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Flavor transitions in the quark sector

_ Gauge couplings to fermions
ESM ~ (F,uu)z + ULDQ‘
Short-range weak interactions

+ (D,H)?* — V(H) Higgs self-interaction

+ YH{

— Flavor transitions pattern is likely to change in presence of NP

— Goal here is to test the SM, and possibly point out tensions
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The CKM matrix

three mixing angles,

Vg Vis Vb one single CPV phase
V = Vcd Vcs Vcb a#B
th Vts th Vua V:B + Vca V:B + Vta :3 =0
(G
d s b
vl = Via Vi V, Vi
c m . . Vea Vit Vea Vi
t [ .
(0.0) (1.0
[ Vius| _ | V| . 2 Vo Vi -
VPVl = A0 [VaaPelVaPyr = AN 8 = P 4111
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Measuring the CKM matrix

d s b
% = i
¢ %) K== |Be=%,
— 4/: 4[: ,4_7
V= | p==57 |p=57 |5
s K D
— _ w
t B'B=w B |B,B—« B, i

(0,1)

Observables with very different properties are available:

o Tree: e.g., |Vl

e Loop: e.g., Amy, Amy, ek, sin(2/3)
, Amy, Am,
CP-violating: e.g., v, €k, sin(23)
Exp. uncs.: e.g., a, sin(25), v
Syst. uncs.: e.g., | Vb, |Veb|, €k, Amg, Amy

C’P-conserving: e.g.,
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Theoretical inputs

— Need to deal with hadronic effects inherent to the quark sector

Meson-mixing

, . bag-parameters

1

(semi-)leptonic decays

™ — (v, K — wlv, etc.: decay constants, form factors
Ex.: fr, £77(0)

— Lattice QCD: extractions of non-pert. parameters;
dominated by systematic uncertainties

Luiz Vale Silva (University of Sussex)

CKMfitter update 20 Sept. 2018 7/27



Introduction

Progress over the years

— Long road for a better theoretical control (e.g., Lattice QCD), and
more accurate data (LEP, KTev, NA48, BaBar, Belle, CDF, D@, LHCb, CMS, ...)
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; Am, & A
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Statistical approach

CKMfitter: Frequentist statistics based on a x? analysis

X2,,: goodness-of-fit under SM (or NP), estimators for Vkpy
Ax? (x*-distributed): Confidence Level (CL) intervals

Range fit scheme (Rfit) incorporates theoretical uncertainties
Theo. inputs: published Lattice papers, with error budgets,
different sources of syst. uncertainty are combined linearly,
using FLAG reports as a guide to sort results

Rfit Example in 1D, 0 & 1o £ 1iheo (Naor = 1)
L = Lot X Liheo,
x2=-2/mCL

X p-value
Lsae: exp. data

2
10
08
. 0.6
04
02
[cf. Charles, Descotes-G., Niess, LVS '17] oy — " H

Liheo: had. inputs
2 3 H -3 -2 -1 0 1 2 3

4N W s o o

x?2: flat bottom, quadratic walls
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Analysis and results

