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I. INTRODUCTION 

Excitat ion of t he gian t r e son an c e is a univers al r e s pon se 
of a t omic nuclei when va r i ous ki nd s o f pa rt ic l es int er 3ct with 
them. The gi an t r e son ance i s e xc i t ed in photonucl ear r ea c tion s , 
e lec tron s ca t t e r i ng , muon c aptu re, r ad i a t ive p ion ca ptu r e , in
e l a s t i c hadron sca t t e r i ng , ha d ron cha r ge exchang e , e t c. (s ee , 

/ I / f or exampl e , Re f . ) . The nuc lea r exc i t a t i on i n pho toabso r pt ion 
is of pure d ipol e t ype a nd it doe s no t dep en d on s pi n of nuc
l e on s . I n me s on a nd hadron-nucl ca r r eacti on s bo th s p i n- depen
den t and sp i n- i ndependen t t r an s it i ons are o f grea t i mpor t an c e . 
Unde r ce r t ain k i nema t i ca l co nd i ti ons t he s p in-isosp in ex c i t a 
tions dmni na te i n the a bove - men t i on ed r eac t io n s . So , us i ng 
t he gr ea t var i ety of pa r t i c l e s , on e ca n ge t in f ormat i on on 
d i f f e r ent mode s of a g ian t r e s onance . 

It i s known t ha t i n very li ght nucl ei t he t r ans i t i on s of 
hi gh multipol ar ity are fr a gment ed s t rong ly . Some co ncen t ra t ion 
of t he s treng t h oc cur s ma in l y fo r dipol e t rans it ions . The gross
s t r uc t ur e of a dipol e r e son anc e va ri e s sign i f icant ly go ing f rom 
on e to ano t he r Ip- shell ( 6 Li - 16Q)nuc leus . There f ore, one mu st 
d is cus s each of them i ndividu ally . Some fea t ures of d ipol e a nd 
sp i n- d i po l e r e sonanc e s i n Ip - shell nu c l ei ha ve be en d iscussed 
in Re f . / ~ -6~ Expe r i men ta l i n fo r na tion on s p i n-d i po le ex c i ta t ion 
ha s been ex t rac t ed mainl y fr om th e data on r adi a ti ve pi on cap
t u r e f r om me s oa t omi c orb i t s . Bu t thi s rea c t io n g ive s t he da t a 
onl y a t on e f i xed va l ue o f rnomen t um tr ans f e r s i mi l a r t o photo
lbsor pt i on r ea cti on . The e xpe r i men t a l da ta on p ion photoprodu c

I OI ' i on v i t h e xc i t a t i on of sp i n- d i po l e r e sonan c e in some nuc le i 17


'lave beco me a va i l ab l c r ec e ntl y. Th i s opened th e new pos sibili
i e A i n st ud y i ng s pi n- d i po l e exc i t a ti on . From the poin t of view 

o f va r i a t i on of momen t um tra ns f er , t he ( y. r.j reaction is ana
l ogou s to i ne l ast i c e lec t ron s c a t t e r i ng . Howeve r, fo r Ip - shell 
lIuc lei t he i ne l a s t i c e l ec t r on s cat t er ing d a t a co nce r ni ng spin
Jipo l e r e s ona nce r e gi on a r e kn own in su ff i c i en tl y . For tha t r ea
son t he t y, 17 )- rea c t i on i s o f great i nt e r e s t. 

In t he prese n t paper we sha l l dis cuss t he ex c ita t ion of the 
s pi n- di po le' r e so nance in 6Li usi ng the ( y, rr)- reaction . By st udy
ing th e i nverse (17, y)- pr oc e s s f rom me soa t omi c orbi t s 14 . 5 , I II , 
son~ u se fu l fea t u r e s o f 6Li exc ita t ion have be e n f ound out . 
The so- ca l l ed conf i gur a t i on a I s pl i tti ng and s p l itting due t o 
t he supe rmu lt i p lc t s t r uc t u r e o f t he l evel s f o rmi ng the dipole 
r e s ona nce a re mos t i n t e r es t i ng . The phenomeno n is : 

I •• j I 1 
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i) t he nuc l eon i c transi t i ons f rom t hi ' i 11111 '1 I ~l - .md outer 
Ip- shells ar e loca l ized at d i f f e r en t exc i r n t i un (' IH' r p, ies and 

ii) transitions from the inner sh e l l li n ' n l no l o vu l i z c d at 
di fferent energies due to t he d i f f e r enc o i n 1111"' YCll1ll g s cheme 
of the levels f or mi ng the giant r e sona nce , '1'111' YIIIIIII', s c heme 
(or b i tal ) [>..] . Ls a model qua n t um numbe r c hnr nc t i -r' i s i IWthe wave 
function symmetry under pe rmutat i on of nuc l e on s . III L i t he 
Young scheme is almos t a good quan tum number due t o a s i gn i f i 
cant cont r ibuti on to a r e sidual nuc l eon- nuc l eon i n Ler ac t i on of 
the monopole pa rt o f Ma jor ana fo r ce (s ee Re f . ':!. I ). Th e ener gy 
d ifference is large enough and a re s idual. nuc l eon- nuc l e on i n
teract ion i n nu c leus is unable to remove i t t o f orm a s i ng le 
maximum. Such an effect ha s been predicted f or t he fi r s t t ime 
f or the photonuclear r eaction / 13/, and a f t erwards wa s ex t ended

/1.for other rea;c tions : muon and rad i ative pion capture 5,6/. 
We shall describe qual i tativel y the experimental data r e 

centl y obtained f or ~ .p)-reaction l 14~In thi s reaction both pure 
d i pole and spin dipole re sonances seem t o be exc i t ed . 

