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Top pair cross-section measurements at the LHC

Top Pair Branching Fractions

OUTLINE:

ATLAS+CMS Runl combination of ep channel x-section.
Inclusive x-section at 5.02 TeV

Differential x-sections at 13 TeV in the dilepton channel
Differential x-sections at 13 TeV in the lept.+jets channel
Differential x-sections at 13 TeV in the "all-jets” channel

"alljets™ 46%

ttjets 15%

e e

Run2 produced ~200M top pairs in ATLAS+CMS at 13 TeV! hjets 15%
Some leading order diagrams: ¢ e+jets 15% _
~ ~ "lepton+jets™
7 OO ———— @@——t
t roz;m_f_ >_I_
~90% ~10%

The reported measurements are compared with predictions from models. See also next talk by Rene Poncelet.
Very accurate QCD models are needed to extract important constants — such as m, - from the data
(See Matteo Defranchis talk this afternoon).
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ATLAS+CMS top pair combination at 7 and 8 TeV

* ATLAS counts events, N, and N, , with one or two b-jets in the “golden” ep channel,
and extracts the cross-section and the b-tagging efficiency from the two equations:

N1 = Loy €ep2ep(1 — Crep) + Nlbkg

Q)
Ny = Loy €euChep? + Ny*8 >
<
* CMS uses a global profile likelihood fit to all en events with input also from additional jets §
* The two measurements are then combined using the Convino tool i
w
0}
This yields a ~25% reduction of uncertainties and legacy ATLAS+CMS :2‘0';"_+:‘7"2'-;-g:\(/"‘z)=°-"8’ w
inclusive cross-sections: '
ATLAS
o; (Vs=7TeV) = 178.5+4.7pb s
o, (Vs=8TeV) = 243.3%S0 pb, ATLAS+CMS
LHCtopWG
The results are used for an accurate determination of oT14

as(mz) = 0.1170%5:0033
s(mz) 0.0018 MMHT4
. . ole , NNPDF3.1_a
as well as a new determination of m? (see Matteo’s talk) |
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https://link.springer.com/article/10.1140/epjc/s10052-017-5345-0
https://arxiv.org/abs/2205.13830

Top pair inclusive cross-section at 5.02 TeV

ATLAS + CMS recorded 257pb™ + 302pb* at 5.02 TeV in 2017 and measured the top pair x-section.
This is much smaller than at higher collision energies because of the steeply falling gluon PDF.

Furthermore, the qq fraction is twice that at 13 TeV, and x is higher, offering new PDF constraints. =
QL m
= . . . . . . . 3
< . In the ATLAS analysis, all dilepton channels were included and combined with the |+jets channel using the |&
g Convino tool . The combined result has an uncertainty of 3.9% . &
S >
e . The CMS analysis combines a new measurement using the ep channel in 2017 data =
iy with a measurement using l+jets in 27pb™ of 2015 data (the combination uses an iterative BLUE method) =
ATLAS: g, = 67.5 + 0.9(stat) + 2.3(syst) + 1.1(lumi) + 0.2(beam) pb Sond ATLAS e
CMS : oy = 63.0 £ 4.1(stat) * 3.0(syst + lumi) pb P oo o oCETeE8TRD et
e aEpeeTew) S
NNLO QCD: ( To pt+, my = 172.5 GeV) CMS $ Data =ﬁ ] =§v|2?e|?slop
tw zZn* O OFher bkg.
Ottprea = 68.2285 pb 3 Mo W e
The results agree with each other E

and with the QCD prediction

Data / Pred.
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https://link.springer.com/article/10.1140/epjc/s10052-017-5345-0
https://arxiv.org/abs/1405.3425
https://arxiv.org/abs/2207.01354
https://arxiv.org/pdf/2112.09114.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0010465514002264?via%3Dihub

Inclusive tt cross-section at 5.02 TeV
Comparison with theory and PDF contraints

[ S— — I T T T T I T T T T I T T T T T T I T T T T I T T T
T = # ©U(2017) @ l+jels(2015), 5.02 TeV (L= 302 27.4p0)  CMS . data = stat. unc. ATLAS
ok 102t en7TeV(L=5h) == data = total unc.
o o = o l+jets, 7 TeV(L=231f0")
5 3] - ¢ ew,8TeV(L=19.71") ATLASpdf21
L 4 L 4 l+jets, 8 TeV (L=19.6 ") MSHT20
= @ den13TeV(L=359") NNPDF4.0
B g L 4 lsjets, 13 TeV (L = 137 b NNPDF3.1 notop
[~ 100 ou(2017) o |+jal ABMP16 —A—
— ";, 102 |55 NNLOSNNLL 3 s i
I e F gof O Wemelmsang CT18
2 E [ CT14
= E 60F CT10 o
i [ B NNPOF3.1 [iMSHT20 MSTW2008 Vs =5.02 TeV =
- 40rmcrie  FiaBMP16 NNPDF2.3 257 pb™ <
10E : PDF4LHC =
E| | ' 502]\’§(T8V) [T T R NN N N N B R P T S N N M ST T S N B
2 4 6 8 10 12 14 40 70 80 90 8
\s (TeV) o, [pb] o
[IEY
Impressive agreement with N§ _/.,«%f/fsoﬁfgfevz ATLAS §
. 4 . 51,05 < +5.02TeV
the QCD prediction over o:+(1/S) helps also to constrain PDFs £ ]
pp collision energies from 2 |
1
5to 13 TeV and an order The 5 TeV ATLAS result reduces the :
. . uncertainty on xg(x) by 5% at x=0.1. ;
of magnitude of x-section 05
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https://arxiv.org/abs/2207.01354
https://arxiv.org/pdf/2112.09114.pdf

CMS-PAS-TOP-20-006
Differential dileptonic tt + jets cross-sections at 13 TeV

e Full Run2 138 fb?

