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Ennio Salvioni

• One-afternoon topical discussion on Zoom. “Rapid response” to EXP and TH developments 

• Presentations by ATLAS, CMS + 5 theory talks 

• Up to ~ 90 simultaneous participants, very lively exchange 

• Special thanks to ATLAS & CMS speakers and Top Conveners, for acting on ~ 2 weeks’ notice!

https://indico.cern.ch/event/1004023/
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The Four Tops have a long history…

Ennio Salvioni

The Four Tops in 1968

The Four Tops in 2018

elected to Rock&Roll Hall of Fame in 1990



… so why discuss Four Tops now?

Ennio Salvioni

• Theory: important motivations for BSM effects, possibly as first manifestation  
of new physics. Several papers out in late 2020 

Even within SM, complex interplay of QCD and EW amplitudes 

• Experiment: very rare process ( ), ATLAS and CMS have  
“just begun” to see evidence 

Status after Run 2 is intriguing: excesses  
in multilepton + b-jets final states 
(  is key background)

σSM
13 TeV = 12 fb

t t̄W + jets

 
@ 

(80 - 140) fb−1

13 TeV

see also talks by Quake Qin yesterday,  
Manfred Kraus today

[Banelli, Salvioni, Serra, Theil, Weiler 2010.05915]



Plan of discussion

Ennio Salvioni

• ATLAS: Simon Berlendis (SSL/multileptons) 

• CMS: Emanuele Usai (SSL/multileptons & 1L/OSL) 

• SM theory: Rikkert Frederix (complete NLO prediction) 

• BSM theory:  

‣ Tobias Theil (four-top operators in EFT) 

‣ Ken Mimasu (SMEFT@NLO and indirect constraints) 

‣ Luc Darmé (from EFT to on-shell top-philic resonances) 

‣ Manuel Szewc (a light  to explain multilepton + jet excesses)Z′�
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ATLAS

Ennio Salvioni

Multilepton + jets analyses probe multiple processes 
of high interest for BSM:

Simultaneous fitting to control regions: 
 normalisation factor of   

extracted from likelihood fit
t t̄ W 1.6 ± 0.3

[Simon Berlendis]

[ATLAS 2007.14858]



ATLAS

Ennio Salvioni

Multilepton + jets analyses probe multiple processes 
of high interest for BSM:

[Simon Berlendis]

[ATLAS-CONF-2021-013]



CMS

Ennio Salvioni

[Emanuele Usai]

• Multilepton + jets analysis reports both BDT and cut-and-count versions, 
very useful for theory recasts (see later) 

•  and  normalizations float in the fit, 
find  for both 

• BDT:

t t̄ W tt̄Z
1.3 ± 0.2

σtt̄tt̄ = 12.6+5.8
−5.2 fb 2.6 σ obs (2.7 σ exp)

dependence on  coupling  htt̄

 background rescaled t t̄h ∝ y2
t

but how to handle NLO corrections?

[CMS 1908.06463]
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SM theory

Ennio Salvioni

[Rikkert Frederix]
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SM theory

Ennio Salvioni

[Rikkert Frederix]

• Large cancellations between  and   

• Large cancellations between  and  (also at differential level). Surprising! 

• Not possible to estimate effect in BSM, e.g. modified top Yukawa. Still a cancellation? 

• Would require complete NLO corrections in SMEFT, currently out of reach

LO2 LO3

NLO2 NLO3

[Frederix, Pagani, Zaro 1711.02116]
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BSM: four-top operators

Ennio Salvioni

[Tobias Theil]

• Scenarios with composite Higgs and top, new mass scale  and coupling  

• Strongly coupled new physics: sizable EFT effects even if  is out of direct reach 

