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MoEvaEon	
  

•  The	
  LHCb	
  will	
  improve	
  the	
  
precision	
  on	
  CKM	
  parameters	
  and	
  
will	
  look	
  for	
  new	
  physics	
  in	
  rare	
  
decays	
  

•  Most	
  of	
  the	
  key	
  measurements	
  
require	
  the	
  knowledge	
  of	
  the	
  
ini/al	
  flavour	
  of	
  the	
  B	
  meson	
  
–  Bs	
  oscilla/on	
  frequency,	
  phase	
  and	
  
ΔΓs	
  	
  (	
  Bs→Dsπ,	
  J/ΨΦ,	
  J/Ψη,	
  ηcΦ	
  )	
  

– Measure	
  the	
  CKM	
  parameters	
  
•  β	
  with	
  Bd→J/ψKS	
  as	
  a	
  proof	
  of	
  principle	
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Unitarity Triangles 

Bd
0 → π+ π-	



Bd
0 → ρ π	



Bd
0 → DK*0	



BS
0 → DSK	



Bd
0 → D* π, 3π	



BS
0 → DS π	



Bd
0 → J/ψ KS

0	



BS
0 → J/ψ φ	





LHCb	
  overview	
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L	
  =	
  2(5)·∙1032	
  ,	
  2H-­‐1/year	
  
10	
  MHz	
  visible	
  interac/on	
  
10	
  KHz	
  bb	
  (1012	
  bb	
  /	
  year)	
  

VELO:	
  
Reconstruct	
  vertexes	
  
Proper	
  /me	
  measurement	
  

Tracking	
  &	
  magnet:	
  
Excellent	
  tracking	
  
reconstruc/on	
  

Calorimeter:	
  
Energy	
  measurement	
  	
  
Iden/fy	
  γ, π0	



Muon	
  and	
  RICH	
  
detectors:	
  
For	
  Par/cle	
  Iden/fica/on	
  	
  



Flavour	
  Tagging	
  
•  Flavour	
  Tagging	
  is	
  the	
  procedure	
  to	
  determine	
  the	
  
flavour	
  of	
  the	
  reconstructed	
  B	
  meson	
  at	
  produc/on	
  
/me	
  

•  Tagging	
  algorithms	
  are	
  usually	
  classified	
  into	
  two	
  
groups:	
  Same	
  Side	
  and	
  Opposite	
  Side	
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Taggers 
OS:	
  muons,	
  electrons,	
  kaons,	
  vertex	
  charge	
  
SS:	
  kaons	
  (Bs)	
  or	
  pions	
  (Bd,u)	
  

WR

W

N+N
N=ω

UWR

WR
tag N+N+N

N+N=εTagging efficiency 
 
 
 
Wrong tag fraction 

R = right tagged 
W = wrong tagged 
U = untagged 



Tagging	
  and	
  diluEon	
  
•  The	
  tagging	
  algorithms	
  may	
  fail	
  in	
  iden/fying	
  the	
  flavour	
  so	
  

that	
  the	
  observed	
  CP-­‐asymmetry	
  is	
  diluted	
  wrt	
  the	
  true	
  
asymmetry	
  	
  	
  

•  The	
  sta/s/cal	
  uncertanty	
  on	
  the	
  measured	
  CP	
  asymmetry	
  is	
  
directly	
  related	
  to	
  the	
  effec/ve	
  efficiency	
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Expected unmixed Bs→Ds
-π+ sample   in 

one nominal year of LHCb data taking  

Effective efficiency 
21 2ωeff tagε = ε ( )−



Opposite	
  Side	
  taggers	
  
•  Opposite	
  Side	
  taggers	
  exploits	
  the	
  an/-­‐correla/on	
  in	
  
the	
  flavour	
  of	
  the	
  two	
  B	
  produced	
  in	
  the	
  same	
  event	
  by	
  
looking	
  at	
  the	
  decay	
  products	
  of	
  the	
  opposite	
  B	
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Kinematic and geometrical variables 
(significance of impact parameter, P, 
Pt,...) show a dependence in purity 
of right vs wrong tags. Find the 
optimal  cut which maximizes the 
effective efficiency. 

