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This talk reports on analysis of all available H, D, Carbon and Oxygen
electron scattering data (Analysis will be expanded to all nuclei)

We update the Bosted-Christy fit to all of the world’s electron scattering data on
H, D and nuclear targets to include the lowest values of energy transfer v and g2
(for C12 we fit ~8000 cross section data and 250 measurements for 016).

We fit for: QE cross section (including Transverse Enhancement/MEC and
longitudinal low g Quenching). Resonance and pion production, DIS, nuclear
excitations, elastic scattering data. Since the cross sections span a large range of
energies and scattering angles, we extract both the longitudinal RL and transverse
RT contributions, and also get the Coulomb Sum Rule.

We parameterize both the Enhancement of the Transverse QE cross section and
the Quenching of the Longitudinal QE cross section. We extract the most precise
Coulomb Sum rule as a function of q and compare to theoretical calculations.

The fit can be used in lieu of data to benchmark Monte Carlo predictions (e.g. for
e-H, e-D _and e-?2C and e-10 cross sections, and to is being used compute radiative
corrections for electron scattering experiments..




Nuclear excitations in Carbon

Note: Nuclear excitations are significant at low energy transfer v and
contribute up to 30% to the longitudinal Inelastic Coulomb Sum Rule (CSR)
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We parameterize form-factors for elastic scattering and for 17 longitudinal

and transverse nuclear excitation (2< Excitation Energy<50 MeV) important
since they contribution up to 30% to the Coulomb Sum Rule
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, Electron scattering cross sections
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Coulomb Sum rule: Contribution of nuclear excitations

The electron scattering differential cross section can be CSR(q) = / Ry (q,v)dv (3)
written in terms of longitudinal (Rr(q,7)) and transverse ’
(Rr(q,v)) response functions [7):

/ RZ¥(q,v)dv + GE}(q) x 222 F2(q)

d
o5 = oMARL(qv)+BRr(qv), (1) =
L ateos?)(0/2) = CE(q)x [Z / VQEdu+ZQZF2 (a)]
4E?sin*(0/2) all

By dividing by ZGFE!(q) we obtain the normalized in-
elastic Coulomb Sum l:fule is:

At very low q,  Slinelestic = 0

SL(q) = / VEE(q,v)dv + ZZ F?(q) (5)
all

At high ¢ expect SLieistic = 1
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Nuclear excitations are significant at low energy transfer vand contribute up
to 30% to the longitudinal Inelastic Coulomb Sum Rule (CSR)



Modeling QE:

Use superscaling- Fit for the longitudinal scaling function

parameters in the overall fit
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The 1’ superscaling variable is given by the following
expression:
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where ép = [/1+0% = 1], np = Kp/My, A = v/2M,,
k = |q|/2M, and 7 = |Q%|/4M? = K2 - X2,
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The overall fit provides R, and R;at all values of g
Shown are large and small angle cross sections at the same q that provide the
major contribution to the extraction of R, and R;at

q2=0.09, 0.15 and 0.35 GeV? (q=0.3, 0.38 and 0.57 GeV)
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Comparison of our R, and R; from our universal fit to (~8000 cross sections) to previol
extraction by Jourdan at g2=0.09, 0.15 and 0.35 GeV?2. (g=0.3, 0.38 and 0.57 GeV)

Our extraction is more reliable since we include all of the world’s data in the fit
 Atlow q the contribution of the nuclear excitations important.

 The superscaling fit function describes the QE distribution at higher v.

 Resonance region is modeled with Fermi Smeared H and D data. .



Note

e The 1plh cross section is enhanced when 2 body currents are
included in the calculations. This is the largest contribution to

the Transverse Enhancement and increases the cross section
in the region of the QE peak.

e The 2 body currents also result in 2p2h final states. It

increases the cross section between the QE peak and pion
production threshold.
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SI-inelastic(q)

++++QE Pauli suppressed

e ¢ SL Inelastic (QE with total
suppressions plus excitations)

== E Supressed (by Pauli+extra).

= (12 Excitated States

Nromalized SL Inelastic

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80

q (GeV)
The different contribution from our fit to the extracted
Inelastic Coulomb sum Rule: SL;,qactic(9)

14



A

st

el

SI-inelastic(q)

0.00

0.8

0.10 0.20

(Carbon)

- Mihaila 2000 (Carbon)

- Lavato 2016 (Carbon) First
Principle Green's Function MC
e o This Experimental Analysis

AV18+UIX Potential

—Cloet 2016 (Carbon) RPA

0.00

—Sobczyk 2020CCSD: NNLO
e ¢ This Experimental Analysis

= Mihaila 2000 AV18+UIX
Potential

Comparison to theory for
Coulomb sum Rule: SL;, oastic(@) 12C

1. Reasonable agreement with
Lavato 2016 First Principle Green’s
function MC.

2. Poor agreement with Mihaila 2010
Coupled Cluster AVI8-UIX potential

3. Poor agreement with Cloet 2016

(RPA) 4 Lowtoet.al, Phys. Rev. Lett, 117, 082501 (2016)

Ian C. Cloet, Wolfgang Bentz, Anthony W. Thomas, Phys.
Rev. Lett. 116, 032701 (2016) (arxiv.org/abs/1506.05875).

. Bogdan Mihaila and Jochen H. Heisenberg, Phys, Rev.
Lett. 84 (2000) 1403. 2009.01761 [nucl-th]

Comparison to theory for
Coulomb sum Rule: SL;..«ic(a) 16O

1. Reasonable agreement with
Sobczyk 2000 CCSD:NNLO

2, Poor agreement with Mihaila 2010
Coupled Cluster AVI8-UIX potential
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Conclusions

We fit all existing e-H, e-D, e-?>C and e-1°0 data including elastic,
nuclear excitations, Quasielastic, Resonance and Inelastic region.

Fit provides a benchmark to test electron and neutrino MC
generators. (all parameters will be published).

The contributions of nuclear excitations is important at low q and
should be added to electron and neutrino MC generators.

For the QE structure functions, we find that the QE Longitudinal
cross section is Quenched by an Extra Suppression in addition to
Pauli blocking and the Transverse cross section is Enhanced. We
provide a parameterizations of the Longitudinal Quenching and
Transverse Enhancement.

We extract the inelastic Coulomb sum rule and compare to
theoretical calculations. Since all available e- 12C data is included in
the fit, this is the best extraction of the Inelastic Coulomb Sum
Rule from all the world’s data on °C.
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