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{{&& CP-violation in B, mixing

Ty

B; — /¥ ® dominated by tree-level transition
( small penguin contribution ~ 10™% —1073) B0 O

Interference between mixing and decay gives rise to

CP violating phase ¢, = ¢y — 2 ¢p B # ]/‘IJ ()

N 5 A

¢, in Standard Model well predicted and small:
0.0363 £+ 0.0017 rad
[CKMfitter Eur.Phys. J.C41 1-131 (2005)]

0
New Physics in mixing: ¢, = ¢p3M + NP B

21.07.2011 EPS HEP 2011 2



(&% Angular Analysis of B; — J/¥ @

P -> VV decay:
final state is mixture of CP even and CP odd eigenstates

CP(J /¥ D) =ncp(J/¥) - nep (@) - (—1)

Described by three polarization amplitudes: A, (CP-odd)
Ay, A, (CP-even)

Final states described by three transversity angles: Q = {¢p, 6, ¥}

Likelihood fit to disentangle CP states

Physics Parameters:
[y, AT, |Aol?, |ALI%, 6y, 61, Amg, b

/

Only measurable with tagging information
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%{a Selection of B, — J/W¥ ® and control channels

Selection similar for all B — J /W X channels

Single- and Di — u unbiased trigger lines ( no cuts on proper time, IP, ...)
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Cuts on kinematic, track and vertex quality variables

Cut at proper time t > 0.3 ps to suppress prompt background

LHCb-Conf-2011-01
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&1{{2’ Flavour tagging and Am; measurement

LHCb-Conf-2011-03

OS tagger calibration with B+ -> Jpsi K+

Per event mistag:

For B, — J/W &:

(in 2010 data)

w; =po+p-M—<n>)

(‘)eff = 32 i 2 %
eD? = 2.2 + 0.5% (tagging power)

Measurement of Am, using OS tagger:

I T
LHCb preliminary
s=7TeV

® Data
fitted sig.

—— fitted D,  bkg.

fitted D, p bkg.
fitted D, X bkg.

Unbinned 2d fit:

LHCb-Conf-2011-05

5500

B, mass [MeV/c?]

- D, (dm)m
5D, (K'K)m
- D, (KKm)

— D, (K K ) 3m (245 + 46)

Different decay modes used:

(515 + 25)
(338 + 27)
(283 + 27)

| Amg = 17.63 + 0.11 (stat) + 0.04 (syst) |

CDF: Am,

17.77 £ 0.10(stat) £ 0.07(syst)
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Main systematics:
Momentum and z-scale
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- LHCb Preliminary w

': : :
a el Tt it SRR SRR X S W -
50827 TeV, L236 pBt Y .
- : : o : :
ﬂ H B : :

Standard Model p-value 22% (1.20)

| s € [-2.7,—0.5] rad @ 68% CL

LHCb-Conf-2011-06

757 + 28 events

Point-estimate not meaningful with
current statistics

Feldman-Cousins method to get
confidence level contours in Al — ¢
plane

Here: only statistical error
(systematics effects have been studied

and are small compared to statistical
uncertainty)
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ﬂfﬁ% Prospects for By, = J /W &

erci
g

Results for 10x more statistics ( 350 — 400 pb~1) 3%

very soon glm
(8 ]

— expect world best measurement of ¢

Signal

LHCb Preliminary

LR
280 pb N5 =7 TeV, L =280 pb'!
N. =55023+779
* 6 =7.05+0.09 MeV/c®

3300 5350 5400

5450
myy o [MeV/c’]

Central values from 2010 analysis as input

Effect of 10x more statistics

| Assuming identical performance as 2010

[ T N N N M S —
"L LHCb 400pb™" Toy Monte Carlo
0.4~ 68.3%
- 90%
0.2— 95%
021~ i.
-0.4/—
0B — U SRS S——
- | Cd - | E |
4 -3 -2 -1 0 1
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ﬁlifgdzl Additional interesting channels for ¢

Pure Penguin decays First observationof B, - K" K*: | HCb-Conf-2011-019

Can be used in the extraction of ¢ 22
3 E
~ F > fgf_ LHCb _
> 70 LHCb Preliminary = 6 Preliminary B, - K*K*
E gof Vo 7TV Lez20 ph” B - ® 2 145 L-ssaps’
ﬂ - Width = 15.9 + 0.9 MeV/c? : 12:_
g 50 Nyg =227 +15 £ 10f
ma G H J
A L L
- It T
20 z%. L1 """.T.' . "./. ! L S i
- 5000 5200 5400 5600 5800
10 " ] m(K'TKn*) (MeV/c?)
Hoo e V5300 N uu BR(B; » K*K*) =
Massli) (Heie) (1.95 + 0.47(stat.) + 0.51(syst.) + 0.29(f4/f;)) - 107°
Branching ratio of B; — J/W K™: for ~300 pb~1: c:>'=’- 160 LHCb
S 140
Based on 36 pb~1 o 120
= 100
Assumes all events are K* — K « for % 80
Im(Km) — m(K*)| < 150 MeV o 80
40
BR(B; » J/¥YK*) = 20

