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Task1 

BGO Detector: 

Resolution = 
          

    
 

Sigma = FWHM 

Mean =peak position  

  

  



 
 

  

 



 

 

NaI Detector: 

  



 

 

 



Task2 

BGO-Co60+Cs137-800v calibration 

1. Fitting  4 highest peak 

2. Set parameter  

3. Determine (pmt= mean) & the energy in MeV 

4. The energy of first peak (Cs137) is 0.662 MeV 

                         Second peak (Co60) is 1.17 MeV 

                         third peak (Co60) is 1.17 MeV 

5. The energy fourth peak (sum of two Co60  

specta) is 1.17 MeV   

  

  

 



 

 

 

 



Task 3 

Unknown source1: 

Mean= 6.288= y 

Y=bX+a 

The calibration form  

Y=9.53436X +1.42668 

6.288= 9.53436 X+1.42668 

4.827= 9.50178X 

X=0.5095=0.510 

E= 0.510 Mev 

 



 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

Unknown source2: 

Mean= 4.66856 

Y=9.53436X +1.42668 

4.66856= 9.53436X +1.42668 

X=0.340 Mev 

Energy= 0.340 Mev 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



Task 4 

 

1. From attenuation equation  

   0 
    

 

   0 
    

For Al material: 

  /  0=     

  

Thickness, cm   /  0 
0 1 
0.15 0.75573 
0.3 0.71623 
0.45 0.70569 
0.75 0.68596 
0.9 0.67155 
1.08 0.66103 
1.26 0.63939 
 

 



 

 

 =0.93 cm-1 

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

For Cu material: 

   0 
    

Thickness, cm   /  0 
0 1 
0.2 0.75573 
0.25 0.7357 
0.4 0.68065 
0.8 0.68065 
1 0.53827 
1.2 0.48042 



 

 

 =0.8 cm-1 

 

 

 



Task 5 

There is a distance where none alpha particles 

are registered with the detector. This distance 

is the range of alpha particles in the air.According 

to graph the detector did not record any new reading in 3.5 Cm 

       cm 

 





 The notion of pixel (short for “picture element”) 
has been introduced in image processing to 
describe the smallest discernable element in a 
given process or device.  

 A pixel detector is a device able to detect an 
image and the size of the pixel corresponds to 
the granularity of the image. The omnipresent 
digital cameras are a typical example of pixel 
detectors. In this case, photons of different 
energies are integrated in the sensing elements 
(pixel) during a short exposure time and 
generate an intensity distribution which is the 
image. 





 this Schematic view of one pixel cell, the 

basic building block of a hybrid pixel 

detector. The ionizing particle crosses the 

sensor and generates charges that, 

moving in the depletion region under the 

action of an electric field, produce 

signals.These are amplified, and hit pixels 

are identified and stored by the 

electronics. The thickness of the sensitive 

part of the detector – the depletion zone 

– depends on the bias voltage and on 

the sensor parameters. 



 The birth of pixel detectors can be 

traced back to the 1984 IEEE Nuclear 

Science Symposium where Gaalema 

pointed out that an integrated circuit for 

focal plane imaging sensors, developed 

by Hughes Aircraft Co., could be 

connected, through bump bonding, to a 

semiconductor diode array to detect 

and localize X-rays. 



 The first pixel matrix, OmegaD(The heavy 
ion experiments using the CERN Omega 
spectrometer were the first to use pixel 
detectors) had 1,024 pixels of size 75 × 500 
μm2  (16 columns and 64 rows). The readout 
chip, connected to the mating sensor 
through solder bumps  was realized in 
CMOS technology. Each channel had a 
continuously sensitive preamplifier followed 
by an asynchronous comparator and a 
digital delay line through which the 
discriminated signals travel waiting for an 
external trigger. When the trigger is 
received all pixels with a coincident delay 
line signal are read out 



 The power dissipation was 30 μW per pixel (i.e. 
≈1mW/mm2); the electronics noise was just below 100 e− 
rms while the threshold variation between channels was 
around 500 e− rms. This last number dominates the noise of 
the chip even if it is not an intrinsic noise contribution. 

 This observation already points to a problem: one 
individual pixel circuit can have excellent performance, 
but it is difficult to get by design a correspondingly good 
response uniformity over the whole chip area. Both 
technological limitations (e.g. electronics parameter 
variations over the chip area) and design choices (e.g. 
sensitivity to voltage drops along busses) contribute to 
nonuniformities. These sources of fluctuations cannot be 
completely eliminated and modern front-end chips 
dedicate part of the pixel cell area to trimming circuits. 
This became possible with the adoption of deep 
submicron (DSM) technologies featuring 0.25-μm structure 
sizes, while it was not practical in the 3 μm technology 
used for the OmegaD chip. 



 Several generations of pixel chips have 

been necessary to evolve from OmegaD 

to ALICE1. The intermediate chips, 

intensively used in heavy ion 

experiments, have allowed one to gain 

considerable experience on system 

aspects. 



 Moving from a “proof of principle,” where 3 
single-chip detectors have to operate for 
some hours close to a beam, to a system 
made of 84 multichip detectors to be used 
in experiments lasting months requires one 
to solve new problems. In general, there is 
the need to keep the detector 
specifications stable during production 
through the control of the critical 
fabrication processes and during the 
experiment through the control of the 
critical environmental and operational 
parameters. This was done for the 
experiment WA97  where a telescope of 
seven pixel planes, each having 72,576 
pixels and covering ≈29 cm2 



 Over the last four decades, experimental particle 
physics progressively moved from fixed target to 
colliding beam accelerators as these bring several 
advantages, the most relevant being the significantly 
higher energy that can be reached in the collision 
between elementary particles. Particles produced in 
a colliding beam accelerator are spread out over a 
very large solid angle, which has then to be covered 
by large area detectors. 

 Space resolution, granularity, and radiation 
resistance make pixel detectors ideal as vertex 
detectors and they must therefore be the first device 
encountered by the particles emerging from the 
interactions. Since the information carried by 
particles is deteriorated when passing through 
matter, minimal material has to be used to support 
and operate pixel detectors around a colliding beam 
accelerator. 



 Even if the pixel detectors were born for the needs of particle 
physics, they are potentially very useful in other domains where 
fast imaging with penetrating radiation is necessary. 

 Some applications in medicine, biology, and astrophysics is 
needed. Their success will greatly depend on the cost per 
square centimeter of detector. This is presently quite high 
(≈e500), but can be sensibly reduced if large-scale applications 
could be envisaged and if some of the special requirements 
needed for particle physics applications (e.g. tens of kilogray 
radiation hardness) could be dropped. The high-density 
connectivity is a critical and expensive production step that is 
typical of the hybrid pixel design and not very much used in 
other applications. Some new pixel developmentstry to avoid 
this step joining more intimately sensors and electronics. This also 
means compromises in performances, but may simplify the 
production steps and finally open the door to a still wider range 
of applications. 
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