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Abstract

This document provides the collection of up-to-date inputs to the global CKM analysis, and
numerical results obtained with the use of the fit package CKMfitter. The statistical method
employed is the frequentist approach Rfit. Detailed background information on the methodology
and the treatment of experimental and theoretical uncertainties is provided in:
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Errors

Parameter Value % Error(s) Reference Gs TH
|Vud| (nuclei) 0.97377 £ 0.00027 [1] * -
Vis| (K3) 0.2257  0.0021 2] * .
Vi | (4.10 £ 0.09 + 0.39) x 10 3, 4] * *
\Ves| (incl.) (41.70 £ 0.70) x 1073 [2] * -
\Vep| (excl.) (39.7+2.0) x 1073 [3] * -
ek | (2.221 + 0.008) x 1073 6] * ;
Amyg (0.507 £ 0.004) ps—! [3] * -
Amg CDF measurement [7] * -
$in(2) (e 0.675 + 0.026 3] * -
St —0.59 % 0.09 [3] * .
Ct- ~0.39 4+ 0.07 [3] * .
okt ~0.362573 [3] * -
B all charges Inputs to isospin analysis [3] * -
s&; —0.13+£0.19 3] * -
cr —0.06 4+ 0.14 [3] * ;
B,p,1. all charges Inputs to isospin analysis [3] * -
B — (pm)° — 3x Time-dependent Dalitz analysis 8] * -
B~ = DMK ()= Inputs to GLW analysis [9] * -
B~ — DMK ()= Inputs to ADS analysis [9] * -
B~ — DM KX~ GGSZ Dalitz analyses [9] * -
B(B~™ — 17 7U;) Experimental likelihoods [11] * -
e (me) (1.24 + 0.037 + 0.095) GeV [5] * *
M+ (493.677 £ 0.016) MeV 2] . .
Ampg (3.4833 £ 0.0066) x 102 MeV 2] - -
mg, (5.2794 % 0.0005) GeV 2] ; ;
ms, (5.3696 % 0.0024) GeV 2] ; ;
mw (80.423 + 0.039) GeV 2] . .
G 1.16639 x 10~5 GeV—2 2] . .
fr (159.8 + 1.5) MeV 2] . .
Bk 0.79 & 0.04 % 0.09 [1] * *
as(m2) 0.1176 % 0.0020 2] . X
Nee Calculated from m.(m.) and as [13] - *
et 0.47 4 0.04 [12] ; *
M 0.5765 + 0.0065 [12, 13] . *
15 (MS) 0.551 % 0.007 [14] . X
B, (191 % 27) MeV 1] * .
By 1.37+£0.14 1] * .
¢le) 1.24 £ 0.04 £ 0.06 1] * *

(@anticorrelated theory error with fp,v/Bg.

Table 1: Inputs to the standard CKM fit.

If not stated otherwise: for two errors given, the

first is statistical and accountable systematic and the second stands for systematic theoretical
uncertainties. The last two columns indicateRfit treatment of the input parameters: measure-
ments or parameters that have statistical errors (we include here experimental systematics) are
marked in the “GS” column by an asterisk; measurements or parameters that have systematic
theoretical errors are marked in the “TH” column by an asterisk. Upper part: experimental de-
terminations of the CKM matriz elements. Middle upper part: CP-violation and mizing observ-
ables. Middle lower part: parameters used in SM predictions that are obtained from experiment.

Lower part: parameters of the SM predictions obtained from theory.



