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Introduction
e LHCb physics goals:

- precision tests of the Standard Model and search for New Physics

e Phenomena under study

- CP violation in B and D decays (this talk)

Indirect searches

- rare decays (see talk by O. Deschamps) for New Physics

- direct searches for New Physics in the forward region
e Finding New Physics (NP) at low energy

- heavy NP particles can alter amplitude of loop processes
e New Physics can either:

- be discovered in precision measurements and then confirmed
with direct searches (e.g. @ ATLAS and CMS)

- or NP particles are first observed at the energy frontier, and their
properties then studied in precision measurements at ‘low’ energy
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CP violation measurements
* Unitarity Triangle (BO decays) o

.
- f1s very well measured at B factoriesr N
- LHCb will also measure f

- v from hadronic B decays at LHCb

— ! e " T )

e In By system, probe phase of CKM element Vi

- measure interference between decay and mixing

b ’ ’
CIFr o<
q Vv, @di v, b ‘\ ‘ j
w DM B0 —op

ol = —2arg (Vi Vi) = —273. ¢p = —2arg(VesV3,) =0 85

- in SM, M = g - 2¢p=—0.0363 + 0.0017 rad [CKM fitter]

- NP contribution can modify this parameter: ¢s= pSM+Ap NP
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The LHCb detector

e LHCD 1s a single-arm forward spectrometer at the LHC
- rapidity range: 1.9 <5 <4.9

e Fully instrumented in the forward region

- excellent vertex resolution (+boost)
— ~50fs lifetime resolution

- tracking stations before and after 4Tm dipole magnet °

- particle identification with

- two ring-imaging Cherenkov deteqt@r"s
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/ / EcaL HEAL \\

/ / SPD/PS M3 A\

- Calorimetry / : /»/ RICH2 )

- muon detectors

F.Blanc, CP violation @ LHCb



LHCb Luminosity Fill #1804 |

LHCDb detector performance

250 ‘ :
g 2000 o " LHCb Integrated Lumi over Time at 3.5 TeV | "2011-05-30 13:30:43 |
é 150¢ ‘ :§, } Delivered Lumi: 186.61 ipb
- 2 = 250? :
._‘é 100—* E | Recorded Lumi: 161.21 ipb
50 | é ?°°Z
K I Ay L S Gl S AR U Lt S0 5 , LHC technical stops f
? ? Hours si:u:c Stable B?:ams (h) ? " § 1soE o '.:.
e All subsystems working g Fs g
= 100} - -y
at design specifications | -
: = s
* LHCDb collecting data v J./ﬁ
>85% Of Stable beam tlme m!os o3 2403 :;3 ;?u -u?u 2004 2004 0505 1208 1908 2608 0206

Date

* Pile up from multiple pp collisions from LHC bunch crossing to be
tuned to maximize performance

- 1increasing pile up => more b hadrons... ¢/
...but more combinatorial background ¥

* Solution: luminosity “leveling” during LHC spill
=> keep approximately constant pile up over spill lifetime

e Recorded 37pb! at 7TeV in 2010, and >160pb-! since March 2011
e Expect=1fb!in 2011
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Direct CP violation at LHCb

e Measured direct CP asymmetry in B —K 7~

- based on 37pb-! collected in 2010 at 7TeV

LHCb-CONF-2011-011

e Kinematic and particle 1dentification (PID) variables used for
selection optimizing sensitivity to CP violation
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Measuring angle y at LHCb

e Angle y from interference between tree and penguin decays

e LHCb can measure y with U-spin related decays B+— K, 7,
Bs—Kr, KK, Ay—pr, pK (analysis is in preparation)

e LHCb also observes the Cabibbo-suppressed decays
B—DKrr, which will add 30-40% statistics to the

measurements of y
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e Expect to measure angle y with 5-6" accuracy with 2011 data
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Towards time-dependent CP measurements

* Ingredients for measuring ¢, in Bs—J/w @
1.measure By, Bu, Bs, and A5 lifetimes

2.angular analysis of Bs—J/y¢
=> untagged measurement of ¢

3.flavor tagging calibration
4. measure Am

5.measure sin2f in B'—J/wKs

and, finally,

6.apply tagged time-dependent angular analysis
to Bs—J/w¢g to measure ¢
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Proper time reconstruction

o [ifetime measured for B4, Bu, Bs, and Ay
e Define event selection criteria used in following analyses

e Detailed studies of resolution and acceptance

|
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measurement at LHCb
Systematics dominated by
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Angular analysis

e Final state in By — J/w¢ 1s a mixture of CP eigenstates

- depends on angular momentum configuration (P— V'V decay)

e Use transversity angles , )
to disentangle A4, Ao and \/
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Untagged measurement of ¢

e Extract [, Als, and amplitudes from 4-D fit to angles and
proper time

didFQ o< |Ao(t )’ - f1(92) + ‘A” ‘ f2(Q) +
- A(t) functions depend ’AL(*)\ - f3(Q) + S (Aj (6 )ALEt)) fal&)) +
on Iy, AT, and g R (A5() A1) - f5(Q) + S (A5 () AL(L)) - fo()

