NEW PHYSICS IN B — B MIXING
IN THE LIGHT OF RECENT LHCb DATA

Including results presented up to
MORIOND 12

Preliminary

April 28th, 2012

Abstract

This document provides the collection of up-to-date inputs to the model-independent analysis of
new physics in AF = 2 transitions, 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:
CP VIOLATION AND THE CKM MATRIX:
ASSESSING THE IMPACT OF THE ASYMMETRIC B FACTORIES
By CKMfitter Group
Eur. Phys. J. C41, 1-131, 2005 [hep-ph/0406184]

ANATOMY OF NEW PHYSICS IN B — B MIXING
by A. Lenz et al.
Phys.Rev. D83 (2011) 036004 [arXiv:1008.1593 [hep-ph]]

NEW PHYSICS IN B — B MIXING IN THE LIGHT OF RECENT LHCb DATA
by A. Lenz et al.
eprint: arXiv:1203.0238 [hep-ph]

http://ckmfitter.in2p3.fr



A. Lenz! and U. Nierste?,

and for the CKMfitter Group
J. Charles®, S. Descotes-Genon €, H. Lacker?, S. Monteil¢, V. Niess€¢, S. T’Jampens®

YCERN - Theory Division, PH-TH, Case C01600, CH-1211 Geneva 23,
e-mail: alenz@cern.ch

2 Institut fiir Theoretische Teilchenphysik, Karlsruhe Institute of Technology, D-76128 Karlsruhe, Germany
e-mail: nierste@particle.uni-karlsruhe.de

@ Laboratoire d’Annecy-Le-Vieuzr de Physique des Particules
9 Chemin de Bellevue, BP 110, F-74941 Annecy-le- Vieuxr Cedex, France
(UMR 5814 du CNRS-IN2P3 associée a I’Université de Savoie)

e-mail: tjamp@lapp.in2ps.fr

bCentre de Physique Théorique,
Campus de Luminy, Case 907, F-13288 Marseille Cedex 9, France
(UMR 6207 du CNRS associée auz Universités d’Aiz-Marseille I et IT
et Université du Sud Toulon-Var; laboratoire affilié o la FRUMAM-FR2291)

e-mail: charles@Qcpt.univ-mrs.fr

¢Laboratoire de Physique Corpusculaire de Clermont-Ferrand
Université Blaise Pascal
2/ Avenue des Landais F-63177 Aubiere Cedex
(UMR 6533 du CNRS-IN2P3 associée a I’Université Blaise Pascal)

e-mail: monteil@in2p3.fr, niess@in2p3.fr

4 Humboldt- Universitit zu Berlin,
Institut fiir Physik, Newtonstr. 15,
D-12489 Berlin, Germany

e-mail: lacker@physik.hu-berlin.de

¢ Laboratoire de Physique Théorique
Batiment 210, Université Paris-Sud 11, F-91405 Orsay Cedez, France
(UMR 8627 du CNRS associée a I’Université de Paris-Sud 11)

e-mail: Sebastien.Descotes-Genon@th.u-psud.fr

1 Inputs



Errors

Parameter Value + Error(s) Reference as TH
Viua| (nuclei) 0.97425 + 0.00022 1] x _
Vi (K23) 0.2246 =+ 0.0009 =+ 0.0012 2, 3] * *
Vi (3.92 £ 0.09 + 0.45) x 10~3 [5, 6] * *
V.| (40.89 + 0.38 = 0.59) x 103 [5] . *
B(B~ —177,) (1.68 +£0.31) x 1074 [7] * -
B(K~ — e 7,) (1.584 £ 0.020) x 10~5 [4] . ;
B(K~ — u~7,) 0.6347 + 0.0018 2] % ;
B(r~ — K~7,) (0.696 + 0.023) x 103 [4] X ;
B(K~ — p v,)/B(K~ — pvy,) 1.344 + 0.0041 [2] * -
B(tr— — K v,;)/B(t— —» 7 1,) (6.53 £0.11) x 10~2 8] * -
lex| (2.229 + 0.010) x 103 4] X _
Amyg (0.507 £ 0.005) ps~? [5] * _
Am (17.731 + 0.045) s~ [9] " ;
$in(2) g 0.679 = 0.020 [5] . ;
¢s vs AT, Analysis of By — J/¢¢ [10] * -
St=, Cct=, Cc% Inputs to isospin analysis [5] * -
B all charges Inputs to isospin analysis [5] * -
S;;L, C;;L, 522, CSS Inputs to isospin analysis [5] * -
oo, all charges Inputs to isospin analysis [5] * -
B — (pm)? — 37 Time-dependent Dalitz analysis [12, 13] * -
B~ — DX K= Inputs to GLW analysis [5] * -
B~ — DMK~ Inputs to ADS analysis [5] * -
B~ — DW K= GGSZ Dalitz analysis [5] * -
ad; —0.0047 £ 0.0046 [26] * -
a3, —0.0017 % 0.0093 [25] x .
Ast, —0.0074 + 0.0019 [24] « ;
fa 0.111 £ 0.014 [5] X -
fs 0.339 % 0.031 [5] . -

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.



