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The ALMA Science Archive (ASA) now allows you to visually search for images that are morphologically similar to a given ASA image (currently 259,126 continuum images and 196,322 peak-flux images of data-cubes) with the aim to
help you find such images extremely rapidly within the vast ASA holdings.

A description of the state-of-the-art deep learning method used to determine similar images - self-supervised contrastive affine-transformation-independent representation learning with a deep neural network - and the interface we
have developed can be found in this ESO Messenger article.

Although the functionality is expected to be mostly self-describing through the tooltips on icons and thumbnail images, below we provide a brief tutorial.

Look for the icon next to a preview image and click on it to open the similarity search pop-up. In this window you will see the 1,000 images that are most similar to the one you have selected. On this interface, you can now

select additional images of interest by clicking with the mouse (or right-click to select all images up to a given one). Each time you do so, the interface instantaneously updates the display, reordering the remaining images by their
simultaneous similarity to all images selected so far. The automatic reordering can be toggled off and on using the control on the right-hand side of the top bar. Hovering over one of the thumbnail images provides additional
information about the corresponding observation and FITS file. There are five ‘quick-look’ images displayed at the top right which correspond to the five largest image groups in the list of 1,000 images. Click on one of them to pre-
select similar images in the interface.

After making a selection, you can send all the FITS files corresponding to selected images to CARTA with a single click (follow the instructions at the top of the CARTA pop-up to see all images there and maybe use the top right icon
to open the display in a new browser tab), to get a download script for those FITS files, or to open a new ASA query tab with the observations corresponding to the selected images. In the new query tab you can further filter the
selected observations using all criteria available there.

Stoehr et al. n- :’--
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image similarity search has been offered
in an astronomical science archive.

Introduction

The amount of astronomical data is grow-

ing exponentially (for example, Stoehr,
2019) resulting in an exponential increase
of data available per astronomer. No
longer data but now astronomers are
becoming — or have already become —
the rare resource in astronomy (Stoehr

et al., 2015). For science archives like the
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learning without using human classifica-
tion (labels). Recently, however, a break-
through has been achieved such that
contrastive unsupervised methods perform
as well as, or even better than, supervised
methods. Such methods have already
been applied successfully to astrophysics.
For a summary see Huertas-Company et
al. (2023).

Here, we use the SIimCLR algorithm
(Chen et al., 2020) in the implementation
made by da Costa et al. (2022)2. SimCLR
uses self-supervised learning by applying
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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

Stoehr et al. | o .
https://www.eso.org/sci/publications/messenger/archive/no.195-sep25/messenger-no195-29-31 .pﬂ
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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 que'

tab
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https://www.eso.org/sci/publications/messenger/archive/no.195-sep25/messenger-no195-29-31.pdf
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2013.1.00196.5 TW_Hya 11:01:51.875  -34:42:17.155 7 0.0620 329.56..341.01GHz 2016-06-12 2 0.648 0.108 12m 7.027 17367  Disks and planet formati... Disks around low-mass s... 6441.120 278679 22955
2011.0.00001.5V TW Hya 11:01:51.906  -34:42:17.021 7 0.3687 343.51..358.23GHz 2016-06-24 8 1671 0.204 12m 10917 16.596  Disks and planet formati... Disks around low-mass s... 7106.400  278.679 22955
2015.A.00005.5 TW_Hya 11:01:51.824  -34:42:17.267 6 0.0146 223.00..242.98GHz 2016-07-05 6 0.045 38.872 12m 0.613 24992 Disks and planet formati... Disks around low-masss... 2431.296  278.679 22954
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2013.1.00387.5 TW_Hya 11:01:51.824  -34:42:17.246 6 0.0263 226.64..244.96GHz 2016-09-16 9 0.530 0.037 12m 5.551 24694  Disks and planet formati... Disks around low-mass s... 2661.120  278.679 22954
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Image Morphology Similarity Search Five major types of categories
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member.uid_A001_X1284_X1742.HL_Tau_sci.spw25_27_29_31.cont.l.manual.pbcor.fits
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member.uid__A001_X1284_X1742.HL_Tau_sci.spw25_27_29_31.cont.l.manual.pbcor.fits

Observation details

Image id: 162108

Source: GW_Ori

Category: Disks and planet formation
Keywords: Disks around low-mass stars

Frequency: 231.55 - 233.42 GHz

. . Project Download the image
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the image you like




[ ] [ ) ALMA Science Archive X @ CARTA X ek v

c °5 carta.almascience.nrao.edu/carta-frontend/?socketUrl=wss://carta.almascience.nrao.edu/tim9y4duybivu9wca2wf4wsoo&file=member.uid___A001_X2d20_... % S, A#iBR Chrome AJ &5
Image Morph0|ogy Similarity Searc i mmEst 8§ G Google @) NASA/ADS [ Obs. & overleaf [ booking [J stock [0 ALMA [0 8% [ TARA-ALMA [ Meeting [ Gemini X R#AE ©Q Google itffl [J toBuy O FREEE
File View Widgets Help ® / [0 O > ~ & = B/ & 4 B AL 8 L QP O F Ar-SEe D<K
member.uid__A001_X2d20_X1ed2.HL_Tau_sci.spw27.mfs.l.selfcal.pbcor.fits O Qo Z Profile X (7 ) lul
member.uid A001 X1284 X1742.HL Tau sci. WCS: (4:31:38.347, 18:13:57.07); Image: (943, 774); Value: 7.38936e-6 Jy/beam ; Polarization: Stokes I D Image Active ~ e o VEER <
€
2 § 8.00e-1
ol 2
3 81 3 4.00e-1
o [)
[} 2
S 0.00e+0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
[LSRK] Frequency (GHz)
0 3
B 8
d ]
Render Configuration X (7 B !
ObserVatlon det: 2 Clip Percentile = Custom ¢ Clip min = -0.000167397895
O I —
. E S § Clip max 0.0044968250324
Image id: 162108 = =
Source: GW_Ori £5 Scaling  Square root &
- 5 @
Category: Disks and ¢ 3 Colormap| NN *
Keywords: Disks arou = ITTRTE TR N ETER MR
Frequency: 231.55 - Z 8 o 0002 0004 0006 0008 0.1 Invert colormap (O
o
Project: 2021.1.01661. § Cursor: 7.76e-5 Jy/ e (Jy/beam) Bias / Contrast ¥
: uid: Image List X | Animator X || Region List X (72 ) llu]
- 9 Image Layers Matching Channel Polarization
o
g 0 member.uid___AO! R xXYJ(R] 0 Stokes |

56.0

O¥ @ Qo & wes # 2 1 »

38.50 38.45 4:31:38.40 38.35
Right ascension (ICRS)
IS BN . W el EENSE DS O O E & B S o] seassw




Image Morphology Similarity Search

o9 w & U
member.uid___A001_X2f6_X146.HD_100453_sci.spw19_21_25_27 29.cont.l.pbcor.fits n
GERAEEEENENNENEE
HESSESEREEESSONEAEE
EOERAEERNEEEREESS
HOSOENEEERRABRRONE
ARNEOEESRSSBERNEESN




Image Morphology Similarity Search

member.uid_A001_X2d20_X2748.SVS13A_sci.spw25_27 29_31_33_35_37_39_41_43.cont.l.pbcor.fits

—_—



Thanks for your attention




