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Outline	
  
•  Measurement	
  of	
  the	
  D*(2010)+	
  total	
  width	
  and	
  
the	
  D*(2010)+	
  -­‐	
  D0	
  mass	
  difference	
  

•  Measurement	
  of	
  the	
  mass,	
  width,	
  quasi-­‐two-­‐
body	
  branching	
  ra2os	
  from	
  excited	
  charm	
  
baryon	
  

•  Summary	
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*Note:	
  The	
  use	
  of	
  the	
  charge	
  conjugate	
  reac2ons	
  is	
  implied	
  throughout	
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D*+	
  total	
  width	
  measurement	
  -­‐	
  Mo2va2on	
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Phys.	
  Rev.	
  D	
  65,	
  032003	
  (2002)	
  

Nominal	
  fit	
  from	
  CLEO	
  	
  
•  Γ(D*+)	
  offers	
  a	
  window	
  into	
  

nonperturba2ve	
  strong	
  physics	
  involving	
  
heavy	
  quarks	
  
–  Related	
  to	
  strong	
  coupling	
  (g)	
  between	
  

heavy	
  vector	
  mesons,	
  pseudoscalar	
  
mesons	
  and	
  the	
  pion	
  

–  Paper	
  by	
  M.	
  Di	
  Pierro	
  and	
  E.	
  Eichten	
  
	
  (Phys.	
  Rev.	
  D	
  64,	
  114004	
  (2001))	
  showed	
  
agreement	
  between	
  measurements	
  and	
  
this	
  idea	
  

–  However,	
  using	
  updated	
  measurements	
  
there	
  is	
  a	
  disagreement	
  

•  Previous	
  measurement:	
  
–  Γ(D*+)	
  =	
  96	
  ±	
  4	
  ±	
  22	
  keV	
  
–  11,000	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  candidate	
  sample	
  

(	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )	
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BaBar	
  analysis 
•  Use	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  from	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
– p(πs)	
  ≈	
  40	
  MeV/c	
  in	
  D*	
  CM	
  (s	
  =	
  “slow”)	
  

	
  
•  A	
  rela2vis2c	
  Breit-­‐Wigner	
  (RBW)	
  lineshape	
  is	
  
convolved	
  with	
  the	
  experimental	
  resolu2on	
  func2on	
  
(obtained	
  from	
  MC	
  simula2on)	
  to	
  describe	
  the	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
D*(2010)+	
  signal.	
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D∗+ → D0π+
s

Decay Mode # of Events in Fit
D0 → K−π+ 142000

D0 → K−π+π−π+ 231000
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Modeling	
  experimental	
  resolu2on	
  
•  There	
  is	
  no	
  control	
  sample	
  from	
  which	
  to	
  extract	
  the	
  experimental	
  

resolu2on	
  
•  We	
  use	
  truth-­‐matched	
  MC	
  simula2on	
  to	
  obtain	
  the	
  resolu2on	
  

func2on.	
  We	
  include	
  a	
  scale	
  factor,	
  1+ε,	
  in	
  the	
  fit	
  to	
  data	
  to	
  allow	
  
for	
  MC-­‐data	
  differences	
  

•  Model	
  as	
  triple-­‐Gaussian	
  and	
  an	
  addi2onal	
  contribu2on	
  which	
  
describes	
  the	
  effect	
  due	
  to	
  πs

+	
  decay	
  in	
  flight	
  

MC 
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D0 K π

MC 
D0 K3π

Observed	
  shape	
  
due	
  en2rely	
  to	
  	
  
resolu2on	
  effects	
  



Rela2vis2c	
  Breit-­‐Wigner	
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ΓTotal(m) = ΓD∗Dπ(m) + ΓD∗Dγ(m) ≈ ΓD∗Dπ(m)

Par2al	
  width:	
  

dN

dm
=

�
p

p0

�3 �
1 + r2p2

0

1 + r2p2

�
(m0Γ0)

2

(m2
0 −m2)2 + (m0ΓTotal(m))2

ΓD∗Dπ(m) = Γ0

�
1 + r2p2

0

1 + r2p2

� �
p

p0

�3 �m0

m

�

m,	
  p	
  	
  =	
  running	
  Dπ	
  mass,	
  momentum	
  
m0,	
  p0	
  =	
  m,	
  p	
  at	
  pole	
  posi2on	
  
	
  
r	
  =	
  Blam-­‐Weisskopf	
  radius	
  =	
  1.6	
  GeV	
  (≈0.3	
  fm)	
  

