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Rare Decays as BSM Probes

(see talk by Zoltan Ligeti) M

> Insights into very high scales from indirect effects:

E< M
1 €
w22
> Particularly powerful when the SM is suppressed:
- FCNCs (e.g. b — st¥)
- LFV (e.g u — ev)
> Eg. b— sl W
b S
T oz ViV u,c,t p
Z,y
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Current Status

Indirect Searches
[2511.0388]3 v
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It is clear that “nearby” New Physics cannot have a generic flavour structure

Page 3

DESY. | New Physicsinb — sviand s — dvi | Lukas Allwicher | Moriond EW 2026, La Thuile, 15.-22.03.2026


https://arxiv.org/abs/2511.03883

Flavour in the SM

> SM gauge Lagrangian has a large flavour symmetry
UB)P=UB)yxUB)e x U(3)y x U(3)a x U(3)e

> Broken by Yukawa terms:

U(3)° 2, 171y % U(1)3

mass [GeV]
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| It doesn’t look accidental! |
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The U(2) Paradigm

Guidance from the Standard Model

> Need to address the flavor structure of NP
> Yukawas:

T
)

rbieri, Isidori, Lodone, Straub 1105.229¢

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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https://arxiv.org/abs/1105.2296

U(2) in SMEFT

Taming flavour constraints

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

2
_ UQ2)q  _ _
Cij TVudj —— A GsVugs + b > Qi Yudi
=1
> But it is already broken at dimension-four (y < 10~?%)
— parametrise with spurions

> Flavour-changing processes follow CKM-like (GIM) suppression

— similar to MFV
(see talk by Dave Sutherland)
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New Physics in the Third Generation? @

> If New Physics couples to the third gen. — accidental U(2) symmetry
— take e.g. a 7’

> U(2) naturally singles out the third generation

2

_ U@, _

Cij GVply ——> aqaVugs + 0 Y Gt
=1
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New Physics in the Third Generation? @
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> If New Physics couples to the third gen. — accidental U(2) symmetry
— take e.g. a 7’

> U(2) naturally singles out the third generation

2

_ U@, _

Cij GVply ——> aqaVugs + 0 Y Gt
=1
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Ly 29Z, (@ @ @) [0 0 0] [
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> How much do we need to suppress the light generations?

5 000\ [q
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[LA, Cornella, Isidori, Stefanek 2311.0002q

New Physics in the Third Generation?
> Suppress operators with light fermion indices @

M Flavor m EW m Collider

~E 1
0% vk (e Dip.  |tg a y /. \/Q =
e
N -~ _ - ’
! i
Eloop = W
6 EQ =0.16
= i e, = 0.40
& 3 gen. collider searches ey =031
ir er=0.15
2 -
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[LA, Cornella, Isidori, Stefanek 2311.0002q

New Physics in the Third Generation?
> Suppress operators with light fermion indices @

M Flavor m EW m Collider

\\»« 1
0% vk o Dip.  |ig aq o ledq ng -~
8- Yi T
Eloop = W
EQ =0.16
o e = 0.40
E ey =0.31
41 ep =0.15
A np still compatible with ~ TeV under non-tuned conditions
oL Jl
]
S
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d; — d;vv Transitions

di —— N\ N\NNN\N—— V

U,C,t" AC, U, T

d; —<—f\/\/\m§\/\/\—<— v

> FCNCs: Loop + GIM suppressed in the SM

> K—>7r1/D,B—>K(*)VD c c
> Clean: not affected by theoretical uncertainties from
charm loops
> Currently, only probes with third-gen. leptons (v;) t— — ¢
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Experimental Status
(see talk by Meihong Liu) (see talk by Xiafei Chang)

B — Kvv

K — oo
> Belle-ll 2023

R > NA62 2026 (La Thuile)

1
3
| —e— Belle TI (362 fb™!, combined)
: i 28071 b ) NAG62 preliminary
- 1 Belle I (: (b~!, hadronic) k 1
T — L1 Thi s '
H Belle IT (362 b, inclusive)
TR e NA62 2016-2018 —te—
Belle II (63 b, inclusive) [JHE 2021) 093
L9515 PRLIZT, 151502
. . - —e—
Belle (711 fbr!, semileptonic) NAG62 202{ 20‘22
L0206 PRDIG, 091101 [JHEP 02 (2025) 191
Belle (711 (b', hadronic
s Gk gy lronie) NA62 2023-2024 =
) ) this result i Total
BABAR (418 fb’!, semileptonic), Stat. onl
02508 PRDS. 112002 ! NA62 combined '_‘H " - only
BABAR (429 fb!, hadronic) oy
i A L 0 5 10 15 20 25 30
0 2 4 6 8 10 B(K+ — wtwi) x 101

10° x Br(BT—K " vi)
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[LA, Bordone, Isidori, Piazza, Stanzione 2410.21444

