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Abstract

Spectra of X- and y-rays emitted by radioactive sources and of the radiation emitted
by X-ray tubes, in the energy range 15-160 keV, have been measured with a silicon PIN
photodiode at room temperature. The experimental X-ray tube spectra are compared
with calculated ones on the basis of a semi-empirical model. Results indicate that the
method utilized is adequate for the characterization of X-ray beams in the medical

diagnostic energy region.

Intreduction

Silicon PIN photodiodes, in nuclear spectroscopic measurements, are mainly used
for the detection of light from scintillators (Suffert, 1992). This combination offers

several advantages as compared to photomultiplier tube-scintillator assembly as large’

consumption, as well as low cost. In direct measurements of X- and 'y—fays, sﬂicoﬁ;
PIN photodiodes have been also utilized, due to their extremely low leakage currents
(down to few nA) and low noise. As a semiconductor device, being 3.6 eV the average
energy needed to create an electron-hole pair in the depletion layer, a great mxmberr n:)*fE
charge carriers are produced in a small volume by the ionizing radiation, reducing the
statistical contribution to the peak-widths of energy spectra. PIN photodiodes with
low capacitance even with large areas are now available, and their energy resolgtion
have been reduced in the last ten years with the use of special designed devices a.nd
preamplifiers, as well as by cooling. Photodiodes with small active areas pre'sentrar
regsolution of 1.2-2.0 keV at room temperature (Aoki and Koyama, 1989; Yamamoto et A

al, 1989; Ahmad et al, 1990; Gramsch et al, 1992) measured by the peak’s full width_"-'":'"' -



(Ahmad and Wagner, 1974). Therefore, PIN photodiodes hecome competitive even
for high resolution photon spectroscopy in the keV energy regioﬁ.
On the other hand, the knowledge of the X-ray spectra is very important in many

appllcatxons as, for example, in medical diagnostic radiology and in radiation do:;lmetry

optimize image quality in image receptors {Acki and Koyama, 1989; Seelentag and
Panzer, 1979; Pani et al, 1987). The characterization of a X-ray beam is also important
to achieve spectral conformance with radiation emitters of different laboratories and
to allow intercomparison of test results.

JMeasurements of medical diagnostic X-ray spectra have been reported by several
authors, using different detectors: Nal(Tl) (Epp and Weiss, 1966), Ge(Li) or Si(Li)
(Seelentag and Panzer, 1979; Israel et al 1971; Fewell and Shuping, 1977; (’Foghludha
and Johnson, 1981), and surface barrier detectors (Pani et al, 1987). A comparison
reveals large difference amongst the spectra obtained with such detectors. Ge or Si
(Li) have been more frequently used for accurate spectral measurerments, with proper
corrections (Seelentag an Panzer, 1979; Fewell and Shuping, 1977). However, there
are some disadvantages in using these systems: in measurements with medical X-ray
equipment, it is necessary to decrease the count rate by using a pinhole collimator and
to reduce the leakage current of the detector by cooling. With this collimation it is
impossible to measure photons with different incident angles simultaneously, and hence,
scattered radiation. Furthermore, the large liquid nitrogen container is inconvenient

for certain applications, and there are an additional difficuity of working with high

voltages.

at hall maximum (FWHM). This resolution can be compared to that of cooled Si(Li)

detectors coupled to preamplifiers with cooled FET, which is in the range 0.6-0.8 keV .

:T}us knowledge leads to pa.tlent ‘dose reduction in ra,dlologlca,l exa,mmatlons and ta’

‘at room temperature, mainly for those with small junction areas. Thus, X-ray spééti‘

wh1ch is the case in some a.pphca.tmns Although the detection eﬂicaency for X-rays:

i extremely hrmted th1s cha.ractenstlc makes 1t possﬂble to measure 11161dezi1;:X—ra.

Recently, a few paﬁers kave reporied the use of PIN photodiddes for spéctrometry;
of diagnostic X-rays (Aoki and Koyama, 1989; 1990). These devices combines lo

operating voltages, low leakage current and attractive cost, with good resolution even;

can be measured without cooling when one doesn’t wish extremely high resolutidn,'-.

spectra without pinhole collimators. Due to their small dimensions, most of commercial

PIN photodiodes can be easily utilized in measurements of primary radiation or inside _f; :

phantoms.
This paper present some new measurements of discrete a,nd. continucus photon

spectra, in the energy range 15-160 keV, with a photodiode af room temperature. The

raw data are corrected by means of a stripping procedure which takes into account the

photodicde full-energy absorption efficiency as a function of photon energy. Measured

spectra of X-ray equipments are compared with spectra calculated on the basis of a

semi-empirical model - the TBC model (Tucker, Barnes and Chakraborty, 1991).

