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Abstract. The Chandra Transmission Grating Data Archive and Catalog ( TGCat; http://tgcat.mit.edu/) provides easy access to
analysis-ready high-resolution X-ray spectra. The web interface makes it easy to find observations of a particular object, type of object,
type of observation, and to quickly assess the quality and potential usefulness of the spectra from pre-computed summary plots. An
interacitve plotter provides the ability to visualize spectra (possibly combined over multiple observations) in a variety of flux units
against a choice of wavelength or energy axes; any plot so created can be downloaded as an ASCII table. For detailed analysis, the
data files themselves can be retrieved. The query results themselves can be saved as ASCII or Virtual Observatory tables. Portable
reprocessing scripts used to create the archive and which use the CXC's and other publicly available software are also available.

Instead of enumerating all the great features of TGCat, we will instead walk through one example which will -~ . an Moy O woy
demonstrate many of the capabilities. We will: 1a Use the "Quick Search” and enter "M%81” (the "%
is a wild-card)
1. search for M 81 observations; { _
@ ® 2 @ | tgcat.mit.edu
: i S— The “source table” shows 3 matches, the 2nd is M 81*, and it has 15 extractions
3. examine the preview products for one observation; : : —_— 1 b (same as observations, usually). Click on the “object”, to get the
4. make a heavily binned plot of flux in mJy vs frequency (summed over all 15 observations) suitable for use ik Sear m ’ ' ’
Quick Search:im%

in an multi-band view of the energy distribution (e.g., for combination with radio data);
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5. look for spectral features at high resolution (summed over all 15 observations). , . ——currenily riewing source ble
Start Here. Select
. . . . ] functionality from - LT Q CAm y Q19 Tk 25141 Q7 77.29:9 YL + TARTL
For some purposes, the interactive plot data are sufficient (an ASCII table can be downloaded). For detailed e Sy e L b e WAL SHEEREIE Y p Wi 10107 00 24 .
analysis, data products can be downloaded (individually, or as a package). But for a quick or low-fidelity look, we & ullbi e —— HEREEREER IO S REREAE I DI Jal Bt o, (2, (e, U LRI, (01T, 1, o -
won’t make you download and manage 135 files (15 spectral files + 15*4 effective areas + 15*4 response sdbi Nova Clview all M 81" extractions (new window )030559+054715 03:05:58.538 +0547:14.748  No Mo :

matrices (LSFs)), or install and learn new software!

... Extractions Table, showing details for all 15 observations (in this case, all , _
1 C HETG/ACIS) 2 a We can change the tabulated info by selecting
2 & @ P | tgcatmiteds ; — S @ a Wit == Cirsinge DiEply Celiming . 2b ... and we can omit constant columns, and add the “meg_band”
— — act — s & & 2 [©tgcatmit.edural 48671 » Se count rate (1.7-25A, derived from the dispersed spectrum):

