Lepton flavour universality and violation using top quarks

ATLAS Experiment

ATLAS ICHEP 2024 US

EXPERIMENT UNIVERSITY
OF SUSSEX

Jacob Kempster on behalf of the ATLAS Collaboration

18/07/2024



US
(Potentially) anomalous leptonic / flavour physics results s
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.081801
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https://link.springer.com/article/10.1140/epjc/s10052-021-09725-1
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Top Methodology

* Use the top quark - it is the most massive particle and the

closest to the scale of new physics - it's vulnerable!

* Very short lifetime (does not hadronise) - opportunity to
study a ‘bare’ quark

 Very selective about decay channels BR(t = Wb) ~ 100%
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Analyses (Full Run 2 dataset) p

* Lepton Flavour Universality in Top decays (2021): t/u

* Lepton Flavour Universality in Top decays (2024): u/e

* Charged-lepton flavour violation: utqt



https://www.nature.com/articles/s41567-021-01236-w
https://arxiv.org/abs/2403.02133
https://arxiv.org/abs/2403.06742
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Lepton Flavour Universality with Tops
T/



https://www.nature.com/articles/s41567-021-01236-w

Lepton Flavour Universality 7/u

Fundamental axiom of the Standard Model that the
couplings of W and Z-bosons to the charged
leptons are independent of their mass.

B(t » bW (- 1v))
B(t » bW (- uv))

R(t/w) =

Di-leptonic tt decays

Using leptonic t — u decays = big challenge!

« Displaced t decay vertex

* Low u transverse momentum

« Kinematic overlap with prompt W — u decays

« Difficult to separate from hadronic decays to muons

Significant backgrounds to control:
* Z-oup
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https://www.sciencedirect.com/science/article/abs/pii/S0370157313002706
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Designing the signal regions | B

+ eu channel equivalents
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Dealing with Z — uu

Important background for small values of |d}|
Build control region enriched in Z = uu

« Same as signal region selection except:
* Novetoon85< my; <95 GeV
* Norequirementon Ny,_yjets

- Fitmy, distributionto understand
normalisation

* Apply normalisationin signal region
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Dealing with b(c) - u
Important backgroundfor large values of |dg|

Build control region enriched in b(c) = u

« Same as signal region selection except:
« Same-chargeleptons (eu or uu)

« Higher pr binsalso used to control
normalisation of ttV and tt with a charge-mis-

ID lepton

* Apply normalisations back to signal region
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Lepton Flavour Universality 7/u

JENLEL S B L R LI R I L L B
ATLAS —a— LEP (Phys.Rept. 532 119)

§ ATLAS - this result
Vs =13TeV, 139 fb Statistical Uncertainty
[ | Systematic Uncertainty

—e— [otal Uncertainty
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R(t/u) = 0.992 + 0.007 (stat) + 0.011 (syst)

402 104 1.06 1.08 1.1
R(t/w)=B(W—->1v)/B(W—uv)

098 1

~1.3% total uncertainty

» Imperfect |dl| modelling

* Partonshower

« Muon identification, selection and
reconstruction efficiencies

« Consistent with assumption of lepton flavour universality

CMS: R(z/u) = 0.985 + 0.020

y -


http://dx.doi.org/10.1103/PhysRevD.105.072008
https://www.nature.com/articles/s41567-021-01236-w
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Lepton Flavour Universality with Tops
u/e



https://arxiv.org/abs/2403.02133

Lepton Flavour Un1versa11ty u/e
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Lepton Flavour Universality u/e S

“B-tag counting method”

Describe the number of events with X-btags (NV}) as a function of the luminosity, cross section, lepton (¢;;)

and b-tagging (<) efficiencies, b-tagging correlations (C}'), branching ratio correlations gif and background
estimations.

