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= Being the heaviest particle of the SM

. . Top Quark Production Cross Section Measurements Status: March 2022

the top-quark is a good candidate for z F———rr— <
: . = ’ W e =
searching for new physics S e LU <
[ . BBl Date 025710 N
= + precision physics (previous talk) LT " R N
. v unl BBl Data 45-46Mb! %
= The latest LHC data allow for precise : =g psbow | B
measurements of the top-EW i . i R -
sector | 22, =

= In this talk: 7l = _ |

= 4 tops measurement & _

= Single top + photon observation T T Tw e e T

= Flavour Changing Neutral Currents (FCNC)
searches
" tqy,tqZ,tqH,tqg
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-014/

J. High Energ. Phys. 2021, 118 @)
Four-top-quark Analysis Strategy

. EXPERIMENT
= Most recent ATLAS 2LSS/3L @ 139 fb-" with observed 4.3¢ ; .
[ Eur. Phys. ]. C 80 (2020) 1085 ] /
= Sensitive to top-Yukawa coupling and BSM interpretations & . SR A000000 1 .
= Event Selection H<
= Two categories: 1 lepton and 2 OS leptons t A t
= (Categories splitted in jet and b-jet multiplicity g g\mmsz/\
= Background Estimation t t
= tt+(HF) jets main background mismodelling is corrected 1L
= Flavour Rescaling: tt + light, > 1¢,> 1b yields are rescaled in four >5b i
dedicated control regions in a profile-likelihood fit to data I— foene SR ______
= Sequential Kinematic Reweighing: mitigates mismodelling of kinematic 4 ' |
variables. TR
) ) ) ) 3bV ; Validation regions
= Eventsin the > 3b regions are reweighed to data in 2b regions W—— @ @4
= Improved agreement and reduced systematics 2bH ; CR |
- Signal Extraction b | |
! 3iespc?irr$1tii Ei[é?gaﬂr; E‘rr?)i rrT11eglai ?kzsguu:éng 14 input kinematic variables to 5 tf+jéts e r;weighﬁng re;’ions
7j 8j 9j >10j

=  Maximum-likelihood fit to all 21 SR+CR to extract tttt cross-section
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https://link.springer.com/article/10.1140/epjc/s10052-020-08509-3
https://link.springer.com/article/10.1007/JHEP11(2021)118

J. High Energ. Phys. 2021, 118 @
Four top quark Results 1

EXPERIMENT

B T nas eoata gt | & 2% amas | epaa -w ] ,
G 5| Vs =13Tev, 13910 Wit Oight G g00f fs-13Tev, 130w’ W O - = Very comprehensive
|1:aL . |:|tt+219 -tt+21b . : 180 Slgngl regions [Itt+2_19 !n+21b . = . |
| Post-Fit Enonf ~ Uncertainty | © 1L9j4b Mnon-i ~ Uncertainty systematic mode
I *: normalised to tot. bkg. | 160~ Post-Fit *: normalised to tot. bkg. —
10%¢ 1 b E = Largest contribution from
120 4 s signal and tt += 1b modelling
100F s = Systematic uncertainties
Yy EECTS £ dominate
80 E :
40 4 = Excellent post-fit
20 . agreement
g ° 0F
2 £ 1.5}
g s T
° 3 3 3 5% 5 8 &8 8 8 8 & o5
5 & 2 2 = 2 ® 5 8 5 5 5 17208 06 04 02 0 02 04 06 08 1
N A o A BDT Score
This result Combination with ML results
077 = 26 + 8(stat.) T13(syst.) = 26Xl fb = o7 = 24 + 4(stat.) }3(syst.) = 2477 fb
= X2.2 SM prediction (within 1 std. = X2.0 SM prediction (within 2 stds.)
P P
= 1.90 (1.0)o observed (expected) significance = 4.70 (2.6)o observed (expected) significance
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https://link.springer.com/article/10.1007/JHEP11(2021)118

ATLAS-CONF-2022-013 @)
Single top + photon Analysis Strategy i

= Previous evidence from CMS @ 36fb! with 4.4 [ Phys. Rev. Lett. 121, 221802 ]

= Probes t+y EW vertex [ L. High Energ. Phys. 2022, 32 ]

= Event Selection
= =1 central lepton, = 1 central photon, = 1 b-tagged jet* (70% WP), E.rmiss > 30 GeV,
|mey, — 90| > 10 GeV
= Two SRs: = 0 fwd jets, = 1 fwd jet (2.5 < |n| < 4.5)
= Background Estimation
= tty and Wy main backgrounds are estimated in dedicated control regions

= tty uses a NN distribution while Wy only has one bin
= e -y (tt dilepton) and h - y (tt |+jets) fakes using data-driven methods

= Signal Extraction
= 2 NNs are used to enhance the signal for each signal region
= Using 12/15 input variables based on final-state kinematics and b-tag properties
= Shapes of inputs are well modelled by data
=  Maximume-likelihood fit to all 4 SR+CR with 3 free-floating parameters: signal, tty and Wy

*Events with 2"? b-jet (85% WP) are vetoed
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.221802
https://link.springer.com/article/10.1007/JHEP02(2022)032
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-013/

ATLAS-CONF-2022-013 @
Single top + photon Results 1

EXPERIMENT

= Main systematic uncertainties

B2 2iNe o) et L UL I UL UL UL LR L RRRE
i ~ ATLAS Preliminary @ Data Mt k= — — )
i 22005_ Vs=13TeV, 139" [t(~Ivby)q .t?: . = tt and tty modelling
2000 = 1fj +jets +jets - .. .
T00E e =:V ! y't =§fhe,’pt,ompty__ = Background limited MC statistics
16002— ,%Cr;e)r,tainty s epone _i - Jet and ETmiSS
1400 = : : ; -

- i ; - ntributions are smaller in comparison
ool o0 211:] SR : Fake contributions are smaller in compariso
1000 %, 4 = The observed (expected) significance is 9.1¢ (6.7)o

1 = Parton-Level Fiducial cross-section

= OpqyXB(t - lvb) = 580 £ 19(stat.) £ 63(syst.) fb

= Particle-Level Fiducial cross-section
" OtgyXB(t > Wb) + 0(tsvby)q = 287 £ 8(stat.) = 31(syst.) fb

