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Measurements of sin 238 in B decays W. T. Ford

‘Time evolution and CP violationl

e The decay amplitude for B® — f is

(fIH|B® pnys(t)) = g~ imto—Tt/2 {Af cos %Amt + 12 Afsin %Amt}

A = (f|H|B%, A;=(f|HB) |B°Lu)=7p|B%+qB)

e CP violation appears through the Interference between mixing (%) and

decay (%)
B /f

BO



Measurements of sin 238 in B decays W. T. Ford

‘B meson pairs from boosted ’I‘(4S)I

In 7(4S) decay BB’ pair created in a C' = —1 eigenstate
These oscillate coherently between B° and B’ until one decays
(Einstein-Podolsky-Rosen effect)

Az ~ BvycAt
By = 0.56 (PEP-II), 0.425 (KEKB)



Measurements of sin 238 in B decays W. T. Ford

‘ Measurement of time evolution: Atl

Start the At clock on the decay of one B to a flavor eigenstate (“tag”)
Stop it on the decay of the other B to CP eigenstate f

dI’(At) —|At - _ q Ay _

60 |-

i —Botag
s — B%tag
40 |
30 |-
20 |-
10 |

Oiwww‘w\‘ = v by S —_—

-10 75 5 25 0 25 5 75 10

Decay Time Difference (reco-tag) (ps)
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Measurements of sin 238 in B decays W. T. Ford

Tagged events
(88 x 10° BB)

B — J/?,ng t
Y(28) K
XclKg'

i ncKS

200 |- e

- Background

O5.2 5.22 5.24 5.26 5.28 5.3
mgs (GeV/c?)
% ]
E 15 | J/pKY signal b) |
Iy J /¥ X background
£ 100
)
= - Non-J /1 background
50
0
-20 0 20 40 60 80

10



Measurements of sin 238 in B decays W. T. Ford

Bcp candidates

T T T T T T T ! ! ! ! ! ! ! ! ! 500 T T T T T T T T | T T T T T T T T

i 1330 events T
600 1 Sum _ S : i

) - ; ; Purity = 63 % .
| AR - Jhy K (n'r) i 400 m _|
r—= Jhy K (n°n°) | :;‘ [ ' i
— L v Kg i i) i O JWK_ (834 events) i
[aV) 1o} - -
% a0l Xe1 Ks M _| g 300 [~ O JWK XBG, K detected —
= cm K ! 7 i E J/V¥ X BG, other i
N f . i . @
2 r— -JyK ac>a i + B combinatorial BG i
S i 1 o
Lq>|j | | “é 200
(O]
o]
200 |~ — g
z
100

5.200 5.225 5.250 5.275 5.300 0.0
Beam Constrained Mass (GeV/c?)

pgems (GeV/c)

Tagged events (85 x 10° produced BB pairs)
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Measurements of sin 238 in B decays W. T. Ford

‘Decay rate with resolution and realistic taggingl

%dl;(AAtt) — # (1£(1—2w)ImAssin AmAt) ® R

Vertex resolution (largest contribution from tag side) ~ 180 um,
or ~ 1.25 ps

60 |-

— B%tag
50

— Btag

50 |-
40 [
30 |
20 |

10 |

07\\\‘\\‘ — o by by T e |1
-10 -7.5 -5 -2.5 0 2.5 5 7.5 10

Decay Time Difference (reco-tag) (ps)
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Measurements of sin 238 in B decays W. T. Ford

Time development fit for Bp {BABAR

CP Odd modes, with asymmetry, above
CP Even KY mode below
34 parameter likelihood fit

Entries/ 0.6 ps
=
3

o
I I I I

sin2 = 0.741 + 0.067 £ 0.034 ﬁgo
IS
5
2641 tagged events, 78% purity % i
(88 x 10° BB pairs) 05
élOO

o
oo
T 11

Raw Asymmetry
o

o
&




Measurements of sin 23 in B decays

Time development fit for Bep

q = tag sign, BY = +

o
N

o

1/NedN/d(At)

