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Electron : 8 GeV
Positron : 3.5 GeV

On Υ 4𝑆 = 10.58 GeV
resonance mostly decay 
to 𝐵 ത𝐵 pair



Theoretical Background
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𝑭𝒊𝒏𝒂𝒍 𝑺𝒕𝒂𝒕𝒆𝒔

𝑩+ → 𝑲+𝒆+𝒆−𝒆+𝒆+ 𝑩𝟎 → 𝑲𝟎𝒆+𝒆−𝒆+𝒆+ 𝑩+ → 𝑲∗+𝒆+𝒆−𝒆+𝒆+ 𝑩𝟎 → 𝑲∗𝟎𝒆+𝒆−𝒆+𝒆+

𝑩+ → 𝑲+𝒆+𝒆−𝝁+𝝁+ 𝑩𝟎 → 𝑲𝟎𝒆+𝒆−𝝁+𝝁+ 𝑩+ → 𝑲∗+𝒆+𝒆−𝝁+𝝁+ 𝑩𝟎 → 𝑲∗𝟎𝒆+𝒆−𝝁+𝝁+

𝑩+ → 𝑲+𝝁+𝝁−𝝁+𝝁+ 𝑩𝟎 → 𝑲𝟎𝝁+𝝁−𝝁+𝝁+ 𝑩+ → 𝑲∗+𝝁+𝝁−𝝁+𝝁+ 𝑩𝟎 → 𝑲∗𝟎𝝁+𝝁−𝝁+𝝁+

Multilepton signature of a hidden sect
or in rare B decays.
Phys. Rev. D 83,054005, B. Batell. et al.



Event Generation

• For Signal MC, for each final state decay and 𝐴′ masses, 1M event 
generated.

• For 𝐴′ masses, we generate 0.3 GeV ~1.8 GeV region with 0.1 GeV 
gap.

• Using EVTGEN and GEANT3

• PHSP used for 𝐵 → 𝐾𝐴′𝐴′, PHOTOS additionally added to 𝐴′ → 𝑙 ҧ𝑙

• For Background MC, 10 streams of 𝐵 ത𝐵, 6 streams of 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑢𝑚, 50 
streams of 𝑟𝑎𝑟𝑒𝐵 and 20 streams of 𝑢𝑙𝜈 was used to estimate 
backgrounds. Each stream corresponds to 772M 𝐵 ത𝐵 pairs.
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Particle selection

• 𝑑𝑟 < 2 cm, 𝑑𝑧 < 5 cm

• 𝑒± : ℒ𝑒 > 0.9, ℒ𝑒 > ℒ𝜇, Bremstrahlung-𝛾 recon ∠𝑒
𝛾
< 0.05 rad

• 𝜇± : ℒ𝜇 > 0.9, ℒ𝑒 < ℒ𝜇

• 𝐾± : ℒ𝐾/𝜋 > 0.6, ℒ𝑃/𝐾 < 0.4

• 𝜋± : ℒ𝐾/𝜋 < 0.4, ℒ𝑃/𝜋 < 0.4

• 𝛾 : Endcap : 150 MeV Barrel : 50 MeV

• 𝐾𝑆
0 : 𝑛𝑖𝑠𝑘𝑠𝑓𝑖𝑛𝑑𝑒𝑟 standard cut.

• 𝜋0 : 0.1 < 𝑀𝜋 < 0.14 (GeV), 𝑃𝜋 > 0.1 GeV
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Particle Selection cont’d

• 𝐾∗+ : 𝐾∗+ → 𝐾𝑆
0𝜋+, 𝐾+𝜋0, 0.8 < 𝑀𝐾∗+ < 1.0 (GeV)

• 𝐾∗0 : 𝐾∗0 → 𝐾𝑆
0𝜋0, 𝐾+𝜋−, 0.8 < 𝑀𝐾∗0 < 1.0 (GeV)

• 𝐴′ : 𝐴′ → 𝑒+𝑒−, 𝜇+𝜇−,  Δ𝑀𝐴′ < 0.1 GeV

• Best 𝐴′ pair selection based on least Δ𝑀𝐴′

• When we select 𝐴′ → 𝑙1,3𝑙2,4, we call 𝐴𝑊
′ → 𝑙1,2𝑙4,3

• Best B selection based on least |Δ𝐸|.
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Signal Extraction
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Cuts

