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WORKED EXAMPLE




JCMT DR1 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

THE DATA - INSPECTING THE RAW DATA

www.eaobservatory.org/jcmt/science/reductionanalysis-tutorials/heterodyne-dr-tutorial-1/

AIM (1/2) - By the end of this session you should know:
» How are the raw data arranged?

» What were the typical system and receiver temperatures
observed?

» What object/frequency did you look at?
» What was the 225GHz opacity of the observation?

» What was the elevation when the observation was taken?

https://proposals.eaobservatory.org/jcmt/calculator/heterodyne/time - estimate of the expected rms



- ndftrace

data — -bash — 1356x54

Last login: Fri Jul 22 14:13:29 on ttysee3

Harriets-MacBook-Pro-2:~ hparsons$ cd /Users/hparsons/Documents/EAO0/workshops/RadioSchool20816
Harriets-MacBook-Pro-2:RadioSchool2016 hparsons$ 1s

JCMT_HETERODYNE_analysis_tutorial_2016 analysing_molecular_data.sh
JCMT_HETERODYNE_analysis_tutorial_2016.tar.gz data

JCMT_HETERODYNE_tutorial_2016.tar.gz reduced
Harriets-MacBook-Pro-2:RadioSchool2016 hparsons$ stardev
Harriets-MacBook-Pro-2:RadioSchool2016 hparsons$ kappa

KAPPA commands are now available -- (Version 2.3-2)

Type kaphelp for help on KAPPA commands.
Type 'showme sun95' to browse the hypertext documentation.

See the 'Release Notes' section of SUN/95 for details of the
changes made for this release.

Harriets-MacBook-Pro-2:RadioSchool2016 hparsons$ smurf

SMURF commands are now available —-- (Version 1.6.1)

Type smurfhelp for help on SMURF commands.
Type ‘showme sun258' to browse the hypertext documentation.
Type ‘showme sc2l' to view the SCUBA-2 map-making cookbook.

Harriets-MacBook-Pro-2:RadioSchool2016 hparsons$ cd data/

Harriets-MacBook-Pro-2:data hparsons$ s

a20070705_00034_01_00e1.sdf a20110103_00025_01_0001.sdf a20111025_00007_01_0001.sdf
a20070705_00038_01_0001.sdf a20110926_00029_01_0001.sdf a20160316_00039_01_0001.sdf
a20070705_00039_01_0001.sdf a20110926_00029_02_0001.sdf a20160317_00017_01_0001.sdf
Harriets-MacBook-Pro-2:data hparsons$ ndftrace a20110103_00025_01_0001.sdf




O @ data — -bash — 135x54

_@oee1:
Label: TAx corrected antenna temperature
Units: K

Shape:
No. of dimensions: 3
Dimension size(s): 2048 x 15 x 120
Pixel bounds : 1:2048, 1:15, 1:120
Total pixels : 3686400

Data Component:
Type :  _REAL
Storage form: SIMPLE
Bad pixels may be present

World Co-ordinate Systems:
Number of co-ordinate Frames: 5

Current co-ordinate Frame (Frame 5):
Frame title : "3-d compound coordinate system"

Domain : DSBSPECTRUM-SPACEINDEX-TIME
First pixel centre : 461.1102, 1, 2011-01-03 10:58:49

Axis 1:
Label : Radio velocity (LSB)

Units : km/s
Nominal Pixel scale: 0.4444436 km/s

Axis 2:
Label : Receptor Number
Units : pixel
Nominal Pixel scale: 1 pixel

Axis 3:
Label : Date/Time
Units I
Nominal Pixel scale: ©.115891E-04 d

Extensions:
JCMTOCS <0CSINFO>
ACSIS <ACSIS_COMP>
JCMTSTATE <RTS_ARR>
FITS <_CHAR*B80>

History Component:
Created : 2011 Jan 03 11:02:46
No. records: 2
Last update: 2011 Jan 03 11:02:46 (ACSIS-DA (Vv9.7-2))
Update mode: NORMAL

Harriets-MacBook-Pro-2:data hparsonss$
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» How are the raw data arranged? - GAIA

Harriets—MacBook-Pro-Z:data hparsons$ gaia a20110103_00025_01_0001.sdf

GAIA_DIR = /Users/hparsons/software/stardev//bin/gaia
Started XML-RPC server for SAMP at http://harriets-macbook-pro-2.local:8030

\ Starlink GAIA::Skycat: GaiaTempCubeSectionl.sdf (1)
File View Options Coords/StdORest Go Help Eile View Graphics Go Image-Analysis Data-Servers Interop

nput cube: [220110103_00025_01_0001. sdf Choose file...
ab sl one : Ipec —
oordinate of plane: 6. 444402

oordinate type: Radio velocity (LSB) (kn/s)
ncrament 1 g1

J
J
ndex of plane: 1024 1 o Il W

Bhow coordinate label: 220110103 00

4.1

42.9
Spectrum controls -0. 389315

Spectrum | Anémation t:fioll;z;v.pl Chanmap | Rebin |F ser | Baseline ’

Specirum exdraction: v Re-exdract 41

— Show limits on nlat 2011-01-03
) \| GAIA: Spectral plot (1)

Elle Qptions Coords/StdOMRest Interop Graphics

Radio velocity (USB) (kmis)
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\ g N\ Starlink GAIA::Skycat: GaiaTempCubeSectionl.sdf (1)
Elle View Options Coords/StdOfRest Go View Graphics Go Image-Analysis Data-Servers Interop

nput cube: |a20110103_00025_01_0001. sdf Choose file...
2-d compound coordinate system

S: one : spec
ndex of plane: 1024 « 1
oordinate of plane: 6.444402

oordinate type: Radio velocity (LSB) (km/s)
ncrement: 1 e[

phow coordinate label: Object 220110103_00C
X 130.5
Y: |21.1

Spectrum | Annmahon' Collapse | Chanmap | Rebin | Filter | Baseline |

Spectrum controls:

Spectrum extraction: Re-extract | -
5-

Equinox:
Min: =T7.797422885¢
Max 10.523514747€

Show limits on plot:
Lower index: 1 o
461.1102

2048 , |
-448. 6659 Auto Cut  —

Date/Time

Color Map: -
Color Scale: ~ —

Low: |-5.32718
High: [8. 81404

v

pa—

Define region: OlOlDl\lMIOl | I—I 2 T !

—

Combination method: Mean ad

Reference: Set | Clear

SPLAT-VO: Send: replace Send: add




hdstrace

Harriets-MacBook-Pro-2:data hparsons$ hdstrace a20110103_00025_01_0001.MORE.ACSIS.TSYS
A20110103_00025.MORE.ACSIS.TSYS <_REAL>

TSYS(15,120) 583.9656,538.9691,517.8671,587.4077,571.4322,517.3729,501.1141,505.8583,523.3659,476.5584,460.4876,484.3578,548.9593,456.7339,493.8378,
«+« 583.9656,538.9691,517.8671,587.4077,571.4322,517.3729,501.1141,505.8583,523.3659,476.5584,460.4876,484.3578,548.9593,456.7339,493.8378

End of Trace.

Harriets-MacBook-Pro-2:data hparsons$ hdstrace a20110103_00025_01_0€01.MORE.ACSIS.TRX

A20110103_00025.MORE.ACSIS.TRX <_REAL>

TRX(15,120) 157.7215,144,.3339,154.5026,183.3538,173.7708,109.0605,124.4508,99.32336,106.6599,77.00642,89.9705,133.0583,141.1756,92.05746,99.22109,
. 157.7215,144,.3339,154.5026,183.3538,173.7708,109.0605,124.4508,99.32336,106.6599,77.00642,89.9705,133.0583,141.1756,92.05746,99.22109

End of Trace.




