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The Higgs boson discovery

e July 4th, 2012:
The Higgs boson discovered by ATLAS and CMS!
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Higgs LFV decays

We have discovered the Higgs

However, is there room for non-standard decays?
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General considerations




EFT preliminaries

[Diaz-Cruz, Toscano, 2000] [Herrero-Garcia, Rius, Santamaria, 2016]
[Harnik, Kopp, Zupan, 2012] [AV, 2019]

— Ly =LT.ep+h.ec.
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EFT preliminaries

[Diaz-Cruz, Toscano, 2000] [Herrero-Garcia, Rius, Santamaria, 2016]
[Harnik, Kopp, Zupan, 2012] [AV, 2019]
yo—7 Lopr = S Qi+ h
_’CSM — g].—‘e € Y —I_ h.C. EFT — Ad_4 Q’L —I_ .C.
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EFT preliminaries

[Diaz-Cruz, Toscano, 2000] [Herrero-Garcia, Rius, Santamaria, 2016]
[Harnik, Kopp, Zupan, 2012] [AV, 2019]

After EW symmetry breaking:
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The Higgs
boson!
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EFT preliminaries

[Diaz-Cruz, Toscano, 2000] [Herrero-Garcia, Rius, Santamaria, 2016]
[Harnik, Kopp, Zupan, 2012] [AV, 2019]

After EW symmetry breaking:

['%/M + LEpT D

B v V2 h I
— €y, [ﬁ (FQ—C&P W) —I—E (FG—SCQCP W)] 6R‘|—h.C.
— —éL [Me —+ hye] ER —I—h.C.

N

Charged leptons Higgs coupling to
mass matrix charged leptons
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EFT preliminaries

In general, the matrices ./\/l6 and )/, are not diagonal in the same basis

N

VJLM@VQR = M, = diag(me, m,, m;)

1 —~ v?

_ vyt — _ f
ghee = ‘/;LereR — N Me \/§A2 VeLCeQOVeR

H Higgs LFV decays
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EFT preliminaries

However, this is not all there is...

QeW — (go_,uye) 7_190 W,ul,y QGB — (ZO-MVQ) ¥ B,Lw
L. _
E%_:?%VT = 77 Oefy + h.c. Oefy — 6LO.'LWQR F,ul/

3

H Charged LFV decays A
ms

BR(4 = £7) = 13 (| (Le)yy P41 (Lo P)
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OK, fine...
But can this be measured?



A hint from CMS?

A 2.40 excess in h — T First public note

in July 2014
[PLB 749 (2015) 337, arXiv:1502.07400]
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Too good to be true

Run-2 data did not confirm the excess

The first analysis by CMS of their run-2 [ Figure from the Resonaances blog ]
data collected in 2015...

... killed the excitement CMS 13 TeV

-0.76:941 |

Current limits CMS 8 TeVi
ﬂ.34tﬂ.:37

ATLAS 8 TeV

BR(h — 7p)cms < 1.5-107° 053931 |

combined

BR(h — 7 p)aTras S 1.8- 1073 055038 NE—

15 -1 =05 0 05 1 15
Br(h—71u)[%]

Nevertheless, we learned a lot about Higgs LFV decays
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[Harnik, Kopp, Zupan, 2012] h Indirect
’ N bounds
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h — 7w in the 2HDM



A new hope: Type-lll 2HDM

[Diaz-Cruz, Toscano, 2000] [Harnik et al, 2013]

[Davidson, Grenier, 2010] [Kopp, Nardecchia, 2014]
Type-Ill 2HDM

[ Type-lll = most general case |]

Introduce two identical Higgs doublets: {8017 @2}

* Both doublets are allowed to couple to all fermions
« One can perform arbitrary U (2) transformations in the doublet space

G+ HT
m=(erasie) 2= (e )

Technical note: | work in the Higgs basis

WIN 2023 Avelino Vicente - Higgs LFV decays



A new hope: Type-lll 2HDM

[Diaz-Cruz, Toscano, 2000] [Harnik et al, 2013]
[Davidson, Grenier, 2010] [Kopp, Nardecchia, 2014]
Type-Ill 2HDM
[ Type-lll = most general case ]
h _ [ S8-a CB-a (1)
H Cj—a —5p-a >

General 3x3 matrix
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EFT motivation

Suppressed 067

e 14

> * > * Induced at 1-loop
|
| O * Closing the loop introduces a charged lepton
I mass insertion

e )T“ S * A necessary chirality flip introduces another
, | N charged lepton mass insertion
Ve g I h N
Y
m; 2 1
UV completion of (Levy)i; ™~ (7) 16 72 (Cep)i; < (Ce@)ij

Qep = (#T¢) (Ley)

This estimate is known to be poor...
but it gives us hope!
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A new hope: Type-lll 2HDM

[Aristizabal Sierra, AV, 2014]

