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Agreeing at few % with a-priori is not eﬁ_dugh to conclude.

. gre Is BSM physics just around the corner ? /

BSM physics may show-up where we do not expect it

—
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How are we going to find cracks in the SM fortress ?

» Channel(s)-specitfic experiments: EDM, cLFV, & and K physics

» Use of large scale facilities : T, D and B physics
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Channel(s)- specitic
Xperiments

. Top ground—electrode
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+ Future projects
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Electric Dipole Moments and charged Lepton Flavour

violation (u—e)

EDM cLFV

E E
spin coupling— ________ r
toE ‘Q = @‘ . BSM .
\ , - g
e " notT-invariant . iR ﬁ\;
e Test of T violation and (via CPT theorem ) of CP 7 X’ e

* Hadronic EDMs and in particular nEDM : ‘Strong

CP problem’ In the SM tiny effect : BR(u—ey )~ 104

due to neutrinos oscillations
* e-EDM and p-EDM measurements : extracted

from measurements on atoms/molecules.

* The interpretation of a positive measurement is

theoretically challenging.
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Electric Dipole Moments

A multidisciplinary field

EDM Current sensitivities
» at the heart of European research (ILL, PSI, ESS) | Eespp2026, preliminary
. | atoms 10-19
* Longer term : larger scale experiments molecules
* Access to intense neutron sources | Uitracold :
neutrons BSM physics may couple
1n-5 nas / differently to heavier masses
Charged particles EDM SUEGIE MG
* A full variety of experimental techniques | colliders 10-25
developing
« pEDM : p storage ring in future
1 0—29
« uEDM : synergies with muon collider in the long
term eEDM  nEDM oEDM  tEDM  uEDM

in 10 years : sensitivity will improved by x10
Also at colliders : baryons EDM

ESPPU2026 - Open Symposium (Venice, June 2025) - Marie-Helene Schune - Flavour WG report



Charged Lepton Flavour Violation: u—e

Golden channels:

u—ey : MEGII @ PS|
u—eee : Mu3e @ PSI
uUN—eN : Mu2e @ FNAL and COMET @ J-PARC

10712 5

Several orders of magnitude improvements 1

expected in the next coming years

10—14 4

Use of higher intensity u beam at PSI

10—15 4

Transition from several one-mode experiments to
a more general purpose larger one ?

10—16 ]

New MEGII result

BR(u—ey) < 1.5 x 10-13 @90% CL

/ Limits on u—e (90% CL)

/ ESPP2026, preliminary

1013

1014

10-16

H—ey
Hl - eee
UN - eN

Current
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https://arxiv.org/abs/2504.15711

Very rare  decays and measurements of |V |

High intensity ™ beam at PSI

R I‘(w"’—)e"‘v(fy)) IV gl element of the CKM matrix
== 0.977 —
6//.L F(7T+ —),Ll,_'_l/(’)’)) #® Current ESPP2026, preliminary
- 0.976 - "' Future
-+ World average *@D/EER : + Future
-+ Theory i
1 0.975 A
p Goal: 0.01% i
E Unitarity(VF26) +
! 0.974 - ® *
Avg. dominated by % Pk E NLJ E +
PRL 115, 071601 (2015) - 0.973 1
-+
E 0.972
E 0.971 A
1.231 1.232 1.233 1234 1.235 0970 | _ Adspted from ID115 and [D190
Reju % 10° 0*— 0O* n - pe v (y) nt > nletv(y)
Expected to start in 2030 (~ 1 year run) Different experimental techniques and theory uncertainties
Expected precision similar to SM prediction Tension on unitarity : hope for clarification in future
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https://indico.cern.ch/event/1439855/abstracts/190954/
https://indico.cern.ch/event/1439855/contributions/6461587/

s—d transitions : K physics

JHEP 02 (2025) 191

— 1078
K* -zt vv: NA62 @ CERN 2
* unique player for this mode & I |
* current precision (2016-2022) : 25% T [T e el S IR S
~)
BR(Kt* -» ntvv) = (13.0 ¥33 )x10~11 g/ 107 P e
10090202020 %0 20 20 202064 T
* will collect data until 2026 = expected precision 15% TEKKK K i _loi 20
-~ 1 &‘ 1
« SM value known to ~ 5% o : §
. . L, 1 = 1
* no next-generation K* experiment foreseen 10-10 4 : S [
1 I g
] ] - I
K, —m°vv : KOTO and KOTO-Il @ J-PARC | s {EPACER oz s
) SM [JHEP 09 (20p2) 148] |
1 |
Very rare decays with specific signatures K— pup : LHCb ol O
5.0 7.5 100 125 150 175 200 225 250

