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Where We Stand
The Standard Model

> Unified description of strong, weak, and

electromagnetic forces

> SU(3)c × SU(2)L × U(1)Y symmetry
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Open Problems
The Need for New Physics

> “Experimental” problems

Dark Matter

Neutrino masses

Matter-antimatter asymmetry

...

> “Theoretical” issues

Strong-CP problem

Flavor puzzle

Hierarchy problem mNP

gNP
g/m = const.

Heavy NP

Colliders!

axions, FIPs, light DM, ...

???

TeV

1
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The Flavor Puzzle
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> Non-trivial pattern of masses and mixings:

m1 � m2 � m3 VCKM ∼ 1

> Dynamical explanation lies Beyond the Standard Model

Why??
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The Hierarchy Problem

> Higgs mass parameter quadratically sensitive to NP scales:

h h

?

?

−→ δm2
h ≈

y2

16π2
Λ2
NP

> Calls for a mechanism to avoid “fine tuning”

> Proposed solutions: Composite Higgs, Supersymmetry, ...

> Collider searches push Λ & TeV (little hierarchy)

> Want the NP scale as low as possible
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The TeV Scale

Higgs↔ Flavor

If we insist on TeV-scale New Physics, we cannot ignore flavor

> Flavor structure must be non-trivial→ Third-gen. New Physics
> ”Cherries” on top (model-dependent):

Dark Matter→WIMP

Neutrino masses→ Inverse See-Saw
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The TeV scale is an interesting place to look for New Physics!

[see e.g. 1703.07364]

[see e.g. Mohapatra ’86]
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The Hunt for New Physics

Direct searches

> High energies

Indirect searches

> High precision

We need both!
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High-energy Searches
Current Status
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CMS-PAS-EXO-18-002 (dE/dx)Doubly-charged tau', HSCP infinite lifetime, DY production 0.0-1.46  101 fb 1
CMS-PAS-EXO-18-002 (dE/dx)stau pair production, HSCP with infinite lifetime 0.0-0.69  101 fb 1

CMS-PAS-EXO-18-002 (dE/dx)Split SUSY, HSCP gluino with infinite lifetime, fgg = 0.1 0.0-2.13  101 fb 1
CMS-PAS-EXO-23-002 ((SUEPOffline))SUEP Offline, TD = 3 GeV, m = 3 GeV, Br(A ′ ) = 100% 0.2-2.0  138 fb 1
CMS-PAS-EXO-21-017 (( + pmiss

T + ))W  Resonance leptonic 0.3-2.0  138 fb 1
CMS-PAS-EXO-22-022 (2( ))X , M = 0.02MX, ( ) merged diphoton pair 0.0-1.2  137 fb 1

CMS-PAS-EXO-19-009 (pp + , pp + )pp + Z/ + X 0.6-1.6  37 fb 1
1911.04968 (3 , 4 )tt + , pseudoscalar (scalar), g2

top × BR( 2 ) > = 0.03(0.04) 0.108-0.34  137 fb 1
1911.04968 (3 , 4 )tt + , pseudoscalar (scalar), g2

top × BR( 2 ) > = 0.03(0.004) 0.015-0.075  137 fb 1
1911.03947 (2j)Scalar Diquark 0.5-7.5  137 fb 1

1911.03947 (2j)Color Octect Scalar, k2
s = 1/2 0.5-3.7  137 fb 1

1808.01257 (1j + 1 )Higgs  resonance 0.72-3.25  36 fb 1
2106.10509 (1j + 1 )W  resonance 1.5-8.0  137 fb 1

1712.03143 (2 + 1 ; 2e + 1 ; 2j + 1 )Z  resonance 0.35-4.0  36 fb 1
1911.03947 (2j)String resonance 0.5-7.9  137 fb 1

CMS preliminary
Overview of CMS EXO results

March 2024

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).
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2001.04521 (2 + 2j)Excited Lepton Contact Interaction 0.2-5.7  77 fb 1
2001.04521 (2e + 2j)Excited Lepton Contact Interaction 0.2-5.6  77 fb 1

2103.02708 (2 )quark compositeness ( ), LL/RR = 1 0.0-36.0  140 fb 1
2103.02708 (2 )quark compositeness ( ), LL/RR = 1 0.0-24.0  140 fb 1
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CMS-PAS-EXO-21-012 (1 + 2j + pmiss
T , 2 + pmiss

T )dark Higgs, gq = 0.25, gDM = 1, = 0.01, m = 200 GeV, mZ ′ = 700 GeV 0.16-0.352  137 fb 1
CMS-PAS-EXO-20-010 (2 displaced + pmiss

T )inelastic dark matter model, y = 10 7, D = 0.1 0.02-0.08  137 fb 1
CMS-PAS-EXO-20-010 (2 displaced + pmiss

T )inelastic dark matter model, y = 10 6, D = 0.1 0.003-0.08  137 fb 1
CMS-PAS-EXO-21-007 (pp + )axion-like particle, f 1 = 1.2 TeV 1 0.5-2.0  103 fb 1

1811.10151 (1 + 1j + pmiss
T )Leptoquark mediator, = 1, B = 0.1, X, DM = 0.1, 800 < MLQ < 1500 GeV 0.3-0.6  77 fb 1

1908.01713 (h + pmiss
T )Z′ 2HDM, gZ′ = 0.8, gDM = 1, tan = 1, m = 100 GeV 0.5-3.1  36 fb 1

2112.11125 (2j + pmiss
T )Z′ mediator (dark QCD), mdark = 20 GeV, rinv = 0.3, dark = peak

dark 1.5-5.1  138 fb 1
1908.01713 (h + pmiss

T )Baryonic Z′, gq = 0.25, gDM = 1, m = 1 GeV 0.0-1.6  36 fb 1
1810.10069 (4j)complex sc. med. (dark QCD), m DK = 5 GeV, c XDK = 25 mm 0.0-1.54  16 fb 1

2107.10892 (0, 1 + 2j + pmiss
T )pseudoscalar mediator (+tt), gq = 1, gDM = 1, m = 1 GeV 0.05-0.42  137 fb 1

1901.01553 (0, 1 + 2j + pmiss
T )pseudoscalar mediator (+t/tt), gq = 1, gDM = 1, m = 1 GeV 0.0-0.3  36 fb 1

2107.13021 ( 1j + pmiss
T )pseudoscalar mediator (+j/V), gq = 1, gDM = 1, m = 1 GeV 0.0-0.47  101 fb 1

2107.13021 ( 1j + pmiss
T )scalar mediator (fermion portal), u = 1, m = 1 GeV 0.0-1.5  101 fb 1

