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What do we know about y/¢p3 today?

Prophecy for 2010 -- clearly a bit optimistic!
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But seriously...

Y is still

the least precisely measured of the UT angles...
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But seriously...

.. .though the number of ways in which it is being measured is growing...
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But seriously...

...and it 1is still probably the theoretically cleanest CKM parameter

We first review the methods for determining ~ from B — DK decays
that appeared after CKM 2008. We then discuss the theoretical errors in
~ extraction. The errors due to neglected D— D and Bas —Fd,s mixing can
be avoided by including their effects in the fits. The ultimate theoretical

error is then given by electroweak corrections that we estimate to give a

shift 6v/~v ~ O(1079).
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But seriously...

...and it is still probably the theoretically cleanest CKM parameter

Probe Anp for (N)MFV NP Ayp for gen. FV NP BB pairs
v from B — DKV A~ O(10% TeV) A~ O(10° TeV) ~ 10%®
B — 7% A ~ O( TeV) A~OB0TeV)  ~ 103
b—s ssd A ~ O( TeV) A ~ O(10° TeV) ~ 1013
B from B — J/oKY A~ O®50 TeV) A~ O200 TeV)  ~ 1012
K — K mixing® A > 0.4 TeV (6 TeV) A > 103% TeV now

Table 1: The ultimate NP scales that can be probed using different observables listed in
the first column. They are given by saturating the theoretical errors given respectively by
1) 0y/~v = 1075, 2) optimistically assuming no error on fg, so that ultimate theoretical
error just from electroweak corrections, 3) using SM predictions in [20], 4) optimistically
assuming perturbative error estimates 63/3 0.1% [21]], and 5) from bounds for ReC(ImC1)
from UTtitter [23].




A decade of overachievement...
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FIG. 9: (color online). Projections on mgs (a. b. ¢) and NN (d. e. f) of the fit results for DK~ (a. d), D}, oK~ (b,
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75 GeV/e? (NN projections). The points with error bars are data. The curves represent the fit projections
for signal plus background (solid). the sum of all background components (dashed). and g background only (dotted).
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...and the start of a new era

Events / (5 MeV/c?)

m(Dh™) (MeV/c?)
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So who is this new kid in town?
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So who is this new kid in town?
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—~ 0.05
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So who is this new kid in town?
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The LHC environment

VELO rz view

The LHC produces 15 MHz of proton-
proton (pp) collisions

In order to maximize integrated
luminosity, it is necessary to accept
events with multiple pp interactions
in a single bunch crossing

Event with four interactions 1is
shown on the left

We have been running with an
average of ~1.5 interactions per

bunch crossing in 2011/12

75-100% above design instantaneous
luminosity!
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Multivariate selections from the start

Question

Answer 1

Answer 2

How is LHCb achieving clean signals in a much dirtier
environment than either the B-factories or CDF?

A state of the art detector with ~0.5% momentum resolution
and powerful particle identification.

An aggressive use of multivariate selections from the
very first stage of the datataking process, the trigger.

18



A topological decision tree trigger
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A topological decision tree trigger

add momentum

0
_ 2 / 2 / 5 10
Mecorrected — \/m + ’meissing‘ + ‘meissing’ mass (GeV)
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A topological decision tree trigger

The corrected mass is a good variable, but not good enough to deal with
pileup on its own : deploy a boosted decision tree to discriminate
between signal and background displaced vertices.

: 1: DiMuon Trigger DiMuon Trigger + Topo
=) - 2010 MB Data 40000 200"
o pmf B
= N
g : == cc MC10 moom
St 10-1 = 20000}
<) E == MB MC1l0 1000(-
% : 100001
e B Real Data
e 1 1 1 1 - | 1 L
: 10-2 = g 5200 5250 5300 5350 g 5200 5250 5300 5350
= - ‘—l_l_i J/y K mass (MeV) JAy K mass (MeV)
§ i Left : J/PYK candidates with a dimuon
CJ10'3:— trigger and no detachment required
C |
0 0.5 1 Right : the subset of these candidates
See LHCb public notes BBDT Response which pass the topological trigger
LHCb-PUB-2011-002

LHCb-PUB-2011-003
LHCb-PUB-2011-016

Gligorov&Williams http://arxiv.org/abs/1210.6861 sl



What has this enabled LHCb to produce?

