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* top quark pair production (tt): M

» inclusive & differential cross section measurements

» underlying event and jet substructure observables

» constraints of fundamental QCD parameters

» top properties (mass, Yukawa coupling, polarization)
» top pair spin correlations

single top production:

» inclusive cross section (legacy Run1 ATLAS/CMS)
» differential cross section
» associated production with a photon & tZq

top quark pair + X:

» four top (tt tt ): 1¢4, 24, 2¢SS & multi-lepton

» tt associated production with a Z boson
» tt bb

May 2019 Javier Fdez.

CMS

top quark pair production
o(pp @ 13 TeV) = 832 pb

] t

single top quark production
o(pp @ 13 TeV) = 299 pb

Caveat: References
TOP-XX-YYY =
CMS-PAS-TOP-XX-YYY BB
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Past

special?

top quark is the most massive known particle
* significant contribution of top loops

the top Yukawa coupling is close to unity
* coincidence or special dynamics?

it decays before it can hadronize
* no bound states with top can be formed
* its decay products (W, b) largely preserve
the top quark spin polarization

top properties provide critical tests for the SM
predictions

* very sensitive to BSM effects

VY
#%  Is top quark
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O full hadronic
O semileptonic

@ dileptonic

CMS

c
o
O
wn
(Dl

=
.—1

""""

BR(t—Wb) = 0.957

éud‘ e M
O g
- w v :
. v @ : =
Jets .
v v =X : 2
O -
v e+ jets ee epieti: g 3
o U+ jets el ppE pTi % 38
) 18 es et pojens  (m—
(7 jets ey E
.3. g+ jets ey yy




woe  The CMS detetcor |

S5 Compact Muon Solenoid

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 ym) ~16m* ~66M channels
Overalllength ~ :28.7m Microstrips (80x180 pm) ~200m? ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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CMS Integrated Luminosity, pp, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2018-10-26 08:23 UTC
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Run2: proton-proton @ 13 TeV in 2015 - 2018

* total luminosity =163 fb™
« ~108 top quark pairs produced

* onaverage 34 interactions per bunch crossing
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i LHC: the perfect machine?
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CMS Average Pileup

5000

4000

3000

2000

1000

oo

Hl 2018 (13 TeV): <u> = 37
3 2017 (13 TeV): <u> = 38
[0 2016 (13 TeV): <u> = 27
I 2015 (13 TeV): <u> =13
Hl 2012 (8 TeV): <u> =21
I 2011 (7 TeV): <u> =10
al? (13 TeV) =80.0 mb
al” (8 TeV) =73.0 mb
al” (7 TeV) =715 mb
10 A «° o0 \’00

Mean number of interactions per crossing

7000

16000

15000

14000

13000

12000

11000

Compact Muon Solenoid




——

UNIVERSIDAD D

E OVIEDO

All types of objects involved (jets, b-jets,
missing transverse momentum, leptons)

* Experimental challenges:

- jet energy scale (< 2%)

- b-tagging efficiency (< 3%) & fake rate

- lepton triggering & identification (< 2%)

JI
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10°

Jets / 0.02 units
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Data/MC
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NST 13 (2018) P05011 35.9 fb (13 TeV, 2016)

CMS ¢+ Data
Muon-enriched multijet B udsg
50 < p_ <250 GeV @c
T [ b from gluon splitting
.
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Variable of interest 2

ﬁnzf:nznn The challenges

Vove ~ Poisson(M- Agr)

CMS

Compact Muon Solenoid

trigger, reconstruction,
selection efficiencies

@

resolution smearing .-+~ 4

acceptance:
fiducial 7
selection .+ '
cuts

full phase space

detector level

fiducial region

Variable of interest 1

* Theoretical challenges:
- enter through unfolding to parton &

particle level

- parton shower & underlying event

modelling

CMS-NOTE-2017-004


https://cds.cern.ch/record/2267573
https://iopscience.iop.org/article/10.1088/1748-0221/13/05/P05011/meta
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%, Top quark pair production @LHC

- ) ‘A:l =
Main dlagrams [ g
Vs (TeV) o (my = 172.5 GeV) : Py, S t

5 68.0 + 1.9(scale) + 2.7(PDF + ag) :

7 177.37 % (scale) &+ 9.0(PDF + as) — omm

8 252.9%% (scale) £ 11.7(PDF + as)

13 83272 (scale) & 35(PDF + as) t o t g.@.:;-"*‘ L
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| |
Full NNLO+NNLL calculation , L ‘
[arXiv:1303.6254] quark-antiquarkannihilation gluon-gluogfusons
(~10% (~ 50
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L Compact Muon Solenoid
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https://arxiv.org/abs/1303.6254
https://arxiv.org/abs/1303.6254

The full picture
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Teva1r0n combined 1.96 TeV (L < 8.8 fb™)

Inclusive tt cross section [pb]
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CMS ep* 5.02 TeV (L = 26 b’

CMS Preliminary
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* Preliminary

CMS I+|ets 7TeV (L=2.31"
CMS all-jets 7 TeV (L = 3. 54 b

CMS eu BTEV‘V_meR
CMS l+ets 8 TeV (L =19.6 b)

CMS all-jets8 TeV (L=184 1b
CMSen13TeV (L =43 pb 50 ns)

CMSeun13TeV(L=22fb

CMS dilepton 13 TeV (L = 3% 9fb”)
CMS |+ets® 13 TeV (L = 42 b , 50 ns)
CMS IHets 13 TeV (L=2.3 b )
CMS all-jets* 13 TeV (L =2.53 1

¥ RXGOrO0O«Aa0N @ <]

800}

600 —DNNF’DF:B.O
——— NNLO+NNLL (pp)

.MMHT14—
D;‘\BI'\.|'|12+ ]

F -.CT14
—— NNLO+NNLL (pp) L L
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
NNPDF3.0,m,_=1725GeV, o (M) =
top sV z

13 Vs [Tev] .

0.118 + 0.001 ["oe (M

)=0.113] =

6 8 10

Impressive agreement up to now..

Javier Fdez.

