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Coincidence problem!

Préximos Coloquios @ Noticias http://webific.ific.uv.es/

Viernes, 20 Febrero, 2015-12:30

i a la aplicacién industrial Conferencia de Juan José Goémez Cadenas: "Paisaje con

neutrinos/Paisaje sin neutrinos™

Enviado por Isidoro.Garcia@ific.uv.es en Mig, 04/02/2015 - 09:48

- El investigador del Instituto de Fisica Corpuscular (IFIC, CSIC-UV) y director

Proximos Seminarios
del experimento NEXT ofrece una conferencia el jueves 5 de febrero, en el

.- Salon de Actos de la Biblioteca de Ciencias Fduard Bosc, Campus de
Pulsajo can namtrinss’ Burjassot, a las 13:00 horas, con entrada libre. Los neutrinos fueron

Mar[ES, 1? FEIIII’EI’D, 201 5 - 1 1 :30 Paisaje sin mewtrinas
Trobada: QUaerere AXion, a proposal in a search for Lr e
Galactic axions

definidos en su dia como "un pedazo diminuto de realidad". Carecen de
carga eléctrica, casl no tienen masa y apenas interactuan con la materia.

. . Leer mas
Carugno, Giovanni

seminar Room, 1.1.1 T .

Jueves, 19 Febrero, 2015 - 16:30

Student Seminar: The lepton flavor violation road t " i : ! o
ROl oorminar The fepton flavor violation road to neW . José Bernabéu Alberola ingresa en la Real Academia de Ciencias

Enviado por Isidoro.Garcia@ific.uv.es en Lun, 02/02/2015 - 09:57
Miércoles, 25 Febrero, 2015-11:30

Trobada: Flavoured Conspiracies and Conundrums
Virto, Javier

Seminar Room, 1.1.1

El catedratico de la Universidad de Valencia e investigador del
Instituto de Fisica Corpuscular (IFIC, CSIC-UV) José Bernabéu
Alberola, ha sido nombrado de forma unanime Académico
Correspondiente Nacional de la Real Academia de Ciencias de
Espana. El nombramiento se produjo en el ultimo pleno de la

nractiminea inctittician aradamicra relehradn al nacadn 728 de
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Outline of the talk

Introduction: the lepton sector

Lepton flavor violation

Hot topics

e LFV in low-scale seesaw models

* Higgs LFV decays

Final remarks
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Introduction: the lepton sector
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Introduction

Before the LHC started operating we all
hoped for great discoveries...
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Introduction

Do we have a good reason to go Beyond the Standard Model?
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Introduction

Do we have a good reason to go Beyond the Standard Model?

Neutrinos!

The lepton sector is still
to be understood!
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Neutrinos and the lepton sector

Dear radiactive Ladies and Gentlemen...

Physikslisches Institut
der Eidg. Technischen Hochschule Zirich, L. Des. 1930
Zrich Oloriastrasse

Iiebe Radiocaktive Damen und Herren,

Wie der Ueberbringer dieser Zeilen, den ich mldvollst
ansuhBren bitte, Ihnen des nifheren suseinandersetsen wird, bin ich
angesichts der "falschen" Statistik der Ne und Li-6 Kerna, sowie
des kontimuierlichen beta-Spektrums suf oinen verselifelten jumieg
verfallen um den "Wechselgats” (1) der Statistik und den Energiesats
su retten. Mhmlich die Moglichkeit, es kbnnten elektrisch neutrale
Tellohen, die ich Neutronen nennen will, in den Kernen existieren,
welohe den Spin 1/2 haben und das Ausschliessungsprinsip befolgen und
‘eheh von lichtquanten wusserdem noch dadurch unterscheiden, dass sie

mit liochtgeschwindigkeit laufen. Dis Masse der Neutronen

von derselben (Xossenordmng wie die Elsktronermasse sein und

s nicht grosser als 0,01 Protonenmasse.- Das kontimierliche
:ﬁl‘l wire denn verstindlich unter der Amnahme, dass beim
Bota-Zerfall mit dem Rlektron jeweils noch ein Neutron emittiert
wird, derart, dass die Summe der Energisn von Neutron und klektron
konstant ist.

December 4th, 1930

Letter to his colleagues in Tubingen 1930
Pauli's neutrino hypothesis

Pedestrian, 19/02/15 Avelino Vicente - The LFV road to new physics




Neutrinos and the lepton sector

First application of Pauli's invention

Wally!