E
ff,

 e
ffi

ci
en

cy
 

Pt of K(OS) 

Right tags 
Wrong tags 



K from fragmentation 
Other sources 
Wrong tagging 

Bs → Ds K 

•  Same	
  Side	
  taggers	
  exploit	
  the	
  correla/on	
  in	
  the	
  charge	
  
of	
  the	
  mesons	
  produced	
  in	
  the	
  fragmenta/on	
  chain	
  of	
  
the	
  B	
  signal	
  

Same	
  Side	
  taggers	
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Hadron from fragmentation (K±π±) 
or B** decay (π±) 

Particle selection and proximity cuts 
to signal B are applied 



CombinaEon	
  of	
  taggers	
  
•  The	
  final	
  decision	
  is	
  taken	
  combining	
  all	
  the	
  individual	
  

tagger	
  decisions	
  (if	
  there	
  is	
  more	
  than	
  one)	
  	
  
–  Neural	
  Net:	
  a	
  wrong	
  tag	
  probability	
  is	
  computed	
  for	
  each	
  of	
  the	
  
tagger	
  candidates	
  using	
  a	
  Neural	
  Net	
  (NN).	
  We	
  combine	
  them	
  using	
  
a	
  probability	
  func/on	
  or	
  another	
  NN	
  

–  ParEcle	
  IdenEficaEon:	
  Sort	
  the	
  events	
  based	
  on	
  the	
  par/cle	
  
iden/fica/on	
  of	
  the	
  track	
  

•  For	
  each	
  event,	
  a	
  wrong	
  tag	
  (ω)	
  probability	
  is	
  computed.	
  
•  The	
  events	
  are	
  sorted	
  in	
  5	
  tagging	
  categories	
  of	
  decreasing	
  
ω,	
  to	
  avoid	
  mixing	
  events	
  with	
  different	
  dilu/ons.	
  This	
  
improves	
  the	
  overall	
  tagging	
  performances	
  and	
  the	
  
corresponding	
  precision	
  in	
  the	
  CP	
  fits	
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Monte	
  Carlo	
  Results	
  
•  Expected	
  results	
  from	
  Monte	
  Carlo	
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Tagger	
   ε%	
   ω% εeff   %	


OS	
  Muon	
   5.1	
   29.9	
   0.8	
  

OS	
  Electron	
   2.5	
   28.1	
   0.5	
  

OS	
  Kaon	
   18.8	
   36.4	
   1.4	
  

SS	
  Kaon	
   19.0	
   35.4	
   1.6	
  

OS	
  Vertex	
  Charge	
   23.2	
   39.4	
   1.0	
  

Combined	
   43.1	
   31.8	
   5.7	
  

Bs → J/ψ φ	



ε %	

 ω %	

 εeff   %	


Bs→ Dsπ	

 60.7 30.9 8.6 ± 0.2 

Bd→ J/ψ K* 53.2 35.8 4.3 ± 0.1 

Bd→ ππ	

 56.8 34.4 5.5 ± 0.2 

Bu→ J/ψ K+ 53.1 36.1 4.1 ± 0.1 

Combined tagging 
performance for different 
channels (Differences can 
be due to B spectra, 
trigger, etc)	





CalibraEon	
  &	
  opEmizaEon	
  of	
  taggers	
  
•  Test	
  tagging	
  algorithms	
  with	
  real	
  data	
  
•  Use	
  control	
  channels	
  to	
  op/mize	
  and	
  calibrate	
  the	
  
taggers	
  	
  

•  2010	
  :	
  collected	
  37pb-­‐1	
  in	
  different	
  trigger/pile	
  up	
  
condi/ons.	
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Channel	
   StaEstcis	
  
(37pb-­‐1)	
   B/S	
   εtag	
   ω	



B+àJ/ΨK+	
   14k	
   2-­‐8	
  
(MC)	
  

Count	
  
tagged	
  
events	
  

Count	
  n.	
  of	
  right	
  and	
  
wrong	
  tagged	
  signal	
  

events	
  

B0
dàD*–µ+ν	
  	
  	
   60k	
   0.3	
  

Count	
  
tagged	
  
events	
  

	
  

Fit	
  the	
  /me	
  evolu/on.	
  