𝑀𝐵𝐶 > 5.26

−0.2 < Δ𝐸 < 0.1

Δ𝑀𝐴′ : 95% of signal cut

|𝐸𝐴𝑠𝑦𝑚| < 0.8

𝑀𝐴′ −𝑀𝐴′ < 0.1
𝑀𝐴′ > 0.1

𝑀𝑙1,2𝑙4,3 > 0.1

Veto 𝐽/𝜓,𝜙 on 𝑀𝑙1,2𝑙4,3

𝑅2 < 0.4



Number of event/1M MC 
vs Dark photon masses in SignalMC
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Efficiency tend to increase as M
ass increases.
Minimum around 0.6 GeV

Possible for more higher mass r
egion and 0.2 GeV for 4 electron 
subdecay mode.
( Currently 0.3 GeV ~ 1.8 GeV )

𝑒𝑒𝑒𝑒
𝑒𝑒𝜇𝜇
𝜇𝜇𝜇𝜇

𝐾+ 𝐾0

𝐾∗+ 𝐾∗0



Number of event/1stream
vs Dark photon masses in GenMC
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This is number of background 
and its statistical error.

Most of case they are in 𝑂(1), 
4𝜇 decay have least backgroun
ds.

𝑒𝑒𝑒𝑒
𝑒𝑒𝜇𝜇
𝜇𝜇𝜇𝜇

𝐾+ 𝐾0

𝐾∗+ 𝐾∗0



𝑁𝐵𝐾𝐺 and its statistical error
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Final State 𝒎𝑨′ 𝑵𝑩𝒌𝒈 𝝈𝑩𝒌𝒈 Final State 𝒎𝑨′ 𝑵𝑩𝒌𝒈 𝝈𝑩𝒌𝒈

𝐵+

→ 𝐾+𝑒+𝑒−𝑒+𝑒−
1.1 0.30 0.17

𝐵0

→ 𝐾0𝑒+𝑒−𝑒+𝑒−
1.1 0.32 0.19

𝐵+

→ 𝐾+𝑒+𝑒−𝜇+𝜇−
1.1 1.20 0.35

𝐵0

→ 𝐾0𝑒+𝑒−𝜇+𝜇−
1.1 0.10 0.10

𝐵+

→ 𝐾+𝜇+𝜇−𝜇+𝜇−
1.1 0.30 0.17

𝐵0

→ 𝐾0𝜇+𝜇−𝜇+𝜇−
1.1 0.00 0.00

𝐵+

→ 𝐾∗+𝑒+𝑒−𝑒+𝑒−
1.1 2.87 0.80

𝐵0

→ 𝐾∗0𝑒+𝑒−𝑒+𝑒−
1.1 2.12 0.71

𝐵+

→ 𝐾∗+𝑒+𝑒−𝜇+𝜇−
1.1 3.67 0.88

𝐵0

→ 𝐾∗0𝑒+𝑒−𝜇+𝜇−
1.1 1.92 0.46

𝐵+

→ 𝐾∗+𝜇+𝜇−𝜇+𝜇−
1.1 0.87 0.43

𝐵0

→ 𝐾∗0𝜇+𝜇−𝜇+𝜇−
1.1 0.40 0.20

After cut, in most of mass region,  𝑁𝐵𝐾𝐺~𝑂 1 , E.U.L of B.F 𝑂 10−8 ~𝑂(10−6)



Control Sample Study

• To validate 𝑅2 cut.

• Control sample study using 𝐵 → 𝐷ഥ𝐷𝐾 was not successful
• So many resonant state inside it.

• Control sample study now uses 𝐵+ → 𝐽/𝜓𝜙𝐾+, 𝐽/𝜓 → 𝑙+𝑙−, 𝜙 →
𝐾+𝐾−

• Modified 𝑀𝐵𝐶 was used to solve peak shift. 𝑀𝐵𝐶 = 𝑀𝐵𝐶 − 𝐸𝑏𝑒𝑎𝑚 + 5.29

• Data/MC comparing result was consistent with our expectation.

• Fitting was used.
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Control sample study
Signal fit. SigMC/GenMC/Data
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CB CB from SigMC + Argus

Diff ~0.76



Control sample study result
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Comparison between 𝑅2 < 0.4 cut and No 𝑅2 cut. In compare to Data and MC they 
have almost same.

