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| ntroduction L

Fundamental Tool in Flavour Physics = KM matrix

Uud U us U ub
U= Ucd Ues Ucb
U Us U

U supposed unitary — U x U* = I3
* means Hermitian conjugate, I3 is the 3-dim. unit matrix

Z ‘UZ]‘2:17 i:uacat (1)

1=d,s,b

=
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| ntroduction L

Z quch = 0, Z quUtj = 0, Z Uid(_]ib =0 (2

7=d,s,b 1=d,s,b 1=u,c,t

Above relations generate triangles

C12C13 C13512 s13e” "’
_ 5 5
U= | —ca3512 — C12523513€"°  C12C23 — S12523513€" $23C13
5 5
| 512823 — C12023813€"0 —C12823 — S12€23513€°  (23C13

s12 = sinfy9, c12 = cos B9, €tc. Four independent
parameters: o, s;;, 17=12,13,23
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Unitarity conditions L

Standard unitarity triangle
Notation |U;;| = Vi;

S12 =\ = Vus , s93 = AN = )\VCb (3)
\/ Vi + V2 Vus
s13€ = Uy = AN} (p + in) (4)
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Unitarity conditions

Standard unitarity triangle approach

(3) +4) =
513 513 S13 .
= —"_ cosd = cosd,n = sSin 0 5
P AN3 5192593 { 512523 ©)
2 21\ 2

Vup(l =V
tan5—ﬂ,p2+n2_( 513 ) _( b( ub)> 6)

p 512523 Vs Ve

(6) given by M. Schmidtler and K. R. Schubert, Z.Phys. C
53, 347 (1992)
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U matrix in Wolfenstein appr ox.

U:

1— \%/2
-\

A
1—A2/2 — M1+ 4A2)/8

AX3(p — in)
AN

1

AN (L—p—in) —AN+AN(1/2 - (p+in)) 1—A%AY/2 |



KM matrix deter mination L

a. KM matrix experimental determination —-
- SM validation

- and/or new physics beyond it

a. is not easy! two reasons:

0. theoretical:

0l. s;; mathematical parameters that do not enter
physical quantities
pn2. U present form not rephaising invariant

=
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Novel approach

Jarlskog’s solution: use only inv. quantities, V;; = |U;;

c. experimental: V;; cannot be directly measured

simplest case: leptonic decays: P — (v, provide
numbers for V;; fp

semileptonic decays:
H — P(w;, provide numbers for Vi;| f1 (¢?)|,

Concl.: 1. V;; are natural parameters entering data

=
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Novel approach

Concl.: 2. from such simple relations one can’t find two
parameters!

Real problem: Use V;; but you have no unitarity!!

Consistency Problem = what are the necessary and
sufficient conditions on the set V;; to represent moduli of

a unitary matrix
Problem solved:

=
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Novel approach

2 2
V2 ud 0120137 Vis = 5120137 | ub = 513
9
Vb = 523%3» th — 0130237

2
Vd — 312023 + 313323012 + 2512513523¢12C23 COS 0

2 2 2 2 2
V 012623 —I_ 812813823 2812813823612623 COS 5

2 2 9 2 9
th = 513C12C23 T+ 512523 — 2512513523C12C23 COS 0

2 2 2 2
ViZ = s955%3035 + 45535 + 2512513523C12C23 COS 0

From any four independent moduli we can compute s;;
and o

Unitarity conditions — s;; € (0,1) and cosd € (—1,1)

=
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Novel approach L

Example: Vs =a, Vi, =0b, Vo = c;

a C
S13 = Vip = b; S12 = \/1_—1927 S23 — \/1——172
choose V_,
COS 0 =

(1 =0)(Va(l =) —a®) + *(a® + V*(a® + ° — 1))
2abcy/1 — a2 — b2/1 — b2 — 2

+ three similar formulae

=
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Comparison L

" 0.97419 £ 0.00022  0.2257 +£0.001  0.00359 4 0.00016
0.2256 +0.001  0.97334 4 0.00023  0.041570-001,

0.00026 0.000044
- 0.008747 00037 0.0407 £ 0.0010  0.999133% ) q0004s -

J=(3.06103)) x 1079
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Comparison L

=V2 + Vi +V2 —1,etc.

ri=-—4.65x 107" ¢; = 1.79 x 107°
837 x 1076 ¢y =-122 x107°
rqa =—3.71 x 1077 ¢3= 1.89 x 107°

T2

Jarlskog invariant: J = 24 where A is area of any unit. tr.
Unitarity = J? > 0

I = ViudVus, lo = VegVes, 13 = VigVis, p= (l1 + 12 +13)/2
Tt =24/p(p = ) (p — l2)(p — I3)

=
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Comparison L

J¢ =455 x 107 J§=3.05x107° J§=1.55 x 107°
JI =3.09 x107° JI =253 x10™® J; =3.05 x107°

(J) = (3.18 £2.98) x 107°

Using all 165 cos d formulae, | got

(cos 8) = 0.468 — 0.0051, 0(epsg) = 0.2454 + 0.0096 i

=
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Notation: Vg =a =2 V., =

Comparison

Vcb:f:

Vub:\/l—GQ—dQ—f2—|—h2:

a

d

415
107>

10° 7

405
Vis = h = 151

VB2 +f2—h2 \J1—a2—d?— f2+h2

Vi-d - f?