B(K* — ntvi) x 101
* High complementary with observables in the B sector ( )

 Stringent test of the CKM mechanism, LFU tests and searches for light NP

» Testing ground for precision QCD calculations
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https://doi.org/10.1007/JHEP02(2025)191

Use of large scale facilities :
cherry-picked examples of t, D and
B physics

O 1L P

7 ) e Vo ¥

. =
? i

WA K

7 N R

+ inputs from BESIII

A

e||e-|| LHC : LHCb but also ATLAS and CMS
+ Future projects
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Large scale facilities and experiments

. Belle-ll LHCb e*e" @ Z0 pole

. ete @Y(49) (+ ATLAS& CMS) | (+HWW) ;

Running + upgrades Proposals
~ b-hadrons in detector acceptanc Some extrapolations are ‘wilder’ than

. 1013 =:| The Z° pole 2050s others due to larger dependence on the

detector design which is not known

s | Log scale -

£ ] 9 BR(ZO - bb)~ 15%

£ 10M

2 B4 +cc
] Bl B, +cc Once data is recorded, new analysis
. B. +ccC technics are usually found and foreseen
N — sensitivities are reached ... or even

surpassed !
LHCb BeIIe I 6 TeraZ

1

Number of b-had
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Indicative timeline

2030s 2040s 2050s

Belle-Il Belle-I| ete- @ Z0 pole

SHCACICD) e*e” @Y(4S) (+WW)

LiilCle LHCb

b AL e ) (+ ATLAS & CMS)

5 Giga : 5.107 20

LHCb 50 fb-' LHCb-UII 300 fb-' 2 TeraZ : 2.1012 20
Belle-1l 10 ab™! Belle-Il 50 ab-" 6 TeraZ : 6.1012 70

T and D physics :
B ESl | | + STCF (1 d b_1 /y) Open Symposium (Venice, June 2025) - Marie-Helene Schune - Flavour WG report 14



An excellent detector

To cover the full spectrum of Flavour Physics one needs :
« Excellent IP determination (Si vertex detectors) and multiple scattering as low as possible
« Excellent tracking and high hermicity of the detector
 Highly performant charged hadron identification (p/K/m separation) as well as e and u

« Ability to reconstruct low energy neutrals (y, 9

Bun=26504 Evt=TT1

Demonstrated by ‘history’ at previous facilities with wide program range :

« LEP : full flavour physics program mostly done by ALEPH and DELPHI ( Si
vertex detectors, charged hadrons ID)

« LHC : having a dedicated detector allows to cover a significantly wider
spectrum of Flavour Physics i
7% - qq at LEP
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The 7 lepton

Main t decays

et e colliders

billions of 7% 7 pairs produced
30u ]

250 2030s 2040s 2050s
200 | |

* The heaviest charged lepton and the only one which can decay into

1501
hadrons

100+

50+

* In many models NP couples preferentially to the third family
« Search for decays that are forbidden in SM

 Tests of SM through 7 precision measurements

* Short lifetime (~2.9 1013 s) and neutrinos : experimentally demanding
= most of the results are coming from e*e- colliders but BR(t — 3u) where
all are contributing
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cLFV:t-u

o
BR(T_>3.U') 90 % CL UL BR(t = uy) 90 % CL UL
Y e Bellel . STCF 2Teraz « LCF e Bellell  « STCF - 2TeraZ 4 6 TeraZ
10-7 1 e LHCb » CMS <« ATLAS A 6 TeraZ + LCF 7
. 10-7] 10-
. g * ¢
8 10-8 . 10- ,\ +
= > :
8 o0 . < 10° S 100 * 108
=) 5: ¢
L 4 - *
10-10. . 10-10
ESPP 2026, preliminary A Lo-s. ESPP 2026, preliminary 109 A
10_11 '. '. '. '.
today 2030s 2040s 2050s today 2030s 2040s 2050s
Clean and narrow peak in reconstructed mass = More challenging (mass resolution due to the
~ background free = doable in pp environment ¥ and radiative events pollution)

