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%{9’ Overview

LHCb: What is it, what makes it special and different from
ATLAS/CMS?

e Status: Running experience from the first months of LHC operation

e First physics: Results from the 2010 data, published and preliminary

* Discovery potential: Plans for 2011 and beyond

2/39






Overview

—
=730 authors
titutes




e “Indirect” Search for NP

LHCb performs precision measurements of CP violating phases and rare

heavy-quark hadron decays

New Physics enters through contributions from virtual heavy particles in
loop-mediated processes

sensitivity to New Physics is highest in processes that are strongly suppressed
in the Standard Model

discovery potential for New Physics extends to mass scales far in excess of
the LHC centre-of-mass energy

pattern of observed deviations from Standard Model predictions will hint at
the nature of the New Physics

in continuation of long history of “indirect discoveries”
- suppression of FCNC = prediction of 2" quark family

- CP violation = prediction of 3™ quark family

- strong BB mixing = prediction of large top-quark mass
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New Physics in B decays

o explore FCNC processes with large sensitivity
to New Physics, in particular b—>s transitions

* improve measurements on CKM elements
and challenge the Standard Model by over-
constraining the unitarity triangles

 LHCb roadmap document:
[arXiv:0912.4179v2 [hep-ex]]

* tree-level determination of CKM angle y

1=

o charmless charged two-body B decays

. B_ mixing phase ¢, from B_ > J/ ¢

e branching fraction of B, > p*u

» angular distributions in B > K 'prp

« B, = ¢v and other radiative decays
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e LHCb = Forward Spectrometer

e LHCb covers forward region: 1.9<n<4.9

e optimized for the strongly forward peaked heavy
quark production at the LHC

e covers only ~“4% of solid angle but captures ~40% of
heavy-quark production cross section




e LHCb = “Day-1 Experiment”

e LHCb designed to operate at an instantaneous
luminosity of 2 x 1032cm2s!

e corresponds to an average of 0.4 visible
interactions per bunch crossing, maximizes
fraction of single-interaction bunch crossings
(for nominal operation with 2622 colliding bunches)

e single primary vertex: no ambiguity associating B
decay vertex to its production vertex
(required e.g. for time-dependent CP asymmetries)

underlying event

primary, §
vertex o = 1 cm > (flavour tagging b)

* for several of LHCb's core measurements expect first
significant results from 2010/2011 LHC run
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LHCb Detector

VErtex
LOcator

RICH detectors

interaction
point

N S s = =

¥

tracking system

muon system

T

calorimeters
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LHCb = Optimized Trigger

e bb cross section is less than 1 % of the total inelastic cross section

 interesting B decay channels have typical branching fractions of 10~

o exploit generic B decay signature: decay products with large p; (“large” = few GeV)

ol B A |

High-Level Trigger

and high impact-parameter, well separated B decay vertex

HLT1

30 kHz

HLT2

2 kHz

Global reconstruction

Inclusive selections
M, w+track, pp

. 4

Hardware level (LO):

high-pT U, e, v, or hadron candidates

in muon system and calorimeters

Software level (HLT):

multi-processor farm (14000 CPU cores)
access to full detector data

HLT1: cuts on impact parameter

and lifetime
HLT2: global event reconstruction software trigger:

) o flexible - adjust
+ selections for specific channels GRS
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%lzi LHCb Running in 2010

.. Extreme conditions compared to design:

Nominal @ LHCb 2010

Number of colliding bunches 2622 344
Instantaneous luminosity 2x1032 cm2.s71 (average) 1.7x1032 cm2.s1 (max)
Normalized emittance 3.75 mm 2.4 mm
p* 30m 35m
u (number of visible interaction per crossing) 0.4 2.5
pile-up 1 interaction/bb event 3.1 interactions/bb event
Integrated luminosity 2 fbl/year 37.7 pb?