- fitslist

Harriets-MacBook-Pro-2:data hparsons$

Harriets-MacBook-Pro-2:data hparsons$

Harriets-MacBook-Pro-2:data hparsons$ fitslist a20110103_00025_01_0001.sdf | grep OBJECT
OBJECT = 'L1551IRSS5’ / Object of interest

Harriets-MacBook-Pro-2:data hparsons$ fitsval a20110103_00025_01_0001.sdf OBJECT
L1551IRSS

Harriets-MacBook-Pro-2:data hparsons$ fitslist a20110103_00025_01_0001.sdf | grep Freq
IFFREQ

5.0 / [GHz] IF Frequency

LOFREQS 334.29206145 / [GHz] LO Frequency at start of obs.

LOFREQE 334.2920544 / [GHz] LO Frequency at end of obs.

POL_FAXS= / Frequency dependency of waveplate offset of pol
Harriets-MacBook-Pro-2:data hparsons$ fitsval a20110103_00025_01_0001.sdf MOLECULE
C-18-0

Harriets-MacBook-Pro-2:data hparsons$ fitsval a20110103_00025_01_0001.sdf TRANSITI
3 -2

Harriets-MacBook-Pro-2:data hparsons$ |

- fitslist

Harriets-MacBook-Pro-2:data hparsons$

Harriets-MacBook-Pro-2:data hparsons$ fitslist a20110103_00025_01_0001.sdf | grep Tau
TAU225ST= 0.079 / Tau at 225 GHz from CSO at start

TAU225EN= 0.059 / Tau at 225 GHz from CSO at end

WVMTAUST= 0.07519523054361 / 186GHz Tau from JCMT WVM at start

WVMTAUEN= 0.0744467228651 / 186GHz Tau from JCMT WVM at end

Harriets-MacBook-Pro-2:data hparsons$ fitslist a20110103_00025_01_0001.sdf | grep Elevation
ELSTART 49,28808168222 / [deg] Elevation at obs. start - mount sys.

ELEND 47.6633223084 / [deg] Elevation at obs. end - mount sys.
Harriets-MacBook-Pro-2:data hparsons$

Harriets-MacBook-Pro-2:data hparsons$ |




Harriets-MacBook-Pro-2:data hparsons$

Harriets-MacBook-Pro-2:data hparsons$ fitslist a20110103_00025_01_0001.sdf | grep Tau
TAU225S5T= 0.079 / Tau at 225 GHz from CSO at start

TAU225EN= 0.059 / Tau at 225 GHz from CSO at end

WVMTAUST= 0.07519523054361 / 186GHz Tau from JCMT WVM at start

WVMTAUEN= 0.0744467228651 / 186GHz Tau from JCMT WVM at end
Harriets-MacBook-Pro-2:data hparsons$ fitslist a20110103_00025_01_0001.sdf | grep Elevation
ELSTART 49,28808168222 / [deg] Elevation at obs. start - mount sys.

ELEND 47.6633223084 / [deg] Elevation at obs. end - mount sys.
Harriets-MacBook-Pro-2:data hparsons$

Harriets-MacBook-Pro-2:data hparsons$ J

Mauna Kea Opacity (2014 Sep 14, UT)

Time CUT
1z 13 14 15 16 17 18

tau, 225 GHz)

o o o o o o o o O

Tau 225 = 0.04PWV + 0.017
Tau 225: 0.04 - PWV: 0.58mm - Band 1
Tau 225: 0.05 - PWV: 0.83mm - Band 1/2 Boundary
Tau 225: 0.08 - PWV: 1.58mm - Band 2/3 Boundary
Tau225:0.12 - PWV: 2.58mm - Band 3/4 Boundary
Tau 225: 0.20 - PWV: 4.58mm - Band 4/5 Boundary
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JCMT DR1 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

THE DATA - GENERIC REDUCTION

www.eaobservatory.org/jcmt/science/reductionanalysis-tutorials/heterodyne-dr-tutorial-1/

AIM (2/2) - By the end of the session you should:

» Run the raw data through the ORAC-DR pipeline

» Obtained a reduced cube of your chosen object

» Opened up your cube in >> gaia

» Examined a spectrum in >> splat

» Calculated the rms in your spectrum, for a given resolution

» If you have a single line: Estimate the peak temperature, if you have a
basket weave produce an integrated intensity map.



oracdr -files

Harriets-MacBook-Pro~2:REDUCE_SCIENCE hparsons$ oracdr_acsis
Can not find data directory 1in default locations SO using current
Please Tix ORAC DATA _IN.

4

rsons/Documents/EAD/workshops/Radio

ORAC Data Reduction Pipeline -- (ORAC-DR Version 7d287ea@797@)
Configured for instrument ACSIS

Type "oracdr -man" for usage

Type 'showme sun260‘ to browse the hypertext documentation

Raw data

will be read from /Users/hparsons/Docunents/EAD/workshops/RadioSchool2016/reduced/REDUCE_SCIENCE/raw/acsis/spectra/20168807

SRERS 111 but that direc y does not exist !!! :!

. y
Reduced data will appear in JUsers/hparsons/Docunents/EAD/workshops/RadioSchool2016/ reduced/REDUCE_SCIENCE

444444444 For online ACSIS reduction use oracdr =loop flag =skip ++sssssss

For comments specific to ACSIS data reduction mail helpdesk@eacbservatory.org
For problems with the ORAC-DR system mail oracdr@eacbservatory.org
http://www.oracdr.org

Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ export ORAC_DATAoghieese:

Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ export oracdy hfxlés g34-C0-bw-subscan39, List] .




JCMT DR1 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

» Run the raw data through the ORAC-DR pipeline - default

\ ORAC-DR ACSIS

Exit ORAC-DR ‘ Pause ORAC-DR ACSIS: ORAC-DR reducing observation 17
. ORAC DR statw log

_____ be usad

St,ormg a20160317 00017 01 0001 7

rate
TS T Sy

g ort Gmu s BRetrieved calibration information for CRL26S8 from database,
REDLCI 82 16%17 00017 01 0001 Flux c&hbratlon mfomatlon for CRL2638 00 3-2:

Reference integrated intensity: 269, 00K
e Fodes HARD / xad /- coon. - stoosand teasuned ntsgrated itensity: 246,46K (837K lover)
Conying S20060517 00017 010001 2o aZ0160617.00017_01_randO0L. . done. B e T 3k (@, 06% Lower)
&trmmmg MAKECURE pa%‘anctrr a for bci‘m ; Calabration information wrlttfan to log, standard
termaning ameters for output cu one, .
Creating Gube £rom 2201603170017 01 L0001, . . done. Remouing tesporary files,
T cube Toraed: a20160817.00017_01_Gub001 Checkcing a20160317 00017 D1_raw0oL..

Checkang a201680317_ 0001701 _ts001, .
B

e . s - . . i a

Sortang time-series data in time order.., == Checking a20160317-00017-01 _rms00L. .
Checking a20160317_00017_01_ “tamsk001.

. Checking a20160317_00017_01 gCUbLOOI

Warnings Checkang a20160317_00017_01_61001

Checking a20160317_00017_01_reduced00l. . P

Recipe took 16, 721 seconds to evaluate and c)r::cutr

§ORAC-DR warning messages :
LLmlr S \Td_l_l}‘ from IIFw1 DATA OUT e r:hn.r*‘* ‘Documents/EA0/workshops/Rad1oSchool2
016, ata/a20160317 _00017_01_0001, ,11 1]1 ady exists, :. ntinuing,

Errors Warnings
4 ORAC-DR error messages 8 ORAC-DR war
Warning:S E from ||Pu| DATA_O TI to /Users/hparsons/Docunent
016/data ._,\,]HH] _00017_01_0001, sdf 111r—av exists, Continuing,
Results Errors
4 ORAC-TR error messages
- I
Results

B ORAC-DR results

L rt, ndatory monoliths...Done
for n—xt data fllc /Lbers/hparsons/Downents/EﬁO/wor}sh)ps/Rajic&:hoolZOlS/data/ -~ ;
32016 77 _00017_ 01_ 000Lsdf ~ : . | ALOGAC-OR ACSI
arning:Symlink tron ORAC DATA OUT to flisers/hoarsons/Documents/EAD/workshops/RadioSchool? - NSRRI SRt R ACSIS: ORAC-DR reducing observation —

s/E8) /workshops/RadioSchool2




-log sf

. ® REDUCE_SCIENCE — starperl ~/software/stardev/bin/oracdr/src/bin/oracdr -ut 20160713 -batch ~files CRL618-CO-stare.list -nodisplay...

Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$
Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsonss$
Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ oracdr -files CRL618-CO0-s&a
ORAC-DR Says: No display will be used

ORAC-DR Says: Pre-starting mandatory monoliths...Done

A new group 20160317#17#1 has been created
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» Opened up your reduced data cube in - GAIA

Elle View Options Coords/StdOMest Go H Elle View Graphics Go Image-Analysis Data-Servers Interop
Input cube:  /Users/hparsons/Documents/EAD/wo)

Axis three : spec

Index of plane: -1 L
Coordinate of plane: 49 95633

Coordinate type. Radio wvelocity (LSB) (km/s)
Increment: 1 4|05

Show coordinate label: Object 634.3 (file:(
: 126.9

Spectrum | Animation | Collapse | Chanmap lF-‘.ebm |F liter | Baseline |
:-14.9

Spectrum controls

Specirum extraction: Re-extract

Show limits on plot

Lower index -83 ]
84.6708 in: 9. 2669696807¢

193. 755783081

Coordinate of plane:
Upper Index: 82
Coordinate of plane: 14 81852 Auto Cut: —

Fix data range: Color Map: pu
Color Scale: —

N\ GAIA: Spectral plot (1)

Point tracking: Eile Options Coords/StdOfRest Interop Graphics

Define region

Radio velocity (USB) (ks )
-8530 -8600 -8610 -5620

Combination method:

n
o
[}

Reference

-

SPLAT-VO:

40 S0
Radio velocity (LSB) (kmis)

corrected antenna temperature (K)

r
.




@ Starlink SPLAT-VO: <plot0>

@
BalElelst@EX IR I~ Ve b AR =ABE

Displaying: ..rkshops/RadioSchool2016/reduced/REDUCE_SCIENCE/9a20070705_38_1_reduced001(0,1,-948:947 & Y limits (¥): automatic &3 ‘V-hair

Radio velocity (LSB): 206.1714 log TA* corrected antenna temperature: 0.9416936 log ‘Track free

X scale: 1.0 Y scale; 1.0

2-d compound coordinate system
Radio velocity (USB) (km/s)
-8300 -8400 -8500 -8600 -8700

Y Y Y T v Y Y ¥ T Y Y Y Y T v v v Y 11 v v Y v Y Y ¥

Name: /Users/hparsons/Documems/EAQ jworkshops /RadwoSchool 2016/ reduced/REDUCE_SCIENCE/ga 20020705 _38_1_reduced001(0,1,-948:947)

corrected antenna temperature (K)

T,

Telescope: JCMT | HARP J ACSIS
Object: G343 /CO /3 -2

Date obs: 2007-07-05T10.59:30 (UTC)
Blevation 69.04817669511

Exposure: 15.2425 (sec)

Exposure {effective) 3.3757 (sec)
Coord sys: VRAD

Spec position: 18:53:18.877, 1:14.58.14
Se¢ position: 18:53:18.610, 1:14:58.30
Offset: 4.009131, -0.16007S (arcsec)
Doppler RA, Dec: 18:53 186, 1:14 58
SourceVel 58.005610547975
SourceVRF: LSRX

SIdOfRest LSRK

RestFreq: 345.7959899 (GH2)

ImagFreq 355.797329423347 (CHz)
Channel spacing: 0.48831030091969296 (MH2)
Number of channels: 1896

TSYS: 332.8543 X)

TSYS (est) 332.8435 (X)

either open
representative in splat or
pick any spectrum in an
open GAIA window and
use the “send to splat”
button in the GAIA gui.

100
Radio velocity (LSB) (km/s)
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» Calculated the rms in your spectrum, for a given resolution

\ Display image sections of a cube (1)

' Flle  View  Graphics GO  Image-Analysis  Data-Servers  Interog
File  View  Options  Coords/StdORest  Go Help

nput cube:  [qa20070705_38_1_reduced001. sdf Choose file...

Axis: three : spec
ndex of plane -1 1 11
oordinate of plane: 4995633

oordinate type: Radio velocity (LSB) (km/3)
ncrement 1 1|

Object ga20070705_3€
X -4.1
Spectrum | Animation | Collapse | Chanmap | Rebin Fnlto:-r|E.3s.-:-hne| + 129 2

[Show coordinate label:

Spectrum controls

Spectrum extraction: Re-extract

Show limits on plot: quinox

Lower index: -948 ] Min: -2. 8287670614
Coordinate of plane: 450, 8661 Max: 9.08890342718
Upper index: 947 o
Coordinate of plane: -351.3768

Auto Cut —t

Color Map: —
Fix data range

d
JE"? Options  Coords/StdOfest  Interop  Graphics

H

Point tracking v Sc
Racko velocity (USB) (kmés)

< 8300 8400 8500 8600 -8700 €300 8900
Define reglon: |||||| || T 2

=4

€ 20
Combination method Mean — ot

g 15
Reference: Set Clear :c. 10
SPLAT-VO: Send: replace Send: add ,? 5

g2 0

5 -300 200 -100 0 100 200 300

Racko velocity (LSB) (kis)

I
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» Calculated the rms in your spectrum, for a given resolution

*

o3 @5 X X[~ 4] LA A | Bl

Nienlavinn AN /warkchanc /RadinSehanl201A /reducead IREDIICF QFIFNFFlna?(’lﬂ?ﬂ703_38_1_r¢du(cd001(1_]___948;94 > Y limits (%): automatic
Starlink SPLAT-VO: Region statistics

Ra( Coordinate ranges: TA* corrected antenna temperature: 7.503961

) Lower bou... Upper bou... Mean Std dev Min
0 130.8538 439.0684 0 0 0
1 -327.044 -11.45585 0 0 0

Y scale:

coordinate system

ty (USB) (km/s)

500 -8700

§ 38 1 reducedoo1(1, ] [RBSATE

[ Add

Full stats log

Mean = 7.463638432067409E-4

Standard deviation = 0.638447467391892
Median = -0.025720668956637383

Mode (quick) = -0.07865473455632563
Sum = 1.100140304886736

Minimum = -2.0011279582977295%
Maximum = 2.273347854614258

Save to log file Clear log

z Selected stats

1
0

Radio velocity (LSB) (km/s)




Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ stats ga20070705_38_1_reduced@@l.sdf comp=error

Pixel statistics for the NDF structure
/Users/hparsons/Documents/EAO0/workshops/RadioSchool2016/reduced/REDUCE_SCIENCE/
ga20070705_38_1_reducedddl

Title : <undefined>
NDF array analysed : ERROR

Pixel sum : 3.15748e+06
Pixel mean : 90.807633
Standard deviation : 0.252796
Skewness : 9.774191
Kurtosis : =2.97661
Minimum pixel value : 0.484856
At pixel : (9, 15, -948)
Co-ordinate : (18:53:14.511, 1:16:40.01, 450.8661)
Maximum pixel value : 1.34567
At pixel : (9, =21, -948)
Co-ordinate : (18:53:14.511, 1:12:18.07, 450.8661)
Total number of pixels : 4633824
Number of pixels used : 3909552 (84.4%)
No. of pixels excluded : 724272 (15.6%)

Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ |

Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ ndfcopy ga20070705_38_1_reduced@@l.sdf out=ga20070705_38_1_reduced@®@l_error comp=error
Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ gaiadisp Qa20070705_38_1_reduced@0l_error

Displayed image: ga20070705_38_1_reduced@0l_error

Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ |
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» Calculated the rms in your spectrum, for a given resolution

: ' File Yiew Graphics Go Image-Analysis Data-Servers Interop Help
$ Coords/StdOMRest Go Help

sons/Docunents /EAD /wo! Choose file..

three : spec

: LI
P 95633

hdio velocity (LSB) (km/s)
g1 1
Object G34.3 (file:.(

X: 90,0
N\ GAIA: Image regions (1)

File Options
O O ARD Reglons L7

jclojlo|N|v|of 1| =] -|

Stats results file: GaisArd Log Choose file..

