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LHCDb detector: New Physics in the forward region

Search for New Physics by studying rare processes and
precision CP violation measurements in B and D sectors
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» Good vertexing - Measure B, and B_ oscillations, reject prompt background
v Particle identification - Flavour tagging, misID background

» Calorimetry - Reconstruction of neutral particles (y, m°)

v Efficient trigger, including hadronic modes
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LHCDb performance in 2011

Very successful data taking in 2011
(thanks to the LHC crew!)
Instantaneous luminosity:

levelled at (3-3.5)x1032cm=s"
higher than design 2x1032cm2s™

91% data taking efficiency
1.2 fb! delivered by LHC
1.04 fb' of analysis-quality data

LHCDb Average Instantaneous Lumi at 3.5 TeV in 2011
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Vertexing

 Typical primary vertex resolution
(with 30 tracks):

* 0, = 12 um,
e 0,=065um.
e Decay time resolution: 40-50 fs

u . LI I,‘Q l_ l ..:l:-___ll-.l. :.-l- ,.1}1 l ,.l -.-_l l- 2 I
100 120 140 1ED
Vertex z (mm)
Hadronic vertices reconstructed

in VELO used for “tomography”

Sign(Vertex x) * Vertex r (mm)

mﬁE (check of MC description)
w0
o
5 .. jon -
N10°E LHCb Preliminary | Xresolution - 2011 data and MC10, exactly 1 PV |
o = — 0.05
o B s=7TeV. L =337 ph’ = = ¥ 1 ndf 59.8 / 33
‘g 10¢ = \ ’ P EIZM:I45 — Prob 0.002913
= = = = X - Const 0.1061 £ 0.009001
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C 30-035 = %2 I ndf 55.32 /33
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Tracking and calorimetry

Events / ( 20 MeV/c?)

Momentum resolution:
6p/p = 0.35 =+ 0.55%

LHCb

Y(1S)

. _ m(up) (MeV/c?)
Two-body invariant mass resolution:

o(pn)=15 MeV/c? at J/y
o(pp)=45 MeV/c2at Y(1S5)

Momentum scale calibrated
to 0.5 per mille precision.

A number of world-best b meson
and baryon mass measurements,
systematic error ~0.2 MeV/c=.
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ECAL: 0 /E=10%/VE ® 1%
HCAL: 0, /E=80%/VE ® 10%

Events /[ 9.2 MeV/c? ]
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Particle identification

Two RICH detectors with aerogel > 14r —
O -m) >
and C,F ., radiators, & 12F LHCD A LR ) >0
[ s =7 TeV Data e ® ALLK-n)>5
T/K/p separation in the £

momentum range 3-100 GeV/c

80 100
Momentum (MeV/c)

New gas-tight aerogel box

IS installed in January 2012,

to prevent aerogel degradation
due to C,F_, filling.
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Flavour tagging ik
LHCb-PAPER-2011-027 '

same side
pion tagger

Use information from

e Opposite side:
Charge of kaon, muon, electron,
charge of tracks from the
secondary vertex

« Same side: —> =y <
Charge of associated track  Oppositeside '

Same side

proton

vertex-charge tagger

L
opposite B | *. from inclusive veriexing

1) \\

1Y b

opposite kaon

Tagging performance calibrated TN X tagger (K)
on data: B—]/yK sample lepton taggers

(e, p) from b-quark
Expect further improvement from
same-side tagging (in preparation)

Flavour tagging performance in B.—]J/y@ analysis 04

(opposite-side taggers only): <02

Mistag probability w (36.81 £ 0.18 £ 0.74) % n_

LHCE preliminary
{s=TTeV, 340pb™ SSKT only

£

Tagging efficiency €, (32.99 + 0.33) % ook
Tagging power g (1-2w)*  (2.29 = 0.07 + 0.26) % T
0% 0.1 0.2 0.3

t modulo (2n / Am,) [ ps ]
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Trigger in 2011

