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Pixel Detectors for High-Luminosity 

Collider Experiments 
• Three of the four large area pixel detectors 

currently in construction will constitute the 

innermost layers of three LHC experiments: 

ATLAS , CMS , and ALICE .  

• pixel detectors can efficiently cope with the 

high particle densities and the large integral 

particle fluxes, both generated close to the 

interaction region of high-luminosity hadron 

accelerators. 
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• In the LHC, protons are accelerated from 350 GeV 

up to 7TeV and are then maintained at this energy 

while rotating in the 27-km-long accelerator 

vacuum pipe 100m underground 

•One beam of protons rotates clockwise, and the 

other beam counterclockwise in separate but close 

orbits and they can be forced to collide almost 

“head-on” in specific regions around which the 

experiments are located 

• In order to accelerate the protons and control their 

trajectories, they are grouped into “bunches,” each 

containing about 10^11 particles. They cross each 

other every 25 ns 
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hit rate 

•Most of the protons pass unaffected at each 

crossing, only about 20 of them collide, and 

each interaction generates ≈7 charged 

particles per unit of rapidity 

• LHC detectors cover 5 units of rapidity and 

therefore should measure ≈700 charged 

particles every 25 ns, which translates, for a 

pixel detector of 5-cm radius, to a hit rate of 

≈50 MHz/cm^2 or ≈10 kHz/pixel 

• the frequency of “any” event is ≈1GHz 
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•A multistep selection criteria must therefore be 
envisaged to filter out the less interesting events 

•most of the selection process should happen online 
and therefore requires proper design of the readout 
architecture to minimize data losses 

• It also requires high speed information exchange as 
the definition of “potentially interesting” is 
obtained combining data extracted from several 
independent detectors, each looking at different 
characteristics of the same event (i.e. track 
parameters, energy flow, particle masses) 

5 



level-1 trigger 
• Events must be continuously stored 

while waiting for the level-1 trigger 

decision and, when this is positive, 

the related hits must be retrieved 

•Hits have to be stored for up to 128 

crossings 

6 



Discriminating threshold 

• Several millions of channels should operate 
together after large, and possibly nonuniform, 
accumulated radiation doses. 

•Good efficiency throughout the lifetime of the 
detector can only be obtained if the 
discriminating threshold can be set low enough 
to collect the small charge collected after 
irradiation 

• In practice this means operating at a threshold 
of ≈3,000 e− 
• The typical noise of one pixel (initially ≈200 e− 

rms increasing to ≈300 e− rms after 500 kGy of 
radiation dose) is low enough 
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fast rise time 

• The signal should have a fast rise time (<50 ns), 
while it may have a relatively long fall time (<2 

μs). 

• The fast rising edge is necessary to associate 

pulses of different heights to the correct beam 

crossing. Pulses with the same peaking time, 

but different heights do, in fact, pass the 

discriminator threshold at different times. 
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Discriminator process time 

• The discriminator should be fast 

•Hits corresponding to low pulse heights can be 

associated to wrong (i.e. late) beam crossings 

unless a sophisticated logic circuitry is 

implemented 
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The association of each event 

• The association of each event with a given 

beam crossing has to be stored until the level-1 

trigger signal is available.  

• Then only the information selected by the 

trigger is transmitted outside the detector to 

the remote processors dedicated to the next 

triggering step, and the rest of the information 

is discarded. 
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High radiation doses 

•High radiation doses change sensor and 

electronics properties. 

• These modifications, described in detail in 

Chaps. 2 and 3, have to be taken into account 

to optimize the lifetime of the detector and its 

safe operation 
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the single event upset 

• The transition from logical “0” to logical “1” in 

a storage node 

• Some test structures are protected by 75-fF 

capacitors; this improves their immunity to SEU 

by 2 orders of magnitude 
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ATLAS 

• The pixel sensitive area of 1.7m2 is made out of 

1,744 modules 

•All modules are equal and are built using 

6.34×2.44× 0.025 cm^3 n-doped silicon sensor 

“tiles” 

• The active area is surrounded by 16 guard rings 

•Having rectangular pixels warrants better 

resolution in the plane where tracks are bent 

by a 2-T uniform magnetic field 
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front-end chip 

