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Introduction

Little Higgs models atract interests in recent years.

e Possible solution to little hiearchy problem.
> NP scale £ O(TeV) vs. Higgs boson mass ~ 100GeV.

e Basicidea: Higgs bosons are assumed to be pseudo Nambu-Goldstone
bosons of a spontaneous global symmetry breaking.

e One |oop correction to the Higgs boson mass is suppressed by
collective symmetry breaking.

Littlest Higgs model (Arkani-Hamed et al., 2002)

e An implementation based on SU(5)/SO(5) nonlinear sigma model.

e Electroweak precision constraints
= SU(5) — SO(5) SSB scale & 4TeV (Csaki et al.).
> Little hierarchy problem revives.

e Discrete Z> symmetry “T-parity” helps (Cheng & Low, 2003).
= LHT is phenomenologically viable.
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Introduction: flavor physics in LHT

LHT provides new particles (heavy gauge bosons and quarks/leptons)
and new flavor mixings.
= Various signals in flavor observables expected and studied.

e Blanke et al. (2006—2007), Hubisz et al. (2006), Choudhury et al.
(2007), ...

We have recalculated flavor changing amplitudes in LHT.

e A missing piece found, that cancels previously reported UV diver-
gence.

e Applied to K — wvv and LFVSs.
Contents in the following:
e [ he model: LHT,
e Flavor changing Z penguin amplitude,
e Numerical results on K — mvv and uLFVs.
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Littlest Higgs model: SU(5)/SO(5) nonlinear sigma model
e SU(5) global symmetry is broken down to SO(5) by a VEV of X

(15 of SU(5)) with a symmetry breaking scale f ~TeV:

e SU(5)/S0O(5): 24 — 10 = 14 Nambu-Goldstone bosons.
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SU(2),

LHT: gauge symmetries

SU(2)2

global: SU(5) L SO(5)
U U

gauged: [SU(2) x U(1)]1 x [SU(2) x U(1)], & sU(2) x U(1)
SM electroweak

: T
T-parity: [SU(2) x U(1)]1 «— [SU(2) x U(1)]2 = (9,9)1 = (9,9")2.
Gauge bosons

(W, B1] W;Jt, Zp, Ar,  "light” SM gauge bosons (T-even)

—

(W4, Bs] WI}E, Zyg, Ag “heavy” O(f) masses (T-odd)
(pseudo) Nambu-Goldstone bosons

e 750 h — SM Higgs doublet (%0 eaten by W, Z;), T-even.

o wi,o’ n — eaten by WI?I:, Z, Ap, T-odd.

o T H+0.” _, physical, T-odd (effects on flavor obs. suppressed).

Ringberg Workshop, 28 April 2009 5



LHT: fermion sector

Fermions are doubled for T-parity.

Left-handed

SU(2)1 SU2)> | Yy Yo | SU(2); Y | T-parity
. ul
— 1 1 4 1
1=\ 4 2 1 3% 30| 2 &, ,L.
uZl 1 1 R
. A 4
Right-handed
SU(2)1 SU2)> | Yy Yo | SU(2); Y | T-parity
R T O T
T
dyr = 7 nonilinear G —
HR

e Singlet top partners T4 are also introduced to cancel one-loop top
Yukawa contribution to SM Higgs boson mass (LH mechanism).

e u = v and d = e (with U(1) charge adjustments) for leptons.
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SU (5) embedding for Yukawa and gauge interactions

Building blocks of gauge invariant Lagrangian: SU(5) “containers”.

. —i02q1 0 *
V1(5) = 0 , Wa(5) = 0 , WVp= :
0 —i0?q2 —i0%qHR

e Wy 5. linear representations of SU(5).

e Wp: 5 of SO(5), nonlinear representations of SU(5).
> W = W g transforms as 5 of SU(5).

Yukawa coupling — O(f) masses of T-odd fermions.

*

Lyg=—KIf [WZQW% — Wﬁ@’]‘?{] + H.c., W’,: T-conjugate of W/,

x makes mismatch between light and heavy fermion mass bases.
= new flavor mixing occurs in couplings with T-odd gauge bosons.

(VHd)ij (VEe)ij

d qy e’ Cy

WHazHaAH WHazHaAH
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2
0(;2) corrections in Z; coupling
Vacuum configuration after EWSB: h — h 4+ v (v = 246 GeV).

(Z), = &0, g =1+ 0(%).

2
Expansion around (X), leads to O(%) corrections in gauge couplings
of the pNG bosons and ggR.

2 N TG & 2
E:%tr [(D“ZT)(DMZ)] S Y x <C052 HW—U—>.
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1,
[Blanke et al., 2007]
117 ) =/ L~
Lyin(ggr) = 5 [W/RZZDW/R + WR’LZDW/R] , (W = EWp),
UHR > > UHR 1 . 5 7)2
= — — Sinc Oy ——+ | .
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Flavor changing processes in LHT

We studied:
e K - mvv [PLB670(2009)378],
e Muon LFVs (u — ey, u — eee, p — e conversion) [preliminary].
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FCNC in LHT: K - tvv (s > dvv)

Low energy effective Lagrangian:

I -
L) = Clngrr(dy*dy) @ v, i 7 .
e Right-handed d7 — d* current is suppressed in LHT (as in SM).

e Leading order = one loop (no tree level contributions).

