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Stellar Evolution in Close Binary Star System ?
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Stellar Evolution in Close Binary Star System ?

Measurement of Parameters Using
Spherical Nature and Uniform Model.
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Parameter Estimation: in Close Binaries aricy/
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Parameter Estimation: in Close Binaries aricy/
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Parameter Estimation: in Close Binaries aricy/

: 1L @ The radii, orbit and
H linear
A limb-darkening

L coefficient was
A estimated.

@ i @ With simulation of
’ Intensity

@@L@ Hf“, Interferometry and
‘ i PO using Bayesian

Y Inference technique.

s St -
e e e ey

id
.
*
*
L4

Km Nitu Rai Talk at Research Campus Waischenfeld 14 October, 2025 2/17



What if Spherical Nature and Uniform Model is Perturbed ?
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What if Spherical Nature and Uniform Model is Perturbed ?

Estimation of Parameters Using Non-Uniform Model.
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VERITAS Result: Deformed Shape of Star ACr

Relative Dec [mas]

03 02 01 00 -01 -02 -03
Relative RA [mas]

g =0.60 mas, ©/Qye =0.9888 and 6° = 114° consistent

@ ~ Cassiopeiae is a rapid
Rotator

@ Uniform and non-uniform
model is applied to the
observed data
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VERITAS Result: Deformed Shape of Star arics/

Relative Dec [mas]

03 02 01 00 -01 -02 -03
Relative RA [mas]

Figure 13. A synthetic photosphere for 5 Cas with g =0.60 mas, 9/Q =0.9888 and ¢*
with the best fit values to the VERITAS interferometry

@ ~ Cassiopeiae is a rapid
Rotator

@ Uniform and non-uniform
model is applied to the
observed data
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Figure 12. Best fit parameter distributions for the Roche-von Zeipel stellar model from fitting 1000
1 b
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Can this Effect Be Seen in Close Binaries?
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Can this Effect Be Seen in Close Binaries?

The Modeling of Stars using Stretching along their Orbit.
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Can this Effect Be Seen in Close Binaries?

The Modeling of Stars using Stretching along their Orbit.

Measurement of Love-Number of Stars along with Radii, and Orbit.
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The Tidal Potential qggy

o Total potential at point r on the source A, in presence of source B

o0

GMy .
Us=—3 e (3R2 — Z P, (Cos)
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The Tidal Potential aricy/

o Total potential at point r on the source A, in presence of source B

Us=—3 e (3R2 — Z P, (Cos)

@ n = 0 just add the potential and n = 1 introduces orbital
acceleration in binary.
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The Tidal Potential aricy/

o Total potential at point r on the source A, in presence of source B

Us=—3 e (3R2 — Z P, (Cos)

@ n = 0 just add the potential and n = 1 introduces orbital
acceleration in binary.

@ The remaining term is responsible for tidal effects (Bulge shape)

GMb Z P, (Coso)
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The Orbit of Binary aricy/

@ In presence of tidal effect, the orbit of binary

x y g, =r[1 0 0T
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The Orbit of Binary «r TGI/

@ In presence of tidal effect, the orbit of binary

x y g, =r[1 0 0T

o T is the combined effect of stretching and orbital orientation

1+« 0 0
T=| 0 1-8 0 |zw+¢) X z(Q)
0 0 1+~

where Z and X are the rotation matrices
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The Orbit of Binary

@ In presence of tidal effect, the orbit of binary

x y g, =r[1 0 0T

o T is the combined effect of stretching and orbital orientation

14a O 0
T = 0 1-8 0 | Z(w+¢) X(v) Z(Q)
0 0 1++

where Z and X are the rotation matrices
@ If h, is the radial love number for source A

Uat T'4
o = ha? —hadfg
T'4
b =hazg = —/2
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I. Visibilities with Stretched Sources aricy/

@ The visibilities in Cartesian Coordinates

V) / / eD S (x,y) dedy )
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I. Visibilities with Stretched Sources “ﬁcﬂf/

@ The visibilities in Cartesian Coordinates

V) / / eD S (x,y) dedy )

@ Consider stretching in Sources

W) / / T IS((1 4 a)x, (1 - Bly)dxdy  (2)
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I. Visibilities with Stretched Sources aricy/

