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Brief introduction

« The standard model (SM) has proven a solid description of particle interactions up to today
energy scales

 One of the goals of LHC is to search for processes beyond the SM (BSM) and extend
our current understanding of it

 Lepton Flavour Violating (LFV) decays represent a diversified ground for BSM searches

« LFV are strongly suppressed in the SM, and only allowed at very low branching fraction by
neutrino oscillations

. ~ -55
example' BR (T - SU) 10 doi:10.1140/epjc/s10052-020-8059-7
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Brief introduction

New Physics (NP) models may enhance LFV processes up to detectable rates

it may manifest in BSM decays of known particles, such as the Higgs or the tau lepton

...or it may manifest as the direct/indirect effect of undiscovered

CYu f’
particles, such as new heavy neutral bosons (Z’), supersymmetric
K
: A
particles, QBH, ...
« coupling to the third family may be enhanced in some models —
qu 14

LFUV

» The CMS experiment can access a large set of BSM scenarios
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Talk overview

Results from lepton flavour violating decays (LFV) at CMS involving tau leptons
® Search for the LFV t=>3u decay in CMS in Run-2 data

® Search for heavy resonances and quantum black holes in ep, et and pt final states in proton-proton

collisons at sqrt(s)=13 TeV

® Search for lepton flavour violating decays of the Higgs boson in the ut and et final states in proton-proton

collision at sqrt(s)=13 TeV

® Test of lepton flavour universality violation (LFUV) in semileptonic Bc+ meson decay at CMS

Tau2023
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The CMS detector

CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS u "
Overall diameter :15.0m Pixl (1005150 ) -1 —66M channl . Cy| indric com pact (1 5m x 21 m) detector
Overall length :28.7m Microstrips (80x180 um) ~200m?* ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A

[ ]

high granularity pixel + strip silicon tracker for

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

excellent track, PV and SV measurements

PRESHOWER
~ Silicon strips ~16m? ~137,000 channels

FORWARD CALOKMETER PbWO, crystal ECAL and brass+plastic HCAL to

achieve hermeticity and jet+EG shower measurement

Brass + Plastic scintillator ~7,000 channels

CSTAL e » 3.8T solenoid for pT measurement
CALORIMETER (ECAL) R

- - external muon chambers outside steel return yoke
HADRON CALORIMETER (HCAL)

//1 N

for a clean muon detection and pT measurement

collected luminosity:
e Runi: 25/fb pp @ 7 and 8 TeV
e Run2: 140 /fb pp @ 13 TeV
e Run3 ongoing

two level trigger system (hardware + software)

Tau2023

LFV decays at CMS Luca Guzzi - INFN Milano-Bicocca



10.48550/arXiv.2312.02371
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sources of t leptons

Two sources of T leptons by CMS: heavy flavours and W bosons

» heavy flavour (HF) mesons are the most abundant source of tau leptons in

op collisions (~10'" tau leptons per /fb)

- low-pT and high |n| — less efficient trigger selection

m B+

= B0 - more sensitive to fake signal muons from m's and K's

mBs . production in the W channel less abundant (~107 tau leptons per /fb)

- harder spectra and more central decay — more efficient trigger selection

- properties of W — 1v bring additional handles for background

suppression (large missing pT, low hadron activity, larger signal pT)

Tau2023
LFV decays at CMS

Luca Guzzi - INFN Milano-Bicocca


https://doi.org/10.48550/arXiv.2312.02371

10.48550/arXiv.2312.02371

T— 3

overview

LFV process, strongly suppressed by the SM 0

® allowed by some BSM models at detectable

branching fraction (~10-9) 10.1007/JHEP10(2018)148

pp collision @13 TeV 90 /fb

1.7% GeV

® 2016 data analysis (30 /fb) already
public 10.1007/JHEP01(2021)163

online event selection: dedicated trigger paths selects signal

events with three muons or two muons and a track

®  result extended to full Run2 era offline signature: charge-one three muon events from a displaced
vertex
M figure of merit: three-muon invariant mass distribution
T X<u « simultaneous ML fit the signal strength
] \\ « categorization based on the invariant mass resolution and
F production channel

