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' e

O Study valence quark distribution at large x Bjorken.

d Study Q2 evolution, higher twist contributions, and ChPT limit of sum rules.
O Better understand duality.

O Learn about resonant structure of the nucleon.

d Contribute to our knowledge of AZ and AG by providing a low Q2 anchor
point for DGLAP analysis.

A In particular for deuteron: Check neutron SSFs from 3He data to asses
nuclear model dependence.



L Experimental Goals

U Measuring the double spin asymmetry for the proton and the deuteron in a
very interesting kinematic range that covers the resonance region and extends
into the DIS region: from hadronic to quark-gluon degrees of freedom.

U Calculating the virtual photon asymmetry A1 and the longitudinal spin
structure function g, as well as the moments of g;.

O Determining Q? evolution of the structure functions and their moments.
Compare to the predictions by OPE and yPT and other phenomenological
models. Two ends of the kinematic region are constrained by two very
important sum-rules: GDH sum rule at Q2 = 0 and Bjorken sum rule at high Q2.

U Extracting neutron spin structure function from the combined proton and
deuteron data.



L Lepton — Nucleon Scatter!

Kinematic:
v=E-E'
Q* =4EE Sinz(gj
2
W? =M? +2Mv - Q?

Q2
W X =
Nucleon MV

0 When an electron scatters from a nucleon, it transfers energy and momentum.

O Theoretically, the interaction occurs by the exchange of a virtual photon with
energy v = E — E’ and four-momentum Q? (virtuality).

O The interaction can be investigated in different regimes according to the
transferred energy and momentum.



L Lepton — Nucleon Scatterin

(Quasi -) Elastic Region:
The transferred energy is small (not enough energy to create inner excitations).

Resonance Region:
Excited states inside the nucleon (resonances) will be created when the
transferred energy is large enough. The mass of a resonance state can be

found by W2 = (p + )2

DIS Region:
At high energies, the virtual photon can interact with individual partons inside
the nucleon. The nucleon breaks apart into pieces and new hadronic states are

created.

TIX,

Q2 increnses >




L Lepton — Nucleon Scattering

0.4 « W=2GeV

FZ(V’QZ) i
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¥\ /irtual Photon Asymmetries

In the scaling region at large Q
particles), quarks may be considered almost free
polarized virtual photon interacts with the individ

2 (kinematic region where you begin to see individual quarks as point
(by the asymptotic freedom..), so the transversely
ual quarks, which are also polarized the same

2 are the spins of the possible final states

or opposite to the proton’s spin. The 1/2 or the 3/

.
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X Double polarized inclusive

Nucleon

Kinematic:
v=E-FE
Q2 — 4EE S|n2 g SeleCted
2 kinematical
W2 =M? +2My - Q? variables
2

X = Q

2Mv

Cross section can be expressed in terms of the virtual photon asymmetries A; and A,

do
dE'dQ
do (T ) do (
— dE'dQ dE d_Q =D +
An d|0 (Tl )+ (Atl. ﬂAZ)
dE'dQ dE’ dQ

= FVIJT +&0, + PeF{( 1-£°A,0, cosO +./2e(1- £) A0 sin@)]

" 1-EfIE
1+&eR

-

 E-FE¢

o
where R=—%t
O+




: Detector

Electron
Beam

Polarized
Target

N TT(l)(H’ El)

CLAS
Detector

We need to collect
huge number of events
to get precision results.

Use azimuthal symmetry

Collect data for different
kinematics.



X Asymmetry Analysis

raw asymmetry from normalized counts

N*/Q*-N"/Q"
TONTIQT+NT/Q

double spin asymmetry

—_— raw

back RC
~c \ Fp P, P,

virtual photon asymmetry

-
v e e
— - . '
— —_—— - —_—
- | e
- =
- - - -
. -
. -
. 1 .
- = B aww
. - - - .
. . —
- -
. - - - -
= . - .
. - . -

.
...

U spin structure function

gl(X,Q2)=@<,Q2) (X,Q2)+9‘<,Q2)

model model



L 12 Different Configurations for Input
Beam Energy (MeV) and Magnetic Field
(+ or — torus current):

1606+ 1606- 1723- 2286+
2561+ 2561- 4238+ 4238-
5615- 5725+ 5725- 5743-

QO 5 Different Targets:
NH3, ND3, C12, N15 and Empty

U 23 billion events

1.6 and 5.7 GeV data has been analyzed
before and results were published.

