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Outline

Recent results (mainly at 13 TeV) from ATLAS & CMS:
tt cross-sections (inclusive and differential)
tt+X cross-sections
Single top cross-sections
FCNC top decays
Top quark mass and width
Signal model tuning
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tt cross-sections (incl. and diff.)

Core delivery of the LHC. Statistics O(1000) times Tevatron:
W Unique test of QCD with massive partons
Constraints on QCD soft scale modelling
Background for many BSM and Higgs signals
Indirect determination of mrole

Constraints on anomalous EFT terms

Top Pair Branching Fractions

“alljets" 46%

ttjets 15%

u+jets 15%

e e+jets 15% )
"dileptons" "lepton+jets”
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Inclusive tt cross section [pb]

Inclusive tt cross-section

Tevatron combined 1.96 TeV (L < 8.8 fb’ ) .. 1
CMS dileptonl+jets 5.02 TeV (L= 27.4pp™) ~ ATLAS+CMS Preliminary May 2018
ATLAS e 7 TeV (L=4.6fo")

CMSeun7TeV(L=5fb") LHCtopWG
ATLAS ep 8 TeV (L =20.2 fb’ Y

CMSeu8TeV(L_ 19.7 fb™)

LHC combined eu 8 TeV (L = 5 3-20.3 fb™") LHCtopWG
ATLAS ep 13 TeV (L=3.2 fb’ Y
CMSeu13TeV (L=221fb")
ATLAS ee/uu* 13 TeV (L=85 pb b
ATLAS |+jets* 13 TeV (L = 85 pb’ b}
CMS I+jets 13 TeV (L=2.2fb")
CMS all-jets* 13 TeV (L = 2.53 b ™)

* Preliminary
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Impressive progress at the LHC!

Single measurement precision: ~3.5%
Limited mainly by luminosity and signal
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model uncertainty.

O,._in pPb collisions

pp, 19.6 b, (/s=8 TeV) cT10 CMS
Onwomny (816 TeV) NNLO+NNLL Top++

Dafa scaled by A oL @ ToV) CT4

|+jets EPJC 77 (2017) 15 ——— NNLO+NNLL Top++

ep JHEP 1608 (2016) 029 -

CT10+EPS09

NLO MCFM ) “Kincomne (TOP+)

pPb, 174 nb™, (s,,=8.16 TeV %ﬁg

CT14+EPPS16
I+jets —fed NLO MCFM ) Ko (ToP++)
utiets —e3—t
"
etjets —iaE— Exp. unc.: stat stat @syst
—f-e3—
Th. unc.: pdf pdf@scales
1 1 1 | 1 1 1 | 1 1 1 ‘ 1 1 1 | 1 1 1 I 1 1
0 20 40 60 80 100 5
o [nb]

PRL 119, 242001 (2017)

Consistent with perturbative QCD within
uncertainties:

Meas: 0,, =45+ 8 nb Pred: 0,,=59+ 6 nb
No significant nuclear modification



Gluon PDF relative uncertainty

1.2
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tt cross-sections and pdf’s

. CMS NNLO MC Method /| /

|~ HERA DIS + CMS W*

- — DIS + W' + 64/ DIS + W*

JHEP 1803 (2018) 115
u2 = 10° GeV?
CMS: o @5.02 TeV. Dilepton and I+jets channels. L=27.4pb™!

I HERADIS + CMS W" + o3

Moderate improvement in high-x gluon PDF uncertainty.

- 8 2.5 ATLAS Preliminary
| 1 | L i
107 107 10 2f ]
X -
1.5F )
ATLAS-PUB-2018-017 F @=2GeV
ATLAS: Global fit of the PDFs to 1 Jeowz
« The HERA DIS data set 0.50 & epWZ +p+m, (lepton+jet)
* differential W/Z cross-sections at 7 TeV - + Yy(dilepton)
* do/p;tand do/m,, intt - | + jets at 8 TeV 0 -
* do/y,intt — dilepton + X at 8 TeV % ¥
X
o)

The result is a marginally harder gluon
and smaller uncertainties
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Differential tt cross-sections @ 13 TeV — top p;
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JHEP 1711 (2017) 191
Both resolved and boosted jets

All-jets 36.1 fb'L
PRD 98 (2018) 012003

Boosted jet topologies

eu channel 3.2 fb!
Eur. Phys. J C77 (2017) 299
Neutrino momenta from EMss

Main uncertainties: JES, b-tagging, signal and background modelling and mass constraints

Kinematic variables generally consistent with NLO QCD, but I+jets data have softer top p;
than predicted (also seen at 8TeV, see eg Eur. Phys. J. C76 (2016) 538)

Peter Hansen, Corfu workshop, 1/9/2018 6



Differential tt cross-sections @ 13 TeV — top p;

CMS Preliminary ~ 35.9 fo'' (13 TeV)
L L L L B B B

CMS Preliminary ~ 35.9 fb™ (13 TeV)
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CMS new dilepton results clearly show a softer top p;than predicted.
Higher order QCD and EW corrections help, but not enough.

Other variables related to top p;(p;™, my and N, ) are also in tension.
Other kinematic variables (y,, y., Ad,;) are consistent with PWHG+PY8.
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do/dA@, and spin correlations

[pb/(rad/m)]

do
dAG(F, )/

Theory
Data

absolute normalized
250F " T T T T T T = = Fr T T
r ATLAS Prelimipary s % [ ATLAS Preliminary
[ Vs=13TeV, 36.1fb" g 1.3-/s=13TeV, 36.1fb~" B
225 L ] = [ ¢ Data EEEn
£ 1.2 — Powheg Pythia8
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175 | % b= Powheg Pythia6 ~ peenen
-6 [ PowPy8 rad. down
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The normalized distribution (1/0)do/dAd, is sensitive to spin correlations

betweenthetandt .
ATLAS finds these correlations to be 3.2c larger than NLO generator

predictions. This discrepancy tends to grow with m,,.

CMS uses Ad(I*I) to constrain a chromomagnetic dipole EFT
operator O,; (see 1503.08841) which modifies the top-gluon interaction.
A coefficient ~1o above zero is found. CMS-PAS-TOP-17-014

————— ATLAS-CONF-2018-027

Parton level
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Full phase space

t



tt + jets

Theory
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ATLAS | + N jets, 13 TeV 3.2 fb?

arXiv:1802.06572

pr problem most pronounced in the exclusive
4-jet configuration (no additional jet).

Also, PWHG+PY has difficulties simultanously

reproducing both Njets and p4(tt).
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Very similar conclusions



tt + bjets —important for the ttH signal
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ty @ 8 TeV
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tt+W/Z

CMS 35.9 fb™' (13 TeV)
= 1.6F * 1V bost f —+ v th ; 25
o L ttV best fit ttV theory [1] é 7E W theory
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CMS 2[(SS)+jets, multi-l+jets, 13 TeV, 35.9 fb*:
arXiv:1711.02547

Statistics dominated. 29 event categories analyzed.