Tau2023
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background rejection

2017-2018, 97.7 fb' (13 TeV)

background sources 025 CMS
t Data (sidebands)

. . 0.2 I HFt— 3u (MC)
®  kinematically closed decays of D mesons

® veto ¢p—ppy and w—pp resonances

¢ fake-muon (pions and kaons) by suppression by track quality

® semileptonic decays of D mesons LT LR
Trimuon vertex fit x2 per degree of freedom
® involves non-reconstructed particles — mass below signal region 2017-2018, 90.4 1o (13 TeV)
. . o = [ CMS
further suppression by a BDT discriminator i \  Data (sidebands)
i W 134 (MC)
®  combinatorial: suppressed by the BDT discriminator 10
® electroweak W—pv+FSR decays: 3u+large MET prompt background survives the MVA 0% B
selection, removed by cutting on the displacement significance from the interaction point 10— :
100204 06 Jo!s' 1

Tau2023
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results
® Signal strength extracted with UML fit to the three- - 2018, 59.8 b7 (13 TeV)
. . s 10°® Up to 131 fo™' (13 TeV) 2 5:_ CMS W Category A
muon invariant mass distribution Q | oms ol i oaa
% % 4:_ —— Signal (B=107)
* categories are combined via simultaneous & - SO 1 I et
= i I 68% expected ) n
. . 1S r o -
fit of the signal strength = | ] 957 expected 1
g s R il
®* no signal evidence in data — upper limit seton g | i \
the T3y branching fraction O Wranahes Wanaes FFwW oW R e R S v i
2017+2018 2017+2018 2017+2018 2016+2017+2018 m(3l‘~) [GeV]

® extend the analysis with the 2016 analysis
(doi.org/10.1007/JHEP01(2021)163) to the full Run2
dataset B(t—3u) <2.9 (2.4) x 108

observed (expected) upper limit @ 90% of CL

e comparable to the world best UL set by Belle Observed (expected) upper limit @ 95% of CL
at 2.1 x 108 @90% CL B(t—3u) < 3.6 (3.0) x 108

Tau2023
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HIGH-MASS RESONANCES AND QUANTUM
BLACK HOLES

138 fo”' (13 TeV)
: . o 10Fcms  +Daa o =
® search for LFV signatures ey, et, pt in CMS 13 O Fl. e e e
%) = Diboson g Uncertainty ----- RPV16TeV ]
TeV pp data (138 /fb) S ..
w _
® signature: two prompt isolated (tau reconstructed - B
102 1
in hadronic decays) T e ez
o . 3 SET T T T
signal strength extracted from invariant mass & 2F
b . , g ob ' ' ' ' :
distribution of the di-lepton final state ° O 900 1000 100 2000 esee. "
1T
® results interpreted in different BSM models gﬁ:::}'::::iﬂhcehgggitgva”am mass (other
* /' production and LFV coupling main background sources
*  sneutrinos pI’OdUC’[iOﬂ and LEV Coupling + ttbar (and multi-boson): from MC simulation
W+jets and QCD multi-jet: fake rate estimation from data control
®* qguantum balck holes (QBH) to LFV final states regions
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HIGH-MASS RESONANCES AND QUANTUM
BLACK HOLES

® no signal evidence found in data — upper limits are set for each channel as a funciton of the heavy resonance

