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Neutral B meson mixing

¥ Oscillation and decay description:
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Neutral B meson mixing

¥ Oscillation and decay description:
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¥ Mass eigenstates are superpositions of
[3avor eigenstates: —

|Br) = p|Bg) + q|Bg)

|Bu) = p|By) — q|By)

¥ Mixing observables
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LHCB-CONF-2015-003

Precision measurement of Amy

¥ Oscillation frequency measured with 2.2(0.8)-10% B? — D(*)_,LL+! uX decays

CP violation in mixing
~ 107*(SM)

Nunmi () - N™E() cos(Amgt) N a’ . coS (Amygt)

Nunmz:c(t) + Nmzx(t) B COSh(Ath/Z) 2 COSI’?(Ath/z)
Al'y ~ 0

A(t) =
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Precision measurement of Amy

¥ Mixing asymmetry measured with 2.2(0.8)-10¢ B® — D(*)_,LL—I_! u-X decays

A(t) o Nunmz:z;(t) + Nmix (t) o COS(' mdt)

¥ Flavor tagging P = €5q4(1 — 2w)? ~ 2.4%
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Precision measurement of Amy

¥ Mixing asymmetry measured with 2.2(0.8)-10¢ B® — D(*)_,LL—I_! u-X decays

A(t) = = cos(Amygt)

¥ Flavor tagging

¥ Background rejection  B* ! D™~y*1  X* background rejection with a Multivariate
Classiber

V/u/ﬂ T
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Precision measurement of Amy

¥ Mixing asymmetry measured with 2.2(0.8)-10¢ B® — D(*)_,LL—I_! u-X decays

Nunmix (t)! Nmix (t)

— N unmix (t) _|_Nmix (t) — COS(Amdt)

A(?)

¥ Flavor tagging

¥ Background rejection

¥ Decay time reconstruction
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Phys. Rev. Lett. 114 (2015) 041601

B decay time and resolutions (Am, and a9 )

¥ The momentum of the B meson cannot be measured
precisely due to the partial reconstruction of the decay.

MpDG Kay (M)

¥ The B decay time is corrected using the factor: o
kE = Dreco /ptrue
¥ The k-factors are also used to model the decay 5 if
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Precision measurement of Amy

¥ Fit to the mixing asymmetry distributions in four bins of increasing mistag probability
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LHCb preliminary

Asymmetry

: This measurement
& i 503.6+x20=x1.3

: Average (w/o this meas.)
&~ 510+ 3

0 _ 450 500 550
B — D V,uX decay time [ps]

-1
Am, [ns™]

Amg = 503.6 £ 2.0(stat) + 1.3(Syst)ns_1‘ AmHTAG 2015 _ 505 54 9.0 ns' !

I
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A.Lenz, arXiv:1409.6963
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Neutral B meson mixing

¥ Oscillation and decay description:
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Neutral B meson mixing

¥ Oscillation and decay description:

(Bt (b iy
dt \ [Bg(t)! Mz, " it

¥ Mass eigenstates are superpositions of
[3avor eigenstates:
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Semileptonic CP asymmetries

¥ Using semileptonic 3avor specibc B meson decays: B() f

N(B—B — f)—N(B=B—f) B0 % f
N(B—B — [)+ N(B—B — f) N po S

Ug] —

¥ SM predictions: ¥ Experimental landscape without LHCDb
{=—

"Standard Model |-

s | s

al =(1.9+ 0.3) x 10 °
ay = (—4.1% 0.6) x 1074
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New asymmetries (and Al'j ) measurements needed
arXiv:1409.6963
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Semileptonic CP asymmetries

¥ Using semileptonic 3avor specibc B meson decays: B() f
N(B—B — f)—N(B=B—f) B0 % f
a ] p— — — —
> N(B—=B-— f)+ N(B—B—f) N po S
¥ SM predictions: ¥ Experimental landscape without LHCDb
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¢ and a?, measurement from LHCDb using 3 fb' ! of data

a
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Semileptonic CP asymmetries @ LHCD

¥ Using semileptonic 3avor specibc B meson decays: B() f

N(B—B — f)—N(B=B—f) B0 % f
N(B—B — f)+ N(B—B — f) N po S

Ug] —

¥ Untagged charge asymmetry:

L(f,t) —T(Pt) _ ay al cos@mgt)