Observable central + +CL = 1o + +CL =20 + +CL =30
40.00100 40.00200 40.00300
A 0.22717 Zy'00101 ~0.00202 ~0.00304
+0.014 +0.029 10.044
A 0.806 Zp'014 ~0.028 ~0.042
_ 10.022 10.044 +0.067
P 0.195 Z'055 —0.110 —0.138
_ 10.027 +0.053 10.074
n 0.326 T3 —0.030 —0.046
10.25 10.51 10.72
J [1077] 2917074 ~0.28 ~0.42
10.32 10.62 +0.75
sin 2(a) —-0.317,95 —0.25 —~0.38
sin2(«) (meas. not in fit) —0.34 +8 %i i’8;§$ i’8j§§
. 10.018 10.041 +0.066
sin 2(3) 0.695 Z'016 —0.033 —0.050
. ) 40.016 40.031 10.045
sin2() (meas. not in fit) 0.823 7 085 L0146 Toi70
+4. 18.0 +12.6
a (deg) 99.0 —9.4 -17.9 —22.0
a (deg) (meas. not in fit) 100.0© +4'5 189, 52%
a (deg) (dir. meas.) 92. 6""10 7 rarl oo
10.72 +1.69 12.76
B (deg) 22.03 %765 —1.27 —~1.93
B (deg) (meas. not in fit) 27.70 978 R 2
+1.03 +2.09 +3.20
B (deg) (dir. meas.) 21.23 5y 99 —1.96 ~2.90
N +9. +18.0 1+22.3
y=4§ (deg) 59.0 —3.7 -7.3 —11.3
v~¢ (deg) (meas. not in fit) 59.0 753 st e
v~§ (deg) (dir. meas.) 60138 o2 20
40.00102 40.00202 +0.00301
sin 09 0.22715 Zy'0100 ~0.00201 ~0.00302
. 3 10.107 10.264 10.434
sinf3 [107°] 3.682 (78 —0.158 —0.238
. -3 10.62 1+1.24 11.88
sin 03 [10 ] 41.61 —0.63 —1.25 —1.87
10.0107 +0.0256 10.0418
R, 0.3798 20090 20,0182 20,0274
10.060 10.118 10.146
Ry 0.868 Z'025 20,049 20,075
Amg (ps~') (meas. not in fit) 0.52 +8 }é i’g:%g fg:%é
Amg (ps~!) (meas. not in fit) 18.9 157 e !
ex [1073] (meas. not in fit) 1.90 0 e oo
Amg g . . +0.096 +0.198 10.260
SU(3) (lattice value not in fit) 1.158 Ty 064 0168 20511
B, (MeV) (lattice value not in fit) 1871 S +a
By (lattice value not in fit) 0. 87+8 %g fg%‘f fg%‘é
me (GeV/c?) (meas. not in fit) 0.97 3% o AT
my (GeV/c?) (meas. not in fit) 138148 o Y

Table 2: Fit results.



Observable central £ +CL = 1o + +CL =20 + +CL =30
B(KY — %p) [1071] 2.387030 o8t ot
B(K* — mtvp) [1071] 74450 3 3
B(B* — rFu,) [1077] 8.7%5% ey .
BB - utv,) (107 L1570 a3 o
Vad 0.97385 400023 T 000047 *0:00070
Vs 0.22715 500100 T 000201 T 0:00303
V| [1072] 3.683 L5g7 oSS 1023
Vup| [1073] (meas. not in fit) 3.59 J_rg%g fggé fg?%
Vdl 0.22703 £3:00100 1000301 £0:00303
Vs 0.97299 7400023 000047 £ 0:00070
Vil [1077] 41.611063 135 e
[Vip| [1073] (meas. not in fit) 42.6 f?l"é i—é:; i—g?
Via| [1077] 8.20 1057 053 o
Vis| [1073] 40.96 £065 133 18
[V 0.999127 £456003 10000052 £0:000080
Via/ Vis| 0.2003 00059 o0t 00176
VaaV| [1077] 3.586 *0:0% o 023
arg [VuaVyy) (deg) 59.0157 o e
arg [~Vis Vi) (deg) 1.003 *5:0%6 0052 o
VeaV| [1077] 9.45 {14 039 ot
arg [~VeaVj] (deg) 0.0323 100075 00032 £ 0:0048
ViaVig| [1077] 8.19 7555 o5 o
arg [VigVjj] (deg) —22.0115:% 1es BN
Rel, —0.22091 550095 000185 T 0:00276
ImA. [10~7] ~1.31251% 0229 o35
Rex, [0 S o 3
s, [0 131303 um um
By (deg) 1.005 *5:053 009 oI
sin(26;) 0.0351 *5:0078 00032 T 0:0050

Table 3: Fit results.



