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Objectives

lllustrate the discovery potential of a high-intensity e*e” collider @ Z pole via precision flavour measurements
+ flavour-EW interplay to constrain TeV-scale BSM models

FCC-ee combines advantages of B factories and LHC + opens new frontiers Monteil & Wilkinson

| o [2106.01259]
=) Clean environment + huge statistics + full range of (boosted) B mesons

Tremendous improvement in flavour from tera-Z run!

m) Of the 1012 Z-bosons produced at tera-Z :
e 15% decayto b
e 12% decay to c
e 3% decaytot

FCC-ee will allow precision flavour measurements of heavy
SM flavours (b and T)
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Objectives

lllustrate the discovery potential of a high-intensity e*e” collider @ Z pole via precision flavour measurements
+ flavour-EW interplay to constrain TeV-scale BSM models

m) \We focus on models aimed at addressing the Higgs hierarchy problem & the Flavour Puzzle

Any heavy NP will destabilize the Higgs mass What could be the protection mechanism ?

See RT D’Agnolo’s talk
Naturalness suggests NP close to the TeV scale*

*More exotic / cosmology-based explanations exists...



Objectives

lllustrate the discovery potential of a high-intensity e*e” collider @ Z pole via precision flavour measurements
+ flavour-EW interplay to constrain TeV-scale BSM models

m) We focus on models aimed at addressing the Higgs hierarchy problem & the Flavour Puzzle
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Hierarchical pattern of masses & mixing angles in the SM Approx. symmetries in the SM ... but also relevant for NP!

If Axp < 10% TeV, NP has to be approx. U(2)-symmetric



Objectives

lllustrate the discovery potential of a high-intensity e*e” collider @ Z pole via precision flavour measurements
+ flavour-EW interplay to constrain TeV-scale BSM models

Experimental Motivation: 3 HEL AV 68% CL tontours -
Tensions in semi-leptonic B decays S N Belle’ BaBar 7
0.35 — LHCb* -
- LFU ratios (Rp and Rp+) -> 30 tension w.r.t the SM e ]
03 Belle” (

- Enhancement of Bt — K v and K™ — wtvp w.r.t the SM \
_ ' g\kHCbb ~N_ U LHCb* f
- Tension in Cy from b — s -> 20 tension w.r.t the SM 0-25|: \) e~~~ _am
See also Bordone, Cornella & Davighi [2503.22635] - .
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lllustrate the discovery potential of a high-intensity e*e collider @ Z pole via precision flavour measurements
+ flavour-EW interplay to constrain TeV-scale BSM models
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Precision EW measurements, via RGE effects, can constrain
wide classes of BSM models



EFT Analysis
- Motivated by discrepancies in B decays + flavour non-universality

Qs = (Pyu®)(@ye),
(3)[3333] /73 appvi=3_u_a 3 3 3y _ 3 I’"/a: (
Qg = (o) T'0"), ¢ =G =q —eVyq

[3333] _ /73 3v/33 .3 Heavy -> light via CKM
prqd (P € )(d q ) : spurion

- Global four-dimensional fit with current flavour, EW and Colliders data*™

P B(B— Kuvp) Ty Ay
D e 0
Ry B(B — K ”_I"'} Ohad A
B(B —> KT’T) Rb mW
B(Bﬂ_}TU) B(B—"K*T’F_') R
_ H FW
B(Bs — 77T) P
e
L. Allwicher, C. Cornella, G. Isidori and R B(W - T_y )
B.Stefanek, New physics in the third T lL(H — bb)
generation [2311.00020] Negr u(H — 77)

*c.f. the paper for the full list of observables with projected uncertainties



EFT Analysis

- Motivated by discrepancies in B decays + flavour non-universality

Qs = (Pyu®)(@ye),
(3)[3333] -3 appvi=3_u_a 3 3 3y _ 3 I’"/a: (
Ry, = (o) (@), ¢ = q =q —&Vyq

[3333] _ /73 3v/33 .3 Heavy -> light via CKM
prqd (P € )(d q ) : spurion

- Global four-dimensional fit with current flavour, EW and Colliders data*™

- Projected™ FCC-ee measurements assuming benchmark scenarios for NP

|—> Compatible and preferred by the current fit

*c.f. the paper for the full list of observables with projected uncertainties
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lq leqd 0

Key points

» Redundancy -> corroborate non-SM effect

» Complementarity -> Probe different NP directions

- Several independent high-precision observables

- Flavour + EW interplay -> Flavour of NP ( £ )
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The Importance of Being (UV-)Earnest

Not all SMEFT parameter space can be spanned by (consistent) UV models

uv

IR SIVIEET Plausible
« swampland »

d<4 d=5
Lesverr = Loy L

L£4=6 4

Fits are not enough ... need to have a concrete UV picture in mind a.k.a a model !

