First Workshop on Quark-Hadron Duality and the Transition to pQCD

Spin Structure of the Nucleon and Aspects of Duality

Zein-Eddine Meziani
Temple University

Frascati, June 06, 2005

© Moments of spin structure functions and sum rules
© Size of higher twists and duality
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Aspects of duality

Duality in spin structure functions?
Local versus Global

© Moments of spin structure functions

- First Moments:
& Dispersive Sum rules (Gerasimov-Drell-Hearn,
Bjorken, Ellis-Jaffe Burkhardt-Cottingham)
= Higher moments:
<& Spin polarizabilities
<& Color polarizabilities

© @2 evolution is important to investigate aspects of
duality in the response

- Low Q? low W spectrum (resonances) dominate
response

- High Q?, high W (DIS) dominate the response.

- Within OPE size of higher twists as a measure of
how well duality is working
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Moments of spin structure functions
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Dispersive sum rules

Forward Virtual Compton Scattering Amplitudes

S1(1,Q%),  S2(v, Q)
The spin structure functions ¢ 5 (v. 0)?) are
proportional to the virtual Compton amplitudes:

5 . OUnitarity relates forward
ImS;(v, Q%) = 27G;(v, Q)

scattering amplitudes to
+ 4 +1 0 physical cross sections

172 - " 172 - .
Dispersion Relations ©At low energy S,,, can be

N Gy (. O) evaluated using:
S1(v,Q*) =4 / L (a) —Low-energy theorem
Q2/2M  V'* — 2 . .
=Chiral perturbation
2y > VG (V, Q%) theor
So(v, Q%) =4 02on 92 12 dv (b) Y
(a) leads to the extended GDH sum rule valid at all Q2
(b) leads to the Burkhardt-Cottingham sum rule.
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Dispersive Sum rules; Useful for What?

© Check basic assumptions going into the derivation of the
sum rule

= Causality and analyticity
= Low energy effective theory
- Asymptotic behavior of the amplitudes

© A way to understand the physical content of low energy
constants

© Use of the sum rule to determine the low-energy scattering
amplitude
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Tools (Hall A)

Polarized beam Hall A polarized 3He target
Energy: 0.86-5.1 GeV Pressure ~ 10 atm
Polarization: > 70% Polarization average: 35%
Average Current: 5 to 15 pA Length: 40 cm with 100 pym thickness

Highest polarized luminosity~ 103¢cm-2s-!

Hall A polarized 3He target
Electron beam /
> Spectrometers

© Measurement of helicity dependent 3He cross sections in the
quasielastic and resonance regions

© Extract g, and g, spin structure functions of 3He
© Extract moments of spin structure functions of 3He and Neutron
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Tools (Hall B)

Electron Beam Polarized NH3 &ND3 CEBAF

Electromagnetic 75°/o (NH3) or 30°/o (ND3) Large
Calorimeters Acceptance

Longitudial polarization only  Spectrometer

— Cerenkov

Counters —— Acceptance ~2.51t

Chambers

METERS Time of Flight /{1/
) 32 3 $ 6 7 8 910 . s .
'EL_E_E_EL‘E& Scintillators —

* Large kinematical coverage

“detection of charged and
neutral particles

‘Multiparticle final state
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GDH Sum Rule

onh the Proton (MAMI+ELSA)

v | Igpy (ub) / D os/0(w) — o1 p()] = =00,
(MeV) Vin V M
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PRL 87 (2001) 200-800 226+5+12 Total cross sections on the proton
022003
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ELSA 2 T v  GDH atELSA 1.0 GeV
PRL 91 (2003) ‘—"\‘ BOO ] di e GDH at ELSA 1.4 GeV |}
192001 680-1820 | 49.9+2.4+2.2 g L Y GDHatELSA 1.9 GeV
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- 3 ELSA data: H. Dutz et al., Phys. Rev. Lett 91 (2003) 192001
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To be compared to 205 (mb)
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Sum rules at finite Q?

