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Analysis channels 'KZ'\A A

EXPERIMENT

We measure ttZ in multilepton final states: Z—e*e”/p*y~ and tt—1/2 leptons.

38 48
e Best compromise between e High signal purity
purity and statistics e Different or same-flavour
e WZ+jets and tZq background non-Z lepton pairs
e Fake lepton background e tWZ and ZZ+jets background

%  Apply basic object preselection

% Separate signal and background with
binary/multi-class neural networks

% Measure differential cross-sections with a profile
likelihood unfolding (PLU)
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32 channel

e Multi-class deep neural network (DNN)
separates ttZ signal from WZ+jets and
tZq backgrounds.

e |nput: reconstructed kinematic
observables and b-tagging information.

e 3-prong output produces a 2D
distribution.

AT AS
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48 channel YAl AS
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e Two ttZ-4¢8 categories based on non-Z lepton flavour: r ]

o ggnonZ = ete’, u*'— same flavour (SF)
o ggnonZ = ey’ different flavour (DF)

Binary classifier DNN separates ttZ-4£-SF signal and
ZZ+jets background.

Data / Pred.

Cut on DNN output and define 3 regions:
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Unfolding procedure

Profile likelihood unfolding (PLU) with likelihood constructed as:

L (/ﬁ:‘/,_l:, 9, ]{3) - H H PO]S (nzr’Vz'r ) H Gaub ( ) ni?fuldcd — (Yizej]\[ijnj,ﬁ’l’ﬂh

reregions 1€bins JENPs

Vir = Si,r(ﬁy 5) + Bi,r(é; E)

e Differential cross-section: extract signal parameter g, in each bin.

ni,v'eco & T truth
Q; =

e Easy combination between orthogonal channels and regions. r—

e Free-floating normalisation of backgrounds:
(30),N,,., (40, N .. N . N o —

Nj.reco & Nj truth

WZ+b 77+b w,HF > =~ "¢ HF * ~ "e,other N truth
e Inclusion of systematic uncertainties in the fit via 6.
e 5/3/9 observables in 3¢/42/32+4¢ unfolded to particle and parton level.
. . . . 2 i+1<Np;,
e Tikhonov regularisation used for hadronic top observables. R(A) = exp ‘E Z Wl =t i 2

i=2
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Differential cross-section measurements YAl AS

EXPERIMENT

Partlcle Ievel Parton IeveI
e = 0.2r T T
+ . '> 0'1 ATLAS Prellmlnary e Data ] '> = ATLAS Prellmlnary . Da‘a E
Comblnatlon Of the 38 48 Slgnal and Contr0| reglons’ 8 F {s=13TeV, 140 fb" -...MG5_aMC@NLO+Pythia 8 | (b" 018¢ Vs =13 TeV, 140 fbo' ----MG5_aMC@NLO+Pythia 8
u % L -~ Sherpa 2.2.1 (incl.) ] v © 016 -- Sherpa 2.2.1 (incl.) -
0.08— ---Sherpa 2.2.11 (multi-leg) —| F -+-Sherpa 2.2.11 (multi-leg)  J
Q £ C Stat. uncertainty . b = 0-14;_ _ Stat. uncertainty =
wv o [N L L_ [ Total uncertainty ] o NS 0.12F [l Total uncertainty i
1 SRS L a1 <& TF e E
Data, N, and N, are found to be oSS g Y = E
- E 1 3
H H 1 0.0851 4 =
consistent with the Standard Model. g = o= E
=) 1 ! E
B ] 0.04F~ 7> =
w) 1 0.021~ =
o) Lt e Fo bl el e d
< & et I P ]
I R 2 =
= 0.7 ! = 0.7k 3
o 0 100 200 300 400 500 600 700 800 900 1000 ol 0 100 200 300 400 500 600 700 800 900 1000
Particle-level p? [GeV] Parton-level p? [GeV]
— — F T T T T T T T T T |
T> 0.01_ ATI'LAS‘PreIirIninar;/ .I Datal T T T T> 0.01_— ATLAS Preliminary‘ e Data N
v [ Vs=13TeV, 140 fb" ----MG5_aMC@NLO+Pythia8 | © [ fs=13TeV, 140 b ----MG5_aMC@NLO+Pythia 8 ]
b O 0.008[— - - Sherpa 2.2.1 (incl.) 1O - -~ Sherpa 2.2.1 (incl.) i
3 X L -.-Sherpa2.2.41 (muliidleg) 4 X 0008~ -~ Sherpa 2.2.11 (multileg) ]
1 =) [ Stat. uncertainty 7 =) L -?2;?;0:;:1:&{, ]
>< [ |N&[~< 0.006— B Total uncertainty e ‘N&& o 006; - ]
RALS] e EARSe L 4
T —ie e 1=le L orle ]
g 0.0041 —1I . 00045y, L -
o— e i . ]
— - i - L 4
© 0.0021— ”"’L - 0.0021— 4‘?1 —
L e ] L [ ]
E Lot 1 .‘ hl'u! 1 I L L L 1 A Connt L S l‘l.'! I L I L ! L |
(@] § . 1.3F | L § . H
Z ';:j g 1_" - I R A AT W TR R T AT B A WAL AR :;:Zg 0 7
= 0.7t = A .
o 0100 200 300 400 500 600 700 800 900 1000 & 0 100 200 300 400 500 600 700 800 900 1000