Credits: Matthew McCullough’s talk @FCC workshop 2025 15



https://indico.cern.ch/event/1439509/contributions/6287148/attachments/2994789/5276254/FCCPhysicsWeek.pdf

Simplified Models: U, Vector Leptoquark
Flavour non-universality —
SU(4)34+m] X SU(S)[E.x SU((2)p x U(1l)x — SM

= U ~ (3,1,2/3): best mediator to address charged B decay tensions

10



Simplified Models: U, Vector Leptoquark

Flavour non-universality —
SU(4)34+m] X SU(S)[li]lx SU((2)p x U(1l)x — SM

= U ~ (3,1,2/3): best mediator to address charged B decay tensions

94 3 3 94 1 /-3 3 394 1 (73 3
Liw DO —U HEs) A Z H Z, ({7~yH¢7) + h.c.
int NG I (qm L) G (QL”Y QL) 26 ,u( L L)
e e
: Tree-level Cg)[:a:s:ag] _ Cg)[:sg:a:a] _ 93’”2 C(l)[3333] B QE‘UZ i
[

: Matching SM{_Q; fq N SQJW%
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Simplified Models: U, Vector Leptoquark

Flavour non-universality —
SU(4)34+m] X SU(S)[EIX SU((2)p x U(1l)x — SM

= U ~ (3,1,2/3): best mediator to address charged B decay tensions

g4 3 3 94 1 (-3 3 S 94 1 (73 3
Linvt © —=U, (gr~y"l7) - 7 (gryHq 7 (3~yH057) + h.c.
in \/iou(L L) 2\/6 u(L L) 2\/6 ,u(L L)
eelevel st sl G200 s gt
, > DB _ p@)[3838] _ 93V cDss3s] _ _ 93V |
:I\/Iatching ! ! SMU 1 SQJW% :
______________________T ______________________
EW effect via running
bV - H
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Take-Home Messages

* With no clear indication of the NP scale -> indirect + precision flavour & EW searches allow to probe, via RGE

effects, broad classes of well-motivated BSM models up to high scales

 FCC-ee -> amazing machine for precision physics in several (redundancy) flavour & EW obs. (complementarity)

+ interplay with near future facilities: HL-LHC, B factories, ...

For more colourful plots -> look at the paper or come chat ;-) !
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Objectives

lllustrate the discovery potential of a high-intensity e*e collider @ Z pole via precision flavour measurements
+ flavour-EW interplay to constrain TeV-scale BSM models

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

BSM states that match to dim-6 SMEFT (@ tree-level)

100 - tree-level : one-loop (LL RGE)

Scalar S S So = =1 ©, O3 _
(L), (L1,  (1,1), (1:2) (1,3), (1,3), (L,4), (1,4). i (Almost) all these new states are probed by
w1 W W I, I1; ¢ EWPOs at one-loop
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Lafbs

“Granada Dictionary”
de Blas, Criado, Perez-Victoria, Santiago [1711.10391] See also Allwicher, McCullough & Renner [2408.03992]
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Observable SM Current value [14] Pre-FCC projection FCC-ee expected
19+/ 9, 1 1.0009 + 0.0014 — +0.0001 [15]
|9+/9e 1 1.0027 + 0.0014 - +0.0001 [15]

COIT. .51
B(T — pjip) 0 <21x10°8 <0.37 x 107 [¥] [16] | < 1.5 x 10~ [¥] [15]
Rp 0.298 + 0.004 0.342 + 0.026 [17] +3.0% [16]
Rp+ 0.254 + 0.005 0.287 + 0.012 [17] +1.8% [16]
COIT. -0.39
B(B. — ) | (1.95+ 0.09) x 102 < 0.3 (68%C.L.) - +1.6% |[§]
B(B — Kvi) | (4.44 +0.30) x 10 ° (1.3 +0.4) x 107 +14% [16] +3% [7]
B(B— K*vv) | (98+14)x10 % | <1.2x10° (68%C.L.) +33% [16] +3% [7]
B(B— K77) | (1424 0.14) x 107 | < 1.5 x 103 (68%C.L.) <27 x 101 +20% [**] [18]
B(B— K*r7) | (1.644+0.06) x 107 | <2.1x 103 (68%C.L.) | < 6.5 x 104 [¥] [16] +20% [**] [18
B(Bs —»717) | (7.45+0.26) x 10 7 | <34 x 10 * (68%C.L.) | <4.0 x 10 * [*] [16] +10% [**] [18
AMpg, /AMPM 1 +7.6% +3.3% [19] +1.5% [19
B(B — KTji) 0 < 1.0 x 10 ° [*] [20]
B(Bs — Tji) 0 < 1.0 x 10° [¥] [20]

Table 1: List of the flavor observables we consider in our analysis, with corresponding SM
predictions, current experimental values, and expected future sensitivities before the start

of FCC-ee and after its completion (see text for more details). The entries marked with

[*] are upper bounds in the absence of a signal; the entries marked with [**| are relative

errors assuming an enhanced rate over the SM expectation (by a factor = 3); the other

entries are relative errors assuming the SM value.