SMEFT Description of d; — d;vv

[1903.10954
> Start with third-generation indices only: rank-one hypothesis \ 5
EL B < T)
Q= (@) Ftd) = (@0 (B0 E}) "

Qs = (637r)(bra})

Ql—; sd; — djTT
> U(2),-breaking spurion

Ql_q d; — djl/TﬁT

> Replace ¢} — ¢} + Vigh

> System described by 5 parameters: Cyg, CL;;, C[q, g, K
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Correlated Observables
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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 L
(don't affect Cj;)
> LHC Drell-Yan + EWPO: C;; and Cg .
Nel
> (s compatible with zero
(LHC constraints strong)
> Non-zero Cy,+ and e driven by Rp.: =0
Rp
gM ~ 1+ 2Re (CVL)
D) —0.5
~1-v*(1+¢) (C%—C’[)
> Suplpress le| > 3 with theoretical B T e
likelihood .
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[LA, Bordone, Isidori, Piazza, Stanzione 2410.21444

Results: ng-e

(Before 2026 NA62 update)

3 . . . 0.4} ® B(K* — ntvi)
> Grey: Global fit without di-neutrino o B(B - K“ui)
mOdeS, K = 1 e other data

- H 0.2
> qu largely unconstrained
> Good compatibility with di-neutrino
modes for x = 1 S
2
CSM U~ ~—
| TbS| - ‘ T,bs € Céq ’ —0.2
SM S
‘C’r,sd‘ - ’C’Tsd_k’%6 _C 04
> Select C[q >0 -2 -1 0 1 2 3 4 5
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[Thanks to Marzia Bordone for updated plot]

Results: ng-e

2024 March 2026:

0.4} ® B(K* = tvi) 0.4} ® B(K+ — ntwi)
® B(B — K"wi) ® B(B — KWui)
® otherdata e other data
0.2 0.2
S SN
—-0.2 —0.2
—0.4 —-04
-2 -1 0 1 2 3 4 5 -2 -1 0 1 2 3 4 5
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Flavour Prospects at FCC-ee

Table 6: Yields of heavy-flavoured particles produced at FCC-ee for 6 x 10'2 Z decays [190].

Particle species B B* B? A, Bf ¢ 1ttt

Yield (x10%) 370 370 90 80 2 720 200 D

B

_ Attribute TMA4S) pp Z

> ~ 10% more bb and 7" 7~ w.r.to Belle All hadron species v 7
) . High boost v v

> ~ x5 improvement in Anp reach Enormous production cross-section v oW
Negligible trigger losses v v

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

> Great advantage due to clean environment and Flavour-tagging power v v
boosted final states Initial-energy constraint v )

[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 <21x1078 <0.37 x 1078 [¥] [16] | < 1.5 x 10~ [*] [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. —77) | (1.95+0.09) x 10~2 < 0.3 (68%C.L.) - +1.6% [8]
B(B — Kvp) | (4.44£0.30) x 1076 (1.3+0.4) x 1075 +14% [16] +3% [7]
B(B— K*vb) | (9.8+1.4)x1075 | <1.2x 1075 (68%C.L.) +33% [16] +3% [7]
B(B — K77) | (1.4240.14) x 1077 | < 1.5 x 1073 (68%C.L.) <27x107* +20% [*¥] [18]
B(B — K*77) | (1.64 £0.06) x 1077 | < 2.1 x 1073 (68%C.L.) | < 6.5 x 10~* [*] [16] +20% [**] [18]
B(Bs — 77) | (7.454£0.26) x 1077 | < 3.4 x 1073 (68%C.L.) | < 4.0 x 107 [*] [16] +10% [**] [18]
AMg,/AMM 1 +7.6% +3.3% [19] +1.5% [19]
B(B — Kt[) 0 < 1.0 x 1076 [¥] [20]
B(Bs — i) 0 < 1.0 x 1076 [*] [20]

> Subset of observables, relevant for our example study
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Projections for Flavour Observables

[LA, Isidori, PeSut 2503.17019

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

COIT. 0.51
B(T — pip) 0 <21x1078 <0.37 x 1078 [¥] [16] | < 1.5 x 10~ [*] [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. — 77) | (1.95+0.09) x 10~2 < 0.3 (68%C.L.) - +1.6% [8]
B(B — Kv) | (4.4440.30) x 1076 (1.3+£0.4) x 107° +14% [16] +3% [7]
B(B— K*vp) | (98+1.4)x107% | <1.2x 1075 (68%C.L.) +33% [16] +3% [7]
B(B — K77) | (1.4240.14) x 1077 | < 1.5 x 1073 (68%C.L.) <27x107* +20% [*¥] [18]
B(B — K*7) | (1.64 £0.06) x 1077 | < 2.1 x 1073 (68%C.L.) | < 6.5 x 107* [*] [16] +20% [**] [18]
B(Bs — 77) | (7.454£0.26) x 1077 | < 3.4 x 1073 (68%C.L.) | < 4.0 x 107 [*] [16] +10% [**] [18]
AMg,/AMM 1 +7.6% +3.3% [19] +1.5% [19]
B(B — Kt[) 0 < 1.0 x 1076 [¥] [20]
B(B; — Ti) 0 < 1.0 x 1076 [*] [20]

