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E06-009 & E04-001 Physics

F, F,, F, Fundanental Structure Function
Measurenents on Deuterium and Nucl ei

Structure Function Monents
— Lattice QCD conpari sons

— Si ngl et and non-singlet distribution
functions from deuteron and proton

Support Broad Range of Deuteron Physi cs
— Elastic formfactors
— BONUS neutron structure functions

— I nput to extract spin structure functions
fromasymmetry neasurenents.

| nportant 1 nput for neutrino physics
Quar k- hadron dual i1ty studi es



I Inclusivee + A - e + X Scattering

I Rosenbluth Separation

Technique:
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dQdE

-=[ (0, t€0;)

Where: [' = flux of transversely polarized virtual photons

€ = relative longitudinal polarization

R
Or

_9r _
2xF;

Iy

; x 10 I T I . i
l-.i‘;:l:" 10000 — 1-_'.'? = [.835 1.-Gg-'|.|'_;'.|::|=
:’T: W= 1.925 (Gev)
S 000l .
= o e
b T ; ¥
- 8000} P
S ~ O (slope)
o 000" R= 0253 +/~ 0.048
~
% | I | . |
@ 0.25 0.5 0.75
£
- Transv‘e/rse
4M “ x
/ =(1+ )Fy 2xF1
longi tud.lnagi)

IEd




x10?
—
:. 1300 = LTIR (Gev e 31 [Gev /ey T {Gev Se)
g W = 2,225 (Gev)y - 2.325 (GeVY’ 2.175 (GeV)" o
1200
—
i
g 1100
— 1000
o
_E = QLT (Gl e) 1158 (G
0000 735 (Ge 7.975 (Ge s (Gel
g ;
S
2
= 70000 68 +/— 0,032 | ®=0208
50000 P m 14T (Gev /e B2 (Cav /e 2 022 (Gev /el
F = 2878 (Gev) % (G 7 29% (Gev)T
45000
40000
a5000 o &
- O = 2535 (Gev /ey & = 2 843 (Gev /e 2.87 (Gev /e
W= 2775 (Gev)® W= 2978 {Cav) & {Gav)
25000
20000
0.5 0.5 0.5
£

E94-110 performed 195

Repr oduce successt ul
separations...

precision proton L/ T
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Cuantity Uncertainty | 8, %)
Beam energy ~ 5 107* | 0.30
Scattered e~ energy |~ 5 x 107%| 025
Scattering e~ angle ~ 0.2 mrad | 026
Target density (relative) 0.05% 0.05
Beam charge (relative) 0.1% 0.1
Dead Time Correction 0.2% 0.2
Detector Efficiency 0.55% 0.55
e + /e— background 0.2% 0.2
Acceptance 0.7% 0.7
Model Dependence 0.6% 0.6
Radiative Correction (&) 1.05% 1.05
Total point-to-point 1.6
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G obal Survey of Longitudi nal Strength
I n the Nucl eon Resonance Region for
Deut eri um and Nucl ei
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Essentially NO L/T separated data exist in the resonance

region currently!




F, sensitive to gluon distributions.....
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Nucleon structure composed of singlet (gluons, sea) and non-singlet
(valence) distributions

At moderate x (~ 0.3), singlet comparable to non-singlet

Large uncertainties on singlet distribution in structure function
measurements, comes from (small) scaling violations in F,

F, is directly sensitive to glue!



J(2F P — F P)dx yields non-singlet distribution

o olution is sinmpler for the non-singlet (reduced number
ofqé*,p?\fttliI nlg dnctsflora%) ‘N9 ( .

éiﬁ‘a g{“ ng a charge-symetric sea, p-n isolates the non-

e« Need to pin down non-singlet (p-n) to extract singlet (F)

“..highly precise deuteron data - due to the above aspects -
are formng a conditio sine qua non for any real precision test of
QCD." — Johannes Bl uemrl ein

For similar reasons (non-singlet calculations), p-n moments are now available from lattice QCD at
Q> =4 GeV?!

F,moments |Detmold etal. | Dolgov et al. Gockeler | Niculescu et al.
2002 2002 et al. 2004 | (hep-ph/0509241)

n=2 0.059 +/- 0.008 |0.269 0.245 0.049 +/- 0.017

n=4 0.008 +/- 0.003 |0.078 0.059 0.015 +/- 0.003

T~

Lattice QCD calculations experiment



Calculated on the lattice at @ = 4 GV

Wel | understood in QCD Operator Product Expansion

For proton, n= 2 F, nonent 0.182 +/- 0.006

For deuteron, n=2 F, nonent / nucleon = 0.165 +/-
0. 008

|ln the difference,

Mor eover,

uncertal nti es

— m SSi ng resonance regi on data!

percentage contribution of
resonance region to total
moment (from proton
moment data):

In R matter!

can’t even obtain F nonents really

Q2 F, (n=2) |F, (n=4) | F_ (n=2) | F, (n=4)
(GeV?)

1.5 995% 91% 48% 89%
3.0 24% 64% 21% 64%

4.0 15% 49% 13% 52%




BONUS: NEUTRON cr oss sections Vi a

spect at or taggi ng to CLAS

Change in F, with
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Uncertainty in Rintroduces ~5% uncertainty -
true for all F, extractions fromcross sections

(CLAS deuterium as well as BONUS)



BoNuS combined with inclusive deuterium

=> help pin down nuclear corrections with BoNuS

=> correct L/T separated deuterium structure
functions to get out neutron L/T SFs!




Neutrino Gscillations nt ~ E/ L, requires Ein few GV range
(sane as JLab!)

| nput for neutrino cross section nodels, needed for new
generation of oscillation experinents around the world

Jl ab neasurenents can provide i nput on vector couplings
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Form Factors for “Free”

Jlab E94-110 neasurenents confirm SLAC hydrogen Rosenbluth results for G/ G,

Di screpency from PT results now ascribed to radi ative 2-photon effects

2-photon effects on G, should be | arger than proton
Bl unden, Tj on,

Mel ni t chuk, Phys. Rev. C72 (2005)

(Rosenbl uth measurenents could result in G2 < 0?)
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do/dQ/dE /A (ub/sr/GeV)

do/dCV/dE/A

dQ/dE /A

do

Preliminary Phase-1 Cross Sections

E = 3.4 GeV, Targ
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normalization) - essentially, duplicate proton data set.

I *L/T Separation Data: Targets: D, C, Al, Fe - Final uncertainties 1.6 % pt-pt in € (2%

Phase I kinematics (Jan '05) Proposed Phase II kinematics
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I Issues during Phase-1

I » Low HMS hodoscope efficiencies

— Hodoscope refurbishnent - see tal k by Vardan
I Tadevosyan

» Probl ems setting and | ocki ng hns di pol e

— New HVS controls - see talk by Steve
Lassiter

» Thick HVS exit window (20 mil Ti)... large nmultiple
scattering at low E' -> serious reconstruction
| ssues!

— New Al exit w ndow I nstall ed.



Addi ti onal LT emen

» Stabl e Beam - position and energy
> St abl e BCMs

> High trigger efficiencies

> Veto pions with Cerenkov

> Stabl e magnet Fiel ds



