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Motivation

How well do we understand the deuteron? Need to understand how
to model deuteron from proton and neutron; d =? p + n

How accurately can we describe the deuteron with in an independent
nucleon impulse approximation?

Extracting F,"” from d, p DIS data.
Fitting F,", F,"
Confronting modeling with data: F,” from BONuS*
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More reliable extrapolation to ¢ = 1.

*Barely Offshell NeUtron Structure (E03-012)



Analysis

. Fit Inclusive deuteron cross-sections;
0.03<Q@?<10.5GeV? 1.05<W?<11.5 GeV?
. Compare fit to BONuS data: o,,,/ 0 > F/F @ ¢ =1)

. Dependence of results on potential for deuteron wave function.

untag (

. Include BONuS result in fit and check consistency of model.



Data Fitting

OT’L (W2’Q2) — OTIiis (WZ,QZ) + O_j]})’anes (W2’Q2)
Fit Ingredients (Nucleon):
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Corrections: PWIA

3 Smear functions to describe xF,, F., F, Convolution Model (Nucleus)

Using full AV18 potential for wave-function (includes 2-body forces).

Theoretical smearing provided by W. Melnitchouk, J. Ethier.

Inelastic:
y smear 2 4m2x2 12
Jarfu(vr) B0 = B (1,0°) y=[1+ 2 ]
2X smear
f‘b’fﬁ()’:V)7Fi(§:7/)+f12(Y’Y)Fz(i:y):FJ (x,0°)
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PRD 69, 114009 (2004), Sec. III

PRC 79, 035205 (2009), Sec. II
Used CJ12 for inelastic off-shell correction: PRD 84, 014008 (2011), Sec. I ¢
assumed ~1.5% change in d, nucleon radius

Expressions above are for on-shell



(Quasi)Elastic Corrections

on-shell - - off-shell: ccl
------ off-shell: cc2 ® Schutz
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Data/Fit

Comparison of Data/Fit
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~5200 Data Points
Data sets from JLab
and SLAC (o)
~1800 Data points
from BONuS (o,/0,)
Off-Shell corrections
applied.

Data Sets Included:

E00-002
EO00-116
E02-009
E06-109
E99-118
Whitlow-SLAC
NE11-SLAC



BONUS Experiment (EQ

Thin-wall High Pressure
Gas Target

To BoNuS RTPC

Readout Electrodes (pads)

Thin walled deuterium gas target (7 atm) with 2, 4, and 5 GeV e-beam.

. Large acceptance spectrometer (CLAS) together with new detector
capable of detecting spectator protons surrounding the target.

. Obtain virtually free neutron by tagging spectator protons with low
momenta (66-200 MeV/c) and large scattering angles (> 90 deg.);
minimize FSI + Off-shell effects

. Physics from (semi) inclusive and exclusive channels.



Fn/Fd
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PRC 89, 045206 (2014)
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F,n

(F"/F,Ngonus X (Fo)g => F,'

0.2 i ' 0.2 i
[ ' . Compare
o1 |18 o1 |- f (normalized) BONuS
result to fit
“a O 0
t 0.2 - . g
o1 | . Blue curve prediction
0.15 - .
o1 | from fit
0.1 B
005 | & 005 | A1 :Pi; .
T 0 .5GeVinred, 4 GeV
or | In green.
. 0.075 f
00s | 005 | PRC 89, 045206 (2014)
! 0025 | 3§
0 0

11




F,n

From (F,"/F,Ngonus X (Fo%)5 > F,'

. Quark-Hadron Duality & Moments: [arXiv: 1501.02203 ]

. Study EMC effect for deuteron: F,%(F,” + F.P), under study



Comparison of Data/Fit: F,°
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Reasonable global
consistency within
uncertainties.

All sets shown are
included in fit.
Finalizing E06-009
(ROSENQO7); use fit
to redo RCs
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Remaining

After current iteration:
. Include finalized ROSENO7 (F,) and Jan05 data

. Check helicity amplitudes.

. Check dependence on wave-function —i.e. compare
answer from AV18 to what other wv-fn’s would say
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Summary

. Updating fit to deuteron, utilizing proton information, and
Including several more deuteron data sets.

. Including more deuteron. Replacing previous smear with
convolution prescription.

. New QE off-shell correction.
. Using fit to model deuteron and extract F,".
. Fitincludes neutron (BONuS) data.



Comparison of Data/Fit
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Lepton Scattering

2
g=I-1 xzzf/lv
l O’= (- qf= 4EE'sin2§ v=E-E
v
i

_ aE(WP-M?)
 4’Q’ME(1-¢)
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UReduced = FdeE' = OT(Wz’Q2)+8GL(W2’Q2)




Comparison of Potentials
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. Gives range of uncertainties from wave-function.
. Using AV18 in fit.

. AV18 more consistent with Paris than Bonn.

. QE region is included.



Plane Wave Impulse Approximation

3 Smear functions to describe and 2 of xF,, F,, F,

_ _ _ Convolution Model (Nucleus)
Using AV18 potential for wave-function.

Theoretical smearing and off-shell calculations provided by W. Melnitchouk, J.
Ethier.
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