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Introduction

“I shall not today attempt 
further to define the kinds of 
material, but I know it when 

I see it.” (P. Stewart)
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Introduction

Not excluded (or discovered) yet


“Light”, typically less than 10 GeV


Very small coupling “<<< 1”

not charged under SM strong force


some parameter space has interactions stronger 
than the SM weak force 

Often provide viable (often long-lived) 
mediators to the dark sector


Sometimes provide viable dark matter 
candidates
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2me

collision energy

mM >
 2M

DM

mediator off-shell

forbidden or γγ

M → DM DM  
“invisible searches” 

often assume M > 3 MDM

DM

DM

M M → SM SM  
“visible searches”

SM

SM

M

NA62  
Belle II  
Belle II 


A′￼→ e+e−, μ+μ−

e+e− → μ+μ−τ+τ−

S → e+e−, μ+μ−, π+π−, K+K−

BES III  
Belle II 

e+e− → γA′￼( → χχ)
e+e− → μ+μ−Z′￼( → χχ)

BaBar   
BaBar 

B → ψDΛ
B → ψDp
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The NA62 experiment at the CERN SPS
Broad physics program:
• Main goal: measurement of the 

𝐾+ → 𝜋+𝜈 ҧ𝜈 branching ratio
• Rare and forbidden decays
• Precision measurements
• Exotic searches (beam-dump mode): 

DP, HNLs, ALPs

2008 
NA62 

approval

2009-
2014 

detector 
R&D, 

installation

2016-
2018 

Physis Run

2019-
2021 LS2 
upgrades

2021-
2025 

Physics 
Run

Timeline of the NA62 
experiment

Secondary beam:
75 GeV/c 𝐾+ 6% , 𝜋+ 70% , 𝑝 24%
∼750MHz at GTK

Primary beam:
400 GeV/c SPS protons,
∼ 1012p/sec

Past results:
𝐵𝑅 𝐾+ → 𝜋+𝜈 ҧ𝜈 = 10.6−3.4stat+4.0 ± 0.9syst × 10−11[NA62, JHEP06 (2021) 093]
𝐵𝑅 𝐾+ → 𝜋+𝜈 ҧ𝜈 SM = 8.4 ± 1.0 × 10−11[Buras et al., JHEP11 (2015) 033] 3

ANTI0
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NA62

Proton fixed target experiment at 
CERN SPS, 


Beam-dump data taking: 

TAXes closed, target removed


1.5 higher beam intensity


Better dipole sweeping


Collected 1.4×1017 p.o.t. in 10 days 
of data taking in 2021


10× more beam-dump data 
planned by 2025

1012 p/sec

target 
removed

NA62 in beam-dump mode

STRAW: tracking of charged particles;
NewCHOD: fast detector used for trigger (𝒪(600ps))
MUV3: muon veto/ID detector
LKr: electromagnetic calorimeter for PID and photon identification
LAV: (Large angle photon veto detectors)

Target removed

400 GeV/c protons

3.2 m long collimators (TAX)
made of Copper/Iron

Z=23 m

Conditions for beam-dump data taking:
• TAXes closed and target removed
• Improved sweeping from dipoles 

downstream of TAXes
• Beam intensity 1.5 times higher than the 

nominal 4

NA62 in beam-dump mode

STRAW: tracking of charged particles;
NewCHOD: fast detector used for trigger (𝒪(600ps))
MUV3: muon veto/ID detector
LKr: electromagnetic calorimeter for PID and photon identification
LAV: (Large angle photon veto detectors)

Target removed

400 GeV/c protons

3.2 m long collimators (TAX)
made of Copper/Iron

Z=23 m

Conditions for beam-dump data taking:
• TAXes closed and target removed
• Improved sweeping from dipoles 

downstream of TAXes
• Beam intensity 1.5 times higher than the 

nominal 4

protons
3.2m long copper/iron  

collimators (TAX) closed

z=23m

used for trigger
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NA62: A′￼ → μ+μ−

Dark Photon via:


Bremsstrahlung: 


Meson-mediated:  with 



 vertex in fiducial volume, and 
primary vertex in the direction of the 

 pair and the proton beam at the 
TAXes


Dominant background 0.016±0.002 
events from two random muons 
(combinatorial), negligible background 
from secondaries of a muon interaction 
with the traversed material (in-time)

pN → XA′￼

pN → XM, M → γA′￼

M = π0, ω, ρ, . . .

