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What	
  is	
  an	
  Amplitude	
  Analysis?	
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•  A	
  decay	
  can	
  have	
  many	
  possible	
  paths	
  and	
  intermediate	
  resonances	
  
which	
  effect	
  the	
  kinema9c	
  proper9es	
  of	
  the	
  final	
  state	
  par9cles.	
  

•  If	
  you	
  want	
  to	
  observe	
  fine	
  details	
  of	
  a	
  decay	
  process,	
  such	
  as	
  spin	
  
proper9es	
  and	
  rela9ve	
  phases,	
  you	
  need	
  an	
  amplitude	
  analysis.	
  

•  Typically	
  this	
  involves	
  
building	
  a	
  model	
  of	
  known	
  
resonances	
  and	
  fiBng	
  a	
  
Dalitz	
  plot,	
  like	
  for	
  	
  

	
  	
  	
  	
  	
  D0	
  à	
  Ksπ+π-­‐	
  to	
  the	
  right.	
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CLEO-c/BES III’s unique data provide crucial 
additional information on D mesons.

Two measurements for each point in Dalitz 
space - can extract magnitude and phase!

Can get this 
only at 

CLEO-c or 
BES III
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analogous to linear and circular polarised light



Our	
  Motivation	
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•  At	
  Bristol,	
  we	
  have	
  a	
  research	
  group	
  dedicated	
  to	
  measuring	
  the	
  CP	
  
viola9ng	
  phase	
  gamma.	
  

•  One	
  strategy	
  is	
  to	
  use	
  the	
  decay	
  of	
  B	
  to	
  D0/D0bar	
  mesons	
  where	
  
gamma	
  is	
  introduced	
  as	
  a	
  rela9ve	
  phase.	
  	
  

•  Before	
  extrac9ng	
  gamma	
  a	
  thorough	
  amplitude	
  analysis	
  of	
  the	
  D	
  
decay	
  is	
  required,	
  in	
  this	
  case	
  D0	
  to	
  four	
  charged	
  pions.	
  

•  The	
  Focus	
  Collabora9on	
  
published	
  a	
  model	
  for	
  this	
  
channel	
  in	
  2007.	
  	
  

•  Try	
  to	
  obtain	
  a	
  more	
  accurate	
  
model	
  with	
  CLEO-­‐c’s	
  increased	
  
dataset.	
  



Constructing	
  A	
  D0	
  à	
  π-­‐π+π+π-­‐	
  Model	
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•  As	
  D0	
  -­‐>	
  π-­‐π+π+π-­‐	
  is	
  a	
  four	
  body	
  decay	
  mode,	
  our	
  Dalitz	
  plot	
  is	
  5-­‐
dimensional	
  instead	
  of	
  2.	
  

•  Conceptually	
  difficult,	
  but	
  same	
  computa9onal	
  process.	
  

•  We	
  build	
  a	
  Model	
  out	
  of	
  a	
  list	
  of	
  possible	
  intermediate	
  resonances,	
  such	
  
as:	
  

	
  	
  
D0	
  à	
  ρ(770)	
  π+	
  π-­‐	
  à	
  {	
  π+	
  	
  π-­‐	
  }ρ	
  π+	
  π-­‐	
  

	
  	
  	
   	
   	
  	
  
	
   	
   	
  or	
  

	
  
D0	
  à	
  a1(1260)+	
  	
  π-­‐	
  à	
  {	
  ρ(770)	
  π+}a1	
  	
  π-­‐	
  	
  à	
  {π+	
  	
  π-­‐}ρ	
  π+	
  

	
  π-­‐	
  	
  



5-­‐D	
  Dalitz	
  Fitting	
  Example	
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The	
  CLEO-­‐c	
  Dataset	
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•  CLEO-­‐c	
  ran	
  at	
  the	
  Ψ(3770)	
  resonance	
  and	
  so	
  we	
  expect	
  D0/D0bar	
  
pair	
  produc9on.	
  	
  

•  We	
  require	
  the	
  standard	
  selec9on	
  criteria	
  for	
  four	
  pions	
  and	
  an	
  
‘other	
  side’	
  kaon	
  for	
  D-­‐tagging.	
  

	
  
	
  

	
  
	
  

Ψ(3770)	
  
Tag	
  as	
  D0	
  	
  

π	
  
π	
  

π	
  

π	
  

K-­‐	
  

?	
  