GLW/ADS in B-DK,Dm with D-hh
ADS in B-DK,Dm with D-hhhh
GGSZ in B-DK with D-Kgshh

GLW in B-DKO9*

GLW in B-Dhhh

Time dependent CPV in Bs->DskK

22



What has this enabled us to produce?

GLW/ADS in B-DK,Dm with D-hh
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Observables < physics parameters

i,n( K* b '«:.1<c D"
-+
+ b ¢ =0 B S ofe
B U > (24 D U > 17 K
colour favoured colour suppressed
S — u +
rrﬂ“{,—, K ‘::‘Pl{d T
—t ~ o ¢ Ky _
DO 1(1 ;‘ j/ 7Z-+ D ! i < m K
doubly Cabibbo suppressed Cabibbo favoured

GLW : D° decays to singly Cabbibo-suppressed final states (KK,nm),
higher absolute yields but lower interference due to colour suppression

ADS : Combine colour-suppressed B decays with Cabbibo-favoured D decays
in order to increase interference and hence sensitivity to Yy

In both cases measure branching fractions and charge asymmetries

Same principle applies to Dm decays but interference smaller
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Observables < physics parameters

1+ (rprp)? +2rgrpcos(dp — dp) cos~y
1+ (rgrp)? + 2rfrpcos(6f — dp) cosvy

RK/’/T — R

1+ rp?% + 2rg cosdp cos~y

RK/ﬁ SR 1+ 77%% + 2r% cos 6 cosy
pFav  _ 2rprpsin(dp — dp) sin~y
1+ (rprp)? +rprpcos(dp — dp) cos~y
AFav  _ 2rgrpsin(éf — dp) sinvy
" 1+ (rgrp)? + rgrp cos(6f — dp) cosy
AKK _ grm _ 2rpgsindpg sin 7y
1+ 7rp2 +rpcosdp cosvy
AKK _ qnm 2r5sindp sinvy
" " 1+ 752 + 775 cos 0% cosy
RADS  _ rp* +rp® + 2rprp cos(dp + dp) cosy
1+ (rprp)? + 2rprp cos(dp — dp) cosy
AADS  _ 2rprpsin(dp + dp)siny
rg? +1rp? + 2rprpcos(dp + dp) cosy
RADS  _ rn? +rp? + 2rgrp cos(6% + dp) cosy
L+ (rgrp)? + 2rgrp cos(6% — dp) cosy
AADS 2rgrp Slﬂ((SB + (5[)) sin 7y
m

7'52 +7rp? + 2r§rp cos(6f + dp) cosy
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Observables < physics parameters

re,0s are the amplitude ratio and relative RET  — R 1+ (rprp)® + 2rprp cos(dp — dp) cosy
strong phase of the interfering B decays L+ (rgrp)? 4 2rgrp cos(0f — dp) cosy
1+ rp?% + 2rg cosdp cos~y
KK T
RK/ﬂ' — g/ = R

1+ 77%% + 2r% cos 6 cosy
2rprpsin(dp — dp) sin~y

AFav —
1+ (rprp)? +rprpcos(dp — 0p) cosy
AFav . QT'ET’D .8111(5?-3 — 5D) sin ¥
" 1+ (r%rp)2 +rErpcos(6f — 6p) cosy
AKK _ grm _ 2rpsindpg sin vy
a 1472+ rpcosdpcosy
AKK _ gqrm o _ 2r5sindp sinvy
T T 14?41 cos 6, cosy
RADS  _ rp2 +rp%+2rgprpcos(dp + dp) cosy
| L+ (rprp)? + 2rprp cos(dp — dp) cosy
AADS 2rgrpsin(dp + dp)siny
rg? +rp? + 2rprpcos(dp + dp) cosy
RADS  _ 15?4+ rp? 4 2rgrp cos(0% + dp) cosy
" 1+ (rgrp)? + 2rgrp cos(0f — dp) cosy
AADS  _ 2rgrpsin(dy + 6p) siny
A -

7«]75,2 +1rp? + 2r§rp cos(df + dp) cosy
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Observables < physics parameters

rs,0s are the amplitude ratio and relative ng;r
strong phase of the interfering B decays '
RKK DT
. . . 'K/nm — YK /=«
rp,Op are hadronic parameters describing
the D%»>Km(nK) decays AFav
rp is the amplitude ratio of the CF to AFav
DCS DO decays
AI(I( — A™T
Op is the relative strong phase between
the CF and DCS decays ABRK — g7
Both are taken from CLEO measurements RAPS
AADS
RADS
AADS

