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The LHC EFT WG

e Goal: Advise and develop recommendations for EFT measurements at the LHC

General information: [link], [Twiki], Contact: |hc-eftwg-admin@cern.ch

e QOrganisation:

Area 1: EFT formalism

Area 2: Predictions and tools

Area 3: Experimental measurements and observables
Area 4: Fits and related systematics

Area 5: Benchmark scenarios from UV models

Area 6: Interplay/connection with flavour

o Thanks to our outgoing conveners this year:

Andrei Gritsan, Giovanni Petrucciani, Pierre Savard, Nicolas Berger,
Céline Degrande, Jorge De Blas, Eleni Vryonidou

e And welcome to the incoming conveners:
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Sarah Heim, Jacob Kempster, Sandra Kortner, Nicholas Wardle,
Matteo Presilla, Robert Schoefbeck, Ken Mimasu, Anke Biekoetter, Shankha Banerjee
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https://lpcc.web.cern.ch/lhc-eft-wg
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCEFT
mailto:lhc-eftwg-admin@cern.ch

Area 1: EFT formalism

o Goal: establish the key parameters of the EFT formalism: what operators, what bases, what perturbation orders, how to combine
operators of different dimensions, which flavour and symmetry assumptions

arXiv:2111.12515
e Scheme dependence: {a, G, mz}, {G,, mz, mw} or {a, mz, mw} ? Avoid leptonic
\ corrections to G, LHC EFT WG, Area 1
Used at LEP Used in \ Electroweak input parameters
Avoid large W/Z
many tools 9 / . Editors: Ilaria Brivio, Sally Dawson, Jorge de Blas,

propagator corrections Gauthier Durieux, Pierre Savard

® PU bI|C note released’ reCOmmendlng the {G“’ mgz, mW} Scheme Contributors: Ansgar Denner, Ayres Freitas, Chris Hays,

Ben Pecjak, Alessandro Vicini

November 25, 2021

o Validity: does the EFT describe the true model underlying the data?

Different sets of electroweak input parameters are discussed for SMEFT predic-
tions at the LHC. The {G,, mz, mw} one is presently recommended.

arXiv:2201.04974 RN LPCC 001
CERN-LHCEFTWG-2021-002 . . .
November 16, 2022 o Up to which energy scale is the EFT valid?
i BET WS note: o - How to define the scale? = process dependent
uncation, validity, uncertainties
Editors: Ilaria Brivio,"* Sally Dawson,®> Jorge de Blas,*® Gauthier Durieuz,” Giovanni
Petrucciani,® Pierre Savard” . . . . .
b o Strategies if model is not valid in some parts of the phase space:
A. Roberto Contino,® Adam Falkowski,® Florian Goertz,"° Christophe Grojean,'" Fabio " . . " . .. . .
Maltors, % Gadiano Panico,'* Francesco Rive,* Andren Wnlser - "Clipping" of either the data or the model + additional uncertainties?

B. Céline Degrande,'® Fabio Maltoni,"*'® Ken Mimasu,"” Eleni Vryonidou,"® Cen
Zhang'®202!

C. Willam Shepherd® - Public note first released in January and recently updated with additional proposal

D. Nicolas Berger,”® Andrei V. Gritsan,** Kristin Lohwasser®
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https://arxiv.org/abs/2111.12515
https://arxiv.org/abs/2201.04974

Area 2: Predictions & tools

e Goals: (twiki)

e Topical meeting in January this year, topics including:
- Effect of additional jets in tt+X EFT modelling - can lead to sizeable corrections P ,_ k
- Framework for MC/MC comparisons '
- LHE level study of dim6 sensitivity in VBS

Track the various tools that are used to provide EFT predictions

Organise cross-validation

E.g. this year compared predictions of JHUGen vs SMEFTsim, SMEFT@NLO vs SMEFTsim =
Provide recipes and recommendations on usage

(and global fit with WW)

