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Abstract

A 2D-�ick-COBRA based detector with 10×10 cm2 active area operating in Ne/CH4

(95/5) �ow mode, was applied to X-ray Computed Tomography (CT). �e CT system

is based on a third generation scanner with the object motion provided by a stepper

motor. Multi-slice acquisitions of a Poly(methyl methacrylate) phantom and of a sea

snail were done and the cross-sectional images were used to perform tri-dimensional

(3D) visualization of the objects. Both kind of images (cross-sectional and 3D) are

presented. Cross-sectional images using energy intervals of the spectrum are shown.

Also, a simulation study of the in�uence of discharges (intrinsic to the MicroPa�erned

Gaseous Detector operation) in the resulting cross-sectional image was done and pre-

sented, showing no signi�cant in�uence on the �nal image.

Keywords: X-ray detectors, �ick-COBRA, Micropa�ern gaseous detectors,

Computerized Tomography(CT)

1. Introduction

X-ray imaging has assumed a very important role in several �elds of science,

health care and industry. Particularly, imaging through Computed Tomography (CT)

revolutionized medical care, is crucial in biomedical research and in several other ap-

plications such as archaeology, forensic science and industry quality control [1].5
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A CT system allows acquiring cross-sectional images and compute 3D images of

the human body. Comparatively to a conventional X-ray image, CT allows visual-

izing the di�erent structures and organs inside human body without superposition

and provides higher contrast resolution, overcoming the limitations of conventional

radiology [1, 2]. Recent developments in the detection subsystem that intend to use10

spectroscopic detectors are enabling a plethora of new imaging possibilities, as for ex-

ample, contrast-to-noise ratio (CNR) improvement and/or dose decrease by applying

the Energy Weighting Technique (EWT) [3, 4].

�e EWT was applied in experimental CT data from di�erent systems, achieving

a CNR improvement of 40% with a cadmium zinc telluride detector [5] and 31% using15

the MicroHole & Strip Plate (MHSP) [6].

Generally, MicroPa�erned Gaseous Detectors (MPGD) present nowadays a good

solution for X-ray imaging and high energy physics experiments. �ey distinguish

due to some interesting characteristics. �ese devices do not have dead areas, allow-

ing a full �eld-of-view and can be produced with large detection areas. �eir general20

performance characteristics allow a fair count rate (106 Hz/mm2) and reasonable po-

sition resolution (from tens to a few hundred microns). Besides, they can operate at

room temperature and are portable and low cost devices, making them desirable for

such applications [7, 8].

In this work, the CT system uses a detector based on a �ick-COBRA (THCOBRA),25

a MPGD which represents an evolution of the MHSP [9]. �e same detector was stud-

ied in terms of performance characteristics and tested for X-ray transmission imaging,

showing good results, presented in ref. [10].

Since the detector was working and operating at its best capabilities at the time of

detector performance characterization, its applicability for CT imaging was tested. In30

this work, it is intended to show the possibility of using a THCOBRA based detector

to perform cross-sectional images using X-rays.

�e paper is organized as follows: �rst a description of the CT system is done;

in section 3 a description of a simulation study to evaluate the in�uence of detector

discharges, in the CT image is presented as well as the obtained results; in section 435

are shown the cross-sectional and 3D images of a Poly(methyl methacrylate) - PMMA
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- phantom �lled with di�erent objects and of a sea snail obtained with the CT system.

Finally, a discussion and principal conclusions are presented.

2. Experimental Setup

2.1. 2D-THCOBRA description and detector con�guration40

THCOBRA [9] is a hybrid structure that derives from MHSP [11] and �ick-Gas

Electron Multiplier (THGEM) [12], joining the advantages of both structures: intrinsic

2D position discrimination and robustness. �e THCOBRA used in the present work,

is described in ref.[10] and consists of a 0.4 mm G10 plate coated with a 50 µm Cu

layer on both sides. A hole pa�ern is drilled: each hole has a diameter of 0.3 mm and45

a rim of 0.08 mm around it. �e bo�om face of THCOBRA has a pa�ern of 0.04 mm

wide anode strips and 0.2 mm wide cathode strips with a pitch of 1 mm. On the top

side of the structure an orthogonal strip pa�ern is etched to provide the 2D capability.

