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Motivations - LFU

The top quark is the heaviest elementary particle in the
Standard Model.

Many models beyond the SM predict a special coupling of
the top quark with new resonances at high energy scales.

Testing lepton flavor universality with top quarks at CMS
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Test of global symmetries of the Standard Model
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Goals

Modeling the violation of lepton flavor universality with an effective theory

-0

i _
Lprr = Lsm + Z A Oi +h.c. Measurement of the SM ¢ty process, never
: i l t measured at the LHC
£.0200000000; Biaa0RRe Y g
t Measurement of the effective coupling between

w\\ o+ \_ 5 separately for electrons and muons
] t
g 1QQQ_QQ_Q_Q_QQJ—t<— g \000000QQQ/

- )
_ 4
< Z/y* : @ the top quark and leptons using the EFT,
t

We are studying the multi-lepton channel (3 or

A

t 4 leptons in the final state)
_ +0.09 +0.12
011z = 0997508 (stat) Zg17 (syst) pb
u N y Example of an EFT operator :
sF W KT 037 = (ly"1;)(Er"t) et OF = (erye;)(Er"t)
W Connection between top quark
A 0+ physics and B physics
=

IP2] - CMS Test of global symmetries of the Standard Model 3115



%0,

et
‘a'r.

47
Analysis — Signal Region |P 2 |
CMS private work a15m’ (13 TV

: BT -Vt ey "“‘I"!'T U
w | [fake TTZ |wz izz
% " Xy t)X [Brare | D-Y
1o )i Background This signal region will be used to:
o 1) Measure the process tty*(insidettZin
g 4 this plot)
& | _ 4 leptons m 2) Measure the EFT coefficients for lepton
> 40, 10, 10, > 10 GeV flavor violation
10 GeV

P

<

T 1

0
50 100

IP2] - CMS

Variable to test to extract the signal :
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Analysis — Signal Region '
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Data/Exp.

Analysis — Control regions
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The control regions are ZZ (3-41), WZX~y
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Data/Exp.

Analysis — Control regions

The control regions are ZZ (3-41), WZX~y
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Analysis — Lepton MVA

Improved lepton identification using a multivariable discriminant (LeptonMVA)
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Analysis — Lepton MVA

Improved lepton identification using a multivariable discriminant (LeptonMVA)
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Analysis — Lepton MVA

Improved lepton identification using a multivariable discriminant (LeptonMVA)
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Phenomenology work: Lorentz invariance

In the presence of Lorentz invariance violation, photons can decay into a pair of fermions in vacuum ifE, >E.,; . The
idea is to use photons produced at the LHC instead of astrophysical sources to set a limK7
Advantage: the source of the photons is well-defined.
The process is forbidden by the Standard Model.
This would require a modification of the EM

e Lagrangilan :
@ L=~ 300’ + W FuF,
1 Ry . . il -
FEoeuil = me Y Predicted signature within the framework of an
—zRTy

effective theory, the SME

Parameterizing
Lorentz invariance

violation :
o+ For electrons, expected improvement by a factor

of 50 compared to the Tevatron's last data
interpretation : &y > —5.8 x 10712

Study of e+/e- and top-antitop pair decay
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Goal

- 1
We want to mesure : K¢ = | Er % 102 ATLAS Data: o
2m? s =13 TeV, 36.1 fb! *’| <0.6 (x10)
Physically, we need to find the threshold energy % 10 ©0.6 <’ < 1.37 (x107) =
at which photons disintegrate in the vaccum. =TT | g "1.56 < n'| < 1.81 (x10?%)=2
o =10 1F = - 01.81 < | < 2.37 (x10°) 3
We will first look at : v — e*e” LU e - 3
Th sy — tt Q 10_2 s “‘0‘ i R
e TS o T E
- 1 - - - .
Therefore, we analyze the number of photons in 10 : -0-:'“_, P
function of E”? 1 O_6 S T S -
10 o e oy
For that, we reinterpret the ATLAS' results of E,. for 1077 = FNNNLI%”(E)ED, NNPDF3.1Tj@*§é& ——
prompt photon mesurement by looking at the 10°8 G tEr R T ORI .

