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Abstract

This note proposes common standards and prescriptions for the effective-field-theory in-
terpretation of top-quark measurements at the LHC.




Experimental EFT analysis

€ A number of new exciting EFT results in the top quark sector
from ATLAS and CMS

@ Probing a diverse set of dim-6 operators in individual and
marginalized fits

@ Focus on a specific top quark production, as well as perform
simultaneous EFT studies across different processes

@ A global EFT analysis requires a comprehensive (and
challenging) experimental approach:

— model EFT effects with state-of-art simulation programs
— include EFT in signal and background processes

— simultaneous multidimensional fits

— consistent systematics treatment

— publication of EFT results



Approaching EFT combination

€ An EFT analysis: complex!

€ An EFT ATLAS+CMS combination: complex2!
— Need to start early in order not to cut corners later
— Internal discussions and common tools development is a key

€ How to combine?
Faster: Combined reinterpretation of ATLAS and CMS results
Better: Use ATLAS and CMS results in a common EFT fit

&€ Use Run 2 data — future baseline for Run 3

€ Ultimately aim for likelihood-based combination
— in the meantime, various simplified approaches can be considered for
existing results

@ Benefit from exploring both approaches to agree on:
- common conventions
- systematics correlations
- fitting method
- publication format



Inputs to combination

& Short-listed candidates for an ATLAS-CMS EFT combination:

Process Possible strategy

Differential, EFTfitter

Spin correlations EPJC 80 (2020) 754 PRD 100 (2019) 072002

JHEP 03 (2020) 056, EFT/SM generator-level

ttZ/W PRD 99(2019) 072009 JHEP 08 (2018) 011 reweighting, full likelihood
CMS-PAS-TOP-21-004, EFT/SM generator-level

tt’Y JHEP 09 (2020) 049 arXiv:2107.01508 reweighting, full likelihood

arXiv:2107.13896,

arXiv-2111.02860 Differential + inclusive, EFTfitter

tZq JHEP 07 (2020) 124

FCNC t-gluon EPJC 76 (2016) 55 JHEP 02 (2017) 028 Inclusive, EFTfitter

- arxivi2111.02219, . .
FCNC t-Higgs JHEP 05 (2019) 123 NPT R Inclusive, EFTfitter

t(t)X ttZ/W JHEP 03 (2021) 095 Detector level, full likelihood

. We Can Do It!
€ Imminent action items: de,@\\s G |
- confirm person-power N\O‘e 7&5\.\(\66
- set up internal communication s
- check EFT conventions, etc.
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€ Data: 2016
€ Topology: ep tthar

€ Measurement: Differential cross sections at

parton and particle levels

€ Model: -
& Target: -
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Spin correlations

O = v1gs(Qo™ T”t)cﬁGZ

L4
CMS 35.9 fb' (13 TeV)
.’
——Data P Standard model
u, CMDM o -0.005 = 0.005 = 0.001
dt CEDM to -0.004 = 0.008 = 0.000
p—
C__ Fe -0.017 = 0.012 = 0.001
Cc_, ] -0.002 = 0.003 = 0.000
Cyy e 0.016 + 0.013 + 0.004
Cya i -0.009 = 0.018 = 0.003
Cay I e -0.001x 0.017 = 0.001
c, . H 0.13x0.11=0.04
CS . -0.07 £ 0.14 = 0.02
C,—C,+C4 : . | -0.01+ 0.08 = 0.01
result = (stat+syst) = (theo)

1 1 | l 1 1 1 | | [ | N I | | 1 1 1 | | 1 1 1 | | 1 1 1 | | 1 1 1

-0.2 -0.1 0 0.1 0.2 0.3 0.4

Anomalous coupling

Data: 2016
Topology: dilepton ttbar

Method: Differential cross sections at parton level

Model: Phys. Rev. D 91 (2015) 114010,
compatible with dim6top

. I
Target: C, Ct[é


https://arxiv.org/abs/1907.03729
https://arxiv.org/abs/1903.07570
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Data: Full Run 2
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¢ Data: Full Run 2

& Topology: tty + tWy in dilepton (ep) channel € Topology: tty in single-lepton and dilepton

channels
€ Method: Unfolded differential cross section, & Method: Direct measurement with EFT/SM
parton-leve| unfolding gen-level reweighting, particle-level unfolding
¢ Model: - ¢ Model: dimé6top
Target: - :
¢ Targe ¢ Target: C,,, Cg]

