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New B Factory Experiments

BABAR at PEP-2 (SLAC)

——

N

and also:
CLEO-3 at CESR (Cornell)
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Luminosities at the Y(4S)

2002/01/14 18.45

—— BABAR off-peak 6.49/fb ///
N ya
£ 135

CESR / CLEO ) ’
peak =125x10%cm2s® | © [ °APAR i
dC(y =73 pb_l “ PEP-II Delivered 67.47/b //
InT. Luml _ 160 fb—l (67 Off) N BABAR Recorded 64.07/fb //

PEP-2 / BABAR (as of Jan 17, 2002)
peak = 4.51x10**cm?s™

day =303.4 pb™
Int. Lumi=64.7 fb™ (6.5 off)

Integrated Luminosity (fb 1)
s U 3
T

1N

N

KEK-B / BELLE (asofJan17,2002) ° V4 o
5
day = 3115 pb™ Tow” T T i T e
Int. Lumi=47.2 fb™ (4.2 off) | Luminosity at PEP-IT and KEK-B

the key factor in new results
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ARGUS, 1987

> Mixed full event and
dilepton studies
demonstrate mixing

B) - D; ujv,,D;” = D",
B) > D, ujv,,D;” > D x"

> Integrated luminosity
1983-87:
o 103 |3|:)'1

Seeds sown at Snowmass 1988 for
asymmetric-energy B Factories
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Parf of Worldwide Effarf

=)

Primary Goal

Obtain precision measurements
In the domain of the
charged weak interactions
fortesting the CKM sector
of the Standard Model, and
probing the origin of the
CP violation phenomenon
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Four Main Themes in B Physics

> CP Violation in neutral B decays

o Due to decay amplitude interference or in mixing

o Due to interference of mixing and decay amplitudes
> Studies and searches for rare decays

o Sensitive to physics beyond the Standard Model either in rate
or direct ¢Pviolation

> Precision determination of CKM matrix elements

o Need to significantly improve in order to determine whether
observed CPviolation is consistent with SM predictions

> Improving our understanding of B decays
o Feeds back into precision SM tests and measurements

Roughly 100 journal and conference papers have been
produced by CLEO, BABAR, and BELLE in the last year:
This talk will concentrate on CP violation and prospects/
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CP Violation in the Standard Mode/

Mass Eigenstates = Weak Eigenstates = Quark Mixing

Vud Vus Vub_ CKM Matrix

Verm =| Ved Ves Veb Complex matrix described by
Via Vs Vw 4 independent real parameters

Wolfenstein parameterization:

phase
1—73/2 A A}é(p@(

VerM ~ 1-22/2 AN
AR p@ AR 1

J= Im( Vi Vi Vi Vi) #0

CP Violation:

J~A*\on n=0= no CPV from SM
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Unitarity Triangle

Choice of parameters:

— — p=(1-2/2)p
A, A, p and 7 =Elx2/2;n

=

At the 1% level: |Vy
7\, :‘VU.S‘ :Sinec
A=0.2205£0.0018

At the 5% level: | V|

A =| Vep| A2
A=0.83+0.06

|Vub| and |th|
—>p-m plane

Unitarity: 1+R{+R ;=0

Rt:

Ved Veb

y=argVip, o=n—y—P
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Indirect Constraints on Unitarity Triangle

] B, mixi A
Present experimental knowledge: bd_)m&ﬁ,' n:9> T/) ] mqu vV,

(with a range of theor. inputs) B, mixing = Am, / Am,
Kaon decays = |g|

1 - |
, Amy 7
0.8 |- AmJAm, .
0.6
t=3 /
04 gl SO i
Lt
0.2 |- V! Vel = _
O i ! ! ! ! / ! ! / | | | | | | | | | ? |
1 05 0 05 1
_ Following Hocker et al, hep-ex/0104062 P B
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CP Violation in the B System

» CP Violation in Decay
» CP Violation in Mixing
» CP Violation in Interference Mixing & Decay
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CP Violation in Decay
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Interference of Decay Amplitudes

CP violation in decay (direct CPV) results from interference
between various terms in the decay amplitude:

Af/A¢|#1 = Prob(B—f)=Prob(B—f)
CP violation in decay amplitude

Time-independent £Pobservable:

Partial I'(B—f)-T'(B—f)
decay rate Acp =

oc 2|A1||Az]|sind sin@

asymmetry I'(B—f)+I(B—f) ?
; 2 amplitudes A, and A,
/ Weak phase
Strong phase  (difference

difference

For neutral modes, direct CP violation
competes with other types of
CP violation
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B— K and determination of y

Expect significant interference
of tree and penguin amplitudes

AKTC ~ +P

®» potentially large CP asymmetries

CP-averaged BF measurements can lead to non-trivial
constraints (bounds) on CP angle vy

General analysis:

Fleischer & Mannel (98)

> EW penguin§ Gronau, Rosner, London (94, 98)
» SU(3) breaking Neubert & Rosner (98)
> Rescattering (FSl) Buras & Fleischer (98)

etc.

Experimental test:
> Direct CP violation in B— Kn modes
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B— Kr, nr at CLEO
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Events / Bin

5.20 5.25 5.30 -0.20 0.20

] 0
M (GeV) AE (GeV)

CLEO PRL 85 (2000) 515
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B — nn/Krn BF Summary

CBF(x10%| g, 071 | tosm || Average

B sa'n | 43716505 | 41:1.0+07| 56735041 444700

B’ >K'n™ | 172725+1.2 | 167£1.6£1.3| 193733 43 <wb

B’ 5> K'K™| <1.9(90%) | <25(90%) | <2.7(90%)

B* ot | <127(90%) | 57720408 | <13.4(90%)

B k| 1673904 (108 Han0 1637351 | 121370

B" »>K’n"| 182740 +1.6 1182 33 +20 [ 1375712 | 174112

B 5> K"’ | 146 %37 24 | 823 112 | 160772 25 | 10.73 26
PRL 85 (2000) 515  PRL 87, 15802 (2001) PRL 87, 101801 (2001)

K7 > nr suggests Kz mostly penguin
and 7z may have significant contamination
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Ratios of Branching Fractions

+, - + + 0
BF(B— 71:+TC_) — 0256 igggg 7 % BF(B —)K+ TC_ ) —14O+8§§
BF(B—>K™n") ' BF(B—> K n™)
BF(B—K™n) +0.19 BF(Bo K n™) _ o028
; ——=1.00 "5 5 =081 _ 517
BF(B™ > K=n™) 2 BF(B—>Kn")

N, Br(wfn)/Br(xTK*) | 25| Br(rFK*)/2Br(r°K°),~
Beneke 2| NP B606, 245 (2001)

Buchalla /

. Neubert 1.5}
™. Sachrajda ]

0 25 50 75 100 125 150 175 "0 25 350 75 100 125 150 175

v (deg) 7 (deg)
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CP Charge Asymmeftries in Kr modes

BABAR PRL 87, 15802 (2001)
| ? | Acp(KEnF)=—019+010
' Acp(K* ") =+0.00+0.18
Acp(Kon®)=-021£0.18