12

14
(s [TeV]



The detailed picture
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CMS Preliminary .- summary V5 = 8 TeV May 2019 CMS Preliminary 6, summaryJ Vs = 13 TeV May 2019
NNLO+NNLL PRL 110 (2013) 252004 . . || .. NNLO+NNLL PRL 110 (2013) 252004
....... - i — or = 172.5 GeV, o, (M) = 0.118+0.001
m,,, =172.5 GeV, o (M) = 0.118:0.001 R ;‘;a > unce:aﬁfy o(M,) = 0.118:0.00 total stat
scale uncertaint ) i
scale ® PDF © )&S uncertainty o, = (stat) + (syst) + (lumi) scale ® PDF & o uncertainty Oy  (Stal) £ (syst) £ (lumi)
E Dilepton ep H—e—— 746 + 58 + 53 + 36 pb
Lepton+jets —to—] 228.5+3.84+13.7+ 6.0 pb PRL 116 (2016) 052002, L =43 pb™, 50 ns :
EPJC 77 (2017) 15,1, = 19.6 fb™
Dilepton ep ‘ e 815+ 9 +38+19pb
Leptc>n+‘ch |——H——| 257+3+24+7pb EPJC 77 (2017) 172, L =2.21b", 25 ns i
PLB 739 (2014) 23, L, =19.61"
Dilepton o 803+ 2 +25+20pb
: EPJC 70 (2019) 368, L =35.91b", 25 ns :
Dilepton (ee, uu, eu) —o— : 239.0+2.1+11.3+6.2pb ]
JHEP 02 (2014) 024, L, =531 i o
L+jets }——+6+—— 836+ 27 +84+ 100 pb
i CMS-PAS TOP-15-005, L =42 pb”, 50 ns
Dil : 6.3 :
ilepton ey } Ol 2449+1.4° . +6.4pb ]
JHEP 08 (2016) 029, L, =19.7fb ] ) :
L+jets , ‘41 888+ 2+26+20pb
] JHEP 09 (2017) 051, L =2.210", 25 ns ]
All jets } — o |
EPJ C76 (2016) 128, L, =18.4 1" 2756 +6.1+37.8+7.2pb o
] All-jets ‘ —te+— 834+25+118+23pb
CMS-PAS TOP-16-013, L, =253 1t
i NNPDF3.0 JHEP 04 (2015) 040
3 4_3 7% ; NNPDF3.0 JHEP 04 (2015) 040
. . L 7 | : I MMHT14 EPJC 75 (2015) 5
* Prelimi Y/l H
I | I MMHT14 EPJ C75 (2015) 5 reliminary 3 9 CT14 PRD 93 (2016) 033006
: CT14 PRD 93 (2016) 033006
2 ABM12 PRD 89 (2015) 054028
ABM12 PRD 89 (2015) 054028 - [¢5(m,) = 0.113]
[#,M,) =0.113] ! ' ’
| | L1 | L1 | | L1 |

New eu LHC combination 1000 1200 1400
in progress!!

Need to look at
differential

* Inclusive measurements are in good agreement with theory

* Exp. uncertainty comparable to theoretical uncertainty
May 2019 Javier Fdez.

measurements!!




om Latest inclusive measurements|
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Inclusive dilepton 2016 /s = 13 TeV.
TOP-17-001 EPJC 79 (2019) 368

35.9fb" (13 TeV)

¢ Data
B tt
B tt other
[ W+jets
'A%
B tW / tW
[ DY
Syst
[ ] MC stat

x10° e*u® channel

CMS

Events

200

100

\\\\\\\\\\\\\\\

e hd N N

0 1 2 3

Number of b-tagged jets
« Categorization based on b-tagged jet
 In situ constraint of experimental
uncertainties from maximum likelihood

fit on uu, ee, eu 3.9%

0,=803 + 2 (stat) + 25 (syst) 20 (lumi) pb

Inclusive dilepton & l+jets /s = 5.02TeV 02TeV
TOP-16-023 JHEP 03 (2018) 115

27.4 pb ' (5.02 TeV)

% - CMS ¢ Data
G fl+>2jets .
o | m tW
N 40 mm W+jets
~ I EF QCD multijet
g i 2y
o [ WV
L|>J : ¥ %% Stat @ lumi
20}
03 300 400

M(, J') (GeV)
« Complementary data, reference for

future Pb-Pb and p-Pb measurements
» |+jets analysis: Fit to 4R non-b-tagged
jets in samples with 0, 1, 2 b-tags
* Dilepton (ep,up) analyses: Counting

NNLO + NNLL
otheo — 832 +20 (scale) + 35 (PDF + a) pb

Ocombineq=69.5 £ 6.1 = 5.6 + 1.6 pb (12%)

Javier Fdez.

oNNLO — 68,9 +19 (scale) + 2.3 (PDF) *18 (aa) pb| 14



http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-001/index.html
https://epjc.epj.org/articles/epjc/abs/2019/05/10052_2019_Article_6863/10052_2019_Article_6863.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-16-023/index.html
https://arxiv.org/ct?url=https://dx.doi.org/10.1007/JHEP03(2018)115&v=b15b746a

tt in proton-nucleus (Pb) collisions

First observation at /s=8.16TeV (2016) _

pPb (174 nb™, |/s,,, = 8.16 TeV)

2]

pp, 19.6 fb™, (1s=8 TeV) CT10 = ot
D. oo (876 TeV) NNLO+NNLL Top++ o 35 CMS /u + >4] (>2b)

ata scaled by A - m cT14 g)
l+jets EPIC 77 (2017) 15 gy NNLO+NNLL Top++ it t Data
el JHEP 1608 (2016) 029 . - tt correct

tt wrong
B background

pPb, 174 nb™, (|/s,,=8.16 TeV)

(ﬁ[éoﬁ%iﬁog “Kinioni (TOP++)
l+jets (31(1:)4&%;3816 Ko (TOP++)
pL+jets
e+jets Exp. unc.: stat stat ®@syst

—fe3—1
Th. unc.: pdf pdf @scales I H l l
] ] ] | 1 ] | | ] ] | | ] ] 1 | 1 ] 1 | ] ] I'l'l'll'l'l'll'
0 20 40 60 80 100 100 150 200 250 300 350 400