) _ ) tt _ Itt k _k cllk alLk
Nl,m = Lo €9, 2 (1 Cy )f1,m + Zk=bk (s1 9u 1,m N;™™)
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ge = SW 2 WU+ Aw) 9%, = f = Ap) A+ Ay)  + £ et
Y BWo e TWa—ay) TR AT o
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Lepton Flavour Universality u/e

“B-tag counting method”

Describe the number of events with X-btags (NV}) as a function of the luminosity, cross section, lepton (¢;;)

and b-tagging (<) efficiencies, b-tagging correlations (C}'), branching ratio correlations gif and background

estimations.
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up Z+jets k n MUK
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Z+jet
Goo =1 =01 —Azsp)

R,u,u/ee _ B(Z — /J/J) _ Z(l +AZ) eZe-l_jetS _q
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Lepton Flavour Universality u/e S

Fitting 10 free parameters: gz, 0,1, R”/e, R”“/ee,e”', Z+jets normalisation...
g P tt: Ozl Ry 7z, Ny b J

Measuring b-tagging and lepton efficiencies, lepton mis-ID and charge mis-ID in place...
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Tailored normalisation: i 1.005F 3
* Reduces sensitivity to uncertainties on electron s @ @ E
- . . 0O 0.995F —

and muon efficienciesthrough cancellations s Z2

» Exploits extremely precise external Z-channel
measurement of R¥*/¢¢ from LEP and SLD:

uu/ee _
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ATLAS

Rﬁ/ © =0.9995 + 0.0022 (stat) + 0.0036 (syst) + 0.0014 (ext)

LEP2 : -

ete >WW, Vs=183-207 GeV

ATLAS _1 ,_._._.

pp—W, Vs=7 TeV, 4.6 fb :

LHCb , . |

pp—W, Vs=8 TeV, 2 b :

ppott, Vs=13 TeV, 36 fo” :

PDG average '—"—'

ATLAS (this result) ,_Q_E ,

pp—tt, Vs=13 TeV, 140 fb™ :

I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1
0.92 0.94 0.96 0.98 1 1.02

B(W—-uv)/B(W—ev)

~0.45% total uncertainty

Misidentified leptons

tt and Z+jets modelling
Lepton efficiencies

» Consistent with assumption of lepton flavour universality

» Smaller uncertainty than previous world average

y s


https://arxiv.org/abs/2403.02133
https://atlas.cern/Updates/Briefing/LFU-Wdecays
https://cerncourier.com/a/zooming-in-on-leptonic-w-decays/
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Top Charged-Lepton Flavour-Violation
Utqgt



https://arxiv.org/abs/2403.06742
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Effective Field Theory (EFT) US

Anp > E

Maybe New Physics (NP) exists at a

significantly higher energy scale ‘ ( H‘
(Anp) than LHC can reach... SM \ >< w< ><
= s nn -
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https://indico.cern.ch/event/727396/contributions/3018244/attachments/1659083/2657194/EFTforTop.pdf
https://arxiv.org/pdf/1008.4884.pdf
https://link.springer.com/article/10.1007/JHEP10(2010)085

2Q2L EFT operators US
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Operator | Interaction Lorentz Structure t q
oL | iy ) @vuq)  Vector

O | (i) @yuerir)  Vector

Oéajkl) (&;y"e;)(Qky.ar) Vector O (6)
O|(uijkl) (LiyH ) (Uryup) Vector 1
oL | (&iyre)) (Tryuun) Vector

Oéﬁf SN e;)e(qrur) Scalar 7! T
Oligjkl) (Tfo-#vej)g((jko_,uvul) Tensor

Decay
tt = (ll'q)(lvb)

Production

qg — tll’

g




Recent history S

OF SUSSEX

Limits on CLFV branchingratio of top (95% CL):

B(t > 1l'qg) <1.86x 107>

B(t - euq) < 6.6x107° (3-lepton final state, 80 fb™1)

B(t — euq) < 0.009 — 0.258 X 10~°
(3-lepton final state, 138 fb™1)

This analysis is first direct search for CLFV utqt coupling.

