
Instrumenta*on ac*vi*es 
within IPARCOS

Astronomical instruments from the ground and space,  
Cherenkov telescopes & detectors, high-speed electronics,  

light pollution, fast-timing arrays & medical applications 
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Partículas y del Cosmos Armando Gil de Paz & MEGARA Consortium  

& team, including the ISCAR group 

2 MEGARA,	GTC’s		
new	instrument	
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3.5’	IFU	bundle	(LCB)	 12.5x11.3	arcsec2	

MOS	 100×		7-fiber	mini-IFUs		
in	3.5x3.5	arcmin2		

Spaxel	(fiber)	size	 0.62	arcsec	

Wavelength	range	 3650-10000	ÅÅ	

Spectral	resoluVon	 R=6000-20000	

#	of	spectra	 1267	(623+644)	(IFU	+	MOS)	

GTC	staVons	 Folded-Cass	F	+	Nasmyth-A	



Instituto de Física de 
Partículas y del Cosmos 

4 

Broad Hb component and P-Cygni profiles in He lines (star #238 from Drissen 
et al. 1993; top) and complex WR feature (stars #176+#180; bottom).  

 
20min 24”x24” mosaic of   

star-forming region NGC604@M33 
R=6000 at 430-520nm   

Movie: 12 km/s per channel 

The	power	of	2D	spectroscopy	

Armando Gil de Paz & MEGARA Consortium  
& team, including the ISCAR group 



Instituto de Física de Partículas y del Cosmos 

Jesús Gallego, África Castillo-Morales, Armando Gil de Paz 
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 MOSAIC:	MOS	for	the	ELT	

2nd-gen for ELT: 39m, Chile, 2025 
•  Adaptive optics (80 mas) 
•  Multiobject (80x), 30 arcmin2 FoV  
•  Optical, Near-IR J, H 
•  J=28 maglim   
•  2027, 8x7x13m, 32 M€ 
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UK-ATC : 5 spectros NIR 
with Teledyne H4RG (4k x 4k) 
 

Durham : AO, fast & 
slow + Core structure (rotators) 
 

UOX : positioners 
 

NOVA : 5 spectros VIS 
with E2V CCD231-C6 (6k x 6 k) 
 

Opto-mechanical 
design & fabrication 

AIP : fibers 
(passive) 
 

GEPI : 
Management, 
science software 
(obs. prep. + 
pipeline) 
 

IRAP: 
control/command 
(HW & SW) 

LAM : AIT 
 

UCM :  
CAL 
Control 
(w.ISCAR), 
DRS 

IAA : NIR 
motion control 

Instrument Contributors 

Jesús Gallego, África Castillo-Morales, Armando Gil de Paz 



Other		
ground-based	
opVcal/near-IR	
instruments	

§  EMIR: Near-infrared instrument by IAC-CSIC of 10.4m GTC. 
At UCM: Data Reduction Pipeline.  

§  CARMENES: Calar Alto 3.5m dual-arm planet hunter.  
At UCM: CCD detector characterization (Art. 83 with Fractal 
SLNE) @ LICA and scientific exploitation (D. Montes’ talk).  

§  FRIDA: AO-assisted near-infrared spectrograph for GTC. 
At UCM: Data Reduction Pipeline.  

§  MIRADAS: Mid-resolution near-IR spectrograph for GTC. 
At UCM: Data Reduction Pipeline. 

§  SCORPIO: New instrument for Gemini Telescope (2021-22). 
At UCM: Laboratory integration @ LICA in collaboration 
with SwRI (TX, USA) and Fractal SLNE.  

§  GATOS: New instrument proposed by CSIC for 10.4m GTC. 
At UCM: Control S/W.   

