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Fig F02-2- The predicted continuum sensitivity for the MIRAX-
HXI.  For exposures near the center of the FOV the sensitivity of 
the HXI will approach that of the SWIFT-BAT in the 15-150 
keV energy range.  Backgrounds used for the estimation of the 
HXI and Swift-BAT sensitivities are calculated considering 
penetration of Earth Albedo, CXB photons though the passive 
shielding and opaque mask elements in addition to the CXB 
aperture flux (Fig. 03-5)  together with estimated CZT detector 
efficiencies used to determine total detected background  rate.   

The calculated background rate for the Swift-
BAT was compared with observations carried 
out on  the south galactic plane and found to be 
in good  agreement (<20%) (Fig. 03-5).  The 
low (~5 keV) HXI  threshold will enable ~70 

mCrab sensitivity on a time scales of 100 s at energy ranges 
inaccessible  to Swift-BAT and Integral with much higher 
angular resolution than possible with MAXI.

Fig F02-5- (Left) The relative cadence of the MIRAX-HXI compared to BAT.  The MIRAX-HXI data will be collected as an 
event list and will maintain timing resolution on the order of �s.  (Right) the confusion limit of the HXI compared to INTEGRAL-
ISGRI.  The HXI will be capable of imaging the galactic plane with a confusion limit of  10-13 erg s-1 cm-2 in the 17-60 keV band.
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Fig FO2-1- (Left) The fully integrated Lattes Mission.  The MIRAX-HXI occupies approximately the upper half of the payload bay, while a second suite of Earth observing instruments (EQUARS) occupies the lower half. 
(Center) The MIRAX-HXI is composed of 4 sub-telescopes, each with an independent detector module (see Fig FO3-1) and canted 13 deg. away from the center of the HXI field of view.  A graded passive side shielding 
encloses the entire HXI and is composed of Pb/Sn/Cu/Al layers, two central shields separate the individual sub-telescopes. Located 700 mm above each detector plane is a 48.6 cm x 48.6 cm, 0.3 mm thick tungsten coded 
aperture mask. (Right) the fully integrated Lattes mission in orbit is shown with the MIRAX-HXI fully coded FOV outlined in white.  The spacecraft maintains zenith pointing throughout the duration of the mission while the 
HXI remains in scanning mode throughout the mission.  The telescope is offset from the zenith by 25 deg. toward the south orbital pole in order to maximize coverage of the galactic center throughout the mission.  The FCFOV 
is shown as a red outline on the inset of the figure when the galactic center is observed, the red arrow indicates the scan direction on a representative single orbit.  The orange arrow indicates the orbital ram direction.
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Fig FO2-4- A 16 x 10 deg. view of the galactic center for: (a) a simulated image from the MIRAX-HXI for a 23 ks exposure between 17 and 
60 keV with sensitivity down to 5 mCrab.  A full Monte Carlo imaging simulation was carried out where source photons incident on the mask 
were randomly generated using source fluxes and positions from the INTEGRAL 7 year catalog (Krivnos 07), and additional CXB flux 
calculated from the measured Swift-BAT CXB spectrum (Ajello 07) was added.  The photons were then propagated through the mask and to 
the detector plane to generate a simulated detector plane image which was deconvolved to produce the simulated sky image.  (b) A 2.1 Ms 
exposure between 15-50 keV of the galactic center with integral-ISGRI, (c) a 8 Ms SWIFT-BAT exposure between 14-50 keV with sensitivity 
down to 0.4 mCrab, (d) and a Maxi image with sensitivity of  ~50 mCrab between 2-20 keV for a single orbit (~30 s) exposure.  The HXI will 
observer these regions over the entire 5-200 keV region with unique combination of angular resolution (5.5’), energy resolution (1.1 keV @ 60 
keV FWHM), and regularity which are unavailable in the current X-ray monitors now in orbit.    
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Fig FO2-3- Pictured to the left is the mission 
data flow and information/data dissemination 
plan.  Data collected from the HXI is 
downlinked and sent to the US MIRAX SOC 
and automated data pipeline for the 
generation of transient alerts.  Data is 
archived with HEASARC and a series of 
standard data products made available to the 
general public with the SOC website.
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•  Linha	de	pesquisa	mais	an?ga	da	DAS	
•  Único	grupo	experimental	de	AAE	no	país	
	
•  Obje?vos:		

