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The top quark: a unique particle

LEPTONS
Elec. Neutrino | Muon Neutrino | Tau Neutrine
mv,~ 0 mv,~0 mv,~ 0

@ Most massive elementary particle . @
known to date. Special role in many by ot Mirlles
theories beyond the Standard Model QUARKS

@ Short-lived, decays before hadronizing. * -
Eossnble t|(: study the properties of a L

are quar

d . -
@ Precision tests of perturbative QCD Down Strange
m,=48x10*1 m,=0.104

@ Main background in many BSM
searches

@ Essential to study Higgs properties,
measure top Yukawa coupling

This talk will focus on a small set of recent results (mostly) from Run-2
13 TeVv
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Top quark production

tt production mainly by gluon fusion at

LHC (~85% at 13 TeV)

b

g

t production

t omssoo——t ¢

f ovwoo—f a: :E

via EWK interaction

@ Full NNLO+NNLL calculation
available [ Czakon, Fiedler, Mitov,
arXiv:1303.6254 |

t Collider |00t [pb]| scales [pb] | pdf [pb]
Tevatron | 7.164 7050000 %) | 7o 1oocs 120

LHC 7 TeV | 1720 | 50000 | “1i0 )

LHO 8 TeV | 2458 | “03G 00 | “odion)

LHC 14 TeV| 9536 | P30 0000 [ #0300

t-chan. s-chan.
q' q
q t
w
b t
b t-chan. 843 pb 21713 pb (213.735pb) NLO (NNLO)
o
b Wb 5 tW-chan. 22*% pb 71*% pb aNNLO
b L| s-chan. 5.2%922 ph 10*% pb NLO
g t
tW-chan. 9
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Introduction

Top quark decay signatures

Top Pair Decay Channels

W decay defines final state

8 |8 e
tsg
+ =
f W v a' 5 o E
|Vtb|>|Vtd|,|Vts| - BlTes
O t— Wb almost 100% b = muontjets
'v electron+jets
S le Wit ud c5
&
e.u "
VY MET
<
bjet =7 e
T
/ v
e,

Semileptonic [e/pu]:
BR~30% and
manageable BG (ie.
W-tjets)

single-top is BG for tt (and vice-versa)
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Dileptonic [e/pu]: All-jets: BR~46%
BR~5% and small  but largest BG (ie. 7-+jets: BR~15%
BG (ie. DY+jets)  QCD multijet)



The top quark: areas of study

cross sections, b ]et‘”
kinematics, tt+X,

new particles,

asymmetries, spin
correlations, QCD b
parameters

couplings, FCNC,
branching ratios, Vy,,

V rare decays, W-helicity,
-~ new particles

x.P P
S il
g
—
qje[ 6 mass, width,

charge, lifetime

Vy,, couplings, FCNC, polarization, mass

B / bjm\\‘ single top s-, t-, tW-channel production,
4 et / l

Drawing: M. Aldaya
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tt production + X

Jet:
pr=61.7 GeV/c

n=138
Muon:

=64.4 GeV/c

T pr@uctiét@;.eeem

(1 lF rlanc,i‘!')

\ o
e Jet:
Jet: p;=51.5 GeV/c
pr= 61.7 GeV/c n=-0.12
n=0.81
Run: 163480

Event: 81224410

C. Diez Pardos (DESY) Corfu2017, 2-10 September 2017

6/43



tt production 4+ X

Overview of cross section measurements: 7 and 8 TeV

A fine crop of measurements

Js=7Tev

Js=8TeV

ATLASYCNS Preliminary  LHCIOPWG o summary, 15 = 7 TeV May 2017 -
NNLOSRINLL PRL 110 (2013) 252004 ATLAS+CMS Preliminary LHCtOpWG o summary, fs = 8 TeV May 2017
M= 1725 GeV, M) =0.118.0.001 NNLOWNNLL PAL 110 (2013) 252004
———— e ———t—
scalounceriainy o Mgy = 1725 GeV, (M) = 0.116:0.001 Lo
scalo @ PO ©., uncartainly scale uncertainy
6,4 (stal) & (syst) £ fumi) scale & PDF & ag uncerainly 0 (stal) £ (syst) £ (lumi)
ATLAS, hjols [ 954970 :
ATLAS, diepion () aiiin 17aLel Ipb ATLAS, lepton-+jets ., —#—260:1:Zt8pb
ATLAS, all jets (%) It 167+ 184 78 £ 6 pb LGRS L tbi ol
ATLAS combined ot 1723t s7pb CMS, lepton-+jets o 2285538+ 13.7£60pb
CuS, st ) (R EPJG 77 (2017) 15, = 195 b
CMS, dieplon (1) ot CMS, lepton+1, ——f#—— 257+3+2427pb
CME, T () ——— PLB 739 (2014)23, L, =19.61"
oM, all o 4 et 136+ 2024028 9
CMS combined i 16625112050 st AIELS Sy 2429+17+55:51p0 |3.9%
i« i b £PJC74 (2014 3105, EPY C75 (2015) 542, —_—
id = Ly =20210"
ATLAS, fets, b e Tessasiaam
ATLAS, diopton o, b 125 - 1620312422565 CMS, diepton (ee. iy o) |y 2300214 11.3£62pb
ATLAS, dieplon e, N7 - ATETEETITISS 3.5% HEP (2 014} 024, Ly =538
TLAS, <, ts e ez 1ataspb LHC combined ey (Sep 2014) | 44 2415 £1.4 £57 £62 pb
i — il e ATLAS-CONF-2014-05%, CMS-PAS TOP-14015
ATLAS, 5, —r——i 183482234300 Ly=53-20310"
CuS, sts et 16174602120+ 3600 CMS, dilepton e es o
fes [ 2449+1.4°%+64pb 3.7%
M, diepton o i 17as szl anp % Fpie e e 55
v [E— e 3.6% A —
NS, =, ot ——— 52e 12032 3ph CMS, all jets H st
T 3 e EPICTS (2016) 128, L, - 184" 2756 £6.1437.84 7.2 pb
T NNPDF3.0 sHEP 04 2015) 040
NNPDF3.0 e o Gors 040 MMHT4 epyc7s eors)s
ol Gl CT14 pRD 3 ots) 033008
CT14 PRD 93 (2016) 033006
e ABM12_ paD 8o (2015) 054020
[ty -0.113) ) =0.11)
ol b b b B ben i L o b b b b b o
50 100 150 200 250 300 350 100 150 200 250 300 350 400
S [pb] oy [Pb]

@ Ultimate precision reached: ey channel best sensitivity
@ Main systematics are difficult to overcome (eg. luminosity)
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tt production + X

tt cross section measured at all energies

Dependence as a function of /s well understood!