BSM models predicting CLFV with electrons/muons also apply to
taus, often additionally enhanced due to larger mass

&



https://cds.cern.ch/record/2638305
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-005/index.html
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o5 72 Uncertainty
Signal shown is inclusive EFT (up-initiated, charm- : 7 ]
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For up-quark operators, the production mode
(blue) dominates the cross-section and sensitivity
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For charm-quark operators, the production and
decay modes are more balanced
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Fake and non-prompt estimations

« Fake hadronictaus are usually due to mis-identified jets
« Dedicated CRs (right, do not enter the fit)
e Scale factors(SF) are used to correctthe rate of the
¢, fake-taubackground
O
<V
SFs are parameterised by:
* Track multiplicity (1-prong/ 3-prong)
« Tau-jetwidth
» This is a good proxy for the quark-gluon fractions which
may differ slightly between SR/CR and between data and

MC

Dedicated CR (right, enters the fit)

Targeting non-prompt muons from b-jets in tt
events

Normalisation is controlled by a profile-
likelihood fit (next slides)
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Profile-likelihood fit

Good agreement between data and background-

only model

Statistically limited result

modelling

1.60 tension
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95% CL upper limits on |c|/A2 [TeV 2]

—(ijk3) (ijk3) (ijk3) (ijk3) 1(ijk3) 3(ijk3)
Clq Ceq Clu Ceu lequ lequ
Previous (u) 12 12 12 12 18 2.4
. . — . E . 31 . 32 . .
Largest systematics are signal, ttW and diboson xpected () | 0.33 03 0-3 0-3 0.33 0.08
Observed (u) 0.43 0.41 0.4 0.42 0.44 0.10

*235_ I ala Iina Iec. ] .

2 o %?\?gT?v,mo b Elgig;nal ‘pr,?,%’ %Eé:ks\lf\(/d ) Previous (c) 14 14 14 14 21 2.6
| égﬂﬁggiom :ét’h‘ n a Expected (c) 1.3 12 12 12 1.4 0.28
sol 7 Uncertainty g Observed (c) 1.6 1.6 1.6 1.6 1.8 0.36
: /@@%/ % EFT limits improve upon previous results (

):
5
3(2323

5 o — - From factors of 7.2 for cle(qu ) (for utct) to 41 for

N 1(2313)

&0% 00 200 300 400 500 600 700 _ 800 lequ (fOF ,urut).

Hy [GeV]

‘Inclusive’ BR limits set assuming all EFT operators are of

equal magnitude

95% CL upper limits on B(t = urq)

Stat. uncertainty

| Stat.+syst. uncertainties

Expected
Observed

4.6x 1077
8.2x 1077

5.0x 1077
8.7 x 1077
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https://link.springer.com/article/10.1007/JHEP04(2019)014
https://link.springer.com/article/10.1007/JHEP04(2019)014
https://arxiv.org/abs/2403.06742

Summary univeRsiTy

* (Some) Lepton and Flavour physics anomalies persist
* Top quarks are a fantastic tool to search for new physics

* Effective Field Theory is valuable for model-independent BSM

searches

« ATLAS is actively engaged in research for LFU and CLFV

y -
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.081801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.052007
https://doi.org/10.1103/PhysRevD.87.074020

Muon g-2 - Fermilab b % é Ry

au — (g” - 2)/2 FIG. 1. Feynman diagrams of representative SM contributions

to the muon anomaly. From left to right: first-order QED and
weak processes, leading-order hadronic (H) vacuum polarization,
and hadronic light-by-light contributions.

g, = Muon gyromagnetic factor

aM — QED 4 gEW | ghad
: A +— BNL
} O ' FNAL Run-1
+—{— FNAL Run-2/3
o—i FNAL Run-1 + Run-2/3
420 1.50 —— Exp. Average
SM Prediction Lattice QCD 20.0 20.5 21.0 . 21.5 22.0 22.5
Prediction a,x10 -1165900
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.161802
https://link.springer.com/article/10.1140/epjc/s10052-020-7792-2

