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CKM Matrix
Element
Magnitudes

St. Model origin, invariants, and parametrisations of Vxy-
|Vud|’ |Vus|’ |Vcd|, |Vcs|1 : Unitary?

Vool Vil [Vigls [Visls [Veslo @ Unitary? CP-violating?
Parameter values without and with ¢(K%) and sin2f3

Many averaged results are my private guesses,
many references will only be given in the later write-up of this talk.



Yukawa Structure of the St. Model

- | 4 — u u
L(E,q): Ly, + Ly — C;? A @ Yl Cé? +d g, D" 7l C(%) U, @' & Yl he. |;
flﬂ dLﬂ d

C® and C@ cannot be diagonalised simultanuously since Glashow
married u,, and d,, into doublets. The difference of the two

,rotations” in family space which diagonalize C and C@is V.

u, u'L V V+ — 1

d, d, v was introduced 1973 by M. Kobayashi

|y c; and T. Maskawa; is called V,, since

S} S, 1987 in recognition of N. Cabibbo 1963.

t )

bL’ bL St. Model allows arbitrary C® and Cl4 =

L L Standard weak interaction is not CP-invariant.
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Invariants of the CKM matrix

In L moger» @ (U,,) @nd @ (dg) arbitrary = V5 not observable,

ip, ‘P
U, >u, e ,dys—>dg-e = Vyy—oVy,e

i(%g —Pp )

Observables are, i. e.invariants under phase transformations

1)
2)

3etal.)

2

Vg Vap =Vap

Vaﬂ Va5 VM Vyﬁ

Vs V. V, Vy; V., V., etal.

Parametrisations of the CKM matrix

Vyphas 2-9 -9 -5 =4 observable parameters
and an infinite number of choices for these 4.

One choice:

L. Wolfenstein‘s
choice 1983:
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d’ Vie Vs Vi |4

SN= 1V Vs V|| 5|5

b Vi Vie Vs )\b

VV=1;
a\ | 1-2/2 A AX(p-in) |
s | = -4 1-2/2 AP |+ol4)
b’ AP (- p—in) —AX 1
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V. V., Three sources:
Super-allowed nuclear *-decays
Vi Voo Vi y cloar r-decay
¢ € ¢ B- decays of polarized neutrons
th Vrs th B* decay of the n*

Super-allowed nuclear 3*-decays:

0* — 0* nuclear transitions within same isospin multiplet, pure V.

|. S. Towner and J. C. Hardy 2003:
- Ft=(30722+09+1.1) s

r.\:o Co . .
fit error and estimated error on o,

} 2227z3ln2 1
g

“’C SQCI 4ZSC
F1

3080 B MO zsmAI :JBmK

3076 |

Via

Ft

IR

3068 |

m®  2G:(1+A, )Ft’
G from p decay, Agy = (2.40 £0.08)%

o s 0 18w s w0 |V 1=0.9740+0.0001,,+0.0004,+0.0003,,
Z of daughter ’

Ft=f 1, (1+5,)(1+5y-5.) Vool v = 0.9740 + 0.0005
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B~ decays of polarized neutrons:

V and A transition because of 1/2* — 1/2*. G, = G¢ |V 4,
but j, only partially conserved. Determine G,/G,, = A experimentally!

. W(9)=1+—P-A-cos9, A:_z/l(ﬁjl)+o(l%)
S 19 — C 1+34
" pe 1 m> -GV ’
~ = 2F3 Al (1432 ) f(1+5,)-(1+ Ay ).
T T

n

Most recent experiment is PERKEO-II at ILL Grenoble;
neutrons of 25 K with P = (98.9£0.3)%,

= flipper off

periodical spin-flip. e-detector: sl N * fipperon
scintillation detector magnetic field N 04 L
electron v §
photomultiplier readout & . _ 5 1 MeV
0,0 L 2 _—
0 100 200 300 400 500
— HHE T - Channel
neutrons % ‘ 7 A — _01 189 (7)
[ — Wl — - _
split pair superconducting magnet BRERE! '\ \ }\' GA/GV 1 2739 (1 9)
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PDG 2003: A = -1.2695 + 0.0029
(S=2.0). 1, =(885.7+0.8) s

P AA_,-1

L 0.989 0.02

Y SR ABELE 02 SPEC 54 . .

-------- MOSTOVOlI 01 CNTR 0.0 0.97 -

R LIAUD 7 TPC 0.8 0.98 0.15
----- YEROZLIMSKY37 CNTR 7.0

0.70 0.30
----- OPP 86 SPEC _ 2.2

- 0.98 0.13

15.5
{Confidence Level = 0.004)

129 128 127 -126 -1.25 -1_|24 -1_|23 |Vud| Nucl — 0.9740 £ 0.0005
IV 4l , = 0.9741 + 0.0020

PERKEO-II (Abele 03, corrected) alone: | |V 4| ,=0.9717 £ 0.0013

B decay of t*:

Recent experiment PIBETA at PSI; stopped =,

nt — nle*v,, detection of n%in Csl ball,
normalisation with e*v, . Preliminary result:

BF(n*—>n%*v, ) = (1.044+0.007+0.009) 108, [[Vudl » = 0.9765 £ 0.0056
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Summary of V 4:

Vgl o = 0.9740 £ 0.0005| (1)

V4, =0.9741£0.0020| S=2.0 (2
PERKEO-II alone: |V,4| . = 0.9717 + 0.0013|  (3)

V.4 . = 0.9765+ 0.0056|  (4)

Prospects: PIBETA will not reach competitive precision, + 0.0030 ?
o(V,4:nue) dOominated by radiative corr.

o(V,4:,) dominated by experiment. New experiments are underway,
PERKEO 03, ,new PERKEQO" 05, LANL, SNS, Gatchina/PSlI

My average: (1) + (3) + (4) with S =1.3 =

|1Vl =0.9737 +0.0007
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Vid Vo

% % 4 Sources: Old K;; decays, new K; decays,
w o Tes b hyperon B-decays, t decays

Va Vs Ve

K;.decays: K*— nll*v,and K - n-I*v,, 0- — O, pure V

5 2 2 2
m, -Gp-\V 2
Fi: t - 3 C12f+(0)( '[i(ﬂﬁraﬂfo).(l_'_é‘R)a f+,0(q2):f+(0). 1+Z’+,0q—2+”'
192 m,
— + 0
Mode BR (%) 10° M, 10° Xg ¢ =1 / ﬁ Jor K= and K,
K& | 487006 | 278 +1.9 : :
K9 | 3879 £ 027 | 201 £ 1.8 < Exp. input since ~1380.
Kt | 3272006 | 33£10 [ ax9 Leutwyler and Roos 1984:
KO 27.18 + 0.25 33+£5 27+ 6 0 +
“ £.5(0)=0.961, 1. (0)=0.982.
Tres = (1.2384 1 0.0024) x 1075 s IVisl kiz.oq = 0.2196 £ 0.0023
T, = (5.17£0.04) x 107" s
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New theoretical inputs 0.218) £ K (o).l
increase V , by + 0.2% + 0.2% 0.216I
0.214; L 4
V. Cirigliano 2003: 0 51ol] |
0.21 ]
Vil o kiz = 0.2201 £ 0.0024 o ol
0.206¢
K K2, K, K9,

New K, results: Final K*,; result of BNL-E865, hep-ex/0305042

Preliminary KLOE results on three K9, rates

BNL-E865: Aim K*— n*u*e. Dedicated run for K* — nle*v, during
one week 1998, n° — e*ey. Normalised to K* — n*n0, n*nn0. Result:

BF(K* — n%*v,) = (5.13 £0.02 + 0.09 + 0.04)%
= (1.053 +0.024) - BF(old), 2.2¢

A, =A.(old)
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|Vus| Ki3.old = 0.2201+0.0016+0.0018 (-0 k } £865 ; Ko(()).|V |
20| Vool gess = 0.2285+0.0023+0.0019 25| T wworw §
using Cirigliano’s f(0)(1+5), 0210 % ______ T H _____
3.0 o higher than old K*K° average I LK

Vel kis.oezsss = 0-2220 = 0.0019 (S=1.5) + 0.0018

hep-ex/0307016 gives preliminary K°, results from 78/pb.

Values only given in this plot ( i ), in agreement with K3

Hyperon Decays: revisited by N. Cabibbo et al, hep-ph/0307298.
Exp.data fromn — pev, A > pev,X —>nev,=-— Aev,and 2% - X *ev.
New: SU(3) breaking values of ,g./g," = g,(0)/f,(0) taken from
experiment, compatible with no SU(3) breaking. Using f,(0) = 1.000:

= 0.2250 £+ 0.0027. Unknown f(0) error.

|Vus| Hyperons

11 L
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Tau decays: I'(t - K nnv)/T'(t — had v) is sensitive to |V |.
\| Using ALEPH data and my(2 GeV) = (105 £ 20) MeV, Gamiz et al find

|V 0.2179 £ 0.0044_, + 0.0009,,

exp —

uslr_

Dominant error is experimental. Better measurements of rates
and mass moments would give both m, and |V /.

Summary of V¢

Prospects for K5: Final results from KLOE, also on K* decays, will come
soon. NA48 & KTeV have these decays recorded, but not analysed.

for Hyperons: More theoretical work needed.

for T decays: BABAR and BELLE have 10 8 1t events, should look

into their potential to get I'(t —» K ntt v) and mass moments.