Instituto de Física de Partículas y del Cosmos GUAIX group 
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SCORPIO 

FRIDA CARMENES EMIR 

Near-IR Data Reduction Software 



Cherenkov	
telescope	

instrumentaVon:	
Electronics	&	
Socware	

Instituto de Física de 
Partículas y del Cosmos Jose Luis Contreras 
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Main task :  CTA LST1 
Inaugurated in October 2018  



Instituto de Física de 
Partículas y del Cosmos Jose Miguel Miranda 
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	Reliability	Engineering	

High	Speed	Electronics	
Lightning	ProtecVon		

ElectromagneVc	CompaVbility	
StaVc	Charge	Control	

F.J. Franco, O. Martínez, C. Oliver   

Cherenkov	telescope	instrumentaVon:	Electronics	



Instituto de Física de 
Partículas y del Cosmos Jose Luis Contreras 

11 CTA LST & MST Cameras MAGIC 

MAGIC time-stamping system 

Central pixel for 
optical observation 

Camera signal processing 

Camera 
trigger design 

J.A. Barrio, M. López, L.A. Tejedor, P. Peñil 

TIB: trigger 
management, 
stereo LST trigger 

Convener MST Trigger & Clock WP   

LST time-stamping system 

Electronics	for	
MAGIC	&	CTA	

cameras	

J. Rosado,  L.A. Tejedor, J. Hoang 

Work on Silicon PMs 
+ 

Low Gain Avalanche 
Diodes 

 
  In Medical Physics Talk 



Cherenkov	
telescope	

instrumentaVon:	
Socware	

▪  Deep learning (D. Nieto, T. Miener)  

▪  Young researchers Project (MICINN-RETOS) 

▪   Leading CTA Machine Learning group 

 

▪  Open code and data formats (J.L. Contreras) 

▪  ASTERICS  

▪  ESCAPE 

 

▪  Onsite processing of MAGIC data at La Palma 

▪  Processing 1-2 TB/day   

 

▪  Improving CORSIKA simulation code  

    (F. Arqueros., J. Rosado, D. Morcuende) 

▪    (Fluorescence radiation in atmosphere) 

 Instituto de Física de 
Partículas y del Cosmos Jose Luis Contreras 
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H2020 Projects 



Space	
instrumentaVon	
and	telescopes	

§  Beatriz Galindo grant (of 2@UCM) awarded to Dept. FTA for:  
“Payloads & Data Processing Algorithms for Micro/Nano Satellites”  

§  Participating in the (awarded) network “Tec2Space” from CM 
(900 k€) for the development of space missions SPICA & PLATO.  

§  SYNERGIES-CM program ”MMSAT-CM” submitted to CM for: 
“Desarrollo y explotación de medium/micro-satélites (MMSAT) 
para la observación del Espacio y la Tierra”  

§  Leaders of the MESSIER mission (along with Obs. Paris) and also 
contributing to the DUNES mission from University of Florida.  

Instituto de Física de Partículas y del Cosmos Grupo GUAIX 
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MESSIER 



Instituto de Física de Partículas y del Cosmos Jaime Zamorano, Jesús  
Gallego, Carlos Tapia 
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•  TESS monitors zenith sky brightness every night 

•  It is mounted inside a weatherproof enclosure  

•  Only electricity and WIFI is needed. 

•  Internet of Things IoT:  
‘Connect, register and forget’ 

•  Extra features: Open data, hardware  
and software, anti-condensation heating,  
cloud detector...  

Light pollution: TESS night-sky  
brightness photometry  

TESS open data and software   
http://tess.stars4all.eu/  
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TESS	open	data	available	online	in	real	Vme	

Siding Spring (Australia) 

Observatorio UCM (Madrid) 

Ethosa  
(Namibia) 

Roque de los Muchachos 



Instituto de Física de Partículas y del Cosmos 
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   The	evoluVon	
of	Madrid	

illuminaVon	from	
the	sky	

Jaime Zamorano, Jesús  
Gallego, Carlos Tapia 
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Innovative LaBr3(Ce) geometries optimized  
for fast-timing applications 

