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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 fromLHCb (0.69 fb1).
¥ BR and direct CP violation results from Belle (final data sample).
- CP asymmetry of B*! J/"#,B*! " (2s)# from LHCb (0.37 fb-1).
- B.* decays (LHCDb, CDF).
- Baryonic B decays (BaBar).
- B9/ J/"$ ©at Belle.
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Charmless two-body B decays
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¥Decay amplitudes have contributions from tree and penguin (strong and
electroweak) diagrams.
¥Sensitive to V , phase, CKM angle %

¥New Physics can contribute to penguin loop.
¥Tree-penguin interference allows to look for direct CP violation in By, /' K®#*.
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Bgs ! hPh®at LHCb

Measurements of direct (0.35 fb1) and time-dependent (0.69 fb-1)

LHCD
CP violation in B%, i,/ h®h* with 2011 data.

Direct CP violation in B,/ K#.

¥ Offline selections with two different sets of cuts, optimised for A.(B°! K*#)
and Acp(B, ! KP#).

¥ Use RICH particle ID to identify the subsamplesfor each mass hypothesis:
#72, K2, KP# KBK™,

¥ Determine PID efficiencies andmisid rates from large samples of calibration
data: D**! DO# I (KP#)#, &I p#P.

¥ Maximum likelihood fits to the invariant mass spectra to extract the raw
asymmetries.
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KP# at LHCDb

arxiv:1202.6251
PRL 108.201601

0.35 fb-1: 13250 + 150 B° candidates, 314 + 27 B, candidates
QL - &.3000F
£3000: LHCb © - LHCDb == e L[‘ICQ
gzsoo: (%5-2500; (b) [ BY~Kn
— 219806+ B —an
S : I BY--KK
< 1500¢ . ___. B—=3-body
2] - reTr T
"g 1000; _______ comb. bkg
| 500 e \ .
54 56 58 09552 54 56 58
K’ invariant mass (GeV/c?) K x* invariant mass (GeV/cz)
2 350- LHCD 2 850 LHCb =5 o (8" Kk#)=$0.0950.011
& 300- (c) & 300 (d) Aan(B, " K#)=0.28+0.08
S 250 S 250- AWRTS R
S 200F S 200F
2 150F 2 150;
c c c
2 100 S 100,
50 - 50N,
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K*t~ invariant mass (GeV/c?)
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Direct CP violation in B4/ K%#

arxiv:1202.6251
PRL 108.201601

Raw asymmetry has to be corrected for instrumental and production LHC b
asymmetry: W\ C O
=+ B~
Instrumental asymmetry Production asymmetry
A, measured using charm ¥' I dilution of A4 due to B mixing,
control samples: D™ ! DOY(K#)#, lifetime and acceptance:
D*! DO(KK)# and D°! K#. ' (B9 ~0.3, (B) ~£0.03
/Interaction asymmetry ¥Apr0d measured USing BO! J/" K*O(K#)-
Arﬁ}'lnlntwtrinis/ Values Aprod(Bo) =("1.0£1.3%
Af(Km)” | —0.010 £ 0.002
Ap(K) —0.0018 4+ 0.0002

\ L/R detector asymmetry

Total correction factors:
A (B°# K'$")=(9.7+0.6)%
A (B, # $'K*) =(1.0£0.2%
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Direct CP violation in B4/ K%#

arXiv:1202.6251
PRL 108.201601

LHCD

Direct CP violation results for K# modes:

A(B°" K#)=$0.088+0.011staf) + 0.0086ys)

Main systematic uncertainty: A,

¥ Agrees with world average:£0.098+0.013 [PDG].
¥WorldOs most precise measurement.
¥First 5( observation of CP violation at a hadron machine.

A (B," K#)=0.27+0.08(stat) £ 0.04sys)

¥First 3( evidence of CP violation in B, decays.

