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1 Inputs



Errors

Parameter Value £ Error(s) Reference Gs TH
Via| (nuclei) 0.97425 + 0.00022 1] X ;
Vis| (Ke3) 0.2246 = 0.0009 = 0.0012 2, 3 " *
Vo] (3.92 £ 0.09 + 0.45) x 10~3 4,5 x X
Voo (40.89 + 0.38 - 0.59) x 1073 4] * *
BB~ — 7 7,) (1.68 + 0.31) x 1074 6] X ;
B(D7 — u~7,) (5.90 £ 0.33) x 10~3 4] * :
B(D; — 77 v;) (5.29 £ 0.28) x 1072 4] * -
B(D~ — 1 7,) (3.82 £ 0.32 £ 0.09) x 10~4 7] * *
B(K~ — e 7,) (1.584 + 0.020) x 105 9] * ;
B(K~ — 1~ 7,) 0.6347 %+ 0.0018 2] X ;
B(r~ — K~7,) (0.696 = 0.023) x 103 9] x _
B(K~ — pv,)/B(n~ — pvy,) 1.344 4+ 0.0041 [2] * -
B(tr— — K v,;)/B(t— -7 7,) (6.53 £0.11) x 1072 8] * -
lek| (2.229 £ 0.010) x 1073 9] * -
Amy (0.507 £ 0.005) ps~* [4] * ;
Am, (17.731 £ 0.045) ps~! 10] X ]
$0(23) sy 0.679 + 0.020 [4] * _
St=, Cct=, Cc% Inputs to isospin analysis [4] * -
B all charges Inputs to isospin analysis [4] * -
S;;L, C;;;L, 522, CSS Inputs to %sosp%n analys%s [4] * -
B,p, 1 all charges Inputs to isospin analysis [4] * -
B — (pm)? — 37 Time-dependent Dalitz analysis [11, 12] * -
B~ — DWW K= Inputs to GLW analysis [4] * -
B~ — DM K- Inputs to ADS analysis [4] * -
B~ — DM K()- GGSZ Dalitz analysis [4] * -

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 indicate Rfit treatment of the input parameters: measurements 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 determinations of the CKM

matriz elements. Lower part: CP-violation and mizing observables.



Errors

Parameter Value £ Error(s) Reference Gs TH
Te(me) (1.286 £ 0.013 = 0.040) GeV 13] * N
71y (my) (165.02 £ 1.16 £ 0.11) GeV [17] * *
as(m2) 0.1184 + 0.0007 [9] ; X
Bx 0.732 = 0.004 £ 0.036 3] * N
e 0.940 + 0.013 £ 0.023 19] X X
Nee Calculated from m.(m.) and ag [20] - *
Net 0.47 + 0.04 [21] - *
Tt 0.5765 + 0.0065 [20, 21] ; X
ns(MS) 0.5510 4 0.0022 [22, 23] - *
5. (231 £ 3 + 15) MeV 3] * "
B, 1.291 4 0.025 + 0.035 3] X X
f5./f5. 1.235 £ 0.008 £ 0.033 3] x *
B,/By 1.024 £ 0.013 4 0.015 3] * *
fi (156.3 & 0.3 + 1.9) MeV 3] x X
Fic) fr 1.198 4 0.002 £ 0.010 3] * *
Ips (249 + 2 £ 5) MeV [3] * *
o/ fp 1.185 + 0.005 = 0.010 3] * N

Table 2: 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 indicate Rfit treatment of the input parameters: measurements 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: parameters used in SM predictions that
are obtained from experiment. Lower part: parameters of the SM predictions obtained from theory.



2 Lattice QCD averages

Several hadronic inputs are required for the fits presented by CKMfitter, and we mostly rely
on lattice QCD simulations to estimate these quantities. The presence of results from different
collaborations with various statistics and systematics make it all the more necessary to combine
them in a careful way. We explain below the procedure that we have chosen to determine these
lattice averages.

