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Introduction

B-Meson Mixing

@ Neutral B mesons mix due to the presence of box diagrams.
@ Described by an effective Hamiltonian.

@ Solutions to the Schrédinger equations give two mass
eigenstates: heavy and light.

O [ ABs(E) \ _ (g B [ 1Bs(2))
‘ ( Bd(2)) ) =(m-13) < B4(2)) )
@ mass difference: Amg

o CDF: 17.7 +0.07ps™*

o decay width difference: Al
o CDF: 0.075 + 0.045ps !

tb %5
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Introduction

CP violation in By — J/i) ¢

@ Both Bs and Bs can decay to J/1 ¢.
@ This yields the possibility of time—dependent CP violation in
the interference between mixing and decay.
@ SM prediction:
@ Acp suppressed: sin(¢g/w¢) = —0.04

@ Many models for new physics -

C
significantly enhance qSﬁ/M). V J/
b < c
BS
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Introduction

Challenges

Bs system oscillates rapidly.
@ Requires very good proper—time resolution to resolve
oscillations

Bs — Jjp ¢ is a P—VV decay

& The final state is a mixure of CP—even and CP-odd states.
@ Angular analysis required to be able to statistically disentangle
them.

Al s cannot be neglected.
o Correlations between proper time and angular distributions.

Flavour tagging required.

@ Hard in an hadronic environment.
o Becomes harder with higher pile—up.
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Conditions

Luminosity and pile-up

@ Luminosity reached

1.7 % 1032cm_2s_1 LHCb Integrated Lumi over Fill Number at 3.5 TeV | [2011-01:04 06:00:04]
@ ~ 37pb™! recorded. ,w:_,,‘
@ O(85%) of design
luminosity with O(12%)
of the bunches.

. Delivered Lumi: 42.15 I
. Recorded Lumi: 37.66 I

[iniegrted b Eiicioncy breadomn ]

FULLY ON: 90.3 (%)
HV: 0.8 (%)

VeLo Safety: 2.3 (%)
DAQ: 4.9 (%)
Deadtime: 1.7 (%)

!
/

Integrated Luminosity (1/pb)

@ ~ 2 pp interactions per
visible event.

Il

-

o

@ This is close to the
1050 1100 1150 1200 1250 1300 1350 1400 1450
foreseen values for the LHC Fill Number
LHCb upgrade.
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Conditions

Luminosity and pile-up

@ Luminosity reached

1.7 % 1032cm_25_1 [__Peak Mu over LHC FillNumber __|
@ ~ 37pb~! recorded. 2 [ N
@ O(85%) of design g A /\M\l L
. . . 2H &
luminosity with O(12%) J'\ V
of the bunches. § 1 7%,/
@ ~ 2 pp interactions per ey PN {Mf
visible event. A L/N
@ This is close to the El
foreseen values for the R R number

LHCb upgrade.
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Detector

LHCb

@ Vertex Detector

Vertex reconstruction
Proper time measurement
o Tracker

Electromagnetic calorimeter

Momentum resolution

e RICH

K- separation

o Calorimeters

Energy mesurement

70, e, ~ identification ! W

@ Muon detector
1 identification
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Detector

Event Display

3.8.2010 6:59:18
Run 77066 Event 24946725 bld 1095
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Detector

Event Display

PV

Run number = 72330
Event number = 786218

79

muon+
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Roadmap

Overview

@ Trigger and select Bs — J/i) ¢ events
o Take as large a fraction as possible without lifetime biases.
@ Include lifetime biased triggers for highest yield.
@ Measure mass, proper time and angular distributions
@ Tag initial flavour
o Calibrate taggers using control channels
B — JWpK*, BY = JWwK™, B® = D* ptv,, Bs — Dymt
o Fit ¢3/*"
@ Simultaneously fit differential decay rates for tagged and

untagged signal and control samples.
@ Depends on 9 physics and > 15 detector parameters.

d*r(Bs — Jj 9)
dtd cos 6d cos ¢

=f <¢s,Ars, s, Ams, A1 (0),A)(0),61,6, MB;)
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Roadmap