CKM Process Observables Theoretical inputs
|Vaal ot ot B [Vaudlnuct = 0.97420 + 0 £ 0.00021 Nuclear matrix elements
Vs | K — v [VaslsLFE=7(0) = 0.2165 =+ 0.0004 FEZT0) = 09681 +0.0014 £ 0.0022
K —ev B(K — ev) = (1.582 4 0.007) - 10~° fx = 155.6 0.2 + 0.6 MeV
K = pv B(K — ) = 0.6356 == 0.0011
T Kv B(r — Kv) = (0.6960 % 0.0096) - 1072
v, BK
l‘v’”l‘ K - pv/m — pv % = 1.3367 £ 0.0029 fx/fx = 1.1959 % 0.0007 £ 0.0029
ud T — v
B K
r— Kvjr - v Blr > Kv) - (6.438 4 0.004) - 102
B(r = wv)
[Veal vN [Vedlnot 1attice = 0.230 £ 0.011
D — v B(D — pv) = (3.74+0.17)- 1074 fo./fp = 1.175 4 0.001 £ 0.004
D - wlv [Veal 277 (0) = 0.1426 = 0.0019 o= = 0.621 £ 0.016 + 0.012
[Ves W cs [Veslnot tattice = 0.947038 £0.13
Dy — v B(Ds — 1v) = (5.55+0.24) - 102 fp. = 247.8 + 0.3 £ 2.0 MeV
Dy = v B(Ds — pv) = 5.39 +0.16) - 1073
D — Kt [Ves|F27 % (0) = 0.7226 + 0.0034 O 0.741 4 0.010 £ 0.012
Vi semileptonic B [Valst, = (3.98+0.08+0.22) 1077 form factors, shape functions
B v B(B — Tv) = (1.08+0.21)-10* fe./fs = 1.205 + 0.004 =+ 0.006
[Vep| semileptonic B |VeslsL = (41.84+0.4+£0.6) - 103 form factors, OPE matrix elements
B(Ap = pu~ v 5 Ap = pu~ v 5
Vo) Vi ileptonic Ay (Ap = pu 7),‘72“" - (0.947 +0.081) - 10~2 M = 1.471 + 0.096  0.290
B(Ap = Acp= )25 C(Ap = Acpi= )27
« B — @, pm, pp branching ratios, C'P asymmetries isospin symmetry
8 B = (co)K 5in(26) o = 0.699 + 0.017 subleading penguins neglected
cos(28) BY = DUIRD cos(28) 0.91 +0.25

Y

B — DCIK™)

inputs for the 3 methods

GGSZ, GLW, ADS methods

By = J/Y(KK, )

(s)b—scas

—0.021 +0.031

ViVagr Amg Amg = 0.5065 + 0.0019 ps ™~ Bp,/Bp, = 1.007 + 0.013 4 0.014
Amg Amg = 17.757 £ 0.021 ps ! Bp, = 1.327 + 0.016 = 0.030
Bs — pp B(Bs — pp) = (28T07) - 107[x(1 — 0.063)] /s, = 226.0 + 1.3 + 2.0 MeV

Vi Vis and % lex| = (2228 £0.011)- 1073 Bx = 0.7567 £0.0021 = 0.0123

VigVes

black:

= 0.940 £ 0.013 £ 0.023

no change; blue: slight change; red: update sinceEICHEP'16

(colors do not reflect the impact of the exp./theo. input!)
CKMfitter update
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Overall results of the 2018 update

Global fit remains excellent:

ICHEP’16: p-value ~ 21% (1.30) — CKM’18: p-value ~ 51% (0.70)

A = 0.8403 70:09%

0.000254
A = 0.224747 T 5000656

5 =0.1577
7j = 0.3493

+0.0096
—0.0074

+0.0095
—0.0071

(2% unc.)
(0.07% unc.)
(5% unc.)
(2% unc.)

68% C.L. intervals

By Unitary Triangle:
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Analysis and results

Consistency among classes of observables

tree level

‘xcudd area s CL 035

CP—conserving

loop-induced

sin2p

A

T
Amy& Am,
My

&

xclued area i CL> 095

T
Amg& Am,
Amy

sin 2B

%,
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Pulls: individual tensions

_ 2 2
pulloexp — \/Xmin - Xmin,!Oexp' Beopn

1.0

. 2 4, 0.5

I Oexp- X'min W/O Oexp 4 :;

sin 2B 1.0

cos 2B 0.8

€ 0.1

. Am, 1.1

— If Gaussian errors: e 7
uncorrelated random vars., o 03
) BB 16

mean 0 and variance 1 2@, 03
B(DL:KW) 01

. B(D— nlv) 01

— Here, correlations Voo 09
are expected 5 22
BK.) 18

?I(K,a) 1.3

— No sector (e.g., K, D, B) V.d -

particularly in tension
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Analysis and results

