
In collaboration with: 
Manuel Linares (NTNU) 

(Thanks to Iacob Nedreaas & Bogdan Voiadas)

Karri Koljonen (NTNU/Trondheim)

Catalogue paper: Koljonen & Linares (2025), ApJ, 994, 8 
Web interface: https://astro.phys.ntnu.no/SpiderCAT

Vizier: J/ApJ/994/8



Image credit: John A. Paice

Stro
ng irr

adiation

Int
ra

bi
na

ry 
sh

oc
k

Super-massive NS

Partic
le acceleration

Particle acceleration



Image credit: John A. Paice

Stro
ng irr

adiation 

(optical)Int
ra

bi
na

ry 
sh

oc
k 

(X
-ra

ys
, γ

-ra
ys

)

Super-massive NS 
(X-rays)

Partic
le acceleration 

(Radio, γ-rays)

Particle acceleration 

(TeV?)

IR/optical



KARRI.KOLJONEN@NTNU.NO | NORDIC-BALTIC ASTRONOMY DAYS 2026 | TURKU

SPIDER BOOM

▸ Only a handful pre-2008; dramatic rise after 
Fermi launch 

▸ Multiple discovery channels: γ-ray-guided 
radio/optical, blind γ-ray searches, X-ray 
selection 

▸ Spider population now >100 Galactic-field 
systems → population studies feasible 

▸ Existing pulsar catalogs emphasize radio 
timing (e.g. ATNF); spider information is 
multiwavelength and scattered
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SPIDER BOOM

▸ Only a handful pre-2008; dramatic rise after 
Fermi launch 

▸ Multiple discovery channels: γ-ray-guided 
radio/optical, blind γ-ray searches, X-ray 
selection 

▸ Spider population now >100 Galactic-field 
systems → population studies feasible 

▸ Existing pulsar catalogs emphasize radio 
timing (e.g. ATNF); spider information is 
multiwavelength and scattered

Unified, public, queryable resource
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SPIDERCAT

▸ 109 (first release) → 126+5 (today) 

▸ >20 increase in 1 year! 

▸ 90 confirmed systems (54 BW, 34 RB, 2 HM) 

▸ 41 candidates (no pulses detected so far) 

▸ Key per-source parameters: 

▸ Coordinates, spin (P, Ė), binary (Pb, Mc,min), 
discovery metadata, distance (DM + Gaia) 

▸ Data compiled from literature + public 
catalogs (e.g., ATNF)  
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MULTIWAVELENGTH CROSSMATCH

▸ Crossmatches through various data archives 
(e.g. Vizier) 

▸ γ-ray: Fermi 4FGL (search radius 10′) 

▸ X-ray: XMM/Swift/Chandra/eROSITA (2–9″ radii) 

▸ Optical/IR: Gaia, Pan-STARRS, SkyMapper, 
2MASS (2″ radius) 

▸ Planned: Radio (LOFAR) 

▸ Outputs: fluxes, estimated luminosities with 
Gaia/DM distances, mags/colors 
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SPIDERCAT UNDER THE HOOD

▸ Reproducible pipeline plus a web front end. 

1. Pipeline builds intermediate products to a master table 

▸ ATNF queries for timing/DM and DM distances 

▸ Gaia queries for parallax-based distances with explicit priors and other parameters 

▸ Automated multiwavelength counterpart searches via VizieR with configurable 
radii 

▸ Manual curation: new systems not found in ATNF or with insufficient/incorrect 
information 

2. Web app (Dash + Gunicorn): loads the master table and provides interactive table 
and plotting tools with exports, and dynamic per-source pages

Inputs (manual + 
external catalogs)

Queries

ATNF Gaia

Multiwavelength

Merged table

Web
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TEKSTI



TEKSTI Page navigation



TEKSTI Page navigation
Clickable info boxes



TEKSTI Page navigation
Clickable info boxes

Interactive galactic map (hovername + link to per-source pages) 





Useful links





Clickable buttons to 
show/hide parameters 

from the table



Clickable buttons to 
show/hide parameters 

from the tableFilter data (find matches, numerical operators)



Clickable buttons to 
show/hide parameters 

from the table

Precision control 

Filter data (find matches, numerical operators)



Clickable buttons to 
show/hide parameters 

from the table

Precision control Download csv or txt file

Filter data (find matches, numerical operators)
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Parameter selector
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Binning slider

Parameter selector
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Binning slider

Parameter selector

Axis scaling
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Binning slider

Parameter selector

Axis scaling

Spider type selector
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SPIDER DEMOGRAPHICS

▸ Contain the fastest spinning 
pulsars (1.5–5 ms)

Koljonen & Linares 2025
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SPIDER DEMOGRAPHICS

▸ Contain the fastest spinning 
pulsars (1.5–5 ms) 

▸ Companion masses are 
bimodal → clean RB vs BW 
separation via Mc,min 

▸ Orbital periods mostly 2–30 hr 
(excluding tidarrens/HM) 

▸ RB median Pb∼6.2 hr; BW 
median Pb ∼3.6 hr

Koljonen & Linares 2025
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HIGH ENERGY PROPERTIES

▸ Lγ : ~1032–1035 erg/s; no strong 
subtype split 

▸ LX : ~1030–1034 erg/s; RBs 
systematically higher 

▸ LX≳1032 erg/s appears only in 
RBs  

▸ Both show correlation between 
LX and Lγ (linked to Ė)
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▸ log(Fγ/FX) distributions differ: 

▸ BW mean ~2.6 ± 0.3 (narrow) 

▸ RB mean ~1.6 ± 0.8 (broad) 

▸ Practical rule for RBs: log(Fγ/FX) < 2

HIGH ENERGY PROPERTIES
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SPIDERS IN COLOR-MAGNITUDE DIAGRAM

▸ Spiders sit mostly between 
main sequence and WD branch 

▸ Empirical “spider region”:  

▸ upper: Mg = 4.5(g−r) + 4.5 

▸ lower: Mg = 2.7(g−r) + 10.3 

▸ RBs are ~2 mag brighter than 
BWs at similar colors
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SPIN-ORBIT CLUSTERING

▸ K-means clustering suggests two groups in P vs Pb: 

▸ Cluster 1: very fast spins + wide range of Pb 

▸ Cluster 2: short Pb  + broader spin range 

▸ Clusters differ in Ė and BLC , not strongly in age 

▸ Efficient accretion during recycling phase leading 
to faster spins and stronger companion 
irradiation? 
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CONCLUSIONS

▸ SpiderCat provides standardized, multiwavelength reference set of the known population of 
spiders + useful web interface. 

▸ SpiderCat is both infrastructure and science: it’s immediately useful for identifying and 
classifying candidates, and it supports broader questions about evolution and emission 
mechanisms in compact MSP binaries. 

▸ Web catalog will be updated continuously. Future updates include per-source SEDs, 
lightcurves, more multiwavelength catalogs.   

▸ Try it yourself: https://astro.phys.ntnu.no/SpiderCAT 

▸ Grab me if you want to see a super-secret, enhanced developer version :) 
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