I D P s e ! P28 S i 1 e e sl e s S S P S

1.055— .
iyt do
0.95¢ = Measurements are within 2.5¢ and 1.9¢ of the SM predictions for

G 04 02 03 04 06 06 07 08 09 1 Parton and Particle-level respectively
NN

Data / Pred.

out

= With the measurement being higher than the prediction for both
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-013/

Flavour Changing Neutral Currents @

= FCNCare forbidden at Born level and highly supressed at loop level inthe |
SM due to GIM mechanism

= Any observation of enhanced rates would be clear evidence of BSM

= Several BSM models also set bounds on the FCNCs BRs
= 2HDM, RPV SUSY, MSSM, RS, ... [ arXiv: 1311.2028 ]

= FCNC vertex in production and decay modes is treated in a model|
independent way in an EFT framework

= Limits from cross-sections reinterpreted as limits on EFT Wilson coefs. and BRs

= Results are separated for u(c) valence (sea) quarks to due the different PDFs

arXiv:hep-ph/0409342 G\ BR(U) SM BR(C)

u,c YsZ,H g
t->y+u/c 4x10716  5x10°14
t W Vo t—>Z+ujc 8x10-17  1x10714
o : e g t>H+u/c 2x107Y7  3x10715
b t—>g+ujc 4%x1071*  5x10712
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https://arxiv.org/abs/1311.2028
https://arxiv.org/abs/hep-ph/0409342

ATLAS-CONF-2022-003 @
FCN C tqy Ana IySis Strategy SR bkg. composition ATLAS

= Analysis is optimised in both FCNC production and decay mode

[ other prompt v [l tty
[ Jh—y fakes [l e—y fakes
m Zy +jets . Wy +jets

= Shares many similarities with SM tqy analysis

= Same final-state, main background (tty and Wy ) and fake (e —» y and - y)
estimation techniques

= No separation of SRs in forward jets 1y ATLAS Simulation Preiminery [ vocymode, -

(s=13TeV — Background

107"

= Signal Extraction
= Multi-class NN are trained for each region and up or charm quarks
= 37 input variables from final-state kinematics and photon conversions
= 3 output nodes: Yprod- Ydecay Ybkg >
= This approach is ~30% better than optimised binary classifier
=  Maximum-likelihood fit to all 3 SR+CR to obtain limits on EFT WC and BRs

1072

10‘3 Production mode class

1 -=== Production mode, tuy LH
Decay mode, tuy LH
- Background

Fraction of events / 0.05

1072

01 02 03 04 05 06 07 08 09 1

NN output
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-003/

FCNC tqy Results

ATLAS Preliminary f==== Expected = 1o
t—uy LH s=13 TeV, 139 fo! === Expected = 20
B — Observed
t—uy RH
t—cy LH
t—cy RH
1 1 1 | 1 1 | 1 1 1 | 1 1 |
0 0.02 0.04 0.06 0.08 0.1

BR 95% CL limits

x107°

Events /0.5

Data / Bkg.

ATLAS-CONF-2022-003 @

ATLAS Preliminary @ Data  ---tuy LH (10xlimit) J
\s=13TeV, 139" [Wy+jets [le—y fakes -
SR [HZzy+ets [ ]h—y fakes J
Post-Fit Wiy [l other prompt y 3

Uncertainty ]

‘5 4 3 -2 -1 0 1 2 3 4 5
NN discriminant

=  Previous ATLAS 81fb-! (focus on production mode) [ Phys. Lett. B 800, 135082 ]
= These results present a factor 3.3—5.2 improvement with respect to the previous search
= Adding events with additional jets (decay mode), optimised signal region and analysis

strategy, more luminosity (139 fb")
4th May 2022 | Marcos Miralles - DIS2022
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Stat. and syst.

uncertainties

= Analysis is dominated by
statistical uncertainties

= |eading syst. unc.: tqy
SM cross-section



https://www.sciencedirect.com/science/article/pii/S0370269319308044?via%3Dihub
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-003/

ATLAS-CONF-2021-049 @)
FCNC tqZ Analysis Strategy ]

= Analysis is optimised in both FCNC production and decay modes

= Event Selection

= Z - ll, semi-leptonic top decay: = 3 isolated leptons pt > 27/15/15 GeV,
= 1 b-tagged jet (70% WP)

= Two SRs: targeting decay SR1 (= 2 jets), targeting production SR2 (> 1 jet,
my, > 40 GeV)
= Background Estimation
= tt and ttZ main backgrounds are estimated in dedicated control regions
= VV+HF are estimated in 2 sideband control regions

= Signal Extraction

= x% minimisation technique is used to reconstruct kinematics of top quark
candidates

= Three separate BDTs are trained to discriminate signal from background
= SR1(D,): both FCNC tuZ and tcZ decay modes
=SR2 (D¥): FCNC tuZ production mode
=SR2 (D5): FCNC tcZ for both production and decay modes
=  Maximum-likelihood fit to all 6 SR+CR to obtain limits on EFT WC and BRs
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Events/0.18

Data / Bkg.
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FCNC tgZ Results
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140~ ATLAS Preliminary ¢ Data — = 220:_ ATLAS Preliminary ¢ Data E
T Vs=13TeV, 139 fb" @tizetwz = VV+LF ] £ 200F Vs=13TeV, 139 fb™ WtZ#tWz = VV+LF
120/ SR1 VV+HF  lItZ J g 180E SR2 VV+HF  lItZ E
- D,>-0.6 B Fake lep. [ Other bkg. e - D,>-0.7 or D} >-0.4 WFake lep. [ Other bkg. 1
-~ Post-Fit 7/ Bkg. uncertainty b 160 Post-Fit 77Bkg. uncertainty =
L --- FCNC (u)tZ x 50 - 140F ~~~ FONC (utZ x 50 e
[ — FCNC ti(u2) x 50 SR1u : - — FCNC t{(u2) x 50 SR2 u -
80~ ] 120 % =
- . 100~ ? -
80F (? + -
C 7 .
60 — fa
40F ‘4“ ! -
20 - m—-&ﬁ =

0
1.25

o

Data / Bkg.

