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HETG	GTO	Science	Program	
									Proposal	Cycle	22:			

★ Stars:			ρ	Oph	A												111/200	ks		Winds	of	OB	stars;	magnetic	confinement	
★ AGN:		Mrk	335																		82	ks		Jets,	disks,	outflows,	variability	(w/NuSTAR,	NICER).	
★ AGN:		NGC	1365												295	ks		Seyfert	1.8	galaxy;	outflow,	variability.	
★ BH:					SS	433																		210	ks		Stellar	mass	black	hole;	relativistic	jets,	variability	
★ NS:					Terzan	5	X-2						0/200	ks		Neutron	Star	outburst	(TOO)	
★ NS:					Cen	X-4															0/60	ks		Neutron	Star	outburst	(TOO)	
★ NS:					4U	1820-30											175	ks		Neutron	Star	outburst;	gravitational	redshift,	NS	radius	(TOO)	
★ ISM:			GX	3+1														0/100	ks		Silicon	K-edge	structure	and	variability	
★ ISM:			GX	17+2											66/100	ks		Silicon	gas-to-dust	ratio	(part	of	ISM	survey)	
★ XRB:		4U	1626-67										58	ks		Ultra-compact	binary;	monitor	disk	line	shapes	

AGN:	Active	Galactic	Nucleus	
BH:			Black	Hole	
ISM:		InterStellar	Medium	
NS:			Neutron	Star	
SN:			SuperNova	
ULX:	Ultra-Luminous	X-ray	source	
SNR:	SuperNova	Remnant	
XRB:	X-ray	Binary	
LMXB:	Low	Mass	XRB	

									Proposal	Cycle	23:			
★ Stars:			π	Aqr																		0/100	ks		Winds	of	the	hottest	stars	
★ AGN:		Circinus	Galaxy			0/70	ks			Emission	lines,	morphology,	variability	(IXPE-coordinated)	
★ XRB:		Cen	X-3																0/62	ks		Eclipsing	X-ray	pulsar;	accretion	
★ XRB:		4U	1629-67											89.9/90	ks		Ultra-compact	binary;	monitor	Fe	lines.	
★ XRB:		GX	1+4																	0/90	ks		Low-mass	XRB;	accretion,	Compton	shoulder	study.	
★ ISM:			GX	340+0											28/150	ks		Cosmic	dust	composition	
★ ULX/NS:			M33	X-8								28/92	ks		Pulsar	wind	outflow,	absorption	
★ ULX:		LMC/SMC	X-?					0/70	ks		Accretion	disk	outbursts	(TOO)	
★ NS:					Terzan	5	X-2								0/200	ks	Neutron	Star	outburst	(TOO)	

HETG,	Chandra	Quarterly	#53,	26	May	2022	
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LETG	GTO	Science	Program	

Proposal	Cycle	22:			
★ 	Stars	(Predehl/MPE)			RX	J0859.1+0537																							60	ks		Accretion	onto	white	dwarfs	(LETG/HRC-S)	
★ 	Stars	(Predehl/MPE)			RX	J1002.2-1925																					0/48	ks		Accretion	onto	white	dwarfs	(LETG/HRC-S)	
★ 	AGN	(Predehl/MPE)			HSC	J092120.56+000722.9								21	ks		Confirmation	of	faint	z=6.56	eROSITA	Quasar	(ACIS-S)	
★ 	AGN	(Predehl/MPE)			2MASX	J09325962+0405062			50	ks		Confirmation	of	eROSITA	Compton-thick	Seyfert	(ACIS-S)	
★ 	AGN	(Kaastra/SRON)	MR	2251-178																					62/175	ks		Galaxy	outflows,	absorption	line	density	diagnostics	(LETG/HRC-S)	

Proposal	Cycle	23:			
★ 	Stars	(Predehl/MPE)									LTT	1445A																															0/50	ks					High	energy	environments	of	terrestrial	exoplanets	
★ 	Stars	(Predehl/MPE)									L	168-9																																					0/25	ks					High	energy	environments	of	terrestrial	exoplanets	
★ 	SNR	(Predehl/MPE)									Hoinga																																						0/60	ks					Distance	determination	
★ 	AGN	(Predehl/MPE)								WISEA	J202040.85-621509.3		0/30	ks					Confirm	eRosita	detection	of	a	z=5.9	quasar	
★ 	Galaxies	(Kaastra/SRON)	Abell	141																																0/175	ks					Intercluster	temperatures,	merger	history	

AGN:	Active	Galactic	Nucleus	
BH:			Black	Hole	
ISM:		InterStellar	Medium	
NS:			Neutron	Star	
SN:			SuperNova	
ULX:	Ultra-Luminous	X-ray	source	
SNR:	SuperNova	Remnant	
XRB:	X-ray	Binary	
LMXB:	Low	Mass	XRB	

Hoinga:	eRosita	image;	largest	
supernova	remnant	discovered	in	X-
rays.		

