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LHCtopWG and its mission LHCTOP WG

Forum for discussions between experiment and theory on combination and
interpretation of top physics measurements at the LHC — since 2012

* Provide combinations of LHC top physics results

* Reach highest precision and provide a unified experimental answer
to the theory community

* Compare results in a coherent way and understand possible differences

= Requires detailed understanding of analysis methodologies,
theoretical models used, categories of systematic uncertainties & correlations

* Provide recommendations and guidelines
» Reference cross sections as common basis for measurements
* Harmonize prescriptions to facilitate comparisons and combinations

* Provide summary plots of experimental results in comparison to theory
predictions

 Ample discussion between experimental and theory communities
* Open Meetings twice a year and on-demand seminars

* Monthly closed meetings (conveners + contacts + invited experts on specific topics) to
LHCtopWG Opg ﬁ&%ﬁ&@%pe”mental detalls 29 November -1 December 2023



Documentation and coordinates LHCtOP WG

* Integrated in the LPCC structure at CERN:
http://lpcc.web.cern.ch/lhc-working-groups

e Public twiki: https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWG

* Public summary plots:
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots

 Agendas: https://indico.cern.ch/categoryDisplay.py?categld=4463

* Main open mailing list: Ihc-toplhcwg@cern.ch m
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http://lpcc.web.cern.ch/lhc-working-groups
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWG
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
https://indico.cern.ch/categoryDisplay.py?categId=4463

— Theory: Fabio Maltoni

LHCtOP WG contacts —  ATLAS: Wolfgang Wagner

— CMS: Maria Aldaya
— LHCb: Katharina Mueller

Contacts for ongoing combinations / working groups:

* Top mass: Mark Owen (ATLAS), Martijn Mulders & Matteo Defranchis (CMS)
* EFT: Baptiste Ravina (ATLAS), Kirill Skovpen (CMS)

* Common MC: Michael Fenton, Dominic Hirschbiihl, & Reinhard Schwienhorst (ATLAS),
Giulia Negro, Markus Seidel, & Andris Potrebko (CMS)

« A@(Il) spin correlation: Miriam Watson & James Howarth (ATLAS), Andy Jung, Giulia Negro
& Afig Anuar (CMS)

* Harmonization of modelling uncertainties: Andrea Knue & Dominic Hirschbihl (ATLAS),
Efe Yazgan & Enrique Palencia (CMS)

* Global EFT effort within the LHC EFT WG (https://lpcc.web.cern.ch/lhc-eft-wg):
Jacob Kempster (ATLAS), Robert Schoefbeck (CMS), Ken Mimasu (Theory)

Also contacts for dedicated topics as needed
(summary plots, theoretical calculations, JES, b-tagging, generators, etc)

LHCtopWG Open Meeting, CERN 29 November -1 December 2023 4


https://lpcc.web.cern.ch/lhc-eft-wg

Ongoing combinations and other efforts LHctopPWwa

* Published “Run-1 Legacy” tt inclusive cross section at 7 & 8 TeV + extraction top pole
mass and a_ (Veronique Boisvert (ATLAS), Jan Kieseler (CMS)):
JHEP 07 (2023) 213, arXiv:2205.13830 [hep-ex] = New = |

* “Run-1 legacy” top mass combination: preliminary result released for TOP2023, %
paper in final stages of review before submission — next slide

* Ongoing combinations under review within the collaborations:
* EFT combination at 13 TeV — update today!

* A@(ll) spin correlation combination at 13 TeV: finalizing writing the documentation

e Other efforts for upcoming Run-2 & Run-3 combinations and comparisons

« Common tt MC settings for ATLAS and CMS: latest studies from June 2023 (CMS,
ATLAS)

* Harmonization of systematic uncertainties: started with ME and PS sources in tt

* Updating theory reference cross sections: started with single top and tt, other
processes soon to follow
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https://link.springer.com/article/10.1007/JHEP07(2023)213
https://arxiv.org/abs/2205.13830
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-001
https://cds.cern.ch/record/2861366/
https://cds.cern.ch/record/2862524/

LHC Run-1 top quark mass combination LHCtOPWG

Mark Owen (ATLAS); Steve Wimpenny T,
Martijn Mulders & Matteo Defranchis (CMS)