𝑅𝑃𝐼𝐷,/𝑤𝑅2 𝑅𝑃𝐼𝐷,/𝑤𝑜𝑅2



Control sample study result
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Difference between Data and MC are consistent with expected result.
Slight lower than PDG value.



Systematic study

• PID Correction is main source of systematic error.

• Systematics for tracking is relatively low ( ~0.7% in total) in 
compared to PID correction (~10%)
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PID Correction ratio 𝑅 vs Masses
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𝑅 is around 0.85, 
and its error is around 10%.

The more muon event have less 
error.

𝑒𝑒𝑒𝑒
𝑒𝑒𝜇𝜇
𝜇𝜇𝜇𝜇

𝐾+ 𝐾0

𝐾∗0 𝐾∗+



Expected Upper Limit of Branching 
Fraction using MC w.r.t 𝑚𝐴′ , 𝑁𝑂𝑏𝑠 ( 10−6 )
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They are in 𝑂 10−6 ~𝑂(10−8)



Summary

• Controlsample study using 𝐵+ → 𝐽/𝜓𝜙𝐾+ is consistent with o
ur expectation.

• Systematic study was done. Main source of systematic error 
was PID correction. 

• Expected upper limit of Branching fraction is estimated
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Backup
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Particle selection cont’d

• Least Δ𝑀𝐴′ for 𝐴′ pair selection.

• Least |Δ𝐸| for best B selection.
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Bremsstrahlung reconstruction

∠𝑒
𝛾
< 0.05 𝑟𝑎𝑑 used bremsstrahlung 

reconstruction.
Electron containing mode have 
Bremsstrahlung reconstruction process

Before

After

Effect on 𝐽/𝜓, 𝜓 2𝑆 background veto
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𝑀𝑏𝑐 𝑣𝑠 Δ𝐸 before, after bremsstrahlung reconstruction

Saga-Yonsei Workshop



Low mass/cc veto

𝐽/𝜓 veto : 2.8 < 𝑚𝐴𝑤
′ < 3.15 GeV

𝜓(2𝑆) veto : 3.55 < 𝑚𝐴𝑤
′ < 3.7 GeV

Low mass veto 
𝑚𝐴′ < 0.1 GeV, 𝑚𝐴′ < 0.1 GeV

Charged
Mixed
Charm
Uds
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Δ𝑚𝐴′ cut determination

Background is almost flat.
Figure of merit punzi fluctuates hard due to lack of background. (𝑂(1))
Signal 95% cut applied to some points,
And interpolated it with dark photon mass
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PID Correction

Mass
(GeV)

𝑲+ 𝑲𝟎 𝑲∗+ 𝑲∗𝟎

𝑅 𝜎𝑅 𝑅 𝜎𝑅 𝑅 𝜎𝑅 𝑅 𝜎𝑅

𝑒+𝑒−𝑒+𝑒− 0.6 0.8751 0.1004 0.8553 0.1004 0.8402 0.1026 0.8483 0.1041

1.1 0.8849 0.1021 0.8628 0.1018 0.8519 0.1042 0.8609 0.1059

1.6 0.9049 0.0983 0.8765 0.0978 0.8757 0.1009 0.8844 0.1024

𝑒+𝑒−𝜇+𝜇− 0.6 0.8750 0.0896 0.8526 0.0895 0.8434 0.0908 0.8509 0.0925

1.1 0.8673 0.0928 0.8427 0.0931 0.8375 0.0943 0.8422 0.0965

1.6 0.8777 0.0918 0.8520 0.0906 0.8553 0.0918 0.8637 0.0935

𝜇+𝜇−𝜇+𝜇− 0.6 0.8949 0.0825 0.8663 0.0811 0.8699 0.0824 0.8741 0.0848

1.1 0.8661 0.0881 0.8357 0.0882 0.8385 0.0892 0.8396 0.0906

1.6 0.8568 0.0912 0.8352 0.0895 0.8395 0.0901 0.8596 0.0881

Table. PID correction ratio( 𝑅 =
𝜖𝐷𝐴𝑇𝐴

𝜖𝑀𝐶
) and its uncertainty
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