* Extended pT range, more kinematic bins _ NLO QCD models predict somewhat harder top p+
* Experimental uncertainties ~1/2 of 36 fb™* analysis

(Eur. Phys. ). C(2020)20:658) | | SPectra, and slightly more central, than seen in

(better JES, in situ backgrounds, more statistics) data (same effect seen in lepton spectra)
Unfold to both parton and particle level

. -1
CMS Preliminary 138 fb”' (13 TeV 1 1
'o\? C  normalized. par.tlcle level : : : : : - CMS Preliminary 138 fb- (1 3 TeV) CMS Preliminary 138 fb- (1 3 TeV)
—_— = : : % : : : : : : : = total — T T T T T T T T T T T = T T T T T T T T T =
E‘ 20 — = oo % I dilepton, parton level o Data, dof=6 % dilepton, particle level
= E - O 102k . s 04— =
£ 15— — = E o POW+PYT, y2=15 3 k-]
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5 — = E cel Total unc. E oo oo
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T p,(t) [GeV] y(®
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http://cds.cern.ch/record/2803771
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Differential dileptonic tt + jets cross-sections

CMS-PAS-TOP-20-006

Double and triple differential distributions probe the

* NNLO corrections help, but do tensions with QCD models in detail. No model describe
not remove all tensions all these data well within experimental uncertainties.
_CMs Preliminary 1|38 ﬂ?q (13 TeV) CMS Preliminary dilepton, parton level 138 b (13 TeV)
i | — T T T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
i dllepton, parton level ® Data, dof=6 @ Boo<m(th |400<m(th |500<m(tl) |300<meth |400<mal) |500<mqtl) |300<md) |400<ml) |500<mth) [300<mth) |400<meth) |500<mqh)
E_ O POW+PYT. 7215 _E % <400 GeV <500 GeV |<1500 GeV | <400 GeV | <500 GeV |<1500GeV | <400 GeV | <500 GeV [<1500GeV | <400GeV | <500 GeV |<1500 GeV * Data' dof=47
E ae Oo@itc aN'LO, <35 . \O 0.2} Ne=0 | Ng=o0 g Ny =0 Ny =1 Ny =1 Ny =1 Ny =2 Ny =2 Ny =2 Ny >2 Ny >2 Ny>2 | © POW+PYT, x2=122
Toagad & MATRIX (NNLO), %2=3 ] T Y- 8 EXFXPYT. 22425
- Qo@itt # STRIPPER (NNLO), %2=8 i \b Izt ® (A=
| MINNLOPS (NNLOPS), 72=4_ - % A POW+HER, 52=462
; Comoir o ; . ) Total unc.
B o 7] 0.1 ] o Stat unc.
B o 7] ) %5“ o
0@t Doﬁ o, An
= 3 oo %QIA LN
= 3 . e &
C 7 o s,
- fe) — oel| oo @
- . . . -!-!-!-!-!??-!-!-!-!A%wm%aﬁ!wm%
T © A
i 1 RS . Y s TR
: o o o [~ O N WO OO S -~ Yl W ¥, Py ST
W o, o) e ey o kg é & % mo A o o L= it ?¢ ?:‘ oy o
o E 800
__ __ 0'5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :j 1 1 1 1
) 260 250 12 12 12 12 12 12 12 12 12 12 12 42

p.(t) [GeV]
The largest tension is in the number of additional jets,
especially for high my,, in the case of FXFX+PYT and POW+HER.
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MC/Data

Differential dileptonic tt cross-sections at 13 TeV

ATLAS-CONF-2022-061

ATLAS has measured (double) differential cross-sections for 8 kinematic variables in the ey channel.

Same double tagging technique as in slide 3, but solved for each kinematic bin using the full Run2 sample.

The largest uncertainty is luminosity overall, and Wt background at high p;¢?%. Typically 1-2% per bin in norm. distr.
The results are compared with various models. None are compatible with all data within exp. uncertainties - e.g:

T I T T T I T T T I T T T I T I T T T
ATLAS Preliminary
Vs=13TeV, 139 fb

_IIII| I IIIIIII|;I IIIIIII| T T TTI]

I T T T I T T T I T T T
e Data
- = aMC@NLO+Her7.1.3
-+ Powheg+Herwig7.0.4
--- Powheg+Pythia8
- Powheg+Herwig7.1.3
aMC@NLO+Pythia8
--- Powheg+Pythia8 (rew.)
Stat error
Stat ® Syst error

ﬁ'il Lol

- | I | *&*‘1
107" ! le. ! ®1e. ! (-0~ e | 5
: LY e o o =
1 | [ ] i ] ]
- . i ol | o | &
ey o b o ! : | C
ay | | ol e ! i~
| le] F*‘fd !
H *
1072 - : | ! . —]
| | | | -
1 I 1 1 1 I 1 I 1 1 1 I 1 I I 1 1 1 I 1 M 1 I 1 1 I_
. T T I T T T I T T Ie I T T T I T T Ieul T T T I T T Ie I T T T I T T T I T —]
1 m* <70GeV 170 <m™ <100 GeVH00 < m™ <130 GeV130 < m™ <200 GeVI m®* =200 GeV _T]
. | | »

0 w/2 0

« Again a softer p;/*P*spectrum is observed than
predicted by PowHeg+Pythia8 and other NLO gen.
However, reweighing PH+P8 to reproduce the NNLO p+%P

distribution reduces the y? from 196 to 51 (for 8 dof).

