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INTRODUCTION

The nucleon structure functions Fi, F», g1 and
go depend on two Lorentz invariants.
Although well-defined over all kinematics,
their interpretation varies with momentum-
transfer scale. They have been actively
measured over several decades at a number of
labs around the world.
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Inelastic Scattering

k/
k

q
P, M—> »— W

Lorentz invariants:
v=p-q/M=(E— E)

Q* = —q-q= (4EE'sin* )1
z=—q-q/2p-q=(Q*/2MV)1
y=p-q/p-k=w/E)ab

W? = (p+q)* = (M*+2Mv — Q*)iap
s = (k -+ p)2 = (QEM + Mz)lab

Q? increases ——

O

Unpolarized Cross Section:

d’c  8ma’y [y £
dzdQ® ~  Q* [EF 1+2—F2]
Polarized Cross Section:
d’ Ao _ 871'0423/[ {(§+g) Y -
dedQ? ~  QF °F¢ 9/ T 9 %

sin o cos qb{ggl + g2 }]

a = polar angle of target spin wrt the beam axis

¢ = azimuthal spin angle wrt the scattering plane
a = 0° (longitudinal); o = 90°, ¢ = 0° (transverse).
V2 = AM?22/Q? = Q% /1>

E=1—y—yy’/4

Parton Model:

Fi(z, Q) = 3 =i (¢"(2) + ¢*(2) + 7' (z) + §*(2))
F2($7 QQ) — 2£BF1(£I},Q2)

91(z, Q%) = 3z €}(¢'(2) — ¢*(2) + 7'(z) — ¢*(2))
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F.P(x,Q2) and g.P (x,Q2)
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Gottfried Sum Rule  @?™(Q?) = [ FP'"(z, Q?)d

0.235(26) at Q2=4 GeV2  F1(z) = 5 22, €7qi(2)
O — T = %[uv—dv+2fa—2cf]
Bjorken Sum Rule rP(Q2) = [} P (z, Q*)dx

91(x) = 53, e2Agi(z)

2— 2 7
0-176(7) at Q=5 GeV= 1w _pn _ 1Ay, — Ad, + 280 — 2Ad

Complicating Factor

ACMS —1— 2s 3583 () —20.215 (2)° + ...
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* Infinite Q2 Parton Model, PDF(x)
« Large Q2  DIS, pQCD, PDF(x,log(Q?))
 Medium Q2 Higher twist, target mass correct.

« Low Q? Resonances (complexity)
« Tiny Q? Chiral perturbation theory
« Zero Q2 Real photons

« Complexity, as measured by v,, 0,1, d,and I';
disappears rapidly at high and low Q?
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 CERN
— EMC, SMC, COMPASS

« SLAC
— E80, E130, E142, E143, E154, E155

« DESY
— HERMES

o Jefferson Lab
— Hall A, Hall B (CLAS), Hall C

* Brookhaven National Lab (RHIC)
— STAR, PHENIX
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EXPERIMENTS

Jefferson Lab’s Hall B (CLAS) 1s one of the
current experiments that 1s significantly
improving our knowledge of g; in the range

0.01<Q%<3.5 GeV?2, where perturbative QCD
breaks down.
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* Long-standing program

in Hall-B at JLab to CEBAF
: : Large
measure longitudinal Acceptance

double spin asymmetries Spectrometer
A, on NH; and ">ND,
EG1: 0.05<Q?<3.5 GeV?
— data (2001); anal (2008)

EG4: 0.01<Q?<1 GeV?
— data (2006); anal (2009)
EG1-DVCS: 1<Q2<3.5
— data (2009); anal (2010)  osorif chanber

CC: Cerenkov Counter
SC: Scintillation Counter

E G 1 2 . O . 5 < Q2< 7 G eV2 EC: Electromagnetic Calorimeter
— data (20127); anal (2014)