m* g*

m*

<latexit sha1_base64="6rmEvX3ugf/JuYdpVl7JlCo8lr8=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0UQLCWRWt0IBTcuFCraBzQhTKbTdujk4cxEKCG/48ZfcaOgqFt/xEmbRR8eGDhzzr3ce48bMiqkYXxruaXlldW1/HphY3Nre0ff3WuKIOKYNHDAAt52kSCM+qQhqWSkHXKCPJeRlju8Sv3WE+GCBv6DHIXE9lDfpz2KkVSSo9csD8kBRiy+SeAlnPo5scU9eH9bskrQYuQRWqVKAk9mS6qJoxeNsjEGXCRmRoogQ93R361ugCOP+BIzJETHNEJpx4hLihlJClYkSIjwEPVJR1EfeUTY8fjSBB4ppQt7AVfPl3CsTnfEyBNi5LmqMl1TzHup+J/XiWTvwo6pH0aS+HgyqBcxKAOYxga7lBMs2UgRhDlVu0I8QBxhqcItqBDM+ZMXSfO0bJ6VjbtKsVbN4siDA3AIjoEJzkENXIM6aAAMnsEr+ACf2ov2pn1pP5PSnJb17IMZaL9/vmqlpg==</latexit>

L = LSM, 4 + L6

genuine sign of  
Higgs compositeness

g2
*

m2
*

(∂μ |H |2 )2 g2
*

m2
*

(t̄RγμtR)2

genuine sign of  
top compositeness

[Banelli, Salvioni, Serra,  
Theil, Weiler 2010.05915]
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BSM: four-top operators

Ennio Salvioni

[Tobias Theil]

cHt

ctt

m*/g* ≳ 750 GeV

• At future colliders (both hadron and lepton), four-top operators provide leading sensitivity 
to compositeness scale

better than Higgs precision
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BSM: SMEFT@NLO

Ennio Salvioni

[Ken Mimasu]

• Effects of four-top operators on  
production at NLO in QCD:

tt̄tt̄

called  in previous slidectt
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BSM: SMEFT@NLO

Ennio Salvioni

[Ken Mimasu]

• Also evaluated impact on  production at one loop: tt̄

• Complementarity to  :  production. Can also access top helicity informationtt̄tt̄ t t̄bb̄
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BSM: top-philic resonances

Ennio Salvioni

[Luc Darmé]

• For lighter resonances, on-shell production dominates

V1,8

V8

V8

Vector resonance simplified models

(suppressed cross section  
due to weak couplings)

• Again, reliability of NLO predictions is uncertain. Use LO as reference  

[Darmé, Fuks, Maltoni 2104.09512]
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BSM: top-philic resonances

Ennio Salvioni

[Luc Darmé]

• Full-fledged recast of CMS multilepton four-top analysis 

• Add extra signal region at very high :  

strong impact for pair production in  to  range, different signal topology
HT > 1.2 TeV

MX ∼ 1 2 TeV

g 8
L

=
g 8

R

• On-shell production shows distinct features in kinematics of four tops
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BSM: ATLAS multilepton anomalies

Ennio Salvioni

[Manuel Szewc]

observed lepton charge asymmetry 

<latexit sha1_base64="xRHJmmBDjL/V/ioJz/8fCt+Mg8A="></latexit>

LBSM 3 gttt̄R�
µtRZ

0
µ + (gutt̄R�

µuRZ
0
µ + h.c.)

• Phenomenological approach: light  coupled to up-type quarksZ′�

<latexit sha1_base64="Hf1lDVOUnhWfjc2fmDR4i97JuJ4=">AAACCHicbVBLSgNBFHzjN8Zf1KWbxiC6CjOi6DLgxmUE88HMGHo6PUmTng/db8Qw5AKewK2ewJ249RYewHvYSWZhEgsaiqr3eNXlJ1JotO1va2l5ZXVtvbBR3Nza3tkt7e03dJwqxusslrFq+VRzKSJeR4GStxLFaehL3vQH12O/+ciVFnF0h8OEeyHtRSIQjKKRHu5PXIwJuj5VGY46pbJdsScgi8TJSRly1DqlH7cbszTkETJJtW47doJeRhUKJvmo6KaaJ5QNaI+3DY1oyLWXTVKPyLFRuiSIlXkRkon6dyOjodbD0DeTIcW+nvfG4n9eO8XgystElKTIIzY9FKSSjH9qKiBdoThDOTSEMiVMVsL6VFGGpqiZK0/TqKYXZ76FRdI4qzgXFfv2vFy184YKcAhHcAoOXEIVbqAGdWCg4AVe4c16tt6tD+tzOrpk5TsHMAPr6xczb5q/</latexit>

