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Motivation

The Standard Model predicts zero Lepton flavor Violation

Lepton flavor Violation = New Physics ]

Neutral LE'V observed in Neutrino Oscillations!!!

Neutrino Oscillations = BSM for neutrino masses

This BSM could induce charged LFV

New Neutrino Physics

nLEF'V > cLF'V
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cLFV not seen yet. Intense

ogram (I).

LFV transitions

LFV Present Bounds (90%C'L)

Future Sensitivities
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Strongest present constraints on LFV . sector
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cLFV not seen yet. Intense program (II)

Upper bounds on LFV H and Z decays (95%CL):

LEP ATLAS CMS
BR(Z — pe) | 1.7x 1076 | 7.5 x 107 7PRDY0(2014)072010
BR(Z — 71e) | 9.8 x 1076
BR(Z - 7u) | 1.2x 1075 | 1.69 x 1073 arXiv:1604.07730
BR(H — pe) - 3.6 x 1073 CMS-PAS-HIG-14-040
BR(H — Te) - 1.04 X 1072 arXiv:1604.07730 | 0.7 X 1072CMS-PAS-HIG-14-040
BR(H — Tpu) - 1.43 X 1072 arXiv:1604.07730 | 1.51 x 1072PLB749(2015)337-362

cLFV signal??7:

CMS 2.40 excess:
ATLAS ~ 1o excess:

Xabier Marcano

BR(H — 7p1) = 0.841532% (95%CL) PLB749(2015)337-362
BR(H — 7p) = 0.53 £ 0.51% (95%CL) arxiv:1604.07730

(IFT, Madrid)

Planck 16, Valencia
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Type-1 Seesaw Model

@ Neutrino oscillations = Non-zero Neutrino masses m,,
o Add vi to the SM — Dirac mass: m = vV,
e vp is a SM singlet = Majorana mass: M

0 mp
Miype—1 = < mb, M )

2
mp

my, ~ ﬁ
Low M ~1TeV = small ¥, <1 Suppressed
Large coupling ¥, ~ 1 = heavy M ~ 10'* GeV Pheno
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Low Scale Seesaw Models

@ Use symmetries to lower M yet keeping the coupling Y, large.
e Approximate Lepton Number consevation: U (1),
e Smallness of neutrino masses <= small violation of U (1),

px small scale [

my X x

Decouple M and Y, from m,:

Low heavy masses M ~ 1 TeV Enhanced
Large coupling V), ~ 1 Pheno

Xabier Marcano (IFT, Madrid) Planck 16, Valencia May, 250 2016



The Inverse Seesaw Model le, 1986]

SM extended with 3 pairs of fermionic singlets: vr;(L = +1) & X;(L = —1)

P I G .
Liss = —) ,//L,-HVRJ. - ]W,’gl/gin ——puiXEXj+he i,j=1.3

2
Neutrino mass matrix
mp = vYy: Dirac mass, vy -vp-H Yukawa interaction
mp I L-VR
MY = ///IL; 0 ]\/[R Mp: Controls heavy N masses
0 ]\/[II?L nx ux: Controls light v masses (/)

Use px to accommodate low energy neutrino data. Arganda ct al., PRD91(2015)1,015001

T L gr* 71
px = MEm, Uppnsmo Upyns™ b MR

it allows to choose Intuitive Input Parameters

Mpr — Masses of the 6 heavy Majorana neutrinos (3 pseudo-Dirac pairs)

Y > Yukawa interaction between vp-vr-H
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Geometrical parametrization for Y,

E. Arganda, M.J. Herrero, XM, C. Weiland, PRD91(2015)1,015001

Assuming ZV[R“ = MRd;; and real ¥, matrix: LFVZ‘]’ — (YVYVT)

ij

Y, 9 d.o.f — 3 vectors (+ global strength [ ):

N 3 modulus : |n.|, |nul, |n-|
o=/ nu 3 relative flavor angles: 0,¢, 0r¢, 074
N, global rotation O(61, 6., 03), OOT =1
|ne|2 Ne My Me-nr Fglly determined by (c¢;; = cos0;;)
)%):T :’/,1 Ne M, ‘nM‘Z n, - m, (,/7|n€|7|nM|7|nT|7Cu€7CTeycT[_L)
2
Ne N7y Ny - Nr In-| Independent of O

Exp. Searches: LFV . very suppressed = ‘ LEVye=0ne - ny, =0 cue =0 ‘

0 0
o

0
nelene Inely/T— @, — &,
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Results for LFV radiative decays in the ISS with LFV .

