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Personal biased selection

O First top pair cross section measurement by CMS at 13.6 TeV with
<8% precision after 2 months of data taking!

O 4-top search in all-hadronic final state
O never thought it is possible

O Top mass with profiling... What uncertainty we expect for full run 2 ?
O No discussion “What mass do we measure?”

O do we finally have the answer?
O Almost no dedicated discussion of MC modelling and uncertainties
O ATLAS announced discovery of new uncertainty: recoil to colour in PS
O MVA routinely everywhere: event reconstruction, 2 and multiclass
O New trends in top properties measurements:

O unfolding instead of template fits
O more and more using t+X events in addition to top pair/single top
O analysis with boosted objects

O The most frequently pronounced words
O “off-shell effects” , “bb4l”
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Top Quark Production Cross Section Measurements

Top pair production

Status: June 2022
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@J EE e Top cross sections

P.Hansen
r . . N r 1
ATLAS+CMS combination 7/8 TeV Measurements at 5.02 TeV
® inputs: ey channel with best precision 7 et 100 090) Oy praimnary 202

m CMSeu7TeV(L=5fb")
O CMS l+jets 7 TeV (L=2.3 b7
| v CMSalljets 7 TeV (L=3.541b™

o CMSeu8TeV(L=19.71b™)

Ao CMSl+ets 8 TeV (L=19.6 b
¢ CMSall-jets8 TeV (L=18.4fb™)
C A CMSeu13TeV (L=43pb™", 50 ns)
C % CMS dilepton 13 TeV (L =35.9 fb™)
[ % CMS l+jets 13 TeV (L = 42 pb™, 50 ns)
| # CMSall-jets 13 TeV (L=2.53fb™)

¢+ CMS t+e/u13TeV (L=35.91b™)
= X CMS l+jets* 13 TeV (L = 137.61 b ™)

* Preliminary

® CONVINO tool to combine counting and PL fit
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P.Hansen
bkg
Ny = Loy €ep2€p(1 — Crep) + N
7 1
O Full Run 2 data set NI O o bk
. o 9 = Loy €e,,CUp€p”~ +
e Inclusive and 8 2D distributions b en -
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measurements 2.4% uncertainty
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P.Hansen

0 CMS analysis included resolved and boosted topologies
0 |nclusive, parton and particle level cross sections
0 Expanded phase space compared to dilepton channel

o = 791+ 1(stat) + 21(syst) + 14 (lumi) pb 3-27 uncertainty

most precise in this channel
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o All studied MC have problems in 2D distributions, especially for variables
related to radiation, not covered by fixed-order calculations
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Single lepton channel

All-hadronic channel

o Significant reduction of JES tt system pT
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Top Quark Production Cross Section Measurements Status: June 2022
2 ATLAS Preliminary
b Theory
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Single top production

A.S.Rodrigues

~ ATLAS+CMS Preliminary t-channel y

LH CtOpWG B ATLAS PRD90(2014)112006, EPJC 77 (2017)531, JHEP 04(2017) 086

® CMS JHEP12(2012)035, JHEP 06 (2014)090, PLB800 (2019) 135042

Single top-quark production ¢ LHC comb.  JHEPos(2019)088

May 2022 W
B ATLAS PLB716(2012)142, JHEP01(2016)064, JHEP 01(2018)063
® CMS PRL110(2013)022003, PRL 112 (2014)231802, CMS-PAS-TOP-21-010 ——

j ¢ LHC comb.  JHeros(2019)088
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A.S.Rodrigues
O Observed at Tevaton combining DO and CDF J.Kempster

O Very complicated at LHC: small cross section,

large and different backgrounds

O Matrix Element technique to separate S/B
q W t §25000:— ?grf?;[ev ,j?;,;:;g;,y ,gé:annel = 'é: 600 o Data-background  ATLAS Prelumn’T\ar)" “J
C sig;al regior;, 1+2] M t-channel . . ' Signa! ) ;?gna}?e‘rg?gn ﬁg]fb 1‘
: 20000} W — 500~ ~~ Post-fit bkg. uncertainty -
I " Post-Fit Wt i F Post-Fit ]}
: N I W4jets ] 400:: -
B : 15000 Z+je}_s, Diboson — F -
q_, b : -Ll\f:clztg?ttainty 3005_ * * * +*‘
| 10000 | | D-B 200?7 } l * + * : _”
! : - 1000y gt * + =
- 0_-j 2 i %
?:; ++$++i§+++++++++ -100§ -
25:00¢ 0012 0.034 0.062 013 1.0 2.5><»1o4 o.ol12 0.034  0.062 o.;3 1.0
P(SIX) P(SIX)
o Result: : :
dominated by modelling and JES
fmm e ——————— -
| Opmeas. = 8.2 + 0.6 (stat. )33 (syst.) pb |
Source Ao /o [%]
o Compatible with SM prediction: tt normalisation +24/ — 17
(mm—mmmmm————— - Jet energy resolution +18/ — 12
I NLO: Opreq, = 10. 32+8 gg pb Hathor v2.1 Jet energy scale +18/ — 13
_____________ Other b—channel modelling sources | +18/ —8

e

Significance 3.3 (3.9) obs.(exp) not clear if Run 3 will help
I



Wt channel

, _ _ o A.S.Rodrigues
O Inclusive and differential cross section in ep channel
veto events with =1 loose jets.
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£ 0,00 (1,00 (1,1) (2,0) (2,1) (22)(3,20)
a Number of jets, number of b-tagged jets) 138 fb™' (13 TeV .
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Top Quark Production Cross Section Measurements Status: June 2022
2 ATLAS Preliminary
[S— Theory
b 10° Fog Run 1,2 /s = 5,7,8,13 TeV E
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J. van der Linden

b .
O New CMS measurement in dilepton channel
“00000) <~ ¢/
t d c cms ____ 138" (13 TeV) CMS 138 b ' (13 TeV)
W — S » ¢ Data [ Other+y i RN L L
tY ye E i tty 8 Nonprompt Y | m  Measurement === Stat. unc. — Stat.+syst. unc.
I- f)/ ac) 2000 -_ — tZ;( Syst. uncertainty __ | — MG5+PYTHIA8 Theory unc. |
2eitlaling q w B 7  Combined| 173.5 + 2.5 (stat) + 6.3 (syst) —
— /./ e IJL — - B ]
> a/ 1000 Sy | i e UF | 1739 + 3.1 (stat) + 6.3 (syst) ———
b L S s —— A ete™| 177.6 + 6.3 (stat) = 9.7 (syst) ————
- 1.5:— 1 ' ==
o = . E u |
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% 0.515_ 1 1 | . ¥ 1 ! 3 TV 172.6 + 5.6 (stat) + 7.8 (syst) ————
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Otf:():l/ucial [fb]
O Precision 4%
O Prediction from MG5aMC (LO+NLO k-factor) is lower
- SMS LAY cms e 13T No MC simulation with tty
> = | I [ L L (L L R BRI ': Q :' AN BN | ¢ ¢ LB L L ':
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& E 10 o .
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0.01 R § . .
-+ oosE. E 0 40 Some trends in lepton observables
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ttZ measurements

Channel UtiZ

Trilepton 1.17 +£0.07 (stat.) ¥ 12 (syst.)
Tetralepton 1.21 £ 0.15 (stat.) +8 }(1) (syst.)
Combination (3¢ +4¢) | 1.19 £0.06 (stat.) +0.10 (syst.)

