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Parity Operation

Mirror plane

Original U Mirror-reversed
P(x,y,z) = (—x,—y,—z) arrangement | arrangement

* Itis a mirror symmetry = inversion of spatial coordinates:

* Itis not conserved in weak interactions. Why? (see next few slides) A

l
. . : .. i [|" Predicted direction
* Parity operation is same as changing helicity. Preferred direction u of beta emission if
l

of beta ray emision

. . .. . . parity were conserved
* We change electron’s helicity to mimic parity operation.

* Parity-violation creates tiny asymmetry (Apy) in the detected flux.

i [
Mirror Cobalt-60
nuclei
Right-handed Left-handed U
[
[
[
I Observed direction
) Direction of electron of beta emission in
| flow through the /. mirror-reversed
solenoid coils arrangement
[
: : 2 A Wu Experiment (1956
Parity operation h=s-(—p) =-s p ( )
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Question on Parity Conservation

e If parity is conserved, the laws of physics should be observed the 0+ = 7t + 7°
same in real and mirror world. parity: (=1) (=1) = (+1)

e Until 1950s parity was assumed to be a universal symmetry

e T — 0O puzzle of early 50s suggested an experimental test of parity tt=nat+ nt+ 1
conservation in nuclear f-decay. parity: (1) (1) (=1) = (-1)

parityg+ # parity +

* In 1957, Chien-Shiung Wu observed [3-decay in °Co nuclei.

. . : . , * Either parity is violated or 8 and 7 are
* [3 particles emitted in a preferred direction.

the different particles.
e T — 0O puzzle was resolved.

L , * Lee and Yang suggested an experimental
* Parity is no longer a universal symmetry.

. . , , test of parity conservation in S-decay.
e Weak interaction doesn’t conserve parity. Why?
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Electromagnetic and Weak Interactions

Electromagnetic interaction Charged current weak interaction Neutral current weak interaction
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Parity Violation in Electron Scattering

* Scattering of longitudinally polarized electrons from unpolarized targets.

* We change electron’s helicity to mimic parity operation.
 Asymmetry (4py) of the detected rates between the beam’s opposite helicity states.

ZMY(Mzo)*

where 6~|M,, + Myo|? 7 Apy ¥ — 53

Ogr + Op,

Apy =

« At Q% « (M,0)? Apyis dominated by the interference between the weak and electromagnetic amplitudes.
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Feynman diagrams for Mgller scattering at tree level
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PVeS Technique (SLAC E122 Experimental Blueprint)

High-power cryotarget
for high luminosity.

BEAM MONITORS Polarimetry
GUN CURRENT 1
ENERGY MOLLER
ACCELF  posiTION 'Il_’OLARIMETER
ANGLE , ]
GaAs SOURCE
I
1 COMPUTER QCTROM #
!
Dolarizedsource | TO ELECTRONICS < |
e («}‘ Gans Beam monitors to measure  Magnetic spectrometer directs
My %e\ helicity-correlated changes  flyx to background-free region.
100 kY
potkeis el to beam parameters. TO ELECTRONICS 4
\_ polarized
electrons .
Accelerator Calorimeter
half-wave plate
A
l L| D
. . . . C
High intensity beam using new ~3:copper  phototube integrator
GaAs photocathode. electron flux B3 : quartz

Flux integration measures high rate without dead-time.
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PVeS Technique Contd.

d . b . C . d L L Measure flux F for each
helicity window
Detector Fr — Fp,
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PVeS Experiments Summary
- E122— 15 PVeS exp. (late 70’s) at SLAC PVeS Experiment Summary

LI

* Jlab program launched in 90’s

 E158 —measured PV in Magller scattering at SLAC (2007) 10

Pioneering

Strange Form Factor (1998-2009)
S.M. Study (2003-2005)

JLab 2010-2012

Future
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* Significant improvement in experimental components over time:
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MOLLER Experiment Overview

* MOLLER: Measurement Of Lepton Lepton Electroweak Reaction

! 2 : — 900
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MOLLER Experiment Overview (contd.)
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MOLLER Equipment

MOLLER full CAD
Showermax  Tracking Chambers Collimator 1 & 2 Target Chamber
Pion Main / Drift Region Downstream . ‘
Detectors | Detelctors 1 \ Torus pstream i !!
\ [ \ Torus li
: iy I |
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Downstream Upstream

SAMS  gcanners Scanner LAMs
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MOLLER Detector Acceptance

Re Rs R, Ry Ry R;
. . . . ~ 50 P | | | [ |
Electron rate distribution at main detector plane E T F
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x(cm)
* Magnetic spectrometer separates signal from background and radially
focuses to detector plane
* Six radial rings and 28 phi segments per ring
* Ring 5 intercepts MOLLER peak (~135 GHz full azimuth)
[ ]

224 total quartz tiles in main detector to cover entire azimuth and
signal processes
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MOLLER Experiment History and Current Status

MOLLER collaboration: ~ 160 authors, 37 institutions, 6 countries; Spokesperson: K. Kumar, U. Mass, Amherst

« JLab PAC approval Jan. 2009, JLab Director’s review Jan. 2010
« JLab PAC37 Ranking/Beam Allocation Jan. 2011 (A rating, 344 PAC days)

* Strong endorsement from DOE Science Review in Sept. 2014
PARTNERSHIP CONTRIBUTES TOWARD SHARP EYES FOR MOLLER EXPERIMENT

* Second Director’s Review in Dec. 2016
 DOE CD-0 status achieved in Dec. 2016; paused in Jan. 2017

* Project team formed in Jan. 2019

The MOLLER experiment has received additional grants totaling $9 million

NEWPORT NEWS - Thirteen universities working on a new experiment to
be carried out at the U.S. Department of Energy’s Thomas Jefferson
National Accelerator Facility have recently been awarded new grants
totaling more than $9 million. The grants come from the National Science
Foundation and the Canadian Foundation for Innovation, with a matching
award for the CFI grant from Research Manitoba. The grants benefit the
Measurement of a Lepton-Lepton Electroweak Reaction Experiment, called
MOLLER.

* Director’s Review in April 2019 — Technical Readiness, Risk, Cost

MOLLER is an experiment designed to precisely measure the electron’s
weak charge, a gauge of how much influence the weak force exerts on the
electron. MOLLER's precision measurement will test the theory that describes the particles and interactions that make up everyday

* CD-1 Director’s Review in August 2020 matter.

* DOE MOLLER CD-1 Independent Project Review, October 2020

« MOLLER-NSF Midscale Technical and Cost Review, October 2020

*  MOLLER-NSF Midscale Funding Awarded, February 2021, VT lead institution
* MOLLER CD-1 approved

« DOE OPA IPR Annual Review, November 2021

* Next goal is CD-2 approval in calendar 2022

e Director’s Review in January 2020
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Summary

PVeS has become a precision tool for neutron distribution

measurement and standard model test

The MOLLER experiment will use PVeS to search new dynamics
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Thank You
A
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Weak Neutral Current

* In Glashow-Weinberg-Salam (GWS) model, the weak neutral
current V-A couplings for electron and three light quarks are:

f c, c,

e -1/2 + 2sin’0,, -1/2

u 1/2 —4/3 sin*0,, 1/2
d, s -1/2+2/3 sin* 0, -1/2

* Weak neutral current:

_ | g
J'(e)=ile)| 2y el =chy)|ule)
1970s — weak neutral current
y" = odd under parity events at Gargamelle

y" y’ = even under parity

Sum of the two leads to the parity violation in weak interactions.
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