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Introduction

@ WHAT: interference between B? decay to Ji)¢ either directly or via B—B?
oscillation gives rise to a CP violating phase gbﬂ/w = ¢y = Oy — 29p

$p

Bs JIyo

Dy Es —dp

@ WHY:
@ InSM, ¢/ ~ —23, = —(0.0363 + 0.0017) rad, S, = arg (— ViV /Ves V)

@ In presence of NP in the mixing box, ¢”“* can be larger

e HOW: fit differential decay rates (for B and BY):

d*T(BY — Jipo)
dtdCOSquﬁdCOS?/J = f(¢saArsvrstmvaB2a |AJ_|,|AH|76J_75H)
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Roadmap for the ¢;"~ measurement at LHCb

@ Trigger & select BY — Jj¢ events
e Together with control channels, B — J4K™, B’ — JaK*’, ...
@ Measure proper time
@ Proof of principle: measure B — Ji)X lifetimes
@ Measure decay angles
e P—VV decay: Ji)¢ is a mixture of CP odd and CP even states
— angular analysis to disentangle statistically the 3 amplitudes
e Proof of principle: measure transversity amplitudes in B® — J4K*® and
BY — I and AT,
© Tag initial flavour
e Calibration using control channels:
B’ — JWK*, BT — JAK™, B = D* "y v, B)— Dy 7', ...
e Proof of principle: measure Amg and Am;

@ Fit differential decay rates (for B? and BY?)

d*re’—J
M = f(d’\‘?Arsv r57Am57 MBO’ ‘AJ.lv ‘A|||76J.1 6||)
dt dcos 6 d¢ dcos v s

depends on 9 physics parameters and > 15 detector parameters
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LHCDb detector at the LHC

See A. Golutvin’s talk this morning

@ LHC: p—p collider, v/s = 7TeV

@ LHCb: single-arm forward
spectrometer:

e Tracking system
IP resolution ~ 15um (at high pr)
op/p ~ 0.45%
@ RICH system
Very good K —  identification for
p ~ 2—100GeV/c
o Calorimeter
Energy measurement, identify 7°,~,e

+ trigger
@ Muon detector
muon identification + trigger

@ Luminosity used in this talk ~ 35 — 36 pb™"
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@ LO hardware trigger:

e Find lepton, hadron with high pr
@ Reduce the rate from 40 MHz to
1 MHz

@ HLT1 software trigger:

o Finds vertexes in VELO

o Tracks with high IP & pr @
@ HLT2 software trigger:

@ Reconstruct all tracks in event
@ Select inclusive/exclusive B meson
o Output rate = 2kHz

sep/es
ECAL+HCAL

All Jib () channels triggered in the same way with no lifetime biasing cuts
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Selections

[LHCb-CONF-2011-001]

@ Similar selection for all channels B® — J/p¢, BT — JiK*, B — JK*?, B — JaKS and Ay — JAbA
— cross-check and systematics

Reconstruct J4) — p 1™, then simple and small number of cuts

(*]
@ No lifetime biasing cuts (IP, decay length, ...) — significant prompt background at small proper time
Plots with t > 0.3 ps, J/4» mass constrained:
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@ Excellent mass resolution, very low background
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( 1 ) [LHCb-CONF-2011-001]

- B — yyk*0 e B) — o Luch
) Preliminary Preliminary

Events /(025 ps)

Events /(0.25 ps )
Events/(0.25ps )

|
|

(.. R o okroperime 68
P
¢ e
|
L o ;vﬂw o 1 o e e o
[ Channel [ LHCb yield [ LHCb lifetime™(*) stat. and sys. (ps) [] PDG (ps) |

BY — K" | 6741+ 85 1.689 + 0.022 £ 0.047 1.638 £ 0.011
B’ — J/yK*" | 2668 + 58 1.512 + 0.032 £ 0.042 1.525 + 0.009
B’ — J/KS 838 + 31 1.558 + 0.056 =+ 0.022 1.525 + 0.009
B) — Jé 570 + 24 1.447 + 0.064 =+ 0.056 1.477 £ 0.046
Ao — YN 187 £ 16 1.353 £ 0.108 = 0.035 1.39114,%%8

using only lifetime unbiased trigger and t € [0.3, 14] ps
(") BY — J/2) ¢ proper time fitted by a single exponential!
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b—> J/¢’X |IfetlmeS (2) [LHCb-CONF-2011-001]

@ LHCb measures B lifetimes!

@ Will be competitive with world average in 2011

@ Excellent proper time resolution ~ 50 fs — promising for ¢!

@ Conservative systematics can be reduced with deeper studies

Systematics:

[ (ps) [ BT - yyK™ | BY— JoK™ [ BI— Jo | B'— JKT | Ay — VoA |
Signal mass model 0.002 0.002 0.010 0.014 0.012
Bkg. mass model 0.009 0.020 0.005 0.008 0.023
Bkg. time model 0.003 0.006 0.003 0.006 0.006
Time resolution model 0.005 0.005 0.005 0.005 0.005
Momentum scale 0.001 0.001 0.001 0.001 0.001
Decay length scale 0.001 0.001 0.001 0.001 0.001
Decaytime acceptance 0.043 0.038 0.040 0.015 0.022
Total 0.047 0.042 0.056 0.022 0.035
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@ LHCb forward geometry — small
distortions of angular acceptance
— corrected with MC

B? — Jib¢ angular accptance (MC)

< (cosh) < (cosy)
%a. T T T 3- T T T % T
o w o
AR B 11 i et B
w v
1.05F 4 10§ 1.05F q
1ﬁ ' ]
0.95| 3 o9 0.95
o0.9f B o0.9f B 0.9 B
0. . . . 0. . . . 0. .
-1 0.5 0 05 1 2 2 -1 0.5 0.5 1
cosf o [rad] cosy

@ Validity of MC-angular acceptance corrections tested measuring known

values of polarization amplitude in B — J4pK*°
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Untagged angular analysis of B® — J/K*°

5D unbinned likelihood fit (m, t,cos 6, ¢, cos 1))
Projection on transversity angles:

events/0.2

[LHCb-CONF-2011-002]
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0.252 £ 0.020(stat) £ 0.016(sys)
0.178 £ 0.022(stat) £ 0.017(sys)
—2.87 + 0.11(stat) &= 0.10(sys)

@ Compatible with world best measurements

3.02 + 0.10(stat) & 0.07(sys)

BaBar, Phys. Rev. D76, 031102 (2007),

@ Will be competitive in 2011

O. Leroy (CPPM)

1A, 12
1AL |2
JH (rad)
& (rad)

CP violation in BL’ —

0.211 +0.010 £ 0.006

0.233 4-0.010 £ 0.005
—2.93+0.08 +0.04
2.91+0.05+0.03
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Untagged angular analysis of B? — Ji)¢ (¢, fixed t0 Q)  wcoconrzorro0

5D unbinned likelihood fit (m, t,cos 6, ¢, cos 1))
Projection on proper time and transversity angles:

Proper time t —}— data Transversity angle cos 6
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Untagged angUIar analySiS of B? —> J/ qbs fixed to O) [LHCb-CONF-2011-002]