Parameter

Value + Error(s)

Reference

Errors

GS TH

Me(me) (1.286 4 0.013 £ 0.040) GeV [14] * *
mp (M) (4.222 4 0.051) GeV 28] * -
m(my) (165.8 4 0.54 + 0.72) GeV 18] * *
as(mz) 0.1184 + 0 4 0.0007 4] - *
ms(Mp) (0.080 £ 0.030) GeV [27] * -

pow 4.74+0+0.1GeV 28] - *
Bk 0.733 & 0.003 + 0.036 3] * *
Ke 0.940 £ 0.013 + 0.023 [28, 29 * *
Nee Calculated from m.(m.) and ag [20] *
Net 0.47 £0 4 0.04 [21] - *
et 0.5765 + 0 & 0.0065 20, 21] - *
np(MS) 0.5510 4 0 & 0.0022 [22, 23] - *
IB. (229 £ 2 + 6) MeV 3] * *
B, 1.291 + 0.025 4 0.035 3] * *
IB./ By 1.218 + 0.008 £ 0.033 3] * *
Bs/Ba 1.024 £ 0.013 £ 0.015 3] * *
By(my) 0.91 +0.03 £0.12 28] * *
Bs(my)/ Ba(m) 1.01+0+0.03 28] - *
Bg, 1.04+0.5 28] * -
Bp, 1.0+£0.5 28] * -
Br, 1.0+05 28] * -
Bp, 1.0+0405 28] * -
Bp, 1.0+0+0.5 28] * -
fx (156.3 + 0.3 £ 1.9) MeV 3] * *
fx/fr 1.198 + 0.002 £ 0.010 3] * *
Ips (249 £ 2 + 5) MeV 3] * *
Ips/fp 1.185 £ 0.005 4 0.010 3] * *

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.




Reference Article Ny Mean Stat Syst
ETMCO09 [30] 2 158.1 0.8 3.1
MILCO7 31] 2+1 156.5 0.4 o
HPQCDO7 32] 241 157 0.6 3.3
ALVAWO08 [33] 241 153.9 1.7 6.5
Our average 156.3 0.3 1.9
fK/fﬂ

Reference Article Ny Mean Stat Syst
ETMC09 [30] 2 1.210 0.006 0.024
MILCO07 [31] 2+1 1.197 0.003 o0
NPLQCDO7 34] 2+1 1.218 0.002 oo
HPQCDO7 [32] 2+1 1.189 0.002 0.014
ALVAWO08 [33] 241 1.191 0.016 0.026
BMW10 [35] 241 1.192 0.007 0.013
Our average 1.1985 0.0013 0.0095
2.2.2 Beauty mesons

fB.

Reference Article Ny Mean Stat Syst
MILC02 [36] 2 217 6 o
JLQCDO03 [40] 2 215 9 e
ETMC11 [41] 2 232 7 15
HPQCDO03 [37] 241 260 7 39
FNAL-MILCO09 [42] 241 243 6 23
HPQCDO09 [43] 2+1 231 5 30
HPQCDI11 [44] 2+1 225.0 2.9 5.4
Our average 229 2 6
I,/ fB

Reference Article Ny Mean Stat Syst
MILC02 36] 2 1.16 0.01 o
JLQCDO3 [40] 2 1.13 0.03 oos
ETMC11 [41] 2 1.19 0.02 0.06
FNAL-MILCO09 [42] 2+1 1.245 0.028 0.049
HPQCDO09 [43] 2+1 1.226 0.020 0.033
RBC/UKQCD10 [45] 2+1 1.15 0.05 0.20
[-0.3cm] Our average 1.218 0.008 0.033

2.3 Semileptonic form factors

2.3.1 K — wlv
J+(0)



Reference Article Ny Mean Stat Syst

RBC06 [46] 2 0.968 0.009 0.006
ETMCO09 [47] 2 0.9560 0.0057 0.0128
RBC-UKQCDI10 48] 241 0.9599 0.0034 Ho00es
Our average 0.9632 0.0028 0.0051

Combining with |Vys|f+(0) = 0.2163(5) from ref.[49], we would get |V,s| = 0.2246 &+ 0.0009 +

0.0012

2.4 Meson mixing

2.4.1 Kaon mixing

BMS(2GeV)

Reference Article N¢ Mean Stat Syst
JLQCDO08 [54] 2 0.537 0.004 0.072
ETMC 10 [55] 2 0.532 0.019 0.026
HPQCD/UKQCDO06 [56] 2+1 0.618 0.018 0.179
ALVAW09 [57] 2+1 0.527 0.006 0.035
RBC/UKQCD10 [58] 2+1 0.549 0.005 0.038
SWME11 [59] 2+1 0.530 0.003 0.052
Our average for BMS(2GeV) 0.534 0.002 0.026
Our average for By 0.733 0.003 0.036
2.4.2 B, mixing

Bg,

Reference Article Ny Mean Stat Syst
JLQCDO3 40 2 1.299 0.034 toaee
HPQCDO06 [60] 2+1 1.187 0.086 0.108
HPQCDO09 [43] 2+1 1.322 0.040 0.035
Our average 1.291 0.025 0.035

Ref. [43] provide only fgp, and fp, 1/ B B., and we assumed that the systematics were completely

correlated to extract Bp,.

