 413 N reaction = -
‘o the FSL Transition densities are from-Tiator and Wright!®). DWIA1 - caleu- - °
lations with: factorization approximation,: DWIA2 - calculations with numerical - -
‘averaging over the nucleon' momentum inside mucleus. " - T

e

. .~Because of the strong (attractive) wA' intcraction”this miniinum‘is effectively -
<" shifted.in the region of small transferred momentum:” Like for the electron séatter- "
' “<ing, in order to-take into account the pion:.wave distortion one can‘introduce the- -

o Meffective” momentuin o T

_ 2E:r L_fvr A 3

.

& \wherethe méé.rf optlcalpotentlal Uii < Q:Euid,»\c()ilscqimi’;tl)’;, ]r]’,ﬂ] > ]tﬂ

L :

"= In Figure 4, we also ’présenbthé analysis of the nuclcon Fermi-motion effect: The
" calculations have been performed in' terms of the factorization approximation (see’ -
/" “eqn.(A5))-and with numerical averaging o'yi;fihq'1111c160n\fn(iliicxlttiillx distribution . -
‘insidea nucleus.: The differences are sinall at low cnergics. The “cxact” treatment of ..
- "the'nucleon Fermi motion provides somc effcct at low energies as it brings into play
7 the gradient terms which change the relative contribution of the spin-flip and non’
. spin-flip transitions. At high energies, tllé,cﬂ'egit »is"sign'all.i The gcne{ﬂ "chi"cl\‘is'ivqh’i's?

: ; i e
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,.that the factonzatlon approx1mat10n 1s valld for the quantxtatlve analy51s of the T

‘and P asymmetnes. i <

~‘We finish our. dxscussxon w1th the a.na.ly51s of the sen51t1v1ty of the polarlzatxon e
As has been mentloned we, choose for thxs

. 'observables to the nuclear structure
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Fig.’ 5 The sensxthty of the P and T-asymmetrles for 7 +13 C’ =TT +13 N

reactlon to the nuclea.r m del” 1nput DWIA calculahons at E =
Mev, o T T :

~aim the’ two nuclear models z) the phenomenologxcal model by Tlator a.nd anhtls) o
with the 0kw restrlcted space and #) microscopical model with the Zhw conﬁguratlons RN
included.As goes from Figures'5 and 6, these two models give even oppos1te sings oo
for the T and’ P’asymmetries.- “The results W1th a hybnd nuclear model .- VHT = " =~
‘where the value: of the M1 type trans1t10n deénsity is taken from ref.'®) indicate that™
the main effect is that from the M 1 type transition. The détailed: analy51s shows -
that the results are very sensitive to ‘the. strength of the quadrupole part. of this™
transition (J =1, 'L ="2) which dominates at la.rge angles 7). Thus, the study
of the polarlzatlon ‘observables’ prov1de addltlonal restnctlons on the strength of the S

‘Iua.clrupole pa.rt of the M 1 trans1t10n Sy

We would like to ﬁnlsh W1th one more 1nte1:est1ng c1rcumsta.nce As goes from"”

Tocoe2p o TR 2170 Mev ]
S DWIAC

‘%w.rmesf°’w

\ - NGayoes)] | L

Feroea,

Ly

PYY

S F1g 6 The sens1' 1v1ty of the. P a.nd T-asymmetnes for ¥ +15 N —. +15 O
) ‘,Areactxon to the nuclear model mput DWIA ca.lculatxons at’ E =" 170 and 300

We have analyzed the ta.rget and rec011 polanzatxon asymmetnes for negatlve :

"'plon photoproductxon off the neutron and spln—a-nuclel and- have found out some"
- very 1nterest1ng effécts which necessitate expenmental conﬁrmat:on At low energies, .
~“the asymmetries for the- 3H nucleus are extremely small due t6 the smallness of the
*A-isobar contnbutlon and the FSI effects. In the resonance region, the polarxzatlon
: observables are large enough for the expenmenta.l 1nvest1gat10n a.nd are determmed«

EROE R




malnly by the A 1sobar contr1butlon It is'a good basis- for the 1nvest1gat10n of the

influence of the nuclear’ surroundmg on the A- 1sobar characterlstlcs The preferable. —.'