2107.10892 (0, 1 + 2j + pmiss
T )scalar mediator (+tt), gq = 1, gDM = 1, m = 1 GeV 0.05-0.4  137 fb 1

1901.01553 (0, 1 + 2j + pmiss
T )scalar mediator (+t/tt), gq = 1, gDM = 1, m = 1 GeV 0.0-0.29  36 fb 1

2103.02708 (2e, 2 )(axial)-vector mediator ( ), gq = 0.1, gDM = 1, g = 0.1, m > mmed/2 0.2-4.64  140 fb 1
2107.13021 ( 1j + pmiss

T )(axial-)vector mediator ( ), gq = 0.25, gDM = 1, m = 1 GeV 0.0-1.95  101 fb 1
1911.03947 (2j)(axial-)vector mediator (qq), gq = 0.25, gDM = 1, m = 1 GeV 0.5-2.8  137 fb 1

2103.02708 (2e, 2 )vector mediator ( ), gq = 0.1, gDM = 1, g = 0.01, m > 1 TeV 0.2-1.92  140 fb 1
1911.03761 ( 3j)vector mediator (qq), gq = 0.25, gDM = 1, m = 1 GeV 0.35-0.7  18 fb 1
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CMS-PAS-EXO-21-004 (scouting boosted trijet)RPV mass degenerated higgsinos to trijet boosted scouting 0.07-0.075 & 0.095-0.105  128 fb 1
CMS-PAS-EXO-21-004 (scouting boosted dijet)RPV stop scouting boosted 0.07-0.2  128 fb 1

1806.01058 (2j)RPV gluino to 4 quarks 0.1-1.41  38 fb 1
1806.01058 (2j)RPV squark to 4 quarks 0.1-0.72  38 fb 1

1808.03124 (2j; 4j)RPV stop to 4 quarks 0.08-0.52  36 fb 1
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CMS-PAS-EXO-22-024 ( )RS GKK( ), k/MPl = 0.1 0.0-4.8  138 fb 1
CMS-PAS-EXO-22-024 ( )ADD ( ) HLZ nED = 4 0.0-9.1  138 fb 1

2202.06075 ( + pmiss
T )split-UED, 2 TeV 0.4-2.8  137 fb 1

2201.02140 (2j)3-brane WED gKK( + g ggg), ggrav = 6, ggKK = 3, = 0.5, m( )/m(gKK) = 0.1 2.0-4.3  137 fb 1
1805.06013 ( 7j( , ))non-rotating BH, MD = 4 TeV, nED = 6 0.0-9.7  36 fb 1

CMS-PAS-EXO-20-012 ( + j)RS QBH ( j), nED = 1 2.0-5.2  137 fb 1
1803.08030 (2j)RS QBH (jj), nED = 1 0.0-5.9  36 fb 1

1911.03947 (2j)RS GKK(qq, gg), k/MPl = 0.1 0.5-2.6  137 fb 1
2103.02708 (2 )RS GKK( ), k/MPl = 0.1 0.0-4.78  140 fb 1

CMS-PAS-EXO-20-012 ( + j)ADD QBH ( j), nED = 6 2.0-7.5  137 fb 1
2205.06709 ( )ADD QBH ( ), nED = 4 0.0-5.0  137 fb 1
2205.06709 (e )ADD QBH (e ), nED = 4 0.0-5.2  137 fb 1

2205.06709 (e )ADD QBH (e ), nED = 4 0.0-5.6  137 fb 1
1803.08030 (2j)ADD QBH (jj), nED = 6 0.0-8.2  36 fb 1

2107.13021 ( 1j + pmiss
T )ADD GKK emission, nED = 2 0.0-10.8  101 fb 1

1812.10443 (2 , 2 )ADD ( , ) HLZ, nED = 3 0.0-9.1  36 fb 1
1803.08030 (2j)ADD (jj) HLZ, nED = 3 0.0-12.0  36 fb 1
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1811.03052 ( + 2 )excited muon, fS = f = f ′ = 1, = m * 0.25-3.8  36 fb 1
1811.03052 ( + 2e)excited electron, fS = f = f ′ = 1, = m *

e 0.25-3.9  36 fb 1
CMS-PAS-EXO-20-012 ( + j)excited b quark, fS = f = f ′ = 1, = m *

q 1.0-2.2  137 fb 1
CMS-PAS-EXO-20-012 ( + j)excited light quark (q ), fS = f = f ′ = 1, = m *

q 1.0-6.0  137 fb 1
1911.03947 (2j)excited light quark (qg), = m *

q 0.5-6.3  137 fb 1
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2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Vector like taus,  Singlet 0.125-0.15  137 fb 1
2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Vector like taus,  Doublet 0.1-1.045  137 fb 1

2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Type-III seesaw heavy fermions, Flavor-democratic 0.1-0.98  137 fb 1
1806.10905 ( 1j + + e)MSM, |VeNV*

N|2/(|VeN|2 + |V N|2) = 1.0 0.02-1.6  36 fb 1
1802.02965; 1806.10905 (3e; 1j + 2e)MSM, |VeN|2 = 1.0,  |V N|2 = 1.0 0.001-1.43  36 fb 1

1802.02965; 1806.10905 (3 ; 1j + 2 )MSM, |VeN|2 = 1.0,  |V N|2 = 1.0 0.001-1.24  36 fb 1
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CMS-PAS-EXO-18-002 (dE/dx)Z', HSCP tau' 600 GeV mass with infinite lifetime 0.0-4.76  101 fb 1
1911.03947 (2j)Axigluon, Coloron, cot = 1 0.5-6.6  137 fb 1

1811.00806 (2 + 2j)LRSM WR( NR), MNR = 0.5MWR 0.0-3.5  36 fb 1
2307.08708 (Z′ + 1b)Z ′(B3 L2) 0.35-0.5  138 fb 1

2112.03949 (2e + 2j)LRSM WR(eNR), MNR = 0.5MWR 0.0-4.7  36 fb 1
2212.12604 ( + pmiss

T )SSM W′( ) 0.6-4.8  137 fb 1
2112.03949 (2 + 2j)LRSM WR( NR), MNR = 0.5MWR 0.0-5.0  36 fb 1

1911.03947 (2j)SSM W′(qq) 0.5-3.6  137 fb 1
1909.04114 (2j)Leptophobic Z′ 0.05-0.45  78 fb 1

