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mi e (8 Tev) ] 173.72 + 0.55 + 1.02 (1.16 + 0.11)| +m e (8 Tev) 172.61+ 0.25 + 0.42 (0.49 + 0.03)
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Brief review of earlier Run-1 my,, analyses included in the combination
@ Measurements in tt decay channels with 0,1,2 leptons
» tt — all-jets

* at 7TeV
* at 8 TeV <— Brief review in this Talk

> tt — lepton+jets ({+jets)
* at 7TeV
» tt — dilepton
* at 7TeV
* at 8 TeV <— Brief review in this Talk

Most recent top mass result from ATLAS
e New measurement of my,, in the tt — lepton+jets channel at 8 TeV

@ New combination of Run-1 ATLAS my,, measurements
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2013-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2013-02/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2013-02/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-03/
https://arxiv.org/abs/1810.01772

Brief review: template methods

All myo, measurements included in the ATLAS combination use the template method

@ Distributions of variables that are sensitive to mp, are fit to analytical functions at
several discrete values of the input mqp

@ These functions are then parameterized as functions of the input mp

Dilepton: my, All-jets: Rz = my;;/mj;
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Brief review: optimization strategies

o Dilepton
» Optimize a cut on pr j, to minimize the total uncertainty
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Brief review: optimization strategies

@ Dilepton
» Optimize a cut on pr j, to minimize the total uncertainty
o All-jets
> Use the Rs/, distribution as the estimator for myop instead of my;

* more protected from variations in the JES: R/, = "9 o JESbJES

JES
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Brief review: results in data

Dilepton: unbinned max-LH All-jets: binned min-?

Ben Pearson (MPP Munich)
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Brief review: systematic uncertainties (Am, [GeV])

Vs=TTeV Vs=8TeV

mE 1Gev) [ i 1Gev) | midl [Gev)

Results 172.33 173.79 172.99

Statistics 0.75 0.54 041

Method 0.11 £0.10 | 0.09 £ 0.07 | 0.05+0.07

. Signal Monte Carlo generator 022+£021 | 026 £0.16 | 0.09 £0.15
o D|Ieptor| Hadronisation 0.18£0.12 | 0.53£0.09 | 0.22+0.09
) . Initial- and final-state QCD radiation 0.32£0.06 | 0.47+0.05 | 0.23 +0.07

» JES (0.54), relative b-to-light JES (0.30), | Underlying event 0.15+0.07 | 0.05+0.05 | 0.10+0.14
. . Colour reconnection 0.11£0.07 | 0.14£0.05 | 0.03+0.14
hadronisation (0.22), and ISR/FSR (0.23) | pirion distribution function 0.25+0.00 | 0.11£0.00 | 0.05 0.00

» Total uncertainty: 0.84 GeV (0_49%) Background normalisation 0.10+0.00 | 0.04+0.00 | 0.03 +0.00
W/Z +jets shape 0.29 +0.00 | 0.00 + 0.00 0

Fake leptons shape 0.05 +£0.00 | 0.01 £0.00 | 0.08 £ 0.00

Jet energy scale 058 £0.11 | 0.75+0.08 | 0.54 + 0.04

Relative b-to-light-jet energy scale 0.06 +£0.03 | 0.68 +0.02 | 0.30 +0.01

Jet energy resolution 022+0.11 | 0.19 £0.04 | 0.09 +0.05

Jet reconstruction efficiency 0.12 £ 0.00 | 0.07+£0.00 | 0.01 £ 0.00

Jet vertex fraction 0.01 £0.00 | 0.00 +0.00 | 0.02 + 0.00

b-tagging 0.50 £0.00 | 0.07 £0.00 | 0.03 +0.02

Leptons 0.04 £0.00 | 0.13+£0.00 | 0.14 +0.01

Epis 0.15+£0.04 | 0.04+£0.03 | 0.01+0.01

Pile-up 0.02 +0.01 | 0.01 +£0.00 | 0.05+0.01

Total systematic uncertainty 1.03+£0.31 | 1.31+0.23 | 0.74 +0.29

Total 127+033 | 1.41+0.24 | 084 £029
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Brief review: systematic uncertainties (Am, [GeV])