Particle-level pT [GeV] Parton-level p_Zr [GeV]

TOP2023 | Differential ttZ x-sec



Differential cross-section measurements

Combination of the 3¢ + 42 signal and control regions:
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Differential cross-section measurements

Combination of the 3¢ + 42 signal and control regions:

o (S B L L A ]
\ C - 7
Data, Nwz+b and sz+b are found to be ?‘5 0'035_ %T:?Q?ITD:\E/]?TT;m .:.l?nzg_aMC@NLO+Pythia8_E
consistent with the Standard Model. X 0025 — o (iieg)
U =) - ° Stat. unczlart'ainty .
= 30% improvement with respect to the s oS, 002F oy B Total uncertainty E
previous ATLAS analysis (EPJC 81 (2021) 737) x & 00155 f "?{_ E
> precision of ~20% at 500 GeV = TE _ih .
- total uncertainty is stat-dominated. I 0.01F=g== 5, -
3 - ey ]
< 0005 *m;@ E
Gain in precision comes from R T T I crarre s -
e MVA technique to separate signal and T e -
background. fi{a O;Q»m-— e PR R A

° Simultaneous f|t to mu|t|p|e regiOnS o 400 600 800 1000 1200 1400 1600 1800 2000
via PLU. Particle-level m' [GeV]

Invariant mass of ttZ system

H. Watson 25.09.2023 10


https://arxiv.org/abs/2103.12603

Summary YAl AS

EXPERIMENT

Differential measurements of the ttZ cross-section in multi-lepton final states
(32 & 4¢) using 140 fb™' of Run 2 data have been performed with ATLAS.

% Analysis builds and improves upon the previous ATLAS result: MC modelling,
MVA-based strategy, fake lepton estimation, systematics model.

* Approximately 30% improvement on the differential cross-section precision
using the same dataset.

% Differential measurements are performed for 17 observables in the 3¢, 48 or
38+48 channels with a precision of ~20% at 500 GeV.

% Full likelihoods will be available via HEPData. ATLAS-CONF-2023-065
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DNN input - 32 ATLAS-CONF-2023-065 I AT AS
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Variable Definition
Table 23
PCBTy highest discretised b-tagging efficiency (100-85-77-70-60%) of all jets in the event.
PCBT2 second highest discretised b-tagging efficiency of all jets in the event.
Jet pr; transverse momentum of the i’th jet in the event where i € [1,4]
Efr“iss missing transverse energy of the event
Lepton pr; transverse momentum of the i’th lepton in the event where i € [1, 3]
mltq’ reconstructed mass of the leptonically decaying top quark
mhad reconstructed mass of the hadronically decaying top quark
Niets jet multiplicity in event

Leading b-tagged jet pr  transverse momentum of the jet with the highest discretised b-tagging efficiency.
If two have the same bin the leading pr jet of the two is used.

Hr sum of the transverse momentum of all jets in the event

AR(l;,by) distance in AR between the i’th lepton and the b-tagged jet tagged with the
highest working point in the event where i € [1, 3]

p%’i transverse momentum of the first and second lepton (i € [1, 2]) assigned
to the Z boson based on their invariant mass being closest to the Z mass

77,»2 pseudo-rapidity of the first and second lepton (i € [1,2]) assigned to the
Z boson based on their invariant mass being closest to the Z mass