CMS-PAS-TOP-22-001, ATLAS-CONF-2023-066, CERN-LPCC-2023-02

BLUE combination of 15 input top mass ATLAS+CMS Preliminary {5=7,8 TeV
LHCIOpWG
measurements from “top quark decays” | ... LHC combined e
o stat uncertalntyy stat
from ATLAS and CMS HalnRanas:
. . ATLAS m, = total (= stat = syst)
* Profit from most precise results and those ﬂﬁz‘;’;;:;-“;ev i ok e
with different sensitivity to systematics all-jets 7 TeV e 175.06= 1.82 (+1.35+1.21)
dilepton 8 TeV o 172.99 = 0.84 (£0.41:0.74)
lepton+jets 8 TeV 172.08 = 0.91 (0.39:0.82)
. . . ll-jets 8 TeV 72+ 1.15 (£0.55+1.02)
Detailed mapping of systematic — L
. . . CMS H
uncertainties (25 categories!) and dilepton 7 TeV 172,50+ 1,58 (:0.43+1.52)
. lepton+jets 7 TeV 173.49 = 1.06 (+0.43+0.97)
assumed correlations all-jets 7 TeV 173.49 = 1.41 (£0.69+1.23)
] . ] dilepton 8 TeV 172.22 = 0.95 (0.18+0.94)
* Both intra- and inter-experiment lepton-+jets 8 TeV 172.35 = 0.48 (:0.16:0.45)
all-jets 8 TeV 172.32 = 0.62 (£0.25:0.57)
single top 8 TeV 172.95 = 1.20 (0.77+0.93)
. oy Jhy 8 TeV 73.50 = 3.14 (+3.00+0.94)
Extensive stability checks to test effect s et Sias i erin
of correlation assumptions
1 | 1 | 1 | 1 | 1 ll 1 1 | | | 1 1 1 | 1 | 1
165 170 175 180 185
m, [GeV]
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https://cds.cern.ch/record/2872484/
https://cds.cern.ch/record/2873520/

LHC Run-1 top quark mass combination

CMS-PAS-TOP-22-001, ATLAS-CONF-2023-066, CERN-LPCC-2023-02

e Combination:

LHCtOP WG

Mark Owen (ATLAS); Steve Wimpenny T,
Martijn Mulders & Matteo Defranchis (CMS)

m, = 172.52 £ 0.14 (stat) &= 0.30 (syst) GeV

* Total uncertainty of 0.33 GeV
* Most precise result to-date

30% improvement over most precise
individual result

Excellent compatibility among inputs

Limited sensitivity to correlation
assumptions

Main systematics: JES, b-tagging,
top modelling

LHCtopWG Open Meeting, CERN

ATLAS+CMS Preliminary

LHCIopWG

............ LHC combined

o stat uncertain
total uncertalrwy

\s=7,8 TeV
total

stat

ATLAS m, = total (= stat = syst)
dilepton 7 TeV 173.79 = 1.42 (+0.5421.31)
lepton+jets 7 TeV 172.33 = 1.28 (+0.75+1.04)
all-jets 7 TeV 175.06 = 1.82 (+1.35+1.21)
dilepton 8 TeV 172.99 = 0.84 (:0.410.74)
lepton+jets 8 TeV 172.08 = 0.91 (+0.39:0.82)
all-jets 8 TeV 173.72 = 1.15 (+0.55+1.02)

172715048 c025:-041) |

CMS
dilepton 7 TeV 172.50 = 1.58 (+0.43+1.52)
lepton+jets 7 TeV 173.49 = 1.06 (+0.43+0.97)
all-jets 7 TeV 173.49 = 1.41 (£0.69+1.23)
dilepton 8 TeV 172.22 = 0.95 (0.1820.94)
lepton+jets 8 TeV 172.35 = 0.48 (0.16+0.45)
all-jets 8 TeV 172.32 = 0.62 (+0.25+0.57)
single top 8 TeV 172.95 = 1.20 (0.77+0.93)
Jhy 8 TeV 173.50 = 3.14 (+3.00:0.94)
secondary vertex 8 TeV 173.68 = 1.12 (x0.20+1.11)

[ combined 172,52+ 0.42 (+0.1420.39) |

LHC combination
dilepton 172.30 = 0.59 (+0.29+0.51)
lepton+jets 172.45 = 0.36 (+0.17=0.32)
all-jets 172.60 = 0.45 (+0.26+0.36)
other 173.53 = 0.77 (+0.43+0.64)
combined 172.52 = 0.33 (=0.14=0.30)

1 | : | 1 | 1 1 I ; 1 1 | 1
165 180 185
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Summa ry p lots httos:/twiki.cern.chitwiki/bin/view/L HCPhysics/L HCTopWGSummaryPlots (*

Newly added/updated results & predictions since last Open Meeting and
other updates — more than 30 plots, showcasing some examples only(**):

tt cross sections vs sqrt(s)

Inclusive tt cross section [pb]
2

—
o
V)

10

Ratio to
Prediction

| ATLAS+CMS Preliminary
LHCtopWG November 2023

NNLO+NNLL, PDF4LHC21 (pp)
B NNLO+NNLL, PDF4LHC21 (pp)

| my,=1725GeV, a(M,) =0.118 = 0.001

— Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

NN

Tevatron comb. (1.96 TeV, <8.8 fb™) [1]

ATLAS comb., ee, uy, e, l+jets (5.02 TeV, 257 fb™) [2]
CMS comb., ey, I+jets (5.02 TeV, 27.4-302 fb™) [3]
LHC comb., LHCtopWG, eu (7 TeV, 5 fb™) [4]
LHC comb., LHCtopWG, e (8 TeV, 20 tb™) [4]
ATLAS, en (13 TeV, 140 fb™) [5]

CMS, ep (13 TeV, 35.9 fo™) [6]

ATLAS, l+jets (13 TeV, 139 fb™) [7]

CMS, I+jets (13 TeV, 137 tb™) [8]

ATLAS, eu (13.6 TeV, 29 fb™) [9]

CMS, ee, pu, ey, l+ets (13.6 TeV, 1.2 fb™) [10]

