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1. SMEFT @ NLO QCD

C. Degrande, G. Durieux, F. Maltoni, K. Mimasu, E. Vryonidou and C. Zhang,
“Automated one-loop computations in the SMEFT,” arXiv:2008.11743 [hep-ph], submitted to PRL
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—xample: ttbar+Higgs

User perspective

MG5_aMC>import model SMEFT
MG5_aMC>generate pp>tt~ H NP=2 [QCD]
MG5_aMC>output

MG5_aMC>launch

12
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Non-universal K-factors
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Certain operator show cancellation between different phase-space
regions, and are sensitive to QCD corrections.

Sub-amplitudes btWZ/btWH sensitive to deviation in EW sector
(cancellation spoiled among the leading energy dependences of diagrams)
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[Degrande et al., 2008.11743]
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Precise predictions for top-quark flavor-changing neutral
interactions at future lepton colliders

Snowmass letter of intent

Gauthier Durieux, Stefano Frixione, Benjamin Fuks, Hua-Sheng
Shao, Liaoshan Shi, Marco Zaro, Cen Zhang, and Xiaoran Zhao

‘While the analysis of the data recorded during the second run of the LHC is still on-
going, no compelling direct evidence for new physics has been observed so far. These null
search results have consequently pushed the limits on the masses of any potential particle
extending the Standard Model (SM) of particle physics to rather high scales, well within
the TeV regime. For this reason, the Standard Model Effective Field Theory (SMEFT)
framework, in which new phenomena are parameterised by higher-dimensional operators
in the SM fields, has received more and more attention in the last few years. It is today
considered as a proper framework to study deviations from the SM, not only in the sense
that it is a useful way to parameterise any new physics effects, but also as it could be tested
per se. We propose to focus on the SMEFT operators that impact the phenomenology of the
top quark, and in particular those involving new flavor-changing neutral interactions. The
reason lies behind the large mass of the top quark, so that one expects it to be intimately
linked to new physics. Studying the properties of the top quark is therefore of utmost
importance for a potential discovery of any new phenomenon.

On the other hand, the high-energy physics community is currently investigating options
for collider experiments to be run in the next decades. We position the work envisaged in
this letter of interest within this context, focusing on a future lepton collider. Several future
lepton collider proposals are under consideration, including the Circular Electron Positron
Collider (CEPC) in China, the Future Circular Collider with e*e (FCC-ee) at CERN, the
International Linear Collider (ILC) in Japan, and the Compact Linear Collider (CLIC)
at CERN aiming at running at higher center-of-mass energies. We propose to study and
compare the potential sensitivity of these future machines to flavour-changing interactions
of the top quark, by achieving test-case studies including precision predictions in the global
and model-independent SMEFT framework.

While the collider reaches of these interactions have been studied in the past, comprehen-
sive and model-independent studies based on the SMEFT framework and including realistic
collider analyses are still missing. Most results in the literature are either based on the
anomalous-coupling approach or have ignored the four-fermion contact flavor-changing in-
teractions. These studies are thus less model-independent, in particular as it has been shown
that future lepton colliders have a much better reach on the four-fermion interactions com-
pared to LHC and its future upgrades 1, 2]. Furthermore, a complete SMEFT analysis
requires higher-order corrections to be consistently incorporated to any desired order, and
should hence rely on precision predictions not only for total rates, but as well as for distri-
butions [3]. Both indeed play crucial roles, given the high accuracy measurements expected
at those future machines.

Automatic new physics simulations at the next-to-leading-order (NLO) accuracy in QCD
are standard for proton-proton collisions, but they still cannot be obtained straightforwardly
for eTe™ collisions, especially for the full set of processes relevant for top-quark flavor-
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changing interactions. While a subset of relevant operators have been automated at NLO
in QCD already quite a while ago [3], an extension including the full set of operators is
only very recent [4]. However, the current implementation enforces flavor conservation and
has therefore to be extended. Whilst this is in principle feasible by means of public tools,
it is on the other hand well-kn that and initial-state radiation effects
can both be crucial at a future lepton collider. We therefore also plan to contribute to the
extension of the MadGraph5 aMC@NLO framework [5], so that it could be used for pr on
SMEFT in the context of el -positron collisions, including not only NLO
QCD corrections (as it is already the case), but also beamstrahlung and initial-state radiation
effects. While we expect these effects to be important in the work envisaged in this proposal,
embedding them into an automatic framework would also allow for general beyond the SM
physics to be studied in any future lepton colliders context, and this by relying on much
more reliable theory predictions not only for the SM background but also for any class of
new physics signal. Our specific study on top-quark flavor-changing interactions could serve
as a test case for this goal.

This proposal hence aims to complete a comprehensive study of the neutral flavour-
violating effects in the top quark sector, with the global and model-independent SMEFT
framework. We hence aim to provide some new inputs to motivate the building of future
lepton colliders. Moreover, with this physics goal in mind, we aim at automating NLO QCD
computations with MadGraph5 aMC@NLO for lepton collider (including beamstrahlung
and initial-state radiation effects) for any class of particle physics models.