1+ (rgrp)? + 2rgrpcos(dp — dp) cos~y

R

1+ (rgrp)? + 2rfrpcos(6f — dp) cosvy

1+ rp?% + 2rg cosdp cos~y

T2 T ST .~
1 +r5° 4 2rf cos 0 cos 7y
2rprpsin(dp — dp) sin~y
1+ (rprp)? +rprpcos(dp — dp) cos~y
2rgrpsin(df — dp) siny
1+ (rgrp)? + rgrp cos(df — dp) cos~y
2rp sindp sin 7y

1+7rB2+rgcosdpcosy
iy Taa NTT . /
2r5 sindp siny

1+ 752 + 775 cos 05 cosy

rp? +rp?+2rgrpcos(dp + dp) cosy

1+ (rprp)?+ 2rgrpcos(dp — dp) cos~y
2rprp sin(dp + dp) sin~y
rg? +rp? + 2rprp cos(dp + 0p) cos~y

w2 2 . . ,
rg5° 4+ rp° + 2rgrpcos(df + dp) cosy

1+ (rgrp)? + 2rgrp cos(0f — dp) cosy
2rhrpsin(dy + 0p) sin~y
B B /
r5°+rp? + 2rgrpcos(0f + 0p) cosy
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Observables < physics parameters

rs,0s are the amplitude ratio and relative
strong phase of the interfering B decays

rp,Op are hadronic parameters describing
the D%»>Km(nK) decays

rp is the amplitude ratio of the CF to
DCS DO decays

Op is the relative strong phase between
the CF and DCS decays

Both are taken from CLEO measurements
Notice that ADS asymmetries are enhanced

by the absence of a “1 +” term in the
denominator compared to the GLW ones

K=

1+ (rgrp)? + 2rgrpcos(dp — dp) cos~y

Ry R
K/m 1+ (rgrp)? + 2rfrpcos(6f — dp) cosvy
.2 , S ,
RKK _ prr 14+ 7rp*“+ 2rp cosdp cos~y
K/m K/m 1+ 7‘}}2 + 2r% cos 0 cosy
g Fav 2rprpsin(dp — dp) sin~y
14 (rgrp)2 +rgrpcos(dg — dp) cos~y
Y
g Fav 2rgrpsin(df — dp) siny
m 1+ (rgrp)? + rgrpcos(0f — dp) cos~y
AKK _ grm 2rpsinop sin vy
1+ rg2+rgcosdpcosy

KK _ jnmw
AKK _ g

2r5 sindp siny

1+ 752 + 775 cos 05 cosy

rp? +rp?+2rgrpcos(dp + dp) cosy

RADS
1+ (rprp)?+ 2rgrpcos(dp — dp) cos~y
ADS 2rprpsin(dp + dp)siny
rg? +rp? + 2rprp cos(dp + 0p) cos~y
RADS rTe + TDe + 2r5rp cos(df + dp) cos vy
n 1+ (rgrp)? + 2rgrp cos(0f — dp) cosy
A?DS 2rgrpsin(dy + 6p) siny

r%? +rp2 4+ 2r%rp cos(6% + dp) cosy
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The Cabbibo-favoured signals
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The singly Cabbibo-Suppressed signals

:*: 80 I I I —_1 I I I —
E v'ﬁ( LHCb T LHCb
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& i
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The ADS signals

2 The Kaon mode shows a large CP
é 5 LHCb LHCb asymmetery
g ------- B_-%TTE_I-(_‘_]- K-_ - - N Hl B N = = E+:>[E+E_] -K+- I N E . R[—\’ _ R?;’ _ _
8 D L1 D AADS([\') — _—_+_ — —Oz)Q() :l: 0].()0 :i: 0021
g \ x Ry + Ry
LU T . |
' i - ' ] And there is also a hint of
40 — . . »
LHCb LHCb | something in the pion mode!
‘ B'—[tK*] m B'>[n'K ] n" S
f > ] R; — Rf |
1 i Auapsin = ———T = (.1426 £ 0.0621 + 0.0110
J H ’ () R: + Rt
) A,
5400 5600 5609
m(Dh™) MeV/c?)

