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Task 1: Signal cross feed Δt shape
● Check from where failing of ‘isSignal’ is failing

● The most of signal cross feed events coming from wrongly reconstructed γs 
into η and then into η’

● The vertex is reconstructed by charged particles mostly, what means Δt shape 
can be modeled by same pdf as signal
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Task ✩: Refit B meson with constrained η’
● After discussion with Luka, additional missing piece was found: fitted η’ with 

mass constraint to η.
● Then we can apply tighter cut on the η’ mass: (0.94, 0.975)
● It reduces number of signal cross feed events in the selection about 23.77 %
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Task 2: Peaking background Δt shape
● According discussion and check Belle Note (done by Luka) we will apply 

convolution of Three gaussians (same as for continuum background) with 
effective lifetime

● It will be implemented into our framework and then we are free to test TDCPV 
fit.
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Task 3: Control sample with excluded kaon 
● There are two possibilities:

○ Fit B+ meson with excluded pion using Rave fitter
○ Fit B+ meson with experimental version of Tree fitter

● The current Rave fitter have this option implemented
● Experimental TreeFitter can be found in 

○ BII-8242 and related branch BII-8242-treefitter-module-to-ignore-a-particle-in-the-vertex-fit

● We will follow second option due to all B mesons (B+,0,-) are fitted using it
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https://agira.desy.de/browse/BII-8242
https://stash.desy.de/projects/B2/repos/software/commits?until=refs/heads/feature/BII-8242-treefitter-module-to-ignore-a-particle-in-the-vertex-fit
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Backup
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Introduction
● Time dependent CP violation can be measured using formula:

     Δt = trec - ttag           B
0 lifetime       tag for B mesons (+1 or -1)                        mixing frequency

○ Monte Carlo predictions for fitting parameters      and   , but no zero 
parameter can be described as difference  

● The difference              can be predicted from several sources:
○ SU(3)F approach limits it to the range [−0.05, 0.09]
○ QCD factorization constrains it to the range [−0.03, 0.03]
○ Other estimations

● Measurement of this difference out of the mentioned ranges could be sign of 
New Physics 

● Previous measurements in BaBar and Belle introduce large statistical 
uncertainty what motivates to provide more precise measurements
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Signal and signal cross feed shapes
● Signal (and signal cross feed) shapes modeling:

○ fBDTtrans: Sum of three exponentials

○ mbc: Double gaussian (Crystal ball)

○ ΔE: Double gaussian

○ Δt: Hadronic modeling refitted on our data (how to model signal cross feed?)
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Continuum and peaking background shapes
● Continuum (and peaking) background modeling:

○ fBDTtrans: Chebyshev with linear and constant and linear degrees (Double exponential) 

○ mbc: ArgusBG (shape parameters in back-up)

○ ΔE: Exponential (shape parameters in back-up)

○ Δt resolution: Three gaussian (how to model peaking background?)
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Yield fit at 364 fb-1

● The total fitted function is three dimensional (fBDTtrans × mbc × ΔE) pdf.
○ two number of events (signal and continuum) free floating and two fractions (signal cross feed 

and peaking) constrained to MC value with sigma equals MC statistical uncertainty
● The MC test with expected yield at current integrated luminosity (expected)
● Then we set toys as 1000 measurements:

○ Generated from total pdf
○ Sampled from datasets
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 Signal events 
     453.0  ±  25.0 (431 + 40)
 Signal cross feed ratio 
     0.096  ±  0.026
 Signal cross feed events 
     44.5  ±  16.0 (40)
 Continuum events 
     5994.0  ±  78.0 (5920 + 57)
 Peaking fraction
     0.0089  ±  0.0041
 Peaking events
     53.0  ±  24.7 (57)
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Toys generated from pdfs

11

● Toys demonstrate really stable fit
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Sampled toys from datasets 
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● Toys demonstrate really stable fit
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TD CP Violation fit (continuum + signal only)

● Fit technically working from sampled MC with LData
○ Some issue in fit component overlays for tag categories (2x normalization of pdf ? )

● Warning: very preliminary work
○ Still no SxF and BBbar
○ Still fit in qr∊[0,1]

■ With resolution from first qr bin 
○ Yield for signal and continuum are ok

■ ACP = 0.063 +/-  0.065 (input 0)
■ SCP = 0.29   +/-  0.096 (input 0.7)
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Values not to be taken seriously! 