1] G. Durieux, F. Maltoni, and C. Zhang, Phys. Rev. D 91, 074017 (2015), arXiv:1412.7166
[hep-ph].

2] L. Shi and C. Zhang, Chin. Phys. C 43, 113104 (2019), arXiv:1906.04573 [hep-ph].

18] C. Degrande, F. Maltoni, J. Wang, and C. Zhang, Phys. Rev. D 91, 034024 (2015),
arXivi1412.5594 [hep-ph].

4] C. Degrande, G. Durieux, F. Maltoni, K. Mimasu, E. Vryonidou, and C. Zhang, (2020),
arXiv:2008.11743 [hep-ph].

5] J. Alwall, R. Frederix, S. Frixione, V. Hirschi, F. Maltoni, O. Mattelaer, H. S. Shao, T. Stelzer,
P. Torrielli, and M. Zaro, JHEP 07, 079 (2014), arXiv:1405.0301 [hep-ph].
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o Top-EW % Top Higgs  MveEFT .. Sombined
o single top+Z/H: [C. Degrande et al. JHEP 10 (2018) 005] it

e tt+H: [F Maltoni et al. JHEP 10 (2016) 123]

e Future e+e-: [G. Durieux et al. JHEP 10 (2018) 168]
CERN Yellow Rep. Monogr. Vol. 3 (2018)

e {ttt: [CZ Chin.Phys.C 42 (2018) 2, 023104]
CERN Yellow Rep.Monogr. 7 (2019) 1-220

e ttbb: [J. D’Hondt et al. JHEP 11 (2018) 131]
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e Top FCNC:

e HL/HE-LHC: CERN Yellow Rep.Monogr. 7 (2019) 867-1158 10

e CEPC: [Shi, CZ, Chin.Phys.C 43 (2019) 11, 113104]

o Global fit (SFitter): [I. Brivio et al. JHEP 02 (2020) 131]
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C. Zhang and S.-Y. Zhou, “A convex geometry perspective to the (SM)EFT space,” PRL 125, 201601 (2020)

359 (13 TeV)
| ]

o Positivity bound: £ F1FICEKRFRIE -> dim-8 &
HREHE—RIITFRAEFI, : ‘

[Q. Bi, CZ, S.-Y. Zhou, JHEP 19] E‘Ni

o MK+ aQGC = ERHIZEI~2%., !

Invited talk at Multi-Boson Interaction 2019, — ; R (s‘ToeV_;) _1o‘i‘ o /Af"aev%
S,0 M,0
° &{lenﬁyj » g_-lt dlm 8 %i&&qfﬂ;&{ﬂ%ﬁﬂﬁ*ﬂ% Positivity restricts the directions in which SM deviation is possible
.o D =0 Z A Y
o Krein-Milman FIE: FA“WREIE& "R DIFHNS {—-\ Edges:

SM + 1 UV particle
(UV model uniquely
determined)

2= 8] — hi,

o “Vertex enumeration” S8 ZRIPEHI,
E.g. 0.681% for transversal QGC.

o MR, EESHX MR UV-completion:
MINE R UV fIFEFE

Facets:
Positivity bounds
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35.9fb™ (13 TeV)

o Positivity bound: EFIFIEEARRIE -> dim-8 B 5 o0 e
RFREUmE—RIITTIRAEFL, q ¢ Se

[Q. Bi, CZ, S.-Y. Zhou, JHEP 19] EW* 1
’ —50:

o MEF aQGC S HMREIE~2%,

I

—

— ~ Expected 99% CL

~
~

—T T .
— — Expected 68% CL |
Expected 95% CL |

—— Observed 95% CL |

-50”"0"';50';‘
fs,o/A (TeV™)
owe

Invited talk at Multi-Boson Interaction 2019, 1000
o [EJLERAR dim-8 SE T aIR UM A

Positivity restricts the directions in which SM deviation is possible

“opens new directions for interesting research at the

intersection of particle physics phenomenology and the
mathematical field of convex geometry” (PRL referee report) il

IS

E.g. 0.681% for transversal QGC.

o C[HHHRVR, EFEMXINFTFER UV-completion:
MNE R = UV KIF=FE,

Edges:
SM + 1 UV particle
(UV model uniquely

Facets:
Positivity bounds

24



http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO

3. SMEFT S4E &89/ L{0 44

o FTAY positivity FiA1: “ERTAZE" (VBS and aQGC: Snowmass LOI submitted)
[K. Yamashita, CZ, S.-Y. Zhou, 2009.04490]

o HEXENPENF:

o 1£ CEPC, ILC ZI positivity -> fi6 8 FiFiCEARRIE
[J. Gu, L.-T. Wang and CZ, 2011.03055]

o Inverse problem: @I BN E&E UV RUFFERIES
[B. Fuks, Y. Liu, CZ, S.-Y. Zhou, 2009.02212]

o FTHY positivity 5752: YOIEE + FIEEFMK (ongoing with 2288, RN
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e “Higgs and top quark physics”
11/7/2020 The 6th China LHC Physics Workshop (CLHCP2020), Tsinghua University

