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! CPV in interference between mixing and decay : 

Physics motivation
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! CPV in interference between mixing and decay : 

! SM
s = ! 2" s = ! 0.0376+0 .0007

! 0.0008

sin(2" d) = 0 .748+0 .030
! 0.032

Physics motivation

¥ " s and " d determination via global fit to experimental results 
ignoring contributions from penguin diagrams :

Simon Akar 7

[CKMFitter]
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! Time-dependent CP asymmetry : 

! Mixing parameters:                           

! CP observables:  

!" = " L ! " H
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! m = mH ! mL

[New J.Phys. 15 (2013) 053021]
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2|" f | sin(#s)

1 + |" f |2
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[Nucl.Phys. B873 (2013) 275-292]
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http://arxiv.org/abs/1304.4741
https://indico.cern.ch/event/312481/contribution/2/material/paper/0.pdf


! Tagging, resolution and other nuisance effects : 

! Decay time resolution (~45 fs) :                           

! Tagging dilution :       

- Initial B flavor efficiency: 

- Wrong tag rate:  

- Effective reduction in statistical power:  

! Also need to account for detection/production asymmetries, acceptance 
effects on time and angular variables (P !  VV), É

Simon Akar 9

A meas(t) = A CP (t) ! Dres ! Dtag ± A det / prod

Dtag = (1 ! 2! )

Dres = e!
! m 2 ! 2

t
2

t !
!m
p

!
! tag

! stat (" s) ! 1!
! eff N! e! = ! tag (1 ! 2" )2 " O(%)

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays
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! Analysis overview : 

¥ Measures SJ/# Ks ~ sin(2 ! ), (CJ/# Ks~0) 

! Time-dependent tagged analysis 
- tagging power ~3.0% 
- negligible dilution from decay time 

resolution (slow B0 oscillation)  

! Results: 
- Nominal model 

- Direct CPV fixed to 0 

Measurement of CPV in B0 ! J/ #  K0S (3 fb-1)
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[Phys. Rev. Lett. 115, 031601 (2015)]

http://arxiv.org/abs/1503.07089


! Toward high precision sin(2 ! ) measurements : 

Measurement of CPV in B0 ! J/ #  K0S (3 fb-1)
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sin(2�`) �> sin(2�q1)

-2 -1 0 1 2 3

BaBar
PRD 79 (2009) 072009

0.69 !  0.03 !  0.01

BaBar �rc0 KS
PRD 80 (2009) 112001

0.69 !  0.52 !  0.04 !  0.07

BaBar J/�s (hadronic) KS
PRD 69 (2004) 052001

1.56 !  0.42 !  0.21

Belle
PRL 108 (2012) 171802

0.67 !  0.02 !  0.01

ALEPH
PLB 492, 259 (2000)

0.84 +-
0
1

.

.
8
0

2
4 !  0.16

OPAL
EPJ C5, 379 (1998)

3.20 +-
1
2
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8
0

0
0 !  0.50

CDF
PRD 61, 072005 (2000)

0.79 +-
0
0

.

.
4
4

1
4

LHCb
PRL 115 (2015) 031601

0.73 !  0.04 !  0.02

Belle5S
PRL 108 (2012) 171801

0.57 !  0.58 !  0.06

Average
HFAG

0.69 !  0.02

H F A GH F A G
Moriond 2015
PRELIMINARY

¥ LHCb precision on sin(2 ! )#is comparable to each of the B factory ! 
¥ Reduces the small tension between prediction from global fit to CKM 

elements and previous direct measurements

[CKMFitter]

sin(2! )exp = 0 .691± 0.017

sin(2! )SM = 0 .748+0 .030
! 0.032

SLHCb
J/  K 0

S
= 0 .731± 0.035± 0.020

SBelle
J/ ! K 0

S
= 0.670 ± 0.029 ± 0.013

SBaBar
J/ ! K 0

S
= 0 .662± 0.039± 0.012

[HFAG]

[Belle, Phys. Rev. Lett. 108, 171802 (2012)]
[BaBar, Phys. Rev. D79 072009 (2009)]

[Phys. Rev. Lett. 115, 031601 (2015)]

! Golden mode:                          

! World average:                          

! Expectation from global fit:                          

http://ckmfitter.in2p3.fr/
http://slac.stanford.edu/xorg/hfag/triangle/summer2015/index.shtml#sin2b
http://arxiv.org/abs/1201.4643
http://arxiv.org/abs/1201.4643
http://arxiv.org/abs/1503.07089


