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Overview	  

•  IntroducIon	  

•  Search	  for	  B0	  →	  ωω	  
and	  B0	  → ωϕ	  

•  Amplitude	  analysis	  
of	  B+	  →	  KSπ+π0	  
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PEP-‐II	  and	  BaBar	  
§  PEP	  II/BaBar	  B-‐Factory	  located	  at	  SLAC	  

NaIonal	  Accelerator	  Laboratory	  
§  Collided	  beams	  of	  electrons	  and	  positrons	  

with	  asymmetric	  energies	  
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Why	  charmless	  decays?	  
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•  ContribuIons	  from	  both	  loop	  (penguin)	  and	  tree	  decay	  diagrams	  
•  These	  diagrams	  have	  a	  relaIve	  weak	  phase	  (=	  γ	  in	  SM)	  
•  Interference	  can	  therefore	  give	  rise	  to	  CP	  violaIon	  in	  decay	  
•  In	  neutral	  B	  decays	  can	  make	  Ime-‐dependent	  measurements,	  

allowing	  measurements	  of	  mixing-‐induced	  CP	  asymmetries	  
•  These	  can	  be	  compared	  with	  measurements	  from,	  e.g.	  B0	  →	  J/ψ	  KS,	  

to	  search	  for	  signs	  of	  new	  physics	  

γ	  
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•  ContribuIons	  from	  both	  loop	  (penguin)	  and	  tree	  decay	  diagrams	  
•  These	  diagrams	  have	  a	  relaIve	  weak	  phase	  (=	  γ	  in	  SM)	  
•  Interference	  can	  therefore	  give	  rise	  to	  CP	  violaIon	  in	  decay	  
•  In	  neutral	  B	  decays	  can	  make	  Ime-‐dependent	  measurements,	  

allowing	  measurements	  of	  mixing-‐induced	  CP	  asymmetries	  
•  These	  can	  be	  compared	  with	  measurements	  from,	  e.g.	  B0	  →	  J/ψ	  KS,	  

to	  search	  for	  signs	  of	  new	  physics	  

γ	  

New	  physics	  contribuIons	  in	  loops?	  



Analysis	  Variables	  –	  Topological	  

•  Light	  quark	  conInuum	  
cross	  secIon	  ~3x	  	  

•  B	  mesons	  produced	  
almost	  at	  rest	  since	  just	  
above	  threshold	  

•  Use	  event	  topology	  to	  
discriminate	  

•  Combine	  variables	  in	  an	  
MVA,	  e.g.	  Fisher,	  Neural	  
Network	  or	  Decision	  
Tree	  

σ bb( )

Isotropic B event Jet-like continuum event 
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e+e−	  →	  hadrons	  cross-‐secIon	  



Analysis	  Variables	  –	  KinemaIc	  

2*2*
BbeamES pEm −= **

beamB EEE −=Δ

Make use of precision kinematic information from the beams. 

Characteristic 
Signal 

Distributions 

Characteristic 
Continuum 

Distributions 

Plots	  show	  simulaIon	  
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Evidence	  for	  B0	  →	  ωω	  
and	  search	  for	  B0	  →	  ωϕ	  

Recently	  published	  
Phys.	  Rev.	  D89,	  051101	  (2014)	  
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MoIvaIon	  
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•  Some	  hints	  of	  anomalies	  
in	  loop-‐dominated	  
charmless	  B	  decays	  

•  Smaller	  than	  expected	  
longitudinal	  polarisaIon	  
fracIon	  (fL)	  in	  B0	  →	  ϕK*	  
(World	  avg.	  =	  0.48	  ±	  0.03)	  

•  Trend	  of	  Ime-‐dependent	  
CP	  asymmetries	  is	  smaller	  
than	  value	  from	  

•  Hints	  of	  new	  physics?	  

SM	  expected	  BFs:	  
B0	  →	  ωω	  :	  O(1	  x	  10-‐6)	  
B0	  →	  ωϕ	  	  :	  O(1	  x	  10-‐7)	  

b→ ccs



ReconstrucIon	  &	  Fit	  
•  Full	  reconstrucIon	  of	  B	  

candidates	  
•  ω	  →	  π+π−π0	  and	  ϕ	  →	  K+K−	  

•  Two	  background	  categories:	  
–  Combinatorial	  (conInuum	  +	  

B	  events)	  
–  Peaking	  (B	  events)	  

•  Maximum	  likelihood	  fit	  to	  8	  
(ωω)	  or	  9	  (ωϕ)	  variables	  
–  mES	  
–  ΔE	  
–  Fisher	  discriminant	  (event	  

topology)	  
–  2x	  resonance	  masses	  
–  2x	  resonance	  helicity	  angles	  
–  ω	  “internal”	  helicity	  (polar	  

angle	  of	  π0	  wrt	  ω	  flight	  
direcIon	  in	  π+π−	  rest	  frame)	  