RBW:	
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value	
  taken	
  from	
  
Phys.	
  Lem.	
  B	
  308,	
  435	
  (1993)	
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fMC
a × T (∆m; p, α)MC

+fMC
1 ×G

�
∆m;µMC

1 + δ, σMC
1 (1 + �)

�
⊗RBW (∆m; Γ, m0)

+fMC
2 ×G

�
∆m;µMC

2 + δ,σMC
2 (1 + �)

�
⊗RBW (∆m; Γ, m0)

+
�
1− fMC

a − fMC
1 − fMC

2

�
×G

�
∆m;µMC

3 + δ,σMC
3 (1 + �)

�
⊗RBW (∆m; Γ, m0)

•  Signal:	
  

Fit	
  model	
  for	
  data	
  

∆m m Kππs m Kπ

∆m m Kππππs m Kπππ

•  Background:	
  two-­‐body	
  phase	
  space	
  near	
  kinema2c	
  threshold	
  

Fit	
  is	
  performed	
  using	
  a	
  binned	
  maximum	
  likelihood	
  fit.	
  	
  	
  
Nominal	
  bin	
  width	
  is	
  50	
  keV	
  (varied	
  in	
  systema2c	
  checks)	
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Fit	
  to	
  data	
  for	
  signal	
  modes	
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Kπ	
   K3π	
  
Width,	
  Γ	
  (keV)	
   83.5	
  ±	
  1.7	
   XX.X	
  ±	
  1.4	
  
Scale	
  factor,	
  ε	
   +0.06	
  ±	
  0.01	
   +0.07	
  ±	
  0.01	
  
Δm	
  pole	
  (keV)	
   145425.5	
  ±	
  0.6	
   145426.5	
  ±	
  0.4	
  

Projec2on	
  χ2/NDF	
   613/540	
   722/540	
  

Systema2c	
  studies	
  
affec2ng	
  the	
  K3π	
  width	
  
measurement	
  are	
  ongoing	
  

S:B	
  =	
  0.8	
  

S:B	
  =	
  2700	
   S:B	
  =	
  980	
  

S:B	
  =	
  0.3	
  

χ2
proj =

� (Nmeasured −Npredicted)
2

Nmeasured
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D0 K π D0 K3π



Sources	
  of	
  systema2c	
  uncertainty	
  
•  The	
  model	
  of	
  the	
  detector	
  material,	
  and	
  the	
  scale	
  
of	
  the	
  magne2c	
  field	
  

•  The	
  region	
  of	
  Δm	
  used	
  in	
  the	
  fit	
  
– Nominal	
  end	
  point	
  is	
  166.5	
  MeV.	
  Take	
  1	
  MeV	
  steps	
  
toward	
  the	
  signal	
  and	
  use	
  the	
  largest	
  devia2on	
  from	
  
the	
  nominal	
  fit	
  as	
  the	
  uncertainty	
  

•  The	
  shape	
  parameters	
  of	
  the	
  resolu2on	
  func2on	
  
– Use	
  shape	
  of	
  the	
  resolu2on	
  func2on	
  and	
  generate	
  
100	
  varia2ons	
  within	
  errors.	
  	
  Use	
  RMS	
  of	
  the	
  fimed	
  
width	
  and	
  pole	
  posi2on	
  as	
  es2mates	
  of	
  uncertainty	
  

•  The	
  size	
  of	
  the	
  Δm	
  interval	
  used	
  in	
  the	
  fit	
  
– Nominal	
  binning	
  is	
  50	
  keV;	
  reduce	
  to	
  25	
  keV.	
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Preliminary	
  systema2c	
  uncertain2es	
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Source	
  
σsys(Γ)	
  	
  (keV)	
   σsys(RBW	
  pole)	
  	
  (keV)	
  

Kπ	
   K3π	
   Kπ	
   K3π	
  

Azimuthal	
  dependence	
   0.45	
   0.65	
   2.5	
   2.5	
  

m(D0
reco)	
  dependence	
   0.0	
   1.12	
   0.01	
   0.0	
  

plab(D*+)	
  dependence	
   0.57	
   0.19	
   0.2	
   0.2	
  

Detector	
  material	
  and	
  
magne2c	
  field	
   0.3	
   1.3	
   0.7	
   0.75	
  

Δm	
  fit	
  range	
   0.8	
   0.3	
   0.1	
   0.0	
  

Resolu2on	
  shape	
  
parameters	
   0.41	
   0.3	
   0.17	
   0.14	
  

Blam-­‐Weisskopf	
  radius	
   0.04	
   0.03	
   0.0	
   0.0	
  

Fit	
  bin	
  width	
   0.1	
   0.1	
   0.1	
   0.1	
  

MC	
  valida2on	
   0.0	
   5.7	
   0.0	
   0.0	
  

Total	
   1.2	
   6.0	
   2.6	
   2.6	
  

Studied	
  using	
  
10	
  disjoint	
  	
  
subsamples	
  

Observe	
  bias	
  	
  
from	
  peaking	
  	
  
D0	
  background.	
  