Constrains anomalous EFT operators.
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ttZ cross section [pb]

I R N R RN RN RN RN RN

- ATLAS *  ATLAS best fit ]

L —— ATLAS 68% CL i
25Vs=13Tev, 320" . ATLAS 85% CL

4 NLO prediction
%L HZ theory uncertainty
LELLS W theory uncertainty

»'|III'|-LIIII|IIII

0.5

0 0.5 1 1.5 2 2.5 3 3.5 4

ttW cross section [pb]

ATLAS 13 TeV, 3.2 fb!
Eur.Phys.). C77(2017)40
~Same channels used
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Single top production

t-channel tW-channel s-channel

o(13TeV) = 217+ 13pb a(13TeV) = 72X 5pb

o(13TeV) = 10.3*%4ph  0(13TeV) = 0.8*3:02pb

tZqg channel
(rare SM process)
Thanks to
Marcel Vreeswijk
for graphics

b t
w

1 EXAMPLE

From Hathor:
Comp.Phys.Comm.
191(2015)74

Tests SM Wtb vertex: New Constraints on anomalous EFT operators.

Huge background from tt. Use MVA methods to get rid of it.

Peter Hansen, Corfu workshop, 1/9/2018
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Thanksto 4 9 b

{C h ann E| Matthias Komm
for graphics

ATLAS 8 TeV 20.2 fb1 epic 77 (2017) 531 ;
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wsaTev et | Differential cross-sections:
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ATLAS 13 TeV* ——fat——| 11410241004
EPJC 78 (2018) 186 (3.2b™) / H H .
ene top/W polarization:
ATLAS 8 TeV’ — 0.93° )’ £0.04
PLB 756 (2016) (203f67") -020
R JHEP 1704 (2017) 124, JHEP 1604 (2016) 073
Gyeo: NLO PDF4LHCT
3 NPPS205 (2010) 10, CPC1 15) 74
including beam energy uncertainty
PR TSRS SN ST ST S NS TR B 1 1 1
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tW channel

ATLAS 13 TeV, 36.1 fb!, 1806.04667
Final stateis [*1™bb + X
First study of prescriptions for separating

_ ;‘ K I I I ]
1 (O] e | Data, stat. uncertainty
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.. . b|E _ ¢ Powheg+Pythia8 tt+tW (DS)
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o - x* ]
max(mbl{)p mbgfz)a o i Ax‘* ]
A
. . . . g
Nominal prescription: Diagram Removal 1074 pt 5
p P . & . max(mbﬂ’ga mbgf])} E i A'*Ax* 3
Alternative DS : Diagram Subtraction I ATLAS I $
1 . L $ _
Alternative DR2  : Remove only modulus sq. i (5213 TeV. 36.1 fb” Py }r_
ttbar M 107°E pp — ob+X E
Powheg+Pythia8 : Abandon distinction between | 2‘ A B BT SRR B
tt and tWb. Full amplitude. I § g . ]
| Wb R U A S
I E C | ) ) A )
OO 100 200 300 400

mminimax [GeV]
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Pred.
Data

tW channel — differential and inclusive

amasTT ‘o S [Tamas T ST : 8 t 8 t
T e o7 S T T B v
|2 :
. I ‘ Lﬁ I b w- b W=
I, s OMS 13 TeV 35.9 fbrl: arXivi1805.07399
[ ERT ”:_ ey - 1 SR:eptb
= gy, =63.1pbt 11%
T Ve 0% meme = e’ Agrees with NLO prediction: 72 + 4 pb
ATLAS 13 TeV, 36.1 fb1: EPJ C78 (2018) 186
SR: dilepton+b ~3% sys uncertainty from each source:
Use BDT to reduce the large tt background. (efficiencies, trigger, JES, lumi,
Data>MC in high energy tails stat, pile-up, tt bkg)

peter Hansen, Corfu workshop, 1/9/2019/Iust reduce all to obtain substantial improvement.



Evidence for tZq
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ATLAS 13 TeV, 36.1 fb:
PLB 780 (2018) 557

SR: 31+ b +jet

tZq significance: 4.20
(5.4 expected)

PLB779 (2018) 358
SR: 31 + b + jet(s)

tZq significance: 3.70
(3.1 expected)

CMS 13 TeV, 35.9 fb-1:

Evidence for tyg

CMS 13 TeV, 35.9 fb1: CMS-TOP-17-16
tyq significance: 4.30 (3.0 expected)
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FCNC summary

Starting to make contact
with some BSM models

Full run2 will have much more
exclusion power.

t—Hc
t—Hu
t—yc
t—=yu
t—=gc
t—gu
t—Zc

t—=Zu

LHCtopWG

May 2018

Each limit assumes that
all other processes are zero

ATLAS+CMS Preliminary 95%CL upper limits <@ ATLAS <—@ CMS
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Top quark mass
Very important test of the Standard Model.

Measurements can be either direct, comparing mass-
sensitive detector-level observables to MC templates
calculated for different top mass parameters, m.__, in the
generator,
or they can be indirect from cross-section measurements
that are predicted by NLO or NNLO calculations depending on
the so-called top pole mass, mpele, which is well defined
theoretically as the mass of a free top.

top

The relation between of m,,, and mr¢ is under debate and
study, see eg CERN-TH-2017-266. The ambiguity is to a large
extent covered by the reported systematic errors from varying
scales, shower-matching and hadronization schemes.

Peter Hansen, Corfu workshop, 1/9/2018
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Direct top mass

Has now reached ~0.5 GeV prec.
Latest:

ATLAS 8 TeV, 20.2 fb%, all jets (12)

ATLAS 8 TeV, 20.2 fbl, I+jets (13)