Ji and Osborne, Phys. Lett. B472, 1 (2000)

S1v=0,Q%) =4 / L 61,02

Q2/2M

A mixed region
important to our understanding of 5

2 4 6 the nucleon structure ur(Q<)
Q% + Q" + 0(Q°) >

T=24,... QT2

K2

- 8M?2

GDH sum rule and Chiral Perturbation
(low resolution and long time exposure picture
of the nucleon)

OPE and Bjorken sum rule
(High resolution and short time
Exposure picture of the nucleon

T

June 6, 2005 L.N. di Frascati, Italy




g; and g, extracted at constant Q?
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Neutron and 3He
Neutron 3He
— @ E94010
——— J1et al.
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Proton
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Burkhardt-Cottingham Sum Rule (1965-1966)

1
PAQ) = [ ol @) d =0
0

O, Dispersion relation for a spin-flip Compton amplitude
= Causality
- Analyticity
= Absence of a J=0 pole with non polynomial residue
(O Doesn't follow from Operator Product Expansion and is valid at all Q2

@Many scenarios of g,'s low x behavior which would invalidate the sum rule
are discussed in the literature.
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E94-010 B-C sum rule; results

Neutron
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M. Amarian et al., Phys. Rev. Lett. 92, 022301 (2004)
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Moments of Structure Functions

1 ¢
F1(Q2)=/091(907Q2)d:6: gy + ML Mo

Q> Q!
leading twist higher twist
P A2 1 1 1 |
ey (@) = (* EQA + %aé%) + §AZ + pQCD corrections

gi= 1.257 and ag = 0.579 are the triplet and octet axial charge, respectively
AY. = singlet axial charge

grn = Au— Ad
as Au + Ad — 2As
AY, = Au+ Ad+ As

pQCD radiative corrections
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Study of Higher Twists

@) =3 [0 @) +40.(Q7) + 47:(QP)

Twist -2 Twist-3 Twist -4
(TMC)

where ay, d2 and /> are higher moments of g, and g,

e9. d(Q") = [ #*20i(2, Q%) +30.(2, Q") = [ 2 ol Q)

m(Q) = [ +9(z,Q") du

*To extract f,, d, needs to be determined first.

*Both d,and £, are required to determine the color polarizabilities
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Twist-4 Matrix element £,
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Adding 1/Q¢%term gives the same f, and y,
with 1, =(0.00 £0.03)M?

If one performs a one parameter fit down to
Q?=0.5GeV?; f,=-0.014+0.010

If one performs a one parameter fit for
Q?2>1GeV? ; [,=0.012+0.029

Z.-E. M, W. Melnitchouk et al., Phys. Lett. B613,148
(2()()5y.me 6, 2005 L.N. di Frascat
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Proton Analysis

World data + _ +0.037
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Bjorken Sum Q2 evolution and higher twists
0.0 egla + E94-010 data
& L A Neutron from 3He A. Deur et al. PRL 93, 212001 (2004)
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© Good quantity to test Chiral P. T. at low Q? f,=-0.18+0.10" |
= Little or no contribution from the Delta L4/ M2=-0.06+0.02
- A well defined sum rule at large Q2 e/ M*=0.09+0.03
_ _ Impl
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Color polarizabilities

How does the gluon field respond when
a nucleon is polarized ?

Define color magnetic and electric polarizabilities (in nucleon rest frame):

Xy, 2M2S = (PS|Opp|PS)
where 63 = nggw
O = ' x gBy

dy = (Xg +2X5)/8
fo=(Xg - XB)/2

dy and f, represent the response of the color B & E fields
to the nucleon polarization

June 6, 2005 L.N. di Frascati, Italy
20




Scale dependence of d,
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Adding the elastic contribution
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Generalized Spin Polarizabilities of the Neutron
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Spin polarizabilities at low Q?2
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Q? evolution of the Spin Polarizabilities
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Conclusion

The determination of I'; below Q? of 1 GeV, dominated by the resonance
contributions, is important to gauge the size higher twists and to extract the
twist-4 matrix element 2.

Higher twists are overall small which might indicate that "global duality” holds

The Burkhardt-Cottingham sum rule seems verified in 3He and the neutron
within errors for Q 2< 1 GeV?; a region dominated by the elastic and Delta
resonance contributions which approximately cancel each other.

Neutron d," resonance contribution is small but finite. d," is dominated by the
elastic contribution below 1 GeV?

Precision measurements of g, and g, in the range 1 < Q? < 4 GeV? are needed
for reducing the error on the extraction of the color polarizabilities. This
needs to be pursued at JLab 11 GeV.

More investigation is needed to understand the discrepancy between chiral
perturbation calculations and the data for the spin polarizabilities §, - at low

QZ
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