LO: Hardware trigger

40 MHz _ _ _
o o Require a high-p. particle
L g HLT: Two-level software trigger
U T
D = Trigger farm (26k cores)
=l HLT1: Require high-p. displaced track

HLT2: Full reconstruction
Typical overall efficiency:

o} Dimuon: 80%, Hadronic: 30%
h=)
= 40 kHz REEEENEEIEUE LR 1) 2011, run with 50% higher

> o Inclusive selections output rate than designed (2 kHz — 3 kHz),
J & u, uttrack, uu . .

i e S limited by CPU for reconstruction
<, E E topological, charm, ¢ :
2 S 3 and by disk storage

& Exclusive selections HLT Output Rate (Hz)
N - 100 | T
3 kHZ Other physics lines B0 ﬁﬂﬂ_ ph‘y’SiCSZ
charm | 850

| Storage: event size ~50kB | VIR IR — 3 kHz

hadron
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Main physics results with 2011 dataset ek

Many results with 2011 dataset reported at winter conferences

. Roadmap measurements... “Roadmap of selected key
- Tree-level determination of y measurements of LHCP”
= CPV in charmless two-body B decays LHCb-PUB-2009-029

B, measurement in B, = J/y@

- Search for B_— up Will concentrate on most recent
= Angular analysis of B - K'up results with full 2011 dataseit.
= Radiative B decays
= ... and beyond: Many interesting results not covered:
= CP violation in charm » Soft QCD
- Other rare decays: * Electroweak physics
D-pp, B —»upup, « Heavy flavour production
B —~oup, Bf-otpp and spectroscopy

To be reported at DIS next week

B, measurement in B, — J/y1m

First observations in hadronic B decays
Studies of exotic states (X,Y,Z)
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Rare decays: B, — p -

One of the most sensitive probes of New Physics s SM e
R
« Standard Model: FCNC, helicity suppressed: b e

Br(SM) = (3.2 = 0.2) x 10-°

* Can be enhanced in NP models.

MSSM: BR o (CM5M)" oc

S.P

) ]

1 fb*, LHCb-PAPER-2012-007 ' :

 Use two variables S

- utuinvariant mass 102h

- BDT based on variables that select
good-quality secondary vertex, 10°c m signal

well-separated from the PV " O Background

. . P I IR I IR I PR I AR
e Results in 2D bms, BDT vs. mass 0 01 02 03 04 05 06 0.7 0.8 D.QBD_I:I

4}%;

¢
i

:f
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Rare decays: B, — p -

1 fb*, LHCb-PAPER-2012-007 '
‘f% oo . ' : E R LHCb Event Display
= "ot o LHGb -
= -3 ot e °s, Preliminary- E
E:L "' ¢ . -.' :

I

14.6. 2011 18:57:08 ‘
Run 93593 Event 1179897868 bld 1149

o T T T T T T T T T T T T o T T I T T T T T T T T T
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> . > >U. Bd—}}.ll.l Bs cross-feed

® | LHCb | 2L Lhew eaking be _
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ClLs

Luminosity (fo')
Br(B,— n*p) 95% CL (x107°)

Br(B, - p*n) 95% CL (x107)
Central value (x10?)
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Rare decays: B, — p -

- = = = expected + 10

1 fb?, LHCb-PAPER-2012-007 '
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LHCC open session:

—pP=

B(B, > ) [10

B T S S 7 8 9
B(B — u* w) [10°]

95% B, — n*p-upper limit already close to Standard Model value.
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Rare decays: B, — p -

N. Mahmoudi, “Direct and indirect searches
for New Physics”, Moriond QCD 2012
Implications of LHCb result on SUSY parameters (with tan f=>50)

CMSSM - tan f=50. A,=0 CMSSM - tan p=50, A =0

[ atiowed

[ charged LsP

- bosy

1500 Bl

|:| B,—up

B AB- K unlowq
[]8.—un

B sRe - K uiow
B R

B0

L.l L R P IR AR AP R -B—)Xquu,lqz
500 1000 _ 1500 2000 500 1000 _ 1500 2000 0.
m,, [GeV] m,, [GeV] [0 & X, un he?