@ The visibilities in Cartesian Coordinates

V) / / eD S (x,y) dedy )

@ Consider stretching in Sources

W) / / T IS((1 4 a)x, (1 - Bly)dxdy  (2)

@ There exist a relation between these equations
W(u,v) =KV(U,V) 3)

Where K is a (constant) Jacobian between transformation of
coordinates
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Oblateness of Stars in Close Binaries aricy/

@ Tidal interactions occur in presence of differential gravitational
force.
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Oblateness of Stars in Close Binaries aricy/

@ Tidal interactions occur in presence of differential gravitational
force.

@ The visibility will be affected on observational plane.
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The Selection of Baselines on Observational Plane ?
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The Selection of Baselines on Observational Plane ?

Signal and Estimation of Parameters.
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The Simulation of CTA Array as II m@

Position of ASTRI-like
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@ Mimic the existing or upcoming CTA in the World
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The Simulation of CTA Array as II :1@

Position of ASTRI-like The Track of All Baselines with Time at One Night
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@ Mimic the existing or upcoming CTA in the World
@ It covers maximum observational plane for better SNR.
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The Signal with Time aricy/

In light second

The Observed orbit of stellar objects On the observational interval 1 On the observational interval 1
400 * ('CTA-1', 'CTA-2') 10 ¢ ('CTA-1,'CTA-2)
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@ Epsilon Lupi a close binary star system with ~ 4 days orbit.

Km Nitu Rai Talk at Research Campus Waischenfeld 14 October, 2025 12/17



The Signal with Time aricy/

The Observed orbit of stellar objects On the observational interval 1 On the observational interval 1
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@ Epsilon Lupi a close binary star system with ~ 4 days orbit.
@ 4 night of observation return total number of SNR = 1744725.
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The Estimation of Love Number aricy/

05) = 1,800 + 011358

L
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estimated.
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The Estimation of Love Number
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@ The love number is
estimated.

@ Along with other
parameters.
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The Oblateness of Stars Introduces Non-uniform Brightness ?
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The Oblateness of Stars Introduces Non-uniform Brightness ?

II. Including Gravity Darkening in the model.
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II. The Gravity Darkening aricy/
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@ Stretching will also include non-uniform brightness distribution.
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Looking for..... Aricy/
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Thank You!!