2202.06075 ( + pmiss
T )SSM W′( ) 0.4-5.7  137 fb 1

2205.06709 ( )LFV Z′, BR( ) = 10% 0.2-4.1  137 fb 1
2205.06709 (e )LFV Z′, BR(e ) = 10% 0.2-4.3  137 fb 1

2205.06709 (e )LFV Z′, BR(e ) = 10% 0.2-5.0  137 fb 1
2103.02708 (2e, 2 )Superstring Z′ 0.2-4.6  140 fb 1

1905.10331 (1j, 1 )Z′(qq) 0.01-0.125  36 fb 1
1911.03947 (2j)SSM Z′(qq) 0.5-2.9  137 fb 1

2103.02708 (2e, 2 )SSM Z′( ) 0.2-5.15  140 fb 1
CMS-PAS-EXO-21-005 (2 )ZD, narrow resonance, 2 = 3 × 10 6  (90% C.L.) 0.0042-0.0079  97 fb 1

CMS-PAS-EXO-21-005 (2 )ZD, narrow resonance, 2 = 7 × 10 7 (90% C.L.) 0.0011-0.0026  97 fb 1
1912.04776 (2 )ZD, narrow resonance, 2 = 4 × 10 5 (90% C.L.) 0.11-0.2  137 fb 1

1912.04776 (2 )ZD, narrow resonance, 2 = 8 × 10 6 (90% C.L.) 0.0115-0.075  137 fb 1

1 TeV

3rd gen.

10 TeV

universal
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Low-energy Probes

> In the absence of any BSM signals, set (lower) bounds

> Each observable mediated by a contact interaction
1

Λ2
Od=6

eff → Λ > · · ·

[European Strategy Briefing Book 2511.03883]
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What is the Scale of New Physics?
The New Physics Flavour Problem

> Depends on the assumptions! Doesn’t have to be 106 TeV (↔ anarchic flavor)

> Take e.g. K − K̄ mixing.

After discovery, “superweak” theory

ceiφ

Λ2
(s̄γµd)2 → Λ ∼ 104 TeV

> In the SM (GIM mechanism):

c

Λ2
=

(VtdV
∗
ts)

2G2
Fm

2
t

16π2

d

s d

s

u, c, t u, c, t

W

W

What is the flavour structure of low-scale NP?

In this talk:

What do we learn from current and future collider experiments?

[Wolfenstein ’79]
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The New Physics Flavour Problem
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What is the flavour structure of low-scale NP?

In this talk:

What do we learn from current and future collider experiments?

MFV
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What Do We Need?
Towards Consistent BSM Analyses

BSM analyses

EFT

Beyond tree-level

Combine flavor,

collider, and EW

Flavor assumptions

Flavor

ColliderEW
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Outline

I EFT Analyses

The EFT Approach: SMEFT

Collider and Flavor: Drell-Yan

Loops in the EFT: RGE effects

Flavor Assumptions: TeV-scale New Physics

II FCC-ee

Electroweak Precision Observables

Flavor Prospects

Above the Z-pole: Higgs Self-coupling
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EFT Analyses



The EFT Approach

> At a given scale, use only the relevant degrees of freedom

> Many examples, take e.g. muon decay

µ→ eνµν̄e

Lweak ⊃ −
GF√
2
(µ̄γα(1− γ5)νµ)(ν̄eγα(1− γ5)e)

> No need to know the UV to describe the data well

> mµ � mW ,W boson “integrated out”

> Can take the same bottom-up approach for BSM effects

µ e

νµ νe

W

E << mW

µ e

νµ νe

GF
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SMEFT
Standard Model Effective Field Theory

> Heavy (Λ� v), decoupling New Physics

> Relevant ingredients:

SM fields: q, `, u, d, e, H, Gµν ,Wµν , Bµν

Symmetry: SU(3)× SU(2)× U(1)
Power counting: E/Λ

> Add higher-dimensional structures to the SM Lagrangian

LSMEFT = LSM +
1

Λ
C(5)i O

(5)
i +

1

Λ2
C(6)i O

(6)
i + · · ·

> Systematic way of describing deviations from the SM

> Study connections between different sectors consistently

E

v

ΛNP &TeV

mb
mc

SMEFT!

M

E << M

C
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Examples of SMEFT operators

LSMEFT = LSM +
1

Λ
C(5)i O

(5)
i +

1

Λ2
C(6)i O

(6)
i + · · ·

> At dimension six: 59 operators, 2499 parameters

[O(3)
lq ]ijkl = (¯̀iγµσ

I`j)(q̄kγ
µσIql)

` q

` q
C(3)`q

[O(3)
H`]ij = (H†←→D I

µH)(¯̀iγ
µσI`j)

` H

` H
C(3)H`

Zµ

[Warsaw basis 1008.4884]
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Bounds on SMEFT coefficients

> Ci = 0 is the SM point

> In the absence of New Physics signals, expect Ci compatible with zero→ bounds

Fix Λ Fix C (C = 1)

> Single coeffcient: C ∈ [−a, b]
> Multi-dimensional fits:

> Lower bound on Λ

> At d = 6:

Λ > min

(
1√
a
,
1√
b

)

[LA, Faroughy, Jaffredo, Sumensari, Wilsch 2207.10714]

[LA, Cornella, Isidori, Stefanek 2311.00020]
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Probes at Different Energy Scales
Semileptonic interactions

E

mW

TeV

mb
mc

pp→ `α`β

M → `α`β
`α → `βM
M →M ′`α`β

qi

qj

`α

`β

p

p

`α

`β

qi

qj

`α

`β
qi

qj
M ′

M

High-pT searches can probe the same operators

directly constrained by flavor-physics experiments (and more)
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Probes at Different Energy Scales
Semileptonic interactions

E

mW

TeV

mb
mc

pp→ `α`β

M → `α`β
`α → `βM
M →M ′`α`β

qi

qj

`α

`β

p

p

`α

`β

qi

qj

`α

`β
qi

qj
M ′

M
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Energy-enhancements in the EFT

> Take again muon decay:

Lweak ⊃ −
GF√
2
(µ̄γα(1− γ5)νµ)(ν̄eγα(1− γ5)e)

> 2→ 2 scattering amplitudes grow with c.o.m. energy

A(e+µ− → ν̄eνµ) ∝ E2

> Breakdown of perturbativity at E ∼ TeV

→ regulated byW boson

µ e

νµ νe

Use the same feature to look for New Physics in high-energy tails of distributions
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Drell-Yan Tails as Flavor Probes

> 5 active flavors in the proton

> Drell-Yan at LHC: pp→ `+α `
−
β , `

+
α νβ

> Hadronic cross-section:

σ(pp→ `α`β) = Lij × σ̂αβij

> σ̂αβij = σ̂(qiq̄j → `α`β) partonic cross-section
→ energy-enhanced in the EFT.

