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The Orion Nebula Cluster is the nearest site of massive star formation. It includes more than

a thousand young (< 5 Myr), protoplanetary disk-hosting stars and a handful of massive early-

type zero-age main sequence stars. An 840 ks ACIS-l imaging campaign (Getman et al. 2005)
characterized X-ray emission from ~1600 young star systems (lower right image).
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A Chandra HETG Legacy Project

The ONC HETG project includes 70 observations
taken over the lifetime of Chandra (1999-2020)
spanning a total of ~2.1 megaseconds. The merged
image of all 70 observations is shown (right).

The HETG instrument disperses light onto ACIS-S
from every source in the field of view in a
characteristic ‘X’ shape pattern. Since brighter

sources disperse more events, the spectrum of the

massive star @' Ori C taken at multiple roll angles
dominates this image. Colors represent X-ray
energy from hard (blue) to soft (red).

At a distance of ~400 pc, the ONC represents the
ideal crowded field target. It is close enough to
provide enough counts for high resolution
spectroscopy of stars and distant enough for many
sources to fall near the telescope pointing where
Chandra’s PSF is excellent.

70 epochs of
HETG ONC data
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Accounting for Sources of Confusion in Each Extracted Spectrum

In a crowded field like the ONC, the dispersed spectra of heg+1
and individual source overlaps (intersects) with other meg-1
sources In the field of view. These sources of confusion COUP 394
must be accounted for in each epoch when attempting to Spectral ®

Confusion

jointly fit all 70 epochs. . —
meg-1" ~ =2
A specialized python routine called CrissCross has been heged T --" ~.-=""  spectral meg+1
developed as part this project and accounts for all sources S S Confusion
of potential confusion. For each extracted spectrum, S e ey P

CrissCross identifies the wavelength (energy) where LS Cria L

confusion occurs so these can be accounted for in et e ” TN,

-< (COUP 1424) ~aw,

spectral fitting. *heg-1  Point Source meg+1

Confusion
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Table 6. HETG Spectral Parameters of 2 Temperature APED fits: 07V Ig o
a2t
Star Ny T, T, EM; EM;  vae - £, L. § & | II
(1) (2) (2) (3) (3) (4) (4) (5)  (6) - 1
MV Ori 10.10 336 13.81 98 90.00 %20, 225317 0.72 93 15395, 986292 46319 1.1 2% | l | l 8 BEET:
TU Ori 920 120 156772 69.0912 10490 % 056318 31950 646:5; 2627 0.6 .
V2279 Ori 543043 01819 4561332 093917 150010 115262 374287 4931 11 T Wavelength (A)
V348 Ori 255028 1027090 4110158 061050 28000 2093k 2585 9499 19 ~ [ '
V1229 Ori  2.76 o33 9.61 915 3515133 0.56 005 247095 1537933 67933 5782 1.2 ‘2 Z; 55 S5 . siii: » = SEEE Bemned s INEEEELESE meS S5 .35 SI5T 53 © o
VI399.Ori 31408¢ 97007 3133318 062332 22009 267 26812 737% 16 ook 555 ERE BRI : i E 3E o ieeueese srose B anSmE mmEicEI iz X - s : ]
V2209 Ori 10689333 16.832Y7 5782102 08103 12397 2195; 21823 4475 1.0 V1229 Ori < !
LR Ori 400 924 12009:. 6000:;02 O0bB7Tg:l 051033 213" 1195 1952 04 G8-KO (:3’ I
2MASS3 510 o355 144613 7460955 036003 0587g0s A63%° Bls: T6¥: 04 - 5 =
MT Ori 3.38 017 12.350:4: 40.9539% 13793% 996335 19537 28935 345%%F 7.2 N
LU Ori 445041 10.96 038 45.3533; 0.68015 0.7700s 322754 47015 2631 0.6 S = |
Vi3330n 92990855 100425 3039035 15292 13093 2080, 636% 3235 0OF Ao
Par 1842 17723 1082957 363921 04691 1.5200 2163 B56215 4377 09 o | .
Vi3300ri 49531 10462%[% 43.06398 065913 157207 1652178 pp4i2d 5338 11 18 20
Par 1837 545037 WMt 450388 03525 052099 391332 BoFE 1517 0.3 ¢ Wavelength (A)
Par 1895 005337 1313157 64334 018907 03900 318722 2532 1571F 0.3 = |
V12790t 20233 958%: 38342°. 02000 09220 27190 247% 27 % 05 QT
Par 1839 299938 11.67133 81.22%5, 048311 043333 26933, 278327 1922 04 MV Ori o O i
LQ Ori 029 922 1052335 9428755 068 0c: 1.89902 213.5s 221150 B.01: @0 T
V1326 Ori 31997 60432 20467130 09894 12793038 19123 @301L15F 2.72% 0.6 F8-GO N'a jc_> -
COUP 1023 5.56 133 18.96 3-32 78.00 1232 060213 o0.2891: 868 2431 1718 04 o . :
V495 Ori 524022 11611 1690245 0510 % 066000 25718 207l 3022 0.7 g & 1
V122805 20428 O18%1 B8r33s3 048017 06293 1355 85920 1Iri: 04 5% E, 1, ol ﬂ}m
V1501 Ori 34138 1219938 424223 059318 079933 30119 38435 2521 06 o ok, WO ‘.,nﬂjgg‘n_, by ,,._J.._.....___Jm,un.,_J_,,u.,..”.r- mun Mk ]
V1496 Ori  3.27 983  13.00 211 65.90 1816 (27999 (4199 21033 36286 1617 04 © é | 10 ' 12 | 14 ' 1'6 ' 1'8 ' 20
2MASS1 1449022 12:07 o2 479395 12702 10892 - Ti0 32 36953 09 . .
COUP 450 309507 - 3492133 - 55808 - 4605% 11.203 3.3 S Wavelength (A)
Par 1936 16.88 192 1328 :32 83.00732 08022 0.26993 = 356 322% 1313 0.3 &
COUP 662 215218 -  89.0016 000880 06288 - 3643 2631 0.6 [P ¢ s bhsamer: | BIEE BEmel s BIRELEEE =2 EloaT iNEE IR O 54
V1398 Ori 501195 1289131 79.00 332 050912 036898 19733 41538 173l 04 6" Ori E &0 R T i R I
NoTe—(1) 10°* em ™2 (2) 10° K (3) 10°* cm™® (4) km s™" (5) 107" erg cm™? 57" (6) 10°! erg s™* G2.5 b
g .
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With a set of ~40 high quality spectra covering a diverse population of stars, 24 ‘“ %‘l ‘ L ‘
the HETG ONC legacy project will investigate plasma physics relating to: = L "‘l.“%'-wﬂ!ti,;,m_’_,",l,h” | MM
o | | | | | | | | | | | | |

massive stellar winds, coronal abundances and flares, stellar irradiation of > 4 s 8 10 1 14 16 18 20

circumstellar disks, stellar accretion and more (Schulz et al. 2023, in prep.). Wavelength (A)

Data from Schulz et al. 2023 (in prep.)



