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Outline

 Introduction

 Archive webpage (task 1)

 AstroQuery (task 2)

 Similarity (task 3)



Why you need archive?

 Telescope time is very competitive

 You need to check archive before submitting a proposal

 Science using ALMA Archive data is increasing

Information from ESO



What you can giving a try today:

 Chose a source and line
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What you can giving a try today:

Purpose Molecule / Line Typical Band Notes

General gas tracer 12CO (J=2-1, 3-2) Band 6, 7 Detected in almost every target -- safe default

Optically thin gas 13CO, C18O Band 6 Isotopologues; teaches optical-depth effects

Dense gas / star formation HCN, HCO+ Band 3, 6 Classic dense-gas tracers

Shocks / outflows SiO Band 6, 7 Good for jet / outflow discussions

Complex organics CH3OH, CH3CN Band 3, 6 Pairs well with Orion KL / Sgr B2

Disk chemistry HCO+, DCO+, C2H Band 6, 7 Pairs well with TW Hya / HD 163296

Continuum / dust (no line -- continuum) any band No line processing needed -- good first exercise

 Chose a source and line



Webpage searching



Webpage searching



Webpage searching

Sky map

Zoom in and check obs at the target



Webpage searching

Have a look the PI’s proposal abstract



Webpage searching

Check if the observation match your science goal



Webpage searching

If you found a lot of of obs. 

you can filter the data 

(resolution, band, time)



Webpage searching

Download thd data



Once you get something to download

---Project ID

---Science Goal

---Group OUS

---MOUS

raw_data --------- If you click at the download page (for scriptForPI.py)



Webpage searching

Explore data

member.uid___A001_X133d_X28e2.HL_Tau_sci.spw25_27_29_31_33_35_37_39_41_43_45_47_49.cont.I.pbcor.fits

member.uid___A001_X133d_X28e2.HL_Tau_sci.spw27.cube.I.pbcor.fits

https://almascience.nrao.edu/dataPortal/member.uid___A001_X133d_X28e2.HL_Tau_sci.spw25_27_29_31_33_35_37_39_41_43_45_47_49.cont.I.pbcor.fits
https://almascience.nrao.edu/dataPortal/member.uid___A001_X133d_X28e2.HL_Tau_sci.spw27.cube.I.pbcor.fits


Webpage searching

Explore data

You might find some line detection



Webpage searching

Explore data

Open with CARTA



Webpage searching



Task: combine filters (~10-15 min)

 Go back to your source from the last task (or pick a new one from Slide 4)

 Try the Line filter: search by molecule name (e.g. CO, HCN), or browse the Lines panel on the right

 If your source is high redshift (e.g. SPT0311-58, HFLS3, SDP0.81, Cosmic Eyelash), set the 

Redshift field so the line list shows the correct observed frequency

 Combine at least 2 filter categories at once (e.g. Position + Line, or Position + Project abstract)

 Try a Project abstract keyword search related to your science goal (e.g. "outflow", "disk", "AGN") --
how many projects match?

 Check: does the observation's band actually cover the frequency of your line? (rest frequency x (1+z) 
should fall inside the observed frequency range)

 Open the image in CARTA (quick-look) and take a look -- does what you see actually match what you 

were hoping to find?

 Bonus: find a project whose abstract really matches your goal, then check its delivered 
resolution/sensitivity



Astroquery -- script it!

 Same searches as the archive webpage -- reproducible & automatable

Functions we'll use:

 query_object

 query_region

 get_data_info

 download_files

Four scripts today:

 01 by name -> 02 by region/ADQL -> 03 download -> 04 visualize



Alma.query_object() -- search by name

 Resolves "HL Tau" to coordinates, then runs a cone search

All 4 parameters (every call sets all of them, even at default):

 public=True            -- True/False/None: public only / proprietary only / both

 science=True           -- True/False/None: science obs only / calib only / both

 payload=None           -- dict: extra ObsCore filters, e.g. {'band_list': ['7']}

 enhanced_results=False -- True adds Quantity columns + a sky-footprint column



The result is an astropy Table

 query_object() returns an astropy Table -- browse it like a dataframe



The result is an astropy Table

 query_object() returns an astropy Table -- browse it like a dataframe

Filter with your parameter

result[result[‘spatial_resolution]<0.05][…]

 Or Query_object with pyload={‘spatial_resolution’: ‘<0.05’} 



Alma.query_region() -- search by region
 Cone search around explicit coordinates -- same idea as query_object

