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INTRODUCTION:
PARITY-VIOLATING ASYMMETRY

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

The parity-violating asymmetry in polarized electron scattering
by nuclei 1s defined as:
~doT —do~
- dot+do-

When some conditions are met this asymmetry takes a simple
dependence on momentum transfer (‘reference asymmetry’):
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A precise measurement of the PV asymmetry allows for the
extraction of accurate values of Standard Model constants.
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INTRODUCTION:
PARITY-VIOLATING ASYMMETRY

*Projectile wave functions are not distorted by the target.

*Only one boson per interaction is exchanged.
o’ [arget state has 0 spin and 0 1s0spin, exactly.

*Jarget has no strangeness content.

When some conditions are met this asymmetry takes a simple
dependence on momentum transfer (‘reference asymmetry’):

In this situation a precise measurement of the PV asymmetry
allows for the extraction of accurate values of Standard Model
constants.




INTRODUCTION:
THEORETICAL UNCERTAINTY
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— Reference asymmetry ¢
— Asymmetry with contribution X

Absolute effect of contribution X: Relative effect of contribution X:
Reference asymmetry (A% vs. asymmetry Deviation of asymmetry with contribution X
containing contribution X (AX). with respect to reference asymmetry:

X =(AX- A%/ A°.




INTRODUCTION:
THEORETICAL UNCERTAINTY
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gl Model 1
— Model II  for contribution X
Model III

Relative effect of contribution X: Relative uncertainty from contribution X:
Devwviation of asymmetry with contribution X Different (reasonable) models to account for
with respect to reference asymmetry: contribution X.

X =(AX-A0) /A0




INTRODUCTION:
THEORETICAL UNCERTAINTY
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Definition of PV asymmetry deviation due to the contribution X:

Y =AY/A° 1]

The total PV asymmetry consists of the reference value plus the
deviations induced by every possible effect:

AT ~ A° (1+erf>

The variability (uncertainty) in the deviation translates directly in
a PV relative uncertainty:

AXa — A% AAX
X _ 17X, X, __ __
AT =T =T = —5— = —5-




INTRODUCTION:
STATISTICAL UNCERTAINTY
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INTRODUCTION:
STATISTICAL UNCERTAINTY
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Differential
Cross section

Azimuthal
angular

coverage: 27 Polar angular PV asymmetry
coverage (100% beam polarization)
Beam
luminosity:
FM0) 8 omaszsy

Data acquisition
time: 107 s
(~ 4 months)




INTRODUCTION:
STATISTICAL UNCERTAINTY
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GOALS OF THIS WORK
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GOALS OF THIS WORK

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

« Compute the deviation of the actual PV asymmetry from the
reference value, analyzing each contribution independently.




GOALS OF THIS WORK
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» Compute the deviation of the actual PV asymmetry from the
reference value, analyzing each contribution independently.

- Estimate the current uncertainties in the theoretical/
empirical descriptions of these effects and translate them 1nto
relative uncertainties of the PV asymmetry.




GOALS OF THIS WORK

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

» Compute the deviation of the actual PV asymmetry from the
reference value, analyzing each contribution independently.

SSEinigite the -current uncertainties— in - the Stueorctis g
empirical descriptions of these effects and translate them into
relative uncertainties of the PV asymmetry.

- Estimate the statistical uncertainties of the PV asymmetry
and combine them with the above mentioned ‘theoretical’
uncertainties to determine the appropriate conditions and
kinematic ranges for the experiments.
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* Distortion of the electron wave function due to the Coulomb field created
by the nuclear charge distribution: from plane-wave (PW) to distorted-
wave (DW) calculations.
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* Distortion of the electron wave function due to the Coulomb field created
by the nuclear charge distribution: from plane-wave (PW) to distorted-
wave (DW) calculations.

* Isospin mixing in the nucleus due to the Coulomb interaction acting
differently on protons and neutrons.
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* Strangeness content of the nucleons moditying the isoscalar (but not the
1sovector) nuclear responses.
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Distortion of the electron wave function due to the Coulomb field created
by the nuclear charge distribution: from plane-wave (PW) to distorted-
wave (DW) calculations.

Isospin mixing in the nucleus due to the Coulomb interaction acting
differently on protons and neutrons.

Strangeness content of the nucleons modifying the isoscalar (but not the
1sovector) nuclear responses.

Meson exchange currents among the nucleons aftecting differently the
1soscalar and the isovector nuclear responses.




ANALYSIS OF CONTRIBUTIONS

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

Distortion of the electron wave function due to the Coulomb field created
by the nuclear charge distribution: from plane-wave (PW) to distorted-
wave (DW) calculations.

Isospin mixing in the nucleus due to the Coulomb interaction acting
differently on protons and neutrons.

Strangeness content of the nucleons modifying the isoscalar (but not the
1sovector) nuclear responses.

Meson exchange currents among the nucleons affecting differently the
1soscalar and the 1sovector nuclear responses.

Inelastic transitions where the excited nuclear states differ significantly
from the ground state (e.g. different nominal 1sospin).




Coulomb distortion effect

Theoretical uncertainties in the PV asymmetry due to a
reasonable variability in the nuclear charge distributions.
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Coulomb distortion effect

Theoretical uncertainties in the PV asymmetry due to a
reasonable variability in the nuclear charge distributions.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

They generate different
Coulomb fields which distort
the electron wave functions
differently.

We use a three-parameter
Fermi distribution:

and keep the rms charge
radius within the
experimental range.