2000

TeV-scale SUSY with large tan P is practically excluded

NP that reduces B, — p*p-amplitude already discussed by theorists.
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Rare decas: BY - K u+ 1

I

B0 K / \
d d J > ) v N @Y
FCNC process, can be affected by presence of NP. ,R
Measure angular distributions as functions of g?=m?(pp)——— - —>
K* polarization F_, forward-backward asymmetry A__. \ . |

q* where A_,=0 is well predicted in SM: .
qz (AFB=O) — (4 _ 43) GeV?/c* I Theory mBinned theory

-~ HCb

. . . m 1 LI R 7 LA L R I L R AL BN I L B R
First measurement of zero crossing point: & | / .
q*(A.,=0) = 4.9*11  GeV?/c* ' E
— 25— ]
2 200 LHCb :
= | Preliminary .
= 150 0 < g? <19 GeV2/c :
g ok 05F LHCb -
& + ' '~ -
| 900+34 events - / Preliminary -
50 i 7
1 I IR / PRI B S ST SR TR
0 52(;0 ~ 5400 5600 5800 0 S 10 15 20
My (MeV /9 92 [GeV?/c?)
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Rare decays:
1 fbt, LHCb-CONF-2012-006 '

u “ u
b > > d "o 20
S LHCb
t,c 16 Preliminary
/t =
Z,7 - S
. 2
b-d/transition, ‘g
SM prediction: 2

Br=(1.96 = 0.21)x10-8
x25 smaller than B* - K* p*u-
(mislD is a challenge)

e

'Eli' I!-Hnrn--n'.... ———
5500 6000 6500 7000

(MeV / ¢?)

TEI.l Tl

2516 signal events, 5.20 significance

First observation of b—d/ transition,

Br(B*-otptu~) = (2.4 = 0.6(stat) = 0.2(syst))x10-8
In a good agreement with SM prediction

The rarest B decay ever observed
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CP violation: B* —» DK*=*

Access CKM phase y through interference 1 fb*, LHCb-PAPER-2012-001 '

of V, V' and V_V'  amplitudes.

Tree-level measurement, SM reference. BT — DK~
Theoretically clean, experimentally challenging o e
* GLW mode:  D-KK, nm Wb B- |
« ADS mode:  fav. B=DK, sup. D=Kmu dr . _. ) s
and sup. B—DK, fav. D-Kn A~ VeVeg ~ AN A~V Vi ~ AN (p— i)
- | | _
L T Y 1 ¢
% e | . A5G Lich ] %
% , B’—)[K‘K]DK' : 'I B*a[K*H]DK* 7] :“é
E i i &
i A ‘“‘I.""“ Wit ML
LHCh | LHCb ]
! ] _
B-KKlr A } BSIKK) BSK -
.\A LT T | L ::;::'s:'-'_-'- -- ...LJ- ] ‘i"-lh_'.-i'tn..v.\_.;_---- . T TR 2 B Vot SF N T T hhh SN N 1_
() 200 5.4.[][].. : 5 : 00 54[].[]. et &l 4{] LS T : “ .” LLiNs
m(Dir) (MeVich) m(DIF) (MeVic})

5.80 observation of CP violation in the combination of B-D(hh)K modes
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CP violation: B* —» DK*=*

1 fb?, LHCb-PAPER-2012-001 '