[_Peak Instantaneous Lumi over Fill Number at 3.5 TeV__| [2011-01-05 12:00:04 |
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(&8s Data Taking & Running Conditions

LHCb Integrated Lumi over Fill Number at 3.5 TeV | [201101.05 12:00:04 ]
. . £ | et r
* LHCb fully operational on first day of U ’
LHC collisions, running smothly since j i:
E Lf
* recorded 37.7 pblatvs=7TeV i ;
e data taking efficiency > 90% JJ

T
LHC Fill Number

Peak Mu over LHC FillNumber |
z p——average number of
L. . 2s[—--interactions per BX \II\
* at beginning of fill: up to more than 2.5 - atbeginningof il 1 Al |
interactions per crossing on average z[\ o \3[
N » . . I
 significantly harsher conditions than design ‘;]M/u’\ '
- multiple primary vertices B e=Tee = = ehomial =04

- high occupancies, track multiplicities

* detector & reconstruction cope better with these conditions than expected
- main limitation found: HLT reconstruction time for very busy events
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Typical Event at <p>= 2.5

LHCDb Event Display

T magnet IT/0T

23.9.2010 19:49:24
Run 79646 Event 143858637 bld 19
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e trigger settings continuously adapted to rapidly increasing

Trigger

luminosity and changing running conditions.

early running (1): low intensity, small number of bunches:

* minimum bias trigger, require single track in VELO.

with increasing number of bunches and u (2):

o loose p_cuts at LO, start to use HLT, adjust settings to fully

exploit available bandwidth and CPU.

at highest u (3): give priority to muon triggers, reduce

hadron trigger lines when needed:

* increase cuts on transverse momentum / energy

* “global event cuts” on hit multiplicities to reject very busy

events that require lots of CPU

trigger efficiencies determined on data
using “tag-and-probe” methods

results in good agreement with simulation

= e Delivered Lumi: 42.15

ded Lumi: 37.66

Integrated Luminosity (1/pb)

3 & 8 K 8 &5 8
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(1)

= —F
°anmd’:,‘”'m

Days since 1 January 2010

(2) (3)

(1) loose LO cuts,
HLT in pass-through

(2) LO+HLT1
(3) full LO-HLT1-HLT2

Muon Trigger | Hadron Trigger
(/) (D°, p;>2.6 GeV)
Data (94.9+0.2) % (60+4)%
Simulation| (93.3+0.2)% 66 %

15/39




LHCD

4
¢

Kesolution [LLm]
NN W WA
[=] (3] o [3,] [=]

-
n

10

—  best single-hit
- resolution ~ 4 um >

Vertex Reconstruction

excellent vertex resolution crucial for

high-level triggers and most physics analyses

VELO detectors inside LHC vacuum pipe

only 8mm from beam during data taking

retracted by +3 cm at end of each fill,

re-inserted when stable beams declared

A,

internal alignment better than 5 um, fill-to-fill variations also < 5 um

single-hit resolution

———s—— Projected angle 0-4 degrees
———— Projected angle 7-11 degrees
------------- Binary Resolution

| \I‘\I\\‘I\I\
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Strip Pitch [um]

um

impact-parameter resolution

Impact Parameter
resolution (IP,)

" Extrapolation < 150 mm, s = 7 TeV

LHCb Preliminary

nC

2

I -
1/p, (c/GeV)

primary vertex resolution

| for 25 tracks:
o, =16 um
o, = 16 um
0,276 pm

¢ LHCb VELO Preliminary
\s = 7 TeV Data

Ll
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nTracks
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Tracking

e excellent momentum resolution for .-
invariant mass resolution, rejection

of combinatorial backgrounds

e spatial resolutions approaching
values expected from simulation

= LHCb
“2- preliminary

R

» UMc = 50 ym i:pr-eliminar'y |

- oy
-0.2 0

0.1

e small differences remaining from residual mis-alignments

* note: no alignment from cosmics (acceptance too small)

__

residual [mm]

* reconstruction efficiencies > 90 % for tracks above few GeV

» estimated using “tag-and-probe” methods on KSO - 1UTC

T station
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Events / ( 10 MeV/c?)

w i Invariant Mass Resolutions

J/WHuu
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e b = J/Y X Signals

+ + 0 *
B = J/yK B°— J/yK
~ —— 17— : ~ — , .
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wiss Muon ldentification Performance

5

o efficiency determined from data using g e
gﬂm_— ul: . uﬁ%&l L .
tag-and-probe method on J/ > ptu ¢ _’F 42 3 38
* found to be >90 % for p > 10 GeV m_ + B naty
B Wa=7 TaV
* mis-ID probabilities K>, >y, p—>uU sk
determined from data using tag-and-probe N 5 TNV