Belle Il and STCF (5 ab') : best limits until Tera-Z experiments enters the game.
Steady gain from now to 2050s

TeraZ : improvement of the limits by up to one order of magnitude, down to few 10" for BR(t— 3p) and few 107 for
BR(r—py)



Universality test between the 3™ generation and the 2 light ones

Inputs : T mass, lifetime and BR(z—{vv) and similar information for u

17.94

| T ' T T | T T

— —
Bl SM prediction with Belle Il m. estimate
17.92 | + Belle Il estimate (10ab™!)  HFLAV 2023

D _II Belle 11 68% CL contour 2030s : Belle-11 10 ab
17.88 _ ‘

| SM functional dependence :
| limited by the T mass knowledge

| ' T T T |

[

~

(00]

N)
I

Large improvement possible but
measurements will be systematically limited

'_l
_\l
~J
oo
—

| ESPPU20|26, preliminalry;
290.5 291.0 291.5

T, [fS]
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CP violation in B & D and CKM elements from

heavy-quark decays

Vud Vus Vub

VCd VCS Vcb Measurements of moduli and phases

th * Study of the CP violation mechanism

* Sensitivity to BSM through comparison of results
obtains from tree-dominated and loop-dominated
processes

e |dea from Yuval Grosmann
2T Photo fFSPRUNERS - Open Symposium (Venice, June 2025) - Marie-Helene Schune - Flavour WG report 19


https://www.thenakedscientists.com/forum/index.php?topic=72333.0
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2030s
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About chbl (and qubl)

FAG2024 Longstanding discrepancy between exclusive and inclusive determination of V,

433 LQCD : B meson decay constant known to ~ %

e A game changer )

Use of WW pairs at future e*e colliders

B-D/{v inclusive

Large samples : 2.5 107 (LCF250) — 4.8 108 (FCCee)

Depends crucially on: b-jet, c-jet, light jet flavour
tagging determination

N
4 ) 4 )

Signal Background
b-jet

J

W Veb from W

c-jet

\ ———lll ”%vmposium (Venice, June ZOWMM./ 24




V| enters everywhere in SM predictions (ex, BR(BY - u*u™), ...)

Based on [FLAG24 arXiv:2411.04268] and [Brod et al., PRD 125, 171803 (2020)]

T
—— dependence of 6|&k| on 6|V |

25 | == &=2.228(11) 1073 experiment PDG24

24 - gerturbative sxstematic 3.0%

nonperturbative systematic 3.5%
parametric systematic 2.8%

201 | ESPP2026, preliminary
— :
X |
< I V b NOW
— 1571 i ¢
NS IS
I x
W 1 £
-_— 3
QD 104 12
>
|‘0

T T
| |
| |
| |
|
1
| I?
| I
| 1<
[ )
1 Ig
I I'G
Im Ic
I 18
I~ It_J.
[N I x
o
[ 1¢
O -
Ii IS
Iz s
I~ |+
Ig |
I_° 13
IS 10
3 O
> I
I° Iz
[N
Iv
I
1_e
18
=
l‘Q
1
1
_______________ ———
—

Exp uncertainty (0.5
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V| enters everywhere in SM predictions (ex, BR(BY - u*u™), ...)

Reduced theory errors (2050s)

Based on [FLAG24 arXiv:2411.04268] and [Brod et al., PRD 125, 171803 (2020)] Based on [FLAG24 arXiv:2411.04268] and [Brod et al., PRD 125, 171803 (2020)]

T T T T T T

—— dependence of 6|ek| on 6|Vep| : : —— dependence of 6|ek| on 6|Vep| : :

25 | == &=2.228(11) 1073 experiment PDG24 | I 25 | == &=2.228(11) 1073 experiment PDG24 | I

24 - perturbative systematic 3.0% ! perturbative systematic 1.2% : I
nonperturbative systematic 3.5% I I~ nonperturbative systematic 1.5% I =
parametric systematic 2.8% : :% parametric systematic 0.3% : :%
i | o 1 = i | o 1 1=
20 I ESPP2026, preliminary I Ic 20 I ESPP2026, preliminary I Ic
— I IR 12 ? I IR 112
| Im Ic | Im Ic
O\O I ) 18 O\ I ) 18
I | P [ ~_ e I~ [
SN | Ifr’\w VCb n OW |§ I ;é —_— | |fr\1 |§ I ;é
— 15 I~ Iy 1¢ 15 I~ Iy 19
e IS 15 R 1= IZ 1S5
| 1< I« | 1<
Ny | 2 I Iy L |2 I~ Iy
- I § I I+ e I § g I<
D w01 12 l i 101 i3 X i
> I 12 > = 12
B I Iz I° I° Iz
7 ' 1~ I I 1~
I I I'g I I I3
5 4 T ] |_§ 5 4 | . |_§
l l = | Vep in 2050s : N
1 1 1° 2 [ | 1°