o “Precision quest in interpretation: SMEFT at higher orders”
9/2/2020 QCD@LHC-2020, CERN

e “Single top production via FCNC couplings”
1/17/2020 3rd FCC Physics and Experiments Workshop CERN, Geneva

e “EFT at NLO”
“Positivity constraints for SMEFT operator coefficients”
8/26,27/2019 Multi-Boson Interactions 2019

o “Electroweak fits and H properties and EFT”
7/29/2019 Higgs Hunting 2019
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o “Aconvex geometry perspective to the SMEFT space”
5/29/2020 24th Mini-workshop on the frontier of LHC, CHEP, Peking University

o “Positivity bounds on aQGC”
7/2/2020 Snowmass EF04 Topical Group Community Meeting
7/8/2020 Snowmass EF preparatory joint Topical Group sessions on “Open
guestions and News ldeas”

o “Elastic positivity vs extremal positivity bounds in SMEFT:
a case study in transversal electroweak gauge-boson scatterings”
11/4/2020 VBSCan WG periodic meeting

o “Top FCNC at future lepton colliders”
12/5/2020 Snowmass EF04 Topical Group Community Meeting

28



=W/ FARIREE

FAI=

o “The positive structures in SMEFT: polytopes, cones, spectrahedrons, and the
physics implication”
10/12/2020 KIAS, “2020 Fall KIAS HEP Seminar Series”

o “Convex Geometry in Standard Model Effective Field Theory”
10/23/2020 University of Science and Technology of China

o “Positivity Bounds in Standard Model Effective Field Theory”
11/24/2020 Shanghai Jiaotong University
11/27/2020 Nankai University
12/2/2020 Technion, “Israeli Joint Particle Physics Meetings, Spring-Summer 2020”
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A‘ | t h i n g S E FT https://sites.google.com/view/all-things-eft

https://indico.ihep.ac.cn/event/12712/

“All Things EFT” international online seminar series.
(with A. Biekoetter, C. Burgess, M. Levi, A. Martin, T. Melia, W. Shepherd, M. Trott, and H. X. Zhu)

ALL THINGS EFT... PAST LECTURES

ABOUT , _ Steven Weinberg, Inaugural Lecture:
" Steven Weinberg (U, Texas Austin) On the development of Effective Field Theory

= Aneesh Manohar (UCSD)

To allow researchers in the global Effective Field Theory
community to connect and share their work, = Matthias Neubert (Mainz & Cornell)

All Things EFT is launched as a weekly international online = Henriette Elvang (Michigan)
lecture series in fall 2020, on September 30th.

= Lian-Tao Wang (Chicago)
Topics include all aspects of EFTs such as SMEFT, HEFT, 0

Xiaochuan Lu (Oregon)
LEFT, Dark Matter EFT, EFTs of gravity, SCET, ...

= Claudia de Rham (Imperial College London)

The lectures will be held via zoom. To receive the link to the .
zoom room, please subscribe below. = Tim Cohen (Oregon)

UPCOMING LECTURES

= Arsenii Titov (Padua/Valencia)

FORMAT

Lectures will be weekly on Wednesdays at

4pm CET (Geneva) = 10am EST (New York)=7am psT(Los @ Yael Shadmi (Technion)
Angeles) = 11pm CST (Beijing)

= Roberto Emparan (Barcelona)
Please note the time shift due to daylight

saving time! = Xiangdong Ji (Maryland)

Lecture Format: 1h plenary-style talk + discussion

= Walter Goldberger (Yale)

One of the opening slides should specify for a broad

audience: = Francesco Riva (Geneva)
1) the field content and symmetries and 2) an expansion . .
parameter, i.e. the EFT(s) of interest. " Nlma Arkanl'HamEd (IAS)
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o MCnet School 2020 (FEEIEECH)

o Lecture: “Signal Simulation for BSM and EFT”
7/18/2020 CHEP Summer School 2020, Peking University

o Electroweak parallel session convener, 2020 CEPC workshop, October 2020.

o 2021%Eit%1

5\’////
o MCnet School 2021 — MCnet

o Higgs and Effective Field Theory 2021
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2020 E £ Hi5

o REERBANEZEESTH LINB L), 1R&“Systematic study for loop-
induced processes in SMEFT, their simulation tools and
phenomenological aspects”, 63/, 2021-2024,

o ZH5EFREABFZESTELINBE, 1®&“The EFT study for BSM physics”,
3165, FHIEAE#@m, 2021-2025,

lmh

33



INEFIFELEE

o XEIE5 1PRL + 1CPC + 3JHEP + 3,

¢ NLO QCD #35/E SMEFT £ BshE I E2ZE AT .
o RICBURERIFNE, ZRBBEIENEMNL.
o REERT ete- WIEMNBEIEFITET.

e LHC Top + Higgs MENERIUSEZRTT.
o REZEAIL SMEFT S1F4H, THAEF LHC =&z + SM/EFT 31845
o IREFIBEOLEAZR SMEFT BT AE: IRERTR + HITE.
o BREIRRINIRIC A AEX BN O FERN £ STIe I RIN A




15915 |



