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,,\ t',,'<'l'l_ACT

-+--- On gr'oi!lidS c,fa _clmbosol_izcd Nalitl)u-.J(.)ll_t-I,;l:+iuio mo(lel, which has ,':;U(3)R;7)SU (3)L-sYrnmetry

in the chiral limit, mass split.!.!lags for S[tlll I/2 _lil¢lsl)irt 3/2 I)aryoas are studied iri the presence of

: ali explicit chit'al symmet ry I>reakillg _tr;_ll,v,,'ql+;llk ma,.;s. To tills airil these strangeness carry!rig

[)[:trVOIIS ,'1!'{" 'tlll_iiY'i",'+l('_()tl .3.+.j ,S'l r(:'lL-l'Of.:l[ +fill+li ('v.('i{,+|{ iolls +)1" ,qll ,)_, (2)-,tmbe<tded soil!on solut, ioa.

'I'l+(_t't:fore, v,'itlli+l tl+,' fr+ti+auw(>vl+of c_+ll,,utiv,, ([+l+_l+t/Z;'tIl()ll, t,[l(? ('_"t'llliOll detx+t'rrtirtala(, witih tslle
;

:, St, l'ttll++t' tIll;li'k lll;'tss iS ,_.',:l+;_iatlt,,.ltil> i,._ tllt' +'<t't'¢)iltloi'dc!' ii+ tlit+ flavor l'ot.at,Jott velocil+y and up to

: rite first, or(t(,l' iii thi'_ tltlal'k Ill;_ss. l}('+iti<'sIll(' _.II';lllgOali_:lItt)ll-Stl';'tllgC' lliolr_etit,s of inert, la, whi<:h

_. have so+lte c:oulltt,rlmrts v,'ii.hi_atil,:' Sl+v+'_c i_;otlt,l, suu_e so-called ai+ortaalotts moments of inert, la
11

arc ot:>taitwd. "Fltcse c:all be !'elated to li.' i+l,ag,iliary I)+lrl (,'.f tilt++ effect,lye EticJi(lia.n .++ct,io|l al+d

corit,airt amol+_,;otNevs t.lie alloinaloll:+ I-,;ll'+,,,,+licttt'wut. "['his is shov,'la iii a grad!etl!, expansior_ up t,o

,, t,hc Sirst i+tol_-vatli._.llillt_or(h+r. +['ogcthfr \vii Ii i ll_, '2_:-,'r,)llil-_lllt_lt,Of these are !,he solitoaic ingrediertt,s

of the colh',('t.ivc hamiltolliail, wllicli is tilt'li _li;_ot_alize,l I'+ytneans of strict, perturbation t,heory

+ iii !.he strailge (itlai.l( ma.-.'+s:all_ll>v tllt, k';tl,i_-..\li_lo lii,,lhotl, lk_tl+ rrtctho(Is yield very good results

for tilt, li+assesc,f Ihe Sl.-,i_+J/2 :lrl_l 3/° I+;ll)+_il:; '1'1_,'J't)l'ill<,r Olle I'el+rodtic'v+!isorrle int+_re'st, ing Ill;3ZS=,

' f'Ol'll'itllltS ,)f' (+ell- X[31ill ()lCtlll+,) _llit[ of ( 7tl:lt[,i_iiilli +lll<l tilt: > t;it t_>l' (,iii( > i_', ;lbl<+' t,O de:scl'ilJe +.,iii+M,_I,SS

--- sl/litiiiil!?.J ii I) lC)sl. ['t,W XI!'\',

i
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1 ,INTItODUCTIC) N

Quantumchromodynanlics (QCD) is assumed t.o 'be tile t,heory of the strong interactio_zs

though it could I_e proved only in lilt. Iligll <'_lL:l'g',' regime thanks to the :tsymptot, ic free.dora [1].

l;'or the low energy regime,, which is resp_n.,sit_l,.e for {.he properties of mesons ;.slid baryons, many

pl lenomenological models, which slmltl_l Inilllic at, legist some of t.he QCI) Dat.ures, were developped

t_,..._}." Especially' the Nal'nl.)u--,loila-l.,asirlio (N.1L) [,1] rnodel, ar2d closely' l'elaLed, t.he chiral quark

rnodel ,af Dgakollov and Pelro'v [Sl gaiil,,"d a lot. of irit.eresi,, because it, sltow the irnportalll_ feat.ure

of spont.aneolls breakili,_ of clliral sylllill,,'lry an_l they ct:vi be regarded a.s some Iong-wavele,'_gt, h

expansion of QCI) [8- 12]. This I_reaking of t lte chil'al symmetry proceeds in this model _ a result

of t.he fernlion-loop col_i.ribtitioll to the _tl'_,ci,ive fmt.eni.ia,l and is therefore of dynamical origil_.

For t.lie sy ini net, ry groii p S{ r(.2 ) L `_,s.'l."(".)) td til is riiodel has been ext, ensi vely st, udied iii the p a.',<;

and ii. led to a satisfactory descril_ io,_ of _,,osons [1 :li at_d baryons [1,t-18]. llowever it, suffered from=

non-renorllializabiliiy and illitially I llel'o w;is ii,, l_rol_lem of Ilow t.o clloose a suitable I'egularization

scheme. If it. is 'renormalized' in tlio fermioii loop npr, roxirllatioll lhc model suffers from a v£icullm

instabilit.y paradox [19], whiclt can l_e avoi,h,_l a_d furt.herinore it, co_'ld be shown [20, 21], tatar tlm

regularized theory is t.l_en rather il_seilsilivo to I lie _pecial regularizat, ion scheme.

Itr. t.he approxilnatioli wtiere iile inosoll Ih'l<ls ;ire classical ihe model allows for solitonie solui, ionsz,

which are selfconsistont fiel<ls of l llo _,<lUillioil of llloi.ion, i]ecause t,hese configurat, ions have no

good spin alid isospill, orie Ilas io evoke _l colh:clive quailtizat.ioll [22] iii order to get, the splitting

• of _uc:leo_ an_l delia. This has be,.n _lot_,. i_ t lw I,aSt. theoretically [23] and mtmericallv [15, 18] in

t.he ,f¢l.!( :2)-sec tc, r.

Iii t.lic pr,,,_,=.ill, case of' .b'2;(;I)l? ', .",'/'(:l)/-,,ylilillet_'y ali elp,bedding of the SU(2)-.,ioliton iii

: the isospin subgroup of .5'(..'(:.1) [2.1] was fr,,<t, ,'t_tly _sed wit.hin the Skyrme model [25--30] in t,he

chiral <_ark model [:iii] and i_ chiral I,ag ,_,,<h,ls [32]. The embedding rat.her than a full solitonic

SU(3)-calculat, ioli eilsl_l'es thai olll'e' 'qWcinl Iriality zel'o rel)resent, at, ions survive, which correspond

. t.o l llose iii. ilal, ttre. where l,he i'igiit ll)'porcllnrgo is rest.rictecl lo olle. Then one can treat t,he syrn-

metry breakirig citller peri.lirimiiw,ly iii tits, <'llrrenl _llial'k inass of one diagonzdizes the collect, ire

lialniltollit:tll ,.'xacilv Io gill Ol'tlels of th_' Cl.ll'l'_.'ll[ III_ISSeS. 'I'lie latter t.reat.merit was proposed by

_"al_tl-AIItlo I_ecait:._e [lie I_el'l tlrl_aliOll Ih.'c_i'\' Ioa,_ls Io ar_ uusatisfaclory descript.ior_ for the baryons

:- wit, l_in t,he Sl_'.'rnl.l_ _nodel. ()n tl.. o_l,_r I_;_tt_t. t llo 5';tt_u-Ando al_proach seems t,o interpolate be-

t.ween the l,et't, ux'lmt,ive t reattl_er_t and tile I I'¢,at.ll/Ollt i,rOl:,osed by Calla_ a_<l Klehanov [33]. Tltese

autllors described the strange baryons a.,< I_o_a_l states of tfie eor'responding heavy mesons in the

l:,resel_ce of i'l ,5;I,'(_!)-#:ield col_t]gurnlion..qc> tl_e rotaiior_al Ansai.z is given tip, but i,he result,s are

: still unsatisf'ac,ot'y. Allogether the vario_i,., r_l_c.li_.l)tS_vit.hin the SU(a)-Skyrme model with scalar
_

mesons wei'e not very successful ;tllcl only l lie co_lsi<h,i'al.ioi_ of vector lllesol:,i improved the pict.ure

: [3,i,

: In t llis paper we will sllow _h_i II1,' _,'/:(:l)-rot,t.ed Nambu.-.lona-[,asinio tnodel with scalar

lm cOtnl_iings is al,l,, Io ,:lescribe t tw nlasses ,._1"t I_, Slril_ I/2 and 3/'2 Imryc, ls by a trivial enlt)c.dding of

l l_e ,':',//,'(2)-,,-,oliton in b'l;(3). "File bnsic I',_'c,,'_',lt_t',' ('o_si:.;ts ir_ expan,:.li_tg the fermion-de{,erlrlinant,

...... , ...... _,,,,.,,,,q,,.......... ,........... ,1,,,',I,''",I,,,,,'_,v,, .......,_._,,,.,,p,,m,' ,_...... Ile'qle,,,,,,,e,'.','._...... _111_.....,,,',...........Im_r"""lllrlr_"' _""_'mle'lillll'r'l_nl""'r_v'PlI'IPII'I'',',1_,",_mm_m_.... l_,,_l,lqle;,"e:lllII_llll'nl_'',' I_l"lll"","'_'qIlll,"_'H""III'_l'rll'_*'_,,e ,, ii
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i

' pert.urbat, iv(+ty L i _ I t (_ l' [_ 1)S ()I" t J t (: _ +tr:_J+.gt, +'_Jrr,'_l +_;t+..+_['l_i+ n+_d tile rnct., that. t l}e N.][.,-rrm,.JeJ J+a.s

,.'atell_ce qttarl,:s. F,rO,:i(Ic's a forrnniisill ,.lifl','r,,,D1 rrc._,i_ t l,a, c,f the Skyrrll'Re model. 'I'lle final results

are good and show '.flat, tile apru.oa(:]l i+ tltlile s;_ti_f,_¢tory. SoJlm preliminary results llave already

been i)ublJshe¢l i,_ {(;C;].('afctAlntio_Js i_, ;_sic,tj/zt(' fc,l_laltis_l ca_:j l,e ['o,._n(.+in {37].

The proc(?(.]tlll'e i.'l Iii(.' p;ll)er is as t'c>ll(.>ws+ l_+ .%'ct.:2 we review t.lle ,9{]'(3)+-NJL model (rod

the correspolldirlg raclllln_ iii tile l_,-,rt_lrl);ttivc, lr(,_ltlYl+.,rit, oi" tilt:' st+rarige ([ tll;,'tl' ];, illilss ']."}1o11 wt,_

out.line tlm rotatio_lal ,,\r_+_tz il_ St,ct.ii. ,,',Izicl_ Ici+iii.,;_,::,a rotntionnl Lagrangian _;i'I(.+"rc,xpat_ding.

lJle rortlliOll d('lc."rl)l+llnllt irl lOt'lllS.;c,l t I+(+r,.,i ,_t i(,_;_l \,'loci( v _+_¢II lw L";VllIlll<?t.l'ylJreak }_.g. 'l'h+_.ref'oru

,,ve take care to Ji;+vo II++.,S VIIIIIIt'II'V })l',';IJi++_2,I,;+I:IIII(,I,,I'S _+'_'/lll}.+}I1+_'['+-+'rl_+i,.mtJetel++lj=tl;.irlt. T}I+.'

illl._gredi(_-.lllt._;()t" the Iot+ltJot;.al l.,;lgr+tll_i',tll, t_;_!+,.l\ lilt, :tl+_)l_lill¢,tls ;i.ii,.! IIOI+-allOlllalOUS i|_Olll(,llts c,f

inertia, are descril>,_d i_z Secl....l.l.+si++..4 w,.ll--klt_+wll ;it_ntztlzntion I,r,.'scll'il)tio_s, we derive in Sect.."J

the coll,..,ctive hnrllilioa+iar_ for tllt+ +:,if'icl l+(*rlt+rl,:iti\.,, trt,gillll<+l+t. '['llell Sect.d deals v,'it.ll the Vabu-

An(lo colleclive It+llniltc>riial+, iii wl_icll tll_. +.'r_.,l+l,'L4I'II(T,_/IOI'.S IIFC' ,LX[)I'('.SS<"I.] iii tell'illS of colh?clJve.

coordillglt.es. A['t.er dis¢'ussing iii(, nlit_l(,ric_l l'_,>;_Jts iii ..q(,ct .7 we .st,llIilllall, ize a_ld discuss ollr /r,::mtits
in %ct,.8

2. T t+_: S U (3 )- ",7+x.',__+t, ,lo._ ,.\-L.\,,_ ,__()_1+)_)_,:I.

The Sl '(3)R,I. ,s.'f'(;I)l -in,.';tria.+lt N.I I.-l.;t_!;_+_i:_+ \vii 1_,,cnl,r it_l(l l)St,t_(lo!<cal;+r ('ot+plj)}g tell'irl:,;
reads'

:_-,/(.,. - ,,, --2..,{{,/{, )):+ ] (lt
wt_ere _ = ,.liag(, _,,, _,l, _.s) = _l 1 + _,..,.\._ + ,,_ _,\s is ll_e _ll_nt.l,: llinss ma(('ix and .\,_ all'e the

/-7,-

tis_tal (;t'll-.\l+lt_ii l_lut ric(+.-;wit.li ,\0 := _(_ jl. Ii) I I_<.t'olh:,wi_:g \re Ii(,gh,ct. isospin t:_reakirlg and set

(+_+,, -- m4)/2 = '_+I = I). I.tsillg t I,, plt( ]l-i_,t(,+.,.;,i ,,,,<t_l_i;,ittiol_ ,)f l::gtlcl_i [:/8J , we arrive at.

