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| Outline

= Introductory remarks

= The LHCb detector and running conditions
= The detector operating performance

= A taste of the physics
(focussing somewhat on non-B physics)

= 2011 running
= Summary

Note - I will only skim the surface - the detailed physics will
be left o the many individual talks at this conference
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|14 LHCb talks at Beauty 2011 |

MONDAY
¢ 10:10
¢ 15:05
¢ 15:55
TUESDAY
¢ 09:00
¢ 12:10
¢ 16:55
¢ 17:20
WEDNESDAY
¢ 09:30
¢ 10:00
THURSDAY
¢ 09:25
¢ 12:00
¢ 12:15
¢ 14:20
FRIDAY
¢ 12:05

LHCb detector performance: Neville HARNEW (University of Oxford)
Flavour tagging and mixing at LHCb : Stefania VECCHI (INFN, Universita di Ferrara)

Bs -> J/psi phi : Uli UWER (Physikalisches Institut Heidelberg)

Bs -> mumu, B -> K*mumu & B -> s gamma : Matteo PALUTAN (Frascati (LNF)
Charm mixing/CP violation and plans : Marco GERSABECK (CERN)
b production cross section and fragmentation fractions at LHCb : Niels TUNING (NIKHEF)

Charm production at LHCb : Alexandr KOZLINSKI1Y (NIKHEF)

Upsilon production, Psi(2S), X states, chi-c at LHCb : Julien COGAN (CPPM)

J/Psi cross section (incl. B->J/Psi X), J/Psi polarization : Jibo HE (LAL - Universite de Paris)

Semi leptonic decays (beauty/charm) & plans : Rob LAMBERT (CERN)
First measurement of sin2beta at LHCb with BO-> J/psi Ks, Marc GRABALOSA GANDARA (Barcelona)
Bs -> DsK and D K states : Steven BLUSK. (Department of Physics - Syracuse University)

B -> hh (hadronic final states) : Vincenzo VAGNONI (INFN Bologna)

LHCb Upgrade : Marcel MERK (NIKHEF)



LHCb covers forward region: 1.9 < n < 4.9 :
a unique rapidity range

LHCb is optimized for the strongly forward
peaked heavy quark production at the LHC

It covers only ~4% of solid angle but captures
~40% of heavy-quark production cross section
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| A chequered history ..

= Forward physics experiments at hadron colliders has
historically been challenging

+ ISR first paved the way
¢+ SPS and Tevatron focussed on the “central” region
* H1/ZEUS - found the forward region “difficult”
¢+ HERA-B was beset with problems
= So would LHCb actually be able to deliver physics ?
+ Trigger is a monumental challenge
¢ Occupancies
+ Secondary interactions
¢ Radiation damage ... etc etc ...

= We at LHCb (+ the CERN LHCC + our funding agencies)
thankfully had confidence, but it was always going to
be difficult ...
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LHCb major physics aims - the "big six”

LHCb roadmap document: [arXiv:i0912.4179v2 [hep-ex]]

Tree and penguin-level determinations of CKM angle v
Charmless charged two-body B decays
B, mixing phase ¢, from B, — J/y¢
Branching fraction of B, — pfu-
Angular distributions in B® — K*ptu-
B. — ¢y and other radiative decays

AND A WHOLE LOT MORE !l

LHCb IS A PRECISION EXPERIMENT
DESIGNED TO MEASURE CKM
PARAMETERS - BUT PRIMARILY TO
DISCOVER PHYSICS BEYOND THE
STANDARD MODEL
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The LHCb spectrometer

T3 RICH2

SPD/PS

ECAL
M1

M2
HCAL

M3

o\
Vertex

Locator RICH detectors

(Silicon)

o

Tracking

Calorimeters
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2010 In‘l'egr'a'red Lummosuty @ 2x3 5 TeV

10

. Dellverad Lumi: 42.15 pb !
. Recorded Lumi: 37.66 pb™*

10"

10°

Integrated Luminosity (1/pb)
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1.u'5 .E.........: ........................................ :.........E........-

100 I1ﬂjljlzmllllzﬁullijanu
Days since 1 January 2010

.. Note that it's a logarithmic scale ..

" Recorded 37.7 pb-! at /s = 7 TeV
" Data taking efficiency > 90%
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‘I'r has not always been easy ...

