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We' apply the rela.tivistic light-cone perturbation theory to a flow of the helicity of baryons
 
to the angular momentum of the mesonic cloud. Starting with the SU(6) symmetry, we
 
find good description of the axial couplings in fJ-decay of hyperons. In the light-cone
 

. technique, the pattern of the spin-flip of nucleons differssignifkantly from that e~pected
 

in the conventional'non-relativistiC models.
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1. The Bubject of thi~ paper is a flow o( the nucleon helicity fromihe constituent 
quarks to the AIIgular momentum o( the mesOnic cloud. In the charge symmetric 'll~ 
theory the emission o( pseudo-scalar mesons flips the nucleon spin. Then one expects 
that a part (if not, all) of the proton spio is carlied by' the angnlar momentum of the 
P-wave 'Ir,K 01' 'I meson. The issue has become topical in view o( the EMC spin crisis 
(11. '{)ne of tile major sonrce& o( information 011 ~hc spin structure of nucleons is the deep 
inelllStic scattering (DIS) o( polarized mnoos 01\ the polarizednucloons. The quantity 
'IMMUre{] is the the spin-dependent proton structure fnnction, ~(~,Q2). ~ iS,related to 
{be proton axial-cm'rent matrix elerllCnt as [2): 

2mN_~ .. . t dz !rl'(z, Q2),~ ~ (p, $1 t e:h"')'iql~, s) . (1) 

Here e: is the dlllrge squared of a quark Bavour q. . 
The contribution ~q of l\ given qnark OavoUl" to the spin of the proton is given by the 

forwprd matrix element . 

(p, sIQY,,7s!llp, tt) ,;. 2mps"Aq, (2) 
~.here Ip, s' >' denoteS a proton or momentum p, spin It with tt' = -1, It· P = 0, normalized 
to:(P;slP', &} =2E(2'1r)'53(i - i'l. Then what we need is the flavour singlet combination 
A~ <+- ~d + AIt: g~ whidl in thc simllie constituent quark model ill interpreted as the 
ft~tion of the proton's spin carried by qnark~. 

TOV analysis (3) i~np]K.'S thaL the axial anon",ly prevents from aUributing the singlet 
. axial charge only to quarks. Discussion of the anomaly elfects goes beyond th~ scope of 
this paper ['I) . We concenlraie on the c1assicallllarl of the problem: what is a possible 
axial charge· coming (rom thc"constitucllt quarks lln<! what is a rolc of chiral corrections 
iii t,hc flow o( nucleon's spin fr'"11 the haryonic cOre or nlldeol\s 1.0 the piouic cloud. 

MC8{Juic corrections to the tl-decay conpling constants were first calculated in [.5J. 
'Nil' lowest-ortler. proc.c8ll (pig.J) illl'olvi,ig 1\ single 11'0 has been considered to explain 
the oblW-rvcd departnre o( th(~ riltio of the Gamov-Tellcr Ollld Ferllli cotlplings from unity. 
Chew's nlAAsivc fermion theorj', involving a cul.u(f, has been cxpl\>ited. In the nIorercC('nt 
papers on the subject [6) the nO!I-rdativislic Cloudy Gag Model is di~usscd. In ~he chiral 
pciturbation theory [7] baryons also appear a.~ heavy static fields. . 

in this P< per we study the rl'normal'izll.t.ion of axial l:Ouplings of baryons making use 
of the consi..tent relativisticlig,ht-collc rock-state approach. Wc study SU(6) and SU(:J) 
.symmetry breaking effects, which with the phenomenologicallY determined parameters 
of the light-cone wave fnnctions correspond to SU(3) symme~ry breaking by tile mass 
splitting o( haryolls and mesons. We find that ill the light·cone approa.ch l.he spin-flip 

. pattern differs from .t11at in the simple non-cdativistic model, the difference being due 
to the Fock components in which mesons carry large fraction o( baryon's momentum. 
Qlle interesting obser"ation is that We find good agrt.ocment with ~he hypcrOlI decay ci.:-:ial 
cou[/liJigs stMtiQ~ from the classic SU(6) sunnuetry. 

