Lepton Flavour Vlolatlon .
In the Littlest Higgs Model with -Parlty

(LHT)
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A brief theoretical introduction...

The Little Hierarchy Problem
“"New Physics (NP) at 1 TeV is expected but its effects are not observed™

— /

From the instability Parameterizing NP by higher-dimensional
of the Higgs mass operators suppressed by the NP scale A:
(ht D, h)2/A2, (D2 ht D2 h)/A2),...

‘ Ew precision tests yield A 25-10TeV \

Little Higgs Models can stabilize the Higgs mass
without violating this bound!




Problematic quadratic divergences in m 2
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More formally, in Little Higgs Models:
[N. Arkani-Hamed, A.G. Cohen, H. Georgi (2001)]

1. The Higgs is light as it is the Goldstone boson
of a spontaneously broken global symmetry (G)

2. Gauge and Yukawa couplings of the Higgs are introduced
by gauging a subgroup of G

3. Dangerous™ quadratic corrections are avoided at one-loop
through Collective Symmetry Breaking
(the Higgs becomes massive only when two couplings are non-vanishing)




The most economical in matter content: Littlest Higgs (LH)
[N. Arkani-Hamed, A.G. Cohen, E. Katz, A.E. Nelson (2002)]

Global Spontaneous SB: SU(5) SO(5)
f=O(1TeV)

Gauging: [SU(2)e U(D)],0 [SU(2)e U(1)], — SU(2),0 U(L),
(9) (@9) (9,) (972

Collective SB: 6m oc:g()2 ()2

‘ UV-cutoff A = (41T f) \

New Heavy Particles (with O(f) masses)

Gauge Bosons: W%, Z0,,, A°,
Fermions: T
Scalars: ®(triplet)




Electroweak (ew) precision tests ‘

Tree-level heavy gauge boson
contributions and the triplet ® vev

make ew precision tests highly constraining
[Han, Logan, McElrath, Wang (2003)]
[Csaki, Hubisz, Kribs, Meade, Terning (2003)]

> f>2-3TeV

The little hierarchy
problem is back!

The solution comes from a discrete symmetry:

T-Parity [H.c. cheng, I. Low (2003)]

J:=9,

Symmetry under [SU(2)oU(1)];<— [SU(2)o U(1)],

Jg:=9",

T-parity forbids the unwanted contributions:
*SM particles are T-even,

*new particles are T-odd
(similarly to R-parity in SUSY)

smaller f allowed by ew tests
[Hubisz,Meade,Noble,Perelstein (2005)]

U

f 2 500 GeV




The Littlest Higgs Model with T-Parity (LHT)

Dark Matter
candidate

T-odd Sector:

T-even Sector:

Gauge Bosons: W+, Z°,,
Fermions: T_d¥lirror Fermions

Scalars: @ 417

New mixing matrices | Cwith NEW flavour interaction>
in addition to: ...
Verwm @nd Veyns®, |

SM Particles + T,

New parameters of the LHT model:
Global symmetry breaking scale: f ~ 1TeV

1 parameter describing the T,: X,
V.4 and V,: 3 angles and 3 phases each
3 generations of mirror quarks and leptons (6 masses) Quark Sector

Lepton Sector

LHT goes beyond
Minimal Flavour Violation (MFV)
“visible effects in flavour physics are possible™




Flavour Physics J.Hubisz et al., hep-ph/0512169 <~ Quark sector
Analyses in LHT

A.Goyal, hep-ph/0609095 “—plLepton sector
S.R. Choudhury et al., hep-ph/0612327

LHT Team at the Technical University Munich

Quark sector
hep-ph/0605214
hep-ph/0609284
_ . | | hep-ph/0610298
M.Blanke A.J Buras B.Duling A.Poschenrieder hep-ph/0703254

— 0704.3329[hep-ph]

Lepton sector
hep-ph/0702136

S.Recksiegel CT S.Uhlig A.Weiler



Lepton Flavour Violating (LFV) decays

LFV decays are strongly suppressed in the SM, due to tiny neutrino masses

E.Q.
Br(u —ey)gy, <107

N\
N

1011 — 1013

present (MEGA) - near future (MEG)

experimental upper bounds

In the LHT model:
*Mirror leptons have masses of O(1 TeV) / 5
*New flavour violating interactions appear~ g—f 27
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Spectacular departures from the SM are possible
(e.g. of 45 orders of magnitude in p— e vy)
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In hep-ph/0702136, we have calculated in LHT the LFV decays:

