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Michel parameters

* The most general expression for the decay matrix element:
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e Ten complex constants gé’ﬂ describe the Lorentz structure of the charged
currents interaction in the theory of weak interaction
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e The only nonzero term in the SM theory of weak interaction: gIYL =1

* |t is convenient to express experimental observables in terms of Michel
parameters which are bilinear combinations of ggﬂ
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Status of the Michel parameters
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 There is Standard Model expectation for the Michel Parameters in brackets

 (reen parameters are the targets
* Not all listed parameters are independent!
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Motivation

* Michel parameters provide a model-independent test of NP

e |n 7-lepton decays, due to its much larger mass compared to the muon, the
relative contribution of NP processes with an «incorrect» Lorentz structure
can be enhanced

e The Michel parameters in 7-lepton decays are obtained with high precision
only in measurements, averaged over daughter lepton spin

* The first direct measurement of the Michel parameters, which describe
daughter muon polarization, in7= — ,u_DﬂvT decays

95% confidence level experimental limits on coupling constants from PDG
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Method of the muon
polarization measurement

* The information about muon spin can
be restored using its decays due to
P-invariance violation

e [he method is based on muon
decays-in-flight reconstruction in a
tracker as Kinks

e Commonly muon flies dozens of
meters before decay, thus events will
be rear

D.A. Bodrov, Phys. Atom. Nuclei 84, 212-215 (2021) Example of the event
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Differential decay width

o The general expression of differential decay width of 7= — p v v, in terms of

MP (F(x) are functions of reduced muon energy parametrized by MP):
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* The muon decay width should be
convoluted with 7-lepton decay width

over muon spin ¢, taking into
account the muon rotation in the
detector magnetic field
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SCTF with polarized beams
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Simple test of precision

Events
Number of tau-pairs ~ 2.1 x10'0%*
Decays in the SCT drift chamber ~8-10°

* — from SCTF CDR part one (physics program and detector) 2018, chapter 1.6

« Constant z-lepton polarization along the e~ beam direction, P, = 0.8

7~ -production at the threshold

e Constant 100 % efficiency
e Perfect resolution

* No background (in reality kaon and pion decays imitate signal)
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MP uncertainties estimation
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* |n the ideal case uncertainties are comparable with one in measurements in

muon decays!
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Requirements for SCTF

* Polarized beams are crucial for the described method to have
the best precision for all Michel parameters

* A big drift chamber, as a number of decayed muons and
electron reconstruction efficiency depend on the outer radius of
the tracker

* Muon tracks reconstruction using only hits in vertex detector to
increase muon reconstruction efficiency

* There must be an algorithm of reconstruction of decayed-in-
flight charged particles in a drift chamber together with their
daughters and decay vertex (e.g. Kalman filter with kink option)

 High decay vertex resolution and good dE/dx separation to
suppress background
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Conclusion

* This study provides a complete method of the first direct measurement
of all Michel parameters, which describe daughter muon polarization in

T — u v,V decays

* The study shows that SCTF with polarized beams is the optimal
experiment for precise measurement, which is quite easy to perform in
such an experiment setup

* Unpolarized beams experiment setup complicates the procedure and
degrades precision for all discussed Michel parameters except for &’

* The statistical and systematic precision of the proposed measurement
strongly depends on the Hardware and Software requirements for the
SCTF detector
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Thank you for attention!
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Michel parameters (2)
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Michel parameters (3)
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Michel parameters (4)

P,sind - Fr, (x)
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Michel parameters (5)
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