=]

method on ¢ - KK, K. = mt, A = prt

o E
235F K* data E
* all found to be <2 % for p > 10 GeV & 3= 1 ¢ Monte-Carlo | 3
G250 =
 good agreement between data and simulation = - E
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Efficiency

kisk K/m Identification

crucial for flavour tagging and for separation LHC data RICH 1
(preliminary)
of B decays with identical topology, e.g. ) ’ X
_ Kaon ring
BO > 1 & BO - Kirt+ — BS - K*K" pion I;lig\ﬂ '...;/

.-’ .-. ) L

two RICH detectors with three radiators

Cherenkov °|3ho’ron

efficiencies and mis-ID determined from data
using tag-and-probe methods on ¢ - KK, K. - mut, A - prmt

performance found to be close to simulation over full momentum range from few
GeV (tagging) to 100 GeV (two-body hadronic decays)

1.4

-
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12 F:rellmlnary n*— K': (7.06 + 0.06)% -g 12 Monte Carlo k" (6.89+ 0.01)%
1 Vs =7 TeV Data = 1 Ns=T7TeV
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0.4 04
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Calorimeters

e trigger on hadronic decay channels

e reconstruction of final states with e, y, rt°

* 10 resolution found in data even better than expected

o yy
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THER 0/p, A%/A°, AO/K O Ratios

* measure Baryon transport from beam 33

particles to final state particles X
-at 900 GeV and at 7 TeV o0
- as a function of rapidity y 02

LHCb
Preliminary

Vg =900 GeV Data

p,=1.2 GeVic

T - FT
icome 1 5 M
-+ Data ] -
- 1
r 0.8F
- 0.6
- 0.4
= 0.2

- as a function of transverse momentum

°* measurements provide important input for
Monte-Carlo tuning

* for comparison with previous experiments
plot ratios as a function of Ay =y -y,

e agreement with previous measurements good

e conclusion for “Perugia 0” Pythia tune
- describes p/p adequately at both energies
- describes A%/A° poorly at 900 GeV

- significantly underestimates /\O/KS0
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% Open Charm Cross-sections

. . . . . 2 b o LHcoNs=7Tev ]f e LHCbNs=7TeV ]
measure differential cross sections in bins of =7} 200725 | 254930
10 F 3
rapidity up toy = 4.5 and transverse momentum, | e | Gt ]
down to p; =0 e e A L
. 10 | LHCb,;fij :::“ LHCb,:’ij :ﬁ(\;*
first measurement at vs =7 TeV 0
1 | o henistnam | Syt :
|arge uncertalntles On theory predICtlonS 107 _---I-aﬁK:l:ﬂ\llll_ _---l-sg(e?ﬁllwllw_
BRI T rcoerev e 1 2 3 4 s 6{(}7&7 f
use impact parameter to reject “D from B” 10" =2 40<y<45 | P, e
10 F E
separate measurements for D°, D™, D*,D * e D° cross-section
10! _|Mcet|a‘\|| | I 3
results agree well with expectation S A o]
< ‘ prompt D ‘ %SOOE_'_;_;OIWID;; o * | I'-"I'C.; .I | _ ;3500
D § 250F — Total fit preliminary = LHCb _
m “ qoof. "7 Dirom B I FNrivfnd
150E- _§ 300
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0 I."'*""'I , L | | M R I R R R
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Kk bb Cross Section: BO > DOyvx*

e reconstruct D% in K t* decay mode

e reconstruct DO pairs from a common vertex

PV )
e select “D from B” by large impact parameter IW -

e use wrong-sign DY u* pairs to estimate backgrounds

w6000 LHCb ' & K !|- T 340002— " LHCb - E 340002— " LHCb 3
> Preliminary K™ " mass S0k Preliminary AR - 3 S,k Preliminary 3
2 5000 : ~ % oy DOy d SR : 3
= \'s =7 TeV Data H h : o F \s=7TeVData ) I.,l 1 n F \s=7TeVData Wrong S|gn ]
- right-sign £ 3000F o A 4 £3000F DO+ ) =
74000 - . o E ] i j 9 E alrs 3
£ DOy pairs § &= D from B -. ERE a3 i E
53000 2000 a + = 2000F- 3
> E r 1 3 - E
w 1500F : i = 1500 =
2000 3 # . 3 E
1000f- Prompt D 4 fakes \ 3 1ooox 3
1000 500 \‘&_,;r" * X 3 500 3
o oo ... . @ ; obseet e YO o oSS,
1800 1850 1900 -6 -4 -2 0 2 6 -4 2 0 2
m(K7*) (MeV/c?) In(IP/mm) In(IP/mm)