?	
  bar	
  



The	
  CLEO-­‐c	
  Dataset	
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•  The	
  data	
  is	
  cut	
  in	
  variables	
  of	
  delta	
  E	
  and	
  beam	
  constrained	
  mass,	
  
but	
  square	
  cuts	
  in	
  these	
  variables	
  are	
  not	
  suitable.	
  

•  To	
  define	
  signal	
  and	
  background	
  regions	
  with	
  uniform	
  phase	
  space,	
  
cuts	
  were	
  made	
  along	
  lines	
  of	
  constant	
  invariant	
  mass.	
  

•  Results	
  in	
  ‘contour’	
  cuts,	
  demonstrated	
  below.	
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kaons is found to be advantageous both in enhancing the
purity of the sample and in suppressing events where the
tagging decision is incorrect. The momentum of the tag-
ging kaon is required to exceed 400 MeV=c in the CLEO-c
3770 data set, and 600 MeV=c in the CLEO-c 4170
data set.

It is necessary to apply a more stringent K0
S veto to

suppress D0 ! K0
SK

þK" contamination than in the
CLEO II.V and CLEO III selections. This is because at
CLEO-c the D mesons are produced at or close to thresh-
old, and hence the flight distance of any resulting K0

S is
lower. Therefore, events are rejected in which a K0

S candi-
date has a flight distance, normalized by the assigned
uncertainty, of greater than 1, or in which either of the
daughter pions has an impact parameter in the transverse
plane greater than 1 mm.

1. CLEO-c 3770 sample

Two kinematical variables are defined: the beam-
constrained candidate mass,

mbc #
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s=ð4c4Þ " p2

D=c
2

q
;

where pD is the momentum of the signal D candidate, and
!E # ED " ffiffiffi

s
p

=2, where ED is the sum of the energies of
the daughter particles of the signal D candidate. The dis-
tributions of mbc and !E are shown in Fig. 3 for kaon-
tagged candidates in the CLEO-c 3770 data set. The signal
decays peak at the nominalD0 mass inmbc and zero in!E.
In making the final selection a window of&5 MeV=c2 and
&15 MeV is placed around these expected values for mbc

and !E, respectively. A sample of 1396 events is selected
in the signal region, of which 14 contain two candidates.

In this latter class of events, only one candidate, chosen
at random, is retained for subsequent analysis.
Interpolating the results of fits to the sideband regions
into the signal window indicates that the contamination
from nonpeaking background is at the level of ð13:5&

0:5Þ%. The residual contamination from D0 ! K0
SK

þK"

decays is found to constitute ð2:4& 0:4Þ% of the sample, as
determined from the amplitude fit studies described in
Sec. III.
In addition, a sample of 763 events is selected for non-

peaking background studies from the regions defined by
"5< ðmbc " 1865 MeV=c2Þ< 5 MeV=c2 and j!E&
45 MeVj< 30 MeV. A further sample of 445 events
which fail the K0

S veto, but pass all other signal selection
criteria, are selected in order to characterize the residual
D0 ! K0

SK
þK" contamination.

The performance of the flavor tag is calibrated in data
using D0 ! K"!þ!"!þ decays. These decays, accom-
panied by a tagging kaon, are selected with the same
procedure as for the signal sample. The method is validated
using simulated data, and corrections are made for the
doubly Cabibbo-suppressed decays in the sample as for
the CLEO III calibration. It is concluded that the mistag
rate of signal events in data is ð4:5& 0:5Þ%.
All selected events are subjected to a kinematical fit with

the invariant mass of the candidate constrained to that of
the D0, in order to provide the best possible resolution for
the amplitude study.

2. CLEO-c 4170 sample

At
ffiffiffi
s

p ¼ 4170 MeV, pairs of charm mesons can be
produced in a variety of configurations, including D "D,
D( "D, D( "D(, D( "D!, Dþ

s D
"
s , and D

þ(
s D"

s . Several of these
configurations may result in events which contain a D0

accompanied by a "D0, or aD0 and aD". Depending on the
production process and subsequent strong or electromag-
netic decay, there will be one or more prompt pions or
photons also present in the event. Even without recon-
structing these additional particles it is possible to separate
statistically the different production and decay categories,
as they exhibit different distributions in mbc "!E space.
This property has been exploited in Ref. [16] to study
charm production at these energies.

