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Introduction

The LHCb experiment
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Introduction

The LHCb experiment
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Introduction

The 2010 dataset
Approximately 37pb~! of data on tape

» LHCb has been operating at mean interactions per bunch crossing

» Detector has performed well in challenging and fast-changing

Integrated Luminosity (1/pb)
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Introduction

Key physics goals for LHCb in 2010-11

LHCb's most promising new physics

year:

» Branching ratio/new physics
search in B — putp~

» Measurement of ¢ in
Bs = J/vo

» Asymmetries in B — K*uu

» Asymmetries in semileptonic
B decays

» Searches for CP violation in
charm

Hamish Gordon LC10 Frascati, 01-12-2010
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Longer term prospects for LHCb

Example: measurement of ~:

B~ — DK w*)K™, ~ 14pb~"
» Expected uncertainty on +y is 4.8° from § 4 ' H';ﬁ?mnary
first 2fb~1 (at 14TeV) 3 Yo
> LHCb expects 1fb~! of data next year; % szt 263wy
6fb~1 of data in the “first run” Dty Ty
» Compare gamma from Ioop§ (sensitive S w0 vy g0 |
to NP through penguins) with gamma s

from trees (not sensitive)

1, = 5.3612 = 0.0020 GeVic*

T
§140f-LHCb = 0.02300 = 0.00090 GeV/c’

Preliminary vom 254220
» Examples (trees): ST
B~ — DYK—7M)K~, fo
B~ — DO(K2rt7m )K~ it b
» Examples (loops): B? — K*K~ and B A T
BO % ’]'('+’]T_ Combined Invariant mass (GeV/c?)
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Performance

LHCb performance (1)

Mass resolutions good and improving with latest detector

alignment

» Important for background suppression in Bs — . search
» Below: T — ptu~, 0(1S) = 47 MeV (data), 40 MeV (Monte

Carlo)
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Performance

LHCb performance (2)

Impact parameter resolution extremely precise

» Important for separating charm into prompt and D from B
components
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Performance

LHCb performance (3)

Particle identification also close
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Kg production

LHCb first results

K(S) production
bb cross sections

Quarkonia

vV v v v

Open charm cross sections

There are results | don’t have time to talk about: inclusive ¢
production, A/A, pp, W and Z cross sections, ...
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Kg production

Introduction

Aim: To measure the production cross section for K2

» Cross section o = TER) for yield Y in integrated luminosity L for

efficiency € and decay mode branching ratio (BR)

» Luminosity in 2009 data calculated by determining size of beams
from positions of primary vertices

> Excellent test of the precision of the VELO and trackers
» First published paper (PLB 693 69 (2010))
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Kg production

K2 Signals in 6.8ub™! (20

09)

3

%4 r T T T T T T T T 1
-~ r 4
3 500 Downstream LHCb preliminary J
= E analysis Vs =09TeV E
o~ F
§_ 400~ —
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T 200~ -
§ F

100F .

m,.. [GeV/c?]

L L fl 1 1 L
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]
a
S

candidates per 2 MeV/c?

6 8.4 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6

Long + LHCb preliminary
analysis

Vs =09TeV

PR FERTE FRURY FERTY pewee |

m,.. [GeV/c?]

Downstream Long
Beam-gas subtracted yield in beam-beam 4801 + 84 1182 £ 36
Mean mass (MeV/c?) 497.12+ 0.14 | 49731 £0.13 (PDG:497.61 £0.02)
Mass resolution (MeV/c2) 9.2 4.0
Total yield in beam-gas 56 10 156
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Kg production

Results (6.8ub™!, \/s = 900GeV)

25<y<3.0 3.0<y<35 35<y<4.0 LHCb

[mb/(GeV/c)]
>

&’ (pp = K¢ X)
dprdy

—&— LHCb 2009 data
Perugia 0
LHCb MC
LHCb MC + PYTHIA 6 diff.

