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Goals: use no equations, convince you I am not (entirely) crazy
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PVeS is a mature technology, used to precisely explore 
nucleon structure, weak coupling coefficients, and new 
physics.

Why do something that is much harder and will give a worse 
result?
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PVeS is a mature technology, used to precisely explore 
nucleon structure, weak coupling coefficients, and new 
physics.

Why do something that is much harder and will give a worse 
result?
Novel physics that shows up in μ but not e data.
Many examples of issues with μ’s, which so far if resolved 
have not demonstrated NP (New Physics).
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LHCb collaboration, Test of 
Lepton Universality in beauty-

quark decays, 
arXiv:2103.11769

Hints of novel physics in μ sector
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LHCb collaboration, Test of 
Lepton Universality in beauty-

quark decays, 
arXiv:2103.11769

LHCb collaboration, 
Measurement of Lepton 

Universality parameters in 
 and 

 decays, 
arXiv:2212.09153

B+ → K+l+l−

B0 → K*0l+l−

Hints of novel physics in μ sector

https://arxiv.org/abs/2212.09153
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The Muon g - 2 Collaboration, Measurement of the Positive Muon 
Anomalous Magnetic Moment to 0.46 ppm, arXiv: 2104.03281

Hints of novel physics in μ sector

A theory issue?



9

0.8 0.82 0.84 0.86 0.88 0.9
rp

From J Bernauer

From R Pohl, one 
of many versions

Hints of novel physics in μ sector

Discussed Wednesday
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Example of limits on new physics
First-Generation New Physics in Simplified Models: From Low-

Energy Parity Violation to the LHC, A Crivellin, M Hoferichter, M Kirk, 
CA Manzari and L Schnell, arXiv:2107.13569

Article also shows 
similar plots for scalar 

and vector leptoquarks, 
and vector-like quarks

https://arxiv.org/abs/2212.09153
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Light NP affecting μ’s but not e’s is not well constrained by 
LHC. PVμS might play a role similar to Qweak / APV / … 

Also interest in PV 
with muonic atoms 

and muonium
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New Parity-Violating Muonic Forces, B Batell, D McKeen, M 
Pospelov, arXiv:1103.0721

… models with gauged right-handed muon number … new vector and 
scalar force carriers at the ∼100 MeV scale or lighter … consistent with 
observations … enhancement of the parity-violating asymmetries …

Note: for high z target

https://arxiv.org/pdf/1103.0721.pdf


Aside
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New Parity-Violating Muonic Forces, B Batell, D McKeen, M 
Pospelov, arXiv:1103.0721

BMP in fact proposed a theorists’ PVμS experiment, suggesting

• d = 10 μm W foil

• full azimuthal coverage 60° - 80°

• 108 μ/s beam

•→~ 1 hour for 10-4 uncertainty

• “It is thus apparent that the statistical uncertainty will not be a limiting 

factor in detecting parity violating asymmetries of order 10-4.”

•→~ 1 month for 1 ppm uncertainty


Backgrounds / how to measure at 105 Hz / systematics are not 
addressed.

https://arxiv.org/pdf/1103.0721.pdf
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Light NP affecting μ’s but not e’s is not well constrained by 
LHC. PVμS might play a role similar to Qweak / APV / … 
In June 2022, Andreas Crivellin (PSI) asked Philipp Schmidt-
Wellenburg (PSI) and TR if perhaps MUSE could measure 
PVμS?
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Light NP affecting μ’s but not e’s is not well constrained by 
LHC. PVμS might play a role similar to Qweak / APV / … 
In June 2022, Andreas Crivellin (PSI) asked Philipp Schmidt-
Wellenburg (PSI) and TR if perhaps MUSE could measure 
PVμS?
No.
TR and I did a quick estimate.
MUSE is a counting experiment with O(10 Hz) μ scattering 
rate. 1 ppm asymmetry error → 1012 counts → ~3000 years. 
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Light NP affecting μ’s but not e’s is not well constrained by 
LHC. PVμS might play a role similar to Qweak / APV / … 
In June 2022, Andreas Crivellin (PSI) asked Philipp Schmidt-
Wellenburg (PSI) and TR if perhaps MUSE could measure 
PVμS?
No.
TR and I did a quick estimate.
MUSE is a counting experiment with O(10 Hz) μ scattering 
rate. 1 ppm asymmetry error → 1012 counts → ~3000 years. 
Also, the μ polarization is small and fixed.

G Miller brought this 
up years ago …
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PVeS is a mature technology.
Much of the technology applied to PVeS cannot be easily 
applied to PVμS.



