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OF LITTLEST HIGGS M. at LHC

m Standard Model; SM

m In agreement with experimental data

m LHC is running with a big motivation in finding "Higgs Scalar"
missing component of SM.

m If Higgs boson is to be found
The leading problem: Stabilize its mass against quadtbtica
divergent radiative corrections.
HIERARCHY PROBLEM
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Also SM,
m can not account for neutrino masses
= can not explain CP problem
= no explanation for dark matter
u ...

Obligatory to go beyond SM: Physics BSM.
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= Many models have been proposed
m including Little Higgs models

m Deserves special attention, due to their elegant way tesbbky
hierarchy problem

» Littlest Higgs model(LHM:

m most economical little Higgs model

!Arkani-Hamed et alir Xi v: hep- ph/ 0206020
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OUTLINE:

In this talk:

m Brief review of Littlest Higgs model
m Lepton flavor violation in littlest Higgs models
m Processes that can give rise to lepton flavor violation at LHC

p+p— ot
pP+p—otte
P+p— oo

m Final state analysis for production processes
= Conclusions
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Littlest Higgs model

m Motivation: to overcome hierarchy problem
m Approach: Enlarge the symmetry group of the SM
m then use a collective symetry breaking mechanism.

= Global symmetry8U(5) with a weakly gauged group of
(U(2)Q@U(1))%
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m Collective symmetry breaking mechanism:

By choosing a vacuum condansate:

m SU(5) — SO(5) at a scald ~ 1TeV

= at low energies model can be described by number of degrees of
freedom of Nambu-Goldstone bosons(NGB).

m each broken generates NGBs; 14 NGB.
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m Breaking of global symmetry triggers spontaneous brea&fng
(U(2) ®U(1))? = U(2) ® U(1) of SM.
= some of the gauge bosons gain masses by eating four NGBs.
= U(1); andU (1), bosons get mixing;
mixing anglef, ands = sind.
= V(2); andSU(2), bosons get mixing;
mixing angle#’, ands = sing’.
m 4 massive, 4 massless gauge bosons; scalar ddyldeid the
scalar triplet §) remain physical.
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2 standard electroweak symmetry breaking (EWSB) occurs at
v = 246GeV, resulting

gauge bosons gain extra masses and mixings

SM vector bosonsW", Z, andA,)
new heavy vector bosonW(_T, Zy andAy)

SM Higgs scalar: )
new heavy scalarsi#f, ¢°, o andg*t)
All degenerate in mass.
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m Masses of the gauge bosons:
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= sands’ are mixing angle otJ(1) andSU(2) groups respectively,
andf is the symmetry breaking scale

m The masses of the scalars are:

V/2f

vy/1— (25)2

m The vacuum expectation valuestofield:

My = My, (2)

(RO = v/v/2.
m The vacuum expectation valuesg@fields:
(i0%) =V
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In the model:

m new vector bosons cancel out the divergences coming to Higgs
mass from SM vector boson loops.

= new scalars cancel out the quadratic divergences to Higgs ma
coming from Higgs self loop.

m a new fermion:T quark; introduced to cancel the quadratic
divergences contributing to Higgs mass froouark loop in SM.
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Constraints on the littlest HM:

» f, sands are not restricted by the model.
m restricted by EWPD, and data from TEVATRGN

m TEVATRON constrains the mass of lightest heavy vector boson
as:Ma, > 900GeV.

m This ruled out the original littlest Higgs model for< 4TeV.

2T. Aaltonen, et al, CDF Collaboration, Phys.Rev.Lett.99802,2007.
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Two modifications:

introduce T parity
Fermions are gauged under ba#1) subgroups.

m fermion boson couplings are modified

m f can be small a6.7TeV (s~ 0.8 ands' ~ 0.6).
m used in this work.

m parameter space in this modification is:

0.7TeV <f < 2TeV — 0.78<s<0.88 and 058<¢9 <0.70
2TeV <f <3TeV — 0.65<s<099 and ©®0<¢d <0.90

3H. C. Cheng and I. Low; arXiv:hep-ph/0405243.
“Csaki et al.ar Xi v: hep- ph/ 0303236
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Lepton Flavor Violation in Littlest Higgs model

= Remember: LHM has an extre complex sc&di(2) sector.

m For light fermions, a Majorana mass term can be implememted i
Yukawa lagrangian:

Lipy = iYL oC7IL + he, ©)
whereL; are the lepton doublefs| 1 ).
= Yj; are Yukawa couplingsY;; = Y andY;j;j) = Y.

= by this term neutrinos gain mass without need of right handed
neutrinos.

