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The Higgs boson coupllngs are not dlctated by gauge symmetrles

— Z {(ﬂj,Jj)L[ (d)(I)dkR + C(u)(I)’u,kR]
k=1

+ (Vj,l—)L glk)(l)lkR} + h.c.

Diagonalizing the mass terms after EWSB
fo = Ul fr. fr— UL fr

H
Ly = (1+ ){ded+uM u+ I M1}

Neutral weak current is diagonal in the fermion mass basis.
Charged weak current is non-diagonal in the fermion mass basis

Loo = 2\[{WJr Zuz’y (1 —1s5)Vijd,; +ZV1’Y (1 —5)1 +h.c.}
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e = T ———— — — —

In the absence of Yukawa couplings the SM has
a global flavour symmetry

SU3)g x SUB)u x SU(3)p

rotcdions of Q;—J u% d?R

The lepton sector posses a similar flavour symmetry, but in this case it
depends on how neutrino masses are implemented

Girp = SU(3)L X SU(3)E Minimal £iel/d content

Cirigliano et a/. (0580200
rotations of L7L e }% J

With the discovery of the 126 GeV Higgs boson, we can now access
directly the flavour symmetry breaking sources (Yukawa couplings)
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Flavour violation in the Higgs sector

Many scenarios of physics beyond the SM predict rates for
charged lepton flavour violating transitions at observable levels

bt for a /onﬁ review See: M. Kaidal et a/. (0$01152¢6)

Different channels to probe
charged LFV at low energy

Important to unravel the origin of LFV

\ [4 — € conversion in nuclei \

L — ey ‘ Nij 5 pi
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7" Vv mmalede)
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Flavour violation in the Higgs sector

So far, what do we now about the Yukawa couplings of the 126 GeV Higgs!?
3

Ly=— Y {(aj,dj)L[ D @ dn + c(’“)cbum]
7, k=1

-1- (VJ’Z_)L gllg(blkR} + h.c.

LHC data confirms that the relation Y.

+i = — hold for 3° family fermions
Power law best fit (A —244.02210, ¢ — —0.022"% ) ) (%
107 X ! ( eoth sl 6/:9/7/‘1(; cant uncerdanties )
s, You (1303.3579) .
Coupling with vector bosons also SM-like
é’ 10°
g
S 7 Not much can be done for 1° and 2°
7 family fermions at the LHC.
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Flavour violation in the Higgs sector

Indirect bonds on flavour changing couplings of the 126 GeV Higgs are already
quite strong in most of the cases, putting the relevant decay rates h — f; f;
beyond the reach of colliders

Blapkenbeirg, Ellis, Isidori ( 1202.8204)

In the quark sector Harnik, Kopp, Zupan (12091392

Technique Coupling Constraint b d
| | Yeel, |Yeul? <5.0x10° .
D° oscillations [48] ,
A, <T75x10°10 !
|
Yo |2, |Yeal? <23 x10°8 hi
By} oscillations (48] !
| YarYoa <33x10" !
|

Yes|?, |Yos!® <18x10" L e » @@

B! oscillations (48] ) d b

Yo Yisl <25 x 107

Re(Y2), Re(Y2) [-5.9...5.6] x 10-10 M. Bona et . {0707-0636)

N

Im(Y2), Im(Y?) [~2.9...1.6] x 1012 Lsidori, Nir, Perez (1002.0900)

K" oscillations [48] _ .
Re(Y;Y,s)  [~5.6...5.6] x 101!

Flavour changng ¥/iqgs couplings cith Zop t — h] \/ Yiq|? + |Yqt|? < 0.34, (g =u,c)

fron CMS Ma/fz‘—/epz‘on Search

are coeak!, v constraned

Harnik, Kopp, Zupan (12091392
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Flavour violation in the Higgs sector NV

In the lepton sector T /\ \@é
h

\
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h + ¥
T — by
N I N N N
[t — € conversion in nuclei
Channel Coupling Bound
5 ey YI,,'2»- Y. 2 3.6 x 106 —9
e Vi + s <360 Br(h — eu) < 3 x 10
©— 3e V| Yuel? + |Yeu|? <31x10°
~» € conversi Yiel2 + |Yeu|? 4.6 x107° .
prrcommmin  VimFHRW - Indirect bounds are very weak for
T ey Vel + [Yer? < 0.014 tau-mu and tau-e
T —» 3¢ V|Yrel2 + |Yer |2 < 0.12
T = B VIYrul? + [YVur |2 0.016 > Br h Tg) < 10%
T — 3u \/ Y2, + |Y,. |2 < 0.25

