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Up-to-date compilation: 4 vV'sw& 2 systems @ LHC |
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Why we shopld care?
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A non-exhaustive list of top quark-antiquark properties

Property Result Uncertainty Journal Link (or preprint)/
(most precise or most recent) Conf. note
Charge 0.64 e 0.02 (stat) + 0.08 (syst) e JHEP 11 (2013) 031
aU
g Mass difference -0.15 GeV 0.19 (stat) + 0.09 (syst) GeV PLB 770 (2017) 50
*E’ +0.79
=  Width (direct method) 176 GeV 0.33 (stat)_¢g (syst) GeV EPJ C 78 (2018) 129
Width (indirect method) 136 GeV 0.02 (stat) +-]4 (syst) GeV PLB 736 (2014) 33
JHEP 03 (2017) 113
PRD 93 (2016) 052007
*o| Rapidity cut-independent 0.0055 0.0023 (stat) + 0.0025 (syst) arXiv:1709.05327
.S charge asymmetry
E
v-c \
8 ___ C_l\/_l-;_._[)-"-\l:)‘d’_[l Q_Pd -_l 7‘ U -_l 5
&
N Gauge and Yukawa Wilson ¢ compatible with 0 arXiv:1709.05327
Coup[ings Mt Str‘ength: 118 +0.31-0.27 (tOt) CMS-PAS-HIG-17-031
i Wb helicity fracti Fo=0.709 0.012 (stat) +0.015-0.014 (syst) EPJ C 77 (2017) 264
§ OSON NEUCRY ITACHONS 1 = 0.299 0,008 ot +0.0B0012 (syst) e
d" Fr=-0.008 0.006 (stat) + 0.012 (syst)

@ We know some properties well, but several key properties remain poorly understood

@ modeling uncertainties typically dominant or important source 3
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@ 3D template fit method using: m°, mig, R £
@ Kinematic fit for jet-parton assignment -

@ rejects combinatorial background

@ m,,, JES factor (JSF) & b-to-light-jet JSF (bJSF)
@ simultaneously determined
@ BDT optimisation reduced syst. unc.

The most recent measurements at v's = 8 and 13 TeV
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Where do we currently stand then ?

ATLAS-CONF-2017-071, CMS: PRD 93 (2016) 072004

Combinations

CDF (Mar 2014)

DO (Jul 2016)

CMS (Apr 2016)

ATLAS (Sep 2017)
_____ ATLAS Combination

[ stat. uncertainty
total uncertainty

I 1 1 1 1 | 1

ATLAS Preliminary

Miop + stat.

173.16 £ 0.57 £ 0.74

+ syst.

H-e-H 174,95+ 0.40 = 0.64

172.44 £ 0.13 £ 0.47

T e T i 0

stat. uncertainty
total uncertainty

170

V£
My [GEV]

see talk from André

Devived trom Tt(+jet) x,sectfion (system)

Top-quark pole mass measurements

DO oftt), 1.96 TeV

PLB 703 (2011) 422
MSTWOB approx. NNLO

DO oftt), 1.96 TeV
D0 Mote 8453-CONF (2015)
MSTWOo8 NMNLO

DO o(tt), 1.96 TeV
PRD 94, 092004 (20186)
MSTWoa NNLOD

ATLAS oftt), 7+8 TeV
EPJC 74 (2014) 3109

ATLAS tt+j shape, 7 TeV
JHEP 10 (2015) 121

CMS oftt), 7+8 TeV

JHEP 08 (2016) 029
NNPDF3.0

CMS oftt) 13 TeV

JHEP 09 (2017) 051
CT14

CMS tt+j shape, 8 TeV
TOP-13-006 (2016)

World combination

ATLAS, CDF, CMS, DO
arXiv:1403.4427, standard measurements

@ Kinemattic extractions make use of MC
@ measuring a MC top mass parameter

March 2018
o 167.50 520, - GeV
—@—— 17280%340 , , GeV
—@— 173.70%228 5 . GeV
—@— 173807170, o GeV
—— 170.60 7270 , -0 GeV
o . 169.90%452 ; - Gev
@ 173.341076  _ Gev
| L L | | | L | | | | L 1 | | | L | | |

