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THE BEAUTY IN THE RARE
G. DE MARINO (IJS) - 2025 PHYSICS WEEK

• FCNC: suppressed in the SM, good probes of NP 

• Anomalies ⇔ Final states with  ⇔ missing energy τ, ν(τ)
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 - Alterations of SM couplings 
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☞ Talks from  Wofgang, Davide 

SM tests Null tests

☞ More details on Wednesday (Elisa)

https://indico.belle2.org/event/14981/contributions/98652/
https://indico.belle2.org/event/14981/contributions/98653/
https://indico.belle2.org/event/14981/contributions/98666/
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B-FACTORIES, BELLE (II)
G. DE MARINO (IJS) - 2025 PHYSICS WEEK

Υ(𝗇𝖲) :𝟣𝟫 𝖿𝖻−𝟣

Υ(𝟦𝖲) : (𝟥𝟨𝟧+𝟣𝟤𝟧) 𝖿𝖻−𝟣

𝗈𝖿𝖿− :𝟧𝟫 𝖿𝖻−𝟣

Υ(𝗇𝖲) : 𝟣𝟧𝟧 𝖿𝖻−𝟣

Υ(𝟦𝖲) : 𝟩𝟣𝟣 𝖿𝖻−𝟣

𝗈𝖿𝖿− : 𝟫𝟢 𝖿𝖻−𝟣

1. Threshold  production 
→ Two ’s and nothing else 

2.  Relatively low -background 
→ Can be calibrated in OFF-res. data 
→ Suppressed with shape info

BB
𝖡

𝗊𝗊̄

𝗋 = #(𝗆𝗎𝗅𝗍𝗂𝗁𝖺𝖽𝗋𝗈𝗇)/#(𝖡𝗁𝖺𝖻𝗁𝖺)

ON

OFF ≡ continuum

3.  Known initial kinematics  
+ almost-4𝝅 detector coverage 
→ reconstruct final states with 𝜈’s

𝖤𝖼𝗆 − 𝖬𝖿𝗂𝗍
Υ(𝟦𝖲) [𝖬𝖾𝖵]
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B-TAGGING FOR MISSING ENERGY
G. DE MARINO (IJS) - 2025 PHYSICS WEEK

INCLUSIVE
𝖡+

𝗌𝗂𝗀 𝖡−
𝗍𝖺𝗀Υ(4S)

𝖪+

ν

Used for 
- Background filtering 
- Partial kinematic info

𝒪(𝟣𝟢 − 𝟣𝟢𝟢%)@ ≤ 𝟣 % 𝗉𝗎𝗋𝗂𝗍𝗒

• Can maximise sensitivity for decays with specific signatures  
(e.g. one signal track) 

• Uses global properties of the Rest Of Event  
(≡ Btag + spurious objects) 
- kinematics, topology, final state composition

☞ Talk tomorrow (Sasha)

ν̄

= 𝗌 /𝟤 − 𝖤*𝖡𝗍𝖺𝗀

PRD 109, 112006 (2024)

ITA

γ
π𝟢γ

γ γ

π+

𝖯𝗎𝗋𝗂𝗍𝗒

𝖤𝖿
𝖿𝗂𝖼

𝗂𝖾
𝗇𝖼

𝗒

https://indico.belle2.org/event/14981/contributions/98656/
https://arxiv.org/abs/2311.14647.pdf
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B-TAGGING FOR MISSING ENERGY
G. DE MARINO (IJS) - 2025 PHYSICS WEEK

INCLUSIVE

SEMILEPTONIC
EXCLUSIVE 𝒪(𝟤.𝟢%)@𝟧 % 𝗉𝗎𝗋𝗂𝗍𝗒

𝖡𝟢
𝗌𝗂𝗀 𝖡𝟢

𝗍𝖺𝗀Υ(4S)
ντ

𝖣*−

𝖣+

ℓ+

νℓτ+
νℓν̄τ

PRL 124, 161803 (2020)

Used for 
- Background filtering 
- Partial kinematic info 
- Flavour info

γ
π𝟢γ

γ γ

π+

 → Sum of the energy deposits in the calorimeter  
that cannot be associated with the  
reconstructed daughters of the  or the 

EECL

𝖡𝗍𝖺𝗀 𝖡𝗌𝗂𝗀

Signal events →  
 
Background events → Additional neutral clusters 
from unreconstructed particles 

EECL ∼0

𝒪(𝟣𝟢 − 𝟣𝟢𝟢%)@ ≤ 𝟣 % 𝗉𝗎𝗋𝗂𝗍𝗒

☞ Talk on Thursday (Eldar)

ℓ+ STA𝖯𝗎𝗋𝗂𝗍𝗒

𝖤𝖿
𝖿𝗂𝖼

𝗂𝖾
𝗇𝖼

𝗒

https://arxiv.org/abs/1910.05864
https://indico.belle2.org/event/14981/contributions/98664/
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B-TAGGING FOR MISSING ENERGY
G. DE MARINO (IJS) - 2025 PHYSICS WEEK ☞ Talk tomorrow (Karim)

𝖯𝗎𝗋𝗂𝗍𝗒

𝖤𝖿
𝖿𝗂𝖼

𝗂𝖾
𝗇𝖼

𝗒

INCLUSIVE

SEMILEPTONIC

HADRONIC

EXCLUSIVE

EXCLUSIVE

𝒪(𝟤.𝟢%)@𝟧 % 𝗉𝗎𝗋𝗂𝗍𝗒

𝒪(𝟢.𝟧%)@𝟣𝟢 % 𝗉𝗎𝗋𝗂𝗍𝗒

𝖬𝗋𝖾𝖼𝗈𝗂𝗅 = [𝗆𝟤
𝖡 + 𝗆𝟤

𝖪ℓ − 𝟤(𝖤*𝖻𝖾𝖺𝗆𝖤*𝖪ℓ + | ⃗𝗉*𝖡𝗍𝖺𝗀
| | ⃗𝗉*𝖪ℓ |cos θ)]

𝟣/𝟤

Υ(4S)
τ−

μ+

𝖪+

𝖣𝟢

π−

π𝟢

ℓ−

ν̄ℓντ

PRL 130, 181803 (2023)

Used for 
- Background filtering 
- Flavour info 
- Full kinematic info

𝖡+
𝗌𝗂𝗀 𝖡−

𝗍𝖺𝗀

𝒪(𝟣𝟢 − 𝟣𝟢𝟢%)@ ≤ 𝟣 % 𝗉𝗎𝗋𝗂𝗍𝗒

The reconstruction of the  allows to know the 3-momentum  

of the  on an event-by-event basis with excellent resolution

𝖡𝗍𝖺𝗀

𝖡𝗍𝖺𝗀

= 𝗌/𝟦−𝗉*𝟤
𝖡𝗍𝖺𝗀

HTA

γ
π𝟢γ

γ γ

π+

https://indico.belle2.org/event/14981/contributions/98655/
https://arxiv.org/abs/2212.03634


b➟s𝛎𝛎̄



8G. DE MARINO (IJS) - 2025 PHYSICS WEEK

• Belle II showed the first evidence of  decays using 
hadronic and inclusive B-tagged samples PRD 109, 112006 (2024) 

𝖡+ → 𝖪+νν̄

(𝟤.𝟩 ± 𝟢.𝟩) × 𝟣𝟢−𝟧 (inclusive)

(𝟣.𝟣+𝟣.𝟤
−𝟣.𝟢) × 𝟣𝟢−𝟧 (hadronic)

(𝟤.𝟥 ± 𝟢.𝟩) × 𝟣𝟢−𝟧 (combined)  from background-only hypothesis 
  from SM-exp

𝟥.𝟧 σ
𝟤.𝟩 σ

☞ Talks on Wednesday (Olcyr, Martin, Michael)

Important to corroborate the 2023 result 
- More data  
(ITA: stat~syst, with some syst being statistical in nature) 
- Clarify the  
- Additional tagging approaches 
 (uncertainty STA~ITA)

𝖪*𝟢νν̄

 SEARCHB→K(*)νν̄

https://arxiv.org/abs/2311.14647.pdf
https://indico.belle2.org/event/14981/contributions/98596/
https://indico.belle2.org/event/14981/contributions/98594/
https://indico.belle2.org/event/14981/contributions/98595/
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𝐵 → 𝑋𝑠𝜈 ҧ𝜈

22

● 365 𝑓𝑏−1 on-resonance data is used for this analysis

● Hadronic tagging method is used

● 30 decay modes are reconstructed for the sum of exclusive method

𝑒− 𝑒+
Υ(4𝑆)

𝐵𝑠𝑖𝑔

𝑋𝑠

ҧ𝜈

𝜈

𝐵𝑡𝑎𝑔

tag side

reconstructed
signal side

 It covers ~93% of entire 𝑋𝑠𝜈 ҧ𝜈 decay based on Monte Carlo sample, 
with assuming 𝐾0 equally decays into 𝐾𝑆

0 or 𝐾𝐿
0 

Υ(4S)
ν

ν̄
𝖣

π
π𝟢𝖷𝗌

𝖡𝗌𝗂𝗀 𝖡𝗍𝖺𝗀

•  [1]  
- Theoretically clean and complementary to exclusive searches) [2]   

• Only measurement from ALEPH   [3]   
• Only possible at e+e- experiments

ℬ𝖲𝖬(𝖡→𝖷𝗌νν̄) = (𝟤.𝟫 ± 𝟢.𝟥) × 𝟣𝟢−𝟧

ℬ𝖴𝖫 < 𝟨.𝟦 × 𝟣𝟢−𝟦

𝟥𝟨𝟧 𝖿𝖻−𝟣

𝖤𝖤𝖢𝖫 (𝖦𝖾𝖵) 𝖤𝖤𝖢𝖫 (𝖦𝖾𝖵)

• Multivariate analysis (BDT) for background suppression ↦ output  

• Calibrate simulations and obtain systematic uncertainties with 
 - Off-resonance data          ↦  backgrounds 
 -      ↦ BDT efficiency and feature validation 
 -  and   sidebands    ↦  background normalisation (syst. unc.)

