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Abstract
We derive the consequences of the Myhrer-Thomas explanation of the proton spin problem for

the distribution of orbital angular momentum on the valence and sea quarks. After QCD evolution

these results are found to be in very good agreement with both recent lattice QCD calculations

and the experimental constraints from Hermes and JLab.
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Nucleon Spin in the Context of QCD

- Basic gauge invariant operators -

... derived from angular momentum tensor MM = xH T — xV T

L1 o
@ Quark spin: Sq =5 /d% Yq(@) 7 v5 Yg()
@ Quark orbital angular momentum: L, = /d?’:p Yl (2) (F x iD) 9y ()
@ Gluon angular momentum: J, = /d% (Z x (E x B))

4
e total: J=J,+J;=Sq+Lq+J,

@ Nucleon Spin Sum:

1
5= (PTIsPT)=(P1[Sqy+Lay+JgylP 1)

= SAS(u) + Ly(u) + Ty

y
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Gluon contribution to Nucleon Spin

Gauge dependent decomposition: Jo=Lg+G
Ly = [ % B3 x )AL — g(a x A o1
G = /d% (E* x A®)
Matrix elements:
Ly =(P 1 |Lg,lPT)
1 ) light-cone gauge
AG=(P1IGIPT) = [ drdg@@t) TOTTEE
, 1 1
Spin sum rule: 5 = §AE(,LL) + Lo(p) + AG(p) + Ly ()
#
gauge invariant gauge dependent
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Nucleon Spin: Empirical Facts

... from polarized DIS, inclusive and semi-inclusive:

( HERMES rrD 75 (2007) 012007 and COMPASS PLB 647 (2007) 8 )

A3,
A3y

AX(5GeV?) = 0.33 (£20%)
A,

Au + Au
Ad + Ad
As + As

0.84 (=3 %)
—0.43 (£5%)
—0.08 (£35%)

@ .. from DVCS: (JLAB PrL 99 (2007) 242501

osl JLab Hall A
n-DVCS

) O B

| ® AHLT GPDs [37] i

B Lattice QCDSF (quenched) [41]
-0.2— Lattice QCDSF (unquenched) [42]
L CJLHPC Lattice (connected terms) [43]
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Nucleon Spin: Lattice QCD

Recent results from LHPC arxiv:1001.3620 (MS @ 4GeV?)
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Chiral extrapolation: covariant heavy-baryon ChPT

Ju =0.236

(6)
T, = 0.002(4) } Juira = 0.238 +0.008 (~ 48% of 1/2)J
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Nucleon Spin: Lattice QCD (contd))
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contributions to nucleon spin

|
i
o=

AZ3u+d

Recent results from LHPC

0.4
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§A2u—|—d ; )
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: o
g ]
HERMES 07 (MS @ 4GeV?)
i Lu—I—d
[ . + B 1
: ....................... i ......
0 0.1 0.2 0.3 04 05
m>[GeV?]
— 0.21 +0.01 Lyt+qa = 0.03 £0.01

arXiv:1001.3620, PRD 77 (2008) 094502

chiral extrapolations:
heavy-baryon ChPT

]

small orbital angular momentum contribution
seems not compatible with phenomenology / relativistic quark models

&
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Nucleon Spin: Lattice QCD (contd))

Recent results from LHPC  axiv:1001.3620, PRD 77 (2008) 094502
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@ Separate contributions from u- and d-quarks:

1 1
EAZU = 0.41 +0.03 EAEd = —0.20 £ 0.03

Lg~-L,=0.20+0.04
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Myhrer - Thomas Scenario |

( E Myhrer and AW.Thomas, Phys. Lett. B 663 (2008) 302 )

@ Modelling the nucleon spin:

successively added
contributions from

valence quarks
+

one-gluon exchange
=+

pion cloud effects

y

2Lt 2[4 AY

Non-relativistic 0 0 1

Relativistic  0.46 -0.11 0.65
OGE 0.67 -0.16 0.49
Pion cloud 0.64 -0.03 0.39
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Scale dependence: QCD evolution

A.W.Thomas, Phys.Rev.Lett. 101 (2008) 102003

see also:

semi-empirical analysis
M.Wakamatsu, arXiv:0908.0972
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QCD Evolution: NLO

Evolution equations for Jq and Jg

@ singlet:
e )
d (‘]q(ﬂz)) _
d1In p? Jg('uz) 64 4
Jlaof oo R <Jq(uz)>
2 4x iy Lo, Jo(17)
_1(%)2 23328 o 88312nF —%n ( JQ(’U? )
J
P\ e, ) VAU
\_ /
@ non-singlet:
d L as /8\2 1 rag\2/23488 512
JNS (2 :___s(_) NS (2 _(_s) ( B )JNS 2
age’s W)= 755\5) T = 5an) g~ sre) e )




&

QCD Evolution: NLO (contd)

Evolution equations for AY and AG

@ singlet:
r
d AX(p) \ _
ding? \ AG(n) ) =
Y (M(ﬂ))
247 \ g _gp, AG(p)
ey o ! &
2Ma/ 9004 10, 25, )\ AGW)
N
@ nhon-singlet: d
NS __
dlnuAE =0

@ orbital angular momenta:

1
combine evolution equations for Ly = Jq — 5A2 and L, =J; — AG
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QCD Evolution: NLO (contd)

M. Altenbuchinger, diploma thesis (2009)
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@ Input: Lattice QCD at @ Convergence issues:
1?2 = 4GeV? LO versus NLO

M.Altenbuchinger, Ph. Hagler, W.W.,

@ in preparation (2010)
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QCD Evolution (contd) |

@ non-singlet (isovector) quantities

Altenbuchinger et al. (2009)

A
. % — Az“u—d/z
Lu—d
® L,q10
NLO
LO Ly 4

1 [GeV?]
® J4/2
® Lu—d

(Wakamatsu 2005; Thomas, PRL 2008)

—16
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} from Cloudy (or MIT) bag with one-gluon exchange (o = 0.7)
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From Lattice QCD to Modelling at Low-Energy Scales

@ QCD evolution from lattice data vs. relativistic quark model (MIT bag)

0.5
: M.Altenbuchinger,
04! Ph. Hagler,
ﬁ W.W. (2010)
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@ Model scale “fixed” by NLO evolution to J; =0
@ in comparison with MIT bag (no gluon exchange corrections)
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From Lattice QCD to Modelling at Low-Energy Scales

@ QCD evolution from lattice data vs. relativistic quark model (MIT bag)
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3 M.Altenbuchinger,
| Ph. Hagler,
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@ Refinements from pion cloud and one-gluon exchange (a; = 0.7)

&

Cloudy Bag Model
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SUMMARY |

@ Tony’s proposed crossover of quark orbital angular momenta,

non-perturbative Ly Ly o
egscies > g
(models) Ly L,

2 <1 GeV? > u?>1GeV?

is verified at NLO.

@ ... establishes an impressive qualitative consistency
between lattice QCD and relativistic quark models

(e.g. Cloudy Bag Model)

@ TJendency o.k. but quantitative uncertainties remain
(disconnected terms in lattice QCD still to be computed;
convergence of QCD evolution at scales u? <1 GeV?, ..))
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SUMMARY |
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Happy Birthday Tony !
Pby y lony e TUM



