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B-­‐physics	
  topics	
  

•  There	
  are	
  many	
  interesNng	
  results	
  recently	
  published	
  by	
  B-­‐
factories:	
  
–  CP	
  violaNon	
  measurements	
  from	
  Belle	
  and	
  BaBar	
  
–  Charm,	
  charmonium,	
  baryon	
  spectroscopes	
  

–  Rare	
  and	
  radiaNve	
  	
  decays	
  
–  Tau	
  physics	
  
–  Bs	
  mixing	
  

–  ϒ(5S)	
  studies	
  
–  …	
  

•  Due	
  to	
  limited	
  Nme	
  only	
  two	
  topics	
  will	
  be	
  presented	
  in	
  this	
  
talk:	
  
–  The	
  most	
  recent	
  results	
  for	
  new	
  XYZ	
  states	
  
–  CKM	
  angle	
  γ	
  measurements	
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Observa@on	
  of	
  X(3872)	
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X(3872)	
  Ψ'	
  

   M(π+π-l+l-)- M(l+l-) Not	
  fi^able	
  to	
  any	
  known	
  cc-­‐bar	
  states	
  
Mass	
  of	
  X(3872)	
  is	
  close	
  to	
  DD*	
  

What	
  is	
  it:	
  charmonium,	
  DD*-­‐molecule,	
  tetraquark...?	
  

Observed by Belle in B± → K± π+π-J/ψ	
  	
  
2003 Belle	
  data:	
  152	
  M	
  BB	
  events	
  

Mass	
  =	
  3872.0±0.6±0.5	
  MeV	
  
Significance	
  =	
  10	
  σ	
  	
  

Many new states are recently observed by Belle/BaBar/CDF: 
X(3872), X(3940), Y(3940), X(4160), Y(4008), Y(4260), Y(4350), Y(4660), … 

All	
  the	
  story	
  was	
  started	
  from	
  the	
  observaNon	
  of	
  X(3872):	
  

This	
  measurement	
  was	
  confirmed	
  	
  
in	
  2004	
  by	
  BaBar	
  and	
  in	
  2006	
  by	
  CDF	
  



CDF:	
  PRL103,152001,2009	
  

X(3872)	
  mass	
  measurements	
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M(X(3872)), MeV/c2 
B→XK  3871.46±0.37±0.07 

B→XK  3871.4±0.6±0.1 
X→J/ψπ+π– 3871.61±0.16±0.19 

Our average 3871.50±0.19 

M(D0)+M(D*0) 3871.81±0.36 

Latest results for X(3872) mass 

Note that the current mass is below the DD* threshold 

• 	
  Recently	
  CDF	
  published	
  most	
  precise	
  measurement	
  of	
  X(3872)	
  mass;	
  
• 	
  Together	
  with	
  CLEO’s	
  update	
  on	
  the	
  D0	
  mass	
  gives	
  hint	
  on	
  the	
  X(3872)	
  
mass	
  to	
  be	
  below	
  the	
  D0D*0	
  threshold	
  	
  



Charged	
  and	
  neutral	
  partners	
  of	
  X(3872)	
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12.8σ	
  

B0→XK0s	
  

B+→XK+	
  

5.9σ	
  

X(3872)→J/ψπ+π–
	
  

diquark-­‐anNdiquark	
  models	
  
Xu	
  and	
  Xd	
  	
  from	
  B0	
  and	
  B+	
  decays	
  
	
   	
   ΔMX=	
  8±3	
  MeV	
  	
  

Maiani	
  et	
  al	
  PRD71,	
  014028	
  

ΔMX	
  	
  =	
  (+0.18±0.89±0.26	
  )	
  MeV/c2	
  	
  
Br(B0→XK0)	
  /	
  Br(B+→XK+)	
  =	
  0.82	
  ±	
  0.22	
  	
  ±	
  0.05	
  
Br(B0→XK0)	
  Br(J/ψπ–π+)	
  =	
  (6.65	
  ±	
  1.63	
  	
  ±	
  1.00)x10–6	
  

Br(B+→XK+)	
  Br(J/ψπ–π+)	
  =	
  (8.10	
  ±	
  0.92	
  	
  ±	
  0.66)x10–6	
  



DD*	
  threshold	
  enhancement	
  in	
  BKDD*	
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Both	
  saw	
  higher	
  mass	
  &	
  
