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Motivations: the DKK opportunity
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 The DKK sector is mostly unexplored 

• In Belle II MC: (where , ) 

• Measurements from a single paper [Belle, Phys.Lett.B,542(2002)] 
29.4 fb-1,  5 modes (BR=0.28%) 

• The remaining is generated by Pythia

(B+ → DKK) ≃ 6 % D = D±,0,* K = K±,0,*
6.4%

Pythia 
5.58

Measured
0.28

https://www.sciencedirect.com/science/article/abs/pii/S0370269302023730
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• Hadronic B-tagging: full reconstruction of the tag side using hadron modes 

• Anly a small set of modes contributes to the hadronic Belle II b-tagging efficiency:  

• , , n<4 

•  modes has very hight purity: their contribution to b-tagging can be relevant  

• semi-inclusive approaches ( ) can also be developed, obtained result similar to semileptonic B-tagging

B →

B → D(*)(n)π± B → D(*)(n)π±π0

B → DKK

B → DKKX

B+
sig B−

tag

K+

ℓ−

ντ
τ+

h+/ℓ+νℓ

Full  
reco

https://www.sciencedirect.com/science/article/abs/pii/S0370269302023730
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The Belle II integrated luminosity (362 fb-1) already recorded allows:  

• to improve over the Belle measurement with higher precision 

• to observe additional 3 new  modes (2-3 sigmas in Belle paper) 

• to understand the resonant contribution ( ...) of this class of decays  

• to perform the world best measurement of the four   channels 

B → DKK0
S

a1, ρ′ 

B → D−
s D(*)
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Belle studied the  mass distribution 

•  far from 3 body phase-space 

• compatible with resonant  
resonance  

• angular analysis :  (agrees with ) 

• Also   far from phase-space

K−K*0

a−
1 → K−K*0

K−K*0 JP = 1+ a1

m(K−K0
S)

[Belle, Phys.Lett.B,542(2002)] 

https://www.sciencedirect.com/science/article/abs/pii/S0370269302023730
https://www.sciencedirect.com/science/article/abs/pii/S0370269302023730


Analysis strategy
• Efficiency as a 2D map  

• Signal yield:  fit: signal + background ( ...), where  

• Branching Fractions: 

- Event by event efficiency correction, as a function of  

-
  

• Invariant Masses/angular variables: 

- s-Plot is performed on the required variable:  -->  bkg free 

- Event by event efficiency Correction, as a function of 

ε(mK−K(*), mD(*)K(*))

ΔE qq, BB ΔE = E*B − s /2

(mK−K(*), mD(*)K(*))

ℬ =
1

2f+−,00NBB ⋅ ℬ(inter)
⋅ ∑

i∈ bins

N reco
i

εi
,

ΔE × Var Var

(mK−K(*), mD(*)K(*))

7

bkg-subtracted  and 
efficiency corrected 
yield (i=bins of 
efficiency map)

Studied decay channels
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Studied decay channels

• Preliminary result presented in Moriond '23  

- Only the  modes were studied 

- Efficiency correction function of  
only 

•  arXiv:2305.01321

K0
S

m(KK0
S)

https://arxiv.org/abs/2305.01321


Reconstruction and selection

Decay chain 

 

‣  

‣  

‣  

‣  

‣  

‣  

‣

B → D(*)K−K(*)0
(S)

K0
S → π+π−

K*0 → K+π−

D0 → K−π+

D+ → K−π+π+

D*0 → D0π0

π0 → γγ

D*+ → D0π+
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 and  suppression BB qq
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R2

•  GeV 

•    veto:    
 MeV 

• Best candidate selection: 
 

•  MeV 
 

Mbc = ( s /2)2 − ⃗p*2
B > 5.272

B → DD−
s ( → KK) ⇒

|mDs
− mKK | > 20

min |Mbc − MB |

|Mreco
K* − MPDG

K* | < 50

• ... 

• ...  [see backup for full details and definitions]



Reconstructed sample composition -  channelsK0
S

 = signal 

= feed-
across between channels 

 = other bkg 

• all the channels are 
very clean 

• some off-peak feed 
across 

• only in  has a 
peaking bkg [next 
slides]

D*0KK0
S
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Peaking background in  B− → D*0K−K0
S
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• peaking feed across from 
 (lost  and 

added a wrong ) 

• yield estimated  using: 

• [More details in backup]

D*+KK0
S π+

π0
other 

signal  

 feed-across  

 feed-across 

D*0KK0
S

D0KK0
S

D*+KK0
S

[MC Simulation]



