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LHCb: A Forward Spectrometer
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LHCb: Experimental Program

LHCb was built to study flavour physics
at the LHC.

. CP-violation in the b sector

. Constrain unitarity triangles

. Rare bdecays

. Search for new physics in loop
processes
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Several important detector requirements:

. An efficient trigger
. Excellent vertex finding and tracking

. Particle ID

At high luminosity pile-up will be a problem,
so choose 2x1032cm2 s

1031 1032 1033

Luminosity [cm—2 s-1] 40 MHz II 1 MHz II 2 kHz
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The Vertex Locator (VELO)

Vacuum vessel \ f THG collsion points \, epeater slectronics VELO Requirements:

_____ . Precision tracking
Home-mad
re?::;ig:jarebellows * LOW mass (~1 O% xO)
[ 4 [ . Good vertex resolution to separate
module support __ AL Bl primary/secondary vertices.
2 . Survive in a high-radiation environment
g : VELO exit i i iah- 0
AT hoodl b . Function in the high-level trigger
CO, cooling
suppressor
kapton"clablsrsk Sili )
i 4. . meN
—»> -
6 cm
. Two retractable halves which move to within T y
8mm of the stable beams. LHC -
. 21 stations per half with an R and ¢ sensor vacuum .
. Operates in secondary vacuum beams
. 300 um foil separates detector from beam
vacuum ._‘j

. Has a two-phase CO, cooling system
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VELO Modules

¢ sensor R sensor
* n-on-n & 1 n-on-p R O Oy, e

« Two semi-circular designs,
measuring R and Phi

* Double metal layer readout

« 2048 strips, 40-100 pum pitch
« .25 um Analogue Readout

* TPG core Hybrid, CF paddles

\\\\\\\\\\\\\\T\\\\\

-

carbon fibre
paddle
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VELO Module
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Vacuum System

The VELO has it’s own secondary vacuum.

RF-fo{

The shape allows sensors to overlap.

VELO , _ The sensors are housed in a 300 um Al (3%
cansors.<1 | s 7 -~ Mg) RF shield which acts as the beam-pipe
PileUp Al N, ) /// in the VELO region.
senin’rs, ; ~) X A

This is what Beama sees during injection.
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Operations

In the long term, the VELO may be entirely operated by
the central LHCD shifter.

But for 2009-2010 we have a small number of people:
. VELO Run Co-ordinator

. Post now held for two weeks
. On-call experts (“piquets”)
. Four in total who cover all aspects of operation in the pit, can call
hardware experts.

. Shifters
. About 40 from 12 institutes.
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Track Reconstruction

. Track reconstruction relies * Track fitting with bi-directional
on the VELO Kalman filter
. VELO sensors measure R « VELO half positions measured
and © by hardware system after each
movement, picked up
. 2-stage VELO tracking: immediately in trigger and
PR O I O ek stored for offline reconstruction

finding in trigger
* RDZ (=3D) tracking
confirm RZ seeds plus combining

leftover RO pairs Upstream track
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MPV (ADC counts)

Time Alighment

The sampling time of the front-end Combined pulse shape
chips can be tuned. . : : : :

They are optimised for:

Maximum signal
Minimum spillover

LI-iCb Velo Féreliminarsy
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Each sensor adjusted separately to
account for:

Time of flight
Cable length

MPV from Landau X Gaussian Fit

10*

Pulse height (ADC counts)
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Alisnment
o =
2 C 7
5 80— Module and Sensor
1]

— | SensorXandY
7or |_Alignment: 4.4 um alignment are
60; known to better
Alignment has two parts: i3 than 5 um
40%—
1) ; -
Relative alignment of sensors: fit to ‘ o a
residual distribution "X to JJ
Module alignment: Millepede algorithm %o a0 0 z‘d"'.15“'f',""1o""55”"3;2;;;3‘?"(:"'30
with linear track fit X misalignment
VELO half alignment: align with PV £ °F
halves and overlap tracks E - i ;
P E rn g N J éi'; Bi
2 CF i i ! i :
2) P :
Global x2 minimisation based on -
Kalman track fit residuals =

T e
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. The resolution improves as charge

Single Hit Resolution

We can measure hit resolution as _
fraction of strip pitch and track angle E 49

W
n

Resolution is based on hit residuals

Resolution [
w
=]

sharing increases (weighted cluster 25
centre)
20

. Optimal track angle depends on pitch

. Bestresolution ~4 um 10
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= 1200 = Pitch bin (40-45) pm 5
= ¥  Pitch bin (50-55) um
g | «  Pitch bin (75-80) um
5 100/ Pitch bin (30-95) um g
[4]
o
= B e}
S0 SR
" e A
> - L
£ 60 S -
c L Ll =
S - .
[ - - . -
S g0l T -
L . - k Fet -
o i
20 ww
) I P B

Grant McGregor

ol b b b b e b b e b
0 2 4 6 8 10 12 14 16 18 20 22 24
Projected Angle (degree)

IPRD10

———=— Projected angle 0-4 degrees

———— Projected angle 7-11 degrees

Binary Resolution

(=

50

60 70 80

100

Strip Pitch [um]