21 September 2009 QNPO09 Beijing 10



;.:' ‘ The College of

WILLIAM & MARY

Kinematics

EG1

—— Inelastic threshold

W = 2.0 boundary
1.6 GeV

m 25GeV
4.2 GeV

= 56 GeV

| | | |

EG4
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RN NEEE N
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X

EG1-DVCS (red)

O (GeV’)

8 09 1

EG12

LIS L S S S

CLASI2

CLAS EGI and EG4
Hall A E94-010
Hall A E97-110
Hall A E97-113
Hall A E99-117
Hall A EOI-0I2

0o 01 02 03 04 05 06 07 08 09 I

 Overlapping colors correspond to different beam energies
« CLAS measures a large range in x at each fixed Q2

 Different E

beam
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T T
_U”—UTT _ U127 93p
A= T o1 AV= T
12703
Ay=D(A+ nA,) ~81(x,0%)— 7Y’ g2(x,0%)
Fl(x’Qz)
We can extract A, using
a model for A, (small), or g, 207
using a model for g, (small) 2 ng/2-|- 0-3T/2
We can extract A, and A, B ‘}’[81(X,Q2) +82(X,Q2)]
from A at multiple values of - F,(x,0%
T](Ebeam)
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d,P(x,Q2) before CLAS
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g,P(x,Q?) with JLab CLAS
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EG1b g,°
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A

The  virtual photon  asymmetry A;
(approximately gi1/F1) should scale with Q? if
g and F; evolve 1identically. It 1s very

sensitive to resonance structure at moderate
Q2 and to PDFs at high x.
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EG1b g,P/F,Pvs. Q2
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W distribution of A, for a Q” bin

Burkert arXiv:0908.3507
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Moments

Accurate moments of structure functions (X-
weilghted integrals) can now be constructed
from experimental data over a wide range of
Q2. These directly show the changing
landscape with momentum transfer, and are
often easier to compare with theoretical
calculations.
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Higher Twist

The Operator Product Expansion of QCD
sorts quark-gluon correlations into higher
twists, which fall off inversely with powers of
Q2. Measurements at intermediate Q2 have
been able to extract these higher-twist
coefficients d; and f2 and the related color
electric and magnetic susceptibilities.
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Bjorken Sum & Higher Twist
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dr(Q?%) = f dx x*[2g1(x, %) +3g2(x, 0%)]

CLAS EG1 (proton) Hall A (neutron)
Osipenko, PRD71(05)054007 E94-010
Model-dependent determination Amarian, PRL92(04)022301

d, fit to aQ"/(1+cQ%)
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CLAS, Osipenko
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f> =0.039 £ 0.022(stat) + 0059 (sys) : I_::;;‘__::_:_H_ ______ e/ Q
+0.030(low x) & 997 (), 04 10
1 0? (GeV?)
0(0%) = [ axr(2g1(x. @) +36a(x, )]
0
2 xE = 0.026 £ 0.015(stat) &+ 2021 (sys),
XE = 5 Qdy + f2) o
3 xB = —0.013 F 0.007(stat) F 5’915 (Sys)
X .
XB = §(4d2 — f2)
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sy e ey Higher Twist from g, in CLAS

g1(z, Q |
{Fll((:v, QQ))LXP Fi(z, Q2)6XP = q1(=, Qz)exp = g1(z, Q2)LT 4+ hI (a:)/Q2
s proon 1<Q?<5GeV2, 2<W <3.5GeV
°'> I EG1 é.& :
g 0 /1 -
S0 dzh (z) = 5 M?(dz + f2)
So0s| @ @ @ 0 9

0 | Neatron | F, from NMC fit to F, and 1998 SLAC fitto R
' %{i 1 <g, (leading twist) from NLO fit at high Q2
' ' h from fit to all data, especially CLAS in

0.1 T . the pre-asymptotic region
%5 5 | od,: twist-3, f,: twist-4
0 Lo ]
S ] Leader, Sidorov, Stamenov, EPJST162(08)19
0 0.2 04 0.6 0.8
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* Osipenko, CLAS, proton, PLB609(05)249
—f,=0.039(39)  x=0.026(27) g =-0.013(13)