μ+μ−

μ+μ−

[1] https://arxiv.org/abs/2303.08666 

excluded

https://arxiv.org/abs/2303.08666
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NA62: A′￼ → e+e−

Re-optimized particle identification 
and signal projection region


Tighter veto (halo particle veto 
(ANTI0) and large angle veto (LAV)) 
to reject incoming particles


Negligible combinatorial 
background, dominant background 

 events from in-time 
interactions in material 
0.0094+0.0049

−0.009
excluded

[1] S. Ghinescu, Moriond 2023

New!
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BES III

Symmetric  collider BEPCII 

around the charm/tau-pair threshold


Taking data since 2009


Total dataset 37 fb-1 at energies 
between 2 and 4.95 GeV


Well known initial conditions 


Little/no pile-up - clean 
environment 


Special single photon trigger

e+e−
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BES III: A′￼ → invisible
Bump hunt in photon energy 

 ( )


limited by trigger threshold and ECAL saturation


Background determined directly in data 


Major background:  with one photon 
undetected


 negligible due to large polar angle 
requirement 


Dataset with single photon trigger: Center of 
mass energies from 4.13 to 4.6 GeV (14.9 
fb-1)

1.3 < Eγ < 1.8 GeV 1.5 < mA′￼
< 2.9 GeV

e+e− → γγ(γ)

e+e− → e+e−(γ)
|cos θ | < 0.6

[1] Physics Letters B 839 (2023) 137785

Introduction
• Dark Photon A’ motivated by Dark Matter, g-2, .. 

• Minimal Dark Matter model: Dark Matter particle χ and a 
new scalar or gauge Boson A’ as s-channel annihilation 
mediator (mA’ > 2mχ) 

• Additional U(1)’ symmetry → Kinetic mixing* of massive 
Dark Photon with the SM photon

3
13/28

Towards First Physics: Dark Photon.

>Dark Photon motivated by dark matter, g-2 anomaly...

>Minimal dark matter model: Dark matter particle N 
and a new scalar or gauge boson A'  as s-channel 
annihilation mediator (mA' > 2mN)

>Additional U(1)' symmetry ? “Kinetic Mixing”* of 
massive dark photon A' with the SM photon

*Holdom, Phys. Lett B166, 1986

Eγ=
s−M A'

2

2√ s

13/28

Towards First Physics: Dark Photon.

>Dark Photon motivated by dark matter, g-2 anomaly...

>Minimal dark matter model: Dark matter particle N 
and a new scalar or gauge boson A'  as s-channel 
annihilation mediator (mA' > 2mN)

>Additional U(1)' symmetry ? “Kinetic Mixing”* of 
massive dark photon A' with the SM photon

*Holdom, Phys. Lett B166, 1986

Eγ=
s−M A'

2

2√ s

DM

DM
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BES III: A′￼ → invisible

[1] Physics Letters B 839 (2023) 137785

mA’ = 2.6 GeV

mA’ = 2.6 GeV
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BaBar

Asymmetric  collider PEP-II in 
the US


running at the ϒ(4S)


9 GeV electrons, 3 GeV positrons


Collected 432 fb-1 (until 2008)


Well known initial conditions 


Little/no pile-up - clean 
environment 

e+e−
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BaBar: Search for B-Mesogenesis
Baryon asymmetry and dark matter abundance explained 
simultaneously


