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Inclusive Cross Sections

# Unpolarized cross sections
2 1 2
2590 = OMott [ 12 (2, Q) + F Fi(x, Q%) tan? §]

® Polarized cross sections

ot  dPo™h

Ao = ggraa — apaa = X [(E + E'cos0) g1 (x, Q%) — (QT) 92(5’%@2)}
2O_l:> 2O_T:> .
Ao = (cle’dQ - CcllE’dQ = KE'sin [91(%@2) + %92(% QQ)]

_ 402 E’
K = MvQ? E

1, T are for electron spin
1, = are for target spin direction
Fy, Fy, g1, go. structure functions
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Gerasimov-Drell-Hearn (GDH) Sum Rule (Q2 =0)

lgpn = f,ii — dv = —21%a(47)”

#® Circularly polarized photons incident on a longitudinally
polarized spin-; target.
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Gerasimov-Drell-Hearn (GDH) Sum Rule (Q2 =0)

]GDH — foo 2 > dv = —27'('2&(%)2

Vih

® 01 (0%) photoabsorption cross section with photon helicity
parallel (anti-parallel) to the target spin.

Wﬁ%@ﬁﬁm co oy,

S=-1/2
W@%@M\M - oy
h=+1 S=-1/2
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Gerasimov-Drell-Hearn (GDH) Sum Rule (Q2 =0)

c1(v) —o3(v)
[GDH — fuﬁ : > 2 —dy = —27'('2&(%)2
o Circularly Incident on a longitudinally

polarized spin-; target.

® 01 (a%) photoabsorption cross section with photon helicity
parallel (anti-parallel) to the target spin.

® The sum rule is related to the target’'s mass M and
anomalous part of the magnetic moment x.

4eff£on Lab DIS 2008 - passs



GDH Measurements

The sum rule is valid for any target with definite spin-S.

M|GeV]| | Spin k | Igpu|p D]
Proton | 0.938 : | 179 | -204.8
Neutron | 0.940 5 [-1.91| -233.2
Deuteron | 1.876 1 |-0.14 —0.65
Helium-3 | 2.809 + |-8.38| —498.0

® Proton sum rule was verified to ~ 10%, Mainz and Bonn:
J. Ahrens et al., PRL 87, (2001) 022003, H. Dutz et al., PRL 91, (2003) 192001.

® Measurements for the neutron are in progress:

H. Dutz et al., PRL 94, (2005) 162001, J. Ahrens et al., PRL 97, (2006) 202303.
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Generalized GDH Integral (Q2 > 0)

HQ) = 7% |oy(n @) = oy (r,Q%)]

01/2 — 03/2 = %\ZK{ (v, Q2) ( 2) o (v, QQ)}

#® Replace photoproduction cross sections with the
corresponding electroproduction cross sections.

#® The integral is related to the Compton scattering
amplitudes: and

(Q2 — Q2 fo (z Qz L = Q2F (Qz)

X.-D. Ji and J. Osborne, J. Phys. G27, 127 (2001)

At Q? = 0, the GDH sum rule is recovered.
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First moment of g; and ¢g»

[y = fol gl(:c,Q2)da?
[y = fol go(x, Q?)dx

® T is closely related to generalized GDH integral as * — 0.

® ¢, is suppressed at very low Q2.

Bjorken Sum Rule (Q? — o)

® ¢, Is the nucleon axial charge.
® The sum rule has been confirmed to 10%.

p n __ gA
Fl_rl— 6

J.D. Bjorken, Phys. Rev. 148, 1467 (1966)
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Importance of the Generalized GDH Sum Rule

YPT Lattice QCD pQCD
— —
Q2 =0 QQ — 00
Hadronic Partonic

® Constrained at the two ends of the Q? spectrum by known sum
rules.

#® S, and S, are calculable at any Q~.

® Compare theoretical predictions to experimental
measurements over the entire Q? range.