1 1 1 | |

| | | | | |

0 - : | ol T 0 r : | ol T

100 10! 100 10!

Exp uncertainty (0.5

Mandatory for the ultimate tests of SM in the flavour domain : a very precise determination of [V

Solving the inclusive/exclusive discrepancy = better control theory predictions for semileptonic decays



Semileptonic CP asymmetries

. IESPP26
- preliminary
g9 = P(Bq — Bq) — P(Bq — Bq) ® ;Hﬁb“ 1073 o
sl /= — ® Belle R : o o
P(Bq = By) + P(Bq — By) 6x 10270 ® | _
S - o
2% 10122° o] Bo
S S
No production asymmetry at e*e colliders o T
Challenging measurement : control of the systematics uncertainties (low material today 2030s 2040s 2050s
detector) year
« 104 assumed for Belle-Il and LHCb-UII e —<pr76
 No precise simulation for the 2050s : few 10->? (range : obtained from this and N prefiminary
that) 1072 ; o
°
. . . G0 1074
Could observe CP violation in g ] H
mixing for the first time in By decays | Bs
1075 4

ESPPU2026 - Open Symposium (Venice, June 2025) - Marie-Helene Schune - Flavour WG repc today 2030s 2040s 2050s


https://doi.org/10.1103/PhysRevD.102.056023
https://link.springer.com/article/10.1140/epjc/s10052-019-6904-3
https://arxiv.org/abs/2402.04224

CP violation in charm decays

ST o(¢) [°] a(la/p)
- . |
Up-type quark sector : CP violation is small ! 10! 7 T : =T
] preliminary 1 preliminary
107" -
 Access to CP violation in the mixing requires the largest . f. °
samples and excellent detector performances. 1® Z
100 {* * O * ’
« Extremely large samples produced ... and reconstructed 10-2 ° o
(billions of events) - e f
1 * 9 ] * ° 2
. . - - O
* Strong potential for probing the Standard Model ® o _ *
contribution 107+ 4, . a . . . T .
today 2030s 2040s 205C today 2030s 2040s 2050s
* Access to multiple modes including with neutrals to get
insight into the hadronic phases
® LHC: Ax
#  LHC: Ax+AT
LHCb-UII results will remained the most precise ones for * 6x102°
CP violation in mixing * 2x10%2Z°
Belle Il
® STCF 5/ab
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Rare decays and Lepton Flavour Universality tests

NP needle

NP needle

ESPPU2026 - Open Symposium (Venice, June 2025) - Marie-Helene Schune - Flavour WG report 29



Comparing b—c v

)+

(S)T VT)

r(ogy) - 2=
S *
BR(Bisy = Dayt*ve) € =pe
O-( R(D)) ESPPU2026, preliminary O-(R(D*))
141 W Bellell ° W Bellell
A LHCb 7l m A LHCb
~121 W 5x10°Z° q 5x 10920
S 2 x 10%22° =6! A 2 x 101220
S 101 ¥V 6x1022° Q VY 6x10122°
- o g
% 6 ;23- A
5 . A =
E L A e
21 - 14 |
0l— : : - 4 0l— : : —Y
today 2030s 2040s 2050s today 2030s 2040s 2050s

LHCb-Ull and Belle-II : improvement of a factor 10 in precision.

02sf

0.2

With TeraZ sample can reach permil level. Theoretical uncertainties can also improve.