0.679 + 0.036(stat) £ 0.027(sys)
0.077 £ 0.119(stat) £ 0.021(sys)
0.528 + 0.040(stat) £ 0.028(sys)
0.263 + 0.056(stat) £ 0.014(sys)
3.14 £ 0.52(stat) & 0.13(sys)

s (ps™) 0.653 + 0.011(stat) 4 0.005(syst)
CDF note 10206: AT (ps™") 0.075 + 0.035(stat) + 0.010(syst)
|Ao|? = 0.524 4 0.013(stat) + 0.015(syst)

@ Compatible with world best measurements
@ Systematic uncertainties < statistical ones
@ Will be competitive in 2011
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Untagged angUIar analySiS of B? — J/LZ‘O (@\ floatlng) [LHCb-CONF-2011-002]

[ Feldman-Cousins confidence regions |

B06-LHCD P limin 68%
I s_7 Tey, 90%
“oaf 95%
L | L /

o, Irad]

o
TT \‘\\\‘\\\‘\\\‘

[~}
N
4

o
-

Coverage-adjusted two-dimensional profile likelihood of Ay — ¢

@ As expected, ~no constraint on ¢s. However, can still limit AT

@ 4-fold ambiguity
— use flavour tagging to discard two solutions
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Tag initial BY flavour

same side
kaon tagger

Same side

proton proton

vertex-charge tagger

Opposite side . : : -
*.from inclusive vertexing

opposite
kaon tagger (K7)

positive lepton taggers

negative lepton taggers from b_sc-s| cascade

(e, i) from b-quark

@ oy =725y, w= g%, Tagging power = e = £y DP = £y (1 — 2w)?
@ Mistag fraction, w, estimated event by event

@ Tagging algorithm optimized and calibrated on real data with B — D*~ v, BY — JAK™ and
BY — JK*°
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Flavour tagging: calibration and performance wescowzoa

Output of calibration B — 1K+ Check calibration in MC

20.6
_LHCb

o5~ Preliminary
\'s=7TeVData

Bt — ypkt

0

04— B — JapK

0= B — o

0.2

01—

@ Measured per event mistag matches mistag calculated after the calibration
@ Mistag calibrated in BT — J/yK™ can be used in B’ — JA/K*® and B? — T
@ Precision of calibration parameters dominated by statistics ehit+0.012, siope=0.11)

0S+SS-= (%) (%) cert(%)
B~ D" pfy, | 289402 | 342+0.8 | 2.87 +0.32
BT — JKT 23.0+05 | 339+1.1 | 2.38+0.33
BY — J/pK*? 26.1+09 | 33.6+5.1 | 2.82+0.87
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BO_EO m iXi n g freq u e n Cy [LHCb-CONF-2011-003] and [LHCb-CONF-2011-010]

48kBY — D* "ty 6kB? — D2t
£ 3
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@ Proof of principle that flavour tagging is working:
measure Amg in B’ — D™ (KT7 7 )r':

(World average: Amy = 0.507 + 0.005ps ")

@ OS tagging calibration used in Ams measurement
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B-BY mixing frequency (1) (s SonFeotrnm

Decay mode # signal candidates
Bs — Ds(¢pm)m 515 + 25
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B-B! mixing frequency (2) (s SonFeotrnm

Use:
@ per event proper time uncertainties, (o:) = 36 — 44 fs
@ per event mistag rate, e. = 3.8 +2.1% (OS only)

- T T T T
= AR
< sp 4 = f "
~ aof- 4 §p /[,
- E £ ]
a9 20 7
L LHCDb preliminary |
25f| E ]
15 \s=7Tev B
205 T [ ji
-1 L ]
15f- ~35 pb E 10 3
10 LHCb preliminary C 1
[ -35pp? ]
sE- Ns=7TeV = s B
L L L 1 C ]
5 10 15 20 N il L L | f | | B

Ame[psT] Y65 168 17 172 174 176 178 18 182

Amg[pst]

The line at 20.94 indicates the likelihood value evaluated in the limit of infinite mixing frequency

(4.60 stat. significance)

@ CDF: Am, =17.77 + 0.10 (stat) + 0.07 (sys) ps~"
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B%-BY mixing frequency (3)

[LHCb-CONF-2011-005]

= ; ; 5
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-0.6F ~ -1 3 05— o
o8k 5=7Tev p 3 = ~35pb* ¥ 3

= ! ! ! -1 =

o1 o2 o3 o 3 i i 36 25

t modulo 2 1t/ A mg [ps] am, (ps™]

Summary of the systematic uncertainties on Ams and their quadratic sum:

source Apamg[ps™']
proper time resolution 0.006
proper time resolution model 0.001
proper time acceptance function 0.000
fixed parameters floating 0.003
diff. background shape in mass fit 0.010
phys. bkg mass templates 0.002
variation of o; and n. PDFs 0.026
z-scale 0.018
momentum scale 0.018
Al 0.002
total systematic uncertainties 0.038
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Fit the ¢!’ phase

@ Expected sensitivity using toy MC [arXiv:0912.4175]:
astat(qbi/w) ~ 0.03rad for2fb—! at 14 TeV (4™ = —0.0363 = 0.0017 rad)

Today performance measured on real data:

| [LHCb36pb ' | CDF 5.2/ " |

BY— Ifpo 960 6500
Proper time resolution 50fs 100 fs
OS tagging power 25+0.8% 1.24+0.2%
SS tagging power work ongoing 3.5+1.4%

= expect world best measurement of ¢/** very soon!
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FII’St Observatlon Of B(S) — J/@Z’f() [arXiv:1102.0206], accepted by PLB

Many other ways to measure ¢, will be used at LHCb:

BY — ym(vv), B — ypm(ntw— x0), BY — ne@n)g, BY — D DF, BY — yn’ (00), BY — ym/ (nxta ),

BY — ypig(rtr ), BY — D)D)+, B y(28), BY — yp(ec) g, ...

4F LACo “FLHCb T
35F VS =7TeVData — 35F-\5 =7 TeV Data
s > F
[} ~
2 s 2 0
wn E -
£ 25p 3 25F
2 E
c 20 ~ 20F
2 o E
w 15 c 15F
o F
10 & 10 :}
SE sE
= - E. 4.y
300 5400 00 0
m(*rtT) (MeV) 600 800 1000 1200 1400

m(rt) (MeV)

r(B2 — J/yfy, fy —» nn™) — 0.050+0:046+0.027
r(BY — J/yop, ¢ — KTK~) o

Ry = 0.032—0.033

@ Can be used to improve precision on the BY mixing phase
@ Pure CP-eigenstate, hence simpler analysis
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Conclusions and prospects

@ Excellent performance of LHC and LHCb in 2010

‘W Many new results presented today for the first time

@ Most of milestones towards ¢§/W’ already achieved with only ~36 pb~!

e Hundreds of B — Jab¢ reconstructed with oy ~ 7 MeV/c? and o ~ 50 fs

@ b— JAX lifetime measurement
(BT — Jpkt) 1.689 = 0.022 (stat) + 0.047 (sys) ps
(B0 — Jpk*0) 1.512 4 0.032 (stat) + 0.042 (sys) ps
(B0 — J/«/;Kg) 1.558 + 0.056 (stat) + 0.022 (sys) ps
75ingle 0 .y ) 1.447 = 0.064 (stat) & 0.056 (sys) ps
T(Ap — A 1.353 4 0.108 (stat.) =+ 0.035 (sys) ps

e Untagged angular analyses of B® — J4K*® and BY — Ji¢
® Aly = 0.0774 4+ 0.119(stat) £ 0.021(sys) ps~' (45 = 0)
@ OS and SS-7 tagging calibrated
@ Amy = 0.499 + 0.032(stat) & 0.003(sys) ps—' with 6k B — D~ 7+
® Amy = 17.63 4 0.11(stat) £ 0.04(sys) ps—' with 1382 B? — D; (3)n+
already competitive with world average!