First PV electron scattering
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Polarized electron 
source: Polarized 
laser on strained 
GaAs crystal,

SLAC E122: Prescott et al. PL 77B, pg 347 (1978)

Deep Inelastic Scattering, 100 ppm 
asymmetry, ~ ppm uncertainty, requiring 

~1012 counts

Well-
controlled 
beam, limiting 
false 
asymmetries

Figures from SLAC-PUB-3506



Extensive, ongoing program
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JLab, Mainz

Some features of modern PVeS experiments:
• Clean, intense, precisely controlled, highly-polarized beam
• Fast helicity reversal (pseudo random quads) to cancel drifts
• Polarimetry, spin dances
• False asymmetry checks with transverse polarization
• Spectrometers that provide clean detector region with only 

events of interest, no background.
• Integrating electronics for high statistics 

What happens when you go from e’s to μ’s? 



PVμS is much harder than PVeS
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Property e μ

Clean beam? ✔
secondary beam, also

e’s and π’s

Intense? ✔, 1015/s up to 108/s

High polarization? ✔, 90 % maybe, 0 - 100 %

fast helicity reversal? ✔ no

polarimetry? Moller, Compton decay is self-analyzing

false asymmetry 
checks? ✔ perhaps, from backgrounds

integrating electronics 
for high count rate ✔

cannot use, backgrounds 
from e’s, π’s, decays in flight

μ → eνν
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Reminder, on muon 
production:

π+ = ud → W+ → μ+ν

’s are spin 0, ’s and ’s are fully polarized in the pion 
rest frame

π μ ν

Depending on how your beam line selects ’s, they can 
range from -100 % → 100 % polarized

μ



PVμS is much harder than PVeS
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Fundamental issues:
• low μ beam flux → low luminosity
• (Fast) helicity reversals to get cross section difference
• High count rates despite backgrounds being present
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Fundamental issues:
• low μ beam flux → low luminosity

• BMP: can be overcome in the right kinematics*
• (Fast) helicity reversals to get cross section difference
• High count rates despite backgrounds being present

* For a 1 ppm uncertainty experiment, 
not to compete with Qweak.
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Now I am going to commit PV heresy:
I propose that we do NOT need fast helicity flip.
Fast helicity flip is used to suppress noise and system drifts, 
equipment response changing with time. It is absolutely 
needed for integrating systems.

Fundamental issues:
• low μ beam flux → low luminosity

• BMP: can be overcome in the right kinematics
• (Fast) helicity reversals to get cross section difference
• High count rates despite backgrounds being present
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Now I am going to commit PV heresy:
I propose that we do NOT need fast helicity flip.
No cryotarget boiling noise with solid target (BMP).
μ decay in flight provide a calibration reaction, determining 
beam flux, polarization, checking detector response — with a 
DAQ that can distinguish decay from scattering, we (hope to) 
continuously calibrate detector response.

30 MeV/c μ’s: ~ 0.5 % decay / m
200 MeV/c μ’s: ~ 0.1 % decay / m 

Fundamental issues:
• low μ beam flux → low luminosity

• BMP: can be overcome in the right kinematics*
• (Fast) helicity reversals to get cross section difference
• High count rates despite backgrounds being present

Continuous calibration also reduces 
the sensitivity to helicity-correlated 

signals in the experiment.
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My suggestion:
We need a clean muon beam with at least slow helicity flip.
We need a modern DAQ that can count at high rates, and 
distinguish scattering from decays in flight.
We need excellent measurements of beam properties, as 
there are likely helicity correlations of position, etc.

Fundamental issues:
• low μ beam flux → low luminosity

• BMP: can be overcome in the right kinematics*
• (Slow) helicity reversals to get cross section difference
• High count rates despite backgrounds being present



How??? 
What can be done with existing facilities?
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Will only be considering low energy parity violation in this talk.

HIPA
facility
at PSI

SINQ

PiM1

MuE1
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We cannot do PVμS in PSI PiM1 beam line (MUSE).

What about the existing μE1 beam line?
• Up to 108 μ/s, up to 140 MeV/c
• Polarized beams from π decay in flight

• Can select forward- vs backward-going decays to get both 
polarization signs

• But:
• large divergence / emittance, needing collimation
• e and π backgrounds, asymmetric for + vs - polarization
• no quick polarization flip

• Not feasible as is
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We cannot do PVμS in PSI PiM1 beam line (MUSE).
μE1 as is not well suited for  PVμS.

One question we briefly thought about but not really explored:
• Can we clean up the μE1 beam?

• Wien filter? Yes, if space and $.
• RF separator? Loses flux.

