CP Violation in the B system:
Measurement of sin 28 =sin2¢

« BaBar and Belle have presented data on tagged B, and B SMITH
decays to final CP eigenstates, fcp , to observe the time- HAZVM)
dependent CP asymmetry

« Both employ the “golden” final state J/¥ Kg and ¥ (2S)
Kqand ¥ K, . (Belle uses a few other modes) Through the
time-dependent asymmetry, these decays all provide a
measure of sin 2 8 in a theoretically clean way.

« The high-performance subsystems of the detectors all work
so as to make the prime measurement for which they were
designed.

LI
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S. SMm®
Crucial Elements in A(Al) Emm%%“

1. Vertex mmwo_czos

Even at PEP-1I, B’'s don’'t go very far! (=250 wm)
= 5 Layer Silicon Vertex Tracker
6,~10 um: reco'd B
180 um: tagging B
(rms for 99% of events)

February 19, 2001 BCP4 Tse-Shitma, Japan 4
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we.__o Ue.ee?.. (Bisee)

€ Silicon Vertex Ee.ee..,.... (SVD)
€ Impact parameter resolution : 55um for p=1GeV/c at normal incidence
€ Central Drift Chamber (CDC) .
® (op/Pt)Y = (0.0019P8) + (0.0034)* (Pt im hmﬁﬁ% SYO:Vartex Detector

€ K/n separation with %ﬂf GO Chamber
&  dE/dx in CDC Ouu=69%) //,\, W2 g
@ TOF (Gyo0= 95p5) \ |

TOF:Time of Flight

4 Aerogel Cerenkov (ACC)
& Efficiency = ~85%, N
Fake rate = ~10% up to wﬂ_@ﬁa&/

€ v, ¢t with Csl erystals (ECL)-
& oy~ 1.5% for E=1GeV 3
& ¢t efficiency > 90% with ~0.3% ?—E e q g
& |

¢ KL E..- it with KLM (RPC chambers) "S5 S0
. . %‘ih > 3@ ﬁﬂ’,ﬂmﬁw ‘ﬂ'ﬁ_ ﬂ. > H@Qﬂ.\ﬁ w_._.__/{ L&

February 1923, 2001 BCP4, Tse-Shima, Japan The Belle ColluBoration
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Time evolution of SiN2[

OPAL ___ e 3201 2T S
COF | _I-,IA 0.79 " o4
ALEPH Y B, m_ 0.84 "' %% + 0.16
BELLE TT 583 18
BABAR I 0.34 + 0.20 + 0.05
Average _T__ | 0.48 + 0.16

05 0 05 1 15 2 25 3 28

sin2p

February 19, 2000 BCP4 Ise-Shima, Japan 40




Measurement of sin 2 8 (con’t)

« The results for sin 2 8 are
0.34 +/-0.20 +/- 0.05 BaBar
0.58 +0.32/-0.34 +0.09/-.10 Belle
« These results are consistent with each other and with
previous, less accurate measurements.
The present “world average” for sin 28 1s
0.48 +/-0.16
« These results are also consistent with the Standard
Model and a single phase in the CKM matrix as the
origin of CP violation, in which sin 2 8 1s in the range

0.5100.9 .
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M. HABYA/

CcpP m. wmm..mmg..ee

A_VMWHH_H\N

sin2¢) = 0.58 103 (stat) o asyst
i ™ -l

1) Probability ot

observing sin2 ¢

.58
CKM

Model

if CP is conserved

-
- "

- -

-

IS

e,
-

Poster presentation by
Dr. D. J. Jackson

for more information !
February 19-23, 2001 BCP4, Tse-Shimay, Japan The Belle Collaboration
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a " —L L i L . .._ L 1 Sk, ik W, _ 1 P

-1 -0.5 O 0.5 1

p

Allowed region (blue) is determined using theoretical
inputs and! fitting many experimental measurements

February 19, 2001 BCP4 [se-Shima, Japan 41




Measurement of sin 2 8 (con’t)

« These are great results and we can now see
getting to the goal of errors of 0.1 or less for the
“golden” mode, J/ ¥ K, and confirmatory
measurements in several other modes. At
present, the asymmetry data for J ¥ K with

K. decaying to 7t" 7t are (statistical errors onl
S ying y

025 +/-0.26 BaBar
1.21 +.40/-47 Belle

14



Measurement of the Other Angles i
* Forsin 2« =sin2 ¢, , the original prime mode was B -> -
" o, but it was soon realized that in addition to the free
amplitude, penguin diagrams with a different weak phase
enter. Theory using isospin allows using other 7 7 GRONAY
modes to remove the “penguin pollution”, but BR’s are
low. Modes like @ o could help.