Belle - 0.29+ 0.06 + 0.02 Belle 0397025 008
BaBar 0.25+ 0.06+ 0.02 —
+0.12
CDF - 0.39 + 0.17 + 0.04 BaBar |- -0.86 £ 0.47 ;4
e —— _*_
HFAG average |- — 0-270+0.040 cDF -0.82+ 0.4 + 0.09
Belle Dalitz |- f 0.21£0.14 -
BaBar Dalitz [ —— 0162006 | HFAG average [ | 0.46£013
e | 0.187 + 0.032
CrMFitter —+ | -0.52+ 0.15+ 0.02
LHCb. 1 fo' = - 0.145+ 0.032 + 0.010 LHCb, 1fbo = S
’ e /R SR | N R R Y R S IS | S S e,
-0.2 0 0.2 0.4 0.6 0.8 -1.5 -1 -0.5 0 0.5 1
_ ACP+ AADS
Measured observables, e.g. asymmetries, depend on y as well as other unknown parameters:
A B +2rpsindp sinvy " B 2rgrpsin(dp + dp) sin~y
SCPx — AADs

1+ -r?g + 2rp cosdp cosy rg2 + rp? + 2rgrpcos(dg + dp) cosy

Measurement of y in B=DK, D—hh modes alone suffers from ambiguities.
Combination with other modes is required to constrain vy:
B-D(K hh)K, B-D(hh)Knmn, B°-~DKm, B.—~D¢, etc.
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CP violation: B’ —» o1, B, — KK

0.69 fb?, LHCb-CONF-2012-007 '
Time-dependent CP violation:

Ppp(t) =Ty (t) Ad” COS (AMt) + A™ gin (AMt)
FE_?—>f (t) + FB—>f (t) cosh ( ) AAF sinh (AF )

Acp (t) =

Invoking U-spin symmetry, can constrain CKM phase y by analysing
B? - nm and B, — KK decays

% 1000/~ B 20r
S LHCb S LHCb
2 Preliminary 2 1000 Preliminary
w0 800_— Vs =7 TeV Data 0 B Vs =7 TeV Data
2 ool B°— mm g %
S 600~ = _ BS — KK
> B > -
L e, 5359196 events | SF 7155+97 events
- \, # a00—
200 —— b s B
B \‘ - 200[—
B lV\L PRI BRI R PR L (ST T e
05 5.1 5.2 5.3 5.4 5.5 5.6 ?)E 05 51 5.2 5.3 54 5.5 56 5.7 58
m_. (GeWc My (GeV/c?)
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0.69 fb*, LHCb-CONF-2012-007 '

.. 05 >0.20-
>E @ [ LHCb
| 0.4: Iﬁtlecl:lminary £015  Preliminary
%u.a;— S =7 TeV Data [ ED.WE— V5 =7 TeV Data
= 025 guusz
E 0.15; e — 1t
4 o
)= -
0.12—\&K _0_05:_-—————~¥
0.2 1 -0.10
0.3 C
04E -0.15[—
R R BT N T S e S 0200 ""505 01 015 02 025 03 085
t [ps] (t-t)) modulo (2r/Am,) [ps]
A oaf A
! 777 Belle o-er
i . .| BaBar I
il %?//A [ LHCb preliminary 0.4r || LHCb preliminary
B |
0.4} 0.2f
L d' o i I 1 -
G AT —0.114+0.21 £0.03 | f\ AT = 0.02 £+ 0.18 + 0.04
T ARX — _056+0.17+0.03 | \J mX — (.17 +0.18 +0.05
o 0.2l
0258 06 w04 w2 0 02 0420 02 04 o0& 08
A= AT
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1 fb?, LHCb-CONF-2012-002 '

Interference of B,—]/w@ decays with
and without mixing

In SM, small phase difference:
@, = -0.036 £ 0.002

Measurement involves a number of advanced analysis techniques:
« Flavour tagging to identify the initial B_ flavour

e Decay time measurement to measure oscillations
» Angular analysis to distinguish between CP-odd and CP-even states (P — VV decay)

