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LHCDb Physics

Main Goal:
Search for New Physics (NP) through precision tests of the Standard Model (SM)

Idea:
Reveal small deviations from SM predictions with precision measurements

Indirect search for New Physics

in rare decays (see talk by Francesco Dettori)

in CP violating processes in the B and D sector (this talk)

Why CP violating processes?

CP violation from interference of tree and loop mediated processes

color singlet

b T, G, 1 5 5 exchange J /w
U, C, 1T D
BY W W B BY 5
S s S W+
u,c,t S
box diagram penguin diagram ¢

S

NP particles can alter SM prediction of CP violation by introducing additional phases in loop
processes
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LHCb Physics %

Main Goal:
Search for New Physics (NP) through precision tests of the Standard Model (SM)

Idea:
Reveal small deviations from SM predictions with precision measurements

» Indirect search for New Physics

» inrare decays (see talk by Francesco Dettori)

» in CPviolating processes in the B and D sector (this talk)

»  Why CP violating processes?

» CPviolation from interference of tree and loop mediated processes
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box diagram penguin diagram

» NP particles can alter SM prediction of CP violation by introducing additional phases in loop
processes
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| LHCDb Integrated Lumi over Time at 3.5 TeV | [2011-02-16 1

Detector Performance

Data taking at Vs = 7 TeV
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| LHCDb Integrated Lumi over Time at 3.5 TeV | | 2011-06-22 06:04:42 |

more tracks, more background
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CP Violation in the SM %

CP violation in the SM is described by the CKM mechanism
parameterised by the complex unitary CKM matrix

d’ d Vida Vus Vub d
S| =Vekm [ S| = Vea Vs Vo s | .
b’ b Via Vis Vi b
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construct unitarity triangles Y \ 2§
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VusVip + Ves Vi, + Vi Vi = 0 TR T |
connect observables of various aly Y ' /
processes/decays (over-constrained!) aob oy
inconsistency of measurements 15% L e
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=> hint for New Physics
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CP Violation

Types
direct CPV
CPV in mixing
CPV in interference of mixing and decay B,
neutral B mesons: Bqand Bs By
fast oscillation in Bs, slow oscillation in Bg
different CKM angles accessible in Bs and Bg
time-dependent asymmetry
dp(t) = TBalt) = £) - T(BY0) = f
I'(B,(t) = f) +T(By(t) — f)

Crucial information: Initial flavour?
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Flavour Tagging %

infer information on
production state (tag) from

OS Muon
OS Electron

inclusive reconstruction of
“sister” b quark decay
(opposite side)

OS Kaon

search for fragmentation
remnants of signal B (same
side)

per-event estimation of
mistag probability

Opposite Side

need to calibrate flavour
taggers on data

measure and control mistag Np + Ny Nw

probability of tagging Etag — W =
algorithms e Nr + Nw + Ny Nr + Nw

sensitivity of measured

asymmetry is directly Az,ﬂ;as (t) (1 _ Qw) Acp (t)
related to effective tagging ——
efficiency et = EtagD D
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Mixing and Decay in Ba > J/@ Ks (s

Time dependent asymmetry

ol

b TR
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BY W c Asprg(t) = —— 0 0
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d = S yppro sin (Amgt) — C 0 cos (Amgt)
Ks
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sin2f from By > J/P Ks

» sin2pB well measured by B
factories

» serves as reference
measurement for LHCb

» first measurement of time
dependent CP
asymmetries @ LHCb

Raw Asymmetry

Aep®(t) = D sin 28 sin Amt

» best measurement of
sin2f at a hadron machine

» dominated by statistical
error

» systematic uncertainty will
decrease in future
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sin2B3 = 0.537055(stat.) + 0.08(syst.)


http://cdsweb.cern.ch/record/1331806?ln=en
http://cdsweb.cern.ch/record/1331806?ln=en

sin(2|3)

sin(2¢,) [T

PRELIMINARY

e

BaBar : H 0.69 + 0.03 = 0.01
PRD 79 (2009) ‘072009

BaBar ¥, il  0.69 = 0.52 +0.04 + 0.07
PRD 80 %0055 112001 '

BaBar JAp (hadromc) K | L 1,56+0.42=0.21
PRD 69 (2004):052001 | ;

Belle ' - 0.67 = 0.02 = 0.01
Moriond EW 2011 prellmlnary |

ALEPH . . |, . 084770;=0.16
PLB 492, 259 (2000) e

OPAL ! | 3.20 1350 + 0.50,_
EPJ C5, 379 (1998)

CDF n 0.79 341
PRD 61, 072005 (2000)

LHCb | 0.53 ¥328 .. 0.08
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Average i 0.68 = 0.02
HFAG 5
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CP measurement in Bs system %
d)sin Bs%J/Ll) CI)

What is ¢s? CP violating phase in interference of mixing and
decay of Bs

B il Jh

u,c,t b o ) ’ ¢M EO _¢D

b JA

S

dM = ¢ — 20p ~ —28,
TeSt: IS CI)S Z d)sSM ='ZBs?

precise SM prediction 2s = (0.0363 + 0.0017) rad (indirect)

if direct measurement of ¢s shows deviation from SM
prediction: New Physics!
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Measurement of s %

Bs >J/WdisaP - VVdecay Transversiy S 6oy |

final state of is admixture of different
CP even/odd eigenstates (different
angular momenta)

o
TTTT

LHCDb preliminary
\/s=7TeV, L=36 pb’

events / 0.05
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cos y

use transversity angles to disentangle L PN Y
CP eigenstates

use a four dimensional pdf
In time and three transversity

angles to extract ¢s and Al's
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Bs > J/P ¢ - Untagged Analysis %

EO-G—LHCb Prelimin 68%
o , 90%
“ 0.4 95%

0.2=
0
02
-0.6\
1—-|3||||-2||-||||

no constraint on ¢s

tagging needed to reduce four-fold to two-fold
ambiguity
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Bs > J/V ¢ - Tagged Analysis %

first LHCb constraint on ¢s

| o |

—

fold by use of tagging <
iInformation

. ‘o
ambiguity reduced to two 206 —s-7vev, i3 ps" ] 7N\ U o

systematics small
compared to statistical
uncertainties

prospect for 2011 data
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Julian Wishahi | Search for NP in CPV measurements @LHCb | ICPP-II Istanbul | 23rd of June 2011 13


http://cdsweb.cern.ch/record/1331806?ln=en
http://cdsweb.cern.ch/record/1331806?ln=en

Bs > J/UP fo(980)- first observation %

12.80 significance oF THG T
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Events / (15 MeV)



http://arxiv.org/abs/1102.0206
http://arxiv.org/abs/1102.0206

First observation of Bs > K* K* %
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Conclusion and Outlook %

analyses on 2010 dataset show excellent
performance of LHCDb

first CP violation measurements
tagged, angular, time-dependent CP analyses

new decay modes discovered and studied

LHCb measurements in 2011 will contribute
significantly in constraining the SM

Expect world‘s best measurements of ¢s with 2011 dataset!

Stay tuned for y!

Interesting CP channels under investigation.
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Thank you for listening!
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LHCDb Detector _

» onearm forward spectrometer
> covers 1.9<n<4.9 see talk by
S. Montaeil

» b pair production correlated in
forward/backward direction

» excellent lifetime resolution
(~50 fs)

» boosted particles

» extraordinary vertex resolution

Magnet

7| /IRICHI
A il

» tracking stations before and
after dipole magnet

» particle identification
» two RICH detectors

» calorimetry

°* muon system
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