invariant mass at 95% CL

138 fb”" (13 TeV) S 138 fb” (13 TeV) 138 fb" (13 TeV)
o N AAA N BN RS RN AR RS RASSERRRRE ! oYl LA L B B L L B S F T T
£ [\ cms —Aoh-om g £ [ CMS — LFVZ (B=0.1) = ol CMS —— ADD (n=4)
2 < — A=A'= _| A 10* 100 .
3 K R 95% CL upper limits X ? 95% CL upper limits x [ BH-owr 95% CL upper limits
o 22 Cbserved © 10 — Observed © ¢  Observed
10F ---- Median expected = -- Median expected o - Median expected __
2 68% axooetod 1 B 68% expected B 68% expected
- 95"/: eigected 95% expected 95% expected
1 =
107 — \f
10_21-'_|||||\||||||||||||||||||||||||||||||||||||||||_ v e b b e Lo Ly | 2l ltunlnnnulnuull.‘..ll...l_
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 102 1000 2000 3000 4000 5000 6000 10 1000 2000 3000 4000 5000 6000
m; (GeV) m,. (GeV) m,, (GeV)
example: expected and observed upper limits as excluded heavy resonances mass values at 95% CL (TeV)
: Channel RPV SUSY v, (TeV LFV Z' (TeV) QBH TeV
a function of the heavy resonance mass for the R el Wb e s e
. ep 2.2 (2.2) 4.2 (4.2) 5.0 (4.9) 5.6 (5.6)
Ut channel (other channels in the backup) et L6 (1.6) 8.7 (3.7) 43 (43) 5.2 (5.2)
uT 1.6 (1.6) 3.6 (3.7) 4.1 (4.2) 5.0 (5.0)
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HIGH-MASS RESONANCES AND QBH

. - - - . 0 ) ) . ' 0 )
model-independent interpetation is obtained reducing the high-mass bins to a single bin starting from a
threshoold mass mmn

138 fo' (13 TeV) » 138 b (13 TeV) » | | | 138 1 (13 Te)
~10E—TT T T T T T 7T T T T T T T T T T | T T T T 7T —_ -|||||||||-|||||.|......|. 3 |||r1||1||x|1°111|.;‘|
é CMls 95% ClL upper Iim%ts é CMS 95% CL upper limits = CMS 95 /OQEL upp:r limits

3 — Observed w 10° — Observed w 10° T — Observe
2 E en - --Median expected % et - --Median expected % . - --Median expected
<T 42 I 68% expected < I 68% expected <T 4 B 68% expected

95% expected X 95% expected 95% expected

S IRTY
X
©
1
107"
10 T T TR Ry IINER TR ST R S L = N N S S I L - R S R I
500 1000 500 2000 e 2500 500 7000 1500 2000 2500 500 7000 1500 2000 2500
miv (GeV) min (GeV) min (GeV)
([

model-dependent limits can be obtained by dividing the above result by the fraction of

events above mMin for the BSM model under test
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10.1103/PhysRevD.104.032013

H—et,ut

137 b (13 TeV)

—+— Observed []Z-t

® search for LFV Yukawa couplings in CMS 13 TeV yORl  EEZocshu  Efiets
[ ]W+jets/QCD [ESMH
— H-ut (B=20%)[ ] Bkg. unc.

pp data (137 /fb)

® signature: muon/electron and oppositely charged

tau lepton

i €Th, UTh, eTU, Mg

06 04 02 0 02
BDT discriminant
* further categorization based on jet multiplicity example: |, category with O jets

(0, 1, 2 jets) and H production mode (ggH, main background sources

VBF) .

: embedding technique fake rate estimation (Z—pp

collision data replacing the final state with a simulated 1 pair)

® signal strength extracted from the output

distribution of a BDT with a binned ML fit

. — fake rate estimation from

control regions
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CMS 137 fo™ (13 TeV) CMS 137 fb™ (13 TeV) ¥ P
T 171 g T T 17T l T T 17T I TT1 17T I TT1 17T ] LB T 171 I T T 17T l T T 171 I T T 17T I TT 17T I T 171 137 fb (13 Tev) 137 fb (13 Tev)

}L‘Eh, 0 Jets et,, 0 Jets

037 (0.33)% | H — wt BDT fit | 044 (0:39)% | H — et BDT fit |

pt, 1 Jet e Observed et,, 1Jet e Observed 4 -

o.:to (0.43)% l X Median expected o."es (0.44)% .' X Median expected 10 10

B ’ 2 B 9 9

e, 2 dets g I o crpected ., 2 ets it

050 (0.49)% | [ 95% expecte | 0.78 (055% | 1 95% expecte |

we , VBF & et,, VBF Xo W02 = 102 777777

0.39 (0.30)% | 0.57 (0.35)% | _ : _ g

KT, 0 Jets ] l egt‘zo .(J)e; ) l z& > ZS

0.311(334)/0 B | ) 1(J.t )% | 1 10° E—— o 109 B 8.":

