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Overview	
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Scalar	
  Mesons	
  
•  46	
  years	
  aKer	
  	
  quark	
  model	
  –	
  the	
  scalar	
  

meson	
  nonet	
  is	
  s;ll	
  largely	
  unknown	
  
•  Large	
  widths,	
  difficulty	
  in	
  isola;on	
  

make	
  assignments	
  controversial	
  
•  Breit-­‐Wigner	
  descrip;on	
  oKen	
  not	
  

appropriate	
  
•  Situa;on	
  may	
  be	
  complicated	
  by	
  the	
  

presence	
  of	
  4-­‐quark	
  and/or	
  glueball	
  
states	
  

•  Can	
  use	
  kinema;cs	
  (i.e.	
  angular	
  
distribu;ons)	
  to	
  iden;fy	
  as	
  scalar	
  

•  Need	
  dynamics	
  (i.e.	
  couplings)	
  to	
  
iden;fy	
  as	
  	
  
–  qq	
  meson	
  
–  4-­‐quark	
  state	
  (meson-­‐meson)	
  
–  glueball	
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D	
  Dalitz	
  Plot	
  Advantages	
  

•  Large	
  coupling	
  to	
  scalar	
  
mesons	
  

•  Well-­‐defined	
  ini;al	
  state	
  
(JP=	
  0-­‐)	
  

•  Final	
  state	
  not	
  
constrained	
  by	
  isospin	
  or	
  
parity	
  symmetry	
  

•  Low	
  background	
  
•  Large	
  samples	
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•  Standard	
  BaBar	
  tracking	
  
and	
  par;cle	
  ID	
  

•  2σ	
  cut	
  on	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Δm=m(K+K-­‐π+γ)–m(K+K-­‐π+)	
  

•  Cut	
  on	
  likelihood	
  ra;o	
  
based	
  on	
  
–  p*(Ds)	
  
–  χ2	
  probability	
  difference	
  
due	
  to	
  Ds	
  flight	
  length	
  

–  Signed	
  decay	
  distance	
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101K	
  Events	
  

Comb.	
  Bkg.	
  from	
  ±6σ±10σ	
  	
  



Efficiency	
  

•  Taken	
  from	
  flat-­‐generated	
  
MC	
  

•  Fihed	
  to	
  2-­‐dimensional	
  
third	
  order	
  polynomial	
  

•  χ2/dof	
  =	
  1133/1140	
  
•  Projec;ons	
  onto	
  m(K-­‐π+)	
  
and	
  m(K+K-­‐)	
  look	
  good	
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Dalitz	
  Plot	
  Gross	
  Structures	
  

•  φ(1020)	
  and	
  K*(892)	
  
clearly	
  visible	
  

•  Before	
  doing	
  full	
  DP,	
  
find	
  K+K-­‐	
  S-­‐wave	
  in	
  
threshold	
  region	
  
– No	
  Kπ	
  structure	
  in	
  
threshold	
  region	
  

– No	
  D-­‐wave	
  in	
  KK	
  	
  
– Model	
  Independent	
  
Par;al	
  Wave	
  
analysis	
  should	
  work	
  
well	
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K+K-­‐	
  Par;al	
  Wave	
  Analysis	
  

•  Background	
  subtract,	
  efficiency	
  and	
  
phase-­‐space	
  correct	
  

•  Weight	
  cosθKK	
  distribu;on	
  by	
  
spherical	
  harmonics	
  to	
  get	
  
coefficients	
  <Yk0>	
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K+K-­‐	
  S-­‐Wave	
  
•  Use	
  <Yk0>	
  coefficients	
  to	
  extract	
  S	
  

and	
  P	
  amplitudes	
  and	
  rela;ve	
  phase	
  
φSP	
  as	
  a	
  func;on	
  of	
  m(K+K-­‐)	
  

•  Use	
  BW	
  for	
  P-­‐wave	
  and	
  “BW-­‐like”	
  for	
  
the	
  S-­‐wave	
  

•  Phase	
  mo;on	
  coming	
  from	
  P-­‐wave,	
  
S-­‐wave	
  slowly	
  changing	
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P-­‐wave/S-­‐wave	
  Ra;o	
  in	
  φ(1020)	
  
Region	
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K+K-­‐	
  S-­‐wave	
  Comparison	
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•  K+K-­‐	
  S-­‐wave	
  shape	
  
consistent	
  with	
  other	
  
charm	
  analyses	
  

•  For	
  K0K+	
  mode	
  would	
  
expect	
  a0	
  to	
  dominate	
  

•  For	
  Ds,	
  expect	
  f0	
  
•  Shape	
  similarity	
  
evidence	
  that	
  they	
  
are	
  both	
  4-­‐quark	
  
states	
  

_	
  



Dalitz	
  Plot	
  Details	
  

•  With	
  S-­‐wave	
  	
  empirical	
  parameteriza;on	
  in	
  hand	
  
to	
  describe	
  f0(980),	
  move	
  on	
  to	
  full	
  Dalitz	
  Plot	
  fit	
  

•  P-­‐	
  and	
  D-­‐waves	
  modeled	
  with	
  sum	
  of	
  resonances	
  

•  Unbinned	
  maximum	
  likelihood	
  fit	
  with	
  complex	
  
amplitudes	
  floa;ng	
  	
  