Km Nitu Rai Talk at Research Campus Waischenfeld 14 October, 2025 17/17



	anm7: 
	7.42: 
	7.41: 
	7.40: 
	7.39: 
	7.38: 
	7.37: 
	7.36: 
	7.35: 
	7.34: 
	7.33: 
	7.32: 
	7.31: 
	7.30: 
	7.29: 
	7.28: 
	7.27: 
	7.26: 
	7.25: 
	7.24: 
	7.23: 
	7.22: 
	7.21: 
	7.20: 
	7.19: 
	7.18: 
	7.17: 
	7.16: 
	7.15: 
	7.14: 
	7.13: 
	7.12: 
	7.11: 
	7.10: 
	7.9: 
	7.8: 
	7.7: 
	7.6: 
	7.5: 
	7.4: 
	7.3: 
	7.2: 
	7.1: 
	7.0: 
	anm6: 
	6.138: 
	6.137: 
	6.136: 
	6.135: 
	6.134: 
	6.133: 
	6.132: 
	6.131: 
	6.130: 
	6.129: 
	6.128: 
	6.127: 
	6.126: 
	6.125: 
	6.124: 
	6.123: 
	6.122: 
	6.121: 
	6.120: 
	6.119: 
	6.118: 
	6.117: 
	6.116: 
	6.115: 
	6.114: 
	6.113: 
	6.112: 
	6.111: 
	6.110: 
	6.109: 
	6.108: 
	6.107: 
	6.106: 
	6.105: 
	6.104: 
	6.103: 
	6.102: 
	6.101: 
	6.100: 
	6.99: 
	6.98: 
	6.97: 
	6.96: 
	6.95: 
	6.94: 
	6.93: 
	6.92: 
	6.91: 
	6.90: 
	6.89: 
	6.88: 
	6.87: 
	6.86: 
	6.85: 
	6.84: 
	6.83: 
	6.82: 
	6.81: 
	6.80: 
	6.79: 
	6.78: 
	6.77: 
	6.76: 
	6.75: 
	6.74: 
	6.73: 
	6.72: 
	6.71: 
	6.70: 
	6.69: 
	6.68: 
	6.67: 
	6.66: 
	6.65: 
	6.64: 
	6.63: 
	6.62: 
	6.61: 
	6.60: 
	6.59: 
	6.58: 
	6.57: 
	6.56: 
	6.55: 
	6.54: 
	6.53: 
	6.52: 
	6.51: 
	6.50: 
	6.49: 
	6.48: 
	6.47: 
	6.46: 
	6.45: 
	6.44: 
	6.43: 
	6.42: 
	6.41: 
	6.40: 
	6.39: 
	6.38: 
	6.37: 
	6.36: 
	6.35: 
	6.34: 
	6.33: 
	6.32: 
	6.31: 
	6.30: 
	6.29: 
	6.28: 
	6.27: 
	6.26: 
	6.25: 
	6.24: 
	6.23: 
	6.22: 
	6.21: 
	6.20: 
	6.19: 
	6.18: 
	6.17: 
	6.16: 
	6.15: 
	6.14: 
	6.13: 
	6.12: 
	6.11: 
	6.10: 
	6.9: 
	6.8: 
	6.7: 
	6.6: 
	6.5: 
	6.4: 
	6.3: 
	6.2: 
	6.1: 
	6.0: 
	anm5: 
	5.138: 
	5.137: 
	5.136: 
	5.135: 
	5.134: 
	5.133: 
	5.132: 
	5.131: 
	5.130: 
	5.129: 
	5.128: 
	5.127: 
	5.126: 
	5.125: 
	5.124: 
	5.123: 
	5.122: 
	5.121: 
	5.120: 
	5.119: 
	5.118: 
	5.117: 
	5.116: 
	5.115: 
	5.114: 
	5.113: 
	5.112: 
	5.111: 
	5.110: 
	5.109: 
	5.108: 
	5.107: 
	5.106: 
	5.105: 
	5.104: 
	5.103: 
	5.102: 
	5.101: 
	5.100: 
	5.99: 
	5.98: 
	5.97: 
	5.96: 
	5.95: 
	5.94: 
	5.93: 
	5.92: 
	5.91: 
	5.90: 
	5.89: 
	5.88: 
	5.87: 
	5.86: 
	5.85: 
	5.84: 
	5.83: 
	5.82: 
	5.81: 
	5.80: 
	5.79: 
	5.78: 
	5.77: 
	5.76: 
	5.75: 
	5.74: 
	5.73: 
	5.72: 
	5.71: 
	5.70: 
	5.69: 
	5.68: 
	5.67: 
	5.66: 
	5.65: 
	5.64: 
	5.63: 
	5.62: 
	5.61: 
	5.60: 
	5.59: 
	5.58: 
	5.57: 
	5.56: 
	5.55: 
	5.54: 
	5.53: 
	5.52: 