CLEO PRL 85, 525 (2000)
Acp(K*n%)=-0.04£016
Acp(K™n?)=-0.29+0.23
Acp(Kon™) =+0.1840.24

| i |
_1 05 0 105 T BELLE +F>FE D64, 0711010(?801)
Acp(K™ %) =+0.04 "7

Model dependent predictions exist; Acp(Kin )=-0.06 +0.22

n n _0 20
ossible constraints on CP angle ‘
{ e Acp(Kom™) =+0.10 104
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Asymmeftries in Other Charmless Modes

decay mode

| | | 1 I | | | 1 | | 1 | I | | | |
oA TOE
KT
‘/ Vil ////‘ * h S N N S Y \\.
Py :
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P . | b\\\ Y
I ==
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ViV e ////d‘ .: | SN Y
=
O+
| e | BN e LY
Fe kU
0 ]
VA AN F | ! | B S S N N
—F I
: T K
Pl Vil | * h\\ S S S S e S SN S S S \
I X s
P K
ra VAl A //a + h\ S Sy e S Y
' (—)
v+ 70
A I/X
Wi AFAA | : | o N S A S b S S S
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-1.0 -0.5 0.0 0.5 1.0

Acp

BABAR hep-ex/0111087

Penguin b — sg or
CKM suppressed tree
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Inclusive b — s y Decays

> Probes top quark couplings Vis
b s,d > SM rate predlctlons Chetyrkin et al.
(3.28+£0.33) x 107*  pL B400, 206 (1997)

vy > SM predicts small CP asymmetry (<1%)

Rates: t
BF(b — sy)x10* =3.11+0. 80 4oty £0.72,
BF(b — sy)x10* =3.21£0.43
BF(b — sy)x10* =3.36+0.53

(st ALEPH PL B429, 169 (1999)
staty £ 0-27 )"0 10y CLEO PRL 87, 251807 (2001)
(stat) £ 0-42, 4,51 "0'ea () BELLE PR B511, 151 (2001)
CP _Asymmeftries:

> Non-SM physics may contribute to larger asymmetries

Acp =(-0.079 £ 0.108stat) £ 0.022 (add syst) ) X (1.0 £ 0.03 (muit syst))
=0.965-Acp(b—>sy)+0.02-Acp(b—>dy)
—0.27<Acp <+0.10 (90%CL) CLEO PRL 86, 5661 (2001)
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Exclusive Radiative Decays

. - T 0L BI,K(892)y ]
» Very little CP-violation E zg‘ :
expected in the K*y mode 2 1ok 3
(window on New Physics) 5 of :
> Upto ~15% CP-Violation g f ;
effect in the suppressed 5 "t ;
py mode (not observed) g ° ;
5.20 I .22 I b.24 I .26 | 528 5.30
Mg (GeV/c?)
BE(B” = K™y) = (4.557 ¢ sty T 0-34()) X107
BF(B+ — K*+y) — (376322 (stat) i0'28(syst))><10_5
Ap =40.08£0.13,,,£0.03 LEO PRL 84, 5283 (2000)
BF(B® —» K™y) = (4.23+0.40,,, +0.22,,)x 107
BF(B*—>K"y) =(3.8340.62,,%10.22,)x107°
A =-0.04410.076,,,+0.012 BABAR hep-ex/0110065
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CP Asymmeftries in Charmonium B Decays

2030100-001 [ Bi _) J/\V Ki T 25i Bi _) \V(ZS) Ki_ i
534 events 120 events
i« CLEO st
oLl 0 ﬂI]J] | - I

5.20 5.22 5.24 5.26 5.28 5.30 5.20 5.22 5.24 5.26 5.28 5.30

beam-constrained mass (GeV/ ¢’ )

No CP asymmetry expected in SM is these channels

Ap(JIWK*) = (+1.8243,, 04 %

Ay (W (2S)K*) = (+2.0£9.1, ., 1.0, )% CLEO PRL 84 (2000) 5940

Ap(JIWK*) = (+0.4£2.9 ., £0.4,,)% BABAR preliminary

(EPS2001)

(stat
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CP Violation in Decay: Summary o

> Many searches for CP violation in B meson decays
o So far, no experimental evidence for direct CPviolation

> "Copious” modes (e.g. charmonium)
o In general, expect small asymmetries
o Asymmetry measurements at the few percent level

> "Rare” modes (charmless, radiative penguin decays)
o Potentially large P asymmetries
= test the validity of theoretical models
o Best asymmetry measurements at the 10% level
o Much more statistics is needed!

Nota Bene: Direct CPviolation is now firmly established
in the kaon system

Re(e'/ &) = (17.2 £ 1.8 ga45yst)) X 107 E731, NA31, KTeV, NA4S
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CP Violation in Mixing
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Formalism for CP Violation in Mixing

CP (or T) violation in the B'B? mixing matrix results from:

Mass Eigenstates |Bp, H) # CP Eigenstates |B.)

B.)+e¢g, | Bs
J L+ lon P =(|Bz) + ¢, [Bs))

#1 = Prob(B” > B")#Prob(B’ > B")

BLu)=p|B’)£q|B") =

ﬂ _ 1_8Bd
1+8]3d

Time-dependent £Pobservable:
F(Bphys (t) —> €+VX) F(Bphys (t) —> K_VX) _ 4Re(8Bd ) constant

with
F(B ()= "vX)+I'(B

At (t)=

0= 0VX)  Li|ep,|?  time

phys
In the B System,Amp,=mp,—mp, >>Alg, = &g, ~pure Imaginary
SM: Ar<2.107°  Ar=~10"°= New Physics

See for instance Bafiuls & Bernabéu hep-ph/0005323
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Results from LEP

OPAL _
inclusive analysis Sois | " fit to dara
Zo1p  --a, =015
E0.05 F E Beneke
T Lttt L L 1 Buchalla
E I'T"'--,__ | I RS E q
-0.05 F o = Dunietz
01 | =
-015 | E
02 - e
-2 0 2 4 6 8 10 12 14
reconstructed timet (ps)
OPAL semileptonic sample, 3M had. Z° OPAL ZP C76 (1997) 401
2
Re(ep,)/(1+|ep,|*) = 0.002£0.007 (sar) +0.003 (oyst)
Fully inclusive analysis OPAL EPJ C12 (2000) 609

Re(ep, ) /(1+|¢eB, |2) = 0.001£0.014 (stat) £0.003 (syst)

ALEPH Combined semileptonic and fully inclusive analyses,
4.1IM had. Z° ALEPH CERN-EP/2000-105 (sub. to EPJ)

Re(eg, )/(1+]ep,|*) = —0.003+0.007 (stat +syst)
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Results from B Factories

CLEOQO like-sign dilepton sample, CLEO PRL 86 (2001) 5000
9.1 fb! on the Y(4S), 4.4 fb! of f-peak

Re(e, )/(1+] &, 1) = +0.0035£0.0103 ,,, +0.0015

BABAR like-sign dilepton sample, BABAR hep-ex/0107059
20.7 tb~! on the Y(4S), 2.3 fb~! off-peak

Re(e, )/(1+] &, ') = +0.0012£0.0029,,,,, +0.0036

04—

| BABAR

0.2

(stat

(syst)

0.1

-0

Dilepton Charge Asymmetry

-0.1

0.2 —

0.3 —

_0.4_ 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 —T
0 0
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CP Violation in Mixing: Summary

So far, no experimental evidence
of large CPviolation in B° mixing

To a good approximation: q/p|=1

q/p=e 2 =—|Mj, |/M;, «— dispersive part
of the B’ - B’
amplitude

Time evolution of a state produced as a pure B? :
IBY.. (1)) oc cos(Amp, t/2) | B ) +ie %" sin(Amg,t/2) | B")

phys

In the SM: oM = arg(thV:{,) =P Vi Vid
b | t ' d
New physics can change B’ i i - BY
the mixing parameter: d + t 1 b
Mi :::DV1;¥?4 + Pv1}§?P oM '->'[3 + QNP Vid Vib
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CP Violation in Interference

!