Figure 1a shows a photograph of THCOBRA.

�e electrons produced by ionization due to the X-rays interactions with the gas50

medium are dri�ed to the THCOBRA structure due to the electric �eld applied in the

dri� region (between the detector window and the THCOBRA). A strong electric �eld

inside the holes focus the electrons into them and induces a charge avalanche: the �rst

multiplication stage. �e electrons coming from the holes are multiplied again due to

the applied voltage between the cathode and anode strips, where the total charge is55

collected. �e operation principle is shown in �gure 1b.

�e 2D position and energy discrimination of each converted X-ray photon, is

determined using a THCOBRA with two resistive lines, orthogonal to each other, a

2D-THCOBRA (�gure 1a). One is deposited on the THCOBRA top, connecting the

top strips, and the other on the structure bo�om connecting the anode strips. Four60

CANBERRA 2006 preampli�ers integrate the signals generated by each photon inter-

action, collected at each end of the resistive lines. �e four signals are digitized by

a CAEN N1728B digitizer with four channels (14 bits Analogue to Digital Converter

and 100 MHz of sampling rate) [10]. By measuring the signal amplitude at each end of
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Figure 1: (a) Photo of top (le�) and bo�om (right) faces of THCOBRA structure, showing its elec-

trodes (top, anode and cathode strips), holes and resistive lines [10]; (b) THCOBRA operation prin-

ciple, showing the two stages of charge multiplication [adapted from [10]].
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the resistive lines and applying the principle of resistive charge division it is possible65

to determine the X-ray photon position of interaction and energy [13, 14, 15].

�e 2D-THCOBRA, with an active area of 10 × 10 cm2, was inserted inside the

detector chamber and a 1 cm deep dri�/absorption region was established. �e detec-

tor window was made of a 25 µm thick Mylar foil. �e electric �eld of the dri� region

was set to 350 V/cm. �e detector works in a continuous gas �ow mode of 25 mL/h of70

Ne/CH4 (95/5). �e detector performance characterization was previously done (for

further details, please see ref. [10]), being the following phase testing the THCOBRA

detector for CT imaging.

2.1.1. Gas Choice

�e gas medium chosen to �ll the detector chamber was NeCH4. Despite NeCH475

is not the �rst choice gas for imaging applications, since it is a light gas and provides

low detection e�ciency, the primary reason for its choice is based on the fact that

NeCH4 provides high charge gains, increasing the signal to noise-ratio of the mea-

sured pulses. As referred, this detector (operating in NeCH4) was characterized in

terms of performance characteristics for X-ray imaging in terms of charge gain, en-80

ergy resolution, stability, count rate capability and spatial resolution. �e results of

this study showed some good prospects for X-ray imaging applications. However, it

is notable the limitation in the spatial resolution (above 1 mm) due the photoelectron

range [10, 16, 17]. Nevertheless, it was decided to test the applicability of the detector

for CT imaging, since it was already functioning, optimized and very stable.85

�e strategy to overcome the spatial resolution limitations was to implement im-

age acquisitions with a magni�cation factor that could compensate for this situation.

�erefore, it was established speci�c distances between the source and detector and

between the source and object, in order to achieve a projection image with higher

dimensions than the object size.90

2.2. Computed Tomography System

Similarly to previous CT systems using MPGDs [6, 18], the CT system, shown in

�gure 2, is composed by an X-ray tube (Oxford, series 5000), a planar detector and
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Figure 2: Sketch of the CT system geometry using a cone X-ray beam and a planar detector.

a stepper motor which provides the rotation of the object to be imaged. �e X-ray

tube has a molybdenum anode, it can provide up to 50 kVp and 1mA, and the X-ray95

beam was �ltered with an aluminum foil of 0.1mm. �e exposition parameters (kVp

and mA) were adjusted to each acquisition to meet their requirements .�e exposition

allowed by the X-ray tube is adequate for the imaged samples herein presented, due to

their a�enuation coe�cients and reduced thicknesses. �e source-to-detector and the

source-to-object distances were set to 104.5 cm and 22.5 cm, respectively, providing100

a magni�cation factor of 4.6. Acquisitions were synchronized with the movement of

the stepper motor.