Explicit proof including the relevant constraints

Direct searches

Indirect constraints from flavor

T — KUY
Higgs couplings to fermions

T parameter

Perturbativity and boundedness from below
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A new hope: Type-lll 2HDM

T — 7Y inthe type-lll 2HDM

1-loop diagrams 2-loop Barr-Zee diagrams
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A new hope: Type-lll 2HDM

[Aristizabal Sierra, AV, 2014]

10_1 T <. .-:‘ :.“-?g-:!r... e
Updated in
X 102 L Fe [AV, 2019]
=~ . a...;ft;‘._a;%.::"" I
< B Ry b The correlation is not exact
= 103 oy VP | due to the multiple
- ge‘.;g o I contributions to 7 —> 7y
wpRete e T I
1074 s | » : ) The 2-loop Barr-Zee
10~ 10~ 10~ 107" contributions usually dominate
BR(T — pv)

Main conclusion:
the model leads to observable Higgs LFV in parts of the parameter space
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Some final comments

D'U 0-3 [f T T [y rrrprrrrprrrtrjprerrr T [ryrrr[rrrrit
* Recent results by ATLAS T . ATLAS E:i:gt
© 025F {5=13TeV, 138fb" ¥ Best fit
2302.05225 = ¥ 2o
x 02f .
2 : ]
“2.1 o tension” 015 E
0.05 | E
“Agreement at 2.1 o : :
0F * .
_0_05' ........ Loeovooo v by oo v by o v by gy | T .

| | |
-0.1 -0.05 0 0.0 01 015 02 025 0.3
B(H —er)in %

* Additional information in polarization: 2302.08489, talk by Takeuchi-san

5% Higgs LFV @ future colliders: 2305.05386, 2306.17520
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The real final comments

The Higgs boson has been already discovered but it may hide
many valuable secrets

On general grounds, one expects Higgs LFV decays in many new
physics scenarios

Constraints from other LFV observables imply that in most models
one finds very low rates, unobservable at the LHC

Scalar extensions (such as the general type-Ill 2HDM) are the
most promising scenarios
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Thank you for
your attention!




Backup slides



H — p7in RPV

[Arhrib, Cheng, Kong, 2013]

The particles-sparticles mixing induced by RPV lead to
tree-level LFV Higgs decays

T T
B3 Aass
— > X > el =
hY U3 hY
1
n
Be contribution B contribution €2 contribution

Note: ['soft 2 BiHu
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H — p7in RPV

[Arhrib, Cheng, Kong, 2013]

RPV Parameter Br with Neutrino
Combinations Mass < 1 eV Constraint
2 ‘ —
\‘\ ll232 bound l‘\\ I B2 lu’3 1 X 10 15
Bs iz 1 %1071
5 Br=105"".. ] By A1as 1x 107>
B1 A1z 3 x 107
§ 1k e Bz)\232 3 X 10_5
< 1 m,, bound ) Bs X233 3% 10~°
0s L o7 | P2 13 2x 10”1
g® e R By Ajys 5x 1071
e B Ay, 5x 10711
0 At Mt Bz A%‘32 5 % 10_11
0 500 1000 1500 2000 By A%‘33 5% 10-11
B, (GeV)?
: '
Again... unobservable at the LHC @
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Vector-like leptons

[Falkowski, Straub, AV, 2014] Model with vector-like leptons
Composite Higgs inspired

ﬁF,C = —M (ECLL + ECRE) — (ELYERH -+ ER?E'LH + h.C.)

Lo = M (Z_LAZL it EL)\eeR) +he.

Higgs LFV couplings: . i by
I I I
I I I
1 I I i
er Lp Ly | Ep Ey 1 Lp Ji_::L I Ky Er ER
o o * o * o * o o
A cr! 4 Cp' Y cr Y Cy' A
h 2
Lo = ~glrcenen + hee. e =Yer + 35 MO YCORYCYCRIA

Avelino Vicente - Higgs LFV decays
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Vector-like leptons

[Falkowski, Straub, AV, 2014] = BR’s <107°

0.01¢

I'(th-71e)/T'(h—>1T)
I'(h—»7u)/T'(h—>7T)

] 10—10 | 1077
BR(T-uy)

Unfortunately... unobservable at the LHC @
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FlavorKit

[Porod, Staub, AV, 2014]

A computer tool that provides automatized analytical and numerical computation
of flavor observables. It is based on SARAH, SPheno and FeynArts/FormCalc.

Lepton flavor Quark flavor
bo — L3y BY =t~ Not limited to a single model: use
lo — 315 B— X.y it for the model of your choice
L — e conversion in nuclei B — X /14~

T — P/ B — X450 Easily extendable

h — lolg B — K{T0~

Z = Lbalp K — v Many observables ready to be
AMp, computed in your favourite

AMyg and g model!

P — v

Manual: arXiv:1405.1434
Website: http://sarah.hepforge.org/FlavorKit.html
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