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γ	


CP	  viola3on	  
•  Mass	  eigenstates:	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐	  well	  defined	  mass/life3me	  
•  Weak	  interac3on	  between	  flavour	  eigenstates:	  	  

u, d
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u0, d0

Why?	  
•  γ	  is	  the	  least	  well	  known	  angle	  
•  Test	  standard	  model	  
•  Tree	  decays:	  no	  sensi3vity	  new	  physics	  
How?	  
•  Interference	  between	  b	  ￫	  u	  and	  b	  ￫	  c	  transi3ons	  
•  Aub/Acb	  =	  rB	  ≈	  1	  
•  B	  meson	  decays	  

CKM	  matrix	  
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Selec3on	  of	  beauty	  decays	  

PV	  

SV	   TV	  

Charmed	  B	  decay	  

•  Separa3on	  between	  primary	  and	  secondary	  vertex	  
•  PID	  cuts	  on	  tracks	  

RICH	  –	  pion,	  kaon	  iden3fica3on	  
•  Mul3variate	  analysis,	  like	  boosted	  decision	  trees	  
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B±	  ⟶	  D0h±	  
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B±	  ⟶	  D0h±	  

GLW	  
•  f	  is	  CP	  eigenstate:	  K+K-‐,	  
π+π-‐	  

•  Large	  event	  rate,	  	  
small	  interference	  

ADS	  
•  common	  final	  state:	  	  
K+π-‐,	  K-‐π+, K±π∓π+π- 	  

•  Lower	  event	  rate,	  	  
larger	  interference	  

 )2 c
Ev

en
ts 

/ (
 5

 M
eV

/

20

40

60

80 )2 c
Ev

en
ts 

/ (
 5

 M
eV

/

20

40

60

80

 -K
D

]-K+K[A-B

LHCb

 +K
D

]-K+K[A+B

LHCb

5200 5400 56000

200

400

600

800

5200 5400 56000

200

400

600

800

 -/
D

]-K+K[A-B

LHCb

)2c) (MeV/±Dh(m
5200 5400 5600

)2c) (MeV/±Dh(m
5200 5400 5600

 +/
D

]-K+K[A+B

LHCb

 )
2

c
E

v
en

ts
 /

 (
 5

 M
eV

/

5

10

15
 )

2
c

E
v

en
ts

 /
 (

 5
 M

eV
/

5

10

15

 
-

K
D

]+
K-π[→

-
B

LHCb

 
+

K
D

]
-

K
+π[→+

B

LHCb

5200 5400 5600
0

10

20

30

40

5200 5400 5600
0

10

20

30

40

 -π
D

]+
K-π[→

-
B

LHCb

)2c) (MeV/±
Dh(m

5200 5400 5600
)2c) (MeV/±

Dh(m

5200 5400 5600

 
+π

D
]

-
K

+π[→+
B

LHCb

10	  

[PLB	  712	  (2012)	  203-‐212]	  

[PLB	  723	  (2013)	  44]	  

La	  Thuile,	  March	  3rd	  2015	   Rose	  Koopman	  

B� ! [K+K�]DK�B� ! [K+K�]DK� B+ ! [K+K�]DK+B+ ! [K+K�]DK+

B� ! [K+K�]D ⇡�B� ! [K+K�]D ⇡� B+ ! [K+K�]D ⇡+B+ ! [K+K�]D ⇡+

B� ! [⇡�K+]D K�B� ! [⇡�K+]D K�

B� ! [⇡�K+]D ⇡�B� ! [⇡�K+]D ⇡� B+ ! [⇡+K�]D ⇡+B+ ! [⇡+K�]D ⇡+

B+ ! [⇡+K�]D K+B+ ! [⇡+K�]D K+



B0	  ⟶	  D0K*0	  

GLW	  
•  f	  is	  CP	  eigenstate:	  K+K-‐,	  
π+π-‐	  

•  Small	  event	  rate,	  	  
large	  interference	  

ADS	  
•  common	  final	  state:	  	  
K+π-‐,	  K-‐π+ 	  

•  Large	  event	  rate,	  	  
small	  interference	  

Both	  B0	  ⟶	  DK*0	  decay	  paths	  colour	  suppressed!	  
Self	  tagging	  decay:	  K*0	  ⟶	  K+π-‐	  	  
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Conclusion	  
•  Most	  precise	  measurement	  of	  γ using	  tree	  decays:	


•  30%	  improvement	  compared	  to	  pre-‐LHCb!	  
•  Compare	  to	  γ	  measurement	  with	  B￫hh	  decays	  (loop	  diagrams)	  

•  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  versus	  
•  Need	  beter	  precision	  to	  find	  new	  physics	  

•  Expected	  sensi3vity1	  
•  Run	  II:	  4-‐11°	  
•  Upgrade:	  1°	  
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Thank	  you!	  
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γ	  results	  
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Formalism	  
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