R(K(*)) B = sutu llS

RK _ BR(B — KI_,L+’,L_) B"' B W+ B K+ B+ ) K+
BR(B — Kete )’ o W ° 5
* 4+, ,—
Ry — BR(B — K 'u"p ) 20 ”
BR(B — K*ete) i
e 4
At one point this was up to 3.1¢ away from the SM
Now found to be in good agreement (However, ')
1.00
SM prediction
0.75 E rHCH 2020
14F LHCD results on the LFU ratios — j—_L‘ B ATLAS 2018
[ latest measurements supersede past ones | l = |
| 9 I +:3_ 0.25 - T
s Tt 2022 2022 M
2 2022
& 2022 T I T
I s
i %
B 2021
0.81 12019 I I
i 2014
06T 2017 2017

Ry low-¢> Ry central-¢> Ry low-¢> R central-¢°


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032002
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://moriond.in2p3.fr/QCD/2024/Sunday/Ferrari.pdf&ved=2ahUKEwiS9OXRuZyGAxUtUEEAHRTjBaQQFnoECAwQAQ&usg=AOvVaw3GPKjyW0fScoGnTB6p7Elc
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20 tension

#_|_ . v .
---------- ATLAS 2018
---- CMS 2019
51 —=- LHCb 2021 .
g = full comb. “
#_ | < 41 === (Gaussian comb. F
+ *  SM prediction
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https://link.springer.com/article/10.1140/epjc/s10052-021-09725-1

R(D™)

B(B - DWt7V,)

()Y =
R(D®) B(B —» DMV

ol

R(D*)

0.35

0.3

0.25

0.2

3.170 tension
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|| | I 1
\‘ Moriond 2024 \ Belle®

LHCH"

e 6%'3% tL Eonfour's

BaBar

LHCbH?

v

4 HFLAV SM Prediction
R(D)=0.298 +0.004
R(D*) = 0.254 +0.005

World Average
R(D)=0.344 +0.026,,
R(D*)=0.285 £0.012
p=-0.39
P(y2) =29%

total

0.2 0.3

0.4 0.5

Z
=

;


https://hflav-eos.web.cern.ch/hflav-eos/semi/moriond24/html/RDsDsstar/RDRDs.html
https://indico.in2p3.fr/event/32664/timetable/?view=standard_numbered#38-b-to-c-l-nu-decays-at-lhcb

LEP (CERN) Lepton Flavour Universality

W Leptonic Branching Ratios

ALEPH | 10.78 + 0.29
DELPHI ; 10.55 = 0,34
L3 — 10.78 + 0.32
OPAL —AlL 10.71 + 0.27
LEP W—ev o 10.71 £ 0.16
ALEPH . 10.87 + 0.26
DELPHI = 10.65 + 0.27
L3 —Ae 10.03 + 0.31
OPAL A 10.78 + 0.26
LEP W—puv o 10.63 £ 0.15
ALEPH o 11.25 + 0.38
DELPHI | — 11.46 + 0.43
L3 e 11,89 + 0.45
OPAL L 11.14 + 0.31
LEP W—1tv - 11.38 £ 0.21

: x’indf=6.3/9
LEP W—lv ¢ 10.86 = 0.09

: x°/ndf = 15.4 /11

l_l_l_l_|_l_l_l_IL|_I_l_I_l_|_l_l_l_l_|_l'
10 11 12

Br(W—lv) [%]
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2.60 tension

—f— | EP

| ] ] E | | ] | | ] | ] ] | | | ] | | ] | ] |

0.98 1.00 1.02 1.04 1.06 1.08 1.10
R(t/u) = B(W—1v)/B(W—w)

(This is prompt lepton behaviour -i.e. unlikely to be
same anomalous physics, but still interesting!)