BR(DD*)	
  ≈	
  10x	
  BR(π+π-­‐J/ψ)	
  

PRD	
  77,	
  011102	
  (2008)	
  	
  

D0D0π0	
  

Mass,	
  MeV	
   Width,	
  MeV	
   B+	
  BR	
  x	
  104	
  

Belle	
   3875.4±0.7+1.2-­‐2.0	
   1.25±0.31±0.30	
  

BaBar	
   3875.1+0.7-­‐0.5±0.5	
   3.0+1.9-­‐1.4±0.9	
   1.67±0.36±0.47	
  

PRL	
  97,	
  162002	
  (2006)	
  



B→X(3872)	
  K;	
  	
  X(3872)D*0D0;	
  	
  D*0D0	
  (γ,π0)	
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MD*D	
  =	
  (3872.9+0.6-­‐0.4+0.4-­‐0.5)	
  MeV	
  
BaBar:	
  (3875.1+0.7-­‐0.5±0.5)	
  MeV	
  

Γ(Belle)	
  =(3.9+2.8-­‐1.4+0.2-­‐1.1)	
  MeV	
  
Γ(BaBar)=(3.0+2.5-­‐1.3+0.5-­‐0.3)	
  MeV	
  

Nsig	
  =	
  50.1+14.8-­‐11.1	
  
Significance	
  =	
  6.4	
  σ	
  

X(3872)	
  mass	
  shape	
  is	
  also	
  well	
  
fi^able	
  by	
  Fla^e	
  funcNon	
  

BR(BX(3872)(D*0D0)K)	
  =	
  (0.73±0.17±0.13)×10-­‐4	
  

BR(BY(3940)(D*0D0)K)	
  <	
  0.67	
  ×	
  10-­‐4	
  @	
  90%	
  C.L.	
  

hep-­‐ex:0810.0358	
  



Y(4140)→J/ψ	
  φ	
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CDF observed new charmonium-like particle 

Ds* Ds* molecule or tetraquark ? 

CDF, PRL 102, 242002 (2009) 

B+→J/ψ φ K+  
 14 ± 5 events (3.8σ) 
 from 2.7 fb-1	


M = 4143.0 ±2.9 ±1.2 MeV/c2 

Γ = 11.7 + 8.3
-5.0

 ±3.7 MeV	


=M(µµKK)-M(µµ)	




Searches	
  at	
  Belle	
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Belle: Y(4140) not seen in B decays  
or in two-photon  

Instead, a  new peak is seen  
at around  4.35 GeV in γγ →J/ψφ	



Μ=4350.6 +4.6
-5.1

 ± 0.7 MeV/c2 	


Γ= 13.3 + 17.9

-9.1
 ±4.1 MeV	



B+→J/ψ φ K+  

γγ→J/ψ φ 

BF(B→YK)BF(Y→J/ψφ) 
          < 6 ×10-6  (@90%CL) 

Y(4140) 

N=8.8+4.2
-3.2	




XYZ	
  Summary	
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•  More	
  and	
  more	
  new	
  	
  states	
  since	
  2003	
  observed	
  by	
  Belle,	
  
BaBar,	
  CDF,	
  …	
  

•  	
  Recent	
  updates	
  on	
  	
  XYZ	
  resonances	
  
–  X(3872)	
  :	
  Mass	
  spliyng	
  is	
  not	
  found	
  in	
  decays	
  from	
  B	
  mesons	
  

–  Updated	
  analysis	
  for	
  X(3872)D*0D0	
  has	
  been	
  submi^ed	
  to	
  PRD	
  

•  Very	
  New	
  Topics:	
  
–  CDF’s	
  found	
  new	
  parNcle	
  Y(4140)	
  →	
  J/ψϕ	
  
–  It	
  is	
  not	
  seen	
  by	
  Belle	

–  Instead	
  new	
  structure	
  seen	
  by	
  Belle	
  at	
  a	
  bit	
  higher	
  mass	
  in	
  J/ψϕ	
  



CKM	
  matrix	
  &	
  ϕ3/γ	
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Constraints	
  on	
  CKM	
  parameters	
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Direct angle measurements 
[CKMfitter world average, 2009]: 
ϕ1/β = 21.15 +0.90 

-0.88

ϕ2/α = 89.0   +4.4   

-4.2 
ϕ3/γ =  73    +22     

-25 

ϕ3/γ is measured in tree decays.