(Inves2ga2ng)	
  

Pole	
  is	
  unaffected.	
  
	
  

Using	
  full	
  MC	
  bias	
  	
  
on	
  width	
  for	
  now	
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Summary	
  of	
  D*+	
  width	
  and	
  mass-­‐difference	
  results	
  

•  BaBar	
  PRELIMINARY	
  results:	
  	
  	
  
Γ	
  (Kπ)	
  =	
  83.5	
  ±	
  1.7	
  ±	
  1.2	
  keV	
  

Δm	
  pole	
  (Kπ)	
  =	
  145425.5	
  ±	
  0.6	
  ±	
  2.6	
  keV	
  
	
  

Δm	
  pole	
  (K3π)	
  =	
  145426.5	
  ±	
  0.4	
  ±	
  2.6	
  keV	
  

•  We	
  have	
  discovered	
  a	
  bias	
  in	
  the	
  K3π	
  valida2on	
  fits,	
  which	
  we	
  
are	
  working	
  to	
  remove/reduce.	
  Currently	
  we	
  are	
  not	
  
repor2ng	
  the	
  width	
  result	
  for	
  this	
  mode.	
  

•  CLEO	
  measurement:	
  	
  
Γ	
  =	
  96	
  ±	
  4	
  ±	
  22	
  keV	
  

Δm	
  pole:	
  145412	
  ±	
  2	
  ±	
  12	
  keV	
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Chiral	
  coupling,	
  g	
  
•  Width	
  is	
  related	
  to	
  effec2ve	
  coupling	
  of	
  pseudoscalar	
  to	
  quark	
  (g)	
  

•  g	
  can	
  also	
  be	
  used	
  to	
  calculate	
  the	
  coupling	
  in	
  the	
  B	
  system	
  where	
  there	
  is	
  
no	
  direct	
  exp.	
  window	
  (no	
  phase	
  space	
  for	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )	
  

•  M.	
  Di	
  Pierro	
  and	
  E.	
  Eichten	
  (Phys.	
  Rev.	
  D	
  64,	
  114004	
  (2001))	
  provide	
  Γ/g	
  ra2o	
  
for	
  mul2ple	
  decay	
  modes	
  

•  BaBar	
  results	
  show	
  a	
  disagreement	
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B∗ → Bπ

Mode	
   Width	
   g	
  

CLEO	
  D*(2010)+	
   92	
  ±	
  22	
  keV	
   0.82	
  ±	
  0.09	
  

Laxce	
  (from	
  D&E)	
   0.51	
  ±	
  0.11	
  

D1(2420)0	
   31.4	
  ±	
  1.4	
  MeV	
   1.40	
  ±	
  0.04	
  

D2
*(2460)0	
   50.5	
  ±	
  0.9	
  MeV	
   1.15	
  ±	
  0.01	
  

D*(2010)+	
  
(This	
  analysis)	
  

83.5	
  ±	
  2.1	
  keV	
  
(preliminary)	
   0.764	
  ±	
  0.007	
  

From	
  BaBar	
  paper	
  
Phys.	
  Rev.	
  D	
  82,	
  111101(R)	
  

	
  	
   	
   	
  (2010)	
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Measurement	
  of	
  the	
  mass,	
  width,	
  quasi-­‐two-­‐
body	
  branching	
  ra2os	
  from	
  excited	
  charm	
  

baryon	
  Λc
	
  (2880)+	
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!"#$%&%'()"*&+#,

-!

.