 V. Vedia1,*, M. Carmona-Gallardo1, L. M. Fraile1, H. Mach1,2,ϯ, J. M Udías1  
1 Grupo de Física Nuclear, Dpto. Física Atómica, Molecular y Nuclear, Universidad Complutense de Madrid, Madrid, Spain 

2National Centre for Nuclear Research, Division for Nuclear Physics, BP1, Warsaw, Poland 
 

 Introduction 
 

¾LaBr3(Ce)-based detectors that unite good energy resolution with fast response and high g-ray detection efficiency [1,2], own a great potential for a wide range of applications. Due to their 
excellent time resolution, LaBr3(Ce) detectors have become the standard in the application of the Ultra Fast Timing Technique [3,4], allowing the experimental determination of nuclear 
lifetimes in the few picoseconds range [3]. 

¾Their scintillation properties, like the time response or energy resolution are directly influenced by the light collection inside of the crystal, and thus by their shape and size [4], 
consequently we have designed innovative geometries aimed at enhance the scintillation light collection and thus the time resolution. Additionally the new geometries  are versatile with good 
packing factor for the construction of ring arrays around implantation detectors or foils etc. 

¾We report on the two innovative LaBr3(Ce) crystals geometries together with an in-depth performance evaluation. The time response has been optimized by a fine tune of the set up 
parameters named the external CFD delay, the CFD zero-crossing value (Z), and the high voltage, leading to excellent values at 60Co and 22Na. 

¾Monte Carlo Simulations of optical photons using the Geant4 toolkit have been also performed providing a better understanding about the reflection and light-transport processes. 

 

 

 

  

 

 

  

  

 

Results 
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9Excellent FWHM time resolutions of both geometries: 111(3) ps and 110(3) ps at 60Co 
energies for the tapered and the truncated-cone crystals respectively, and 160(3) ps and 
158(3) ps at 511 keV from 22Na [5].  

9 Best time resolutions to date for crystals of this size and shape, being comparable to 
the much smaller 1-inch cylindrical LaBr3(Ce) [3] , due to the geometry design.  

9 Time walk , the energy dependence of the time response, was studied as well. 

9Geant4-Monte Carlo simulations have been performed, reproducing the measured 
values and helping in the understanding of the reflection and light-transport processes.  

9 Energy resolution and g-ray detection efficiency also characterized and simulated. 

9 The conical detector is very well suited for timing applications. Despite the good time 
response of the tapered geometry some problems that may be related with internal 
reflections aroused. 
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Spanish Mineco through FPA2013-4126-P and FPA2015-65035-P projects and BES-2014-
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Crystal  Source FWHM (ps) [4] 
Tapered 60Co 115±2 

Truncated cone 60Co 114±2 
Cylindrical 60Co 98±2 

Tapered 22Na 160±2 
Truncated cone 22Na 162±2 

Cylindrical 22Na 148±2 

Tapered Cylindrical  

F
W

H
M

 (
ps

) 

Time resolution of both geometries has been 
optimized by a careful selection of the set up 
parameters: the external CFD delay, the CFD 
zero-crossing value (Z), and the high voltage, 
together with the right choice of the PMT model, 
in this case the Hamamatsu R9779 which has 
shown outstanding performance before [2]. 

Time resolution of the tapered LaBr3(Ce)  
versus the CFD external delay, at 60Co and 22Na 
(511 keV) energies. The PMT was operated at 

the most performing bias-voltage.  
 

Time resolution of 1-inch LaBr3 (Ce) as a function 
of the external delay. The PMT is operated at -

1300V and the used source is 60Co 
 

Truncated cone 

Time resolution of truncated cone LaBr3 (Ce) 
as a function of the CFD external delay, at 

60Co and 22Na (511 keV) energies. 
 