2.1 Method of averaging

We collect the relevant calculations of the quantity that we are interested in: we take only un-
quenched results with 2 or 241 dynamical fermions, even those from proceedings without a com-
panion article. In these results, we separate the error estimates into a Gaussian part and a flat part
that is treated a la Rfit. The Gaussian part collects the uncertainties from purely statistical origin,
but also the systematics that can be controlled and treated in a similar way (e.g., interpolation
or fitting in some cases). The remaining systematics constitute the Rfit error. If there are several
sources of error in the Rfit category, we add them linearly .

The Rfit model is simple but also very strict. It amounts to assuming that the theoretical
uncertainty is rigorously constrained by a mathematical bound that is our only piece of information.
If Rfit is taken stricto sensu and the individual likelihoods are combined in the usual way (by
multiplication), the final uncertainty can be underestimated, in particular in the case of marginally
compatible values.

We correct this effect by adopting the following averaging recipe. The central value is obtained
by combining the whole likelihoods. Then we combine the Gaussian uncertainties by combining
likelihoods restricted to their Gaussian part. Finally we assign to this combination the smallest of
the individual Rfit uncertainties. The underlying idea is twofold:

e the present state of art cannot allow us to reach a better theoretical accuracy than the best
of all estimates

e this best estimate should not be penalized by less precise methods (as it would happen be
the case if one would take the dispersion of the individual central values as a guess of the
combined theoretical uncertainty).

It should be stressed that the concept of a theoretical uncertainty is ill-defined, and the combi-
nation of them even more. Thus our approach is only one among the alternatives that can be found
in the literature. In contrast to some of the latter, ours is algorithmic and can be reproduced.

2.2 Decay constants

2.2.1 Light mesons
s

'keeping in mind that in many papers in the literature, this combination is done in quadrature and the splitting
between different sources is not published.




I,

Reference Article Ny Mean Stat Syst
ETMC09  [24] 158.1 0.8 3.1
MILCO07 [25] 2+41 1565 04 *390
HPQCDO07  [26] 241 157 04 3.3
ALVAWO08 [27] 241 1539 1.7 6.5
Our average 156.3 0.3 1.9
fK/fW
Reference Article Ny Mean  Stat Syst
ETMC09  [24] 1.210  0.006  0.024
MILC07 [25] 241  1.197  0.003 +3:99
NPLQCDO7  [28] 241 1218 0.002 o0l
HPQCDO07  [26] 241 1.189 0.002 0.014
ALVAWO08 [27] 241 1.191 0.016 0.026
BMW10 [29] 241 1.192  0.007 0.013
Our average 1.1985 0.0013 0.0095
2.2.2 Charmed mesons
Reference Article Ny Mean Stat Syst
MILC02 [30] 2 241 5 i
ETMC09 [24] 2 244 3 9
HPQCDO03 [31] 241 290 20 64
FNAL-MILCO09 [32] 241 260 6.8 14
HPQCD10 (33] 2+1 248.0 14 45
Our average 249.2 1.2 45
fo./Ip
Reference Article Ny Mean Stat  Syst
MILC02 [30] 2 114 001 *99
ETMC09 [24] 2 124 003 001
HPQCDO07 [26] 241 1.164 0.005 0.020
FNAL-MILC09 [32] 241 1.200 0.016 0.025
Our average 1.185 0.005 0.010

2.2.3 Beauty mesons

B,



Reference Article Ny Mean Stat Syst

MILC02 [30] 2 217 6 198
JLQCDO03 [34] 2 215 9 I
ETMC09 [35] 2 243 6 15
HPQCDO03 [31] 2+1 260 7 39
FNAL-MILCO09 [36] 241 243 6 23
HPQCD09 [37] 241 231 5 30
Our average 231 3 15
fB./fB
Reference Article Ny Mean Stat  Syst
MILC02 30] 2 116 o001 *J38
JLQCDO3 [34] 2 113 003 *5
ETMC09 [35] 2 1.27  0.03 0.04
FNAL-MILCO09 [36] 241 1.245 0.028 0.049
HPQCDO09 [37] 241 1.226 0.020 0.033
RBC/UKQCD10 [38] 241 115 005 0.20
Our average 1.235 0.008 0.033

