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Introduction
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. If mass and the Yukawa matrices are not simultaneously diagonalizable, -  Muons
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. LFV decays arise in models with more than one Higgs boson doublet,
certain supersymmetric models, composite Higgs models, models with
flavor symmetries, etc.

. Neutrino oscillations also suggest that lepton flavor is not conserved,
however, no charged LFV has been observed to date




Analysis Overview

. Channels and final states: : |
-H — p5y, H - pur, H — eg,and H — ez, A
(a) leptonic: H — pur,
. H — pr,and H — ez, are not considered because of large Drell-Yan background py
. Categories: AN
* O jet: targeting gg - H (b) hadronic: H — ,Lm:
. 1jet: targeting gg — H with Higgs recoiling against a jet (ISR) o
. 2 jets and m;; < 500/550 GeV (ez/pu7): targeting gg — H with additional jets o T
. 2 jets and m;; > 500/550 GeV (ez/u7): targeting qq — H S
“

(c) leptonic: H — er,

. Signal extraction: ‘v

. BDT trained with adaptive boosting in TMVA to discriminate signal from background o Y al
» Maximum likelihood fit of BDT discriminator distributions N

(d) hadronic: H — em,



Mass Variables

—

. Transverse mass: M (£) =

transverse plane between the lepton and the MET

2 | pf || pz’”f’i”’ (1 — COSA¢f_p¥liss), where Aqbf_pf,ﬁss is the angle in the

. Collinear mass: 7 produced from Higgs decay is Lorentz boosted, so we assume the neutrino(s) produced

from the decay of 7 is(are) collinear with it’s visible decay products
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Event Selection

TABLE I. Event selection criteria for the H — ut channels.

Variable UT}, UT,

ps &8 >13 GeV

Ph >26 GeV >24 GeV

Pt >30 GeV Lo

nle s <2.5

n|* <2.1 <2.4

n Th <2.3 ¢« v

I, L <0.1

I, <0.15 <0.15

Trigger requirement  p/ > 24 GeV (all years) p5 > 12 GeV
pr > 27 GeV (2017)  p% > 23 GeV

TABLE II. Event selection criteria for the H — er channels.

Variable ety et

Pt >27 GeV >24 GeV

ph c >10 GeV

Pt >30 GeV X

n|° <2.1 <2

n 7 e <2.4

n|™ <2.3 o

I, <0.15 <0.1

I, o <0.15
pt > 25 GeV (2016)

Trigger requirement pt > 27 GeV (2017) pT > 23 GeV
pt > 32 GeV (2018) ph > 8 GeV

p% > 24 GeV and p7 > 30 GeV (2017, 2018)

* “DeepTau” is used to distinguish taus decaying hadronically against jets, electrons, and muons with high
efficiency and low mis-identification probability

* Events with b-tagged jets (pr > 20 GeV, || < 2.4) identified by the “DeepCSV” discriminator are vetoed

* Events with additional leptons or hadronic taus are vetoed



Hadronic Channels
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Background Processes

Leptonic Channels
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Background Estimation
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Classification

. Classification is done using the BDT adaptive boosting
technique for discriminating the signal from background

. Training is done with the signal as GluGlu/VBF samples
weighted according to their production cross-section

. Background used for training is a representative subset of the
background samples
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. Input variables to the BDT are:
. Collinear mass
. Visible mass
 T'ransverse mass
» Missing transverse momentum (MET)
. Spatial separation between leptons
and MET

. Lepton transverse momentum



BDT Discriminator Distributions
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. Systematic uncertainties are incorporated into a likelihood function which is fit to obtain the best-fit and
upper limits on the branching fractions

. Post-fit BDT discriminant distributions of two categories of the H — u7 channel are shown above



H — ur/er Limits on Branching Fraction
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m
_ Decay width of LFV Higgs boson decays is I (H — ffj) — ~
T
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Branching fraction is related to the decay width: 93 (H —> fifj) =
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Summary

PhysRevD.104.032013

. Search for experimental evidence of physics beyond the SM is of significant interest, and LFV decays of the
Higgs boson provides one such signal

. Expected limits obtained are an improvement compared to the previous analysis not just because of the
increased statistics but also attributable to the improved object identification, background estimation, and

BDT classification techniques

 No excess is observed, and the most stringent upper limits on these branching fractions have been set

TABLE VI. Summary of observed and expected upper limits at 95% C.L., best fit branching fractions and
corresponding constraints on Yukawa couplings for the H — ur and H — et channels.

Observed (expected) Best fit branching Yukawa coupling
upper limits (%) fractions (%) constraints
H — ur <0.15 (0.15) 0.00 £ 0.07 <1.11(1.10) x 10~

H - et <0.22 (0.16) 0.08 + 0.08 <1.35(1.14) x 10~°
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Background Validation

137 b (13 TeV) . 137 tb' (13 TeV) . 137 fb' (13 TeV)
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of opposite sign leptons
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H — u7 BDT Discriminator Distributions
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H — e7BDT Discriminator Distributions
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Systematic Uncertainties

Lepton ID/Iso./ Trigger
uncertainty

Cross-section or
normalization uncertainty

Energy scale uncertainty

Theoretical uncertainty

TABLEIII. Systematic uncertainties in the expected event yields. All uncertainties are treated as correlated among
categories, except those with two values separated by the @ sign. In this case, the first value is the correlated
uncertainty and the second value is the uncorrelated uncertainty for each category.

Systematic uncertainty UTy, UT, ety et

Trigger timing inefficiency 0.2%—1.3% 0.2%-1.3% 0.2%-1.3% 0.2%-1.3%
Integrated luminosity 1.8% 1.8% 1.8% 1.8%
QCD scales (ggH) 3.9%

QCD scales (VBF) 0.5%

PDF + ag (ggH) 3.2%

PDF + as (VBF) 2.1%

QCD acceptance (ggH) —10.3% to +5.9%

QCD acceptance (VBF) -2.7% to +2.3%

PDF + ag acceptance (ggH) —0.8% to +2.8%

PDF + ag acceptance (VBF) —1.7% to +2.3%
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Misidentified Lepton Background Uncertainties
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. Shape uncertainty is estimated in the W+Jet CR, where we observed dependence on the variable
dgp(u/e, MET)

. This is applied in the signal region, which is defined orthogonally to the W+Jet CR
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. Best-fit branching fraction can be seen in the distribution of the negative log-likelihood distribution

. Uncertainties are split into systematics and statistical contribution and as can be seen the analysis is
systematically limited
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Future Projections

Higgs Physics at the HL-LHC - arXiv:1902.00154
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