* The normalised distributions of A¢¢* vs m®* produces
x%/ndof = 374/38 for PowHeg+Pythia8.

However, by reweighing as above, or by increasing

radiation, the y? decreases by more than a factor two.

The inclusive cross-section is measured to be
o:f = 836 + 1(stat) + 12(syst) + 16(lum + E_,,;5)
2.4% uncertainty
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Events / 0.05

Data / Pred.

Inclusive cross-section using lepton+jets @ 13 TeV

e Select 7M events with one lepton and at least four jets from the Run2 sample
* Three signal regions with different n;,; and ny,, selected with purities ~90%

L6/S€1(0207)0T8491d

* Use a discriminating variable in each region and a profile likelihood fit to determine the
signal fraction. N
A0 10° NS ‘ ‘ ‘ & 2200 atLas +Daa (I E
LGN g > L o I LN B p e | UL F s= 1 ; ; =
E A‘TLAS ‘ ‘ fData‘ D‘ﬁ ‘ & 200 arLas #Data  []Jtt E S 200F arLas #-Data o E 3 2000 §R1 eV s lgltr;]glegﬁp 7 \l,JVﬂet:' ty
1800E 1 _13Tev, 139 " WiSingle top MWjets | © 1gof 18 = 13 TeV, 139 fo”" MSingle top M Wjets @ 1gof- [5=13TeV, 139 1o MSingle top MIW-jets 5 18005 oo i Brbrg. 7 Encertainy 4
16000 SR Other bkg. ~ Uncertainty 4 = 160 g?; o Other bkg.”Z Uncertainty 3 160F- ﬁ?:’t i Other bkg. 7 Uncertainty S 16000 = E
[ Post-Fit 4 2 E 3 E w C : > E
1400 ER E " E © 1400}e- Whole sample -
12000 3 1207 = 1208 e 1200F PR
1o00f ] g g g Not used in fit -
r 100} — 100F 3 1000: -
800 80F - 80F 1 800 -
600 60F 3 6oL E 600 -
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200 20 = 20F E 200F -
b P e S N B e = = = S e - i i | . oi =
OOJ 3101; I I T I ! \; 5 O 8104’ 7/7%%%%74
1.01 a P & y A Q 1.01- — = 1.04Ee- Y
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Aplanarity m [ AR H. [GeV]
i T

Tine = 830 + 0.4 (stat.) + 36 (syst.) = 14 (lumi.) pb 4.6% uncertainty

Factor of two larger uncertainty than the ATLAS eu result of 836 £ 20 pb.
Both agree with NNLO QCD prediction: oz ,req = 832%59(scale) + 23(m;) + 35(PDF + a5)  ATLAS ref

Peter Hansen, TOP2022, page 9


https://www.sciencedirect.com/science/article/pii/S0370269320306006?via%3Dihub
https://cds.cern.ch/record/1662536/files/ATL-COM-PHYS-2014-112.pdf

Pred.
Data

—_

0 120

Differential cross-sections using lepton+jets @ 13 TeV

* One lepton and at least four jets, including boosted topologies
* Reconstructs top quarks in four event classes -> parton level x-sections

* The high statistics allows for differential measurements in expanded phase-space, as

compared with the dilepton channel.

* Double differential x-sections show details about model tensions. For example:

137 fb™ (13 TeV)

Data

Syst. @ stat.

Stat.

POWHEG P8 (CP5)
POWHEG H7 (CH3)
MG P8 (CP5)
POWHEG P8 (T4)

CMS e/u+tjets °

Particle level
250 < m(tt) < 420 GeV
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10 |- 800<m(f) <1000GeV 3 POWHEG P8 (CP5)
= POWHEG H7 (CH3)
- i MG P8 (CP5)
L i POWHEG P8 (T4)
§§ . . L] ot l..fl..i‘..,!A
- ° .{» A
107° E
10_6 E o0 i
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.
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P;! spectra again
softer than predicted
by the NLO models

But mainly at high m(tt)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.092013

o
o
I

Differential cross-sections using lepton+jets @ 13 TeV

MATRIX (NNLO calc.) predicts a softer top p; spectrum than the NLO models,
and has smaller scale dependence. However, still some tensions remain.

.
=3
137 b (13 TeV) . %
NS oimriets T on Models also have problems with N, and other 3
wm, Fartonlevel Syst. © stat. variables related to radiation, see also next slide. o
R s POWHEG P8 (CP5) =
v POWHEG H7 (CH3) Cae
= - i MG P8 (CP5) o
- .‘Atﬁ T MATRIX LND
3 e The inclusive cross-section is found to be: g
3 R o7 = 791+ 1(stat) + 21 (syst) + 14 (lumi) pb
E * jor ;
= . =« Withan uncertainty of 3.2%,
i | the most precise result in this channel.
- WHMHM : % h l } - } [[ Agrees with ATLAS and with the MATRIX pred.:
1R R {‘ S lI 17 [ pred __ +39
it : T T% | o = 79775 (scale) £ 39 (PDF) pb
0 200 400 600 800 1100 1600
p(t ) [GeV]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.092013
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Data

