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• A huge range of important 
contributions to particle 
phenomenology


• His work ranges from very 
phenomenological to rather 
formal


• Cen was a major player in 
driving the EFT programme 
for collider physics
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My collaboration with Cen

Cen and I overlapped as postdocs in Belgium, we first met in 2013

Started collaborating around 2015 and worked together continuously since then

Visited Cen in BNL 2015 and Beijing 2018  and Cen visited me at CERN in 2019


Wrote 10 papers together, several projects were initiated and driven by Cen

I have learnt a huge amount from Cen, proud to be his most frequent collaborator

I have enjoyed Cen’s hospitality and kindness on multiple occasions


https://inspirehep.net/authors/1333165?ui-citation-summary=true
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Precision computations in SMEFT
* EFT is a QFT: we can systematically improve SMEFT predictions

* Cen initiated the programme of 
calculating precision (NLO) SMEFT 
predictions for collider processes - top 
quark, Higgs,…

<latexit sha1_base64="yQAEcZw+3ge2j4Ayn6Nsaw9Sdvg="></latexit><latexit sha1_base64="WoQfkudMW1seXdPWjU2UZ8vdulQ="></latexit>

+ + ⋯
“QFT”First approximation: LO 

Improved calculation: NLO

Zhang; Phys. Rev. Lett. 116 (2016) 16,  162002

* NLO affects our accuracy in 
determining the SMEFT couplings and 
in pinpointing the origin of observed 
deviations from the SM

Determination PinpointingSingle-top production

A single author PRL paper!5



SMEFT@NLO
* Cen’s work provided invaluable predictions and analyses for many key LHC (and 

future collider) processes

* Several papers written on NLO (mainly QCD and sometimes EW) corrections: 

* Major milestone in our programme: development and release of SMEFT@NLO

Phys. Rev. D 103, 096024 (2021)

* Generic NLO SMEFT predictions for collider simulations

* Industry-standard tool for experimental & theory communities

• Top FCNC: Degrande, Maltoni, Wang, Zhang Phys.Rev.D 91 (2015) 034024


• Single top: Zhang; Phys. Rev. Lett. 116 (2016) 16, 162002


• Pair production: Fransozi & Zhang; Phys.Rev.D 91 (2015) 11, 114010


• ttV: Bylund, Maltoni, Tsinikos, Vryonidou, Zhang; JHEP 05 (2016) 052


• EW top loops in  : Durieux, Gu, Vryonidou, Zhang; Chin.Phys.C 42 (2018) 12, 123107
e+e−

• tZ/H: Degrande, Maltoni, Mimasu, Vryonidou, Zhang; JHEP 10 (2018) 005


• ttH: Maltoni, Vryonidou & Zhang; JHEP 10 (2016) 123


• EW top loops in Higgs: Vryonidou & Zhang; JHEP 08 (2018) 036


•  in  : Durieux, Perello, Vos, Zhang; JHEP 10 (2018) 168
tt̄ e+e−
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Global fits of LHC data

Higgs

Top Weak

ttH

tH/Zj
VH/VBF

4-tops

CPV

HH

HH

ttH

VV

tj

ttV

ttV

H

HH+j

EWPO

HH
H+j

tH/Zj

VBS

Adapted from K. Mimasu

Theory: 
 EFT and Standard Model

DATA: 
cross-sections, distributions

Global SMEFT fit

Constraints on heavy scale 
physics

Methodology: 
Uncertainties, fitting 

methods etc

A complicated and difficult procedure but absolutely necessary to identify 
any deviations from the SM

Cen’s physics intuition and computational skills were crucial in this effort
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Global Fits efforts
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Top− only (Data ′19), Quadratic NLO EFT

Top− only (Data ′21), Quadratic NLO EFT
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Hartland, Maltoni, Nocera, Rojo, Slade, Vryonidou and Zhang, JHEP 04 (2019) 100