The nu c l ea r l evel s whi c h f orm t he d ipole and sp i n-d i pol e 
r esonance i n eLi ar e desc r i bed i n t he framewor k of t he bound 
shell mode l . The ba s i s o f t he wav e f unc t i on f o r J " = 0 ~ l 
and 2- ( T = I ) l eve l s i nc ludes all the con f i gur a t i on s corre s 
pond ing t o nucleonic trans it i ons wi t h i n Ih w -exc itation band. 
For leve l s .J rrT = 3-1 and 4-1 we do no t mix the conf igurations. 

As fol l ows f r om t he prev i ou s s tudi es the mode l us ed enables 
/ 2 u s to de s cri be t he gr os s - s t r uc t ur e of excitation spectra , l 11 

onl y. 

2. TPE METHOD OF CALCULAT I ONS AND BASIC FOR}ruLAE 

2 .1 . Pion Phot opr odu c t i on 

The DWIA method is used as a r ul e for calculat ion of p i on
 
photopr oduct i on on nuclei . \~en reali z ing th is method we sha l l
 
u s e the Lippmann- Schwinger form of t he p ion-nucleus wav e [ unc 

. Th d ' I f . . 1 151 tlon . e e tal s 0 such an a ppr oach a r e g l v en I n Re f. He r e 
we summar i ze onl y a few work i ng formulae . 

The pho t opr oduction amp l i t ude on nucle i i n to t a l angu l ar 
momentum j r epresentation r e ad s . 

j i ' 2 r J 
, (rr, r,' ) V J' o(rr '. y ) nn nF nO ( 1T, y ) = y '0 ( 1T , y) _ .1.. I. J l~.9_ -- - - - - -- ( I ) ·' _ --- 

n 1T n'1T ' m,(q , ) &n (q) - &n' (q .' ) + i f n . 

The amplitude describes the pho ton abso r p t i on wi t h quan t um 
number y = (Jy . k X), wher e k i s photon moment um, J is it s total 
angular momentum and >.. i s its pola r i zat i on , andYthe p ion c r ea 
tion wi th quantum number 1T (L1T • q .), where L" i s pi on angu l a r 010E 

2 

ment um. The nucl eus under goes the transition from the ~round 

10> to excited 111> st a t e . 
The first ter m in ( I ) 

Vjo (rr,y) = <L ,q .; J l y j I J , k >..; J > (2)n rr n y o 

is a plane wave part of the partial ampl i t ude . The pion-nucleus 
in t er act i on i s taken into account in (I) by means of the second 
term. In (I ) &n(q) = E1T (q) + E ~ (q ) is the total energy of t he 
p i on and nuc l eu s and m(q) i s the reduced mass . The p ion-nuc n 
l e us part ial mnp litude ha s been f ound from t he so l u t i on o f 
Lippmann-Sc hwinge r equa t i on . The deta i l s of t hese cal cula tions 
are gi ven i n Re f s. /15,1 6 ~\fuen i n ( I ) we put 

, , .I J 
n = n , L " = L rr , F un (rr, rr ) = F oo (rr, rr ), (3) 

we a r e t hus l ed to the DWIA. 
Next we sha ll u s e t he ap pr ox ima tion limit ing the propaga

tion of the pion on the energy shel l . I t mean s that i ns t ea d of 
t h e f ul l Gree f unc t i on 

I C
_
" (q) - &, , (q ' ) + i ( I 

- 1 p 
- i 1T ,'J( & (q) - [, , (q '») ( 4 ) 

n n 
&, (q ) _ &, , (q ' ) n n 

n n 
we shall take it s second term (on- sh e l l approximation) only. 
It is well kno~1 /1 5/that in on-shell DWIA, one frequently ob
tains numerical r esults which are rather close t o both the 
c a l cu l a t i ons with the full Green function (4 ) and the experi 
me nt a l da t a . 

The final expr es sion f or the pion photopr odu c tion ampl i t ude 
F (1T . Y ) i n on- s he l l DWI A reads 

n O 

F i 
(1T , y ) = v' (rr , y)[ 1 + i q F J ( 1T , 1T ) 1, (5 ) 

n O nO 00 

whe r e F'~o( 1T, rr ) i s the part ial amplitude for pion-nucleus elastic 
s c a t t e r i ng . 