Now also analyzed the full data with
addition of 2.5 and 4.2 GeV data.

0.05<Q?%2<5.0GeV?in 39 bins

W < 3.0 GeV in 10 MeV 300 hins



Jefferson Lab

Continuous Electron Beam Accelerator Facility

0.4-GeV Linac i

(20 Cryomodules) e
Gwyn Williams 45-MeV Injector

holding a 5-cell cavity. (2 I/4 Cryomodules)

:’“iiﬂ:::.;:f" \'::1-. e
":—E ’ . Extraction ™ .
k| e Elements

End <& ~_ .
)

Stations
= Each Cryomodule is made by 8 SRF cavities
» Polarized electrons from gallium arsenide (GaAs) cathode
» Energies from 800 MeV up to 5.8 GeV
= Typical beam polarization ~ 80%
» Beam is delivered to three experimental halls in consecutive bunches.




CLAS Detector
CEBAF Large Acceptance Spectrometer

100 cm
—

Investigation of quark-gluon structure of the nucleon
Detailed study of spectrum of excited states
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Torodial magnetic field 0.5 to 2 Tesla.

It can be configured for
inbending or outbending
operations.
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L CLAS Detector

a

a

a

Electrons are detected as a coincidence
in the Electromagnetic Calorimeter and
the Cherenkov Counter

Electron momentum is reconstructed
from trajectory in Drift chambers

Dynamically polarized NH; and ND4
targets (along beam direction)

NH; polarization: 65-75%.

ND; polarization: 25-35%.

1K LHe cooling bath

12C, 15N and “He targets to measure
background contribution

(out bending)

Cerenkov counter



L CLAS Detector

0 Dynamically polarized NH; and ND4
targets (along beam direction)
NH; polarization: 65-75%.
ND, polarization: 25-35%.

Cerenkov counter

(out bending)
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a
Beam

Microwave NMR ‘_é, \&
Input ogllg SignaiOut @
H I Frequency
Refrigerator
(I = | ol | A i;
To Pumps To Pumps
- _
|
al
LNo [ ] LNo :]]
il | (. il
Magnet /
Target
(inside coil)
1° K §

7656A1

L Polarized Solid State Targ:

List of Ingredients:

Polarizable Material (high H content) with paramagnetic
centers = unpaired e (irradiated or chemically doped):
» Alcohols (e.g. butanol)
« Ammonia - 1°"NH; and °NDj,
« HDIice
Very Low Temperature:
* About 1 K for (continuous) dynamic polarization -
pumped-on Liquid “He bath at low pressure
Dynamic Polarization in high B-field:
e About2.5-5T ->unpaired e 100% polarized
» Polarization transferred to nuclei via HF transitions
(simultaneous electron and nuclear spin flip);
requires 70-140 GHz microwaves
NMR system to monitor polarization.
Insulation vacuum, beam and scattered particles ports.

Considerations:

Possibly significant “dilution” by “inactive” nuclei.

Beam must be rastered to avoid local depolarization.
Target must be annealed repeatedly to alleviate
radiation damage (due to electron beam).

Total dose and current limitations (e.g., 100 nA max).
Transverse DNP targets -> large deflection of electrons.



Dynamic Nuclear Polariza

3 $ £ When we put the target into a static uniform

AE =uB magnetic field, energy level of nucleons will split with
} respect to their spin configurations.
117

Large B/T is needed for high polarization.

Py = Nijp — Noyyo _ tanh@ Because the magnetic moment of the proton
Nijo+ N_y)s kT (deuteron) is very low, their resulting
polarizations will be small.
_ p#B
P, Ni— Ny Atanh 2kT At typical settings of B=5Tesla and T=1K,

- N +Ny+N_, 3+ tanhzé’% polarization is less than 1%.
Electron’s magnetic moment is larger by a
lﬁ'“*"’" # proton thousand fold. 99% can be reached.

1 - Dope or radiate target with electrons (create radicals)
2 - Polarize the dopant electrons
3 - Transfer the polarization to nucleons by microwave transitions




: Dynamic Nuclear Polarizat

dIntroduce MW into the system at The Zolid Dlde Effect

electron Larmor frequency: —Dipoler Coupling— Positive

Ve = 24 B/h = 70GHz for 2.5T I i ' l T
" 1D WHr
Electron spin flips by MW I [ |
QIf the MW frequency is just equal ©F
to ve £ v, , forbidden transitions
occur between two nucleon states

nucleon spins also flip together with
electron spins.