Source of uncertainty | Amop [GeV]
Monte Carlo generator 0.18+0.21
Hadronisation modelling 0.64 +0.15
Parton distribution functions 0.04 + 0.00
Initial /final-state radiation 0.10+0.28
. Underlying event 0.13+£0.16
o D|Iepton Colour reconnection 0.12+0.16
: : Bias in template method 0.06
» JES (0.54), relative b-to-light JES (0.30), L e corisati 0.00
. ignal an gd parameterisation .
hadronisation (0'22)’ and ISR/FSR (0'23) Non all-hadronic ¢f contribution 0.06
» Total uncertainty: 0.84 GeV (0.49%) ABCD method vs. ABCDEF method 0.16
o All-i Trigger eﬂigiency 0.08 +0.01
Jets L Lepton/ER'* calibration 0.02 £0.01
» JES (060). hadronisation (064), and Overall flavour-tagging 0.10 £ 0.00
bJES (0,34) Jet energy scale (JES) 0.60 & 0.05
» Total uncertainty: 1.15 GeV (0.66%) b-jet energy scale (bJES) 0.3440.02
Jet energy resolution 0.10 £0.04
Jet vertex fraction 0.03 £ 0.01
Total systematic uncertainty 1.01
Total statistical uncertainty 0.55
Total uncertainty || 1.15
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8 TeV lepton+jets analysis strategy

@ Use the 3-D template method developed for the 7 TeV lepton+jets analysis
> Templates constructed for mig?, miy°, and Rye®

top
b,a be
Rieco _ PIHPTY d he light | igned to the W b
bg — W, where g1 and g» are the light jets assigned to the oson

@ A 3D unbinned maximum likelihood fit of these templates is applied to the observed data
to extract the measured my,p, JSF, and bJSF

@ The simultaneous measurement of my,, with a jet energy scale factor (JSF) and a relative
b-to-light-jet energy scale factor (bJSF) reduces the sizable JES and bJES uncertainties
in Miop
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8 TeV lepton+jets event selection and reconstruction

@ Require one high-pr electron or muon along with at least four high-pt central jets
» Exactly two of these jets must be b-tagged

reco

o Use a kinematic likelihood fitter (KLFitter) for jet-parton assignment and to obtain mig?

e mygy’ reconstructed within the KLFitter

e my;° and R};‘ffo use the chosen jet

permutation from KLFitter, but the
original jet momentum 4-vectors

> to retain the maximum sensitivity to JES
and bJES

top
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8 TeV lepton—+jets BDT strategy

Idea:

@ Remove incorrectly/un-matched events, expected to have larger systematic uncertainties
Method:

@ Train a BDT algorithm to distinguish these events from correctly matched events

@ Require a minimum BDT output (rgpr)

T T T T T
ATLAS Simulation Vs = 8 TeV

[ Correctly matched

Incorrectly + unmatched

o b b b b b b b b b o f

@ 13 variables are used as inputs to the BDT

@ The two with by far the greatest separation
power are
» the KLFitter likelihood of the best
permutation
» the angular separation of the two untagged
jets from the hadronically decaying W boson
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8 TeV lepton—+jets BDT training and cut

[ —+ —+ Testsamples
0.08/— — —— Training samples
— Correctly matched

P(x?,ndf) = 0.021
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@ The BDT is trained on tt signal MC
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» Good separation of the event categories
@ A scan of the cut on rgpt around the crossing point of 0 is performed
» Run complete analysis for each point in the scan to compare the total uncertainty in mgp
@ A cut of rgpt > —0.05 results in the smallest total uncertainty
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8 TeV lepton+jets data/MC agreement

o After applying the rgpr cut, the background fraction is only 1%
@ Single-top-quark production is included in signal
» resulting in a background independent of my,,
@ Distributions of fit variables agree well with data within uncertainties
» MC simulation is normalised to the data and only shape uncertainties remain in the band
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8 TeV lepton+jets template fit