𝒪

𝗊𝗊̄ (𝗊=𝗎, 𝖽, 𝗌, 𝖼)
𝖡→𝖷𝗌𝖩/ψ(→μ+ μ−)
𝓞 𝖬𝖻𝖼 𝖡𝖡̄

𝖯𝗋𝖾𝗅𝗂𝗆𝗂𝗇𝖺𝗋𝗒, 𝗉𝖺𝗉𝖾𝗋 𝗂𝗇 𝗉𝗋𝖾𝗉𝖺𝗋𝖺𝗍𝗂𝗈𝗇
 SEARCHB→Xsνν̄

With sum-of-exclusive method 

Full reconstruction in hadronic modes

30 exclusive decay modes

[1] JHEP02(2015)184 
[2] JHEP12(2021)118 
[3] EPJC 19,2130227(2001)

𝖡→𝖷𝗌𝖩/ψ 𝖽𝖺𝗍𝖺

https://link.springer.com/article/10.1007/JHEP02(2015)184
https://link.springer.com/article/10.1007/JHEP12(2021)118
https://arxiv.org/abs/hep-ex/0010022
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 SEARCHB→Xsνν̄
G. DE MARINO (IJS) - 2025 PHYSICS WEEK

𝟥𝟨𝟧 𝖿𝖻−𝟣
𝖯𝗋𝖾𝗅𝗂𝗆𝗂𝗇𝖺𝗋𝗒, 𝗉𝖺𝗉𝖾𝗋 𝗂𝗇 𝗉𝗋𝖾𝗉𝖺𝗋𝖺𝗍𝗂𝗈𝗇

4

TABLE I: Summary of dominant systematic uncertainties and
the total contribution from subdominant uncertainties on the
B(B → Xsωω̄) in the entire MXs range. The impact on the
branching fraction uncertainty εB from each source is esti-
mated by fixing the corresponding nuisance parameter in the
minimization procedure and subtracting its uncertainty in
quadrature from the total uncertainty. Due to correlations
among sources, the quadrature sum of individual systematic
uncertainties does not equal the total systematic uncertainty.

Source Impact on εB [10→5]

MC statistics 6.4

Background normalization 6.2

Branching ratio of major B meson decay 2.4

Non-resonant Xsωω̄ generation point 2.3

O selection e!ciency 2.3

Photon multiplicity correction 2.0

qq̄ background e!ciency 1.9

Other subdominant contributions 2.9

Total systematic sources 12.3

tics of the background MC sample. A systematic uncer-301

tainty of ±20% is assigned to the background normal-302

ization in each M reco
Xs

region: M reco
Xs

< 0.6GeV/c2, 0.6 <303

M reco
Xs

< 1.0GeV/c2, and 1.0 < M reco
Xs

< 2.0GeV/c2. This304

uncertainty is estimated from the ratio between data and305

MC samples in the M tag
bc and O sideband regions, where306

the maximum observed deviation is 15%. To estimate the307

systematic uncertainty of the photon multiplicity correc-308

tion factor, we compare the photon multiplicity distri-309

butions in data and MC sample with B0
tag-X

±
su candi-310

dates. ±100% of the residual di!erence is assigned as311

the systematic uncertainty. The mass point at which the312

non-resonant B → Xsωω̄ sample starts to populate is313

set to be MXs = 1.1GeV/c2. We assign a systematic314

uncertainty of ±0.1GeV/c2 to this mass point, which is315

conservatively estimated from the MXs distribution of316

B → Xsε decays [21]. Uncertainties on the branching317

fraction of the leading B meson decay [28] are also in-318

cluded as a systematic uncertainty. The full list of other319

subdominant contributions about the systematic uncer-320

tainties is included in the Supplemental Material [30].321

The distribution of the bin index after the fit is shown322

in Fig. 2. The results of branching fractions are summa-323

rized in Table II. The observed signal yield is not signif-324

icant, and upper limits (ULs) of the branching ratio are325

determined by CLs method [40]. CLs values are shown326

in the Supplemental Material [30]. The central value of327

B(B → Kωω̄) is [0.5+0.9
→0.8(stat)

+0.9
→0.8(syst)] ↑ 10→5, consis-328

tent with the value [1.1+0.9
→0.8(stat)

+0.8
→0.5(syst)] ↑ 10→5 ob-329

tained in the dedicated B+
→ K+ωω̄ analysis [6].330

After unveiling, a bug in the single-candidate selection331

procedure was discovered and corrected. This correction332

resulted in a 2.6% change in the expected upper limit333

from the MC sample and a 0.6% change in the observed334

FIG. 2: The bin index distribution after the fit, for data
and histogram templates. The background templates are
separated into 6 categories: charged B meson decay, neu-
tral B meson decay, and four types of e+e→ → qq̄ back-
ground (q = u, d, s, c).

TABLE II: E!ciencies (ϑ), signal yields (Nsig), and
branching-fraction (B) central values and upper limits, where
the subscripts obs and exp indicate observed and expected
values, respectively. The e!ciencies are determined from the
fit, since they depend on nuisance parameters. They are re-
lated by B = Nsig/(2↑NBB ↑ ϑ), where NBB is the number
of BB̄ pairs. The expected upper limit is calculated from MC
with the SM expectation. The first and second uncertainties
are statistical and systematic, respectively. Mmax

Xs
is the mass

of the B meson.

B [10→5]

MXs

[
GeV/c2

]
ϑ Nsig Central value ULobs ULexp

[0, 0.6] 0.26% 10+18
→17

+18
→16 0.5+0.9

→0.8
+0.9
→0.8 2.5 2.4

[0.6, 1.0] 0.12% 37+27
→25

+31
→26 3.8+2.8

→2.6
+3.2
→2.7 10.1 7.3

[1.0,Mmax
Xs

] 0.06% 33+44
→42

+63
→53 7.3+9.6

→9.3
+13.7
→11.5 34.4 27.4

Full range 0.09% 80+61
→59

+92
→78 11.7+8.9

→8.6
+13.3
→11.3 35.7 26.5

upper limit from data.335

In summary, we have searched for B → Xsωω̄ de-336

cay with a hadronic tagging method using 365.4 fb→1 of337

”(4S) and 42.7 fb→1 of o!-resonance data samples col-338

lected by the Belle II experiment. No significant signal339

is observed, and we set the 90% C.L. upper limits on the340

branching ratios 2.5↑ 10→5 for 0.0 < MXs < 0.6GeV/c2,341

1.0 ↑ 10→4 for 0.6 < MXs < 1.0GeV/c2, and 3.5 ↑ 10→4
342

for 1.0GeV/c2 < MXs . We also extract the branching343

fraction for the entire MXs region by adding the branch-344

ing ratio at the three MXs regions. The central value is345

given by346

B(B → Xsωω̄) = [1.2+0.9
→0.9(stat)

+1.3
→1.1(syst)]↑ 10→4,347

I II III

ℬ(𝖡→𝖷𝗌νν̄) < 𝟥.𝟨 × 𝟣𝟢−𝟦 (𝟫𝟢 % 𝖢𝖫)
ℬ(𝖡→𝖷𝗌νν̄) = [𝟣𝟣.𝟨 ±𝟪.𝟫

𝟪.𝟨 (𝗌𝗍𝖺𝗍) ±𝟣𝟥.𝟧
𝟣𝟣.𝟥 (𝗌𝗒𝗌𝗍)] × 𝟣𝟢−𝟧

Most stringent UL on the inclusive rate

2D signal region  plane mapped into a 1D index 

Regions I, II, III are enhanced in  and  modes 
  to  for the signal extraction

𝒪 × 𝖬𝗋𝖾𝖼𝗈
𝖷𝗌

𝖪, 𝖪*(𝟪𝟫𝟤) (𝖪𝗇π)
𝖬𝗋𝖾𝖼𝗈

𝖷𝗌
𝖬𝖷𝗌

(𝗍𝗋𝗎𝖾)

Combined

*Compatible with the hadronically-tagged Belle II 𝖡+ →𝖪+νν̄

• Finite size of the MC samples used for the templates 

• ±20% background normalisation from  and  sidebands 
• Uncertainties on Bsig decay modes 

• Non-resonant  threshold (set at 1.1 GeV/c2)

𝖬𝖻𝖼 𝒪

𝖬𝖷𝗌

mB ]

Preliminary

With sum-of-exclusive method 

☞ Talk on Wednesday (Jack)

*

https://indico.belle2.org/event/14981/contributions/98593/
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B+ →K+X( → invisible)
G. DE MARINO (IJS) - 2025 PHYSICS WEEK 𝖯𝗋𝖾𝗅𝗂𝗆𝗂𝗇𝖺𝗋𝗒, 𝗉𝖺𝗉𝖾𝗋 𝗂𝗇 𝗉𝗋𝖾𝗉𝖺𝗋𝖺𝗍𝗂𝗈𝗇

• Search for B+→{𝜋+, K+,Ds+,𝑝}X and B0→D0X 
X invisible because 
        - it decays outside of detector (X → 𝛾𝛾)  
        - it decays to dark sector (X → 𝝌𝝌) 

• Optimised for the two-body decay kinematics 
• Btag in hadronic decay modes 
• Signal extracted from the fits to the momentum of the hadron in the signal B rest frame 
• Narrow SM resonances are vetoed 
• Limits reinterpreted to several model couplings

☞ Talk on Wednesday (Patrick)