First two generations: |V,4| and |V, plane

0.230
i Direct (light green) :
— |V.qg| from nuclear transitions °25 Al (yellow) 7
L Ky 4
— K, m, 7 decays > 50220 | K, andekvieony y
— Good agreement among i ]
0215 — B decays _
different classes of inputs I hirect ]
F 5“'“'“"’"6 | | e‘xcluded‘ area h?s CL>?95 ,

— Pull in ’Vus‘ff_)ﬁ(o) has %1650 0955 0960 0965 0.970 0.975 0.980 0.985 0.990

1%

decreased from 2.30 to 1.30 ud

Vig: £0.007% [ind.], £0.004% [comb.]
V,s: £0.3% [ind.], £0.07% [comb.]
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First two generations: |V4| and | V.| plane

I e o e B R B B
— B(Ds — pwv): i ]
average of HFLAV and BESIII oge |- BPIEEE) g 5
— £P77(0): syst. 4x smaller oss [ Pl
'16, £0=7(0) = 0.666 =+ 0.020 + 0.048 S8t ]
'18, F0=7(0) = 0.621 + 0.016 + 0.012 084 |- 1
— FP7K(0): syst. 3x smaller om [ TR ]
'16, f0=K(0) = 0.747 + 0.011 + 0.034 - e :
, I O IR s arwivn bl
18' f—EA)K(O) =0.741 :l: 0.010 :l: 0.012 0.98.19 0.20 0.21 0.22 0.23 0.24 0.25 0.26

v
— Ind. inputs determine
. . [ H 0,

the extraction of |Vag|, |Vl Vea: £0.07% [ind ], +:0.07% [comb ]

V. £0.006% [ind.], 0.006% [comb.]
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|Vep| and |V,p| semi-leptonic extractions

similar theo. frameworks for charmed and charmless modes, but
different tools for inclusive (OPE in powers of 1/mj)
and exclusive (HQET, Form Factors from Lattice QCD)
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Analysis and results

|Vep| and |V,p| semi-leptonic extractions

similar theo. frameworks for charmed and charmless modes, but
different tools for inclusive (OPE in powers of 1/mj)
and exclusive (HQET, Form Factors from Lattice QCD)

— Exclusive |V
@ Belle studies show tensions among CLN/BGL parameterizations
@ Belle B — D*{v combined (tagged and untagged), BGL:
|Veplgsp-= (42.4 +0.7(exp.) +£ 1.1(LQCD) + 0.2(EM)) x 1073
[Fermilab-MILC'14'14, Grinstein+'17]
@ Belle and Babar B — D/v combined, BGL:
|Verlg—sp= (40.5 £ 0.8(exp.) £ 0.6(LQCD) + 0.2(EM)) x 103

[Fermilab-MILC'15, Bigi+'16]

= | Vep|exar.= (41.2 + 0.6(exp.) & 0.9(LQCD) + 0.2(EM)) x 10~3
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|Vep|: excl. and incl. B-meson decays

— Inclusive extraction: |Vipl|ing.= (42.2 4 0.4 4 0.6) x 1073 (mf")

[Gambino+'07, HFLAV]

A - semilept. aver. /3 wlo \Vcbl
Summeris | -~ eXcl.

— Our inputs for excl. and incl. 1o e
are compatible 0l ok ]
— Average about 1o higher: Lol ]

'16, |Vep|= (41.0£0.34+0.7) x 1073 , . ]
0803‘6‘ ‘0‘03‘7‘ ‘0‘03‘8 003‘9‘ ‘0 04:)‘ ‘D‘ 04‘1‘ ‘0104‘2‘ ‘0‘.04‘3 OiOA‘A‘ ‘0.045‘ ‘0‘.045

'18, |Vep|= (41.8 £ 0.4+ 0.6) x 1073 T T T

Vep: £1.7% [ind.], £1.8% [comb.]
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| V| excl. and incl. B-meson decays

— B — wfv: Simultaneous fit to Lattice and differential rates data:
’ Vub’excl.: (372 4+ 0.09 £ 022) x 1073 [Fermilab-MILC'15]

— BLNP: | Vub|incl.: (4.44 +0.17 £ 031) x 1073 [Neubert'05, HFLAV]

% --- semilept. aver. 0= wio |V, |

Summerts | - - excl.
incl.

