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m Differential cross-section measurements at 8 TeV
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tt+HF measurement; motivation

m {t+Heavy Flavor main background to many SM and BSM
searches at the LHC

m ttbb, but also ttb, ttcc, ttc

g > t

ttH(bb) -
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tt+HF measurement; motivation

m |n ttH(bb) analysis, tt+HF cross-section and modelling are
dominant systematic uncertainties:

Uncertainty source An
tt+ > 1b modelling +0.53 —0.53
Jet flavour tagging +0.26  —0.26
g > t ttH modelling +0.32  —0.20
Background model statistics +0.25 _—0.25
1, b [t _> Lc modelling 1024 —0.23
ttH(bb) — —>— < Jiat energy scale and resolution +0.19 -0.19
b tt+light modelling +0.19 -0.18
1 Other background modelling +0.18 —0.18
g < t Jet-vertex association, pileup modelling +0.12 —0.12
Luminosity +0.12 -0.12
ttZ modelling +0.06 —0.06
. . Light lepton (e, ) ID, isolation, trigger +0.05 —0.05
- M UCh more detalls In Total systematic uncertainty +0.90 —0.75
tt+ > 1b normalisation +0.34 —-0.34
neXt talk on ttH(bb) t{+ > lc normalisation +0.14 —0.14
Statistical uncertainty +0.49 —0.49
Total uncertainty +1.02 —-0.89

ATLAS, 1-lepton, 13 TeV
ATLAS-CONF-2016-080
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tt+HF production and QCD prediction

®m Cross-sections computed at NLO with massive b-quarks

tth ttbb ttbb(my, > 100)
o10[fb] 264435511 4633555, 133 123,473 15
ontolfb] 329635 4 % 5601 241 45y 1418555145
SherpaOL ONLO /010 1.25 1.21 1.15
32%+3.9% 24%+2.0% 20%+8.1%
PLB 734 (2014) 210 omclfb] 3313755 0 600155 5 1% 181.050; "¢ oy
O'MC/G'NLO 1.01 1.07 1.28
o2 [fb] 3299 552 146
0. /onLo 1.00 0.99 1.03

Nb of parton-level b-jets withp T > 25 GeV and | n(b) | < 2.5

m At 8 TeV, xs(ttbb) = 600 fb (for pT(b) > 25 GeV, |eta(b) < 2.5)
B NLO scale uncertainties at the level of 25% ~ 150 fb

® To be compared to ttH(bb) total cross-section:
- 130 fb * 58% = 74 fb
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http://www.sciencedirect.com/science/article/pii/S0370269314003499?via=ihub

tt+HF production and QCD prediction

ttbb diagrams at tree level:

* High-mass
gluon splitting
- two b-jets:
b
= t
i

* Low-mass gluon splitting

- two b-jets each containing
two b-hadrons: only one of
the two is NLO!

b-jet
4 t

The 2" gluon splitting
comes from parton shower

_ £
b-jet

Mass of first two b-jets (ttbb cuts)
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http://www.sciencedirect.com/science/article/pii/S0370269314003499?via=ihub

tt+HF measurements: overview of current results

m Measurements of:
- ttb and ttbb fiducial or full cross-section
- ttbb/ttj)] cross-section ratio
- ttbb differential cross-section of kinematic variables

m 13 TeV results:
- CMS dilepton (fid. ttbb, ttbb/ttjj ratio) Phys. Lett. B (2017)
m 8 TeV results:

- ATLAS dilepton and 1-lepton (fid. ttb, ttbb, and ttbb/ttjj ratio)
Eur. Phys. J. C76 (2016) 11

- CMS dilepton (fid. ttbb and ttbb/ttjj ratio) Phys. Lett. B 746 (2015) 132

- CMS 1-lepton (fid. ttbb and ttbb/ttjj ratio) CMS-PAS-TOP-13-016

- CMS dilepton (differential cross-sections)
Eur. Phys. J. C 76 (2016) 379
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-16-010/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2014-10/
http://dx.doi.org/10.1016/j.physletb.2015.04.060
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-13-016/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-12-041/index.html

ttb and ttbb fiducial and full cross-sections:

analysis technigues

®m Both experiments use the same strategy:
- Start from pure ttbar sample (1-lepton or dilepton channel) with two b-tags

- Fit b-tagging discriminant of additional jets to extract different tt+jets
components: ttbb, ttb, ttc, tt+light
OMS Simuiation

