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Probing the next scale

The standard model is incomplete.
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Flavour physics to access higher E 10°
scales than those directly reachable g ¢

at current or futures colliders to z 10
search for UV extension. 2 1ot
. % 10°
Systematic approach to probe many = ..
redundant observables and look for 10°
emerging patterns that signal LH

unexpected physics.

Name of the game Is precision
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Boosting the reach

KEKB (1999-2010) = SuperKEKB (2019-present).
Energy-asymmetric ete- collisions at the Y(4S)

Unprecedented luminosity, 5.1x1034 cm-2 s-1 world record last December.

Belle () hermetic detector,

ideal for missing-energy final states.
Excellent vertexing and tracking.
Good PID and neutrals.

Belle Il looks like “old” Belle, but
effectively a brand new instrument:
has better or same performance
within an harsher environment

About 800M BB pairs on tape for Belle.

Belle Il roughly half, with higher quality.




Performance

Net effect of better vertexing (PXD)

and greatly-reduced size of the
SuperKEKB interaction region
(nano-beam scheme).
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A diversified SICS program
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A diversified physics program
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Strengthening the unitarity test

Quarks change flavour exchanging W bosons: the couplings are
elements of a unitary matrix in the SM (Cabibbo-Kobayashi-Maskawa)

Unitarity represented by a triangle =o.
iINn a complex plane: angles must
sum to 180 degrees.

Angle a (aka ¢1) the least known.

SedishbiumupREInY

Determined with a global analysis
of CP asymmetries and BR

of charmless decays

B = p*p—, p*pY% popO°

B — rttrt—, ittt oo

related by isospin symmetry, Unique opportunity for Belle Il
to suppress hadronic unknowns. to efficiently access all final states



B-factory 101

Threshold B production from

point-like colliding particles, | o (beam energy § | BB background

BB background N

ete = Y(4S) = BB: _
kinematic well constrained. |

The asymmetric collision
gives the boost to measure 03 02 01 04,01 02 03
the displacement (decay- M =/s/4-p;" OV AE = By — /512 (Y
time difference, At) and tag

the flavour.

4

L 826 528 5.3




Charmless decay challenges

25 |

Fully-hadronic final state with
high-momentum light mesons.
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Need to fight against
“continuum” production.

Background O(109)
larger than signal.

o (e'e” = Hadrons)(nb)
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Exploit discriminating event topology:
continuum features a jet-like
structure, while B decays
iIsotropically at rest.

Boost event-classification with

machine learning algorithms (BDT, NNet).
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BO —) ]-[O]-[O [arXiv:2412.14260]
' > 35;‘ Belle Il preliminary > 350 Belle Il preliminary —

Oyl prolereinite 3T Btag 1 fn Btag
identify the signal. gzw 120 signal |

. s candidates| 3
Continuum suppressed §°0 kS
with dedicated BDT. "N
Tag the flavour to measure 3 | :

the CP asymmetry.
Extract signal from a 4D fit

(Mbc, AE, BDT, tag-quality).

BR = (1.25 + 0.23) x10-6
Ace = (0.03 + 0.30)

Compatible with and better
than previous results.

Large impact on a from B— 11T
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https://arxiv.org/pdf/2412.14260
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[arXiv:2412.19624]

Effectively like three decays, according
to allowed angular momenta between
0’s (vector mesons). Need the fraction
of longitudinally polarised decays:

fit distributions of decay angles.

Suppress continuum with NNet and tag
the flavour to measure the CP
asymmetries as a function of At

Acp = —-0.26 + 0.21
Scp=-0.02 +0.13
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Obtain a 10% improvement on a when
iIncluding these results:
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https://arxiv.org/pdf/2412.19624

Measuring the sides...

C~
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Intermezzo: dealing with missing energy

Belle 1l [rdt=189fb1

Energy of the B meson well known, —
missing the momentum direction. 20.0] mm True D" background

B°-»D"*te "V,

- @M Fake D background
. § Data
[ w22z MC unc.
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When missing only a neutrino
can approximate the kinematic |
with enough resolution. sof

10.0

103 entries / bin

PRD 108 (2023) 092013

Otherwise, measure the missing .
energy by reconstructing the
accompanying B momentum,
so-called B-tagging.

Hadronic decays feature the
best information, but eff|C|enC|es
are typically lower than 1% — :

even exploiting machine learning
[Comp. Soft. Big Sci 3, 6 (2019)]



https://doi.org/10.1007/s41781-019-0021-8
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013

Measuring the sides... at Belle (ll)

New exclusive measurement (tagged) form Belle exploiting full
differential information from B—D*lv decays for the first time
Veo| = (41.0 £ 0.7) x10-8  [pRL 133 (2024) 131801]
R —— ———— R
Compatible with inclusive (on the right path{to resolve the tension?)