BELLE (10.5 fb'') PRL 86, 2509 (2001)
BABAR (20.7 fb') PRL 86, 2515 (2001)
BABAR (29.7 fb'!) PRL 87, 091801 (2001)
BELLE (29.1 fb-') PRL 87, 091802 (2001)
BABAR (29.7 fb-') hep-ex/0201020
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Formalism for CP from Interference

CPviolation results from interference between
decays with and without mixing

q At

At ZHfCPB-A — ?aTFJHUde ~
fep
CPeigenvalue 4 .
? U

| 2V 4

C

i, =1 = Prob(Bj  (t) - fcp) # Prob(B

0

Time-dependent £P Observable:

Ar (0 L(Bpys (1) = fep) = T(Bpp () = fep)

(B jhys (D) = fep) + T (B (D) — fep)

=Cy,, -cos(Amp,t)+ Sy, -sin(Amgp,t)

t t

cosine term sine term
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Golden Channel: B° — J /v ;A

Quark Subprocess b — ccs C
i' c
KO mixing is required b S

=0 =0 0 0 BY g4 d K°
B0 — Jhy KO BOCP:_l — Iy Kg d d
B" —» Jiy K Bepo, > WKL

Single weak phase — no direct CPV A, ko, [=1

-sin 23 - sin (Ampg ; t)

Agy kS, (O=-m,, kS,

®» Theoretically clean way o measure sin2f

» Clear experimental signatures
» Relatively large branching fractions
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Results from COF at the Tevatron

CDF Run 1110 pb™) > .
IO I'fetimzr:glrﬁ:oolg b:sv; " e
. . E i I .-
sin23=0.79+£0.39+0.16 - 202418 193426 | o
u>>" : events | events ==,
CDF PR D61 (2000) o 2k
0 N
’ ~400 events = :
2 CDF 1+ | Amy fixed 1
E 175 i - /X\—;
c L
. it i
~ Am, floating
: lEMlLunsn OM;O )10/ 61;4 o '2(; 005 01 015 02 025 T
. ¢T (cm)
Time-dependent and

I I in Xd
me-lnTegr‘aTed meas. AJ/t ko~ TIAKS ) dSInZB 0.47M k¢ sin 23
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Experimental Technigue for B Factories

u
J/
i u T Exclusive
0 . B M':asorlr .
Bpac = econstruction
Y(43) | KS o
> |
— +
e e -0
Bug | |
| |
L Az J K
Y(45) produces a

coherent B pair:

t— At At=~Az/<Py>c B, =B8°(t)
Time-integrated asymmetries are zero B-Flavor Tagging |[EX-TNEN’M(s

Br. =Bp,, (flavor eigenstates) = lifetime, mixing analyses
Bre =Blp (CPeigenstates) % CPanalysis
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Shared Analysis Strategies

Factorize the analysis into building blocks

Measurements Analysis Ingredient

B+ / B° Lifetimes a) Reconstruction of B meson

in flavor eigenstates
b) Bvertex reconstruction

B°B° Mixing |c) Flavor Tagging + a+ b
d) Reconstruction of neutral

B mesons in CPeigenstates +
a+b+c

uoisioa.d JaybiH

Anxa|dwod buiseaou]
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Measurement of B° and B* Lifetime

______ <D
O~==T__—_———— Ne >
Y(4s) | % 7Tt R{
A nt
By = 0.56 z
At = Az/yBC
3. Reconstruct Inclusively 1. Fully reconstruct one B meson
the vertex of the “other” in flavor eigenstate (Bggc)
B meson (Bxc) 2. Reconstruct the decay vertex

4. compute the proper time difference At
5. Fit the At spectra
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Samples of Fully-Reconstructed B Decays

. . . R BT ;
Flavor eigenstates for mixing Seont (23 0t ”
and lifetime measurements Soonf- K
b — cud E N, o~ 9400
600[— . o
Cabibbo-favored hadronic wf  burity 83%
decays to "open charm” modes L PR S S
RO =S~ S~ D T T T T
B” > D"'m/p /g, D e Eneroy Substtuted Mass (MeVic 3
b —(cc)s Suaoof
(cC) BABAR ;:::_ hanged ﬁ
Charmonium modes | 29.7 fb™! N ARECAVESDHE '
n n IJ;.J(]OO:— ]
B —)J/\VK 800 N . _~=8500 !
5 ) ] B*/B
—>c(v *F purity 85%
400
Semileptonic modes 200
EO_)D*+€—V 0 | i T

5200 5210 5220 5230 5240 5250 5260 5270 5280 5290 5300
Beam-Energy Substituted Mass (MeV/c 2)
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B-Lifetimes: Time Distributions

LEP

/CDF

1. perfect T | finite  Ppoduction point of
:ﬁ;ums:— resolution :f,o.uus_ ' resolution B meson is known
® oo ® o | with good accuracy
oo | Control of the
- L : resolution function
3 ok at negative times
ooi?LL n§ ;‘
-8 4 0 4 8 8 4 0 4 8
B Decay Time (ps) B Decay Time (ps)
B Factories Proper time
f ol | perfect £ oo | finite  difference obtained
E resolution £l '\ resolution  fprom distance Az
= - | between the two B
e vertices
oo . ) Fit the parameters
noue] . i of the resolution
: Tt ' function together
4 0 4 2 s 4 0 4 2 with the lifetime

B Decay Time Difference (ps) B Decay Time Difference (ps)
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B-Lifetime Measurements

7,=1546+0.032+0.022 ps
7., =1.673£0.032+0.023 ps
1.082+0.026+0.012

buﬂ
+
~
2
Il

BABAR PRL 87, 201803 (2001)

(error PDG2000 ~ 0.03 ps, stat+syst)

> Good agreement with previous
lifetime measurements

> Excellent control of the time
resolution function
parameterization, tails)

Entries / 0.9 ps

R

)
@
by
o0 Sed

525
G

o
5
25005
Ky
K
St
4%,
255

Joleteto!