FIG. 3. (a) mbc and (b) !E distributions of events passing the kaon-tagged D0 ! KþK"!þ!" selection in the CLEO-c 3770 data
set. Each distribution is plotted after applying the selection cut on the other variable.

AMPLITUDE ANALYSIS OF . . . PHYSICAL REVIEW D 85, 122002 (2012)

122002-5

kaons is found to be advantageous both in enhancing the
purity of the sample and in suppressing events where the
tagging decision is incorrect. The momentum of the tag-
ging kaon is required to exceed 400 MeV=c in the CLEO-c
3770 data set, and 600 MeV=c in the CLEO-c 4170
data set.

It is necessary to apply a more stringent K0
S veto to

suppress D0 ! K0
SK

þK" contamination than in the
CLEO II.V and CLEO III selections. This is because at
CLEO-c the D mesons are produced at or close to thresh-
old, and hence the flight distance of any resulting K0

S is
lower. Therefore, events are rejected in which a K0

S candi-
date has a flight distance, normalized by the assigned
uncertainty, of greater than 1, or in which either of the
daughter pions has an impact parameter in the transverse
plane greater than 1 mm.

1. CLEO-c 3770 sample

Two kinematical variables are defined: the beam-
constrained candidate mass,

mbc #
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s=ð4c4Þ " p2

D=c
2

q
;

where pD is the momentum of the signal D candidate, and
!E # ED " ffiffiffi

s
p

=2, where ED is the sum of the energies of
the daughter particles of the signal D candidate. The dis-
tributions of mbc and !E are shown in Fig. 3 for kaon-
tagged candidates in the CLEO-c 3770 data set. The signal
decays peak at the nominalD0 mass inmbc and zero in!E.
In making the final selection a window of&5 MeV=c2 and
&15 MeV is placed around these expected values for mbc

and !E, respectively. A sample of 1396 events is selected
in the signal region, of which 14 contain two candidates.

In this latter class of events, only one candidate, chosen
at random, is retained for subsequent analysis.
Interpolating the results of fits to the sideband regions
into the signal window indicates that the contamination
from nonpeaking background is at the level of ð13:5&

0:5Þ%. The residual contamination from D0 ! K0
SK

þK"

decays is found to constitute ð2:4& 0:4Þ% of the sample, as
determined from the amplitude fit studies described in
Sec. III.
In addition, a sample of 763 events is selected for non-

peaking background studies from the regions defined by
"5< ðmbc " 1865 MeV=c2Þ< 5 MeV=c2 and j!E&
45 MeVj< 30 MeV. A further sample of 445 events
which fail the K0

S veto, but pass all other signal selection
criteria, are selected in order to characterize the residual
D0 ! K0

SK
þK" contamination.

The performance of the flavor tag is calibrated in data
using D0 ! K"!þ!"!þ decays. These decays, accom-
panied by a tagging kaon, are selected with the same
procedure as for the signal sample. The method is validated
using simulated data, and corrections are made for the
doubly Cabibbo-suppressed decays in the sample as for
the CLEO III calibration. It is concluded that the mistag
rate of signal events in data is ð4:5& 0:5Þ%.
All selected events are subjected to a kinematical fit with

the invariant mass of the candidate constrained to that of
the D0, in order to provide the best possible resolution for
the amplitude study.

2. CLEO-c 4170 sample

At
ffiffiffi
s

p ¼ 4170 MeV, pairs of charm mesons can be
produced in a variety of configurations, including D "D,
D( "D, D( "D(, D( "D!, Dþ

s D
"
s , and D

þ(
s D"

s . Several of these
configurations may result in events which contain a D0

accompanied by a "D0, or aD0 and aD". Depending on the
production process and subsequent strong or electromag-
netic decay, there will be one or more prompt pions or
photons also present in the event. Even without recon-
structing these additional particles it is possible to separate
statistically the different production and decay categories,
as they exhibit different distributions in mbc "!E space.
This property has been exploited in Ref. [16] to study
charm production at these energies.

FIG. 3. (a) mbc and (b) !E distributions of events passing the kaon-tagged D0 ! KþK"!þ!" selection in the CLEO-c 3770 data
set. Each distribution is plotted after applying the selection cut on the other variable.

AMPLITUDE ANALYSIS OF . . . PHYSICAL REVIEW D 85, 122002 (2012)

122002-5



Background	
  Fraction	
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•  The	
  background	
  frac9on	
  within	
  the	
  signal	
  region	
  has	
  been	
  
es9mated	
  from	
  two	
  dimensional	
  pdf	
  fits	
  in	
  RooFit.	
  The	
  distribu9ons	
  
were	
  determined	
  from	
  sideband	
  samples.	
  