> Subset of observables, relevant for our example study
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Projections for Flavour Observables

[LA, Isidori, PeSut 2503.17019

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

COIT. 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.—75) | (1.95+0.09) x 10~ <03 (68%C.L) | - | +1.6% 8] |
B(B — Kvp) | (4.44£0.30) x 10~° (1.3+04) x 107 +14% [16] +3% [7]
B(B— K*vp) | (98+1.4)x107% | <1.2x 1075 (68%C.L.) +33% [16] +3% [7]
B(B — K77) | (1.4240.14) x 1077 | < 1.5 x 1073 (68%C.L.) <27x107* +20% [*¥] [18]
B(B — K*7) | (1.64 £0.06) x 1077 | < 2.1 x 1073 (68%C.L.) | < 6.5 x 107* [*] [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]
AMg,/AMM 1 +7.6% +3.3% [19] +1.5% [19]
B(B — Ktj) 0 < 1.0 x 1076 [*] [20]
B(B; — Ti) 0 < 1.0 x 107 [¥] [20]

> Subset of observables, relevant for our example study
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Projections for Flavour Observables

[LA, Isidori, PeSut 2503.17019

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

COIT. 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~* < 0.3 (68%C.L.) - +1.6% [8]
| B(B — Kvb) | (444 £ 0.30) x 10 ° (I3£04) x 10 ° +14% [16] 3% (7]
B(B— K*vp) | (98+1.4)x107% | <1.2x 107° (68%C.L.) +33% [16] +3% [7]
[ BB —>Kr7r) | 142F014) x10 ' | <15 x 10 ° (68%C.L.) <27 x10 * F20% 7] 18] |
B(B — K*7) | (1.64 £0.06) x 1077 | < 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]
AMg,/AMM 1 +7.6% +3.3% [19] +1.5% [19]
B(B — Ktj) 0 < 1.0 x 1076 [*] [20]
B(Bs — i) 0 < 1.0 x 107 [¥] [20]

> Subset of observables, relevant for our example study
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Third-gen. Semileptonics: Future Prospects

SMEFT Analysis N
[LA, Isidori, PeSut 2503.17019
0.02 FCC-ee:
o B(B — Kvi)
2 o ’ -l
> [0y Jssss = (L0 £3) (@707 a3) LI
> Flavour-violating effects: & \
- Via/ Vi i
V=_ V;fs ( td{ ts £ ~ 0(1) s SM
> Assume a signal compatible with current -
measurements (gray region), and project for
FCC-ee expected errors —0.02
—4 -2 0 4
4 = 43 — eV},
Page 18
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Summary

> FCNCs are very sensitive probes of New Physics
> Studied d; — d;vv in the context of NP coupled dominantly to the third generation

> Compatible with a U(2)-type scaling of the coefficients in the EFT and with other
observables (flavour + EWPO + collider)

> These modes will remain important probes of New Physics also in the future

Thank youl!
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Backup



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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. 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
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[LA, Bordone, Isidori, Piazza, Stanzione 2410.21444

Future prospects

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

6F o B(K*— 7w o Minimal U(2)
o General U(2),

o B(B— K*ui)

&

B(B* — K*vi)
B(B* — Ktvv)sy

L. i :
. SM RE T

Excluded by o(pp — 77) & EWPO

0 1 2 3
0 1 2 3 4 5 B(K™ — 7tvi)
B(K+ — wtvi)su

Page 23
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Non-minimal v. minimal U(2), breaking

2024:

© Minimal U(2),
o General U(2),

w

B(BY = K+*vi)
B(B* = Ktvi)sy
Do

B(K* — wtvi)

March 2026:

5

o Minimal U(2),
e General U(2),

—| Z
N | =
R
LI
N
Tt
B+
72
Q !
1 -
0
0 1 2 3
B(K* — 7tuvi)
B(K+ — mtvi)sm Page 24
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Simplified models

Uy ~ (3,1,2/3) 7'~ (1,1,0)

9 (8 e g Ty = Qu(ai, + Vi ap )" (ai, + Viqy) + Q-010"0]
Ly, D —=(q; + Vi*qp) U147 +h.c.
Uy ﬁ(QL a1,
+ g’
Cpo=Cp=-— Q Q‘r
> At tree-level: b T2,

2
1)[3333] __ g 2
o cpeo e - P s
> Loop-level C;, explains \CZI] > |G

> Good compatibilty with data > B, mixing constraints

> Requires |Q,/Qq| 2 30
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K — mvv V. ¢

w
T

(K+ = mtup)
B(K+ — 7T+V17)SM

—_

0 L v e 1
3
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