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Position sensitive detection system for charged particles
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The position sensitive detection system presented in this work employs the Anger logic algorithm to determine the position of the light spark
produced by the passage of charged particles brdax 170 x 10 mm?® scintillator material (PILOT-U). The detection system consists of

a matrix of nine photomultipliers, covering a fraction of the back area of the scintillators. Tests made with a non-collimated alpha particle

source together with a Monte Carlo simulation that reproduces the data, suggest an intrinsic position resolution of up to 6 mm is achieved.

Keywords:Scintillating charge particle detector; position sensitive; Anger logic.

En este trabajo se presenta un detector centellador en el que se determinada pesaéstello luminoso producido por el paso deipalas

cargadas mediante lagica Anger. El material sensible del detector es una placa centelladora (PILOTHD) ¢el70 x 10 mm?. La luz

producida es recibida por un arreglo de nueve fotomultiplicadores acoplados a una de las caras de la placa. Los datos obtenidos utilizandc
una fuente radioactiva emisora alfa, en comp@mcbn simulaciones Monte Carlo, sugieren una resofuicitinseca para la determinaci

de la posicbn de 6 mm para este sistema.

Descriptores:Detector centellador para penilas cargadas; sensible a la pasicilogica Anger.

PACS: 29.40.Gx; 07.77 Ka.

1. Introduction light following the passage of charged particles through the

. ) scintillator were performed with a FORTRAN code we de-
Nuclear reaction cross section measurements often requig|oped for this purpose

the counting of reaction products emitted in a variety of an-  This work is an extension to charged particle detectors

gular directions. In binary reactions, the available solid anglg;om previous efforts from the group at UNAM in Mexico to

can be explored by varying the position of a single detectogeyelop position sensitive large neutron detectors (see [1, 2]).
in repeated measurements. This strategy is straightforward,

requires very little electronics but is time consuming in the

data taking process and the off line analysis. 2. Detection system
Reliable modern measurement of angular distributions in

nuclear reactions is best achieved by simultaneous detectighl- Scintillator

of the reaction products over a large fraction of the relevant

angular range. One approach often used is to employ a mult}l:he detector of the system is a 170 x 170 x 10°hfilot-

detector array that covers a large solid angle. The positiorllJ ;Iab. P'IOt'U_ ISa commgrmal version of the EJ-228 plqstlc
resolution is associated with the size of each individual deS¢intillator designed by Eljen Technology for very fast timing

tector element. This procedure requires the availability of pplice_ltions. Detailed info_rmation about this material can be
large number of electronic channels, which turns the experitotnd in [3] but for convenience, we reproduce here some of
ment and the analysis complex, cumbersome and expensivét.S properties in Table |.

The position sensitive detection system for charged parti
cles presented in this work provides a flexible and low bud-TABLE |. Properties of the EJ-228 plastic scintillator.

get approach. It consists of a plastic scintillator slab viewed

by an array of nine photomultipliers and employs the Anger Light output (relative to anthracene) 67.00%
logic algorithm, which weighs the intensity of the output sig- Photons per MeV (for electrons) 10000
nal from each photomultiplier by its relative position to de- Wavelength of maximum emission 391 nm

termine the position of incident charged radiation.
In order to gain a better understanding of the response
of the system, Monte Carlo simulations of the distribution of

Decay time l4ns
Refractive index 1.58
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2.2. Light guides

TABLE Il. Properties of a RCA4523 photomultiplier tube.

Our photomultipliers have a cylindrical-metal shielding, Window’s diameter 75 mm
provided to work in environments where intense magnetic Photocathode’s diameter 51 mm
fle!ds are present. In the region _of the photocathqde, the Wavelength of maximum response 450 nm
shielding extends 20 mm beyond its surface (see Figure 1). -

Quantum efficiency (at 400 nm) 22.00%

Because of that, the nine photomultipliers used in the array o
are coupled to the back face of the scintillator via individual Refractive index 1.52
acrylic light guides, as shown in Figure 1.

2.3. Photomultipliers
The refractive index of the light guides is 1.49, which ) o
yields a total internal reflection angle of 70.5 degrees. The>0me of the main characteristics of the RCA4523 photomul-
angles chosen to machine the light guides were selected f#pliers are listed in table I1 [4].
ensure total transmission of light through the guide. Each of Even though the wavelength of maximum response is
these light guides catches photons froax 50 mm? sur-  close to the wavelength of maximum emission of the Pilot-
face and transmits them to the photomultiplier's cathode, sebl scintillator, quantum efficiency diminishes the output sig-
figure 2. nal intensity. Figure 3 shows side and perspective views of
the assembled detection system with the nine photomultipli-
ers attached to the back of the scintillating slab through the
acrylic light guides.
photomultiplier

3. Position of an event

photocathode i . . . )
The position of an event of interest is determined by weight-
ing the intensity of the output signal from each photomulti-
plier by its own position, according to the Anger logic algo-
rithm [5-7]

light guide

Z[ﬂ"i
= ZIZ» .

r

@)

scintillator

In this expressiom is the calculated position of the event
FIGURE 1. Schematic (not to scale) view of the coupling between over the XY plane (see Figure 3); and; are the position
each photomultiplier and the scintillator's back face, achieved and amplitude of the signal delivered by thth photomulti-
through acrylic light guides. A thin layer of optic grease is used plier.
in the couplings.
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FIGURE 3. Front and perspective views of the detection system.
The Cartesian coordinate system used by the Anger logic algorithm
FIGURE 2. Schematic views of the light guides. is also shown.