> Heavy flavours suppressed by parton luminosities

> Energy enhancement can (partially) overcome

PDF suppression
[Angelescu, Faroughy, Sumensari 2002.05684]
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HighPT
LA, Faroughy, Jaffredo, Sumensari, Wilsch 2207.10756

> Run-2 LHC Drell-Yan searches

> Large variety of NP scenarios:

SMEFT d = 6, d = 8 (up to O(Λ−4))
Tree-level mediators

> Allows to compute:

Hadronic cross-sections

Event yields→ bin-by-bin in the exp. searches

χ2 likelihood as function of Wilson coefficients/coupling constants

→ Extract bounds on Wilson coefficients/couplings

> Work in progress for version 2!

HighPT
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SMEFT Constraints from Drell-Yan
> Switch on one operator at a time

> Λ = 1 TeV

HighPT HighPT HighPT

HighPT HighPT HighPT

[O(3)
`q ]αβij = (¯̀αLγ

µσI`βL)(q̄
i
Lγ

µσIqjL)

ee µµ ττ

µe τe τµ

[LA, Faroughy, Jaffredo, Sumensari, Wilsch 2207.10714]
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Probes at Different Energy Scales
Semileptonic interactions

E

mW

TeV

mb
mc

pp→ `α`β

M → `α`β
`α → `βM
M →M ′`α`β

qi

qj

`α

`β

p

p

`α

`β

qi

qj

`α

`β
qi

qj
M ′

M
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Complementarity with Low Energy
LFU tests in B decays

> LFU ratios:

RD(∗) =
B(B → D(∗)τ ν̄)

B(B → D(∗)`ν̄)
` = µ, e

> Currently ∼ 3σ tension

→ good illustrative example
0.2 0.3 0.4 0.5

R(D)

0.2

0.25

0.3

0.35

0.4

R
(D

*)

HFLAV SM Prediction

L-QCD FLAG24 (Nf=2+1 for R(D*))

 0.004±R(D) = 0.296 
 0.005±R(D*) = 0.254 

 0.0054±R(D) = 0.2938 
 0.0051±R(D*) = 0.2582 

68% CL contours

total 0.024±R(D) = 0.358 
total 0.011±R(D*) = 0.281 

 = -0.374ρ
) = 27%2χP(

BaBar

LHCb Belle II

Belle

Average

HFLAV
CKM 2025

Is it compatible with high-energy data?
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Combined Fit
LA, Faroughy, Jaffredo, Sumensari, Wilsch 2207.10714

[O(1)
lq ]ijkl = (¯̀iγµ`j)(q̄kγ

µql)

[O(3)
lq ]ijkl = (¯̀iγµσ

I`j)(q̄kγ
µσIql)

> Flavor: RD, RD∗

> LHC already constrains the parameter

space

> Dashed (dotted) lines:

HL-LHC (3 ab−1) projections

Flavor

ColliderEW
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Combined Fit
LA, Faroughy, Jaffredo, Sumensari, Wilsch 2207.10714

[O(1)
lq ]ijkl = (¯̀iγµ`j)(q̄kγ

µql)

[O(3)
lq ]ijkl = (¯̀iγµσ

I`j)(q̄kγ
µσIql)

> Flavor: RD, RD∗

> LHC already constrains the parameter

space

> Dashed (dotted) lines:

HL-LHC (3 ab−1) projections

Flavor

ColliderEW
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Operator mixing

E

Λ

v

C(3)`q (Λ)

C(3)`q (v) C(3)H`(v)

m
ix
in
g

> Everything is scale-dependent!

αem(0) '
1

137
αem(mZ) '

1

128

> The same is true for EFT coefficients

→ self-renormalization + mixing

> The scale at which a coefficient is defined is a crucial

piece of information
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SMEFT RGE

> Operators mix under Renormalization Group Evolution

µ
d

dµ
Ci(µ) = γij(~g(µ))Cj(µ)

> γij anomalous dimension matrix

> At one-loop, in Leading-Log approximation,

Ci(µ) =
1

16π2
log

µ

Λ
γ
(0)
ij Cj(Λ)

> Connect effects at a scale Λ with others at scale µ

> One- and two-loop anomalous dimensions known

1308.2627 , 1310.4838 , 1312.2014 , 2601.19974

E

Λ

v

C(3)`q (Λ)

C(3)`q (v) C(3)H`(v)

m
ix
in
g
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SMEFT RGE
Example: Semileptonic Interactions in Z Decays

[O(3)
lq ]3333 = (¯̀3γµσ

I`3)(q̄3γ
µσIq3) [O(3)

H`]33 = (H†←→D I
µH)(¯̀3γ

µσI`3)

`3 q3

`3 q3
C(3)`q C(3)`q

`3

`3

H

H

u3

µ
d

dµ
[C(3)Hl ]33 ⊃

1

16π2
2Ncy

2
t [C

(3)
lq ]3333
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SMEFT RGE
Example: Semileptonic Interactions in Z Decays

> A closer look at O(3)
H` = (H†←→D I

µH)(¯̀3γ
µσI`3)

> Focus again on third-gen. couplings

H†←→D µH
H→〈H〉−−−−−→ v2

2
Zµ

> Modify the Zττ coupling

`3 v

`3 v
C(3)H`

Zµ

How do Z decays compare to collider and flavor data?

DESY. | Exploring the Terascale at Colliders | Lukas Allwicher | Seminar, SLAC, 02/23/2026 Page 30



SMEFT RGE
Example: Semileptonic Interactions in Z Decays

E

ΛNP

mZ

C(3)`q (ΛNP)

C(3)`q (mZ)C(3)H`(mZ)

m
ix
in
g

> ΛNP = 2 TeV→at µ = mZ

[C(3)H` ]33(mZ) '
1

16π2
2Ncy

2
t log

mZ

ΛNP

[C(3)`q ]3333(ΛNP)

' −0.1[C(3)`q ]3333(ΛNP)

> Depends on the precision!

Flavor

ColliderEW

[LA, Cornella, Isidori, Stefanek 2311.00020]
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What Do We Need?
Towards Consistent BSM Analyses

BSM analyses

EFT

Beyond tree-level

Combine flavor,

collider, and EW

Flavor assumptions

Flavor

ColliderEW
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Flavor assumptions
Some guidance from the Standard Model

> Need to address the flavor structure of NP

> SM gauge sector:

U(3)5 ≡ U(3)q × U(3)` × U(3)u × U(3)d × U(3)e

> Yukawas:

Y ' y3

 0 0 0
0 0 0

0 0 1


Approximate (accidental) U(2)5 symmetry!