700 GHz

il

1

O Electron relaxation is fast but L4|_< mim
nucleons stay much longer. |

g

O Nucleon polarizations build up in € p
time. - Solid state effect.

first step: second step:

Direct Polarisation Spin Diffusion

O Spin diffusion transfers the
polarization to further regions.

Negatlive

]

| Energy trensferred

to the l_attice

7 1



| Asymmetry Analysis
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Data Calibration and Reconstruction (TOF, DC, EC)
Helicity Studies

Quality Checks and Data File Selections
Particle Selections
Fiducial Cuts

Kinematic Corrections (momentum, energy loss , mult iple scattering etc...)



X Quality Checks

inclusive rate all

e_countSall

Entries 3189
0.3 o o] o
C o[ 3189 0
- o o o
0.25F
0.2F
- 8% cut applied
0.15 i
0.1- /_\
r H \
0.05F \ g /
C —_——
e M W
0 500 1000 1500 2000 2500 3000

Mean electron asymmetry for each Run

................................

l:l TargetPol x HWP(filled for negipos)
- Electron Asymmeiry

Mean for each group with ermor

______________________________

______________________________

_______

.........

| ungated faraday rate distribution | foug_dist
Entries 944
~ Underflow 4
40_-“---L--“--“-‘“--“"“I"“-“"L"“"“ gremesssompes Overflow 0
¥2 I ndf 144.7 /127
B A St S 11| R Constant 3295+ 1.65
Mean -1.942e-05 + 1.713e-05
30 Si.gma I0.0004§1? +0.0000172
25 e e e R
20y el FC+_ EC
L e O et Srt & ) i (PP mm L
eam + .
. O G
10 b | i b e
s cut-applied +0.005
o oo N i

-0.01-0.0080.0060.0040.002 0 0.0020.0040.0060.008 0.01

0.0 ——

(] graup 1 chi = 1.023385

( group 2 chi = 0863126

L araus 3 chi = 0717424

raup 4 chi = 2445647

0.008 Emi Gehi=O0M0Esd  f Ty TTTTTTTTTTTTTT
0.006 -8 b
0.004f—---+ T
0.002f—--+ F#}##;# -------

ol .. : :
T e e L e I

-l i
-0.004|— -+ + ----- :
) S
|
o L1 1

________________________________________

28000 28010

To dete

28020 28030 28040 28050

ND; 2.5+ GeV Runs

rmine the registered target

and beam polarizations are correct.




| Electron Identification (EM and'CC

Cherenkov Counter Spectra (25° <theta < 30%) (1.8 GeV <p <2.1 GeV)

| EC, /P vs EC, /P for negative charged particles I

0.4

0.35

0.3

015 02 025 03 035

EC, /P

04 045 05

EC, all negative particles

—

lllllllllllllllllllx

0.1 0.2 0.3 0.4 0.5

0.6 0.7

50000 |-

40000

20000

00000

30000 |

50000

40000

20000

——— CC spectrum (before)

—— CC spectrum (after)

Geometric
& timing cuts

1 | 1 | 1 1 | 1
1C 15 20
CC Photelectron Signal

—— CC spectrum (before)

—— CC spectrum (after)

Geometric
& timing cuts

1 | 1 1 | 1 1 |
10 15 20
CC Photelectron Signal




Mainly based on parameterizations
to minimize missing energy and
momentum for well identified elastic
and multi-particle final states.

Takes care of the effects from:
» misalignment of DC wires

« complex magnetic fields

» multiple scattering effects

» energy loss inside target

Kinematic Corrections

| P,(miss) electron for all sectors

14000 C Entrles {14096
: Mean 0003776
120001 RMS  0.03321
10000— Entlss {14006
r [ 0402655
8000 C RMS 002076
6000[-
4000
2000—
|

IR T B PRI
5.3 -0.2 0.1 0 0.1 0.2 0.3

Missing p_{x} Distribution

P,(miss) electron for all sectors |

n Entries 114086
7000

C Mean -01372
6000 RMS 005046
5000 :_ Entrles 114006

o Mean 0.0§78TT
4000 :— RMS 0457
30001
2000
1000

5.3 .. L 0.1 0.2 0.3

Missing p_{z} Distribution

) | P,(miss) electron for all sectors

1 Entries 114096
14000 1
Mean 0.0§5003
1 12000 s e
1 10000 Entrles 14086 ]
L Mean 0.0§1337
8000:— RMS 002015
6000
4000
2000
P AR P [
-'6.3 0.2 -0.1 0 0.1 0.2 0.3

