Achille Stocchi
(LAL-Orsay / CERN )

31t JICHEPO2 - Amsterdam 29t July 2002



VVVYY VVI

ALEPH,DELPHI,L3,0PAL at LEP Z0

SLD at SLD 70

CDF at TeVatronl  pp 1.8TeV
CLEO at CERS Y (4S) symmetric
FOCUS E831 Fermilab v <300 GeV
SELEX E781 Fermilab p—7n2~ 600GeV
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H. Bosch (1504)
The garden of Earthly Delights



6 quarks masses 4 CKM parameters

~ half of the
Standard Model

In the Standard Model, charged weak interactions among quarks
are codified in a 3 X 3 unitarity matrix :  the CKM Matrix.

The existence of this matrix conveys the fact that the quarks
which participate to weak processes are a linear combination
of mass eigenstates

The fermion sector is poorly constrained by SM + Higgs Mechanism

mass hierarchy and CKM parameters



Wolfenstein parametrization
4 parameters : A ,A, p, M
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Visualization of the unitarity of the CKM matrix
Unitarity Tr1angle in the (p—m) plane
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MORE GENERALLY

To access the parameters of the Standard Model we
need to control the effects induced by strong interactions

Many measurements ( with different weights ) are essential

=P Decay properties and production characteristics

Lifetimes

Form factors

Masses (spectroscopy)
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Narrow states C. Weiser (LEP/SLD)

all right sign
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O=298+4+12 MeV
o=47 3+ 5 MeV
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Z o - o(**,1q) (narrow)/ o (b) = (9.8 £0.7+1.2) %
g Evidence of broad states at ' ' '
.k " L 100MeV and T~ 250 MeV -> Spin-Orbit Inversion ?
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~ ‘ (*)
DELPHI(prel.)/OPAL had ~2.50 evidence of B, ** DELPHI(I?WU ha(ci)a 30'evzdeizce of 25
with o(B.** ) / & (b) ~ 2% with o(2y7) /& (b) ~ 3%
NEW result from DELPHI NEW result from DELPHI
o(B ,**) /o (b) < 1.5% @95%CL o(2,)/ o(b) < 1.5% @95%CL
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C. Riccardi(FOCUS)

Charmed Baryon Spectroscopy A

Rich(est) spectroscopy —so far 22 charmed baryons found (some need confirmation)
4 weakly decaying : (1/2") A (cud), =0, Et(cqq), L2(css)
(1) 50, 5, 500+ (12 50, 500, 5 (25D S )5 5
(1/27) Ap (2593); (3/27) Ap (2625)  + two (3/27) narrow states (L=1) (~2815) Z7w mass
Most of the discoveries made by CLEQO *two (1/27) broad states + 7 (1/2) narrow Ag,

T

FOCUS @ 7+ and EKnx E(ced) DA K 1" Bt (cew) DA K xint
Oesy) | o SELEX

p— w2 beams

Evenis/d Mayic
g

]
5 4585 4.55 4575 8.6 4.6885 a.a a.as 3.4 a.as as a.55

25 76 290 M ~ 3520MeV/c? M ~ 3460MeV/c?
BELLE Q ¢ M=2693.7+1.3+1.1 MeV/c? First Observation of double charm baryons?

CLEO 4 modes M=2694.6+2.6 + 1.9 MeV/c? _

~20 semilept. events seen in BELLE



Interest of measuring the Lifetimes

I'H) = Fspect + O(I/m2A+I( ., ,W.S) + O(1/m,*)
7(P.I,W.A,W.S) N f_B2 Spectator effects are at order O(1/ m?)
r(spect) mj but phase space enhanced (16m?)
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w(B') = 1.540 = 0.014 ps ( 0.9%
Averages from t(BY) = 1.656 £ 0.014 ps ( 0.8%)
wB') = 1.461 + 0.057 ps (3.9%)
WAy = 1.208 £ 0.051 ps (4.2%)

T(b)

LEP/SLD/Tevatron

New result from Babar (B’) / DELPHI (B’,B")

) } + B-Factories

1.573 = 0.007 ps (0.4%)

(BB

(B, )/1(B’)

(A T(B)

Because of W.A. 7(b bar

Ay Lifetime shorter [
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result says the effect is
more important

Is there a problem for Ay ?

T /T (Badnuo

Franco,Lubicz,Mescia, Tarantino
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lifetime ratio

1.1

1.2

1.073 £0.014

0.949 +0.038

0.797 +0.052

0.784 +£0.034

LIFETIME Working Group

RECENT lattice QCD calculations
are able to explain lower values



Sandra Malvezzi(FOCUS)
Cristina Riccardi(FOCUS)

7(P.1,W.A,W.9)|

effects are larger
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7( DY) 4113+ 1.3 fs NEW / including new FOCUS/CLEO :

(DY) 1039.4 + 6.3 fs NEW /including new FOCUS/CLEO ’

©(D,) 490+ 9 fs PDG 2002 / not including FOCUS (506 + 8 fs (stat only))

(A ) 200 + 6 fs PDG 2002/ including recent FOCUS(204.6 + 3.4 2.5 fs) l

©( E*) 422 + 26 fs PDG 2002 / including recent CLEO-FOCUS (439 +22 + 9 fs)>

T( EOC) 109(+12)(-10) {s NEW / including recent FOCUS ’
vy (Q) | 79+12f1s ! NEW / including recent FOCUS R

A.S. averages

NEW

t(D?) /7( DY) =2.53 £ 0.02
(D, )/7( D% =1.19+ 0.02
(A J)/t(D?) =0.49 £ 0.01 In Baryon sector the expected hierarchy

’C(E"‘c)/‘C(A c) = 211 + 014 F(EJ) < F(AC+) < F(ECO) —_~ F(QCO)
Pl+-) WS+PI(-) WS+PI(+) (10/3)P.1(+)

Very Precise measurements. The agreement with theory is still “qualitative”



...was the realm of CLEO (9M B) = B-factories are taking over (~90M B)
Domain of BR ~ 107 ~10°

Treated by ~ M. Yamauchi (Belle)
PLENARY Y. Karyotakis (Babar)

D. Wright(BaBar)/T.Aushev(Belle)/Y. Watanabe(Belle)

B Open Charm (DX.DD....)

Partially treated by M. Yamauchi (Belle)
N B 2 charmless B decays PLENARY Y. Karyotakis (Babar)

B=2nxKr, ... J.Olsen(BaBar)\R.Itoh(Belle)

B> charmonium
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How do I feel in front of them ? ...same as yesterday ...
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predicted by
Hyeronimus Bosch
Final Judgement 1508

Inclusive decays are cleaner
(excl. depends upon not very well known form factors)

Photon energy spectrum depends on the quark mass and Fermi movement
= important for addressing theoretical error for V., (see later)

if b=>dy is also measured : Br(b=2dy)/Br(b2>sy)c |V /V, |
same constraint as Am/ Am,