150 160 170 180
translating to a well defined scheme “costs” in accuracy mple me, my SR, m, [GeV]
@ Calibration of MC top mass possible Theory (QFT)
@ ot the same time with e.g. x.section but less precise ? Monte
@ devise analytically calculable observables e.g. soft drop grooming ? el | Ca;‘; 5
@ Difference to Tevatron legacy not (yet?) understood ST M



The most recent

measurements at 8 and 13 TeV

@ Template method using my,, A R, (b,q) from bW(lv), bW(qq)
@I, sensitive observables

@ MC reweighting for different T, values

@ QCD multijet separately estimated from data in epu+jets
@ based on low-E; (lepton isolation) in e (u) + jets

@ Dominated by tt modeling (theo.) and JES&JER (exp.)
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EPJ C 78 (2018) 129
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CMS-PAS-TOP-16-019

129" (13 TeV)

@ Similar template method using m,, from bW(lv), bW(lv) o i
@ MC samples for different I', values E%dd<>
@ NLO (LO) precision in production (decay) el e
@ DY estimated from daota in ey, ee,pu D

@ based on Z pole mass control region
@ Dominated by tt and tW modeling (theo.) WeE e e
‘ Z“(rﬁsoﬁee]v BomeT e s e r [Gev]



ombined inclusive and differential charge asymmetry

A

C

: .. [ LHC g (figure by .
. In pp collisions: asymmetry appears : ; G.Rodrigo) arXiv:1709.05327
:  asa \/ (accepted by JHEP)
NAYI>0 _ yalyl<o g
AC — NAlyI>0 4 yATyl<o : ° ATLAS+CMS
with Alyl = 1y, = |yl E 18 (40)x improvement over ATLAS (CMS)
:, s QCD NLO (+ EW NLO), Phys. Rev. D 86 (2012) 034026 e
...................................................... s QD NLO (+ EWNLO), Phys. Rov. D 86 (2012) 0340 o
y JHEP 04 (2017) 071, JHEP 05 (2016) 034 e
e - = .
@ Inputs extracted from A|y| at parton level SHEra e 167 0.006:0:01020.005
@ ATLAS: Fu[[y BOyesiOn Unfo[ding CMS 7 TeV, |{ep1on:+jets | ¢ 70,004+ 0,010 0.011
Phys. Lett. B 717 (2012) 129,
L,=501"
@ CMS: regularised matrix inversion (7 TeV), ATLAS.CMS 7Tey T o 0,005 - 0.007 + 0,006