Obtain	
  mistag	
  from	
  	
  B0d	
  	
  
oscilla/on	
  amplitude	
  



Taggers	
  calibraEon	
  
•  Op/mize	
  Flavour	
  Tagging	
  cuts	
  per	
  tagger	
  in	
  one	
  
channel	
  (B0

dàD*–µ+ν)	
  
–  Study	
  trigger	
  dependencies	
  	
  

•  Split	
  in	
  tagging	
  categories	
  to	
  improve	
  performances.	
  
Measure	
  the	
  tagging	
  performances	
  in	
  sta/s/cal	
  
independent	
  samples	
  (B0

dàD*–µ+ν and B+àJ/ΨK+)	
  
and	
  calibrate	
  NN,	
  and	
  mistag	
  probability	
  per	
  event	
  
–  Verify	
  calibra/on	
  in	
  a	
  sta/s/cal	
  independent	
  sample	
  (B0àJ/
ΨK*)	
  

•  Use	
  the	
  calibrated	
  mistag	
  per	
  event	
  in	
  the	
  extrac/on	
  of	
  
physics	
  parameters	
  	
  
–  (e.g.	
  the	
  weak	
  phase	
  φ	
  s in	
  B0

sàJ/Ψφ)	
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Taggers	
  opEmitzaEon	
  
•  Tagging	
  cuts	
  have	
  been	
  op/mized	
  in	
  MC	
  
•  Running	
  on	
  real	
  data	
  give	
  worse	
  performances,	
  induced	
  
by	
  some	
  variables	
  which	
  are	
  not	
  calibrated	
  

•  First	
  fit	
  on	
  oscilla/on	
  was	
  done	
  for	
  first	
  data	
  (3.5pb-­‐1)	
  
–  Background	
  not	
  taken	
  into	
  account	
  
–  Consider	
  only	
  events	
  B0

dàD*–[D0	
  (κπ)π-]µ+ν	
  
–  Consider	
  all	
  events	
  in	
  mass	
  window	
  of	
  D*-­‐D0	
  as	
  signal	
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Mass  (D*-D0) 

MeV 

3.5pb-1! ε%	

 ω% 	

 εD2 %	


µ	

 5.6" 31" 0.8±0.3"

e! 3.0" 29" 0.5±0.3"

K! 22.4" 38" 1.3±0.3"

Vtx! 44.8" 46" 0.3±0.1"



Opposite	
  Side	
  performances	
  
•  Use	
  B0dàD*–µ+ν	
  channel	
  
•  More	
  data	
  has	
  been	
  collected	
  	
  
•  Measure	
  tagging	
  performances	
  with	
  a	
  detailed	
  fit	
  to	
  
account	
  for	
  different	
  background	
  sources	
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14pb-1! ε%	

 ω% 	

 εD2 %	


εD2 %	



(mc)	
  
µ	

 6.8±0.2" 33±3" 0.8±0.2" 0.9±0.1"

e! 2.0±0.1" 41±4" 0.1±0.1" 0.4±0.1"

K! 20.2±0.4" 40±1.6" 0.9±0.3" 1.7±0.2"

Vtx! 28.4±0.4" 44±1" 0.4±0.2" 1.0±0.1"

All OS! 40.7±0.5" 41±1" 1.3±0.3" 2.7±0.2"



2010	
  Runing	
  condiEons	
  
•  Evolving	
  trigger	
  condi/ons	
  to	
  accomodate	
  increasing	
  
luminosity	
  

•  More	
  primary	
  ver/ces	
  than	
  in	
  original	
  design	
  
–  Higher	
  number	
  of	
  PV	
  induces	
  a	
  lower	
  tagging	
  performance	
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B0
dàD*–µ+ν	
  ! ε%	

 ω %	

 εD2 %	



µ	


PV = 1! 6.4! 31.9! 0.8±0.4!