Possibility to measure the whole family (not only R(D) and R(D?*) )
Interest to connect with universality test of the 7 lepton

and b—clv with £=u or e

3.8 o tension with SM

Belle

=  $HFLAV SM Predictior
- R(D) = 0296 +0.004

A HFLAY
:

n

R(D*) =0.254 £0.005
T S T

LHCb

R(D) = 0.347 £0.025_,
R(D*)=0.288£0.013,
p=-039

P(;) =41%

MR |

68% CL Lontours

0.2

03

04

0.5

R(D)
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FCNC decays : By, —» utu~

0 +,,— 0 +,,-
(" SM %redictions ; . ) o(BR(Bs —» u*u™)) o0(BR(Bg = u*u™))
+,,-) _ — = S
B(B; = pp7) = (3.66 £0.14) x 10 gorl 05 | Lo N Tt
= A LHCD = x 101270 (Uncertain
B(BO—) M+/L_) = (103 + 005) X 10_10 = 061 Vv 6x10122° L BT ; /timlxg(92504(,UC.L.)rt v
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FCNC : b—s £2 BR and LFU tests

RK:

uncertainty on Rx(1 < g2 < 6 GeV?/c?)

10-1 A 1 O% ESPP2026, preliminary === Current Th uncertainty
Belle-ll
Il |LHCb
5 GigaZ
2 TerazZ

I 6 TeraZ

 today 2030s 2040s 2050s

2040s : experimental precision below 1%

Theory improvements needed by a factor 10

Phys. Rev. D 109, 112006 (2024)
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FCNC : b—s T

Invariant BO mass with sel solutions and natural number of event
PV (3.0pm, 0.0238m, 3.0pm) & SV & TV (20.0pm, 3.0pm)
140 Probability to identify a 7" = 0.80
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Take home messages

* Flavour physics is a very diversified field with
 unique & wide-range sensitivity to physics beyond the SM
* arich program of small/middle/large size experiments

* For B/D/t physics:
* major improvements with the full exploitation of the available facilities up to 2040s: importance
of LHCb-UIl and Belle-Il (nice complementarity between LHCb,ATLAS/CMS and Belle-II)
« For 2050s perspective what matters is the number of Z° and having detector(s) Heavy Flavour

compliant
* 5107 Z%is not enough to be competitive
« FCCee with 6 10'2Z° (or more!) would have a major impact

+ Support needed for theory : precision on SM predictions should also be improved to match the
expected experimental precisions
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The Flavour Physics Working Group

Gino lsidori Andreas Juttner

(co-Convenor)

Patrick Koppenburg

1N

Justine Serrano  Marie-Héléne Schune
(co-Convenor)

Radoslav Marchevski Angela Papa - M;ia Laura Piséopo Guillaume Pignol
(ECR Scientific Sec.)
Many thanks to
«  Gudrun Hiller, Zoltan Ligeti, Olcyr Sumensari & Jordy De Vries for their inspiring talks of the Open
meeting of the Flavour community in view of the ESPPU and all those who attended it !

* Lukas Allwicher & Martino Borsato for helps on numerical analysis
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https://indico.cern.ch/event/1545058/
https://indico.cern.ch/event/1545058/

ﬂow energy’/high intensity, dedicated experiments

21 Search for the electric dipole moment of the neutron with the n2EDM
experiment

74 Charged Lepton Flavour Violations searches with muons: present and future
75 Future perspectives for $\mu \to e \gamma$ searches

115 PIONEER: a next generation rare pion decay experiment

134 PSI European Strategy Input

151 Neutrino_muon beam facility at CERN

158 Community input to the European Strategy on particle physics: Searches for
Permanent Electric Dipole Moments

190 Particle physics at the ESS + update

218 COMET ---An Experiment to Search for Muon-to-Electron Conversion in

Quclear Field at J-PARC---

™

/

( _ _ )
Dedicated K physics
55 Kaon Physics: A Cornerstone for Future Discoveries
\1 55 Experimental Study of Rare Kaon Decays at J-PARC with KOTO and KOTO II)

29 Strategy for the Future of Lattice QCD
130 Simplified Models Expose the Interplay of Direct and Indirect Searches
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(Multi-purpose experiments based on upgrade)

81 LHCb-U2

205 The Belle Il Experiment at SuperKEKB

223 Projections for Key Measurements in Heavy Flavour
Physics

_J

/ New multi-purpose experiments \

140 A Linear Collider Vision for the Future of Particle Physics
141 The ECFA Higgs/Electroweak/Top Factory Study

165 A Possible Future Use of the LHC Tunnel

174 Phase-One LHeC

188 LEP3: A High-Luminosity e+e_ Higgs & Electroweak
Factory in the LHC Tunnel

196 Prospects in flavour physics at the FCC

207 The Muon Collider

214 The Large Hadron electron Collider (LHeC) as a bridge
project for CERN

227 Prospects for physics at FCC-hh

231 Super Tau Charm factory

233 FCC Integrated Programme Stage 1: The FCC-ee

241 The FCC integrated programme: a physics manifesto
247 FCC Integrated Programme Stage 2: The FCC-hh /
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Meetings :