Resonant	
  (i.e.	
  quasi-­‐two-­‐body)	
  decay	
  modes:	
  	
  

Non-­‐resonant	
  decay:	
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Λc
	
  (2880)+	
  decays	
  inves2gated	
  

Λc 2880 Λc 2286 π π

Λc 2880 Σc 2455 0 π

Λc 2286 π

Λc 2880 Σc 2455 π

Λc 2286 π

Λc 2880 Σc 2520 0 π

Λc 2286 π

Λc 2880 Σc 2520 π

Λc 2286 π



•  Analysis	
  uses	
  	
  
•  Op2mize	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
   	
  	
  
	
  	
  	
  	
  selec2on	
  criteria	
  using	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  on	
  21.8	
  {-­‐1	
  
•  xp	
  >	
  0.4	
  to	
  reduce	
  B	
  
	
  	
  	
  	
  backgrounds,	
  where	
  

	
  

•  Measure	
  mass	
  and	
  width	
  using	
  Λc
+	
  π+	
  π-­‐	
  distribu2on	
  

•  Σcπ	
  branching	
  ra2os	
  calculated	
  with	
  respect	
  to	
  the	
   	
   	
  	
  	
  	
  
	
   	
  Λc

+	
  π+	
  π-­‐	
  mode	
  
Zachary	
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S:B	
  =	
  1:5	
  

S:B	
  =	
  1:2	
  

S/
√

S + B

Λ+
c → pK−π+

Op2mized	
  sample	
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BaBar	
  Λc
	
  (2880)+	
  analysis	
  

L 316 fb 1

A~er	
  op2miza2on	
  
xp

p
pmax

p

s 4 M2
Λc



Determining	
  intrinsic	
  mass	
  and	
  width	
  of	
  Λc(2880)+	
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!"#"$%&'&'()#*")+'#$&',&-).&/#*)0)12,,)34)!"#"$%&'&'()#*")+'#$&',&-).&/#*)0)12,,)34)
!"##$%&'!"##$%&

()*)'*+,-./00-1)0+23*4+5-

647)8-/*-9:;<-.)=>'" !6,+?-.@%A

B !C:"D E 9:DF% .)=

./00-B-"##9:$-E $:G-H)=>'"

- -!C:"D-E 9:DF%-.)=

!0*/*:-),,+,-+52I%

"F"F

xp	
  >	
  0.8	
  (highest	
  signif.)	
  

•  Fit	
  with	
  RBW	
  convolved	
  with	
  
Gaussian	
  resolu2on	
  func2on,	
  and	
  
a	
  polynomial	
  background	
  func2on	
  
–  Gaussian	
  width	
  fixed	
  to	
  detector	
  

resolu2on	
  1.79	
  MeV	
  (from	
  MC)	
  

•  Sources	
  of	
  systema2c	
  uncertainty:	
  
–  Magne2c	
  field	
  (solenoid)	
  
–  Tracking	
  and	
  SVT	
  material	
  
–  Fit	
  model	
  
–  Fit	
  range	
  
–  xp	
  momentum	
  criterion	
  
–  Detector	
  resolu2on	
  

CHARM	
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PDG	
  values	
  (J.	
  of	
  Phys.	
  G37,	
  075021	
  (2010))	
  
	
  

ΔM	
  =	
  595.1	
  ±	
  0.4	
  MeV	
  
Γ	
  =	
  5.8	
  ±	
  1.1	
  MeV	
  

)	
  

)	
   Γ X.XX 1.35 stat. 1.4 syst. MeV

∆M m Λc 2880 m Λc 2286

∆M XXX.X 0.4 stat. 0.3 syst. MeV
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M
� Λ

+ c
π

+
� −

M
(Λ

c
)+

2.
28

6
(G

eV
)

M
�
Λ+

c π+π−
�
−M

�
Λ+

c

�
+ 2.286 (GeV)

Λc(2880)+	
  
Σc()0	
  

Σc(2455)++	
  

Small	
  Q	
  value	
  of	
  Σc	
  decays	
  	
  
creates	
  kinema2c	
  correla2on	
  	
  
of	
  Λc	
  and	
  π	
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No	
  visible	
  overlap	
  in	
  the	
  2880	
  signal	
  region.	
  
	
  

1.  Assuming	
  no	
  interference	
  effects,	
  select	
  2880	
  signal	
  and	
  sideband	
  regions	
  	
  
2.  Fit	
  the	
  Λcπ	
  projec2ons	
  with	
  Σc	
  signals	
  and	
  polynomial	
  background	
  
3.  Use	
  sideband	
  subtrac2on	
  to	
  obtain	
  the	
  yield	
  for	
  each	
  decay	
  mode	
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AA

10-­‐20	
  MeV	
  
Above/below	
  

Yields	
  from	
  fit	
  using	
  RBW	
  convolved	
  with	
  Gaussian,	
  and	
  a	
  polynomial	
  background	
  func2on	
  