T

1.25
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Decay mode
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Production mode

ATLAS-CONF-2021-049 @)

L
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Stat. and syst. Uncertainties

= Analysis is dominated by statistical
uncertainties

Previous ATLAS 36fb" (focus on decay
mode) [J. High Energ. Phys. 2018, 178 ]

This results present a factor ~3 (2)
improvement u(c) with respect to
the previous search

Adding production mode, optimised
signal region and analysis strategy, more
luminosity (139 fb1)

10



https://link.springer.com/article/10.1007/JHEP07(2018)176
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-049/

ATLAS-CONF-2022-014

FCNC tqH(tt) Analysis Strategy

= Analysis is optimised in both FCNC production and decay
modes

= Event Selection
= =1 b-tagged jet (70% WP), = 0,1 lepton different regions are defined
depending on top and tau decays and jet multiplicity
= Background Estimation

= Fake r main background scale factor estimated in data-MC control
regions
= Sources are tt and multi-jet production

= Signal Extraction
= One BDT is trained per-region to discriminate signal from background
= Uses 12—17 kinematic input variables (t p, m, mpjj, ... )

=  Maximum-likelihood fit to all 7 analysis regions to obtain limits on
EFT WC and BRs
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11



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-014/

ATLAS-CONF-2022-014 @
FCNC tqgH(tt) Results 1

ATLAS Preliminary \s=13TeV, 139 fb Most sensitive lep region EXPERIMENT
R SN 2 FATLAS Preliminary ¢ o Be ] ..
FCNC tuH H—7"z B entevinn me me. ] Stat.and syst. uncertainties
Hadronic [— - Wetmane e ] w Stat. uncertainties are larger
F Post-Fit woborie ] than syst. uncertainties
Trweems 1w MC stats, signal modelling
. and fake T modelling are the
Leptonic |- . Expected + 16 — leading ones
----- Expected + 2 .
d ° 1 » Observed excess is 2.3¢
—— Observed _ significant
Combined — - E e
95% CL limits s
S o8f
L1 v o ey oy by by by by oy 0.6:_‘ A X X . X X X X
0 0-5 1 1.5 2 2.5 3 3.5 -1 -08 -06 -04 -02 O 02 04 06 038 1

BDT Discriminant

B(t — uH)/107°
= Previous ATLAS combination limits (H — t7 + bb + yy +ML) []. High Energ. Phys. 2019, 123 ]

= This results present a factor ~1.7 (1.1) improvement u(c) with respect to the previous
combination (factor ~2 wrt. H - t7 search)

= Optimised signal region and analysis strategy, more luminosity (139 fb-1)

4th May 2022 | Marcos Miralles - DIS2022 12



https://link.springer.com/article/10.1007/JHEP05(2019)123
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-014/

Eur. Phys. J. C 82 (2022) 334@
FCNC tqg Analysis Strategy ]

= Analysis is optimised in FCNC production mode u,c "
: : : : e
= Unique single-top signature final state w 0
= Event selection ¢
= =1 central lepton, = 1 b-tagged jet (SR) (30% WP), Ermiss > 30 GeV, b
my,, > 50 GeV g
= Background Estimation
= Validation regions are defined for the main backgrounds: tt + Wt, W + jets ATLAS T
and single-top production SR ’
= Multi-jet background estimation is performed using matrix method W Hjets 36.8%
. : : Z+jets,VV 4.8%
Signal Extraction ey

= Two NNs are trained separately for tcg and tug (D, and D,)
= Uses several kinematic input variables (b-jet p, my,, myp, ...)

=  Maximum-likelihood fit to the signal region to obtain limits on EFT WC

and BRs tqiq 22.2% tt, Wi tb,tb 28.7%
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https://link.springer.com/article/10.1140/epjc/s10052-022-10182-7

Eur. Phys. J. C 82 (2022) 334
FCNC tqg Results @

EXPERIMENT

10000

15000

10000

5000 Stat. and syst. uncertainties

= Addition of all systematics increase limits

m25000-| L I L I L I i m45000_l L ] T 1T TT ] L = = ] i | I UL I UL l_ Expected |Im|ts
S [ ATLAS -¢-Data 13 - ATLAS +-Data ] — = pome
@ - {s=13TeV, 13910 Bug — tFCNC 1 #%0000F {5=13TeV, 1391 ™ Mcg - tFCNC = Description Bos (t >u+g) Byt —>c+g)
820000 SR plus Wtata o Bk SR Mif - - 5 5
M - Post-Fit M t,tW th tb 1 = - Post-Fit W tW,tb,tb < Data statistical only 1.1 x 10~ 24 x 10~
i B W+jets i C E W+jets ] . o 5 5
- SR (u) [ Z+jets, W 1 o000 QR (C) [ Z+jets, W =  Experimental uncertainties also 3.1 x 10~ 12 x 10~
1e0%0r B Muljet 1 2s000F B Multjet 2 All uncertainties except MC statistical 3.9 x 10~ 18 x 10~
7 Uncertainty B s E 772 Uncertainty ] SRR Gl = ’
1 20000 4 All uncertainties 49 x 107> 20 x 1073

5000

L of . o by factor ~5 (tuZ) and ~10 (tcZ)
e Y + 7, K Y - % = Main uncertainties: bkg. modelling, jet
Soersk e T TS and E_miss
0'98.—7 0.l75 0.'8 O.éS 0.‘9 O.SIJS —1 0'96.7 0.}5 0.l8 0.65 0.‘9 0.é5 -1 T
D, D,

= This results present a factor ~2 improvement with respect to the previous ATLAS Run1
search

=  Optimised signal region and analysis strategy, more luminosity (139 fb")

4th May 2022 | Marcos Miralles - DIS2022 14
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Vs =13 TeV, Run2
Vs = 13 TeV, 36fb!

