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  Qui si può  trovare  una  gran  quantità  di 
sestanti di tutti i tipi, quadranti, telescopi, 
astrolabi, ed altri strumenti astronomici.   
Ma ciò da cui dipende il destino dell'isola è un 
magnete di proporzioni colossali, ... 

Laputa 
Sigla	
  aperta	
  nel	
  2016	
  in	
  connessione	
  con	
  ATHENA,	
  il	
  telescopio	
  ESA	
  per	
  raggi	
  X	
  
(studio	
  di	
  un	
  magnete	
  supercondu=ore	
  per	
  il	
  defle=ore	
  magne?co	
  di	
  ATHENA)	
  

Nel	
  2017	
  lo	
  scopo	
  di	
  LAPUTA	
  viene	
  esteso	
  a	
  spe@rometri	
  magneBci	
  per	
  lo	
  spazio	
  
(misura	
  della	
  componente	
  di	
  an?materia	
  nei	
  raggi	
  cosmici)	
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Nel	
  2028	
  è	
  previsto	
  il	
  lancio	
  del	
  telescopio	
  ATHENA	
  (Advanced	
  Telescope	
  
for	
  High-­‐ENergy	
  Astrophysics)	
  che	
  verrà	
  posto	
  in	
  orbita	
  halo	
  intorno	
  a	
  L2.	
  
	
  
L’oRca	
  di	
  silicio	
  di	
  ATHENA	
  focalizzerà	
  raggi	
  X	
  su	
  sensori	
  pos?	
  a	
  12	
  m	
  di	
  
distanza	
  
	
  
	
  

B	
  Soluzione:	
  defle=ori	
  magne?ci	
  
	
  

Problema:	
  	
  
par?celle	
  cariche	
  di	
  bassa	
  energia	
  focalizzate	
  dall’oRca	
  
	
  

Per	
  il	
  2017	
  viene	
  chiesta	
  una	
  estensione	
  degli	
  scopi	
  di	
  
LAPUTA	
  per	
  studiare	
  la	
  possibilità	
  di	
  usare	
  
spe@rometri	
  magneBci	
  con	
  materiali	
  innovaBvi	
  per	
  
misure	
  di	
  raggi	
  cosmici	
  ad	
  alta	
  energia	
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But antiprotons 
in CRs are in 
agreement with 
secondary 
production

CR Positron spectrum 
significantly harder 
than expectations from 
secondary production 

A Challenging Puzzle for CR Physics

Donato et al. (PRL 102 
(2009) 071301)

Ptuskin et al. (ApJ 642 (2006) 902)

Simon et al. (ApJ 499 (1998) 250)

Mirko Boezio, PAMELA Workshop, 15-06-2016

solar	
  modula?on	
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CaloCube	
  (INFN	
  gruppo	
  V)	
  
•	
  Exploit	
  the	
  CR	
  isotropy	
  to	
  maximize	
  the	
  
effec?ve	
  geometrical	
  factor,	
  by	
  using	
  all	
  the	
  
surface	
  of	
  the	
  detector	
  (aiming	
  to	
  reach	
  Ω	
  =	
  
4π)	
  	
  
	
  
•	
  The	
  calorimeter	
  should	
  be	
  highly	
  	
  isotropic	
  
and	
  homogeneous	
  

SR2S	
  (INFN	
  and	
  UE)	
  
•	
  R&D	
  of	
  high	
  temperature	
  	
  
superconduc?ng	
  magnets	
  (MgB2)	
  	
  
for	
  space	
  applica?ons	
  	
  (T	
  	
  ≈	
  10÷20	
  °K)	
  	
  	
  

Materials	
  percentages:	
  
?tanium:	
  40%	
  

alluminium:	
  50%	
  

MgB2:	
  10%	
  
Quite	
  small	
  density:	
  ≈	
  3.4	
  g/cm3	
  	
  
	
  

CR	
  

CR	
  

CR	
  

CR	
  

A	
  novel	
  idea	
  for	
  a	
  next	
  
generaBon	
  cosmic	
  ray	
  
experiment	
  in	
  space	
  Assump?on	
  for	
  the	
  next	
  slides:	
  	