2. Ellis and Jaffe [S] noticed that SU(3) octet combinations of ~u, ,Ad and ~s 

which. are free o( anomalous di I'crgenC<$ can be related to mea.."l..\red rates of Gamov
Teller transitions bdwcclI odd baryons. Then, in terms of SU(3) invariant symmetric 
&lld ll.IlLisymmetric parameters, D and F, ", . 

2(p,"IA~lpl")'~ 2m"""ai ,;. 2tapsl'(F +D) (3) 

2\1'3 (1J, sIA:lp, 8)'= 2mpll,.g~ ~ 2m"sl'(3F"': D), ..... (4) 

\. 
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2 
where Bland Ii~ the nucleona.xial-vedor charges. By definitiOn, A: = ir,.1.:r-q.aiur" 
tr (1""7"') = i&"'. The Ellis-Jatfe~satz,~.== 0, would pr~ct ~ =91· 

Consider first the proton axial charge ~ renol1Jl.tliz",tioa within the psel1doscalar '11
 
-theory invdving baryon octet and 0- meson octet. Parametrizing the matrix element of
 
the renormalizcd curren~ in the form' . . .. 

1 . 
2v':i (pIA:lp) = -ZN (a' + ~.\. +Mc.\K +~.\.}i,'lI''lIUp, (5) 

we find:· Q~ = 3F - D,·/3: ;: 3(3F - D), ~ ::: -(16j9)D and ~ ~ 3F - D~ The first
 
term in· (5) is the tree level proton isosinglet· alCial coupling. The sec<lud 011& presents
 
contribu~ion o( the 'K NFock component o(the proton (Fig.b).
 

In the chiral perturbation t.heory the physical nucleon ,conta~ the ba.ryouic core and
 
baryouic~e +meson(s) Fock states. The consistent chiral rock state expaD6ion is gi1l'eD
 
by the lig!;lt-wue ",.ave function (WF) technique developed in 110) and discussed later in
 
[Ill. Herei~ re~9rlnalization of the axial dlarge by the diagralDB of Fj«.la is i~ at
 
a iN fock component contribution to the a,,,ial charge. The virtual c:orreetioDS .. (Fig.2)
 
do renormalize pure baryonic core, so that the whc!e WF is normalized to unity., T~
 

corollary of thQ, light-Cone technique is that after factoring out the angular dependence
 
the light-cone wr, related to the'KNN vertex furrction,. depends only on bne in"ariant
 

.VGriablc M: [10]: . ,
N 

M2 = mF. +1:1 +m~ +IIi _ (6) 
(, wN 'a },.. a 

wbich is the invariant ~s of the 'lrN Fock state. 111(6) ais'the light-cone IDo~ 
fraCtion carried by the nucleon. 

. Introducing light-cone vectors n", ~ ~ (1,0,0, ±1) and parllJllCtrizing the ex.t~al ", 

and internal, k, baryon (our-momenta (Fig.1a) as p = P+7J+ +p_"_, I: =0,+71+ +/lp_a.,.+ 
k.l.' n",k.l. = 0 lind s =mNl(p+n~ - p_ft_) after integrating over 13 and projecting.outthe 
A+ component of the current yields: 

_ ~ II da {Go 2 . 2' , (1 - al'm~ -'*1. (1).\. - 16'l1"' Jo a 2(1- a) Jo- dk.l.~.VN(M.N(a,i.l.»)lmJ,_ ~N{Q.~)}' 

EVlrluating the integral over a reduces eq.(7) to the dispersion integraI6vet:.&r~ 

~,r ==~. reo '. dM2F;NN(M')
1611'2 J(mN+"','" . 

