RESOLVING VLBI DATA

Bram van den Berg
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First M87 Event Horizon Telescope Results. I.
The Shadow of the Supermassive Black Hole

Source: First Sagittarius A* Event Horizon Telescope Results
|. The Shadow of the Supermassive Black Hole
in the Center of the Milky Way. 2023



(RP?Id CI% Interferometric Measurement Equation

Vogr = | CU,wpa)IDG (2, DG (2, D27 gp.

F e e e T e ——
# time (hr) tint Tl T2 Taul Tau2 U (lambda) V (lambda) Iamp (Jy) Iphase(d) Qamp (Jy) Qphase(d)
19.33472157 0.00 GL NN .00 .00 1508498176.0000 1912058496.0000 .07822997 55.6928 .00908821 -172.1207
19.33472157 0.00 PV GL .00 .00 -2208208128.0000 -2342596096.0000 .08522883 -50.7726 .03102530 .0742
19.33472157 0.00 PV NN .00 .00 -699710016.0000 -430537440.0000 .43127653 26.2563 .00169287 . 0608
19.33749962 0.00 (c] NN .00 .00 1506323456.0000 1912292736.0000 .08752586 49.9144 .00749448 .1252
19.33749962 0.00 PV GL .00 .00 -2206174976.0000 —-2342938624.0000 .03965049 -83.7371 .03245287 .1409
19.33749962 0.00 PV NN .00 .00 -699851712.0000 -430645856.0000 .43545066 27.0904 .00275826 .3713
19.34027767 (c] NN .00 1504147968.0000 1912526720.0000 .18315633 59.0684 .01307940 .5534
19.34027767 0.00 PV GL .00 -2204140800.0000 —-2343280896.0000 .04703111 -43.7041 .01852513 .6921
19.34027767 0.00 PV NN .00 -699993088.0000 -430754272.0000 .44043844 27.0103 .00443373 .8521
19.34305573 0.00 GL NN .00 1501971328.0000 1912760064.0000 .08113090 52.1235 .00984126 . 2499
19.34305573 0.00 PV GL .00 -2202105344.0000 -2343622656.0000 .03191610 -9.1120 .02505677 .7092
19.34305573 PV NN .00 -700134208.0000 -430862752.0000 .43949724 26.9980 .00287303 .4821
19.34583378 GL NN .00 1499794304.0000 1912993024.0000 .09291633 58.8617 .01192318 .8501
19.34583378 PV (c] .00 -2200068864.0000 —-2343964416.0000 .05035713 -41.9624 .02033953 .0337
19.34583378 PV NN .00 -700274624.0000 -430971232.0000 .43560638 26.1944 .00394153 .4943
19.34861183 GL NN .00 1497616256.0000 1913225984.0000 08683529 48.3732 01004596 .9131
19.34861183 PV (c] .00 -2198031104.0000 -2344305920.0000 06028186 -61.0051 03179152 .1948
19.34861183 PV NN .00 -700414912.0000 -431079744.0000 43929479 26.5915 00281874 .5543
19.35138988 GL NN .00 1495437696.0000 1913458304.0000 10145370 58.9656 00046223 .0162
19.35138988 PV GL .00 -2195992320.0000 -2344646912.0000 04026123 -37.0210 01310872 .4396
19.35138988 PV NN .00 -700554752.0000 -431188288.0000 43705341 26.6457 00672625 .1401
19.35416651 GL NN .00 1493257984.0000 1913690496.0000 09438039 37.6116 00801365 .5407
19.35416651 PV GL .00 -2193952256.0000 -2344987136.0000 03778218 -60.4355 02180680 .3693
19.35416651 PV NN .00 —-700694208.0000 -431296896.0000 43724074 26.0690 00435784 .7041
19.35694456 GL NN .00 1491077760.0000 1913922176.0000 09331274 58.2885 00855268 .2435
19.35694456 PV GL .00 -2191911168.0000 -2345327872.0000 05993254 —-24.8405 03361855 .4231
19.35694456 PV NN .00 -700833344.0000 -431405376.0000 43726676 .7916 00761357 .9540
19.35972118 GL NN .00 1488896512.0000 1914153600.0000 09727167 .4308 00794311 .0508

Source: SARAO, SSS, S. Dagne”o and W. Cotton (NRAO/AUV 1y.35972118 PV GL .00 -2189868544.0000 -2345667840.0000 05682537 .0423 01488520 .6477

19.35972118 PV NN .00 -700972032.0000 -431513984.0000 43076041 .7840 00157772 .2248
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The correlated field model of Resolve

* Modeling sky distribution I(x,y) or I(x,y,t).
* We assume a certain smoothness.

* For certain imaging algorithms these
smoothness parameters has to be set
beforehand.

* We model the brightness field as a positive
gaussian process with a correlation kernel K.

* K encodes how each pixel/frame is correlated.

* Resolve figures out K during the run!

I(xa Y, t) = BXP(T()C, Y, ZL))"' g e QP(O, K)a
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[ Static sky model ] + [ Dynamic sky model ]

{ Combined sky model ]

Il
s
!

L Il

{ Likelihood ] CE— [Observationalvisibilities]

6




LETS TEST IT



Ground truth
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mring+hs-off-ring

Sometimes significant improvements:

Ground truth Old resolve New resolve Static component

Dynamic component




BUT WAIT...

THERE IS MORE




Dynamic sky model . Dynamic sky model
[ Epoch 1 J + [ Static sky model J + { Epoch 2

L Il i 1

Combined sky model Combined sky model
Epoch 1 Epoch 2
Observation Observation
[ Epoch 1 J [ RIME J [ RIME J [ Epoch 2 J

! ! ! !

Observational visibilities i Observational visibilities
Visibilities Epoch 1 Visibilities Epoch 1
Epoch 1 Epoch 2

44 44

[ Likelihood Epoch 1 ] [ Likelihood Epoch 2 ]

11



Ground truth Dynamic only
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2017, April 6 uv coverage
Hotspot moving across

Ground truth Dynamic only

2017, April 7 uv coverage
Hotspot moving in a not-centered ring

Ground truth Dynamic only

2017, April 11 uv coverage
Hotspot moving fast in a ring




Ground truth Dynamic only Static + Dynamic Dynamic
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Conclusions

* We need imaging

* We improve reconstructions with Resolve by splitting the sky model
into a static and a dynamic component

* We can extent this to do multi-epoch imaging, information is now
shared by the static component

* This improves the quality of the static component, specifically for
sparse uv coverage epochs

* Suited for Sgr A*!

* Want to know more? Paper is in internal review! Stay tuned!
(or talk to me)



Extra slides



Ground truth Dynamic only Static + Dynamic Dynamic
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Ground truth Dynamic only Static + Dynamic Dynamic
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Ground truth Dynamic only Static + Dynamic Dynamic
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