ADS modes established at >50 significance

Combining all two body modes, direct CPV is observed at 5.80 significance

LHCb-PAPER-2012-001 [3h




What has this enabled us to produce?

ADS in B-DK,Dmr with D-hhhh
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Observables < physics parameters

['(B* - D(KErFntn )KE) o« 1 + (rprk3)? + 5rE3™ cos(6p — 6K3™ £ ),

I'(B* - D(KTn5ntn7)K*) « r5 + (r53™)? + av BTH T cos(dp + 655°" £+ ),

Same formalism as for the two-body case, except for the coherence
factor Rkiz. This 1s necessary because the D° decay is a sum of
amplitudes varying across the Dalitz plot; when we perform an analysis
integrating over these amplitudes, we lose sensitivity from the way in
which they interfere.

Rk3r has been measured at CLEO and is small (~0.33) which indicates that
these modes have a smaller sensitivity to Y when treated in this
integrated manner than the two-body modes. However, they can still
provide a good constraint on rg.
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The Cabbibo-favoured signals
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The ADS signals
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The ADS signals

direction as for the two-
body modes. Keep this in
mind... we’ll come back to
it when we extract Y.

) T K3m,— K3m, K3m,— K3m,
AIA([S)S(K) - (RK _RK +)/(RK +RK +)

= —0.424+0.22

‘4K37r

AADS(r) = (RE®™™ — RE™H) J(REP™™ + REP™Y)

= +0.13£0.10,

Once again, indications of §
CP asymmetries in both the §
Kaon and the Pion modes -
:
And again, going in the same | =--
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ADS modes established at >50 significance!
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What has this enabled us to produce?

GGSZ in B-»DK with D-Kshh
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Observables < physics parameters

% F S F
< 3r - Bt < O3 a4 -
E» S 2 f ";,) B
‘:-’..2.5:— ~, - - (“g ) =
£ g
2
15&
1
0.5F
-I L1l I L1l 11 I L 11 l Ll 11 I Ll 11 I L1 1.1 I L1 B
05 1 15 2 25 3 05 1 15 2 25 3
m2 (GeV?/c?) m2 (GeV?/c")

Here the decay chain is B-DOK, with D%s>Kgsnm/KsKK

The D° decays proceed through many interfering amplitudes, some of which
are Cabbibo-favoured, some singly Cabbibo-suppressed, and some doubly

Cabbibo-suppressed

Effectively this means you are doing a simultaneous ADS/GLW analysis, as
long as you understand how the amplitudes and their phases vary across

the Dalitz plot.
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Observables < physics parameters

m? (GeV?/c?)

m? (GeV?/c?)

3

1.4F

1.2f

[—
T

P AN SR S T SR ST T B
14 1.6 1.8

m? (GeV7/c?)

IBin number]

IBin number]

Historically two approaches :

“Model-dependent” : Use a model to describe the
interfering amplitudes, fitting for the amplitudes and
strong phases of each component.

“Model-independent” : Bin the Dalitz plot and plug in
the strong phase in each bin from a CLEO measurement.

LHCb has published the model independent analysis now,
though we are also pursuing the model dependent.

The model independent is effectively a binned counting
experiment, so intrinsically faster to perform.

The model dependent approach has better statistical

precision (as binning loses information) but harder to
evaluate systematic effects.
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Observables < physics parameters

m? (GeV?/c?)

m? (GeV?/c?)
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14 16 18

m? (GeV7/c?)
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Model independent : fit for yield of B* and B- in each
bin of the Dalitz plot

2 2
N, = n K+, +y)K, + 2K, K .(x,c,.—V,s,,)]

X, =1zC08(0g £ ¥),y, =1y sin(0z = y)

ci,si are the CLEO inputs

Ki are the yields of tagged D° decays in each bin
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K<KK yields
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Dalitz distributions for signal
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What has this enabled us to produce?

Time dependent CPV in Bs->DskK
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Observables < physics parameters

u fK”

BJ{? \D;

_ ==c}b!

BU{Y 318

BE->D,;K+ PDF & events, projectionon t |

Event #

=

(1]

o
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LHCb simulation

4 5
proper time (ps)

<<ij
. D-
W -~ d

”

FO Tt
d < d
d
+
. /< |
W - u
b Py 4,/ <
< < C
B° D
d < d

4 5
proper time (ps)

Sensitivity to Y comes from the time-
dependent interference of the Vy, and Vg
decay rates.