More on B, results in Fabrizio RuffiniOgalk
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Time-dependent CPV in B,/ hPh©®

LHCb-CONF-2012-007

Time-dependent CP asymmetry:
o dir it LHCD
CTpop @) =Tpop(®) A" cos (AME) + A™ sin (AMt) SYOAN

CTpo () +Tpop (1) cosh (5Ft) — AAT sinh (55t)

Acp (1)
where (A?“")2 + (A}m)2 + (AfA)2 =1

The current measurements for B9/ | *1 ® are not in good agreement:

Experiment Adir Amix p(AdiT ~ qmix) .
r
BABAR 025+ 0.03 £ 0.02 | —0.68 = 0.10 + 0.03 0.06 0807 4226]
Belle 0.55 4+ 0.08 £ 0.05 | —0.61 % 0.10 = 0.04 0.15 Belle
5 - [PRL 98 (2007) 211801]
HFAG average 0.38 4+ 0.06 —0.65 £ 0.07 0.08

¥Selection of B4/ h®h*in 0.69 fb* of 2011 LHCb data.

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

¥Opposite side flavour tagging, efficiency and mistag rate calibrated by B°/ K! .
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BO! K*#P

0.69 fb1: 27967 + 204 events

fit results

LHCb-CONF-2012-007

A4500: »‘;
S 4000E- LHCb S0y LHCb ILHC b
2 - A Preliminary R Preliminary | | L)
°°35005— \s=7TeV 3103 ;-: " \s=7TeV
= '3000 2 S
I‘d:-;zsoof_ :: BO! K! 2102 = R,
T = B 'K W7 B N T

20005— B a0 R s

1500;— B K'K- 10

1000—

= :: 1 xxxxxxxxxxxxxx
5001~ - - i =TS
g TS ed T 5E T Ee 57 5s 1000 4 6 8 10 12 14
m,, (GeV/c?) t (ps)
> 0.5¢ 0 _
§ 0ar LHCb Extract B® parameters from fit, input
£ F Preliminary for BO/ 1+1¥;
> 0.3 \s=7TeV
m F . - .
§ 0.2 ¥Tagging power (opposite-side taggers):
Ié 0.1 (2.3£0.1)%
= O vd ¥Production asymmetry:
[14] =
o 0.1 pd ALB = (-1.5+ 1.3)%
= ABY = (-3 6)%
ac ) my = (0.484+ 0.019)ps?
R T R R I A *(B%) = (1.509+ 0.011)ps (Agree with WA)
ps
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BO/

0.69 fb1: 5359 + 96 events

#t#° fit results
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t[ps]

LHCb-CONF-2012-007

104
: e THCD

10°L Preliminary | L)
102 E S

105—

e

_ |_ P T T T R TR L1 P .|.' |A| |"'|" N L
10— 4 6 ) 1012 14

t (ps)

Input ) my = (0.49&0.032)()31 [LHCb-CONF-2011-010]

Extract CPV terms from fit:

-

~

A —0.11+0.21
AN — (.56 40.17
(Aly, An) = ~0.34

N Y
*(B%) = (1.4920.025)ps (only statistical error)
Agrees with WA
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BO/  #"#° results

A% =+0.11+ 0.2 staf) + 0.03sys)
AT =#0.56+ 0.17staf) + 0.03sys)
SAT AT = #0.34

\ (statistical correlation) Preliminary J

Main systematic uncertainty: input on ) my

¥ FirstB! !+ ®CP asymmetry measurement

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

¥ Adr favours BaBar result.

_0_2;\.‘.-|‘.|-J.l.-|‘..|...

LHCb-CONF-2012-007

LHCD
| )

7/ Belle

i BaBar

0-5: /// || LHCD preliminary
'

0.4

0.2

ASS

¥AMX in agreement with world average.

See F. RuffiniOdalk for B, results
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B/ hhCat Belle

D
Lo

BELLE

Measurement of branching fractions and direct CP asymmetries of B! K!,
B! I and B! KK with the full dataset of 772x10° BB pairs at Belle.

v K+ + W
3 T
Vg<s & 5 (‘JV"’? §’ & K+t
— u 3

H 7]
b _ B+, BY g
B+, B 70, _
, a
s u

& WL%Z< U —
d, s B*
u u

¥ ReconstructB° and B* decays into charged and neutral hadrons.