A PMMA phantom and a sea snail were the samples used during the acquisitions

presented in this work. �e phantom is detailed described in ref.[6] and consists of a

cylinder (15 mm of diameter) with two holes. �ese have a diameter of 5 mm and 2105

mm, respectively, a depth of 30 mm and their longitudinal axis parallel to the cylinder

axis, allowing to insert a variety of objects. In this work it will be presented images

of the phantom with a chalk rod and air �lling the biggest and smallest holes, respec-

tively; and with chalk and brass rods in the biggest and smallest holes, respectively.

�e presented images were reconstructed using a Matlab® based program that110

performs �ltered reconstruction with the Sheep-Logan �lter.
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Figure 3: Matlab® phantom with objects with di�erent shapes (circles, squares and ellipses), some

with sharp edges. �e objects have also di�erent a�enuation coe�cients.

3. Detector Discharges and its in�uence in the resulting Image

One drawback of the MPGDs technology is the probability of discharges and the

consequent recovering time (that can exceed a few seconds) in which no events are

recorded and/or their energy can be incorrectly determined (due to the charging up115

e�ect that in�uences pulse height), leading to sinogram inconsistency that can intro-

duce image artefacts [19, 20]. To analyse the in�uence of discharges on the resulting

image, sinograms with discharges were simulated and the respective CT reconstruc-

tion was done. �e tools used for the simulation do not allow de�ning the X-ray

spectrum or the detector response, however it is still possible to analyse the e�ect of120

detector discharges in cross-sectional images.

In a �rst approach, a general phantom, containing several objects with di�erent

shapes and a�enuation coe�cients, shown in �gure 3, was generated using a Matlab®

script.

�e phantom was used to create two sets of projections consistent with the ex-125

perimental conditions (for example detector con�guration and the number of views):

one without and the other with discharges. A linear detector array and 400 views

were de�ned and Poisson noise was added randomly to approximate the simulations

to the real experimental conditions.

Discharges were introduced randomly in the sinogram and the in�uence of the130

absence of data in some of the views in the reconstructed images was analysed. A
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(a) (b)

(c) (d)
Figure 4: Sinograms without (a) and with (b) discharges, in which ”theta” is the angular position of the

projetion and ”Ray” the ray direction in the projection. (c) and (d): Corresponding cross-sectional images

of the respective sinograms.

high discharge frequency in a random pa�ern was de�ned in order to approximate

the simulation to the experimental condition in which the detector was not stable.

�e de�ned discharge frequency for the simulation is much higher than the occurred

during the experimental acquisitions herein presented. �e cross-sectional images135

were reconstructed using the parallel geometry algorithm and the results are shown

in �gure 4.

As can be seen, the CT image reconstructed using the sinogram with discharges

does not degrades signi�cantly. �e imaged objects are de�ned and can be clearly dis-

tinguished. �e SNR was measured in di�erent regions of the image and its variation140

is not signi�cant, being the maximum di�erence about only 1%, which means that the

image uniformity is not expressively degraded.

To evaluate more speci�cally the case of the phantom used for experimental ac-

quisitions, the same study was performed using a phantom representing the a�enu-

ation coe�cients of the PMMA phantom, referred in Section 2.2, also generated by a145
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Figure 5: Matlab® phantom similar to the PMMA phantom used for measurements.

Matlab® cript, considering that there are no objects �lling the holes. An image of the

generated phantom is shown in �gure 5.

�e cross-sectional images were reconstructed using the parallel geometry algo-

rithm and the results are shown in �gure 6

�e reconstructed images of �gure 6 are an example of the expected images using150

the PMMA phantom. �e constituents of the image are de�ned and can be clearly

distinguished. It seems that the discharges do not in�uence the image quality signi�-

cantly and the SNR degradation in this case has an average value of about only 2%. In

order to allow a quantitative analysis and a comparison between the simulation and

experimental images of this work further in the document, the contrast and Contrast-155

to-Noise Ratio (CNR) between the smaller rod and the PMMA were calculated, being,

respectively, 30% and 2,3.

4. CT Imaging

�ree examples of CT imaging studies are presented: the PMMA phantom �lled

with chalk and air; the PMMA phantom with chalk and brass and a sea snail. Cross-160

sectional and tri-dimensional (3D) images are presented in the next subsections. Pho-

tographs of the imaged objects can be seen in �gure 7.