@ -~
@

(%%%) (ﬁev“%)

~ Gr
\/_

1934 He also introduced the name 'neutrino’!

Fermi's theory
Weak interactions and beta decay
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Neutrinos and the lepton sector

They exist!

f neutrino

1956

C. Cowan and F. Reines Cd
Discovery of the neutrino

The first of many neutrino experiments... ///

v.p—net

Pedestrian, 19/02/15 Avelino Vicente - The LFV road to new physics



Neutrinos in the SM

The Standard Model was built with the assumption of massless neutrinos
m, (SM) =0

* No right-handed neutrinos, and then no Dirac mass vt
e Minimal lepton sector

» Accidental lepton number (L) conservation

Our dear friends
Salam, Weinberg and Glashow
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Where are my neutrinos??

Solar neutrino problem Atmospheric neutrino problem

LAg IFIC is
Y \ e
Ny V ‘ here
- _Tt:"u
L —p G
: / Kkrﬁ:._ %\:] \

Not to scale!
(obviously...)

1

N observed = § N expected

Where are the missing
neutrinos?
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Neutrino oscillations

Nowadays there is a well stablished solution to these puzzles:

Neutrino oscillation

Idea: If neutrinos with definite flavor (v, v, v+ ) are not mass eigenstates
they oscillate in their propagation

i) = |ve) — Propagation — |f) = Celve) + Clulvy) + Crlvr)

And then, when one does a measurement, the probability of finding a given
flavor is

, 2
P(ve = v;) ~ UZ sin® (82 L)

= Neutrinos must have non-zero masses and mixing angles!
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SM particle masses

Particle Logl0 (meV)

13

1 T —

The neutrino looks special, right?
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Open questions

What is the origin of neutrinos masses?
Are they Dirac or Majorana?

— P
What is the absolute scale of neutrino masses?
What is the mass ordering?

Are there more than three neutrinos? Maybe sterile? |

s there CP violation in the lepton sector?
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The Introduction is ove'rﬁ
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Lepton flavor violation
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Lepton flavor violation

In the Standard Model, three copies of the leptonic
SU(2) doublet are introduced

( Ve > ( Vi ) < Vr ) Gauge and
_ — — Yukawa
€ f T interactions

Is lepton flavor a conserved quantity?
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Neutrino oscillations: LFV

We already know the answer: NO

Neutrino flavor oscillations: flavor violating process!

V., == V
c ~ L Then... is this
process a sign of
\ / BSM physics?
V‘U

R Yes it is!
Wy
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What about cLFV?

In conclusion, lepton flavor is not conserved: there is lepton flavor
violation (LFV)

However... what about charged lepton flavor violation (cLFV)?

wo — ey h— p~ 7"
T s pt T ) — et

K) = mleput

Never observed...

Pedestrian, 19/02/15 Avelino Vicente - The LFV road to new physics



What about cLFV?

SM + Dirac neutrino masses

—ﬁcc — inil_j’yMPLVin: + C.C.

V2

[J : lepton mixing matrix

[analog of the CKM matrix in the lepton sector]

2
5 10—54

2
ml/k

3
Br(u —ey) = -— Uer Uy,
327 zk; H m%,v

Since neutrino masses are the only source of
LFV, all cLFV amplitudes are strongly

i Uy Vi Un suppressed (in fact, GIM suppressed)
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Why do we care about LFV?

The observation of cLFV would be a clear signal of (non-trivial)
physics beyond the Standard Model

In fact, most BSM models predict large cLFV rates

We can probe very high energy scales!

Cep A
O = A2 Heee = "

> 100 TeV
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Why do we care about LFV?

Example 1: Supersymmetric models

(AmQL,E)IQ v

Sleptons: a whole new sector coupled to the SM leptons
Strong constraints on the off-diagonal soft terms
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Why do we care about LFV?

Example 2: Babu-Zee model

my A4
Ly 1 ej_
i x |2
X > BR ~ 2]]
hij mk
E—F

Small off-diagonal h couplings and/or heavy k's are required
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Experimental projects

Great experimental perspectives!