- fi($2) functions depend

on transversity angles
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g s=7T

n 68%
! 90%
95%

e Fit with ¢ fixed at 0 to
determine I's and Al

0

e Likelihood scan in (A7, ¢s)
plane (contour obtained with -0-2
Feldman-Cousins method) ,

-0.6

=> 4-fold ambiguity
and weak sensitivity to ¢

’

o
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N
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Tagging

e Tagging decision and mistag
probability from neural
network trained on MC

same side
pion tagger

Same side " Tl .
e Calibrated on real data proon oo
using self tagging decays oo s — T yertexcharge tagger
e Determine effective tagging \ orposhe kaon
. tagger (K-)
efficiency éefr Q:L ““““““
2 2 q& & e
Eoff = EtagD” = Etag(l — 2w) S\
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tagglng dilution mistag g0 LHCb Preliminary
efficiency probab111ty ) e [ Vs 7 TeV
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BT — oK' 230+ 0.5 | 33.9+1.1 | 2.38 +0.33 |
B" — JK"’ 26.1+0.9 | 33.6+5.1 ‘\282j:08?

e OS tagging used for ¢s result

e Improvements expected from T O T
same-side kaon tagging (work in progress)
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Measurement of B, oscillati

e Determine Am;, from
Bs—D, " and By— D™ 3x

e Tagged time-dependent fit

to extract Amy
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F.Blanc, Heavy Flavor Physics @ Belle and B4B4r
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With 36pb-! result already competitive
with CDF

Demonstrates the importance of the
excellent LHCDb proper time resolution
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@s from Bs—J/yw

e Tagged time-dependent fit to extract ¢s in Bs—J/yw¢ decays

e First LHCb constraint on ¢s using 36pb-! (2010 dataset)

e [ HCb results:

ds € [-2.7, —0.5] @ 68% C.L.
ds € [-3.5,+0.2] @ 95% C.L.

e Confidence contour from
Feldman-Cousins method

- contour includes systematics -

on tagging and Ams ; other
systematics are negligible

e 2-fold ambiguity remaining

e Prospect for 1{b-!
— o(¢ps) = 0.13 rad
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"o
20.6

[72]
—
<

0
-0.2
-0.4

-0.6

<
O W&
v‘%@b

Q@v

Standard Model:
AI'=0.087+0.021 ps-!
¢s=-0.0363+0.0017 rad

..............................................................................

Projected 1fb-! error



First observation of Bs — J/w fo(980)

e Bi—J/y fo(980) has been observed at LHCb with 33pb-!
e 111+£14 signal events (12.80)

Y
(=]

LHcb =
—~ 35F \s =7 TeV Data
: > 0(980) —>n'm
e Measure ratio to Bi—J/y @ 2 30 .:f (930)
z %
R, . = L(BY = J/Yfo, fo—mtnT) _ (.959+0:046+0.027 < 20 + Jo(I370)
fo/o = F(Bg — J/Yo, ¢ — K+K-) : —0.032—0.033 _.2 s & H +
2 :
0o g X 10 } ; " . l N
R. Aaij et. al. (LHCb Collaboration) sE } SR vetsi e (110, 30 WPV ¥
Phys. Lett. B 698 (2011) 115 ELTR || 1 o
0600 800 1000 1200 1400
e Important mode to study: m(r*) (MeV)
A. P—PV decay with CP-odd “F LHCb
final state s % ves Ty oe
. . 230 (@) |N Bs—J/yfo
=> s without angular analysis & , ,’
E
B. s-wave background to g ?Z |
w 15§
Bs—J/w¢ ; allows to remove 10 Al By 1t / Tt b o
. . . . ! e ! JooLs |9 & & p }
remaining 2-fold ambiguity 5 I LR g nt LM

5200 5300 . s 5400
F.Blanc, CP violation @ LHCb m(M u T ) (MeV) 15



LHCb-CONF-2011-019

¢s 1n charmless By decays

* ¢s will be measured in Bs—¢@¢ decays (in preparation)

* ¢s can also be measured with other penguin decays

® BSHK*OIZ*O iS t:l; Zﬁ;
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e Branching fraction obtained
by normalizing to B’—J/y K™ & &
B(BY — K*K*) = (1.95 £ 0.47(stat.) & 0.51(syst.) & 0.29 (f4/fs)) x 107° ‘/v@‘

&
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Conclusion

e 2010 dataset (=36pb-') was used to demonstrate the excellent
LHCb performance for

- tagging,
- angular, and
- time-dependent analyses
e LHCDb has obtained its first CP violation measurements

e Several new decay modes are being discovered

e CP violation measurements at LHCb on known and new decay

modes will soon contribute significantly to constraining the
Standard Model

e Expect world best measurements of ¢s and y with 2011 dataset

F.Blanc, CP violation @ LHCb
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