Mean Std. Dev. Max. Min. Total No. Pixels
f 0.6271117 0.1133951 1. 327291 0.4848558 578.197 922 (Data)

!
) #s/StOMest  Inerop  Graphics

. Exdract all Extract selected Blank all Blank selected Auto crop

Stats selected Stats all Clear stats Save stats Close _Racko velocity (USB) (hmis)
-8500 -8E00 -8700

Send: replace | Send add |

-8800 -8300 -5000

-300 -200 100 0 100 200 300 300
Facko velocity (LSB) (kmis)

corrected antenna te




dlamlet @5 X X[~¥AE LA =]AE

Displayin o @® Starlink SPLAT-VO: Measure spiuefd 24 T Ylimits (%):  automatic
adio velocity (LS Types of fit: Caussian Lorentzian Voigt ratu... -0.9868512

X scal Background type: O Constant Polynomial

cale: 1.0

G MONAVRIINVMIINE LNV MM Y S

Radio velocity (USB)
Background value: 0. -8600
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d sys. VRAD
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Harriets-MacBook=Pro-2:REDUCE_SCIENCE hparsonss . . e i et e Gamac
Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparggnss f1t1d ga20076705 38 1 _rsp. sdf out= ga26070705 38 1 _rsp_ fltld rms= 1 8
CONFIG - Config file with fit parameters /!/ e s bt e A et B e e BTN =
Copying input file 1 to output for fitting...

Fitting data using 1 GAUSSHERMITE2(s) over pixel range [1,1896]

«...Will use 1 threads to fit 1 profiles.

«.«..Writing parameter cubes and finishing up.

!" A null group of NDFs was given for parameter PARCOMP,

Harriets-MacBook-Pro-2: REDUCE _SCIENCE hparsons$ splat ga20070705_38_1_rsp.sdf

Starting SPL{ 4 - .
1 | ?:?o?"eei: & #e s X &~ 4ah~ A

L Aug 06, 20
INFO: Usin Displavina: Qa20070705_38_1_rsp < Y limits %) Automatic
Starknk SPLAT-VO: A Spectral Analysis Too

2 | 6 -l ") ~p r~ -2 = lms | BB - > TA* corrected antenna temperature: 4.473208
5 @[y MEHE B % & [0 & ° .
obal list of spectra ~ Properties of current spectra Y scale: 1.0

- .
e Rl Short name: Fitted profiles PO COUTUITIALE SYStein

Full name: /Users/hparsons/Documents/EAQ /workshops /RadioSchool2 Mdio velocity (USB) (km/s)

Format: NDF __—8(‘)00

Coordinates Data Errors
Columns

Colour: B Save

Composite 100% 3
Line type polyline %)
Line width 1 i Style:  line 2
Point type £ Size $.0 %)

Error bars o 1 & 1 V]

Views of current spectra
View Displayed
<plotd >

TNV VAGRA

INFO: Atte
Aug 06, 20~
INFO: Data
astGetSyst
Aug 06, 20 Radio velocity (LSB) (km/s)




JCMT DR1 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

» if you have a basket weave produce an integrated
Intensity map

\ Display image sections of a cube (1)
Fila View Qptions Coords/StdOfRest Go |mage-Analysis Data-Servers Interop

Input cube: /Users/hparsons/Documents/EAD/wo)  Choose file. ..

Axis three : apec —_
Index of plane: -1 1

Coordinate of plane: 49, 95633

Coordinate type: Radio velocaity (LSB) (kan/s)

Increment 1 e 11

Show coordinate label

Spectrum | Animation Collapse | Chanmap | Rebin ’F Her | Baseline |
Collapse controls:
Show limits on plot: v
Lower index: -52
Coordinate of plane: 71.54703
Upper index 18 11
Coordinate of plane: 41.91273

Combination method Inteq (Integrated value)

Run

Options Coords/SidOfRast Interop Graphics

Racho velocity (USB) (kméa )
8560 8520 8600 8620

.- -
20 40 &0
Racko velocity (LSB) ()




JCMT DR1 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

» if you have a basket weave produce an integrated

Intensity map

Eile

Coords/StdOMes  Eile

View Options

put cube: | /Users/hpar sons /Documents /EAQ

>s.

dex of plane -1
4995633
Radio wvelocity (LSB)

ocordinate of plane.
oordinate type
crement 1

how coordinate label: | Object

X
Y.

Spectrum | Animation Redl

Collapse | Chanmap

Collapse controls |
bhow limits on plot a
OWer index -52 5
11.54703
18

41.91273

oordinate of plane:
pper index:
oordinate of plane:

I Equinax
Min

Max
ombinason method Intagq (Integradl

Run

Color Scale

Low
High
Scale

7 [Z

Auto Cut

Color Map

View Graphics Go Image-Analysis Data-Servers interop

634.3 (file:(
18.2

13.8

74 5185
18:53:22.678
1:13:44.17
J2000

9 6987361907¢
156. 567260745

9 69874
156. 57

\ GAIA: Spectral plot (1)

— ! Eile Oplions Coords/S1d0Mest Interop Graphics
o
x Racso velocity (USB) (kmés)
& -8500 8520 8540 -850 -8580 8500 8620 -8540 -8550 -8680
9 2
£ s
! .
Z 12
-
= B
=
> 4
$ 0
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JCMT DR1 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

» if you have a basket weave produce an integrated
Intensity map

Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ collapse in=ga2@070705_38_1_reduced@@l.sdf out=ga20070705_38_1_reduced@®®l_integ axis=3 estimator=inteq
Collapsing pixel axis 3 from pixel -948 to pixel 947 inclusive...

WARNING: 0.156 of the output pixels (382 of 2444) are set bad due to an
excessive number of bad values along the collapse axis. If this is undesired,
decrease the fraction of good values required with Parameter WLIM (currently
0.300).
Harriets-MacBook-Pro-2:REDUCE_SCIENCE hg

=

i S0 AR
-'---




JCMT DR1 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

www.eaobservatory.org/jcmt/science/reductionanalysis-tutorials/heterodyne-dr-tutorial-1/

If you need to catch up please let me know, if you are ahead feel
free to look at the heterodyne cookbook, find your own favorite
object in the JCMT archive:

Heterodyne Cookbook:

http://starlink.eao.hawaii.edu/devdocs/sc20.htx/sc20.html

If you want to look for your own data:

http://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/jcmt/



http://starlink.eao.hawaii.edu/devdocs/sc20.htx/sc20.html
http://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/jcmt/

JCMT DR2: HETERODYNE DR

WORKED EXAMPLE




JCMT DR2 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

THE DATA - ADVANCED REDUCTION

www.eaobservatory.org/jcmt/science/reductionanalysis-tutorials/heterodyne-dr-tutorial-2/

AIM (1/2) - By the end of this session you should know:

» How to run with a reduction of your choosing or a different
reduction to the one specified

» beware unless reduced in new directory files will be overwritten
» Choose a specific recipe, specify the binning/pixels

» Apply an efficiency factor to your data



Harriets-MacBook-Pro-2:reduced hparsons$ cd REDUCE_SCIENCE
Harriets-MacBook~Pro-2:REDUCE_SCIENCE hparsons$ export ORAC_DATA_OUT=.
Harriets-MacBook-~Pro-2:REDUCE_SCIENCE hparsons$ oracdr ~files g34-CO0-bw. list
ORAC-DR Says: No display will be used

ORAC-DR Says: Pre-starting mandatory monoliths...Done

Che ng for next data file: ers/hparsi Documents/EAQ

e ers/hoarst D ments/EAOD

A new group 20070705#38#1 has been created

This observation is part of group 200707@5#38#1

-nodisplay =log sf




Harriets-MacBook~-Pro~-2:REDUCE_SCIENCE_NARROWLINE hparsons$ export ORAC_DATA_OUT=.

