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Introducing LHCDb

LHCh is a dedicated experiment to study
flavour physics at the LHC

- Search for New Physics in quantum loop processes

« CP violation and rare decays allowing to probe

beyond the LHC energy frontier B decay vertices:
a few tracks

Primary vertex:
many tracks ~50

\l/ 10 mm \l/
Detector requirements K
————————— ~

« Efficient trigger for both leptonic and

hadronic final states h -

o Excellent vertex finding and tracking efficiency

o Outstanding particle identification




B Production

‘LHC: pp-collisions @ 2>7>14 TeV
-2 fbo! in data taking year of 10s, 10" bb pairs

LHCb: forward spectrometer
B correlated _—"15-250 mrad acceptance
n = 1.9-4.9
Interactions/crossing

Lorentz boost
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Probability
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-Pile-up at high luminosity o

echoose 2x1032 cm=2 s 0214

= most events have single interactions — e
107! 1007 1077

¥ Luminosity [cm~2s=1]

LHC will reach early in run 3
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Point

Interaction

Locator

RICH Detectors

The LHCb Detector

Muon System

Tracking System
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Vertex

RICH Detectors
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Talk: Antonio Pellegrino
Poster: Jeroen van Tilburg mwem

The LHCb Detector

Muon System
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Act 2:
VELO Design




Velo Roles

* Prim
ary/ b
dec
ay Vertex recon
StruCt.
\\\ﬁ\"\]

° Sta
_ :dalOne Track
prinCip|e |ng
tracki
cking device for th
© experi
ment

° SeC
0O
ast tracking gger

\\\\\\\\\\\\\\\\\\\\\\\\\

“\WNmmllﬂllmMmlwnumu

\\\\\\\\\\\_H‘~

Vel
) O M
- 0
semi-ci i
eml-c:lrcularpdes.
IgNS

coolmglliblock
carpon fibr _
I-measuri
. d surin
ouble metal Igy
er read
out

+ 2048 str

- .25 urit;l‘ps, 40-100 um p

« TPG cor nalogue Read pitch
e Hybrid, CF pg([jjt

dles




VELO Layout
/Kx ) injection

/p <o

’_._' i ) y
gy collision <_I

vacuum

stab X
beams

module

RF box

p artly overlapping
sensors

2 retractable detector halves

21 stations per half with an R and ¢ sensor
Operates in secondary vacuum

300 um foil separates detector from beam vacuum
« 8 mm from LHC beam




Productlon Testlng and Installation

Vacuum Tank 8 :"i CO, cooling Module production

Simulation &

j{- Assembly
| Reconstruction

*'ll.l

1997-2007
Design to
Installation
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FI rSt TraCkS 2008 Nucl. Instr. Meth. A Vol. 604, 2009, 1

LHC synchronisation test

Beam collision with absorber
Reconstruct tracks through VELO
First Alignment & Resolution

& 17:33 22nd Aug 2008

L HC accident
September 2008

«2008-2009
Commissioning &
Optimisation

12



Data Processing
* FPGA processing

Non Zero Surir'essed data

—10% parameters

 Bit-perfect
emulation in full
software

— Low rate
hon-zero
suppressed data

« Off-line optimise
algorithm

FPGA / Emulation

______________________________

Pedestal Subtraction

Cross-talk Removal

Commonh Mode Subtraction

Reordering

Common Mode Subtraction

Clusterisation

performance

Raw Event
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Time Alignment

* Tune front-end chip
sampling time

* Optimise for
— Maximum signal
— Minimum spillover
* Next & previous
« Each sensor adjusted
separately:
— time of flight
— cable length

‘ Pulse shape profile

Pulse height (ADC counts)

Recommended time shift (ns)

50
0
3of
20
1or

o-

Optimal sampling time

Entries 903730
x2 I ndf 71.27 /120
Offset -1.322 + 0.136
Amplitude 33.23+0.27
Peaktime -15.96 + 0.32
Rampup 15.59 + 0.40
Rampdown 23.25+0.42