Tapered Truncated cone Cylindrical 

FWHM=110 ps 

Crystal  
 

PMT 
 

ΔE/E (%) 
@ 662 keV [5] 

Tapered R6231 3.8 
Truncated cone R6231 3.3 

Cylindrical R6231 2.8 
Tapered R9779 4.3 

Truncated cone R9779 4.0 
Cylindrical R9779 3.4 

Crystal geometries 
Tapered crystal:  1.5 in x 0.65 in x 1.2 in  

Truncated cone crystal: 1.5 in. x 1 in. x 1 in. 

Fast Timing Technique: bgg (t)  Coincidences [3]  

One plastic scintillator NE111A   

b trigger, ->Trigger the 

coincidence chain 

Two fast inorganic scintillatos 

(LaBr3 (Ce) , BaF2, CeBr3 ) 

 Timing information 

Two HPGe detectors  

(Spectroscopy information)  

:Selection of Energy Branch  

 
 
 
 
 

Lifetime measurements  down to 
a few ps range [3] 

 

Outline of the Technique 

Test Bench 

Absolute photopeak efficiencies at 152Eu 
energies and a distance of 100 mm from the 
detector endcap. Lines represent the Geant4 
simulated values for mono energetic g-rays 
and the points the experimental values. 

Time Response  

Energy Resolution  Intrinsic g-ray Detection Efficiency  

Monte Carlo Simulations- Geant 4  

Crystal  FWHM Implicit (ps) FWHM Optimized (ps) 
Tapered 123 107 

Truncated Cone 108 110 
1-inch Cylinder 106 98 

Simulated FWHM at 1332 keV, the second column considers the implicit 
values of reflection components and the third the optimized values [5] 
 

Time distribution simulated at  
1332 keV for the conical LaBr3(Ce)  

 

Experimental details 

LaBr3 

Anode pulses are used for 
timing measurements. The 
pulse exhibits a fast rise 
time of about 5 ns., at 662 
keV  (137Cs) 

Schematic diagram of the set up ORTEC 935 

• External delay 

• Z value (Walk) 

• CFD threshold 
 

CFD 
LE 

Energy Resolution and g-ray Detection Efficiency 
 

The energy resolution 
has been tested with 
two PMTs models: the 
R9779 [2], which was 
optimized for timing 
applications and the 
R6231, designed for 
energy measurements.  

Energy dependence of the time response. Time Walk 

Compton time walk of conical and tapered 
crystals coupled to the Hamamatsu R9779. 
The energy dependence of the time 
response of the 1-inch cylinder is also 
included for comparisons. The relative peak 
position refers to the shift of the time peak 
with respect to the position of the 1173-keV 
full energy peak (zero in the axis). 
 

Compton time walk of the conical LaBr3(Ce) 
as a function of the Z parameter, zero crossing 
of the Constant Fraction Discriminator (CFD). 
The relative peak position refers to the shift of 
the time peak with respect to the position of 
the 1173-keV full energy peak (zero in the 
axis). 
 

Time spectra for the 
conical LaBr3(Ce) 
against a reference 
BaF2 detector at 
60Co energies (top) 
and 511 keV (22Na) 
(bottom) [4]. The 
CRT (Coincidences 
Resolving Time) of 
139 ps is the 
convolution of the 
BaF2 contribution 
with FWHM= 85(3) 
ps, yielding 110(3) 
ps. At 511 keV, the 
CRT of 197 ps 
contains the 
contribution of 
120(3) ps of the 
BaF2, yielding 
158(3) ps. 

Time Spectra 

3.2. Energy resolution and γ-ray detection efficiency

We investigate the energy resolution of both crystals by means of
the Hamamatsu R9779 PMT, which is the current standard in the
application of the ATD method, and the R6231 PMT model which is
better suited for spectroscopic measurements. The reported values
were measured at the best performing PMT bias voltages, which ranges
from −900 V to −1000 V for R6231 model and from −1200 V to
−1300 V for R9779 PMT, and are given as the ratio between the
FWHM of the γ-ray full energy peak and its energy, corrected for non-
linearity effects [10]. Additionally, we verified the energy linearity of
the two detectors analyzing the functional relation between the peak
position (signal amplitude) and the corresponding γ-ray energy using a
152Eu source [12].

