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Black hole hair can  
leave imprints on observables. 
→ Observing such signatures  
would indicate physics beyond  
Einstein-Maxwell theory.
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• Objectives of this work 
1. Derive general stability conditions in U(1) gauge-invariant SVT theories. 
2. Apply these conditions to specific models admitting dyonic black hole solutions  
   and investigate their stability.

‣ A general stability analysis including magnetic charge is therefore required.
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• Static and spherically symmetric background 

• Condition for eliminating higher derivatives from the equations of motion   
M. Kitagawa, N. Tsukamoto and R. Kase (2026)
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‣ Introduce perturbations to the fields and study their dynamics. 

• Instabilities 
• Ghost instability 

 

• Gradient Instability 
Assume a plane-wave solution 
 
 

For the propagation speed　　　 
we require    to be real. 
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Results: General Stability Conditions
• The independent stability conditions are:
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‣ We consider the following two models: 
 

‣ Case 1:                                            Case 2: 

‣ For further simplification, we focus on the near-horizon region. 

‣ We examine  

‣ No-ghost conditions 

‣ No-gradient-instability conditions 

‣ We use the background solution obtained by M. Kitagawa et al. (2026).
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‣ Independent stability conditions

：a dimensionless parameter  
   characterizing the electric charge
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‣ Independent stability conditions

：a dimensionless parameter  
   characterizing the electric charge

✓ No stable parameter region exists for Case 1 near the horizon.
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‣ Independent stability conditions
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‣ Independent stability conditions

Cannot be satisfied
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‣ Independent stability conditions

✓ No stable parameter region exists for Case 2 near the horizon.
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• Derived general stability conditions for U(1) gauge-invariant SVT theories 
including magnetic charge. 

• For the cases                    and                         , we derived the near-horizon 
stability conditions and found no parameter region satisfying all stability 
conditions. 

• Future work 

‣ Apply the general stability conditions to other specific models and investigate the 
behavior away from the asymptotic regions. 

‣ Study black hole quasinormal modes and other gravitational-wave signatures in 
stable parameter regions, and investigate their distinguishability from GR.
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Thank you for your attention.



‣ Introduce perturbations to each field. 

‣ Decompose the perturbations into odd- and even-parity sectors according to their 
transformation under parity. 

• For         , the odd- and even-parity sectors decouple: 
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+ Lmix

• For　　　, the magnetic background induces couplings between the odd- and even- 
parity perturbations, giving rise to a mixed-parity sector in the quadratic Lagrangian:

<latexit sha1_base64="89JpI7AIEnGKkdAAQPpOqU+a4Ms="></latexit>

P →= 0



‣ Introduce perturbations to each field. 

‣ Decompose the perturbations into odd- and even-parity sectors according to their 
transformation under parity. 

• For         , the odd- and even-parity sectors decouple: 
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<latexit sha1_base64="FaorwZ6y4NvgzaitMS4N/rqavJ4="></latexit>

gµω = ḡµω + ωgµω , Aµ = Aµ + ωAµ , ε = ε̄+ ωε .

<latexit sha1_base64="oSeE+haEiY21NV5shT02Sjlu3Ow="></latexit>

ωgµω = ωg(odd)µω + ωg(even)µω , ωAµ = ωA(odd)
µ + ωA(even)

µ , ωε = ωε(even) .

<latexit sha1_base64="2ycAajnHLIFqpWvNZp3RIkwbbrE="></latexit>

odd→ odd
<latexit sha1_base64="3rf/9fglk8SySSJjqkLN14L0IZw="></latexit>even→ even

<latexit sha1_base64="qI37WTNjWaJe9q7XM2uvPS7DYXs="></latexit>

odd→ even

<latexit sha1_base64="tIGm/1XBOsgqtPMuzGJziWh8gG4="></latexit>

P = 0

<latexit sha1_base64="nL0GszVQJIiSf4p7zUU17aEacpE="></latexit>

L = Lodd + Leven
<latexit sha1_base64="7ROzlivZFR60ys9N62Oe3VA/gXQ="></latexit>

+ Lmix

• For　　　, the magnetic background induces couplings between the odd- and even- 
parity perturbations, giving rise to a mixed-parity sector in the quadratic Lagrangian:

<latexit sha1_base64="89JpI7AIEnGKkdAAQPpOqU+a4Ms="></latexit>

P →= 0

➡The odd- and even-parity perturbations must therefore be treated simultaneously.
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• Action for the dynamical degrees of freedom 

✓ The general stability conditions can be derived from these matrices.

Extract the dynamical degrees of freedom

Scalar Vector Tensor
Field components 1 4 10

<latexit sha1_base64="QqiLLYnBhsfCGROWp7mjvixGN9g="></latexit>

ωε(even)
DOF 1 2 2
symbol

<latexit sha1_base64="GmM2uPn9h2afC9/9xpOZc5x9UQU="></latexit>

V (even), ωA(odd)
<latexit sha1_base64="AmwmKmjKjK0L0QknyjJoSq9BPMc="></latexit>

ω(even),ε(odd)

<latexit sha1_base64="5fj5ibt1Dmwb25TCOw0xasCWONo="></latexit>

S =
∑

l

∫
dt dr

(
ω̇X tK ω̇X + ωX →tG ωX → + ωX →tS ωX + ωX tM ωX

)

<latexit sha1_base64="pG/+ENQcLAVl3pAQ6FQMIG9BH+w="></latexit>

ωX =





ε
ϑϖ
V
ϱ
ϑA






