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Measuring time-dependent asymmetry

~
Tag flavour of B-

meson using e.g.
charge of a
primary lepton )

@ Fully)

B... M _reconstructed
{ B decay
o .

ePair of B mesons produced in At = Az/(By c) \Z 4
coherent L=1 state, boosted

(By=0.55) wrt lab frame

*At exact time that B, decays, B, is
known to have opposite flavour

Use 2 nearly uncorrelated variables to
help distinguish signal from
background:

*B... may mix during the time At Mg = [(S/2 +p..Pg)%/E; — pg2]*2
between the two B decays AE = (EE; — p.ps — 5/2)/\s

OJ




Measuring time-dependent asymmetry

2, (=2 B (0 fep |- (B3, (0 )
fer I’ (Eghys (t) = fop ) +1 (thys (t)— fCP)

€.g. For B%J/\VKS C=O, stinZB 1 jw_l —

= —Cfcpcos(Am t)+ S, sin(Am t)

Perfect At resolution, i
perfect tagging 0 L=

Perfect At resolution, 1
wrong tag fraction w I

Realistic At resolution,
wrong tag fraction w 9

eMeasure mistag fraction and

At resolution function by fitting /A B 5
large sample of reconstructed B I I~ I SR R
mesons of known flavour. -8 At 8 -8 Ak 8




sin2[3 in b—cCs modes

esin2p already well measured in b—ccs channels by
BaBar and Belle

eSmall theoretical uncertainty — tree and first order
penguin contributions have same phase

Ks modes: n=-1 K, modes:n,=+1

100
e B°tags |+ &Y Background

00| B tags /i
/ T 50
4 L
e ' N .
.t 2 -

Entries / 0.6 ps

Raw Asymmetry

BaBar:80.8 fb!:
sin23 =0.741+0.067+0.033
PRL 89, 201802 (2002)

WA: sin23=0.736+0.049

1.5

i

Still 4-fold ambiguity in .
value of f3



cos2f3 with B—J/yK*

pseudoscalar—vector vector decay — contains both CP-
odd and CP-even components

Interference between CP-odd and CP-even components
gives rise to cos2f3 term in time-dependent angular
distributions

a(t) = Pcos Amt +sin Amz(S sin2 8+ C cos2 3)

Can measure angular amplitudes to cos2 up to a
twofold ambiguity

Use K S-wave state in K*(892) region to resolve this
ambiguity by fitting for relative strong phase in bins of
m(Kﬂg

If sin23=0.736, expect cos2p==%0.68

Using “tog MC" technique, find the positive solution is
more probable = rule out cos23<0 at 89% CL




sin2f3 from penguin-dominated
modes

e In pure b—s penguins

b 8 8
(e.g. B—0K0), measured E z 9 ety @
value of sin2f3 should be B *** 7\ ; s
K B w K
d " i d i d " i.d

the same as for b—ccCs

i,

e Sensitive probe for New Physics: additional loop
diagrams can contain heavy non-SM particles and
new CP violating phases



B—¢Ks and B—¢K|
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eIn SM, pure b— sss penguin, expect
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*Siks = TSIN2P, Sy = -Sin2f

Using 140fb-1, Belle
BaBar: 113fb! measure
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hep-ex/0403026



B—>f,(980)Kq

B”—>f£80} K _preliminary
il
eDominated by b—sss penguin . |
eDecay to nn preferred due to phase space N R T
*"Quasi-two-body” approach — cut on . :
Dalitz plot to reduce contamination from TE’ 3
p and f,(1370) T i -
eExpect Spy = - Sin2 o T e
PEEE ke P BaBar. 113fbt 5 T
e g .o§/l/ XF}T— 1 —
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B—K*KK¢ (excluding ¢Kc)

eUse charged and neutral
B decays to determine
CP-even fraction using
iIsospin symmetry

T B'>K*KK, E
201+16 events
60F .
of g :