PV  > 1! 6.5! 38.1! 0.4±0.2!

K	


PV = 1! 18.9! 40.2! 0.7±0.3!

PV  > 1! 21.5! 41.8! 0.6±0.3!

Vtx!
PV = 1! 26.5! 45! 0.2±0.2!

PV  > 1! 30.6! 46! 0.2±0.2!

All 
OS!

PV = 1! 38.4! 41! 1.4±0.3!

PV  > 1! 42.6! 44! 0.6±0.3!

3.5pb-1, PV=1.4 
14pb-1,  PV=2.2 



CombinaEon	
  of	
  taggers	
  
•  The	
  final	
  decision	
  is	
  taken	
  combining	
  all	
  individual	
  
tagger	
  decisions	
  

–  S/ll	
  lower	
  than	
  the	
  Monte	
  Carlo	
  expecta/ons	
  (εD2	
  =	
  2.5%	
  )	
  
–  Already	
  above	
  current	
  CDF	
  opposite	
  side	
  tagging	
  
performance	
  	
  (εD2	
  =	
  1.2	
  ± 0.2%)	
  

–  Sor/ng	
  events	
  in	
  tagging	
  categories	
  enhances	
  the	
  tagging	
  
power	
  by	
  ~50%	
  

•  The	
  future	
  introduc/on	
  of	
  same	
  side	
  tagging	
  should	
  
nearly	
  double	
  the	
  total	
  effec/ve	
  efficiency	
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30	
  pb-­‐1	
   ε%	

 ω%	
   εD2%	
  

One	
  sample	
   42.0±0.3	
   41.8±0.6	
   1.13±0.17	
  

5	
  categories	
   41.8±0.3	
   39.8±0.6	
   1.73	
  ±0.20	
  



Conclusions	
  
•  Flavour	
  tagging	
  is	
  a	
  fundamental	
  ingredient	
  for	
  B	
  
physics	
  measurements	
  in	
  LHCb	
  

•  LHCb	
  can	
  already	
  tag	
  the	
  flavour	
  of	
  B	
  par/cles!	
  
Although	
  effec/ve	
  efficiencies	
  are	
  s/ll	
  ~50%	
  the	
  MC	
  
expecta/on	
  	
  

•  We	
  are	
  currently	
  working	
  on	
  improving	
  the	
  tagging	
  
performances	
  and	
  calibrate	
  the	
  tagging	
  response	
  

•  Tagging	
  depends	
  on	
  a	
  very	
  large	
  number	
  of	
  variables	
  
(track	
  mul/plici/es,	
  number	
  of	
  primary	
  ver/ces,	
  etc)	
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Thanks to: M. Musy, M. Calvi, S. Vecchi, S. Furcas, O. Leroy, et al. 
 



Back-­‐up	
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Vertex	
  Charge	
  tagger	
  
•  The	
  charge	
  of	
  secondary	
  vertex	
  will	
  give	
  as	
  the	
  flavour	
  
of	
  the	
  B	
  
–  Select	
  tracks	
  from	
  OS	
  and	
  build	
  a	
  2-­‐track	
  seed	
  

– Make	
  a	
  likelihood	
  
–  Add	
  tracks	
  to	
  the	
  seed	
  based	
  on	
  kinemaical	
  cuts	
  
–  Evaluate	
  a	
  pt	
  weighted	
  charge	
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Best seed likelihood 
dφ	



chi2 



Vertex	
  Charge	
  tagger	
  
•  The	
  tagger	
  decision	
  is	
  given	
  according	
  the	
  weighted	
  
charge	
  	
  

•  Treat	
  like	
  the	
  other	
  taggers	
  using	
  a	
  NN	
  
•  A	
  correla/on	
  exist	
  between	
  vertex	
  charge	
  tagger	
  and	
  
the	
  other	
  OS	
  taggers	
  as	
  it	
  uses	
  several	
  tracks	
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MC2010	
  cuts	
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Strip9	
  cuts	
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Strip10	
  cuts	
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Neural	
  Net	
  method	
  
•  For	
  each	
  event,	
  a	
  wrong	
  tag	
  probability	
  is	
  computed	
  for	
  
each	
  of	
  the	
  tagger	
  candidates	
  using	
  a	
  Neural	
  Net	
  (NN).	
  