Detailed comparison between these analyses in this talk

-2AInL


https://arxiv.org/abs/2007.06946
https://arxiv.org/abs/2107.01508
https://indico.cern.ch/event/1009645/contributions/4345951/attachments/2248927/3814822/Lechner_LHCTopWG2021.pdf
https://cds.cern.ch/record/2781609

ttZ/W

CMS
I L B B B ! ot
; —_ " CtZ /A2
——i CMS 77.5 fb™' (95% CL) — —
——CMS359fb'(95%CL) ;
—— ATLAS 36.1 fb™' (95% CL)
SMEFIT (95% CL) [
TopFitter (95% CL) — Cy IA?
+-----1 Indirect (68% CL)
SM
Ci /A
-------- 1
—_— - 2
: I Cch /A
............ 1
[ T N I N IR | I -
_20 -10 0 10

Coefficients C(% /A? Cypt /A2 Cig/\? Cw |A?
Previous indirect constraints at 68% CL [-4.7,0.7] [-0.1,3.7] [-0.5,10] [-1.6,0.8]
Previous direct constraints at 95% CL [-1.3,1.3] [9.7,83] [-6.9,4.6] [-0.2,0.7]
Expected limit at 68% CL [-2.1,19] [-3.8,2.7] [-29,3.0] [-1.8,1.9]
Expected limit at 95% CL [-4.5,3.6] [-23,49] [4.2,43] [-2.6,2.6]
Observed limit at 68% CL [-1.0,2.7] [-2.0,3.5] [-3.7,3.5] [-2.2,2.1]
Observed limit at 95% CL [-3.3,4.2] [-25,5.5] [-5.0,5.0] [-2.9,2.9]
Expected limit at 68% CL (linear) [-1.9,2.0] [-3.0,3.2] - -
Expected limit at 95% CL (linear) [-3.7,4.0] [-5.8,6.3] - -
Observed limit at 68% CL (linear) [-1.0,2.9] [-1.8,4.4] - -
Observed limit at 95% CL (linear) [-2.9,4.9] [4.8,7.5] - -
4 Data: 2016 (with EFT), Full Run 2
’ & Data: 2016+2017

¢ o

EFT/SM gen-level reweighting,
parton- and particle-level unfolding

¢ o

Model: JHEP 05 (2016) 052
3 1
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Method: Direct measurement with
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Topology: ttZ in multilepton channels

Method: Direct measurement with EFT/
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https://arxiv.org/abs/2103.12603
https://arxiv.org/abs/1901.03584
https://arxiv.org/abs/1907.11270
https://arxiv.org/abs/1711.02547
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Topology: tZg/ttZ trilepton

Measurement: Inclusive

Cross section
Model: -
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€ Data: Full Run 2
€ Topology: tZg/ttZ trilepton

€ Method: Direct measurement
using Machine Learning

€ Model: dim6top
¢ Target: Cy, C?o o Cizo Cor Cot

See talk by Nadjieh Jafari!
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€ Data: Full Run 2
€ Topology: tZg/ttZ trilepton

€ Inclusive and differential
cross sections at parton and
particle levels available

See talk by Luka
Lambrecht!
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https://arxiv.org/abs/2111.02219
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First LHCtopWG EFT Summaries

ATLAS+CMS Preliminary November 2021
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First LHCtopWG EFT Summaries

ATLAS+CMS Preliminary
LHCtopWG

Four-fermion operators - Individual limits

November 2021

Following arXiv:1802.07237

Dimension 6 operators (A =1 TeV)

= ATLAS = CMS ATLAS+CMS C=C/A? * Preliminary
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& CMS, (T+Z/W/H, tZq.tHq [2] 21!
te
~S(l -
o CMS, T+Z/W/H, tZq.tHq [2] 42 fb!
t
~T( -
& 0 — — CMS, T+Z/W/H, tZq tHq [2] 42 fo!
t
égq — ATLAS, T energy asymmetry [3] 139 fb!
~18 — ATLAS, f all-hadronic boosted* [4] 139 fb"!
Qq ATLAS, T energy asymmetry [3] 139 fb™!
a:q — ATLAS, (T energy asymmetry [3] 139 fb!
. - ATLAS, T I+jets boosted* [5] 139 fb!
6 — ATLAS, tT all-hadronic boosted* [4] 139 fb™!
tq — ATLAS, T energy asymmetry [3] 139 fb!
6: — ATLAS, (T energy asymmetry [3] 139 fb!
u
~8 — ATLAS, (T all-hadronic boosted* [4] 139 fb’!
Ctu —— ATLAS, T energy asymmetry [3] 139 fb!
~8 -
Ctd — ATLAS, (T all-hadronic boosted* [4] 139 fb’!
~8 - .
CQd — ATLAS, (f all-hadronic boosted* [4] 139 fb’!
~8 -
CQ — ATLAS, ff all-hadronic boosted* [4] 139 tb"!
u
~38
C — ATLAS, (T all-hadronic boosted* [4] 139 fb’!
Qq [1] JHEP 1911 (2019) 082
[2] JHEP 03 (2021) 095
[3] arXiv:2110.05453
[4] ATLAS-CONF-2021-050 *
[5] ATLAS-CONF-2021-031 * EFT formalism is employed at different levels of
experimental analyses
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95% CL limit [TeV?]