E. Arganda, M.J. Herrero, XM, C. Weiland, PRD91(2015)1,015001

V. De Romeri, M.J. Herrero, XM, F. Scarcella, About to appear C2
Te
Dominant contributions: P 01 02 03 04 05 06
4 57 f f f { f 0.6
BR(T — e’y) ~ ]\{7 c72_€ \i not accessible
R el
I —0.5
I e :
BR(7T — wy) ~ AT Cru sl BR(u—ey) contourlines
R 0.4

IS

LFV e highly suppressed :

(occurs at next order)

-8

BR(:U‘ — e’Y) ~ ]\f? Czeczu
R

103x BR(t—uy)

0.2

N

Focus on just one of the two axes: 0.1

—LFV,, with LFV . ..
—LFV .. with LFV ., e

2 3 4 5 6 7
108>< BR(T—)e'y) %w axis
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ISS scenarios with highly suppressed LE'V

We study different classes of scenarios with LFV . in the LFV ., direction (= TM):

Scenario Name Crp |me| |74 |nr| Example
1 0 0
TM-1 1/V2 1 1 1 Y, = 0 1 0 )
0 1z 12
1 0 0
TM-2 1 1 1 1 Y,~f| o 1 o0 )
0 1 o0
0.1 0 0
TM-3 1/V/2 0.1 1 1 Y, =Ff 0 1 0 )
0 1/V2 1/NV2
0
0
0 0

TM-5 1

S
3

1.7 Y, =f

[y
[un

SN——

Il

DN

T =

TM-6 1/3

S
S

Y, = f

TM-7 0.1 V2 V3 1.1 Y, = f

(
(
§
T N P R mf(a
(
(
(
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The flavor of the Heavy Neutrinos
E. Arganda, M.J. Herrero, XM, C. Weiland, PLB752(2016)46-50

@ All the above scenario share the property of suppressing LFV ¢
@ The flavor of the heavy neutrinos is different in each scenario.

@ Some of the neutrinos carry both p and 7 flavors.

Y Y% YO
[ N, » [ - [ N
] . [ . [
[ ] N [ s [ N
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LFV H — 7y and H — 7e in the ISS

E. Arganda, M.J. Herrero, XM, C. Weiland, PRD91(2015)1,015001

Motivation:
@ Large Yukawa couplings = Higss physics
@ Excess of 2.40 by CMS: BR(H — 7u) = 0.84":8"32% [PLB749(2015)337-362]
Solid lines: allowed by all radiative decays

0 F=VET ] e f=6r |

I~ 10-4L
3
T 1075

T
= 107
e

m 1077}

1078,
1 5 10 15 1
Mg (TeV) Mg (TeV)

Conclusions:
@ Maximum LFVHD rates and being allowed by LFV radiative decays
BR(H — pT)ma ~107°  or  BR(H — €T)max ~107°

@ Promising large LFVHD rates, although not enough for explaining CMS excess

May, 25" 2016
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LFV h — 7u and h — 7e in the SUSY-ISS

E. Arganda, M.J. Herrero, XM, C. Weiland, PRD93(2016)5,055010

Motivation:
@ Embed the ISS in the MSSM = New contributions to LFV
@ Excess of 2.40 by CMS: BR(H — 7p) = 0.841532% (pri740(2015)357-362]

X: excluded by 7 — pvy. A: allowed

1073 ; T : T
A, =25TeV H =500GeV =/6 7
1073 m; = my, =mg =1TeV M;=500GeV ] 0014 M, = SOOEeV
Py 0.012 1 =500GeV ]
Sy - = Mg =200 GeV
10-4E RS A, =25TeV
N + 0.0107 m;=1TeV ]
T ot T ooos Yy
s < T e
& 10°6 oz, 0.006 o W
m o — e
107L o 3 0.004F "
— Y8 Y
0.0021
10—8 L L L L L L L L L L
2 4 6 8 10 12 14 0.5 1 1.5 2
Conclusions: ~ Mr(TeV) my, = mg (TeV)

@ Maximum LFVHD rates and being allowed by LFV radiative decays
BR(h — p7) e ~ 1072
@ Possible explanation of the CMS and ATLAS excess
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Heavy N production at LHC: exotic LFV events
E. Arganda, M.J. Herrero, XM, C. Weiland, PLB752 (2016) 46-50

Motivation:
@ Heavy N with masses reachable at LHC = Let’s produce them
@ Standard searches mostly for signal with LNV, small in the ISS
@ Same N can couple to diff. charged lepton = signals with LE'V
Y(Ti) Total Events pp — p*77jj

4 T T T T T T

I N 10 Excludedby — 4y 5 = 14TeV
I N 1000 £=300fb"!
[ N @
306 100 Yo

—f=1
—f=1/3

01 |=F=110

200 300 400 500 600 700 800 900 1000
i Mg (GeV)

Conclusions:
@ We obtain O(10 — 500) exotic events for masses Mg € (200, 1000)GeV.