Ameas(t) = I'(f,t)+ T(Pt) 2 2 cosh(ATqt/2)

No need to know the Ravor of the B meson at the production
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Hadron production asymmetries

L(f,t) —T(2) _ ad agl) cos(Amgt)

Ameas(t) = F(f, t) + F(f?t) B ? B (AP " COSh(Ath/Z)
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Time-dependent: a4

Phys. Rev. Lett. 114 (2015) 041601

¥ Untagged, time dependent, charge asymmetry of the Pnal state particles:

Ameas (t)

() - T(fh) _

- D) +T(ft) 2

ad

cos(Amygt)

2

cosh(ATL'4t/2)

|

¥ Time-dependent bt to disentangle

the CP violating asymmetry from the
B° production asymmetry

Ameas

¥ Independent determination of the

detection asymmetries with control

samples Major experimentyl
chaLLem,ge for mam@
simulation Measurements
’ \ +/ = U s]
s 2
Ty —=
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Phys. Lett. B 728 (2014) 607-615

Time-integrated: a;

¥ Untagged, time integrated semileptonic asymmetry:

agl) [ e <tcos(" mgt)e(t)dt
2 / [ elstcosh("l 4t/ 2)e(t)dt

_J/

VoA 4
~ 10 L

¥ Fast B? oscillation dilutes second term below precision of this measurement
y L=11fb"! analysis

1.8-10° Bg ' DsMyy X decays

¥ Signal yields for each charge extracted from
KK! invariant mass distributions

1800 1850 1900 1950 2000

¥ Correct raw asymmetry for detection and mK*K ) [MeV]
background asymmetries

| aS, = (! 0.06 & 0.50(stat) + 0.36(syst)) %)
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Time-integrated: a;

¥ Untagged, time integrated semileptonic asymmetry:

a;’l) [ e <tcos(" mgt)e(t)dt
2 / [ elstcosh("l 4t/ 2)e(t)dt

_J/

7:10! 4

¥ Fast B? oscillation dilutes second term below precision of this measurement

¥ L =3 fb ! analysis \
COMING
B! DsuyyX SOON ...
a;, S+ B B
— = Ameas — — —A
2 g | G ke

¥ Inclusion of the full KK! Dalitz region

¥ Novel techniques to control detection asymmetries

R ————————————————————————————————=—=Z=72™
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Data samples

d S
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¥ BY — DW=y, X decays in Rui- ¥ B) — D u*v,X decaysin Run-|
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Detection asymmetries

¥ Detection/reconstruction asymmetry of the bnal state:

¥ Sources of asymmetry:

¥ Different interaction with the detector material
¥ Detector inefbciency/mis-alignment/innomogeneities

5 ¥ s 3
E g0 =K H E /
15} +KH :
70 +x*°H “:
d 60 ~+x’H _: -

. Ohavge 50 “6‘ E -
. : .‘hut-tmsw. ...... s : 5
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1 A 1 :

¥ Evaluated by using data-driven techniques on dedicated samples
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Detection asymmetries

¥ Detection/reconstruction asymmetry of the bnal state:

¥ Sources of asymmetry:

¥ Different interaction with the detector material
¥ Detector inefbciency/mis-alignment/innomogeneities ut

o
E
5

&s‘
D P R LT TT T ST w
””"”P!“H“: ;;533!!*5 B

§ & 00opee 000

888588388

e T T e Y Ak measured using prompt D* | K*! FI#*
p. [GeV] and D* | K%!'* decays
lab S

~(1.0 +/- 0.1)%

¥ Evaluated by using data-driven techniques on dedicated samples
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Detection asymmetries

¥ Need to account for all possible detection and reconstruction asymmetries:
nuclear interaction, particle identification, tracking, trigger

AD :—I_ A(PID|track) + A(track—l—PID) + A(P[D—I—LO|track)

¥ Novel tag-and-probe method using using J/v¥! u*u' decays combined
with the method using partially reconstructed D* — (D° — Krnn)wdecays

expected uncertainty on A%Tack ) < 0.1% in 3 fb~! analysis
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Results

ad - (l 0.02 + O.lg(stat) — O.SO(SYSt))% Phys. Rev. Lett. 114 (2015) 041601

expected a2y = (X. XX £ 0.2(stat) £ 0.25(syst))% COMING SOON ...
(ag = (—0.06+ 0.50(stat) + 0.36(syst))%) ehys. Lett 8728 2014 607615

| —

Standard Model

)

0
“Y

LHCb D, uvX

DO D, uvX

_ LHCb D®uvXx
3+ DO D®uvX
B BaBar D'lv
B BaBar 1
4 u | Belle 1l |
-3 -2 —1 0
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Results

agl — (! 0.02 = O.lQ(St&t) =
expected a2y = (X. XX £ 0.2(stat) £ 0.25(syst))% COMING SOON ...