Ø Contribuir	para	a	entrada	do	país	na	área	de	
astronomia	espacial	

Ø Desenvolver	instrumentação	compeFFva	
Ø Obter	resultados	cienHficos	relevantes	em	AAE	
				(uFlizando	tb.	dados	de	RXTE,	INTEGRAL,	XMM-Newton	etc.)	
Ø ParFcipar	de	projetos	internacionais																
(HETE-2,	LOFT,	GAME,	XIPE	etc.)	
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•  Grupo	atual	de	pesquisadores:	
•  João	Braga	
•  Flavio	D’Amico	
•  Manuel	Castro	(posdoc)	
•  Paulo	Eduardo	Stecchini	(est.	Mestrado)	

•  Principais	Colaboradores	Internacionais:	
•  Rick	Rothschild	(UCSD)	e	grupo	
•  Joern	Wilms	(Un.	Erlangen-Nuremberg)	e	grupo	
•  Josh	Grindlay	(Harvard	CfA)	e	grupo	
•  Ron	Remillard	(MIT)	



Projeto MIRAX 

•  Principal projeto da linha de AEE 
•  Primeira missão brasileira em satélite – entrada 

do país na área de Astronomia Espacial  
•  Janela observacional em altas energias para o 

Brasil 
–  Desenvolver tecnologia espacial na área de sistemas 

de detecção de raios X e gama 
–  Promover capacitação 
–  Desenvolver tecnologias associadas (software 

embarcado, controle de atitude, sistemas de solo, 
eletrônica nuclear etc.) 
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Current hard X-ray  imaging missions 

mission Energy 
range (keV) FOV Angular 

resolution 
Detector area 

 (cm2)  
JEM-X/INTEGRAL 5-35 4.8o diam. 

FCFOV 
3’ 2 x 500 

IBIS/INTEGRAL 15-10000 8.3o x 8o 
FCFOV 

12’ 2600 

BAT/SWIFT 15-150 2 sr PCFOV 17’ 5200 

GBM/Fermi(GLAST) 8-40000 9.5 steradians 5o 126 

NuSTAR 5-80 13’x 13’ 10” 800 

ASTROSAT 10-150 6o x 6o FWHM 8’ 1000 

HXT/Astro-H/Hitomi 5-80 6.4’x 6.4’ 1.7’ ~300 

MIRAX 5-200  50º X 50º FCFOV 
 60º X 60º FWHM 

5’ 
1’ pos. 

1024 

excellent coverage of discovery space 



MMIRAX - HXI Surveying the changing hard X-ray sky

Fact sheet
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	��������������
MIRAX-HXI will allow us to:
: �-*.�0�+0+,�&�,"��%%0�,!���-%%���%��,"���-% ���'��
+(-,!�*'���%��,"��)%�'��"'�!�*����*�0+��	����$���, to 
understand the distributions and nature of accreting 
compact sources and discover Transients (2016-2020);  
and to survey giant molecular clouds in the plane for 
obscured isolated black holes and young (44Ti) 
supernova remnants; 

: ��%.��,!(*(- !%0�"',(�,!��*"�!�,"&���(&�"'��+,*()!0+"�+�
(��!" !��'�* 0�+(-*��+��including jets from accreting 
black holes and bursts from neutron stars, magnetars, 
and active galactic nuclei; and

: ��*�(*&���)"('��*"' �#("',�"'.�+," �,"('�(��+!(*,� �&&��
*�0��-*+,+�"'�!�*����*�0+��'�� *�.",0�/�.�s (with 
Advanced LIGO).

In meeting these objectives, MIRAX-HXI addresses 
NASAQs 2011 strategic goal to RExpand scientific 
understanding of the Earth and the universe in which we 
liveU and the Science Mission DirectorateQs 2010 question 
RHow do matter, energy, space, and time behave under the 
extraordinarily diverse conditions of the cosmos?U and the 
objective to RUnderstand Z the nature of  black holes Z 
and gravity.U

����������������
MIRAX-HXI performs a hard-X-ray survey of more than 
half of the sky with 5arcmin angular resolution, 2.5-4 times 
better than achieved by its predecessors �������/IBIS 
and �/"�,/BAT. It surveys to greater depth and with time 
resolution from milliseconds to years, thus opening a vast 
discovery space in timing studies of accreting neutron 
stars (NSs) and black holes (BHs). It will measure ~5-30 
arcsec positions for short GRBs to allow Advanced LIGO 
searches for predicted gravitational waves from merging 
NS-NS or NS-BH binaries.  