Light unstable dark baryon  and heavy (TeV-scale) color-triplet boson mediator 
particle 


Baryogenesis via out-of-thermal-equilibrium decays of heavy scalar  that 
hadronize into  and  mesons. These mesons oscillate and violate CP before 
decaying to “visible baryon”/“dark anti-baryon” pairs.


matter-antimatter asymmetries are generated in the visible and dark sectors 
with equal but opposite magnitudes 


total baryon number conserved


Model has five new particles ( ) and four different 
flavour operators 


Three possible ways to write down matrixelements involving the operator that 
depend on the precise pairing of the spinors  
(e.g. .

ψD
Y

Φ → bb̄
B B̄

Φ, Y, ψD, ϕ, ξ
𝒪ud, 𝒪us, 𝒪cd, 𝒪cs

𝒪ud : 𝒪1
ud = (ψb)(ud), 𝒪2

ud = (ψd)(ub), 𝒪3
ud = (ψu)(db)

[1] Phys. Rev. D 99, 035031 (2019)

[2] Phys. Rev. D 104, 035028 (2021) 

[3] https://arxiv.org/abs/2208.06421 

u
b̄

u

d
u

Y

ψD

B+ p

d
b̄

d

s

u
Y

ψD

B0
d

Λ

𝒪us
b̄ → ψDus

𝒪ud
b̄ → ψDud

ξ

https://arxiv.org/abs/2208.06421
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BaBar: Search for B-Mesogenesis

Dark sector particle  escapes 
detection → missing mass


Hadronic Recoil Tagging: 
Reconstruct Btag and look for signal 
signature in the remainder of the 
event (Bsig)


Reconstruct  from the missing 
energy 4-vector on signal side


Background suppression via BDTs

ψD

ψD

[1] https://arxiv.org/abs/2302.00208 

[2] Phys. Rev.D105, L051101 (2022) (Belle)
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FIG. 2. Distribution of (top) the energy-substituted mass,
mES, and (bottom) the reconstructed ⇤ mass, m⇤, for
data (points), signal MC for m D = 2.0GeV/c2 (red his-
togram) and inclusive background MC predictions (stacked
histograms). The normalization of the signal events is arbi-
trary.

Btag hadronic decay channel and its purity, defined as
the fraction of correctly reconstructed Btag candidates
for a given decay mode [21]; the magnitude of the Btag

thrust vector, defined as the sum of the magnitudes of the
momenta of all tracks and calorimeter clusters projected
onto the thrust axis [21]; the Bsig momentum vector in
the laboratory frame, inferred from the initial beam elec-
trons and the recoiling Btag; the number of calorimeter
clusters associated with Bsig; the total neutral energy
associated with Bsig; the number of ⇡0 candidates asso-
ciated with Bsig; the ⇤ flight length significance; the �2

of the kinematic fit performed on the ⇤ candidate; and
the energy and momentum of the ⇤ candidate in the lab-
oratory frame. The  D mass is specifically excluded from
the BDT in order to limit potential bias in the classifier,
and the BDT is trained on a signal sample spanning a
wide range of  D masses. The distribution of the BDT
score, ⌫BDT, is shown in Fig. 3. We select events with a
BDT score greater than 0.75, selecting 41 events in the

data. The resulting  D mass distribution is shown in
Fig. 4. Approximately half of the expected background
consists of e+e� ! qq̄ events, and the remainder arises
from BB̄ events.
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FIG. 3. The distribution of the BDT score after applying
all other selection criteria for data (points), signal MC for
m D = 2.0GeV/c2 (red histogram) and inclusive background
MC predictions (stacked histograms). The normalization of
the signal events is arbitrary.
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FIG. 4. The distribution of the  D mass (m D ) after ap-
plying all selection criteria for data (points), signal MC for
m D = 2.0GeV/c2 (red histogram) and inclusive background
MC predictions (stacked histograms). The normalization of
the signal events is arbitrary.

