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Introduction

« In the middle of the last century, it was understood
that neutral, flavored mesons would “mix™ with
their antiparticles.

Therefore, mass eigenstates are superpositions of
particle and antiparticle.

« Experiments verified this mixing and then that the
mass eigenstates were not CP eigenstates.

« For neutral K mesons, AM ~ - A I'/2 and the two
eigenstates have very different lifetimes,
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Experimental Layout
Two Paths to a CP Eigenstate
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B° - B° Mixing
For the neutral B, system, A ' << AM, and

AM~08T

For the neutral B, system we have only lower
limitson AM~25 T ,while AT ~0.1 T .

New data were presented to the Workshop on
B° - B° oscillations and lifetimes.
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The analogue of the parameter € in the neutral K
system (due to CP violation in the mass matrix) is

small in the neutral B system as well.
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Mixing measurements

il el | ) el el ol
BABAR Hadronic "] 0:51940.020:0.016 ps’* ' NEW!
BABAR D*Inu (Osaka)) e 0L50840.0204:01022 ps
BABAR Dilepton (Osaka) T.TT: 0L507::0:01540.022 ps'*
Rielle Tilepton [ 0.463::0.008+£0.016 ps
ALEPHE T OAGLOL020L0.018 ps*
DEL P (— 0L19640.006::00029 ps
- OUIME0L028::01028 ps
OPAL _Tr; 04700130015 ps*
SLD s [ 0L52620:049401001 ps
coE” | | | 0A95LOL026+0.025 ps "
ﬂﬁu_% TV - _T_..__ PO | T _.“-_..E_Em._._._”.___ﬁ_-u,._.r
y o4 045 05 055 06
working group average bﬁrb_?l&_



Summary Of Results (O&LZL&)

—
‘Method Am (ps 1) |
Dilepton 0.463 £ 0.008 = 0.016 |

Semileptonic | 0.522 £ 0.026 (stat) |
- Hadronic J‘ 0.527 £+ 0.032 (stat) ;

e R .o -
Lifetime:
Method T #9) | et (5)
Semileptonic | 1.518 + 0.045 1.628 £ 0.060 |
Hadronic 1.5857092% | 1.679700as |
_PDG 1.548 + 0.032 :] 1.653 + 0.028

Adll Ilfﬁffﬁé errors are m&%

imgo — mgol/mge < 1.6x 107" (90%C.L.)
%f,gf:: - izge!,.ffgo < 0.161 (90%C.L.)
All results other than dilepton are preliminafy.
¢ Most precise measerment of Am to date.

¢ New CPT bound.

¢ Precsion lifetime measurements.
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Al', World Average

With the 1/T = Ty, constraint

CDF, LEP average
(Preliminaxy)

]l 68% €. region

E 95% C.L. region

B 99% c.1. region

H..Qxx_gi.l
with theory*: AT 7T,=009+004]

* Beneke et a/ hep-ph/0012222

** Bene Phys Lett B 459 (1999) ;
“ m.m\eﬁaueg oy ” ua__.s.n u%..u____?q :




Karl Ecklund Cornell Vs and e from CLEO

> N K ‘WII\
RESULTS (cL&9)
Our dilepton analysis gives:

ag, = (+0.013+0.050£0.005)(1.0040.10)

Combining with our hadronic tag analysis which found
(PLB 490, 36 (2000)):

a9, = +0.017 & 0.070 £ 0.014

We measure:
Re(ep)

T+ lenl = +0.0035

- 0.0103 = 0.0015

(L

CLNS 01-1717, CLEO 01-01 (hep-ex/0101006),
submitted to PRL

A\ >

BCP4, Ise-Shima, Japan 27 Feb 19-23, 2001




Particle — Antiparticle Mixing

The time evolution of the mixing is governed by a 2 x 2

matrix with elements My —i I} /2

The diagonalized matrix gives the mass and width of the
physical states.

CP is conserved if and only if Im(M, I ,)=0.

We can calculate M, in the Standard Model from
electroweak box diagrams involving W’s and heavy
quarks. QCD corrections are important and have been
done in leading order and next-to-leading order.