•  K*(892)	
  mass	
  and	
  width	
  are	
  floated	
  parameters	
  

•  	
  χ2	
  computed	
  by	
  adap;ve	
  binning	
  algorithm	
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Dalitz	
  Plot	
  Projec;ons	
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Dalitz	
  Plot	
  m(K+K-­‐)Moments	
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Dalitz	
  Plot	
  m(K-­‐π+)Moments	
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Dalitz	
  Plot	
  Results	
  

•  Decay	
  dominated	
  by	
  vector	
  resonances	
  
•  K*0(892)	
  width	
  is	
  5	
  MeV	
  lower	
  than	
  PDG	
  ‘08	
  (consistent	
  with	
  CLEO-­‐c)	
  
•  Contribu;on	
  from	
  K*(1410),	
  K*2(1430),	
  κ(800),	
  f0(1500),	
  f2(1270),	
  

f2’(1525),	
  non-­‐resonant,	
  each	
  consistent	
  with	
  zero	
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Cabibbo	
  Suppressed	
  Modes	
  

Charm	
  2010,	
  Beijing	
  21	
  Oct	
  10	
   D	
  Dalitz	
  Plot	
  Analyses	
   19	
  

SCS	
  

DCS	
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Dalitz	
  Plot	
  Preliminaries	
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13K	
  events	
  

f0(980)	
  

f0(980)	
  



S-­‐wave	
  Modeling	
  

•  ππ	
  S-­‐wave	
  cannot	
  be	
  
modeled	
  as	
  sum	
  of	
  
resonances	
  

•  Instead	
  use	
  MIPWA,	
  as	
  
introduced	
  by	
  E791	
  

•  Split	
  the	
  mass	
  range	
  
into	
  29	
  slices	
  with	
  free	
  
complex	
  amplitudes	
  at	
  
each	
  boundary	
  

•  Interpolate	
  within	
  slice	
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Dalitz	
  Plot	
  Projec;ons	
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Dalitz	
  Plot	
  m(π-­‐π+)Moments	
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Dalitz	
  Plot	
  Results	
  

•  χ2/DOF	
  =	
  437/(422-­‐64)	
  
•  Interes;ng	
  to	
  compare	
  different	
  S-­‐wave	
  modeling	
  from	
  
E791	
  (sum	
  of	
  BW’s)	
  and	
  FOCUS	
  (K	
  Matrix	
  formalism)	
  

•  Large	
  S-­‐wave	
  component	
  
•  Significant	
  f2(1270)	
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S-­‐wave	
  Comparison	
  

•  As	
  expected	
  for	
  f0(980)	
  
•  Ac;vity	
  at	
  f0(1370)	
  and	
  f0(1520)	
  
•  Small	
  in	
  f0(600)	
  region	
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Conclusions	
  
•  Dalitz	
  plot	
  analyses	
  
yield	
  informa;on	
  on	
  
structure	
  of	
  scalar	
  
mesons	
  

•  Striking	
  agreement	
  in	
  
KK	
  S-­‐wave	
  between	
  f0	
  
and	
  a0	
  modes.	
  	
  

•  Agreement	
  between	
  	
  	
  	
  
K+K-­‐	
  and	
  π+π-­‐	
  S-­‐waves	
  

•  	
  Could	
  they	
  be	
  4-­‐quark	
  
modes*?	
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PEP-­‐II	
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•  Asymmetric	
  storage	
  rings	
  
opera;ng	
  near	
  ϒ(4s)	
  resonance	
  	
  

•  Peak	
  luminosity	
  1.21×1034	
  cm2/s	
  
=12	
  nb-­‐1/s	
  =	
  1	
  x-­‐1/day	
  

•  Produces	
  B’s	
  in	
  flight	
  with	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
<|Δz|>	
  =	
  250	
  µm	
  

•  Finished	
  data-­‐taking	
  April	
  ‘08	
  

   Process	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  effecSve	
  σ	
  (nb)	
  
	
  	
  	
  e+e-­‐→bb	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.1	
  
	
  	
  	
  e+e-­‐	
  →cc	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.3	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  e+e-­‐	
  →qq	
  (q=u,d,s)	
  	
  	
  	
  ~2.1	
  
	
  	
  	
  e+e-­‐	
  →τ+τ-­‐	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.9	
   Total	
  Luminosity	
  Recorded=530.82	
  x-­‐1	
  



BaBar	
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•  5-­‐layer	
  Silicon	
  Vertex	
  Detector	
  

•  40-­‐layer	
  DriK	
  Chamber	
  for	
  pt	
  
and	
  dE/dx	
  

•  Fused	
  Silica	
  Cherenkov	
  
Detector	
  for	
  charged	
  par;cle	
  
PID	
  

•  CsI	
  (Tl)	
  calorimeter	
  for	
  neutral	
  
reconstruc;on	
  

•  Instrumented	
  flux	
  return	
  for	
  
muon	
  and	
  KL	
  ID	
  


