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Reminder: The purpose of Backward EMC is to help better distinguish between

signal and mimicking background by detecting (otherwise lost) photons
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Analysis Strategy - I (no Bwd EMC)

• Generate B+B− Monte Carlo with FastSim V0.2.6 and V0.2.7 pre-compiled

executables and V0.2.7 with the latest patches applied (i.e. all(?) bugs fixed) for

DG 4 and MixSuperbBkg NoPair for different decays of Btag and Brecoil

• Reconstruct Btag and Brecoil with PacHadRecoilUser package

• Select only Btag with minimum ∆E (one or more per event)

• Plot mES(Btag) and fit it with Crystal Ball (sig) + Argus (bkg) to get Btag yield

• Obtain yields for signal (S) and mimicking background (B) decays of Brecoil

• Calculate S/B ratio and S/
√

S + B at 75 ab−1 without using Backward EMC

info (reference values)

• In particular, ensure that Btag and Brecoil reconstruction does not include bwd

photons with cos θ < −0.8
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Analysis Strategy - II (with Bwd EMC)

• Calculate changes in S/B ratio and S/
√

S + B at 75 ab−1 using Backward

EMC info
• Calculate Eextra in Bwd EMC for 6 different thresholds: none, 20, 30, 50, 70, 100 MeV

☞ Thus every plot comes in 6 copies

• Obtain reconstruction efficiencies for signal and mimicking background decays of

Brecoil, as well as S/B ratio and S/
√

S + B at 75 ab−1 as functions of cut on

Eextra

• Compare to reference values without Bwd EMC, obtain 6 rel. differences as

functions of cut on Eextra

• Quote maximum value of these 6 functions as final result for this combination

of signal and mimicking background decays of Brecoil

• Repeat for different signal and mimicking background decays of Brecoil

• Repeat for FastSim V0.2.6, V0.2.7 pre-compiled executables and V0.2.7 with the

latest patches applied, to see the difference

• Check if bwd photons with cos θ < −0.8 can be used in in Btag and Brecoil

reconstruction (according to the latest news from Chih-hsiang)
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τ reconstruction

Sig Bsig → τν decay τ BF from PDG Mimicking bkg

Bsig → τν, τ → eνν 17.36% B → eν + X

Bsig → τν, τ → µνν 17.85% B → µν + X

Bsig → τν, τ → πν 10.91% B → π + X

Bsig → τν, τ → ρν 25.51% B → ρ + X

Bsig → τν, τ → a1ν 9.32% B → a1 + X

Bsig → τν, τ → π2π0ν 9.29% B → π2π0 + X

τ → 6 modes 90.24% B → anything

• X - any lost particle(s). Rare loss of particles compensated by large relative BF of the process

involving X w.r.t. signal decay B → τν
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Sig: Brecoil → τν, τ → µνν

Bkg: Brecoil → π0µν
Bkg: very special case with almost the same branching and only two extra photons

mES in signal sample mES in bkg sample

2), GeV/c
tag

(Besm
5.25 5.26 5.27 5.28 5.29 5.3 5.31

   
   

2
E

nt
rie

s/
1.

0 
M

eV
/c

0

1000

2000

3000

4000

5000
)

tag
(Besm  175±Area = 25847 

 0.000±m = 5.279 

 0.0± = 2.4 σ

 0.027± = -1.424 α

 2.658±n = 4.000 

 3.5±Argus N = 20.7 

 6.9± = -20.0 χArgus 

 0.0± = 0.1 αArgus 

)
tag

(Besm

2), GeV/c
tag

(Besm
5.25 5.26 5.27 5.28 5.29 5.3 5.31

   
   

2
E

n
tr

ie
s/

1.
0 

M
eV

/c

0

1000

2000

3000

4000

5000)
tag

(Besm  362±Area = 24998 

 0.000±m = 5.279 

 0.0± = 2.5 σ

 0.095± = -1.662 α

 0.618±n = 1.905 

 1.9±Argus N = 200.0 

 0.3± = -10.0 χArgus 

 0.0± = 0.3 αArgus 

)
tag

(Besm

• Cut on different values of Eextra in Backward EMC

• Fit for the peak yield after each cut

• Plot peak yields vs. cut values
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S/B ratio at 75 ab−1
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S/
√

S + B at 75 ab−1
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Bwd EMC influence

