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CP-violation in the B? system

m Interference between b — &cs either directly or bs = Py — 20
via mixing gives rise to a CP-violating phase —op
Bs J/pd
| 05 = 25, + 6P = —0.036 % 0.002rad + 6P “’M\‘i/‘;’f’

m b — ¢cs dominated by tree-level transitions,
_ *
®p = arg(VesVy).
B Small penguin pollution, 6P ~ 1073 — 10~%.

Vie
m Mixing phase ®y = 2arg(VVy,) SM—2BS NP7
m New physics can modify: ¢5 — ¢2M + ¢NF.

§ ‘/ts \t-/ ‘/tb 3/1l§




Measuring ¢ using Bs — J/ib(putp)o(KTK™)

m P — VV: final state is admixture
of CP-odd (¢ = 1) and CP-even
(¢ =0,2) with different lifetimes. CPl Je)e

m 3 KTK~ P-wave, 1 S-wave

nel Jabd)e
= (=D Ie)

m Unbinned log-likelihood fit to
statistically disentangle final
states.

Angular analysis Q = (9, ¢, ¥)

149D
2

1—qgD

S(A,m,t,Q) =G(m) - €(t,9Q) - ( -s(A 1, Q) + -é(/\,t,Q)) ® Ry

m Acceptance, flavour tagging, time resolution.

|} PhySiCSI A= (¢S, Fs, AFS, AHIS, 5“’ 5L, 55, |AH‘2, ‘AL|2, |As|2)
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BY— J/i¢ analysis of 1fb!

Selection . .
Decay time resolution

m Di-muon trigger: pt > 0.5 GeVJc.

m Use prescaled sample of prompt-JA)

m Simple kinematic selection: ~ 21200 d
events to extract resolution scale factor.

candidates
> T . 0
22500F |+ aaa # LHcb Preliminary ] g W'E
N I | — sig. component s LHCb Preliminary
L 21 \s=7Tev ~
92000 | 1y component . £ (0efr) ~ 4515
27
g [ @ 1
D190 (o) ~= TMeV Suppress

background: ]

1000F t > 0.3ps

500~ 3
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Angular acceptance

m Angular acceptance of +5% due to detector
geometry (10 < © < 400 mrad) and implicit \%
momentum cuts on final state particles. BN

m Evaluate usingMC. e OO ——o

m Apply to fit via angular “moments” of the
PDF or 3D analytic parameterisation of
orthogonal polynomials.

~ 1 ~ LI T ~ 1%

- |
1021+++ ++++ +++++++++ ; 1021++ ++ + + ‘H} 1021:+ ++H++HH’+ + ++++ ]
ot oty o t
g3 LHCbMC 1 o LHCbMC | ooF LHCb MC |

T s o Tos ‘0;5:61 O é[rad] B T R T (‘:O‘S‘L]Jl
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Flavour tagging

LHCb-CONF-2012-002, LHCb-CONF-2012-026

m Sensitivity to ¢s comes from events tagged as B2 or B_Q

m Specialised tagging algorithms analyse event to determine initial flavour (talk from S. Vecchi).

m Effective OS tagging efficiency of

ctagD? = (2.29 £ 0.27)% I

OS calibration

po + p1(nc

3 0.6 )
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PrOjection Of time dependent angUIar fit LHCb-CONF-2012-002
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Projection of time dependent angular fit gz

n 0 : ¢ Standard Model D0 8fb
Preliminary 04E _ gaocL

Parameter [ Value [ Stat. [ Syst. T es%CL
Ts [ps~ 1] 0.6580 | 0.0054 | 0.0066
AT [ps—!] | 0.116 | 0.018 | 0.006
|A1(0)? 0.246 | 0.010 | 0.013
|Ao(0)[? 0.523 | 0.007 | 0.024

Fs 0022 | 0.012 | 0.007 o2 O

LHCb  1fb"

0.2

Rl

81 [rad] 2.90 0.36 0.07 7045 Symmetry = two solutions

5 [rad] [2.81, 3.47] 0.13 4 N \

s [rad] 2.90 0.36 0.08 3 2 1 0 1 2 3
és [rad] | -0.001 | 0.101 | 0.027 0t (rad)

Systematics

m Neglecting potential CPV in mixing and decay.
Ongoing studies to reduce

m Knowledge of angular acceptance.
these for publication

m Background description.

m Decay time acceptance.
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Resolving the ambiguity Phys. Rev. Lett. 108 (2012) 241801

IwaARﬁ”—%ﬁL—%ﬁs—%)H(W—%rJWa%—5wﬂ+%—5b%—5Q

m Perform angular fit in 4 bins of KTK~ mass.
m 0s; = ds — d, should fall y across ¢(1020) mass.
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arXiv:1204.5675v3, submitted to Phys. Lett.

m B — Jipnt 7~ is another b — &cs.
m Not vector-vector final state = no complex angular analysis!

] 7T+7T7 is > 977% CP-odd @ 95% Conf. Level (see talk from C. Linn).