Experimental Method

The detector used for X-ray measuremnents was a Siemens SFH 206 K silicon planar
PIN photodiode, with a nominal sensitive area of 7.0 mm?. The square silicon chip s
housed in a colourless transparent plastic package with a thickness of 1.3 mm over tﬁ
sensitive area. This plastic window was reduced to 0.7 mm in order to reduce X—réy _:7
absorption. The capacitance of the photodiode was (8.5 + ¢.6) pF, with the revex.'se*_r
bias of 30 V used in the measurements. The depletion Jayer thickness, determined from :

the area and capacitance of the p-n junction assuming a parallel plate geometry, was .
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(88 £ 6) pm. The photodiode leads were soldered directly to a coaxial cable, with a
SHV connector in the opposite end, forming a small probe 5.0 c¢m in length. To avoid
the exposure of the photadiode to light, the probe was first covered with a (0.38£0.01)
mm thick black PVC thermoshrink wrapping. This wrapping was then covered with
a thin (3.2 mg/cm?) aluminium foil which served as an electrical shield. Some of the
measurements were made without the PVC cover, but with two layers of the aluminium
foil.

The electronic system utilized for the measurements consisted of an Ortec 456 HV
power supply, to provide a reverse bias of 30 V to the photodiode, an Ortec 142 11
preamplifier, an Ortec 572 amplifier, a Northern NS 623 ADC, and a microcomputer
adapted to operate as a multichannel analyser. All the measurements have been carried
out with the photodiode and preamplifier at room temperature.

Spectra of X-and y-rays emitted by the radioactive sources 24! Am, 99Cd, '%3Ba and
535y, with activities between 10* and 10° Bq, have been measured. The sources were
placed at a distance of 2 cm from the photodiode. These discrete spectra were utilized
to calibrate the X-ray spectrometer, which resulted in linear energy vs. channel-
number curves, and to determine the energy resolution and full-energy efficiency of the
photodiode. The full width at half maximum (FWHM) for the peaks of the measured
source spectra, in the energy range 13-122 keV, are presented in Table 1.

Continuous spectra of X-ray tubes, with electron acceleration voltages ranging from
60 to 160 kV, were obtained using the following equipment: (a) a Philips MCN 421
water cooled X-ray tube, with a tungsten target at an angle of 30°, 2 mm beryllium
window, connected to a Philips MG 450 system with a constani petential generator
stabilized within 0.3%, and 0.10 mA current in the tube; (b) a Rérix X-ray tube

having a rotating tungsten/rhenium target with an angle of 17.5° and inherent filtration

equivalent to 1.7 mm Al, connected either to a system with a three-phase generator

" (with a ripple of ~ 10%) or to a Siemens Heliophos 4B monophase apparatus operating

in radioscopy (ripple ~ 2%), both with currents less than 2mA. The focal spot-

‘photodiode detector distance was 2.8 m for the Philips MCN 421 tube, and 1.50 m for

the Rorix tube (with a Pb collimator).

Spectral Corrections and Data Analysis

Photoediode efficiency for photon total energy absorption

Commercially available PIN Si photodiodes have, in general, a small sensitive
layer thickness (< 100 um), as compared to Si(Li), Ge(Li) or HP Ge detectors. Due
to this thin depletion layer, the efficiency for the detection of X-ray photons presents
a strong energy dependence. In the present work, the efficiency of the Siemens SFH
206K photodiode, for photon total energy absorpiion in diagnostic range, have been
calculated and experimentally determined. As the volume of the i-layer is very small,
the incident photons rarely suffer multiple interactions (less than 1% of the total).
Then we may assume that the total energy photon absorption in Si occurs only by
photoelectric effect, and the pa;‘tial absorption only by Compton scattering.