My average
from old Ky, E865, and < decays: | [V, = 0.2210 + 0.0023
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Vd V Vb Old source: Production of dimuon
u us u
pairs by neutrinos on nuclei
V) Ve Ve
d—>u c, cosu v
Va Vi Vi - 7
v,d—>puc, co>s5u v,

N

with B = BF(c —»>u*X):

G(V—)/j+ﬂ_)—0(l7—)ﬂ+ﬂ_) _ E-B >
G(V—),Lf)—(f(?—),tf) 2

= (0.41£0.07) % CDHS 1982

'Vcd

= (0.534 +0.0217 027 )% CCFR 1995

B=0099+0012 = |1V ol =0.224 + 0.016

Prospects: CLEO-c
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v V. Vv
ud " us T ub Sources: (1) B decays of D mesons and
Vcd @ Vcb (2) decays of real W *
Vi Vie Ve
_ G2l
D* > K%e*vand D° —» K-e*v: T’ _B_Cr = -(I)-‘f(O)‘2 (1+5,)
T 192

Constituent quark models and QCD sumrules:
f(0)=0.7 £ 0.1

= ||V, =1.04+0.16

2nd method, much more precise, needs 3rd quark family,
will be discussed later.

12 Aug 2003 K. R. Schubert (TU Dresden), Lepton Photon 2003 ——m 14—




Unitaritv check of the udsc matrix:

</fu VNV, Inputs: |V,4| = 0.9737 + 0.0007
V| =0.2210 £ 0.0023
Va Vo) Ve V4 = 0.224 +£0.016
Ve, V. V, Vi | = 1.04+0.16
Vidl?+ [Vl? = 0.9969 + 0.0017 -18¢c
V24 |Veel> = 1.13+0.33 +0.4 ¢
Vidl?t+ V4> = 0.9983 + 0.0073 -0.2c
Vil?+ |Vel? = 1.13£0.33 +0.4 ¢
IVigVedl - VsVl = -0.012 £ 0.039 03¢
IVigVisl - VgVl = -0.018 £ 0.040 040
From this unitarity check we A Wolfenstein = 0-2235 £ 0.0033
cannot predict a 3rd family. Fit: (S =1.8)
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g {4
el

[N
)

A =0.2235 + 0.0033

(£1.5%)
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Vud Vus Vub Source: Inclusive and exclusive
semileptonic B-meson decays
Vi Voo Vi
Inclusive decays:
Va Ve Vi
T(B—1v X)=T(b— v c)+T(b—1vu)+o(A, /m})
| T(BO) “ 1.534 + 0.013 ps | HFAG
Primary information: 1(B*) 1653 + 0.014 ps 07/03
+ 0.8%

data from ALEPH, BABAR, BELLE, CDF, DELPHI, L3, OPAL, SLD

F(b—)evX)—BF(b_)eVX)zG;.mz- ol ™y Pl M.
- 7(b) 192 7° m, m,

Vo

Ve

2]+c(a,as)

Next information: BF(B — v X)
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ARGUS ; hX—>hlIvY
9.75 £0.50 £0.39 o +
BABAR (breco) I VX
10.40 £0.50 £ 0.46 - : T
BELLE (1 tag) : _ —
10.96 +£0.12 £ 0.50 * e+e —> Y(4S) - Bsig Btag
B,:BAR (.C. 1213__’,]“} E
- Spectrum of  '¥X or Bieg
CLEO (11 2009 + signal leptons:
S, 10.90£0.23 —o o o
| o i H

HFAG ! s i > 2
xzfdof=|5.0f5(CLl=4l.8‘?fiu)l . | . L . |

8 10 12 i

BB — X1v)[%] ll

Integral over spectrum = BF, e e T
98% b—>c,2%b—->u, oczA{(Vy)=1.1%, c.(V,) = 0.4%.
1982 spectrum given by ACCMM model, dI'/dp, = f(m,, m_, pg, o).
V,, with (V) = 10%. Today QCD, i.e. HQET and OPE:

m, = A, pr = A4, m_ — substituted, and more parameters A,, p; 7. ...
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d’T(B—1v X))

: . 2 2 A
HQET gives: dm> dE dq2 = f(mX,El,q ‘mga Vs 9as9Aaﬂ1’/12r")
X [
_ A+34, - A +34
No m_ since my;—m, + S=A=m,—m + -
mb mc
. G2 2
.Of special T(B—1vX,)=—Lb.0369-m)-|1-1.54%
Interest are 192 7 7r
the moments = " 3
A
M. of /. Mgy : —1.65i(1—0.87asj—o.95%—3.18i2+0.02 122 +o| =2
ijk . 000 - my T My my my mpy

Bases are duality, HQET, OPE. Local duality predicts results for more
low moments like <m,2>= M,,/My0, <(My?)?>= M,50/M00,<E>= Mg10/Mgg

Comparing measurements and calculations of ,low" M;, tests goodness
of local duality and expansions, and determines L4, A, [V|...

OPE and duality are not valid ,too locally®, i.e. ,high® moments and

the full dT" are not determining A, A,|V,|...
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Moment measurements: CLEO, DELPHI, BABAR

@) DELPHI 2003 determines M, by reconstructing B — D™ Iv events
from 34 M Z at LEP. <m,? - my2> = (0.647+0.046+0.093) GeV?,

i, =(m,+3m .)/4.  Also results for M,g,, Mag,
2002 they obtained <E> = (1.383+0.012 +0.009) GeV, also My,g, Mqso.

o M M M M..n M.,n M
They fit in two mass schemes, 0 20 2 o0 929 O

0 ==

with MS scheme: g {
Fit Fit Fit Syst. Syst. o
Parameter | Values Uncertainty moments theory
N (GeV) | 0542  £0065 +£0087 +004| = A
A (GeV?)| -0.238 £ 0.055 + 0.028 = 0.06 ot
With kinetic scheme:
V| = 0.0429 (1£0.012,,+0.019;, +0.010,.)** \
BF(B — IvX) readjusted to 10.9% 75 o1 63 o3 e 05 08 o1 °‘5AE‘éev§'
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Because of the high B-meson boost, DELPHI moments in
full m,,E,,q° space, E;>0. Different for CLEO and BABAR.