and template fits to ytt=tanhA|y| (8 TeV) LHCtopwG

ATLAS 8 TeV, lepton+jets
Eur. Phys. J C 76 (2016) 87,

@ Combination with Best Linear Unbiosed Estimate| ~=°*

CMS 8 TeV, lepton+jets | o—i— |
Phys. Rev. D‘ 93 (2016) 034014,

@ assumptions must be made on correlations | tHsei
ATLAS+CMS 8 TeV ,_,_O_,_,

@ 7 TeV:a ‘coarse’ model (less available info.) | tHotopws

s e.9. all detector uncertainties as single UG oo 001 0 001 002 0.03

0.0090 + 0.0044 + 0.0025

0.0033 + 0.0026 + 0.0033

0.0055 + 0.0023 + 0.0025

@ 8 TeV: detailed systematic unc. mopping A 7

s both inclusively and differentially



ombined inclusive and differentiol charge asymmetry

A

C

arXiv:1709.05327
Fig. To be updated with the Tevatron combination (accepted by JHEP)
PRL 120 (2018) 042001
0.08——— T
| ATLAS + CMS ) 1
oos- | v \““;-' N Dedicated NNLO calculation provided for this analysis
i e ] o.15F ATLASsCMS Leptoneiets B Tov | ] " ATLASYCMS Leptonsiets (5=8Tov | |
0.04 - 7 [ & ATLAS ] 01 7 aTAssoms 7
] - & cMms ] E e SI\."I(pQCD NLO + EW NLO) 8
O : ¢ ] 0.1 '@ ATLAS:CMS _ - —— SM(QCD NNLO + EW NLO) .
< 0.02— ) - - trctopwa - L === Light colour-octet |
el B AU ATLAS + CMS Vs = 8 TeV C h . 0.05/- Heavy colour-octet S
| SM—s BT LHCopwe - o I 1 & T
""""" < 0.05} 1< 0
o T T Hevatron datafrom N - lJ . _
- . PRD 87 (2013) 092002; B - g _
- PRD 90 (2014) 072011 . ok ] i
oW ! Models from b - L i
002 g 8 5P 09 @o1hosr ] i ] i ]
SRR S S RS TIPS B oo0sf oMM oosle
0 0.1 O'2A 0.3 0.4 0.5 400 600 800 1000 1200 400 600 800 1000 1200
FB m; (GeV) m;; (GeV)
Reduce phase
space for
many models
(W’, heavy @ Charge asymmetry depends on phase space
Axigluon, @ high mass/pT enhance quark annihilation
scalar @ Asymmetry measured against inv. mass of tt system
Isodoublet, @ Good agreement found between data and SM expectations
within uncertainties
,colour 8

sextet scalar)



Spin information via angular distributions of tt decays

100005— I Background

@ Azimuthal angle between two leptons in the final state ' F ="

@ no need for full top quark event reconstruction = -
@ Likelihood fit with spin (SM) and w/o spin correlation : '
@ used to constrain BSM models
@ Full spin density matrix in JHEP 03 (2017) 113

—’

Ratio

5 A¢ [rad]/ n
N

tt tt
‘N’Sﬂf + NUHC«'OTT

fsm =

19.5f0™ (8 TeV)

A
0'5: CMS == NLO, SM e Data

@ Similar method with modeling the dominant syst. 3 ek % o spin con. """C@"Lf’//f
. S C %////_

@ lepton reco., fake leptons & JES subdominant e et

2 O04PRD 93 (2016) 052007 . .-

e e N

@ Measurement as a function of several kinematic vars. o
@ unfolded to parton level i

@ limits on chromo-magnetic and chromo-electric moments_ =" [
m Competlng tOt. UnC. Wlth l+JetS (MEM) In PLB 758 (20]6) 32] ?TM:W;WTMEMI et ::

S o5k il 1 1 1 1 ]
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The Witb vertex in top decays

> ~ ATLAS+CMS Preliminary November 2017
) 0 (d) LHCiopWG total stat
Theory (NNLO QCD
— PRD 81%0(10)111503 (R) ) FR I=L Fo
8*
; '\ =+ Data (F /F /F,)
A b ATLAS 2010 single lepton, Ys=7 TeV, L =35pb’ 3 H—+—H H——a—H
ATLAS-CONF-2011-037
ATLAS 2011 single lepton and dilepton, {s=7 TeV, L _1 .04 fo'! HisH HasH
JHEP 1206 (2012) 088
- CMS 2011 single lepton, {s=7 TeV, L _=2. il HeH H——A
v (u) CMS-PAS-TOP-11-020
@ maximize likelihood using the cosb® LHC combination, {s=7 TeV e -
ATLAS-CONF-2013- MS-PAS-TOP-12-02:
expected from the 3 helicities ATLAS 2012 single lepton, Vs=8 TeV, L_=20.2 fo’ u+ - u
| ERICZ2.2012)254
o o -1
@ hadronic “branch” less precise CMS 2011 single lepton, fs=7 TeV, L, =5.0fb i
. . . CMS 2012 single top, {s=8 TeV, L_ =19.7fb1 R
@ ATLAS: no improvement in tot. unc. | ieeaicusgss
CMS 2012 single lepton, /s=8 TeV, L_=19.8 fb” nfi fl HH
. H PLB 762 (2016) 512
@ CMS: considered as a x.check CMS 2012 dilepton, {s=8 TeV, L _=19.7 fb” Fa
CMS-PAS-TOP-14-017
n T E - | E A RS e e s s L LA o o e * superseded by published result | | L ;
g : - ATLAS Simulation u+ ;4I{et:, >d2ctlags ] 0 g
> 016 s_gTev Leptonic Analyser e I:a:Se: g W boson helicity fractions
© i e m . . .
SEOHdE ==Fonoitudinal. = Longitudinal left-handed right-handed
< B =
< 0.12 | Qi - +1
0.1 ! '-| =] + A
o R W w*
0.08" E > ( 1 w* I
0.06F- e 1 te
0.04F 4 " |To 1,2 1o 42 | b
0.02—+ - cos 6* = O 112 #
=3 | Tl +U2
O_Illllllillllllllllllll| i

