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Outline	
Ø Background	(past	experience,	logic,	etc.)	
Ø Athena	in	a	nutshell	
Ø Context	(na;onal	&	interna;onal)	
Ø Italian	and	OAS	contribu;ons	(Athena-level,	XIFU,	WFI,	+?)	
Ø Programma;cs	(	at	OAS	and	at	INAF	level)	
Ø Conclusions	of	Athena	@	OAS-Bologna	
Ø Two	examples	of	important	OAS	contribu;ons:	
‣ Science	sim	for	WFI	(by	G.	Lanzuisi)	
‣ Geant4	sim	for	SPOs,	XIFU,	WFI	and	Hitomi	(by	V.	FioreW)	

Cappi	M.,	Lanzuisi	G.	and	Fiore4	V.	on	behalf	of:	
L.	Ama;,	N.	Auricchio,	L.	Bassani,	A.	Bulgarelli,	A.	Comastri,	M.	Dadina,	

	A.	DeRosa,	S.	E\ori,	F.	GianoW,	P.	Grandi,	M.	Malaspina,	A.	Malizia,	N.	MaseW,		
L.	Nicastro,	E.	Palazzi,	J.	Stephen,	A.	Tacchini,	E.	Torresi,	M.	Trifoglio,	L.	Valenziano	
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Team	experience	was	build	over	past	(scien;fic,	technological	and	
managerial)	experiences	in:	
Ø BeppoSAX	
Ø XMM-Newton	(+	Chandra)	
Ø Integral	
Ø Swi_	
Ø Agile	
Ø Planck	
Ø Euclid	
Ø Fermi	

Ø Future	@	Bo:		
Ø Athena@Bo	
Ø Theseus	@	Bo	(if	selected	as	M5,	see	Ama;’s	talk)	+	Hermes	?	
Ø CTA	@	Bo	(See	Bulgarelli’s	talk)	



Athena@OAS, OASDAYs, 17-18/12/2018 

Background: Logic/key to maximize scientific and 
technological return is to have a “virtuous cycle” 
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Scienza + Tecnologia 
⇒ Progetto (missione) 

Calibrazioni in volo,  
PV phase, Cal  

Risultati Scientifici 

AIV +  
Calibrazioni a terra 

Lancio satellite 
Operazione missione 

Guarantee Time, 
OPEN Time!!                Hardware+Software+ 

Management 

Risoluzione problema 
scientifico ⇒ nuovo 

problema da risolvere? 

Esempio di ciclo 
“tecnico-scientifico” 

virtuoso 

Attività prevalente di Analisi Dati 

Attività prevalente di Realizzazione 

Competizione nazionale ed internazionale 



Athena@OAS, OASDAYs, 17-18/12/2018 

Athena in a Nutshell 

4

L2 orbit Ariane 64 
Mass < 7000 kg 
Power 2500 W 
4 years mission 

X-ray Integral Field Unit: 
ΔE: 2.5 eV 
Field of View: 5 arcmin 
Operating temp: 50 mk 

Wide Field Imager: 
ΔE: 125 eV 
Field of View: 40 arcmin 
High countrate 
capability 

Silicon Pore Optics: 
1.5 m2 at 1 keV 
5 arcsec HEW (6”@R<20’) 
Focal length: 12 m 
Sensitivity: 3 10-17 erg cm-2 s-1 

Meidinger et al. 2017 arXiv:
1702.01079!
 

Barret et al., 2018 arXiv: 1807.06092 

Willingale  et al, 2018 

Launch ~2031, Hexapod switch mechanism, Ariane 6.4, L2 (TBC) 
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100	x	ASTRO-H

1000	x	
XMM-Newton

A  “ th r ee- D ”  La r g e X- r a y  O b ser v a tor y  
f o r  th e E n er g et i c  Un i v er se

Key performance parameters for the Energetic Universe: 
survey speed, weak line sensitivity (and bright sources capabilities) and ToO capabilities

Throughput/Line SensitivitySurvey Speed/grasp

A fantastic machine to discover, repoint, and understand 
the physics of the Energetic Universe

COSPAR'Scientific'Assembly'3'July%14th121st%2018 François'Pajot

A%new%era%in%high%sensi,vity%high%resolu,on%spectroscopy

5

‣ Weak%line%sensi,vity%of%Athena/X1IFU%compared%to%XRISM/Resolve.%

Weak% line% sensi,vity% scales% like% the% square% root% of% the% effec,ve%

area%divided%by%the%spectral%resolu,on

‣ Effec,ve%area%of%Athena/X1IFU%compared%to%current%or%near%

future% X1ray% imaging% spectrometers% in% the% 0.2—12% keV%

energy%range.