— Average did not change:
|Vuplsp= (3.98+0.08+0.22) x 1073

08 |-

06 [

p-value

— | Viub|excr. is still preferred by o_zé
the indirect extraction i

I A NN s
00 TN N

00025 00030 00035 00040 00045 00050  0.0055
v,

b

Vb £3.9% [ind.] £2.0% [comb.]

Luiz Vale Silva (University of Sussex) CKMfitter update 20 Sept. 2018 19 /27



Analysis and results

| V| and | V| plane

— LHCb: measurement of

B(A=PHT) 2 15 Gev2

0
B(Ay—AS 1) 257 Gev?2

— Our inputs for |Vp|exe. and | Vip|iner. are compatible

— | Viub|exer. is still preferred by the indirect extraction

0.0060
0.0055
0.0050
0.0045
)
.004
2 0040
0.0035

0.0030

0.0025 |-

0.0020 =

0.032 0.034 0.036 0.038 0.040 0.042 0.044 0.046 0.048

Luiz Vale Silva (University of Sussex)

p-value

,(dashed)

[TTTT LI TT[TrrT

ENVellVel,

‘Summer 18

Vel o

T
Vel

excluded area has CL > 0.95

1dashed)

(.:bI
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Analysis and results

« angle

— Branching ratios and CP asymmetries for B — 7w, pm, pp
— Isospin analysis constrains hadronic penguin and tree amplitudes

[B — mm update: Belle, LHCb] [Detailed discussion: Charles, Deschamps, Descotes-G., Niess '17]
As in previous editions: NSZEM - Bpp data (WA) (3 Combined
summer1s . --- B—7m data (WA) e CKM fit
— Average dominated by o B~>(om)’ Daliz data (WA)
Ll nans RS L LN

T
oo ;

B — mm and B — pp ol
— B — i, pp agree w/ « [ind] % "

— B — pm is in tension: possible e}

Or|g|n dISCUSSGd n [Charles+'17] 00 w0 60 B0 100 120 140 10 180
o (deg)
CKM’'14 edigign - ICHEP’16 ed3it;on 93 CKM’'18 edi“tign 03
o [dir] (87.77%%)° U (—1.1738)° o [dir] (-2.2737)° U (88.875%)° o [dir] (86.47%%)° U (—1.8713)°
o [indir] (91.5742)° o [indir] (92.1715)° o [indir] (91.973)°
a [comb.] (91.0t21'31)0 a [comb.] (92.0t11'31)° a [comb.] (91.6t11'71)°
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|AF|= 2 transitions (F = S, B)

— Observables: Am,, Amy, €k

(future prospect: include €' /¢)

— Experimental accuracy below the percent level
— Accuracy for the Bag Parameters around a few percent

BNS (2 GeV)

BK
——t— ETM12 (2)
LVAW11 (2+1)
——t BMW11 (2+1)
e RBC-UKQCD14 (2+1)
SWME15 (2+1)
ETM15 (2+141)
— Our average

Bg,

ETM13 (2)

RBC-UKQCD14 (2+1)

FNAL-MILC16 (2+1)

= Our average

BBS / éBd

BBs/BBd

ETM13 (2)

RBC-UKQCD14 (2+1)

FNAL-MILC16 (2+1)

— Our average

18 20 22

0.8

0.9

1.0 1.1 1.2 13 14 1.5

Educated Rfit average; black: theoretical uncs., red: statistical uncs.
rescaling of uncertainties and averages follow our Rfit scheme