CMS 13 TeV, 35.9 fbl, [+jets
arXiv:1805.01428

Very latest:
CMS 13 TeV, 35.9 fb1, all jets
CMS-PAS-TOP-17-008

ATLAS+CMS Preliminary Myop SUMMary, s = 7-13 TeV September 2017
LHCtopWG
-------- World Comb. Mar 2014, [7] I —— i
stat total stat
total uncertainty _ Myop * total (stat = syst) Is  Ref.
ATLAS, I+jets (*) ——e— 172.31= 1.55 (0.75 = 1.35) 77TeV 1]
ATLAS, dilepton (*) I—|—I—|——I 173.09 = 1.63 (0.64 = 1.50) 7TeV [2]
CMS, I+jets = 173.49 = 1.06 (0.43 = 0.97) 7 TeV [3]
CMS, dilepton I—|—°—|—I 172.50 = 1.52 (0.43 = 1.46) 7 TeV [4]
CMS, all jets I—|—=ﬁ—|—l 173.49 = 1.41 (0.69 = 1.23) 7 TeV [5]
LHC comb. (Sep 2013) LHCiopwa |y | 173.29 = 0.95 (0.35 = 0.88) 7 TeV [6]
World comb. (Mar 2014) -+ 173.34 = 0.76 (0.36 = 0.67) 1.96-7 TV [7]
ATLAS, I+jets ———t 172.33 = 1.27 (0.75 = 1.02) 7TeV (8]
ATLAS, dilepton I—l—-—!—l 173.79 = 1.41 (0.54 = 1.30) 7 TeV [8]
ATLAS, all jets F———— 17512 1.8 (1.4 £ 1.2) 7 TeV [9]
ATLAS, single top I —a—t——] 172.2 = 2.1 (0.7 = 2.0) 8 TeV [10]
ATLAS, dilepton I—l-l-]—l 172.99 + 0.85 (0.41+ 0.74) 8 TeV [11]
ATLAS, all jets ——— 178.72 + 1.15 (0.55 = 1.01) 8 TeV [12]
ATLAS, l+jets =t : 172.08 = 0.91 (0.38 = 0.82) 8 TeV [13]
ATLAS comb. (ﬁ?gt?;;) HeH i 172.51 = 0.50 (0.27 = 0.42) 748 TeV [13]
CMS, I+jets T HetH 172.35 + 0.51 (0.16 = 0.48) 8 TeV [14]
CMS, dilepton —tet—=— 172.82 = 1.23 (0.19 = 1.22) 8 TeV [14]
CMS, all jets HeoH 172.32 + 0.64 (0.25 + 0.59) 8 TeV [14]
CMS, single top I—l—’--|—| 172.95 + 1.22 (0.77 = 0.95) 8 TeV [15]
CMS comb. (Sep 2015) He : 172.44 = 0.48 (0.13 = 0.47) 7+8 TeV [14]
CMS, I+jets . 172.25 + 0.63 (0.08 + 0.62) 13TeV [16]
g [1] ATLAS-CONF-2013-046 [7] arXiv:1403.4427 [13] ATLAS-CONF-2017-071
: (o JHEP 12 (2012) 105 19 Eur Phye.d o7 (2019) 158 sl epoc 77 (o 358
(*) Superseded by results : [4] Eur.Phys.J.C72 (2012) 2202 [10] ATLAS-CONF-2014-055 [16] CMS-PAS-TOP-17-007
shown below the line [o] ATLAS.CONF 201310 fi2) aviivozorade
] | ] ] ] ] | ] ] | | | ] ] ] ] | ] ] ] | ] ]
165 170 175 180 185
My, [GEV]
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Direct top mass —all jets: - wTbw—b — qa’bg”’a’’’b

3 SRR RN RN R RN RN RRRN RN AR R CMS preiiminary 35.9 b (13 TeV)
> [ ATLAS 4 Data (s=8TeV | > S B
g 1000 f Ldt=20.2b" — Sig:nal Fit 8 1600;— . tt correct D Multijet —
e e o 14000 [a  Data .
o 800 - ?, 1200}
: ] S 1000f
600~ JeIndf=72.3/48 =151 | Lﬁ 800¢
: : 6001
400 — 400¢
- ] 200¢
200 y % 1.5
| 8 1 A
o | I 11| ‘ L1l ‘ L1l ‘ 11| ‘ L1l ‘ L1l ‘ L1 1 ‘ 11 | ‘ 11 | I 1 E 0 5 | | /l | | | L | g ‘ /‘ ‘ | ’J/ 7
16 18 2 22 24 26 28 3 32 34 ) . 100 200 300 400
Ry, = my/m, fit
arXiv:1702.07546, 8 TeV, 20.2 fb1 °° " m" [GeV]
My, = 173.2 £ 0.55 + 1.01 GeV CMS-PAS-TOP-17-008, 13 TeV 35.9 fbl
Jet assignments to top from chisquared kinematic fit My, = 172.34 £ 0.20(stat+JES) + 0.76 GeV
Fit 3-jet over 2-jet mass Simultanous ideogram fit of m,,, and JES.
Main systematics: hadronization, JES, bJES New Colour Reconnection variation contributes

0.36 GeV to the systematic uncertainty.
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Direct top mass — |+jets:
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[ ATLAS Preliminary

—Vs=8 TeV, 202" E&H Best fit background —:
r Best fit ]
j Uncertainty ]
:4 i L PO ISP I OU I AT s
130 140 150 160 170 180 190 200
5 (GeV]

tt — WTbw—b — qqg’bewb

ATLAS-CONF-2017-071, 8 TeV, 20.2 fb?
Mo, = 172.08 £ 0.39 £ 0.82 GeV

Parton assignments from kinematic fit.
Fit m,,, and Jet Energy Scale simultanously.

Main systematics: JES, bJES , b-tagging.
Some partly cancel in the combination

with the dilepton and 7 TeV results.

Successive combination ATLAS Preliminary
) mg, = stat. = syst
mgy (8 TeV) Fee—— 172,99 = 0.41: 0.74
+me® (8 TeV) - 172.56 = 0.28 = 0.48
+m (7 Tev)* - - 172.51= 0.27 = 0.42
+mih (7 TeV) - 172,50 + 0.27 = 0.42
————— *ATLAS Combination ' )
stat. uncertainty —— stat. uncertainty
total uncertainty —— total uncertainty
1 1 1 l 1 1 1 J AL L 1 l 1 1 1 l 1 1 1
168 170 172 174 176 178
Moo [GeV]

Peter Hansen, Corfu workshop, 1/9/2018

x10° CMS 35.9 6" (13 TeV)
% 80 - ti correct i\?\;ggﬁelgt R
o 70? %g :lvl:(r)nna%ched =(Z:+'%ts Itilet
f 60F o Data %Dibosnc:g e g
2 s0f , E
O . / :
:‘:-“' 405
3 30
E ¢
E 20F
10f
(2) 1.5F
s 1
(U 0.5 ! ! | ! L [ I | I L
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mft [GeV]

arXiv:1805.01428, 13 TeV 35.9 fb!
My, = 172.25 £ 0.08 £ 0.62 GeV
Simultanous ideogram fit of m,,, and JES.
Main systematics: flavor dependent JES
New Colour Reconnection variation contributes
0.31 GeV to the systematic uncertainty.
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Indirect top mass (mre'e)

EPJ C77 (2017) 804
ATLAS 8 TeV, 20.2 fb?, eu, (1/0)do/dX

Fit MCFM NLO templates to

the shapes of 8 e observables
(basically with no jet requirements):
mpole = 173.2 + 1.2(exp) + 1.2(theo) GeV
Main systematics: QCD scales (ISR/FSR)

JHEP 09 (2017) 051
CMS 13 TeV, 2.2 fb!, |+jets

Extract mPole = 170.6+2.7 GeV
from o, = 888pb +3.9% using Top++ and CT14

Very latest: FERMILAB-CONF-16-383-PPD
D0 1.96 TeV, 9.7 fbl, I+jets

Compare o,(mP°'¢) and do/dp+(t) with NNLO calc:

mPole = 169.1 + 2.5 GeV

180
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DO o, 1605.06168
CMS o, PLB728(2014)
ATL 0y,;JHEP10(2015)
ATL ep EPIC77(2017)
DO do/dX CONF-16-383
ATL o, EPIC76(2016)
CMS o, JHEP09(2017)

XX

DO+CDF avg 1608.01881
CMS avg PRD93(2016)
ATLAS avg CONF-2017-071
CMS 13TeV 1805.01428
CMS 13TeV TOP-17-008
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Measurement

No evidence at all for any systematic shift between m,
and mre'e, but a 1 GeV shift cannot be excluded either.

