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Charm at LHCb

Huge datasets of charm at LHCb, 630 million
D% — K—xt in 2011-2012 [LHChb-CONF-2016-005]

Must deal with acceptance effects and
large backgrounds.

Probe CP in up-type quarks.
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Charm at LHCb

Huge datasets of charm at LHCb, 630 million
D% — K—xt in 2011-2012 [LHChb-CONF-2016-005]

Must deal with acceptance effects and
large backgrounds. o

Probe CP in up-type qua;ik_?_:

G N e |

D° mixing already established. |

[arXiv:1412.6352] . 3 -
CP violation not observed in D system.
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BALANCIE s Introduction

The University of Manchester

Ar measurements in D°— KTK— ntn—.
Charm mixing and CPV (R(t)¥) in D — K*7T.
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BALANCIE s Two Methods

The University of Manchester

Unbinned maximum likelihood of effective decay
times [LHCb-CONF-2016-010].

2 fb~! collected in 2012, and combined with a previous
measurement on 1 fb™* from 2011 data [Phys. Rev. Lett., 112:041801, 2014.].
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2 fb~! collected in 2012, and combined with a previous
measurement on 1 fb™* from 2011 data [Phys. Rev. Lett., 112:041801, 2014.].

Yield asymmetries in bins of decay time [LHcb-conF-2016-009].
Full 3 fb~" from 2011 and 2012.
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LR Two Methods

The University of Manchester

Unbinned maximum likelihood of effective decay
times [LHCb-CONF-2016-010].

2 fb~! collected in 2012, and combined with a previous
measurement on 1 fb™* from 2011 data [Phys. Rev. Lett., 112:041801, 2014.].

Yield asymmetries in bins of decay time [LHcb-conF-2016-009].
Full 3 fb~" from 2011 and 2012.

Both flavour tagged with D** — DO+,
Same dataset and selection, except for one condition.

A paper including both measurements is in preparation.
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MANCHESIER B} A- Observable %
The University of Manchester

Asymmetry of the effective decay widths, IA_(DOH f) to
CP-eigenstates f,

[(D°— f) — (D% — f) J
C—

(DO )+ (DO )’
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The University of Manchester

Asymmetry of the effective decay widths, IA_(DOH f) to
CP-eigenstates f,

[(D°— f) — (D% — f) J
C—

(DO )+ (DO )’

f=KTK-,ntn—.
In the Standard model (SM), this quantity is predicted to be below

(’)(10*3) [JHEP03(2010)009] [Phys Rev.D 75,036008], Which is a level now being
reached by experimental precision.
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MANCHESIER B} A- Observable %
The University of Manchester

Asymmetry of the effective decay widths, IA_(DOH f) to
CP-eigenstates f,

[(D°— f) — (D% — f) J
C—

(DO )+ (DO )’

f=KTK-,ntn—.
In the Standard model (SM), this quantity is predicted to be below

(’)(10*3) [JHEP03(2010)009] [Phys Rev.D 75,036008], Which is a level now being
reached by experimental precision.

Improvements in precision are now valuable for testing SM
predictions.
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MANCHESTER Bl A~ Observable

The University of Manchester

With negligible CPV in decay, Ar = —(am + aj),
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MANCHESIER B} A- Observable %
The University of Manchester

With negligible CPV in decay, Ar = —(am + a;), where

s (5D = e
p q 2 p

represent CPV in mixing and in the interference of decays.

e
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MANCHESIER B} A- Observable %
The University of Manchester

With negligible CPV in decay, Ar = —(am + a;), where

B q p|\ cos(¢) - q p|\ sin(¢)
= (3 [7) =2 | (Bl le) 2

represent CPV in mixing and in the interference of decays.

x and y are the charm mixing where Af(Ay) is the amplitude of
parameters, D — f(D°— f) decay,
¢ = arg ((qAr)/(PAr)). |D12) = p|D°) £ q|D°).
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Method 1: Maximum Likelihood Fit

The University of Manchester

[LHCb-CONF-2016-010]

Measure the D® and D effective lifetimes, 7 = 1/{ (D% — f)
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Measure the D® and D effective lifetimes, 7 = 1/{ (D% — f)
Correct for lifetime biases with the Swimming algorithm.

