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B-Physics in recent past
(only 17 years ago)

Measurement
«. Of B® oscillations.
"% Found large and
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From Symmeftric to
Asymmetric B-Factory

b Symmetric (CESR)
B travel ~ 30um




Measuring CP Violation in B
decays

> The e*e” asymmetric way

> Sin 2[3: a precise measurement
> Measuring angle a

> Toward a y determination

> Summary and Conclusions

More details in Parallel Sessions

See also A.Satpathy on direct CP violation
recent results. More than 4s effect foundl!



CP Violation and Standard
Model

- CP violation generated by complex coupling
constant

- Quark mixing matrix
Cabibbo Kobayashi Maskawa matrix

- 3quark generations -> one hon-removable phase
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The Triangles’

* CKM matrix is unitary |
Bd system Mp--mmm -

* * * _ V. V5
VidVw tVedVey +ViVy =05 177

o VigVin
a V.4V,

Phases-> angles o,3,y Y
or in this side of Pacific 0
$2,91gnd @3

CP violation proportional to triangle area:
measure sides and angles independently
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Constraints on the UT angles

(p:M)

B" — nm, pm, pp...

Vi Vi Via Vip
Ve Veb Voo Yob
B — D*r, DK, -
K, ... B'— J/\UK%, D*D*ar
(0,0) > (1,00 | ¥Ks, N'K,
K.TO...

'new’ results on these B decays:

B —p'p - Decay rates are small
B >DKnlK - Y Need high luminosity |

B >J/vYK® > B



{B Belle Detector Aerogel

BELLE — Aerogel Cherenkov cnt.
= ) ' n=1.015~1.030

3.5GeV e
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BABAR Detector

1.5 T solenoid

Quartz bar

Cerenkov Detector
(DIRC)

e (9 GeV)

Instrumented Flux Return

RPC bakelite
soon LST

gl

 Drift
. Chamber |

ificon vertex
. Tracker

5 layers




Experimental Technique

B _=B°(t)

tag

— B =B°(1)

rec

Exclusive
B Meson
Reconstruction

- 0

ey . |A- - _’f’r’jﬁ;un.:
Y(4.5) produces

coherent B pair:

t— At At=Az/<PBy>c

B-Flavor Tagging 0



B Reconstruction at Y(4S)

etee—> Y(4S) > BB

2 120

N _/25MeV

€100

80

60

40 |

20 |

-

2 100

8 75
50
25

-25
-50
-75

-100 |

sudebands

W

TR PR R T, L. R S . B sl §
3.2 522 524 5.2/ SR

sl by b by Loy a b e i ey T
N 10 20 30 40 530 60 70 80 90

mes (GeV)

Kinematic signature for B decays:

Typical resolutions:
o(mgg) = 2.5 MeV
o(AE) = 15 -30 MeV

measured in Y(4S) rest frame

Define 2 regions in AE,
mes_plane:

- Signal region

- Sideband region
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Current Luminosities
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General CP Formalism

Decay distributions £,(7.) when tag =

BY(B°)

' rae : —
fop . (At) = Ze [1£S, sinAm,At+C, cosAm,At]
Asymme'rr'y
A (At) =C, cos(Am,At)-S, sin(Am At)
- - - For single
amplitude
CP t il |
ratio 2Im’%,
ch 1+ | }\“fCP |2 — _Im 7\“7660
Decay Arg(A/ A) | IN] | phase
convention from mixing :
B 5%’ |= (-2y) |=1 [sin2a
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Measurements of [3
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Charmonium K9

Penguin and tree have the
same weak phase

DO)D™ and J/WTP

Penguin and tree have
different weak phases:
asymmetry not necessarily =
sin2f3

oK and nOKO
Mostly penguin. In principle

measures sin2(3, but sensitive
to new physics




Charmonium K°
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Unl’rar'l’ry Tr'langle Fu’r
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B—pp
A.Hoecker et al
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Measurements of o

B—:I/td—a
L 1T

< v TUTC, pH1C, TUTTTO, PP

d d da T
Ly —iB Penguin and tree have
A=e'T +e 13/ different weak phases.
A=e"T+ePP

a=1—(p+
_ B+ Strong phases different

TCTC, PP ,p*P~ require isospin analysis

& ‘See also M Pierini talk

18



Isospin analysis

AB" »>n'n’ —>:1/\/5A(B0 >t n )+ AB’ ->n'n?)