. ,_ / t 2 (l"+_O"+.l ,7a ,1'a
£..'V.JL --: q(.+')( ii/I "-" t++),i(.,' ) -!/,l(.,}(cr .\" _L"'_ ' q + ..\" )q(a') .+ -.-.7-( Jr" ) (2)

with (.,' = _. ();c sllotll,.i i_ote lll;ll V,'(' J_;l',,' ('Iii)St'li 1o Iglke li'ii, ctlrl't'll[, qll[ti'k It+l_l.fi;S,_a.S7H(.j -'-.:
1

For ;t pure 5'I,+(2)-;_olitoI+ il _i(+,_+snot /ll;llltr \<'r\ _tlt_cll v,l_'tl,'r _,I_(' treats +_++:;)-14-'0 in the fell'miot_

deterll+it_;tnt, oil' ns +til ,"xi,licit I,o.,,,:,t_ti,.)_l I,,rt,i. I,_.,';+++s,,_++__s(Jt(lr ;, r(,w _1,:,\.' [39]. For :;,+.+,whiclt

is ;tt'cJt]ll(l 150,'ilrl . it Iii;tilt,rs; ;i I()t ;tl+_l _\,. t+;_\_,to It'e:_t it Jl_ (Iu, fer++liOl+det.errniltartt. ()_lly in

t.l_is way we retai_ tl_e d','_l,'ll_+iical cOlll,'lll _,i Ill(' ctlrrt'lll I_l;I.';se.'-,,',','l_ich ',','ill play ;+i_lilllpOll't.:lllt role

R)r tilt.' ?_llOIlll;'_lOIIS:,t't't,Dl' its \Vi" will s,'(' iii ltir' I',,ll()',','_lg,

k[l+'l' llll.,"!;l'.:tlJPtk_d!.ll lilt' (Itllll']+.,, III,' ,.tr,..cll,,,, l:ll< ti,I,..;_+ ;:_ t_,..,_r,.'a<?s

J

. .. _ , +,_.\,, I_" ,r _,ct" -+. ,Tu.'r" 1 (:f)N, jf = ....SI , I,.)u,(i¢) _-- f/trr '\" + ]':"" )) + ":7'

[}ec;._u.set!_is ,'\r,r,':_,.,_ d,:)lllillllS. ,li',,,r;.;_._ t,.rt_,,.-,, wl_icl_ ,':_ 1,,, ,.-;,+,,_l,'-,. i_l lt grn,die_t texpartsjott.

it. Ill:;. It:, I,e l'(,_,t_l:lriz,.,.t iii :_ I,rol,,'r x',;_x ll_ I{, I '2() i. ',,.;_',_,ll_)v,ll. I1_:, I1_(' solit,.:,nic ot,.',;erv__bl,.'s

+IF(' llOt vor_' :-.,t,ll,,<+ii\',t'. I_,) tl)(, l'O_,tl[;|liZ;tll Ii '-_'l+_+_Jt .... t+ lll;tl X\'{' _.'}It,+()>.,_'[l¢.?l't:' [OF COIIVOJlJ(;IICO tl_e

111111 ....... ']1 ...... _lrq I ,_111 Irl' I1" ..... }' ...... '.... _'1' :Plrql",,,'+,' ,III.... ,"',Pl,_',.........,,,,,_ ..... ,,....... ,1',++,',,_"',,r,,......,'filler,I......Iii,',,I....... _r ,il.... P,r,',1,1,1,i_l ',I]I1"11,,''_ll,i,i 3 t, ,rr,(iIIrl,r iifII,ir_llrll+frl,r',l_¢lrrfl_t__llli_r'i__ll_llnl,li[iii,'I_'_,14+(I'llIItI__Iil_l__Ill!li_r,_,l_Iil,iiP,i_..... _,i,-
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I1 |

proper-time regularizat.,ioll [,10]. I:l l)rillcit)h , ()sm I_a:_ to apply t,his regularization fi'oln _,he very

beginning but we wilt drop it, lwre only for ('larit,v. In tile vacuum sector chiral symmelxy is in t,he

chiral limit, spont.aneously broken down I_y ll|e Jlon..vani._liing vacuum exlwct, at, ion value (VEV) of

I io'0. Due t.o tl_estrange quark n_as_, wllictl _l'_tks llavor,bT,;(3), dlere is in general an additional

nou-','anishirlg (rs. Both are ,:le_evl_lill,,_l fr(.)ll, til,., c.lfective i)otellt.ial

_;.ff = -Tr ....di/" Io_1 f 4- ,,, 4-_/(cr,,,\,, + i_:,,.,,,\,_))_" + /- -((,'_ + :ri_) (4)
. (2:r) I - ,

by requirii_g a stal.ionary ph:l_e ,'<_JJ_lili_>ll

---:--_ [ = t). (r_)t[erIJ t',," II'o:S _'(_c

This !cads after sot_w ',h"cO_l,ti_g of t l_e _';_1;_,' lit,l_l._ lo

2 , (6)Jt := _.\', ii" [1(. _1,) -4- 112_?(_
31,

I_': - ,'_\ .'1-'11(_1_) -4- t/"_;_,........ {7)

9 '_ 2
where we set.._I, = + _,_ + _(!/(rs,. + _.,,) a,_l ._/_ = !ICru,. + _,_ - ,_.._(!/,'rs¢. + _n3)
and

I_(._1,1 --: /

iiii, , 1

' (7,"r)4 ].._ ..t-._I,2 (8)

In order lc.,_l_'ri,,'e _.ll_,,_..,,:c,_l_a_t,.,.; l'r_,_ _i_,,.,.ll',,c_ix,. i_ole_tial. ',ve I_a\',., to r,a_cale the fieMs f'roln

t.he nor,_alizalioll of II_t, t,.','O-l,r,_l I'_,c_i_,,_. wi_irl_ co_l;*,i,_s lilt. I,:i_et.ic t._|ergy for the mesous iii

iea_lillg or_ler. \Ve li_l ,'... = l.V.fl'12(.ll,, .II,,,,i - ....._:) aI_l Z K = ,IA,:_.l'l.2(.'_l,,,._l_,q 2 =
)

..-r_{ ) wh_,r_' we l_av,, ,,h,_io_,'_l

,/_I,' t 112( 31,.._1_, "1":) = ...... i,.2 )2 2 (9)• , (27r) I .4-._1,2 1.'+ ,1 + ,_/j

ZII2 _f2TI_,.' new ti,.,l_ls % :: _, .'r,,,,_ = 1.'2.:_ ;_,_,t :'_'_,= ZI. :'r,,,, = 4, .5.ti,7 tl_'_ llav,_, l.iw correct

uorrl._alizal.ic,_, such t l_at t l_,' _t_a+_<'s,;_ I,t, ,,1,1;tim'<l I'r¢+_t t t,,+ (,tl','ct+i','e ;t¢:ti_:.',_via

1 1 ,_:z,b,,.f] ,_=(]2 + _.2 ) . =: t, '2.3 (10)
,7.r ,'Sl(l.)) _,'r.,I.i,)h_.,(-l,) _,_.=:........, . . r,:= .... ,_

) , ) [

1 1 t;-.% .rf ] -.:= U" + "hT.,.) 1
Zi,. ,.";I(0) _,"r,,(l_)_.=',,(-l,) I ,.:_..... ,_, [_":.... "i'," '_ = .1,5, d, '7 11)

T'his gives

. ] It2_n()
_,_...:.-'-'............. 12)

,' .1/,



ii

' l / I"

',,7,= z_, 2 (TEi_+ .-f7_)+ (,1I,,- ._s, (13)

lt, rcmain,_ to lix tilo wcmk <h'_'_kv<'on._l:ljli.s ./'_. ;llt_l fl_ hy t.h¢_rnat.ri,× _le_n¢:,nt.so[' t.he ¢lxial current,

.-tf_ for tile pioll ariel luloti dC,rC\,,'. I:'roill lilt' g¢'il<,r¢ll l'orirl, _:,.g. < 0 I :t_',I ,-r"(p)>= --ips_f_,'r_(t_),

_l=1,2,3, we, dod¢lc_,

._1,, .,ii.' .4/, + :'ll_ _l/'_
J', <./ :. _ .1'/, = ?.!/ ,../,- (14)

};'oi' _'oilsisl.c,ilcv wil li i lJ_' I'mryoil ,,,_,c'lor wr, _1,,1_'I'll Iile t.llc vacuum sector _llso iii pcrt, urbaLiori ,,vit[l

l'c,s!>c,cl Io i lt_ rllrr_,lll ilinss<,s. 'l'lli_.Ki\<,s iii I,.,_liitKorch, r for l.lle rllesoil rllass rat, io

_-. -= (15)

l;Tsiil_ f,_ = 93._I_ I', _., :- l:l!)._l_ I' _li_l, _/_1_:'-- I!}(i.'ll_! _' _.lsilll_Ul, lml'allit.l." ('.r..,,,'w_, r_-:_quil'(,further-

more Z._ ,:=-i wlli<'h is <'<li','_ll_'Iil Io iilll>_sill!._; Ill, I'('A(..', l'olat.ion. Frolri (14) _,,'ededuce m::l, = .f'_ arid

fl'oiii (6, 12) J'ollows II1_, ralu<' ol'tz _ :lll,I #_. Iii Iliis _ll_l'_ro×inl_lioii is lh" "-- f_" and ,_'#_= ,4,I._= M

an<l _ rollow._ ri.oin (15). \Vii.l_il_ ii,, i_rol,,r I lil_' r<',_ul_l'izarioli t,he l,_(:_t)ini, el_r_ds are replaced

ILv

1 I.... / _tro(r)c_r:_l?I,,(._1)= ll;,"r: I'(' _), _" (16)

whcTr_'o(r) is _l .,,_lil_llll<' <t;llllliili_, , I'illll'l i¢)11. \V_' _'il_,os<,

_',{_)=, :_I:-il.X:l+ii-,)o(_- IIA;_).

wliicli CoiliailiS .\1, .\7 :ill_! t" _l.'_fr,.,_, ililr:llit_.l<.l';;. \Villi illll)O._in _ i.he st.range ql.lai'k i'nass of m_ --:

lSO._l+-l' <'q. (15) _ v:,s //Iii z (J.llj.l/," I' l"<)r :i _Jv<'ii ,'\2 lilt' .'\l ail(l (: al"_: (let,crn]iried [toni t,lie

Z- = l-rc)li<iilioii

I .\<_i -'/_,(._/)= S_ (]7)

_llicl frolii (ll). '['li_,li ',v<,_'11¢,<>._<.iii<. i_lli<} .\_,/._.1 :- ;t..1 wliirll i:_ w'rv rlo<<_,lo l.lle Iow_:,.._ll:_ossihlo

v_lue Io l'lillill <.<1s. (17, d) (s,,<, '1'_1,.1) -,iiiillll :lll,.<_ii_,l\'. \V<, Wnlil Io sl,l'ess liowevor l,hal. Llil_ solitOli

itrsr:tf <t0 nol tc.)<l('l)¢,li_l oix l llis <'hoic'<' _,,rv iIitl,.'li. \\'l, {intl {'or t.lio <,;Oll<,!olis_ltxTsof the vaetltllll

.> .;_x 113

,/3 ,/:, ..>,/:, ( '"_./,.r ) ,,., ,< _#_>_j =< &l >tj =< .,._ = - = --238,.t1'c_ (18)
\. lll(.) /

alitl iii(' <)iii)' I'1"('_'lilil'(/rl)oll'r iii Ollr lllC>(Ir'l is Iii(' c'()ll'<lillll'lll (lllfli'k lilaSS .'1[ --.",1[u =: :l#<i = :b[_.

