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1. Introduction

In litarature there are several models in which triplet aabccur , ranging from left-right
symmetric models to Little Higgs models. Complex scalgiléts with a hypercharge Y = 2 are
particularly rich in this context in terms of their phenorotgical implications, especially in the
aspect of lepton number violation.

In this talk | will present littlest Higgs model[1], one ofdHittle Higgs models[2], having a
complex SU(2) scalar sector, and production of heavy dochdeged scalars viele™ — @@
andee” — Z @@~ channels ire"e" colliders. This talk is a summary of the double charged
productions discussed in previous works[3, 4]. Reviewsittle Higgs models can be found in
numerous works[5].

2. Littlest Higgs M odel

The main motivation of Little Higgs models are to overcomeraichy problem. To do so

these models use collective symmetry breaking mechaniabstftens radiative corrections con-
tributing to Higgs mass. In the littlest Higgs model, one lo¢ tminimal Little Higgs model,
global symmetrySJ (5) is broken spontaneously @®0(5) at an energy scalé ~ 1TeV leaving
14 Nambu Goldstone bosons(NGB). Glolsl (5) in the model contains a weakly gauged sub-
group [ (2); ®U(1)1] ® [J(2)2 ®U(1)2] , thus eight gauge bosons. As the global symmetry
J(5) is broken spontaneously ®0(5) triggered by a chosen vacuum basis, gauged subgroup
[V(2)10U (1)) ®[SJ(2)2 @U(1),] is broken to its diagonal subgroyfU (2) @U (1)) of SM.
As a result gauge bosons get mixings and some gain mass by éatir of the NGBs. The re-
maining NGBs at this stage are a scalar trigbednd a scalar doublét The usual electroweak
symmetry breaking occurs by the vacuum expectation valE®{\of the Higgs potential written
by Coleman Weinberg method for scalars. With EWSB vectoobsget extra mixings due to
vacuum expectation values bfdoublet andp triplet; v andv respectively.

The particle content after EWSB contains SM vector bosdfis W , A, , and extra massive
vector bosons Zy, Wy, Ay . Diagonalizing the mass matrix for scalars the physicakstare
found to be the SM Higgs scal&t, the neutral scalag?, the neutral pseudo scalgf, and the
charged scalarg™ and @™ ". The masses of these scalars are degenerate, and in terniggsf H
mass can be expressed as:

Mo — Y2, (2.1)

Vy/1— (%‘c)2 ’
In the model new vector bosons cancel out the divergenceshgamHiggs mass from SM vector
bosons loops, new scalars cancel out the divergences camhtiggs mass from Higgs self loop.
To cancel out the quadratic divergence coming to Higgs nrass fop quark loop, a new extra
singlet theT quark is introduced in the model by hand.

The scalar fermion interactions in the model are written irka{va Lagrangian preserving
gauge symmetries of the model for SM leptons and quarks,dinad) the third generation having
an extra singlet, th& quark. In this work, leptons are charged under botti) groups, with
corresponding hypercharges ¥f andY,. The restriction fory; andY, is thatY; + Y. should
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reproduceJ (1)y hypercharge? of SM, thusY; = x#% andY, = (1—Xx)%  can be written. Due to
gauge invariances can be taken as/3[7].

In littlest Higgs model, the symmetry braking scdland mixing angles betwedh(1) groups
andJ (2) groups;sands' respectively, are free parameters and they are constrajneldservables[6].
The recent data from Tevatron and LEPII constrain the ma#isedightest heavy scalar &4, =
900GeV[11]. In the original formulation of the littlest Higgs moddehese data imposes strong
constraints on symmetry breaking scdle{ 3.5—4TeV). But in this work by gauging fermions in
bothU (1) subgroups, fermion boson couplings are modified as dong Mith this modification
the symmetry breaking scale can be lowered te 1TeV, which allows the mass of th&y to be
at the order of fewseVs. In this case the allowed parameter region of the littleggsimodel is as
follows. For low values of the symmetry breaking scaleM < f < 2TeV, mixing angless ands
between gauge bosons are in the ran@e<0s< 1 and 06 < s < 0.7, and for eV < f < 3TeV
they have acceptable values in the ranggb6< s < 1 and 04 < s < 0.9. For the higher val-
ues of the symmetry breaking scdle> 3TeV, the mixing angles are less constrained, since the
corrections to SM observables from littlest Higgs model esrim the form% and higher orders.