  

2000	
  kg	
  for	
  the	
  calorimeter	
  
2000	
  kg	
  for	
  the	
  magne?c	
  material	
  	
  

Presented	
  at	
  WHAT	
  NEXT	
  
(Torino,	
  December	
  2015)	
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X	
  
Z	
  

X-­‐Z	
  

Y	
  

X-­‐Z	
  

Calorimeter	
  diameter:	
  93.35	
  cm	
  
Calorimeter	
  length:	
  96.8	
  cm	
  
External	
  diameter:	
  350	
  cm	
  
Weight	
  of	
  the	
  magne?c	
  material:	
  
2000	
  kg	
  
Current	
  density:	
  83.6	
  A/mm2	
  

Number	
  of	
  coils:	
  4	
  

Coils	
  diameter:	
  18.65	
  cm	
  
Maximum	
  field:	
  6.9	
  T	
  

Toroidal	
  magne?c	
  configura?on	
  +	
  cylindrical	
  calorimeter	
  

Advantages	
  of	
  the	
  toroidal	
  configura?on:	
  
•  Null	
  Magne?c	
  Moment	
  
•  Compensa?on	
  coils	
  not	
  necessary	
  

The	
  magne?c	
  
system	
  should	
  be	
  
op?mized	
  taking	
  
into	
  account	
  the	
  
rela?onship	
  btw	
  
maximum	
  current	
  
density	
  and	
  
maximum	
  B	
  field	
  

calorimeter	
  

magne?c	
  system	
  

silicon	
  tracker	
  

silicon	
  tracker	
  

silicon	
  tracker	
  

silicon	
  tracker	
  

silicon	
  tracker	
  

silicon	
  tracker	
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Call	
  for	
  new	
  science	
  ideas	
  
in	
  ESA’s	
  Science	
  Programme	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  February	
  2016	
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To whom it may concern 
 
This Letter expresses the intent to propose ALADINO, a fundamental physics and cosmic ray 
astrophysics mission, in response to the Call for new Science Ideas in ESA’s Science 
Programme released on Feb.9th, 2016. 
 
  The proposed instrument is a large acceptance magnetic spectrometer based on a novel 
superconducting magnet technology, equipped with a silicon tracker and a 3D isotropic 
calorimeter.  
   ALADINO is conceived to study anti-matter components of the cosmic radiation in an 
unexplored energy window, which can shed light on new phenomena related to the origin and 
evolution of the Universe, as well as on the origin and propagation of cosmic rays in our 
galaxy.  
The main science themes addressed by this mission are therefore: 

o Origin and composition of the Universe by means of:  
" Direct search for primordial anti-nuclei in the Cosmic Ray (CR) flux 
" Indirect search for Dark Matter signals in the CR anti-particle fluxes 

o Origin and propagation of CR in the Galaxy by means of: 
" Precise measurements of the energy spectra and chemical composition of the 