Caption: Summary of the 95% confidence
level observed limits on the effective field
theory Wilson coefficients of the dimension-6
operators related to four-fermion interactions,
as obtained by the ATLAS and CMS
Collaborations. The results are reported as
individual constraints assuming new physics
contributions from one specific operator at a
time. Interpretations use the SMEFT framework
and the Warsaw basis. The formalism is
employed at different levels of the
experimental analyses, from the interpretation
of measured observables to a comparison of
the data to simulations at the detector level.
Most interpretations follow the LHCtopWG
recommendations from arXiv:1802.07237.



ATLAS+CMS Preliminary November 2021
LHCtopWG
. . Following arXiv:1802.07237
(Top) quark - vector boson operators - Individual limits | pimension 6 operators (A = 1 TeV)
== ATLAS = CMS ATLAS+CMS (NDi = C/A? * Preliminary
| | | | | | | | | | | | | | | | | | | | | |
CMS, tZg/tiZ [1] 138 fb!
~ — CMS, tiy* [2] 137 fb™!
CtZ e CMS, tiZ [3] 78 fb!
| CMS, tf+Z/W/H, th,th [4] 42 fb'l
~ —— CMS, tiy* [2] 137 fb!
2 —— CMS, ttZ [3] 78 fb!
f;'tB ATLAS, fZ [5] 36 fb!
- I I ATLAS+CMS, W helicity [6]
C’[W d D > O 1D
I ——— | CMS, T and tW, BSM search [7] 36 fb!
— — CMS, +Z/W/H, tZq tHq [4] 42 bl
ébw ] CMS, tf+Z/W/H, th,th [4] 42 fb‘1
g ("th e ATLAS, ff 1+jets boosted* [8] 139 fb!
— CMS, tf and tW, BSM search [7] 36 fb!
6 — CMS, {1 spin correlations [9] 36 fb’!
G — — CMS, tT+Z/W/H, tZq,tHq [4] 42 fb-!
~£g = CMS, tf spin correlations [9] 36 fb!
|~‘32) &% | - ATLAS, FCNC tqy [10] 31 !
uw uB
|~‘23) Nou | - ATLAS, FCNC tqy [10] 81 fb!
uw uB
&8 =6, - ATLAS, FCNC tqy [10] 81 fb-!

First LHCtopWG EFT Combination



W boson helicity

€ Combination of W-helicity | L= -9 byn (Vo Py + Vi Pr) tW —
measurements in ttbar and single top \f
1
events at 8 TeV (20420 fb-1) \/_ M (gLPL T grPR)IW + hec.,
€ EFTfitter to perform the combination W
. | . C, 1
€ Interpretations using combined —Lt =M > A2O + O (A3> + .-
measurement
— Wtb anomalous couplings B °1kTLA§chs """""" " ssumptons: V=1, <0 ]
— EFT operators (individual fits) " oosf o s, 1 =mzw ]
; /\ gt ]
Ogs = (31 D,8) (Er7"br), | -t
Opw = (@Lo™'tr) oW, i s
ObW — (qLauV IbR)¢WMV7 _0.1:._11....|....|....|....|l...|...l|....|.l;g.:;|:.g:.:.._:
E e
95% CL interval
Coeflicient ATLAS CMS ATLAS+CMS combination
i —5.64,7.68] [—3.84,4.92] [-3.48,5.16
* o [-1.30,0.96] [-1.06,0.72] [—0.96,0.67
Cow —0.34,0.67] [—0.62,0.19] [—0.48,0.29 .



https://link.springer.com/article/10.1140/epjc/s10052-016-4280-9
https://arxiv.org/abs/2005.03799

Summary "Ny

@ First ATLAS-CMS EFT summaries are available!
@ A lot of potential: complementarity and synergy

@ For the first time using W-helicity fractions: an EFT
interpretation based on an LHCtopWG combination of
polarization measurements

@ No real showstoppers from combining EFT results
@ Today discussed analysis candidates and possible strategies
@ Need to proceed with practical discussions

@ Hoping for exciting EFT combinations to come up in 2022!



