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Introduction



An anomalous moment

The nuclear magneton is the spin magnetic mo-
ment of a Dirac particle.

µN =
eℏ
2mp

Figure 1: Alvarez and Bloch’s
measurement of the neutron. Stern’s

Proton
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What is a Form Factor

Form factor is...

a scaling term that describes the deviation from point-like.
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Method 1: Elastic Scattering Cross-section

Scattering cross section from a point-like proton
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How do they relate to the proton and neutron measurements?

The Sachs electric and magnetic form factors, GE and GM , describe electric and magnetic
distribution.
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Method 2: Polarisation transfer

• Pl is mostly kinematic factors

• Pt is a combination of kinematic and
electric (think GEn)

Polarisation transfer from incident
photon to a neutron (e⃗N → eN⃗)

Pt

Pl
=

1√
τ + τ(1 + τ) tan2( θe2 )

· GE

GM

But... Pl , cannot be measured easily.
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Two questions of interest

Figure 2: GEn world data Figure 3: Cross section vs
polarimetry methods

Andrew Cheyne GEn-RP Experiment 9



The GEn-RP Experiment



Jefferson Lab - One of the world’s most powerful telescopes
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Figure 4: Enter Caption



Hall A



Experiment setup

• 15cm LD2 target (mostly)

• Polarised Electron Beam

• Electron Arm

• Hadron Arm

Figure 5: Experimental setup for GEn-RP.
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Electron Arm

The electron arm is used for:

• Coincidence timing

• Momentum reconstructions

• Target vertex reconstruction

• Pion rejection
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Super Bigbite Spectrometer (SBS) Hadron arm

The hadron arm has:

• The Dipole magnet for:
▶ separation protons and neutrons
▶ low momentum charged particles

rejection
▶ spin-precession

• Hadron Calorimeter (HCal) and
Cordinate detector

• More GEMs for tracking

• The steel polarisation analyser...
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How can we measure the polarisation of the neutron?

How can we measure the polarisation?

• N-N scattering depends on the spin-orbit interaction and producing an azimuthal
modulation of the scattering cross section.

σ(θ′n, ϕ
′
n) = σ(θ′n)

[
1 + Ay (θ

′
n)

{
Pn
x sinϕ

′
n + Pn

y cosϕ
′
n

}]
• σ(θ′n) is the unpolarised differential cross section

• Ay (θ
′
n) is the analysing power of the scattering process

• Pn
x and Pn

y are the incident nucleon polarisations
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Asymmetry

If we...

• keep the electron and nucleon detection
angles constant

• flip the beam helicity and dipole polarity

• Count

we can make linear combinations of these...

F (ϕ′
n) = C{1± |P∗

x | sinϕ′
n ± |P∗

y | cosϕ′
n}. Figure 6: Simulations of the scattering asymmetry

Pt

Pl
=

1√
τ + τ(1 + τ) tan2( θe2 )

· GE

GM
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Data Taking summary

Run summary

• 16th of April and 14th of May 2024.

• Beam current 10-12 µA on LD2

• 3 hours per day on LH2

• Data acquisition rate 3-4KHz

• Data rate 1-1.2 GB/s

• 12C of charge.

Problems

• Rates too high on forward GEMs, limited to 12µA.

• Some initial data-acquisition problems (1.3 GB per second).

Andrew Cheyne GEn-RP Experiment 20



Analysis



Reconstruction of quasi-elastic scattering
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Charge exchange event selection

If we require:

• Quasi-elastic scattering

• No track entering the anlyser

• A track leaving the analyser

We can isolate charge-exchange events.
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Why Charge-Exchange?

Neutron polarimeter figure of merit as a
function of incident neutron momentum
for two styles of polarimeter within the
SBS apparatus using preliminary data from
the recent Dubna measurement
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A very bad example of asymmetry

Event without GEM tracking, calibrations,
proper cut implementation and timing
corrections we can still see some
asymmetry peeking through.

Time to do some calibrations for the next few months (year).
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Bigbite pion rejection

Figure 7: Locating the pion peak to be removed
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Figure 8: Energy resolution alignment.
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Future Work



Future work

• Calibate the remaining detectors (Timing hodoscope, Hadron Calorimeter) and rerun the
data processing with new calibrations.

• Resolve some timing issues with hadron calorimeter.

• Tune event selection to isolate charge-exchange events.

• Get an asymmetry..?
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Thanks for listening

A very special thank you to:

• My supervisors, Rachel Montgomery & David Hamilton.

• The Hall A SBS group

• The GEn-RP analysis team (Andrew Puckett, Jiwan Poudel, Bogdan Wojtsekhowski,
Michael Kohl, Will Tireman, and Saru Dhital).

• Kate Evans, Bhasitha Dharmasena, and Gerry Penman for always being willing to help.

• Everyone who took shifts during the run.

• The Glasgow Nuclear and Hadron group.
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Polarimetry

Figure 9: Enter Caption
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Figure of Merit Study
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RF cavity

Figure 10: RF accelerator cavity
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Frame Title

Figure 11: Enter Caption
Andrew Cheyne GEn-RP Experiment 34



More asymmetry stuff

The unpolarised distribution C (background), and the separated x and y polarised distributions
can be obtained as the following linear combinations of these flipped beam helicty and dipole
polarity distributions.
The polarimeters measure the full azimuthal distribution plots of the different counts in Fx and
Fy are then fitted with sine and cosine functions, allowing the extraction of P∗

x,y from equation
??. These effective polarisations measured by the polarimeter, P∗

x,y , are then projected back to
the target as,

P∗
x = Aeff

y PePx

P∗
y = Aeff

y PePz sinχ.

where Aeff
y is the analysing power χ is the precession angle.
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Magnetic Field study

One complication is that the precession angle, χ, depends on the path the nucleon took
through the magnetic field since,

χ =
2µn

ℏcβN

∫
L

B.dl

where βN is the neutron velocity and B is the magnetic field through which it being precessed.
Thus the ratio,

Px

Py
=

P∗
x

P∗
y

· sinχ,

allowing the extraction of
G n
E

G n
M

from equation 19. One of the advantages of using this ratio

method is that the resulting ratio is independent of Analysing power.
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Magnetic field analysis

• Simulation analysis at 100% SBS coil current of 2100A which gives:

• a
∫
B∆l of 1.47 Tm and for a neutron momentum of 3.2GeV /c (Q2 = 4.4(GeV /c)2)

gives

• sinχ = 0.81.
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The Big Bite Calorimeter

• BigBite calorimeter is made of two parts,
Shower (SH) and PreShower (PS).

• SH detector is composed of 189 modules,
each composed of a 8.5x8.5x37cm
lead-glass blocks readout by a PMT. The
189 modules are laid out in 27 rows of 7
blocks all facing the spectrometer z-axis.

• Similarly, PS detector is composed of 52
modules laid out in 26 rows of 2 blocks all
facing the spectrometer z-axis. Each PS
module is made of 9x9x37cm lead-glass
block readout by a PMT.

Figure 12: CAD drawings from Chris Soova dated
Aug 20, 2021
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Coordinate systems

Hall
▶ +z is down the beam axis
▶ +y is up (away from gravity)
▶ +x makes RH coodinate system (so L looking down beamline)

Detector
▶ +z is down particle central axis in particle direction
▶ +x is down to the floor
▶ +y makes RH coordinate system.
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