The efficiency for the photoelectric effect may be calculated by

7 = (ppfpie) (1 — € #) )

where 1, and j; are the photoelectric and total linear attenuation coeflicients for Si
in cm™, respectively (Storm and Israel, 1870), p is the Si density in g/cm® and ¢ is
the depletion layer thickness (in g/cm?). The K-escape may be also ignored in this

case due to the low energy of the K-edge for Si (1.84 keV) and the low probability for



fluorescence (0.05). On the other side, for a Si photodiode, the escape of photoelectrons
must be considered, since the extrapolated range of 100 keV electrons in silicon is 58
pm , very close to the thickness of the depletion layer of 88 ym . The data presented by
Aoki and Koyama (Acki and Koyama, 1989} have been utilized for the determination
of the fraction f, 'of photoelectrons that escape from the silicon i-layer, after the
photon interaction. In this determination, only the frontal scattering probability of
the photoelectrons, after a photon interaction with a 51 atom, is considered. The
efficiency for total energy absorption, corrected for the escape of photoelectr(-)ns, will
then be given by

= (L= fe) - {2
For the measurements carried out in the present worl, it was still necessary to correct
n; for the attenuation of the photon beam in the materials between the X-ray source
and the sensitive layer of the photodiode, namely: the dead Si p* layer (< 1pum)
(Sakai, 1987; Gramsch et al., 1992), the photodiode plastic wrapping, the black PVC
thermoschrink wrapping, the Al foil electrical shield, and air. Thus, the efficiency n}

corrected for the attenuation in these materials is given by

ny=ns - fu {3
where fy is the product of the absorption factors related t6 each one of the considered
materials.

The calculated efficiency %} , using equation 3, for several energies of X-and «-rays
emitted by '%°Cd, **Ba, and !*?Eu, sources are presented in Table I[. Also shown are
experimenta} data obtained from the ratio of measured full-energy peak counting rates
to the respective published emission rates (Rens and Westmeier, 1983), after correction
of these last rates for the absorption in the radicactive source covers. The experimental

efficiencies 7 ey, are normalized to the calculated 7} values at 88.034 keV (for '*°Cd),

7

30.625/30.973 keV (for *¥Ba), and 121.77 keV (for '*2Fu). Figure 1 shows 5} and

Mfexp versus photon energy in the energy range covered in the present work.

Correction (Stripping) of the Ezperimental Obtained Spectra

In order to correct the experimental data to obtain the original radiation spectrum,
a microcomputer program {Stripping 2.0) has been developed in Mathcad (Mathsoft,
Inc.). Such program takes into account the efficiency for total energy absorption, the
Compton scattering, the radiation scattered by the metallic components of the photo-
diode, and the attenuation of the incident beam by the materials located between the
radiation source and the sensitive region of the detector. A flowchart of this program 7
is presented in the Appendix.

After the reading of the files containing the experimental data corresponding to
measurements with and without the radiation source (noise), the program initiates
the net counting correction starting from the last channel. The measured data are
then corrected for the photodiode efficiency, calculated by equation 3 and presented in
Table IT and Figure 1.

Values for the attenuation coefficients of Si and materials between the radiation
source and the sensitive layer of the photodiode have been calculated using a least
square fit to the data obtained in the literature (Storm and Israel, 1970; Hubbel,
1082).

The distortion due to Compton scattering is corrected by assuming a rectangular
shape approximation for the scattered spectrum below the Compton-edge (Acki and
Koyama, 1989; Seelentag and Panzer, 1979}. The efficiency for Compton scattering is
given by

ne = (pefp) (1 — ™) (4)



where g, and p; are the linear attenuation coefficients in Si for Compton scattering
and total energy absorption, respectively, p is the Si density and ¢ is the-thickness
of the depletion region. It is not necessary to take into account the escape of the
recoil electrons, since their range in silicon is much smaller than the depletion layer
(~ 6pm for 28 keV electrons produced by 100 keV photons). For the correction,
the average counting per channet in the Compton continuum A (the rectangle height)
is finally subtracted in the region from channel 1 to channel ¢, corresponding to the

Compton-edge. This average counting A may be determined by the expression
he=n, Np {5)

where 7, is the efficiency for Compton scattering given by equation 4, and N7 is the
corrected counting in the peak corresponding to the total energy of related photons.
Such a precedure is carried out channel by channel, beginning also in the last and
ending in the first channel.