13



Vertex Resolution

. Combine tracks in all directions
from primary vertex

. Measure resolutions by randomly
splitting track sample in two and
comparing vertices of equal

multiplicity

. The resolution is related to the
width of the residual distribution

| Xand Y resolution |

— 0.04

£ - x* I ndf 14.831/20
Ep.0350 Prob 0.7859
g . Xres 0.07913 + 0.0004682
= 0.03 =. 2 I ndf 23.1/20
e C : Prob 0.2837
$0.025 *g Yres 0.07605+ 0.0004421
o - ', . LHCb VELO Preliminary
0.02:— Eas \'s =7 TeV Data
0.015 i {
0.01- :
0.005
OT_- 11 I 1 1 11 I 1 1 | I 1 1 L1 I 1 1 11 I 1 1 1 1 I 1 1 1 1 I 1 11
5 10 15 20 25 30 35 40
nTracks

Grant McGregor

With 25 tracks per PV, resolutions are:
inx: 15.7 microns
iny: 15.4 microns
inz: 90.4 microns

resx= 79um/iN
resy= 77um//N

resz = 456um/AN
| Zresolution |
—~ 0.25
z E 21 ndf 35.53/ 20
E - Prob 0.01747
c=> 0.2 '_ Zres 0.456 + 0.00286
;:T; B LHCb VELO Preliminary
= B ) \/s =7 TeV Data
$ 015
0.1 : ;
B 3
N ) 5
B f
0.05]
OI_ 1 I 1 1 L I 1 1 1 I L 1 I 1 I 1 I 1 I 1 1 1 1 I ; L 1
5 10 15 20 25 30 35 40
nTracks
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Impact Parameter Resolution

The Impact Parameter (IP) is
an important quantity for
identifying B meson decays.

\l/ 10 mm \L
< —>

Primary
Vertex

O

eDistance between
I \/

/7 track and PV

/
/

Grant McGregor

IPx Resolution Vs 1/p_
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Cluster ADCs

ADC for clusters associated to a track

| S/N for Phi strips type |

1 __ —+— Phi Clusters on Tracks 30000 . Strip Type
- B . _ Inner
—_ —>—— R Clusters on Tracks 25000 - — Outer Even
038 B B — Outer Odd
N 20000
0.6— -
- 15000
0.4— -
B 10000
0-2~ 5000
- R N
y -
0 M_'—Tl oo bvvv s by bvrv o bvv v by g 1 0 [ Ll
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60
ADC Value ADC Counts
R 18.3
After several years of operation expect S/N AU 21.2

- Routed over outer strips

to drop to O(10). Phi Outer Strips 23.3

- No overlaid routing lines

Phi Outer Strips 19.6
- Overlaid routing lines '
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Cluster Finding

The VELO has close to 100% cluster finding efficiency.
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Occupancy

- —— VELO @ Omm
Occupancy vs. R (All R-type sensors) — VELO @ 1mm
a5 VELO @ 5mm

-_-.._- VELO @ 10mm

. .|_ -.___- e VELO @ 20mm
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Even when closed, strip occupancies are well below 1%.
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Many mass peaks found - in good agreement with the Particle Data Group.
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Early Results

The tracking detectors were well calibrated since startup.
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Summary

LHCDb is running!

Although there will be many
improvements, the VELO is already
performing well

Preliminary VELO performance:
. 99.8% Cluster Finding Efficiency
. Vertex resolutions of ~15 uminxandy
. At optimal angles the VELO can achieve
resolutions of 4 ym
. Better than 5 pm sensor alignment

VELO upgrade planning underway

Grant McGregor IPRD10
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Without VELO

K and A

Tracking detectors were well calibrated at the start-up !

m_.. (LHCb 2009 data, preliminary)

candidates/2 MeV

F Integral 10828
C x2 / ndf 96.536 / 95
300— + Prob 0.43678
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250 - slope -0.075586 + 0.007938
- Ngignal 2712.2 + 81.6
- 496.86 + 0.34
200— 10.999 + 0.360
150
-
100kt L 1l 1, f
ﬂT IiJr H\} H#ijﬁ“fHJr J[Jrl TJT JF L iHJr
50/— T +T+"H' |
_I 11 | 11 1 | I 1 1 | 11 1 I 11 1 | 1 1 | J 11 1 | 11 1 | 11 1 | 1 1 1
900 420 440 460 480 500 520 540 560 580 600
m,..- [MeV]
o =11.0+x0.4 MeV/c?
M(Ks) =496.9+0.3 MeV/c?
M(KsPPS)  =497.7 MeV/c2

22

3

- (LHCb 2009 data, preliminary)
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K and A

With VELO (15mm)

Power of precision vertexing — even with VELO 15mm open

| m__ (LHCb 2009 data, preliminary) |
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LHCb: A Forward Spectrometer

Interaction region
o= 5.3cm
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LHCb is a forward spectrometer with an
angular acceptance of 10 - 250 mrad
(pseudo-rapidity of 1.9 — 4.9).

At design luminosity and energy, LHCb
will see around 1072 pb pairs per year.

The bb pairs are strongly correlated and
forward peaked.
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Time Alignment |I

Recommended time shift (ns)
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Timing summary —— A Bottom
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Sensor number

Pulse shape profile
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Optimal sampling time

Entries

x2 I ndf
Offset
Amplitude
Peaktime
Rampup
Rampdown

903730
71.27 /120

-1.322 £ 0.136

33.23+0.27
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15.59 + 0.40
23.25+ 0.42
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Cluster
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Projected Angle (degree)
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