Peter Hansen, Corfu workshop, 1/9/2018
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(Theory-Data)

(Theory-Data)

Shower model tuning
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oge o o o
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/nc/UsI.VZO s7 2 [0,90/ /204 [4080[1_0 ,27720 70, 60 760, 7?0/[7202;200

of
Category

<pom

- > B o

PW+PY8
ISR up
ISR dn
FSR up
FSR dn
UE up
UE dn

no MPI

no CR

QCD based
Gluon move
ERD on
Rope

Rope (no CR)

Sherpa
aMC@NLO+PY8
PW+HW++
PW+HW7

CMS-PAS-TOP-16-021, 8 TeV, 19.7 fb! (dilepton, |+jets).
The N observable is sensitive to the parameters:
hgamp=1.6 0.6 xm,  ag*f=0.111+0.015

These values are used in PY8 tune (CUETP8M2T4) for Run?2.

arXiv:1807.02810, 13 TeV, 35.9 fb'! (ue + 2 b-jets)

Study observables N¢, P etc. in UE.

Classify events based on Ny, p;'and m,

PY8 performs well - MPI indispensable ingredient.

The analysis is sensitive to FSR: ) 35.9 ™ (13 TeV)

a FSR — 0.120 + 0.006 % - CMS Preliminary “$~ Data
S - ;;«_ E'ﬁ_l) lepton+jets —o— POWHEG+PYTHIA 8
| S
CMS-PAS-TOP-17-13, (|+Jets) z -43- POWHEG+HERWIG 7
. %% <-- SHERPA 2
Jet width prefers z b P - DIRE NLO
a™f=0.123 + 0.002 in PY8 s '
of-
(note that Monash tune had =s
1= &
ISR = o PR = 0.1365 2 e
. O | Ll [ b
- using NNPDF2.3L0) 5 15F : . |
o E 2 i
O 0.5E2
er Hansen, Corfu workshop, 1/9/2018 = 0 01 02 03 04 05 06 07 08 09
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Shower model tuning

CMS preliminary 2.3 fb~! (13 TeV)

L
Boos = 5 —e— Data
N R —— POWHEG+PYTHIA8 CUETP8M1
r —o— POWHEG+PYTHIAS CP2
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0,3; F
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01 [
ol v v v v b b b
1.4 E-
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B 11
i iy E———
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07 E-
88E Ll b
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w

CMS preliminary 2.3 fb~! (13 TeV)

4
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CMS-PAS-GEN-17-01, 13 TeV, (Min Bias).

The UE parameters in PYTHIA8 have been tuned for the first time
with the NLO and NNLO versions of NNPDF:

PYTHIA parameter CP3 CP4 CP5
PDF Set NNPDE3.1 NLO | NNPDF3.1 NNLO | NNPDF3.1 NNLO
as(Mz) 0.118 0.118 0.118
SPACESHOWER:RAPIDITYORDER off off on
MULTIPARTONINTERACTIONS:ECMREF [GeV] 7000 7000 7000
aSR value/order 0.118/NLO 0.118/NLO 0.118/NLO
:ngR value/order 0.118/NLO 0.118/NLO 0.118/NLO
a1 value/order 0.118/NLO 0.118/NLO 0.118/NLO
a3 value/order 0.118/NLO 0.118/NLO 0.118/NLO
MULTIPARTONINTERACTIONS:PTOREF [GeV] 1.516 1.483 1.41
MULTIPARTONINTERACTIONS:ECMPOW 0.02266 0.02012 0.03344
MULTIPARTONINTERACTIONS:CORERADIUS 0.5396 0.5971 0.7634
MULTIPARTONINTERACTIONS:COREFRACTION 0.3869 0.3053 0.63
COLORRECONNECTION:RANGE 4.727 5.613 5.176
\ Xx*/dof \ 0.759 \ 0.803 \ 1.04 \

8
=
£
3
S

This comparison with MB and a variety of UE’s at collision energies of 1.96,

7 and 13 GeV shows a similar level of agreement as with
LO PDF tunings.

In particular, the top data are well reproduced — without these data
having been used in the tuning.

Peter Hansen, Corfu workshop, 1/9/2018
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Shower model tuning

The tt signal models used in early Run2 analysis have been significantly improved both regarding the
realism of the nominal generator and the systematics resulting from the alternative generators.

- ATLAS Preliminary

V5=13TeV, 3.2 0"

——

107

Data ——
Early Run2 == 7|
Improved Run 2 == i

3 >4

Number of additional jets

Data —4— 7
Early Run 2 === |

Improved Run 2 ==

ATLAS Preliminary
Vs=13TeV,3.2f0~"

—_——

-
1000

[ R R I
600 800

phiad (Gev]

ATLAS-PHYS-PUB-2018-009

New Run2 setup for ATLAS analysis

Source of Uncertainty Samples Procedure
Nominal POowWHEG+PYTHIAS N/A
NLO+PS matching POowHEG+PYTHIAS vs. +|A|
MAapGRrAPHS _aMC@NLO+PyTHIAS
Parton Shower and PowHEG+PYTHIAS Vvs. +|A|
Hadronization Model PowHEG+HERWIGT
Additional Radiation | PowHEG+PyTHIA8 Al14 (Var. 3c up, pug r = 0.5, hqamp = 3.0 myop A
vs. Var. 3c down, pg r = 2.0, hgamp = 1.5 myop)
26
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Summary

1 Precise modelling of top quark production and decay, and precise
measurements of top quark production and properties, are among
LHC’s most powerful instruments for probing fundamental physics.

1 The present measurements are generally, but not in all details,
consistent with SM NLO and NNLO simulations.

 The total Run2 sample will be a factor of 4 larger than the data
investigated up to now and offer many new opportunities.

O Summarizing all measurements in the EFT framework has

just started. This is promising for pointing out new research directions.



Backup slides

Peter Hansen, Corfu workshop, 1/9/2018
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FCNC top decay t->gZ

ATLAS 13 TeV, 36.1 fb1: arXiv:1803.09923
Uses tt, . -> (blv)(qgll) topology
Extracts signal from m(llg) , m(lv) and m(lvb)

Br(t->Zu) < 1.7 103 (2.4 103 expected) B
Br(t'>ZC) < 2.2 10-3 (33 10-3 expected) CMS 13 TeV, 359 fb : CMS-PAS-TOP-17-017
Includes also single top channel

Main sys: signal model, large non-prompt Extracts signal from a BDT

bkg
Br(t->Zu) < 2.4 103 (1.5 103 expected)

Br(t->Zc) < 4.5 1073 (3.7 1073 expected)

Also interpretation in terms of EFT
parameters available

Peter Hansen, Corfu workshop, 1/9/2018 29



FCNC top decay t->gH

ATLAS 13 TeV, 36.1 fb!