Missing p_{y} Distribution

| E(miss) electron for all sectors |

7000:— Entries 114086
E Mean -01062
6000 :— RMS 005387
5000:— Entrles {14006
E Mean  0JZ61
4000 E RMS 004BOB
3000
20001
1000
L eEm— i
%3 01 02 03

Missing Energy Distribution



5 o Focior

Aundif —

Fp

- nT4+nt—np na-—ng

n-+nt—ng

«n— _I_ ‘n+

| Dilution Factor (ND,), 0.379 < Q < 0.452 |

[Eln

I].-lE
af
a.zf
aaf

0_

A
f1

b 1.6+ ND,
[ ; )
- #ff v%fh i

1.2
W{Gav)

Dilution Factor (ND.}, 0.540 < QF < 0.645 |

045E
04F

0.23
0.2
0.25
02
043
IR |
0.05

=

3 rI“IE 4.2- ND4

e 1]

z_ -4 i 77/\\./""“'- = ’ﬁl_—l
= [ Y |
=

(Undiluted asymmetry)

— 1 — B 50 that

1A A

| Dilution Factor (ND,), 0.379 < QF < 0.452 |

M:— I
I}.SE— r:’

j L it —

naf

Dilution Factor ‘ND"], 1.100 < @° < 1.310 |
L

0.4F
0.35F
(1=
0.25F

Aund?ﬁl —

C A
A:—1|rfaw Chax —C, |+ A
tor I i Pb P back 2 RC
+

ATGT}U
Fp

Contributions from
unpolarized background
are removed by the
dilution factor.

It represents the fraction
of truly polarized data to
all data.

It was determined using
12C and “He data. The
radiated cross section
models for 1°N/12C ratios
generated by P. Bosted
and R. Fersch were used.
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Polarizations

C,

A

A=

fRC

F’BF’TUS.szGrTarget:NDS(-) Energy (MeW) 2561.0 Toms: 1500

Fp

m Excl (Method)

*Z § ndf 1.800/14

pa 020411 0.0 1566

& Incl (Dilution)

+2 ¢ nl RN
e 0.2075 + 0.007 845

Felative Weight
-0.15856 £ 0.0056

06

0.4

0.2

PR [N T ST SN SN NN TR TR SR S N’
2

2E I

F’BF’TVS.QZfarTarget: MO 3(+) Energy (MelW) 42380 Torus: -2250

.!r'-.i:i::;:-.

m Excl {Method)

»2 1 ndf L0426

pa 0.1672 £ 0.02054

#  Incl (Dilution)

T eF i nd &.265 110
| RO 015588+ 0009203

Felative Weight
01432+ 0.0045
[ N TR S T

— 3
o(GeV?)

4 A

Cback - C2 t ARC

P, P,

Aqumsa el

meas

FD Aqua&i—el

theo

lDbiDt i

The elastic events from:
» inclusive events by relying on
missing mass cuts (inclusive

........... piefgody -~ -~ -~~~ -~ -~ =
= exclusive events where
corresponding proton is also
observed (exclusive method)

Lo
BB =Y 21 /Z—z
02 b, p (@ 02 5,7, (Q%)
onn =113 =
i
“ JQPth(Qz)



Asymmetry Analysis

C 1 Araw C

A = back
f RC F D I:)b I:)t

= Dilution factor
= Beam and Target polarization
= Unpolarized background corrections (pion and pair s ymmetric electrons)



| Asymmetry Analysis

— Araw C _ C2 + ARC

I back
fRC FDPth

= Dilution factor

= Beam and Target polarization

= Unpolarized background corrections (pion and pair s ymmetric electrons)
= Polarized background correction (very small, well u nderstood correction)



X Asymmetry Analysis

C A
A== —me_c . -C, [+ ]A
| back 2 C

f RC F D Pb Pt -

= Dilution factor

= Beam and Target polarization

= Background corrections (pion and pair symmetric ele ctrons)

» Polarized background corrections (very small, well understood correction)
= Radiative corrections (RCSLACPOL originated in E143 )