€| cLeo2001 results:

<m,?- mpy?>> (E, >1.5 GeV )
=(0.251+0.023+0.062) GeV?

and <k > from b —sy:

1850701-004

0.1 I-lExpl;eri:nellﬂaT
ITotal
0 1
-0.1 -
~_0.2 -
-0.3 i
-0.4 Iy N
-05 L1
0 02 04 06 08 1.0
A
V| = 0.0414 (1£0.012,,
+0.022,, +0.020,,)

(x) BF(B — IvX) re-adjusted to 10.9%

12 Aug 2003

from E, spectrum,

Moo (E, >1.5 GeV) and
MOOO (>1.7GeV)  Myyo (>1.5GeV)

BN REAE Sy e 1630802010
W

0" Moment of
Lepton Energy

—0.051 :

~0.10F

Ny \\ 15! Moment of ]|
-015L PN /Photon Energy |

4 st \‘\ Y (b‘b‘s'\{)
——0.2017 Moment™ g\ |
L | of Lepton of o
3 025l Energy 17" Hadronic _|

Mass Moment |

<0301 -
_0-35__ c 1a Total I N
~040f Exhgimenta -
-0.45 =

70.507III|IIII|IIII|IIII|I\II‘II\\L‘1\I\I\tI\II
0 01 02 03 04 05 06 0.7 08

A (GeV)
*) —
IV, |® =0.0418 (1£0.012,
+0.012,, +0.022,)

No combined fit performed.
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< 2250

BABAR 2003 results:

Moments M,,, with

E >09..1.6GeV,
obtained from 89 M BB
with By, fully reconstructed,

R T ¢

')

= 2000
C1750 |
10\1500 s

1250 |

250

1000 f
/:8/'

O_III

Data

Fit

Signal 7114 events
Background

eand pnin B E > 0.9 GeV.
My signal TOM it t0 Pice AN Mg

signal’

<m,?> — <m,?> using MC:
o b)

slope = 0.995 £0.011
offset = 0.021 £ 0.046

Very small
model
. dependence!

Obtained
moments
Moo

slope = 0.735 £0.007
offset = 0.606 £0.030

8 9 10 11 12
{ﬂfi_}ﬂfch'ue(Ge‘..-'ﬁ)

3 4 5 6 7

12 Aug 2003

K. R. Schubert (TU Dresden), Lepton Photon 2003

5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29

Mes (GeV)

P

45 ¢
% 445
= 44
=435
43
425
42
415
41
4.05

4

1.1 1.2 1.3 14 1.5 16
PTnin(Gev)
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E " ‘\ I\\.DIEII_PIHI- |
| BABAR fits HQET parameters o1t o \--.\._‘_‘ M0 2003
(x{t{/ iIn 3 schemes, here pole mass — _02'_ <m,2>
quotes |V, | from 1S scheme: wl
0.0421(1£0.025,,,+0.017,) 7
-04 CLEO
i b—osy
CLEQO 2003: o5 e

e
-]

~10 M BB’ pmiss= pe+e- - pobs= pv
IM_....%/2E | < 0.35 GeV, only 1 e or ,
my?, g2, E, for each event,

e
[=7]
T

miss

e
s
T

<m,?> from fit in 3 dimensions
to MC sum of Iv (D,D*,D**,nonres,u)

e
w

'@ DELPHI 03

® CLEO 03 (prelim) - --s-mwmsessseremmcessearmes=
““ I'm CLEO 01 (PRL)
¥ BaBar 03 (prelim) == == ==

o
N

(MZ-MZ) Moment (GeVacY) ' o
2
t
I
/
I
I
I
)
|—'L<—A—|

0.1 - HQET fixed by CLEO:
Result: L 1sGVMENDandBoXyE) ]
. — 02 04 06 08 1 12 14 16
NO new f't Of A, 7L1, |VCb|' Eepton CUt (GEV)
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Summary V inclusive: Moment measurements
e d’T(B—1v X,)

| O Tl dE dg
and HQET/OPE offer the potential
to determine |V, | with ¢ < 2%.