JHEP 10(2017)129 H->yy:

Br(t->Hu) < 2.5 103 (1.7 1073 expected)
Br(t->Hc) < 2.2 103 (1.6 103 expected)

arXiv:1805.03483 H->VV->leptons
Br(t->Hu) < 1.9 103 (1.5 1073 expected)
Br(t->Hc) < 1.6 103 (1.5 103 expected)

Main sys: signal model
large non-prompt bkg

CMS 13 TeV, 35.9 fb!
arXiv:1712.02399
Uses H->bb, ... Fits btag distributions.

Br(t->Hu) < 4.7 103 (3.4 103 expected)
Br(t->Hc) < 4.7 103 (4.4 103 expected)

All these limits are larger than expected...

Plenty of possible improvements:

Will have x4 more Run2 data
Will have better tuning @ 13 TeV
Some channels not explored yet
EFT-style analysis just started

Peter Hansen, Corfu workshop, 1/9/2018 30



Top charge asymmetry — LHC Combination

While the Tevatron could measure Az in ttbar events, LHC can measure

NAY[>0 _ njAly[<0
~ NAWS0 1 NAWI<0’

Ac JHEP 04 (2018) 033

Expected to be non-zero due to higher order interference effects.

The LHC run 1 combination can exlude many exotic models. ATLASICNS  TacBTev
0.08——— T =@ QCD NLO (+ EW NLO), Phys. Rev. D 86 (2012) 034026 —t—e—+—1
| ATLAS + CMS i =s=s QCD NNLO (+ EW NLO), arXiv:1711.03945 stat total
0.06 - = i f
i ] ATLAS, lepton+jets H—ll—-'-—H 0.0090 + 0.0044 = 0.0025
B Eur. Phys. J. C 76 (2016) 87, [
0.04+ — L,=2031" 1
<o : M ¢ ] CMS, lepton-+ets ——e—tt i 0.0033 + 0.0026 + 0.0033
0.02+ 3). — Phys. Rev. D 93 (2016) 034014, i
L " ATLAS + CMS Vs =8TeV | Lin=196 o !
L SM— s LHCtopwG . f i §
EEEICEEEC e S e e ] ATLAS+CMS H—o—+; | 0.0055 = 0.0023 = 0.0025
o Tevatron data from . LHCtopWG ;
- = PRL 120 (2018) 042001 . i
- ¥ R i
- L Models from b : '
_002 [ 8 S’EEDPng(Zg&J% 10195;)1 3!7 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 II il 1 1 1 I 1 1 1 1 | 1 1
I - AT e AU -0.02  -0.01 0 0.01  0.02 0.03
0 0.1 0.2 0.3 0.4 05 Peter Hansen, Corfu workshop, 1/9/2018 Ag 31
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Differential tt, . cross-sections @ 8 TeV

ATLAS particle level
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Eur. Phys. J. C76 (2016) 538
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Differential tt, ,, cross-sections @ 13 TeV

top rapidity
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Relative Uncertainty [%)]

—
N
o

100

500 600 700 800 900

Differential tt, . cross-sections @ 13 TeV - errors

ATLAS All-jet
PRD 98 (2018) 012003

— ATLAS
L Vs=13TeV, 36.1fb"

[ Fiducial particle level
I Normalized cross-section

[ Total Uncertainty [ Stat. Uncertainty_]
— JES+TopTagging ---- Flavor Tagging -

Hard scattering = Parton shower _|
==« MC Stat. Unc. ]

1000 1100 1200

L' [GeV]

CMS lepton+jets
PRD 97 (2018)) 112003

35.8 fb'' (13 TeV)
‘30_1 6 —CMS e/u+jets Combined
© - particle level .?t?t
@ — — Jet energy
8 o - —— Luminosity
g 012 — b tagging
~ - Lepton
2 o1 —m
S8 ¢ —h
) B amp
C 0.08 — — Tune
E ISR scale
0.06 — —— Color rec.
C — —— FSR scale
0.04 ;_I—'_'_'_'J_I_ — Others
= ————
0.02 =
0 = L L IR IS S R R
0 100 200 300 400 500 600 700 800
p.(t) [GeV]
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do/dAd, and EFT

CMS-PAS-TOP-17-014

2 CMS Preliminary ~ 35.9 fb' (13 TeV) 5 CMS Preliminary ~ 35.9 b (13 TeV)
o) F o R : ; .
S bt Dam, ., 5 Particle level
‘=B CcyA’=-1Tev T
bl = cf  Cg/A’=0TeV?(SM) R
Bl F O —CyA*=1TeV" 4t R :
= - ttbar->dilepton
3k selection
B 3 --nominalfit | %
o= | best-it value
1; - -theory sys. Fiducial
Y Y B - - +theory sys. h
> Stat. @ Syst 2 : phase space
8 %1.5~~~— Stat. only [ 68% CI
=e ] 95% ClI
1 b MG5_aMC@NLO
+P8
0.5
‘ ‘ ‘ ‘ ‘ ‘ I R B B
0
0 05 1 5 2 25 3 -0.5-0.4-03-02-01 0 0.1 02 0.3 04 05
A(l, 1) C/A%[TeV?

CMS uses Ad(I*l") to constrain a chromomagnetic dipole EFT
operator O, (see 1503.08841) which modifies the top-gluon interaction.
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tt, . +W/Z - limits on EFG operators

1
[feff:['SM“‘ﬁZCiOi“'”'/
1

Wilson coefficient 68% CL [TeV 2] 95% CL [TeV 2]
Caw / AZ [—1.6,1.5] [—2.2,2.2]

e/ A% —16.8TeV 2| [3.7,23.4] [0,28.7]

Gaa/ A? [—0.5,0.5] [—0.7,0.7]

3G/ A\? [—0.3,0.7] [—0.5,0.9]

Cug/ N? [—0.9,-0.8] and [-0.3,0.2] [-1.1,0.3]

|CuB/ A?] [0, 1.5] [0,2.1]

Ciu/ A2 [-9.2, —6.5] and [~1.6,1.1] [-10.1,2.0]

oG/ N? [—0.7,0.4] [—0.9,0.6]

CMS 2[(SS)+jets, multi-l+jets 13 TeV, 35.9 fb*:
arXiv:1711.02547
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tt, . tbjets —in numbers (ATLAS-CONF-2018-029)

Uncertainties

Source

Fiducial cross-section phase space

lepton + jets

Number of b-jets. Data vs MC.

