
GW to constrain alternative dark energy models 

STUDENT : ALI GHAYOUR 

SUPERVISOR :  Prof. S.M.S MOVAHEAD 

ISRD4 



MY WORK 

Simulating 

(coding) 

Understanding 

basics of GWs  

How can we 

use it as a tool 

?! 
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GWs SPECTRUM 
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Which sources? 
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BHNS 

NSNS 



What is usage 

of GWs ? 
Luminosity distance 

GWs weak lensing 

GWs strong lensing 

Distance sum rule 

We can use it to  

put constrain  on 

cosmological 

parameters 
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Luminosity distance 

Luminosity distance 

Red shift 

Mass of source 
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where 𝑑𝐶(z) represents the 

comoving distance at the 

redshift z  

R(z) is the merger rate of 

binary system (BHNS 

or BNS)  

Red shift 

𝑃(𝑧)⍺
4π𝑑𝐶

2 𝑧 𝑅(𝑧)

𝐻(𝑧)(1 + 𝑧)
 

𝑅 𝑧 = 

1 + 2𝑧,         𝑧 ≤ 1, 
3

4
5 − 𝑧 ,    1 < 𝑧 < 5, 

0 ,                 𝑧 ≥ 5, 

6 



𝑃(𝑧)⍺
4π𝑑𝐶

2 𝑧 𝑅(𝑧)

𝐻(𝑧)(1 + 𝑧)
 

 

 
𝑅 𝑧 = 

1 + 2𝑧,         𝑧 ≤ 1, 
3

4
5 − 𝑧 ,    1 < 𝑧 < 5, 

0 ,                 𝑧 ≥ 5, 

[3] 
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Mass of sources 

[3-10] 𝑀⊙ [1-2]𝑀⊙ 



Beam pattern functions 

ψ is the polarization angle, 

and (θ, φ) are angles 

describing the location of 

the source in the sky, 

relative to the detector . ℎ 𝑡 = 𝐹+ 𝜃, 𝜑, ψ ℎ+ 𝑡 + 𝐹× 𝜃, 𝜑, ψ ℎ× 𝑡  

𝐹+
(1)
𝜃, 𝜑, ψ =

3

2

1

2
1 + 𝑐𝑜𝑠2𝜃 cos 2𝜑 cos 2ψ

− cos 𝜃 sin 2𝜑 sin 2𝜓
 

𝐹×
(1)
𝜃, 𝜑, ψ =

3

2

1

2
1 + 𝑐𝑜𝑠2𝜃 cos 2𝜑 sin 2ψ

+cos 𝜃 sin 2𝜑 cos 2𝜓
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Luminosity distance 

&  

GW 



Fourier space 
𝐻 𝑓 = 𝑨𝑓−7/6exp [𝑖(2𝜋𝑓𝑡0 −

𝜋

4
+ 2ψ

𝑓

2
− 𝜑(2,0))] 

𝐴 =
1

𝑑𝐿
𝐹+
2(1 + 𝑐𝑜𝑠2(ι))2+𝐹×

2𝑐𝑜𝑠2(ι) 

× 5𝜋/96𝜋−7/6𝑀𝑐
5/6

 

𝑀𝑐 = 𝑀η
3/5 

𝑀 = 𝑚1 +𝑚2 

η = 𝑚1𝑚2/𝑀
2 
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[3-10] 𝑀⊙ 

[1-2]𝑀⊙ 

Black hole 

Neutron star 



Luminosity distance 

1 + 𝑧

𝐻0 Ω𝑘
sinh Ω𝑘 

𝑑𝑧 

𝐸 𝑧

𝑧

0

 

1 + 𝑧

𝐻0
 

𝑑𝑧 

𝐸 𝑧

𝑧

0

 

1 + 𝑧

𝐻0 |Ω𝑘|
sin ( |Ω𝑘|  

𝑑𝑧 

𝐸 𝑧

𝑧

0

) 

Ω𝑘 > 0 

Ω𝑘 = 0 

Ω𝑘 < 0 

𝑑𝐿 =  
𝐸 𝑧 = 𝐻(𝑧) 𝐻0  

𝑑𝐿 𝑧 = (1 + 𝑧) 
𝑑𝑧 

𝐸 𝑧 

𝑧

0

 

𝐻(𝑧)2= 𝐻0
2 (1 − Ω𝑚 − Ω𝑘)𝑒𝑥𝑝 3 

1 + ω 𝑧 

1 + 𝑧 
𝑑𝑧 

𝑧

0

+Ω𝑚 1 + 𝑧
3 + Ω𝑘(1 + 𝑧)

2
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Where is the usage of GWs ? 
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𝐻 𝑓 = 𝑨𝑓−7/6exp [𝑖(2𝜋𝑓𝑡0 −
𝜋

4
+ 2ψ

𝑓

2

− 𝜑(2,0))] 



Weak lensing 

where κ is the lensing 

convergence, a 

weighted projection 

of density perturbations 

along the line-of-sight  

 
بزرگ نمایی هندسی حاصله از تابش و 

 امواج گرانشی

magnification of both 

electromagnetic and 

gravitational radiation 

in the geometric optics regime  13 

2 



14 



V.A 
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 Simulation with ΛCDM model 

Observation with ΛCDM model  

Other tools for  

constraining 

GWs tool for  

constraining 

Range 





COSMOLOGY 

STANDARD MODEL 
(ΛCDM) 

EXENDED VISCOUS DARK ENERGY 

QUINTESSENCE DARK ENERGY 
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Cosmological  
model 
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What next : 

• Use different D.E models and put constrain on them. 

• Complete writing section of my thesis. 
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Standard candles 
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Standard sirens 

3 



Standard ruler 
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Distance 

Angular diameter 
distance 

Luminosity 
distance 
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