4.1. PMMA Phantom with chalk and air

�e PMMA phantom with chalk and air was imaged with an X-ray tube voltage

and current of 25 kVp and 18 µA, respectively, which resulted in a detection rate of 2,6165
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(a) (b)

(c) (d)

Figure 6: Sinograms without (a) and with (b) discharges. (c) and (d): Reconstructed images using the

respective sinograms.

(a) (b)

Figure 7: Photos of the imaged objects: (a) PMMA phantom with chalk and brass �lling its holes (b) sea

snail.
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Figure 8: Sinograms of the PMMA phantom with chalk and air (le�) and the corresponding cross-sectional

images (on the sinograms right)(Please see video 1 - PMMAChalkAir).

× 104 events per second. 400 views with an acquisition time of 7 s each were stored,

resulting in a total acquisition time of 47 min. �e data was organized in six sinograms

and the respective cross-sectional images were reconstructed, both shown in �gure 8

(for animation of cross-sectional images, please see video 1 - PMMAChalkAir). �e

cross-sectional images were reconstructed with 190× 190 pixels using sinograms with170

256 rays. Each cross-sectional image corresponds to an object section of 2.8 mm.

In the sinograms of �gure 8 the chalk rod and the PMMA phantom can be clearly

distinguished and with good contrast. Although the air rod has lower contrast, it can

be also seen in all the cross sectional images.

For this experimental acquisition it was calculated the contrast and CNR between175

the air rod and the PMMA phantom, achieving about 42% and 1,5, respectively. Com-

paring with the values obtained for the simulated image of the PMMA phantom, the

experimental image reaches an higher contrast, however, this measure does not con-

sider the noise present in the image, visibly higher than the simulated image. CNR

takes noise into account being, as expected, 28% higher in the simulated image.180

�e presented cross-sectional images were stacked up to compute a 3D image of
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the corresponding section of the PMMA phantom. �en, to visualize a speci�c surface,

a window of values representative of that surface was selected and the corresponding

iso-surface is shown. To represent the object surfaces, the corresponding window

values for PMMA, chalk and air surfaces were de�ned. �e resulting image is shown185

in �gure 9.

Figure 9: 3D image of the PMMA phantom with chalk and air, in which the PMMA surface is represented

in gray, the chalk surface in red and the air surface in blue.

Despite some artefacts, the 3D image of the phantom with chalk and air shows the

three surfaces. �e most well de�ned surface is the one corresponding to the chalk rod

with less surrounding structures with the same isovalue. �e air rod and the PMMA

are also well de�ned, however with more irregularities in their surfaces. Nevertheless,190

the image can represent the imaged object: the phantom with approximately 15 mm

of diameter and the chalk and air rods, respectively with 2 mm and 5 mm, are correctly

represented in the image.

Taking advantage of the spectral capabilities of the THCOBRA detector, images

using partial ranges of the spectrum were reconstructed, being shown in �gure 10.195

�ree images using low, medium and high energies of the spectrum were recon-

structed and the image using the entire spectrum was included to facilitate a com-

parison.

�e image using the lowest energy range (�gure 10c) presents some noise and

the contrast between the chalk and PMMA is signi�cantly reduced when compared200
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(a) (b)

(c) (d) (e)

Figure 10: (a) Spectrum of PMMA with chalk and air acquisition, showing the energy ranges (low in orange,

medium in green and high in blue) used to reconstruct di�erent cross-sectional images. Cross-sectional

images reconstruction using: (b) full spectrum, (c) low energies (d) medium energies and (e) high energies.
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with all the other images. In this image, the region corresponding to the air is not

distinguishable from the PMMA, being the PMMA is in evidence in this image. �e

medium energy image (�gure 10d) allows the discrimination of the air region and

provides a good contrast between the chalk rod and the PMMA. Figure 10d shows

the PMMA be�er than the others and is a smother image. �e highest energy image205

(�gure 10e) shows more evidently beam artefacts characterized by the low intensity

region in the centre of the phantom. Concerning CNR (between the chalk rod and

the PMMA), �gure 10c has the lowest value, while the image considering medium

energies (�gure 10d) has the highest value, which was expected from the qualitative

analysis. Comparatively to the image reconstructed with full spectrum, all have lower210

CNR at least 50%, which is related with the noise increase due to lower statistics, and

in the case of �gure 10d contributes the lower contrast between the chalk and the

PMMA.