(13 TeV) CMS Simulation ~ (13 TeV)

=1 | \ BEEEREEN = I T
)] = [4b) =
T 2, 0.14
s [ tibb 006 £ |
CMS, 13 TeV w 0.8F 0.8 0.12
Dilepton channel o 008 | |
P 5 | s | 0.1
Phys. Lett. B (2017) gos; 0.04 DO.6[ 0.08
& i = ’
= Ot 003 =
04 304 0.06
St 002 ©
i 0.04
Co2 0.2
& 0.01 0.02
% 02 04 06 08 1 ° % 02 04 06 08 1 )
b discriminator of 3 jet b discriminator of 3" jet

® One exception: ATLAS measurement of ttbb using a very tight
selection to isolate pure ttbb sample — cut-and-count
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-16-010/index.html

Event selection (dilepton channel)

ATLAS-CMS comparison

CMS 13 TeV ATLAS 8 TeV
= Two OS leptons (e or p) = Two OS leptons (e or p)
- pT >20GeV, |eta] < 2.4 - pT>25GeV, |eta] < 2.5
m Atleast4 jets anti-kt R = 0.4 ®m Atleast 3 jets anti-kt R = 0.4
- pT >30GeV, |eta| < 2.4 - pT >25GeV, |eta| < 2.5
- at least 2 b-tags (60-70%) - at least 2 b-tags (80%)
B m(l) > 12 GeV = m(ll) > 15 GeV
® missing ET > 30 GeV and ® No cut on missing ET
Im(ll) — m(2)| > 15 GeV = |m(ll) - m(2)| > 10 GeV
(same-flavor channels only) (same-flavor channels only)
CMS 8 TeV
B Same except jet |eta|<2.5
and R = 0.5
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Fiducial region definition at particle level

®m Fiducial region chosen as close as possible to reconstructed
event selection (to minimize model-dependence)

® Fiducial cuts applied to Monte Carlo at particle level
m | epton cuts identical to event selection

m Particle jets anti-kt R = 0.4 (except CMS 8 TeV: R = 0.5)

- pT > 20 GeV (lowered from 25 (ATLAS) or 30 (CMS) due to large jet
energy resolution, |eta| < 2.5

- Dilepton ttb: at least 3 jets and three b-jets. ttbb: at least 4 jets and 4
b-jets

® Dp-jets: ghost-matching of b hadrons with particle-jets
- ATLAS: pT(B) > 5 GeV

B ATLAS and CMS: fiducial definitions almost identical
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ttbb dilepton CMS 13 TeV measurements

® [t b-tag discriminant of jets with 3 and 4t highest discr.

cms 23167 (13 TeV) cMS 23157 (13 TeV)
— R AR R R R R RARRERARR RARE —_—a T I R RN AR AR IR RS AR
S10E B Wb WALF  mSingle t 3 0-104‘ Fr mibh @ALF  mSingle t 3
g [Jtibj [Itt others WZ+jets T — . . [Jtibj [t others PZ+jets 1
2100k Thirdjet miec mtv~ +Data %103- Fourth et mcs mav ~ + Data
I E S E E

0 02 04 06 08 1
CMS, 13 Tey D et discriminator b jet discriminator
Dilepton channel

Phys. Lett. B (2017)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-16-010/index.html

ttbb dilepton CMS 13 TeV measurements:

Systematics
Syst. for visible xs (pT > 20 GeV) Source

o I L 1)) /0, tEjj

Pileup 04 <01 0.4

Jet energy scale and res. == JES & JER 7 8 7 4 26
b tag (b quark flavour) 19 4.7 19

b-tag calibrations —==sp < b tag (c quark flavour) 14 1.3 14

do not cancel in ratio b tag (light flavour) 14 9.8 9.7

Ratio of ttbb and ttbj 26 05 2.6

Background modelling 3.8 3.5 1.6

ttcc fraction in the fit 52 1.9 4.8

_ Lepton trigger/identification 3.0 3.0 0

ttoar modelling =P MC generator 94 6.2 3.0

(other than tt+HF) ur and uR scale 20 20 1.0

scale in PS 13 9.9 10

PDFs 05 05 <0.1

_ _ Efficiency (ttcc fraction) 0 1.3 1.3

cancel (mostly) in the ratio Jet multiplicity modelling 50 5.0 5.0

Top quark pt modelling 0.8 0.3 0.5

Total: 34% for ttbb Simulation (statistical) 1.5 15 1.5
289% for ratio Integrated Lu.minositv 2.3 2.3 0

Total uncertainty 34 19 28
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ttbb dilepton CMS 13 TeV measurements:

Results
ttbb ttjj ttbbittjj

II|III;I|IIII I|I.|III|I Illl.