(
ag Q)
source 1 (%)
AD 0.26
B+ bkg 0.13
" bbkg 0.07
fit model 0.05
other bkg 0.04
quadratic sum | 0.30

Phys. Rev. Lett. 114 (2015) 041601

- (0.30 (Syst) ) % Phys. Rev. Lett. 114 (2015) 041601

) Phys. Lett. B 728 (2014) 607-615

026" ~0.1
3 b1
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Results

agl—(' 002_

- O.lQ(St&t) T O,SO(Syst))% Phys. Rev. Lett. 114 (2015) 041601

expected a2y = (X. XX £ 0.2(stat) £ 0.25(syst))% BTN SEEN

(a5 = (—0.06-

- O.SO(Stat) T 036(SySt))%) Phys. Lett. B 728 (2014) 607-615

| (%

limited by control sample

statistics (0.19%)
~0.16

- 3 fh!

B+bkg | 0.13 |
" b bkg 0.07 -
fit model 0.05
other bkg 0.04
quadratic sum | 0.30

Phys. Rev. Lett. 114 (2015) 041601

imited by assumptions, e.qg.
production asymmetries

Phys. Lett. B 728 (2014) 607-615

25


http://arxiv.org/abs/1409.8586
http://arxiv.org/abs/1409.8586
http://www.sciencedirect.com/science/article/pii/S0370269313010058
http://www.sciencedirect.com/science/article/pii/S0370269313010058
http://arxiv.org/abs/1409.8586
http://arxiv.org/abs/1409.8586
http://www.sciencedirect.com/science/article/pii/S0370269313010058
http://www.sciencedirect.com/science/article/pii/S0370269313010058

B+ Production asymmetry

¥ samples: BT — [K “7T]x™ and BT — [K! o oat ks

¥ Charge asymmetry:

8. _ N(B” = D7) — N(Bt — DOrt)
me N(B~ — D)+ N(Bt — DOrt)
¥ Production asymmetry

Ap(Bt) = ABvy — Ap — ART

Imeas
T —

¥ Expected uncertainty ~ 0.33% (8 TeV), 0.47% (7 TeV)

to be compared with 0.6%

(systematic on a% ~0.07% (8 TeV) ~0.09% (7 TeV)

And Measurement of Agp(BT ! J/@DKlL)

debning Adgp = AYE — ABT = AJVE _ ADm 4 sAKT

meas meas

and assuming no CPV in B — D 7 decays
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Summary and perspectives

¥ B9 mixing frequency: worldOs best measurement and uncertainty well below the
theory uncertainty

¥ Semileptonic asymmetries:
¥ Run-l1 measurement of @, is coming soon!

¥ A number of improvements are available to improve the agl measurement
(about at least 15% reduction of the current systematic uncertainty is expected)

¥ Increase In the statistics of the samples to come...

With the current techniques and tools:

L d
At the end of Run-Il uncertainties on a:l and () are expected to be
~50-60% of the current Run-I uncertainties

With additional 50 fb ' (upgrade), uncertainties on agl and agl are
expected to be at the order of one per mille or below
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a%, Measurement: Tracking asymmetries

Events/(10° MeV)

W
-

[\
W

[\
o

[
()

1 10°

- A

0.1

10

15

: x10°
20
p [MeV]

¥ EfPciency of track reconstruction depends
on the momentum of the particle

Atracking(,u—i_ﬂ__) = / Pu (pT )de Atracking(,u—i_ » PT )

W pr range

+ / P7r (pT )de Atracking(ﬂ-_ » PT )
T pr range

Atracking(u+; pT) — _Atracking(! o, pT)

Atracking(,u—i_ﬂ-_) — / (P,u (pT) I P7r (pT))Atracking (N+7pT)de
0

w(pr(m)) =

¥ Checked with pseudo-experiments
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a?, Measurement: #1 detection asymmetry

¥ Transverse momentum dependence of the tracking efbciencies

|

re-weight the data sample to obtain a good overlapping kinematic phase
space between # and 11 . Residual asymmetry (0.00 +/- 0.02)%

¥ Muon-ID and trigger asymmetries : A tag-and-probe method is applied to J/ $%## decays

x10°

N
-
-

—
- LHCD preliminary

N
-
-

N
)
)

o

-

-
T

200 |

100 |

Candidates / (2.7 MeV/c?)