Unbinned maximum likelihood fit factorised into two stages.
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Method 1: Maximum Likelihood Fit

The University of Manchester

[LHCb-CONF-2016-010]

Measure the D® and D effective lifetimes, 7 = 1/{ (D% — f)
Correct for lifetime biases with the Swimming algorithm.

Unbinned maximum likelihood fit factorised into two stages.

First stage:
DO Invariant mass Am = D*t — D% mass difference
3
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MANCHESTER. Bl Swimming Algorithm
- [Phys.Conf.Ser.396(2012)022016]

The University of Manchester

Event selection introduces a
lifetime bias.
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The University of Manchester

Event selection introduces a
lifetime bias.

Lower selection efficiency
for candidates with very low
decay times.

Kevin S. Maguire CKM2016 December 1st,2016 10 / 28


http://iopscience.iop.org/article/10.1088/1742-6596/396/2/022016/meta;jsessionid=07925E7883159BFF2B970CFD2019C4BE.c4.iopscience.cld.iop.org

MANCHESTER. Bl Swimming Algorithm
- [Phys.Conf.Ser.396(2012)022016]

The University of Manchester

Event selection introduces a
lifetime bias.

Lower selection efficiency
for candidates with very low
decay times.

Move the PV along the
momentum direction of the
DY and recalculate the
selection.
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MANCHESTER. Bl Swimming Algorithm
- [Phys.Conf.Ser.396(2012)022016]

The University of Manchester

Event selection introduces a

lifetime bias. v
Lower selection efficiency ——
for candidates with very low 7%
. 0=no
decay times. !

Move the PV along the
momentum direction of the
DY and recalculate the
selection.
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MANCHESTER. Bl Swimming Algorithm
- [Phys.Conf.Ser.396(2012)022016]

The University of Manchester

Event selection introduces a

lifetime bias. v “

Lower selection efficiency ey > g

for candidates with very low 7% o

decay times. e T e )
Move the PV along the - (9

momentum direction of the
D° and recalculate the
selection.

accepted?
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MANCHESTER. Bl Swimming Algorithm
- [Phys.Conf.Ser.396(2012)022016]

The University of Manchester

Event selection introduces a
lifetime bias.

Lower selection efficiency acceptec? ! '
. . =yes “yes
for candidates with very low .

. 0=no
decay times.

Move the PV along the (c) (d)
momentum direction of the N )
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MANCHESTER. Bl Secondary background

The University of Manchester [LHCb-CONF-2016-010]

Irreducible background of D° from a long lived particle, like B°.
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MANCHESTER. Bl Secondary background

The University of Manchester [LHCb-CONF-2016-010]

Irreducible background of D° from a long lived particle, like B°.

Separated using In(x%). Where x25 is defined as the difference
between the x? of the PV reconstructed with and without the
considered particles.

LHCb Preliminary

e Daa
—Fit

— Prompt signal
- Secondary

— Promptmd. T,

=l
Entries/ (0.05)

10?
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MANCHESTER B Acceptance corrected decay-time fit

The University of Manchester [LHCb-CONF-2016-010]

Per-candidate probability density function (PDF) for prompt signal:

f(t|sig., prompt) = %e‘t'T ® R(t,t) J
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MANCHESTER B Acceptance corrected decay-time fit

The University of Manchester [LHCb-CONF-2016-010]

Per-candidate probability density function (PDF) for prompt signal:

f(t|sig., prompt) = %e‘t'T ® R(t,t) J

Where R(t',t) is the detector decay-time resolution.
The per-candidates PDFs are normalised in the acceptance
intervals.
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MANCHESTER B Acceptance corrected decay-time fit

The University of Manchester [LHCb-CONF-2016-010]

Per-candidate probability density function (PDF) for prompt signal:

f(t|sig., prompt) = %e‘t'T ® R(t,t) J

Where R(t',t) is the detector decay-time resolution.
The per-candidates PDFs are normalised in the acceptance

intervals.
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Method 1: Results and Cross-checks

The University of Manchester [LHCb-CONF-2016-010]

Ar for the Cabibbo favoured mode D® — K~ xt should be zero.
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Result: pseudo-Ar = (—0.07 £0.15) x 1073,
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Method 1: Results and Cross-checks

The University of Manchester

[LHCb-CONF-2016-010]

