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Definition and motivation

SU2)xSU2)xU(1) are models with extended gauge group

additional SU(2):
SUR)LxU(l)y —SU2); xSUQ2), xU(1)x=G(221)

SU(2) appear in SO(10), E¢ breaking or string theory compactifications

bottom-up:

» extended gauge group is a viable extension of the SM
» additional SU(2) is next-to-minimal

I will argument that G(221) models are:
» simple
» reachable
» distinguishable
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Symmetry breaking patterns

@ we need to break SU(2); xSU(2), xU(1)x—U()em
o pattern I: left-right, fermio-, lepto- and hadro-phobic
> SU(Z)] = SU(Z)L and SU(Z)Z X U(l)x — U(I)Y

* doublet: ® ~ (1,2,1), (®) = % (2)

e _ 1 (00
* triplet: @ (1,371)@’)_\/5(“ O)

> SU(Z)L X U(I)Y — U(l)em

_ vcos (3 0
* H -~ (2,2,0), <H> = % ( 0 Vsinﬁ’)

@ pattern II: un-unified, non-universal
» SU(2); x SU(2); — SU(2)L and U(1)x = U(1)y

_ 1 (u O
* &~ (2,2,0), (®) = 7 (0 u)
» SUQ)L x U(1)y = U(1)em

x He(1,2,)), (H)z%(?) LPSE
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Un-unified (UU) and Non-universal (NU) models

breaking pattern I, 2 free parameters {tan ¢ = g,/g1,x = u?/v*}

transformation properties of SM fermions:

Model SU(2), SU(2), U(1)x

uy, vy,
uu Yg\ for all fermions.
ar er
uy, vy, uy, vy,
NU ( ) ) ( ) ( > ) ( ) Yg\ for all fermions.
dL ]styznd eL ]styznd dL ard eL ard

couplings:

> UU:EC) (q) = xthen C) (1) ~ —1/x,CY =0, C% ~0

» NU:if €)' (1%,2) = x then €' (3) ~ —1/x, Cy =0, C% ~0
masses: M2,/Mg, =1+ O(1/x)

observable in: ¢T¢~, ¢*v, (T and tb

(]

(]

(]
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Left-right (LR) and Hadro-phobic (HP) models

@ breaking pattern II, 3 free parameters {tan p = gx /g2, x = u*/v?,sin23}
@ two realizations of the breaking pattern: -D, -T
o transformation properties of SM fermions:
Model SU(Q2), SU(2)s U(l)x
e () (n () | () ! for quarks,
ap ) " \es g ) \eg —1 for leptons.
i w) (w <uR> Yoy for quarks,
) " \ev er — 1 for leptons.
@ couplings:
» LR: CL ~ 0; CL(R) sizeable
» HP: CL ~ 0, C ( )=0; CL(R) sizeable
@ masses: M2,/Mg, > 1, up to ~10 (-D), ~14 (-T)
@ observable in: £T¢7, t, tb and possibly £*v (not studied) F@
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Lepto-phobic (LP) and Fermio-phobic (FP) models

@ breaking pattern 11, 3 free parameters {tan ¢ = gx/g2,x = u*/v?,sin2/3}
@ two realizations of the breaking pattern: -D, -T
o transformation properties of SM fermions:

Model SU(2), SU(2), U(1)x
. y . é for quarks,
L L R
Lp ! Ysm
dr er dp
for leptons.

ur, VL
Fp ) Y\ for all fermions.
qaL er

> LP:C) =0, Cy (1) = 0: Cf p sizeable
> FP:C} ~0.Cy (q) = Cy (I) = 0: Cp, sizeable
o masses: M2,/M3, > 1, up to ~10 (-D), ~14 (-T)

@ observable in: ¢/, ti, tb but not in /*v F@

@ couplings:
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Exclusion limits from EWPO

Procedure

o theoretical assumptions:
» generation-diagonal and perturbative gauge couplings (smaller than /47)
» minimal (doublet, triplet or bidoublet) Higgs sector with VEV hierarchy
u>>v
» negligible influence of additional fermions required for anomaly
cancellation (UU)
@ 2/3 free parameters fit to 37 observables, the most important being:
total hadronic cross section at Z pole
» b-quark forward-backward asymmetry
» neutrino-nucleno deep inelastic scattering cross ssection
» parity-violating weak charge of Caesium 133

v

o low-energy constraints requiring information on the flavor structure, like
BR(b — s7), voluntarily omitted

