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The BeppoSAX Mission 
Program of ASI with partecipation of NIVR.

Prime Contractors: Alenia Spazio for space segment; 
Telespazio for ground segment. 
Main subcontractors: Laben for payload, Fokker for AOCS

Scientific Responsibility: BSAX Consortium
IAS, Roma, IFCAI, Palermo, ITESRE, Bologna, IFCTR, Milano, 
Uni Roma & Ferrara
SSD-ESA 
SRON
M.P.E (Garching) supported telescope calibrations.
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BeppoSAX history
• Proposal to Italian National Space Plan (PSN) 

in 1981 in response to an AO for a mission. 
The AO guidelines : science & involvment of 
scientific community; development of 
national space industry; international 
partecipation.

• OOXA Orbiting X-Ray Astronomy 
Observatory) and SAX (Satellite per 
Astronomia X), a CMB proposal (withdrawn)

• SAX: Consortium of institutes, wide band & 
multi-detector approach (multi institute 
consortium), SRON and SSD/ESA. Equatorial 
orbit, to take full advantage of low particle 
and low modulation bkg & usage of Italian 
TTC @Malindi in Kenya. Launch: Shuttle-
base with injection at 600 km by an 
experimental Italian module (IRIS)
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BeppoSAX hystory (cont’d)

• After assessment phase carried out by Aeritalia (now Thales Alenia
Spazio) in 1982 SAX was selected by PSN following the advice of an 
Advisory Panel composed by E. Amaldi, G. Occhialini, B. Rossi and L. 
Woltjer

• Jan.86: Challenger disaster. Sax program stopped for more than 1 
year

• mid 87: SAX re-oriented for a launch with Atlas-Centaur. New phase 
B started in 1988

• 1993: The Minister of Universities & Scientific & Technological 
Research U. Colombo suspended the program and requested 
independent advise from the European Science Foundation. On 
Nov.11, the SAX program was presented by L. Scarsi, G.C. Perola & 
L. Piro to the ESF board,  chaired by H. Schnopper. 
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Launch and orbit
• Launched from Cape 

Canaveral on April 30, 
1996 4:31 GMT and 
injected at 600 km, 3.9°
orbit

• Named, after launch
BeppoSAX, after Giuseppe 
Beppo Occhialini by the 
Italian Minister of 
Research Salvini
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BeppoSAX instruments

•Piro, Scarsi & Butler, 1995, SPIE; 
Boella et al 1996, A&AS
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Summary of Operative Life (I)

• 30715 orbits
• 62 millions seconds of Observations (~17500 hrs)
• 5 Announcements of Opportunity
• 1500 observations
• 56 GRBs localized in real-time by WFCs (including 8 X-

ray flashes)
• 36 GRB Follow-up with NFI (including 2 X-ray flashes)
• 151 Target Of Opportunity (not GRBs or XRFs)
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Scientific Programme
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BSAX publications

As of today: 
>1700 ref. articles
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GRBs
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BeppoSAX & GRB: a designed goal
SAX handbook by Piro et. al 
1995  

See also the proc.s of 1st SAX 
conference in Rome Dec.19-20, 
1983 “The scientific objective of 
the SAX mission by Perola et al
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GB960720: the 1st GRB by BeppoSAX

•Piro et al. 1997 
A&A
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L. Piro - Washington  2005 

Prompt vs afterglow emission: 
internal vs external shock • In contrast with the 

afterglow, the prompt 
emission is characterized by 
strong hard-to-soft spectral 
evolution from X- to Gamma 
rays (e.g. GRB960720 Piro et al 1997) 
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Setting up GRB operations with BSAX
• Organization for GRB follow up under 

Project Scientist  responsibility:
– SOC(TSPZ) : check GRBM/WFC 24/7 => alert 

PS (supported by science and instrument 
teams) for validation

– TOO follow-up under Project observing time 
(DDT equivalent the 1st year)

– Follow-up with other facilities within 
scientific agreements

– Project scientist tasked by SSSC to derive GRB 
positions for public distribution (both WFC 
and afterglow) 

– Refined analysis of afterglows with SDC 
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GRB970111: the 1st fast localization & 
follow-up of a GRB

• Triggered by GRBM and 
localized by the WFC of 
BeppoSAX

• fast follow-up (16 hrs
after the GRB) by the 
NFI. Previous attempts: 
3 weeks

• MECS (2-10 keV) image 
(Feroci et al 1998 A&A)



GRB conference. Sept.11-15  2022, TriesteLuigi Piro

BeppoSAX and GRBs: History and Legacy

Start time of TOO from GRB
1-gyro Gyro-less
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The end
• Switched-off on April 30, 2002 (The last observation was a GRB Target 

of Opportunity)

• Re-entered on  29 April 2003, 22:06 UTC.