C. Jessop(Babar)/S.Nishida(Belle) _
_ [pmy— Lz gsMp

%; Ky Krn ™y
Br Br(B 2K*y) (70-80)10-° with 50% theory error
Acp <0.5% in SM — Sensitive to non-SM CP-violation
BO>K" 0y B 2Ky B->K," (1430)y 1]
(10°) (109 (10°) 1.
CLEO 45.5+7.0+3.4 37.6 48.642.8 | 16.6+5.6+1.3 L, [H 'y
A, =-0.08£0.13£0.03 K’y ]
42.3+4.042.2 38.3 46.242.2
Ay, =-0.044£0.076 £0.012
>
39.142.342.5 42.1 43.543.1 15(+6)(-5)%1 G R w1 s e
A, =-0.02240.048 +0.017 (only ~30 MB) S e A
Br 106 90%c.L) ;
B(B?— p%) <1.4 Babar S 0.49 <021 Py <0.036
<26 Belle M 0.49 +0. B(B S K * 7/) A.S. estimation
+ +
BB — p) ji; ]]zililf SM 0.85 £0.40 Not yet useful for constraining (1-p)’+n?
B(B°— oy) < 1.2 Babar MAINLY because 50% theo. error
<3.1 Belle




BABAR 61MB
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Gambino-Misiak
BABARinchusive | e gy 3 80360050 T(35)20.431028 oo |

CLEO —— (3.21+ 0.43+ 027" 2 Bx10*
BELLE — (3.36+ 0.53+ 0.42+ 0.52)x10"
ALEPH —— (3.11+0.80+ 0.72)x10"

2 3 4 5 6 7

BR x 104



J. Richmann (BABAR)
S. Nishida (BELLE)

i
=

Entries /(0.2 GeVi®)
2 o

B
=

20

U N | N | N | . 1 | | |
52 522 524 526 5298 52 5225 525 5375 53
M, (Gevic®)

Sensitive to new physics
b -
B ¢

7] 1
W~ +
. y W R
LIPS ¢— &5
K B u,c,t K
. e ANOT NI (M30.2 el
inciusive —a Botie Xi [M:-0.2 GV, new, prefin.)
. CLEQ X
CLEO X_ow
L B(x107T} dgnif.
B fio Ko X,ee 50£23%F 34
K*]] Bﬁsﬁﬁ"&‘f}?’p”éﬂf’"".- :. Xuppp  79£21 f% 4.7
ar . predind. +
Badar K1 p S T
, COF K‘l_lll Ftee < 4.7 —_—
K up <12 —_
re Malikhov 97 Fiad 7] =< 1.4 —
| e Kee 381%1x06 27
o Betie NN (new, pretin.) Kun 8072508 4.9
. Bofio K PRLES 021501 {2002)) o H7
Kll +a_ BaBar KIl {FPCP, prelim.} KO85 £06 54
~— BaBarKll {PRLES 0241801)
CLEQ KII
| 1 |||||||| 1 |||||||| 1 |||||||| 1 |||||||| 1
107 10° 107 ™ 10 °

Branching Fractlion



Entries/3 MeV/c?
8

Entries/20 MeV

(:J T T T

. G PR L L L L s L P | 1 P o el N
To combine the K¥/modes, 55 57 524 526 5.28 02-0.1 0 01 02
assume K*ee/K*u1=1.2 (Ali et al.). Mg (GEVJS'Q) A E(GeV)

Br(K I"17)=(7.875518)x107 4.4 o (syst. included)
Br(K'I"I")= (16823 +2.8)x107" 280
<30x10~" @90%C.L.

T Moore (Babar) VERY CLEAN MODE
B(B*—K*vv) < 94x10°% @90CL Still far : SM ~ 3.8 106

Theory
[2-5] 107

New limit from Babar ~50MB



The rare B decays are described by various tree (T) and penguin diagrams (P)

Goal : to use it for the extraction of the UT angles. _
n Unitarity triangle from rare decays
at the B-factories
Example : Kn = determination of angles

B2 nr, pr,...

-P

(other B2 charmonium)
Many and important progress in the last years B2 nnK,... B=>D® D
with the calculations of amplitudes at m—> oo limit B> 1’ Ks

V , phase 2y But important contribution

u

from penguins B DK

Still controversy on corrections to it



Branching ratios

_ Br(B— f)-Br(B— f)
 Br(B— f)+Br(B— f)

measurement of CP asymmetries A p

Measurement of time dependent CP asymmetries
C#0 direct CPV

—|At|/ T

1£S, sin(Am,At) os(Am,At) |

w0 S

Mixing for neutral B

[ (At)=

Time dependent analyses for the extraction of the angles o and y
given in the Babar and Belle talks



E. Varnes (Babar)
P. Krokovny(Belle)
1) Test of the B dynamics . Example the Colour-Suppressed Open Charm DX(light)

T B
/’/LE b

Isospin relations

b
J D BdO

c

u

B0 =
d d g

Color — allowed ( Class I') Color — suppressed ( Class II )
A~(my—-mp)fr FP2P(m2)a(Dx) (g~ (m2=m2)fpF 27 (m3)a, (D7)

(a; and a, from data a la Neubert-Stech)

O, strong phase angle difference
between A,,, and A4;,,

CLEO and BELLE(NEW ANALYSIS) Y

—
u
[=}

=
g b
% + + ...'\
30 [
05:2 ‘ 52‘25 ‘ 5‘25 ‘ 52‘75 ‘ 5:'
‘ ' My (GeV!cz) ' "
T T T T T T T 50 T T T T T .
BELLE(~29MB) BABAR(~50MB) CLEO & - :
P
D0 | 3.1+04+0.5 29+ 03+ 04 2.7(+0.36)(-0.32) + 0.55> “ “ ° _
DO | 1.4(+0.5)(-0.4)+0.3 24+ 04+ 03 R E‘“’ Ew a
DO | 1.8+ 0.5 (+0.4)(-0.3) 2.5+ 04+ 0.3 R % "g‘m 3 H{ |
WD §3.0= 1.3+ 0.4(60MB) v ; e® | ] : 5
| + + .I. + ., 10 r + .,__..'
; } i
. .o . . . . 0 I L 1 L 1 L 1 0 L 1
Rates are more than twice the naive factorization prediction’s:] sz s s

m_ (GeVicH)

5.275
m_ (GeVicH)



Dominated by b= u transition with no penguin contribution
Possible way of determining V.,

.Many form factors and difficult to normalise ( ?D " D®-) d

B’ 2 D % 7~ Extraction of V,, ?

B’

Difficult to get better than 20% theo. Error (I’m optimistic!)

Evants/ (0.02 CaV

Br(B® —» D7) =(2.4753 £0.7)x107°

AE [CaV)

e , D —
01 - e - L
Foy 2 . 3
0F e =
D.1 — [ " ".I'-: A -
Ea e ot S e
o B N PRl BT T EPALE PR i . TR
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M, (Gav/c®)
B |
4F
2F
N
. Lz
AR | GaV)
Significance 3.0 0

events/2.5 MeV
(o]

[=)]
— T

5.275 5.3
meo(GeV/cY)

5.225 525

Significance 3.3 0

events/2.5 MeV
[9%) i
*
A
é]l

0
5.2 5.225 5.25 5.275 53
2y
m.o(GeV/c)

Br(B"~ D¢** 1) < 4.1 x 105 @90% C.L.