1_~_'3‘_,_ o B
JQ—A(B N
.

L ™

841843 A(B—n n°) = A(B™— 1" n°)

A(B°—1t°1°)

+ Asymmetry in T'TT > Sin20 ¢+ = SIN(20#K ;)

» Isospin analysis determines K,

Needs B> and BO->1ome

Or, use ™1 rate to bound K

Small 110 rate = small K, ?



Raw asymmetry

L Belle: 140 1‘b1
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Comparison of A_=-C_.andS.__

~20 discrepancy

S 21



°1° has now been seen.......

. ®BaBar @ ., .
2 10- i E 8 |
= | i
e T N 6ﬂ 11 |
~ | | £ 4 0om IRl LLI_
N AR
=l LT YA AN
= 4mn ) P TI ET R Ty i N
2 H» *:%{. 7 5.2 5.22 524 536 5.28 53
m -\ M, /GeV/c?
BT S s 26 + 9 events
My BR = (1.7+-0.6+- 0.2) 106
46 + 13 events 3.40 significance

BR=(2.1+- 0.6+~ 0.3)10°
4.20 significance
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...... but we don't like it |

* Penguin pollution
+ Too small for isospin analysis with the present
samples

* Too large for useful bound
e.g. Grossmann-Quinn bound

0 " 0_0
BR(B'/B —»>mnmn")
BR(B™ —»n*n’)

sinz(oceﬂ —a) <

Gives |0 - < 47°  90%CL.
World average
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B->pp: it gets better....

Mode BR
BY /B0 — pTp~ (30£4+£5)x10°°
BE — ptpt (26.44+6.4) x 107°
BY/B0 — p%% | (0.6277 55 +0.12) x 107¢

Found almost fully longitudinally polarized

* B > p°plis very smalll
» Grossman-Quinn bound is useful
‘aeff— 0 ‘ < 16° (130) @ 90% (6830/0) C.L.
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Events /( 1 ps)

- -0.19+0.33,,,,+0.11
- -0.23+0.24,,,+0.14,

(syst)

syst)

s | | BB |
| /N

|

New: Winter 04

“At(ps)’

BF(B® - p°p smaIJIJ
2.1x10°(90% CL) J

0.6

0 111 | Ll 11 1 1 11 1 11 1 11 11 1 1 11
0 20 40 60 80 100 120 140 160 180
o (deg)

sele 10272 13 pe)

o Isospin analysis: interference,
NR contributions, I=1
amplitudes neglected
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B mirtiR: Full Dalitz Analysis
Extract a and the strong phases _

using the interference between B° - 1"t amplitudes
%0 |:| B°—>7c+n'm° (kin.) °FEEE
A(BO N p+ T[_) = A+_ — -|-+_ e_ia _ P+_ N r O interference regs. [ 8.
AB-p ) =AT =T e =P |
A(BO - p° ) = A0 = T00 g-ia _ P00z .~

mam
-----

T e amplitude parametrization: E o

Ay = FAY +FA + f A0 ol
A3n =f, A+ f A+ f, AOO e

= The f, _, are relativistic
Breit-Wigner form factors

0,~25°in 113 fb! without ambiguity (BaBar estimate)
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o status and prospects

* Too much penguin pollution in B>Ttm

- Observed B->1mr° but

- More statistics needed for Isospin analysis
- Too large for useful o - a| bound

» Situation looks better in B>pp
- Longitudinally polarized, CP eigenstate

- Very small B>p°? indicate small penguin
pollution

* Other approaches also in the works.
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Toward a y determination
‘See also M.Rama talk

* The challenge. directly measure the b—->u
phase (V) relative to the b—>c phase (0).

*
U —

N b Vos U s
u

0
B z D

» These amplitudes /interfere for D final
states that both D° and DO can decay to.