Iii <>rch.'rI<, ._,,<,Ilit<' clnssit'ill :,oliloil _,<,1iii. ,i,. w_._'\ illlllil<, l lie _'ll'<,<'liv_"acl iOli [or t irlle-ill¢le.l)t:n<lerlL

fiul,ls :lli<l ,jill:Jill [I.i. li] iii iii<' c'liii'itl Iilllil

._1/-=.\. I.,,,,:(t) + li.'_,,,(t')) (19)

I' _' ,=' p_"'n_ '" " '""Hl .... _illlrlll, ,,llll_r,,i,ltl:,, r,,, " ", '"' III ,," ,'fir, ,i,' ,_ '","ql'i 'rill',"1[I .... _ iii' 'l_l_H:_lt'i_' , ,' " ........ ,,i_ ,,,, 'mrllI_lINGe" "il!l'_ ...... ,' 'lit .... ,I, ,,1-liHqll ...... ,,illi,,,m -,I_,,,,,,, rlllp 'rll'lllll[ .......... II,, .... I_0 ..... 'l_'ll_l_ql0_ 11171ni,,, ?lrll_



II =: -,-., _(iO,-,, + .._1I;2(._')) (2,t),

[1]For tile ge**eral ._lr**ct**rew,, rel'_,r _1,_,r<,;,_l,,r I¢; I_cl'. ;2:2.



I

' Not.e t.llat, t.he e(l'_,rti\'e action Is_,ll' is llt_l Ii_,rsltilian..,-_ Ich l.hal, iii tile subsequent, exparision iii

:t+[l)..i(t/ we can expecl, conl.ribiltiolls frolll lh._' in lagillal'y I:mrt. of t.he Euclidean actiori. We

aS,qillTl(? lbl'li tlial, iii llie _lillli'l,r (_.al'tail [()rill [111]

-l+..i= ,/,,.i+0<,..I= _,i,:,c.<_a.._= _ .._._.,_ ('xr,)

b' ' (7:1 are t.he viell->eins, t,he 8 angul[i.r velocitiesvehere l.tie <lc,.arc Ille coorilillal.us of,. [ (:J);liiil I lie ..c_

fl., l = -iTr(..l+,i,\.l) are i iille-iil¢leli<,ll<lelil.[2].

Now _,','_'e×llalil} Ilic ell'L.'ciive aciiOil (7:1) iri _l.I anti 1111,whic]l will I>e considerod as small

paraiiiel.ers. {1I) lC) file sccoli_l Ol'cil'r iii (,7.I ;liill ;,:ci'oill _)l'_ter iii I1_s tv_..'obtain

/ ,.,,t 1 "Xr<C)s/)(tf) (26)
= 77I..i,_7_).,1_7H- ,2--_..<

willi 17({.')in<licaliiig i.]ie t);ll'3'oii lllllliin,r _Jl'Ilic .-;)'sl.l'lil willl field coriligura.i.ion U. 'l"]ie lAB is Lhc

,$'l;(;I) I.ellsor o1' lilt lilOllll,lll, of illl,l'ti;l

I._ = -5- _'" ,C,._7 '\_ i_ + u H . (27/

At't_'r ctioosilig lli_' sl,cior ('_['lilt ilio_l,,I willl I,niyc;il lillilll)c,r B --- 1 alid al)lll$'ing l,lie prol)er finle

i'cglil;irizal ioii .,,clil,lill,, ii sl_lils ililo _l f'ft/_ rtr< llglrl

,,,,/ "\" 3-" < " I,\.l I,'<,s:><,'<,ll.\_l,, >
lit_ = _- " - lC,,- E',,<,,, (28)

an,.I a sea l);ll'l

I?(D- -77m<< ,,,tA.iI ,,>< ,, 1._,_I ,,I,>- _ re,._(s:,,,z_',,,) (29)' /7,,, '4- LT,_
I1! _ 11

wii.l_

R (i.',,. I'.',,,) -- 717o(/) I.',,, 4- Ii',.,,,- /";,, "Jr (30)

;lli<l wli<,r_' _ 7> ;lii<] /.',, ;li'_, Iii<, _,i,A<'lll'iliiCil{>llS ;lli_[ {,ig_'li',';llii_,s of l lie llainJll.oil operalor I1 of

eq. (71). J_,c;iiisc of iii<, _'iiiln,,.l<lili.a ('22) \w, li;irl, iii ['acl

li _'>.iH for ,%,B= 1.7,3

l.ln = /.,,_ 1,<>, I'or ,\,B=.1,5,6,7 (31)

() I'or .,\, 1}=S

Iii tile Iii'sl Ol'(i_'r iii (.2.I _lil,, Ilia, _-),,4-1,'l'ili c_lili'illlllcs, wllicli is _lii_' IO t.he ]ie_lgeliog st,ruct, ure arid

i.rivial i,illlll,ll<iili_4 <>1'l[ll, .%'1'('2)- ti'<.>iiI, 11,,. ;illli,';ll';lll('<' (.ii" Ilil, (.},R-II_I'III iii c<I. (26) iS tleperldc.llt,

_)li lli_, llill",'tlll ilililll>l,l' ('_["ille -,v.,,ll,lii ;illll Ill_,l._.l'_,l'_,<,!ilirely _lile Io iii<' _lis<'i'ele valence level iii l.he

[-'Jillili_'salli_'v,';ivw_'_'_>lil<l_l_'lii_'.I.I+ wi_ll._:,li_'viell_>ili/:j:_l

..... ,, ,¢, ..... ,,_,, ....... ,1 ......... , ........ iIrl,,,i rlrllrNllr °GII_,,,,_,,......... ,%'li, ,1_,'_l, J, _,1.... _r,, ,_ _11, I' qlil,_,,lll* mr,,,, l_l_'ll".... I',lll,I.... _'ll]t"_r"'l'l_....... H_illlll,Irlllr,lPll',ll,llp Ir"lFI ................. I'_lr ''_1 I]_1" ?lll'll'_l_lll?llllllllllflll'"ql_IlmllilillllllllinlllIIIIIl'_'l"ll' uIlr'Rlllialll_IIlll



i

' spectrllnl of I.Ile Ilalllilt.oaliall. ,";1Jell¢_ll'l'lll C:lll III' d¢'riv_,_l,,vit.llizIt.lie Skyrme inod,:'l only by adding

t,he \Vess-7.,umillo terln [25]. 'l'lw rolaliol_al I,au;l'al_gi;_ll._irul'_lifieswil.ll (31)l.o

- _I__ _._._+ _I,.. f_,,_,_-.zVS,._sn(t,,'l. (32)
A- I " ..I-I

AlmrI fronl t l_esetex'Jtmt ll('r(, at(' corr_,,'l i<)IL._I'l'_))l t.ll(' st, l'ail_e _luarl.; J_L,_._,wI_i<'l_are of the

or_l,,r_,'l,_.\',!aa_l_.,,.\'_),,.'orre_l',O_lil__ t<_t_.r_l_l,rol>ortioll_lto _,,,_aI_d_,.,,E2.._.l,et.u'_consid(w

firs_flu,t.eri_l.,.;oftI_e.cr,,ler_,_.\'!.\V('lill_I

/.,I,) = i.\, _"_' i_.--+/--5'1+''''_1 ' (:3:_)

Since l,he n_assLn_ntl'ix_l_c,.'_lI_, ',vn'iil(,_l;I,, I, = _nl1.4- tl_:_,\sal'_d t.he _nil. _lat.rix 1 i',roduces only

a _"onstaf_t,sl_iI't for ali _l_ell_l>_,l'.;o1'11_,I_t_ll iI,I,'L, w(, _'ol_si_l(.ro_ly tl_, part v,'i_I_ _u:._= -(r__s/,,,/'3)

anld set. lr,,O= U. \Via.l_ tt_( relaliu_ ,\.1 I'r(..l+.\s._,\.l) = 2..l+,\s..l one _lirectlv not,ices t.ll,_tt,again

or_ly ,\s gives n _l(>_-',a_,isl_il_g_'oi_(ril,t_li,,_. \V(, r(,call t l_at.we I_nve for t.he 2-con_n_utat,or t,l_e
relal i_._

\' -- IIlil (')III mzi)

',vi,m:. t lw val,,n_ce

_:,,,_= ,_,,,.\=.< _.,lll_, I_',l > (3,1)

an_l the sea COIII I'il)1ll ion

.\',

," = i,,,,_ x,-" < ,, .,,Ill > .'-,i_,.,(/:,, )'n>..:(r,, ) (:_r,)
II

arc, _gai_ ._ls o','(,r Sil_&l(,i)articl_, (,_(,r_i(,_ /'.,, 'I'll(, i',K_lal'izatio_l t'_ct.ion i.sgive_l I:,y

1 I ''_: dT r

= _ _,-"o( ) (:}6)

'-I_'hellC)lIC'('_.lll_'xl_r('_sL (I) III I('I'IIi,.4(7)I'__";lll(I_,l_l:liin_

/. I) I ( ,.d,g), )-:-;, I ..I) (37)

- _ '" "-_1 _,_1 12(.i'_).__ "lr(.\ I,\ 1+ ._'/'(:l)-\\'i,g_,r I'_uc,t.ion.v,'here., - _,,,,]_- ' (,) = _ I. _. )i.'-, _

,X I_a',c ,.'c>v_i._ , , . ,: ov,' ',','(. to l,'r t_,r_...,,.)l'_l,_. ,r,I,,r /_,,.\'! ) \V, ()l)tnil,

/d,..,..' [ I ..,+ ., 1.1+, ] (38)1.(2) = i,\', ,-_, gl_ .... _"_ __, i.: + /I i_'+ II

Analog to L (1) lllis cnll I,' _i_l)l fi('_l I()

i.(_,) 'tl_, i)(,,_) )<-)--: 7=t\ IH s.I .I -H. (39)



i

' where we flare _lenoled ILv b,'..iH file l,'ll%_',r _)I' l li_, ;_tlolJlal(>us motneIils o[' inert.la, b._ivonby

/ [ , ].\',. ,I_' I '\.4= -:T-. ;.,...4-, . (,10)

'l'his rer._Itlces i,_ a colill',act, itotati.)tl to

/"..,R : _.\.'':" _ < t'l""t '"><'''""P' '"' > [l-_ip:'n(l_''-Itl'')sigt'(l:?'_-ttl_)]''/,,7,,,]+T/-, , .2 (,11)III _ll

II; is t.he full Imr','oll lli11111.'rolw <'c+I_tril,tlt i(,i,, ,r_+vi,.l,.cl l ll;tl l li_, clwtlli,:'al l,:)t_'iltial 111.-,[,'14] is abc)re

E,.,,l. In tl_c, salll,c._way like /..lH ii ('ali I+,.....l_lil il_lo _t .,_r, :_lltl a _',','/_',r_.colltril)ut.io_..'-;uch t.hat, t.l_e

explicil, al_l_ea.ral_re of irl: ttl'Ol_:-,,>111.

"['l_esu /\'.4H tllo,ll_'llt,_ II_'_'tl I_ r{'u;_ll:_rizatlol_, I..ca_.,4t, lll,')' ori_i_tl_, 1'1'('_111II1_.._ imaginary l:',art,

of t.l_e efl'e_'tivr, I:;urli{le:_t_ artiol_ all{I _o ltl_'y at{. Ill,itr'. Iri I]lu .'-;al_¢ way like eq. (31) we fiml

{ ]\'tb..tH for A.11=1,2,3

K.,IH = /\'.,bAH li_r ../.1]: 1,5,6,7 (42)

() for ..\. I]:_

sucl_ t.lla.l. L (2) rc,{lures Io

1.(._1 2/_,',_ /\'1 ,'_" /)IS) . D (sl _') (43)- --- ,_.., ,__( I)(.] _ + I\', ,,.;.4(.I).._
-- V/_"_ I:'= I .-I=1

C,olh'cting; tll_' ter,_l.,.;(32.37. 13)w_. _l_;_il_ li._nlly _1,' _'×l_re_:._ioI_Ibr II., rollect, i,,'e [.,a._ra_lgjian in

seco]_d ord("r iii _2,_a,l_l lir_l ortt,.r i_ m._:

i,= ;211]4=I_"_2'4 + _I_, t=_2 _... -.- _,]_I_'(I').- _ I -- L),.

