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Outline

- Charmless two-body B decays:

¥ Direct CP violation results from LHCb (0.35 fb-1).

¥ Time-dependent CP violation results from LHCb (0.69 fb-1).

¥ BR and direct CP violation results from Belle (final data sample).

- CP asymmetry of B+ !  J/"# , B+ !  " (2s)#  from LHCb (0.37 fb-1).

- Bc
+ decays (LHCb, CDF).

- Baryonic B decays (BaBar).

- B0! J/"$ (Õ) at Belle.
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Charmless two-body B decays

Tree Penguin

¥ Decay amplitudes have contributions from tree and penguin (strong and
electroweak) diagrams.
¥ Sensitive to Vub phase, CKM angle %.

¥ New Physics can contribute to penguin loop.
¥ Tree-penguin interference allows to look for direct CP violation in B(d,s) !  KÐ#+.
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B(d,s) !  hÐhÕ+ at LHCb

Measurements of direct (0.35 fb-1) and time-dependent (0.69 fb-1)
CP violation in B0

(d,s) !  hÐh+ with 2011 data.

Direct CP violation in B(d,s) !  K#:

¥ Offline selections with two different sets of cuts, optimised for ACP(B0
 !  K+#Ð)

and ACP(Bs !  KÐ#+).

¥ Use RICH particle ID to identify the subsamples for each mass hypothesis:
#+#Ð, K+#Ð, KÐ#+, KÐK+.

¥ Determine PID efficiencies and misid rates from large samples of calibration
data: D*+!  D0#+ !  (KÐ#+)#+, &!  p#Ð.

¥ Maximum likelihood fits to the invariant mass spectra to extract the raw
asymmetries.
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B(d,s) !  KÐ#+ at LHCb

0.35 fb-1: 13250 ± 150 B0 candidates, 314 ± 27 Bs candidates

! 

ARAW(Bs " K#) = 0.28± 0.08

! 

ARAW(B0 " K#) = $0.095± 0.011

arXiv:1202.6251
PRL 108.201601
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Direct CP violation in B(d,s)!  KÐ#+

Raw asymmetry has to be corrected for instrumental and production
asymmetry:

! 

ARAW = ACP + Adet + " #Aprod = ACP + A$

Instrumental asymmetry
Adet measured using charm
control samples: D*+ !  D0(K#)#+,
D*+ !  D0(KK)#+ and D0 !  K#.

Production asymmetry
¥ ' : dilution of Aprod due to B mixing,

lifetime and acceptance:
 ' (B0) ~ 0.3, ' (Bs) ~ Ð0.03

¥ Aprod measured using B0 !  J/"  K*0(K#).Interaction asymmetry

L/R detector asymmetry

! 

Aprod(B
0) = (" 1.0±1.3)%

! 

A" (B0 # K +$ %) = (%0.7± 0.6)%

A" (Bs # $ +K%) = (1.0± 0.2)%

Total correction factors:

arXiv:1202.6251
PRL 108.201601
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Direct CP violation in B(d,s)!  KÐ#+

! 

ACP(B0 " K#) = $0.088± 0.011(stat) ± 0.008(syst)

¥ Agrees with world average: Ð0.098±0.013 [PDG].
¥ WorldÕs most precise measurement.
¥ First 5(  observation of CP violation at a hadron machine.

! 

ACP(Bs " K#) = 0.27± 0.08(stat) ± 0.02(syst)

¥ First 3(  evidence of CP violation in Bs decays.

Direct CP violation results for K# modes: 

More on Bs results in Fabrizio RuffiniÕs talk

arXiv:1202.6251
PRL 108.201601

Main systematic uncertainty: A)
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Time-dependent CPV in B(d,s)!  hÐhÕ+

LHCb-CONF-2012-007
Time-dependent CP asymmetry:

where

BaBar
[arXiv:0807.4226]
Belle
[PRL 98 (2007) 211801]

The current measurements for B0! ! +! Ð are not in good agreement:

¥ Selection of B0
(d,s) !  hÐh+ in 0.69 fb-1 of 2011 LHCb data.

¥ Decay time acceptance determined from MC.
¥ Decay time resolution ( t=50 fs.