¥Investigate the &! puzzleO:

AAxg - EACP(K_?TO) —ACP(K_W+) 7& 0

A(K® 0)= +0.037+£0.021
A(K® )= D0.087+0.008
(world averages)

¥) A, could be due to an enhanced colour-supressed tree or NP Iin the

electroweak penguin loop.
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BO/ h*#° at Belle

Preliminary
P.Cheng, EPS2011

¥K* and ! * are identified using PID detector information. 7>
¥KO reconstructed as K,/ ! *!1 ® and ! ° reconstructed as ! °/%% O

S T Kt [ S8R E

= 150 E]S‘gﬁ *3%888 c

-N‘:'}ﬁgg 51%3 “:33888 = signal

.g - 3 L1500 5 continuum

o = A AN | rare-B

w Y 9% o o033 52 8% 83 - 0 0o 10 ==== feedacross

Events /(20MeV)

052 o 53
M, (GeV/c?)

NBE’ = 772M (full Belle sample)

B — K*nT

o N = 7527 £ 127
e B=(20.00+0.344+0.63) x 10™°
e Acp = (—0.069 + 0.014 + 0.007)

22 May 2012

(stat)  (syst)
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signals are extracted by 3D-fit on
AE, M;,. and event shape
likelihood ratio variables

-

o N =2111+89
eB3=(504+0.21+£0.19) x 10°°

(stat)  (syst)
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Bf! h*# at Belle

Preliminary
P.Cheng, EPS2011
—I>

O

— signal
continuum
----- rare-B

-10 0 ' 10 ST LY feedacross

AE, My and event shape
likelihood ratio variables

Events /(25MeV) Events /(25MeV)

AE (GeV) M, (GeVic) R
NBB = 772M (full Belle sample)
Bt 5 K*n0 Bt 5 qpE40
e N =3731+92 e N = 1846 4+ 82
o B=(12.62+0.31 +0.56) x 10~° e B = (5.86+0.26 + 0.38) x 10~°
o Ace = (+0.043 + 0.024 + 0.002) o Acp = (+0.025 + 0.043 + 0.007)

(stat)  (syst) (stat)  (syst)
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signals are extracted by 3D-fit on
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BO! K'®
N =7527+127 -
As ="0.069+ 0.014stat) + 0.0071sys)
B/ KO ; Qs ot L
C v \
N =3731+92 2 I5.2:25I 5.I25 I52.2?5 52 I5.2I25I 5.I25 I52.2l7’5 53
A, =+0.043t 0.024stat) + 0.00sys) reon My (GeVie) My, (GeVic)
o 800 TETTTTTHT
¥ Significant asymmetry only inB%/ K*I'® s eo0f
L - ) i
¥ The difference of CP asymmetries is 400% :
. . . . . 200
confirmed with 4 sigma significance: : \F k

B! K#results

Preliminary
P.Cheng, EPS2011

TR I TR R A Py L L blaz
Y2 5225 525 5275 52 5225 525 5275 53
M, (GeVi/c?) M, (GeV/c?)

"Acs $ Ace (K*#°) %A (K*#") =+0.112+ 0.02¢€

22 May 2012
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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 ~10%5,
¥ Selection of u*uPh* candidates.

¥K/# separation by helicity angle cos(+,") and by
RICH patrticle ID.

¥Yields from simultaneous fit to 8 subsamples.

e L .
300 5400 5500
m(J/yrt) (MeV/c?)

JM" K* o+
o _ B(B* =) I
Y7 B(BE - yK*)
AV _ B(B~ - yn ) —B(BT — ¢n™)
¢ B(B~ — ¢~ ) + B(Bt — ¢wt)
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Results for B*!/ J/”
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gz |t
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5300
m(w(28)hY) (MeV/c?)