Harriets-MacBook-Pro-2:REDUCE_SCIENCE_NARROWLINE hparsons$

Harriets-MacBook-Pro-2:REDUCE_SCIENCE_NARROWLINE hparsons$ oracdr ~-files g34-C0-bw.list -nodisplay REDUCE_SCIENCE_NARROWLINE
ORAC-DR Says: No display will be used

ORAC-DR Says: Pre~starting mandatory monoliths...Done

ecKing r nex 3ta Lie: users/nparsons/sjoocunents/

necKl for next jata ftile: dsers/npar pns/0ocunents

A new group 20070705#38#1 has been created

This observation is part of group 20070705238#1




Harriets-MacBook-Pro-2:REDUCE_SCIENCE_BROADLINE hparsons$ export ORAC_DATA_OUT=.

Harriets-MacBook=Pro-2:REDUCE_SCIENCE_BROADLINE hparsons$

Harriets-MacBook~Pro~2:REDUCE_SCIENCE_BROADLINE hparsons$ oracdr ~-files ¢34-C0-bw.list -nodisplay ~log sf REDUCE_SCIENCE_BROADLINE
ORAC-DR Says: No display will be used

ORAC-DR Says: Pre-starting mandatory monoliths...Done

necKing r next 1ata e. > 8 npars > ime

A new group 20070705#3B#1 has been created

This observation is part of group 2007070583821




Harriets-MacBook=Pro-2:REDUCE_STANDARD hparsons$ export ORAC_DATA_OUT=,
Harriets-MacBook-Pro-2:REDUCE_STANDARD hparsons$ oracdr ~files ¢34-CO-bw.list
ORAC-DR Says: No display will be used

ORAC-DR Says: Pre-starting mandatory monoliths...Done

next iata ¢ e Ueers he e ns/D ument

A new group 20070705#38#1 has been created

This observation is part of group 20070705#38%1

-nodisplay ~log sf REDUCE_STANDARD




JCMT DR2 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

» How to run with a reduction of your choosing (or a different
reduction to the one specified)

It pays to check what reduction is being run and compare!

\ Starlink GAIA::Skycat: ga20070705_38_1_reduced001_integ.sdf (2)

File View Graphics Go Image-Analysis Data-Servers Interop Hi Go Image-Analysis Data-Servers interop

Object G34.3 (file:¢
X 53.9
Y: 40. 4

Value:

a.

5.

Equinox:
Min; -T76. 264778137
Mac 308. 894439697

Auto Cut:

Color Map:
l L

Color Scale:

Low: [-9.40017 . . r

High: |205. 313

. ot
|
. l' 5 .




Harriets-MacBook-Pro-2:modified hparsons$ export ORAC_DATA_OUT=.

Harriets-MacBook-Pro-2:modified hparsons$ oracdr -files g34-CO-bw.list -nodisplay -log sf -recpars myprams.ini
ORAC-DR Says: No display will be used

ORAC-DR Says: Pre-starting mandatory monoliths...Done

A new group 200707@5#38#1 has been created

1S observation is part of group 20070705#238#1

[REDUCE_SCIENCE_GRADIENT]
PIXEL_SCALE = 4
rebin=10




Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$

Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ cdiv in=ga20070705_38_1_reducedd0l.sdf scalar=0.63 out=ga20070705_38_1_reduced@®®1_Tmb
Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ B




JCMT DR2 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

THE DATA - EXTRACTING SCIENCE

www.eaobservatory.org/jcmt/science/reductionanalysis-tutorials/heterodyne-dr-tutorial-2/

AIM (2/2) - By the end of this session you should know:
» How to produce channel maps (cube)

» How to produce position-velocity diagrams (cubes)
» How to find clumps

» How to produce a grid of spectra

if time:

» Investigate GAIA's tools - catalogs, GAIA3D, contouring...



JCMT DR2 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

» How to produce channel maps (cube)

Harriets—MacBook—Pro—Z:REDUEE_gcfENCE hparsons$ gaiadisp Qa20070705_38_1_reduced@0l.sdf

Displayed image: ga20070705_38_1_reduced00l.sdf
Harriets-MacRBRonnk-Prn=2:REDIICF SCTFENCF hnarsnncd

\Display image sections of a cube (1)

Eile View Options Coords/StdORest Go Help Graphics Go Image-Analysis Data-Servers Interop

nput cube: /Users/hparasons/Documents/EA0/wo)  Choose file,,

s three : spec -

ndex of plane: -35 4
Coordinate of plane: 64.35013

Coordinate type: Radio welocity (LSB) (km/s)
ncrement 1 e 11

Show coordinate label:
Spectrum | Animaton | Collapse Chanmap | Rebin |rmer |B.‘1s‘.ﬁl ne

Channel map conlrols:
Show limits on plot v
Lower index -52
Coordinate of plane 71.54703
Upper index: 18 11 .!’87670612
Coordinate of plane 41.91273 390342717

Combination method: Integ (Integrataed wvalue)
Number of channels: 4|00
K-20ds channels: g 11

Selected coord: fes
-

Eile Qptions Coords/StdOfRest Interop Graphics

Racko velocity (USE) (ki )
S600 8605 8610 8615 8620

45 55 80

Facko velocity (LSB) (kmus )

v
[ o=}
w
.

o

corrected antenna temperature (K)




JCMT DR2 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

» How to produce channel maps (cube)

~ o cartinne of be (4 (@) \ Starlink GAIA::Skycat: GalaTempChanmap2.sdf (1)

File View Options Coords/StdOfRest File View Graphics Go Image-Analysis Data-Servers Interop

nput cube: | /Users/hparsons/Documents/EAD/wo)

Axis three : spec
ndex of plane: -35 1
oordinate of plane 64.35013

oordinate type Radio velocity (LSB) (km/j
ncrement 1 «_10

Show coordinate label: : 634.3 (file:(

: [1.5
Spectrum | Animation | Collapse ChanmapIR ebin | Fil 81

: blank
a: 18:53:27.853
§:1:13:02.45

Channel map confrols:
Show limits on plot

Lower index -52

n. -7.2193450927
85, 8733215334

Upper index: 18
Coordinate of plane: 41.91273

Auto Cut —
Combination method: Inteqg (Integrated

Color Map: |

Number of channels

Color Scale: —
X-a4s channels 1
Low: |=7.21935

Selected coord: High: |85.8733

Coordinate of plane: 71.54703 1 Equmax. J2000
—:i

Scale;

Z z




Harriets-MacBook=Pro-2:REDUCE_SCIENCE hparsons$ collapse in=ga20070705_38_1_reduced@®@l.sdf axis=skylat estimator=sum out=ga2@0707@5_38_1_reduced®®l_pvl
Collapsing pixel axis 2 from pixel -22 to pixel 24 inclusive...