+ qg=+1
O qu:_

At (ps)

sin28 = 0.719 + 0.074 + 0.035

2958 tagged events, 81% purity

(85 x 10° BB pairs)

o
[}

Raw Asymmetry
o o
U'I o

|
o
U'I O

0.5
0

~0.5)

W. T. Ford
D
'(a) Combined 4
-
('b)'(c':c')K' N _+_ N
——
('c')'J'/LpK' C=+n
T +
(@)Non-CP sample
86 A T T T e e
At (ps)

(&)

I
© o
oo




Measurements of sin 238 in B decays W. T. Ford

‘Unitarity triangle and CP measurementsl

| | fitter

‘ ‘ | \

ol
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Measurements of sin 23 in B decays

Events / ( 0.004 GeV/c °)

- DBABAR, pretmmimary
20 —— Signal + backgrounds
------- Sum of backgrounds
15
10

N "—'m""l""l""l"'
i

3
+

\/N_U.lIIII|IIII|IIII|IIII|IIII
w

0 L AR S A W L
5. 5.22 5.24 5.26 5.28
m.s (GeVic
Syipmo = 0.0540.49 +0.16
Cyrgmo = 0.38£0.4140.09

(40 £ 7 signal events, 88 x 10° BB pairs)

—Cypm0 = A= —0.25+0.39+0.06

Syjpm0 = 0.93+0.49 £0.11775%

(57 total events, 86% purity, 85 x 10° BE)

W. T. Ford
: 0 0
‘ sin23 from B° — J /¢« I
76_7 150 a 80 ta —— Signal + backgrounds-
~ C ) 9 RO Sum of backgrounds
g 10? ; ;.
12 C i
g 5 =
w : N
0 ]
2 BF E
~ ]
— 10— —
[ ]
c - .
g 5 .
w - ]
o ]
> 1= E
2 o5F =
g E —
> O -
< oeb E
%—0.5E
X E =
-8 8
At (ps)

Both measurements

consistent with

SJ/¢7T0 — Sin25, CJ/¢7T0 — O,
within large errors.

20



Measurements of sin 23 in B decays

|B° — D*iDﬂ

The penguin with ¢ or u brings in a

second weak phase, ...
d  p__ W _d
4% ¢ _c:;‘ ; c
zé c t c
d—>———>——d 4~ = d

. expected to be small (A5 ~ 0.1).
These are not C' P eigenstates, but are

accessible from B° and B .

=
(@]

W. T. Ford
BABAR, preliminary
D*~ DT D*tD~
G [TTmUT L I N LA B B LN BN LR
S 3% 7 signal a)‘: - [ signal b)_
% P [ combinatoric bkgd. 41 B [ combinatoric bkgd. E
0 [ peaking bkgd. 1 [ I peaking bkgd. ]
N 20 - .
P }l \l 5
c 15 n ]
o : ]
> [ ]
w | } 3

524
mes (GeV/c?)

D** — 7+D° (4 D° modes)

Dt — Krm, K)n

526 528 53 5.2 522

524 526 528
mes (GeV/c

21

25).3



Measurements of sin 23 in B decays

‘sinZﬂ from B° — D*iD¢|

BABAR (preliminary, 113 & 13 signal
events, 88 x 10° BB pairs)
With notation S, _ for D** D™, etc.,

S_. —0.24 +0.69 & 0.12
C_. = —02240.37+0.10
Sy —0.82 +0.75 & 0.14
C._ —0.47 £ 0.40 & 0.12

If equal amplitudes for D*~ D™, D*t D,
expect C_, =C,_ =0

and if penguins negligible,
S__|_ = S_|__ = — Sil’l26 = —0.7




Measurements of sin 238 in B decays W. T. Ford

S . - E
‘ B — D*:I:D*:F I s 355 BABAR, preliminary -
— 30— ]
: S f E
Vector-vector decay, with S,P,D- 2 % | E
. 5 OF E
wave contributions. S LF E
> C ]
i T
S 9 - - '. b I. ] Pl - -. } _i
obit. T e T T et T e T
52 521 522 523 524 525 526 527 528 529 53
ms (GeV)
N
o
2
o
i