BELLE
𝟩𝟣𝟣 𝖿𝖻−𝟣

4

treated as a non-peaking background. For very rare pro-271

cesses where the branching fraction is below the expected272

sensitivity, a signal-like PDF component is added to the273

fit, corresponding to the standard model particle mass,274

and its yield is allowed to float within ±100% of the275

predicted branching fraction or 2 events, whichever is276

greater. For more common processes with narrow reso-277

nances, such as B+
→ K+D0, events within three times278

the resolution of the peak are vetoed.279

The dominant systematic uncertainty in this search280

arises from the FEI correction factor, which is 2.5% for281

both charged and neutral B mesons. Other sources in-282

clude uncertainties in PID, tracking e!ciency, continuum283

shape corrections, and limited signal MC statistics used284

to derive e!ciencies. For channels involving D+
s and D̄0,285

uncertainties from secondary branching fractions are ac-286

counted for, with an additional uncertainty from ω0 re-287

construction in the D̄0 case. Peaking background yields288

also contribute to the total uncertainty. Statistical un-289

certainties dominate across all five channels, while total290

systematics uncertainties remain below a few percent.291

The branching fraction B(B → hXinv) is extracted di-292

rectly from an extended maximum likelihood fit to the ph293

spectrum. In this framework, the selection e!ciency and294

number of BB pairs are included as nuisance parameters,295

allowing their associated uncertainties to be propagated296

through the fit.297

The local significance for each mass hypothesis is de-298

fined as Slocal =
√

2 · (log Ls+b ↑ log Lb), where L de-299

notes the maximum likelihood under the signal-plus-300

background and background-only hypotheses. Given301

the scan over several hundred mass points per channel,302

the look-elsewhere e”ect [63] is addressed by converting303

Slocal to a global significance Sglobal using the trial factor304

method of Ref. [64].305

The most significant local excess Slocal = 2.95ε is ob-306

served at mXinv = 3.28 GeV/c2 in the B+
→ ω+Xinv,307

corresponding to Sglobal = 0.65ε. Therefore, no signif-308

icant excess is observed. Upper limits at the 90% con-309

fidence level (CL) are set as a function of mXinv using310

the frequentist CLs method [65]. Limits on the branch-311

ing fraction are computed at each mass point, as shown312

in Figure 2. Notably, the limit on B(B+
→ K+Xinv)313

excludes that decay as an explanation for the observed314

excess in B+
→ K+ϑϑ. The observed limits for invisi-315

ble Xinv are mapped onto the ALP-W coupling gaW and316

dark scalar mixing angle ϖ in Figure 3, and provide the317

most stringent constraints on both of these parameters318

for much of the available phase space.319

Searches for long-lived particles that decay via X → ϱϱ320

are motivated by many ALP models [1, 21]. This search’s321

sensitivity to such decays is evaluated by replacing the322

nominal B → hXinv selection e!ciency with one ob-323

tained from the aforementioned signal MC sample con-324

taining B → hX(→ ϱϱ) decays. We stress that this is not325

a dedicated search for X → ϱϱ, nor is any alternative re-326

10�6

10�5

10�4

10�3

B+
! �+X

Belle preliminary�
Ldt 711 fb�1

X! invisible

X! ��:

c�X = 10000 mm

c�X = 1000 mm

c�X = 100 mm

c�X = 1 mm

c�X = 0.01 mm

10�6

10�5

10�4

10�3

B+
! K+X B+

! pX

0 2 4
10�6

10�5

10�4

10�3

10�2
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FIG. 2. Upper limits on the branching fraction B(B → hXinv)
at 90% CL as a function of mXinv . Replacing the invisible
decay assumption with X → ωω yields the coloured limits,
shown for several orders of magnitude of cεX . Mass regions
vetoed for known SM particles are shaded grey.

construction or statistical treatment performed. Instead,327

the X → ϱϱ study serves only to quantify at what life-328

times such decays would mimic the invisible scenario un-329

der the nominal selection. These results are shown as330

the colored lines in Figure 2. The selection e!ciency in-331

creases with the lifetime of X. Since the selection crite-332

ria are designed to reject events with substantial EECL,333

and the decay products of X → ϱϱ are more likely to334

be detected in the ECL for smaller values of cςX , the335

sensitivity is worse at shorter lifetimes. Photons, for a336

given mX and ςX , are the decay products that deposit337

the most energy in the ECL and therefore cause the event338

to fail the EECL requirement. This makes the X → ϱϱ339

limits from this work a conservative estimate for any vis-340

ible final state, such as those theoretically predicted by341

hadronically-decaying ALP scenarios [66, 67].342

In summary, we present a search for invisible particles343

Xinv produced in B+
→ hXinv, h = ω+, K+, p, D+

s , and344

B0
→ D̄0Xinv decays, using the 711 fb→1 Belle dataset.345

No significant excess is observed, and 90% upper limits346

are set on the branching fraction B(B → hXinv) for all347
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treated as a non-peaking background. For very rare pro-271

cesses where the branching fraction is below the expected272

sensitivity, a signal-like PDF component is added to the273

fit, corresponding to the standard model particle mass,274

and its yield is allowed to float within ±100% of the275

predicted branching fraction or 2 events, whichever is276

greater. For more common processes with narrow reso-277

nances, such as B+
→ K+D0, events within three times278

the resolution of the peak are vetoed.279

The dominant systematic uncertainty in this search280

arises from the FEI correction factor, which is 2.5% for281

both charged and neutral B mesons. Other sources in-282

clude uncertainties in PID, tracking e!ciency, continuum283

shape corrections, and limited signal MC statistics used284

to derive e!ciencies. For channels involving D+
s and D̄0,285

uncertainties from secondary branching fractions are ac-286

counted for, with an additional uncertainty from ω0 re-287

construction in the D̄0 case. Peaking background yields288

also contribute to the total uncertainty. Statistical un-289

certainties dominate across all five channels, while total290

systematics uncertainties remain below a few percent.291

The branching fraction B(B → hXinv) is extracted di-292

rectly from an extended maximum likelihood fit to the ph293

spectrum. In this framework, the selection e!ciency and294

number of BB pairs are included as nuisance parameters,295

allowing their associated uncertainties to be propagated296

through the fit.297

The local significance for each mass hypothesis is de-298

fined as Slocal =
√

2 · (log Ls+b ↑ log Lb), where L de-299

notes the maximum likelihood under the signal-plus-300

background and background-only hypotheses. Given301

the scan over several hundred mass points per channel,302

the look-elsewhere e”ect [63] is addressed by converting303

Slocal to a global significance Sglobal using the trial factor304

method of Ref. [64].305

The most significant local excess Slocal = 2.95ε is ob-306

served at mXinv = 3.28 GeV/c2 in the B+
→ ω+Xinv,307

corresponding to Sglobal = 0.65ε. Therefore, no signif-308

icant excess is observed. Upper limits at the 90% con-309

fidence level (CL) are set as a function of mXinv using310

the frequentist CLs method [65]. Limits on the branch-311

ing fraction are computed at each mass point, as shown312

in Figure 2. Notably, the limit on B(B+
→ K+Xinv)313

excludes that decay as an explanation for the observed314

excess in B+
→ K+ϑϑ. The observed limits for invisi-315

ble Xinv are mapped onto the ALP-W coupling gaW and316

dark scalar mixing angle ϖ in Figure 3, and provide the317

most stringent constraints on both of these parameters318

for much of the available phase space.319

Searches for long-lived particles that decay via X → ϱϱ320

are motivated by many ALP models [1, 21]. This search’s321

sensitivity to such decays is evaluated by replacing the322

nominal B → hXinv selection e!ciency with one ob-323

tained from the aforementioned signal MC sample con-324

taining B → hX(→ ϱϱ) decays. We stress that this is not325

a dedicated search for X → ϱϱ, nor is any alternative re-326

10�6

10�5

10�4

10�3

B+
! �+X

Belle preliminary�
Ldt 711 fb�1

X! invisible

X! ��:

c�X = 10000 mm

c�X = 1000 mm

c�X = 100 mm

c�X = 1 mm

c�X = 0.01 mm

10�6

10�5

10�4

10�3

B+
! K+X B+

! pX

0 2 4
10�6

10�5

10�4

10�3

10�2

B+
! D+

s X

0 2 4

B0
! D̄0X

mX [GeV/c2]

90
%

U
L

on
B

(B
!

h
X

)

FIG. 2. Upper limits on the branching fraction B(B → hXinv)
at 90% CL as a function of mXinv . Replacing the invisible
decay assumption with X → ωω yields the coloured limits,
shown for several orders of magnitude of cεX . Mass regions
vetoed for known SM particles are shaded grey.

construction or statistical treatment performed. Instead,327

the X → ϱϱ study serves only to quantify at what life-328

times such decays would mimic the invisible scenario un-329

der the nominal selection. These results are shown as330

the colored lines in Figure 2. The selection e!ciency in-331
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to fail the EECL requirement. This makes the X → ϱϱ339
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the X → ϱϱ study serves only to quantify at what life-328

times such decays would mimic the invisible scenario un-329

der the nominal selection. These results are shown as330

the colored lines in Figure 2. The selection e!ciency in-331

creases with the lifetime of X. Since the selection crite-332

ria are designed to reject events with substantial EECL,333

and the decay products of X → ϱϱ are more likely to334

be detected in the ECL for smaller values of cςX , the335

sensitivity is worse at shorter lifetimes. Photons, for a336

given mX and ςX , are the decay products that deposit337

the most energy in the ECL and therefore cause the event338

to fail the EECL requirement. This makes the X → ϱϱ339
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times such decays would mimic the invisible scenario un-329

der the nominal selection. These results are shown as330

the colored lines in Figure 2. The selection e!ciency in-331

creases with the lifetime of X. Since the selection crite-332

ria are designed to reject events with substantial EECL,333

and the decay products of X → ϱϱ are more likely to334

be detected in the ECL for smaller values of cςX , the335

sensitivity is worse at shorter lifetimes. Photons, for a336

given mX and ςX , are the decay products that deposit337

the most energy in the ECL and therefore cause the event338

to fail the EECL requirement. This makes the X → ϱϱ339

limits from this work a conservative estimate for any vis-340

ible final state, such as those theoretically predicted by341

hadronically-decaying ALP scenarios [66, 67].342
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Xinv produced in B+
→ hXinv, h = ω+, K+, p, D+

s , and344
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→ D̄0Xinv decays, using the 711 fb→1 Belle dataset.345