Br(B® 5> D!7n7)=(32+09%1.0)x107

=(2.5+£0.7+0.6(D, — ¢1))x10~
Syst. dominated by the 25% uncertainty on Br(D,2¢n)




Mode Branching ratio (x10-6) Belle Aqp Belle Branching ratio (x10-6) BaBAr A.pBaBAr Branching ratio (x10-6) CLEO
~31 MB/ /~86MB ~31 MB/ ~88 MB / ~60MB /~23MB ~88 MB / ~60MB /~23MB
BO—Ktn 225+1.9+0.8 -0.06 0.09 +0.01(-0.02) (17.940.9 +0.6) -0.102 +£0.050 £0.016 17.2 (+2.5)(-2.4)£1.2
BT—Krf 13.0 (+2.5)(-2.4)+ 1.3 -0.02 0.19 0.02 (12.8 £1.2 £1.0) -0.09 £0.09 £0.01 11.6(+3.0)(-2.7(+1.4)(-1.3)
Bf—rtnd 7.4 (+2.3)(-2.2)£ 0.9 0.30 0.030 +0.06(-0.04) (5.5 +1.0 £0.6) 'S 3 +0.18 £0.02 5.4)+2.1)(-2.0) £1.5
BY'—K 10 8.0 (+3.3)(-3.1)+ 1.6 (10.4 £1.5 £0.8) \ 03 +£0.36 +£0.09 14.6(+5.9)(-5.1)(+2.4)(-3.3)
BO—SK'K- <0.9(@90%CL) <0.6 (90% C.L.) \ - <1.9
B 54+£12+£0.5 (4.6 £0.6 £0.2) ’=-0.30 £0.25£0.03 4.3(+1.6)(-1.4) +0.5 >
Bf—n'n
S=0.02 £ 0.34 + 0.03 >
Bf—n0r0 <6.4 (@90%CL) <3.6(90%CL) 1 - <5.2
Bf—K*-anti K° <2.0(@90%CL) <1.3 (90% C.L.)n - <5.1 >
Bf—KOx+ 19.4(+3.1)(-3.0) £ 1.6 0.46+0.15+0.02 -0.17 £0.10 £0.02 18.2(+4.6)(-4.0) £1.6 >
BY%—K%nti-K° < 4.1(@90%CL) <13 >

-0.22 £0.08 +£0.07

B'—pn 8.0(2.3)(-2.0)+ 0.7 C =0.45+0.18(-0.19) % 0.09 10.4(+3.3)(-3.4) £ 2.1
S=0.16 £0.25 +0.07
BY—p*n * 20.8(+6.0)(-6.3)(+2.8)(-3.1) £5.4£4.3 27.6(+8.4)(-7.4) £ 4.2
BO—pr 0 <5..3(90%CL) 10.6 55
B0—atn £ 6. A)(-2.5) 1.1
B*—pK A 0.19+0.14 +0.11
Bf—n’K* 77.9 (+6.2)(-5.9) (+9.3)(-8.7) 6745 5 + + 80 (+10)(-9) £ 7
68.0 (+10.4)(-9.6)(8.8)(-8.2) 466 +4 89(+18)(-16) £ 9
B%—n’KO
(+0.9)(-1.6)

Bfon’n" 5.4 (+3.5)(-2.6) £ 0.8 <12
BO—n K" O/K*/p" <20/90/14 @90%CL <13(90% C.L.) <24/35/12 @95%CL
B —nK*" 26.5 (+7.8)(-7.0) £ 3.0 22.1(+11.1)(-9.2) 26.4 (+9.6)(-8.2) £3.3
BO—nK*0 16.5 (+4.6)(-4.2) = 1.2 19.8(+6.5)(-5.6) 3.3 13.8(+54)(-4.6) £ 1.6
B—nK <77 Y <6.9
Bonn <8.2 <5.7
B—np® / np+ <2.7/6.2 <15/10
B ot 6.6+2.1(-1.8) £ 0.7
B*—oort 4.3 (+2.0)(-1.8) £ 0.5 ) 6.6(+2.1)(-1.8) = 0.5 -0.01 +0.29(-0.31) +0.0.3 11.3(+3.3)(-2.9) = 1.5
B* oK 9.9 (+2.7)(-2.4) £ 1.0 -0.21+0.28 +0.03 <4 7.9
B0'—®K?° , ¢ (5.9 +1.7(-1.5) 0.9 =1
Bo'—on? - 33 5.5

Bt LoK* 10.7 + 1.0 (+0.9)(-1.6) v} (9.2 £1.0 +0.8) -0.05 £0.20 £0.03 55(+2.1)(-1.8)£0.6

Bt _,(I)K*i 11.2 (+3.3)(-2.6)(+1.3)(-1.7) -0.43 +0.36-(0.30) £0.06 <225

BO K0 8.0 (+2.0)(-1.8)(+0.8)(-1.1) 8.6 +2.8(-2.4) £1.1) 0.00 +0.27 £0.23 11.5(+4.5)(-3.7) (+1.8(-1.7)

BY —¢K? 10.0(+1.9)(-1.7)(+0.9)(-1.3) 8.7 +(1.7)(-1.5)+£ 0.9 <123

B * —¢nt : <0.56 (90% C.L.)

B*>pp

38.5+10.9(+5.9-5.4)(+2.5(-7.5) W

VV V V V/YYVIY99 P Y9959 97 97997 YY Y YY7VNVYGTYNY




Belle DCPV Results (29-78 1) -
K—’-E— | | | I”m}’ ” 1 | | |

, 0 = .
P | ' . Bomk, K.Suzuki(Belle)
o+ Wk B L ":+K0 A.Bevan(Babar)
iJr?tg - | b E;ﬁ E;EO A. Gordon(Belle)
L H . —» T
% T]K: B ”*'ia' ! i B - nin®
-‘ET’[KG_ I ,E . 5 I ] Bo_>p¢Ki
K*+ Il i s B &t
120K+ I N ] B > f]'Ki
DIK+_ I q:—.—} I BT on
D2K+ : e : B > ¢K*
K*’Y ol s s 3 1l s s 3 13 33l -”ﬁ-“- bl s 1 s s 31 533l Biﬁ q)Kj"i_
-0.80.60.40.2,0 0.20.40.60.8 B°— oK™

CF

- No direct CPV signal yet

g
[ PP ]
: , L 35.648.2 ents ]
Are we about observing the 7°z° mode (with Br~ 3 10-6) ? » 20 Issrs2ens Belfe
——— E]_’j_— \ ]
- | N z
<4 BaBAR _ o a’ Belle | 2o ]
g7 2 j S + e
%Gj E . ; 5E + | 4]
& o T o [ I %W
WLl E r 1 .’5.0200 3220 S248 5260 5280
: £ | ] >
i | s 7 ] ClurEdsity..
jf - ! ] First B22VV charmless b 2u
OTH\Huwlulwuuwuuw‘l:tl I Y ﬂ-....l. A P T L
5.2 521 5.22 523 5.24 5.25 5.26 3.27(2;325/05;.)29 590 5295 595 5575 530
- m, (GeV)

Also multibody are coming  p. Chang(Belle)



Experimentalists at work... Theorists at work...

T TP S TR I
1= ]

be patient !!

J. Vermeer (1669-70) e U J. Vermeer (1668)

The Lacemaker The Astronomer




Visualization of the unitarity of the CKM matrix
Unitarity Tr1angle in the (p—m) plane

— Radiative decays ( future )
’rl Br(K-— nvv) (future)

Oscillations
o «wv.
B decays A . e
i ub

<<

mc mb l-'l'zn:’ =
Form Factors

F(1), duality...