Indirect extractions:
Bg,

1 BBd -

Bi = 0.837513(19%)

= 1.14370025(5%), Bg, = 1.28715:577(6%)

—0.072

— Fit results consistent, but mostly not competitive w/ LQCD
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| Vid|, |Vis| extractions

Aver., CKM’18: Bs = 1.327(16)(30), Bg,/Bs, = 1.007(13)(14)
FNAL-MILC’'16: Bs, = 1.443(78)(138), Bgs,/Bs, = 1.033(29)(48)

ree+mix. w/ aver. fit w/ aver. tree+mix. w/ aver. fit w/ aver.
BEm oo = e xm =

Soearts . — tree+mix. w/ FM16  --- fitw/ FM16 Sommarte — tree+mix. w/ FM16 --- fitw/ FM16

w.r.t. tree only,
p-v. € [0.4,0.9]

il 1 L
0,007 00080 00062 0.0064 0.0086 00068 0.0090 00032 0.0094 0.0036 00098 ¥ - ) oz o
v, v,/ Vi

(| Vis| extractions are similar and not shown)

fB, B,(qu) would lead to more accurate results for the “FM16" curves,
talk by A. EI-Khadra

No clear tension among our different extractions
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Analysis and results

Rare B decays

— SM under good theoretical control, w/ suppressed ratios

— LHCb results w/ part of Run I, no official combination w/ CMS

— Same values for branching ratios as for ICHEP'16

— Predictions for rare B decays:
B(By — ete™) [1071%] = 2.233 10111

B(By — pTu™) [1071] = 0.54 448

— —8 0.092
B(Bg — 7t77) [1078] = 2.005 T4 T%

B(Bs — ete™) [107M] =7.63 703

B(Bs — ptp™) [107°] (ind) =3.25 415
B(Bs — T77) [1077] = 6.89 103

[For s — dvi rare K decays: CKMfitter Webpage]

Luiz Vale Silva (University of Sussex)

Br(B,—uu) [10™]

80

60

40

20
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)
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Advertisement: CKMlive web interface

@ Run dedicated CKM fits from CKMfitter package @

@ User chooses the set of observables, and the values of the
theoretical and experimental inputs, plus fitting parameters

@ Home

Home - The CKMlive project and the CKMfitter group

4, Legal information

CKMlive Web Project

CKMiive is meant to allow the High Energy Physics community to run dedicated analyses conducted with the
CKMfiter software.

You must register here first. Once registered, you will be able to start analyses using the CKMfitter
environment.

The CKMiive project is brought to you by Jéréme CHARLES, Alexandre CLAUDE, Sébastien DESCOTES-
GENON, Stéphane MONTEIL. The mailing st is available to ask any questions
on the project.

Some slides introducing the project.
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http://ckmlive.in2p3.fr/

Conclusions

Global fits shown here:

°
° (mainly Lattice QCD)
° (B factories, etc.)

— Global fit of a rich variety of processes sensitive to CP
Violation and SM predictions in agreement

— We are then able to extract accurate values for parameters
describing the CKM matrix: O(1 %) or much better

— The mechanism of CP Violation in the SM (still) gives an
accurate picture of nature:

— Exciting future prospects for Belle Il, LHC, NA62,...
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CKMfitter update

The CKMfitter group provides:

+ Aglobal analysis of measurements determining the CKM matrix
parameters in the framework of the Standard Model and some of its
Eextensions.

« Graphical and numerical constraints on CKM matrix elements, predictions
on rare K and B meson decays, theoretical parameters, etc.

« The staistical treatment is based on Frequentist statistics and Rfit (Range
it for the theoretical uncertainties.