> What if New Physics follows the same structure?

> Starting point to address the SM flavour puzzle
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U(2) in SMEFT
Taming flavor constraints

> U(2) imposes flavor conservation for New Physics:

q̄iγµqj
U(2)q−−−→ aq̄3γµq3 + b

2∑
i=1

q̄iγµqi

> But it is already broken at dimension-four (y . 10−2)

→ flavor-changing processes follow CKM-like (GIM) suppression

We can impose a U(2)5 symmetry on the SMEFT and study the implications

> Combine flavor, collider, and EW observables

Y = y3

(
∆ V

0 1

)

Flavor

ColliderEW
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SMEFT Fits to U(2) Operators
[LA, Cornella, Isidori, Stefanek 2311.00020]

Λ = 3 TeV, individual fits
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SMEFT Fits to U(2) Operators
[LA, Cornella, Isidori, Stefanek 2311.00020]

Complementarity between sectors

Flavor: O(10) TeV bounds (CKM)

Can we do better?

Λ = 3 TeV, individual fits
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New Physics in the Third Generation?

0.001 0.010 0.100 1.000 10.000

Mass Scale [TeV]

M ′ 2e
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M

M
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M

M

M

M

M
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he

r

CMS-PAS-EXO-18-002 (dE/dx)Doubly-charged tau', HSCP infinite lifetime, DY production 0.0-1.46  101 fb 1
CMS-PAS-EXO-18-002 (dE/dx)stau pair production, HSCP with infinite lifetime 0.0-0.69  101 fb 1

CMS-PAS-EXO-18-002 (dE/dx)Split SUSY, HSCP gluino with infinite lifetime, fgg = 0.1 0.0-2.13  101 fb 1
CMS-PAS-EXO-23-002 ((SUEPOffline))SUEP Offline, TD = 3 GeV, m = 3 GeV, Br(A ′ ) = 100% 0.2-2.0  138 fb 1
CMS-PAS-EXO-21-017 (( + pmiss

T + ))W  Resonance leptonic 0.3-2.0  138 fb 1
CMS-PAS-EXO-22-022 (2( ))X , M = 0.02MX, ( ) merged diphoton pair 0.0-1.2  137 fb 1

CMS-PAS-EXO-19-009 (pp + , pp + )pp + Z/ + X 0.6-1.6  37 fb 1
1911.04968 (3 , 4 )tt + , pseudoscalar (scalar), g2

top × BR( 2 ) > = 0.03(0.04) 0.108-0.34  137 fb 1
1911.04968 (3 , 4 )tt + , pseudoscalar (scalar), g2

top × BR( 2 ) > = 0.03(0.004) 0.015-0.075  137 fb 1
1911.03947 (2j)Scalar Diquark 0.5-7.5  137 fb 1

1911.03947 (2j)Color Octect Scalar, k2
s = 1/2 0.5-3.7  137 fb 1

1808.01257 (1j + 1 )Higgs  resonance 0.72-3.25  36 fb 1
2106.10509 (1j + 1 )W  resonance 1.5-8.0  137 fb 1

1712.03143 (2 + 1 ; 2e + 1 ; 2j + 1 )Z  resonance 0.35-4.0  36 fb 1
1911.03947 (2j)String resonance 0.5-7.9  137 fb 1

CMS preliminary
Overview of CMS EXO results

March 2024

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).
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2001.04521 (2 + 2j)Excited Lepton Contact Interaction 0.2-5.7  77 fb 1
2001.04521 (2e + 2j)Excited Lepton Contact Interaction 0.2-5.6  77 fb 1

2103.02708 (2 )quark compositeness ( ), LL/RR = 1 0.0-36.0  140 fb 1
2103.02708 (2 )quark compositeness ( ), LL/RR = 1 0.0-24.0  140 fb 1
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CMS-PAS-EXO-21-012 (1 + 2j + pmiss
T , 2 + pmiss

T )dark Higgs, gq = 0.25, gDM = 1, = 0.01, m = 200 GeV, mZ ′ = 700 GeV 0.16-0.352  137 fb 1
CMS-PAS-EXO-20-010 (2 displaced + pmiss

T )inelastic dark matter model, y = 10 7, D = 0.1 0.02-0.08  137 fb 1
CMS-PAS-EXO-20-010 (2 displaced + pmiss

T )inelastic dark matter model, y = 10 6, D = 0.1 0.003-0.08  137 fb 1
CMS-PAS-EXO-21-007 (pp + )axion-like particle, f 1 = 1.2 TeV 1 0.5-2.0  103 fb 1

1811.10151 (1 + 1j + pmiss
T )Leptoquark mediator, = 1, B = 0.1, X, DM = 0.1, 800 < MLQ < 1500 GeV 0.3-0.6  77 fb 1

1908.01713 (h + pmiss
T )Z′ 2HDM, gZ′ = 0.8, gDM = 1, tan = 1, m = 100 GeV 0.5-3.1  36 fb 1

2112.11125 (2j + pmiss
T )Z′ mediator (dark QCD), mdark = 20 GeV, rinv = 0.3, dark = peak

dark 1.5-5.1  138 fb 1
1908.01713 (h + pmiss

T )Baryonic Z′, gq = 0.25, gDM = 1, m = 1 GeV 0.0-1.6  36 fb 1
1810.10069 (4j)complex sc. med. (dark QCD), m DK = 5 GeV, c XDK = 25 mm 0.0-1.54  16 fb 1

2107.10892 (0, 1 + 2j + pmiss
T )pseudoscalar mediator (+tt), gq = 1, gDM = 1, m = 1 GeV 0.05-0.42  137 fb 1

1901.01553 (0, 1 + 2j + pmiss
T )pseudoscalar mediator (+t/tt), gq = 1, gDM = 1, m = 1 GeV 0.0-0.3  36 fb 1

2107.13021 ( 1j + pmiss
T )pseudoscalar mediator (+j/V), gq = 1, gDM = 1, m = 1 GeV 0.0-0.47  101 fb 1

2107.13021 ( 1j + pmiss
T )scalar mediator (fermion portal), u = 1, m = 1 GeV 0.0-1.5  101 fb 1

2107.10892 (0, 1 + 2j + pmiss
T )scalar mediator (+tt), gq = 1, gDM = 1, m = 1 GeV 0.05-0.4  137 fb 1