• “Rest in pieces in the Pacific Ocean” (J. Trumper)
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Team

Awards
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L. Piro - Washington  2005 

BSAX achievements on GRB
• Long GRB 
• The first discoveries: afterglows(970228), cosmological origin (970508), 

relativistic outflow origin (970508)
• Prompt vs afterglow observational signatures: internal vs external shock in the 

fireball model
• collimated flows (jet breaks)
• Environment and progenitor: 

– X-ray absorption, 
– Wind vs ISM
– Late-time rebursting
– Precursors
– X-ray lines

• Amati et al relations
• Deviations from standard fireball model (Flares, late time rebursting)
• Dark GRB (absorption in star forming region and high z Universe)
• X-Ray Flashes (off-axis GRB, high z events,..) 
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L. Piro - Washington  2005 

Off-axis afterglows

•D’Alessio, Piro, Rossi, 05

Homogenous jet case

On axis =GRB

qoff=2qjet

qoff=4qjet

qoff=8qjet

XRF
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Satellite Operations
• All systems & subsystems working successfully 

for the entire lifetime
• May 97 1MECS switched off
• June 97 1 gyro mode, Oct 2002  gyroless mode 

successfully implemented with performances 
similar to the full-gyromode
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Technical challenges

• 92-94 HPGSPC discharging: redisign of part of the 
detector

• WFC spark: rewiring
• Ion plasma effect in LECS & MECS (high negative 

voltage of window would have accelerated ions, 
producing strong flux of bremmsstrahlung X-rays): 
kapton windows (nicknamed “mutanda” (underware))

• T-3months: leakage of calibration source of the 
HPGSPC in the PDS (producing unacceptable cnt rate 
in GRBM!): addition of a shield
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BeppoSAX heritage
• Development of the HE astronomical community in Italy

– Capability to manage (scientificall and programmatically) a complex observatory 
(5 instruments, 8 detectors)

– Cutting edge technology in BSAX institutes (X-ray optics (XMM, Jet-X/SWIFT), Cryo
microcalorimetes (Athena)..),Polarimetry,  Gamma-ray instrumentation

– New satellites, missions: X-ray Observatory by ESA: (New) Athena, Theseus, IXPE, 
nanosats,…

– Creation of a strong Italian community  in the GRB/time domain field and broad-
band energy  analysis (organization, s/w developments and tools, calibrations, 
science)

• Development of Italian Space industry: Alenia Spazio, LABEN (now Thales 
Alenia Space)

• ASI: 
– Malindi Ground Station for several missions (AGILE, SWIFT, HETE2, Fermi,..)
– The Science Data Center, created for BSAX,  evolved in multi astronomical mission 

data center (ASI-SDC)
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Follow up of BSAX on GRBs: SWIFT 
• NASA MIDEX call in 1998: 6 mission proposals + 1 MO on 

GRBs
• 2 mission proposals “replicating” the BSAX GRB  

procedure with  a much faster on board control
• FIREBALL (PI: J. Kurfess) & SWIFT (PI: N. Gehrels)
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BSAX heritage….

It was a time when smoking was
an habit and helped keeping up 
with the pressure and sleepless
nights, especially with GRBs…
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End

27
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BeppoSAX & Murphy’s law

• Notwithstanding their random nature, GRB 
observed by BeppoSAX would go off at times  
maximizing nuisance to the team

28
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• Wide-band X-ray spectrum and 2-10 keV lightcurve of AB Doradus and Algol, a rapidly rotating youngstar
Courtesy of R. Pallavicini, Palermo Observatory, G. Tagliaferri Brera-MerateObservatory, F. Favata, Space 
Science Department of ESA and J. Schmitt, University of Hamburg, Germany. 

Broad band observations of stars
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BeppoSAX Organigram 

30
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Lesson learned (?)