G [nb] My, [GEV]
* Novel and theoretically precise probe of the nuclear gluon density at high virtualities
* Considering different event categories with 0, 1, 2 2 b-tagged jets
 tt cross section extracted from comb. unbinned max. likelihood fit of mjj’ (W— jj’)

0}‘&+jets = 44 + 3 (stat) &= 8 (syst) nb, 45 + 8 Dnb
a‘iﬂes = 56 =+ 4 (stat) == 13 (syst) nb Lo - (tOta )n

tt
Javier Fdez. 12
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http://dx.doi.org/10.1103/PhysRevLett.119.242001
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m | atest differential measurements
Multi-differential dilepton 2016 /s = 13 TeV

CMS 35.9 fb™! (13 TeV) " .
* QCD analysis (see slide 18):
300<M(f) | 400<M(fl) | 500<M(tl) | 300<M(tl) | 400<M(f) | 500<M(ff) | 300<M(il) | 400<M(tf) | 500<M(ify| © Data, dof=35

w0y | 500Gy sy | daney | S [oncen | ey | <sooaeyasueced|rowaevr 0 3 Multi-differential measurements are
very sensitive to the QCD predictions

L extraction of a.
L
0.05¢ 1

.
)

e
Y
w

--. POW+HER, %°=66

1/c do/d|y(t)|

= MG5+PYT, ¥2=63
POW.PYT unc.

e
-

measurement of m,
simultaneous fit of PDFs, ac and m,
significant impact on gluon PDF

I_;-?
|
i

YV V VY

14, 1+ 1 i IR =N
2 1244 . L he
= Og ) 3 : ;
0.6 A . | .
12 12 12 12 12 12 12 12 '|| (g)l CMS 35.9 fb™ (13 TeV)
y(tt = T T — T T T T — T T T T — T T T T
o > < <0. .35< <0. .85< <1. 45< <2. © Data, dof=
o dllepton events (ee’ ep’ p.M): 3 0.00<ly()<0.35 { 0.35<ly(t)}<0.85 | 0.85<|y(t)l<1.45 | 1.45<|y(t)|<2.50 _EOTW:'P;;S?
. . - = 0.0015 1 o
» high purity & statistics sample e " POWAHER, =15
E == MG5+PYT, #2=35
* measurements: S 0.001 § 1] PowsPYT unc.
. . . L
» normalized differential cross -
0.0005 -

sections
> double differential (top p;in |y| bins,
ly(tt)| in my, bins, etc) '

10
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1
o L
Jé%
1
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1
1
H i
1
1
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1
1
! s
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o
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|
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. . . . 0.8} s p ¥ |
> triple differential (IY(tt)l n mttand 200 400 200 400 200 400 200 46§
jet multiplicity bins) p,(t) [GeV]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-004/index.html
https://arxiv.org/abs/1904.05237
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Top quark pi discrepancy

CMS Preliminary ~ 35.9 fb™ (13 TeV)
E_I T T | T T 17T I L | LI | L I T ig [
F Dilepton:|parton 3
i * Data i
E — Powheg+Pythia8 E
E — . ie
foo=c —— T Powheg+Herwig++ 1
r --- aMC@NLO+Pythiag8 |
E e 3
[ ]e
3 thOp E
i 3} ! 1} } ! } ! }
£ Stat. @ Syst. =
E_ m Stat.
ey
CMS Pre."fmmary 35.9 fb™ (13 TeV)
E_ IIIIIIIII ‘ LI B | | T T T 7T I T |§
F Dllepton partlcle
* Data i
E — Powheg+Pythia8 3
Foe aa e " Powheg+Herwig++ ]
. aMC@NLO+Pyth|aS '
th O p B oo
= imimia i__ Tt __=
| —1 ! 1 J ! J 1 ! 1
& Stat. @ Syst =
- mm Stat. .
;'_' | 3
0 100 200 300 400 500
p. [GeV]

PowhegV2+Pythia8 (NLO)
chosen as default generator
setup in ATLAS and CMS
for Run2:

13TeV epn (2016)

Parton level in the full
phase space

Particle level, within a
phase space close to
experimental acceptance
(fiducial phase-space)

+ Reasonable agreement
except in top quark
“direct” observables p,

tt
Pt My

35.8 b (13 TeV)

§ ° s L)+ Only Herwigr+ seems
8 e St to have a different trend
bg_c 10 3 = '_ﬁi‘ } gOWHEGCPS .
Sg ¢ . Powiee Hit but it has been
r wah MGS5 P8 [FxFx .
07 " PR superseded by Herwig7
we prtop(had) ..l % Need for full NNLO MC
85 1t | + PS predictions
S + HH’ HH ...............................
ﬁ_HJ“JCH B PP PP P PP PP PP
.‘I.[._Ll_l _____ ===c=0
0.8E . |

0 100 200 300 400 500 600 700 800
p.(t) [GeV]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-014/index.html
https://link.springer.com/article/10.1007/JHEP02(2019)149
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-002/index.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.112003
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Underlying Event tune in tt

35.91b" (13 TeV)

§%100_
- CMS preliminar L
90 P y CMS preliminary 35.9fb" (13 TeV)
- . . . . - © : : — © PW4+PY8
- = inclusive CMS Simulation Preliminary 13Tev| & i i ; v ISR up
- t evb)(uvb)  toward, 7 (£f © Pl A :
80— Weub)l , pr(¢0) Q15 : : 4 : ISR dn
- —-away = Y : {3‘0 v A FSRup
C o 1 Acmﬁ* PRy y - FSR dn
70 - toward 2 ; A UEup
r = 05 : : vy UEdn
60 :_ transverse transverse
C © : Tl ) ﬂOgg'
C © i — o
50: transverse Q 1.5 ﬁ .gx (g QCD based
C g‘ 1 K ROy @ Gluon move
40 @ : @® ERDon
C |-E 0.5— A Rope
30 - charged i ¥ Rope (no CR)
- B lepton (pr/2) away
C /' fui : :
20 =~ © u + ¢ Sherpa
- > |mg £ t -‘ = ¥ aMC@NLO+PY8
10F P é 1= Q\Wo \\\\\\ﬁ\\\\\\\\\g\\\\\\\\\\\\\\\\\\\\\\\\ A PWaHWas
C £ VY ‘
C_1 1 1 | | 1 Il l | | 1 l | | l | l 1 |_ 05 —& 1 . . . , : PW HW7
0 0.08 0.1 0.12 0.14 0.16 0 20 40 60 80 100 120 ' *
FSR N,