HTo: en, 18 @ | @'

0.36 (0.57)% X 0.56 (0.53)% L e \ g g

urt , 2 Jets et,, 2 Jets \‘-._ g. : g_:

0.77 (1.13)% X 1.35 (1.08)% Xe 10* F L f 10* F f

nt, VBF et,, VBF E WE WE R E o

0.58 (0.83)% X 042 (0.86)% g r g :f. 3 C A

nt et . 107 poend 2% il 10°° R BT L AT

015 (0.15)% ui|||| 022 (0.16% ui|||| 10°  10* 10 102 10" 10°  10* 10 102 10"

-1 0 1 2 3 4 5 -1 0 1 2 3 4 5 Y | Y |
95% CL limit on B(H— pur) % 95% CL limit on B(H— e1) % ut et

no significant excess — upper limits on the branching results are also interpreted as exclusion limits on the LFV

fractions at 95% CL Yukawa couplings at 95% CL

* Hopr<0.15(0.15) % o JIYuT2 + Y12 < 1.11 x 1078
« H—er<0.22(0.16) %

« JIYet]2 + |YTe]2 < 1.35x 108
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LFUV: R,, FROM B*_ DECAYS

* LFU: the coupling of vector bosons to leptons is predicted equal except for lepton mass

differences

_ BBI-oJ/Pttvy ;o .
Riw = =% —— =0.2582
B(Bc = J/W u™vy)

e BZ channel not accessible at B-factories
®* adeviation from the SM prediction would be an indication of NP

* CMS R,y measurement on pp data @ 13TeV (59.9 /fb) collected during 2018

® signature: three muon final state (J/p—py, T—uw)
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LFUV: R,, FROM B*_ DECAYS

CMS preiiminary 59.7 fb' (13 TeV) CMS rreliminary 59.7 fb (13 TeV)

4 T T T T = = T T T T 3
10° B @l si-ury By Wsvesu'y 'S 1600~ sy Bl B s vesuvT]
other B> @c)u'v [l Bi-Jrw H(h1..) H, mesons ~ = other B @c)u'v [l Bi-Jrw H'(h1..) H,mesons ]

H, baryons comb. dimuon + u* - fakes _fQ 1400 - H, baryons comb. dimuon + p'. fakes =]

¢ observed stat. + syst. unc. c [ ¢ observed stat. + syst. unc. ]

contribution of signal channels extracted from

events / bin

two observables with a binned ML fit

® 2= (p(B) - p(J/W)? computed under

collinearity hypothesis o el ¢ .
GO 3 i
® 2D secondary vertex displacement ¢ (GeV) %910 Lo 9,

C g main background sources
significance

« fakes from kaons and pions: reduced with track-quality cuts

and modelled from collision data control regions with inverted

+0.18 +0.21 +0.19
Ryw =0.172547 (stat) ¢33 (syst)“g1g (theo) selection cuts

compatible with the SM prediction within the experimental * : from simulation

uncertainty (0.2582) « combinatorial: extrapolated from data control regions


https://cds.cern.ch/record/2868988




Summary of the talk

» Lepton flavour symmetries offer a wide set of possible tests for the standard model, spanning
from low-momentum to high-mass observables, involving known and unknown particles

« At CMS, LFV and LFUV are under investigation in many fields (B-physics, Higgs, exotica states)

o T—3M obs (exp) upper limit set to 2.9 (2.4) x 108 @ 90% CL comparable to B factories

o excluded LFV Higgs decays to pt (e1) t0 0.15 (0.22) % @ 95% CL

o BSM heavy particles (Z’, QBH and sneutrinos) excluded in their LFV decays to ey, eT, ut

o measurement of the LFU ratio R,y = 0.17 + 0.33 compatible with the SM within the experimental

uncertainty

Tau2023
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Tau lepton reconstruction in one slide

