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Introduction

Z and H bosons

Z/H → ττ decay channel

Visible and total energy ratio x = Evis
Etot
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τ helicity effect on the decay

λ =
~J · ~P∣∣∣~P∣∣∣ =

~S · ~P∣∣∣~P∣∣∣ (1)

3.4. TAU DECAYS AS SPIN ANALYZERS 23

(a) (b)

Figure 3.6: τ− → ρ−T ντ (a) and τ− → ρ−Lντ (b). The thick arrows denote the helicity of
the particles.

where α is given by

α =
m2
τ − 2m2

V

m2
τ + 2m2

V

(3.17)

For rho decays α has the value of 0.46 and for a1 decays a value of 0.12. The differential
distribution can be rewritten in terms of the energy fraction carried by the vector meson,
x, to

1

Γ

dΓ

dx
=

1

1− a2
(

1 + αPτ
2x− 1− a2

1− a2
)

(3.18)

As seen in Figure 3.7(b) the distribution of energy fraction carried by the rho meson
will run from a2 = (mρ/mτ )2 to one.
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Figure 3.7: Distribution of fraction of visible energy, x, in pion (a) and rho (b) decays
divided into left-handed (pink) and right-handed (blue) samples.

A lot of sensitivity of the polarization is lost in Equation 3.18 compared to the pion
decay due to the mixing of longitudinally and transversely polarized vector states. Some of
the sensitivity can be regained by considering other variables sensitive to the tau helicity.

Figure 2: Distribution of fraction of visible energy, x, in pion (a) and rho (b)
decays divided into left-handed (pink) and right-handed (blue) samples. [2]

are two neutrinos with opposite handedness. Therefore, all of the sensitivity to68

tau polarization is lost, because tau helicity does not predetermine the direction69

of both neutrinos and the distributions of left-handed and right-handed tauons70

look almost the same.71

2 Z and H bosons as mother particles. Tau pair72

helicity correlation.73

In this work tauons were analysed in pairs. One data set contained pairs emitted74

from Z boson, the other from H boson. As mentioned earlier, Z and H bosons75

have different spins which affect the tau pair helicity correlation.76

Z boson has spin equal to 1 and is a gauge boson. According to [7] fermions77

emerging from the Z have to have opposite helicities. If a tauon and anti-tauon78

have opposite spins their distributions are identical, or in other words having79

a right-handed tauon and a left-handed anti-tauon is the same as having two80

right-handed tauons. Therefore, for example, when both tauons decay into a81

single pion, distributions should follow a line y = x. Where y is the visible82

energy fraction of one tauon and x of the other.83

Higgs is a scalar boson and has a spin equal to 0. Therefore, in H → ττ84

decays tauons must have equal helicities, either both have + 1
2 or − 1

2 . This is the85

ττ decay channel in H boson difference form Z boson decay. Equal helicities in86

H → ττ decay means that visible energy fractions tend to be at opposite ends,87

because having a right-handed tauon and a right-handed anti-tauon is the same88

as having a right-handed tauon with a left-handed tauon and we can see from89

Fig. 2 that their distribution slopes are opposite. Using the same single pion90

decay example it can be deduced, that the visible energy fraction distributions91

should follow a line y = −x. Where, as before, y is the visible energy fraction92

of one tauon and x of the other.93

4

Figure 1: Distribution of fraction of visible energy, x, in pion (a) and rho
(b) decays divided into left-handed (pink) and right-handed (blue)
samples. [∗]

[∗] Ingrid Deigaard. “Measurement of the Tau Polarization in Z→ ττ Decays with the ATLAS Detector”. 2012,
pp. 21–27, p. 1.

[∗] Ingrid Deigaard. “Measurement of the Tau Polarization in Z→ ττ Decays with the ATLAS Detector”. 2012,
pp. 21–27, p. 1.
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ττ pair correlation by Z and H bosons

Z -vector boson →
opposite τ helicities [∗]
H-scalar boson → same τ
helicities [∗]
ττ pair helicities are
correlated by the mother
particle

 

Z H 

 

Z H 

Figure 2: Helicities in Z and H
two-body decays

[∗] K. Hagiwara BK. Bullock and AD. Martin. “Tau pair polarisation correlations as a signal for Higgs bosons”.
In: Phys. Lett B (1991), 273:501
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Results in π−ντ × π+ν̄τ
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Figure 7: Energy fraction distributions when both tauons decay into single pions
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Figure 8: Energy fraction distributions when one tauon decays into a single pion
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Figure 3: Energy fraction distributions when both tauons decay into
single pions
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Results in π−ντ × π+ν̄τ with a weight function

wR =

√
(x − 0.5)2 + (y − 0.5)2 (2)
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Figure 9: Energy fraction distributions weighted with the wR function when
both tauons decay into single pions
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Figure 10: Energy fraction distributions weighted with the w2
R function when

both tauons decay into single pions
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Figure 4: Energy fraction distributions weighted with the wR function
when both tauons decay into single pions
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Results in π−ντ × π+ν̄τ with a weight function

w2
R = (x − 0.5)2 + (y − 0.5)2 (3)
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Figure 9: Energy fraction distributions weighted with the wR function when
both tauons decay into single pions
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Figure 10: Energy fraction distributions weighted with the w2
R function when

both tauons decay into single pions
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Figure 5: Energy fraction distributions weighted with the w2
R function

when both tauons decay into single pions
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Results in π−π0ντ × π+π0ν̄τ
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Figure 11: Energy fraction distributions when both tauons decay into two pions
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Figure 12: Energy fraction distributions when one of the tauons decays into two
pions
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Figure 6: Energy fraction distributions when both tauons decay into two
pions
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Results in π−π0ντ × π+π0ν̄τ with a weight function
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Figure 13: Energy fraction distributions weighted with the wR function when
both tauons decay into two pions
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Figure 14: Energy fraction distributions weighted with the w2
R function when

both tauons decay into two pions
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Figure 7: Energy fraction distributions weighted with the wR (2) function
when both tauons decay into two pions
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Conclusion

Z and H bosons can be identified in ττ decays

π−ντ × π+ν̄τ is the most sensitive channel

Differences can be enhanced with weight functions
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