& Publications
Isospin analysis of charmless B-meson decays
arXiv:1705.02961 [hep-ph]

Disentangling weak and strong interactions in B — K'(~ Kt
Dalitz-plot analyses
arXiv:1704,01596 [hep-ph

Modelling i inties in
for particle physics
arXiv:1611.04768 [hep-ph]

analyses

s Tools
Perform your own flavour analyses online
with CKMlive
s Plots & Results
Preliminary results as of ICHEP 16
(updated Dec 2016)
&

Specific Studies

Prospective studies on
K*~m*w and K|_— 1w rare kaon decays
(Updated Auaust 2015)
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Appendix

Backup
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Appendix

Lattice inputs, |: decay constants

Light mesons

Charmed mesons

s
K
ETvos @) ETMI3 (2)
HPQCDO7 (2+1) H—H HPQCD10 (2+1)
bty MILC10 (2+1) FNAL-MILC11 (2+1)
4 HPQCD13 (2+1+1) ChiQCD14 (2+1)
ETM14 (2+1+1) s RBC-UKQCDI7 (2+1)
—H o
uraverage = FNAL-MILC14 (2¢1+1)
150 155 160 165 170 i ETM14 (2+1+1)
— Our average
220 240 260 280 300 320
fKitre
ETMOS (2)
W—i+  HPQCD/UKQCDO7 (2+1)
1DsifD
BMW10 (2+1) s
ETM13 (2)
RN MILCT0 (241)
FNAL-MILC11 (2+1)
BMW16 (2+1)
HPQCD12 (2+1)
i HPQCD13 (24+1+1)
[ RBC-UKQCD17 (2+1)
= FNAL-MILC14 (2+1+1)
L FNAL-MILC14 (2+1+1)
ETM14 (241+1)
ETM14 (2+1+1)
= Ouraverage ~ Our average
1.10 115 120 125 130 430 115 120 125 130 135

Beauty mesons

18s
ETM13 (2)
ALPHA14 (2)
HPQCD11 (2+1)
FNAL-MILGT1 (2+1)

RBC-UKQCD14 (2+1)
HPQCD13 (2+1+1)
ETM16 (2+1+1)
HPQCD18 (2+1+1)

Our average

1Bs/1B

ETM13 (2)

ALPHAT4 (2)
FNAL-MILC11 (2+1)

-

—

RBC-UKQCD14 (2+1)
HPQCDI13 (2+1+1)
ETMI6 (2+1+1)
HPQCD18 (2+1+1)

Our average

1.10

115 120 125

130 135 140 145 150

Educated Rfit average; black: theoretical uncs,, red: statistical uncs.
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Appendix

Lattice inputs, Il: semileptonic form factors

F1=7(0)

K->mv.t4(0)

ETMO9 (2)
MILC12 (2+1)
Fi— RBG-UKQCD15 (2+1)

JLQCD16 (2+1)
e MILG13 (2+1+1)

ETM16 (2+1+1)

= Our average

093 094 095 096 097 098 099 100 1.0

D->7iv,f4+(0)

HPQCD11 (2+1)

JLQCD17 (2+1)

ETMI6 (2+1+1)

——t—i Our average

D->KIv,f+(0)

HPQCD10 (2+1)

JLQCD17 (2+1)

ETM16 (2+1+1)

H— Our average

Educated Rfit average; black: theoretical uncs., red: statistical uncs.
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Appendix

Other triangles, |
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- o VeV
pbs + Inbs - Vcs V:b

(A%, N2)02)
[ easily visualized

ps = —0.00834 555055

s = —0.01861 75,6503

68% C.L. intervals
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Appendix

Other triangles, |lI
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Appendix

Other triangles, IV
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Appendix

Inclusive vs. exclusive
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« angle
— ReVIeW Of the tOpIC [Charles, Deschamps, Descotes-Genon, Niess '17]