LFV Process Present Bound Future Sensitivity
[ — ey 5.7 x 10713 6 x 10~* (MEG)
T — ey 3.3 x107® ~ 107% — 1077 (B factories)
T — Wy 4.4 x 1078 ~107% — 1077 (B factories)
u— 3e 1.0 x 1012 ~ 1071% (Mu3e)
T — 3¢ 2.7 x 1078 ~ 1072 — 107 1% (B factories)
T — 3 2.1 x 1078 ~107? — 10719 (B factories)
=, Au — e, Au 7.0 x 10713 —
u=, SiC — e, SiC — 2 x 10~ (DeeMe)
10~ —10~!'" (COMET
oy Al = e, Al T 1017 — 10_1§ (Mu2e) )
pu—, Ti — e, Ti 4.3 x 10712 ~ 10~1® (PRISM/PRIME)

Pedestrian, 19/02/15
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Experimental projects

History of u — ey, ulN — eN, and u — 3e

1

Al
o 107 £ ‘ =
g o v oL— ey
'_*‘ — [ |
- v ey o u— 3e
_5 |
107 = g'o = uN — eN
107 ;,'
i \2
10-9 — ‘v [}
= !‘y. o =
10" — o 4
— ° ® m ] w
10" = V MEG Upgrade
10"° = © PSI, MUSIC
— Mu2e, COMET M
10" |
— Project X, PRIME [
10'19 11 1 I L1 1 1 | | I I | | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | 1 1
1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

Year

Figure taken from Bernstein & Cooper [arXiv:1307.5787]
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Experimental projects

& @@@M@

3 COMET
RISM/PRIME
Belle-=ll
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Experimental projects

What is the meaning of 10718 ?
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Experimental projects

What is the meaning of 10718 ?

There are about 5000 rice grains in one portion of paella

[Source: lapaella.net]

Imagine
finding a rice
grain here!

&

10.000 km
[Source: my own extrapolation]
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LFV : Where to look for?

fz' — fj’)/ éz — 353
w—e
conversion in nuclei
LFV at colliders M — £;l;
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LFV : Where to look for?

Everywhere!

ratio LHT MSSM (dipole) | MSSM (Higgs) SM4

Br(;é;(—;i:;:e_) 0.02. .1 ~6-10"3 ~6-1073 0.06...2.2
Br(r e ele) 0.04...0.4 ~1-1072 ~1-107%2 | 0.07...2.2
RETRE 0.04...0.4 ~2-1073 0.06...0.1 | 0.06...2.2
Br(r];r?ri;;;#‘) 0.04...0.3 ~2-1073 0.02...0.04 | 0.03...1.3
Br(;;(—;i:zge_) 0.04...0.3 ~1-1072 ~1-1072 | 0.04...14
BBf((f—_::—_ﬁii_—}) 0.8...2 ~5 0.3...0.5 WP b
. 0.7...1.6 ~ 0.2 5...10 14...1.7

Réifajir)i) 10-3 102 ~5-10"3 0.08...0.15 |[107'2...26

Pedestrian, 19/02/15

Table taken from Buras et al [arXiv:1006.53506]
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What contribution dominates ¢; — 3¢,?

In many models of interest: Photonic dipole contributions

Most popular example: MSSM
[Hisano et al 1996; Arganda, Herrero 2006]

£ m |f_|

2

Dipole
dominance

BR(t; »36;) _ a (| mp 11 BR(l: — ¢ BR(l; — 3¢

J
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The LFV program

In order to unravel the physics behind LFV (and perhaps neutrino
masses!) we must:

« Search for LFV in as many observables as possible: they
might have information about different sectors of the theory

« Study the relations among different observables (ratios,
correlations, hierarchies...)

» Understand the origin of such relations: what is the
underlying physics?
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LFV in low-scale seesaw models
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Low-scale seesaw models

[Mohapatra, Valle, 1986]
The Inverse Seesaw

y ~ 1
—L1s D Yz/Z]ViCLjH T MRij V'L'CSJ T §M5ijsisj

6 additional singlet states: 3 generations of 2“and 3 generations of S

0 %YVTU 0

M = %vi 0 MR

0 My ps

Non-zero neutrino masses. In the limit pg < Y, v < Mp :

2

v _ _
m, =~ EYVT(M};) s ME'Y,
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Standard vs Inverse Seesaw

Standard Seesaw
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Standard vs Inverse Seesaw

Inverse Seesaw
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Penguins in the inverse seesaw

[llakovac, Pilaftsis, 1995; Deppisch, Valle, 2005]

2
2
m
ek:K* ( 2 )
My,

13 MEG limit
1303.0754

3
onsz

Brln = ) = o
W

Br(p — ey)meg < 5.7-107

The GIM
suppression is
spoiled by the

sterile neutrinos

"I.; K L h-;.'.- En’
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Boxes in the inverse seesaw

Furthermore, for i+ — e conversion in nucleiand ¢; — 3¢; ...