O Precision 10%
O Slightly higher than prediction

o 1 1
=  ATLAS ¢ Data 1
8 F B -.=+ MG5.aMc@NLO + Pythia8 1
8|2 1.00FVs=13TeV, 139fb" —.= MG5.aMc@NLO + Herwig? —]
© - 41 SR combination weeee Sherpa NLO inclusive :
I === Sherpa NLO multi-leg
0.75 —
0.50+ —
)
0.25- -
0.00 | | | | | ]
2.0
- Stat. Stat. @ Syst.
Sl 1.5F
iz
'—

J. van der Linden
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Particle-level Nigis

\_ J
O Measurement of ttZ(bb) and ttH(bb) in boosted regime
CMS rreiiminary 59.7 1" (13 TeV)
= Y .
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P E NNb'” i W ttZ tttt, tty, ttW tHW, tHq _ 0.65 T1.04 +0.80
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Rr b oy o | S
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100 [
10~
O Z
S 15 |
= | NS o ol B USRSV 11 9
5 10 . ' ’ .
© 0 ! ! ! ! ! : ! : : : ! . :
() \ \ ] l ] ] | | | \ 1 | 1 1 1
o 3 6 9 12 15 18 22 26 30 34 38 42 46 50 54 58 62 66
Analysis bins 15



@ ggﬁiﬁgﬁguwumvmﬁnm ttW measureme nt

J. van der Linden

O 2-lepton Same Sign and tri-lepton final states

138 b (13 TeV
n T ||||||||||||||||||||||||1|3|8|1:b|||(|1|3|-ln-|e|\/|) |||||||||||||||||||||||||||(||||) d
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o 1_52 ................................................................................................................................................. z L . _| —
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% 0_52_ ................................................................................................................................................. _z | Combined 868 + 40 = 51 ]
- 0 01 02 03 04 05 06 0.7 08 09 1 IR AR ERRAN AN AR A ANTATIN SRR ST A
Event NN discriminant 2000 400 600 800 1000 1200 1400 16(;%
138 fb (13 TeV) ttW [ ]
o T B L I I B I I R
©  goof— CMS ¢ Data .uw — 138 fb™ (13 TeV)
d o Pre//m/nary -Others ﬁH 1 Bl 550_| [T rrrprrrrprrrd LA L L L B Y L
—~ - Btz [ Diboson n 9= C . ]
_,g 600_ Postfit =Conversions [l Charge misID T > 500 + Bestfit Prelin%llv\gri E
— Nonprompt XX Total unc. ] = - B —
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0 C ] .
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-.(E 08;_ ................................................................................................................................................. _; E E
CDU 0.6 [ s e o e e = N A N D I I
0 01 02 03 04 05 06 0.7 08 09 1 350 400 450 500 550 600 650
Event NN discriminant [fb] 16
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Top Quark Production Cross Section Measurements Status: June 2022
2 ATLAS Preliminary
el Theory
b 10° Fog Run 1,2 /s = 5,7,8,13 TeV E
v
TN o 0
102 | A n LHCpp \/§=7TeV |
- v Lo B  Data 4546 -
A LHC pp Vs =8 TeV
101 B n A Data 20.2 — 20.3fb7! |
; I A LHC pp Vs =13 TeV §
BEl Dtz 32-1390!
: E_ n — n f \ _E
C s o .
A
A
A
A
1071 3 - | = E
1072 E _
tt t twW t ttW ttZ ttH tty |ty tZj|4t
t-chan s-chan fid. +jets fid. ¢
4
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- s=13TeV, 139 fb" . W

tZ coupling i
i = cross section
b bév i measured with 14%

W , | 4“4 // uncertainty
q > > q fO rwa rd Jet - -%Wi//'// S s e /f

¢

(\] TT{TTT‘TTTNTTT‘TTT{TTT‘TTT{TTT‘TTTNTTTi
s | ] J.Lambe
>~ - ATLAS e Data . -

y 2 140 —

/ Z @@ 5 9

[0
>
L

0 Observed by ATLAS and CMS 12} T T
. . ~ 1.074 R T O S Y, i,
o New CMS analysis with full run2 data set g oo *‘P ? + {M ‘

—10—08—06 04—02 00 02 04 06 08 10

138 b (13 Tev ...

=

%) NS B B L ] 13810 (13 TeV) 1
2 oo cms (o mza S g g T . cMS 138 fb (13 TeV)
S - b ot 2.3 it |:|V_VZ |:|Nonpromp 3 8 C i Measurement : LI B L B B R T T 1 LI L |'\;|| LA B
™ 350 1biet 2-3jets Mtz mZZH = 2 012k e 0. _Measurement
S C Postfit [ Xy X = Qo 77, aMC@NLO, 4FS ~ Theory
; 300 [ ]Multiboson %Uncertainty—: : 01 \\\ aMC@NLO, 5FS __ tZq (mcluswe)n H_._IH I-—I Stat. und
= 2 3 N o R S | B H.,Toial,.unc ..............
S 250074 = N . |
) 3 = 0.08— S = 97.7% — % : i i ‘
3 500 = s f ngs . tZq (£7) |
5 | Soms ARG W B T
& 150 = © C . - : ; ‘
é ] 0.04F \&\\\}I\\\\\. - tZq () H—Q—HI
100 C 7
- SEETTISR, SOV tZq (¢)
. S — R(TZQ(Q')) :'
< ,ehaim, “““““““““ c S 15- L e .
9 1.55— ' y = 8 g :\*\%\N\-\\-\%—\\-\N\'\\'\*%\¥\N\'\T\-\N\-\\\\-\\\\-¥\\\\-\¥\\\} A( E ll f . e
e e e - I t g -
Q 0'5;_ _; n‘: 8 O 5_ N ‘ .................
CDU G_-.l _0'8_0'6_0'4_0'2 0 02 04 06 08 -1 = ’ . . . . . ol e b b b b b b by gy
AR e e 0 5 100 150 200 250 300 0 02 04 06 08 1 12 14 16 18
Event classifier output score Parton-level pr(Z) [GeV] Observed / Predicted
0 I ' ' : :
11% cross section first parton and particle level first measurement of ratio

uncertainty differential measurements

R ( [Zq (¢ ))
Precision is expected to improve with more statistics in Run 3 tzq (¢)
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J.Lambert

/

q q

ty coupling

O First evidence from CMS using ~36/fb of data
“#* O New ATLAS analysis with full run 2 data

Ve, v Signal regions (NN)

g
.‘22400:|_IIIIIIIIIIIIIIIII||||||||||||||||I||||I ||||||| _|: 405‘) ||||| |||||||||||||||||||||||||||||||||||I |||||||||
o T ATLAS Preliminary @ Data Cigy ] 0 | ATLAS Preliminary @ Data Ctar ]
b G 2200F 513 Tev, 139 16" [t —Ivby)q 1Ty E 10090 (5 13 7ev, 130 " [i(—1vby)q Mty ]
2000F =11 SR Bwy +jets [lZy +jets — - 0fj SR Bwy +jets [lZy +jets
1800 E  Post-Fit We-—7 [l Other prompt y 7 B Post-Fit Be-y [l Other prompt y 7
Largest background from tty 5 Br-y  Eraekpons 000 Mn=y ko epons ]
1600:— 7/ Uncertainty = L 72 Uncertainty .
}'Q _|||||||||||||||||||||||||||||||||||||||||||||||||_ _E 7777777777
§ T ATLAS Preliminary @ Data Mgy ] 3
w - Vs=13TeV, 139" [Jt(—ivby)q [ty b =
5000 tty CR Bwy +jets IBZy +jets —
[ Post-Fit He- [l Other prompt y | ]
40001 Eh—-y [[JFake leptons ]| 4
- 7/ Uncertainty —
P s F
5 b £ 1% Y
§ 3 E :W;//f//mwwwwy%%@W//// // :
E 0.95F
0 S
0 01 02 03 04 05 06 07 08 09 1 0.90 07 02 03 04 05 06 07 08 09 1
NNout
NNout
ko)
® 105 ) ( ) i i1fi I ( )
R Observed (expected) significance is 9.1¢ (6.7¢
5 095
0% 01 02 03 04 05 06 07 08 09 1 ~40% h |g her th at pred |Ct|0n
NNOUt

Parton level cross section:  o(tqy) B(t — ¢vb) = 580 + 19(stat.) + 63(syst.)fb
Particle level cross section  o(tqy) B(t — fvb) + o(t — Lvby)q = 287 + 8(stat.) F37 (syst.)fb

Compatible with the SM within 2.5(1.9)c at parton(particle) level
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t+X summary