CMS Unpublished
Vs = 13TeV, 2.3 fb™

Visible phase space

----- Measurement

Stat Total

@® POWHEG v2 P8M1

A VG5 _aMC@NLO [FxFx] P8M1

V MG5 aMC@NLO [MLM] P8M1

! TN B -
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|
j [PP] %%z, %1 Phys. Lett. B (2017)

I I
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O -
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ttb and ttbb ATLAS 8 TeV measurements:

fit-based analysis

m Separate measurements of ttb and ttbb:
- For ttb, fit only 3 highest b-tag discriminant

m ATLAS uses only 5 bins corresponding to 4 calibrated working
points: 80%, 70%, 60%, 50%

1-lepton channel 2-lepton channel (ep) 2-lepton channel (ee, ey, PH)
ttb measurement ttb measurement ttbb measurement
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 4 —
_'2 T ATIAS T T ‘¢Dat’a Déingle‘top g _'2 T ATIAS T T ‘¢Dat’a DISingIe‘top E _'2 10 T A+LA.IS I — ¢\ Da‘ta T T T 13
Q s| \s=8TeV, 20.3fb" [etb D;"‘_‘g‘: 7 o 10t \s=8TeV, 20.3fb" (o [z+jets | o \s=8 TeV, 20.3 fb™ [Jttbb [ISingletop
w 10°e 4+ [Dte SD:lioson E w Mttc [ Jpiboson 3 w 10° . CttbX DZ-!-]ets —
pOSt-fIt .tt| HINP & fak ] = pOSt-fIt DtteX []Diboson E
axes ] s EttiX ENP & fakes
10t 11,25j,22b | 10 . 21,24j,22b
= Post-fit 3 10 g Postit
i A= e = = == 0
10° _ 10
] 10
102 !
;
5 5 5 2 R
e 1.2+ — e 1.2 N 9 1.5 "
*% 0; ’ ’ ’ i *% 0; *% 051 ' s
8 = | . 8 = | 8 L “+
1 0.8 0.7 05 0 1 0.8 0.7 05 4thjet: 1.0 1.0 0.8 1.0 0.8 0.7 1.0 0.8 0.7 0.6 1.0 0.8 0.7 0.6 05
MVic efficiency MVic efficiency 3rd jet: 1.0 0.8 0.8 0.7 0.7 0.7 0.6 0.6 0.6 0|\6/|\(/)1500e5ffl(él5€rgc5y%?n

ATLAS, 8 TeV
Eur. Phys. J. C76 (2016) 11
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2014-10/

ttb and ttbb ATLAS 8 TeV measurements:

Results

m Total unc. ~ 35%, dominated by b-tag, JES/JER, ttbar mod.
ttbb dilepton ttb dilepton ttb lepton+jets

ttbb dilepton ttb dilepton ttb Iepton-folus-jets ATLAS
Ys=8 TeV, 20.3 fo
""" Measurement results

cut-based
fit-based

stat. @ syst. | |} stat.
aMC@NLO+Pythiag (BDDP)

aMC@NLO+Pythia8 (H,/4)
Powhel+Pythia8 (H1J2)
MadGraph+Pythia
Pythia8 (wgtq3)

Pythia8 (wgtq5)

Pythia8 (wgtq6, sgtq=0.25)

»
> e d <> H O

Powheg+Pythia6 (inclusive ff)

5 10 15 20 25 30 35 20 40 60 80 500 1000 1500
fld [ b] fld [ b] c.).fid _ [fb]

ttbb dilepton ttb dilepton tth lepton-plus-jets
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ttbb/tt)] visible cross-section ratio:

ATLAS-CMS, 8-13 TeV comparisons

m {tbb/ttjj ratio of fiducial cross-sections (pT(bjet) > 20 GeV)

Measurements

Predictions

ATLAS 8TeV
(dilepton fit-based)

(1.2 +- 0.4)%

PowhegP6 8TeV
(ATLAS)