3 large working group meetings with physics discussion

« 6 organisational / informal meetings

one open meeting community meeting :

15:30

15:50

15:50

15:55

15:55

16:15

16:15

16:20

16:20

16:40

16:40

16:45

16:45

16:55

16:55

17:15

17:15

17:20

17:20

17:40

17:40

17:45

17:45

18:15

Friday 6 June

Introduction

Contribution | Speakers: Gino Isidori, Marie-Helene Schune

Questions
Break

EDMs and other low-energy probes
Contribution | Speaker: Jordy de Vries

Questions
Break

Rare decays and CPV in charm
Contribution | Speaker: Gudrun Hiller

Questions
Break

Short break

Break

LFV, LFU and combined fits

Contribution | Speaker: Olcyr Sumensari

Questions
Break

Rare decays and CKM
Contribution | Speaker: Zoltan Ligeti

Questions
Break

Discussion
Contribution

Practically

& Zoom Workplace Réunion Afficher Modifier Fenétre Aide. » @ % X 4 © @ = 3 B > ® Q - Ven.6jun 15:55

© - Envegistrement... | Afficher ¥

Keisho Hidaka

Keisho Hidaka

- A
Andrzej Buras A 1 Michele Selvaggi

Andrzej Buras Guillaume Pignol Robert Fleischer Michele Selvaggi

Akimasa ISHIKAWA (K... Andreas Juttner Marco Fedele Michel Bertemes

Akimasa ISHIKAWA (KEK) n er farco Fedele ur ichel

Nazila Mahmoudi L vcroom

Nazila Mahmoudi

@~

123 participants

Briefing book writing 2-days in person + Zoom
writing : 9-10t of July
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13:00

14:00

15:00

All details in parallel session talks !

Large scale facilities

Large scale facilities

Channel(s)- specific
experiments
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A diverse eco-system of experiments

p—e

Different sizes

Small size dedicated experiments (charged LFV, EDMs)
Medium size experiments focussing on a type of particle (K/m physics)

Large experiments 100% focussed (or not!) on Flavour physics
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EDMs & cLFV : a clear roadmap for the next 10 years

E 1014

H ey MEGI 6 x 0= experiments
PSI '

Shut-Down

Mu3e Mu3e
—15 =16

COMET Phase-I 3 x 10~15 | COMET Phase 0(10~17)
UN - eN _
wuzer (on 1) B o RBEIRGNE 00

2020 2025 2030 2035

HEDM: FNAL, PSI, JPARC 2 %1072 ecmn 4 x1072%! ecm 6 % 10-2° ecm

NEDM: n2EDM, panEDM, LANL, TUCAN M
proton EDM 1x1072° ecm

Hadronic EDMs Hg, TIF, Xe, Yb
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EDMs : a clear roadmap for the next 10 years

2020 2025 2030 2035

HEDM: FNAL, PSI, JPARC 2% 10720 ecm 4%x107%1 ecm 6 X 10723 ecm

nEDM: n2EDM, panEDM, LANL, TUCAN m

7 proton EDM 1x107%° ecm

nEDM Charged particles EDM
* atthe heart of European research : historically, now « eEDM : 'table top ' experiments . A full variety of
and future (ILL, PSI, ESS) experimental techniques developing
* in the next 10 years : sensitivity will improved by « pEDM : complement nEDM.
x10 « uEDM : synergies with muon collider in the long
* Longer term : larger scale experiments term

» Access to intense neutron sources

Also at colliders : 7 and baryons EDM
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~x3 (charged modes)

involving t and v)

~x2.5 (charged modes)

~x2.2 (neutrals, B decays ~x2.2 (neutrals, B decays

involving T and v)

/

Now

N

2030s Flavour WG

2040s

6 TeraZ

~ x10 (B decays involving t and v)
~ x 4 (B involving neutrals)

~ x10 (t decays)

Charged modes: depends...

pNY
2050s
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An excellent detector

Submission

0 %0+ — e . . ID196

BR(B® » K*°t"17) sensitivity crucially depend on the separation of

the vertices. The lighter detector (and beam pipe) , the better !