Size	of	HRC-I	

HETG,	Chandra	Quarterly	#53,	26	May	2022	
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HETG	Higher	Order	Calibration	(in	progress)	
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Θ1 Ori C:  HEG p2

Θ1 Ori C: HEG p3

	3C	273:  HEG m2!

3C	273:  HEG m3!

Sources:	
	
Θ1	Ori	C	:		2.27	Ms										PKS	2155-304:	0.29	Ms	
	
3C	273:		0.54	Ms												4U	1626-67:		0.38	Ms	
	
NGC	4151:			0.68	Ms								NGC			3783:		1.13	Ms					
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Science	Highlights	(published	in	the	past	12	months)	-	1	

High/Low		flux	phase	during	eclipse	in	4U	1700-37:	
	
Strong	fluorescence	lines		Fe,	Ca,	Ar,	S,	Si														

Boroson	et	al.	2003,	ApJ,		592,	516	
4U	1700-37	out	of	eclipse	

Probing	clumped	winds	with	neutron	stars	in	HMXBs:	

Fig. 3.—The 1.5–13 Å spectrum during the ending period, with Gaussian fits to the lines and line identifications.We show (a) the count spectrum, (b) the log
of the count spectrum, and (c) the spectrumwith the continuummodel subtracted.
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Figure 3. Chandra spectrum from 1.65 to 20 Å, data (blue) and model fit (red), for eclipse high (left) and eclipse low (right) regimes. Bottom panels show the
residuals with (lowest panel) and without (middle panel) the addition of a blackbody at low energies.
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Figure 4. Chandra emission lines from 1.65�2.2 Å.The model is shown in
red. The error bars in light blue and the data in dark blue (eclipse low). The
error bars in gray and the data in black (eclipse high).

expected line energies of a given element and ion, based on the line
positions obtained from AtomDB v. 3.0 (Foster et al. 2012).

We add, one by one, all the lines found by Bayesian Blocks,
fitting the continuum again every time we add a new line. When
no more lines are identified by the Bayesian Blocks, we switch to
the manual approach explained above. The width of the lines is
restricted to 0.005–0.1 Å. The position of the lines is restricted to
within _0 ± 0.01 Å, where _0 is the laboratory wavelength. The
errors have been calculated after restricting the parameters so their
actual values could exceed the quoted errors for the weakest lines.

To reduce the free parameters during the fits, we further link
the wavelength of the 5 8A components of the He-like triplets to their
theoretical di�erences and fit one line shift for the whole triplet.
The intercombination (8) lines of the He-like ions typically consists
of two transitions(81, 82). These two transitions are unresolved in
our spectra and we thus use their average wavelength, weighted
by a factor 1:15. For He-like Si ���� 8, for example, we so obtain
6.686 Å using the wavelength of individual transitions as obtained
from AtomDB. The lines of the Ly series of H-like ions typically
also consists of two strong transitions. These two transitions are
unresolved in our spectra and we thus use their average wavelength,
weighted by a factor 2:1 according to their statistical weight. For
H-like Si �� LyU, for example, we so obtain 6.1821 Å using the
wavelength of individual transitions as obtained from AtomDB.

The line fit parameters are presented in Table A1. Lines where
UB86 is not quoted have UB86 < 1.5. Specially interesting sections
are shown in Fig. 4 (Fe line complex), Fig. 5 (S and Si regions) and
Fig. 6 (Mg region).