T T T T T
Tevatron combined 1.96 TeV (L < 8.8 ™)

CMS dilepton,l+jets* 5.02 TeV (L = 27.4 pb™)
ATLAS ejt 7 TeV (L = 4.6 [
CMSen7TeV (L=5fb")

ATLAS en 8 TeV (L =202 1b™)

CMS eu 8 TeV (L=19.7 b")

LHC combined ep 8 TeV (L = 5.3-20.3 fo™)
ATLAS e 13 TeV (L=3.2 o)
CMSepn13TeV (L=221b")
ATLAS ee/pp” 13 TeV (L =85pb ")
ATLAS lijets* 13 TeV (L = 85 pb)
CMS f+jets 13 TeV (L=231b")
CMS all-jets* 13 TeV (L = 2.53 fb™)

* Preliminary

10°

IRERAY|
OpOr<macsmoEed

gglaq

102 0(80%)
ga/qq

Tevatron o(r3%)

Inclusive tf cross section [pb]

NNLO+NNLL (pp)
NNLO+NNLL (pF)

NNPDF3.0, mmp =1725GeV, q,

PR S T T T

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

s
1

ATLAS+CMS Preliminary May 2017 :
LHCiopWG

gg/qq
0(90%)

900,

8001 b

700 b

13 Ve[Tev]
(M,) =0.118 £ 0.001

PO BN T T T R T

2 4 6 8

5.02 TeV: First measurement at this energy!

14
Vs [TeV]

10 12

o(tt) = 69.5 £ 8.4 pb (limited by statistical uncertainty) [cMs-TOP-16-023]
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tt production + X

Differential regime

ATLAS
5= 13Tov, 321"
Resolved

ducial phase-space

Scrutinize tt production as a function of many kinematic
observables: further understanding of QCD, enhance
sensitivity to new physics

do,/dm' [pb/GeV]

Stat.+Syst.unc.

@ Comparisons with state-of-the-art predictions (MC
generators; high order predictions; different matching
schemes, scales and tunes)

Data

Prediction Prediction
Data

@ Extraction of mass, ag, contrain PDF

500 7000 500 2000 2500 3000

Strategy: oo
R : : : 359! (13 TeV)
Al sl cMs €, ji + jets combined
@ Use final-state products to reconstruct top quark i Preliminary
candidates 04t b Unikd
. —— POWHEG + PYTHIA8
—=- MG5 aMC@NLO (NLO) + PYTHIA8
@ Correct for detector, parton shower, acceptance effects 03 2 Pownte - Hemwaes "
i MGS aMC@NLO (LO) + PYTHIAB
(unfolding) el |
Plethora of results: Absolute or normalised cross sections, full o1l
or fiducial phase space, parton or particle level, resolved and | T
boosted regime
arXiv:1708.00727, CMS-PAS-TOP-16-014 "
4 5 6 7 8 9 10
NJets
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Top quark pr distribution

— LARARS MMM AR} T ™y 3 Fiducial phase-space
S OO Arias.cus proiminary LHGIOPWG 07 v 3 polpnase
S, 0.007, . ATLSL-203m! 4
= e 4z
= : 5
t H S 0.008] . oM La197E ERNhae
o PT Spectrum 13 2 EriE o oin e o
o = NNLO (cT14P0F)
| S ooy = b = M2, = 1733 GeV ]
softer in data than 2 oot i s

in (most) MC 0.003

simulations: visible 000 H

0.001 a

everywhere! o

gl LAt g

. e e S e

@ Better described by e FoL |
£(<0.8] i 1 i i 200 00 600 800 000
beyond NLO QCD: 8l 07700 200 300 400 500 ¢ 5.0 GV

NNLO QCD + NLO )
EWK T - . 237 (13 TeV)

o T
2 ATLAS 528 TeV, 202 10" > elu+jets Data
2 107 ] Sys @ stat
. 3 tqparton-evel o Daa 38 parton level o
(aanv: 170504105) = 109 —FomesBouPmiss | o ¥ ... POWHEG Ps
e e
—o 10 ‘a%* L - MG5 P8 [FxFx]
104 107 MGS5 P8 [MLM]
1 1
Eur. Phys. J. C 77 (2017) 15 F
531, Eur. Phys. J. C77

(2017) 299, PRD 95 (2017)

MC/Data N(N)LO/Data
o
o

1.5F
092001 100 200 300 400 500 600 700 a(‘)o
0.5~ Powneo BoxHerwa - MGS_aMC@N. Hsﬂwwcg P.(t) [GeV]
100 200 300
P, (1) [GeV]
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Boosted regime (13 TeV)

partially merged,
boosted W

un-merged

fully merged

for AR~1.0° <200 GeV 200 - 350 GeV > 350 GeV

pr

@ 10X boosted signatures at 13 than at 8 TeV (m;z > 1 Tev)

@ High pr top quarks appear in many new physics scenarios

= -

3 A

< (5= 13TeV, 321

T o'l Boosted .

3w Fiducial phase-space. 3 o 25 : : . 253" (13 TeV)

€ N 2 [SCHS Detector level ]

S e kS E rrotmnay etector level ]

©” - aMC@! S & 2 r ¢ Data (resolved, stat. unc) |

° aNMC@NLOWPYS H £ 2l @ Data (boosted, stat. unc). ]

& e e ® o r {5 Tot. Unc. (resolved)

g y: = < r [0 Tot. Unc. (boosted)
= F - aMC@NLO ]
& -~ Madgraph -

8= 4

5 ]

& o

%‘5 § 05 +_

8 k| £ u|

W L L | | i
§l al 400 600 800 1000 1200 200 400 600 800 1000 1200
3g pi?[GeV] Leading top [N (GeV)
8
&l

70 600 800 1000 1200 1400
P (Gev]

I+jets: arXiv:1708.00727, all jets: ATLAS-CONF-2016-100, CMS-TOP-16-013
p%- spectrum is measured beyond the TeV scale
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tt production + X

Zooming in: double differential tt cross sections ericr o) sso

@ First measurement of its kind at the LHC!
@ Bin tt events in two variables of p%, y*, my, vt

@ Explore sensitivity to fundamental parameters using correlations of m, yi

o NS —— LA CMS
: = Ty
E 102 MOcM(ﬂi:-lnﬂGeV_ 400 <M(tf)<500 GeV SED;g(ﬁ)dSOOGeV | g.;i'lo ’_xg(x) uf = 30000 Gevﬁ NLO _,
Te . f O(c) [MNR] N ]
B e s CTiip £ [ C_JHERA + CMS W* 8 TeV ]
=1 3 CT14 p + PDF 4 -
£ _2310 - HERA';DFQU ; . 0.2 L B+ sz 8 Te}/ ]
= =L ]+ Iy(t), M(tD)] 8 TeV 1
HE 104 - ' [ 1
15} . i x L
{ [g 0 i
10%F 1 ¥ L
- , , 02F
=2 {
i 11 H t F. iy iy Significant reduction of
E s e 3 i i =l i uncertainty at high-x
T2 i 2 i 2 1 2 3 ) .
1 1 1
el . . . h

@ Main uncertainties: modelling

@ Run-lI: improve precision, extend phase space, go 3D differential, constrain m;,
as, PDF
C. Diez Pardos (DESY)
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tt production + X

tt+jets

@ Measurement of additional jet activity
important for tuning MC generator parameters:

Parton shower and hadronization

@ Discriminating power between models and
tuning parameters already at hand

0|2
Z {1
S

~lo

S
o

e

[ = Stat
— Stat.+Syst.