The signal e�ciency varies between 5.9 ⇥ 10�4 at
m D = 1.0GeV/c2 and 2.1 ⇥ 10�4 around m D =
4.2GeV/c2, taking into account the Btag reconstruc-
tion e�ciency, the selection criteria, and the ⇤ ! p⇡�

branching fraction. As shown in Fig. 3, the inclusive
background MC samples do not accurately reproduce the
data. This discrepancy arises from a mis-modeling of sev-

3

mψD
= 2 GeV

B+ → pψD

B0 → ΛψD

https://arxiv.org/abs/2302.00208
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BaBar: Search for B-Mesogenesis

Search for   probes 

Largest local significance at 3.7 GeV at 2.3σ 
(0.4σ global), all consistent with null 
hypothesis


Limits improve over Belle by up to 10 and 
exclude heavy  for  and almost all 
masses for 


Search for   probes 

First direct search!


Limits exclude heavy  for  and almost 
all masses for 

B0 → ΛψD 𝒪us

ψD 𝒪1

𝒪2,3

B0 → pψD 𝒪ud

ψD 𝒪1

𝒪2,3

eral branching fractions used in the simulation, resulting
in di↵erences in Btag reconstruction e�ciencies [22], as
well as di↵erences in charged and neutral particle recon-
struction e�ciencies, PID e�ciencies, and the modeling
of variables used in the BDT. We correct the simulation
in a two-step procedure, using sideband data selected
with the criteria, described above, applied before the
BDT selection, except with the looser requirement 5.20 <
mES < 5.29GeV/c2. The region �0.5 < ⌫BDT < 0.75,
largely dominated by e+e� ! qq̄ (q = u, d, s, c) events,
is used to extract a correction factor for continuum pro-
duction, fudsc, by rescaling the corresponding MC pre-
dictions to the number of observed events. The correc-
tion factor for BB̄ production, fB0B̄0 , is determined from
data in the complementary region ⌫BDT < �0.5, assum-
ing equal contributions from B0B̄0 and B+B�. We ob-
tain fudsc = 1.34± 0.10 and fB0B̄0 = 1.06± 0.08. Under
the assumption that the BB̄ correction factor is indepen-
dent of the signal B decay mode, we rescale the signal
e�ciency by fB0B̄0 , and propagate the corresponding un-
certainty as a systematic uncertainty.

We extract the signal yield by scanning the  D mass
spectrum in steps of the signal mass resolution, �m, prob-
ing a total of 193 mass hypotheses. The resolution is
estimated by performing fits of a Bukin function [23] to
the  D mass distribution for each signal MC sample, and
interpolating the results to the full mass range. The re-
sults vary between 90MeV/c2 at m D = 1.0GeV/c2 and
6MeV/c2 at m D = 4.2GeV/c2. The signal yield is de-
termined by counting the number of events in a win-
dow of ±3�m centered around the  D mass hypothe-
sis. The background is evaluated in two sideband re-
gions of ±3�m surrounding the signal window, except
near m D = 4.2 GeV/c2, where a single region is used.
The largest local significance is found to 2.3�, observed
near m D = 3.7GeV/c2, corresponding to a global signif-
icance of 0.4� after including trial factors [24], consistent
with the null hypothesis.

In the absence of a signal, upper limits on the branch-
ing fraction B0

!  D⇤ are derived at 90% confidence
level (CL) by applying a profile likelihood method [25]
for each  D mass hypothesis. The number of signal and
background events is assumed to follow Poisson distri-
butions, while the e�ciency is modeled with a Gaussian
having a variance equal to the total systematic uncer-
tainty. Systematic uncertainties arising from track and
neutral reconstruction e�ciencies, Btag reconstruction ef-
ficiencies, selection criteria, and modeling of the BDT
variables are included in the BB̄ correction factor de-
scribed above. Other sources of uncertainty include the
⇤ ! p⇡� branching fraction (0.8%), the integrated lu-
minosity (0.6%) [12], and the limited statistical precision
of the signal MC samples (0.7-4.6%). The total system-
atic uncertainty, obtained by summing in quadrature the
di↵erent contributions, varies between 7.8 and 9.1%.