On the other hand, in order to compare the line intensities
during eclipse with their values out of eclipse, we will also use the
spectral analysis from ObsID 17630. Details on the data extraction
are given in Martinez-Chicharro et al. (2018). During the second
half of the observation, the source flared, increasing its overall flux
⇠ 6 times. Consequently, the spectral extraction was divided into
quiescence and flare. The line analysis has been carried out in the
same way as described above. However, as the continuum here was
significantly brighter, the significance of the Bayesian Blocks line

5 The statistical weights are 6H = 2 ⇤ 1 + 1 = 3 and 6G = 2 ⇤ 2 + 1 = 5,
yielding 3:5 and not 1:1. H is an electric dipole (E1) while G is a magnetic
quadrupole (M2) transition. For the He-like triplet, the line ratios depend
strongly on the excitation mechanism. For photo-excitation from the ground,
it is not expected to see the M2 transition at all. For collisional excitation
from the ground, the cross sections of these two upper levels would be
more important than the statistical weights. However, with strong UV fields
present or low-temperature, high density plasmas, the upper levels of G and
H can be excited from the upper level 1s2s 3

(1 of the forbidden line ( 5 or I)
instead of from the ground, while still preferentially decaying to the ground;
the transition from the upper level of I to either of the upper levels of G

and H are E1 transitions, i.e., in this case the statistical weights would apply
again. However, for low-Z elements the wavelength di�erence between G

and H is fairly small, so the approximation adopted here is fairly good.

MNRAS 000, 1–?? (2019)

Weak	ionized	lines:	S,	Si,	Mg	(no	Fe,	Ca,	Ar)	
Located	throughout	bulk	of	wind	

Originate	close	to	neutron	star	

Martinez-Chicharro	et	al.	2021,	ApJ,		592,	516	
	4U	1700-37	in	eclipse	

Strong	fluorescence	lines		Fe,	Ca,	Ar,	S,	Si														

Strong	ionized	lines:	S,	Si,	Mg	(no	Fe,	Ca,	Ar)	

HETG,	Chandra	Quarterly	#53,	26	May	2022	
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 Early Cycles: 585 ks (90% GTO)
Cycles 21/22: 1.65 Ms (100% GO))

April 26 2022:
First Release of confusion cleaned
          1st order HETG spectra

Science	Highlights	(HETG	GTO/GO,	Cycles	1-6,	21,22		in	progress)		

.	

The	Nature	of	X-rays	in	the	Orion	Nebula	Cluster:	A	HETG	Legacy	project		
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The	top	ten	panels	show	some	first	final	spectral	extraction	attempts	of		first		
orders	cleaned	for	zero	order	source	confusion	as	well	as	higher	order	(1,2,3)	
spectral	dispersion	interference.	The	latter	is	a	major	source	of	confusion	In	the	
extraction	of	cluster	grating	spectra.	Other	issues	is	a	background	caused		by	off-	
axis	cluster	sources	smeared	by	the	Chandra	off-axis	psf	function.	The	number		
of	46	feasible	extractions	stated	in	the	source	table	above	is	based	on	a	simple		
simulation	in		which	any	fainter	extraction	would	suffer	too	much	obstruction		
from	neighboring	grating	arms	to	produce	a	statistically	meaningful	first	order		
gratings	spectrum.		We	also	note	that	during	this	campaign	ACIS	filter	contamina-	
tion	increased		to	levels	that	makes	wavelengths	beyond	16	Angstrom	unusable	.				

Several	science	topics	were	identified	
within	the	project:	
	
1.  The	magnetic	O-star		θ1	Ori	C.		

								Here	we	address	atomic	data	bases,	
									line	identifications,	high	Z	He-like	
									triplets	(see	right	column)	and		
									magnetically	confined	wind	mode-			
									ling	(see	poster	by	M.	Gagne)	
	
2.  Other	Trapezium	Stars	

									Here	we	investigate	the	nature	of		
									θ1	Ori	A	versus	θ1	Ori		D,				plasma	
									properties	of	θ1	Ori	E	as	well	as	com-	
									parisons	of	θ1	Ori	B	with	V1230	Ori.	
	
3.  Plasma	Properties	of	PMS	Stars	

								This	involves	detailed	spectral		model-	
								ling	with	APED,	the	identification	of		
								accretion,	dust	and	stellar	masses,	
								(giant)	flares	and	abundances		
	
	4.				0th		order	studies		
									
								Variability	studies	(see	poster	by		
								J.		Nichols)	,		faint	source	detection,	
								search	for	protostars,		distance	studies	
								with	GAIA,		Periodicities	
	
		5.				Cross-studies	
									
									Identify	solar-like	stars,	search	for		
								evolutionary	patterns	
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One	major	science	project	attempts	to	resolve	
higher	Z	He-like	line	triplets	in	the	higher	order		
spectra	of	θ1	Ori	C.	Above	we	show	the	co-
added	MEG	3rd	and	HEG	2nd	orders	for	Mg	XI,	
Si		XIII,	S	XV,	Ar	XVII,	Ca	XIX	and	Fe	XXV	triplets.	
Besides	the	ion	labels	we	list	the	effective	total	
resolving	power	at	the	triplet	center.	The	raw	
triplets	already	indicate	that	we	ar	e	able	to		
resolve	recombination,	inter-combination	and	
forbidden	line	components.	Cleaner	line	com-
ponent	separation	will	be	achieved	once	the	
lines	are	corrected	for	shifts		caused	by	the		
source’s	period	of	15.4	days.(see	below)					