Measurement of " s in Bs ! J/ #  K+K# (3 fb-1)

! Analysis overview : 

¥ Measures " s, $s, $$s and |%| 
! Time-dependent tagged angular 

analysis 
- 3 P-wave + 1 S-wave components 

- tagging power ~3.7% 

! Fit simultaneously:  
- 6 bins of  mKK 

! Two fit models:  
- polarisation independent  (baseline) 
- polarisation dependent  

(necessary, if CPV does not affect all 
polarisation states equally )

13Simon Akar

[Phys. Rev. Lett. 114 041801 (2015)]
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http://arxiv.org/abs/1411.3104


! Results : (polarisation independent )
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Measurement of " s in Bs ! J/ #  K+K# (3 fb-1)
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[Phys. Rev. Lett. 114 041801 (2015)]
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observe no polarisation dependence (back-up)

http://arxiv.org/abs/1411.3104


! Analysis overview : 

¥ Measures " s, and |%| 
! Time-dependent flavor-

tagged amplitude analysis  

- 4D fit (!! is > 97.7% CP-odd @ 95% CL) 

- tagging power ~3.9% 

! Results : 

Measurement of " s in Bs ! J/ #  " +" # (3 fb-1)
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[Phys. Lett. B 736 (2014) 186]
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[Phys. Rev. D 89, 092006 (2014)]! s = 0 .070± 0.068± 0.008 rad
|! | = 0 .89± 0.05± 0.01

for % Þxed to one (no direct CPV)
! s = 0 .075± 0.067± 0.008 rad

¥ World second most precise single measurement 
¥ Consistent  with SM prediction & world average

http://arxiv.org/abs/1405.4140
http://arxiv.org/abs/1402.6248


¥ C

¥ C

! Toward a precise measurement of  " s: 

! cøcs
s = ! 0.010± 0.039 rad
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¥ World average (dominated by LHCb) consistent  with SM prediction 
¥ Expected sensitivity with LHCb upgrade:   
¥ It is now mandatory to constrain penguin contributions!

[HFAG]

! cøcs
s = ! 0.034± 0.033 rad

! (" s) ! 8 mrad

Combination of " s measurements

! SM
s = ! 0.0376+0 .0007

! 0.0008 rad
[CKMFitter]

! World average:                          

! Expectation from global fit:                          

! LHCb measurements:                          

! cøcs
s = +0 .02± 0.17± 0.02 rad

B 0
s ! D +

s D !
s

B 0
s ! J/ ! K + K ! and B 0

s ! J/ !" + " !

[Phys. Rev. Lett. 114 041801 (2015)]

[Phys. Rev. Lett. 113 (2014) 211801]

http://www.slac.stanford.edu/xorg/hfag/osc/fall_2014/#DMS
http://ckmfitter.in2p3.fr/
http://arxiv.org/abs/1411.3104
http://arxiv.org/abs/1409.4619
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! Penguin pollution in " s (with  Bs
 !  J/#  K*0): 

¥ Definition of penguin parameters:  
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Constraining penguin pollution

[Faller et al. Phys. Rev. D79 014005 (2009)] [De Bruyn, Fleischer, JHEP 1503 (2015) 145]

http://arxiv.org/abs/0810.4248
http://arxiv.org/abs/1412.6834


! Penguin pollution in " s (with  Bs
 !  J/#  K*0): 

¥ Definition of penguin parameters:  
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"penguin / tree" not suppressed anymore :  
  Ideal to study penguin contribution in " s 

  but overall rate suppressed
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Constraining penguin pollution

[Faller et al. Phys. Rev. D79 014005 (2009)] [De Bruyn, Fleischer, JHEP 1503 (2015) 145]

http://arxiv.org/abs/0810.4248
http://arxiv.org/abs/1412.6834


! Penguin pollution in " s (with  Bs
 !  J/#  K*0): 

¥ Definition of penguin parameters:  
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Constraining penguin pollution

[Faller et al. Phys. Rev. D79 014005 (2009)] [De Bruyn, Fleischer, JHEP 1503 (2015) 145]

http://arxiv.org/abs/0810.4248
http://arxiv.org/abs/1412.6834


! Analysis overview : 
¥ Measures polarisation 

dependent fractions fi and CP 
asymmetries AiCP, and BR 
! Angular analysis 

- performed in 4 bins around the 
K*(892)0 (account for s-Wave) 