ATLAS
13Tev, 321"
—— add.jetp, 225 GeV.

MC/Data

aaoco

MC/Data

00 =—og b
DOUNBR D0 LS

Powheg+Pythias (RacLo) - PowhegsPytiat (RadHi

E-— Powneg+Pytias %

0 1 2 3 >4
Number of additional jets

Eur. Phys. J. C77 (2017) 220

C. Diez Pardos (DESY)

Corfu2017, 2-10 September 2017

1/6-doidN,

ExpectedData

/0% do™ /dNjes

Theory/Data

—e— ATLAS Data, \ = 13 TeV.
—— Nominal Sherpa 2.2.1
—— HBE=

—— 0, SF=10

—— CSS KIN=1

S8 - =

1 1
0 1 2 3 4
Number of Additional Jets (25 GeV)

CMS Preliminary 197 fb~" (8 TeV)

5 6
N pr > 30GeV

ATL-PHYS-PUB-2017-007
CMS-PAS-TOP-16-021
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tt production + X

ttbb: Studying heavy flavour content in tt events .o

b b
@ Test NLO QCD calculations X4:)‘<;W:<<b &k} : ,
@ Irreducible BG for t-+H(bb) ST ST

@ Measure ratio o(tthb)/o(ttj)):

. T
large cancellation of
uncertainties e~ o
@ Selection: dilepton events — .
with >4 jets, >2 b—tagged
. —— L
Jets
@ Signal extraction by fit to —-— .
the measured b-tagging
algorithm discriminators “ o !
® Main uncertainties: JES & L MR, LME...] L. N
b [pol G‘_‘“ [po] Gms/"ﬂu %]

JER, mistag efficiency,

modelling

R=0.022+0.003(stat.)+-0.006(sys.)

C. Diez Pardos (DESY) Corfu2017, 2-10 September 2017

CMS Unpublished
Vs = 13TeV, 23 "

Full phase space

----- Measurement
s [
@ POWHEG v2 PBMT

A MGS5_aMC@NLO [FxFx] PBM1
'V MGS5_aMC@NLO [MLM] PaM1
B POWHEG v2 H++ EESC

4 MGS_aMC@NLO Hi+ EESC
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Search for SM four top quark production at 13 TeV

Phys. Lett. B 772 (2017) 336, ATLAS: CONF-2016-020, CONF-2016-032

_ ng ATLAS Preliminary ¢ Data2015 [ Jtf+light [Jtf+ct
T & =13TeV, 321" @i+ bb O+ V/H [Non-tt
.uugémm.}_._ 10°} Post-fit Uncertainty
. 10° Control Regions | Signal Regions
t 10* E
g = 10° 1
S S 0
W}—O— 10
] t 51 t
5-._,1.25‘ ! B
i ion in SM: o3, ~ 9 fb@13 TeV £ B
@ Tiny cross section in SM: o5 ~ R R T T P T o
@ Many BSM models predict an increase: Particles 261" (13 TeV)
decaying to top quarks or modified couplings, massive coloured Sn'\:glrshed ‘T?ggéiv:zg ‘
bosons, composite Higgs/top, extra dimensions, SUSY...  hected <20
@ Event categorization in Njets, Nbjets and/or 55 Dilepton
- i (E9d0 762016 459
template fits to BDT classifier o5 diepton
Getting close! CMS: SS with 35.9 fb~! obs. et
F +1.4 SM Combined
(exp.) limit 4.6 (2.97¢7%) X0 (acc. EPJC, L s
arXiv:1704.07323) 1020 %0 40 Qsﬁo%éflim\zgnuazncnhsg/oss,loo

~100 fb~! should suffice to reach the SM cross section!
C. Diez Pardos (DESY) Corfu2017, 2-10 September 2017
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tt+W/Z

Measure couplings to bosons

@ Important background for BSM
searches

@ Analyses are performed in bins of the
number of selected leptons (2,3,4)

@ Different number of leptons —
different admixture of ttW and ttZ
processes

v

@ Same-sign dilepton analysis: ttW F
we
@ Trilepton and four-lepton pgpeil i

analysis: ttZ process
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tt+W/Z at 13 TeV [CMS PAS-TOP-17-005, EPJC 77 (2017) 40]

@ Fit for ttZ and ttW simultaneously in a binned likelihood fit

@ Further split into categories depending on jet multiplicity, number of b-tagged jets,

optimised individually to increase sensitivity

CMS Preliminary 36 fb” (13 TeV)
a6Orr—T—T T T T T T T T T T T T T T T T _ T T
S - ¢+ data ; tw "% nonprompt (X
@ - I wz [ rare [ charge mis-ID

40— I I i I I
" BDT[0-0.6] BDT > 0.6 + BDT[0-0.6] BDT > 0.6

20

2 3jibj 3j22bj >4j1bj 24>2bj 2  3jibj 3i22bj >4jibj >4j>2b] 2j  3jtbj 3j22bj >4jibj >4j22bj 2j  3jibj 3j22bj >4j1bj >4j2bj

C. Diez Pardos (DESY) Corfu2017, 2-10 September 2017
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tt+W/Z Results

CMS Preliminary 36 b (13 TeV]

T 25FT T T N B e e BRI i O
= o o+ 2-D best fit 4
N C — 68% contour ]
o - — 95% contour 1
o — 1-D best fit ]
C =1-DtiZ+1c ]
= =1DtWt1c g
r w32 tiZ theory b
1.5 444 W theory ]

0.5

=]

@ o(ttW) = O,SOf%'Alfl(stat)t%’_llaz(syst) pb
(ATLAS: o(ttW) = 0.90 £ 0.3 pb with 3.2 fb~!
at 13 TeV)

@ o(ttZ2) = 1.O(EJ:%‘A%%(stat)t%"ll%(syst) pb
(ATLAS: o(t1Z) = 1.5+ 0.8 pb)

> 50 for both processes simultaneously at 13 TeV

Otz [fb]

C. Diez Pardos (DESY) Corfu2017, 2-10 September 2017

Interpreted in the framework of
Effective field theories (EFT):

Constraints on dimension-6
operators

mo%mw
1400 %‘
1200 % i
1000 / 11'
800 ‘
Lz
400 % e tEZ theory
--- 1o CL
200 % . E:%;t
00 200 400 600 800 1000 I‘1200 1400

oiw [fb]
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tt +~: I+jets, 8 TeV

[arXiv:1706.03046]

Sensitive to ty coupling and models with composite top quarks and excited top quark

production (t* — tv)

@ Selection: |4jets + high Et photon

@ Prompt photons estimated from template fit
to photon isolation variable

Largest systematic uncertainty: hadron, electron
fakes, jet energy scale

Fiducial cross section: o, - BR =
139 £ 7(stat) £ 17(syst)+1(lumi) fb

Consistent with SM expectation at NLO
(et = 151 + 24fb).

