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Introduction
:

Amg measurement

PHENOMENOLOGY

¢ measurement

Conclusions and prospects

In the Standard Model, neutral B mesons oscillate via box diagrams

b Vo ot Vu q b Vo WV q
Eg wE o wt % Bg Eg% (ot ) (@0t Bg
(1,0),¢ w
a Va Vio E a Va Vio E
B meson evolves as a superposition of flavour eigenstates:
0 0
;0 1BS())Y _ (M — L) IBS (1))
ar\BY(1)) 27 \[BY(1))
» Mass difference : Amg = My — M.
» Width difference : AT's =1, — 'y
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Introduction Amg measurement ¢g measurement Conclusions and prospects

PHENOMENOLOGY: ¢

Iden decay: B) — J
Interference between mixing and decay : ¢ golden decay: By oo

B . ¥
ps= Dy — 2®p ° r¥e
Dy -Op
Standard Model: _
9 = —2arg(— k) + Ot B,

Neglecting penguins:
SM — _(0.0363 £ 0.0017) rad

If New Physics: ¢, can be larger !

o = = = x 9ace

E. Maurice CPPM ¢s and B(S) mixing at LHCb 6 February 2012 4/31



Introduction Amg measurement g measurement Conclusions and prospects

LHCB DETECTOR

LHCb designed to study CP violation and rare decays in B and charm sector

Single-arm forward spectrometer
» Tracking system:
IP resolution ~ 15 pm (at high pr),
Sp/p =0.4%
» RICH system:
Good separation (30) between hadrons
(p ~ [2,100] GeV /c)

Muon aystem
Magnat

Electromagnetic calorimetar

Hadronic calorimetar

» Calorimeters:
Energy measurement, identify 70, v,e

» Muon detector

Tracking system

» Trigger:
Rate: 40MHz reduce to 3kHz
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Introduction Amg measurement ¢ measurement Conclusions and prospects

LHCB: 2011 DATA TAKING

2011 data taking at LHCb, at /s =7 TeV

LHCDb Integrated Luminosity at 3.5 TeV in 2011

» Detector’s efficiency > 90 %

gvE + Domeratumi 121951
» 1.1fb~! of data recorded é uf
| s
. E /‘
» 99 % of data good for physics Z—"
o

200
LHC Fill Number

[m] = = =
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Amg measurement

LHCb-CONF-2011-050
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Introduction Amg measurement b5 measurement Conclusions and prospects

Am, MEASUREMENTS

Experimental status :

» CDEF, Phys. Rev. Lett. 97 062003 (2006), £ =1 fb~!
Amg = 17.77 + 0.10(stat) & 0.07(syst) ps~"

» LHCb, LHCb-PAPER-2011-010, £ = 36 pb~!
Amg = 17.63 4 0.11(stat) & 0.02(syst) ps™

LHCb was already competitive with the most precise published measurement

Presentation of the LHCb measurement with £ = 340 pb !
Analysis of BY = D77+ channels :

» B!— D; (¢(KTK)r)nt

» B! — D7 (K*(KT77)K™)nt

» B — Dy (KK 77 )nt

o = = = x 9ace
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Amg STRATEGY

Trigger and select B — D 7 events
Measure mass
Measure decay time : resolution and acceptances

Tag initial flavour of BY meson

A

Simultaneous unbinned maximum likelihood fit
Common physical parameters: Mg, I's, Amg

6. Evaluate the systematics

] =3 = = C
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SIGNAL DESCRIPTION

¢ measurement

Conclusions and prospects

S == S/II(HVI)SI(L‘I‘JHH) Sﬁr<01)87l<7}>
——
Mass

Time, Tagging PDF evt-by-evt variables
S,i(m) : single gaussian distribution (same mean and width for all decays)
Si(t,qlor,m) depends on tagging decision
» Untagged event:

Si(t,qlor,m) o (Tye™ s cosh(2

F21)) ® G(t, 07) X

» Tagged event: S(t,q|o:,n) o

e(t)  X(1 — egq)
N~
t resolution tacceptance
<er_rf’(cosh(%t)+q (1 —2w(n)) cos(Am t))) ®RG(t, o) X €(t)  Xeg
t resolution tacceptance
€sig: signal tagging efficiency
w: mistag
¢: state of the mixing:  +1 (B — B or BY —» BY?), —1(B?— B orB? — BY)
=3
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Introduction

FLAVOUR TAGGING

LHCb-PAPER-2011-027, LHCb-CONF-2011-003

Conclusions and prospects

Determination of the initial flavor of the B particle :

P Opposite-side tag: charge from leptons, K, inclusive vertex
P> Same-side tag: K from fragmentation quark

same side
kaon tagger

Same side
proton

Opposite side

proton

vertex-charge tagger
*from inclusive vertexing

opposite
kaon tagger (K°)
negative lepton taggers positive lepton taggers
(e, w) from b-quark
Quantification of the performances:
mistag w= # wrongly tagged evt

from b—c—| cascade
# tagged events
E. Maurice CPPM

tagging efficiency eg

__ #taggedevt
- H#Hevt
tagging power eng D> = alg(l —5120.1)2
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Introduction Amg measurement b5 measurement Conclusions and prospects

OPTIMISATION, CALIBRATION OF OS TAGGING
1. Selection of the taggers (i, e, K, Vtx)

Optimization of the cuts to maximize the tagging power, in Bt — J/zl)K"' channel

2. Combination of the taggers decision:
— Neural Network to obtain the OS mistag probability 7
Trained on MC Bt — J/K ™, based on topological and kinematic event properties
— Calculation to obtain the OS single tagging decision

3. Calibration of mistag probability () wrt measured mistag fraction (w)

Correction function: w = po + p1(n — (1)) extracted from BT — JapK+
If calculated mistag is well calibrated: po — p1{n) =0

306
0.5
0.4
0.3
0.2

0.

[

0 01 02 03 04 05

[ O ST RN AR EPPAITN SR I

=

&

[m] = = =
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PERFORMANCE OF THE FLAVOUR TAGGING

OS tagging performances are checked in B¥ — JAKT, B — JK*0, B — D*~utu,

[ Channels [ ewel%] | w[% [ ewD %] ]
Evt-by-evt values: using n
BT — JyKT 27.3+0.1 | 36.1£0.8 [ 2.1040.24
B® — JpK*° 273403 | 36.240.8 | 2.09 4 0.24
B D*"utu, | 30.54£0.1 | 356408 | 2.53+0.27
BY — Jipo 24.94+0.5 36.1+0.8 | 1.91 +0.23

OS tagging performance at CDF: g, D?* = 1.2 4+ 0.2% (rXiv.1112.1726v1)

For Ams measurement:

>
>

>

Performances in B — D 7 :

Opposite side: £, = 29.0 £ 0.5%,

Same side:

E. Maurice CPPM

Eug = 12.2 £ 0.4%

If OS tagging decision, use mistag probability

If no OS tagging decision, but SS tagging decision
— use free global wgg (as not enough statistics to perform the calibration)
If OS and SS tagging decisions: keep the one with the smallest n

cug D* = 3.1+ 0.8%
cug D = 1.2+ 0.4%

¢s and B(S) mixing at LHCb

Asymmetry

y o<

Ton stgnal

(1 = 2w) cos(Amg 1)

THCb Preliminary
NE=7Tev

%,++

il

8 proper ime pe)

0 *—
B"— D /,L+V“

6 February 2012
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MASS DISTRIBUTION

B! = D (¢(KTK™ )7~ )mT: 4371491
® - * data
. . . . . LHCb 1l
Trigger and selection: lifetime bias 3 preliminary — it
E (s = 7 TeV, 340 pb"
< 1000 Il 8% D
Background: 8 MBS DK*
©
. . .. . ° comb. bkg,
» Physical: BY, A, with 1 misidentified daughter 3 u
©
» Combinatorial -
5400 5600 58002
(Ds 7*) invariant mass [ MeV/c* ]
B! — D7 (K* (KT 7~ )K™)7t: 2910489 B! — D7 (KTK~ 77 )xt: 1908+74
) N ) .
% LHCDb preliminary _ gitata % LHCb preliminary _ ;’"ata
= _ - _ _ .
: 1000 (5=7TeV,300p"  pgpo | py o 2 f§=7TeV,340pb" g0
= W B~ DK* < 500 W B- DK*
o .y [
% misid. bkg. ] misid. bkg.|
g 500 I comb. bkg. 3 [l comb. bkg.
2 2
3 8
* 0 **
5400 5600 5800