Z 0 ! tt̄• Main production modes

<latexit sha1_base64="ErWkZWkdslUcEP0C9L5u5OK6ZrM=">AAAB+3icbVDLSgMxFL3js9ZX1aWbYBFclZmi6LLgxmUL9gHtUDLpnTY0kxmSjFiGfoFb/QJ34taP8QP8D9N2Frb1QOBwzr3ckxMkgmvjut/OxubW9s5uYa+4f3B4dFw6OW3pOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw/89tPqDSP5aOZJOhHdCh5yBk1Vmqk/VLZrbhzkHXi5aQMOer90k9vELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s3nQKbm0yoCEsbJPGjJX/25kNNJ6EgV2MqJmpFe9mfif101NeOdnXCapQckWh8JUEBOT2a/JgCtkRkwsoUxxm5WwEVWUGdvN0pXnRVTbi7fawjppVSveTcVtXJdr1byhApzDBVyBB7dQgweoQxMYILzAK7w5U+fd+XA+F6MbTr5zBktwvn4BeT2VYw==</latexit>u

<latexit sha1_base64="iK3ucbqpusfDDoqjeeVfJukNrEw=">AAAB+3icbVDLSgMxFL3js9ZX1aWbYBFclZmi6LLgxmUL9gHtUDLpnTY0kxmSjFiGfoFb/QJ34taP8QP8D9N2Frb1QOBwzr3ckxMkgmvjut/OxubW9s5uYa+4f3B4dFw6OW3pOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw/89tPqDSP5aOZJOhHdCh5yBk1VmoM+6WyW3HnIOvEy0kZctT7pZ/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/OgU3JplQEJY2WfNGSu/t3IaKT1JArsZETNSK96M/E/r5ua8M7PuExSg5ItDoWpICYms1+TAVfIjJhYQpniNithI6ooM7abpSvPi6i2F2+1hXXSqla8m4rbuC7XqnlDBTiHC7gCD26hBg9QhyYwQHiBV3hzps678+F8LkY3nHznDJbgfP0CYvuVVQ==</latexit>g

<latexit sha1_base64="iK3ucbqpusfDDoqjeeVfJukNrEw=">AAAB+3icbVDLSgMxFL3js9ZX1aWbYBFclZmi6LLgxmUL9gHtUDLpnTY0kxmSjFiGfoFb/QJ34taP8QP8D9N2Frb1QOBwzr3ckxMkgmvjut/OxubW9s5uYa+4f3B4dFw6OW3pOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw/89tPqDSP5aOZJOhHdCh5yBk1VmoM+6WyW3HnIOvEy0kZctT7pZ/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/OgU3JplQEJY2WfNGSu/t3IaKT1JArsZETNSK96M/E/r5ua8M7PuExSg5ItDoWpICYms1+TAVfIjJhYQpniNithI6ooM7abpSvPi6i2F2+1hXXSqla8m4rbuC7XqnlDBTiHC7gCD26hBg9QhyYwQHiBV3hzps678+F8LkY3nHznDJbgfP0CYvuVVQ==</latexit>g

<latexit sha1_base64="iK3ucbqpusfDDoqjeeVfJukNrEw=">AAAB+3icbVDLSgMxFL3js9ZX1aWbYBFclZmi6LLgxmUL9gHtUDLpnTY0kxmSjFiGfoFb/QJ34taP8QP8D9N2Frb1QOBwzr3ckxMkgmvjut/OxubW9s5uYa+4f3B4dFw6OW3pOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw/89tPqDSP5aOZJOhHdCh5yBk1VmoM+6WyW3HnIOvEy0kZctT7pZ/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/OgU3JplQEJY2WfNGSu/t3IaKT1JArsZETNSK96M/E/r5ua8M7PuExSg5ItDoWpICYms1+TAVfIjJhYQpniNithI6ooM7abpSvPi6i2F2+1hXXSqla8m4rbuC7XqnlDBTiHC7gCD26hBg9QhyYwQHiBV3hzps678+F8LkY3nHznDJbgfP0CYvuVVQ==</latexit>g