Prediction

Prediction
Data

Differential cross-sections using lepton+jets @ 13 TeV

* Select |+ b-jet + top-tagged wide jet -> 75743 events , >95% tt
* Insitu JES calibration plus improved top- and b-tagging

methods reduce jet systematics by factor 2 relative to the <
earlier analysis based on 36 fb-! (Phys.Rev.D 98 (2018) 012003) - iy
; o
: =N
Additional jet p;’s are generally not i iAo i “ i ” o
Jet pr 8 y Neither are their azimuthal distances to the “hadronic top S
well described by QCD models However, reweighing to the NNLO top p; dist. helps S
(o)}
N e ATLAS Stat+Syst Stat Only w
ATLAS Data — PWG+PY8 4 fs=13TeV, 139 fb" Data PWG+PY8 h,, =1.5m,
| (s=13Tev,139fp" =7 PWG+PY8 (NNLOmw) — PWGHH? i Boosted @ === PWG+PY8 (NNLO rw.) PWG+H7
197E" Boosted j“s”fa;’“ﬁzys ) e m_g' Fiducial phase-space MC@NLO+PY8 Sherpa
Fiducial phase-space erpa (LD nom.) - ===+ PIHTYE Maamp=3x My Bt Sherpa (NLO norm.) ~ ===a=. PWG+PY8 h,, =3 m,
ek — s o enn ] Absolute cross-section  ___._. PWG+PYS8ISRUp ~  ——:- FWQPYS I pown
E & 3 S L, L ! . .
- 1 8., Limits also set
- T 1 =58 "F 1t 1 .
e T ey 3 &° _I— on Wilson coef.
P e 1 e :.'._'.1] 2y, - e s TP
107 —_ —— = 7 —— -
E E S s s See Jonathan
= 08 T 1t Wilsons talk
< 0.6 355 < ptT’h [GeV] < 398 ][ s98< p:’_h [GeV] < 496 1F 496 < ptT’h [GeV] < 2000
B ¥ ¥ - -
: , A
T 200 300 700 500 00 700 800 T (11’ h)

P [GeV] Peter Hansen, TOP2022, page 12


https://arxiv.org/pdf/1801.02052.pdf
https://link.springer.com/article/10.1007/JHEP06(2022)063

Fiducial cross-section using “all jets” @ 13 TeV

ATLAS N Stat. Unc.
Vs =13 TeV, 139 fb" Stat. ® Det. Syst. Unc.
. . . oo . . oosted all-hadronic i Stat. ® Det. ® Mod. Syst. Unc.
Hadronic top pair decays are identified in their P POWHEG+Pythas

pt'> 500 GeV, p?>350 GeV T Data

bOOStEd tOpOIOgy’ Yielding 17261 events With *;’redictionsnormaﬁzedtoNNLO+NNLL
i i (M. Czakon and A. Mitov, Comp. Phys. Com. 185 (2014) 2930)
pr(wide jets)>500, 350 GeV o P

Nominal (Stat. ® Scale ® PDF Unc.)

— POWHEG+Pyth|a8
,=1.5m,, NNPDF 3.0 NLO, A14

Nmml(SitU .)

81% tt , 15% multijet (as estimated from data) POWHEG s (NNLO row)

Alternative IFSR (Stat. Unc.)

. POWHEG+Pyth|a8 (less IFSR) *
-2, NNPDF 3.0 NLO, A14v3cDo

POWHEG+Pyth|a8 (more IFSR)

Unfolded to fiducial phase-space o 151,55 e 010 ks

Alternative ME/PS (Stat. Unc.)

LT8C0°S0CC-NIXE

POWHEG+HerW|g7

(both parton and particle level)

MGS aMC@NLO+Pyth|a8 *

NNPDF 3.0 NLO, A14
MATRIX program (Stat. @ Scale Unc.)

MATRIX NNLO
1, = e = Hy/2, NNPDF 3.1 NNLO

MATRIX NNLO
Mg = 1 = Hp/2, MMHT 2014 NNLO

MATRIX NNLO

NNLO+NNLL model (MATRIX) reproduces the |
fiducial cross-section better than the NLO B AT o
models. Reweighing the NLO to NNLO p+(top) _ TR

g, = 1 = Hr/d, NNPDF 3.1 NNLO

approaches the NNLO result. < e tyy IS
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https://arxiv.org/abs/2205.02817

Differential cross-sections using “all jets” @ 13 TeV

* General agreement between data and PWG+Py8
(especially for the variant with more radiation)

* However, especially MG5_aMC@NLO and PWG+H7
struggle with radiation (variables like pf, Ap® Ny
but less so at parton level than at particle level.

T Fams T Em T O e e
'g_ e V=13 TeV, 189 fb" T MG aMG@NLOPYE T é_ - (s=18Tev,f30f" MGS AMC@NLOsPYS
T b mmwaisemet CUpieinns S g 1O Bputdthadonot  IIlpwedias E
w i Sa s e o g ™ i S 6 Sy e )

; Stat. Unc. é ; Stat. Unc. ;

10"% é 1071; é

10’2% é 104:? , ) é

Limits on Wilson

1.6

1.8 2
ph' [TeV]

06 08 1 12 14 16 18 2
IO'T’1 [TeV]

coefficients are also set. See Jonathan Wilsons talk.
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https://arxiv.org/abs/2205.02817

Summary

Precise inclusive top-pair cross-sections have been measured at 13 TeV
Uncertainty examples are 2.4% (ATLAS eu channel) and 3.2% (CMS l+jets), dominated by

luminosity and theory.