There is also the necessity to correct the measured spectra for the radiation scat-
tered by the metallic components of the photodiode. The Si wafer of the Siemens SFH
206K photodiode is mounted on a metallic contact of silver and indium. Such metal-
lic layer may scatter photens that did not interact with the depletion layer of the Si
wafer. For instance, the photons backscattered at 180° by Compton cffect, occurred
with 5.5 keV incident photons from *''Am, have an energy of 48.2 keV. Photoelec-
trons which escape [rom this metallic contact may also reach the sensitive layer of the
Si waler. In our case, the experimental data were corrected for the scattered radiation
by utilizing counts obtained with spectra of the radioactive sources MAm, ¥Ba, and
10903, respectively between the isolated peaks of 59.54, 80.99, and 88.03 keV, and the
peaks immediately lower in energy, for each case. TFor the respective correction, such

counts were supposed to be constant from zero to the channel corresponding to the

9

energy of the photorns that have cailse& the scattered radiation. Tﬁe ratio F' of the
integral of the “scattered” counts to the integral of the photoelectric peak counts is
energy dependent; such dependence has been determined by a linear regression of the
‘values obtained from a curve of F as a function of the photon energy. The fraction F
of the “scattered” counts is then subtracted from the measured counts in each channel.

Besides the radiation scattered by the metallic contact, photoelectric processes
occurred in Ag and In will produce secondary (fluorescence) X-rays that will also be
detected in the 5i depletion layer, resulting in an additional spectrum superposed on
the spectrum of interest. The characteristic K X-rays of silver have energies of 21.99,
22.16, 24.93, and 25.43 keV, and those of indium 24.21, 27.27, and 27.86 keV. The
correction taking into account these fluorescence X-rays is particularly difficult. Qther
photodiodes will need or not this correction, depending on the fabrication process.
In the present work, the correction for the Ag characteristic & X-rays, the major
contribution to this fuorescence, has been carried out by utilizing the spectrum of the
19%C:d source, previously measured; this nuclide decays to an isotope of Ag which emits
its characteristic X-rays. Such Ag characteristic X-ray spectrum may be normalized

to and subtracted from the measured data.

Calculation of Semi-Empirical Spectra Based on TBC Model

The model proposed by Tucker et al. {TBC model) (Tucker, Barnes and Chakraborty,
1991) presents different formulations for the evaluafion of both continuum spectra
( Bremssirahlung) and characteristic lines emitted by an X-ray tube. The model con-
siders the target material and attenuation, the geometry of the anode and the at-

tenuation by the tube window and added filtration. The proposed equation for the

0



Bremsstrahlung was

, a-r2. 72 dE To B(T +myc?) 147\
N(EYE = ——=_— "2 {2\ TTwe ) o B [l
(E) Yy A = F(E,T) (p dx) dar  (6)

where: o is the fine structure constant; re is the classical electron radius; my is the
rest mass of the electron; ¢ is the velocity of light; Z and A are the effective atomic
number and the mass of the target atoms respectively; Tp is the initial kinetic energy of
the electrons; T is the kinetic energy of the electrons inside the target; (1/p)(d1/dx)
is the mass stopping power of the target atoms; B is a function proportional to the

number of X-ray photons emitted per electron, and

FET) = expl—pwr(E) - d] = exp{—pwnr(E) - x/send] =

= expl—pwn(E) - (T3 ~ T?) /(p C send)] (7)

where: pwn(E) is the linear attenuation coeflicient of the target material for an X-ray
of energy I; § is the target angle; and ¢ = (18 —T")/pz is the Thomson-Widdington
constant.

The model considers a parabolic probability distribution function in order to ac-
count for the characteristic emission by the target material. This distribution appears
as a function of the distance z travelled by the electrons inside the anode and was
rmodeled as

3 zy?
(2= '(5)[“(@)] »oesh (8)
-0 , r> R
where 11 is the distance at which the average kinetic energy of the electrons is equal
to the K-shell binding energy. By using this [unction, the characteristic emission can

be calculated by

-

g R
N(E) = Ay (??Z - 1) &) [P (-;%) = el Ezlsond g (9)
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where A, and n, are model parameters and J(E;) is the fractional emission for the
characteristic energy F;.

A routine for implementing the equations above were developed also by using the
Mathcad software. Both model parameters and parametrized equations for the mass
stopping power and for the function B followed the indications included in the Tucker
et al. paper. Values of the Thomson-Widdington constant were provided for electrén
incident energies of 50, 75, 100, 150 and 200 keV. This values were interpolated by
using the spline fitting routine included in the Mathcad package, in order to provide a
continuous grid for calculating the X-ray spectra. Results of a computer simulation of
60, 73, 100 and 160 kVp spectra by using this methodology are presented in Figures 4

to 7.