Accepted u*
— Rejected u*

. L " i 1 1
3000 3100

L l "
3200

M(u*u~) [MeV/c?]

Ap(u*) [%]

o
n

-0.5

o
|

T ; ; ; T
- LHCDb preliminary

—— Magnet up
—— Magnet down

—=— Average

100
p(u*) [GeV/c]

Few per-mille corrections, depending on run period, magnet polarity. Overall uncertainty 0.04%
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a?, Measurement: Kt detection asymmetry

¥ Using prompt D+ decays into K!' and K !s
e(KTm)—e(K mT)
e(KTm—)+e(K—nt)
= A(D — K7m)

— A(D — Kgm)

— A(Ks)

14_;(7T —

¥ Re-weighting needed to map: the K! pair of the control sample to match the signal, the D
kinematics to cancel the D production asymmetry, the pion in the two control samples.

¥ Neutral kaon asymmetry : A(Kg) = (0.054 + 0.011)% JHEP 07 (2014) 041

Ak =(1.15+ 0.08(stat) £+ 0.07(syst))%

Reweighted (for the D+ mode)

¥ Main contribution: nuclear kaon interaction, the method accounts for all possible
sources of detection asymmetry
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Measurement: Backgrounds

¥ Main background: | BT — D (*)_l.l+ X7

fractions and shapes are taken from simulation and measured Branching Fractions.
fEo(D" ptXt)=(88+22)% fer(D7P"XT) =127+ 22)%

B+ production asymmetry from LHCb measurement using B+! J/$ K+ decays arXiv:1408.0978
corrected by the CP asymmetry (PDG 2014)

Ap(BY) = (1 0.6 £0.6)%

¥ Other backgrounds: | A} — DW=t X,

fag ~ 2% Ap(1 ) ~ (=0.9 + 1.5)%
from production ratio, Phys. Rev.D85 (2012) 032008 raw asymmetry in !y — J/! pK
efficiency ratio subtracting kaon and proton detection
branching ratio of AY — A*7~ and AY — D%pr~ asymmetries

Phys. Rev.D89 (2014) 032001 JHEP 07(2014) 103
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a% Measurement: Systematic uncertainties

Source of uncertainty al  Ap(7TTeV) Ap(8TeV)
Detection asymmetry 0.26 0.20 0.14
B™ background 0.13 0.06 0.06
A} background 0.07 0.03 0.03
B? background 0.03 0.01 0.01
Combinatorial D background 0.03 - -
k-factor distribution 0.03 0.01 0.01
Decay time acceptance 0.03 0.07 0.07
Knowledge on Amy 0.02 0.01 0.01
Quadratic sum 0.30 0.22 0.17
¥ Leading contribution: statistical systematic
uncertainty on the A 0.18% 0.13%
measurement of the AlT9 IR 0.06% 0.06%
detection asymmetries Aruc 0.07%
Aiﬁk residual 0.04%

example (for D+ mode)
¥ B+ background second largest contribution. Different strategy foreseen for the future
¥ In general the systematics related to the Pt model are small.
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d :
a, Measurement: Results (ll)
2000 LHCD Preliminary e Data - = 500 LHCb Preliminary e Data ]
% _ _ "+ —Total % 250 «— " — Total -
= 1500 D#  __signal — £ 200 D" # _ _signal —
N e B* bke. N N
o - ™~ g 1 m 150
1000 Comb. bkg. 0ol
500 so-
S : S : M E
P = > -
2E 2 o —=
52 2 'l. +i ll | |++L 13
= = T
SEY s 0 T E
7 . Z 1 F
-2 -2 1 —
1 10
t [ps] t |ps]

Ap(7 TeV) = (! 0.66 = 0.26(stat) £ 0.22(syst))%
Ap(8 TeV) = (! 0.48 £ 0.15(stat) £ 0.17(syst))%
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