@ Systematics very small — expect many improvements with the 2011 run
@ Expect world best measurement of ¢/*? in 2011!
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Phenomenology

O. Leroy (CPPM) CP violation in B? — ], 2 March 2011 27/78



B mixing and lifetime |
The neutral B, (g = d, s) system is described by the following equation

(2 (120)) — (- Lge) (18400 )

dt \ [By(1)) 2 |Bq(1))

The famous box diagrams give rise to off-diagonal elements M/, and '}, in
the mass matrix /19 and the decay rate matrix 9

Diagonalization of /19 and ['7 gives the mass eigenstates

CP-odd: By :=pB+gB , CP-even: B,:=pB-gB
with  |p|* + |q|* = 1

with the corresponding masses M/, M, and decay rates I'/;, '}
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B mixing and lifetime |l

IM{,|, [TY,| and ¢q = arg(—My,/I{,) are related to three observables:

q |2
® Mass difference: AM, := M}, — M = 2|M], |< : Arﬁ“Q Sin® ¢og + )
12

|M{,| : heavy virtual particles: t, SUSY,

@ Decay rate difference:

ATg:=T] -1} =2|r] |cos¢q( é‘l\rﬂa‘zsm g+ .. )

|I'§72 : light real particles: u, ¢, ... no NP — below hadronic uncertainties

@ Flavour specific / semi leptonic CP asymmetries:

2

i ri, Al rd,
q 12 _ ~lag
ag = Im—=+0 < > = tan ¢q+0 < >
° M12 M1q2 AMq M1qZ

2
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B mixing and lifetime Il

In the SM one obtains

G2 A
Mg = Tor (Vg th)zMsvso(Xt)BBqféqMBqT/B
fa ° .

— (B ) [0.1058 + 0.024B; — 0.0275
AT <240l\/|ev> [0105 +0.024B, — 0.027 R]
AT g ) Bg
- 104 |46.2 1 7—11 il
AL 0 [6 +10.6 9 1
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B? — JAb¢ decay rates (1)

d*r(BY — Jpo
dt dQ

BY time and angular terms:

6
) oS h((@), and
k=1

4r(BO 6
k=1

k(S2) .

hie(t) hi(1) (0, %, »)
|Ao(1)|? |Ao(8))? 2c0s? (1 — sin? 0 cos? )
|A) (1) |4 (1) sinZ (1 — sin? 0 sin? )
AL (1) |AL(8)? sin? ¢ sin? 9

S{A(DAL(D)}

S{A[ (DAL (D}

— sin ¢ sin 20 sin ¢

R{A (DA (D}

R{A; (DA (1)}

< sin2y sin? 6 sin 2¢

ol |IN|=|X

S{A(DAL(D)}

S{A (DAL(D}

iz sin 24 sin 26 cos ¢
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BY — Jih¢ decay rates (2)

Time dependent amplitude for BY:

1Ag(0)]2 = 14g(0)[2¢ 5t [cosh (Arst) — oS ¢bs sinh (“S’) + sin g sin(amst)]

1A (012 = 4 0|2~ 5! [oosh (ALs!) — cos &g sinh (25

) + sin ¢ sin Amsr)} ,

AL = 1AL @F ! oosh (B5:1) + cos o sinh (£52) 1= sin g sin(amp)] ,

R{AS (DA (0} = 1Ag(0)] 1A (©)]e "5 cos 5 [cosh (ALs!) — cos i sinh (258 T4 sin g sin(amy)]
S{ATOALO} = 14 O)]1AL O~ [~ cos(s | — 5 )sin o sinn (ALt )

+ sin(6; — 6”)cos(Am,t) - cos(6; — 6” )cos ¢ sin(Amst)} s

&

J{AE(?)AL(Y)} = [Ag(0)| \AL(O)|e7rSr [— €os & | sin ¢ sinh (Agst) + sing | cos(Amgt) - cosd | cOs oy sin(Amst)} .

@ For BY: change sign — loose sensitivity if no tagging
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New physics effects

General parametrization of new physics effects in mixing

SM
r1275 - r12.5-,

SM .
M12,s - M1275 As;

As = |Ag|e/s

leads to the following relations for observables

AM;

2| M3 - |As]

2|T12,6] - cos (3™ + ¢5)
Mgl sin (63" + ¢5)
M A

7253 + ¢SA + 6geMng. + 5II:IeI1’1g.

Remember: ¢3M = arg(—M5,/T$,) and 3s = arg (— Vis Vi / Vs Vi3

O. Leroy (CPPM)
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New physics in BY-mixing

b S,
bg T SRr
’d
(823)RR
g ) g
- ~
s b
Sy -----B-:)g----':-‘--- bg
(823)rR

+ Examples of NP affecting @ and being compatible with
Am =17 .8ps-!
n  hep-ph/0703117 (little higgs model with T parity)
hep-ph/0703112 (susy, extra Z', little Higss)
Hou et al., hep-ph/0810.3396 (4™ generation; top')
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In

—

the SM, B,.—»J/y0 decay is dominated by a single weak phase: V..V,
.

A —
|
i

T s gt / i “ T
b '
0 i
Bl
v L‘;
Alb—ces) = VoV (A + P+ ViVL P + VVL A
- ‘C*"Cb(AT+P Pt) +-[’l|ﬁ ub(‘p)“ )
Vg = Vv, — v:.;v;;[\{m 21— 322 ~ AN (p + i)
Various penguin pollution estimates:
5P~10+ [H. Boos et al., Phys.Rev. D70 (2004) 036006]
6P~10% [M. Gronau et al., arXiv:0812.4796]

8Pupto~01 [S. Faller etal., arXiv:0810.4248v1]
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Penguin pollution in B — JAip¢

[S. Faller et al. arXiv:0810.4248v1]

.
e M alowsinge ([} g -
S exchin e D
v ) - b — scc
. o S o - N
B/ i L{\«- B) } Penguins suppressed by A2

s \\\ \
NIE
Y

2

AR = Ui = (1-F ) Al ae] o= 21—

s i /[ ‘ﬂ‘ T 7 7 _
b b N b ) dCC
B {T B fl 7/1“\‘\
s | s AN ] ;
[ \ v Penguins NOT suppressed
3 ]

wrt free

A(BS —(J /'d‘K*O) i) = )\A} {] - a}fie} eh}
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P— VV decays

* B, is a pseudo scalar (spin=0), ¢ and J/y are vectors mesons (J* = 17)

*Total angular momentum conservation =
in the B; rest frame, ¢ and J/y have relative orbital momentum € =0,1,2

* Since CP|J/y &= (-1)| T /v 6>,
final state is mixture of CP even (£=0,2) and CP odd (f=1)
* Decompose decay amplitudes in term of linear polarization, when J/v and ¢ are:
» A longitudinally polarized (CP-even)
» A;transversely polarized and 1 to each other (CP-odd)
+ A transversely polarized and || to each other (CP-even)

* = 3 angles 6, ¢, y describe directions of final decay products J/y—pu and ¢—KK
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A way to introduce j;

Vo can be written with 4 independent parameters:

m  the « usual » Wolfenstein parameters ,A pn
1= A2 A AN (p . in) ,
Verkm = —A -1y AN? + O
AN (1 —p—in) —AN 1
. Or |V, IVl IVal, [Vl [Branco 1988]
= Or 4 independent phases: v, B, B, B¢
~ = are [7 Klrl‘ﬁi’ix}
o v
V:'d":"\()
i =arg| -~ 7%
e Vvl
. Vr»VaiﬁJ
Bs = arg | —
e
. VuJ’]Td)
B = arg -
K ' [ V;"I/('(l
e References:

>  6.C. Branco and L. Lavoura, Phys. Lett. B
»  R.Aleksan, B. Kayser, and D. London. Det
Asymmetries. Phys. Rev. Lett., 73:18.20,
See also: J. Silva, hep-ph/0410351

O. Leroy (CPPM)

CP violation in BL’ —

208, 123 (1988).