* Forsin 2 ¥ =sin 2 ¢, , many methods have been FALK
proposed. Where will the first rough measurement come ATWOOP
from? Probably interference of penguin and tree
amplitudes in B -> K 7 decays. A “precise” value Mwﬁl
should come from B, ->D°K rates or B () > D, K -
HE colliders. oo 15 d§

= .‘.._.,.:-_ ..;An




Rare B Decays

« The measurement of many branching ratios for *Rbrﬁi._ _
B -> PP, PV, and VV to the 105 level and below is * TINA
proceeding apace from BaBar, Belle, and CLEO. “s\ CNER
Exclusive and inclusive b -> s ¥ radiative decays are - WSHINODA

becoming standard measurements and we are headed Boz&K

toward measurements of b->s ¢ U-. GARMAS

« Important theoretical progress is being made as well, MANNEZ

especially in understanding where and how factorization
applies, how penguin amplitudes fit into the picture, and
where and how we might see indications of physics p

beyond the Standard Model. Precise data from both  MASERO
electron-positron and hadron collider experiments will be

LonDeN
needed in the interplay of theory and experiment. Hov
iy

L
K VM




B - Kn, KK, nr

Results

CLEO K= PRL 85, 515 (2000)
BaBar/Belle ICHEP2000

CLEO/(9:7MBB ),

Signif | 5 %106

gni | @E BE x 10t
o 0200002 | 420 [ 48 | 435205
2t | 2035 | 320 | 39 <127
22 | 625 | 200 __ 29 <57
Ktz (802000 | 170 | 48 || 17255412
£n | 525 | 760 | 14 | B255EL6
K | RS ate | 38 | wness
k2 | 605 | a9e | m | med)
&k | 9% | oo __ 8 <19
R M | e | M _ﬁ <5
K| o o | 5 | <m

¢ Good agreement with theory Data

# Small rate and limit for mm modes Fif Proj

% No strong phase enhancement  Continuum
% Large gluonic penguins

A. Lyon (CLEO)-

v

2001

o signal
Kn bkg
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TIXTIMA

an/Kn/KK Summary ¢ n&%@m/,

@ Belle(BCR4) /
® Results w/ 11.1M 8B 31 A
® BABAR(ICHERP2000) —
| e |
Eff UIL. i R e elEo
Mode Nis ) %) Br(10-3) ﬁﬁ@&. ._‘ i m BABAR
BO—mm [17.7*74] 3.1 | 28 [0591351:0058) - | " |

Boww | 94728 (29| 12 (071735 3% [126 | v [

February 20, 2001 “Stuidies on B Meson Rate Decays at Belle”, Toru lijima for Belle Collaboration' @ BCP4!



HADRONIC B DECAYS

BRANCHING RATIOS FOR B — hth'~

The combined 8 parameters fit yields for 16 032 events

[N £ o(stat) £ o(syst)]

N‘F?F = 41 E_E 10 i 7
Ng, = Wotifrs
Nigxw = 82 f;i =33

(correlations < 15%)

The branching ratios are obtained via BR = Ng/eNpgg, with
Npg = 22.5 x 10° and ¢ = 0.43 (K¥K™) - 0.45 (v ).

[BR. % o(stat) = & (syst)] (X 10_6)

Decay Mod
BABAR CLEO
o 4.1+1.0+07 4354 L 9%
K*¥z~ 16.7+1.6%2 W22 L 1.9
K¥K~ <25 (90% CL) < 1.9 (90% CL)
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7. ZZTIMA
B—DOK-/D™)n- Ratio

5 Results with 11.1M BB

PID(K)<0.8 PID(K)>0.8 3 : w....ﬂn!m..l.gu
Signifi.
IN(DK) N(De) »

IN(D)
DOy *?%ES@ __ 135.7+15.6 |490+113 |113 _e.suo»a.gﬁo.go
D*hr- __ 681.9+32 1 qﬁmﬁﬂw 101£49 6.0 |0.066:0.015+0 007