[1] PRD 89 (2014) 072001  [6] EPJC 79 (2017) 368

[2] JHEP 06 (2023) 138 [7] PLB 810 (2020) 135797
[3] JHEP 04 (2022) 144

[4] JHEP 07 (2023) 213 [9] arxiv:2308.09529

[5] JHEP 07 (2023) 141 [10] JHEP 08 (2023) 204
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[8] PRD 104 (2021) 092013
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* Improved overall readability:
* added ratio-to-predictions panel

* removed inset for 13 and 13.6
TeV

* Added references for all results
* Updated PDF set for ppbar theory
prediction

(*) All updated plots will be added
to the twiki shortly

(**) FCNC plots in Daniel’s talk today
Top EFT limit plots in Kirill’s talk today
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tt cross sections

ATLAS+CMS Preliminary
LHCtopWG

NNLO+NNLL PRL 110 (2013) 252004 C
"""" m,,, =172.5 GeV, (M) = 0.118:0.001

scale uncertainty
scale ® PDF @ og uncertainty

ATLAS, ep
JHEP 07 (2023) 141, L =140 fo!
ini
ATLAS, l+jets
PLB 810 (2020) 135797, L_ =139 fo!
I
ATLAS, all-jets
JHEP 01 (2021) 033, L =36.1 fo!
CMS, en
EPJC 79 (2019) 368, L =35.9 b
CMS, t+e/p
JHEP 02 (2020) 191, L =35.9 fo!
|l
CMS, l+jets
JHEP 09 (2017) 051, L =2.2 fb™
ini
CMS, all-jets *
CMS-PAS-TOP-16-013, L =2.53fb"
CMS, l+jets

PRD 104 (2021) 092013, L _ =137 b

* Preliminary

o, summary, Vs=13TeV November 2023

3 ] ]
M I I

I I
total stat
Oy (stat) = (syst) = (lumi)

- 829113+ 8 pb
|—-H 830 + 0.4 = 36 = 14 pb
I—gﬂ—|864:4.3:126:18 pb
I—H 803 + 2+ 25 20 pb
I—H—i 781+ 7+ 6220 pb
HH 888 + 2+ 26+ 20 pb
|—+o-r—| 834 = 25+ 118 = 23 pb

e 791+ 1= 21+ 14pb

ATLAS+CMS Preliminary
LHCtop WG

NNLO+NNLL PRL 110 (2013) 252004
"""" my,, = 172.5 GeV, ay(M,) = 0.118=0.001

scale uncertainty
scale ® PDF & ag uncertainty

ATLAS, l+jets, b—Xuv

o, summary, Vs=7TeV

November 2023

—
total stat

Oy = (stat) = (syst) = (lumi)

PDF4LHC21 J.Phys.G 49 (2022) 080501
NNPDF4.0 EPJC 82 (2022) 428

MSHT20 EPJC 81 (2021) 341
CT18 PRD 103 (2021) 014013

IllIIIIIIlllIII

800 1000
o, [pb]

1200 1400

\ ——H 165+2+17+3 pb
ATLAS-CONF-2012-131*, L_=4.7 ft
ATLAS, l+jets, SVM " 168.5+0.7* %2 *34 pp
PRD 108 (2023) 032014, L _=4.6 b S8R =
ATLAS, ey, b-tag . e 182.9+3.1+4.2+3.6pb
EPJC 74 (2014) 3109, L _=46fb
ATLAS, ey, N_ -ET* e 181.2+28" 57 +3.3pb
PRD 91 (2015) 085005, L_=4.6 1t : -9.
ATLAS, 7, Hets ~ 1194 + 18 + 45 + 8 pb
EPJC 73 (2013) 2328, L_=1.7 b :
ATLAS, all jets ! ; ; 168 + 12+ 2(73 +7pb
ATLAS-CONF-2012-031*, L_=4.7 fb” -
ATLAS, 1, .+ ———t—i 186 +13 20 = 7 pb
PLB 717 (2012) 89, L _=2.05 fo!
CMS, I+jets ‘ bttt | 161.7 6.0 = 12.0 =+ 3.6 pb
EPJC 77 (2017) 15, L _=5.01b
CMS, e 1 HoH 173621733 +3.8pb
JHEP 08 (2016) 029, L_=5.0 fb :
CMS: Thad+l et 143 +14+22+3 pb
PRD 85 (2012) 112007, L_=2.2 0" :
CMS, 7,4 Hets e 152 £12+32+3pb
EPJC 73 (2013) 2386, L_=3.9 fb" :
CMS, all jets —_———t—y 139 +10+26 +3 pb
JHEP 05 (2013) 065, L_=3.5fb"
LHC combined (May 2022) HH 178 + 2+ 3 +3pb

JHEP 07 (2023) 218, L_=5fb

* Preliminary

IIII|IIII|IIII|III-I|IIIIIIII

PDF4LHC21 J.Phys.G 49 (2022) 080501
NNPDF4.0 EPJC 82 (2022) 428
MSHT20 EPJC 81 (2021) 341

CT18 PRD 103 (2021) 014013

50 100 150 200
o, [Pb]

250 300 350

* Added comparison to theory predictions using various recent PDF sets
» Updated references, sync’ed format for presenting results where possible
* Similar updates also for plots at 8 and 5.02 TeV