J.Lambert

ATLAS+CMS Preliminar —
THO oG y Vs = 13 TeV, June 2022
Ozq x 5= 102" J(tot.)pb x 5 Ogq x 5= 947 J(tot.)pb x 5 0y, =406 53(tot.) pb Oy, % 5 = 81= 4(tot.)pb x 5
MadGraph 5 + aMC@NLO MadGraph 5 + aMC@NLO MadGraph 5 + aMC@NLO MadGraph 5 + aMC@NLO
NLO QCD NLO QCD NLO QCD NLO QCD
Omeas. * (Stat.) = (syst.) total: stat. . : :
97+ 13+ 7 pbx 5 = . : ATLAS, L_=139 fo"
JHEP 07 (2020) 124
tZq 1
88 ' 1 ipbx5 — . — CMS, L =138 10
JHEP 02 (2022) 107
5 1 .
580+ 19+ 63 pb - I -— . ATLAS, Lint= 139 fb’, Vis 1
: ATLAS-CONF-2022-013
th 5 -1 .
115+ 17+ 30 pbx 5 ™ : : . CMS, Lmt=36fb, Vis 2
: PRL 121 (2018) 221801
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
200 300 400 500 600 700 800 900
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Top Quark Production Cross Section Measurements Status: June 2022
2 ATLAS Preliminary
b Theory
b 10° Fog Run 1,2 /s =5,7,8,13 TeV E
v
I~ o 0
102 . . n LHC pp Vs =7 TeV -
n v Lo Bl  Data 45-46f0! ;]
A LHC pp Vs =8 TeV
n A Data 20.2 —20.3fb™!

10? — I _

A LHC pp Vs =13 TeV

BEl Daia 32-1391

1 F Cal -
- B . e
A
X A
A
1071 3 - | = E
' Y
102k -
tt t tW t ttW ttZ ttH tty ty  tZj| 4t
t-chan s-chan fid. +jets fid. ¢ \ )
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J. van der Linden

4-top searches

4
) ot 1t 20(0S) 2(SS) 3+
T JHEP 11 (2021) 118 | | (EPJC 80 (2020) 1085
A
< i 2018 2 |
A

* ! 2017

Heaviest particle final state

P _— 3 o
Many different final states 2016 i R T R
\. \ VAR )
ATLAS \s =13 TeV, 139 fb
AL EATEIRAREIRELLN RLERE EERE RERESRARED ERALEY RAES
— tot. tttt
A — o4t/
stat. Tot. (St Syst) obs.sig.| | Ml€asured cross-section: o(tttt) =24 7/ /_g tb (4.70)

1L20S|  b——e—— 22 T3 (%7, 55) 190 Predicted NLO QCD+EW: o(tttt) = 12.0 +2‘2/_2_5 fb

2LSS/3L T — 20 08 (%4, %04) 430 Compatible within 20

+0.8 +0. +0.
Combined o= 20 0o (%04 . %5) 470

fit u = SM
Best-fit u = thtf/ O 272
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J. van der Linden

O 1-lepton, 2-lepton OS, all-hadronic channels M. Quinnan
. o _ N. Manganelli
Channels with large tt+bb and multi jet (all-hadronic) backgrounds
CMS Ppreiiminary 138fb™" (13 TeV) CMS Preliminary 138fb™" (13 TeV)
g W ttH v [ g“" I tHany '
£ 300 I minor NRT =1 £ [ minor NRT z2
acow(00) | N 21 " acostop) HT=1100
B i HT=1400 = i )
_: e S T Large excess in data in most
, pae . . ="  sensitive regions in all-hadronic
S : P . et ; channel
f D : L = e : :
ﬂ(E: 011 012 0L3 0I4 0‘5 0A6 Om: 0_ Of1 012 0I3 0‘4 015 0l6 ()‘7 m& :
] F —— 7 = ¥ ] —— | gl W—
Example post-fit S+B BDT discriminant distributions in most sensitive SR bins in Run Il - 138 b (13 TeV)
771 Expected  [| Observed Expected Observed

1 +0.87 1 2£9

SL -0.81 9

O Combined signal-strength and

significance: p(tttt) = 1.4 £ 0.4 (4.00) OsDL 93 reld
O Limited by data statistics and ttbb Alhadronic| 77777/ . | 195 5838

background modelling

Combined

1 +0.36 i 4+0.4
result ~

-0.34
| | | | | | | | | | | | |

2 3 4 5 6 7 8 9 10 11 12 13 14 15
Expected and observed cross section best fit (p = o,ﬁf/otsfu"-‘)

SSDL&ML e 194 1028
|
1
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4-top summary

Significance N. Manganelli
CMS Preliminary 138 fb-! (13 TeV)

oL 7/77/7//RES Expected

1.40 Bl Observed
0.80
OSDL i
0.40
All-hadronic

SSDL&ML
arXiv:1908.06463

Combined
result

D’z g
Dk

250

2.60

3.90
|

0 1

CMS-PAS-TOP-21-005

2 3 4 5

Expected and observed significance of ttit

ATLAS JHEP 11 (2021) 118

CMS Preliminaw 138 fb_1 (13 Tev) e'T]L|AIIs| TT I T—rTrT I TrnrT I 7T I LB I T {gl I=| 113‘ IT]eIV"] 1‘?]9 lf]b-|1
Expected H Observed Expected Observed — tot. tit
” (a8 1gas stat. Tot. ( Stat., Syst.) Obs. Sig.
+1.6 +0.7 1.5
0SDL 1413 1_91.; 1L/2LOS [EEPS—— ( Zo7 10 ) 19 ¢
All-hadronic 7k - I 15 5.8'24 108 , 404 407
7 | 24 24 oLSS/3L H——i—1 20 s (Zox » oa ) 43 ¢
SSDL&ML 182 R | 3000 b e
108 | 404 407
Combined H 1404 1.4°04 Combined e —i 20 o6 (o4 05) 470
sl | TN e
lIlIIlllllllllIIllllIllllllllIlllllllllllllllllll
2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 1 2 3 4 5 6 7 8 9 10

Expected and observed cross section best fit (p = otﬁflc,?;")

expected significance: 3.2 o
observed significance: 3.9 o

O-SM

Best-fit u = Gmr/ i

expected significance: 2.6 o

observed significance: 4.7 o 24
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O Many recent and new measurements

O Now measured not only in ttbar but also in tt+X events
O Main trend —> use unfolding

Top spin

Top polarisation
Asymmetries
B-fragmentation
Color reconnection
CP properties
mass
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M.Watson
O Top quarks in t-channel are strongly polarised

X dominant sub-process o

© 2

§' u - - @J - - u é

t-quark along spectator £ w S
. . k3] Yo

quark direction 3 p— bt bt o
%2 =

anti-t opposite incoming £ i ——~——~—d@ -1 u §
quark direction s o
T - - T F - - T 2