20873 ]
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40 | | | e
B*—K*'K.K,

0 122+14 eventsf] -

20f 1 °
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Mg (GeV/c™)

; 21(B* - K*KIK?)
even =— ]_,(BO %KJFK_KO)
=0.98+0.15+0.04

Events / ( 0.0025 GeV ) Events / ( 0.0025 GeV )

*Expect 5=-sinZp BaBar: 113fb!
+0.04
SK+K-KS = '0-56:':0.25 _017
M, f 1.
Cxaxks = -0.10+0.19+0.09 SM; Teven= 0

hep-ex/0406005



BO— K

eExperimentally challenging — Constrain Ks in x- T+
no charged decay products y‘ . yto brea:m-splotx K -
S

originating from B decay point

eUse fact that transverse ! s
motion of B is small compared N >
to motion in z-direction

eUse intersection of Ks
trajectory and beamspot in x-y
plane

B Events /1 ps

eNon-zero tree contribution
could lead to O(0.1) deviation
in measured sin2p value

B Events /1 ps

" BaBar: 11§‘" .
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: — +0.38
AN 1T 13 Sgeo= 0.48 5,4, +0.11

Cero= 0.40+0.28+0.10
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L o U —o
TTT TTT
-
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At (ps)
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Summary of sin2f3 values

Charmonium Modes
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Conclusions

sin2P in b—ccs decays already a precision
measurement

Statistics are now large enough that penguin
domlinated modes are starting to give interesting
results

e 2.30 discrepancy between BaBar and Belle in B—¢K°
e Situation will be clarified with more data

First ambiguity-free measurement of sign of cos2f3

The Standard Model can accommodate all BaBar
results so far on the angle B

Further updates on several channels with 205fb-!
data coming this summer!
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CP violation in the Standard Model

Quark mixing is described Wolfenstein parametrization
by the CKM matrix

( \
1-1yp A AN(p—in)
Vud Vus Vub 2
V=[Vcd V. Vcb]= Y 1-293 Ax fl+on)
Va Vs Vo AN (1-p-in -—-AN 1

\ \ y,
o Complex phase — CP violation
VudV p T Vch p T thVb =0 PeXp ~

A

Im

(pm) vV,

Matrix is unitary — can .
be represented by ViV

triangle on complex T V.V,

plane




CP violation in the neutral B system

Mass/"BL>: p‘BO>+q‘EO>V’\ Flavour

eigenstates\‘ BH> _ p‘ BOyﬂ eigenstates \
e Consider time-dependent asymmetry
in decays to a final CP eigenstate 7,
P\ﬁcv

Tl T )
F (Bphys( )%fcp )+F ( phys( )%fCP) N
=14 P . 2ImA

f 20 f fcpz’ ﬁ“fcp:
cr 1+uf| cr 1+|z |

mixing

sin(Amt)

fop fep

| 2|

Im(k)iOeCPV S

in interference |A/Al#1—CPV in decay

between mixing |a/p|#1—CPV in mixing
e.g. for B—J/y K: C=0, S=sin2f3 and decay

s R
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PEP-II and BaBar

el ocated at SLAC, California

*PEP-II collides 9GeV electrons _ Superconducting Coil (1.5T)
240 / Tracker (SVT)
250 BABAR //

200 //
PEP-II Delivered 247.11/fb //

180 —— BABAR Recorded 237.79/fb
BABAR off-peak 20.89/fb //

—_
o2}
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L
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&
=

Vi _ _—7 ‘. L > / , ant(gtée;l_'n)wber

N

Integrated Luminosity (fo™")
>
o

;&

Instrumented Flux Return

Record peak luminosity (IFR)

— 9.9%1033 cm-2s-1 Cherenkov Detector (DIRC)
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cos2p with B—J/y K