G. C. Brance et al., CP violation, Oxford University Press, (1999)

ermining the Quark Mixing Matrix from CP-Viclating
1994, hep-ph/9403341
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b—d and b—s unitarity triangles

SM values, both triangles on the same scale, bs triangle shifted by etabar-0.3 to be visible
b-d trianglde divided by VedVcb*; while bs triangle divided by VesVeb*

VadVan + VeV, + WV = 0
y thVrE:
‘/u dv:kb Vcdv(;lk)
udVub
VeaVh
- 'Jf;ulviz‘l . Vv
A fi=ar [— ‘]
/ Vv
N . =(21.5 £ 0.5)°
VisVih + VsV + WV = 0
N L (V)
V V* | = 4”5. Vie /(’f)
MLMTY: ... il =(1.05 + 0.05)°
%S‘/‘Cb Vtthh Q
sl VZ‘HVL‘])

O. Leroy (CPPM)



Challenges

@ B — Jip¢ is a P—VV decay
e Jip¢ final state is a mixture of CP
odd and CP even states
@ Angular analysis to disentangle
statistically the 3 amplitudes: ; -
x e "t!  CP-even' with decay amplitudes As(t), A (t)
x e "' CP-odd with decay amplitude A, (t)

@ B! system oscillates rapidly
@ Need fine proper time resolution

K

o Aly > Aly

@ Correlation between proper time and angular variables

TFor ¢, = 0, pM = —0.0368

O. Leroy (CPPM) CP violation in B? — ], 2 March 2011



b— JX lifetimes

[LHCb-CONF-2011-001]
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LHCb b—> J/le y|e|d W|th 36 pb_l [LHCb-CONF-2011-001]

| Channel | Alltriggers | Unbiased trigger and t > 0.3ps |
Bt — JWK* | 12265 + 297 6741 + 85
B?— J/qu*0 4883 1+ 354 2668 + 58
B? — JAKS 1462 + 88 838 + 31
BY— Jo 959 + 89 570 £ 24
Ap — A 443 + 71 187 £ 16
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More on lifetimes

@ B2-BY? system has two lifetimes, 7. and 7y.
When fitting a single exponential to the proper time distribution of
BY — JAp¢, we measure:

single _ Ari + Brf

Amyq + Br,

with , . .
A= (1 - cos ¢,) 20 + (1 — cos ¢,) 252 + (14 cos 6,) A
B = (1+c0s ¢,) 0 | (1 4 cos ¢,) AL 4 (1 — cos ¢,) AL

@ [A¢(0)],|A;(0)],]AL(0)| and ¢ are the angular amplitudes and the
CP-violating phase in B? — J/)¢.

e Using MC10 input parameters, we calculate 7, = 1.430ps.
@ 7" |S NOT the BY lifetime, defined by 7 = 1/I'S

O. Leroy (CPPM) CP violation in B? — J/p ¢ at LHCb 2 March 2011



Lifetime: LHCb / CDF comparison

LHCb 33.6 pb— 1 (1) Fitted = (ps) CDF (4.3 1) Fitted 7(2) (ps)
BT — yyKkT 6741 £ 85 1.689 + 0.022 + 0.047 45000 + 230 1.639 £ 0.009 + 0.009
BY — ypk*0 2668 + 58 1.512 + 0.032 4 0.042 16 860 + 140 1.502 + 0.013 4 0.016
B0 — yyk 838 + 31 1.558 =+ 0.056 + 0.022 12070 4 120 | 1.513 4 0.016 - 0.010
O 570 -+ 24 1.473 = 0.078 + 0.059 6504 + 85 | 1.530 & 0.025 + 0.012
Ay — YA 187 4 16 1.353 + 0.108 + 0.035 1710 + 50 | 1.537 + 0.045 4 0.014

() Lifetime unbiased trigger only, t > 0.3 ps; LHCb-CONF-2011-001.
BY — Jip¢: LHCb-CONF-2011-002

(2) CDF note 10071, 23 Feb 2010. B? — J/)¢: CDF note 10206 5.2 fb~!
The B? lifetime on this slide is 1/T
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Untagged angular analysis of B® — J/K*°

and B — Jip¢

[LHCb-CONF-2011-002]
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Untagged angl”ar ana|YSIS Of BO — J/l/)K*O [LHCb-CONF-2011-002]

Perform Unbinned Maximum Likelihood fit
in B-mass m, proper time t and decay angles Q2 = {cos @, »,cos )}

Probability density function

P(m,t,Q) = kigS(M)S(t, Q) + (1 — Lig) B(m)B(t)B(£2)

Signal description given by diff. decay rate

dr(B® — JAK* or BY — JAhe)
dQdt

S(t,2; Aprys.) =

Physics parameters
BY— JK™: Nenys. = {Fa,  |Ao(0)1%,|A(0)%, |AL(0)I?,6),0.}
BY— Jfpd:  Aenys. = {ATs,Ts,|A0(0)[%, |4 (0)[%, |AL(0)I%, 6}
Background description

B(t) double exponential

B(£) flat/histogram/parametrization using Legendre polynomials
Alternative background treatment: S-weights

Cross-check results from three groups using three independent fitters

O. Leroy (CPPM) CP violation in B? — 2 March 2011



Angular Acceptances from Monte Carlo  wiescouwrzorom

B s o
gmr ERREE: E § 1.2 E
B’ — JK*® *® _ v, i
o e A <]
+10% - o o H
0.8 = 0.8 | 0.8 |
o 1 0.5 ll.l 0.5 1 o ‘2 0 2 o -1 -u‘.s 1‘) 0‘5 1
coso ¢ [rad] cosy
= (cos0) < (cosy)
%1. T T T g. T T T %! T T T
81t 1 Yk {1 8¢ B
B! — Jo | L 5 q
+5%  u o /A
0.9 E 0.9F B 0.9F E
08 o5 0 o5 [ 2 o 2 08y o3 o o5 1
cosf . . ., 9lrad] . cosy
@ Nonflat due to detector acceptance and implicit momentum cuts on final state
particles

@ Implemented via 3D histogram/analytic parametr./norm. weights

@ Shapes taken from MC, extensive crosschecks performed

O. Leroy (CPPM)
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Fitting B — JK*°

@ Signal PDF for the decay B® — J/yK*°
d*r
atdQ

e " [A(Q)[A(0)F + £(Q)A)(0)F + K(Q)|AL(0)?
L(@)sin(5. — 6)IA)(0)][ALO)
+ 5($2) cos 6| Ao (0)[| A (0)]
j:fe(Q) sind | |A0(O)‘ |AJ_(O)H