•  Each	
  tagger	
  gives	
  an	
  ωi	
  as	
  a	
  func/on	
  of	
  the	
  NN	
  output	
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Bs à J/ϕ φ	



O
pp

os
ite

 k
ao

n right 
wrong 

ωi (tagger) = a0 + a1*NNoutput ωestimated 

ω
tru

e 

Bs à J/ϕ φ	



right 
wrong 



CombinaEon	
  of	
  taggers	
  
•  The	
  final	
  probability	
  for	
  the	
  event	
  will	
  be	
  a	
  combina/on	
  
of	
  the	
  taggers	
  wrong	
  tag	
  frac/on	
  
–  Combine	
  the	
  taggers	
  as	
  independent	
  

•  P+1	
  =	
  (1-­‐ωk)	
  ωe	
  ...	
  	
  	
  	
  P-­‐1	
  =	
  ωk	
  (1-­‐ωe)	
  ...	
  
•  P(B)	
  =	
  P+1/(P+1	
  +	
  P-­‐1)	
  
•  If	
  P(B)	
  <	
  0.55	
  event	
  is	
  lex	
  untagged	
  

–  Use	
  a	
  NN	
  to	
  take	
  into	
  account	
  correla/on	
  between	
  taggers	
  
•  Calculate	
  the	
  final	
  combined	
  effec/ve	
  efficiency,	
  we	
  bin	
  
the	
  events	
  in	
  5	
  categories	
  (and	
  treat	
  them	
  separetly	
  in	
  
the	
  CP	
  fits)	
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PID	
  based	
  combinaEon	
  of	
  taggers	
  
•  We	
  form	
  possible	
  

combina/ons	
  according	
  to	
  
par/cle	
  iden/fica/on	
  
(muons,	
  electrons,	
  kaons,	
  
vertex,	
  SS),	
  and	
  the	
  sum	
  of	
  
the	
  individual	
  taggers	
  
decision	
  

•  Sort	
  all	
  possible	
  
combina/ons,	
  according	
  to	
  
the	
  es/mated	
  omega	
  in	
  a	
  
control	
  channel,	
  and	
  bin	
  the	
  
events	
  in	
  5	
  categories	
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Smaller ω  

ω= 43.0% 

ω= 32.3% 

Untagged 

C
at 4 

C
at 5 

C
at 3 

C
at 1 

C
at 2 

ω	



PID combination 



CombinaEon	
  of	
  taggers	
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•  Use	
  event	
  mistag	
  probability	
  to	
  split	
  into	
  5	
  independent	
  
samples	
  and	
  fit	
  the	
  B0	
  oscilla/on	
  in	
  each	
  

•  Using	
  the	
  NN	
  combina/on	
  in	
  real	
  data:	
  

vertex 

Kaon-opp 
muon 

electron 

combined 

Mistag probability 

ca
t5

 
ca

t4
 

ca
t3

 
ca

t2
 

ca
t1

 

Mistag probability 



Fit	
  B0
dàD*–µ+ν	
  	
  	
  

•  Measure	
  tagging	
  performances	
  with	
  a	
  more	
  detailed	
  fit	
  to	
  
account	
  for	
  different	
  background	
  sources	
  
–  Signal:	
  	
  B0àD*-­‐µ+	
  ν	


–  Background	
  B+:	
  ppàB+àD*–	
  µ	
  +	
  ν	
  X	
  true	
  D*	
  from	
  B,	
  not	
  oscilla/ng	
  