The results are displayed in Fig. 5, together with the

previous measurement from the Belle Collaboration and
theoretical predictions for di↵erent type of operators
generating B Mesogenesis. We probe branching frac-
tions in the range 0.13 � 5.2 ⇥ 10�5, improving previ-
ous constraints by up to an order of magnitude. These
bounds exclude most of the remaining parameter space
for the O

2
us = ( Ds)(ub) and O

3
us = ( Du)(sb) opera-

tors, and a significant fraction of the region allowed for
O

1
us = ( Db)(us) operators above m D > 2.8GeV/c2.

FIG. 5. Upper limits on the B0
!  D⇤ branching fraction

at 90% CL, together with previous constraints [11]. The light
blue and orange (orange only) region shows the values of the
B0

!  D⇤ branching fraction allowed to successfully gener-
ateB Mesogenesis for theO1

us = ( Db)(us) (O2
us = ( Ds)(ub)

and O
3
us = ( Du)(sb)) e↵ective operators [6].

In summary, we report a search for baryogenesis and
dark matter in the process B0

! ⇤ D with a fully recon-
structed Btag meson. No significant signal is observed,
and upper limits on the branching fraction at the level of
10�6

� 10�5 are set. These results exclude a large frac-
tion of the parameter space allowed by B Mesogenesis.
Future measurements at Belle-II should be able to fully
explore the remaining region.

We thank G. Elor and M. Escudero for useful discus-
sions on the B-Mesogenesis mechanism. We are grateful
for the extraordinary contributions of our PEP-II col-
leagues in achieving the excellent luminosity and ma-
chine conditions that have made this work possible. The
success of this project also relies critically on the exper-
tise and dedication of the computing organizations that
support BABAR. The collaborating institutions wish to
thank SLAC for its support and the kind hospitality ex-
tended to them.

⇤ Deceased

4

B0 → ΛψD

B+ → pψD

New!

preliminary

preliminary
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Belle II

Asymmetric  collider SuperKEKB in Japan

running at the ϒ(4S)


7 GeV electrons, 4 GeV positrons


Collected 428 fb-1, currently in LS1

Most analyses use a subset of this  


Well known initial conditions 


Little/no pile-up - clean environment 


Special triggers for low multiplicity

Single photon trigger (not available at Belle)


Single muon trigger


Single track trigger using neural networks

e+e−

e − (7GeV)

e + (4GeV)
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Belle II: μμZ′￼( → invisible)
Additional massive gauge boson  with  model


Coupling only to second and third generation leptons


Could explain discrepancies in   [1]  


Study invisible system recoiling against 


 fit in  and 


Challenging  background tackled with neural network 
simultaneously trained for all  masses [2]


Systematics and corrections from  and  control 
samples 


Update of first Belle II analysis [3] with 300x dataset


 preferred region excluded for  
0.8 <  [4]

Z′￼ Lμ − Lτ

(g − 2)μ

μμ
2d M2

recoil θCMS
recoil

ττ
Z′￼

(g − 2)μ
0.8 < mZ′￼

< 4 GeV

Γ(Z′￼→ inv) = 100 %

[1] B. Shuve et al., Phys. Rev. D 89, 113004

[2] F. Abudinén et al., Eur.Phys.J.C 82 (2022) 2, 121

[3] Belle II Collaboration, Phys. Rev. Lett. 124, 141801 (2020) 