= neutrino masses are given a4; = Y;;v = 10-10Gev

= V: vacuum expectation value of scalar triplet has only an uppe
bound;vV < f—f.
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= Considering Majorana mass term, decay width of the double
charged scalars in the model &re

Tyre = DWW, )+3r(£+£+)+3r(£+£+)
vam3 3
~ ¢ 2 12

5T. Han et alar Xi v: hep- ph/ 0505260
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m decay width of the single charged scalar:

| |
Ly = 3r(4 ) + 60 (6T 5j) + D(WTH) + T(Whzy) + I'(th) + I'(Th)
2013
NeMZMg VMG 3o 3 2
= YPMy A+ — Y 2M. 5
32nf2 amd g IMe IV Ms 2

= Decays intoTb are neglected sindd,; ~ Mr.
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Processes

m Processes that can give rise to lepton flavor violation at LHC

p+p— ot
p+p—otte
P+p—dto

m The scattering amplitudes are calculated by usiagjchep
generator after implementing the models

m For PDF:CTEQGL for protons
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Numerical inputs in the calculations
m My = 120GeV.
= V/S=2TeV, V/S= 7TeV and/S = 14TeV.
m 0.5TeV <M, < 2TeV, 0.7TeV < f < 3TeV.
= s=0.8ands = 0.6.
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Scattering amplitude of the processes

A.CAGIL
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m Scattering amplitudes of the prduction processgshin

| | o776 | 67" | oo |
| V/S=2TeV,M,=05Tev | 10°% [ 10% | 109 |
| V/S=T7TeV, My =05TeV | 14x10%|24x10%] 06x 10" |
VS=14TeV , M, = 05TeV | 1.2x 103 | 29x 102 | 0.5x 103
VS=14TeV, My =0.75TeV | 23x 103 | 36x10* | 04 x 10°*
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= Productions via both processes are possible/fBr> 7TeV at
LHC, but very low production rates
m For LHC with luminosity100tb~—? (at least 2 more years):
For the procespp — ¢*+¢~—, upto hundreds of events can be
possible
For the procespp — ¢+ ¢, upto hundreds of events can be
possible
For the procespp — ¢ ¢~, number of events can not reach to
tens. This process is not contributing.
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Final state analysis

m Decays of the charged scalérs

Typy = r(w+w+)+3r(z#z#)+3r(zi+z+)
/2M3
~ ENVEY ‘RY
g+ Y g
L. = 3F(Zi+l/|)+6F(Z<+VJ)+F(W|er)+F(W|erL)+F(tB)

NCM‘2M¢ V/2M3

32nf2 2n

+—|Y| M¢+—|Y|M

= Mjj =Y,V (Mj; neutrino mass matrix)

= Y =Y;andY = Y|J(|7gj)

m 10710GeV < vV < 1GeV: allowed region; for/ < 0.01
production cross sections are not effected.

5T. Han et alar Xi v: hep- ph/ 0505260
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= The decays of the double charged pairt¢——:
v > 107%GeV (Y < 10~%): to SM bosonic states (no LFV)

T — WIWwIw
Vv < 1077GeV (Y > 107%): to leptonic states (LFV)
= ¢tte " = 1l BR~ 0.66
[ ] qu'H'qb" — |i|i|i+|i+: BR~ 0.33

108 <V < 1077GeV (1072 > Y > 10~%): to semileptonic
states (LFV)

¢++¢77 — WErWErhh
W decays into jets with- 0.6, in this case LNV by 2.
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m Dependance of final decay modes of double charged pairs caméik

couplingy.
Production Rates vs. Y
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= The decays of the charged pait+¢~:
vV ~ 10710GeV (Y ~ 1): Lepton Flavor Violation byl

m ¢ ¢ — il with rate 0.66
m ¢Tte~ — IliF i with rate 0.33.

107 <V <107%GeV (1071 > Y > 1073):
LEPTON NUMBER VIOLATION by 2
ot — I

1078 < Vv (1072 > Y): to SM particles
PHro — W Wb
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m Dependance of final decay modesioft ¢~ pairs on Yukawa coupling
Y.

Production Rates vs. Y
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FINAL NUMBER OF LFV EVENTS

Number of LFV events vs. Y
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FINAL NUMBER OF LFV EVENTS

A.CAGIL

Number of events

Number of LFV events vs. Y
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FINAL NUMBER OF LFV EVENTS

Number of LFV events vs. Y
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Conclusions

m The charged scalars of littlest Higgs model can be produced v
pp— 2o o, pp = ZLgt o andpp — Zugt o
processes fot/S~ 7TeV at LHC.

= Since the production rates are low, charged scalars can be
detected if there are any distingushing LFV signals.

= Depending of the model parameters the collider signals for

lepton flavor and lepton number violation will be free fronyan
SM backgrounds.

m forY ~ 1, LFV by four in the channdllilflf, and LFV by one
in the channelililj*uj are accessable.

m for 1073 < Y < 0.1 Lepton number violation by two can be
observable in the channkll;"tb channel
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m For/S= 7TeV, these observations can be reached if
My ~ 0.5TeV

» For\/S= 14TeV, these observations can be reached if
M, < 1TeV.

m These observations could help in discriminating the Lsttle
Higgs model from other New Physics realizations at LHC.
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