Vs =7+ 8TeV, Runt L
EXPERIMENT

FCNC Overview

ATL-PHYS-PUB-2022-015

4th May 2022

ATLAS+CMS Preliminary 95%CL upper limits <@ ATLAS <—@ CMS _
LHCtopWG [1] JHEP 05 (2019) 123 [2] arXiv:2111.02219 \/E = 8TeV, Run
[3] ATLAS-CONF-2022-003 (LH) [4] JHEP 04 (2016) 035
March 2022 5] arXiv:2112.01302 (LH) [6] JHEP 02 (2017) 028 ATLAS (LH) CMS
[7] ATLAS-CONF-2021-049 (LH) [8] CMS-PAS-TOP-17-017
Each imit assumes that [9] JHEP 07 (2017) 003 Observed (expected) limits on BR
all other processes are zero Theory predictions = SM 2HDM(FV) EE 2HDM(FC)
- ~fromarXiv:1311.2028 [JMSSM [[]RPV ERS
/////7/_//—— W(—‘m_ﬁ
CA A A T AN . .
t->He ‘ . : ) 7: 99 (50) yy: 73 (51)
7
/ 3 —@9 (1]
t—Hu //f \ o 17: 72 (36) vy: 19 (31)
toye - Y 4.2 (3.4) 170 (200)
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- ] @ 2 151
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(5]
t—gu - 6.1(4.9) 2.0 (2.8)
- o —e 4
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-015/

Summary ]

= The LHC Run2 data is being exploited:
= Four-top production combination measurement at 4.7o (2.60)
= Observation of single top+photon at 9.1¢ (6.70)

= QOverall factor 2 — 5 improvement in all FCNC channels wrt. to previous
ATLAS results.
= tqy — factor ~3.3-5.2
= tqZ — factor ~2-3
" tqH — factor ~1.1—1.7 (big data excess)
= tqg — factor ~2 (syst. dominated)
= Most of these analysis are stat. dominated — improvement in Run3

= ATLAS Top Physics Results
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4tops SRs

1L
| | i
25b | | | 2L0S
————————————— 1------------- SRR : : }
4b i i | >4b : ! Signal regions
------------- s
3bV i Validation regions 3bV E Validation regions
| | | | | |
_____________ e L gy g g SRRy SS9 i AR oy SR Sy g S eSS e gy
| | [} ) I
3bH | | 3bH ; ;
————————————— 1------Control regions -----=========cecs -------------4----- Control regions ------s===========c.
3bL 3bL g ;
—————————————
2b tt+jets kinematic reweighting regions 2b tt+jets kinematic reweighting regions
| | : i i i
7j 8] 9j >10j 5] 6j 7j >8j

Figure 2. Schematic view of the event categories used to select analysis regions (signal, control,
validation and tt+jets reweighting regions) in the 1L channel (left) and 2LOS channel (right). The
axes represent the jet multiplicity and b-tagging requirements defined in table 1. The 3bL (3bH)
b-tagging requirement selects events with lower (higher) purity of MC ‘truth’ b-jets amongst the
three jets tagged at the 70% OP. The 3bV b-tagging requirement is used to define the validation
regions. The regions in grey are not used in the analysis.
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4tops SRs

ATLAS Simulation Wit Ott+light [tiex1c ATLAS Simulation mitt  Oti+ight [Oti1c
Vs=13TeV, 139 fb" mtt+b  Mti+B  Mtt+bb Vs=13TeV, 139 fb" mtt+b  Mt+B  Mth+bb
1L Wtf+>3b @Enon-tt 2LOS Wti+>3b [Enon-tt

Relative contribution
Relative contribution

0
= == = > > Q a Qo Q =l = = T T OS> O> > 0 o o
o 9O O o Qo % Qo QO B S S & [Tel Qo Qo Q o) o Qo i) i) o <t <+ <t
M M 00 0 o0 o000 scss NAA M M o m ®m® ® m ™ m A A A
© o O ® & O o & O - © © N~ ©O © K ©o © K o © Qo
T — — Al Wy Al Al Al Al
Al Al

Figure 3. Relative contribution from the signal and backgrounds in all signal, control and validation
regions in the 1L channel (left) and 2LOS channel (right). The 3bL (3bH) b-tagging requirement
selects events with lower (higher) purity of MC ‘truth’ b-jets amongst the three jets tagged at the
70% OP. The 3bV b-tagging requirement is used to define the validation regions. For the tt+jets
background, the fraction is shown for each component with the finer classification. The tttt signal
is normalised to the SM cross-section prediction.

4th May 2022 | Marcos Miralles - DIS2022 19



T T T T T T T

T T T T T T T

ATLAS - A * ATLAS ¢Data  --titi*
| Vs=13TeV, 139fb" Wit Otidlight | Vs=13TeV, 139" Wit Otislight

5 i It J 5 I It
10°F 1L Otis>1c  Wt+21b 10°F 1L Ofs>1c  Wf+21b
Pre-Fit Enon-tt Uncertainty Post-Fit @non-tt Uncertainty
10° “:normalised to tot. bkg. | 10k *: normalised to tot. bkg. B L

¢ Data

Events
Events

ol

10°
102
10
g 1.25 ’ -+— 8 1.25
a 1 pe i - & - - "".,'._.'r‘:.."::,:::;..... o« 1 —e - -®- *- "'M""
« 075 / / « 075
© [
=} - | e | - L L b x4 el e} e} Qo Ko} o o -l -l - = = o p e o o Qo Fel Fe}
8 8 8 8 8 8 % X % % % % 8 8 8 8§ 8 8 X £ 2 8% 8% %
& & & ® & & = © & 9 & & & ® & & v ® & g
~N = A A A N
‘lLb T T T T T T T T ﬂ T T T T T T T T
3 ATLAS ¢ Data --iti* . ATLAS ¢ Data --iti*
& Vs=13 TeV, 139 fb" Wttt [Oiti+light o Vs=13TeV, 139 fb" Wit [ti+light
. 2LOS Oti+>1c  @ti+1b A 2L0S Oti+>1c  @t+>1b
10°F Pre-Fit @non-tt Uncertainty 3 10° F Post-Fit @non-tt Uncertainty 7
*: normalised to tot. bkg. *: normalised to tot. bkg.
10° 10°
102 102
10 10
g 1.25 8 1.25
o 1 - ST - e [ 1 o *- -+ -+
s 075 = 075
o «©
Q . . - T = T o o re) o - . . T T T o o o
8 88 8 8 88 & 1 X A 8 8 8 8 8 88 % X R
= i~ @ @& < ) [ < @ & < < @ < o & i< o
Al Al Al A A Al

Figure 6. Comparison of predicted and observed event yields in each control and signal region in the
1L channel (top) and in the 2LOS channel (bottom) before the fit (left) and after the fit (right). The
tt+jets background is corrected at the pre-fit level using data. The band includes the total pre- or
post-fit uncertainties. The dashed red line shows the signal distribution normalised to the total back-
ground yield. The ratio of the data to the total pre- or post-fit prediction is shown in the lower panel.
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Figure 4. The N, and H%“ distributions in the region with > 8 jets and > 3 b-jets in the 1L chan-
nel before (left) and after (right) the flavour rescaling and the sequential kinematic reweighting. The
band includes the total pre-fit uncertainty of the MC prediction. The ratio of the data to the total
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4tops BDT input variables ATLAS

EXPERIMENT

 Overall activity in the transverse plan: t7¢7 production leads to central collision with a more * Jets information: ¢7t7 production leads to more energetic jets with respect to t7+jets for the same
important transverse activity compared to T +Hets reason as above, and the radiation structure can be exploited using jet-to-jet correlations (e.g. g — qq

would lead to close jets with a low invariant mass).