« £94-010, Hall A, neutron
—f,=0.034(43) e = 0.033(29) x5 =-0.001(16)

* Deur, CLAS, Bjorken (p-n)
—f,=-0.101(74)  xe =-0.077(50) x5 = 0.024(28)

* More accurate determinations are needed.
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Duality

When structure functions are averaged over
resonance peaks and valleys, they behave just
like deep-inelastic scattering extrapolated into
the resonance region. Local duality (one
resonance region) and global duality (all
resonances) tend to hold to 10% above Q?%=2
GeV?2, except for the polarized A resonance.
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Hall C o
PRL85(00)1182
Global duality to 10%
Local duality to 10% oz5

W=1.232, 1.535, 1.680 GeV .

0.05

Duality - structure functions
averaged over resonances
behave according to DIS
systematics

Global - all resonances
Local - one resonance
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Hall C R ==
RSS, Wesselmann, Slifer 03 - ‘j:fgd‘ _
Q2=1.379 GeV? - e RSSdata
Target Mass Corrections 0.251 -
applied to PDFs
No duality for A 02
PRL98(07)132003 gf 015
GRSV: Phys. Rev. D 53, (1996) 4775 %1
BSB : Eur. Phys. J. C 41, (2005) 327  0.05
AAC : Phys. Rev. D 62, (2000) 034017. . . s
! ¢, . )
-0.05 | P R SR B =
0.2 03 04 05 06 07 0.8 09
Xy
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| e Qe — oo Duality at CLAS (EG1)

Proton Deuteron

1 I L l | | | ] [ ' l J I 1 I n - ! I ! ] ! I ! I ! ] ' ! | ! I ! I ' ]

T [ " |

- m 107<W<138GeV| = 138 < W < 1.58 GeV N N m J07=W<138GeV| m 138<W<158GeV _

005 o MsW<138GeV |- ) s - © M<W<133GeV | 1

- — GRV2000NLO | : _ - GRSV [ ]

o 004F T 2 = “o ool -- DIsfit u .

- [ e N cl N y .

> 0.03:}’ =% S;; (1535) = Zz & 1 S, (1535) 1
2 : + ; O - “:# A (1232) 1

= 002k - ] = T ’

5 F t : s P T |

= b o “ —_— ? + 1 B

f; 0'01.’._’"\ —_‘“'_—, = : [ "; i- ~ ’ i

:;‘J—' 0 C i ::r ] “} o R TM - ré : 73‘7_"*““?"?_

;[ T ; A0 :

"’E‘.“J S P : P P B B cB - a0 T I N R
00sf = 158<W<18Gev ] E | 158<W<18GeV | ]
004} . E 002} 1
o3k F5(1680) - E - F,(1680) 1
0.02f - - 001_ —” +
001f T = 1075W<20GeV " J&r bt ’Jﬂ

s T © MsW<20GeV - ':‘”‘} " 107<W<20GeV
0 . ¥ ] 0 o 094<W<20GeV
SR PR TP NP SR I PR RO AP PO RO I '1'1'1'1'":1"""‘
T T3 i I i 2 s 4 1z 3 & 3
2 2,2
QAGeVch) Q’(GeV/c)
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The structure function g2 in pQCD can be
expressed as a convolution of g;. Deviations
from this Wandzura-Wilczek form measures
higher twist. The Burkhardt-Cottingham sum
rule states that the first moment of g> 1s zero.
Precise data are now available to evaluate this
claim.
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Wandzura-Wilczek Burkhardt-Cottingham Sum Rule
g, ==&+ [Say f 2,(x,0%)dx =0
. Y -~