In the model for light fermions, a Majorano type mass term loarimplemented in Yukawa
Lagrangian[8] which results in lepton flavor violation byitumvo, such as:

Arv = iYij L;r QDC_le +h.c., (2.2)

whereL; are the lepton doublet(sl Vi ) andy;; is the Yukawa coupling withi; =Y andY;;j) =

Y’ . The values of Yukawa couplingé andY’ are restricted by the current constraints on the
neutrino masses[9], given ab}; = Y;;Vv ~ 10 19GeV[8]. Since the vacuum expectation value
V' has only an upper bound; < 1GeV, Y;; can be taken up to order of unity without makivg
unnaturally small.

The decay modes of littlest Higgs model scalars, includireglépton flavor violating decays,
are studied in T.Han et al[8]. Since these new scalars hateridlavor violating modes, their
total widths will depend on the Yukawa couplinys = Y andY;;;.j) = Y'.Depending on these
mentioned parameters double charged scalars can decayointi@ptonic particles WW pairs or
leptons of same kind or leptons of different kind violatiegtion number by 2.

The decay width ofp™ is given as[8]:

2013
M 3 3

it & —2 4+ —[Y[PMg+ — [Y'[2M,.

o 27'N4+87T|| "’+4rr| "My

In the calculations, we ignored?/ f2 terms in the couplings, since we are not dealing with
the corrections to a SM process. Further information onrtheod calculations, and Feynman
diagrams contributing the processe®™ — Z, ¢ "¢~ andete” — @™ "¢ — can be found in
[3, 4].

3. Resultsand Discussions

3lefe =Z ot~

For the associated pair production of doubly charged ssal@hin Z_ the differential cross
sections with respect th; are plotted in figure 1 for different fixed values of mixing &gyat
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v/S= 3TeV, at symmetry breaking scafe= 1TeV. The dependence of total cross section on the
center of mass energy of this production process is plottdidjire 2, and the numerical values of
total cross sections are presented in table 1 for paranaftererest.

‘ S/S, H U¢++¢—— ‘ O-ZL(pJf*(p** ‘
0.8/0.6 | 22x 1073 | 048x 1073
0.8/0.7 || 21x 103 | 0.44x10°3
0.95/0.6 || 27x 103 | 0.78x 1072

Table 1: The total cross sections pb for pair production of charged scalars fior= 1TeV and at,/s= 3TeV.
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Figure 1: Differential cross section vsEz graphs for processte™ — Z, @™+ ¢~ for the fixed value of
parameters/s : 0.8/0.6,0.8/0.7,0.95/0.6 at f = 1000GeV at./s= 3TeV.
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Figure 2: Total cross section vs/Sgraphs for the process e~ — 7, ¢+ ¢~ for some values of mixing
angle parameters’s whenf = 1000GeV.

For the electroweak allowed parameteys = 0.8/0.6,0.8/0.7,0.95/0.6 at f = 1TeV at
v/S= 3TeV, the differential cross section gets low values at the oujétCﬂ%. The result-
ing cross sections are calculated by integrating &geiand found about.@ ~ 0.8 x 10 3pb (table
1) resulting 40~ 80 events per year for integrated luminosity of 160'. For /s < 2TeV, this
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production channel is not reachable. In the littlest Higgelei, ¢ ™ has decays to charged vectors
W'W" and also to leptong'|;" proportional to squares of the values of the Yukawa coupling
|Y?| for same families an¢lr’?| for different lepton families when lepton violating modes aon-
sidered. So this channel provides final signals for doubéygéd scalar discovery and lepton flavor
violation. The final states of the doubly charged scalarspdgminantly contain leptonic modes
lilil;*1;", semi leptonic modelgliW "W " and to standard model charged vector pairW "W W~
depending orY andY’, while Z, dominantly decays to jets carrying the energy at the order of
masses of the scalar pair. Fbe= 1TeV the leptonic branching ratio of doubly charged scalars can
reach values close to 1 faf — 1, independent fronY’. If the value of the Yukawa coupling is
high enoughY ~ 1), the number of final state lepton flavor violating signalsrsas;ZLIiIiIrlr,