5400 5600 58

00
(D; 7*) invariant mass [ MeV/c? ] (D's n*) invariant mass [ MeV/c? ]
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Introduction Amg measurement b5 measurement Conclusions and prospects

DECAY TIME RESOLUTION AND ACCEPTANCE

Decay time resolution

> Single gaussian, event-by-event time uncertainty

1’3
. . L. by *+ LHCb preliminar
» Imperfect alignment or material description: g + . ﬁﬂ; N m,:.
3 :
Scale factor S, = 1.37 S0+ *
calibrated using prompt Dy + 7 s -
=1 -
. . 2 .
» Average decay time resolution : 45 fs 8 . .
0 0.05 01 ‘

0.15 . 0.2
S.7c, [ps]

Decay time acceptance
» Selection and trigger require several displaced tracks
— decay time distribution is distorted

» Correction with acceptance function €(¢): derived from MC

] =3 = = NG
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Introduction Amg measurement ¢ measurement Conclusions and prospects

SIMULTANEOUS FIT PROJECTIONS

Using £ = 340 pb~" of 2011 data, the simultaneous fit gives:

Decay time Mass

2 o data K o * data
] LHCb preliminary — total % LHCb preliminary — it
% V5=7TeV, 340 pb" gl signal = VS =7 TeV, 340 pb" HE D
- s s
% 1000 B background %2000 B DK
% % misid. bkg.
] k-] Il comb. bkg.
o °
* ]
o
I*
00 2 4 6 0 5400 . 5600 5800
decay time [ps] (Ds n*) invariant mass [MeV/c?]
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Amg: RESULT
Using £ = 340pb™' of 2011 data, asymmetry: A;(f) = Nunmised (1) —Noirea (1)

Nunmixed (1) +Npixed (1)

0.4

LHCb preliminary

(s=7TeV, 340 pb "' OST+SSKT

Amix

0 0‘.1 0.2 0.3
t modulo (2n/ Amg) [ ps ]

Amg = 17.725 £ 0.041(stat) £ 0.026(syst) ps~"
— Most precise measurement

CDF, 2006: Amg = 17.77 & 0.10(stat) + 0.07 (syst) ps~"'

E. Maurice CPPM ¢s and B(S) mixing at LHCb 6 February 2012 17731
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arXiv:1112.3183 accepted by PRL
LHCb-CONEF-2011-049

arXiv:1112.3056
LHCb-CONEF-2011-056
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g measurement

Conclusions and prospects

EXPERIMENTAL STATUS
12(0): arXiv : 1109.3166

4 —
'» DO Runll, 8 fb

AT (
€ 4
o
inEu

AM,=17.77 +0.12 ps™"
SM p-value = 29.8%

—68%CL

——95%CL

-2 -1 0 2 3
9™ (rad)
LHCb: £ = 36pb~!
LHCb-CONF-2011-00
0.2(68.3%
90%
ol 95%
4 I
B JH
0.6/ S\ 1
i I AN i |
4 3 2 E] 0 1
o, [rac]

E. Maurice CPPM

CDF: arXiv : 1112.1726v1

CDF Run Il Preliminan L=52fb"
0.6F — %L
— 68%CL
0.4F  — SMprediction

i =

Presentation of ¢y
measurement at LHCb
with £ = 340pb~!

¢s and B(S) mixing at LHCb

it
<

PN
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g measurement

Conclusions and prospects

Measure mass

Trigger and select B — JAb(up)d(KK) events

Bowon =

Measure decay time : resolution and acceptances
Measure decay angles, with acceptances

» P—VYV decay: mixture of CP odd and CP event states

Tag initial flavour of B meson
6.