H—E€Y u —>eee K s > pel|lt
= ’ AS=1
T B, — He [aB=1)
—>e

a4 T >€E€ee By, —>7e

By, > M

K s —> 7°ue
b= AL=2 (AL=1, AL=2)
e e ute > uee
et/ T o ueu T o>e uu
T —>en
T un Aﬁ"(g_z)ﬂ
T—>en uTi—>eT (LHT effects are found

to be a factor 5 below the
experimental uncertainty)



f =1 TeV (or 500 GeV)
*300 GeV sm', £1.5TeV
‘general scan over V,,

uw—eeevs.u—ey

Eriu —=a eta )
1. %1077 f .
5 1 The exp. constraints
rule out a large region
1.x10 of parameter space
1. =107 l
a B®
‘ .
_1=  Exp.[MEGA, SINDRUM] . 1 We impose them _
1. %10 e 13 " —— Br(i—=ev]]|in therest of the analysis
1,107 1.x10™" 1.x107* 1. %100

To satisfy the experimental constraints:

*V,,, must have a strong hierarchy (different from V'prl\IS and V)
or

*Mirror leptons have to be quasi-degenerate
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Br (T—ey)
2.107 % 4.107%" .10t g.107t"

17— pyand t— eycan beindividually as high as 8 «10-10
(close to the planned sensitivity at a Super Flavour Factory)

« Larger values of Tt — py correspond to smaller values of T —»e y
(from the V,, structure)

A similar pattern is found in t — p n(n) vs. t— e n(n), S. Banerjee
that can be individually as high as 2¢ 10-° (6 10-10) hep-ex/0702017
[one (two) order of magnitude below present exp. bounds: |Belle+tBaBar]




decay f = 1000 GeV f=500GeV exp. upper bound

uLHLrV;;)E)r(IFC)I.S i ey 12-10-10 (1-101) | 1.2-107 (1-10-1) | 1.2- 1071 [17]

PP “—eete” | 1.0-10712(1-10712) [ 1010712 (1-10712) 1.0 - 10712 [42]

pTi — eTi 2-10719 (5. 10712 41071 (5.10712) 4.3 - 10712 29

T — ey 8-10719 (7. 10719 1-107% (1-107%) 9.4-107% [33]
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‘ Distinction between LHT and MSSM from LFV correlations

LS? d:MSSM Correlations between BR’s
o sare less parameter-dependent
can be clearly . :
ecan provide a clear model signal

distinguished

>
p)

J.R. Ellis et al., hep-ph/0206110

Little n A. Brignole and A. Rossi, hep-ph/0404211
Higgs (.:/)) E. Arganda and M.J. Herrero, hep-ph/0510405
L P. Paradisi, hep-ph/0505046,0508054,0601110
ratio LHT MSSM (dipole) | MSSM (Higgs _ _
= he MSSM is dominated
B"'ffg;(;if;?“ ) 04...25 ~6-107% ~6-107% by the dipole operator,
Brﬁ__e_e'h_j 2 ) while the LHT by box- anc
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Br{r " —p it p) ; : 9. 10-3
1@ 04...23 210 0.06...0.1 ©2 the double ratios (ce)
e ~2-1073 0.02...004 ||, _ Brir” —eeter) Br(r” — peter)
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ote- YT B — ) Brir—ey)
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T —uTeTe
- 0.8sR <1.3[LHT
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Br(ji—eY) R, =20, R,=5, R;=0.2 [MSSM|




Conclusions

The Littlest Higgs Model with T-parity

*solves the little hierarchy problem

sis compatible with ew precision tests
sintroduces new flavour violating interactions
.can yield large effects in Flavour Physics

in particular in Lepton Flavour Violating decays
(strongly suppressed within the SM by tiny v masses)

Many LHT upper bounds for LFV decays are close to
present and near future exp. upper bounds !!

*Correlations of Br’s could provide a clear distinction between LHT and MSSM !
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LHT effects in
the quark sector
in 1 slide

The largest effects are found in rare K decays,
where the SM contribution is CKM suppressed by (V.* V,y)

M. Blanke et al., hep-ph/0610298

Br (Kp—m°vv) EXp. — —
L " K —nvv vs K*-zatvy

bl TR L

Br(EK'=mtvv)

10 -10 -10

1.10°10 2.10 " 3-10° 4-10 5.10

Two distinguished branches appear!
~10 times enhancement in K, »a%v

~5 times enhancement in K*t—xt*tvv
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