! Results : 
i ! { 0, " , #}polarisation dependent:
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Controlling penguins with Bs !  J/#  K*0 (3 fb-1)
[LHCb-PAPER-2015-034]
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B(B 0
s ! J/ ! K ! 0)d =

!
3.85± 0.18 (stat)± 0.15 (syst)± 0.22 (

f d

f s
)± 0.42 (B(B 0 ! J/ ! K ! 0))

"
" 10" 5

B(B 0
s ! J/ ! K ! 0)! =
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4.25± 0.20 (stat)± 0.13 (syst)± 0.36 (B(B 0

s ! J/ !" ))
"
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" 10" 5

http://arxiv.org/abs/1509.00400


! Penguin control : 
! Access penguin parameters through:  

! Results : 
- fit output:  

- translated into penguin shift on " s:
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Controlling penguins with Bs !  J/#  K*0 (3 fb-1)
[LHCb-PAPER-2015-034]
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Ratio of hadronic amplitudes calculated using latest results from QCD LCSR 
[arXiv:1503.05534 ]

other plots in back-up

SU(3) breaking effects in back-up

http://arxiv.org/abs/1509.00400
http://www.arxiv.org/abs/1503.05534


! Analysis overview : 
¥ Measures 2! eff  and ' CP  

! Time-dependent flavor-tagged 
angular analysis 

! ( 0 disentangled from the ! +! "  
spectrum using technique  from: 

! Results: (using ) 0 events)  
- fit output:  

- translated into penguin shift on " s:
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[Phys. Lett. B742 (2015) 38]

Measurement of !  in Bd ! J/ #  ! +! # (3 fb-1)
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Bs ! #J/# &Õ

B!  ! "J/# K!

B0
 ! "J/# K#

Combinatorial

~18k signal   
 events

B0
 ! #J/# !!

Bs ! "J/# ##

! 2! =
!

2! J/ !" ! 2! J/ ! K 0
S

"
= ( ! 0.9 ± 9.7(stat)+2 .8

! 6.3(syst)) "! 2! =
!

2! J/ !" ! 2! J/ ! K 0
S

"
= ( ! 0.9 ± 9.7(stat)+2 .8

! 6.3(syst)) "

! CP (B 0 ! J/ "# 0) = " (32 ± 28(stat)+7
! 9(syst)) # 10! 3

2! e! (B 0 ! J/ "# 0) = (41 .7 ± 9.6(stat)+2 .8
! 6.3(syst)) "

! ! s = ! arg

!
(" !

f e2i ! ! 1) + #(" !
f ! 1)

(" !
f e2i ! ! 1) + #(" !

f ! 1)e2i !

"

where " !
f " |" f |e" i ! 2"! ! s = ! arg

!
(" !

f e2i ! ! 1) + #(" !
f ! 1)

(" !
f e2i ! ! 1) + #(" !

f ! 1)e2i !

"

where " !
f " |" f |e" i ! 2"

! ! cøcs
s = 0.9 ± 9.8(15)mrad at 68%(95%)CL

Assuming perfect SU(3) flavor symmetry / size of breaking effects in back-up

[ Phys. Lett. B719 (2013) 383]

http://arxiv.org/abs/1411.1634
http://arxiv.org/abs/1212.6434
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Combining Bs !  J/#  K*0 & B d ! J/ #  ! +! #

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays

! Using the method proposed in  [JHEP 1503 (2015) 145 ]  

¥ Now fit for the ratio of  hadronic elements 
¥ Assuming:
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a" = 0.04+0.12
! 0.04

! " = (38+142
! 218)

%

39 % C.L.
68 % C.L.
90 % C.L.