MadgraphP6 8TeV

1.2%

(1.3 +- 0.2)%

CMS 8TeV (1.5 +- 0.5)%
(1-lepton) (ATLAS)
PowhegP6 8TeV (1.6 +- 0.2)%
CMS 8TeV (2.2 +- 0.6)% (CMS)
(dilepton)
MadgraphP6 8TeV (1.6 +- 0.2)%
(CMS)
CMS 13TeV (2.4 +- 0.8)% PowhegP8 13TeV (1.4 +- 0.1)%
(dilepton) (dilepton)

®m Qverall reasonable agreement between experiments and with

LO predictions

H. Bachacou
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ttbb/tt)] visible cross-section ratio:

ATLAS-CMS, 8-13 TeV comparisons

Measurements

ATLAS 8TeV (1.2 +- 0.4)%
(dilepton fit-based)

_ Predict_ions

PowhegP6 8TeV
(ATLAS)

MadgraphP6 8TeV

m {tbb/tt)) ratio of fiducial cross-sections (pT(bjet) > 20 GeV)

1--2(y ihition?
. 0

(1.3 +- 0.2)%

CMS 8TeV (1.5 +- 0.5)%
(1-lepton) (ATLAS)
PowhegP6 8TeV (1.6 +- 0.2)%
CMS 8TeV (2.2 +- 0.6)% (CMS)
(dilepton)
MadgraphP6 8TeV | (1.6 +- 0.2)%
(CMS)
CMS 13TeV (2.4 +- 0.8)% PowhegP8 13TeV (1.4 +- 0.1)%
(dilepton) (dilepton)

®m Qverall reasonable agreement between experiments and with

LO predictions
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ttbb differential cross-section

19.7 b (8 TeV)

8 TeV, CMS, dilepton channel

F | T T T
200 CMS e Data M tiob

E LN Oitep
Wiother [CIfiH
[JMinor bkg. Uncertainty

® Dilepton channel

m BDT to select pair of b-jets most likely
to come from top decay

- Use variables insensitive to kinematic of ;
additional jets, and train on ttH to avoid g0 b
biasing ttbb kinematic variables 5

1 08 06 04 02 0

- EX: b-jet charge, b-jet pT, b-lepton mass BDT discriminant

19.7 fb™ (8 TeV)
- reach 40% purity (16% with random
choice) in ttbb

® Template fit to b-tagged jet multiplicity
to extract components

Jet pairs / 0.07
3

Events

CMS, 8 TeV
dilepton channel
Eur. Phys. J. C 76 (2016) 379
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-12-041/index.html

ttbb differential cross-section

8 TeV, CMS, dilepton channel

B Unfold several kinematic distributions to visible, and full cross-

section.
B Good agreement with prediction but much more statistics
required
-1 .
- SR |1917fb 1(' STIeV) _ dilepton 19.7 b (8 TeV)
O] e Data R~ S S R L
O mi O S [ CMS . Datm
8 B+ other CIttH o] (\5 r Madgraph+Pythiaé
= [ IMinor bkg. Uncertamty—: _8. R MC@NLO+Herwigé 4
B ] — ---- Powheg+Pythi'f16
GC) ------ Powheg+Herwig6
>
L

ttH |
fe *l :
e 1 + s % Z _ 1F
0 50 100 150 200 250 300 350 400 0 ™55 "400 150 200 250 300 350 400
i m,. [GeV] m,,, [GeV]
Mass of two add. b-jets ™ Eur. Phys. J. C 76 (2016) 379
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ttbb differential cross-section

8 TeV, CMS, dilepton channel

Eur. Phys. J. C 76 (2016) 379 19.7 fb™ (8 TeV)
| | _l [ | T 171 I T 171 T TT1 T 171 | I'T TT1 | 1T 11 | T |_
> CMS e Data _
Madgraph+Pythia6 -

———— MC@NLO+Herwigb
- - - - Powheg+Pythia6
EEEETY Powheg+Herwig6

dilepton

5
10 - Stat. i
>l 2 - Stat. ® Syst. P
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L s e
O .....................................
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ttbb differential cross-section

8 TeV, CMS, dilepton channel

Eur. Phys. J. C 76 (2016) 379 19.7 fo'' (8 TeV)

;I EIIIlIIIIlIIIIIIII|IIII|IIII|IIII|IIII:
() . CMS e Data
(\D - Madgraph+Pythia6
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= - - - - Powheg+Pythia6 ]
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Mass of two add. b-jets m,, [GeV]
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ttbb differential cross-section

