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Background in BSM searches3

ttbar + MET (+leptons) : generic BSM signal irreducible background

squarks/gluinos + 0L

1712.02332

1st

stop + 1L

1606.03903

3rd

1712.06386

BSM Higgs + 2L

2nd



Summary of results4

p
s � Theory (NLO) ATLAS CMS

8 TeV
tt̄Z 215± 30 fb 176

+58
�52 fb (4.2�) 242

+65
�55 fb (6.4�)

tt̄W 232± 32 fb 369
+100
�91 fb (5�) 382

+117
�102 fb (4.8�)

13 TeV
tt̄Z 0.84± 0.10 pb 0.9± 0.3 pb (3.9�) 0.99± 0.15 pb (> 5�)
tt̄W 0.60± 0.11 pb 1.5± 0.8 pb (2.2�) 0.77± 0.17 pb (5.3�)

36 fb-1only 3 fb-1!

1509.05276
1609.01599 1711.02547

1510.01131

Future plans: 
๏ full Run 2 dataset 
๏ differential cross-section 
๏ open new channels (all-hadronic) 
๏ boosted vs resolved techniques

➡   top sector precision measurement 
➡   BSM effects / EFT interpretation 
➡   (challenging) background for BSM 
➡   connect with other analyses (ttH)

https://arxiv.org/abs/1509.05276
https://arxiv.org/abs/1609.01599
https://arxiv.org/abs/1711.02547
https://arxiv.org/abs/1510.01131
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๏ boosted vs resolved techniques

➡   top sector precision measurement 
➡   BSM effects / EFT interpretation 
➡   (challenging) background for BSM 
➡   connect with other analyses (ttH)

but more channels than CMS!

https://arxiv.org/abs/1509.05276
https://arxiv.org/abs/1609.01599
https://arxiv.org/abs/1711.02547
https://arxiv.org/abs/1510.01131
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N = � ⇥ L⇥ ✏ ' 0.5 pb⇥ 20 fb�1 ⇥ 0.1%

= 10 events
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6 The ATLAS detector

Fig. 3: Rare footage of ATLAS physicists 
giving birth to a pixel detector



7 Jets and b-tagging



8 Analysis strategy: “cut & count”

Process tt̄ decay Boson decay Channel Z ! `+`�

tt̄W±

(`±⌫b)(qq̄b) `⌥⌫ OS dilepton no

(`±⌫b)(`⌥⌫b) qq̄0 OS dilepton no

(`±⌫b)(qq̄b) `±⌫ SS dilepton no

(`±⌫b)(`⌥⌫b) `±⌫ Trilepton no

tt̄Z

(`±⌫b)(`⌥⌫b) qq̄ OS dilepton no

(qq̄b)(q0q̄0b) `+`� OS dilepton yes

(`±⌫b)(qq̄b) `+`� Trilepton yes

(`±⌫b)(`⌥⌫b) `+`� Tetralepton yes

Signal Region 
definition

Control Regions: 
MC modelling 
& data-driven

Turn on data!



9 Focus on high-σ regions

pT (`) > 25 GeV

Emiss
T > 40 GeV

X

jets

pT > 240 GeV

Nb-jets � 2

exceedingly rare in the SM!

(= kills off dileptonic top pairs)

signal lepton

expect 2 neutrinos / a Z

1 hadronic top

pT (`) > 25, 20 GeV

|m`` �mZ | < 10 GeV

Njets � 3

Nb-jets � 1

+ split by lepton flavour

Same-sign dilepton ttW Trilepton ttZ

low branching fraction but excellent S/B ratio

Tetralepton region is also good for EFT, 
but suffers from very low statistics



10 Background estimation

Fake leptons

fully/semi data-driven

charge flips, jet mis-ID, photon conversion, 
non-prompt leptons…

WZ+jets background

Monte Carlo estimate

scale factor derived in a control 
region orthogonal to the ttZ 3L SR



11 Results at 8 TeV

“discovery “evidence

tt̄W significance tt̄Z significance

Channel Expected Observed Expected Observed

2`OS 0.4 0.1 1.4 1.1

2`SS 2.8 5.0 - -

3` 1.4 1.0 3.7 3.3

4` - - 2.0 2.4

Combined 3.2 5.0 4.5 4.2



12 Results at 13 TeV



12 Results at 13 TeV



13 Constraints on BSM physics
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X
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5 relevant dimension-6 EFT operators

1601.08193

https://arxiv.org/pdf/1601.08193.pdf


14 New observables from EFT

Ltt̄Z = eū


�µ (C1,V + �5C1,A) +

i�µ⌫q⌫
mZ

(C2,V + i�5C2,A)

�
vZµ



15 Conclusions

Run 2 results are coming! Stay tuned…

๏  Good agreement with SM prediction at NLO 
๏  2015 + 2016 combination (36 fb-1) under way 
๏  + 2017 : differential cross-section measurement 
๏  Full Run-2 data: large reduction of EFT coupling uncertainties 
๏  Precision measurement and novel techniques can benefit BSM searches too

Measurement of top quark pair production in  
association with a vector boson at ATLAS