K. Mohrman

""" - th+] LO —tth LO

Profiled Profiled
VBS+WW Combination ) SM
95% C.L., 13TeV,A =1TeV -/

95% Profiled

Q [<-5.00, >5.00]
PP — e [<-5.00, >5.00]
Qp N [<-5.000, 4.411]
Qi — ) — [-2.028 , 3.235]
al’ (—  — [-2.126 , 2.934]
Qo _— O [-2.412, 2.360]
Qs = = [-2.170, 2.167)
ajy - . [-1.716, 1.559]
al’ — [-0.987 , 0.863]
og f o | [-0.288 , 0.334]
Q - o [-0.353, 0.117]
Oﬁ [ | [-0.187 ,0.186]
al’ — [-0.084 , 0.266]
a§’ e [-0.060 , 0.148]
Q, (o | [-0.092 , 0.099]

B individual

95% Individual
[<-5.00 , >5.00]
[-2.209 , 1.847]
[-2.712, 2.576)
[0.155 , 0.152)
[0.156 , 0.160)
[1.384 , 1.464)
[1.694 , 1.403)]
[-1.012, 0.994]
[0.195 , 0.336)
[-0.200 , 0.321]
[-0.097 , 0.080)
[0.191 , 0.148)
[0.066 , 0.230]
[-0.059 , 0.085]
[-0.087 , 0.093]
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Parameter estimate
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().E; : e i TETETE SRR SR 1 e aa g
-5 -1 -05 0 05
c,y Strength

Tag, generator, model, processes, parameter point

<LesHouchesEvents version="3.0">
<header>

<initrwgt>
<weightgroup name=’mg_reweighting’ weight_name_strategy=’includeldInWeightName’>
<weight id=’modl-sm-sq’>
<weight _generator>MadGraph5_aMC@NLO_v2.6.5</weight_generator>
<weight _model-version>dim6top_LO_UFO v1.0 Sat 8 Dec 2018 14:17:45</weight_model_version>

<ugjgh§ gard) N
Human-readable tables

1.20 gg — tt
interference square
di d2 1 — mod2/mod1 d d2 1 — mod2/mod1 .
ac  omwm om0 oo oo o Proposal for comparison between
ctGI 9.152- 1071 1.544 - 1078 1.966 - 10'° 0.08173 0.08173 0
sm 0 0 0 0.4418 0.4418 0

, different tools

Phase-space point, squared matrix elements

<event>

4 2 +5.7925728e-01 9.11180000e+01 0.00000000e+00 1.18400000e-01
cal il 0 0 0 0 +0.00e+00 +0.00e+00 +5.00e+02 5.00e+02 0.00e+00 0.00e+00 9.00e+00 ® ® °
221 0 0 O 0 +0.008500 50.000400 -5.008102 5.008402 0.000+00 0.000+00 3.00e%00 (com parison of diméto P /SMEFTsim/
-6 1 1 2 0 0 +1.66e+02 -3.90e+02 +2.01e+02 5.00e+02 1.72e+02 0.00e+00 9.00e+00
6 1 1 2 0 0 =1.66e+02 +3.90e+02 -2.01e+02 5.00e+02 1.72e+02 0.00e+00 9.00e+00

S — SMEFT@NLO already studied)

<wgt id="modl-ctW-int’> +3.6769585e-01 </wgt>
<wgt id=’modl-ctZ-int’> -3.2187585e-01 </ugt>
<wgt id=’modl-ctG-int’> +3.0451935e-02 </wgt>
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/EFTAC2
https://indico.cern.ch/event/1076709/contributions/4596402/subcontributions/357246/attachments/2350554/4009165/EFTWG_Meeting.pdf
https://indico.cern.ch/event/1076709/contributions/4596402/subcontributions/357247/attachments/2350535/4009360/ER_LHCEFT_2211.pdf
https://indico.cern.ch/event/1096488/contributions/4659860/attachments/2381746/4069668/LHC_EFT_WG_slides.pdf
https://indico.cern.ch/event/1096488/contributions/4659864/attachments/2381609/4069411/durieux-lhceftwg-eftvalidation-2022-01-31.pdf

Area 3: Experimental measurements & observables

o Goals (twiki):
- Study experimental approaches for EFT inference, choice of observables and optimisation for sensitivity