@ for more information see: K. Hsieh, K. Schmitz, J. -H. Yu and )
C. -P. Yuan, Phys. Rev. D 82, 035011 (2010) J‘F’gz
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Exclusion limits from EWPO

Exclusion limits in the My, Mz plane
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LHC phenomenology

Goal and simulation setup

o goal:
» study cross sections of ¢ T 0 iu, tt and tb production
» investigate cross section correlations
@ assumptions:
» after the 2013-2014 shutdown: /s = 14 TeV, L = 10 — 100 !
» Ve = Vexkm
@ simulation details:
» Pythia 6.4 supplemented by W/W’ interference
» standard ATLAS cuts, no detector simulation
» cut on My close to the mass of the new heavy gauge boson (see next
slide)
@ NLO effects:
» NLO QCD available only for leptonic final states, not used for consistency
» K-factors modest (~ 30%) and largely model-independent f—r;
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@ we calculate cross sections of #T¢~, ¢*v, (T and tb channels:

—_—

p[; — Eiyi

My Mg

My

@ we reconstruct:
» M, for ¢, (t and tb

M; = \/P§+p42¢

» M7y for *u

Mr = \/p7, + My,

— do
0= f dMI(T>
Mcut
1(T)
cut
where M iy = 0.75Mp
I
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LHC phenomenology

Cross sections

@ cross sections are evaluated for all the allowed values of free parameters

uwnw o mmw - @ gray area = overlap of any
10 two regions
7 & g @ doublet (-D) and triplet (-T)
~ L o10°
&0 & - models grouped
. - 2 o cllipses: realizations of UU
b : 1: « model for
aw g _
E 100 E 10° W MW/(Z/) = 3, 4 TeV
0 10! @ measurement errors: mass
107 555 2.3”;0 [%esvl]a.o 550 Y530 2.3\/[;0[;;’5\/]4.0 25 5.0 :l: 01 TeV’ o j: 20%

@ cross sections accessible at LHC for masses up to 5 TeV

@ large overlaps between different models Jﬁ@

(crene®.e
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Conclusions and outlook

@ G(221) models provide good candidates for SM extensions

» simple: models with 2-3 free parameters B
» easily observable: W', Z! in resonant s-channel production of ¢, f, tb,

*v

» reachable: at \/s = 14 TeV, L = 100 b~ masses up to 5 TeV will be
probed

» distinguishable: correlations of cross sections may well lead to a unique
identification

@ possible extensions
» other observables: asymmetries, interference, widths
» NLO QCD corrections to hadronic final state

@ other experiments

» phenomenology of G(221) in UHE neutrino interactions in the atmosphere
at Pierre Auger Observatory with F. Lyonnet, F. Montanet and M. Tartare
— coming soon!
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Mass measurement error

@ it is sufficient to measure mass in one channel

@ we verified that the statistical error is below 0.1 TeV
AM ~T'/\/oL

@ resolution:

>

>
>
>

ete™: current ~ 2-3%, goal < 2%
tf_: current ~ 6% (in boosted regime, c.f. talk of A. Hinzmann), goal ?
tb: a little better than tt

eTv: worse than eTe™, better than tt and tb

Tom4s Jezo (LPSC) SUQ2)xSU(2) x U(1) @ LHC GDR Terascale  15/16



— SSM s N 0 LR-T B LP-T 0 FP-T 0 HP-T

10° : ; .
g10° \ o « ‘ ~
S

| Vs =14 TeV — SM B uu 0 LR-D " LP-D WEE FP-D s HP-D

/’
R10t ’
1
10° |- 10 :
10 10° 10 10" 10° 10! 10*
Op*y [fb] Opy [fb]
= T
10t P e /
) — lar
&o10°
= A / Sygt
® 01 &
102 102
10° 10" 102 10° 10° 10" 102 10° 102 o°

o [ o () Ser ]




	Introduction
	SU(2)SU(2)U(1)G(221) models
	LHC phenomenolgy
	Conclusions
	Backup slides