29 November -1 December 2023
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ttX

Updated ATLAS ttZ result

ATLAS+CMS Preliminary Vs = 13 TeV, November 2023
LHCtopWG
i oy, =0.75 = 0.05(scale) + 0.01(PDF) pb 1 oy, =0.8600(scale) + 0.02(PDF) pb O, X 20 =0.038 + 000 (tot.) pb x 20 0y x5=0.15x0.03(tot) pb x5 |2 0y =0.77 = 0.14(tot) pb
= arXiv:2306.16311 = EPJC 80 (2020) 428 :  UHEP 10 (2018) 158 MadGraph5_aMC@NLO E MadGraph5_aMC@NLO
NNLO(QCD)+NLO(EW) I NLO(QCD+EW)+NNLL I NLOQCD NLO QCD : NLOQCD
Omeas. * (Stat.) = (syst.) oo : .
B 0.89 = 0.05 = 0.07 pb e e ATLAS, L_=140fb"
tt - ATLAS-CONF-2023-O1?*
0.87 = 0.04 = 0.05 pb TR CMS, L, = 138.0 fo
JHEP 07 (2023) 219
0.86 + 0.04 = 0.04 pb i ATLAS, L _=140 b
l‘EZ E ATLAS-CONF-2023-065*
0.95 = 0.05 = 0.06 pb : p—t . CMS, T =775T1
: JHEP 03 (2020) 056
tfy +tWy en 0.0396 = 0.0008 *$5%22 pb x 20 ———y ATLAS, L =139 16", Vis 1
z JHEP 09 (2020) 049 5o
iy dilepton 0.175 + 0.003 + 0.006 pb x 5 : o CMS, L= 188107, Vis 2
H JHEP 05 (2022) 091 A wn
tty 1+jets 0.798 = 0.007 = 0.048 pb e CMS, L =1371b", Vis 3
: JHEP 12 (2021) 180 *preliminary
1 1 1 l 1 1 1 I 1 1 1 I | 1 1 I 1 | 1 1 | 1 l 1 1 1 I 1
0 0.2 0.4 0.6 b0.8 12 1.4
O, [Pb]
* Updated ttW theory prediction to the latest NNLO (QCD) + NLO (EW) from
arXiv:2306.16311 [hep-ph]
[ ]

Updated references

LHCtopWG Open Meeting, CERN 29 November -1 December 2023
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https://arxiv.org/abs/2306.16311

Single top production

All channels and sqrt(s)

Added ATLAS t-chan. at 5 TeV

Inclusive cross-section [pb]

t-channel

B ATLAS arxiv:2310.01518, PRDS0(2014)112006, EPJC77(2017)531, ATLAS-CONF-2023-026*

® CMS UHEP12(2012)035, JHEP06(2014)090, PLBBOO (2019)135042

¢ LHC comb. stepos (z019)088

W

ATLAS PLB716(2012)142, JHEP01(2016)064, JHEPO1(2018)063
® CMS PRL110(2013)022003, PRL112(2014)231802, JHEP07 (2023)046

LHC comb. Heros (2019)088

-

s-channel
W ATLAS PLB756(2016)228, JHEP06(2023) 191 I

® CMS uHEP09(2016)027
¢ LHC comb. stepos(2019)088

|elo} ‘jejs

NNLO MCFM, JHEP 02 (2021) 040
PDF4LHC (CT18, MSHT20, NNPDF3.1)
scale ® PDF® o uncertainty, mmp=1 72.5 GeV

- - - aNNLO +aN°LL JHEPO5 (2021)278
PDF4LHC (CT18, MSHT20, NNPDF3.1)
tW: tf contribution removed
scale ® PDF ® o, uncertainty, m,,=172.5 GeV

= = = NLO NPPS205(2010) 10, CPC191(2015) 74
CT10nlo, MSTW2008nlo, NNPDF2.3nlo
MR= HF= mlop
scale ® PDF® o, uncertainty, rqop=1 72.5 GeV

*Preliminary

ATLAS+CMS Preliminary

November 2023

LHCtopWG

s =13 TeV, m = 172.5 GeV
: NNLO (JHEP 02 (2021) 040),

ATLAS, L =140 fo!
ATLAS-CONF-2023-026*

CMS, L =359 1"
PLB 800 (2019) 135042

total stat

PDF4LHC21
scale uncertainty

t-channel

' scale ® PDF ® ag uncertainty

Oy channel = (StaL.) = (syst.) = (lumi.

= i 221113 +2pb

1 207 2 +30+5pb

~ ATLAS+CMS Preliminary
LHCtopWG i }
Single top-quark production
November 2023
2| t-channel
i N 331 s
; i
H * ﬁ- tw
4
10 {1 . -
I s-channel
5 7 8 13

Vs [TeV]

* Updated t-channel predictions using PDF4LHC21
* Updated references, sync’ed style across channels
* Similar updates for plots at all energies

LHCtopWG Open Meeting, CERN

29 November -1 December 2023

* Preliminary
| | | | | 1 | | 1 1 | 1 | |
150 200 250 300
0t-channei [pb]
ATLAS+CMS Preliminary November 2023
LHCtopWG
»l_ =13TeV, m = 172.5 GeV total stat

ATLAS, L =32 fo!
JHEP 01 (2018) 063

CMS e, L =138 fb”
JHEP 07 (2023) 046

CMS l+jets, L =36 fo!
JHEP 11 (2021) 111

. aNNLO+aN'LL (JHEP 05 (2021) 278),

PDF4LHC21
scale uncertainty

tW

B scale ® PDF @ a4 uncertainty

94 =10 35 + 2 pb

7912 +1pb

89+4+12+3pb

Oy = (stat.) = (syst.) = (lumi.)