'/:{ I= J ./= I

tn ["i,_. I v,',,sl_,,,,,' ,11 Ill,. ',arlt._t_._iiit_lll,.,lll_ .,,1'il_.rl _;_I'_r ._r,,:_,.,.,_:_l,l.,,r_,'4'.' ,,f ,.';_l_l_':-.;of I.Ilc' c'ol'_;_.lil._.]elll.

filial I'l{ II I ;l.':-;s_'.'-;,

4..A.N()_IAI.()I!S .._,N!) .'q()N-,',,S()_l:",. I.()t'.'; :',I ,VI'I{ IX HI, li:XI I':NTS

l]ecaLis_, llle _l_..'_inl_-,('ll_i_l_es ii_ _liago,_:llizi_.U; ll_c' I)ir;_c'-_'_ll_aliol_ an_l ol',taini_ g selt'<'ollsisteul,

solut.ions of I.ll,t.,_'tl!_atio,_s of i,_otic_l_ _r,' _lr_,a,.Iv ,_t_,li_,'{I it_ r_'l's. [6, I1,.1.1], we rest.riot ourself

here in llli._ serlio_l _lait_lv Io .",'/'(:{)-_lt_,_,_lili_'s. 'l'lt,'r_,l'ore _',',,outli_l,, I.I1_:'<:r_lcial .sl,el>Sused in

colr'_l'_ul.in_ l lie _ll(>_l_,_lls ,_)1'ill_,rtia /i..: u,i',_.l_ ,v _'_1.('_)7) all_l lll_, ..-;ill_ilar a_lol_,,r'_lolls lnOlllellt, s o1'

im;rtia I,,'}.2 I.,.,ivm! I_v _'_1.(I(1).

Ali II_, lll_.,t_w_l....;o1' ill_'rlia ar_',l_)t_l,l,, _, _.... _','_'r I1_. I,a.,,i.,.;st,'_t_,.-,_ a_{I l_ of the llamill.c,n

Ol,,rator (:2 I). 'l'l,,s_, .,.,_l,.-; _'_1_I,,, wl'iI_,,_ :_.,,I(". ),l.(Ij) >. wll¢l'(' (_ _'l_ra('t._'t'izes t.lle so-called

.......,..,,............. , .,,...... ,..., ' '.,,._r..... '...... _.qr, IIIIr,",rhr,f, ',lr, ,, ,q, '1:'"1I' '"_lpl,,_,,,l,,1',',,,?' 'l,!llpIl,,,r',,_,, ilrrrml,.,.......I',lllr=lll_tll,_''''"IIP,'"'_,'" '"' rl,'"l'l,.,p_l,,,, '!_1'"'II!'nlll_'l'e_Pl,yIn','_F"'lr,IIIl'lltl,r'_rH"llll_l'!F'll_'l'II'l'l!_m"l_a"IIIllp_llIIIIrllllt_"'l'_qll!lP'P'lrl'lll'll'r'_I'IIIP'_lill_I



. ¸,1..¸ _. ,_... ...............................................................................

' ' grand-spin [5,(i], .XI is ll_, ('orre.'.;I)(,liclillg _ll_u, _'lic' qllaill.um ilumbe,' and (Ii) (lenotes t,he orbit.al

and tile tot,al nllgular i_,()lJ,,tltlllsl. Ih,('alls_, II1_,,\.4 .I -'" 1,2, 3, which are the Pallli-Si)in matrices,

1 are not. ¢liagot_al ,,vit l_ rc,spe,ct to tile, gral_¢l_l_il_, tll¢,l'e are some mat.fix-elements, whic]_ connects

basis slaL_,n Ibr a cer_aitl (; witl_ (;-t-- I.

'_I ,ks alr¢'¢i¢ly iil,,lltiollo¢l h.v \V_ll_ml_tl._t, ¢,t. _1. [1_], I tte tton-¢liago_ta/elen_cr_ts lead to _nistakes, if

olle s_lllls over l l_ei_l _1> 1_1i1_¢11)'.'1"11_'r¢,as¢>_ I'_>rill;if is I]le gran¢lsl_i_l-depe_ldel_t bo_dary condit, iou

jc;(#,_D) = (1, wild,rr _1_' jt; are I I_' _lwrir_l Ih,s_'l-l'ul_ct.icul:;, the/,:,z are the i_mmenta, and D is box

size. 'I'1_._ h,_¢l:._lo 11_¢,_]i:mdvalllag¢'. Illal tile, _li_¢'r(,lized sot. of sl.ales for graudspin G and G-I-L

_ll'e Ilol. C'XnCIIv orlJlc)golla], as Iollg Ilie I)ox _ize ]_ns nny tinil.e value. ,_o we adopt the technique Lo

' _liagollaliz_, ll_e I_al_lillo_ia_ for a give,li ,gr_l(Isl_in twic_, wit.li a I_oun_lary condition jc;(_:_D) - 0

I forlllal.l'iX_,l_,lil¢'vllswitIIll_es;_II_'(iali_lj_,.+I(/",.'/))"-(){'orIllat.I'iXelerlleill.sBetween G and ()+ I.

t I_ i l_is way _v_' Ii;iv_. for (';_('II lll_lrix (,I,,_l,'_l_ ,),_i 5' sl;,_'._ /,',, illvol,,'ed, whicll coulc I'rolrl t.he salne;i

]_ l)o_indarycoli_lilic,ll,i.e.II_,sail_'l_a._i.,.S,,w_,llavr('reale_lai_ortl_ogonalset oflm,dsstates, at

Ii leastlocallyl'orevery _,l>arate(i,

'i 'Mir ._Ir;_,_,_.,,l(_,_,_Iof i_,.r_i;_/, _,_I II_'_I_la,IIil.yI\'._ari_forvuaIlygiveu by e.qs.(27,,I0),

.I_ wli_,I'_,(.li_'II;_i_lillc>_I_,I,'l'av_rII('<,_!;_i_sII_,,._'l':2)cI_iral._oIilonfieldsi_ a subspace. The I[can
I

i t,lv,,ret'or_, I>_'',','rill_,t_ ;_xI

I! II = I1._I (.:ll+ /I__.,,._,(.2),_' (,.15)

v,'lwre 7' = dic_.l(I, 1. ()) ;_l_[ .",' = ,/i_t!l((I, (), 1) nr_' lll_, i_ro.iecl.or.s _1",II_r relevant sul_spaces and

ii_ l/wt.t12) -- --_- _(ii;,-_, + .lll",(.r))

I

.I II _-.,'z (.,)-= --.i-_i(/O,.-_i + ._1) (46)

]I are llw Ilal_illol_ Ol_'ra_.ors of lll_' s_t_l_;_c'_',,. l'l_,refon_, in _.his perl, url:_a.t,ive t,reat, ment_ we have
eqtlal ,:'cu_stii u_'_t i_as,,s:_,sfor ..._tra_ge a_(I u_,-,_lrn_lg_, _lt_an'l,;sa_d a I,rallslal.iol'laI illvaria.llt Han:ilLon

ol>ernl.()r for 1l_' _ll';lllgl, ,lir,,_'_io_,. \V,' ,';_,, \vi, iii,

iI ,i = I I _+ , ,s'. (47)
i.,.+ II /-'-I- II,_ I (21 a-,,'+ /Ii--_I'(2)

l

i In t l_i_ way. wr _<,_,II_;_ _ <'o_llra_ I,_ /i,/', _1_, _,I_'_g_, _l_la_l ii i_._ 12, 1\'2 (s_'_:' _'qs, ('29, ,li)) contain

-i ,llal rix _,l_',_,_,ll_s col_l_,rt il_, II,_ I ,(2l-_'ig,_'i;l'_ll_rl i_l_ wil li III -.','l '('2)"_ig eHful_cl'i°us, i.e. plane waves.
1
, 'l']_e _'xacl c:ilc_I,_li,>I_.'_ _)I' lli_' _l_oi_i_',i_s_,I' i_,r_ia li an_l I\" i can l>e checked by Ineans of a

graciie_ll _,xl_a,_.,,i_)__Vl> Io l.li_, [ir._t ,io_-v;_i..,l_i _g _,r_l_'r. 'I'o lllis el_d we consider the moments el

,i ilwrlia for a giw')_ )_i('.',ol_-l)rolil(' in (l('I,(',i(l('_)<'(' _)I'I h(, six(,. Sin_i]ar to l.l)e (:ase of the Skyrnlc _ nlodel,
i

! tl_,,:'I('a(li_)g I_'l'_,_,',,i_l II1_' gl'a(li_',ll ('Xl_;_l_i_)ll ;_l'_'gi',,_'_l I)y

i

__ i,i¢,.,,,¢ __ ___'x"r_I_'r"si_l_ I_(_')

//';""" = '_'_ ,/,. ,2(1 - ,.,,._1',.)). (,IS).,

1()



' "these ternls Iw.l_av,.'like t( _. v,'hm',.,I_ t_ li,, tyl_ical _enle of' I.he prolile, wltich we choose P(v) =

-,'r( 1.- _ ) in Fig. ? Wl_c,rens tlw _'<._i_,ciN,_l_'uof the t,otal value l'o_'I-_wit.h ,ru,',_ is almost perfect,.- t0 2

(se_, Fig.2} for larg<, Ii. thf sligl,_ ,h,vinIvult <,,lr i I_' toral t,1 fl'orn t'_'"t indieat, es t.hat the gradient,

expansion Itere is iiol an ns.vml,t¢_t._c.s_.,r't,,.siJ1 .3-Jl-f/[:I,5].

[:or. the r_on-ret._ld.',_,:xm'l/(t al_d A'!. rll_, sit.mit,iu2._is different because of i,heir anomalous

nature. 'I'lv,: lea_ling _on-t ri,,'_a:lt,,r't_ Jl_I I_, _.vndi,,nl oxpn.nsion for N_, which could give a ¢on,,._t,ant

contril)_tio_ for Inrgc _'. can I)e _l+,)wn to vn_i,J+ _l_eor'el.ically. The corresponding expressiola fop

h'._ is

'm,,,, _ "t_le qOh'+J""" .V, ,I.._....... I"+';1,,1' l:'_"O,.,lZ Ir+#,_lt = ..... (49)= _,17,, __,_-_ s M

wheru '10i,s IIra lOl'.).log:cnl <nnrg,..r+f II_,' I+_,',t_,'t_,c_g;,_l_ttol]. This is 11_'w_nding number,, n, which

+ we choose to t'ott_cid,, witlt tlw lu_u"x,<_r,_tin_t,,"r Lt :'-"/. That, A'_'"'/ is JUSt, a COI1Slalll;.I:H1C[ t, hat

: 1(_r'_'i is va'_isl_ing w,_h ,_, lenst n.._i_-.I I'_r :ta_u,' 11in very wel: cor_firmed by our numerical values

for A'_, A"_ a:_d _':_.l_I_t,.,,_,,,n.i_ I.'i_.;.;I

_._I::II'I'I"ItI_,,_TI\I.: 'I'III.:,VI'_II.:N'I <'_1''1"111, 1I.I,:("t,'I\'F'. IIA.kllI,TON'IAN

_(_ [';lr w_, IJav_, _vl"l,II, Ii t{_,)_li litr' ,'_,[_,_t,_,,_ _1 I _, rol,llC',t[ :qcJi()l (,t'1} _1| llll)t_llJlll' Ve[OCII,_' 0,11(J

+ .,+rrn_g.<,tt_nr'k _a.',+,,v,iIl:<.,t+t,______.,r,; ;" i '' ' _ I J 'l'IL,'r+'f'r.w,...... _,','I'_,'uccoMiI1_.;t_>r_,['.[43. ,16}fbr l..l+erigl+t

_( 'I I('I'/I t t ; I'>.

]e,_:_....Il+,,<'"',,_) (+0)

v,'I,",r:*tI_<','+._,:,_i+nll_+.,_t,'l_++.'r.,:lr,,,I_,I.i_,.,li_ '.'r,,-=(fll+//),i,.,);tndthe ',,'Mbeit_s(""_"..A are t.h.e

:' in,,'ers_+xof llw _>l+,':,i,+_'_l.(25) '1+'}.I._l+',,-'il_tZ_+t+,,vcnl,oni¢'nl qt_nntization rtlles lhr bot.h ,'r,.+and the

coor+li:_a+,,_ q,., h,a<l,s _o t I_, .','1_(:1)-;_1.:,+.,,i,!..:_I',+r II',, +generator.,; /PA [,13]. Irt l.orrrts of l.lle angular

+-- ( +1 +_ +. ,A' l)_,,i), '_ ,2-, +-. I . I ,,--=I ,3

///' I '.+ '

/li ,

": I? t := = -(I,,t? _.+,.1.--,,_.A'.,/)_._), ,,_.:.=.1.... 7 (51)

\Viil_o_t tl_,, I,+,r_,,_l'_r_l,'r d(_,_':), w_,,'_ _<, for tl_t' _vlntn_,tri,:: (C)lm_._)),. . alld Ihe symmetry..

hru;_ki_lg(C)(_ I,)) I_nr__'4'I I_, roll,'rliw' l_n_ill!<,_i.:._l_.