Sensitivity (mCrab) in Galactic coordinates for 1yr MIRAX-HXI 
scanning exposure in 5-150 keV; confirmed BH XRBs shown.

	����������
The MIRAX scanning geometry, with pointing direction offset 
25° to the south of zenith, has been chosen to emphasize the 
Galactic bulge and adjoining southern Galactic plane, but also 
covers a large portion of the extragalactic sky.

Spacecraft bus

Solar arrays

����
��
� Communications antenna

��������������
: MIRAX is one of two experiments on board ��,,�+, a 

spacecraft provided by the Agência Espacial Brasileira
(AEB) to be launched in 2015 with a Taurus-class 
commercial vehicle.

: ��,,�+�is a scanning, nadir-pointed satellite in low-Earth, 
low-inclination circular orbit with a precession period of 
~50 days.

: The Hard X-ray Imager (HXI) is the set of four detector 
planes for the MIRAX experiment, which also includes 
four coded masks and the support and shielding 
structure (provided by AEB) to form a 2x2 array of hard 
X-ray telescopes with combined 60°x60° field-of-view.

: The large field-of-view provides ~15-minute integrations 
during the 97-minute orbit on each source surveyed.



MIRAX SCIENCE 

  Broadband imaging  
  spectroscopy 
  of a large source sample 
                           

                                   ⇓ 

•  Observation of many transient phenomena  
            on X-ray sources with high duty cycle/cadence 
•  Detailed characterization of X-ray non-thermal emission 
•  Wide-band spectra of GRBs: possible simultaneous 
            observations of short-hard GRBs with Advanced LIGO 
•  Spectral state transitions and evolution on accreting compact objects 
•  Relativistic jets on microquasars and other systems 
•  Flaring X-ray sources and fast transients (many INTEGRAL sources) 



Blue:	HMXBs	
Green:	LMXBs	
Orange:		
misc.	GalacFc	
	(CV,	SNR,	PWN)	
	
	
	
	
	
	
Purple:	Extragal.	
Red:	unclassified	
	

907	INTEGRAL	
hard	X-ray	
sources	



•  MIRAX’s	low-energy	coverage	(5-15	keV)	gives	addi?onal	
sensi?vity	to	GRBs	as	compared	to	BAT/SWIFT	

•  With	its	thicker	(2.5x)	CZT	detectors,	MIRAX	will	be	more	
sensi?ve	to	short-hard	GRBs	(>	150	keV)	

•  MIRAX	is	expected	to	detect	~90	GRBs/year,	with	~20-25	
SHBs	(>2x	BAT)	

•  MIRAX	will	locate	GRBs	within	5-30”	(~5x	BAT)	will	enable	
mulF-messenger	observaFons	which	may	determine	the	
unknown	progenitors	of	SHBs	

•  Advanced	LIGO	and	Advanced	VIRGO	GW	detec?ons	are	
expected	to	detect	many	NS-NS/NS-BH	mergers/year	

•  ObservaFon	of	GW	signals	coincident	with	SHB	detecFons	by	
MIRAX	would	firmly	establish	the	nature	of	SHB	progenitors.	
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In this work we present the detection capability of the MIRAX (Monitor e Imageador de RAios-X) 
experiment for Gamma-Ray Bursts (GRBs). MIRAX is an X-ray astronomy mission designed to perform 
a wide band hard X-ray (10–200 keV) survey of the sky, especially in the Galactic plane. With a total 
detection area of 169 cm2, large field of view (FoV, 20◦ × 20◦), angular resolution of 1◦45′ and good 
spectral and time resolution (∼8% at 60 keV, 10 µs), MIRAX will be optimized for the detection and study 
of transient sources, such as accreting neutron stars (NS), black holes (BH), Active Galactic Nuclei (AGNs), 
and both short and long GRBs. This is especially important because MIRAX is expected to operate in an 
epoch when probably no other hard X-ray wide-field imager will be active. We have performed detailed 
simulations of MIRAX GRB observations using the GEANT4 package, including the background spectrum 
and images of GRB sources in order to provide accurate predictions of the sensitivity for the expected 
GRB rate to be observed. MIRAX will be capable of detecting ∼44 GRBs per year up to redshifts of ∼4.5. 
The MIRAX mission will be able to contribute significantly to GRB science by detecting a large number of 
GRBs per year with wide band spectral response. The observations will contribute mainly to the part of 
GRB spectra where a thermal emission is predicted by the Fireball model. We also discuss the possibility 
of detecting GRB afterglows in the X-ray band with MIRAX.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Gamma-ray bursts (GRBs) are short and intense flashes of radia-
tion observed in the γ -ray and X-ray band. With a radiated energy 
∼1053 erg they constitute the most energetic events in the Uni-
verse. GRBs present a typical duration of a few seconds (Gehrels et 
al., 2009) and have been associated with massive star forming re-
gions. This high energy emission is the so-called “prompt” phase 
and is followed by a long lasting emission, radiated from the X-ray 
band and below, called the afterglow. The connection between the 
prompt and afterglow phases is not well understood. Several bursts 
present a postburst emission in energies associated to the prompt 
emission but with different spectral behavior (Connaughton, 2002;
Zhang et al., 2007). These are known as GRB tails and seem to be 
the beginning of the early afterglow phase.