o Simulated distributions of mg:®, myy°, and R,™ are fit to analytical functions which are

parameterised as functions of the input my.,, JSF, and bJSF depending on sensitivity
> migs’ (Meop,JSF,bISF), migee (JSF), Rbg™® (Mop,JSF,bISF)
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E 0.035— AFTL;;? SImU‘a"D" , = 167.5GeV] E 0.05[i...;SF =096 ATLAS Simulation i S ooasE- AFLAS Simulation [ ibJSF=096 3
= o 1s=8T¢ 2 3 E = ] CE (s=8Tev E|
2 = M = 172.5 GeV 3 2 [ ask=100 (s=8Tev ] % o0sE [bisF=100 3
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8 TeV lepton+jets result in data

@ The 3D unbinned maximum likelihood fit to the data results in:

Myop = 172.08£0.39(stat) GeV  JSF = 1.005 + 0.001(stat) bJSF = 1.008 4 0.005(stat)

3 F 3 0 T T T 3
3 FatLas | U ves ] 2 1800E ATLAS " data, Irets E| S 100l ATLAS « ' data, Itjets E
© 1200~ \s=8 TeV, 20.2 fb* 8 Best fit background —| ° E Vs=8 TeV, 20.2 fb! B Best fit background 2 E Vs=8 TeV, 20.2 b S Best ft background J
2 r = Bestiit ] @ 1600 = Bestfit | £ 1600F —— Bestfit E
5 ) ] 2 E El E , El
¢ 10001~ [0 Uncertainty 3 S 1400F [0 Uncerainty E Q1400 [ Uncertainty 3
w r q ) E B w £ E
8001~ N 12005 3 12001 E
F 1 1000F - 1000 -
F E 800F El 800 3
400F 3 600F E 600 E
£ 1 400 E 400F E
2008 E 200} E| 200§ E
G’ L " L I L L ! G’ L L L L L 3 G: L Il L 1 b |

130 140 150 160 170 180 190 200 60 70 80 90 100 110 05 1 15 2 25
mieee e reco i (Gev] reco R’

top myy bq

@ Including systematic uncertainties, the result is:

myop, = 172.08 £ 0.39(stat) 4= 0.82(syst) GeV = 172.08 £+ 0.91 GeV
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8 TeV leptonjets uncertainties in my,

