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Outline

I Context
 Precision measurements as BSM probes
* SMEFT (and flavour assumptions)
« Current status

Il FCC-ee
 Electroweak Precision Observables
» Flavour prospects
» Above the Z-pole
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Context



New Physics

Several issues with the Standard Model, e.g.
> Dark Matter

> Neutrino Masses

> Flavour Puzzle

> Hierarchy problem
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= Need “light” NP to avoid tuning, TeV Scale

All other problems may have a solution at the TeV scale as well (WIMP, ISS,
non-universal gauge interactions, ...) — worth exploring!

We are only now starting to probe the TeV scale systematically

What more could we learn from future precision measurements?
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Precision measurements as BSM probes

> Through indirect effects, precision measurements can give
insights into scales much higher than the ones involved in
the process

> Particularly powerful when the SM rate for a process is
suppressed:
- FCNCs (e.g. b — st¥)
- LFV (e.g u — ev)

> In recent years, also tests of universality
- LFU ratios (Rg, Rp, --.)
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Past examples

The Higgs mass
K — K mixing

o 8085 :

AU
16 band for m,, WA

= 805 F 6o 95%, 99% CL fit contours
E exclm,, m, incl Higgs searches

> CP violation in neutral kaon mixing was a
New Physics signal

E % band for m,, wa

“‘“’“""’-’?" 5 > Ultimately leading to the discovery of the
: / third generation

> Today, e.g. a measurement of LFV would
clearly be a BSM signal in the same way
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> If you miss some piece of information
about a model, precision tests can help
directing/excluding scenarios
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Current status

> In the absence of any BSM signals, set bounds

, , N
> Each observable mediated by a contact interaction F(’)gﬁ —A>--
> European Strategy for Particle Physics '26
[2511.03889 -
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https://arxiv.org/abs/2511.03883

[Slide adapted from G. Isidori]

What is the scale of New Physics?

> Depends on the assumptions! Doesn’t have to be 107 TeV (< anarchic flavour)

> Take again K — K mixing.

After discovery, “superweak” theory W
” [Wolfenstein ’79] d — >\ NN S
ce'? 2 4
A2 (svd)* — A ~ 10" TeV u,c,ty hu,c t
> In the SM: S —4—/\/\I§V\/\,-_<_ d

¢ (ViaViy)*Gam?

A2 T 1672

| What is the flavour structure of low-scale NP?

The New Physics Flavour Puzzle
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Exploring the UV systematically

Standard Model Effective Field Theory

- In presence of a mass-gap, somewhat model-independent approach

— study classes of models

Complement the SM with a tower of higher-dimensional operators, with SM fields
and gauge symmetry

1
Lsmerr = Lsm + 13 26101(6) + -

Correct way of dealing with scale separations (RGE)

Stop the expansion at d = 6

59 operator structures, 2499 independent coefficients

« Most of the parameters come from flavour — flavour assumptions
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F I aVO u r ass U m ptiO nS : M FV [D’Ambrosio, Giudice, Isidori, Strumia hep-ph/020703§

- Minimal Flavour Violation: only breaking U(3)> symmetry comes from SM Yukawas
- eg.qr~(3,1,1,1,1) under
U =U(3)y x UB)y x U3)y x U(3)a x U(3)e
Yy, ~ (371737171)
Yukawas promoted to spurions keeping track of U(3)® breaking
a7 q (adi +BIYa Y]y + )
Good to suppress flavour-changing processes:
0 A5 A3
Mc~ (Y YDe ~ [ A5 0 A2 A~ 0.2
Aoaz oo
But: leading term is flavour-conserving and universal
— collider searches push the scale to A > 10 TeV
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https://arxiv.org/abs/hep-ph/0207036

Flavour assumptions: U/(2)°
- Yukawa terms break the U(3)® symmetry:
U(3)" 2=, (1) x U (1)}

- However, light family Yukawas very small: approximate U(2)> symmetry

0 0 : 0 [Barbieri, Isidori, Lodone, Straub 1105.229¢
Y ~ ys ( 0 0:0 ) U2)° = U(2)g x U(2)e x U(2)u X U(2)q x U(2)e

e.g.
gy "~ (2.1,1,1,1) ¢} singlet

v ALV V(2,1 A~(22)
=Y\ 57
0:1 Val = O(tVis)  |Al ~ Ye,sp
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U(2)° symmetry at work

- 92 operators: e.g. Cr.

=g _
Lsmert O [Crelij(H'i D H)(e7"e;)
2
5 ..
DO, B HD H) ey es) + CELHND 1) S (Ever)
i—1
+ 6 — 2 independent coefficients
- ¢* operators: e.g. Ciequ

LsmerT O [Crequlijni(lie;)(qrwr) ver, Cﬁzi?’] (se3)(q3us3)

« 81 — 1 independent coefficients!
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The U(2)-symmetric SMEFT

» 2499 independent parameters at d = 6
- exact U(Q)I 124 CPC + 23 CPV [Faroughy, Isidori, Wilsch, Yamamoto 2005.0536¢

U(2)° [terms summed up to different orders]

Operators Exact oWh) | ow? | oAl | OV AY | O(VE AWV | OV, AV
Class14 |[9 6 (9 6 [9 6 [9 6 9 6 9 6 9 6
Y2 H? 3 3|6 6(6 6(9 9 9 9 12 12 12 12
V:XH 8 8 |16 16|16 16|24 24 |24 24 |32 32 32 32
P2H?D 15 1 |19 5 |23 5 |19 5 23 5 28 10 28 10
(LL)(LL) |23 - |40 17|67 24|40 17 |67 24 |67 24 74 31
(RR)(RR) || 29 - |29 - |29 - |29 - 29 - 53 24 53 24
(LL)(RR) |32 - |48 16|64 16|53 21 |69 21 |90 42 90 42
(LR)(RL) |1 13 3 |4 4 |5 5 6 6 10 10 10 10
(LR)LR) |4 4 |12 12|16 16|24 24 |28 28 |48 48 48 48
total: 124 23182 81 |234 93 |212 111 |264 123 |349 208 356 215

Table 6: Number of independent operators in the SMEFT assuming a minimally broken U(2)® sym-
metry, including breaking terms up to O(V3, A'V'!). Notations as in Table 1.

How low can the NP scale be?