WARNING: ©.09615 of the output pixels (9480 of 98592) are set bad due to an

excessive number of bad values along the collapse axis. If this is undesired,

decrease the fraction of good values required with Parameter WLIM (currently

0.30000).

Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ collapse in=ga20070705_38_1_reduced@®®l.sdf axis=skylon estimator=sum out=ga2@0707@5_38_1_reduced®®l_pv2
Collapsing pixel axis 1 from pixel -25 to pixel 26 inclusive...

WARNING: ©.02128 of the output pixels (1896 of 89112) are set bad due to an

excessive number of bad values along the collapse axis. If this is undesired,

decrease the fraction of good values required with Parameter WLIM (currently

0.30000).

Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ gaiadisp ga20070705_38_1_reduceddl_pvl
Displayed image: Qa20070705_38_1_reduced0®l_pvl

Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ gaiadisp Qa20070705_38_1_reduced®l_pv2
Displayed image: ga20070705_38_1_reduced@®l_pv2

Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsonss |




JCMT DR2 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

» How to produce position-velocity diagrams (cubes)

§aZ0070705 38 1 _reduced001_p 2
® 3 ALA ga20070705_38 1_re

Object: 634.3 (file:¢
X: 8.8
Y: [992.8

Value: 7.11302 |
a: [18:53:27.206
§: |30.97627

Equinox: |
Min: -62.447963714
Max: 498. 438476562

) 3 84 40728759
Auto Cut: —_ A uto
Color Map s - nlo an ”
Color Scale: — 0l0 ale e

Low: [-62.448
High: [498.438

Scale: 3x - |
Z z| G| &1




JCMT DR2 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

» How to produce position-velocity diagrams (cubes)

Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ collapse in=\"ga2007@705_38_1_reduced09l. s
Collapsing pixel axis 1 from pixel -25 to pixel 26 inclusive... y

jut:g320070705_38_1_reducedeel_col1apse1 axis=]1 estimator=integ

WARNING: ©.0426 of the output pixels (238 of 5593) are set bad due to an
excessive number of bad values along the collapse axis. If this is undesired,
decrease the fraction of good values required with Parameter WLIM (currently
0.3000).

Harriets-MacBook-Pro-2:REDUCE_SCIENCE
Harriets-MacBook-Pro-2:REDUCE_SCIENCE
Harriets-MacBook-Pro-2:REDUCE_SCIENCE

Collapsing pixel axis 2 from pixel

hparsonss$

hparsonss$s

hparsons$ collapse in=\"ga2007@705_38_1_reduced@®®l.sdf\(:,:,-72:46\)\" out=ga20070705_38_1_reduced@d1_collapse2 axis=2 estimator=integ
-22 to pixel 24 inclusive...

WARNING: ©8.7923 of the outnut oixels (1198 of 618BB) are set bad due to an
exce (@) \ Dsplay image sections of a cube (1) - — i — : )
Ccs 0 n Analysts ata-Servers Intero,
decr Fie View Qptons CoorstSWOMent Go Melp Graph 8 JRege-Anviye 8 v
0. 30nput cute: | Dsers/hparsons/Documents/EAD/vo1  Choose fie
three ; spec = \ Starlink GAIA=Sikycat: ga20070705_38 1_reduced001_collapse?

ndex of phae -1 s = Elle  View  Graphics Go  [mage-Analysts  Data-Servers  ederop

Corsinade of plane 49 95833

oorainxde type Radio welocity (LSB) (kn/s)

nCrament 1 1|13

Ghow cocedinate label FM“ 3¢

Specthrum | Animaton | Collapse l‘.’harma;-lf-!v:-n ‘ltvvlﬂa’.cl"c r

Spectrum contols
Specrum edachon

634.3 (file:¢ |
X [-12.8
27.2

Point tracking

Defing ragin

omdinadon method

SPLAT-VO Send: replace Send add Scale Ix —

Close

olo|z|Nylel =] |

=0, 0031605437
0.0180885270¢

pa—

Auto Cut

—

Color Map:

Coords/Sta0Rest mercp Color Scake

Low: -0.00316054

pu—

=n




Harriets-MacBook~-Pro-2:clunpfind hparsons$ findclumps in=ga20070705_38_1_reduced@fl.sdf out=ga200870705_38_1_reduced_clumps outcat=qa20070705_38_1_ reduced_clumps

RMS - RMS noise level /0.84616207415676/ >

ClumpFind:

4504 clumps rejected because they contain fewer than MinPix (16) pixels.

231 clumps rejected because they touch an edge of the data array.

1 clump rejected because it spans only a single pixel along one or more axes.
66 further clumps rejected because they are smaller than the spatial beam
width.

11 further clumps rejected because they are smaller than the spectral
resolution (some of these may also be smaller than the spatial beam width).
234 further clumps rejected because they include too many bad pixels.

179 usable clumps found.

Configuration parameters:
CLUMPFIND.ALLOWEDGE=0
CLUMPFIND.DELTAT=1.69232414831352
CLUMPFIND.FWHMBEAM=2
CLUMPFIND. IDLALG=@
CLUMPFIND.MAXBAD=@.05
CLUMPFIND.MINPIX=16
CLUMPFIND.NAXIS=3
CLUMPFIND.RMS=0.84616207415676
CLUMPFIND.TLOW=1.69232414831352
CLUMPFIND.VELORES=2

http://www.starlink.ac.uk/docs/sun255.htx/sun255.html
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» How to find clumps

\ Starlink GAIA::Skycat: GaiaTempCubeSection2.sdf (1)

File View Graphics Go Image-Analysis Data-Servers Interop

Object /Usera/hparac
1.4
: 119.6
blank
: 118:53:30, 809
0 11:14:26.06
Equincee 32000
Min: 13.0
Max 113.0

Auto Cut

Color Map

Color Scale

Low: 113
High: 113



ClumpFind.AllowEdge =
CLUMPFIND.TLOW=5%RMS
ClumpFind.MinPix=10
ClumpFind.VeloRes=2
CLUMPFIND.DELTAT=5%RMS

Harriets-MacBook-Pro-2:clumpfind hparsons$ pico config.lis
Harriets-MacBook-Pro-2:clumpfind hparsons$ findclumps in=ga2@070705_38_1_reduced@fl.sdf out=ga200707@5_38_1_reduced_clumps outcat=ga2007@7@5_38_1_reduced_clumps config="config.lis

RMS - RMS noise level /0.84616207415676/ >

ClumpFind:

17 clumps rejected because they contain fewer than MinPix (10) pixels.

17 clumps rejected because they touch an edge of the data array.

1 further clump rejected because it is smaller than the spatial beam width.
2 further clumps rejected because they are smaller than the spectral
resolution (some of these may also be smaller than the spatial beam width).
6 further clumps rejected because they include too many bad pixels.

16 usable clumps found.