[4] https://arxiv.org/abs/2212.03066 (accepted by PRL)

https://link.aps.org/doi/10.1103/PhysRevD.89.113004
https://link.springer.com/article/10.1140/epjc/s10052-022-10070-0
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.141801
https://arxiv.org/abs/2212.03066
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Belle II: μμZ′￼( → ττ)
Four track final-state: one-prong τ decays 

 with  


Challenging backgrounds in final-state 
with neutrinos


Require missing energy  


Eight classifiers in different mass regions


Signal extracted in fits to 


Background determined directly in data 


Strongest constraints for  in 
leptophilic scalar model [1]

τ± → π±(π0)ν, ℓνν ℓ = e, μ

M4 tracks < 9.5 GeV

Mrecoil(μμ)

MS > 6.5 GeV
[1] B. Batell et. al. PRD 95 (2017) 075003

 + ISRee → 4ℓ

ee → eeXhad.

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.075003
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Belle II: Search for a long-lived spin-0 mediator in  transitionsb → s
First Belle II long-lived particle (LLP) 
search!


Search in eight exclusive visible channels: 
 and 


Signal -meson fully reconstructed


Backgrounds:


Combinatorial  reduced by requiring 
kinematics similar to -meson expectations 


 window vetoed in 


Further peaking backgrounds suppressed 
by tighter displacement selection 

B+ → K+S B0 → K*0( → K+π−)S

B

ee → qq̄
B

K0
S Mππ

SK+

x−

B meson

x+

e+ e−

LLP

x−

x+
K(*)

B

B

Y(4S)
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Belle II: Search for a long-lived spin-0 mediator in  transitionsb → s
Bump hunt in LLP mass distribution  
using unbinned maximum likelihood 
fits


Background determined directly in 
data (un-modelled non-peaking 
background are not problematic)


Challenge: LLP performance


Study  control sample and derive 
corrections (efficiency,  shape, particle 
identification)


Probe lifetimes between 

K0
S

MS

10−5 < cτ < 4 m

4

grounds are floating in all fits.
To validate the selection we compare simulation and

data in the K0
S mass region rejected in the signal se-

lection, in the displacement regions close to promptly
decaying SM resonances rejected in the signal selection,
and in sidebands formed by inverting the Mbc and �E
selections. We find agreement for all selection variables.

Figure 1: M 0
(⇡+⇡�

) distribution together with the stacked

contributions from the di↵erent simulated SM background

samples for (B+ ! K+S)⇥ (S ! ⇡+⇡�
). Simulation is nor-

malized to a luminosity of 189 fb
�1

. The hatched area rep-

resents the statistical uncertainty of the SM background pre-

diction. The background contribution of e+e� ! ⌧⌧(�) is

negligible.

We extract the K(⇤)S signal yield by performing ex-
tended maximum likelihood fits to the unbinned reduced
S-mass distribution. We fit for a narrow nonnegative-
yield signal peak, at various values of S mass and as-
suming various lifetimes, over a smooth background. We
perform independent fits [? ] for each of the eight fi-
nal states and for each lifetime with a S-mass scan step
size equal to half the signal mass resolution �sig. For the
model-dependent searches, we perform a combined fit in
all relevant and kinematically accessible analysis chan-
nels, again separately for various lifetimes. However, for
mS greater than 2 GeV/c2, only S ! µ+µ� is included
in the combined scalar fit due to large theoretical uncer-
tainties in the hadronic branching-fraction calculations.
We fix the B-meson and scalar branching fractions to the
theoretical values [? ? ? ] for the dark scalar; for the
ALP the B-meson and pseudoscalar branching fractions
are taken from [? ? ? ? ] using a cut-o↵ scale of
⇤ = 1 TeV and assuming identical coupling fa = fq = f`
to quarks and leptons.