@ + for K*7— (K~ =) in final state

@ Terms f;(Q2) describe angular dependence of the amplitudes/interference
terms

@ Nonresonant K= S-wave contribution also included
@ Angular and time acceptance included in the fit

@ Convoluted with triple gaussian proper time resolution as described in
LHCb-CONF-2011-001
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Untagged angU|al’ ana|y3IS Of BO — J/(/)K*O [LHCb-CONF-2011-002]

| Parameter | Result |

A2 0.252 £+ 0.020

|AL|2 0.178 £ 0.022
d)j[rad] —2.87 £0.11
0 [rad] 3.02+0.10

|Asl2 0.051 £0.022
ds[rad] 2.16 +0.15
Fa[ps™'] | 0.659 +0.015
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B — JaK* Systematics

[ A2 T IALP | &ylrad] [ éifrad] [ [AJ® [ &lrad] [ Ta[ps~']

proper time acceptance - - - - - - 0.018
data/MC differences 0.008 | 0.006 0.07 0.05 0.006 0.22 0.001
statistical error of acceptance | 0.002 | 0.001 - 0.01 0.001 0.01 0.002
wrong-signal fraction 0.004 0.001 - 0.01 0.005 0.01 0.012
background treatment 0.002 | 0.008 0.04 0.01 0.008 0.09 0.032
statistical error of background | 0.008 | 0.005 0.02 0.01 0.005 0.03 0.003
mass model 0.010 0.002 0.01 0.01 0.007 0.07 0.015
s-wave treatment 0.001 0.013 0.05 0.05 - - 0.002

\ sum [0.016 [ 0.017 | 0.0 | 0.07 ] 0.014 | 025 | 0.042 |

@ Sideband subtracted data shows slight disagreement with
signal MC

@ The MC is reweighted in several distributions

@ The fit is then repeated with acceptance corrections
determined from reweighted MC
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B — JaK* Systematics

[Ay 2 T IALPE | &ylrad] [ 6i[rad] [ [AJ® [ &lrad] [ Ta[ps~']

proper time acceptance - - - - - - 0.018
data/MC differences 0.008 | 0.006 0.07 0.05 0.006 0.22 0.001
statistical error of acceptance | 0.002 | 0.001 - 0.01 0.001 0.01 0.002
wrong-signal fraction 0.004 | 0.001 - 0.01 0.005 0.01 0.012
background treatment 0.002 | 0.008 0.04 0.01 0.008 0.09 0.032
statistical error of background | 0.008 0.005 0.02 0.01 0.005 0.03 0.003
mass model 0.010 0.002 0.01 0.01 0.007 0.07 0.015
s-wave treatment 0.001 0.013 0.05 0.05 - - 0.002

\ sum [ 0016 [ 0.017 | 0.0 | 0.7 ] 0.014 | 025 | 0.042 |

@ Use legendre polynomials instead of the 3D histogram as
background parametrization
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B — JaK* Systematics

[Ay 2 T IALPE | &ylrad] [ 6i[rad] [ [AJ® [ &lrad] [ Ta[ps~']

proper time acceptance - - - - - - 0.018
data/MC differences 0.008 | 0.006 0.07 0.05 0.006 0.22 0.001
statistical error of acceptance | 0.002 | 0.001 - 0.01 0.001 0.01 0.002
wrong-signal fraction 0.004 | 0.001 - 0.01 0.005 0.01 0.012
background treatment 0.002 0.008 0.04 0.01 0.008 0.09 0.032
statistical error of background | 0.008 0.005 0.02 0.01 0.005 0.03 0.003
mass model 0.010 | 0.002 0.01 0.01 0.007 0.07 0.015
s-wave treatment | 0.001 | 0.013 | 0.05 0.05 - - 0.002

\ sum [ 0016 [ 0.017 | 0.0 | 0.7 ] 0.014 | 025 | 0.042 |

o Fit a double gaussian instead of a single gaussian to
describe the signal mass distribution.

O. Leroy (CPPM) CP violation in 2 March 2011



B — JaK* Systematics

[A 2 T IALP | &ylrad] [ éifrad] | [AJ® [ &lrad] [ Ta[ps~']

proper time acceptance - - - - - - 0.018
data/MC differences 0.008 | 0.006 0.07 0.05 0.006 0.22 0.001
statistical error of acceptance | 0.002 | 0.001 - 0.01 0.001 0.01 0.002
wrong-signal fraction 0.004 0.001 - 0.01 0.005 0.01 0.012
background treatment 0.002 0.008 0.04 0.01 0.008 0.09 0.032
statistical error of background | 0.008 0.005 0.02 0.01 0.005 0.03 0.003
mass model 0.010 0.002 0.01 0.01 0.007 0.07 0.015
s-wave treatment 0.001 0.013 0.05 0.05 - - 0.002

[ sum [0.016 | 0.017 | 010 [ 007 [ 0014 | 025 | 0.042 |

@ Effect of neglecting the S-wave contribution
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B — JaK* Systematics

[Ay 2 T IALP | &ylrad] [ 6ifrad] | [AJ® [ &frad] [ Ta[ps—']

proper time acceptance - - - - - - 0.018
data/MC differences 0.008 | 0.006 0.07 0.05 0.006 0.22 0.001
statistical error of acceptance | 0.002 | 0.001 - 0.01 0.001 0.01 0.002
wrong-signal fraction 0.004 0.001 - 0.01 0.005 0.01 0.012
background treatment 0.002 0.008 0.04 0.01 0.008 0.09 0.032
statistical error of background | 0.008 | 0.005 0.02 0.01 0.005 0.03 0.003
mass model 0.010 0.002 0.01 0.01 0.007 0.07 0.015
s-wave treatment 0.001 0.013 0.05 0.05 - - 0.002

[ sum [0.016 | 0.017 | 010 [ 007 [ 0014 | 025 | 0.042 |
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S-wave implementation in B® — JA/K* fit ooz

The implementation of a mk. dependent S-wave amplitude follows the prescription of the BABAR
collaboration. When a (K) S-wave in the B decay amplitude is included in addition to the (Kw) P-wave the
differential decay rate, g(2, A), becomes:

dr " « *

30 = (92 A) 1A () + [BQR(AA3) + HQ(ALAS) o R(AAT)] |

where As = |As| €%s is the complex S-wave amplitude. P and S-wave component should should sum to one,
e [Agl? + AL+ |A)° + |As|? = 1.

