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Outline	  
1.  D0-‐DK0	  mixing	  with	  D0→π+π-π0 decays	  
– Measurement	  of	  x	  and	  y	  mixing	  parameters	  
– To	  be	  submiPed	  to	  PRD	  (this	  week)	  

2.  D0→π-e+νe	  
– Differen;al	  branching	  frac;ons	  
– CKM	  elements	  
– Form	  factors	  
– PRD	  91,	  052022	  (2015)	  
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PEP	  II	  and	  BaBar	  
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•  Charm	  is	  an	  up-‐type	  quark.	  Complementary	  to	  studies	  in	  the	  K	  and	  B	  sectors.	  
•  Mixing	  and	  CP	  Viola;on	  (CPV)	  are	  small	  in	  the	  Standard	  Model	  

–  CPV	  <	  0.1%	  -‐	  1%	  (depending	  on	  assump;ons)	  
–  Poten;ally	  Sensi;ve	  to	  New	  Physics.	  

•  D0	  mixing	  well-‐established	  now:	  
–  First	  measured	  in	  2007	  by	  BaBar	  and	  Belle	  
–  Confirmed	  and	  extended	  by	  CLEO-‐c,	  CDF,	  BES-‐III,	  LHCb,	  …	  

Time-‐dependent	  D0	  mixing	  in	  D0→π+π-π0	  
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Time-‐dependent	  D0	  mixing	  in	  D0→π+π-π0
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π-	  

* 0 0 0(2010) ,sD D Dπ π π π+ + + −→ →

Direct	  decay	  D0→π+π-π0	  
	  
Mixing	  D0	  →DK0	  →π+π-π0 

 
Interference 
 

•  Sign	  of	  π+
s	  iden;fies	  D0	  flavour	  at	  produc;on.	  

•  Yield	  extracted	  from	  a	  2-‐D	  fit	  to	  mD
0	  and	  Δm	  =	  mD*+	  –	  mD

0	  	  
•  Ignore	  CP	  Viola;on	  
•  Fit	  ;me-‐dependent	  Dalitz	  plot	  
•  Extract	  x,	  y,	  τD	  and	  resonance	  parameters	  

D*+	  

Amplitudes Af depend on position in Dalitz Plot 

474	  p-‐1	  



Yields	  and	  Dalitz	  Plot	  Amplitudes	  
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0 0( ) ( )[GeV]sm m mπ π π π π π π+ − + + −Δ = −

Signal	  yield	  ~125,000	  

Ini;al	  choice	  of	  Dalitz	  Plot	  amplitudes	  comes	  
from	  BaBar’s	  B+→	  D0(→π+π-π0)K+	  paper:	  PRL	  
99,	  251801	  (2007).	  

“Broken	  charm”	  :	  mis-‐reconstructed	  signal	  and	  other	  D0	  decays	  

0( )[GeV]m π π π+ −



Dalitz	  Plot	  Fit	  and	  mixing	  results	  
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Blue	  =	  full	  fit	  
Red	  =	  signal	  
Green	  =	  background	  

Consistent	  
with	  previous	  
results	  



D0→e+π-νe  decays and Vcd, Vub, and fπ+D	  
•  CKM	  elements	  measured	  in	  nuclear	  β	  decays	  and	  	  semi-‐
leptonic	  decays	  of	  π,	  K,	  D,	  and	  B	  mesons	  
–  Semi-‐leptonic	  D	  decay	  rate	  depends	  on	  square	  of	  product	  of	  
CKM	  element	  Vcd	  and	  form	  factor	  f.	  

	  
	  

•  (p*π	  =	  π momentum	  in	  D0	  rest	  frame;	  q=(pD-‐pπ);	  θe =	  angle	  of	  e+	  in	  the	  
e+νe	  rest-‐frame	  w.r.t.	  direc;on	  of	  π	  in	  D0	  rest-‐frame)	  

–  Form	  factors	  come	  from	  models,	  calcula;ons,	  and	  
parameterisa;ons.	  

•  Exploit	  large	  e+e-‐→cc̄	  x-‐sec;on	  at	  BaBar	  (1.3nb)	  
–  D*+→D0	  π+s,	  D0→π- e+ νe	  
–  π+s	  determines	  flavour	  of	  ini;al	  D0	  

– Measure	  D0→K-‐π+	  as	  a	  calibra;on	  channel	  
–  Similar	  to	  D0→K- e+ νe	  approach	  [PRD76,	  052005	  (2007)]	  
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Form	  Factor	  Calcula;on	  
•  General	  Expression:	  

•  Different	  theore;cal	  approaches	  including:	  
– Dispersive.	  
– Mul;pole	  (“fixed	  pole”	  and	  “effec;ve	  pole”).	  
– Z	  expansion	  (model	  independent).	  
– Quark	  model	  ISGW2	  (PRD	  52,	  2783	  (1995)).	  