The signal is described by a double-sided Crystal Ball
function [? ? ] with all parameters determined from
fits to the simulated signal samples. Mass hypotheses
that lack a simulation sample are interpolated from ad-

jacent simulated samples. The resolution �sig increases
smoothly from about 2 MeV for light S to about 10 MeV
for heavy S and does not depend significantly on lifetime
or final state. However, the tail parameters, especially
for larger mS , increase for larger lifetimes.
The background is modeled by a straight line, with

the normalization and slope determined from the fit to
data. We restrict the linear function to non-negative val-
ues in the full fit range by limiting the slope parameter
accordingly. To account for a possible remaining conver-
sion background, an exponential function is added to the
background model when signal mass hypotheses below
mS < 40 MeV are tested in the e+e� final state. Each
likelihood fit is performed over an M 0(x+x�) range with
a width of ±20�sig. To increase the fit stability, we itera-
tively increase the fit range width symmetrically in 10%
steps until it contains at least ten events. We verify that
small variations of the fit-interval widths have negligible
e↵ects on the results.
We include mass- and lifetime-dependent systematic

uncertainties associated with the signal e�ciency and
with our signal model pdf as Gaussian nuisance param-
eters with a width equal to the systematic uncertainty.
The systematic uncertainties of the signal e�ciency are
typically around 4% for most of the scalar masses and life-
times, but can reach 10% for the lightest scalar masses
accessible in the e+e� final state. For large displace-
ments, the dominant systematic uncertainty to the sig-
nal e�ciency is due to the di↵erence of the displaced
track finding e�ciency between simulation and data. It
is between zero (prompt) and 45% per event depending
linearly on the vertex position. We correct this e�ciency
di↵erence based on a large K0

S control sample and assign
the full e�ciency di↵erence as a systematic uncertainty,
which is relevant mostly for small mS . For larger mS

values, the uncertainty on the number of B-meson pairs
in data and the ratio between the number of charged
to neutral B-meson pairs in the decay of the ⌥(4S) [? ]
(2.9%), and the PID e�ciency of low-momentum prompt
kaons for theK⇤0 channel (3%) are the largest systematic
uncertainties. We verify the modeling and fitting proce-
dure using pseudo-experiments and add an uncertainty of
3% to the signal e�ciency to account for a small bias in
the independent fits; the uncertainty is 4% for the com-
bined fit. We also include systematic uncertainties due to
di↵erences between simulation and data that a↵ect the
signal model pdf shape. For this we correct the di↵erence
between simulation and data of the signal pdf parame-
ters using a large K0

S control sample and assign the full
di↵erence between simulation and data as systematic un-
certainty. The typical total uncertainty is around 15% for
the signal width and around 10% for the tail parameters.

The local significance S of the signal for a given
mass and lifetime hypothesis is given by S =p
2(logL� logLbkg), where L is the maximum likeli-

hood for the fit and Lbkg is the likelihood for a fit to
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the background-only hypothesis.
The largest local significance for the model-

independent search is 3.6�, including systematic
uncertainties, found near mS = 1.061 GeV/c2 for
K+⇡+⇡� for a lifetime of c⌧ = 0.05 cm. Taking into
account the look-elsewhere e↵ect [? ], this excess has a
global significance of 1.0�. By dividing the signal yield
by the signal e�ciency and NBB̄ , we obtain the products
of branching fractions B(B+ ! K+S) ⇥ B(S ! x+x�)
and B(B0 ! K⇤0(! K+⇡�)S) ⇥ B(S ! x+x�). To
convert the latter to upper limits on the product of
branching fractions B(B0 ! K⇤0S) ⇥ B(S ! x+x�)
instead, the limits have to be multiplied by 3/2 [? ]. We
compute the 95% confidence level (CL) upper limits [?
] as functions of scalar mass mS using a one-sided
modified frequentist CLS method [? ] with asymptotic
approximation [? ]. The observed upper limits are shown
in Fig. 2. Systematic uncertainties weaken the limits by
about 2% for light S and large lifetime; for heavier S or
short lifetimes, the reduction is less than 1%.