The additional angular functions f;...1o of the transversity angles Q are defined as:

£(Q) %2 [1 — sin? 0 cos? ¢>] ;

K(Q) %\/ésinwsinz 0'sin 2, 0]
K(Q) %\@sinwsin 26 cos ¢,

fio(Q) = %4\/:%05 " [1 — sin® 9 cos? ¢]
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Untagged angular analysis of B — J/i/K*°

World results:

Parameters CDF result DJ result BaBar result Belle result
(2007) (2009) (2007) (2002)
|AH 12 0.211 £ 0.012 4 0.006 0.230 +0.013 +0.025 0.211 4+ 0.010 £ 0.006 -
|Ag \2 0.569 + 0.009 + 0.009 0.587 +0.011 +0.013 0.556 + 0.009 £ 0.010 0.618 + 0.020 + 0.027
1ALl - - 0.233 + 0.010 £ 0.005 0.191 4+ 0.023 £ 0.026
s I [rad] -2.96 +0.08 +0.03 - -2.93 £0.08 +0.04 2.83+0.19+0.08
S [rad] 2.97 +0.06 +0.01 - 2.91 +0.05+0.03 3.05+0.13 £+ 0.06

Leroy (CPPM)
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F|tt|ng B(S) — J/(/)Qb (Untagged) [LHCb-CONF-2011-002]

@ Signal PDF for the decay B? — J/¢
dr _ _ar
dgg = @ A)PA(Q)e %!
+ A (0) P ()6 ="
+|AL(0)PB(Q)et !
+ 05 3| Ao 0)] |4 (0) f5(2)e™ %]
@ This PDF assumes ¢ = 0, additional terms appear for ¢, # 0
@ Angular and time acceptance included in the fit

@ Convoluted with triple gaussian proper time resolution
(LHCb-CONF-2011-001)
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B?— Jae P

roper time projection

Proper time t —}— data
» sig. component
‘e. I~ .
S . LHCb preliminary ------- cp-even sig. component
E \/s=7TeV, L=36 pb'1 — — cp-odd sig. component
§ ——— bkg. component
@ B ‘\'\\ complete pdf
~f \S
105 CP-even ~ ',

L \ Y ‘\\

- ~ <{(; CP-odd ~ 'y

- \\ . v

~ b"‘l
I PP SR N UPER A N A  H A

1

O. Leroy (CPPM)

2 3 4 5 6 7 8
proper time t [ps]

CP violation in B? —

2 March 2011



BY — J/)¢ Likelihood projection M's — Al wesconrzonon

T — T3

P Iy LHCb Data Preliminary]

T e N N8=T7TeV, L=36pb ]
) N\

S
"

\\‘H\\‘\H\‘\\HC‘JHH‘HH‘HH‘HH TT

-0.

&)

b b b b beee Beei |

The contour is obtained using the “profile likelihood method”. For every grid point a likelihood fit is performed in
which (T, AT) are fixed to the grid point and all other parameters are floating. The negative log-likelihood
(—In £) of the fit is assigned to the grid point. The regions corresponding to confidence levels of 68.3, 90, 95
and 99% are given by the grid points for which 2A In £ < X with X = 2.30, 4.61, 5.99 and 9.21 respectively.
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B(S) — J/’Q/JQb SyStemathS [LHCb-CONF-2011-002]

’ Systematic effect Abs. deviation for parameter

‘ Tolps™']  ATo[ps™']  |AL(O)®  |A(0)1* &) [rad]
Lifetime resolution 0.0001 - - - -
Angular acceptance - - - 0.0007
Acceptance parametrization 0.0002 0.001 0.0017 0.0013
Lifetime acceptance 0.0272 0.001 0.0003 0.0002 -
S-wave 0.003 0.003 0.013 0.028 0.13
Background description 0.0002 0.02 0.0016 0.0012 -
Mass model 0.0004 0.004 0.0032 0.0006 -
¥ (quadratic) 0.0274 0.0206 0.0136 0.0281 0.13

@ Neglecting the Lifetime acceptance correction e(t) = 1 + gt
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BY — J/ip¢ Systematics

[LHCb-CONF-2011-002]

’ Systematic effect Abs. deviation for parameter

‘ Fslps '] Alslps™']  |AL(O)°  [Ay(0)f°  5y[rad]
Lifetime resolution 0.0001 - - - -
Angular acceptance - - - 0.0007
Acceptance parametrization 0.0002 0.001 0.0017 0.0013
Lifetime acceptance 0.0272 0.001 0.0003 0.0002 -
S-wave 0.003 0.003 0.013 0.028 0.13
Background description 0.0002 0.02 0.0016 0.0012 -
Mass model 0.0004 0.004 0.0032 0.0006 -
3 (quadratic) 0.0274 0.0206 0.0136 0.0281 0.13

@ Fit with S-wave is unstable with the low B? — J/)¢ statistics

@ The effect of neglecting a 6.7% S-wave contribution is
determined using toy MC
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B? — Jap¢ Systematics

[LHCb-CONF-2011-002]

Abs. deviation for parameter

Systematic effect
‘ Y ‘rs[Pf'] Als[ps™'] AL  |A(0)  §y[rad]

Lifetime resolution 0.0001 - -
Angular acceptance - - - 0.0007
Acceptance parametrization 0.0002 0.001 0.0017 0.0013
Lifetime acceptance 0.0272 0.001 0.0003 0.0002 -
S-wave 0.003 0.003 0.013 0.028 0.13
Background description 0.0002 0.02 0.0016 0.0012 -
Mass model 0.0004 0.004 0.0032 0.0006 -
3 (quadratic) 0.0274 0.0206 0.0136 0.0281 0.13

@ A flat background is used instead of the analytic
parametrization

O. Leroy (CPPM) CP violation in B?
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B(S) — J/’Q/’QS Compal’lson [LHCb-CONF-2011-002]

= |A;(0)]2 = 1 — |A(0)]2 — |AL(0)]2 = 0.209

| Parameter [ Result & stat. + syst.

Folps '] | 0.679 & 0.036 + 0.027
ATg[ps™'] | 0.077 £0.119 £ 0.021
|A0(0)2 | 0.528 4 0.040 + 0.028
|AL(0)]? | 0.263 4 0.056 = 0.014
5 [ rad] 3.14+£0.52+0.13

CDF untagged PRL 100, 121803 (2008)

Parameter \ Result + stat. + syst.
F[ps™] 0.658 + 0.017 4 0.009
ATg[ps™'] 0.07619%%% + 0.006

|A0(0)? 0.531 + 0.020 + 0.007
|AL(0)2 0.239 +0.029 + 0.011
|A;(0)] 0.230 + 0.026 + 0.009

@ Good agreement

@ Results not yet competitive with the Tevatron (will be in 2011)

O. Leroy (CPPM)
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M 0 re 0 n Cove rag e CO rreCti O n [LHCb-CONF-2011-002]

For low statistics the Likelihood projection method can lead to significant
undercoverage. We therefore performed a study using the Feldman-Cousins
method which gives correct coverage by design [PhysRevD.57.3873]. This
computation intensive method determines the coverage contours in the

¢s — Al§ plane by repeatedly generating and fitting toy Monte Carlo data sets
for every grid point. For every toy data sample two fits are performed, one with
#, and AT fixed to the values at the grid point given by ¢, and AT, and one fit
which leaves these two parameters free. Every toy at every gridpoint therefore
results in a Likelihood ratio AIn Lioy = In Lioy (s, AT, A)/ 1IN Liy (65, AT, M),
where A denotes the remaining physics parameters which are varied in the fit.
For every grid point the p-value is then given by the ratio of all toy data sets
which have a larger A In £ than the data sample at this point. The coverage is
then given by C.L. = 1 — p. We finally give coverage contours obtained from a
Feldman-Cousins study performed using 1000 toy data sets at every point of
a 40 x 40 grid.
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Flavour Tagging
[LHCb-CONF-2011-003]

O. Leroy (CPPM) CP violation in B? — J/p ¢ at LHCb 2 March 2011 59/78



Flavour tagging {LHG>CONF 2011003

Combination of taggers & tagging categories

@ Individual tag response are combined to form OS and SS+0S tagging
combinations

_ _ p(b) Y1
P(b)fpi(b)+p(5), P(b) =1 — P(b),

b) = H(1 Z 9 _ gp), p(b) = H D)

@ OS are common to all the channels and allow to study the SS= and SSK.

