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Motivation for B« — J
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B Time dev. governed by Schrédinger E.:

4 (Bs : B,
(8- o) (&) o

=  igBi=(M.— 4B light
Diag. 5By = (My—4iTn)By heavy B, W- W+ B,

5V t Vs b
B Mixing Parameters
Mixing frequency: Am = My — M, = 2|Ms| = (17.8 £ 0.1) ps—* [CDF]
Decay width diff: Al =T, — Ty ~0.1ps~!
Mixing phase: dm = 2arg Vis Vi,

New virtual particles in box diagrams
B, WNP? o+ B
¢M N qsf/lM_’_AngP
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http://arxiv.org/abs/hep-ex/0609040

f ; Motivation for B« — J
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CP-violating Phase

B B, — J/¢¢ dominated by
b — Zc5 tree level transition

B Small penguin pollution

¥ Dominated by single phase ¢p = arg VsV,

B |nterference between decay and mixing and decay

gives rise to CP-violating phase ¢s
¢s = oM — 2¢p

B Precise Standard Model prediction
¢s =2arg VisVif — 2arg ViV,
= —2B, = —0.03601 %90 rad

Deviations ¢s — ¢:™ + A¢"" from SM
can be attributed to NP
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Motivation for B« — J/va

Current Experimental Status

CDF Run Il Preliminary L =52fb
0.6 — 95% CL i

[ — 68% CL

04 —— SM prediction

= 0
0.2 ~ 10 to SM @

| Room for NP

_0.6[. CDF public note 10206

IR | (|) L : -|I L
—¢s/2[rad]
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http://www-cdf.fnal.gov/physics/new/bottom/100513.blessed-BsJpsiPhi_5.2fb/cdf10206_sin2betas.pdf
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6 /18

via Angular Analysis

B P — VV: final state J/9¢ is admixture of
CP-even (£ =0,2): Ao, A CPJ/y¢) = (—1)“|J/v4)
CP-odd (¢ =1): Al

J/ rest frame ¢ rest frame

B Using Unbinned max. Likelihood fit to statistically disentangle final state

B QObservables: 0, 0,7, t, mg_, initial B; flavour]
= Physics parameters:  |¢s, [s, A, Ams, |Ao[?, [AL|?,0),0.|
B Detector parameters:  time and mass resolution, bkg. description etc.
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Motivation for B« — J/vd
‘1 Differential Decay Rate for B — J/¢¢

[ data
P f —}— signal
: Pl e | eas
Time and parameter dependent =T e
«eeeee Cp-eVen sig. pdf
— — cp-odd sig. pdf

Amplitudes \ v
—_— N 10

d4r(Bs — J/Y9) _
dcosf dp dcosyy dt

6
ZAf(t‘d)Sy Als,...) fi(cos 8, ¢, cosy))
i—1 —_—

Angular dependent terms
for CP-even/odd separation N

8 10
proper time t [ps]

400 . ————=~__Signal MC wof- Signal MC
// \\
a0f CP-odd N 2000
P2 N
R R S T e R

cos 8 L}
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2\ Reconstruction of B«

tector at the Large Hadron Collider

EcaL HCAL
SPD/PS M3
Magnet RICH2 M1
3

B 5.10'! B mesons per nominal year (2fb=1) at 0,5 = 250ub
B All B flavour accessible: B, BT, [Bs, N, etc.
B mpg ~ 5GeV production predominantly in forward direction

B Single arm forward spectrometer

] = =
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Reconstruction of B« — J/4¥d

Data taken in 2010

| LHCD Integrated Lumi over Fill Number at 3.5 TeV | [2010-11-28 18:00:04]

a0 . Delivered Lumi: 42.15
o Recorded Lumi: 37.66

35—

Inlegraled LHCb E“iciencx breakdown l

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

Velo Safety: 2.3 (%)
DAQ: 4.9 (%)
Deadtime: 1.7 (%)
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Tracking system

Muon chambers

ECAL
SPD/PS

Magnet

HICH2 vl

M4

Jiy mass for B candidates

u with low pr(u) > 1.3GeV

54003 LHCD Preliminary N, = 45.9k £ 0.5k
§ [ Ns=7TeV O =13.2% 0.1 MeV
200~
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£ +
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3130
Reconstructed J/y mass [MeV]

B Momentum resolution Ap/p ~ 0.5% from the [Tracking system

[m]
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Reconstruction of B« — J