* published result based on ~15 nb1 [PLB 694 (2010) 209, arXiv:1009.2731v2 [hep-ex]]
- within LHCb acceptance 2 <n(H,)<6

o(pp>HX)=(7525.4+£13) ub good agreement with

- using Pythia to extrapolate to full phase space SR PHCElEs;

- LHCb performance
o (pp = bbX) =(284 + 20 £ 49) ub studies 250 pb
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Kk bb Cross Section: B - DOuvX*

Average cross-section to produce a b or b hadron:

, 0
# of detected D'y~ and D ut events

o(pp s%) 2L x efficiency x B(b — DX pu~v)B (D" — K—7T)

50

=== MCFM

2 3 ;n 5 6
Very good agreement in absolute value and n shape with 2 theories:

 MCFM [Monte Carlo for FeMtobarn processes, Nason, Dawson, Ellis,
http://mcfm.fnal.gov], NLO with MSTWS8NL PDF.

* CNFMR [Cacciari, Frixione, Mangano, Nason, Ridolfi, JHEP 0407 (2004) 33],
FONLL with CTEQG6.5 PDF.
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LHCD

> e
Preliminary results based on early data (14nb-1) shown at ICHEP

J/P cross-section measurement

BR({JA) — pp) x do /dydp_ [nb/ GeV/c]
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G48%  J/P cross-section measurement

New measurement released in December,
with 5pb-1, to be published in January 2011.

Measure separately:

— Prompt J/Y (direct J/Y + )/ from x.
feeddown)

— J/U from b decays,

Using to separate them:
W

.- dz X MJ N R A > P>
t,(J/v) = p—/ */<H+

™~

nyY

0 d.

Total bb cross-section:

o(pp — bbX) =295+ 4 + 48 ub

Events /(0.2 ps)

T ] T

‘“>9~ 180003— A _f
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I/

cross-section measurement

Differential cross-sections in 70 bins (pr and rapidity, y)
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(4% LHCb running plans for 2011-2012

e From detector point of view:

— Trigger Computer Farm for HLT will be upgraded to reach 1500 CPU nodes,
additional data links will be needed to increase current bandwidth.

— LHCb has been designed to run for 10 years at 2-5x1032 cm-2.s-1: limit of the
instantaneous luminosity that the detectors can support to have stable
operation.

e From trigger point of view:
— Global event cuts have a large price on luminosity when p is high.
— Crucial to improve CPU time consumption per event in the HLT.

e From analysis point of view:
— No significant gain when p>2.5.

e | HCb future running strategy:

— Maximum instantaneous luminosity: 5x1032 cm-2.s-1

— Maximum p of 2.5

— Propose LHC to displace beams to reduce luminosity at beginning of fill and to
readjust them to follow beam lifetime.
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%@ CP Violation in B = K1t

50 u,= 5.2762 = 0.0010 GeV/c®
u, = 5.3612 = 0.0020 GeV/c®

o= 0.02300 = 0.00090 GeV/c

LHCb
Preliminary
Vs=7 TeV Data

e separate into B® and B° using particle ID

00

 raw asymmetry shows direct CP Violation at 3o 50 from 35 pb'!

~ 840 events
- K+ CC

'00

e central value consistent with world average o

e careful: small corrections from production and g
detector asymmetry not yet corrected for

5 5.1 5.2 5.3 5.4 2.5 5.6 57

L120- ©420F
3 [ LHCb ';;m— LHCb
- Preliminary  f | < - Preliminary = A
Ly
100 w oo . .
8" Vs =7Tev Data 8105 = 7 Tev Data _ CP V|O|a1'|0n
= - b= r
..E 30? < 80
E £ F
Z 60| 2 sol-
W BO + - w 60p BO -+
- — K'm . — K1
40_— 40—
20 20l
9.9 5 5.1 5.2 5.3 5. 5.5 5.6 5.7 l .w ﬂ

Invariant mass (GeV/c?) In.variant mass {GeWczll

* charmless two-body B-decay modes central to LHCb physics programme
* significant contribution of Penguin diagrams - window to New Physics !
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CKM angle y

most difficult to measure and
therefore least well constraint
by direct measurement

requires LHCb key features
- large number of B's

- trigger on hadronic states
- excellent /K separation
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clear signals from first data

measured rates match simulation

Preliminary |
Vs=7TeVData |

u,= 5.2762 = 0.0010 GeV/c® o
o= 0.02300 = 0.00090 GeV/c
=229:23

\II'.