Legacy combination of Run1 inclusive cross-sections at 7 and 8 TeV and new results at 5.02
TeV. Excellent agreement with NNLO+NNLL calculations over 5-13 TeV collision energies.

Differential (plus double- and triple-differential) cross-sections at 13 TeV measured using
the large Run2 data sample.

Uncertainties dominated by systematics (except at very large py).

No model describes the data perfectly, especially regarding pr and N (see also

Rene Poncelet’s talk), but NNLO calculations describes the measured p;t°P

distribution better than the NLO generators.

These measurements can be used to determine m;, ag and the PDFs (see Matteo
Defranchis’s talk), as well as to constrain EFT terms (see Jonathan Wilsons talk).

Peter Hansen, TOP2022, page 15
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Charge asymmetry

Higher order corrections to tt production from gg annihilation is expected to lead to a small asymmetry

_ N@Aly|>0)-N(Aly|<0) _ +0.05 - _ — -
€ = NE S0 TN Gy [<0) — (0.947505)% with Aly| = |y:| = |yg|  (M.Czakon et al., PRD98(2018)014003)

CMS has measured it in the |+jets channel using full Run2 for highly boosted top quarks, ensured by the selection
myg > 750 GeV

-1
0,07 138 fo! (13 TeV)

The measurement yields A, = (0.691’8:28)% 0.06/- CMS # Measured A,
in agreement with the expectation g-gif \ Predicted A, :
©0.03f 3

Statistics, scale variations, JES and PDFs are the largest < 0.02- =
sources of uncertainty 0.0(‘)I§§gg;\gsg\‘\gg*s\g\\\g\‘\g\\ggigk\\\\ + E
~0.01F .

~0.02——Z5— 750900 >900

M, (GeV)

ATLAS has measured the asymmetry in sample of tty events. Here, however, the asymmetry is expected
to have a small negative value due to QED ISR-FSR interference (-1.4% in MadGraph5).
The value measured by ATLAS in Run2 is A-(tty) = (—0.6 £+ 3.0)% in agreement with the prediction.

Peter Hansen, TOP2022, page 17
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https://cds.cern.ch/record/2816331/files/ATLAS-CONF-2022-049.pdf
https://arxiv.org/abs/2208.02751

The largest uncertainties

. . o . P L T T T T 3
The luminosity contributes the largest uncertainty on the § 008 ATLAS =
. . . . . . . — total 3
inclusive fiducial cross-section in the dilepton channel. g 007 satistics E
o 0.06 tt modelling =
e 005" leptons =
. . . (] . .
Differences in models due to higher orders, ME-shower T o E
matching, hadronization dominates its extrapolation to full 0.03 E
p h a S e _ S p a C e . 0 '02 é-.nln-linln‘nlnll.-l-.linln‘nlnll.nl-.linlnlnlnll.Léu
0.01 ...-.....-,...,-.I:-I:::::::::; _;
. . . . O_ 4F4_1J—4—1‘ﬁ1—|7|ﬁ|7|7|7||7|7|1717114:
At high py, the dominant error is Wt background in the eu 0 100 10200 250 500
. . . Lepton p_ [GeV]
channel (especially amplitude interference). _ (a) o vd oy
.:%' L CMS e/utjets
E 03 Particle level
. . . . e Combined Stat. — Jet ener
The jet energy scale contributes the largest single systematic o [ ooty —oter - — Lot gyt '
2 0.25| — btagging model —— Sim. event coun
error in the lepton+jet channel and the all-jet channel. I S
0.2
0.15F
o.1f—
0.056—
C — —,
eter Hansen, 1072022, page 18 05200 40 500 B0gjob 1200”1400 1600
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https://link.springer.com/article/10.1140/epjc/s10052-020-7907-9
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.092013

Differential dlleptomc tt + jets cross-sections

Cross section dof x>

variables POW+PYT POW+HER FXFX+PYT

ly(®)l, pr(t)] o9 % & Phys.Rev.D 104, 092013

[m(tf), pr(t)] 9 93 42 156 )

Pr(t), pr(tt)] 16 >0 87 72 Cross section X2

[m(tF), |y(t0)]] 16 72 65 67 . dof

1), o] 6 - " - variables POW+PYT POW+HER FXEX+PYT
[m(6), pr(t9)] 16 68 115 77 pr(t) 12 32 21 62
(po(6), m(5), y()] 48 100 140 119 pr(£) trailing/pr(¢) leading 10 16 7 27
[ (6), [y(8)] 16 67 49 84 pr(0)/pr(t) 5 20 14 28
[m(t), |Ay(t,T)|] 12 182 126 236 pr(b) leading 10 6 8 31
[m(tt), |Ag(t,T)] 12 82 94 50 pr(b) trailing 7 7 7 26
Cross section dof X (pr (19) +p1(0))/(pr(t) +pr(®) 4 24 21 30
variables POW+PYT POW+HER FXFX+PYT m(00) 12 31 23 29
Nit(pr > 40GeV) 6 7 258 288 m(bb) 7 21 15 17
Nit(pr > 100GeV) 5 41 77 46 m((7bb) 19 36 - 30
[Niet pr(t)] 9 31 137 163 _