Duties for experiment:

|dentify inconsistency areas.
for theory: Identify best scheme
(1S7?), get terms with o /m,?

s and more 1/m.2and a 2terms ...
[GeV]

IVpling = 0.0429 (1 £ 0.012,,+£ 0.019;, + 0.010,,) DELPHI, kin
0.0414 (1 £0.012,,£ 0.022;, = 0.020,,) CLEO m, pole mass
0.0418 (1 £0.012,,,£ 0.012;, = 0.022,) CLEO E, pole mass
0.0421 (1 £ 0.025,,,+ 0.017y,) BABAR, 1S

My average: IVepling = 0.0421 £ 0.0013 (3.0%)

incl

24
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Exclusive V., determination: from dr(8" > D tv) i xm—g°

9
dw 2m.m,

@ | new results submitted to LP03 by DELPHI and BABAR
both with full reconstruction D" > Dz . D' > K 7" K #'z*'n K n*n°
DELPHI 3.4 M Z, 1688 ev. (e+1), BABAR 86 M Y(4S), 55700 (e+y.)

Delicate background from D**. %:mﬂ : BaBArR ©
5.'_'; i prenm "."."'_-r' |
. ]
DELPHI uses hemisphereand =<, [ |
vertex separation to identify [ m om *
__ M fake-lepron
extra tracks from B, DL wcoreletiopon
i WM correlated-lepron
BABAR uses cos 65 p wor o
200
8 fh'l'-h_ | s
ﬂ \M“MN Hi W ? w“’*”*“*“ Ak |
LA
-10 a 2 -.t
cos GBU,D*(
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S | 25 papax]  Climn DELPHI
'% e : u:c:;FmI € e 300 — | EEE%E
plad ! z—)i‘(_' _+_
1 —] g h B Combiratorial
%
[
1 1.05 11 115 1.2 1.25 132 1.35 1.4 1.4 1 _5 0" P 4 2 6 8 p—
2
Advantage of BABAR: less background, 0 = 10 GeV
of DELPHI: large acceptance also at g2, _,, i.e. w = 1. Results:
DELPHI BABAR
103V | F(1) 39.2+1.842.2 34.0+0.2+1.3
Par’ 1.32+0.15+0.33 1.23+0.02+0.28
BF(B°—>D*Iv)% 5.90+0.22+0.48 4.68+0.03+0.29
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Summary forV,:

| ' T ' ' ] I ' | ' |
A xg 1 ALEPH '
336+ 2.0+ 16 —_—
OPAL (partial reco) :
384+ 124 24 \ &

OPAL (excl) .
390+ 1.6+ 1.8 A

DELPHI

(preliminary)

DELPHI (partial reco) i
368+ 14+ 25 —

BELLE .
3671 191 1.9 '_'—?—'_'

CLEO i
436+ 13+ 18 e

DELPHI (excl) :

385+ 1.8+ 2.1 —t
BABAR |

M0+ 02+ 13 ——

Average |
36.7 + 0.8 =

RIS HFAG 7 2
HFAG /ndof
e 200 _ *osr7 B

0 0.5 1 1.5 2 25 30 35 40 45 ,
2 F(1) x [V,] [107]

N
<o
|

—
o
=
:45 L CLEO _
=
[}
z i OPAL 7
X g (excl)
PN -
——
\_/ .. y [T
Lr_‘ p A I
i

(98]
wn

V., |'F(1) = 0.0367 + 0.0013 (S =1.7)

F(1)=0.913 0050 HQET V| = 0.0421+0.0013

V.| = 0.0402 + 0.0020 |1V, = 0.0415+0.0011
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[+ SRS
Q
> T
2 a
O:ﬁ)*

AX?=0.0415+0.0011

(£2.7%)
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Vud Vus @ Source: Inclusive and exclusive
Ve Ve

" semileptonic B-meson decays
S C

d

into charmless final states

Va Vi Va
Exclusive decays:
BELLE: BF for B® —» = lv, B* - plv, B* - wlv, no |V |
BABAR: |V, from B® - p-e*v, B* — ple*v

with 55 M Y(4S) and 5 form-factor calculations, ,model dependent

CLEO: |Vl from =t 1*v, © %, nl*v, p 1*v, pOI*v, ol*v
with 10 M Y(4S) and QCD form-factors only, ,model independent®

Because of small statistics, both use isospin /quark-model constraints:

F(,o"f V)Z Newlv)= F(p_ﬁ v)/ 2, F(ﬂ”é V)= F(ﬂ_f V)/ 2
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BABAR 2003:

B — p-e*v
B* — pletv

high-E: 2.3-2.7 GeV
low-E: 2.0-2.3 GeV

signals for p- =

results from p-& p? U

10* BF(B° — pe*v)

12 Aug 2003

“Bic

#events/ 175 MeV/c®
[=,9 [+.2]
: B ¢

(o]

low-£,

#events / 400 MeV

ISGW2:

276 +£0.34 £040
Bever/Melikhov:
3.64+£046£0.52
UKQCD:
334+£042£048
LCSR:

3.86 £0.50 £ 0.56
Ligeti/Wise:
2861037 £041

Combined:
3204042+ 047 £0.55

K. R. Schubert (TU Dresden), Lepton Photon 2003

=

S

#events / 175 MeV/c?

