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1. Introduction

,u+ — Ty (e_l_ye)

One of the fundaments of the stan-
dard model:

Gg . Strength of the charged
weak interaction
V — A : Chiral structure of the
charged weak interaction

Both are to be determined by ex-
periment. Measurements exist with

¢ Lifetime, decay asymmetry
eT : Spectrum, polarization,

decay asymmetry
v, - Inverse muon decay

ve . spectrum (KARMEN)
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It is instructive to examine ~xp::ssion (3 15} in some dcfa-l siners it
tells us very dircctly what it is pescioie to jear: 1 “3m muon d".x_y when
the neutral particles are not Soserved. in he first place, i' is avident
that we-cannot fix the interaction tin‘gusijt.because in.(3.157 ‘we have
only-ten-real-functions-of C; and C; 5~d wr. nced nirsteerretaticng 1o
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2. u- and e- Observables
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¢ = Direction of greatest sensitivity

of a polarization dependent detec-
tor.
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W,LLEZ —

(Maximal positron energy)

(Reduced positron energy)

e

— W

L0

(Minimal positron energy)

(Energy range)

P, = muon polarization

P, = positron polarization



Observables:

1. e spectrum

2. e decay asymm.

3. e polarization
longitudinal Pr
transverse Pr, n n

VNN
3

VNN

/

normal Pr o p

4. muon life time
5. e Spectrum

L4
=

3. Complete determination of
the interaction from experiments
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Present experiments determine the most general (local, derivative-free, lepton-number conserving) leptonic four-fermion
interaction hamiltonian of the normal and inverse muon decay. Numerical results are given for all ten complex coupling
constants and nine 7-violating amplitudes with respect to the “helicity projection form”.



Assume:

® /i — e Vu Ve

e point interaction

® ml/v mv << mILL

e CPT invariance

The standard model is not assumed.

Number of parameters:

5 different interactions S, V,T, A, P — 5
Violation of P invariance — 10
Violation of T invariance — 20
Unobservable phase — 19

(L. Michel, 1950).



Hamiltonian:

e Charge changing form (CCF)

e Leptons of definite handedness (Chiral
fields)

1957: Gell-Mann, Feynman:; chiral form for V — A

1983: Scheck, Mursula and Scheck; chiral form
generalised to all interactions

Our matrix element (FGJ):

= ) €e v Ve )n)\Vm
M=2F T T Tl )

e, u=R,L

10 complex coupling constants gJ,;

19 real parameters.

The index v labels the type of interaction:



rV'

' = 4-tensor

4-vector

Theindices ¢, u indicate the chiralities of the spinors
of the observed (charged) leptons. The chiralities
n,m Of the neutrinos are uniquely determined for
given ~,e and pu.

The goal: First model independent determina-
tion of all 19 parameters using all existing ex-
perimental data.

1) p lifetime = Fermi coupling constant Gg.
18 parameters remain.

In the following we are only interested in the rel-
ative weights of the different couplings, therefore
the gJ, are normalized:

A= 4( + + +
+ 16 (IQERI2 +l9rrl” + l9Rl” + |9/¥L|2>

T 24T |2
+48 (191 pl* + l9kel?)




18 independent parameters left.
“V — A" corresponds to gf; = 1, with all of the
remaining g, = 0.

The normalization allows to define the four proba-
bilities ()-,, of obtaining an electron of handedness
e and a muon of handedness 1 in muon decay:

QRR = % + lgrrl® = LRr
QLR = % + l9rrI" + 3lgkrl® = Lig
QRL = % + lgkrl® + 3lgigrl® = Lgs
Qrr = % + |91 |? =Lrp

< THEORY — <— EXP. —



2) 9 measurements in normal muon decay

(without neutrino detection):
Numerical values for Lppr, L;r and Lp;.

—= Limits for the Q- :

Qrr < 2x10~3
Qrr < 4%103
Qpr; < 45x1073
Qr; > 949x103

—= Limits for 16 decay parameters:

=
QRrr — y I9RRI
V T
V T
QRrr, — y IR 19RL




Qrr > 0949 —

2, g/ = 0}:
0, gf; = 1}:V-A

{

or {

e lefthanded as verified by ex-

periment.

What about the v, ve 7

Interaction: Spin flip at ver-
tex.

VVector interaction: No Spin flip at
vertex.

(Jensen and Stech [1955]).

=



= 0 : righthanded neutrinos

gy # 0 : lefthanded neutrinos

Measurement of neutrinos from nor-
mal muon decay extremely difficult
(C. Jarlskog [1966]).

Inverse muon decay: Data exist
(CHARM [1983])!

Total production rate S , normal-
ized to the rate predicted by V — A,
IS

S = (1054 +79) x 1073

(CHARMII [1990]; CCFR measure-
ment of similar precision.)
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S- = 1ok 12+ Slokel? + —lofinl
332|9LR — 1;9LR|2 —|LCJ%1~2|2
and
Vo2 v 2, 3 2
= lgrrl™ + SloLrl® + Slor|
332|9RL — 1;9RL|2 —|9173:L|2




Polarization P, of the v, from =

decay:

a) Magnitude : From

5
1-P,-£-<3.2x1073
P

(Carr et al. [1983]; Jodidio et al.
[1984])

one can deduce

1—|P,| <32x1077

(W. F. [1984])



b) Sign :
Py, < 0 (Backenstoss et al. [1961])

Py, > 0 (Roesch et al. [1982])

The sign Is determined with the
help of the electromagnetic inter-
action!

With Py, = —1 and, from normal

muon decay,

{g%[ﬂ ) 79%[:{} ~ 0

V2
= | S=|gr1]

= |19V, >0.96 (90%C.L.)




V2
=S =gz

= 1Y, | >0.96 (90%C.L.)

First experimental verification

= of the V — A hypothesis in

muon decay!

From

1
V2 >
911 +Z| < <1

follows a lower limit for |g7/]|:



97 7] < 0.55 (90%C.L.)

T his coupling constant can only be

determined indirectly!

Minimal Number of Measurements

11 measurements — 19 decay

parameters!

Question: What is the minimum num-

ber of measurements necessary to
determine the interaction?

Answer: Determine chirality of 3 fer-

MIONS:



1) n (Decay asymmetry)

1 1 N
{1+ 5Ge— 160 = ol
1
+Z| %+ l9kRrl® + l9Lrl% + 3l9tRI?

2) e (Longitudinal polarization)

{1-¢) = JloRrl? + Jloif?

Vo2 Vo2 T (2
+\9rr|” + l9rr|” + 3l9rz|




3) V,u
Measure inverse muon decay with

neutrinos of a given helicity, and

4) measure lifetime for the absolute

magnitude of the interaction.