. Fiducial/differential measurements
o Strateg |es: with EFT interpretation ) S— Event_giener_attor
- Two-step approach: reinterpretion of diff./fid. measurements Two sets of fits: - +'9a(x wuth | ei)
- Direct approach: use of optimal / multi-variate observables =1~ —
PP ptimal / L(data|o) 0o |6, 2|0, LHE
e Observables:
- Differential / fiducial XS L(data|oi(c;) Pythia, GEANT, reco
- Optimal observables: ME ratios, ML discriminators, etc. Possible to recast from ai to give ¢; or p( Rl | )
other parametrization of o 7 i reco mith
e Associated uncertainties: , , _ 2118 | eeeld
D / ff f |d b " d Direct EFT constraints (w/ optimised 0 1 0 N fU"
- Detector / acceptance effects, unfolding, EFT in backgrounds analysis)
P J J aka "full-sim" (2) R AN ‘%9,}_. 7
X truth | Yj
| | o Matrix Element n 7
e Note released recently One direct fit: — P(F s | 0)

CERN-LPCC-2022-05

?I'CCO = f ( 7)l!: élCl(l))
arXiV:221 1 .08353 CERN-LHCEFTWG-2022-001 lJAlA\ / \

—_
November 15, 2022 Can recast from ¢j to other congruent eee | [ M
. EFT basis
LHC EFT WG Report: Experimental Measurements and ; \ ‘
Observables R —
P ( X reco | 0 )

Nuno Castro", Kyle Cranmer®, Andrei V. Gritsan3, James Howarth4, Giacomo Magni5’6, Ken
Mimasu’, Juan Rojo”®, Jeffrey Roskes®, Eleni Vryonidou®, Tevong You’'"!
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/EFTAC3
https://arxiv.org/abs/2211.08353
https://arxiv.org/abs/2211.08353

Area 4. Fits and related systematics

e Long term goal: combined likelihood fit of Higgs, top & EW
measurements to give strongest constraints on the widest possible set of
EFT operators

e Goalis to provide guidance for:
- Experimental combinations
- Benchmarks for "theory" fits (typically use public information only)

- Implementation of common experimental + theoretical uncertainties in
combination

g
Ogy — 1+ ZAka + ZBHCI:CI
k m

- Inclusion of non-LHC constraints (EWPO, flavour, g-2,...)
o These large-scale combinations take a long time

e Pragmatic approach: started a fitting exercise, with a simplified x2 fit,
based on public information

- Previous meetings: [June 22] [Feb 22]

- Twiki to document conventions

.---------------'

'---------------.
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https://indico.cern.ch/event/1170441/
https://indico.cern.ch/event/1124363/
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCEFTExpCombinationConventions

Area 5: benchmark scenarios from UV models

o - S. Homiller
o Goals (twiki): Two Higgs Doublet Models
- Study matching to specific models Generates Cn, Cyu, Cir, Crp at the matching scale
- Identify BSM-driven subsets of operators Note that these are SMEFT Fits — not 2HDM fits!
- Benchmarks beyond SMEFT, incl. non-linear EFT e | | _ e
i M =1TeV i M =1TeV
e Two topical meetings: [Feb 21] [March 22] ISR : e i |
. . . - —— Higgs (RGE | | —— Higas (RGE) N,
- Comparlson Of EFT ConStraIntS VS‘ dlreCt BSM Sea rCheS beyond 0= l—()1.41(1) - l—()l.‘Z(l) - l().()()l - ‘().Ez()l - l().{1()| T 0 lll—‘()1.115I |—l()|.1l()l l—l()l.()‘-.')l l 0.00 0.05 0.10 0.15
E FT cos(f — a) cos(3 — )
e Note in development: ’g’_j
- Review of (automated) codes: STrEAM, SuperTracer, Heavy vector ~ ———
Matchmakereft, CoDEx, Matchete, MatchingTools, ... triplet model !
- Provide comparison framework E. Geoffray
- Define relevant benchmark models, e.g. SMEFT <& MSSM :
We get constraints for my = % — 8TeV, where direct resonance

searches don't exist. And we fit in the full 5 parameter model space.

