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Introduction

The present report summarize the developed job and the concepts acquired during these two weeks of stage at the National Institute of Nuclear Physics in Frascati. The object of our experience was to build a complete data acquisition system with an electromagnetic calorimeter for cosmic rays and to calculate their angular distribution. For data acquisition system is intended the set up of a detector for particles or cosmic rays. In general the purpose of the apparatus is to investigate the interactions between particles and atoms and to study the structure of the particles. The cosmos is in reality the greatest natural accelerator and the atmosphere acts just as a detector. The cosmic rays are particles that arrive from the space, they came from explosions of supernovas or stars after having travelled for millions of light years. They are mainly constituted by protons, atomic nuclei, electrons and neutrini. They interact with the atmosphere forming other particles, creating a shower effect called “secondary radiation”. The atmosphere attenuates these radiations forming a radiation composed in prevalence by muons. The interaction of a proton with a generic atomic nucleus originates, besides protons and neutrons, new unstable particle called “mesons”. The detectors are based on the fact that a particle, when crosses an object, creates an effect which frees energy producing excitement of the atoms with subsequent emission of photons. This energy is revealed by detectors which give a signal that make us know when a particle crosses the detectors. For our experiment we have used scintillators and calorimeters to notice these particles and measure their angular distribution.
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Data Acquisition System

The system of our data acquisition is composed by:

1. Calorimeter

2. Photomultiplier tubes
3. Delay modules

4. ADC

5. Scintillators

6. F.I. / F.O.

7. Discriminator modules

8. Logic Unit

9. Computer Server
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Picture of our working area
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1) Calorimeter

The calorimeter is a detector able to measure the energy of incident particles. In our case it’s a crystal of sodium iodide (NaI), material able to track the passage of particles. It’s isolated by the external environment because it’s a hygroscopic material. Inside the crystal a shower of particles is created, transferring energy to the electrons that they meet. The electron acquire energy and they climb energetic atomic levels. Being this on exited state, the electron returns to his native state releasing energy as photons. The signal will subsequently be collected by the photomultiplier tubes. There are two kinds of calorimeter: homogeneous and sampling. In the fist one the whole material is both absorber and active part and the measured energy is equal to the whole energy deposited by particles. Our detector belongs to the first category.
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2) Photomultiplier tube

On the crystal there are photomultiplier tubes (P.M.T. – Fig. 1) connect to the crystal, which multiply the photons that arrive and convert this light into an electric signal. Inside the photomultiplier the electron is multiplied by a factor up to 108, therefore from a photon it forms millions of electrons. By this process (acceleration of electrons within the electric field) we get a sizeable electric signal that will be then acquired by the data acquisition chain.
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The photon striking the cathode frees electrons that are diverted from high voltage dynodes (800 to 1600 volts) that multiply them by photoelectric effect. Then, when a bright radiation reach the sensitive element that, in the photomultiplier, acts to cathode (photocathode), this emits electrons by photoelectric effect. The signal that results in output allows us to understand the energy of the incident photon although the signal often includes a background noise. The signal in output is typically of the order of the millivolts so we can analyse it. According to the P.M.T. used and the detector connected the signal that we measure can be slow or fast (fig. 2).
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3) Delay modules

They are apparatuses situated between photomultipliers and acquisition system (ADC). These modules create signal delays up to tens of nanoseconds (10-9s). The reason of the delays is to make arrive the signals from all the photomultiplier tubes at the same time. In fact signals don’t reach the acquisition system contemporarily  because they are influenced by the length of the cables, different electronic modules and other factors. 


4) ADC (Analogic Digital Converter)

The electric signals coming from P.M.T. are in analogic form. The ADC is used to convert the analogical signal into a digital one that will be sent to the computer for the storing and the analysis of the data.
5) Scintillators


They have the role to identify the passage of cosmic rays by scintillating process. In order to reflect the photons which reaches the module surface the scintillator is dressed with an aluminium sheet and with a film of insulating layer which doesn’t allow the external light to penetrate. Putting two scintillating paddles in coincidence, they are able to select only the particles that pass through both scintillators and calorimeter simultaneously.

6) F.I. / F.O.

