
         Charm CPV and Mixing prospects at the 
                       Belle II Experiment

                            Nibedita Dash
Indian Institute of Technology Bhubaneswar
   

2nd 

 (for the Belle II Collaboration ) 

  Introduction
 Charm CPV prospects at the Belle II  
  Charm Mixing prospects at the Belle II
 Conclusions

Outline :



 2

L
int

   =  50 ab-1  (50 X KEKB)

L
peak

 =  8 X 1035 cm-2s-1 (40X KEKB)

➢   New physics opportunities :

  Precise measurement of UT parameters
  New sources of CP violation
 Belle II will have a rich charm physics program: it should improve precision of mixing/CPV parameters, 

direct CP asymmetries etc..
  Lepton Flavour Violation in B and τ decays
  New physics search in missing energy modes of B decays, Dark matter, charged Higgs , etc..

                                 Introduction
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                                 Belle II Detector

electrons  
(7GeV)

positrons 
(4GeV)

KL and muon detector:
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps , 
inner 2 barrel layers)

Particle Identification 
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (fwd)

Central Drift Chamber
He(50%):C2H6(50%), small cells, long 
lever arm,  fast electronics

EM Calorimeter:
CsI(Tl), waveform sampling (barrel)
Pure CsI + waveform sampling (end-caps)

Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 layers DSSD

* See the talk by Tadeas
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• IP and secondary vertex resolution

• K/π separation and flavour tagging

• machine background rejection

• K
S
 , π0 and slow pions reconstruction efficiency

•  Clean experimental environment, low track
    multiplicity and detector occupancy (w.r.t hadron collider)
     - High B, D, K, tau reconstruction efficiency
      - open trigger ~99% efficient

Improvements:

 B Factory Improvements
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mass eigenstates

CP violation                                 Mixing & CP violation

➢   

➢   

➢   

CP violation observables in  mixing/induced: A
Γ
 , y

CP    M1 + M2
 M =

2

   Γ1 + Γ2
Γ =

2

    ΔM
 x =

Γ

   ΔΓ
y =

2Γ

WIndirect CP Violation :

➢   A
Γ
 primarily probes indirect CP violation:

It relates to A
CP

 (t) by

y
CP

 = y for

 no CPV

In the absence of direct CP violation, y
CP

 is given by

Mixing in the up-quark sector only occurs for D meson
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CP violation                                 CP violation

➢   

➢   

➢   Direct CP Violation

Occurs when  A(D→ f ) ≠  = A( D→ f )

  direct CPV is searched for through time- integrated asymmetries

ΔA
CP

 is mostly a measurement of direct CP violation:

➢   

➢   

Level of CP violation in the SM hard to estimate. Expected asymmetries O (10-3 ) (CHARM)

All three species (D0 , D+ , D
s

+ ),  decay mode dependent

q/p   ≠ 1 =>  indirect CP violation

q/p = |q/p| * eiφ :
 
•  |q/p| ≠ 1 => CP violation in 
mixing
 
•  φ ≠ 0(π)   CP violation in ⇒
interference of decays w/ and 
w/o mixing

•  D0 only, common to all decay 
modes
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                                 Charm CPV results

•  No clear evidence of direct CPV (no CP violation at 9.3% CL) 
•  No hints of indirect CPV, CL = 40% 

CPV in D0 →h+h- decays , h= K, π  
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no CPV @ 
9.3% CL
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                  Direct CPV in D Decays

Belle measurements extrapolated to 50 ab−1

Extrapolation:

D0→K+K- 0.15 0.03

D+→K
S
K+ 0.14 0.03

D+

s
→K

S
π+ 0.17 0.03

ArXiv:1208.3355

LHCb                   Now         50fb-1

Measurement        %             %   

• Only D* tagging method considered and A
CP

 precision will reach O (10-4 ) better than the  current theoretical predictions

•  Belle II will provide best precision for neutral particle  final states, but will be competitive with  LHCb  for  charged 
particle final states as well
• Both forthcoming experiments, Belle II and LHCb upgrade are complimentary to each other !! 