L et e el v [ e ey
-1 -08-06-04-02 0 02 04 06 08 1

1 do 3

—_— = 1—00329*)F 31 )2 3 ) 2 _
o dcosf* 4( +8(1 cos 6*) "'8(1""3059) FrR| Fo+Fr+FL =1

SM (@NNLO, % rel unc.)

~0.687 ~0.311

~0.0017
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Colour connections between partons and jets

i olour flow
o e . 1.6: """" IR UL I IR I I I I 3
@ |t offects the energy distribution within o s \'/437"-@%%?'1'?;'?&)/ :
: . §Fs 1.5 Vs= « Data e
& between jets, quantified through /3 - Statistical Unc. E
. : « m o 14 Total Unc. =
@ aradial jet-constituent moment (“jet pull”) | ¢ - —« Powheg+Pythia8 ]
. - . 1.3 -+ Powheg+Pythia6 —
@ angle between jet pull and J,—J, direction g -5 aMC@NLO+Pythia8 1
, 1.2 —p—— — Powheg+Herwig7
@ Data disclose F . ~ Sherpa :
@ a weaker than predicted colour-flow effect 11| E
@ larger than predicted values for jet pull 1 E ¥ E
@ Not well modeled by most ME+PS combinations % E ittt s
1 05 e e —
53 — —
oz {}
g'g 1= o 2 E © —
&5 :
not colour . . . . . . , e
s voouncoted y . 0 01 02 03 04 05 06 0.7 0.8 09 1
00\100\0" “ e Charged particle 6p (j}, V) [rad]/=
o©o° DR
( @ For colour connected:
| cooursinget @ a peak at small values and a sloped
e.q. W(J1,72) reduction from there on
* Jetpull: A pp weighted > lgfl%?gimﬂ
radial moment of the jet ;;) B e @ For not colour connected:
. |Ari|- P . e ) uniformly distributed
PJ) = »
el Pr Ay=y—y,
CU1,J2)=T2— T 11

0p Ur,J2) =< (P U,CUM )



Con we improve the modeling of tops?

— CMS-PAS-TOP-17-015 3
MS Simulation Preliminary 13 Tev CMS preliminary_ 35.9 fb' (13 TeV)

; Extra jets /P (|’ Gev m(ll) / GeV
3l tt‘ —)(eyb)(;ﬂ/b)o ..... ‘@oue .....,.‘:.|.transve'rse.‘ = B — 5 : ; G E A' ® PW+PY8
| L9 1 5 e ee L | ey ISR up
A et Q| s 25 #liaict e 4 40 40 40 4|+ I1SRan
oL L -4 S R > S oY IR Y v | v vy |vYila FSRup
. @ 1 : oo ; ; ; : : Y FSR dn
: —_—"° Yoward eIty < il o UE
) O ]rl'o a . '_ 4 : A up
— 1 L. Aeh . . .l A e -4 ; i i i i i Y UE dn
s I :
=, ;
® : — no MPI
2 0 % — no CR
% o QCD based
© g’ m Gluon move
< —1k.- f:’ ® ERDon
,E/ = A Rope
¥ Rope (no CR)
e & -2
< ¢ Sherpa
—3L. ‘D“
Jet : ; ? B aMC@NLO+PY8
shapes neutral @) charged é A PW+HW++
—4} PU charged @ charged fro <
Colour . i e Siete e i R St RS SuE ] e AT | | (0 T
flow —6 1 ) 0 > 4 6 Tlusiyg) =7 =2 2y 04077080170 129, 7200 60y *0.125,20.20200
T atego
Pseudo-rapidity Nch=every parficle in fid. region not associated with the tt decay av% ¥Xe b fagged jets