• • f A For t he nu c l eoni c photoproduct10n ampl 1tude "y needed to
/ 17/0cal cu l a t e Yn~ ( 1T , y) we use the CGLN ne wr itten 1n t he f orm : 

f n
A 
y i f 1o . ,' t- f 2l q . kl · t>. + if3 ~ ' kq .;>.. + if 4 ; · q q .. ;>... (6) 

2 . 2. The Wave Func t i ons o f the Nucl ear System wi th A = 6 

The posi tive a nd negat i ve parity states of A = 6 nuclear 
system hav e been de scri bed i n the bound shell model. The posi
t~ve par it~ wa ve f unc t i ons for the levels with the -configura
t aon Is 411f have been taken f r om Ref. 1 2 11 In the 6U ground 
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state wave 'he componen t 11 41 s 2 I~S I t > doomi e re-f unc t i on t IJ : nu na t es , Th
 
fo re , i n ca lcula ting a l l the trans i t i on s we hav e l imit ed our 

sel ves only t o t hi s component .
 

The wave f unc tions of negat i ve pa ri ty s t a t es wi t h .1 iT= 0 -, l 
and 2 - and T = I have been taken from Re f . 1 111. The cor r e s pond i ng 
wave f unct ions have been obtained by d i a gon a l i sing t he r es idua l 
nucl eon-nucl eon interaction u s ing t he comple te 111 ", -bas is cor
r e sponding to 1s ., l p , 1p - 2s and 1p ... 1d nucl eon i c t rans i tion s . The 
r e s idual in t e r acti on ha s been chosen in t he Ros en f e l d fo r m wi t h 
t he Gauss i an r adia l dep ende nce of t he pot ential . The depth of 
the potent i al was equa l to V = - 60 HeV. The position s of 
s ingle- partic le and si ngl e-ho~e s ta te s have bee n derived [rom 
expe r imen t a l data on t he ne i ghb our ing nu cl e i : 

" 1 e (2s) - (l p) = f (ld) - ( lp) ~ 12 NeV, c(l p) r(ls ) = 24 Ne V.f - (7) 

To f i x t he pos i ti on of nega ti ve pa ri t y s ta t e s r ela t i ve t o th e 
ground s t a t e of 6Li t he expe r i men t a l da t a on the 7Li ~ , 2p) r eac 
t i on have been us ed . Quas i e lastic process on 1s - nucl eon s i n 
7 Li r esul ts in the popul a t i on of 6He l evel a t E " = 13.5 HeV 1 22• 

havi ng t he domina n t co nfi gura tion 11s- 11p3 13122p :33 P2- >. Fix i ng 
the l evel po s i t i on in su c h a way one can simultaneous ly expl a i n 
some fea tu r e s of pho t onuc l ear r eact ion and muon cap t ure on 6Li / 11/ 
especia lly o f the y 6 Li ... 3Hus H an d IL6 Li ... 3H3 He disint egra tion 
channe l s . Spur i ou s sta t es du e to the c .m. mo t i on were el i mina
t ed by means o f the Elliott -Sky rme technique . The wave f unc 
tions a r e given in t he Appendi x . The re a re 15 l eve l s wi t h .1 iTT = 

- iT - iT _ 
= 2 I , 14 wi t h J T = I I, a nd 6 wi t h J T = 0 I. He gi v e t he 
wave f unc t i ons of t hos e l evel s whi ch ca r r y a non-negligibl e 
st reng t h in ine l a s t i c e lect ron sca ttering . 

We ha ve not c ar r ied on t he confi gur a tion mi x i ng f or the l e 
ve l s wi t h J iT T = 4-] and 3 - 1. In Lh o r-s pace t here a r e thr ee 
ba s i c co nfi gur a tions 11s 41pl d :33 F _ >, Ils-1 1p3{21j24 D:35 D4_> a nd

4\l s- l l p313] 22F: 33F 4- > wh i ch form the wav e f unctions o f the 
J iT T = 4- 1 l evels . The energy d i f f e r ence between t he f i r s t and 
t he o ther t wo con f igur a tions i s l a r ge enou gh no t t o mi x t hem 
s i gni f i cantl y . Hor eover , t he conf i gura t i ons wi t h t hree nuc leons 
i n Is-shell do no t co n tr ibute to sp i n- d i pol e t rans i t i on s due t o 
t he selec t i on rul e s . So, on ly one J iT T = 4- 1 l eve l can be exc i 
t ed in the (~ ~ -I e a c ti on . We have a s s igned t o i t the wave f unc

4 3 '3tion [Is 1p1d : . F4 - > and the ene r gy E~ a bou t 9 HeV. 
On the co nt ras t s eve ra l ba s i c con f i gura tion s co ntr i bu t e t o 

the wave fu nc tions of the J tt T = 3- 1 l eve l s . As f o l l ows f r o ri 
t he selecti on rul e s on l y three o f them con t r i bu t e t o the (~ rr) 
r eact i on: !f = 11s 41p1d: 33F _ > , IjJ .., 11s4 1p ld : 31 F _ > and 
ljJ = 1 1 s- 1 1 pI 1 21] 24 p : 35p _ ~ . ~ 3 

