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Outline

From CKM matrix unitarity,
1. B - wtw—

2. B — (pm)°
3. B — pp
4. B® — a,(1260)*7F
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Tree-level b — uud transitions sensitive to o
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Both tree and penguin amplitudes may contribute to the final state
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Tree and penguin amplitudes have different strong and weak phases
Direct C' P violation, Acp # 0, possible

Measure an effective ¢o

Scp = /1= AZpsin(202 — 2A¢) = /1 — AZ, sin 265"
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Can recover ¢o with an SU(2) isospin analysis

M. Gronau and D. London, PRL 65, 3381 (1990)

Ajg = %AJr— + Aoo

. - -
Ao = ﬁAnL— + Aoo
A;j: Amplitude of B — '/

Bt - ntnlisa pure tree mode

Neglecting electroweak penguins, A g = A_g

4-fold ambiguity in 2A ¢4

Fully determined from 6 physical observables
B(B — ntn™), B(B® — n%#Y), B(BT — 7t x0)
Acp(ntn™), Scp(ntn™), Acp(n¥7Y)
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arXiv:0807.4226 (2008)
467 million B° BY pairs
A(At) = (Npo — Npo)/(Npo + Npo)

Asymmetry
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Belle

PRL 98, 211801 (2007)
535 million B BY pairs

At distribution and asymmetry

ts
w
o
S

(@) g
f pe:

TUTT even
N
()
o

+

No. of

s
tea
...........

0
At (ps)

Height difference shows direct C'P asymmetry

Clear mixing-induced asymmetry
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BaBar Belle

Acp = +0.25 £ 0.08 = 0.02 (3.00) Acp = +0.55 £ 0.08 = 0.05 (5.50)
Scop = —0.684+0.10 £0.03 (6.30) Scp = —0.61 =£0.10 £ 0.04 (5.30)
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Cop = —Acp C'P violation observed in individual parameters

Both experiments have observed C' P violation
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World average
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1.90 difference between BaBar and Belle measurements

Both experiments demonstrate that more than a tree amplitude is present
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Perform isospin analysis
Scan ¢ and construct 2 for the five amplitudes (A g, Ay _, Ago, Ax_, Ago)

Convertto CL

BaBar Belle
Use BaBar results only Use Belle results for Acp, Scp, otherwise WA
. 1
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1(50 1'50 . 0 e e e
o (degress) 0 30 6q?2 (degé)reels%O 150 180
Two-fold ambiguity of (pgﬂ" in S¢ p included Only SM expectation of (pgﬂ" in S¢ p included
123°,67°] excluded at 90% CL [11°,79°] excluded at 95% CL
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Not a C' P eigenstate, need to consider the 4 flavour-charge configurations

Corresponding isospin analysis has 12 unknowns compared to 6 for C'P eigenstates

However, can constrain ¢o without ambiguity explicitly in the analysis
A. Snyder and H. Quinn, PRD 48 2139 (1993)

Include variation of the strong phases of the interfering p resonances in the Dalitz Plot
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PRD 76 012004 (2007)
375 million B% BY pairs

Mass projections

PRL 98 221602 (2007)
449 million BY B? pairs
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For BY — pinF For BY — pOWO

A p is time and flavour-integrated C' P asymmetry
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Good agreement between experiments
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Perform ¢o scan

BaBar Belle
Use BY — (pm) results only Also include B and Acp of BT — pTal, pO7T
‘ T ‘ T ‘ ' ' ' ' '
1t 1
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Dotted line: Use B — (pm)Y results only
4
P2 = (87112)° 68° < ¢y < 95° at 68.3% CL
for entire @2 range for solution consistent with SM

Difficult to pin down ¢9 with BY — (p?T)O
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S —-VV

Final state contains 1 longtitudinal and 2 transverse amplitudes

In helicity basis,

Ay Krmemeeneees 1\ -------------- Onsunnnnesanes 1\ ------------- >CP even
N e onrranssaneeanes —>------>CP even+odd
AN Sl e orranas D >CP even+odd

Integrating over ¢, angular decay rate

d* N
d cos 61d cos 61

[ Ao|?

x 4fr cos” 01 cos” 02+ (1 — fr)sin” 01 sin” 02, fr [Ao|? + |A41|* + [A-1]?