-c_‘é; b t b < < £ £

o o

Signal regions defined by sign of cos 6;; and lepton charge

é E lIlTLAS[ | | * Datla | Ijt-c:lhannelI E
Wo5000 Vs =13 TeV, 139 fb" [t tW,s-ch [W+jets
E Signal Region |:|Z+jeIs, A% !ot:;e;sain :
d +0.01 £0.18 (£0.02) 20000 Post it ftier 7 nesramy
d -0.02 £0.20 (+0.03) 00
’ —0.029 £ 0.027 (x0.011) :
y 10000
\i, —0.007 £ 0.051 (£0.017)
P, +0.91 +£0.10 (£0.02)
?, -0.79 +0.16 (£0.03) g
Template fit result: strong polarisation along z-axis i
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M.Watson
O Unfolded angular distributions to particle level compared to MC predictions
-8 | ¥s=13Tev, 139 fb" gtat:;Sy-sé. un;:)ertr?in;y ] O— : ATLAS e best-fit value : .
R Procs ey’ o 13 Tev 1ao iyt SBECE O Study of BSM effects in Wtb
: - Powl'1_eag-Box-i-Her\-:vigy7t - : 0_5— S= 3 © ’ 39 95% CL —
B ] [ . vertex
o_g_F...., — * SM prediction | . _ . '
. o 1 O Unfolded distributions give
o8 = —_ ] O/ e * e ] bounds on Wilson
0.4 | . : ' . ] coefficients
K é_ﬁ-J_l ] ~0.5/- -
0.2 — T T . . - L.
P ; Consistent with SM prediction
% 1?;_ """':’ _1; —
50.8;— 3 Lev v v by b v b v by g by
4 08060402 0 02 04 06 08 1 -1 05 0 05 1 15 2
cos 6, Cuwv
COS 9/)/
O Spin asymmetry measurement F.Lemmi A
— —"’l"'I"']"'l"'l'"l"'l1'3'8'flb.'1'(1'3l-’r?\'/—)
Ay = 0.440 £ 0.031(stat+exp) & 0.062 (theo) | t-ch & we-ems e
S iMeasurement N R
. Q@ 12 ZaMC@NLO, 4FS 27
CMS 359fb1 13 TeV @ 77 Z
2 Furenem ARBRARASAS S ('"i'e'? determined by parton level § 10+ aMC@NLO, 5FS [ i """"" T 3
§os omimlm pebed BB st tZg o
2 [ --- aMC@NLO 4FS "r‘ ] — o COS 9p0| = " E pFS = 84.6%
L 0.6:- aMC@NLO 5FS | ] o d cos 0p0| |pq || | s s p§2FS=63_1% =
é 0.4 | 2 % =
" 0.2:—___$____ t'Ch_: th |z 15""‘f‘"f"'f"'f"‘f“‘f“'f“‘f“‘f""
[ ] S|E »: , {
% 125_”:..HH:=:HHHH{H”:HH:HHH:HE Ae:0.54:':0.16(51'.31'.)Z|:0.06(5y5t) _;::% 1_
e‘ 01;-{‘J‘L t P — T ch i ig PSS )2 2 04
8 ookl e e ] Statistically dominated 080800270 02 .Zve.%‘és?épo,f
-1 -0.5 0 0.5 1 27
k Parton-level cos 65 j




@J sl  \\/ polarisation in top events

M.Watson

Lef’fk(fL) Longitudinal gfo) Right (fR)‘

O Probe of Wtb vertex W W W

Gt o Gt

New method in dilepton channel:

] b b b
mesure absolute and normalised
[ ] [ ] [ ] [ ] [ ] [ ] *
differential distributions in cos @ R
88 | ATLASPreliminary * Unfolded data ]
O I _ _
1 o OOF B =13TeV, 139" — Fitfunction -
o L B L B B AL B B BRI BLEL C .
[& o cEATLAS Protminary < B T T W rest frame 07} —_
S| o FVs=13TeV,139fb" ... PowHeg + Pythia8 (reweighted)] - .
O 0.8 [ Statistical Uncertainty — - =
= [ Total Uncertainty = 0.6_ 1
1—|b 07;_ |, - _; E E
0.6F g gt T = b 0.5) 3
osgE® e E C— 0.4F -
04 L — - ]
0.3F = 1, 0.3~ =
0.2 — - .
E 0.2 ]
0.1 E - .
O_ | | | | | | | | - 0 1 ]
o ' ]
S ATLAS Preliminary — O_ N B R B
3 total - stat —1 -0.5 0 0.5 1
- Theory (NNLO QCD) parton level cos(6*)
*21208-06-04-02 0 0.2 0.4 06 08 1 ATLAS 2011,> 1 lepton, 15=7 TeV, L, =1.04 " —_—
parton level COS(G ) JAH;[/‘\?éf)o;g,o;?ngle lepton, {s=8 TeV, Lim=20.2 b’ 4 =
Eur. Phys. J. C (2017) 77, Eur. Phys. J. C (2019) 79
i = = 1 * b
ATLAS 2022, di-lepton, {s =13 TeV, Lim 139 fb = fb — 0.684 i 0.015 (Stat. + Syst.)

0.318 + 0.008 (stat. + syst.)
—0.002 + 0.015 (stat. + syst.)

fa fL f,
Hetf fR
- . '
| | | | | | Systematically dominated

IIII|IIII|IIII
0 o1 0-2 W boson helicity fractions m e a S u re m e n t

28



C JGEORG-AUGUST-UNIVERSITAT
A GOTTINGEN

D.Schwarz

O Central-forward in ttbar events

O No asymmetry at LO

O Higher order effectsinqq™ > t't

Boosted regime, two Mt bins: [750, 900], [900, o]

1381b” (13 TeV)

..(L) 7 R ' I g

CIC.) 10" CMS { Data \W +jets
0 750<M;<900GeV  Mother B ]
6 g N -
10 Postfit § MC tot. unc. 3
10° utjets u+jets up+jets e+jets  e+jets e+jets_;
2018 2017 2016 2018 2017 2016 3

O
= 1&\\\\\\\& AR \\\\\\\\\\&§
8 20 0.2] 12,0 0,2] [2,0] [0.2] [2,0] [0,2] [-2,0] [0,2] [-2,0] [0,2]
S Alyl = (ly-ly})
-1

0.07¢ 1 '138 fo (13 Tevz
0.06F- CMS ® Measured AY
0.05F . fd ]
0.04F Predicted A ]

2o 0-032— Fiducial phase space “

OF =
-o.o1§— E
-0.02——=Z5 780900  >900

M; (GeV)

1380 (13 TeV)

[2] Tt L
£ 10’ CMS { Data LW +jets 3
T - Mg>900 GeV Bother B

6L Post-fit S
10 g ! § MC tot. unc.

5| utjets p+jets  utjets e+jets  e+jets  e+jets |
10°E 2018 2017 2016 2018 2017 2016 3

O 1.
2 I Tainsannna sy
% . [-2,0] [0,2] [20] [0,2] [20] [0,2] [20] [0,2] [20] [0,2] [-2,0] [0,2]
S Alyl = (ly[-y))
0.07¢ | 138 fb' (13 TeVZ
0.06F CMS ® Measured A;
0.05; : :
0.04 Full phase space Predicted A, :
»0.03f =
< 0.020 =
0.015 =
;o -
-0.01 E
—0.02——==55 750-900 >900
M, (GeV)

Charge asymmetry in tt

do/dy

A~ — N(Aly|[>0)—N(A|y|<0)
C = N(Aly|>0)+N(Aly|<0)

(Aly| = lye| — |yzl)

Good agreement with
prediction
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O Single and dilepton channels

O Resolved and boosted regime

e A,=0.0068+0.0015(stat+syst.).
o 4.7 sigma from zero asymmetry

0.015;

0.010¢

I+
~—

A

b+ — — — — — — — — r.—.}.—.— — — — — — — Search do

—— NNLOQCD + NLOEW  ATLAS

---- C8 =05 Vs =13TeV, 139 fb~!

—— C8=10 q
<4 combination
-4~ single-lepton
-+ dilepton

0.005;

0.0001

0.08}
0.06}

0.04}

tt
AC

0.00

—0.02¢
—0.04¢:

Inclusive

0.02}

—— NNLOQCD + NLOEW  ATLAS |
--=- C8 =05 Vs=13TeV, 139 fb~!
—=— C8=1.0

<4 combination

-4 single-lepton

-+ dilepton *

M

\J

<05 [0.5,0.75][0.751.0] [1.0,1.5] >1.5
my; [TeV]

Charge asymmetry in tt

T.Dado
B.Eskerova

J.Keaveney

. ATLAS (s =13TeV, 139 fb
A vs. NNLO QCD + NLO EW
" Differential m .
[ _2 _4 _680/0 CL
— AT+ A ----95% CL
— =A% « Best-fit value
Co [ -
18 | -
Coq --°-
38 | e S— -
Caq ——
1,1 | oo -
e i
31 [ - -
COq -_E_._"
8 | -—e— -
Cu -
8 | meeececccech—e—-
Ctd . -E-c—o—o- -
8 | » - ——
Ciy -
8 | ee-e- -
Cou i
8 | e
Coo [ = g 0
1 et
Cu T
1 | > oenyeon@ue
Ctd ----- -—-.-—E-— ------
1 - i s
C,q =
1L e
Cau oal B
1 - -
Cow | 7 i i
llllllllllllllllllllllllllllllllllllllllll

2 -1 0 1 2 3 4 5 6
C/A?% [TeV?