Coulomb distortion effect

Theoretical uncertainties in the PV asymmetry due to a
reasonable variability in the nuclear charge distributions.
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Nuclear isospin mixing effect

Theoretical uncertainties in the PV asymmetry due to a reasonable
variability in the neutron vs. the proton distribution within the nucleus.
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Nuclear isospin mixing effect

Theoretical uncertainties in the PV asymmetry due to a reasonable
variability in the neutron vs. the proton distribution within the nucleus.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

We perform an axially-deformed Hartree-Fock mean
field calculation with BGS pairing correlations, using
Skyrme nucleon-nucleon interactions:

VISZk — TO(I +XOPO')6(F1 _72) + )[6(?1 —72)/(2—}—

+T2(1—X2PG)Z/5(71— [ (61+62)Z'X5(7] -

1
+ <131 +23Ps) 871 -




Nuclear isospin mixing effect

Theoretical uncertainties in the PV asymmetry due to a reasonable
variability in the neutron vs. the proton distribution within the nucleus.
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Nuclear isospin mixing effect

Theoretical uncertainties in the PV asymmetry due to a reasonable
variability in the neutron vs. the proton distribution within the nucleus.
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OTHER MODIFICATIONS OF THE MEAN FIELD (PAIRING, SHAPE)
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Nuclear strangeness content effect

Theoretical uncertainties in the PV asymmetry due to the experimental
uncertainties of the nucleon strangeness content parameters (ps, s).
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Nuclear strangeness content effect

Theoretical uncertainties in the PV asymmetry due to the experimental
uncertainties of the nucleon strangeness content parameters (ps, s).

Experimental ranges of strangeness content parameters

lll’ll"ll'lllll’!l
M, = 1.032 GeV ! M, = 1.35 GeV

M, = 0.84 GeV M, =0.84 GeV

Strangeness
form factors

M, =1.032GeV i M, = 1.35 GeV

M, = 1.02 GeV i M, = 1.02 GeV

%126 =097




Nuclear strangeness content effect

Theoretical uncertainties in the PV asymmetry due to the experimental
uncertainties of the nucleon strangeness content parameters (ps, s).
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Meson exchange current effect

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

In absence of nuclear 1sospin mixing and of nucleon strangeness content:
no contribution of MEC.




Meson exchange current effect
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In absence of nuclear 1sospin mixing and of nucleon strangeness content:
no contribution of MEC.

With nuclear isospin mixing: the isoscalar and the isovector nuclear
responses are affected differently, resulting in an overall ~10% change of

the 1sospin mixing deviation.




Meson exchange current effect
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In absence of nuclear isospin mixing and of nucleon strangeness content:
no contribution of MEC.

With nuclear 1sospin mixing: the i1soscalar and the isovector nuclear
responses are affected differently, resulting in an overall ~10°% change of

the 1sospin mixing deviation.

With nuclear isospin mixing and nucleon strangeness content: any MEC
uncertainty is clearly exceeded by the strangeness content uncertainties.
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Meson exchange current effect
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In absence of nuclear isospin mixing and of nucleon strangeness content:
no contribution of MEC.

With nuclear isospin mixing: the isoscalar and the isovector nuclear
responses are affected differently, resulting in an overall ~10% change of
the 1sospin mixing deviation.

With nuclear 1sospin mixing and nucleon strangeness content: any MEC
uncertainty 1s clearly exceeded by the strangeness content uncertainties.

As for the strangeness content of exchanged mesons (two-body
strangeness): effects of this exotic MEC expected to be smaller than
conventional MEC effects at low momentum transfer.

[sce M. J. Musolf; R. Schiavilla and T. W. Donnelly, Phys. Rev: €50 (1994) 2173]




Inelastic transitions

Theoretical uncertainties in the PV asymmetry due to possible
excitations of carbon 12 in the scattering process.
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Inelastic transitions

Theoretical uncertainties in the PV asymmetry due to possible

excitations of carbon 12 in the scattering process.
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Summary of sizes and uncertainties

(150 MeV incident energy, 25° - 45° scattering angular range)
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Contribution to PV
asymmetry

Size (%)

Uncertainty (%)

Coulomb distortion of

o : 3 0.01
projectile wave function
Nuclear 1sospin mixing 0.4 0.05
(electromagnetic origin) : '
Nucleon strangeness B i
content (mainly electric)
Meson exchange = i
currents ' '
Dispersion = ==

(inelastic contributions)




STRATEGY OUTLOOK
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Focus on the momentum transfer range where the
strangeness content uncertainty 1s large:
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STRATEGY OUTLOOK
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Focus on the momentum transfer range where the
strangeness content uncertainty 1s large:
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STRATEGY OUTLOOK
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Conditions in this momentum transfer region: statistics and solid angle
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Deviation due to Coulomb distortion for nuclear charge distributions differing
in the diffuseness parameter of the Fermi distribution
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Contribution of magnetic strangeness content
(through spin-orbit correction in operator)
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Strangeness contribution for two different extractions of
experimental ranges of strangeness content parameters
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Strangeness contribution within a large range of momentum transfer
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Inelastic transitions

Theoretical uncertainties in the PV asymmetry due to possible
excitations of carbon 12 in the scattering process.
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T =0 levels:
Same PV asymmetry

as for ground state

(in absence of strangeness and
at tree-level)

XPC — VLVVWLE]AJ VV_}_VTYVWJEAJ VV'




Inelastic transitions

Theoretical uncertainties in the PV asymmetry due to possible
excitations of carbon 12 in the scattering process.
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Starting point: Given
(1) no isospin mixing (no isoscalar/isovector differences

(2) no strangeness (implying only non-stra |2

(3) tree level WNC couplings (no isoscalar axial-vector

... then all of the states (being T=0) have the same
state and so the answer for the total is ti

However, with strangeness (and isospin mixing) the dependences inthe Land T
contributions (still assuming no T’ contributions) are different.

For example, in the T responses there are both convection and magnetization
currents and so both electric and magnetic strangeness effects occur at
leading order