» tau lepton reconstruction occurs for its hadronic final state (~65%), where the tau is
reconstructed as a jet of charged and neutral hadrons
» electron and muon decay modes can only be reconstructed as electron and

muon physics objects

» the hadron-plus-strip algorithm is used to identify possible candidates among jets

+

» looks for charged tracks and EM energy deposits inside some isolated cone, T
compatible with a tau decay Decay mode Meson resonance B [
T~ e Velr 17.8
. . . . T = U Ve 174
» tau reconstruction is subject to fakes from jets, muons and electrons T 115
T~ —h™ ng ve p(770) 26.0
. . . o . . - —h” T 1260 10.8
« a convolutional DNN is used to estimate the probability of the candidate being =S n-nhy. 5
T —-h h"h nlv, 48
| Oth d ith had 1.8
a genL'“ne tau All :rforggs (e:(s;r:aininag If(a)gls'ons 64.8

« trained on low-level and high-level information from the detector

Tau2023
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STATE OF THE ART AND 2016 CMS
RESULT (T — 3M)

Observed upper limits (x10-° @90% CL)

e Belle 752" BT — 3y) < 2.1 ete— T T 10.1016/1.physletb.2010.03.037

« BaBar a6sm- B(T — 3p) < 3.3 ete — T T 10.1108/PhysRevD.81.111101

e LHCb 2 B(T — 3u) < 4.6 HF— T 10.1007/JHEPO2(2015)121

e ATLAS 203 v B(T — 3u) < 38 W— T 10.1140/epjc/s100562-016-4041-9
e CMS 332 B(t — 3) < 8.0 HF+W— T 10.1007/JHEPO1(2021)163

(partial Run-2)

CMS 2016 (partial Run-2) result has proven that the experiment can investigate both the HF
and W production channels with a good sensitivity — analysis extended to Run-2 (this

poresentation)

Tau2023

LFV decays at CMS 20 Luca Guzzi - INFN Milano-Bicocca
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HEAVY RESONANCE OBSERVABLES AND
LFV CROSS SECTION EXCLUSION LIMITS

138 b (13 TeV) 138 b (13 TeV) 138 b (13 TeV)
S ——————— ket > o[ T T T T T T ] > () A DR L A T P S P L S
> ST T T T T . 10°|F —4 Data ] 10° -+ Data = . . .
o 10 - CMS :gata mESinglet  — LFVZ'1.6TeV _| 8 - CMS MisDt mESinglet — — LFVZ16Tev _| 8 _CMS MisID © W Single t —— LFVZ 16TeV _| invariant and collinear
(2 B Multijets =0 Z— e QBH 1.6 TeV - et Et ol QBH16TeV Z [ ut mt Zoll e QBH1.6TeV | .
- = Diboson  m Uncertainty ----- RPV16Tev @ = Diboson g Uncertainty ----- RPV16TeV a — Diboson mm Uncertainty ----- RPV1.6TeV masses for d|fferent
< E c = E c — =
° My 4 2 ek —— . S sl gEms 1 channels
W o102 s T — [T1] L et ] 1] __ H 3 n
:: 102 102 -
L s 8
ci il P, ;l |__ - :
¥ T s TR
a O 2E o 2F
8 : 3 1E « F
© L . L L L = g : : : ‘ . S
o 500 1000 1500 2000 2500 30C a 0 0 500 1000 1500 2000 2500 3000 © E . L . . . L
Mgy [GeV] M. [GeV] o O 0 500 1000 1500 2000 2500 3000
m,. [GeV]
138 fb" (13 TeV) 138 fb" (13 TeV) . | ] ] 138 fo” (13 Tev) _
— e LA B e o o s o o o e e o e e e e o e e I~ L L B o ET I Trrrrrrrrrr T T T T T T TR -
g Fems LN 12 e 1 € Foems aoom-4 |  model-dependent exclusion
= ADD (n = 4) ] (n=4) , .. .
Ri'E QBH e p . % 10° o Mt QBHopt e oL woper limits 3 limits for QBH production
X 95% CL upper limits 3 X 95% CL upper limits 3 X F 95% CL upper limits 3 . j
o Observed ] o Observed 1 o f Observed i and LFV decay in different
102 ---- Median expected 5 10? ---- Median expected 3 e ---- Median expected
N 68% expected 7 N 68% expected 3 c I 68% expected 3 channels
95% expected 7 10 95% expected h 0 B 95% expected b
10 E E E
107" | 107" \ 0 \
Y J - 3
oy T T B B B B 1072 PRI (NSNS T T T SN ST T T Y T ST SN AN S T T S N S MR 102 PR SN TN TS [T TN ST SN AN SN SO S NYHOT ST SN AT SR MR |
10 7000 2000 3000 2000 5000 6000 1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000
m, (GeV) My, (GeV) m, (GeV)
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SNEUTRINOS AND Z’ LFV CROSS SECTION
BOSON EXCLUSION LIMITS