+1.1 .1075 o=
(3.5_1.0 (stat.) £ 0.9(syst.)) 10 LHCb-Conf-2011-025

M(J/y,K,n) (MeVic?)
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%{’] Lifetime measurementof B, > K™ K~

T T I T T T T I T T T T | T T T T

B, —» K* K~ decay dominated by penguin diagram

‘:>9 90;; IlHCI)bIPreIiminary,\E=7TeV =
< C Nyt = 376 =
© 80— 3
] e - Mg .k =5364.2+ 1.8 MeV 3
Can be used to put constraints on Al g 701 e tamey
. @ F Bk = SR s
and the mixing phase ¢y % 60E- fo, = 0867 0057
T 50 —
Fitting decay rate with single exponential gives - E
. . . 30— —]
effective lifetime g ;o
200 37 pb™"
105 —
7 100 b ]
a - LHCbIPreIiminaIry,\E=7lTe —|—|Data | . obid v v EEISE R TS -},{-,-I-,*,‘H,*f.{',;_
Q@ 90 —— Fit E 5300 5400 5500 5600 5700 5800
2 goE B;—~KK 3 Myk
WoE —— Background 3 ] o
ﬁ 70F- <4 Two independent lifetime measurements:
S0F- 3 1. Absolute measurement of lifetime
0F 3 2. Relative measurement with respect to B lifetime
30 E
-
na 37pb™" 3 Trx = 1.440 + 0.096 + 0.008 ps
o b e (absolute measurement)
proper time [ps]
LHCb-Conf-2011-018 CDF: ik = 1.53 + 0.18(stat) + 0.02(syst) ps
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({((§a Summary

LHCb has measured many interesting results with 36 pb:

X IF
£ E
< 0.8f
0.6F
0.4F

World best measurement of Amg using By = Dy 1 o2

.0.2F

Amg = 17.63 + 0.11 (stat) + 0.04 (syst) ps~* %

-0.6F

LHCb preliminary

36 pb"!

| S B B R
0 0.1

\s=7TeV

0.2 0.3
t modulo 2/ A mg [ps]

* Tagged analysis of B, — J/¥ @ allows to constrain ¢

bs € [-2.7,—0.5] rad @ 68% CL

9 gl LHCD Prelimina-ry“ : N
= PENs=7TeV, =36 pb' \
= - \
<

* Lifetime measurement of B, » K+ K~ o4 i %

0.2/ 68.3% / Lo
i R PN
of-95% /¢ )

Txx = 1.440 + 0.096 + 0.008 ps

.
o, [rad]

» first observation of By - K* K*, BR measurements, ... B

* Expect world best measurement on ¢, soon ...
. and many more interesting results with 2011 data
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LHCD

BACKUP
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|L‘I!me Tevatron results on ¢y
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CDF Run Il Preliminary L=52fb
.. DO Note 6093-Conf ;
Preliminary 06- —— 95% CL ,
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%f,{’] Lifetime measurements of b — J/W X channels

7]
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w
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Fit single
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14
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10° LHCb
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10?
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Events / ( 0.25 ps )

A LHCb-Conf-2011-01

0 12
Jhp K5 proper time (ps)

é- Ilj;riecl:iﬁ'ninary él_
) ’ Prsiminary Main systematic:
‘ ’ lifetime acceptance
e J/w‘;(l]ﬂiol;e"'}izﬂ'llel(;?:)q L J;I'lpk:\"?:r:o;elrfizn;e'(p;s‘l)il
Channel LHCb Result + stat. + syst. [ps] PDG lifetime [ps]

B* - J/PK* 1.689 + 0.022 + 0.047 1.638 + 0.011
B° — J/¥ K*° 1.512 + 0.032 + 0.042 1.525 + 0.009

BY - J/¥ Kbp 1.558 + 0.056 + 0.022 1.525 + 0.099

Bsf’ - J/Y O 1.447 + 0.064 + 0.056 1.477 + 0.046

Ay = /YA 1.353 + 0.108 + 0.035 1.391%3:33%
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L};fclg Untagged B — /¥ @ plots