The couplings at the vertices of the box diagram are the
elements of the Cabibbo-Kobayashi-Maskawa matrix.



The CKM Matrix

In the Standard Model, the Cabibbo-Kobayashi-Maskawa
(CKM) matrix, V, relates quark mass-eigenstates to weak-
eigenstates
“ud <__ﬁ <g_7
<.E__ <ﬁm <e_v
<§_ <=w fﬁ?

V is a 3 by 3 unitary matrix, which is specified physically
by three angles and one phase.

CP violation occurs if the phase is not 0 or 180° and the
other angles are not 0 or 90° (they are neither).

The CKM matrix gives a pattern of FCNC and CP violation
in the K, D, and B systems.
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The Unitarity Triangle

Unitarity applied to the first and third colums of
the CKM matrix, together with values (which are
all close to unity) of the diagonal elements,
gives: V' + Vg = 5, Vi,*

Represented in the complex plane, this gives
‘the’ unitarity triangle, which visually
summarizes the less well-known CKM o ®
parameters.

If one normalizes the base to unity, the other
vertex 18 at (0, 77), the Wolfenstein parameters

A non-trivial unitarity triangle <=> CP violation
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Status of the Unitarity Triangle

* We know the base (|s;, V;, |) well, and one side (|V , [)
moderately well, so we need another side or an angle to
fix the position of the top vertex. Want other
measurements to test consistency.

« Measurements of [V .| and |V .| were presented to the
[Venl IVl pr TANG

Workshop. A new |V | analysis from CLEO uses CVOINE:
moments in mﬁa_@iwia and b->s ¥ inclusive aMnm_ ﬂm DIKE
to fix parameters. A more precise |V | 1S coming. _

« Have as extra input (if these originate in the SM)
- & from CP violation in neutral K mixing
- By mixing
- B, mixing limits




Karl Ecklund Coraell |V.p| and eg from CLEO

CLEO Inclusive |Vep|: (New syst. from o, added)

V| = (413£09%£06=0.4£10)x% 10-3

— (413£09%£12)x% 1073

Il

The above does not include theory uncertainty for

quark-hadron duality assumption.

Estimate at 5% giving

CLEO + LEP Dty |Va| = (409%£1.4£19) x 107
Inclusive V| = (41.3 £1.5£2.0) X 10-3
LEP Inclusive Vyl = (40.7 £2.1£20) x 107

) O 2
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Status of the Unitarity Triangle (con’t)

« There is a big improvement over the last decade.

« Most of the uncertainties are now theoretical, especially in
hadronic matrix elements of operators containing quarks. g AcMES
Discussion continues over how to treat these theoretical SALK
errors and how big they are. This has physics MHOCKER
consequences: Is the unitarity triangle non-trivial just ~ SOA%
from the present information on its sides? ‘

« Ultimately lattice QCD calculations will lower these AoN! -

uncertainties; progress continues to be made. a..hs\sg_ \‘h_ ; 9
* The next major advance? - measurement of By mixing at ..o, 50

the Tevatron collider to “fix” |V 4 | in the Standard Model.
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Figure 10: The allowed regions (at 68%, 95%, 99% and 99.9% probability) for 7 and 7 using
the constraints given by the measurements of [Vus| / V|, Amg and Am,. The constraint due to
k| is not included. The regions (at 68% and 95% probability) selected by the measurements of

T

are shown. For sin(253) the two solutions are displayed.

to examine under which conditions these decays can be described by the same value
of v as found in the present study. An exploratory work in this direction can be
found in [81].

relax, in turn, one (or more) of these constraints, still obtaining significant confidence
intervals. An interesting exercise consisis in removing the theoretical constraint for Bx
in the measurement of |cx| [82]). The corresponding selected region in the (5, 7) plane is
shown in Figure 10, where the region selected by the measurement of |¢x| alone is also
drawn. This comparison shows that the Standard Model picture of CP violation in the
K system and of B decays and oscillations are consistent. In the same figure, we also
compare the allowed regions in the (p, 75) plane with those selected by the measurement
of sin(28) using J/¥:Ks events.
Using constraints from b-physics alone the following results are obtained

A=0302088 ;  [0.145-0.400] at95% ; > 0.08 at 99%
sin(28) =0.67850% ;  [0.392-0818] 2t 95% (57)

(in terms of average and standard deviation the results are 7j = 0.296 & 0.063 and sin(2 )
= 0.663 = 0.109).
Another way for illustrating the agreement between K and B measurements consists in
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5. AoK!