-107\ 1 111 NI N I ] L1

| ‘ | | | ‘ | | | ‘ | L1
40 60 80
Readout time (ns)

o & A N o N A O ®
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Timing summary —— A Bottom
VELO Data 2009 Preliminary | — C Bottom
- A Top
— —— C Top
| 1
WWHMMMWWWWI mWﬁhWﬂmﬁ%m
- Rsensors Phi sensors
‘ ‘2‘0‘ “4‘0‘ “6‘0“ ‘8‘0‘ “1(‘)0“ ‘12‘0‘

Sensor number
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. Nucl. Instr. and Meth. A596 (2008) 157-163
Alignment 1 Nl It and Moth: AS98 (2008) 16415

LELER T

i
TR vt u J |
s

Module alignment Velo half alignment Sensor alignment >

* Velo moved for each LHC g a5 reavEs e | :
Injection E,m;_ m

« Decay length measurement 35t '
— Alignment is key 30F 2.4 um

» Motion system resolver 2: Sensor x,y
position updated in i | Alignment
reconstruction F (biased

+ Track based alignment in three ¢ H s Residual)
stages S Sl )

=30 -20 -10 a I“ilt] align ni:ﬂ i(urr?)o -
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Vertices

I — — Sean oiion -Contributions from
3 | — seamages collisions & Beam-gas
ol -Beam-gas removed with
: | Bunch ID and Vertex cuts
Da_ [ In analyses in this talk
ol S . P R *Closed to £15mm

0 I1l.'.I:Il.'.I 15IIII 2000 2500
PVz (mm)

500 -1000 -300

-2500

Beam-gas
blue/red
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Alignment 2

nmnEnmny
o D

 Align two halves by fitting
positions of primary vertices
using tracks in each half

« X, Y translations £+ 10 um
« /Ztranslations +£ 30 um

‘ Module alignment Velo half alignment Sensor alignment ’>
E 03 [ LHCBb VELO Preliminary
c -
2025 —— Data
a -
302 — MC sim.
$ 0150
x C
RS
Il‘.l-.'l L
> C
0.05—
u ..............................................
3 35 4 45 5 55 6 65 7
# tracks
*Carbon-Fibre
Expansion
~ 1um/°C

*Using absorber
collision data at
higher T.

Data taking at
stable T (7



Cluster ADCs

o ADCvaluepercluster )  *S/N = 20:1
EE————— Cluster finding efficiency = 99.5 %
: Track extrapolation, full area
80_ | Cluster finding efficiency | - R Sensors
3?100—?;__._-*-:::_+_-*-_'__+_+__':._';:—1—_.__'_j:_':;:_1_'_._'+"'_T'. . ._: Phi Sensors
0 g [ S T '%-_l_'T NS
R g% s |
B . . Reprocessed e [
- . - Data 2 9%
- I 394}
I . - One dead
N 92 © chipin
L T R R R T i full system |
ADC value T w5
g o N Phi
8 == R sensors &o? | SeNSOrI'S
5

Ly "h o Bl ™ Sensor Number




Single Hit Resolution

¢ DeteCtor reSOIUtion from Resolution for R sensor
corrected residuals E 0.4r pitch bin (55-60) um
: = o itch bin (75-80) um
* 7 pm resolution, angle g i (65.100)
average, at 40 um pitch 03 3.,
SRR L E-
025 st + +
Sensor Number 28 - F '+ it
—A45 0.2__ L AR & "~ -
E - —=— 2009 Collision Data - .. o
8'40:_ ....... Blnary Resolution 0.15 - T - o 3 " . " g,
- i T e e
e 38 0.1
30— 6-12° angle tracks B i .

- 0.05 LHCb VELO Preliminary
25— ' -

E D_Illllllllll||||||||||||||||||||||||||||||||||||
20:— 0 2 4 6 8 10 12 14 16 18 209%&(12)4
15§ Track angle
10. - Resolution improves
® e vELo Py as charge sharing increases
%20 B0 80 70 80 80

R  Weighted cluster centre
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Impact Parameters

Mean of unsigned IP?'D Resolution Vs 1pr .Key PhySiCS quantity
0.25 Velo at 15mm :::3: |n |dent|fY|ng |Ong Ilved
—+— 2009 Data —n—:::j: B meson deCay
6\6 —h—
02 L Simulation 0 L ::v(‘\:_'_ 10 mm
Eﬂ.15:— _‘_:::—T—\_g\'\o \l/e %\L
- ﬂJT'T(QO \/
01— ﬂ_::::::_'_ N NN =
- . .
005
- VELO Preliminary Primary
N es TS T2 25 3 as !
p GV Vertex
- Already reasonable
agreement with simulation
over primary momentum
range O :
y Ig 1 IP\’ Distance between
* Velo at 15mm open L’ track and PV
/
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Ks and A

» Without VELO

Tracking detectors were well calibrated at the start-up !