« consider collider, electroweak and flavour observables
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Data at different energy scales
FE

5 10°E ATLAS —WRTy - Daw
ook 13TeV, 13917 _ W' (5TeV Elxv .
E" W' - pv selection — W' (6 TeV) 527;3 quar

5
pp — Lalp . Spt

Tevy pp — tt, bb o

LEP-ll ete™ — 014~ ‘

il e ud 1
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.
_ g }3‘
mw 1 EWPO, h— ff iy ‘
g=14F 1 [ ~ 04 T . .
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From D. Hitlin’s slides at FermiLab °*

02
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RGE

Connecting scales

E
Tev |+ UV — SMEFT
> Assume heavy NP at scale Ayy = TeV
SMEFT RGE > After matching to SMEFT, use the SMEFT RGE
to connect to lower scales
mw + SMEFT — LEFT > For flavour observables, need to integrate out A,
W, Z, t atthe EW scale
LEFT RGE > LEFT RGE to the scale of the1 obser\l/lable
> LL imation: C;() = —= log =—~;,C(A
| approximation: C;(u) 6.2 109 1% (A)
Me +
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Flavour: U(2) needs to be broken

> It is broken already at dimension four
> Use spurions to parametrise the breaking

Exact U(2)5 Minimally broken U (2)®

BVua} + @l @Ving® Vg~ O Gfd)
ts
« No flavour violation « Flavour violating couplings
» Get bounds from collider and EW - Effects mainly in B physics (b — ¢, s
observables transitions)
In single-parameter fits: alignment of the left-handed quark doublet:
down-aligned up-aligned
gdown — (VgKMUL> ¢ — ( ur, )
L dr, L Vekmdr
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[LA, Cornella, Isidori, Stefanek 2311.0002q

SMEFT fits to U(2) operators
> From 10 to ~ 10 TeV through U(2)?

> Single-coefficient fits
m Flavor (down) M Flavor (up) ® EW m Collider

10 -
HD|Yuk. | Hy Dip.  |¢g w (c ledq
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https://arxiv.org/abs/2311.00020

New Physics in the third generation?

Idea: New Physics couples predominantly to the third generation
Mimicks the SM Yukawas («++ SM flavour puzzle?)

Couplings to light families dynamically suppressed

In the EFT, this is an extra assumption

An accidental U(2) symmetry on the light families arises naturally

vV V. .V V VvV V

Starting from the U(2)-symmetric case, add extra suppressions "by hand”

2
aq) = agint el 0 atal
=1

\"

a and b independent coefficients
E.g. for quarks ¢; — eqq; fori = 1,2 (assume b < a)

\"
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New Physics in the third generation?
> Suppress operators with light fermion indices

[LA, Cornella, Isidori, Stefanek 2311.0002q

> Anp still compatible with ~ TeV under non-tuned conditions

[HD

TeV

Yuk.

Hy

M Flavor

Dip.

m EW  m Collider

lq
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https://arxiv.org/abs/2311.00020

Where do we go from here?

> Constraints from processes involving third-generation fields are the weakest
> If NP couples mainly to the third gen., it could still very well lie around the TeV scale

> Interesting not also in view of the hierarchy problem, but also of the rich ongoing and
future experimental programme (LHC experiments or Belle-II might still be able to
see a NP signal)

> Especially in the absence of clear NP indications, precision measurements make
more sense than ever

> FCC-ee provides an incredible framework for indirect searches
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FCC-ee



Indirect searches at FCC-ee [Table from FCC FSR 2404.12804

Working point Z pole WW thresh. ZH tt

/5 (GeV) 88,91,94 157,163 240 340-350 365
Lumi/IP (1034 cm—2s~1) 140 20 75 1.8 14
Lumi/year (ab—1) 68 9.6 3.6 0.83 0.67
Run time (year) 4 2 3 1 4
Integrated lumi. (ab™1) 205 192 10.8 042 270

2.2 x 105 ZH 2 x 108 tt

Number of events 6x1027Z 24x 108 WW + + 370k ZH

65k WW - H +92kWW - H

EWPOs Flavour Higgs
> Focus on Z-and W-pole > Large number of bb and
obs. 77~ pairs from Z decays > Yukawas, hV'V couplings
> Constrain > Constrain flavour-violating > Self-coupling
flavour-conserving NP NP

— overall great potential for cornering NP indirectly
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https://arxiv.org/abs/2404.12809

EWPOs at FCC-ee

> Measure Z- and W boson couplings to fermions through partial decay widths
> Current measurements largely from LEP, O(1%o) precision
> Expect an improvement by 10-100 at FCC-ee

[Table from FCC FSR 2505.00279

Observable present FCCee FCC-ee Comment and
value =+ uncertainty Stat. Syst. leading uncertainty
mz (keV) 91187600 £ 2000 4 100 From Z line shape scan
Beam energy calibration
it Tz (keV) 2495500 + 2300 4 12 From Z line shape scan
Observable Definition Beam eormy ontieaton
I Z Z — ff) sin? 6507 (x10°) 231,480 + 160 12 12 From Al at Z peak
L Beam energy calibration

121 F(Zﬂe e )N(Z—qq)
Ohad my T 1/aqep(m3) (x10%) 128952 + 14 39 small From Am off peak
08 the From A, ak
Rs (f =e p,7,c,b) M QED&EW uncert. domimate
Z-pole IRy PHa TG >, T(Z—ad) 3
= R} (x10%) 20767 + 25 005 005 Ratio of hadrons to leptons
A _ b P(Z—fLfL)-T(Z—frfR) cceptance for leptons
f\J=6M/,7,8,C 21D
: 2 "
s . > Dot
I as(m3) (x10%) 1196 + 30 0.1 1 Combined R}, TZ, o, fit
AL (0=, p,7) 34.A : o Lo ol
FB \* s Mo gt ol (x10°) (nb) 414802 = 325 003 08  Peak hadronic cross section
AFB (q=c,b) 3 AcAy Luminosity measurement
4 m - 4 Ny(x10%) 29963 + 74 009 012 7 peak cross sections
w Luminosity measurement
W-nole Tw 2 TV = fifo) R, (x10°) 216200 + 660 025 03 Ratio of bb to hadrons
P Br(W — tv) ({ = e, p,T) Apy (x10%) 92 + 16 004  0.04 b-quark asymmetry at Z pole
From jet charge
AR (x10%) 1498 + 49 007 02 7 polarisation asymmet

7 decay physics
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https://arxiv.org/abs/2505.00272

EWPOs in SMEFT at tree Ie\fje;llT

) _
D, )(1/17"’1/1) —5Cry Zu (V)

> Sensitive to 23 parameters

(Ol = (D H)(Gy"t) | (Ol = (H D H) (7 u)

(Ogtlpr = (HYDLH)Er'v6) | (Ondlyr = (H'ED W H)(dyy*dy)

(O = (H1i D) (a"ar) Oup = |H'D,H? M

O = (HUDLH)(Gr'v"e,) | Opwp = (Hir HYW],B “S-parameter”

<= _ _
[Onelpr = (H'iD ,H) (e er) [Ouiza1 = (Liy"ba) (Laytr) Gr

> A= AO<QSM +Xr\21P)
> 10° improvement in statistics: Anp —~ 20AR%"
> Naive scaling, systematics (and theory errors) have an effect at such precision
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Projections for tree-level operators

> U(2)% symmetry acting on the light generations imposed on SMEFT
> From current O(few)TeV to 30 TeV range at FCC-ee

foRs P L LAl LLLL LY AN Y m Collider

N EW (FCCee)
mEW
m Flavor (Up)

m Flavor (Down)
LA, Cornella; lgidqyii, Stefapels2311.0002
[‘ orne ?/ﬁ'dﬁﬂt §¥‘%@U§h)‘ q
30 40 50

TeV
DESY. | Cornering New Physics through precision measurements at FCC-ee | Lukas Allwicher | Seminar, IJCLab Orsay, 18.12.2025 Page 25


https://arxiv.org/abs/2311.00020

Sizeable RGE effects

> Loop suppression

161%292 log % ~ —(0.14)>forg=1and A = 2 TeV

> Can still probe loop-suppressed effects up to the few TeV range
> LL effects:

( ---H [ as D 2Ne[CL apr [V Ya + VI Valui

lqg
- Particularly relevant if y; is involved
¢/ CyN__.py - Effectseg.inZ - 77
> Sometimes even NLL effects can be relevant

u, e H H-.