(Values	
  extracted	
  assuming	
  negligible	
  interference	
  and	
  uniform	
  backgrounds)	
  

Yield	
  in	
  Side	
  Band	
  1:	
   322.1	
  ±	
  16.8	
   202.4	
  ±	
  12.9	
   270.7	
  ±	
  30.3	
   272.2	
  ±	
  23.7	
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Signal	
  Band	
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Preliminary	
  Results	
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Branching	
  ra2os	
  values	
  (assuming	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ),	
  

Non-resonant yield = total yield - resonant yields

Br Σc 2455 0 π Br all Λc π π 0.13 0.02 stat. 0.02
0.01 syst.

Br Σc 2520 0 π Br all Λc π π 0.15 0.03 stat. 0.02
0.01 syst.

Br Σc 2455 π Br all Λc π π 0.2 0.03 stat. 0.03
0.01 syst.

Br Σc 2520 π Br all Λc π π 0.11 0.05 stat. 0.02
0.00 syst.

Br NR Λc π π Br all Λc π π 0.41 0.10 stat. 0.08
0.05 syst.

BF Σc Λcπ 100%

∆M m Λc 2880 m Λc 2286 XXX.X 0.4 stat. 0.3 syst. MeV

Γ Λc 2880 X.XX 1.35 stat. 1.4 syst. MeV



Summary	
  

•  PRELIMINARY	
  results	
  for	
  the	
  D*+	
  analysis:	
  	
  	
  
Γ	
  (Kπ)	
  =	
  83.5	
  ±	
  1.7	
  ±	
  1.2	
  keV	
  

Δm	
  pole	
  (Kπ)	
  =	
  145425.5	
  ±	
  0.6	
  ±	
  2.6	
  keV	
  
Δm	
  pole	
  (K3π)	
  =	
  145426.5	
  ±	
  0.4	
  ±	
  2.6	
  keV	
  

•  Preliminary	
  results	
  for	
  the	
  Λc(2880)+	
  analysis:	
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Branching	
  ra2os	
  for	
  quasi-­‐two-­‐body	
  modes:	
  
Br Λc 2880 Σc 2455 0 π Br Λc 2880 Σc 2455 π

Br Λc 2880 Σc 2520 0 π Br Λc 2880 Σc 2520 π

CHARM	
  2012	
  

Γ X.XX 1.35 stat. 1.4 syst. MeV

∆M XXX.X 0.4 stat. 0.3 syst. MeV



Backup	
  Slides	
  



Modeling	
  Experimental	
  Resolu2on	
  

•  There	
  is	
  no	
  control	
  sample	
  to	
  extract	
  the	
  experimental	
  
resolu2on	
  from	
  track	
  reconstruc2on	
  

•  We	
  use	
  truth-­‐matched	
  MC	
  simula2on	
  to	
  fit	
  the	
  resolu2on	
  
func2on.	
  We	
  include	
  a	
  scale	
  factor,	
  1+ε,	
  in	
  the	
  fit	
  to	
  data	
  

•  Model	
  of	
  the	
  resolu2on	
  func2on:	
  	
  

Threshold	
  func2on:	
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α,	
  p	
  float	
  in	
  fit	
  

f1 ×G (∆m;µ1, σ1)
+f2 ×G (∆m;µ2, σ2)

+ (1− fa − f1 − f2)×G (∆m;µ3, σ3)
+fa × T (∆m; p, α)

m up eαu

u =
�

m

mth

�2

− 1

CHARM	
  2012	
  



Rela2vis2c	
  Breit-­‐Wigner	
  (RBW)	
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where,	
  

Blam-­‐Weisskopf	
  
Form	
  factors	
  

ΓTotal(m) = ΓD∗Dπ(m) + ΓD∗Dγ(m) ≈ ΓD∗Dπ(m)

≈1.6%	
  

p0 = p (m0)

p (m) =
1

2m

��
m2 −m2

π −m2
D0

�2 − 4m2
πm2

D0

m = m
�
D0π

�

Par2al	
  width:	
  

dN

dm
=

�
p

p0

�3 �
1 + r2p2

0

1 + r2p2

�
(m0Γ0)

2

(m2
0 −m2)2 + (m0ΓTotal(m))2

ΓD∗Dπ(m) = Γ0

�
1 + r2p2

0

1 + r2p2

� �
p

p0

�3 �m0

m

�
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@6AB6(C6%" /D/D

Data	
  in	
  bins	
  of	
  xp	
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