> T T T T T 1 T T T T 1 ] ;I T 1 1
@ 120 =] Q imi
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§{&8 B, — J/¥ @ untagged

[
a1

Transversity angle distributions: s =0
2 - 2 35
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Angular analysis and acceptances cross-checked e et ol P
with B® — J /W K* PR I
Parameter Result + stat. 1 syst.
I, 0.679 + 0.036 + 0.027
AT 0.077 + 0.119 + 0.021 Provertme e
2
|40 (0)] 0.528 1 0.040 + 0.028 Main systematics:
|14, (0)|? 0.263 + 0.056 + 0.014 Background
Lifetime acceptance
S-wave

LHCb-Conf-2011-02
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ILIHIJSCEID Untagged B, — J /¥ @ results

Feldman-Cousins confidence regions

-1 0 1 2 3
¢_[rad]
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IL}IIJSC“b Untagged B — J/¥ & systematics

Systematic effect I [ps_l] AT. [ps_l] A, (0) 5 A”{D)P cosd
Proper time resolution 0.0001 - - - -
Angular acceptance - - - 0.0007 -
Acceptance parametrisation | 0.0002 0.001 0.0017 0.0013 -
Proper time acceptance 0.0272 0.001 0.0003 0.0002 -

S-wave treatment 0.003 0.003 0.013 0.028 0.09
Background treatment 0.0002 0.02 0.0016 0.0012 -
Mass model 0.0004 0.004 0.0032  0.0006 -

Total (quadratic sum) 0.0274 0.0206 0.0136 0.0281  0.09
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L};fclg Untagged B4 — ]J/W¥ K* plots

;600----.----.------
9 LHCb Preliminary $ + oate
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ILHIJSCmb Untagged B4 — J/¥ K* results

parameter results results g L L = 3 700F. 1 T
1 = C reliminar — fitted total pdt E o reliminar —— fitted total pdf
. S-wave o 5-wave £ 50oF =7 TeV, L 30 B oro e N © IR 3 (oo 7 Tev, - 5" A
Ayl 10252 £0.020 [ 0.253 £0.020 | € 5o0F Crmemea € O |
| . o - B o - s-wave component | .}
|A,J‘|Q 0.178 +£0.022 | 0.191 +0.019 "3 —— - > 5005 —— ]
5 987011 | —2.82+0.12 Ju —+= - 400;__‘_2% ;
5, 3024010 | 3.07+009 Wb — T §f 3
AT | 0.051 +0.022 - 200 E T~ ]
0 2.16 = 0.15 - F -~ 3 200E E
Tq [ps~'] | 0.659 +0.015 | 0.661 +0.015 100 E 10— A
—— ] :____I______'___________'
-1 0.5 0 05 1 oLt
-2 0 2
cos 0 s [rad]
Systematic effect Al | 1AL o 5
: N T
proper time e.:,ccept.ance - - - - % 900E | 41cp pretiminary
data/MC differences 0.008 | 0.006 | 0.07 | 0.05 £ B00F VE=7Tev, L3 P
statistical error of acceptance | 0.002 | 0.001 - 0.01
wrong-signal fraction 0.004 | 0.001 - 0.01
background treatment 0.002 | 0.008 | 0.04 | 0.01
statistical error of background | 0.008 | 0.005 | 0.02 | 0.01
mass model 0.010 | 0.002 | 0.01 | 0.01
s-wave treatment 0.001 | 0.013 | 0.05 | 0.05
total (quadratic sum) 0.016 | 0.017 | 0.10 | 0.07
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%bg Amg results

[ F T T | 3 - e
E 1.5 = LHCb preliminary yellow band = 10 stat parameter result
= F JsS=7TeV n . Am, [ps 1| 17.63 0.1
E 11 T N €sig.D. 0.236 £+ 0. [113
= ¥y 1 ] €sig. D 0.176 + 0.032
05 g1l v | Whig. D7 0.527 £ 0.026
4 : * A ‘&E eonx | 0.255+0.012
oF : ..I" W" LR wikg.pyax | 0457 +0.037
05 = m \ L €bkg, D, 3 0.236 £ 0.0016
. 36 pb'1 l"' - Eef f {r{ 3.8+ 2.1
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= ! ! | | =
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T
source Aam.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 i mass fit 0.010
phys. bkg mass templates 0.002 -
variation of 7. and o, PDFs 0.026 y =
z-scale 0.018 15 36 pb'1 =
momentum scale 0.018 10 LHCDb preliminary E
Al 0.002 E
total systematic uncertainties 0.038 ° Ns=7TeV r
) PRI R I B B
0 5 10 15 20
A mg[psT]
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% B, - J/¥ @ pdf