	5.51: 
	5.50: 
	5.49: 
	5.48: 
	5.47: 
	5.46: 
	5.45: 
	5.44: 
	5.43: 
	5.42: 
	5.41: 
	5.40: 
	5.39: 
	5.38: 
	5.37: 
	5.36: 
	5.35: 
	5.34: 
	5.33: 
	5.32: 
	5.31: 
	5.30: 
	5.29: 
	5.28: 
	5.27: 
	5.26: 
	5.25: 
	5.24: 
	5.23: 
	5.22: 
	5.21: 
	5.20: 
	5.19: 
	5.18: 
	5.17: 
	5.16: 
	5.15: 
	5.14: 
	5.13: 
	5.12: 
	5.11: 
	5.10: 
	5.9: 
	5.8: 
	5.7: 
	5.6: 
	5.5: 
	5.4: 
	5.3: 
	5.2: 
	5.1: 
	5.0: 
	anm4: 
	4.49: 
	4.48: 
	4.47: 
	4.46: 
	4.45: 
	4.44: 
	4.43: 
	4.42: 
	4.41: 
	4.40: 
	4.39: 
	4.38: 
	4.37: 
	4.36: 
	4.35: 
	4.34: 
	4.33: 
	4.32: 
	4.31: 
	4.30: 
	4.29: 
	4.28: 
	4.27: 
	4.26: 
	4.25: 
	4.24: 
	4.23: 
	4.22: 
	4.21: 
	4.20: 
	4.19: 
	4.18: 
	4.17: 
	4.16: 
	4.15: 
	4.14: 
	4.13: 
	4.12: 
	4.11: 
	4.10: 
	4.9: 
	4.8: 
	4.7: 
	4.6: 
	4.5: 
	4.4: 
	4.3: 
	4.2: 
	4.1: 
	4.0: 
	anm3: 
	3.49: 
	3.48: 
	3.47: 
	3.46: 
	3.45: 
	3.44: 
	3.43: 
	3.42: 
	3.41: 
	3.40: 
	3.39: 
	3.38: 
	3.37: 
	3.36: 
	3.35: 
	3.34: 
	3.33: 
	3.32: 
	3.31: 
	3.30: 
	3.29: 
	3.28: 
	3.27: 
	3.26: 
	3.25: 
	3.24: 
	3.23: 
	3.22: 
	3.21: 
	3.20: 
	3.19: 
	3.18: 
	3.17: 
	3.16: 
	3.15: 
	3.14: 
	3.13: 
	3.12: 
	3.11: 
	3.10: 
	3.9: 
	3.8: 
	3.7: 
	3.6: 
	3.5: 
	3.4: 
	3.3: 
	3.2: 
	3.1: 
	3.0: 
	anm2: 
	2.49: 
	2.48: 
	2.47: 
	2.46: 
	2.45: 
	2.44: 
	2.43: 
	2.42: 
	2.41: 
	2.40: 
	2.39: 
	2.38: 
	2.37: 
	2.36: 
	2.35: 
	2.34: 
	2.33: 
	2.32: 
	2.31: 
	2.30: 
	2.29: 
	2.28: 
	2.27: 
	2.26: 
	2.25: 
	2.24: 
	2.23: 
	2.22: 
	2.21: 
	2.20: 
	2.19: 
	2.18: 
	2.17: 
	2.16: 
	2.15: 
	2.14: 
	2.13: 
	2.12: 
	2.11: 
	2.10: 
	2.9: 
	2.8: 
	2.7: 
	2.6: 
	2.5: 
	2.4: 
	2.3: 
	2.2: 
	2.1: 
	2.0: 
	anm1: 
	1.49: 
	1.48: 
	1.47: 
	1.46: 
	1.45: 
	1.44: 
	1.43: 
	1.42: 
	1.41: 
	1.40: 
	1.39: 
	1.38: 
	1.37: 
	1.36: 
	1.35: 
	1.34: 
	1.33: 
	1.32: 
	1.31: 
	1.30: 
	1.29: 
	1.28: 
	1.27: 
	1.26: 
	1.25: 
	1.24: 
	1.23: 
	1.22: 
	1.21: 
	1.20: 
	1.19: 
	1.18: 
	1.17: 
	1.16: 
	1.15: 
	1.14: 
	1.13: 
	1.12: 
	1.11: 
	1.10: 
	1.9: 
	1.8: 
	1.7: 
	1.6: 
	1.5: 
	1.4: 
	1.3: 
	1.2: 
	1.1: 
	1.0: 
	anm0: 
	0.38: 
	0.37: 
	0.36: 
	0.35: 
	0.34: 
	0.33: 
	0.32: 
	0.31: 
	0.30: 
	0.29: 
	0.28: 
	0.27: 
	0.26: 
	0.25: 
	0.24: 
	0.23: 
	0.22: 
	0.21: 
	0.20: 
	0.19: 
	0.18: 
	0.17: 
	0.16: 
	0.15: 
	0.14: 
	0.13: 
	0.12: 
	0.11: 
	0.10: 
	0.9: 
	0.8: 
	0.7: 
	0.6: 
	0.5: 
	0.4: 
	0.3: 
	0.2: 
	0.1: 
	0.0: 