Together with |Vub| provides a SM

reference for new physics searches. 

tree loop 



Methods	
  of	
  φ3/γ	
  measurement	
  

•  Based	
  on	
  BDK	
  decay	
  with	
  D0-­‐D0	
  interference:	
  
– GLW	
  (CP	
  eigenstates:	
  D0ππ,	
  KK,	
  KSφ,	
  KSω)	
  

– ADS	
  (CF	
  and	
  DCS	
  states:	
  D0Kπ,	
  Kππ0)	
  
– Dalitz	
  (mulNbody	
  states:	
  D0KSππ,	
  KSKK,	
  πππ0)	
  

•  Based	
  on	
  B0	
  decays	
  (measurement	
  of	
  2φ1+φ3)	
  
– B0D(*)-­‐π+,	
  Dρ	
  full	
  rec.	
  

– B0D*-­‐π+	
  parNal	
  rec.	
  

•  Results	
  for	
  the	
  first	
  item	
  will	
  be	
  presented	
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ADS	
  method:	
  B-­‐	
  	
  DK-­‐	
  with	
  DK+π-­‐	
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€ 

RADS =
Br(B→ DsupK)
Br(B→ DfavK)

= rB
2 + rD

2 + 2rBrD cosδcosϕ3

€ 

δ = δB + δD ,rD =
A(D0 →K−π+)
A(D0 →K +π−)

= 0.0578 ± 0.0008

D.	
  Atwood,	
  I.	
  Dunietz	
  and	
  A.	
  Soni,	
  PRL	
  78,	
  3357	
  (1997)	
  
Enhance	
  magnitude	
  of	
  CP	
  violaNon	
  by	
  using	
  Doubly	
  Cabibbo-­‐suppressed	
  D	
  decays	
  

In	
  the	
  absence	
  of	
  the	
  signal:	
  
RDK	
  <	
  1.8	
  x	
  10-­‐2	
  @	
  90%	
  C.L.	
  
which	
  corresponds	
  to:	
  rB	
  <	
  0.19	
  

B-­‐DsupK-­‐	
  

B-­‐DfavK-­‐	
  

657M BB 

PRD 78, 071901 (2008) 



ADS	
  method:	
  B0D0K*0	
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€ 

RADS ~ rS
2 =

Γ(B0 → D0K +π−)
Γ(B0 → D 0K +π−)

= 0.26

Kπ	
   Kππ0	
   Kπππ	
  

arXiv: 0904.2112 

465M BB 

Neglecting K*0 final states interference the combined 
result for three modes is: 

€ 

RADS ≡
Γ(B0 → [ f ]DK

*0) + Γ(B0 → [ f ]DK
*0)

Γ(B0 → [ f ]DK
*0) + Γ(B0 → [ f ]DK

*0)



GLW	
  method	
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M.	
  Gronau,	
  D.	
  London,	
  D.	
  Wyler,	
  PLB	
  253,	
  483	
  (1991);	
  PLB	
  265,	
  172	
  (1991)	
  

CP	
  eigenstate	
  of	
  D-­‐meson	
  is	
  used	
  (DCP)	
  
CP-­‐even:	
  D1K+K-­‐,	
  π+π-­‐,	
  	
  CP-­‐odd:	
  D2KSπ0,	
  KSω,	
  KSφ,	
  KSη,	
  …	
  

€ 

R1,2 =
Br(B→D1,2K) /Br(B→D1,2π)
Br(B→D0K) /Br(B→D0π)

