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The Penguin Diagramm

m search for Dark Physics in flavor-changing neutral T

currents (FCNC) <
m FCNC are strong suppressed in Standard Model S /!

m B meson decays into a kaon over a W boson top loop T

m W boson (or top quark) radiates a long-lived dark w+
Scalar (S) b= {T% — &

m this analysis considers the 7 final state for the dark B+ ? K+
scalar decay U . U
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Motivation

P
m previous analysis by Sascha Dreyer T Bl L T
m Ref: https://journals.aps.org/prd/abstract/10.
1103/PhysRevD.108.L111104 o

m analyzing both Bt - KT+ Sand B - K0+ S
m looking at S to e/u/n/K final states 107 -
m mass range of 0.025 GeV to 4.78 GeV | - |
m lifetimes cr of 0.001 cm to 400 cm 070 S CHAR“‘QEBEF/ o

. . . \_‘ ‘\r e reliminary
m no evidence for the signal process is found L Esae  was pster [t =189 -

e S Rt

10 10
ms (GeV/c?)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L111104
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L111104

Analysis strategy

m generate B—K S(— 77 signal using release-08-00-09)
m 10.000.000 events per configuration

m use existing MC16 FEI-skim background

m identify cuts to reject background

m implement a best candidate selection

m find the optimal signal extraction method

m calculate the BF upper limits
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Decay Signature

m prompt charged kaon
m displaced S vertex with 2 s K

m 7 is almost at rest

m tight mass constraints on S
m Ms>2 M. ~35GeV
[ | MS < MB — MK ~ 4.78 GeV

m at least 2 neutrinos
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T decay

m focus on 1 prong decays
BT e+ Vet Vs
BT utr,+
BT —o>T+U
m7T—pt+u

— 71.5% 7 coverage
m decay channels
w1 —e/u/t/p+v(+v)
m—e/u/tm+v(+v)
— total of 33 % 77 coverage

m high number of neutrinos

m hadronic T decay: 1 neutrino
m |eptonic T decay: 2 neutrinos
Figure: 7 Decays m total of 2-4 neutrinos

Source: Metzner, Felix, 2022,
https://publikationen.bibliothek.kit.edu/1000148812
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S Candidate Mass

m missing energy and momentum from neutrinos lead
to high spread in S mass reconstruction

m signal extraction using this variable is not feasible

m use hadronic FEI to reconstruct the recoill

m calculate the recoil mass through the 4 momentum
vector ,DS _ pbeam _ thag _ ,OK

m extract signal through the recoil mass

Signal Ms = 4.4 GeV/c?, cts = 10 cm B-KS(-TT)

Belle Il Simulation mm Signal MC Signal Ms = 4.4 GeV/c?, cTs = 10 cm B—-KS(-T7)
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Displacement

FEI skim background from run 142 B-KS(—-TT)
o . . 120000 4 Belle Il Simulation [ £dt = 486.5fo Hmm e* e~ - B3O
m requiring a displaced vertex comes with advantages (own work) 1 Signal MC 4.4 GeV 100 cm
and disadvantages for the analysis 100000 - e M a4 cov e
m advantages
m reduce background
m only Ks and A° are irreducable ) 800007
]
— high background rejection E 00004
m disadvantages .
m declining PID efficiency because time of flight concept 40000
does not work for displaced particles
m only short tracks in outer CDC
m traditional track selections can’t be used 200007
m unable to reconstruct low lifetimes ¢ < 0.1 cm

. .. 0 Ler——
— low signal efficiency 103 102 107 10° 10* 102 103

TT decay position (cm)

Figure: displacement histogram
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ROE selections

FEé skim background from run 1+2 B-KS(-TT)
le

1.4 | Belle llSimulation [ cdt = 486.5fb mm e*e~ —BB

m ROE is everything not associated to Bgjg or Biag (from town workd m——eowd
FEI) particle candidates =27 — 5:32; MC 4.4 GeV 25 cm
m number of good ROE tracks Lol [ Signal MC 4.4 Gev'3 cm
m|dz|<4
madr<?2
m thetalnCDCAcceptance
m pt>0.1

m require 0 good ROE tracks
— loose signal efficiency to
m beam background
m 3/5 prong 7 decays

— reduce the number of background events

0 2 4 6 8 10
number of good ROE tracks

Figure: number of good tracks in the ROE
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wO-veto

m background events often contain 7°
m fill standard = list (eff30_May2020)

m only look at isolated photons
m apply fakePhotonSuppression and
beamBackgroundSuppression MVA

m compare number of reconstructed 7% and number of
signal 7°
m reject event if numbers don’t match
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m using the Ms = 4.4 GeV ¢ = 10cm as example to
demonstrate the 7°%-veto

without m°-veto with 70-veto
channel signal back- | signal back-
efficiency ground | efficiency ground
global 025% 1201 | 0.197% 417
p channels 0.018% 555 | 0.017% 163

none p channels

0231% 646

0.18% 254

Table: impact of the 7%-veto
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Best Candidate Selection

m multiple candidates (=~ 2.3) per event due to

m FEl return multiple By candidates, even after optimization cuts (for example cos(TBTO))
m bad PID on r-daughters due to displacement
m many different 7-daughters

m best candidate selection is needed
m decide for best By and Bsjy candidate individual
m short study showed that they are mostly independent

m PID cuts decide (mostly) on 7 decay mode
m rest is handled by tree fit y probability

. Btag
m using the signal probability of the FEI-Skim
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Signal extraction

m extract the signal via the recoil mass
m perform a signal fit

m for now: count signal and background
events in 95 % fit window

m calculate exclusion parameter

m assume Nopserved = Nbackground
m calculate branching fraction upper limit
through bayesian
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entries / (0.002 (GeV/c?))