\
-p

Theory Error
small !

s YAYAYAY




N. Uraltsev

M. Battaglia(LEP)
V.Luth (BaBar)
D. Cronin-Hennessy (CLEO)
M. Calvi (LEP)

ATricom (LEP) Inclusive Method

v

"‘,/_. / B theo. Xp- By
b “ c 1_;,[ (b _)Cl V) — ‘ I/Cb‘ @ - .
f(uzn ) s Olg o pD(Or l/mb3) /

Based on OPE

(‘also named /) W, | (A, Fermi movement)

I = (0.431%0.008 = 0.007) 10-1° MeV  Y(4S) 2 ogg | BB S
5 [
I,;=(0.439+0.010+0.007) 10-° MeV LEP s | (
= 1000 | i
I, =(0.434 x (1 +0.018)) 101" MeV 5|
a 2%pF€CiSi0n Uﬂ.ﬂ B ':3.'5' | '1L:11' - '1|_5' " '27:}' T35
p [GeVic]

- Determination of V  limited by theoretical uncertainties .....



Measurement of the moments of the distributions of the
HADRONIC mass (CLEO/DELPHI)
LEPTON Momentum (CLEO/ DELPHI/BABAR (55MB)))
Photon energy b2 s y (CLEO)

CLEO PRELIMINARY DELPHI PRELIMINARY

~
o =
moment Of @.—
=

—0.G5
Photon Energy 01 -
a4 (5->5 ) :
08 |- \
—0.15
" moment O os
-0.2 tepton Ene '
Lot o 1°'Hadronic Mass
—0.25 - 0.4 -
-3 I
I .' 1 moment Of Y (E) ML(ED
%35 7 {Leptons) % epton Energy T =
os | 1 o Total 2 - M,(My) Ma(M,)
i Eﬁperlmental i
o5 | Ellipse 27 - DELPHI Preliminary
o= i CI” I Ilifl|1I - ;JIZIII:DI:BI”::]:I I Iﬂ!ﬁl”::IIE”IL]I?:IIIUIBIIIG!QI” 1
u] [} .2 o3 C.4 .56 (s 2] o7 OB A {GGV}

A=( 0.39+.03+.06-+.12) GeV A=( 0.44--.04+.05+.07) GeV

A =(-0.25+.02+.05+.14GaV/? A1 =(-0.23+.04+.05+.08) GeV?

V(inclusive)= (40.7 £0.6 = 0.8(theo.) ) 103

. V. Working Grou
Caveat : control of power corrections 1/m,’ cb g P



Based on HOQET

e ATy DELPHI

]
30 © w o pvxry
- W 5D'DX %@Q
300 - W 5>DTX + @@%@E&
i Z—)c;

Fake leptons
Combinatorial

B
S

Events/1.07 GeV>
[}
=

=
S

100




ALEPH

DELPHI(xl)

DELPHI(prel)

OPAL

CLEO

World average (prel)
V_, Working Group

Laurent Lellouch (plenary)

H_._H

}_¢_._¢_{

H_._H
H.H

H_._;_{

H

James Simone

IIIII|
30 32 34 36 38 40 42 44 46

F(1) [V |

_ V (exclusive)= (419 £1.1+ 1.9) 103

(40.7 £0.6 % 0.8) 103

V, =(409 +0.8) 103

V p(inclusive)=

ows [
o
34121416 >
~ 45
—
=
36.5+1.442.5 .
38.2+1.842.0 a0 -
375 —
38.4+0.9+1.7
35 —
36.0+1.9+1.8
325 —
3.. 3+
43.3+1.3+1.8 wh
275 -

Vo Working Group

CLEQ _

381+1.0 -

0.25

0.5

0.75

1

128 15 175 2

A.S. average



T.Mannel
N. Uraltev
M. Battaglia(LEP)
V.Luth (BaBar)
D. Cronin-Hennessy (CLEO)

ﬂiffgv = qg = (ﬂfg — ﬂfD)E
3-D Fit - q2 and M E,

b=>u
\Wb=2c

=00

CLEO

= . A
22 24 26 28 30
Gev?®

dB/d> 107 (GeV/ey'!

=
=
[ ]
i

0l

0.075

0.05

1 15 1 15

£, (GeV)
E, > Mo
- BABAR -
- Backg. -
+ substructed
: T

2

21 22 23 24 25 26

Clectron Momentum (GeV/c)

29

200

-

[=h 1 LE-] z 25

. 3
E 1{GeV)



Y. Kwon(Belle)
L.Wilden(Babar)

MAIN problem : large error from models

<Events=/ 7.5 MeV

S0
40
S0
20

10

=8

40
30

10

s8

40
30
20

10

CLEO PRELIMINARY B — wfy

z
A
&
3

8=g2<16 GeV2

ge=16 GeVWe

TR TTITIT

A
215 5.2 525 5
M b

ASN 001 /suaA]

(=1 ]

(DR T x 1%
0

[

0
-4

0
o

-
oW

e
W

a

]

SR - > (.p.0)1 v

Results from BELLE/CLEO/BABAR

CLEO PRELIMINARY B — 7fp

- - BALL 01

- - ISGW 11

3 --  SPD

Prob(ISGW-1I) ~ 1% T

o 2.5 = - 10‘q2 (‘I;-:VE)‘I = 17.5 p=ia 22.5

dl'/dg*(/10°ns™ /4.3GeV?/c*)  (corrected dist.)

BELLE -- Kodjamiriam

Preliminary - UKQCD

= B> nlv

F(GeVe?)



M. Battaglia Vub Summal’:y

<~ Aleph NN ””PMPH”F¥L!;LELHWVHI4J2i0£7iuﬁ2i035 ™
Opal NN ] 4.00 £ 0.71 £0.59 + 0.40 INCLUSIVE
Delphi M, . 4.07 £ 0.65 £ 0.47 + 0.39
L3 x I e | 57+1.0£13105 >>
“—_, UCleoE, et 4.12 £ 0.34 £ 0.44 + 0.33
Babar Prel. E| |(60MB) . 4.43 £ 0.29 £0.50 + 0.43
Cleo Prel. M, -q° H—to—H 4.05 £ 0.18 £ 0.63 + 0.60 ,
Belle Prel. TV~ (60MB)—tfo}—] 3.2310.14 £0.26 £ 0.65
Cleo Prel. ly et 3.32+0.21£0.23 + 0.47 EXCLUSIVE
Cleo plv . 3.23+0.23+0.25 + 0.58 >
BaBar Prel. plv 3.69 £ 0.23 £0.27 + 0.50
o b b b s b b besnn b s -

1.5 2 25 3 35 4 45 5 55 o

v, x10°
At the CKM Workshop (LEP+End-Point CLEO) V —
V., (inclusive) = (4.09 = 0.46 = 0.36) 10~ ub

+ CLEO Exclusive results




In SM :AF=2 process = GIM mechanism (Rate ~ m,*- m,?)

W™ p Dominated by t exchange
p —e S
— o Rate LARGE
BO ds teu [yl teu BO
S .
y = AI2 << x=Am /[ Allow to access fundamental parameters
of the Standard Model

(due to the large phase phase in B decays)

W m

— e m—rre u Rate ~ 0 at SU(3) . limit

T 0
b,s,d D
_ VA - Sensitive to long-distance QCD




Oscillations 1n B system

The probability that the meson B? produced (by strong interaction) at ¢ = 0
transforms (weak interaction) into B° (or stays as a B?) at time ¢ is given by :

1 —t/z,
— = — +
5080 (3 > e (1£cosAm, 1)

Am, can be seen as an oscillation frequency : 1 ps! = 6.58 10 eV

IVcbl@«l— Py + 1)

| 2

Am, o« fy BBd|VCb|2/12|th|2 *

2 2
AWls o« fBS BBS th| X

Am, ~ 20Am,

Amy oscillations fast

Excellent time resolution required

& better know than fz By

Am / Am performant contraint for p and n




{NOF_NSFHNOF-I_NSF]

oA

05
n4F
03F

02}

C. Voena(BaBar)

F. R

onga (Belle)

Am,

Many new measurements : 4 from Belle

Hadronic
0.528 +0.017+ 0.011

TN I T A
12 14
|at] (ps)

Asymmetry

]

a4

0z

a3 PRI B S S T R

Dty

0.494 +0.012+ 0.015

=
R

|at] {ps)

ps’

.
—

(08-BEY[05+88)

q

and 3 from Babar

as -

a5

a4

g -
az

a

2

D*r partial
0.505 £0.017+£ 0.0

D*lvAm,=0.492+0.018+0.013ps"!