@ Main background from misidentifications (work in progress)
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LFV Z — Ty and Z — te in the ISS with LFV

V. De Romeri, M.J. Herrero, XM, F. Scarcella, About to appear

LFV Z decays: a promising window to Low scale Seesaw neutrinos!!
Bounds from LEP: BR(Z — 7p) < 1.2 x 1075, BR(Z — 7¢) < 9.8 x 1076
Present searches by LHC: BR(Z — ) < 1.69 x 1075 (ATLAS, April’16)
LFV Z decays in the ISS-L¥FV
Formulas from Illana et al. arXiv:hep-ph/0001273

Large rates within present experimental sensitivities'

10—4, T T T T 10—4, T T |
Excluded by LEP Excluded by LEP
1 L ]
- =1 AN -—- f=1
_____ cr=1/3 = 107F "~ - £=1/3
=3 E S< .
DR S— eu=1/10 13 oo Sl e =1/10 1
e TTTee—ll AN E Tl ]
~~"‘~—__‘tﬂf —10[ \‘~_ 3
_____ & 107 S

1072 =1 10725 cq=l T
o T J ; i 5 o 1 PR 4 s

2 3
Mg (TeV)
TSimilar results for BR(Z — Te)

th 2016
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Z — Tl VS T — il

We find Strong correlation between Z — 7y and 7 — uup
in agreement with Abada et al. JHEP1504(2015)051

We have checked it is due to the dominance of the Z penguin in 7 — ppup

T

=

10
10768 T T T T T T T ’ll T m Y(l)
5 w1
3 = 10°° 1
| g: £ Excluded by BELLE
3 1078
———————————————————— B ] === iy b RN =
1= 1070f =
= % —=- Z penguin
- | ===== box
E 1072 H o=y pene
H] fe(.1,2) 3 — Ly““ln*‘”m
107%¢ . 3 Mge (0.2, 10) TeV. = < otal
",‘o" ‘ L& ‘*f:l‘ MR=3"l'e\' ‘.;, ) 10714 i
107 107" 107° 1077 107
BR(Z - 1)

Xabier Marcano (IFT, Madri Planck 16, V:



Full study of the ISS-LFV ,.: Constraints

We consider the following subset of most constraining observables:

] LFV transitions: formulas from Ilakovac,Pilaftsis NPB437(1995)491
BR(T — py) < 4.4 x 1078 (BAaBAR'10)
BR(T — ppp) < 2.1 x 10~8 (BELLE'10)
o Lepton ﬂaVOI' Universality: formulas from Abada et al. JHEP1402(2014)091

Rk
RIM

(KT —etv)
(Kt — ptv)

Ary3° = —1=(4412) x 1073 (na62) with Ry =

@ Lepton flavor Conserving observables
Z invisible width: formulas from Abada et al. JHEP1402(2014)091
I'(Z — inv.)37 =499.0 + 4.5 MeV (LEP)
EWPO: S, T, U parameters formulas from Akhmedov et al. JHEP1305(2013)081
537 = —0.034+0.30, T3° =0.01+£0.12, U3° =0.05+0.10 (PDC14)
@ Theoretical constraints:
Perturbativity imposed by constraining heavy neutrino widths: 'y /My < 1/2

Agreement with light neutrino data: validity of the ux parametrization

Xabier Marcano (IFT, ] Planck 16, V cia ay th 9016



Full study of the ISS-LFV ,.: Results

“~ 05 ~ 7 TM-4

_ Exclusions
- —T o
— T —> l[’y

[\

_10 - s AT
10° "

-~ Contours for BR (Z - tu) s STU

I
1 10

Mg (TeV)

0.1

BR(Z — Ti)max ~ 1077 allowed by all the constrains for masses Mg ~ 2 — 3 TeV
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Full stud

Similar results for other scenarios

Exclusions
- — o it
Ty

s Z = IOV

e Ary
Contours for BR (Z - ) s STU

“~o05

0
/‘ -~ Contours for BR (Z - )

of the ISS-L¥V ,.: Other scenario
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Conclusions

The Inverse Seesaw is an appealing Model for explaining light neutrino data.

Heavy neutrinos from the ISS model can have important implications for
charged lepton flavor violation.

Strong experimental bounds motivate scenarios with suppressed LFV .

Studying the LFV ., sector within the ISS-L¥V . (similar for LFV.).:

o LFV H decays: We found large ratios for BR(h — 7pu), specially
in the SUSY-ISS with contributions of the order of the CMS excess.

e Production at colliders: We predicted detectable number of
singular LFV events p*77Fjj for heavy neutrino masses reachable at
the LHC.

o LFV Z decays: We found ratios, as large as BR(Z — ) ~ 1077,
potentially measurable at Future Linear Colliders and FCCee.

LFV is a promising window to Low scale Seesaw neutrinos

Thank you!
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