Trigger

@ LO hardware trigger.
@ Find high Pt leptons or
hadrons.
@ Cut on multiplicity.
e Max 1MHz output rate. :

o Hlt]' SOftware trlgger Calorimeters Muon System
° R.econstruct v.ertlctes.
@ Find tracks with high IP nit
and/or Pt > F ' 3
. 3 ¥ - E
@ HIt2 software trigger. I iﬁf— 3
o Reconstruct full event. 2 osf—+ 3
o Inclusive and exclusive S o7 3
selections. 06 LHch e ontA@0s300 ]
0 E
o 2kHZ OUtpUt rate. 05 \I?S;T@:cary —— MC (86.6+0.1 %)
0'40 50‘00

10000
P, (MeVic)
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Roadmap

Offline Selection

T T T
+ ©03ps

Ny =877:3159

@ Cut based selection, optimised

for S/v/S + B.

05 =7.28+ 024 MeV/c® ]

Events/5MeV/c?

@ No lifetime biases.
@ No cuts on IP, decay length,
etc. s L == e
@ Significant prompt J Ayt invariant mass (MeV/c?)
background: B/S ~ 3
o Extrapolated yield: El-‘: Trrans . .
~ 30k events per fb~! 2 12 Monte Carlo 3
. . w JLMS_ he —_— E
@ Rely on kinematics and PID. ost g
o Full yield available only if os-
lifetime—biased triggers included. o4 ]
ifetime—biased triggers inclu 3 —
F*tteny peosmrroserret 1ae
20 40 60 80 100
Momentum (MeV/c)
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Roadmap

Offline Selection

(]

Cut based selection, optimised

for S/v/S + B.

No lifetime biases.

@ No cuts on IP, decay length,

etc.
@ Significant prompt
background: B/S ~ 3
o Extrapolated yield:
~ 30k events per fb~!

Rely on kinematics and PID.

Full yield available only if

lifetime—biased triggers included.
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LHCb

34 pb™

Events/5MeV/c?

Preliminary
s =7 TeV Data

T
+ ©03ps
Ny =877:3159

05 =7.28+ 024 MeV/c® ]

5300 5350 5400 5450
) hyo invariant mass (MeV/c?)
14 T T T
g I Lich
- 12 Preliminary E
E & =7TeV Data
w

o4f: ]
0.2 o E
F : . A 1a0®
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Momentum (MeV/c)
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Roadmap

Observables

", 20000F T o ! ! g
) £ e e -rans
@ Excellent tracking performance. éiziz;f'e”mi"aw B0 e
o | Vs=TTevoan 0., 1333006 Mevic?
@ Excellent mass resolutions. N T 3
. . élDOOO; é
@ Good proper time resolution | 3
38fs MC, ~ 30% worse in data. L E
@ Detector acceptance distorts 3 E
. . . 0 éb(m 2950 3000 3050 3100 ?150 3200 3250 3300
angular distributions, O(8%). W i s e )
o Corrected using MC, verified 5
. 0 « 90F- —=— 2010 Data,\5 =7 Tev —u
with BY — Jhp K*. i3
70;
60;
o
AU;
30F-
20;
= LHCb VELO Preliminary
10; 0:12_9+25.7/pTum
3 0‘5 l 1‘5 5 !

25
1/pT (c/GeV)
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Roadmap

Tagging Introduction

@ Initial flavour of Bs mesons
must be determined (tagged).

@ Use charge of leptons or hadrons
from the decay of the other B
meson: opposite—side tagging.

@ Use charge of kaon produced in
the fragmentation: same-side
tagging.

@ Analysis requires precise
knowledge of:

o Tagging efficiency: €
o Mistag rate: w.

@ Control channels required.
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same side

// \\ .
\ } &/ :

Same side "
primary vertex

proton proton

", vertex-charge tagger

Opposite side X
. from inclusive vertexing

opposite B |

opposite
kaon tagger (K')

posiiiv lepton taggers

negative lepton taggers e

(e, ) from b-quark
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Roadmap

Tagging in LHCb

[ Flavour Oscillation signal region |

@ Use self—tagging control
channels to calibrate tagging.