1

.—

Asymmelry

AN

1
-10 0 10

AL(ps)

Hadronic Am = 0.516+0.016+0.010 ps

L
a

2q04d 4qd a5a0d ﬂ.ﬁzﬂ?un{lﬂﬂﬂ 1200 1490 1544 1
Ambc ‘
0.5 N 0.5 [ .
.. Dilepton W\ }i——
o7t %, 0.503 £0.008+ 0.009 pt” W
osf i_ _|_ 2
05. 4 g 5 10 15 A io
B tl (ns
SN +——  |pileptons Am = 0.493:0.012+0. 009 ps
0.4.- 4 + § 08 -
[ + 53 06
03r ++ ‘g 04
[ % 02f
) 500 1000 15::'::!Iz mm}“‘ 0= r 5 : o



LEP/SLD/CDF measured precisely the Am, frequency
Am, = 0.498 £ 0.013 ps' LEP/SLD/CDF (2.6 %)

B-factories confirmed the value improving the precision by a factor 2

Before
B-Factories
A

4 ALEPH "
3+ 1 prel)

DELPHI "
{4 + 1 prel)

OPAL
{5)
SLD "
{5 prel)

\.

BABAR
{2+ 1 prel)

average of above
after adjustments

ARGUS+CLED
{3 measurements)

world averapge

" working group average

without ad justmenis

I T I
H_*__H 0.446:0.020£0.018 ps*
H“_ﬂ 0.519+0.018:0.011 ps’*
0.444+0.028+0.028 ps*
. 0.479+0.018+0.015 ps’*
! 0.507+H0.023+0.019 ps*
0.495+0.02610.025 ps'*
k.* 0.5000.008+0.006 ps
0.506+0.0060.007 ps'*
H 0.503+0.006 ps*
. 0.491+0.032 ps*
H 0.503+0.006 ps*
] ] ] 1 ]

D.65

0.6

0.55

0.5

0.45

0.4

0.35

Am, = 0.503 + 0.006 ps™ LEP/SLD/CDF/B-factories (1.2%)

Amy frequency

Inclusion of the
B—Factaries

| N
by

High En./B—Factories 25 %

N T T Y T O
95 96 97 98 99 00 01 02
year




S. Willocq(SLD/LEP)

Combine many different analyses which give limits

Combination using the amplitude method

1 _
= —e """ (1+AcosAm,i)

Measurement of A at P, =0
B, —>B;(Bs) 2
eaCh Ams TT [T T T[T IT ! T E T T IT T T T amphtude (.SEI'I.SItI\"ItJ']
9195, n0 D Liﬁfﬁﬂd % oacd 0.47 £ 071+ 0.16 (136 ps™
. . . ! = i i 1
Combination using A and G, ALEEH D ] ]| 3831495032 (75ps”
ALE:EEGET , 1 04T+ 115 +0.47 (0.4 ps’,
. b -0.14+ 200 £0.51 (51ps"
At given Am -
g S DELPHI ?533'3 H g H 0.45+ 358+ 1.93 (32ps .
A = 0 no oscillation OBLEHI Dbl e 125+ 157£0.31 (86 ps”
_ . . DELPHII | 104+ 147 +0.71 (8T ps’
A =1 oscillation (92:00; prel) =4 ”
?&%Hl vtﬁ # — 4 0,05+ 328 +0.56 (6.6 ps’.
- pre .
?Elﬁg]gi | oo b L25+234+191 (72 ps’
o ] + 040 1
A excluded at 95% CL orgLBy —e—rti wians 5 (a2
SLD kD oo 0.67+ 107" (63 pst
A+ 1.6450, <1 (G558, pret) N .
. O\ (1B dipole |ia 0.41£099* %% (838 ps
. . SLD D H— | 1.03+136* 5 (33psT
Sensitivity same relation with A =0 (96-98] L
World average (prel.) o |H o 0.51+0.40 (19.2 ps
1.6456, <1 N 6 4 2 0 2 4
WU'[‘:;]'“E G]‘;“_'D amplitude at Am_=15.0 ps



Amplitude

[
In

-2
T

ok
In

05 |

-0.5

ek
In

005 -

Wmld EI\“EI age (pr el )
n + data+1c A 95% CL limit 144 ps*
[ - Lédsc o sensitivity 192 ps’

- [ datatledSc
- [ ] data+ L1645 o (stat only)

“Hint of signal”
at Amg~ 17.5 ps’!

] }ﬂh significance at 2.3 ¢

Prob. density
=

& |
T,
- M 0 |
ok
S8t 1!
b I||||||||II '||||I 'E16 _ Present 85%C.L limit
14 F T
-1 0 110 B
_Ams>14.4ps at 95% CL ES_ _—
l. ln C
N &L
Sensitivity at 19.2 ps-! i St T
0 35 5 75 10 125 15 175 20 225 25 5 b Amg SAGA
Am, (ps™) 0 559394 9596 97 95 99 00 07 02

Expectation in
The Standard Model

Amg 17.5+3.3 ps!
<24.4 @ 95% CL

10 20 30 40
Am (ps™)

Including Amy
—>

year

Amg 17.6 +(2.0)(-1.3) ps!
<20.9 @ 95% CL



H.Bosch Players of GO



F. Parodi
Frequentist(A. Hocker et al.)/ Bayesian(M.Ciuchini et al).

1 [ ] |: 1 [ ]
[V _ 9500 CL 0.8 _- 99% CL
06 0.6 |
04 F Q 04 f @
02f 02f

1T o5 0 05 o1 05 0 05 1

P
1 B
Ratio RFit/Bayesian Method E‘Z
Parameter 5% CL 1% CL 0.1% CL or b
p 1.42 1.34 1.12 05 |
7 1.18 1.12 1.05 05 &
sin 24 1.16 1.16 1.17 E,
¥° 1.51 1.31 1.09 s B Ay

Quantitative differences
in the selected (p,n) regions
between Bayesian and Frequentist
are small

0.1
0

Both qualitatively comparable with scan

:\IllIII|III|IIll\II|I\I|III|I||\I|III|\.‘;::7;

PR
o

=1

-0.8 -0.6 -—-04 =02 0 0.2 C.4 0.6 0.2

1



V., =(40.4+0.8)10°

p = 0.203 % 0.040

Constraints :V,, , V., &, Am,, Am,, sin2 3
1

=

Ry
LR
bttt ittt

X, 0, K X R
Goiersistetetetelst

0.8 n = 0.335+0.027

g

LR R, M
R 3
Bl L W
sttt

: .‘ . +0.045
6 B LRSRRRER 2 ﬂ — O 73 4
0.6 | K SIN 2P =V.73%_0 034

04

e
-,v,o,o,:‘,*:,:,o,o,o,o,o,o
Rk

y=(59.5"3)"

0.2

. 0.23

l=

| L.Lellouch(PLENARY,
06 Small effect Effect of the “chiral logs” in f and & etlouch(. )

D. Becirevic

| n= 0.365+0.028 No change

ﬁ 0= ().177t8'8ﬂ -0.50 shift +15% error

026 . e (+07G fOl"]/)
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sin23 = 0.762 + 0.064 direct from B = J/y KO

sin23 =0.73470023|  “indirect”




There is more to come... ...

