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Overview

Basic principles underlying leptonic [3avour
models

Model, its parameter space and ItS
experimental constraints

Tool chain and how to calculate exclusion
regions

Is there any complementary between these
experiments?



Neutrino Masses and Mixing

normal hierarchy (NH) inverted hierarchy (IH)
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Flavour Model Motivation

guark mixing

PMNS matrix
results from the

Perturbed #

small CPV

breaking of a
non-Abelian

high energy!

r N entries
- . [ resemble CG scales
coe"cient of
di t
N N groups .
N - Di"cult to apply
L J to quark sector

Hall, de Gouvea, Murayama Altarelli, Everett,
Feruglio, King, Ding,
Hagedorn, Petrov, M. C
Chen, Harrison, Perkins,
Scott, LuhnEE.



Flavour Model Paradigm
Energy

Non-
Abelian!
Flavour

Symmetry

leptonic SU(2).
doublets#
In triplet of Ravour

group

Low energy vev of RBavon break Abelian!
e$ective theory is Ravour symmetry '

SM and Majorana
mass term

Residual
Symmetry



The model we constrain

1604.00925 and 1607.05599:

Pascoli and Zhou
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Need corrections to TBM

break Z> or Z3

modify mass matrices

sizeable %3 and &

function of the
6 model paramete




How does this [3avour sector
communicate with us?



Scalar Sector

1 .
Veross(H, 1) = Z"H H(!! ), Cross coupling between

2 Higgs and [3avons
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Scalar Sector

\/ H 1) = %39 H (1l Cross coupling between
cross ) (1 Higgs and [3avons
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Yukawa Sector

charged lepton RBavour
conserving
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Model Parameter Space

Parameter p | min(p) max(p)
logo(v,) 1 3
logy(€) -3 0.5
log(g1) -4 U
-log (g2) -4 0
logo(leg]) -3 0.5
0. 0 27

Table 1: Parameter sampling boundaries.

o

on

. Any flavon mass is too light, i.c. m(s;) <10 GeV,i=1---3.
. 5

. All flavon masses are > 1 TeV.

DA < =

Any flavon mass is too close to the Higgs — |m(s;) —mypy| < 5 GeV fori =1,2,3.

Any flavon mass which is not the Higgs is close to degenerate — |m(s;) — m(s;)| <
100 MeV for i,7 = 1,2, 3.

4

2 <0 Conditions for Physicality




' Model: Zs-breaking gives

realistic [8avour structure#
with minimal number of
parameters

ldentify: collider signatures

' Constraints: Higgs-width,

Higgs-scalar mixing, g-2,
CLFV BRs.

Analysis: recast 8 TeV
ATLAS multi-lepton search

' Tools: MC event generation
and CLs method.

" Results: 18 10 : 05648

Lukas!
Heinrich




Collider Constraints

1. Flavons mix with the Higgs and decay via!
CLFV and CLFC processes.

Si, h -
TXX0) TXX0) <|' T0) <.
T <i,h T 1. o000 i

2. Measured Higgs width ~ 22 MeV versus 4 MeV SM
calculation

3. Make sure the Higgs is mostly comprised of the Higgs #
m aSS e I g e n Sta‘te ” Godunovl,?ORboeznnSa’lnscf\(i]c \6;;isil;:s,llz)r/fjgﬁ’emchu:g

1303.1150,1501.0223

1503.01618,1502.013



g-2 and MEG Experimental Constraints

r

0602035, 1311.219

E821 (BNL) measures muon anomalous magnetic moment!

la, = a>®! ai™ =(2.87+ 0.8)" 10 ° (3.6!)

MEG experiment measures ($ e%

Br(p! el)" 42# 10 *° at90% C.L!



g-2 and MEG Experimental Constraints

T

muon g-2 experiment based at Fermilab measures muon
anomalous magnetic moment!

la, = ay®! aj™ =(2.87+ 0.8)" 10 ° (3.6!)

MEG experiment measures ($ e%

Br(p! el)" 42# 10 *° at90% C.L!

The above analytic constraints are functions of the 6 model !
parameters, see back up slides for formulas !