@ Crucial to understand soft QCD reminiscent effects in heavy quark hadroproduction
@ accurate description of the fragmentation and hadronization of the quarks

@ test universality assumption of the underlying event (UE) ot scales up to 2xmtop

12



Con we improve the modeling of tops?

CMS-PAS-TOP-17-015

. 1
MS Simulation Preliminary 13 TeV CMS preliminary 35.9fb” (13 TeV)
tt & (eub)( I/b) : | Bxyajels |1 /P (//)//GeV | m/Gev
3| B RN i L Aige,e li |-transverse = < : : >l o PW+PY8
- I . 1 = ISR up
T e S ISR dn
oL L -4 S R > A FSRup
VP \ S v FSRdn
s °—stoward < A UEup
el P : =
— 1L . a. B e vy UEdn
® ! a |
= I
® : phalliar SR — no MPI
S OFefi b 000 AL % -
% I ) QCD based
© g’ m Gluon move
< —1k.- f:’ ® ERDon
/E/ = A Rope
¥ Rope (no CR
e < -2 pe (no CR)
§ Sherpa
3l ks PRI R
Jet : z 7 maall By ® aMC@NLO+PY8
ShapeS neutral @) charged é S ?O A PW+HW++
—4r PU charged aD- charged fro & S
Colour , i . Y PW+HW?
flow —6 _ 4 _2 D 2 4 6 "‘/Us/'l,;o =D 207 <040/ 0,80 0,790[720 2607 190, 124,/20,25,<0
idi atego
Pseudo-rapidity Nch=every particle in fid. region not associated with the tt decay av% ¥Xe b tagged jets

Crucial to understand soft QCD reminiscent effects in heavy quark hadroproduction
accurate description of the fragmentation and hadronization of the quarks

test universality assumption of the underlying event (UE) at scales up to 2xmtop

@ A rich set of variables to probe the ttrecoil, the contribution from MPl and CR

multiplicity, momentum flux, and the topology or shape of the event
@ fair agreement with PW/MGSaMC@NLO[FxFx]+P8 (CUETP8M2T4)

@ default settinas for HW++. HW/ and Sheroa disfavored

13



Can we improve the modeling of tops?

CMS-PAS-TOP-17-015

359 fb" (13 TeV)

" cmS Simuiation Preli|*<'"F cms preliminary (13 TeV)
J[# + (@b)(ub) — 90K PGV | owepys
] o o o inclusive T2 W
- : up
80— | ISR dn
9 - away ¥ |4 FSRup
70 - toward T
g | 60 - transverse v
> - o MPI
> U 50 +=—noCR
3 - WX | QacDbased
T 40 # Gluon move
s -1 . T ERDon
g [ A R
E/’: 30; F HEEE ino CR)
, 205_ ¢ Sherpa
—3}- . 10 ¥ aMC@NLO+PY:
55_4 i gzutral ] @) charge - | b PWiHW:+
- chargel a -::T'narge b PWaHW?
-6 —4 —2 0
|pr(£¢)| region Inclusive Away Toward Transverse
Best fit .fxESR 0.120 0.119 0.116 0.119
68% CI [-0.006,+0.006] [-0.011,+0.010] [-0.013,+0.011] [-0.006,+0.006]
95.45% CI [-0.013,+0.011] [-0.022,+0.019] [-0.030,+0.021] [-0.013,+0.012]

@ Data indicate lower effective strong coupling for FSR than the default in PYTHIAS

@ similar trend is seen for jet substructure observables in tt events — see talk from Ecd?