CR  
 

   Because of the production of anti-particles by the CR interaction with the atmosphere, anti-
matter studies can only be pursued on stratospheric balloons or in space. Experimentally, 
separation of energetic matter and anti-matter particles exploits their difference in the electric 
charge sign and is achieved by measuring the opposite curvature of particle trajectories when 
passing through a magnetic field.   
   Searches for primordial antimatter and the study of light anti particles in CRs has been 
pursued in the 20th century mostly with balloon borne magnetic spectrometers: the 
atmospheric induced background, the constraints on acceptance and exposure times 
effectively limited the precision and energy range achievable in those pioneering experiments. 
Positrons and anti-protons were observed up to ≈50 GeV energies with large statistical and 
systematic uncertainties; best upper limits on antihelium/helium ratio in the range 1-10 GeV 
was set to about 10-7.  
   Then, a new generation of space borne spectrometers was planned to increase the energy 
range and the statistics of antimatter measurements in a low background environment. 
Precision tracking with silicon micro-strip detectors, with typical resolutions of 5-10 µm, has 
been the enabling technology for this program. Originally developed for High Energy Physics 
(HEP) detectors at accelerators, tracking with silicon microstrip detectors conjugates 
precision with lightweight and minimum amount of material on the particle trajectory. 
Validated in space by the successful AMS precursor flight (AMS-01) on the Space Shuttle in 
1998, silicon tracker detectors have been then adopted by PAMELA and AMS-02.   
  PAMELA, operating since 2006 on a Resurs-DK satellite, is now close to the end of its 
mission. AMS-02, installed in 2011 on the International Space Station will continue its 
operation during the entire lifetime of the ISS.  By 2024, AMS-02 will measure anti-protons 
up to 600-700 GeV and positrons up to 700 GeV-1 TeV, with statistical uncertainties of about 
 20%  at the highest energies. 
   These space experiments have unveiled new features in the CR nuclear spectra and, most 
importantly, have shown unexpected abundances of positron and anti-protons at energies 
above O(100 GeV). The interpretation of the observed anti-particle fluxes, either in terms of 
astrophysical effects or Dark Matter annihilations at mass scales of TeV/c2, is an open 
challenge that will require gaining at least one decade in energy in the experimental 
observations. 
   The future generation of space experiments, such as ALADINO, will need high bending 
power (2-3 Tesla meter) and precision tracking to achieve a reliable charge sign separation 
well above the TV. A long-term space mission (3-5 years) with a large detector acceptance  
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(3-4 m2sr) will be needed in order to collect enough statistics, given the rarity of the searched 
signals.  
   Strong magnetic fields over large volumes are not viable with permanent magnets. Low 
temperature superconducting magnets are not suitable for space due to the complexity of their 
cryogenics.  
   The ALADINO concept is based on the most recent developments in matter of High 
Temperature Superconductors (YBCO, BSCCO, MgB2). Lightweight titanium clad MgB2 
conductor, operated between 10K and 20K, has been proved to be suitable for space 
applications in the FP7-S2RS project. YBCO and BSCCO conductors are currently studied 
for the next generation particle colliders. Several layers of silicon detectors are used to 
reconstruct particles rigidity and charge (Z) based on the AMS-02 sensor design and 
upgraded low power electronics. The option of high-resolution CMOS-MAPS pixel detectors, 
already successfully operated in a number of HEP experiments, will be also considered. 
 
   Energy measurement and proton/electron separation are achieved by means of a 3D, deep 
and homogeneous calorimeter, based on the INFN Calocube R&D project. Its novel isotropic 
design maximizes the calorimeter acceptance while keeping under control the overall weight 
budget, which will be presumably around 5-6 tons for the whole payload.  
  The unprecedented calorimeter acceptance will allow to further extend the energy range for 
high precision measurements on protons, nuclei and all-electron spectra giving the 
opportunity to clearly identify, for the first time, the proton maximum acceleration energy in 
galactic sources and the features of the electron spectrum in the multi TeV region. 
 
   To both maximize the cosmic ray flux and minimize active cooling of the system, high 
Earth or L2 orbital position are in consideration. 
 
ALADINO is a challenging project conceived by a team of physicists with over 20 years of 
experience in the design and operation of astro-particle spectrometers in space. This makes us 
confident that this is not only a dream, but a real opportunity of progress in the understanding 
of our Universe. 
 
Sincerely yours 
 
O.Adriani1, G.Ambrosi2, B. Baudouy3, B.Bertucci2,*, R.Bruce3, M.Boezio4, V.Bonvicini4, 
W.J.Burger5, R.D’Alessandro1, I. De Mitri6, L. Derome7, M. Duranti2, S.Farinon8, F. 
Gargano9, I. Gebauer10, F.Juster3, R.Iuppa5, I.Lazzizzera5, G.Marsella6, N.Mazziotta9, 
R.Musenich8, P.Papini1, M. Pearce11, P.Saracco8, A.Surdo6, X.Wu12 
 
