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Selected topics :

Introduction

Example of experimental techniques

Examples of Historical evolution

*Semileptonic B Decays and Charm counting

Determination of |V |

Determination of |V |

Measurement of B oscillation frequencies

AVERAGES from Heavy Flavour Groups performed for Summer 2002
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Visualization of the unitarity of the CKM matrix = Unitarity Triangle in the (p—m) plane
— Radiative decays ( future )

LI o) frwere) Oscillations
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* Form Factors, |- > p
*F(1), duality... ' .~

theory gives us the link from quarks to hadrons Using many others important measurements as :

OPE /HQET/Lattice QCD .... Need to be tested = Lifetimes, Branching ratios, From Factors, Masses. ..




Example of experimental techniques TAGGING b-hadrons

b < non-b
o(Z°>hadrons)~30nb , I'(bb)/ I'(hadr)~22% - displaced vertices
- leptons

b&sb
- jet charge

- fragments products

B<:>§

- leptons
- D mesons
B, & B,

- semileptonic decays
- fragments products

Jetty-like events |

E 1500 —
"(B)~1.6ps L~yBct ~ 3mm ¥ 00 b
E(B) ~ 0.7E(beam)~35GeV ;
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Examples of Historical evolution

b-baryon signals
1990 : ALEPH

Excess of A-1 events

( as compared to A-1")
(and charge conjugate final states)
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b-baryons in 2002

B-baryons observed using
(A,p, A ,=)-1 events

The b-baryon rate in jets 1s :
f(b-baryons) = (10.5 £ 1.8)%

The b-quark polarization (-0.94) is diluted :
Pol(A, ) =—0.45 +0.19(— 0.17)

A, lifetime : t(A,) = 1.208 £ 0.051 ps

A, mass : m(A, ) = 56249 MeV



BY signals :
1992 : DELPHI B, in 2002

B observed mainly using

+ - —
Excess of D (-1 events D1 events
+ + [T T T T
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Mumber 52 ‘g "
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el R W BY mass : m(B’,) = 5369.6+2.4 MeV

._ + Y . .
7events : B, 2 D, 1 v X.... BO oscillations : Amg >14.4 ps!

Before - Lifetime difference:

UA1(1987): same sign dileptons from B oscillations Al'/T <0.31 @ 95% C.L.
CUSB Y(55) (1990) : evidence of B, from Doppler effect



Interest of measuring the Lifetimes

I'(H) = Fspect + O(l/mA)+L( . s W.S) + O(1/m,?)

r(P.I,WAWS) f_B2 Spectator effects are at order O(1/ m?)
T(spect) ) mj} but phase space enhanced (167?)
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B decay dynamics (OPE) — S Weak
Vs W annihilation



T(Bod)

Averages from ©(B")
LEP/SLD/Tevatron ©(B%)
T(Ap)

1.540 £ 0.014 ps ( 0.9%)
1.656 £ 0.014 ps ( 0.8%)
1.461 = 0.057 ps (3.9%)
1.208 = 0.051 ps (4.2%)

Ay Lifetime shorter
Because of W.A.

But the experimental
result says the effect is
more important

Is there a problem for Ay ?

t(b)

} + B-Factories

1.573 = 0.007 ps ( 0.4%)

(BB

1(B)/1(B")

T(b bar

B | L]

. B -1 : F . E
Tife) /T {Baluwe

Franco,Lubicz,Mescia, Tarantino

I

1.073 £0.014

0.949 +0.038

0.797 +0.052

0.784 +0.034

1.1

lifetime ratio

1.2

LIFETIME Working Group

RECENT calculations are able
to explain lower values



B Hadron Lifetimes History

1.7 Lt Expected Improvements

1.6 - 1.6 -
- + 0
151 I ‘ “* ¥ 15| T(B")/ t1(B")

Already very precise !

=
e
=P

o

1.4 - 1.4 -
13l T(Bd) 13l ‘T(B_) improvements from B-factories
High En./B Fact=60% High En./B Fact.=70%
1‘2 | i | I I I 1‘2 | i | I I I
1950 1995 2000 1950 1995 2000
Al6- . 1.6 -
Ay
1.4 | 14~ T(baryon) But more important
, 0 -
13 7(B,) | 1-L N T 1(B") and t( Ag) .... and E5 B_, Q.
. . g | from Tevatron
LEP/others=66% LEP/others=00%
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Based on OPE
M| ( also named /) I m (1, Fermi movement) I

= (0.431% 0.008 £ 0.007) 10-1° MeV  Y(4S)
= (0.439£0.010 = 0.007) 10" MeV LEP

= (0.434 x (1 £0.018)) 1077 MeV

at 2% precision

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



DELPHI PRELIMINARY
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A=( 0.44:.04+.05+.07) GeV
A =(-0.23+.04+.05+.08) GeV?