/s =T TeV /s =28 TeV
. H Event selection Standard Standard BDT
° Dom Ina nt sources Of u ncerta I nty Myop result [GeV] 172.33 171.90 172.08
. Statistics 0.75 0.38 0.39
» JES (0.54 GeV) and b-tagging (0.38 GeV) Stat. comp. (muay) 099 oo o1
. . — Stat. comp. (JSF) 0.25 0.11 0.11
o Total uncertainty reduced with BDT sel. - Stat. comp. (bISE) 067 034 035
. Method 0.11 £ 0.10 | 0.04 £ 0.11 | 0.13 £ 0.11
» 19% improvement over no BDT at 8 TeV | Sigual Monte Carlo gencrator 0.22 £ 021 | 0.50 £ 0.17 | 0.16 £ 0.17
. . . Hadronization 0.18 £ 0.12 | 0.05 £ 0.10 | 0.15 £ 0.10
» Reduces theory modelling uncertainties Initial- and final-state QCD radiation | 0.32 + 0.06 | 0.28 + 0.11 | 0.08 + 0.11
H H H Underlying event 0.15 £ 0.07 | 0.08 £ 0.15 | 0.08 &+ 0.15
> Also Improyes reSOIUtlon in mt()p as seen Colour reconnection 0.11 £ 0.07 | 0.37 £ 0.15 | 0.19 £ 0.15
by the scallng of the stat. unc. Parton distribution function 0.25 £ 0.00 | 0.08 £ 0.00 | 0.09 £ 0.00
) ) ) . Background normalization 0.10 £ 0.00 | 0.04 £ 0.00 | 0.08 £ 0.00
* With no improvement in resolution: W +jets shape 0.29 & 0.00 | 0.05 & 0.00 | 0.11 & 0.00
stat __ _stat _ Fake leptons shape 0.05 £ 0.00 0 0
OBDT — Ostd V Nstd/NBDT = 0.60 Jet energy scale 0.58 + 0.11 | 0.63 + 0.02 | 0.54 + 0.02
Relative b-to-light-jet energy scale 0.06 + 0.03 | 0.05 + 0.01 | 0.03 £ 0.01
as Compared to 0.39 Jet energy resolution 0.22 £0.11 | 0.23 £ 0.03 | 0.20 £ 0.04
o/ Jet reconstruction efficiency 0.12 £+ 0.00 | 0.04 £+ 0.01 | 0.02 + 0.01
>
Altogether' a 29 A) |mprOVement over Jet vertex fraction 0.01 £ 0.00 | 0.13 £ 0.01 | 0.09 £ 0.01
the 7 TeV Ieptonﬂets measurement b-tagging 0.50 + 0.00 | 0.37 £ 0.00 | 0.38  0.00
Leptons 0.04 £ 0.00 | 0.16 £ 0.01 | 0.16 £ 0.01
. Missing transverse momentum 0.15 £ 0.04 | 0.08 £ 0.01 | 0.05 £ 0.01
@ Given the new result, an updated ATLAS Pile-up 0.02 + 0.01 | 0.14 + 0.01 | 0.15 + 0.01
b- . . f d Total systematic uncertainty 1.04 = 0.08 | 1.07 = 0.10 | 0.82 % 0.06
combination Is performe Total 1.28 £ 0.08 | 1.13 £ 0.10 | 0.01 £ 0.06
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Combination: compatibility of input measurements

@ Verify compatibility of measurements
before performing a combination via:

(xi—x)?

2 _
XU B O',-2+0'J2—2p,'j0','0'j

12 ‘

Measurement pairs

Ben Pearson (MPP Munich)

5
X2

Top mass in ATLAS

@ Good 2 probabilities observed for all
pairs of measurements

» Smallest probability: 15%

,,,,, Combination

ATLAS

My, * stat. * syst. (total)

Inputs to the combination

migs™™" (8 TeV) 172.99 + 0.41+ 0.74 (0.85 + 0.05)

mies® (8 TeV) 172.08 + 0.39 + 0.82 (0.91  0.06)
Mk (7 Tev) 172.33 £0.75 + 1.04 (1.28 + 0.08)
M (8 Tev) 173.72 + 0.55 + 1.02 (1.16 + 0.11)
M (7 Tev) H—e—H175.06 + 1.35 + 1.21 (1.82 £ 0.13)

mige™*" (7 TeV) 173.79 + 0.54 + 1.31 (1.42 + 0.07)

—— stat. uncertainty
—— total uncertainty

[ stat. uncertainty
total uncertainty

Lo ! | I Lo Lo

l 1
165

1 1 l 1 1 l 1
175 180 185
My, [GeV]
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Combination: correlations of pairs of estimators

dilepton (8 TeV) vs. lepton+jets (8 TeV) dilepton (8 TeV) vs. all-jets (8 TeV)
S gl S gl
& "TEaTLAS i ] & UL ATLAS | 1
= 0.6 — = 0.6 ‘ : —
2 r B 2 r 1
= 0.4j — = 0.4j H —
< F ] o F : ]
§5 02 = £ o2- i e
E L E E e *%’ =
< C ] < C A ]
0.2 — -0.2 __'_ -
-0.4 E -0.4 3
—0.6} ep=+1 { _0-6} ep=+1 {
F ep=-1 H ] F ep=-1 H J
=08 e =08 e e
08 06 04 02 0 0.2 04 06 08 -08 06 04 02 0 02 04 06 08
A mgP"(8TeV) [GeV] A mgP*"(8TeV) [GeV]

e Pairwise Amy,, when simultaneously varying a pair of measurements for each syst. unc.
@ The correlations of the estimators for each uncertainty component are evaluated
@ The combination is performed using the BLUE method
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Combination: example of two most precise measurements