4.2. PMMA Phantom with chalk and brass

�e PMMA phantom with chalk and brass was irradiated also with an X-ray tube215

voltage and current of 25 kVp and 18 µA, respectively, to acquire 400 views, each with

an acquisition time of 7 s. �e detection rate was similar to the previous example (2,6

× 104). 10 CT images were reconstructed with 190× 190 pixels using sinograms with

256 rays, each corresponding to a cross-section of 1.7 mm. �e resulting images are

shown in �gure 11 (please see video 2 - PMMAChalkBrass for animation of cross-220

sectional images).

�e sinograms show the structures of the imaged components (PMMA, chalk and

brass) with a good contrast and it is possible to distinguish them very well. �e cross-

sectional images, similarly to the sinograms, show all the components well distin-

guished with a good contrast. �e improved discrimination of objects comparatively225

to the previous case can be explained by the high contrast between the components,

due to its higher a�enuation coe�cients. Also, beam hardening artefacts are visible

between the chalk and brass rod and in the external area of the phantom near the

brass rod.

Contrast and CNR were measured between the the chalk rod and the PMMA and230
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Figure 11: Sinograms of the PMMA phantom with chalk and brass (le�) and the corresponding cross-

sectional images (on the sinograms right)(Please see video 2 - PMMAChalkBrass).
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between the brass rod and the PMMA. Concerning the contrast were achieved 42%

between the chalk rod and the PMMA and 56% between the brass rod and the PMMA.

�e CNR was 3,4 and 4,7, respectively. �e higher values, when compared with the

previous example, are related essentially, to the higher contrast in this case.

�e 3D image was reconstructed using the slices shown in �gure 11. In the 3D235

image of �gure 12 the chalk and brass rods are clearly distinguished from each other

and from the PMMA. Since a good contrast in the cross-sectional images was pre-

sented, the selection of the surfaces isovalues was easier than in the previous case. It

is interesting to note that the beam hardening artefact is also visible in the 3D image:

in the external area of the PMMA near the brass rod there is a lower intensity region240

due to this artefact.

Figure 12: 3D image of the phantom with chalk and brass, in which the PMMA surface is represented in

gray, the chalk surface in red and the brass surface in blue.

In this case, cross-sectional images using energy ranges from the spectrum were

also reconstructed (�gure 13), using the same methodology of the previous case.

�e object with more representation in the image using the lowest energy range

(�gure 13c) is the PMMA, while the other components (chalk and brass), despite being245

distinguishable, have almost no contrast. In the medium energy image (�gure 13d)

the components have a good contrast between them and compared to the full energy

image (�gure 13b), the PMMA is more visible. �e image that considers the highest

energies is noisier and shows, once again, more clearly artefacts of beam hardening.
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(a) (b)

(c) (d) (e)

Figure 13: (a) Spectrum of PMMA with chalk and air acquisition, showing the energy ranges (low in orange,

medium in green and high in blue) used to reconstruct di�erent cross-sectional images. Cross-sectional

images reconstruction using: (b) full spectrum, (c) low energies (d) medium energies and (e) high energies.
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�e contrast between the chalk and PMMA is higher in the full energy image,250

followed by the medium energy image. CNR follows the same behaviour and is only

about 45% of the CNR value of the original image (complete spectrum). �e image

reconstructed using low energy ranges has the lowest CNR, followed by the high

energy image. �e results are in accordance with the qualitative analysis.

4.3. Sea snail255

A sea snail was also used for CT imaging. �e X-ray tube voltage and current

were set to 50 kVp and 6 µA, respectively, to acquire 400 views, each with 10 s of

acquisition time. �e X-ray tube voltage was increased compared to the previous

examples, to generate photons with energy adequate for provide di�erential contrast

of the sea snail shell. In this case, the detection rate was about 2,8× 104. 15 sinograms260

and the respective cross-sectional images were obtained and are shown in �gure 14

(animation of cross-sectional images shown in video 3 - SeaSnail). �e sea snail has

a height of 2 cm, which means that each cross-sectional image corresponds to a slice

in the object of approximately 1.3 mm (for the speci�ed magni�cation factor).