•  	
  Determine	
  18.5%	
  of	
  events	
  in	
  signal	
  region	
  are	
  combinatoric	
  BG.	
  

mBC data
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Model	
  Selection	
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•  To	
  generate	
  and	
  test	
  models	
  in	
  a	
  systema9c	
  way,	
  a	
  fiBng	
  algorithm	
  
has	
  been	
  developed.	
  

•  Adopt	
  the	
  use	
  of	
  an	
  gene9c	
  algorithm	
  to	
  ‘breed’	
  the	
  most	
  successful	
  
combina9on	
  of	
  resonances	
  and	
  decay	
  descriptors.	
  

•  Models	
  are	
  fihed	
  to	
  the	
  data	
  and	
  ranked	
  using	
  their	
  Chi	
  square	
  per	
  
degree	
  of	
  freedom.	
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•  To	
  produce	
  the	
  1st	
  itera9on,	
  the	
  random	
  models	
  are	
  ‘bred’	
  
together	
  in	
  the	
  following	
  manner:	
  

It	
  0	
   1st	
   2nd	
   3rd	
   4th	
   5th	
   6th	
   7th	
  

Daughter	
  Generation	
  



11	
  

•  To	
  produce	
  the	
  1st	
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  the	
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  the	
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  and	
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   1st	
  and	
  4th	
  (12-­‐14)	
  

Daughter	
  Generation	
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•  To	
  produce	
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  1st	
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  the	
  following	
  manner:	
  

It	
  0	
   1st	
   2nd	
   3rd	
   4th	
   5th	
   6th	
   7th	
  

1st	
  and	
  2nd	
  (1-­‐5)	
   1st	
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   1st	
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  2nd	
  and	
  3rd	
  (9-­‐11)	
  

2nd	
  and	
  4th	
  (15-­‐17)	
  

Daughter	
  Generation	
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•  To	
  produce	
  the	
  1st	
  itera9on,	
  the	
  random	
  models	
  are	
  ‘bred’	
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  in	
  the	
  following	
  manner:	
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  3rd	
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   1st	
  and	
  4th	
  (12-­‐14)	
  2nd	
  and	
  3rd	
  (9-­‐11)	
  

2nd	
  and	
  4th	
  (15-­‐17)	
   3rd	
  and	
  4th	
  (18-­‐20)	
  

Daughter	
  Generation	
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•  To	
  produce	
  the	
  1st	
  itera9on,	
  the	
  random	
  models	
  are	
  ‘bred’	
  
together	
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•  To	
  produce	
  the	
  1st	
  itera9on,	
  the	
  random	
  models	
  are	
  ‘bred’	
  
together	
  in	
  the	
  following	
  manner:	
  

It	
  0	
   1st	
   2nd	
   3rd	
   4th	
   5th	
   6th	
   7th	
  

It	
  1	
  

•  Get	
  23	
  New	
  Models	
  in	
  total,	
  where	
  only	
  the	
  ‘fihest’	
  7	
  from	
  the	
  
last	
  itera9on	
  are	
  used.	
  This	
  procedure	
  is	
  repeated	
  every	
  itera9on.	
  
This	
  is	
  a	
  somewhat	
  arbitrary	
  choice	
  of	
  system.	
  

Daughter	
  Generation	
  



Conclusions	
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•  Currently	
  have	
  ~9000	
  candidate	
  D0à4pi	
  events	
  at	
  CLEO-­‐c.	
  The	
  events	
  
are	
  experimentally	
  clean	
  and	
  with	
  a	
  well	
  known	
  acceptance.	
  	
  

•  We	
  have	
  developed	
  the	
  necessary	
  tools	
  to	
  perform	
  an	
  amplitude	
  
analysis	
  on	
  this	
  data	
  and	
  have	
  tested	
  our	
  fiher	
  thoroughly.	
  

•  Now	
  in	
  the	
  process	
  of	
  tes9ng	
  our	
  selec9on	
  algorithm	
  and	
  expect	
  to	
  
apply	
  it	
  to	
  data	
  soon.	
  