M 17 e

.
L - L

. 3 - . 3
q q q

[llakovac, Pilaftsis, 2009; Dinh, Ibarra, Molinaro, Petcov, 2012; Alonso,
Dhen, Gavela, Hambye, 2013; llakovac, Pilaftsis, Popov, 2012]

» Non-supersymmetric contribution
* Relevant for light singlet neutrinos
 Large non-dipole contributions
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Low-scale seesaw models

[Abada, Krauss, Porod, Staub, AV, Weiland, 2014]

/5 pages paper
First complete study of all SUSY and non-SUSY contributions!

e Analytical and numerical study of

fz' — Ejfy
[t — € conversion in nuclei
« All contributions included How were they
computed?

 Afew hundred Feynman diagrams —9

Later...
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Low-scale seesaw models

‘ v, — 3 Zj [Abada, Krauss, Porod, Staub, AV, Weiland, 2014]

non-SUSY boxes
non-SUSY 1
" £ penguing |

o 107 T T Tl 1
t TS
= 107 7] SUSY 7 penguins N = Sl 1
% non-SUSY -+ penguins ™ . = L
10718 _SUSY Z penguins_ "~ < Tl
th“““::; ......
10720+ SUSY boxes =x non-SUSY ~ penguins
1 L ! 1 ! L . | J | ‘ T
100 200 500 1000 2000 5000 1x104 500 1000 2000 5000 1% 104
p AR
ﬂff_r; [(-JLY] MSUSY [GGV]

The anatomy of LFV strongly depends on Mz and Mgy sy
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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
Co — Ly Bgld — 00 Not limited to a single model: use
lo — 303 B — Xy it for the model of your choice
© — e conversion in nuclei B — X 010

r— PY B — X sV Easily extendable

h — Lo l3 B — K{t(~

Z —lals K — vy Many observables ready to be
AMp, computed in your favourite

AMyp and i model!

P — v

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

Pedestrian, 19/02/15 Avelino Vicente - The LFV road to new physics



Higgs LFV decays
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Higgs LFV decays

We have discovered the Higgs
However, is there room for non-standard decays?
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Higgs LFV decays

We have discovered the Higgs
However, is there room for non-standard decays?

Current limits: Br < 0.1 [Blankenburg et al, 2013; Harnik et al, 2013]

LHC sensitivity: Br ~ 10~2 [Davidson, Verdier, 2012]
20fb ! at /s = 8 TeV

Early works:  [Pilaftsis, 1992; Diaz-Cruz, Toscano, 2000]
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A hint from CMS?

A 2.50 excess in h — Tu
[CMS-PAS-HIG-14-005, July 2014]

s0CMS prefiminary 19.7 b™, /s = 8 TeV CMS preliminary  19.7 fb, Vs = 8 TeV
IIII|IIIIIIIIIIIIIIII|IIII|IIIIIIII

%; [ | | [

0] o Data, nt, “Ihad’ 0 Jets -

o [ Bckg Uncertainty 0.72 +118g, -

2 5 B SM Higgs s | -

~ [ Z4tt (embedded)

0 B Z+1'T (nott,T,) pr o1 Jet H

5 [ Single top quark 0.03 +1.07a a

S [ tisdets B

T e Wy /Wy B ;
I vv

T ,2Jets
[ Fake leptons H had

—— LFV Higgs (Br=0.9%)

L ]

1.09
1.24 0%

ut, 0 Jets
0.87 10889

ut, 1 Jet

0.85
Q.81 7%

ut, 2 Jets
1.
0.05 1289

L ]

h—pt

0.40
0.89 :"O.B? %

ol b by b Lo b g 1y
-15-1-050 05 1 15 2 25
Best Fit to Br(h—ut), %

(0.895:57)%

Data-Bokg (fi)
T Bekg (M)

200 250

300
collinear M (wce) [GeV]

BR(h — Tu)
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A hint from CMS?