•  (See	  backup	  slide	  for	  more	  details	  and	  formulae)	  
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Differen;al	  decay	  rate	  
•  Exploit	  2-‐jet	  structure	  of	  cc̄	  decays	  by	  spli�ng	  event	  into	  two	  hemispheres	  in	  

the	  CM	  system	  around	  thrust	  axis.	  One	  hemisphere	  will	  contain	  the	  D0→π- e+ 
νe	  decay.	  	  

•  Addi;onal	  knowledge	  
–  Es;mate	  ν	  energy	  	  Eν from	  missing	  energy	  in	  hemisphere	  with	  D0→π- e+ νe	  

decay.	  	  
–  D0	  direc;on	  can	  be	  es;mated	  from	  sum	  of	  par;cles	  in	  other	  hemisphere.	  
–  Perform	  kinema;c	  fit	  to	  π- e+ νe	  with	  Eν , D0	  direc;on,	  and	  D0	  mass	  as	  

addi;onal	  constraints	  
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9926	  signal,	  4623	  background	  events	  

Unfolded,	  corrected	  
for	  efficiency,	  etc…	  

PRD	  91,	  052022	  (2015)	  



Branching	  frac;ons	  and	  Vcd	  x	  fπ+D	  
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RD =
B(D0 → π −e+υe )
B(D0 → K −π + )

= (0.0713±0.0017±0.0024)
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(Using	  Z	  expansion	  to	  calculate	  I)	  



Comparison	  with	  earlier	  measurements	  
•  This	  result:	  

•  La�ce	  QCD	  gives	  fπ+D(0)=	  0.666±0.029:	  
	  

•  Assuming	  |Vcd|	  =	  |Vus|	  =	  0.2252	  =λ	  (Wolfenstein):	  
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,| | (0) 0.1374 0.0038 0.0022 0.0009cd DV f π+× = ± ± ±

| | 0.206 0.007 0.009cd LQCDV = ± ±

, (0) 0.610 0.020 0.005Df
π
+ = ± ±

PRD	  91,	  052022	  (2015)	  

PRD	  84,	  114505	  (2011)	  

!!|Vcd
PDG |=0.225±0.008



•  Extrapolate	  D0	  measurements	  to	  B0	  regime:	  
Extrapola;on	  to	  B0→e+π-νe and Vub	  	  
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R2BD	  :	  ra;o	  of	  B	  and	  D	  form	  factors	  from	  LQCD	  
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Conclusions	  
•  BaBar	  con;nues	  to	  exploit	  its	  charm	  dataset.	  
•  D0→π+π-‐π0	  :	  
–  First	  measurement	  of	  D0-‐DK0	  mixing	  parameters	  from	  a	  
;me	  dependent	  analysis	  of	  D0→π+π-‐π0	  decays.	  

–  Consistent	  with	  other	  measurements.	  
•  D0→π-‐e+νe	  :	  	  
– Differen;al	  decay	  rates	  allow	  comparison	  between	  
different	  approaches	  to	  form	  factor	  calcula;ons	  and	  
extrac;on	  of	  CKM	  elements.	  

–  Effec;ve	  3-‐pole	  model	  describes	  data	  well	  but	  other	  
models	  not	  ruled	  out.	  

– Dominant	  systema;c	  errors	  should	  improve	  with	  further	  
La�ce	  QCD	  calcula;ons	  and	  so	  help	  inform	  form	  factor	  
calcula;ons.	  
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Form	  Factor	  Calcula;on	  
•  General	  Expression:	  

•  Theore;cal	  Approaches:	  
–  Dispersive	  Approach:	  

•  D*	  pole,	  sum	  of	  radially	  excited	  JP=1-‐	  D1
*’,	  and	  Dπ	  con;nuum	  

–  Mul;pole	  Approach:	  
•  Limit	  to	  1	  (D*)	  ,	  2	  (D*	  +	  first	  D1

*’),	  or	  3	  dominant	  poles	  +	  constraints	  
•  3rd	  pole	  is	  either	  a	  D1

*’	  (“fixed”	  ansatz)	  or	  sum	  of	  higher	  D1
*’	  (“effec;ve”	  ansatz)	  

•  Other	  assump;ons	  and	  constraints	  can	  modify	  the	  approxima;ons.	  

–  Z	  expansion:	  
•  Model	  independent	  based	  on	  analy;city,	  unitarity	  and	  crossing	  symmetries	  

–  Quark	  model	  ISGW2	  (PRD	  52,	  2783	  (1995)):	  
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