So far, just technical test

Is the B+->eta'K+ channel enough 

as only control channel? Or 

should we use anything more?
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Ntuple production
● Steering code is at:

○ https://stash.desy.de/users/lacaprar/repos/etaprime/browse/steering_files
○ Produced (so far) for All Data, MC15ri (qq-bar+taupair 1/ab), and MC15rd (exp20-26 ~700/fb)
○ As well as for signals

■ Channel #1:
● B0→η’ (→ η(→ γγ)π +π -)Ks(π

 +π -)
● B0→η’ (→ η(→ γγ)π +π -)Ks(π

 0π 0)
● B+→η’ (→ η(→ γγ)π +π -)K+ 

■ Channel #3:
● B0→η’ (→ ρ(→ π +π -)γ)Ks(π

 +π -)
● B0→η’ (→ ρ(→ π +π -)γ)Ks(π

 0π 0)
● B+→η’ (→ ρ(→ π +π -)γ)K+

■ Channel #2:
● B0→η’ (→ η(→ π +π -π 0)π +π -)Ks(π

 +π -)
● B0→η’ (→ η(→ π +π -π 0)π +π -)Ks(π

 0π 0)
● B+→η’ (→ η(→π +π -π 0)π +π -)K+ 

14

https://stash.desy.de/users/lacaprar/repos/etaprime/browse/steering_files
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● Gamma:loose
○ Eγ>150 MeV
○ 0.5 < Mγγ < 0.57 GeV/c 2

● Pi:all 
○ opposite charge

● Gamma:loose
○ Eγ>150 MeV
○ cos θ γ > −0.64
○ No pi0 veto: losing too much signal

● Pi:loose 
○ 0.47 < M π+ π− < 1.07 GeV/c2

● 0.92 < Mη ‘ < 1.0 GeV/c 2

Selection 𝜼’: two channels

● K:loose
○ Global PID(K) >0.1
○ cos θK > −0.5

● K_S0:merged (V0+hh)
○ 0.49 < Mπ+π−< 0.51 GeV/c 2

○ Vertex fit not failing
○ cos θp,v > 0.99 

■ (angle between momentum and vertex 
vector )

● B0 and B+ decay chain fitted with 
treeFit algo

○ Mass constraint on η, η‘, 
○ NO IP vertex constraint

● Keep only one candidate per event 
sortex by vtx pValue
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Selections
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Continuum suppression modelling
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● Probability integral transformation transform distributions according given empirical cumulative 
distribution (background), then background is flat and signal is concentrated around maximum (one)
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The fBDT transformed cut
● To reduce amount of continuum background we apply additional cut based on 

the transformed fBDT:
○ The cut was selected to reduce no more than 5% of signal
○ All events with value larger than 0.65 fBDT_MC_trans have been kept
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Different techniques for different datasets
● Due to different distributions in different datasets
● We decided:

○ Keep the standard MC technique of training fBDT for Monte Carlo datasets
○ Keep the technique based on the sideband for real data 

● Our approach will reduce systematics uncertainty from fBDT
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Monte Carlo
 

Data
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Shapes of fBDT transformed
● The shape fitted on signal Monte Carlo dataset:

○ Signal: Sum of the three exponential pdfs
○ Continuum background: polynomial pdf with no larger then linear element 
○ Peaking background: Sum of two exponential pdfs
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Yield Systematics
Yield systematics in arxiv paper
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Removed by using 
Data side band for 
modelling
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Signal/Background only TDCPV fit
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TDCPV systematics 
From: JHEP 1410 (2014) 165 Belle  
772×106 BBar pairs
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● Vertexing:
○ They are estimated by varying several 

algorithm conditions and repeating the 
final fit. 

■ In particular, selection on h (reduced 
𝛘2) and σz

■ IP constraint varied
■ Mis-alignment

● Dt resolution:
○ Varies parameters of DT resolution (using 

tatami)
● Signal fraction:

○ Varying parameter of pdf
● Tag-side (ACP):

○ Toys MC with varied signal DT distribution

http://www.inspirehep.net/search?p=j%20JHEP,1410,165
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TDCPV systematics 
From: PRD 79 (2009) 052003 BaBar w/ 
467 × 106 BB pairs
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● Pdf parameters
○ Toys MC varying pdf params

● Bias
○ From toys MC

● BB-background
○ Varied +/-20%

● Bflav
○ Varies B→charmless CP parameters 

within uncert for BB background
● Self-crossfeed:

○ Toy MC w/ and w/o SxF
● Interference

○ ~same as Belle

http://www.inspirehep.net/search?p=PRD,79,052003