2000 F T T T 3 F T T T LI
> E 1 > soof E
(7] = 4 2 E LHCb E
= 1600 LHCb 3 = 700f 3
wn E ] © 3 E
> E 4 T e00F E
T 1200 & 3 £ s00f S-wave dominates 3
) B i o E 3
> = E 3
@ 74214105 cands § @ 490F E

800 E 300E- l/ E

EE > 3

F 100F E

0 E s ; E o Bt e peny E
5300 5400 5500 500 1000 1500 2000

m(apatr) (MeV) m(x'w) (MeV)

11/15



arXiv:1204.5675v3, submitted to Phys. Lett. B

m ['s, AT constrained from BO — J/i)¢ analysis (sce talk from A Phan on BY ifetimes)
n Ams from LHCb (Phys. Lett. B709 (2012) 177).

E T T E 35 =
E E ) LHCb E
g 0o LHCb E = 3
8 700F 4 3 E
E 3 2 3
E GOOE E E
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100 E E
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Latest Qbs combination arXiv:1207.1158

LHCb 1.0fb™ + CDF 9.6fb"'+DQ@ 8fb™"

B e L N LN
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& ook \ ]
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|mpaCt on New PhySiCS Lenz et al. arXiv:1203.0238v2 [hep-ph]

T T T T T T T T T T T T I T T T T T T T L

| | excluded area has CL >0.68 o

2 — —

. I AT, &8 ]

m Model independent [ i

. 1L ]

analy5|s. places s_trong r SM point ]

constraints on size of i ]
NP in M12. r

ImA,
o

: AN
....................... B
m Need independent D 4

ag, measurement

(see talk from M. Artuso). -1

m Need increased
precision on ¢s.
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Summary
——

Clean signals.
Decay time resolution: ~ 45fs.
OS tagging: cragD? = (2.29 £ 0.27)%.

m LHCb made most precise measurement of ¢s (B — Jipe, Jpbmr).
m First direct observation of non-zero Al's = resolved sign ambiguity.

m Excellent dectector performance:

LHCDb Integrated Luminosity at 4 TeV in 2012

1
. Delivered Lumi: 654.55 /pb
. Recorded Lumi: 615.96 /pb

Integrated Luminosity (1/pb)

Lo e data.on.tape se

wa o be analysed <
o
o

! Expect > 1.5fb~! by end 2012 I
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L
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Brief introduction to B%-meson mixing and decay

b Vi t Vr,: s
O (BN (mo P ([ B®) B, w- W+ B,
ot \ BY(t) ) 2 BI(t)
5V t Vie b
1BY1) = p|BY) +q|BY)

Bon) = pIBS) —qlBY)

Some relevant parameters

_ My + My r _I'u+Tg
2 ’ s 2

Mg

Ams = MH — ML ~ 2M12, AFS = FL — FH ~ 2F12 Cos

o arg (_@)
IBD)
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Systematics

Source Ts AT A% A2 Fs s 5, s s
s | [ps— 1] [rad] | [rad] | [rad] | [rad]
Description of background 0.0010 0.004 - 0.002 0.005 0.04 0.04 0.06 0.011
Angular acceptances 0.0018 0.002 0.012 0.024 0.005 0.12 0.06 0.05 0.012
t acceptance model 0.0062 0.002 0.001 0.001 - - - - -
z and momentum scale 0.0009 - - - - - - - -
Prod. asymmetry (£ 10%) 0.0002 0.002 - - - - - - 0.008
CPV mixing & decay (& 5%) 0.0003 0.002 - - - - - - 0.020
Fit bias - 0.001 0.003 - 0.001 0.02 0.02 0.01 0.005
Quadratic sum 0.0066 0.006 0.013 0.024 0.007 0.13 0.07 0.08 0.027

Neglecting potential CPV in mixing and decay.

B Fit for |\| shows that A(|A|?) = 5% is a reasonable variation.
B Evaluate using toys generating with |\|> = 0.95,1.05 and fitting with |\|2 = 1.

Knowledge of angular acceptance.
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Systematics

Source Ts Al A7 A3 Fs 5 5, s s
s | [ps ] [rad] | [rad] | [rad] | f[rac]
Description of background 0.0010 0.004 - 0.002 0.005 0.04 0.04 0.06 0.011
Angular acceptances 0.0018 0.002 0.012 0.024 0.005 0.12 0.06 0.05 0.012
t acceptance model 0.0062 0.002 0.001 0.001 - - - - -
z and momentum scale 0.0009 - - - - - - - -
Prod. asymmetry (£ 10%) 0.0002 0.002 - - - - - - 0.008
CPV mixing & decay (£ 5%) 0.0003 0.002 - - - - - - 0.020
Fit bias - 0.001 0.003 - 0.001 0.02 0.02 0.01 0.005
Quadratic sum 0.0066 0.006 0.013 0.024 0.007 0.13 0.07 0.08 0.027

Alg, T

Background description.
Upper decay time acceptance affects .
Trigger acceptance affects Al's, amplitudes.
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