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Motivation

= As the values of Q and W decrease various subleading effects, such as higher-order
perturbative QCD corrections in the strong coupling constant, higher-twist power
corrections and/or target mass corrections become increasingly important.

» |n a strong coupling regime at a low scale Q < 1 GeV available methods of
perturbative QCD, the twist expansion, and the methods based on the renormalization
group equations are not applicable and the validity of the partonic picture becomes
controversial.

» There are many experiments in resonance and DIS regions. Nevertheless, self
consistent data analysis and good quality data description are difficult to do...



What can we do?
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Introduction
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Introduction / Resonance and DIS Region
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Framework

F.}_ - FiRes i FFG

Resonance Part Background Part
FPS(W?,Q%) if Q* > Q3
FE(W2, 0P| iF Q< Q3

The factors By and B, are responsible for

AQ) = |A12(QD)* + | A32(Q%)? FPS = B;(W?)

Note that the unpolarized scattering is not sensitive
to individual amplitudes A, and Az, and only their _ _ or
quadrature sum is relevant. For this reason, for extrapolation to the low-W region and in this study

each of the resonance state we use the average we assume them to be the functions of W only.
amplitude A(Q2) defined as The By functions are positively defined and

required to vanish at the pion production threshold
W-o-Wth=M +mm .

A(Q* = (a.l + a.ng) / (l + (1.3(.22)&4 |
S1/2(Q%) = (c1 + 2Q?) exp (—c3Q?) B=1—exp (—bl (Isz - I-i-‘ﬁl)b" )




Framework / Extrapolation Functions
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FP% = B,(W?)

Background Extrapolation Functions
FRt(W2,t) = fot + fit™ + fot"

FEXt(I"{"’TQ,t) _ fi'tm" + fétnf
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FE_Ext (”;2. : Q‘z)

FPS(W2, @) if Q* > @3,

if Q%< @3,

The functions f ; and f , are determined by requiring the smoothness of the extrapolation function at t = t; = Q2;
i.e., we require the continuity of the function and its first derivative at the DIS matching point.
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Data and Fit
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Hydrogen electroproduction cross-section
data sets used in our analysis. Listed are the
experiments with corresponding number of
data points (NDP) and kinematics coverage.

The values of Q2 and W2 are in GeV?2 units.
The cut W2 > 1.16 GeV2 was applied.

The last two columns are the values of y 2
normalized per NDP computed, respectively,
in our model and in the model of Ref. [5], for
comparison.

Data set # NDP . Q2 w2 w2 X2 g
SLAC-E49a (DIS) [28] 117 0.586 8.067 3.130 27.19 0.55 N/A
SLAC-E49b (DIS) [28] PA 0.663 20.08 3.010 27.51 1.32 N/A
SLAC-E61 (DIS) [28] 32 0.581 1.738 3.210 16.00 0.44 N/A
SLAC-EST (DIS) [28] 109 3.959 20.41 3.280 17.18 0.57 N/A
SLAC-E89a (DIS) [28] 77 3.645 30.31 3.300 20.43 0.60 N/A
SLAC-E89b (DIS) [28] 118 0.887 19.18 3.100 27.75 0.70 N/A
SLAC-E004 (DIS) [29] 198 0.249 20.07 3.561 26.84 0.44 N/A
SLAC-E49a6 (RES) [29] 460 0.146 3.708 s i 3.992 0.72 1.16
SLAC-E49al10 (RES) [29] 541 0.445 8.593 1.171 4.000 0.84 1.04
SLAC-E49b (RES) [29] 366 L.O18 16.74 1.153 3.992 0.81 115
SLAC-E61 (RES) [29] 1075 0.061 1.839 1.160 4.000 1.20 1.76
SLAC-E87 (RES) [29] 22 1.821 20.54 3.183 3.988 0.25 N/A
SLAC- b&‘)a" (RES) [29] 90 7.124 32.39 1.156 4.000 0.14 N/A
SLAC-E89b® (RES) [29] 492 0.395 20.66 1.197 3.984 1.12 N/A
SLAC-E133 (RES) [29] 178 2.287 9.914 1.153 3.037 3.19 5.04
SLAC-E140 (RES) [29] 87 0.717 20.41 3.010 3.950 1.46 N/A
SLAC-E140X (RES) [29] 153 1.118 B.871 1.200 3.720 2.58 3.27
SLAC-NE11 (RES) [30] 113 1.606 6.855 1.164 1.788 2.27 5.78
SLAC-Onenlhalf (RES) [29] 745 0.011 0.263 1.153 4.000 6.18 7.00
Jlab-CLAS E19 (RES) [31-34] 509 0.225 0.925 1.162 2.544 1.15 19.5
Jlab-CLAS E2 (RES) [31-34] 1443 0.475 2175 1.162 3.987 1.44 11.3
Jlab-CLAS E3 (RES) [31-34] 2484 1.325 4.175 1.162 5.037 1.04 2.73
Jlab-CLAS E4 (RES) [31-34] 2637 1.325 4.425 1.164 5.643 0.95 1.93
Jlab-CLAS E5 (RES) [31-34] 2681 1.375 4.725 1.162 5.971 0.96 1.51
JLab-E94-110 (RES) [29] 1273 0.181 5.168 1.225 3.850 3.15 1.33
JLab-E00-116 (RES) [35] 261 3.585 7.384 1.243 5.131 1.48 1.58
JLab-E00-002 (RES) [29, 36] 1477 0.055 2.079 1.163 7.932 1.22 (.88




