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350 pb-1

arXiv:1202.6251
submitted to Phys.Rev.Lett

350 pb-1

preliminary
LHCB-PAPER-2011-024
to be submitted to Phys.Rev.X

1.0 fb-1 (full 2011 data)
preliminary
LHCB-PAPER-2012-001
to be submitted to Phys.Lett.B

CP asymmetry in B → ψπ

CP violation in B → Kπ

CP violation in B → DK

New measurements

http://arxiv.org/abs/1202.6251v1
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● B- → J/ψ K-

– abundant

– Tree and Penguin have same weak phase 
→ no CP violation expected, none 
found [PDG]

● B- → J/ψ π-

– Tree and Penguin have different weak 
phases, contribution may be A

CP
 ~ 10-3

– Decay is Cabibbo suppressed.

● B → ψ(2S) K/π

– less well explored

B-
cc

K-/π-

Vcb Vcs ~ A λ2

Vtb Vts ~ A λ2

B-

cc

Vcb Vcd ~ A λ3

Vtb Vtd ~ A λ3(1-ρ-iη)

K-/π-

B- → ψh-
LHCB-PAPER-2011-024
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B- → ψh-

● Select (μ+μ-h-) candidates

● Separate h = K, π by

– helicity angle cos(θ)

– RICH particle ID, split samples

● Simultaneous fit of 8 subsamples, 
extracting yields J/ψ K

J/ψ π

J/ψ K*

preliminary

mass (MeV/c2)

LHCB-PAPER-2011-024

mass (MeV/c2)

co
s(

θ)
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B- → ψh-
LHCB-PAPER-2011-024

No evidence of 
CP violation.



B
(d,s)

 → K-π+

350 pb-1 @ 7 TeV
paper submitted to Phys.Rev.Lett.

arXiv:1202.6251

http://arxiv.org/abs/1202.6251
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B
(d,s)

 → K-π+

● Interference of tree and loop diagrams.

● Potentially sensitive to new physics.

● CP asymmetry in B
d
 → Kπ is established.

 

● Consider B
s
 system!

– 14 times lower decay rate, 4 times lower 
production rate

B
s

π+

K-

Vub Vcs ~ Aλ3(ρ - iη)

B
s

π+

K-

Vtb Vtd ~ Aλ3(1 - ρ - iη)

arXiv:1202.6251

http://arxiv.org/abs/1202.6251
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B
(d,s)

 → K-π+

● Use RICH particle ID to define the charge subsamples.

– carefully control the PID efficiencies and mis-ID rate from data: 
large calibration samples of 
D* → Dπ → (Kπ)π and Λ → pπ decays

● Use MC to predict crossfeed from B → ππ and B → KK

● Fits to the mass spectra to extract raw asymmetries:

arXiv:1202.6251

http://arxiv.org/abs/1202.6251
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B
(d,s)

 → K-π+ arXiv:1202.6251

http://arxiv.org/abs/1202.6251


Slide 10

Direct CP Violation in B
 
system

 
at LHCb

Moriond EW 2012, March 7th, 2012

Till Moritz Karbach

● Corrections:

● detector asymmetry (from D* samples):          A
D
 = −0.010 ± 0.002

● dilution due to B mixing:         κ
d
 =   0.303 ± 0.005

κ
s
 = −0.033 ± 0.003

● production asymmetry:                                  A
P
(B0) =   0.010 ± 0013

from

● total corrections: ∆A
CP

(B0) = −0.007 ± 0.006
∆A

CP
(B

s
)  =   0.010 ± 0.002 (= - A

D
)

B
(d,s)

 → K-π+

mixing

arXiv:1202.6251

http://arxiv.org/abs/1202.6251
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B
(d,s)

 → K-π+

Result
Good agreement
with WA.

Most precise!

First evidence of 
CPV in last 
neutral meson 
system!

3σ

arXiv:1202.6251

http://arxiv.org/abs/1202.6251


B → DK

1.0 fb-1 @ 7 TeV
paper to be submitted to PLB

LHCB-PAPER-2012-001
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B → DK
● Standard mode to measure weak phase γ.

● Tree decays, theoretically clean.