(ME+PS@NLO QCD, NNPDF3.0) .=l

1079 E-s+ JETPHOX
. (NLO QCD, MMHT2014) |
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process: pp — v j j(3)
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Procedure

LYON

If the photon has an energy E > Ey,, then the probability of the photon
decay{ng is givlen by 1 — e 1% where L'is the width given by the integral

over 5 (B, - E), 5 (B, + E)| of

dl'  af(1 — &) 284 Ee(Ey — Ee) + (1 + Ry )m?)| — Rt B2
dE, (1 + Re)* V1 — Rep2 B2

If it decay, we chose at random following the
previous function :

By € (5 (B, ~ B), 5 (By+ B)

With

Collaboration with University of Maranhao (Brazil)
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Procedure

{8
gy

Reinterpretation of ATLAS data using the statistical method 'Confidence Levels'

Event generation with SHERPA

(CLs).
0<|y7| <06
— 10%
‘> 103
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B 10! .
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E 10!
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> 08 = =
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103 . .

. . fermion pairs and are not reconstr hotons (thus they do n
Difference in the number of El[Gev] Termio -pahs aI d are not reconstructed as photons (thus they do not
photons used for constraining appear in the plot)

RTT
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Measurement — Statistical test

BN

The statistical test is a log likelihood ratio. It is evaluated over the Y variable defined as :

where Kiis the bin value and 7 the systematic uncertainty.

The data systematic uncertainties are already given by the ATLAS
mesurement. They include the background substraction, the
unfolding, the pile-up, the trigger efficiency, the luminosity
measurement, the photon energy scale and resolution.

The Monte Carlo statistical uncertainties are taken from the local
MC and not from the ATLAS values. The theory uncertainties are
added in quadrature with the data systematical uncertainties.
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Measurement — Statistical test ; P;:,z i
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The statistical test is a log likelihood ratio. It is evaluated over the Y variable defined as :

Y ~ P(X) with X ~ N (i, 0:)

where [iis the bin value and i the systematic uncertainty. . Expected for SM
0.25 :_ Expected for LIV
The data sy n by the ATLAS n
mesureme & action the 0.2 . Observed (in SM-MC sample)
) -
unfolding, minosity B
measureme tion. 0.15—
The Monte from the local o
MC and no ertainties are -
added in q certainties. 0.05—
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&
Measurement — CLs method i P;?z 1
LBZINFINIS r et
0.3
- Expected for SM
The CLs method is used to set n Spvecior N
L 0.25— B eisv
upper limit on parameters K =9
L - PLIV)
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. inf &
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Qobs 015 o
Gobs B
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Measurement — CLs method

Limit on Etr Limit on Ktr
® CLs values i ® CLsvalues |
0.4 1 : ' 0479 Interpolation !
" | —— Interpolation | P !
I |
I |
I |
| 0.3 - :
0.3 N : . 1
| |
| |
| |
| |
- | 2 024 |
O 0.2 A : o 0. :
|
| |
| |
| |
' :
0.1 - : 0.1 - |
E>2.218e + 03I Rir> —1.062e — 13 |
___________________________________________ ,
I |
1 0.0 1 :
0.0 - ! ) ' . | | | 3 | | |
2000 2050 2100 2150 2200 2250 2300 2350 2400 -1.30 -1.25 -1.20 -115 -1.10 -1.05 -1.00 -0.95 -0.90

£y Ko le-13
Using linear interpolation between the point,

we can set a boundery on the value :

Kir > -1.062e-13
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Top quark physics : P

_ : : '
A 5|mllar an.alysols can be done !oy looking at the Evolution of cos(8) for £,=2510.0
desintegration in top quark pair
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Top quark physics

_ : : '
A 5|mllar an-alysols can be done I.oy looking at the Evolution of cos(8) for £,=2510.0
desintegration in top quark pair

. . L3 L3 Ll 2400
The cinematic could be used to discriminate 20 4
between SM and LIV in order to measure 5.
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What does it mean ?
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Summary
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Lepton Flavor Universality

Implementation of the selection to define control
and signal region
Research of discriminating variables

LS
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Summary |P§’2I

LB 2 INFINIS %

Lepton Flavor Universality Lorentz Invariance Violation

Implementation of the selection to define control
and signal region
Research of discriminating variables

Put a constrain on the LIV coefficient around 50
times better than the previous mesurement

Still no LIV observation
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Summary i P
Lepton Flavor Universality Lorentz Invariance Violation
Implementation of the selection to define control
and signal reg.ion. o . Put a constrain on the LIV coefficient around 50
Research of discriminating variables times better than the previous mesurement

Still no LIV observation

EPR task

Optimisation of the HCAL
isolation cone size

My time has come.
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Summary | pff‘a |
Lepton Flavor Universality Lorentz Invariance Violation
Implementation of the selection to define control
and signal reg.ion. o . Put a constrain on the LIV coefficient around 50
Research of discriminating variables times better than the previous mesurement

Still no LIV observation

EPR task

Optimisation of the HCAL
isolation cone size

Muon Vertex
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