Through the study of GRB afterglows it was inferred that the 
expansion occurs at relativistic velocities and is collimated in a 
jet with typical opening angles of ∼3–10◦ . The circumburst den-
sity is believed to have typical values of ∼1 cm−3. The most 
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E-mail addresses: rodrigo.sacahui@inpe.br (J.R. Sacahui), ana.penacchioni@inpe.br
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accepted explanation for GRB emissions is given by the Fire-
ball model (Cavallo and Rees, 1978; Paczynski, 1986; Rees and 
Meszaros, 1994), which predicts a compact object such as stellar-
mass black hole (BH) or a highly magnetized NS as the GRB cen-
tral engine. This central engine is originated either from the col-
lapse of a massive star (Woosley, 1993; MacFadyen and Woosley, 
1999) or from the merger of two compact objects (Paczynski, 
1986), and creates a bipolar ejection composed mainly of photons, 
electrons and positrons. These collimated jets are not homoge-
neous, and when faster layers reach the slower ones, collisionless 
shocks are produced. These shocks, known as internal shocks, ac-
celerate the charged particles through the Fermi-acceleration pro-
cess. The particles eventually cool down through emission pro-
cesses such as Synchrotron, Inverse Compton and Synchrotron Self-
Compton (Rees and Meszaros, 1994) originating the non-thermal 
spectrum of the prompt phase. The ejecta interacts also with the 
interstellar medium and is slowed down by the so-called exter-
nal shocks (Rees and Meszaros, 1992; Meszaros and Rees, 1993), 
accelerating the charged particles that will emit through syn-
chrotron processes, originating the afterglow emission. The fireball 
model also predicts the existence of the jet’s photosphere emis-
sion which is expected to present a thermal-like spectrum. This 
photospheric emission has to be observed simultaneously with the 
non-thermal photons from the prompt phase (Goodman, 1986;
Mészáros, 2002).

http://dx.doi.org/10.1016/j.jheap.2015.12.002
2214-4048/© 2015 Elsevier B.V. All rights reserved.



	protoMIRAX:	a	pathfinder	for	MIRAX	

•  Testar	vários	subsistemas	do	MIRAX	
em	ambiente	(quase)	espacial	

•  Desenvolver	tecnologia	de	detectores	
CZT	e	sistemas	de	aquisição	de	dados	

•  Testar	sistema	imageador	e	um	novo	
sistema	de	controle	de	aFtude	

•  Produzir	imagens	e	espectros	do	Crab	
e	da	região	do	CG	

•  Medir	radiação	X	atmosférica	na	
região	da	SAA	
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Table 1: protoMIRAX baseline parameters
Detector System

Detector type: CdZnTe (CZT) Dimensions: 10mm ⇥ 10mm

with platinum planar contacts ⇥ 2mm (thickness)

Number of detectors: 169 (13⇥ 13) Gap between detectors: 10 mm

Energy Range: 25� 200 keV Geometrical area: 169 cm2

E↵ective area @ 80 keV: 51 cm2 Time resolution: 5 µs

(through mask)

Collimator

Blade material: Cu (0.5mm), Cell size: squares of 20-mm sides

Pb (0.5mm), Cu (0.5mm) External envelope: 260mm

Blade height: 81mm ⇥ 260mm ⇥ 81mm

Coded Mask

Material: 1mm-thick lead Open fraction: 0.497

Basic pattern: 13⇥ 13 MURA Element Size: 20mm ⇥ 20mm

Extended pattern: 2⇥ 2 basic Total mask dimensions: 500mm ⇥
(minus 1 line and 1 column) 500mm ⇥ 3mm (total thickness)

