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Goals	

•  Present	top	level	view	of	lessons	learned	during	the	
process	of	calibraDng	the	Hitomi	instruments	

•  Examples	of	specific	lessons	regarding	instruments	
are	menDoned,	but	the	primary	goal	is	to	criDque	the	
process	for	planning	and	execuDng	the	calibraDon,	
primarily	in	flight	

•  This	is	the	first	of	a	number	of	Hitomi	talks;	others	
will	focus	on	specific	instruments	
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Disclaimer	

This	is	a	subjecDve	view	of	the	Hitomi	calibraDon	
process	and	plans.		While	it	includes	
contribuDons	from	the	members	of	the	
instrument	team	(who	I	thank	for	their	input),	
the	opinions	expressed	here	are	mine.	
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Background	

•  Hitomi	was	launched	on	February	17,	2016	
•  An	aZtude	control	failure	resulted	in	the	loss	of	
the	mission	just	37	days	later	(one	year	ago	
yesterday).	

•  By	the	Dme	of	the	failure,	all	of	the	instruments	
had	been	turned	on,	and	had	performed	“first	
light”	observaDons,	but	the	formal	calibraDon	
program	had	barely	begun	

•  This	is	especially	true	for	the	SXS,	whose	gate	
valve	had	not	yet	been	opened	
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Hitomi – Eye to the Universe! 
Study structure 
and evolution 
of the Universe 
 
Study matter in 
extreme 
environments 
 
•  Black holes 
•  Galaxies 
•  Heavy 

elements 
•  Non-

thermal 
processes 



Hitomi	Instruments	Soft X-ray Spectrometer (SXS) Soft X-ray Imager (SXI)

Uses US-led technology 
called microcalorimetry. 
Includes multiple stages of 
coolers to lower the 
temperature of the sensor to 
near absolute zero (-273.15 
degrees C). By measuring the 
slight increase in temperature 
from incoming X-ray photons, 
it is capable of measuring the 
X-ray energy in never before 
achieved high resolution. The 
most highly anticipated 
device on ASTRO-H by 
scientists.

X-ray camera that 
achieves wide field of view 
of 38 arcmin by arranging 
4 large X-ray CCDs 
together. Simultaneously 
implements X-ray imaging 
and spectrometry of 
sources in soft X-ray band. 
Located inside the satellite 
at the focal plane of SXT-I.

Hard X-ray Imager (HXI) x2 Soft Gamma-ray Detector (SGD) x2

Camera that observes 
sources in hard X-ray with 
energy 5 keV and higher 
using silicon and Cadmium 
Telluride semiconductors. 
Located at the focus of the 
HXT with 12m focal length, 
which is realized by the 
extensible optical bench 
(EOB) that gets deployed in 
orbit.

High sensitivity gamma-ray 
detector layered with 
semiconductor detectors 
and using Compton 
camera theory. Cannot 
image sources since it 
does not use a telescope, 
but anticipated to reveal 
high energy phenomena by 
detecting soft gamma-rays 
with higher energy than 
X-ray.



Feb	17	2016	



Hitomi	post-launch	2meline	
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The	Hitomi	instruments	never	really	a@ained	nominal	opera2ng	mode	



Calibra2on	of	Hitomi	
•  The	Hitomi	instruments	had	been	calibrated	to	varying	degrees	on	the	

ground	
•  Some	essenDal	calibraDon	acDviDes	were	not	possible	unDl	a`er	launch	

–  End-to-end	calibraDon	of	SXS,	SXI,	HXI	(mirrors	+	detectors)	
–  Preby	much	everything	on	the	SGD	

•  The	Hitomi	team	had	developed	a	comprehensive	in-flight	calibraDon	plan	
(presented	at	previous	IACHEC	meeDngs)	–	or	so	we	thought	
–  Upcoming	talks	will	describe	the	calibraDon	of	the	various	instruments	
–  Given	the	limited	data	and	discovery	of	instrument	issues	post	launch,	the	

actual	calibraDon	turned	out	to	require	a	substanDal	(at	Dmes	heroic)	effort.		
The	instrument	teams	are	to	be	commended!	