3 .
up H H
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Projections from Ioop_level EWPOS [LA, Cornella, Isidori, Stefanek 2311.0002

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

Cgf‘] Z/W-pole (RGE)
CE})[MS]

q
C;;)[m.ifi]

3)[ii33)
Cz(;q)[ ]
33ii
el
el
1)[3333
Cz(;q)[ ]

m Collider
N EW (FCCee)
m EW

Cliii)
3 m Flavor (Up)

Ci('i)[sssx]
C;;@)[mzz]

Cﬁ“sl
C((] L )[3333]
(l3333)
e
CLiSdS]

m Flavor (Down)

40 50

TeV
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From SMEFT to the UV

\"

SMEFT as a “bookkeeping” tool

Both single-parameter fits and global fits do not carry the same information as an
explicit model

Not all of the SMEFT parameter space can be spanned by UV models
In particular, flat directions may not be populated
Even if populated at tree-level, loops (RGE) will typically break them

v

vV VvV V

Which models with heavy NP can be probed at FCC-ee? Which scales?
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Linear extensions of the Standard Model

[De Blas et al. 1711.10391]

> Finite number of new states can couple linearly to the SM fields: Granada dictionary

> Matching to SMEFT at d = 6 well known

Scalar S S Ss ) = = 1 O3
(1,1) (1,1), (1,1), (1,2) (1,3), (1,3), (1,4)% (1ﬁ4)%

i

wy wo wy 1 17 ¢
(3, 1)7% (3, 1>% (3, 1)7% (3, 2)% (3, 2)% (3, 3)7%
0 Qy Q4 T o
(6,1 (6,1 2 (611 (63) (82);
Fermion N E Ay As b} P
LY, @G, L2y L2y (1L,3),  (1L,3),
U D Q1 Qs Q7 Ty T
BD: B (2: 32 32: (3 6.3
Vector B B w Wy 4 G1 H Ly
(1~1)0 (Ll)l (1~3)0 (173)1 (871)0 (871)] (873)0 (1~,2)%
L3 Uy Us Qi Qs X B2 Vs

123 G1: Gs (2 (2 (32 62 (62

All (except very few) new states are probed by EWPOs at one-loop
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Analysis strategy

\"

Assume SM central values + FCC-ee expected errors

\"

Integrate out one state of the Granada dictionary at a time, assuming couplings are
defined at a scale A =2 TeV

Consider only couplings at d < 4

RGE evolve from 2 TeV to m  (first LL only)

— uUSe DsixTools [2010.16341]

Get bounds on the mediator mass for y,g, A\ =1

(dimensionful couplings x = 5 TeV)

> Flavour assumptions:

(a) Flavour-universal couplings: yi1 = y22 = ys3 (Or y1 = y» = ys3 for fermions), and y;; =0
fori = j.
(b) Third-generation only couplings: y;; = yd;39;3

vV V

\"
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() — special choice of couplings to avoid tree-level EWPO

Scalars

M Universal couplings M Third-gen. only M Flavourless couplings M Antisymm. couplings

T tree-level ' rone-loop
= . 60 - ! one-loop (LL RGE) }matchilllp;
= no running 7 ‘ !

[ | [1711.10391 |

L I I

50 - | Name S S 5 v = B 6. 6

r ! Imep (LD (LD (WD, @2y (3 @3 @9y @4y

L ! Neme ws ws o, I 3 |

m r ! Imep  (3,1)_y  (1): () (3.2, (2); (.3, |

r | Name @, [ [ T 0 i

r ! Imep  (61); (615 6.1y (63); 62); !

I I

% ol i Table 1. New scalar bosons contributing to the dimension-six SMEFT at tree level. |
= 30 - | |

L | I

L I I

r | i

I I
20 - ! |

[ Il 1

r I I

[ i |

10 - | !

L | I

L I I

r i i

L | I

0
EESEYNS S (M T ¢ @ w Q9 w D w U6 6
[LA, Mccullough, Renner 2408.03999
DESY. | Cornering New Physics through precision measurements at FCC-ee | Lukas Allwicher | Seminar, IJCLab Orsay, 18.12.2025 Page 31


https://arxiv.org/abs/2408.03992
https://arxiv.org/abs/1711.10391

Fermions

&2 = no running

DESY.

50

40

10

M Universal couplings

!

D FE

()

= special choice of couplings to avoid tree-level EWPO

Name N B Ar As 53 By
Imep (L1, (LU, (L2 L2y L3), (L3),

Name U Q Qs Qr T 2
ITmep  (31); By (2); (2_; (2; (3)_; (3);

N Q1 Q@ Qr

T T

U A A

M Third-gen. only M Other

tree-leve

ble 2. l\cw vector-like fermions contributing to the dimension-six SMEFT at tree lovel.

711.10391

hllllii

[LA, Mccullo|

| one- loop

|(LL RGE)

|
|
|
|
"
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L

il

DRSS Q(*)

gh, Renner 2408.03999

) g
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() — special choice of couplings to avoid tree-level EWPO

Vectors

M Universal couplings M Third-gen. only M Flavourless couplings
[1711.10391]

tree-level ! one-loop (LL RGE) "Name B By w Wi g G H L
Irrep (1L,1, 11, (13) (L3), @B1) @1, 3, (12

3

_— .
E4= no running Name  Ls o U Q 95 X Vi Vs
Irrep (1,2)_; (3'1)_-; (3,1)-; (3,2):’ (3,2)_: (&3)_.; ((12)'5 (6.2)_‘-;

Table 3. New vector bosons contributing to the dimension-six SMEFT at tree level.

[LA, Mccullough, Renner 2408.03999
=
o)
=
B Bt W W Ly BYBIWS G G H Ly Q1 Q5 Uy Us X Dy Vs
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Flavour prospects at FCC-ee

Table 6: Yields of heavy-flavoured particles produced at FCC-ee for 6 x 102 Z decays [190].

