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ABSTRACT 

The G R A S P mission (Gamma-ray Astronomy with Spectroscopy and 
Positioning ) is current ly under s tudy as an ESA space as t ronomy 
mission to be launched in the mid 90's. G R A S P is des igned as a high 
qua l i t y spec t ra l imager (Ε / ΔΕ « 500 at 1 Mev ) wi th pos i t ion ing to 
the arc minute level wi th in a large f ield of v iew (»7°) wh ich opera tes 
over a w ide spectral range (30 Kev-100 Mev) wi th a 3σ sensi t iv i ty of 
typical ly 10 mcrab or better over the ent i re opera t iona l range wi th in 
an observat ional per iod of ~ 1 0 5 s e c o n d s . In this paper, w e wil l mainly 
d iscuss the capabi l i ty of the inst rument w i th respect to the study of 
both point source and d i f fuse source measu remen ts of the galact ic 
center reg ion. 

I INTRODUCTION 

The G R A S P te lescope , wh ich may be the first h igh reso lu t ion 
spect ra l imager to operate in the gamma- ray reg ion in space wil l 
have the fo l lowing features: 

- a wide operat ional bandwidth (4 Kev to 100 Mev) which for the 
first t ime, l inks X-ray and γ ray as t ronomy. 
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- high resolution spectrometry over the range 30 Kev to 10 Mev 

(Ε/ΔΕ = 500 at 1 Mev) 

- accurate source positioning (typically » 1 arc min) within a field 

of view of « 50 square degrees. 

- high sensitivity for both extended and point sources (typically 

10 mcrab at 3 σ in 10 5 s ) 

These wide ranging goals are achieved by the use of combination of a 
coded aperture mask and a position sensitive detector plane 
associated with a mosaic of high energy resolution detectors. The 
gamma-ray detector plane consists of an assembly of Csl(TI) 
scintallators and germanium solid state detectors arranged into an 
overall position sensitive array. 

11 DESCRIPTION OF THE GRASP TELESCOPE 

The principal characteristics of the G R A S P instrument (fig 1) are: 

- a mosaic of 19 stacks of hyperpure G e detectors for low energy 
photon detection (20Kev-10 Mev). Each stack consists of 4 planar type 
detectors (each 5.4 c m diameter, 1.5 c m thick). 

The overall spectral resolution is of the order of 2 Kev at 1 Mev and 

the geometric area » 400 c m 2 . This configuration, advantageous in 

terms of the rejection of β* decay background, has a low total 

background level and is resistant to radiation damage. 

- an array of 3 D position sensitive Csl(TI) scintillators capable of 
both locating and measuring the energy deposited by particle 
interactions throughout the detector volume, corresponding to a 
sensitive area of « 2400 c m 2 . 

- a Stirling cycle cooler system associated with a passive 
radiator for the solid state spectrometer make a long mission 
possible (> 3 years) 

- an active shield for the solid state spectrometer consisting of 
an array of Csl scintillators (mean thickness:12 cm). 

- an hexagonal U R A mask located about 4 meters "above" the detector 
plane gives a point source location capability of the order of the one 
arc minute. 
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The narrow line and broad line sensitivities of the germanium and Csl 
detectors for 10 5 s. and 10 6 s. observation periods are shown in fig 2. 
and 3. 

Typically these 3 σ sensitivities are of the order of a few times 10" 6 

photons. cm"2.s"1 at 1 Mev for narrow lines and a few times 10" 7 

photons.cm"2.s"^ at 10 Mev for broad lines. 

Fig 1 Schematic diagram of the G R A S P telescope. 

https://doi.org/10.1017/S0074180900187133 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900187133


636 

The con t inuum sensit iv i ty for G R A S P is presented in f ig 4 (where a 

10 mcrab spec t rum is s h o w n as reference) 
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Fig 2: N a r r o w l ine sensi t iv i ty 

of the G R A S P telescope (Ge 

d e t e c t o r s ) 

III ASTROPHYSICAL OBJECTIVES 

1 - E x t r a g a l a c t i c o b j e c t s 

Fig 3: Broad l ine sens i t iv i ty of 

the G R A S P te lescope (Csl(TI) 

d e t e c t o r s 

The s tudy of act ive ga lax ies is to be o n e of the major fea tures of 

the m i s s i o n . 