Q=128Gevz 8,8, * gz Hall C: Slifer et al. arXiv:0812.0031

g wWW | N
0.1 | __ RSS Fit 0.02+ —
B e RSS i — Elastic i
€ EI155
0 0 O RSS l)ées ®
& | I, - | ® RSSFull
-0.02 + -
0.1 -
i Proton Proton
| I l I I l _l L | 1 L1
- O
] O
0 03 B 0 I
- ] I o, *
r ™ O
021 "‘ Deuteron 0.03 [0 E94010 Res
| | 1 l | | - : g?;tg)l(o Full Neutron
0.3 04 05 06 0.7 0.8 N 1 1 Lol 1 1 Lo
0.1 1 10

2 2
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”W(IELLL{M -Mary Burkhardt Cottingham Sum

0.02:[ B 0<X<l :Total In'regral] - : cP)lOt K. S“fer
o o . - pen points: Measured
00l O 1 e Solid points: Corrected
; 1 forunmeasured regions
e ] and elastic contribution
I | e Green: Hall AE97-110
N [ ~ 1 e Blue: Hall AE01-012
°*1# * H--ﬁ'“ e Red: Hall C RSS

1 e Black: Hall A E94-010
s et ¢ Brown: SLAC E155

3He'-_ i iii | Burkhardt & Cottingham,
Ann. Phys. 56(70)453

0.02 - —

1
lllll 1 L 1 L lllll 1 1 1 L1 1 1|
0.1 1 10 / go(z,Q%)dx =
2 2 0
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Spin Polarizabilities
The spin polarizability can be expressed 1in
terms of moments of g; and g». How this
evolves at low Q? from the real photon point

provides a rigorous test of chiral perturbation
theory.
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2 2 "0 2 : 4]\[2 2 2

A)O(Q ) — C(Q ) &L gl(Tan) _756 92<x9Q ) d
0
Error est. on g, (100%) C(Q?%) = 16a?/Q°
Yo(P) YO(P)

T o A data+ext 0.0161— ® A datatext
" - vy data - o yodata AR
-_- ’Yo Sys err 0.014_—- yo sys err

- ¥, model ootz ~— Y, model “€(

_f ~ 00
g T _ ! /El %ooos—
‘: E ; * go.oos_—
- S -
K vg‘ Qoo
- i ‘K\‘s =0 002;—
T Q&\" "
i ? 0.002]—
“ | | ol | 0.0041
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 102
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zo o 4M?
0@ = @) [ Pl - (. @) da
0
Error est. on g, (100%) C(Q?%) = 16a?/Q°
(D)2 7,(D)\2
me 7, data+ext e 1, data+ext
iz g;;aerr 0-008:—; ¥° g;;aerr
*Cy, model ! “?:l
- 0.006
E 0? ‘%o.om:
Ll q e
- 05— 0:’0.002_
T L ~
>~ T $“?~ e,

?Qe\' 0.002 i

-1.5_— -0.004
I S S A I S I Iy B

) . . 101
Q%(GeV) Q*(GeV)
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SHe Polarizabilities

2772
_ 16aM?

Qv?

Yy 14

51109 = (11) [ K ot O,

0 ﬁ x*[g1(x, Q%) + g2(x, 0*)]dx

O ‘

S

3
Hall A =
Amarian, 00ty
PRL93(04)1152301

«g 0.002

3

\og .

21 September 2009

- E94010
o SLAC
< Lattice QCD

MAID

——— Kaoetal. 0(p3)+0(P4)
Bemard et al.
Bernard et al. (VM+A)

Q" (GeV)
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A Deur For isovector (p-n) case
CLAS + Hall A A contribution cancels
S S. 6
S : W P+N E94010+EG1b =
".q; s Bermard et al. ".q; Bermnard et al.
S | S
~ 4 s ~ 4
: " :Q W P-NE94010+EG1b
) < e
B ]
0 0 & u = B =
/ MAID
2 2
4 Kao et al. < Kao et al.
_60 0./ 02 03 04 05 06 0.7 0‘87 0.9 7l _65 0./ 02 03 04 05 06 0.7 0‘87 0.9 7l
Q(GeV) O (GeV?)
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The GDH Sum Rule

