| EWI Universitat Karlsruhe (TH)
f Research University » founded 1825

ne

Experiments at et-e~ flavour factories
and LHCb

Part 3: LHCDb

Peter Krizan
University of Ljubljana and J. Stefan Institute

University

A “Jozef Stefan”
of Ljubljana

Institute




elarge
elarge

Why hadron machines?

ein addition to B%/B*- also B, B, A,,..
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bb production rates - compare to 1.1nb at Y(4s)
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Why hadron machines?

Production ete™ — Y(4s) - BB | ete” — Z% — bb pA — bbX pp — bbX pp(p) — bbX forward

Accelerator CESR, DORIS LEP, SLD HERA p Tevatron Tevatron, LHC
PEPII, KEKB

Spectrometer CLEO, ARGUS | ALEPH, DELPHI, HERA-B CDF, DO BTeV, LHCh
BaBar, BELLE L3, OPAL, SLD

o (bb) ~1nb ~ 6 nb ~ 12 nb ~ 50 ub ~ 100 pb (= 500 ub)

o (bh):0 (had) 0.26 0.22 10-° 1073 2.1073 (6-1073)

B® B* yes yes yes yes yes

BY B, A) no yes yes yes yes

boost < By > 0.06 (0.5) 6 A 20 ~2—4 ~4—20

bb production
multiple events

trigger

B’s at rest (in c.m.s)
no

inclusive

bb back-to-back
no

inclusive

bb not back-to-back
yes, 4

lepton pairs
(high p; hadrons)

bb not back-to-back
yes

leptons only
(high p; hadrons)

bb not back-to-back
ves, 2

displaced vertex
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bb events at ete- machines:
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bb events at ete- machines:
OPAL at LEP
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bb event at CDF
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bb event at HERA-B:

Needle in haystack...
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bb event at LHCb

FuIIy simulated bb even% in Geant3
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B detection in hadron collisions

What do we have to consider when designing a detector for b mesons and
baryons at a hadron machine?

High particle fluxes - radiation hard detectors
Early selection of interesting events - selective triggers

Use the characteristic features of a B decay

IP p.~mg/2 (order of magnitude)
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B detection in hadron collisions

Early selection of interesting events -> selective triggers:
e high p, decay products: B 2> puvX, B > J/w Ks 2 pru-n*n-, B > ntn-
—>helps because decay products carry a lot of momentum - typically ~1-2

GeV/c - perpendicularly to the flight direction (p,), while backgrounds have
low p,

e displaced vertex: <L> = <By> ctg = <By> 480 um > helps because
other decay products are promt = originate directly in the interaction point

Proof of principle: CDF, DO at the Tevatron collider.

- Slides by M. Kreps
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HERA-B

Fixed target B - Factory at HERA (DESY)

Originally designed for measurement of CP violation in
B->J/yK°

sigmal b qnark
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HERA-B

100 mb ; Otot
proton energy is 920 GeV, 10 mb |
sqrt(s)=42 GeV |
o(b bar-b) ~ 12 nb -> o(bbar- 1o} R
b)/ s(inel) ~10¢ 0 s}
BR for interesting decays of ~ b
10-5-10-4 100.0 nb |
> 11 orders of magnitude o E
1.0 nb 5_
01mbE  F gy i (A
/HERA-B LHB Tevatron LHC  SSC ]
0.01 nb T
10 . 100, 1000 10000
0.1 1 10 Pbeam [ T€V] \/E [GeV]

- Need multiple events for 40 MHz interaction rate (=0.4 108 s1)
—>LHC like experiment 10 years before LHC
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HERA-B spectrometer

movable on
Roman-Pots;
8 wire-target
(see above)

pre-trigger for
high p, tracks

10mm cells

Lens-enhanced
multianode PMT
focal plane.