–  For	the	most	part,	the	calibraDon	requirements	for	all	instruments	were	met,	
and	some	(most	notably	the	SXS)	exceeded.	

–  Most	importantly,	the	calibraDon,	however	limited,	nevertheless	made	
possible	roughly	a	dozen	scienDfic	results,	some	of	them	transformaDonal		
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Full	array		

21700	cts	

Suzaku	CCD-	Best	Previous	Spectrum	

Residual	instrumental	background	~16	cts	
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Hitomi	In-flight	Calibra2on	Plan	

3/28/17	 Hitomi	Lessons	Learned	-	IACHEC	12	 11	

•  Prior	to	launch,	the	Hitomi	team	
developed	a	comprehensive	in-
flight	calibraDon	plan	

•  The	goal	of	this	plan	was	to	
convert	Hitomi	from	a	spacecra`	
containing	four	disDnct	
instruments	into	an	observatory	

•  Developed	in	parallel	with	
definiDon	of	operaDons	team		

•  SubstanDal	effort	involving	
instrument	teams,	so`ware	team,	
and	calibraDon	advisory	board	



In-Flight	Plan	Development	Methodology	



Calibra2on	requirements	-	I.	
Summary	from	the	SCT	“CalibraDon	Control	Table”:	http://www.astro.isas.jaxa.jp/next/astroh-sct/wiki/index.php?cal_control_table



Calibra2on	requirements	-	II.	
Summary	from	the	SCT	“CalibraDon	Control	Table”:	http://www.astro.isas.jaxa.jp/next/astroh-sct/wiki/index.php?cal_control_table



Sources	for	effec2ve	area	and	2ming	
(Sources	listed	in	priority	order.	In	brackets	the	exposure	Dme	in	ks)	

Similar	charts	for	Energy	scale,	LSF/RMF,	instrument	specific	needs	



IFCP	simula2ons	example	-	SXS	energy	scale	

Capella	

HR1099	

ABDor	

2.0	keV	

2.45	keV	

6.7	keV	

3.32	keV	

3.12	keV	

•  Requirement:	1	eV	(goal:	0.2	eV)	
•  30	ks	on	Capella	(no	GVC)	
•  50	ks	on	HR1099	(GVC)	
•  Similar	exposure	0mes	for	ABDor	or	Sigma	Gem	
•  SaDsfy	resoluDon	requirements	as	well	
•  Variable	sources!	Stay	on	the	safe	Texp	side	

6.7	keV	

2.45	keV	
3.32	keV	

1	
eV

	
1.
6	
eV

	
6	
eV

	



Limita2ons	imposed	by	truncated	mission	
•  SXS	never	achieved	equilibrium,	other	instruments	were	in	

the	early	commissioning	stages	
–  The	gate	valve	was	closed	
–  Unable	to	make	full	use	of	SXS	calibraDon	sources	
–  calibraDon	pixel	available	
–  limited	illuminaDon	by	Fe55	through	gate	valve	
–  MXS	unavailable	

•  No	official	SXS	calibraDon	targets	were	viewed	
–  CalibraDon	was	to	commence	a`er	gate	valve	opening	

•  Limited	calibraDon	of	other	instruments	
Nevertheless,	the	Hitomi	calibra2on	accuracy	largely	met	and,	
in	some	area,	exceeded	the	requirements	
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Lessons	learned	-	planning	
•  Have	a	well	defined	and	reviewed	plan;	buy	in	from	all	instruments	and	mission	

leadership	
–  Plan	should	take	into	account	limitaDons	of	ground	calibraDon	program	
–  Use	simulaDons	to	determine	observing	Dmes	and	strategies	
–  Take	advantage	of	prior	experience	(i.e.,	IACHEC)	