3 3 
4 

The strongest transit ion is a s socia t ed wi t h t he con fi gura
tion t/J

3 
t hank s t o t he ope ra t or i l (Qr)l a s Y112.The t rans it ions 

a s soc i a t ed with the f i r s t two conf igura t ions a r e du e to t he 
ope rator s of the higher r an k and ther e f ore a re weak er. The 
co nfi gura t ions wi t h f our nu c l eons i n Is- sh ell a r e separ ated 
in ene rgy f rom co nf i gur a t i on with t hree nu c l eons in Is-shell 
s i gn i f i cant ly and aga i n t he y mix weakl y . Exc i ta t i on energy of 
t he l evel wi t h con f i gur a t i on ljJ 3 i s about 24 . 5 HeV. The fi r s t 
t wo conf igur at ions are a lmos t degen erat ed and t he r efore can 
be mi xed st r ongl y . However , we have no t d i a gona l i zed t hem. 
I ns tead we cons i de r ed t hem as desc ri bi ng two J n T = 3- 1 l eve ls . 
\.,Te have a s s i gned t o t hem t he exc i t a t i on energy abou t 9 !-leV. 

3 . THE RESULTS OF THE CALCULATION 

3 . I . The Pho t opr odu c t ion on 6 Li 

The ca lcu la t ed 6 Li exci t a t ion spec t ra cor r e spond i ng t o p i on 
phot opr oduc t i on proce s s a t k = 200 MeV [o r four ang les ( 0 = 
= 30 ", 60°, 90 ° a nd 120 °) are given i n Fig .l . I n the ca lcu ta 
t ed s pec t ra one can s epa r a t e s everal ener gy r,roups . The f i r s t 
i s assoc ia ted with Ip- nuc l eon tr an sit ions and is l ocalized a t 
exc i ta t ion ene rg ie s of 6He f rom a bou t 9 to 16 MeV. The co n t r i 
bu tion o f l evel s wi th di f ferent J rr T va lues to thi s exc i tation 
r egi on dep end s on the momentum trans f er, i. e., on the ou tgo i ng 
pion ang l e Orr . At fo r war d dir ection the :r tt = 2 ~ an d 1~ l evels 
a re st r ong ly exc i ted . With increasing 0iT t he con tr ibuti on of 
t he_JiT = 21 l ev el weakens r apidl y , but the co nt ri but ion of J iT 
= 3 and 4- grows ,see Table I . For compl e t ene s s , in Tabl e I we 
gi ve t he r e s ults o f ca l cul a t i ons o f trans i t ion st reng t h to a l l 
low-l yi ng l ev e l s of po s i t i ve par it y . The wave f unc t i ons of 
Re f . / 21 'were u s ed f or that purpos e . 

I n the 9- 16 MeV energy r e gion on e can s ee t he nucl eonic 
t r ans i t i ons f r om I s - she l l t ou . The wave f unc t ions of t he co r re s 
pondi ng level s have been co ns t r uc t ed f rom t he conf igur a t i ons 
ca r r y i ng the hig he s t s ymme t ry (Youn g sc heme) of Ip - sh ell nuc
l eons , 1p3[ 3 1, The r efore, t he e xc i t a tion ener gy of su ch l ev el s 
i s no t very h igh . 

The r e is a gr oup o f t ra nsi tions a t a bout 20 MeV. It i s crea
t ed by the t r ansit i ons of Is-nuc l eons. Howev er, t he co r re s 
po nd in g l eve l s hav e l ower s ynnne t.r y f or Ip-nuc leons , namely 
1p3 1211, tha n t he prev iou s ones . Such t ra ns i t i on s a re l oca lized 
in a wi de ene r gy in terva l. 

Thus , the gr o s s-s t r uc tu r e of t he gian t r e sonances in pion 
pho t opr oduc t i on on 6 Li is due t o sp l i t t i ng in the ene rgy i) o f 
nucl eoni c t r a ns i t i on s f r om t he i nner and outer she l ls and ii) of 
nucl eoni c t r ansi t i on s f r om t he ou ter Ip-she l l r e sul ting f rom t he 
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Table 1 

Differ ent i a l cros s s ection of pio n photoproduction 
on 6 Li (i n /l b / sr ) 

J " T E·(6He),MeV 30° 60° rfJ 120° 150° 

-
1 10,0 O,IDI o,no 
2 13,0 0,427 0,604 

3 13,5 0,274 . 0,368 

I 1 . 15,5 0,812 1,08 

5 21,5 0,127 0,214 

6 22,5 0, 246 0.334 

9 29,0 0,158 0,212- - 
I II ,O 0.888 

2 13,0 0,208 

2 1 6 20,5 0,398 

7 21,0 0, 609 

10- 29,5 0 ,412 

0-1 

-

3-1 

4-1 

+ o I 

I 13,0 0,299 

3 23,0 0 ,124 

I 9 0.005 

2 9 0,010 

3 21 0,746 

I 9 0,00'7 

0,043 0, 012 o.on 
0. 500 0,309 0, 192 

0,274 0,178 0 ,142 

0,890 0,584 0,404 

0,222 0,179 0 ,144 

0,306 0,225 0,169 

0,214 0,179 0,149 

0,984 0.488 0,142 0,039 

0,468 0 .562 0, 491 0 ,415 

0.577 0, 590 0,489 0, 399 

0,882 0.927 0,799 0 ,675 

0.515 0 ,495 0,406 0 ,332 

0,361 

0.162 

0,259 

0. 150 

0, 141 

0,1I3 

O,m? 