0 02 04 06 08 1 12 14 160 02 04 06 08 1 12 14 160 02 04 06 08 1 12 14 16
p; [GeV/d] py [GeV/d] p; [GeV/d]
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bb cross sections

LHCb published results

K(S’ production
bb cross sections

Quarkonia

vV v . v v

Open charm cross sections
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bb cross sections

Introduction

Measure using semileptonic B decays

» b— DXp~ 1, with D® — K=t
» Published October 10 (PLB 694 209 (2010))

» 2 samples: 3nb~! data taken with open trigger and 11nb~! with
muon trigger
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bb cross sections

Removing prompt charm background
Use impact parameter distribution
- 2D unbinnned log-likelihood fit to mass(K™ 7") and In(impact
parameter)

- Fix mass distribution shape using prompt sample of D® — K= 7"

- Allows simultaneous estimation of prompt charm background and
other background (combinatorics, etc)
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bb cross sections

Results: bb cross section in bins of 7

50
--- MCFM
40
— FONLL
do 30 Min. bias 3 nb"!
dn U Triggered || nb!
(Wb} 20 Average
10 Theoretical
o LHCb . ) ) uncertainty
2 3 4 5 6

17% systematic (not shown) dominated by uncertainties in luminosity and
Monte Carlo representation of the tracking efficiency

> Extrapolate to full rapidity range: cross section at 7TeV= 284 + 20 £+ 49ub
» MCFM: NLO with a PDF MSTW8NL http://mcfm.fnal.gov

» FONLL: CTE6.5 PDF; NLO + improvements with the resummation of p;

logarithms. Includes the b-quark fragmentation into hadrons. Cacciari,
Nason, Mangano and others
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bb cross sections

Perspectives for new physics
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LHCb first results

K(S’ production
bb cross sections
Quarkonia

vV v . v v

Open charm cross sections
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Introduction

Key results published or soon to be published

» J/4 cross section
> T(1S) cross section
> X(3872) confirmation (see below)
> ...and others ...
900 N 3
LHCb i ) 2 5000 ]
800= Preliminary mean (18)= 9455.9 1.2 MeVic > E
In E=TToV G(15)= (46.8+1.2) MeVic? = ]
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5 ]
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5 2000) - H
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J /1) results

J /1) cross section not well described by colour singlet nor
colour octet models as implemented in LHCb Monte Carlo

> Inclusive cross section measured in 2.5 < y < 4,p; < 10 GeV as
7.65+0.19 & 1.17987 b (final uncertainty due to polarization)

> Lifetime z-projection used to separate prompt J/¢ from J/v from b
and thereby measure both J/v and bb cross sections

» To be updated shortly with 5pb~! of data

= T T T
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e E 5 =7TeV E Lhco' —baa El
3 ' —e——o— L=14.2 b @Q £ E
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= [ - ~ 10 Preliminary Background E|
3 10° ?.= —.— e . % @ ; s =7TeV Data . Prompt Vg i
Sl E —— 2 0 L-uem Iy from b El
28 - ¢ B
=Y . i 10k |
laep T — E ]
E ® LHCb data - _ E 1 E
F 4 LHCb simulation (P vTHiA 6.3 Color Singlet) —‘——A—E E 3
| @ LHCD simulation (+ P vTHIA 6.4 Color Octet) 4 10" = —
1 L L L E 3
2 . . ]
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P, [GeVic] t, [ps]

Hamish Gordon LC10 Frascati, 01-12-2010 23/34



Open charm cross sections

LHCb first results

K(S’ production
bb cross section
Quarkonia

vV v . v v

Open charm cross sections
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Open charm cross sections

Introduction

Aim to measure cross sections of D%, D* *, DT, Df, Al in
bins of y and p; from 0 < p; <8 GeV and 2 < y < 4.5

>

For final analysis, use the first 14nb~! of data where the trigger has
a low p; threshold

So far have results on the first 1.8nb~! of data for D°, D* *, DT, D{

Publication will follow in early 2011

Cross section o = TER) for yield Y in integrated luminosity L for

efficiency € and decay mode branching ratio (BR)
Take efficiency from Monte Carlo, using data and calibration
samples to correct the Monte Carlo results where necessary