Ar for the Cabibbo favoured mode D® — K~ xt should be zero.
Result: pseudo-Ar = (—0.07 :l: 0.15) x 1073,

Zoo1[ o Deta | LHCb Preli
< Oligromptsignal iy + +$ o
-001 ] Preliminary
002 4 KYK~ 2fb7! Result:
1 5 5~ (—0.03 £ 0.46 £ 0.10) x 103

g - Data
N LHCb Preliminary

< I :Elromptsignal |
o < = Preliminary
-002~ ata~ 2fb~! Result:
‘ ‘ ‘ (0.03+ 0.79 + 0.16) x 103

1 2 3 t [ps]

Pull
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Method 1: Results and Cross-checks

The University of Manchester [LHCb-CONF-2016-010]

Ar for the Cabibbo favoured mode D® — K~ xt should be zero.
Result: pseudo-Ar = (—0.07 £0.15) x 1073,

Zoo1[ o Deta | LHCb Prelimi
< o :Elrt)mptsignal e + +$ o
-001 ] Preliminary
002 7 KtK~ 2fb~! Result:
1 5 5~ (—0.03 £ 0.46 £ 0.10) x 103

< :Ertomptsignal ] ..
o = Preliminary
= _ 1
~0.02" mtm~ 2fb™" Result:
L L L

; 5 g (0.03+0.79 +0.16) x 10~3

Pull
gaou

Main systematics from mismodelling of low decay-time,
secondary contamination, ignored correlations and combinatoric

backgrounds.
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Method 1: 3 fb~' Combination

The University of Manchester

This result is combined with the previous LHCb measurement with

-1
1 fb [Phys. Rev. Lett., 112:041801, 2014.].
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Method 1: 3 fb~' Combination

The University of Manchester

This result is combined with the previous LHCb measurement with

-1
1 fb [Phys. Rev. Lett., 112:041801, 2014.].

New 2 fb~! systematics (mismodelling, correlations) assigned to
17"
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Method 1: 3 fb~' Combination

The University of Manchester

This result is combined with the previous LHCb measurement with

-1
1 fb [Phys. Rev. Lett., 112:041801, 2014.].

New 2 fb~! systematics (mismodelling, correlations) assigned to
17"

Preliminary: [LHCb-cONF-2016-010]

Ar(D°— KTK™) = (—0.14 £ 0.37 £ 0.10) x 103,
Ar(D°— 7t77) = ( 0.14+0.63+0.15) x 1073,
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-”‘ Method 1: 3 fb~' Combination %
The University of Manchester

This result is combined with the previous LHCb measurement with

-1
1 fb [Phys. Rev. Lett., 112:041801, 2014.].

New 2 fb~! systematics (mismodelling, correlations) assigned to
17"

Preliminary: [LHCb-cONF-2016-010]

Ar(D°— KTK™) = (—0.14 £ 0.37 £ 0.10) x 103,
Ar(D°— 7t77) = ( 0.14+0.63+0.15) x 1073,

AAr = (0.28 £0.73 £ 0.05) x 1072,
Ar = (—0.07 £0.32+£0.11) x 1073,
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Method 2: Binned yield asymmetry

The University of Manchester

Simple counting experiment in bins of decay time.

. (DO £Y — n(DO s
P Cotmd bl | Cltnt ) S SRR R J

ni(D®— f) + n;j(D°— f)
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Method 2: Binned yield asymmetry

The University of Manchester

Simple counting experiment in bins of decay time.

(DO £ — (DO —s
PN Cltndd | Citnd ) R SR
ni(D®— f)+ n;(D°— f)

Straight line fit.

t
Araw(t) =Ao— —Ar J
Tpo
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MANCHESTER Bl Background Subtraction

The University of Manchester [LHCb-CONF-2016-009]

Sideband subtraction of

¥10° the random “soft” pion
<<1\ :I T T T T T T T .
(8] F
S 30F Lo “+ Data from Am fit.
2 2505_ prehmlnaryi — Fit (x?/ndf = 1.40
g _F DYLKK]
S 200p I Random pions
& 150F
g
g 100:—
5 E
& °0F
(@] E 4 X H H
070 142 144 146 148 150 152 15

Am [MeV/c?]