9.2

4.3

Compatible with CLEO result :

9.4

a5

A=( 0.39+.03+.06+.12) GeV

- M(E) M(E) A =(-0.25+.02+.05+.14)GaV/?
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V(inclusive)= (40.7 +0.6+ 0.8(theo.)) 1073

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



_ Based on HOET

V., [Fw[ Gw)

- . A DEILPHI
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Fake leptons
Combinatorial

Events/1.07 GeV~
(4]
=

Strategy :  Measure dI /dw
extrapolate to w=1 to extract F(1) [V, | 1
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ALEPH . 341421416 2, , ]
s L Vs Working Group o 7
DELPHI(7l) - 36.5+1.4+25 ™ bs [ B
38.24+1.8+2.0 a0 ]

375 —

OPAL - 38.4+0.9+1.7

35 -
36.0+1.9+1.8 !
R [ i |
CLEO . 43.3+1.3+1.8 w b E
275 [ -
World 1 - .
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vchworlungGroup v b b b i N ° ° 0 0.25 0.5 0.75 1 1.25 L5 175 2 -

I|III|
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_ V(exclusive)= (419 £1.1+ 1.9) 103

V(inclusive)= (40.7 £0.6 £ 0.8) 107

V., =(40.9 +0.8) 103

A.S. average



- Inclusive determination of Vub

Using several discriminant variables to distinguish between
the transitions :

=b=2¢ B%Xulv

Z.5 . 3
E'l {GeV)



Inclusive b6 — X, fv at LEP |

ALEPH DELPHI
EF] Ch (19599) FLEB B475 (2000}
MM Selection Ay Incl.
Fit NN Qutput Fit E} for AfZ16
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<~ Aleph NN
Opal NN II | - | Ii
Delphi M, II L . II
L3 -l I{ | .
Sy CleoE, H—e—H

Babar Prel. E, |-(60MB) H_HA_H

Cleo Prel. M, -q” |

[ - |

Belle Prel. wlv—(60MB}—tfo+—
Cleo Prel. v H
Cleo plv }—H—o—H—

BaBar Prel. plv

15 2 25 3 35 4 45 5 55 6
3
v, x10

At the CKM Workshop (LEP+End-Point CLEO)
V (inclusive) = (4.09 + 0.46 £+ 0.36) 107

+ CLEO Exclusive results

V., Summary

4.12+ 0.67 £0.62 £ 0.35

4.00+ 0.71 £ 0.59 £ 0.40

4.07 + 0.65 £ 0.47 £ 0.39

57+£1.0£13X05

4.12+0.34 +0.44 £ 0.33

4.43+0.29 +£0.50 £ 0.43

4.05+ 0.18 £ 0.63 £ 0.60

3.23+0.14 £ 0.26 £ 0.65

33210.21+0.231+047

3.23+£0.23+0.251+0.58

3.691£0.23 +£0.27 £ 0.50

.
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INCLUSIVE

EXCLUSIVE

Next V , average soon



Study of the time dependent behaviour of the Oscillation B’ B

1 —t/z,
— = — +
PB§ 5 (87 , e (1£cosAm,t)

Am, can be seen as an oscillation frequency : 1 ps' = 6.58 10+ eV
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In SM :AF=2 process GIM mechanism (Rate ~ m,?- m,?)

B . W ds Dominated by t exchange
Bod,s ten ., 1o BOd,s Rate LARGE
L : Voo
y=AI72' << x=Am /I Allow to access fundamental parameters

of the Standard Model

IVCbI@«l—T))Z +7%)

‘ 2

(due to the large phase phase in B decays)

Amg o< f2 By Vo' 22 Va| o

2 2
Ams o fBS BBS th‘ x

Ve

c

Ams ~ 20 Amd

Am g oscillations fast

Excellent time resolution required

-+

& better know than fy By

Am / Am performant constraint for p and n




Am  Analyses

Purity of tagging at
production time:

Measurement of the decay time

cam) ~ 1 1
JNP. (2¢,-1) (2¢, -1
= number of events ; = B_ purity

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



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

(" ALEPH'
{3+ 1 prel}
" DELPHI "
O {4 + 1 prel}
=
L o <
o N
— 9O
o S OPAL
m
as SLD "
{5 prel)
BABAR
{2+ 1 prel}
average of above
after adjustments

ARGUS+CLEO
{3, measurements)

world average

- working group average
without adjistments

e

|
0.446+0.02000.018 ps'*

l*_'_ﬂ 0.519+0.018+0.011 ps’*

0.444:+0.028+0.028 ps’*
0.479+0.018+0.015 ps’*
0.507+0.023+0.019 ps*
0.495+0.026+0.025 ps't
0.500+0.008+0,006 ps -

0.506:+0.006:0.007 ps*

-

0.503+0.006 ps ™

0.491+0.032 ps™*

il

0.503+0.006 ps ™
]

