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Inclusive Deep Inelastic
Scattering

nucleon

e { : scattering angle
e % 4-momentum transfer squared
® v . energy transfer

. " . ’
o= E%p . Bjorken scaling variable

* Use ap{'iul +hesrcm
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E155 Spectrometers




Kinematics
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Structure Functions

Parton Distributions in QCD defined by Light-Cone Fourier
Transform of Field Operator Products
Simplest Bilinear Products require 9 functions:

2% (PS | TO)W(n) | PS) = 2 M e(x)

A . |
ERM{P‘S | 'ﬁ'fﬂ]'n;lﬁ’(lﬂ} ] Pg} = 2 [ Silz) P+ M? falx) ny

dA = .
¢ (PS | B(O)nyw(An) | PS) = 2 { gi(x) pu(S 1) + [ 9() + pale) S,

o+ M’ i) (n S} ﬂ'#]}

j' % A pg | E{ﬂ']ﬂwfﬁw('}‘“} | PS) = 2 hy(2) (Spupw = Spupu)/M
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Polarized Deep Inelastic Scattering

Detector

— R

=
- >

gtt =g : N A — 3 2
= ™ felor (2, Q) E+E cos(0)]—=-gu(x, Q )

ot — gl 2F
AL = e = oE sin(0)[g(2, Q%)+ —gu(x, Q%)

¢g; and gy are the polarized structure functions

¢ [ includes contribution from kinematics and
unpolarized structure functions

=+ A is primarily sensitive to g

~» A is more sensitive to gy

¢ Teasure AJ_ in EISSx [291 & 32.3 Gev]

« Use EISS g,cx,Qt) £t 4o
determine 92



Exact Sum Rules:

Burkhardt-Cottingham

b dz go(z) = 0

Efremov-Leader-Teryaev

b dz z (g (z) + 293 (z)] = 0

Twist-2 Sum Rules:

Wandzura and Wilezek

B da 2 P2 @) + gale)] = 0

invert to get:

WH( )

1 9'1
99 f

Structure Functions and Sum Rules
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SUM RULES

Burkardt-Cottingham

j; g2(£)d$ = ()

Proton Deuteron )
E155% -0.004 +£0.014 -0.006 =+ 0.019
E143 -0.010 =+0.025 0.023 = 0.050
E155 -0.018 +0.071 0.024 =+ 0.044
Average |-0.000 £0.012 |-0.006 & 0.017 _
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16V () +2¢Y (2) Jdz = 0

If sea quarks are equal in the proton and
neutron, then use generalization of Bjorken
sum rule:

[ ghte) + 268(2) — g}(z) — 2g3(x) Jdz = 0

Q* (GeV/e)’l E156x Ave with E143(Todd)
1 -0.0076 £0.0084
2 -0.0077 £0.0084
3
5
1

-0.0081 £0.0084 |-0.0059 =+ 0.0081

1-0.0073 £0.0084
0 -0.0075 +0.0084
% -0.0075 +0.0084 |




At CEAER At GRSEER At SSESRE P A SRS

Twist-3 Contribution to g7

Cortes, Pire and Ralston
plw) = g " (@) = [, - - ay( Zhy(y) + €W))

hiy () (Twist-2) is suppressed by m,/M
£(x) (Twist-3) contains multiparton correlations

ga(x) = g3 (x) + §a(a)
Take WW Sum Rule (J=3 Case)

[ e [5) 00) 4 o)) = 0

dy= [ doa (2 +3m] = [ doo*[ 20435 |+ 3 [ ’ade

dy = 3 [, 2%G, dz
o dy is a correction to Bjorken, Ellis-Jaffe Sum Rules

o dy~ (GrGng) = (GBig) Measure of mean color
magnetic field in direction of transverse spin.
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PREDICTIONS and DATA
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Experimental Results (Prelminary)
dﬁ = (.0036 -+ 9,%15 (m )

M. Stratmann B, Ehrnsperger and A. Schafer

X, Jt and P, Uniran M. Gickeler of al
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Summary

o E155x has measured gs(z, Q%) over the kinematic
range 0.02 < @ < 0.8 and 0.6 < Q* < 20 (GeV /c)®
for the proton and deuteron

o Ervors are ~3x smaller than previous data; Systemm-
atic errors are small compared to statistical errors

o Agreement with ¢"" Twist-2 model, Bag Model of
Stratmann et al,, Chiral Model of Weigel et al.

e Twist-3 Matrix Element d is small.

e BC and ELT Sum Rules are valid.



