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1 Objectives

Spin Study Goals:

e Understand chiral symmetry breaking
and helicity non-conservation
on the hadronic level.

e Determine nucleon structure
and long range dynamics.

e Study nucleon spin structure

e Constituent spin interactions

First two: long-range (NPQCD)
Last two: short-interaction (PQCD)
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Valence Quark Model

Define valence quark spin-dilution factor, cos©y:
Au, = cosB4(u, — d,,)
Ad, = cosed(-———d,,)
cos®4 =1+ R(Qz)a:G(:c Q]!

Unpolarized distributions from deep-melastlc data

(Q* = 4.0 Gev?):

h GluCk, Rey_a and Vogt:
Martin, Roberts and Sterling:

BSR used to determine R:
fo = (Aw,) + (Ad,) = 1.00 — 0.26 = 0.74

Holttn = HAplRe) = ~1.49 4+ 0.03
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B. Conventions

1. Broken SU(3) Sea
Au=Aw,=Ad=Ad,=(1+e)Ax=(1 +6)A3

~s anomaly: (p | #r"1s¢ | P)
For each quark flavor:

Ags = Ag. — 227 ® AG

Refs: Efremov and Teryaev; Altarelli and Ross
Carlitz, Collins and Mueller; Berger and Qiu

4 is convention dependent
physical observables are related to Ags
Ag. do not evolve with Q)

2
s(ad) - (ad) = 224D ag@y =1

2. Gluon Mod*.
(a) AG(z, @) = 2G(z, Q?)
(b) AG(z,Q*) =0



C. Sum Rule Constraints

BSR. Ao f:“‘ [o¥n-qiw]= 3% (A-d5™)

A; = ([Au, — Ady)) = 1.258 + 0.004

Hyperon data
Ag = ([Au+ Ad — 2As)) = f, +4e(As) = 0.58 +0.02
Anomaly Independent Relation:
Ay = ([Au+ Ad + As)) = 0(1-a™) " ()~ 45—, As
As, As: Anbma.ly terms cancel
Ay=(Aq)yy T=fo+fi —T
where f, (f,) is the fraction of spin carried

by the valence (sea) quarks and
(Ag),,; is the spin carried by all quarks.
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0 = 50— a8 o+ Wag + Miar, 4 a0)+ Miad, + ad+ Las 4 a0

. (%) + 3&33(%"-)’ + 20.2153(3‘;)' + 130(%)‘,

P= [ depe =[5+ 54 ](1 o),
I‘E/:yi‘(z)dz— T—'—"-+"+'.] 1-af™),

I*= (1~ Ju0) [ dle)de = [ —] (1- a"'")(l--”n’-




Key Elements:

1.

2.

Separate sea and valence

Ihclude anomaly term in Agq

. Separate strange sea (mass effect, €)
. Include higher order QCD corr..
. Separate analysis for each exp.

. Different Gluon Models
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Phenomenological Approach

BSR: - Ip = (1 —5™) ——— Of
Ag=9(1 ) 1R — 3= ——— 4
(Adhe = A0 4T — = — (Ad)u

Ay Ag=6(As)—T ——— (As)

(AS) = Ao~ (Ag), +T — —— (AS)
(AS) = (6 +4¢) (As) ——— €
(AS) = 4(Bu)_+2(As) — - (Bu),

1 =1(Aq)y +{AG) + L, ——— L,

Deuteron: H—If/(l—%wp) =8(1-0{"") ——— If

\JJI"
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Experimental Parameters for the Integrated Structure

Quantity
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. Integrated polarized distributions by flavor AG = zG

AERMEY) uantity SMC(I?y SMC(I1%)
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Quantity

< AU >4
< As >
< Augop >
< Ad,,, >
< Asyy >
T = Td
s

€

r
[P

< Aq >tot
L,

SMC(IF) SMC(I?)

~.087
—.047
.83
—.44
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—2.7
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—.042
.84

—.08
-2.6
—2.5
0.96
0.00
131
0.33
0.35
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Progress Since EMC:
1. Exp: Lower Error bars
Probe small-x
P, I I
9. Th: HOC, New Pol. Models

3. Total Quark Contributions
Oorl: ;to3 |

4. Size of Gluon and Anomaly Term
0 to 6: 0 to % (0 t0 0.1 anom)



5. Range of Strange Sea Size
0 to -0.25: 0 to —0.12

6. Orbital component L,
0 to -6: +0.4 to -0.2

7. Aq = :i:q .(17 # 1)

8. BSR in tact (If)
P  =0.133 + 0.004

avg

9. Differences in Exps.



Models of the Flavor Dependence of the Polarized Sea

Model Ay = A Do
HJL(EMC) ~0.27 +0.00
VDM(Theory) ~0.09 —0.01
GR(I™) —0.10 -0.02
CR(I™) 01z -0.03
GR(E143 1) —0.14 —0.06
GR(I?) | —0.15 ~0.07
GR(SMC I¢) —0.18 —0.10
EK(SMC/E142) -0.17 —0.10
CR(I*) -0.20 | -0.11
CR(I?) —0.21 ~0.12
QRRS(EMC) - —-0.24 -0.15

BEK(EMC) —0.26 | ~0.23



Physics Conclusions:

1. Total Quark Contributions

2. Slgmﬁcance of Anomaly Term
3. Different Strange Sea Models

4. Orbital component L,

5. SU(3) Breaking of Sea

6. Aq .—_'-zq Relation (n = Agq/q)
7. BSR in tact (I7)

8. Results Compared/Contrasted



5 Deep Inelastic ep Scattering
5.1 Leading Twist Observables

Nucleon Spin structure:
EMC (CERN)- naive quark model wrong

SLAC/CERN data- revised spin models

Q%>2-10 GeV?2 and z ~ 0.003 - 0.7

Gives distributions Ag;(z, Q?)

Ref: hep-ph/9512250- Phoys,Rev. DS, 2 ¢4 (17)

Unanswered questions regarding:

(1) detailed spin structure of the nucleons,

(2) spin carried strange sea and gluons

(3) relations between polarized and
unpolarized structure functions

(4) quark distribution factorization

(5) role of gluon anomaly
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Extrapolation of g;(z) to z — 0:

(1) small z provides insight into
PQCD/NPQCD interface
(2) Regge model with intercept aq,(0) ~0
(3) data imply ¢;(z) may increase- small z
(4) PQCD evolution gives g;(z) ~ exp/In1/z
(5) Regge w/ two-gluon Pomeron: g ~ Inz/z
(6) extrapolation to z = 0 is important for
proton structure at small z.

Measure g} for z ~ 104~ 10> at HERA
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Experimental Program

. Deep inelastic scattering to small-z:
DESY, SLAC CERN

. Polarized Drell-Yan: AS
RHIC/PHENIX

. pp hadronic jets: Ad)?, AG
RHIC/STAR

. Direct 4 production at large pr: AG
RHIC/PHENIX

. Inclusive m, K production: AG, L,
RHIC/PHENIX, DESY, UNK

. Open Charm/heavy quark production: AG
DESY, SLAC, RHIC, CERN

. W* production: Au,, Ad,
SLAC, CERN

. Elastic pp: NPQCD effects, p Wave function
DESY, UNK |
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Conclusions

1. We can fit data well using many models

2. Important differences at small z

3. Disagreements on size of strange sea and gluons

4. Further experiments necessary:
a. DIS at smaller z, and Q*
b. Jet, heavy Q, meson production

c. Drell-Yan (lepton pair production)
d. cc, - NS ”.Mun
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