T ATt Al 1
|A0(t)]2 = |Ag(D)|Pe b=t msh( ; ) — cos ¢ sinh ( ; ) + sin ¢y sin(Am,t)| ,
LT Al t ATt
14 ) = |_f-1||[[]]|ge_l" cosh ( ; ) — cos ¢, sinh ( 23 ) + sin ¢, sin .ﬁmai} ._
, Y ATt -
AL (E)] = [AL(0)]7e "= [cc-sh 3 + cos ¢, sinh — sin &, sin(Am,t :l] .
ﬁ{ “[ :|.£1J_ f::l} = |_-4”[D:|||_-51J_[D::||E—l‘=! [— CUE{&_ — 15”}511'1 {_tf,g sinh ( 9 )
+ sin(d; — 4 ) cos(Am,t) — cos(d, — d))cosa, sin(ﬂmst]] .
Al : Al
R{AF(E)A (1)} = [Ao(0)]]A)(0)]e™" = cos gy [ccn-sh ( 3 ) — cos ¢, sinh ( 2 )

+ sin ¢, sin(Am, t]] .

S{AFHALB) = |A0(0)]]AL(0)]e"* |~ cosdy sin . sinh (ﬂgaf)

+ sind | cos(Am,t) — cosd | cosg, sin(&mat]] .
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lL:IIJme B; — J/W @ tagged projections
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c L 0 =
Q@ 8o s :
>
(R g K
60— =
L 10
a0/ B
20 i
- 1=
o s X Tharse Wl Sl W okl ol ¥ S P N W s JEe (AL 3 | IRl [l A irsmesms [~
5%00 5250 5300 5350 5400 5450 5500 5550 -

B, mass [MeV] T2 3 4 s e 1 8
decay time t [ps]

21.07.2011 EPS HEP 2011 23



LHCh B, —» K* K~ relative measurement and systematics

2 °F T o= 22 +-1 MéV/c? E g L " | 0= 213+ 0.9 Mevrc? E v =L L ' =
3 sk Ng = 301 +-19 3 2 20 Ng ., = 793 +/- 33 E T 8 22[ LHCb Simulation E
E E Nc. = 221 #-17 3 o 200 HB,—-.IK = 0.09 +/-0.02 — mIm 2 \s=7Tev 7
Z 7l o = < Repny = 0.71 +/-0.06 = = F ]
3 F c0 = -0.0001655 +- 0.000003 c¥/MeV] » 180 Comby. ] X 18 -
T mEK = 5361 +- 2 MeV/c? = § 160 1 m{ = 5274.6 +- 1.0 MeV/c® - x E 3
(S = 3 d 140 mk™ = 5350 +/- 5 MeV/c? ] nT:n"’ 8 16 =
= - = < o .
o ] 120 p = L 14 + =
40 2 E 100 é 1.2 :—ﬁ‘.’_i-‘- H-'+ _l_ | H
30 LHCb Preliminary - 80 — 1 E .
C Ns=7TeV . LHCb Preliminary . - -
20 3 60 \s=7TeV = 0.8 E
E 3 40 = - ]
10 B 20 E 0.6 intercept = 1.18 = 0.04 ]
- 52‘00 . 5400 5600 J 5800 0 I I ‘ I I I I < 04 i_ _i
My (MeV/c?) 5200 sa00 5600 m, (Mewcszs)on 020 gradient = -0.04 = 0.08 GeV/c’ps =
ok L P E—— —— =
0 0.5 1 1.2
€ (ps/(GeV/c?))
Source of uncertainty Absolute Lifetime ( fs) | Relative Lifetime (fs
B— h™h~ Background 2 4
Combinatorial Background 2 2
Acceptance Correction 6 0
Primary Vertex Association 6 6
Alignment 2 0
Minimum accepted lifetime 1 N/A
Signal parametrisation N/A D
Method and Verification 3 N/A
Total syst above (added in quadrature) 10 9
BY lifetime syst (external input) N/A 9
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lL‘I!me LHCb MC prospect for ag,
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IL}I{I;CS% B; - & K*in 2011 data

o B
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2120 ry 1
o L[ Vs=7TeV, =220 pb
E‘lﬂﬂ [ Width = 17.8 + 0.9 MeVic?
o | Nsig= 450+ 24
g B Slg
W 80—
60— +
40—
20—
0 4 B i . .
5000 5200 5400 5600

Mass(o K*) (MeV/c?)

21.07.2011 EPS HEP 2011 26