X Asymmetry Analysis

A|| = Cl A Cback _CZ
1:RC |:DF)bF)t

= Dilution factor

= Beam and Target polarization

= Background corrections (pion and pair symmetric ele

» Polarized background corrections (very small, well

» Radiative corrections (RCSLACPOL originated in E143

= Calculate virtual photon asymmetry

ctrons)
understood correction)
at SLAC)

A : e
— - &
Al — —” - D:M’ = R=



A;+nA, for the Deuteron

AfmA_ (D) for Q?[0.38, 0.45] GeV?

o AjtnA, data

AnA, (D) for Q*[0.11, 0.13] GeV?
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A Coueron

AA_ (D) for Q*[1.10, 1.31] GeV
1 . A1+nA2 data
W + — A+ 1A, mode
|| Syserror
¢

H

contamination

dilution

- radiative - -+ -
- PbPt

.. model = .

! Pol. Back.
1.5

26 2.8 3




A;+nA, for the Deuteron

AnA, (D) for Q*[0.92, 1.10] GeV*

11» » A;+nA, data

Z+ 25 Gev — A+ A mode
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A, Deuteron

A(D) for Q%[1.10, 1.31] GeV?

- » A, data
0.5 — A, model
l [ sys err
L
0
(1—
-0.5
-1:*———_—_—— - S
_._. ..........
-1.5_III|III|III|III|III|III|III|III|III|III
1 1.2 14 16 18 2 22 24 26 28

L,
contamination

dilution

| radiative
| PbPt

model

- | Pol. Back.



A, Deuteron

A(D) for Q*[0.77, 0.92] GeV?

0.8 « A, data
06 — A, model
' [ sys err
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¥ A Deuteron

A.(D) for @*[0.06, 0.08] GeV?

A.(D) for @*[0.09, 0.11] GeV *

A.(D) for @*[0.08, 0.09] GeV?

A.(D) for @%[0.11, 0.13] GeV ?

A,(D) for Q%[0.19, 0.22] GeV 2

A,(D) for Q% [0.22, 0.27] GeV 2

A,(D) for Q% [0.38, 0.45] GeV/ 2

A,(D) for Q% [0.45, 0.54] GeV/ 2

A.(D) for @*[0.77, 0.92] GeV*

A(D) for @*[1.56, 1.87] GeV?

A (D) for Q2 [3.17, 3.79] GeV 2




g, vs. x for the deuteron

0.4

g vs. x for Q% (0.54, 0.64) g vs. x for Q% (0.64, 0.77)
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Q% =[g' (x,Q%dx

First momentof g;' :

atQ?
Slope of /7 is constrained by the GDH sum rule
M? ¢ dv _ 1
loon = 2 _'-(0-1/20/)_0-3/2(1/))_:__K2
8amr” ;. V 4
2 2
rl R Q—2 GDH :—Q—2K2
2M 8M
a.tQ2 — 00

Closely related to the total spin carried by quarks.

I

A

»‘operator

;7 product

, :
, expansion

/
'quark models

ChP'P' " Lattice QCD')

/

1 Q2 (Ge\ﬁ)
GDH sum rule

O Dramatic change of sign of /3 from DIS-regime to the value at the real photon point.

O At low Q?, g,(x,Q?) is dominated by resonance excitations.



Q? evolution of the GDH |

Small Q2

GDH sum rule

Experiments at Mainz, Bonn
Chiral perturbation theory

A

y

Intermediate Q 2
Extended GDH sum rule

M? % dv
loon(Q) =52 [0 *(v Q") =" *(v.Q*))=~
Several different models
Experiments at JLAB(CLAS/Hall A/Hall C)

A good test of “at what distance scale pQCD
corrections and higher twist expansions will break

down and physics of confinement dominate”.

Large Q?

Bjorken Sum rule

Experiments at CERN,SLAC,DESY
Higher order QCD expansion

rlp(QZ)—fl“(QZ):ég{l-

aS(Q2)+ ......... }

T

» operator
;7 product
, :

, expansion
/

/quark models
ChPT " Lattice QCD’

I\/

GDH sum rule

1 Q? (Ge\/Z)

EG1b has a good precision data
with wide Q? coverage to answer
some of these questions.



B, Deuteron, Data and Data+Mod
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B, Deuteron, Data and Data+Model
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Parameterization of the World D

collect the world data _ o
\ try different parameterizations

(Adam(Q2, VV) _ Afzit(Q2? VV))2
(0 gaata (Q%, W))?