(2S)#

arXiv:1203.3592
Accepted by PRL

R =(3.83+0.11+ 0.07)#10%
(stat)  (syst)

A..”" =0.005+0.027+0.011
(stat)  (syst)

~ R =(3.95+0.40+ 0.12)#10*

(stat)  (syst)
A, *¥% =0.048+0.090+ 0.011
) (stat)  (syst)
A 2 =0.024+ 0.014+ 0.008
(stat)  (syst)

¥ Comparable or better
precision than previous.
¥No evidence of CP violation.
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First observation of B.*! J/"# *#°#*

arxiv:1204.0079

¥ Analysis of 0.8fb! of 2011 LHCb data. Submitted to PRL
¥B_* is the only meson consisting of two different heavy quarks (bc). Decays of

both constituents compete with each other.

¥Only the third B.,* decay mode (and second hadronic) ever observed.

¥The first test of theoretical predictions for branching fractions of B_.* decays.

60 I T r
135+14 B+ JJ"# +#+#* t E s0- | Lhco Ml\a
+14 B_*! H# events = 1 HCb
\::0 - Jhpata

414425 B! J/"#* events \"*“M ]

BRB, " JI#5°5°%") _ 5 414030+ 0.3
BRB. " J/#$7) (stat)  (syst)

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

5%00 EDIOO 62I00 64I00 EEIOO 6800
M(JApc* [ e*]) [MeV]
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B.*! JI"# * lifetime at CDF

Measurement of the lifetime of the B_,® meson using the
exclusive B.P!' J/"# P decay mode, with 6.7 fb-1 of data.

a4 cpFIl Preliminary L=6.7 fb"

~300 events ¢

¥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 DO in the
semileptonic decay channel.

22 May 2012
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Baryonic B decays at BaBar

Preliminary
O.Grunberg
¥Baryonic decays account for (6.8 + 0.6)% of all B decays. Moriond 2012

¥Only 1/5 of exclusive baryonic B decays have been measured.

¥Study the influence of factors that enhance baryon production: phase space,
resonant substructures.

Analysis of baryonic B decays at BaBar, | B~ — XIT
with 429 fb! of data:

Reconstruction of B~ — Xt *pr— 7~ in the subchannel

RARECE A It S M
2 ool preliminary Bl 1 cccor =7 |
¥Each slice in ) E fitted in 2 2]
m(&.* #*) to reject background 2 20f

from non-resonant BP1&  *##PHE, 1sof

¥ 787+ 43 events. 100f

501

U—O 1 -0.05 0 0.05 0.1

B(B~ — ZHpr m) = (2.98 + 0.16(gar) + 0.15(syer) £ 0.774,) - 1074 “ELEY)
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Baryonic B decays at BaBar

Preliminary
O.Grunberg
Moriond 2012

YB™ — X tpn

¥Background-subtracted and efficiency-corrected data.

A(1232)"  A(1620) " 1000
> J_‘ T i 7L DL e S L DL LR DRLRRL LR L ': ":12 é cprr et T8 ~
g 1400 5 : . 4-body phase space MC | > 900 . 4-body phase space MC —
1200— ' - Y 800F- =
R - | + —e— Weighted data ] = - —e— Weighted data ]
~ - ] S 700 —
Elmog + H + BaBar 1 L [ BaBar \ E
oo .y = = 600F o §
o 0. J } * preliminary £, preliminary + E
nE i -
5 1 3%
D ] = 200f N
= . 5 100f =
L L L 1 L L L l L L L l L L L I L L 1 I L 1 1 ] 1 1 1 ] 1 1 1 ] J.__ a ; ;
% 1.2 14 16 1.8 2 2.2 2.4 2.6 0 28 3 32 34 3.6 38 4 42 44
m(pr) [GeV/c?] \ mE ) [GeVic?]
Excess inrange 1.2 < m(pr~) < 1.7 GeV/c* may be due to Unexplained structures

resonances A(1232) ", A(1600), A(1620) around 3.250 GeV/c? and 4.200 GeV/?