Pull
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MANCHESTER Bl Background Subtraction

The University of Manchester

x10°
&J :I T T T T T T
% 300:— LHC_:b —— Data
2 s0b prehmlnaryi — Fit (x?/ndf = 1.40
8 E DO R K+ K1 e
S 200p I Random pions
& 150F
2 E
g 100:—
=l E
& So0F
O E 4 X H H
0140 142 144 146 148 150 152 154

Am [MeV/c?]

Pull

Kevin S. Maguire

CKM2016

[LHCb-CONF-2016-009]

Sideband subtraction of
the random “soft” pion
from Am fit.

Candidates in signal and
sideband region used in
the analyses.
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MANCHESTER Bl Background Subtraction

The University of Manchester [LHCb-CONF-2016-009]

Sideband subtraction of

oae o therandom "soft” pion

2 300F  LHcb + Data from Am fit.

% 250F prfimi”f‘ryf — Ftmdf=140 .. Candidates in signal and

S 200f b KK [ Random pions sideband region used in

P 150F the analyses.

g 100F Candidates in the sideband

§ sog— FIRY | : region are given negative
T ey Weights.

Am [MeV/c?]

Pull

Kevin S. Maguire CKM2016 December 1st,2016 16 / 28


https://cds.cern.ch/record/2220079?ln=en

MANCHESTER Bl Background Subtraction

The University of Manchester [LHCb-CONF-2016-009]

Sideband subtraction of

x10° the random “soft” pion
Q :l T T T T T T T .
% 300F é'."(?b —+ Data from Am fit.

E L Eit (y2 - . . .
S sof PreimInay. Fit(Xndf =140 . Candidates in signal and
© F D°LK'KT ‘deband . di
g 200F B Random pions sideband region used in
7 150F the analyses.
g 100F Candidates in the sideband
© o . . .
§ sof TIRY region are given negative

T e, Wweights.

Am [MeV/c?]

2
Cut on In(x7p) < 2
removes secondaries.
Systematic assigned for
residual contamination.

Pull
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CP Symmetrisation(New Technique)

The University of Manchester [LHCb-CONF-2016-009]

Momentum dependent
charge-asymmetry in
detection of “soft” pions
creates a time-dependent
detection asymmetry.

Due to D° momentum and
decay-time correlation.
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CP Symmetrisation(New Technique)

The University of Manchester [LHCb-CONF-2016-009]

B - " LHCD prelininaryd J 400

K [c/GeV]
K [/GeV]

Momentum dependent
charge-asymmetry in
detection of “soft” pions
creates a time-dependent
detection asymmetry.

k =

k[c/Gev]

Due to D° momentum and
decay-time correlation.

\/P% + %

Ox = arctan(px /py).
8y = arctan(py /pz)
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CP Symmetrisation(New Technique)

The University of Manchester [LHCb-CONF-2016-009]

“ELHCB preliminary ©
N K

B - " LHCD prelininaryd J 400

% | 50.7*
Momentum dependent s Tode e T
charge-asymmetry in w0
detection of “soft” pions ooz

create§at|me—dependent L L
detection asymmetry.

k[c/Gev]

k =

Due to D° momentum and
decay-time correlation.

\/P% + %

0x = arctan(px/py),
0y = arctan(py /pz)

3 .
g Gt
x Equalise the asymmetries with
(k,0x,0y).
(kaexaey)ﬂ—"'

Al (o m—
Reweight R to 1.
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The University of Manchester
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The University of M
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The University of Manchester

DO

Results

[LHCb-CONF-2016-009]
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Method 2: Results

The University of Manchester [LHCb-CONF-2016-009]
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Ar(D°— K*K™) = (-0.30 £0.32 + 0.10) x 103,
Ar(D®— 7n777) = (| 0.46 +0.58 +0.12) x 1073,
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World’s best measurement!
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MANCHESIER Method 2: Results
The University of Manchester [LHCb-CONF-2016-009]
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Preliminary: t/mo tro

Ar(D°— K*K™) = (-0.30 £0.32 + 0.10) x 103,
Ar(D®— 7n777) = (| 0.46 +0.58 +0.12) x 1073,

World’s best measurement!

