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Abstract

We analyze the next-to-leading order QCD corrections to the production of doubly-
charged Higgs particles at hadron colliders in extensions of the SM with Higgs
isospin triplets. At both the Tevatron and the LHC, these corrections are found to
be moderate in size increasing the cross sections by about 20–30%. The residual the-
oretical uncertainties are of the order of 10–15% which is sufficient for experimental
searches for these particles at the Tevatron and LHC.
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1 Introduction

Exotic extensions of the Higgs sector involving higher isospin multiplets naturally predict
the existence of doubly-charged Higgs bosons ∆±±. Particular examples are left-right
symmetric models [1]. However, higher Higgs multiplets are generally severely constrained
by the ρ parameter which is unity at tree-level. In order to fulfill these constraints, very
particular Higgs representations have to be chosen or fine-tuning is required between
different Higgs multiplets. The simplest options allowed by the ρ parameter are Higgs
multiplets without neutral states or representations containing neutral states with a very
small vacuum expectation value. Left-right symmetric models predict the appearance of
a left- and a right-handed Higgs triplet, both with hypercharge |Y | = 2 [1]. If the vacuum
expectation values of the neutral members vanish, the doubly-charged components ∆±± do
not couple to W±W± pairs. In this case the dominant doubly-charged Higgs production
process at hadron colliders is pair production via qq̄ → γ∗, Z∗ → ∆++∆−− [2]. The cross
section of this production mode only depends on the electroweak quantum numbers and
the mass of the doubly-charged Higgs states and not on further details of the model.
Doubly-charged Higgs bosons have been searched for at the LEP collider via the related
process e+e− → γ∗, Z∗ → ∆++∆−− resulting in a lower mass bound M∆ >∼ 98.5 GeV
within supersymmetric left-right symmetric models [3]. Present searches at the Tevatron
cannot impose any mass limits yet, but this will improve with increasing statistics [4].

2 QCD corrections to the production processes

At hadron colliders, the lowest order partonic cross section for doubly-charged Higgs boson
pair production is given by
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with vq = (2I3q−4eqs
2
W )/(2sW cW ), aq = 2I3q/(2sW cW ) and v∆ = (2I3∆−2e∆s2

W )/(2sW cW ),
where I3q (I3∆) denotes the third isospin component and eq (e∆) the electric charge of
the quark q (doubly charged Higgs boson ∆−−) and sW = sin θW , cW = cos θW . Q2 is the
squared partonic c.m. energy, α the QED coupling evaluated at the scale Q, MZ the Z bo-

son mass and ΓZ the Z boson width. The Higgs velocity is defined as β =
√

1− 4M2
∆/Q2.

The hadronic cross sections can be obtained from convoluting the partonic cross section
with the corresponding (anti)quark densities of the (anti)protons

σLO(p(—)p → ∆++∆−−) =
∫ 1

τ0
dτ
∑
q

dLqq̄

dτ
σ̂LO(Q2 = τs) (2)

where τ0 = 4M2
∆/s with s being the total hadronic c.m. energy squared, and Lqq̄ denotes

the qq̄ parton luminosity.
The standard QCD corrections, with virtual gluon exchange, gluon emission and quark

emission, are identical to the corresponding corrections to the Drell–Yan process [5]. They
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modify the lowest order cross section in the following way

σ = σLO + ∆σqq̄ + ∆σqg

∆σqq̄ =
αs(µR)

π
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with the coefficient functions [5]
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where µF denotes the factorization scale, µR the renormalization scale and Pqq, Pqg the
well-known DGLAP splitting functions, which are given by [6]
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3 Numerical Results

Our numerical results will be presented using CTEQ6L1 (CTEQ6M) parton densities [7] at
(next-to-)leading order with the strong coupling αs adjusted accordingly, i.e. αLO

s (MZ) =
0.130, αNLO

s (MZ) = 0.118. The electroweak quantum numbers of the doubly-charged
Higgs boson ∆−− have been chosen to be I3∆ = −1 and e∆ = −2. Fig. 1 shows the
total cross sections at the LHC and the Tevatron in leading and next-to-leading order
as a function of the charged Higgs mass M∆. The renormalization/factorization scale
has been chosen as µ2

F = µ2
R = Q2 which is the natural scale choice for Drell–Yan like

processes. The QCD corrections increase the cross sections by 20–30% and are thus of
moderate size. This can explicitely be inferred from Fig. 2 where the K factors, defined
as the ratio K = σNLO/σLO, are depicted for the Tevatron and the LHC. The curve for
the Tevatron is truncated at M∆ = 500 GeV, since the cross section becomes too small
above. The residual renormalization and factorization scale dependence at NLO amounts
to about 5–10% and serves as an estimate of the theoretical uncertainties. They are of
the order of the known NNLO corrections [8] which amount to about 5–10%. They have
not been included in our analysis. The uncertainties of the parton densities have to be
added resulting in a total theoretical uncertainty of about 10–15%.

4 Conclusions

In this note we have analyzed doubly-charged Higgs pair production at the Tevatron and
the LHC at NLO QCD. The NLO corrections increase the cross sections by about 20–30%

3



σ(pp/pp
_  
→ ∆+ +∆− − + X) [fb]

µ2 = Q2

Tevatron (√s = 2 TeV)

LHC (√s = 14 TeV)

NLO

LO

M∆ [GeV]

10
-3

10
-2

10
-1

1

10

10 2

10 3

10 4

0 200 400 600 800 1000

Figure 1: Production cross sections of doubly-charged Higgs pair production at the Teva-
tron and the LHC. The doubly-charged Higgs bosons ∆−− carry I3∆ = −1 as the third
isospin component. CTEQ6L1 (CTEQ6M) parton densities [7] have been used at LO
(NLO).
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Figure 2: K factors of doubly-charged Higgs pair production at the Tevatron and the LHC.
The parameters are the same as in Fig. 1. The curve for the Tevatron has been truncated at
M∆ = 500 GeV, because the cross section is too small above and thus phenomenologically
irrelevant.
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and reduce the residual renormalization/factorization scale dependence to 5–10%. The
total theoretical uncertainties including the errors of the parton densities can be estimated
to be 10–15%. This accuracy is sufficient for doubly-charged Higgs boson searches at the
Tevatron and LHC.
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