<
o

Proof of principle for
I} time-dependent analysis
at B Factories

bi¢
hoy [}
oLeteIelel ™ st

AT

o o e o o e

i
A
S

£
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B-Lifetime Measurements

3[
r,=1553+0.030%0.013 ps 107 B
r, =1.681£0.026£0.012 ps |
T, /Z'B0 =1.082+0.023£0.011 E
BELLE KEKS5 Workshop | 10 |
(error PDG2000 ~ 0.03 ps, stat+syst) f ; Hl
L o - .' :
From D*Inu sample used for mistag & B
determination: e 107
7, =1.55£0.02 ps 102k
7. =1.64%0.03 ps |
10 |
Proof of principle for = J[ ﬁ
B time-dependent analysis 5 S5 10 s 0 5 10 15 20
at B Factories At (ps)
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Measurement of BB Mixing

4, Determine the flavor of
B, to separate Mixed and
Unmixed events

6. Fit the At spectra of mixed and unmixed events
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B Flavor Taqging

»  Use charge of decay products
o Lepton B° — Q B ,
o Kaon B° - DX, D @ b _7c_ s gt
o Soft pion B° 5 D" X" D> DO@

>  Use topological variables
o e.g., to distinguish between primary and cascade lepton

>  Different approaches to combining information
o BABAR- Hierarchical tagging based on physics content
Four tagging categories: Lepton, Kaon, NT1,NT2 - &~70%
o BELLE - Multidimensional Likelihood Method
Use all the events - &~ 99%
Define 6 tagging categories based on tagging performance
>  Similar effective performance
o Effective Tagging Efficiency BABAR Q=261%1.2%
Q:Zgix(l—zmi)z BELLE Q=270x22%

1
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B-Mixing Analysis: Time Distributions

perfect realistic
0 | : flavor tagging, : mistag probability,
» —UnMixed/\ time resolution » —UnMixed finite time resolution

)

40 -

40 g— Mixed

30F
20 ¢

10 F

0: PR B o NI . L Tl T !
8§ 6 4 2 0 2 4 6 8 %% 4 2 0 2 4 6 8

Decay Time Difference (reco-tag) (ps) Decay Time Difference (reco-tag) (ps)

finixing,+ (At) = { © x(1%(1-20).cos(Amp,At) ) }@ R

ZTBd

"fmIXlng _|_" @ unm|Xed (B Etag OI' BﬂaVBtag)

flav

Btag or BﬂaVEtag)

"fmixing,—" & mixed (B

flav

0 1s the flavor mis-tag probability
R(A?) 1s the time resolution function
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Mixing with Hadronic Sample

m :\\\\llll\‘\\\\‘ll\

3 - Unmixed Events

S 107}

S

z

S -

> 10 ¥

= F

L LR

S B B e e |
- Mixed Events

520
At (ps)

A mixing(At) = (1 — 2@).cos Ampg, At BABAR
29.7 b

o 5 10 15 20
|Atl (ps)

Precision measurement
consistent with world average

Amy =(0.516£0.016,,,,£0.010,,,) ps" | BABAR hep-ex/0112044
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Mixing with Hadronic Sample

Alf modes

All modes

entries / 0.6ps

entries / 0.6ps

|At] (ps)

|||||I||
10 1

Precision measurement
P e s consistent with world average

Am, =(0.521£0.017,,,701% ) ps” BELLE KEK TC5

—r
]

Preliminary
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Time-Dependent CP Asymmeftries

Time-dependence of
B’- B mixing

Amixing(At) =

N(unmixed) — N(mixed) ~(1-2m).cos(Ampg, At)

N(unmixed) + N(mixed)

Time-dependence of
CP-violating asymmetry in
Bep = J/y K¢

N(Btag: BO) - N(Btag: EO)

Acp(At) =

N(Btag: BO) + N(Btag: EO)

~(1-2w).sin 2B.sin(Amp, At)

data sample

flav

to determine the mistag probabilities and the
parameters of the time-resolution function

“} Use the large statistics B
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Measurement of sin2f3

TC+
va m
@&—==->" _____:: N - KSO >
Y(4S) ——————— W‘ M+
By = 0.56 Az i
At = Az/yBC H

1. Fully reconstruct one B meson
in CP eigenstate (Bggc)

6. Fit the At spectra of B® and B° tagged events
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CP Sample fa,‘ BABAR 29.7 fb-1 or 32 million BB pairs

1,=-1 modes :,.f BABAR q
0 0 b 2 EF mf=—1 modes
ng - J/WK%{_) 7[0 7[0 £ s00f- (includes JyK™{—Kn'})
B, > JWK{—>nr £ F .
B, > w(28){— "0 or 150]- 76% | j'gnal
+_— g0 - candidates, +
0 My no}KS E purity 94%
Bep = xul = JpyiK i
sofF-
77]’ mlxed mOde 0: ---.- il e a0
BgP —) J/WK*O {—) Kgﬂ'o} 2200 5210 5220 5290 52;33m5-I255nirgsyzg?lbsstiztzgedsh?'lzgs {5533!0523100
;>100 r 'b)
ﬁ - ® Duata -
77]' =+1 mode o B 1 JAYK] signal MC
ng —> J/?,UKE '% 50 - 1 Background
g B . .
= F 257 signal, purity 60%
Total: 1025 signal candidates - ¢

(83% purity)

-20I IOIIIZO II40II 60I I80
(before tagging & vertexing) AL (MeV)
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CP Sample fa,‘ BELLE 29.1 fb-1 or 31 million BB pairs

250 I T T 1 LI — T T T 1 T T 1 ] Additional 77f o —1 mOde
i - 0 0
: — Sum : BCP _> UCKS
200 ---- Jiy KS(‘IC+‘IC) 7 200 —r——1— ———— T
[ iy K ) —{ | -
I ] i 346 signal
Gsol 1 & el can;ildafeos,
= | 1 3 purity 61%
E : r—-~JiyK [ : ; :
%00 |- . H 2 1o -
I B . % L
. 688 signal 1 5 |
sl candidates, 1 2 sl ? .
" purity 92% ] i / .
: : " "’ 5 v s
50200 N 5,995 5.950 5.975 T 5.800 o N 20
. . . . ' ppeme (Geic]

Beam Constrained Mass (Gev/c?)

Total: 1034 signal candidates

(79% purity)

D.MacFarlane at WINO2




Angular Analysis
B’ - Iy K (= Kdn’)

0 Potentially measures sin2f3
a VV mode — angular analysis

a CP-Dilutionn D;=1-2-R |,
R, =|A > fraction of CP-odd

L
0.15 - BELLE i _
3 Ty 0.15 |
0.1 w 0.1 ;ﬁ% i
y L i | - 1
(.05 - (.05 : 0.05 &
” :I R T ! ” Ml T A ” :| o
-1 () / 2500 25 -1 ()
cos(Btr) ¢ cos(01)

BABAR PRL 87, 241801 (2001)
R =(16.0£3.2stat) £ 1.4 (syst)) %0

BELLE CONF-0105 . Statiétical errors only
R =(19%46unTdeysn)% 1A 2=] AL P=1
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CP Analysis: Time Distributions

perfect realistic
ol 0 flavor tagging & ol 0 mistag probability &
- —B tag time resolution 50; _EO tag finite time resolution
© —B" tag
: » -
20 |
0§~ %6 4 2 0 2 4 6 8 0§ %6 4 2 0 2 4 6 8
Decay Time Difference (reco-tag) (ps) Decay Time Difference (reco-tag) (ps)

fop.+(At) ={ © x(1Fns.(1-20).sin 2B.sin(Amp, At) ) }@R

TB,
"fCP,+" = B?ag — BO

"fep, " <> Biyg = B’

same mistag probability @
and time-resolution function R(Af)
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Raw Time Distributions