* kinematical condition for such an investigation is the region of small pion a.ngles as’;

the values of the asymrnetnes are largest here and the effects of the pioni rescattering a S
are small. We have also found a dramatic effect wlnch comes frorn the AL xsobar mass - o
change.- Once more we want to_point out that a rnore phy51cally founded approach i

is necessary for. the quantltatlve predictions. . ° . = S

For the’ p-shell nuclei-!3C and !*N.the T and P asyrnmetrles are large even- at
low energies. Their: values are determined by the FSI eﬁ'ects, the role: of .which in- :
creases with atomic number At the same tlme, the 1nﬁuence of the nuclear structure

. increases a.s well. Dlﬁ'erent nuclear models- (phenornenolon'lcal and rmcroscoplcal)‘

prov1de dlﬁ'erent s1gns of the asyrnmetrles

The main reason for such ‘an- eﬂ'ect 18- i

 in different strengths of the quadrupole part of the M1 trans1tlons (= 1, L =2

. §=1)..The ‘similar result has been. obtained in the resonance region at srnall angles 5 Z;-_ e
8< 50°) At large angles (9 > 90°), the rescatterlnrr leads to an addltlonal anomaly, R

" of the polarlzatlons behaviour,

For the p-shell nuclel there are no srrnple relatlons whlch connect the polarlzatlon' ;
observables in‘the’ nuclear, case: w1th that’ for the" elernentary process, as. ‘has been i
n /obtalned for ‘the s- shell nuclei. However, we have found the relatlon between ‘the T

“and P asymmetrles for'the B and *N miclei.: These relatlons have been verlﬁed n
- our DWIA: analy51s :It-has been shown that they hold 1ndependently on’ the nuclear IR
* model input and.the, FST effects at all energles We have also found a strong effect

. connected with the cha.nges of the A -mass,
" 'The factorlzatlon approx1matlon has"been shown to be rehable not only for the'
‘unpolanzed cross- -sections but for the polarlzatlon observables as well. i »

.The results presented in thls paper seem to be useful for: the forthcornlng next‘

- generatlon experlrnents with' the polarized’ nuclear targets. - The sunultaneous analy- "
.:'’ses of the plon scatterlng and pion photoproductlon reactlons on the’ same polarized:
- targets give: an opportumty to check the model. 1ngred1ents and, in more. practical’" .
. sense, to resolve ‘a number of problems wlnch hav 'bcen revealed in the ﬁrst polar- L

1zat10n measurernents for the (my 7). reactlon

i x»‘f‘f“Append1x S
- PLANE WAVE AMPLITUDE e R R

Perforrmng the numerlcal 1ntegratlon over. the nucleon mornentum dlstrlbutlon e
, 1nsrde the'nacleus in terms of the Impulse Apprommatlon one comes to the followrng Tt

expressmn for the plane-wave amphtude M,,I T
m m(q, k'\) .2 EJ('m -JM_,Il )( N lNTl N )UJchm (q = L)

where J (2J+ 1)1/2 fc,.. Q) = ezp(Q2b2/4A)
We have deﬁned new: amplltudes UJT ’

1 17 ;
J’(,Llp) 14 LML(lp, 1P),; o

‘ ‘ 5 .ﬂ' +5“5MLM’/’J(L1)0 LML(1P, 1p)‘:7 T

ey

NERE 3) R Mach and S S: Karnalov, Nucl Phys A511 (1990) 601 ’ “ i kN

;

The dynamlcs of the process 1s contamed in the followmg functlon : L

-~

i ILML(n l nl) = ( 1)I+ML /di"pR", (p )Gp(q,L)R,.l(p)[Y (p ) ® Y(p)]L -M:. : (A 3)

Here R,,z are. the radlal parts of a bound nucleon wave functlon, AG[; are d1rectly
related to the elcmcntary photoproductlon operator
" The: coefﬁcrents 1/)_,(“) it represent the muclear many-body 1nput They can’ be
e easrly connected wrth the spln- and 1sospm reduced matrix elements as - oo

T : ”— 3 L 1/') 1/') 5 .
5 ’ L 'l.b_](’Ll) 1= Z SLJJ ;:{’ _]l i, #’.?T(a’,a)‘,"; (A4) °

: where o= {n ]} and

wn(a a)—(JT) (JITJ”[C'QCal IIJT)

Therc is one’ more w«u to handle the. nudcon Fuml motwn l\nown as the f'xctor- e
1zatlon appr0\1m'1t10n In terms of 1t one adopts the followmﬂ substltutlon
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