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§ Parity violating EFTs

§ EdGB, dCS, ECG, EFT of string theory Endlich, Gorbenko, Huang, Senatore (2017)

Sennett, Brito, Buonanno, Gorbenko, Senatore (2020) 

Cano, Ruipérez (2017)

Cardoso, Kimura, Maselli, Senatore (2018)

§ Theory-agnostic metric with ℤ/ asymmetry
§ Non-GR parameters specifically for testing it  
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Induced by spin

(Pontryagin scalar)
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Papadopoulos, Kokkotas (2018)

§ The radial metric functions $4(&) are assumed to be Kerrian

§ The polar metric functions (4(*) are Kerrian + some modifications

(, = 52*2 + ̃7, * , (2 = 1 − y2 + ̃72 * , (0 =
1

1 − *2 + ̃70 * ,

(/ = 5 + ̃7/ * , (% = 52 1 − *2 + ̃7% * ,  

§ If ̃74 = 0, we get Kerr metric

§ Carter-like constant: Separable geodesic eqs.

Chen (2020)
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§ The radial metric functions $4(&) are assumed to be Kerrian

§ The polar metric functions (4(*) are Kerrian + some modifications

(, = 52*2 + ̃7, * , (2 = 1 − y2 + ̃72 * , (0 =
1

1 − *2 + ̃70 * ,

(/ = 5 + ̃7/ * , (% = 52 1 − *2 + ̃7% * ,  

§ If ̃74 = 0, we get Kerr metric

§ Carter-like constant: Separable geodesic eqs.

§ Only ̃7, and ̃7% are theoretically relevant (asymptotic flatness)
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§ In fact, if we consider the post-Newtonian parameters:

! = # − ̃&' + ̃&)
2+, , # = 1,

§ The Solar System constraint: ! − 1 < 2.3×1045, # − 1 < 2.3×104)
§ We then assume ̃&'(7) = − ̃&)(7) = ̃&(7)

§ In addition, we require that the ℤ, asymmetry is induced by black hole’s spin
̃& 7 = &:+7

Chen (2020)

4



§ Asymptotically reduces to Kerr

§ Equatorial reflection asymmetry: possibility induced by spin

§ Separable geodesic equations
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̃"# $ = "#&'$ and ̃"( $ = "(&'$

The Ricci scalar

ℛ *, $ ≈ $' − 1 3 ̃"# + ̃"( ,11 + 2$ 3 ̃"# + ̃"( ,1 − 2 3 ̃"# + ̃"(
*3

+2&[12 ̃"# + 11 ̃"( − 2$ ̃"(,1 + 1 − $' ̃"(,11]
*( + 6(*89)



§ Singularity:  Ricci Scalar ~ "# + %#&# + ̃( & )* Chen, Yang (2021)
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§ Circular orbits exist, but NOT on the standard equatorial plane ! = 0
§ Instead, they have their own !$ = !$(&$)

Chen, Yang (2021) 8
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§ When !" → ∞, the orbits approach y& → 0 (asymptotic flatness)               

Chen, Yang (2021) 9
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§ Black: constant ISCO

§ Red: constant !" on ISCO

§ Magenta: critical #$%&
§ Purple: ISCO = ergosurface

§ Blue: ISCO = naked singularity

§ Prograde ISCOs are 
shrunk by #
§ A generic feature that is 

independent of the choice 
of ̃# ! when deviations from 
Kerr are small
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§ The radiative efficiency: ! = 1 − %&'()
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§ Black: constant ISCO

§ Red: constant !" on ISCO

§ Magenta: critical #$%&
§ Purple: ISCO = ergosurface

§ Blue: ISCO = naked singularity
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§ ! = 0 on horizon and naked singularity

§ Assuming Kerr, all spin measurements 
based on redshifts would overestimate 
the true spin of Kerr-like BH

§ For example: ! = 0.164 when
§ ( = 0.99* for Kerr BH
§ ( = 0.85* and - = 17.37 for Kerr-like BH
§ This is ~16.4% difference!
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Remark: 
• The contour is symmetric w.r.t. the horizontal-axis, no matter what !" is! 

• # changes the shadow size, but does not change the shape much
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Δ" < 0.1,    

'(
')*+

≈ 1 ± 0.17
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! = 6.5×10)!⨀,       +, = 17°,      /∗ = 16.8!23
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§ Kerr-like metric: ℤ" asymmetry

§ Astrophysics implications:
§ Curved accretion disk
§ Smaller prograde ISCO radius

§ The shadow contours:
§ Symmetric w.r.t the horizontal axis (regardless of the inclination)
§ The deviation parameter is more sensitive to the apparent size
§ Constraints from shadow size (under some astrophysical assumptions)
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§ Disk luminosity and temperature

§ Spin measurements based on continuum fitting method
§ A reliable “thin” disk model for “curved” accretion disk is necessary

§ What will happen when particles enter the plunging phase?

§ Realistic ring images: ! = 0, 1, 2…
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Thank you for your attention!



§ Mathematically…
⁄"# + %# '̇ ( = ± Θ ', -, . , / = lim34→6

789
:'
:7 ;

34,<4
§ It is related to the separability of the geodesic equations

Grenzebac, Perlick, Lämmerzahl (2014), Cunha, Herdeiro, Radu (2018)

§ Physically…

Chen (2020)
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