No significant excess is observed, and 90% upper limits346

are set on the branching fraction B(B → hXinv) for all347
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Figure 2: Distributions of ⌘(BDT) in the SR for the four signal categories. The fit results are shown for the two background
components (BB and qq) and the B0 ! K⇤0⌧+⌧� signal, with a fitted branching fraction of [�0.15± 1.01] ⇥ 10�3. A
B0 ! K⇤0⌧+⌧� signal distribution, scaled assuming a branching fraction of 10�2, is shown as reference. The bottom panel
shows the pull distributions.
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𝖡+
𝗌𝗂𝗀 𝖡−

𝗍𝖺𝗀Υ(4S)
τ𝟣

𝖣𝟢

π−

π𝟢

𝗍𝟣 =ℓ

ντ(νℓ)

ντ(νℓ)

τ𝟤

𝖪+

𝗍𝟤 = ℓ

Strategy

17

• 


• WB result from BaBar: UL at  (90  CL) ;  
searched in leptonic 1-prong  decays exclusively  
[PRL 118 251802 (2017)]


• Target solely leptonic  decays analyzed inclusively: No 
significant gain from  or splitting leptonic modes


• Background-depleted region above  meson mass, 
, provides ~all the sensitivity 

as compared by a BDT-based analysis on the full 
 spectrum 


• Optimize selection on lepton momentum, missing mass 
and signal window of residual calorimeter energy

→SM(B+ − K+τ+τℬ) = (1.49 ± 0.10) × 10ℬ7

2.25 × 10ℬ3 %
τ

τ
τ − ν

D
m(K+ℓℬ) > 1.9 GeV/c2

m(K+ℓℬ)

BELLE
𝟩𝟣𝟣 𝖿𝖻−𝟣 𝟥𝟨𝟧 𝖿𝖻−𝟣

15𝖯𝗋𝖾𝗅𝗂𝗆𝗂𝗇𝖺𝗋𝗒, 𝗉𝖺𝗉𝖾𝗋 𝗂𝗇 𝗉𝗋𝖾𝗉𝖺𝗋𝖺𝗍𝗂𝗈𝗇

Strategy 

• Hadronic B-tagging 
• Focus on leptonic 𝜏 decays and background-depleted region above 

D-mass, m(K+ℓ−) > 1.9 GeV 

• Optimise selection on lepton momentum, missing mass and signal 
window of EECL 

• EECL shape validation in side bands. Residual mismodeling cured by 
fitting the simulation to match data in the control samples and 
extrapolating it into the signal region
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Strategy 

• Hadronic B-tagging 
• Focus on leptonic 𝜏 decays and background-depleted region above 

D-mass, m(K+ℓ−) > 1.9 GeV 

• Optimise selection on lepton momentum, missing mass and signal 
window of EECL 

• EECL shape validation in side bands. Residual mismodeling cured by 
fitting the simulation to match data in the control samples and 
extrapolating it into the signal region

ℬ(𝖡+ →𝖪+ττ) = [𝟥.𝟣𝟥±𝟥.𝟩𝟢
±𝟥.𝟥𝟢] × 𝟣𝟢−𝟦

𝓑(𝗕+ →𝗞+ττ) < 𝟴.𝟳 × 𝟭𝟬−𝟰 (𝟵𝟬 % 𝗖𝗟)

𝖡+
𝗌𝗂𝗀 𝖡−

𝗍𝖺𝗀Υ(4S)
τ𝟣

𝖣𝟢

π−

π𝟢

𝗍𝟣 =ℓ

ντ(νℓ)

ντ(νℓ)

τ𝟤

𝖪+

𝗍𝟤 = ℓ

Combined fit to Belle and Belle II samples

BELLE
𝟩𝟣𝟣 𝖿𝖻−𝟣 𝟥𝟨𝟧 𝖿𝖻−𝟣

𝖯𝗋𝖾𝗅𝗂𝗆𝗂𝗇𝖺𝗋𝗒, 𝗉𝖺𝗉𝖾𝗋 𝗂𝗇 𝗉𝗋𝖾𝗉𝖺𝗋𝖺𝗍𝗂𝗈𝗇

Signal region

19

Residual calorimeter energy [GeV] Residual calorimeter energy [GeV]



b➟sτℓ̄
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CHARGED LEPTON FLAVOR VIOLATION IN B DECAYS
G. DE MARINO (IJS) - 2025 PHYSICS WEEK

• Can occur in the SM via  mixing but highly suppressed ( )ν ∝𝗆𝟤
ν /𝗆𝟤

𝖶

ℓ

ℓ′￼

• NP models explaining B-related tensions can lead to sizeable LFV but must obey the constraints 
from other flavor observables [1602.00881, 1606.00524, 1611.06676,  1806.05689, 2103.16558, 2206.09717, …]

𝖫𝖰

 PLB 848, 138411 (2023)

ℬ(𝖡→𝖪μτ) ∈ [𝟤, 𝟥] × 𝟣𝟢−𝟨

https://arxiv.org/abs/1602.00881
https://arxiv.org/abs/1606.00524
https://arxiv.org/abs/1611.06676
https://arxiv.org/abs/1806.05689
https://arxiv.org/abs/2103.16558
https://arxiv.org/abs/2206.09717
https://arxiv.org/abs/2309.02246.pdf
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Υ(4S)
ℓ

𝖪(*)𝟢

τ

𝖡𝟢
𝗌𝗂𝗀 𝖡𝟢

𝗍𝖺𝗀π

π(𝖪)

ν

𝗍τ = ℓνν̄, π, ρ(𝗇π±, 𝗇 ≤ 𝟥)

𝖬𝗋𝖾𝖼𝗈𝗂𝗅 (𝖦𝖾𝖵/c𝟤)

= 𝖬𝟤
𝖪ℓ + 𝗆𝟤

𝖡 − 𝟤(𝖤𝖪ℓ 𝗌 /𝟤 + p⃗𝖡𝗍𝖺𝗀
⋅ p⃗𝖡𝖪ℓ

)

𝖬𝟤
𝗋𝖾𝖼𝗈𝗂𝗅 = (𝗉𝖾+𝖾− − 𝗉ℓ − 𝗉𝖪 − 𝗉𝖡𝗍𝖺𝗀

)𝟤

•  and  probe different NP mediators  
• Similar analysis strategy for the two modes 

1. Hadronic B-tagging and Belle+Belle II datasets 
   ↦ Signal extraction from fit to the recoil mass 
       Excellent resolution for signal 
       No peaking backgrounds, even for irreducible contributions  
       like 

𝖪𝟢 𝖪*𝟢

𝖡𝟢 →𝖣−
𝗌 (τ−ν̄)𝖪(*)𝟢ℓ+ν

BELLE
𝟩𝟣𝟣 𝖿𝖻−𝟣 𝟥𝟨𝟧 𝖿𝖻−𝟣

  JHEP08(2025)184 
   PRL 135 (2025) 4, 041801

𝖪*𝟢 :
𝖪𝟢

𝖲 :

𝖣+

π−

π𝟢

http://arxiv.org/abs/2505.08418
https://arxiv.org/abs/2412.16470


20

 SEARCHESB0 → K(*)0τℓ
G. DE MARINO (IJS) - 2025 PHYSICS WEEK

•  and  probe different NP mediators  
• Similar analysis strategy for the two modes 

1. Hadronic B-tagging and Belle+Belle II datasets 
   ↦ Signal extraction from fit to the recoil mass 
       Excellent resolution for signal 
       No peaking backgrounds, even for irreducible contributions  
       like 

𝖪𝟢 𝖪*𝟢

𝖡𝟢 →𝖣−
𝗌 (τ−ν̄)𝖪(*)𝟢ℓ+ν

3. Calibration with  
     - Signal PDF 
     - BDT output efficiency

𝖡𝟢 →𝖣+
𝗌 (→ 𝖪𝖲𝖪+/ϕπ+)𝖣(*)−

5

the background is described by an exponential function
with floating yield and shape parameters. We introduce
a scale factor f to account for data-simulation di!erence
on the width from signal simulation. The f ratio, deter-
mined to be 1.04± 0.15, is used as a correction factor for
the width. The value of B(B0

→ D
+
s D

→) is measured to
be (10.1± 1.2)↑ 10→3, consistent with the world-average
value [23] within 2ω, and serves as a closure test of the
entire analysis chain. To validate the BDT performance,
we apply B

0
→ K

0
Sε

±
ϑ
↑ weights to B

0
→ D

+
s D

→ events.
The e”ciency is derived from B

0
→ D

+
s D

→ yields be-
fore and after BDT selection using Mrecoil fits. The
data-simulation e”ciency ratios (RBDT) are 0.93± 0.17,
0.96±0.16, 0.92±0.16, and 0.96±0.18 for the OSµ, SSµ,
OSe, and SSe modes, respectively.
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FIG. 1. Fit to the recoil mass of the Btag and D+
s system for

simulation (upper) and data (lower) with the combined Belle
and Belle II samples.