—

3

— Downfeed

— b—clv

1 1,
M, [GeVic’]

15 .2

E i high-F, i
I ntnuum
S 4001 070) uu
=+ L .
3 | is already
= L
4]
3200 subtracted
o 0 1 2
AE [GeV]
| ISGW2:
‘ .- 3.55+£0.21+025 747
! Beyer/Melikhov:
103 |Vub| —* 38440244027 T
: UKQCD:
. L%.O;;Ji 0.224£025 o
| LCSR: -
¢ 3.85+0.24+027 1
. 3 Ligeti/Wise: H; .
| 3.09 £0.19+0.22 182
? Combined:
| +.39
| b 3.64 +.22 +.25 56
25 3 35 4 IV 1/107 '
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e e ]

R CLEO 2003:

» 4 JYE \: - @ Detector hermeticity = ,v reconstruction”
(2;;“,,;/ b St % = g2and E >1.0 GeV (rn), >1.5 GeV (p)
20k LWy 20

1|:||:| .-//IZ’/,/JJ'_. .;.14,{!{. ] .r.._.r._.-.' 1E;|:| C Signals

e p + 7y 2 in g2 bins U
EiD - “| ] F,
S L +’+ &0 50 50— e 0T 50
- ; i ¥ 4040 0= q° < 8GeV: 40 it = o |
*BE: 3030 30 wnite = signa

2020 20

10105, 4 a4 red = crossfeed

50 50
35q2<163

4040 yellow = downfeed
3030 30
2020, .. 20 _ :
1010 o green = continuum

2 12 5050

10 n A 10

: i+ g 00 “  plack = b-sclv

g + C Ba | & 3030 390

4t = yr + 4 20205 20

EW ' .\

] '%/ ;ﬁr ‘/1//’ J’"f p.-; !'- 1010 - 19

520 555 -5 ¢ o
My 158V AE f,c;-:w "My (GOV) AE (GeV)

12 Aug 2003
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CLEO 3600103-003
||||||||||||||||||| n ||||||||||||||
Alg® e Ball '01

—H——H | KRWWY
| SPD
P Average, all ¢
q° = 16 GaV’ Lattice QCD
e+ FNAL '01
e JLOGD
M APE
+— =y UKQCD 00
== Average, (q° 2 18 GeV®)
q2< 16 GeV° LCSR
e Ball ‘01
e KFEWWY
FH=@=—H | Average, q" < 16 GoV°
Average of LQCD + LCSR
- xév: LQCD + LCSR
— @+ | mgv+plv: LQCD + LCSR
il|II||||||||||||||||||||||||||||

20 25 3.0

CLEO
IIII|IIII|IIII|IIIp I|IIII|IIII|IIII
All g°

! | BaII '08
& ISGW II
o, Melikhov '00
[——— UKQCD '98
s Average, all g°
a2 16 GeV? Lattice QCD
e UKQCD '98
q° < 16 GeV° LCSR
i — Ball ‘98
Average of LQCD + LCSR
[

H——H

pév: LQCD + LGSR

————— nfv+pLv: LQCD + LCSR

35 40 45 50 55 60 20 55 30 35 40 45

103 |Vub|

103 |Vub|
+0.16 +0.53
+0.39
Violgasar, = (3.64 £0.22+£0.25 " 772)103
+0.24
Viblexa = (340 535 +0.40)10-3
12 Aug 2003 K. R. Schubert (TU Dresden), Lepton Photon 2003
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Inclusive decays b — ulv:

Three methods

T | T
ALEPH
41240674076
L3
S.70 £ 1.00 £ 1.40
DELPHI
407+ 065 1061
OPAL
400+ 0.71 £0.71
LEP Average
4.09+ 037 £0.56

1) E, >2.3 GeV, ,endpoint”

e S

2) E >1.0 GeV

___:]___

and my < 1.5 GeV,

CLEO (endpoint)
408+022 +£0.61
BABAR (endpoint
443+ 0. ?é + 0%? )

CLEO (m, Q}
4051061 j:i}-.‘iS

BELLE (m, with D lv tag)
5.00+0.64 + n 53

BELLE (m - Q)

3.06 + 047 £0.57

BABAR (m,)

462 4+ 038 £ 049

BELLE (endpoint)

3994+ 025 +0.59

from

requires tagged B,

less QCD-dependent.

S N

3) E, > 1.0 GeV

o and my, < 1.5 GeV
ke new and g2 >12 GeV?,

- new requires tagged B
B and high statistics.

HFAG |,
LPO3

12 Aug 2003

4 403 V| 6 needs even less QCD.
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BELLE: ”j"‘““*«%& (@) m-H | (b)

29 MY/(4S), R S oo | LAt

(a) B—evX t0” HM 2000 ”/H“ HM‘%

(b) continuum T T TR M *’*‘*“*”**“{ ;s
Momentum (GeV/c) Momentum (GeV/c

and b—c subtracted
BF (B —»evX,) = ABF (2.3 <E <26 GeV)/f (CLEO)
Vol =(3.99£0.17 . = 0.16Sys +0.59,,)10-3

What is f,? Already used in endpoint analyses of CLEO and BABAR.
Determined by shape function, also concept of HQET,
but beyond OPE, needs nonlocal operators (,twists®).