1901.01553 (0, 1 + 2j + pmiss
T )scalar mediator (+t/tt), gq = 1, gDM = 1, m = 1 GeV 0.0-0.29  36 fb 1

2103.02708 (2e, 2 )(axial)-vector mediator ( ), gq = 0.1, gDM = 1, g = 0.1, m > mmed/2 0.2-4.64  140 fb 1
2107.13021 ( 1j + pmiss

T )(axial-)vector mediator ( ), gq = 0.25, gDM = 1, m = 1 GeV 0.0-1.95  101 fb 1
1911.03947 (2j)(axial-)vector mediator (qq), gq = 0.25, gDM = 1, m = 1 GeV 0.5-2.8  137 fb 1

2103.02708 (2e, 2 )vector mediator ( ), gq = 0.1, gDM = 1, g = 0.01, m > 1 TeV 0.2-1.92  140 fb 1
1911.03761 ( 3j)vector mediator (qq), gq = 0.25, gDM = 1, m = 1 GeV 0.35-0.7  18 fb 1
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CMS-PAS-EXO-21-004 (scouting boosted trijet)RPV mass degenerated higgsinos to trijet boosted scouting 0.07-0.075 & 0.095-0.105  128 fb 1
CMS-PAS-EXO-21-004 (scouting boosted dijet)RPV stop scouting boosted 0.07-0.2  128 fb 1

1806.01058 (2j)RPV gluino to 4 quarks 0.1-1.41  38 fb 1
1806.01058 (2j)RPV squark to 4 quarks 0.1-0.72  38 fb 1

1808.03124 (2j; 4j)RPV stop to 4 quarks 0.08-0.52  36 fb 1
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CMS-PAS-EXO-22-024 ( )RS GKK( ), k/MPl = 0.1 0.0-4.8  138 fb 1
CMS-PAS-EXO-22-024 ( )ADD ( ) HLZ nED = 4 0.0-9.1  138 fb 1

2202.06075 ( + pmiss
T )split-UED, 2 TeV 0.4-2.8  137 fb 1

2201.02140 (2j)3-brane WED gKK( + g ggg), ggrav = 6, ggKK = 3, = 0.5, m( )/m(gKK) = 0.1 2.0-4.3  137 fb 1
1805.06013 ( 7j( , ))non-rotating BH, MD = 4 TeV, nED = 6 0.0-9.7  36 fb 1

CMS-PAS-EXO-20-012 ( + j)RS QBH ( j), nED = 1 2.0-5.2  137 fb 1
1803.08030 (2j)RS QBH (jj), nED = 1 0.0-5.9  36 fb 1

1911.03947 (2j)RS GKK(qq, gg), k/MPl = 0.1 0.5-2.6  137 fb 1
2103.02708 (2 )RS GKK( ), k/MPl = 0.1 0.0-4.78  140 fb 1

CMS-PAS-EXO-20-012 ( + j)ADD QBH ( j), nED = 6 2.0-7.5  137 fb 1
2205.06709 ( )ADD QBH ( ), nED = 4 0.0-5.0  137 fb 1
2205.06709 (e )ADD QBH (e ), nED = 4 0.0-5.2  137 fb 1

2205.06709 (e )ADD QBH (e ), nED = 4 0.0-5.6  137 fb 1
1803.08030 (2j)ADD QBH (jj), nED = 6 0.0-8.2  36 fb 1

2107.13021 ( 1j + pmiss
T )ADD GKK emission, nED = 2 0.0-10.8  101 fb 1

1812.10443 (2 , 2 )ADD ( , ) HLZ, nED = 3 0.0-9.1  36 fb 1
1803.08030 (2j)ADD (jj) HLZ, nED = 3 0.0-12.0  36 fb 1
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1811.03052 ( + 2 )excited muon, fS = f = f ′ = 1, = m * 0.25-3.8  36 fb 1
1811.03052 ( + 2e)excited electron, fS = f = f ′ = 1, = m *

e 0.25-3.9  36 fb 1
CMS-PAS-EXO-20-012 ( + j)excited b quark, fS = f = f ′ = 1, = m *

q 1.0-2.2  137 fb 1
CMS-PAS-EXO-20-012 ( + j)excited light quark (q ), fS = f = f ′ = 1, = m *

q 1.0-6.0  137 fb 1
1911.03947 (2j)excited light quark (qg), = m *

q 0.5-6.3  137 fb 1
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2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Vector like taus,  Singlet 0.125-0.15  137 fb 1
2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Vector like taus,  Doublet 0.1-1.045  137 fb 1

2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Type-III seesaw heavy fermions, Flavor-democratic 0.1-0.98  137 fb 1
1806.10905 ( 1j + + e)MSM, |VeNV*

N|2/(|VeN|2 + |V N|2) = 1.0 0.02-1.6  36 fb 1
1802.02965; 1806.10905 (3e; 1j + 2e)MSM, |VeN|2 = 1.0,  |V N|2 = 1.0 0.001-1.43  36 fb 1

1802.02965; 1806.10905 (3 ; 1j + 2 )MSM, |VeN|2 = 1.0,  |V N|2 = 1.0 0.001-1.24  36 fb 1
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CMS-PAS-EXO-18-002 (dE/dx)Z', HSCP tau' 600 GeV mass with infinite lifetime 0.0-4.76  101 fb 1
1911.03947 (2j)Axigluon, Coloron, cot = 1 0.5-6.6  137 fb 1

1811.00806 (2 + 2j)LRSM WR( NR), MNR = 0.5MWR 0.0-3.5  36 fb 1
2307.08708 (Z′ + 1b)Z ′(B3 L2) 0.35-0.5  138 fb 1

2112.03949 (2e + 2j)LRSM WR(eNR), MNR = 0.5MWR 0.0-4.7  36 fb 1
2212.12604 ( + pmiss

T )SSM W′( ) 0.6-4.8  137 fb 1
2112.03949 (2 + 2j)LRSM WR( NR), MNR = 0.5MWR 0.0-5.0  36 fb 1

1911.03947 (2j)SSM W′(qq) 0.5-3.6  137 fb 1
1909.04114 (2j)Leptophobic Z′ 0.05-0.45  78 fb 1

2202.06075 ( + pmiss
T )SSM W′( ) 0.4-5.7  137 fb 1

2205.06709 ( )LFV Z′, BR( ) = 10% 0.2-4.1  137 fb 1
2205.06709 (e )LFV Z′, BR(e ) = 10% 0.2-4.3  137 fb 1