50 100 150
Oy [Pb]

200



Rt: ratio of o(top) to o(antitop)

© o5 ATLAS+CMS Preliminary November 2023
iy - PDF4LHC21 G
bﬁ — LHCtOp WG J.Phys.G 49 (2022) 080501
I 24 [ CT18 PRD 103 (2021) 014013
L - NNLO QCD JHEP 02 (2021) 040
m —
23— Myp= 172.5 GeV, M= B =M,
22 i ©  ATLAS,L_ =459, PRD 90 (2014) 112006
E T m  ATLAS,L_ =202fb", EPJC 77 (2017) 531
215 m  CMS*™ L _=19.7fb", JHEP 06 (2014) 090
o[ 1 Y ATLAS,L_ =140fb", ATLAS-CONF-2023-026"
e il v CMS, L =35.9 fb™!, PLB 800 (2019) 135042
b g * Preliminary
1.9 _—\ ** Larger uncertainties are due to
- -\_ relaxed assumptions on PDF correlations
1.8
1.7
1.6—
I I I I I I I I
6 7 8 9 10 11 12

II%[TeV]
* Updated theory predictions from NLO to NNLO

* Used newer PDF sets in the predictions

* Updated references

LHCtopWG Open Meeting, CERN 29 November -1 December 2023

- —~ ATLAS+CMS Preliminary November 2023
bﬂ C [HctopWa PDF4LHC21 J.Phys.G 49 (2022) 080501
] 4.5 - CT18 PRD 103 (2021) 014013
= L T total
fff - il -+ stat NNLO QCD JHEP 02 (2021) 040
4l— M= 1725 GeV, u = =m,
L + ATLAS, L, =255 pb™, arXiv2310.01518
35 __ L) ATLAS, L, =459 fb™, PRD 90 (2014) 112006
C | | ATLAS, L,,=202 fb™!, EPJC 77 (2017) 531
- o CMS*, Lim =19.7 fb™", JHEP 06 (2014) 090
3 C v ATLAS, Lim =140 fb™!, ATLAS-CONF-2023-026*
- v CMS, L,=359 fb™, PLB 800 (2019) 135042
C + * Preliminary
| ** Larger uncertainties are due to
— relaxed assumpti on PDF corr
2.5
:\.
-5 \I\g\f_
15— 1 | | | | | | | L
5 6 7 8 9 10 11 12 13
Vs[TeV]

* Same plot, including the latest
ATLAS result at 5 TeV, also available
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Vt b Added CMS t-chan. at 13 TeV

Added ATLAS t-chan. at 5 TeV

ATLAS+CMS Preliminary Oineas November 2023

If V! =
LHCtopWG Do
Ao, : scale® PDF (tW)

A 0y, SCale® PDF® oy (t- and s-channel) total theo
=172.5 GeV
seelianiril N _ If Vil = (Meas)= (theo)
LHC Comb 7+8 TeV " (1.17-20.3 fb™) HH 1.02 =+ 0.04 = 0.02
JHEP 05 (2019) 088 ]
CMS 13 TeV*@35.91b™" —roi—y 0.98+ 0.07+ 0.02
PLB 800 (2019 (135042 ; : * *
CMS 13 TeV (35.9fb™) : : + 0.024 (stat t
PLB 808 (2020) 135609 H 0.988 = 0 (Stat® syst)
ATLAS 13 TeV (140b™) [ 1.016 = 0.031 (meas® theo)
ATLAS-CONF-2023-026* :
ATLAS 5.02 TeV "(255 pb™) ——i—y 0.94+ 0.11 (meas® theo
arXiv:2310.01518 : * ( )
t‘II.VHC Comb 7+8 TeV "™ 4
omb 7+8 TeV "(2.05-20.3 fb" ———y 1.02 = 0.09 = 0.04
JHEP 05 (2019) 088 * *
ATLAS 13 TeV(3.21b™) ! —a—t i 1.14+0.24+ 0.04
JHEP 01 (2018) 63
CMS 13 TeV(35.97") ——o——4 0.94+0.07+ 0.04
JHEP 10 (2018) 117 : * *
s-channel: :
LHC Comb 8 TeV *'(5.1-20.3 tb™) ,_,...,_, 0.97 = 0.15 + 0.02
JHEP 05 (2019) 088
all channels: §
LHC Comb 7+8 TeV “(1.17-20.3 ) HeH 1.02 = 0.04 = 0.02
JHEP 05 (2019) 088 : " including top-quark mass uncertainty
: 2 C’mea NLO (CPC 191 (2015) 74) w. CT10nlo, MSTW2008nlo, NNPDF2.3nlo (arXiv:1101.0536)
|nclud|ng beam energy uncertainty
: IV Iand IV lnot fixed, unitarity enforced
* Preliminary : s O ! NNLO (JHEP 02 (2021) 040) w. PDFALHC21 (J. Phys. G 49 (2022) 080501)
. . . | . : . . ‘ . (o J NLO+NNLL (PPN 45 (2014) 71) w. MSTW2008 NNLO (EPJC 63 (2009) 189) . .
0.5 1 1.5 2
If, Vi