2/12/22 A. Gilbert (NWU)
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/EFTAC5
https://indico.cern.ch/event/971736/
https://indico.cern.ch/event/1135959/
https://indico.cern.ch/event/971736/contributions/4200800/attachments/2185761/3693110/201028_lhceftwg5_smeft_homiller.pdf
https://indico.cern.ch/event/1135959/contributions/4779371/attachments/2416460/4135141/EFTWG_Geoffray_Handout.pdf

Area 6: flavour assumptions

Two topics discussed
e Goals (twiki):
- Define relevant flavour scenarios for

b— d0T 0~ R(D*) and T T searches

1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.25 0.3 0.35 0.4 0.45 0.5

EFT interpretations b o h \ - 1Hch o e o
. . . . . % 25 - * Data E T :_ %ggﬁsgg?;ihad tag) ; EI-Fllc_)@VIVIZL?j:ic (Previous)
- Considerations: need to discriminate t = T e e ey
. Latest LHCb = S SR 5
and b from light quarks, T from e/p measurements St . pi 035 ‘
- Understand interplay with other g " 4 } o3t | §\\\\\\‘
. g 5 - ) S A
experiments (flavour, EDM, g-2, .l - SE 0.25]- \\\N& \\\\\
. 5200 5300 5400 5500 5600 B
some coefficients stronger m(K 7 c) [MeVie?) : . U

~— O

_ R, R(D)
constrained elsewhere Tom Blake FADT) =021 H 00 E00% req Ciezarek
12 sy g HighPT SMEFT mode
. . 10 — BB sutu) OO VAR ] /
e Note on flavour assumptions in s i) 2, —

. Ay 0\ — obal it 0.051 & ~ o 1
re a rat I O n 61 ! e l ® Hoy best fit 3 z'/ 7 ‘\.". ) RD ]
EFT W | g
".

I —— global fit b — s 0.001 A A TR

:| 3333

(3)
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&

=
P
=
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3
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S
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c
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:| 3333
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Area 6 meeting: Heavy flavour aspects in EFT fits (oo T s B S Y Y e Y S TR TR ST—
Hector Mullor 9 o " o Jass o Jaazs
L Felix Wilsch
Monday 21 Nov 2022, 14:00 — 18:00 Europe/Zurich
3\7 Sy i) ! Q;pp%(VQU‘ ﬂ;- 5 1Ty, F L T T T T T T
R pp_)f@ 2% flavio — pp—=> U2 e Z E ATLAS Preliminary —— Obs. limit -.é 102_ CMS Freliminary —— Observed
Link to agenda | | == s o Can i
. ) : 10E 95% L+ =8 B 68% ed
< Connections L combined 17, 20 : combined 10, 20 T.{ 95% CL -E:Z.z:; E%’ 10 N wgi’:,/?cz';;:z:m
° 3 3 8-. 1: ----- O(pp_,tLQs) ; .8 1_§ e 5 - o :th:oz .goﬁ=1 k=0
to high PT N s 3 E G e
B 5 107 e
10" Q __ =
510 e
-
10_2; E c\(2-10—3
E 3 o
- T 13
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/EFTAC6
https://indico.cern.ch/event/1096487/contributions/4683319/attachments/2371809/4050826/lhc-eft-wg-flavour-assumptions-2022-01-12.pdf
https://indico.cern.ch/event/1214009/contributions/5106537/attachments/2551110/4394642/tblake_btod_overview.pdf
https://indico.cern.ch/event/1214009/contributions/5106549/attachments/2551414/4395274/EFT_dtaunu_Ciezarek.pdf
https://indico.cern.ch/event/1214009/contributions/5106550/attachments/2551431/4395319/221121_LHCEFT_LQs.pdf
https://indico.cern.ch/event/1214009/
https://indico.cern.ch/event/1214009/contributions/5106551/attachments/2550963/4394301/Wilsch_LHC-EFT-WG.pdf
https://indico.cern.ch/event/1214009/contributions/5106548/attachments/2551224/4394893/drell_yan.pdf
https://indico.cern.ch/event/1214009/contributions/5106538/attachments/2553353/4399286/LHC_EFT_WG_6_meeting_HGisbert.pdf