AAr = (—0.76 £ 0.66 = 0.04) x 1073,
Ar = (—0.13 £ 0.28 £0.10) x 1073,
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MANCHESTER Preliminary Result

The University of Manchester

Unbinned maximum likelihood [LHCb-cONF-2016-010]

Ar(D°— KTK™) = (—0.14 £ 0.37 £ 0.10) x 103,
Ar(D°— 7t77) = ( 0.14+0.63+0.15) x 1073,

Yield asymmetry in bins(more accurate) [LHCb-CONF-2016-009]

Ar(D®— KTK™) = (—0.30 £ 0.32 £ 0.10) x 1073,
Ar(D°— 7t77) = ( 0.46 £0.58 +0.12) x 1073,
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MANCHESTER Preliminary Result

The University of Manchester

Unbinned maximum likelihood [LHCb-cONF-2016-010]

Ar(D°— KTK™) = (—0.14 £ 0.37 £ 0.10) x 103,
Ar(D°— 7t77) = ( 0.14+0.63+0.15) x 1073,

Yield asymmetry in bins(more accurate) [LHCb-CONF-2016-009]

Ar(D®— KTK™) = (-0.30 £0.32 £ 0.10) x 1073,
Ar(D°— 7t77) = ( 0.46 £0.58 +0.12) x 1073,

The more accurate yield asymmetry in bins is taken as the final result.

Toy tests using both methods on datasets with randomised flavour tags
show that the results are compatible.
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MANCHE%EER Theory ﬁ gi éé
The University of Manchester

D° — K—a*(Right Sign)(CF), J

suppressed 0 suppressed
D*+ — DO m %—(—) D DCS right-sign events
K-ttt

W
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MANCHE%EER Theory ﬁ ﬁﬁ éé
The University of Manchester

D® — K—7t(Right Sign)(CF), ]
suppressed 0 suppressed
D*+ — DO m %—) D DCS right-sign events
K-ttt

\\\\\‘f%f,,///ﬁ

DO K+n( )(DCS), J
suppressed
D+ — DO i mix ?‘ wrong-sign events
., D K
_ocs -
suppressed
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MANCHE%EER The ory

The University of Manchester

)

Time dependent ratio of amplitudes for small x and y(sign
indicates flavour tag):

WSi(t) 4 X/:|:2 _|_y/j:2
Rt RE(t) ~ RS +\/REY Tt + —— 2 (I't)? J
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MANCHE%EER The ory

The University of Manchester

Time dependent ratio of amplitudes for small x and y(sign
indicates flavour tag):

WSi(t) 4 X/:|:2 _|_y/j:2
Rt RE(t) ~ RS +\/REY Tt + —— 2 (I't)? J

Three models
CP symmetry: Rt = R—,(x'*)2 = (X'~ )2yt =y'~.
CP symmetry in decay amplitudes: R* = R™.
All CP violation allowed.
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MANCHESTER WM Taoging

The University of Manchester

Single tag prompt with “soft”
pion only

[Phys. Rev. Lett., 111:251801, 2013].
Double tag (DT) secondary B
decays with muon and “soft”

pion [arXiv:1611.06143].
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MANCHESTER WM Taoging

The University of Manchester

Single tag prompt with “soft”
pion only

[Phys. Rev. Lett., 111:251801, 2013].
Double tag (DT) secondary B
decays with muon and “soft”

pion [arXiv:1611.06143].

DT cleaner and provides

o E

— F —— Prom

S 10°f " Bounly Tagged measurements at low decay

8w} times.

G : -
I Single tag has larger statistics
1wk and covers longer decay times.
10f DT adds 3% of the statistics

1F
£

but removes 10%-20% from the
Dt errors.
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MANCHESTER Bl Backgrounds and Yields

The University of Manchester [arXiv:1611.06143]

Make unphysical sample of
B— utD*t X (same sign).
Remove muon mistags by
reweighting with the same sign
distributions.
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MANCHESTER Bl Backgrounds and Yields

The University of Manchester [arXiv:1611.06143]
Make unphysical sample of g sk ;F" 3
— ) = 40000 Background
B— utD*t X (same sign). 2 o, E
Remove muon mistags by 3 RS 1
10:00? ?

reweighting with the same sign
distributions.

20( 2005 2010 2015 2020 2025

m(D°ry) [MeV/c?]
Extract the signal yields from Am in
bins of time.