Best sensitivity at high mass

Expect improvement with additional data
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O Asymmetry between the energies of top and anti-top
O Measured in tt+j events in boosted regime

Energy asymmetry in tt

T.Dado
J.Keaveney

o°P (6;|AE > 0) — o°P'(0;|AE < 0)
o°P(6;|AE > 0) + o°P'(8;|AE < 0)

O-OPt(Qj) —. J(Hjlytf] > O) + 0'(71' — gjlytfj < O)

Angle between the jet and

Ag(0)) = Z-axis

Effect increases with jet pT

vvvvvvvvvvvvvvvvvv
lllll

aN

I

|

%, . - ; : :
= 5000-ATLAS [t fiducial tt non-fiducial - > "ATLAS —— MadGraph5_aMC@NLO
g’ ~ Ys=13 TeV, 139 fb™ . — - {s=13 TeV, 139 fb™ —4— Data (stat only)

L — pre-marginalisation .Background MC Stat+Syst — 5 2 --¢-- Data (stat + syst)
4000 = 5
30005 N X O
S o NNe \ - - 2 )\
2000__ ™~ ~ — —2_— : S
= = a I
1000 ¢ ° — —4F T -
0 of | E

Sl E P2 N I R R R e R R - . 1 1 | 1

1 AMILIDJDLDID__D0/00T _ 0 w4 w2 oA

Ola 08' R T T I M I I H = s TH —HH T lhlilnmae N Gj[l’ad]

. l '\l '\l l l \ '\l l l \ '\‘ l I I
ST TS 58S SAE (GeV: Unfoldec! dlstrlbL_Jtlc_)n agrees
S RS T L NS S LRSS with prediction
< N < N I S
0<6<m/4 mw4<6<3/on 35n<Hh<n Statistically limited
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Asymmetry in tty and ttW

ttv J. van der Linden, T.T.Tran, A.Rey, J.Keaveney tW
O Asymmetry from ISR/FSR O Expected to be larger than in tt due qq
interference initial state
O Similar definition as in tt O 3-lepton channel, lepton as proxy for top
O Much lower statistics, 2 bins ) | | |
5 200 ATLAS Preliminary ¢ Data {iw (QCD) W W (EW) .
w180 Vs =13 TeV, 139 fo ! Bz Non-prompt HF Non-prompt HF,,
PR S B 160 SR summary -Y-conversi'ons-rTH /L]th |
§ 12000~ ATLAS Preliminary ~ Post-fit wz/zZ + jets [l Other "/ Uncertainty
w L Vs=13TeV, 1391b" ) ] 140
: +-Dala @ty production - - =
PR By By i - = |
L [JFake lepton 7~ Uncertainty i 100 E<< ////////,{ E E P
SOOOZ,,,,,,,,.,,,,: """""""""""""""""" B 80 4// { E V//,fy///////{/////:////*///////{///ﬁ
2000— @ 1.
% OE /7/9/-+‘//7’-/‘/‘//(-/‘/‘//7/'/‘4//7/'/‘/‘//}'/‘/‘//7/74/"(/7/7{///7’*‘///7/'/‘/f+7/9/‘/‘/‘/:"7/-‘//7’
1 N I 8 os
% 105_ 4444464 S e, _ S’?‘7&/0.,,,,1//9, 5. ’&/ow/l/,e e ’&”/9/745 N 7&”@7/745 SR‘%./OW SR'%'/OW% SH%"’/@/W SR%"?@M
0.95;_ _; s dp s Ay s » 4,7~ %’4,7, % dp o dn+ /%,4,7 /0ls 5
o v O Fiducial result unfolded to particle-level:
A_= -0.006 * 0.024(stat) + 0.018(syst) A, =-0.112 1 0.170 (stat) £ 0.055 (syst)
in agreement with prediction in agreement with Sherpa NLO+EW simulation
from MG5aMC
Ac= —0.014 = 0.001(scale) Statistically dominated analyses, Run 3 data will help
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. @J cormngen CP violation in ttbar

O Construct 4 CP-sensitive observables
O Define and measure asymmetry

L N(O,’>0)—N(Oi<0)
AcP = N(0;50)TN(0,<0)’

i=3,612 14

CMS 138 fb' (13 TeV)
> [ 1w =4jets (2bjets) 0,
O 108
Do Data tt (lepton+jets) tt (dilepton-+jets)
S b i = CMS 138 fb™! (13 TeV)
~ 10" W+jets .vv .Singlet =
2 F o, "1 elu, =4 jets (2 b jets)
) - . DY —dg =+3 | Stat @ Syst o - o o
LI>J 1062_ EtQ U ¥ A inetets 7 A'cp in u+jets
; - ¢ A inlepton+ets ¢ A’ in lepton+ets (8 TeV)
3 0.5
§_ 0:__*_+{ __________ %+ .{.___‘ S ______é__
» ! ! 'l' +
- ._ __ | | H
O 1.5 _0EL
= 0.5
; PO A T L T R A A A T T PR e PR T T ety il o :
© Syst B
Q05 ' ' - O, Os O,, Oi4
= ,d
o 1.2
~ 4 .
> In agreement with SM value of zero
M 0.8 : ..
x3 improvement of precision

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

O,/ m; [GeV] .
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Properties for MC tuning

T.Dado ]
s.wahdan O B-fragmentation

Several sensitive variables

ol -

P b P jet otme, - secondary
ZCh = il g
L.b |pch |2 <
j e t prompt tracks
ol B 0.04F T T T T P S —— Unfolded to stable tracks
T|§ | ATLAS Preliminary (s=13 TeV, 139 fb* 3|5 - ATLAS Preliminary (s=13 TeV, 139 fb™ 1 -
o .OSeu,20r3jets — Data o 0'03,-056‘}1,20I'3jet5 5 - 'Sff 4%Il||II”||I”||"[|I'I'l'”'|”“|""|”"\"E
0.03} Normalised 4 PPS d - Normalised — _E . - —+— Data - r--3
. S S [ . ¢ PP8CRO q = -9 - —— Pow+Py8 A14 rg = 0.855 o£SR = 0.127 T
[ T 4 PH713 0.02} _prodad B0 * PP8CRI1 - B 3E Pow+Py8 A14 rg = 0.855 o«>% = 0.139 —
0.02F . PH721 i ¢ PP8CR2 i == g = == Pow+Py8 A14 rz = 0.855 SR = 0.111 . "+' é
: . + Sherpaz210 . : v ! : 25 F--o- Pow+Py8 A14 7, = 1.050 a:5% = 0.127 l— E
i 0.01f i 2 S —
[ & N I ] = . 3
s [ . . 5[ ATLAS = E
- m : : P /5=13TeV,36fb " | -
obbror—ur — = = o—— —, ——— 1;_ . '_ - _;
s A B R S N L R ) 1_5_' O[3 ¥ [ ¢ vy Eom s r o g 3 -_*_l'__--_ 3
8 "cg 15- % ° °'® J g % o ¢ amt.. B --gB---ol . am¢....0..... ? ................. s B ['_I - =
SIS ey -l S R A I e O TR
alo £} S - o [FEETTIEr REALJ LALAY LIALS LELLY
0'5-. P T T T . 0.5_, PR T I T B . 1.4 — ]
0 20 40 60 80 100 0 20 40 60 80 100
g, e, . 12 — u
ks S =
Good agreement for all MC . 2 10 —— .
: J No ideal model g s
simulations except Sherpa E o i - i
. 1
0.6 — ]
' ' 1 ' lllllllllIllll]lllll]llllllllllllllllllllllllllll
Shower returning including CR model is necessary R T R YR VR Y Sy S
ZCh

Lb

Reasonable agreement with

Powheqg+Pythia
Al 34
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;' - 68% and 95% probability contours
D Fit without M,,, m, and/m
(D i W T H
—_— Fit without M,, and
c - Full Fit
i Experimental measurements
200 — -
]

' o
| Z

B 180

nHEP [

140

120005 0.10 0.15 0.20
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GOTTINGEN
_— .05 _—
Wy mMC mi
: ~ o
- y gluons
— W A ™ — .
\ N \\ \ Evolution and
Direct Indirect

from reconstruct invariant mass
of top quark decay products

® Most precise (~0.3 GeV)