Hamish Gordon LC10 Frascati, 01-12-2010
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Open charm cross sections

Signals in 1.8nb™!
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Open charm cross sections

Subtraction of D from B

Converse to procedure for subtraction of prompt charm in bb
cross section analysis

» Use mass distributions to determine background fraction and
In(impact parameter wrt primary vertex) distributions to determine
fraction of D from B decays

"-_: E T T T T T

S;sooi— — 2010 Data }{ Lheb

2 F_ ] Preliminary

§ 250F Total fit V8 =7TeV Data
s00F D from B

-
o a
S o
T T

a
k=]
T T T

o
T

2 0
Ioge(IP / (mm))

» Sum over IP distributions in each p;, y bin, (sideband-subtracted
using the mass distribution)
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Open charm cross sections

Systematics

» Systematic uncertainties are mostly constant across p; and y

- 10% uncertainty in luminosity measurement

- 3% per-track uncertainty in Monte Carlo tracking efficiency

- Particle-dependent fit systematics

- Systematics for other small data-Monte Carlo differences (e.g. PID)

» Results on next slides do not show systematics that are correlated
between bins (tracking efficiency and luminosity)
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Open charm cross sections

Preliminary (1.8nb™!) results for D°

DO+C.C. cross-section
L}—IiCb,\I/7=7 ‘II'eV ]
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Open charm cross sections

Preliminary (1.8nb_1g+resu|ts for D

+c.C. cross-section
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Open charm cross sections

Preliminary (1.8nb™!) results for D*

D*++C.C. cross-section
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Open charm cross sections

Preliminary (1.8nb™!) results for D

D¢+c.c. cross-section

Dg+c.C. cross-section
T
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Open charm cross sections

New Physics with charm

Example: Time-integrated search for direct CP violation in
D" — K K™z", ~ 10pb~*

Dt — hhh

» Charm cross section 20 times larger
than bb cross section

> Already have over 100,000
Cabibbo-suppressed (SCS)
Dt — K~KT7* decays on tape

» Hope to find evidence of direct CP
violation via interference of tree and
penguin diagrams in SCS decays

D) — K*Kﬁr*, ~ 10pb~!

Pve\ i inary
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Outlook

LHCb is well placed to make world leading contributions to
new physics searches in the next twelve months

» The detector is performing extremely well
- and its performance is improving rapidly

» Precise physics results can already be produced despite
fast-changing running conditions

- Key particle production measurements are already released

» Analyses with the highest discovery potential are well under way
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BACKUP
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BY — pwtp~

Aim: Limit branching ratio to O(108)

% SM w
» Suppressed penguin diagram R
» Standard model BR (3.35 4 0.32) x 10~° W;%‘
» Aim for binned likelihood fit in 3D space: b W
- Geometrical likelihood (require good k -3
knowledge of B; lifetime and impact " i
b

parameter (IP), muon IP, muon isolation)
- Invariant mass likelihood
- Muon ID likelihood
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®, in By — J/vo (1)

£ 30F LHCD Preliminary Ny, =522%8.1
6 — é Ns=7Tev 0, =6.9+ 1.3 MeV
S 8 s
R R £
bg—— e iy s g
R 50 R b
( 23)HR
~ ~ 15
9 9
10f-
& B i |
G I O byt at A At
SR G br i e
(83) PLILM I N G0, Fash' S0 " Sssd
23/RR ted BY mass [MeV]

Aim: Search for new physics in box diagram, and measure B;
oscillation phase ¢s

Almost pure b — ccs tree-level transition
¢s ~ —2fs in the SM (s = 0.0182 £ 0.0009)
Untagged 3-angle analysis of B® — J/¢K*

Need to separate CP even and CP odd components of J/1¢ final
state

vV v v vy

- Time dependent angular analysis of tagged decays gives greatest
sensitivity
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Asymmetries in B — K*up

> Bg — K*utp™ is a FCNC mediated by box and penguin diagrams in
the SM.