•  Event	  yields	  of	  signal	  and	  
background	  categories	  +	  
conInuum	  PDF	  parameters	  
floated	  
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Phys.	  Rev.	  D89,	  051101	  (2014)	  	  
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 (GeV)     (GeV) 

Fit	  Results	  
Phys.	  Rev.	  D89,	  051101	  (2014)	  	  



Fit	  Results	  
•  BF(ωω)	  =	  (1.2	  ±	  0.3−0.2	  )	  x	  10−6	  

(4.4σ	  significance)	  
•  BF(ωϕ)	  <	  0.7	  x	  10−6	  (90%	  CL)	  
•  Results	  consistent	  with	  

theoreIcal	  expectaIons	  

•  Largest	  systemaIc	  
contribuIons	  from:	  
–  fit	  bias	  (≲	  10%	  for	  ωω)	  
–  uncertainty	  on	  longitudinal	  
fracIon	  (0.88	  is	  used	  as	  
nominal	  central	  value)	  
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Stat. errors  
     only 

 With  
      systematics 

+0.3	  
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Amplitude	  analysis	  of	  B+	  →	  KSπ+π0	  

Preliminary	  Results	  
To	  be	  submived	  to	  Phys.	  Rev.	  D	  
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•  Intermediate	  
resonances	  appear	  as	  
structures	  in	  Dalitz	  plot,	  
characterised	  by	  their	  
mass,	  width	  and	  spin	  

•  Overlapping	  resonant	  
contribuIons	  lead	  to	  
interference	  effects	  

•  Hence	  the	  sensiIvity	  to	  
relaIve	  phases	  
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Spin	  0	  resonance	  

Spin	  1	  resonance	  

Spin	  2	  resonance	  

Dalitz	  plot	  analysis	  formalism	  

Simulated	  data	  



MoIvaIon	  
•  Only	  upper	  limit	  exists	  on	  

inclusive	  branching	  fracIon,	  
from	  CLEO	  collaboraIon	  
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•  ΔACP	  predicted	  to	  be	  zero	  
•  ACP(K*+π−)	  quite	  precisely	  

measured	  by	  BaBar	  &	  Belle	  
•  Only	  previous	  measurement	  

of	  ACP(K*+π0)	  by	  BaBar,	  using	  
final	  state	  B+	  → K+π0π0	  

•  Improved	  measurements	  of	  direct	  CP	  violaIon	  in	  B+	  → K*+π0	  
can	  shed	  light	  onto	  equivalent	  of	  “Kπ	  puzzle”	  in	  K*π	  system	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
[Phys.	  Rev.	  D81,	  094011	  (2010)]	  

Phys.	  Rev.	  Lev.	  89,	  251801	  (2002)	  

Phys.	  Rev.	  D84,	  092007	  (2011)	  

ACP(B
0 ! K⇤+⇡�) = �0.23± 0.06

HFAG	  Average	  

ACP(B
+ ! K⇤+⇡0) = �0.06± 0.24

�ACP = ACP(K
⇤+⇡0)�ACP(K

⇤+⇡�)



MoIvaIon	  

•  RelaIve	  phases	  
between	  the	  two	  K*π	  
intermediate	  states	  can	  
be	  used	  to	  measure	  
CKM	  angle	  γ 

•  Uses	  the	  fact	  that	  K*0π+	  
is	  a	  pure	  penguin	  decay	  
–  Hence	  Δϕ	  is	  
approximately	  zero	  

•  In	  absence	  of	  EW	  
penguins	  Φ3/2 = γ 
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Phys.	  Rev.	  D74,	  051301	  (2006)	  
Phys.	  Rev.	  D75,	  014002	  (2007)	  

Isospin	  relaIons	  



Dalitz	  plot	  analysis	  formalism	  

•  Resonance	  parameterisaIon	  (isobar	  model):	  

•  Directly	  extracted	  parameters:	  Re(ci)	  &	  	  Im(ci)	  

•  Other	  quanIIes	  (relaIve	  phases,	  BF,	  ACP)	  are	  
derived	  from	  these	  
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Complex	  
coefficients	  

Decay	  
dynamics	  



SelecIon	  and	  fit	  
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•  KS	  candidates	  reconstructed	  in	  
decay	  to	  π+π−	  

•  Largest	  B	  backgrounds	  removed	  
by	  vetoing	  D0	  →	  KSπ0	  

•  Approx.	  32,000	  candidates	  a}er	  
all	  selecIon	  

•  Maximum	  likelihood	  fit	  to	  mES,	  
ΔE,	  Boosted	  Decision	  Tree	  (event	  
topology)	  and	  DP	  

