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Introduction

Measurements

Mixing parameters

Amgin B — J/w K%°and B — D™ r*
Ams in Bs —> Ds 7Z'+

Nunmixe t) — Nmixe t
Ay (1) = alt) alt) _ cos Amyt

Nunmixed (t) + Nmixed (t)

CP Violation in the interference of mixing and decay
sin2Bin B® — J/w Ks

D(B°(t) — J/p KJ) — T(B°(t) — J/i KY)
D(BO(t) — J/p KQ) + T(BO(t) — Jji K9)
= Sy o sin(Amgt) — Cppy ko cos(Amyt).

AJ/zp K ()

Ingredients
tag the initial flavour of the B

measure the B decay time
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The LHCb Experiment

> single-arm spectrometer (2 <n<5)
»  dedicated for the study of b and ¢ hadrons

» rare decays

. . LHCb MC
e CPviolation a7 Tev

»  correlated (incoherent) production of b quark pairs in pp-collisions
»  has to cope with harsh hadronic environment
« efficient triggers (hardware+sgfjc/v’ére stage) and selections
/

/

/ K*/11*/p separation

decay time resolution
~45 fs T

IP resolution
~20 Um

\N"~

. Energy measurement
Track reconstruction 8y

for y, e, TT°

momentum resolution
Ap/p=04-06%
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The LHCb Experiment

Specs Aortmune
1fb=1at7 TeVin 2011 (expect 2.2 fb—' at 8 TeV in 2012)
data taking efficiency >90% (of which >99% can be used for analyses)
triggers reduce 20 MHz collisions to 4 kHz output

~90% efficient for dimuon channels

~30% efficient for multi-body hadronic final states

LHCD Integrated Luminosity in 2011 and 2012

= 121+ Delivered in 2012 (4 TeV): 1.462 T
- Recorded in 2012 (4 TeV): 1,378 1
Recorded in 2011 (3.5 TeV): 1,107 M
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Flavour Tagging

Eur. Phys.J. C 72 (2012) 2022
| HCb-CONF-2012-030
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http://dx.doi.org/10.1140/epjc/s10052-012-2022-1
http://dx.doi.org/10.1140/epjc/s10052-012-2022-1

FlaVO ur Tagg| N g Eur. Phys. J. C 72 (2012) 2022

LHCb-CONF-2012-026
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» Tagging algorithms foremun

» 0OS tagging exploits decay of
associated b hadron

_ VTX

lepton taggers P . B OS Muon
- kaon tagger ' OS Electron
- Inclusive secondary vertex OS Kaon

reconstruction

.
......
_________

..... Opposite Side

!!!!!

» SStagging uses remnants
of the signal b
hadronization

- S8 Kaon for Bs mesons

- SS Pion for B% and Bt
mesons
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Flavour Tagging CHCb-OONF-2012-026 %
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Each tagging Tagging performance
algorlth_m given by
determines tagging efficiency e = NT]iTNU
tag decision d, - - _ N
g - mistag fraction o=
mistag probability tagging power e = cug(l — 20)> = £, D?
estimate n;
from Neural Net Ameas = (1 - 2(4))/1(?5)
trained on MC
combination of taggers OS taggers
- : Tagger Etag J0 w % EtagD? Y
gives combined d and 1 5.2040.04  30.8£0.4  0.77%0.04
Ne ¢ 2.464+0.03  30.9+£0.6  0.3640.03
_ K 17.6740.08  39.3340.24 0.8140.04
can do this for OSTs Quix 18.46£0.08 40.31£0.24 0.70-£0.04

only or OST+SST | | ,
OS combination &tagD” ~ 2.3%

w =~ 36.7%
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http://dx.doi.org/10.1140/epjc/s10052-012-2022-1
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Flavour Tagging — Calibration e
Eur. Phys.J.C 72 (2012) 2022

LHCb_CON F-2012-026 technische universitat
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Calibrate the mistag probability
prediction with self-tagging channels =

0.5}

linear calibration function

w(n) = po + p1(Ne — (Me)) 0-35

0.2

perfect calibration if 0_12

p=

po = (nc)
for 0S combination on B"'— J/iy K* :
validation on other control channels : 4

0.3

Mistag probability asymmetry 02f
Aw = po(B°) — po(B") = 0.011 + 0.003 °'1§ B Kf
% o1 02 03 04 05 'n'o.e

(4
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http://dx.doi.org/10.1140/epjc/s10052-012-2022-1
http://dx.doi.org/10.1140/epjc/s10052-012-2022-1

Measurement of Ams
Phys. Lett. B 709 (2012)

LHCb-CONF-2011-050
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Measurement of Ams

Current status

measurement by CDF

Amg = 17.77 4 0.10 (stat.) = 0.07 (syst.) ps !