Measurements of ¢o 13



BaBar Belle
PRD 76 052007 (2007) PRL 96 171801 (2006)
384 million B BY pairs 275 million B B9 pairs
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B(B® — ptp™) = (25.5+£2.1750) x 1076 B(B? — ptp~) = (22.8 £ 3.8722) x 107
fr = 0.992 4 0.024 (stat) 70075 (syst) fr = 0.94170-03% (stat) 4 0.030 (syst)

Longtitudinal polarisation dominates
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Events/2ps  Events/2ps

Asymmetry

BaBar

PRD 76 052007 (2007)
384 million B° BY pairs

At distribution and asymmetry

Belle
PRD 76 011104 (2007)

Update to 535 million B° BY pairs

At distribution and asymmetry

At (ps)

Acp = —0.01 +0.15 £ 0.06

Scp = —0.17+0.20
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At (ps)

Acp = +0.16 + 0.21 £ 0.07

Scp = +0.19 £ 0.30 £0.07
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World average
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Good agreements between experiments

Acp ~ 0, small penguin contribution
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PRI

Time-dependent measurement provides additional information to isospin analysis

BaBar Belle
PRD 78 071104(R) (2008) PRD 78 111102(R) (2008)
465 million BY BY pairs 657 million B® B pairs
B(B® — p0p0) = B(BY — p%p") < 1.0 x 107 at 90% CL
(0.92 £0.32 4+ 0.14) x 107°
BaBar Belle

3.10 evidence S %0

R ] 80
fr = 0.75701) (stat) £ 0.04 (syst) g 40 3 0

8 30} 2
Acp=—02+0.8=+0.3 S, sl
Sep =+0.3£0.7+0.2 810 B

O §550.76 LOT 124 1.47 1.7

06 07 08 09 1
Mo (GeV/c?) M, (1) (GeVic?)

Difficult to isolate p”p" in presence of other 4-body signals, a7, prrr, 4w, fop°, fofo, forrm
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B p+p0

Recent results from BaBar
PRL 102 141802 (2009)
B(BT — ptp?) = (23.7+£1.4+£1.4) x 107°

Precise measurement of isospin triangle base

fr = 0.950 £ 0.015 £ 0.006

Dominantly longtitudinally polarised

Acp = 0.054 £+ 0.055 4+ 0.010

No evidence for electroweak penguins My r(GeV/c)
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BY - 9p

Branching fraction of BT — p+,00 large compared to BY — ,00,00
Nearly flat isospin traingles = 4 solutions of A9 nearly degenerate
BaBar
PRL 102 141802 (2009)

Use BaBar results only

Belle
Use Belle results for B(p v 0) otherwise WA
Before BaBar's BT — p ,00 update

-l 1 ‘ \ T ‘ \ |
O+ !
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+9LE6_83/9;_ ~ o
Lot | L] o2 k j k j
; , v I SR Y AN 20 /|
0O TR0 100 150 | 0o 700 140 160 . 180
a (deg) egrees
Blue: Before B(BT — p+p0) increase Plateau due to no constraint on Aop (p P )
o +6.0 o o
po = (92.4752)° po = (91.7 £ 14.9)

B — pp the best environment for constraining ¢ because of relatively small penguins
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Bl s 01{196035

Not a C' P eigenstate, need to consider the 4 flavour-charge configurations

—|At|/Tg0

Palﬂ(AtacL C) — (1 + CACP) {1 +q X

87’30

|:(SCP + cAS) sin AmgAt — (Cop + ¢AC) cos AmdAt] }

q = *x1: flavour tag, ¢ = *1: a; charge
PRL 98 181803 (2007)

Only Acp, Copand S p sensitive to C P violation

40
BaBar: 384 million BYB? pairs g 20;
Acp = —0.07+0.07 (stat) = 0.02 (syst) o
Cocp = —0.10£0.15 (stat) & 0.09 (syst) ’ 20;
Scp = +0.37+0.21 (stat) £ 0.07 (syst) £ o5 '(C)qg +
AC = +0.26+0.15 (stat) = 0.07 (syst) = o A L
AS = —0.14 4 0.21 (stat) & 0.06 (syst) ) > 0 At f’ps)
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B%KlAW

. ff
4-fold ambiguity for ¢S

ot 1 [ : ( Scp + AS ) . ( Scp — AS )}
5 = — |arcsin -+ arcsin
4 V1= (Cop + AC)? V11— (Ccp — AC)?