® Provides a bridge from the non-perturbative region to the
perturbative region of QCD.
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Hall A GDH Results

Neutron Helium-3
50 ‘ ‘ ‘ ‘ ‘ : ———— 2500
; 2§
0 2000 ®  ’He(Daa)
B °He(Daa+DIS)
50 | 7 —  MAID+QSE.(IA)
1500 + ¥  GDHsumRule
= & Hermes (DIS) ]
5 -100 >k GDH Sum Rule
= B Resonance =) 1000
g 150 ®m  Resonance+DIS =
Q (@4
IS -~ Bernarcetal. (VM+4) = 500
E -200 - —— Bernardet al.(xPT)
o L Jietal. 1
—— MAID (Resonance) 1 0 -
-508%
0.4 06 05 o« ~10005 0.2 0.4 0.6 0.8 1
Q% (GeV?) Q’ (GeV)
M. Amarian et al.,, PRL 89, (2002) 242301 K. Slifer et al., arXiv:0803.2267
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Experiment E97-110

Precise measurement of generalized GDH integral at low Q2, 0.02 to 0.3 GeV?

Q° (GeV?)

Ran in spring and summer 2003

Inclusive experiment: 3ﬁe(€,e’)x

= Scattering angles of 6° and 9° o1

=- Polarized electron beam: :
65% < Ppeam < 78%

= Pol. He target (para & perp):
(Prarg) = 40% 0.01]

Measured polarized cross-

section differences 0o o5 j A 15 2 25
threshold

Spokespersons: J.P. Chen, A. Deur, and F. Garibaldi
Students: J. Singh, V. Sulkosky, and J. Yuan
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Experimental Setup

Hall A Floor Plan

P'on“‘x
Left HRS Rej:ectors‘a_

(Pb glass)
Cerenkov ‘

3
e_ HE
— # Pol.3He

Scintillators  To Beam

’; Dump
Compton . Mo{er cres ower:
Polarimeter - Polarimeter
| “at 6° or 9°
Laser Hut (Sg‘nggg)-"
Right HRS |
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He as an Effective Polarized Neutron Target

S state D state S’ state
(~88.2%) (~9.8%) (~1.4%)

P, =86% and P, =-2.8%
J.L. Friar et al.,, PRC 42, (1990) 2310

Extraction of Neutron Results

Q) = £ [T17(Q%) - 2B,TH(Q?)

C. Ciofi degli Atti & S. Scopetta, PLB 404, (1997) 223
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Polarized °He System

# Both longitudinal and transverse configurations.
#® Two independent polarimetries: NMR and

. Four
Polarizing 30 W
Optics _ 5 Diode

PN Lasers
X || Tuned
gl | to
795 nm
4 Diode
S . ——Collimating Le =
O O
o) o
D ©
LL [
g) X (@)
S G G B =
2 Pick-up Coils E’
<< —
RF-Drive Coil
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‘He Spin Structure Functions
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The GDH Integrand: ot

2.845 GeV, 6 3.319 GeV, &

1.2 ‘ f

L] Preliminar o
3 05 y Preliminary

0.5+

ub Mev?

11000 1200 1400 1600 1800 2000 2200 2400 2600

=4
1000 1200 1400 1600 1800 2000 2200 2400 2600
W (MeV)

W (MeV)

Q% = [ 29Iy 207t = 015V, Q) — 032 (v, Q?)

OTT = %\7}2[? {91(% Q%) — (8—22) g2(v, QQ)}
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[} First Moment of g,

=+ 0.08
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BC Sum Rule

1.
9 -

[

DIS 2008 -p.16/33
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Expected Neutron Results

Q? squared four-momentum transfer (GeV/c)”

0.2 0.4

0.2

|7, Extended GDH Integral (normalized to sum rule)
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Summary and Conclusion

Generalized GDH:

® The GDH integral is an important tool that can be used to study
nucleon spin structure over the full Q? range.

® E97-110 provides precision data for the generalized GDH integral at
low Q?, 0.02 to 0.3 GeV?

® Preliminary results of the *He structure functions and the neutron
moments are available.

°

Work on systematics are in progress.

°

Expect final neutron results in a few months.