Events/ ( 0.05 MeV/c?)
g

T T T T T T

20( 2005 2010 2015 2020 2025

m(D°rY) [MeV/c?]
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MANCHESTER Bl Backgrounds and Yields

[arXiv:1611.06143]

The University of Manchester

Make unphysical sample of
B— utD*t X (same sign).
Remove muon mistags by
reweighting with the same sign
distributions.

Extract the signal yields from Am in
bins of time.

One Am fit of the time-integrated
RS data is used to constrain the
signal parameters for all bins.

Do this for RS and WS and both
flavours.

Kevin S. Maguire CKM2016

Events/ ( 0.05 MeV/c?)
B 858888

UL L

4
20( 2005 2010 2015 2020 2025

RS

T T I I T T
vl b b b by

m(D°ry) [MeV/c?]

20( 2005 2010 2015 2020 2025

m(D°ry) [MeV/c?
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MANCHESTER
1824

The University of Manchester [arXiv:1611.06143]

E

R'[1079
n
n

Use the three mixing hypotheses & f
to fit the measured R(t)*. 35k
(top) The ratio of D° to WS 6
over DY to RS. 55
(middle) The ratioof D°to &,
WS over D° to RS. “

(bottom) The difference of
the two. 08

t Prompt
{ Doubly Tagged

— No CPV
---No Direct CPV
----- All CPV alowed

o
(5
=
o
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MANCHESTER
1824

The University of Manchester [arXiv:1611.06143]

E

5 E
55F E

T %F E

Use the three mixing hypotheses & 4?: } Prompt :
to fit the measured R(t)*. 35 { Doubly Tagged -
(top) The ratio of D° to WS oF ' 3
over DY to RS. ssf- E
(middle) The ratio of D% to  § 42: :
WS over DO to RS. “ —NoCcr
(bottom) The difference of o All CPV allowed
the two. 3 ‘ ;
Consistent with the No CPV, 3 } {h ‘"L - :
mixing only hypothesis. 3
5 =
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Conclusion
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BALANCIE s Conclusion

The University of Manchester

Results of two complimentary Ar measurements.

World’s best measurement.
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BALANCIE s Conclusion

The University of Manchester

Results of two complimentary Ar measurements.
World's best measurement.

Results from new DT and previously published prompt WS/RS
ratio.

Fits consistent with CP symmetry and CP violation hypothesis.

All results consistent with No
CPV in D. J
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MANCHESTER B decay-time Acceptance

The University of Manchester

Swimming returns a tuple of turning points (TPs) which define
decay-time acceptance intervals.

Only the first acceptance interval is considered.

The acceptance for each fit component is determined using an
iterative process of unfolding.

Validate by comparing the sum of the component TP distributions

to data.
First TP, TP; First TP - Second TP, TPy

~10°F T T " 3 - F T T T T 3
g E ] ool :
g LHCb Preliminary Prompt sgnel 1 S3000F T ' LHCb Preliminary _5
S 10t 4 2500 mnin E
= 3 83 -~ smmin E
3 3 “= 2000 f - - o o 3
$ I ;
g 10° 4 Yasoof ™" E
1 1000F 3
oy 7 500F E
4 F 3

3 OO 8
TP, [ps] TPpigt [ps]
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MANCHESTER B Acceptance corrected decay-time fit

The University of Manchester

The per-candidate probability density functions (PDFs) are
normalised in the accepted interval.

. _ f(t[class)©(t—TP1)O(TP1+TPyig—t)
f(t|TP1, TPy, class) JATATTP £t class)dt }

where O(t) is the heavy-side function.
f(t|class) is the “unbiased” PDF, for prompt signal:
t projection

T T
e Daa
Fit

LHCb Preliminary

) S 18 —— Prompt signal
f(t|51g/., prompt) = S " i,
1 —t'r / 814 e

e @ R(t, t) £ 1) g,

10 D! - KK ¢
8
Where R(t',t) is the detector °
decay-time resolution. 2
N

1 2 3
Kevin S. Maguire CKM2016 December 1st,2016 31 /28



MANCHESTER
1824

77~ unbinned likelihood fits

The University of Manchester
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K™K~ binned Ar fits

The University of Manchester
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MANCHESTER 7t 7~ binned Ar fits %

The University of Manchester
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MANCHESTER S D) system parameters

The University of Manchester

Define mixing parameters: [|D1’2) = p|D%) + q|5°>]

x._é_m__2(m1—m2) =Ty (x"\ [ cosd sind) (x
T T M+ Y= Mo+T;” \y' ) \—sind cosd/ \y
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BALANCIE s Measurement and efficiencies

The University of Manchester

m Counting experiment for N observed WS and RS decays for two
flavours (+).

e(Ktm™ +1
R(G, = RO - 87) () + i
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BALANCIE s Measurement and efficiencies

The University of Manchester

m Counting experiment for N observed WS and RS decays for two
flavours (+).