<latexit sha1_base64="sGaC7sKpSMK5By25ujqDF48FOkA=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzG6IjNEo0sSNy7RyCPChHRKBxo67aTtGMkEv8CtfoE749Z/8QP8DwvMQsCTNDk5597c0xPEnGnjut9ObmV1bX0jv1nY2t7Z3SvuHzS0TBShdSK5VK0Aa8qZoHXDDKetWFEcBZw2g+H1xG8+UqWZFPdmFFM/wn3BQkawsdLdw2m3WHLL7hRomXgZKUGGWrf40+lJkkRUGMKx1m3PjY2fYmUY4XRc6CSaxpgMcZ+2LRU4otpPp0nH6MQqPRRKZZ8waKr+3UhxpPUoCuxkhM1AL3oT8T+vnZjwyk+ZiBNDBZkdChOOjESTb6MeU5QYPrIEE8VsVkQGWGFibDlzV55mUW0v3mILy6RRKXsXZff2vFStZA3l4QiO4Qw8uIQq3EAN6kAghBd4hTfn2Xl3PpzP2WjOyXYOYQ7O1y+xopV5</latexit>

Z 0

<latexit sha1_base64="sGaC7sKpSMK5By25ujqDF48FOkA=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzG6IjNEo0sSNy7RyCPChHRKBxo67aTtGMkEv8CtfoE749Z/8QP8DwvMQsCTNDk5597c0xPEnGnjut9ObmV1bX0jv1nY2t7Z3SvuHzS0TBShdSK5VK0Aa8qZoHXDDKetWFEcBZw2g+H1xG8+UqWZFPdmFFM/wn3BQkawsdLdw2m3WHLL7hRomXgZKUGGWrf40+lJkkRUGMKx1m3PjY2fYmUY4XRc6CSaxpgMcZ+2LRU4otpPp0nH6MQqPRRKZZ8waKr+3UhxpPUoCuxkhM1AL3oT8T+vnZjwyk+ZiBNDBZkdChOOjESTb6MeU5QYPrIEE8VsVkQGWGFibDlzV55mUW0v3mILy6RRKXsXZff2vFStZA3l4QiO4Qw8uIQq3EAN6kAghBd4hTfn2Xl3PpzP2WjOyXYOYQ7O1y+xopV5</latexit>

Z 0

<latexit sha1_base64="QJ7Mn+Jd1pEZEtUUNe2ECP6PocE=">AAAB+3icbVDLSgMxFL3js9ZX1aWbYBFclZmi6LLgxmUL9gHtUDJppg3NZIbkjliGfoFb/QJ34taP8QP8D9N2Frb1QOBwzr3ckxMkUhh03W9nY3Nre2e3sFfcPzg8Oi6dnLZMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+P7md9+4tqIWD3iJOF+RIdKhIJRtFID+6WyW3HnIOvEy0kZctT7pZ/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn82DTsmlVQYkjLV9Cslc/buR0ciYSRTYyYjiyKx6M/E/r5tieOdnQiUpcsUWh8JUEozJ7NdkIDRnKCeWUKaFzUrYiGrK0HazdOV5EdX24q22sE5a1Yp3U3Eb1+VaNW+oAOdwAVfgwS3U4AHq0AQGHF7gFd6cqfPufDifi9ENJ985gyU4X793ppVi</latexit>

t

<latexit sha1_base64="QJ7Mn+Jd1pEZEtUUNe2ECP6PocE=">AAAB+3icbVDLSgMxFL3js9ZX1aWbYBFclZmi6LLgxmUL9gHtUDJppg3NZIbkjliGfoFb/QJ34taP8QP8D9N2Frb1QOBwzr3ckxMkUhh03W9nY3Nre2e3sFfcPzg8Oi6dnLZMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+P7md9+4tqIWD3iJOF+RIdKhIJRtFID+6WyW3HnIOvEy0kZctT7pZ/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn82DTsmlVQYkjLV9Cslc/buR0ciYSRTYyYjiyKx6M/E/r5tieOdnQiUpcsUWh8JUEozJ7NdkIDRnKCeWUKaFzUrYiGrK0HazdOV5EdX24q22sE5a1Yp3U3Eb1+VaNW+oAOdwAVfgwS3U4AHq0AQGHF7gFd6cqfPufDifi9ENJ985gyU4X793ppVi</latexit>