Tau2023

138 fb' (13 TeV) 138 fb' (13 TeV) 138 b (13 TeV)
LI L LI L L LB LIS BLEL LI 3 II|III|III|||III|IIIIIllllvlvl[lvl\|\IVI|IIII_ _Q "|"|\'V"['|'|]||'||||||]""]"‘7"V||||'|l'_
i Bt A el I\ nn model-
mwz%_ — A=A'=01 = M 102 —— A=A"=0.1 3 A 102 V.out — A=A"=0.1 3
i 95% CL upper limits ] 5 95% CL upper limits 7 é 95% CL upper limits 7
Observed b Observed 7 Observed 1
10 ---- Median expected 3 10 ---- Median expected 3 10 ---- Median expected 3 d e p e n d e nt
I I 68% expected E N 68% expected 7 I 68% expected =
C 95% expected 1 95% expected 95% expected - | X
1= = 1 e |
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0 E 10 E 107 o | 1 .t f
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A 10° R 10* R zZpt s -
95% CL upper limits X 95% CL upper limits X 95% CL upper limits n d L Fv
0 1L Observed 0 10° Observed © 1 Observed a
E ---- Median expected ---- Median expected ---- Median expected
F I 68% expected , I 68% expected @ I 68% expected o
10 95% expected 10 95% expected weE el d e C a yS I n
10;— 10 10 .
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10";-— 107" 10°! h |
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MODEL~-INDEPENDENT LFV EXCLUSION

LIMITS

10.1007/JHEPQ5(2023)227

. 138 fb" (13 TeV)
~10 T T T T T LA R B B B B B
g CMS 95% CL upper limits
w 10° en —Obsgrved

X - --Median expected
< 44 I 68% expected

P
500

PRI RS
1000

95% expected

Lo Lo |
1500 2000 2500

138 b (13 TeV)

T T T I
95% CL

— Observed
- --Median expected
B 68% expected

95% expected

T T T T ]
upper limits
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v o Ly Ly 1
1000 1500 2000 2500

min (GeV)

mmin (GeV)

- 138 fb' (13 TeV)
T T [ T T T T [ T T T I T T T | T T T T I T
CMS 95% CL upper limits
10° p1 — Obsclarved
- --Median expected
B 68% expected

95% expected

o X B x Axe (fb)

min (GeV)

model-independent
exclusion limits in different
final states (vs. invariant
mass cut threshold)

model dependent limits
are recovered counting for
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SNEUTRINOS COUPLINGS EXCLUSION LIMITS
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LFV YUKAWA
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LFV decays at CMS

Channel Coupling Bound

pw— ey VIYsel? + |[Yeul? <3.6x107°
p— 3e VIYel? + [Yeul? <3.1x107°
electron g — 2 Re(Yep Ye) —0.019...0.026
electron EDM Im(Ye,Ye)| <9.8x1078

