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Two innovative techniques enable this advanced design:  
- the use of a superconducting magnet based on a High Temperature lightweight superconductor 

material developed for space application within the EU-FP7 SR2S project [Romain et al, 2015]. 
This allows to reach an intense magnetic field, average 0.8 T, over the large volume of the 
spectrometer. In conjunction with the precise tracking of silicon detectors, this results into a 
maximum detectable rigidity of the spectrometer exceeding 20 TV;  

- based on the CaloCube R&D project [Mori et al, 2013], the cylindrical calorimeter is made of a 
3D mesh of small hexagonal prism-shaped scintillating LYSO crystals: it insures a nearly 
isotropic response to particles entering from different directions thus maximizing the detector 
acceptance. The highly segmented design allows for reconstructing the shower development 
inside the calorimeter so as to provide the required e±/p± discrimination besides measuring of the 
energy released by the interacting particle.  

 
The ToF and silicon tracker detectors are based on the successful design used in AMS [Alvisi et al, 1999, 

Alcaraz at al, 2008] and PAMELA experiment [Straulino et al, 2006]. 
The main characteristics of the ALADINO experiment are summarized in Table 1. A detailed description 

of the different subsystems is presented in the following sections.  
 

Calorimeter acceptance ~ 9 m2 sr 
Spectrometer acceptance ~ 3 m2 sr 
Spectrometer Maximum Detectable Rigidity > 20 TV 
Calorimeter energy resolution 24% ÷ 35% (for nuclei) 

2% (for electrons and positrons) 
Calorimeter e/p rejection power > 105 
Time of Flight measurement resolution 180 ps 

Table 1: main performance parameters of the ALADINO apparatus 
 

4.1 Calorimeter: description and performances 
A 3D mesh of 15925 small LYSO scintillating crystals arranged to form a nearly regular cylinder 

constitutes the calorimeter as shown in Figure 10. The front view of the calorimeter inside the ALADINO 
experiment is shown in Figure 9. 

The chosen geometry is the most effective compromise between a fully isotropic calorimeter, i.e. a 
sphere with uniform response to particles over its entire surface, and the need to use part of the field of 
view to locate electronics/mechanical structures and services for the payload. Adjacent crystals are 
separated by gaps to both increase the overall detector volume, thus maximizing its acceptance at equal 
mass, and to accommodate support structures for single crystals and readout elements.  

Figure 10. Upper, from left to right: the overall assembly of the hexagonal-prism-shape crystals – a total 
of 15925 elements are foreseen, arranged in 637 lines, each composed by 25 crystals; design of the basic 
crystal; an example of 19 assembled crystals on the X-Y plane – a 8 mm gap among the crystals allows to 
accommodate the support structure and, possibly, the read-out system. Lower: design of two adjacent 
strings of 25 assembled crystals – crystals are staggered by half-length to avoid dead space. 
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Single elem
ents are shaped as 3 cm

 height regular hexagonal prism
s and disposed such as to com

pletely 

avoid escape planes, i.e. particle trajectories com
pletely sneaking in betw

een the calorim
eter gaps. This is 

particularly relevant for energy resolution. Since the typical w
idth of the electrom

agnetic show
er 

com
ponent is quite narrow

, the presence of escape planes w
ould increase the event-by-event fluctuations 

in the total energy deposit, w
orsening the energy resolution. Thanks to the adopted geom

etry, relatively 

large gaps, 8 m
m

, can be then left betw
een crystals increasing the total acceptance w

ithout a significant 

loss of energy resolution.  

The crystals are m
ade of C

erium
-doped Lutetium

 Y
ttrium

 O
rthosilicate (LY

SO
). LY

SO
 is a dense, 

bright inorganic scintillator, w
hich is now

adays com
m

ercially available, being industrially produced by 

several com
panies for high-precision Positron-Em

ission Tom
ography. Its density (ρ=7.4 g cm

−3), radiation 

length (X
0 =1.14cm

), M
olière radius (R

M =2.07 cm
), nuclear interaction length (λ

I =20.9cm
) and refractive 

index (n=1.82) m
ake it a com

petitive m
aterial for com

pact calorim
eters. Its em

ission is centered at 430 nm
, 

w
ith a decay tim

e constant of 40 ns; it is rather insensitive to tem
perature changes (dLy/dT (20 °C

)=−0.2%
 

per °C
) and thus suitable for high-precision calorim

etry in the harsh space environm
ent.  

Follow
ing the design of Figure 10, the calorim

eter depth along the diam
eter corresponds to 3.5 λ

I  or to 

61 X
0 . Its total w

eight is 2000 kg w
ith a 8.93 m

2sr geom
etric factor of the lateral surface. 