2205.06709 (e )LFV Z′, BR(e ) = 10% 0.2-5.0  137 fb 1
2103.02708 (2e, 2 )Superstring Z′ 0.2-4.6  140 fb 1

1905.10331 (1j, 1 )Z′(qq) 0.01-0.125  36 fb 1
1911.03947 (2j)SSM Z′(qq) 0.5-2.9  137 fb 1

2103.02708 (2e, 2 )SSM Z′( ) 0.2-5.15  140 fb 1
CMS-PAS-EXO-21-005 (2 )ZD, narrow resonance, 2 = 3 × 10 6  (90% C.L.) 0.0042-0.0079  97 fb 1

CMS-PAS-EXO-21-005 (2 )ZD, narrow resonance, 2 = 7 × 10 7 (90% C.L.) 0.0011-0.0026  97 fb 1
1912.04776 (2 )ZD, narrow resonance, 2 = 4 × 10 5 (90% C.L.) 0.11-0.2  137 fb 1

1912.04776 (2 )ZD, narrow resonance, 2 = 8 × 10 6 (90% C.L.) 0.0115-0.075  137 fb 1

1 TeV

3rd gen.

10 TeV

universal
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New Physics in the Third Generation?

> U(2) naturally singles out the third generation

q̄iγµqj
U(2)q−−−→ aq̄3γµq3 + b

2∑
i=1

q̄iγµqi

> If New Physics couples to the third gen. → accidental U(2) symmetry

→ take e.g. a Z ′

LZ′ ⊃ gZ ′
µ

(
q̄1 q̄2 q̄3

)
γµ

0 0 0
0 0 0
0 0 1

q1q2
q3



> How much do we need to suppress the light generations?

LZ′ ⊃ gZ ′
µ

(
q̄1 q̄2 q̄3

)
γµ

ε2Q 0 0

0 ε2Q 0

0 0 1

q1q2
q3



NP

q3
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New Physics in the Third Generation?

> U(2) naturally singles out the third generation

q̄iγµqj
U(2)q−−−→ aq̄3γµq3 + b

2∑
i=1

q̄iγµqi

> If New Physics couples to the third gen. → accidental U(2) symmetry

→ take e.g. a Z ′

LZ′ ⊃ gZ ′
µ

(
q̄1 q̄2 q̄3

)
γµ

0 0 0
0 0 0
0 0 1

q1q2
q3


> How much do we need to suppress the light generations?

LZ′ ⊃ gZ ′
µ

(
q̄1 q̄2 q̄3

)
γµ

ε2Q 0 0

0 ε2Q 0

0 0 1

q1q2
q3



NP

q3 q1,2

εQ < 1
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New Physics in the Third Generation?
> Suppress operators with light fermion indices

3rd gen. collider searches

NP

q3 q1,2

εQ < 1

[LA, Cornella, Isidori, Stefanek 2311.00020]
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New Physics in the Third Generation?
> Suppress operators with light fermion indices

ΛNP still compatible with ∼ TeV under non-tuned conditions

NP

q3 q1,2

εQ < 1

[LA, Cornella, Isidori, Stefanek 2311.00020]
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What Have We Learned?

> U(2)5 is a good symmetry:

→ suppress flavor-violating NP effects

→ single out the third generation

> Flavor, collider and EW data conspire in constraining the parameter space

> We are only now starting to explore the TeV scale

→ third-generation New Physics

> It is not a model

→ EFT parametrizes classes of models with specific features

Given our framework with comparably weak constraints, how will improvements in

experimental precision impact the results?

NP

q3 q1,2

εQ � 1
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FCC-ee



The Future Circular Collider

EWPOs Flavor Higgs

> Focus on Z- andW -pole

obs.

> Constrain

flavour-conserving NP

> Large number of bb̄ and
τ+τ− pairs from Z decays

> Constrain flavour-violating

NP

> Yukawas, hV V couplings

> Self-coupling

→ overall great potential for cornering NP indirectly

[Table from FCC FSR 2505.00272]
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Electroweak Precision Observables

> Measure Z- andW boson couplings to fermions through partial decay widths

> Current measurements largely from LEP, O(1‰) precision

> Expect an improvement by 10-100 at FCC-ee

Observable Definition

Z-pole

ΓZ
∑

f Γ(Z → ff̄)

σhad
12π
mZ

Γ(Z→e+e−)Γ(Z→qq̄)
Γ2
Z

Rf (f = e, µ, τ, c, b) Γ(Z→ff̄)∑
q Γ(Z→qq̄)

Af (f = e, µ, τ, s, c, b) Γ(Z→fLf̄L)−Γ(Z→fRf̄R)

Γ(Z→ff̄)

A0,`
FB

(` = e, µ, τ ) 3
4AeA`

AFB
q (q = c, b) 3

4AeAq

W -pole

mW

ΓW
∑

f1,f2
Γ(W → f1f2)

Br(W → `ν) (` = e, µ, τ )

[Table from FCC FSR 2505.00272]
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Prospects from EWPOs
Tree-level effects

> From current O(few)TeV to 30 TeV range at FCC-ee

[LA, Cornella, Isidori, Stefanek 2311.00020]
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Prospects from EWPOs
One-loop (RGE) effects

> O(10) TeV constraints for four-fermion operators (3rd gen. quarks)

[LA, Cornella, Isidori, Stefanek 2311.00020]
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From EFT to Models

> The operator basis is arbitrary

→ physics in independent of the choice of basis

> Explicit models will correlate different coefficients

→ only some directions get populated

> Go beyond the EFT

How will explicit models be probed by EWPOs at FCC-ee?

[Figure by M. McCullough]
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Linear Extensions of the SM

ψSM

ψSM

ΦBSM

ψSM

ψSM H

H

ΦBSM

H

H

H H

> Finite number of representations→ Granada dictionary

> Everything that matches onto dimension-six SMEFT

> E.g. for scalars

[1711.10391]
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Prospects from EWPOs
BSM scalars

= no running

[LA, Mccullough, Renner 2408.03992]

[1711.10391]

(∗) = special choice of couplings to avoid tree-level EWPO
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Prospects from EWPOs
BSM fermions

= no running

f

f

H

H

F

[LA, Mccullough, Renner 2408.03992]

[1711.10391]

(∗) = special choice of couplings to avoid tree-level EWPO
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Prospects from EWPOs
BSM vectors

= no running

[LA, Mccullough, Renner 2408.03992]

[1711.10391]

(∗) = special choice of couplings to avoid tree-level EWPO
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Prospects from EWPOs
BSM vectors

= no running

[LA, Mccullough, Renner 2408.03992]