0 .086 

0,040 

0,071 

1.096 

0,127 

0,227 

1,139 

0.173 

0. 364 

0,955 

0,163 

O,4!9 

O,8G? 

0,066 0,213 0,318 0,335 

2,04 0,372 0,002 0,047 0,070I 0 

6,6 o,mo 0.DI5 o 0,001 0,002 2 -
2+1	 I 1,8 0,218 0,893 1,247 1,015 0 ,762 

2 4,2 0,041 0 ,061 0,0'72 0,059 O,Q';5 
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Fig . 1. Cal au la ted exci. to t i on spec t r-a o f 6 Li 7:n (Y. 71+}
react-i on	 a t differ'en i ang l es or the ou tgoing 

sp lit ti ng in t he e ne r gy o f l ev e l s wi t h di f f e ren t 
The experi me nta l d ata, Fig .2, ind i ca t e t hat the r e 
groups in the ene r gy spe c t ra too . However , t he i r 
t i on is f a r from being comple te . 

pi.one, 

You ng s c heme s . 
a re sev e r a l 

i d en t i fi c a 

To e l uc i da t e mor e definit ely t he co nfi gura t i o na l s plittin 
in 6 Li , the c o i nc i de nc e measuremen ts a re ne ed ed . The ou t going 
pions i n co i nc i dence with a -parti cl e separa te t he c on tr ibu tion 

f Ip nu cl e ons t o the r eac ti on from t ha t o f Is o ne s . I n t he 
la st ca se II -par ti c le ca n no t be emi t t ed : e i ther t hr ee-rbody 
decay tak e s place (for t he sla t es wi t h Youn g scheme [211) o r 
two-body wit h t wo :lt' in t he final state (fo r t he s t a t es wit h 
You ng scheme 13\ ). Th i 5 d e c a y c hanne l i s a n a na l o g o f t he decay 

3 a· I I . d 3 3 .c Iianne 1 t o He , II I n p io t.o nuc e a r r eac t i on an H + H i n muon 
c a p t ure / 2/ , 

As fo llows from t he exper imental d a t a t here are seve ra l 
g r ou ps o f tra nsi ti o ns i n t he 6 U ( y, rr )6 He reac t i on . As t he fi r s t 
group one can consi d e r t he t rans i t i ons l oc alized a t E- • 7 . 9 
a nd 12 MeV. In t he f i rst and i n t he las t c ase s t he c r o s s s ect i on 
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o	 10 20 30 Fig . 2. Cr oss - s t ructure of t he 
exper imenta l excitation spec t ra t. Li

6 !l, ft · ) 
in the 6 Li(y, 77 +) r eac tion a t dif

Ei=30' f er ent angles of outgoing
q= 0.59 pi ons 18 / . 2 

is large a t backward p i on ang les;oI I I I I I in the second case , a t t he f or 
13 =60' war d . To thi s group t here cor 
q =0.89 L respond t he ca lcula ted tran s i v: 2 

.......
 

..0 t i ons t o the l evel s 31, 3 - , 4 ~ ,
2::L... I ~ an d 2 1, All of them are l o01 I I I I I I ca ted i n t he energy r an ge f rom e =90' 2c: 9 to I I MeV. The c r oss s ect ion q = 1.17 

~ of the	 J 77 = 3 - and 4 - l evels i n10 
U crease s when 077 becomes l a r ge r . 

El=120' As t o the l evel s J 77 = I- and 2
q = 1.38 t he c r oss s ec t ion decr ea s e s , 

see Fi g. 3a . The t heor y s eems Q= 150' 
q = 1.52 to r e f l ec t qua l i t at i ve l y t he 

expe rimental data . More det a i l ed 
o	 30 comparison be tween theory and 

expe r i men t present s a problem Excitat ion energyl MeV) 
bot h du e t o the limitation of 

t he model u s ed and the l arge un ce r t a i nty of the ex pe r i men t al 
da ta. The same is true fo r a l l the groups of t rans i t i ons . 