— Hr using all reconstruced jets and leptons in the event, — For the >10(8)j region in the 1L(OS) channel: jet multiplicity Njes,

— Centrality »}; pr;/2.i Ei, where the sum includes all reconstruced jets and leptons in the events, — Average AR across all pairs of jets,

— Transverse momentum (pr) of the leading jet. — The invariant mass of the triplet of jets that has the minimum AR,’

* RC-jets information: since ¢7¢f leads to more transverse objects, some of the produced top-quarks
could be boosted enough to be contained in a large-R re-clustered jets (see Section 4.3), with a the
sub-structure which can help reducing rf+jets producing less of these boosted topology.

* b-tagging information: r7¢7 production leads to more energetic b-jets with respect to ¢t7+jets, where
additional (b-tagged) jets come from radiations. The b-tagging operating point used for these

variables is defined as MV2c10 70%.
— Number of RC-jets with a mass higher than 100 GeV,

— Minimum AR among all pairs of b-tagged jet and lepton,
gaip gged) p — Sum of the first k, splitting scale d;, of all RC-jets'”,

— Minimum AR among all pairs of b-tagged jets, — Sum of the second k; splitting scale d»3 of all RC-jets,
— Sum of the pseudo continuous b-tagging score (Zfzg pcb;) (see Section 4.4) of the six leading

jets ranked in MV2c10 score,

. E'l‘,liss and lepton informations: this last set of variable attemps to probe the W-boson from
top-quark decay, which should be more transverse in ¢7¢f than in t7+jets.

— Missing transverse momentum E}“iss

— For the 1L channel only: W reconstructed transverse mass mr (€, EX")
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4tops systematic modelling 1

Uncertainty source Description Components (number)

tt+>1b normalisation +50% tt+b, tt+bb, tt+B, tt+>3b (4)

tt+>1c normalisation +50% tt+>1c (1)

Generator choice POWHEG vs MadGraphb5 aMCQ@QNLO (tt+light, tt+>1c, tt+b, tt+bb, tt+B, tt+>3b)
® (shape, migration) (12)

PS choice PYTHIA 8 vs HERWIG 7 (tt+light, tt+>1c, ti+b, tt+bb, tt+B, tt+>3b)
® (shape, migration) (12)

Renormalisation scale Varying p, in POWHEG tt+light, tt+>1c, tt+>1b (3)

Factorisation scale Varying p; in POWHEG tt+light, tt+>1c, tt+>1b (3)

ISR Varying as (PS) in PYTHIA 8 tt+light, tt+>1c, tt+>1b (3)

FSR Varying ¢ (PS) in PYTHIA 8 tt+light, tt+>1c, tt+>1b (3)

5FS vs 4FS POWHEGBOXRES (4FS) vs POwHEGBOX (5FS) tt+b, tt+bb, tt+ B, tt+>3b (4)

Table 2. Summary of the sources of systematic uncertainty for the tt+jets modelling. The last
column of the table lists the uncorrelated components of each systematic uncertainty source. All
systematic uncertainty sources are treated as uncorrelated across the tt+jets components. For
generator and PS choices, each tt+jets component is further decomposed into a shape component
and a migration component. The number of uncorrelated components for each physics source is
shown in parentheses.
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4to p s Syst e m a t i c Uncertainty source Aoy [fb]
Signal Modelling EXPE F!TM ENT

°
m o d e I I I ng tttt modelling +8 -3

Background Modelling

tt+>1b modelling +8 -7
tt+>1c modelling +5 —4
tt+jets reweighting +4 -3
Other background modelling +4 -3
tt+light modelling +2 =2
Experimental

Jet energy scale and resolution +6 —4

b-tagging efficiency and mis-tag rates +4 -3

MC statistical uncertainties +2 -2
Luminosity <1
Other uncertainties <1
Total systematic uncertainty +15 -12
Statistical uncertainty +8 -8
Total uncertainty +17 -15
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4tops BDT discriminants
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FCNC tqy Regions @)

Table 1: Summary of the analysis region definitions. While the requirements on photons, leptons and E%“iss are equal,
the regions differ by the jet and b-tagged jet requirements. The latter ensure the orthogonality. All jets that pass
the 60% b-tagging WP automatically pass the looser b-tagging WPs. A hyphen is set where no criterion has to be

fulfilled.
Object SR | CRtiy | CR Wy+jets
Photon =
Lepton =1
E}“iss > 30 GeV
Jets > 1 >4 = 1
b-tagged jets (60% WP) | = - =
b-tagged jets (70% WP) | = > 1 =0
b-tagged jets (77% WP) | =1 > 2 =
m(e,y) - — ¢[80,100] GeV
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FCNC tqy BDT input variables i

: . . o EXPERIMENT
In the following, 18 low-level variables are considered, containing the transverse momentum pr, the

pseudorapidity n and the azimuth angle ¢ of

* the photon (y),

* the lepton (1), Out of 44 input variables considered, 37
* the b-tagged jet (b-jet), are used as the input to the NN: these
* the two leading non-b-tagged jets (jet 2, jet 3), were selected by remOVing
as well as EI", ¢(E™*) and the lepton charge. the input variables with negligible
As high-level variables, the invariant mass m and the angular distance AR in the n—¢-plane are considered im Pa ct on the Sepa ration power of the
for each pair of two objects, making up 20 variables in total. The other high-level variables are final discriminant