¥ Opposite side flavour tagging, efficiency and mistag rate calibrated by B0! K! .
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¥¥ Tagging power (opposite-side  Tagging power (opposite-side taggerstaggers): ): 
(2.3 (2.3 ±±  0.1)%0.1)%

¥¥ Production asymmetry: Production asymmetry:
AAPP((BB00) = (-1.5 ) = (-1.5 ±±  1.3)%1.3)%
AAPP((BBss) = (-3 ) = (-3 ±±  6)%6)%

B0!  K+#Ð fit results
LHCb-CONF-2012-007

B0! K!
Bs! ! K
B0! ! +! _

Bs! K+K_

x-feed+3-body
combinatorial

0.69 fb-1: 27967 ± 204 events

Extract B0 parameters from fit, input
for B0! ! +! Ð:

) md = (0.484 ± 0.019) ps-1

*(B0) = (1.509 ± 0.011) ps (Agree with WA)
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B0!  #+#Ð fit results
LHCb-CONF-2012-007

Extract CPV terms from fit:

Input ) md = (0.499±0.032) ps-1  [LHCb-CONF-2011-010]

0.69 fb-1: 5359 ± 96 events

B0! K!
B0! ! +! _

x-feed+3-body
combinatorial

*(B0) = (1.497±0.025) ps  (only statistical error)
Agrees with WA
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B0!  #+#Ð results
LHCb-CONF-2012-007

Main systematic uncertainty: input on ) md

¥ First B0 !  ! +! Ð CP asymmetry measurement

at a hadron collider.
¥ 3.2(  evidence for mixing-induced CP violation.

¥ Adir favours BaBar result.
¥ Amix in agreement with world average.

See F. RuffiniÕs talk for Bs results

(statistical correlation) Preliminary

! 

A" "
dir = +0.11± 0.21(stat) ± 0.03(syst)

A" "
mix = #0.56± 0.17(stat) ± 0.03(syst)

$(A" "
dir ,A" "

mix) = #0.34
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¥ Reconstruct B0 and B+ decays into charged and neutral hadrons.

¥ Investigate the ÒK!  puzzleÓ:

¥ ) AK!  could be due to an enhanced colour-supressed tree or NP in the

electroweak penguin loop.

B!  hhÕ at Belle

Measurement of branching fractions and direct CP asymmetries of B !  K! ,
B !  !!  and B !  KK with the full dataset of 772x106 BB pairs at Belle.

A(KÐ! 0)= +0.037±0.021
A(KÐ! +)= Ð0.087±0.008
(world averages)
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B0!  h+#Ð at Belle
Preliminary

P.Cheng, EPS2011
¥ K± and ! ± are identified using PID detector information.
¥ K0 reconstructed as Ks! ! +! Ð, and ! 0 reconstructed as ! 0!%%.

(stat) (syst)
(stat) (syst)
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B+!  h+#0 at Belle
Preliminary

P.Cheng, EPS2011

(stat) (syst) (stat) (syst)
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B!  K# results

¥ Significant asymmetry only in B0 !  K+! Ð.

¥ The difference of CP asymmetries is
confirmed with 4 sigma significance:

B0 !  K+! Ð:

B+ !  K+! 0:! 

N = 7527±127

ACP = " 0.069± 0.014(stat) ± 0.007(syst)

! 

N = 3731± 92

ACP = +0.043± 0.024(stat) ± 0.002(syst)

Preliminary
P.Cheng, EPS2011

! 

" AK# $ ACP(K%# 0) %ACP(K%# +) = +0.112± 0.028
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B+! J/"# + and B+!" (2S)#+ at LHCb
arXiv:1203.3592
Accepted by PRL

Measurement of the branching ratios and CP asymmetries
with 0.37 fb-1 of 2011 data.

¥ Abundant J/" K+, no CP violation expected.

¥ Cabibbo suppressed J/"# +, CPV may be ~10Ð3.

¥ Selection of µ+µÐh+ candidates.

¥ K/# separation by helicity angle cos(+h
*) and by

RICH particle ID.

¥ Yields from simultaneous fit to 8 subsamples.

J/" K+

J/" K*

J/"# +
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Results for B+! J/"# + and B+!" (2S)#+

arXiv:1203.3592
Accepted by PRL

¥ Comparable or better
precision than previous.
¥ No evidence of CP violation.

BÐ! J/" ! Ð

BÐ! J/" KÐ

partial
partial

BÐ! " (2s)! Ð

BÐ! J(2s)KÐ

partial

! 

ACP
J /"# = 0.005± 0.027± 0.011

(stat) (syst)
! 

RJ /" = (3.83± 0.11± 0.07)#10$2

(stat) (syst)

! 

ACP
" (2S)# = 0.048± 0.090± 0.011

! 

ACP
" (2S)K = 0.024± 0.014± 0.008

(stat) (syst)

(stat) (syst)

! 