=1+ rB
2 + 2rB cosδ 'cosϕ3

€ 

A1,2 =
Br(B+ →D1,2K

+) − Br(B− →D1,2K
−)

Br(B+ →D1,2K
+) + Br(B− →D1,2K

−)
=
2rB sinδ 'sinϕ3

R1,2

SensiNvity	
  depends	
  on	
  hadronic	
  parameters	
  
	
   	
   	
   rB=|A(bu)|/|A(bc)|	
  and	
  δ=arg(A(bu)/A(bc))	
  

AlternaNve	
  set	
  of	
  variables:	
  
  

€ 

x± = rB cos(δ ±ϕ3) =
R1(1 A1) − R2(1 A2)

4

€ 

rB
2 =

R1 + R2 − 2
2

Does	
  not	
  provide	
  direct	
  measurement	
  of	
  φ3/γ,	
  but	
  helps	
  in	
  combinaNon	
  with	
  other	
  methods	
  
SensiNvity	
  depends	
  on	
  strong	
  phase	
  (δ=0	
  or	
  180	
  give	
  no	
  sensiNvity)	
  



GLW:	
  BaBar,	
  Belle	
  &	
  CDF	
  results	
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BaBar:	
  382M	
  BB	
  pairs	
  [PRD	
  77,	
  111102	
  (2008)]	
  

RCP+	
   ACP+	
   RCP-­‐	
   ACP-­‐	
   x+	
   x-­‐	
   r2	
  

BaBar	
   1.06±0.10±0.05	
   +0.27±0.09±0.04	
   1.03±0.10±0.05	
   -­‐0.09±0.09±0.02	
   -­‐0.09±0.05±0.02	
   +0.10±0.05±0.03	
   +0.05±0.07±0.03	
  

Belle	
   1.13±0.16±0.05	
   +0.06±0.14±0.05	
   1.17±0.14±0.14	
   -­‐0.12±0.14±0.05	
   -­‐0.06±0.08±0.05	
   +0.04±0.08±0.04	
   +0.15±0.11±0.08	
  

CDF	
   1.30±0.24±0.12	
   +0.39±0.17±0.04	
   -­‐	
   -­‐	
  

Belle:	
  275M	
  BB	
  pairs	
  [PRD	
  73,	
  051106	
  (2006)]	
  

D0π+π-, K+K- D0KSπ0, KSω 
B-  DCP K- 



GLW	
  Summary	
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€ 

δ'=
δ

δ + π

⎧ 
⎨ 
⎩ 

for	
  D1	
  

for	
  D2	
  

€ 

⇒ A1,2	
  have	
  opposite	
  signs	
  

ϕ3 can be extracted using input value of rB from Dalitz analysis or using 

B+  D*0 K+ with both D*0  D0π0 and D0γ 



Dalitz	
  analysis:	
  three-­‐body	
  decays	
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€ 

fB (mKSπ
+

2 ,mKSπ
−

2 )
2

=

€ 

D0 + reiθ D 0

A.Giri,	
  Yu.Grossman,	
  A.Soffer,	
  J.Zupan,	
  PRD	
  68,	
  054018	
  (2003)	
  
A.Bondar,	
  Proc.	
  of	
  Belle	
  Dalitz	
  analisis	
  meeNng,	
  24-­‐26	
  Sep	
  2002	
  

Using	
  3-­‐body	
  final	
  state,	
  idenNcal	
  for	
  D0	
  and	
  anN-­‐D0:	
  KSπ+π-­‐	
  

(Assuming	
  CP-­‐conservaNon	
  in	
  D0	
  decays)	
  

Dalitz	
  distribuNon	
  density:	
  

€ 

dp(mKSπ
+

2 ,mKSπ
−

2 ) ~ fD
2dmKSπ

+
2 dmKSπ

−
2

If	
  	
   	
   	
   	
   is	
  known,	
  parameters	
  (φ3/γ,rB,δ)	
  are	
  obtained	
  from	
  the	
  fit	
  to	
  
Dalitz	
  distribuNons	
  of	
  DKSπ+π-­‐	
  from	
  B±DK±	
  decays.	
  
