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At a Glance

MOLLER =
Measurement

Of a
Lepton-
Lepton
Electroweak
Reaction
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Physics Overview




Motivation — The Standard Model
SU(3)Strong X SU(Z)Weak X U(l)EM

cosf, sinf

- [— sin @y, cos QW] {WO]




Motivation — Beyond the Standard Model
SU(2) e X U(1)ew

* Neutrino Oscillations?
« Dark Matter?
« Dark Energy?

- Quantized Gravity? Electroweak sector
provides a clean probe

Leptons

 Fractional Qgy?
into potential BSM physics

SU(S) 2 SU(3)StrongX SU(Z)WeakX U(l)EM 7
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Motivation — Parity Violation

Violates Parity

Conserves Parity

/\ L > Right-Handed

=

> Left-Handed
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MOLLERs | 32ppb £ 0.8ppb (2.4%)
GOAL: 8(sin?6,,) = +0.00028

PVES — Theory

OR — OL
APV = 2t RGE Running ;
OR + OL Measurements 4
9 Proposed s )
11 ule -
A — mE GF 48in” Ocy 0O° 0.24 F- MOLLER goal E
PV =m P fora (2 + c0520om )2 dw - l Sl -
nQ “oe vem 3 Q,, (APV) 7 I w ]
Ei Er I é? :
b b | 3) 3
. <<1>3 0.235 ' & =
Particle Qgm Qw ~ ] ' O) S i
2 oo A .E | /"@@ Q‘;
u, c,t _? 1 — 3 sin” Oy 2 3 . £ ;
d, s, b 3 14 dsin’Oy ] g1 e 3
e, i, T -1 —144sin®fy 0.23F T : B
. - o I -
p +1 1 4sin’ by _ & | 3
n 0 -1 : : 2: 3
: : i
0.225% - - , ' - - )
10 10 10° 107 1 10 10 10 10
(Tree-level) Sin2 QW " 1 0 [GeV] Zyla et al. "Review of Particle Physics” (2020)
4

FOREVER
OHIO
7 Jan. 21, 2026 v



MOLLERs | 32ppb £ 0.8ppb (2.4%)
Hooman Davoudiasl et al. “Dark Z implications for GOAL: 8(sin 29 ) —  40.00028
. W +0.

Parity Violation, Rare Meson Decays, and Higgs
Physics” (2012)

Miark Z = 150 MeV
Miark 7 = 100 MeV

Physics Impact 0242

v—DIS

LHCb-PAPER-2024-028

— Total vacertainty 0.238

Statistical uncertainty

LEP and SLD combination
Phys. Rept. 427 (2006) 257

)
MOLLER 7
(Anticipated sensitivity) SLAC

ATLAS 7TeV
THEP 09 {2013) 049 [ S S S T [ T SR N S E SR S S S

L | | I | | | L
LHCh 7 and 8 TeV
THEP 11 (2[312} 190 -3 -2 -1 0 1 2

Tevatr binati
E;Ezg?:nzuoﬁ? 112007 Loglo Q [GeV]
CMS § TeV

EPJC 78 (2018) 701
ATLAS B TeV preliminary A 1
ATLAS-CONF-2018-037 J— _
CMS 13TeV E— 92n — 02| - = 7.9 [TGV]
arXiv:2408.07622 1 VI9rr ~ ILL V2GE|0Q%|

LHCE 13 TeV
LHCB-PAPER-2024-028

Electroweak Fit (J. Haller ef al') = i 5 5
EPIC 78 (2018) 675 if \/eip — &7, =21 = A~ 47[TeV]
Electroweak Fit (J. de Blas ef al)

PED 106 (2022) 033003
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Experimental Overview




Starts in the Injector

Detectors

JLab Hall A

Pseudorandom
The injector is __—==="" ~2 kHz helicity flip
critical to PVES! o 4 o Rejects 60 Hz noise
Beam Helicity Pattern o Samples equivalent

+--4+0r-++- GaAs expt. conditions

Photocathode
Helicity [HWP
Heavy focus on Generator N
inimMmi—zi Compton & Molle
minimizing Beam mpton & Moller l \ =~ Daily THWP
Correlated_ Insertion / Removal
Asymmetries
Y Position Modulation Laser + o Cancels _
Electron Beam Magnets Pockels Cell electronic corr.
Asym.
C E BAF Position Feedback 'If y
Magrits  wenFiter __—4-==" Weekly / Monthly
! e €T Wien Reversals

1 o Cancels beam
See R. Suleiman’s talk PITA Scans, A, Feedback profile Asym
OHIO
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Hall A

[ Electron HRS

ST > ;‘
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Standard Pivot
Target Chamber
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Expt. Sideview