AEN4N’ V) (] AN4 11/

P.Brueguel The Elder (1567)
The Peasent Wedding




B-factories have already produced a lot and interesting results

Many measurements are already very precise

B-B* 1% B_-Ag~4%

Lifetimes
DO 3%0,D* 3%0,D, 2% ,A.3% 5 6% , Z°. 10% , Q.15%

B decays Many new results from B-factories

Radiative/Leptonic/Open Charm/Charmonium/Charmless.....

V , enters in a mature age. It is a precise measurement ~ (2-3)%

c



V., many different methods are on the market (~ 10%)

if we were really able to exploit all of them ...!

Often the limitation are from theory. It is very important to define extra measurements to address
those uncertainties (ex: moments analysis)

Need close contact with theorists, new ideas, some fanstasy !

Amy at 1% fantastic experimental effort

o The Amg saga. Amg > 14.4 ps! at 95% CL
Oscillations (B, oscillates 30 times faster than B,)
Tevatron we tell us if we were close to the signal

DY . A window for new physics. New results are about to come.

Charm physics play a role in understanding the QCD in a non-perturbative regime.
(crucial the impact of CLEO-C)

So far the Standard Model is Standardissimo .y,
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It is a question of scale ... "
now we have to look

to effects below 10% !






K. Harder (LEP/SLD)

vari alsles

diab b, of = defmes
hadh cnoatson mecdel )

:
%_

x5 = Elad 5/ Eyean

Tud = Eua 5/ Ebeam

New method

unfolded ®,,q4

=
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1 /N N d,
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w .
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H
. : & DELPHI, finclusive), preliminary }?L

» ALEPH, (D‘*ﬁep.x), 2001
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Model tests: normalkised x?/d.o.f. probabilities

- Hanlar

- Lund 3ymemtrc

ﬂ 1510 - i
2000 -
=D ﬁ i 2500 T " : ALEPH
- ——_J’i x 2000 b | - OPAL
: I g 1500 E - . . . . rEe
ol o 1 R
E 500 [ — 3ome wanking scen by ol experimentsl  Hewig 5/6: tested by DPAL+SLD, but difawcuned
T lesding B hadron . q e
1T (B* B ..} docey? S OPAL + oPAL :f.: .
I ot o - B
i ssul Peterson et al I Colirm-Spiler ]
' B ol I ]
= I —s—cata [ ——dmm 1
q ﬁ = Dm. drul T Dmc.irn ]
lllll]_— .m. cram ___ .mc.:r-rm N
) 150a— .m. [1- 2% T ] T .mc.unn!um- ]
o[- -+
) sou-— T

1
7 01 092 9.3 44 05 Qs 47 4B 97 1 9L 92 43 99 03 08 OF 0A W9 L
A

description of the shape in terms of

Tand Moments: 1 )
D; = | dzz* 'D(x)

0

values from *very* preliminary LEP/SLD
combination (P. Roudeau, E. Ben Haim):

Dy = 1 (definition)
(Twq) = Dy = 0.7151 £+ 0.0025
D; = 0.5426 4+ 0.0012
D, = 0.4268 + 0.0010
D5 = 0.3440 + 0.0017

motivation: for future tests of hadronisation models without redoing analysis
higher moments needed for application in hadron collider physics



Ne = JPC =
77C( 1S)= Nc : singlet S charmonium state
UC(ZS) . n=2 singlet S charmonium state AM(J/y(28)-n(2S))< AM(J/w -n0)
3625 MeV<n(25)<3645MeV

Heavy Quark Potential Model

B > K(KK n") BELLE

_3620<M(KKMLIE0 v/ Why in exclusive B decays ?

Radial excitations (n=2) are expected to be
copiously produced in B exclusive decays

Ewants/bin
=
T
|

i 0
5200 S50 SA00 -0 L]

0m
My, (GeVic™ AF (GeV)

(60 significance)

M (1-(2S)) = 3654+ 6 £ 8 MeV

E//' I (n:25) < 50 MeV

Events4o Maiic®

The evidence from Crystall Ball(1982) M = 3594 + 5MeV



4%s
R I My ]
| - — 21D ﬁ .
10400 51g 38, T TR YR
: . L 2'pp2’P, v i
Last stable quarkonium state discovered : o20s — = .
u } |
1o(2P)), %, (1P;) 1n 1982/1983 % y_: |
= Jlg 2°8, o **
Ewuuu——u_ . 1‘" . Y —
No stable L=2 meson observed ever = 15 — .
‘geudg‘ ]
“““‘ B y T
- 1S YYYve'e T yyyyuty events
L i “$“ *
% L “‘n“ l+l_
i 75k “u"‘ _' 9.6c significance from the compatibilty with the
Q | \ wonderful decay cascade through the Y(1D)
£ : BR(yyyy 1)) =33+ 0.6+ 0.5 107
Q) | - .
- Predicted by Godfrey&Rosner 3.5 10
o
L
Rl 7 M(Y(1°D,) )=10161.2+ 0.7+ 1.0 MeV
Z |_| |_| |_| More likely hypothesis,but 1'D, not completely ruled out
e Ty P e wozoo\A ? MORE data are being accumulated

m(1D) (MeV)



B Hadron Lifetimes History

;-—-\1.7 I
)
o

S’

1.6 -

M aaus

1.4+
13- T(By)
. ngh En.,;‘E Fact=l|:‘10%
1.2 1990 1995 2000
gl.ﬁ B +
o i 1
[ |
1.2+ T(Bs)
1 L

LEF’;’cthEl!rs—ﬁE? I

|
1990 1995 "U[J[J

1.7

1.6+~

1.5~

1.4+
7(B)
ngh En. /‘ B Fact —?D?

121960 1995 2000

1.3+~

1.6 -

1.4+ T(baryon)

+++++

1.2+~

1_

ILEF’;"Othellrs—QD? I

1990 1995 "U[J[J

Expected Improvements

T(B")/ t(B°)
Already very precise !

improvements from B-factories

But more important

t(B%) and t( Ag) ....

and =5 B, Q.

from Tevatron



B2 OPEN CHARM ( DK) and (DCP K) POSSIBLE WAY OF DETERMINING THE ANGLE y

M + l; — V2A(B* - D°K*)= A(B* » DK+ A(B* - D K*)
L = X ¢ DO A DD e — b )
+ b c 0 B+ 0 _ 010 J
B D — D =1/V2(D°+D)
E— s K+ _ VIAB™—> DIK
u u U u D, are CP eigenstates
(8 — D'K)
Gronau &Wiler; Dunietz (1991)
As previously , need to deal with strong interactions : /' P op———

Possibility to determine ) through amplitude relations p _ po grx- (5.4 + 0.6 + 0.8)10 BELLE
verify B>D'x/BRDK —(8.3120.35+0.13)% BABAR (SIMB)

Interesting Alternative

(D) CP=+1 D'DKK-zg*tn- ;(PJCP=-1D"> KA KsnKn KpK, o

‘A(B’ - DYK")

e Iy R
‘A(B’ - DK")

