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Little Higgs Basics

The Littlest Higgs Model with T-Parity

Little Higgs idea: Higgs boson as a pseudo-Goldstone boson
[ collective symmetry breaking explains smallness of its massJ

@ global SU(5) broken spontaneously to SO(5)
at scale f ~ 1TeV
@ gauged subgroup [SU(2) x U(1)]> — SU(2). x U(1)y
@ new heavy gauge bosons Wﬁ Zy, Ay and heavy scalar triplet ®

@ top quadratic divergence cancelled by new heavy quark T

T-parity: discrete symmetry, under which new particles are odd
[0 analogous to R-parity in SUSY
[1 no tree level contributions to EW precision observables
O lightest T-odd particle (Ay) stable: dark matter candidate (?)

ARKANI-HAMED, COHEN, GEORGI, HEP-TH/0104005, HEP-PH/0105239
ARKANI-HAMED, COHEN, KATZ, NELSON, HEP-PH/0206021
CHENG, Low, HEP-PH/0308199, HEP-PH/0405243
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Little Higgs Basics

Fermions in the LHT Model

@ T-even quark sector:

90,0, 3
\d/, \s/, \b/, dr sk bg +J

0 standard CKM mixing + mixing of T, with ¢t

@ T-odd mirror quark sector: Low, HEP-PH/0409025

UH CH tH
T_
du SH by \
0 new CKM-like mixing matrices Vy,, Vu4 parameterising
mirror quark interactions with SM quarks

@ Lepton sector:
SM leptons + mirror leptons, analogous to quark sector
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FCNC Processes in the Littlest Higgs with T-Parity Flavour Structure

LHT Flavour Violation

@ T-even sector: contributions of T (CMFV)
O small effects (< 20%)

@ T-odd sector: heavy gauge bosons & mirror fermions

S

contribution at the loop level (T-parity)

new sources of flavour and CP-violation (Vyg)
but no new operators (only LH couplings)
potentially large effects

OoOooOod

HuBisz, LEE, PAz, HEP-PH/0512169; BBPTUW, HEP-PH/0605214
BBPRTUW, HEP-PH/0609284
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FCNC Processes in the Littlest Higgs with T-Parity Flavour Structure

Basic Structure of LHT Decay Amplitudes

T-even sector T-odd sector
7\

ALnt = Z BPMp P [AEKM Fi(mi,mr.,...) + &y, Gi(miy, Mw,)
—_—————— ~——————

i

real & flavour universal loop functions

[0 T-even sector: CMFV

[J T-odd sector: new sources of flavour & CP-violation (5{,Hd)
but only SM operators (pure V-A couplings)

' recall: RS-Custodial — see AJB’s TaLk
specific pattern of @ new sources of flavour & CP-violation
flavour violation @ new operators

@ tree level FCNCs
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FCNC Processes in the Littlest Higgs with T-Parity Flavour Structure

Naive Expectations for K and B Physics

BBPRTUW, HEP-PH/0610298

1

relative size of LHT effects:  oc ——¢&,,
CKM
1 1 1
—/\gK) ~2500 | > @ ~ 100 > )\gs) =2 75

[ largest effects in K physics observables
[J moderate effects in By s physics observables

[0 but may be reversed by specific hierarchies in f(/Hd
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FCNC Processes in the Littlest Higgs with T-Parity Flavour Structure

Logarithmically Enhanced Cutoff-Dependence?

LH without T-parity: Z penguin contains left-over singularity
[ reflects sensitivity to the UV completion

BURAS, POSCHENRIEDER, UHLIG, BARDEEN, HEP-PH/0607189

similar effect also encountered in LHT = BBPRTUW, uep-pu/0610298

However: GoTOo, OKADA, YAMAMOTO, 0809.4753
DEL AGUILA, ILLANA, JENKINS, 0811.2891

[J additional contribution to Z penguin identified
U singularity exactly cancelled
0 FCNC amplitudes in LHT fully calculable!

— SEE TALK BY Y. OKADA
i

modified predictions for decays mediated by Z penguins
(e.g. K — mvw, i — eee) O numerical update BBDRT, 0903.XXXX
but no impact on P — P mixing, 1 — e7,...!
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FCNC Processes in the Littlest Higgs with T-Parity K and B Physics Observables

CP-Violation in Bs — Bs Mixing

BBPTUW, HEP-Pi/0605214; BBRT, 0805.4393; BBDRT, 0903.XXXX

generally: LHT effects in B physics expected to be small

but: CP-violation in Bs extremely suppressed in the SM
due to G5 ~ —1°

[ large LHT effects possible

0F
s . 1 @ Sy ~ 0.5 possible
ii 22 @ naturally Sy < 0.2
< d . .
_aof o @ strong correlation with A2,

LIGETI ET AL., HEP-PH/0604112
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K and B Physics Observables

FCNC Processes in the Littlest Higgs with T-Parity

The K — 7w System

BBDRT, 0903.XxXXX
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Br(K*—a*vv)

@ factor 2-3 enhancements of K — wvi possible
@ strict correlation (two branches of possible points)
00 equal CP-phases in K — K° and K — 7w
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FCNC Processes in the Littlest Higgs with T-Parity K and B Physics Observables