At low Q?Z, the evolution of the first moment
of g1 should be proportional to Q? and to the
square of the anomalous magnetic moment of
the nucleon. Data are now available to test
this.
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Energy-Weighted Sum Rule

S(F) = 2 (E,-E,)I<alFI0>2 = <0I[F,[H,F]I0>

GDH Sum Rule
o dk 2mlak?
AN —
/k A (k) =
AoV = O'g;g — ofly/Nz_

Sum over excited states is tied to property of ground state
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CLAS Moments I',Pd

1
Q) = / gz, Q)de  T1(Q%) =aQ® +bQ* + cQ° + dQ°® .
0

I'{(Q*) = (1 — 1.5wp) {1 (Q*) + I'T(Q*)}

ry(Q?)
Q%)

3

015 |-

0.125

0.1

0075

0.05

0025

0025

2
K

PRELIMINARY

Q7 + 3.89Q% +

— s @ +3.15Q +

A
e

-
e

-~ Soffer-leryaev
® CLASEGILb
O CLASEGIla
A HERMES

0 SLACEIL43

ey
B

? """" Burkert-loffe \ V%

*+ Bernard, xPt

GDH slope

Ji, xPt

EG1b Fit =B
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0.1

03
2

QE( GeVl/e)

low Q2 fit

? GDH + ypT

0.06

I{ (per nucleon)

002

-0.02

-0.04

-0.06

QNPO09 Beijing
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EG4 T',P Expected

WILLIAM & MARY
S 0.05 Expected stutistical uccuracy on I » for EG4 .
— A CLAS EG4 w/o large-w part (Simula param. )
0.04 Full T p (Simula parameterization) /4
' CLAS EGla
CLAS EG1b preliminary b
0.03 Bermard et al, Xpt
------- Ji et al, Xpt , /A
sl GDH slope ;
—— Burkert-loffe : /A
------ Soffer-Teryaev (2004) ' 14
0.01 :
0
-0.01
-0.02
-0.03 —
10~
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The Spin Crisis
Where does the spin of the nucleon come
from? Only a quarter comes from the quark
spins. The rest must be gluon polarization and
orbital angular momentum; both of these are
hard to measure. However, data are becoming

available that suggest the gluon polarization 1s
small.
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1 AY
= VAGHL,

Known }' 2 /

Could be constrained by QCD

evolution but this requires an

understanding of higher twist

at moderate Q2. Direct

measures through photon- Transverse momentum

gluon fusion and pp dependent distributions

reactions. and generalized parton
distributions
are sensitive to quark
orbital angular momentum
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Y COMPASS, open charm, prel., 02-06

) COMPASS, high P Q%<1 (GeV/c)?, prel., 02-04
COMPASS, high p_, Q%>1 (GeV/c)?, prel., 02-04
v "
A
v
|

HERMES, high p_, all Q?
i i 2 PN

HERMES, single high pT hadrons, all Q%, prel. '_';,I.; 5 u u

SMC, high P Q%>1 (GeV/c)?

< 06 fit with AG>0, p2=3(GeVic)?
I fit with AG<0, p>=3(GeVic)®

0 - 4 Tj},;”j; ﬂf)’:
0.2 :
7 —‘ﬁi_ — ad T
-0 —

b o6
AN
‘\\\‘\H‘\\\‘\\\\\\‘\\\‘\

0.6 l
0.8/ N
_1 C ‘ | | [ ‘ | |
-2 -1
10 10 X

Photon-gluon fusion measurements show
a relatively small polarized gluon distribution.
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Y e PDFs and CLAS

™ T - T ™ T v
0015 B o015

) \ x(Au+Ail) errors //’ﬂ\\\ x(ad+ad) errors
0.010| ) " {  eofof / N 1
L Qz =2.5GeV* N Q2 =25 QGeV?
0.005 - 4 o.005 "N .
- S