QW) =

A

minimize



Parameterization of the World L

Fy = Pot Prtan—[(Q? — P2) P2 0 Q* < 0.01 GeV?
— 7 lo 2 .
Ey = Py + Pstan™[(Q* — F}) 7] = (éf—ml + 2) Q* > 0.01 GeV?
By=1-FE1— I 1 0% > 10 GeV?
Ey — Py + Pytan™"[(Q* — P})) P}]] . (W — 1.08)
_ Voh=m

Es = Pia+ Pi3 t&ﬂ_l.(Qz - *Dlzd) Pyl v (2.04 — 1.08)
Cl —1_sn (/E [H" — lﬂS]) -DEI = .P.;j + .P]_ Cos (Qﬁh) + PQ Cos (QQih)

2 \2 12— 108 Dy = P+ Pycos (Q%,) + Ps cos (20%)
C2 =€ o | Dy = Pg+ Prcos (Q%,) + Pscos (207,

T [W— 108
CB — COS (E m}) DB = PQ + PlD COs (Qih) + Pll Cos (EQIQ‘Jh)
o [ B BN w1 Dosin (12Wpn) + Dy sin (Wyn)
* 0 W < 10 B = +Dy sin (2Wp) + Dasin (4W,,) W < 2.04 GeV

( , VW . 0 W < 2.04 GeV

sin (7 [=L08]) W < 1.35 = ’
U = o A9 = (1 — B) ASW 4 AP

0 W > 1.35 s B
M =E\C) | ExCy | E3CE | EyCy | EsCS

1CH _ MAY + (1 —M)APIS W <2
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Parameterization of A P

1W distribution of A, for a Q° bin W distribution of A, for a Q” bin
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Parameterization of A ,P

1W distribution of A, for a Q® bin 1W distribution of A, for a Q® bin
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Parameterization of A "
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W distribution of A, for a Q7 bin
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Parameterization of A ;"

Parameterize the neutron; use the proton and neutron models with smearing function and
calculate deuteron gl; then compare to the data to determine the fit parameters for neutron
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Extraction of the g ;"
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L Conclusions

U Inclusive SSFs for both the proton and the deuteron have been measured with
unprecedented statistics and coverage in the low — to moderate Q2 region. The
data cover both the resonance region and the onset of the DIS region.

4 The structure function g, is deeply affected by the resonance contribution.
Hence, the moments of g, also show strong variation with Q4. Some
phenomenological calculations describe the experimental results well. The data
will be useful for future Lattice QCD calculations, extraction of higher twist
coefficients and to study duality.

U World data on the virtual photon asymmetries were parameterized. High
precision data from the EG1b experiment played a key role. By using these
parameterizations and the deuteron data, spin structure function g, of the
neutron was extracted.

L A wealth of semi-inclusive and exclusive data were also collected
simultaneously and have been analyzed.

U A follow-up experiment (EG1-DVCS) at the highest beam energy available at
JLab (6 GeV) will improve significantly the precision of the data at the highest Q2.
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P —1
____________________________ e — [1 49 (1 n é) tan?(6 xfz)] virtual photon polarization

‘\eq a path from experiment
P, = PCosfig to theory is established!
: . P, = Psine, y
4 — olh=—-1)—o(h=+1)

I o(h=—=1)+o(h = +1)

g =op +eop + hP.v'1 —e2opp + hPp/2e(1 — e)opp + Pyy/2e(1 + €jorr

experimental quantity
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J Scattering cross-section for electrons:

_do _ o —E' /J"@ H |
adronic tensor
dE'dQ Q*E -

W= ¢F @) PP R0
e (oo 2 ¥ r r ' 7]
Fighto = <b+ —(lp % ¢8lo — [9 < apls

polarized

1 = Fl

S @)+ NG : @) Modeled by world
7 dat

#77 +T("/@I’QE) Q- Qz)m h

T =v?/Q* Objective of EG1 inclusive analysis




Structure Functions In the Scalin

By considering not only the valence quarks (uud for the proton; udd for the neutron) but also
the quark-antiquark sea in the nucleon, general exp  ression for the structure functions in the
scaling limit can be written:

F() =3 €q(x) 0,00 =1 &g (%)

F,(0=x) €q(X)=2xF(x) g,(x) =0

i Infinite Momentum Frame

g, is the sum of the helicity distributions of the
quark flavors which have their spins aligned or
anti-aligned with respect to the spin of the
nucleon.

