
1

Charged Higgs search in 

the leptonic- channel

Ofer Vitells & Eilam Gross

Weizmann Inst. Of Science

τ

cHarged2008 Workshop, Uppsala, September 2008



2

Introduction

� A light charged Higgs is expected to decay via              at 
almost 100%. 

� The ‘standard’ method of observing H+ is based on 
identification of hadronic ‘s.

� About 35% of      decay is to leptons (e/µ): a potentially
significant channel, independent of hadronic
-identification.

� We investigate kinematical 
observables that can provide 
sensitivity to a charged Higgs 
in this channel.

H τν+ →

τ
τ

τ

M. Carena, et al. [hep-ph/0010338]
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Event topology
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Event topology
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Missing energy from 3 
neutrinos:

Full reconstruction of 
mH+ not possible 
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Event topology
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W →→→→ ττττνννν

W →→→→ lνννν

H+(130) →→→→ ττττνννν
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neutrinos

Lower pT lepton

(effect of opposite 

helicity)
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Parton level, generated with 
PYTHIA



6

polarization effect

� ‘s from H+ decay are almost purely right-
handed, leading to a decrease in daughter lepton 
energy 

τ

τ

H −

τ −

ν

W −

τ −

ν

−
l

−
l

Lepton energy fraction Elep/Etau

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.5

1

1.5

2

2.5

Elep/E
ττττ

ar
b

it
ra

ry
 u

n
it

s

 

 

H+

W

(130)



7

Signature of a leptonic : the W transverse 

mass
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W →→→→  ττττνννν

W →→→→  lνννν

H+ (130) →→→→  ττττνννν

τ

Events with direct leptons

Contribute mainly to the 
Jacobian peak region of the 
transverse mass distribution

An excess of tau-events 
could be observed, but 
with little discrimination 
between H+ and W� τν

,(1 cos )miss
T T T missm p p φ= −l

l
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Signature of a leptonic : the W transverse 

mass
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W →→→→  ττττνννν

W →→→→  lνννν

H+ (130) →→→→ ττττνννν

τ

With a cut pT(lep) > 20 GeV

Events with direct leptons

Contribute mainly to the 
Jacobian peak region of the 
transverse mass distribution

An excess of tau-events 
could be observed, but 
with little discrimination 
between H+ and W� τν

,(1 cos )miss
T T T missm p p φ= −l

l

From Martin’s talk

PT(lep)>20 GeV
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Transverse mass as an extremal point

� The W transverse mass could be defined as:

� Similarly, we define a ‘charged Higgs transverse 
mass’ as :
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� The W transverse mass could be defined as:

� Similarly, we define a ‘charged Higgs transverse 
mass’ as :

Transverse mass as an extremal point
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Derivation of H
Tm +

Event 
kinematics

Jacobian peak:

Maximize w.r.t
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Charged Higgs transverse mass
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W →→→→  lνννν

W →→→→  ττττνννν

H+ (130) →→→→  ττττνννν

Not including gluon 
radiation from top quark 
decay

The distribution is not 

sensitive to the decay 
mode of the W, since 

It depends only on 
miss
T Tp p+ lr r
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Charged Higgs transverse mass
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H+ (130) →→→→  ττττνννν

W →→→→  ττττνννν

W →→→→  lνννν

Gluon radiation from 
top decay smears the 
Jacobian peak, but 
there is still an edge at 
mH+ .
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Charged Higgs transverse mass
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H+ (130) →→→→  ττττνννν

W →→→→  ττττνννν

W →→→→  lνννν

Gluon radiation from 
top decay smears the 
Jacobian peak, but 
there is still an edge at 
mH+ .

t

b

/H W+

g

2 *

*

( )

( ) ( )

b miss
top top

H H
T top T top H

p p p m m

m m m m m+ +
+

+ + = <

> ≥

l

From Martin’s talk
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Conclusions

� The leptonic decay channel can be used to 
increase the sensitivity to a light charge Higgs.

� We introduced a new transverse mass for this 
channel, which has a lower edge at the true 
charged Higgs mass.

� This transverse mass provides discrimination 
between a charged Higgs and W decay, which is 
the major background source.     

τ
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Backup Slides
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Gluon radiation in top quark decay

[L.H.Orr,T.Stelzer,W.J.Striling, Phys. Rev. D 56 1 (1997)]
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