28



v from B> DK

v

*
u
5 Vcb B Vc*s <
B _
U

C 0
U ED U

* Relative size of B decay amplitudes

A(b — u) | |
Ty = — Ry Fcs Ru is the left side of the
A(b — c) Unitarity Triangle (~0.4).
Fes is an unknown color- P

suppression factor. Expected to % o %
be in the range [0.2,0.5]. " ;

(0,0 e (1,0)

+ Want r, to be large to get more

interference. 29



v from B>DK: GLW method

* Gronau, London, and Wyler: use D decays to CP
eigens’ra’rji

Equal D% and D°
decay amplitudes
by construction.

D?I_ = (DY +D%)/V2 cCPeven: T, K*K-
D® = (D° —D%)/v2 CPodd: Kg®, Kp°

Ry

B(DYK~) + B(DYK ) .

_ —1 + 2 7, COS 9y, COS
B(DOK~) + B(DKT) T E e
B(DSK—) — B(DY K+

. ( + ) ( + ) ::tQTbSin5bSin’y/R:t

AL =
7 B(DYK-) + B(DYKT)

4 equations, 3 unknown 5, = strong phase diff

30



DK

D — K

CP=+1

—1

Events ! 10 MeV

C'P

Events | 10 MeV

Events /10 MeV

GLW Method: Belle Analysis

D1t

Events /10 MeV

Events /10 MeV

Events / 10 MeV

allt T il _,me-HTLLH—
o —01a 0.00 g.10 20
\E {GeV)

D->K1t

D = K*K-, t'1r

D 2> K1, K0,
Ksw, Ksn, K

O(90M)
BB pairs
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Events/0.0058 GeV

Events/0.0115 GeV

1405—_ DO N k+TC_ BABAR ]
o 81 fb™1 |
100} .

GLW: BaBar Analysis
B - D) K"

Comparing BaBar vs Belle

BABAR Belle
[81fb"] [78 fb']
. 106:0.19:06 | 1.21:0.25:0.1
. 0.07:017:06 | 0.06+19:.04
. x 1.41+.27:0.15
* 0.19:.17+0.05
L AOEl(GcV) *Coming soon

Good agreement within large errors 5,




vy from B=>DK: ADS method

* Atwood, Dunietz, and Soni: equalize the
interfering amplitudes

favored suppressed
B~ — DYK~ DO—>K+7T_~
suppressed __ favored [Ktn 1 pK~
B~ — DYK~ DO—>K+7T_a

B(IKTr7]K~) + B([K~nT]KT)

— — .2 2
RADs = k= FK—) + BUKFa KF) + 1y + 2 ryrq cos(8p+044) COSy
_ B([KTr7]K™) - B([K—7T]Kt) . .
Aaps = BUK 1K) + B(KFn-]KF)  2"ord sin(dy+d4) sinvy/Raps
0 d4 charm strong phase
» _BR(D" > K'm) 0 GLW ADS
" ~4.10

"BRD' > Kn) Ry O(1+m,) Raps O@d)

Complementary fo GLW. e O Aans 90

33




ADS: B~ > DK™ |icofeed

Signal Sideband Normalization
L2 = 12
S o} “| §uf w] gueobEs
S 2} gun &
= gH t T oap T120f 3
Akl |4 [+ 4F am
ST AT LHI 40
g ! { L 20
ok . B ;0 [hkes & i1 [
3.2 527 54 526 S52B 53 32 52 334 316 5328 53 52 522 534 526 538 53
m, (GeV) m (GeV) m, (GeV)
Signal consistent with o S
zero N=1.1+-3.0 " 1o
0 | ] E Ec,
RADS e & -
aez | 18 ¥y
SO }
i - 3I.'.I 35
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D>

ey A bromising method

Giri, Grossman,Soffer,Zupan+ Belle

Interference in the Dalitz plot of
B'>D°/D°K with D°/D°>K, 1t 1T
B _ DK B _ DK

AB )= f(M>, M) +r, e f (M, M)
AB Y= f(M?, M)+ 1, f(M>,M?)

