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‘ CKM Matrix & Wolfenstein Parametrisation |

Vud Vus Vub

VCKM — Vcd Vcs Vcb

Vie Vis Vi
€12€13 $12€13 s1ze” %
VekM = —s19¢o3 — c12893513¢0  clac23 — S12523513€" $23€13
s12823 — c12ca3s13€®®  —c1asa3 — s12c23s13¢" cascrs

Wolfenstein Parametrization of Vokwu:
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sise = AN} (p —in)

Vekm(O(AY)) =
PP PLI 0% A AN3(p — in)
Y [1+A2,\4 (p-{—in—%) 1 - 322 - Iad(1 4 442) ANZ
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‘ The Unitarity Triangle |

VudVyy + VedVy + VidVy, = 0
‘(;Z&: 1 “fjgtz = Ru+1+R¢=0
R, = Vp2+i2
Re = \/(1—p)+7

p=p(1—X/2);7 =n(1—-X/2)
v = atan(}) =6

(0,0) (1,0)
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‘ Present Knowledge of the CKM Matrix | I

® Vud

o Super-allowed nuclear 3-decays (0T — 0%)
|Vaa| = 0.9740 + 0.0001.4, £ 0.000481,60 (0.00104pe0)

o Neutron (-decay (7n, ga/gv)
|Va| = 0.9749 + 0.0024
(recent measurements not included)

o Pion B-decay (7t — 7T 1)
|Vada| = 0.967 £ 0.0160.4, £ 0.0009;4,0
no nuclear structure effects but not competitive
(BR = (1.025 £ 0.034) - 107°)

o |Vaa| = 0.9741 + 0.0009

® Vus —
o Semi-lept. Hyperon-Decays:
|[Vus| = 0.21 — 0.24 (SU(3))
o Semi-lept. K_;-Decays:
KT — 7letv,, Ki, » neTv,
|Vis| = 0.2196 4 0.0017 & 0.0018;4.,

V2 4+ V24 V3 =0.9969 4 0.0014
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‘ Present Knowledge of the CKM Matrix II |

® Vcd
o Charm production in v N-, v N-DIS:
|Vea| = 0.224 4+ 0.014

® Vecs
o Charm production in v N-, v N-DIS:
|Ves| = 1.04 £0.16
o Semi-lept. Df-Decays:
|Ves| = 1.04 & 0.05.4p. &= 0.144pc0.
o Unitarity for three families:
|Ves| = 0.97 £ 0.09¢4p £ 0.07 5ys.

_ L(W™ = cq) . D icd,s b | Veil?
- I'(W+ — hadrons) 3 Viil2

=1/2

c
1=d,s,b;j=u,c |

|V.s| = 0.989 & 0.016

(W' — hadrons) 5 as(mw)
'(W+ — leptons) Z Vil - (1 T )

1=d,s,b;j=wu,c
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‘ Present Knowledge of the CKM Matrix il |

‘V:cs

I'(b—s
|VisVie/ Veo| from I‘(b(—;;j;g)

1VisVin/Vip|? = 0.93 £ 0.14 + 0.08

e Vib

Semi-lept. top-decays:
|Vin| = 0.99 £ 0.15

Vip |2
Sied,s,b | Vail?
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‘ Present Knowledge of the CKM Matrix IV |

o Vip = A - \?

e Ve (exclusive)
o B — D™y, (F(w) lsgur-Wise function)
o Extrapolation to point of zero recoil: |V| - Fpx(w = 1)
o Fpx(1) =1 4+ HQET corrections

V| - Fpx(1) = (33.8+0.9+1.9) 10 *(LEP)

V| - Fpx(1) = (42.441.0£1.9)-10"*(CLEO)

(V| - Fpe(1) = (38.1+1.041.9)-10 *(av.)
V| = (42.8 4+ 3.0 £ 2.4440,) - 107°

Fp«(1) = 0.89 £ 0.05 Bigi et al.
Fp«(1) = 0.91 £ 0.03 Neubert et al.
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e Vep (inclusive)
Inclusive semi-leptonic BR

Vil = 411 10_3\/BR(B — X.lvy) 1.55ps

0.105 T
(10 024,& — 0.5GeV?
. 0.2GeV?2

(1% 0.0305er1. £ 0.024;,,3 % 0.020,,,)

[Vip| = (40.76 & 0.41 + 2.045e0.) - 1073(LEP)
| Veo| = (40.0 & 1.0 % 2.04he,.) - 107°(CLEO)

o Vo, (average)

V| = (41.1 £ 1.6) - 1073
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Constraining the Unitarity Triangle I: V;,

o Vub (exclusive)
BY — p~ (77 )€1 v, experimentally easier (Y (4S5))
than inclusive measurements but: model dependent
[Vas| = (3.25 £ 0.1455% £ 0.55,04.) - 1077 (CLEO)

e Vb (inclusive)
Lepton end-point spectrum of b — ul™ vy
Large errors due to extrapolation to small momenta
Inclusive semi-leptonic BR (hadronic invariant mass Mx)

Vil = 4.45 - 10°° BR(B — Xufvg) 1.55ps
“ ' 0.002 T

(1 £ 0.010p¢rt. £ 0-0301/m2 + 0.035m,)

V| = (4.0470 35 (stat. + det )02 (b — ) 052 (b — u)

4+0.02(7) + 0.19(OPE)) - 10 *(LEP)

o |Vup| = (3.48 +0.23 + 0.55¢p¢0.) - 1073
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Constraining the Unitarity Triangle Il: ek

lex| = (2.271 £ 0.017) x 1073

G%m%Vme?(B
K
12272 Am g

|€K| = <77ccS(x67 xc)Im [(Vcsvctl)2]
+n¢S (x4, 24)Im [(Vf:svtfi)Q]
+277cts($67 xt):[m [Vcsvcti‘/ts‘/tti] )