Figure 2: Upper limits (95% CL) on the product of

branching fractions B(B+ ! K+S) ⇥ B(S ! x+x�
)

(left) and B(B0 ! K⇤0
(! K+⇡�

)S) ⇥ B(S ! x+x�
)

(right) for c⌧ = 1 cm (green), c⌧ = 10 cm (orange), and

c⌧ = 50 cm (lavender). The region corresponding to the fully-

vetoed K0
S for S ! ⇡+⇡�

is marked in gray.

The largest local significance for the combined scalar
and ALP fit is 3.3�, including systematic uncertain-

ties, found near mS = 2.619GeV/c2 for a lifetime of
c⌧ = 100 cm; the global significance is 0.3�. For each
scalar or ALP mass hypothesis, we determine the value
of sin ✓ or fa such that the resulting predicted prod-
uct of branching fraction ratios equals the 95% excluded
branching fraction. The observed upper limit on sin ✓
is shown in Fig. 3. The limit is the most constraining to
date around mS ⇡ 0.3 GeV/c2. The observed upper limit
on fa, as well as additional plots and detailed numerical
results can be found in the supplemental material [? ].

Figure 3: Upper limit on the mixing angle sin ✓ as a function

of scalar mass mS (blue) together with existing constraints

from LHCb [? ? ], KTeV [? ], E949 [? ], CHARM [? ],

PS191 [? ], NA62 [? ? ] BABAR [? ], MicroBooNE [? ],

and L3 [? ] at 95% CL with the exception of PS191, KTeV,

E949, NA62, and BABAR at 90% CL. Constraints colored in

gray with dashed outline are reinterpretations not performed

by the experimental collaborations.

In conclusion, we search for a light long-lived spin-0
mediator S in B-meson decays mediated by a b ! s
transition using Belle II data corresponding to an
integrated luminosity of 189 fb�1. We do not observe
any significant excess of events consistent with the signal
process. We set 95% CL upper limits on the product
of branching fractions B(B ! K(⇤)S) ⇥ B(S ! x+x�)
that are the first for exclusive hadronic final states and
the most constraining from a direct search for K(⇤)e+e�

final states. This is the first search for LLPs at Belle II.

We thank Felix Kahlhoefer for useful discussions
during the preparation of this manuscript. This work,
based on data collected using the Belle II detector,
which was built and commissioned prior to March 2019,
was supported by Science Committee of the Republic
of Armenia Grant No. 20TTCG-1C010; Australian Re-
search Council and research Grants No. DP200101792,
No. DP210101900, No. DP210102831, No. DE220100462,
No. LE210100098, and No. LE230100085; Austrian Fed-
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Interpretation as dark scalar or ALP with fermion couplings

B → K(*)S, S → hadrons
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Summary

Very active and very diverse 
program of direct searches at 
flavour factories


Searches presented are a subset of 
the results from the past year


All searches presented target 
parameter space with viable DM 
candidates or they offer solutions 
to SM anomalies

More results  from the last months not covered in this talk: 
 
BaBar: 
• “Search for an Axionlike Particle in B-Meson Decays”  

Phys. Rev. Lett. 128.131802 (2022)

• “Search for Heavy Neutral Leptons Using Tau Lepton Decays at 

BABAR” 
arXiv:2207.09575 (2022)


• Search for Darkonium in e+e− Collisions 
Phys. Rev. Lett. 128 021802 (2022) 

Belle II 
• “Search for Lepton-Flavor-Violating τ Decays to a Lepton and an 

Invisible Boson at Belle II” 
Phys. Rev. Lett. 130, 181803 (2023)


• “Search for a dark photon and an invisible dark Higgs boson 
in   and missing energy final states with the Belle II 
experiment” 
Phys. Rev. Lett. 130, 071804 (2023)


 
BES III 
• “Search for a CP-odd light Higgs boson in ” 

Phys. Rev. D 105,012008 (2022) 

• “Search for a massless dark photon in  decay” 

Phys. Rev. D 106, 072008 (2022) 

μ+μ−

J/ψ → γA0

Λ+
C → pγ′￼