F,is defined as sum of the distribution of
quark flavors inside the nucleon weighted
by their squared charges.

F, is the total four-momentum carried by the
qguarks which carry the momentum fraction x
of the nucleon. It can be understood as
spatial current density of the nucleon.

g, represents the quark flavors with transverse
spin components to the nucleon spin. In the
scaling limit, it is considered as zero.



I, (The First Moment of @

Most of the spin dependent sum rules can be wrtteéarms of the first moment of g
It represents the total spin carried by the quargsle the nucleon.

1 1
_ _1 2
2= (o (o= [ D eaa (o
0 o !

For a simple model of proton from uud quarks aralgearks (s)

[P = l(gAu +%Ad +1Asj In the scaling limit

' 2 (large Q2, free quarks)
Experimental results from neutron beta decay predicts Au -Ad =1.26
Hyperon beta decay predicts Au +Ad-2As =0.58
AssumingAs =0 gived P~ 0.186 &I;" ~-0.024 : larger than experimental limits
Comparing with™;P(Q? — big) ~ 0.14 from experiments give
Au=0.81, Ad=-0.46, As=-0.12 (nonzero and negative)

spin of the d quark is mostly opposite to that
of the nucleon, same is true for sea quarks



J.dv[al/z a0V )] =- 27T K° For real photon (Q? =0)

M 2
phOtO'absorption \

threshold A I ti
Ui/Z(V,QZ) - _ 4|\7/|72Ka (F 91 2MX gzj mr(])?nrr(learlltogft?ea?\zilecon
A a 2MXx
o??(v,Q?)=- K (F -g, —gzj

y = Qv
/

@)= | Yo.b0)-0,.b.07)=-2¢ dxx{gl(X’Qz)_r{gZ(x’QZ)}
o ° e

Generalized GDH Sum Rule K = v(1-X)

Determining Q2 evolution of the GDH integral is one of the aims of the EG1 experiment



'
j 00 @°)-0i(x,07) dX (@2)+HT

Bjorken Limit

Axial vector coupling constant
Current value

f(Q?) =1—M - 3.58(Mj2 - 20.2{MT b = (@)

Vs Vi 7T

Radiative corrections from higher order Feynmanguams

_ Q) (@) ( 1 J | |
HT = O
Q? + o + o Higher Twist terms



Forward Spin Polarizability v
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A, Proton
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g, Proton
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F1(P) I", Proton, Comparison to world data
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Scaling Violations
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Operator Product Expansion (OPE)
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_ Higher Twist Terms
Single Parton (quark-quark and quark-gluon correlations)
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. Higher twist contributions become important at IQdregions.

] To understand the dynamics of quark-gluon intepastat large distances,
this region should be studied carefully.

 This is important to understand tG©NFINEMENT, a weird
property of QCL

JAlso important to calculate the color polarizamlg for the nucleon

2
7 =$M 2(3.2 +4d, +4f2) Xe = —(2d2 + f2) Color electric

3
Target mass ‘/ X :l(4d — f ) Color magnetic
correction = S 2

MODEL DEPENDENT PROPERTIES!



= Complementarity between quark and hadron descriptions of observables.
Physical phenomena can be described by using either of the definitions:
hadronic or partonic pictures of the nucleon,;

either set pQCD should be able to describe the average
of basis Z = Z behavior of hadronic observables.

states

should hadronic state:  partonic state:  Connection between low and high Q2 regions

work. /

= A universal curve should define hadronic cross sections averaged over
appropriate energy range and partonic cross sections at the s&me tim

= Duality should break down as© 0: Total charge obtained from partonic
picture by combining the squared charges of the valence quarks does mad&e up t

proton charge but does not make up the neutron charge.

= Where is the break down point of quark-hadron duality?
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Neutron (D-State Correction)

L=0 and L=2 configurations for the deuteron

Lot ] seme 2] Do

Probability of finding .
hed in D- =
redienne 1§ §)-4(0 8)-5

s,=1 §,=-1 5.=0
Probability of finding a nucleon
with spin opposite to the spin
of the deuteron:

= Deuteron cross sections can be written in terms of
proton and neutron cross sections

= Then asymmetries and structure functions can be
calculated for the deuteron in terms of the proton
and the neutron structure functions




Neutron (D-State Correction)

Full Model
n 3 I
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x

D-state correction works for x < 0.7

Other corrections required for Fermi motion and binding effects



i Nuclear Corrections

1) EMC Effect: This effect takes into account the distortion of the free-nucleon structure
function by a nuclear medium.

