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Introduction

The weak charged current interaction of quarks is parametrized by the Cabibbo-Kobayashi-Maskawa
matrix:

VCKM - Vcd Ves Vcb
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d is the phase necessary for CP violation.

From experimental observation we know that s;3 and sp3 are small (O(107?) and O(107?)
respectively).

The Vg can be described by the four independent parameters

$12 — ’Vusla $13 — |Vub|7 §23 — |‘/cb’7 4.
or (using Wolfenstein param. sio = X, sag = AX?, s13e 0 = AN3(p — i) )[I:

|Vu5| — >\7 |Vcb|7 éa ﬁ

Y= p(1—2%/2), 7 =n(1— /2
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The pair (@, 7) describes the apex of the unitarity triangle (UT)
representing the unitarity relation

VudVab + VeaVey + VigVip = 0
rescaled by |V_, V| = AN = AVl
ot+tm—1+1—-—90—1m=0

Sides: va Rt
Angles: «, B3, v =6

Experimental constraints on the UT:
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Fit Methods: Bayesian, Rfit, Scan

Main difference: treatment of the systematical error of the theoretical parameters.

Bayes Rfit Scan
Input p.d.f. (syst.+stat.) stat. likelihood + syst. ranges  stat. likelihood + set of theo. values
Output  Probability regions for Allowed CL regions Allowed regions for a
all the parameters (CL=lower bound on CL) given set of theo. param.

Example: Bx = 0.86 &= 0.06414: = 0.144y4¢
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Starting from the same values the allowed regions are different (factor 1.7 at 68% C.L. between
Bayesian and Rfit)
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Comparison of Bayesian/Rfit

Work started at the CKM Workshop. Aim: improve our understanding of the differences between
differenr fit methods comparing their results starting from the same inputs.

Comparison Bayesian/Rfit - 95% CL _ Comparison Bayesian/Rfit - 99% CL _
- 1 Amy, AmJAm,, [Vubl/|Vcb], &, Sin23 - 1 Amy, AmJAm,, [Vubl/|Vcb], &, sin2(3
0.8+ 0.8 -
06 0.6
041 @ 041 @
0.2+ 0.2+
01 05 0 05 1 01 05 o0 05 1
P P

Ratio RFit/Bayesian Method
Parameter 5% CL 1% CL 0.1% CL

F; 1.42 1.34 1.12
7 1.18 1.12 1.05
sin 2.3 1.16 1.16 1.17
~° 1.51 1.31 1.09
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G.P. Dubois-Felsmann, G. Eigen, D.G. Hitlin and F. C. Porter

Fit for (p, 77) with fixed set of theo. parameters |
(a "model”): os [

M = {Fp«(1), Peger, 1541/ Bpy» B, €}

Vb and Vo only exclusive measurements are
used.

[ |
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G.P. Dubois-Felsmann, G. Eigen, D.G. Hitlin and F. C. Porter

Fit for (p, 77) with fixed set of theo. parameters
(a “model”):

M = {Fp«(1), Cegers de\/BBd, B, &}

Vup and Vi, only exclusive measurements are
used.

~ FitswithP>32.%C.L.
fe-VBe  CutonBy:[0.74,0.87,1]

0.3

|1
J |
!

Display the consistency of the fit in the
theoretical parameters space.

0.28

0.26

For each pair (711,713) verify if at least 02
one fit pass a certain x? cut — draw contour
Different contours < different configurations
for the undisplayed parameters

0.22
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0.18 ' 1 pseudo-Vyp
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Cyclic permutations of the two variables give 3D plots
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Standard set:

Inputs for the CKM fit

Parameter Value Gaussian o Uniform half-width
pY 0.2210 0.0020 -
|V.p|(excl.) 42.1 x 1073 2.1 x 1073 -
V.| (incl.) 40.4 x 1073 0.7 x 1073 0.8 x 1073
V. |(ave.) 40.6 x 1073 0.8 x 1073 *
V5 |(excl.) 32.5 x 1074 2.9 x 1074 5.5 x 104
|V, (incl.) 40.9 x 104 4.6 x 1074 3.6 x 1074
Vo3| (ave.) 36.3 x 1074 3.2x 1074 *
Vil /| Ve | (ave.) 0.089 0.008*
AMy 0.503 ps~ ! 0.006 ps 1 =
A M, > 14.4 ps—1 at 95% C.L. sensitivity 19.2 ps !
mi 167 GeV 5 GeV -
sin 23 0.762 0.064 -
By 0.86 0.06 0.14
de\/BBd 230 MeV 30 MeV 15 MeV
¢ 1.18 0.03 0.04