BR(h — ) = (0.8979-49)%

» Large LFV branching ratio
BR(h — ’7"7_')31\/[ ~ 6%

e Needs more statistics and confirmation from ATLAS

 |If taken seriously, any model?
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Any model?

b 4

DO OR DO
Flavor constraints seem to preclude NOT
any explanation for the CMS excess... [IIERE
P IS NO
TRY

MSSM [Arana-Catania et al, 2013] BR(h — ) <107%

RPV Supersymmetry [Arhrib et al, 2013] BR(h — )

Vector-like leptons  [Falkowski et al, 2014] BR(h — 1) <107°
( )

Inverse Seesaw [Arganda et al, 2014] BR(h — Tu

No hope? @
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A new hope: Type-Ill 2HDM

[Davidson, Grenier, 2010; Harnik et al, 2013; Kopp, Nardecchia, 2014]

A model! Type-lll 2HDM

[ Type-lll = most general case ]

Ly =mififr— pi;(f1.fh +hc)h

f

General 3x3 matrix

In principle... it is possible to account for the CMS excess!
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A new hope: Type-Ill 2ZHDM

[Aristizabal Sierra, AV, 2014]

Explicit proof of validity 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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Higgs LFV decays in the Type-lll 2HDM

[Aristizabal Sierra, AV, 2014]

107!
mpg C [200,1000] GeV |
ma C [400,1000] GeV °
3. 10—2', ________
mg+ = ma + om l* .
withdm C [-5,5] GeV |
sin(f — a) € [0.7,1.0] E 1073
tan 8, C |0.1,40] o

| € 10.1,3

|H’ H| i ] 10_4 o

107" 107

BR(7 — pv)

Unfortunately, no prediction for BR(7 — )

Pedestrian, 19/02/15 Avelino Vicente - The LFV road to new physics



Higgs LFV decays in the Type-lll 2HDM

[Aristizabal Sierra, AV, 2014]
Some comments:

The signal is consistent with the Sher-Cheng ansatz

\/meM
Prp = (H) A flavor symmetry at work?

In this model BR(7 — 3 1) ~2-107°BR(7 — uv)

The observation of 7 — 3 [t would exclude this explanation!
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Final remarks
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Final remarks

LFV is going to live a golden age

Many LFV observables. Correlations are not only
possible, but in fact expected!

We must be ready: understand the LFV anatomy,
patterns, correlations, hierarchies...
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Thank you!




Backup slides

Pedestrian, 19/02/15 Avelino Vicente - The LFV road to new physics 59



57; — 363 \VAS g@ — fjfy

A brief détour...

Experimental limits

Br(p —ey) <0.57-107%  Br(py — 3¢) < 1.0- 10712
Br(r = ey) <3.3-107° Br(r — 3e) < 2.7-1078

Br(t — puy) < 4.4-107° Br(t — 3p) <2.1-107°
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RPV and LHC bounds

Less missing energy...
less stringent constraints!

1500

1600

14400

1200

1000

800

Squark Mass (GeV)

600

400
200

1000 1200 1400 1600 1800 2000

Gluino Mass (GeV)

Plot taken from P. W. Graham et al, JHEP 1207 (2012) 149

P. W. Graham et al, JHEP 1207 (2012) 149
M. Hanussek, J. S. Kim, PRD 85 (2012) 115021

stable Y\

Pedestrian, 19/02/15
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LFV at LHCDb

Lepton flavor violating decays at %

Limits improved with respect to CDF
0

By, — Lik; BR(B® — ep) < 2.8-107°

BR(BY? —epu) <1.1-107°

[Aaij et al, LHCb collaboration, 2013]

Large production of T's, clean final state

— 3
i a BR(T — 3 1) < 4.6-107° (at90% CL)

[Aaij et al, LHCb collaboration, 2014]
1409.8548. last month! To be compared with 2.1 - 1078 (Belle)
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Low-scale seesaw models

‘ 0 — L~y ‘ [Abada, Krauss, Porod, Staub, AV, Weiland, 2014]
Excluded
10712
10—11 L
— 1n-13 10
= 10 =
\B] \B]
T 107 T 1016 L
3 § 3
-17 | |l =
g 10 hN Eé N / SUSY contribution .
non-SUSY contribution’ 10718 | o .
10—19 L \ s T~ ] v/
\ oy \
i \
10_21 ull ! \ I L v I 1] 10—20 IU | I ! |
100 200 500 1000 2000 5000 1x10* 500 1000 2000 5000 1x10*
MR [GGV} MSUSY [GeV]

The anatomy of LFV strongly depends on Mz and Mgy sy
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Low-scale seesaw models

‘ 0 — 34, ‘ [Abada, Krauss, Porod, Staub, AV, Weiland, 2014]
107 ¢
E 10712
=
-]
=1y
2 107
S
E Iﬂ&lﬁ_
AS)
100 200 500 1000 2000 5000 1x104

M R [G{ﬂrl

The dipole dominance is broken for low RH neutrino masses
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Low-scale seesaw models