Rev. Mex. Fis58 (2012) 198204



200 E.A. COELLOet al.

e Because of the low number of photomultipliers used in
j this device, it cannot provide separate positions from
"- two or more simultaneous hits. Events with more than

1200

one hit, can be identified since they produce incoherent
information if assumed a single hit.

1000

800

i | sition of each photomultiplier is taken to be the center of the
| light guide attached to it. In order to implement it, all pho-

Ij. L‘1| tomultipliers must have the same gain. Figure 4 shows an

1 example of the gain match achieved with data from several

} photomultipliers after fine tuning the operational voltage on

ﬂ}‘ | each tube, including a software calibration.

N In what concerns our algorithmic determination, the po-
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J 4. System performance
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30 100 150 The detection system performance was tested with a triple al-
Channel pha source?“Pu, 24! Am and?4*Cm). This is an electro-
FIGURE 4. (Color in line) Pulse height distributions generated deposited source on a disc with an active circular spot of
for three different photomultipliers when a triple alpha source 3 mm diameter. In these experiments, the source was placed
was placed in front of them. Centroids and widths are perfectly in different known positions in front of the detector at a con-
matched. stant distance of 3 mm from it without collimation. The al-
A (CAMAC) multi-parametric acquisition system is trig- pha particles travel through air before they reach the scintil-
gered whenever at least one of the signals from the photomulator. With this geometry alpha particles of at least 1.5 MeV
tipliers surpasses a previously established threshold, imposeliminate a circle of 30 mm diameter in the front face of
by constant fraction discriminators. When an event triggerghe detector. Because of the different path lengths of the al-
the acquisition system, the signals are integrated over 150 fiha particles in air, the energy loss is variable and the energy
and digitized by a set of Charge to Digital Converters (QDC)-spectrum becomes broad.
Data is stored in the computer disc on an event by event mode

for off-line analysis. The position of each event was determined employing the
Anger logic algorithm, as discussed above. Plotting counts
as a function of X and Y coordinates generates histograms
whose centroids are related to the source known position.
The widths of the deduced positions are related to the in-
N ] ] trinsic position resolution and the size of the source. The
e The position of each event is established on a twWouftware employed for data analysis wdemm developed
dimensional basis.e., for each event, the Anger logic py 0ak Ridge National Laboratory (ORNL). In Figure 5, two
algorithm calculates the value of their coordinates overjimensjonal histograms show the calculated position of al-

a plane parallel to the scintillator’s front face. This ap- pha hits for different runs, where the source was placed at
proach is good enough for low energy alpha particlesyiferent locations.

(like the ones employed in our tests) and higher energy

heavy ions (E> 10 MeV/A), since they all stop within The one dimensional projections of the generated X and

at_hm layer (a few microns) next to the front face of the y histograms have a full width at half maximum (FWHM)

scintillator. below 14 mm and their centroids are plotted in Figure 6 as a
function of the known coordinates of the source X’ and Y’,

e Additional treatment to derive the coordinates of therespectively. It is worth noticing that there are differences
position might be needed for longer tracks, producedbetween both quantities. These differences can be attributed
for instances by energetic light ions, instead of pointmainly to the fact that a significant fraction of the light pro-
sparks (our scintillator material is 1 cm thick, which duced in every event is not collected. The curve in figure
is the range of 50 MeV protons). This problem is not 6 becomes a calibration function to convert the position ob-
treated in the present work. tained directly with the Anger algorithm to real positions.

It is important to clarify some points about the algorithm
we are working with, and the processing of the signals:
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FIGURE 5. (Color in line) Two-dimensional X-Y histograms from four data runs. The coordinates on the XY plane of the alpha source wer
Upper left (25, 145), upper right (85, 85), lower left (25, 25), lower right (145, 85).
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FIGURE 6. (Color in line) Centroids of the X and Y histograms as functions of known X and Y coordinates of the source, respectively. .
linear fit calibrates the system.
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Because of the very limited number of points availablewhere a charged particle enters the detector. From this point

a linear fit is enough to produce our calibration functions.a number of photons proportional to the deposited energy, are
These functions are emitted with an isotropic distribution in all directions. Each
photon is followed through the scintillator; and, every time

X — 3078 mm a photon reaches the back face of the scintillator within the

X="—"-"- " surface of a light guide’s base it is assumed to be detected by
0.68 the corresponding photomultiplier. Assuming that the inten-
v — Y —26.9 mm @) sity of the output signal of a photomultiplier is proportional
0.70 to the number of photons that reach it, it is possible to apply
Anger logic to the counters to determine the position of the
5. Monte Carlo simulations source of the photons in the simulation.