(8) 

Co: = IM~+mJt -m; ± V(M1+m~ _m~)2 -4m},M'] 12~2. 
The form factor FwNN cuts o[l~ge masses:. ' 

F:NlV(M: ) =e-.R~NN[M:N-("'N+-)·) .N ~ 
I ~ ~ ~ 

...;? 
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. Direct calculation ofthe proton elcdroma.gllcticform factor, rm(O) = (pIJ~"'(O)lp) /2p+, 
shows that the distribution of nucleon ill nucleoli [9], 

IN N(Oo) = g~PP 1 /.00 dk' F:NN(M~N)(m~(l- a)' +hI!, 
I 1611"' Q2(1- Q) .1 ,(m~ - M;N)'Q 

coincidca cxactly with the distrihution oC pion in nucIt-oll, f,;/N(1--00), thusrcprodudng the 
well known Llewellyn Smith's ausatz [12]. The Uewdlyll Smith's rp.lation is cl'uc.ial as it 
gUiUalllt.'cS the local gauge iJl\·arianc.l! and the encl'gy·monwntum con~erl'a\.ion, Contrary, 
the covariant form factor F.NN(U/ AJt,t/A:) which depends 011 both the Ill1ckon (1') and 
pion (I) virtualities breaks down this relatioll [13]. Fine tuning oC A: and AJt can restore 
the global charge conservation, hut tbe local gaugeinYilriance remains badly broken. 
Similarly, thH above covariant tOTII'! factor violate the energy·mollle~ltum conservation. 

The 1rNN conpling constant, g"NN, defined at the 'If N system threshold, lIS well as 
the cut-off parameter, R~NN' were originally determined in [9], Note that different cutolfs 
~, RIr and ~ would be an additional source of the SU(3) breaking. However, the 
experimental data (14) analysed with the above form factor exhibit a sort of universality: 
~ t:= 0.6 (GeV/~t' which should be compared with R~ ~ 0.7 (GeV/~t' determined 
from independent measurements in [9]. We pu~ ~ ~ 0.6 (GeV/ct'. Then, for 

. r,,\Jr+ 11 4a f" ~ (mA - am..)' - kl 
~« =16.' 10 02(1 - a) 0 dk.1FICN4( ICA) (m~ _ MIA)',' (10) 

and ~ =')..,,(9-NN -+g~N"tm" -+ mo.) we find numerically lor .. 0.008, AJr' =0.01 and
.\" =0.001 . The integral A" is reli\tively small due \0 the smallAes8 of r_ =~rp&K+' The 
KNA coupling constant determined at the Kit. system threshcJd equals ujAIC+l41r R:l 6. 
NoUce that continuation to the kaon pole (from W= (mA +ma:)' to M =m:) gives
r,AJl+ 14ft. IllI 1$. in agreemeut with (15). 

the WF renormalizatiop factor is obtained'from the diagram of Fig.2: ZN =1+'3I,. + 
2IK +I", where X.. a. r: daININ(a) and I., == 1"(g,,NN -+ !NiN,,",,,, -+ m,,). To get ll( 
fro.m x.. the ~llbatitutionmf,(l - a)' +kl-+ i!na- amN)' +kl in x" should be made:· 
Then Jlumerically I,. "" 0.14, Xl( == 0.036, and A.. =o.em. 

It Is ronwnient to introduce the helicity distributions S+(a) defined so' that AM == 
,&S-t-(a)4a. In the static ~-model (suppressing the isospin factor), the cancellation of 
the spin-flip and no-flip ~ran.itions gives'\" =-1/3, which can easily be deduced from 
the 1e 1= 1Clebsch-Gordall coefficients. In the relativistic case the spin-flip is due 

, ·to .J. rf<.0, eq.(.7), and the cancellation pattern iSIC!isitive to the·form factor radius. 
NamelY,apin-fIip dominates at large a where $+(a) < 0 (Fi'g.3). HoweYer, at smaller 
a, whea .ip.ifii:ant fraction of the nucleon's momentum is cottied by the pion, one finds 
S+((I) > O. Notice, that this is the n:lativistic recoil region which is not treated properly 
in the non:.relativistic calculatioD8. 