The u n a m b i g u o u s ident i f icat ion of a large number of act ives ga lax ies 

w i l l l ead d i r e c t l y to t h e c o m p i l a t i o n of a g a m m a - r a y l u m i n o s i t y 

funct ion for these objects in the region of the s p e c t r u m w h e r e their 

l iminosi ty is at a m a x i m u m . 

F u t h e r m o r e t h e d e t a i l e d s t u d y of r e d - s h i f t e d e l e c t r o n - p o s i t r o n 

a n n i h i l a t i o n l ines f r o m t h e s e d i s t a n t s o u r c e s has f u n d a m e n t a l 

c o s m o l o g i c a l i m p l i c a t i o n s . 

Precise measurements of both the line and c o n t i n u u m spect ra wil l 

provide a reveal ing probe of the physics in the vic ini ty of the compact 

ob jec ts a s s o c i a t e d wi th ex t raga lac t i c nuc le i . 
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The study of exp los ive 

Mpc) wil l be also possib le . 

GRASP Sensitivity 
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Fig 4 : Cont inuum sensitivity 

of the G R A S P telescope 

nuc leosyn thes is in local s u p e r n o v a e (<10 

2- Ga lac t ic o b j e c t s 

In the context of our ga laxy, G R A S P 

wi l l d iscover new g a m m a - r a y sour-

ces , map ex tended ob jec ts , locate 

point sourq.es precisely (»1 arc min) 

ana lyse their emiss ion spec t ra 

wi th high resolut ion a n d s tudy the 

var iab i l i ty of a w i d e va r ie ty of 

spect ra l o b j e c t s , w i t h spec ia l e m -

-phas is on the ga lact ic center . 

A p ic ture of the d is t r ibu t ion of the 

recent p roduc ts n u c l e o s y n t h e s i s in 

the ga laxy wil l be der ived by map-

ping key e m i s s i o n l ines A r 6 and 

e" + e + annih i la t ion . 

This has d i rect bear ing on the s tu -

-dy of stellar nucleosynthesis 

e.g. in the Red Giant and Wolf-Rayet 

phases. 

A l s o g a l a c t i c n o v a e a r e e x c i t i n g t a r g e t s fo r h i g h r e s o l u t i o n 

s p e c t r o s c o p y s tud ies , as they are potent ia l e x p l o s i v e nuc leosynthes is 

s i t e s . F ina l ly , γ rays c o m i n g f r o m the interact ion of c o s m i c rays with 

the in terste l lar m e d i u m are in terest ing g o a l s for o b s e r v a t i o n s . 

IV MISSION AND SCENARIO 

This mission is under phase A study at the European Space Agency 

for a f inal se lec t ion w h i c h wi l l take p lace in N o v e m b e r 1988 . This 

p h a s e A is a c c o m p a n i e d by industr ia l s tud ies for a s p a c e p la t fo rm 

w h i c h might sat isfy the G R A S P r e q u i r e m e n t s , a l l o w i n g about 1 0 3 

point ings in the sky , lasting 10^ to 10^ s. 

This w o u l d max imise the scient i f ic output of the m i s s i o n , and offer a 

s i g n i f i c a n t o p p o r t u n i t y of a b e n i f i c i a l f a l l o u t o n t h e w i d e r 

a s t r o n o m i c a l c o m m u n i t y t h r o u g h an A s s o c i a t e O b s e r v e r P r o g r a m 

w h i c h w a s i n v e s t i g a t e d u r i n g the G R A S P W o r k s h o p he ld at the 

Observatoire de PARIS-MEUDON on May 31st -June 1st & 2nd 1988. 
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