+ S
-«
Target & Vertex High p- Outer Tracker RICH Inner Tracker
8 layers of 3 superlayers 7 superlayers of Spherical mirror 7 superlayers of
double-sided gas, pixel and honeycomb drift inside C,F,, - Micro Strip Gas
Si-microstrips, pad chambers; chambers, 5 and radiator, Chambers with

GEM-foil

|Electromagnetic
Calorimeter

WI/Pb scintillator
sandwich, shash-
lik WLS readout
with PMTs;
energy-cluster
pre-trigger

Muon System

4 superlayers of
gas-pixel, tube &
pad chambers;
pad-coincidence
pre-trigger




HERA-B: SVD

Silicon vertex detector: 8 double-sided silicon detector layers with
retractable geometry (to move out of the beam during injection)

0.3

0.2

Excellent and reliable operation.

01

Reconstructed vertices §

On eight target wires ->

(LU



Photon
Detectoj

HERA-B RICH

Phot Planar Mirrors

Detectors




HERA-B RICH

Event display with two
isolated rings

—> NO noise
Light collection system 5
(imaging!) to: :
]
-Adapt the pad size o
. » { | ! Cherenkov angle
-Eliminate dead areas .1 vsmomentum

particle momentum (GeV/c)
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The Dilepton Trigger

HERA-B detector: data is read out and buffered for 12 us
(proton bunches cross every 96 ns, 0.5 interactions/BX)

Pretriggers: ECAL cluster or hit coincidence in
muon detector as trigger seed (custom hardware)

First Level Trigger (FLT): Track trigger in hardware using
tracking detectors behind magnet, seeding by pretriggers

Second Level Trigger (SLT): FLT tracking confirmed,
extrapolation to vertex detector, vertex fit (PC farm)

Peter Krizan, Ljubljana
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HERA-B: Open Beauty Production

Detached vertex analysis

|—> ete . utu
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HERA-B Summary

oFirst LHC like experiment before the LHC

eDesigned with a very ambitious goal

eMany components behaved extremly well (e.g. SVD, RICH)
eSeveral critical components were less successful (tracking)

eTrigger efficiency (which heavily relied on the tracking
system efficiency) was >10x lower than expected

—->No precision tests in B physics were possible

oStill: a solid physics program could be carried out (i.e. bb and
cc production cross sections, a limit on D->puu, pentaquark
searches)

sHERA-B experience: An important input for LHC experiments

Peter Krizan, Ljubljana



HERA-B Summary 2

First LHC like experiment before the LHC - messages for
the LHC experiments

-do not use micro-strip gas chambers (MSGC)
-large area trackers are not easy

-trigger processors can get saturated by high occupancy
events which are not necessarily interesting

-RICH counters are more robust than anticipated

-retractable SVD works reliably

Peter Krizan, Ljubljana



Cross section for bb
pair production
much higher at
LHC

b-production in pp collisions at LHC
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b-production in pp collisions
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LHCDb

LHCDb is a forward spectrometer:
‘Acceptance 10-300 mrad
_Efficient B-mesons trlgger
“Good Kaon/pion |d1 ' '
‘Good invariant mas

. | M2
-Good proper tim&"r SPDIPS. HCAL
T3 RICH2 Ml
T2

Vertex
Locator” _ |-




LHCb Collaboration
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Vertex locator...

Key element surrounding the
IP:

Measure the position of the
primary and the B, ; vertices

Used in L1 trigger.

Peter Krizan, Ljubljana



Vertex locator

e 21 pairs of silicon strip detectors
arrange in two retractable halves:

- Strips with an R-¢ geometry:
e R strip pitch: 40-102 pm
e (p strip pitch: 36-97 pm
- 172k channels.