LHCtopWG Open Meeting, CERN 29 November -1 December 2023

* Updated results as reported
in the corresponding
publications

* Updated references
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Top mass

Top mass from decay

Added new CMS 7+8 TeV combination

Added new ATLAS 7+8 TeV combination
Added new LHC 7+8 TeV combination

My, [GeV]

LHLTIOPWG Upen Ivieeting, CEKN

29 Novemper -1 becemper 2023

ATLAS+CMS Preliminary Mep SUMMAary, Vs = 1.96-13 TeV November 2023
LHCtopWG
"""" LHCreamb. (Se0i 20237, 748 T weapwe 11K s * Removed all Run-1 results that did not
total stat
[ | statistical uncertainty
| )
S R DIl (slal + sl enter the new LHC 7+8 TeV
||_LHC comb. (Sep 2023*), 7+8 TeV 172,52 + 0.33 (0.14 + 0.30) 20 o' [1][16]
World comb. (Mar 2014), 1.9+7 TeV 173.34 £ 0.76 (0.36 * 0.67) <8710 2] 1 1
ATLAS, l+jets, 7 TeV 172.33 + 1.27 (0.75 + 1.02) 461", [3] com b Ination
ATLAS, dilepton, 7 TeV 173.79 + 1.42 (0.54 + 1.31) 46" [3] ® - H
ATLAS, all jets, 7 TeV k — 175.1£1.8 (1.4 £1.2) 4617, [4] Added new LHC com b|nat|0n as
ATLAS, dilepton, 8 TeV 172.99 £ 0.84 (0.41+ 0.74) 20.3 b, [5] .
ATLAS, all jets, 8 TeV 173.72 + 1.15 (0.55 + 1.02) 203 b, [6] rEfe rence (dOttEd line and grey ba ndS)
ATLA iets. 8 Te 172,08 +0.91 (0.39 + 0.82) 2020171 .
[CATLAS comb. (Sep 2023") 78 TeV mersesesson w00 ] ¢ Updated results as reported in the
RTTCAS, TepIonic V. mass, Ay, T T74.4120.81 (030 £ 0.66 £0.25)  36.1 10, (8]
ATLAS, dilepton (*), 13 TeV 172.21+0.80 (0.20 + 0.67 +0.39) 139 b [9] 1 1 1
gl iyt v Bl corresponding publications
CMS, dilepton, 7 TeV 1725+ 1.6 (0.4 1.5) 4917, [11] °
CMS, all jets, 7 TeV 173.49 + 1.39 (0.69 + 1.21) 35", [12] U pdated refe rences
CMS, I+jets, 8 TeV 172.35 £ 0.51 (0.16 £ 0.48) 19.7 b, [13]
CMS, dilepton, 8 TeV 17222 350 (0.18 779 19.7 10", [14]
CMS, all jets, 8 TeV 172.32 + 0.64 (0.25 + 0.59) 19.7 b, [13]
CMS_single ton_8 TeV 172,95 +1.22(0.77 *°) 197 18]
[ CMS comb. (Sep 2023*), 7+8 TeV 172.52 +0.42 (0.14 + 0.39) <19.7fb" [16]
MS, all jets, eV —te 172.34 £ 0.73 (0.20 _’0".'7“’)2 359 fb" [17]
CMS, dilepton, 13 TeV 172.33+0.70 (0.14 + 0.69) 35.9 b, [18]
CMS, l+jets, 13 TeV e 171.77 £0.37 35.9 b7, [19]
CMS, single top, 13 TeV Z2AS 7 (088 008 35.9 fb, [20]
CMS, boosted, 13 TeV 173.06 + 0.84 (0.24) 138 fb, [21]
[1] ATLAS-CONF-2023-066 [8] JHEP 06 (2023) 019 [15] EPJC 77 (2017) 354
[2] arXiv:1403.4427 [9] ATLAS-CONF-2022-058 [16] CMS-PAS-TOP-22-001
[3] EPJC 75 (2015) 330 [10] JHEP 12 (2012) 105 [17] EPJC 79 (2019) 313
P . . [4] EPJC 75 (2015) 158 [11] EPJC 72 (2012) 2202 [18] EPJC 79 (2019) 368
Frehmirgry il SN ol A s o
[7] EPJC 79 (2019) 290 [14] PRD 93 (2016) 072004 [21] EPJC 83 (2023) 560
R I N N N N N TREY AU Y T N SN N N N R M A
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Next Open Meeting LHCtoP WG

 Planned for May/June 2024

* In-person, with the usual zoom connection
» Sessions will be recorded and uploaded on the agenda after the meeting

* Current scheme: one in-person and one virtual Open Meeting per year
e Please let us know if you prefer both in-person

* Your feedback is important —let us know if you have suggestions for
improving the meetings!