[New, [y(t)]] 12 ) 85 131 pT(gf) 9 4 10 17
[New, pr(tE)] 12 58 93 192 17 (€4)] 14 16 12 22
[Nt m(th)] 12 62 154 177 [ln(£0)|, m(£0)] 24 55 35 76
[Niew [y(t0)]] 12 14 61 122 [117(€0)], pr(£0)] 20 30 24 84
{Z}ZH,A 7t ))] Dl 294 zi 1:34 1:54 [pp(£0), m(£0)] 30 50 52 88
[N, m(8), [y(®)]] 36 93 215 223

INOA23% (), ly(fD)] 48 135 471 445 Peter Hansen, TOP2022, page 19


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.092013

Inclusive dileptonic tt cross-section

Source of uncertainty

Ao (%) Adyi/ o7 (%)

Data statistics 0.15 0.15
MC statistics 0.04 0.04
Matrix Element 0.12 0.17
hgamp variation 0.01 0.01
Parton shower 0.08 0.22
tt + Heavy Flavour 0.34 0.34
top pr reweighting 0.19 0.58
Parton distribution functions 0.04 0.43
Initial state radiation 0.11 0.37
Final state radiation 0.29 0.35
Electron energy scale 0.10 0.10
Electron efficiency 0.37 0.37
Electron isolation (in situ) 0.51 0.51
Muon momentum scale 0.13 0.13
Muon reconstruction efficiency 0.35 0.35
Muon isolation (in situ) 0.33 0.33
Lepton trigger efficiency 0.05 0.05
Vertex association efficiency 0.03 0.03
Jet energy scale/resolution 0.10 0.10
b-tagging efficiency 0.07 0.07
11/Wt interference 0.37 0.37
Wt cross-section 0.52 0.52
Diboson background 0.18 0.18
ttV+trH 0.03 0.03
Z+jets background 0.05 0.05
Misidentified leptons 0.32 0.32
Beam energy 0.23 0.23
Luminosity 1.90 1.90
Total uncertainty 2.3 2.4

ATLAS-CONF-2022-061

Peter Hansen, TOP2022, page 20



Inclusive cross-section using lepton+jets @ 13 TeV

Pre-fit impact on o, /o™

Inc Inc

pred

Acinc/ Glnc

|6 =8+A0 6=8A0 -0.04 -0.02 0 0.02 0.04
L

Post-fit impact on o, /o

inc’_inc,

6 = B+AB 6 = 8-AB
—e— Nuis. Param. Pull

Shower model incl. acceptance
Luminosity
Shower migration parameter

FSR model SR1
Top P, NNLO reweighting

JES (pile-up subtraction)
JVT

tt oo
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https://www.sciencedirect.com/science/article/pii/S0370269320306006?via%3Dihub

Z-score

Differential cross-sections using lepton+jets @ 13 TeV
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.092013

Differential cross-sections using lepton+jets @ 13 TeV

137 b (13 TeV)
2
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.092013

Differential cross-sections using lepton+jets @ 13 TeV

> O[T [ [ rrrr[rrrrrrrrprrrrrq '@' Frr T L L L
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Significantly reduces a leading
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https://link.springer.com/article/10.1007/JHEP06(2022)063

Differential cross-sections using lepton+jets @ 13 TeV

Observable | PWG+PYS | PWG+PYS(ISR Dowx) | PWG+PYS(ISR Up) | PWG+PY8(/1yy, = 3m,) | SHERPA | SHERPA (NLO norm.) |
‘ )(2/NDF p-value H )(2/NDF p-value H )(2/NDF p-value H XZ/NDF p-value H XQ/NDF p-value H XQ/NDF p-value ‘
pL" 26/3 <0.01 26/8 <0.01 25/8 <0.01 36/8 <0.01 12/8 0.15 11/8 0.19 T
Pt 78/8 <0.01 || 144/8 <0.01 20/8 0.01 50/8 <0.01 12/8 0.13 11/8 0.22 m
P 162/7 <0.01 || 243/7 <0.01 || 340/7 <0.01 || 108/7 <0.01 70/7 <0.01 5717 <0.01 S
HAes 36/7 <0.01 38/7 <0.01 96/7 <0.01 52/7 <0.01 39/7 <0.01 34/7 <0.01 %
HY 86/10  <0.01 || 119/10 <0.01 46/10 <0.01 72/10 <0.01 28/10  <0.01 22/10 0.01 o
[y"h 47/17  <0.01 46/17 <0.01 46/17 <0.01 55/17 <0.01 25/17 0.10 20/17 0.29 ~
Iy"*¢| 40/14  <0.01 45/14 <0.01 34/14 <0.01 45/14 <0.01 24/14 0.05 18/14 0.19 =)
Iy'] 30/10  <0.01 32/10 <0.01 23/10 <0.01 35/10 <0.01 22/10 0.02 20/10 0.03 ot
m' 52/10  <0.01 78/10 <0.01 75/10 <0.01 53/10 <0.01 31/10  <0.01 25/10 <0.01
P! 115/15  <0.01 || 136/15 <0.01 || 272/15 <0.01 74/15 <0.01 || 140/15  <0.01 98/15 <0.01
Py 46/9 <0.01 12/9 0.23 || 196/9 <0.01 81/9 <0.01 41/9 <0.01 19/9 0.02
N/ 32/5 <0.01 51/5 <0.01 27/5 <0.01 41/5 <0.01 23/5 <0.01 16/5 <0.01
A¢(j 1) 17/9 0.05 34/9 <0.01 22/9 <0.01 23/9 <0.01 10/9 0.38 11/9 0.25
A¢(ja. 1) 8/9 0.56 719 0.67 22/9 0.01 19/9 0.03 6/9 0.74 3/9 0.96
Ad(b,. 1) 95/13  <0.01 || 116/13 <0.01 || 294/13 <0.01 || 119113 <0.01 5113 <0.01 28/13 0.01
Ag(1),,1,) 111/5 <0.01 || 164/5 <0.01 || 207/5 <0.01 79/5 <0.01 36/5 <0.01 39/5 <0.01
Ad(jys jn) 24/11 0.01 17/11 0.12 41/11 <0.01 38/11 <0.01 26/11 <0.01 20/11 0.05
m(j.1,) 5012 <001 || 111/12 <0.01 93/12 <0.01 43/12 <0.01 65/12  <0.01 40/12 <0.01
Pyt vs N/ 355/21 <0.01 || 495/21 <0.01 || 488/21 <0.01 || 254721 <0.01 || 193/21 <0.01 || 13721 <0.01
pitvs pih 11517  <0.01 || 192/17 <0.01 || 256/17 <0.01 87/17 <0.01 | 13317  <0.01 87/17 <0.01
Ap(jy.t,) vs ™ | 69121 <0.01 || 104/21 <0.01 56/21 <0.01 7321 <0.01 4221 <0.01 3221 0.06
A¢(jy. 1) vs N/ | 109/19  <0.01 || 201/19 <0.01 66/19 <0.01 91/19 <0.01 35/19 0.01 26/19 0.14