Yield extraction (  channels)K0
S

• Signal: 
gaussian+asymmetric 
gaussian 

• Bkg: exponential+constant 

• Dedicated peaking bkg 
channels and  
channel 

• Result preliminary validated 
on MC and with  toys

D*0KK0
S

103
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[from arXiv:2305.01321]

[Data - 362 fb-1]

https://arxiv.org/abs/2305.01321


Efficiency estimation
• Estimated using signal MC 

• differential in  --> to be independent from the Dalitz 
model of the MC 

• Two examples of the maps:

ε(mK−K(*), mD(*)K(*))

13

[MC Simulation]



Branching fractions and syst. unc. (  channels)K0
S

• Observation of 3 new 
decay channels 

• All channels are 
statistically limited  

• highlighted dominant 
systematic uncertainties

14[from arXiv:2305.01321]

[Data - 362 fb-1]

https://arxiv.org/abs/2305.01321


Invariant masses (  channels)K0
S

• Clear discrepancy with phase-
space distribution (from MC) 

• Can be compatible with a low-
mass resonance -like (See for 
instance: [arXiv:2201.06881] ) 

• NB: Efficiency correction not 
applied in the  shown 
here

ρ′ 

m(KK0
S)
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[from arXiv:2305.01321]

[Data - 362 fb-1]

https://arxiv.org/abs/2201.06881
https://arxiv.org/abs/2305.01321


Reconstructed sample composition -  channelsK*0

• all the channels are 
very clean 

• some off-peak feed 
across 

• All the channels have a 
 peaking 

bkg [next slides] 

• The  has an 
additional peaking bkg, 
likewise the  case

B → DKKπ

D*0KK*0

K0
S

16

[MC Simulation]
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• Do not apply the cut in  

• perform a fit in  to separate /  bkg 

• use the sPlot to obtain the  distribution, free from 
/  bkg 

• fit the resulting  distribution 

- Signal: BW phase-space corrected, with mean=  and 
free width 

- Bkg:  3rd degree  Chebyshev  polynomial (parameters 
fixed) 

- veto on  for   + veto [1.25 
GeV,1.60 GeV] for additional K* resonances 

• Extract the fraction  in signal region 
(under the K* peak) 

• applying the cut  

• Perform the  fit, including the NR  component

m(K+π−)
ΔE qq BB

m(K+π−)
qq BB

m(K+π−)
mK*0

m(K+π−) ≈ mD B → D(*)DK

RNR = NDKKπ /NDKK*

|m(K+π−) − mK* | < 50 MeV
ΔE DKKπ

 backgroundB → DKKπ [MC Simulation]



 background: resultsB → DKKπ
• NR fraction estimated on MC 

• Since we know that the MC is not-realistic, we also 
use data in the  sideband merged with data 
in signal region to obtain a more reliable 
expectation (value never used only for systematic 
uncertainties estimation) 

• Only statistical error shown

m(K*)
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m(K+π−)0.95

MC Data

[MC Simulation]



 channelsB → DKK*0

• Good agreement with 
the expected values 

• modelled also the 
 non-resonant 

bkg 

• efficiency corrected 
 

distributions 

DKKπ

m(KK*0)

19

Monte Carlo

[MC Simulation]



Angular analysis 
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• Validated with generator level distribution 
from signal MC (normalized to the same 
integral) 

• Tested all the spin-pairity hypothesis of Belle 

• NB: the generic MC is phase space

• + differential in bin of mKK

0.9-1.7 GeV 1.7-2.6 GeV 2.6-3.5 GeV

from Belle paper
[MC Simulation]



Control channel: B → D(*)D−
s ( → K−K(*)0

(S) )
• Pro: very clean channel, no Pythia,  same efficiency 

• Cons: lower yield ( ) 

• Reconstruction: reverted the cut 
 

• Result: branching fraction statistically limited, with precision 
compatible with the world average

BR(D−
S → K−K0

S) ≃ 1.5 %

|mDs
− mKK | > 20 MeV ⟶ |mDs

− mKK | < 20 MeV

21

Branching fractions

[MC Simulation]



Conclusions

• 8 channels: 5 (expected) world best measurement, 3 
new observations 

- Interesting resonant structures in  channels observed 

- Resonant structures in  channels expected (from Belle) 

• 4 channels: 4 (expected) world best measurements,  
statistically limited 

• Status: the analysis is within the internal review phase, the result will be 
submitted to the journal and public presented in the next months

B → D(*)KK(*)0
(S)

K0
S

K*0

B → D(*)D−
s

22



BACKUP SLIDES
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Previous measurements (Belle)
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[Belle, Phys.Lett.B,542(2002)] 