most precise measurement by LHCb (preliminary)

Mixing asymmetry
N®&  (t) — N¥8 (¢)

mixed

(t) = gingmixed g = cos Amyt
pvunnﬁxed(t)-+_]V£ﬂxed(t)

compare flavour tag with decay flavour
same flavour = unmixed

different flavour = mixed

Dataset 340 pb-1 (2011)

using 9189 Bs — Ds n* decays

Ds — ® 1, Ds —» K"K, Ds — K K 1 (non-resonant)
OST (per-event mistag prob.) and SSK tagging

Phys. Lett. B 709 (2012)
LHCb-CONF-2012-050

# candidates / 15 MeV/c?

# candidates / 15 MeV/c?
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5400 5600

LHCb preliminary * data
i Vs = 7 TeV, 340 pb" — fit
1000 M e, D
i P B> DK*
B comb. bkg.
Ds — ¢ T

5800

(D ©*) invariant mass [ MeV/c?]

No .

% [ LHCb preliminary ::tata

= — = 1 .

= 1000 /s = 7 TeV, 340 pb B D
= M B DK*
2 misid. bkg.
©

S _ [ comb. bkg.
T Ds - K*K

3

#*

5400 5600

5800

(D, 7*) invariant mass [ MeV/c®]

5400 5600

LHCb preliminary ; :tata
[ Vs = 7 TeV, 340 pb™ M B D_r*
500 I B DK*
i misid. bkg.
[ comb. bkg.
Ds > K K1

5800

(D, 7*) invariant mass [ MeV/c®]
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Measurement of Ams o oM 2012050
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Features o
. . ‘é LHCDb preliminar * data
Decay time resolution of 45 fs (! S —fit
0 0 I s =7TeV, 340 pb [ B§—> D%;t"+
SSKalone: ¢D° = (1.3+£0.4) % 22000 R
% J Il comb. bkg.
Largest systematic uncertainty from length- = o s 0
sca le (D, ©*) invariant mass [MeV/c?]
3 * data
N LHCDb preliminary — tota
Result % - (s = 7 TeV, 340 pb" -tsi;nla“
% 1000_— @ background
0_

0 2 4 6
x0.4 decay time [ps]

X X
£ i LHCDb preliminary £ | LHCb preliminary
< {s=7TeV, 340 pb™' OST+SSKT < {s=7TeV, 340pb"’ SSKT only

%% 01 02 03 % o1 02 03
t modulo (2n/ Am,) [ ps ] t modulo (2t / Am,) [ ps ]
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Measurement of Amy

LHCb-PAPER-2012-032 (to be published soon)
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Measurement of Amyg

Current status

world average (HFAG)
Amg = 0.507 + 0.003 £ 0.003 ps™~*

single best measurement by Belle

Amg = 0.511 + 0.005 £ 0.006 ps~*

LHCb-PAPER-2012-032

ALEPH D:ﬂ@ﬁ%
ALEPP{ 4/1(_)33%
ALFFEY
DELPH{J/I(_)%
DELPHI n(g/l(_)gﬁ
DEL&%}G
DELPHI 1?9/1(_)33}

DELP&IA}-K%

Ot oY)
OPAI(J/I(Qh%
OPAL l)(%(_)as%
OF W03

OPAL )

Do DO
BABAR Bd(fu%lgélldfﬁ%\{
BARARH)

BABAR D(Mﬁﬁ%
BABAR D a&%%

LHCb Biig'%)()/(f)bsg
Average of 29 above

CLEO+ARGU
Xq Measurements

Workbaisoss

Heavy Flavour
Averaging Group

o
[T N T T BRI B

035 04 045 05 055 0.6 0.65

Am, (ps'l)
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0.482 +0.044 +0.024 ps™
0.404 +0.045 =0.027 ps™
0.452 +0.039 =0.044 ps
0.493 +0.042 =0.027 ps™
0.499 +0.053 =0.015 ps™
0.480 +0.040 =0.051 ps™
0.523 £0.072 0.043 ps™
0.531 +0.025 =0.007 ps™
0.458 +0.046 =0.032 ps
0.437 £0.043 =0.044 ps™
0.472 £0.049 =0.053 ps™
0.430 =0.043 28 ¢!