Signals in the calorim
eter crystals m

ay vary from
 the ≈ 50 M

eV
 released by M

inim
um

 Ionizing Particles 

(M
IP), i.e. relativistic protons not interacting in the detector, to the 10

7 M
IP signal released in one single 

crystal by a PeV
 interacting hadron. A

 correspondently w
ide dynam

ic range is then required for their 

readout. 
 The light produced in the calorim

eter can be m
easured by photodiodes glued directly on the surface of 

each crystal. Tw
o different photodiodes, one w

ith a large collecting area for low
 signal intensities and one 

of sm
aller area for high intensity signals, coupled to a large dynam

ic range front-end electronics can be 

used to m
atch the required dynam

ic range. This approach, tested w
ithin the C

aloC
ube project partially 

suffers from
 the ionization signal directly produced by particles traversing the photodiode.   

In A
LA

D
IN

O
 an alternative solution has been studied, w

hich uses w
avelength shifting (W

LS) fibre 

bundles coupled to the faces of the crystals, bringing the light signals to photo sensors (e.g. Silicon Photo 

M
ultipliers or M

A
PM

T) installed outside the active volum
e of the calorim

eter. M
oving from

 one prism
 to 

another, along a string, the fibre bundles are arranged on consecutive sides. In order to cover the requested 

high dynam
ic range each scintillator crystal could be read-out by tw

o different sensors, each one receiving 

a different fraction of the collected light. The optim
ization of the num

ber, size and arrangem
ent of the 

fibres is an essential issue to be addressed during the realization of the project. A
 conceptual design is 

show
n in Figure 11. 

 

 

F
igure 11. layout of a possible arrangem

ent of the W
LS fibres in order to ensure a dual read-out w

ith 

different dynam
ic range capabilities. Light green identifies the fibre portion in optical contact w

ith the 

crystal scintillator. A different num
ber of fibres, w

ith longer or shorter optical contacts to the crystal, feed 

photo-sensors devoted to the readout of low
 or high intensity signals.  

The calorim
eter perform

ances have been studied using the G
EA

N
T package [A

gostinelli et al, 2003, 

A
llison et al, 2004]. The full geom

etry w
as im

plem
ented, including the carbon fibre support structure in 

betw
een crystals. Isotropic fluxes of electrons and protons at 1 TeV

 have been sim
ulated on the cylindrical 

surface. Thanks to the 3D
 segm

entation of the calorim
eter volum

e, a reliable show
er im

age reconstruction 

is possible allow
ing to estim

ate the length of the show
er inside the calorim

eter, w
hich depends on the 

position and arrival direction of the incom
ing particle and on the point of first interaction. The energy 

resolution for electrons and positrons is better than 2%
 above few

 hundreds G
eV

.  

A
s for protons, the sm

all num
ber of interaction lengths of the calorim

eter lim
its the energy resolution to 
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A parità di peso diverse possibilità della configurazione cilindrica (L,D)





Calorimetro a prismi esagonali per HERD

Calorimetro a cubi attuale per HERD

lunghezza
(cm)

raggio
(cm)

n° cristalli Massa LYSO
(kg)

GF laterale
(m^2 sr)

GF piano
(m^2 sr)

GF HERD 𝜃<90°
(m^2 sr)

96.9 (25) 46.7 (13) 15925 2039 8.93
(ALADINO)

2.15 6.62

89.3 (23) 46.7 (13) 14651 1876 8.23 2.15 6.26

81.7 (21) 46.7 (13) 13377 1713 7.53 2.15 5.92

89.3 (23) 43.3 (12) 12305 1575 7.63 1.85 5.67

81.7 (21) 43.3 (12) 11235 1438 6.98 1.85 5.34

81.7 (21) 39.8 (11) 9471 1212 6.43 1.57 4.79

77.9 (20) 39.9 (11) 9020 1155 6.13 1.57 4.64

74.1 (19) 36.5 (10) 7201 921 5.34 1.31 3.98

altezza (cm) lato (cm) n°
cristalli

massa LYSO
(kg)

GF HERD 𝜃<90°
(m^2 sr)

~ 80 ~ 80 ~7500 1478 ~ 4.4



hexagonal prisms

cubic crystals

Per il fattore geometrico efficace è probabile che il miglioramento sia anche più marcato
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Single elem
ents are shaped as 3 cm

 height regular hexagonal prism
s and disposed such as to com

pletely 

avoid escape planes, i.e. particle trajectories com
pletely sneaking in betw

een the calorim
eter gaps. This is 

particularly relevant for energy resolution. Since the typical w
idth of the electrom

agnetic show
er 

com
ponent is quite narrow

, the presence of escape planes w
ould increase the event-by-event fluctuations 

in the total energy deposit, w
orsening the energy resolution. Thanks to the adopted geom

etry, relatively 

large gaps, 8 m
m

, can be then left betw
een crystals increasing the total acceptance w

ithout a significant 

loss of energy resolution.  