+ B tags
+ B” tags

0.20¢

0.10¢

1/N-dN/d(At)

At (ps)

s

sin2=0.99+0.14,, +0.06,

syst)
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Raw A Symme frl‘e S Acp(At) =(1-20).sin 2B .sin(Ampg . At)

B k! | | BABAR 10 B ik | BABAR
60 [ g %q;(zs)K(' 29 fb—l " B’ ew(ZS)K(' 29 fb!
- BY - g, KO 30 BeleO ;
i 246B t'ié,s i 131 B"K tags ]
40 _ 234 B tqés 20 [ 140 B" K tags
20 | ok L i
0y s = —
0.4 0.4 kaon tags
' ' 15%
0.2 02| (150
0 ™\ N 0\
-0.2 -0.2
041 Be 04 [ 1
-0.6 sin23=0.56+0.15 -0.6 - 5in23=0.59+0.20
5 0 5 -5 0 5
At (ps) At (ps)
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BABAR Result for sin2[

Acp(At) =(1-2w).sin 2. sm(AmB At)
Bei/ K“I | B—>h/wK“l -
B -w(zsgld 5
B - X K
0
: 25 ¢
| | | I I I l -_ 0 :
045 | 2 0.55 |
s M "
(I S T TR T RO N R RO R N SR o | R B |
_ _ 0 5
Ncp 1 Ncp +1 At (ps)

sin 2P = 0.59 £ 014 a0 £ 0.05 gyt
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"Corrected” Asymmeftries

sin 23, fitted in bins of At |

B . - o T o
- -4 8
a2y T N
0 L

1.31><sinAdeA7‘ 02 E k
sin 2f3, fitted in bins of At N j 0.56 x sin Amp Alt_
and multiplied by sin(AmgyAt) SRR dﬁ .

""" deltaT {ps)
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Wor/d Average

<
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s,
5
00
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<

_
S
e
<
e
0‘0
&8
<50
K5
Q‘I
<

A
’0001‘

e
<
<
5%
55
0.0
58
0‘0 <
8
55
o

7

i

‘N

9%
2e%s:
SR
94%%
pases
8055

0R8S

5%

350X

55

e

KX

bt

<

5
¥

&

s oy
/////}/”Ai"“"‘.’

Pl A0

K ] SRS
-
_ -"'-...,'f,\//\ D
t|(sin2B), =0.79£0.10 .. qen
-1 | | | 0 ' ' ' i . . 2

BABAR

+{ BELLE

CDF

ALEPH
OPAL

!

World average

0.5 0 0.5

1 1.5 2 25 3 35
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Search for Direct CP

. L= hgep |

Acp =C, cosAm,At+S5, sinAm,At Cp = TIWNE
C

(assuming Al = O) . 2Im7\41;CP

If more than one amplitude matters Step = L+ |h, |2
|A| might be different from 1 fcp

Probing new physics: only use n=-1 sample
(contains no mixing background)

BABAR: |A| = 0.93 % 0.09 (stat.) = 0.03 (sys.)
BELLE: |)| = 1.09 * 0.14 (stat.)

No evidence of direct CP violation due to decay
amplitude interference; none expected

Coefficient of the “sine” term unchanged
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Future sin2p measurements

> Increase statistics in current modes

‘ Ognas ~ 0.08 for 100 fb™ — 0.03 for 500 fb‘ll BELLE and BABAR

Summer 2002 Around 2006

> Systematic error projections: 0.05 — 0.016

o At resolution 0.03 — 0.01: better alignment, vertex
understanding

o Tagging 0.03 — 0.01: use flavor samples similar to £Pevents
o Background CP 0.03 — 0.01: Measure ¢P content

> Many other CP modes can potentially provide
independent measurement of sin2f
o Different quark processes
o Various penguin contributions
o Angular analysis in VV modes
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More CP channels: B — DD

Preliminary, Belle-CONF-0104

 Pbeed  pewe T gale
: | BELLE | 3] 13
oL, 1 1] |H\ﬂ\ n{ ............ —N n% AR IR
5200 5225 5250 5.2??.“30 (Ge‘”i.z\';ﬂu . . . 5.27?.“30 (Gevfi.;;ﬂ[ B200 R 225 B 2R0 5.27?.“30 (Ge,w-i.z:;n
B° 5 DD B° 5 DD B° DD Kk
Signal
events: 11.0+3.7 2b2+65 112+40

ImA~sin2p

ImA ~ /”Sin(zﬂ + ¢57‘r0ng)

r=AB° > 1)/ AB° > f)
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Measurement of Transversity

Events/2.25 MeV/c?
|_\
(@]

B0 —>D*+D

BA BAR

- - | - -‘ | - | J- |

b — ccd

oale e -A | | |

5.2 5.22 524

~ 32 signal events

5.26 5.28
Mg (GeV/cZ)

Evts/0.1

=
a
1=
ar
r
o
*
= x
- -
" -
1 W
L . ] - n
" L L] T
it . .
L o, >4
Fo Yy " a
¥ ., ot +
L I - 4 = .
F - - T
. M - 4 L .
. e ar "
. - - )
r e _-=T" o
L e et LT, EE El Rl L L u s
b (L B T R P P I L ==
A, e
D PP ki I | |""‘|"'-u- ||||| | 1 1 1 CECLl, el TR i, 1]
- =1

R =022+0.18_,, +0.03

(syst)

Preliminary BABAR hep-ex/0109009
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More CP channels: B — ¢K™

> Pure b — s penguin process

> Provide an independent measurement of CP violation
o ¢Ksis CP=-1with Im\ ~sin2p
o Sensitive to new physics in b — s loop diagram

CLEO PRL 86, 3718 (2001)
BABAR PRL 87, 151801 (2001)
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Other Modes for sin2p

BABAR D>
20.7 fb! ~ 11 events ~ 8 events Q.D
12 ST T T | 4 3
_ ] . BELLE
.| BABAR | _ | BABAR [ Bt B oK!
o + + © 0 0 1 af 21.6 fb!
> *'B %(])K 1 % :B %q)K ] 25 | .
A 1 21 I
| 2 = Plod Ng o
s |
520 myg (GeV/c?) 5.20 myg (GeVieh) %0 L T SR R X
. AF[ Ge¥]
R L L B S B S_' AL B R B R '_ E 6 f_ —
_ | BABAR _ 1 BABAR . ] I
© It + “o o+ 0 0 . ]
> B %(I)K - 1B %(])K ! «f
S - (K') = - :
0_+ "
) (K'n') S . af - \
2] 2 1 i _
§ ! % T 1E d|_l H A
520 (GeVE) 50 5D (Gevih) o S Snﬁf [I.;;f'q}
~ BABAR PRL 87, 15801 (2001) Preliminary, Belle-CONF-0113
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CP Violation in B° — n*n~ Decays
Decay distributions f,(f) when tag = B'(B?)