object instrument grating decl (d:m:s) date_obs (y-m-d t) exposure (s)
opvs 6901 M8l ACIS HETG 09:55:33.156 +6903:55.116 2006-08-12 16:15:46 14767.8 e ... and finally choose a primary-sort column and order,
3 opv 6900  M81* ACIS HETG 09:55:33.146 +69:03:55.188 2006-07-28 11:10:19 14415.8 < nil el I grating e decl (dzm:s LI AL 2C to sort on ascending meg band rate:
OpvVs ST 09:55:33.156 2006-08-12 16:15:46 a .
opvs 6899  M8l* ACIS HETG 09:55:33.149 +69:03:55.080 2006-07-13 13:41:33 15199.8 ASCll Table g EE— 2006-08-12 161586
- s . o e | OpvVsS VOTable DEFAULTS: o A 2N . ) ) ) ) I — +
0 opv 6898 M8l ACIS HETG 09:55:33. 163 +69:03:55. 152 2006-06-28 23:36:01 14857.4 4 obsid & object © hstrument © gratng @ ra O decl @ exposure P & & | tgcat.mit.edu ® X
opV: 6897 M 81* ACIS HETG 09:55:33. 156 +69:03:55,044 2006-06-09 18:14:02 14764.6 P 6899 Viow Actions
3 opyv 6896 M 8l* ACIS HETG 09:55:33.154 +69:0355.188 2006-05-14 13:01:03 14767.8 J P 6898 M 81* ACIS DATA PROPERTIES |[DETECTOR PROPERTIES: || %/ o o BROAD BAND RATES Sort ]| obsid ons table ---
obi windowed - 5 ¥ meg_band
— = A Q1% . . s | v . . . / ) I 1 M-
0p v 6895 M &l ACIS HETG 09:55:33.178 +69:03:55.080 2006-04-24 08:18:52 14563 Ideidmoge Slillban.ay g;iied G@ ?eg_bba];d Links chaEDisplay CEBOSIIES) ot date_obs (y-m-d t) meg_band (cnts/s)
- P e P L e, atamode pileup eg_ban o . ‘
O opv 6894 M8l ACIS HETG 09:55:33.190 +69:03:55.224 2006-04-01 10:38:21 14767.9 —— o — Eztrilrl;l:li i o 0pVs SoMe 8 2006-08-12 16:15:46 0.52541
o TEEE S Yol R AT6A 7 zo_method zeroth order
0DV 6893 M8l ACIS HETG 09:55:33.216 +69:03:55.224 2006-03-05 23:42:33 14764.7 o_metho eroth order o 6900 [V date obs 0.495772
J  opv 6892 M 8l* ACIS HETG 09:55:33.204 +69:03:55.224 2006-02-08 20:21:15 14764.7
Save Apply | | Close | Defaults oOpvV 6899 0.28552
0pV: 5600 M 81 ACIS HETG 09:55:33. 168 +69:03:55.188 2005-08-14 09:51:46 37727.6
. 5600  M8l* ACIS 09:55:33.168 +69:03:55.188 2005-08-14 095, opv 6898 M 81* 14857.4 0.275514
O opv 6346 M 8l* ACIS HETG 09:55:33.163 +69:03:55.008 2005-07-14 01:44:55 54492.1 Secondan Order A
PR ” Y ATE econdary Order Asc \C 7T
opvs 5601 M8l ACIS HETG 09:55:33.194 +69:03555.080 2005-07-19 14:26:03 83362.2 e 6657 M 81 14764.6 oo 0.253775
P econdary Order Desc
J  opv 6347  MBgl* ACIS HETG 09:55:33.178 +69:03:55.008 2005-07-14 19:26:08 63877.6 s opv 6896 M 81* 14767.8 0.269706
opv 6174  M81* ACIS HETG 09:55:33.170 +69:03:55.152 2005-02-24 06:56:59 46038 Op vV 6895 M 81* 14563 2006-04-24 08:18:52 0.273569
2 ® 2 & | tgcat.mit.edu/tql ' ’ le Scl R W @ - ¥ TGCat - source table » ' B TGCat - extractions ... »/ B TGCat - Extraction S... WP TGCat - source table x ' B® TGCat - extractions ... », ¥ TGCat - Extraction S...
Links obsid object exposure (s) date_obs (y-m-d t) meg_band (cnts/s) The source is variable on M 81%*
F 6892 M 81* 14764.7 2006-02-08 20:21:15 0.244859 a Iong-term tlme Scale! by single extraction product -
. D 6897 M 81* 14764.6 2006-06-09 18:14:02 0.253775 at least a factor of two. . o o
: - vz = obsid 5601 E
r 6894 M 81* 14767.9 2006-04-01 10:38:21 0.266396 i pod £ 3C
obi 0 O ol
] p 5600 M 81* 37727.6 2005-08-14 09:51:46 0.26701 3 b target Ms1* o
object M B81* 2 |
: 6896 M 8l* 14767.8 2006-05-14 13:01:03 0.269706 2d e A
instrument ACIS © | . e
- D 6895 1M g1 uxSpectum- 0.273569 grating HETG 2 ... Significant
exposure(s) 8.3362e+4 o - . o . .
IP VS VI & = 27565 1¢ . . ra 148.888 T 0|
O E . . heg band(c/s)  3.0797e-1 32| .
- P 6893 Mgl e 0.27831 Images, Spectra (COU ntS meg_band(c/s) 3.2187e-1 0% (?t Se_rvta. ‘::O? _ddl
e 1 e leg band(c’s)  3.1975e-1 | mi
E 6899 M 81 K- 0.28552 and photon fIUX), letg_acis_band(c/s) 3.1975e-1 _( Obp Sko a ’ d e
- . . zero_order(c/s)  1.939le-1 | C roun
— p 6346 M8l| 2 0.298228 extraction deta”S, and readmode TIMED bS tta g e t ’ t
N _ . . . datamode FAINT mis n N
[ 6174 M8l & l 0.298507 I|ght curves. CIlelng any proc_date 2010-04-24 22:30:47 O‘t o S METCOU
05 1 2 5 . zo_method tgdetect s el | C 1 i f g rate
| p 6347 M 81 Energy (keV) 0.300233 thumbnail OpenS a full- date_obs 2005-07-19 14:26:03 RO Y . _. . " . ¢ | | | ; . )
33. ! 0p Vs IEYSE0L  Mél 83362.2 2005-07-19 14:26:03 0.321865 sized image, such as o el AT (L = |
U opvs 6900 gl 14415.8 2006-07-28 11:10:19 0.495772 shown for the light- ' ‘ 7
T opvs 600  MBT g.. bl

VS 14767.8 2006-08-12 16:15:46 0.52541
“Mousing-over” any obsid will pop-up a previ ;

Clicking on the obsid will open a an observation-summary page.