PHI—MEASUR!?\‘G DETECTOR

R—MEASURING DETECTOR
A um inner pitch 181.6 um outer pitch

e Operated:

7
total 2848
strips

- In vacuum, separated from beam
vacuum by an Al foil

- Close to the beam line (7 mm)
_ Radiation < 1.5x10%4 Ne,/CM? per year
- Cooled at -5 °C




VELO alignment

TED tracks perfect for VELO alignment: cross detector
almost parallel to z-axis

wafer pairs with r
and ¢ strip readout
il

Velo tracks
! s June, 2009
August, 2008 une,

.—.45' & 2008 Resolutlon 45 -
E : seeeeas BNy Resolution E _ ‘. i
Zo- Rstrips ™ ‘ B R
- na,:'j 35} p 2006 Tost Boam Resolullon é:'j 35:: ¢ Strlps — — 2006 Test Beam Resolutlon
e I . .
£ 30 Resolution estimated from
c F : . .
o ~ 251 VELO hit residuals agrees
5 * 20 well with expectations
3 15— 15?—
7] F F .
o W 10 Further improvement
gt F possible
B0t~ ""s0 0 0w %0 oo 854050 60708090 700
Pitch [um] Pitch [um] 25
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Key elements to find tracks and to
measure their momentum.
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Overview of the tracking

system

e Trigger Tracker:
e Microstrip silicon detector
e 144k channels

e Three T stations:

_ Inner tracker:

e Microstrip Silicon detector
e 130k channels

T Stations

Trigger Tracker _');
- QOuter tracker:

e Straw tube (5 mm)
e 56k channels

Peter Krizan, Ljubljana



Trigger Tracker

1.4 m

Pitch
adaptor

Interconnect
cable

“
[l

0° layer

e Microstrips silicon detector

LVvy

(0°, +5°, -5°, 0°) separated
by 30 cm

Strip pitch 198 um

Strip length 11, 22 and 33 cm
Radiation < 9x1012 Ney/CM?2
over 10 years

Cooled at -5.°C

Peter Krizan, Ljubljana
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T Station: inner tracker part

0.4m

1.2m

Microstrips silicon detector:
- Same sensors as Trigger Tracker
- Strip length 11, 22 cm

_ Radiation < 9x1012 neq/cm2 over
10 years

- Cooled -5 °C

Peter Krizan, Ljubljana



T station: outer tracker part

e Straw tubes:
- Four double layers
(OOI+SOI-SOIOO)
- Staw length 5 m read on
both sides

- Ar/CF,/CO,

Peter Krizan, Ljubljana



Key elements to identify pions and
kaons in the momentum range P€[2,100[GeV/c

Peter Krizan, Ljubljana



Overview of the RICH

e RICH system divided in two detectors equipped with 3 radiators
to cover the full acceptance and momentum range:

ofrom a few GeV (tagging kaons)

eup to 100 GeV: two body B
decays

General rule: for 3o separation, a < 1o}

RICH with a single radiator can

cover a factor of 4-7 in ol
momentum from threshold to the

max. p. Larger region - more ol
radiators!

Momentum (GeV/c)

Aerogel
; C -IF 1 &d
K//;T#-K .; ( F4 ed
1 A PO T T R | e i
10 100

BEIHHX
242 mrad

53 mrad

32 mrad
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RICH with three radiators

Photo &l

detectors 200 Tl

Aerﬂge| miIrror
\\

Track

R ol

\20 mrad

7

CF, pas

¥ Heam pipe

Flal mirree

L
\

Spherical mirror

Fholcdeec or
bivasing




Si pixel array
(1024 elements)

Ceramic carrier

YACUUM

Photocathode

el

=

=

bump

Bi
bonds inary

electronics
chip

Optical input
window

e Novel photodetector:

- 32x32 pixel sensor array
(500%x500 pm?2)

- 20 kV operation voltage
- Demagnification factor ~5

Photon detector HPD

[pixels]
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Kaon identification efficiency:

Particle Identification
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I . .'.......0 % O‘m’“w‘% M++§+++ + H
: - - KK Ay +++++++++++ f +
80 [ . W
S
> 60 |
Q L
b= I
Qo
S I
¥ a0
U_] L
20 - 4
§
L tn—>K ¢¢ ¢¢¢¢¢#¢¢++IH‘}‘+=’+
: “anﬁwﬂﬁ%ﬁ::ﬂw h
O ! PR I T R ST SR N S T L

Momentum (GeV/c)

<K Efficiency>:

< misidentification> 3%

R R IR
0 20 40 60 80

100

Events / 20 MeV/c2

2] (1]
o o
[=] o
o o

4000
3000 |
2000 |

1000 |

2250

2000

1750

1500

1250

1000

750

500

250

No RICH

5.1 52 5.3 5.4
Invariant mass | GeV/c? ]

Peter Krizan, Ljubljana

With RICH |

5&



Calorimeters...

Key element to identify vy, n®
and to measure their energy.

Used in LO trigger.

Peter Krizan, Ljubljana



Overview of the Calorimeters

Lead

e System subdivided in 3 parts:

Scintillating Pad Detector (SPD)
and Preshower: B -

e Two layers of scintillator pads
separated by a 1.5cm lead converter

SPD

Jamoysaid

Electromagnetic Calorimeter (ECAL): o oL
e Shashlik types,
e Lead+ scintillator tiles
o 25 XO particles
scintillators /

Hadronic calorimeter (HCAL):

— Iron + scintillator tiles
— 5.6 A\

o A total of 19k channels readout by
Wave Length Shifter fibres connected

to PMs or MaPMTs.

fibers

rrrrr
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Triggers...

40 MHz
Calorimeter Level-0:
= o{  prof Custom Electronics
system M, e, h,y
1 MHz
!
Vertex Locator Level-1:

Impact parameter
Rough p; ~ 20%

;

Trigger Tracker
Level 0 objects

40 kHz Events Filter Farm
'
Full HLT:
detector » Final state
Inform. reconstruction

I

2 kHz to tape

Peter Krizan, Ljubljana



Trigger = ez e AL §

tracker = ™ N>
Calorimeters
+ Muon
system

Trigger overview

10 MHz

hight pr + not too busy
Fully synchr. (40 MHz), 4us latency
On custom boards

1 MHz

L1: IP + high p;
Ave. latency: 1 ms (max 50 ms)
Buffer: 58254 events

40 KHz

HLT + reconstruction
Full detector: ~ 40 kb / evt

Single PC farm ~ 200 Hz

~1800 CPUs

Peter Krizan, Ljubljana



Level O

e Fast search for ‘high’ p; particles (calorimeters,
muon syst)
— Charged hadrons: HCAL (~ 3 GeV)
— Electrons, photons, =% ECAL (~ 3 GeV)
— Muons: muon system (~ 1 GeV)

e Cut on global variables:

— Require minimum total E; in HCAL (calorimeters)
e Reduces background from halo-muons

— Rejection of multiple primary vertices and busy events
(Pileup system, SPD) :
o fake B signatures (IP)

e Busy events spend trigger resources without being more signal-
like
— Better throw them early and use bandwidth to relax other cuts

Peter Krizan, Ljubljana



Efficiency 2%

Performance: LO x L1

e I
L e L o e s e

™

e Efficiencies computed on offline o

selected events KK
DK

R TR B €5 5 : g
_ L1 1-E4T

D

DK*

e QOverall LOXL1 efficiency: NP

— 30% for Y -wm#f:

« hadronic channels e asye

e e/y/n° channels I/ Cap) K

— 60-70% for di-muons /¥ {uem(ry)

Ak

J/Y(ee)Ks

e Software and hardware nrin®
prototyped and working, within Ky -
time budget L0 efficiency
— see Trigger TDR, Sept 2003 L1 efficiency

LOxL1 efficiency
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LHCb physics program

e B, system parameters
o Angles of the unitarity triangle: precise measurements
e FCNC processes

e Measurement of angle y (¢5)

Peter Krizan, Ljubljana



Time dependent asymmetry at LHCb

K+ Signal B
e

p _
» Tagging B

e The proper time of the signal B decay is measured via:
- the position of the primary and secondary vertexes;
- the momentum of the signal B state from its decay products.