‘ 5@ — Ejékgk ‘ [Abada, Krauss, Porod, Staub, AV, Weiland, 2014]
<> Q
A am
T BR(r~—p"ete™) T
§ 5ol BR(r—3p) § 20
s Ao
d o
L0} w2
S ! <o o
-&)ﬁ : j;)i* U>j
<05 I BR(t~—e putu™) | 05T
T - “ T BR(7~—e putp™)
| & | & BR(7—3e)
=0 =0
E 0.2 = I ! I I I B E 0.2 1 I I I I
m 100 200 500 1000 2000 5000 1x10* m 500 1000 2000 5000 1x10*
MR [GeV] MSUSY [GGV]

Tau LFV decay ratios provide information on the mass scales
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Vector-like leptons

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

ﬁF,c = —-M (ECLL + ECRE) — (ELYE'RH + ER?EN'LH + hC)

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

Higgs LFV couplings: o g by
I I I
I I I
o I I
Er Lgp Ly ' Epg Er v Lp Ly ' FEp Er £
o o B o - o . o o
Al Cr' Y Cp' g crt v Cr' A
h _ v’ —1 —1xr —1 —1
Lo = —ﬁeLceﬂf@R + h.c. Coff = Yoff + W)‘ZCL YCORL YO, 'YCL A
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Vector-like leptons

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

0.1

0.01

I'(th-71e)/T'(h—»17)
I'(h-tu)/T'(h—>17)

1077 . ¥ ‘ :u .'.-

ERTSD 07
BR(7-uy)

Unfortunately... unobservable at the LHC @
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[Arhrib, Cheng, Kong, 2013]

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

B3 Aass
— > X >
hY U3

1

Be contribution B contribution e“ contribution

Note: [fsoft D) BiHu
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}“232

[Arhrib, Cheng, Kong, 2013]

RPV Parameter Br with Neutrino
Combinations Mass < 1 eV Constraint

2 r _
‘\\‘ I}u232 bOUI‘Id l‘\\ I B2 /’L3 1 X ]‘O 15
B \ Bs o 1x10713
S : Esr=10'\5“‘~~.~ 1 Bi A12s 1% 10_?

B A\i32 3 x 10~
1k RN Bj A2s2 3x107°
' 6 m, bound B3 )\233 3 X 10_5

\ ~.10
05 ; fh2 143 2 x 10718
b * . 10' ""-—.._____" -

W g e Tl B; A} 5x 1071
108 e T 123 »

10° By A132 o x 107
0 500 000 500 000 Bs A%‘33 5 % 10— 1

B, (GeV)?

Again... unobservable at the LHC

-
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A new hope: Type-Ill 2HDM

[Davidson, Grenier, 2010; Harnik et al, 2013; Kopp, Nardecchia, 2014]

h
7 a i i
v
/
/
/
/
/
> ‘ > L >
i Y. T 7
i y
1-loop 2-loop

Barr-Zee
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The Type-Ill 2HDM

[Lee, 1973; Branco, 1980]
[Davidson, Grenier, 2010; Aristizabal Sierra, AV, 2014]

In Higgs Basis for the Higgs doublets and the mass basis for the fermions:

—Ly = V2 (q_LjHl jv ur; + qr;th TzdRz + i Hy TZeRi>

+q—Lzﬁ2pZU’R] ‘|‘Q_L7,H2,0£CZRJ ‘|‘EZH2/05€RJ + h.c.

E
P :general 3x3 matrix

Type-Illl = most general case
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The Type-Ill 2HDM

[Lee, 1973; Branco, 1980]
[Davidson, Grenier, 2010; Aristizabal Sierra, AV, 2014]

Higgs couplings to fermions

mf ,Off/
) = —2~Ga_ 0 r Cr_
gnff 3 B—alff \/§ B—o

Parameterization inspired in the Sher-Cheng ansatz

211 ; —PrT
E \/ L] tan o, =
pij = —ij tan By r V2m, Jv
Reminder: no unique
Type-Il values are assumed definition of tan /3
for the quark couplings in the type-Ill 2HDM
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Higgs LFV decays in the Type-lll 2HDM

[Aristizabal Sierra, AV, 2014]

CMS AND 2HDM RANGES === 2HDM range
‘- CMS BEBY Signal strengths
h — bb L
2
[ Yhtt IJhX X
UXX = | “sM SM
h — WW* . Ihtt Ihxx
h — ZZ* e Gluon fussion is
assumed!
0.5 1 1.5
Mxx

Signal strengths ranges in the 2HDM
Compatible with all constraints and the CMS signal for h — 7
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