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Part A Post-Newtonian Theory



Post-Newtonian / Minkowskian Approximations

Credit: Maarten Van de Meent

Fig.1 LISA Waveform White Paper

Post-Newtonian / Minkowskian
•Perturbation from flat spacetime

,gab = ηab + ϵhab + 𝒪(ϵ2)
• Post-Newtonian (PN): system velocity 

,⇒ ϵ ∼ v2/c2

•Post-Minkowskian: Gravitational 
Potential ,⇒ ϵ ∼ G
•Application: Inspiral, all masses

https://arxiv.org/abs/2311.01300
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Post-Newtonian / Minkowskian
•Perturbation from flat spacetime

,gab = ηab + ϵhab + 𝒪(ϵ2)
• Post-Newtonian (PN): system velocity 

,⇒ ϵ ∼ v2/c2

•Post-Minkowskian: Gravitational 
Potential ,⇒ ϵ ∼ G
•Application: Inspiral, all masses

• Initially implemented by Einstein

• Used to confirm Hulse-Taylor binary 
pulsar

https://arxiv.org/abs/2311.01300


The Landau-Lifshitz Formalism
Harmonic Coordinates and a Wave Equation

 ∂b  ] = 0 ∂b[
Introduce ‘gothic inverse metric’, , and the tensor density, . It can be shown,𝔤ab = −ggab Hacbd = 𝔤ab𝔤cd − 𝔤ad𝔤bc

∂cdHacbd = 2(−g)Gab + 16πG
c4 (−g)tLL

ab = 16πG
c4 (−g)(Tab + tLL

ab)

•  has same symmetries of Riemann tensor (you can check) Hacbd ⇒ ∂bcdHacbd = 0
• Conservation for the total energy-momentum pseudotensor.

Introduce harmonic coordinates,  and the potentials, ,∂b𝔤ab = 0 hab = ηab − 𝔤ab ⇒ ∂bhab = 0

 ,⇒ ∂cdHacbd = − □ hab + hcd∂cdhab − ∂chad∂dhbc = 16πG
c4 (−g)(Tab + tLL

ab)

,□ hab = − 16πG
c4 (−g)(Tab + tLL

ab) + hcd∂cdhab − ∂chad∂dhbc = − 16πG
c4 τab

 Marta yesterday: the stress-energy pseudotensor, τμν = (−g)(Tμν + tμν
LL + tμν

H )

− 16πG
c4 (−g)tHab

⇒ ∂bτab = 0



Solving the Wave Equation
Green’s Functions

Wave Equation: , , where  is 
the retarded Green’s function satisfying, 

□ hab = − 16πG
c4 τab ⇒ hab(x) = 4G

c4 ∫ G(x, x′ )τab(x′ )d4x′ G+

. □ G+(x, x′ ) = − 4πδ(x − x′ )
For flat spacetime, 

,G+(x, x′ ) = δ(ct − ct′ − | x̄ − x̄′ | )
| x̄ − x̄′ |

= 2Θ(ct − ct′ )δ[(ct − ct′ )2 − | x̄ − x̄′ |2 ]

⇒ hab = 4G
c4 ∫ δ(ct − ct′ − | x̄ − x̄′ | )

| x̄ − x̄′ |
τab(x′ )d4x′ = 4G

c4 ∫ τab(t − | x̄ − x̄′ | /c, x̄′ )
| x̄ − x̄′ |

d34x′ 

Field point ,

Source point 

x = (ct, x̄)
x′ = (ct′ , x̄′ )



Solving the Wave Equation
Integration Domains
Domain: past light cone of the field point, ; divide into near 
zone and wave zone, ,

x
hab = hab

𝒩 + hab
𝒲

 ⇒ hab
𝒩/𝒲 = 4G

c4 ∫𝒩/𝒲

τab(t − | x̄ − x̄′ | /c, x̄′ )
| x̄ − x̄′ |

d3x′ 

Credit: Gravity, Poisson&Will

Near zone integration with far zone field point

,


      ,


Far-away zone ,


.