= SRR A AR A AR RN RN S o A RS AR RS AR AR AR

8 175: ATLAS — = M (8TeV) = 172.99 GeV 8 lGi ATLAS — = o™ Tev) =085 Gev ]

= L Mgt (8Tev) = 172.08 Gev = r c(ml;':‘s(BTeV))=091GeV 1

=8 174; —$— My, = 172,56 GeV Eg 1.4F —4— o(m,_) =056 Gev i

g monvs.p s F o o ]

r 3 1.2~ -

73— —————— E— i E
172F * B 085

C : ] O.G:T. .......................... -

171 - 0.4 =

B . 0.2F .

1700 v b L T R SR N SN P TR

-1 08-06-04-02 0 02 04 06 08 1 -1 08-06-04-02 0 02 04 06 08 1

p P

e Combined value (left) and uncertainty (right) in the combination of the 8 TeV /+jets and
dilepton measurements as a function of their total correlation (blue line)

@ The red and gray lines indicate the pair of input values (left) and uncertainties (right)

@ The uncertainty in the combined my,;, strongly depends on the total correlation
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Combination: result

Inputs to the combination ATLAS Comb. according to importance ATLAS
Mg, * stat. + syst. (total) Mg, *+ stat. * syst. (total)
miae™" (8 TeV) 172.99 + 0.41+ 0.74 (0.85 + 0.05) mig™" (8 TeV) 172.99 + 0.41+ 0.74 (0.85 + 0.04)
mes® (8 TeV) 172.08 + 0.39 + 0.82 (0.91 + 0.06) + M (8 TeV) 172.56 + 0.28 + 0.48 (0.56 + 0.04)
mes® (7 TeV) 172.33 +0.75 + 1.04 (1.28 + 0.08) + M (7 TeV) 172,51+ 0.27 + 0.42 (0.50 * 0.04)
M (8 Tev) 173.72 £ 0.55 + 1.02 (1.16 + 0.11) + mgs™® (8 TeV) 172.61+ 0.25 + 0.42 (0.49 + 0.03)
Mg (7 Tev) H—e—H175.06 + 1.35 + 1.21 (1.82 + 0.13) +mi e (7 Tev) 172.70 +0.24 + 0.42 (0.48 + 0.03)
mige™™" (7 TeV) 173.79 £ 0.54 + 1.31 (1.42 + 0.07), +mieP" (7 Tev) 172.69 + 0.25 + 0.41 (0.48 + 0.03)
rrrrr Combination X ----- Combination .
[ stat. uncertainty —— stat. uncertainty I stat. uncertainty —— stat. uncertainty
total uncertainty —— total uncertainty total uncertainty —— total uncertainty
16‘35 ‘ ‘ 17‘0 ‘ ‘ 17‘5 ‘ ‘ lE‘BO ‘ ‘ 12‘35 ‘ 17‘0 ‘ 17‘5 léO
My, [GeV] My [GeV]

This combination results in a relative precision of 0.28%:
Myop = 172.69 + 0.25(stat) + 0.41(syst) GeV = 172.69 + 0.48 GeV
@ a 44% improvement w.r.t. the most precise single input measurement
@ a 31% improvement w.r.t. the previous ATLAS combination
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Combination: stability

@ Analyze the stability of the combined result using 500 pseudo-combinations
» Randomly vary each systematic uncertainty within its statistical precision
» Consequently re-evaluate their correlations
» Arrows indicate the values of the original combination
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Conclusions and remarks