Position: 650mm from detector plane (includes 2mm-thick acrylic substrate)

Shielding

Material: lead (external – 1.5mm), Position: around detectors and

copper (internal – 0.5mm) collimator (sides and bottom)

Imaging Parameters

Angular Resolution: 1�450 Total (fully-coded) FOV: 20� ⇥ 20�

Source Location Accuracy: 100 (10�) (14.1� ⇥ 14.1� FWHM)

Balloon gondola and flight

Gondola total mass: ⇠ 600 kg Gondola dimensions: 1.4m ⇥ 1.4m

Flight altitude: 42 km (2.7 g cm�2) ⇥ 1.8m (height)

at �23� latitude over Brazil Single flight duration: . 40 hours

Pointing accuracy: 10 arcminutes Star tracker precision: 10 arcseconds

The relatively large band gap of 1.5 eV precludes significant thermal excitations at room

temperature and provides good enough energy resolution (�E/E . 10% at 60 keV).

CZT detectors have been often used in X-ray astronomy due to their high e�ciency

with small thickness (thus reducing background, which scales with volume) and rela-

tive ease of handling and mounting, allowing for tiling so that large nearly-contiguous

detector planes can be built.

We will use 169 CZT detectors with platinum planar contacts and dimensions of
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Detector	de	CdZnTe	(“CZT”):	10mm	x	10mm	x	2mm,	placa	de	circuito	impresso		
com	preamplificador	de	carga,	LNA		e	shaper	
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ABSTRACT

We report the results of detailed Monte Carlo simulations of the performance ex-

pected both at balloon altitudes and at the probable satellite orbit of a hard X-ray

coded-aperture camera being developed for the MIRAX mission. Based on a thorough

mass model of the instrument and detailed specifications of the spectra and angular

dependence of the various relevant radiation fields at both the stratospheric and or-

bital environments, we have used the well-known package GEANT4 to simulate the

instrumental background of the camera. We also show simulated images of source

fields to be observed and calculated the detailed sensitivity of the instrument in both

situations. The results reported here are especially important to researchers in this

field considering that we provide important information, not easily found in the liter-

ature, on how to prepare input files and calculate crucial instrumental parameters to

perform GEANT4 simulations for high-energy astrophysics space experiments.

Key words: instrumentation: detectors – methods: numerical – atmospheric e↵ects

– balloons - space vehicles: instruments – techniques: image processing

1 INTRODUCTION

Estimation of the energy spectrum of the background sig-
nal and its spatial distribution over the detector plane is
crucial for the design of hard X-ray and gamma-ray astron-
omy telescopes. In the case of an observation of a point
source from an orbital space platform (i.e. a satellite), the
background consists in the di↵use electromagnetic radiation
coming through the telescope aperture, emission from other
sources in the field of view (FoV) and the instrumental back-
ground, which arises from interaction of high-energy parti-
cles with the detectors and surrounding material. In the case
of observations carried out at stratospheric balloon altitudes,
we also need to take into account the atmospheric radiation
produced by the interaction of cosmic particles with atmo-
spheric constituents, which will generate secondary particles
and photons. In any case, the observations of cosmic X- and
gamma-ray sources are always hindered by intense and com-
plex background radiation measured by the detector system.
In this paper we consider the contribution of photons, pro-
tons, electrons and neutrons to the total background of a
hard X-ray coded-aperture imaging camera to be mounted

? E-mail: manuel.castro@inpe.br

first in a balloon platform and later in a satellite bus at
near-equatorial Low-Earth Orbit (LEO).

In order to estimate the background, it is important to
have an accurate knowledge of its origin. To achieve this, one
needs to include detailed descriptions of the energy spectra
and angular distribution of the particle fields that surround
the instrument. In this work we describe the procedures we
used in order to model the background of a hard X-ray imag-
ing camera being developed at the National Institute for
Space Research (INPE), Brazil, in the context of the MI-

RAX (Monitor e Imageador de RAios X) space astronomy
mission (Braga et al. 2004; Braga 2006).