All 6 parameters:

 coordinate=coord -- SkyCoord (or string), the search center

 radius=30*u.arcsec -- Quantity, the search radius

 public=True             -- public only / proprietary only / both

 science=True            -- science obs only / calib only / both

 payload=None            -- dict, extra ObsCore filters

 enhanced_results=False  -- adds Quantity columns + sky-footprint



Alma.get_data_info() -- list files

 Lists every file/package attached to one "member_ous_uid” 

i.e. result[‘member_ous_uid’]=‘uid://A002/X91a40d/X4’ from query

 Info = Alma.get_data_info(‘uid://A002/X91a40d/X4’)

All 4 parameters:

 uids='uid://A002/X91a40d/X4'  -- member_ous_uid or asdm_uid

 expand_tarfiles=False          -- True lists files INSIDE each package

 with_auxiliary=True            -- include logs/weblogs/calibration tables

 with_rawdata=True              -- include raw ASDM packages (huge!)



Alma.get_data_info() -- list files

 Lists every file/package attached to one "member_ous_uid” 

i.e. result[‘member_ous_uid’]=‘uid://A002/X91a40d/X4’ from query

 Info = Alma.get_data_info(‘uid://A002/X91a40d/X4’)

The url Link

product

Raw data (asdm.sdm)



Alma.get_data_info() -- list files

 Lists every file/package attached to one "member_ous_uid” 

i.e. result[‘member_ous_uid’]=‘uid://A002/X91a40d/X4’ from query

 Info = Alma.get_data_info(‘uid://A002/X91a40d/X4’)

All 5 parameters:

 files=[chosen_url]         -- list of access_url strings

 savedir='./alma_downloads' -- where to save (must already exist!)

 cache=True                 -- skip re-download if already present

 continuation=True          -- resume a partial download

 skip_unauthorized=True     -- silently skip files you can't access

 verify_only=False          -- True = dry run, just check reachability



Open it with CARTA or astropy.io.fits

Calls used:

 tf.extractall(EXTRACT_DIR, filter='data')  -- filter='data' = safe extraction

 fits.open(fits_path)                        -- returns header + data

 np.squeeze(data)                             -- CASA's 4D array -> 2D image



Task: run it yourself (~10-15 min)

 Open 01_query_by_name.py, change "HL Tau" to your own source (Slide 4)

 Re-run 01 -> 02 -> 03 -> 04 in order

 Trying to filter the results after query

 Trying to filter the results before query

 update the target UID by hand between steps

 Download the product: Is this what you want?

 Open the file with CARTA or Plot the data

 Try Alma.help() to find a filter keyword we didn't cover in the demo

 Compare your final plot to what you saw in CARTA earlier (Slide 17) -- does it match?

result[‘member_ous_uid’]



Introduction

 ALMA Science Archive morphological image similarity search

https://almascience.eso.org/news/alma-science-archive-morphological-image-similarity-search

Stoehr et al.



Introduction

 ALMA Science Archive morphological image similarity search

https://almascience.eso.org/news/alma-science-archive-morphological-image-similarity-search

Stoehr et al.



Introduction

 Applied to a vast archive of 

259,126 continuum images and 

196,322 peak-flux images of data-

cubes

 Model: A deep neural network 

utilizing self-supervised 

contrastive representation 

learning

https://www.eso.org/sci/publications/messenger/archive/no.195-sep25/messenger-no195-29-31.pdf

Stoehr et al.



Introduction

 Search: Click the icon next to a 
preview image to find 1,000 similar 
images

 Refine: Select images to instantly 
reorder the remaining results based on 
your combination

 Explore: Hover over thumbnails for 
FITS details, or click the top-right 
'quick-look' images to find major 
groups

 Export: Send files to CARTA, get a 
download script, or open a new query 
tab

https://www.eso.org/sci/publications/messenger/archive/no.195-sep25/messenger-no195-29-31.pdf

Stoehr et al.



ALMA Archive



ALMA Archive

Download/view the data



ALMA Archive

Find This icon



ALMA Archive

Find This icon



ALMA Archive

Five major types of categories

The chosen target image



ALMA Archive

Quickly select a group



ALMA Archive

Select multiple targets

Create download script

Automatic reordering



ALMA Archive

Stop your cursor on 

the image you like

Download the image

Open in CARTA



ALMA Archive

Stop your cursor on 

the image you like

Download the image

Open in CARTA



ALMA Archive



ALMA Archive



Task

 Find your favorite source or randomly pick one

 Search the source in ALMA archive page

 Find a continuum image

ex.

 Explore the Similarity

 Can you find some similar target?

XXXX.cont.I.pbcor.fits

https://almascience.nrao.edu/dataPortal/member.uid___A001_X133d_X28e2.HL_Tau_sci.spw25_27_29_31_33_35_37_39_41_43_45_47_49.cont.I.pbcor.fits


Thanks for your attention
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