Peter Krizan, Ljubljana



Event selection: (1)

B, > DK™ — (K'Kz* K*

- ™ T2 T3

\

b

]

=l
|t
ol

|~

Trigger Tracker

l %)

Vertex
Locator

et
[z
| [
S5

s
REEN) RN

|
L]
i

Reconstructed event: ~72 tracks
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Event selection: (2)

B, » DK* - (K'K7* K*
1) Primary vertex.

2) D, meson by using identified kaons and pions and a
vertex constrained to the D, mass.

3) B, meson by combining a D, with a kaon forming a
vertex (no mass constraint).

4) Select B, with an impact parameter ~0 and an_
invariant mass in the window mg +30 MeV /¢’

Peter Krizan, Ljubljana



Resolution:

200~ + 200
2001
150 Oy = 9 Hm 150 g, = 47 },Lm
+ 24%: 150} + 22%:
Gy, =20 pm G, =127 um
100~ 100
100 1
50 3 50 50
e ] L_hl._ 0 0
-01 0 01 -0.1 0 0.1 -1 05 0 05 1
Xrec"Xirue (mm) YrecYirue (mm) Zroc"Zhrye (mm)
Fomy = 5.37GeVie
ﬁ soo0f. Os, = 138 Mevie®
150" o, =144 ym - A
I L1+ 46%: 15001
= 3 4 r AR, JUN.. S
100k Gy =394 pm : < 5
1000 s
L my = 542 GcV/c:
50 r qB‘ = 24,0 McV/e”
500 N
I Lo
0 ok 4 L L Y
5.3 535 5.4 5.45 55,
zrec-ztrue (mm) Bs mass IGLV/(-]
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Flavour Tagging

vertex Tagglng B .
/ Opposite side
.\ K- Signal B

K+ Same side

e Several algorithms to determine the flavour
of the signal B meson at production:

- Opposite side:

e ¢, u from semileptonic b decays;
e K* from b decays chain;
e Inclusive vertex charge.

- Same side:
o K* from fragmentation accompanying B, meson.

Peter Krizan, Ljubljana



Performance of Flavour

-_— e e = wam

After passing trigger and offline cuts

Channel Etag (0) | w (%) | e (%)
BY - g 41.840.7]34.9+1.1|3.8£0.5
B - Ktn- 43.241.4|33.3£2.1| 4.8+1.0
BY — Jth (up)KS  |45.1+1.3|36.74+1.9 | 3.2+0.8
B? — Jth () K*0 |41.94:0.5 | 34.3+0.7 | 4.14+0.3
B? - KTK~ 49.840.5( 33.0+£0.8 | 5.8+£0.5
BY — gtK- 49.5+1.8(30.4+2.6 | 7.6£1.7
B - D7t 54.6+1.2|30.0+1.6 | 8.7+£1.2
B? - DFK* 54.240.6 | 33.440.8 | 6.0£0.5
B2 — Jth (up)¢p  |50.440.3 | 33.44:0.4 | 5.5+0.3

~ Effective tagging
efficiencies vary between 3
and 9% depending on the
final state.

- In real physics analysis, the
wrong tag fraction will be
measured using control
channels with similar

topology, e.g.

B, » J/yK?® forB, — J/yK,

N.B. Effective tagging efficiencies is >20% at B

factories, ~2% at CDF/DO

Peter Krizan, Ljubljana




Events vield for rare decays

e For 2 fb! after trigger and offline selection:

Channel B.R. Yield
B, > K°(K'z )y 2.9x10° 3.5x10*
B, > p(K'K™ )y 2.1x10°  9.3x10°
B, > o'z 7y 40

B, >K°(K'z Ju'u~  8x107  4.4x10°
B, > ¢(K'K Ks(r'z") 1.4x10° 0.8x10°
B, > p(K'K Jp(K'K) 1.3x10° 1.2x10°

B, > u'u 3.5x10° 17

B/S(90%CL )
<0.7

<24
<3.5
<20
<0.2
<11

<5.7

e Promising physics potential to study numerous loop-

induced rare decays.

