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Electron-Nucleus Scattering

Electron moves in the nuclear Coulomb field, E = Ze
r3 r. Magnetic

field induced in electron’s frame, B = − 1
c v × E. Therefore

B =
Ze

cr 3
r × v =

Ze

mcr 3
L

Magnetic field couples to the electron’s spin Vso = −µs · B.
Scattering potential :

V (r ,L,S) = VC (r) + Vso(r ,L,S) =
Ze

r
+

Ze2

2m2c2r 3
L · S.

Martin McHugh JLab Mott Polarimeter



Mott Scattering
Mott Polarimeter

(Near) Future Work
Conclusion

Single Scattering
Sherman Function
Scattering Asymmetry

Sherman Function

The cross section is

σ(θ) = I (θ) [1 + S(θ)P · n]

with n = k×k′
|k×k′| . The spin-averaged cross section is

I (θ) = |f (θ)|2 + |g(θ)|2

and S(θ) is the Sherman Function,

S(θ) = i
f (θ)g∗(θ)− f ∗(θ)g(θ)

I (θ)
.
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Sherman Function Corrections

S(θ) must account for

Finite Nucleus. Adjust
theoretical prediction.

Multiple scattering. Shown
as dependence on target
thickness, d

S(θ)→ Seff (θ, d) =
S(θ)

1 + α(θ)d
.

Run on thinnest possible
target.
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Two Asymmetries

Scattering an unpolarized beam produces a net polarization

P(θ) =
σ↑(θ)− σ↓(θ)

σ↑(θ) + σ↓(θ)
= S(θ)n

A polarized beam produces a left-right asymmetry

ALR =
σL − σR

σL + σR
= S(θ)P · n
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The Polarimeter
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The Detectors
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Measuring Asymmetries

How we actually measure the polarization:

Measure hits in each detector for one helicity state. Get N↑L
and N↑R .

Flip helicity, repeat. Get N↓L and N↓R .

Calculate the cross-ratio, r =

√
N↑

L N↓
R

N↓
L N↑

R

.

Calculate asymmetry ALR =
1− r

1 + r
.

Do the same for the vertical AUD .

The polarization is

P =
1

Seff (θ)
[ALR ŷ − AUD x̂]
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Measurement Optimization

Statistical error proportional to
the inverse of the figure of merit,

ε(θ, d) = I (θ)S(θ, d)2d .

Count Rate, R(θ) is directly
proportional to I (θ) and d (for
thin foils). We measure at
θ = 172.6± 0.1°.
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Statistical Error

Uncertainty in asymmetry measurement is

(∆ALR)2 =
r 2

1− r 4

∑(
∆N↑,↓L,R

N↑,↓L,R

)2

.

Since the number is about the same (N↑L = N↑R = N↓L = N↓r = N)

Approximate, ∆A =
√

1/4N or N = 1
4(∆A)2 .

Given this approximation, the
time to measure with precision
∆P/P is

T =
1

2(∆P)2ε
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Systematic Error

1 False Asymmetries: Include beam current and position and
detector asymmetries. Canceled out by calculating ALR in
terms of r .

2 Backgrounds: Includes noise from beam dump and chamber
walls and photons. Canceled by:

1 Shielding and Collimation

2 Time-of-flight

3 Coincidence triggers
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Measurement Precision

1 Measure polarization with absolute uncertainty of 1.1%.

2 Takes ∼ 20 min at 8 MeV

3 ∆P dominated by ∆S . Systematics ∼ 10−4.

Extrapolation to d = 0
=⇒ single nucleus case.
Uncertainty in extrapolation
dominates ∆S .
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Increasing Precision

Goal: Measure and publish electron polarization from 2 to 8 MeV
with absolute uncertainty better than 1%.

1 Take data (next week) with new DAQ.

2 Calculate full Sherman function (multiple scattering, finite
nucleus) without ad hoc extrapolation. Embed in GEANT4.

3 Compare data to GEANT4 simulation to determine
uncertainty.
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Summary

The JLab Mott polarimeter is a high precision instrument very
useful for the physics being done here.

One of only two MeV Mott polarimeters in the world.

More accurate modeling of the Sherman Function
extrapolation to zero thickness using GEANT4 could bring the
precision to < 1% .
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