Lepton p%""‘z transverse momentum of the remaining lepton not assigned to the Z boson
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DNN input - 42 ATLAS-CONF-2023-065 I AT AS
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Variable Definition SF DF
Table 24 E’T"iss the missing transverse energy in the event v -
mttnon=2 the invariant mass of two leptons which were not reconstructed v

as originating from Z

2vSM weight the output of the Two neutrino scanning method for event v v

p% the transverse momentum of OSSF lepton pair v v
identified as Z pair (invariant mass of lepton pair closest to Z mass)

mtb the invariant mass of lepton and b-tagged jet reconstructed as & F
originating from top by Two neutrino scanning method

m?b the invariant mass of lepton and b-tagged jet reconstructed as v v

originating from antitop by Two neutrino scanning method
PCBTy, highest discretised b-tagging efficiency (100-85-77-70-60%) of all jets v  —

in the event.
lep,

Pr the transverse momentum of the leading lepton v v
pj;tz the transverse momentum of the sub-leading jet v v
PCBTy» second highest discretised b-tagging efficiency of all jets in the event.

Niets jet multiplicity in event — v
Np_taggedjers ~ b-tagged jet multiplicity in event — v
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Regularisation = ATLAS-CONF-2023'065’ Al AS
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Variable Regularisation ~ gparticle  parton  Dyefipition
Ta b | el15 pE No - - Transverse momentum of the Z boson
Iy4] No - - Absolute rapidity of the Z boson
cos 67, No - - Angle between the direction of the Z boson in the detector
3 reference frame and the direction of the negatively charged lepton
: in the rest frame of the Z boson
“ ptT Yes 1.5 1.4 Transverse momentum of the top quark
pfrf Yes 1.6 1.5 Transverse momentum of the 7 system
|Ag(17, Z)| Yes 24 2.1 Absolute azimuthal separation between the Z boson and the 17
system
mitZ Yes 1.5 1.6 Invariant mass of the 17Z system
mtt Yes 1.5 1.4 Invariant mass of the /7 system
|y'TZ| Yes 1.5 15 Absolute rapidity of the t7Z system
H% No - - Sum of the transverse momenta of all the signal leptons
[AG(Z, trep) | No - - Absolute azimuthal separation between the Z boson and the top
= (anti-top) quark featuring the W — {v decay
[AY(Z, t1ep)] No - - Absolute rapidity difference between the Z boson and the top
(anti-top) quark featuring the W — {v decay
p,?’"on—z No 5 = Transverse momentum of the lepton which is not associated with
the Z boson
Niegs No - - Number of selected jets with pp > 25GeV and || < 2.5
H{: No - - Sum of the transverse momenta of all the signal leptons
I |Ae(er T No - - Absolute azimuthal separation between the two leptons from the
o4 P P!
tf system
Niets No - - Number of selected jets with pt > 25GeV and || < 2.5
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Parton and particle level ATLAS-CONF-2023-065 ’ YAl AS
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Table 5

Particle-level selection
3¢ channel 4¢ channel

Exactly 3 leptons, with p1({y, >, ¢63) > 27,20,15 GeV  Exactly four leptons, with pt (€1, €2, €3,€4) > 27,7,7,7 GeV
The sum of charges is +1 The sum of charges is =0
At least 3 jets, with pt > 25 GeV At least 2 jets, with pt > 25 GeV
At least 1 b-jet (jet ghost-matched to a b-hadron)
At least one OSSF lepton pair, with |mgp — mz| < 10 GeV

Parton-level selection
3¢ channel 4¢ channel

it — e* /u* + jets tt— e*u™jeTeT JuFuT
7 — e:l:efF/#:i:/fF

|mgg - mz| < 15 GeV
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Systematic uncertainties ATLAS-CONF-2023-065 ’ AT AS
EXPERIMENT

Uncertainty Category Aosiz |05z (%]
Table 14 Background normalisations 2.0
(inclusive measurement) Jets and EIiss 1.9
b-tagging 1.7
ttZ pr and pg scales 1.6
Leptons 1.6
tWZ modelling 1.1
ttZ showering 1.0
tiZ Al4 1.0
Luminosity 1.0
Diboson modelling 0.8
tZq modelling 0.7
PDF (signal & backgrounds) 0.6
MC statistical 0.5
Other backgrounds 0.5
Fake leptons 0.4
Pile-up 0.3
—Data-driventr 01
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Changes w.r.t previous analysis Al AS
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HUoN s\ R ANVAPADIVEYE ATLAS-CONF-2023-065

Previous analysis Legacy analysis
b-tagging mv2c10 DL1r
Unfolding method iterative Bayesian profile likelihood
Neural network X v
Lepton isolation and p, Tight(er) Loose(r)
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Al AS

b-tagging Eur. Phys. J. C 83 (2023) 681 '
EXPERIMENT
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