. _BRB > D¢pK )= BR(B™ — D2pK™) N +r¢s s 5 ]
@ BR(B~ — DK ™)+BR(B* — DYpK™") s L
93.2!3.15-:-. 1-|:l. l:l.l:ﬁ':l.l:HED.E g:!.ﬂl:l. 1504005 0 Q050 101502

:29MB

- K L& T

BaBar 7

Aop(BED,K%) = 0.29 £0.26 +0.05 (Belle)
= 0.17 #0.23 + 0.09(-0.08) (Babar)

Aep(BE 2 D,K*) =-0.22 #0.24 #0.04 (Belle)

Events/D.0115 GeV

1 81MB

Laz PUPELL Wil | i B L
-0.1 005 [¢] Qs al
AE, (GeV)



BR, is on the low side of the theo. expectation L3 T
Possible explanation : effective ¢ mass low =2 large b>ccs(d) I mC/ My =~ 0.3
= 1.2 u~0.35
n,=n,+n_ is NEGATIVELY CORRELATED to BR, i low scale ?
11
10 Years of exper. and theo. efforts
's 9 10 11 1 13 14
BR ., (%)
BaBAR .
B Decays to D® DK in 22 decay modes (82MBB) _
am B’ 2D DOK w B* 2 D" DOK Precision dominated by the poor knowledge of

B decays in charmed baryons from B-Factories

522 523 524 525 5.26 527 528 529 53
5.28m ?égevlc;)B Meg (GeV/CZ)
Es

BYSDODOK =4.3+0.3+0.6° - /
43£0.3£0.6% measure exclusively the number of charm in decays

B*2DODOK =3.5+0.3+0.5% (other contributions than ccs and charmonium ?)



Stringent limit on B2 baryon antibaryon Br(B=> pp, AA, pA<(1.2,1.0,2.2) 10

Dominanace of multi-body final states o T '
_ _ 3o BELLE .
BY2D* ppz*,D " pn (CLEO) =
Br(B*2ppK)=4.3+1.1(-0.9) + 0.5) 10- / s | \ { :
&1y | E
Also three-body signals with Ac N

522 M, (GevicT) °8

2 D = K-x*+

Observation B’=>Dpp
(color suppressed) \
Sizeable as suggested by
B’ D%, D , D'

Br(B"2>D%p) = (1.18 £0.15+0.16 )10-*
Br(B’2D"pp) = (1.20 +0.33(-0.29) £ 0.21 )10*
(no signal with D")




Can proceed only via exchange diagram - VA

or final state interaction

B' D™+ K~/ B' D 1~

Only exch. (exch + spect.)

» Information on the importance of the exchange mechanism ?

Important Time-dependent asymmetry in B — D™z : Amplitude oc sin(2B+y)

C

Cleaness of the method if some SU(3) relation holds only if W-exchange is small

> [ T T T T T T ] D-E:' L T L L B ML L B T
2 | ] S DLE 3
= | ODoor BABAR | 3 ME - R
?-', N D—~>KK ] ﬂ o1 ;—_ ' _.- " : LI . _;
%7.5} 7 [ ) S ST R BN Sl BRI W
0.2 0.22 .24 o.2b £.28 a3
M, [GaV/c®)

E 9 =JLL L B L L L L R L L L L R L L L L

3 wf DHE 3

N 9 F =

: S sf E

2 sF 3

‘ s cahd TR

5.2 5.225 525 5.275 53 E -0.2 -0 0 0.1 12

meo(GeV/c?) M AE (GaV)
Significance 3.5 0 Significance 6.40
Br(B’ > D K" )=(32+1.0+1.0)x10 Br(B® > DK™ )=(4.6"12+13)x107°

= (3.8£0.9+1.0(D, — ¢7))x107



NEW Results on D** from exclusive B decays

BELLE

MO)=2290 +22 +30 MeV  T{(0*) =300 +30=+30 MeV

M(1,*)= 2400 + 30 + 20 MeV
M(1%)= 2424 + 2 MeV
M(2%)= 2461 + 2 £ 3 MeV

Il,4) = 380+ 100 + 100 MeV
I71) =26.7 £ 3.1 £2.2 MeV
I12) =464 £4.4+3.1 MeV

120 |

100 |

s 8 8 & 8

150

100

D

Contribution from
0+,2"

2.5 3 3.5 4
M, (GeVic®)

D*xmr

Contribution from
]B+’ 1%, 2F

2.5 3 3.5
M., (GeVic)

Dpvs Do D(*) KK(*)



SM : Br(B® — ee (~10"!5 BrB® — ptp ) 1010
Br(B® — ep ) forbidden

Sensitive to New Physics (ex :H*)

So far (BELLE)
ete (nu ) [epn] 6.3 (2.8) [9.4] 107 (90% CL)

: f BB — e'e’) <3.3 x 107
BB — pu) < 2.0 x 107

a VTN BB — e"u) <2.1x107




Am  Analyses

Purity of tagging at
production time:

Measurement of the decay time

1 1 1
o(Am) =
JNP, (2e,-1) (26, -1
= number of events ; = B, purity

O, is the time resolution. As soon as Am, becomes larger,
the precision on the time measurement becomes crucial



0 *
Use DY from D* to tag S. Malvezzi(FOCUS)

the flavour of D Oscillations in DY system D. Williams(BaBar)
D*t 2 D0 gt
Am AT = xcosd + ysind Wi’gng sign : WS
X = — , y = — : : Sy
r T y = —Xxsind + ycoso S
Y ‘< K_7r+/50(t)>‘2 — t a2 Y §
Rus (1) = ‘< K_ﬂ+/D0(t)>‘ R y(r(DO)J " 2 (T(Do)j %
- _ Oscillations z
(1 £ cosAm t) ~ x°/2 2
idem for A" ~ y?/2 §
Just a note : with 90fb-! B-factories O strong phase CF/DCS ampl.

has 222000D* tagoed DO decays ~ X 2 wrt FOCUS
& 4 D+ 5D DY - K'n

Rys = Rpes + Rpesy

?

Events/D" Lifetilne

Measurement of the WS total rate
in plane

or 25 g oK 5 73
O° Lifetimes




2 ﬂa | W Combinateric
| W Rendem

| 0D 3bady

| O Sigrai

Evenis/0.005GeV

1.825 185 1875 19
Mass (GEV)

Not yet the time Fit.

2) New method using Dalitz ex : D’ > K’cn—7+

RS and WS occupy the same Dalitz plot
Measurement of strong phase 6

New results are coming from B-factories

with huge statistics

E7a
{o.ﬁsiniaatu.m}

148.5 evts —a—  FOCUS

(0. 404:£0,085£0,025)
44.8 evts —a— CLEC
(0.332:£0.0640.040)
207 evts. _g- BABAR
(0.38+0.04£0.02)
450 evts - BELLE(Prel.
(-:u.s‘;*z:to.azsfg:m i )
-
Average A.S. average
(0.361 % 0.022)
S T T Y Y Y Y Y N N Y Y N Y N Y N |
0 0.2 0.4 0.6 D& 1

RIWS)

CLEO 56 WS D" K*x
First measurment of 6 CF/DCS

S(K*p) = (-3 £14) °
R(WS) = (0.6 +0.3+0.3)%

Time Fit expected soon

( and also Dalitz from K K'K ~and =" "7 )



RE: D =D’ w D" = K™ ey

3) Semileptonic decay D" 2K " I v . - g8+t CLEO
%, — =0 2 b 0 2
<K 'l"viD (t)>‘ X +y t
RM]X(t) = % 0 — 0 PR I
<K 1+v/D(t) >‘ 2 (D") (D lifctime)
ws Dt —=D"x" 0% Kt e ¥
No interference with DCS/Mixed e (.00 + 1.99 events.