O:ﬁﬁcé)ﬁ
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= LHCb designed for a single interaction
per bunch crossing at luminosity of
2x1032 cm-2s-1

= Design: <u>=0.4 interactions per
crossing

Probability
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What we had to learn to cope with ..

| Peak Mu over LHC FillNumber | [ 2010-11-23 18:00:04 |

0.0t
] 03]

32 33

. 10
Luminosity [cm-2 s-1]

m Peak instantaneous luminosit
almost 2x1032 cm-2s-! at end of
run

= But: with onl¥ 344 colliding
bunches (factor ~8 unfilled)

m But with all sub-detectors still - - = = =
Wor'king at » 99% effiCienCY. LHC Fill Number
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Typical event at <u> = 2.5 -the challenge
LHCb Event Display
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| The reality... first B* — J/y K* candidate

5 April 2010, 01:30:09
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‘ The LHCb trigger

Max 40 MHz ‘ ' Y Trigger efficiencies LOXHLT1 determined on data

using the tag-and-probe methods:

5 LO: High-pt
= E & HCAL Muon trigger (J/y)  Hadron trigger (D9
§ H H & muon Data 94.940.2% 60+4%
Maxc i Mide ' ‘ ' MC 93.3+0.2% 66%
HLT1: Associate LO signals with
% F tracks, especially those /\
£ in VELO displaced from PV
W 30kHz  Global reconstruction
$ . Tnclusive selections 1L T2: Full detector information
S K u, petrack, pp available. Inclusive signatures,
= Exclusive selections  exclusive selections in certain key
Max2kdz 7 channels.

= To cope with the increased <u>, the Triﬂger' strategy evolved
over the course of the run - giving excellent efficiency
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‘Tr'acking: Evolution of J/y —ptu- mass calibration ‘

Events / ( 10 MeV/c?)

Candidates/(10 MeV/c?)
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‘On-shif‘r online real-time plots ... ‘

m 1 hour of data at 7 TeV. A fill of 300nb-1. The
HLT2 uses a fast version of reconstruction to make
on-line plots.
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|Vertexing (& lifetime) performance

IP resolution ~15 mm for the highest
p; bins :

- slope determined by multiple scattering,
not an alignment effect

- understanding is ongoing |:>

- Proper time resolution ~ 50 fs

LHCD prelimina
LES pb! Y B—)J/WX

104

Background

103 - Prompt J/y
Jhy fromb

Events /(0.2 ps)

| IP, Resolution Vs 1/p_ |

" Extrapolation < 150 mm,\s =7 TeV

70—+ 2010 Data
*— Simulatien

60

50
E
<+ 40

30

LHCb VELO Internal

2010 Data:oc =144 + 19.5FpT pm
Simulation: o =13.1 + 16.5.!';:1_ Lm

1 1 2‘5 1 1 1 1 3
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20
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1.5 2
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o
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-

m Take J/w produced in B decays:
= Pseudo-time t, J/y from b:
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Particle ID

= Crucial for particle ID of B decays with identical topology, e.g.
B® — n*r~ and B® — K*n~ and for flavour tagging

m Two RICH detectors with three radiators

= Efficiencies and mis-ID determined from data using calibration
samples on Ko —» ', A - pn, D - Kn, ¢ - KK-

LHCb data RICH 1 LHCb data
(preliminary) (preliminary)

. Kaon ring Kaon ring :
Pion ring /" spega- / . & SR
N‘\*: I ! H il:,‘ J & '
. d
L 1

Cherenkov *photon
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calibration samples
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| Effect of PID on ¢ — K+ K-

= Early 900 GeV data
= Hard-ish RICH cut on each kaon track DLL(K-pi)>15

~5000

T
"0 as00f LHCD
>

% s000F. Preliminary

= \'s =900 GeV Data o ,g’gf

o

— 3500
~ 3000
% S
= 2500 /
~
= 2000 S
1500 °
[ )
1000 o
500 °
0 M M ]

980 1000
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‘Calorime‘l'er's - photon and electron ID‘

= EM/Had calorimeters provide trigger, electron
ID and neutral reconstruction — e, vy, n° etc

= 710 resolution found in data actually exceeds

exXpectations

0 _ =72 :

T yy o=7.2MeV Charm multi-body D9—K-r*n0
- — o~ 140 ——————————————————

E LHCD - L LHCb Preliminary
600 Preliminary = 120 V8 =7 TeV Data —

C \'s =7 TeV Data : = - 2
500F = 1 100 Nyigras = 180 L 19 3
400:_ E -'5 80 m, = 1867.3 _ 2.7 MeV/c? _

- ] c Gopues = 235 + 2.5 MeVic® -
300F- = E 60

C e Ne,ues = (2368.9 £ 11.8) 10° -
200 ra lgaues = (135.01% 0.01) MeV/c? ] 40

Y Ggass = (7171 0.02) MeV/c? ] E
100F- 3 20 :

A N T B | ok

50 100 150 200 250

vy invariant mass (MeV/c?)
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‘Tagging performance - where are we?