1 1 3
........ ..../ 'T" ],,:_+ i )_ #! (52)

" 1:: I " 4=1

"..... T_: I._ _(. i )It' _ 4-

, ]L .4*+nstoadorC c' where q_e• , " ,,Ii

1. I ar,.,,',_111.1,',._',.Iwit I_ /?l t_t_l_,1,,._<,,_,_,t.i_t_ r,tl,,.s w.ith difrercrtt sign (S,e.,e App.).

"i ..... +..... ,,, ,1 ....... tapir] ....... , tIlk' +, ' I q ........ I'l[lltltl .... ii'':" '111?tri l'1' 11 I rl,rtI ....,



' ' :_ '"" "(I-/)ts) ) .\',.,,_ 1_'.21)(s)-.' --,,,s(.4) + ss (.-I). (53)
:_III,, + Oil,l :_ 1'2

llore we IJa,.'t, ust,d tilt' rt'ltllic)lt _'+'_+.I l)s._/_t = /,.. t = 'S_._,_', v,'ltere '+' is t.he (I,_.,rt.) Iivl'_e+,'<:'harge.

[:Jet.'atis.., t lt,_,ri_ltl IlYl_t'rcll.lrg_' I'roltl It's in c(_llsl railll :_s _t <'¢)ltst'ttUt'ttc<',of 1.11ot.rivial t..+tld)edding, ii,

do,es Ilo'Jtal',l_t'a+'in lilt, coll_,ctiv,, t_al,liltc_tliaIDt'xl_licitly. ()ht' stlouI(I no'+ctJtat the al',l,earance of

t,ltc' I_'VI ILvl_t'rcluar_c' '_' t_ ,'tltirt'ly ,iii,' tO II1,' illl;t$_i+l_l/'X'I_art of' tile c.'fl'eC_iv_._act,ion.

in a sl.ri+.'t i)¢'ittll'l,;tl ioll (Jlt't)l'y olin' tlSt's ll¢,,w lilt' ',vavt'!'llltct.ic, tls o1" (lie collective ]lan+Jilt,onian

/l"+gm,:'c.,ll ,_tlitl (+'CMISi_,It'I'StIlt'il lit+til'iX t'It'll)t'IttS I+<'lxx't't'll tiff'st' w;tVOfllll('tiOll,S ;lll(l t.lm bl'(:',+ikillg l+)art

lf+._l+ 13ecr,tts," t t'_e ,".,'/.'(:+)-wav,q'_,.c_ i<,_.., ar<, t l_c,,_.,.+,,lv,,s<'<.,rlaitl l'J-l'_tnctiol_s [47] and the collective

hat+liltonialt cotlt,'ti_ts +_t t_¢+,.,t_:,_,. \X'ixl_,'r-It_t_cl i,_t_. ,Jilt' Ii:is tC+,:o_.-'ith'r lill,'++lly integrals ovc.r three

D+l:tll|t'li<)ll,S (_;<'t' \+iI I. l'It,'+; olt,' <';i_ ,'Xl+r_'ss ll_t' splittiI+_, l),'l+,'+','t'll,_Jcl('t +',nel th+'cttple't attd wit, l_in

each ii:tr)lt il+It't t ltl'<>tl+_h t',x't;, tltl_lllt ii i<+s. 'l'llis I;',.; littl_, t_it _stcJl_i.,,l_ing, +,)('t'+lll,".;l' ',,X'(' Ill.l_.'(.:' ,'],liT'Ce tlill'erent,
, .,1,,.,;),

l_v tl+_rt,_.,tl_i,'ttltilit,s, llowt'vt,r, tlut, t,.)+_ l_,,+_-trivi+_l gr+>_l_-tl_t,,:>r_'tical l)rC.>l++,rtywe. fin,,.l that Irl_e t+wo

q_lat_l it i,': ._iX_tl +' +'trr,s_llici,;_l. 'l'l_t'v :tr_' :4i','t'_ I_'<'

(1"' 1",)
'! _ ' '_/2+ _,., '_--" -- :l (5'I)



' , We fixed 7_x_0 to the experi_l.,ntal x'al'tlc,. I..,.+axJ.,.+,,a._ iu tilt .._'U(2)-('a._o the qua.nt, izat.iol_ yields

_lways too large ,,'allies for tl,? Itla.'sm'.,+,llcl ;,,<'roI..+.int col'rectiolm, as t.l,.+vare suggest, cd iii [4.8] are

not. catclllat('_l c+mii." pre._ellt, IvvN. I_t_twill I,,, ,li.,.+ctD.,.;._(,_lin sect.. 7.

?,.:t,uall+v 'tilt' ,'+,allu,_,_lUat.ioll,sfor til," +l+litl,iil+:.+w<,re ohl,++,iJ..+dtkv (+tl+u.la+rD+.i[25], who int_ro-

duced rtrl r+dht. + t_u'IIl l+rOl>UrlioJ,al to t llt' Ii',l..rcl_ai,_,_, +'r+111(_ l,lle Sl,:yrli_<?_.)d_'l. Nevc"rt,h.<+'lesslle
+

used {,h(+'l+>ttl'arrltqer,'.;as (itil+l[_._ l_+tral_¢,tt'r,,.,wl_'r('+ts xx._I' <hi,¢ltlc<..[ali or thOlll l"rorrl l)urel+v solit.onic

quant+ith:s l>as+,do_t +tCt li+ll +_'ll'co+I...inlt'i_lN,JI. calculal ioil,,.+,

Oil_. ,+'ax_dir<'<:'t+l+'th.J'iv<>l'ro_ (5'7)Ii,<. (;,.ll+,_la_it_ (+)l+t_l+orel.tt,ionn [3, ,I<,)]

811tl

7,_'_ -- ++t+.---..----- _P+_,. -- +,',',,+:. -- /++."Z' -- _""_

as wt'll a...;tlt<, (;_i;t<lag,t_i_i R,'r+l_t_l+.(2'+I

t

+,_-_.- ,,,..:. + +,\= _(i I+++,_.--:++,,:). (58)

I_ tl,' ."++till(' W;IV lilu. li_' <'Xl)¢ill.'+,+t._ll (,I' Ill(' r<:>l;tl_,tl ;l('i+++)ll J'of IIi.1. t'll,'J'+y of the syst.em, we

Gill +II.go ,tic'iprlllillC' tl,,. :'+_:l'_<'('l+llit)ll V+}IlII':4 _)I'lilt' V;II'+<+)IIN.t'+Ull_'l_._at_'."+.\\'illlisl a lmt.h Jnt.egral

[Orlllttlilti¢lll ()Ii<' t'+l+i +,xI)i'(,.,<s I'tll ' t'<)lltlt,li_;ill. _.. +l+f/+ ,'_ ;i._
,

< v,.q, :::'= .V t P,/ D</(,/() ,,I), - J'_ ,.c,, ]:. (5!.))

SI,I+>_;(L.,.+//--]":._.1 + 1),, I(/)+.1+(/ i(/) /.,,(.+.j-_,.t+(+')Q,..i(+))] (60)
o-- . --

< qiqi > = a.,+(.r) ,s:=o

,,v_,,'a_ t,.,' i_l_,tli_l;'tll_, tl_t' _'Xl,+_.,-,i,>_,,1 tl_,' +_t'iit+_al.'wc' It:){,,I)tai_ ,,×l_rt'+.,.+ic,_l+for the non-

Sl+l'+ll I,M,t'

_" '2 1l)(_} A)):+'"::+'"::>+-:7,7,{,_+ 5i--''_'_

'" I\'_ I\',. _ i)t:+,l ._."2.I_',1.)(,_)_ _/_-_ I\',,..+,_( /_ l., ) .,_(.11/,'_ ;I-/, +_(1)-"_7++ -7_'_ ((;t)I.=l

ai_(I .,,I l';tlt_('. Ui)ll(l<,ll._;tl.i,.,..,

_Z I l l)(,_)< ,,.,,>= .... ( :. - : ,_ (+I))
/Iii)

+ . ,_ +_ - v"5 I\',."_ 1\'_ I\, L i)t,..,I ]_' " /\, )l_!+. I/ '_ (d2)
v-':';( .'_ 1, ) ,---+ __.1) _ -+ii ..-H/._,''' I:,

+ I=l " "

13

+Ii +.........., ,, ,,,,, ,,.... r, ,',,',, ',,+..........,,,, p................., '_,rlrr,l,r...........I'" ,,irr,......... m,,"l+,',PIl+l,l,l',,u'"'""'_'"'"'" '+IPP'" "'llr'rlm_IP+ll!IlilllI ,'1I '"rlr+'l'll+l"l'++''+'I,.... Ilt_ ...........'}l]p+l!_'"l+}Pi'++l_+++ll!+lll_]l_ii+;l_llPmll_I}ll+1iI)li, .... T+++l'i,+llltll_llfl+}'1+++'1}' 'l+tlll_tl_iu



' ' [:roln tllat, o]le can ,liroct ly coJl..4_l,'r II., ..<_callt,(I ._trange content, of the proton y, which is defined

_ls'.

< lJl ._s lP >
.,,,= (63)

< P I I_u+_hl+,';s lP>

6. DI..%(;t)N,\I,17. A'I'IC)N C)I" 'I'IIE ('{)I.I.I':("I'IVI" IIA.klII,TONIAN: YAi}U-ANDO-API_ROACll

\%'itliill lilt' Nl,:yrill(' ll_<,l,'l "l';tl,tl ;_li_l ..\ll,I,._ [."10] iilx'e.-;ligat_'(I llw ill[luerlce of lli u,lior order

correcliOl].., ,lil_, lo a liilil:, tris i,i Iil_' c()ll_'('liv,' I_;LJllillt)lliall. 'l'lli_ corr:'.,q',oJl(Is iri l.he cont.ex/, of

pert urlm_,ioll I ll_,,._l'y_,::)take lli,u.,Iwr,'-,'1'(:l)r_,l_r_,st'lli;itiotm into account.. Tliey found l.here.fore t,hat.

e.g. the prololl is tlwii riot ii l)qtr__c>,:t_,t,.,I;tlt, 8 I)tli. Ila.s a(lini×t.ures of 1-0 arid 2'7 and so fort.h.

To get these COrl'octioll.s to ali ortler.,., tl,,y .,,tlggest.(,(IIt.) ,.liagonalize l.]ie collect, ive hamiltorliari in

the Im_is [51] i>r(,vi,.l_'tl Ikv ;iii lllllliil_lt'l.'-; witll (l(,lillilo 5', J aild 1 of the urll',ert,urbed collect.ive

11'"/'"llalsiiltoliiall , ,,li ' In lol'lli.s _,,1'_l i.,rl tlrl_ll ix'(, :ll)l'_rc.>;lclliii IOl'lll,"i (.lr powers of rn,, t.lie Yabl_-Arido

al)lll'oacli i.'-; iiot c_)lisisl_'lll. IIc_w('\t'c iii Iii<' S;l_vl'lll¢ lllotlel ii. lllls been llrovlul to fie successful and

]ielic_' W(' will lll,l,!y ii [i_U'c' ii:', w,'ll.