® Depends on the details of the
MC simulation

\
e CMS: tt+jets (36/fb)

e CMS: single top t-channel
e ATLAS ttbar soft muon tagging
e ATLAS ttbar dilepton

GEORG-AUGUST-UNIVERSITAT

J

measure observable directly
sensitive to m¢ (e.g. Oy)

e Compare to theory prediction in
well-defined renormalisation
scheme (pole, MS, MSR)

e (Can be sensitive to soft-gluon
effects at threshold, where
mass sensitivity is the highest

ATLAS+CMS: my pole from )
combined oy 7+8 TeV

e CMS: mass from tt+1j invariant
mass

e CMS: m; running @NNLO

Integrate out
Hard Modes

Factorize Jets, Integrate
out energetic collinear ——>

decay of top —>»
close to mass shell

Cross-Talk """ >

“Third”

jet mass in boosted top
decays can be calculated
using SC-EFT

— can provide info on

relation between m M©and m
(MSR)

M.Defranchis

-

e CMS: top mass from
boosted jet mass

\_ revisited Y

\-
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M.Defranchis

Simultaneous fit of NNLO+NNLL (Top++) prediction to combined 7+8 TeV oy

o) r -~ -~~~ 1 - 1T 1
S 50r ATLAS+CMS —aTiAsioMs 3 5 FaTlasicms |+
o ] LHCtopWG ’ o 178 LHCtopWG : >
= CT14 _: i3 1765— e )
S - 174 . 3 w,ﬁw"“"wf
— T : -
1701 :
1681 : NNPDF3.1_a -
150:_ —8 TeV ~>W | S S L R
B LT i 0.114 0.116 0.118 0.12 0.122
[ 7TeV, NNLOSNNLL aym)-o11s TR B
165 170 175 180 185
mP** [GeV] Extracted values of mree crucially
depends on assumed value of as
PDF set mP° a,(my,)
(g =0.118 £ 0.001) (m, =172.5 + 1.0 GeV)
CT14 174.0 23 GeVv 0.1161 *2:0030 Earlier mp°'emeqsure_ments _from\
1 £0.003] ow at 13 TeV using dileptonic
MMHT2014 174.0 253 GeV 0.1160 Z5.0030 events are similar in terms of
NNPDF3.1_a  173.4*%% Gev 0.1170 *0.002 central values and systematics

- J

37
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1

O Invariant mass of tt+1jet system sensitive to value of m near

the production threshold

Top mass from tt+jet events

M.Defranchis

S.Wuchterl
36.3fb" (13 TeV)
Q_ 5'_IIIIIIIII|IIlllIllllllIIIIlllllllllllllllllllllll_‘
Q " CMS ¢ Data
.‘11 i fi+jet NLO m, = 175.5 GeV .
o= 41~ ABMP16NLO fitjet NLO m, = 169.5 GeV
o I tt+jet NLO m, = 172.5 GeV i
B 3F e ft POW.+PYT. m, = 172.5 GeV
b'é C Stat. @ syst. uncertainty ]
- e ]
it :
© 13:%%%%}%#%%}%1%% ]
T
(]
= 1 e : s
5 P = [
) .
e
m 0.8-IIII|IIII|IIII|]III|IIII|IIII|IIII|I]II|IIII|IIII-I
0 01 02 03 04 05 06 0.7 08 09 1
Y
= 172.94 £ 1.27 (fit) 7027 (scale) GeV
= : 27 (fit) T3 (scale) Ge
= 172.16 & 1.35 (fit) 19 (scale) GeV
= 172. 35 (fit) T4, (scale) GeV.

1 dori 1. 2m
pole - tt+1-jet . 0
R(mt 9 pS) - _ ) d 9 Ps — ~
Ott+1-jet Ps T4 1-jet
NN techniques to reconstruct
p variable _
Unfolding to
-1
LO ?s‘!Io?IIIITIIIIIIITII]IIIT]IITIIIIll??.lal;f?fl(JlslT'lelvlz parton Ievel
O 18F CMS ! Dat [ tt+0 jet .
o 16: Bl tt+jiet, 0<p<0.3 [ Z+jets .
~ — B ti+jet, 0.3 < p < 0.45 [l Single top I icti
..‘Q 14:_ B tt+jet, 0.45 <p < 0.7 [ tt (not dileptonic)_: flt NLO pred|.Ct|0nS to
S Ok [ ti+jet, 0.7 < p I Other 1 normalised differential
> 12F Total uncertainty .
mF 1 cross section
10__ eﬁﬁ _:
8_ ijet>0 —:
6 Met>2 ]
af
- ole
. ABMP16: mP
© - t
® 1.5
a
i ole
; LI s “ . CT18: mf
E 05[II}IlllIl|IllI|l|Il|Illl|llII[IIlIlllIIIIIIIIIIlI
) "0 0.1 02 03 04 05 06 0.7 08 09 1
preco

ole
Similar precision as ATLAS my

= 171.1 4+ 0.4 (stat) £ 0.9 (syst) 157 (theo) GeV

8 TeV result:
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@J ggﬁiﬁgﬁﬁuwumvmmm Boosted/ru nn | ng

Top mass from boosted jet mass M.Defranchis  Running top mass @NNLO
D.Schwarz
] . i CMS Supplementary arxiv:1909.09193  35.9fb™ (13 TeV)
e XCone exclusive algorithm to reconstruct jets = o f
. i ) 2 1.05— ABMP16_5_nlo PDF set
and sub-jets — improved resolution £ k=238 GeV
~ - o= Mg
. . . . =2 1—
® Dedicated calibration of FSR using substructure £ T
variables, and dedicated jet mass calibration oo =
® x3 improvement over CMS 2016 analysis! 0of ¥ NLOWih binbybin dynamic scale '
" B NLO with static scale [PLB 803 (2020) 135263]
e Comparable precision to direct measurements sasl ——— Oneloon RGEm 25, cmy 01151

| | | | |
200 250 300 350 400 450 500
no= uk/2 [GeV]

004 138 fb™' (13 TeV)
Ny - N L . . . .
"|8 i ,(D:NII.S. 4 Data : ® NNLO prediction in MS scheme using
- | Preliminary .. m, = 169.5 GeV | :
8| 003 B .~ 1725 GeV using MATRIX
= ' e . .
o : B m=1755GeV 1 ¢ Reduction of scale uncertainties
0.02 t - ® |mproved fit
: RS B | ; ] - a running of m; at NNLO in QCD
0.01— - N L0 arXiv:2208.11399
: : 1.00 A
. - -
S —— — <

- © 15 P T LI - l 4 E%: 0.95 4
o :
" O 3 ’\E . NNLO calculation: JHEP 08 (2020) 027

120 140 160 180 200 220 3 Gl data e e s Tal

M, [GeV] E a5 ABMP1a6f5a_nnIf) PDF set &
— —— QCD RGE soluti t31 , 5 flav
m, = 172.76 + 0.22 (stat) £ 0.57 (exp) & 0.48 (model) =+ 0.24 (theo) GeV 0801 o extracted Sn‘jt:’u'nf’)”/a,,qt(uz;p:t o
= 172.76 £ 0.81 GeV. O MmO | | | |
200 250 300 350 400 450 500

energy scale um = /2 15 39
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® CMS result from 3D cross section is
the most precise result, to date, but
may be significantly affected by
threshold effects (can be 1.4 GeV).