(—At/7)
f.(A) =S [1£S, sin(Am,At) T C, cos(Am,At)] || 5, = 21m*)
1+ | A |
u W d C = 1- | A |2
ph—- 12 T 1+ AP
Vﬂ'sb W E u
tree diagram Ygaa penguin diagram U
For single weak phase For additional weak phase
q/_L 27 51r) . | X | # 1 = must fit for direct CP
A= -1 = nfe‘ o) = n-€ " Im (L) # sin2a. = need to relate
P Af asymmetry to o
C_=0,S_=sin2o C_#0,S_=sin20,,
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Extraction of sinlo

Without penguins: ¢.=0,5,=-sin2a
Penguins are expected to be sizable: |P/T|~0.3
¢.#0,5, =-sina,, =-sin2ax[1+0O(P/T)]

Strategies to extract o from the asymmetry measurement

> Isospin analysis (Gronau/London )
o Clean theoretically, but challenging experimentally
o Need B° - 7°7® and B° — »°7°
» Grossman/Quinn Bound
BF(B — °r° )
BF(B* —> m*r°)
> Theoretical constraints on Penguin pollution

sinf A<

with A=a_, -a
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Two-Body Data Sample

S w - | BABAR
=200 ] > o -1
2 | BABAR ] 280 - 304 fb
9741 two-prong Sis. Lepton tag g 3% ;
candidates in 30.4 fb! 3 Pog | |
<10 - b =] B _
(97% background, - 5" |
almost entirely from | f I ]
continuum) s
05.2 5.225 5.25 5.275 52.3 05.2 5.225 5.25 5.275 52.3
myg (Lepton) GeVie mygq (Kaon) GeVie
Sum Of /K N§ O ] ] ”§ 60 - I ]
: : BABAR | 3 |
No particle ID used = B = Babar:
until the fit is performed PE 1 Sao | ]
mgg distributions |S°| 1 Swy *
for the different | | NTI tag ; - NT2 tag
tagging categories| ‘. w0 o oss s
myg (NT1) GeV/c meg (NT2) GeV/c
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Projections of Data Sample

nn projection: 55% efficiency BABAR

— = 1 1 1 _1
Events after cuts on 20 3 o F ]Ij 1 30.4 tb
likelihood ratios for . : (b)
subsample enrichment 13 4 15 F
(tagged) %10 3 %10
> 1= _F
- 5 4 o 5
X 1 q
PR 1 2 0 f
Total Fitted Yields: £%° 1580 @ E
o 65 B 60 1 ®e0 -
s A 40 1 40 2
Kz 217+18 o E: E
KK 43¢ : ;
4.3 05.2 5.3 0 01 0 0.1
g (GeV/ic®) AE (GeV)

Kn projection: 85% efficiency
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Time distributions and asymmeftries

S(n*n") =0.03*)2 (stat) = 0.11(syst)
C(rn*n”) =-0.257% (stat) = 0.14(syst)
A cp (K*n*) = —0.07 +0.08(stat) £ 0.02(syst) _ (5o

nn enhanced subsample 10 [

Events / 1 ps

o
o~ 0.5
-1 -0.5 0 0.5 1 <05+t
81m. 2ex P SR BRI RS SR I
__ Beneke et al., NP B606, 245 (2001) -5 -2.5 0 2.5 N (SPS)
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Measurement of sin2a with B° — 17

s
> Exploit interferences in the 3= final state,  ———————— "+~

) L ) iohn. L p mESE
o Fit to ‘rhe time depender}f Dalitz plf)‘r | P LJLUJL”LJ‘ 1]
o In principle, extract o without ambiguity | =} |

> Need at least 1,500 events with B/S<2 | »iyield 92+16+6 1

o

o pn® needed, but color-suppressed S —— e
Sources of interferences 212: 1#1“ Hnﬂ Mﬁ- AE
— 5 p+ﬂ:_ . s 121.: E limgi: Y ‘1“_'” LLlFI_.—| o
B — ., [rrnm 2] BABAR (20.7 fb!) prelim

—> p T — .’ SStI'OIlg n'a""52""—61""5""0'1""62'”'&%3
— B> pn— —~

BY(At) — ; Ly 1t BF (3.1£0.5%£0.3)x10

_ _

- BO_) p = 20 Higher nnn
—» B — 0 resonances, with

B’(At) — o P’ ST T different strong
=B s sinuria) [ P e ool
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Prospects for Measuring y

> D'm decays to extractsin(24 + y)
o CPVinmixing/decay B° — O m'«»B° > D " (DCS)
o clean theoretically,
pure tree amplitudes - no penguin pollution
o ..but time-dependent £Pasymmetries at the few % level

> D°K* where D°,D°— £, decays to extract y
o interference B — D°K*<+> B* - D°K*

ABY— D% fA(B- — D)

/

Original construction
by Gronau & Wiler: VZABT— D&M

A(B — D%")

2y

AB*— D%*) = AB — D%XK")
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First Look at BELLE

CP+ =K'K ,nm'n”

EventsM10MeY

CP - = Kon° K20, K2n, KO IS
Preliminary . N
CP+ CP— § é
Acp| Ay = 02070204005 | Ay = 0227025 + 0.04 | < :
—0.14 < Ay < 0.79 —0.60 < Ay < 0.21
Rep| Ry =1.38+0.38+0.15 | Ry = 1.37 4 0.36 + 0.12

Br(BET — D,K*)/Br(B* — D=

R
‘" Br(Bf — D'K+)/Br(Bt — n“ i}

Events100eY
Events/10Me'

(Cabibbo suppression factor ratio, Dcp vs DY)

Preliminary

BELLE KEK TCS

Extremely challenging ™ i L
experimentally! -0.2 AE [GeV] 0 2 AE [GeV] 0.2
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Testing the Standard Model

> Assumes [Veb/ ~ 3% and [Vub/ ~ 107%
o Much experimental and theoretical work underway to achieve this
 New results on inclusive/exclusive semileptonic decays
- Will be entering an era of very large tagged samples

> Assumes Am_ known to 0.2% from Tevatron

e

ca. 2007
o(sin2B) ~ 1%
a~ b, vy~ 100
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The TEVATRON

> Run 2 started

o Improved CDF and Dzero
detectors

o Expect 300 pb-1 by end of
2002 and 15 fb-1 by 2007
> Examples of specific
physics strengths
B. mixing
B — K, KK
B.—> DK
B —J/ys

0.6

: - 20
: 415

1 75
4 70
4 65
- 60
Xs ~ 55
~ 50
+ 45
440
4 35
~ 30
4 25

—

sin 28 (Run II) = 5
| | | .

- 0
200 1000 1500 2000

Integrated Luminosity (pb_1 )

O 0 x, Limit
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Summary

> Have entered era of B Factories, with a renaissance
of experimental and theoretical activity on B physics

> Motivation for these and upcoming facilities is a
definitive test of CP violation in the Standard Mode/

> July 2001 saw the beginnings of this program
Unambiguous observation of sin23=0.79+0.10 I
CP violation in the B system

World average dominated by

BELLE and BABAR

> But..still working towards a definitive consistency
test of Standard Model expectations and constraints

Complementary approaches of the different 2 factories
will be needed to tackle this challenge
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Backup Slides
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current Experimental
Constraints

Based on Hocker et al., Eur.Phys.J. C21, 225 (2001)
(many other recent global CKM matrix analyses)
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Constraints fromb - u & b — ¢

> [Veb| (excl.) CLEO hep-ex/0007052
o B>DWry Veo|- By (0 =1) LEP hep-ex/0009052
o Fy(1)~1+ HQET corrections

» |Veb| (incl.)