'l'll<'r_'f_i'(' <till' hl_,'_, ;iii 'l".lil_.r all_4l<" I'_'llr,'.,,<,lil,iI ilJli I'(ll' l iii' rol;ll ioil iiial.rix ..I [,r]7] an(I I'eflrc'se'nls

fill' i'iglil )41'li('l'al_,i'_ ii.-; <lill'<'i'('iilial <Jl)('l','ll_.)l'_,. '1'1_(,cOiil)l('_l .,;econ(I Ol'dl,r (li[l'ereni4al 0qtlflL{OllS

colilaiii._ iii(, r(_ll_,cilV(, ll;lliiill_li _.)ll_,l':ll(lr

:1
I l t 3 l

tl" l .11,,/+--C _ /'>li,,,/1 : .......'.''/: /> s/, -:"',.]-_'?;_ (6,i)

WiiC'l'<' _HH is l lie ,'i'2>¢lIV;lilil' 0('

3

'2'"2 '\ Z '2,,,._
. I _,:t_ _-(I .- ])s.,_) + /2 _- I /)_._('2H.t + - Iqi DSA)+

('2("_'1 (;_) + [2;I t_,_ 4-. _tt. I \,t';t li .1=1

'2_,,/\. _--, /j,_ ('.sir' + N,IJs..i) (65)
..I-" I

wlt,.l.<, ( ',(,'-,'l'(;1. _,.-: z_.,'c'',,= i lt:Z,: _:= , I'_.,,. ,vl,iclt is tl,,, ,it_;_(Iratic (Tasi_ir operat,or of .b-'U(3)H/L.

iii c_)llti'a.,,l Ic_llll' i>_,l'llil'l);_li\_' ll'_,;lllll_,lll. \\'ilo r ,.)_lwa..ii{i only Oil Ilie lo;vest,rel_reseiitat,ions, i.e.

ocll'l <)r (ll'Clil,ll I. ('J 'l_'l)_'litl." li{_w ;ll_,<l _)li i t_(, .,.L\'liiiii(,Ir\' lil'eakilit4, Tlli._ i.s I]ecall.,se i,he collect.ire

]lallii]lOlii;lli is <lia_,_ul;llizl,<.l iii ;i I,;i...i..,. i liiil ('<>liliiili,, ;il._<)liiglit'r rc,prpn<,lll.al.iOliS of l'.llespin I/2

;llltl :1/2 [);11'\'()11:",. I"')1' ;111<'XI_Iicil {'O1'111(,l' Ill ' _<'li('l';lllll'."; "q'<' I1"1". rill.

7". T()'I'.\I. Xl.\_.;sl.;.'-;

..\]l ti(_iig, li w_' iii('iilic)li('<.l ;lIl_';l<ly lii;<l I i_. I,>l;ll lil;i:;_,l's aftur flip _lliaiilizal.iOli i)rocedllre COilit?

()til I{)() [:ll'2,t, w_, kV;llll li) _,xllll)il lil;_l Iii_,ll, ;ir_' sl)lll_, slil'_trnclioil illCCll;inisrl'l {li analogy t,o llOll-

rel:llivi._lic IllllllV I,;li'li<l(' I>ll3.',ics[4 ii. I'll,.,,,. :_i','t,_:,,._1OII Iii<' I';Icl. Iiiai ihe iWO-lmrt.iele Casiniir

CJll,'rillt.,i'.-, ( '>(2,'[ '('2)) ;iii(i ( ' t,k'/'(:1)) ;lli_l iii<. lii<_!ti_,lil iiili <;_ll(,r;llor p2 ]laVe [iliile expectai.ion values

i/li'_,;i Iv {>li iii,, ill,,;lil-Ii('l,I I,,v,'l.

1-t

. ,,, ,i..... illri.,,_,-,_,_,i,_,,._il,,,.....,, .,,,r,ill,li,III'" 'l'll"e'" WI'II_I .... '....... III'"'Ul'_..... rlllpIllirUllP__ilri,.,,,ui.liI,,li ,,, _,,Ill'ml"GIll1i,,'i,1,,11,'m%'l,r"l,lP!IMII1'_'r[I' ,rlFI,',,1',,,_rl,r,i'll_r'l,.,',,,ii','r,lm,'llltlr_rl';'Ill]li111r'v ' 'rlll;q'"I_""_ll"l'llili_'_'lillll'_''liI'I'_'r,.,,'lll,,lllT'"..



' ' First. IF w,.' c'onsicl,,r II,, IIjas._os I'_r II1,, u_,lla,,r o1"lho oclel, and Ihe clocilplel, i.e, l.he chiral limit

oI" the fornmln,' ilmr,', wo Iiu_l

,','1.'(2) I ;I 1 3 .s" 1 3 1 15

._/,= ._/_ + _T +-- ._l_,= ._I<_ul21+_:_+/TT {66)

SO we g{:'l {or .][ --:l!Jl.'l/_ I" alld .lI '''1 '(2) I.,,.1 = .II, I + E = 13{}7A1c I,he values:_18 = 1602AIeV and

,4110 = 183Li.lit I" wllicll is, as ii st_ll¢ls, _ 15{),1/c1" Ioo Iligh comf_ared with i.he experimentally

observe¢l .lls = 1155._/(I' all¢l .1/IU = 1:1,_3]1(1". Now we t.al,:e illl..O aC('OHIIl, t.hat already ori t.he

menn-fiNd I¢,v_,l. wil IIolll. any rol ;11ioll., a Iloll-v;llii.,',lJilzg expo('l al.ioll ,,'alt,e of t.he Casimir operators

enilc.'rges. 'rllis OXln,C.i;tlioll \'aim, ¢'c>rr,,sln_ll¢l_ iii I lac, i)roselll, nlotM Io the eigeu,,'aitle of the single

I)arlicl_ ' ('.;_sil,iir (._l)ol';llor witl,il, Iii<. v,l_,l,u,. ,l,I;_l'k si.;llos, i.c,. a sr>l,,rical I,:'clgeliog ._;t.at,ewit, li

(; - ().._1,,,..--- (j nli¢l .V,.. _- ;I ¢lllarj_.-,. l'l,,'r¢.l',,r,, w_. I,,_,<l IIi<' ¢'igc]ll\';lluc,s o1" ttw C'.asilllir ol_erat,ors

('2(,S'I"('2)) all¢l ('2(,s'l'(;{))for Iti,, fin,l¢l;,,,,c,lllni ,'_,l_r¢.s,,lilaliol_ oF I.ho Iriphq.. This yields

3

< ¢':(,_'_'(',))>= ).\',. (67)

.I

< ('e(,s/'(:l)) >= ).\'<. (68)

17 19
A.//,.,, t .._ I I I I I < ('.,(,".,'I.'(_)) >= --- + --- (6(,.))- ',.,-7;< (",(,,,v'(:_))>+7(.7- _._, . /2_ _ s'

wlli('ll lia._ tc)I,,, .,.,,ll,Iracl,,(I. is ¢,,,al,l,'_t,,,I I,, _.11 ''''t = 1.57.(i,11(I" The tol.al ulasses reduce then

l.o .l/s = 113().1I, V ,ll(I .l/It) = 14S;I.'I/, I' {'xll'{'lil('l.x' c'lc,:_,c't,:::,til,., exl,c, riliu:,nt.ally ol>served lilasses.
ij

2 til, ,p ,....,
[31Jt tills I)i('lllrl' is WOl'Sl,lll,,.I, ii' oll_' ilICIIItII','...,lillally Iii,, Syllllll{:'[ry I>w,akirig term 57,Td'+-7;G,_" -

42.1.1/( I' For ,'1,,,_= 1.':,().'1/,'I',,,,,,,, + .'",t = 1:!.'2._1<t' _lll,,I ."..:- 51.7.,'1[¢-_ ".

• ..

Alloliirr ,lilalllil'y. ',vllicll r,"i,r,',l,a_l.- Iii,, I'acl I}lal. llio solil,:)n is lie)i, iii I.I, t resl. fl'arrle [,18],

is ol',laii_{,_l ;ll'l,'r iIIlatilizalil._li <,I' I III' Ir:lll.',l;,l),,,I;il _iogl'{'os ()t' I'ru,d(),ll [.18]. Aflor exl)alldillg t.h.e

."g.'VNI("Ill il]1 1<)Illi' :'..,'C()llil (ll'tl,_'l' iii II1_' tr:_.-I;ili,,l_:ll v_.l(-_'ilv v _;lil, ,g{'ls ror ;i sv.'..;l.("lll at. r(.sl, llle

corl'¢WI i(lll

Al/'''''''/ _. <4p2 ..> (70)
"2.'_1,._

, wh(,rc <: [)2 ::> c(Jilsisls lic)w ()r a \.al_,iicl, ;lli_l ;I ,',_'a('oiilril)lilioil ail(I wliich was cmlculat, od iii t,he

i rlrc.,.;t,iil lli(>lll,! all.i,;ttly iii [IS]. I:'or li :: ::!il .1/, I' \ro l'oilnd .__.'lI tr'i'nsl .'= :/lO,'_/el", so that Oi.lr

lol;ll I_l'¢'_liclic_ii t'l,r lli_' IIi;iss oi' Itic C_,lill,l' _)t' ill_, i)l'l¢,l is

._l,'l1"7'(2 + -i7,1:"]+ ............/14",:-t- '2:__,_,,_";4-'_,t-x"....A.1I ''''t ,_.'..'X.11t''<'''''l (71): _ ,

• wllicli gi\'l,s .l/s = 1:2(i1./1, I lil'c'all.-,,' Iii'-,l_tiliilig, s I})r Ilil' l/al'yOllS ilselvos al'(.7'allnosl, i:>erfecl,

w(' i'_,Sllllil, Ill;ii l li_, iii_,ll,I lll'l,<iicli_tli -, Ik_r ;iii i<,iill iii;i....,.i'n ;11'(,OliJV 2 I0().I/_ I" Ioo lligh COllll)ared

wiili liil' ,'.X.lil'riii_'lil.

1,5

mI_

i

.... _' ' '!'11'" q_r, 'FI' ,,,,"'i'_'',lq,,' _"............. ,"<,w'm,........'II_"l[l'i _lltl.,.il,r, i,._l,i.i,ii.lilr..,I,,i ii'. ',*:i"'"llr_'' ,In'111'"Ullr'q"l''' .:r.,,','_',nrl,I,Ir'rp,_rr,,,,,,,,,,,!ll!,,,ll,,,lli.'rl.rl ,,,,,,ru,"' 'lIff''ul"""''...... ,,,,,,',,'W' ,,u,,,........,,,"_lllnl,_r,,,',,p!ll



1C;

' ...... "_l',_'_'" _"',l'r"_ra ,_','_'r)l'_'t'r''_''"',,pl_,,',,qll' ,''','r,......... r ,'[nnll,l'II,' ,l_,u,,' "11111¢_P'_""'"'_'qll_P_,lI_l",,,_,_lIII,"_PI'rllrn'l"'_1',I,',llIl'_l]lI,_,pIl_"Isf"fl'l,li'' I1'1_''""",Rlr"llrlu'rn'' wll_',ll_'IP"'_lCn"'Fl]nr'II'lril_lII
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1S

Hilr'_"_ II1I ' Iril_lllll_lll_rllltl'l!llll'_!ll'!lllllllrl'!l'"rl"llw_l""lt'1IIII'"'r'''_-'lfll ' ,ipqlI1 , ............ 1[ ,, ,,,' ..... ,_l ' 'ii' ,,,,, ,, ,, u IIIF,,,',, ,, ,,e' sp,, lel"......... _lI'_ll'rrlt_'I/rr_,r,i,""'r'"_'"!""!!l........ IIilPlIIflU'II"IIII 1_ Illllll' _IIllnl'lr!l_riqI'llN,,fli_i,_l,l,llirl_l_,IIl'lai_n,'_li'rllriii'n_ll'lIlr'rlFl_illi_"_ " 'l_l_lI I_'1''1 II' li'qPTil,_ ,,



' Appendix A.

']"lw wave, !'illlC't,i¢>lls qs(.-1) _1' IIi,,' r¢>l_,l<,,I,,,¢>liloll arC, I'llllclioil,,.i of a ilnit, ar)' rol,ai, ional rnai, rix
I

A, - provi¢lc,<l tllat, _11C_lli¢,r ¢ll,grvl,,,. ¢>1'['l'e¢'¢lolil at'_ ['l'C.lZ(,ll. II, is cle,:lr froll] [L<,,A] --" --TA_i.'_ t,ji_:tt

Lhc ,._:I:(3).fl_tvrj.l' 14,'nc'ral,or_ /.,t act, ,_ll iII,, i'olatioilal Ilial,l'ix ,-1 [ronli l,he IcI'l,

i wl_ile t l_ ._l_l, Oll(,I'ator._ IL,, l'rolll Ill>a, .II = --i,.l,\,,, are lhc _'ighl generators:

Z
"Flit,' .'-;t,_ill¢la]'¢lcolllilllll;lli¢_ll i'('laliolj.', willl Ij_ Ilslll.ll ,s'/:(:]) nlrllctllre coltst,allt,,,,; ./'lh,:,

[/.,,.l.i>]- ,J:,/,,,L, , [/:.,/6,]---i]',,i,,.::,:.,[!L,,1,6]- 0 (A.:_)

sat.,'¢l l_v _ r<'¢l<'lillit i_Ii _>I'I Ii¢, _'oi'r,'sl_<>l_,lii_, r¢_i_ilil4 _li¢l hm'('rillg op(,raiors [,13]. An,:,ng the eight

g_'li,'I'_li¢>i'_ Ii',, _lilv llli'<,_' (, = I,'2,:I)l_:_v,, Ili_' lii,,:_llili:_ of spill gen,,ral.ors: /78 .should obey the

qualIiiz;ili¢>ii i'lil_' oI'¢,¢i. (31).

