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| Recap on ttX analysis at 36.1fb-1
- HtZ (+ ttW) inclusive cross-section
- ttttupper limit on cross-section in 1L and 20SL final states

Il Brand new {tX results 139fb-
- tty inclusive and differential cross-section in ey final
- {ttt evidence in 2SSL and ML final states
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« Combined analysis for ttZ and ttW

L Goal: _I T I L I T T L T T I L I T T |
- Inclusive cross-section measurement and SMEFT o '\[{T_L;ZST V. 364" * Bejtﬁt B
interpretation P IeT IR Ien o TeemeL

1.4 77 95% CL -

* MOtlvatIOH g : ________ — NLO prediction :
- Important Background to searches § 12f 7T .

O r a

- Access to weak couplings of top quark § i ]

_ 8 1_— :," .

* 2 08S, 3 and 4 lepton selections for ttZ NI ]
» Signal Extraction: o T— -
- Dedicated BDT in each SR I b

’ 1 I 1 1 1 I 11 1 I 1 11 I 11 1 I 1 11 I 11 1 I

0.4 0.6 0.8 1 1.2 1.4 1.6

 Result:

ttW cross section [pb]

— Constraint on Wilson coefficients involving top quark and
Z boson

— of(ttZ)=0.9+0.3 pb

11.06.2020 ttZ with 36.1Fb' — Phys. Rev. D 99, 072009 (2019) 3


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.072009

o tty inclusive and differential cross-section with 139fb"’ A@{.
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* Inclusive and Differential cross-section
measurement in fiducial space

e Selection: /t
g 00000000000}

- 1 photon, 1 OS ey pair, =2 2 jets, = 1
b-tagged jets

- Very low background contributions E ANV

 Motivation:

— Comparison to state-of-the-art NLO 9 BEEEEEEEEE

prediction \
t

— Access to ty coupling

- New physics through anomalous
dipole moment of the top quark

11.06.2020 tty with 139fb"- ATLAS-CONF-2019-042 4


https://cds.cern.ch/record/2690350
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» Likelihood fit to S;

MadGraph5_aMC@NLO with NNPDF2.3LO PDF and
Pythia 8 with A14 tune

[2]
g °°°FarLas Preliminary ¢ Data E
» Extrapolation to fiducial region with correction Wb 18 =13 TeV, 139 fb Wtiyen E
factor C - eu =\‘,°Vtt:‘(er ty
N 600 post-Fit W h-fake E
" reco C [Me-fake ]
- C=—5 =0.393%+0.013 S00F [JPrompt ybkg.
NMC C 72 Uncertainty 7
- Determined using LO in QCD signal MC ;

o Ottty =44.2+0.9 (stat) 35 (syst) fb = 44.2+2.6 fb

e Compared to

%/ 4/&/9//*//// //{}/%/% %/ /

075300 300 400 500 600 700 800 900 10001100 1200
S, [GeV]

Data / Pred.

— ot y)\oocn = 39.5075% (scale)"\"; (PDF) fb [JHEP10(2018)158]
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https://cds.cern.ch/record/2690350
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tty differential cross-section

* Unfolding achieved using iterative Bayesian

approach with two iterations 8T
- Migration matrix, signal efficiency and F]:
outside-migration fraction determined with
the signal MC
* Results:
- Differential cross-section for:
 AR(l,y)..: sensitive to ty coupling
« A®(l/) and An(l,/): sensitive to tt spin- o
correlations sl
s py,|nvl: important kin. variables &
O
— Generators agree well with the §
measurement, except for A®(/,/), where 8
|_

NLO is better
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https://cds.cern.ch/record/2690350
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e Search for rare process in 1L + 2 OSL and 2
SSL+ ML final states

- o(tttt)y, = 11.9773 fb [JHEP02(2018)031]
 Goal:

- Evidence for tttt production

— Inclusive cross-section measurement
* Motivation:

- Handle on y,without ',

- Very energetic process and good probe for
series of BSM models

11.06.2020 Search for ¢ttt production 7
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* 1 lepton and 2 opposite-sign leptons
final states: 36.1fb-1

* 2 same-sign leptons, 3 (or 4) leptons:

189fbt —

First presented at LHCP on
26.05.2020 -> Brand new!
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Search for tttt production
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1L and 20SL final states

36.1fb-1 analysis assuming o(tT ¢ty = 9-2230 % (scale)+6 % (PDF)fb

SRs based on (b-tagged) jet and RCLR jet

multiplicities é a00f ATLAS Single Lepton ¢ Data BT (SM) [T + jets (data-driven)
2 ook Vs=13TeV, 36.1 b Post-fit T+ HV  [ONontf 7 Uncertainty
- Likelihood fit of H;had & 700F 9j,3b,0J 210j,3b,0  9iz4b04 210j,24b,0J
:gg; C - 150 - 80
* Results: aof 200~ b 60
300 - C 0
- 47fb (33fb) observed (expected) 95% C.L  200f 100~ sof ‘2‘0
upper limit on cross-section (CL, method) e e — ' .
S125 E A oy , ) .
- EFT interpretation S T”‘””‘”O”%”W@VWW“@’%%//%W@/%W W%W/%%
g 055 500 1000 0 500 1000 0 500 1000 O 500 1000 1500
H [GeV] H [GeV] H'™ [GeV] H'™ [GeV]
11.06.2020 Search for tttt production - Phys. Rev. D 99, 052009 (2019)


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.052009

"cw:n:z;.;: 2SSL and ML final states
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139fb- analysis assuming o(ttt )y, = 11.97 5% fb [JHEP02(2018)031]

Background Estimation
- Electron charge mis-reconstruction
* Data-driven method using Z boson enriched regions
- Other instrumental backgrounds and ttW

* Normalisation from fit to data in dedicated regions,
shape from MC

Signal Extraction

- BDT, sum of pseudo-continous b-tagging weights most
important, AUC = 0.853+0.006

Results:
_ Ogps +0.4 +0.7 _ +0.8
- MW= G;L; =20 04(5tat) (SYSt) 2.0°6

* Consistent with SM within 1.7 standard deviations

-  Observed (expected) significance: 4.3 (2.4) standard
deviations. Evidence!

— ol(tttf) =24"(stat)",(syst)fb = 24" fb

Events

Data / Pred.

M

. ATLAS Preliminary  -¢-data B titt u
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Search for tttt production — ATLAS-CONF-2020-013
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https://cds.cern.ch/record/2719519
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70

Events

60
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40

* Two exciting new results:
30

- fty inclusive and differential cross-section 20

10
- Evidence for tttt production

1.5

0.5

Data / Pred.

L AL I B
ATLAS Preliminary -¢-Data Bttt
Vs=13TeV, 139" [Jtiw Mtz
BDT>0 W ttH [ ]Q mis-id
Post-Fit [OHF e [l Mat. Conv.
WHF u [l Low-mass e'e’
[ Others [ttt
72 Uncertainty

12 14 16 18 20 22
Sum of b-tag scores
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«  tt modelling difficult for high (b-tagged) jet multiplicities
— {t tag rate function data-driven background
estimation

- Assumption: Probability to tag an additional jet

as a b jet is the same for any number of C - C =
additional jets =4b - : :
N O | 1 _
» Calculate this probability in low N. g-— Sl o _
g d J Pp| 2 E - validation-+ - -Signal- - -
« Applyin SRs = ! :
1 ©73 | |
2b ; ;
0 . soqrce soqrce >
1) : . —  jets
24/ 5 6 7§ 9 =10

mass-t
RCLR jets



terien ttW normalisation and uncertainties ATLAS
« {tW scaled by 1.6 L 40— | | —

- Agrees well with ftH to ML search i 1203_:«32533(;57?'2??2? Bomers  Uncerainty

- Very high N, multiplicity oob. P B

— Trigger for new NLO in QCD computation g

[arxiv:2005.09427] SO? E

» Systematic uncertainties: “F % ‘

- 125% on ttW 7j 4o;— 7

- 300% on ttW = 8 20 PN / =

- 50% ttW 3b and ttW =4b L

% e W M/
- 100% on ttt ° 0
- 50% on ttt+b Number of jots
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https://arxiv.org/pdf/2005.09427.pdf
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