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Introduction

LHCb

o HCAL
ECAL M4 MS

Magnet

LHCb is a forward spectrometer designed for ¢ and b physics.
Accessible region of 2 < n <5
Good particle ID and vertex resolution.
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Background Theory b, = b, - 20,
S m

f]ﬁs defined as dlfFerenc.e_ B, Bo 0,

introduced between mixing

and direct decay: q)m _ Jiy X
NG

New Physics may contribute
virtually to loop/box diagram
and modify the standard model
prediction.

Technically I'm talking about ¢i/w @ but I use ¢s in
this talk.
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Background Theory cont.

Bs — J/¢ (utu~) ¢(KTK™) is a good channel to observe @ .

From the Standard Model: d)d% 0 = qbs%(bm% —255

SM prediction:

Bs(sm) = —0.036+£0.002 , Al =0.087+0.021

In the presence of New Physics: Os = Bs(sm) +¢S(NP)
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Introduction

Analysis Strategy Fitting tc Final

Bs — J/v ¢ Analysis
Decay products are CP Even/Odd.

(pseudo-scalar to vector vector)

Need to perform a full tagged time dependent angular analysis.

Complex PDF:

10 terms including
interference

13 free fit parameters

(see backups)

J/1 rest frame ¢ rest frame
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Analysis Strategy

Bs — J/1 ¢ Analysis Cont.

Important terms for measuring ¢5 in the PDF are of the form:

~ ~\~ - N——r
Amplitude Sinusoid

With dilutions from mistag and finite time resolution are taken
into account.

Latest results presented as presented at Moriond 2012
LHCb-TALK-2012-029 using 1.03fb1.

Previous results ~0.41fb~1: Phys. Lett. B707 (2012) 497, arXiv:1112.3056.
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Finite Time Resolution

Period of Sinusoid(Am.) ~ 350fs. Time Resolution~ 45fs.
g F
8 10* ?
S | LHCD Preliminary Time resolution measured
$10° \s=7TeV :
s F from prompt J/v) which
s F
W10t - decay at t=0.
10p- .
- Distribution of prompt
e events is fitted with a
ok dominant 45fs Gaussian.
-1.:5 -1 : ‘ ‘-0‘.5 ‘ 0 = ‘0.‘5‘ B — ‘l.‘5

1
decay time (ps)

Event by event resolution used in the full fit,
this is effectivley the same as a fixed resolution of 45fs.
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Tagging

Opposite Side tagger is used to tag particles at production:

I/
PV !
proton Signal BY __ proton
> — <
Opposite side Opposte B Yl ™ .. Vertex charge tagger
H . from inclusive vertexing
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Per event mistag used in fit. (Dist. on left)
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Fitting to Data

sin (Am.t) (aside)
Ams can be fitted from Bs — J/¢¢ using terms which don't
depend on .

T
LHCb
Preliminary

22
20
18
16
14
12
10

-A Log Likelihood

oN B O

1
15 20 25
Am, [ps]

=
o

Am?/Y? =17540.15ps™t  AmLH = 17.6340.1140.02ps™?

This is an indication that we're fitting sin (A m.t) correctly.
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Signal and Lifetime Fit Results

—— data
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Very clean channel with ~ 21,000 signal events.

Most background removed by decay time cut: t > 0.3ps™!
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Angular Fit Results
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Fit Result
Bs(sm) = —0.036 £ 0.002 Ps(pata) = —0.001 +0.101 +0.027

o—

- = ———g
R - .
Z‘” 0.16 ;— sees 90%CL. _;
0.14F et Tl e s%CL
012 :_ =—a== Standard Model_:
0.1 =
0.08fF 3
0.06f 3
0.04F =
0.022— —;

C' L L M M M L M M M L M M M L -

-0.2 0 0.2

S
S

0.4
@, [rad]
¢s = —0.001 +0.101(stat) =+ 0.027(syst) rad
Al', =0.116 4 0.018(stat) 4 0.006(syst) ps~*
[, = 0.580 =+ 0.0054(stat) = 0.0066(syst) ps—!
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Final Results

E ¢ Standard Model ] po 8fb!
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World's most precise measurement of gbs

First Direct observation of non-zero Al ..
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Sign of Al
The sign on A5 can be resolved by examining interference
between the P-Wave and S-Wave contributions.

This involves seperating the fit into 4 bins in the ¢ mass and
plotting the variation of s — §, over the full mass range.
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Sign of Al
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Physical solution has a negative gradient in ds, , therefore Al'; > 0
is most likely.

CP Violation on Bs mixing: measuring ¢s i i iversity,on behalf of LHCb Collaboration 17/ 14



What is ¢ in terms of the CKM matrix?

¢s ~ _255

Vud Vus Vub | Vud| | Vus| ‘ Vub| eii’y
VCKM = Vcd Vcs Vcb ~ - ‘ Vcd| | Vcs| | Vcb|
Vida Vis Vu | th| eiﬁ — ‘ Vts‘ eiBs | th‘
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Final

P-Wave (tag==1)
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Final

S-Wave (tag==1)

[+ cosh (Al;st)
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+ h.c.

CP Violation on Bs mixing: measuring ¢ Robert Currie, Edinburgh University,on behalf of LHCb Collaboration 20/ 14



Bs
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