The	Orion	HETG	VLP	Team:				Norbert	S.	Schulz	(PI,	MIT),	Claude	R.	Canizares	(MIT),	David	P.	Huenemoerder	(MIT),	Moritz	Guenther	(MIT),	David	Principe	(MIT),	
	(supported	by	SAO	grant	GO0-21015A)		Marc	Gagne	(West	Chester),	Joel	Kastner	(RIT),	Paola	Testa	(SAO),		Thomas	Preibisch	(LMU),			David	Weintraub	(Vanderbilt)	
																																																																									Fabio	Favata	(ESA),		Fabio	Reale	(U.	Palermo),			Wayne	Waldron	(Eureka),		Andy	Pollock	(Sheffield),	Joy	Nichols	(SAO),	Jun	Yang	(MIT)	
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The	top	ten	panels	show	some	first	final	spectral	extraction	attempts	of		first		
orders	cleaned	for	zero	order	source	confusion	as	well	as	higher	order	(1,2,3)	
spectral	dispersion	interference.	The	latter	is	a	major	source	of	confusion	In	the	
extraction	of	cluster	grating	spectra.	Other	issues	is	a	background	caused		by	off-	
axis	cluster	sources	smeared	by	the	Chandra	off-axis	psf	function.	The	number		
of	46	feasible	extractions	stated	in	the	source	table	above	is	based	on	a	simple		
simulation	in		which	any	fainter	extraction	would	suffer	too	much	obstruction		
from	neighboring	grating	arms	to	produce	a	statistically	meaningful	first	order		
gratings	spectrum.		We	also	note	that	during	this	campaign	ACIS	filter	contamina-	
tion	increased		to	levels	that	makes	wavelengths	beyond	16	Angstrom	unusable	.				

Several	science	topics	were	identified	
within	the	project:	
	
1.  The	magnetic	O-star		θ1	Ori	C.		

								Here	we	address	atomic	data	bases,	
									line	identifications,	high	Z	He-like	
									triplets	(see	right	column)	and		
									magnetically	confined	wind	mode-			
									ling	(see	poster	by	M.	Gagne)	
	
2.  Other	Trapezium	Stars	

									Here	we	investigate	the	nature	of		
									θ1	Ori	A	versus	θ1	Ori		D,				plasma	
									properties	of	θ1	Ori	E	as	well	as	com-	
									parisons	of	θ1	Ori	B	with	V1230	Ori.	
	
3.  Plasma	Properties	of	PMS	Stars	

								This	involves	detailed	spectral		model-	
								ling	with	APED,	the	identification	of		
								accretion,	dust	and	stellar	masses,	
								(giant)	flares	and	abundances		
	
	4.				0th		order	studies		
									
								Variability	studies	(see	poster	by		
								J.		Nichols)	,		faint	source	detection,	
								search	for	protostars,		distance	studies	
								with	GAIA,		Periodicities	
	
		5.				Cross-studies	
									
									Identify	solar-like	stars,	search	for		
								evolutionary	patterns	
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One	major	science	project	attempts	to	resolve	
higher	Z	He-like	line	triplets	in	the	higher	order		
spectra	of	θ1	Ori	C.	Above	we	show	the	co-
added	MEG	3rd	and	HEG	2nd	orders	for	Mg	XI,	
Si		XIII,	S	XV,	Ar	XVII,	Ca	XIX	and	Fe	XXV	triplets.	
Besides	the	ion	labels	we	list	the	effective	total	
resolving	power	at	the	triplet	center.	The	raw	
triplets	already	indicate	that	we	ar	e	able	to		
resolve	recombination,	inter-combination	and	
forbidden	line	components.	Cleaner	line	com-
ponent	separation	will	be	achieved	once	the	
lines	are	corrected	for	shifts		caused	by	the		
source’s	period	of	15.4	days.(see	below)					