Particle species B° Bt BY A, Bf & 11t
Yield (x10%) 370 370 90 80 2 720 200

> ~ 103 more bb and 777~ w.r.to Belle Attribute Y(4S) pp 2

A i All hadron species v v

> ~ x5 improvement in Ayp reach High boost VS

. . Enormous production cross-section v

> ~ 30 more than Belle-1l projections Negligible trigger losses v v

. High geometrical acceptance v v

> Access to B, and B, - not produced at b factories Low backgrounds v v

. Fl -taggi v v

> Great advantage due to clean environment and Tnifihcocesy eotatraint y )

boosted final states Kamenik et al. 25]
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Projections for flavour observables

[LA, Isidori, PeSut 2503.17019

‘ Observable SM Current value [14] Pre-FCC projection FCC-ee expected ‘
19+/94| 1 1.0009 + 0.0014 - +0.0001 [15]
|9+/9e| 1 1.0027 + 0.0014 - +0.0001 [15]

corr. 0.51
B(t — pip) 0 <2.1x1078 < 0.37 x 1078 [*] [16] | < 1.5 x 10711 [*] [15]
Rp 0.298 + 0.004 0.342 + 0.026 [17] +3.0% [16]
Rpx 0.254 + 0.005 0.287 +0.012 [17] +1.8% [16]
corr. -0.39
B(B.— 17) | (1.95+0.09) x 10~2 < 0.3 (68%C.L.) - +1.6% [8]
B(B — Kvp) | (4.4440.30) x 107 (1.3+0.4) x 107° +14% [16] +3% [7]
B(B— K*vp) | (984+1.4)x107% | <1.2x 1075 (68%C.L.) +33% [16] +3% [7]
B(B - K77) | (1.424£0.14) x 1077 | < 1.5 x 1073 (68%C.L.) <27x107* +20% [**] [18]
B(B — K*7) | (1.64 £ 0.06) x 107 | < 2.1 x 1073 (68%C.L.) | < 6.5 x 10~* [*] [16] +20% [**] [18]
B(Bs — 77) | (7.45+0.26) x 1077 | < 3.4 x 1073 (68%C.L.) | < 4.0 x 10~ [*] [16] +10% [**] [18]
AMp,/AMM 1 +7.6% +3.3% [19] +1.5% [19]
B(B — Ktp) 0 < 1.0 x 1070 [*] [20]
B(B; — Ti) 0 < 1.0 x 1078 [*] [20]

> Subset of observables, relevant for our example study

[**] = under the assumption of an enhanced rate due to NP
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Third-gen. semileptonics: future prospects
SMEFT analysis

[LA, Isidori, PeSut 2503.17019

> Current tension driven by R, 00
e FCC-ee:
> Only third -gen. flavour indices: BB )
E D (ELO- ’YME:& )(q%(j[’y’u‘q%) 0.01 o‘(lljjillim[:l i
> Flavour-wolatlng effects via U(2), breaking LN
spurion o S
%> 0 sM
. Via/ Vi N
v——evi, (M) cmon)
—0.01
> ¢} = ¢} + Vigp
> Assume a signal compatible with current e — . s -

measurements (grey region), and project for
FCC-ee expected errors
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Flavour v. EWPOs

[LA, Isidori, PeSut 2503.17019

0 = (Bu63) (@' a})
O = (B o vb})(aio'v"a})
~ 0.01
> Flavour-conserving directions (no spurions) badly % ,
probed by flavour '
> Interplay with EWPOs: independent probes S
> y, running into C{;; - L.‘l
—0.01 0. 0.01 0.02 0.03

(1)(3333]
ek

Complementarity!

Page 37
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An explicit (simplified) model: S; scalar leptoquark
Synergies between Higgs/EW/Flavour Sy~ (3 1 1/3)
55’1 D yrS1 (6230'25%) + yrS1 (ﬂ?’cegé) + h.c.

7000 7000
Higgs 6000 6000
@ 5000 5000
EWFIavor g 4000 5 4000
< <
= 3000 = 3000
> Thlrd-_generatlon - o
couplings only
1000 1000
> Current data
—4 -2 0 2 4 -2 -1 0 1 2
£s yr/YL

a; — ¢} —esViudh
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An explicit (simplified) model: S; scalar leptoquark
Synergies between Higgs/EW/Flavour

Flavor

> Third-generation
couplings only

> Current data

> H — 77 (1%)
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Sy~ (3,1,1/3)

@ = ¢ —esVudh

. —3 3 —3c_3
Ls, DiyrSi (qL 02€L) + yrS1 (u eR) + h.c.
7000 7000
6000 6000
5000 5000
E 4000 5 4000
@ B 7 0
3000 3000
2000 2000
|
1000 1000 |
—4 -2 0 2 4 -2 -1 0 2
£s yr/YL
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An explicit (simplified) model: S; scalar leptoquark
Synergies between Higgs/EW/Flavour Sy~ (3 1 1/3)
Ls, DiyrSi (qL UQEL) + yrS1 (u eR) + h.c.

Higgs 7000 7000
A 6000 6000
&
[ ="\ 5000 5000
EW Flavor
% 4000 % 4000
; ; @ B __zam B
> Third-generation = " S
couplings only I \
2000 2000 !}4‘ \@
> Current data / [
1000 1000
> H — 17 (1%) : | |
74 —4 -2 0 2 4 -2 -1 0 1 2
> A, (~1079) es e

@ = ¢ —esVudh
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An explicit (simplified) model: S; scalar leptoquark
Synergies between Higgs/EW/Flavour Si ~ (3.1.1/3
£5'1 D iy St (ch30.2€%) + yrS1 (ﬂ3663}%) + h.c. ! ( T / )

[LA, Isidori, PeSut 2503.17019

Higgs
7000 7000
6000 6000
Flavor 5000 5000
. . E 4000 ?‘5 4000
> Third-generation = =
. = =
couplings only 3000 ; 3000
N\ U 4 FCC-ee:
> Current data 2000 < B(B — Kuir) 2000
B(B. = 777) [ o B(H = 77)
o | o B(H — 77)
> H—711 (1 A)) 1000 \ | 197 /9l 1000 )
| o Combined | | o Combined
—4 | [~
> A; (N 10 ) 1 —2 0 2 1 ) = 0 1 2
> B — Kvi (3%) - ; el
qy, = q;, — €sVuqy,
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Sensitivity to NP scales: U(2)-symmetric SMEFT

One-parameter fits to SMEFT coefficients

. [LA, Isidori, PeSut 2503.17019
> Assume SM central values and FCC-ee projected errors

100
80f

60

M Flavor (down) [ Flavor (up) 1 EW [ Collider

Future (pre-FCC) ] FOC-co

40

20

TeV
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EWPOs off the pole: four-fermion interactions

Energy-enhancement compensates luminosity
> Four-fermion operators, e.g. eebb, have negligible contribution on the pole to e.g. R,
> Off the pole, energy-enhanced amplitudes in the EFT

A(6+6 %ff) A2 eeff

> Comparable sensitivity w.r.to the pole (loop effects)
> Can dominate when the RGE effect is smaller (e.g. gauge coupling running)
> Define ratios

e f
B - o(ete” — aa)
“ Eq:u,d,s7c,ba(e+ei — QQ) Ceeff
> At tt, define Ry = o(eTe™ — tt)/o(eTe™ — qq) e f

[Greljo, Tiblom, Valenti 2411.02485
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EWPOs off the pole: four-fermion interactions

Energy-enhancement compensates luminosity [Greljo, Tiblom, Valenti 24110246

B LEP-II -
50 1 i FCC-ee: 2, W-pole, 7
1 FCC-ee: Ry above Z-pole
20 _ _ - -
= I TN
(o} 1
£ i
E 10 1 i I
3 ! |
2 ! ] !
g P i i i
!
E 51 o : i :
. i Hio i : :
| T ! | | i | H
I !
]
gt 1 | o |
[ 1
3 1
2 4
. L, - 1 .