-0.030

0.444 £0.029 "0 ps!
0.539 +0.060 =0.024 ps™
0.567 £0.089 "0 ps’!
0.497 £0.024 =0.025 ps™
0471978 +0.034 ps™
0.503 £0.064 =0.071 ps™
0.500 +0.052 =0.043 ps™
0.516 £0.099 *04% ps’!
0.506 +0.020 =0.016 ps™*
0.516 +0.016 =0.010 ps™
0.493 +0.012 =0.009 ps™
0.509 +0.017 £0.020 ps™
0.503 +0.008 =0.010 ps™
0.511 +0.005 =0.006 ps™
0.511 £0.007 =0.007 ps™*
0.492 +0.018 =0.013 ps™

1

0.499 +0.032 +0.003 ps

0.507 +0.004 ps™
0.498 +0.032 ps™

0.507 =0.004 ps™
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Measurement of Amqy
Measure asymmetry

Nsig . £ Nsig 4
A(t) — unmlxed( ) mlxed( )

N8 () + N¥8 (¢)

unmixed mixed

— cos Amyt

get mixed/unmixed information from
comparing initial flavour tag with
decay flavour

Datasample 1 b~
decay channels
~880008° — D™ 1*
~39000 B° - J/P K*0
OST+SStr combination used

per-event mistag probability

LHCb-PAPER-2012-032 %

2200 T T T T T T T T T T T T
- LHCb 3
D) - -
220005 ——B' - J/y K" 3
— 1800 3 — — signal E
1600 N\ background 1
2 1400 ;— SIETEIE background 2 —;
§ 1200 ;_ combined 3
= 1000
= =
s 800F
Q C
600 |
400 |
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BT T g '
= I A P PR | R P T I$“‘1‘-—-—L- “““

5240 5260 5280l I53OO 5320
m(u WK ) [MeV]

€000 LHCb
ﬁ —+= B’ —>Da*
5000 I,
‘‘‘‘‘‘‘‘‘‘‘‘ comb.back
4000 B 3"~ D p*
Bl -D
2000 combined

é%)OO 5200 5400 5600
m(K"n n n) [MeV]
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MeaSU rement Of Amd LHCb-PAPER-2012-032 %
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Results

AmZ =P = 0.518 £ 0.006(stat.) & 0.004(syst.) ps
A BY—Jmp K0 1
m, = 0.510 + 0.011(stat.) 4+ 0.002(syst.) ps

Combined

> 0-5: T T T T 1 = b 0-5: T T T T H
T 04fLHC + 3§ oafLHC® y E
= F —+— B >D a* E = F—+— B" = J/y K E
= 0.3 g fit projection = g 0.3 - fit projection =
> SN = > E 1 =
7 02¢ {702 L -
on O.1F — sn 0.1 f\- / \—;
R= 0k R= 0k ) I/
5 E l 5 = —— E
g -0.1fF 3 E -0af + 3
é 02 R E 02F E
03 R 03fF R
04F 3 04F 3
05— ' T e ——
5 10 15 5 10 15
B’ decay time 7 [ps] B’ decay time # [ps]

Major syst. uncertainties from background modeling
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Measurement of sin20

LHCb-PAPER-2012-035 (to be published soon)

Julian Wishahi | Ams, Amg, and sin2f @LHCb | 13th CKM Workshop, WG IV | Sep. 29th 2012
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Measurement of sin23  wsce-raeeraomzozs
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Current status ortmn
one of the most precise measured CP Sln(zﬁ) = Slll(2(|)1) %
parameters Egga%rQ (2009)-072009 0.69.+0.03 0,01
_ BaBar . 0.69+0.52+0.04+0.07
world average (HFAG, all charmonium) PRD 80 (90 093;112001 : !
BaBar JAp (hadronic) Kq 1,56 = 0.42 = 0.21

PRD 69 (2004):052001

sin 23 = 0.667 £ 0.023 £ 0.012 o oo e | | 0F=00=00

ALEPH § o | . 0.847%8.0.16
PLB 492, 250 (2000) ' ™ '
- - (E)FIZA(I:% 379 1-998 i H 320 200 0:50,
single best measurement in N 07004
PRD 61, 072005 (2000) | ‘" e
B — J/(/J KS by Belle LHCb : . 0.53 %028 . 0.05
LHCb-CONF-2011-004 | T
. IED;Fezl_IeFo% 2012E 171801 - 0:570:58=0.00
$in2¢; = 0.670 £ 0.029 £ 0.013 | FLoseme
HFAG i i S
2 -1 0 1 2 3

best published measurement at
hadronic colliders by CDF

sin23 = 0.7970°%; (stat+syst)
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Measurement of sin2f3

Time-dependent CP asymmetry

D(BO(t) = Jpp KQ) — T(B(t) — J/i KY)

A g(t) T(BO(t) — JAy KQ) + T(BO(t) — J/ KY)

— SJ/’(b K(S) Sin(Amdt) — CJ/¢ K(S) COS(Amdt).

SZ\/l—CQSanﬂ 0%0

Analysis
~8000 tagged B° — J/y Ks decays

LHCb-PAPER-2012-035
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< C LHCb :
~ 1600 a2 B"— JnpKY

O RO OO TN OO O
5240 5260 5280 5300 5320

with JAy — u*uand Ks — 1 m,, ko [MeV/c?]