® No consensus in theory community
on the size of the effect

Summary: indirect measurements

M.Defranchis
Results obtained with different methods overall in good agreement

ATLAS+CMS Preliminary Miep from cross-section measurements
LHCtopWG June 2022
total siat My, * tot (stat £ syst + theo) Ref.

o(tf) inclusive, NNLO+NNLL
ATLAS, 7+8 TeV ——— 1729 %5 (1]
CMS, 7+8 TeV ——r1 1738 73 2l
CMS, 13 TeV ——i 169.9 57 (0.1+£1.5 5%) 3
ATLAS, 13 TeV —e— 1731 57 (4]

Il LHC comb., 7+8 TeV LHCtopwG —— 173.4 2;? 5]
o(tt+1j) differential, NLO
ATLAS, 7 TeV H—s— 1737 37 (1.5 1.4 53) 6]
CMS, 8 TeV (*) — 169.9 57 (1.1 57 ¥6) 7
ATLAS, 8 TeV i 171.1 43 (0.4 £0.9 13) )
CMS, 13 TeV (*) F——i 172.9 14 o |
o(tt) n-differential, NLO
ATLAS, n=1, 8 TeV - ——] 1732+ 1.6 (0.9 £ 0.8 £ 1.2) [10]

—p[ CVS =3, 13 TeV i 170.5 + 0.8 —
e from t0p quark decay nm  BAEaaME, s
[3] EPJC 79 (2019) 368 [8] JHEP 11 (2019) 150
ATLAS, 748 1o ot 11 GEcwmos  posoeTora U900
llllllllllllllllllllllllllllIllllIlll
155 160 165 170 179 180 185 190
Myop [GEV] 4

Theoretical advances needed in order to obtain accurate and unambiguous results
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. @J gormeen o CMS measurements

: : : : : . M. Vanadia
O tt |+jets: profile LH fit to 5 observables in different event categories

CMS Preliminary 36 fb™' (13 TeV) CMSPreliminary
— post-fit " Ealy 126 { data | + jets 5D:|m, = 171.77 + 0.38 GeV
~puti—
JEC flavor bottom : T : : 0.89
FSR PS scale X—Xg : R S © 074
FSR PS scale g—qg -—-—- 0.46
CR: gluon move -—l—- 0.34
CR: QCD inspired P e {035
BG W-+jets ———— : 0.76
Early resonance decay -—!—- 0.33

¢ Significant pull and constraint of
FSR PS scale g->qg due to myyreco

u+jets obs. bins e+jets obs. bins

® Alternative correlation scheme
Most precise measurement to date with 0.38 GeV uncertainty 172.14 + 0.31 GeV

5 M BTV g t.channel single top: ML fit to =In(mi/1 GeV)

g 8I cms ¢ Data B

> [P, 201T B ich. ] — +0.76

;E, 6 BDT>08 [t tW, sch. ] mt - 172'13_0,77 GeV

0 [ ' BV +jets, VWV ] a
" Taco - R, = —t = 0.9952+0.0079
[ Stat ® syst my m, ’ —0.0104
2

ok . . Amy = my — mg = 0.833:;2 GeV
% 8 1 51 : R 2o 22 7 22" 220 2 2 227 //’///)///.////‘///.A:
D& 0.5Fe : . é . ) , ) 515 ) ) . T

S 41



ATLAS SMT mass

. M. Vanadia
O Top Mass usSIing SOf't mMmuon tag

C JGEORG-AUGUST-UNIVERSITAT
A GOTTINGEN

4 W L0y, ® |nvariant mass my, sensitive to my
T ® reduced sensitivity to JES
_V/‘: * sensitive to fragmentation modelling
q q e preliminary result shown at Top2019
semileptonic
B-had decay

prprrrrrjrrrr[rrrrrrrrprrrr o3

o
814000

ATLAS ¢ Data i
w0 - Vs=13TeV, 36.1 fb" (]t (smT from b/c)
£12000(— OS selection Wt (smT from W) —
l% [ Post-Fit [t (sMT fake) ]
10000 [l Single top J
r [[]Other backgrounds |

- Uncertainty

8000[-

6000f
4000}

2000f

(=}
T

ko] L A A '
£ 1.025F
o E
‘\(E 1E..(}....é....¢....¢...,¢....¢...¢....¢..7.4.> ......... '.#..’.’.#..’..’..
8 0.975¢ ¢
09552030 40 50 60 70 80
m,, [GeV]

profiled LH fit of my,
174.41 +0.39 (stat.) £ 0.66 (syst.) £ 0.25 (recoil) GeV

consistent at 2o level with previous results
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1

b |
%‘%‘» W+ \ .
\\ S tp
\\ >
N\ N
~S ®
( _
w-o>
r °
q /
q" ¢

semileptonic
B-had decay

ATLAS SMT mass

M. Vanadia

O Top mass using soft muon tag

Invariant mass my, sensitive to my
reduced sensitivity to JES

sensitive to fragmentation modelling
preliminary result shown at Top2019

% g7 I LI B I LI B I L A | I T LI I I LI B A | I lllll
014000_— ATLAS

_ Uncertainty on gluon emission in

recoilToColoured

¢ Data i
w0 - Vs=13TeV,36.11b" (]t (smT from b/c) . .
Joo St Btwronw 4| EWD Pythia option
r ingle to ] . A
Toooof Bloterbeckgrounds, e impacts PS modelling of gluons  off:  ge...
8000: Uncertainty from b_)g b ®sa ve:
60005 . : : W ’
o ® changes energy distribution b
0 1anNge
; within jet
20001 on:

||||||||||
U t

0.95¢

Data / Pred.
o
N
- O O

20 30 40 50 60 70 80
m,, [GeV]

e changes jet p1 due to out-of-

cone radiation — im{oacts jet- "
based measuremen

b

profiled LH fit of my,

174.41 £ 0.39 (stat.) + 0.66 (syst.) 0.25 (re@GeV

consistent at 2o level with previous results

Re-tuning of Pythia is necessary for
realistic estimate of the effect

Theory input is welcome
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. G o ATLAS mass in dilepton

M. Vanadia

Template method (similar to 8 TeV) D. Rafanoharana
® DNN to select b/lepton pairings N T
- - . g 80000 :_o tI:i)ata :Z)l)tzoson ATLAS Preliminary1 <3
e Select permutation with highest DNN score B R s e R ens  TE= VTR EEIE" 2
&:, 70000 E_ Z+jets B Unc. --dilepton-- _E
Gaoool anss remray |5 s || % soom 2
o s=13 TeV, 139 fb™ ] = =
= By, = 172634079 GeV 50000 at pre-selection g
€ 2500 ] 40000 — H
> — < =
. “ 30000 Ix
2000 - = -
) = -

l]lllllllllllllllllllll

: O 12 ..................................................................................................................
1 000 i % 1 ]' E .. .....................................................
_ T 0'9 ..............................................................................................
- (] 0.8 o G e —————
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
I:)NNHigh

® Optimised selection of lepton-b pair used to mass

50 60 70 80 90 100 110 120 130 140 extraction to reduce uncertainties

m,”" [GeV] _ _ o
® |nvariant mass of this pair is used for measurement

mIePON — 172 63 + (.20 (stat) + 0.67 (syst) + 0.37 (recoil) GeV

top

® Dominant uncertainties from modelling

(ME algorithm, ISR/FSR, color Ttbar modelling is the largest challenge for
reconnections) and JES future measurements
® |arge effect of recoil uncertainty Require input from theory and experiments
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. @J L Searches for FCNC

O Improved limit by factors 3.3 to 5.4 Improved limit by x2 from L.Cerrito
from previous analysis 8 TeV analysis
gate -5 —
Expected - Observed
e t—u
t —>uwyLH 088903 B(t— c+g) <3.7x 10~ ‘ 7‘
t - uwy RH 1.20428::53% PN ug
t > cyLH 3.40%3 Large impact from systematics
t - cy RH 3.70”:11'.‘(% | t = u
B(t > uH). <0.94 x 103 H o1
Bt Zq)[107°] | | Bl cH) <069x10° =
tZu LH 6.2 B(t - uH). <0.79 x 103
tZu RH 6.6 B(t > cH) <0.94 x 10-3 H —bb ‘t — ‘
tZc LH 13
t7c RH 12 B(t—>uH) <0.19 x 103 H vy ‘t_)cg ‘
S - B(t —>cH) <0.73 x 103 t = cH
O Improved limit by factors 3to 5
from previous analysis O All searches except tgqg are

statistically limited

O gained sensitivity by including regions sensitive to couplings in top production and decay
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. o _ J.McFayden
EFT fits: multidimensional management problem
. . top EW
O Many Top analysis include and even ("~ Diboson—— PETTN
designed to provide EFT interpretations . Cw tFV 8