- Dilepton data /s = 13TeV from 2016°

o

Number of charged particles per event ~20

« Characterize, for the first time, the properties of the UE at a factorization scale which is

typically above twice the top quark mass

» The sensitivity of the measured o to different parameters employed in state-of-the-art MC
simulation programs is demonstrated by comparing the results with different simulations

May

2019
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-015/index.html
https://arxiv.org/ct?url=https://dx.doi.org/10.1140/epjc/s10052-019-6620-z&v=1da918d6

o Jet substructure observables
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35.9fb' (13 TeV)

0
0

¢

< [ CMS Preliminary ~¢- Inclusive jets
E 0.2 ?tt —> |ept0n+]ets “# Bottom jets crifv 1408312
> - ~4 Light-enriched
T L —;— " Gluon-enriched Z
z " Dy (p, > 30 GeV)
- Ea + 2016 data R
C o - s S L L’ :
Qo
8|E momentum fraction winner-take-all scheme

0

7. = pl i

sp 2 i = Pt/ Li Pt prr = PT1 + P2
52 &
czue, 9 PTI .
s_ . ny if pr1 > pro
S5 TEE PT2 ™=,
o2 E fig  if pro > pm1
S~ 2
S8 by
ge ok, - - 5 = Jet substructure observables (~15) sensitive

2 (NC;O to modelling of the system by the MC

« Confronts inclusive and flavour-specified jets with a wide array of models

« Scan a;™R(M,) in UE (previous slide) and jet shapes (this analysis) compatible:
(CMS-TOP-17-015) <p> 0.120 * 0.006 ; (CMS-TOP-17-013) A,*(width) 0.123 # 0.001

May 2019
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-013/index.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.092014

QCD from inclusive fit

3

il

10 CMS 35.91b™ (13 TeV) 359fb" (13 TeV)
=] Qg CMS 35.9 fb™' (13 TeV)
l ¥ NNPDF3.1 L G o« b~
* €14 . ’ MMHT14nnlo ‘ - EN0'125 [ NNPDF3.1
L] " m,(m,) = 163.47 GeV * ‘t'sa ] :
|+ ABMP16 L 3 CT14
s " .. sm.,r(m,?':?es.so GeV * B 0.12 - MMHT14
’ . . - I ABMP16
I . . NNPDF3.nnlo o
o5l R my(m,) = 162.56 GeV
: : ... 0.115 |-
' e o ABMP16nnlo h e N
0 . ve,o M m,(m,) = 160.86 GeV B
L | L | | | L | L | |
0105 011  0.115 0.2 0;52(5'"2) 0_1'05 0.'11 0.1‘15 3;'1(?“2) 0.11
PDF set s (my | i
ABMP16  0.1139 £ 0.0023 (fit + PDF) T2000 (oeale)
NNPDF31 01140 + 0.0033 (it + PDF) jgﬁﬁé {scale) 0.105 - MS scheme
CT14 0.1148 + 0.0032 (it + PDF) 120058 (oeale) i | | | | | |
MMHT14  0.1151 + 0.0035 (fit + PDF) T (scale) 159 160 161 162 163 164 165 166
pole . mt(mt) [GeV]
PDF set my  [GeV] Simultaneous measurement of:

ABMP16  169.9 + 1.8 (fit + PDF + ws) *15 (scale)
NNPDF3.1 173.2 + 1.9 (fit + PDF + as) *13 (scale)
CT14 173.7 + 2.0 {fit + PDF + as5) 777 (scale)
MMHT14  173.6 & 1.9 (fit + PDF + xg) 777 (scale)

May 2019 Javier Fdez. 17


http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-001/index.html
https://epjc.epj.org/articles/epjc/abs/2019/05/10052_2019_Article_6863/10052_2019_Article_6863.html

oty ]
—— as(mz) with total unc.
—— data unc.
212 xu(x) u2=30000GeV’ NLO | X, . 2 | o . _sge — punc.
i1 = HELA _ | Eﬂ' xtuv(lx)H E|,|L:" 1; 30000 GeV* NLO S|gn|f|cant % +1 GeVune,
- [ HERA +ti e ] HERA + ti reduction of ABMP16 rn
L A gluon PDF HERAPDF20 o
1_ 7] — — L]
j ! uncertainty om R
at high-x World average [PDG2018] o
i uquark 1 dquark e b b e T
0.8- i 1 0.09 0.1 011 012 0.3
Ll vl 08 N CMS as(mz)
_3 2 . L 1 L L 1 [ B B
10 10 10" x1 10° 102 104 x1 [ lo1z+ M(tt) y(tt)]
CMS CMS —o— m" with total unc.
® s R o — data unc.
©1.2-xg(x) u?=30000 GeV* NLO 1.2 x5(x) u? = 30000 GeV* NLO, a
“ | ] HERA “ | [ HERA — PDF unc.
| ] HERA + i | ) HERA + 1 —— punc.
1 — o +0.001 unc.
IF 1 T 1 ABMP16 =2
\i\ HERAPDF20 w
I l CT14
s gluon o, all | =S
Ll Lol L Lol Lol A
10° 107 107 o 10° 10° 107 o World average [PDG2018] —e—i
| ] | | | [l | | | | 1 | | | 1 1
m-:-:-:a +0.0008 ¢ +0.0011 { H0.0021 ¢ 170 175
g (m _;) = 0.1135 £ 0.0016(fit) T o0 (model ) one(param ) 7o s (scale) = 0.11357 - (total) P [GeV]
= 170.5 + 0.7(fit) + 0.1(model) "] (param) + 0.3(scale) GeV = 170.5 + 0.8(total) GeV|
Javier Fdez. 18
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-004/index.html
https://arxiv.org/abs/1904.05237

Latest top mass measurement

UNIVERSIDAD DE OVIEDO

All-jets and combination with lepton+jets (TOP-17-007)

