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The MOLLER experiment

@ Measure the parity-violating asymmetry Apy in e e~ (Mgller) scattering at Jefforson
Lab Hall A.

@ 11 GeV longitudinally polarized electron beam, ~65 uA on a 1.25m liquid hydrogen
target.

@ Precision: §Apy/Apy~2.4% (~0.8 ppb on a ~33 ppb asymmetry).
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Main detector & why beam jitter matters

ANy
@ 224 quartz tiles, arranged in 6 radial rings %g;“"“ﬁ"%
x 28 azimuthal segments (Ring5 split 45?"‘=...~’~%%
.y \
L/C/R). HEAae TNy
@ Azimuthal segments grouped from the E'=' [T =] - ===IEE
7-fold toroid geometry as closed, open, I““‘g , H
» REhte . “.'l’;ﬂ
transition. AXCKKITEAL A
LSS
@ Ringb sees the Mgller peak (signal). Other m.- w
rings contain ep-elastic, inelastic, and %&f'"..“-“-‘ﬁs&
backgrounds. N eames!

WEm BFtransition MMM FFodd =closed WEM FF even = open

@ 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)

Scan Range Unit

@ Moller + ep-elastic generators posx +1 mm
@ Scan five beam parameters posy i012 mmd
independently: angx £U. mra

angy +0.2  mrad

0Sx, pOSy , anglex , angley , Ener,
posx; posy, angiex. angiey &y energy +110 MeV

@ Selected events with e*, 7™,

k>1MeV

o Calculated

@ nominal Ey =11 GeV,

AEJE =+1072
. _ 1 dR .
Fractional sensitivity = — — @ 6 rings, 28 segments,
Ro dX Ring5 L/C/R
where X ¢ @ 224 ring detector tiles

{posx, posy, anglex, angley, Energy}
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How is the fractional sensitivity calculated?

@ Run 3 simulations per parameter: X = -1, 0, +1mm (or +0.2mrad / £110 MeV).
@ Extract detector rate Ry(X) [GHz] per tile.
@ Fit a straight line through the 3 points:
Rd(X) = a4 + bd -X
—— ——
~Ry slope
@ Sum Moller and EP-elastic slopes and intercepts: bi°" = b + B5F, &'t = g + af*.

@ Fractional sensitivity per tile:

1dR _ b
Ro dX — A"
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Detector rate vs tile ID: position and angle scans

Rate (Mol+EP), posX, all 224 detectors
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Rate (Mol+EP), Horizontal Beam Angle(beamth0 scan), all 224 detectors
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Combined (Moller+EP-elastic) rate vs tile ID for nominal, +1 mm (top) and +0.2 mrad (bottom) shifts. Tiles ordered by ring, then
closed /open /transition.




All-scan comparison for two Ring5 open
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Rate vs scan value for all 5 scans, tiles 150252 (left) and 150852 (right). Good linearity; slope sign flips between opposite sectors
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Fractional
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sensitivity vs detector 1D

Fractional rate sensitivity: posX

Fractional rate sensitivity: Horizontal Beam Angle(beamth0 scan)
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S = byt /Ry per tile for posy (top) and angy (bottom).




Azimuthal dependence & rotated (S,,S,) basis

@ Horizontal shift (x) = left-right
asymmetry: S,..x varies with ¢ as
Cos ¢.

@ Vertical shift (y) = up—down

x0?
. . T Ring 1 T ) Ring3
asymmetry: S,oey o< sin ¢. g " Eu "
@ Remove trivial ¢ dependence by . e
rotating into each tile's local basis: . -
e e I
Sr = c05¢ SX +sin d) Sy £ s Ring 4 = Ring 5 i o Ring 6
S;=-singpS, +cospS, 3 S £ €
anoq 100 200 acn[ﬂ ) 0 100 200 300[« ) an' 100 200 ano[“ )
. L. S Vi S
@ Applied separately to position and
angle scans. Sposx Vs @, all 6 rings, each fit to Acos(¢ — ¢g) + C.

@ Dipole response per ring/type:

Dy = §225(9) cosdy, D, = {3 S(9)sindy




(U/R) dR/d(ang) [imrad]
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and S,, angle sensitivity, open
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Dipole response summary

Dipole X [mm}

Dipole X [mrad?]

posX, dipole X
closed . open e transition
.
. ¢
+
[ H T
bt s
| I I | |
2 3 4 5

Horizontal Angle (beamthO scan), dipole X

closed .

open

transition

1.2

o

o
®
RARRARNRasEuRasoany eans (I

Ring

Dipole Y [mrad

posX, dipole Y

closed o open o transition
[ .
bt
a4
Bod
| | | | s
2 3 4 5 6
Ring

Horizontal Angle (beamthO0 scan), dipole Y

o closed = OPeN s tansition
1.2F
by
0.8F
0.6F
0.4F {
0.2 i
- ; boaws ;
| | | | ,
2 3 4 5 6
Ring

D, D, per ring for posy (top) and angx (bottom), split by sector type.




Mock data sensitivity parameters & next steps

Generated mock_parameters_thingtz_remoll.map for the japan-MOLLER mock data
generator, replacing placeholder sensitivities with remoll values.

@ NormRate (Hz/uA), VoltPerHz, Asym unchanged.

@ C,, C,: position sensitivities Syosx; Sposy in ppm/nm = mm™

@ C,,, Cy: angle sensitivities S,ngx, Sangy in ppm/nrad = mrad™!
@ C.: energy sensitivity = Speame [MeV '] X Epeam [MeV] (x11000)
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Next steps:

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

M@LLER

Spectrometer & Collimation - Ensuring Clean Signals

0 750,1201

Meller / /

» Defines acceptance: ee /
- Specially designed to select ’ vy
forward/backward scattering in the L /) Elastic X

COM frame g ep \
- Protects magnet regions from the full / 3 B
beam

* The five toroidal magnet system

- Cleanly separates Mgaller events from
the backgrounds.

Rate [Hz/4mm]
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