⇒ hab
𝒩 = 4G

c4 ∫𝒩 ∫ τab(t − | x̄ − x̄′ | /c, ȳ)
| x̄ − x̄′ |

δ(ȳ − x̄′ )d3yd3x′ 

= 4G
c4

∞

∑
ℓ=0

(−1)ℓ

ℓ! ∂L[ 1
r ∫ℳ

τab(t − |x | /c, x̄′ )x′ Ld3x′ ]
(r → ∞)

⇒ hab
𝒩 (x) = 4G

rc4

∞

∑
ℓ=0

1
ℓ! nL( ∂

∂τ )
ℓ

∫ℳ
τab(τ, x̄′ )x′ Ld3x′ + 𝒪(r−2)

Credit: Gravity, Poisson&Will

 smallx̄′ 



Solving the Wave Equation
Integration Domains
Domain: past light cone of the field point, ; divide into near 
zone and wave zone, ,


 

x
hab = hab

𝒩 + hab
𝒲

⇒ hab
𝒩/𝒲 = 4G

c4 ∫𝒩/𝒲

τab(t − | x̄ − x̄′ | /c, x̄′ )
| x̄ − x̄′ |

d3x′ 

Credit: Gravity, Poisson&Will

Near zone integration with near zone field point

 is small => Taylor expand ,


,


      ,

| x̄ − x̄′ | τab

⇒ hab
𝒩 = 4G

c4 ∫𝒩

τab(t, x̄′ )
| x̄ − x̄′ |

− ∂
c∂t

τab(t, x̄′ ) + …d3x′ 

= 4G
c4

∞

∑
ℓ=0

(−1)ℓ

ℓ!cℓ ∫ℳ
τab(t, x̄′ ) | x̄ − x̄′ |ℓ−1 d3x′ 

Credit: Gravity, Poisson&Will



Solving the Wave Equation
Integration Wave Zone ⇒ hab

𝒲 = 4G
c4 ∫𝒲

τab(t − | x̄ − x̄′ | /c, x̄′ )
| x̄ − x̄′ |

d3x′ 

Credit: Gravity, Poisson&Will

Wave zone integration with near zone field point

Wave zone integration with wave zone field point

Credit: Gravity, Poisson&Will

 W/h↵�
W =

n<L>

r

"Z R

0
dsf(⌧ � 2s)A(s, r) +

Z 1

R
dsf(⌧ � 2s)B(s, r)

#

R� r



Solving PN
Reiteratively
Solve simultaneously for source term  and metric τab gab

Flat metric

gab = ηab

Calculate 0PN source term

τab

Add perturbation to fields and solve

gab

(n+1/2) = gab
(n) + ϵn+1/2hab

(n+1/2)

Calculate next +0.5PN source term

τab

(n+1/2)



Example: Perfect Fluid
Energy-momentum tensor,   

 , Tab = (ρ + ℰ/c2 + p/c2)uaub + pgab

and rescaled mass density, ,ρ* = −gγρ

,⇒ ρ = [1 − 1/2(v/c)2 + 𝒪(c−4)]ρ*
Assuming ,ηab

 ,c−2T00
0 = ρ* + 𝒪(c−2)

 ,c−1T0j
0 = ρ*vj + 𝒪(c−2)

    ,Tij
0 = 𝒪(1)

Recall for near zone field point integrating over near zone, 

,hab = 4G
c4

∞

∑
ℓ=0

(−1)ℓ

ℓ!cℓ ∫ℳ
τab(t, x̄′ ) | x̄ − x̄′ |ℓ−1 d3x′ 

 h00
1 = 4G

c2 ∫ ρ*
|x − x′ |

d3x′ + 𝒪(c−4) ≡ 4
c2 U(t, x) + 𝒪(c−4)

h0j
1 = 4G

c3 ∫ ρ*vj(t, x′ )
|x − x′ |

d3x′ + 𝒪(c−4) ≡ 4
c3 Uj(t, x) + 𝒪(c−4)

 ,hjk
1 = 𝒪(c−4)

Newtonian potential

Vector potentialMass current density



Recall gothic inverse metric,         ,𝔤ab = −ggab = ηab − hab ⇒ gab = −𝔤𝔤ab

Example: Perfect Fluid

This gives,                                  So we have,


 ,


,


g00 = − 1 + 1
2 h00 − 3

8 (h00)2 + 1
2 hkk + 𝒪(c−6)

g0j = − h0j + 𝒪(c−5)

gjk = δjk(1+ 1
2 h00) + 𝒪(c−4) .

