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Ø Possibility that new states exist (just) beyond 

the energy reach of the LHC @K.Mimasu

Ø Framework: SM effective field theory (SMEFT)
Ø Lagrangian is built from higher-dimensional operators with 

SM fields
Ø SM is the leading term in a series expansion with new 

physics (NP) arising in higher order terms 
Ø Model independent
Ø Theoretically consistent

Ø Top interactions
Ø Gluon interactions
Ø W interactions
Ø Z interactions
Ø Photon interactions
Ø Higgs interactions
Ø 4 Fermi interactions

scale of dim-D interactions

Wilson coefficients
dim-D operators

https://indico.cern.ch/event/727396/contributions/3018244/attachments/1659083/2657194/EFTforTop.pdf


3Theory base line

CERN-LPCC-2018-01

Interpreting top-quark LHC measurements

in the standard-model e�ective field theory

J. A. Aguilar Saavedra,
1

C. Degrande,
2

G. Durieux,
3

F. Maltoni,
4

E. Vryonidou,
2

C. Zhang
5

(editors),

D. Barducci,
6

I. Brivio,
7

V. Cirigliano,
8

W. Dekens,
8,9

J. de Vries,
10

C. Englert,
11

M. Fabbrichesi,
12

C. Grojean,
3,13

U. Haisch,
2,14

Y. Jiang,
7

J. Kamenik,
15,16

M. Mangano,
2

D. Marzocca,
12

E. Mereghetti,
8

K. Mimasu,
4

L. Moore,
4

G. Perez,
17

T. Plehn,
18

F. Riva,
2

M. Russell,
18

J. Santiago,
19

M. Schulze,
13

Y. Soreq,
20

A. Tonero,
21

M. Trott,
7

S. Westho�,
18

C. White,
22

A. Wulzer,
2,23,24

J. Zupan.
25

1 Departamento de Física Teórica y del Cosmos, U. de Granada, E-18071 Granada, Spain
2 CERN, Theoretical Physics Department, Geneva 23 CH-1211, Switzerland

3 DESY, Notkestraße 85, D-22607 Hamburg, Germany
4 Centre for Cosmology, Particle Physics and Phenomenology (CP3), Université catholique de Louvain,

B-1348 Louvain-la-Neuve, Belgium
5 Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China

6 SISSA and INFN, Sezione di Trieste, via Bonomea 265, 34136 Trieste, Italy
7 Niels Bohr International Academy and Discovery Center, Niels Bohr Institute, University of

Copenhagen, DK-2100 Copenhagen, Denmark
8 Theoretical Division, Los Alamos National Laboratory, Los Alamos, NM 87545, USA
9 New Mexico Consortium, Los Alamos Research Park, Los Alamos, NM 87544, USA
10 Nikhef, Theory Group, Science Park 105, 1098 XG, Amsterdam, The Netherlands

11 SUPA, School of Physics and Astronomy, University of Glasgow, Glasgow G12 8QQ, UK
12 INFN, Sezione di Trieste, Via Valerio 2, 34127 Trieste, Italy

13 Institut für Physik, Humboldt-Universität zu Berlin, D-12489 Berlin, Germany
14 Rudolf Peierls Centre for Theoretical Physics, University of Oxford, OX1 3NP Oxford, UK

15 Joûef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia
16 Faculty of Mathematics and Physics, University of Ljubljana, Jadranska 19, 1000 Ljubljana, Slovenia

17 Department of Particle Physics and Astrophysics, Weizmann Institute of Science,
Rehovot 7610001, Israel

18 Institut für Theoretische Physik, Universität Heidelberg, Germany
19 CAFPE and Departamento de Física Teórica y del Cosmos, U. de Granada, E-18071 Granada, Spain
20 Center for Theoretical Physics, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

21 UNIFAL-MG, Rodovia José Aurélio Vilela 11999, 37715-400 Poços de Caldas, MG, Brazil
22 Centre for Research in String Theory, School of Physics and Astronomy, Queen Mary University of

London, 327 Mile End Road, London E1 4NS, UK
23 Institut de Théorie des Phénomènes Physiques, EPFL, Lausanne, Switzerland

24 Dipartimento di Fisica e Astronomia, Universitá di Padova and INFN Padova, Italy
25 Department of Physics, University of Cincinnati, Cincinnati, Ohio 45221,USA

Abstract
This note proposes common standards and prescriptions for the e�ective-field-theory in-

terpretation of top-quark measurements at the LHC.
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• Within CMS, we have followed the 
recommendations presented by the LHCTOPWG
• Warsaw basis of dimension-six operators
• Minimal flavour violation
• …