Observable | Relative uncertainty || Observable | Relative uncertainty
Iy 1.0 x 107° Ay 2.3 x 1074
oy 9.6 x 1079 A, 1.4 x 1073
Ry, 3.0 x 104 mw 4.6 x 1076
R, 5.0 x 1072 Ly 5.1 x 1074
R. 3.0 x 1074 B(W — 1v) 3.0 x 1074
R 1.0 x 1074 iw(H — bb) 3.0 x 1073
N 0.6 x 1073 w(H — 77) 9.0 x 1073

Table 2: Expected relative uncertainties for the relevant EWPOs at FCC-ee used in our

analysis. For Z- and W-decay observables, the num

bers are taken from [21], rescaled for 4

IPs and 205 ab~! integrated luminosity (Z pole). The projection for the effective number

of neutrinos N.g is taken from [22| and adapted similarly. The projection for Higgs signal

strengths follows [23].
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Simplified Models: Scalar Leptoquarks

Case ll:

Ls, DiyrSt ((ji:gﬂgﬁi) + yrS1 (ﬁgce:}g) + h.c.

o(DI[3333] _ V2 YTyL o(3)[3333] _ V2 YTyL
Tree-level lq 2 4M§j q 2 4M§f 6[3333] v? U??UR
Matchin 333: 2 a : 3 2 o et B 2 2M2
g c(D[3333] _ VT YRY] (3)[3333]  V” YRYJ, S

lequ 2 2M3%° requ 2 8M3

Benchmark: {?JL =2, Mg=34"1eV, yp =1, €5 = 1}

20



M g [GEV]

7000+

6000

5000

4000

3000

2000

1000

FCC-ee:

o B(B — Kvi) -

B(B. — Tv)
o B(H — 77)

° \gr/9ul
o Clombined

I i i i I.

2 1

2/

M g [GEEV]

7000+

6000

5000

4000

3000

2000

1000}

FCC-ee: -
e B(H — 77)
o A, ‘

'lQTfﬂu|
o Clombined

2




TeV

(@)
Back to Flavour Lovprr = Lo+ 30 ) X3_4O§d)

d>5 i
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Allwicher, Cornella, Isidori & Stefanek 2023
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Simplified Models: Vector Leptoquarks

Case I*: U; ~ (3,1,2/3) and 7' (SU(4)-inspired construction + R, )

94 3 /(=3 3 g4 3 - ’
Ling © —=U, Heg ) A A 7" (03~*¢7) + h.c. (NP in 3rd gen.) [see Joe’s talk]
¢ N (QL’}’ ) 2\/— . (QL'}’ QL) 2/6 ;u( LY )
Tree-level 6(1) [3333] C(%) [3333] E’UZ C(l) [3333] _ QE v’
Matching fa SM{Z; SQJW%

Benchmark: {g4s =2, My =2.4TeV, Mz =2 TeV, ¢y =24, ¢z = 0.9}

- Similar benchmark as in the EFT analysis <--> B discrepancies

- Compatible with direct searches

*Also Scalar LQ and VLF in the paper!
29



Simplified Models: Vector Leptoquarks

Case I*: U; ~ (3,1,2/3) and 7' (SU(4)-inspired construction + R, )

94 3 /(=3 3 g4 3 - ’
Ling © —=U, Heg ) A A 7" (03~*¢7) + h.c. (NP in 3rd gen.) [see Joe’s talk]
¢ N (QL’}’ ) 2\/— . (QL'}’ QL) 2/6 ;u( LY )
Tree-level 6(1) [3333] C(%) [3333] E’UZ C(l) [3333] _ QE v’
Matching fa SM{Z; SQJW%

Benchmark: {g4s =2, My =2.4TeV, Mz =2 TeV, ¢y =24, ¢z = 0.9}

- Similar benchmark as in the EFT analysis <--> B discrepancies

- Compatible with direct searches

*Also Scalar LQ and VLF in the paper!
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