PR 00-008

A Clean Measurement of the Neutron Skin of 208Pb
Through Parity Violating Electron Scattering

PR-99012 A Hall A Collaboration Proposal

Neutron Skin
02 +/- 0.2 fm

sRn> Rp?

Neutrons

Electromagnetic Scattering -- Sees Mainly Protons

Z - Boson Probe (Parity Violation) -- Sees Mainly Neutrons

Measurements are Clean



LEAD PARITY

208 HRS + Septum

Pb Target

-
Polarized Electrons

L

Elastic Scattering, 850 MeV, 6 degrees
Measure the Parity Violating Asymmetry

_ 06,

(B'R-I-GL

Parity is Violated due to Weak Imteraction (Z Bosons)

PURPOSES OF EXPERIMENT

1. Establish Existence of ‘“Neutron Skin”’

Fundamental Feature of Heavy Nuclei

2. Compare Directly to Theory

3. Direct Application to Atomic PNC Experiments

Possibly the most precise low energy test
of Standard Model in the future.



APPLICATIONS OF LEAD PARITY

Direct Application

“Undo” Coulomb distortions

Weak Density

Direct Comparison

Atomic
PNC

Shape dependence MEC, etc are small

enters similarly
to electron
scattering

Corrections die to nucleon
form factors, strangeness,

Field
+
Other

Models

Assume surface thickness good to 25%

Constrained by measured surface energies,
charge density, etc. Mean field theory
has very small spread

Rn (Neutron Skin)
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Max FOM --> Min Run Time to Reach 1% in Rn

208 gy

106 |
s Cross Section 2
210°F\ atE=085GeV| _
210 1.5
E &

10° 1
% -«

2

B 10 0.5
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q (fm™)
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With Septum (6°) --> Best is 850 MeV
A JLab Energy

T
® FoMm = Eafe x A ... We Mmarimites [OM = ev
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SCATTERING RATE IN SPECTROMETER

Distribution in Focal Plane
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3cm = 2 MeV
(1st State of Pbat 2.6 MeV)
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High Power (40 Watt) ~ Pb Target
for JLab Parity Experimemnt

208 -
Pb . (Thelead is 0.5 mm thick. Picture is not to scale)

Copper
Frame
1 f/ ! beamr hole !
C |
(diamond) T
Beam (N
S Liquid Helium
i Coolant
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DIAMOND BACKING
—+» Very High Thermal Conductivity

—» Negligible Systematic ( 12C)



Lead nrjzt' ASS:mé/g_

¥ Built b., Ced State LA
% Frts om c.xc‘sh‘na ‘hrgef &dler

¥ PMLAHB mstalbedd &:& 2000
with Pb & Diawmond.
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SYSTEMATICS
Statistical Goal 15 ppb or 3%

-» 1. Want Systematics ~ 1 ppb
Helicity Correlated Beam Parameters, etc

2. Because of High Rates,
need all noises << 140 ppm in 30 msec

3. Nommalization to << 3%
- *  Polarization to 1% (at least 2%)

4. Backgrounds
5. Pedestals and Nondinearities

. Theoretical Cmecuons

-  Will Discuss



Systematics - Helicy Correlated Beam Parameters

Beam Parameter Corrections

HAPPEX 30 +/ 30 ppb
Different Target -- Different Sensitivity

Need a factor of ~10 better

Two Aspects :
1. Helicity Correlated Differences
Too Large

—» New Controls at Polarized Source

—» New quadmpoles (Jan 2000) allow better tunes

2. Accuracy of Beam Position Measurements

Intrinsic BPM accuracy ~1 micron — 1 ppb

Need engineering runs to study:
BPM accuracy

Target sensitivity

May need cavity monitors



POLARIMETRY

How polarization affects our result

Pogn.alig.:tion Total Expt Error
1% 32%
2 % 36 %

Systematics of Polarimeters

In Hall A | Presently Future
Stated Expectation

Moller 32 % 2 %

Compton 43 % 2 %
(at 3.3 GeV)

Elsewhere (cross - checks)
Hall C Moller ~05 % < 1%

Mott ~6% ?



THEORETICAL CORRECTIONS

Addressed in a paper (to be submitted soon)

“Parity Violating Measurements of Neutron Densities”
C.J. Horowitz, S.J. Pollock, P. A. Souder, R. W. Michaels

1. Coulomb Distortions ~20% -- biggest correction

Four Independent Codes

2. Strangeness < 0.5% Effect
New data may reduce this

3. Parity Admixtures

4. MEC

negligible

NIR

5. Dispersion Corrections ~

6. Shape Dependence

7. Applicability to Atomic PNC

8. Inelastic Contributions

9. Isospin Violations (in nucleon)

10. Target Impurities (Diamond, Isotopes)

AEPASME AP QL. e e L



ERROR BUDGET

Source of Error % %o
Polarization 1.0 2.0)
Q2 Determination 0.3

Finite Acceptance 0.3

Beam Systematics 0.2
Backgrounds 0.2

Total Systematic Error 1.1 2.1
Statistics 3.0

Total Experimental Error 32 (3.6)

\
BEAM TIME REQUEST

690 Hours (50 microamps, 80% pol)
1 hour Moller for each day ‘“‘beam -on -target”

10 hours Setup and Checkout

Total: 30 Days