•  Once	
  ready,	
  plan	
  to	
  use	
  the	
  final	
  model	
  in	
  an	
  analysis	
  of	
  the	
  complete	
  
decay	
  mode	
  BàDK	
  at	
  LHCb.	
  We	
  expect	
  a	
  compe99ve	
  measurement	
  of	
  
gamma	
  (similar	
  to	
  Ksππ).	
  

•  Can	
  expand	
  our	
  analysis	
  at	
  Cleo	
  to	
  use	
  CP-­‐tagged	
  data	
  samples.	
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•  To	
  account	
  for	
  the	
  background	
  component	
  in	
  the	
  data,	
  an	
  amplitude	
  
model	
  was	
  fihed	
  to	
  a	
  sideband	
  sample.	
  

•  The	
  components	
  of	
  this	
  model	
  are	
  not	
  expected	
  to	
  be	
  resonant	
  and	
  are	
  
therefore	
  not	
  very	
  physically	
  significant.	
  A	
  background	
  model	
  is	
  useful	
  
then	
  to	
  increase	
  fiBng	
  accuracy	
  of	
  the	
  remaining	
  signal	
  structure.	
  

	
  
•  A	
  first	
  pass	
  at	
  a	
  background	
  model	
  is	
  shown	
  above.	
  The	
  parameters	
  are	
  

fixed	
  and	
  added	
  to	
  subsequent	
  data	
  fits	
  with	
  a	
  frac9on	
  of	
  18.5%.	
  

	
  

Decay	
  (D0’s	
  are	
  incoherent	
  and	
  Spin	
  zero)	
  	
   Fit	
  Frac7on	
  

D0-­‐>NonResV0(-­‐>pi+,pi-­‐),f(0)(980)0(-­‐>pi+,pi-­‐)	
  	
   0.057	
  +/-­‐	
  0.011	
  	
  

D0-­‐>NonResVbar0(-­‐>pi+,pi-­‐),f(0)(980)0(-­‐>pi+,pi-­‐)	
  	
   (4.6	
  +/-­‐	
  1.1)	
  ×10-­‐5	
  	
  

D0-­‐>rho(770)0(-­‐>pi+,pi-­‐),rho(770)0(-­‐>pi+,pi-­‐)	
  	
   0.055	
  +/-­‐	
  0.012	
  	
  

D0-­‐>sigma10(-­‐>pi+,pi-­‐),pi+,pi-­‐	
  	
   0.888	
  +/-­‐	
  0.021	
  	
  

D0[P]-­‐>rho(770)0(-­‐>pi+,pi-­‐),rho(770)0(-­‐>pi+,pi-­‐)	
  	
   (2.8	
  +/-­‐	
  2.6)	
  ×10-­‐9	
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•  We	
  separate	
  D0	
  and	
  D0bar	
  by	
  kaon	
  tagging.	
  

•  From	
  Psi(3770)	
  have	
  D0	
  and	
  D0bar	
  pair	
  produc9on	
  
-­‐  P(D0	
  -­‐>	
  K-­‐	
  X)	
  =	
  54.7%	
  
-­‐  P(D0	
  -­‐>	
  K+	
  X)	
  =	
  3.4%	
  
	
  
So	
  if	
  we	
  tag	
  all	
  other	
  sign	
  D’s	
  with	
  Kaons,	
  we	
  have	
  a	
  ~5%	
  mis-­‐ID	
  rate	
  
	
  

Ψ(3770)	
  
Tag	
  as	
  
D0	
  	
  

π	
  
π	
  

π	
  
π	
  

K-­‐	
  

?	
  

?	
  bar	
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•  The	
  background	
  frac9on	
  within	
  the	
  signal	
  region	
  has	
  been	
  
es9mated	
  from	
  two	
  dimensional	
  pdf	
  fits	
  in	
  RooFit.	
  The	
  distribu9ons	
  
were	
  determined	
  from	
  sideband	
  samples.	
  

•  	
  Determine	
  18.5%	
  of	
  events	
  in	
  signal	
  region	
  are	
  combinatoric	
  BG.	
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•  To	
  generate	
  and	
  test	
  models	
  in	
  a	
  systema9c	
  way,	
  a	
  fiBng	
  algorithm	
  
has	
  been	
  developed.	
  

•  Adopt	
  the	
  use	
  of	
  an	
  gene9c	
  algorithm	
  to	
  ‘breed’	
  the	
  most	
  successful	
  
combina9on	
  of	
  resonances	
  and	
  decay	
  descriptors.	
  