New lattice QCD parameters with “chiral logarithms”

fB\/ BB, 235 MeV 33 Mev 1 Mev
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Fit Results

M. Ciuchini,E. Franco,V. Lubicz, G. Martinelli, F.P., L. Silvestrini, A. Stocchi and P. Roudeau
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Fit Results

M. Ciuchini,E. Franco,V. Lubicz, G. Martinelli, F.P., L. Silvestrini, A. Stocchi and P. Roudeau

%
5%

%
K
2059
oY,

58S
RO d
Rotetteteses
KRS
5030589858555
090s0sosoretetototetatess
R RIRIRRILLKKS
RRERESRSEIREIIES
. BRI Am
Ly
RIS TN
I oo
BB
QLK
%
0.4
- T
AT
- TTRRIR, 00002’::::::::‘:?‘{::&:2:‘:" S
TR R N S P L ARG RS
. R s SN %
ESosessenasatetsteetaies LT | §) %2
- A
)
n b2y
O Lo b L el S el

1 -08 -06 -04 -02

0O 02 04

06 08 1

Ol

Fit including “chiral logs" syst. in £ and fg,\/ Bg,:

3

ICHEP 2002, Amsterdam, 26 July 2002

(0.177
(0.365

+0.047
—0.044

+ 0.028)

3| ms

0.2

(40.43 £ 0.74)107°
(0.203 £ 0.040)
(0.355 4 0.027)




Comparison between sides and angles

Comparing CP violating measurements (ex, sin23) with measuraments without CP-information
(Amg, Amsg, |Vup/Vebl)
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Coherent CP picture in the SM |
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Consistency checks and predictions

Fit overconstrained: remove constraints one by one to check their impact and the global consistency

Impact of Amy Impact of sin20
= I = I
05} 05}
04| 04|
03} 03}
02| 02|
02 01 0 ol 02 03 04 05 02 01 0 oif 02z 03 04 05
p p
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Consistency checks and predictions

Fit overconstrained: remove constraints one by one to check their impact and the global consistency

Impact of Amy Impact of sin20
= [ = [
05| 05|
04| 04|
0.3:— 0.3:—
02| 02}
02 o1 o Tor oz oz o4 os 02 o1 0 01 02 03 04 05

: b
szn26: compare direct measurements (BaBarﬁ, Belle,..) with indirect determination:

sin2PBw A = (0.762 £ 0.064)
SinZﬁindirect — (07151_88255)

The two determinations are well in agreement and have similar precisions.
Note: real pre-diction !

CKM fits have predicted this value (with slightly larger error) already in 1997.
Including the stn23 constraint the fit gives:

. 0.045
sin23 = (0.7347 0s3

’This average contains the latest measurement from BaBar: stn238 = 0.741 £ 0.067 4 0.033
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Next to come: Amg, v and «

Amg p.d.f. without the Am constraint

10 20 30 _,4cC
Am <(pPs D)

Amg = (17. 8Jr3 5) P~
(9.4 — 24.4] ps_lat 95% CL

v p.d.f

=
" 0.06
<5)
=
S 0.04 -
[am

0.02 |-

oL 50 100, 150
?degrees)

v = (59.5192)
[47 — 72)at 95% OL
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Amg p.d.f. with the Am constraint
> C
= 03|
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Prob. den

0.1

© ™" 310 20 30 _ac

Am ps™H
Amg = (17. 6Jr2 '3) PSS
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sin2a p.d.f

Prob. dengity
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_ +0.23
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Strategies for the UT

A. Buras, F.P. and A. Stocchi
The determination of (p, 77) only requires two indipendent measurements.

Questions: fixing the same relative precision which are the most effective pairs of variables among
Rba Rta o 57 Y !
First divide the variables in two groups: (Ry, 3) (R¢, oy 7y)