CLEO PRL76 (1996) 1570

o B>Xc /v [Vg fromHQE
LEP hep-ex/0009052

o Assumes Quark/Hadron duality
|VCb |: (4076 * O'SO(Stat-l—syst) + 2'O(theo)) X 10_3

> Vu| (excl.)
o Bo>n(p,0)lv CLEO PR D61 (2000) 052001
o Model dependence

> ‘Vub‘ (incl.)
o Bo>Xy/lv |V fromHQE LEP hep-ex/0009052

o Assumes Quark/Hadron duality

[ Vup = (3.49 £ O°24(stat+syst) x O°55(theo)) x107°
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Constraints from Mixing

LEP Working Group
3 Winter2001 | > ‘th‘ from Amg, (BOBO mixing)

 World average (prel.) o Limited by uncertainty onfp, - BBd

Fs1—t A1 1

+ datat1c A 95% CL limit 15.0ps®

-~ 16450 o sendtivity  18.1ps* "
[ BB data: 1645 Z11 Amp,=(0.487+0.014 S’
r [ d:tgi 1.645§(stat only) ] Bd ( (Stat+SySt)) p

TIN5 [Vig|/[Vig| from Amp,
! and limiton Amp_(BsBs mixing)

Amplitude
N
()]

N

o limited by uncertainty on

05 (computed at the 5% level
Ak from the lattice)

 LEPAnd SLD et | -
15 s s Y5 10 125 15 175 20 225 2 ‘ AmB > 15ps 1 @ 059, CL I
Amg (ps'l)
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Indirect Constraints on Unitarity Triangle

» CP-averaged measurements:
J>0 at ~1.7¢ _
» Evidence for CP violation from !
CP-averaged observations '
consistent with CP violation in
kaon system (given by [ek| )

= 0

Constraints on apex of UT |
and CP-violating observables: |

-1

sin2f € [0.47 <> 0.89 |
sin2a € [-1¢05]
v e [34° < 82°]

2|
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at BABAR

®
\
g
S

(‘\]‘9‘ % T T T |
- a L _|
% ] E 10 3704
o 12 T
g s 5
N(_) T T T T > ') 4 =
> BB 2 & =
E 10 + Lo —E
o T T 15
2 = o, 0 >
= L 1o = 1%
2 & g =
o | j = 18
SHONS 12
o I, Z l][||
o Tl 1% 8
e IB= LT
o 1% o % |
& 1= > 1
£ |2 2 [ Kdn*, |2 587
3 = ST -4z
7 = [aa}
- m )
0 1 [ Lo Y BT ! 1 L ! H 1
5.2 53 02 0 02 o O o0 b N
2) AE (Gev) N§ T T T T % T T T ‘ T T T
m_. (GeV/c 1s T
= 2 Ko 2 - 179
o 12 _[
Z s L - L -
BABAR : 12°
20.7 fb-! - -
o U n '.u"-, 0 "'T_-..\—“l | w“,, L
52 53 -0.2 0 0.2
BABAR PRL 87, 15802 (2001) . (GeVIc) AB (GoV)
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B— Kr, nr at BELLE

NS 15 %) ~ 10 > 8
= = Q
> = > =
[} olO Q o
=10 ~ = ™
0 ~ o =
o 2} ™ 2
-~ 5 N E S L ~ E
2 3 2 2
c L c
S o O of S o
O 40 £ 3
40
30
20 20 r
10
0 0 F
6 6 [ -
4 i 4 : a
1 r 2 h [
2 2 H ! C —
0 :|| | ”|||||| Al B 0 b ot bb by vy gl 0 -| L |||| || ||JJL|J ’ [N ! 0 L lj ﬂ_ _-4-|"H'| |\\
52 5225 525 5275 53 -0.25 -0.125 0 0.125 0.25 5.2 5.22 5.24 5.26 5.28 -045 -03 -015 O 0.15
2
m, . (GeVic?) AE (GeV) m, . (GeV/c?) AE (GeV)

BELLE

10.5 fb-!
BELLE PRL 87, 101801 (2001)
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Early LEP Results

o 4 BT L — T T T T - :IIII TTTTT . _ +1,8
FION: OPAL: ¢ o[ sin2p =321 +05
< " F 3 w i
I - . E 4 - =
3:§\ ERE-: ]
25 | i 7 2F h
2 £ 1 T oF f E
15 | i E L F =
[ ] =1 - .
1 ;_ _; o 4 :_ _,_._--'-""f _:
0.5 £ 3 : ]
0 S ' L 1 -6 :||||||||||||||||||||||||||||||||?
6

OPAL EPJ C5 (1998)

= |-
-

-1 0 1 2 3 4 5

=2}

L5 T 2/ . +0.82
L@ < | ®fsin2B=0.84""y1 +0.16
= | 2k
Lot 2
o I =

5_‘ ———
é [ z 0 g
205+ 3 :
fu I E -1F
g =
= i ~
] PR T T S N S N T SO A B L =37 ] I ] ] 1 1 |

ALEPH PL 492 (2000) = ' ¢ ' : etz 3 s

sin 23 Proper time ¢ (ps)
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Vertex and At Reconstruction

Reconstruct B, vertex from
charged B.,. daughters

Brec direction

Determine B, verfex from

charged tracks not
belonging to B

Brec daughters

.
-
.
*
-
-
-
-
o
-

rec W

B... vertex and
momentum Beam spot ~ o
beam spot and Y(45S) TAG Vertex
momentum 7  Br,g direction
> .
High efficiency (97%)

Average Az resolution is 180 um (<|Az|> ~ Byct = 260 um)

Conversion of Az to At takes into account the (small) B momentum in
Y(4S) frame

Az = By, cAL+ 1B, ¥ v €08 O,,.C(7 0 +| At )

__ At resolution function measured directly from data
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Flavour Tagging Performance

The large sample of fully reconstructed events provides the precise
determination of the tagging parameters required in the CP fit

/

Highest "efficiency”

Tagging Fraction of Wrong tag Q = e¢(1-2wf
category tagged events ¢ | fraction w (%) (%)

(%)
Lepton 10.9 0.3 89+13 7.4+05
Kaon 35.8 +0.5 17.6 + 1.0 150+ 0.9
NT1 7.8 0.3 22.0+ 2.1% 25104
NTZ M 13.8 0.3 351+19 \| 12403
ALL 68.4 0.7 N\ 261+12

\

The error on sin23 and Am depend on

“the quality factor” Q
(sm 2[3

v
e

Smallest mistag fraction
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sin23 likelihood fit

Combined unbinned maximum likelihood fit to At
spectra of flavor and CP sample

Fit Parameters Driven by

Mistag fractions for B° and B° tags 8 | |
Signal resolution function 16  Tagged flavor sample
Empirical description of background At 20

B lifetime fixed to the PDG value Tg = 1.548 ps
Mixing Frequency fixed to the PDG value Amy = 0.472 ps!