Generators Npjets = [2,3, > 4Db] Np_jets : [3, > 4b]
Y?>/NDF p-value x>/NDF p-value
e channel
PowHEG+PyYTHIA 8 224/2 <0.01 0.03/1 0.85
MAaDGRrRAPHS_aMC@NLO+PyTHIA 8 179/2 <001 <0.01/1 0.97
SHERPA 2.2 tf 1.89/2 0.39 0.19/1 0.67
SHERPA 2.2 ttbb (4FS) - - 0.19/1 0.67
PowHEL+PyTHIA 8 17hb (S5FS) - - 13.6/1 <0.01
PowHEL+PyTHIA 8 17bb (4FS) - - 2.10/1 0.15
PowHEG+HERWIG 7 46.0/2 <0.01 048/1 0.49
PowHEG+PYTHIA 8 17bb (4FS) - - 0.12/1 0.73
PowneG+PyTHIA 8 (RadHi) 123/2 <0.01 0.01/1 0.91
PowneG+PyTHIA 8 (Radlo) 324/2 <0.01 0.08/1 0.78

>3b >4b >5j,23b >6j,>4b

unc. (%) unc. (%) unc. (%) unc. (%)

Data statistics 2.7 9.0 1.7 3.0
Luminosity 2.1 2.1 2.3 2.3
Jet 2.6 4.3 3.6 7.2
b-tagging 4.5 5.2 17 8.6
Lepton 0.9 0.8 0.8 0.9
Pileup 2.1 3.5 1.6 1.3
ttc fit variation 5.9 11 - -
Non-#7 bkg 0.8 2.0 1.7 1.8
Detector+background total syst. 8.5 14 18 12
Parton shower 9.0 6.5 12 6.3
Generator 0.2 18 16 8.7
ISR/FSR 4.0 39 6.2 2.9
PDF 0.6 0.4 0.3 0.1
1tV [ttH 0.7 1.4 2.2 0.3
MC sample statistics 1.8 53 1.2 43
tf modelling total syst. 10 20 21 12
Total syst. 13 24 28 17
Total 13 26 28 17

Peter Hansen, Corfu workshop, 1/9/2018
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. CMS-PAS-TOP-17-011
Single top — t channel

. . ’
Uncertainties PDF’s vs Rmeas
CMS Preliminary 35.9 b (13 TeV) CMS Preliminary 35.9fb" (13 TeV

PDF { channe| b T T I T T I T T I T T I ! I T T T I T T T I T
PS-scale t channel CMS !
ME-PS scale matching t channel 1.65 £ 0.02 (Stat) +0.04 (SySt) :
u/u_scale t channel NNPDF3.0 :
QCD norm. :
JES NNPDF3.1 ‘
1
t model. and norm. :
Top quark P, CT14 :
MC sample size ABMP16 :
”H/”F scale :
Pileup MMHT2014 '
Muon and electron efficiencies :
JER HERAPDF2.0 :

btagging | | | | i | | |
PDF 14 145 15 155 16 165 17 175 1.8
Unclustered energy R —_ /
W/Z+jets norm. t-ch. — 01‘-Ch., t Ot-ch.,f
tW norm. L 4

0 2 4 6 8 10 12 14
Change (%)
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t channel: tW polarization in t->Wb, W->| v

W spin: Lepton angles in W rest frame

1 dr
T d(cos 6;)dg;

+

arXiv: 1702.08309

8

37 V6

(S1)cos ¢, sinb, +(S,)sing,sinb,

(A1) cos ¢, sin 260, — (Ay)sin ¢, sin 29}} )

302 1
{— + (T (3cos@; — 1) +(S3)cos )

TT‘TTT‘TTT‘TTT

ATLAS
Vs =8 TeV, 20.2 fb"

T T r [ rrr[rrrr

T T 1T

— 90— <S>
———— 1 <TO>
+@H <S>
—4-e— <S>
o4+ <A>
SM prediction o <A>
— Stat. uncertainty
— Total uncertainty
llllllllllllllllllllllllllllllll
-06 04 02 0 02 04 06 08

W-boson spin observable

Peter Hansen, Corfu workshop, 1/9/2018
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0.8
0.7
0.6
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0.4
0.3
0.2
0.1

0

Top spin: angle between
lepton and g’ in top frame

arXiv:1511.02138

CMS u+jets, t+1, 19.7 b (8 TeV)

— POWHEG (5FS) + Pythia 6
------ aMC@NLO (4 FS) + Pythia 8 |
CompHEP + Pythia6

e Unfolded data

T stat. | Total *

‘\H\‘H\\‘\H\‘\\H‘\\H‘HH‘HH‘HH‘HH‘

-0.8 -06 04 -02 0 02 04 06 08 1
Unfolded cos0j;

—
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Colour reconnection

[ T T T T T T

- ATLAS 1 a gtaattGilstical Unc

. ?JE=13TeV, 36.1fb Toial Una, -

-« Powheg+Pythia8

-=- Powheg+Pythia8
(Colour-Flipped)

ATLAS 1805.02935, 13 TeV, 36.1 fb!, I+jets.

ATLAS used the jet pull vector to test CR models.

Jet pull angle poorly modelled by PY8 (HW7 and PY6 fits better).
An exotic colour flow model (octet W) is disfavoured.

S N FEE

j

sig 1.05 e T
R —— !
& 0.95 *
0.9
0O 01 02 03 04 05 06 0.7 08 09 1
Charged particle 6p (j{V, ) [rad]/=
PTmax Direction CMS Preliminary, 281 nb! (13 TeV)
F FT T T T T
“Toward-Side” Jet . § r ___..:o—_._—o—_+_—+_ —
\5 oAST 4_7,
S b 1 CMS-PAS-TOP-16-021 suppl, 13 TeV, 281 nb, Minimum Bias
£ r L " ] . ” . . ”
LI By E CMS tested two alternative CR schemes (”QCD inspired
py r —e— CUETP8M1 ]

and “gluon move”) in a low p; ”jet-less” region.
T In the m,,, measurement they contribute about

Sesiaoss 5 ak E 300 MeV uncertainty.
1 P —
o.8f ]