Can perform both flavour tagged and
flavour untagged measurements.

The sizes of the interfering diagrams
are expected to be similar, leading to
large interference and good per-event
sensitivity to Y.
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Observables < physics parameters

C cos(dmt )+ S sin(Amr)

O . P37 )
A(B) > D,7,) cosh(AT" t/2)- A, sinh(AT",t/2)

2
xq Ratio of CKM-suppressed to CKM-favoured
C=- 2 amplitudes, ~0.4 in B;2>D,K
1+ x
q
g 2x, sm(y +0, + ¢q)
2
x +1
( 9 ) Strong phase
A = 2xq COS()/ m]' Weak mixing phase
Al —

(x§+1

48



Observables < physics parameters
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Observables < physics parameters

S
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Observables < physics parameters
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Observables < physics parameters

2 * log(L)

-100

In the limit of large statistics, the
different observables combine in such a
way as to give only a twofold ambiguity
on the angle Y

This relies on having both the “tagged”
and “untagged” observables

Luckily nature has been kind with a
large value of Als/I's ~ 15.9%!

100

Y (%)

TOY SIMULATION
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Signals in the data
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Backgrounds in DsK
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Propertime resolution/acceptance

Propertime resolution taken from simulation
LHCD preliminary scaled by the difference between simulation
Simulation .

and data resolutions measured on a control
channel (15%)

[E—
-
~

Candidates / (8 fs)
>

Effective propertime resolution is ~50 fs

[
-
\®)

Acceptance taken from a fit to the Bgs-»Dsm
data fixing the lifetime and oscillation

10;- frequency to the WA values
L, A\
- 21l | .
_400 2300 -200 _100 100 200 300 400 Corrected bY the ratio of acceptances
At [fs] observed in the simulation
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Tagging

o
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Tagging based on the “opposite-side” B decay
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Candidates/(0.2 ps)

...... Ese D'ZFK‘ ]
— Untagged D' K"
------ Untagged Dz“K'

LHCD Preliminary 1.0 fb™!

2 4 6

8

o
10 12 14
T (BS — D K) [ps]

The time uses a statistical background
subtraction technique (the “sPlot”
method) in order to avoid modelling
the time dependence of the backgrounds

Fit performance verified in through
studies of 2000 pseudoexperiment
ensembles

Systematic uncertainties calculated
from similar pseudoexperiment
ensembles, varying fixed parameters
and computing toy-by-toy differences
between the nominal and modified fit.

See Arxiv physics.data _an 0402083, 0905.0724




Results

Table 4: Fitted values of the B? — DF K* CP-asymmetry observables with statistical
and systematic uncertainties. All systematics are given as fractions of the statistical
uncertainty. Systematics are added in quadrature under the assumption that they are

uncorrelated.

C Sy Sf Dy D¢
Toy corrected central value 1.01 -1.25 0.08 -1.33 -0.81
Statistical uncertainty 0.50 0.56 068 0.60 0.56
Systematic uncertainties (Osat)
Decay-time bias 0.03 0.05 0.05 0.00 0.00
Decay-time resolution 0.11 0.08 0.09 0.00 0.00
Tagging calibration 0.23 0.17 0.16 0.00 0.00
Backgrounds 0.15 0.07 0.07 0.07 0.07
Fixed parameters 0.15 022 020 040 0.42
Asymmetries 0.12 0.01 0.04 0.00 0.02
Momentum /length scale 0.00 0.00 0.00 0.00 0.00
k-factors 0.27 0.27 0.27 0.08 0.08
Bias correction 0.03 0.03 0.03 0.03 0.03
Total systematic (o) 046 050 035 043 046

No extraction of Y for now because we did not have the time
to evaluate the correlations between systematic uncertainties
and we saw a non-negligible effect of including these on Y.

Will be done for the eventual paper.
LHCb-CONF-2012-029




What do we know about y/¢p3 today?

BaBar and BELLE and LHCb all came to CKM with their Y combinations!
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What do we know about y/¢p3 today?

