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Outline

• BABAR: 347.2 fb−1 @	 𝑠� = 10.59 GeV

– 𝐷= → 𝜋?𝑒%𝜈B (PRD91, 052022)

• BESIII: 2.92 fb−1 @	 𝑠� = 3.770 GeV

– 𝐷= → 𝐾?𝑒%𝜈B & 𝐷= → 𝜋?𝑒%𝜈B (PRD92, 072012)

– 𝐷% → 𝐾I=𝑒%𝜈B (PRD92, 112008)

• Conclusions
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𝑫𝟎 → 𝝅?𝒆%𝝂𝒆
from BABAR

(PRD91, 052022)
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𝐷= → 𝜋?𝑒%𝜈B reconstruction
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Use all info to reconstruct the 𝜈B:
• Contain event: cos 𝜃UVWXYU < 0.6
• Divide event to 2 hemispheres

along thrust axis
• “Signal hemisphere” has candidate 𝐷∗% → 𝐷=𝜋]%

𝐷= → 𝜋?𝑒%𝜈B
• For each hemisphere  ℎ = 𝑠, 𝑜: 

• 𝑚b
c = ∑ 𝐸f�

f∈b
c − ∑ �⃗�f�

f∈b
c

• 𝐸b from 𝑒%𝑒? → ℎ]ℎk kinematics 
• Estimate neutrino energy 𝐸l = 𝐸] − ∑ 𝐸f�

f∈]
• Take �̂�n = opposite sum of all momenta in the event, except those of 𝜋?𝑒%

• Improve �⃗�n	with kinematic fit constraining 𝐷= mass, 
then a fit constraining 𝐷∗% mass

𝜋?

𝑒%

Signal 
hemisphere  ℎ]

Other 
hemisphere  ℎk

Thrust
axis 𝜈B

𝐾? probability < 0.4%

𝜋]%



Background suppression Fishers

• 𝐹vvw suppresses 𝐵𝐵w bgd:
– 𝑅c
– Particle multiplicity
– 𝑝z{|

• 𝐹}}̅ suppresses 𝑐𝑐̅ bgd: 
– 𝑝n
– Spectators mass
– Spectators angle to thrust axis
– Leading-spectator momentum
– Leading-spectator angle to �⃗�n
– Leading-spectator angle to thrust axis
– 𝑒% − 𝜋? angle in 𝑒%𝜈B frame
– 𝑝B|
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Observed signal
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• Use 𝐷∗% − 𝐷= mass difference for 
final signal identification

• Peaking background from true 
𝐷∗% → 𝐷=𝜋]% with other 𝐷= decays

• Sidebands used to correct 
background-MC distributions, 
improve background prediction in 
signal region

• Signal region has almost 10k 
events, 45% background.

• # of signal decays produced: 
375.4 ± 9.2 ± 10.1 ×10�



Results1

• �� n�→z�B|l�
�� n�→��z| = 0.0702 ± 0.0017 ± 0.002

• 𝐵𝑟 𝐷= → 𝜋?𝑒%𝜈B =
0.2770 ± 0.068 ± 0.092 ± 0.037 ×10?�

• Unfolded 𝑞c distribution:

• With z-expansion parameterization of the FF: 
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𝐵𝑟 𝐾𝜋 ��

Lattice:
PRD84, 114505 (2011)

In most 𝑞c bins, dominant systematics are due to background



Results 2
• 𝑉}�𝑓%z 𝑞c with z-expansion 

parameterization, floating 𝑉}�𝑓%z 0 & 
shape parameters 𝑟�, 𝑟c

• Compare consistencies of different 𝑓%z 𝑞c
parameterizations:
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BESIII detector

Thanks to Hai-Bo Li and Hailong Ma



Hadronic tagging technique

• All presented analyses use 𝑒%𝑒? → 𝜓 3770 → 𝐷=𝐷�= or 𝐷%𝐷?

• Tag one meson in the decays
– 𝐷= → 𝐾%𝜋?, 𝐾%𝜋?𝜋=, 𝐾%𝜋?𝜋%𝜋?,		

𝐾%𝜋?𝜋%𝜋?𝜋=, 𝐾%𝜋?𝜋=𝜋=

– 𝐷% →	𝐾%𝜋?𝜋?, 𝐾%𝜋?𝜋?𝜋=, 𝐾�=𝜋?,		
𝐾�=𝜋?𝜋=, 𝐾�=𝜋%𝜋?𝜋?, 𝐾%𝐾?𝜋?

• Select good tag with 

– 𝑀�� = 𝐸����c − 𝑝U��c
�

– Δ𝐸 = 𝐸U�� − 𝐸����

• Reconstruct the semileptonic decay from the remaining events
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𝑫𝟎 → 𝑲?𝒆%𝝂𝒆 & 𝑫𝟎 → 𝝅?𝒆%𝝂𝒆
from BESIII

(PRD92, 072012)
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𝐷�= tags

• Background shape:
ARGUS × P3

• Signal shape:
MC ⊗ 2G

• 2,793,317 ± 3684 tags
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𝐾𝜋 𝐾𝜋𝜋=

𝐾3𝜋 𝐾3𝜋𝜋=

𝐾𝜋2𝜋=



𝐾?𝑒%𝜈B

𝜋?𝑒%𝜈B

𝐷= → ℎ?𝑒%𝜈B reconstruction
• Find ℎ? & 𝑒%

• No unused tracks
• Unused 𝛾: 𝐸 < 300	MeV
• Apply 𝑒%𝑒? → 𝐷=𝐷�= kinematics:

• Fit 𝑈�£YY to background (MC) + 
signal (Gaussian + power-law tails). 
Observed yields:
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Results 1
• Granching fractions:

• 𝑉}¤	× FFs (0):
– Floating 𝑟� (2-param. expansion)
– (Floating also 𝑟c → larger errors)

• If take CKM elements from global fit:

• If take FFs from lattice:
– 𝑓%� = 0.747 ± 0.011 ± 0.015
– 𝑓%� = 0.666 ± 0.020 ± 0.021
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Dominant systematics are due to the # of tags, FSR recovery, and K tracking



Results 2
• Compare FFs with LQCD

predictions (PRL94, 01160)

• Deviations at high 𝑞c

• The measurements are more 
precise than LQCD by ~3

16



𝑫% → 𝑲𝑳
𝟎𝒆%𝝂𝒆

from BESIII

(PRD92, 112008)
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𝐷? tags

• (Similar plots for 𝐷% tags)
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𝐷% → 𝐾I=𝑒%𝜈B reconstruction

• Find 𝑒%

• Hardest unused calorimeter shower gives �̂��¨�

• Use constraint   𝑈�£YY = 𝐸�£YY − 𝑝�£YY = 0 to find 𝐸�¨� :

• And then to get 𝑞c:

• Use MC to determine signal fraction:
49% - 58%, depending on tag mode.
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Results

𝐵𝑟 𝐷% → 𝐾I=𝑒%𝜈B = 4.481 ± 0.027 ± 0.103 %

𝐴�« = −0.59 ± 0.60 ± 1.48 %

𝑉}]𝑓%� 0 = 0.728 ± 0.006 ± 0.011 (2-parameter expansion)
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(LQCD):

(PGD):

Dominant systematics are due to peaking (signal-side) background and 𝐾I efficiency



Conclusions 1
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Arantza Oyanguren Campos
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HFAG summary of contributions to 
expansion parameters & FFs
from 3-parameter fits



Conclusions 2
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FF dependence on 𝑞c:
Extremely small experimental errors
𝑔 %�

𝑞c

𝑔 %z
𝑞c

Thanks: Hai-Bo Li, Gang Rong