4 a We can plot the summed flux by selecting all the This is a result showing the flux in mJy vs frequency binned to a S/
_ . “ . . ” . . .
observations and then using “Actions -> Plot (combined)”. N>=5. The corresponding ASCII table can be downloaded with a click
A plot dialog allows a choice of flux units 4 n the ISI ript which | mbined, flux nd pl h o L : :
3 TCat - source table  x) B TGCat - extractions .. P 9 . ’ C (as can the ISIS seript which loaded, combined, tluxed, and plotted the With different choices in the plot dialog, we can look for detail
s ' k . frequency or wavelength units, scales, ranges, data) : : . C
5 & @ @ [Otacatmiedy % [mMe A and binning (all done dynamically in ISIS) 5 at high-resolution. Here we definitely see emission lines (due
. : gy 7 v _ _
= N - g ynamica’y [© tocat .= to Ne X, Fe XVII, and O VIII).
¥ opvs 6892 M8l 147647 5-02-08 20:21:15 Multi Previ Multi Preview %1
¥4 opvs 6897 M8l ot ( Combined ) 3-06-09 18:14:02 uitr freview multi extraction product - |__PLOTTING CONTROLS [
v OpvVs 6894 M 81* A7 5-04-01 10:38:21 multi extraction product . object T = ' ! ! ’ ! oo Tt o 1\
¥  opvs 5600 M8l ear filte -08-14 09:51:46 object Multi Preview S ] Plot Type: X-Units; Y-Scale: f obsid 5901, 6300, 6899, 6898 ':?_ =
v opvs 6896 Msl* [EEEEEE 5-05-14 13:01:03 ‘i'::“' 41 S ' G ity G i Gt ] ::I:ids 13;3 2047, 2950, 2958 1 ~ I
¥ opvs 6895  Msl* ag Que 5-04-24 08:18:52 stcids 1859 : e ' — i [ T H [
‘ T ACIS SL MEG Orders: & +1 ©& -1 HEG Orders. & +1 & -1 & Combine 4 lnstl'umems - ‘_rb_g'hr 1 M .
¥ opvs 6898 M8l 14857.4 2006-06-28 23:36:01 _ = ; gratings HETG <2 |
o N A e gratings KAl L ¥min: S ] total_exposure(s) 4.3313e+5 L w ’C> L
v OpvVs 6893 M 81 14764.7 2006-03-05 23:42:33 total_exposure(s) 4.3313e+5 B a--€ a 148,668 a4 =
¥  opvs 6899  MB8l* 15199.8 2006-07-13 13:41:33 ;‘“l é:ﬂogga % Xmax: EESER _— i = IW‘L”JW | gef
¥ opvs 6346 M8l 54492.1 2005-07-14 01:44:55 hz;_,,a,,d((,-s, 2 06841 T =F Ymin: Reg Randich) | 29GRee 1 :‘-,"q.;_, - M ﬂMIIM @ | 1
v  opvs 6174  MB8l* 46038 2005-02-24 06:56:59 — L) Emees . Ymax: IR ::g;:::::cs:) zégié: Sl W"M‘V g c“;l_ 1, H} 1 iﬁl .[
< opvs 6347  Msl* 63877.6 2005-07-14 19:26:08 ::’::::i:m(”):gggx Syl @ Bin -y, O i ] letg_acis_band(c’s) 3.0826e-1 : ww'wﬂmwl 5; (L i | W 1
¥ opvs 5601 M8l 83362.2 2005-07-19 14:26:03 zeroth_order(c/s) 18713e-1 B ' | ‘ zem:_muw ioslolzilu 14360 ' -7 L i( j J |
¥ opvs 6900 M8l 14415.8 2006-07-26 11:10:19 i e o1 o o ‘ ::::o::e 5008.01.30 16, 45,42 - o | 1| f' f
v ; 6901  Msl* 14767.8 2006-08-12 16:15:46 i ;'.:, 7 . .
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Notes/references: For more about TGCat, see Huenemoerder et al (2010) AJ,141,129. Wavelengh: ((h

ISIS is the spectral analysis system used for data analysis and plotting in TGCat; see http://space.mit.edu/cxc/isis, and Houck and Denicola (2000) ASP Conf, 216, 591. | A more detailed analysis of the Chandra/HETGS M 81* data can be found in
ISIS is also used as TGCatf's scripting language to drive CIAO reprocessing programs; Nowak et al, (2010) MmSAI, 81,414.
for more about CIAO, see Fruscione et al. (2006) SPIE, 6720, 60,and http://cxc.harvard.edu.
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