0.000

-0.005

2.ofof pd {1 -zotof
\ " L5S'05 \ s LS80S

\U.f \ / .
—— L5506 (EG1 data incl.) S ——LSS'6 (EG1 data ingl.)
0.015 - . . CLAS1Z | 1 -eoisf ) ., ——¢CLas12 ]
0.0 02 0.4 0.8 03 1.0 00 02 0.4 0.6 o8 1.0
X X
] XAG errors
4.002 |-

i Q' =25GeV' ]
/ {.001 |-
005 - /
a00 {.000
“005 1) 0,001 .
010k "\v// —— LSS5
LSS0 -0.002 ——LSS'06 (EG1 dataincl.)
—— LSS06 (EG1 dataincl) ——CLAS12
016} ! -CLAS12 1 . . ' ‘
00 02 04 08 o8 0 0.0 02 0.4 0.6 0.8 X 1.0

» Error envelopes for PDFs from LSS05 global analysis (green)
« CLAS EG1 data significantly improve errors on Au, Ad, Ax and AG (blue)

« CLAS EG12 (12 GeV upgrade) will especially improve AG (red)
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| AN BRI RARE RARE LARE
t AN N N A T T
SEI RARS RARE RARE
\& -
Lol il

LAN RAAS RALN RALE RARE LARE RALY LARE RAAS RARS RALE RARS RARN RS

F ool
e
Lol len il

T HERMES T HALL A
_ (Helium-3) __ _

DeFlorian, Sassot, Stratmann & Vogelsang (DSSV)
PRD80(09)034030
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AT PHENIX} P

-0.05 0.002 - % _

0.4 T

- X(Au + Au)
03

T e 0.05 1
L x(Ad + Ad)

0.004

5,

02} -

5

oo
o’

-0.1 - KRR

i:

<
L
x
X
X

T | A B R i A
! I o ' _ I o ' i 0.02 '0.002 i

[ Ay’=1 (Lagr. multipli ]
0 -0.004 - KRR Ay“=1 (Lagr. multiplier) _

Ayx’=1 (Hessian) i
l 1 1 L l 1 L L l I L 1 L
2 4 6 8

Py [GeV]

002 - -0.02

-0.04 - - -0.04

Double polarized
os pp scattering occurs through

. QQ, qg or gg scattering.
los  Later two are sensitive to Ag

0.02 - : ] 0.1

: KL Ax2=l (Lagr. multiplier) I

-0.02

Ax2=l (Hessian) a -0.1

raaenl 2o el TR Lol FETEERTTT |
10 0" 10”2 10"
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x range in Eq. (35) 0? [GeV?] Au + An Ad + Ad A Ad As Ag

A%
0.001-1.0 1 0.809 —0.417 0.034 —0.089 —0.006 —0.118 0.381
4 0.798 —0.417 0.030 —0.090 —0.006 —0.035 0.369
10 0.793 —0.416 0.028 —0.089 —0.006 0.013 0.366
100 0.785 —0.412 0.026 —0.088 —0.005 0.117 0.363
0.0-1.0 1 0.817 —0.453 0.037 —0.112 —0.055 —0.118 0.255
4 0.814 —0.456 0.036 —0.114 —0.056 —0.096 0.245
10 0.813 —0.458 0.036 —0.115 —0.057 —0.084 0.242
100 0.812 —0.459 0.036 —0.116 —0.058 —0.058 0.238

e Significant contributions from x<0.001
e AG vanishes with increasing Q2

e 1/2 = (1/2)AZ + AG + Lz implies:

o At Q°=4 GeV?, L, = 0.474 (large)

e Errors on AG are still very large
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wiLLiaM =MARY  Orbital Angular Momentum

o 1

Plot: Voutier, -~ 0sl

arXiv:0802.2499 :

[27] Mazouz et al., _JLab /n-DVCS [27]

PRL99(07)2425

[26] Airapetian et al.,

arXiv:0802.2499 I IR s~

|« AHLT GPDs [28
L oaf MR SCER et )
2 = TAE + Ag + Lq + Lg - :LHPC Lattice (connected terms) [31]
. 0.4 IAW Thomas [32] .