> B T | T T T T T T T T I T T T T J_ a 104 :_
g 2500__ —+ o it LHCb Preliminary ] g -
=~ : —— sig. companent 'IE = 7 TeVr in 103 ﬂ:l-l : d : LHCb Pre“mlnary
55 2000 |— s componn 3 g0 Ns=TTeV
T ] S
aB) L |
= C | L 102 E-
= 1500 . =

: ] 10

10001 . -

; z i

B T 101

_ﬂl . 1 e T 1 r* 1 r— 1 +H

5300 5350 5400 2450 15 -1 -0.5 0 05 1 1.5

B, mass [MeV]|
21200 B,—J/w¢ candidates
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CP violation: B.—J/w ¢

1 fb, LHCb-CONF-2012-002 ' 1 fbt, LHCb-PAPER-2012-006 '

AT'_=0.116 = 0.018 = 0.006 ps* Similar measurement in B—J/ym*m-
@, =-0.001 £0.101 £ 0.027 ¢p,=—0.02 + 0.17 £ 0.02
045_ ¢ Standard Model [] Do gfb’! E .......... LHCbI o
TE T 68%CL [] coF  10fb” 0
e T T [ LHCb 030" g 7421+105
0.2 ‘ O the 1" i events

5400 5500
mJApa*a) (MeV)

LT
’.r’ “
1

i

1

r

Al (psT)

Second solution rejected iﬁ\

0.2 %L s x: LHCb :
- _ : " sook CP-odd part 3

— + ~ 6GO00E 3

- By=J/wK K analysis £ soof dominates: 3
04 0.37 fb*, LHCb-PAPER-2011-028 ' & 400f >97.7%1(95% CL) 3
:I 1 | 1 I 1 L 1 1 I 1 1 1 1 I 1 1 1 L l 1 1 1 1 l 1 1 1 L amé_ i i _:

3 -2 1 0 1 2 3 0 E
1DDE— . _ . _E

(bSJhqu) (rad) *“s0 '1300' - '151nn' 2000

m('n) (MeV)

Combined result: ¢ =—0.002 £ 0.083 £ 0.027
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Candidates (/10 MeV/c?)

Candidates (/10 MeV/c?)

Some new observations: B—DD

-y
o
w

iy
o
[3+]

10

T 1
LHCb
Preliminary

—— 8%, +D'D .
s DD, .
e DD _
[ 1B°»D'D E
- Combinatorics 7
I H{IIIIL il HHIILHI

5400 5600 5800

D'D; Mass (MeV/c?)

LHCb
Preliminary

T T T T T T T T T

—— BZ,» DD’
e -D0D°
@ et-pD°

[ 1B}»D"D°
I Combinatorics

| 1 1 I 1 1 1 l 1 1 1
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5200

5800

5600
D°D° Mass (MeV/c?)

5400

LHCC open session:

T T T T T | T T T T T T T T T T T

n
o

60— —— B> DD -
i @l s-DpD, |
[ s8..~DD
B [ ]B->D"D"

- Combinatorics

Candidates (/10 MeV/c?)

20

5400 5600 5800
D'D Mass (MeV/c?)

5200

Br(B, -»DD,)/Br(B°~DD )=0.048 + 0.008 £+ 0.004
Significance: 100

Br(B —~D*D-)/Br(B°-D*D")=1.00 = 0.18 + 0.09
Significance: 100

Br(B_~D°D°)/Br(B-—DD_)=0.015 = 0.004 + 0.002
Significance: 5.40
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Events / 10 MeV

LHCb
Jiyrtnnt

N=135+14

Events / 10 MeV
A O 0 O M
o O O O O

N
o

Jhyr*
N =414 £ 25 -

21 March 2012

6000 6200 6400 _ 6600 6800
M(J/yr™[n'n™]) [MeV]

BR(BF — J/y3n*)
BR(B* — J/¢m*)

0.8 fbt, LHCb-PAPER-2011-044 '

Br consistent with QCD sum rules

Multibody dynamics is studied:

B.— Jiyrn'n'n*

Bi— Jiyn'n'm*

c : L L1 1 I L1 1 1 L1 1 i 3
1000 1500 2000 2500 3000
M(r*n'n*) [MeV]

M(m*r) [MeV]

Dominated by B* — J/y af, a — p'm.