1111 4 [1111] 4 [1111] ) [1122] ,[1122] 4[1122] , [1133] , [1133] 4 [1133] , [1221] ,[1331] ,[2211] , [3311
AT AR AT AR AR AT AR AT AL AL AL AL ALY
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The Higgs trilinear at FCC-ee
Global fits with flavour symmetries

> Measure k) fromeTe™ — Zh

> Expected precision ~ 20%

FCC-ee Projected Sensitivity

(5,‘{)\

> See also ter Hoeve et al. (SMEFiT) 2504.05974

Single Operator
Bosonic Only

U(3)°

U(2)y x U(2)u x U(3)?
Uy

U(2)5ua x UL,z

U(2)° (3rd-gen dom.)

[Maura, Stefanek, You 2503.13719
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Trilinear v. electron-top interactions

> Cy and eett interactions enter at the same orderin ete™ — Zh
> Possibly spoil the measurement of A3

> Can we independently constrain eett operators? What's the impact on the trilinear?

O 1133 = (17,1) (@7 03)

Oy = (H'H)? [Ol(s)]1133

(lyuo'ly) (@ ol gs)

= (g37"g3)(€17yue1)
[Ogelzsir = (37" q3)(e1vue1)
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Trilinear v. electron-top interactions

[LA, Grojean, Tabatt 2512.0691q

| m Current EWPOs

| 0 + Drell-Yan (HL-LHC)

| & + EWPOs (FCCece)

1 m+ Ry, Ry, Re, Ry and ee™ — Zh (FCC-ce)
] o All above, but without e*e™ — Zh

7 Marginalized over all other Coefficients
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H iggs on the Z_pole [Maura, Stefanek, You 2412.14241]
Precision against loops
> EWPOs on the Z-pole can be sensitive and complementary probes

' T : : 0.10 T r
Loy A Dofi-pote [ Off-pole
] On-pole On-pole
[ Combined [ Combined
5[ i 0.05
Q
= [Us q
$ (? 0.00
-5r (I 1
DY -0.05
—10}F ) i
— -0.10 - - - .
-03 -02 -01 00 01 02 03 -0.06 —0.04 -0.02 0.00 0.02 0.04 0.06
Chn Chw

----- = T W MN!H W

(a) Higgs self-coupling (b) e*e” » ZH (¢) Z-pole oblique params.  (a) AVV couplings (b) Z-pole oblique params.
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Measuring the electron Yukawa?

EFT perspective
> At a dedicated Higgs-pole run (~ 1 yr), get k. < 1.6

> In SMEFT, £ > C.y(leH)(HH)

3 .
v 10 LHC B FCC-ce Aa®® Dy—ev
Kze = 1 — \/*7061{ 103 4 HL-LHC AGRHC g Agie 07 Biete” -
2 me 10? ;’Tw jl e
. . 10' 4
> Two-loop connection with the electron o]
g — 2 unavoidable L.

1024
10734
107 I
1074
T T vJ T T

[Cwu]m} [Cf:;l,]ma [C,(ﬂll),,,]nzz [Cﬁ;u]nzz [Creaglinzs  [Crelizn

[LA, McCullough, Renner, Rocha, Smith 2511.02649

- Ca I
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Measuring the electron Yukawa?

Models

> In explicit models, relation between
(g — 2) and y, can change

> e.g. with vector-like leptons

- S

102 i

e

10! 4

10()

(9-2). FCC-ee (Z-pole)
future (g-2). FCC-ee (Z-pole + 240 GeV) —
L L] Ll Ll
E+ A E+A; i+ As Y1+ A

[Erdelyi, Grober, Selimovi¢ 2501.0762¢
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Summary

> Indirect searches for New Physics can probe much higher scales than direct
searches

> FCC-ee, with a leap in precision, will provide an unprecedented opportunity for
precision physics

> EWPOs can probe many different NP scenarios

— sensitive to loop effects from heavy NP

Linear extensions of the SM probed from O(1) up to O(100) TeV scale

(Heavy) flavour prospects complementary to B factories and LHC

Higgs physics probed from different angles (here: &y, k¢)

Great potential for TeV-scale, third-gen. NP

Exciting precision program overall - still much to be explored!

vV V VvV VvV V
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Thank you!

lukas.allwicher@desy.de
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Probing the Granada dictionary at FCC-ee
SMEFiT collaboration 2502.20453

Tree-level matched scalars

5 MEFIT Input dataset: HL-LHC+ Theory Settings
[l Nothing M RGE effects, no Th. Err.
10001 W FCC-ee 91 No RGE effects, no Th. Err. | 3
FCC-ee 240 + RGE effects with Th. Err.
W FCC-ce all » No RGE, with Th. Err
100 E
" -
<
=l
.
E 10k 9 M - o
* w M
" .
8
N N 8 N
1k - J
\ N 8 » » . | 3 \ g
\ 8 N 5 Y
8 8
N N N N \
04 A 8 \ N § N \
S Sl ¢ = El @1 93 w1 Wy C Ql Q4 T P
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Higgs prospects at FCC-ee

FCC FSR 2505.00272

Coupling HL-LHC FCC-ee FCC-ee + FCC-hh
Kz (%) 1.3* 0.10 0.10
kw (%) 1.5* 0.29 0.25
Kb (%) 2.5% 0.38/0.49 0.33/0.45
kg (%) 2% 0.49/0.54 0.41/0.44
K (%) 1.6* 0.46 0.40
ke (%) - 0.70/0.87 0.68/0.85
Ky (%) 1.6* 1.1 0.30
Kzy (%) 10* 43 0.67
Kt (%) 3.2* 3.1 0.75
Ky (%) 4.4 3.3 0.42
|| (%) - i 5
'y (%) - 0.78 0.69

By (<,95% CL) 19x1072* 5x107% 2.3x 1074

Bunt (<,95% CL) 4x1072* 68x 1073 6.7 x 1073
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The Standard Model flavour puzzle
+ SM gauge interactions are flavour-blind:

3
Lgauge D Z Z &ﬂlp%
i=1 o
 Flavour symmetry:

UBY =UB)gxUB)u xUB)a x U(3)e x U(3)e
« Only breaking: Higgs Yukawa interactions:
Lyvukawa = YuquH + YyqdH + Y.leH + h.c.

The pattern of masses and mixings doesn’t look accidental at all!