Agenda for today

KIEDD - 10:45 Session 1 Q 40/S2-B01-Salle Bohr [ ~
Convener: llaria Brivio (University of Zurich)
Introduction ©20m & ~
Speaker: Andrew Gilbert (Northwestern University (US))
T3 Recent ATLAS EFT activities ®20m B~
Speaker: Eleonora Rossi (University of Oxford (GB))
BIET]  Recent CMS EFT activities ®20m (&~
Speaker: Sergio Sanchez Cruz (Universitaet Zuerich (CH))
| 10:45 ERERE Coffee break ® 30m 9 40/S2-B01 - Salle Bohr
RIBEN - 1230 Session2 Q 40/52-B01 - Salle Bohr [ ~
Convener: Sandra Kortner (Max Planck Society (DE))
B  Report on the ATLAS+CMS EFT fit exercise ®20m & -
Speaker: Fabian Stager (University of Zurich (CH))
IEEET]  Additional proposal for the treatment of EFT truncation, validity and related uncertainties ®1om @~
Speaker: Tim Cohen (CERN)
Report on BMS/EFT matching activities ®O20m @& ~
Speaker: Kristin Lohwasser (University of Sheffield (GB))
| 12:30 EEREED Lunch break ® 1h 9 40/S2-B01 - Salle Bohr
BEEDY - 15110 Session3 Q 40/52-B01 - Salle Bohr [ ~
Convener: Ken Mimasu (Kings College London)
BEEET]  Report on experimental measurements and observables for EFT interpretations ®20m @~
Speaker: Andrei Gritsan (Johns Hopkins University (US))
m Machine learning observables in EFT interpretations ®15m & ~
Speaker: Robert Schoefbeck (Hephy Vienna)
BZZZ]  Frameworks and tools for systematic data analysis reinterpretations ®15m @ -
Speaker: Lukas Alexander Heinrich (Technische Universitat Munchen (DE))
m Helicity-free techniques for the reweighting of MC Samples ®15m @& ~
Speaker: Olivier Mattelaer (UCLouvain)
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Afternoon discussion session

X/ -+ 18:30 Discussion session @ 40/52-801 - Salle Bohr

Area 1 - EFT formalism (Chair: llaria Brivio)

Discussion about SMEFT and HEFT exemplified for HH production
Speaker: Jannis Lang

EFT : Applicabilities and Viabilities
Speaker: Tisa Blswas (University of Calcutta)

Area 1 targets

Speaker: llaria Brivio (University of Zurich)

Area 2 - Predictions & Tools (Chair: Robert Schoefbeck)

HWG activities for the database of SMEFT predictions
Speaker: Mr Matthew Knight (Imperial College London)

Area 2 targets

Speaker: Abideh Jafarl (Deutsches Elektronen-Synchrotron (DE))

Area 3 - Experimental Measurements and Observables (Chair: Anke Biekoetter)

Unbinned multivariate observables for global SMEFT analyses from machine learning
Spoakor. Jaco ter Hoeve (Nikhef and VU Amsterdam)

Efficient interpolation and practical observables
Speaker: Nick Smith (Fermi National Accelerator Lab. (US))

Area 3 targets
Speaker: Anke Blekoetter (IPPP Durham)

Area 4 - Fits and related systematics (Chair: Jacob Julian Kempster)
Area 4 targets

Speaker: Jacob Jullan Kempster (University of Sussex (GB))

ATLAS+CMS EFT combination (top)
Speaker: Kirlll Skovpen (Ghent University (BE))

i B B8 B B ER B BB B A B8

Future EFT plans from the SMP CMS perspective
Speaker:. Matteo Presilla (Istituto Nazionale di Fisica Nucleare)

2

Area 5 - Benchmark scenarios for UV models (Chair: Shankha Banerjee)

Area 5 targets
Speaker: Kristin Lohwasser (University of Sheffield (GB))

Area 6 - Flavour (Chair: Shankha Banerjee)

Area 6 targets

=
Lo
=

18:30 EIRER] Cocktail ® 1h 9 500/1-201 - Mezzanine

Speaker: Kristin Lohwasser (University of Sheffield (GB))

A. Gilbert (NWU)

®© 5m

®© 5m

®© 5m

®10m

®© 5m

= ~

® 1m

= ~

From 18:30:
Drinks reception in
the main building

(mezzanine)