. — 4.8
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B—r1ilv > 49

Vie| = (3.73 + 0.16) x10-2

Inclusive

Vub| = (3.19 + 0.33) x10-8.34 Exclusive
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Pion modes reduce the
tension, large uncertainty v v n % ”

with p. Theory inputs key. rarXiv:2407.17403] Vel [107] 44



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.131801
https://arxiv.org/abs/2407.17403

Evidenceof B— TV

no residual energy in the calorimeter.
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Evidenceof B— TV

[in preparation]
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Testing accidental SM symmetries

04 ——

A F% L bomtours
In the SM, W boson couples 2 6% CL bom
equally to all leptons. Evidence  oss
for a consistent pattern: larger | :

coupling for tau measured with

BB - D7)

R (D(*)) =
B — D¢y

305_ Belle Il Preliminary D*—D’z* —e— Data
— i t = 189.3 fb"! B D*rv . ' '
5 Ll iaTmt L B Hadronic-tagoed analysis provides
- . b l(r)'v e .
S 20f ’ — iy comparable precision to equivalent
@ - [ ] Other BG '
: il L] tuncr Belle result with 1/4 the sample
N pueliug ‘

— R(D*) = 0.26 + 0.047007
D=:_ 0 e . ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, < W I / :

—2F -

0O 02 04 06 08 1 12 14 16 1.8 2 [PRD 110 (2024) 072020]

Residual energy in the calorimeter [GeV]


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.072020

[in preparation]

SearchforB— K*TT

[PRL 120 (2018) 181802]

Change flavours but not charge: "l |
very suppressed in the SM. g |
Models accommodating R(D*) of | m e
anomaly predict a large 5 | oo
enhancement. / B Brigeapm
| |
Belle Il: search combining 4 categories é‘_/ _
A 1.2 1.3 1.4 1.

1

depending on tau decays (lepton- e
lepton, lepton-pion, pion-pion, rho-X)

10*

Br

o

5

. _ Bell‘evlllp‘réli‘mir‘la‘ry - + 'l;?;ta‘K*o o
: C : | [cdt—365 b T
BDT using missing energy, residual 0] éffc‘;tegory S
energy, invariant mass of the tau pair, ... h S
No signal found. ER |
s 75: G
50 | Cece oo
BF < 1.8 x1023 @ 90% CL »
R ——— ) ol . : . .
Limit twice improved over Belle. Ei?-— S


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.120.181802

SearchforB— Kst/

arXiv:2412.16470]

Violates charge-lepton number
conservation: forbidden in the SM. Again,
model accommodating R(D*) anomaly
predicts rates close to current
experimental sensitivity

Combined Belle+Belle Il sample to boost
sensitivity. Hadronic tag and use recoiling
mass as discriminating variable.

No signal found, upper limit @90% CL

B’— Kive*
- Belle+Belle Il preliminary —— Data
g f Ldt = 7114365 fb"’ — (S3_|0ba|| fit
i _oa.on DB @ igna
FNyg=-29=20 Background

-------------------------------------------------------------
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https://arxiv.org/abs/2412.16470

Not only beauty

List of recent results from charm and others (but tau and
dark sector that are in Stefan talk)
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Summary

Flavour physics is a powerful probe for
pursuing physics beyond the SM and
informing direct searches at energy frontier.

SuperKEKB and Belle Il are pushing the
intensity frontier to uncharted
territories. Proving to be challenging.

Unique results. Improving unitarity tests of
quark-mixing matrix, efficiently accessing
all final states, including with neutrals.
Dealing with missing energy, putting
stringent limits for model buildings

Belle Il results with smaller current data set
than Belle. Yet, comparable or better.
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Evidence for B— Kwv

» Theoretically clean and third generation R S B -

sensitive b->sll transition 3000 . .
* Inclusive tag developed that exploits topology 3 oo - B
* 8% efficiency 3 2000 N B*B
.'6 Il Continuum
~ -\ _— E; { Data
qaq B(—»Kvv)B BB O 1000 :
\ 4
\ R - | 0
-\ Y ~ X :‘:, (5) .....
- A C : : :
70 4 8 241 4 8 251 4 8 251 4 8 25
* Fitto invariant mass of neutrinos (g?) and 2. [GeV2/c!]
classifier
* Checked and combined with lower efficiency Evidence @ 3.50
hadronic B tag Tension with SM prediction of
B(B* -» K*vv) = (2.3 £ 0.5(stat) 13 (syst)) x 10~° 0.6x105 @ 2.70
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