The apin.flip and non-flip contn"butions to S+(a) are cancelled in lor. raulting in 
lor AI 0.008 at It' =0.7 (GeV/ct'. The integral.\,,(R') depends strongly on the cutoff 
pa.raroeter It' (Fi8.4). MIL' ~ 0.4 (Gc:V/c:)-s, corresponding to the mOJIleJltum cutoff 
k.1. R:I R""1{m,,/(mN +m.))II*. R:I 0.6 GeV/c:, l..(R') PecomCll negative and steeply Calls 
a.tsrnal1er ~ (bigger k.1.1. ThCllC results· contradid to non-relativistic intuition. In the" 
Cloudy Bac Model''\'' stays negative valued iJldependently of the bag radius. 

Notk'e that t.h" qUl\ntity lK(R2 ) closely relat.ed to th" polarized strange (IUlUk density, 

j., = (2/9)(5F +D)lxZN1, (11) 

remains almost unchangc<!. (FigA). To d"l'iv(~ ('<J.( 11) it snl1kes to make use of the SU(3) 
symmdryof the tree level baryon wave functions and to consider th" mlevant K -exchange 
diagrlUlls. Throughout this paper tbe K N A and K Nr, couplings as well as pion-baryon 
olles are supposed to be related via SU(6).. " 

The axial cha.rge 9~(R') dc<:l'cases rapidly With decr~;u;ing Rt: in the exact SU(6) 
limit g~(R') ~ [1 +3.\,.(R')!Zi. The reuormalizoo Oavour.sillglct axial charge, 9~ = 
IA +3As, (an reach rather small values at k.1. > 1GeV/c (9~ =::: 0.25 at ll.Le 1'::1 1.5 GeV/c:). 
However, at large 1:.1. the renonlli,fizt.'(\ {j-decay coupling 91 =::: l!l-.\,.(RI)jZi becomes 
uncmnfortably small (rl ~ 0.5) due to lhegrowiug WF renonnalization factor, Zw; Tb1l8' 
the resolution of the spin crisis probl~m proposed in (16) and basing on the allowance 
for the large pion momentum cutoft's looks doubtful. N~te in this connection that the 
intermediate spinet dccuplet routributions (see below) to boUI s1 and 9i are large lUId 
positive. 

S••n aect.~ we made use of the Sudakov (ligbt-c:one) variables to reduce the ooe-bip 
.integrals. It can easily be check~.l that the non-covariant time-ordered perturbatiOJl dKiory 
in the Infinite MOmentum Frame (IMF) lew to exactly the same results-lot botla ~ 
electromagneie formfactots and rcnonnalbed axail couplings. lDlMF oaeoperatettritb. 
on-mll8ll shell particles (oif-energy shell intermediate states). This simplifies c:aJcula.tioU 
with apin-I ~uplet significantly and allows to get rid of ambisuitiea with theol£-mau 
.hell behaviour 01 spill:I particles (spin-l/2 admixture) (IT}. 

.The momentum spat:e- JlfOPligator of the decuplet field D,.(Ie) can be taken in the form: 

A '(i) = 1+"'4. (21AI:,. _ 
..+

1.an7j1 _"1.1,. - ,,.71)
"" iJ -ml +ic ami 3m4 • 

The SU(3} indi~ are ~uppressed. The decupiet aitw cJrrent A: I, written doWII. .. A: - . 
ax-D"7,..,.J),,.FOr L~ on-ahell delta the wm tCl!o'~,,71D.. which cwW c:oiI~to 
the oll·meU delta current ~. can be salelf negleeted. 

Normalization is lOch that: 2(a++1~6++) -20",,,,,,.. the octet (B) -decup&el 
(D) in~eraction with the pseudo-scaIa.r meson field M(z) iJ described by ~-<lll} ...
 
ig'sDM 9(z )D,.(z)8,.MJ%) +A.c. The one-loop correction. to ~ caused by theintermediat.e.
 
lrA.states (Fig.Io) is2CPr/ZN. The integral flow of the proton kelicitf,'.... for the1l'""A++'
 
Fodtc:omponent is II follows: .
 