Jq -~ Lq T 2 AEq -0-6-— GPDs (Double Distributlons)éfrom [33]
Jg = Ly + Ag 0.8 HERMES /
Jq(x)= Ex[q(x)-l_Eq(x)] 1708 06 04 02 -i) 02 04 06 08 1

Jy
OAM accessed through GPDs via deeply virtual Compton scattering
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HYPERFINE

The 21 c¢m line 1n hydrogen (ground-state
hyperfine splitting) has been measured to 13
digits of accuracy. Theoretical calculations
are limited to parts per million because of the
nuclear physics that depends on g; and g».
Recent data improves this calculation.
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Carlson, Nazaryan, Griffioen, PRA78(08)022517
Enrs(e”p) = 1.4204057517667(9)GHz = (1+Agpp+AL+Ag)EY

Unperturbed R4 i '\ AS h AZ i Ap ol 5IZad . 3T [ In 77:2 o 4—J¢12101]
\\ EAE ZemaCh AZ — Zayn < > (1 +Ol‘ld)
"\ Single ; 2N, — A [ dQ {(W (Q? )( u(Q ) 1}
= —38.62 (16) ppm Az — —41.0(5) ppm
pnl = 2 38(58) ppm
2 Apol = 511007 (A1 + Ag) = (0.2264798 ppm)(A; + As)

By = /O " de B (x, Q7).

dQ2 5 Smf, 9
Ay = Z/O Q2 {Fz (Q ) Q2 Bl(Q )} — 885(278) By :/wth d:v52(7')92(337Q2),
0

Ao = —24m? / —BzQ)- =-0.57(57)
_ §<—3T+2T2+2(2—7) T(T“))

Apol = 188(64) ppm from CLAS‘ By(7) = 1427 —2/r(r+ 1),

21 September 2009 QNPO09 Beijing

56



l H\\Fq The College of
&2 WILLIAM & MARY

COMMENSURATE
SCALING

The QCD 1s scale-independent BOTH at high
Q? and low Q2 By defining an effective
coupling constant consistent with the form
from NLO pQCD, the relationship of these
constants can be calculated.
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Brodsky, Lu, PRD51(95)3652; Deur, PLB650(07)244

Effective og vs. Q2

3.5 T . L
EGI1 data —e— ep( 2y _ en(n 2] — 1|94l [, _ ag,(Q)]
sl E155 data 4 || 4o loir@ @) ~ o @, %) = 5| % [1 x
NLO fromZ :-&- 0
5| fit RQ) =3Y.Q% [1+°‘——-R( )]
- ap(Q) in terms of ay, (Q). f ™
7 - -5 2
= - ar(Q) _ 25 (Q%) | 3 ag, (@)
"o = om o tgCr (T)
5 1 5 2
. C 11 1 dabcdabc (ZIQI) am(Q‘") 3
Ul + ﬁ Pt (144_64") CrN 5, Q2 ( - )
11 11 ay, (Q)
55 | n(@/Q) =~} + 2+ (~ 3 - Sea+23+ 37 ) (Foa- 37) 222,
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CONCLUSIONS

Although much 1s known, there 1s still much
to be learned about nucleon spin that will keep
us busy for at least another decade.
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* What's still missing:
— high x: A,pd for polarized PDFs (CLAS12)

— g,P (transverse target); SANE (Hall C) covers Q?2>1 GeV?;
nobody’s measuring Q2<1 GeV?
— low Q? evolution of g4 (EG4)

— gluon spin: evolution for 1< Q2<10 (CLAS12); direct
measurements?

— orbital angular momentum (GPD experiments)
 What's gained:
— understanding three regions
« Q2 near 0 (xPT)

* Q2 from 0.1-10 GeV? (TMC, higher twists, resonances, the transition)
* Q2 near infinity (pQCD)
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