Figure 2 shows the Mω fits to data for B0
→ K

0
Sε

±
ϑ
↑

decays. There is no significant signal in any of the fit
channels. We translate the number of observed events
Nsig into a branching fraction B using the expression

B =
Nsig

ϖ↑ 2NBB̄ ↑ (1 + f+→/f00)→1
, (2)

where ϖ is the e”ciency after RBDT and RFEI calibra-
tions. The e”ciency also includes the branching fractions
of K0

S , ε , ϱ, ς
0, and the e!ect of B0-B̄0 mixing (i.e. sig-

nal loss in mixed events) in the simulation. In the case
where the true branching fractions are zero, the result-
ing estimates are unbiased. We use NBB̄= 1159 ↑ 106,
which is the total number of BB pairs for the combined
datasets; and f+→/f00 = 1.052±0.031, which is the ratio

of B(#(4S) → B
+
B

→) to B(#(4S) → B
0
B̄

0) [34].
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FIG. 2. The Mω distributions and fits for the combined Belle
and Belle II datasets. The black dots with error bars show the
data, the red dash-dotted curve shows the signal component,
the blue dashed curve shows the background component, and
the purple solid curve shows the global fit.

We obtain ULs on the signal yields using pseudo-
experiments. They are generated using background and
signal PDFs for di!erent values of the signal branching
fractions, performing 10,000 fits for each value. We then
define N

UL
sig at 90% CL as the signal yield for which 10%

of the experiments have fit yields less than the observed
Nsig in data. Systematic uncertainties are included by
smearing the Nsig distribution obtained from the pseudo-
experiments with the fractional systematic uncertainty,
which has an e!ect of less than 1% on the mean Nsig.
The ULs on the branching fractions B

UL are then ob-
tained from N

UL
sig using Eq. 2. Including the e!ect of

B
0-B̄0 mixing in the e”ciency (Eq. 2) ensures ULs cor-

rectly cover the case of zero true branching fractions and
are conservative otherwise. Table I summarizes the e”-
ciency, fit results, and observed ULs at 90% CL for the
four channels. Expected ULs, derived from the no-signal
assumption, are in the range [2.1, 2.2]↑ 10→5.

TABLE I. E!ciencies (ω), signal yields (Nsig) of the data fit,
central value of the branching fractions and the observed BUL

at 90% CL. The first uncertainty of the central value is sta-
tistical and the second is systematic.

B(10→5)

Channels ω(10→4) Nsig Central value UL

B0 → K0
Sε

+µ→ 1.7 ↑1.8± 3.0 ↑1.0± 1.6± 0.2 1.1

B0 → K0
Sε

→µ+ 2.1 2.6± 3.5 1.1± 1.6± 0.3 3.6

B0 → K0
Sε

+e→ 2.0 ↑1.2± 2.4 ↑0.5± 1.1± 0.1 1.5

B0 → K0
Sε

→e+ 2.1 ↑2.9± 2.0 ↑1.2± 0.9± 0.3 0.8

The primary source of systematic uncertainty arises

B0 →D−D+
s B0 →D*−D+

s

Υ(4S)
𝖣+

𝗌
𝖣+

π−

π𝟢𝖣−

𝖡𝟢
𝗌𝗂𝗀 𝖡𝟢

𝗍𝖺𝗀𝖪̄*𝟢 /ϕ
𝖪+/π+

𝖷

𝗍τ = ℓνν̄, π, ρ(𝗇π±, 𝗇 ≤ 𝟥)

Figure 4. BDT distributions in generic MC simulations (stacked histograms), data sidebands
Mω → [1.0, 1.65[↑]1.9, 2.5]GeV/c2 (black points) and signal MC (red histogram) for Belle (left) and
Belle II (right) datasets. The generic MC are corrected for known data/MC mismodelling and
scaled to the data luminosity, and signal MC is scaled to the same area as data. The dashed line
indicates the value of the BDT cut applied. From top to bottom: OSe, SSe, OSµ, SSµ.

– 19 –

2. Background suppression with BDT 
     ↦ Optimisation performed for each final state 
         and separately for Belle and Belle II        
     ↦ Agreement checked in  sidebands𝖬𝗋𝖾𝖼𝗈𝗂𝗅

BELLE
𝟩𝟣𝟣 𝖿𝖻−𝟣 𝟥𝟨𝟧 𝖿𝖻−𝟣

  JHEP08(2025)184 
   PRL 135 (2025) 4, 041801

𝖪*𝟢 :
𝖪𝟢

𝖲 :

http://arxiv.org/abs/2505.08418
https://arxiv.org/abs/2412.16470
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the background is described by an exponential function
with floating yield and shape parameters. We introduce
a scale factor f to account for data-simulation di!erence
on the width from signal simulation. The f ratio, deter-
mined to be 1.04± 0.15, is used as a correction factor for
the width. The value of B(B0

→ D
+
s D

→) is measured to
be (10.1± 1.2)↑ 10→3, consistent with the world-average
value [23] within 2ω, and serves as a closure test of the
entire analysis chain. To validate the BDT performance,
we apply B

0
→ K

0
Sε

±
ϑ
↑ weights to B

0
→ D

+
s D

→ events.
The e”ciency is derived from B

0
→ D

+
s D

→ yields be-
fore and after BDT selection using Mrecoil fits. The
data-simulation e”ciency ratios (RBDT) are 0.93± 0.17,
0.96±0.16, 0.92±0.16, and 0.96±0.18 for the OSµ, SSµ,
OSe, and SSe modes, respectively.
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FIG. 1. Fit to the recoil mass of the Btag and D+
s system for

simulation (upper) and data (lower) with the combined Belle
and Belle II samples.

Figure 2 shows the Mω fits to data for B0
→ K

0
Sε

±
ϑ
↑

decays. There is no significant signal in any of the fit
channels. We translate the number of observed events
Nsig into a branching fraction B using the expression

B =
Nsig

ϖ↑ 2NBB̄ ↑ (1 + f+→/f00)→1
, (2)

where ϖ is the e”ciency after RBDT and RFEI calibra-
tions. The e”ciency also includes the branching fractions
of K0

S , ε , ϱ, ς
0, and the e!ect of B0-B̄0 mixing (i.e. sig-

nal loss in mixed events) in the simulation. In the case
where the true branching fractions are zero, the result-
ing estimates are unbiased. We use NBB̄= 1159 ↑ 106,
which is the total number of BB pairs for the combined
datasets; and f+→/f00 = 1.052±0.031, which is the ratio

of B(#(4S) → B
+
B

→) to B(#(4S) → B
0
B̄

0) [34].
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FIG. 2. The Mω distributions and fits for the combined Belle
and Belle II datasets. The black dots with error bars show the
data, the red dash-dotted curve shows the signal component,
the blue dashed curve shows the background component, and
the purple solid curve shows the global fit.

We obtain ULs on the signal yields using pseudo-
experiments. They are generated using background and
signal PDFs for di!erent values of the signal branching
fractions, performing 10,000 fits for each value. We then
define N

UL
sig at 90% CL as the signal yield for which 10%

of the experiments have fit yields less than the observed
Nsig in data. Systematic uncertainties are included by
smearing the Nsig distribution obtained from the pseudo-
experiments with the fractional systematic uncertainty,
which has an e!ect of less than 1% on the mean Nsig.
The ULs on the branching fractions B

UL are then ob-
tained from N

UL
sig using Eq. 2. Including the e!ect of

B
0-B̄0 mixing in the e”ciency (Eq. 2) ensures ULs cor-

rectly cover the case of zero true branching fractions and
are conservative otherwise. Table I summarizes the e”-
ciency, fit results, and observed ULs at 90% CL for the
four channels. Expected ULs, derived from the no-signal
assumption, are in the range [2.1, 2.2]↑ 10→5.

TABLE I. E!ciencies (ω), signal yields (Nsig) of the data fit,
central value of the branching fractions and the observed BUL

at 90% CL. The first uncertainty of the central value is sta-
tistical and the second is systematic.

B(10→5)

Channels ω(10→4) Nsig Central value UL

B0 → K0
Sε

+µ→ 1.7 ↑1.8± 3.0 ↑1.0± 1.6± 0.2 1.1

B0 → K0
Sε

→µ+ 2.1 2.6± 3.5 1.1± 1.6± 0.3 3.6

B0 → K0
Sε

+e→ 2.0 ↑1.2± 2.4 ↑0.5± 1.1± 0.1 1.5

B0 → K0
Sε

→e+ 2.1 ↑2.9± 2.0 ↑1.2± 0.9± 0.3 0.8

The primary source of systematic uncertainty arises

•  and  probe different NP mediators  
• Main differences 

- :  

 decays are exclusively reconstructed in their   modes 
Belle and Belle II samples are fitted together 
- : 

 decays are inclusively reconstructed in their 1,3-prong modes 
Belle and Belle II samples are fitted simultaneously

𝖪𝟢 𝖪*𝟢

K0
S

τ ℓ, π, ρ

K*0

τ

Figure 1. Final signal e!ciencies after all selection described in sec. 3 as a function of the kinematic
variables M2(K→0

ω) and M
2(K→0

tω ) for Belle (left) and Belle II (right). From top to bottom: OSe,
SSe, OSµ, SSµ.

where ε
exp is the signal e!ciency given in Table 1, f00 = 0.4861 ± 0.0080 the fraction of

”(4S) decaying into B
0
B̄0 pairs [6] and N

exp
!(4S) is the number of produced ”(4S) mesons,

– 7 –

Selection efficiency as a function of dof (q2,… ) for the phase space 
model allow to reinterpret the results in specific BSM models
Δ𝒞τℓ

𝟫 = − Δ𝒞τℓ
𝟣𝟢 ≠ 𝟢, Δ𝒞τℓ

𝖲 ≠ 𝟢

K*0

K0
S

Υ(4S)
ℓ

𝖪(*)𝟢
𝖣+

π−

π𝟢τ

𝖡𝟢
𝗌𝗂𝗀 𝖡𝟢

𝗍𝖺𝗀π

π(𝖪)