— Isospin triangular relations are well satisfied
— 7 « exhibits a 8 mirror solution

p-valu% o p-value1 o
: excluded area has CL > 0.95 : excluded area has CL > 0.95
r 09 r 0.9
b =iy b X =iy
r 0.8 [ . s 5% 08
n . L = . iy
o5l G g, o 07 sk Vo 07
& f V2 06 & f 06
= [ = r :
g 00 05 ig 00 £ ) 05
S r - r '
E [ 0.4 E [ 0.4
5 03 bl 03
r 0.2 r 0.2
1.0 — 1.0 —
[SU@) :a/12+a% -1 01 [su@) :a"/2+a%=1 o1
R S B I B 0.0 P EIES A B B 00
-1.0 -0.5 0 0.5 1.0 -1.0 -0.5 0.5 1.0

0.4 0.0
Re(a*/\2) Re(@"/(2)

Luiz Vale Silva (University of Sussex) CKMfitter update 20 Sept. 2018 9/12



Other angles

— Slight change in sin(23), following LHCb'17 results  ucyr, nriav

— First evidence for COS(Z“S) >0 (@ 3.70) [BaBar, Belle: arXiv:1804.06152]
Time-dependent Dalitz plot B® — [K2rT7~|penh°, h° € {#° n,w}
Excludes trigonometric ambiguities in 5 on its own

Pull for cos(2/3)ex, of 0.8

— 7: same as for ICHEP'16 (LHCb update not included)
Y[°] = 721757 [dir], 7[°] = 65.64 5% [ind ], 4[°] = 65.81 795 [comb]

— Bs — J/Y(KK, mr) = ¢<°°: several updates from LHCb
from ¢S = —0.030 £ 0.033, to ¢<°° = —0.021 £ 0.031 (HFLAV]

s S
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Appendix

Tests of unitarity

| Vg |2 +| Vius|2+| Vi |2—1 = —0.000825-95%8%(CL = 1 )
| Ve |24 | Vs |2 +| Vip |2—1 = —0.000775:5%28(CL = 1 o)
(Vi is not determined directly with a competitive accuracy)

Tree level only fit

Global fit of observables dominated by tree level in the SM
p-value ~ 43% (0.80)
A=0.839600080, A= 0.224756 500000z
p=0123%5053, 7 =0375%057
68% C.L. intervals
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Comments on some specific inputs

— Different averaging procedure, hadron collider result:
as = 0.1181 + 04+ 0.011 [PDG]

/ .
— My o in lack of a global average from more recent data,

we consider the average by ATLAS, CDF, CMS and DO
[hep-ex:1403.4427, iJES: in situ jet energy scale|

mEle = 173.34 4 0.36(stat + iJES) + 0.67(syst) GeV

. . mc(me)
— Other (perturbative) theo. inputs:
me(mc)

Nt = 0.5765 £ 0+ 0.0065  [Buras+'90, Herrlich-+'94'96] — e

K,ct _ . —t HPQCD10 (2+1)
NNNLo = 0-497 &£ 04 0.047 [Brod+'10'12] onacots o
Tigi\?io =187+£0+£0.76 [Brod+'10"12] ——t  ETM14A (2+1+1)

H— HQPCD14A (2+1+1)

nfo = 0.5510 & 0 =+ 0.0022 [Buchalla+'96] - our average

115 1.20 1.25 1.30 1.35 1.40 1.45 1.50
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Averaging latfice results

Collecting lattice results
@ follow FLAG to exclude limited results
@ supplement with more recent published results with error budget

Splitting error estimates into stat and syst
@ Stat : essentially related to size of gauge conf
@ Syst : fermion action, a — 0, L — oo, mass extrapolations. ..
added linearly using error budget

“Educated Rfit” used to combine the results
@ no correlations assumed
@ product of (Gaussian + Rfit) likelihoods for central value
@ product of Gaussian (stat) likelihoods for stat uncertainty
@ syst uncertainty of the combination = most precise method

o the present state of art cannot allow us to reach a better theoretical
accuracy than the best of all estimates
@ best estimate should not be penalized by less precise methods

S. Descotes-Genon (LPT-Orsay) CKMfitter MITP15 - 31/8/15 10
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