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o Introduction and motivation

» Top-flavor violation in composite Higgs models
» Top Higgs flavor violation

e Summary
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INTRODUCTION

Standard Model: ° diagonal Higgs Yukawa
* universal Z couplings

t—gh and t—gZ are highly suppressed

Experimentally promising channels

Current bounds: BR(t — gh) < 0.56% CMs, ATLAS

(at 95%CL) BR(t e QZ) < 0.05% cMs well above
the SM prediction

If new physics (NP) at the TeV scale

the NP flavor structure cannot be anarchic

need some alignment with the SM (or universality)
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INTRODUCTION

In many models the SM mixing with the new physics
subject to flavor suppression:

Left-handed fields: X} : XS : A% ~1: Vg : Vi

me My,

Right-handed field: X : A4 : A} ~ 1

TN Vcb Tr¢ Vub

can use effective field theory to estimate the
flavor violating etfects
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CFFECTIVE FIELD THEORY

t—c/:

o <>
tLv“ach(HTagDﬂH) 5 <
try"cr(H'D, H)

s N
tryter(H' D, H)

(gtc,LfLWMCL e gtc,Rt_RW“CR) Zu

g ar g 1

9te, L ™ Vcb Gte B
QCW Mf ZCW ME mthb

(assume that the top mixing is an order one)

M



CFFECTIVE FIELD THEORY

t—ch:
ELFICR(HTH) ELj‘V]tR(HTH)
(Yte.ztrCrR + Yte,rtrCL) B
V2 m, v my v
th,L ME ’chb th,R ME v cb

My - the new-physics scale
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COMPOSITE HIGGS MODELS

the framework:
Global SO(5) broken to SO(4), at scale - f.
Solves the gauge/ hierarchy problem.

The Higgs is a composite and pseudo Nambu-Goldstone
boson and can be naturally light.

Non SM contributions to Zbb are protected by custodial

Symmetry. Agashe, Contino, Da-Rold, Pomarol
hep-ph /0605341
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COMPOSITE HIGGS N\ODELS

The framework (contmued)
Two sectors:
Elementary - massless SM fields

Composite - additional massive resonances, no flavor
structure (anarchic) - characterized by the scale My

Elementary / composite mixing;:

Lot o0 0 ol

Right: )\% AR A eV g Vs
FCNC are suppressed by the small SM mass and mixing
Minimizing of the fine-tuning leads to X} ~ A%
VAT AR
f M,

S
¢

i\ .
] (
> m ~
—| SM
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tTHE UP FLAVOR STRUCTURE

The flavor parameters:
Vector-like composite mass matrices - Mz, My
Elementary / composite mixing:

Left mixing - AL
Right mixing - Ar

(similar for the right)

Misalienment in the : ,
5 Flavor violation

flavor space

Yotam Soreq, CKM 2014
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TOP/Z FLAVOR VIOLATION

A A
\ \ /
N ! g \ g |
N \ [
R ==
A A-i\ M, AL A X
tr CL R CR

g v2 X XS g ps Ak e (A@)Q

dns B OEEYTEVEIVE L I gy
700 GeV \ *
BR(t — ¢Z) ~ (0.2, 0.8) x 1075 ( = 3 >

Right current is larger than the left - can be tested
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Approximate U(1)’s
symmetries

T TR

Yukawa are suppressed

> by different powers of the

breaking parameters
e-o A =17

Consider two possibilities

SM + nonrenormalizable terms

» Supersymmetric model + nonrenormalizable terms
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FROGGATT-NIELSEN

SM + nonrenormalizable terms: A

Ly = —\;QiU;¢ Qz U;¢ (¢'¢) + h.c.
Yv;j = . 5733' | A2 (VL )‘ VRT)U
(p*¢p) does not carry a A and A’ have the same
FN charge parametric structure

2

YCN—A<1O S =) 14
et A =102 : A?

FCNC bounds v°
(charm mixing) A2

current bound

= i
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FROGGATT-NIELSEN

Supersymmetric model + nonrenormalizable terms:

. Ko o
Ly = A;QiUjdy A§ QiU; 0y (Oudd)
Co 1TV, V2 Cat 53 /
Vi = 2ot o Vv
(h)] s v J 2\/§A2 (L R)J
If (pucpa) carry A and A’ have different
a FN charge parametric structure

Use “holomorphic zeros” to align the new sources of flavor

violation and avoid FCNC bounds Leures Nir Seiberg
hep-ph /9310320
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FROGGATT-NIELSEN

Supersymmetric model + nonrenormalizable terms:
)\/u
£Y =8 )\u Qz ]¢u Qz j¢u(¢u¢d)

Co T fUZC +353
2L+ — VEXsy ity
s3 v J 2\/§A2 ( L R )J

Yy =
Approximate U(1)xU(1) FN symmetry:

14 @ )\12 -
VU uv’ufr}é? v
L tc A2 :
1

no problem with charm mixing
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SUMMANRY

v : 3 > N v z
,.{,-,, mﬂ..r_.&, ...r.. * w»ww.{,,; TRAS G W-JN-I-\, Au‘*‘ -!-*..-M.&’ —é Awsﬂf Il dn J.‘;w ua,m,«.b- LUV S -z.,w.;.cs,\.o(.ﬁ <l 5T mﬁ*w.o\, M ¢-r“"-&~c§ “‘-w"_,«ﬂx‘d

- BR(tecz) 105 w1th dommant rig

generic in composite Higgs mode!

1t—handed current is

s, even in the presence

of custodial protection - can be tested at the next run of

the LHC.

o In Froggatt-Nielsen models the bounds from meson
mixing push the new physics scale such that the t—ch

rate is too small to be observed.

» By using further alignment of the

new flavor violation

sources, as demonstrated in Supersymmetric models,
the t—ch rates can be much larger and even saturate the

current bound.
Yotam Soreq, CKM 2014
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BACKUP SLIDES



FINE-TUNING

V(h) = asin® (h/f) + Bsin* (h/f)
¢ =sin’ ((h)/f) = —a/268 < 1

N, N,
)\t )\t t )\t M2
6 ].67T ( ) aL,R ].67T ( LR) *
=286 min [OR)%, (04)7]»?
aL R Mfo
m2 v Yy
- i e
max {)\tL’R} 2 2

A% ~ A% minimize the tuning



COMPOSITE TOP/Z FLAVOR VIOLATION

£ ay, (mM)" wh +af (930)" Zuoyug + @k (935) 7 2]

SM € 2 g ol
Wl = — A, | M — M A €E = —
\/§ L[ 4 1 ] R 7
% ' = =1
g%{\% = wa > AT, (MlTM1) o (Mile) )\TL
o —1 7
9%1,\% 7 wa /2 m"‘S’“MT)‘L (M4MIM4) Ar + h.c.




FINE-TUNING VS§. FLAVOR VIOLATION

€=0.3, M,=700GeV, 0<0y <711/4
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PARAMETER COUNTING

Mz, My, A1, Ar->0: SO(2)6=
SO(Z)QXSO(Z)UX SO(2)Q4,LX SO(Z)Q4,RX SO(Z)ULLX SO(Z)UI,R

6 real 2x2 matrices (Mi, My, Ar1, Ara, Ar1, AR4)

ALi= Ar4, Ar1 = Arsa respect SO(D) - finite potential. Flavor does
commute with the global SO(5).

single elementary (composite) mixing for A;, Agand 1 and 4 have
same eigenvalues : 24-6 = 18 parameters.

SO(2)¢ allows to remove 6 unphysical parameters.

12 parameters: 8 eigenvalues (M, My, A1, Ar)+ 4 mixing angles
(misalignment between the matrices)..