“GLW” “ADS”, “suppressed”

LHCB-PAPER-2012-001

γ
Phys.Lett. B253 (1991) 483
Phys.Lett. B265 (1991) 172

Phys.Rev.Lett 78 (1997) 3257
Phys.Rev. D63 (2001) 036005
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B → DK: Observables
● Define observables as yield ratios (some systematics cancel).

● Charge asymmetries:

● Charge averaged Kaon/pion ratio:

● Suppressed/favored decay ratio: 13 observables

strong phase diff.

final states [f]
D
:

KK, ππ
Kπ, πK

LHCB-PAPER-2012-001
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B → DK: Analysis method

● Most backgrounds are combinatorial
multivariate analysis (BDT) with 20 variables

● Charmless backgrounds
exploit large forward boost of the D

● Simultaneous fit on 16 slices
2 (charges) x 4 (D modes) x 2 (K/π)

 
● Dominant systematics

intrinsic charge asymmetries (A
CP

)

particle ID (R
Kπ

)

cut on D flight
distance
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B → DK: favored ADS mode

B→DπB→DK

ε
PIDK

= 87.6%

mis-ID(π) = 3.8%

ε
PIDπ

 = 96.2%

LHCB-PAPER-2012-001

preliminary preliminary

preliminary preliminary
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B → DK: GLW CP+ mode

LHCB-PAPER-2012-001

preliminary preliminary

preliminary preliminary
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B → DK: GLW CP+ mode (II)

LHCB-PAPER-2012-001

preliminary preliminary

preliminary preliminary
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B → DK: suppressed ADS mode

LHCB-PAPER-2012-001

preliminary preliminary

preliminary preliminary

first
obser-
vation!

23 events 73 events
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B → DK: Results
LHCB-PAPER-2012-001

preliminary
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B → DK: Results
LHCB-PAPER-2012-001

preliminary

The GLW
charge-averaged ratio,
D(CP) over D(flavor).
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B → DK: Results
LHCB-PAPER-2012-001

preliminary

4.5σ

The GLW
charge asymmetry
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B → DK: Results

The ADS observables

LHCB-PAPER-2012-001
preliminary

10σ

4σ

2.4σ
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B → DK
LHCB-PAPER-2012-001

preliminary
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Conclusion
● CP asymmetry in B → ψπ

No evidence for CP violation. 

● CP violation in B → Kπ

First evidence of CPV in B
s
!

● CP violation in B → DK

First observation of ADS mode!

350 pb-1 @ 7 TeV
to be submitted to Phys.Rev.X

LHCB-PAPER-2011-024
preliminary

1.0 fb-1 @ 7 TeV
to be submitted to Phys.Lett.B

LHCB-PAPER-2012-001
preliminary

350 pb-1 @ 7 TeV
submitted to Phys.Rev.Lett.

10σ

4σ

3σ
arXiv:1202.6251

http://arxiv.org/abs/1202.6251


Backup.
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LHCb

● one arm forward spectrometer

● b pair production 
correlated

● covers 1.9 < η < 4.9

● tracking stations
before and after
magnet

● particle identifi-
cation by two 
RICH detectors

b
b

bb
bb
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LHCb
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PID system

RICH 1
(side view)

RICH 2
(top view)

● Ring Imaging
Cherenkov
Detectors

● 3 radiators 
covering wide 
momentum 
range
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PID system

● Aerogel, n = 1.03,   p < 10 GeV/c
● C4F10, n = 1.0014, p intermediate
● CF4, n = 1.0005,     p > 20 GeV/c

[comparison: Air, n = 1.0003]

RICH 1

RICH 2

Aerogel
LHCb MC

LHCb MC

LHCb MC
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PID system
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B- → ψh-

3σ lower than WA

compatible w/ Belle

LHCB-PAPER-2011-024

[PDG]
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B- → ψh-
LHCB-PAPER-2011-024

Systematics
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B
(d,s)

 → K-π+

B mixing dilution factor:
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correct mass assignment

swapped mass assignment

Double mis-ID
veto

B
(d,s)

 → K-π+ : Crossfeeds
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B → DK: Results

CP asymmetries in favored
modes consistent with 0
(as expected).

LHCB-PAPER-2012-001
preliminary
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B → DK: Results
LHCB-PAPER-2012-001

preliminary
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B → DK: ADS relations
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B → DK: GLW relations
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B → DK: Systematics
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