•  Make	sure	the	enDre	team	agrees	on	the	goals	of	the	calibraDon	acDvity.		Hitomi	
team	members	had	two	somewhat	conflicDng	viewpoints:	
–  “goal	oriented”	calibraDon	–	determining	the	right	numbers	to	put	into	the	

caldb	
–  “physics	oriented”	calibraDon	–	obtaining	a	quanDtaDve	understanding	of	how	

the	instruments	perform	
•  For	mulD-instrument	missions	cross	calibraDon	can	be	a	challenge:		mutually	

exclusive	requirements	like	SXI	count	rate	limit;	broad	wave	band	coverage	
•  Build	flexibility	into	the	plan	–	“A	list”	sources	might	not	be	visible	when	needed	
•  No	calibraDon	plan	can	address	all	conDngencies	

–  Ideally,	your	mission	lasts	long	enough	so	that	the	calibraDon	plan	can	be	executed	
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Lessons	learned	-	organiza2on	
•  Have	clear,	proacDve	leadership	of	the	calibraDon	effort.		Role	is	to	make	sure	all	

calibraDon	issues	are	addressed,	that	cross	instrument	coordinaDon	occurs	(mirror	
–	detector	and	across	systems).		Make	sure	the	leader	is	someone	people	will	
listen	to.	

–  We	had	this	prior	to	launch	during	the	development	of	the	in-flight	plan,	but	in-flight	
organizaDon	was	not	fully	developed	when	the	mission	ended.	

•  Assign	teams	to	cross	instrument	and	instrument/spacecra`	issues	(alignment	and	
Dming).	

•  Like	it	or	not,	the	heavy	li`ing	has	to	be	done	by	IT	scienDsts	who	know	best	how	
the	instrument	works.		Need	to	keep	them	communicaDng	with	the	rest	of	the	
team.	

•  “CalibraDon	scienDsts”	need	to	be	embedded	with	instrument	teams	well	in	
advance	of	launch;	can’t	expect	neophytes	to	be	useful	to	address	subtleDes	

–  A	number	of	non-IT	scienDsts	had	been	assigned	to	assist	the	instrument	teams	with	
calibraDon	tasks.		These	assignments	were	made	just	prior	to	launch,	and	the	scienDsts	
were	exposed	to	the	so`ware	tools	just	prior	to	launch.		They	therefore	were	not	ready	
to	assist,	especially	when	the	mission	did	not	proceed	nominally.	
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Lessons	learned	from	in-flight	calibra2on	-	1	

•  Having	an	extensive	ground	calibraDon	campaign	is	essenDal	
–  Allowed	beber	understanding	of	the	SXS	performance	

–  AddiDonal	mirror	calibraDon	might	have	been	useful	to	resolve	
residual	issues	

•  Don’t	rely	on	instrument	models	that	can’t	be	confirmed	via	
flight	data,	or	expect	“fudge”	to	happen	

•  Doesn’t	maber	how	much	you	calibrate	–	you’re	going	to	
need	more	–	either	instruments	work	differently	from	what	is	
expected,	or	they	show	unanDcipated	capability	
–  SXS	gate	valve	was	never	opened	
–  SXS	hard	X-ray	response	
–  SXI	cosmic	ray	echoes	and	light	leak	

	

3/28/17	 Hitomi	Lessons	Learned	-	IACHEC	12	 20	



“Fudge”	happens	
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“Fudge”	is	an	unfortunate	choice	of	terminology	–	“correcDon	factor”	would	be	beber	



The	SXS	gate	valve	
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SXS	extended	response	
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Extended	bandpass	was	criDcal	for	disDnguishing	NGC	1275	from	cluster;	but	lible	effort		
was	spent	calibraDng	the	band	(outside	the	mission	requirements)	



