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Combined result BR(h — u7) (2015)

CMS |
0.847537

ATLAS |
0.77 :gg%

combined

0.82°03

0 05 1 15
Br(h—-7u)[%]
ATLAS on 26 April 2016: BR(h — u7) = 1.017350%
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Motivation

@ In SM, the fermion Yukawa couplings are with no
explanation for the hierarchy among the fermion masses.

The Froggatt-Nielsen mechanism naturally generates the SM fermion
Yukawa couplings.

It requires the existence of a scalar field (flavon) charged under an
which is broken spontaneously by its VEV.

The Yukawa matrix is then given in terms of the flavon VEV.

Higgs-flavon mixing = Two states H; and Hb.
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The Froggatt-Nielsen mechanism

with a leptophilic flavon
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Froggatt-Nielsen mechanism

A Higgs doublet and a flavon singlet:

0
H= van |, ¢—<V¢+¢>, with ¢ = Re + i Im¢
V2 V2

The effective operators after integrating out the heavy fermions:

(0] _
C,'j </\> fL,,'fR’jH
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Each vertex is U(1) symmetric:

O\ -
Cjj </\> fLifrjH, 97,i + 9rj + qn+ qgn;; =0

Particle S| fri | H| @
U(1) charge | qz; | qr.i | 9n | 90

After SSB:

Vo —i(q[,;-&-q&j-i-%) _ h
—= fLifRj—7=
V2A V2

The SM Yukawa coupling (g, = —1,qs = 0)

EYukawa D Cij <

e
Yy = cj (ILi T IRD yieh
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Leptonic part of the Lagrangian

Vh h Qb 7o
Ler D — Vi (1+—+n— T il5:
T2 ( Vh V¢>L’R"

Diagonalising the Yukawa matrix
Yiing = UL ¥ UL
diag L R
In the lepton mass basis

- h - Vh O -+
Lefr D I Mgiaglr + —=11 Yaiaglr + *L/L,i Irj+ h.c.

V2 Vo V2

CLFV processes with coupling

3 3

VhKjj * %

= 0 =y > g, (U i(Uj + i Y ar(Ur)ic(Ur)je
V2 k=1 k=1

Venus Keus (Helsinki) h— pt Planck 2016 ~ 8/24

Results
000000



Discrete FN symmetry Results
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The scalar potential

V(H, ) = —pi(H H)+ X (HTH)? =5 (9T 0) 4+ 24 (0T ®) 240, (HTH) (0T 0)
with

0
H={ van |, o= (W> . with ¢ = Re¢ + i Imo
V2 V2

The physical states
Hy _ cosf sinf h
H, ] 7\ —sinf cosf Reg

VAVe
)\hvﬁ — )\¢v£

where
tan 20 =
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How much Higgs-flavon mixing is allowed?

CLFV Bounds
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Excluded at 95 % CL by direct searches (red), precision tests (gray), and

H; couplings measurements (yellow). [Falkowski et al (2015)]
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Bounds from CLFV processes

Observable Present limit | Experiment
BR(i — eee) | 1.0 x 1072 | SINDRUM
BR(T — eee) | 3.0x 1078 HFAG
BR(T — ppp) | 2.0 x 1078 HFAG
BR(x — e7v) 5.7 x 10713 MEG
BR(7 — wy) 4.4 x10°8 HFAG
BR(T — ev) 3.3x1078 HFAG
CR(u-e, Au) 7.0 x 10713 [ SINDRUM Il
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The scalar potential

V(H,®) = —pui(HTH) + A(HTH)? — p3(0T0) + Ay (oT0)
c
+ Ap(HTH)(oTd) + AN_4¢’V + h.c.

with

0 /
H= vith | s ¢:<V¢+O>, with ¢ = Re¢ + i Im¢
i V2

The physical states

Hq cosf sinf h and Tmo
H> —sinf cos6 Regp /)’ ng
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CLFV processes mediated by pure flavon, ¢
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Negligible Higgs-flavon mixing (sin 6§ = 0)
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The physical states

Hla
all have CLFV terms

< -
L D |:C059 % +sind %U:| I,'PR/J' Hy

e
+ [cos@ Kij

—sinf %] I_,PR/J H2
+iFjli Prlj Tme

«O>» «Fr «=>» «=)H» DA

Ha, Img






[Harnik et al (2015)]
«O> «Fr o« > < ) .
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An example

The discrete charge assignments for e = 0.1

Particle | e | er | L | ur | 7L | TR | H| ¢
Charge |6 | O | 4 | 0O |2 |1 ]0|-1

The texture satisfying all CLFV bounds

@ 0 € 1 0.003 —0.0003 —0.0008
Y= €& & & |, == —0.004 0.5 0.1
e 2 & Ve 0.08 —-0.9 4.5
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Bounds from H; — [i/;

BR(Hy — p7) ~ 1%
= large mixing in the (u, 7) block

= Enhancement of the diagonal couplings

sinf < 0 = some cancellations in H; — /;/;

[(Hy — pr) = %sir@ 0 (|Rprl? + [Fr?)
m diag 2
MH —77) = Mo lcos —7— +sind Ror

8 V2

Latest Higgs coupling data (2015):
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LHC searches for h — 77 and h — uu

With BR(h — 77)sm = 0.063, ATLAS and CMS find

o(H1) BR(H; — 77) = (1.06 £ 0.23) x o(h) BR(h — 77)sm

With BR(h — ppu)sy = 2 x 1074, ATALS finds

o(H1) BR(H; — ppu) < 1.5 x 1073 o(h)

With Ti(h) = 4.1 MeV, we introduce

NH, — I
o(H1) BR(H1 — lil;) = o(h) %
Fr (h)

O'(h) BR,CH'(Hl — /,/J)
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BR(H; — ur) for sinf = —0.3
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Summary

@ ATLAS & CMS report a combined result of

BR(h — ur) = 0.821533%.

@ A Froggatt-Nielsen mechanism with a discrete symmetry with a

flavon VEV at the EW scale is capable of producing a
BR(h — pt) ~ 1 % while satisfying all CLFV bounds.
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