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25	
  years	
  ago,	
  on	
  28	
  February	
  1997,	
  	
  in	
  less	
  than	
  1	
  yr	
  from	
  the	
  
BeppoSAX	
  launch,	
  the	
  about	
  30	
  yr	
  mystery	
  about	
  	
  GRB	
  sites	
  was	
  
unveiled:	
  GRBs	
  are	
  huge	
  explosive	
  events	
  in	
  galaxies	
  at	
  
cosmological	
  distances.	
  	
  	
  

Why BeppoSAX?	
  
Why so long time for 
this discovery? 



•  Discovered at the end the 60’s with the American Vela spy 
satellites, devoted  to monitor compliance with the 1963 
“Partial Test Ban Treaty” by the Soviet Union, and by other 
nuclear-capable states.  

•  First published paper by R. Klebesadel,  I. Strong & R. 
Olson in 1973. 

GRB discovery  

Vela satellites 



Major issues about GRBs 

•  Which are their progenitors? Normal 
stars? Compact stars (WD, NS, BH)? 
Comets? Insterstellar medium? 

•  Which are their sites (Local, Galactic, 
Extragalactic); which was the power 
involved? 

•  More theories than GRBs! 
•  How to observationally solve these 

issues?  
•  Find counterparts. For that: 
•  Accurate localization of the event:  

Ø  a tough task in the gamma-ray band; 
Ø  To search GRB counterparts at lower 

energies. 



Main results in the early ‘80s 

•  Many satellite missions (mostly 
French-Russian), but small 
progress: 
–  Very rough localizations. The most 

accurate with IPN after a long 
time (even months) from events. 

–  No  evidence of counterparts. 
 

•  Best results obtained with the 
Konus experiment (aboard Venera 11 
and 12 (Sept. 1978),  Venera 13 and 14 
(Oct.1981)): 
–  Earliest evidence of isotropic 

distribution (Mazets et al. 1981; 
Mazets and Golenetskii 1988). 

–  Earliest evidence of time-resolved 
correlation between luminosity and 
peak energy. Mazets and 

Golenetskii 1988 



GRB issues vs. other issues in the 
early 80’s  

•  In spite of its importance, given the meagre 
results, little interest in the Astrophysical 
Community to  GRBs. 

•  Most of the interest was given to the compact 
objects, Galactic and extragalactic: X-ray 
pulsars, Binary Black Holes, AGNs. 

 
•   This situation conditioned the science goals of 

the missions proposed in the 80’s .  



SAX story 1/4 

•  1979: Italian government establishes the “National 
Space Plan” (PSN) in order to: 
Ø  strenghten  Italian industry;  
Ø  compete with European partners for development and  

management of large space programmes.  
 

•  PSN management  is committed to  CNR, through a  
Scientific Board and an Advisory Board. 

 
•  Among the earliest PSN decisions 

Ø Development of a scientific satellite.  



SAX  story 2/4 

• 1981: Call for proposals of an Italian satellite 
 
•  Selection criteria: 

Ø  Space mission of primary  importance for space 
science; 

Ø  Involvement  of Italian scientific Community and its 
potentialities; 

Ø  Involvement of the Italian industry for its  
advancement  e promotion; 

Ø  International participation. 



SAX  story 3/4 
•  A mission, OOXA (Orbiting Observatory for X-ray 

Astronomy), devoted to stellar spectroscopy at soft 
X-ray energies (<2 keV), based on an improved 
configuration of the “Einstein” satellite (P.I. Pippo 
Vaiana, OAPa). To be developed by American CFA 
and American companies already involved in the 
Einstein satellite (e.g., Perkin-Elmer for mirrors). 

•  A mission, SAX (Satellite Astronomia X), devoted to 
celestial X-ray source observations in a broad band 
(2-300 keV), submitted by a Consortium of CNR 
Institutes and GIFCO groups  plus 2 international 
partners (SRON, SSD/ESA). To be developed by 
Italian CNR Institutes and Italian Industries 
(Aeritalia, Laben, Telespazio).  



•  Proposals were submitted in 1981. 
•   Selection in 1982 
•   Advisory Panel for proposal selection: 

E. Amaldi, G. Occhialini, B. Rossi, G. 
Setti, L. Woltjer.  

 
•  Selected proposal: SAX 

SAX story 4/4 



BeppoSAX proposal (1981) 

•  Mainly CNR Institutes  
 
•   Main science goals: 

–  Study  of celestial X-ray 
sources in a broad band 
2-300 keV; 

–  2-30 keV sky monitoring 
of the Galactic plane. 

