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Note on doubly charged Higgs boson pair production at hadron colliders

Margarete Mu¨hlleitner and Michael Spira
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We analyze the next-to-leading order QCD corrections to the production of doubly charged Higgs particles
at hadron colliders in extensions of the standard model with Higgs isospin triplets. At both the Fermilab
Tevatron and the CERN Large Hadron Collider~LHC!, these corrections are found to be moderate in size
increasing the cross sections by about 20–30 %. The residual theoretical 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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I. INTRODUCTION

Exotic extensions of the Higgs sector involving high
isospin multiplets naturally predict the existence of dou
charged Higgs bosonsD66. Particular examples are left
right symmetric models@1#. However, higher Higgs multi-
plets are generally severely constrained by ther parameter
which is unity at the tree level. In order to satisfy the
constraints, very particular Higgs representations have to
chosen or fine-tuning is required between different Hig
multiplets. The simplest options allowed by ther parameter
are Higgs multiplets without neutral states or representat
containing neutral states with a very small vacuum expe
tion value. Left-right symmetric models predict the appe
ance of a left- and a right-handed Higgs triplet, both w
hyperchargeuYu52 @1#. If the vacuum expectation values o
the neutral members vanish, the doubly charged compon
D66 do not couple toW6W6 pairs. In this case the domi
nant doubly charged Higgs boson production process at
ron colliders is pair production via qq̄→g* ,Z*
→D11D22 @2#. The cross section of this production mod
only depends on the electroweak quantum numbers and
mass of the doubly charged Higgs states and not on fur
details of the model. Doubly charged Higgs bosons h
been searched for at the CERNe1e2 LEP collider via the
related processe1e2→g* ,Z* →D11D22 resulting in a
lower mass boundMD*98.5 GeV within supersymmetric
left-right symmetric models@3#. Present searches at the Fe
milab Tevatron cannot impose any mass limits yet, but t
will improve with increasing statistics@4#.

II. QCD CORRECTIONS TO THE PRODUCTION
PROCESSES

At hadron colliders, the lowest order partonic cross s
tion for doubly charged Higgs boson pair production is giv
by

ŝLO~qq̄→D11D22!
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with vq5(2I 3q24eqsW
2 )/(2sWcW), aq52I 3q /(2sWcW) and

vD5(2I 3D22eDsW
2 )/(2sWcW), whereI 3q (I 3D) denotes the

third isospin component andeq(eD) the electric charge of the
quark q ~doubly charged Higgs bosonD22) and sW
5sinuW,cW5cosuW. Q2 is the squared partonic center-o
mass~c.m.! energy,a the QED coupling evaluated at th
scaleQ, MZ the Z boson mass, andGZ the Z boson width.
The Higgs velocity is defined asb5A124MD

2 /Q2.
The hadronic cross sections can be obtained from con

luting the partonic cross section with the corresponding~an-
ti!quark densities of the~anti!protons

sLO~p p
~2 !

→D11D22!

5E
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1

dt(
q

dL qq̄

dt ŝLO~Q25ts! ~2!

wheret054MD
2 /s with s being the total hadronic c.m. en

ergy squared, andL qq̄ denotes theqq̄ parton luminosity.
The standard QCD corrections, with virtual gluon e

change, gluon emission and quark emission, are identica
the corresponding corrections to the Drell-Yan process@5#.
They modify the lowest order cross section in the followi
way:

s5sLO1Dsqq̄1Dsqg

Dsqq̄ 5
as~mR!
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dzŝLO~Q25tzs!vqg~z! ~3!

with the coefficient functions@5#
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vqq̄~z!52Pqq~z!log
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wheremF denotes the factorization scale,mR the renormal-
ization scale andPqq ,Pqg the well-known DGLAP splitting
functions, which are given by@6#

Pqq~z!5
4

3 H 11z2

~12z!1
1
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d~12z!J

Pqg~z!5
1

2
$z21~12z!2%. ~5!

III. NUMERICAL RESULTS

Our numerical results will be presented using CTEQ6
~CTEQ6M! parton densities@7# at ~next-to-!leading order
with the strong couplingas adjusted accordingly, i.e
as

LO(MZ)50.130,as
NLO(MZ)50.118. The electroweak

quantum numbers of the doubly charged Higgs bosonD22

have been chosen to beI 3D521 and eD522. Figure 1
shows the total cross sections at the LHC and the Tevatro
leading and next-to-leading order as a function of
charged Higgs boson massMD . The renormalization/

FIG. 1. Production cross sections of doubly charged Higgs
son pair production at the Tevatron and the LHC. The dou
charged Higgs bosonsD22 carry I 3D521 as the third isospin
component. CTEQ6L1~CTEQ6M! parton densities@7# have been
used at LO~NLO!.
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factorization scale has been chosen asmF
25mR

25Q2 which is
the natural scale choice for Drell-Yan-like processes. T
QCD corrections increase the cross sections by 20–30 %
are thus of moderate size. This can explicitly be inferr
from Fig. 2, where theK factors, defined as the ratioK
5sNLO/sLO , are depicted for the Tevatron and the LHC. T
curve for the Tevatron is truncated atMD5500 GeV, since
the cross section becomes too small above. The resi
renormalization and factorization scale dependence at N
amounts to about 5–10 % and serves as an estimate o
theoretical uncertainties. They are of the order of the kno
NNLO corrections@8# which amount to about 5–10 %. The
have not been included in our analysis. The uncertaintie
the parton densities have to be added resulting in a t
theoretical uncertainty of about 10–15 %.

IV. CONCLUSIONS

In this Brief Report we have analyzed doubly charg
Higgs boson pair production at the Tevatron and the LHC
NLO QCD. The NLO corrections increase the cross secti
by about 20–30 % and reduce the residual renormalizat
factorization scale dependence to 5–10 %. The total theo
ical uncertainties including the errors of the parton densi
can be estimated to be 10–15 %. This accuracy is suffic
for doubly charged Higgs boson searches at the Tevatron
LHC.
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FIG. 2. K factors of doubly charged Higgs boson pair produ
tion at the Tevatron and the LHC. The parameters are the same
Fig. 1. The curve for the Tevatron has been truncated atMD

5500 GeV, because the cross section is too small above and
phenomenologically irrelevant.
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