. . . ] ] ST +17 O
BABAR : combination in Cartesian coordinates ¥ = (69—16)
BaBar Preliminary
B->DK B->D*K B=>DK*
>~.. T T T >i T T T ok T T T T T
GGSZ o . o o g p o .
o ] 0.2
0.2
0.4
-0..2 :) 0?2 -010.4 -0‘.2 6 0?2 "4 -OA.I -0‘.2 6 0.‘2 0“
X X X
o7 X >;4-
GGSZ+GLW |
of- i 1 o 3 . of
0.2t A
i 04
o2 o o 4"-0.4 o2 o o2 4 vy g Y
X X X
~. - S N .
ozr - >
GGSZ+GLW+ADS ] = :
0.2+ g =4 ]
0.2~ o
Y, 0 o 0'-0.4 oy o o2 0.4 Y T S T Y
X

X X
The improvement is clearly visible.

See D. Derkach, CKM 2012 g4y



What do we know about y/¢p3 today?

BELLE : projections in Y, rs

1

GGSZ
08 | y =[82 3]
osl GGSZ+ADS
3 | y=[70 3T
Toaf GGSZ+ADS+5,
o y = [68 + 22]
0k GGSZ+ADS+GLW+3,,
Y (degree) Y = [58 iii )
for B>DK: (20="37)

r,=0.1687%9%
r, =0.108"%0%

ry =0.104305

r,=0.112"30°%

See K. Trabelsi, CKM 2012 gJ!



What do we know about y/¢p3 today?

LHCb : ok you’ll forgive me a bias I do this in a bit more detail...

Everything was done with a frequentist approach, the so-called “plugin”
method. Experimental likelihoods taken into account where non-Gaussian.

LHCb-CONF-2012-032 ¥




What do we know about y/¢p3 today?

LHCb : look at ADS/GLW and GGSZ on their own

GGSZ has a poor standalone sensitivity because of an unlucky value of rs.

—l B |
(_l) 1.2 DK GGSZ —
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1 B LI | I | I | I B B | I LI | I LI I | I | I | I B | I Ll B I L | |
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What do we know about y/¢p3 today?

LHCb : now combine all DK measurements, including D-»K3m ADS

Rather Gaussian behaviour!

q ] LI I LI l LI IEI LI S I l:l T I L I LI L [ L I LI
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0.4— —
0.2 —
ol 1. . A T T

0 20 40 60 80 100 120 140 160 180
v [°]

LHCb-CONF-2012-032 ¥




What do we know about y/¢p3 today?

LHCb : now combine all DK measurements, including D-»K3m ADS

Rather Gaussian behaviour!
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What do we know about y/¢p3 today?

LHCb : the first combination of the ADS/GLW D measurements
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What do we know about y/¢p3 today?

LHCb : the first combination of the ADS/GLW D measurements

r"s larger than naively expected?
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What do we know about y/¢p3 today?

1-CL

LHCDb :

1 i I I I 1 I 1 l I I I I 1 I 1 l I I I 1 I 1 l I I I I 1 I 1 l I I |
I LHCb
0.8 Preliminary —
0.6 —
0.4 —
0.2 —
NI e—. o o)y
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v [°]

putting it all together... very similar precision to
BELLE/BABAR at 20. Our little child had a good 2011!

~ 63.7° 85.1°
68% CL | [61.8,67.8]°  [77.9,92.4]°
95% CL + [43.8,101.5]° —
TB(K) 0.0948

68% CL 0.0860, 0.1032]

95% CL [0.078,0.111]

OB (K) 119.0°

68% CL 107.0,129.1]°

95% CL 79.7,137.9]°

T’B(ﬂ-) 0.0239

68% CL (0.0153,0.0310]

95% CL [0.0,0.037]

Sp(x) 373.7° 321.4°
68% CL | [365.7,387.0]° [311.2,328.4]°
95% CL «— [160.5,333.6]° —
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And the future?

LHCb expects ~2 fb-! on tape in 2012,
combined with the slightly higher beam
energy this will more than triple the
available dataset

Many new modes will start to show
sensitivity to Y, for example DK" with
ADS/GLW/GGSZ, DsK, DHHH, DK with D-4nm,

etc.

The key will be systematic control and
ensuring that the global fit to the
physics parameters of interests shows
an acceptable y2 as new measurements
are added 1in.

And for the upgrade, with 200x the
dataset... qui vivra verra.
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CLEO inputs

350

CLEO
300

250
200

(deg.)