Correlations between Various Rare K Decays

Ki— ptp~ vs. KT — 7r+1/17J K. — moutp= vs. KL — WOVﬁJ
(CP-conserving) (CP-violating)
asnsf ! ! ! ! O R . .
3.x10°F . :
. 1.8x107 1
825x10°° - ~ "
3 2x10°F ;;l.ﬁxlf)’“ t :
¥'15x10°F Z
5 . H
1x10°F 14x10M
5.x1070F
Ofs . . . . L 12x107 (€ . . , , , . L]
5x10" 1.x10%° 15x10° 2.x10%° 25x10°%° 0 2x10M4,x106.x1018.x 10 1. x 10 %.2x 1071 4x 10
Br(K*-a*vw) Br(K_—n"v)
strong linear correlation in both cases BBDRT, 0903.XXXX

U V-A structure of flavour violating coupling
(KL — ptu~ vs. Kt — i)
O universality of CP-phases (K, — n%u*tu~ vs. K — 70ui)
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FCNC Processes in the Littlest Higgs with T-Parity K and B Physics Observables

K versus B Physics

BBDRT, 0903.XxXXX

14x107°F i
12x1070 -
T 1x100f
S
A 8.x 1071t
¥ 6.x10 [
D4 w108
2.x107 1

simultaneous large effects in S, and rare K decays unlikely,
but not impossible
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FCNC Processes in the Littlest Higgs with T-Parity K and B Physics Observables

Violation of a “Golden” CMFV Relation

Br(Bs — ptp™) Bg, 75, AM,
Br(By — ptp~) BBS T8, AMy

r BuRrAs, HEP-PH/0303060

r # 1 signals

[0 new sources of flavour
violation or -

U new operators

BBDRT, 0903.XxXXX
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FCNC Processes in the Littlest Higgs with T-Parity Comparison with the RS-Custodial Results

LHT Pattern of Flavour Violation

LHT RS-Custodial
large effects in rare K decays =

moderate effects in B physics

exception: Sy < 0.4 #
but not simultaneously with large K effects =
K — wvw system: strict correlation =
KL — ptpu~ & Kt — wtuis: linear correlation =

0 both K and B physics offer powerful tools
to distinguish between these two models!
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Lepton Flavour Violation

LFV Mediated by Mirror Leptons

@ SM (+right-handed Dirac neutrinos):
LFV very much suppressed due to smallness of m,

Br(i— ev)sm < 107 |

@ LHT: LFV mediated by mirror leptons, mfi, ~ 500 GeV
O large effects can be expected

@ experimental bound: (MEGA COLLABORATION)

Br(p — e7)exp < 1.2- 10711 (90% C.L.) J

will be improved to ~ 1073 by MEG soon

@ experimental prospects also for 7 decays (LHCB, SUPERB)
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Lepton Flavour Violation Little Higgs Results

i — ey and u — eee

BBDRT, 0903.XXXX
107% 10 102 10" 10 10° 10°®

Lo
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Br(u—ey)

@ most points exceed experimental bounds :
~ 10% fine-tuning in mirror lepton parameters required
DEL AGUILA, ILLANA, JENKINS, 0811.2891

@ strong correlation between ;1 — ey and u= — e"ete™
@ dipole contribution fully negligible 2 MSSM
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Lepton Flavour Violation Little Higgs Results

LHT Upper Bounds on LFV Branching Ratios

after imposing all available constraints: BBDRT, 0903.XXXX
f=1TeV | f =0.5TeV | SuperB
T—/¢y | 8-10710 2.10°8 2.107°
T— 0| 1-10710 2.10°8 2.10710
T—fr | 4-10710 2.10°8 ?
T—fn | 210710 1-1078 5.10710
T - | 1.10710 1.1078 ?

for f < 1TeV: LHT effects may be observable
at future facilities
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Lepton Flavour Violation Comparison with Supersymmetry

Correlations and Comparison with Supersymmetry

MSSM: dipole operator dominates decays {; — (il by, Ui — £jl) by

ELLis, HiSANO, RAIDAL, SHIMIZU, HEP-PH/0206110
BRIGNOLE, RossI, HEP-PH/0404211

ARGANDA, HERRERO, HEP-PH/0510405

PARADISI, HEP-PH/0508054, HEP-PH/0601100

— -4 — 2
Br(u= —meefe’) « Iogm——2.7

Br(u — ey) ~ 37 m?

Br(t— =t efe”) « m?
I > — 2.7

Br(r — £y) 3« (Og m2

- -t 2

Brir —twn”) (logm—§—2.7>
| Br(1t — £v) 3r m2

v

LHT: dipole operator irrelevant, decays dominated by Z°-penguin
and box diagrams BBDPT, HEP-PH/0702136
[l very different pattern!J
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Lepton Flavour Violation Comparison with Supersymmetry

Ratios of LFV Branching Ratios

BBDRT, 0903.XxXXX

LHT MSSM
Brly meeren) 0.02...1 ~6-1073
W,;r(j—i‘;;e‘) 0.04...0.4 ~1-1072
% 0.04...0.4 ~2.1073 0
%w 0.04...0.3 ~2-1073 [0
Sl o ee) 0.04...0.3 ~1-1072

[] can be significantly enhanced by Higgs contributions
PARADISI, HEP-PH/0508054, HEP-PH/0601100
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Conclusions
Summary — Grand Picture of LHT Flavour Violation

LHT in K and B physics

o large effects possible in Bs CP-violation and rare K decays
@ moderate effects in most B physics observables

@ specific correlations allow for distinction from other NP
frameworks (CMFV, RS-Custodial, .. .)

LHT and lepton flavour violation

o large effects expected in LFV p and 7 decays
@ ratios of branching ratios very different from SUSY

Flavour physics complementary to collider physics
for disentangling the nature of NP J
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