Barret+ SPIE 2018

Athena/X-IFU XRISM/Resolve

©DB/X-IFU
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Athena TOO capabi l i ty  on  GRBs  

100 x ASTRO-
H 

1000 x  
XMM-Newton 

The  f i r s t  Deep Un iverse  X- ray  Observato ry  

Athena has vastly improved capabilities compared to current or planned facilities, and 
will impact on virtually all areas of astrophysics 

X-ray spectroscopy at the peak  
of the activity of the Universe 

Deep survey capability into the dark  
ages and epoch of reionization 

Line Sensitivity 

Survey Speed 

ToO capabilities

For the universe!
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Discover with WFI survey !
speed/grasp!

Athena X-IFU
XMM-Newton EPIC PN
Hitomi SXS
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Figure 2. Left: Reconstructed bulk motion induced velocity field (in km/s) of the hot intra-cluster gas for a 50 kilo-
seconds X-IFU observation of the central parts of a Perseus like cluster from the numerical simulations in Ref. 20. The
cluster has the luminosity of Perseus but is considered at a redshift of 0.1. Right: Simulated X-IFU spectrum of a z = 1
galaxy group with kT = 3 keV and LX = 1 ⇥ 1044 erg s�1 for 50 ks. Emission lines from elements which are key to
understand chemical evolution can be clearly seen.

The exceptional spectral resolution of the X-IFU will allow accurate abundance ratios to be determined to
high redshift (z > 1) for the first time (see Fig. 2). An example application is the measurement of the evolution
of the ratios of O/Fe and Si/Fe for an ensemble of clusters. This will allow discrimination between models where
recent enrichment is caused by SNIa ejection, which produces relatively more Fe than O and Si at low redshift,
and models where the enrichment is due to stripping of already pre-enriched member galaxies, which do not
show evolution in redshift.

The heavy elements are ejected and redistributed into the ICM by a number of processes, including outflows
and jets from active galactic nuclei (e.g., Ref. 21), galactic winds and starbusts (e.g., Ref. 22), and ram-pressure
stripping of the galaxies (e.g., Ref. 23); in addition, it is also possible that intracluster stars may also contribute
to the ICM enrichment (e.g., Ref. 24). Spatially-resolved measurements such as abundance profiles provide
insight into the di↵erent enrichment mechanisms and their spatial distribution, their timescales, and how the
gas is mixed by gas-dynamical processes. Detailed abundance mapping is a powerful tracer of the jet energy
distribution and can supply constraints on entrainment of enriched gas by the jets, the jet power itself (which
is correlated with the radial range of the metal-enriched outflows). It can also put strong constraints on gas
physics through ram-pressure stripping of enriched plasma from infalling sub-clumps. The X-IFU will enable all
of these measurements to be obtained to unprecedented precision.

2.1.3 AGN feedback on cluster scales

Active galactic nuclei (AGN) at the centres of galaxy groups and clusters play a critical role in shaping the
properties of the central galaxy and the surrounding ICM. Mechanical feedback from AGN jets is thought to be
one of the best candidates for suppression of star formation in the massive central galaxies and for heating the
gas inside and beyond the cluster core. Observations of X-ray cavities surrounding radio lobes in systems from
massive elliptical galaxies to galaxy clusters (e.g., Refs. 25,26) provide observational support for the existence of
feedback from AGN jets at all scales.

In the centre of bright, nearby clusters, X-IFU measurements of the X-ray line profiles and variations of the
line centroid will allow estimation of the characteristic spatial scales of the turbulent motions induced by AGN
jets on scales of tens of kpc, and mapping of the velocity field of the hot gas to an accuracy of ⇠ 20 km s�1.

Point X-IFU to probe physics !
with spectrsoscopy!