–  Background	
  D*:	
  ppàD*–	
  µ	
  +X	
  	
  true	
  D*	
  from	
  PV	
  
–  Background	
  comb:	
  ppà(Kππ)–	
  µ	
  +X	
  	
  not	
  D*	
  from	
  PV	
  	
  
–  Background	
  D0fB:	
  ppàbbàD0	
  µ+ν	
  π–X	
  	
  true	
  D0	
  from	
  B,	
  oscilla/ng	
  (yes/no	
  

at	
  choice)	
  
•  Use	
  tagged/untagged	
  data,	
  observables:	
  
•  Background	
  has	
  independent	
  tagging	
  parameters	
  (some	
  

asump/ons	
  are	
  needed)	
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(thanks to S.Vecchi) 



OS	
  performances	
  	
  (B0
dàD*–µ+ν	
  )	
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Strip10! ε%	

 ω %	

 εD2 %	


µ	

 6.8±0.2" 33.3±2.7" 0.76±0.24"

e! 2.0±0.1" 41.1±4.2" 0.06±0.06"

K! 20.2±0.4" 39.5±1.6" 0.89±0.26"

Vtx! 28.4±0.4" 44.3±1.3" 0.37±0.16"

All OS! 40.7±0.5" 40.9±1.1" 1.34±0.31"

19k signal evts"

Strip11! ε%	

 ω %	

 εD2 %	


µ	

 6.4±0.2" 34.3±2.6" 0.64±0.21"

e! 1.6±0.1" 36.2±4.8" 0.12±0.08"

K! 20.3±0.4" 41.6±1.4" 0.57±0.20"

Vtx! 28.6±0.4" 44.3±1.2" 0.37±0.15"

All OS! 41.4±0.5" 42.1±1.0" 1.03± 0.25!

20.4k signal evts"



New	
  tuning	
  
•  New	
  tuning	
  has	
  been	
  done	
  for	
  strip10	
  data,	
  and	
  tested	
  
for	
  strip11	
  

•  S/ll	
  a	
  lot	
  to	
  improve	
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• 	
  MC(ν=3)	
  has	
  been	
  studied.	
  New	
  
variables	
  seems	
  to	
  discriminate	
  quite	
  
good	
  between	
  the	
  tagging	
  par/cles	
  
which	
  are	
  coming	
  or	
  not	
  from	
  the	
  B.	
  
Unfortunately	
  are	
  not	
  so	
  good	
  to	
  
discriminate	
  right/rong	
  tags	
  
• 	
  Proper	
  /me	
  of	
  B	
  opposite	
  can	
  help	
  as	
  
to	
  determine	
  w.	
  
 

IPPV - IPPileUpVertex 

Strip11! ε%	

 ω %	

 εD2 %	


µ	

 4.3±0.2" 28.4±2.8" 0.64±0.21"

e! 3.0±0.1" 38.9±3.4" 0.15±0.09"

K! 17.6±0.3" 39.7±1.4" 0.75±0.20"

Vtx! 30.1±0.4" 43.0±1.1" 0.60±0.20"

FromB 
Not fromB 

Right tag 
Wrong tag 
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Pdf(Δm,m,t,mix) = S(Δm,m,t,mix) + "
! !  !B+(Δm,m,t,mix) + D*(Δm,m,t,mix) + "
! ! !comb(Δm,m,t,mix) + D0fB(Δm,m,t,mix)"

!
Signal:  B0àD*-µ+ ν!
background B+: ppàB+àD*– µ + ν X true D* from B, not oscillating!
Background D*: ppàD*– µ +X  true D* from PV"
Background comb: ppà(Kππ)– µ +X  not D* from PV"
Background D0fB: ppàbbàD0 µ+ν π–X !