150

6K3n

100
50

0 T D DR P P T
0 0102030405060.70809 1

K3n LHCb-CONF-2012-032 [al




DsK charm signals
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GGSZ asymmetries per bin
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GGSZ only extractions
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Mistag distributions
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GLW/ADS full results

RK ]
RE /s
K/
AT
Ag™
ARK
A
AxK
AT
g
R}

0.0774 £ 0.0012 £ 0.0018

0.0773 + 0.0030 £ 0.0018
0.0803 £ 0.0056 £+ 0.0017

—0.0001 % 0.0036 £ 0.0095
0.0044 +£0.0144 £ 0.0174
0.148 £ 0.037 + 0.010
0.135 £ 0.066 4+ 0.010

—0.020 £0.009 £ 0.012

—0.001 +0.017 £ 0.010
0.0073 4 0.0023 £ 0.0004
0.0232 £ 0.0034 £ 0.0007
0.00469 + 0.00038 £ 0.00008
0.00352 + 0.00033 £ 0.00007.

Table 2: Systematic uncertainties on the observ-
ables. PID refers to the fixed efficiency of the
DLL g, cut on the bachelor track. PDFs refers to
the variations of the fixed shapes in the fit. “Sim”
refers to the use of simulation to estimate relative
efficiencies of the signal modes which includes the
branching fraction estimates of the Ag background.
Ainstr. quantifies the uncertainty on the production,
interaction and detection asymmetries.

x107® PID PDFs Sim  Ainstr. | Total

Ry, 1.4 0.9 0.8 0 1.8
REK 1.3 0.8 0.9 0 1.8

{5 1.3 0.6 0.8 0 1.7
AEK™ 0 1.0 0 9.4 9.5

AET 0.2 4.1 0 169 | 174
AKK 1.6 1.3 0.5 9.5 9.7

AFT 1.9 2.3 0 9.0 9.5
AEKK 0.1 6.6 0 9.5 11.6
AT 0.1 0.4 0 9.9 9.9
Ry 0.2 0.4 0 0.1 0.4
Ry 0.4 0.5 0 0.1 0.7
R: 0.01  0.03 0 0.07 | 0.08
R} 0.01  0.03 0 0.07 | 0.07
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Table 2: Systematic uncertainties on the observables. PID refers to the fixed efficiency for
the bachelor DLLg, requirement which is determined using the D** calibration sample.
PDFs refers to the variations of the fixed shapes in the fit. Sim refers to the use of
simulation to estimate relative efficiencies of the signal modes. Aj.,. quantifies the
uncertainty on the production, interaction and detection asymmetries.

x1073 PID PDFs Sim A, | Total
RFT 17 12 15 00 | 26
AK37 02 13 01 99 | 10.0
AK3T 06 44 03 171 | 17.7
Rg"’”" 04 07 01 01 | 08
RZ™T 04 09 02 01 | 1.0
RE3™= 002 009 001 006 | 0.11
RE*™t 004 008 002 006 | 0.11
RIS 0.0771 + 0.0017 =+ 0.0026
ARS® = 0029 + 0.020 =+ 0.018
AR3= — 0006 + 0.005 =+ 0.010
RP™ = 0.0072 F 20036+ 0.0008
RE™ = 00175 F 35043 4+ 0.0010
RE3~= = 0.00417 T {90035 4 0.00011
RE3™ — 000321 = J00048 4+ 0.00011
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GGSZ full results

Table 3: Results for 4+ and y+ from the fits to the data in the case when both D —
K2ntn~ and D — KK+ K~ are considered and when only the D — K27t~ final state
is included. The first, second, and third uncertainties are the statistical, the experimental
systematic, and the error associated with the precision of the strong-phase parameters,
respectively. The correlation coefficients are calculated including all sources of uncertainty
(the values in parentheses correspond to the case where only the statistical uncertainties
are considered).

Parameter All data D — K27t~ alone
r_ [x1072] 0.0£43£1.5x0.6 1.6+48+£1.4+0.8
y_ [x1072 27x52x08x2.3 1.4+54+£08x24
corr(z_.,y_) —0.10 (—0.11) —0.12 (—0.12)
vy [x1072] | =103 +45+18+14 —86+54+1.7+16
yr [X107%] | —094£374+£084+£3.0 —-034£37+£09£27
corr(z4,y+) 0.22 (0.17) 0.20 (0.17)
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