‘ m_. . (LHCb 2009 data, preliminary) |

candidates/2 MeV

F Integral 10828
C %2 / ndf 96.536 / 95
300— Wl Prob 0.43678
C constant 78.372 + 4.083
250/ slope -0.075586 + 0.007938
- Neignal 2712.2+ 81.6
C 496.86 = 0.34
200— 10.999 + 0.360
150 —

HJM ! M.Jr..liu

100 :H d |

II__;E 1T

by

50—
00 420440 460 480 500 520 540 560 580 600
m_... [MeV]
o =11.0+04 MeV/c?

M(Ks)
M(KsPDPS)

MeV/c?
MeV/c?

=496.9 £ 0.3
=497.7

‘ m..... (LHCb 2009 data, preliminary) ‘
3 Integral 4483
=160 2/ ndf 93.132/95
% Prob 0.53505
2140| constant 7.5272+ 0.1409
] threshold 1077.9+ 0.2
2120| Nsignal 751.23 + 41.57
S m 1115.6+ 0.2
100| Om 3.0781+ 0.1735
80
60—
40
20—
:ll‘ll‘ll|LLI1IIIIllllllIllJllLllllllllllllllllll
1%60 1070 1080 1090 1100 1110 1120 1130 1140 1150 1160
M [MeV]

=3.1+0.2 MeV/c?2
=1115.6 £ 0.2 MeV/c?
=1115.7

o

M(A)

M(/\PDG)
MeV/c?
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Ks and A
» With VELO

Power of precision vertexing — even with VELO 15mm open

| m_. (LHCb 2009 data, preliminary) |

| m,..... (LHCb 2009 data, preliminary) |
> Integral 2045 -
= 2501 %2/ ndf 121,65/ 95 E Integral 1019
S C { Prob 0.034031 100 ¥2 / ndf 137.5/95
e constant 17.704 + 1.347 5 Prob 0.0028713
3 200/ slope  -0.025753 + 0.002561 2 constant  1.4664 + 0.0619
B Neigran 1079.6 + 35.3 T go| Mhreshold 1075.3+ 0.9
§ : m 497.34+0.15 E Naigna 251':3:5:;9';1 ”
m G
B Tm 4.3373-01 Q - M
150— 35731 01390 Om 1.3985 + 0.1323
= Eu —
100— 40—
50/ 20—
+I T 1‘ -I.] ] + :lllllll 1 I-I.IH'I_:'+|+|+I |J||||I|+|.+I+IIII-H-II+I+I Ll
%00 "420 "as0 460 480 500 520 540 560 580 600 1960 7070 1080 1090 1100 1110 1120 1130 1140 1150 1160
m.... [MeV] m... [MeV]

o =4.3+0.1 MeV/c?2 o =1.4+0.1 MeV/c?
M(Ks) =497.3+0.2 MeV/c? M(A) =1115.6 £+ 0.1 MeV/c?

M(KsPPG)  =497.7 MeV/c2  M(APPG) =1115.7
MeV/c?

22



Summary

* First LHC operation
demonstrated

* Preliminary VELO
performance:

— 99.5% Cluster Finding
Efficiency

— < 7 um resolution
— 4 pm sensor alignment

* Further improvements
anticipated




-----------

6-11June 2010, Loch Lomond, Scotland

Workshop topics:

- LHC vertex detector performance
- Novel detectors

- Radiation hardness
- Tracking, vertexing and alignment
- LHC upgrades and other new experiments
- Vertex triggering
- Applications in other fields
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% occupancy of strip

Velo Closing, Occupancy

0.07
0.06
0.05

g

0.03
0.02
0.01

o

Strip occupancies versus radial position

a Velo @ 15mm

« Velo @ 20mm

Velo @ 29mm
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Radial position of strip (mm)

*Primary vertex monitoring
Beam position monitors
Data quality checks

*Extreme care taken on VELO closing

— occupancy, noise, common mode....
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