can reach up to 50 events per year for luminosities off bd®, which can be directly detectable
free from backgrounds.

32ee -t~

For the process"e” — @™ "¢~ the total cross section of the production event is examined
for f = 1TeV. The dependence of the total cross section ofethe — @™+ ¢~~ process on/s
at fixed values of the littlest Higgs model parameters arseed in Fig. 3. For the mixing
angless/s = 0.8/0.6, the production cross section is maximum with a value ef1®2pb for
f = 1TeV at\/S> 1.7TeV. For the parameter sesgs : 0.8/0.7,0.95/0.6 for f = 1TeV, the total
cross section is is slightly lower but still in the order of @b at1/S> 1.7TeV. Thus for arete™
collider with an integrated luminosity of 100~1, yearly 3000 double charged pair production can
be observed.
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Figure 3: Total cross section vs\/S graphs for the process e~ — @'+ ¢~ for some values of mixing
angle parametes's when f = 1000GeV.

It is seen from the final decay modes of the doubly chargedgieén in Eq.2.3 that the fi-

nal state analysis is strongly dependent on the value of tth@wa couplingy, thus on the value
of the triplet VEV V. The dependence of the final collider signatures of the poeee —
@ @~ onY are plotted in figure 4. For < 0.01(V > 10-8GeV), the final decays of the dou-
bly charged scalars are dominated by SM charged bosonshariihal collider signature will be
W W W W In this case with a subtraction from background, doublyrgba scalars can be
identified by reconstructing the same sign boson pairs.
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Production Rates vs. Y
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Figure 4: Dependence of the final collider signatures of the proegses — @™ ¢~ onY.

For 001 <Y < 1(109GeV < vV < 108GeV), the semi leptonic decay modegW W, "
will be observed. Fol ~ 0.2, the production rates for these modes are calculate®R&, ~
0.2) = 0.2, leading to 600 collider signals per year at collider withuminosity of 100fb~! at
V/S> 1.7TeV. The cleanest signal in this case will be observed when Wothdecay into jets
(48%). In this scenario there will be yearly 280 signal of tgsame sign leptons of same family
plus jets, violating lepton number and flavor by two, which be directly detectable free from any
backgrounds.

The most interesting scenario happens when the Yukawaioguplclose to unityy ~ 1(V ~
1019GeV). In this case all final doubly charged scalars will decay sdame family leptons, and
the final collider signal will be eithekl;l;I; or lilil;. The mixed statekl Il resulting from the
final decays of the doubly charged scalars into differentilfamof leptons are suppressed because
of the low production rates due to the value of the Yukawa ngj>douplingY’.

The branching ratio into the final signklil;I; whenY ~ 1 is calculated a®R(Y ~ 1) =
0.66, which will give 1800 observable signals per year at aagrited luminosity of 10fb1
when+/S > 1.7TeV. For this final signal, the lepton flavor is violated expligittree from any
backgrounds. The double charged scalars in this case cagcomstructed from invariant mass
distributions of same charged leptons.

For the final statg|; I.T. there will be additional observable 1000 events per yearttis case
lepton flavor violation can not be observed directly eventifippens via the lepton flavor violating
decays of doubly charged scalars. Although this signal Hagya SM background, with a proper
background analysis, the existence of doubly chargedrscafel so on their lepton flavor violating
decays can be identified.
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