Finally            ,


                       ,


                       

g00 = − 1 + 2
c2 U + 𝒪(c−4)

g0j = − 4
c3 Uj + 𝒪(c−4)

gjk = δjk(1 + 2
c2 U) + 𝒪(c−4) .



Post-Newtonian / Minkowskian
Current Status (from LISA Waveform White Paper)

• Recent progress in PN: 
new 4.5PN dissipative 
results.

• PM research active, 
with interactions with 
the amplitudes 
community.

• Challenges at 5PN 
order: finite size and 
tidal effects enter.

• MBHBs will need longer 
NR or higher PN.

Table 9. Waveform White Paper



Part B The Self-Force



What is the Self-Force?
Metric Perturbation

Far zone: gµ⌫ = g(M)
µ⌫ + ✏hµ⌫ +O(✏2)

Perturb the background space time:

Gab[g] = 8⇡Tab[g],

Einstein Field Equations:

Stress-Energy Tensor:

Sp = �m

Z

�

p
�gabżażbd�

⇤h̄ab + 2Racbdh̄
cd = �16⇡Tab[g] +O(✏)

Gab[g] + ✏�Gab[h] = ✏8⇡Tab[g] +O(✏2)

Tab[g](x) = m

Z

�

gaa0gbb0 ża
0
żb

0

p
�ga0b0 ża

0 żb0
�4(x, z(�

0))d�0,



Tab
;b[g](x) = �m

Z

�

gaa0 ża
0
żb

0

p
�ga0b0 ża

0 żb0
@b0�4(x, z(�

0))d�0,

= m

Z

�

d

d�0

"
gaa0 ża

0

p
�ga0b0 ża

0 żb0

#
�4(x, z(�

0))d�0,

= m

Z

�

gaa0
p
�ga0b0 ża

0 żb0

"
Dża

0

d�0 � k0ża
0

#
�4(x, z(�

0))d�0,

Dża

d�
= kża

Tab[g](x) = m

Z

�

gaa0gbb0 ża
0
żb

0

p
�ga0b0 ża

0 żb0
�4(x, z(�

0))d�0,

Conservation:

k =
1p

�gabżażb
d

d�

⇣p
�gabżażb

⌘

Dża

d�
= (�a

bc � �abc) ż
bżc + kża

k =
1p

1� habuab

d

d⌧

⇣p
1� habuab

⌘
,

= �
1

2
hab;cu

abc +O(✏)

In perturbed spacetime:
aa[0] = 0,

aa[1] = �1

2

�
ha

b;c + ha
c;b � hbc

;a � uadhbc;d

�
ubc,

= �1

2

�
gab + uab

�
(2hbc;d � hcd;b)u

cd.

What is the Self-Force?
Resulting Equation of Motion



Figure credit: Maarten Van de Meent

Fig.1 Waveform White Paper

Parameter Space
Waveforms

• Highly accurate 1st order Kerr eccentric inclined  
𝔤ab = gab + ϵh(1)

ab + ϵ2h(2)
ab + …

• 2nd order 
• Orbital Evolution / Waveform generation

dΩ
dt

= F[h(1), h(2)], dφ
dt

= Ω .

Comparison with PN
• Gauge invariant quantities
• Read off unknown PN coefficients
• Calibrate EOB

Wardell et al. 2112.12265

: Linear perturbation  (Teukolsky)h(1)
ab

          - good handle
: Difficulth(2)

ab
          - only calculated for Schwarzschild circular

https://arxiv.org/abs/2311.01300


Zero Order
Test mass on geodesic in Kerr spacetime
• Geodesic characterised by 3 constants: 

 JA = (E, Lz, Q)

• : Energy, E

• : Azimuthal Angular MomentumLz

• : Carter constant related to orbital inclinationQ

• Phases  with frequenciesφA = (φr, φθ, φϕ)
dφA

dt
= ΩA(JB)



Adding the self-force for waveforms
(Perturbations)

• Orbit description:

• Perturbed variables  for orbit. (φ̃A, J̃A)

• Full set of system parameters: .𝒥A ∼ (J̃A, MBH, JBH)

• Phase frequencies: ,
dφ̃A

dt
= Ω(0)

A (𝒥B) + ϵΩ(1)
A (𝒥B) + …

• Evolution (slow) of system parameters: 
d𝒥A

dt
= ϵ [F(0)

A (𝒥B) + ϵF(1)
A (𝒥B) + 𝒪(ϵ2)]

• Multiscale Waveform: hlm = [ϵh(1)
lm (𝒥A) + ϵ2h(2)

lm (𝒥A) + 𝒪(ϵ3)] e−imφϕ

Flanagan et al., Pound et al., Miller et al., Van de Meent et al.