It’s a component that allows us to have more output from a single signal or to add two or more signals into an output. This module is situated between the photomultipliers of the scintillators and the ADC.
7) Discriminator modules

They are modules that give squared output signal of fixed amplitude and variable length. The discriminator module selects only not formed signals (variable amplitude and length), such as the output signal of a photomultiplier, with larger amplitude than a fixed value (threshold). This means that all the impulses of small amplitude such as the background noise, are eliminated and not collected. The signal from the discriminator is sent to the logical unit and when the signals from the paddles are present another signal, called GATE, is created.


8) Logic Unit

It is a module with N entry channels that gives an output signal only when the N entry signals arrive at the same time (the N signals are considered “at the same time” when they arrive in a time period within the resolution time of the coincidence)

Calorimeter Calibration
After assembling our acquisition chain, we have analysed the energy released in the calorimeter by cosmic rays. To improve the data reception we have minimized the background using the coincidence between the calorimeter and the scintillators signals. During the experience we have noticed that the P.M.T. work at their best at different tensions so we have tested their gain at 750 V, 800 V, 850 V, 900 V, 950 V.

After that we have acquired the data, subtracted the pedestals and plotted the calibration curves (Fig.3). We have fixed a medium gain in the region of linearity of P.M.T.s, using the equation of the calibration curve (assumed to be a parabola).The following data represent the optimal tension of each P.M.T. .
μ=a(HV)2+b(HV)+c
	# P.M.T.


	HV (volts)
	μ- fit


	σ - fit
	χ2/ ndf
	# events in  
μ ± 2σ  
Error (σ/√N)

	10
	750
	276
	59
	7.0
	59 ± 3

	10
	800
	360
	41
	5.0
	41 ± 8

	10
	850
	499
	79
	0.8
	79 ± 5

	10
	900
	719
	121
	3.4
	121 ± 11

	10
	950
	926
	136
	2.7
	136 ± 3

	11
	750
	504
	96
	3.1
	96 ± 5

	11
	800
	689
	63
	2.5
	63 ± 4

	11
	850
	1035
	131
	1.5
	131 ± 8

	11
	900
	1421
	202
	0.4
	202 ± 11

	11
	950
	1909
	195
	0.9
	195 ± 4

	12
	750
	299
	34
	2.3
	34 ± 2

	12
	800
	428
	67
	1.0
	67 ± 4

	12
	850
	578
	68
	0.8
	68 ± 5

	12
	900
	801
	97
	2.4
	97 ± 6

	12
	950
	1138
	171
	1.2
	171 ± 3


These are the values that we have calculated and used to build our calibration curves.
The program (Paw) has calculated the parameters of curve such as the parabola. 
We have then, put them into the equation  μ=a(HV)2+b(HV)+c , obtaining the following optimal tensions, relating to each P.M.T.
	P.M.T  Number
	HV (volts)

	10
	945

	11
	833

	12
	919
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Fig.3 Calibration curves



Data acquisition spectra of calorimeter before P.M.T.s calibration
After P.M.T.s calibration
Overlap of three P.M.T. signals after their calibration
Angular Distribution of cosmic rays
After having tuned the P.M.T.s at tensions obtained by the curves we are able to sum the signals from the three P.M.T. In order to study the angular distribution of the cosmic rays we put in coincidence 2 small scintillators with the NaI and started the analysis.
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We have repeated this process after having moved the scintillator to the left and than to the right to analyse the –π/4, 0, π/4 angle direction of cosmic rays, respectively.

[image: image10]





[image: image11]

The two small scintillators have the meaning to select different solid angles. Then, counting how many minutes the acquisition was going on, it was possible to calculated the frequency of cosmic rays rate. The possible different solid angles due to the different position  of the scintillator have not been taken into account.


Cosmic rays angolar distribution
[image: image12.wmf]
Analysing this graphic we can notice that the largest part of cosmic rays reaches our calorimeter perpendicularly.

Conclusions
We have created a data acquisition system that converted the analogical signal coming from the calorimeter crossed by cosmic rays to a digital one storing all  the data on file. We have analysed a first set of data and fit the relative spectra by  Gaussian curves. Then we analysed the angular distribution of cosmic rays and our system selecting only the particles that passed in a fixed solid angle by a coincidence method. We have analyzed the data we acquired within a Windows operative system, using Paw++, calculating the calibration curves for the three P.M.T.. Analysing this graphic we can notice that the greatest part of cosmic rays reaches our calorimeter perpendicularly. After having calibrated the whole calorimeter we have measured the angular distribution  of the cosmic rays showers reaching the ground.  
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Fig.1 scheme of a photomultiplier tube and a scintillator
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