Data and Fit

Hydrogen photoproduction cross section
data sets used in our analysis. Listed are the
experiments with corresponding number of
data points (NDP) and kinematics coverage.
The values of W2 are in GeV2 units.

The last two columns are the values of y 2
normalized per NDP computed in our model
and in the model of Ref. [5], respectively.

Data set NDP I’Viin W2, x? X%‘-B
Armstrong [37] 159 1.378 8.790 2.39 1.34
Maccormick [38] 57 1.263 2.361 2.15 .12
Meyer [39] 18 3.038 12.61 0.69 0.54
Hilpert [40] 6 2.121 9.212 3.09 1.66
Dieterle [41] 5 2.382 11.67 1.70 N/A
Ballam [42] 3 6.135 14.95 0.79 N/A
Bingham [43] 1 18.33 18.33 0.26 N/A
Caldwell [44] 9 8.518 31.62 1.10 N/A
Caldwell [45] 30 35.22 343.7 0.64 N/A
Michalowski [46] 6 4.633 18.73 1.08 N/A
Alexander [47] 1 14.95 14.95 0.003 N/A
Aid [48] 2 39999 43681 0.27 N/A
Vereshkov [49)] 4 2065 17822 0.24 N/A
GRAAL [50] 62 1.950 3.064 9.92 6.50
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Kinematic Region Example

10

0.1

0.01

T T ]
- L I
EO e R L .
r:‘"n"t.‘ .aq {i.qi.‘...l E
-'.." ;. w e L;‘ = :."'...ll:-: o -..--..: E
A e, _--!"1-"::__- formem ot ]
Y ‘.- -I 'f.--.'-J._ "I..' f‘.:: n 4
k y um swh .‘.'. - ‘l.i : . N |
;——*_’ = SLAC-E49a = SLAC-Onenthalf 5
F = SLAC-E49b = SLAC-NE11 :
B = SLAC-E61 = SLAC-E133 ]
r = SLAC-E87 = SLAC-E891 ]
- — SLAC-E89a = SLAC-E8920 E
F SLAC-E89b = SLAC-E140 ]
:l | | . SLAC-EIOD4 - SITAC-E‘I4OX ]
1.15 2 4 8 16 32
W2 (GeV?)

Q? (GeV?)

10

0.1

« JLab-CLAS
| - JLab-E00-116
F - JLab-E94-110
[+ JLab-E00-002

1.15

W2 (GeV?)



Data and Fit

Standard Chi squared approach

XQ = Z ((U;:z:xp i mud) /O’

i Statistics? + Systematics? +

MINUIT + Initial Parameters

Problems
lterative Procedure

Local Minimum Selection
It’s looks like fine tuning :)

But we have the stable results!
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Best Fit Parameters

TABLE I. The best fit values for the mass Mg, the intrinsic
width I'r, the angular momentum L, the damping parameter
Xpg, and the decay branching fractions 3 for each of the

resonant state. The dimensional parameters are in GeV units.

The estimate of the fit parameter uncertainty is given in
parentheses in percent units.

