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What is the Lepton Flavour Universality (LFU)?

Standard Model of Elementary Particles
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Motivation for my PhD thesis

LEP finds a disagreement with the SM in W bosons decays in 7 and u,e :
R:/u: BOWW = 75.) / B(W = up,) = 1.070 = 0.026 [0]
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ATLAS [1] and CMS [2] collaborations studied this TcMms
observable, finding agreement with the SM. i
More precision studies could help further test the LFU 1.10 “
hypothesis.
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Procedure
We need a pure sample of W bosons:

- Exploit the fact that (almost) all top quarks decay in W boson + a b-quark, use
b-jet arising from b-quark to tag the event and reject backgrounds

Study top quark pairs events, where both W decay leptonically (e, u, T)




Procedure

Start from an initial study [3] to reduce systematic uncertainties, use:

> Optimized observables exploiting normalization with Drell Yan events

N(tf — etyv,v;bb)  N(tF — p,v,v.bb)
N(tf — euvv,bb) = N(tF — ppv,v,bb) N(DY — up)

i 2 'N(DY — 1,1,
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N(t{ —7 I’lT]lV}lUTbB) N(tf o ETIII/GI/TbB)
N(tf — euv,v,bb) ~ N(tf — eev,v,bb) N(DY — ee)
2 "‘N(DY = 1,13,)
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> Tuned selections and corrections to equilibrate efficiency and symmetry between
different regions

> Reduce effect of (otherwise dominating) lepton related systematics



Procedure

. . . . imulation Prelimina e o _CMS Simulation Preliminary 2017 (13 TeV)
> Use Machine Learning: e e e B [ IR
-4— MVA (updated decay modes) > —— DeepTau vs. electrons
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AlIM:

Measure the coupling of the W bosons with e, u, T and produce a
precision test of the Standard Model using CMS Run2 data.
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Thank you for your attention!
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CMS detector
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Procedure
The aim, in these top quark pairs events, is to compute:
N (tt — ¢mvev,-bb) _B(W — 71v;)
N (tt — Llvvbb) N B(W — lv)

Where 7, is a 7 reconstructed hadronically in 3 charged pions (with the possibility of also using the
one prong decay)
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What is the Lepton Flavour Universality (LFU)?

LFU tests usually study ratio of observables to simplify correlated uncertainties and

provide the best possible precisions.
Several tests were performed in the years in different sectors, below a non-comprehensive

table with some of the results, where the 1e uncertainty is shown within brackets.

FT—>,LA/FT—)6 FTI'—)/.L/FTI'—)E FK—)/L/FK—}e FK—Hr/,L/FK—Hre FW—)/,L/FW—)G:

19,/ gel 1.0018 (14) 1.0021 (16) 0.9978 (20) 1.0010 (25) 0.996 (10)

FT—)e/Fu—m FT—)ﬂ'/Fﬂ'—)p FT—)K/FK—>;L FVV—)T/PW—)[A

19-/9,] 1.0011 (15) 0.9962 (27) 0.9858 (70) 1.034 (13)

FT—)H/F[_L—)E FVV—)T/FW—)G

lg-/9.|  1.0030 (15)  1.031 (13)

A. Pich, “Precision Tau Physics”, Prog. Part. Nucl. Phys. 75 (2014) 41, arXiv:1310.7922



Tau Decay branching ratios

[ Decay modes || TAUOLA-CLEO |
T — €V, Vr, 17.8 %
T— [UVy Vi 17.4 %
T — h™neutr.v; (single-prong) 49.5 %
T— =V, 11.1 %
T — ARV, 25.4 %
t — 210 v, 9.2%
t— 10n%7%n*y, 1.1%
T — K= neutr.v, 1.6 %
| 7 — h*hh*neutr.v, (three-prong) || 14.6 % |
T— A=AA=V, 9.0 %
T — n'n*n=nv, 43%
T — %7 nnty, 0.5%
T — 7 ntntn*y, 0.1%
T— KIX=v; 0.9%
T — (A")n=r*=n*n=n=v, (five-prong) 0.1%
other modes with K 1.3%
others 0.03 %




Expected uncertainty from Oleksii Toldaiev feasibility study

Simulation
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[https://cds.cern.ch/record/2745770?In=en]
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