2.3 Semileptonic form factors

2.3.1 K —-mnlv

f+(0)
Reference Article Ny  Mean  Stat Syst
RBCO06 [39] 2 0.968  0.009  0.006
ETMCO09 [40] 2 0.9560 0.0057 0.0128
RBC-UKQCD10 [41] 2+1  0.9599 0.0034 *9:0045
Our average 0.9632 0.0028 0.0051

Combining with |Vis|f+(0) = 0.2163(5) from ref.[42], we get |V,,s| = 0.2246 £+ 0.0009 + 0.0012

2.3.2 D—alv

f+(0)
Reference Article Ny Mean Stat Syst
ETMC11 [43] 2 0.65 0.06 0.12
MILC04 [44] 2+1 0.64 0.03 0.15
Our average 0.65 0.03 0.12

233 D— Kbv

f+(0)
Reference Article Ny Mean Stat  Syst
ETMC11 [43] 2 0.76  0.05 0.11
MILC04 [44] 2+1 0.73 0.03 0.16
HPQCD10  [45] 241 0.747 0.011 0.034
Our average 0.747 0.010 0.034



2.4 Meson mixing

2.4.1 Kaon mixing

BM5(2GeV)
Reference Article Ny Mean Stat  Syst
JLQCDOS8 [46] 2 0.537 0.004 0.072
ETMC 10 [47] 2 0532 0.019 0.026
HPQCD/UKQCDO06 [48] 241 0.618 0.018 0.179
ALVAWO09 [49] 241 0.527 0.006 0.035
RBC/UKQCD10 [50] 241 0.549 0.005 0.038
BSW10 [51] 241 0.523 0.007 0.039
Our average for BYS(2GeV) 0.534 0.003 0.026
Our average for By 0.732  0.004 0.036

The central value in ref. [51] was diminished by 0.6% due to finite-volume effects, following the
discussion in ref. [52].

2.4.2 B,y mixing

Bg,
Reference Article Ny Mean Stat  Syst
JLQCDO03  [34] 2 1299 0.034 T0Iz2
HPQCD06  [53] 2+1 1.187 0.086 0.108
HPQCDO09  [37] 2+1 1.322 0.040 0.035
Our average 1.291 0.025 0.035

Ref. [37] provide only fp, and fp, 1/ B B., and we assumed that the systematics were completely

correlated to extract Bp,.

BBS/BBd
Reference Article Ny Mean Stat  Syst
JLQCDO03 [34] 2 1.017 0.016 *J078
HPQCDO09 [37] 2+1 1.052 0.027 0.015
RBC/UKQCD10 [38] 241 0.959 0.038 0.040
Our average 1.024 0.013 0.015

Refs. [37] and [38] provide only ¢ and fp,/fp,. We have extracted Bp,/Bp, in both cases
assuming a total correlation in the systematics of £ and Bp,/Bp,.



3 Results

Observable central =+ CL=10c + CL =20 + CL =30
A 0.801700% 0.801 70056 0.801 ¥0.038
A 0.22539 1000062 () 9954 +0-0010 0.2254 +0-0014
5 0.144 13923 0.144 10938 0.144 19:018

7 0.343 10012 0.343 70:050 0.343 70045

J [1077] 2.884 10325 2.884 10008 2.88107)

sin 2 —0.0379:14 —0.03 192 —0.0379:31

sin 2« (meas. not in the fit)
sin 23
sin 2 (meas. not in the fit)