. L
My ~ B Vekm ~ e
[ [
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Example: d; — d;vv transitions

> FCNC: high-scale probes due to loop+GIM suppression
> Clean: no theory uncertainty due to charm rescattering
> Very rare, exp. challenging

> Only probes of third-gen. leptons so far

> First measurement in 2023 by Belle-II: > NA62 2024

[Belle-ll 2311.14647

SM Average 18
J r
| —e— Belle 11 (362 fb-', combined) F
! 7 — 16F
d o Belle 11 (362 b, hadronic NG
T E SRR e
N —o— Belle 11 (362 fb'!, inclusive) & 14F
i T OF
H B IT (¢ lusi +
| 2 R ——
| ol Bell semileptonic) s
T 10%1 [
L e Belle (711 fb, hadronic) x 10F
: 2916 PR 11103 ::_\ L
i 34 1‘xn> 1 semileptonic)| = 3
S BABAR (429 fb-!, hadronic) [
— e — 0 0.04 0.042 0.044
0 2 4 6 8 10 : : .
10° x Br(BT—K *vp) [Vas|
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[LA, Bordone, Isidori, Piazza, Stanzione 2410.21444

SMEFT description of d; — d;vv

> Start with third-generation indices only: rank-one hypothesis
Qg = (@ q]) (L ul}) + (3270 a2 ) (10}
Qs = (F17r)(bra})

> Third generation LH quarks: down alignment

3 (Vwur + Vaer + Viptr,
qr, = bll

- kVia/Vis
V:—5Vt3< td/ t)
1
> Replace ¢; — ¢ + Vigl

> System described by 5 parameters: Csg, CZI, C[q, &, K

[1903.10954

> U(2),-breaking spurion
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Correlated observables

¢ - H
¢/ Ca Ny
br SL
TL L
2
‘ (=er
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[LA, Bordone, Isidori, Piazza, Stanzione 2410.21444

Cs Cp Cp ¢ Exp. indication

o(pp — £0) v vV bounds on Anp

EWPO v v bounds on Anp

Rp, Rp+ v v v v Anp/Asm > 0

B(B — K" puj) v v Anp/Asm < 0
B(B — Kvp) v | Asm + Anp|? > |Asml|?
B(K — nvi) v Y | Asm + Anp[? > |Asm|®
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[LA, Bordone, Isidori, Piazza, Stanzione 2410.21444

Results: qu-g

> Global fit without di-neutrino modes 1L
(don't affect C};)

> LHC Drell-Yan + EWPO provide
constraints on Cg‘; and Cg 0.5

> (Cg compatible with zero (LHC
constraints strong)

> Non-zero Cy,+ and e driven by Rp.: O

~ 1+ 2Re (Cy,) N

~1-02(1+¢) (CZ;—C[)

> Suppress || > 3 with theoretical 2 -1 0 1 2 3 4
likelihood
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Results: ng-g

> Grey: Global fit without di-neutrino
modes, kK = 1
> Cy, largely unconstrained

> Good compatibility with di-neutrino
modes for k = 1

T 9

SM SM m?
‘C‘I‘,b8| - |C ,bs —¢& o CZq

SM SM 2T Ly
|CT,Sd| - CT,sd + ke FCZq

> Select Cg‘q >0

[LA, Bordone, Isidori, Piazza, Stanzione 2410.21444

0.4

0.2

—0.2

—0.4

® B(K" — ntvin)
® B(B — K“vi)
o other data

-2

-1 0 1 2 3 4 5
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Multi-scale picture

[ Dvali, Shifman *00, 1603.06609, ..., 1712.01368, 2103.15635, 2303.01520, 2305.16280]

E

- ldea: non-universal interactions, with different scales coupling
1034 TeV T+ Ay to different fermion families

o A1 > Ao > A > my
» Gauge universality appears as an accident at low energies

1-2 + A . . . .
107~ Tev 2 « Good way of explaining fermion hierarchies
- Don’t decouple flavour-universal NP from a high-scale
explanation of the fermion hierarchies
~TeV | As P _ nerar
» A3 ~ TeV helps with the Higgs hierarchy problem
mw +
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Phenomenology: Flavour

In principle, no flavour-violating couplings in the exact U(2) limit
But, need to specify a basis for the quark doublets

« Two choices:

down-aligned up-aligned

q%own _ (VCTEMUL> qu _ (V ULd >
L CKM&L

Main effects in the U(2) hypothesis:
- AF=1.B— Xy, B— Kvv, K = mviv, B— Kupu, ...
- AF =2: B, 4-, K-, D-mixing
- b — crv transitions: Ry, Ra,
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Phenomenology: EWPO

#t | Wilson Coef. |[ObS]bound |Abound [T€V]
1 cHWB AfB 9.63
2 CH11[ 1] Ohad 8.07
) o 3 CH13[1] AFB 7.96
» Crucial precision tests of the SM & NP 2 CHe [ 1] Ohad 6.93
coupled to the Higgs 5 cHD AL 5.74
. 6 CHq3[1] R. 5.73
- At tree-level, constrain operators of the type 7| cHlL(h] R, 4.57
; 7y 8 CH13[h R. 4.48
(H'iD, H)(v7"0) N
modification of SM gauge boson couplings |t Po P Y| A ol
- 0 g g p g 10 CHe[h] R, 3.97
— Only 15 such structures in the U(2)5 limit ~ [11] cHaz(h) Ry 3.3
. 12 CHql(h] R 3.43
« Include also Higgs decays, 7 LFU tests B CRUTL] R’: > 58
14 CHqL[1] Re 2.07
15 CHA[1] R, 1.81
16 CHd[h] Rp 1.4
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Phenomenology: colliders

» High-pr Drell-Yan Tails
P

Lo

- In particular: pp — 77,7V
- Constrain semileptonic operators
o LEP-2 ete™ — 070~
- ete™ — ete™ angular distributions [Allanach, Mullin 230680669
-eteT —utpT, 7T 0, OFB
- Constrain four-lepton operators
° four-ql!ark Observables [Ethier et al. 2105.00004
- tt, bb, bt final states
- Constrain e.g. Cé,l), Cucy -
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https://arxiv.org/abs/2207.10756
https://arxiv.org/abs/2306.80669
https://arxiv.org/abs/2105.00006

SuppreSSing the I|ght families [LA, Cornella, Isidori, Stefanek 2311.00024

« So far, only U(2)° protection
« No suppression of operators involving the light families
« gq for each light quark field
- ¢, for each light lepton field
Examples:

2 2
CI% HY'D wH) Z eintei) %ELCLA(HT D H)Z(ém“ei)
i=1 1=1
2

2
VIS ™ (B0 (@yg’) = <522 COVL ST (00 (@)

ij=1 ij=1

« Dial down ¢; until collider bounds are below Ay = 1.5 TeV
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S u p p reSSi n g the I ig ht fam i I ies [LA, Cornella, Isidori, Stefanek 2311.0002q
m Flavor (down) M Flavor (up) m EW m Collider

[HD|Yuk.  |Hy Dip. |q 9 o ledg

& - L
P T 672
e =0.16
e, = 0.40

TeV

A8

- operators with Higgs fields still give strong bounds (EWPO)