Results and Discussion

Results of the measurements of X- and y-ray spectra using a Siemens SFH 206K
photodiode, in the energy range 15-160 keV, are presented in Figures 2 to 7. The raw
data have been corrected by the procedure described previously.

The measured and corrected spectra of **Am and " Ba are presented in Fig-
ures 2 and 3, respectively; the circles are experimental data and the solid lines have
been drawn just to guide the eye. The values for the full width at half maximum
{FWHM) of the pcaks are presented in Table I. The relative intensities of peaks in
the measured photon spectra have been determined and compared with correspond-
ing data published in the literature (Browne and Firestone, 1986). The result of this
comparison is presented in Table III, showing a good agreement.

The measured and corrected spectra of beams emitted by X -ray tubes are pre-

sented in IMigures 4 to 7. Figure 4(a) presents the measured spectrum {raw data) for
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the beam of the Philips MCN 421 tube described previously, with a constant potential
of 160 kV, current of 0.10mA, and an additional filtration of 4.0mm Al and 0.5 mm
Cu. The corrected spectrum corresponding to the one shown in Figure 4(a) is pre-
sented in Figure 4(b}. In this figure, the circles are the corrected experimental data
and the solid line corresponds to the calculated spectrum on the basis of the TBC

model. The experimental and theoretical data were normalized in the maximum of the

Bremsstrahlung (continuous) spectrum. The peaks at 59.3 keV and 67.2 ke'V, observed .

in Tigures 4(a)(b), correspond to the characteristic X-rays of the tungsten target. The
agreement; between the experimental and thearetical results is good for the continuous
part of the spectrum. In the characteristic X-rays region, the agreement is not so
good due to the different resolutions of the experimental and theoretical data. The
broadening of the characteristic X-rays peaks in the theoretical spectrum is due to the
choice of the resclution in the energy scale used in the calculation.

Figures 5 to 7 present the comparison of the corrected experimental and theoretical
(TBC model) spectra related to the beam of the Rorix X-ray tube described previously.
The conditions were as follows: TIigure 5 — applied voltage of 60 kV, as supplied by
the Heliophos 4B monophase apparatus operating in radioscopy (ripple ~ 2%), current
~ 2mA, and an additional filtration of 3.4 mm Al and 0.6 mm Cu; Figure 6 — applied
voltage of 73 kV, as supplied by the same monophase generator as in Figure 5, and
an additional filtration of 1.2mm Al; Figure 7 — applied voltage of 100 kV by the
already described three-phase generator system, current ~ 2mA, additional filtration
of 4.7 mm Al

The agreement between the experimental and theoretical spectra for the Rérix tube
is reasonable but not so good as the one observed for the Philips MCN 421 tube. This

is possibly due to the fact that the theoretical spectra have been calculated assuming

a constant potential, and the Rérix tube has been operated with potentials with a

percentage ripple greater than zero.

The present work has demonstrated that a simple detector, as a low cost photodi-

ode at room temperature, is adequate for the measurement of X-ray tube spectra. The

resolution of these detectors {34 keV) is sufficient fo characterize the X-ray beams,
whose spectra are dominated by the continuous bremsstrahlung component. The com-

parison with calculated spectra supports this conclusion.
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Table I — Full width at hall maximum (FWHM) of the peaks obtained in the spectral “Table If — Efficiency 7}, as calculated by equation (3) and normalized experimental

measurements with radicactive sources. data 7 exp (see text).

Source Peak energy (keV)* FWHM (keV) Source - Energy {keV) n; Tf.exp
MiAm 13.927 3.4 19Cq 21.990/22.163 4.32 x 1072 {4.75 £ 0.25) x 1072

<MLy 17.611 3.4 24.934/25.603 3.08 x 1072 (3.34 £ 0.19) x 10-2
109 22.163 3.9 88.034 6.30 x 10~ 6.30 x 1071
MAm 26.344 2.5 | 13832 30.625/30.973 1.84 x 10-2 1.84 x 1072
13335 30.973 4.1 34.967,/36.006 1.25 x 102 (1.11 & 0.02) x 1072
52 40.118 4.1 53.148 3.38 x 1073 (2.76 £ 0.57) x 1072
B R3a 53.148 2.9 79.612/80.989 8.52 x 1071 {8.93 + 0.54) x 19—
2 Am 59.536 4.0 153y 39.522/40.118 8.42 x 1073 (8.0 + 2.6) x 1073
13313, 80.989 4.0 45.379,/46.819 5.53 x 1073 (5.7 £ 1.9y x 1073
108d 88.034 3.6 121.77 | 1.93 « 107 1.93 x 1671
1320 121.776 4.2

*Browne and Firestone, 1986.