34

• X-ray community needs 
pushing together in one 
(proper) direction or…

© Gary Larson
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BeppoSAX and GRBs: History and LegacyNumber of GRB localizations and fast 
TOOs

1-gyro Gyro-less
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BeppoSAX hystory (cont’d)

• After assessment phase carried out by Aeritalia (now 
Alenia Spazio) in 1982 SAX was selected by PSN following 
the advice of an Advisory Panel composed by E. Amaldi, 
G. Occhialini, B. Rossi and L. Woltjer
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Predicted lauch dates in early 80’s

• BSAX: 1989 (launch:1996) (Scarsi et al 83)
• AXAF: 1992 (launch:1999) (Giacconi 83)
• XTE: 1990 (launch:1995)(Bradt et al. 83) 
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BSAX hystory (cont’d)
• 1993: The Minister of Universities & Scientific & 

Technological Research U. Colombo requested independent 
advise from the European Science Foundation. On Nov.11, 
the SAX program was presented by L. Scarsi, G.C. Perola & 
L. Piro to the ESF board,  chaired by H. Schnopper. 
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• The BeppoSAX LECS+MECS best fit spectrum of the Circinus Galaxy (plot to the left) shows a 
flatcontinuum and very strong iron emission. The extrapolation of this 0.1-10 keV spectrum to 
higher energies(PDS data) shows a further component, likely due to nuclear radiation 
transmitted trough a thick (~4x1024cm-2) absorber. Independent evidence of this absorber is 
shown on the right image taken in the nearinfrared (H-K color): the yellow-white lane is 
thought to trace a dusty-gaseous bar that drives gas into thenuclear region causing the 
absorption inferred from the X-rays. Courtesy of G Matt, III University, Rome,Italyand R. 
Maiolino, Arcetri Observatory, Florence, Italy 
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Summary of Operative Life (III)
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Summary of Operative Life (II)

CLASS AO1+SVP    AO2    AO3    AO4    AO5 TOTAL
Stars 1623 1165 795 850 277    4710 ks
Comp. Gal. 6710 3562 3238 3164 1907  18580 ks
SNR 520 470 443 887 350    2670 ks
Norm. Gal. 351 362 333 258 285    1588 ks
AGN 5314 4363 3914 3693 3623  20906 ks
Clusters 1074 1031 1212 1414 405    5136 ks
Other 291 211 622 0 100    1223 ks
Gen. TOO 1049 1262 1257 913 532    5013 ks
GRB TOO 501 572 550 440 142    2205 ks
TOTAL  17433 ks  12996 ks  12363 ks  11618 ks    7621 ks  62033 ks
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• The BeppoSAX observation of eight binary pulsars led to the detection of cyclotron lines in six 
of them. Inthree cases (the 4.8 sec high-mass X-ray pulsar Cen X-3; the 7.7 sec low-mass X-ray 
binary pulsar4U1626-67; and the 700 sec high-mass X-ray pulsar GX301-2) such features were 
never observed before.The broad-band spectrum of 4U1626-67 is shown on the left side. The 
figure on the right shows the spectraof the eight pulsars divided by the spectrum of the Crab 
Nebula, a technique that is used to visualize spectralfeatures such as cycrotron lines. Courtesy 
of M. Orlandini and D. Dal Fiume, TeSRE Institute, CNR,Bologna, Italy. 
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• Left: Mosaic of BeppoSAX MECS images of the central region of our Galaxy in the 2

The population of compact sources in our
Galaxy
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Krivonos et al. 2012
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• Steering Committee:
• L. Scarsi, J. Bleeker, G. Boella, B. Taylor, 
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• BL Lacertae object MKN 501 during a very high intensity state. Courtesy of E. Pian, TeSRE
Institute, CNR, Bologna, Italy 

Broad band X-ray spectrum and UHE 
emission in Blazar
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• Left: Mosaic of BeppoSAX MECS images of the central region of our Galaxy in the 2

The population of compact sources in our
Galaxy
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GRBs

•(Costa et al 1997)

•(van Paradijs et al 1997)
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• BeppoSAX broad-band X-Ray spectra of two Active Galactic Nuclei: 
the Quasar 3C273 and the Seyfer type2 galaxy MKN 3. Courtesy of 
M. Cappi, L. Bassani, TeSRE , CNR.

Adapted from Urry and Padovani
Courtesy of M. Polletta, ITESRE/CNR, 
Bologna, Italy

Heavily Obscured (CT)  AGNs