~+p06++ p . 4a f ~ F.! (MI) 4~D ( ) 
p" = 16ll" 10 a l (l- a). J, """ (mJ, _ M')" 12" 

where 

. G~D. 18a~m" {(m4+<JmN)2(ml- a l ml,)'+ .1(*" +anI"f ' ,,, , 

)( [(m" +amN)· +4omN"l"] - (ll)2 {(m" - anJN)'-4omltfrl.} - (ill'} (13) 
. , .
 

Here a is d1e 1M.. couterpart of the SudalCov vari~le introduced a!>Qge:. in IMF , •
 

(P+m:';2P,O,P), " =(a.P+ (ml +~)/2a.P,'.L'a.P) and • =mil(P,O,P +mJ,/2P)
 

.,...., .. ..
-'''~ ~ " '\r-'" 

~ 

\:.J",.\' 
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at P -+ 00. For JeNlt. "" 1.4 (Gey/ct 2 determined in[9J p.. "" 0.042. Intermediate lI"il 
states contrihute positively to the proton helicity distribution (Fig.3) thus increasing the 
axial iS08inglet coupling, 9~ "" [0.60(3F) - 0.61D +0.084 C1/ZN. . 

The a.xial current A: := H T" BD,. mediating transitions between octet and decuplei 

is nonnalized as follows 2 (pIA~I~+) = 2HJmll.mN·s", Then the interference of the lI"N . 
and 'lI'il Fock states (Fig. Ie) results in 

!/wrt!g..+,I++ (1 . do. f d/c2·F. . (M2 i ( 2)
".. "" 1611'2 Jo 02(1 _ a) 0 .L ..NN ..N) ..Nil. M..1 

(m·2 - a2m,.)2 - ki(ki - 2amNm·)
x (14)

3am· [m2 - M2 ) [m2 - M2 JN ..N N ..4 

For consistency we put (within the loop) mil. =mN =m· and m· = 1(GeV/c2). Numer
ically ".. ::; 0.05. Calculation of the 1I"~ contribution to the proton electromagnetic form 
factor, shows again that the form factor F(W) ensures the local charge conservation and 
the energy-momentum sum rules. The distribution of deltll. in nuclcon [9), 

f () 9:+'4++ 1 
Il.tN 0 = 96l1'2m~ 04(1 _ a) 

x fdki F;NA(M;Il.)[(mll. + amN)2 + kiJ 2
[(mll. - amN)2 + kiJ (15) 

CI . [m:' - M:Il.)2 , 

coincides with the distribution of pion in nudeon, f ../N(l - a).. 
The integral flux of lI"il states enteriug the WF reuormalizatiou fador ZN equals 2P... 

From Fig.2b it.follows that in terms oC fl1/N: ii.. = fJ do.h/N(o.). 
For the numeric3l estimates the tree level axial couplings are supposed to be related 

via SU(6), FID = 2/3. We put D = 1 and C =3, H =4../2/3 as it Collows Crom the 
nonrelativistic quark model [18J. Tilen the renormalized polarized qua.rk densities arc 
ilu = 0.98, ild = -0.24, ils = 0.006 and the renormalized flavour -singlet axial coupling 
is 91 = 0.75. ' 

4. As a consistency check we calculate here the ratios oC the axial-vector and vector 
form facturs measured in scmilcptonic decays' of hyperolls. These ratios parametrized in 
the Cabibbo framework were found to be [19J: 

(9AI!IV )5-...A"" F - D13 = +0.25 ± 0.05, 

(gAI!IV h:-_ = F - D =-0.34 ± 0.05, 

(gAI9v)A.... = F+DI3 =+0.70±0.03. 