Some structures of the sea snail can be distinguished in the sinogram, as for ex-265

ample the central axis which is denser. �e cross-sectional anatomy of the sample is

well visible in the cross-sectional images. �e sea snail exoskeleton is clearly visible

from the bo�om up to the apex. Its internal space reduces from the columella up to

the apex, which is also demonstrated in the CT images. In the cross-sectional images

corresponding to the upper part of the sea snail, some partial volume e�ect is visible.270

Generally, the perceptual image quality is good taking into account the slice thick-

ness. �e CT images represent truthfully the sea snail, showing its exoskeleton with

good de�nition and contrast.

Using the presented cross-sectional images, a 3D image was computed. Figure 15

shows the obtained images, in which di�erent perspectives of the sample are visible.275

In the front perspective (�gure 15a) in the le� middle area of the volume, a part of

the shell is not visible, because a small area is out of the �eld of view. �is is consis-

tent with the cross-sectional images of �gure 14, in which the shell is not completely

visible. In this image, the sea snail aperture is clearly visible. In the back perspective
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Figure 14: Sea snail sinograms (le�) and the corresponding cross-sectional images (on the sinograms

right)(Please see video 3 - SeaSnail).
19
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(a) (b)

(c) (d)

Figure 15: 3D image of the sea snail computed using the 15 cross-sectional images. Front (a), back (b),

oblique (c) and bo�om (d) perspectives are shown.

of the 3D image (�gure 15b) the sea snail back is truthfully represented. �e oblique280

perspective (�gure 15c) shows the sutures which and can be distinguished from the

remaining shell. Finally, in the bo�om perspective (�gure 15d), the interior cavity

�lled with air is also clearly visible.

A good representation of the sea snail was achieved. �e contours can be de�ned

and separated from the air regions.285

�e sea snail imaging is considered a successful example using the developed de-

tector, clearly visualizing the sea snail exoskeleton with good contrast and de�nition.

In the future it is intended to apply post-processing to the images, which is expected
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(a) (b)

(c) (d) (e)

Figure 16: (a) Spectrum of PMMA with chalk and air acquisition, showing the energy ranges (low in orange,

medium in green and high in blue) used to reconstruct di�erent cross-sectional images. Cross-sectional

images reconstruction using: (b) full spectrum, (c) low energies (d) medium energies and (e) high energies.

to enhance image quality signi�cantly.

Figure 16 shows the acquisition spectrum and cross-sectional images of a middle290

section of the sea snail reconstructed with di�erent energy ranges, similarly to the

previous cases.

Concerning the partial energy reconstructions of the sea snail, the middle energy

image (�gure 16d) is the one that presents be�er de�nition of contours and less noise.

�e lowest energy image (�gure 16c) is the noisiest. In the image that considered295

the highest energies (�gure 16e), the contours of the sea snail shell have less contrast
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than in �gure 16d. In this case, contrast and CNR were not calculated, since that a

selection of a region of interest in the sea snail shell would have a small very area and

be strongly a�ected by the noise.

4.4. Filling gas and Image �ality300

�e presented images, acquired with a magni�cation factor of 4.6, can represent

the irradiated object. �e applied magni�cation factor allowed to identify the object

structures and up to some point compensate for the spatial resolution limitation arisen

from the gas medium and even so it was possible to reconstruct a 3D image of the sea

snail with reliability.305

Besides the high photoelectron range, that in�uences spatial resolution, NeCH4

has lower detection e�ciency for X-ray detection when compared to other gas medi-

ums, such as krypton or xenon. For instance, the di�erence between the detection

e�ciencies of NeCH4 and pure krypton is about one order of magnitude for low en-

ergy photons and two orders of magnitude for photons energies above approximately310

15 keV, as shown in �gure 17. ArCH4 is also shown, allowing to verify that its detec-

tion e�ciency is still lower than xenon or krypton about one order of magnitude.

Concerning the above, noble gases with higher atomic number, such as krypton,

were considered [21], to improve both the detection e�ciency and position resolution.