- Solve field equations for amplitudes  and forcing functions  for given  (offline grid)hlmki F(n)
A 𝒥A

- Solve ODE’s for time evolution (online)
- See FastEMRIWaveforms (FEW) (Chapman-Bird et el.) for waveforms in 10-100 ms

Solution: φ̃A = ϵ−1φ(0)
A (ϵt) + ϵ0φ(1)

A (ϵt) + 𝒪(ϵ)

Dissipative piece of f a
1

Dissipative piece of 

Conservative piece of 

f a
2

f a
1

Two-timescale: 
d
dt

→ ΩA
∂

∂φA
+ ϵ

d𝒥B

dt
∂

∂𝒥B

trad ∼ (2π/ϵΩ) ≫ torb ∼ (2π/Ω)



Matched Expansions

x

t
Near zone: 

R ⌧ 1

Far zone:

R � ✏
(✏ ⌧ 1)

Buffer zone:

✏ ⌧ R ⌧ 1

gµ⌫ = g
(m)
µ⌫ + ✏Hµ⌫ +O(✏2)

gµ⌫ = g(M)
µ⌫ + ✏hµ⌫ +O(✏2)

Solve in the buffer zone! 
 MiSaTaQuWa equations of motion⇒

Regularising
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Regularising
Flat Spacetime

• Electromagnetism

• 2 Solutions: 

⇤Aµ = �4⇡jµ
singular!

Retarded solution Advanced solution

Aµ
S =

1

2
(Aµ

ret +Aµ
adv)

Aµ
R = Aµ

ret �Aµ
S =

1

2
(Aµ

ret �Aµ
adv)

FR
µ⌫ = @µA

R
⌫ � @⌫A

R
µ maµ = fext

µ + eFR
µ⌫u

⌫

Dirac, 1938

⇤Aµ
S = �4⇡jµ

⇤Aµ
R = 0

Aµ
ret = Aµ

R +Aµ
SAμ

(ret)/(adv)(x) = ∫ G(+/−)
μ

ν′ 
jν′ (x′ )d4x′ 

□ G±
μ

ν′ 
(x, x′ ) = − 4πδμ

ν′ 
δ(x − x′ )



Regularising
Curved Spacetime
• Electromagnetism: □ Aμ − Rμ

νAν = − 4πjμ

• 2 Solutions:   Aμ
(ret)/(adv)(x) = ∫ G(+/−)

μ
ν′ 

jν′ (x′ ) −g(x′ )d4x′ 

• Hadmard constructed Green’s functions: 

G±μν′ 
(x, x′ ) = Uμν′ 

(x, x′ )δ±(σ) − Vμν′ 
(x, x′ )Θ±(−σ)

• Governing equation: 

□ G±μν′ 
(x, x′ ) − Rμ

γG±γν′ 
(x, x′ ) = − 4πgμν′ 

δ4(x, x′ )

Retarded

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
!

!!

!(!"#)!
!(!"#)!

!!
!

!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
!

!′!
!(!"#)!
! !

!!
!

!
!
!

Advanced

□ G±
μ

ν′ 
(x, x′ ) = − 4πδμ

ν′ 
δ(x − x′ )

Recall Flat Spacetime: , G±
μ

ν′ 
= δμ

ν′ 

δ(ct − ct′ ∓ |x − x′ | )
|x − x′ |

        ,= 2Θ±δ [(ct − ct′ )2 − |x − x′ |2 ]
         = δ±(σ)



Regularising
Curved Spacetime: Detweiler-Waiting Singular Field

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
!

!!

!(!"#)!
!(!"#)!

!!
!

!(!"#)!
! !