•  Large	  correlaIons	  between	  DP	  
posiIon	  and	  kinemaIc	  variables	  

•  Signal	  PDFs	  parameterised	  as	  
funcIon	  of	  DP	  posiIon	  

•  Signal	  yield	  of	  1014	  ±	  63	  
(staIsIcal	  uncertainty	  only)	  
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DP	  fit	  results	  
•  Model	  contains	  K*(892),	  

Kπ	  S-‐wave	  and	  ρ(770)	  
contribuIons	  

•  Both	  charged	  and	  neutral	  
K*’s	  included	  

•  Kπ	  S-‐wave	  modelled	  using	  
LASS	  parameterisaIon	  
(coherent	  sum	  of	  
K*0(1430)	  resonance	  and	  
effecIve	  range	  
nonresonant	  terms)	  	  	  	  
[Nucl.	  Phys.	  B296,	  493	  (1988)]	  
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BFs	  and	  Phases	  
•  First	  measurement	  of	  inclusive	  K0π+π0	  

and	  K*+0(1430)π0	  BFs	  
•  First	  uncertainty	  is	  staIsIcal,	  second	  

systemaIc,	  and	  third	  due	  to	  the	  
signal	  model	  

•  SensiIvity	  to	  relaIve	  phases	  depends	  
strongly	  on	  overlap	  in	  DP	  and	  effects	  
of	  mis-‐reconstrucIon	  in	  the	  corners	  

•  Smaller	  uncertainIes	  for	  pairs	  of	  
parallel	  resonances	  	  
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BFs	  and	  Phases	  
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SimulaIon	  



Direct	  CP	  ViolaIon	  
•  First	  evidence	  of	  direct	  CP	  

violaIon	  in	  B+	  →	  K*+π0	  

•  3.4σ	  significance	  esImated	  
including	  staIsIcal,	  systemaIc	  
and	  model	  uncertainIes	  

•  ACP	  for	  B+	  → K*0π+	  consistent	  
with	  zero	  (as	  expected)	  
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BaBar	  Preliminary	   BaBar	  Preliminary	  

B+	   B−	  



Effect	  on	  Kπ	  puzzle	  

CPA
-0.4 -0.2 0 0.2

0/+K
-/+K

)/(KCP A6

0/+K*
-/+K*

)/(K*CP A6
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•  Plot	  uses	  world	  average	  values	  for	  Kπ	  and	  K*+π−	  asymmetries	  and	  
personal	  average	  of	  the	  two	  BaBar	  results	  for	  K*+π0	  

•  Gives	  ΔACP(K*π)	  ≡	  ACP(K*+π0)	  −	  ACP(K*+π−)	  =	  −0.16	  ±	  0.14	  
–  Consistent	  with	  zero	  

•  Uncertainty	  much	  improved	  but	  sIll	  too	  large	  to	  be	  conclusive	  

BaBar,	  Belle	  

BaBar,	  Belle,	  CDF,	  LHCb	  

BaBar	  only!	  

BaBar,	  Belle	  



Summary	  
•  Evidence	  (at	  the	  4.4σ	  level)	  for	  B0	  →	  ωω,	  and	  
improved	  limit	  for	  B0	  →	  ωϕ	  

•  BF(ωω)	  =	  (1.2	  ±	  0.3−0.2	  )	  x	  10-‐6	  
•  BF(ωϕ)	  <	  	  0.7	  x	  10-‐6	  	  	  (90%	  CL)	  	  
•  First	  amplitude	  analysis	  of	  B+	  →	  KSπ+π0	  

– Measurements	  of	  intermediate	  BFs,	  phases	  and	  CP	  
asymmetries	  

•  First	  evidence	  (3.4σ)	  of	  direct	  CP	  violaIon	  in	  
intermediate	  decay	  B+	  →	  K*+(892)π0	  

•  Greater	  precision	  required	  to	  resolve	  the	  puzzles	  in	  
charmless	  B	  decays	  –	  look	  forward	  to	  results	  from	  
LHCb	  and	  Belle	  II	  
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+0.3	  



Backup	  Slides	  
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Phase	  convenIon	  
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LASS	  parameterisaIon	  
•  Parametrising	  the	  JP	  =	  0+	  component	  of	  the	  Kπ	  spectrum	  

with	  LASS	  parametrisaIon	  
•  IntegraIng	  separately	  for	  the	  different	  contribuIons	  in	  

the	  parametrisaIon	  gives:	  
–  88%	  resonance	  K*0/+0(1430)	  
–  49%	  effecIve	  range	  nonresonant	  component	  (describes	  slowly	  
increasing	  phase	  as	  a	  funcIon	  of	  Kπ	  mass)	  

–  extra	  37%	  from	  destrucIve	  interference	  
•  EffecIve	  range	  part	  of	  the	  amplitude	  has	  a	  cut-‐off	  at	  

1800	  MeV/c2	  
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