— Also measured differential cross sections!

Events / GeV

% CMS measurement [arXiv:1706.08128]
Otip~ - BR = 1274 27 (stat+syst) fb

Data/Pred.
oo L=

C. Diez Pardos (DESY) Corfu2017, 2-10 September 2017

bjet

= ATLAS
[ \s=8TeV,20.21b"
[ Single lepton channel

TITTIIIIIIIIIIIIIIIIIIIIIIIIPY

e Data
Wy
e—y Fakes
I Prompt y Bkg
Hadronic Fakes
7/ Uncertainty E|

0 © i

%A/Mw/ W///// 7 %///

I | |

02 4 6 8

10 12 14 15 18 20

p;° [GeV]

19/43



Top-Higgs coupling: the hunt for ttH

Best direct probe of the top-Higgs Yukawa coupling, vital step
towards verifying the SM nature of the Higgs boson
@ Top quark is the most strongly-coupled SM particle (y; ~1)

@ Direct measurement of y; in ttH
production:

@ Allows probing new physics in gg—H and
H— ~~ effective vertices

8 t b, ?

8

@ Limited by statistics in Run-1

@ One of the physics targets for Run-2: ~ 4x cross section, understanding of tt+X
is crucial
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ttH: The hunt is on!

ATLAS Proliminary 1TH (0B), ys = 13 TeV, 13.2fb" 114~ 129057 (13TeV) CMS Prtminay 129167 (13TeV)
e S an e e MS Prori T T T T T
— Tot. N =t Hory B combined + o
Stat. B fol stal syst
Tot. ( Stat. Syst.) & Per calegory £ 7
46728 (14 20 Dilepton i -0.04 ")30 00 I I e 7
Dilepton — 9 23l a3 -0 P -
Mo 075 1o - ogs
Ilnuml:lr-d- 5 w1
#1405 +1.0 r +102 .051 4088 r Profiled T
Single Lepton| o=t 1.6 %35 (g5 g ) | Leproniets - 043 "oz ‘om0 . Ly
Hoge | 1813 —— b, =1
2.9 410 (105 w09 . = E
Combined reoo -1 %05 (05 07 ) | combines - -0.19 280 040 w088
el ) L By 193 f—o
0 2 4 6 8 10 12 14 16 18 L 4 1 + &
| | , , ,
Best fit p = o™/afl] for m, = 125 GeV Bostfit i = /o __atm, = 125 GeV 2 [ H 4 B [
: —— : —— CMS Freiminary 35010 (13 TeV) *
ATLAS Preliminary /=13 Tev, 1321 m, = 125 GeV T T T T T T T T
—tot.  —stat. tot (stat, syst L i
o o sta " ¢ - V”’ combined i - 1.5°%% ATLAS Preliminary —e— Totel
Thad [R— 4.0 7 (57, 59) L fe-1aTev,133m’
21710 6238 (23 s2a a oo | I b ez
r—e—n 6.2 57 (53 53) n=188 o ™
<8 e
et e g = —————t Py =028 113
- 0847 i3 ) - S
a [ —— oy, 2240
4 2.2 (68% CL, =107
SEd ) el o o by, =058 728
Combination o 2547 (97, %) 4 Moz = [ Hop =085 03
I AP i Wi AP PP =
0 5 10 15 20 25 s Moy — A o= 117 53
best fit ju_for m,=125 GeV/ PRI Lt [ | SIS ERIeY) | i
M Ly -1-05005 115225 3 35 -2 -1 [1] 1 2 3 4 5

Best fit p(ttH) Signal Strength

ttH multilepton: at the moment most sensitive decay channel, with 35.9 fb~1 CMS has
evidence of ttH production with a significance of 3.3 o (2.5 exp.)
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Single Top

Muon

p;=54.1 GeV/c

r]: 070 |
M(ep): |
86.5 GeV/c?

Single tefp Pr dd“%s'q"

Electron
p;=50.1 GeV/c

n=0.60

Jet
pr=55.3 GeV/c

n:z.zz

CMS
22/43

Run: 163388 £5017, 210 September 2017
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Single Top production via EWK interaction

@ Direct probe of Wtb coupling and of Vtb in CKM matrix.
@ Sensitivity to b-quark PDF
@ Constrain u/d PDF models (ratio of top/anti-top cross-sections)

@ Important background for Higgs searches in associated production
W /ZH—qqbb

@ Probe for new physics: 4th gen., FCNC, contributions from additional
bosons

Challenging, due to large BGs: top-pair production (both semileptonic and
dileptonic), W(lv)+jets, multijet QCD

e,n,T v en T E,\[_L,T v
5 b4 Rl v s MET
\ MET N s MET \\ ,;é'//i?
. \." T . -’j
/ /
b-jet) &1, T
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Single Top production via EWK interaction

@ Main production mode:
t-channel, measured to
high precision:
Properties, differential
distributions

First observation of tW
process

Study of s-channel

Rare single top modes
explored (tZq, tv)

Run-1l: ramping up towards new era

C. Diez Pardos (DESY)

Inclusive cross-section [pb]

I Single top-quark production
[ May 2017

102

i

Z

[ ATLAS+CMS Preliminary LHCIOPWG = arias chame

|
PRDS0 (2014)112006, arXiv:1702.02856,
JHER 04 (2017)086

® CMS tchannel
SR 157381ehs, e os 2014)080
arXiv:1610.00678

O ATLAS Wt

PLB718(2012) 142, JHEPO1(2016)084,
arXiv:1612.07231

o

*  LHGC combination, Wt

ATLAS-CONF-2016-023, CMS-PAS-TOP-15-018

4 ATLAS s-channel
ATLAS-CONF-2011-118 95% CL,
PLB 756(2016)228

¥ CMS s-channel
JHEP0S (20161027 05%L
% 748 TeV combined fit 95% CL.