The Collider Analysis In
a nutshell



ATLAS Analysis: 8 TeV

Search for new phenomena in events with three or more che
leptons In pp collisiongat= 8 TeV with the ATLAS detector

20.31 fb

distributions have nc
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ATLAS Analysis: 8 TeV

Search for new phenomena in events with three or more che
leptons In pp collisiongat= 8 TeV with the ATLAS detector

20.31 fb
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Tool Chain

_ FeynRules Sherpa
Lagrangian 1406.3030 SRg)  0s114622

1604.00925 anc
1607.05599

NNPDF3.0

https://github.com/diana-hep/pyhf
validated

ATLAS

analysis
1411.2921

Calculate
CLs

1003.0694
https://rivet.hepforge.org/

¢ ATLAS

EXPERIMENT

Analytic

Constraining Constraints
our 6D g-2
model PS

($ e%

Higgs width
+ mixing

Thanks to UK HEP Grid Computing for resources


https://github.com/diana-hep/pyhf
https://rivet.hepforge.org/

1604.00925 anc TOOI Chal n

1607.05599
: 106 MC events:simulated:«per
Lagrangian PSppoint: UE;hard process,

showeringhhadronisation +
hadrenicdecays

v

Rivet

1003.0694
https://rivet.hepforge.org/

https://github.com/diana-hep/pyhf

validated

Calculate ATI AS -
CLs

analysis
1411.2921

¢ ATLAS

EXPERIMENT

Analytic

Constraining Constraints
our 6D g-2
model PS

($ e%

Higgs width
+ mixing

Thanks to UK HEP Grid Computing for resources


https://github.com/diana-hep/pyhf
https://rivet.hepforge.org/

CLs Method for Recast

PDF generated Cz_:llculated
through possible using PyHF:
[Ructuations (Asimov dat: _
set) 1007.1727 https://github.com
diana-hep/pyhf
L LLR obs

signal+BG changg 2l f 0
for each PS point fq a—

BG only hypothesi
observed LLR (constant)
EEREINER _ LR

* LLR ops o
1! CLp" fo(LLR )dLLR Cls+p! f1(LLR )dLLR
" LLR obs

ClL. = CL s+Db Frequentist Is
S — CLs+b0nly
CLy



https://github.com/diana-hep/pyhf

CLs Method for Recast

PDF generated
through possible

[Ructuations (Asimov dat:
set) 1007.1727

High Sensitivity
LL LLR obs
~ f
al fl 0
] LLR
" LLR obs -
1! CLp" fo(LLR )dLLR ClLs+p! f1(LLR )dLLR
I LLR obs

S — CLs+b0nly
CLyp



CLs Method for Recast

PDF generated
through possible

[Ructuations (Asimov dat:
set) 1007.1727

High Sensitivity
LL
O
al
) B LLR
* LLR ops -
1! CLp" fo(LLR )dLLR Cls+p! f1(LLR)dLLR
I LLR ops

S — ClLs+bonly
CLp

CLs > 0.05, H1 cannot be excluded



CLs Method for Recast

Low Sensitivity
LL
O
. _ al
CLsis conservative
against
overestimating CLy, becomes small
exclusionary power | therefore Cls
case of low signal becomes large andi
sensitivity cannot be excluded
LLR
* LLR ops -
1! CLp" fo(LLR )dLLR Cls+p! f1(LLR )dLLR
" LLR obs

S — ClLs+bonly
CLp

CLs > 0.05, H1 cannot be excluded




Many of our PS points

P DF

LLR

* LLR gps -
1! CL," fo(LLR )dLLR Cls+p ! f1(LLR)dLLR

" LLR ops
S ™ Cls+ I
CLb stony

CLs < 0.05, H1 can be excluded at 95% CL




Results
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Exclusionary Power

Experimental data

Exclusion power [%0]

MEG
ATLAS
Higgs-width
Higgs-mixing
g! 2

65.6
40.0
6.0
1.7
0.7




Exclusionary Power

Experimental data

Exclusion power [%0]

MEG
ATLAS
Higgs-width
Higgs-mixing
g! 2
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40.0
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Conclusions

A priori it Is not clear the [3avour breaking scale Is to
the GUT scale. Can we exclude a lower value of this

scale?

Experiments such as MEG place highly competitive constra
on Ravour model P.S (we were skeptical the collider would b

able to compete!)

We demonstratedcollider searches for high multiplicity
leptonic Pnal statesan compete and complement MEG
and g-2 experimental constraints.

Why? The collider has sensitivity to RBavon coupling to H@gQgs
MEG and g-2 are not.

The chosen model P.S is largely excluded through synenrgy
these experiments.



Thank you!



Back-up Slides

Minimise the 3avon and Higgs potential
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Back-up Slides
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Relatlng gauge to mass baS|s
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