0.225 ; 15%on U(B)/F_) 0.225 ; 10 % on G(ﬁ)/ﬁ
i 1- a(y) vs. o(B) r 1- a(y) vs. o(P)
02 L 2-o(y) vs.o(R)) 02 L 2-o(y) vs.o(R,)
— 3-6(a) vs. o(B) C 3 o(a) vs. o(B)
4-o(a) vs.o(R,) L 4-o(a) vs. o(R,)
0175 - 5 o(R,) vs. a(B) 0175 5-o(R,) vs. a(B)
r 7- o(Rb )vs.o(B) r 7- O(Rb) vs. o(B)
015 |- 015 [ o
0125 - 0125 -
01 [ 01 ;5
0075 - 0075 -
005 |- 005 -
0025 - 0025 |-
s o oom o1 o1 om om0z oz Chos o oom o1 o1 om om0z oz
(’77 B ) (’77 Rb)
Ranking: (o, 8) (o, Ryp)

(R:,3) (R¢, Ry) (Rp,3) available at present
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Alternative Set of Parameters

Parameters in Electroweak Gauge
Sector

agrep, Gr, sin’Oy

J
agep, Gr, Mz

U
aQep» Mw, Mz
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Flavour Sector

Until 2001

|Vus|v |Vcb|v /51 77

No measurements of p and 1) are available

Taking into account experimental feasibility and
theoretical cleanness

|Vu8|’ |Vcb|1 Ry, 6

appears as a better choice
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Present impact of this strategy on the standard parameters:

p
(Re(Amg, Amyg), B(sin23))  0.241 £0.050  0.363 1042
[0.139-0.344] [0.282-0.449]

All the constraints 0.203 £ 0.040 0.355 +0.027

[0.124-0.278]  [0.302-0.410]
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UT Fit in MFV models

Minimal Flavour Violation models: flavour violation only in Vg ar, new physics in the loops.
Virtue: all the effects of new physics parametrized in the function F}; (entering in Amy and ek)

A Universal Unitarity Triangle for MFV can be constructed using only measurements that do not
depend on Fi: |Vup/ V|, Amg/Amyg and sin20.

= l¢

0.8

06|

04

] | | T, i

01 05 0 0.5 1

Little room for MFV models that, in their prediction, differ from SM.

Adding Amg and ex one can fit Fi;:

(to be compared with F}; = (2.39 £ 0.12) in the SM)

ICHEP 2002, Amsterdam, 26 July 2002 17



Conclusions

e Different fit methods on the market.
Groups are collaborating trying to understand/quantify the differences.
From the present study the numerical differences in the physics output are small.

e Precise determination of the UT parameters
p = (0.203 £ 0.040) 7 = (0.355 4+ 0.027)
sin2B = (0.73410550)  sin2a = (—0.20703) = (59.51%2
e CP violation picture in the SM is working well !

> agreement between CP violating measurements and measurements without CP violation

information
> perfect agreement between the direct and the indirect determination of stn2p.

e Next to come: Am.,.
Expected in the range [15.2 — 20.9] ps~'at 95% CL
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Conclusions

e Different fit methods on the market.
Groups are collaborating trying to understand/quantify the differences.
From the present study the numerical differences in the physics output are small.

e Precise determination of the UT parameters
p = (0.203 £ 0.040) 7 = (0.355 4+ 0.027)
sin2B = (0.73410550)  sin2a = (—0.20703) = (59.51%2
e CP violation picture in the SM is working well !

> agreement between CP violating measurements and measurements without CP violation

information
> perfect agreement between the direct and the indirect determination of stn2p.

e Next to come: Am.,.
Expected in the range [15.2 — 20.9] ps~'at 95% CL

...Hoping for surprises !
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Standard set

Chiral logs

| Ves|

(degrees)
Amg

(40.43 £ 0.74)10°
(39-41.9)107°
0.203 4 0.040
(0.124-0.278)
0.355 4= 0.027
(0.302-0.410)

0.734 1031
(0.67-0.81)
-0.20 755
(-0.58-0.22)
59.5 192
(49-72)
17.6 fi:g ps 1
(15.2-20.9) ps~*

| Ves]

(degrees)
Amg

(40.43 4+ 0.74)10°
(39-41.9)10 3
0.177 045
(0.082-0.266)
0.365 & 0.028
(0.31-0.42)
0.734 T 031
(0.67-0.81)
-0.08 T3
(-0.52-0.40)
63.5 F72
(51-78)
18.0 f%g ps~ !
(15.4-21.6) ps~*
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Impact of the present constraint from K — wvv
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