* contact person 
!
1) University of Florence and INFN-Florence, Italy (IT) 
2) University of Perugia and INFN-Perugia, Italy (IT) 
3) CEA Saclay Irfu/SACM, France (FR) 
4) INFN-Trieste, Italy (IT) 
5) University of Trento and INFN-TIFPA, Italy (IT) 
6) University of Salento and INFN-Lecce, Italy (IT) 
7) Universitè Grenoble Alpes and IN2P3 LSPC, France (FR) 
8) INFN-Genova, Italy (IT) 
9) INFN-Bari, Italy (IT) 
10) KIT, Karlsruher Institut für Technologie, Germany (DE) 
11) KTH Royal Institute of Technology, Sweden (SE) 
12) University of Geneva, Switzerland (CH) 
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Il	
  magnete	
  supercondu=ore	
  sarà	
  basato	
  sulle	
  tecnologie	
  studiate	
  nell’ambito	
  di	
  
SR2S:	
  magnete	
  cryogen	
  free	
  operante	
  a	
  T>10	
  K	
  (possibilmente	
  in	
  regime	
  
persistente),	
  condu=ore	
  in	
  Ti-­‐MgB2.	
  	
  
Sarà	
  analizzata	
  anche	
  la	
  possibilità	
  di	
  u?lizzare	
  supercondu=ori	
  ad	
  alta	
  
temperatura	
  cri?ca,	
  in	
  par?colare	
  YBCO	
  coated	
  conductors.	
  
	
  
Criogenia:	
  	
  
•  Raffreddamento	
  per	
  conduzione	
  con	
  criogeneratori	
  
•  Raffreddamento	
  passivo	
  basato	
  sull’irraggiamento	
  verso	
  lo	
  spazio	
  profondo	
  
(da	
  verificare)	
  

	
  

Laputa	
  2016	
  (Genova)	
  
connessione	
  con	
  ATHENA	
  (ESA)	
  

Laputa	
  2017	
  (Genova	
  +	
  Firenze)	
  
connessione	
  con	
  proge^	
  futuribili	
  

Allargamento	
  di	
  Laputa	
  allo	
  studio	
  di	
  spe=rometri	
  magne?ci	
  a	
  supercondu=ore	
  
per	
  misure	
  di	
  raggi	
  cosmici	
  ad	
  alta	
  energia.	
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Laputa	
  2017	
  (Firenze)	
  –	
  item	
  1	
  
Studio	
  delle	
  configurazioni	
  geometriche	
  e	
  magne?che	
  per	
  l’oRmizzazione	
  dalla	
  
misura	
  di	
  an?materia	
  nei	
  raggi	
  cosmici	
  

2	
  spire	
   3	
  spire	
   4	
  spire	
  

6	
  spire	
   8	
  spire	
   12	
  spire	
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Laputa	
  2017	
  (Firenze)	
  –	
  item	
  2	
  
Studio	
  di	
  faRbilità	
  di	
  un	
  calorimetro	
  3D	
  per	
  lo	
  spazio	
  (alla	
  CALOCUBE)	
  che	
  lavora	
  
a	
  basse	
  temperature	
  (10	
  –	
  20	
  K)	
  

calorimeter	
  

magne?c	
  system	
  

~	
  2000	
  kg	
  a	
  10K	
  

~	
  2000	
  kg	
  a	
  10K	
  
•	
  scelta	
  dei	
  materiali	
  
•	
  scelta	
  dei	
  sensori	
  
•	
  connessione	
  oRca	
  
•	
  consumo	
  di	
  potenza	
  
•	
  connessione	
  termica	
  freddo/caldo	
  
•	
  …..	
  

forte	
  sinergia	
  con	
  CALOCUBE	
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Oscar	
  Adriani	
   20%	
  
Sergio	
  Bo=ai	
   30%	
  
Paolo	
  Papini	
  (resp.	
  loc.)	
   40%	
  
Sergio	
  Ricciarini	
   60%	
  
Piergiulio	
  Lenzi	
   20%	
  
Sebas?ano	
  DeR	
  (tecnico)	
   50%	
  
FTE	
   1.7	
  