@ Direct measurements of my,p have been made using the Run-1 ATLAS data in the
various tt decay channels
e New measurement of my,p, in the tt — lepton+jets channel at 8 TeV
> myt3°* = 172.08 £ 0.39(stat) £ 0.82(syst) GeV
* With a total uncertainty of 0.91 4+ 0.06 GeV
@ New ATLAS combination of mygp
> mioP = 172.69 & 0.25(stat) & 0.41(syst) GeV
* With a total uncertainty of 0.48 4 0.03 GeV
@ Take-away messages from Run-1 ATLAS combination

» The two LHC combinations of my,, are consistent and have comparable precision
» The ability to evaluate the correlation between individual measurements is critical

* Important to include statistical precision of all systematic uncertainties

» Minimizing these correlations has a large impact on the final uncertainty
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Additional Material
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Combination: input measurement uncertainties

Vs =TTeV Vs =8TeV

mist " [GeV] [ mig™ [GeV] | migd™ [GeV] || misP™™ [GeV] [ miai ™ [GeV] [ migs ™ [GeV]
k | Results (i =0...,5) 173.79 172.33 175.06 172.99 172.08 173.72
0 | Statistics 0.54 0.75 1.35 0.41 0.39 0.55

— Stat. comp. (Myop) 0.23 0.11

— Stat. comp. (JSF) 0.25 0.11

— Stat. comp. (bJSF) 0.67 0.35
1 | Method 0.09 + 0.07 0.11 £ 0.10 0.42 £ 0.01 0.05 & 0.07 0.13 &+ 0.11 0.11
2 | Signal Monte Carlo generator 0.26 £ 0.16 0.22 £ 0.21 0.30 + 0.30 0.09 + 0.15 0.16 & 0.17 0.18 + 0.21
3 | Hadronization 0.53 + 0.09 0.18 £ 0.12 0.50 + 0.15 0.22 + 0.09 0.15 & 0.10 0.64 + 0.15
4 | Initial- and final-state QCD radiation 0.47 £ 0.05 0.32 + 0.06 0.22 £ 0.11 0.23 + 0.07 0.08 + 0.11 0.10 # 0.28
5 | Underlying event 0.05 & 0.05 0.15 + 0.07 0.08 + 0.10 0.10 + 0.14 0.08 + 0.15 0.12 + 0.16
6 | Colour reconnection 0.14 £ 0.05 0.11 &+ 0.07 0.22 &+ 0.10 0.03 = 0.14 0.19 &= 0.15 0.12 £ 0.16
7 | Parton distribution function 0.10 £ 0.00 0.25 &+ 0.00 0.09 &+ 0.00 0.05 £+ 0.00 0.09 £+ 0.00 0.09 & 0.00
8 | Background normalization 0.04 £ 0.00 0.10 £ 0.00 0 0.03 £ 0.00 0.08 £ 0.00 0
9 | W/Z+jets shape 0.00 + 0.00 0.29 + 0.00 0 0 0.11 + 0.00 0
10 | Fake leptons shape 0.01 £ 0.00 0.05 £+ 0.00 0 0.07 £ 0.00 0 0
11 | Data-driven all-jets background 0 0 0.35 + 0.21 0 0 0.17
12 | Jet energy scale 0.76 £ 0.09 0.58 + 0.11 0.50 + 0.05 0.54 £+ 0.04 0.54 £+ 0.02 0.60 £ 0.03
13 | Relative b-to-light-jet energy scale 0.68 £+ 0.02 0.06 £+ 0.03 0.62 £+ 0.05 0.30 £+ 0.01 0.03 £+ 0.01 0.34 £+ 0.02
14 | Jet energy resolution 0.19 £ 0.04 0.22 £ 0.11 0.01 + 0.08 0.09 + 0.05 0.20 & 0.04 0.10 & 0.04
15 | Jet reconstruction efficiency 0.07 £ 0.00 0.12 + 0.00 0.01 £ 0.01 0.01 % 0.00 0.02 + 0.01 0
16 | Jet vertex fraction 0.00 + 0.00 0.01 + 0.00 0.01 £ 0.01 0.02 & 0.00 0.09 % 0.01 0.03 & 0.01
17 | b-tagging 0.07 £ 0.00 0.50 + 0.00 0.16 + 0.00 0.04 + 0.02 0.38 & 0.00 0.10 % 0.00
18 | Leptons 0.13 £ 0.00 0.04 + 0.00 0 0.14 + 0.01 0.16 & 0.01 0.01 & 0.00
19 | Missing transverse momentum 0.04 £+ 0.03 0.15 & 0.04 0.02 £ 0.05 0.01 £ 0.01 0.05 £ 0.01 0.01 £ 0.01
20 | Pile-up 0.01 4 0.00 0.02 £ 0.01 0.02 + 0.00 0.05 #+ 0.01 0.15 #+ 0.01 0.01 % 0.00
21 | Trigger 0 0 0.01 £ 0.01 0 0 0.08 + 0.01
22 | Fast vs. full simulation 0 0 0.24 + 0.18 0 0 0
Total systematic uncertainty 1.31 + 0.07 1.04 &+ 0.08 1.21 +£0.13 0.74 £ 0.05 0.82 £ 0.06 1.02 £ 0.11
Total 1.42 + 0.07 1.28 &+ 0.08 1.82 +£ 0.13 0.85 £ 0.05 0.91 £ 0.06 1.16 £ 0.11
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Combination: input measurement pairwise correlations