@ — e conversion VIV el + |Yeul? <4.6x107°
M-M oscillations Ve + Y2 < 0.079
ey VIV + [Yer <0.014

T — 3e VIYre|? + |Yer|? <0.12
electron g — 2 Re(YerYre) [-2.1...2.9] x 1073
electron EDM ITm(Ye, Yre)| <11x1078

T — py VIYrul? + Y2 0.016

T — 3u \/|YT2M + |V, 2 <0.25
muon g — 2 Re(YurYr,) (2.7£0.75) x 1073
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H—LT MASS OBSERVABLES

® collinear mass distributions for different channels of the H—lt analysis
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H—LT BDT SCORE

® BDT score distribution for different channels and categories of the H—lt analysis
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H—LT BDT SCORE

® BDT score distribution for different channels and categories of the H—lt analysis

137 b (13 TeV) 137 b (13 TeV) . 137 fb™! (13 TeV) 137 fb™ (18 TeV)
10 10 T T T T T T T T
CIVIISA T omserved O3 z._".'l 1 1009 oM s T st HR z__n_r' T FcMS + gbzee;ved O tzi_tm ) L 10° | CMS —+ gbserved Dz
et,, 0 jet = :;,evev/;u = ll;,_:-jels 108 B T et = :xevevll;;u = fD'y_:'lels 108 - &% Olet = i Wquu D'":’;: :n 3 10°hr ex, 1jet = Ew)ewe‘/uzu
iboson a iboson 107 ; ) c 10 ;

c [W+jets/QCD [ISM H c 136 [IW+jets/QCD EISM H & 10° []W+jets/QCD [ISMH 1 & 100 [IW+jets/QCD [SMH
% — H-set (B=20%)[7] BKg. unc. % 108 — Hset (B=20%)[] Bkg. unc. g 10° — H—er (B=20%)[[] Bkg. unC-_i g 10° — H-et (B=20%)[]] Bkg. unc.
£ 1z
Q i1
w

g i i
vy S—
209 9
O o8 8
0.4 0.2 0 0.2 0.4 0.2 0 0.2 0.6 0.4 0.2 0 0.2 06 0.4 0.2 0 0.2
BDT discriminant BDT discriminant BDT discriminant BDT discriminant
” 137 fo" (13 TeV) ; 137 fb" (13 TeV) . . 137 fbo! (13Tev) ) . . 187 fb! (13Tev)
by CNiS 4 Observed O Z_—ml 12& CIVIIS - Observed' [} Z_—mI 10° CMS. ~+Observed  []Z-t 3 107 CMS. ~+-Observed  []2Z .
et, 2jetsgg EHZ-eelu Dt t+jets 107 |- €t 2jets VBF [ Z—eelup Dt t+jets et 2jetsgg I Z-eelup [tttejets B 1 05 e, 2 jets VBF [l Z—ee/up Dtttejets 3
I EW w/z [ Diboson 10° [ EW w/Zz [ Diboson s EEW wW/Z [ Diboson c 10f B EW w/z [ Diboson 1
c 10° [[JW+jets/QCD [ SMH < 105 [JW+jets/QCD [HISMH @ 10 []W+jets/QCD MH - & 10° []W+jets/QCD [ SM H 3
o — H—set (B=20%)[] Bkg. unc. o 1 — Hoert (B=20%)[] Bkg. unc. % 10° — Hoet (B=20%)[] Bkg. unc. 2 10t — H—set (B=20%)[ 7] Bkg. unc. 3
£ b 2 1 g 1
& &

g 12
X 11 = + i
% 1t R ﬂ_‘_._kwh***.w"’*—*-+ P
ol IR
2 09
O o8 8
04 T2 0 02 ) Yy 0 02 06 04 02 [ 0.2 06 04 02 [ 0.2
BDT discriminant BDT discriminant BDT discriminant BDT discriminant

Tau2023 Luca Guzzi - INFN Milano-Bicocca

LFV decays at CMS


https://doi.org/10.1103/PhysRevD.104.032013