CMS 35.9 b (13 TeV) ) ) x10° ®
> = e Simultaneous fit for JES & m, - gocMS 359007 (13TeV)
$1800- [ correct [ Muttijet ] t - mmtt correct mm Single t
O] E ] o @ tt wron mm W+jets
':2 1288; .tf wrong + Data E * ldeogram methOd S 705 Ctt unma%ched ng.g?'nultiiet
g oo, . | * First m, combination through ~ ©°% - P [Diboson
SRy ’ ] . e LAl c 50F ’ ]
51000+ i a joint likelihood S 4 / ]
800~ , - g 40 :
600" m, =172.26 £ 0.07 (stat+JSF)  0.61(syst) GeV |2 30}
400~ 5 20f
L —1 F
200~ 1.000 C‘MS‘ : _ 3591 (13TeV) o 10f
g 1.5= 2AIn¥ =23 % 1_5:.
s 1 0.999 _ T 1
@ - all-jets o ,
a 05 ® ogpleckloi i e
0.998 O 100 200 300 400
6 mit [GeV]
All-jets channel 0997 l+jets channel
- Much less statistics 00961 - Large statistics
due to trigger NN - Practically background
L epton-+tjets 4
thresholds and QCD oo free
background | |- Ambiguityin top
- Less ambiguous top reconstruction due to
reconStrUCtlon 0'017‘2.0 1722.1 17‘2.2 172.3 172.4 17I2.5 175..6 172.7 neUtrinO
- Similar systematics me[GeV]
Javier Fdez. 19



http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-008/index.html
https://epjc.epj.org/articles/epjc/abs/2019/04/10052_2019_Article_6788/10052_2019_Article_6788.html
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CMS

& Top quark

May 2019

Dilepton

JHEP 07 (2011) 049, 36 pb’

Dilepton
EPJC 72 (2012) 2202, 5.0 b’

All-jets
EPJC 74 (2014) 2758, 3.5 fb”

Lepton+jets
JHEP 12 (2012) 105, 5.0 fo’

Dilepton
PRD 93 (2016) 072004, 19.7 fo™

All-jets
PRD 93 (2016) 072004, 18.2 ib”

Lepton+jets
PRD 93 (2016) 072004, 19.7 fb

CMS Run 1 legacy
PRD 93 (2016) 072004

d
175.50 + 4.60 + 4.60 GeV

—afe— 17250 £ 0.43 + 1.43 GeV

r——
173.49 £ 0.69 + 1.21 GeV

—e@=—173.40 + 0.43 + 0.98 GeV
—@— 172.82+0.19 + 1.22 GeV
172.32 + 0.25 + 0.59 GeV
172.35 + 0.16 + 0.48 GeV

172.44 £ 0.13 £ 0.47 GeV

ﬁlepton

EPJC 79 (2019) 368, 35.9 fb™

Lepton+jets
EPJC 78 (2018) 891, 35.9 fb™'

All-jets
EPJC 79 (2019) 313, 35.9 fb

Lepton+jets, all-jets
Q’JC 79 (2019) 3183, 35.9 tb™'

+0.66
172.33 £ 0.24 -0.7@

172.25 £ 0.08 + 0.62 GeV

172.34 £ 0.20 = 0.70 GeV

172.26 £ 0.07 + 0.61 Gey

S Y, S Y o S W |

Tevatron combination
arXiv:1608.01881 (2016)

World combination

ATLAS, CDF, CMS, DO
arXiv:1403.4427 (2014)

IIII|IIII|IIII|II

e
174.30 £ 0.35 = 0.54 GeV

~@— 173.34 £0.27 + 0.71 GeV

CMS Preliminary

Mmass measurements|

May 2019

\&o, 3D fit (!

tt+j shape, 8 TeV
TOP-13-006 (2016), 19.7 !
NLO

o(tt), 7+8 TeV

|—.—|

169.90 *4-2 , - GeV

arXiv:1904.05237 (2019), 35.9 fb”
NLO, HERAPDF2.0

triple-differential o(tt), 13 TeV
arXiv:1904.05237 (2019), 35.9 b
P o, PDF)

—@— 173.80 *1.70 GeV

JHEP 08 (2016) 029, 5.0 + 19.7 fb™ -1.80 ¢
NNLO+NNLL, NNPDF3.0

ﬁﬁ)’ 13 Tev +2.10 \

—@— 17320 "~ GeV

EPJC 79 (2019) 368, 35.9 fb™ -2.30 @€
NNLO+NNL, NNPDF3.1
triple-differential o(tt), 13 TeV +0.72

170.50 *0-80 .0 Gev

/

CMS Run 1 legacy

PRD 93 (2016) 072004
m, from standard measurements

@ 172441049 | Gev

160 165 170

May 2019

175 180
m, [GeV]

160

|
180

Uncertainty <1 GeV!!!

mP*° [GeV]
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©%  Top Yukawa coupling in tt
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Weak force mediated corrections only
affect ¢ at order ~a%.a.,,., (NOtin MC)

(preliminary) EEGC606660) 2,
35.8 fo! (13 TeV) - 7
- CMS e/u+jets, > 3 jets 4 Data il | single top V+jets [QCD 1 6@—0_0_0_0_6_0_ r

e/utjets 2016 13TeV

Events

30000 |— Preliminary 666
~ sagaaaas S
B 3jets 4 jets >5 jets
: 0-0.6 . 0.6-1.2 . >1.2 0-0.6 ‘ 0.6-1.2 , >1.2 0-0.6 . 0.6-1.2 ‘ >1.2 | 6 35 8 fb (1 3 TeV)
20000 — ' ! : ' ' : c  CMS e/ u+|ets all |ets combined
B g s Preliminary : ---Expected
' - — Observed
10000 4 o
: 95% CL
3
] L ;
% o : 1.67
& Co ;
(=] - 0.“. ':v l . 6 2
1 s +
. \L / 68% CL
0 1 1 1 1 I 1 I“.I."Q. 4'..' 1 1 I 1 1 1 1 I 1 1 1 1 J 1 1 1 1
0 0.5 1 1.5 2 25 3