MOLLER Technical Design Report

Tracking  Main Showermax

;. . Downstream Chambers Detectors Pion
i_ Collimator 1 & 2 Torus Drift Region N } Detectors
I

b A J

ll-

%
Rl L mw. ;
B il mv
A LT R s
éE a INIIIIﬂlIIII]III.I E s ' : A —
arget Upstream SAMs
Chamber & Torus Scanner Downstream
) ~30 m LAMs Scanner N
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esign Report

LH, pump: 25 L/s

Cryo-Target
« 1.25 m long
« Target Type = LH,
« Target Power = 4.5 kW

Highest power LH, target
ever constructed

LH, offers an excellent
balance of rad. length &
electron density

Primary Reactions:
« Mgller Scattering

» Mott scattering See S. Dusa’s talk '
OHIO
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« Detector systems do not
have Line of Sight of the
target

Detector,plane
Acceptance- '
- Moller/ep

7-Fold DeﬁningICoIIimator /W | Line of sight
S 1 Cleanup Collars -
ymmetry - ICoIIimator ;
l ! __
: : M Lintels DS beampipe betwegn
l__Eo.llimatorsJ OPE and ep envelopgs
Ege; — -,.-’l—-* LA InlnerlPh?torlm Er]\.fellopel
Upstream: 1 Toroidal Magnet Downstream: 4 Toroidal Magnet
« 7 racetrack coils « 21 racetrack coils « 7 Complex coils
oo [ IR R N
—— i

—— N T
MOLLER Technical Design Report Beam See S. Gopinath’s Ells E]ﬁ:g
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Odd # of coils
o Effective 2n

Acceptance
Detectors in
) € “ open sectors

. .

Coils in closed sectors

MOLLER Technical Design Report
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Scattered Electron Energy (GeV)

POV O PO T
6 7 3 9 "0 n

SGatwred Ebctron Energy (GeV)

60° < Ocnm < 120°
2 < E' <85

J. Benesch et al., “The moller experiment: An ultra-precise measurement of the weak mixing angle using Moller scattering” (2014)
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See S.
Bhattarai's =—» e
talk

See A.
Gunsch’s ==
talk

Detectors

Main Detector:

- _Thin Quartz Array

16

Shower Max

— Auxiliary Detectors:

Large Angle
Monitors (LAMs)
Small Angle
Monitors (SAMs)
U/D Scanners
Pion Det (Ring)

MOLLER Technical Design Report
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Detector Plane Radial Distributions

— 10
£ = R1| R2| R3 | R4 R5 R6 MO"ir
) 9 Elastic ep
E - ! Inelagtic ep
o 8
Q —
Main Detector :
: 38
Thin Quartz Array
4
Further SE
224 th divided into 2E
o m 1=
84 elements §
quartz B 0.7 0.8 0.9 1 1.1 1.2 1.3
J. Benesch et al., “The moller experiment: An ultra-precise r(m)
elements measurement of the weak mixing angle using Moller scattering,” 2014
e 6 radial
rings
e 28
azimuthal
segments
See S. g’f:;:.iﬁ = 1
Chatterjee’s T ' > =0 Fused Silica “thin quartz”
talk MOLLER Technical Design Report
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GEM =

Gaseous -

Electron

Multiplier -

See J.
Shirk’s
talk
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Used for Track
Reconstruction and
dilution measurements

Cannot be used during
high flux (Production
Running)

Used during low flux
“Counting Mode”
o ~ 5% of total
runtime

(a) GEM Rotator and stand.

The Main Detector § &

X wf

cannot discern o
individual scattering =:

10

events!
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x(cm)

Avg Rate: 50 kHz / mm?

(b) GEM Radial Motion.
MOLLER Technical Design Report

FOREVER
OHIO
Jan. 21, 2026 .






20

Timeline

« Fall 2025:
« Assembly starts

* Fall 2026:

 Installation ends

« Commissioning starts
» Spring 2027:

 Full Physics starts
 Spring 2029

« Conclude MOLLER Expt.

Collaboration

Spokesperson:

Krishna Kumar

Project Manager: Klaus Dehmelt

o Institutions:

e Authors:

« Graduate Students:

37

~160
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Experimental
Parameters

Parameter Value
E [GeV] 11.0
E' [GeV] 2.0-9.0
Ocm 50°-130°
Ohab 0.26°-1.2°
(Q%) [GeV?] 0.0058
Maximum Current [pA] 70
Target Length [m] 1.25
Prarg. 0.0715
Max Luminosity [cm ™ sec™] 2.4-10%
o [ub] 60
Mgller Rate (65pA) [GHz] 134
Stat. Width [ppm/pair] 91
Raster Size [mm Xmm] 5%5
Production Time 344 PAC-days (8256 hours)
AA..w [PPb] 0.54
Background Fraction 0.10
Pbeam 90%
(Apv) [ppb] 32
&Astat./(Aexpt.) 21%
0 (sin® Gw)stat_ 0.00023
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