*B—J/y K* is a scalar—vector vector decay, contains both CP-odd and
CP-even components

eC0s2f3 appears in interference between CP-even and CP-odd
components in the observables of time-dependent angular distributions
a(t) = Pcos Amt +sin Amz#(Ssin2 8+ C cos2 3)

where P, S, C depend on the angular decay amplitudes:
A=A i = 0,11, 1L
S o< cos (5” — 50)
C o< cos (5L —5”) and cos (6, —J,)
Posin (5, -6,)and sin (5, - 5,)
eUse neutral and charged B—J/yK" decays to measure strong phases up

to twofold ambiguity {(@—é(‘))a (él_é;))} PR {_(é‘l_éz)), 71'_(5¢_50)}

and the strong phases:
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Measurement of amplitudes
BABAR (ST THYy

Perform angular analysis of: - B'—J/yK 1) “F B> J/ WK+ )
°F 13114 events W[ 237651 events

B0 —J/y K*O(K*m) |
oB+ %J/W K*+(KS7'C+) . +C.C. zzz: *\\\
B+ —J/y K*+(K*+n0) gyt ' : IOOL\SP‘.?\
) 20;.2 5.22 5.24 5.26 5.28 6\5;\@‘ 5o S S
value stat.  syst. we BY SI/uK ) @O | IBTJ/mKr 20)

|Agl2 = 0.566 +0.012 £ 0.005 " 67027 events
|A;,|2 = 0.204 + 0.015 + 0.005
|A,]2 =0.230 +0.015 + 0.004 =

i 791433 events

150

i 0
5.2 5.22 524 5.26 5.28 5 52 5.22 5.24 5.26 5.28 53

Mg (GeV/c?) mgg (GeV/c?)
Solution 1 Solution 2

0= 0,=2729+0.101 £0.052 §-4,=3.554 £ 0.101 + 0.052

0, - 0,=0.184 + 0.070 + 0.046 5,~d,= 2.958+ 0.070 + 0.046 .



Resolving the strong phase

; . ; + L=82 b ]
ambiguity ___i- "
-kl 400 r . *
e Broad Kz S-wave is known to lie in K*(892) region ’
e Introduce new amplitude and new relative phase y=(8s-8,):  ""os & = % & 3

e Ambiguity becomes:

P-wave intensity

S {(é‘ll_ 50)’ (5¢ - 50), 7} {_ (5” - 50)’

» 100 ‘ =
= =
NE 80 [ ('_L 4
60 — . . 3 ]
w0 b S-wave intensjty =+—
—— o
20 + —— 3
0 1 1 ‘ L 1 1 I 1 1 1 ‘ 1 ‘ 1 1 1
2 T T T T J
- R

7—(8,~8)~7}
eStrong phase rotates.counter-clockwise with

increasing invariant‘mass

eIn K* region,sS-wave phase rotates slowly, P-
wave rotates quickly, therefore y rotates
clockwise

oFit in bins of M(Kn) P- and S- wave intensities,
and v, fixing to the two possible solutions in turn

*Physical behaviour observed for solution 2

eAlso agrees well with LASS data for Kp—Kn(n)
scattering..

2.2

Kn mass (GeV/c?)
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Determining sign of cos2p

Perform time-dependent fit to B°—J/yK™(Kg n%) sample:

s 001 ¢

g 0.008 - imi
» ; e preliminary

_ _ _ cos2f =+3.32" )5 £0.27 0 oo ——

o\With sin2f floating: , ' L N~ .
sin2f =—0.10£0.57 0c | | R
a0 N |

. . . -0.004 -

eWith sin2p fixed to 0.731: cos2f = +2,72+g~§g +0.27 3336 3

0.008 & ) )
- Projection.of C term. . ..
) -4 2 0 2 4 6

At (ps)

oIf sin2P3 and cos2P3 come from the same angle, expect cos2p3 = +£0.68
eGenerate toy MC using both solutions:
eFind probability for solution -0.68 is (8.1+3.1)%

eTherefore cos23>0 at 89% CL
21



sin23

cos2p3 contour plot
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