°

These data allow us to check yPT at very low Q2.
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Extra Slides
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Analysis Procedure

. 2pN
AcoBRISAY Elly 5 sy Ndiion 0y = g—oeitign x Ace, — P20,
l inc e 2
@ -
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) Corrections
)
g1, g2
Data Ao, |
GDH
—

—

) )

+
N A,
] AraW ]
N~ A
——/ ——/
PID and Charge & Pt, Pb and Nt N~
Acceptance cuts Deadtime N, dilution A ot Q—rLT-
[PEE—
Y

fNQPtngeam QN+ + N—

Jeff;?son Lab DIS 2008 - p.21s3
o



Kinematic Coverage and Interpolation

102l ° Second PerioEd

—— 2 Body Breakup

—ConstantQ
IIII|IIII|IIII|IIII!IIII!II

500 1000 1500 2000 2500
W [GeV]

Six evenly spaced points 0.04-0.24 GeV? with steps of 0.04 GeV?2.
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Constant Q2 Interpolation and Integral Extraction

Procedure:

® First interpolate to constant W for each energy.
Second interpolation with respect to 2.

Integrals formed from W = 1073 GeV to 2000 GeV.
We could use our own data above W = 2000 GeV.

DIS contribution included up to W = /1000 using Thomas and
Bianchi parameterization.

© o o o

°

Neutron extraction performed using calculation from Scopetta and
Ciofi degli Atti paper for Q? >= 0.1 GeV?.

® ()% < 0.1 GeV? use effective polarization technique
(difference ~ 5-10%).
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Systematic Uncertainties

Source Systematic Uncertainty

Angle 6° g° 3.775 GeV, 9°
Target density 2.0%
Acceptance/Effects 5.0% 5.0% 15.0%
VDC efficiency 3.0% 2.5% 2.5%
Charge 1.0%

PID Detector and Cut effs. < 1.0%

IO raw 6.4% 6.2% 15.5%
Nitrogen dilution 0.2-0.5%

d0exp 6.5% 6.3% 15.5%
Beam Polarization 3.5%

Target Polarization 7.5%

Radiative Corrections 5-10% in A region

Total on Ao 11.6-14.5% 11.5-14.4% 18.3-20.2%

.geffgon Lab
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Spin Polarizabilities

2 2 2
v =g fy @ (91 —~ %3?292) dx

2 2
OLT = —ﬁé‘g o a? (g1 + g2) dw

I S~
S \ e
~ \
=<
8 \\
- /
[ | /
0 \\ —T ;)p“p P /
ve \\ \\ B a M A)/,
e ~

M. Amarian etal., PRL 93, 152301 (2004)
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Inclusive Electron Scattering

Energy transfer:

/
v=F—F
To detectors
4-momentum transfer squared: _ e =(E, k)
- o : %
g=k—FK

Q? = —¢? = AEE sin?

N|D

Invariant Mass:
W2 = M?*+2Mv — Q?

Bjorken variable:

@
x_QMV
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Chiral Symmetry

Lqop = — 352G, G6” + @iy Dug — GMq
Lqocp = Lo+ Ly
# Consider the limit where the light quark masses vanish.

# For massless fermions, chirality (handedness) is
identical to a particle’s helicity.

# Extra symmetry to the Lagrangian and obtain left and
right handed quark fields.

qr.r = 5(L Fs5)q,
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GDH Derivation

Based on fundamental physical arguments

# Lorentz and gauge invariance: low energy theorem,
Phys. Rev. 96, 1428 (1954).

Unitarity of the S-matrix: optical theorem.

# Causality: dispersion relations for forward compton
scattering.

°
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He Elastic Asymmetry

Monte Carlo prediction: 1.390% 2| ~_ Monte Carlo
Preliminary data analysis: }*H} Hﬁ
(1.403 + 0.044)% (stat. only) 1r : | +

X2/Ndof = 1.08.

Four target and beam

Beam1 Beamlé Beam| Beam 1
~ TargetO | Target(; Targetd | Target[

Asymmetry (%)
o

configurations 7 .

For seven out of the twelve 1r } : :

beam energies, elastic data | H* ﬁ}h
were acquired. 205 10 15 2

run number (arb.)
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Cross Section Differences
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Cross Section Differences
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The GDH Integrand: ot
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The GDH Integrand: ot
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Preliminary Target Polarization
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Spin Exchange Optical Pumping

Collisional Mixing

5P% mjy — —% = +%
Rb 3He
Nonradiative
Quenching .
D, Light . % ‘
(2 (A
£ 2
58, @ ® m,-—-! 20700 m; = +, Rb
Spin Relaxation
SHe nucleus is polarized via with

Rb atoms.
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