¥ Search for B — A} ppp
¥2 events in data. B B(A+ — pK-r+)

. .. BY — At ppp) -
¥Conservative upper limit on BR: B( ¢ PrP) 5%

f
PDG value
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Baryonic B decays at BaBar

¥ Observation and study of the baryonic decays with a charm

meson, protons and pions: B! DOpp(#)(#).
¥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
BT — D* pprtat
‘—) DO~

L) Ktn—atn~™

¥ BR(3body) < BR(5body) < BR(4body).

decay mode

1.024+0.04 £ 0.06
0.97 £ 0.07 £0.09

B — DT ppn—
BY — D*tpprn—
BT — Dopp:rr_
B~ — D*Oppr—

3.324+0.10 £0.29
4.55+ 0.16 £ 0.39
3.724+0.11 £0.25
3.73+0.17 £0.27

BY — Dop}_jﬂ_ﬂ+
BO — D*0ppr—nt
B — D+pg_:i7r—7r_
B~ — D*tppr—w—

2.994+0.21 =0.45
1.91 £ 0.36 £ 0.29
1.66 +0.13 = 0.27
1.86 +0.16 ==0.19

a |

¥A narrow structure in the two-body invariant mass M(p#®).

m = (1497.4 £ 3.0 £ 0.9) MeV/c2 I = (47 £ 12 + 4) MeV/c?

22 May 2012
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arXiv:1111.4387
Accepted by PRD
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B/ J/"$ @ at Belle

PRD85,091102
Measurement of B0/ J/"$ ©O)at Belle, with 772x108 BB pairs (full sample).

|

9]

n()

-
=]
T

Jy o v .
- B' = Yynyy) B” - Vyn(n' n x%
W+ =~ 5 i
B° . BB — J/yn) g </

QQ.|

¥$ mesons are reconstructed in the
%% nd ##PH#O final states.
¥3$Qare reconstructed in the $(%st#P

Events / ( 0.01 GeV)
o0

Events / (0.01 GeV)

Al i

and ’ OCy(ﬁna| states. %2 oa degsm 0 0.2 -E'c:.z'I -0.1 QE(oGew 0.1 0.2
B -y yni(py) B’ - ¥ y n(n(yy) n" )

¥Measure the branching fraction: 150 10

BRB®" J/#$)=(12.3+1.8%L.7+0.19&10° §

¥Set improved upper limits (at 90% CL) 5 5 ’ L

on the $branching ratio and $ B$O a: : gz SR

miXing angle: 3)._2 - I-ol.1I - él - Io|.1I . Io.z t-Jc._z - J-r.1|.1I - Irlnl | I'r.1.1| IL Io.z

A E (GeV) AE (GeV)

BRB’" J/#$')<7.4%40°
"'<42.2
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Conclusions

¥ Many new results and improved measurements ofhadronic B decays.
- WorldOs most precise measurement of CP violation irB°!/ K#, and
first 5 sigma observation of CP violation at a hadron collider (LHCD).
- First evidence of time-dependent CP violation at a hadron collider in
BO/ 1+1®(LHCb).
- First observations of 6 baryonic decays (BaBar), B.* ! J/" ##°#*
(LHCb), E
¥ Still a lot of results to come from analyses of the full datasets of BaBar,
Belle and CDF.
¥LHCDb 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.

22 May 2012 FPCP 2012, Hadronic B decays, |. Nasteva
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Back up
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B/ hhCat LHCb

. . Systematic uncertainty Acp(B® = K7) Acp(BY — K)
Systematics for direct CPV: @5 calibration 0.0012 0.001
(®)Final state radiation 0.0026 0.010
(®)Signal model 0.0004 0.005
(®) Combinatorial background 0.0001 0.009
(®)3-body background 0.0009 0.007
(®) Cross-feed background 0.0011 0.008
(©)Instr. and prod. asym. (Aa) 0.0078 0.005
Total 0.0084 0.019

Systematics for time-dependent CPV:

Table 6: Systematic uncertainties affecting the B — w*7~ and B? — K~ K~ direct and
mixing-induced CP asymmetries.