S — =d
Z ;T — D
v vV

e In 't Hooft—Feynman gauge, box terms are manifestly finite.
e T-even sector = SM @ SU(2) singlet vector-like top partner T .

o -
> Cll,  (T-even) o A = (V& Du(Verm)i-
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T-odd loops: Z penguins

2 . .
e Zeroth order terms in % expansion vanishes.
. . 2 L
e Relevant diagrams for leading O("]ﬁ—Q) contributions:
Wi Lot tswT
di di i —— y——d'
uy uy uly uly
ZL ZL

e UV divergences cancel in the sum = finite amplitude obtained.

il g* 3. Hd(if)  Hu(im)
cH'm (T-odd) = — A A
[dv]LL (477)2”7“12/[/,; k7nz21 k n
v2 Oodd

2 /02 2 02 2 2
Zk — mqg/mWH> Yn — meg/mWHa y =my,/mz,.

)\k;Hd(ij) — (Vfikld)ki(vﬂd)kja )\ij(lm) - (Vlju)nl(VHu)nm-
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B(KT — ntvp) B(exp) = (15__|_(1)3) x 10—10
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2.5 I Blanke et al. Im(£5)=0.05 ——— : mr, =|1.34TeV,
5 . Our Result Im(§3)=0.20 « -« N m,» = 500GeV,
= ", Blanke etal. Im(¢5)=0.20 - - ; miss = 500GeV,
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€3 = (Via)31(Vua)s. Re[(Via)i1(Vua)32] = 0 (to suppress T-odd contrib. to ex).
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B(K; — n0v D) B(exp) < 2.1 x 107

ou res IR
: ur Result Im(§3)=0.05 ——— : N —
5 | * Blanke etal. Im(§3)=0.05 —— : : f= TeV,
= Our Result Im(§3)=0.20 - - - - : ; my, =|1.34TeV,
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pLFV: u —ev, u — eee and u — e conversion

U — ey U — eee
Wy Zg Ag

v, Z € b B

“— e

Y e e

QU — e conversion

Wu Zg An
qu fu

K
A 4
A 4

)

e [-0dd loops only.

e Calculated in the same way as quark FCNC: u < v, d & e.
See also: del Aguila, Illana & Jenkins, JHEP0901(2009)080;

Blanke et al., JHEP05(2007)013.
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pLFV: u —ev, un — eee and u — e conversion

LHT f = 1000 GeV o LHT f = 1000 GeV
10
6, =0.03 radian 8,, =0.03 radian

m(e?) = 500 GeV

10 [ m(ef) =500 Gev
10 m(q,,) = 500 GeV
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e Assumptions: 6,3 = 9;; = 0 in V., qyg degenerate in mass.
e Matrix elements for u — e conv. taken from Kitano, Koike and
Okada, PRD66(2002)096002.
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puLFV: p — e conversion

B(UN - eN)[1012]
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e B=conversion rate/capture rate depends on nucleus.

e Cancelation among amplitudes possible.

e Experiments aiming 10710 planned (Mu2e@FNAL, COMET®@J-PARC).
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Conclusion

e FCNC and LFV processes in the Littlest Higgs model with T-parity
are (re-)studied.

e One loop d* — d and ' — eJ amplitudes are UV finite at O(}i—i .

e Branching fractions of K — wvv decays may differ from SM pre-
dictions significantly.

e u— ey, uw— eee and u — e conversion can be measurable in near
future experiments.
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Backups
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Z penguins: T-odd loops

_l’_
WH i w+
d? dt d’
k k k k
Up Up Ug Ug

di di : : di di : : d

Z, zr Zr Z

2 .
Calculated in ;i— expansion.

2
e M and m O(;—Q) corrections.
e zeroth order vanishes.
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Loop functions

x— 6 (3z+ 2) logx

o) = s T 2@on2

3
GRG0 = Gl ) — 3 [eam @) + 5 tom (5 D) + (e,

@Z?d(w yr) = Gpg(@,y) + - [gz[l]( Y) +5 gz[l](— —) — %gz(fv y,r)] :
G[dd] (z,y) = (1 T %) go11)(@, y) — 2$yg1[1](55, Y),
Gl (z,y) = (4 + %) gon(z, y) — 2zygi11(z, v),
go(x,y,z) = w*log + (cycl. perm.),

(z —1)(z —y)(z — 2)
gon)(z,y) = ga(z,y,1).
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Result of T-even loops for dd — d'v i

ijlm gty d(i) d(if) 5
C[gZV]LL(T_even) — _(47r)2m%/ o Z )‘k / Xsm(zg) + A 77 Xeven 3
L k=c,t
r|[(3z—6)logx =+ 2]
X = —
sm() 8[ (z — 1)2 r—1|
Xeven = s7 |Xsm(er,) — Xsm(zi)

_|_

s%c% {_azt -+ T, N xth+(|Og x; — l0g xT+)] |
4

2 Te — T,
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Numerical inputs

LHT has 20 new parameters:

o f,mr,,

L mu/;{, me%,

e 3 angles + 3 phases in Vg4, 3 angles + 3 phases in V.
In the K — mv v plots, we fix

o f=1TeV, mp, = 1.34TeV,

e m 12 =m 123 = 500GeV,
UH °H
o Re[(Vha)i;(Vira)s2] = O (to suppress T-odd contribution to ex).

= free inputs: m_ 3 and Im[(Vy4)3; (Vig)32].
H

In the uLFV plots, we fix
o f=1TeV, (my, =1.34TeV),
e mo23=m 123 = 500GeV,
°H g
[ (923 = 913 = 57;]' = 0O for VHe-

= free inputs: me}{ and 615 in V..
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