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The LHCDb experiment @ the LHC

Forward spectrometer

Acceptance: 1.8 < n <4.9
Luminosity: 2.1032cm=2s1
Nr of B's / 2fb-1 (nominal year)s 1012

Detector: excellent tracking
excellent PID

Reconstruction:
- muons: easy
- hadronic tracks: fine
- electrons: OK
- s: OK, though difficult
- heutrinos: no

Tracking:
Expected tracking resolution
op/p=0.35% 10 0.55%

Mission statement

- Search for new physics probing the flavour structu
- Study CP violation and rare decays with beauty & c

B flight path of the order 5-10mm
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SPDPS
Magnet

RICHZ pp

Vertexing:

Expected primary vertex resolution
~10um transverse plane and
~60um in the longitudinal one
Expected Impact parameter
resolution 0,,=13umMm+35um/p;
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RICH performance:

Cherenkov angle resolution 0.6-1.8 mrad
Particle identification in p range 1-100 GeV
77 K ID efficiency > 90%, misID<~10%

| o(E)/E = 10%VE +1% (E in GeV)

re of the SM
harm hadrons

Calorimeter resolution:
Design ECAL resolution

HCAL resolution from test-beam data
o(E)/E = (6915)%\/E+ (9£2)% (E in GeV)
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The VErtex LOcator — VEITO

Trigger

O  Fast reconstruction of primary vertices
- select single-interaction collisions

a Enrichment of B-content in selection

Tracking

O  Excellent pattern recognition

a Precise determination of track

Magnet RICHZ
T3

gear. HCAL

SPD/PS

parameters
Vertexing:& Tracking
Ve rtexing %A Expected primary vertex resolution
) ~10um transverse plane and
O  Precise reconstruction and separation ~60pm in the longitudinal one

of primary and secondary vertices

Eduardo Rodrigues

5p/p=0.35% to 0.55%

Expected Impact parameter
resolution 0,,=13um+35um/p;

Expected tracking resolution l]:

Jb

B-mesons

Expected mass resolution
12-25 MeV

>
Expected proper-time resol.
~40fs
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VELO - overview

, cooling base pllE'Up m
/k A modules
| /p XCI/
LHC vacuum ’ Y
W X
beams
Modules (21+2) m
RF box v

QO 2 retractable detector halves:
~8 mm from beam when closed, retracted by 30mm during injection
Q 21 stations per half withan Rand a @sensor

QO 2 extra pile-up stations per half
recognition of multiple interaction collisions at the trigger level

Q Operation in secondary vacuum
a 300um foil separates detector from beam vacuum

QO Bi-phase CO , cooling system 4120
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VELO — modules

Purpose :

O  Hold the sensors fixed wrt module support

L Connect electrical readout to the sensors

O  Provide means of cooling to the sensors

0  Sensor-sensor positioning accuracy < 5

Eduardo Rodrigues
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r-side circuit

N

R-sensor

\

carbon
‘7 fibre

@-side
circuit

thermal .
pyrolyticgraphite

pm

coollng block

carbon fibre
paddle
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VELO — sensors

Q Highly segmented; n *onn

U

2048 strips per sensor

O Radiation tolerant. Expected ratiation dose:
-1.3- 1014neqlcm2/year atr=0.8cm
-5 - 1012neqlcm2/year atr=4.2cm

O Design operation at -7 degrees

& sensor

Eduardo Rodrigues

1385 outer
683 inner

R sensor

@ sensors

R sensors

»Measure the
azimuthal angle

= Stereo angle 20° for
the inner strips (10°
for the outer strips )
— 2 regions

»Pitch: 36 -97 um

= Measure the radial
distance

»Divided in quadrants
=Pitch: 40 -102 ym
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VELO modules & sensBrs
C




Commissioning — overview

2007 2009
O Installation O TED runin June
O Cosmics cannot be used for commissioning O Tuning of the timing
Q High rate tests at 1 MHz
2008 . : .
: : : O Operation under final conditions

QO Comparisons of noise level with data taken

. (vacuum and temperature)

in assembly

Single module operations under Neon atmosphere 9 NextTED run just a week away

12th Oct. !

Multi-module testing, full half powered

for the first time, etc.
0 First operation in vacuum on 18 ™ June
O Full detector operated under vacuum
O Cooling down of detector with modules @ -5 C
O Beam in SPS-to-LHC transfer line stopped on the

« TED beam dump » on 22 nd-24% August

and 5M-6" September

“"TED runs”: see next slides ...
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Tests with beam-induced tracks — TED runs

What are these “TED runs” ?

a

Why does the VELO need them ?