=
s
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The Higgs and U(2)°

- If we want to address both the Higgs hierarchy problem and the flavour puzzle, NP

should couple to the Higgs as well
- Take e.g. a Z’ model, one generically gets contributions to EWPO

H a; H - ,H

H 'I q% H .I \\ H
OBt T Y (Bt Cup|H'D ,H|?
Hgq (H ZDMH)(QLV qr) HD u

U(2)° does not offer protection for these contributions

» Need to suppress the NP couplings to the Higgs to avoid EWPO constraints
o EHL for each Higgs field in the EFT
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Suppressing Higgs couplings  wa cometa, isidor, stefanek 2s11.00024

W Flavor (down) M Flavor (up) ® EW m Collider

10 jHD Yuk. Hy Dip. lq qq o ledg
B mixing
8¢ _ G
Floop = T2
r EQ =0.16
_ o er = 0.40
S ep = 0.31
4L

- Some flavour bounds still large (in the up-aligned case)
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https://arxiv.org/abs/2311.00020

Flavou r al ig n ment in the 3rd generation [LA, Cornella, Isidori, Stefanek 2311.0002q

- q3 is somewhere in-between down-aligned and up-aligned
- ¢ to parametrise the amount of down-alignment:

O~ Vaer
(o) o
Viadr, + Vi Vb ) .
R 85 (i Vi 4 Vi)
v, br

g3 = [(1 — er)dsr + erVay] o\ = gy + er(Visqs + Viaqa)
= [(1—er)(V)sr +epds]a™ ~ epar + (1 — er) (Vide + Vi)
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https://arxiv.org/abs/2311.00020

. g . oy di gy, ) (T4 APy
SM predictions: impact of |V, fyy = (@nd)FLr"v)
> At = Lo = S22 3,0 MO OF+ N,OSM O, +he.

> Leading uncertainty from V;:

t * 2 — )\2 . )\2
Nea = VasVia = AlVa|” |(p— 1) 1—? +un 1+7

> Take average between inclusive and exclusive, inflating errors  [Eoiioneittner 4]

> First measurement by NA62 in 2024!

18p

[Veplinclpexel = (41.37 £0.81) x 1073
B(K* — ntwi)S™ = (8.09 £ 0.63) x 107
> b — svv. Becirevi€ et al. 2301.06990
B(BT — Ktvo)/|\,|> = (2.87 £ 0.10) x 1073

,_A
>

I~

_

10" x B(K* — ntww)
® IS

6L

. . . .
0.04 0.042 0.044
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Future prospects

> Measure ¢ with dineutrino modes > Minimal vs. non-minimal U (2), breaking

© Minimal U(2),

61 o BK* =7 wi)
o General U(2),

o B(B— Kui)

[

| (TeV)

[~

B(B* = K*vi)
B(B* — K+vv)gy

1 .
SM
Excluded by o(pp — 77) & EWPO
0
0 1 2 3
2 3 4 5 B(K™ — 7twvw)

€ B(K+ — wtvi)sy
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Z=-and I/ Lagrangian
- Effective description at the EW scale:
Left O — %WW [ (Vis + 091} 7) i, + vhy (65 + 691 *) €} | + hee.

—\/9i + 9y 2" (fiw (gff dij + 695@) L+ Fron [gﬁf 8ij + 691@-}] f}?)

2,2 2.2
9L 1+ 6mW)2W+“W_ + gL;)
4 "8,

- Given already current exp. precision, expect small NP effects

— consider only flavour-conserving pieces (interference with SM)
- SU(2)y fixes

+

747,

Sg7" = ogi" + ogf®, og; ¢ =dgf"V — Vgl
» 20 independent parameters:
og 6{595?1(22733), 595?1(22,33)7 591Z%e11(22,33)v

Zu Zu Zd Zd
DESY. | Cornering New Physics through pégskrlvuagzrlr’nggﬁé%gz)L’ué&r&&.@?ﬁﬁ%;ﬁﬁ&ﬂ@%@é%gmW }
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Mapping to SMEFT: basis

« Use Warsaw basis [1008.4884]
« ¢2H?D operators

= - H—(H v? -
Coap (YD H) () 2 —2Cra Z ()
Olyr = (HIDWH)(G0'0) [ [Oncdyr = (H'ED uH)(e"er)
Olr = (HUDLH)(Grv"6) | (Ol = (HYD uH) )
1 _ . —
Ol = (HY D) @"0) | (Ondyr = (HID H) (A
Oliglor = (H'iD L H)(@'"a,)

12
- Bosonic operators
Opp = |H'D,H? Opwp = (H'T'H)W/.,B"

— associated with T" and S parameters
» Four-fermion operator B B
[Ouli221 = (L1y"l) (Lay"lr)

DESY. | Cornering New Physics through precision measurements at FCC-ee | Lukas Allwicher | Seminar, IJCLab Orsay, 18.12.2025 Page 74


https://arxiv.org/abs/1008.4884

Mapping to SMEFT: matching
« Matching of the dgs:

2

v
Sg7% = - 5 ([C(U] - [ ) +6Y(1/2,0)

b2 U
Sgfs =~ z (1Cii + [C5) + 0V (=1/2,-1)
S9h% = — 7[CHC]11 +48Y(0,-1)
ot = = (B — ) + 8V 1/2.2/3),
S9kii= - 5[%1”» +67(0,2/3)

P 02
sg74 == = (e + i) + 0 (-1/2,-1/3)

2
Sgit = - %[CHd]ii +48Y(0,-1/3)

v2g? vigrLgy v2g} 3) (3)
Smy = — L__Cuyp— CawB + ——5X—— ([Cezhml —2[Cjyl22 —2[C ]11)
(g7 — 93) 9 — 9% (g7 — 0}) e e

« Universal contribution:
§U(T3,Q) = —* <T3

2
9y 1 (3) 1 2, 9LIY
>3 ZCHD + 5 [C ]22 + 5 [CHZ]H - Z[Cez]mm —v°Q—5—5Cawns
L~ 9% 9L — 9y
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Input redefinitions

« Universal contribution:

2 1. 1
sU(T?,Q) = —* <T3 + Q%) ( Cup + = [C(S)] + f[ng]u - *[Cee]1221) - U2Q ILIY
g1 — 9y 2 4 — 43
 Input scheme: «, Gg, myz

« G is extracted from u — evv decay
— anything modifying the decay rate in SMEFT is not observable, but gets
propagated through the inputs (vev, gauge couplings)

- [Cg’g]n,zg: W-coupling modifications
- [Ces]1221: direct four-fermion contact interaction

» my gets a contribution from Cyxp and Cywp in SMEFT
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The set of Electroweak Wilson Coefficients

« From matching conditions + input redefinitions:

Cow = ([Cgf) Jis [Cﬁ}f)]ii, [Crelii> (Crulii, (Crdliis CaD, Carw B, [Cee)1221)