Still room to adjust trigger in order to increase the rate

for channels of topical interest

Peter Krizan, Ljubljana



LHCb key measurements

(to search for NP in CP violation and Rare Decays)

Key Measurements Accuracy in 1 nominal year
(2 fb)

Jd /In CP - violation

v B, 0.03

v’y in trees 4.5°

v' v in loops 7°

U /n Rare Decays

v B2 uu 30 measurement down to SM prediction
v B =2 K*'uu o(s0) = 0.5 GeV?

v Polarization of photon

in radiative penguin decays o(He/H,) = 0.1 (in B;=2¢y)

o(Hx/H,) = 0.1 (in B,2K*e*e)

Measurements highlighted in red will become competitive first
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Apy(s)

e Forward-backward asymmetry in
the pp rest frame A, (s)

sensitive probe of new physics

e Sensitivity at 2 fb1: zero point

location to +-0.5 GeV?
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Events registered on September 10, 2008
for a LHC operation (media day)

Beam 1 was circulated during few hours (correct direction for LHCbD)
Readout of consecutive triggers, 8 events every 25 ns

Two types of events have been observed: a’la beam gas events or
beam halo muons and splashy events hitting on collimator

LHCb made very successful start !!!

Side view Splashy event from lost particles
(not-all-tracks.reconstructed...)
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Physics goals of 2010

Early measurements

- Calibration signals and minimum bias physics: 108 events
Key channels available in min bias data with simple trigger:

-K, 2 - ‘En ,,,,,,, . 95% purities achievable using
-\ 2 pmr e A>pm -~ kinematical & vertex cuts alone
~ 40 mins @ 10°  Jig—pu
With 2 kHz random trigger ::E '

floa

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

- J/y trigger on single muon wrth Ps cut ( 600k ev/pb )~
- one muon unbiased for PID studies and :~'

momentum calibration

— tof prompt 'y

—— tof Jy from b

- J/wy physics & production

tofall Jf'y

number of evenls

cross-sections: ~ 1-5 pb oL
Prompt E
_ _ component Jhy from b
Measure diff. cross-section for prompt 0k
J/w and bb productron. cross_-sectfon D
(from secondary J/y) in region using sidebands 1
inaccessible to other experiments 0o s e e
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Physics goals of 2010

O Analysis commissioning in hadronic modes
Detailed studies of D>hh (rehearsal for B->hh)

t -1
Lhanne Yield/ 10pb - Separate Kmr, KK, rimr and DCS Kir
B9->Kn 340 - Vertex and mass resolutions
B—)D(KTE]X 31k - Lifetimes
Accumulate samples of B=>D(Km)mr
B*>D(Kn)n 1900 (“ADS” control mode)
B*->D(Km)K* 160 - Study background environment
- Look for any evidence of B* / B- asymmetries
B.~>D.x* 320

d Charm physics: 20 pb' and upward

( Exciting possibilities even with low luminosity)

An example: flavour tagged D°2>KK events for measuring yp
y=1(D°% > Km) /1(D° 2 KK) — 1

and corresponding CP asymmetry

LHCb can collect ~ 10° flavour tagged KK events with 20 pb-?! (same statistics
as BELLE with 540 fb-?). Similar data sets for many related channels:

DO>mrmr, KK, K, KKK, D> KK ...
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BR(B,>u*y) (x109)

Prospects for most competitive measurements in 2010

100

COF&DO(21") ]

With data sample of ~200 pb'