0 Cosmics not exploitable given the VELO geometry

Goals of these real data sample studies:

O 00 0 O

Passage of secondary tracks through
the LHCb detector coming from a
dump of LHC’s beam 2 on the TED

TED=Transfer line External beam Dump
- 4m W/Cu/Al/graphite rod in 1m iron casing
- absorber located 340m before LHCb

Test the “DAQ recipes”

Tuning the timing

Commission the monitoring (online, offline)
Test the pattern recognition

Check performance of alignment algorithms

Eduardo Rodrigues

Typical TED beam runs

- 1 shot every 48 seconds
- ~5x10° protons / shot
- typical duration: 2 days

installation

LH

TI8

Tungsian
(19.4 g/cm?)
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TED runs — runs & data samples

1St RUN 22" :10 modules powered on (5 in each half)
—>

2224 August 2008 24% > all HV on; 76 sensors read out

http://lhcb-vd.web.cern.ch/Ihcb-vd/html/first_event s.htm

2nd RUN _ All HV on
<«— - /6 sensors
5-6 September 2008 read out
39 RUN

<+«— AllHV on

6-7 June 2009

First Event
22-08-2008 @ 17h33
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June 2009 TED run — VELO timing (1/2)

Procedure :

O (Timing first estimated from cable lengths, known d elays)

D Sample In tlme SlOtS Of izSnS around | Cluster ADC values versus sampling index Top, A-Side |
best guess of timing settings for signal g %

O Perform the tuning using TED data

Signal peak slightly off
from “nominal” (index=7)

1 | 1 1 I
12 14

<
40
30
20
10 2 T 3
/ Sampling Index
Spillover

. | Cluster ADC values versus sampling index Bottom, A-Side |
on top of noise

o S50

<

Threshold effect

O  All monitored online,
with zero-suppressed data

1 1 | 1 1 1 I
12 14
Sampling Index
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|
.
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—
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June 2009 TED run — VELO timing (2/2)

O Timing could be set with precision better than 2ns

with ~100 clusters/sensor/step

| Strip 1691, Channel 0535 |

—

Pulse height (adc

80

Constant 0.2495

i3 Function FI'[.Z Amplitude  50.83
- double Gaussian

60— Peak -10.93
F Peak (ns)

50— Width 1 14.84
FPre-spill = ADC 9

40-@® Peak - 25ns/ b .

. ADC@peak *_ Amplitude Width 2 25.66
c ] Spillover = ADC

20— Wid_th1 Wm @ Peak +25ns /

10 __Constant ,: 25ns %Bns ADC@peak.
F (offset) . .

0 f""'"ﬂf' 'HW#W@ ! e ey {u 1—'“'1"-“'rr+“*?“+“#+'d“:w:“rﬂ'%
A0l | Lonol \ ..4|0‘..6|0.H8|0...

Trigger time (ns)

Recommended time shift

Tlmlng summary

Entrles — A Bottom
.................................................................................................................................................................................. - C Bottom

100 120
Sensor number



June 2009 TED run - signal-to-noise

® sensor

MPV — Most Probable Value of ADC distribution 1000

I

MPV=34.4 FWHM=15.2

O Use clusters on tracks 300~
> ©:344 I
> Outer w/o Meta I: 35.3 600:_
> Inner : 34.4 S— 200l
> Outer w Metal : 33.6 . I
> R :32.8 10001~ 200:—
soo:— I |||| e

L
10 20 30 40 50 60 70 80 90 100

= signal-to-noise

ADC counts
> @20 600:_
> Outer W/Metal : 19 il
> Inner : 20.5 -
> Outer w/o Metal : 23 0
> R:18 P PERPUETEY  EORT TN PRUCT OO Pt mnin. o
10 20 30 40 50 60 70 80 80 100

ADC counts

(ADC distributions fitted with a Landau)
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June 2009 TED run — pattern recognition

O Pseudo-efficiency calculated by interpolation, per sensor

Pseudoefficiency vs sensorlD
|
° EXp' - 5‘1'1— —o— A side R Sens: 96.6%
ReC E i —=e— A side ® Sens: 97.3%
| &_05 - —&— C side R Sens: 97.2%
S [ —=— C side® Sens: 97.5%
b e .
| »
A @ 1o
000000000 O0OGOEOGOEOGOEOEOEONOEONOONOIONIO o _6 !.l.HEIB!Ii!!! . °
A R R ICH
0.95— -
= pseudo-efficiencies: 09l
> ® sensors: ~ 97.4% : Preliminary
| > R sensors: ~ 96.9% 0.85|-
OIB_IIIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIIII
0 5 10 15 20 25 30 35 40