* QCD dominates, EWK corrections become significant at large momentum transfers
and near the top pair production threshold sensitive to the top Yukawa coupling Y,

* Atleast three jets in the final state: novel technique introduced to reconstruct
events with one missing jet enhancing the experimental sensitivity in the low M,,

* The datayieldsin M,,, |y,-y | and njets are compared with distributions
representing different Yukawa couplings (0, 1, 2, 4). Upper limit set
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-17-004/index.html

) Top quark polarization
s, e and tt spin correlation

CMS Preliminary
=

Dilepton 2016 13TeV o™ %[ . unolded Data | | _
. . © to) - — POWHEGV2 + PYTHIA8 == NLO, uncorrelated -
(preliminary) —lo - -~ MG5_aMC@NLO + PYTHIAS [FxFx] S
CMS Preliminary 35.9 b (13 TeV) 0 A —
: i labframe | @000 - e e—
—— Data —— POWHEGV2 + PYTHIAS . Used Ina . | (partially dependent TEFﬁ
—=— NLOcalculation ~ —*— MG5_aMC@MNLO + PYTHIAS [FxFx]  result + (stat) = (syst) SlmUItaneous flt to -l on spin correlations) 7
BY ' e : 0.005 £ 0.010+0.021 constrain the 0.3+ I ]
B! — | 0.008£0.010+0.021 = = B 8
anomalous e
Bj ———— 0023+ 0.0114 0,013 Chromomagnetic j _______
B, . 0.010+0.011+0.017 o | |
dipole moment of the 02 . ., ., . |
B} T 0.006+0.009 +0.010 L m Stat Stat @ SySt !
o . top quark to:
o b F—— 0.017 + 0.009 + 0.009 >
P 1 B R Y. BT "R (Y _0'07<ctG /I\ <0.16
Polarization Tev—2 at 95% CL
S A ey 0 W W3 w2 23 w6 m
fqy £ (stat) £ (syst) £ (theo) |A(I) |
Ckk et 0.90+0.07 £ 0.09 + 0.01 "
G T semomioe Leptons carry maximal information related to the top
Con s 1.01£0.04 £ 0.05 + 0.01 . . . . . . z
o spin polarization and spin correlation in tt:
Drk ) HeH 0.97 £ 0.03+ 0.04 + 0.02 * Stringent teSt Of SM
I * Measured through lepton angular distributions
A e around reference axes in the tt CM frame
1 1 I 1 L 1 L L L L i J 1 1 1 1 I L L L
0o 1 1Si‘| spin correlatignfractionfw hd ReSUItS Compatible With SM bUt Iarge Uncertainties
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-18-006/index.html
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Runl (7,8 TeV) ATLAS/CMS 2 !

tW CMS 8 TeV

ATLAS+CMS
LHCiopWG —0.3

g W
be

tW ATLAS 7 TeV

o)
/ o ATLAS+CMS n ATLAS t-chan. ATLAS B TeV
q q c , no|LHClODWG o CMS
s 10°C + ATLAS4CMS :
s L -LT-I- LHClopWG 5 1 t-chan, CMS 8 TeV
W R S S ]
@ I === NNLO t-channel |
0 L scale Unceninty i t-chan. ATLAS 7 TeV
o
o I === NLO+NNLL T
b t 2 scale ® PDF @ o uncertainty t-chan. CMS 7 TeV
7] L 4
2 —NO
c I . 2 I scale uncertainty tW ATLAS 8 TeV
b scale @ PDF @ o, uncertainty |
W

q b —o.2
e [ I tW CMS 7 TeV J
|- = -
........... —1— o
I 1  schan ATLAS 8 TeV ]
. I | . . . , ) ) o
/
q t 7 8 ohay, M CMSM/’?T W cug™ Ar )t cf,;gan, 4“"3"7%_ “oha, 4,
51 %

Run 1
CMS-

&

Is AT S 77 Tag s g i TLag (7. Tigg ,CMs g - ATty

s [TeV] Sarﬂf-’v Te, '8l Tel "° 7T, A8 77 287, S e, y
ATLAS+CMS . .
St correlation matrix between

GO,

f V| = || =22 from single-top-quark production
Vil = | gle-top-quark p measurements
Oye0.- NLO (t- and s-channel), NLO+NNLL (tw) ola T

80, ,:scale ®PDF @ o, @ m, @ E

theo.”

m, = 172.5 GeV

beam

[fL Vil £ (Meas.) £ (theo.)

Combination of single-top-quark production
oranne 7 8700 e 1102 £0.04 2002 cross-sections and [f,, V,,| determinations at
Vs=7 and 8 TeV

ATLAS+CMS LHClopWG ————i

W NS = 7.8 Tev 1.02 £0.09 +0.04

Joint effort between the ATLAS and CMS
Collaborations under the
ATLAS+CMS LHGlopWG [—— 1.02 +0.04 +0.02 LH CtOpWG

t-channel, tW, s-channel, Vs = 7, 8 TeV

ATLAS+CMS LHGIopWG
s-channel, Vs = 8 TeV

0.97 +0.15 +0.02
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-006/index.html
http://dx.doi.org/10.1007/JHEP05(2019)088

>

&. Single top-quark in Run2
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q q

3 % T ] T T T T ] T T T %
W L £ Single top-quark production March 2019 =
(o) — ’ ]
102 Inclusive cross sections |
L S = 3 T - =
g W = e =
b B ol N
10 = . ﬁ 1 ---------------------------------- =
b t . ) —
) . S i
q b 1 % e E
W — '1 - _
-1 - ’ |
q ¢ 10 = t-channel 3
- v CDF & Do, PRL 115, 152003 (2015) [ W-associated -
102 - + CMS, JHEP 12, 035 (2012) +  CMS, PRL110,022003 (2013) |
= = CMS, JHEP 06, 090 (2014) = CMS, PRL 112, 231802 (2014) =
— ¢« CMS, arXiv:1812.10514 [hep-ex] . CMS, JHEP 10, 117 (2018) N
10—3 - I s-channel I Z-associated —
= v CDF & DO, PRL 112, 231803 (2014) =  CMS, JHEP 07, 003 (2017) =
- = CMS, JHEP 09 (2016) 027 s CMS, arXiv:1812.05900 [hep-eX] _

1074 | | | | | | | | | | |

2 3 4 5 6 7 8 9 10 11 12 13 14

Vs [TeV]
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u

1.66 +0.02 (stat) + 0.05 (syst) | 1,' o

—stat  —stat ® syst : oo | b

NLO PDF predictions: E i i

==scale ® m, & PDF+a ' i i

NNPDF3.0 .