0.6 — —
e b b e Ly

Jet#3 02

MC/Data

5 10 15 20

pr[GeV/c]
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CMS-
PAS-TOP-17-008, .
1D
hyf;ybrid

s—All-jets P52
- 2D
ATLAS:arXiv: V3591 >
rXiv:1l (periment. G SmiD
:1702.07546, 8 TeV, Method Cahil uncertainties [CeV] [%] [ o st .
’ e ration eV] 2l
Source of uncertainty ,20.2 fb? JEC (quad. sum) 0.6 0 GeVl  [%]
Mon _ rcalibration 0.18 ) 0.06
Had © Carlo generator | Amiop [GeV] . yPFInSitu —0.04 _8'3 0.73 8-06 0.2
ronisation modelli 0.1 ncorrelated —0.03 1 4012 15 0.2
Parton distri elling 18+0.21 Jet energy resoluti ~01 —00  +0 —0.04 '
n distribution fi 0 b tacei y resolution 17 03 22 400 _01
Initial/final unctions .64 +0.15 P gging —0.12 3 40.69 .08 o
Underlvi al-state radiation 0.04 = 0.0 ileup 0.02 +04 +0.18 +0.12 +0~2
erlylng event 0.10 +0.00 Baf:kground —0.06 0.0 0.01 —0.03 +O.
Colour re . 10+0.28 Trigger 0 101 +0 0.02 3
Bias i connection 0.13 + Modeli .10 01 .00 004 0.0
ias in templ +£0.16 eling of hadronizati +0.04 : 0.03 . 101
Signal plate method 0.12 +0.16 JEC Flavor (linear nization 01 —0.04 0.07 o
N and bkgd parameterisati 0.06 - light quarks (ud sum) —035 +0.02 —o1
on all-hadronic #7 c ?rlsatlon 0 - charm s) 40.10 +0.1 —0.31 .
ABCD method vs Aontrlbution .09 :bi)ttom 10.03 :8.1 —0.01 ;8.34 00
Trigger efficiency BCDEF method 8'06 b jet model ot Iy o0 —ol
. (0] 1 — . _ .
Lepton/E™* calibrati .16 b fras Be ing (quad. sum) 19 oo 0.29 o9 —00
Overall fla alibration 0.08 +0.01 b frag Powler'Lu“d 0.09 0.0 008 ~0.13 —00
avour-taggi 0 ' g- Peters —0.07 : 0.09 :
in .02 - . on 402
JeF energy scale (JE%S g 0.10 +0.01 A/slf)?ﬂeptoﬂic B decays —0.05 188 —0.07 _8'89 0.0
b-jet ener ) .10 +0.00 eling of perturbati —0.03 0 =004 .07 400
Jet gy scale (bJES) 0.60 + 0.05 PDF ative QCD 00 —0.03 —0.05 i .
Tet energy resolution 0.34 I 0' Ren. and fact. scale 0.01 —0.03 _8’8
vertex fraction 0.10 I 0’02 ﬁg/ PS matching 0.05 8-0 0.01 0 :
Total SyStem - O +0.04 IS gEHeratOr +0.32+£0.20 .0 0.04 .01 0.0
Total stati t.at'c uncertainty .03 +0.01 IR PS scale o Y oo 0.0
istical uncertai S scal 101740 1 40 ‘ 24401 ‘
erta 1.0 e 174017 — 36402 18 —0.
Total uncertai inty 1 Top quark pr 0+ 7 _02 4013 4 +0.31+0.30 2
rta p 0.1 +0 +0
ey 055 Modeling of soft QC TopEndz o2 012 oo o
1.15 ganflierlying event D —-0.0 +0.02 08 18-18 +0.11 70:1
C rly resonance dec +0.16 +0.19 03 —0.0
- “gluon max. shift) 28 +0.4 14 4010+
-“QC .mOVe (ERD on) +0.41£+0.29 —-04 +0.384+0.19 +0.1 017 -02
Toul D mspired” (ERD o +0.414+0.29 _0'4 —0.434+0.20 _0'33 +024 +0.3
al systematic n) —032+£029 —0. el ioan roamioam o
Pete Statist 0.1 0 +0.32+ 3
r Hansen, Corfu Tetal ical (expected) 0.88 T 0434020 —03 025 —03
workshop, 179962" ected) 021 0~° 1.10 o 64025 —0.1
0.91 2 016 76
1 0 0.7
0 111 20 0
0.79 0-;
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Direct top mass — |+jets

ATLAS-CONF-2017-071, 8 TeV, 20.2 fb!

Vs =T7TeV Vs =8TeV

mi [GeV] | mgr ™ [GeV] | mdl [GeV] [ m)™ [GeV]

Results 173.79 172.33 172.99 172.08
Statistics 0.54 0.75 0.41 0.39
— Stat. comp. (myp) 0.23 0.11
— Stat. comp. (JSF) 0.25 0.11
— Stat. comp. (bJSF) 0.67 0.35
Method 0.09+0.07 | 0.11+0.10 | 0.05+0.07 | 0.13+0.11
Signal Monte Carlo generator 0.26 £ 0.16 0.22 £0.21 | 0.09 =0.15 0.16 £ 0.17
Hadronisation 053+0.09 | 0.18+0.12 | 0.22+0.09 | 0.15+0.10
Initial- and final-state QCD radiation | 0.47 £0.05 | 0.32+0.06 | 0.23 +0.07 | 0.08 £0.11
Underlying event 0.05+0.05 | 0.15+0.07 | 0.10+0.14 | 0.08 £0.15
Colour reconnection 0.14 £ 0.05 0.11 £0.07 | 0.03 +0.14 0.19 £0.15
Parton distribution function 0.11 £ 0.00 0.25 +£0.00 | 0.05 +0.00 0.09 + 0.00
Background normalisation 0.04+0.00 | 0.10+0.00 | 0.03+0.00 | 0.08 +0.00
W [ Z+jets shape 0.00 £0.00 | 0.29 +0.00 0] 0.11+0.00
Fake leptons shape 0.01 + 0.00 0.05 +£0.00 | 0.07 = 0.00 0
Jet energy scale 0.75+0.08 | 058=+0.11 | 0.54+0.04 | 0.54 £0.02
Relative b-to-light-jet energy scale 0.68+0.02 | 0.06+0.03 | 0.30+0.01 0.03 £0.01
Jet energy resolution 0.19 £ 0.04 0.22 £0.11 | 0.09 = 0.05 0.20 £ 0.04
Jet reconstruction efficiency 0.07 + 0.00 0.12 £ 0.00 | 0.01 +0.00 0.02 + 0.01
Jet vertex fraction 0.00 £0.00 | 0.01 £0.00 | 0.02+0.00 | 0.09 +£0.01
b-tagging 0.07+0.00 | 0.50=+0.00 | 0.04 +£0.02 | 0.38 +£0.00
Leptons 0.13+0.00 | 0.04+0.00 | 0.14 £0.01 0.16 = 0.01
E‘Tniss 0.04 +0.03 | 0.15+0.04 | 0.01 £0.01 0.05 + 0.01
Pile-up 0.01 £0.00 | 0.02+0.01 | 0.05=+0.01 0.15 +0.01
Total systematic uncertainty 1.31 £ 0.07 1.03+0.08 | 0.74 +0.05 | 0.82 +0.06
Total 1.41 £ 0.07 1.27 £0.08 | 0.85+0.05 | 0.91 +0.06