Ethier, Maltoni, Mantani, Nocera, Rojo, Slade, Vryonidou and Zhang JHEP 11 (2021) 089

Brivio, Bruggisser, Maltoni, Moutafis, Plehn, Vryonidou, Westhoff, Zhang JHEP 02 (2020) 131

Long projects requiring a lot of calculations but also a lot of effort to understand the results

Crucial contributions from Cen 

...used in global analyses

· top FCNCs [Durieux, Maltoni, Zhang ’14]

· top sector [Hartland, Maltoni, Nocera, Rojo, Slade, Vryonidou, Zhang ’19]

· top sector [Brivio, Bruggisser, Maltoni, Moutafis, Plehn, Vryonidou, Westho�, Zhang ’19]

· top + Higgs + diboson
[Ethier, Magni, Maltoni, Mantani, Nocera, Rojo, Slade, Vryonidou, Zhang ’21]
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· top + top loops in EWPD (beyond oblique) [Liu, Wang, Zhang, Zhang, Gu ’22]

Gauthier Durieux – HEFT – 17 June 2022 9

Top sector Top+Higgs+EW
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Top + Top loops in EWPD 

Liu, Wang, Zhang, Zhang, Gu  arXiv:2205.05655


tBc lec eec (3)
 lϕc (3)

 qϕc Wc BϕDc WϕDc  lϕc  eϕc  qϕc  uϕc llc' llc tWc  bϕc bBc bWc (+)
 Qϕc (+)
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)−(
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Figure 6. The 68%CL bounds of the coefficients of operators in modified Warsaw basis for three
different scenarios. Blue: Tree-level contribution only. Green: Tree-level contribution and the
loop contributions from the bottom-quark operators. Red: Tree-level contribution and the loop
contributions of all third-generation-quark operators listed in Section 2, the dark red bar is the
individual bound in this scenario. See Table 6 for the best-fitted central values. The value of ⇤ is
set to 1TeV for all coefficients.

Overall, our results demonstrates the relevance of the 3rd generation quarks in the
electroweak measurements. The coefficients of the four top operators Q(�)

'Q
, Q't, QtW , QtB

are constrained to be in the range of 0.1 to 1 for the individual fit, despite the fact that
their contributions only enter at the one-loop order. Assuming an order-one coupling, this
corresponds to a new physics scale of a few TeVs. After comparing these results with the
ones in [26] which uses the LHC data to probe these four top operators, it is found that
the electroweak data have greater constraining power on Q(�)

'Q
and Q't, whose advantage

is estimated to be order of 10. While for QtW and QtB, the LHC data is more powerful.
Their 95% CL individual bounds are listed in Table 3 for comparison.

c't c(�)

'Q
ctW ctB

Electroweak 0.233 0.286 0.438 0.36
LHC data 2.275 1.22 0.06 0.145

Table 3. 95% CL individual bounds of top quark operators’ coefficients using different sets of
observables.The electroweak results are the ones in this study while the LHC refers to the results
in [26].

In a global fit, however, the marginalized bounds of the top-quark operator coefficients
become much looser, and some of them have possibly exceeded the range of EFT validity.
This is not surprising, as the introduction of additional degrees of freedom tends to bring

– 14 –



Future collider studies

Durieux, Perello, Vos, Zhang; JHEP 10 (2018) 168
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Figure 23. Global one-sigma constraints and correlation matrix deriving from the measurements
of statistically optimal observables in a circular collider (CC-)like benchmark run scenario.
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Figure 24. Global one-sigma constraints and correlation matrix deriving from the measurements
of statistically optimal observables, in an ILC-like benchmark run scenario.
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Figure 25. Global one-sigma constraints and correlation matrix arising from the measurement of
statistically optimal observables in a CLIC-like benchmark run scenario.
The white marks indicate the constraints that are individually obtained when all other operator
coe�cients are set to zero. The dashed lines provides the global determinant parameter of the
constraints on all ten operator coe�cients, or on CP-conserving ones only. Numerical values for
the marginalized constraints and their ratio to individual ones are provided on the left-hand side.
Entries of the covariance matrix are rounded to the first decimal place. � = 1 TeV is assumed. The
overall t t̄ reconstruction e�ciencies quoted in Table 5 are employed at the di�erent centre-of-mass
energies.
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• Top pair production in   and top coupling determination