¥ Combined results dominated by Bd !  J/#  ! +! "   

(access to mixing-induced asymmetry, not available in Bs !  J/#  K*0) 

¥ Contribution of penguin diagrams to " s are now 
experimentally constrained and appears to be small!

other plot in back-up

[LHCb-PAPER-2015-034]

http://arxiv.org/abs/1412.6834
http://arxiv.org/abs/1509.00400


25Simon Akar

! Analysis overview : 

¥ First time-dependent CPV  measurements  
in this channel  

¥ Flavor-tagged time-dependent analysis:  
! simultaneous fit to a mixed sample of 

many Bd and few Bs events ( 100/1) 

! split sample in two categories:  
- Downstream KS (no velo hits) 
- Long KS (velo hits !  better resolution)  

! tagging power: 
- Bs ~ 3.8%  /  Bd ~ 2.6% 

! also fits for sin2 !  (as cross-check) 

Article submitted to JHEP [arXiv:1503.07055]

Measurement of TDCP asymmetries  
in Bs ! J/ #  K0S (3 fb-1)

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays
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! Results : 
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Article submitted to JHEP [arXiv:1503.07055]

Recent prediction: [arXiv:1412.6834]

¥ Successful proof of concept waiting 
for more statistics 

¥ Can be used to estimate the penguin 
effects in sin(2 ! )

Measurement of TDCP asymmetries  
in Bs ! J/ #  K0S (3 fb-1)

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays

http://arxiv.org/abs/1503.07055
http://arxiv.org/abs/1412.6834


! Toward precise measurements of mixing 
phases ad CP violation in the B system:  
¥ LHCb precision on sin(2 ! )#is comparable to 

each of the B factory! 

¥ LHCb dominates " s world average consistent 
with SM prediction  

¥ Precision will further increase with Run2 & 
LHCb Upgrade adding statistics and new 
measurements! 

! Contribution from penguin pollution: 
¥ First step in controlling penguin contributions  
¥ Shown to be small!
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Summary and Prospects

sin(2�`) �> sin(2�q1)

-2 -1 0 1 2 3

BaBar
PRD 79 (2009) 072009

0.69 !  0.03 !  0.01

BaBar �rc0 KS
PRD 80 (2009) 112001

0.69 !  0.52 !  0.04 !  0.07

BaBar J/�s (hadronic) KS
PRD 69 (2004) 052001

1.56 !  0.42 !  0.21

Belle
PRL 108 (2012) 171802

0.67 !  0.02 !  0.01

ALEPH
PLB 492, 259 (2000)

0.84 +-
0
1

.

.
8
0

2
4 !  0.16

OPAL
EPJ C5, 379 (1998)

3.20 +-
1
2

.

.
8
0

0
0 !  0.50

CDF
PRD 61, 072005 (2000)

0.79 +-
0
0

.

.
4
4

1
4

LHCb
PRL 115 (2015) 031601

0.73 !  0.04 !  0.02

Belle5S
PRL 108 (2012) 171801

0.57 !  0.58 !  0.06

Average
HFAG

0.69 !  0.02

H F A GH F A G
Moriond 2015
PRELIMINARY

Observable Mode Run 1 Run 2 Upgrade CKMFitter
(2010-12) (2015-18) (2019-??) (2015)

3 fb! 1 8 fb! 1 50 fb! 1

sin(2! ) B 0 ! J/ " K 0
S 0.040 0.021 0.007 " 0.030

#s B 0
s ! J/ " K + K ! 0.049 0.025 0.008 " 0.001

B 0
s ! J/ "$ + $! 0.068 0.035 0.012

Combination 0.039 0.020 0.007
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! Analysis overview : 
¥ Measures " s and |%|  

! Time-dependent flavor-tagged 
analysis (classic fit)  
- purely CP-even mode  

(no angular fit needed)  
- Ds reconstructed as KK!, K!! or !!! 
- Using B 0 "  D# D+

S as control channel  
- tagging power ~5.3% 

! Results : 

Measurement of " s in Bs ! D +SD#S (3 fb-1)

!

29Simon Akar

[Phys. Rev. Lett. 113 (2014) 211801]
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LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays

http://arxiv.org/abs/1409.4619


! Systematics : 
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Measurement of " s in Bs ! D +SD#S (3 fb-1)
[Phys. Rev. Lett. 113 (2014) 211801]

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays

http://arxiv.org/abs/1409.4619
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Measurement of " s in Bs ! J/ #  K+K# (3 fb-1)
[Phys. Rev. Lett. 114 041801 (2015)]

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays

http://arxiv.org/abs/1411.3104
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Measurement of " s in Bs ! J/ #  K+K# (3 fb-1)

! Results : (polarisation independent )
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[Phys. Rev. Lett. 114 041801 (2015)]
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! Systematics : (polarisation independent )
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Measurement of " s in Bs ! J/ #  K+K# (3 fb-1)
[Phys. Rev. Lett. 114 041801 (2015)]