R(t)g

obs

=|R()H{1 — AY) (—€(K+”_))ﬂ +pt
p e(K—mT) Pother

m Time-dependent ratio.

Kevin S. Maguire CKM2016 December 1st,2016 36 / 28



BALANCIE s Measurement and efficiencies

The University of Manchester

m Counting experiment for N observed WS and RS decays for two
flavours (+).

—|R(t)* +§ (e(KTn7) 1 +
obs (t) 1_AP (e(K‘wﬂ) + Pother

m Time-dependent ratio.

R(t)g

m  fraction of prompt in DT sample.
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BALANCIE s Measurement and efficiencies

The University of Manchester

m Counting experiment for N observed WS and RS decays for two
flavours (+).

e(Ktm™ +1
obs T R(t)i 1 A;Jt (GEK—WF;) + pcjfther

m Time-dependent ratio.
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BALANCIE s Measurement and efficiencies %

The University of Manchester

m Counting experiment for N observed WS and RS decays for two
flavours (+).

e(Ktm™ +1
obs T R(t)i 1 A;Jt (GEK—WF;) + pcjfther

Time-dependent ratio.

R(t)g

o fraction of prompt in DT sample.

MisID and peaking backgrounds.
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MANCHESTER
1824

The University of Manchester

Kevin S. Maguire

R(t)* fit parameters

Parameter DT + Prompt Prompt-only
No CPV
Rp[1077] 3.533£0.054 3.568 + 0.067
22[1074] 0.36 + 0.43 0.55 + 0.49
y'[1073] 5.23 £ 0.84 4.8+£0.9
x?/ndf 96.6/111 86.4/101
No direct CPV
Rp[1077] 3.533 £0.054  3.568 + 0.067
(@)’ 1074 0.49 £ 0.50 0.64 + 0.56
y'T[1073] 5.14 4+ 0.91 48+1.1
(@ )?[1074  0.24+£050  0.46+0.55
y'~[1073] 5.32 4 0.91 48+1.1
x?/ndf 96.1/109 86.0/99
All CPV allowed
RE[1077] 3.474+£0.081  3.545 + 0.095
(z'*)*[1074] 0.1 +0.65 0.49 £ 0.70
y'F[1072] 5.97 £ 1.25 5.1+1.4
Rp[107%] 3.591+£0.081  3.591 + 0.090
(z'7)*[1074]  0.61 +0.61 0.60 £ 0.68
Y~ [1079] 4.50 +1.21 45414
x2/ndf 95.0/108 85.9/98
CKM2016
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MANCHESTER
1824

The University of Manchester

Kevin S. Maguire

R(t)* DT only fits.

o |
I

RT109

—No CPV
---No Direct CPV
----- All CPV dlowed

w
o
LA LAl LU LAY LAY ¥ 4 L) L) LA | L Ll L) L L L
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MANCHESTER B DT only fit results

The University of Manchester

Parameter Value
No CPV
Rp[1077] 3.48£0.10£0.01
z2[1071] 0.28 +£3.10£0.11
y'[1073) 4.60£3.70£0.18
X% /ndf 6.3/7
No direct CPV
Rp[1077] 3.48£0.10£0.01
(z'F)*[1074]  1.9443.67+1.17
y'+[1073] 2.79+4.27+0.98
(z/7)?[1071] —1.53+4.04+1.68
Y~ [1072] 6.51+4.38+1.66
X2 /ndf 5.6/5
All CPV allowed
RE[1077%] 3.38£0.15+0.06
(/)7 [1074] —0.19+ 4.46 +0.32
Y1072 5.81+£5.25+0.31
Rp[107%] 3.60£0.15+0.07
(z'7)*[1074]  0.79+4.31+0.38
y'~[1077] 3.32+5.21+0.40
x2/ndf 4.5/4
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