O Global fit is the goal but there are many (G || / Co C.. C, D\ Ce

steps to go and Crs c. c® cw |Cne|| Cw

Corw o | | Cun

» Practical difficulties oo \QHQ Cra Cru Cua ) ) e
» Different statistical methods (IBU vs FBU, PL vs toys, ...) C.. \_ EWPO J

. . . . Q
» Measurements delivered on different timelines 8 8 8
C C C
tG td tq

tu

TH

tt

» Proper treatment of statistical and systematic correlations o C. O (3% O8 (8
G Qq Qq Qu d
C
\

C
» Interpretations: different assumptions on “backgrounds” (}
— EFT effects - Hard without coordination!

wH

_/

Higgs

O Signal model :

- SMEFT@LO or @NLO? @ JSON

- Which operators? HEPDataw

- Linear/quadratic terms? ELSOTERE > « RecoEFT »

- EFT uncertainties and validity constraints
O Run 3 is a good opportunity to solve these ideallsti r@oe Realistic

issues and perform a global fit across e

different physics groups and experiments LHC EFT WG
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Gl S New ideas: vy collider

P1=—= > P} Proton intact B.Lopez
. . 1 1 .
Exclusive tt production LH,, M.Pitt
8 < 7
: Precision Proton
O ty coupling, BSM vy collider v Spectrometer to tag
O complementary to R t protons
traditional ways zs_rr
P2 —= s 2
. — manolheg
$0E e { :
Can be used to probe ty anomalous N mwes |1

% — yy—tt (norm. toc=25 pb)f

CMS-TOTEM preliminary 29.4 fb (2017, 13 TeV)
LI IIEIII IIIIIIIIIIIIII

| IIIIIII| | IIIIIII| | IIIIIIJ | IIIIIII| | IIIIlIII I lIIIIIIl (WAl

10
0.351 —— Non-diffractive tt 1
0.30. Anom. tt Cl =107 Gev~ 1P I+jets =
—— Anom. tt {> =101 Gev~* o
0.25] —— Anom. tt {3=10"1 Gev* o T D R
7 —10-11 -4
020, Anom. tt {4 =10~ GeV 3 1S Uncertainty } 2 .
—— Anom. tt {s =101 Gev— e | { 8 diepton
] 7 _1n-11 -4 . -
0.15 Anom. tt {g=10""* GeV I S — gy
light jet multiplicity
0.101 . 2100 e ey e e 29410 (13TeV) I i
E - CIMS-TOTElM prelim:'nary ' 4 datal ' I ] Medien Expected
0.051 .u‘_::, 600 :_ dilepton channel 0 ttbar _: . C’ 68% expected
2 b postt single-top . combined [ 95% expected
= 500 - -
0.005 500 1000 1500 2000 2500 3000 3500 s Zejets . —— Observed
gen - — yy— tt (norm. to 6=25 pb) 7
mtf [Gev] 400_ __ H IIIIIIIIlIlIIIIIII
: ] 1 2 3 4 5 6
300
- ; 95% CLono . [pb
Good sensitivity at high invariant mass : : -t (PP
y g 200: .

observed 0.59 pb (expected 1.14 pb)

.DUAncertainty
;.}i...IQv!.!.Q*.{...{.} _

Ratio

08 -06 -04 02 0 02 04

BDT output 47



@J gg?ril(;gléSUST-UNIVERSITAT Ru n 3 Sta rted !

B.Pavina. L.Jeppe, E.Ranken, G.Guerrieri

O LHC will resume running in 2 weeks

"'__‘ L T T | T ]
O Top quark is still there! 2 14 [ ATLAS Online Luminosity ~ /s=13.6TeV .
> - [] LHC Delivered .
: : : : g 12r ATLAS Recorded ]
O Allows to exercise the analysis chain and validate ¢ ™! = ecorde
10 - Total Delivered: 11.1 fo
the performance of all components 3 T ol Recorded 104 1
i m R g °F ]
PR e N .
& ok oge = S g 6r 9.2M top pairs :
% - -ADIIII;?IZOIZptons E _S—g 4 L —éﬁ
u>J 10 . 3 Uncertainty = |S C g
- 2 13
10°E E L :
E E O 1 — 1 I 1 | |
e 28/06 02/08 06/09
e VR ——— Day in 2022
g 05 50100 T80 +2oc-1+- S 300 CMS Preliminary 1.20 fo'' (13.6 TeV)
Electron p_[GeV] £ q0°
o T e $ data m tf single top - Wi+jets
S 70E {5=135 TeV, 790 pb” 2 egeryiias— £ non-prompt mm Drell-Yan mm diboson gz uncertainty
; - 0s - SingleTop tW-chan - [0)
2 600 B Zvjets = Lﬁ
:>j SOOE— s -flllz?lzol’;pmns —E 103
= [E=3 Uncertainty E
400— =
300 102
200 10
100
g 15 P e : 1
D e ———— -
S 05 5545 =1 65 0 05 1 15 3 25 %8 PE ee ) ee (2b) | up (1b) WL(2b) | en(0b) |en(ib) el (2b) | e+jets (1b) | e+jets (2b) | w+jets (1b) | u+jets (2b)
Electron n ol “E
12— ot . w0 5’ ) . ‘ .
. . / , Y )
Assuming ~250/fb per experiment -4KE ,///+/ ke e
. 0.6 —
at 13.6 TeV and cross section pou Al o o L

~920 pb (tt) + ~330 pb (t) run 3 TNefN®FT N F oo 33 NoTaumtoT o so T s w0 oo
will provide twice more ttbar and e .
single top data sets oy = 887741 (stat + sys) £ 53(lumi) pb
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Machine learning in Top

F.Kiecher

Conclusions

® ML has significant role in top physics!

® Wide array of strategies and applications, very active field of research
® CMS example [CMS-TOP-21-001]
® ATLAS example [ATLAS-CONF-2022-049]

® Many new developments on-going / {

® DCTR [PhysRevD.101.091901]
® But also much more! E.g. [TOP22, M. Fenton]

‘NN-SM”

2
5 . Probability of
E R " hypothesis
) O O
J _ _
°® O O
o -~ ° feo  ofl/dEN
. O O

) O

‘NN-EFT”
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(AT cormingen Conclusions

O Many results with full run 2 data set have been presented

O What do we expect from run 37?

a :\/Ieasurements in t(t)+X final states and FCNC searches are statistically
imited

O More data will allow for reaching higher jet pT or higher masses sensitive to
BSM and EFT parameters

O Global EFT fit should be the goal of run 3

O from one parameter one analysis to many analysis/parameters/experiments

O given the complexity of the task we have to put together a plan now

O and MC, MC, MC.... we have huge number of precisely measured
differential distributions

O when and how we will benefit from this information?

O Theoretical advancements are still necessary to improve simulation
and to understand / reduce uncertainties
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Thank you !

See you next year at Top 2023
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. @J el 3D mass and threshold effect

_ @ CMS
How big are threshold effects? JHEP 06 (2020) 158 v 4c |
Short answer: we don’t really know § 4 b l k! e
S sf L
A study by Li Lin Yang et. al. based on next-to-leading % e

power resummation suggests that the effect in the CMS 2= o - - —
3D analysis (previous slide) can be as large as +1.4 GeV o |

This would lead to mP®® = 171.9 + 0.8 GeV, in better 3 -
agreement with other pole mass measurement : T

Ratio
o

However, there is no consensus in the theory community o — — |
on the presented NNLO+NLP results, and therefore we do o >
not have a conclusive answer on the issue

° M (Gev)

- LHC 13 TeV, m=172.5 GeV @ CMS
.~ NNPDF31_nnlo_as_0118

| M, €[300,380] GeV
| = et = H/4

NLO

NNLO
NLO+NLP
NNLO+NLP

do/dM,(pb/GeV)

N
o

e This is currently the limiting factor of indirect
m, measurement at threshold at the LHC

e Hard to think of consistent ways to assess the size of
such uncertainty in the absence of a calculation

Matteo M. Defranchis (CERN)
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