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays

http://arxiv.org/abs/1411.3104
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Measurement of " s in Bs ! J/ #  K+K# (3 fb-1)

! Results : (polarisation dependent )
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Measurement of " s in Bs ! J/ #  K+K# (3 fb-1)

! Systematics : (polarisation dependent )

[Phys. Rev. Lett. 114 041801 (2015)]

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays

http://arxiv.org/abs/1411.3104


! Analysis overview : 

¥ Measures " s, and |%| 
! Time-dependent flavor-

tagged amplitude analysis  

- 4D fit  

- tagging power ~3.9% 

- amplitude fit performed only  
on events within ± 20 MeV  
from the Bs mass peak  

- study "" invariant-mass up to  
m""  ~2.3 GeV 

- includes 5 resonant + 1 non-
resonant amplitudes 

- !! is > 97.7% CP-odd @ 95% CL 

Measurement of " s in Bs ! J/ #  ! +! # (3 fb-1)
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[Phys. Lett. B 736 (2014) 186]

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays
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[Phys. Rev. D 89, 092006 (2014)]

http://arxiv.org/abs/1405.4140
http://arxiv.org/abs/1402.6248


! Results : 

! s = 0 .070± 0.068± 0.008 rad

Measurement of " s in Bs ! J/ #  ! +! # (3 fb-1)

37Simon Akar

[Phys. Lett. B 736 (2014) 186]

|! | = 0 .89± 0.05± 0.01

for % Þxed to one (no direct CPV)
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! s = 0 .075± 0.067± 0.008 rad
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! Penguin pollution in " s with  Bs
 "  J/#  K*0: 

Simon Akar 38

tan( ! ! J/ !"
s,i ) =

2"a!
i cos#!

i sin$ + "2ai
!2 sin(2$)

1 + 2"a!
i cos#!

i cos$ + "2ai
!2 cos(2$)

¥ CACP
i =

! (B 0
s ! J/ ! (K + " ! ) i )" ! (B 0

s ! J/ ! (K ! " + ) i )
! (B 0

s ! J/ ! (K + " ! ) i )+ ! (B 0
s ! J/ ! (K ! " + ) i )

= ! 2ai sin #i sin $
1" 2ai cos #i cos $+ ai

2

¥ CHi !
1
!

!
!
!
!
A !

i

A i

!
!
!
!

2 B(B 0
s " J/ " K " 0)

B(B 0
s " J/ "# )

f i

f !
i

=
1 # 2ai cos$i cos%+ ai

2

1 + 2!a!
i cos$!

i cos%+ ! 2ai
!2

¥ Access penguin parameters through:

¥ Phase shift on " s as a function of  penguin parameters

H0 = 0 .99± 0.07 (stat) ± 0.06 (syst) ± 0.27 (|A !
i / A i |)

H" = 0 .91± 0.14 (stat) ± 0.08 (syst) ± 0.21 (|A !
i / A i |)

H# = 1 .47± 0.14 (stat) ± 0.11 (syst) ± 0.28 (|A !
i / A i |)

Controlling penguins with Bs !  J/#  K*0 (3 fb-1)
[LHCb-PAPER-2015-034]

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays

http://arxiv.org/abs/1509.00400


! Penguin pollution in " s with  Bs
 "  J/#  K*0: 
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• Hi , related to the branching ratios and polarization fractions,
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,

Ratio of  phase space factors for B "  V V taken as:

where *  is the standard 2-body phase-space factor. 

All other mass dependencies absorbed in 

• Hi , related to the branching ratios and polarization fractions,

H i !
1
!

!
!
!
!
A!

i

Ai

!
!
!
!

2 PhSp
"
B 0

s " J/ "#
#

PhSp(B 0
s " J/ " K " 0)

B(B 0
s " J/ " K " 0)theo

B(B 0
s " J/ "# )theo

f i

f !
i

,

=
1 # 2ai cos($i ) cos%+ a2

i

1 + 2!a!
i cos$!

i cos%+ ! 2a!2
i

,

Controlling penguins with Bs !  J/#  K*0 (3 fb-1)
[LHCb-PAPER-2015-034]

http://arxiv.org/abs/1509.00400


! Penguin pollution in " s with  Bs
 "  J/#  K*0: 
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• Hi , related to the branching ratios and polarization fractions,
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,

Theoretical vs experimentally observed BR :

where A " + is the CP observable related to the amplitude of  the sinh term. 