Can measure | Ags| using SU(3) symmetry involving B — a1 K, B — Kj o7 decays

M. Gronau and J. Zupan, PRD 73 057502 (2006)
PRD 81 052009 (2010)

New result from BaBar, 454 million BORBY pairs

Amplitude analysis of WA3 data taken by ACCMOR collaboration

Needed to determine K 71 model

First measurement!

B(B” — K;(1270) 7~ 4+ K1(1400) "7~ ) = 3.1795 x 10™° (7.50)
B(BT — K1(1270)°7" + K1(1400)°77) = 2.9772 x 107° (3.20)

Relative contributions also determined
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B%KlAW

Solve system of inequalities,

RO — S‘Qfslf(KfrAﬁ_)

1 —2RY

co82(¢3, o — 2) > =
V1- 482

1 —2RY

N2l (aT KT)

= — RY = -
+ ) _
f%lAF(G&'_TF_) [T (a; )
Bt N f2 f_(K?Aw+) F_ 22 fﬁ_f(afKO)
T3 T(ajm) T f2D(agnt)

A = [Vus|/IVual = [Veal /| Ves|

I': averaged decay rates, f;: decay constants

Calculate bound on |A¢s| = ¢St — ¢a| from

‘¢Sﬁ o ¢2‘ S (‘¢Z eff ¢2‘ + ‘¢2_, eff ¢2D/2

|Ago| < 11°(13°) at 68% (90%) CL

Solution nearest SM expectation, ¢St = (79 &7 4 11)°
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Summary

Many measurements of ¢o performed by the B factories

Recent results from BaBar on BT — pTpY and B — Kygm
B — pp gives tightest constraint on ¢-

Both experiments have final data sets taken at Y (4.5) resonance

Many final results still anticipated

@ --- B - mi/pp/ prt (BABAR) 2 [ OT
itter Py e
worondos . --- B — TI7pp/ prt (Belle) & L fit
R O
3 B - mvpp/ ot (WA) S 0.004
10 L L LI { L { L { T sI { L { LI L T T'lT >‘
3 i X
08 |- T ,"‘ﬁ E
; CKM fit ' ,' ' g
d 06 no @, meas. in the fit || ' —
. C - [ a 0.002f
~ o4 ,' 1
0.2 } .
00 IS ht LLLJ; LLJAL L44L4‘, 11 : \ -l 1 | OLA_‘L 1J O : : : : I : Ijl ! I kl : : I’/I

o 20 40 60 80 100 120 14 160 180 0 50 100 150
@, (deg) al®

B2 = (89.0743)° ds = (92.0 £ 3.4)°
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Time and amplitude differential decay rate,

d°T
dAtds ds_

o e~ 1At/ TR0 {(\A%P + | A3 *) — q(|Asx|? — |Asx|?) cos AmgAt +
AN [gA;;WAgW] sin AmdAt}
p

A > £ |As:> = Y 1fPUS+ D 2RUFULT = SURUSS)
ke{+,—,0} k<oe{+,—,0}

%FA;WASW]: SO PLE Y RUSIIS, + SIS

p RG{—I—,—,O} K’<O-€{+7_7O}

27 coefficients U, I determined from a fit to data

f: Form factors and line shapes
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U;t — ‘A%P + ‘A%P

Uit = R[ALA; + A A
ULS = S[AAX + A, A
I, = 3[A-A7]
I}, = RIAL AL — A, A7
I3 = QALAL + A AT

+2ids _ AL+ A+ 24,
A+ A+ 24,

Convert to Quasi-two-body parameters

For B — p*nT

Ur-U~
Acr =

Ul + U2

1L/U-  UZ I I_
Cop ==+ +-—=), Scp=-—+
o 2<U¢ Uj> Ut Ut

1L/U- UZ I I_
AC:—( t ) AS = - —

2\U} UT vr UZ
For BY — p7Y

Uy 21
Acp = ——2 . Sep = =
CP U6|_ CP UJ’
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