y -


https://www.sciencedirect.com/science/article/abs/pii/S0370157313002706

: : US
Lepton Flavour Universality u/e S

“B-tag counting method”

e _ _ tt n €M e _ep k _k ared.k
N\" = L0 €cp8ey 2¢," (1 =C,"¢,) + Z S18en IV,
k=bkg
ep _ 1t EM _CHND k _k ajeM-k
N," = Loy €eu8ey €, (€,7) + Z $58eu NV,
k=bkg
e _ ] (T y L1 _ L0 pLOT NI
Ny = Lowiecegy 26, (1=-Clel) f, + Z S18¢¢ J1m Ny
k=bkg
e _ ] (Ol L0N2 0T k k g0k ATLE K
Nyow = Loieccgy C,le, )" fh + Z 280 Jom Na
k=bkg

y -
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Lepton Flavour Universality u/e S

“B-tag counting method”

. r)r‘) — ee(1 — A 2 +fee(]1 — A + fee
e BV ) W +Aw) See = Jor 1= Aw) - Aw)
REC = = T = R = Ap) (1 +Ay)  +fH +fH
w B(W — ey) W(l = A Sep fO‘r w w 1T 27
(1-Aw) (o HE 4 Ar)> HE1 4 A pu
gyy - f()T ( + W) +f1T( + W) +f2T
) - gl = (1= Az)(1-Azup)
R,u,u/ee _ B(Z — Mﬂ) _ Z(l +AZ) Z+jets 1
z B(Z — 6’6’) 7(1 - Az) g%ﬁ-jets - . _
8uu = (1+Az)(1+Azp)

y -



: UuS
LFU Comparison to CMS and others T

TABLE V. Ratios of different leptonic branching fractions, R,,, = B(W — uv,)/B(W — eb,), R, =
B(W — w0,)/B(W — eb,), and R, = B(W — t0,)/B(W — uv,), measured here compared with the values
obtained by other LEP [8], LHC [13,16,17], and Tevatron [14,15] experiments.

CMS LEP ATLAS LHCb CDF DO

1.009 £0.009 0.993 £0.019 0.9995+0.0045 0.9804+0.012 0.991 +0.012 0.886 +0.121
R 0994 +£0.021  1.063 £ 0.027 e

0.985+0.020 1.070£0.026  0.992 +0.013

R, 1.002£0.019 1.066 =+ 0.025



http://dx.doi.org/10.1103/PhysRevD.105.072008

Top EFT and the B-anomalies S

SSSSSSSS

_ _ Lias b | S
b Ju._'— b il fl-+ - = =
Z
Bsag W+t < By 4 @ 'u,| |I/ u+
.d - ,d - 0 —
S, H S5 T?if'_ H ﬁf} Z H

b s b b(s) b s
v v Lv—>» »—Llv ¢ /
- t 0 t
£ t £F t

) 4 y -




UusS

UNIVERSITY
OF SUSSEX

theory input / bias

‘motivated 1 address other open questions: hierarchy problem, SM flavor puzzle,...
models ensure the model is renormalizable, UV complete, ...

simplified | jntroduce new particles in the simplest way possible
models (e.g. a single lepto-quark or a single Z' boson)
effective field 1 parameterize new physics model independently
theory (need to make minimal assuptions, e.g. new physics is heavy)

(SMEFT / LEFT)

experimental input

y -


https://indico.cern.ch/event/1075471/contributions/4664840/

Top 2Q2L operator effects us
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ttZ-like (diagonal) FCNC (semi-diagonal) CLFV (fully off-diagonal)
t t t q t q
0(6) 0(6) 0(6)
¢/ 14 14 14 14 v
tqll tqll’

Z Z




CLFV and Neutrino Oscillations / New Physics U2,

OF SUSSEX

Neutrino oscillations — LFV in lepton sector but q q
far beyond any experimental sensitivity

Z [i+ | I,
w- yd
— b 4
Vu = Ve LQ .- ‘-\
i e \
< 10_50 \\x '”_

New physics which introduces additional terms involving lepton fields in
Lagrangian can lead to LFV, e.g. SUSY, leptoquarks, 2HDMs

