Evaluation of AIM using
Saad and Batic approaches

MSC RESEARCH - JULY 2026
TAL LESHEM
SUPERVISOR: PROF ALAN CORNELL




Regge Wheeler equation
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T. Regge and J. A. Wheeler, “Stability of a Schwarzschild singularity,”
Phys. Rev., vol. 108, pp. 1063-1069, 1957.




Asymptotic Iteration Method (AIM)

H. T. Cho, A. S. Cornell, J. Doukas, T. R. Huang, and W. Naylor, “A New
Approach to Black Hole Quasinormal Modes: A Review of the Asymptotic
Iteration Method,” Adv. Math. Phys., vol. 2012, p. 281705, 2012.
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Research questions:

1. How can | tell if AIM gives me the

correct value of QNF?
2. Why does AIM work for some potential

and doesn’t work for others?




Saad and Ismail approach
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QNFs of Schwarzschild BH generated by
AlM

-----------------------------------------------------------
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QNFs of Reissner-Nordstrom
spacetime generated by AIM
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Batic and Nowakowski approach

Continuous Fraction Method (CFM)
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D. Batic and M. Nowakowski, “The mathematical foundations of the asymp-
totic iteration method,” Math. Methods Appl. Sci., vol. 46, no. 9, pp. 10833~
10849, 2023,



Batic's Convergence theorem V.2

(theorem IV.2): If p,(z) > 0 and g,(x) does not vanish for all n then the
continued fraction (5) converges (and hence AIM and CFM are valid) if and
only if the series
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Mathematical problem
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Batic's Convergence theorem V.3

Theorem IV.3 [2] addresses the convergence of (10) from a different angle. If we
consider the recurrence relation

xfn(ﬂ?) - Pn(ﬂl)fn_1($) - qu(m)gn—Z(m) =0 (31)

with g,(z) # 0 for all z € I and for any n € NU {—1,0}. If for any = € I (31)
has a minimal solution v, (z) with i (x) # 0 for all z € I, then the continual
fraction (10) converges pointwise to a on the defined domain.
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Open question

Why some “potentials” work and some not with AIM?
y" = Xo(z)y" + so(z)y
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Pathological failure or just not enough iterations?




Conclusion

* SAAD ISMAIL APPROACH- EXCELLENT DIAGNOSTIC TOOL FOR
CONVERGENCE BUT NOT A PROOF

* BATIC'S APPROACH- CAN THEOREM IV.3 BE GENERALIZED TO BH
COMPLEX VALUED QUANTITIES? IF SO, CAN IT BE USED AS A PROOF
FOR CONVERGENCE OR JUST ANOTHER DIAGNOSTIC TOOL?

* CAN CONVERGENCE BE PROVEN SOLELY BY OBSERVING Ay AND S,?
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