The second gr oup o f t r ansitions i s l oca t ed a t E * = 13 .6 HeV. 
The angul a r di stribution i s peak ed a t fo r war d a ng les . To t h is 
group one can a s s i gn t he transit i ons t o t he l evels J77 = 2;, 
I; . O~ and I ~ , see Fi g . 3b. The th i r d group of tran sit ions is 
l ocated a t E* :: 17 . 7 MeV, Fi gure 3c . To t hi s gr oup on e can as 
sign the trans it i ons t o t he l eve l s J 77 = I;. 2; and 3 ~ . Let u s 
empha s ize t ha t the s ep a r a t i on of ca lcu lat ed t r ans itions i n t o 
the gr oups i s somewha t a r bit r a r y . We have no ri gor ous c r i t e 
rion to r e l a t e Qne or ano the r l evel to t he ob s e rved groups . The 
f our t h group o f t r ans it i ons is l ocal i zed at E * = 24 MeV, s ee 
Fi g . 3d . To t his gr oup one can ass ign t he t r a ns i t ions t o t he l e 77 - - _ _ • 
ve l s J = 27 , 15 , 16 and 0 3 ' After t he group l ng of the cal cu 
l a t ed tra ns i t i ons ca r ri ed out i n t he above-ment i oned way , t he 
qual i t a t i v e a gr e ement wi t h t he measu r ed angular d i st r i bu t ions 
has be en a chi eved . No t hi ng more ca n be extrac t ed f rOM t he mode l 
us ed . The ne x t s t ep in de s cr i pt ion of p i on photopr oduc t i on on 
6 Li is conne c t ed wi t h a di rect consid era t i on of the decay 
channels. The channe l y + 6Li ... 77 +3H + sH ' cons i der ed i n the 
s ame way a s t he channe l y+ 6 Li ... 3 He + 3 H i n Re f ,122/. To ca l cul a te 
t he t hree bod y-deca y cha nnels of 6 Li • a more compl i ca t ed apo, 
proach i s necessary. These can be t he Faddeev equa t i ons with 
exc l us i on of the forb i dden s t a t e i n a way used i n Re f . 12 3/. 
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3 . 2 .	 Compar i son of 6 Li Exc i t a t i on Spec t r a 
in t he Pi on Pho toproduct i on Reaction 
and in Some Other Rea c t i on s 

A) I n el a s t i c e l ec t r on s c a t t e r i n g . 
. I n 6Li a s i n o t her Ip-s he l l nuc l e i 16 / t heo r y pr ed ict s some 

concen t ra t i on of 1-12- and EI-t r ans i tions . The U2- r e sonanc e . see 
Fig . 4 . i s f ormed of a f ew s t rong t r ans i t i ons . 

. . ,,1_"Jplu l v pl
' 20l bLi(t.".16Hc 

3j I, n;r . ig . 4 . Spin- dipo Le Lranei.t ions 
' E = 200~V _ ~ I I 1, i n 6Li in ine lastic elec t r one : 60°	 'J: lp~ l ll'1. 1 

~ 0.&1 
~"' p' scatter ing (El and M2- t ransitions )/>, 1,D 1. and in pion pho t oproduc t -ion r e

ac tion . For Leve Le J rrT z: 2- 1 
• I;i

=>..
O.'O 

"i 
• .11I I. II°I	 " I F 2 (El ) x O. 5x lO - 3 . 

'b Q2 As in t he (y, rr )- r ea c t i on t he 
z; l ow-en e r gy pa r t o f H2- r e s onanc eN 

N~ 0.1 is a ssoc ia t ed pr edomi nan t l y wi th 
u, "" Ip-nucl eon i c t rans i ti on s . The.... .	 ~ oI • PI I UI I I i nt ensi ty o f Is-nuc l eonic t r an

E' , 
s i t i on f o nn i ng t he f i nal sta tes,., Q2 I~ Q=0 61", , 

52 wi th	 t he h i ghes t 13\ s ymme t r y
-' 

(1:-;- 1 1p 3( 31) i s l ower th an the.!!:i 0.1 t 1;' 
Nu. 

i nt ~ n sity o f Ip-nuc l eoni c t r a n 
si tions. Tn the energy reg i on 

30. ~5 20 15 10 5 0 above 20 M~V t he nucleon i c t ran -
E I He l,MeV s i t i on s f r om Is -s ta t e domi na t e . 

Strongl y popul a ted i s t he .1 tt = 3; l eve l . The s ame l evel f o rms 
t he rna in max imum i n t he ( Y. rr)- r eac t i on . 

Transvers a l e lectr i c d i po l e t ran si t i ons (EI ) a r e spr ead over 
l a r ge energy r egion and a r e sh i f t ed to h i gh energ ies. The EJ
t r ans i t i ons a re due t o both t he co nvec t i ve and ma gnet izat i on 
cur r en t . Fr om t he po in t o f view of t he ( ~ D ) - r e a c t i o n t he i n
fo r ma t i on on magne t i za t i on cu r r e nt i s need ed . The re f or e in 
Tabl e 2. whe r e the f or m f acto r s o f El t ra ns it ions a re g i ven, 
one can f i nd t he con t r i bu t i ons of ma gne ti zat i on curr en t . 

The s ame nuclea r s t a tes f orm the l ow- en e r gy br anch o f bot h 
EI- and H2-reso nance i n 6 Li . The same s t a t e s arc ac t i v e i n t he 
(y, rr)- rea ction . The h i gh energy br anc h o f EI-re sonance i s bu i l t 
o f di f fe r ent sta t e s than t he same br anc h o f 112 - r e so na nce . Hore
over. in El - trans i t i on s t he e ne rgy region above 30 MeV i s s t r ong
l y pop u l a ted . However. t he c ont r i bu t i on o f t he ma gne t i za t i on 
current t o t his hi gh eriergy r e gi on i s no t hi gh as i t can be 
seen f r om Tabl e 2 . There f ore. thi s r e g i on i s wea kl y popul a t ed 
i n t he (~ rr)-react ion . Tha t is why t he gr os s -s t ruc t ure o f exc i 
t at i on i n t he (y, rr )- r ea c t i on is very s i mi lar t o t he eros s - s t r uc 
t ure of M2- exc i ta t i on . 
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B)	 Neutron c ha rge-e xc ha nge r e a ctio n, 
photoabsorpti o n . an d r ad i at iv e p i o n ca p t u re 
f r om th e meso at omi c o rb its 

