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Updates

Produce plots of tile rate sensitivities to beam energy scan with ±110
MeV shifts.

Replotted tile rate sensitivities with each tile’s azimuthal scattering
angle ϕacc instead of geometric ϕ

Fix the error bars on Sr , St , dipole response distributions
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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 > 1 MeV

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 beam energy,
E0 = 11GeV, scan
corresponds to
∆E/E = ±10−2
6 rings, 28 segments,

Ring 5 split L/C/R tiles

224 ring detector tiles
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ϕacc: definition

Used two remoll output branches: hit (every detector hit in the event) and part (every
primary particle in the event). They are linked by a track ID.

In order to find the primary that produced a given hit, we match hit.trid with part.trid

and get part.ph: the lab-frame azimuthal angle of primary particle. We call this ϕacc, in
contrast to ϕgeom, the geometric center of the tile.

part.ph is in radians in the range (−π,π]. For each generator (Moller, elastic), the per-tile
circular mean is computed from all accepted tracks i with rate weights wi :

ϕ̄gen = atan2(∑
i

wi sinϕi , ∑
i

wi cosϕi) , Rgen = ∑
i

wi .

Then, two generators are combined into a single rate-weighted circular mean per tile:

C = Rmol cos ϕ̄mol + Rel cos ϕ̄el, S = Rmol sin ϕ̄mol + Rel sin ϕ̄el,

⟨ϕacc⟩ = atan2(S, C) .

This ⟨ϕacc⟩ is what I use as the x-axis of each tile in the S-vs-ϕ, Sr ,St , and dipole plots, in
place of ϕgeom.
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ϕacc: definition
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Detector rate as a function of tile ID, energy scans

0 20 40 60 80 100 120 140 160 180 200 220
Detector IDs

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

R
at

e 
(M

ol
 +

 E
P

) 
[G

H
z]

Ring 1 Ring 2 Ring 3 Ring 4 Ring 5 Ring 6

E = -110.0 MeV∆
E = 0.0 MeV∆
E = 110.0 MeV∆

E,  all 224 detectors∆Rate (Mol+EP), 

Combined rate for nominal, ±110MeV shifts.

10 Apr, 2026 6/30



Septant summed detector rates, energy scan
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Each point is the sum of rates over all tiles in that septant, grouped by tile type (closed/open/-
transition).
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Detector rate as a function of beam energy scan
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Fractional sensitivity as a function of detector ID, energy scans
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Fractional sensitivity (posX scan) as a function of azimuthal scattering angle ϕ
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Fractional sensitivity vs azimuthal scattering angle ϕ for each ring. posX shows cosϕ dependence.

10 Apr, 2026 10/30



Fractional sensitivity (posY scan) as a function of azimuthal scattering angle ϕ
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Fractional sensitivity vs azimuthal scattering angle ϕ for each ring. posY shows sinϕ dependence.
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Fractional sensitivity (angX scan) as a function of azimuthal scattering angle ϕ
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Fractional sensitivity vs azimuthal scattering angle ϕ for each ring. angX shows cosϕ dependence.
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Fractional sensitivity (angY scan) as a function of azimuthal scattering angle ϕ
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Fractional sensitivity vs azimuthal scattering angle ϕ for each ring. angY shows sinϕ dependence.
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Fractional sensitivity (energy scan) as a function of azimuthal scattering angle ϕ
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Fractional sensitivity vs azimuthal scattering angle ϕ for each ring. The curves are flat, shows that
beam energy has no ϕ dependence.

10 Apr, 2026 14/30



Sr and St , position sensitivity, closed
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Sr and St [mm−1] from position scans, per tile, grouped by closed sectors and rings.
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Sr and St , position sensitivity, transition
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Sr and St [mm−1] from position scans, per tile, grouped by transition sectors and rings.
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Sr and St , position sensitivity, open
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Sr and St [mm−1] from position scans, per tile, grouped by open sectors and rings.
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Sr and St , angle sensitivity, closed
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Sr and St [mrad−1] from angle scans, per tile, grouped by closed sectors and rings.
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Sr and St , angle sensitivity, transition
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Sr and St [mrad−1] from angle scans, per tile, grouped by transition sectors and rings.
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Sr and St , angle sensitivity, open
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Sr and St [mrad−1] from angle scans, per tile, grouped by open sectors and rings.
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Dipole response, position scans
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Dx and Dy from position scans, per tile, grouped by open/closed/transition sectors and rings.
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Dipole response, angle scans
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Dx and Dy from angle scans, per tile, grouped by open/closed/transition sectors and rings.
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Mock data sensitivity parameters
Generated mock parameters thinqtz remoll.map for japan-MOLLER mock data gen-
erator, replacing placeholder sensitivities with remoll simulation values.

NormRate (Hz/µA), VoltPerHz, Asym columns are 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], converting from
per-MeV to per-fractional-energy (×11000)
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Backup
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part.ph
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Quartz tiles

Tiles are split into 6 rings (Ring 1 = innermost, Ring 6 = outermost).

Within each ring, tiles are in this fixed order:

Closed FF-odd segments (1, 3, 5, 7, 9, 11, 13)

Open FF-even segments (2, 4, 6, 8, 10, 12, 14)

Transition BF, all segments (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14)
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How is the fractional sensitivity calculated?

Run 3 simulations: X = −1mm, 0 (nominal), +1mm (or ±0.2mrad for angles, or
±110MeV for energy).

Extract detector hit rate Rd(X) [GHz] from the simulation output.

Fit a straight line through those 3 points:

Rd(X) = ad´¸¶
≈R0

+ bd´¸¶
slope

⋅X

bd = dRd/dX in GHz/mm (or GHz/mrad, GHz/MeV).

Both generators’ slopes and nominal rates are summed:

btot
d = bMol

d + bEP
d , atotd = aMol

d + aEP
d

Divide slope by the rate at X = 0 (the fit intercept ad):

1

R0

dR

dX
= btot

d

atotd
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Sensitivity depends on azimuthal angle ϕ

a horizontal beam shift (x) will cause a left-right asymmetry in the
detector response, so the sensitivity to x will vary with ϕ (max at
ϕ = 0○, min at ϕ = 180○)
a vertical beam shift (y) will cause an up-down asymmetry, so the
sensitivity to y will also vary with ϕ (max at ϕ = 90○, min at ϕ = 270○)
in order to remove the ϕ dependence, we can rotate the sensitivities
into a local basis for each tile.
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Rotated basis and dipole response

For each tile, we use its azimuthal angle to convert the X and Y sensitivities into that tile’s own
local coordinates;

Sr = cosϕSx + sinϕSy St = − sinϕSx + cosϕSy

Sr : radial sensitivity ,St : tangential sensitivity

This rotation is applied separately to position (SposX ,SposY ) and angle (SangX ,SangY ) scans.

here, azimuthal angle ϕ is geometric center of each tile.

FF tiles at ϕ = (n−1) × 360○/14,
BF tiles offset by 360○/28 (≈ 12.86○), where n is the segment number (1–14).
Ring 5 subtiles offset from segment center by ±4.59○ (L, R).

Then, for a given ring and tile type, the dipole is computed from N tiles around azimuth;

Dx =
2

N
∑
k

S(ϕk) cosϕk Dy =
2

N
∑
k

S(ϕk) sinϕk

S(ϕk): fractional sensitivity of tile k for a given scan (posX, angX, etc.).

Dx and Dy : horizontal and vertical dipole response.
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All scan comparison
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