Re-point X-IFU to !
probe GRBs/ToOs !
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Figure 4. A simulated X-IFU X-ray spectrum of a medium bright (fluence= 0.4 ⇥ 10�6 erg cm�2) afterglow at z = 7,
characterized by deep narrow resonant lines of Fe, Si, S, Ar, Mg, from the gas in the environment of the GRB. An e↵ective
intrinsic column density of 2⇥ 1022 cm�2 has been adopted.

enable us to determine the typical masses of early stars, thereby testing whether or not the primordial IMF is
indeed top heavy. For more information see Ref. 29.

2.2.2 AGN and Star-formation driven winds and outflows

The measurement of tight correlations between the mass of galaxy bulges, or of the velocity dispersion of their
stellar content, and the mass of the SMBH hosted in all galaxies (Refs. 30, 31) strongly indicate that some
feedback mechanism must have acted between these components during the galaxy formation and evolution
phases. In the last fifteen years, thanks to X-ray observations of quasars and nearby Seyfert galaxies, we have
been able to identify AGN driven ultra-fast outflows (UFOs) as one of the plausible mechanisms (Refs. 32–34).
UFOs manifest themselves as blushifted resonant absorption lines due to highly ionized iron. They are detectable
in the 7-10 keV band (Refs. 34, 35) and are thought to be related to winds that are energetic enough to quench
the star formation of the host galaxies. This provides the link between the tiny SMBH and the huge galaxy
bulges (Ref. 36, see Ref. 37 for a review on this topic). However, we still lack some fundamental pieces of evidence
to fully verify this scenario: 1) we do not know what is the launching mechanism of the UFOs, how they deposit
their energy into the interstellar medium and how they interact with star forming regions; 2) we have only poor
knowledge of the physical conditions of the AGN engine and of the importance of UFOs at high-z, i.e., in epochs
where both QSO and starburst activity were at their highest (Refs. 38–40 and references therein).

To investigate the first of the above mentioned questions, we should obtain a detailed characterization of
the physical properties of UFOs (column density, ionization state, outflow velocity, location, geometry, covering
factor, etc.) and check how they evolve with respect to the distance from the source, maximum outflow velocity,
and X-ray or UV luminosity (see Fig. 5). We must also consider that UFOs are known to be variable (Ref. 36) and
so we must be able to investigate the above mentioned properties on time-scales of ⇡ 10� 100 ks (corresponding
to the dynamical time-scale at 10Rg for a SMBH with M ⇠ 107�8M�). The coupling of the large collecting
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ü Hot&Energetic Universe Theme selected for ESA L2                Nov. 2013 
ü Athena Mission selected                                 Jun. 2014 
ü Phase A and B1                        on going  
ü IPRR of WFI , and ICC formalized             Nov. 2018 
ü IPRR of XIFU                     Mar. 2019 
ü Mission Adoption Review                   2021 
ü Start of Implementation  Phase                       2021 
ü Launch                                                2030-31 
ü Operations:                      4.5+ years 

Programmatics: 
•  ESA led mission (CaC < 1.05 B€), NASA and JAXA are partners (<30%) 
•  ESA responsible of mission systems, spacecraft, launcher, mirror, operations and SOC 
•  Instruments and Science Ground Segment elements to be provided by the Member States 

(>= ~ 600 M€) 

 

Context: International and National 
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XIFU and OAS WBS 
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•  Athena-general level:
Ø  Science (ASST, SWGs, TPs): 1 in the ESA Study Team (L. Piro), 1 co-chair of SWG2 (M. Cappi), 9 Italian 

co-chairs of Mission & Science WGs (A. Comastri, S. Ettori, etc.) + 160 Italian members
Ø  GS, Science Innovation Center (led by OaR, TBC, but also OAS)
Ø  Mirror calibration facility (led by OABrera) - TBC

•  XIFU-related (consortium) responsabilities:
Ø  Management: co-PI (L. Piro), co-Is: M. Cappi, L. Valenziano
Ø  Science: members of XSAT (chair: M. Cappi, members: M. Dadina,  S. Ettori, P. Mazzotta, F. Nicastro, S. 