N. Dash                            Charm prospects Belle II                                          [Belle2-PUB-DRAFT-2016-012]

mainly due to K0-K0 interaction asymmetry 

D+ → π+ π0                                                                                                              ±(0.2 - 0.4)          
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 Lose 75% of D0 in cc-bar events at B-factories

Rest of the event (ROE)  D0 flavour tagging [improve statistics]

Select events with only one K± in the ROE   and  charge of K determines  
the flavour of D0 at production

➢   

➢   

➢   

Tagging K : a.  BDT with a first loose cut 
to reject most of the background 
and count the number of  charged kaons,
  b.  tighter cut to reject fake kaons

The expected improvement combining the two
Flavour tagging techniques (D* & ROE) is 
~15%, depending on the purity of the sample. 

➢   
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p 
D∗

CMS  > 2.5 GeV /c

Observables:  m(D0), ∆M ≡ m(D* ) − m(D0) or 
 Q ≡  ∆M − m

π

D +∗  from B decays can be completely   rejected with : 

IP constrained refit of π slow to improve  ∆M resolution➢   

➢   

➢   

New flavour tagging method

[Belle2-PUB-DRAFT-2016-012]

➢   
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Expected precision for future measurements

• Expect similar systematic error in Belle II                 
• irreducible sys. err. due to the neutral K interactions  in the material (0.01 x 10-2 ) 
• Large fraction of systematics will be reduced With  higher statistics

• Dominant error arises from ACP measurements of K
s
π0 errors on K

s
π0 will reduce with increased 

statistics at   Belle II
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• The outer radius of the SVD detector has been significantly increased from 8.8 to 14.0 cm  
• Large various of SVD will allow % more KS  candidates whose daughters have associated SVD hits

D0 →K
S
π0, π0π0, K

S
K

S
 

@ 50ab-1

0.21 %

0.09 %

0.03%
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 D0→  Vγ

Same selection criteria used 
for Belle II sensitivity study 
as in Belle

The resolution looks similar 
on the Belle II sample, 
compared to Belle, but 
background is a challenge .

Sig. MC 

Sig. MC 

Bkg. MC 

Bkg. MC 
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      Belle    Belle II

Signal efficiency        9.8%    7.2%

Signal Mean 1.8645±0.0003 1.8642±0.0003

Signal width 0.0122±0.0001 0.0164±0.0002 

π0 bkg. mean 1.8428±0.0007 1.8421±0.0005

π0 bkg. width 0.0187±0.0003 0.0194±0.0003

➢   

➢   

[Belle2-PUB-DRAFT-2016-012]
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                                 D0 proper time resolution
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• vertex detector allows to reconstruct
the D0 decay vertex with a precision of  40μm∼

• benefit from this improved the precision of the de-
termination of the D0 proper time is improved by
a factor two

proper time :

Proper time resolution 

[Belle2-PUB-DRAFT-2016-012]
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 x'
x'2

y'

|q/p|
φ

Analysis                   Observable               Uncertainty(%)

D0 →K
S
π+π-

Now (~ 1 ab-1) L = 50ab-1

x
y

|q/p|
φ

D0 →π+π- ,K+K-
y

cp

A
Γ

D0 →π-K+

0.20
0.16

17.8
12.2

0.11
0.05

7.0-7.4
4.0-4.2

0.24
0.22

0.05-0.08
0.03-0.05

(LHCb: arXiv:1208.3355)

0.022
0.34

0.6
0.44 rad

N.B.  statistical error and some systematics scale by luminosity, but other systematics do not.

Mixing  in D Decays: Prospects w Belle II

0.003
0.04

0.06
0.04 rad

[Belle2-PUB-DRAFT-2016-012]

Improved t resol.
(ToyMC)

 0.15
   -
0.10

0.051
0.09

do better on x’ and y’ than just scaling
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                                 Conclusions

➢ B factories have proven to be an excellent tool for charm physics, 
producing a wealth of physics results 

➢ CP violation was searched in many decay modes  
➢ No evidence found for CPV in the charm sector
➢ Prospects for these measurements at Belle II were also 

discussed in some cases the sensitivity would reach a 0.03% level.
➢ Belle II will have a rich charm physics program: it should

 improve precision of mixing/CPV parameters, direct CP 
asymmetries.