Frow the measured value ,of the branching ratio R = f(E- -+- Ae-v)/f(E- -+ all) it was 
found [19J:D = 0.720 ±0.020. The value oC (gAl!IV )~_,. [20) is: F +D = 1.2573 ± 0.0028. 
R&diative corrections modify the tree level relations significantly: 

(gA).....,. = 0.58 F + O.58,D + 0.027 a+.0.095 H ::: 1.22, 

..
 
~., .
 (gA}z~_4 = 0.74 F ~ 0)5 (DI3) +0.01 C - O.()04H::: 0.26, 
.~~'~ 

\: 
".. : (gA)A-,::, = 0.64 F + 0.61(DI3) + 0.018 C + a.os H := 0.77,' 

1

... '.t. ....~~ ........ "".
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(gA}z-_A =o.n D - 0.02 F+ 0.01 C +0.029 =0.76, 

(g.4)t-__ 3; 0.68 F -0.66 D +0.006 C - 0.035 H = -0.26 

Here we refer to gA instead oC 9A/!IV. The agreement seema to be reasonahle, especially if 
we take into account that the lISllumption of the tree level SU(6) symmetry left us without 

. any adjusting parameters. 
. 5. Naively, one could have expected rather large flow of nucleon's spin to the angQla.r 
momentum of the pionic cloud. Our analysis shows that this is not a case. One of the 
major reasons is that the 11'N Fock component of the nucleon receives large Contribu
tion from beyond the conventional static limit. Besides the ll'il Fock states contrihute 
significantly and il tends to retain proton'l polarization. As & result the renonnaUZltr 
tion of the flavour-singlet coupling 91 by thp radiative mesonic corrections il very weaJt: 
(91)SU(8) = 1, we have found 9~ =0.75. This. implies that the axial anomaly ~ indeed 
playa crucial role in' understanding the EMC spin crisis [3J. . 

We found that the assumption of exact SU(6) symmetry for bare axial couplings ia a 
good starting point for quantitath'e analysis. Renormalized axial couplings are in gocxl 
agreement with measured rates of the Gamov-Teller transitions in the hyperon octet. 

, We notice that the one-loop corrections, originate rather specific spin structure of the 
proton; The Iight-cone proton i1elicity distribution is oscillating function of the momen~ 

tum fraction a carried by intermediate nucleon. Spin-flip and non-flip contributions are 
cancelled in the integral for the proton axial charge. However the integral flux of pioN iii 
not small, 3X" l':l 0.4, and renormalization of axial charges is mainly due to the WF renor
malizaton. Intermediate il contributes positively to the proton helicity and significantly 
increases the flux of piODS 2]J.. ~ 0.2. 

The polarized strange quark densi~y is compatible with Zero 6. ~0.006 and depcnds 
on the cutoff parameter ratl.er weakly. The integral /lux of nonperl,urbative ,Ii pain is 
estimated as 2Xg ~ 0.07. III our approach thc contribution of intermediate t·, to il. as 
well as the intederence term E" - Earl' suppressOO.We shall expand on this subject 
elsewhere. 

Acl..-noll1ledgement.. I henefited gTCAt delll from discussioDll with N.N.Nikolae¥. Useful 
comments oC K.G.Boreskov and V.A.Novilrov are gratefully acknowledged. Thanlu are 
due to Dr. A.W.Schreiber for criticism and ~timulating discllS&ions. 
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B.P.30JIJlep 

IIep$plItlecKaJi CmmOBaR CTPYK'!'Ypa l( 'aI<CHaJILHI:l9 BOHC'rSKTH 
" 6aD~oHo8. . 

lIo.n:mrCaHO R ne-q8TH IO.II.92 ropMaT 60x90 1/8 QcliceTH.II61f.
JCJI.-neQ.JI.O,75. 'yq~-}13A.JI.O,5. Tupu 260 3K3. 3fucaa 99•. 

. I1H):leRc3649 . . 

OTneqa'l'ano B ID'3',p, II7259, MocKBa; B.QapaMYDJRHHO.KQII,25 
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