! !       true D0 from B, oscillating (yes/no at choice)"
"
!
"
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Pdf(Δm,m,t,mix) = S(Δm,m,t,mix) + "
! !    B+(Δm,m,t,mix) + D*(Δm,m,t,mix) + "

   ! !   comb(Δm,m,t,mix) + D0fB(Δm,m,t,mix)"
!
Signal B0: S(Δm)  * S(m) S(t,mix)"

!S(Δm) = double gaussian  (mΔm, σ1
Δm, σ2

Δm,f1Dm)"
!S(m) =  double gaussian  (mD0, σ1

m, σ2
m,f1m)"

!S(t,mix) = A(t) * RooBDecay(τB0 , εS, ωS ; ΔMB0=0.507, ΔΓ=0.) "
"with time resolution from MC double gaussian  (µt, σ1

t, σ2
t,f1t) (*)"

"A(t) = (αt)β / (1 + αt)β     α, β fixed from montecarlo (**)"
"
(*) assumptions to be "
further verified"
(**)Montecarlo doesn’t !
include the trigger cuts!
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Pdf(Δm,m,t,mix) = S(Δm,m,t,mix) + "
! ! !B+(Δm,m,t,mix) + D*(Δm,m,t,mix) + "
! ! !comb(Δm,m,t,mix) + D0fB(Δm,m,t,mix)"

!
background B+: B+ (Δm) * B+ (m) * B+ (t) *B+(mix)          fB+=free parameter"

!B+ (Δm) = same as the signal"
!B+ (m) = same as the signal"
!B+ (t) = A(t) * RooDecay(τB+=1.088*τB0)"
"with time resolution from MC double gaussian  (µt, σ1

t, σ2
t,f1t)"

!B+ (mix) = εS ( 1- ωS) mix=+1 ; εS ωS mix=-1  or 1 - εS  mix=0      (*)"
"
(*) assumptions to be further verified"
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Pdf(Δm,m,t,mix) = S(Δm,m,t,mix) + "
! ! !B+(Δm,m,t,mix) + D*(Δm,m,t,mix) + "
! ! !comb(Δm,m,t,mix) + D0fB(Δm,m,t,mix)"

!
Background D*: D* (Δm) * D* (m) * D*  (t) *D* (mix)   fD*=0.05 free  parameter"

!D* (Δm) = same as the signal"
!D* (m) = same as the signal !
!D*  (t) = same as comb(t) = RooLandau(µbg

t, σbg
t)         (*)"

!D*  (mix) = same as comb (mix) = "
" " εcomb ( 1- ωcomb) mix=+1; "
"              εcomb ωcomb mix=-1  or 1 - εcomb  mix=0        (*)"

Background comb: comb(Δm)* comb(m)* comb(t)*comb(mix)  "
" " " " "          fcomb=free parameter"
!comb(Δm) = RooDstD0BG(Δm,mth,c)"
!comb(m) = Constant(m)"
!comb(t) = RooLandau(µbg

t, σbg
t)"

!comb(mix) = εcomb ( 1- ωcomb) mix=+1; "
" "         εcomb ωcomb mix=-1  or 1 - εcomb  mix=0"
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Pdf(Δm,m,t,mix) = S(Δm,m,t,mix) + "
! ! B+(Δm,m,t,mix) + D*(Δm,m,t,mix) + "
! !comb(Δm,m,t,mix) + D0fB(Δm,m,t,mix)"

!
!
Background D0fB: D0fB(Δm)*D0fB(m)*D0fB(t)*D0fB(mix)  "

" " " " " " "fD0fB=free parameter"
!D0fB(Δm) = RooDstD0BG(Δm,mth,c)  (like comb)"
!D0fB(m) = double Gaussian(m,mD0, σ1

m, σ2
m,f1m)"

!D0fB(t) = A(t) * RooDecay(tD0fB=ft*τB0)  (**) assumption"
                          "

!D0fB(mix) = εD0fB ( 1- ωD0fB) mix=+1 ,  εD0fBωD0fB mix=-1  "
" " " "or 1 – εD0fB  mix=0"

"
"OR"
!D0fB(t,mix) =  A(t) * RooBDecay(tD0fB=ft*τB0)  (**) assumption"

"