t
<latexit sha1_base64="bbaOdEEYDXieBOEswrvS37JEemY=">AAACAXicbVDLSgMxFL3js9ZX1aWbYBFclZmi6LLgxmUF+4B2KJk004ZmMkNyRyxDV36BW/0Cd+LWL/ED/A/Tdha29UDgcM693JMTJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuTaiFg94DjhfkQHSoSCUbRSqxtQneGkVyq7FXcGskq8nJQhR71X+un2Y5ZGXCGT1JiO5yboZ1SjYJJPit3U8ISyER3wjqWKRtz42SzuhJxbpU/CWNunkMzUvxsZjYwZR4GdjCgOzbI3Ff/zOimGN34mVJIiV2x+KEwlwZhM/076QnOGcmwJZVrYrIQNqaYMbUMLV57mUW0v3nILq6RZrXhXFff+slyr5g0V4BTO4AI8uIYa3EEdGsBgBC/wCm/Os/PufDif89E1J985gQU4X79l/pgn</latexit>

t̄charge asymmetry 
due to PDF imbalance

with

also included in fit

[Alvarez, Juste, Szewc,  
Vazquez-Schroeder 2011.06514]
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Ennio Salvioni

[Manuel Szewc]

SSL - - SSL + +

BSM: ATLAS multilepton anomalies

<latexit sha1_base64="Hf1lDVOUnhWfjc2fmDR4i97JuJ4=">AAACCHicbVBLSgNBFHzjN8Zf1KWbxiC6CjOi6DLgxmUE88HMGHo6PUmTng/db8Qw5AKewK2ewJ249RYewHvYSWZhEgsaiqr3eNXlJ1JotO1va2l5ZXVtvbBR3Nza3tkt7e03dJwqxusslrFq+VRzKSJeR4GStxLFaehL3vQH12O/+ciVFnF0h8OEeyHtRSIQjKKRHu5PXIwJuj5VGY46pbJdsScgi8TJSRly1DqlH7cbszTkETJJtW47doJeRhUKJvmo6KaaJ5QNaI+3DY1oyLWXTVKPyLFRuiSIlXkRkon6dyOjodbD0DeTIcW+nvfG4n9eO8XgystElKTIIzY9FKSSjH9qKiBdoThDOTSEMiVMVsL6VFGGpqiZK0/TqKYXZ76FRdI4qzgXFfv2vFy184YKcAhHcAoOXEIVbqAGdWCg4AVe4c16tt6tD+tzOrpk5TsHMAPr6xczb5q/</latexit>

Z 0 ! tt̄• Main production modes

<latexit sha1_base64="ErWkZWkdslUcEP0C9L5u5OK6ZrM=">AAAB+3icbVDLSgMxFL3js9ZX1aWbYBFclZmi6LLgxmUL9gHtUDLpnTY0kxmSjFiGfoFb/QJ34taP8QP8D9N2Frb1QOBwzr3ckxMkgmvjut/OxubW9s5uYa+4f3B4dFw6OW3pOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw/89tPqDSP5aOZJOhHdCh5yBk1Vmqk/VLZrbhzkHXi5aQMOer90k9vELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s3nQKbm0yoCEsbJPGjJX/25kNNJ6EgV2MqJmpFe9mfif101NeOdnXCapQckWh8JUEBOT2a/JgCtkRkwsoUxxm5WwEVWUGdvN0pXnRVTbi7fawjppVSveTcVtXJdr1byhApzDBVyBB7dQgweoQxMYILzAK7w5U+fd+XA+F6MbTr5zBktwvn4BeT2VYw==</latexit>u

<latexit sha1_base64="iK3ucbqpusfDDoqjeeVfJukNrEw=">AAAB+3icbVDLSgMxFL3js9ZX1aWbYBFclZmi6LLgxmUL9gHtUDLpnTY0kxmSjFiGfoFb/QJ34taP8QP8D9N2Frb1QOBwzr3ckxMkgmvjut/OxubW9s5uYa+4f3B4dFw6OW3pOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw/89tPqDSP5aOZJOhHdCh5yBk1VmoM+6WyW3HnIOvEy0kZctT7pZ/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/OgU3JplQEJY2WfNGSu/t3IaKT1JArsZETNSK96M/E/r5ua8M7PuExSg5ItDoWpICYms1+TAVfIjJhYQpniNithI6ooM7abpSvPi6i2F2+1hXXSqla8m4rbuC7XqnlDBTiHC7gCD26hBg9QhyYwQHiBV3hzps678+F8LkY3nHznDJbgfP0CYvuVVQ==</latexit>g