The crystals are m
ade of C

erium
-doped Lutetium

 Y
ttrium

 O
rthosilicate (LY

SO
). LY

SO
 is a dense, 

bright inorganic scintillator, w
hich is now

adays com
m

ercially available, being industrially produced by 

several com
panies for high-precision Positron-Em

ission Tom
ography. Its density (ρ=7.4 g cm

−3), radiation 

length (X
0 =1.14cm

), M
olière radius (R

M =2.07 cm
), nuclear interaction length (λ

I =20.9cm
) and refractive 

index (n=1.82) m
ake it a com

petitive m
aterial for com

pact calorim
eters. Its em

ission is centered at 430 nm
, 

w
ith a decay tim

e constant of 40 ns; it is rather insensitive to tem
perature changes (dLy/dT (20 °C

)=−0.2%
 

per °C
) and thus suitable for high-precision calorim

etry in the harsh space environm
ent.  

Follow
ing the design of Figure 10, the calorim

eter depth along the diam
eter corresponds to 3.5 λ

I  or to 

61 X
0 . Its total w

eight is 2000 kg w
ith a 8.93 m

2sr geom
etric factor of the lateral surface. 

Signals in the calorim
eter crystals m

ay vary from
 the ≈ 50 M

eV
 released by M

inim
um

 Ionizing Particles 

(M
IP), i.e. relativistic protons not interacting in the detector, to the 10

7 M
IP signal released in one single 

crystal by a PeV
 interacting hadron. A

 correspondently w
ide dynam

ic range is then required for their 

readout. 
 The light produced in the calorim

eter can be m
easured by photodiodes glued directly on the surface of 

each crystal. Tw
o different photodiodes, one w

ith a large collecting area for low
 signal intensities and one 

of sm
aller area for high intensity signals, coupled to a large dynam

ic range front-end electronics can be 

used to m
atch the required dynam

ic range. This approach, tested w
ithin the C

aloC
ube project partially 

suffers from
 the ionization signal directly produced by particles traversing the photodiode.   

In A
LA

D
IN

O
 an alternative solution has been studied, w

hich uses w
avelength shifting (W

LS) fibre 

bundles coupled to the faces of the crystals, bringing the light signals to photo sensors (e.g. Silicon Photo 

M
ultipliers or M

A
PM

T) installed outside the active volum
e of the calorim

eter. M
oving from

 one prism
 to 

another, along a string, the fibre bundles are arranged on consecutive sides. In order to cover the requested 

high dynam
ic range each scintillator crystal could be read-out by tw

o different sensors, each one receiving 

a different fraction of the collected light. The optim
ization of the num

ber, size and arrangem
ent of the 

fibres is an essential issue to be addressed during the realization of the project. A
 conceptual design is 

show
n in Figure 11. 

 

 

F
igure 11. layout of a possible arrangem

ent of the W
LS fibres in order to ensure a dual read-out w

ith 

different dynam
ic range capabilities. Light green identifies the fibre portion in optical contact w

ith the 

crystal scintillator. A different num
ber of fibres, w

ith longer or shorter optical contacts to the crystal, feed 

photo-sensors devoted to the readout of low
 or high intensity signals.  

The calorim
eter perform

ances have been studied using the G
EA

N
T package [A

gostinelli et al, 2003, 

A
llison et al, 2004]. The full geom

etry w
as im

plem
ented, including the carbon fibre support structure in 

betw
een crystals. Isotropic fluxes of electrons and protons at 1 TeV

 have been sim
ulated on the cylindrical 

surface. Thanks to the 3D
 segm

entation of the calorim
eter volum

e, a reliable show
er im

age reconstruction 

is possible allow
ing to estim

ate the length of the show
er inside the calorim

eter, w
hich depends on the 

position and arrival direction of the incom
ing particle and on the point of first interaction. The energy 

resolution for electrons and positrons is better than 2%
 above few

 hundreds G
eV

.  

A
s for protons, the sm

all num
ber of interaction lengths of the calorim

eter lim
its the energy resolution to 
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Forma esterna a sfera?
Non si guadagna nel 
fattore geometrico 
«nudo»… ma si 
guadagna nel fattore 
geometrico 
efficace.