@ P=1—pn=1—ycauatd 5 the event weight that can be used to separate the
events in categories of events with similar mistag & gain in tagging performances
(statistical independent samples)

NB: to get the best tagging performances, to have correct categories and to be able to
use the w per event the probabilities to tag correctly must be calibrated.
Since MC doesn’t fully represent data, the calibration is done on data.
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Detailed tagging performance

[LHCb-CONF-2011-003]

[ Etag (%) [ w(%) [ Eet(%)
BY— D*~ wruy
average OS 18.2+0.2 34.3+0.8 1.79+0.18
combined OS 18.3+0.2 33.6+£0.8 1.974+0.18

average SSw+0S 29.1+0.2 35.8+0.8 2.36+0.26
combined SS-7+0S 28.9+0.2 34.24+0.8 2.874+ 0.32

BT = J/KT
average OS 15.44+0.4 33.3£1.2 1.71+0.29
combined OS 15.4+0.3 32.24+1.2 1.97+0.31

average SSt+OS 22.7+0.4 35.54+1.0 1.924+0.30
combined SS7+0S 23.0+0.5 33.94+1.1 2.38+0.33

BO N J/’LZJK*O
average OS 157+06 | 33.1£3.0 | 1.79+0.71
combined OS 15.8+0.7 | 30.0+6.6 | 252+ 0.82

average SS7+0S 259+0.8 | 37.0+24 | 1.75+0.70
combined SS7+0OS | 26.1 +0.9 | 33.6 +5.1 | 2.82+0.87
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B%—BY and B’-BY mixing frequency
[LHCb-CONF-2011-010] and [LHCb-CONF-2011-005]
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B-B mixing frequency {LHG-GONF 2011010

Systematics

Study A(Amg)[ps"T | po ps
proper time resolution 0.000 0.000 | 0.00
proper time acceptance 0.003 0.001 | 0.01
variation of n. PDF 0.002 0.004 | 0.15
floating fit parameters - 0.001 | 0.01
double Gaussian mass signal PDF - 0.001 | 0.01

z-scale 0.0005 - -

momentum scale 0.0005 - -
Sum 0.004 0.004 | 0.15

Systematic uncertainties for opposite side taggers only
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B%-BY mixing frequency Al conmertrans]

Decay mode # signal candidates
Bs — Ds(¢m)m 515 + 25
Bs — Ds(K*K)m 338 + 27
Bs — Dsm non-resonant 283 £+ 27
Bs — D37 245 + 46
H o Lco pretminary e % L. UHh proiminay :;;;;:;g%
= 160F et gurs Z
% 140F fitted A, ~A.bkg. ,‘g
% 120| — %
100} A1
= ~35 pb R
60|
40}
20

-
5000 5500 5000 5500
B, mass [MeVic B, mass [MeV/c ]

oy O
> 140 —— fiteq sig > T - e sy
2 a0 n 2 200F Lo pretminary .
= 120f " fuea obig z o
£ fted D X bkg E
2 100l iteas - onbig 2
P gt @
£ £
2 89 g
3 3
-1 4
* 60 ~35 pb *

5000 5500 5000 5200 ~ 5400

5600
B, mass [MeV/c?] B, mass [MeV/c 7]
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B%-BY mixing frequency s conreptrans

T T

8 wkLHch e g

S Preliminary ean = 0,019 20003 J

b 5 =7 TeV Data h=1285 20002

g 10 k-

I E

by E

102k E

3 #]

10—| | T 3

il
5 ) 5

to(t)
2 e ‘ ‘ ‘ T3 g T ‘ ‘ I
[ 1 180 -
s f —— Mean=44fs| 1 8 F + Mean=36fs| 7
S 500 E S 1o E
3 F RMS=15fs | 3 @ 1a0F RMS =13fs | 3
£ ¢ 1 £ F 3
§ a0l T E $ 120 LHCb preliminary E
* C reliminar ] ** 100/ =
300 \Fp Y 3 aoz \s=7TeV E
E =7TeV 13 E 17
2o ~35 pb E 60f- —— ~35 pb 3
£ b 401~ =
100~ - 206 3
F ] o — 3
———— I I | o | | I I 1 E}

0.02 0.04 0.06 0.08 0.1 0.12 0.02 0.04 0.06 0.08 0.1 0.12

S50, [ps] S0 o)

Proper time pull distribution of fake B2 candidates (top). Scaled proper time
uncertainties for signal B candidates in the BY — Dy (K*7~ =) (left) and
B2 — D7 (K*m~n~)3m mode (right) respectively.
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B%-BY mixing frequency s conreptrans

Mean 0.3356 Mean 0.3377
1n100— L0100
S RMS 0.07983| © RMS 0.08066
eI LHCb preliminary - S - ——
o | B % _+  LHCb preliminary | | 3
z 8o \s =7 TeV N £ 80 ——= A
g I ] o I \s=7TeV [ 1
[CR | 4 o | 4
** 60— | *i* - * 60l —
L —— ] [ ]
[ o ] L ]
40— | — 40— | -
L ] r - ]
i i ] I ~35pb™ 1
20— ! ~35pb™ 20— \ N
L ] L —— ]
I e
r . 1 r . . v 1
L — ] [ —e— ]
S e DR FE DU PUST TR FPS P T Fo T T F ST PR ST PSR TR N
0 005 01 015 0.2 025 03 035 0.4 045 05 0 005 01 015 0.2 025 0.3 035 0.4 045 0.5
n n
c s

Predicted mis-tag probability 7. for BY signal (left) and combinatorial
background candidates (right) together for the four BS decay modes used in
the Ams measurement.
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More on systematics related to lifetime

We estimate the “alignment” uncertainty from absolute uncertainties in the survey of
the vertex detector and the agreement of the track based alignment with the survey.
The CDF detector is a central detector, thus the detector has cylinders with a given
radii. The tracks are curled in x/y plane. The momentum measurement is obtained by
the curvature in x/y plane. The decay length (namely L, in CDF) is as well only
measured in x/y projection. It is harder to align the position of the radii of the CDF
detector due to the additional degree of freedom of the momentum of the tracks.
Hence the absolute position is less well known than at LHCb. In addition, the boost at
LHCb is much larger than at the Tevatron: B’s fly 9 mm in average, while only 1.5mm
at the Tevatron. So we have smaller relative uncertainties.

Uncertainties related to the momentum scale are estimated from the measured
invariant mass of known resonances, most notably charmonium and b-hadrons.
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First B — Ji)¢ candidate (flight distance ~ 2 cm!