* the reconstructed top-quark mass: the invariant mass of the decay products of the top-quark candidate
is estimated. Firstly, the momentum of the neutrino along the beam axis p,, is approximated by
solving the equation m(l, v) = my to account for the leptonically decaying W boson. For every
mathematically possible solution, m(b-jet, [, v) is evaluated and the value closest to the top quark
mass is used,

« the transverse W boson mass mp(W) = \/2 (pr(l)E;‘“iSS - pr(l) - E}“iss),

* the sum of the b-tags at the DL1r 85% working point,

¢ the sum of all transverse momenta Hr,

* the jet multiplicity of the event,

* the photon conversion as a binary variable, i.e. 1 if the photon candidate is converted in any part of

the detector, or O if it is unconverted.
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FCNC tqy Wilson Coefficients

ATLAS Preliminary #88 Expected = 1o ATLAS Preliminary #58# Expected = 1o XPERIMENT
|C(13)' Ll R t—uy LH -1
uw +Cus Vs=13 TeV, 139 fb™" === Expected = 20 v Vs=13 TeV, 139 fb™" === Expected = 20
L — Observed B — Observed
|y +c t—>uy RH
Ciw +Cl t—cy LH
Cﬂs\z) + ijaBz) t—cy RH
___ [N N I . ., x10°®
0.1 0.2 0.3 0.4 0.5 0 0.02 0.04 0.06 0.08 0.1

Wilson coefficient 95% CL limits BR 95% CL limits

Figure 5: The 95% CL limits on the effective coupling constants (left) and BRs (right). The expected (observed)
limits are shown with the dotted (solid) lines. The green (yellow) bands represent one (two) standard deviations for
the limits. The scale of new physics is set to A = 1 TeV.

Table 2: The 95% CL limits on the effective coupling constants and BRs. The expected limits with their uncertainties,
representing one standard deviation, as well as observed limits are shown. The scale of new physics is set to

4th May 2022 |
I

A=1Tev.
Coeflicient limit BRs [107°
Effective coupling oethielent TS Coupling ° [ ]
Expected  Observed Expected Observed
ICU+ ' 0.104%0920 0103 | r—>uyLH 088037 0.85
IcC) +cS) 1 01227093 0123 | r—uyRH 1201039 122
ICO)*+ C| 0.205%097 0227 | t—cyLH 340703 416
ICC2 +cCP | 02141099 0235 |r—cyRH 370147 446
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FCNC tqZ x*” minimisation and SRs @

erCO —m 2 mI'CCO —m 2 mreco —m 2
2 Jaff tFCNC _]bfwv tSM fwv 1%
Xig = 0_2 T 0_2 i 0_2 2
'reNC Ism 14

Table 2: Overview of the requirements applied for selecting events in the signal regions. OSSF is an opposite-sign
same-flavor lepton pair. m, = 91.2 GeV and m, = 172.5 GeV.

Common selections

Exactly 3 leptons with p(¢;) > 27 GeV
> 1 OSSF pair, with |m,, — m,| < 15 GeV

SR1 SR2
> 2 jets I jet 2 jets
1 b-jet 1 b-jet 1 b-jet
— mr(Cy, v)> 40 GeV my(Ly, v)> 40 GeV
m;-chg —m,| < za-tFCNC = |m§i°;5 - m,| > 20}FCNC
reco reco
- |mjbng -m,| < 20'tSM Imjbfwv -m,| < 20',SM
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FCNC tqZ BDT input variables ATL

EXPERIMENT

Table 10: Set of variables used in the training of the GBDT in full SR1 to build the D, discriminant used in both ¢t Zu
and tZ ¢ couplings searches. Variables are ordered by the separation (s*) value.

Variable (s?) Definition
My 0.1364 SM top-quark candidate mass
pr 0.07345 u/c-quark candidate transverse momentum
Njets 0.05747 Jet multiplicity Table 12: Set of variables us;d in the training of the GBDT in full SR2 to build the D5 discriminant. Variables are
Mg 0.04173 FCNC top-quark candidate mass ordered by the separation (s”) value.
AR(tsm, trenc)  0.04109 AR between SM and FCNC top-quark candidates Variable ( 32) Definition
AR(¢,Z) 0.02441 AR between W boson lepton and Z boson candidates > :
PT 0.07408 Z boson candidate transverse momentum
p-br 0.05261 b-quark candidate transverse momentum
Table 11: Set of variables used in the training of the GBDT in full SR2 to build the D5’ discriminant. Variables are Myey 0.02282 SM top-quark candidate mass
ordered by the separation (s%) value. AR(b,Z) 0.02143 AR between b-quark and Z boson candidates
Variable (s%) Definition X?Z 0.01561 X2 from the kinematic fit under the FCNC ¢Z production signal hypothesis
7 03104 7 boson candidate transverse momentum AR(¢,Z) 0.008783 AR between W boson lepton and Z boson candidates
p% 0.175 b-quark candidate transverse momentum
AR(b,Z) 0.08017 AR between b-quark and Z boson candidates
Mppy, 0.04636 SM top-quark candidate mass
sz 0.03171  x? from the kinematic fit under the ¢Z production signal hypothesis
AR((,Z)  0.024 AR between W boson lepton and Z boson candidates
4th May 2022 | Marcos Miralles - DIS2022 30



FCNC tqZ Control Regions @

. . . . . . . . . EXPERIMENT
Table 3: Overview of the requirements applied for selecting events in the control regions. OSSF is an opposite-sign

same-flavor lepton pair. m, =91.2 GeV and m, = 172.5 GeV.

Common selections

Exactly 3 leptons with py(¢;) > 27 GeV
1t CR 1tZ CR Side-band CR1 Side-band CR2

> 1 OS pair, no OSSF > 1 OSSF pair > 1 OSSF pair > 1 OSSF pair
with |m,, —m,| < 15GeV  with [m,, —m,| < 15GeV  with |m,, — m,| < 15GeV
- E - my(Ly, v)> 40 GeV
> 1 jet > 4 jets > 2 jets 1 jet
1 b-jet 2 b-jets 1 b-jet 1 b-jet

reco
| - m,| > 20‘,FCNC -

reco
Jblwv

| reco
IJptwv

— - —my| > 20, —my| > 20y
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FCNC tqZ Wilson Coefficients i

Table 7: Observed and expected 95% CL limits on the FCNC ¢t — Zg branching ratios and the effective coupling
strengths for different vertices and couplings (bottom eight rows). For the latter, the energy scale is assumed to be
Anp = 1 TeV. The top rows show, for the case of the FCNC t — Zu branching ratio, the observed and expected
limits 95% CL when only one of the two SRs, either SR1 or SR2, and all CRs are included in the likelihood.