@ Results can be used to improve assessment of systematics in future too measurements



Accessing the top couplings with EW bosons & Higgs

arXiv:1711.02547

o . CMS" - e )
@ Direct access to the couplings of the top quark o - siopnas 2
N 2.0; * 2D best fit 7
s important background (ttV,y,bb) for ttH measurements Sl
1.6¢ Best fit
@ These final states can be affected by BSM Physics ik
= interpretation in terms of e.g. EFT approach c«-cu+ reos groo+ 2o +
0.8/ =

00 02 04 06 'o.s‘o'tt'lw.o[‘r‘)t‘):i.z
E B 1] 7 TeV CMS measurement (L < 5.0 fb™) 7]
— 1 03 3 - @ 8 TeV CMS measurement (L<19.6 fb™) =
© - @ 13 TeV CMS measurement (L < 35.9 fb™) 3
= L _ o ——  Theory prediction |
S 1 02 = =n jet(s) . Ll . 4. CMS 95%CL limits at 7, 8 and 13 TeV N
B : it == - - i P E
D [ -' ' _ﬁ__q._ ;
?D ol '!'* - JHEP 10 (2017) 006 .
- - g : - arXiv:1711.02547 :
O i ' >50 level (each!) i
o 1F = & a i 3
— : \ ( [— @ i Ea :
By __Smm\iv\ ve{su\fs fqv ATLAS @ 8(&13) TeV L% Yere7s 018 140
- se | -

3 F see alk Trom Yichen - (Z 3
10°F 3
E - / L]
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Establishing, top quark Yukawa coupling

@ ttH production crucial for probing tree level coupling of Higgs boson to top quarks

@ rare (1% of ggH), but distinct final state with multiple jets, b jets, leptons, and
photons

@ Both ATLAS and CMS reported evidence for ttH production using Run 2 (2016) data

@ increased sensitivity combining already published measurements with Run 1 data
@ Correlations between Run-1and Run-2 analyses not exactly known
@ signal theory and some background theory uncertainties correlated

@ experimental uncertainties largely uncorrelated
@ Jdetailed investigation of correlation scheme between the two sets of analyses to

ensure least possible bias Analysis Categories  Result (b
H—ZZ—4l JHEP 11 (2017) 047 3 0.00+119.990

H—vyy arXiv:1804.02716 2 2.2+09,4¢
arXiv: 1804.02610 ttH— WW/ZZ/TT - 19 1.234045 43
3.20 (2.80)
ttH— bb (leptonic) HIG-17-026 21 0.72 £ 0.45
(submitted to JHEP) 1.60 (2.20)

ttH—bb (hadronic)  arxiv:1803.06986 6 09+15

Signal normalisation and uncertainties

~ < Run1(7+8TeV)
ugafed fo the lafest LHC Higgs XS Wa b/ WW/ZZ/yy  JHEP 09 (2014) 087 37 28+10



The first observation of ttH production

@ Results calculated using the profile test likelihood (L) ratio g, for which the asymptotic approximation
entails

@ q to follow a x*distribution with ndof=set of POls being tested

@ the tail integral of q (p-value) at u=0 to quantify the incompatibility level with the null hypothesis

@ the p-value to be converted into an equivalent significance of Z standard deviations for one-
tailed Gaussian distribution

the estimators for the parameters to equal to their hypothesized values when the likelihood is
evaluated with an artificial dataset, ak.a. the Asimov dataset
@ Visualize the excess in terms of a log (S/B) distribution for each bin in the combination

@ post-fit from S+B fit with u fixed at best-fit (126) and SM (1.00) for plotting.
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“l like the dreams of' the future better than the history of the past”

@ Given mtop and couplings, the rest of properties can be also inferred from
its decay products

@ Level of precision reached (<0.3%) in measuring mtop impressive but
@ comes with an ambiguity as to what parameter it is actually measured