Ill l_rii_¢'il_l_,, llle ¢'¢)iiiIliill_li¢_il i'_,l:_ii¢,_ (..\.;I);_r¢..,.,lilli¢'i¢,lll lc)COliSl.rilct, l.he wave l'Lillction,<_

tl#(.'l) for rolaliii<u> +',,llill','-, ¢)[' Ill_' _,,lil,,ll. I'I_<'V iii',' ltir' ,'il_('lll'illi('l.i()liS (.ii' COliiillUiiilg geliel'al, ors

7',_it]l, )'.Fr{)lll ],,i allll 7,.]:_,, )'1 : .\', /:1 I'l'(,lll lt,, ;lli¢l (';111 I)l, i'Xl>l'eSs<'¢l iii I01'11/S OP t.he so-called

<5'/':(',1) \\'i_>l_<,r l'_lll¢'ti<_l_:.,I),,,, 'l'l_,v ;_ r<.;_liz_.II_<,i'_,l>r<,,_<,tli.aiioii /,,} or ilic ,5'/'./(:j)gi.ou[), where l/

,<-itaii¢l.gFor I lie, i,iu:,li\'allil,s (ii' "[', "/ii, _/' :lii<l /-'l I'<>r.], '7;I, )'/. 'l'li<'V I'llllill '

),,: :
i/l

alibi fill')' ill'_' lili lar\' tiin!l'iC_'s iii I./.I// ill_ ic(.s:

i ,#

Til<' liOl'lil;lli/:ill()li i.'-,

' , (II')'. '_1111/_1"1 1"11(_/1 l:./,,,I.II)_'",!, .I)(,,),_,,;,.., { i)= "-' (:l.(_), "' " . <li_.(.)

wli<'r_, <I.I i._ ilia, .!Ai'¢)llI, llllar lli<,¢i,,_lli'_ i,_>i'iii:ili/,,<l I¢_ iiliily. 'I']i¢'._' relat.iolls _Io not fix t.he phase

t'i'e('dtJili, lliUli:41i, ft' .-,li;l ll )" _,ll,' ilill,,').',,'_, iii,' i),' ._wili'l coii¢lii.i¢)ils [47] I'eililil'ilig i.hat ali I]ial.rix

elelilelll,.s <d' ]'i ± i'l'., iliitl '/ii ± 7"7'.'>iii I I1_'_a,i','_'lli',,l>r_,_,_'lll;ll.iOll iii, IlOll-Ile_lll.ive. lP olle a(.'.ce[){.si,lie

SalilO h_l'_'_'liil'lil. I'_>i'I lie w_i\'e ['illl_'l iiJllS tl#(. I ) I,l>l ii iii Ilia' 7" iili(I ,/ ;_e(.l¢)r.w,,l.lieli l.lil:se ['l.inctions ('ali

I)¢:'eXl_l'_'ss<'<lIlil'<_ll_41i Iii<' /)-['lillClil_ils iii iii<, I'<_ll<_wiilu,wa\"

q':/..:._..:./,_.,(.I) = ,,/']/i,_,t ,, J( i)_"i.,+.s: (,,I (..1-i- I),7,7<,V' :T.T,.)" )" (.,l.7)

i9

, ' ti I'11 Iii IIIIP....._,_ .,.,,,,,.... ,_,,r.........._.. ,.,.......,,.',,,,.,r_,,_....,,_......._,,,_,,:'_,',,'_......... tll't,,u'_,''......,nl,,,,,,,l,_,,fli,,_,,llll,,'inr,lll:,'l,_,,ri,l,l,'_r,lll'",,,l',r.,lll,ll!l"_II_'tv_'rl_i_'""illli'_":'lll.....ll!li_'l"""111_i''"l'li"_...... I I11_llll"''1""lllll'l'pill......_','l!i_iiiii,"l'ril'_,_,,, ,' '> i,_ "' " , , Ii



' U'sing t.lle _l,,.'li_liiioll_ _l' ..7all_l '/' ii i_ _illll>l_' Io _.'lle`t.'l,:liIal, tile ri_llt-Ilalld :_i,uleot" t,his oq. has

correct, tlualll IIIII I_uilll>ers. As For I I1_,I_l_ln_, I'_lvior, iI is tixc_l I',v I lie De ,_warl. condit, ions. Using

l, ho Illlil_ll'itv t)t' Iii(' ],)-rllll(,licHis w(, i;lll i,(,wi,il,, Illis l llllCliOll iii tile. Followill_; forn):

g'_.i ,,,y,,j,/_y (I) = v/iii,.(_t)(-I)V'/>'+'l'l)! ''1"• r,'l',.,,';J..j:Y,C.4). (,,!._)

[,el, us I_roceo_l llmv v,'illl Ill`t. Ill;ill'iX _'l_'tll_'l_lS_>1'ilie Ol_`t'ralol'_ I.Iil(/er corl.siderat.iori. We

need tile lllaltix elel,il,_,uiso[' I'l'r(,\_lh\_l_'+) alltl of '_ I)('_).],. 'l'lie Iivl_el'ci'lal'ge _/"iS already

diagonal i_l I}_e rel_r,.._elllal,i,t)ll of Ill_, /)-I'_ol_clit>_n, I.,`t.tlm i_ol.`t,_llat, tlw octel, represent,aLiori is

uliitarity-`t,(lUiX'nl_,Ill lo i lie a`tl.joilll I't'i)r_.'.,.4_'tllai i(>ll:

7'1',.(.\.,1_.\_..I+) = I',,,,,I.,_,1), ,(..I). (A.9)
IiI" I

"I'lIO ll`t_il-Z_,'l'() IIl_IIl'iX ('ll'lil't'lll._ ,.,1'/',_ ;_l'_':

/ \:_ = /Uo:_ : I,

1
, • .

i
' _-. ,

/,'.=__,.;.= -I',,+, = --I', ..... = -/'_--, = -/_,_ = -/",7 = v'_ (A t0)

_:_' llsl' Ilia' II`t_l;lii()ll (._l' Imrl i_'h,sI`t)I;ll.,I .'41;ll_'.g \Villi _'(_i'l'_'_;l:,l)ii_lill _ ¢lll;llll IIIII llilllll_(;l'S,

._:v ill;li I,_l ii l ll_' ',v;I,,'_' Ulllil'l i._ll:-,:llil ltir' _ll_'l';ll_l'. '4 ;iri, _.xl_r_,.,,..-,_._liii l_'l'lil_ Of i.lle D-i'lliic.l.iolls

Oll`t'('HII `t'iilclll;il_lll_'Ill;ill'iX ¢'I_'111_'IIi',tlsi K III_' _'ll_'l';ll I'_I'IIIII;_:

/ _l.ll) I'' "t./)/)_"l_,(._l/)" :,( /] (A.11)
, I_I' I>II'I _2 _'

wil_'i'e file s_ll_l _o_,.,.4(_'_'_'I'ali ()¢,'('lll'(,liCl,.,.,{_1'Ill_, I'`t'l_l'_','.,{'lll;ll iOll _11_iii Illo pro{lllCl, of represell{,a|,iolls

Clel_s_'ll (;_,I',l;lil {'{_`t'!lici_'IIl.'-,,_'._. I'l'_lll I_,'1. 17.."_.
.-..,_ (xi

,.\:.4 i'_1' l il_' Iii_ll Fix _.'ll'lli_'lil,,-; _)F_ .... I /)s,i '']'_ _lll_' c;ili c;licii];'ll_' I li_'lll 11,"4ili_ I lil' .sl.;;ll_l;_rd i|lal, rix

(:lelllellis l'(_l' '/I,'2,:',..'-,,illCl' II1{' I)_' N\v;_I'I c_ll{liti.,ll,'- ill_'lllcl_.' IIl_' ll(,.,-,[ti\'ily ',_l' (ll,t' .]+ : -_.2 (,.]1 + i.],2)

ll_al.rix el_,lll_._ll.,-,,wlli`tll is ;l_l_,l_l,',l :_ ,__l;_ll,I;_l',l {,l,' I'_,l' II1_,Hl'('2)_,n)lll, 'l'llis yi`t,l_l.s

/I I /

/_q_'/"/'_Y..I/,._"(.I) = _,-_V'(l T./,,)(./:k./,_+ l)q_,.,i.y,.I(,i,.+l)y,(..l (A.13)

',vllictl _'all I>_'lin`t,,I i_>_,l!l_,r v,'iill

_--, /3(,,_)./,,= l_(_l .1.__ /)(s) .) + /.)('_) ../+ (A.14)
,.._.,, " A,_ " ,_u ,";:',+ -" S_r-

I) ('4).1,,>,

2()

Illl'l' rill tll_llt'l' I$11'lllillr' 'll I _ II '1_' _P II 'tl' r'l_ II'ljlrIl'_IIt "IIIll Illllff I'Ilulilll I II1_11 I,I "lI I ,,,lrli,lll,,,,,llPI, , I,,11,I, pIII¢I,IIIIII .... 'l"ll I Iqll I u'_'rll II I'1 r '' Illl!l_ ,, _t, " ' _ P _1_ ,_l ,I r,III , I1' Ill ..... _ III' ...... IIINI_'I" lP ........ Illll qtl lt Illl_l IPI 111 ......



' ._I c .'\l A,2 B ]'i4

[._1_,l'] [.'_teI,"] [MEV]
--- ii iii iii i __ iiii ii i i ii i i i i

372.0() 0.5,_)!1 27(i ,_ 1_6,'1,_ 1.68.6

:.17(i,(;5 (I,61./ 2!)2.() 12g(),6 170.0

381.3(} (}.62!) :1[)5,:2 1296,,1 l 71,5

385.95 U.(i.l:l 317.1 1312.2 172.9

39(1,(iO O.(iS(i 327,,9 1328,0 17,1,2

3,95.:_5 O.(i(,_!) :_:17,_ 13.13,_ 175,6

399._)0 0,(i81 :_;.IV. 1 I;15!.),(S 177.0

40.1.55 0. (i!):{ 355.7 1375 .,1 178.3

lO!J,:2{) ().701 ;l(i:l, 8 13!) 1.2 179,,C_

,I 13,,% (),71,1 :_71.¢; 11()7,(} 180.9

,11,',:,51) 0,721 :t7,'_.', I I_:2.!) 182.3

,1(i5.(10 ()._() I 1:17.!) 15_1,0 195,1

558.{)() O,!):_:l 520,5 1897.2 219.7
,, ,., ,,.,.,

7_tt_.l: l'})t' I'c,t.'_on(tl_h_(Jll._'/l/u(nl qUat'l,' m(t.,_.,i_.,,"U'_ .',lt_)tt' lh( ,'_)cj.]ici('nt c, the two cutoJf's

,'kl,:\2 and lh( rn(ty, q (l('n.stlq I] _Jj'/ht c(tcuum (h(tqc_u.,,'t(tnl) [Yl]. tclltr.h .stgu cTt.,_urcsth(tl we have

ttr facl (t .,_l)()nl_t_t(_Jtt.s. btcrth'ltt.q _.1'(htt'(t ,_q/Hm_Itq bt'ra/,',,n.q. /;'(,t _tll , on.s'ttlttcnt m(t.,;.,_c.,;we ria:cd

ttr{}"-(i. 1.11( _' (tnd < (Irl >1/:_._ --:_t)().l/ I. _., < _ttt >1/:___ -7:IN,II( I" ,

!
i
i

!
i

i

i
il
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_---- i , , , ,,,,,
i )

_1 I"1_+,,.I ._1,,I _-', < I'2 >

[.lit U] [.1/+ V] [A/el"] [f)n. 2]