LHCtopWG Open Meeting, CERN 29 November -1 December 2023 15
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110:30 ismnmmelmwememomemmnunwwmymmumlmpqm pro
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Session 1 - Maria Aldaya Martin (DESY) Prol. Fabio Maltoni (Universite Catholique de Lowain (UCL) (BE) and Universita ;-
di Bologna) Wolfgang Wagner (Bergische Universitaet Wuppertal (DE)) (until 13:30) () Maltoni (Universite Catholique de Louvain (UCL) (BE) and Universita di Bologna) Maria

Aldaya Martin (DESY) (until 12:30) ()
Latest developments in Herwig 7 - Simon Platzer (University of Graz (AT)) ()
09:30 Summary of the Quantum Observables dis

10:20 --- Discussion ---

Top
modelling

09:50
10:00

immnna Voss (Universitaet Siegen (DE)) ()

quat g
(University of Glasgow (GB)) (}
11:00 imwmmmmm-uuWWMMMnmmma) 0 Z~ =

10:50 --- Discussion ---

10:20 --- Discussion ---
11:20 - Discussion - 10:30 xxxx () &~
11:30 Top quark with ia - Christian Preuss (University of Wuppertal)
’OM physics with Pythia Buss (University ot iVup 0 &~ 1050 ~- Discussion ---
11:50 --- Discussion --- 11:00 |Quantum Entanglement and Bell Inequality Violation in Semi-Leptonic Top Decays - Arthur Wu
12mimm*mmmmomwmmmm-smmquum) () @ -~ (Pitt) #~

11:20 - Discussion ---
--- Close out ---

12:20 === Discussion ---

13:30 --- Lunch break ---

et and theory)

14:00 Introduction - Prof, Fabio Maltoni (Universite Catholique de Louvain (UCL) (BE) and Universita di

14:00 SUSY searches in tTbar+MET and tc+MET final states with ATLAS - Simran Sunil Gurdasani (Albert Ludwigs Universitaet Freiburg
l(os» 0 @ -

14:20 === Discussion ---

(B:Eosg:;)owwmwm“ (Rt oo Mapers! (De))mmm"z 14:30 ‘m 2- Fabio Maltoni (Universite Catholique de Louvain (BE)) (until 15:30) () TO p- p h | | IC
14:20 e e B 14:30 iomhocoupllngofmdon-ln(epanldumhewpquuk-FablanEm 0 axion festiva I
14:30 CMS highlight 1: Search for extra Higgs bosons through same-sign top-quark production in 14:45 ALPeﬂéctslnmp-paliproducﬂon-Vd Phan 0
association with an extra jet - Efe Yazgan (National Taiwan University (TW)) () @ v
15:00 iPhemnunlogydandudnmppNﬁcALPatmeLHC-MbemMaﬁoﬂlNﬂjeUNvamten Brussel v
14:50 - Discussion --- |

15:00  ATLAS highlight 1: Inclusive and differential ttZ cross-section measurement, including 15:15 Distinguishing axion-like particles and CP-odd Higgs bosons in ttbar final states at the LHC - Christian Schwanenberger (Deutsches
interpretations, with the full ATLAS Run 2 gdas — o padamuatScions Elektronen-Synchrotron (DE)) () @~
(SK) 0 !
ATLAS & CMS | i -
15:20 15:56 immmmhmuummmmmmmsm-mmum (Subatech, IMT Atiantique) () @
15:30 .
16:00 Session 2 -Prof. Fabio Maltoni (Universit Compa riIsons 16:15 - Discussion -

Universita di Bologna) Wolfgang Wagner

Aldaya Martin (DESY) (unti 17:30) (
16:00 Comparison of the latest CMS and ATLAS measurements on FCNC in the top-quark sector -
Daniel Spitzbart (Boston University (US)) () Z ~
16:20 == Discussion ==

16:30  Progress report on a combined EFT analysis of ATLAS and CMS results - Baptiste Ravina
(Georg August Universitaet Goettingen (DE)) Kirill Skovpen (Ghent University (BE)) () @

16:50 --- Discussion ---

17:00 Indirect constraints on top quark operators from a global SMEFT analysis - Alfredo Stanzione ()
Z ~

17:20 --- Discussion ---

LHCtopWG Open Meeting, CERN

16:25 ATLAS highlight 2: Ttbar+jets in ATLAS and a comparison with the CMS triple differential cross-section measurement, and tTbar in
|pr collisions - Miguel Angel Principe Martin (Universidad Auténoma de Madrid) Henriette Aarup Petersen (Deutsches Elektronen-
|wmm (0E) @~

16:50 - Discussion —
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LHC Run-1 top quark mass combination

CMS-PAS-TOP-22-001, ATLAS-CONF-2023-066, CERN-LPCC-2023-02

Uncertainty category

Scan range a2 (/2

LHCtOP WG

Mark Owen (ATLAS); Steve Wimpenny T,
Martijn Mulders & Matteo Defranchis (CMS)