Configuration parameters:
CLUMPFIND.ALLOWEDGE=0
CLUMPFIND.DELTAT=4,2308103707838
CLUMPFIND.FWHMBEAM=2
CLUMPFIND.IDLALG=0®
CLUMPFIND.MAXBAD=9.05
CLUMPFIND.MINPIX=10
CLUMPFIND.NAXIS=3
CLUMPFIND.RMS=0.84616207415676
CLUMPFIND.TLOW=4,2308103707838
CLUMPFIND.VELORES=2

Harriets-MacBook-Pro-2:clumpfind hparsons$ gaiadisp ga20070705_38_1_reduced_clumps
Displayed image: Qa20070705_38_1_reduced_clumps
Harriets-MacBook-Pro-2:clumpfind hparsonss §




JCMT DR2 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

» How to find clumps

\ Starlink GAIA::Skycat: GaiaTempCubeSectiond.sdf (1)

File View Graphics Go Image-Analysis Data-Servers Interop

/Usera/hparac
X: 11.7
: 18.7
blank
. 18:53:25,824
0 1:14:19.44
Equinox: J2000
Min; 1.0
Max 14.0

Auto Cut:

Color Map:

Color Scale:

Low, 1
High: 14



Harriets-MacBook=Pro-2:clumpfind hparsons$ topcat -f fits ga20070705_38_1_reduced_clumps.FIT

= [17] ' E ?_] a @ Y m D @ O Q @ x { f(=) @ 0 SCIEN java « topcat -1 fits ga20070705_38_1_reduced_clump

r Table List -Current Table Properties
'1: ga20070705_38_1_reduce:

Label: ga20070705_38_1_reduced_clumps.FIT

Location: ga20070705_38_1_reduced_clumps.FIT
Name: ga20070705_38_1_reduced_clumps
Rows: 16
) @® TOPCAT(1): Table Browser

B E ©X

able Browser for 1: ga20070705_38_1_reduced_clumps.FIT
PIDENT Peakl Peak2 Peak3 Cenl Size3 Volume

283.32866 .24544 55.0365 283. . 78577 89842 . 27590.02051
283.33674 . 22725 55.0365 283. .31403 65858 . 10914.97732
283.33472 .2515 56.72988 283. .84042 3729 ; 24474,6563
283.32866 .22725 54.61315 283. . 36922 17297 . 5827.29806
283.3145 .23938 55.0365 283. .62811 94508 . 18333.57752
283.32866 .22321 55.88319 283. . 7448 43676 . 12058.02355
283.3145 . 24544 64.35013 283. . 8644 28417 . 11901.1369
283.3327 .21917 56.30654 283. .53299 75302 . 1815.4271
283.3145 .23331 63.08009 283. .17448 272 ] 2174.03046
283.30035 .26767 55.45984 283. . 28957 68682 ] 1882.66488
283.3145 . 20906 57.15323 283. .49286 41209 . 1658.53766
283.31046 .24746 49.95633 283. .13846 72701 " 2779.17302
283.32259 .21917 62.65674 283. .59577 37777 . 2868.82304
283.3044 .20906 57.15323 283. .08763 05474 . 1143.04603
283.31046 .2131 62.2334 283. .51766 77857 . 3563.61497
283.30237 .24948 63.92679 283. . 52766 42086 . 3025.71213

b
[
-
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Peak1: The position of the clump peak value on axis 1.

8_1_reduced_clumps.FIT

Peak?2: The position of the clump peak value on axis 2.
Peak3: The position of the clump peak value on axis 3. R S I
Cenl: The position of the clump centroid on axis 1.
Cen2: The position of the clump centroid on axis 2.

Cen3: The position of the clump centroid on axis 3.

Sum Peak Volume
13150.89842 33.05497 27590.02051
4652.65858 37.6769 10914.97732
9215.3729 25.15452 24474,6563
2467.17297 34.22217 5827.29806
7607.94508 23.03697 18333.57752
4526.43676 21.72127 12058.02355
3479.28417 16.04313 11901.1369
643.75302 27.72717 1815.4271

Sizel: The size of the clump along pixel axis 1.
Size2: The size of the clump along pixel axis 2.

Size3: The size of the clump along pixel axis 3.

540.272 39.20407 2174.03046
427.68682 17.77885 1882.66488
465.41209 27.01974 1658.53766
678.72701 41.50911 2779.17302
663.37777 14.59879 2868.82304
286.05474 63.6299 1143.04603
907.77857 18.47295 3563.61497
784.42086 14.18026 3025.71213

Sum: The total data sum in the clump.

http://www.starlink.ac.uk/docs/sun255.htx/sun255.html

Peak: The peak value in the clump.

Volume: The total number of pixels falling within the clump.




JCMT DR2 - TIARA RADIO ASTRONOMY SUMMER SCHOOL

» How to find clumps

Clumpfind

fellwalker
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» How to produce a grid of spectra

Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ clinplot ga20070705_38_1_reduced@@l.sdf
DEVICE - Name of graphics device /@xwin/ >

Harriets-MacBook-=Pro-2:REDUCE_SCIENCE hparsons$

020160317_00017_01_reduced001

Declination

00.00

-
“

20.00

|

-’J O jn |_

40) o0
WV INAN 9 V'

-

' l P [ I B | (| 1 ' (|
| 1] 1] L ] 1 ] LAl L | L | ] 1 L]

36:41:00.00

T T

e Ne I—l e

F AV AN LS, W

21:02:20.000

Right ascensicn

'
TTTTTTTTTTTT L] LJ LJ L] LI 1} ' L 1 L]
. -+ . -4- -
-+ - -+ B
.- —-— — ~
-+ . -4 .
“+ -+ -+ .
— — e -
4 - — ~
-+ -» & R
e —-— -+ -
P > e s e
- - - -
lllllllllllllllllllllllllllll b ] J b
L B L L L L B | B L L B e e e e e e e e e
- - - B
. ' -
— - -
- - ——
- . 4
— -+ -+
- — R
- - -4
— -+ = o
- - .
Pbdde bbbt bbbt e b bbb bbb e bbb
- — R
- - 4
. ' 8 -
— —-— -
- - e
- > -
t— - -
— - e
. e
- - - o -
bl Wl A A Ll J J Jd J U J J J Jd J J J J J Il l Jl Jl l b 1l ]l
TTTTTTTTTT LJ L] LI n L L | L L]
PR—
A A A | - A | Rl A A A - A A L J A 1

oo L

P ——

18.000 16.000

Data value axis:
Top: 9.835317
Bottom: —1.970153
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Spectral oxis:
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Labal: Radlo valocity {USB)
Reat frama: LSRK
Reat fraq: 345.796
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» How to produce a grid of spectra

Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ clinplot a20160317_00017_01_reduced00l.sdf

DEVICE - Name of graphics device /@xwin/ >
Harriets-MacBook-Pro-2:REDUCE_SCIENCE hparsons$ clinplot ga20070705_38_1_reduced@0l.sdf

gaz20070705_38_1_reducedO01

[ ' ' ' ' ' ' ' ' ' ' ' ! |

t - Dota value axis:
T 1 — - Top: 2B.41732
= — - Bottom: —40.5161
.:;'. : } — - Unit: K
oo = — ~ Label: T, corrected...
P = — e
A — - Spectral oxis:
L - . Left: 450 8661
& : Right: —351.3768
S= L - Unit: ke /s
ok - Labal: Radio valeclty (LSE}
— - = . Reat frama: LSRK
g =53 E Reat fraq: 3456.796
3 2 [ - {GHz)
o O | -
C .
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l:‘: Py i — —
(o Bl Lt st X
o 1
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[ e SR TR R T B 1
20.000 25,000 18:523:20.000 15.000 10.000
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www.eaobservatory.org/jcmt/science/reductionanalysis-tutorials/heterodyne-dr-tutorial-1/

If you need to catch up please let me know, if you are ahead feel
free to look at the heterodyne cookbook, find your own favorite
object in the JCMT archive:

Heterodyne Cookbook:

http://starlink.eao.hawaii.edu/devdocs/sc20.htx/sc20.html

If you want to look for your own data:

http://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/jcmt/



http://starlink.eao.hawaii.edu/devdocs/sc20.htx/sc20.html
http://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/jcmt/
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» GAIA: Contouring

rs/hparsons/DocumenWEAOMrkshopVRadloScho01701 G/reduced/REDUCE SLIENCE Elle View Graphics Go Image-Analysis Data-Servers Interop

naxisl naxisZ hasvar hasqual R -
36 34 true false Aperture photometry

P EXP TIME 36 34 false false Optimal photometry »
P EFF TIME 36 34 false false Image regions... Control-r
RE. TSYS 36 M4 false false

STC-S regions...

ariance Error Display as one image Patch image Controk-u

Blink images. Control-b
Overlay axes grid Control-t
Eile  Options Help | Astrometry calibration
Change coordinales ;
Object detection.. Control-|
Contouring... Control-h
Y: 139.8 Surface photometry
Positions... -
Levels Contour levels & attributes: : Mean X & Y profiles Control-g
Level Colour ' Style Histograms of XY region._.
51.8474 — . Polarimetry 100ibox
91. 6861

131.525
171.363
211. 202

Contour image Object 634.3 (file:¢
Displayed image: 3Juced/REDUCE SCIENCE/qa20070705 38 1 integ.sdf (1) X: 8.7

Other image: Choose file_..