NNPDF3.1 |

CT14 E-;——F—-

ABMP16 L —

MMHT2014 —i:— |

HERAPDF2.0 : ——
]

155 T4 45 s 955 16 165 17 175 T8
Rt-ch

136 pb ¢

Single top quark and antiquark
t-channel

d_ 81pb

t

35.9fb” (13 TeV)

200 —

100 —

* employment of multivariate discriminants o

with several kinematic variables as inputs

* combined fit in categories based on number of jets and b jets

+ —
2jets-1tag

* inclusive cross section and ratio top/antitop

+ —
3jets-1tag

¢ Data
It channel
tt
CtW
W W/Z+jets
J1QCD

Stat @ syst

+
3jets-2tags

May 2019
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-011/index.html
https://arxiv.org/pdf/1901.05247.pdf

CMS Prehmmary e/u+ Jets 36fb (13TeV)

; T
w -
5 T T O e
S o5 - 8 107"¢ 3
£ F 1{ ol i
Fan) 20 - A N ~— LR _anEt
w C —
O i 5
5 T |
© j ~
° ; —3 } ] o 10°F « pata |omeT g E
o 10 ko « Data ] © - POWHEG4FS ]
: Y POWHEG4FS ] L -« aMC@NLO4FS
S === aMC@NLO4FS - - aMC@NLO5FS
C # aMC@NLOS5FS |
E 0_:::::::::}:::::::::I:::::::::}::::::::: %
IDU 1.5 m (] =
3 1= - ‘“‘i-- ————+ ¥ ¥ 5 -
© 05} ] o 0.8f
o 0 I Lo I [ o O6E.. . ... . . Lo v Lo v v v =
-1 -0.5 0 0.5 1 0 100 200 300
Parton-level cos@p Parton-level top quark pt (GeV)

* multivariate discriminants with several kinematic variables as inputs
* absolute & normalized cross sections vs various observables

* unfolded to parton & particle levels

* differential charge ratio

* better agreement observed with 4FS predictions
* measurement of polarization angle

More details in

Victor Rodriguez’s
talk on Wednesday!

May 2019 Javier Fdez.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-17-023/index.html

Evidence for ty

UNIVERSIDAD DE OVIEDO u+y 2016 13TeV

3591 (13 TeV)

2]

€ 2
g 1000 - m Stat. @ syst. |:| Zyjets 7
w - [ signal () [Jvvy .

B t/(s- and tw-) [l Misidentified photon -
o

[ wyiets

o(pp — tyj)B(t — pvb) = 115 £ 17 (stat) £ 30 (syst) fb

* v can be radiated from top, muon or
incident parton quark
* motivation

7 .

g . & » important test of SM

§ 0 T2 e aTsTe T e e o > sensitive to the top charge and
Process P ent yield electric and magnetic dipole
tt+y 1401 £131 moments
Wry+ets 329 +78 » background for BSM searches
ZLrytjets 232 +55 « experimental measurement
Misidentified phOtOIl 374 £ 74 > muon channel
t/YV(S- and tW-channel) 275[38 » complicated final state with all

7 types of objects

Total background 2401 £ 178 YP )

Expected signal 154 + 24 » multivariate classifica2on (BDT)

Total SM prediction 2555 - 180 » template fit on the BDT output
May 2019 Data 2535  Javier Fdez. 28



http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-016/index.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.221802

Associated production tZg

3 leptons 2016/17 13TeV

UNIVERSIDAD DE OVIEDO

CMS 77417 (13Tey) o motivation
5\3_ & Data -th | — sensitive to multiple SM effects (WWZ
° | Wz . 1z i triple gauge coupling, gZ, tow
o [ SRR B3, . couplings, etc)
= Y .. :
S 100~ ] Multiboson B3 Total unc. — modified tZq production can be due to
Tt ! flavor changing neutral currents

2-3 jets, 1 b-tagged | Observation

8.2 (7.7) o observed

50 (expected) significance

« experimental measurement

— leptonic decays with exactly 3 leptons
and at least 2 additional jets

| ¥ il s . . .
: — complicated final state with all types of

8 1.55 E []Stat. unc. ?Total unc§ i * i ObjeCtS

o 51‘; 4 -t — multivariate classification (BDT)

© 0 - ‘ : — template fit on the BDT output in

s - —0.5 0 05 1 several categories

BDT output
c(pp — tZq — t£T q) = 111 £ 13 (stat) 73! (syst) fb
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-008/index.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.132003

(780 :
4O, tZq candidate
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CMS Experiment at the LHC, CERN
Data recorded: 2017-Oct-16 05:01:09.248576 GMT
Run /Event / LS: 305112 / 1683658016 / 979

3 leptons 2016/17 13TeV



http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-008/index.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.132003
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May 2019

N
1

tt tt production (2¢SS & multilepton)
IR At least 3leptons 2016/17/18 13TeV

(preliminary)

Full Run2 dataset!!
CMS Preliminary BDT (postfit) m

=t rs%1 Rare
30% Med Ezm Charge misid.

¢

mmmmmmmm

[Y./Y>M|< 1.7 at 95%CL

Javier Fdez.

2.60 significance

sensitive to SM
parameters

complicated search
with either 2 same
sign leptons or at
least 3 leptons in
the final state

multivariate
classification & cut
based cross check
analysis

constrain of the top
Yukawa coupling

32


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-18-003/index.html

tt tt production (1¢& 2¢)

U At least 3leptons 2016/17/18 13TeV RESu N RVIGESTE s Ralt]. . ——
(preliminary) o(tt tt )=13+11-9fb
. t CMS Preliminary ~ 35.8 fb' (13 TeV) 1.60
_ w M l T 1T | rrrr|yrrrryrrrrp T T T T T T T T
tE 10°F Dilepton: en ) =+ A MVAusing
¢ o 105k e Data Mtt+Il Wtt+cc] global event
g WMi+bbWST  WEW i  andjet
i 104?— .tf+H,Z tT+W,XY — ittt ? properties
{ 10° g 4 based on BTDs
g , 1 isusedto
¢ 10 3 discriminate
t 10§ tt ttfrom tt
i : i production.