M P 7 TeV Mg 7 TeV mimd ™ 7 TeV M 8 TeV || miay™ 8 TeV

i=0 i=1 =2 i=3 i=4
k Po1 Po2 Po3 Poa Pos P12 P13 P14 P15 P23 P24 P25 P34 P35 Pas
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 1.00 | —1.00 1.00 1.00 1.00 || —1.00 1.00 1.00 1.00 || —1.00 | —1.00 | —1.00 1.00 1.00 1.00
3 1.00 1.00 1.00 | —1.00 | —1.00 1.00 1.00 | —1.00 | —1.00 1.00 | —1.00 | =1.00 || —1.00 | —1.00 1.00
4 —1.00 1.00 1.00 1.00 1.00 || =1.00 | —1.00 | —1.00 | —1.00 1.00 1.00 1.00 1.00 1.00 1.00
5 —1.00 1.00 1.00 1.00 | —1.00 || —1.00 | —1.00 | —1.00 1.00 1.00 1.00 | —1.00 1.00 | —1.00 —1.00
6 —1.00 1.00 1.00 | =1.00 | —=1.00 || —=1.00 | —1.00 1.00 1.00 1.00 | =1.00 | =1.00 || —1.00 | —1.00 1.00
7 0.53 0.22 | —0.02 0.72 | —0.61 || —0.36 | —0.32 0.72 | —0.81 0.41 | —0.05 0.27 || —0.48 0.40 —0.76
8 1.00 0 0.31 | —=0.77 0 0 0.31 | —0.74 0 0 0 0 || —0.06 0 0
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10 0.20 0 0 0 0 0 0.27 0 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
12 —0.24 0.86 0.36 0.18 0.36 0.10 0.04 | —0.29 0.13 0.41 0.09 0.42 || —0.54 0.98 —0.57
13 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
14 —1.00 1.00 0 0 0 || —1.00 0 0 0 0 0 0 0.22 | —0.07 —0.17
15 1.00 1.00 1.00 1.00 0 1.00 1.00 1.00 0 1.00 1.00 0 1.00 0 0
16 —1.00 1.00 | —=1.00 | —1.00 | —1.00 || —1.00 1.00 1.00 1.00 || —1.00 | —1.00 | —1.00 1.00 1.00 1.00
17 —0.80 | —0.03 0 0 0 0 0 0 0 0 0 0| —0.23 1 1
18 —0.35 0 0.93 | —0.08 0.42 0| —0.51 | —0.17 0.02 0 0 0 0.11 0.28 —0.36
19 0.00 | —0.26 | —0.26 | —0.12 0.04 0.84 0.26 0.22 0.16 0 0 0 0.97 0.86 0.96
20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
21 0 0 0 0 0 0 0 0 0 0 0 1.00 0 0 0
22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total || —0.07 0.42 0.52 0.06 0.08 || —0.01 | —0.00 | —0.07 | —0.02 0.29 | —0.06 | —0.01 || —0.19 0.32 0.00
Xf] 0.55 0.51 0.44 1.09 0.00 1.50 0.18 0.02 0.64 1.37 2.06 0.39 0.45 0.37 1.25
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Combination: results for selected combinations