How???  
What can be done with future facilities?
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μE1

future HIMB

HIPA
cyclotron

UCN

SINQ

HIMB roughly half of the IMPACT project, which totals ~ $80 M



How???  
What can be done with future facilities?
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Why HIMB? From the CDR…

A physics program that requires μ’s with no background. How?
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Why HIMB? From the CDR…
The new target station will feature an optimized design to maximize 
the production of low-energy, positive muons ideally suitable for 
particle physics and condensed matter research. To improve the μ 
rates available for experiments by up to two orders of magnitude to 
1010 μ/s, two radiation-hard, large-aperture capture solenoids are 
located in close proximity on the left and right side of the production 
target. The following beam transport is based on large-aperture 
solenoids and dipoles capable of transmitting a large phase space. 
This combination allows to capture and transport about 10 % of the 
emitted low-energy μ’s to the experimental areas thereby greatly 
improving on the efficiencies of the current beamlines, which are 
typically at the per mil level.
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We cannot do PVμS in PSI PiM1 beam line (MUSE).
μE1 as is not well suited for PVμS.

What about the HIMB beam line?
• Up to 1010 μ/s, optimized for 30 MeV/c surface muons, but 

up to 80 MeV/c
• ``100 %’’ polarized beam from π decay at rest at 30 MeV/c

• Requires a “spin rotator” to reverse polarization



How??? 
What can be done with future facilities?
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A number of tunes developed, all with similar fluxes, sizes, polarizations.
Planning for Wien filter for MUH2, spin rotator for MUH3.
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How??? 
What can be done with future facilities?

A number of tunes developed, all with similar fluxes, sizes, polarizations.
Planning for Wien filter for MUH2, spin rotator for MUH3.
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How??? 
What can be done with future facilities?

Spin rotator for MUH3 (77° at 28 MeV/c.)
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How??? 
What can be done with future facilities?

HIMB possible solutions:
• ~ 1010 μ/s 
• (Slow) helicity changes

• Will need more complete rotation of polarizations

Note: HIMB uses surface muons, which reduces the RF time structure for 
the muons — but not for the electrons or pions entering the channels.
Beam flux varies a factor of ~ 2 over 20 ns.
For a “BMP” experiment, we might be better off with an RF time 
structure, and running electrons at times for systematics checks. 

Fundamental issues:
• low μ beam flux → low luminosity

• BMP: can be overcome in the right kinematics*
• (Slow) helicity reversals to get cross section difference
• High count rates despite backgrounds being present
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How??? 
What can be done with future facilities?

With a clean beam, we need to handle high counting rates 
with contributions from 2 backgrounds:
• decays in flight 
• photons 
Decays in flight can be isolated with target-in vs target-out 
measurements.
Both of these are simpler with an RF structure to the beam 
and a modern DAQ:
• pixel detectors with ~ ps timing readout
• streaming readout

Last fundamental issues:
• High count rates despite backgrounds being present



39

How??? 
What can be done with future facilities?

Nice pixel technology is being developed at PSI. From HIMB CDR…
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How??? 
What can be done with future facilities?

PSI DRS4 evaluation board:
Triggered, 1024 samples at 
up to 5 GHz, timing as good 

as 2 ps

And electronics…
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How??? 
What can be done with future facilities?

“Straw” detector proposal

μ’s 
(e’s)

polarimeter detector

target

beam 
monitor

MU3E detector is a good starting point for the muon polarimeter design.
Double-barrel for the detector, inner barrel to detect muons, outer barrel 
to reject electrons. 

Beam 
steering, 
…



4. Conclusion / Summary
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There are fundamental difficulties in trying to measure PVμS.
• low μ beam flux → low luminosity
• (Fast) helicity reversals to get cross section difference
• High count rates despite backgrounds being present
PVμS will never be as good as PVeS, but it might be good 
enough.
• Sufficient flux of a clean μ beam for a 1 ppm measurement
• Ability to manipulate spin needed, fast flip is not

• It appears none of the PSI beam lines as is are quite right
• Need modern detectors with fast readout
• Probably ~ $1 M (?) and 5 years to prototype and test and get 

started, and ~ $10 M (?) and 10 (?) years to get there, if 
theory support and all goes well



Thank you
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Running of the Weak Coupling Constant
From the Qweak paper (Nature, 2018)

PVDIS is the recent JLab 
measurement, not the original 
Prescott SLAC measurement



Getting the beautiful data and good physics asymmetries with integrating 
electronics is a problem.
There are lots of false asymmetries.
• Detector response changes with temperature — day/night asymmetries
• Voltages change with time
• 60 Hz electric power noise - cannot operate at multiples of 60 Hz or 

any other equipment frequencies
• Any helicity correlated signal can induce currents and false 

asymmetries
• Any helicity correlated beam properties (position, angle, energy) can 

introduce false asymmetries
• Transverse polarized beam asymmetries of similar magnitude to PV 

asymmetries — need to align spin to momentum
• …
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False Asymmetries

Paranoia is an asset, if you specialize in PV