0.020
0.691 75050

0.013
0.830 70035

0.18
—0.1015:15

0.040
0.691 75034

0.025
0.830 Cg00s

0.34
—0.101997

0.40
—0.1015:5

0.060
0.691 15097

0.037
0.830 70954

o [°] 90.9 732 90.9 769 90.9 75

a [°] (meas. not in the fit) 92.9 fg:? 92.9 fg:g 92.9 f?fj

a [°] (dir. meas.) 89.0 44 89.0 14| — 2788 89*2l)| —213]
81 21.84 7050 21.8 118 21.8723

B [°] (meas. not in the fit)  28.06 7957 281744 28172

B [°] (dir. meas.) 21.38 1572 214118 214134

v [°] 67.3742 67.3712 67.3 159

v [°] (meas. not in the fit)  67.1 758 67.1773 67.1792

v [°] (dir. meas.) 68119 68121 68 730

R, 037210013 0.372710:039 0.372 70059

Ry 0.923 +9-927 0.923+0:936 0.923 F5-0°7

Ds —0.0077 £5:0012 —0.00775:0025  _0.0077 £5-005L
s —0.01838 700008 —0.0184 70001 —0.0184 70505
B, =—arg(— 3272 ) [rad]  0.01824 G508 0.0182456019 0.0182 75004
sin 23, 0.0365 700018 0.0365 79-9932 0.0365 50032




Observable central + CL=1c 4+ CL =20 + CL =30

|Vaud| 0.97426 400073 0.97426 000024 0.97426 7000055
Vs 0.22539 000003 0.2254 100010 0.2254 F00057
\Y 0.003501 +3-900198 0.00350 T5-000%% 000350 7000035
Vel 0.22526 000005 0.2253 100010 0.2253 700027
|Ves| 0.97345 000014 0.97345 000005 0.97345 130005
Voo 0.04070 *500056 0.04070 7000005 0.0407 F40015
Vil 0.00846 *0 0001 0.00846 “000058  0.00846 *{ 00058
|Vis| 0.03996 000662 0.03996 *0:0000s  0.0400 100013
Vi 0.999165 7000003 0.999165 70000061 0999165 4 0000%1

|Vua| (meas. not in the fit)
(meas. not in the fit)
(meas. not in the fit)

|Vep| (meas. not in the fit)

0.00021
0.97473 +0 00062
0.00094
0.22539 t0.00095
0.00020
0.00342 500010

0.04070 7095545

0.00041
0.97473 +0 00073
0.0019
0.2254 Z5 019
0.00033
0.00342 0 00050

0.0407 X507

0.00061
0.97473 70 000ad
0.0028
0.2254 150059
0.00047
0.00342 +0.00029

0.0407 155015

Amyg [ps™!] (meas. not in the fit)
Amy [ps~!] (meas. not in the fit)
lex| [1073] (meas. not in the fit)
m. [GeV/c?] (meas. not in the fit)
my [GeV /c?] (meas. not in the fit)
By (lattice value not in the fit)
§su() (lattice value not in the fit)
fB. (lattice value not in the fit)

0.537 19051
18.1 122
1.86 1557
1.62 1025
153.6 726
0897315
1.218 7998

0.2385 100938

0.537 10957
18.1135

1.86 (.i7
1627524
15413}
0.8910:32
1.218 0053

0.2385 T5-0958

0.54 7913
18.1 756

1.86 1529
1.62710-82
15418

0.89 035
1.22 7013

0238 *40%

0.084
0.832 70 05
0.114
0.739 5 087
0 038

0 088
0.875 0059

0.15
0.83 7515
+0.20

o 070

0. 16
0. 87*0 9

0.23
0.837035
O 27

0 102

024
0. 87*0 33

0.14
2.61 703,
0.61
11137961
0.43
8.49 )72

0.18
3.637035

0.22
2.61 7032
0.94
11131983
0.64
8.497755

0.27
3.637031

0.30
2.61 047
1.3
1114
0.86
8.49 198

0.37
3.63 7030
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