<latexit sha1_base64="iK3ucbqpusfDDoqjeeVfJukNrEw=">AAAB+3icbVDLSgMxFL3js9ZX1aWbYBFclZmi6LLgxmUL9gHtUDLpnTY0kxmSjFiGfoFb/QJ34taP8QP8D9N2Frb1QOBwzr3ckxMkgmvjut/OxubW9s5uYa+4f3B4dFw6OW3pOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw/89tPqDSP5aOZJOhHdCh5yBk1VmoM+6WyW3HnIOvEy0kZctT7pZ/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/OgU3JplQEJY2WfNGSu/t3IaKT1JArsZETNSK96M/E/r5ua8M7PuExSg5ItDoWpICYms1+TAVfIjJhYQpniNithI6ooM7abpSvPi6i2F2+1hXXSqla8m4rbuC7XqnlDBTiHC7gCD26hBg9QhyYwQHiBV3hzps678+F8LkY3nHznDJbgfP0CYvuVVQ==</latexit>g

<latexit sha1_base64="iK3ucbqpusfDDoqjeeVfJukNrEw=">AAAB+3icbVDLSgMxFL3js9ZX1aWbYBFclZmi6LLgxmUL9gHtUDLpnTY0kxmSjFiGfoFb/QJ34taP8QP8D9N2Frb1QOBwzr3ckxMkgmvjut/OxubW9s5uYa+4f3B4dFw6OW3pOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw/89tPqDSP5aOZJOhHdCh5yBk1VmoM+6WyW3HnIOvEy0kZctT7pZ/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/OgU3JplQEJY2WfNGSu/t3IaKT1JArsZETNSK96M/E/r5ua8M7PuExSg5ItDoWpICYms1+TAVfIjJhYQpniNithI6ooM7abpSvPi6i2F2+1hXXSqla8m4rbuC7XqnlDBTiHC7gCD26hBg9QhyYwQHiBV3hzps678+F8LkY3nHznDJbgfP0CYvuVVQ==</latexit>g

<latexit sha1_base64="sGaC7sKpSMK5By25ujqDF48FOkA=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzG6IjNEo0sSNy7RyCPChHRKBxo67aTtGMkEv8CtfoE749Z/8QP8DwvMQsCTNDk5597c0xPEnGnjut9ObmV1bX0jv1nY2t7Z3SvuHzS0TBShdSK5VK0Aa8qZoHXDDKetWFEcBZw2g+H1xG8+UqWZFPdmFFM/wn3BQkawsdLdw2m3WHLL7hRomXgZKUGGWrf40+lJkkRUGMKx1m3PjY2fYmUY4XRc6CSaxpgMcZ+2LRU4otpPp0nH6MQqPRRKZZ8waKr+3UhxpPUoCuxkhM1AL3oT8T+vnZjwyk+ZiBNDBZkdChOOjESTb6MeU5QYPrIEE8VsVkQGWGFibDlzV55mUW0v3mILy6RRKXsXZff2vFStZA3l4QiO4Qw8uIQq3EAN6kAghBd4hTfn2Xl3PpzP2WjOyXYOYQ7O1y+xopV5</latexit>

Z 0

<latexit sha1_base64="sGaC7sKpSMK5By25ujqDF48FOkA=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzG6IjNEo0sSNy7RyCPChHRKBxo67aTtGMkEv8CtfoE749Z/8QP8DwvMQsCTNDk5597c0xPEnGnjut9ObmV1bX0jv1nY2t7Z3SvuHzS0TBShdSK5VK0Aa8qZoHXDDKetWFEcBZw2g+H1xG8+UqWZFPdmFFM/wn3BQkawsdLdw2m3WHLL7hRomXgZKUGGWrf40+lJkkRUGMKx1m3PjY2fYmUY4XRc6CSaxpgMcZ+2LRU4otpPp0nH6MQqPRRKZZ8waKr+3UhxpPUoCuxkhM1AL3oT8T+vnZjwyk+ZiBNDBZkdChOOjESTb6MeU5QYPrIEE8VsVkQGWGFibDlzV55mUW0v3mILy6RRKXsXZff2vFStZA3l4QiO4Qw8uIQq3EAN6kAghBd4hTfn2Xl3PpzP2WjOyXYOYQ7O1y+xopV5</latexit>