➢Belle II will implement novel tagging method (ROE) to increase 
statistics and The expected improvement combining the two 
Flavour tagging techniques (D* & ROE) is  ~15%, depending 
on the purity of the sample.

➢ CPV in D decays is a challenge for the upcoming upgrades
 of LHCb and Belle ; Belle II will provide results competitive 
and complementary to LHCb.
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only estimated in D0→K
s
π π  @ Belle II

p

p
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Thank You...!! 
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BACK UP
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                                 Rare decays

Rare charm decays, e.g.  D0→ γγ

predicted BF a few x 10-8

Belle result 8.5x10-7 @ 90% C.L.   

(PRD 93, 051102(R), 2016; 832 fb-1  data)

expected to reach 10-7~10-8(with full Belle II data)

dominate the precision of the BF(D0→ γγ) with 50ab−1 , to a relative 
accuracy of around 20%-30%

[Belle II Internal Note]N. Dash                            Charm prospects Belle II                                          
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                                   D+→  K
S
K+,  K

S
π+)

PRL 109, 021601 (2012) , JHEP 02, 98(2013)
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• 
• 

• 

• 
• 

• KS efficiency associated charged pion silicon hits is improved by the upgrade of the silicon 
vertex detector by around 30%:
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               prospects for time-intergraded CPV

D0 →KK,ππ 

Reducible errors:
• Slow π correction uncertainty: Flavor od D*, 
• scales with integrated luminosity
• ACP extraction: Calculation of final CP 
asymmetry in the  bins of different kinematic 
variable
• higher statistics, uncertainty becomes 
negligible

Irreducible errors:
Signal counting: Possible difference between 
the background 
shape in signal and sideband intervals of Q

Expected precision for future measurements

[Belle II Internal Note]N. Dash                            Charm prospects Belle II                                          

• Experiment better in charm 2-body decay ~30%
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• Tagging kaons are mostly back-to-back

• Tagging efficiency (ε) = 15 %, mis-tagging level (w) < 5%, after vetoing 
presence of neutral kaons K

L
 and K

S
 in the ROE [from MC truth]

• A novel tagging method which will: increase statistics with an additional 
D0 sample and will be very useful to evaluate systematics independently. 

[BELLE2-MTHESIS-2016-007]

• a: Ratio between the statistical error on a A
CP

 measurement 

using the two different flavour tagging methods 
(D* and ROE, given by σX and σ0 ) as a function 
of the purity of D0 samples.

• b: Ratio between the combined statistical error
 (σC ) and the statistical error from the D* method.

• Reference point for the ratio of the purity of D0

 samples: 1.4 [PhysRevD.87.012004]

• In the best case, assuming the value 1.4 for 
Belle II, we can expect a reduction of ~15% of 
the statistical error on a A

CP
 measurement.

a b

b
e
l
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KEKB 
Design

KEKB 
Achieved

: with crab

SuperKEKB 
Nano-
Beam 

Energy (GeV) (LER/HER) 3.5/8.0 3.5/8.0 4.0/7.0

y
* (mm) 10/10 5.9/5.9 0.27/0.30

x
* (mm) 330/330 1200/1200 32/25

x (nm) 18/18 18/24 3.2/5.3

y x  (%) 1 0.85/0.64 0.27/0.24

y(m) 1.9 0.94 0.048/0.062

y 0.052 0.129/0.090  0.09/0.081

z (mm) 4 6 - 7 6/5

Ibeam (A) 2.6/1.1 1.64/1.19 3.6/2.6

Nbunches 5000 1584 2500

Luminosity (1034 cm-2 s-1) 1 2.11 80

Nano-beams are the key (vertical spot size is ~50nm !!) 



 22

                                 

Table of Belle II detector performance parameters

SuperKEKB/Belle II is the intensity frontier facility for B mesons, charm mesons and tau leptons.
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Table of Belle II detector performance parameters

SuperKEKB TDR parameters
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K
S
K

S
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* See the talk by Tadeas
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