@ SM predictions agree with measurements probing the Wtb vertex
@ degree of W polarisation tested at 2-5%
@ level of tt spin correlations tested at O(10-20)%

@ consistent with the much more precise SM calculation

@ Charge asymmetries are conS|stent with SM predictions —
@ effects in production tested at 10 (mcluswely) and at 50% level (dlfferentlolly mtt)

Top modeling has a direct impact on extracting its properties
@ several MC predictions show poor modeling of jet pull magnitude and angle
@ crucial to understand soft physics even in something high-Q2 scale like tt

@ On our way to precision tests of the couplings
@ a pivotal step already performed with the ttH observation






Logistics of the ttH combination

@ Measure ttH signal strength, u=0/ctheo., in combined fit for three configurations

@ per decay channel, CM (7/+8 and 13 TeV), and overall (decay channel and CM)
@ branching ratios fixed to SM in all 5 decay channels

@ Processes (e.g. t,tH) are treated as bkg. normalised to SM prediction accounting for
their associated theo. unc.
51" (7 TeV)+19.7 b7 (8 TeV) + 359 fb' (13 TeV)

® Observed @ performed for mH =125.09 GeV
CMS m— +1o (Sial @ syst)
u : m— 10 (sys) @ internal consistency with other combination
HWW?) —— 120 (stat @ syst) _ efforts

ttH(zz*) [u>0 -—.—

B | One pun per decay channel
ttH(yy) T —————

Expectation from minor ttH decay modes (cc,
gg, Zy) treated as background

ttH(T*T) ——*ﬂ——
L arXiv: 1804.02610

ttH(bb) e

7+8 TeV T ——— ‘ One pun per dataset \
13 TeV Minor ttH decay modes scale with JttH as signal
Combined e i One overall pu+
T - — Minor ttH decay modes scale with ptH as signal




The overall result combining all 88 categories

A

@ H(yy) and H(ZZ) channels still limited by stat.
@ H-multi-leptons and H(bb) dominated by syst.

@ Agreement with p=1(SM) within 1sigma

5117 (7 TeV)+19.7 b7 (8 TeV) + 359 b1 (13 TeV)

The individual measurements consistent with each other within the uncertainties

Decomposition into statistical, experimental,
background theo. and signal theo. components

Uncertainty
CMS ® iﬁt{a;:;d@ syst) Parameter  Best fit Stat Expt  Thbgd Thsig
T |
1o (syst) ww* 1.97 +g'5}1 +g ‘«1121 +g'ig +g gi +g 21;
H W) f T lEe " (*03) (wo3) (+83) (61) (*8)
: - —0.5 7
| 3 0.00 +1-30 Fi2s +0.20 +0.04 +0.09
; uzz —0.00 —0.00 —0.00 —0.00 —0.00
' H -
(HZZ') | | @ ” (2| (22) [(+05) (*3%) (+3%)
- ' +0.86 +0.80 +0.15 +0.02 +0.29
: yal 227 Tg'7, . 009 —0.01 —0.13
ttH(yy) ————— R ——————— ttH ( +0.7 "’3) +0 "1) (+0 09) (+0 01) (+0 13)
: —0.64 —0.64 —0.04 —0.00 —0.05
B ! +1.09 40.86 +0.64 +0.10 +0.20
fH(TT 'uT+T_ 0.28 Ty7g6 —0.77 —0.53 —0.09 —0.19
—— e —————— . ]
= ; arXiv: 1804.02610" ** (2%) (2 Eg) (2554) (o) (254%)
e i N M et
ttH(bb) —— - e - B i
: ttH ( +0. 44) (+0 23) (+0 24) (+0 25) (+0 11)
: —0.42 0.22 0.23 0.04
7+8 TeV T —— 959 +L01 +0.51 40.53 40.55 40.37
B : u —;?Te\- 99 g8 ~0.53 —0.49 —0.49 ~0.13
; tt ( —|—D.87) (+0.51) (+0.48) (+0.50) (+0.14)
: —0.79 —0.49 —0.44 —0.44 —0.02
13 TeV ;I 114 +0-31 +0.17 +0.17 +0.13 +0.14
: (113 TeV A4 g7 —0.16 —0.17 —0.12 —0.06
5 ttH ( +0.29) (+0.15) (+0.17) (+0.13) (+0.11)
Combined — g -0.26 —0.16 —0.16 —0.12 —0.05
1 1 1 I L4 1 i I: 4L 1 i I T - I |- I | I i 1 1 I 1 1 |
+0.31 +0.16 +0.17 +0.14 +0.15
—1 0 1 2 3 4 5 6 7 - 1.26 755 —0.16 —0.15 —0.13 To.07

