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e EHT Parametric Model




Event Horizon Telescope (EHT)

A Global Network of Radio Telescopes

Observing
in 2020

Atacama Large Millimeter/
submillimeter Array
CHAJNANTOR PLATEAU, CHILE
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‘@

Atacama Pathfinder EXperiment
CHAJNANTOR PLATEAU, CHILE

IRAM 30-M Telescope
PICO VELETA, SPAIN

James Clerk Maxwell Telescope
MAUNAKEA, HAWAII

Large Millimeter Telescope
SIERRA NEGRA, MEXICO

Submillimeter Array
MAUNAKEA, HAWAII

Submillimeter Telescope
MOUNT GRAHAM, ARIZONA

South Pole Telescope
SOUTH POLE STATION

The Greenland Telescope
THULE AIR BASE, GREENLAND,
DENMARK

Kitt Peak 12-meter Telescope
KITT PEAK, ARIZONA, USA

NOEMA Observatory
PLATEAU DE BURE, FRANCE

* First black hole photo

* Virtually Earth-sized telescope




To compare observational images to theoretical simulation...

eneral Relativistic Ray Tracing (GRRT)
“paint” the electrons temperature

General Relativistic Magneto-hydrodynamics
(GRMHD) Simulation

* Magnetic Arrested Disk (MAD)

* Standard And Normal Evolution (SANE)



Parametric Model in GRRT

Arbitrary Parameter, usually forip = 1

(ﬂ//ﬂcrit:’z 1
— + Rlow
1 crit 2 1 crit 2

+ (8/ Berit) \+(ﬂ/5 )

Lowest attainable temperature ratio

R(:B) — Rhigh

Highest attainable temperature ratio

fB: plasma beta (F,; /Pg)
* Parameter to be modified: Rpign, Riow, Berit
* R:temperature ratio (T;/T,)

* Electron temperature is calculated by considering internal energy U in GRMHD
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MAD
Rhigh — 160
a = +0.94




Motivations and Objectives

Try to use a physically motivated electron model to...
* Reduce computational expense
* Bridge microphysics to observational image

* Explain the symmetric nature of Sgr A*

And compare the images produced by this new physically

motivated model to the




e Formulation




SPO Model

* Derived by Satapathy, Psaltis, Ozel
(2023, 2024)

* covariant semi-analytic model

* incorporates plasma microphysics
(e.g. Landau damping) and
turbulence physics (e.g. MRI)
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SPO Model and Parametric Model

Parametric Model

R(ﬂ) — R (/B/Bcrit)2 | 1

T (B B T T4 (B B

¢ Arbitrary Rhigh

SPO Model

* Variables obtained in

GRMHD Ty _v"—1  1—(ye" —1)(2—ng) (@)
Te 7 —11—(%T-1)2-np) 1+ %) \Qe

> Parameter Free

Model
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SPO Model

Effective ion adiabatic index

under effects of turbulence Power-law coefficient of radial

velocity in accretion disk

T,  hef-1 1—(725—1)(2—|7J%Eb Qi

Te Sﬁ—l 1—(yfﬁ—1)(2—nR)(1+ Qe

H

Effective electron adiabatic index Fraction of thermal pressure
due to trans-relativistic behaviour that 1s contributed by turbulence Ratio of energy dissipation
between ions and electron
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SPO Model

Fitting Formula from i
hydro-gyrokinetic simulation

GRMHD  Local
- Box
~ MRI Driving Scales

Reduced MHD
Cascades

Scale Separation

Kinetic
Particle-in-Cell

Turbulence
Dissipation Scales
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% — 35 | PCOHIP ~ 10-10 X
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Qe 1+ (5 / 15) P A :; 10-15 ST ’> s
2 :
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SPO Model

Q: 35 Promp

Q. 14+ (B/15)"14 | Py

* Dominated by Landau damping * Dominated by compressive

waves and Alfvénic wave

Mx;
q ( ’ + 1) -2
i — RX)’ linear MRI =1

2

in high-beta region

PA {jinear MRI, By~B,?
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e Results and Discussions
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Comparison with EHT Best-fit SANE Model

(:B/Bcrit)2 1
1 + (5//Bcrit)2 + Rlow ]- + (ﬁ/ﬂcrit)2

* Riow: I; Rpign: 1, 10, 40, 160; Byip: 1

230GHz [HRE!
E 12
110

R(IB) — Rhigh

C

e Uses SANE due to derivation in SPO model

o EHT suggests that Sgr A* is

S N B O X©

o Test if the new model improves
75 50 25 0 =25 -50 -75
with the obsetrvations. x [pas]
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TilTe

Comparison between two models

101 -

aspin=+0.94
aspin=+0.5
aspin=0
aspin=-0.5
aspin=-0.94

Rhigh — Riow

LELELA |

102

* Increases electron heating in

mid- region

e Plateaus at the ~EH'T best-
fit SANE model value in the

high- region

16



Effective Temperature Profile

Fitting SPO model to EHT Best-fit

the parametric model SANE Model -
e Ry, 7.43 ¢ Ryt 1 /

30 1

TilTe
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* Berig: 16.22 * Berie: 1 101

/ — SPO
RhlghRIow

» Implement SPO model into GRRT code ipole °

0 20 40 60 80 100

to compare the performance of two models
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Temporally Averaged Optical Images

* Optically thinner

* Asymmetric accretion disk

* More prominent photon ring
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Linear Polarization (m

a\/g Riow — Rhigh
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Circular Polarization (v,

SPO
Riow — Rhigh
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Variability
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Conclusion and Future Work

* The effects unexplored parameter space R}y, and Pcri¢ in the parametric model

to the observational images
o Moditying Rjoy, and ferit can modify the image morphology, polarization,
and variability
* SPO model still suggests that Sgr A* is not a SANE

o Equal importance of electron model and MAD/SANE

e Extend SPO model into MAD
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Thank You!

Q&A



Electron Temperature Profile (xz-plane)
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Electron Temperature Profile (xy-plane)
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Fitting of np,and g
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