Lessons	learned	from	in-flight	calibra2on	-	2	
•  Instruments	with	new	capabiliDes	will	reveal	previously	unknown	aspects	

of	even	the	best-characterized	cosmic	calibraDon	sources	(e.g.,	the	
IACHEC	list).		SeparaDng	out	these	new	aspects	complicates	in-flight	
calibraDon	(but	leads	to	scienDfic	results).		
–  In	the	absence	of	true	X-ray	“standard	candles,”	what	else	can	we	use?	
–  This	issue	could	be	miDgated	by	a	comprehensive	ground	campaign.	But	such	

a	campaign	is	expensive,	and	sDll	would	not	address	instrument	features	that	
only	show	up	in	orbit	

•  Document	at	all	stages	of	calibraDon.		Hard/impossible	to	reconstruct	
what	calibraDons	were	(and	weren’t)	performed	a`er	the	fact.	

•  Especially	in	the	iniDal	calibraDon	phase,		close	cooperaDon	between	not	
only	hardware	teams	(detector	and	mirror	people)	but	also	hardware	and	
so`ware	teams	was	essenDal	to	reflect	the	latest	calibraDon	and	
distribute	the	results	to	users.	Thus,	meeDngs	with	both	team	members	
worked	well	in	terms	of	real-Dme	informaDon	sharing.		
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Instrument	specific	lessons	learned	(a	sampling)	
•  Timing	calibraDon	was	well	planned,	and	well	executed	(Terada	talk)	

–  SynchronizaDon	using	SpaceWire		worked	well	
–  Helpful	to	have	ground	measurements	of	Dming	precision	of	components	plus	

end-to-end	measurements	
–  Same	so`ware	was	used	on	board	and	on	ground	
–  Simultaneous	X-ray	and	radio	observaDon	of	Crab	allowed	verificaDon	

•  SXI	light	leak	resulDng	from	internal	reflecDons	of	bright	earth	through	
spacecra`	holes	for	HXI	light	path	

•  SXI	cosmic	ray	echos	
•  Despite	unexpected	contribuDons,	it	was	sDll	possible	to	calibrate	the	HXI	

background	
–  Low	efficiency	below	10	keV	in	Si	strip	detectors		SiO2	layer	on	surface	of	the	Si	

detector	distorts	electric	field	in	the	detector,	and	also	acts	as	a	passive	
absorber.	Both	of	these	suppress	the	detecDon	efficiency	in	lower	energies	
(~50%@5	keV).		

–  AcDvaDon	background	was	higher	than	the	pre-launch	esDmaDon.		

3/28/17	 Hitomi	Lessons	Learned	-	IACHEC	12	 27	



3/28/17	 Hitomi	Lessons	Learned	-	IACHEC	12	 28	



3/28/17	 Hitomi	Lessons	Learned	-	IACHEC	12	 29	



3/28/17	 Hitomi	Lessons	Learned	-	IACHEC	12	 30	



Final	thoughts	
•  CalibraDon	must	be	an	integrated	effort	of	IT,	operaDons	team,	

so`ware	team	from	the	start;	coordinaDon	must	conDnue	into	the	
mission	

•  For	missions	like	Hitomi,	must	take	global	view	of	calibraDon	–	
calibraDon	of	instruments	must	fold	into	the	calibraDon	of	an	
observatory	

•  Can’t	have	enough	ground	calibraDon,	but	can’t	expect	to	be	able	
to	cover	all	non-standard	configuraDons	

•  Have	well	considered	plan	that	includes	conDngencies	
–  Make	use	of	collecDve	wisdom	of	team	and	community	

•  Expect	surprises	
–  CelesDal	calibraDon	sources	will	provide	surprises	(“too	much	science”	

in	Perseus	first	light	observaDon)	
–  Instrument	will	not	behave	as	on	ground	
–  Instrument	could	out-perform	requirements	

•  We	will	be	ready	for	the	X-ray	Astronomy	Recovery	Mission!	
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