) 4 y -



Event selection with 139 fb~1

* Top quark decay and production diagrams

differ by 1-jet

» Trilepton event selection including hadronic

taus

« Same-sign muons produce significant

background reduction
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SR CRt CRttpu
Lepton flavour 21l Thag 2ule ({3 = p)
Niess > 1 >2 >1
Nb—tags 1 1 <2
Thad PT > 20 GeV | > 20 GeV -
Muon pr > 15GeV | > 15 GeV > 10 GeV
Higher pt muon Tight Tight Tight
Lower pt muon Tight Tight Loose
Muon charges SS oS —
maon - - >15 GeV
Ims — Mz| - <10GeV | >10GeV
3pht + Y m - - < 400 GeV




Charged Lepton Flavour Violation
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Using , found to agree with
Cross-section O'izgii + PDF [fb]
(ijk3) 1(ijk3) 3(ijk3)
vector lequ lequ
Production ££'ut | 1187 + 1 1012b+1 215040 + 20
Production ££ct | 7.9 +1.6  6.17;%+1.5  153*3L +29
Decay £€ gt | 69718 £0.1  3.46"0% +0.03 166" +2
_ Mi (MN[0 _(ijk3) 2 (ijk3) 2 (ijk3) |2
L(t = 66 a0 = = (5] {leg 1P+ 4l P + 41
7k3),2 1(i7k3) 2 3(ijk3) 2
41l 4 202 4 96| 2

y -


https://arxiv.org/abs/1802.07237
https://doi.org/10.1007/JHEP04(2021)073
https://link.springer.com/article/10.1007/JHEP04(2019)014

Yields s

OF SUSSEX

Process | SR | CRtipu
1t + NP u 7.9 + 34 164 + 14
(W 3.5 + 1.8 1.2 + 0.6
ttH 3.1 + 0.4 1.26 + 0.14
1z 2.9 + 0.5 0.88 + 0.33
+X 2.48 + 0.18 —
WZzZ 3.6 + 1.3 7.3 + 2.4
ZZ 0.59 + 0.22 1.8 + 0.6
’4"4% 0.01 + 0.05 0.47 + 0.24
Fake electron — 7 + 4
Fake 7 3.3 + 04 —
Fake 7 + NP u 3.7 + 2.7 —
1+X + NP u 0.29 + 0.31 15 + S
Z + NP u 0.192 + 0.010 1.8 + 1.0
Other NP u 0.051 + 0.010 —
Other 0.23 + 0.11 1.1 + 0.6
Signal (77) 0.19 + 0.14 0.025 <+ 0.019
Signal (single-top) | 6 + 4 0.022 + 0.023
Total 38 + 35 201 + 14

Data | 37 | 202




CLFV EFT Result breakdown US

OF SUSSEX

Pre-fit impact on u.: An

~18=0+A01 0=108-00 4-3-2-1012384 .4
Post-fit impact on y: BRI A L
o =0+A010= 6-A8 ATLAS

— Nuis. Param. Pull Vs =13 TeV, 140 fb”

Signal (p) parton shower

[TW cross-section
v (SR bin 2)

WZ cross-section

ttW QCD generator

ftZ PS

wz uH/ o

ftZ ISR

Tau RNN ID eff. syst

Tau eBDT True Had Tau eff.
ft NLO (CRittu)

ftZ cross-section

ftH cross-section
Muon isolation eff. (syst)

ﬁ hdamp

Muon identification eff. (syst)
v (SR bin 1)

Luminosity

k(NPu)

ttH PS

2-15-1-050 05 1 15 2
(6-6,)/A0




EFT Result breakdown

© T T
2 10 arLas

%(; [ Vs=13 TeV, 140 fb’
e 81—cLFV gt

l

m

—

95% CL limits
Scalar
Obs.

Vector
Obs.

Tensor
Obs.