Observable Vertex Coupling Observed Expected
SR1+CRs
B(t — Zq) [107°] tZu LH 9.7 8673
B(t — Zg) [107] 1Zu RH 9.5 g2l
SR2+CRs
B(t — Zq) [107] 1Zu LH 7.8 6.1
B(t — Zq) [107°] tZu RH 9.0 66
SRs+CRs
B(t — Zq) [107°] tZu LH 6.2 49731
B(t — Zq) [107°] tZu RH 6.6 5.5
B(t — Zq) [107] tZc LH 13 11753
-5 4
Bt — Zq) [107] tZc RH 12 1073
IC ) Tand [C| 1Zu LH 015  0.13%90
IS and |CO)| 1Zu RH 0.16  0.14700
IC)| and |CL2)"| 1Zc LH 022  DR0EL
1Y) and |C)| tZc RH 021 0I190%
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FCNC tqgH Previous Results @

Table 1: Summary of 95% CL upper limits on Z(t — cH) and #A(t — uH) obtained from ATLAS and CMS
Collaborations with Run 2 data. Each limit is obtained assuming the other branching ratio is null.

95% CL observed upper limits

fb—l
£ ] on A(t » cH) on At — uH)
H — bb [32] 36.1 4.2x 1073 52x%x1073
H — vy [33] 36.1 2.2%x1073 24x1073
ATLAS H — 77 (TiepThads ThadThad) [32] 36.1 1.9% 1073 1.7 x 1073
H — WW*,t1,ZZ* (2SS, 3¢) [34] 36.1 1.6 x 1073 1.9% 1073
Combination [32] 36.1 1.1x1073 1.2%x 1073
CMS H — bb [35] 35.9 4.7x 1073 4.7%x 1073
H — bb [36] 137 9.4x 10~ 7.9x 10~
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FCNC tqH Selections and Regions

Table 2: Summary of preselection requirements. The leading and subleading 1,4 candidates are denoted by Thaq, 1

and Thag,2 respectively.

leptonic channel

hadronic channel

Requirement
Th TlepThad ¢ Thad Thad ¢ Thad I Thad Thad
Trigger single-lepton trigger di-7 trigger
Leptons =1 isolated e or u =0 isolated e or u
Thad =1 Thad >2 Thad =1 Thad >2 Thad
Electric charge (Q) | Q¢ X Oy <0 Onpay X Orjgs <0 Qe X Qry >0 | Oy X Qg <0
Jets > 3 jets >1 jets >2 jets >3 jets
b-tagging =1 b-jets =1 b-jets

4th May 2022

| Marcos Miralles - DIS2022

ATL

EXPERIMENT

Table 4: Overview of the signal regions (SR), validation region (VR), and ¢ control regions (CRtt) used for the
fake tau scale factor derivation in the leptonic channels. Leptons are required to have either same-sign (SS) or
opposite-sign (OS) in each region.

Regions b-jet | light flavour jets | lepton | hadronic taus charge
1¢Thad Thad 1 >0 1 2 ThadThad OS
t¢Thad-1j 1 1 1 t¢Thad SS
¢ Thad-2j 1 2 1 1 t¢Thad SS

SR th Tiep Thad -2 1 2 | 1 TiepThad OS
th T|epThad-3j 1 >3 | 1 Tlep Thad OS
!h Thad Thad-2] 1 2 0 2 Thad Thad OS
th Thad Thad-3j 1 3 0 2 ThadThad OS
VR [£Thad Thad-SS 1 e 1 2 Thad Thad SS
tetel bThag 1 >0 2 1 tety OS
tete2bThad 2 >0 2 1 tete OS
R teth 2bThag-2jSS 2 2 1 1 teThad SS
tetn2bThag-2jOS 2 1 1 trThad OS
tetp2bthag-3jSS 2 3 1 1 teThad SS
t[thszhad-3jOS 2 >3 | 1 t¢Thad OS
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Table 5: Discriminating variables (n) used in the training of the BDT of each SR. The ranking of the input variables
according to their importance in the training is reported from highest (1) to lowest (n). Variables whose ranking is

F C N C H B D T missing are not included in the training of the corresponding SR. The description of each variable is provided in the
t q text. L

0Thad=1]  ThTiepThad=2]  01Thad=2]  thTiepThad=3]  102Thad  Th2Thad-2)  1h2Thad-3j

[ )
I n p u ts Total variables (0) 12 15 12 17 15 12 12

mj 9 6 7
X2 14
max(n;) 4 4 10
m%v 11 8 13
Mrrfit 2 3 | |
Mbjj fit 1 2 3 4
prt 12 15 12 17
Mrrq,fit 10 6
My 3 d 4
Proy I 4 I I 5 1 10
Ex™ 5 1 10 13 6 7 13
My 10 14 1 1 2 2
Er1/Er fi 10 12 8 8
Er2/Eqra fi 7 9 11
PTr+r- 9
Mrrg 3
Ag(rt, EFiss) 6 16 13 12
E}centrality 13 15 12 9
min(my ;) 9 3 14
min(AR((, 7)) 8 9 9 10 15
AR(7,7) 2 4 3
AR(, b-jet) 2 3 2 8 12
AR(71, b-jet) 6 5 6 7 11
AR(€ + b-jet, T7) 7
AR(71,light-jet) 7 8 7 5 8 5 5
min(m;;) 12 11
4th May 2022 | Marcos Miralles - DIS2022 35



FCNC tqH Systematics 1

Table 7: Absolute uncertainties on Z(t — gH) (¢ = u, c¢) obtained from the combined fit to data. The uncertainties
are symmetrised for a presentation purpose and grouped into the categories described in the Section 9.