Sciortino), plus active TP members (e.g. M. Roncarelli)
Ø  CryoAnticoincidence, front-end electronics, digital and Data proc. (IAPS, Uni.Ge, CNR/IFN, IASF-Mi)
Ø  Background simulations and instrument design (IAPS/INAF, OAS, IASF-Pa, Mi) (V. Fioretti, A. Bulgarelli)
Ø  Optical/IR blocking filters (Univ.Pa &Oss.Pa/INAF)
Ø  Instrument Control Unit (OAS-Bo, Oss.To, IAPS) (PI: L. Valenziano, N. Auricchio, J. Stephen, M. 

Dadina)
Ø  Contribution to instrument calibrations on ground and in-flight (IAPS/INAF+) under assessment

•  WFI-related (consortium) activities:
Ø  Management: co-I A. Comastri
Ø  Science: G. Lanzuisi, A. Comastri
Ø  Optical/IR blocking filters (Univ.Pa &Oss.Pa/INAF)
Ø  Background reduction simulations, SPOs, diverter (IASF-Mi, OAS) (V. Fioretti)

•  N.B: Italian (and OAS) contribution is crucial for science (Bkg. reduction, Area at low E=> filters) and 
lead role in Instrument Design and Control (Bkg. Simu;, ICU).
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Activities: Athena @ OAS-Bologna 
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•  Athena-general level:
Ø  Science (SWGs, TPs): 1 co-chair of SWG (Energetic Universe: M. Cappi), 2 co-chairs of TPs 

(TP1.2: S. Ettori; 2.1: A. Comastri), several (>30) members of TPs @ Bo (IASF-Bo, OABo, IRA, 
DiFA)

Ø  GS, Science Innovation Center (led by OaR, but likely also OAS) (TBD)
Ø  Mirror calibration facility (TBD)

•  XIFU-related (consortium) responsabilities:
Ø  Management: 2 co-Is: M. Cappi, L. Valenziano
Ø  Science: members of XSAT (chair: M. Cappi, members: M. Dadina,  S. Ettori, P. Mazzotta, F. 

Nicastro, S. Sciortino), plus active TP members (e.g. Roncarelli)
Ø  Background simulations and instrument design (IAPS/INAF, OAS, IASF-Pa, Mi) (V. Fioretti, A. 

Bulgarelli)
Ø  Instrument Control Unit (OAS-Bologna, Oss.To, IAPS) (PI: L. Valenziano, N. Auricchio, M. 

Dadina)
Ø  Contribution to instrument calibrations on ground and in-flight (IAPS/INAF+) under assessment

•  WFI-related (consortium) activities:
Ø Management: 1 co-I A. Comastri
Ø  Science: G. Lanzuisi, A. Comastri
Ø Background reduction simulations, SPOs, diverter (IASF-Mi, OAS) (V. Fioretti)

•  N.B: OAS contribution is crucial for science (Bkg. reduction, Area at low E=> filters) and lead role 
in Instrument Design and Control (Bkg. Simu;, ICU). Potential role (TBD) in the future in GS 
Innovation center and/or calibrations on-ground/in-flight.!
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Athena-general:
Ø  SWGs/TPs: missioni coperte da ASI, ~10 missioni/anno
Ø  GEANT4 sim: contratti ESA (ITTs: Arembes, Exacrad), 1 AdR/anno

XIFU-related:
Ø  XSAT activities: missioni coperte da ASI (~15 missioni/anno)

Science simulations? (qualche mese AdR/anno)
Ø  ICU: attività coperte come spin-off delle attività Euclid, missioni parzialmente coperte da 

ASI/Athena (~10 missioni/anno). 
(1 borsa di studio/anno)
N.B: CaC dell’ordine di 10 Meuro (per ASI).

WFI-related:
Ø  Science activities: missioni coperte da ASI, (~5 missioni/anno)

+ qualche mese AdR/anno

Totale @ Bo: !
Personale: staff ~4 FTEs/y for ~15 persons (staff), 2 FTEs/y (non-staff)!
Cost: 40 keuro/y (missions) + 60-80 keuro/y (personale)!
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Programmatics @ INAF level
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•  ASI: 
Ø About 500 Keuro/year since 2016  
Ø 2-year (2018-19) Athena contract for 1.4Meuro currently frozen for unclear reasons(!?)
Ø Replaced by Premiale (ADAM) just approved for 0.5Meuro 2018-19
Ø New Athena contract to be discussed soon

•  INAF:
Ø Mostly manpower (20-30 FTEs)
Ø 150keuro directly from INAF to cover lack of funding from ASI for (only) 2018-19.