•  GRBs were not included 
among the main  science 
objectives. 



 
Earliest SAX instruments proposed 

 
•  2 narrow field telescopes:  

–  A  gas scintillator proportional counter (GSPC) 
(2-35 keV) surmounted by a coded mask.                                 
PI G. Manzo, IFCAI CNR, Palermo 

–  High energy collimated (1.4o fwhm) 
instrument (PDS, 15-200 keV).                                            
PI  F. Frontera, ITESRE, CNR, Bologna 

 

•  2 Wide Field Cameras (WFM, 2-28 keV, 20°x20°) 

with imaging capabilities, based on proportional 
counters surmounted by coded masks.        
Angular resolution: 3 – 4 armin.  
PI R. Jager (SRON, Utrecht) 



  
1984-85: P/L upgrades implemented 
during the industrial phase A study 

(Aeritalia)   
 

•  Thanks to 0.1-10 keV X-ray mirror development 
(using replication technology) at CNR-IFCTR 
Milan by Oberto Citterio, GSPC is replaced by 4 
focusing telescopes:  

Ø 1 LECS (0.1-10 keV), 
Ø 3 MECS (2-10 keV). 

§   A HP-GSPC (6-60 keV) with collimator. 
 

 
 



The proposed GRBM 
•  During the phase A (1984) FF 

proposes (Internal report 
ITESRE no. 99) to exploit the 
PDS Anti-Coincidence shield 
as GRBM. 
–  4 independent units of CsI(Na),  

1136 cm2/unit, FOV >2𝝅. . 

•  Main requirements: 
–  Three short integration times (2, 

32, 256 ms) for trigger decision; 
–  Variable trigger threshold; 
–  Absolute trigger time 
–  1 s PHA spectra of each unit 
–  In case of GRB trigger, 0.5 ms 

(for 10 s) and 10 ms (for 100 s) 
count bins 

 



Main motivation of GRBM proposal 

•  2 Units were coaligned 
with WFCs (FOV: 
40ox40o FWZR) !!! 

•  Expected 2-3 GRBs/yr 
simultaneously detected 
with WFCs and  localized 
with arcmin accuracy. 

 
•  International echo (Hurley 

1986) 
 



Crisis in the SAX project and restart   

•  1986: Phase B study suspended as a 
consequence of the Challenger shuttle 
disaster:  
•  NASA interrupted commercial satellite launches from 

Shuttle, while SAX was designed to be launched by 
the Italian IRIS launcher from Shuttle.  

•  1988: New phase B for a launch with an Atlas-
Centaur rocket from Cape Canaveral. 

•  1989: Restart of the project up to the launch 
(Phase to Completion). 

•  1990: a less expensive  configuration of the 
GRBM proposal is approved by  SSC and ASI. 

 



 
Final  SAX configuration  

 
•  Narrow Field Instruments:  

–  4 focusing telescopes (1 LECS 
0.2-10 keV + 3 MECS 2-10 
keV), PI G. Boella (CNR-
IFCTR, Mi) 

–  HPGSPC (4-60 keV), PI G. 
Manzo (CNR-IFCAI, Pa) 

–  PDS (15-200 keV),   PI  F. 
Frontera (UNIFE, CNR-
ITESRE, Bo). 

•  WFCs (2-28 keV, PI R. Jager): 
–  2 Coded Mask- Imaging 

Spectrometers   
(FOV 20°x20° fwhm, Angular 
resolution 3’-4’).ù 

•  GRBM (40-700 keV). PI  F. 
Frontera. 



GRBM development: configuration  

•  After its approval (1990), developed GRBM 
instrument: 
–  CsI(Na) scintillators confirmed (Costa

+1987) 
–  Energy band: 20/40 – 200/700 keV 

–  A trigger system with a single SIT:  ≥𝟐 units 
to identify GRB events  

–  4 electronic chains for getting continuously 
128 s spectra and 1 s ratemeters from each 
GRBM unit; 

–  Gain monitoring exploiting the albedo 
511keV e+/e- annihilation line; 

–  In case of a trigger: high time resolution 
ratemeters (down to 0.5 ms). 



GRBM development: Tests and 
calibrations  

•  Test of GRBM prototype with the SATURNE 
proton accelerator (Saclay). 

•  Flight model developed by Laben. 
•  Two sets of calibrations: 

–  in Laben (Milan) of the single instrument 
–  at ESTEC after the PDS integration in the satellite.  

