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* Long-standing program
in Hall-B at JLab to
measure longitudinal
double spin asymmetries
A, on NH; and >ND;

« EG1:0.05<Q?<3.5 GeV?
— data (2001); anal (2007)

« EG4: 0.01<Q?%<1 GeV?
— data (2006); anal (2008)

« EG12: 0.5<Q?%<7 GeV?
— data (2012?); anal (2014)
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Acceptance
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DC: Drift Chamber

CC: Cerenkov Counter
SC: Scintillation Counter
EC: Electromagnetic Calorimeter
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i South LINAC

\ Beam Switchyard
Separator

* Electron beams up to 5.7 GeV with >80% longitudinal
polarization

« Beam currents of 1-50 nA in Hall B
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« Dynamic nuclear polarization of NH; and ND,
» Polarizations of 70-80% for p and 20-30% for d
« Luminosity 103° cm-2s-"

17 April 2007 DIS2007 4



L

&7 WILLIAM & MARY Formalism

{ The College of

T T
_CTH_(TTT 017 032
A= T gt R g
127 03
Ay=D(A;+ nA,) _ g1(x,0%)— ¥y’ g,(x,07)
Fl(-xan)

We can extract A, using
a model for A, (small), or g, 2017
using a model for g, (small) Ay=

T T
Oipt O3

We can extract A, and A, . ’)’[81(17,Q2) +82(X,Q2)]
from A at multiple values - Fl(x,Qz)
Ofn(Ebeam)
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Kinematics

EG1 EG4

—— Inelastic threshold
W = 2.0 boundary

1.6 GeV

m 2.5GeV
B 42GeV
m 56 GeV
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CLAS EGI and EG4
Hall A E94-010
Hall A E97-110
Hall A E97-113
Hall A E99-117
Hall A EQI-012

0 01 02 03 04 05 06 07 08 09 1
X

 Overlapping colors correspond to different beam energies
« CLAS measures a large range in x at each fixed Q2
- Different E_,,, for fixed (x,Q?) allows separation of A; & A,
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« Atlow Q? the A resonance drives g, negative
« Extensive x-range at fixed Q< allows integration over x
* Red curve is the EG1 model used for radiative corrections
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g,p
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At higher Q?, g, becomes positive everywhere
- g,/F, falls far below the DIS extrapolation at low Q?
* Red curve is the EG1 model (dashed: DIS extrapolation)
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PDFs and CLAS

« 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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A” = D(Al + ?7142)

. e/@Q/E _1-eB/E 10.

o e 50 « Analysis is in progress

1 2.0 .

o . & 10 to obtain both A, and

= 2 05 A, from the EG1 data

S 02 * Intercept gives A,

ark [ 01 * Slope gives A,

A5 L 12 0.05 o A2 IS |arger than EG1
e | ot e 2The 0 model (MAID, AO) as s
Hall C RSS experiment
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A, Data from EG1

1.4

1.2

0.8

0.6

0.4

02 [

-0.2

17 April 2007

Tsqur, PRD 59, 034013 (2003)

02 |

) -
[~ [ ] HF perturbed QM ] 14
-—-  World Data parm Q= 10 GeV> W > 2 : Q 2 > 1 L
I ———  Symmetric Q Wave function ] 8 1.2
—--  Helicity 3/2 suppression g
----- Spin 3/2 suppression |
- ® CLAS-EG1bQ?=1.0-4.52 GeV> 12
A SMC B d
| O SLAC-EI43 en 0.8
g O SLAC-EISS JUEaRDE
i 0 HERMES e 06
[ ./.Z{::.’ < [
- y ¢,. ]
48
y Proton :
3 o 0
-0.2
- = NN B
Ll | ‘ I — ‘ | —— ‘ Ll ‘ I — ‘ | —— ‘ I — ‘ | —— ‘ | —— ‘ | ——
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Xb-
)
DIS2007

Close and Melnitchouk, PRC
68, 035210 (2003)