Jr d dr dif‘ferencg |
- L + Data
b-quark dE/ dE/ dEt | — Spectator Model
. deca ﬁ 3T '
From Z. Ligeti y
- IS E bbb by
FPCP-03 Paris: | B-meson /\ Yy
decay _ CLEO b—)S'y
005 Tpis 2 23 005 1Tp15 2 25 R K (fo) s

12 Aug 2003
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m, Result of BABAR:

Y(4S)

89 MY(4S), 32 k events with

— BeeoBsigy Ej >1 GeV, B

reco Slg ) reco

reconstruct my in By, — IvX U

12 Aug 2003

I ® Data E e ‘Dalta o
400 + Db—)ullv ~ 100 Ol b—sulv 7
0 b=clyv Z
' W Other 5 BABAR
300 - E
— BABAR 50
200 F
100 = 0
0 ! 1 L L ] ] L | ] ]
0 | 2 3 4 25 0 1 2 3 4 25
my [GeV/c'] my [GeV/cT]

Using the shape function =

V.| = (4.62 £ 0.28

stat sys —

I lepton, p, > 1 GeV/c

120005 P =65%
10000] Ng=32210

30(]0—: B4B4R
6000
1000

2000+

+0.27,, + 0.404, + 0.26 ,,,,,) 10 3
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Summary for V

Ub’inCI; 25 L1 b—=callowed
+\] No discussion of my-g? method here. 0f B2 Eemimp)ng

)3““? , B 4> (mp-mp)?

" /| Best prospects in the future because (Gi}zf):
of smallest dependence on HQET i theory
parameters. Take them from V, data? ", . . Qo

Ee (GeV)

HFAG does not yet present an average for |V ;|-

My weighted inclusive mean: ||v_| = (4.26+0.13 +0.50) 10 3

incl

: , \ [Viplexar = (340 * 022 +0.40) 10 2

A~ S
3
IV, Jx 10
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Va

Source: Am, of B°B? Oscillations

A gﬁ

Th ALEPH . 0.44610.02610.019 ps'1
>'ll' ?::\'} l b (3 analyses)
T #*

2003 4;7 S DELPHI |+_._H 0.51940.018+0.011 ps™*
s (5 analyses)

0.444+0.0280.028 ps™

2.
NN 2N

“\

5

from HFAG LP03 =

OPAL o H 0.47910.018+0.015 ps'1
(5 analyses)

0.495+0.033+0.027 ps™

BABAR H 0.500+0.008-:0.006 ps ™"
(3 analyses)

0.506+0.006-+0.008 ps™'

average of above 0.50210.007 ps'1

after adjustments

M
2 2 | )
G F m Bd f Bd B Bd 77 B (XdAni(;;llel‘;?lIe_ftg ‘—o—' 0.493140.032 ps
;

Am,

(0.502 +
0!4 I 0.:15 I 05 I 0.I55 I O-OO6)/pS
W[ f(mf,me)

-1
without adjustments Am " (PS )

2
6 /A world average

f,2B, = (223 + 33 +12)2 MeV2 from lattice QCD

Vil V| = (9.2 + 1.4 £ 0.5) 10 -3

12 Aug 2003 K. R. Schubert (TU Dresden), Lepton Photon 2003 ——m 3/ eoo———




from BB, oscillations

2.5 B L L L B B B B

V V V World average (prel.)
ud L ub A(A 2 3 + datat1c A 95% CLlimit 14.4 ps:: ]
V V V ( m S) [ - 16450 - sensitivity  18.7 ps
Cd (oA} Cb b :_ | | g::ii:gjgg(stat only) IO _
b 4 il 1il'“ _
vy D) Vs | i
PSS i

and b — sy penguins

-05

Am¢ >0 since y = (x - fqxg)fs>0. | from it
] HFAG Il

Amg>14.4/ps (95% CL) < LPO3 [Fos e s s s e ns
Am_( s'l)

Am, = GI%mBS /) stzB 8,5, f, \/g i
677 E= =1.24+0.04£0.06 |Vis|'|Vip] > 0.033
2 2 2 2 de V BBd
s ‘th‘ 'f(mtﬂmW)

Penguins: BF (B —» X,y) from CLEO, ALEPH, BABAR, BELLE

Ali and Misiak:

12 Aug 2003
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Vi, [1V,o| = 0.047 +0.008
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Vie Vs Vs

v | was 1.04 +0.16
cd @ again using I'( D — Kev)

Vi VsV

Decays of real W-bosons at LEP-2 increase precision:

2 2

F(W —> haa’rons) . V., g +V .|+
r(w—ev) 1

2
+

2 2

V

us

%

CS

Vea

Ve

=2.039+0.026

only using that there are five quarks with m(q) < m(W) =

|1V, = 0.995 + 0.014]

CSl -

Prospects: Check by CLEO-c
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Unitarity check of the full CKM matrix:

Vud VuS Vub V4 =0.9737 £ 0.0007 |V,,|=0.0038 + 0.0005
7 7 7 sl =0.2210 £ 0.0023 [V| =0.0415 £ 0.0011
cd cb | |V4 = 0.224 £0.016 V| = 0.995+0.014

CS
Cs

<

0.9969 + 0.0017 -180c
1.042+0.029 +1.50c

-0.002 + 0.016 01c

|Vud|2 + |Vus|2 t |Vub|2
|Vcd|2 T |Vcs|2 T |Vcb|2

|Vudvcd| - |Vusvcs| T |Vubvcb|

The observed CKM matrix magnitudes fulfill unitarity reasonably well.
< All processes which we call ,weak" can be described by the
Standard weak interaction in which the CKM matrix is necessarily unitary.
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Assuming Unitarity :
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V]2 = 1 - [Vgpl? - [Vl? — Vi
>,':f*:; Vig
- IVisl? = [V |? + [Vl? - [Vl* = Vis
% % % ﬂl’his region has\
ud us ub often been
over-interpreted.
Vcd VCS Vcb Better:
again Measure Am ! )
% 2 f’.\-’:r;l;;.\::age‘(Z;:;Lr;i“m‘ p 'V\ :Average for PDG 2003
o e AN
HFAG
LP03 75 10 125 15 173 zoamzsz(.;_‘;;s PD G 03 bbb ll'SAm:Isps_lz)"
12 Aug 2003
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= 0.99913 + 0.00009
=(9.2+1.4+05)10-3
= 0.0406 + 0.0023

. fo.Bs,
f5,\Bs,

=1.24+£0.04%£0.06

It —(4-1)* /202
L(Ams)—{e |Am_ <20/ ps

1|Am, >20/ ps

Contours for |V,4| in the
p - M plane:
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0.8

S

I
=

Q

>
~
B
—

Q
I+
N

a

06—

0.4

Am, and overoptimistic Am,
0.2 _ _______ : ; - :

Amy and Am <20/ps
used in this talk

. —— : ; L ckmLfit 0307-14
I | I | :ﬂll||||||||||||||||||;:Illllll‘lllllllllllllll||||||||||:\|||..|||||‘I||||||||J{|||||||||I|||||||||||||||||||||| |||I||||| INERN]

-0.2 :|||||||||I||||||||| NN NN NN NN NNNNENNNNENNNNNEE}

-0.8

12 Aug 2003

ETTITIRTITIN vl
-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 ﬁ
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Vud KZ"‘VCCJV;"'VM VtZ =0

0.8

' Max L, +1c, +20
0.6/ : :

e

,(_):RC Vud Vub* : ﬁzlm Vud I/ub*
_Vcd Vcb _Vcd Vcb
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0.8

- Max L, t1c,t26 T 5 L 5
0.6 b b e — .................... jf ....... ................. ;.r ......... _ ...... ...... o

e

- : : : LT
- : : : RERN
0.4 : . : e
... - e . T
"t e : : : R
. . . L -
: : e

020

ckmLfit 0307-10

R TR S oo ckmLAt0307-10
02508 -0.6 -0.4 -0.2 0 . . .

From magnitudes alone: There is CP violation in the St. Model;
but the point (p,n) = (0.37,0) is only excluded with 2.
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e

12 Aug 2003

0.6

0.4

0.2

Including CP violation measurements into
the unitarity fit:

0.8

—

p=0.21+0.08+0.05, 1=0.34 £0.04 £0.02
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Likelihood Likelihood Likelihood

Likelihood

s o
= o

G &
=
T

Parameter values before and after the unitarity fit:

-
TT

=

3T T F Fg=fo\B
e o f -
& f & [ B~ 'BYd
= U =
= T =
= 06F = 08F
- F - F
0.4 0.4f
02f 02k
ot (A S R ¥ SE— L o5 07 B F T TePY L
: : : =) : : S, [GeV]"
- - 1F ﬂmd
=) o o
= = L
= = GIE
T =F
= = 06
— — F
0.4F
0z2f
of

-
T

Likelihood
Likelihood
e

=
a
T

02F

=
T

Am, = (14-39)/ps, 95%CL

‘ V| =(3.82 +0.37) 103 ‘

PR I SR S B!
06 07 L]
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Summary: Rich experimental and theoretical progress

QL

19}

¥

2}

NN 2N

W

NN 2N

1o

in the determination of CKM matrix magnitudes.
Experimental problems: G,/G,/(n), T'(K;3), F(1)|Vg| .-
Important inputs missing: Amg, t(t) ...

S

S oY o

S

More statistics will help |V .. and |Vl

,Matrix is unitary” within = 1.8 &, using my present error estimates.
Assuming ,unitarity”, i.e.no New Physics, and including g(K?°), sin2:

A=0.2235+0.0033 (£1.5%)
AA2=0.0415+0.0011 (£2.7%)
A X3V p2+n2=0.0038+0.0004 (+10 %)
atan (n/p) = (58 = 19)° (£ 5 % of 360°)

Hirarchy of magnitudes 1, X, A2, A3 was also a hirarchy of precision.
No longer now, A)\? is already better known than A.
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