Peter Hansen, TOP2022, page 25


https://link.springer.com/article/10.1007/JHEP06(2022)063

Differential cross-sections using “all jets” @ 13 TeV

Observable PWG+Py8 MG5_aMC@NLO+Py8 PWG+H7.1.3 PWG+Py8 (more IFSR) | PWG+Py8 (less IFSR)
NNPDF30 A14 NNPDF30 UE-EE-5 NNPDF30 A14 NNPDF30 A14 NNPDF30 A14
Pa rticle Ievel )(Z/NDF p-value )(Z/NDF p-value )(Z/NDF p-value )(Z/NDF | p-value /\(Z/NDF | p-value
. . p! 3.9/9 0.92 3.1/9 0.96 6.2/9 0.72 1.2/9 1.00 7.7/9 0.57
Fiducial | 68/10 075 5.8/10 0.83 6.8/10 074 7.5/10 0.68 5.9/10 0.83
p’T’l 5.1/8 0.75 3.9/8 0.86 5.3/8 0.72 4.3/8 0.83 5.3/8 0.72 Q
[yl 6.1/10 0.81 4.7/10 091 6.7/10 0.76 5.7/10 0.84 5.6/10 0.84 )
ptT’2 9.9/8 0.27 10.2/8 0.25 13.9/8 0.08 4.4/8 0.82 16.0/8 0.04 ?
|y”%| 9.4/10 0.49 9.0/10 0.53 9.4/10 0.50 8.9/10 0.54 9.3/10 0.50 Q)
m't 8.1/12 0.78 6.9/12 0.87 7.4/12 0.83 8.9/12 0.71 7.9/12 0.79 N
pfrf 14.3/8 0.07 35.2/8 <0.01 24.5/8 <0.01 2.7/8 0.95 33.5/8 <0.01 8
Iy 16.7/10 0.08 17.3/10 0.07 18.1/10 0.05 14.8/10 0.14 17.9/10 0.06 .
§% 8.0/11 0.71 10.0/11 0.53 8.1/11 0.71 9.5/11 0.57 12.4/11 0.34 8
|y‘Bf 15.3/10 0.12 15.7/10 0.11 16.6/10 0.08 14.1/10 0.17 16.6/10 0.08 00
ng’u_[ 17.1/10 0.07 53.6/10 <0.01 30.9/10 < 0.01 8.6/10 0.57 32.7/10 <0.01 :
H‘T’ 5.4/9 0.80 5.0/9 0.83 6.4/9 0.70 3.6/9 0.94 6.8/9 0.66
|[Ap(t1,1)] 12.2/7 0.09 73.4/7 <0.01 23.6/7 <0.01 5.3/7 0.63 28.5/7 < 0.01
| cos 6| 7.0/10 0.72 9.8/10 0.46 6.8/10 0.74 7.4/10 0.69 10.5/10 0.39
pa:l ® pfr’z 27.1/15 0.03 27.0/15 0.03 36.7/15 < 0.01 12.0/15 0.68 41.0/15 <0.01
[y @ [yh2 11.6/19 0.90 9.8/19 0.96 12.0/19 0.88 14.3/19 0.77 9.7/19 0.96
Iyl ® ptT’1 8.5/15 0.90 7.6/15 0.94 9.4/15 0.85 9.5/15 0.85 8.4/15 0.91
Iy'2| ® p’T’2 15.9/20 0.72 17.1/20 0.65 19.5/20 0.49 10.8/20 0.95 20.7/20 0.41
ptT’l ® pfr’_ 16.1/15 0.37 12.6/15 0.63 26.7/15 0.03 7.3/15 0.95 30.7/15 <0.01
pfr’l @m!l 23.1/18 0.19 21.9/18 0.24 26.7/18 0.08 13.8/18 0.74 30.5/18 0.03
| ® ptT’1 14.4/15 0.50 14.5/15 0.49 15.0/15 0.45 12.8/15 0.62 15.6/15 041
Iy @ |yl 14.7/15 0.47 18.0/15 0.26 15.6/15 0.41 11.6/15 0.71 19.1/15 0.21
Iyl @ m't 20.0/19 0.40 20.1/19 0.39 20.0/19 0.39 19.5/19 0.42 20.3/19 0.38
Iy'?| @ mtt 12.5/18 0.82 12.1/18 0.84 13.2/18 0.78 12.5/18 0.82 12.9/18 0.80
p’Tti ® m’fi 20.2/18 0.32 17.9/18 0.46 30.9/18 0.03 9.4/18 0.95 35.2/18 <0.01
ly'!| ® pfr’ 19.1/15 0.21 14.5/15 0.49 29.4/15 0.01 12.2/15 0.66 33.4/15 < 0.01
Iy @m' e pfr’l 21.9/31 0.88 24.1/31 0.81 24.6/31 0.79 18.0/31 0.97 26.9/31 0.68
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https://arxiv.org/abs/2205.02817

