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The Sum Rule

Nucleon Spin
1_1
j_§A2+AG +Lq’g

AX: The Quark contribution to the nucleon spin. Accurately known:
about 0.4

AG : Less accurate, few measurements, mostly on

Large Error bars. 060 (X ,sz turns out to be small

But that does not imply, by itself, that AG Is small
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where L = a(Q%)/as(Q3), and 6 pPOn g2 % 2 singlet matrix of splitting functions, given
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The Picture That Emerges

|_tota|

Not a real calculation. It only implied
using the sum Rule. It does, however,
: showes a distinct feature: It is Negative

g Ag -~ vandgrows with Q?
g I S A Pointed out long time ago:
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Can we say something about L

One could write the nucleon spin sum Rule as: Jaffeand Manohar,

1 1 Nucl.Phys. B 337(1990)
E:EAEHAG +Lq +Lg

And use a light cone framework and light cone gauge. For a spin up
state the terms are defined as

AZ:<P TUd 3X'77/375W‘P T> w : quark field
AG :<P THd X (ElA2 —EzAl)‘P T> E': GluonElectric Fiels
L, :<P T‘i J‘d 3XWT<X182 _Xzal)l//‘P T> A* . gauge potential
_ _ summed over quark flavors
L, =(PT|Jd*xE" (x¢' -x'a*)A|P T)

for flavor singlet quantities

But, Exceptfor AZ, Other termsarenot gauge invariant
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JI's Decomposition

Replace: 0 - D* gives L and define
.D.Ji,etal Phys.Rev.Lett.78(1997
3, = (P M[dx[xx(ExB)][P 1) x.D-Jetel Phys.Rev.Lett. 78(1597)

1
= EAZ +L,+J, = 5 Ji's decomposition

All terms are gauge invariant,but gluon's

total angular momentum isnot further decomposed

Thekey quantities for experimental determination of J, andJ ; arethe

Generalized Parton Distributions. Theyshow upin the crosssection

of DVCSand are central to Ji's quark angualr momentum sumrule.

L =Idx jd 2b(xH T(x,b)+XE(x,b)-H¢ (x,b))
In the local limit GPD's reduce to Form Factors
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— Two FF's: spinFlip B (q ? ) — analog to Pauli FF
A measure of Orbital Angular Momentum of quark and gluon
Spin conserving FF, A (q ? ) analoganalog to Dirac FF

gives the momentum fraction

They are related to matrix element of Energy — momentum tensor

P (7io"’)aA

P)=U (P)| A% (1)) 4B (1)

>

yn%
Tqag

< WU (P)+--

Substitute into Nucleon matrix element, one finds

Jag =5| A% (0)+B3 (0)

A8 (0) are related to the unpolarized quark and gluon PDFas

Agoz_lfx > g (x)dx =(x) ASO:.:[xg (x)=(x)’

0 9.0

B'sare thesecond moments of unpolarized spin-flip GPD's in the forward limit
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Constraints: / _

A% (0)+A%(0)=1 , |BS,(0)+B(0)=0

= 3cases:{B§0=B§0=O, B2y =B BSO=B§'0=|3290

Lattice calculations support the second LHPC Hagler,et.al PRD 77,094502(2008)
Also, See K.F.Liu, yQCD Coll. arXiv:1203.6388 (2012)

BY =0.064+0.022 , BY=-0.059%0.052

This All boils down to:

— thetotal angular momenta J and J, evolve

exactlyasunpolarized parton distributionsdo

These parton distributions are determined by many groups,including in the valon model,

whichisessentially reduces todetermination of theinternal structure of aconstituent quark

Wehaveutilized them Arash, Taghavi ,JHEP 07(2007), PLB 668(2008)
Shahveh, Taghavi, Arash, PLB 691(2010)
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Using Ly =J, —AG

Wedohaveboth ¢ (X ,Q 2) and AG fromourmodel.

L9 : while being positive,itis small, <0.1

L9 : Negative and rapidly decreases

Lq
Lg
*-
N R N
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QZ[Ge\f]
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So, With these resultsfor LYY dowe still satisfy protonspin SumRule

1 _q9.709
2—J +J 99

yes ! we have checked.
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Angular Momentum

|
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Conclusions:

 Quark OAM contribute positively to the
nucleon spin content, but it Is small. =0.1

e Gluon OAM is about Is negative and
decreases as Q"2 increases. This behavior
iS compensated by increase in AG( 2)

as a result 19 Is independent of Q2.
e |t Is also evident that above Q"2=5 GeV"2

the total angular momentum of quark and
gluon approach to a same number.
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