THE POSSIBILITY OF FINDING PHOTON SUBRINGS OF A KERR BILACK HOLE
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INTRODUCTION THE PROBLEM

THE EVENT HORIZON TELESCOPE (EHT) COLLABORATION HAS PUBLISHED THE IN ORDER TO RESOLVE PHOTONS WITH HIGHER HALF-ORBIT NUMBER, A LONGER
IMAGE OF MS87'S SUPERMASSIVE BLACK HOLE [1] (Fic. 1). THIS IMAGE WAS BASELINE IS NEEDED [2]. FROM EARTH, DUE TO RAYLEIGH CRITERION, SUCH A THING
FORMED BY OBSERVING PHOTONS FROM ACROSS THE ACCRETION DISK THAT WERE IS NOT POSSIBLE. THIS NOTION IS SHOWN IN FIG. 2 AND FIG. 3.
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GENERAL RELATIVITY PREDICTS. GENERAL RELATIVITY ALSO PREDICTS THAT
WITHIN THIS IMAGE LIES A THIN PHOTON RING WHICH IS COMPOSED BY AN
INFINITE NUMBER OF SUBRINGS THAT ARE INDEXED BY THE HALF ORBIT NUMBER
n AROUND THE BLACK HOLE. IN PRACTICE, THE IMAGE
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WAS COMPOSED FROM PHOTONS THAT WERE LENSED ) Joa
AROUND THE BLACK HOLE. THE IMAGE WAS DOMINATED MRS N g
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HIGHER RESOLUTION IS NEEDED TO RESOLVE HIGHER N'S. "~/ " 2=
THE RESOLUTION IS STROGNLY RELATED TO THE 10” T T oz M ~16 15
RAYLEIGH CRITERION AND BEING USED IN TERMS OF Bagsline Langih wid) pentive Fosition e

FIG. 2: FROM [2], a - Top: VISIBILITY AMPLITUDE AS A FUNCTION OF THE BASELINE LENGTH. BOTTOM: FREQUENCY
EFFECTIVE BASELINE. FIiG. 1: IMAGE OF M87*. DEPENDENT RANGE OF EARTH BASELINES AND REPRESENTATIVE EARTH-SPACE BASELINES. IT SHOWS HOW DIFFERENT

LENGTHS OF BASELINES WOULD RESOLVE DIFFERENT HALF ORBIT NUMBERS. D - BRIGHTNESS CROSS-SECTION DECOMPOSED
INTO SUBRINGS INDEXED BY THE NUMBER n.

METHODS

Circular Apperture Projection

RESOLVING TWO SOURCES ACCORDING TO RAYLEIGH CRITERION IS NOT POSSIBLE AT THE MOMENT, HENCE WE CAN ASK A ] — =1
DIFFERENT YET RELEVANT QUESTION: IS IT POSSIBLE TO IDENTIFY THE EXISTENCE OF TWO SOURCES WITHOUT RESOLVING THEM?
IN MY RESEARCH I MAKE USE OF THE PYTHON LIBRARY dynesty, WHICH CONDUCTS BAYESIAN PARAMETER ESTIMATION. IN ] | |
FIG. 3 WE APPROXIMATE THE BRIGHTNESS CROSS-SECTION IN FIG. 2b, INTO TWO IDEAL CIRCULAR APPERTURES. ’
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FIG. 3: AN APPROXIMATION OF TWO CONSECUTIVE
PHOTON RING CROSS-SECTIONS.

PRELIMINARY RESULTS

HERE, WE TRY TO FIT A SIGNAL INTO ITS TWO COMPONENTS WITH LOW AND MEDIUM NOISE. IN PRACTICE, WE GENERATED DATA OF A NOISY SIGNAL, AND FITTED IT INTO TWO SINGLE
SIGNALS AND GOT THEIR PARAMETERS - WIDTH AND POSITION IN FIG. 5. THE CASE WE'RE DEALING WITH RIGHT NOW IS THE SIMPLEST CASE. WE ASSUMED CO-CENTERED AND PERFECTLY
CIRCULAR RINGS. THUS, WE APPROXIMATED THE CIRCULAR APERTURE PROJECTIONS TO BE IDEAL. OUR FUTURE WORK IS COMPOSED FROM SEVERAL POINTS THAT TAKE THE SIMPLE CASE
AND EXPAND IT TO A MORE GENERAL ONL.
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FIG. 5: RECONSTRUCTION OF TWO RINGS (AS IN FIG. 4) BUT MODELED
0, = 0.87732 BY ONLY ONE RING. THIS RESULT SHOWS A POOR RECONSTRUCTION
A ! COMPARED TO THE ONE IN FIG. 4. IN THE FUTURE MODEL SELECTION
WILL DECIDE WHICH IS BETTER.
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e FITTING NOT IDEAL CASES, WHERE THE PHOTON
RINGS ARE NON-CONCENTRIC AND NOT PERFECT
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THE METHODS ONTO IT.

FIG. 4: A 3-PIECE ANALYSIS OF EACH INCOMING SIGNAL. al AND bl - THE SAME INJECTED SIGNAL INTO TWO DIFFERENT NOISES, SAME MODEL, DIFFERENT AMPLITUDES AND
WIDTHS. a2 AND b2 — RESIDUAL PLOTS OF THE SIGNALS AND THE RECONSTRUCTED ONES. a3 AND b3 — CORNET PLOT THAT SHOWS THE PROBABILITY DISTRIBUTION OF EACH

PARAMETER (CENTER AND WIDTH) USING BAYESIAN PARAMETER ESTIMATION. e ESTIMATE THE ACCURACY NEEDED, CONSIDERING
TYPICAL NOISES, TO IDENTIFY WITH CERTAINTY
PHOTON SUBRINGS FOR n > O.
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