[1711.10391]

(∗) = special choice of couplings to avoid tree-level EWPO

No
thi
ng

es
ca
pe
s t
he
Z
po
le!
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Flavor Prospects at FCC-ee

> ∼ 103 more bb̄ and τ+τ− w.r.to Belle

> ∼ ×5 improvement in ΛNP reach

> Access to Bs and Bc - not produced at b factories

> Great advantage due to clean environment and

boosted final states

[Kamenik et al. ’25]
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Projections for Flavor Observables

> Subset of observables, relevant for our example study

[LA, Isidori, Pešut 2503.17019]
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Third-gen. Semileptonics: Future Prospects
SMEFT Analysis

> [O(3)
lq ]3333 = (¯̀3γµσ

I`3)(q̄3γ
µσIq3)

> Flavor-violating effects:

Ṽ = −εVts
(
Vtd/Vts

1

)
ε ∼ O(1)

> Assume a signal compatible with current

measurements (gray region), and project for

FCC-ee expected errors

q3L → q3L − εVtiqiL

[LA, Isidori, Pešut 2503.17019]
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An Explicit (Simplified) Model: S1 Scalar Leptoquark
Synergies Between Higgs/EW/Flavour

LS1 ⊃ iyLS1
(
q̄c 3L σ2`

3
L

)
+ yRS1

(
ū3ce3R

)
+ h.c.

> Third-generation

couplings only

> Current data

> H → ττ (1%)

> Aτ (∼ 10−4)

> B → Kνν̄ (3%)

S1 ∼ (3,1, 1/3)

q3L → q3L − εSVtiqiL [LA, Isidori, Pešut 2503.17019]

DESY. | Exploring the Terascale at Colliders | Lukas Allwicher | Seminar, SLAC, 02/23/2026 Page 53

https://arxiv.org/abs/2503.17019


An Explicit (Simplified) Model: S1 Scalar Leptoquark
Synergies Between Higgs/EW/Flavour

LS1 ⊃ iyLS1
(
q̄c 3L σ2`

3
L

)
+ yRS1

(
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An Explicit (Simplified) Model: S1 Scalar Leptoquark
Synergies Between Higgs/EW/Flavour

LS1 ⊃ iyLS1
(
q̄c 3L σ2`

3
L

)
+ yRS1

(
ū3ce3R

)
+ h.c.

> Third-generation

couplings only

> Current data

> H → ττ (1%)

> Aτ (∼ 10−4)

> B → Kνν̄ (3%)

Combined analyses are key!

S1 ∼ (3,1, 1/3)

q3L → q3L − εSVtiqiL [LA, Isidori, Pešut 2503.17019]
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The Higgs Trilinear at FCC-ee

> Higgs potential unprobed beyond the mass term

V (h) = m2
h + κ3λ

SM
3 h3 + κ4λ

SM
4 h4 + · · ·

> At (circular) e+e−, λ3 enters at one-loop in Zh production

> If only κ3 is allowed to vary, expect ∼ 20% precision

> Many New Physics effects can modify the cross-section

Tree-level One-loop

OHD, OH2, OHWB, OHW , OHB,

[OHe]11, [O(1)
Hl ]11 + [O(3)

Hl ]11

[OHe]ii, [O(1)
Hl ]ii, [O

(3)
Hl ]ii, [OHu]ii, [OHd]ii

[OuH ]ii, [O(1)
Hq]ii, [O

(3)
Hq]ii, [OuW ]33, [OuB]33, [OuH ]33,

OW , OH [Oeu]11ii, [Oqe]ii11, [Olu]11ii, [O
(1)
lq ]11ii

[O(3)
lq ]11ii, [O(3)

lq ]2233, [Oed]11ii, [Old]11ii
[Ole]11ii, [Oll]iijj , [Oll]1ii1, [Oee]iijj , [Oee]1ii1

Will we be able to disentangle the different effects?

CH
e

e

Z
h

Z

h

Z

[Asteriadis, Dawson, Giardino, Szafron 2409.11466]
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Trilinear v. Electron-top Interactions

CH
e

e

Z
h

Z

h

Z

OH = (H†H)3

e

e

Ceett

t

t Z

h

[O(1)
lq ]1133 = (l̄1γµl1)(q̄3γ

µq3) ,

[O(3)
lq ]1133 = (l̄1γµσ

I l1)(q̄3γ
µσIq3) ,

[Oqe]3311 = (q̄3γ
µq3)(ē1γµe1) ,

[Olu]1133 = (l̄1γµl1)(ū3γ
µu3) ,

[Oeu]1133 = (ē1γµe1)(ū3γ
µu3) ,

> CH and eett interactions enter at the same order in e+e− → Zh

> Can we independently constrain eett operators?
What’s the impact on the trilinear?
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Trilinear v. electron-top interactions
LA, Grojean, Tabatt 2512.06916
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Trilinear v. electron-top interactions
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p

p

e

e

b

b
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Trilinear v. electron-top interactions
LA, Grojean, Tabatt 2512.06916

e b, t

e b, t
Ceett

e

e

Ceett

t

t Z

h
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Trilinear v. electron-top interactions
LA, Grojean, Tabatt 2512.06916

No issues in measuring
the Higgs self-coupling

δκ3|CHonly ' 0.17
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Conclusion



Summary

i) The TeV scale is a very interesting and motivated place to look for New Physics

Hierarchy problem, flavor puzzle

Compatible with current data (3rd gen. New Physics)

ii) Combining information from different energy scales/sectors is essential

Complementarities between high-pT and flavor

Connection between scales through renormalization effects (EFT)

iii) Precision physics plays a crucial role, both now and in the future

FCC-ee as a machine for unprecedented precision in Electroweak, Flavor, and Higgs

physics

Indirect reach way into the 10 TeV range

Just the beginning...
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Outlook

Flavor:

Many improvements expected also before

FCC

Run 3, HL-LHC (LHCb, CMS), Belle-II

Interesting to follow developments

High-pT :

HL-LHC will push the high-energy frontier

Not only Drell-Yan, but also 4-quark opera-

tors, pp→ missing E, direct searches...
Improvements in the Higgs sector

(trilinear to 25%)

EW & Co. (FCC):

What about theory uncertainties?

Are we using the right observables?

What else can we learn?

240-365 GeV unexplored range for e+e−

Other:

More tools available: matching, RGE, ...

HighPT 2.0: include flavor, EW, Higgs ob-

servables

Towards consistent SMEFT likelihoods

More model building
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Thank you!

lukas.allwicher@desy.de
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