ν

𝗍τ = ℓνν̄, π, ρ(𝗇π±, 𝗇 ≤ 𝟥)

HEPData

BELLE
𝟩𝟣𝟣 𝖿𝖻−𝟣 𝟥𝟨𝟧 𝖿𝖻−𝟣

  JHEP08(2025)184 
   PRL 135 (2025) 4, 041801

𝖪*𝟢 :
𝖪𝟢

𝖲 :

https://www.hepdata.net/record/ins2920672
http://arxiv.org/abs/2505.08418
https://arxiv.org/abs/2412.16470


CONCLUSION&OUTLOOK

b→sνν̄
B→γγ

Thank you for 
your attentio

• EW and LFV B decays allow to test SM and probe NP

B+ →K+ττ
B→Xsνν̄

• While analysing more data and waiting for next data-taking period, working on the tools to  
improve sensitivity 
- tagging approaches/new constraints 
- better control on systematics 
- new modes, b→ d, …  
reinterpret results

• Many (Belle+)Belle II recent results, most world-leading τℓ
b→ sνν̄

ττ

https://www.belle2.org/research/luminosity/

Run 1
LS1

Run 2 LS2
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☞ Talk right next (Lorenz)!
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A model-agnostic likelihood for the
reinterpretation of the B+ → K+νν̄

measurement at Belle II
Lorenz Gärtner1 on behalf of the Belle II Collaboration

1LMU Munich
October 6, 2025

Belle



New theory, new analysis?
Measurements
How much signal do we find?

(Re)interpretations
What can we learn about theory?

ATLAS-EXOT-2020-25

L. Gärtner (LMU) B+ → K+
νν̄ reinterpretation October 6, 2025 2 / 11



Belle II has reported
“Evidence for B+ → K+νν̄ decays”

PRD 109.112006

Ü 2.7σ excess w.r.t. SM

Based on p(n|SM)

Implications for p(n|NP)?

L. Gärtner (LMU) B+ → K+
νν̄ reinterpretation October 6, 2025 3 / 11



Signal templates for new physics

p(n|model A) 6= p(n|model B)

BA

L. Gärtner (LMU) B+ → K+
νν̄ reinterpretation October 6, 2025 4 / 11



redist
A reinterpretation framework focussed on

distributability, speed and simplicity
EPJC 84, 693 (2024)

github.com/lorenzennio/redist
L. Gärtner (LMU) B+ → K+

νν̄ reinterpretation October 6, 2025 5 / 11



Reinterpretation through reweighting
Template likelihood

p(n|ν) =
∏

bin b
Pois(nb|νb) νb =

∑
sample s

νbs

New signal templates with joint number density ν(x, z)

A
B

A
B

w(z) = σB(z)/σA(z) – ratio of predictions
z – kinematic d.o.f., x – reconstruction variable(s)

L. Gärtner (LMU) B+ → K+
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Constraining b → sνν
Weak Effective Theory (WET) Wilson coefficients∗

arXiv:2507.12393

Does it work?
Yes! Proof on concept: EPJC 84, 693 (2024)

∗See Wolfgang Altmannshofer’s and David Marzocca’s talks.
L. Gärtner (LMU) B+ → K+

νν̄ reinterpretation October 6, 2025 7 / 11



b → sνν WET decay kinematics

WET = low energy EFT
including NP above the
electroweak scale
dB
dq2 =α(q2

)
∣∣CVL +CVR

∣∣2
+β(q2

)
∣∣CSL +CSR

∣∣2
+γ(q2

)
∣∣CTL

∣∣2
SM contains only vector
contribution.

0 5 10 15 20

q2 [GeV2]
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4.0

d
B/
d
q2
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]

×10−8

EOS v1.0.16vector

scalar

tensor

arXiv:2111.04327
L. Gärtner (LMU) B+ → K+
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WET marginal posterior
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First ever direct constraints on b → sνν̄ WET Wilson coefficients
L. Gärtner (LMU) B+ → K+
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• Data tables, likelihoods, . . .
• 10.6k publications
• >4 million page views / year
• 43 Belle, 9 Belle II entries
• B+ → K+νν̄ entry (coming soon):

likelihood & joint number densities



Main takeaways

Public likelihoods & reinterpretability increase analyses’ impact!
Created a publishable, reinterpretable likelihood for B+ → K+νν̄

• Bias-free BSM inference, reproducibility, combinations, . . .
• On HEPData soon!
• Precedent case for future Belle II analyses.

First ever direct constraints on b → sνν̄ WET Wilson coefficients.

Belle redist
EPJC 84, 693 (2024)
arXiv:2507.12393

L. Gärtner (LMU) B+ → K+
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Approaches to reinterpretation

Simulation based reinterpretation
• Produce and analyse new

MC samples for each point in
theory space
Resource-heavy

Simplified model reinterpretation
• Assume that efficiencies are

unaffected by kinematic
shape changes
Potentially biased results

arXiv:2109.04981 [hep-ph]

Is

accurate reinterpretation without new MC samples possible?
Yes, we can reweight samples or even histograms directly!

L. Gärtner (LMU) B+ → K+
νν̄ reinterpretation October 6, 2025 1 / 16



Templates from kinematic predictions
n(x |σ) =

∫
dz L ε(x |z) σ(z) =

∫
dz nσ(x , z)

A
B

z(= q2
) – kinematic d.o.f.
x – reconstruction / fitting variable(s)
L – luminosity

ε(x |z) – conditional efficiency
n
σ
(x , z) – joint number density

L. Gärtner (LMU) B+ → K+
νν̄ reinterpretation October 6, 2025 2 / 16



Reweight to new model

n(x |B) =

∫
dz L ε(x |z) σB(z) =

∫
dz L ε(x |z) σA(z)

σB(z)

σA(z)
=

∫
dz nA(x , z)︸ ︷︷ ︸

main object

w(z) .

A
B

A
B

p(x |nA, θ) = model-agnostic likelihood
L. Gärtner (LMU) B+ → K+νν̄ reinterpretation October 6, 2025 3 / 16



Method limitations
Substantial model changes Ü large weights

A
B

Minimal requirement:
supp(σB) ∈ supp(σA)

Always possible to compare only in supp(σA)

L. Gärtner (LMU) B+ → K+
νν̄ reinterpretation October 6, 2025 4 / 16



Joint number densities
Main object for reinterpretation, n(x , z) Ü Essential for publication.

ITA (plot for publication)
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Kinematic binning: q2 = [−1, (0, 22.885, 100)] GeV2
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Weak Effective Theory for B → Kνν̄

The effective Lagrangian is

LWET =
∑
X=L,R

CVX OVX +
∑
X=L,R

CSX OSX + CTL OTL + h.c.

The d = 6 contributing operators in and beyond the SM are given by

OVL =
(
νLγµνL

)
(sLγ

µbL) OVR =
(
νLγµνL

)
(sRγ

µbR)

OSL =
(
νc
L νL

)
(sRbL) OSR =

(
νc
L νL

)
(sLbR)

OTL =
(
νc
L σµννL

)
(sRσ

µνbL)

arXiv:2111.04327
L. Gärtner (LMU) B+ → K+
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WET decay kinematics

dB (B → Kνν̄)
dq2 =

3G2
Fα

2
τB

32π5m3
B

∣∣∣V ∗
tsVtb

∣∣∣2 √λBKq
2
[

λBK

24q2

∣∣∣∣ f
+
(q2

)

∣∣∣∣2 ∣∣∣CVL
+C

VR

∣∣∣2

+

(
m2

B −m2
K

)2

8
(
mb −ms

)2

∣∣∣∣ f0(q
2
)

∣∣∣∣2 ∣∣∣CSL
+C

SR

∣∣∣2

+
2λBK

3
(
mB +mK

)2

∣∣∣∣ fT (q
2
)

∣∣∣∣2 ∣∣∣CTL

∣∣∣2


for JP = 0− kaon states.
Note q2 6= q2

rec.

arXiv:2111.04327
L. Gärtner (LMU) B+ → K+
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Goodness of fit

Pgof =

∫ ∞

tobs
dt p(t , t = −2 ln p(n,a | η̂, χ̂)

psat(n,a | χ̄)
,

SM
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Validation through closure testing

• Build simple statistical model
on MC data

• Inject new physics in MC data
• Infer a posterior in the Wilson

coefficients

p(θ|x) ∝ p(x |θ)p(θ)

EPJC 84, 693 (2024)
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Necessity of reinterpretation

• Infer Wilson coefficients only
from

B({Ci})/BSM

• Ignore effect of kinematic
shape changes

Ü No constraining power!