Z 0

<latexit sha1_base64="QJ7Mn+Jd1pEZEtUUNe2ECP6PocE=">AAAB+3icbVDLSgMxFL3js9ZX1aWbYBFclZmi6LLgxmUL9gHtUDJppg3NZIbkjliGfoFb/QJ34taP8QP8D9N2Frb1QOBwzr3ckxMkUhh03W9nY3Nre2e3sFfcPzg8Oi6dnLZMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+P7md9+4tqIWD3iJOF+RIdKhIJRtFID+6WyW3HnIOvEy0kZctT7pZ/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn82DTsmlVQYkjLV9Cslc/buR0ciYSRTYyYjiyKx6M/E/r5tieOdnQiUpcsUWh8JUEozJ7NdkIDRnKCeWUKaFzUrYiGrK0HazdOV5EdX24q22sE5a1Yp3U3Eb1+VaNW+oAOdwAVfgwS3U4AHq0AQGHF7gFd6cqfPufDifi9ENJ985gyU4X793ppVi</latexit>

t

<latexit sha1_base64="QJ7Mn+Jd1pEZEtUUNe2ECP6PocE=">AAAB+3icbVDLSgMxFL3js9ZX1aWbYBFclZmi6LLgxmUL9gHtUDJppg3NZIbkjliGfoFb/QJ34taP8QP8D9N2Frb1QOBwzr3ckxMkUhh03W9nY3Nre2e3sFfcPzg8Oi6dnLZMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+P7md9+4tqIWD3iJOF+RIdKhIJRtFID+6WyW3HnIOvEy0kZctT7pZ/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn82DTsmlVQYkjLV9Cslc/buR0ciYSRTYyYjiyKx6M/E/r5tieOdnQiUpcsUWh8JUEozJ7NdkIDRnKCeWUKaFzUrYiGrK0HazdOV5EdX24q22sE5a1Yp3U3Eb1+VaNW+oAOdwAVfgwS3U4AHq0AQGHF7gFd6cqfPufDifi9ENJ985gyU4X793ppVi</latexit>

t
<latexit sha1_base64="bbaOdEEYDXieBOEswrvS37JEemY=">AAACAXicbVDLSgMxFL3js9ZX1aWbYBFclZmi6LLgxmUF+4B2KJk004ZmMkNyRyxDV36BW/0Cd+LWL/ED/A/Tdha29UDgcM693JMTJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuTaiFg94DjhfkQHSoSCUbRSqxtQneGkVyq7FXcGskq8nJQhR71X+un2Y5ZGXCGT1JiO5yboZ1SjYJJPit3U8ISyER3wjqWKRtz42SzuhJxbpU/CWNunkMzUvxsZjYwZR4GdjCgOzbI3Ff/zOimGN34mVJIiV2x+KEwlwZhM/076QnOGcmwJZVrYrIQNqaYMbUMLV57mUW0v3nILq6RZrXhXFff+slyr5g0V4BTO4AI8uIYa3EEdGsBgBC/wCm/Os/PufDif89E1J985gQU4X79l/pgn</latexit>

t̄charge asymmetry 
due to PDF imbalance

with

<latexit sha1_base64="xRHJmmBDjL/V/ioJz/8fCt+Mg8A="></latexit>

LBSM 3 gttt̄R�
µtRZ

0
µ + (gutt̄R�

µuRZ
0
µ + h.c.)

  
signal strength

t t̄ t t̄

( ; couplings @ best fit for  search only)MZ′� = 400 GeV t t̄ h
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[Manuel Szewc]

( ; couplings @ best fit for  search only)MZ′� = 400 GeV t t̄ h

SSL - - SSL + +

BSM: ATLAS multilepton anomalies

  
signal strength

t t̄ t t̄

• Light resonance could be “mistaken” for rescaling of  normalization 

• Also discussed a global analysis, introducing new variable

t t̄ W
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Final comments

• Four tops has risen to prominence in LHC top physics program. 

Exciting experimental status + important motivations from theory, much more to learn in Run 3 

• A lot more was presented and discussed on February 19, all slides are on Indico 

• Lesson learned: for a focused, “rapid response” event Zoom is actually an advantage,  

~ 100 experts gathered on 2 weeks’ notice! 

• May repeat in the future for other hot topics.  within and beyond the SM?t t̄ W + jets
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