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The MOLLER experiment

Measure the parity-violating asymmetry APV in e−e− (Møller) scattering at Jefforson
Lab Hall A.

11GeV longitudinally polarized electron beam, ∼65µA on a 1.25m liquid hydrogen
target.

Precision: δAPV /APV ≈2.4% (∼0.8 ppb on a ∼33 ppb asymmetry).
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Main detector & why beam jitter matters

224 quartz tiles, arranged in 6 radial rings
× 28 azimuthal segments (Ring 5 split
L/C/R).

Azimuthal segments grouped from the
7-fold toroid geometry as closed, open,
transition.

Ring 5 sees the Møller peak (signal). Other
rings contain ep-elastic, inelastic, and
backgrounds.

Beam jitter (position / angle / energy) at
the target shifts individual tile rates and can
fake an asymmetry.

per-tile sensitivities dR/R per mm / mrad /
MeV, feeding the dithering/regression
corrections in the japan-MOLLER mock
data generator (thinqtz remoll.map).
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Simulation Setup

remoll Geant4 – develop branch,
commit 2bb7397 + PR640
(coll2redesign)

Moller + ep-elastic generators

Scan five beam parameters
independently:
posX ,posY , angleX , angleY ,Energy

Selected events with e±, π±,
k > 1MeV

Calculated

Fractional sensitivity =
1

R0

dR

dX

where X ∈
{posX , posY , angleX , angleY , Energy}

Scan Range Unit

posX ±1 mm
posY ±1 mm
angX ±0.2 mrad
angY ±0.2 mrad
energy ±110 MeV

nominal E0 = 11GeV,
∆E/E = ±10−2

6 rings, 28 segments,
Ring 5 L/C/R

224 ring detector tiles
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How is the fractional sensitivity calculated?

Run 3 simulations per parameter: X = −1, 0, +1mm (or ±0.2mrad / ±110MeV).

Extract detector rate Rd(X) [GHz] per tile.

Fit a straight line through the 3 points:

Rd(X) = ad
´¸¶

≈R0

+ bd
´¸¶

slope

⋅X

Sum Moller and EP-elastic slopes and intercepts: btot
d = bMol

d +bEP
d , atotd = aMol

d +aEP
d .

Fractional sensitivity per tile:
1

R0

dR

dX
=

btot
d

atotd
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Detector rate vs tile ID: position and angle scans
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Combined (Moller+EP-elastic) rate vs tile ID for nominal, ±1mm (top) and ±0.2mrad (bottom) shifts. Tiles ordered by ring, then
closed/open/transition.
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All-scan comparison for two Ring 5 open tiles
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Fractional sensitivity vs detector ID
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Azimuthal dependence & rotated (Sr ,St) basis

Horizontal shift (x) ⇒ left–right
asymmetry: SposX varies with ϕ as
cosϕ.

Vertical shift (y) ⇒ up–down
asymmetry: SposY ∝ sinϕ.

Remove trivial ϕ dependence by
rotating into each tile’s local basis:

Sr = cosϕSx + sinϕSy

St = − sinϕSx + cosϕSy

Applied separately to position and
angle scans.

Dipole response per ring/type:

Dx = 2
N∑

k

S(ϕk) cosϕk , Dy = 2
N∑

k

S(ϕk) sinϕk

SposX vs ϕ, all 6 rings, each fit to A cos(ϕ − ϕ0) + C .
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Sr and St , angle sensitivity, open
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Dipole response summary
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Mock data sensitivity parameters & next steps
Generated mock parameters thinqtz remoll.map for the japan-MOLLER mock data
generator, replacing placeholder sensitivities with remoll values.

NormRate (Hz/µA), VoltPerHz, Asym unchanged.

Cx ,Cy : position sensitivities SposX ,SposY in ppm/nm = mm−1

Cxp,Cyp: angle sensitivities SangX ,SangY in ppm/nrad = mrad−1

Ce : energy sensitivity = SbeamE [MeV−1] × Ebeam [MeV] (×11000)

Next steps:

Replot sensitivities vs the accepted scattering angle per tile (collimator-accepted, not
geometric ϕ) – cleaner basis for the radial/tangential fits and more directly tied to
physics corrections (AT , etc.).
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Backup
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Collimator2
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