BBS/BBCI

Reference Article N¢ Mean Stat Syst
JLQCDO3 [40] 2 1.017 0.016 017
HPQCDO09 [43] 2+1 1.052 0.027 0.015
RBC/UKQCD10 [45] 2+1 0.959 0.038 0.040
Our average 1.024 0.013 0.015

Refs. [43] and [45] 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 for Scenario I

Observable central £+ CL=10c =4+ CL =20 + CL=30
Re(Ag) 0.82370:243 0.82+9-33 0.8210-53
Im(Ay) —0.199+0-962 —0.201 1 —0.201018
Re(A,) 0.96570433 0.9770% 0.9770:39
Im(A,) —0.007949 ~0.005:31 —0.0079:32

A 07928750320 0.79370:52 0.79370 058

A 0.2254173- 0505 0.225470-9519 0.225470-05%%
p 0.162*0533 0.1620:061 0.162% 5 09¢

7 0.44475:05¢ 0.4447 5055 044475553
1A 0.8670-14 0.867033 0.86105
Arg(Ag) (deg) —13.4133 ~13.4%79 —13.4+121
1A 0.977+342 0.987021 0.981022
Arg(A;) (deg) —0.1%¢7 —0.433; —0.555
a(deg) () 8228 82.1%) 82.75%

B (deg) () 26.27373 26.2733 26.21%

~ (deg) (1) 70.4+43 70.4785 70.413-

J (1079) 3.6679:22 3.6670:34 3.66102

[Vaaal (1) 0.97472456063 0.97472500075  0.97472X G000
[Vas| () 022541756055 0.22540001s  0.2254%0005
V| () 0.005774:60090 0.005775000157  0.0058¥5:6013
Ved| 0.2252915-90061 0.225375:5019 0.225370- 0058
Vs | 0.9734610:09922 0.97346700%05%  0.973467000052
Vel () 0.03230:0033 0.0323%0 0065 0.032X50%5
Vil 0.0086210:99020 0.008623:3908%  0.00867 001
Vi 0.039607 000147 0.039601 090558 0.03967099%3
I 0.999179*0: 000062 0-999179F0:060070  0-9991797 0560006




Observable

central + CL=10c 4+ CL =20

+ CL = 30

fB, (GeV) (1)

02695434

0.045
0. 269—’—0.046

0.068
0. 269+0.074

fB./fn ! 0. 953+0 143 0. 95+0 .27 0. 95+0 .45
s d 0.099 0.23 0.31
Bz, (1) 1.6015:21 1607058 1601977
Bp. /B, (1) 0.2350:067 0.23%5:13 0.23%4:35
Bs,p,(my) (1) 1484055 15558 1575
Arg(—Mi3/T19)(By) (deg) —19.4759 —19.4179 -19.718
Arg(—Mi2/T12)(Bs) (deg) 0.3%¢] 0.573 0.23%

d
sl

a(siz ©)

s
sl

a

— a

a sl

s
sl

ag (1)
Asr,
Asr (1)

a

BR(B — 7v) (107%)
BR(B — 7v) (107%) ()

AT(B
AT(By) (ps™!
AL(Bs) (ps™1) (1)
o2 + 28 (deg)
¢5 +20 (deg)
¢5 + 203 (deg) (!)

(
(
a) (ps™1)
)
)

—0.00333%5 56041
—0.003327 5 56041
0.003367 5608
0.000035 6063
0.0000475 65063
—0.0017775:00039
—0.001567 56055
1.35410.053
134170953
0.004807 050079
0.10410017
0.15570029
17113

—9. 8+6.1

—56. 8+10 .9

—0.0033370- 50052
—0.003321-90167
0.003470 0055
0.000010-513
0.000070-913
—0.00177+3-90106
—0.0015670:99135
1.3570-33
1.3415:13
0.004810-0024
0.10415:033
0.15570:028
17.72%

+12.
_3’—12.

—57.132

—0.0033%5067
—0.003375,0675
0.003475,0635
0.0000% 55657
0.00004:6031
—0.001870:9915
—0.001670:991
1357050
134707
0.0048 10020
0.10470:9%2
0.15570 000
17.429

+18.
_3'—18‘

—57.%5¢
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