=== NNLO PLB735(2014)58

scale uncertainty

=== NLO+NNLL PRD83 (2011091503,
PRD82 (2010054018, PRD81(2010) 054028
Wt f contribution removed
scale @ PDF & c, uncertainty

— NLO NPP5205\2010)1D CPC191(2015) 74
o e
CT1onlo. MSTWZODSMD NNPDF2 3nlo
Wt veto for ff removal=60GeV
and 1, =65GeV
scale uncertainty

scale @ PDF 4 a, uncertainty

M= 172.5GeV 4

CMS Wt
PRL110(2013)022003, PAL 112{2014) 231802

e10} Jeis
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of high-precision in single top

Vs [TeV]
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t-channel inclusive and differential (13 TeV)

@ Selection: 1 isolated high-pr
muon, 1 central b-tagged jet,

@ Neural network to enhance

1 forward light jet

S/B

oATHAS — 247 4 46 pb

(arXiv:1609.03920)
oS =232 +31 pb

(arXiv:1610.00678, acc. PLB)

ATLAé : y ) \s:WGITeV‘ 3.‘2 fo!
st @syst.  stat

ABM (5 flav.) ret

ATLAS epWz12 ——

cTia i

HERAPDF 2.0 -

JR14 (VF) ot

MMHT2016 Fot

NNPDF 3.0 ——

L L L L L L

1.2 13 14 15 16 17 18

C. Diez Pardos (DESY)

light forward jet (j)

Events /0.2

I

' CMS Preliminary

23fb (13TeV)

=
o, + Dua
< — aMC@NLO (4FS)
o 10 +Pythiag
3 P —— Powheg (4FS)
& +Pythiag
2 8 <1+ aMC@NLO (5FS)
N +Pyihiad
8 aMC@NLO (4FS)
8| + Herwig
x
o 5
24
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2
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200 300
pr(t+1) (GeV)

CMS-TOP-16-004

22 n:"‘ (137eV)

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

1/0 xdo/ dlyl(t+f)

1.2

CMS Preliminary

¢ Data

[ ¢ channel
[, w
WWiz+jets
[Taco
R Post-it unc.

1
MVA output

2317 (13TeV)

« Data
— aMC@NLO (4FS)
+ Pythiag
—— Powheg (4FS)

+ Pythia8
aMC@NLO (4FS)
+Herwig

05 5 2
Iyl (t+f) (GeV)

Normalised cross section well described by MC, dominated
by total syst. uncertainty
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tW-channel (13 TeV) [arXiv:1612.07231]

@ 2 opposite sign isolated
leptons, MET (2 neutrinos),
1 jet (coming from b quark)

@ Signal extraction procedure:
fit to BDT discriminant in

[cA]

the 2 signal regions = mmm:%
(1j1t,2j2t) and to the yields — Jooo

in the control region, tt
background dominated

@ Main syst.: jet energy scale, E f—
NLO matrix element, jet 5 “‘,,",* gyt -“)%%
i “osf, L L . . L L 1
energy resolution 06 08 1 12 14 05 1 15
BOT (1j1b) response BDT (2j1b) response 2j2b yield

0w =94410(stat) "2 (syst)+-2(lumi) pb
Significance 4.5 o (expected: 3.9 o)
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Single Top

Single top and |Vtb|

o Umeas./Utheo. = |fLV th‘2

Assumptions:
@ Witb SM-like, left-handed, weak
coupling

|Vtb| >> |Vts| >> |Vid|

Agreement in all 3 processes
with SM

C. Diez Pardos (DESY)

ATLAS+CMS Preliminary
5,

Vel =

- NLOSNNILL MSTW2008n

‘9D 25 (2017 051604, PR 85 (2010) 4015,

PRD 81 (2010) 054028

A6, scale ® PDF

Myp = 172.5 GeV.

LHCIOpWG

= from single Iop quark production

Snoo’,

t-channel:
ATLAS 7
PRD 90 (2014; 112006 (4.591b')
ATLAS 8 TeV'*
arXiv:1702.02859 (20.2fb ")
CMS 7 TeV, \
JHEP 12 (2012) 035 (1.17-1.56fb™")
CMS 8 TeV X
JHEP 06 (2014) 090 (19.7fb™")
GMS combined 748 TeV
JHEP 06 (2014) 0
CMS 13 TeV*
arXiv:1610. 00675 12 3f™)

TLAS o
JHEP 04 12017; Yoo @2f")

ATLAS 7 TeV. .
PLB716 (2012) 142 (2.05fb™")
CMS 7 TeV.

PRL110 (2013) 022003 @s)

ATLAS 8 Te
JHEP 01 120\5) 064 (20.3fb7")

CcMS 8 TeV' .
PRL 112 (2014) 231802 (12.2fb")
LHC combined 8 TeV"”
ATLAS-CONF-2016-023,
CMS-PAS-TOP- 15 019

ATLAS 13 TeV

arXiv:1612.07231 (3.2 ' )

s-channel:

ATLAS 8 TeV' N
PLB756 (2016) 228 (20.3fb')

—-—
cann |
adan |

—

-+
te+—
—ta—
—
>—t—ri
-t
——t—ri
]

May 2017

total theo
[fuy V| £ (meas)  (theo)

1.02 +0.06 +0.02
1.028 +0.042 £ 0.024
1.020 +0.046 +0.017
0.979 +0.045+0.016
0.998 +0.038 +0.016
1.03 +0.07 +0.02

1.07 +0.09 +0.02

+015
103701

o +003

016 +003
101 0.13 -0.04

1.01+0.10+0.03
1.03+0.12+0.04

1.02 +0.08 +0.04

11410244004

+018 4 .04

0937070+

! 3 including top-quark mass uncertainty
ic11

NPPS205 (2010) 10, CPC191 (2015) 74
including beam energy uncertainty
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Single Top

Evidence for tZq

z

[13 TeV: ATLAS-CONF-2017-052]

@ Sensitive to tZ-coupling, triple-boson coupling, backgrounds for searches.

@ Trilepton channel is most promising for first observation

@ Neural network is used to enhance S/B

@ Binned maximum likelihood fit used to

extract the cross section

@ 0z = 600 + 170(stat) £ 140(syst) fb 10

4.2 o obs. (5.4 o exp.)

C. Diez Pardos (DESY)

Entries /0.1

30

20

Wv|\v‘|||||||

T T T
ATLAS Preliminary
Vs=13TeV, 36.1 0"

T T
e Data
tZq
- tw
Z+jets
Diboson
o tVHiHHWZ
7 Uncertainty

%%W/
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)

Data / Pred.
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§ A glimpse of

200
150
100
50
ol % b op quark mass
SES8EE S
g 5 £ 2  measurements
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Properties: mass

Why measure the top quark mass

@ EWK vacuum stability critically depends on Higgs-boson mass and top-quark

(pole) mass

@ Role in EW symmetry breaking? my is close to scale of EWSB, so t might play a

special role

@ Role in non SM-physics? (like topcolor models for EW dynamical breaking)

based on Bednyakov et al. PRL 115 (2015) 201802

1
80 [ instability
metastability

rn[pl)le [G ev]

absolute stability

TR T D S
122 124 126 128 130 132 134 13

m, [G

C. Diez Pardos (DESY)

6 138 140
eV]

Corfu2017, 2-10 September 2017

stability

Fermi Planck Fermi Planck

SM

metastability

PoS EPS-HEP2013
(2013) 155

Planck

Fermi
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Properties: mass

Study the top quark mass in detail and from many
perspectives
@ Highly precise direct/standard measurements — Already at 0.3% precision
level!