From ESTEC 
calibration 
campaign 

SAX P/L 

WFC1 

WFC2 



GRBM development: MC codes  

•  GRB direction determination 
capability (Pamini+1990). 

 
•  Preliminary response 

function by MNCP (Rapisarda
+1997).  

•  Test of the response MNCP  
function using GRBM 
calibrations (Amati+1997). 

 
•  Refined response function 

(Calura, Montanari+2000)  

From Pamini+1990 



•  Confirmed isotropic distribution of GRBs directions 
(localization uncertainty ranging from 2°  to 30°) 

•  Discovered paucity of weak events with respect to 
what expected in an euclidean space 

•  A cosmological origin of GRBs?  

1995: higher interest to GRBs thanks to 
the BATSE results 

Paciesas+1999 



“The SAX Spirit”: title of the session 
devoted to SAX at the 1995 SPIE 

meeting  



The 1995 debate at the Baird Auditorium of the 
Smithsonian museum of Natural History in 

Washinghton 

•  Bodhan Paczynski: “At this time, the cosmological 
distance is strongly favored over the Galactic one, 
but it is not proven. ….At this time we have no 
clue as to their nature, even though well over a 
hundred suggestions were published in the scientific 
journals.” 

•  Don Lamb: “We do not know the distance scale to 
GRBs. First I describe the recent discovery that many 
NS have high enough velocities to escape from the 
Milky Way. These high-velocity NS form a distant, 
previously unknown Galactic ‘corona’. This corona is 
isotropic when viewed from the Earth, and 
consequently, the population of NS in it can easily 
explain the angular and brightness distribution of the 
BATSE bursts.” 



Conclusion of the Washinghton 
debate by Martin Rees (1995) 

  
 

“I’m enough an optimist to believe that it 
will only be a few years before we know 
where (and perhaps even what) the 
gamma-ray bursts are.” 



SAX launch and its phases  
•  30 April 1996: launch from 

Cape Canaveral with 
Atlas-Centaure rocket 

•  16 May 1996: SAX 
renamed BeppoSAX, in 
memory of Beppo 
Occhialini 

•  May-June 1996: 
commissioning phase 
(Alenia); 

•  July-September 1996: 
Science Verification phase 
(SVP); 

•  Since October 1996: 
Operational phase. 

•  On 23 Feb 1996, proposal 
by K. Hurley to include 
GRBM in the IPN. 



AO for WFC data in SOT 1/2  

•  AO Issued during the SAX Commissioning 
phase. 

•  The PDS/GRBM team submitted a proposal to get 
WFC data in the case of GRBs identified with the 
GRBM.  

•  With the contribution by G. Pizzichini, the 
proposal was prepared by FF, who decided to 
entrust the PI-ship of the proposal to E. Costa 
(EC was PI deputy and the vicinity of his group to the 
BeppoSAX Control Center  was very important).  

•  John Heise, leader of the WFC team, joined our 
proposal. 



Letter to G. Pizzichini for her 
complaints 21March1997 



•  A similar proposal was submitted by the BATSE 
team (PI C. Kouveliotou) to get WFC data for 
GRBs identified with BATSE.  

•  Both proposals were approved.  
•  At the 2nd INTEGRAL workshop held in Saint Malo 

(France) from 16 to 20 Sept 1996, FF proposed to 
Gerald Fishman and Chrissa Kouveliotou to 
merge the proposals.  
–  The answer was positive by GF but negative by CK. 

No merging done. 

•  On 20 Feb. 1997, CK, after the earliest GRBM-
WFC results, changes her position. 

•  Our answer was negative, but which were the 
results that changed the CK position? EC will 
clarify this point. 
 

AO for WFC data in SOT     2/2  



Main members of SAX PDS/GRBM 
group 

•  From ITESRE Bologna:    
–  Filippo Frontera, Daniele Dal Fiume, Mauro Orlandini, 

Luciano Nicastro, Eliana Palazzi, Lorenzo Amati, Elena 
Pian 

•  From UNIFE Ferrara 
–  Cristiano Guidorzi, Guido Zavattini, Enrico Montanari, 

Francesca Rossi, Francesco Calura, Daniela Carturan, 
Massimo Pamini 

•  From IAS Roma: 
–  Enrico Costa, Marco Feroci, Massimo Rapisarda, Lorenzo 

Amati (PhD thesis), Marina Cinti 
 



End 