In the future, mixtures of xenon and krypton will be tested in order to maximize315

these parameters in an energy range up to approximately 35 keV. �e goal of these

studies is the development a low cost X-ray computed tomography imaging system

for breast and small animal studies, which require photon energies in the range of

highest detection e�ciency.

5. Discussion and Conclusions320

Gaseous detectors present lower density than solid state detectors, which leads

to lower detection e�ciency and spatial resolution. �erefore, it is not expected to

achieve the same panorama for some performance characteristics. However, as stated,

gaseous detectors have a considerably lower cost and can be developed in large active
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.

Figure 17: Relative X-ray absorption as a function of photon energy for NeCH4, ArCH4, pure Xe and pure

Kr at 1 bar.

areas without dead zones, which make them interesting for application in some �elds325

such as small animal imaging in biomedical studies and breast imaging. Particularly,

THCOBRA, when compared to other MPGDs allows high charge gains due to the two

charge multiplication stages in a single structure and provides intrinsic position and

energy discrimination, which gives a good signal-to-noise ratio of the pulses while

simpli�es the detector development.330

�e detector performance is extremely dependent on the gas, which dictates phys-

ical phenomena. �is study and the previous [10] show that NeCH4 present some

limitations for X-ray imaging, particularly detection e�ciency and spatial resolution.

Despite this, the strategy to overcome the spatial resolution limited by the gas medium

(consisting of magnifying the projection image) allowed achieve cross-sectional im-335

ages with reasonable representation of the imaged objects. Concerning the reduced

detection e�ciency, it can be surpassed by increasing the acquisition time, which in

this case, does not represents a problem (the dose considerations for a living being do

not apply). Other parameters such as energy resolution or charge gain are comparable
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to THGEM detectors. Energy resolution of THCOBRA (about 22% FWHM at 8 keV340

[10]) and THGEM (30% FWHM at 5.9 keV [16] ) are similar, and the charge gain of

THCOBRA is comparable of a double THGEM detector (with a more complex devel-

opment). �e stability of the presented detector, providing good signal-to-noise ratio

of pulses for relatively low applied voltages [10], allowed to perform this viability

study for CT imaging.345

�e simulation study, despite of its limitations, shows that image quality does not

degrade signi�cantly due to detector discharges. In the future, parameters such as the

energy spectrum will be considered.

�e presented CT system used for the �rst time a MPGD with an active area of

10 × 10 cm2 turning possible a magni�cation factor of 4.6, allowing a more detailed350

X-ray CT image of the studied objects. �is is of signi�cant importance, since the

characterization study of this detector showed a limitation in the spatial resolution

associated with the gas medium [10].

In the case of the PMMA phantom all the objects could be distinguished both in

cross-sectional and 3D images. In images of the PMMA phantom with chalk and air,355

although the air region could be seen its contours are not perfectly de�ned; on the

other hand, in the PMMA phantom with chalk and brass images, all the components

were completely de�ned.

�e sea snail images are an example of a successful application of the 2D-THCOBRA

detector for CT imaging. �e sea snail is truthfully represented both in cross-sectional360

and 3D images, its main structures are visible and can be identi�ed.

Reconstructions of partial energy cross-sectional images were performed, enhanc-

ing di�erent components depending on the selected energy interval. Despite these

di�erences, it is common the increase of noise in the lowest energy ranges, followed

by the highest energy ranges. �e smoothest image in all the cases is the one using365

medium energies, which presents also the best CNR among the three. For compari-

son, the middle energy images can represent the PMMA more highlighted than the

image using the complete spectrum and in all the cases present a CNR lower than the

full spectrum images.

Although the obtained images do not have post processing, they already shown370
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the imaged object and image quality which can probably be enhanced, particularly in

the contrast, contour de�nition and noise reduction, which is intended for the future.

Also, image quality can be improved using other �lling gases in the detector cham-

ber that maximizes both absorption e�ciency and spatial resolution. NeCH4 (95/5)

have limited position resolutions and detection e�ciency for x-ray energies above375

about 10 keV, being mandatory the use of heavier noble gases for image quality im-

provements [17]. Heavier noble gases, such as pure Kr, pure Xe or mixtures, could be

an adequate choice [17] and will be considered in future works. Presently, pure Kr

is being studied, having already shown good prospects for this kind of applications

[17, 21].380
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