=29.4 fbℒint=
−1

https://www.sciencedirect.com/science/article/abs/pii/S0370269302023730


Full reconstruction and selection
• :  

• :  

• : eff40_May2020Fit collection 
 ns 

hadronicSplitOffSuppression>0.1 

•   :  
pi0:eff40_May2020Fit collection 

 MeV   

•  : 
K_S0:merged collection 

 MeV  

 cm 
, = angle between   and  

•   
with  MeV 

• ,    
with  MeV  
mass and vertex kinematic fit 

•    
with  MeV  

•    
with  MeV  

K+ PID(K) > 0.6
π+ PID(π) > 0.6
γ
Tcluster < 100

π0

|mreco
π0 − mPDG

π0 | < 15

K0
S

|mreco
K0

S
− mPDG

K0
S

| < 10 (3σ)
Rππ−IP > 0.4
cos θ > 0.8 θ ⃗pK0

S
⃗vK0

S

K*0 → K+π−

|Mreco
K* − MPDG

K* | < 50

D+ → K−π+π+ D0 → K−π+

|Mreco
D − MPDG

D | < 15 (3σ)

D*+ → D0π+

|Mreco
D* − MPDG

D* | < 1.5 (3σ)

D*0 → D0π0

|Mreco
D* − MPDG

D* | < 3 (3σ) 25

•  GeV 

•   GeV 

•    bkg suppression:    
 MeV  

•  and  backgrounds suppression: 

•   (FWM=fox-
wolfram moment) 

• , where = angle between 
B thrust axis and the thrust axis of the ROE (rest-
of-event) 

• , where = angle 
between B momentum and beam direction 

• Best candidate selection:  

Mbc > 5.272

−0.12 GeV < ΔE < 0.3

B → DD−
s ( → KK) ⇒

|mDs
− mKK | > 20 (4σ)

qq BB

R2 = FWM(2)/FWM(0) < 0.5

|cos θTBT0
| < 0.85 θTBT0

|cos θpBpbeam
| < 0.9 θpBpbeam

min |Mbc − MB |



Efficiency - all the maps
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NB: z scale is not the same

[MC Simulation]
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27Peaking bkg: feed across of D*+KK0
S shifted bkg: feed across of D0KK0

S

Syst. unc. on this 
(110%/90% based 
on signal MC)

[MC Simulation]



Fit model

• Signal: same as   modes 

- Free fudge factors 

• Background: same as   modes + gaussian 
with width and mean as the core one, and 
yield constrained by  

K0
S

K0
S

RNR 28

• Signal: as other mode (core Gaussian+tail 
Gaussian) 

• Background: as other mode 
(exponential+constant) 

• D0 feed across: asymmetric gaussian (widths 
fixed from MC,  fixed, yield free) 

• D*+ feed across: asymmetric gaussian (fixed 
width, mean 0, yield constrained from 
assumption)

μ = μsignal + Δμ

• Signal sum of: 

- Core Gaussian: fixed width, free mean 

- Tail Gaussian: asymmetric fixed widths, 
mean=core Gaussian mean 

- Ratio Core/Tail fixed from MC 

- Free parameters: total yield, common mean, fudge 
factor (multiply the core width, fixed from D0 channel) 

• Background: exponential+constant (3 free parameters)

D0, D+, D*+ D*0

K0
S

K*0
• Signal: same as   

• Free fudge factor 

• Background: same as  + gaussian 
with width and mean as the core one, and 
yield constrained by  

D*0K−K0
S

D*0K−K0
S

RNR



Yield extraction
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[MC Simulation]
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Yield extraction: Toys validation
• Generated  toys from generic MC fit PDF 

• Scaled the signal yield of generic MC fit in the range [0.1,2] to test linearity 

• No discrepancy from linear trend observed

103

30

zoom in the range 
[0.1,0.5 MC]

[MC Simulation]



Systematic uncertainties 
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[Relative systematic uncertainties in %]

[MC Simulation]



B-Factory basics 

• Asymmetric collider 
Boost of center-of-mass 

• Excellent vertexing 
performance ( ) 

• coherent  pairs 
production 

• Excellent flavour tagging 
performance

⇒

σ ∼ 15 μm
BB

32

Expected Mbc ≃ mBExpected ΔE ≃ 0

ΔE = E*B − s /2 Mbc = ( s /2)2 − ⃗p*2
B

•   
constrained kinematics 

• Hermetic detector  complete event 
reconstruction

s = m(Υ(4S)) = 10.58 GeV ≃ 2mB ⇒

⇒

 
measurement of 

 for time 
dependent CP 
violation (TDCPV) 

Δt