Systematic uncertainty Adr Amix At AT
Tagging efficiencies 0.001 | 0.001 | 0.002 0.001
Mistag rates 0.001 0.008 0.002 0.004
Different average tagging efficiencies 0.007 0.001 0.009 0.005
Decay time resolution width negligible = negligible 0.018 0.029
Decay time resolution bias 0.001 negligible 0.007 0.004
Decay time resolution model negligible = negligible 0.002 0.007
Decay time acceptance 0.006 0.003 0.019 0.030
Input quantities Amy and Am, 0.026 0.018 0.023 0.031
Input quantity I, — — 0.004 0.006
Combinatorial decay time model 0.007 0.008 0.009 0.005
Cross-feed decay time model 0.007 negligible 0.001 0.001
Signal mass lineshape model negligible 0.009 0.008 0.005
Signal mass final state radiation 0.002 0.009 0.009 0.006
Combinatorial mass lineshape model | negligible 0.001 0.001 negligible
Cross-feed mass lineshape (smearing) 0.001 0.001 0.001 0.001
Cross-feed mass lineshape (shift) negligible 0.002 0.001 0.001
Particle identification 0.001 0.006 0.002 0.001
Total 0.029 0.026 0.040 0.054
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B! hhCat Belle

Preliminary
/L[>
Summary of charmless two-body decays: BELLE
vield Total (%) BR(x107°) A,
K*r+ 75257 1a; 48.82 20.00 £0.34 £0.63 —0.069 £ 0.014 &+ 0.007
rtn¥ 211115 54.79 5.04 0217015
K*r® 3731%% 38.30 12.62+0.31 £0.56 +0.043 £+ 0.024 £+ 0.002
_ 91
rtr® 1846752 40.80 5.86+0.26 £ 0.38  +0.025 £ 0.043 £ 0.007
KK+ 13473 15.64 1117018 £0.05  +0.017 £ 0.168 £ 0.002
K+  3220*70 17.46 23971025 £0.69  —0.014 £+ 0.021 £ 0.006
KK’ 103%15 10.61 1.267019 +0.06
K%  96073¢ 12.87 9.667) 1% +0.49
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B/ J/"#+and B*/" (2S)# at LHCb

R = (3.83+£0.11+0.07) x 1072 — 30 lower than WA
(5.2 +0.4) x 1072 [PDG]

R¥(25) = (3.9540.40 £0.12) x 1072 . compatible w/ Belle
(3.9940.36+0.17) x 1072 [6]

[6] Belle collaboration, V. Bhardwaj et al., Observation of B* — 1(28)n* and search for direct CP-
wolation, Phys.Rev, D78 (2008) 051104, arXiv:0807.2170.

B(B* — Jhprt) = (3.8840.1140.15) x 107°
B(B* — (28)7%) (2.52 + 0.26 + 0.15) x 1077

Table 3: A summary of systematic uncertainties. The fit errors are included for comparison.
Rwa{xlo-Z) Awafr Rw{25)(x1[}—2) Aw(2S}1r Aw(ES)K

Simulation uncertainty 0.045 - 0.088 - -
PID efficiencies 0.043 - 0.052 - -
AWK (PDG [3]) - 0.0070 - 0.0070 0.0070
Ag{fw‘[{ statistical error - 0.0046 - 0.0046  0.0046
Detection asymmetries - 0.0056 - 0.0056 -
Relative trigger efficiency 0.020 0.0031 0.050 0.0036 0.0003
Fixed fit parameters 0.005 0.0006 0.017 0.0013 0.0001
Sum in quadrature (syst.) 0.065 0.0106 0.115 0.0108 0.0084
Fit error (stat.) 0.110 0.0268 0.404 0.0901 0.0136
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