The e xp er imen t al and calcu lated exc i tation sp ectra o f 6Li 
in r ad i ative p i on c ap t u r e from t he mesoatomic or bi ts a r e com
pared wi t h th e experimental spec t ra in t he ( n , p)-react ion at i n- : 
c i dent neutron ene r gy T n = 59 .6 !~V /14/in Fig . 5a . The cal cu
l a t ed exc itat i on s pec t ra i n ph o t oab sor ption on 6Li and i n the 
(y , TT )- r eac tion are gi ven in Fig .5b. 

':'~ 
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Fi g . 5. Exc i ta tri on spro t ra of 6Li il l: a ) t he lTT -: y) 

and (n , p) /14 /peac t i cm s; b) in the (y, TT ~) r eac tion and
 
photoabsoppti on .
 

As f o llows fr om Fi g . 5 the gros s- st r uc t ure o f exc i ta tion s pe c t 
r a in react ions und er the di s cuss ion is mor e or l e s s simil ar. 
First of all i t is so sinc e it i s f ormed of the dipole and spin 
di po le transition s . At the same t ime there is some di f f eren ce 
in spec tra . The hi gh en ergy pa rt of t he exci t a t i on spectra is 
mo r e i nt en s i ve l y popul at ed i n t he (n , p) r eac t i on an d i n photo
abso r pt i on a s . compa red t o t he (TT , y) r eac t i on . Tn t he (n, p) r e ac 
t i on at Tn = 59 .6 !leV the c on t r i bu t i on o f pu re di pol e exci ta
t i on is strong enough . There fo r e, the h i gh ene r gy part o f exc i 
t a t ion spec tra i n t hi s r ea ct i on should be v ery c l ose t o h i gh 
en ergy part of photonucl ear r eac t i on. 

The low enprgy pur t of photonucl ear and sp i n-d i po le r e sonan ce 
i s fo r med by t he same s ta te s . There f ore , the st r ucture of t he 
excita t i on s pe c t ra i n a l l f our re actions i s s imi la r in the low 
ene r gy r egion . 

4 .	 CONCLUSI ON 

We have stud i ed t he exc i ta t ion o f d ipol e and spin-d i pole 
r e sonanc e i n 6Li by va r i ou s k i nds of par ti cl e s : pho t ons, e l ec t 
r ons , p i ons a nd neu t r ons . Us ing th e bound s he l l mod e l fo r the 
des c r ipt i on of nucl ear s t a te s we have shown that the gross 
s t r uc t ur e o f a r eso nanc e f or ea ch pa r t i c l e i s gover ne d by the 
co nf i gura t i ona l sp l i t ting : nuc l eon i c t ra ns it i on s f rom ou t er and 
inne r sh e ll s a r e l oca t ed i n d i f fe r ent ene r gy r e g i ons and over 
lap ve ry weak l y. At t he ~ ame t i me t her e i s an ndd i t iona l sp lit 
ting i n t he t r a ns i t i on s f r om the ou t er shel l wh i ch i s due t o 
s p l i t t i ng o f t he fi na l s ta t es acco r d i ng t o t he Young s cheme . 

The ana ly s i s pe r formed a l lows one t o exp l a i n un i que l y th e 
obse r ved spect r a o f 6Li exc i ted by va r i ou s k i nd s of part i cles . 
The r e su l t s ob t a i ned have t he s emiquant itat i ve natur e f o r t he 
r e a son s d i sc u s s ed in t he t ex t . For the quan t i t at i ve de sc rip tion 
one needs t o go beyond the bou nd shel l mode l . Neve rthel e s s, 
the r esul t s ob ta ined i n the mode l u sed a l l ow one t o e l u c i da t e 
the mos t i mpo r t a n t fea t ure o f the r e spons e of thi s nuc l eus whe n 
i t i n t era c t s wi t h di ff erent pa r t ic les . 

The au t ho rs wi s h t o ackno wl edge Dr. O.S a s aki fo r prov id i ng 
wi th t he experimenta l data be f ore pu bl ica tion a nd Prof . K. Shoda 
fo r a f r u i t f ul d iscu s sion of t he r e sults o f measurem ents . 

APPEND I X 

The wave func tions o f nega tive par ity are bu il t up of t he 
con figura t i on" 

I Is 4 1P 111 ' :n I I. as I 1 21' + 1, 28 + 1 L > , Id : . " . 