Blankentbeirg, Ellis, Isidori (1202.5704)
£/ x/ng ZAe a’/aﬁoncz/ cOap//'ngé o theirr SM va/ue

Diaz-Cruz, Tosc (9910233)
Harnik, Kopp, Zupan (12091392 raz, loscano L9910
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LFV radiative decays

A transition dipole moment is generated at the loop level
(ZU’WPL,RT)F,W

Dominant contribution from 2-loop diagrams of Barr-Zee type

p . Cﬁdng, Yo, Kearg (1993)
T 4>—$/———-1\———\\0—>— %

T _> E’Y h \\\ N, Z h \\\ 7
t t W W
I~/ocp diagrast imvolve
Z‘ﬁree C/?/‘ra/ /‘Z( y f' / ,ﬁ\j gl ~

THis 1S JuUst an accident at Zhe
|—/ oop leve! and can be avorded
al /7{9/7er orders

Bjorken, Weinberg (1977)

diagrams extracted #rom Yernk, Kopp, Zupan ( 2012)



http://inspirehep.net/author/Harnik%2C%20Roni?recid=1184810&ln=en
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LFV leptonic decays

If LFV leptonic decays are observed at some point, a Dalitz plot analysis would

provide a useful handle to disentangle different kinds of new physics
Dassinger, Feldmann, Manne!, Terczyk ( O0Z202.095S)

suppressed by small Yukawa Y, ,

subdominant

H T ! p
14

; e A cpper bou’;io:j]i bukidi) additional @em suppression in the decay
o 44% 108 rate compared with the radiative mode
e e’e” 2.7x10°°%
e pup 2.7x 10 : '
e 1.7 x 1078 @ VI¥eel? + Y < 001
4 ete 18 x 10-8 T — 3¢ VYrel? + |Yer |2 < 0.12
ut e=e 1.5 x 10-8 @ VIV + [V 2 0.016
u 2.1 x 10~8 r — 34 V/ Y2, + Y, |2 < 0.25

diagrams extracted from Harnk, Kopp, Zupan (2012)



http://inspirehep.net/author/Harnik%2C%20Roni?recid=1184810&ln=en
http://inspirehep.net/author/Harnik%2C%20Roni?recid=1184810&ln=en

m U 'e CO nve I’SIO n |n n UC|e| C/n‘g//ano, Kitano, Okada, 7izon 0904.0952)

By comparing different target nuclei Kitano, Koike, Okada (020310)
one can disentangle different effective operators Keno, Okaday (9909265)

plots From Harrik, Kopp, Zupan C 2012)

only Higgs coupling to up
and down quarks relevant?

Where does the nucleon mass comes from?

A. Celis. (29-02-2014) ¥/iqqs mediated LFV
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mu-e conversion in nuclel
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(N|64IN) = my(N|pnpn|N)

0, = —9Ega GYY + Z mqqq

/ 8 q=u,d,s
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A long-standing problem, how large is the strange quark content in the
nucleon?

o] = ml(N\ﬁu + Jd‘N}
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Recent progress on T — 717 decays

( | (1

Important points:

- Need to consider the Higgs coupling with strange quarks and the
effective Higgs-gluon interaction induced by heavy quarks

- Need a proper description of the hadronic matrix elements up to invariant
masses of the pion pair of ~1GeV 7 7~ 5.4 ot &/ C22.9008)

\/ggm'r—mp, 3:(p7r+ +pﬂ-—)2

These two points were not being addressed in the literature !!

First consideration of these points for Higgs mediated 7 — £ decays
AC, Cirigliano, Passemar ( 1309.35¢4))

Interestingly, the problem was solved years ago in the context of very light Higgs decays
Donoghae ) 6&558!‘, Leazlwy/er ( 1?90>



Photon mediated contributions require

the pion vector form factor

/'
/
L .
T ~
q

(T (et )7 (P )| 5 (@Y u — dy*d)|0) = Fy (8)(Prt — Pr-)®

Theoretically: decay very well
described by resonances

Dispersive parametrization
following the properties of analyticity
and unitarity of the FF

Determined from a fit to the
T = WOW_VT Belle data

(Feterrero 5 Pich ’?S )
Pich, Portolés ~0s,
GGomez, (o{g “I3.