Because a high γ-ray detection efficiency is a required feature for
the construction of fast-timing arrays based on LaBr3(Ce) detectors
[20], we also evaluated the absolute full energy peak efficiency of both
geometries with a 152Eu source placed at 100 mm from the crystal
housing end-cap at the best PMT bias voltage.

3.3. Monte Carlo simulations

In order to evaluate and understand the performance of the
detectors, we carried out Monte Carlo simulations by means of the
Geant4 toolkit [21], assessing the γ-ray efficiency and time resolution
of each detector type. The reliability of Geant4 to reproduce the
experimental γ-ray efficiency in scintillator detectors has been proved
for the case of CeBr3 cylindrical crystals [22] and several LaBr3(Ce)
geometries have already been simulated using Geant4 for a point-like
source for the design of FATIMA [20].

The geometry of the detectors has been incorporated in Geant4
following the drawings from Fig. 1, including the wrapping and casing.
More precise geometric information has bee extracted from a detailed
CT scan for both crystals. Fig. 2 depicts CT images of the conical-
shaped LaBr3(Ce) and tapered crystal. The actual dimensions of the
tapered LaBr3(Ce) crystal turn out to be significantly smaller that the
nominal ones, with bases of ∅ = 36.5 mm and ∅ = 16.5 mm, and the
length of the conical section of 29.5 mm. This has a sizeable effect in
the detection efficiency, as discussed below. For the truncated cone
LaBr3(Ce) the dimensions are marginally smaller that the nominal
ones, with a reduction of at most 1 mm in the diameter of the bases,
which is the estimated uncertainty in the measurement of distances in
the CT images.

The CT images reveal the presence of Silicon based material just
under the entrance window of the crystal case, which influences the
absorption of low-energy γ-rays. A cylindrical bialkali cathode geome-
try has been added to the simulation in order to take the PMT photo-
cathode into account.

To evaluate the time response of the detectors, the generation and

transport of the optical photons must be included in the simulations.
Geant4 generates the optical photons through the definition of
scintillation properties of the materials [23]. For the Ce-doped
lanthanum bromide scintillating crystal, the properties such as the
photon yield, the absorption length, the decay constant and the
refraction index have been defined following the technical specifica-
tions [15]. We note that the inclusion of the rise time has played a
determining role in obtaining reliable results for the time response of
the detector.

Geant4 allows to set up the properties for each interface between
different materials, such as the reflectivity, the type of interface
(dielectric-dielectric, dielectric-metal) and the type of surface (ground,
polished…). Among all the interfaces, the one including the crystal and
the surrounding reflector has the highest influence on both the time
resolution and the energy spectrum.

In addition, Geant4 provides two optical reflection models, Glisur
and Unified. Geant4 defines the roughness of the reflection surface by a
collection of microscopic facets [24]. The Glisur model allows defining
the polished and ground types of surfaces, which will determine the
reflection pattern. In the Unified model four kinds of reflections are
also possible: specular spike, specular lobe, Lambertian and back-
scatter. For the specular spike reflection, the reflected photon is mirror
reflected about the average normal to the surface. The specular lobe
originates from specular reflection on a microfacet sampled from a
Gaussian distribution around the average surface. The Lambertian
reflection uses a Lambertian probability, that is, a cosine distribution
around the average normal to the surface. Finally, for backscatter
reflection the photon is reflected back into the direction from where the
photon arrived. Multiple combinations of the parameters have been
tested in order to get realistic time resolutions of both detectors.

The simulations have been performed considering mono-energetic
γ-rays of 511 keV and 1332 keV. For every γ-ray, the time signal is
defined by the differences between the emission of the γ-ray and the
optical photons reaching the PMT cathode. The time difference
distribution is convoluted with a Gaussian function to account for the
transit time and the time resolution of the PMT itself.