migs” [GeV] [ migs [GeV] [ mas?™ " [GeV] [ miga™ [GeV] [ mini®™ [GeV] || mi) [GeV] [ muop [GeV]
Results 173.20 172.68 172.98 172.13 174.08 172.51 172.69
Statistics 0.46 0.26 0.39 0.37 0.56 0.27 0.25
Method 0.08 0.06 0.05 0.10 0.14 0.06 0.06
Signal Monte Carlo generator 0.17 0.13 0.12 0.15 0.03 0.14 0.12
Hadronization 0.35 0.04 0.18 0.03 0.32 0.07 0.00
Initial- and final-state QCD radiation 0.03 0.15 0.26 0.07 0.13 0.07 0.07
Underlying event 0.05 0.07 0.10 0.01 0.06 0.05 0.03
Colour reconnection 0.02 0.08 0.02 0.16 0.02 0.08 0.08
Parton distribution function 0.15 0.03 0.05 0.13 0.08 0.07 0.05
Background normalization 0.07 0.04 0.03 0.04 0.00 0.03 0.02
W/Z+jets shape 0.15 0.05 0.01 0.12 0.00 0.07 0.06
Fake leptons shape 0.03 0.03 0.07 0.02 0.00 0.03 0.03
Data-driven all-jets background 0.04 0.02 0.01 0.01 0.22 0 0.03
Jet energy scale 0.40 0.27 0.53 0.34 0.51 0.21 0.22
Relative b-to-light-jet energy scale 0.35 0.19 0.32 0.01 0.41 0.15 0.17
Jet energy resolution 0.04 0.10 0.09 0.16 0.07 0.10 0.09
Jet reconstruction efficiency 0.09 0.01 0.01 0.05 0.00 0.03 0.03
Jet vertex fraction 0.00 0.05 0.02 0.07 0.02 0.05 0.05
b-tagging 0.24 0.18 0.05 0.30 0.09 0.17 0.17
Leptons 0.04 0.10 0.14 0.11 0.01 0.09 0.08
Missing transverse momentum 0.08 0.03 0.01 0.07 0.01 0.04 0.04
Pile-up 0.01 0.07 0.05 0.10 0.01 0.06 0.06
Trigger 0.00 0.01 0.00 0.00 0.06 0 0.01
Fast vs. full simulation 0.03 0 0.01 0.01 0.07 0 0.01
Total systematic uncertainty 0.76 + 0.04 0.48 + 0.04 0.74 + 0.04 0.61 + 0.04 0.80 £ 0.05 || 0.42 4+ 0.04 | 0.41 £+ 0.03
Total 0.89 + 0.04 0.54 + 0.04 0.84 + 0.04 0.71 + 0.04 0.98 £ 0.05 || 0.50 & 0.04 | 0.48 + 0.03
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8 TeV lepton+jets: Table of BDT input variables

Separation | Description
31% Logarithm of the event likelihood of the best permutation, In L
13% AR of the two untagged jets ¢; and gy from

the hadronically decaying W boson, AR(q, q)

5.0% pr of the hadronically decaying W boson

4.3% pr of the hadronically decaying top quark

4.2% Relative event probability of the best permutation
2.0% pr of the reconstructed tt system

1.7% pr of the semi-leptonically decaying top quark

1.2% Transverse mass of the leptonically decaying W boson

0.3% pr of the leptonically decaying W boson
0.3% Number of jets

0.2% AR of the reconstructed b-tagged jets
0.2% Missing transverse momentum

0.1% pr of the lepton
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