G(S)(x, x
0) =

1

2
[Gret(x, x

0) +Gadv(x, x
0)�H(x, x0)]

G(R)(x, x
0) =

1

2
[Gret(x, x

0)�Gadv(x, x
0) +H(x, x0)]

• Look for solutions of the type:

Retarded

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
!

!!

!(!"#)!
!(!"#)!

!!
!

!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
!

!′!
!(!"#)!
! !

!!
!

!
!
!

Advanced

• Where
•  is solution to homogeneous wave equationH(x, x′ )
• Symmetric in its arguments eg. H(x, x′ ) = H(x′ , x)
•     when    G(S)(x, x′ ) = 0 x ∈ I±(x′ )
•     when    ,         when    G(R)(x, x′ ) = 0 x ∈ I−(x′ ) G(R)(x, x′ ) = Gret(x, x′ ) x ∈ I+(x′ )

Recall:  ,
G±(x, x′ ) = U(x, x′ )δ±(σ) − V(x, x′ )Θ±(−σ)
⇒ G(S)(x, x′ ) = 1

2 [U(x, x′ )δ(σ) − V(x, x′ )(Θ(σ)]



• Scalar


Φ(S) = [ U(x, x)
2σa′ 

ua′ ]
x=xadv

x=xret

− ∫
τ=τadv

τ=τret

V(x, x′ (τ))dτ

• Electromagnetism


Aa
(S) = [ ua′ Ua

a′ 
(x, x)

2σa′ 
ua′ ]

x=xadv

x=xret

− ∫
τ=τadv

τ=τret

ua′ Va
a′ 
(x, x′ (τ))dτ

• Gravity


hab
(S) = [ ua′ ub′ Uab

a′ b′ 
(x, x)

2σa′ 
ua′ ]

x=xadv

x=xret

− ∫
τ=τadv

τ=τret

ua′ ub′ Vab
a′ b′ 

(x, x′ (τ))dτ

Regularising
Curved Spacetime: Detweiler-Waiting Singular Field

G(S)(x, x′ ) = 1
2 [U(x, x′ )δ(σ) − V(x, x′ )(Θ(σ)]

Φ(S)(x) = ∫ G(S)(x, x′ )dτ

������

σ(x, x′ ) = 1
2 gab(x)δxa′ δxb′ + Aabc(x)δxa′ δxb′ δxc′ 

+Babcd(x)δxa′ δxb′ δxc′ δxd′ … 2σ = σaσa



Self-Force Methods
Solving the wave equation

• Mode-Sum: Barack & Ori (2001)


• Spheroidal harmonic decomposition ⇒ h̄(ret)
ab

Fa(x̄) =
1X

`

⇣
F `(ret)
a (x̄)� F `(S)

a (x̄)
⌘
,

F `(ret)/(S)
a (x̄) = lim

�r!0

2`+ 1

4⇡

Z
F (ret)/(S)
a (r̄ +�r, t̄,↵,�)P`(cos↵)d⌦

������

• Effective Source: Golbourn & Barack, Vega & Detweiler (2007)


Numerically solve for regularised field

Seff = □ Φ(R) = − 4πq∫ δ4(x, x(τ′ ))dτ′ − □Φ(S)

numeric

analytic

⇤h̄ab + 2Racbdh̄
cd = �16⇡Tab[g] +O(✏)



Self-Force Methods
Solving the wave equation

������

Matched Expansions: Schwarzschild Scalar, Casals et al. (2013)

Locally:  G+(x, x′ ) = 1
2 [U(x, x′ )δ+(σ) − V(x, x′ )(Θ+(−σ)]

,⇒ fa(x) = q2 ∇a ∫
τ+

τ<

G(R)(x, x(τ′ ))dτ′ = − q2 ∇a[∫
τ+

τ<

V(x, x(τ′ ))dτ + ∫
τ<

−∞
G+(x, x(τ′ ))dτ]

Decompose Green Function into Fourier and spheroidal harmonic modes,

, G+ = ∑
ℓ,m

∫
∞

−∞
dωeim(φ−φ′ )−iω(t−t′ )Sℓmω(θ)Sℓmω(θ′ )Gℓmω(r, r′ )

and use Residue Theorem,

Gℓmω = GHF
ℓmω + GQNM

ℓmω + GBC
ℓmω

Regularisation ‘trivial’
V(x, x′ ) =

∞

∑
n=0

Vn(x, x′ )σn(x, x′ )