?a:. ; @E.m&mm.hwm.uww.we.wi.@ @.uo.owoﬂo.o_uﬁobew
D*h | 640.9+308 #mwﬁ: 20.6+5.7 ..__G 0.072+0.015-£0.006

» Many systematics cancel in the ratio
» Results agree with the expected ratio, Re ~ 0,074

SCLEO w/ 3.3MBB, Br(DOK )/Br(DOr =0.055: 0,015+ 0,005
m First observation of the B—DK-, D'OK- and D**K-

e ——————————————————————————

February 20, 2001 “Studies on' B' Meson! Rare Decays at Belle”, ToruTijima for Belle ColltBoration @ BCP4
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B - K3(1430)y =

o 1M BB events
o [Exclusive reconstnuction
KEnt, K3n®, K¥nd, K4n"

| Mg — Migeguisoy] < 100 MeV /e*

B(B — K3(1430)y)

PY | ST | ST | YO | N

i

522 524

5260

Signal Yield

15.6 4 4.6 15% events

Assuming all are K;(1430)y, Bramching
Fraction

Radiative B Meson Decay (page 5)! Yutaka Usiiirodh'

Kyoto University
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[ConcLosions) & SHVERSTRIN)

D cHARMING PENGVINS N B kx DEGAYS
ARE DOVBLY CABIBBO ENMANCED CORRECTIONS
To BBNS FACTORIZATION = NUMERICALLY
DOFMINANT ( RELEVANT)

@ A (Teo) smmmeﬂ ANALY SIS Swows
THAT :
% FOR (=55 AS «\VEN By uT FITS

AnD Mwm&%‘m

CHARMING PENGUINS , CAN REPROBICE
EXP VALVES FoR b-n'l& bECAY §
(W!‘FH PENGOIN " PATIECN  7°k°~ 7oy mu j)

¥ FACTORIZATION WITH NO CMARMING:
PENGUINS &GIVES A MUCH woRSE FIT
To 8okx, EVEN FOR VERY LARLE Y

B) FULL ANALYSIS 1N PROGRESS...
| 16F



Charm and Kaon Physics

« Charm acts as a staging area, both experimentally
and theoretically, for the assault on B physics 8164

« In addition, it may yet give us some surprises of
its own as we push on the measurements of x = sMITH
AM/T andy= A I /2T ) in the neutral D TANAKA
system and on CP violating asymmetries to the
few percent level and smaller.

. Kaon experiments continue to provide alternate
theoretically clean measurements the CKM NGVYEN
parameters. The next generation of planned ARSNTON
experiments aims at BR’s at the 10°!"! level. yocH

LEPTINGS ¥ COMN
.‘-‘u Qla ‘i‘.
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Conclusions

Best E@@mﬁeﬂg. of the D" widith:

First measurement of “wrong sign” rafe in DO->K*mm?:

“m.s.g - (0. 43" (stat.) % 0.07 (syst.) P %

— Combined proper time/Dalitz fit under study -- stay tuned!

New direct CP i&mmg wﬁﬁmw -.-ﬁmﬁ___m
ARIR") = (+ 01413 (stat + sysi))o.

Ay = ? 0.1 £ 4.8 (stat -+ m_wm__vvﬁu | %

7 AKIKS) = (234 19 (stat + mwm@g |

...... S ——

A K )= 0.0005:2 0.0218 (stat) £ 0.0084 (syst)
Al n )= 0101954 010322 (stat) + 0.0084 (syst) |

New y measurement:

3 =—-0.0110.025 (stat ) 0.014 @é__t

A SMTH
(ce&e)
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Conclusion

We have reached the time where the colliders, detectors,
and experimental collaborations are in place to carry out
the long-planned exploration of CP violation in the B
system. Theory has made considerable progress as well
in understanding how to relate the measurements made to
fundamental parameters and other routes to them.

Early results on sin 2 8 have been presented, and we can
see decisive measurements of the angles of the unitarity
triangle being made in the next few years to confirm the
Standard Model picture or point beyond it.
The B-Factory and hadron collider experiments are also
exploring a host of related issues from mixing to rare
decays and direct CP violation.

Prepare for enormous amounts of data and great physjes!