» Sensitive to new physics with contributions from right-handed
currents or new scalar / pseudo-scalar operators through angular
observables.

0.2 it 4.00 SM exclusion

=TTV
o= 21971b

0 2 4 6 8
qZ(GeV?)
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Asymmetries in semileptonic B decays

Interest in semileptonic asymmetries increased following DO

result
> Physics asymmetry az = AA—AF/,SS tan ¢s
» Measured asymmetry A{(t) = %

q _ag 87 al 37\ cos(Amygt)
> Afs(t) - 7f T2 (7f + g)cosh(Arqz/Z) +

LHCb strategy

» Measure difference between
asymmetries in Bs and Bd
decaying to D) (KKm)uv

ag

s

S —
> Then Aag = %57

(g=sord)

6‘7
+(8)

a,' B0 vX {D0)

LHCb MC

Hamish Gordon LC10 Frascati, 01-12-2010

siaal PP AR I
-0.04-0.03-0.02-0.01

0 001 5
Ll

39/34



Charm physics (1)

Time dependent analyses

7(DO—K~KM)—7(D'—=K~K™)

T7(DO—K—K*)47(DO—K—K™)

> MeasurementTof lifetime difference between CP-even and CP-mixed
states ycp = —— — 1

» Search for lifetime asymmetry Ar =

Tk—Kk+
> Key challenges: overcome impact of lifetime biasing cuts, remove
secondary charm contribution

» Can surmount first obstacle by simply cutting on 7 or by minimising
bias in KK/Kpi ratio, and second via impact parameter fits (see
later)
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Charm physics (2)

Time integrated search for direct CPV

» Dalitz analyses of D™ — K=K*x™

» Avoid model dependence with binned study

Nt —Np—

Significance of signal in bin Scp = N

» Once detector asymmetries are fully understood, can use control
modes to cancel production asymmetries

» Require good understanding of asymmetry in backgrounds
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Gamma with trees

B 2 -

b 1
B D' B Kg i
i ﬁ i ak

Phase difference between these diagrams is dg — v

> (dp is the strong-phase difference)

» GLW/ADS method: fit all B~ — D%(h*h=)K~ rates (including
Cabibbo-suppressed modes and extract v from the CP asymmetry of
the B decay

» Dalitz plot method: use B~ — D%(K2h"h™)K™ to extract the
phases from the Dalitz plot either with a model-dependent or a
binned study (using strong phases from CLEO-c)

» Can also use 4-body modes or variants on the methods above!
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Outlook

Gamma with loops

o .
B — h™h~ sensitive to v and also to ¢s and new physics

» Branching ratios of order 107°
» Exploit U-spin symmetry (d <— s) for controls

» Extract v, ¢s from CP asymmetries
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W and Z

L~16 pb-"

LHCb
Preliminary

110

120

Ratio of W* / W- differential x-sec

4= LHCb preliminary 59nb™!

MCFM NLO/s=7 TeV
MSTW2008 PDFs

ARTRRAIRRI AR AR R R AR UnRARRNL

» For Z need u™p~ pair each with p; > 20 GeV
> For W take 1 p with p; > 20 GeV and something with low p;

opposite it
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K2 analysis strategy

Two distinct analyses:

Downstream track analysis
» Downstream track analysis uses no /“‘
VELO hits (the VELO was open for
the 2009 run)

- High statistics, poor resolutions

Ks

——

pseudo-PV T beam axis

» Long analysis uses VELO information

Long track analysis
- Low background, low statistics, good
resolution

» Use the most precise value in each bin
for the final result

- Don't combine results as uncertainties
correlated
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b, ¢ cross section tracking efficiencies
Reconstruct right-sign and wrong-sign K 7 and K 37
candidates
» Check tracking efficiency by comparing ratio of K37 /K= in data and

Monte Carlo (3% difference leads to 3% systematic uncertainty per
track)

data Monte Carlo
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