B+ _ DOK* B+ _ DOK+

M*=invariant mass(K.e)
f =Dalitz D decay amplitude

No CP violation in D° assumed 5



Determining the D°->K w1t amplitude

High statistics D*->D°mr
from e*e>cc process

‘_' El
i
-
13
et |
L
= ¥
4, =
™ L
{3
{
f.5

some model dependency

f = sum of resonances

Resonance Our fit
Amplitude Phase, * Fit fraction
w, K, 1.66+0.11 218.0+3.8 11%
MTT0 K ; | a 21%n
e K, (3.30%£1.13)-10"2 114.3+2.3 0.4 %
S ARET) K 0.405x0.008 212.9+2.3 4.8%
o, K, 0.31+0.05 236+11 0.9%
SAT2700 K, 1.36x0.06 35213 1.5%
ST AT370 K, 0.82+0.10 308x8 0.9%
K’ (892t 1.656+0.012 137.6+0.6 60%
K (892 - 0.149x0.007 325.2+2.2 0.5%
K (1430) =" 1.96+0.04 357.3%+1.5 5.B%
K" (1430) " = - 0.30X0.05 12818 0.1%
K143y =" 1.32+0.03 313.5+1.8 2.8%
K°1430) “x - 0.21+0.03 281.5+9 0.07 %
K (1680 *x - 2.56+0.22 7Ox6 0.4%
Ko 1ege) =+ 1.02+0.22 102+11 Q.07 %
MNon resonant | 6.1x0.3 146+3 24%
36




7 - B 7
w3 — D°D'K DD —>Kn'n" <

K7(892) bands

— 3
- 73 events 73 events
N\Z
N.__;;q E
. | ¢ o
.j _
™
c® .
/| = oo,
] ] ]
% s *
as - o ,l . -

| ! i i
05 M2 15 2 25 3
+ .ui . (GeV?) MT (GeV7)
& Ly

DY from B — DK DY from B — DVK

©,=(86+23)" g B=026%]
(777 513+ 11 conbining with * sample.

e PR e el el e et o T P e ::l

In agreement with Babar
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Summapy and Conclusions &%

* s5in2f3 in charmonium modes is now a
precision measurement

sin2P=0.736+0.049 world av.

Hints of discrepancy between charmonium and
penguin modes ? (see next talk)

* First measurement of a (with assumptions):
o =96° + 100 (stat.) £ 4° (syst.) = 13° (penguin)

Very preliminary, neglecting interference, NR contribution

* New techniques to measure y being developed
-y determination looks difficult
-need huge statistics .



Back-up Slides



500 fb!

Some extrapolations: good scenario
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Measurements of y

Contributions from b - u transitions bring a dependence of
CPV from y

Measure y in direct CP asymmetries in charged B decay rates
Measure 23+ywith CPV in mixing

Two cases

A~ “ 3 ” A~ ) _S 0> sin2B+y: A, doubly
'3 - ': ua . cabibbo suppressed
A ~A3, _ A,~A3,

_ LZ KO+ BT p® gjny: A, colour

b . o

suppressed
u u KO+ pp
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Measuring y in B->D(*)mt

Favored amplitude d n Suppressed amplitude d (#)_)
n through D
[/VJr u b - u transition W o
b ¢ b
04 S, ). - - > A

B D B’ T

> - —_
_ * o —lv
ViV =4 Ve =r, e e

Strong phase

AB' > D 1) CKMangle | gifference

r(Drn) = 7 ~ 0.02

" AB > DY)

B
mi;V 0 \
Sin(2p+y)>0.89 @68.3% C.L. R f
Sin(2p+y)»0.76@ 90.0% C.L. 0
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1.5

BO SYSTCI’\'\ Standard G KM fit

p—n constraints from D)t

05 sinf2p)

Evidences of from DK@

Mode Br(x10°) Br(x10) N
Belle BaBar
BO—»DoK*? 48+1.140.5 [3.013+06 | . [ |
BO—»DoKO 5.0+1.3+0.6 |3.4+1.3+0.6 i 5
BO—»D*0K? <6.6 (90%c.l) |l i
— -1 -0.5 0 0.5 1 15 2
BO— D*oK*0 <6.9 (90% c.l.) B
BO— DoK’*0 <1.8 (90% c.l.) '(2ﬁ+—):>0g9(“683@’(”L
Sln . } {I’I ™ “ - » .
BO»D*ok*0 | <4.0 (90% c.l.) 4

sin(24 +7)| > 0.76 @ 90% C.L.
BaBar




