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Introduction

Yong Du

The SM, up to now, is very successful. But there are some flaws:
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On the other hand, neutrinos oscillate

YD, Dunbrack, Ramsey-Musolf, Yu, 1810.09450 (JHEP) Zhou, Bian, YD, 2203.01561 (JHEP)
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Introduction
While there are many models for dark matter, neutrinos and other topics as you prefer, 
the direct experimental observation of any new particle is still null.

Q: How to approach new physics beyond the Standard Model?

A: ⋯
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Introduction
While there are many models for dark matter, neutrinos and other topics as you prefer, 
the direct experimental observation of any new particle is still null.

Q: How to approach new physics beyond the Standard Model?

A: ⋯

The experimental data are 
suggesting that the SM is an 
effective low-energy theory of 
some UV model above the weak 
scale.

wiki
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SMEFT (μ=Λ)
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𝚆𝚒𝚕𝚜𝚘𝚗

𝚆𝙲𝚡𝚏

YD, Li, Tang, Vihonen, Yu, 2011.14292 (JHEP)

Falkowski, Gonzalez-Alonso, Tabrizi, 1910.02971 (JHEP)

Gauthier’s talk on Tuesday

𝚍𝚒𝚜𝚙𝚎𝚛𝚜𝚒𝚟𝚎
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https://indico.cern.ch/event/1307378/contributions/5721447/attachments/2789645/4864518/durieux-fccannecy-2024-01-30.pdf


59 operators (+ 4 B-violating ones) 

2499 operators: 1350 (CP-even) + 1149 (CP-odd)

Operators in the Warsaw basis:

SMEFT global fit

No flavor assumptions are made.

Buchmuller and Wyler, Nucl.Phys.B 268 (1986) 621 
Grzadkowski, Iskrzynski, Misiak and Rosiek, JHEP 10 (2010) 085

Sophie’s and Ben’s talks on Tuesday
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with each of the term a SM singlet and respecting the SM local gauge symmetry.

The SMEFT is then simply constructed by adding these operators on top of the SM:

ℒSMEFT = ℒSM + ∑
i

ci

Λd−4
𝒪d

i
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SMEFT global fit
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SMEFT global fit

FCC-ee is an ideal precision machine for new physics studies in the SMEFT since 
 with  from the LHC data.s ≪ Λ2 Λ ≳ 1 TeV

CEPC Physics Study Group, 2205.08553



de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326

We thank our experimental colleagues for doing excellent. Recent improvement not 
implemented (  from inclusive (Michele’s talk)/exclusive (Lars’s talk) studies for example)Rb

Yong Du 7th FCC Physics Workshop 7

SMEFT global fit: δex

https://indico.cern.ch/event/1307378/contributions/5720997/attachments/2790079/4865599/Rb.pdf
https://indico.cern.ch/event/1307378/contributions/5720999/attachments/2790216/4865732/Exclusive_Rb_measurement_LRoehrig.pdf


SMEFT global fit: δth

Considered as well under control by the operation time.  
See also Johann’s talk on Tuesday and Alain’s talk this morning.

Yong Du 7th FCC Physics Workshop 8
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Presenting the results will be basis dependent. We choose to work in the Higgs basis 
to disentangle physics in different sectors

SMEFT global fit: Basis
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SMEFT global fit: Basis
Presenting the results will be basis dependent. We choose to work in the Higgs basis 
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de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326

SMEFT global fit: 4f
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Flat direction lifted by low-energy experiments: muon sector example

SMEFT global fit: 4f
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Flat direction lifted by low-energy experiments: muon sector example

SMEFT global fit: 4f
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FCC-ee
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SMEFT global fit: 4f
Flat direction lifted by low-energy experiments: electron sector example

Bhabha alone is not enough to close the fit,  from PVES is the keyAPV
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Yong Du 7th FCC Physics Workshop 13



SMEFT global fit: 4f
Flat direction lifted by low-energy experiments: electron sector example