Exp.x 1o
-- Exp.t 1o

-- Exp.t 1o

1 I 1
0.4

0.5

B(t —»pt u)x 10°

| CLI.’CCt |
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S § T T T I T T T T T T T T T T T T I T T T T T T
5 53 ATLAS 95% CL limits 3
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C cLFV prqt (A=1 TeV) Obs. M Exp.tio -
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N — Obs. #= Exp.t1oc
= Tensor ]
1.58 — Obs. # Exp.tic —
1+ .
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CLFV EFT Result breakdown US
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CLFV - Leptoquark interpretation

Scalar leptoquark with cross-generational couplings could produce CLFV

processes.
b

p

der  Auz 100 1 0.1
dep Aup =222 1 0.1 0.01
dee  Aue 0.1 0.01 0.001
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CLFV - Leptoquark interpretation

Cross-generational couplings introduce many degrees of freedom, which may be
simplified with a hierarchical modal:

Az Aer Aur 100 1 0.1
ki € |y Aoy Aup |=A221 1 01 0.01
Adie Ace Aue 0.1 0.01 0.001

This reduces 10 degrees of freedom (9 coupling, 1 mass) into 2 (1 coupling, 1
mass).

Various theory papers apply hierarchical coupling models, with different
magnitudes spanning steps of v/2 to 1—16 [1,2,3,4,5]
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https://doi.org/10.1103/PhysRevD.99.095004
https://doi.org/10.1103/PhysRevD.96.115011
https://doi.org/10.1140/epjc/s10052-019-7047-2
https://doi.org/10.1007/JHEP10(2016)106
https://doi.org/10.1140/epjc/s10052-023-11304-5

CLFV - Leptoquark interpretation VS

Analysis is not re-optimised for LQ signal, but HT is already a very good
discriminating variable. Signals 0.5 < mpq < 2.5TeV,and 0.5 < AR < 3.5 are fit

independently:

Q T T T T T T T _.l.ﬂ T T T T T T T
¢ 35[ ATLAS e Data [ ]LQ (1000 GeV, A°=2) & 350 ATLAS ¢ Data [ LQ (1000 GeV, A*°=2)
w Ys=13TeV, 140 fb" MFaket [Faket+ NP w Ys=13TeV, 140 fb™ WFaket [Faket+ NP

300 cLFV prct VUATVATAN (9 ] 30F LRV prct VW, VW X

o5t Signal Region tT+X [l Other ] o5k Signal Region tT+X [l Other

5 Pre-Fit NP 1 “Uncertainty 5 Post-Fit NP “Uncertainty
20f W 20f

i

' — 5 0 ' '
: WW//%////*///%//W////yf////f////ﬂ///—////{ if;)i /W/WW/W/%///// /%//%
: 100 200 300 400 500 600 700 800 2 0.5 100 200 300 400 500 600 700 800

H; [GeV]

H; [GeV]




CLFV - Leptoquark interpretation S
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0.045
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- s=13TeV, 140165" gfs:é‘t’:g 1 7 0.035F (=13 TeV, 140" ___ gfse“’ed E
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0.025F- : eOE -
0.02F- = I J 3
0.01 - 0.01 E
0.005F 3 0.005F =
0 :| 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 -‘T‘ l_lj 0 : I T 1 1 1 1 1 1 1 1 L 1 1 I 1 1 1 I 1 1 1 1 1 1 :

400 600 800 1000 1200 1400 1600 1800 04 06 0.8 1 12 14 16 1.8 2

mg, [GeV] \La
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g N L (R et S L A [ |
‘é, 6| ATLAS 95% CL limits | ] o
'§_ E | {5213 TeV, 140 6" —— Observed . ms, [ GeV ] Limit on A (95 %o CL)
CEE PR | Expectedt s | Observed Expected
B ¢ hret N Expected+ 26 W
4[| Scalar LQS, ] Excluded region | ] 500 1.3 L1
E ] 750 1.7 1.5
. S - 1000 2.1 1.8
R — . " 1250 25 22
N * 1500 2.9 2.5
[ g : 1750 3.3 2.9
= ] 2000 3.7 3.2

_l I 1 1 1 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1 1 I_
600 800 1000 1200 1400 1600 1800 2000
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