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Measuring the F Structure Function
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e Determine F through a Rosenbluth separation of the cross-section

® Require data measured at fixed Q* and x, at multiple € points
= need multiple beam energies and spectrometer settings

e F ~ 25% of cross-section for JLab kinematics ¢_and o,
= require < 2% uncertainty (pt-to-pt) in € to extract F to ~ 15%
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This Analysis of F Moments

e At Next-to-Leading order, F is sensitive to gluon distribution

e I also sensitive to power corrections in Q? and higher twist contributions

® PDFs only calculate leading twist (twist-2) structure functions

® Previous study by Ricco, Simula and Battaglieri (Nucl. Phys. B555, 306-334, 1999)

= little data at low Q° and high x

= “... transverse data with better quality at x > 0.6 and Q* < 10 (GeV/c)* and more
precise, systematic determinations of the L/T cross-section ratios are still required ...."

® New data available from JLab for high x and low Q? in the resonance region
= high precision measurements, from a single dedicated experiment
= HMS spectrometer in Hall C is well understood

= can use at least four € points
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Nachtmann Moments

e Nachtmann moments defined in terms of £, accounting for target mass corrections
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® Nachtmann moments from experiment are compared to Cornwall-Norton (leading-
twist) moments from pQCD calculations

e Higher twist contributions not subtracted so high Q* dependence important
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F Data Coverage in Q° and x
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Bin-center F Data in Q-
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Similarly, bin-center F_ Data in Q?

0.5E- ' ' 05
= 2 2 e
04E- & &' =075 (GeVie "= Q2 = 8.0 (GeV/c)?
0.3F mmmS#a E
ar Nt o5 '
2E o cosro e = .
0.1 = SLAC ¢ “E o HA1 u
o EF : ; : : 015~ = SLAC " e,
0.4 Q?= 1.75 (GeV/cy 0= T S
= e ommg 0.5 2 2
0.3 = L ﬁw 0.4 = Q =10.0 (GeV/C)
0.2 =
= 99118 ° S
01E- eNMC ’q......“...o.. 0.3 = -
0 \ . . . 0.2 * BCDMS =
055 ' ' ' ' E Y EMC "
0.4E— i Q= 2.5 (GeV/c) 0.1 = NMC "o . L
E u ™ 0 - L 1 L L L 1 L L L 1 L " " 1 ..
0.3 va 0.5
~~ = L] ~~ e
N E v el40x N SN Q? = 15.0 (GeV/c)?
O ouE * 00116 O a4 Ty
o oE- . . . , e m 03
‘xfxn 05 | | Qzl375(G w)l \xc/\l 0.2 .
= = eV/c =
= -, N R 1= -
0.3 ™ E " ag
0 2 E_ . ™ 0 :T 1 1 1 " "= I. ol
0-1 = M 0SE- 2 2
oE- J— 045 e, Q° = 20.0 (GeV/c)
0.5 ' ' L ' 035
E_ Q" =5.0 (GeV/ E
E - AE-
0.2=— = - 0 = -
0.1 M 0= 1 I I ", =
= 05F
o5 : Y v 0.4E Q? = 45.0 (GeV/c)?
~E 2 _ 2 E Yy
0.4 é_ . Q° = 6.5 (GeV/c) 0.3 ;_ v
gg = - 0.2F Txo
0.1 E— " ooa - 0.1 3 * N
0 ér 1 1 . s 1 L M 0 EL . L . . . L - + + L . + + L . . a
0 0.2 0.4 X 0.6 0.8 1 0 0.2 0.4 X 0.6 0.8 1

m HAMPTON o, Monaghan DIS 2011 14" April 2011 7
N ek s



Filling the Gaps in the Data

TMC Model and R1990 Model values for Q2 = 5.0 (GeV/c)? |

adjacent points
0.05

& 0.3 : : : :
N E s Realdas e Some bins with no data
E 0.25 :_ : CA) reno?;??g g;%dzlodel . .
= R MG model ® Use model calculations in
e £ g empty bins
e | = apply rescale factor based
oA on the statistical average of

T = reasonable over small
S L X ranges

® Calculate moment by integrating data from x = 0.01 — pion threshold
® For each data point, generate a random number within its error bar

= (generate a complete pseudo-dataset

® Fill in gaps in data using multiple models
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Error Estimation using Monte Carlo Technique

| FL (N=2) Moments from Pseudo-datasets with @ = 5.0 (GeV/c)® |

e After filling gaps in the data, integrate
to generate moment for that pseudo-dataset

Yield

80
R1990: M=0.019415, 6=0.006209

70 Model: M=0.016411,5=0.005227

® Repeat 1000 times

60
= obtain distribution of moments from

pseudo-datasets

50
40

30

® Obtain distributions of pseudo-moments
for each model used to fill in the data gaps

20
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e ® Define statistical error as average of
0.05 0.06 0.07 0.08

Moment Value distribution widths

® Define a systematic error as the average
difference of the distribution mean values
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Nachtmann Longitudinal M. Moments
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e Compared to MSTW-08 calculations

. I. leading (LO),
Ii. next-to-leading (NLO),
lil.next-to-next-to-leading (NNLO) orders
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® Observe missing strength in higher moments

M, (N

= higher twist effects?
= small gluon contribution at large x?

e Large effect of pion threshold at moderate Q?

= 6)

e More large X, F_data needed to determine
the large x gluon contribution

M, (N
o
[=]
o
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® Further comparisons with theory planned
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Nachtmann M2 Moments
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Summary and Outlook

e Extracted ML and M2 Nachtmann moments from available structure function data

® Many gaps in the data — motivation for more experiments!

® Large error bars on the data drive larger errors in the extracted moments
= more experimental data will improve the statistics!

= JLab @ 12 GeV : higher precision data at moderate to high x
e Used different models to fill in gaps and integrate to determine the moment
® Evaluated the error using Monte Carlo methods

® Intend to include cross-section data in a global fit, from which the resulting PDF
will be used to calculate the moments

® Will investigate higher twist effects

® Further comparison with theory — moments calculated from different PDFs
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