15 16



Table III — Ratios of peak intensities R, obtained from the measured radicactive
source photon spectra (after stripping), as compared to the corresponding ratios RL

taken from the literature, for **'Am and !*Ba.

Source Ay Aa R= j/iml RL
2
MiAm 6.463 x 10? counts 1.138 x 10° counts 0.067 (.056
(26.3 keV) (59.54 keV)
1333, 2.811 x 107 counts 9.340 x 10° counts 3.01 2.97

(30.625/30.973+  (79.612/30.989) keV
34.967/36.006) keV

Ay: arca under the first peak (counts).

Azt area under the second peak (counts).

R = A)/A;: ratio of the peak intensities (areas), after stripping.

RL: ratio of the peak intensities taken from the literature (Browne and Firestone,
1986), corrected for absorption in the source covers (0.22 mm of polyethylene +

0.52 mm of Al).
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Figure 1—

Figure 2—

TFigure 3—

Figure 4—-

Figure 5—

Figure 6—

FIGURE CAPTIONS

Ful]—eﬁergy absorption efficiency % and ey, versus photon energy for the SFH
206K photodiode. The solid line represents the calculated 1y and the circles with
error bars correspond to the experimental % .., data of Table II. Etror bars are
related only to the least square fits to the spectral peaks.

{a) Measured X-and y-ray spectrum of *'Am. (b) Corrected X-and y-ray spec-
trum of ** Am.

(a) Measured X-and y-ray spectrum of '**Ba. (b) Corrected X-and -y-ray spec-
trum of '**Ba. .

(a) Measured X-ray spectrum of the beam emitted by the Philips MCN 421 tube
{constant potential of 160 kV). (b) Comparison of the corrected experimental
spectrum of (a) (circles) with the TBC model calculated spectrum (solid line).
The data have been normalized at the maximum of the Bremsstrahlung spectrum
(see text for details).

Comparison of the corrected experimental (circles) and theoretical - TBC model
(solid curve) spectra of the beam emitted by the Rérix X-ray tube; applied voltage
of 600 kV (monophase generator, radioscopy regime ~ 2% ripple} (see text for
details).

Same as Figure 5, for an applied voltage of 73 keV (see text for details).

Figure 7— Same as Figure 5, for an applied voltage of 100 kV by a three-phase generator

(ripple ~ 10%) (see text for details).
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FLOW CHART OF PROGRAM FOR THE STRIPPING OF y— AND X-RAYS
SPECTRA MEASURED WITH PIN PHOTODIODE.

BEGINNING

Data collection: Tables of measured counts vs. channel, noise counts vs. channel and
fluorescence (Cd'" ) counts vs. channel; silicon depletion depth (g/em?); thickness of
Si covers {Al, PVC, lucite and air; g/om’ ), energy calibration coefficients.

Matching and normalisation of fluorescence (Cd'® } and noise counts to the measured
counts.

| Correction (subtraction) of measured counts for fluorescence and noise counts. l

| Energy calibration of channels |

Caleulation _of (for each energy E): attenuation coefficients for silicon (total,
photoelectric and Compton) and for Si covers (Al, PVC, lucite, air: total attenuation);
factor of total attenuation radiation in the covers; photoelectrons escape fraction; full-
energy peak efficiency, Compton efficiency; scattered radiation fraction; energy of]
Compton edge (Ec); true (corrected) counting; average counting (H) for the Compton
continuum produced by photons with energy hv =E, for each E.

/ Save true counting {(Nr) for each value of E /

I Subtraction of H for E < Ec, respective to each value of Nt, fiom C = Cpu to C= 1. |

/(()ptionai: Data collection: Table of theoretical model counts (N¢ ) vs. energy /

[ (Optional) Normalisation of Ny and Nc at a convenient maximum and comparison. J

/ Save obtained Nt vs. C, Ny vs. Eand N¢ vs. E tables as ASCII files. J




