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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

Indirect searches

- rare decays 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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% The LHCb detector
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e LHCb is a single-arm forward spectrometer at the LHC °

LHCb MC
15=8TeV

- rapidity range: 1.9 <# <4.9

e Fully instrumented in the forward region

0, [rad)

- excellent vertex resolution (+boost)
— 40-501s lifetime resolution

~10! p hadrons / fb!
in LHCb

- tracking stations before and after 4Tm dipole magnet

#
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- particle identification with

/
/
- two ring-imaging Cherenkgé//ée
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HCAL

ctors SPDIPS -
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- calorimetry

- muon detectors
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The LHCb detector

Dataset
2011: 1.0fb!
2012: 2fb!
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The LHCDb detector Dataset

2011: 1.0fb!

2012: 2fb!
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LHCDb Event Display
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CKM matrix and the Unitarity Triangle

e Processes involving the b quark
VUd VUS VUb are sensitive to the CKM complex
Vc d ‘/cs Vc b phase = CP violation

e Unitarity constraints
Vie Vis Vi

=> unitarity triangles

e “The” Unitarity Triangle from

3
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CKM matrix and the Unitarity Triangle

Vud
Vcd

Via
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e Processes involving the b quark
are sensitive to the CKM complex
phase = CP violation

e Unitarity constraints
=> unitarity triangles

e “The” Unitarity Triangle from
product of 15t and 3 columns

- 3 sides of comparable size = 3
large angles
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CKM matrix and the Unitarity Triangle

e “The” Unitarity Triangle from
product of 15t and 3 columns

- 3 sides of comparable size = 3
large angles

/V.—\ V. /V-ﬁ e Processes involving the b quark
ud (VS ub are sensitive to the CKM complex
Vc q chs Vc b phase = CP violation

|V V. e Unitarity constraints
td Vtb => unitarity triangles

=t lllllllllllllllllll lllllll lllll
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CP violation measurements in B decays
e Unitarity Triangle (B? decays) T T e
- p1s already well measured .y

- v from hadronic B decays

e In By system, probe the phase ) !
of CKM element Vs e e w e e

- measure interference between decay and mixing

-~ ®D o
b t,c,u Bf'? :J/Q_;(j
B W W B!
s t,c,u b
- - |
OM B0 —®D
om = —2 arg(VisVin' ) = —2s op = 2 arg(VesVeb' ) = 0 S

- in SM, sin2fs = 0.0367 + 0.0014 [CKM fitter]

- NP contribution can enter the loop and modify this parameter
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Direct CP violation in By)! —K*r+

e Measured direct CP

4000F

asymmetry in B! —K*

- based on 1fb! collected

in 2011 at 7TeV

e Kinematic and particle
identification (PID)
variables used for
selection, optimizing

3000

< 2000

Candidates / ( 10 MeV/c 2

sensitivity to CP violation

PRL 110 (2013) 221601

LHCb
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1.4 55 56 57 58
K 7+ invariantjmass [GeV/c?]

K* invariant mass [GeV/c?]

HFAG (2013)

Acp(B"—K* ™) | -0.080 £ 0.007stat + 0.003ysc | -0.082 + 0.006

First observation (6.56)

Acp(Bs—n"K") 0.27 +0.04 = 0.01 0.26 + 0.04 of CP violation
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Measuring angle y

e Angle y (phase of V) from interference between b—c and
b—u transitions

e Use B*—D%* and B=—Dh* decays

A — amplitude DO hi
0 — phase diff. i(6p)
r —ratio AB ADrDe

+ .
B ABfBe'(5B—’V) Ap
\EO h*

- measure decay rates for identifiable initial and final states

foh*

e Determine y with three methods
- GLW: /p=K"K", ="~ (CP eigenstates) ,, . ,., (1991) 483; 265 (1991) 172

- ADS: fp=K*n*, K*n*n"r (Cabibbo favoured — doubly Cabibbo
suppressed) o 1 (1997) 3257

- GGSZ: Dalitz analysis with Ks” in the final state ,pp 65 2003) 054015
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Angle y measured at LHCb
e Combination of GGSZ (3fb~!) and ADS/GLW (1fb7!)

1||||||||!|||:||||||||||||||||| LHCb'CONF'2013'OO6

LHCb
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e »=67°+12° at 68% C.L., modulo 180° [PRELIMINARY]
e In agreement with CKM-unitarity fit y = (69.7"13,5)°
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Time-dependent CP in Bs—J/w¢
e Dataset: 1fb!