The simulation was adjusted to reproduce the experimen-
A better understanding of the detection system, and the diftal data obtained with the alpha source. Two dimensional
ferent factors contributing to its resolving power, can beX-Y histograms as well as their projections were generated
achieved by comparing the measured data to simulated data compare to real data.
under similar conditions. The simulation programmed devel- From the results shown in figures 7 and 8, we concluded
oped for this purpose generates, randomly or not, the positiothat the program actually simulates fairly well real data.
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FIGURE 7. (Color in line) On the left, a pair of simulated three-dimensional histograms are shown. The coordinates of the source were:
Up (85, 85), down (85, 25). On the right, the real (experimental) counterparts of the simulated histograms are shown.
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FIGURE 9. (Color in line) Widths of the X and Y histograms as
functions of known X' and Y’ coordinates of the point source.
These values are suggested as the position resolution of the sys-

em.

FIGURE 8. (Color in line) Widths of the X and Y histograms as
functions of known X and Y coordinates of the source, respec-
tively. Blue squares and orange diamonds represent simulated an
real data, respectively.
angle coverage, with a maximum detected angle of 117 de-
This agreement allowed us to perform simulations assumgrees (polar).

ing a point alpha particle source (collimated), with the pur- ) ,
pose of deducing the intrinsic position resolution of the de-  AISO, tests showed that the Anger logic algorithm can es-

tection system. In figure 9, the centroids of the X and Y his-limate the position of events outside the square region defined

tograms for these tests are plotted as functions of known xPy the centers of the outer photomultipliers. A non linear fit
and Y’ coordinates of the alpha beam. needs to be proposed to achieve this, as shown in figure 10.

As shown in the figure, the intrinsic position resolution _
is identical in both axis (as expected due to symmetry) and. Conclusions

below 7 mm.
To detect charged particles produced in nuclear reactions, we

Once this detector is placed in a real experimental situaeften require a detection system which would cover a large
tion, inside a vacuum chamber at 200 mm from a point wheresolid angle when placed inside a reaction chamber. In this
nuclear reaction products are being generated, this positiowork we described one such detector with position resolu-
resolution of 7 mm translates into an angular resolution otion similar to that obtained with a large number of closely
better than 2 deg. Providing, at the same time, a large soligacked small units, yet, using far less electronic channels.
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FIGURE 10. Employing the Anger logic algorithm to calculate the

in a symmetric3 x 3 array, covering a sensitive area of
170 x 170 x 10 mm?, made of a square plate of plasticscintil-
lating material thick enough to stop 50 MeV protons. In this
case, we were interested only in the position resolution over
the plane of incidence.

Our data analysis based on a modified Anger logic, to-
gether with a Monte Carlo simulation showed that the posi-
tion where a particle hits the detector can be deduced to better
than4 7 mm with this simple array. To obtain the same posi-
tion resolution with a segmented detector, it would require at
least a 12 by 12 array of 14 mm squared elements or pixels,
which would demand 144 electronic channels.

This detection system is easy to set, data is easy to ana-
lyze and its cost is greatly reduced relative to the segmented
option.

Acknowledgements

position of events outside the region delimited by the photodetec-1he authors gratefully acknowledge the efforts in'electronics
tors’ centers do not suffice. A non-linear fit is required in order to made by Moigs Cuautle and IFUNAM's mechanical work-

obtain the real position of the event.

shop led by Marco Veytia, as well as a careful correction of
the manuscript and discussion with our colleague from ININ,

The detection system designed, built and tested as showR. Policroniades. This work was possible thanks to finan-
in this work, consists of only nine electronic channels (ninecial support by CONACYT contracts 51600 and 123655 and
photomultipliers, preamplifiers, digital converters, etceteraDGAPA-IN contract 118310.

1. A. Huerta, R. Guerrero, Q. Curiel, J. Huelgas, P. Rgualez,
F. Favela, D. Man, M. E. Orfz, L. Baron, E. Clavez, E.
Moreno, G. Murillo, R. Policroniades, A. Varela, Rev Mex Fis
S1, 54 9-12 (2008).

2. E. Chavez, L. Baron, Q. Curiel, R. Guerrero, A. Huerta, M. E.
Ortiz, E. Moreno, G. Murillo, R. Policroniades, A. Varela, AIP
1099 84 (2009).

3. http://www.ggg-tech.co.jp/maker/eljen/ej-228.html

4. http://www.electricstuff.co.uk/rc4523.html

5. H. O. Anger,Multipurpose scintillation cameraJniversity of
California (1963).

6. W. H. Wong, H. Li, J. Uribe, IEEE Transactions on nuclear sci-
ence, 45 1122-1127 (1998).

7. H. O. Anger, IEEE Transactions on nuclear science, 13 380-392
(1966).

Rev. Mex. Fis58 (2012) 198204