2) Fermi Motion: Bound nucleons are moving inside the nucleus and this causes
kinematic shifts and Doppler broadening of peaks in the cross section.

3) Off-Shell Mass Effects: A correction is required for the virtual photon interaction with
an off-shell nucleon. (Because of the negative contribution coming from the binding
energy to the overall mass of deuterium, both nucleons cannot be on the mass shell at the

same time.)

4) Effects of non-nucleonic states:
" Effects of nucleonic resonance states and pions (meson exchange currents).
" According to the six quark bag model of the deuteron, one should also include
direct correlations between quarks and gluons in the proton and neutron.
" Nuclear shadowing (rescattering of the lepton from both nucleons in the deuteron
or from the meson cloud within the nucleus.)



Electron Identification (Ti
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Electron Identification (Gec

Polar angle 6, of the particle is calculated assuming
particle continues on a straight line, but travels

the same amount of path length

The polar angle is 8
should be a narrow
distribution around the

center of the cc segment

proj

PMT

hyperbolic mirror



| Electron Identification (Ge

— Pion
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L Electron Identification (Ge

PMT signal (left, right) vs. azimuthal angle (-30 < < 30) examined.
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: Resonance excitations

0.4 _ . N W =2 GeV
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= Constant W



L Fiducial cuts

Data from inefficient regions of the detector (the fringes at the edge of CC detector)
are removed. Acceptance is not important for the asymmetry itself but it is important
to estimate the background (where 12C target is used and the acceptance of 12C and
ND; (or NH;) must be the same).
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Kinematic Corrections

Elastic Invariant Mass Distributions for Different Azimuthal Angles

[ hMoni1D_W_el_ac_sec1_th04_phisec0s | [hMoni1D_W_el_bc_sec1_th04_phisec6 |
2200 — C
E 2000 F
2000 n
E 1800 |
1800 - g
1800/ 1600
1400 - 1400 -
1200 1200 [
1000 1000 |
800 f— BOO |
600F 600
400 f 400
P i P P N T I s T R T
08 08 09 095 1 105 14 0.8
4.2 GeV Outb After Corr 4.2 GeV Outb Before Corr
[ nMoni1D_W_el_ac_sec1_th09_phisecos | [hMoni1D_W_el_bc_sec1_thog_phisecos |
4000 F 4000 =
3500 3500 f
3000 f 3000 f
2500 f 2500 f
2000 f 2000 E
1500 g 1500 f
1000 F 1000
5002 500 -
08 08

2.3 GeV Inb After Corr 2.3 GeV Inb Before Corr



count

150

00

Kinematic Corrections

wl I:I: 42380 Con=d 2 ohm+lE & 24T
[ . Mam 058374 + 0012
§ Eigma  0.a3913 + poofmesa
[
[ '
L : Conat 2.168+05 |k bds
i : Moan 09430 £ 0.0E20
- n
| . Sgma  0.04309 £ 0MR0aM
[ |
R . ™
i . "
n
L . o
L ' 5
_ / i o
- | [ ] ‘ "i'_ - a
& 9§ | ' P @
- - . . age W -~
i F fl i "ui F_.-"'.
B ."+ I? : ."-h'._."_'...-l..ﬂ
B '.' a.. [ ]
-l
ﬁ*ﬁl i 1 L I E ] I: I i 1 i ' I L i d 1 I L E L I L g i Jd I E 4L L |
] 0.85 [ f=] oas 1 105 11 1.15 1.2
WiGeV)

ot

42380

At Corml 17650405+ 2640
- N .
sob * Bl Mom.Cort NH3 Mean 00051 0017
§ 1 Elgma 003055 + 0015
- 1
- EIEI.P.'I-:lrn.El:-rlI' W03
0= | 5218406 § 504
i 09100 + 0.00grE08
150 — 005687 + 0. 107D
N -
L o~
100 - o
- L] a®
L ot
[ - o
- .'r-
!i:l_—. -
s
.
-l L L 3 I 1 0 | I L L 1 0 I 1L L L I I 1 0 3 I I 1L ' I i 1 1 0 I L L L0
Bs om= 08 085 1 105 41 148 12

WGEV)