MONDAY: 15:05 Flavour tagging and mixing at LHCb : Stefania VECCHI

/b_ o b;u};“\\\ same side
S —— ) Fron aseeT = At present, opposite side

N ad% S W kaon, lepton,vertex charge

K*

Same side =~ . T——— — . ! .
e and same-side pion studied
proton = signal B P proton
” T 1- 20)2
e omostes e 8 Eoff T Ergq (1- 200)

________ agger () LHCb-CONF-201 1-03
lepton taggers [ Flavour Oscillation signal region | | LHCb-CONF-2011-10
(e, pr) from b-quark > 0.6 — LHCb Prelimi
. . . . S - reliminary
m Oscillation studied in  BO—D*- s ° Vs =17TeV
utv “flavour specific” calibration g4
channel g‘ 0.2
= Measured tagging power N + pd
(1.97+0.18)% using OS tagging - s
only 02
= Good agreement with PDG 0al + e
oscillation frequency -
m  This work is in progress B proper time (ps)
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| Example of CP violation measurement

THURSDAY 14:20 B -> hh (hadronic final states) : Vincenzo VAGNONI (INFN Bologna)

= Separate samples into B® and BC using particle ID
= Raw asymmetries clearly visible in data: direct CP Violation > 3¢

= Central values consistent with expectations and previous
measurements

= NB: corrections from production and detector asymmetry not
yet corrected for

)

:,1‘“':_ LHCb %140:— LHCb l
& [ Preliminary 4 _ o o o o o e e e - — 48 [ Preliminary V_ _ _
§12“_— %7 TeV Data §12u—_‘-’§=”‘""["’“‘ CP violation -
S 100~ Swo- — — — —r - B> Kt
Ty - o -
_a- - L] -
c 80— 5 80—
I% r @
60— 60—
a0 a0
o- 4T 0 W4 s =
: ) 5.8 995 51 52 53 54 55 56 b 8
Invariant mass (GeV/c?) Invariant mass (GeV/c?)
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‘ Physics not in our initial planning ...

= W: single isolated p with
P, > 20 GeV/c & small P,
opposite

= W+/W- asymmetry
measurement: W-opv

—4— LHCb data
LHCb preliminary {+ |[m W Monte-Carlo
|
[

L=16.5pb-1, Vs =7 TeV

-
o
[=]
o

QCD bkgs (data)
Tau bkgs (MC)
Z—>py (MC)

W_

-+

Number of events per 2 GeV/c

20 30 40 50 20 30 40 50
Muon transverse momentum [GeV/c]

" And Z—-ptu-
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Very sensitive to PDFs

= New regions of proton structure measurement

6

10
LHCb |19<y<49
sLpmeme
10°F, GPDs | |y| < 2.5
10*F ZW ——m798»
g;>'- 10° |
o
- 102F ) D Lsfe.._. =
o
]
10} Y
100 -
10" | Fixed target
lll lnl'll'l 1 11l IIL L - i: | _— “l Lll'lllJ | Ll 1Ll
10”7 10°® 107 10 107 102 10" 10°
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| B, : a number of first observations

B T N A P B
__3sf Vs=7TeVData Mgy = 5366.1:%1.1 Me
| BS_)DSZ(2573)+H_V E %0 (a) “ o= 8.2+1.4 MeV
i-._-".- 25 " Bt i
& F | B*—>J/yK*x*)
§ 2“ ! B9 J/yK*
w 15g¢ | I :
= B, — J/ufo(980) ) bl Ml
Zirwiga O g R b A
5 L R By C\ Bimnin, miibd T
: . ni
—_— u 1 1 L UL T TN ! (e R TN T TR T Ll S S T i ks el
0 Bs N K*OK*O 5200 53“31'[11"11' E*:_:ﬁh V) 5500
40 T T T T T T T T T T T T T T T T
LHCb
LHCb-CONF-2011-019  35E\5 .7 TeV Data 1
N % %0 ! !fG{QBO) + fp 1370]
=
= B, —» DK™ 2 2 l
LHCb-CONF-201 1-08 2 % | ]l
c 15 1k
D . ' | E
D 10 ' X " | c
PLB 698 2011) 115, | EYMAL -~ AT
600 800 1000 1200 1400

m(n*) (MeV)
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LHCb 2011 running ‘

= LHCb plan to run in 2011 with a visible pp-
collisions/bunch crossing up to <y>=2 (2.5 at
start-up). We prefer to maximize the number
of LHC bunches to minimize <p>.

