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Helicity effects in neutral heavy lepton decays
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The search for the existence of neutral heavy leptons may provide valuable information regarding plausible
extensions to the standard model. In order to accurately study the decay of neutral heavy leptons, it is essential
to include the helicity effects which arise from their non-zero mass. In this paper, we specifically examine the
effects of helicity on the leptonic and semi-leptonic decays of neutral heavy lep&iiE56-282(198)06211-0

PACS numbdrs): 13.88:+e€, 13.10+q

INTRODUCTION mass neutral heavy leptons decaying intquv, uev,
eev, mu, ande. It is thus crucial that all effects due to

The search for the existence of neutral heavy leptons comon-zero mass, including helicity, be studied in order to cor-
tinues to be a prominent area of research in high energyectly model and detect these exotic particles.
physics. Neutral heavy leptons are plausible extensions to the
standard modédll]. In several models, the neutral heavy lep-
tons are heavy isosinglets that interact and decay by mixing
with their lighter neutrino counterparts. Several studies have The matrix element of the neutral heavy lepton decays
been devoted to neutral heavy leptons, and approximate lifesan be derived from the appropriate set of diagrams. Let us
times and cross sections have already been calcUlatefl.  take the simplest of the reactions, whereby ttfedecays
However, the effects of polarization on the decay of the neumixing via theW boson into two distinct charged leptorls (
tral heavy leptons so far have not been included in full detaibng| ) and a neutrino #;). The matrix element is written as
[5]. This paper specifically addresses the helicity effects of J '
neutral heavy leptons on the angular distribution of the decay
products.

MATRIX ELEMENTS

M= [y (15 ][0 7L, ]. ()
_\/E[ULO'Y( Y)u vy yu(1=y)u, ]

NEUTRAL HEAVY LEPTONS . . )
Squaring the matrix element, we find
Neutral heavy leptonsL’) may exist as isosinglets that

decay via W or Z boson exchange and mixing. Because 0° o6 [
the non-zero mass, however, it is no longer possible to as i
sume complete right or left handed helicities. If we take, for
example, the decay K—1*+L0, the helicity of theL® will
vary as a function of its mag4]. This example is illustrated
in Figs. 1 and 2. A complete picture of the neutral heavy
lepton decay must therefore include helicity effects. i
In this paper, we address the effects of helicity on the 0
decay of neutral heavy leptons. Specifically, we examineteicity |
closely the effects of polarization on leptonic and semi- _,, [
leptonic decays. The calculation provides a description of the
distribution of the decay products of the neutral heavy lep-
ton. This calculation is applicable to previous and ongoing
L? searches in many experiments, including CCF&, [
NuTeV [7], CHARM [8], NOMAD, and CHORUS. 06
In particular, the NuTeV experiment is using an instru-
mented decay channel specifically designed to search fo _¢s [
neutral heavy leptons. The neutral heavy leptons result vie i
decays from pions, kaons, and charm mesons made by 8C
GeV protons interacting with a beryllium target. A fraction S | | | | | |
of the neutral heavy leptons, in turn, would decay within the 0 005 o1 015 02 025 03 0%
decay channel, which consists of 40 meters of instrumente(
helium bags located after 1.4 km of shielding. This decay
channel allows NuTeV to be particularly sensitive to low- FIG. 1. Polarization of.° vs mass in decai( " — u ™ +L°.
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FIG. 2. Polarization of.° vs mass in decait * —e* +L°.

1
M |2=§G|2:Q1Q2 @
Q1:TI'[U|_0U_L°7,M(1_ 75)u|iu_,i Yol 75)] ®
Q2:Tr[U|jv_|j yH(1- VS)UVju_Vj (11— 75)]- (4)

Concentrating on thaLou_Lo term inQ,, we note that we can
write this as

u|_ou_|_o= %(p,_o-i- mLo)(1+ y°%). (5)
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Next we list the matrix element fromL%—meson
+ lepton, with the polarization effects included:

|MunpoI|2:26l2:f§/|[2(pL0’ pM)(pM : pl)

—pu(pLo-pp] 9
!
[Mpoll?=2GEfH[2((pLo—MLoS) - Pu)(Pw- Py)
—piy ((pLo—mos) - p))]. (10)

Lastly, we calculate the matrix elements fromn®
—1*17y,. In this case, we must also consider the contribu-
tion due toz° decay:

IM[?=16GE[o(p1-Pr+) (P Py,) + B(P1L-P-)(Pi+- Py,

—ymi(p1-Py)]: (11)
where
o=8sing;, (12
B=2(2+co0s2h,,)? (13
y=4(2+ c0s26,,)sind?, (14)
and
P1=PLo—MoS. (15

This last matrix element was calculated using [9], a
MATHEMATICA program designed to solve Feynman dia-
grams.HIP was also used as a consistency check for the other
matrix elements. With polarization effects now part of our
calculations, we proceed to calculate the decay rates as a
function of helicity.