Systematic ’ MeV]  [MeV] CMS
. LHC JES 1 0 | — — — TLAS
correlatlons LHC]JES 2 0 [—0.25, +0.25] 8 /4 EXPERIMENT
(THCJES3 05 |+0.25,40.75] 1 <1
i LHC b-JES 0.85 [+0.5, +1] 26 5 Different JES
Statistical and LHC ¢-TES 0.85 | [+0.5,+1] 2 <1 aalifseatians
other uncorrelated LHC 1JES 0 |-025+4025 1 <1 g
components of CMSJES 1 . = — = but sensitive g
JES JER 0 [-025+025] 5 1 tosameMC &
(oo fmem f 1\ modelingor
agging : .25, 0. . s o)
s 0 [-0254025] <1 <1 radiation £
Pileup 085  [+0.5,+1] 2 <1 3
. Tri 0 [-0.25+4025 <1 <1 5
Light flavour il [ ] L
rtainti ME generator 0.5 [+0.25,+0.75] <1 4 ©
MEIEME A IS LHC radiation 05 [+0.25,4075] 7 1 g
approach different LHC hadronization ~ 05 [+0.25,+0.75] 1 <1 8
for ATLAS and CMS CMS B hadron BR — —_ — — )
Color reconnection 05 [+0.25,+0.75] 3 1 ';Z
Underlying event 05 [+0.25,+0.75] 1 | T
PDF 085  [+0.5,41] 1 <1
Correlation from reliance Top quark pr — — — -
on MC for flavour Background (data) 0 [-0.25,+0.25] 8 2
composition in the tt Background MC) 085 [+05+1] 2 <1 No large changes
calibration samples Migtunc 0 - —  — incentral value.
Other 0 — — . 15

Slide from C. Nellist at TOP2023
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https://cds.cern.ch/record/2872484/
https://cds.cern.ch/record/2873520/
https://indico.cern.ch/event/1233341/contributions/5528218/

LHC Run-1 top quark mass combination

CMS-PAS-TOP-22-001, ATLAS-CONF-2023-066, CERN-LPCC-2023-02

LHCt

Uncertainty category Iir;;értalit%&ng — ([Z(Ii:;,]
LHC b-JES 0.18 0.17 0.25
b tagging 0.09 0.16 0.03
ME generator 0.08 0.13 0.14
LHCJES1 0.08 0.18 0.06
LHC JES 2 0.08 0.11 0.10
Method 0.07 0.06 0.09
CMS B hadron BR 0.07 — 0.12
LHC radiation 0.06 0.07 0.10
Leptons 0.05 0.08 0.07
JER 0.05 0.09 0.02
Top quark pr 0.05 — 0.07
Background (data) 0.05 0.04 0.06
Color reconnection 0.04 0.08 0.03
Underlying event 0.04 0.03 0.05
LHC g-JES 0.03 0.02 0.04
Background (MC) 0.03 0.07 0.01
Other 0.03 0.06 0.01
LHC 1-JES 0.03 0.01 0.05
CMS]JES1 0.03 - 0.04
Pileup 0.03 0.07 0.03
LHCJES3 0.02 0.07 0.01
LHC hadronization 0.02 0.01 0.01
piise 0.02 0.04 0.01
PDF 0.02 0.06 <0.01
Trigger 0.01 0.01 0.01
Total systematics 0.30 0.41 0.39
Statistical 0.14 0.25 0.14
Total 0.33 0.48 0.42

LHCtOP WG

Mark Owen (ATLAS); Steve Wimpenny T,
Martijn Mulders & Matteo Defranchis (CMS)

ATLAS+CMS Preliminary Vs=7,8 TeV
LHCIopWG total
............ LHC combiqed :
s stat uncertain stat
total uncertairWy
ATLAS m, = total (= stat = syst)
dilepton 7 TeV 173.79 = 1.42 (+0.5421.31)
lepton+jets 7 TeV 172.33 = 1.28 (+0.75+1.04)
all-jets 7 TeV —— 175.06 = 1.82 (1.3521.21)
dilepton 8 TeV 172.99 = 0.84 (+0.41:0.74)
lepton+jets 8 TeV 172.08 = 0.91 (0.39:0.82)
all-jets 8 TeV 173.72 = 1.15 (x0.55:1.02)
combined 172.71+ 0.48 (0.2520.41)
CMS
dilepton 7 TeV 172.50 = 1.58 (+0.43+1.52)
lepton+jets 7 TeV 173.49 = 1.06 (+0.43+0.97)
all-jets 7 TeV 173.49 = 1.41 (0.69+1.23)
dilepton 8 TeV 172.22 = 0.95 (0.18+0.94)
lepton+jets 8 TeV 172.35 = 0.48 (£0.1620.45)
all-jets 8 TeV 172.32 = 0.62 (+0.25:0.57)
single top 8 TeV 172.95= 1.20 (+0.77+0.93)
Jiy 8 TeV b H 173.50 = 3.14 (+3.00+0.94)

secondary vertex 8 TeV

173.68 = 1.12 (x0.20+1.11)

combined 172.52 = 0.42 (+0.1420.39)

LHC combination

dilepton 172.30 = 0.59 (0.29:0.51)
lepton+jets 172.45 = 0.36 (+0.17=0.32)
all-jets 172.60 = 0.45 (+0.26+0.36)

other 173.53 = 0.77 (+0.43+0.64)
combined 172.52 = 0.33 (=0.14=0.30)

1 | I | 1 | 1 I | | | | I | 1 | 1
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