Since the instrument is supposed to fly on-board strato-
spheric balloons over Brazil, at an altitude of ⇠ 42 km and
a latitude of ⇠ �23� S, and as part of a satellite experi-
ment in a near-equatorial circular LEO, we have included
both environments in our simulations. We have developed a
detailed mass model of the camera and simulated all the in-
teractions in the instrument components and materials using
the GEANT4 (GEometry ANd Tracking) code developed at
CERN (Agostinelli et al. 2003). The results of these simu-
lations have allowed us to estimate with good precision the
spectral response of the CdZnTe (CZT) detectors of the cam-
era and the spatial distribution of counts over the detector
plane. Also, by running simulations with di↵erent configu-

c� 2015 The Authors
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Figure 10. Spectra used to simulate the emission from Crab,
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the energy range used to simulate the imaging reconstruction for
protoMIRAX (considering attenuation by the atmosphere). For
the MIRAX imaging reconstruction, we have considered the full
energy range (10 - 200 keV).

energy bins centred at each energy E:

F

min

=
2N

�

✏(E)

r
B(E)

A

det

T �E

photons cm�2s�1keV�1

, (17)

where N

�

is the statistical significance in � units (or
signal-to-noise ratio, in this case), ✏(E) is the detec-
tor e�ciency at energy E (see Braga et al. (2015)),
B(E) is the background level in counts cm�2 s�1

keV�1 at energy E, A

det

is the geometrical area of
the detector plane in cm2, T is the integration time
in seconds, and �E is the energy band in keV. The
factor 2 in the above expression appears due to the
fact that, for a coded aperture telescope with an
open mask fraction of 0.5, A

e↵

= ✏A

det

/2, where ✏ is
the detector e�ciency.

The sensitivity plots are shown in Figure 14.

7 DISCUSSION

The simulations shown in this paper have provided
very important informations and constraints for the
optimal design of the hard X-ray camera we are
planning to use as part of the MIRAX space pro-
gram at INPE. The configuration we are currently
developing, with a collimator and a coded mask, has
shown to yield interesting results essentially due to
two important reasons: (a) by using a collimator, we
can make the full FoV of the instrument to be coded
by the mask, avoiding the well-known undesirable ef-
fects of the ubiquitous partially coded fields of views
in coded aperture imaging; and (b) the mounting
of the camera become simpler and lighter since we
avoid having to include large shielding flat panels
on the sides of camera, joining the detector plane
with the mask; a simple slim structure made of a
light material can support the mask. In our case,

the weight of the collimator is about half the weight
of the shielding panels we would have to build for
providing roughly the same shielding e↵ectiveness.
If we build cameras with larger distances between
masks and detector to achieve better angular res-
olution, this becomes increasingly more important.
However, the use of a collimator also brings unde-
sirable properties since the instrument’s sensitivity
will decrease towards the edges of the FoV according
to the collimator response. In our case, the angular
FWHM response provided by the collimator is 14�

and imaging beyond that will be severely limited.
Another problem is that the collimator produces a
distribution of counts in the detector plane that is
spatially non-uniform and depend on the incident
directions of the components that are responsible
for the detector background. We have shown here
that this is e↵ect is more significant when the cam-
era is placed in the low orbit environment due to
the intense cosmic X-ray di↵use radiation (CDR).

The optimum design of a coded aperture im-
ager will depend on the scientific objectives of the
experiment. If a survey instrument is preferred, the
use of collimators will probably not be the best op-
tion due to the limitations on the sensitivity over
the FoV. If, on the other hand, the objective is to
obtain sharp images of selected fields with no inter-
ference from adjacent fields with bright sources, a
collimator could be the best option.

The simulations presented here have shown
that, on hard X-ray balloon experiments, the
background induced by neutrons is very important
below 50 keV. Above this energy, the background
produced by gamma rays and protons are equally
important, and electrons make up a negligible
contribution. At LEO, the CDR is by far the most
important contribution to the background up to
⇠40 keV. Above that, the contribution form albedo
radiation becomes dominant. The analysis of these
relative contributions is very important to the
design of shielding structures and materials for
X-ray experiments.

8 CONCLUSIONS

The design and development of space astronomy X- and �-
ray experiments require a reliable estimation of the back-
ground levels against which the sources of interest will be
observed. Particularly, in coded aperture experiments a large
detector area is fundamental for achieving competitive sen-
sitivities. In those cases the backgrounds are usually very
intense and show inhomogeneities across the detector plane
due to geometrical factors.

In this paper we show detailed Monte Carlo simulations
of the background and imaging observations of a hard X-ray
imaging camera that is being developed in the scope of the
MIRAX space mission. This instrument is a prototype that
is going to be tested in stratospheric balloon flights. The
MIRAX mission will play a very important role in the study
of hard X-ray sources and transient phenomena, since it will

MNRAS 000, 1–13 (2015)
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