O. Leroy (CPPM)

Run number = 72330
Event number = 78621879

LHCD

CP violation in BY — J/4) ¢ at LHCb
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LHCb: toyMC sensitivity to B — Jiy¢-related

parameters [arXiv:0912.4175]

[ Parameter | Units [ Sensitvity x10% : o + 6o
‘ ‘ Only phys. ‘ Al parameters ‘
free
EN Tad 302 312
rs ps—1 31401 29401
Arg ps—1 9.1+04 91405
R, 42402 42%02
Ao 34+0.1 30+02
5) rad 74+3 7243
5y rad 894 130+7
amg ps—! - 4at2
Mg, Mev/c? - 5243
w = BET
[ - 32+2
omA Mev/e? - 180+ 10
Tm2 Mev/c? - 840 4 40
/,‘“ - 20 +10(*")
uy ps - 36402
ot ps - 8604
oia ps - 141
bt (Mev/ct)—1 - 0.016 4 0.001
ufF ps - 0.082 4 0.004
af" ps - 0.081 0,004
okl (Mev/ct)—1 - 0.032 4+ 0.002
r‘;’? - 38402
] ps—! - 97£05
7;;‘2~ ps—1 - 15401
pbl ps - 30402
uE"« ps - 1.16 4+ 0.06

Parameter precisions and corresponding error obtained from simultaneous three-angle fit to different set of parameters using tagged and untagged events.
Each value is the mean (and its uncertainty) of a single-Gaussian fit to the parameter distribution obtained in 300 toy Monte Carlo experiments, each

corresponding to a dataset equivalent to 2 1. The value marked with (*) represent the error mean and RMS, since the distribution is not Gaussian.
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More (0]4] B(S) — J/@/)f() [arXiv:1102.0206]

LHCo " =~ T T T T T T T
\'s =7 TeV Data

Events / (15 MeV)

1000 1200 1400
m(TtT) (MeV)

The invariant mass of 77~ combinations when the J/« =" =~ is required to be within =30 MeV o f the B!
mass. The dashed curve is the like-sign background that is taken from the data both in shape and absolute
normal ization. The dotted curve is the result of the fit using Equation:

|A(m)[2 = Nomp(m)q(m) |Flaté[f,(980)] + A, exp™ BW[1,(1370)]|° ,

with
9

Flatté(m) = s
(m) m2 — m? — imo(g1 prr + G2PkK)

and the solid curve the total.
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Reminder: Tevatron results

CDF, FPCP’2010

CDF Run Il Preliminary L=52f"

06f — sswot D@ ICHEP 2010
[ —— e8%CL —
0.4 —— SM prediction T 04 F Doﬂ 6.1 fbl g; ; _géfigii
[ \ A 3 £ By~ J/ve AM, = 17.77+0.12 ps”}
< 0.2F 02 F ©
7] r E — 68% CL
o 00: O 4005 —95% CL
— . = - WO po T T
S ((_ .
0.2 = 02 F
-04F 04 —
08k 3 2 a1 o0 1 2 3
N BRI S R J/¥4[rad]
N 5 ; ¢3/¥[rad]
ps (rad)
Signal yield (lumi) /"% (rad) Ref.
CDF 6500 (5.2pb~') —0.54 £ 0.50*) CDF Note 10206
D@ 3400 (6.1fb~") | —0.767%38 (stat) £ 0.02(syst) | D@ 6098-CONF

(*) CDF quotes 35 € [0.02, 0.52] U [1.08, 1.55] rad at 68%CL. “—0.54 + 0.50" is my estimate.
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CDF FPCP B — J/i)¢ results

CDF Public Note 10206 (18 July 2010)

CDF Run Il Preliminary L=521"

0.6 —— e5%cCL
L — 68%CL
0_4; —=— SM prediction
—~ 0.2 \
g " )
., 0.0 = =
S ot ((
-0.2F =
-0.4fF
-0.6F
o o L s L
-1 0 1
Ps (rad)
@ 5.2fb~!, B €[0.02, 0.52] U [1.08, 1.55] rad at 68%CL
= ¢§/¢’¢ = —0.54 + 0.50rad (my estimate)
@ S-wave taken into account in the fit
@ Selection: optimized directly stat uncertainty on 3, (before was S/+/S + B)
@ 6500 B? — Jip¢ candidates
@ SSK calibration checked on data with B? — Dy 7+
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CDF FPCP B — J/i)¢ results

i COF izl 2D likelihood contours for g, and

DGCDF e e L 521" AT without coverage adjustment

0.4 - :mitma,. CDF Run Il Preliminary  L=5.215"

0.6[ - S-wave ot included
P \ - S-wave included
@

Lo O/( e
C 0.2 ‘

-0.2] =
-0.4F 0.0
.6 ‘ 0.2
-1 0 1
B, (rad) -04
o COF Funtem2an n00 2087 -0.6 . L
Tm oo oL e 0 ]
= B (rad)
0.0 o e

-0.2| (
\C/ Inclusion in the fit of S-wave

KK (f°) contamination to phi

ﬂ-".ﬁ -0 05 00 05 1.0 1.5 .
57 ad] meson signal has small
2009 Tevatron combined result effect on likelihood contours
I o ok o e
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CDF FPCP B — J/i)¢ results

o S-wave KK component has been added to full angular, time-dependent likelihood fit.

o Both f2 and non-resonant KK are considered flat in mass within the small selection
window, ¢ meson mass is modelled by asymmetric, relativistic Breit Wigner.

o J/p KK () is pure CP odd state
o KK mass is NOT a fit parameter

The fitted fraction of KK S-wave contamination
in the signal is < 6.7% at the 95% CL

24log (L)

CDF Run Il Preliminary 3.8 fo™

2500

2000

1500

as
IPOD 0.02 004 0.06 0.08 0.10
S-wave fraction

1000

500

Fixing the f0 fraction to the
central value found in tl
full likelihood fit gives

0

O. Leroy (CPPM) CP violation in B? 2 March 2011 75/78



DD ICHEP B? — J/i)¢ results

DY note 6098-CONF (22 July 2010)

— !’reliminary
T s Doan” T o EoTE:
& ;—Bg I/ AM. = 17774012 psY
g 021 @ — 68% CL
4 —95% CL
0.0 o s T
02 —
04f
3 2 1 0 1 2 3
¢7/*[rad]
@ About 3400 signal events (~ 2 times less than CDF with similar lumi)
@ 6.1 /"% = —0.767%3 (stat) + 0.02(syst) rad
@ Use only OS tag
@ Checks F-B asymmetry of cos() distribution versus K* K~ mass that there is no
significant s-wave contribution, but do not account for possible contribution in the fit
@ Constraints strong phases to the values from B® — JApK*0
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Flavour-specific asymmetry in BY | decays

@ Physical asymmetry :

a?s = ﬁrrni tan((z)s)

al(SM) = (—6.478) x 107* , aS(SM) = (8.0713) x 1075 (arxiv:1008.1593]

@ Measured asymmetry :

q _ r(H-r@
A = r(H+r(f

al  sd A cos(Amgt 50 B\q
Alt)y=% %~ (*f p)cosh(AFq‘:/2) +2(3) g=s.b
@ In LHCb, polluting symmetries are much larger than ag:

o Detector asymmetry 6 ~ 1072

@ Matter detector — hadronic interaction asymmetric
@ At LHCb: reduced by swapping the magnetic field

e Production asymmetry 7 ~ 1072
@ LHC is a proton-proton collider

e Background asymmetry 57 ~ 1072
@ Calculated using sidebands
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Subtraction method in semi-leptonic modes

[R. Lambert, CERN-THESIS-2009-001]

@ Use B — D, urv and B — D~ v with the same final state Kt K~ 7~ pu*
— same detector asymmetry 67 for these modes.

o Measure the difference between B? and B%: AASY ~ %
— most of background and production asymmetries also cancel

T T
LHCb Preliminary 8,0
350 \5=7 Tev (1.15:0.11)pb"! -
— Neutral
= Double-charged

®,~0u)

Candidates per 5 MeVc?
8
S
T

F LHCb MC
F@ -1t
F If a,=SM

L A m— -0.04-0.03-0.02-001 0 0.01

KKr Mass - D; Mass / MeVc?

S

(LHCb MC: stat uncertainty only)
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