•  ESA: 
Ø AREMBES (end mid  2019)
Ø EXACRAD (end mid 2019)

•  EU:
Ø AHEAD (partially, and partially finished). AHEAD-2 prop, OAS should be up higher
Ø Other proposals failed
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Conclusions of Athena@OAS-Bologna 
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•  Athena is THE large X-ray Observatory for the next 20 years. 
•  Athena offers a unique opportunity of a strong Italian role and large 

scientific, technological and industrial return to a vast national 
community, and to OAS!

•  Also unique opportunity in view of a full engagement in XRISM (for 
next 10 years)

•  Complement the suite of major class facilities at other n’s
•  Athena science is already driving present research providing:
Ø  guidance for the formation of the new generations of researchers (Laurea and PhD 

thesis!)
Ø  Pathfinder experiments  with present facilities (XMM, Chandra, etc.)  and theoretical 

studies
àNeed strong political and financial support!!
à Opportunità @ OAS da cogliere e da sostenere!



 
 
 Athena-WFI Survey: formation and  

growth of the earliest SMBH 
 

G. Lanzuisi, A. Comastri, R. Gilli, 
J. Aird, M. Brusa, N. Cappelluti, C. Vignali, F. Vito, I Matute… 



Athena-WFI survey 
Known z>6 AGN are extremely luminous/rare QSOs from Opt/IR surveys 
 
 

z>6-7 QSOs with MBH>108 M   
 
 
Continuos Edd-limited 
accretion needed for ~1Gyr? 
 
 
Heavy vs. light seeds? 
 
 



Athena-WFI survey 
Known z>6 AGN are extremely luminous/rare QSOs from Opt/IR surveys 
 
Goal: populate the z>6 Lum-z plane with hundreds of moderate 
luminosity AGN (LX=43-45) 
 

z>6-7 QSOs with MBH>108 M   
 
 
Continuos Edd-limited 
accretion needed for ~1Gyr? 
 
 
Heavy vs. light seeds? 
 
 



Athena-WFI survey capabilities 

Large field-of-view (40’ x 40’) 
+ 

Large collecting area (1.4m2@1kev) 
+ 

Good quality (~5”) PSF over 
large fraction of FOV 

Barret+13 Rau+17 



Athena-WFI survey capabilities 

Large field-of-view (40’ x 40’) 
+ 

Large collecting area (1.4m2@1kev) 
+ 

Good quality (~5”) PSF over 
large fraction of FOV 

Powerfull survey machine! 100x Chandra/XMM    

100 ks 1 Ms 



 
 
 

Athena-WFI survey 

Aird, Comastri+13 Plus First Groups and  CT AGN  
→ Consolidated survey strategy: 
 
Deep 
12x1-1.5Ms 
 
Shallow 
108x90ks 
 
Tot=23.62 Ms (~25% MOP) 
 
 

        SciObj-211: Detect at least 
  Aim1:   10 AGN  z=6-7 @LX=43-43.5 erg/s → Flim 2.4×10

-17
  over 2.4 deg2  

  Aim1b: 10 AGN  z=7-8 @LX=43.5-44 erg/s → Flim 1.3×10-16  over 27.4 deg2 
 



Full SIXTE simulation of a deep field 
Input: Mock catalogs from Gilli+07  
~105 AGN in 10 deg2, up to z=10, each with NH, z, LX…. 
~2x105 Galaxies at faint fluxes 
+ Extended emission from CDFS (Finoguenov+15) 

0.5-2 keV 
2-4.5 keV 
4.5-10 keV  



Full SIXTE simulation of a deep field 
Input: Mock catalogs from Gilli+07  
~105 AGN in 10 deg2, up to z=10, each with NH, z, LX…. 
~2x105 Galaxies at faint fluxes 
+ Extended emission from CDFS (Finoguenov+15) 

Obscured AGN 

Galaxies 

Extended em. 