Reconstructing ¢ — KK~

B K/m separation via RICH detectors cosf¢ =

8000
EcaL HOAL ML
/PS M3 sooo
Magnet RICH2 1 M2 [
T a0

2000~ Without PID

[ T
o0 o o

0 mass for B] candidates

000l LHCb Preliminary

Her

N, = 16.2k + 0.8k

3
3
£

5=

0 mass for B candidates

d

ARA SRR SARN A AAS A

e |
1025 1030
Reconstructed ¢ mass [MeV]

FLHCb Preliminary N, = 14.3k £ 0.4k
[ \s=7Tev m=2.6+0.1 MeV

With PID

I L
010 015 1020 1025 1031
‘Reconstructed o mass [MeV]

1
B

B RICH1/2 have different n — Cover momentum range 1 — 100 GeV
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Ecar HCAL
SPD/PS M3

VErtex/LOcatg JRICH2 M1

LHCb Preliminary
Ns=7TeV

J/¢ and ¢ directly from PV
“Prompt background”

Longlived possible signal
78, ~ 1.4 ps

i !
i) ﬁ
2

il
3 4

Proper time [ps]

B Useful for signal/background separation
B Good o;: needed to resolve fast B oscillation Ams = 17.8 psf1
B o, can be calibrated from prompt peak

B Current resolution o; ~ 60fs
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w T LHCb Preliminary

Ns=7Tev

‘/H\ | |

iy “‘Ww J‘a}jwrw«wy"nv.\‘;‘-‘a-“‘\ww.. [y !

L T T UL BRI
2

L
1

Proper time [ps]

B Data corresponds to ca. 34pb~!

B (Clean mass peak for t > 0.3 ps

X
=)

=}

o
Entries/

B2 mass, t>0.30 ps

(8 MeV,

- - N n @ %)
= @ =3 @ =3 a
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o

LHCb Preliminary
\Ns=7TeV

N,, = 865.7+31.3
6 =7.4+0.3 MeV

.+

B We are currently very busy analyzing this ©
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Important ingredients for the extraction of ¢«

‘i Crucial ingredient: Flavour Tagging

Tagging = Determination of the Bs production flavour

same side
kaon tagger

Same side

proton proton

Opposite side vertex-charge tagger

opposite B "‘ - from inclusive vertexing
opposite
kaon tagger (K')

. ositive lepton taggers
negative lepton taggers P
(& ) from b-quark from b—sc— cascade

Tagging not perfect, key quantities

- . . Numbers from MC
Tagging efficiency €tag Tagger [cogl%l ol cenl%]
B Mistag probability w Same side 26.4 34.9 2.4
. . Opposite side 45.6 36.5 33
W Effective tagging power Cgrr;bined 55.7 33.3 6.2

Eeff = €rag(1 — 2w)°
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Important ingredients for the extraction o
[
[/

Crucial ingredient: Tagging Calibration

Do not rely on MC estimates for tagging calibration|

B Calibrate OS tagger with B* — J/yK*
Reconstruct B*, No oscillation = Correct tagging decision known

High statistics in BT — J/WK™:

LHCb Preliminary
Ns=7TeV

=
g
g

N, = 12.0k £ 0.1k
6 =10.2%0.1 MeV

]

1o Entgies/(g:MeV),

F

L 1 L R L 1
5100 5150 5200 5250 5300 5350 5400 5450
Reconstructed B* mass [MeV]

B Calibrate SS tagger with B — Dy

= More in talk by Pavel Krokovny|
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Important ingredients for the extraction of ¢«

Angular Acceptances

Detector geometry and signal selection distorts the angular distributions:

e e S T
o S S o - ) e
013;— ~J 6% ma;— ~ 7% 013l ~J 8%
mzf— n;zf— 012
Dli 01:7
" €(cos6) from MC = €(p) from MC *T ¢(costp) from MC
L T B F S N X B ; ¥ B F A I A T3 o‘xzuw [ N T e a
B Effect mainly due to detector forward geometry 30 — 300 mrad
B Bias in |Ao|, |AL| if neglected = Needs to be corrected for in analysis
|

Control on data possible using B — J/¥K* (P — VV process!)