= 2.4140.30,5101£0.33, ¢
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Charm physics

CP violation in charm:

Ewdence for dlrect CPV in D—hh
AA, = A (KK) - A, (1)

CP

AA, = (- 0.82 + 0.21 + 0.11)%

CP
0.6 fb*, PRL 108, 111602 (2012) )

N | sA, COF
T No CP violation — A, BABAR'|
T O B P-value = 8.04x10° I A Belle
< 2 = AACP LHCb |
<

2 AL BaBAR |

2-dim 68.27% CL
-2 2-dim 95.45% CL

------------- 2-dim 99.73% CL &x

| =——8=— 1-dim 68.27% CL

DF Public Note 10784
| | | | | | |

-2 0 2 )
A 1%)

Recent confirmation by CDF
More charm CPV studies to come...

 Rare charm decays:

Search for D-nup

0.9 fb*, LHCb-CONF-2012-005 '

Use tagged D from D*—Dn

o
= 200
= t
un L
™~ 150
o C
£ 100
7] L3 T -
2 C Y K1t
50 -,( 9]0 1
Coo T“T* ]
C twe_em=mTTms -*.
0 .........................
1800 1850 1900

miion) (e ie 2y

Am for m(pp)e[1820, 1880] MeV

1502— _} + -

100

Events / ( 0.5 MeV/c?)

LHCb Preliminary -
MU ‘ L=0.9fb™

50 |-

T e
q|40 145 150 155
miml-miu) (MeWic?y

B(D° — utu~) < 1.3- 1078 at 95% CL
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Preparation for 2012

 Bunch energy increases to 4 TeV
Will run at 4x10°2cm=s?' = expect 25% increase in bb rate

» Better control of systematics:

= |ntroduce vertical external crossing angle (instead of horizontal one), to
ensure that the crossing angle is the same for both polarities.

= For better control of detector asymmetries, need to change magnet polarity
frequently to follow change in running conditions. Compromise with LHC:
run with 3 polarity switches between technical stops (flip every 1.5 weeks).

« Aimis to collect 1.5 fb'in 2012.

» Aim to take as much data as possible before long shutdown:
iIncrease trigger rate from 3 kHz (2011) — 4.5 kHz
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Trigger improvements for 2012

« Trigger has to cope with the increased rate due to luminosity and beam
energy increase.

« HLT farm will increase by 10% (1200 additional cores)

« Deferred trigger:

= The whole farm is idle between fills
= Instead:

= Buffer LO-filtered events to local disks (200 Gbytes/node is available)
= Run HLT on buffered data between fills
= Equivalent to 10%-20% gain in CPU

e Improvements in tracking and vertexing performance

= Downstream tracking in trigger (tracks with no hits in VELO: K_,A)
Gain a factor of 3.5 for D—K_m*": golden mode for mixing and CPV in charm

= |ncreased physics rate is challenging for data storage:

= Bandwidth for analysis skims for 2012 is limited by available storage: ~35 Mbytes/sec.

= A lot of effort to stay within this bandwidth: data compression, event size reduction,
tighter selections.
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LHCDb upgrade: physics programme

