
Leptonic signatures of Doubly 
Charged Higgs Bosons at 

Hardon Colliders

Naveen Gaur
University of Delhi, 

India

IPNL, Lyon, France

Andrew G. Akeroyd, Cheng-Wei Chiang, Naveen Gaur,  JHEP 1011, 005 (2010) ; arXiv:1009.2780[hep-ph]. 

Some of the slides have been borrowed from Andrew’s talk at Southampton



Higgs Triplet Model (HTM) 

Leptonic decay of doubly charged Higgs

Doubly charged Higgs production at Hadronic 
colliders

Current searches of doubly charged Higgs at 
hadronic colliders (Tevatron).

Search prospects at LHC (14 TeV)
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Charged Higgs Bosons (scalars)

• Neutral :   

• Singly Charged :

• Doubly Charged : 

The Standard Model Higgs Boson is a spinless neutral 
particle with a vacuum expectation value (vev)   

Still undiscovered : If exists, how many Higgs bosons ??

We can classify Higgs bosons by their electric charge

Order of priority :     neutral  >  singly charged  >  doubly charged
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Models with Doubly Charged 
Higgs Bosons

• Higgs Triplet Model : I=1, Y=2 (tree-level mass for neutrino)

• LR symmetric model : I=1, Y=2 (tree level mass of neutrino)

• Zee-Babu model : I=0, Y=4 (radiative mass of neutrino)

Motivation --> neutrino mass generation

Scalar triplets (isospin I = 1) and scalar singlets (I=0)

We will focus on Higgs Triplet Model
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Large Hadron Collider

• LHC is colliding protons at 

• From 2013(?) it will operate at 

• Highest energy collider ever built

• Search of Higgs bosons is of high (highest?) priority

• Fermilab Tevatron (                  ) is still working and may 
collect upto 16 fb^-1.

• Great time to study phenomenology of Higgs boson

√
s = 7 TeV

√
s = 14 TeV

√
s = 1.96 TeV
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HiggsTriplet Model (HTM)
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Higgs Boson Spectrum
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Neutrino mass in HTM
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Decay modes of        and   H
±±

H
±
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T.Han, B. Mukhopadhyaya, Z. Si & K.Wang, arXiv:0706.0441 [hep-ph]
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BR of           as a function of triplet vevH
±±



BR of         as a function of triplet vevH
±

P. Perez, T.Han, G. Huang, T. Li & K.Wang, arXiv:0805.3536 [hep-ph]
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Branching Ratios of BR(H±± → �
±

�
±)
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•  

•  

•  

Limits on hij

H
±±Presence of             would lead to lepton-flavour-violating decays

mH±± < 1 TeV

BR(µ→ eee) < 10−12 → |hµehee| < 10−7

BR(τ → �i�j�k) < 10−8 → |hτihjk| < 10−4

BR(µ→ eγ) < 10−11 →
�

i

|hµihei| < 10−6

1988; no future experiment

MEG ∼ 10−13

From B-factories

|hij | < 10−2 or 10−3All constraints can be respected with 
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Production of          at Hadron Colliders
(Tevatron and LHC)

H
±±
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     Production at hadronic collidersH
±±

‣ 4 leptons from pair produced 
‣  Assumed 

H
±±

BR(H±± → �
±

�
±) = 100%

(First searches at Hadronic collider in 2003 CDF, D0)
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Interaction vertex



Present Tevatron search strategy
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D0,
PRL, 101,071803 (2008) 

Current strategy is :
•  2 same sign leptons
•  3 leptons with 2 of same sign



D0 Note 5458-CONF (2007)
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µ±µ∓µ±signal :



mH±± > 150 GeV, BR(H±± → µ
±

µ
±) = 100%
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D0 Note 5458-CONF (2007)



Single production of doubly 
charged Higgs

A. G. Akeroyd, M. Aoki, 2005

naveen gaur                Leptonic decays of doubly charged Higgs bosons at hadronic colliders            Lyon December’10



qq̄
� → H

±±
H

∓Impact of 
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Inclusive          production at TevatronH
±±

A. G. Akeroyd, M. Aoki, 2005

Could strengthen the mass limit of Doubly Charged Higgs
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qq̄
� → H

±±
H

∓Summary of 
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Inclusive production at LHC

K-factors : LHC = 1.25,  Tevatron = 1.3
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Current status at LHC

4 lepton signature : only                 contributes
•  CMS (2007) : 4 muons
•  ATLAS (2005) : 4 lepton (lepton = e,mu)

H
++

H
−−

Del Aguila (2008) : exactly 3 lepton (additional lepton vetoed) hence lose 
contributions from pair production

AGA, Chiang, Gaur (2010) : >= 3 lepton (similar to Tevatron)
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Tevatron search strategy is of looking for >= 3l 



Signal process
1) Used Calchep to incorporate the vertex.
2) Partonic events were generated using calchep and interfaced to Pythia
3) Used ATLFAST 
4) Analysis was done in ROOT

Backgrounds :
1) Wbb, Zbb, Wtt, Ztt, WWW were generated using Calchep and interfaced with Pythia
2) ZZ, WZ, tt were generated using Pythia
3) Used ATLFAST

Framework



 /  >= 3l, two of same sign

Primary Cuts:

Secondary Cuts:

Cuts 
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Comparison of 4 lepton and >= 3 lepton

Exactly 4 lepton :

>= 3 lepton :

naveen gaur                Leptonic decays of doubly charged Higgs bosons at hadronic colliders            Lyon December’10



naveen gaur                Leptonic decays of doubly charged Higgs bosons at hadronic colliders            Lyon December’10

could be used to distinguish = 4l and 
>= 3l signatures

Missing transverse energy

Opposite sign dilepton 
invariant mass



Same sign dilepton 
invariant mass Total transverse energy
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Comparison of exact 4 lepton and >= 3 lepton 
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Requests for Experimentalists :
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