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Experimental Nuclear Physics

Jones et. al. (1999)

Input

An idea

Millions of Dollars

Tens of thousands of expert-hours

Output

a± σa
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Even Theorists Can Do It!
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To probe CP violation in the leptonic sector using GeV energy neutrino beams on argon targets,
precise models of the complex underlying neutrino and antineutrino-argon interactions are needed.
The E12-14-012 experiment at Jefferson Lab Hall A was designed to study electron scattering on
both argon (N = 22) and titanium (Z = 22) nuclei using GeV energy electron beams. Here we
report the first experimental study of electron-titanium scattering as double differential cross section
at beam energy E = 2.222 GeV and electron scattering angle θ = 15.541 deg, measured over a broad
range of energy transfer, spanning the kinematical regions in which quasielastic scattering and delta
production are the dominant reaction mechanisms. The data provide valuable new information
needed to develop accurate theoretical models of the electromagnetic and weak cross sections of
these complex nuclei in the kinematic regime of interest to neutrino experiments.

The interpretation of the data collected by experi-
mental studies of neutrino oscillations demands a fully

down charge-parity (CP) symmetry violation in the lep-
tonic sector, because its determination with few percent
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Disclaimers

This talk:

Inclusive, unpolarized DIS with electrons in Hall A
Some tritium target specific details
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Deep-Inelastic Scattering Cross Sections

Counting Measurement Interpretation
(Statistics) (Systematics) (Physics)

dσ

dΩdE ′
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)]
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dσ

dΩdE ′
: Probability of θ,E ′ given E

F1 =
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e2i qi (x) (bjorken limit)
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Deep-Inelastic Scattering Cross Sections

Counting Measurement Interpretation
(Statistics) (Systematics) (Physics)
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dΩdE ′
=

4α2E ′2

Q4
cos2

(

θ

2

)[

F2

ν
+

2F1
M

tan2
(

θ

2

)]

Count Electrons

σstat ≈
√
N

(PID, target thickness, beam
charge, ...)

Measure:

Ebeam

E ′ (momentum)

θ

Publish
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Electron Scattering Experiments Hall A

55 ft
Crane Height

Detector in
Service
Position

Target

Beam Dump

174 ft Inside Diameter

10 ft Beam Line Height (Utility Platform Not Shown)

(HRS Shown in 0o Azimuthal Position)

Box Beam

Shield Hut
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Electron Scattering Experiments in Hall A
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Counting Statistics

Consider the time interval between successive events

Continuous (Radioactivity)
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Counting Statistics

Consider the time interval between successive events

Continuous (Radioactivity with replacement)
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Counting Statistics: Dice-Rolling Demo!

N = 30

Roll a 1 on one die (p = 1
6)
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Roll ‘snake-eyes’ (p = 1
36)

0 10 20 30 40 50
k

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

P
(k

)

Geometric Distributions

p=0.027777777777777776

P(k) = (1− p)kp

Average Interval = 36
McClellan Counting Electrons in Hall A June 13, 2018 9 / 50



Scattered Electron Counting is Stochastic!
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Scattered Electron Counting is Stochastic!
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Section I: How Do We Count Electrons?

...for each choice of (E ,E ′, θ)...
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Scintillators (Triggering)
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Scintillator Calibration

Pedestal Fitting Single Photoelectron Peak Fitting
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Trigger Setup and Commissioning
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Trigger Setup and Commissioning
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Cherenkovs (Particle Identification)
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Cherenkov Calibration
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Calorimeters (Particle Identification)

shower PID parameter Rsh

ELECTRONS

PIONS
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Calorimeter Calibration
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Wire Chambers (Track Reconstruction)
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Pair-Produced Background (Check the positrons!)
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Online Monitoring

Run #2079
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The Importance of Version Control in Collaborative Software Development

Ar(e,e’p) inherited replay scripts from GMp.

Little preparation time, last-minute development

Many developers (tritium students), collisions and overwriting!
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Hall A Online Tritium Repository!

Track all online replay source
code

◮ Replay scripts
◮ Tritium-specific libraries
◮ DB files
◮ many other online/offline

scripts
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Optimal Workflow
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Success!
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Commit History
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Github Issue Tracker
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Part II: From Counting Electrons to Relative Yields

Evan McClellan

June 13, 2018
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Why Do We Care About Relative Yields?

Ratio Measurements!

R =
dσ1
dσ2

=
Y1

Y2

Fcommon

Fcommon

Fcommon typically includes:

Spectrometer Acceptance

Detector efficiencies

Reconstruction efficiencies

Absolute Beam Charge

Absolute Target Thickness

For example:

MARATHON:
F
3He
2

F
3H
2

3H(e, e ′p)

Asymmetry measurements...
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Relative Efficiencies
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Relative Acceptances
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Spectrometer Angle
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Video!
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Spectrometer Momentum

55 ft

Crane Height

Detector in
Service
Position

Target

Beam Dump

174 ft Inside Diameter

10 ft Beam Line Height (Utility Platform Not Shown)

(HRS Shown in 0o Azimuthal Position)

Box Beam

Shield Hut

High Resolution Spectrometer
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Beam Energy

p = k

∫

~B · ~dl
φ

(+ sync rad correction)

Dispersive Optics

No quad-steering!
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Energy Loss
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Target ‘Length’ and Fill Density

Gas densities are not identical

Count scales with gas density

Need independent measure
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Target Window Subtraction
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Target Density Current Dependence (‘boiling’)

Liquid targets boil along the beam

Local density changes for gas too

Varies with beam current
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Target Density Current Dependence (‘boiling’)
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Target Gas Contamination
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Target Gas Contamination
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Relative Integrated Beam Charge
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Part III: Onward to Absolute Cross Sections!

Absolute Efficiencies

Detectors

Trigger Logic

Tracking Algorithm

Absolute Acceptances

dθ shape

dp shape

Trade stats for
systematics?

Absolute Beam/Target

Beam Charge

Target Density (‘boiling’)

Target Windows

Target purity
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BCM Calibration
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Part IV: Preliminary Look at Spring 2018 Tritium Data

MeAsurement of the F n

2
/F p
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Inelastic Electron Scattering Off the Tritium and Helium MirrOr Nuclei.
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MARATHON (proposal)

No data plots released yet...

d/u at high-x

Refines valence quark description of the
proton!

Data is on tape

Analysis is ongoing
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That’s All, Folks

Thanks!
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