Unobscured AGN 



Full SIXTE simulation of a deep field 
Input: Mock catalogs from Gilli+07  
~105 AGN in 10 deg2, up to z=10, each with NH, z, LX…. 
~2x105 Galaxies at faint fluxes 
+ Extended emission from CDFS (Finoguenov+15) 



Over 2.4 deg2 deep fields → ~10 AGN in the z=6-7 and LX 43-43.5 bin 
 
Over 27.4 deg2 shallow fields → ~10 AGN in the z=7-8 and LX 43.5-44 bin 
 

High z AGN 

Aim1b 

Aim1 



high-z LF and BH seeds models 
Realistic constraints on high z LF 

huge impact on seed models! Unexplored LX-z range  

Heavy 
Light 

Ricarte+18 



“Analytic” tools 

Exposure maps → bkg maps → sim. detection  
 

To test different specs/survey strategies 

5’’ 
7’’ 
10’’ 
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ATHENA	Non	X-ray	Background:	
characteriza:on	and	minimiza:on	

OAS	contribu-on:	V.	Fiore3,	A.	Bulgarelli,	M.	Cappi,	M.	Dadina	
in	collabora*on	with:	S.	Lo2,	C,	Macculi,	L.	Piro	(IAPS),	S.	Molendi,	
F.	Gastaldello	(IASF-Mi),	T,	Mineo,	R.	Amato	(IASF-Pa)		
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Many	ATHENA	observa-ons	will	be	pushed	to	the	sensi-vity	limit:	
•  X-ray	surveys	of	the	high-z	sky	
•  mapping	the	diffuse	and	faint	thermal	emission	in	clusters	of	galaxies	
•  mapping	the	dynamics	and	chemical	composi-on	of	hot	gas	in	diffuse	sources	

Sensi-vity	
requirement	

Background	
requirement	

•  X-ray	photons	in	the	FoV	
•  Non	X-ray	background	(NXB),	i.e.	charged	

par-cles	(cosmic	rays	in	L2)	interac-ng	with:	
•  material	surrounding	the	detectors	

(cosmic	rays	in	L2)	
•  the	X-ray	mirror	(solar	wind	and	

magnetotail	plasma	in	L2)	
	

Our	ac-vity	in	a	nut-shell:	

Background	
es-mate	

Background	
Geant4	

simula-ons	

Design	
op-miza-on		

not	below	req	

shielding	systems	
	
	
detec-on	systems	
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Many	ATHENA	observa-ons	will	be	pushed	to	the	sensi-vity	limit:	
•  X-ray	surveys	of	the	high-z	sky	
•  mapping	the	diffuse	and	faint	thermal	emission	in	clusters	of	galaxies	
•  mapping	the	dynamics	and	chemical	composi-on	of	hot	gas	in	diffuse	sources	

Sensi-vity	
requirement	

Background	
requirement	

•  X-ray	photons	in	the	FoV	
•  Non	X-ray	background	(NXB),	i.e.	charged	

par-cles	(cosmic	rays	in	L2)	interac-ng	with:	
•  material	surrounding	the	detectors	

(cosmic	rays	in	L2)	
•  the	X-ray	mirror	(solar	wind	and	

magnetotail	plasma	in	L2)	
	

Our	ac-vity	in	a	nut-shell:	

Background	
es-mate	

Background	
Geant4	

simula-ons	

Design	
op-miza-on		

not	below	req	

shielding	systems	
	
	
detec-on	systems	

CXB	

NXB	

1	keV	 10	keV	
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Geant4	simula:ons	at	OAS	
(see	also	Campana’s	talk)		

Geant4	is	an	open-source	toolkit	for	the	simula-on	of	high	energy	par-cles	with	maXer.	Created	by	CERN	
for	accelerators,	it	has	been	extended	to	lower	(>	tens	of	eVs)	energies	and	it	is	now	supported	by	a	wide	
community.	Geant4	is	the	tool	of	reference	for	the	simula-on	of	radia-on	effects	in	space	by	NASA,	ESA	
and	JAXA.	

BoGEMMS*	
Bologna	Geant4	Mul--Mission	Simulator	

(bulgarelli+2012,	fiore3+2014)	

An	Astronomy-oriented	Geant4-based	
framework	for	the	simula-on	of	missions/
experiments	in	the	high	energy	domain.	
The	ESA/AREMBES	simula-on	framework	
used	the	BoGEMMS	so`ware	as	reference	
for	the	I/O	forma3ng.	
(V.	Fiore3,	A.	Bulgarelli)	
	
*Is	it	distributed	to	the	community?	We	need	
funding!	