Bhabha alone is not enough to close the fit,  from PVES is the keyAPV

8−10 7−10 6−10 5−10 4−10 3−10
10−10

9−10

8−10

7−10

6−10

5−10

4−10 100
% 10%

1%

G0

G0

E122

Mainz-Be

MIT-12C

SAMPLE
H-I

A4
A4

A4

H-II
H-He

E158

H-III

PVDIS-6

PREX-I

PREX-II

CREX

Qweak

SOLID

MOLLER

MESA-P2

MESA-12C

MESA-Lead

Pioneering
Strange Quark Studies
Standard Model Tests
Neutron Radius

PVA

)
PV

(Aδ

P2 collaboration, 1802.04759 (EPJA)

YD, Freitas, Patel, Ramsey-Musolf, 1912.08220 (PRL)

Dev, Ramsey-Musolf, Zhang, 1806.08499 (PRD)

Yong Du 7th FCC Physics Workshop 13



SMEFT global fit: 4f
Flat direction lifted by low-energy experiments: electron sector example

Bhabha alone is not enough to close the fit,  from PVES is the keyAPV
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(Bhabha from FCC-ee not included here)

Fulvio’s talk yesterday

Yong Du 7th FCC Physics Workshop 13
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SMEFT global fit: 4f
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 polarization measurement at VENUS is limited by statistics ( ). FCC-ee at 240GeV 
will have better sensitivity with much more statistics, how well can we control the systematical?
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SMEFT global fit: 4f
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SMEFT global fit: 4f
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Also very interesting  physics at TeraZ 
see for example Pich 2012.07099 (EPJP)
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de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326

SMEFT global fit: 4f

Unprecedented precision reached at the FCCee machine (same for Higgs couplings, see backup)

Still much room left for new physics generating large 1st and 2nd (could be improved with  and 
) generation  couplings (possible tagging improvement? The help with AI (Chai, Gu, Li, 

2401.02427 for example)?)

σs
As

FB Zqq̄
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SMEFT global fit: 4f
de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326

Also much room left for 4-fermion operators at FCC-ee or CEPC (same for top, see backup), 
mainly due to the difficulty in telling the right from the left.

Merging current/future neutrino (e.g. CEvNS) and/or polarized experimental (EIC/EicC for 
example) data to make a difference?

Polarized future circular colliders? (See Zhe Duan’s talk on Tuesday for a possible study)

Yong Du 7th FCC Physics Workshop 16

https://indico.cern.ch/event/1307378/contributions/5720996/attachments/2790077/4865572/CEPC_overall_status_and_prospects_for_beam_polarization_v4.pdf
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SMEFT global fit: CPV



This precision FCC-ee machine could also help in understanding our existence by closely 
investigating the CPV operators

Engel, Ramsey-Musolf, van Kolck, 1303.2371 (Prog.Part.Nucl.Phys.)

Chupp, Ramsey-Musolf, van Kolck, 1407.1064 (PRC)
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SMEFT global fit: CPV



SMEFT global fit: CPV

𝒪G̃ = f ABCG̃Aν
μ GBρ

ν GCμ
ρ

𝒪W̃ = ϵIJKW̃Iν
μ WJρ

ν WKμ
ρ

𝒪φG̃ = φ†φG̃A
μνGAμν

𝒪φW̃ = φ†φW̃I
μνWIμν

𝒪φB̃ = φ†φB̃μνBμν

𝒪φW̃B = φ†τIφW̃I
μνBμν
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𝒪G̃ = f ABCG̃Aν
μ GBρ

ν GCμ
ρ

𝒪W̃ = ϵIJKW̃Iν
μ WJρ

ν WKμ
ρ

𝒪φG̃ = φ†φG̃A
μνGAμν

𝒪φW̃ = φ†φW̃I
μνWIμν

𝒪φB̃ = φ†φB̃μνBμν

𝒪φW̃B = φ†τIφW̃I
μνBμν

hZZ
hγZ

γW+W−

ZW+W−

FCC-ee is well suited for both  and  studies!Zh W+W−

(Statistically limited at OPAL)

See Stephane’s talk yesterdayAlso helps  extractionVcb

Yong Du 7th FCC Physics Workshop

SMEFT global fit: CPV
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LHC FCC-ee240 GeV

Using angular asymmetries of  and aTGC measurements for , the CPV 
parameters can be extracted, for which we use the optimal observable approach to 
improve the sensitivity