The	Orion	HETG	VLP	Team:				Norbert	S.	Schulz	(PI,	MIT),	Claude	R.	Canizares	(MIT),	David	P.	Huenemoerder	(MIT),	Moritz	Guenther	(MIT),	David	Principe	(MIT),	
	(supported	by	SAO	grant	GO0-21015A)		Marc	Gagne	(West	Chester),	Joel	Kastner	(RIT),	Paola	Testa	(SAO),		Thomas	Preibisch	(LMU),			David	Weintraub	(Vanderbilt)	
																																																																									Fabio	Favata	(ESA),		Fabio	Reale	(U.	Palermo),			Wayne	Waldron	(Eureka),		Andy	Pollock	(Sheffield),	Joy	Nichols	(SAO),	Jun	Yang	(MIT)	

The	release	features	36	HETG	spectra:	
	
	4	massive	stars	(likely	all	~ZAMS)	
	8	intermediate	PMS	mass	stars	
24	low-mass	PMS	stars	
	

The	co-added	HEG	2nd	and	MEG	3rd:	
orders	of	six	He-like	triplets:	
	Mg	XI,	Si	XIII,	S	XV,	Ar	XVII,	Ca	XIX	
	and	Fe	XXV	for	2.2	Ms	of	data	
from	Θ1	Ori	C	
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Si K edge structure of LMXBs towards the Galactic Bulge
9 Highly absorbed Low Mass X-ray Binaries
(NH ~ 4x1021 – 9x1022 cm-2)

Science	Highlights	(HETG	GTO,	Cycle	21-23,	in	progress)		

Jun	Yang	
(MIT	Postdoc)	

Gas	edge	@	1.839	keV	
					->	probes	neutral	atomic	gas	
		
Dust	edge	at	1.844	keV		
				->	probes	neutral	dust		
	
Ionized	Si	
				->	weak	Si	II,	III,	Si	XII,	Si	XIII			
	
Possible	HETG	calibration	probe			
involving	the		SiO2	gate	structure	of		
front-illuminated	CCDs.	

The	final	model	fits	to	the	high	resolution	structure	of	8	sources:	

0.
04

0.
05

0.
06

Ph
ot

on
s c

m
−2

 s−
1  Å

−1

6.6 6.65 6.7 6.75 6.8

0.
90.
95
11
.0
5

R
at

io

Wavelength (Å)

GX	3+1	

0.
03

0.
04

Ph
ot

on
s c

m
−2

 s−
1  Å

−1

6.6 6.65 6.7 6.75 6.80.
80
.9
11
.1

R
at

io

Wavelength (Å)

GX	13+1	

0.
06

0.
08

0.
1

Ph
ot

on
s c

m
−2

 s−
1  Å

−1

6.6 6.65 6.7 6.75 6.80.
80.
91
1.
11.
2

R
at

io

Wavelength (Å)

GX	5-1	

5×
10

−3
0.
01

0.
01
5

Ph
ot

on
s c

m
−2

 s−
1  Å

−1

6.6 6.65 6.7 6.75 6.80.
5

1
1.
5

R
at

io

Wavelength (Å)

GX	340+0	

0.
08

0.
09

0.
1

0.
11

Ph
ot

on
s c

m
−2

 s−
1  Å

−1

6.6 6.65 6.7 6.75 6.8

0.
9
1
1.
11
.2

R
at

io

Wavelength (Å)

	Ser	X-1	 5×
10

−3
0.
01

Ph
ot

on
s c

m
−2

 s−
1  Å

−1

6.6 6.65 6.7 6.75 6.8

0.
5
1
1.
5

R
at

io

Wavelength (Å)

4U	1728-34	
0.
03

0.
04

0.
05

Ph
ot

on
s c

m
−2

 s−
1  Å

−1

6.6 6.65 6.7 6.75 6.8

0.
8
1
1.
21
.4

R
at

io

Wavelength (Å)

4U	1705-44	

0.
01
5

0.
02

Ph
ot

on
s c

m
−2

 s−
1  Å

−1

6.6 6.65 6.7 6.75 6.8

0.
8
1
1.
2

R
at

io

Wavelength (Å)

4U	1636-53	

0.
15

0.
2

Ph
ot

on
s c

m
−2

 s−
1  Å

−1

6.6 6.65 6.7 6.75 6.8

0.
80.
91
1.
1

Ra
tio

Wavelength (Å)

	GX	349+2		

HETG,	Chandra	Quarterly	#53,	26	May	2022	



HETG;	Chandra	Quarterly	#52,	17	Nov	2021	 8!

end	

HETG,	Chandra	Quarterly	#53,	26	May	2022	