Differential cross-sections using “all jets” @ 13 TeV

Parton level

Observable PWG+Py8 MGS5_aMC@NLO+Py8 PWG+H7.1.3 PWG+Py8 (more IFSR) | PWG+Py8 (less IFSR)

NNPDF30 A14 NNPDF30 UE-EE-5 NNPDF30 A14 NNPDF30 A14 NNPDF30 A14
Y2/NDF | p-value | y2/NDF p-value Y2/NDF | p-value | y2/NDF | p-value Y2/NDF | p-value

p’T 3.1/9 0.96 3.719 0.93 4.3/9 0.89 1.4/9 1.00 6.2/9 0.72
Iy 6.2/10 0.80 6.1/10 0.81 6.0/10 0.82 6.1/10 0.80 5.8/10 0.83
ptT’1 3.2/8 0.92 2.6/8 0.96 3.6/8 0.39 4.0/8 0.86 3.1/8 0.93
[yt 1 5.710 0.84 5.0/10 0.89 5.9/10 0.82 5.5/10 0.86 5.5/10 0.86
ptT’2 5.4/8 0.71 9.6/8 0.30 5.9/8 0.66 3.2/8 0.92 8.3/8 0.41
|y’*%| 9.3/10 0.51 9.6/10 0.48 9.2/10 0.51 9.1/10 0.52 9.2/10 0.52
m’f 7.4/12 0.83 8.6/12 0.73 7.4/12 0.83 7.6/12 0.81 7.1/12 0.85
pa{ 7.2/8 0.51 23.5/8 <0.01 8.6/8 0.38 3.1/8 0.93 13.0/8 0.11
|y’{| 13.1/10 0.22 13.5/10 0.20 13.6/10 0.19 12.1/10 0.28 13.9/10 0.18
th 7.6/11 0.74 8.0/11 0.71 8.3/11 0.69 7.4/11 0.77 9.9/11 0.54
|y1’3’ 11.7/10 0.31 12.0/10 0.29 11.7/10 0.31 11.1/10 0.35 12.5/10 0.26
|p(’)’LLt 7.1/10 0.72 44.9/10 <0.01 12.5/10 0.25 4.6/10 0.92 11.2/10 0.34
H,if 3.4/9 0.95 3.3/9 0.95 3.8/9 0.93 3.3/9 0.95 3.719 0.93
[Ap (11, 12)] 10.5/7 0.16 81.1/7 <0.01 25.977 <0.01 4.2/7 0.76 19.2/7 <0.01
| cos 6*| 7.1/10 0.72 7.8/10 0.65 7.5/10 0.67 6.6/10 0.76 8.6/10 0.57
pr’l ® ptT’2 13.7/15 0.55 23.2/15 0.08 16.5/15 0.35 5.8/15 0.98 22.5/15 0.10
Iy©l @ |y2 9.8/15 0.83 9.6/15 0.85 9.5/15 0.85 10.3/15 0.80 9.2/15 0.86
Iyl e ptT’1 8.0/15 0.92 7.5/15 0.94 8.6/15 0.90 8.8/15 0.89 8.1/15 0.92
Iy'2 ® p[T’2 13.5/20 0.86 15.7/20 0.74 13.5/20 0.86 11.3/20 0.94 16.5/20 0.68
ptT’1 ®ptTf 11.9/15 0.69 21.5/15 0.12 15.4/15 0.42 6.9/15 0.96 22.2/15 0.10
pa.’l @m!! 17.8/18 0.47 19.5/18 0.36 17.6/18 0.48 12.9/18 0.80 23.8/18 0.16
Iy ® pfl:1 12.0/15 0.68 11.6/15 0.71 11.4/15 0.72 11.5/15 0.71 12.7/15 0.63
Iy ® |y”1_| 14.2/15 0.51 14.7/15 0.47 14.1/15 0.52 12.2/15 0.67 17.2/15 0.31
|y”7I |® m’f 19.0/19 0.46 18.6/19 0.49 19.3/19 0.44 19.0/19 0.46 19.2/19 0.44
|y”_| ® m’i’ 12.3/18 0.83 12.1/18 0.84 12.2/18 0.84 13.6/18 0.75 11.8/18 0.86
p¥ ® m!t 25.9/18 0.10 22.0/18 0.23 32.0/18 0.02 13.8/18 0.74 35.2/18 <0.01
7 ® p’T’ 13.5/15 0.56 18.9/15 0.22 15.6/15 0.41 12.7/15 0.63 16.3/15 0.36
Iy em® p,tr’l 15.5/31 0.99 17.9/31 0.97 15.1/31 0.99 15.5/31 0.99 17.7/31 0.97
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