* Ingredients for measuring ¢s in Bs—J/ @
1.Excellent decay time resolution to resolve fast oscillations
- measurement of Am, (21t/Ams=35515)
2.flavor tagging to determine B flavor at time of production
- use same- and opposite-side tagging algorithms

3.angular analysis of Vector-Vector final state

- disentangle CP even and '  _ |
odd amplitudes . / Y

4.apply maximume-likelihood fit to time-dependent angular
analysis = measure ¢

F.Blanc, CP violation at LHCb
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% Measurement of B, oscillations

* Determine Ams from Bs— Dy n7 & [ - « data
> 4000t © D, —¢n — it
e 1fb-! dataset = | WB- D
=> 34’000 signal candidates = W B{-— DK’
S 20001 [_LHCb [ misid bke.
e Tagged time-dependent 2 Bl comb bkg.
fit to extract Am; 5

5350 5400 5450 5500 5550

8 i | + o Tagged mixed (l)\ 7U7) invariant mass [MeV/c)
5 - 49 % ¢ o Tagged unmixed
> 400 : " $ —— Fit mixed
% : g Fit unmixed
2
o - . .

o —
= 200 Proper time resolution = 44 fs

e Demonstrates the excellent vertex
resolution at LHCDb

New J. Phys. 15 (2013) 053021
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LHCb
CP-even
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PRD 87 (2013) 112010

Many other time-dependent CP measurements
at LHCD (e.g Bs—¢¢@ , Y (2S)¢)
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Flavour-specific asymmetry

T(B)(t)»>f) — T(B)(t)~
T T(B%(1) ) + T(B%(1) > f)

LHCb-PAPER-2013-033

e Probes CP violation in B%—B’ mixing

e Predicted very small in SM: ag=(1.9£0.3)X 10 [Lenz, arXiv:1205.1444]

=> sensitive to NP entering B’ —BY; mixing

e LHCb uses BY— Dsu*X
semi-leptonic decay

B field up B field up

T~
T~

L LHCb

10°F

- production asymmetry 3 e é B e
b . E 3 D + E D
0 " 1 S 1 o " 1 S 1
(<few A)) 1sglluted by g/ 1800 1850 1900 1950 2000 =~ 1800 1850 1900 1950 2000
rapid B’ —BY, g £
=B amas - - - = - - - -
oscillations % 104;_ LHCb B field down § [ LHe B field down
l’l * + 103 103
B. Il(( - (d)) 10° ' ........ 10° D .
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Ds" ~>TT" m(K*K7r*) [MeV] m(K'K'w) [MeV]
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Flavour-specific asymmetry: results

M a1 = (=0.06 £ 0.504ta¢ £ 0.365y5)% |

-0.04 -0.02
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LHCb-PAPER-2013-033

* Most precise measurement to date
¢ In excellent agreement with SM

* No confirmation of DO same-sign
dilepton anomaly
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.’ﬁ C“b Searches for Lepton Flavor Violation (LFV)

CL,=CL,/CL,

e Search for t—uuu (1fb'at 7 TeV)

LHCb-PAPER-2013-014

- large " production rate at the LHC (mostly from Dy —7*v)

- exploit the excellent LHCb muon ID capabilities

- normalize with respect to D™ — ¢m*

- BF(r—u ) < 8.3x10% @90% C.L.
(Belle: BF < 2.1x10-%)

e Search for By)'—e*u™ (1fb! at 7 TeV)

a 6~ ~ ~ ~ v T T T T T T T T —]
S Fo(a) | e cloo ]
7 sk Mem € 0725100 LHCb 3
= 3
S o :
8 3¢ T E
g 3
22 T E
=) C ]
< | ]
S |
0 L L L P N L L ' N R P P H
1600 1700 1800 1900

m(u”wu”) [MeV/e?]

- sensitive to SUSY, lepto-quarks (LQ), singlet Dirac neutrinos...

- normalize with respect to B’—>K*r~* s LHCy 3
- track and vertex quality cuts + BDT decision o
Iorzé_ = Signal '+—_¢_§>——%>:é

LHCb-PAPER-2013-030 | | - mwows :

20 o =
B(B, = e u%)
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CL,=CL,/CL,

BDT

BF(B—e*n¥) < 1.1x104 @ 90% C.L.

. BF(B'—e*p¥) < 2.8x10° @ 90% C.L.

(= Mrg > 101 & 135 TeV/c?!)
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Summary and future prospects
e Very successful first LHC run at LHCb = 3fb!

e Obtained many new or best B (and D) physics measurements

- CP violation Continue to probe fundamental

> symmetries and conservation laws
- rare decays

e Results in agreement with SM, putting strong constraints
on New Physics models

e Detector maintenance and improvements during the current
LHC shutdown

e Expect to collect ~5fb~! @13TeV in 2015-2017
= ~8 fb! total

e 2018: detector upgrade to allow 40MHz readout and
operation at 5 times higher luminosity
= physics output rate to increase by factor 10-20!
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