R" (2S) = (3.95± 0.40± 0.12)#10$2

(stat) (syst)
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First observation of Bc
+! J/"# +#Ð#+

arXiv:1204.0079
Submitted to PRL¥ Analysis of 0.8 fb-1 of 2011 LHCb data.

¥ Bc
+ is the only meson consisting of two different heavy quarks (bc). Decays of

both constituents compete with each other.
¥ Only the third Bc

+ decay mode (and second hadronic) ever observed.
¥ The first test of theoretical predictions for branching fractions of Bc

+ decays.

Consistent with the prediction 2.1±0.3
by A.Likhoded and A.Luchinsky
[PRD81, 014015(2010)].

135±14 Bc
+!  J/"# +#+#+ events

414±25 Bc
+!  J/"# + events

! 

BR(Bc
+ " J /#$ +$ +$ +)

BR(Bc
+ " J /#$ +)

= 2.41± 0.30± 0.33
(stat) (syst)
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Bc
+! J/"# + lifetime at CDF

CDF note 10533

Measurement of the lifetime of the Bc
Ð meson using the

exclusive Bc
Ð! J/"# Ð decay mode, with 6.7 fb-1 of data.

¥ Combined mass and lifetime
unbinned likelihood fit to
extract the lifetime.
¥ Two methods (modeling of
background, selection, fitting)
give similar results.
¥ The result is consistent with
previous measurements by
CDF and D0 in the
semileptonic decay channel.

~300 events
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Baryonic B decays at BaBar

Analysis of baryonic B decays at BaBar,
with 429 fb-1 of data:

Preliminary
O.Grunberg

Moriond 2012¥ Baryonic decays account for (6.8 ± 0.6)% of all B decays.
¥ Only 1/5 of exclusive baryonic B decays have been measured.
¥ Study the influence of factors that enhance baryon production: phase space,

resonant substructures.

¥ Each slice in ) E fitted in
m(&c

+ #+) to reject background
from non-resonant BÐ!& c

+#+#Ð#Ð.
¥ 787 ± 43 events.
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¥ 

¥ Background-subtracted and efficiency-corrected data.

Baryonic B decays at BaBar

¥ Search for 
¥ 2 events in data.
¥ Conservative upper limit on BR:

Preliminary
O.Grunberg

Moriond 2012
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Baryonic B decays at BaBar
arXiv:1111.4387
Accepted by PRD

¥ BR(3body) < BR(5body) < BR(4body).
¥ A narrow structure in the two-body invariant mass M(p#Ð).

¥ Observation and study of the baryonic decays with a charm
meson, protons and pions: B! D(*)pp(#)(#).
¥ Measurement of the branching ratios and kinematic
distributions, with 6 of the 10 modes observed for the first time:

Three-body decays

Four-body decays

Five-body decays

All BRs~10-4
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B0! J/"$ (Õ) at Belle
PRD85,091102

Measurement of B0! J/"$ (Õ) at Belle, with 772x106 BB pairs (full sample).

¥ $ mesons are reconstructed in the
%% and #+#Ð#0 final states.
¥ $Õ are reconstructed in the $(%%) #+#Ð

and , 0% final states.

! 

BR(B0 " J /#$ ) = (12.3+1.8%1.7± 0.12) &10%6

¥ Measure the branching fraction:

¥ Set improved upper limits (at 90% CL)
on the $Õ branching ratio and $ Ð $Õ
mixing angle:

! 

BR(B0 " J /#$ ') < 7.4%10&6

! 

" < 42.2¡
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Conclusions

¥ Many new results and improved measurements of hadronic B decays.
- WorldÕs most precise measurement of CP violation in B0 !  K#, and

first 5 sigma observation of CP violation at a hadron collider (LHCb).
- First evidence of time-dependent CP violation at a hadron collider in
B0 !  ! +! Ð (LHCb).

- First observations of 6 baryonic decays (BaBar), Bc
+ ! J/" #+#Ð#+

(LHCb), É

¥ Still a lot of results to come from analyses of the full datasets of BaBar,
Belle and CDF.
¥ LHCb had an excellent year, collecting 1 fb-1 of data. Analyses of the full

dataset are underway.
¥ Expecting ~1.5 fb-1 of LHCb data at 8 TeV centre-of-mass energy in 2012.
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Back up
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B!  hhÕ at LHCb

Systematics for direct CPV:

Systematics for time-dependent CPV:
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B!  hhÕ at Belle
Preliminary

Summary of charmless two-body decays:
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B+! J/"# + and B+!" (2S)#+ at LHCb