— need angular analysis to disentangle statistically the 3 polarisations
amplitudes: |Ao|*, |A|* (CP even), |AL |* (CP-odd)
» S-wave component (KK non resonant) add a CP odd polarisation |As|*

Unbinned maximum likelihood fit

Evaluate the systematics

Physical parameters: ¢, AT, Ty, Ams,MBJ7 ALl |Ay],1As], 01,9y, 0s

E. Maurice CPPM

¢s and B(S) mixing at LHCb

6 February 2012
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Introduction Amg measurement g measurement Conclusions and prospects

Jip¢» SIGNAL DESCRIPTION

> Mass: sum of 2 gaussians

> Time: angle, taggi.ng : sum of ten terms, corresponding to 4 « 5i(0, 9, @)
polarization amplitudes and their interferences (S wave included) 1 2 cosZ (1 i 6 cos2 <1>)
y 2 _in? 0 sin2
T (B Iy 2 sin? (1 sin? 6 sin ¢)
dr dQ2 o Zk hk(f fk(p) 3 sin? P sin? 6
4 — sin2 4 sin 20 sin ¢
1 . L2
The time-dependent functions 5 VZsin 2t sin” 6 sin 26
6 3 2 sin 24) sin 26 cos ¢
7 z(l—stSCm P)
I = NgeT TS [ cosh (§ATG) + by sinh (3 ATr) 8 I L6 sin wp sin? 6 sin 2
9 ﬁ sin 1) sin 26 cos ¢
10 4\/3(:051[)(1 — sin? 6 cos® @)
Fcp (1 — 2w) cos(Amgt) + dy q(1 — 2w) sin(Amgt)
— —_—
Tugging Tugging
k Ny ay by & dy
1 149(0) 1 —cos py 0 singhs
2 14} (0) 12 1 —cos by 0 sings
3 141 (0)|2 1 cos ¢ 0 —singg
4 \A” (0)A (0)] 0 —cos(6; — 6”)~incb5 sin(6 ] — SH) —cos(6 ] — JH Yeos ¢y
5| 14@A O] | cos(8) = 80) | —cos(8) — Sg)eos b 0 cos(8) — 8g)sinds
6 |4 (0)A | (0)] 0 —cos(8 | — 8p)sings sin(8 ] — &) —cos(8 ] — 8p)cos by
7 145(0)]? 1 cos s 0 ding,
8 | 1A5(0)4) (0)] 0 —sin(8)| = Sg)sings | cos(8) — 85) | —sin(8) — g)cos by
9 |As(0)A | (0)] sin(6 | — &g) sin(8 | — Sg)cos by 0 —sin(§ ] — 8g)sindg
10 | 145(0)Ag(0) ] 0 — sin{8y — 8g)sinds cos(8p — 8g) — sin(8y — g)cos b
o I ] = =z 9Dae
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TRIGGER AND SELECTION

Trigger lines

» Lifetime unbiased

Bwoo T T T L, T T ]
» Lifetime biased (~ 14% signal events): E LHCb —+ data
cut on impact parameter 9 — signal i
§ - background |
w — sum
. . 500 e
Offline selection ]
» Squared cuts 1
> > 0.3ps |
p e J
0 = ks el el el ekl Lo
5300 5350
mg [MeV]
Background 8276 £ 94
» Remain only few % BY — JAb¢ signal events
» Large reconstructed decay time:
B — JA)X, combinatorial bkg
» Mass description: exponential
» Time description: 2 exponentials
o = = = = 9ace
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PROPER TIME

Time resolution

» Sum of 3 gaussians, with common mean,

different widths LHCb Preliminary

X X \s =7 TeV, L =337 pb*
» Calibration from prompt J/2) peak

Entries/0.22 ps

» Average decay time resolution: 50 fs

Decay time (ps)

Background only
Time acceptance
» Reconstruction slightly bias the time distribution:
shallow fall at high  — Correction parametrized in MC : 1 4 3¢