» Note: For Cy, i = 1,2 only (no RH tops)
- Total of 23 parameters
« Assuming all 20 d¢s can be constrained individually, one expects 3 flat directions in
the SMEFT EW fit
cy) o [CSBJ - [62"3]33

[cf. also hep-ph/0602154 and 1701.06424

C(() ) x 2Cyp — §g7€HWB + Zzyzp[CHw]ii
P 7
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https://arxiv.org/abs/hep-ph/0602154
https://arxiv.org/abs/1701.06424

RGE effects, systematically

« RGE equations for EW operators (y;, g1 and g» contributions)
- Get sensitivity to 168 operators

; 16 5 2\ a3 80 o
Cup = Ne (?YIIYu!]lz - 81/12) Cit + ggfyfrclm
5(1)7. 3357 3355

Y = 2N (=SpuCl + SpaCit” )

5(3)7. 3)7j33

e = *2Nu’ytzct(q W

C'g;m = 92 (2 NI 1 (i3 _ Cég)mf)

. 4. . )
Capl = goivi Y [nsflecjlff" +2¥Sp
&
. jhk jhk jhk
N (VS + VSOl + 20,8, |

@) _ 2 ek 3)jjkk
C;ﬂ)]] _ 393 Z (Cl]l g Nccl(q)ﬂ ) i

k
53 _ 2 2 (3)kkjj 3)kkjj (1)jkkj 3)jkk;j
i =35> (clq +2NCEHMI g DRk _ o3 J)

k

0}1221 _ ?g% |:CI2]222 + Cﬁsaz JFclllm + 0111331 4 N”Z (Cl(qs)zzkk +C’(§)11u,)}
h k

To avoid EWPOs at one loop, need to have R.H.S.= 0 for all the above at the same time
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Scalars

State | Tree level zero possible? | 1-loop RGE zero possible? | Bounding obs.
S v X Ae
S v if (ys, )12 =0 X Ae
S2 v X A (R7)
[ v X I'y
= X X my
= v if Kz, = 0& (y51)12 =0 X mw
O v v my
O3 v v* mw
w1 |/ X FZ
w2 v X 1—‘Z
wy v X Ae (R-)
I v X Ac (R7)
117 v X R,
¢ v X Tz (R;)
O v X Iz
Qs v X Ty,
Q4 v v if (ya, )33 # 0, all else zero Tz (-)
T v X Tz
® v X 'z
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Fermions

State | Tree level zero possible? 1-loop RGE zero possible? | Bounding obs.
N X X Ae (FZ)
E X X rz (RT)
Ay X X Ac (Rr)
A3 X X Ae (RT)
by X X Iz (Rr)
21 X X Ae (FZ)
U v if (A\y)s # 0, all else zero X Ty (mw)
D X X Iz
Q1 v if (/\7[;,1)3 # 0, all else zero X mw
Qs X X Ty
Q7 v if (\g,)3 # 0, all else zero X mw
T X X mw (Cz)
TQ X X 1—‘Z
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Vectors

State Tree level zero possible? 1-loop RGE zero possible? | Bounding obs.
B Vif(95) =0 & (gh)12 =0 7 ifegns. (2?) mw

B vif (g5,) =0 X mw

w v if (g5) = 0 & Kua(ghy) =0 v ifegns. (2?) A, (T7)
Wi X X my

g v v if (g94)33 # 0, all else zero Ty

Gi v X Iy

H v X Ty

L4 X X Ae

L3 v X AE (AT)

Uy v X Tz

Us 4 X R,

(9] v X R,

Qs v X Ty

X v X R,

N2 v X rz

Vs 4 X 'z
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b — st/ at FCC-ee

Bordone, Cornella, Davighi 2503.22635
> Prospects from B — K*0l, Bs — uu
> Complementary to LHCb, CMS

10 10
[Electrons  _.----. - [ Muons e R
F LHCb—Iike}ceﬁtraI values t LHCb—like central values Sl
L e e
6 [ ':' '/ . 6 ‘.' ,,’ N
25 4f i : e 4f o :
S oo ; SR .
< r v o~ i < [N
[ : AR T [ K Tl -7
[]: S . i 0: \\\ T9sm
[ W FCC, P, ERREEEE “e-=- LHCb current [ M FCC, P, s === LHCb current
“2[ mFCC, P,  eeee- LHCb HL, P, —2[ mFCC,P,  eeee- LHCb HL, P,
-8 —6 —4 -2 0 2 4 -8 —6 —4 -2 0 2 4
e n
ACE ACY
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https://arxiv.org/abs/2503.22635

An explicit (simplified) model

U leptoquark + Z’ o
[LA, Isidori, PeSut 2503.17019
5000
FCC-ee:
9+/9ul
o B(B, — 77)
. . . . . 4000f « B(B. — 177)
> SU(4)-unification inspired construction o Combined
> Heavy U; ~ (3,1,2/3) and Z' vectors with = oo
third-gen. coupling ° y
S (D3] _ o(3)3333) _ giv? =
Lq — Vg T 8ME 2000
y &
s cDIB333] _ _ g3v?
£q 32M2
1000
—4 -2 0 2 4
cu
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https://arxiv.org/abs/2503.17019

An explicit (simplified) model

T /
Ui leptoquark + Z [LA, Isidori, Peut 2503.17014
5000
FCC-ee:
19+/9ul
‘e . . . . o Newt
> SU(4)-unification inspired construction 4000 o
> Heavy U; ~ (3,1,2/3) and Z’ vectors with
third-gen. coupling g 3000
(1)[3333] _ -(3)[3333] _ g3v? ~
- Ciq ] T 8MZ =
(1)[3333] 202 o
— _ 9V
- Céq T 32M3
1000
1000 2000 3000 4000 5000
My [GeV]
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U+7'

> Central values and errors used in the FCC projections

| Observable | SM | FCC projection
Be. — TV (1.95 £0.09) x 10=2 | (2.09 £+ 0.03) x 102
B— Kvv | (4.4440.30) x 1076 | (5.64+£0.17) x 1076
B — K*vv (9.84+1.4)x107% | (12.4+£0.4) x 107©
B— Krr | (1.64£0.06) x 1077 | (4.2£0.8) x 1076
Bs — 7T (7.4540.26) x 1077 | (2.18 £ 0.22) x 107°
AMpg, /AMM 1.0 0.862 4 0.015
97/ 94l 1.0 0.99926(7)
Nest 3.0 2.9979(6)
A, 0.147 0.14668(21)
Ay 0.935 0.93502(22)
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Vector-like fermions

> D~ (3,1,-1/3)

> Flavour: modified Zb; sy, vertex
> Sensitivity to e (spurion)

6000

5000

4000

3000

Mp [GeV]

2000

-
FCC-ee: |
B — Kvi |

1000 oR, |
o Combined |

—4 -2 0 2 4

53
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> E~(1,1,-1)
> Flavour: insensitive to Mg
> EW: modified Zr, 71, vertex

5000

4000

2 3000
o

5
=

2000
| FCC-ee:

oA,

1000 ‘\ o B — Kvi
| o Combined
|

—4 -2 0 4
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