• It can store up to 64 hits per column while 

waiting for the level-1 trigger to be delivered 
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The connection between the front-end 

chips and the MCC 

• The MCC must be designed to be SEU-tolerant 
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•A thin, double-sided kapton circuit glued on 

the backside of the sensor supports the MCC 

and brings to it all the front-end signals 

through copper lines and aluminum wire bonds 

• The module temperature is remotely 

monitored via a negative temperature 

coefficient resistor placed on the kapton circuit 

and a fast interlock will power off a module if 

overheating begins 
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Support structure 

• The ATLAS support structure is largely made of 

carbon–carbon 

• barrel part covering up to η ≈ 1.5 and a 
forward part covering up to η = 2.5 
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• Thirteen modules are placed on each stave as 

shown in Fig. 5.9 and face the interaction point. 
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• The central pixel detector is made of three 

barrel layers of radii 5.0, 9.8, and 12.2 cm, built 

with, respectively, 22, 38, and 52 staves 
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The forward part 

• Each sector has six modules 

• Eight sectors make a disk and  

• six disks make the entire pixel forward system 
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Cooling 

• fluorocarbon (C3F8) which expands in the 

aluminum tube embedded in each local 

support 
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CMS 
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• Three 57-cm-long barrels of radii 4.4, 7.3, and 

10.2 cm and three disks at ±34.5, ±46.5, and 

±58.5 cm contribute to cover the necessary 

acceptance 

• The whole pixel system consists of 1,776 

modules of seven different types (five for the 

disks and two for the barrels). 
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• The pixels of CMS are 100 μm (rϕ)×150 μm (z); 

• have similar resolution on both projections 

• That the charge be always shared between two 

or more pixels  

• That the charge collected by each pixel be 

measured with the necessary resolution 
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• The serial readout of triggered data is 

controlled by the token bit manager (TBM) 

chip located on the modules of the pixel barrel 

and on each side of the disk blades. 

•A readout token is passed from chip to chip, 

connecting chip after chip to the analog 

readout bus 

•Contrary to the ATLAS MCC, the TBM chip has 

no event-building capabilities. 
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• The support frames for barrels and disks are 

largely made of trapezoidal (barrels) or 

rectangular (disks) thin-walled Al cooling pipes 

interconnected by high modulus carbon fiber 

sheets 
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ALICE 

• ALICE (a large ion collider experiment) is an LHC 
experiment designed for the study of nucleus–
nucleus interactions at the center-of-mass energy 
of 5.5TeV per nucleon 

• for nucleus–nucleus collisions it is a few kilohertz, 
but each interaction should be quite spectacular 
with ≈8,000 charged particles per unit of rapidity 

• Contrary to the case of ATLAS and CMS, the 
radiation hardness in ALICE is less of an issue 
thanks to the low interaction rate 

• however, the electronics must be designed to be 
radiation-hard and special care must be taken to 
avoid SEUs, which are expected to be more 
frequent in the ion–ion collision environment than 
in the proton–proton collision environmen 
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• The ALICE silicon pixel detector (SPD) is located 

inside a 0.4T solenoidal magnetic field and 

consists of just two barrel layers of radii 3.9 

and 7.6 cm and length 28.3 cm. 

• Each pixel measures 50×425 μm^2 

• Each module measures ≈70.7×16.9mm^2 

• Sensors are of p+-on-n design, a simpler 

approach 
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• Two modules are placed one after the other 

and controlled by the same pilot 
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• The power and signals distribution must be 

done through a six-layer high-resolution 

aluminum-on-kapton circuit glued on top of 

the pixel sensor 
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BTeV 

• The BTeV (Beauty at TeVatron) experiment5 

aims at the high statistics study of beauty 

particles produced in proton–antiproton 

collisions at 2- TeV center of mass energy 

• This is the first pixel detector that is designed 

to operate inside the accelerator beam pipe 

• the selection and the study of the beauty 

particle decays, are both heavily based on the 

capability of measuring secondary vertices 
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• The BTeV pixel detector is made of 30 

measuring stations uniformly distributed over 

124 cm. A station is built with four detectors 

(or half-planes), two measuring precisely the 

horizontal coordinate and two the vertical one 
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•A thin flexible circuit brings power and control 

signals to the chips and sends the data signals 

to the remote electronics via vacuum feed-

throughs 
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