TABLE IV. The best fit parameters describing the resonant
contributions to the transverse helicity amplitude by Eq. (32).
The estimate of fractional parameter uncertainty is given in

parentheses in percent units.

a1 (GeV~1/2)

az (GeV~5/2)

az (GeV~2)

aq

A(1232) 0.31115(0.31) 2.02940(0.57) 1.67130(1.06) 2.7600(0.41)
N(1440) 0.08955(4.61) 0.18087(1.16)  0.23431(0.87) 4.1173(0.35)
Ry 0.10677(2.08) 0.24897(1.62) 0.55621(0.66) 3.0798(0.38)

0.38953(0.60) —0.17962(1.88)

0.06708(5.72)

0.09733(6.26)

0.37638(3.09)
0.27891(4.74)

2.9622(1.70)
3.5372(1.42)

Mg Cr L Xgr Bixw Box By
A(1232) 1.2270(0.02) 0.1128(0.48) 1 0.0554(1.07) 1.00 0.00 0.00
N(1440) 1.4487(0.34) 0.4022(3.34) 1 0.1125(3.85) 0.65 0.35 0.00
R1 1.5123(0.02) 0.0945(1.83) 2 0.4959(4.81) 0.75 0.25 0.00
Ro 1.5764(0.16) 0.5005(1.76) 0 0.3097(2.12) 0.15 0.85 0.00
R3 1.7002(0.03) 0.1177(1.66) 2 0.2583(10.8) 0.15 0.60 0.25

TABLE V. The best fit parameters describing the resonant
contributions to the longitudinal helicity amplitude by Eq. (33).
The estimate of fractional parameter uncertainty is given in
parentheses in percent.

c1 (GeV™1/2) co (GeV~2/2) cs (GeV™2)
A(1232) 0.05029(6.72) 0 0.42522(6.40)
N (1440) (0] 0.23847(2.62) 1.4982(2.03)
Ry 0.09198(4.33) —0.10652(5.81) 1.0758(3.48)
Ro 0] 0] 0
R3 0.12027(1.68) 0] 0.89367(2.72)

TABLE VI. The best fit parameters describing the background
function by Eq. (42). The estimate of fractional parameter
uncertainty is given in parentheses in percent.

bl (GeV_%?) b2 mr L
Br 0.14453(4.19) 3.1297(1.76) 1.6302(0.19)
Br 3.4742(2.44) 0.54193(1.26) L.




Cross Section Results

Resonance (W2 < 4 GeV?)
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SLAC-NELL (RES) [31) 113
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Jlab-CLAS E1? (RES) [32-35) 309
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Cross Section Data Visualization
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F2 Results (Test Data)
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Photoproduction and R Data Results
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Visualization




Conclusions and Outlook

We developed a hybrid model of the proton structure functions applicable in a wide region of Q2 and W2.

In the nucleon resonance region, W < 2 GeV, we account for contributions from the A(1232) resonance, the N (1440) Roper
resonance, and three more heavy effective resonances responsible for the second and third resonance regions in the spectra.

Nonresonant background is computed in terms of DIS structure functions properly continued into a low-Q and low-W region. Our
extrapolation method respects the pion production threshold as well as the Q2 — 0 real photon limit. The onset of a low-Q region is
defined by the parameter Q,, the scale from which we start extrapolations of DIS SFs. The value Q2 = 2 GeV?2 provides an optimum
description of electroproduction data in our analysis. The DIS region of Q > Q, and W > 2 GeV is well described in terms of the
proton PDFs and the higher-twist terms from a global QCD analysis.

The model parameters, such as resonance masses and widths, parameters of resonance helicity amplitudes, scale parameter for
transition region, as well as parameters responsible for extrapolation to low-Q and low-W values, are adjusted from a global fit to the
world data on hydrogen electroproduction and photoproduction cross section. This approach allows us to determine parameters of
both the transverse and the longitudinal SFs reproducing available cross-section data with a very good accuracy.

we verified that our hybrid model of structure functions is dual in the integral sense to the underlying DIS structure functions. The
duality relation holds with a good accuracy for F,.

Work is in progress on extending this approach to determine parameters of the neutron structure functions from a combined set of
the proton and nuclear data. Also in progress is the generalization of this model to neutrinonucleon scattering in the resonance and
DIS transition region, which is of primary importance for interpretation of data from current and future neutrino experiments.
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