• Future Collider scenarios: ILC, CLIC, CEPC (1-loop) etc

e+e−

Cen was involved in several community studies for future collider studies: 

CLIC JHEP 11 (2019) 003, CERN Yellow Rep.Monogr. 3 (2018), CEPC: arXiv:1811.10545

HL-LHC: CERN Yellow Rep.Monogr. 7 (2019) 867-1158, CERN Yellow Rep.Monogr. 7 (2019) 1-220
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https://arxiv.org/abs/1811.10545


New Directions: Positivity

Not all EFTs are equal! 


Idea: Use axiomatic principles of QFT  


• lorentz invariance, unitarity, causality, locality, analyticity


Use these to set constraints on EFT coefficients


A new research direction initiated by Cen in China with his collaborator Shuang-
Yong Zhou from Hefei


More formal than previous research directions, with potentially important 
phenomenological consequences 
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Positivity work and legacy paper

positivity 
bounds

Highly active and productive area of research:  
• VBS Phys.Rev.D 100 (2019) 9, 095003


• aQGC JHEP 06 (2019) 137


• Chiral perturbation theory: JHEP 07 (2020) 214 


• Convex geometry: Phys.Rev.Lett. 125 (2020) 20, 201601


• e+e- scattering: Chin.Phys.C 45 (2021) 2, 023108


• Transverse VBS: JHEP 01 (2021) 095


• Positivity in lepton colliders: Phys.Rev.Lett. 129 (2022) 1


• Generalised elastic positivity for spin-2: JHEP 04 (2021) 217


• Mulitifield positivity: Phys.Rev.Lett. 127 (2021) 12


• Triple crossing: JHEP 12 (2021) 115


• Drell-Yan moments: 2204.13121


Cen’s legacy single author paper:  

SMEFTs living on the edge: arXiv: 2112.11665  
(recomposition from PDF file and final editing by 
Jiayin Gu, Xu Li, Jiang-Hao Yu, Hao Zhang and 
Shuang-Yong Zhou )


Main idea: At dim=8 one could determine the UV 
theory completely by pairing the information with 
positivity.
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https://arxiv.org/abs/2204.13121
https://arxiv.org/abs/2112.11665


Cen and MBI
MBI2019 in Thessaloniki, Greece


Cen attended the conference and gave two talks: one on EFT@NLO and one 
on Positivity Bounds on VBS and aQGC 

Allowed
Allowed

E.g. WZjj (CMS-PAS-SMP-18-001) 

Positivity restricts the directions in which SM deviation is possible

�3

aQGC, Cen’s talk@MBI2019

1D case: individual limits

No UV completion

fM,6 Redundant

No UV completion

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC#aQGC_Results �19

18D case: volume

Volume measures “constraining power”. (like the “GDP”) 

However positivity does not constrain the magnitudes of deviation. 
It only constraints possible directions. So the regular volume is ∞.

But we can measure the “solid angle” 

Randomly throw points on 18D sphere.

Count how many of them satisfy a given 
positivity condition.


�33

[Durieux, Grojean, Gu, Wang JHEP 17]

98% of the parameter 
space is redundant: no UV 

completion exists.

Very important effects on 
allowed parameter space!
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Cen has made many and important contributions to 
phenomenology 

His physics abilities and intuition were invaluable

He was also a humble and kind colleague

He is sorely missed by his collaborators 


Higgs Hunting, Paris, 2019
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https://indico.ijclab.in2p3.fr/event/5201/contributions/17268/attachments/14295/17604/zhang-HiggsHunting.pdf