_\/1—&2—d2 h

VELS = (3.59 £0.16) x 1073
(Vud Veds Ves, Vis) leads to cos§ = 1.573

=

DS

d — 2256

104 7

V72761 -

T

f
a? + d? — h?

~927x 10734
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Comparison. Another example L

Case of Fourier matrix: Vij = 1. —-

V3
Standard unitarity triangle gives

p:%,n:\/?g,tarﬁ:\/g, 6 =7 = 60°

1
513 = 77 S12 = 523 = V2

vgd:VQ Vb—vcb—‘/%b—

Uu

W=
wlé

3
VZ=V2=14¥3 y2_y2

C

true § value: § = 90°

=
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New Fit L

Concl.: 1. cos 6 ~ cosd\), i #£ j, all cosd® e (—1,1)
2. ¥? has two components: unitarity +experiment

2

2
G- (X vie) e [ Xwe)

J=u,c,t \i1=d,s,b j=d,s,b \i=u,c,t

Z(cosé(i) —cosdU)? —1 < cosd <1

1<J
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New Fit. Experimental Data

~ G2 Mpm? m2\ 2
B(P — ZVl) — F87_‘_h [ (1 — M—%)) f%vkzﬂ'p
dT'(H — Plv)  GEVj N2 fo ()

dq? 19273 M3,

2
X3=>, (d’;d’i) X=X +Hx3, di = (6D Vi

Unitaritv and Global Fits in Elavour
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Results L

Param. Centr. Val. &+ o Param. Centr. Val. &+ o
f 131.131 + 1.522 f”(O) 2149 + 13.4
fx 154.97 + 2.17 £7(0) 653.2 + 19.1

fx/f~ 1.1818 £0.0042 | fP*(0) 751.8 +10.4
_|_

f5 222.8 +25.0 f2E0)/fP™(0) 1.1714+0.04

fp 207.6 +9.8 F(1) 957.5 + 57.7

fp. 271.0 + 18.0 G(1) 1,125.3 4+ 40.7
f£™(0) 955.34 £ 9.27 A -1.2686 + 0.0057

Table 1: Fit results for fp, and f4(0), units in MeV
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Results L

Bin  f1(¢?) (x%Tve)  fT(¢P) (et )

1 0.6895 £ 0.0576 0.7072 £ 0.0355
2 0.7514 £ 0.0709 0.7/7/35 £ 0.0400
3 0.8442 £ 0.0841 0.7956 4+ 0.0488
4  0.8926 + 0.0974 0.9812 + 0.0532
5 1.1005 £ 0.115 1.017 + 0.065
6 1.3083 £+ 0.151 1.101 + 0.084
7 1.5789 £+ 0.221 1.635 + 0.111
8 - 1.759 + 0.235
9 - 2.024 £ 0.30

Table 2: |f+(¢®)| FF from D — wlv decays
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Results

Bin  fX(¢®) (K etve)  fE(g?) (KT ve)
1 0.7798 4+ 0.0136 0.7808 + 0.0208
2 0.8281 + 0.0146 0.8096 + 0.0239
3 0.8435 4 0.0156 0.8466 4 0.0259
4 0.9113 4+ 0.0198 0.8856 4 0.0289
5 0.9945 4 0.0229 0.9175 4+ 0.0331
6 1.007 4+ 0.027 1.024 4 0.039
4 1.128 4+ 0.033 1.149 4- 0.048
8 1.212 4+ 0.042 1.090 4- 0.062
9 1.303 4+ 0.066 1.233 4+ 0.092
10 1.561 + 0.165 1.476 + 0.210

Table 3: |f.(¢?)| FF from D — Klv decays
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Results L

0.974022  0.226415 0.0042512
Ve=1 0.226253 0.973323 0.0381075
0.0095692 0.0371307 0.999265

1.1x107% 19%x10™° 2.1x107°
oy, = | 36x107 27x107* 3.1x10~*
35%x107° 29x10% 3.9x10°4
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Results L

0.974021  0.226332 0.0074844
Vi=1 0226114 0.973083 0.044512
0.0124317 0.043391 0.998891

6 = (89.96 + 0.36)°, « = (64.59 £ 0.27)°,
v = (89.98 + 0.06)°, [ =(25.49 + 0.28)°

Veand V —  fp € (123.5,222.8)

Unitaritv and Global Fits in Elavour Phvsics — p.23/2



Results. Fine structure analyses L

f™(0)krop = 950.38 +5.56, and

(0 Favia 955.06 4 4.31,

From Table 1. 75 (0) = 955.34 4 9.27
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Results
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Results
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Results
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