Generate

Region

—

—— 31. 926007125€ Mask image..

mons n
— Max 231 12149047€ DNNOuRRRGI Moo

Key

Auto Cut:
Color Map:
Color Scale:

Low. -0.657234
High: 189.979

2:
3-
4
5.
6:
T
8:
9:

—

S en

_._._._
@w N = O

[ R S SR S R S R S R S SR S R SR R

_.
s

Draw Contours Clear contours
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» GAIA: Plot known objects

N\ Starlink GAIA::Skycat: ga20070705_38_1_reduced001_integ.sdf (1)

Eile View Graphics Go Image-Analysis Data-Servers interop

Catalogs 2MASS Catalog at CDS

Image Servers 2MASS at CADC

Archives ABELL at CADC

Local Catalogs ABELL at CDS

GSC-2 at ESO

Guide Star Catalog Il at CADC
Hipparcos/Tycho at CADC

IRAS Point Source Catalog at CADC
IRAS Point Source Catalogue at ESO
NED the NASA/PAC Extragalactic Datal
NOMAD-1 Catalog

History ¢ PPM at ESO

: QSO0 at CADC
: QS086 at CADC
: ﬂ - — QS098 at CADC
Equinox: ROSAT AN-Sky Bright Source Catalogue

Min: -9.400173187% SIMBAD through CADC

Browse Catalog Directories...

Query a VO catalog server.

Query a TAP service..

Query a VO image server.
634.3 (file:¢ Query list of VO image servers
10.4 Reload config file

: 159.6

Max 205. 31283569 Slnbh 25
Tycho-2 at CADC
UCACE Catalog at CDS
Color Map: ‘ UCACS Catalog at CDS
UCAC4 Catalog at CDS
| URAT1 Catalog
Low: -9 40017 | USNO B1.0 Catalog at CDS
High: 205313 USNO at CADC
' USNO at ESO

Auto Cut

Color Scale:

S S
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» GAIA: Plot known objects

\ Starknk GAIA::Skycat: ga20070705_38.1_reduced001_integ.sdf (1)

Options  Data-Servers e Vie Graphics  Go  Image-Analysis  Data-Servers  Inferop

Search OpSons
Object Name Equinoc 32000
& |18:53:18.877 d: |+01:14:54 .50

Min Radius: 0.0 Max Radius: 4.2500
Max Obgects Select Area Set From Inage
634.3 (file:¢

12.2
o
2

£3

Symbol Color Ratio Angle Label Condition Size Unaits
Cross 1
Not Usad

Columns Equinox
Min: -9 400173187%

Max< 205. 312835693

Symbol
Auto Cutt

Color default (blackswhite) ‘ Color Map
Color Scale

Low. [<9. 40017
High: (205, 313

Label

Condtion

default (image pixels)

Add Symbol Remove Symbol
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» Use GAIA 3D

\ Display image sections of a cube (1)
Eile View Qptions Coords/S1dOfRest Go Help Eile View Graphics Go Image-Analysis Data-Servers Interop
put cub il headgr ContokT 33 0/wor  Choose file.
3D visualisation... I lso surfaces. -

Select HOU Volume rendering.

Import CUPID catalogue.
¢ P - g r 1

oordinate of plane 2. 290889£-22
oordinate type Energy (LSB) (J3)
crement 1 s |1

bhow coordinate label: Object /Users/hparad

19.5
11. 6

0. 880524
Bpectrum extraction: Re-extract 18:53.22 031

Spectum | Anime :-.m','nl Co |:1pr‘.»'=| Chanmap | Rebin l Fliter

Spectrum controls:

Show limits on plot 1:13:27.85
| Equinax 32000

Min. -2 8369996547
Max 9. 0891084671(

OWer index: »
oordinate of plane:

pper index:

oorginate of plane: 2.291063E-22 Auto Cut: —

ix data range:
Graphics

Foint tracking

o [ I=IIN [ AN

ombination method:

2. 35595E-22 23SE9E-22 2355

Reference:; Set Clear

SPLAT-VO. Send. replace Send: add .

229088E-22 22509E-22 229095E-22 2291E-22 2 23105E-22
1y (LSB)(J)
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» Use GAIA 3D

Eve View

npul cube
A

ndex of plane
oordinate of plane:
oordinate type

ncrement:

[Show coordinate label

Spectrum | Animaton
Spectrum controls:

Spectrum extraction

Show limis on plot
Lower Index:
Coordinate of plane
Upper index
Coordinate of plane

Fix data range:
File

Qptions

/Users/hparsons/Docunents /EAD /vo)

Go

-

Coords/SIdOMest Help

Choose file

three : spec

-1 1
2. 250889E-22

Enecrgy (LSB) (J)

1

Collapse | Chanmap I Rebin

Filter l Baseling

Re-exiract

v
-83
2.290623E-22
53
2.2910632-22
Coords/StdOfRest

Qptions |nterop

N\ Starlink GAIA::Skycat: GaiaTempCubeSection2.sdf (1)

File View Graphics Go Image-Analysis Data-Servers Interop

/Users/hparsd
27.5
22.9
5.91789
18:53:18.150
1:14:45 87
Equince  J2000
Min: -2.8369996547
Max 9.0891084671(

Auto Cut:

Graphics

Point tracking

\
’

Define reglon:
Combination me
Reference

SPLAT-VO

corrected anterns temmperature (K)

r:
.

22 2

2 35695E-22 2.3569E-22 2

35685E-22
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» Use GAIA 3D

N\ GAIA3D: Iso-surfaces (1)
File View Options

Controls:

Levelsl Generate| CUPID | Axgs attributes |

—— Contour levels & aftributes:
Level Colour Opacit E
16.10758 1.0

3.12605 0.6

0.6
0.4
0.2

0.2

0.2

0.2

0.2 .|/
N s

Replace bad:

—

|
[
[
l
[ 0.2
l
|
[
l

Replacement value:
0.0

Image plane:

Spectral line:
Direction axes:
Bounding box:
Annotated axes:

Apply mask:

Clear levels
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» Use AIA 3D

File View Options

X' CGAIA3D: Iso-surfaces (1)

Controls: _
L2 A

Levelsl Genera:e| CUPID | Axes aftributes |

~—— Contour levels & atiributes; -
Level Colour
6.10758

o
LA |

sle|e|ele|e|e|e|x

[
|
|
{
{
|
[
|
|

2 N9 O NSO

.

[
Replace bad:

Replacement value:
0.0

Image plane:

\
\

Spectral line:
Direction axes:
Bounding box:
Annotated axes:

Apply mask:

Draw Clear levels

m See help for interactions
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» Use GAIA 3D

Eile  View  Qptions

N\ GAIA3D: Iso-surfaces (1)

Controls: -

Levelsl Generatel CUPID I Axes aftributes

—— Contour levels & attributes:
Level Colour Ol
[6.10758

3.12605

|

N O E NSO

|
|
|
(
|
|

=
I
ol

vizlelele|e|elela|x

~J
Replace bad:

Replacement value:
0.0

Image plane:

Spectral line:
Direction axes:
Bounding box
Annotated axes:

Apply mask:

Clear levels