Ks have non-negligible flight distance, 2 : T

i.e. >70% decay outside the VELO S R B~ I K}

=P

use OST only | . % 102 ;

per-event mistag probability 5 %

calibration from B'— Jw K* <10 / S
need to account for production asymmetry Le | )

5 10
R—o0o — Rpo
i e = (LS L% g '
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Measurement of sin2f  txeo-paper-z012.035 %
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ReS u lt dortmund

<
~

Sywre = 0.73 £ 0.07 (stat) £ 0.04 (syst),
Cypp e = 0.030 = g9, (stat) £ 0.012 (syst),

o © o
—_ N W

)
T

Signal Asymmetry

55 s
W N =

S
.h . .
rTrrjfrrrryprrrryrrila

best measurement at hadronic colliders

In good agreement with former measurements at the B factories

largest syst. uncertainty from tagging calibration
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Conclusion
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Conclusion

technische universitat

LHCb featu res dortmund

clean signals
excellent decay time resolution

flavour tagging understood and under control SR PR h € 77 (A7) 2022
LHCb-CONF-2012-026

Best measurements of oscillation parameters
s. Lett. (2012)
Am, = 17.77 + 0.10 (stat.) £ 0.07 (syst.) ps L Hob-GONF_2012-050
Am5HCY = 0.516 4 0.005(stat.) & 0.003(syst.) ps~* LHCb-PAPER-2012-032

first precision measurement of time-dependent CPV in B — J/ Ks at hadronic
colliders
Siwro = 0.73 £ 0.07 (stat) & 0.04 (syst), LHCb-PAPER-2012-035
Cypp o = 0.030 £ (g7 (stat) £ 0.012 (syst),
More time-dependent precision measurements on their way...

Gerhard Raven “Measurement of mixing and the CPV phase ¢s in the Bs system at LHCb”

Zhou Xing “Measurement of semileptonic asymmetries at LHCb”

Stefano Perazzini “Measurement of time-dependent CPV in two-body decays at LHCb”
Steve Blusk “Measurement of yin Bs > Ds K at LHCb”

Francesca Dordei “Lifetime measurements at LHCb”

Frederic Dupertuis “Prospect for time-dependent asymmetries at LHCb”
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FT — OST performance %
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Tagger Etag 0 w % Etag D Y0

1 5.20+0.04  30.840.4 0.774+0.04

e 2.46+0.03  30.94£0.6 0.36%0.03

K 17.67+0.08 39.33+0.24 0.81£0.04

(vix 18.46+0.08 40.31+£0.24 0.70+0.04

OS sum of categories | 33.24+0.09  36.8£0.2  2.31£0.07
OS event-by-event 33.240.09  36.740.2  2.35+0.06

Table 1: Tagging efficiency, mistag probability and tagging power of the individual OS taggers and
for their combination measured in the BT — J/¢ K™ control channel. The quoted uncertainties
are statistical only. In the case of the single taggers the quoted results are average values. In the
case of the OS combination, to better exploit the tagging information, the results are determined
on independent samples obtained by splitting the data sample in bins of predicted mistag (sum
of categories) or by using the predicted mistag event-by-event.
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FT — OST calibration
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Po P1 <77c> p(pOapl)
0.39240.0024+0.009 1.035+0.021+£0.012 0.391 0.13

30-6:""|""|""|""|"" 30-6_""|""|""|""|""|"g§'§§§*_
0_55_ LHCDb preliminary _ 0.5 ;
0.4f 1 o4f
0.35— - 0-35
0.25— + — 0.25
0.15— - 0.1
OE//|....|....|....|....|....'
0 01 02 03 04 05 0.6 0

Figure 2: Measured mistag fraction (w) versus predicted mistag probability (7.) for background
subtracted B* — J/¢K* candidates (left) and BY — J/¢K*Y candidates (Figure2, right). In
each case, the solid (red) line represents the result of a linear fit to the presented data set. In the
right plot the calibration obtained from BT — J/¢¥ K™ sample is superimposed as the shaded
(blue) area, corresponding to +10 variation of this calibration. The parameters of the fit to the
BT — J/v K™ data are given in Table 2.
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FT — comparison with other exp.

technische universitat
dortmund

experiment | €teD? %  notes
OS LHCb 2.1+0.1 B — J/¢¥X channels
2.540.1 BY — D*~utv,
3.4+0.9 B(s) — D(S)T( channels
CDF 1.54+0.05 B — DuX
1.240.2 Bt — J/YKT
DO 2.484+0.21 B — DuX
B-factories ~30 coherent B — B production
SSK LHCb 1.3+0.4 preliminary optimization using prompt D
CDF 3.5+1.4  BY? — D;(3)w
OS&SSK DO 4.6840.54 for BY — J/v¢¢
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