Different At resolution function parameters for Runl and Run2

v" All At parameters extracted

45 total free parameters II- from data
v’ Correct estimate of the error and
correlations
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Belle Flavour Tagging

2-stage Multi-variable Flavor tagging

[ informations of charged tracks ]

" .
‘ Qa p s pmigga E'ld:“ ‘

=
T A K epton . 1 Lookup ld(hlE)
r[*pil[':kJiE'\'l:"l LLH l L NH._ NE
‘ j ;]_L N gt NE
Event-level LH ‘ q= 41 = Btd;:,
l Lookup Table q=-1= Bmg
( flavor information [, 1 . l'=(1-2(l)) »

—> 6 r-regions (6 tag categories)

Belle Resulits, KEK TCS
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Belle Flavour Tagging

E Determination of wrong tag fraction w,

Flavor specific decays + Tagging B' > Dy

.+ E 1 Fi=ra0.ds £ 1 F0.25<r20.5
BY — D*lv, DUt/p (—mixing) &, -
- - ] il ——— —— z i '_"""1-4.—____1;;.-=|=
o {)P = SP .5 s

Asym =

OF + SF

I g ]
Fraper decay "llki psl

N I'mp:r ﬂu.‘u}1 H TR Y]

'g' U EiS<p<i, 625 % | FD.625<r=0.75
=05 b Z0s
2y ‘—H&S‘L(.-//— 2

1 -5 | a5
.-"I‘ -1 E -
08 .'i. ; ﬂS{ﬂﬂlﬂi) ! I'NH'!:" ﬂt'-'H}1=.lﬂIH.|1'rJ ! I'rqli'rqlu':_ulllhlnipnj
o
06 g “ . t ! [oTsroETs | g LDATEELD
& - mixing E \\677*: s |
o . E e
I 4 amplitude »
g =I5 FI -_
0.z - = S F
4 | |
A
UDI.I: CI_.E 0.4 u_.ﬂ oa 9 ! I'mpsr ﬂl\:-l’l:l.llllr'“-"lp"'j ! I'r-p?rdw::.llgmup-n

Belle Results, KEK TCS
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Check 'null” control sample

LA I

= a)

~ 400 | BABAR |
% .+ B tags Input By, sample to cPfit
E 200 o B’ tags

b O

Raw Asymmetry
=

—

At (ps)
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Systematic Errors on sin2f

> Signal resolution and vertexing = 0.03
o Resolution model, outliers, SVT residual misalignment

> Tagging = 0.03 ‘BABARI
o Studies of possible differences between B, and 5;,,.,. samples

> Backgrounds = 0.02 (overall)

o Signal probability, peaking background, £P content of
background

o Total 0.093 for J/¥ K_ channel; 0.11 for J/¥ K™
> Total = 0.05 for full sample

Ks K K Full
Total Sys |0.049 |0.104 |0.162 |0.049
Total Stat |0.151 |0.340 | 1.01 0.137
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Systematic Errors on sin2f

D

<o Vertex algorithm 1+0.04
Flavor tagging 10.03
Resolution function 1+0.02

K; background fraction |[10.02

Background shapes +0.01

Am, and Ty, errors 1+0.01

‘ Total +0.06 \
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Fit Results

> Extended ML fit to the BFs and CP done
simultaneously:
o D tagging categories (leptons, K, NT1, NT2, untagged)
o 8 event species (Sig and Bkg: n'n- , Kt~ , K'n* , K*K")
o Discriminating variables (mgg, AE , F, 0,4, 0., , At)
o Dilutions, R(At) for the signal taken from sin2 analysis
o Amy, B lifetime fixed as in sin24 analysis

o R(At) for the background taken from sidebands in mg.
distribution

S(n*n”) =0.037)2 (stat) £ 0.11(syst)
C(n*n”) =—-0.25"% (stat) = 0.14(syst)

A, (K*n%) = —0.07 £ 0.08(stat) + 0.02(syst)
BABAR hep-ex/0110062

D.MacFarlane at WINO2



	New B Factory Experiments
	Luminosities at the Y(4S)
	ARGUS, 1987
	Part of Worldwide Effort
	Four Main Themes in B Physics
	CP Violation in the Standard Model
	Unitarity Triangle
	Indirect Constraints on Unitarity Triangle
	CP Violation in the B System
	CP Violation in Decay
	Interference of Decay Amplitudes
	B? Kp  and determination of g
	B? Kp, pp at CLEO
	B ? pp/Kp BF Summary
	Ratios of Branching Fractions
	CP Charge Asymmetries in Kp modes
	Asymmetries in Other Charmless Modes
	Inclusive b ? s g Decays
	Exclusive Radiative Decays
	CP Asymmetries in Charmonium B Decays
	CP Violation in Decay: Summary
	CP Violation in Mixing
	Formalism for CP Violation in Mixing
	Results from LEP
	Results from B Factories
	CP Violation in Mixing: Summary
	Formalism for CP from Interference
	Golden Channel:
	Results from CDF at the Tevatron
	Experimental Technique for B Factories
	Shared Analysis Strategies
	Measurement of B0 and B+ Lifetime
	Samples of Fully-Reconstructed B Decays
	B-Lifetimes: Time Distributions
	B-Lifetime Measurements
	B-Lifetime Measurements
	Measurement of B0B0 Mixing
	B Flavor Tagging
	B-Mixing Analysis:Time Distributions
	Mixing with Hadronic Sample
	Mixing with Hadronic Sample
	Time-Dependent CP Asymmetries
	Measurement of sin2b
	CP Sample for BABAR
	CP Sample for BELLE
	Angular Analysis
	CP Analysis: Time Distributions
	Raw Time Distributions
	Raw Asymmetries
	BABAR Result for sin2b
	“Corrected” Asymmetries
	World Average
	Search for Direct CP
	Future sin2b measurements
	More CP channels: B ® D(*)D(*)
	Measurement of Transversity
	More CP channels: B ® fK(*)
	Other Modes for sin2b
	CP Violation in            Decays
	Extraction of sin2a
	Two-Body Data Sample
	Projections of Data Sample
	Time distributions and asymmetries
	Measurement of sin2a with
	Prospects for Measuring g
	First Look at BELLE
	Testing the Standard Model
	The TEVATRON
	Summary
	Backup Slides
	The Asymmetric B Factory Concept
	Event Display
	Current Experimental Constraints
	Constraints from b ? u & b ? c
	Constraints from Mixing
	Indirect Constraints on Unitarity Triangle
	B? Kp, pp at BABAR
	B? Kp, pp at BELLE
	Early LEP Results
	Vertex and Dt Reconstruction
	Flavour Tagging Performance
	sin2b likelihood fit
	Belle Flavour Tagging
	Belle Flavour Tagging
	Check “null” control sample
	Systematic Errors on sin2b
	Systematic Errors on sin2b
	Fit Results
	Semi-Inclusive Studies
	Study of fK(*)
	B Factories: Luminosity Projections
	The Next Generation