LY

n, = 5.3612 = 0.0020 GeV/c*
o= 0.02300 = 0.00090 GeV/c’
Ve = 254 = 20

2 3140 LHCb
Preliminary

w
§120 \s =7 TeV Data

5.5 5.6 5.7 05 51 52 53 54 55 5.6 57 5
Invariant mass (GeV/ Invariant mass (GeV/c?)

expect to reach o(y) = 72 from 2 fb-! - beyond 2010/11 run
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e vy from Trees

* measure rates B* = DO(D%) K* > fK*

* interference of tree amplitudes if é
final state f is common to D° and DO:
- GLW: f =KK, it (CP Eigenstates)

- ADS: f=K*m (D° decay suppressed)
- GGSZ: f = K.t (Dalitz decays)

."_'A‘_‘ﬁ
/YJAH
=

l

E

o ' i I | LHeD | -
clean signals from first data 3 120 34 pb-!  Prefiminary -
* rates match expectation = 10 Rorve
| . = ® B - DO(Km)K® | -
* expected LHCb event yields for 1 fb™: 2 g o s27ets 15T ey —
4 40 0=21896+1520MeV -
B~ -> D(KK) K 2000 " Nogra = 444 230
20

B- - D(nmt) K- 750

5200 5400 5600 " \”cz)
B- - D(Kn) K (favoured) 20000 mg (Me
B- - D(Km) K (suppressed) 400

» expected reach with 1 fb'1: o(y) = 8°
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¢, from B, > J/Y ¢

BB, mixing phase ¢_: small in the Standard
Model, can be enhanced by New Physics
some hints from CDF/DO0 but not significant

|”

“golden channel” for measurement of ¢.:

time-dependent CP asymmetry in B, > J/{ ¢

requires large statistics for angular analysis to
separate CP even and CP odd final states

* expect 35000 selected events from 1 fb-1
requires flavour tagging to tag initial B,

requires excellent proper-time resolution to
resolve fast BSES oscillation (Am_=17.8 ps)

currently ~60 fs where 38 fs expected
- investigation of possible causes ongoing
- would imply 20 % reduction in sensitivity
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T T i N N T T T T T T
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5300 5350 5400 5450
Jhy¢ invariant mass (MeV/c’
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IR — Uncertainties on o(bb)
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(s B, 2 W

* one of the early benchmark channels

e very rare FCNC decay in Standard Model
BR(B,— u'u’)=(3.6+0.4)x107°
e can be significantly enhanced by New Physics ook *

* best upper limits from CDF/D0 ~ 10 x SM P

LHCb
Preliminary

Vs=7TeV, | Ldt~215nb”

I

signal | region
. (blinded)

* already cutting into New Physics parameter space

* use 3-dim binned likelihood to isolate signal e
- invariant mass of muon pair
- muon-ID

- Geometrical Likelihood (lifetime, IP, DOCA...)

01 02 03 04 05 06 07
Geometrical leellhood

50 —Tf(90 % exclusion Iimifs]—

DO (6.1 fbY) 1

40 CDF (3.7 fb)

e use control channels to calibrate likelihoods
from data: J/{ - p*w, B> K*mr, B, > K*K°

DO (11 fbY) ' |

@3.5+3.5TeV iy

LHCb assuming__
g, = 250 ub.

w
=]
|

BR(B ">y} (x107)
8
I

e approach current CDF/DO limits with 2010 data

- with 1 fb! expect 50 detection if BR = 5 x BRy,, s SM prediction ;

T T T T T T T T T
0.0 0.1 0.2 03 0.4 05 0.6 0.7 08 09 110

L (/")
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LHCD i
S Conclusions

e LHCb has a unique potential for the

INDIRECT DISCOVERY

of New Physics

* the experiment is performing very well,
under harsher conditions than it was
designed for

* the good agreement between simulation
and early measurements indicates that
estimated physics reaches seem realistic

* in some areas we are already getting close
to being competitive with exisiting results
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