“Lattice B-Physics” (BCP4)

Leptonic decay constant F

e important for CKM matrix, most extensively investi-
gated

e results from different methods are consistent in quenched
QCD
e ~ 10% increase of Fp in full QCD

Fe (MeV)

Quench(N.=0) Full(N=2)

17§ Lt d = QT }]I!_.. - - B
IBEAE % FNAL NRQCD
150 - - | -

125 — —

APE97/99/00,UKQCD00, Lellouch-Lin00, FNALS7,JLQCDY8, MILC98/00,CPPACS00,
AliKhan98,JE.QCD99,CPPACS00, MILC00,CPPACS00,Collins99, CPPACS00

F £



CP Violation Involving Mixing

« Decay of an initial B° to a final state f can occur by
B -> f with amplitude A and by B® -> B° through
mixing followed by B® -> f with amplitude A
Under charge conjugation the weak phases in A
change sign, the strong phases do not.

« If fis a CP eigenstate, then the time dependent
decay rate d " [(Bo(t)/ Bo(t) -> fp ))/dt is
proportional to [1 £ 7, sin2¢ sin (2AMY) ],
where the phase @ arises from a combination of
CKM matrix elements. In simple cases, it is an
angle of the unitarity triangle. )



CP Violation in Decay Amplitudes

« One can also have interference of two amplitudes
that contribute to a given decay. To get a non-zero
rate difference one must have at least two
amplitudes with different weak and strong phases.

« An example is provided by the neutral K system,
where interference of tree and penguin amplitudes
into the I = 0 and 1 = 2 final statesm K -> 7T 7
gives a non-zero rate difference characterized in
the amplitude by €% € ~2 x 107



The B- Factories

« Their performance is absolutely remarkable.

« For the future: PEPII luminosities should reach SESMMN
5 x 10% this year and an upgrade plan is in place to
reach 103 in 2003. Feasibility studies are being
conducted of several avenues to 3 x 10°*. KEKB
plans call for reaching 7 x 1 033 in 2002-2003 and
more that 10°* in 2005-2006. Discussion of super
KEKB with 10 has just started. KYUROKAWA
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T. SEENMY

PEP-II Records

- Achieved  Desigm
Peak luminosity (x 10/'33/em2/s) 3.10 3.00

Peak luminosity with BaBar 3.02 3.00
Integrated lumi. per shift (pb-1) 62 45
Integrated lumi. per day (pb-1) 174 135
Integrated lumi. per week (pb-1) 975 785
Integrated lumi. per month (fb-1) 3.6 3.3
Peak HER e- current (mA) 920 /750
Peak LER e+ current (mA) 2140 2140



S. KURONAWA

Performances of KEKB
As of 00/07/25 As of 00/12/28
Energy ¢'/¢ (GeV) | 3.5/8.0 3.5/8.0
Peak luminosity (10”cm”s™) 2.04 2.37
Current ¢'/¢ (A) at peak L 0. 47/0.42 0.60/0.49
Maximum current ¢'/e (A) 0.75/0.50 0.86/0.65
Number of bunches 1146 1153
Bunch spacing(ns) 8 8
Beta function at IP £, (cm) 07 0.7
Beam sizes at IP ¢, / ¢, (wm) [ 112(e")145 (¢)/1.7
Beam-beam funeshift ¢ £,/5, 0.036/0.037 0. 045/0.038
¢ EJE, 0.029/0.023 0.042/0.020
Max int. laminosity/day (1/pb) 90.6 135.3
Max int. luminosity/week (1/pb) 505 330
Logged luminosity by BELLE (1/fb) 6.83 11.09
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