Module ID

Large search window: 5 o of resolution + tolerance of 100 um (5 mrad)
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June 2009 TED run — tracks

Low intensity run: 2-5x10 9 prOtonS |—||gh intensity run: ~10 10 protons
Entries 1818 Entries 3007
N = Mean 5.596 L 0.07827 _ 1 0.
e f s -%50__ Mean 13.91+ 0.06655
80 RENN = | RMS  3.649 + 0.04706
w [ c [
- Ll -
160 3001
- Av. 5.6 -
140 _
C 250
120 N
100 200:—
80 150
60 -
40:_ 100:—
201 50F
U:I III IIII IIIII 1 | 111 I { I | I 111 II | :
0 2 4 6 8 10 12 14 16 18 20 oL IR A I S S A A SAVET S A MR M -
Number of tracks per event 0 5 10 15 20 25

Number of tracks per event



TED runs — alignment

2008

O First alignment with real tracks

respect to metrology within 10

2009

O High statistics
= possible to check for the 1
the distance between detector
halves with “traversing tracks”

0 Modules position differences with

Hm

st time

Detector open

GG

Detector closed:
slight overlap of sensors

Eduardo Rodrigues 11t ICATPP Conference, Villa Olmo, Como, 5 Oct. 2009
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June 2009 TED run — VELO halves separation

aii _pogitionX —— 7 -
'= = c _posiciank
| VELO position X | G = [VELO posifion X | — -
Mean 297 Maz i 2.87m
& RMS 0.148 o= FNS [oF= 1)
B 1 ne 8133713 - f  ndf B1L1744
25— Prok 0.8348 - Prok Q
- Corstart 18.12£2.11 35 z:ﬂm 25:13; E‘-‘;
B *ﬂn B L Spme  QUOBTI04 QO0EID
It Sigma 00633 + 0.0072
20— .

: W i ‘\c e
e\‘(o
| Qﬁ

- 10 i
: .L"]n X s e s gl dH.J]Ju..hhnm.u

L Ll L.l Ll bl Il Ll L Ll Ll L Llll I Il
1 05 0 05 1 15 2 25 3 a5 4
1 05 0 05 1 15 2 25 3 3&5 4 d [mm]

U Detector halves separated by 2.000mm and then moved to 2.450mm,
l.e. AX =450 pm

O Analysis based on only 1000 tracks determined ther  elative distance
between the detector halves to be Ax =445 10 pm !
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June 2009 TED run — resolutions

Q Selecting ‘high-p’ tracks:
selecting particles coming

from the TED region

Q x(-4 m, 8 m) and y(-10 m, 10 m)

at z=350m

0 Mean 6 : 16 mrad (6 <35 mrad)
0 85%-90% 1-strip clusters

= binary resolution expected

Sensor Number 35
45

10

y [m]

'
== . . ] .
= = =) L L =] L] L (=] o2

R sensor

40

R Res. [um]

35

30

25

20

15

10

Preliminary

—=— 2009 Resolution

....... BInary Resolution

== 5006 Test Beam Resolution

(=] IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
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1 1 1 | 11 1 1
90 100
Pitch [um]

Sensor Number 101

TED selected tracks
Extrapolation to the TED /

80

70

60

50

40

30

X [m]

Expected resolution

versus projected angle

0.4

pitch bin (55-60) um

'1%0‘35 pitch bin (75-80) um
=
4 03 pitch bin (95-100) um
0250 2 .
0.2]
015
L
0.1
0.05
0 ‘II\ \II‘ Ill\ll‘l\ll\ Ill\ll\l\ll\l‘ll\l\ll‘
2 4 6 8 10 12 14 16 18 20 22 24
projected angle [deg]
@ sensor

—a— 2009 Resolution

Binarv Resolution

= w2006 Test Beam Rasclution

Preliminary

[=] IIII|IIII|IIII|IIII|IIII|IIII|IIII IIII|IIII

90 100
Pitch [um]
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Conclusions and Outlook

- VELO fully installed and tested

- First operation of full VELO back in June 2008

- First ever beam-induced tracks seen in August 2008

- Very successful commissioning with ~60000 tracks r econstructed
- Obtained resolution ~10 pm and alignment better than 10 pm

- Required performance for physics has been achieved

VELO ready for when the LHC beam will see

when traversing it !