~~

~—"
>

LL

0.01

10k

1f

0.1k

— Fit result
* Belle data
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AC, Cirigliano, Passemar (1309.3564)



The other hadronic matrix elements were determined in
prewous works about H—7mr

0, = 9% Ga G + Z mqqq

8w M

<7I'+ (p7r+ )7T— (

Ne— — I

Using leading- order chiral perturbatlon theory

7!'( ) = $ + zmgr + O(p4) Volosin (l?35>

extracted from Donogliie, Gasser, Lecdteoyler ( 1990)

J.F. Donoghue et al. / Decay of a light Higes boson

Cse

- Using the triple constraints of chiral symmetry,
analyticity, and unitarity, together with
exp. input pi-pi scattering, etc

M s

. 70-0
Aedadadd

very far from the naive expectation

P(h—ptp~) m;

['(h— wtn—) -~ m_fr

T - Y v T v T T T
0.2 0.3 0.4 0.5 0.8 0.7 0.8 0.9 1.0



<7T+ (Pr+ )T (Pr-) |muﬂu + ded|O>E I'z(s)

Previous studies have been

e e considering only
0.04 NEO CHPT: g I 5
= | prisié® —
< o =(8) = my
S 0.02 v
i (LO-ChPT)
::: 0.01‘
& 0.00 | Equivalent to the naive estimate
. I.(s) =m? + - 2
001 Lo — g L(h—pTp=) my
0026 02 04 06 08 10 ['(h—ntn—) m2
S lGeVZ] ,
Impact of hadronic matrix elementson 7 — Um ' m™
25_ | 1 | | 1 | ] | I ] [ | | | | | | I ] 1 1 ':2] I IhZI | I |
i £ + - Y, + Yf‘ =1 A "I | I | T'TTTI T | 5 Iy.’l]] T1
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W ! i ; // ]
I ! f0(980) ] & & /. 1
L_U) = 'l ] - : / ‘
r It 1 102 / E
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4(1, C//-/S//ano, Passerar (IBO?.3564>



< — Br(h — tu,7e) S 0.1

BR < 4.4 x 10~°

LHC would provide stronger constraints, even with present data

armk, Kopp, Zapan ( |209.l397>

Davidson, Verdier (12111245)

Estimated sensitivity of the LHC with 20 fb”- of data

pp(g9) — h — Tu

BR(h — Tp) < 4.5 x 1077

Davidson, Verdier (1211124%)



PDG 201X
h(126) properties

Decay Modes Fraction(I'; /I") E:\?eﬂldence

h — Tu <107% CL = 95%



Summary of main points discussed

' Higgs interaction with nucleons and where does the

“hucleon mass comes from'?

I Recent progress on T — €7T7T decays

T. 7 Dawd &t a/. (1212.440%)

AC, Cirigliano, Passemar (1309.3564)

Dlrect search for H —s 74 decays

at the LHC can probe flavour violating Higgs k
couplmgs beyond the limits set by LFV tau decays




Back-up

PERO S1 EL MUNDO
QUEDA PARA ALLA..
ESTE ES EL

PRINCIPLO
DEL MUNDo.

TODOS DICEN\{QUE ESTE ES E - ::f--_-:,j —
—=1|[ FIN DEL MUNDO?) ffoee =57

-
Y &

D e




LFV semileptonic tau decays

Precise knowledge of hadronic states involved provides
important information Cneglecting 2 pergetins)

r — 970

T > dn /
X

T — I

Possible to isolate CP-even and CP-odd Higgs
exchange in semileptonic decays



Fl—‘OM S. M hara

What is a u-e Conversion ?

1s state iIn a muonic atom

U +(A,Z) 2V, +(A,Z-1)

Neutrino-less muon
nuclear capture
(=u-e conversion)

U +(AZ) 2e +(AZ)

lepton flavors
changes by one unit

TWN-oe N
I'(wN—->W)

R(II N> o N)=
U\ L'/

=~ 4 v
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P

)7 (- )| Mt + mgdd|0)=T"(s)
q’
0.04. NLO ChPT o
e |
= B | X
3 Y 0.02 e
S 31 e
> = 0.00
0 B .
e il | LO ChPT
3 E-o00
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Higgs to two pions proceeds mostly through the Higgs-gluon coupling and the
Higgs-strange quark coupling.

but pions have u,d valence quarks j? —> Violation of the OZI rule (Okubo-Zweig-lizuka)