BN i e LHCb should be able to improve
Tevatron sensitivity for B, 2 pu and ¢,
""" ; T———____ | (present ‘central’ value from Tevatron would
[ S s e o S <~ be confirmed at 50 level)
B 5M prediction R ] = a
. | | | 1~ S
| LHCb 90% C.L. exclusion limits at 8 TeV | % gl \ CDF+DO0, 9fb™ EACH
1 T |I ; | T :5:"‘ :
0.0 0.1 02 03 0.4 05 T 016 [
-f
¢ Lav) 014 [
s CDF Run Il Prel. 281~ + DO 280" r
-— 06 ' ' ' ' 012
_ 68% CL i -
204 ey 0\ a1 LHCD 10TeV
:1 0.2 /s A 0.08 [
0.0} L 0.06 |
/ "‘ g
0.2 - SM value
F — Uncertainties on bb cross-section
-0.4} SM p-value = 0.034 (2.10) S d BRvis(B'—sJ/
(2.0c at nearest point) . Ianj\:rls( E'J_}Jw:q))ljll
-0. ' ' ' ' ' 0 ©01 02 03 04 05 06 07 08 095 1
$5 10 05 00 05 10 15 Integrated Luminosity (fb")

32/%[rad]
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LHCb summary

LHCD is ready for data taking

First data will be used for calibration of the detector and trigger in
particular. First exploration of low Pt physics at LHC energies. Some high
class measurements in the charm sector may be possible

With 150 — 200 pb-1 data sample LHCb will reach Tevatron sensitivity in a
few golden channels in the beauty sector

With 10 fb-1 LHCb has an excellent opportunity to both discover New
Physics and to elucidate its nature. LHCb have an important role to
complement physics programme of ATLAS and CMS

Study of possible LHCb upgrade, in order to collect ~100 fb-1 and
investigate further interactions of New Particles with flavours, is underway
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FuIIy simulated bb evenl[ in Geant3

MC Pythia 6 2 tuned on CD>F and UAS data
Multlple pp mteractlons and splll

-

. Complete descrlbtten of matemal f,rom TE)RS _ N Y

- - e - i : H ..-.-'
. 1M inclusive bb events peruced in:Summer 2002

.I-" __ .-'
E o
-
X F
M -
o o=r
==

-090}

formaf%n r§"r1e\

fioniin reconstruction: /.
L e L ! _.' I . ’
jersgsed. L s

|_|I-| .-

ra

effects mcluded

“esﬂtu’ned*g\n test.-beam resultsf*

|
- ‘-"‘"x i ; _.-"--'I-J__.f" i~
L e g
e L ;
--_,;- ) .-;:._.l" A e .
s ! '-_. - i = =
‘-‘- - -F‘l . l- —_£ i © .:-_ i
; R el e -
I N e
gl e e
el —
e [ — ]
e - e
- e e e
A Ly e R e
! e e —
2 o 7 e e
B LY -.:I' % il
— - i & 1% .
3 rd |
b A
_..-' .'.._1. iy 1 g
o - .‘_.- '-.- \"'H. -
e :.‘_ . .' 1]
& Tl |
- P

'« New “Spring” productlo‘n ready 110M eve&tsfo&Se t

- Sensitivities quoted here .are obtalned by re§
_studles to the new ylelds

",
.\'- i
b L
Yo o 1

ber
earl

jer

LH Cb Marco Musy

@m Fermilab 3th May 2003



Backup slides
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LHCb CP reach

Channel Yield Precision*
B B, — Jiy K, 119 k 5(B) ~ 0.6°
B. - DK 8 k o(y) =10°
I B, —>nm, B, >KK | 27k, 35k o(y) = 3°
o, B, > ' 27 k o(o) = 5°- 10°
Z&Y B > Jwo 128 k o(28y) = 2°
IVia/Vis| Bs — D 72 k Am_ up to 58 ps!
rare decays B, — K*y 20 k

2003 status
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