0.4

045 0.5

Amy ( ps'lj

0.55

0.65

0.6

0.55

0.5

0.45

Amy, = 0.503 £ 0.006 ps”' LEP/SLD/CDF/B-factories (1.2%)

Amy frequency

Inclusion of the
BE=Factories

| N
byt

High En./B—Factories 25 %

I Y I O S
958697 98990001 02
year




Combine many different analyses which give limits

Combination using the amplitude method

Measurement of A at
cach Amg

Combination using A and 6,

At given Ams

A = 0 no oscillation
A =1 oscillation

Ams excluded at 95% CL
A+ 1.6450, < 1

Sensitivity same relation with A =0

1.6456, <1

P

1 _
—e """ (1= AcosAm, 1)

0 0,30 -
B, —>B/(Bs) 2
L L B L L L B B B A amp[itud.g fr.fm[f"[tﬂ
ALEPH | gt 0.47 +0.71£0.16 (136 ps”)
(9195, no D_L ad justed) P pe
ALE@lli DJ |l pe—]| 3831494032 (7S5ps b
=43} P
ALE:EIHUE? o ‘i 047+ 115 +0.47 (04 ps’
P 0.14£2.00+0.51 (51ps’
DELFPHI F H[q)ﬁl; H o | 0.45+ 358+ 1.93 (32 ps"
TE IS -
DELPHI D_k-l L 1.25+137+0.31 (86 ps
(92.95 prel) e "
DELPHII Ly -L04+ 147 +0.71 (BT ps™
(9200, prel) H—-—-—il: : -
DELPHI vix | = i 0.05+ 328 +0.56 (6.6 ps’
(9200, prel) J 1:' E 1
( , o B | 125+234+ 191 (72 ps’
: . o 363+30570%  (4zps?
SLD kD ':. B 0.67+107* %5 (63psT
(96-98, prel.) o :j: oo 1
SLD dipole = 0.41+099 " (83 ps
(9608, preL) e o b 1
SLD D P L03+136" (33 ps™)
(9698} h—-—‘—i: : a3l
World average (preL) H 0.51+0.40 (19.2 ps
1 l 1 1 I 1 1 l 111 l 111
6 4 2 0 2 4
E Osclilations . -1
Working Group amplitude at Am_=15.0 ps
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0.05 -

Wmld average (pr el )

+ datatlc & 95% CL limit 144 ps’
o sensitivity 192 ps’

- Ledd o

- [ datatlédSo
- [ ] data+ L645 o (stat only)

“Hint of signal”
at Amg~ 17.5 ps’!

}Hb significance at 2.3 ¢
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- M 0 |
o F
m 2 17!
l””””“ I||“| » H 'EJG 2 Present 85%C.L limit
[ 14 F T
Am,> 144 ps'! at 95% CL |[Rl 3" T
3 M o b
: Sensitivity at 19.2 ps-! g e 7T
0 55 5 75 10 125 15 175 20 225 25 5 E Amg SAGA
Am, (ps™) 0 9553949596 9798 99 00 07 02
Expectation in year
The Standard Model
/ \ Including An:s




“M.Ciuchini et al.

Constraints -V, , V., &, Am,, Am_, sin2
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B hadron lifetimes have been precisely measured
(~1% B, and B" (with B-factories) and 4% for B’  and Aj;)

V., 1s known at the 2-3% level CLEO measurements
V_,, 1s known at the 10% level very important

Time behaviour of the oscillation observed
Am, precisely measured (2.6% = 1.2% with B-factories)

B, oscillates at least 30 times faster than B; (Am, >14.4ps! @95%C.L.)
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Additional Material
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-IIIEI=Il‘-f=1_-i'l--'.'-l'l,'.i-li—

[ S T DR |
JLditdard

1 -
L.

F'arameter Value Gaussian o Uniform half-width
0.2210 0.0020 -
V. |[ext:|j 42.1 x 1077 2.1 % 1077 -
Vg |{incl) 40.4 % 1077 0.7 x 1077 0.8 x 1077
|V,,b|{ave] 40.6 % 1077 0.8 x 107 *
Ve {excl) 32.5 x 1074 2.9 x 107% 5.5 % 1074
'V, |fincl.) 40.9 x 1074 4.6 x 107% 3.6 x 1074
|1fub|{ave.} 36.3 x 1074 3.2x 1074
Vo,e|/| Vgl {ave.) 0.089 0.oo8?
AM, 0.503 ps— ! 0.006 ps— 1 -
AM, w144 p5_1 at 95% CL. sensitivity 19.2 p5_1
T} 167 GelV’ 5 GeV —
sin 203 0.734 0.054 -
By D.86 D.06 D.14
ey uf Bg, 30 Me] 30 MeV 15 MeV
£ 1.18 0.03 0.04

New lattice QCD parameters with “chiral logarithms”

fﬂd\/‘éﬂd 235 MeV 33 MV 15, Mev

£ = 118 0.04 T3