Peter Hansen, Corfu workshop, 1/9

CMS arXiv:1805.01428,

2D approach 1D approach Hybrid
13 TeV 35.9 fb! om  JSFP smlP om>"  ojSEY
[GeV] [%] [GeV] [GeV] [%]
Experimental uncertainties
Method calibration 0.05 <0.1 0.05 0.05 <0.1
JEC (quad. sum) 0.13 0.2 0.83 0.18 0.3
— InterCalibration (—0.02) (<0.1) (+0.16) (+0.04) (<0.1;
— MPFInSitu (—0.01) (<0.1) (4+0.23) (+0.07) (<0.1;
— Uncorrelated (—0.13) (+0.2) (4+0.78) (+0.16) (+0.3,
Jet energy resolution —0.08 +0.1 +0.04 —0.04 +0.1
b tagging +0.03 <0.1 +0.01 +0.03 <0.1
Pileup —0.08 +0.1 +0.02 —0.05 +0.1
Non-tt background +0.04 —-0.1 —0.02 +0.02 —-0.1
Modeling uncertainties
JEC Flavor (linear sum) 0.42 0.1 0.31 0.39 <0.1
—light quarks (uds) (+0.10) (—0.1) (—0.01) (+0.06) (—0.1;
—charm (+0.02) (<0.1) (—0.01) (+0.01) (<0.1;
—bottom (—0.32) (<0.1) (—0.31) (—0.32) (<0.1;
- gluon (—0.22) (+0.3) (+0.02) (—=0.15) (+0.2)
b jet modeling (quad. sum) 0.13 0.1 0.09 0.12 <0.1
- b frag. Bowler-Lund (—0.07) (+0.1) (—0.01) (—0.05) (<0.1;
- b frag. Peterson (+0.04) (<0.1) (4+0.05) (+0.04) (<0.1;
— semileptonic B decays (+0.11) (<0.1) (+0.08) (+0.10) (<0.1;
PDF 0.02 <0.1 0.02 0.02 <0.1
Ren. and fact. scales 0.02 0.1 0.02 0.01 <0.1
ME/PS matching —0.08 +0.1 +0.03 —0.05 +0.1
ME generator +0.19+0.14 401 +029+0.08 +022+0.11 +40.1
ISR PS scale +0.07+£0.09 401 +0.10£0.05 +0.06+0.07 <0.1
FSR PS scale +024+006 —-04 —-022+£0.04 +0.13+£0.05 —-03
Top quark pr -+0.02 -0.1 —0.06 —0.01 -0.1
Underlying event —-0.10+£0.08 +0.1 +0.01+0.05 -—-0.07+0.07 +0.1
Early resonance decays -0224+0.09 +08 +042+0.056 -0.03£0.07 +0.5
Color reconnection +034+009 -01 +023+£0.06 +031+0.08 —0.1
Total systematic 0.72 1.0 1.09 0.62 0.8
Statistical (expected) 0.09 0.1 0.06 0.08 0.1
0.72 1.0 1.09 0.62 0.8

Total }3’(‘){)1%“9'(1)
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1/ - do/dp._[pb]

Theory/Data

Indirect top mass — el

 EPJC77 (2017) 804, 8 TeV, 20.2 bl

— .
10" ATLAS
pp - tf; 's=8TeV; L =203 fb"
1072
1 0_3 E =
10 E
_5 B :
10°F — =M, E
[ —e— ATLAS Data I+jets =— uR'F =m/2 7
10®E ¢ S uncorrelated — p =H/4 -
F | d total | —_— uR:F = ET/2I 3

200

o.

00
Pl [GeV]

Template Pt pr met P+ Py E¢ + E*
X*/Naoy 8.1/8 7.5/7 13.9/10 8.0/6 12.5/8
m; [GeV] 1684 +23 173.0+2.1 170.6+42 169420 1669+4.0
Data statistics +1.0 +0.9 +2.0 +0.9 +1.3
Expt. systematic +1.6 +1.0 +3.1 +1.6 +1.5
PDF uncertainty +1.0 +0.2 +1.6 +0.6 +34
1f generator +0.4 +14 +14 +0.4 +1.1
QCD radiation +0.7 +0.8 +0.5 +0.2 +0.2
Moment 1 P e met P+ P E¢ + E*
m; [GeV] 1682+29 1724+38 166.6+6.5 1684+29 160.8+7.9
Data statistics +1.0 +1.0 +2.4 +1.1 +2.2
Expt. systematic +2.1 +1.6 +3.8 +2.1 +3.1
PDF uncertainty +1.2 +0.3 +2.9 +1.1 +6.7
1f generator +0.2 +1.3 +34 +0.2 +2.0
QCD radiation +1.2 +3.0 +14 +1.1 +0.2
Moment 2 P e meH pe+ P E¢ + E*
m; [GeV] 168.1 £3.2 1722+45 1669+69 1679+33 159.9+9.2
Data statistics +1.2 +1.1 +2.8 +1.3 +2.6
Expt. systematic +2.3 +2.0 +4.3 +2.4 +3.4
PDF uncertainty +1.3 +0.4 +3.3 +1.3 +7.8
1f generator +0.4 +1.2 +3.2 +04 +2.4
QCD radiation +1.2 +3.7 +0.7 +1.3 +0.2
Moment 3 pfr pf}“ meH Pyt pf; E¢ + EH
m; [GeV] 168.3+3.5 1720+56 1664+9.1 167.6+3.8 160.9+9.5
Data statistics +1.5 +14 +4.2 +1.6 +3.0
Expt. systematic +2.5 +2.6 +6.0 +2.7 +3.7
PDF uncertainty +1.5 +0.6 +4.1 +1.4 +7.8
tf generator +0.6 +1.1 +3.5 +0.7 +2.4
QCD radiation +1.1 +4.6 +0.2 +1.4 +0.2
44
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Direct top width

EGOO? Zc;‘ﬁ%;%igrg%g%/ %/ZZ:“BTEV) B i E o1 Ecnl:lslsimulzjznvpfiiminary :anf:“fa ::v
5000— [Muttiboson AW [JpY S o 17% optoniey=100 eV, =lbtegs i A m:=+3 GeV
C [ Wt-ch N —I'=4xTgy,
4000; Data to 80
sooor templates with o001
2000; rt,SM vs 4- rt,SM 0.04/—
§ éé: e,"‘.l "'M""‘w.".."‘.. g 1.1\7 W—m
moMass(;ggton,jef)oilnclusizsg) [Ge\;]0 ® 1ooMass(;;l;Jton,jef)mZInclusiz\?Sz) [Ge\?]0
-1 . .
CMS 13 TeV, 12.9 fb™, I+jets ATLAS 8 TeV, 20.2 fbl, I+jets
CMS-PAS-TOP-16-019 Eur.Phys.) C78 (2018) 129
Fits NLO templates to m(lb): Fits NLO templates to m(lb) and AR, ;.(j,.J))
0.6 << 2.5 GeV at 95% conf _ +0.79
r=176+0.337__ GeV

Main systematics: Signal modelling

The NNLO SM prediction is 1.322 GeV.
A 1 TeV stop would change this by ~1%, (see hep-ph/0109291).
We are far from this kind of precision.

Peter Hansen, Corfu workshop, 1/9/2018
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