Fit to 6;, yields C P-odd component
RJ_ ({ _| _| _| _| | | | | | i

R, =0.063+0.055+0.009 = ~ 94% CP even

23



Measurements of sin 238 in B decays W. T. Ford

‘sinZﬁ from B° — D*iD*¢I % 0 | B tags \
BABAR, preliminary 0 +
New, updated from [CHEPQ2 o |
>0
156 + 14 signal events (before tagging), 20 |- Btags \
73% purity, 88 x 109 BB pairs *
Defining Ay, for CP-even component i ; |
> 0| |
% 1
ImAs, = 0.05+0.29+0.10 E 4+
g‘ 0 F ‘ L ,__.t
Ary| = 07540194002 : e
nd
1L | L] |
-5 0 5

Compare with tree-level expectation ‘)\f+‘ =1, ImAs = — sin23

24
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Measurements of sin 23 in B decays

B — ¢K? P{BABAR |

o 107
T — 16 <
: ] i T 5t #
o o i > - ’ \ |
% - % o ‘ “Ep
= o
N —
—~ 8 7 s 8 . » 10f
< | X 2
% N s
w4 § a, - ] m 5
g ﬂ 7juﬂj / ] »ﬁﬁﬂwﬁ _____ 1F
N 50 Tt AR e e e
5.200 5.225 5.250 ) 5.275 5.300 -0.20 -0.10 0.00 0.10 0.2 > 0.5F
Mes (Gevic?) AE (GeV) z
£ o
51 signal events (31 tagged), 87 x 10° BB pairs @4
-1F )

—0.18 £0.51 = 0.07

W. T. Ford

-6 -4 -2 0 2 4 6

At (ps)

Cd)Kg
fix C(/)Kg — 07 S()Kg

preliminary
—0.80 £ 0.38 = 0.12

—0.26 + 0.51 (stat)

(~ null result, though consistent within errors with Se¢ro = sin2f = 0.7)

26



Measurements of sin 238 in B decays W. T. Ford

16
sin 2¢; from B° — ¢ K 12|
8 |
16 S 4]
(@\|
RE @
%12- é 12
O 10f
o 04. LU gl
8 8¢ Z
S 6t 4t
£ 4 ol
(¢D] -
o 2 ~
Nl Rl

52 522 524 526 528 53
M, (GeV/c)

53 total events, purity 67%, 78 x 10° BB

sin28 = Syxo = —0.73 & 0.64 £ 0.22

Raw asymmetry

Apro = —Cygo = —0.56 £ 0.41 £0.16 8 6 4 2 0 2 4 6 8

27



Measurements of sin 23 in B decays

D

w90 f

e E

NS
4 40 s OF
> f 5 U
o 30 c 3
o | L 3
S f 5
S 20¢
2 | ok
(e [ - rer ST ST PR RN PR B LT
g 10} 8 6 4 2 0 2 4 6 8
- ok At (ps)

52 522 524 526 528 53
M, (GeV/c) 1} BY - KKK

191 total events, purity 50%, 78 x 10 BB
Dalitz analysis = &5 = +1 (97%)

sin28 = —&;S = 0.49+£0.43 £0.1175 58

RavY asymmetry
| ——
é

A=—-C = -0.40+0.33£0.1017 5, At (ps)

28
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Measurements of sin 23 in B decays

g o =~
o O o

N W
o O

Events / 0.002 GeV/c >
N
(@»)

[HEN
o

o555 554 526 528 53

M., (GeV/ch)
299 total events, purity 49%, 78x10° BB

sin ¢ = Sy g = +0.71 + 0.37 53

(Consistent with charmonium result)

100¢
E B0 >

80
60
40
20

80
60
40
20

Entries / 2 ps

Raw asymmetry

W. T. Ford

30



Measurements of sin 23 in B decays

Events / 2 MeV/c 2

BABAR
preliminary

522 524 526 5.2§
m_, (GeVic')

sin23 from B° — n’Kgl

|
a
7

o
O T

n' — nm (shaded), py

Events / 20 MeV
|_\
S

0.1 0.2
AE (GeV)

