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The h — T excess

ATLAS and CMS have set ~1% bounds™ on h — 7u.

Events excess (1.30 and 2.40) point out to a signal

Br(h — 7p) = 0.827235%

New physics?

* Phys. Lett. B738, ‘14 **Eur. Phys. J. C75, ‘15



The h — T excess
CMS, Eur. Phys. J. C75, ‘15
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Lepton flavor violation

m, # 0 breaks the global lepton tlavor numbers
U()e, U(1)y, U(1)-

Neutrino states of a flavor oscillate into other flavors

as they propagate.

Yet, change of flavor in charged leptons remains
unobserved (lz — lj’}’ , lz — ljljlj, X — lilj, etC.)

Br(p — ey) < 5.7 x 1071

*MEG collab.



Lepton flavor violation

Can charged LFV be mediated by neutrinos”

Yes. But...
Massive V-mediated charged LFV goes as m?

Br(p= =W v—e ) <107°°

—> Charged LFV probes new physics if observed



Lepton flavor violation
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4-fermion model for h — Tu

1602.08506



4-fermion model

Add new fermions X, ¥ to the SM. Use the 6-dim

A i .
O4fermion — A_g\I”I’Lzej ty] — 1) 233

to generate h — 1;l;



4-fermion model

Yukawa vertex

Two new fermions (vector-like)

b =(2,1/2 + ) Ovukawa = yH)x
x = (1,z)

under SU(2);, x U(1)y '

r = +2 good enough v Lj




4-fermion model

4-fermion vertex

Effective theory: 3 contractions for O 4fermion

(A1) (A2) (A3)
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4-fermion model

Parameter space spanned by

y Y (A1)ii (A2)ij  (A3)ij M, M, A

Yukawas LFV four-termion coupling Vector-like Cutoff
masses

Effective theory: O(1) couplings
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4-fermion model

More pe observables

o T — ppp and p — eee (subdominant)

) ¥
H-— X
Br(u — eee) < 1.0 x 10712 SINDRUM

BT(T — y,p,/j,) < 2.1 X 10_8 Belle collab.



4-fermion model
Muon-to-electron conversion In nuclel
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e The SM enlarged with vector-like heavy fermions
reaches the h — 71 tentative rate through LFV
eftective operators. Limits on other LFV observables
({; — l;7v) are respected.

e New states in 4-fermion model are too heavy to be
oroduced at the LHC ( Mtermion >20 TeV). Look for
l; — l;7y iInstead, complement w/ p — eee, (i — €)puel

eHierarchical LFV couplings: Ofermion 9d€Nerated at
various high scales?)
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Backup

Flavor structure for leptons & sleptons (¢, = e, u, 7)
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Backup

h — T via tri-scalar interaction HyL;ES with

coefficient A,E_;f’)

SM Higgs

v

HY = cos Bh° + sin BH"

1,] = Uy T



Backup

Effective field theory: parametrize new physics with
higher-order operators
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Backup

Example: SM with

.o
Os = 33 (FLA)H(H'H)

=> off-diagonal Yukawa coupling in the mass basis

vy, — y(SM) | oV Ay
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L (H)HH permutations

(mi/v)dij



Backup

Off-diagonal Y;; in the SM
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Backup

['(h — 7u) in the Mass Insertion Approximation

As long as

HNA.
< d>2 p,<<1

m=
[

the amplitude admits computation with interaction-
basis states.



Backup
In the Higgs sector decoupling limit, (m% > M2)

\[ZHS _ Sﬁho — CﬁHO

\@Hg — Cﬁho —+ SﬁHO

which employs a~ g8 — /2.



Backup

Rates In the 4-fermion model

2
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Backup

Choice of hypercharge x

e No Majorana fermions

e Lightest charged fermion does decay (eTeT Li))
e No Higgs-lepton-new fermion Yukawas

e Minimality (# of operators)

= = 492 good enough



Backup

Other dim-6 operators

ee’xx", LLTxx": not useful for the effective Yukawa
HH™y4 : too many Higgses (X—i—suppressed)

elel La)¢ : needs chiral-vector Yukawa to close loop



Backup

Considerations on the (A1,2,3)i4

* \;; =0 for any two flavors must be motivated
(flavor textures, UV boundary conds., etc)

allow pe LFV too



Backup

...those other effects

* [; — ;v depends on (A1) only
= h — [;l; disentangled from i = l;7y

= I; — ;v may be turned off

* (\1)i; generated effectively by

e Q
A~ =2+ 2g)



Backup
Also from loop effects
 Flavor )\;; diagonal RGE-induced.

= Corrects SM Yukawas
Aii = O(1) safe for Y, not for Ye, Yu



g Backup B

h — pe free from p — ey Br(h — pe) < 3.6 x 104
o R CMS, ‘15
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Backup

MX 7é Ml/) Case Mermion = min(MXﬂP)
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Backup

Muon-to-electron conversion u N —e N°

A nucleus (Au, Al) captures are muon, which then
decays into an energetic, monochromatic electron

L — /X\ - Current ~ 10713 siNnDRUMII

/H'
/({;\ Projection ~ 107" Muze