4. Results and discussion

4.1. Time resolution and time walk

The ability of precise timing measurements is directly related to the
time resolution of the experimental setup. Thus this is the key
parameter to be optimized. The time resolution was measured at
511 keV (22Na) and at 1173/1332 keV (60Co).

Conical crystal: We report the best time resolution at 60Co and
22Na (511 keV) energies as 110 ± 3 ps and 158 ± 3 ps, respectively. The
top panel of Fig. 3 shows the best time distribution for the 60Co source,
the FWHM of 139 ps contains the contribution of the reference
detector with a resolution of 85 ± 2 ps and the LaBr3(Ce) crystal, with
110 ± 3 ps.

The optimal values are achieved when an external delay of 1.7 ns is
set at the ORTEC 935, and the R9779 PMT is powered with −1200 V.
For longer delays time resolution deteriorates as the length of the cable
increases, being a 30% worse for delays longer than 10 ns. This
behavior is illustrated at the bottom panel of Fig. 3, which also
provides the response of the tapered crystal. For comparison the time
resolution of a cylindrical LaBr3(Ce) crystal, 1 in. in height and 1 in. in
diameter, with 8% nominal doping is included [12]. The inset is a zoom
in the short values region, where the best FWHM is achieved.

Tapered crystal: We measure the best time resolution at 60Co and
22Na (511 keV) energies as 111 ± 3 ps and 160 ± 3 ps, respectively. The
optimal parameters are 1.5 ns of CFD external delay and −1300 V of
PMT bias voltage. In this case, time resolution deteriorates more than a
60% when using longer delays and asymmetries appear in the time
peak. These facts suggest the presence of a double component at the

Fig. 2. CT images of the truncated-cone LaBr3(Ce) crystal (top) and tapered detector
(bottom).

V. Vedia et al. Nuclear Instruments and Methods in Physics Research A 857 (2017) 98–105

100FWHM time resolution: 
  110±3 ps @ 60Co 
  158±3 ps @ 22Na 511 keV 

•  Design of scintillator shapes and geometries for fast timing applications 
•  Optimization of parameters of readout using fast PMTs and analog electronics 
•  Best time resolution to-date obatined 

 
•  Fully-digital readout for time and energy 
•  Coupling to SiPM and readout 

LaBr3(Ce) fast-*ming crystals
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•  144 dual layer detectors 
•  42000 individual pixels 
•  500 millions of lines of response  
•  30 ps electronics jitter time 
 
• DAQ: 48 FPGA, 128 ports 10 GB switch, 40 cores CPU+powerful GPU 

• World record processing capabilities: 
• +100 millions of single events per second  
• +10 million coincidences per second sorted out to disk 

• Only existing PET scanner with real time imaging capability 

SuperArgus extended FOV preclinical scanner

•  Designed and developed by SEDECAL in partnership 
with UC3M, UPM and IPARCOS 

•  (CDTEAM and AMIT projects, CENIT@INGENIO) 
http://nuclear.fis.ucm.es/webgrupo_2014/web-ingles/technology-transfer/superargus.html 

UDP/IP MAC ADC PHY 
ADC 
ctrl 

ADC 
ctrl FPGA 

Fully modular  
electronics 
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MRI COMPATIBLE DOI-ToF PET DETECTOR 
•  Designed and developed by SEDECAL in partnership with 

UC3M and IPARCOS (Retos Colaboración RTC-2015-3772-1) 
            http://nuclear.fis.ucm.es/webgrupo_2014/proyectos/Retos-colaboracion-2015.html 

•  High sensitivity, high spatial (< 1 mm) and time resolution 
(< 250 ps) detector, MRI compatible 

•  Substitute PMT by SiPM 
•  New array of scintillators  

and electronics 
•  New RF and magnetic  

materials and shieldings 
•  Tested in a system, with 

new and old detectors  
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