•  Models	
  are	
  fihed	
  to	
  the	
  data	
  and	
  ranked	
  using	
  their	
  Chi	
  square	
  per	
  
degree	
  of	
  freedom.	
  	
  

	
  
•  Depending	
  on	
  the	
  rank	
  of	
  the	
  model,	
  they	
  are	
  paired	
  and	
  ‘bred’	
  

together.	
  In	
  this	
  process	
  the	
  components	
  of	
  each	
  model	
  have	
  a	
  50%	
  
chance	
  of	
  succeeding	
  to	
  the	
  daughter	
  model.	
  

•  Addi9onally,	
  there	
  is	
  a	
  50%	
  chance	
  of	
  muta9on,	
  via	
  the	
  inclusion	
  of	
  a	
  
new	
  component.	
  These	
  are	
  selected	
  at	
  random	
  from	
  a	
  list	
  of	
  possible	
  
resonances.	
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•  Itera9on	
  0	
  is	
  the	
  star9ng	
  point	
  of	
  the	
  algorithm	
  and	
  is	
  not	
  determined	
  
from	
  previous	
  fits.	
  

•  The	
  original	
  models	
  are	
  generated	
  randomly,	
  from	
  these	
  rules:	
   	
  	
  

	
  -­‐All	
  models	
  must	
  contain	
  a	
  random	
  rho(770)	
  resonance.	
  
	
  -­‐All	
  models	
  must	
  contain	
  a	
  random	
  a1(1260)	
  resonance.	
  
-­‐An	
  addi9onal	
  element	
  is	
  added	
  at	
  random	
  which	
  contains	
  
neither	
  a	
  rho	
  or	
  a1(1260)	
  resonance.	
  

•  For	
  all	
  itera9ons,	
  the	
  models	
  are	
  checked	
  to	
  make	
  sure	
  individual	
  
components	
  are	
  not	
  repeated	
  within	
  the	
  same	
  model	
  and	
  no	
  two	
  
models	
  are	
  generated	
  twice.	
  

•  Finally,	
  when	
  an	
  element	
  is	
  added	
  to	
  the	
  model,	
  any	
  exis9ng	
  charge	
  
conjugate	
  descrip9on	
  is	
  added	
  with	
  it.	
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•  Minuit	
  INTerface	
  (MINT)	
  is	
  a	
  program	
  developed	
  by	
  Jonas	
  Rademacker,	
  
designed	
  to	
  fit	
  input	
  amplitude	
  models	
  in	
  mul9-­‐dimensional	
  phase	
  
space.	
  It	
  uses	
  the	
  Isobar	
  formulism,	
  describing	
  resonant	
  structure	
  with	
  
a	
  summa9on	
  of	
  Breit-­‐Wigner	
  func9on.	
  

	
  
•  MINT	
  uses	
  Monte	
  Carlo	
  integra9on	
  to	
  normalize	
  the	
  fit	
  likelihood	
  

func9on.	
  By	
  using	
  MC	
  which	
  has	
  been	
  subjected	
  to	
  the	
  same	
  cuts	
  and	
  
detector	
  effects	
  at	
  CLEO-­‐c,	
  the	
  varying	
  efficiencies	
  across	
  phase	
  space	
  
can	
  be	
  accounted	
  for.	
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•  A	
  pull	
  study	
  was	
  conducted	
  to	
  test	
  the	
  handling	
  of	
  efficiencies.	
  The	
  
Focus	
  Model	
  was	
  used	
  to	
  generate	
  MC	
  that	
  was	
  passed	
  through	
  the	
  
full	
  CLEO-­‐c	
  detector	
  simula9on.	
  10000	
  event	
  samples	
  were	
  fihed	
  using	
  
the	
  same	
  model	
  while	
  a	
  remaining	
  MC	
  was	
  used	
  for	
  integra9on.	
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•  The	
  number	
  of	
  efficiency	
  integra9on	
  events	
  required	
  to	
  achieve	
  
reasonable	
  and	
  stable	
  fits	
  was	
  also	
  studied.	
  Here	
  the	
  number	
  of	
  events	
  
used	
  is	
  plohed	
  against	
  the	
  Chi	
  square	
  per	
  degree	
  of	
  freedom	
  of	
  the	
  fit.	
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•  KsVeto	
  in	
  data	
  and	
  MC	
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•  Example	
  KsVeto	
  fit	
  projec9on	
  

	
  
	
  	
  	
  	
  	
  With 	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Without	
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