@ Using final states from MC simulation (models)
o Measure MC parameter m¢,(MC) (in principle depends on generator)

— f;

@ Use extraction methods complementary to standard measurements

@ Directly extract mass in well-defined scheme by confronting measured and
predicted observables — Precision from inclusive cross section ~1%

C. Diez Pardos (DESY) Corfu2017, 2-10 September 2017 31/43



Properties: mass

Standard measurements

ATLAS+CMS Preliminary LHCIOpWG  m,, summary, Vs = 7-8 TeV/ May 2017
------- World Comb. Mar 2014, [7]

stat I —

total uncertainty total st

M, = 173.34 £ 076 (0.36 £ 0.67) GeV/ My, + total (stat + syst) 5 Ret
ATLAS, ljets () - 172314 1.55(0.75+ 1.35)  77ev [1]
ATLAS, dilepton (*) 173.09 + 1.63 (0.64 + 1.50) 7TeV [2]
CMS, I+jets 173.49 + 1.06 (0.43 £ 0.97) Tev [3]
CMS, dilepton 17250 £1.52(0.43 % 1.46)  77ev [4]
CMS, all jets 173.49 £1.41 (069 1.23)  77ev [5]
LHC comb. (Sep 2013) 17329 +0.95(0.35 £0.88) 7 7cv (5]
World comb. (Mar 2014) 173. .76 (0.36 + 0.67) 1967 TeV [7]
ATLAS, l+jets 17233 £127(0.75+ 1.02)  77ev [8]
ATLAS, dilepton 173.79 + 1.41 (0.54 + 1.30) TeV (8]
ATLAS, all jets 1751+1.8(1.4+1.2) 7TeV [9]
ATLAS, single top 1722421 (0.7 +2.0) 87Te [10]
ATLAS, dilepton 172,99 +0.85 (0414 0.74)  sTev [11]
ATLAS, all jets 173.72 £ 1.15 (0.55 £ 1.01) 8TeV [12]
ATLAS comb. (40 2016 172.84 £0.70 (0.34 £ 0.61) 7.6 7ev [11]
CMS, I+jets 51 (0.16 + 0.48) 8TeV [13]
CMS, dilepton 23(0.1941.22)  sTev (13]
CMS, all jets .64 (0.25 £ 059)  8Tev [13]
CMS, single top 172,95 +1.22 (0.77 £ 095)  sTev [14]
CMS comb. (Sep 2015) 172.44 +0.48 (0.13 + 0.47)
(%) Superseded by results i i |
shown below the line ! ] i v

Lo o |y L L

1
165 170

i T
175 180

Mygp [GeV]
ATLAS and CMS in good agreement, some

tension with Tevatron average

(174.3040.65 GeV.
C. Diez Pardos (DESY)
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@ First measurement at 13 TeV in
I+jets (prec.: 0.46%) [cMS-TOP-16-022]

CMS Preliminary 2.2fo" (13 TeV)

. T
tt correct I Single t
22005 g tt wrong [ Wajets
2000 [jttunmatched [ Z+jets
18005 '+ Data [ QCD multijet

Data/MC Permutations / 5 GeV
@
8

100 200 360 ‘400
mit [GeV]
@ Most precise measurements from
CMS I+jets (0.51 GeV) and from
ATLAS dilepton (0.84 GeV)

@ Precision limited by understanding
hadronization modeling

@ Different ways to improve: cleaner
observables, avoid jets, theoretically

calculable observables
32/43



Properties: mass

Mass measurements from cross sections

Exploring differential distributions

14
L
5
3
2
T
€
5
z

S 02T 3
g E ATLAS Preliminary -
= [ e \s=8TeV,202f6" ]
= .
- . . . w [~ ® Data 2012 1
Measure a number of lepton differential cross sections in < gl — PowhegPY6
T 3 [, MC@NLO+HW
tt e events s . AlpgensHW
L2107 |
Define likelihood for prediction T i
y . o . T r = 1
mP?€ obtained fitting the individual distributions and * 1
the combination, constraining the syst. uncertainties [ ——
with nuisance parameters 10k 1
g 12F 3
[ATLAS-CONF-2017-044] g
g E=
08t . PSS — L
100 200 300 400 500 600 700
Dilepton E°+E" [GeV]
L ATLAS = 1851 T T T T T -
oz AT msg:‘)‘v‘v'::;’::{f;':‘[‘j;"z scev 2 E ATLAS Preliminary MCFM NLO fixed-order, u=m /2 B
[ alt fit Powheg+PY6 m=165 GeV | s 180 Is=8Tev, 202" i
0.1~ = data stat. error ] g C .
bo : 175 HH% i, { HH{;;
»ov1é ] 170}{ ‘}H H{f ! E
3 ] o e CTi4 7
02k T S— = = MMHT B
020 ] 165 « NNPDF30
750100 150 200 250 300 F | total uncertainty M /H\g’\F/iIAPDF 2.0 ]
[ 1 statistical uncertainty ° 1" .
Lepton py [GeV] 160 - world-average direct reconstruction NNPDF nojet
Il 1 Il 1 Il

Lepton p_ Dilepton p™  Dilepton m™  Dilepton p:+p: Dilepton E°+E" Comb. (8 dist)

I
C. Diez Pardos (DESY) Corfu2017, 2-10 September 2017

33/43



Summary and outlook

@ In Run-l, the LHC became a real top quark factory

@ Top quark measurements entered precision regime

@ Started to challenge theory predictions in many respects
@ Run-2 data is taking a central stage in SM top studies

@ Single top quark and tt inclusive cross sections
@ Plethora of differential measurements
@ Rare processes (ttV, 4top, tZq)

@ ... and BSM searches with top quarks ongoing in a multitude of channels

@ Coming up Next: Precision measurements of properties and top mass, FCNC,
anomalous couplings, EFT with 13 TeV data

The ultimate potential for top physics at the LHC is ahead of us!

ATLAS: https: / /twiki.cern.ch /twiki/bin/view/AtlasPublic/ TopPublicResults
CMS: http://cms-results.web.cern.ch /cms-results/public-results/publications/ TOP /index.html
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BACK UP
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Search for tZq: FCNC rare decays [8 TeV: JHEP 07 (2017) 003]

cmMs 19.7 b (8 TeV)
T T T T T T T T T

g 16F + data 3
<

E [ nonprompt
214 mwz
S 12F MWzt
> Dz
1w 10F !