= Luminosity levelling will be crucial for running
with almost flat luminosity (to ~3x1032 cm-2 s1)
throughout the year.

= We hope to get >200 pb-! by end of June and
~1 fb-! by the end of 2011.
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‘ And the 2011 startup ..

[ LHCb Integrated Lumi over Fill Number at 3.5 TeV | [2011-03-30 18:03:46 |

N S A o e « Delivered Lumi: 889 /pb

~ . Recorded Lumi: 8.24 /pb

integrated Luminosity (1/pb)

1 | 1 1
1645

i Py I L& 1 g‘— —9 - L1 | L1
1615 1620 1625 1630 1635 1640
LHC Fill Number

L ] P!

s 2011 data-taking has just started:

= Fills with 32/64/136/200 bunches being taken
with >90% efficiency.

= Soon necessary for luminosity levelling
= It's all kicking off again ... © |
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| Summary

" LHCb running in 2010 has been splendid, recording 37
pb! of excellent data.

" LHCb has proven extremely versatile, both in its ability
to trigger (<p>) and in its physics. And it *works™ |

" LHCb is already competing with Tevatron in some areas
of B, physics. Next year we will surpass the B factories.

" Long programme over several years to explore the full
potential of physics beyond the Standard Model

2011 WILL BE A VERY EXCITING TIME !
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That's all folks |
Spare slides from
here on

IT'S OVER

UNCONDITIONAL SURRENDER:
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Muon Identification Performance

= Efficiency determined from data using tag-and-
probe method on J/y — p+u-

= Found to be > 90 % for p > 10 GeV

= Mis-ID probabilities K—u, n=—p, p—u determined
from data using tag-and-probe method on ¢ — K+K-
, Kg— n+n-, A — pr

= All found to be < 2 % for p > 10 GeV
= Good agreement between data and simulation

=105

Reconstructed B o |"Dwn
. . Muonstuo -
invariant mass: q Bl + | L .
- q . n L+
J/y —»p'p” o — N 0 | tagging § | T o°gpenfats ‘“if‘ S L
L+
/ m e R muon @ g5~ |*
- = [ LHCD
. ol Preliminary
O - prnbe N Va=7TeV
Re-uunslrw;tﬂd_..--""'* muon [~
Long Tracks M 85—
M3 T [
s B % | | l ] 1 |

mullllhﬁlll 111 | L1 1 1 L1 1 1 L1 11 II}I
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M, (GeVZ/c?)

Vibrant programme of Charm physics ...

= Dalitz structure in
*+ Dt - K K=t
¢ Dt — K K+
= Signal and control for CP violation search

s 4 ’ ‘;;- 3.5 " E
- LHCb & < L LHCb , 8
- Preliminary 352 @ C Preliminary o
- \'s = 7 TeV Data 2010 “o 2 3 \'s = 7 TeV Data 2010 252
n L~ 37pb” 2 ¥ L L ~ 37pb"! ol
2.5 < T = - o
- g F g
i ) 2.5
in -
L o[-
18 1.5/=
1 -— 1=
14 16 18 2 2.2

L e b o o 1 a1 o 1. MR T
04 06 0.8 1 12 14 16 1.8 2
my.. (GeVZ/c?)

M. (GeVZic?)
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| Tension in the CKM fit

1.0
BR(B-7v) = (0.749 + 0.091) 107* (2.8 o)

fe =(185.1 + 8.6) MeV (2.0 o)

0.8

0.6

=

04

EK"'IVcbl

02

p—value = 2.49;
—10 05 00

0.0

1.0

From Lunghi and Soni, arXiv:1010.6069 (see also CKMfitter, UTTit, etc., etc.)

nb. v =(74 £ 11)° used as input but CKMfitter gives (71*2'_,.)°
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| Contribution of LHCb to UT

LHCb at L=10fb"!

1_
8 v/
/ Am
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Lattice QCD assumed: o (§)/ & =1.5%

o(sin(2p)) = 0.01 ; o(y) =2.4° ; o(a) = 4.5°
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