HF perturbed QM

World Data parm Q2 =10 GeV*

World Data Parm + d WF Q= 4.2 GeV?
Symmetric Q Wave function suppression

Helicity 3/2 suppression
~~~~~ Spin 3/2 suppression
CLAS-EG1b Q*= 1.0 - 4.52 GeV”
SMC

[ ]
A
O SLAC-EI143
O
o

SLAC - E155 g
HERMES

Deuteron

UMY

0.1 02 03 04 05 06 07 08 09 1

ij

11



J. { The College of

WILLIAM &*MARY Duality

Proton Deuteron
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Higher Twist from g,
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LSS06 (CLAS06 included) -
® LSS/CLASI12 projected ]
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Fl(fﬂ, Qz)exp = g1 (5'3: Q2 exp — 91 (339 Qz)LT + h¥! (m)/Qz

1<Q?<5GeV?, 2<W <3.5GeV

1 4 )
/ dxh9 (z) = §M (d2 + f2)
0

F, from NMC fit to F, and 1998 SLAC fit to R
*g, (leading twist) from NLO fit at high Q?
h from fit to all data, especially CLAS in
the pre-asymptotic region
°d,: twist-3, f,: twist-4

DIS2007 13



| The College of

) WILLIAM & MARY

_“4

+ ...

[ Y Burkert
®  This work -loffe
0.2+ & Jlab Hall A7/Hall B 1
. w CLAS FGla
- W HERMES
is M El43 ‘
Jietal TA0%
Bernar : ¥ . Saffer-
et al il Tervaev
o \\‘ / / % Pl {2004 )
Illfl L:’ L]l /.
A
F :!;-. | :," | *
0.05 - y * o
[ o
i ’/iti::u-a
:Llﬂﬂﬂ-;q;lo;—h = (D slope
0f - %
i i i I -ll 1 i i i i i il I i i i
10" i .
Q(GeV’)

1 5 a
F(f')z x”gl(x,Q')deE, n=024.....
JO
(n) (1 . ,J 1 n
I'yV=1 x gg(x,Q')dx—E—l(d —a,), n—24,...,
JO
Bjorken Sum Rule:
p—n gA s 2_ ( )3 up—n
ry = & [1 = 358 (%) - 2021 ]+ 5
—n M? —n —n —n
it = (T A+ Af )
1
" = f dr z° (29{}_”—%393_”) 03
0 0.2

Fit T',P" to powers of

1/Q2 and extract f,Pn —24 %

17 April 2007

0.1

Q2

‘W EGIb, 3 par. §
% EGIb, 4 par. |
- JLab A/B, 3 p
- Q%,.,=0.5

2
Q min

it A Bag model

ar. fit /\ QCD Sum mle O Stein et al.
=0.6 I‘

V Instanton (2002)
it np JLab A/B, 4 par. fit || Inst. (2006)

.=0.8 =1.0

QZ
ﬂ"

'l' .

OF

-0.2

#?

3%1'@]

Theory

i

DIS2007

14



| The College of

.- .Islo!-"'
._wm'ﬁf WILLIAM & MARY

Moments T",Pd

rp(Q?) = fo 1 g (z, Q*)dx
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EHFS(E_p) — 1.4204057517667(9)GHZ — (l—I—AQED—I—A —I—AS)E}Jr

I'riplet A — d __ ar: A7 4111
Unperturbed R - A AS - AZ + Ap":'l 5‘%& 3w [2 In m? 420 }
( : .
\ 2 Zemach: Ay = 2ame(r)z(1 + %)
Singlet |
' - . L >0 d(.«_) (_'_‘f ') \ C:‘U((.«_?L) 1
<Ir >Z — rJo Q7 |V ( 27) [

Ag = —38.62(16) ppm Az = —41.0(5) ppm A, — 2.38(58) ppm

Apol = griierz (A1 + Az) = (0.2264798 ppm)(Aq + As)

ao= 5 { 2@ + (@2)}

2
AQ = —24m / @82

B :/0 ) dz B(1)g1(z, Q%)
Bs :/0 ’ dz B5(7)ga(z,Q?),

B(r) = g (—ST +2724+2(2 - T)\/m)

2 2
T =v/Q
/ Ba(T) = 1427 —2+/7(7+1),
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Comparisons between I'; = [ gidzand B, = | 7,g,dx
and between ['s = fggd;B and By = f Gogadx
PRL96,163001

®» 0~

® B>~0 0.15 }
# Experimentally,

errors on I’y are o1}

unhderstood; we
exploit this fact.

o ngfggdjz;éﬂ
at low Q.

Apol = (1.3+0.3) ppm ' . : . g
(from EG1: too small by 1 ppm’?) Q*(GeV?)

FL,E

O‘OS ) P

Nucleon structure is the largest uncertainty in calculating HFS.
Better g4, g,, Gy, Gg data at low Q? required to resolve discrepancy.
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EG4 Expectations
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EG12 Expectations
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CLAS, past, present and future, provides high-quality

A data over a large and continuous range in x and Q that

« significantly improve global PDF fits to Au, Ad, As and AG

* precisely determine higher twists

* rigorously probe duality over a wide Q2 range

« quantitatively test ¥PT calculations at low Q?

 accurately yield the polarizability correction to hydrogen
hyperfine splittings

NB The scope of this talk was limited to the inclusive measurements. A number of semi-inclusive
and exclusive measurements are also in progress using the same data sets (see J. Pierce’s talk
in this conference).
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