» Selection does NOT bias the time distribution
» Biased trigger: strong drop at small ¢
Correction parametrized by comparing the # distribution of biased events with unbiased,

indata: e(r) = W

A ¥
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ANGULAR ACCEPTANCES

BY — Jhb¢ is a mixture of CP odd and even states

— need angular analysis to disentangle statistically the 3 amplitudes

Inthe J/4b rest frame:
» cos 0: cosine of ut polar angle

» : pt azimuthal angle

In the ¢ rest frame:

J/ip rest frame

» cos: cosine of K polar angle
¢ rest frame

Angular distributions are distorted, mainly by the detector asymmetric shape (~ 5% wrt theory)

X - ~
g T e L LHCb
k] £ e MC
i &' . | 3
O, & P \
5% L g T 5% i
i da g e R S LT o N
o ot P
— Correction determined from MC

o =2
E. Maurice CPPM ¢s and B(S) mixing at LHCb
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FIT PROJECTIONS

B ‘ ] T

Emm, LHCb +deta 1 é‘

3 L — signal 1o

5] L ---background | ~

& [ —am | &

of 18
L | w 10¢ RN
5300 5350 5400 i ! 2 4 6 8
me [Mev] decay time [ps]
600 8600 T e .
S = LHCb o LHCb
P’ S -+ P 600 ;
€ 400 ©400 < N
g > 2400 .
] e ] N /,/
20Q 200 2000 emrmoed ]
<
soperm oo -
0.5 . -1 -0.5 0 0.5 .
cosf cosy

Dashed lines: signal components
CP even P-wave
CP odd P-wave

e S-wave o e = =
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BY — Jip¢ RESULTS

Likelihood profile in ¢s— AT's plane

A
2 og tHCR . * best it -
= 1 F7a\3 — 68% CL 1
oo HIE A —-90% CL
< 0 [N ) A R 95% CL B
F Rt | ® Standard Modg! -
0
0.1
-0.
0 2

4
@, [rad]

» Most precise measurements:
Iy = 0.656 £ 0.009 (stat)4-0.008 (syst) ps !
¢s = 0.15 £ 0.18 (stat)+0.07 (syst) rad
ATy = 0.123 4 0.029 (stat)£0.011 (syst) ps !

» First direct evidence of non-zero AT
» Good agreement with SM predictions — Still room for New Physics

o =2 = = £ DA
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gbs: SOLVING THE AMBIGUITY (LHCB-PAPER-2011-028-001)

2 solutions due to the invariance of the differential decay rate :
(s, AT, ) — b0, 6L — do, 05 — o) <> (7 — ¢ps, —A T, 00 — d),00 — 61,00 — J5)

Ambiguity is solved by studying the interferences between S-wave and P-wave:
following BaBar cos 23 measurement (Phys. Rev. D 71 (2007) 032005)

> P-wave strong phases: do, ), 0.1

— P-wave phase increases rapidly as a function of mgg,
» S-wave strong phase: dg

— S-wave phase ds vary slowly as a function of mgg

Ss—6,: Preliminary
» extracted from a simultaneous fit in 4 intervals of s
mKK + ~—— solution |
. —+ — solution Il
» expected to decrease as a function of mgg i
— Solution 1 is correct —t
I R B T R e 7 R )
My (MeV)
The chosen solution is the one compatible with SM
o = = = =
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¢s MEASUREMENT IN B? — JAbfy arxiv1112.3056)

History

» 2008: Prediction of S-wave interference in Bg — Jip¢ decay (arXiv:0812.2832)
— S-wave could manifest as fp(980), CP odd eigenstate

» Feb. 2011: 1st observation of B‘S) — Jpfy decays at LHCDb, then Belle, CDF, DO

_ DB-yh) _ +0.0464-0.027 .
Ry ¢ = WW;) = 0.2527 ) 35T 0 oas» (arXiv.1102.0206)

Analysis

» fo is a spin-0 resonance — no angular analysis

» Signal time function is simpler

S(1,q) = e~ s (cosh AT tcos g sinh 2L gD sin 6 sin(Amg1))

