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Outlook

1. LHC and CMS experiment

2. Pixel detector

3. Pixel clusters properties

4. Performance 

5. Summary
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Large Hadron Collider

•Proton-proton collisions

•8T superconducting dipole magnets cooling to 1.9K

•World’s most powerful particle accelerator

•Aim: center of mass energy of 14 TeV

•!s=2.36 TeV already achieved

Timeline:

10.09.2008 First beam was 

circulated through the collider

23.11.2009 First proton collisions 

in all 4 detector

30.11.2009 World's highest energy 

particle accelerator

LHC
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Compact Muon Solenoid experiment (CMS)

Large Hadron Collider

•Proton-proton collisions

•8T superconducting dipole magnets cooling to 1.9K

•World’s most powerful particle accelerator

•Aim: center of mass energy of 14 TeV

•!s=2.36 TeV already achieved

LHC
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Compact Muon Solenoid experiment 

CMS is a general-purpose detector for a wide range of physics:

•Higgs boson, extra dimensions and particles that could make up dark matter ...

http://public.web.cern.ch/public/en/Science/Dimensions-en.html
http://public.web.cern.ch/public/en/Science/Dimensions-en.html
http://public.web.cern.ch/public/en/Science/Dark-en.html
http://public.web.cern.ch/public/en/Science/Dark-en.html
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Pixel

Compact Muon Solenoid experiment 

MUON 
CHAMBERS

CMS is a general-purpose detector for a wide range of physics:

•Higgs boson, extra dimensions and particles that could make up dark matter ...

http://public.web.cern.ch/public/en/Science/Dimensions-en.html
http://public.web.cern.ch/public/en/Science/Dimensions-en.html
http://public.web.cern.ch/public/en/Science/Dark-en.html
http://public.web.cern.ch/public/en/Science/Dark-en.html
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Pixel tracker

2x2 endcap disks

3 barrel layers 

Andreas Jaeger

Silicon detector:

•the innermost part of the tracker

•real 2D hits: about 66 millions pixels in total

•3 layers at radii 4.4, 7.4 and 10.2 cm

•2x2 endcap discs at ± 34,5 and ±46.5 cm

Aim:  

•detect charged particles

•reconstruction of the interaction and displaced vertices

•b-and ! tagging
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ionizing particle

Sensor:

•made of 285!m thick silicon

•n+ -on-n sensor

•bump bond (Indium) to the readout chips(ROCs)

•electrons and holes produced in the sensor by ionization 

•signal induced by the charge of the electrode is:

•amplified 

•discriminated

•and transmitted to the periphery

Silicon Sensor

ROC

Local y (global -z)

n+ pixel implant
Bump bond

+

+ +

+

+
- -

- -

-
p+ sensor backplane
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Taking data with pixel detector

collision clusters

integral over events/modules

one Cluster:

group of neighbored  pixels 

collecting charge

Results from cosmics 

(alignment, thresholds ...) 

can be applied for collisions

secondaries

loopers
primaries

layer 1

layer 1

barrel

y

ROC

full module
x

Important to study Cluster properties:

•size

•charge

•.... 

•Not only primaries!

x (pixelnumber)

y 
(p

ix
el

n
u
m

b
er

)



Andreas Jaeger 10

•Plots show cluster size vs pseudo rapidity " 

•Higher " ! longer cluster

•Primaries: ~sinh(") for barrel

•Loopers, secondaries, broken clusters have 
incompatible cluster size, here removed 
requiring hight purity tracks
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Cluster.clust_beta [rad]
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Cluster.clust_alpha [rad]
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Cluster charge correction

Barrel Barrel

#[rad] $[rad]

•The angular distributions of reconstructed tracks compared 

with simulation predictions are in good agreement

•Tracks with small impact angles(# and $) deposit more charge

•We have to correct cluster charge to the path length 

•to avoid the distribution spread
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Cluster.charge_norm[ke]
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Barrel

!s=2.36 TeV Collisions

Cluster.charge_norm[ke]
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Normalized cluster charge

normalized cluster charge[ke] normalized cluster charge[ke]

•Selecting the good primary tracks

•Peak at 22 ke which corresponds to a MIP traversing 300 !m of silicon

•Good agreement between DATA and MC
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Templates are:
• pre-computed projected cluster shapes            

(depend on the track angle $, #)

• Simulation(PIXELAV) is used to generate templates

• detailed simulation of the pixel sensors 

• with radiation damage model             

•   used to fit the measured cluster shapes to the 

template expectation

• optimally estimate the coordinates 

(powerful for irradiated detector)

• give new variables describing cluster properties 

Cluster

Cluster shapes (templates)

Cluster Templates are used to:

!!!1) reconstruct the hit position 

 with high precision even after irradiation

!!!2) reject hits incompatible with the impact angles

expected template shape

data
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log(RecHit.clusterProb)
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Cluster probabilities

log(RecHit.probX)
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log(RecHit.probY)
-16 -14 -12 -10 -8 -6 -4 -2 0

E
n
tr

ie
s
/b

in

1

10

210

310

410

510 MC 2360GeV

DATA 2360GeV

RecHit.probY

-15 -10 -5 0

!
D

A
T

A
 2

3
6
0
G

e
V

-M
C

 2
3
6
0
G

e
V

-10

0

10

20

• good description of the probability distribution shape

combining

log(probability in y)

log(probability in x)

log(probability in xy)

χ2
• Prestored templates are used to fit the cluster shapes

• Probabilities are determined from the      of the fit

• can be used for discrimination of the "bad" clusters
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LHC and CMS
• !s=2.36 TeV achieved

Silicon pixel detector as important tracker part
Cluster behavior and Pixel performance

• Main cluster parameters (size, charge, probability)

• compared with MC: good agreement
We are ready for higher energies
       

Summary
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CMS celebrating first collisions

Happy and successful new year!!!

Thank you for your kind attention!
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 A Dimuon Event at 2.36 TeV

Backup
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1. Trigger bit 0, check for both beams 

(done by Beam Pickup Timing for the 

eXperiment)

2. Coincidence between Hits in 

   +z and –z direction: bit 40 or 41

   (Beam Scintillation Counter)

3. Beam halo veto (also done by BSC): 

require bit36-39==0 

4. High purity tracks 

5. Number of tracks in event < 300

To get real collision events we apply the following cuts

Samples & selection 
used for data and MC comparison

BSC

BPTX

Looking on on-track clusters

Backup
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Barrel Pixel

Normalized cluster charge

•selecting the good primaries tracks

•peak at 22 ke which corresponds to a MIP traversing 300 !m of silicon.

•landau function convoluted with a gaussian

•good agreement between DATA and MC

•for both collisions and cosmics

Cosmic ray !s=2.36 TeV Collisions

Backup