LHCb Preliminary
\s=7TeV

o
N

Asymmetry in tag
o
B

@ Opposite—side tagging:
@ Fit time evolution in
B® — D*~ptu,.

o

0.

-0.2

]
4

8 9 10
proper time (ps)
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Roadmap

Tagging in LHCb

@ Use self—tagging control K : :
U ging _ s LHCb
channels to calibrate tagging. % Preliminary N =10049: 106.7
. . . Vs =7 TeV Data 107+ @
@ Opposite-side tagging: g 31 pb™ 06 =107 0 eV
@ Fit time evolution in w

B® — D*~ptu,.
@ Count correctly/mis—tagged
events in BT — JWp K.

5200 5250 5300 5350
J yK* invariant mass (MeV/c?)
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Roadmap

Tagging in LHCb

@ Use self—tagging control
channels to calibrate tagging.
@ Opposite—side tagging:
@ Fit time evolution in
B® — D*~ptu,.
@ Count correctly/mis—tagged
events in BT — JWp K.

Events/5MeV/c?
oAb R B R

T T T
0.3 ps

T

LHCb

Preliminary N = 3936 74,24
g =7_':'eV Data 5 =8.28+ 0,15 MeV/c?
34 pb

@ Fit time evolution in
BY — JpK*.
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Roadmap

Tagging in LHCb

@ Use self—tagging control 3wk :
. . s E Nygna = 413% 22
channels to calibrate tagging. E
] . . geing g 120 34 pb™? Opass = 20 % 1 MeV/c?
@ Opposite—side tagging: 2 100F
o Fit time evolution in & sob LHCD prelminary
B® — D*~ptu,. * eoi- Vs=7Tev
@ Count correctly/mis—tagged 4ok
events in BT — Jip K. 20f-
@ Fit time evolution in of
0 5200 5400 5600 5800
B* — J/w K*. B, mass [MeVi/c 3|

@ Same-side tagging:
o Fit time evolution in
Bs — Dymt
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Roadmap

Tagging in LHCb

@ Use self—tagging control
channels to calibrate tagging.
@ Opposite—side tagging:
@ Fit time evolution in
B® — D*~ptu,.
@ Count correctly/mis—tagged
events in BT — JWp K.
@ Fit time evolution in
B® — Jjp K*.
@ Same-side tagging:
o Fit time evolution in
Bs — Dymt
@ Tagging optimised on MC and
data; MC expectations:
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# events / 15 MeV

[N
N
(=]

Nyigna = 413 £22

Opnass = 20 1 MeVic?

LHCDb preliminary

\s=7TeV
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5200 5400 5600

5800
B, mass [MeVi/c 3|

algorithm ‘ (1 — 2w)?

all 0OS 3.324+0.15
SS kaon 2.39+0.10
total 6.23 +£0.15
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Roadmap

Expected Sensitivity

)

(]

(]

(]

Sensitivity for a
time—dependent, three—angle,
flavour—tagged analysis.

MC expectations used for
proper time and tagging.

~ 30k events in 1fb™ 1.

o (qsi/w‘f’) ~ 0.07rad.
From realistic MC, systematic
errors at < 10% level.

All details in
[arXiv:0912:4179v3].
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CDF 5.2fb™ FPCP 2010

0.5
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DO 6.1tb™ ICHEP 2010

o3 LHCb preliminary 7TeV; o(bb)=292ub
— Uncertainties on o(bb)
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Conclusion

Conclusions and Prospects

o Excellent performance of LHC and LHCb

o LHC attained it's 2010 target for instantaneous luminosity.
o Good amount of data on tape.
@ So far, ~ 900 Bs; — J/i) ¢ with 34pb~1L.
@ Control channels also reconstructed:
B® — JWpK*, BY = JWK™, B® = D*~ptv,, Bs — Domt
o Very good mass and proper time resolutions.
@ Background under control.
@ Encouraging tagging performance.

@ Analysis well underway and expect 2010 results soon.

@ Expect world's best measurement of gbﬁ/w for 2011.

o (¢2/%?) ~ 0.07rad with 1 fb~!
(o2
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