Signal Ms = 4.4 GeV/c?, cts = 10 cm B—-KS(- TT)
I I Crystal Ball Fit
] i I: u = 4.401 % 0.001 (GeV/c?)
10 - 1 E 0 =0.017 * 0.001 (GeV/c?)
71 IE —— a, = 0.957 = 0.067
| n, = 5.154 + 0.350
. 1| E o, = 0.337 + 0.022
il K n,=19.746 + 3.753
A I: 90% Signal = 0.1873
| | —-- low limit = 4.3424
6 - I high limit = 4.5297
2l WE 95% Signal = 0.2533
APy 1 low limit = 4.3182
4 | | high limit = 4.5715
|k
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Figure: double-sided crystal ball signal fit

Institute of Experimental Particle Physics

AT



Signal efficiency & background events

m count number of reconstructed signal events in 95 % m count number of reconstructed background events in
fit window 95 % fit window
m divide by number of generated signal events Ms—36GeV Ms—40GeV Ms—4.4GeV
151 273 417
Ms=36GeV Ms=40GeV Ms=4.4GeV
cr—01cm 0.0064 % 0.0039% 0.0023% Table: number of background events
cr=1cm 0.12% 0.11% 0.11%
cr =5cm 0.17% 0.18 % 0.18 %
cr =10cm 0.18 % 0.2% 0.2%
cr = 25¢cm 0.15 % 0.18 % 0.2 % FEI skim background from run 1+2 B-KS(-TT)
cr=50cm | 0.11% 0.14% 0.16 % B oy 12tion ] cat= 06 5007 e e
cr = 100cm 0.07 % 0.1% 0.11% 401

Table: signal efficiency
30 1

20 1

entries / (0.0011 (GeV/c?))

10 A

3.6 3.8 4.0 4.2 4.4 4.6
Msrec (GeV/c?)

Figure: background distribution
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Sensitivity

Mass = 4.4 GeV

1 — theory ‘
1073 4

M perfect
10-4 1 —— very good

m branching fraction upper | — status T
limit calculated by c 107 5
counting = :

! . .. © 10_6 = I

m counting signal efficiency i ]
m counting background 2 10-7 4
events S ;
m perfect: 5 107° 5
= 100 % efficiency ® oo ]

m 0 background :
m very good: 10710 5
m 1% efficiency ]
m 0 background

10—11;

1073 1074 107>
Mixing Angle 6

1073 1072 1071 10° 101 102
cTau (cm)

Figure: sensitivity

14/15 September 9, 2025 Institute of Experimental Particle Physics &‘(IT



Conclusion

analysis for BY — K*S with S — 777~ set up and running

using hadronic FEI and recoil mass to reconstruct S despite missing energy
main selections set up

around 200 expected background events

signal efficiency of 0.2 % to 0.08 %

not competitive for dark scalar analysis

different model with enhanced 7 coupling needed
outlook

m decide in signal extraction method
m look into different theory models
m analyze the neutral B channel
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Tag Side cuts: S Side Cuts

= Hadronic FE m S distance (3d) > 0.2cm
m —-03GeV<AE <03GeV

m-05<S
2
= Moc - 5.27GeV/c . cosAngleBetweenMomentumAndVertexVector <
m continuum suppression ROE Track 0918
m | dz|<4cm )
0 |dr <|20m m S dcosTheta > 0.1
= ”;eta(’)”?gc\//‘/cceptance m S significance of distance > 6
m pt>0.1GeV/c : :
m cluster N Hits > 1.5 m BDT PID Electron > 0.5
m | cluster Timing | < 200 ns
m 0.2967 < cluster Theta < 2.6180 = BDTPID Muon>0.5
m clusterE > 0.08 GeV & 1 cluster Reg m global PID Pion > 0.5
m or clusterE > 0.03 GeV & 2 cluster Reg : : : -
m or clusterE - 0,06 GeV & 3 cluster Reg [ IBG\elz’: Candidate Selection on S treeFit confidence
L (;ontlg.uupm Zupr())rzjsmn cos(TBTO < 0.9) Kaon Cuts
§ Srag SIGTIOD > T . . m abs(dz) < 4cm
m Best Candidate Selection on B,y SigProb
ROE Cut madr<2cm
uts
m n Good ROE tracks = 0 m pt>0.1GeV/c
m|dz|<4 m global PID Kaon > 0.5
= ar<? m 18° < ThetaOnKLMy < 155°
m thetalnCDCAcceptance
m pt> 0.1
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