+0.28 +0.15 +0.16 +0.13 +0.11
—0.25 —0.15 —0.15 —0.12 —0.05




Detailed breakdown of the total uncertainty.

@ Not unique way to split the identified sources of unc. and of their impact (Ap)

@ estimated by freezing each group in turn and subtracting from the total unc.

Stat,, expt,, thsig. and thbgd. components - comparable magnitude

@ thsig: theory mainly from inclusive ttH prediction
@ thbgd.: theory mainly from tt+heavy flavour prediction in ttH(bb)
@ expt: lepton efficiencies, lepton mis-ID, b tagging and MC stats equally important

Uncertainty source Ap
Signal theory +0.15 —0.07
Inclusive ttH normalisation (cross section and BR) +0.15 —0.07
ttH acceptance (scale, pdf, PS and UE) +0.004 —0.004
Other Higgs boson production modes +0.002 —0.003
Background-theory +0.14 —0.13
tt + bb/cc prediction +0.13  —0.11
tt + V(V) prediction +0.06  —0.06
Other background uncertainties +0.03  —0.03
Experimental +0.17 —0.15 arXiv: 1804.02610
b-Tagging efficiency +0.05 —0.04
Misidentified lepton prediction +0.06 —0.06
Jet and 7, energy scale and resolution +0.04 —0.04
Lepton (inc. 7,) trigger, ID and iso. efficiency +0.08  —0.06
Luminosity +0.04 —0.03
Photon ID, scale and resolution +0.01 —0.01
Other experimental uncertainties +0.01 —0.01
Finite number of simulated events +0.08 —0.07
~Statistical T0.16 0.6

Total +0.31 —0.26




Updated measurement from DO including 9.7fb-1

o = 7.26 +0.13(stat) "o oo (syst) pb

Tevatron Run i PRD 94 (2016) 092004
—_—

CDF dilepton — e =i 7.09+ 0.83 8.8 fb™ . 1

+0.49 + 0.67 'g_ 12k D0 9.7 b
. -1 " ‘\‘

CDF ANN lepton+jets F o 4 7.82f gggi o 4.6 1b = + Measured o(pp—s ttX)

CDF SVX lepton+jets = e =] 7.32+0.71 4.6 fb™ @) 1 0 — Measured dependence of ¢
+0.36 + 0.61

CDF all-jets —_— e =y 7.21+1.28 2.9 fb™ — NNLO+NNLL
+0.50+1.18 gk

CDF combined e 7.63+0.50 L e — L
+0.31£0.39 - L L Y<T—a T T

D@ dilepton o —— 7.36 + 0.85 5.4 fb™ 6 N, AR S

DO lepton+jets [ ——— 7.90+0.74 5.3fb™ -

D@ combined — =i 7.56 + 0.59 4 B
i 0-20 i 0-56 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1

PRD 89 (2014) 072001 | 160 170 180 190
Tevatron combined = o= 7.60+ 0.41
m, = 1725 GeV £0.20.+0.36 Top quark pole mass (GeV)
I ] ] 1 I ] ] 1 I ] ] 1 I
{f cross section (pb) at\/s=1.96 TeV — heo) 33 G
pP — tf cross section (pb) at\'s=1.96 Te m; = 172.8 £ 1.1(theo) ;7 (exp) GeV
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