109.2 tagged signal events, purity 70%
89 x 10° BB pairs

Events / 1 ps

Asymmetry

W. T. Ford

5
08F
0.6/
03] L
0 I —
0.2t ifﬁ#ﬂ
o
-0.8} (?) - A
10 -8 0 4 6 8 10

At (ps)

sin2B = S, o= 0.02 = 0.34 + 0.03,

Cyico= 0.10 % 0.22 £ 0.03

(Null result, though consistent within errors with sin23 = 0.7)
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Measurements of sin 238 in B decays W. T. Ford

World average measurements of S, C

\\\‘\\\\‘\\\\‘\\\\\\\\\\\\.\\\\\M\\\\\\‘\\\ \‘\\\\‘\\\\‘\\\\\\\\\\\\\\\\.\\\\\\\‘\\\\‘\\
£ Charmonium E f £ Charmonium i
g 0.734+0.055 0 191 % g 0.052 +0.047 o] &
I i : I ||
o) ' 1 o) {
g Iyt ; | g Iyt ;3
= 0.47+0.36 o b F— = 0.26+0.29 b ¥ /
D*" D*~ 1 D*" D*”
, 016%0.23 H—a— : 0.02+0.27 s
' i [8) {1
= 4o ‘ ; = e | |
8 DD . ¥ ‘ 8 DD . Rk
& —0.82%0.76 = ¥ : & —047+042 | o 1
N2 : | = i
D* D' I : D* D' {
—0.24%0.70 C -— | -0.22+0.38 C = =
0 : ! 0 1 :
OKs ! | OKs . H
—-0.38+0.41 A : -0.19+0.30 I i 1
£ | ‘ £ |
3 nkd : | > n K2 {
§ 033:0.25 = | g -0.08:0.16 i
o = E l " _ E :
KKK - | K'KKs {
+0.35 0, N . +0.28 LI n i
0.49+0.43_,, ! = ! 0.40+0.33_, {1 - '
L L L ‘ L L L L ‘ L L L L ‘ L L L Il ‘ Il Il Il Il ‘ Il Il Il Il I Il Il Il Il ‘ Il \l\ Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ L1 Il Il ‘ Il Il Il Il ‘ Il Il L1 ‘ Il L1 Il ‘ L1 Il Il ‘ Il Il L1 l Il Il ‘ L1 Il Il ‘ Il Il Il Il ‘ Il Il
25 -2 -15 -1 -0.5 0 0.5 1 15 -15 -125 -1 -075 -05 -025 0 025 05 075
. _ 2 2
S ~ sm(ZBGﬁ) C=@A-\)/@A+]A)
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Measurements of sin 238 in B decays W. T. Ford

‘ Measurements of sin2ﬂ|

OPAL, 98 = 1 Future  confirmation
e _p0%U bl '

08e+ %1010 —— i | of the separation of

—1.04 = '
(]

CDF 00

+0.41

079" 0% . o— the two bands would
BABAR 02 | |

0.741+0.067 0,034 P M challenge the standard
Belle 02 L "
0.719+£0.074 £0.035 oo !
Average (charmonium) ¢ _ g ga) - H
0.734 +£0.055 X . Th t- I II
BABAR 02 . — ! eoretical as well as
-0.18+0.51+0.07 ' o | . .

Belle 03 , . 1 | experimental improve-
—-0.73+0.64+0.22 ° o U

BABAR 03 — | ments needed.

—
A\ 4

Charmonium Modes

model.

0
S

0.02+0.34+0.03
Belle03 o - ,
0.71+0.37 ;06 b ,
Belle 03 b - '
0.49+0.43 ., B
Average (s penguin) b
0.19+0.20 (CL = 0.26) —*

Average (All) =

0.701 £0.053 (CL = 0.06) P ] E
1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 1 :\ 1 | ‘ 1 I | 1 ‘ 1 1 1 1 ‘ 1 1 1 1
-3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 15 2

sin(2B)

n'Ke

KKK
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