! Taken to be equal to zero for B s
 "  J/#  K*0 (flavour specific decay) 

! Calculated for each polarisation in Bs "  J/#  "  assuming penguin 
parameters equal to zero.  

Controlling penguins with Bs !  J/#  K*0 (3 fb-1)
[LHCb-PAPER-2015-034]

http://arxiv.org/abs/1509.00400


! Penguin pollution in " s with  Bs
 "  J/#  K*0: 

Simon Akar 41

¥ Assuming perfect SU(3) flavor symmetry: a!
i = ai , ! !

i = ! i
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Controlling penguins with Bs !  J/#  K*0 (3 fb-1)
[LHCb-PAPER-2015-034]
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! Extended fit using  Bs
 "  J/#  K*0 and  Bd "  J/#  ! +! # : 

¥ Using the method proposed in [JHEP 1503 (2015) 145 ]  

and  Bd "  J/#  ! +! #  inputs  [Phys. Lett. B742 (2015) 38 ]  

¥ Also fit for the ratio of  hadronic elements 

¥ Imposing:

¥ Assuming perfect SU(3) flavor symmetry: a!
i = ai , ! !

i = ! i
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a" = 0.07+0.11
! 0.05

! " = ! (85+72
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%
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#0
)

a0 = 0.01+0.10
! 0.01

! 0 = ! (82+98
! 262)

$

39 % C.L.
68 % C.L.
90 % C.L.
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s # J/"K

$0
)

a" = 0.04+0.12
! 0.04

! " = (38+142
! 218)

%

39 % C.L.
68 % C.L.
90 % C.L.

Controlling penguins with Bs !  J/#  K*0 (3 fb-1)
[LHCb-PAPER-2015-034]

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays

http://arxiv.org/abs/1412.6834
https://indico.cern.ch/event/312481/contribution/2/material/paper/0.pdf
http://arxiv.org/abs/1509.00400


! Penguin pollution in " s with  Bs
 "  J/#  K*0: 
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¥ Allowing for SU(3) flavor symmetry breaking : a!
i = ! ! ai , " !

i = " i + #
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0.00

0.05

0.10

0.15

!
"J/

#
"

s,
0

0 5 10 15 20 25 30 35 40 45 50
Uncertainty on! [%]

! 0.10

! 0.05

0.00

0.05

0.10

0.15

!
"

J/
#

"
s,

"

0 5 10 15 20 25 30 35 40 45 50
Uncertainty on! [%]

! 0.10

! 0.05

0.00

0.05

0.10

0.15

!
"

J/
#

"
s,

"

68% C.L. band

Phase shift on " s almost insensitive to SU(3) breaking parameters 
(less sensitive on ,  than on - )

Uncertainty on -  (%)

Controlling penguins with Bs !  J/#  K*0 (3 fb-1)
[LHCb-PAPER-2015-034]

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays

http://arxiv.org/abs/1509.00400
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Measurement of !  in Bd ! J/ #  ! +! # (3 fb-1)

! Limits on penguin effects : 

¥ Assuming perfect SU(3) flavor symmetry:  

A(B 0
s ! J/ !" ) = ÷A!

!
1 " #a!ei ! !

ei "
"

A(B 0 ! J/ !" 0) = ÷A
!
1 " aei ! ei "

"

|! f | =

!
!
!
!
1 ! aei ! e! i "

1 ! aei ! ei "

!
!
!
!

! 2! =
!
2! e! ! 2!

"
= ! arg

#
1 ! aei ! e! i "

1 ! aei ! ei "

$

↵CP =
1 ! |�f |
1 + |�f |

a = a! ! = ! !

! ! " 2
c / (1 " " 2

c) = 0 .0534

! ! s = ! arg

!
(" !

f e2i ! ! 1) + #(" !
f ! 1)

(" !
f e2i ! ! 1) + #(" !

f ! 1)e2i !

"

where " !
f " |" f |e" i ! 2"! ! s = ! arg

!
(" !

f e2i ! ! 1) + #(" !
f ! 1)

(" !
f e2i ! ! 1) + #(" !

f ! 1)e2i !

"

where " !
f " |" f |e" i ! 2"

  [deg]!
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0.25
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0.4

,

,

95% C.L.
68% C.L.