> In L =378pb~" (2010 + 2011 data), ey
1428447 signal events

95% C.L.
0 T

056 L L L L

2 B
¢, (rad)

Constraining AT's and T's to BY — Jjp¢ values : s = —0.44 + 0.44 (stat) £0.02 (syst) rad

[m] = = =
¢s and B(S) mixing at LHCb 6 February 2012 28/31
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¢s: COMBINATION OF B? — JAbe AND B? — Jjiif,

Combination of the 2 ¢s measurement using a simultaneous unbinned maximum
likelihood fit with common ¢, T's, ATs, Ams:

Conclusions and prospects

Artist’s view

Preliminary results overlaid @ o
o [ coF s2ft
[J LHCb 03fb™
¢ Standard Model

ALy (ps7)

-04

&
o

¢s/ve (rad)
¢s = 0.03 = 0.16(stat)£0.07(syst) rad

Main systematics come from:

» Decay angle acceptance
» CP in mixing and decay

» Background modelling

o =2 = =
E. Maurice CPPM ¢s and B(S) mixing at LHCb

12N Ge
6 February 2012 29/31



Introduction Amg measurement ¢g measurement

Conclusions and prospects

CONCLUSIONS AND PROSPECTS

2011 has been an excellent year for LHCb
» Most precise measurement :
Amg= 17.725 £ 0.041 £ 0.026 ps !
ATs= 0.123 4 0.029 (stat)2-0.011 (syst) ps !
¢s= 0.03 £ 0.16 (stat)+0.07 (syst) rad

— Compatible with Standard Model but still room for New Physics

Prospects on ¢s: short term

» Use the whole 2011 statistics (1 fb—!)— Expected o4, = 0.10 rad for B! — Jip¢ only
» Add tagging information: SS kaon

» Add new channels:
» B — I
> Bl ¢(25)¢

» Control penguin pollution with BY — JA/K*0

E. Maurice CPPM

= £ DA
¢s and B(S) mixing at LHCb
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Amg measurement

PROSPECTS ON ¢

¢s measurement

Conclusions and prospects

'
¢, statistical sensitivities at LHCb:

» Current (£ = 340pb—!): 0.16 rad

» Expected with £ = 2fb~! (2012): 0.05 rad
» Expected with £ = 5fb~! (2017): 0.03 rad

¢ statistical sensitivity at SuperLHCb (/s = 14TeV):
» Expected with £ = 50fb—1: 0.006 rad (LOI: CERN-LHCC-2011-001)

— Precision measurement ~ SM (o (¢s) = 0.003rad)

¢s measurement gets in excited times !

E. Maurice CPPM

¢s and B(S) mixing at LHCb
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Amg: BACKGROUND DESCRIPTION

Conclusions and prospects

2 kinds of backgrounds

» Physical : B} and )\, decays with 1 misidentified daughter
> Bpnysicar(m): single gaussian
>

ohysical (1) same way as signal (AT = 0, 7 fixed to PDG value)
» Combinatorial
>

>

omp(m): exponential (different parameters for 3 decays)
omb(1): shape is extraced from high mass side bands

E. Maurice CPPM

¢s and B(S) mixing at LHCb

DA
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Amg: PER EVENT VARIABLE

In the fit, 2 per event variables are used: o;, and n
— Need to use o, and 7 separate pdf for signal and bkg

For instance: 7 distribution for signal (left), bkg (right)

10 10
g 400 LHCb preliminary ++'+_+'+ § F LHCb preliminary ++-+—
- [ Vs=7TeV, 340 pb” - [ Vs=7TeV, 340 pb’
» 0
o - + 3 2001
s 5 ++  +
h-] + =] L
T 200 ° L
5 I T § 100 +

- -4 [ ++-§—o—

L —— g N - ]

ol 1 1 1 [ 1 1
cO 0.1 0.2 0.3 0.4 0.5 00 0.1 0.2 0.3 0.4 0.5
nsig nbkg
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Conclusions and prospects