Here$ are the 4-polarizations of the neutral heavy lepton. It DECAY RATES AND DIFFERENTIAL DISTRIBUTIONS

is possible to show that

_ 1
upou oy“(1—1v°) =§[([b|_o— me o) (y4(1—¥°))

+(meo—pLod) ((1-¥*)].  (6)

Thus we can make the simple substitutippo—p, o

—mos as we go from unpolarized solutions to polarized
solutions, as long as the matrix element does not explicitly
depend on the mass of thé, which for our cases it does

not. In the cas¢°—>|i|_,-v,- , our polarized matrix element is

given by
[Munpol=2GE(pLo- Py ) (Py, Py, Y]
!
[Mpol>=2GE((pro—mios)- (P ))(Py-Py)-  (8)

This substitution technique works in all the other cases con-

sidered in this paper.

We use the matrix elements listed above to calculate the
decay rates and distribution of the decay products. We begin
with the decay ofL°— mesont lepton, working in the rest
frame of the neutral heavy lepton. If we létbe the angle
between polarization vector and the lepton, then the differ-
ential decay rate becomes

df__GEfumioS 1-8)2—8y(1+8)
dcos 16w ( ! m( !
S
- \/7—(1—5,)0036' . (16)
Here 6y, 6,, andS are defined as
m 2
5M: Meson (17)
m|_0
m 2
5|=< Iepton) (18)
m,_o
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S=1+ 685+ 82—268y—268—28u3, . (19

We can also calculate the differential decay width for
LO—1;1 jvj, wherei #|. If we integrate over the appropriate

variables, we find

ar - Gf
d E,d Ej dCOﬁi B 128773

X (Ej+ \/EJZ— mjzcosﬁj) (20

and for 6;, we have

2 2_ .2
(Mo+mj—m—2m_oE;)

ar - Gf
dE,dEJdCO$J - 128773

X (Ej+ JEf—m’cosd,cos;)  (21)

where cog, is given as

2 2_ 2
(Mo+mj—m—2m_oE;)

(Mpo—E—E)2—Ef+mi—EF+m’
2VE - mZ\E - m?

cod, = (22
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FIG. 3. Angular distribution ofu™ in fully polarized (helicity
+1) decay ofL°— u~"e* v, for masses of 0.5 Ge¥solid line) and

(Thei andj subscripts refer to the variables associated withp GeV (dashed ling

thel; andl; leptons respectively.
Lastly, we calculate the differential decay df°

—1*17y,. Letting #_ and 6, be the angles of the lepton

and anti-lepton respectively, we find

dr _ Gf
dE,dE_dcosd_ 163

[oc(E_+p_cosh_)
+B(E.+p,.cosh_cod,)
—2ym?E,(1+cosh,)] (23
and also

dr - G2
dE.dE_dco®, 1673

[o(E_+p_co¥, cod,)
+B(E.+p.cod,)
—2ym?E,(1+cosh,)] (24)
wherem; is the mass of the lepton, and
p.=EZ-m? (25
E,=mo—E,—E_ (26)

ando, B, andy are given by Eqs(12)—(14).

Sample distributions for various decays and mass value:
are shown in Figs. 3 and 4. All distributions were created by
randomly generating events with the appropriate matrix ele-
ments. Note that tha+ bcosd behavior, as well as the mass

dependence of the distributions, is clearly apparent.

As a result of the non-uniform angular distribution of the
decay products of the?, there is also a non-negligible effect

tion of the u~ from the decayL’— u e" v, for several
helicities. The other decay modes show similar distributions.
In addition, with the exception of decay processes where the
two charged leptons are identical, there also exists an asym-
metry between the charged particles that is dependent on the
polarization of the neutral heavy lepton. An example of this
asymmetry is shown in Fig. 6. Both the asymmetry, as well
as the energy distribution of the decay products, could have
significant effects in both event analysis and reconstruction
of neutral heavy leptons.
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FIG. 4. Angular distribution ofu~ in fully polarized (helicity

in the energy distribution. This distribution changes as a+1) decay ofL°— .~ u* v, for masses of 0.5 Gesolid line) and
function of polarization. Figure 5 shows the energy distribu-5 GeV (dashed ling
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FIG. 5. Energy distribution ofu~ from L°—u"e" v, for o o
helicity+1 (solid line), 0 (dashed ling and —1 (dotted ling. The FIG. 6. Distribution for the logy(E,-/Ec+) ratio in L°
LY have a mass of 5 GeW and energy of 100 GeV. —u~e'v, decay for helicity+1 (solid line), 0 (dashed ling and

—1 (dotted ling. The L® have a mass of 5 Ge®¥ and energy of
CONCLUSION 100 GeV.

We have calculated the helicity dependent distributiondistribution of the decay products. These results are appli-
for the decay of neutral heavy leptons to mesons and/or legable to all neutral heavy lepton searches and, in particular,
tons. Because of the non-zero mass of the neutral heavy lefhe ongoing NuTe\{7], NOMAD, CHORUS, and the previ-
tons, polarization does affect both the angular and energgus CHARM([8] neutrino experiments.
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