Sig Mimicking background Max. ∆ S/B, % Max. ∆ S/
√

S + B, %

HC = Had. Cocktail (V0.2.4) V0.2.6 V0.2.7 V0.2.6 V0.2.7

τ
→

µ
ν
ν Brecoil → π0µν 5.84 ± 1.13 4.04 ± 1.49 1.09 ± 0.65 0.62 ± 0.84

Brecoil → µνX 15.14 ± 1.83 15.31 ± 3.15 3.97 ± 1.02 4.27 ± 1.62

Brecoil → τνX, τ → µνν 12.26 ± 1.94 12.62 ± 2.14 2.34 ± 1.03 3.53 ± 1.25

Brecoil → HC 16.75 ± 0.81 16.61 ± 1.05 4.76 ± 0.73 5.11 ± 0.94

τ
→

e
ν
ν Brecoil → π0eν 4.97 ± 1.35 3.79 ± 1.94 0.53 ± 0.73 0.17 ± 0.93

Brecoil → eνX 14.21 ± 1.88 14.16 ± 2.05 3.47 ± 1.04 3.36 ± 1.22

Brecoil → τνX, τ → eνν 12.39 ± 1.98 10.86 ± 2.36 2.47 ± 1.07 1.72 ± 1.36

Brecoil → HC 16.66 ± 0.81 15.92 ± 1.06 4.68 ± 0.73 4.22 ± 0.93

τ
→

π
ν Brecoil → X 21.71 ± 0.97 21.01 ± 1.06 6.69 ± 0.77 6.61 ± 0.85

Brecoil → τνX, τ → πν 12.08 ± 1.85 11.97 ± 2.00 2.82 ± 1.04 3.02 ± 1.13

Brecoil → HC 16.95 ± 0.81 16.50 ± 0.92 4.94 ± 0.73 5.10 ± 0.82

τ
→

ρ
ν Brecoil → X 16.61 ± 1.26 16.96 ± 1.24 2.31 ± 1.03 3.26 ± 1.07

Brecoil → τνX, τ → ρν 13.05 ± 2.18 14.60 ± 2.15 0.98 ± 1.29 2.29 ± 1.29

Brecoil → HC 12.10 ± 1.12 12.60 ± 1.11 0.59 ± 1.00 1.95 ± 1.03

τ
→

a
1
ν Brecoil → X 21.10 ± 1.10 20.43 ± 1.48 6.10 ± 0.89 6.15 ± 1.24

Brecoil → τνX, τ → a1ν 15.91 ± 2.62 3.98 ± 1.37

Brecoil → HC 16.30 ± 0.95 4.35 ± 0.86 15.95 ± 1.35 4.53 ± 1.18

τ
→

π
2
π
0
ν

Brecoil → X 12.84 ± 1.53 11.57 ± 1.81 -0.72 ± 1.20 -0.89 ± 1.50

Brecoil → τνX, τ → π2π0ν 17.19 ± 2.57 1.10 ± 1.53

Brecoil → HC 8.67 ± 1.41 7.42 ± 1.69 -1.37 ± 1.18 -1.61 ± 1.48
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Bwd EMC influence:

Via cut on Eextra only
Signal Mimicking background Max. ∆ S/B, % Max. ∆ S/

√
S + B, %

HC = Had. Cocktail (V0.2.4) V0.2.6 V0.2.7 Latest V0.2.6 V0.2.7 Latest

τ
→

6 Brecoil → X 18.99 ± 1.01 18.25 ± 1.04 18.01 ± 1.18 4.57 ± 0.81 4.33 ± 0.84 4.57 ± 0.95

Brecoil → τνX, τ → 6 12.87 ± 2.00 12.65 ± 2.05 1.74 ± 1.10 2.08 ± 1.14

Brecoil → HC 14.63 ± 0.86 13.85 ± 0.90 13.85 ± 1.05 2.86 ± 0.77 2.81 ± 0.80 3.07 ± 0.91

Including bwd photons into reconstruction
Signal Mimicking background Max. ∆ S/B, % Max. ∆ S/

√
S + B, %

HC = Had. Cocktail (V0.2.4) V0.2.6 V0.2.7 Latest V0.2.6 V0.2.7 Latest

τ
→

6

Brecoil → X 19.04 ± 1.01 18.23 ± 1.03 18.08 ± 1.18 4.53 ± 0.81 4.30 ± 0.84 4.54 ± 0.95

Brecoil → τνX, τ → 6 12.97 ± 2.00 12.82 ± 1.98 1.73 ± 1.10 2.08 ± 1.11
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Conclusion

• Cutting on Eextra in Backward EMC for V0.2.6 increases:

☞ S/B by ∼15-20% depending on τ decay mode

☞ S/
√

S + B by ∼3-5%

• Using a different FastSim version (V0.2.7) with proper energy

smearing changes these numbers insignificantly

• Using the latest patches also changes these numbers insignificantly

• Using bwd photons in Btag and Brecoil reconstruction also changes

these numbers insignificantly
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