LHCDb will run in its current configuration until the end of 2017,

LHCb upgrade Lol
expect to take 5-7 fb'. CERN-LHCC-2011-001

There is a rich physics programme for integrated luminosities up to 50 fb™

Type Observable Current LHCb Upgrade Theory
precision | (5 fb~1) | (50 fb~1) | uncertainty
Gluonic S(Bs — ¢¢) - 0.08 0.02 0.02
penguin S(B, — K*K+0) - 0.07 0.02 < 0.02
S(BY — 6K? 0.17 0.15 0.03 0.02 D
B, mixing 28, (Bs — J/v¢) (0.35) 0.019 0.006 ~ 0.003 Updated
Right-handed S(B. — 7) - 0.07 0.02 =~ 0.01
currents A2 (B, — o) - 0.14 0.03 0.02
E/W AP(BY — Kt~ - 0.14 0.04 0.05
penguin sop App(B” — K*u*pu™) - 4% 1% 7%
Higgs B(Bs — utp™) - 30% 8% < 10%
penguin % - - ~ 35% ~ 5%
Unitarity v (B — DWK®) ~ 20° ~ 4° 0.9° negligible
triangle v (Bs — DK) - ~ 7° 1.5° neglhgible
angles 3 (B — J/y K") 1° 0.5° 0.2° negligible
Charm Ar 251072 [2x 107 | 4 x 107 -
CPV AL (KK) — A% (er) | @3 % 10| 4 x 1071 | 8 x 1073 ;

Framework TDR to be submitted to LHCC in June 2012 (schedule, cost and
resources for the upgrade) together with an update of physics performance
based on real data
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Silicon Trachker Outer Tracker
Si strips Straw tubes
(replace all) (replace R/O)

Muon MWPC
(almost compatible)

=5m

HPDs ~duce
(replace i rmlace R/C

HPD & R/O)

« Need to read out at full 40 MHz speed to gain from increased luminosity.
« Fully software trigger running at 40 MHz.
« Aim to increase the rate for muonic channels by x5, hadronic by x10 wrt. current setup.

Subsystems TDRs to be ready by the end of 2013
21 March 2012 LHCC open session: LHCb status report




Conclusion

« A lot of interesting results in heavy flavour physics obtained by LHCD.
= Thanks to the excellent performance of the machine and detector.

« Most roadmap measurements updated with 1 fo' and reported at winter
conferences.

= Expanding our physics programme beyond the roadmap: prepare for
exciting new results already this spring and summer

 All results are well consistent with SM so far.

= Except for CP violation in charm, which may (or may not) be the evidence of NP.
« 44 papers submitted to journals, 73 conference papers.

= 120% more than December LHCC
« Looking forward to continue:

= Trigger improvements in 2012, aim to collect 1.5 fb! with increased trigger
efficiency, especially for charm decays.

= Upgrade programme aiming at 50 fb™.
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Backup
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CP violation: BY - K™y
SM prediction for CP asymmetry: 1 b, LHCb-CONF-2012-004 )

A, =-0.0061£0.0043
Smaller theoretical uncertainty than in Br.

Measured CP asymmetry:
A (B> K*y) = +0.008 = 0.017(stat) £ 0.009(syst)
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Non-observations: X(4140)

L0 s o 0.37 fbt, LHCbh-PAPER-2011-033 '
S S
S 8f S 8f
= =
EE' EE' %1(} ...................
w | ~ i B LHCb -+
g g .” =z B Jyo K/ £O events
i’ g U P
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m(wtu KK )-m(u*y) [GeV/c?] m(u*p K'K)-m(u*y) [GeV/c?] T al-

E I
 X(4140)-]/wo observed =

by CDF in B=]/weK

= 19+6(stat)x3(syst) events at
M =4143.4"*°, + 0.6 MeV/c?

30T

= 2218 events (3.10) at
M=4274.4" + 1.9 MeV/c’

* X(4140) not confirmed by LHCDb: 1000 1100 1200 1300
M/ 6)-MOAy) IMeVI

Candidates / 4 MeV
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CP violation: B(S)

0.35 pb*, arXiv:1202.6251 '

© 39997 Heb [ B°>Kn
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K'~ invariant mass (GeV/c?)

Acp(B° — K1) = —0.088 & 0.011 (stat) = 0.008 (syst)

Acp(B) — Kr) = 0.27 4 0.08 (stat) & 0.02 (syst)
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