Ry =(0.00+0.31+0.32)% or <0.87% @ 95 C.L N
FOCUS at the last minute R, <0.12% @ 95 C.L. (STAT ONLY)

5 0
(D" Hfetima)
Soon analysis with Kev

—
BaBar]
57807 Preliminary 7

B
5
T

P E791
(0.8+2.9+1.0)

4)  CP eingenstate lifetimes
u wrt ] — FOCUSs

“oof- ot = 6.5 fsec 4 (3.4£1.4£0.7)

- E e BELLE |

] (0.5+£1.0£0.9)

O Candidates /0.1 peec

Al (K 7™) = s
2I (K"K ort(n"77)

_ el CLEO
{(—1.1+2.54+1.4)

e BABAR(Prel.)
(1.4+1.0+0.7)

KK" (or # n") pure CP D,

-4 E] 0 2 4 6

Reconst mc hcd_DoDccaj' Time [prec] AVE’I’Gge

K 77 50% D%+ D,? (0.75 + 0.73)%10™

A.S. average
L 1 L |
-5 0 5 10
AT 12T (107



Three-Body DY Decays

Branching Ratios

TD" = K°K°7") _ ¢32 +0.29 (stat) £ 0.56 (syst) X 10~
[(D° — Koo )

(D" — KK*7)
LD — K% o)
[(D° — KK+K™)
[(D° — K% o)

— 5.68 +0.25 (stat) + 0.41 (syst) x10~

— 16.30+0.37 (stat) + 0.27 (syst) x10~

KK KK KKK
PDG PDG PDG ]
ARGUS -
E 6531 8 EE = CLED R
CLED CLED —_— EE37
s BeEar Prelimimary -+ EsEser Preliminery t+t BeEsar Preliminary
a1 I:I.:IE l:I.II:ﬂ- I:I.II:ﬁ I:I.::H I:II.'I I:I.:IE I Il:I.I'IE — I:II.E —
BRIBR K 1 X7 BRERLE x 17 BRIER K X X7



CP Violation in D decays

S. Malvezzi(FOCUS)

/ Measure of direct CP violation:

1.4
1.35
1.3
1.25
1.2
1.15
1.1
1.05
1
0.95
0.9

260
255
250
245
240
235
230
225

-

?
"

0"+t 4
Phi_1020

H

0"t 4

FPhi_1020

22
21

1.9 |

1.8
1.7

1.6 |

1.5
1.4

75 F
70 |
65 |

60
55
50

45 |

0 * 4

‘0i+—4

KO_1430

+
f

FKO_1430

1.6
1.5
14
1.3
1.2
11

1
0.9
0.8
0.7
0.6

160
155
150
145
140
135
130
125

%ﬁ

0" *-4

0" 4

a0_980

|
1

Fa0_980

Coefficients: D*, D, D-
1 0.4 0.8
0.95 |- 035 | 075 | 0.45 |
091 03 [ + 07 |
0.85 | = | - 035 |
08 | 0.25 | 0.65 |
0.75 | 02 | ¢ 0.6 | 0.25 |
00‘;; ] 0.15 | + 0.55 | ol
e | 0.1 | 05 | :
0.55 | 0.05 045 0.05 |
0‘50i“+—4 06i+—4 0'40i“+—4
K1_1410 f2_1270 f0_1370
Phases: D% D, D-
40 | 30 | 80 1
45 | E + 75 |
a5 | 20 ¢ 70 |
-41.5 | 10 % 65 |
S50 B [ 60 %
525 | 5 s5 |
as | 10 | 50 |
60 | 20 | 5
0T *-4 (iir+-4 407i+-4
FK1_1410 Ff2_1270 Ff0_1370

asymmetrys in decay rates of D*—>K*K n*

D*/Dr split sample analysis

0.5
0.4 F
0.3 |
0.2 |
0.1 |

0 -

[RRANRARAN AL AL AL RN LARES RS
—_——
——
—.—

0" * 4
Phi_1680

Preliminary!

No evidence of CPV

60 |

65 |

70 |

75 |

80 [ ¢

85 |

90 |

-95 0 T+-4
FPhi_1680

K-matrix approach to improve the quality of the analysis

/




-

C(K*f W)/ (Kam)

New FOCUS semileptonic BRs
& Form Factors

(D" - K u'v)

(D" —>K n'n")

0.8

0.8

0.r

0.6

0.5

04

0.3

=0.602 £ 0.01(stat) £ 0.021(sys)

Cleo 2
Cleo 2 Omega 0.62+0.02
T Erwr e e — e S :::'.‘:::::
Focus Cleo 1 1
EG87
Argus
muons EREA electrons

\ All values consistent with their average value with a CL of 19% /

\

Our number 1s 1.59
standard deviation
below CLEO and 2.1
standard deviation
above E691




(D" = K u'v) Form Factors

The vector and axial form factors are generally parametrized by a pole dominance form

4,(0)
l_qz/MzA

M, 6 =25 2
V(O) 4 GeV /c

A (g?) = M, =21 GeV/c?
z(Q) l_qz/MzV e ¢

Vig?) =

Nominal spectroscopic

Decay intensity (including s-wave amplitude) parametrized by pole masses

r, =V (0)/A4,(0) r,=4,(0)/4,(0) r, = A4,(0)/4,(0)
- N

Group r, T,

FOCUS 1.504+£0.057£0.039 0.875+0.049 +0.064
BEATRICE 1.45+0.23+£0.07 1.00£0.15+£0.03
ET791(e) 1.90+0.11+0.09 0.71+0.08+0.09
ET791(u) 1.84+0.11+0.09 0.75+£0.08£0.09

E 687 1.74 £ 0.27 £ 0.28 0.78+£0.18 £0.11

E 653 2.00££0.33+£0.16 0.82+0.22+0.11

E691 2.0x£0.6+0.3 0.0x£0.5+£0.2

4=0330+0.022+0.015 ger ' Form Factor Ratios
5 =0.68+0.07+0.05 rad

N S




Standard set:

Inputs for the CKM fit

Farameter Value CGaussian o Uniform half-width
A 0.2210 0.0020 -
V| (2x¢cl ) 42.1 % 1077 2.1 % 102 i
|V |{incl) 40.4 % 107° 0.7 % 10~ ° 0.8 % 102
|V |{ave) 40.6 % 10~ ° 0.8 x 107 *
| V,,e|{excl ) 325 x 10 % 20w 1074 5.5 x 104
|V 5| {incl) 40.9 » 104 46 % 104 3.6 x 102
V| {ave.) 36.3 % 10 ¢ 3.2 10 %"
Vo6l /| V| {ave ) D D&Y D ops*
A M, 0.503 ps— ! 0.006 ps— ! _
AM, = 14.4 ps_l at 95% CL. sensitivity 19.2 p5_1
T 167 GeV 5 GeV _
sin 28 0.762 0.064 _
By 0.86 0.06 0.14
de\/éBd 230 MeV 30 MeV 15 MeV
I3 1.18 0.03 0.04

New lattice QCD parameters with “chiral logarithms”

fﬂd\/égd 235 MeV 33 MeV 1, MeV

£ =

1.18

b.04