Amg: SYSTEMATIC STUDIES

Systematic Apam, (ps™h)
Acceptance function 0.000
Resolution 0.001
z—scale 0.018
momentum scale 0.018
o, and 1) PDFs 0.000
AT 0.002
Resolution model 0.001
Mass model 0.003
Total 0.026
Details:
» Resolution: vary Sy, in [1.25,1.45]

>
>
>
>

Scale: may improve with better alignment
Evt by Evt pdf: ignore these PDFs

Resolution: use double Gaussian for proper time resolution

Mass shape: use 2 crytal ball
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¢s: RESULTS

E. Maurice CPPM

PARAMETER VALUE OSTAT. TSYST.
T, [Ps ] 0.657 | 0.009 | 0.008
AT, [ps™'] | 0.123 | 0.029 | 0.011
|AL(0) 0.237 | 0.015 | 0.012
|40(0)? 0.497 | 0.013 | 0.030
|As(0)] 0.042 | 0.015 | 0.018
5. [RAD] 295 | 0.37 | 0.12
ds [RAD] 2.98 0.36 0.12
¢s[RAD] 0.15 0.18 | 0.06

¢s and B(S) mixing at LHCb
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:

Gs, Al's: SYSTEMATIC STUDIES

Conclusions and prospects

'
Details:

» Angular acceptances: significant data/MC differences affect angular

acceptance — toy studies with reweighted MC to estimate effect

» CPV in mixing and decay: no production/tagging/direct CPV asymmetry
10% nuisance asymmetry)

included in the fit so far (toy experiment to estimate effect of neglecting up to

E. Maurice CPPM
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Amg measurement ¢ measurement Conclusions and prospects

Signal:
. “FTLACE T
» Mass: Sum of 2 gaussians asg- Preliminary
> 3 \s=7TeV Data
Background: HE
8
» Misidentified B — JApK*0 5
&
O _ 1
> B} — Jjprtw
» Combinatorial m(utpnte) (MeV)
3 :
o 5200 5300 5400 5500
m(utun's) (MeV)
Angles consideration :
» B spin: 0 g o0t 1 =+_:. ++++
%g’w. ENo -+
. H
» J/ip spin: 1 Boof LHCb +-i""’ LHCb
oo Preliminary 4 Preliminary
> fO Spil’l: 0 N5=7TeV Data L V5 =7TeV Data
L e DR
> CPodd "
o = = = E
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OPTIMISATION, CALIBRATION OF OS TAGGING

1. Selection of the taggers
Optimization of the cuts to maximize the tagging power, in BT — J/K ™ channel

Performances are checked in B” — J/4K*?, B® — D*~ pt v, channels

2. Combination of the taggers decision:
— Calculation to obtain the OS single tagging decision

— Neural Network to obtain the OS mistag probability 1
Trained on MC BT — J/sz*, based on topological and kinematic event properties

3. Calibration of mistag probability () wrt measured mistag fraction (w)
Correction function: w = py + p1(n— < n >) extracted from BT — JapK+
If calculated mistag is well calibrated: pg — p; < n >=10

Check in BT — J&KT, B — J/pK**, B = D*~putu,

30.
05 Channels Po P1 < Ne >
BT — JyKT 0.384 +0.003 | 1.037 £ 0.038 0.379
04 B’ — JpK*° 0.399 =+ 0.008 1.02 £0.10 0.378
03 B'— D* puTy, | 0.39540.002 | 1.022£0.026 | 0.375

0.2]

0.1
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¢s: FLAVOUR TAGGING

OS per event mistag probability with calibration parameters from B+ — JaK™
w=po+p(n—<n>)

© 160
Q
S 140
£120
3
2 100
L
80
60
40
20

0

LHCb preliminary\s=7TeV |
337 pb! .H]

i
} ! b5

2
E-al:‘

12

[=3 It T FYTE FETY TS FETE PUTA RTRE he |

o
o
N
o
S

o .6
Ban,

Tagging power: e D* = 2.08 + 0.17(stat) & 0.37(syst) %
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S WAVE

S-wave accounts for a small fraction on non-¢ in the J/i) KK final state
mKK in LHCb, background subtracted mKK in DO, background subtracted