Zh W+W−

Yong Du 7th FCC Physics Workshop 19

SMEFT global fit: CPV



LHC FCC-ee240 GeV

Using angular asymmetries of  and aTGC measurements for , the CPV 
parameters can be extracted, for which we use the optimal observable approach to 
improve the sensitivity

Zh W+W−

Yong Du 7th FCC Physics Workshop 19

SMEFT global fit: CPV

Per-mille level precision reach



Benchmark
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Benchmark: Y-Universal Z’ model
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This work

ESU

Extend the SM by  but without introducing kinetic mixing and off-diagonal 
gauge couplings

U(1)z

c2B

Λ2
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g2
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g4
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de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326

Yong Du 7th FCC Physics Workshop

FCC-hh? See Matthew’s talk yesterday
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ℒLQ ⊃ (λ1L
iα q̄c

i ϵℓα + λ1R
iα ūc

i eα) S1 + λ3L
iα q̄c

i ϵσ IℓαSI
3 +  h.c. 

Benchmark: Leptoquark model
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LHC (Dashed: HL-LHC)

CEPC240 (Dashed: FCC-ee240)

ILC250 (Dashed: GigaZ)

δχ2 = 5.99

de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326
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V(Φ, Δ) ⊃ λ4(Φ†Φ)Tr(Δ†Δ) + λ5Φ†ΔΔ†Φ

Benchmark: Type-II seesaw model
ℒY = (yν)αβLc

αiτ2ΔLβh . c .
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YD, 2303.16400
YD, Li, Yu, 2201.04646 (JHEP)
Li, Zhang, Zhou, 2201.05082 (JHEP)
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Benchmark: Unfolding

Find the UV for any operator and 
any topology ( ).𝚄𝚅𝙱𝚞𝚒𝚕𝚍𝚎𝚛

Q: Which benchmark model for FCC-ee?

Yong Du 7th FCC Physics Workshop

Operator

UV
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✤ FCC-ee is an ideal precision machine for new physics study within SMEFT: 

❖   Unprecedented precision reach for Higgs and EW physics (except 1st gen quarks) 
❖   Increase sensitivity reach of 4-fermion operator with beam polarization at FCC-ee? 
❖   Otherwise, merging low-energy data (neutrino for example) may make a difference 
❖   A new direction can be probed for CPV operators, complementary to the LHC

Summary

✤ FCC-ee also a perfect machine for specific new physics model studies 

❖   the Z’ model 
❖   the leptoquark model 
❖   … 
❖   operator unfolding upon anomaly observation? 
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❖   Unprecedented precision reach for Higgs and EW physics (except 1st gen quarks) 
❖   Increase sensitivity reach of 4-fermion operator with beam polarization at FCC-ee? 
❖   Otherwise, merging low-energy data (neutrino for example) may make a difference 
❖   A new direction can be probed for CPV operators, complementary to the LHC

Summary

✤ FCC-ee also a perfect machine for specific new physics model studies 

❖   the Z’ model 
❖   the leptoquark model 
❖   … 
❖   operator unfolding upon anomaly observation? 

While do not know when to expect 
let’s witness the birth of FCC-ee solidly together



Backup



 global fit results2ℓ2q

SMEFT global fit: 4f

de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326



Higgs global fit

SMEFT global fit: Higgs

de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326
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precision reach on effective couplings from SMEFT global fit
HL-LHC S2 + LEP/SLD CEPC Z100/WW6/240GeV20
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CLIC +3TeV5

MuC 3TeV1 w/FCC-ee
MuC 10TeV10
MuC 125GeV0.02+10TeV10

(combined in all lepton collider scenarios)
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top global fit

SMEFT global fit: top

de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326



Optimal observables



Optimal observables

dσ(c)
dΠ

=
dσ0

dΠ
+ ∑

j

dσ̄j

dΠ
cj + ⋯

(Cov)−1
jk = ∫ dΠ

(dσ̄j /dΠ)(dσ̄k /dΠ)

dσ0/dΠ ⋅ ∫ ℒ

This will certainly be improved at future colliders, especially with the utilization of optimal 
observables:

The optimal observable analysis is still ongoing, we expect a factor of 10/100 improvement 
for HL-LHC and future  colliders.e+e−