Besides top- also charm-quark contribution important
S(ze,ze) : S(ze, ) : S(zg, T4) & 100 : 101 : 104

Im [(Ves ViD?2] - Im[VesVE Vis Vi - Im[(Veg V2] = 1: 12 A%

Nee = 1.38 £0.53, ¢ = 0.574 £0.004, 1. = 0.47 £0.04

1N
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Determination of Hadronic Matrix element by the Vacuum insertion
approximation:

_ 8 _
(KO (1 =) KT = SBr(K|5y"7°d|0) (015" d K)

_ 8 o 2
- ngfKBK

<K0|§7“'y5d|0> = frxp", KT ,u+1/“ : (K+|§'y“'y5u|0)

Bg = 0.87 + O.O6Stat__|_3y3_ + O'lgquench.—l—SU(3) (Lattice QCD)

1—

11
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Constraining the Unitarity Triangle 1l: ¢/ /¢

e X7
e Inconsistency in the data (E731,NA31,NA48,KTeV)

e Calculation of hadronic matrix elements (Bg, Bs)

19
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Constraining the Unitarity Triangle Ill: Amg

Amg = (0.487 £ 0.014)ps~!

* 2
Amg= 5 np-mp,- 5, Ba-miy - S(@0) - |ViaVi)

ne = 0.55 & 0.01 (QCD), fB, and B, from Lattice QCD:

de(quench.) = (175 &£ 20st4t.+sys. ) MeV
7
de — (200 + 233t@t-+393-t??,quench.—l—SU(S))Mev
Bd — 130 :l: 0°128tat.—|—8y8. :I: 0°13quench.—|—SU(3)
de\/ Bgs = (230 +£ 28 4+ 28)MeV

First partially unquenched calculations published
Test of Lattice QCD: measuring fp,, fp and de
e BT €+1/£: Vbl -de
BT & ,u,+1/p,: 10 events in 30 — 30()fb_1 (helicity suppression)
BT = ’T+V7-Z much larger B R but experimentally difficult
e U(3770) » DTD™: fp

12
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Constraining the Unitarity Triangle 1V: _2':7711:1

o Amyg: Weak bound in p—1-plane
Amg __ mg st |Vts|

Amg — mded /B

Dependence on m; and V., cancel

£ = fBBs\/B—S 1.16 &= 0.03,44¢. +sys. + 0. 05 guench. (Lattice)
dV

IS quite strong:

e Amplitude method: P(t) = Le " (1 4+ A - cos(Am;, - t))
combines results from LEP, SLD, CDF:
Amg > 15.0ps™ ' (95% C.L., A + 1.64504 < 1)

e CDF expectation (Run Il): %-level

1A
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I I
—e— Preliminary Average
2 L ---- Sensitivity

P Limit (95% CL)
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Constraining the Unitarity Triangle 1V: sin 20

e sin2(3 from B — J/VYKg

0.79 + 0.43(CDF)
0.93 + 0.91(ALEPH)
32 + 2.0 (OPAL)
0.12 4+ 0.37(BaBar)
0.45 + 0.44 (Belle)

o sin273 = 0.49 £+ 0.23 (weighted mean)

1A
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‘ Prospects: v from B — K I

e B — 7T K" dominated by strong penguin P
B - T KT P — VT
Strong Penguin Contribution » =

YIS

e Fleischer-Mannel Bound(no FSI, no EW penguins)
Neubert-Rosner Bound
)

:F
R = EEgI:WfKO —=1—2-r-cosdcosy + r’

R > 1— cos®~cos?d
FM-bound: cos§ = 1 — sin’~y < R

e Factorisation Approximation (Beneke, Neubert et al.)
Strong phases + FSI; EW penguin contribution — -y

BR(B — nTK%)
R = = 0.88 £ 0.25
BR(B* — n*KD0)

1BR(B — nTK¥)
R, = - = 0.48 + 0.16
2 BR(B — ©9K?0)

BR(B* — n°K%)
R. = = 1.52 4+ 0.50
BR(B* — n*KD0)

Comparison with bounds from Am,: New Physics?

17



INPUT PARAMETERS FOR A GLOBAL CKM-FIT

12/12/2000

Confidence Level

Confidence Level

15

=

0.5

0.75

0.5

0.75

0.5

0.25

R(exp) = 0.88 + 0.25

gisssssss
SR

4

RIS
e

—
B2 R(exp)

£ R (exp)
R.(exp)

RRRRXK:

2%

s X
s o5

oo

S RS

R S e eSS O SIS OO

SIS
5
X

8
%
5

2%

T ataratasess
RIS,
o’o‘o’o’o’o’o’o’o’o%'o’o‘:

60

10



INPUT PARAMETERS FOR A GLOBAL CKM-FIT 12/12/2000

‘ Prospects: Rare Kaon Decays |

o« KT — 7T+I/17
top- and charm-contribution important
Theoretical uncertainty: =~ 7% (from c-quark contribution)

Hadronic matrix element from K+ — 7le™u,

BR(SM) = (8.24+3.2)- 107!

E787 (BNL): one event — BR = (1.5737) . 107"
F949 (BNL): N,ep = 5 — 10

CKM (FNAL): N, =~ 100 (Starting 2005)

o Ki — v
Direct CP violation (| K1 >~ %(u{o > —|K° >))
Only top-quark contribution relevant: Im (V5 V;4)* o< n°
Theoretically very clean: %-level
BR(SM) = 4.08 - 107 °A%n? = (3.1 +£ 1.3) - 107!
KOPIO (BNL): Negp = 60
KAMI (FNAL): N,,, ~ 120 (Starting 2005)
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