< T 2 A D@ Runll, 8fb’'
2 sk LHCD Preliminary 3 Q B
= =710V Dat. L3370 S ) e
S soof sgin-1 BreitqVigner S, .| spin-1 Breit-Wigner
E wofb ngn-resonat 23500 { non-resonant
g = )
o ) b
s00f- E £
]
200~ = 3
= o o e
990 IDIOD lDIW lOlZO |0I30 10'40 1050 01 1_62 : 1_64
M e M(KK) (GeV)
LHCb, in range [1008,1032] DO, in range [1010,1030]:
- from angle fit: (4 +/- 2)% - from angle fit: (17+/-4)%
- from mass fit: (2+/-1) % - from mass fit: (14+/-2)%

LHCb and DO disagree on fraction of S-wave
CDF measures < 6.7% at 95% CL

] = = = PANE
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PENGUIN POLLUTION

¢ measurement
.

Conclusions and prospects

In the SM, B,—~J/yo decay is dominated by a single weak phase: V.17,

rl(b‘> C(c’) - ‘(~1('L-,(AT + P) + .[’uaxub-F’u +V lﬂ‘Ll.l)Pl

VesV cb(A'T + P — Pt) + ViV u}_-,(R1
[Wa= Vb - v;sm\w (- 02

Various penguin pollution estimates:
. 3P~104

8P~103
= 3Pupto~01

1)

[H. Boos et al., Phys Rev. D70 (2004) 036006]
[M. Gronau et al., arXiv:0812.4796]

~ AN (p + i)
[S. Faller et al., arXiv:0810. 4248\4]
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PENGUIN POLLUTION (2)

¢
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:

PENGUIN POLLUTION: LHCB

160
140
120
100
80
60
40
20

for ~300pb~1:

Events / { 3.5 MeV/c?)

oba—
LHCb-Conf-2011-025

M(Jhy,K,m) (MeVic?)

BR(BY— JipK*) = (3.5} (stat) £ 0.9(syst)) 1073

] = = = PANE
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:

Asp

Conclusions and prospects

Measuring Agy, is hard at LHCb because:

P proton-proton machine — production asymmetries DO result

» LHCb — asymmetric detector Phys.Rev.D84, 052007 (2011)
— cannot count like-sign muons when one of them is not Deviation from SM: 3.9¢
in LHCb acceptance 002

LHCD has 2 independant analyses : <

P Time integrated Agy, in Bg — DXp™T vy
Production asymmetry is washed out by fast B?—Eg 0
mixing

Fewer parameters to constrain

Standard Model
P Time dependent subtraction 0.02 E B Factory W.A.
s,d g d DG B >uD X
DAL = Ay — A5 U,
0 + 0 + I Do Ag
B, — DyXp" v, and By — DyXp™ vy, channels s DO A% 95% C.L.
Production asymmetries cancel out ) .
Fewer systematics D@, 9.0 fb ‘
Cancellation of cross-feed backgrounds -0.04 -0.02

Results are expected soon

o =2 = = £ DA
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:

¢s measurement

FLAVOUR-SPECIFIC ASYMMETRY IN BY, By DECAYS
» Physical asymmetry :

Conclusions and prospects

s AT

at, = A% tan(6)

al(SM) = (—6.471%) x 107 | ai(sM) = (3.07]3) x 107°
» Measured asymmetry :

[arXiv:1008.1593]
g _ T(N-rQ@
BT DO+
g _ T(N-T{)
I T(f)+T(f)
q q q 54 54
q _a 54 ag Op\  cos(Amgt) 5 rB\4 _
Afs(t) - % -2 (27f + TI)cnsh(AF,;/Z) + 7’ (f) q—S,b
» In LHCb, polluting symmetries are much larger than ay,:
» Detector asymmetry 67 ~ 1072
> Matter detector — hadronic interaction asymmetric
» At LHCb: reduced by swapping the magnetic field
» Production asymmetry & ~ 1072
» LHC is a proton-proton collider
» Background asymmetry 0/ ~ 107°

» Calculated using sidebands
E. Maurice CPPM
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