“X-ray	fun!”	hXp://giove.iasgo.inaf.it		

A	prototype	web-applica-on	
(an	RdB	funded	project)	for	
exploring	the	x-ray	
interac-on	with	maXer	using	
BoGEMMS	
(G.	De	Cesare,	V.	Fiore3,	L.	
Nicastro,	A.	Zoli,	M.	
Malaspina,	F.	Giano3)	
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Geant4	simula:ons	at	OAS	
(see	also	Campana’s	talk)		

Geant4	is	an	open-source	toolkit	for	the	simula-on	of	high	energy	par-cles	with	maXer.	Created	by	CERN	
for	accelerators,	it	has	been	extended	to	lower	(>	tens	of	eVs)	energies	and	it	is	now	supported	by	a	wide	
community.	Geant4	is	the	tool	of	reference	for	the	simula-on	of	radia-on	effects	in	space	by	NASA,	ESA	
and	JAXA.	

Old	projects	

Simbol-X	

NHXM	

XMM-Newton	

So`	proton	
scaXering	by	
XMM	op-cs	
(fiore3+2016)	

AGILE	

ATHENA	and	
HITOMI	(this	talk)	

AGILESim:	a	BoGEMMS	
based	AGILE/GRID	simulator	
interfaced	to	the	AGILE	
analysis	pipeline.	(fiore3+	
in	review).	In	coll.	with	M.	
Tavani	(IAPS)	and	the	AGILE	
team.	
	

Simula-on	of	the	mission	performance	
in	the	pair	domain	(G4	simulator	+	
Kalman	filter	+	analysis)	
(V.	Fiore3,	A.	Bulgarelli,	A.	Aboudan	+	
eASTROGAM	instrument	team)	

GammaLight/eASTROGAM	
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Valida:ng	the	Geant4	simula:on	of	the	X-ray	micro-calorimeters	background:		
the	case	of	ATHENA/X-IFU	and	HITOMI/SXS	

OAS	roles:	members	of	X-IFU	background	group	

1.  [lead	by	OAS]	defini-on	of	the	
algorithm	for	the	simula-on	flux	
normaliza-on	in	collabora-on	with	
ESA	(fiore3+2018)		

2.  [lead	by	OAS]	tes-ng	and	
verifica-on	of	the	Geant4	
simula-on	secondary	produc-on	
(fiore3+2018)	

All	the	results	are	included	in	the	X-IFU	I-PRR	(instrument	preliminary	requirement	review)	
submiXed	to	CNES	

3.  [lead	by	IAPS]	X-IFU	NXB	
background	simula-on	(lo3
+2018,	lo3+2016,	macculi+2016)	

4.  [lead	by	OAS]	HITOMI/SXS	
background	simula-on	and	
comparison	with	real	data	

(in	collabora-on	with	NASA/GSFC	
and	JAXA)	

Preliminary	 results	 presented	 at	 ATHENA	 science	
conference	(poster)	and	Geant4	Space	Users	Workshop	
(Ozaki’s	talk)	
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Current	results:	
•  valida-on	of	the	physics	process	behind	the	proton	

scaXering	(fiore3+2017)	
•  Geant4	mass	model	of	the	full	ATHENA	Silicon	Pore	

op-cs	
•  Simula-on	of	the	WFI	so`	proton	induced	background	

with	and	without	a	magne-c	diverter	(fiore3+2018)	

On-going	ac-vity:	
•  under	ESA	AREMBES-SIMPOSIUM	synergy,	evalua-on	of	

the	shielding	efficiency	of	the	current	diverter	prototype	

Proposals	
•  a	proton	response	matrix	for	XMM-Newton	and	

ATHENA	(leXer	of	intent	to	the	AHEAD-2	call)	
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ATHENA	SoP	protons	induced	background	and	a	magne:c	diverter	for	charged	par:cles		

OAS	roles:		
•  AREMBES	WP	3.3,	7,	7.2	(leader)	
•  EXACRAD	WP	6.1	(leader)	
•  WFI	background	group	(member)	

Context:	
Low	energy	protons	(<	300	keV)	are	scaXered	by	X-ray	mirror	
towards	the	focal	plane	increasing	the	background.	The	shielding	
solu-on	is	a	magne-c	diverter	in	front	of	the	focal	plane.	

published	in	the	ATHENA	news	