Need	
  to	
  know	
  a	
  complex	
  form	
  of	
  the	
  D0	
  decay	
  amplitude,	
  but	
  only	
  |fD|2	
  is	
  obtained	
  
from	
  D*Dπ:	
  Need	
  to	
  use	
  model	
  descripNon,	
  model	
  uncertainty	
  as	
  a	
  result.	
  

€ 

fB (mKSπ
+

2 ,mKSπ
−

2 )



D0KSπ+π-­‐	
  and	
  KSK+K-­‐	
  amplitudes	
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Amplitudes	
  extracted	
  from	
  D*D0π+	
  produced	
  in	
  conNnuum	
  (e+e-­‐	
  	
  cc)	
  

S-­‐wave:	
  K-­‐matrix	
  (BaBar)	
   	
  Scalar	
  resonances	
  σ,f0,	
  K*0	
  (Belle)	
  
CLEO	
  data	
  can	
  provide	
  model	
  independent	
  Dalitz	
  



Dalitz:	
  results	
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PRD 78, 034023 (2008) 



Dalitz:	
  Summary	
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Summary	
  
•  Many	
  results	
  are	
  provided	
  by	
  B-­‐factories	
  in	
  last	
  year:	
  

– BaBar	
  GLW,	
  Belle	
  ADS	
  
– Belle	
  Dalitz	
  update	
  with	
  D0KSπ+π-­‐	
  

– BaBar	
  Dalitz	
  update	
  with	
  D0KSπ+π-­‐	
  and	
  new	
  D0KSK+K-­‐	
  

•  Good	
  agreement	
  between	
  different	
  measurements,	
  both	
  in	
  
rB	
  and	
  φ3/γ:	
  
– BaBar:	
  γ	
  =	
  (76	
  ±	
  22	
  ±	
  5	
  ±	
  5)°	
  
– Belle:	
  φ3	
  =	
  (76	
  +12−13	
  ±	
  4	
  ±	
  9)°	
  

•  Each	
  method	
  has	
  his	
  advantages/disadvantages	
  

– Combined	
  result	
  from	
  all	
  methods	
  will	
  give	
  the	
  best	
  measurement	
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Backup	
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Dalitz:	
  signal	
  selecNon	
  (Belle)	
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Dalitz:	
  signal	
  selecNon	
  (BaBar)	
  

8	
  January,	
  2010	
   Tagir	
  Aushev,	
  Workshop	
  in	
  Zurich	
   26	
  

PRD 78, 034023 (2008) 

385M BB 



Belle	
  &	
  BaBar	
  B-­‐factories	
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Silicon Vertex Tracker 
5-layer, double-sided 

strips 

Drift Chamber 
40-layer, small cell 

DIRC (PID) 
quartz Cherenkov 

detector EM 
Calorimeter 
CsI crystals 

Flux Return 
RPC and LST 

instrumented iron 

1.5 T 
Solenoid 

(World	
  record)	
  

€ 

L =1.2 ×1034cm−2s−1

Ldt ~ 433 fb−1@Y (4S)∫

€ 

Lpeak = 2.11×1034cm−2s−1

Ldt∫ = (7104S + 300+) fb−1



B	
  meson	
  reconstrucNon	
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Y(4S)	
  decays	
  to	
  pair	
  of	
  B-­‐mesons,	
  so	
  in	
  CMS	
  
energy	
  of	
  B	
  is	
  known:	
  	
  

€ 

EB = ECM /2

It	
  is	
  used	
  to	
  select	
  B	
  candidates	
  using	
  variables:	
  

• CM	
  energy	
  difference:	
  

• B-­‐meson	
  “beam-­‐constrained	
  mass”	
  Mbc	
  (Belle)	
  
or	
  energy	
  subsNtuted	
  mass”	
  MES	
  (BaBar):	
  

€ 

ΔE = Ei − (ECM /2)∑

€ 

Mbc = (ECM /2)
2 − ( pi)∑

2



Methods	
  of	
  φ3/γ	
  measurement	
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