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TESTING THE MUON NUMBER CONSERVATION LAW
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ABSTRACT
We propose to test the validity of the multiplicative
muon number conservation law by comparing the quasi-elastic
reactions Gﬁ +e +yu + Ce and v. +e -+ + v, at Fermi-
nab energies. We note that the measured electron spectrum
in muon decay places strong constraints on the effective

Lagrangian for the ;;—inducted process.

At the present time it is not known whether muon number is conserved
additively or multiplicatively.1 In this paper we examine the feasi-
bility of answering this question via the study of quasi-elastic ;ﬁ
and vu scattering from electrons. If the multiplicative conservation

law is valid, then we expect the anti-neutrino reaction

v +e >u +v 08
U e
to occur as frequently as the neutrino reaction

v +e +qu 4+ 2)
u e

at the same energy. If, on the other hand, the additive law holds, then
reaction (1) is forbidden, and reaction {(2) is the only one allowed.

The threshold for these reactions is given by
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By = (mu me)/Zme v 10 GeV 3)

and so we must use the FermilLab neutrino beam to study them.
The interaction Hamiltonians that give rise to quasi-elastic neu-

trino-electron scattering also give rise to muon decay,

Wore Fv v a"
;1-->e-+ve+.\7u 2")
and so they must both be consistent with the observed properties of the
electron spectrum. As is well known,2 the measured values of the Michel
parameter p, the angular correlation parameter ¢ of the electrons with
respect to the muon spin direction, and the helicity of the electron

all imply that the interaction must be dominantly V-A in character. Therefore

we take the Hamiltonians to be

Bv ) = G—F/—;ﬂ (Y, (1 + ¥ Gy (1 + 19)v)) + huc.

4)
—~ G sin¢ ,— -
H{v e) = £ sing vy (1 +vyde)uy (1 + v)v.) + h.c.
s /Zoowen T e e (5)

where G is the universal weak interaction coupling constant, G =

= 10—5 m;z, and the angle ¢ is to be determined by experiment. The
second Hamiltonian 1s obtained from the first merely by interchanging
the e and p subscripts on the neutrino fields; it cannot arise from a

gauge model of wezk interactions unless there are substantial violations

of muon and electron number conservation.

The differential cross section calculated for reaction (1) accord-

ing to (5) in the rest frame of';; +e is

2 2 s - m2 2 ¥
do(v e) _ G'sin’g  ( 1) [(s 2, B+ 8 4 ZJ
by -'m [ode2-14 s m
an (2_")2 433 a e

X [(s - mﬁ) cosf® + s + mi] (6)
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where § = (pv + pe)z - ZmEEU is the square of the available total energy
of the v-e system, and € 1is the production angle of u_ relative to the
incident neutrinos in the c.m. system. The angular dependence

(1 + acosé +b cos2 6) of the differential cross section comes about
because the incident ;; is right-handed, and in the V-A Hamiltonfan of
equ(S). it scatters off a left-handed electron. By contrast, the dif-
ferential cross-section for reaction (2) is isotropic in the v,"e
canter-of-mass systen.

2,2
QE{v e) = Gzcos%Q, (s - mu)

aQ u (2“)2 s

€)

because the incident vu and electron now have the same, 1eft~ha:ded he-
licity. The difference between the angular distributions of eq—2(6)
and (7) provide us with a possible means of distinguishing between
muons created in reaction (1) and those created in reaction (2).

A background of neutrinos always exists in an anti-neutrino beam.
Therefore the observation of a high energy u  in reaction (1) can always
be contaminated by u_ mesons coming either from reaction (2) or from

the much more likely reaction

vy + nucleons + u_ + anything. (8)

Nevertheless, reaction (1) can distinguish itself from tlie backgrounds

because of the following unique kinematic features:

mz + m2
(1) E 2E = ————BZme = 10 GeV; (9)
- mz_
2 E 1 u
(11) do_ _ 16G m, |E, twm, Eu E; - EL +3m, S
dE 4(2m) E_ X E_
" v v
26%m_ E, E, n?
= . 1- E X {1 - 5+ ;E (10)
L V] v



which drops sharply as the muon laboratory cnergy Eu increases froam 10 GeV

to Euax = E;;
m 2 s - m 2
(111) o < eu"“" - z' 3 X~ 2o 2 S mrvad (1)
lab lab M -0 // 2 Z2 2
u e s ~m m
v ¢ u

The phase space for seeing a u originating from (8), characterized by the
features (1, 11 &§ 111), and unaccompanied by anvthing detectable (other
than neutrinos) is practically zero.

To determine the angle ¢, we propose to measure the ratio of 3“- flux

to vn - flux in a ;;-hean via the study of the reactions:

v, +n+p +p (12)
and

- +

\au+p*u +n . (13)

We then select the u - candidaces of (1) and (2) according to the kinematic
criteria given by (1) (11) and (1ii). The number of events expected from
(2) can be calculated from the vu-flux. Hence the excess of u can be
assigned as candidates for reaction (1). Although, reacyion (1) has a rate
which s roughly 1/3 the rate for reaction (2), and 1/5000 ctimes the rate
for reaction (8), its clean signature, namely a fast forward single muon, is
unique and easy to identify.

Experimentally, the validity of multiplicative lepton number conser-
vation law has been tested with various techniques at low energies(ﬁ)
With a precise knowledge of the incident beam, the target, and outgoing u-,
reaction (1) provides us a direct test of the conservation law, and so

we propose to search for it with the present available facilities at FermiLab.



Taking into account the special kinematic features of reaction (.), we can
cxpose either the 15' bubble chamber filled with Ne, or the FHPW Calorimeter‘s)
(6)

to the narrow band dichromatic ;u-bean. The facts are:
1) The ;u-belu dircction is well defined, possibly kmcwn to within
1 mwrad;
(11) The Coulomb multiple scattering of a 15 GeV u  1in Ne or Al is
less than 2 or 3 wrad in a path of one meter;
(i11) The “u background in the ;u-beau can be measured to an accuracy
of 302;(6)
(iv) The E; - spectrum of the present FNAL dichromatic beam, which
ranges from 30 GeV to 60 CeV and includes a 107 component of
higher energy kaon anti-neutrinos, i5 most suitable for this ex-
periment. 1lts particular advantages are: (a) it removes all
V's with E; < Eth for reaction (1); and (b) irs high energy component
contributes fewer events with fast forward muons;

(v) The dichromatic beam allows us to calculate the yu angular

distribution in the c.m. system.

Zczme
n

1

appearing in (10) is 1.72 x 10741 cn?/Gev.

{vi) The quantity

Thus, the experiment is feasible. For instance, with the 15' bubble
chamber, one expects to see 12 to 20 events of reaction (1) in one million
pictures. On the other hand, with the FHPW Calorimeter, one can search

for high energy forward 1 's unaccompanied by hadronic showers.
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