! 2! =
!

2! J/ !" ! 2! J/ ! K 0
S

"
= ( ! 0.9 ± 9.7(stat)+2 .8

! 6.3(syst)) "

! 2! =
!

2! J/ !" ! 2! J/ ! K 0
S

"
= ( ! 0.9 ± 9.7(stat)+2 .8

! 6.3(syst)) "

[Phys. Lett. B742 (2015) 38]

! ! s ! " "! 2#

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays

! ! cøcs
s = 0.9 ± 9.8(15)mrad at 68%(95%)CL

http://arxiv.org/abs/1411.1634


! Analysis overview : 
¥ Measures 2! eff and ' CP  

¥Similar to Bs "  J/#  ! +! #  
! Time-dependent flavor-tagged 

angular analysis (classic fit)  
- ~ 18k signal events  

! Results : 
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[Phys. Lett. B742 (2015) 38]

Measurement of !  in Bd ! J/ #  ! +! # (3 fb-1)
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Combinatorial

↵CP =
1 ! |�f |
1 + |�f |

CJ/ !" 0 = ! 0.063± 0.056(stat)+0 .019
! 0.014(syst)

SJ/ ⇢0 = ! 0.66+0 .13
! 0.12(stat) +0 .09

! 0.03(syst)

! CP (B 0 ! J/ "# 0) = " (32 ± 28(stat)+7
! 9(syst)) # 10! 3

2! e! (B 0 ! J/ "# 0) = (41 .7 ± 9.6(stat)+2 .8
! 6.3(syst)) "

Used in penguin contribution estimation (next slide)

Most precise CP asymmetry measurement in this mode

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays

http://arxiv.org/abs/1411.1634


! Effect of SU(3) breaking on penguin pollution : 

¥ Perfect SU(3):  

¥ Breaking for the strong phase  
- for identical magnitudes  
- no significant variation of the limits on the 

shift on " s due to penguin contribution  

¥ Breaking for the magnitudes 
- taking largest deviation from strong phase 

breaking effect  
- ratio of magnitudes varied in the interval 0.5 to 1.5  
- shift on " s due to penguin contribution 

proportional to ratio of penguin amplitude 
magnitudes in J/ #.  and J/#"
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/ , / Õ: penguin strong phases 
in J/#.  and J/#"

Measurement of !  in Bd ! J/ #  ! +! # (3 fb-1)
[Phys. Lett. B742 (2015) 38]

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays

! ! cøcs
s = 0.9 ± 9.8(15)mrad at 68%(95%)CL

! ! cøcs
s = 0 .9 ± 18(30) mrad at 68%(95%) CL

http://arxiv.org/abs/1411.1634


! Systematics : 

47Simon Akar

[Phys. Lett. B742 (2015) 38]

Measurement of !  in Bd ! J/ #  ! +! # (3 fb-1)

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays

http://arxiv.org/abs/1411.1634


! !! spectrum resonant composition : 

48Simon Akar

[Phys. Lett. B742 (2015) 38]

Measurement of !  in Bd ! J/ #  ! +! # (3 fb-1)
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! Systematics : 
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Article submitted to JHEP [arXiv:1503.07055]

Measurement of TDCP asymmetries  
in Bs ! J/ #  K0S (3 fb-1)

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays

http://arxiv.org/abs/1503.07055
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The LHCb experiment 
Detector overview

~12 MHz 
visible  

interactions 
(2012)

Collisions
@ 40 MHz

RICH detectors
K/!/p separation

Calorimeters
energy measurement 
particle identification

Muon system

Tracking system
momentum resolution 
"p/p = 0.4%  Ñ  0.6%

Dipole magnet
4 Tm 
normal conducting 
regular polarity 
switches 

Vertex detector
reconstruct vertices 
decay time resolution: 46 fs 
IP reconstruction: 20 0m

¥ Forward General-Purpose Detector at the LHC  
¥ ~30 % of heavy quark production cross-section with just 4% of solid angle

y

z

x
z ~ 20 m 
y ~ 10 m 
x ~ 13 m

¥ Two-level trigger:
- L0 hardware  (12 !  1 MHz) 
- HLT software (  1 !  0.005 MHz)

Very good 1(2) 
Good 1(h)

LHCb IW 2015, Mixing phases and CPV results with B!J/"X decays