-
uncertainty
— FCNC E

@ Sought for t—Zq: BR SM = 0(107%)
@ In models beyond SM: BR BSM ~ O(107%)

DT g e discriminant @ Decay can be found in the FCNC production mode
s 19716 @ TeV) gg— tt —tZq: needs to be distinguished from SM
T and the suppressed FCNC production of tZq

+ data

Events /0.1
»

Branching fraction ‘ Expected ‘ 68% CL range ‘ 95% CL range ‘ Observed
B(t — Zu) (%) 0.027 0.018-0.042 | 0.014-0.065 0.022
B(t — Zc) (%) 0.118 0.071 -0.222 0.049 - 0.484 0.049

T T T o

1 1) i 1 1 1 1 1
-1 -08 06 -04 -02 0 02 04 06 08 1
BD Ty o discriminant

B(t — Zu) = 0.1% (FCNC)
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Status of search for FCNC rare decays

@ No signs of flavour physics
associate with top quarks

@ First results at 13 TeV
t—qH, H— vy

T T
Vs=13TeV,36.1 "

t — cH(yy)

T
ATLAS

L

P |

Fam|

B(t— cH)

arXiv:1707.01404

C. Diez Pardos (DESY)

x10°

t—=Hc
t—=Hu
t—yc
t—yu
t—=gc
t—=gu
t—=Zc

t—=Zu

Corfu2017, 2-10 September 2017

ATLAS+CMS Preliminary 95%CL upper limits <—@ ATLAS <—@ CMS
LHCtopWG [1] JHEP 12 (2015) 061 [2] arXiv:1610.04857 subm. to JHEP
3] JHEP 04 (2016) 035 [4] EPJC 76 (2016), 55
November 2016 [5] arXiv:1610.03545 subm. to JHEP  [6] EPJC 76 (2016), 12
[7] CMS-PAS-TOP-12-039
s et o Theory precictions = SM 2HDM(FV)  [EJ2HDM(FO)
fromarxiv:1311.2028  [Jmssm [ZJRPV Blrs
S o =] —e 0
—e “
—eo M
—eo
—e ]
—e ]
e
-—9 5
@
(5]
T—e @
—e m
—e O]
R LT 1
107'® 107" 107" 107 0* o

Branching ratio
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~1 GeV

Significant dependence on
b-fragmentation modelling: Possible
to constrain from data?

@ Top quark pp ~800 MeV
@ Experimental < 500 MeV

@ Lepton energy scales
@ Secondary vertex modeling

@ Fully complementary to standard
methods

C. Diez Pardos (DESY)

Source Amy [GeV ]
Theoretical uncertainties
/iy scales tt +0.22 —-0.20
U/ pr scales t (t-channel) —0.04 —0.02
ur/ pp scales tW +0.21 40.17
Parton shower matching scale —0.04 +0.06
Single top quark fraction —0.07 40.07
Single top quark diagram interference (*) +0.24
Parton distribution functions +0.06 —0.04
Top quark pr +0.82
Top quark decay width (¥) —0.05
b quark fragmentation +1.00 —0.54
Semileptonic B decays —0.16 +0.06
b hadron composition (*) —0.09
Underlying event +0.07 40.19
Color reconnection (*) +0.08
Matrix element generator (*) —042
o (tf + heavy flavor) +0.46 —0.36
Total theoretical uncertainty +1.52 —0.86
Experimental uncertainties

[Tetenergy scale +0.19 —0.17
Jet energy resolution —0.05 +0.05
Unclustered energy +0.07 —0.00

[ Lepton energy scale —0.26 40.22 ]
Lepton selection efficiency +0.01 +0.01
b tagging —0.02 —0.00
Pileup —0.05 40.07
Sec.-vertex track multiplicity (*) —0.06

[ Sec.-vertex mass modeling (*) —0.29
Background normalization < 0.03
Total experimental uncertainty +043 —0.44
Total systematic uncertainty +1.58 —0.97
Statistical uncertainty +0.20

Corfu2017, 2-10 September 2017
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b-fragmentation modelling in data

Compare fraction of jet-momentum carried by

secondary vertex for different fragmentation
function shapes (Proxy for parton-to-hadron

momentum transfer)

CMS standard Z2* tune reweighed to describe

LEP b-fragmentation function measurements

@ Z2* LEP rb tune gives best description

C. Diez Pardos (DESY)

Corfu2017, 2-10 September 2017

Am, [GeV]

S o5 ZTEPr, ZZ7 Pelerson Lund o056 ZZLEPf, 22 Peterson Lund 0.62FZzlEPr, Z2© Peterson Lund |
g 0. A - A 0.6
£0.49— B ¢ . 3
2048 n v - 054 - v -| 0.58- - v -
@ T T 7 T T T
€ - 1% . & .
S 8007(;|\/|s ¢¢¢¢ 19778 TeV) | ggg CMS ¢¢<§¢\’n, 197178 TeV) _| 400,CMS ‘#4 19.7 6 (8 TeV)
& ) 3 tracks ©  4tracks W'Y 5tracks
¢¢ B tt dilepton events <) tt dilepton events <§ é tt dilepton events
600} ° 4 ¢ 300 3 v
5 i 400+ b ) bl &)
400 s B ¢ 2001 3 o B
(<} o Data o 5 o Data (e} o Data
B b 200} A b o b
2001~ mc b B mc oo mc -
8 E Other ° Other ° Other
o B o o 9
02 (S'oTerN o Oke L RoC Opec L ROc0scacoe,
S\}/ S5 0 5 SV1 15 0 0.5 S\} 15
/ /
PSR PSVI/| Y B PSVI/| Y B

CMS Simulation 8 TeV
Am, = (0.61 GeV / 1%) x AP, (B (b)) ,,. ¢
£
o LS
S
2 n ® 22 LEPr,
Z2°LEPrg
W z2* nominal
A 72" Lund
i v ¥ 22" Peterson
| 1 1 1
07 072 074 076

Ov‘78 0.8
(p.(B)/p_(b)) 38/43



Using charmed mesons might provide an even cleaner
observable [JHEP12(2016)123]

J/4:

reduce sensitivity to jet reconstruction jet modelling and pQCD effects

Use dileptonic and |+4jets channels

Reconstruct J/V — uu

Fit peak and background of lepton + J/W

invariant mass

Calibrate m¢ using MC

i
CMS 19.7 fb™ (8 Tev) 19.7 fb (8 TeV)
N T T T S I B o e o o o s
[ Lead Data 4 100 ~ -
S sof Leadngu + Da 1 8 [ m=(73530)Gev ¥ ]
o £ L1 18 274
£ 1 L 3 1
2 s Single t 4 2 [ EE ]
P F MiBackgound = g T ,
§ = Uncertainties g L q
a E 1 & r b ]
30f - [ 1
£ ] 60— .. 170 180 |
£ ] L g m, (Gev) |
20F 3 L 4
E 8 ¢ Data b
10 E 40— — Fit result —
B + N statistical uncertainty -
o d r SO gamma component
= E Gaussian component -
[8) SE T T ‘ T 3 20— ¢ —
R 1 E L £ 1
E 1%% WONRE NV SRR S : b
d i i i 3 Ef o 1
e ° I | Lt Lt E| ol vl e L TR
3 50 100 150 200 250 0 50 100 150 200 250

C. Diez Pardos (DESY)

CorfurEMWg(‘i\i)O September 2017

my,., (GeV)