372.00 7)!1(I 155!) 5.1.2 0,,")8

:_76.(j5 58:1 1'258 53,3 0.56

38 l.:lO 7)76 1557 53.3 0.55

385.!)5 5(;!) , _25(i 55,(i 0.54

:_!')(i ' ii() 5 ( ; : I , I _ 1 "2'5 5 5 1. 7 () '5:{

:1!)5,25 55;I ,: 125;_ 51.1 0.52

:l!)!)._)() 5 l!) 1552 50,(i 0.51

,'l;3,I.55 5:l(i i_25() 50,5 O.50

,10!).:2() 5:{() '2{!) 5(), { 0..19

,t 1:i.,_5 5:25 '217 50.0 0,,18

.l 1_,5() 5 I.{ '2{:i, I!),!) O,d7

.1(i?).()1} I:{N '2'2_ 17).!1 (),.l I

55_-;.()1) '2!)() 1!)() " 38,3 0,:13

'l'ab.2: l"ol' . i'_lJl_.l(oJ' (,,.,_lll_l, ./ ,/.,'l/X' II1,1_,_,._ lh, l.l,l¢ /)1'(,_./._ lh, +ll(_'.qt.,_'of .Vc tale)lee

qtta_'X',_,lh_c'l_l,_,_l('.l/_((Ih(hoy +li( Iqy .//. / , lh( ,_l!/nl(t.i'olnlHttl.lot' xz (III(/ lhc ('orv(',spo_di)_g_soscalar
1,2qu(_ch'(_l_+_.+/tu.s< > J'._' lh< ,_'1(Y)-.,,l_l<,_,

,) ,)



| i

,XI ',':l I_,llc_' sea t,otM

[._/, l'] [./',,,] [f,,,] [f,',]
.... ,,, ,,, , . , ,,,,, | ,, ......... c----

It :15)l .5 :? s.l:] C),,152 L.296

/,._ 4{)I ,a (9..1(]7 0.21 (j ().623

h't 4!) 1,7) 0.. 15(i 0.001 0,,15T

I\._, ;t,qI ,-> 0.:}0() -0.002 0.298

I1 118.5 0.72.1 0.,1ri33 1.177

I., .118.5 ().;Ir_1 0.2 [8 0.569

/,_ i 1>.7, o.:_(> o.ool o,a69

1\% I I S.5 ().e:>_ -().()0'2 0.255

'l'.b.,/:' 'l'hf cu.ll'lbullu, uJ lhr I'.h., ..d Ih_ ,,,_. Imt'l _d' momc.ls of i.rrlz#, [oi" M =s

3!)1,5.AI_ I' .n,,/ 3/ = .I 18,5.//,, _.

III

I
i

'23

, lip  111q............................ q,rl,lqlrlq' ............ ' ............. N.... Ilr,r,_llqrll'Ug_lrll,ullpII...... i,," ,', Sl,lralelM_lr,n_l_,,,,,,,,_',pl'[r,l,u_,llm_plpl'l,plrm,','li]r'q'ltl'llIl"qqrlit"r'l'""_p_lrll_'"Inl'l'"ll!Pq'P"'qF'r_lrllul%lllIi'lq'i'Prll'""lrl_iRImllill_I I' "1,1I@II,



oc'u,I ,V 1/2 l 3/lO

"2 I tj - L/ LC)

- 'i/_ -I -i/._

.\ :) () 1/1o

_,le('lillll'i A /'2 1 l/S

_" I () 0

.---= 1/7 -1 -l/_,/

{2 ) L -_' - 1/,'1

, , _ , =I

'I' I 3'
- _ml._'l'.h_.,._'._ 'l _ i.. i iI

,>,.t,,t .\' ii'-' I ' -v/77/_o

)-: 1 I li -;1,,/;_/2()- i!'-_ -i v,']]/r,

.t _j I) :lv'17/:_c)
_,.,,_. --- ,, _ .M,.. _ ,

<l,'<'tIl,l,'l A :1/7 I -a v,r'l/16

_-"" 1 () (J

T<,l,...hI<,l,,,, ,,1< ,"I'_./Y I _(.<'_)(1_./, I,.I'./Y >

2-1

- , .... i, ,r',, ,',,m,',....... ""', .... " ,., ,,e., ',' ,r'_lql,p......., ,pr'l,,q,,r,,',''".......... _'r,,.,r,,,'"_,.... "1_',11',",',1,,"_l,__,til" 'lTl',!eqqllq'il'l!lI _...... I,',,,pl,,,....... rl'lil'_",i'lq,l'p'_.......,,ni,,,,,iMp,.',r,,,,ll,,,lllllnl'plllli'i,_lll",_,lrl,,lli_ll,,,",,,lll'llqGII'li ,'lri,q'n',,'qll!l'Ulr_"rl_1",



.:_: : i , l_I_ u'_ i I iii Iii ii i iiii ii iii IL III II

I.'r_ _Jrlml iv_' Yahti-Alv, lo exp.
::: I I I I II II, I .... II ............. . ' , TC- -- : ' I : . ....... .......... _ II I I I I I

3I = :lilU.(;._/_ I" iii = ,ll9.tlfeV

' t lh"

)))o= (i.13/, I.' _,_ = 15()._I_ I ,,_, = _()(}.1/_ I _n._ = 150.'_/c.'l" )))_ = l,_;_let;
i_l ...... 7--_ : , Jtlll i iii I ........ : 7_ ....... . i !,.__ I II . _, L :i ....

[1/, I ] Ill, I1 [_1,:I'] [._l_i'] [MEV]
:7 Iii'.: - -:: : " J]L _L l_lll,II/_l: :: : : -- --: : I l_l'lIIl: -

.V II .'2 -17 1 :1(-;.!) -(}. 1 939.0

A -'2,(i .-I(; '2 -.I ,(i -5.6 I 116.0

L: :t.(; I(; '2 -!).(I 5 ,'2 1193.0

E -'2_.!I 15!J -;t5._ 6,!) 1318.0

.3. I_. I l:l ,'< :17..I .t.,1 1232.0

"2" ().() ().(_ ().() O.O 1385.0

.E" -.I,';. I -l:l..s -:_:{.'2 -I.,1 1533.0

_:_ .x(}.. -II .5 -(;8.'2 -6..I 1672.0
'" I ' l 1 I_ ' III ' L J I' I_ __111' 1 I II II I I I IllI"_-: : -: "'-- : " : II II I

l'ith.(, 'l'h, ,t_ _1,11_,. ..1 lh, //r,,,J_ I,c.,ll m,_ ll.m Ih_ ,,rlJ_ rlm_ .I.I v,luc i_ ,_l_olm_ for lhe

1_(_[u_ b,lflm I_: ul,_,,, _1 ,_,,_,1,_ , ,.,_,t_1_, i:1 ,lU_[, m, .... li = :l!)l.//_ _' und Ibr _'ab'u...|ndo method

..d . ,,,..1_1., .I ,I..tl, ,_.,, // :,: 1I!i IIi _ I1_ Ih(._l_.l r,_lu_ oJ Ih_ __:'.mas,_ _.sadjnslcd

1o 11_ , ._1,_m_ HI,lt ,,,,. I,_ I_,, ,,_ln,, ".l t1_ ,l_unq_ t__ ,l q,,_'k m,_._, l/_c.,,' d_mahons are

25

t
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: .I..\ ill,l._ ( ,A I,,I.I()X,_

l. i"or r('a,_ollal>h,von.slitu_,lJl ,itiark ijlasst,.swe ._llow the coellic'h'llt, c', l,he two cul.ofr's ,'_,l,A2

ail(I lll_, (,lkc,rgv<h,tMly Ii (_1"i Il_, vac.Liijlll (I);igvoll,_taJll) [1,,I], wliic.ll .,_ignensllres that we

I_av_,il_ r;_c.ta _l_O_ta_t.otls I)r,,alci_)_or cl_iral .svlnl_,,try I)re_king. For ali colTstituont

In:,._s_'._we lix('(I _,(i = (;.l._/,l" :lil(I < 'tq >1/:]= -:l(J().l/c'l', i.('. < I_, >I/3= -238MeV

i,_(),_(';(l;(r(lll;_[l'atic rmlills < r 2 > I'_1 ill(, .'Jl'(2)-_()lilOll.

:1. I,'()r tw() _;_l_l(,:_,)[' Iii(, ('()ll_,illll_lil ,{tl;ll'k tlla.'._ Ill_' I;_[)[e sll_)ws tilt' Illt-)lllelll..'go[' ineri.ia

11, 1;, /ql _lntl /\'2 willl II_{,ir ,li,-li'il,_lioll illlt) \'_l('ll('(' ;lllCI,_(';I I)art.

i)( ,_),l. \';_l_l(,s,,f< ,'I'_'.]Y i --_,_ (lt) (_"l'.lV >.

\',,l,,,,,,r< >

(i, 'I'll(, _J_'_,'i_lli_)ll I_[' I11(' [lll'lir_'ll(';ll ii:lr,',('.'g Io IIl_, i.xi)l,rilllt,llI;l] vH[ll('s i,q gh()wll tor the

I)l'rllll'l_;lliv(' ;111(1 til(' %';lllll-.,\llti(} _,,II,,,,I fl)r ('()ll_[illl('lll ,tlltl :,ll'illl_2_' ('[ll'l'l'l_.. ")_[LSS(_S_

Wlli('ll L2,iV(' II1(' I)('._l ;l_._l'('('lll,'lll will I[I,' ('_lu'l'illlt'lll.

'2O
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' ' I"IC;L'IiI',(':\I"I'IC)NS

1. _l'lze llI(),ll('llls or iiP_,rl ia I()r ;i .,,_,ll'c_lsi_l_,llt i)rolih , ixl del_.lidence, or t.he collst.il.tleilL quark

lllaS._ is sII()Wll lo_'lll_'r willl II_' _)_'l_,l...,.l(,cul_lel sl_lit_.in _ in r, erl, urhat.ion t,lTeoL'y, which

llits tl_' ,'.',:l)_','illi_'Ilt;_l v;_l,i,' l'_>r31 = ;I!)I.'_/,',V

:2. :l'l_e Ic,lal _,',:)ntl'il_lilioll I_> /I nai_l /_ _Lr_'sllo'_vn J'or a li,',:ed lilJe;_r r, ro[ile an(l a constituent,

tilt;irl< i,t_i_.,-,.II = ;17:2._I_i' iii ,I,,i)_,_,_I_,_'_, L,r II_, si:,:.(,I_ <.,l l lw l_roIih:,. Also., shown is i,he

l_,acli,lu, l,,i'_ i,_ tli_, _._i';x,,li,.lll_'Xl,;_,_.'-,l,,,_I'_)r I_olI_ (lii_li_ilies. :\I. s_i_ll ra,_lii (_ 0.SJ'_n t.he

I(:,t;_l c,.:_l_tril_11i,.n_,,'_m_l;_ill;_ I,_,I,. ,l_i_, _(_ II_,. l'arl, _l_al III_, valence level l,'rOll-_e part of

l.li_, l_il iv(' ('_)iiI illlllllll.

3. 'I'I,, ir)Inl C_,_lill'il_illiOll I_ 1\'I ;_l_,l 1\'., ilr_' _]_,)wll l'_)r ;_ lix_'_l lira:rtr l_ro[ih ' and ,:t(:onsl, iLuent,

(l_i_I'l,: ,i_a.,.,_.I/ = ;17_.'_I_ V i_i ,l,,l,_,li_l_,l_('(, t)l' II_(' ._i_._,I:__.,rllle l)ro[ile. Also ._l_wn is rhe

l,.,_i(li_,_ _,z.lll i_l II_, _i.:_li(,l_i ,.×l)_,-,i_,,_ l'_>r I,,_, _,,'lli('l_ is _ roI_slanl, l'_roport.ional t.o t.he

": .l. 'l'l,,. ,I,,,, i;_l i,)_l (_I' Ill,. l li,,_,r_'! i,':_l ,ll;i.,.,-,l','_lll II,,, _,Xl_,rili_('i)t'_l (,a_('is sl_c)wlt tor l,l_e pert.ur-

n I);ll ix,' I r,,;_II_,',lt _tll_l _.._',,l_, lt ii, _ll ,.t,.t;'._'l,:_;',.".:-,,_1 .1/ = :_!)1._/( _'.
I

3, '_'ilt' (ll"\'i;lli('ql I,{' lit(' llli'{,l'l'lil';'ll III;I",,", I'I'('III III(' ('Xl)('l'illl{'lll;ll t)ll(' i,_ ,_II(}WII for l,ll(_' Y,_ll)li,-

:\li(l{) Ir(,:lllll(.lll ;iii(I ii ('()ll_,lil_l,,lll (l,i:_rl< i_;i_.,:.,,,I .II :- II!).I/( i'

(i. 'I'I,_' _l,.',i;_I i{)a_()I' IIi,, l li,,{_l'_,lit:ll lit_t_-, l'i'_,_ tl_, ,,xl_,.riI_(,_It:'_l ,,,I_(' i.,;sl_c,wn for the v_ and

I I_(, .\. ,'(,_l,;_rii_:411,('l_,'rl_Irl,:_i,',,' ;i,l_l ill(, 3";_!,_I-..\ (I() _i(,tl_L_l Ibr 31 -,II!).,'_.,'el"

:]7
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