Current Status
From LISA Waveform White Paper
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Chapman-Bird et al., FEW waveforms (100ms):

Equatorial eccentric, |a | < 0.999, e < 0.9, p < 200m

Wardell et al., https://bhptoolkit.org/WaSABI/

- Currently without secondary spin, 

- Secondary spin waveforms on request

https://bhptoolkit.org/WaSABI/


On the horizon …
Plunge and Merger within the self-force framework

• 1PA timescale ϵ−1

• 2PLT (Post-Leading Transition) 
timescale  (scaled frequency 
adopted): 

ϵ−1/5

ΔΩ = (Ω − Ω*)ϵ−2/5

• 0PG (Post-Geodesic) timescale 
ϵ0

Taken from Lorenzo Küchler’s Capra talk, 2025, see L.Küchler et al, arXiv:2506.02189

https://arxiv.org/pdf/2506.02189


On the horizon …
SF-PN Hybrid Inspirals

• 4.5PN Energy flux

• 1GSF Energy flux

• Evolution 
equations from 
flux-balance 
equation

Taken from Loic Honet’s Capra talk, 2025

- Agreement with 1PA at high-mass 
ratios

- Agreement with PN at 
comparable masses (where 1PA 
deviates)



On the horizon …
Worldtube Excission

• Redline represents trajectory of 
smaller object.

• Cyan is the world tube excised 
around this object, within which 
a perturbative analytical solution 
is used. 

• Field equations outside this 
world tube are solved with full 
3+1 NR simulations

• Only in Schwarzschild scalar 
eccentric case (for now)

Taken from N.A.Wittek et al., arXiv:2410.22290

https://arxiv.org/abs/2410.22290


Self-Force Semi-Analytical Method
Green’s Functions

������

• Matched Expansions: Casals et al. (arXiv:1306.0884) Schwarzschild Scalar

fa(x) = q2 ∇a ∫
τ+

τ<

G(R)(x, x(τ′ ))dτ′ = − q2 ∇a[∫
τ+

τ<

V(x, x(τ′ ))dτ + ∫
τ<

−∞
G+(x, x(τ′ ))dτ]

Agreement in Kerr with mode-
sum self-field: 


ϕ = − 0.00366q/M

https://arxiv.org/abs/1306.0884


On the horizon … Challenges
Resonances by a third body
• I lied to you earlier,

,      
d𝒥A

dt
= ϵ [F(0)

A (𝒥B) + qF(1)
Atd

(𝒥C) + ϵF(1)
A (𝒥B) + 𝒪(ϵ2)], q ∼ M2M*x*/R3 F(1/2)

A (𝒥B) = ∑
n,k,m

FA,nkm(J)ei(nqr+kqϕ+mqθ)

Resonances occur when nqr + kqϕ + mqθ = 0

Taken from P.Gupta et al., arXiv:2205.04808

https://arxiv.org/pdf/2205.04808


Status Summary
Challenges & Prospects

Good News

• 1st order Kerr generic SF has been solved 
(slowly), 

• Several avenues of improved methods en 
route

• Crosschecks between different methods 
common

• 0PA Kerr FAST EMRI waveforms (100ms) now 
available for equatorial eccentric orbits

• 1PA Schwarzschild circular waveforms available 
via bhptoolkit.

Challenges 

• 2nd order Kerr generic is extremely difficult, 


• Separate pathways to Kerr and eccentric en route


• Schwarzschild scalar offline grid for fast waveforms 
used 3 million CPUs, Kerr generic most likely 3 billion.


• Environment (including N-bodies) and beyond Einstein 
have not been included in any EMRI waveform tools 
(but on the way - currently not included in DDPC)

Exciting Prospects 

• Transition to Plunge and Plunge methods are 
emerging 


• New PN-SF hybrid methods show promise in Kerr


• Worldtube excision methods allow full power of 
NR applied to high-mass ratios (Schwarzschild 
scalar only)


• New semi-analytical methods for 1GSF showing 
promise (Kerr scalar only)



Thanks !!
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