• We have used dim6 UFO Model for signal 
generation



4The top quark EFT searches in CMS

Ø A large number of different dimension-6 EFT operators modify top production at 
the LHC

tttt

@ J.Rojo

TOP-17-019

TOP-19-001TOP-21-003

TOP-19-001

TOP-19-001TOP-18-009TOP-21-001TOP-21-003
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TOP-17-020TOP-17-014TOP-18-006TOP-20-005 TOP-17-020

TOP-18-010TOP-21-004

tttt

tt𝛾

https://indico.cern.ch/event/746611/contributions/3202853/attachments/1755656/2846412/rojo-topLHCwg-SMEFiT.pdf%23search=fabio%20maltoni


5EFT Approaches

Inclusive (fiducial) 
cross section

Differential cross 
section at parton

level

Differential cross 
section at particle 

level 

Detector level based 
on Gen level study of 

EFT effects

Detector level based 
on fullsim EFT 

effects

JHEP 11 (2019) 082 JHEP 03 (2021) 095 
JHEP 12 (2021) 083
TOP-21-003

Ø Based on the probed processes, sensitive Wilson Coefficients, and accessible theory and experimental 
precisions, each analysis develops a dedicated approach

Ø Meanwhile make the best out of their access to data: global analysis, correlations, EFT effects on 
backgrounds, …

Unfolded data detector-level data

Phys. Rev. D 100, 072002 (2019) JHEP 02 (2019) 149 Eur. Phys. J. C 79 (2019) 886
JHEP 03 (2020) 056

JHEP 05 (2022) 091



6Boosted ttH and ttZ

Ø Measurement of ttZ/ttH when pT (Z /H) is large
Ø EFT effects more pronounced at high pT (Z /H)
Ø Select events with one charged lepton, missing pT , 

and jets

Ø Reconstruct Z /H as single bb-tagged large-radius jet
Ø Most important background is tt + bb
Ø 8 WCs
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7Boosted ttH and ttZ
Ø NN trained to distinguish ttZ /H from backgrounds
Ø NN score provides a high-purity region
Ø Z/H jet mass provides sidebands to help control backgrounds
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8Boosted ttH and ttZ

Ø Divide events among bins as functions of NN score, Z /H jet mass, and pT (Z /H)
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9Boosted ttH and ttZ

Ø Vary the ttZ /H signal and tt + bb background as functions of the WCs
Ø Perform 1-D and 2-D likelihood scans for each WC and pair of WCs
Ø Consistent with SM (all WCs zero) at 95% CL
Ø Novel phase space with highly-boosted Z /H

Ø Complementary to other analyses with comparable sensitivity
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10tt𝛾 (dileptonic)

Ø tt𝛾 in dileptonic final state 
Ø Measure differential cross section as function of pT (𝛾)
Ø Non-prompt photon background estimated from data in 

a sideband region 

Ø Other backgrounds estimated from MC
and validated in a separate control region

Ø Sensitivity to the electroweak dipole moments of the 
top quark

Ø Complimentary to ttZ production
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11tt𝛾 (dileptonic)

Ø The effect of the EFT operators is probed in the measured 
distribution of the photon pT at the reconstructed level

Ø Results are combined with the lepton+jets channel

�0
.6

�0
.4

�0
.2

 0
 0

.2
 0

.4
 0

.6

�0.6 �0.4 �0.2  0  0.2  0.4  0.6  0

 2

 4

 6

 8

 10

 12

 14

 16

 18

 20
CMS 138 fb�1 (13 TeV)

ctZ [(�/TeV)²]

cI tZ
 [(
�/

Te
V

)²
] �2 �

 ln L

Dilepton & �+jets combination

SM
Best fit

68% CL
95% CL

�1  0  1  2  3  4  5
95% CL interval [(�/TeV)²]

ctZ

cI
tZ

CMS 77.5 fb-1 tt�Z
JHEP 03 (2020) 056

CMS 138 fb-1 tt�Z & tZq
JHEP 12 (2021) 083
individually / marginalized

CMS 137 fb-1 tt�� (�+jets)
JHEP 12 (2021) 180

CMS 138 fb-1 tt��
dilepton only (this result) /
combined with �+jets

Global fit
JHEP 04 (2021) 279
individually / marginalized

CMS 77.5 fb-1 tt�Z
JHEP 03 (2020) 056
CMS 137 fb-1 tt�� (�+jets)
JHEP 12 (2021) 180

CMS 138 fb-1 tt��
dilepton only (this result) /
combined with �+jets



12Summary of constraints
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13Summary

Ø For a dataset with contributions from multiple physics 
processes impacted by a range of EFT operators, 
simultaneously fits are performed 
Ø On a good track towards a global experimental 

analysis of EFT operators
Ø There remain challenges to overcome, but there are also 

potential improvements to pursue. Stay tuned!
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Ø Top quark is still a prime target to probe BSM
Ø The CMS Top group continues to pursue the full spectrum of approaches for EFT analysis

Ø From measuring unfolded differential cross sections to dedicated detector-level analyses 