BE/B)
b l.fqr}%‘n/

"
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I/

| m. = 173.5 + 3.0 (stat) + 0.9 (syst) GeV |

Source Value (GeV)
Experimental uncertainties
° FrOm 3 GeV to arou nd O a GeV Limited size of the simuliticn samples +0.22
with 100 fb~! at 13 TeV Muon momentum scale +0.09
Electron momentum scale +0.11
. Modeling of the ]/ meson candidate mass distribution +0.09
@ <1 GeV syst. uncertainty Jet energy scale <001
Jet energy resolution <0.01
° Tﬁgger efficiencies +0.02
Pileup +0.07
NO . 3 GeV Theoretical uncertainties
L. Background normalization +0.01
e Limited by ])r|- , QC D Matrix-element generator —0.37
Factorization and renormalization scales +0.12, —0.46
SCa | €s Matching of matrix element and parton shower +0.12, —0.58
Top quark transverse momentum +0.64
H b quark fragmentation +0.30
@ Relevant experimental U ferying vent oy
uncerta | nties < 100 Mevl Modeling of color reconnection +0.12
- Parton distribution functions +0.39, —0.11
Total (in quadrature) +0.89, —0.94
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m¢ from boosted top jets 8 TeV [arxiv:1703.06330]

Top
o
o

mass extraction from normalised cross section as a function of merged jet mass
Jet mass: invariant mass of all stable particles in a jet

Boosted top quarks: decay products merge, reconstruction of the full top quark in
one jet — mjey ~ My

Select 1 jet clustered by Cambridge-Aachen algorithm with R = 1.2 (to increase
statistics) and pT > 400 GeV and 1 lepton with pT > 45 GeV

197 10" (8TeV)

L e e

a ——
£ a0 ]
§ CMs -+ Data
w 120 ti 7
W Weiets
100 F Singlet
Multijet
8ok Totalunc. ]
P, > 500 GeV
60 B
40
20
(E) 15
SO \ L]
g e == T I
e o5 ! I I I ‘j
0 100 200 300 400 500

Leading-jet M [GeV]
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m¢ from boosted top jets 8 TeV [arxiv:1703.06330]

19.7 fb (8 TeV)
.

=] T j
> —4— Data
S o015 m=1785GeV
o &
U% ——— m=172.5 GeV
—io | e m—166.5 Gev

0.01 ]

L{_
0005 F7 ]
e
0

| | !
150 200 250 300 350
Leading-jet mJet [GeV]

Extraction from the differential o at particle level

Fiducial region with merged top quark decays in
hadronic final states

@ Limitations: statistics, jet mass resolution (large R,
pileup)

m¢ = 170.8 + 6.0 (stat) + 2.8 (syst) & 4.6 (mod) + 4.0 (theo) GeV

Relative uncertainty [%]

Relative uncertainty [%]

— Proof of principle for a new determination method of the mass

140

120

100

80

60

40

140

120

100

80

60

40f. .

20 [

cms 19.7 b (8 TeV)
T T T T
I Stat@sys — Pileup
— Statistical -~ Background
-+ Jet mass btag

[ - Jotenergy -~ Trigger

— Jet resolution

150 200 250 300 350
Leading-jet "'.e. [GeV]
CcMs 19.7 o™ (8 TeV)
T T T T
r Stat ® model
—— Statistical
- g b scales
r === Parton shower
— — Choice of m,
F — PDF

150 200 250 300 350
Leading-jet m]el [GeV]

Goal is an extraction from EFT calculations (JHEP 12 (2015) 059, PRL 117 (2016) 232001)

C. Diez Pardos (DESY)
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A fine crop of measurements

L B B A B B I A

CMS 2010, dilepton 175.50 = 4.60 = 4.60 GeV

JHEP 07 (2011) 049, 36 pb’ (value = stat + syst)

CMS 2011, dilepton ® 172.50 = 0.43 = 1.43 GeV

EPJC 72 (2012) 2202, 5.0 fb” (value = stat = syst)

CMS 2011, all-jets * 173.49 = 0.69 = 1.21 GeV

EPJC 74 (2014) 2756, 3.5 1" (value = stat = syst)

CMS 2011, lepton+jets * 173.49 = 0.43 = 0.98 GeV

JHEP 12 (2012) 105, 5.0 6" (value = stat = syst)

CMS 2012, dilepton N 172.82 = 0.19 = 1.22 GeV

This analysis, 19.7 fo" (value = stat = syst)

CMS 2012, all-jets N 172.32 = 0.25 = 0.59 GeV

This analysis, 18.2 fb" (value = stat = syst)

CMS 2012, lepton+jets ® 172.35 = 0.16 = 0.48 GeV

This analysis, 19.7 b (value = stat = syst)

CMS combination ® 172.44 = 0.13 = 0.47 GeV
(value = stat = syst)

Tevatron combination (2014) .-

arXiv:1407.2662 174.34 = 0.37 = 0.52 GeV
(value = stat = syst)

World combination 2014 —.—

ATLAS, CDF, CMS, DO 173.34 £ 0.27 = 0.71 GeV

arXiv:1403.4427 (value = stat = syst)

N TS T N T T E S NN !

m, [GeV]

@ Most precise: |+jets 500 MeV uncertainty
@ Run | standard combination: 490 MeV

precision (0.3%)

C. Diez Pardos (DESY)

b-jet energy peak

TOP-15-002 (2015)

Lepton+SecVtx N
PRD 93 (2016) 092006

Dilepton kinematics

TOP-16-002 (2016)

Single top enriched
TOP-15-001 (2016)

Mro/MAOS observables _§
TOP-15-008 (2016)

Lepton+J/¥

TOP-15-014 (2016)

Kinematic endpoints
EPJC 73 (2013) 2494

b hadron lifetime

47
!

TOP-12-030 (2013)

Dilepton M, o
TOP+14-014 (3014)

BEST backgrounds
TOP-15-011 (2015)

172.20 + 117 + 2.66 GeV
17368 £0.20 *158 oo Gev
171.70 £ 1.10 268 ; oo Gev
172.60 £ 0.77 *097 o o3 Gev
172.22 £ 0.16 088 | o) Gev
17350 £ 3.00 £ 0.90 GeV.

173.90 £ 0.90 170 , | Gev
17350 + 1.50 £ 2.91 GeV.

17230 £ 0.32 *124 | o Gev

172,61+ 0.57 + 0.90 GeV

CMS alternative comb
TOP-15-012 (2016)

CMS Run |
PRD 93 (2016) 072004

CMS Run | + Alt. techniques
TOP-15-012 (2016)
R R ‘ 1

% 2. S, 26, Y 1

172.58 £ 021+ 0.72 GeV

172.44 + 0.13 £ 0.47 GeV.

172.43 £ 0.13 + 0.46 GeV

1
160 170

180 190
m, [GeV]

@ Run | alternative combination: 750 MeV

precision (0.43%)

Corfu2017, 2-10 SeptembdGMB-PAS-TOP-15-012]
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