EPJC 84, 693 (2024)
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Prior sensitivity WET

Alternative priors

p
(
ηi
)
=

{
N (ηi |µ = CSM

i , σ = 20) ηi ≥ 0
0 ηi < 0 (1)

p
(
ηi
)
∝

{
ηi ηi ≤ 30
0 ηi > 30 (2)

Uniform priors

Parameters Mode 68% HDI 95% HDI
|CVL + CVR|
|CSL + CSR|
|CTL|

11.3
0.00
8.21

[7.82, 14.6]
[0.00, 9.53]
[2.29, 9.62]

[1.86, 16.2]
[0.00, 15.4]
[0.00, 11.2]

Alternative priors

Priors Parameters Mode 68% HDI 95% HDI

(1)
|CVL + CVR|
|CSL + CSR|
|CTL|

11.4
0.00
7.69

[7.97, 14.6]
[0.00, 9.16]
[1.54, 8.75]

[2.21, 16.4]
[0.00, 14.7]
[0.00, 11.0]

(2)
|CVL + CVR|
|CSL + CSR|
|CTL|

11.6
8.93
7.17

[8.21, 14.0]
[4.56, 12.6]
[3.89, 9.59]

[4.17, 16.0]
[1.27, 15.6]
[1.41, 11.7]

L. Gärtner (LMU) B+ → K+
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A comparative scale

Naive reinterpretation
For each Wilson coefficient

µSMBSM =

∫
dq2dBWET

dq2

|CVL +CVR| = 14.2+1.9
−2.2

|CSL +CSR| = 8.38+1.12
−1.30

|CTL| = 6.93+0.93
−1.08

Our results
Parameters Mode 68% HDI
|CVL + CVR|
|CSL + CSR|
|CTL|

11.3
0.00
8.21

[7.82, 14.6]
[0.00, 9.53]
[2.29, 9.62]

L. Gärtner (LMU) B+ → K+
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WET marginal posteriors (individual)
ITA
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HistFactory model

Likelihood function for observed event counts n is

L(n,a|η, χ) =
∏

c∈channels

∏
b∈bins

Pois (ncb|νcb(η, χ))︸ ︷︷ ︸
multiple channels

∏
χ∈χ

cχ

(
aχ|χ

)
︸ ︷︷ ︸

constraint terms

Expected number of events per channel per bin are

νcb(η, χ) =
∑

s∈samples

∏
κ∈κ

κscb(η, χ)︸ ︷︷ ︸
multiplicative modifiers

(ν0
scb(η, χ) +

∑
∆∈∆

∆scb(η, χ)︸ ︷︷ ︸
additive modifiers

).

L. Gärtner (LMU) B+ → K+
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Modifiers and constraints

L. Gärtner (LMU) B+ → K+
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Custom modifiers
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SUPPORTING  
MATERIAL



KEY BELLE II PERFORMANCE
24

. .b sLQ

b s

W+
Z0, γ

τ+

τ−

. . s

τ+τ−

LQ

. .b s

τ+τ−

LQ

G. DE MARINO (IJS) - 2025 PHYSICS WEEK

NEW

 ε ∼ 𝟫𝟢 %
π →μ ∼ 𝟩 %

𝖾 𝗜𝗗 μ 𝗜𝗗
 ε ∼ 𝟪𝟨 %

π →𝖾 ∼ 𝟢 . 𝟦 %

 ε ∼ 𝟫𝟢 %
π →𝖪 ∼ 𝟨 %

μID>0.9

eID>0.9

𝗞 𝗜𝗗

High photon efficiency  

Belle-like resolution on  mass

ε > 𝟫𝟢 % (𝗉 > 𝟣 . 𝟧 𝖦𝖾𝖵/c)
π𝟢

γ, e, π0

Hadron ID

Muon ID

Good kaon identification in full 
momentum range

Good lepton ID and  
similar  performancee − μ

γ, π𝟬

kaonID>0.5

Belle II TDR, arXiv: 1011.0352

https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201011.0352


𝖢𝖱 >𝟢

𝖢𝖱 <𝟢

  MOTIVATIONB → Kττ̄
25

•   [1] 

• Correlation with   [2] →Large enhancements to SM BF   [3] 

•  excess, combined with  constraints, suggest LFUV in ’s [4,5] 

ℬ𝖲𝖬(𝖡𝟢 →𝖪𝟢τ+τ−) |𝗊𝟤∈(𝟦𝗆𝟤
τ,𝗊𝟤

𝗆𝖺𝗑)
= 𝟢.𝟩𝟪 × 𝟣𝟢−𝟩

𝖱𝖣(*) 𝒪(𝟣𝟢𝟤−𝟣𝟢𝟥)

𝖡+ →𝖪+νν̄ 𝖱𝖪* τ

𝖢ττ
𝟫 =𝖢ττ

𝟣𝟢 ∼ −
𝟤π
α

𝖵𝖼𝖻

𝖵𝗍𝖻𝖵*𝗍𝗌

𝖱𝖣(*)

𝖱𝖲𝖬
𝖣(*)

− 𝟣

ℬ(𝖡→𝖪*ττ)
ℬ(𝖡→𝖪*ττ)𝖲𝖬

∈ [𝟣𝟨, 𝟦𝟪]

[5]

. .b sLQ

b s

W+
Z0, γ

τ+

τ−

[1] PRD 107, 014511 (2023) [2] PRL 120, 181802 (2018)  [3] PRD 105,113007 (2022)  [4] PLB 848, 138411 (2023) [5] 2309.00075

. . s

τ+τ−

LQ

. .b s

τ+τ−

LQ

ℒ𝖾𝖿𝖿 =
𝟦𝖦𝖥

𝟤
λ𝗍 ∑

𝗂
( 𝖢𝗂(μ) 𝒪𝗂(μ) )

𝒪ττ
9(10) =

e2

16π2
[s̄γμ𝒫Lb][τ̄γμ(γ5)τ]

Leptoquarks

I Most popular leptoquark scenario: U1 vector leptoquark with large
couplings to taus (di Luzio et al 1708.08450; Calibbi et al. 1709.00692; Bordone et al.

1712.01368; Greljo et al 1802.04274; Anglescu et al. 1808.08179; ... many more ... )

I Generates a lepton universal contribution to C9 at 1-loop
(Bobeth, Haisch, 1109.1826; Crivellin et al., 1807.02068)

! the leptoquark needs to be fairly light, at most a few TeV

I Prediction 1: strongly enhanced b ! s⌧+⌧� decays, maybe in reach
of LHCb and Belle II.

I Prediction 2: non-standard ⌧+⌧� production at the LHC close to
current constraints.

Wolfgang Altmannshofer (UCSC) Connecting NP at Low and High Energies September 10, 2025 11 / 41

G. Isidori, KMI2025

Cττ
i = Cττ

i |SM + Cττ
i |NP

τ+

τ+

W. Altmannshofer, Anomalies Vienna 2025
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https://arxiv.org/abs/2207.13371
https://arxiv.org/abs/1712.01919
https://arxiv.org/pdf/2201.08170.pdf
https://arxiv.org/abs/2309.02246.pdf
https://arxiv.org/abs/2309.00075.pdf
https://indico.kmi.nagoya-u.ac.jp/event/10/contributions/184/attachments/154/242/GinoIsidori.pdf
https://indico.global/event/11057/contributions/131853/attachments/62533/120612/altmannshofer_Vienna.pdf
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Figure 7. Two-dimensional confidence regions for selected combinations of the Wilson Coefficients,
obtained using a likelihood profile method. The shaded regions indicate the 1σ and 3σ confidence
regions considering only statistical uncertainties, while the dashed contours indicate the same regions
with systematic uncertainties included. The horizontal and vertical dashed lines show the Standard
Model values.

Wilson Coefficient results
C9 3.56± 0.28± 0.18
C10 −4.02± 0.18± 0.16
C′
9 0.28± 0.41± 0.12

C′
10 −0.09± 0.21± 0.06

C9τ (−1.0± 2.6± 1.0) × 102

Table 4. Results for the Wilson Coefficients. The first uncertainty is statistical, while the second is
systematic.

7 Discussion

The primary observation to be made based on the results of section 6 is that while the nonlocal
model used in this analysis shows that there is some contribution of nonlocal amplitudes
in the q2 regions used by previous binned analyses [5], it still prefers a value of C9 that is
shifted from the SM expectation. Based on a one-dimensional profile likelihood scan, shown in
figure 6, a shift of ∆CNP

9 = −0.71±0.33 is observed that corresponds to a 2.1σ deviation from

– 29 –

JHEP09(2024)026
PRL 127 (2021) 15, 151801

accounted for with scaling factors determined from
simulation.
Negligible contributions from physical background,

including B0
s → KþK−μþμ− decays with the KþK− system

in an S-wave configuration, are not considered in the fit and
a systematic uncertainty is assigned. Integrated over the
full q2 range, signal yields, Nϕμþμ− , of 458" 12, 484" 13,
and 1064" 28 are found from the simultaneous fit
to the different datasets. Figure 1 (right) shows the
mðKþK−μþμ−Þ distribution of the full data sample, inte-
grated over q2 and overlaid with the fit projections. Figures
for the different data-taking periods are available as
Supplemental Material [31].
The relative branching fraction measurement is affected

by systematic uncertainties on the fit model and the
efficiency ratio, where the latter is determined using SM
simulation. A summary of the systematic uncertainties is
provided in the Supplemental Material [31]. The dominant
systematic uncertainty on the absolute branching fraction
[Eq. (1)] originates from the model used to simulate B0

s →
ϕμþμ− events (0.04 − 0.10 × 10−8 GeV−2 c4). The model
depends on ΔΓs, the decay width difference in the B0

s

system [32], and the specific form factors used. The effect
of the model choice on the relative efficiency is assessed by
varying ΔΓs by 20%, corresponding to the difference in
ΔΓs between the default value [33] and that of Ref. [26],
and by comparing the form factors in Ref. [34] with the
older calculations in Ref. [35]. The observed differences are
taken as a systematic uncertainty. Other leading sources of
systematic uncertainty arise from the limited size of the
simulation sample (0.02 − 0.07 × 10−8 GeV−2 c4) and the
omission of small background contributions from the fit
model (0.01 − 0.04 × 10−8 GeV−2 c4).
The resulting relative and total branching fractions are

given in Table I. In addition, the differential branching
fraction is shown in Fig. 2, overlaid with SM predictions.
These predictions are based on form factor calculations

using light cone sum rules (LCSRs) [34,36] at low q2 and
lattice QCD (LQCD) [37,38] at high q2, which are
implemented in the FLAVIO software package [39]. In the
q2 region between 1.1 and 6.0 GeV2=c4, the measured
branching fraction of ð2.88" 0.22Þ × 10−8 GeV−2 c4,
lies 3.6σ below a precise SM prediction of
ð5.37" 0.66Þ × 10−8 GeV−2 c4, which uses both LCSR
and LQCD calculations. A less precise SM prediction of
ð4.77" 1.01Þ × 10−8 GeV−2 c4 based on LCSRs alone lies
1.8σ above the measurement. To determine the total
branching fraction, the branching fractions of the individual
q2 intervals are summed and corrected for the vetoed q2

regions using ϵq2veto ¼ ð65.47" 0.27Þ%. This efficiency is
determined using SM simulation, and its uncertainty
originates from the comparison of form factors from
Refs. [34,35]. The resulting branching fractions are

0 5 10 15
]4c/2 [GeV2q

0
2
4
6
8

10
12
14

)4 c2−
 (G

eV
2 q

)/d− µ
+ µφ

→
0 s

B( Βd

φ ψJ/ (2S)ψ

LHCb 1−fbLHCb 9
1−fbLHCb 3

SM (LCSR+Lattice)
SM (LCSR)
SM (Lattice)

8− 10×

FIG. 2. Differential branching fraction dBðB0
s → ϕμþμ−Þ=dq2,

overlaid with SM predictions using light cone sum rules
[34,36,39] at low q2 and lattice calculations [37,38] at high
q2. The results from the LHCb 3 fb−1 analysis [1,30] are shown
with gray markers.