B® mass, t>0.30 ps

ézoo: LHCb Preliminary
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ﬁaoo
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Prospects

:‘,‘i_l Prospects for ¢ from LHCb

5
[
= sl CDF 5.2fb™ FPCP 2010
;; L
< — Uncertainties on o(bb)
° oa L and BRvis(B2—J/yo)
03
[ \ CDF+D0, 11fb™ EACH, naive rescaling
02 [ LHCb preliminary 7TeV; o(bb)=292ub
0.1 ;
0 L Il Il Il Il Il Il

1 1 1
0 01 02 03 04 05 06 07 08 09 ‘1
Integrated Luminosity (fb™)

B Competitive with the Tevatron with 2011 data
B 2fb~! at 14 TeV: o(¢s) ~ |p2M| = 0.036
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Summary

Summary

B B, — J/¢¢ the golden channel for ¢
B Provides an interesting indirect probe for new physics
B Challenging measurement:

® Time and angular analysis
B Acceptances

B Tagging

® Background

B LHCb already delivered quality data in 2010:
~ 850 signal candidates

B Analysis is on the way

B News on ¢ from LHCb soon!
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! ? Backup: Angular distributions

i ] A; (t) \ A; (t) \ fi (cos 0, p, cos 1) ‘
1 | Ao(t)[? |Z\o(t)|2 552 cos? ¢ (1 — sin 0 cos? )
2 A (t)|2 |/Z\H(t)|2 = S|n27,ZJ (1- sin? fsin? ©)

3 IAL())? Al(t_) 2 327T sm 24psin 6

4 S(Aﬁ(t)AL(t)) %(’ﬁ(t) _l(t)) —@ sin® ¢ sin 295|n<p
5| R(A;(1)A(t)) §R(_ g(t)/_4” (t) 327”@ sin 2¢ sin” @ sin 2
6 | S(AF(E)AL(L)) | S(A5(t)AL(L)) 325\5 sin 21/ sin 20 cos
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Backup: Amplitudes for B;

|Ao(t)]?

|Ao(0)]2 e~ Tt {cosh (% ) — cos ¢sinh (Et) + sin ¢ sin (Amt)}
AP = |Aj0)) e {cosh (% ) — cos ¢sinh (Tt) +sin¢sin(Amt)]
JAL(t)? = |AL(0)%2e Tt {cosh (% ) + cos ¢sinh (Art) fsin¢>sin(Amt)}
S (Aﬁ(t)AL(t)> = |A(0)||AL(0) et {_ cos (6, — &) sin sinh (% t)

+sin (6, — 8))) cos (Amt) — cos (6 — §)) cos ¢sin (Amt)]

R (Ag(t)A“(t)) = |A0(0)‘ |AH(O)} e*l—t Cos(;H |:C05h (%t) — cos¢5inh (%t)
+sin ¢ sin (Amt):|
SAOALD) = 14(0)]4L(0)] e |- cosdy sinosinn (5Fe)

+sind, cos(Amt) — cosd | cos¢psin (Amt)}
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Backup: Amplitudes for B,

Ao(®)]> = |Ao(0))2e " {cosh (% ) — cos ¢ sinh (%t) —sin¢sin(Amt)i|

|/_4H(t)|2 = |AH - {cosh (% ) — cos ¢ sinh (%t) — sin ¢ sin (Amt)]

AL@®))? = |AL(0)Pe {cosh (% ) + cos ¢sinh (%t) +sin¢>sin(Amt)}
S (Aﬁ(t)zu(t» = |A(0)||AL(0)e "t {_ cos (5, — &) sin sinh (% t)

“sin (51 — 8) cos (Amt) + cos (5. — 8 cos bsin (Amt)]
R(A5®A[(1)) = [Ac(0)]|A(0)| e " cosd [cosh (%t) — cos ¢ sinh (%t)
—sin sin (Amt)}
S (A (DAL() = |Ao(0)]|AL(0) e {_ cosd . sin ¢ sinh (%r)
—sind, cos(Amt) + cosd, cos¢sin (Amt)}
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Backup

Backup: Bs Lifetime Acceptance

B Lifetime unbiased trigger+selection: Large effort not to bias lifetime distr.

016
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0.11;
;Agceptgnge in‘MC‘ fl 1
8

0'% 2 4 6

PR L 1
10 12 14

16
tlps]
B Biased trigger gives higher yield

B Fit needs to correct for this

B Control on data possible using the high statistics channels
B* — J/yK* and B® — J/yK*
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