« Upper limit of

—

- 0431'HH'HH':=H}:H:}::"1""'\5 48 tb at 95%CL
g‘j'ﬁ 0.2k \ o Comphcated
PRI\ \  search with

o5 6 789 10 background
|
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-18-019/index.html

=
—

00825660
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Associated tt +Z

3 & 4 lepton 2016/17 13TeV

L

o :

“\m,\'

/v~ CMS Preliminary
I I

775" (13 TeV)
I

(preliminary) . ¢Data | iz 1

0'::"=°0.839i0.101 b ° — § : Xy BZz | Rare Nonprompt ]

. CMS Preliminary 775" (13 TeV) - -

" ' 4Daa oz Hx  mwz /////////////, ) i

(T 10¢ I Xy mzz Rare Nonprompt | 200~ + //////W - B

3 leptons §4 etons ///////(////% _

10 - G
10° ES e i 100

1
;%;% _____________ o B S Lk
3 1 2 3 >3 2 3 4 >4 2 3 4 4.0 >0

N;: N,
o(ttZ) = 1.001398 (stat)*337(syst) pb

data/pred
0O
[e) 0 oINS NN

thx Wwz

= [)
= | Stat

S oo R S E

[]
Syst+Stat

(MK

(Wup e

(u/e)u ee

e important background to searches

* uncertainties reduced by multi-category fit

* sensitive to BSM effects and direct probe of the top coupling with Z

* multi-lepton channel (3 or 4 leptons, two of which satisfy the Z mass hypothesis)
* measurement using the jet mul2plicity in bins of b tagged jets

May 2019 Javier Fdez.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-18-009/index.html

e

A All-jet 2016 13TeV — =
“W“ (preliminary) tt bb
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2

s

359 b (13 TeV)

7 ‘ S0 CMS
=10 .
Ne)
B Preliminary ¢ Data [ Multijet
?d:: M i B ticc
cMS 35910 (13 TeV) 666‘ _|>J 108 % tth E lebE ok
T ot | tt2b mall bkgs.
Hob allget g8 \ ¢ % Stat. Uncert.
Preliminary
th+jets: POWHEG + —— —— ——
tlsjets: MG5_aMCENLO 4 ol i -
PYTHIAS 5FS [FxFx]
tibb: MGS_aMC@nNLO + | —— ——
cromgas | e —.— —l Quark-Gluon discriminator
'1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
Total Stat.
:1.5
T Measurement | L. @l 0., L1, I T e | T c%
0.5 1 1.5 2 25 05 1 1.5 2 251 2 3 4 5 6 7 1.0F-re------ige gy g g g 0 g
Fiducial PA ”ﬁoﬁ‘pb) Fiducial PB oﬁhE(pb] Full Phase Space aﬁng(pb) E o8- +++ - -
Parton Agnostic Parton Based S05; 0504 06 08

- Leading jet CeGI_1
o(ttbb) = 5.5 + 0.3(stat)*15(syst) pb (full phase space)

at least eight jets, of which two b-tagged. Signal= 4 quark-jets, Background: gluons
combination of MVA techniques to reduce the large background consisting
uniquely of jets produced through the strong interaction (gluons), and to
discriminate the jets originating from the top quark decays and additional jets
measured cross sections are compared with predictions of several event generators

and are found to be generally higher than the theoretical prediction
May 2019
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-18-011/index.html

Summary

UNIVERSIDAD DE OVIEDO

 Inclusive results at +/s = 13TeV in good agreement with
predictions, need to go for differential studies:
— Run2 allows to explore the full phase space of top production
— Runl pursuing LHC combinations at 7 and 8 TeV

on top quark physics:
— Top quark pair production
— Single quark top and variants
— Associated productions and tt tt

e More results to come:

— Few analyses have incorporated the 2017/2018 data set: more than
70% of total Run2 cumulated luminosity

— An enormous dataset to analyze yet

May 2019 Javier Fdez. 36



BACKUP



The LHC detailed picture
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ATLAS+CMS Preliminary ATLAS+CMS Preliminary
LHClop WG G - summary, Vs =8TeV May 2018 LHCtop WG G, summary, Vs=13TeV Sept 2018
NNLO+NNLL PRL 110 (2013) 252004 NNLO+NNLL PRL 110 (2013) 252004
" My, =172.5 GeV, a,(M ) = 0.118+0.001 | My, = 172.5 GeV, a,(M,) = 0.118:0.001 ———
scale uncertainty total stat scale uncertainty total stat )
scale ® PDF ® o uncertainty o, -+ (stat) £ (syst) £ (lumi) scale ® PDF ® a uncertainty o, % (stat) £ (syst) & (lumi)
ATLAS, lepton+jets -  2483+07+134+47pb ATLAS, dilepton ep —a] 818+ 8+27 +19 pb
arXivi1712.06857, L,, = 20.2 10" T =%1p PLE 761 (2016) 136, L =321
CMS, lepton+jets o 228.5+3.8+13.7 6.0 pb i .
EPJGC 77 (2017) 15,L,, = 19.6 fb” D ESExIS/200P ?{k@g&ﬂfﬁ?&f%’”gss op =t 749+ 57 +79+ 74 pb
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Oy lPb] Need to look at
* Inclusive measurements are in good agreement with theory

* Exp. uncertainty comparable to theoretical uncertainty
May 2019 Javier Fdez.

differential
measurements!!




Decay channels

o |eptonicdecay: t - b+ W — b+ 1+ v
e Hadronic decay: t = b+ W = b+ g+ ¢

“alljets” 46%

tHets 15%

q u-Hets 15%
f —T 7 | |
\\ T "dl'EptOhS" "|C})tOI‘I+JCtS"
)

* Top is an important background to many searches,
and properties are sensitive to New Physics
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