8 TeV, CMS, dilepton channel

Eur. Phys. J. C 76 (2016) 379 19.7 b (8 TeV)
5‘ 0_06:| T'TT | I'T T | I'TT1 T T I'T T | I'T T | I'TT1 | T T | T'TT I:
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» 2 0.051 Madgraph+Pythia6 ]
'>b oC I ! ——m MC@NLO+Herwig6
O .g 0.04 ! - - - - Powheg+Pythia6 5
i SRREEEE Powheg+Herwigb i
0.03f.... dilepton .
Indication of larger S .
DR(bb) in data 0.02¢ g
0.01:—T ______ I ]
O_l 1] | I .| | .| _II_Ill_ll_l_IITll_ll_l-l.l_,l_i_!.-III_II-Il-!.TII_II-I.-!II_lI_.I_Il-
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-12-041/index.html

Conclusion

® {t+HF measurements not yet able to improve on the QCD
predictions

- Precision limited by b-tagging calibration, jet energy scale and
resolution, and ttbar modelling

- Measurement ~ 35%
- NLO prediction ~ 25%

® Measuring ttc/ttcc would also be helpful but is even more
challenging

®m Precise differential cross-section measurements required,
but limited by statistics

- New Run 2 results expected soon!
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ttb and ttbb ATLAS 8 TeV measurement:

Event selection

m | eptons (electron or muon)
- pT >25GeV, |eta] < 2.5

m Jets anti-kt R=0.4
- pT>25GeV, |eta] < 2.5

® No cut on missing ET

® ]-lepton analysis:
- At least 5 jets, at least two b-tags (80% working point)
®m Dilepton analysis: two isolated leptons
- m(ll) > 15 GeV and for same-flavor pairs |[m(ll) — m(Z)| > 10 GeV

- At least 3 jets, at least two b-tags (80%)
- Cut-and-count channel (ttbb): at least 4 jets, at least 4 b-tags (70%)

H. Bachacou Top2017, Braga, Sept 21st 25



ttb and ttbb ATLAS 8 TeV measurement:

Fiducial definition at particle level

m | eptons (electron or muon)

- pT > 25 GeV |eta| <25 Fiducial tth tth ttbb
! : Requirement lepton-plus-jets m dilepton
. _ Nieptons (pT > 25 GeV, |n| < 2.5) 1 2 2
N JetS antl'kt R - O .4 Leppton flavours e and p ey only  ee, pp and ep
mee > 15 GeV - - yes
- pT > 20 Gev’ |eta| < 25 ey — 91GeV| > 10 GeV - - yes
Niete (pr > 20 GeV, [n] < 2.5) > 5 >3 >4
- ' Nb*'ets Z 3 2 3 2 4
L NO CUt On mISSIng ET AR;J- > 0.4 yes yes ves

® ]-lepton analysis:
- At least 5 jets, at least three b-jets

®m Dilepton analysis: two isolated leptons
- m(ll) > 15 GeV and for same-flavor pairs |[m(ll) — m(Z)| > 10 GeV
- At least 3 jets, at least three b-jets
- Cut-and-count channel (ttbb): at least 4 jets, at least 4 b-jets

® Db-jets: ghost-matching of b hadrons of pT > 5 GeV

H. Bachacou Top2017, Braga, Sept 21st 26




ttb and ttbb ATLAS 8 TeV measurement:

Event yields

19 /fb, 8 TeV 19 /fb, 8 TeV
Component ttb Lepton-plus-jets tth eu Component ttbb Cut-based ttbb Fit-based
tt 108600 +7500  6620+710 ¢ 23.8+7.2 5750 + 850
tth 5230 £330 286 +27 1tbb 17.1+4.8 110 +35
ttV signal 67 £ 67 3.6+3.6 1tV signal 0.59+0.59 2.7+2.7
ttH signal 140 + 140 10+10 1tH signal 1.6+£1.6 7.7+7.7
tte 43300 + 3000 629 + 57 1tbX 4.1+2.7 280+93
ttl 60100 £6800  5700+630 ttcX 24+1.0 730 £ 350
W+jets 6700 + 3500 - 110.¢ 0.30+£0.30 4630670
Single top 5490 £ 760 216+58  Single top 041+041 150 + 57
Z+jets 1640 + 860 20+ 11 Z+jets 0.82+0.82 240 £ 46
Diboson 510+ 140 8.8+3.3 Diboson <0.1 10.9+£3.9
Fake and non-prompt leptons 1790 + 890 50£25  Fake and non-prompt leptons <0.1 18.1 £9.1
Total prediction 124800 £ 8400  6910+720 Total prediction 25.1+£7.2 6180+ 890
Data 129743 7198 Data 37 6579
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ttbb CMS 8 TeV and 13 TeV measurements:

Event selection and yields (dilepton)

® Two isolated opposite-sign leptons (electron or muon)
- pT >20GeV, |eta| < 2.4
- m(ll) > 12 GeV and for same-flavor pairs [m(ll) — m(Z)| > 15 GeV
m At least four jets anti-kt R = 0.5 (R=0.4 at 13 TeV)
= pT > 30 GeV, |eta] < 2.5 (leta] < 2.4 at 13 TeV)
- At least two b-tags (45% eff. working point) (60-70% eff. at 13 TeV)

®m Missing ET > 30 GeV in same-flavor channels

19.7 /th, 8 TeV 2.3 [fb, 13 TeV
Final state eTe™ ]/t+ u- ei]ﬂ: All Pro_cess ete™ uhru— etuT All
ttbb 18 26 61 105 &+ 2 ttbb 6.3+04 86+04 2441 39+1
) ttce 77404 11+1  27+1 46 +1
ttec 13 19 5 B2 R 15742 22042 5964+3  972+4
ttLE 249 347 840 14389  f Gthers 1841 1941 6141 9941
tt others 21 25 64 19+3 v 25401 32402 73402 14+1
Single top 7.4 11 24 43+5  Singlet 66+08 84+08 2342 3942
Z/yx— Ul 57 54 3.1 14+7  Z+ets 0878 54415 06+05 68419
Total 350 483 1149 1983 & 13 Total 215+2 297+3 796+4 1311+6
Data 367 506 1145 2018 Data 186 288 682 1156
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ttbb CMS 8 TeV and 13 TeV measurements:

Fiducial definition at particle level

® Two isolated opposite-sign leptons (electron or muon)

- pT >20GeV, |eta| < 2.4

- m)>312-GeVandforsame-flaverpairstnih—mEA>15-6GeV
m At least four jets anti-kt R = 0.5 (R=0.4 at 13 TeV)

= pT > 20 GeV, |eta] <2.5 (leta] < 2.4 at 13 TeV)
- At least four b-jets

. Micei . ] I I
®m  p-jets: b-hadron ghost association (13 TeV) (pT cut?) (8 TeV?)
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ttb and ttbb ATLAS 8 TeV measurement:

Systematics
o o5 o, Ru
Lepton-plus-jets ith ey Cut-based Fit-based Fit-based
Source uncertainty uncertainty | uncertainty | uncertainty | uncertainty
(%) (%) (%) (%) (%)
Total detector +17.5-14.4 +11.6 —-8.0 +14.5 +11.9 -13.1 | 4109 -12.5
Jet (combined) +3.9-2.7 +10.1 -6.1 +5.5 +6.0 -8.5 +8.7 -10.7
Lepton +0.7 +1.0-05 +2.0 +24-277 +0.8 -1.6
b—tagging effect on b—jets +4.4 —-4.0 +3.6 -3.1 +12.9 +9.4 -9.0 +6.0 5.8
b-tagging effect on c—jets +16.2 -13.4 +4.0-3.6 +1.7 + 1.4 +1.2-1.3
b—tagging effect on light jets +3.1 -2.0 +1.9-2.0 +4.3 +33-29 +22-19
Total tf modelling +13.1 -13.7 +23.8 -16.1 +23.8 +21.7 +16.1
Generator +1.1-14 +23.3 -15.1 +16.9 +17.4 +12.4
Scale choice +4.3 +1.1-2.7 +14.2 +9.5 +6.0
Shower/hadronisation +11.4 -12.1 +3.0-34 +8.2 +8.7 +7.1
PDF +4.7 -4.5 +3.3 +3.3 +0.8 +4.1
Removing/doubling #V and ttH +0.4 +1.1 -0.9 +1.5 +3.1 -2.7 +3.0-2.6
Other backgrounds +0.8 +0.9 -0.8 +1.6 +35-33 +2.5
MC sample size <1 <1 +9.6 +7.4 +7.4
Luminosity +2.8 +2.8 +3.2 +2.9 +0.1
Total systematic uncertainty +25.5-19.2 +30.5-19.9 +29.5 +26.4 -26.9 | +21.1 -21.9
Statistical uncertainty +7.1 +19.2 -179 +18.4 +24.6 +25.2
Total uncertainty +26.5 -20.5 +36.0 -26.8 +35.2 +36.1 -36.4 | +329 -334
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ttb and ttbb ATLAS 8 TeV measurement:

Systematics
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ttbb CMS 8 TeV and 13 TeV measurements:

Systematics

® Visible cross-section (pT > 20 GeV)

2 [fb, 13 TeV
19 /fb, 8 TeV Source Cavs Ut Cviwb / Ot
o o o cory Pileu 04 <01 0.4
Source b (%) | 7 (%) | T (%) Jgg &p]ER 78 74 2.6
Pileup 1.0 1.0 1.0 b tag (b quark flavour) 19 47 19
JES & JER 11 8.0 5.0 b tag (c quark flavour) 14 1.3 14
b tag (b quark flavour) 15 <0.1 15 b tag (light flavour) 14 98 9.7
b tag (c quark flavour) 4.0 <0.1 4.0 Ratio of ttbb and tfbj 2.6 0.5 2.6
b tag (light flavour) 7.0 <0.1 7.0 B_ackground modelling 3.8 3.5 1.6
Ratio of ttbb and ttbj 9.0 <01 90  ttec fraction in the fit 5.2 1.9 4.8
Bkgnd modelling 1.0 1.0 10 _Lepton trigger/identification 3.0 3.0 0
ticc fraction in the fit 42 0.2 40 MC generator 24 62 30
Lepton identification | 4.0 4.0 _ pmand jrscale 2020 10
cpron 19¢ scale in PS 13 99 10
MC generator 3.0 3.0 3.0 PDEFs 0.5 0.5 <0.1
Scale (yf and pg) 8.0 3.0 6.0 Efficiency (ttcc fraction) 0 1.3 1.3
PS matching 12 5.0 3.0 Jet multiplicity modelling 50 50 5.0
PDF 4.0 4.0 <0.1  Top quark pr modelling 08 03 0.5
Eff. (ttcc fraction) — 1.6 1.6 Simulation (statistical) 1.5 15 1.5
Luminosity 2.6 2.6 — Integrated Luminosity 2.3 2.3 0
Total uncertainty 28 12 22 Total uncertainty 34 19 28
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ttbb fiducial and full cross-sections

8 TeV and 13 TeV, CMS, dilepton channel

m 19.7 [fbat 8 TeV:
Phase Space (PS) T ap LPP] i [pb] b/ Ot
Visible PS (particle)
Jet pt > 20GeV/c 0.029 £ 0.003 += 0.008 1.28 +£0.03 =0.15 0.022 £ 0.003 £ 0.005
Full PS (parton)

Jet pt > 20 GeV/c 1.11 + 0.11 £ 0.31 52.1 £ 1.0 6.8 0.021 4 0.003 4= 0.005
Jet pt > 40 GeV/c 0.36 4= 0.08 &= 0.10 16.1 £ 0.7 £ 2.1 0.022 4+ 0.004 4= 0.005
NLO calculation
Jet pr > 40 GeV/c 0.23 & 0.05 21.0 29 0.011 = 0.003
m 2.3 /fbatl13TeV (Jet pT > 20 GeV):
Phase space Cinp LPP] 0;j [pb] b / Vi
Visible Measurement | 0.088 £+ 0.012 +£0.029 3.7 0.1 &0.7 0.024 £ 0.003 £+ 0.007
SM (POWHEG) 0.070 = 0.009 51+0.5 0.014 £+ 0.001
Full Measurement 40+06+t1.3 184 =6 £33 0.022 4 0.003 £ 0.006
SM (POWHEG) 32+04 257 + 26 0.012 4+ 0.001

®m Measurement compatible with Powheg prediction
m Syst. ~30%
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ttbb CMS 8 TeV differential cross-section:

Event selection

® Two isolated opposite-sign leptons (electron or muon)
m Jets and leptons pT > 20 GeV, |etal<2.4
m Jetsanti-kt R = 0.5

m Jets from top quarks (after BDT selection) must fulfill pT > 30
GeV

®m 3 b-tags at 70%

® Fiducial cuts at particle-level match the event selection cuts
above (except b-tagging)
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