A% [1077]

Source of uncertainty
t—-uH t—>cH

Lepton ID 0.6 1.0
E}“i“ 0.7 0.8
Fake lepton modeling 0.9 1.1
JES and JER 24 3.2
Flavour tagging 2.7 3.7
tt modeling 29 4.3
Other MC modeling A | 29
Fake T modeling 3.2 4.6
Signal modeling including Br(H — 77) 3 7.0
7ID 33 44
Luminosity and Pileup 0.9 1.5
MC statistics 5.1 7.0
Total systematic uncertainty 11.2 15
Data statistical uncertainty 14.1 19.6
Total uncertainties 18 2
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FCNC tqH Wilson Coefficients 1

EXPERIMENT
Table 8: Summary of 95% CL upper limits on A(t — cH) and A(t — uH), significance and best-fit branching ratio

in signal regions with a benchmark branching ratio of A(t — gH) = 0.1%. Expected significance is obtained from
Asimov fit with a signal injection corresponding to a branching ratio of 0.1%.

t — cH t — uH
Signal Regions 95% CL upper limits[1073]  Significance ~ 2[1073]  95% CL upper limits[1073]  Significance =~ Z[1073]
Observed (Expected) Observed (Expected)
thThad Thad 2] 1.85(2.80% 3% -0.96(0.78) —1.03*]04 1.10(1.65*0-7%) -0.90(1.25) -0.55*0-39
th Thad Thad -3 1.18(1.06)30) 0.34(1.87)  0.16%0% 1.00(0.89%0-32) 0.36(2.13)  0.14%)-30
Hadronic Combination 1.04(0.98*03%) 0.26 (1.99)  0.11703 0.78(0.78*03 0.11(233)  0.04%03;
1 Thad 2] 4.86(4.32*1%%) 0.40(0.48)  0.8172:% 3.93(3:55 59 0.34(0.58)  0.57+1-66
11 Thad-1] 3.94(3.67*1:8%) 0.24(0.57)  0.40*}-7 310287 ;) 0.24(0.73)  0.31%}-3
thTiepThad-2] 4.81(5.85*79) -0.52(0.39) -1.36*23¢ 2:56(3.0513:20) -0.48(0.69) —0.66*|-3%
thTlepThad -3 2787190 -0.04(0.76) —0.04*1-26 2.07(2.09%0-%8) -0.05(0.98) —0.04%0-3%
!/ Thad Thad 1.41(0.63*0-22) 2.64(3.24)  0.74*03% 1.01(0.45*0-2}) 2.64(4.08)  0.53%0-33
Leptonic Combination 1.29(0.59*5-27) 2.59(3.34)  0.68%033 0.92(0.42+0-19) 2.59(4.23)  0.48%0-23
Combination 0.99 (0.50*9-22 2.34(3.69)  0.51*023 0.72 (0.36*0-17) 2.31(449) 0373318
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Figure 5: 95% CL upper limits (a) on the plane of A(t — uH) versus #(t — cH) and (b) on the plane of C.¢4 versus

Cu¢ for the combination of the searches. The observed limits (solid lines) are compared with the expected (median)

limits under the background-only hypothesis (dotted lines). The surrounding shaded bands correspond to the 68%

and 95% CL intervals around the expected limits, denoted by +10 and +20, respectively.

4th May 2022

| Marcos Miralles - DIS2022

38




FCNC tqg Regions i

Table 1 Summary of selection requirements used to define the four corresponding Loose quality category. Loose charged leptons had to
analysis regions. The left column lists the observables on which the exceed a threshold of pt(¢) = 10 GeV. The transverse mass of the W
requirements are based. The first part of the table lists requirements boson, mt(W), is defined in Eq. (1). The efficiency of the b-tagging
which are common to all four analysis regions and define the basic event working point used to identify b-jets is denoted by €. The symbol D
selection described in Sect. 4.2. Tight electrons and medium muons were represents one of the NN discriminants defined in Sect. 6

counted based on a pr threshold of 27 GeV and they are a subset of the

Observable Common requirements
NTight (€) + nMedium (1) =1
NLoose (€) + NLoose (1) =1
Ef™ss > 30 GeV
mt(W) > 50 Gev
n(j) > 1
—1A¢(j1.0)]
pr () > 50 Gev - (1 — Z=12001L01)
Analysis regions
SR W+jetsVR tt VR tqVR
n(In(j)l <2.5) = =1 = =1
n(b) -~ =1 = =1
€b 30% 60% (veto 30%) 30% 30%
n(In(j)l > 2.5) >0 >0 >0 =1
D1(2) — 0.3 < Dl(2) < 0.6 — 0.2 < D](p_) <04
4th May 2022 | Marcos Miralles - DIS2022 39



FCNC tqg BDT input variables i

Table 2 Input variables to the two NNs

Variable Definition

Variables common to the D and Dy NNs

pr(b) Transverse momentum of the h-tagged jet
m(¢b) Invariant mass of the charged lepton (¢) and the b-tagged jet (b)
mt(W) Transverse mass of the reconstructed W boson
AR(W,b) Distance in the n7—¢ plane between the reconstructed W boson and the b-tagged jet
|Ap (W, b)| Azimuthal angle between the reconstructed W boson and the b-tagged jet
m(€vb) Top-quark mass reconstructed from the charged lepton, neutrino, and b-tagged jet
Variables used only for the D NN
sgn q(¢) Sign of the charge of the primary lepton
Hr (¢, b, E%‘i“) Scalar sum of the transverse momenta of all reconstructed objects
n(w) Pseudorapidity of the reconstructed W boson
|AG (€, pss)| Azimuthal angle between the charged lepton and pis,
|Ap(W, £)] Azimuthal angle between the reconstructed W boson and the charged lepton
pr(€vb) Transverse momentum of the reconstructed top quark
Variables used only for the D, NN
n(b) Pseudorapidity of the b-tagged jet
pT(W) Transverse momentum of the reconstructed W boson
AR(Lvb, W) Distance in the 1n—¢ plane between the reconstructed top quark and W boson
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Fig. 4 Distributions of the Dy and D, discriminants for signal and ugt analysis. The histograms in (a) show the distributions obtained in
background processes. Each distribution is normalised to unit area. The the cgt analysis, that is, the discriminant was evaluated for all selected
discriminant D; was used for cgt analysis and the £~ channel of the events independent of sgn ¢ (£). The distributions in the £* channel of
ugt analysis. The discriminant D> was used in the £ channel of the the ugt analysis are shown in (b)
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