TABLE I. Differential dBðB0
s → ϕμþμ−Þ=dq2 branching fraction, both relative to the normalization mode and absolute, in intervals of

q2. The uncertainties are, in order, statistical, systematic, and due to the uncertainty on the branching fraction of the normalization mode.

q2 interval (GeV2=c4) dBðB0
s → ϕμþμ−Þ=BðB0

s → J=ψϕÞdq2 (10−5 GeV−2 c4) dBðB0
s → ϕμþμ−Þ=dq2 (10−8 GeV−2 c4)

0.1 − 0.98 7.61" 0.52" 0.12 7.74" 0.53" 0.12" 0.37
1.1 − 2.5 3.09" 0.29" 0.07 3.15" 0.29" 0.07" 0.15
2.5 − 4.0 2.30" 0.25" 0.05 2.34" 0.26" 0.05" 0.11
4.0 − 6.0 3.05" 0.24" 0.06 3.11" 0.24" 0.06" 0.15
6.0 − 8.0 3.10" 0.23" 0.06 3.15" 0.24" 0.06" 0.15
11.0 − 12.5 4.69" 0.30" 0.07 4.78" 0.30" 0.08" 0.23
15.0 − 17.0 5.15" 0.28" 0.10 5.25" 0.29" 0.10" 0.25
17.0 − 19.0 4.12" 0.29" 0.12 4.19" 0.29" 0.12" 0.20
1.1 − 6.0 2.83" 0.15" 0.05 2.88" 0.15" 0.05" 0.14
15.0 − 19.0 4.55" 0.20" 0.11 4.63" 0.20" 0.11" 0.22

PHYSICAL REVIEW LETTERS 127, 151801 (2021)

151801-3

ℬ(𝖡+ →𝖪+νν)
ℬ𝖲𝖬(𝖡+ →𝖪+νν)

= 𝟧.𝟦 ± 𝟣.𝟧 (2.7σ)

b→cτν b→sμμb→sνν

3.8σ 𝖿𝗈𝗋 𝖱(𝖣)-𝖱(𝖣*)

𝖱(𝖣(*)) =
ℬ(𝖡→𝖣(*)τν)
ℬ(𝖡→𝖣(*)ℓν)

 in branching ratios/
angular observables

1-3σ

HFLAV

PRD 109, 015006 (2024)

Is there a joint explanation? 

Tensions in b-transitions 

See Boyang’s talk 
later today

https://arxiv.org/abs/2405.17347
https://arxiv.org/abs/2105.14007
https://hflav-eos.web.cern.ch/hflav-eos/semi/moriond24/html/RDsDsstar/RDRDs.html
https://arxiv.org/pdf/2309.00075.pdf
https://indico.cern.ch/event/1493037/contributions/6526938/
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xunwu.zuo@cern.ch

Case study - B0 × K*0τ+τ−

10

• Event kinematics fully reconstructable (with 
4-fold ambiguity)

• Expect  significance with nominal IDEA 
detector
• Extensive detector study: strong 

dependence on vertex resolution and 
material budget

3ℓ

Tristan Miralles et al.

https://indico.global/event/11057/contributions/131852/

https://indico.global/event/11057/contributions/131852/
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Nature 546, 227–233 (2017)

Properties LHCb Belle II

sb O(100µb) ⇠ 1 nb
R

L dt (fb�1) 18 ! 300 (1+)0.6 ! 30-50

Background level ⇠ 60 mb ⇠ 4 nb

Typical efficiency Low High

p0,K0
S efficiency Low High

Initial state Not well known Well known

Decay-time resolution Excellent Good

Collision spot size Large Tiny

Heavy bottoms hadrons Bu,d,s,c, b�baryons Bu,d(,s)

B-flavour tagging capability ⇠ 5% ⇠ 35%

t physics capability Limited Excellent

5

Better with muons/charged particles that can be vertexed 
Richer b-hadron program 
high backgrounds / high 𝜎b

Better with  and  
Higher tagging efficiency  
Low backgrounds / low 𝜎b

γ ν



SYST K+
29

. .b sLQ

b s

W+
Z0, γ

τ+

τ−

. . s

τ+τ−

LQ

. .b s

τ+τ−

LQ

G. DE MARINO (IJS) - 2025 PHYSICS WEEK

Systematics: B0 → K*0τ−τ+

24

• Dominant systematic uncertainties in 
terms of BF ( ): 

• poor knowledge of semileptonic 

 decays: 0.29

• limited simulated sample size: 0.27

ℬ 10−3

B → D**
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(Correct version of table)
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BSM

Olcyr Sumensari (IJCLab, Orsay) Flavor physics at low- and high-pTO. Sumensari 13

 and  Bs ⇒ ττ B ⇒ K(*)ττ

vs.

Exp. limits (90%CL.):
<latexit sha1_base64="pY1lbRtMwjnW9YTJdVzwIWZJSLk=">AAACGnicbVC7TsMwFHV4lvIKMLJYVEhlIEoAlQ4MVVkYi0QfUhMix3Vaq85DtoNURfkOFn6FhQGE2BALf4PTZoCWI13p+Nx7dX2OFzMqpGl+a0vLK6tr66WN8ubW9s6uvrffEVHCMWnjiEW85yFBGA1JW1LJSC/mBAUeI11vfJ33uw+ECxqFd3ISEydAw5D6FCOpJFe37ADJEUYsbWbVpitsGUFboiSvE3gFa0ZdvWlABLTM+/T0PHP1immYU8BFYhWkAgq0XP3THkQ4CUgoMUNC9C0zlk6KuKSYkaxsJ4LECI/RkPQVDZE65qRTaxk8VsoA+hFXFUo4VX9vpCgQYhJ4ajI3IuZ7ufhfr59Iv+6kNIwTSUI8O+QnDCr/eU5wQDnBkk0UQZhT9VeIR4gjLFWaZRWCNW95kXTODKtmWLcXlUaziKMEDsERqAILXIIGuAEt0AYYPIJn8AretCftRXvXPmajS1qxcwD+QPv6ASrBnwg=</latexit>

B(Bs ! ⌧⌧) < 6.8⇥ 10�3

<latexit sha1_base64="HkBRfQiv+JmrcQvGkar16Vj20vo="></latexit>

B(B+ ! K+⌧⌧) < 2.25⇥ 10�3

<latexit sha1_base64="sYsf+QPzP+1gkSLbCYPgYS/Z7A8=">AAACEHicdVDLSsNAFJ34rPUVdelmsIhuDIlI67LUjRuhon1AE8NkOmmHTh7MTMQS8glu/BU3LhRx69Kdf+MkreDzwDCHc+7l3nu8mFEhTfNdm5mdm19YLC2Vl1dW19b1jc22iBKOSQtHLOJdDwnCaEhakkpGujEnKPAY6Xijk9zvXBMuaBReynFMnAANQupTjKSSXH3PDpAcYsTSRuYWnAfpxVkGbRTHPLqBlnmVHtQyV6+YRtXMAX8Tyyh+swKmaLr6m92PcBKQUGKGhOhZZiydFHFJMSNZ2U4EiREeoQHpKRqigAgnLQ7K4K5S+tCPuHqhhIX6tSNFgRDjwFOV+crip5eLf3m9RPrHTkrDOJEkxJNBfsKgjGCeDuxTTrBkY0UQ5lTtCvEQcYSlyrCsQvi8FP5P2oeGVTWs86NKvTGNowS2wQ7YBxaogTo4BU3QAhjcgnvwCJ60O+1Be9ZeJqUz2rRnC3yD9voBkQ2c5g==</latexit>

BSM ⇡ 10�7
[LHCb. ’17]

[BaBar. ’16]

[Belle-II. ’25]

• Extremely diffcult measurement — Tera-Z machine such as FCC-ee needed!

Scalar

Vector

Effiectively, "null tests" for NP effects given the current 
exp. sensitivity —  above the SM values.Λ ≳ 104

Current reach:

[Kamenik et al. ’17]

see e.g. [Capdevilla et al. ’17] 

SM predictions:

Complementarity to  at the LHC!pp ⇒ ττ
see e.g. [Faroughy et al. ’16], [Allwicher et al. (OS), 22]

<latexit sha1_base64="eYcXvyDJca/Efnt+MgRvYXLXogc="></latexit>

|Cbs⌧⌧ |
⇤2

. (1.3 TeV)�2

<latexit sha1_base64="PIBtd06g2WBIemuHMzaZIQBFt+U="></latexit>

B(B0 ! K0⇤⌧⌧) < 1.8⇥ 10�3
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