., ~T I I. :::; I I ~T f I. as I I
 
11 s 1p ~R : 1. I•.
I" 

whe r e '1' , S lind J. oi l " i HIl' .l" i ll . l\ p i ll and all j',u l o'l r moment um f 
A = 6 nu c l u . i r ·~ v , . I ' · 1II " ,," " I II I!' l ' Ol l il i l ~ l l r ;l l il l ll 

-1 3 ~I r", I . ." '" 1 1 "I' I I. :' :-\ I 1 
11s l.p I A)	 L .• " 

2'1'2' 1. ~S . J I I ' I I I . ~ ':-; I I 

= 11 '\ 2 ) I. I 
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'Where T 2 ' S 2 ' [A2 ) a nd L 2 a r e the i s o spi n, spin, Youn g s c heme 
and a ngu l a r momentum of thr e e nucl eons in Ip-shell. The coupling 
o f momenta i s as f o l Lows e S+ L = J. We g i v e the compon e n ts wi t h 
the amplitude a > 0.20. Th e energies of levels a re g i v en in 
Tabl es \ and 2 . 

l ,	 The 'Wave f u n c ti ons of t h e J 17T = I -I level s 

- 31 33 31

'I' (11 ) = 0.5941 s : P > - 0.443 1s : P > - 0.421 I d : P > + 

+ 0.299 1[211 42p : 31 P >	 _ 0.328 1d: 33p > + 0.229 113] 22 p : 31 P >
 

- , 22 3 3 33 31 . 33
 
'1'(1 

2
)= 0.831 1[3] P : P > - 0.332 Is : P >-0.259 Is : P >- 0.243 Id: p >
 

- 31 22 31 33
 
ql (13 ) = 0.36418 : P > + 0.446 1[3] P : P > - 0.501 1S : P > + 

t- 0.386l d :33p > 1J.497 1131 22p : 33 p >oj 

'I' (1~ ) = 0.615 Id: 31p > + 0.605113] 22 r : 311' > _ 0.356 Is : 331' >
 

- 24 35
 
'1' (1 5 ) = 0.980 11 21) P : P > 

- 33 33	 22 33

'1' (16 ) = - 0,277 18: P > + 0.577 \ d : 1' > - 0.212 1[21] 1': P>
 

t- 0.210 1[21] 241': 331' > + 0.6061121]421' : 33 p >
 

'1'(1 ~) = 0.235 1(21) 22 p : 33 p > + 0.935 1(21) 240 : 35 0 >
 

- 22 33 24 33 42 33
 
'1'(1 ) = -0.47° 1[ 21) P : P > + 0.579 1[21) 1': 1' > - 0.577 1(21) P : 1' >9
 

- 22 33 24 33 24 3 !i..

'1' (110 ) =-0.7631[21] P : P > - 0.566 1121J P : 1' > + 0.228 \[21] 0 : U>
 

- 22 31 42 3 1 22- 33

'1'(1 12) = 0.615 1[21) P : P> -0.29211 211 1': (>->+ 0.454 11 21) U: 0 > 

+ 0.5291[21] 24 0 : 330 >
 

- 22 31 ' 42 31 24 33
 
11' (1 )= -0.6141121] P : P > + 294 11 21] P : 1' > +0.614 11 21) D : 0 >

13
 

_ 0.2651[21] 42 0 :33 0 >
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2 .	 TI\l' wa v e I unc t ion s o f t he J 11T = 2 l eve l s 

- 33 33 . 22 33 3 \
 
'1'(2\ ) = - 0.60ft Ill: P > - 0.584 Id: P > + 0.33211 31 P: p . - O.242Id: D 

- 22 33 31 :1:1
 
'1'(22 ) =0.912 1131 P : P > +0.217 I d : 0 > t- o.aon] s . p . 

- 3 1 33 'l:!:\I :l :l
 
'I' (2 ) = - 0.684!d : 0 > + 0.320 Is : P > + 0.3 0011 211 n \) 10.:' l 7 111 : F >
3
 

- 42 33 :l :l " " :If,'1' (2 6 ) = 0.61311 211 P : p , IO.·HHld· 1" , I (J . :Im; I I ~ I I " I' p ' ,
 

-0.3!i1I<l : 3:1p . I O . 21 :1i1 21 1~" I' :1:11' 

- 2 " :If. " ll :1:1
 
'1'(2 7 ) = 0. 901 11 211 P: p . - II.:!HIi11211 1': 1' .
 

'I'(2~0) = 0.878 1f 21\ 22 p : 33 p > + 0.2821121]421' : :I :I P > __0.230 ld: :1:11' 

- 22 33 42 33
 
'1'(2 11) = - 0.8491[21] 0 : 0 >-0.408\[ 21] 0 : 0 > 

22 33 24 33 22 33
 
'1'(2 12 ) = 0.277 1[21] P : P > + 0.3021[21] P : P > + 0.3101[211 0 : 0 >
 

24 33 42 33
 
+ 0.7511[21J 0 : 0 > - 0.3381[21) 0 : 0 > 

- 24 33 42 33 22 31
 
1I'(218)= 0.531I[21J P : P >-0.2321[21] P: P >-0.281I[21] 0 : 0 > 

22 33 24 33 44 35
 
- O.22!l1l211 0 : 0 >-0.226 1[21] 0 : 0 >+ 0.6391[111 1 S : s s
 

v , '1'1 12 sa
 
'1'(2 I'" IIA I Ojl" I I ' I' . ' " I 1l.:.!7!11! :!1 1 P : p .... I
 

,I I	 1-1 :II>
 
+ 0.:11'1111 :'1 1 II I ) I 0 741! [llI1 1 ~, s
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