Precision of BF measurement as function of the resolution
0641 ® SVand TV longitudinal smearing : 20 ym
T+
T

L]
%  IDEA baseline < FCC
*  50% reduced material budget in VXD layers
B -:- 30% better SH resolution

N, = 6x 1012
L]
0.51 ¢ 50% reduced material budget in VXD layers and BP
) T
0.4
=
g‘ 30- * Evidence (30)
_________________________________ R i e
0.3

0.21

SV and TV transverse smearing in pum
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By =2 J/Psi Ks

B and ¢

sin 2 [deq] prec.

100 -

10~ -

LHC

FCC-ee

Belle Il
SM

B, > J/Psi ¢

101 g

today 2030s 2040s 2050s

e
o - - . . S S -

¢s [mrad] prec.
® LHC
® FCC-ee
-==- SM
®

SU(3) limit

today 2030s 2040s 2050s

¢s(Bs— ¢¢) [mrad]

10! g

100 == m -

‘.
4

® LHC
® FCC-ee
‘ o ey e SM
] @

today 2030s 2040s 2050s

~_ _—
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Penguins dominated
BSM sensitive
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0.5 A

0.4 4

0.3 1

0.24

0.1+

0.0

Radiative decays (b—sy

uncertainty on AP(B% - K™ %e*e ")

ESPP2026, preliminary

=== Current Th uncertainty

Belle-Il

| HCb
B 6 TeraZ

510° Z°

Current
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Precision improvements will come from LHCb
and Belle Il on complementary observables.

< AP(BO - Ke*e, very low g?)

z u H Belell

e A LHCb

E‘ 1270
q>) 2x10*“Z
C Vv 6x10122°
Q

» [

£

X 107y A

T |

o

Q
IS A

<

s

S R SMunc
€ A

.

§ v
=) Current 2030s 2040s 2050s

Time Period

A further leap will be possible from
measurements at future e*e~ colliders the Z° .

Theoretical uncertainty might become the real
limit on some observables.

Im(C7/C7)

—0.50 1

—0.75 1

—-1.00

Im(C7/Cr)

1.00

0.75

0.50 4

0.25 1

—0.75

flavio 26

—1.00

0.0 0.5

0.4

Constraints at 20

B — K*%¢te~ (LHCD)
B® — K*%¢*e™ (Belle)

B® — K,‘;)WU"/

BY — ¢y
Ay = Ay
Global 2032

2030s

Constraints at 20

B(B = Xs7)

B° — K*%¢te~ (LHCb)
B° — K*%¢te~ (Belle)
B — Kgro'y

B — ¢y

Ay = Ay

Global Current

Z00OM

Constraints at 20

BO s K%+~ (LHCb)
B® — K*%¢te~ (Belle)
B® — K3r% Belle II
Bi= 7 pucp

Ay = Ay

Global 2042



Fully leptonic decays (B—2v)

* New possibility will be opened for LFU tests also in b=>u charged current decays

B(B* —=1%v)

by high statistics samples of leptonic decays to be collected at Belle Il.
- Will complement b—> ¢ tests with sensitivity to different coupling.

|+

b

The ratio B(B*=>1*v)/B(B*™2>u*v)
will be determined with a precision
Ve below ~10%.

101.

Rel. uncertainty on B(B* =1 % v;)(%)

* Future e*e colliders can improve further in tau modes (with hadronic
decays), and probably also in muon modes. 100

W BellellB(B* »t*v,)
Belle Il B(B* »u*v,)

2 x1012Z%8(B+ » 1+ v,)

—4— 6x1012Z°B(B* -1t vy)

O
]
ESPP26, preliminary
Current 2030s 2040s 2050s
Time Period

* Leptonic decay of charged B, meson B.*=>t*v, can be observed for the first time at e*e~colliders .
- Since f(b>B;) is unknown, B(B.*>1*v,) with ~3% precision can be derived from the ratio to B,*>J/yp*v, (thatwill be known

at ~2%, using LQCD).

« B(B*>1"v,) and B(B.,*>1"Vv,) will play a prominent role in constraining the allowed parameter space in models with

Higgs doublets and in specific leptoquark scenarios.
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