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(Personal) Motivation
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Introduction: solitons and black holes

 Rμν –
1

2
gμν R = 

8𝜋𝐺

c4
Tμν + Λ gμν

 Matter field equations = 0

 ds2 = -A dt2 + 
𝑑r2

𝐵
+ r2 d Ω2

 A(r), B(r) - metric 

 φ (r), W(r), … - matter

0                rh                                    r 
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The setup
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Schwarzschild gauge
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Schwarzschild-de Sitter

space-time
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General gauge
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Regular Singular Point of ordinary 
differential equation
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Definition of Regular Singular Points

Let 

P(x)y'' + Q(x)y' + R(x)y = 0

be a linear second order differential equation. Then x0 is called a 

regular singular point if

and

are both finite.



Close to regular origin 
we have 1 free parameter: 
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Close to horizon, f(r_h)=0, 
we find 4 free parameters:
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განვიხილოთ კონკრეტული პოტენციალი
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Parameter count, numerical strategy
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Counting the number of 
parameters of the solutions 

 3 functions satisfy the second order differential 

equations - 1 constraint = 6 -1 = 5 parameters are 

needed to specify solution

 Regular origin: 1 parameter at the origin + 4 

parameters at the horizon = 5 free parameters

 Two horizon case: 4 free parameters at the first 

horizon + 4 free parameters at the second horizon

= 8 – 2 symmetry = 6, i.e. one parameter is free.
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Three classes of solutions: parameter space
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Three classes of solutions: : 
profiles of the functions for n=1
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Three classes of solutions: : 
profiles of the functions for n=2
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Solutions with two horizons

24



 Examples of  different 

classes of  solutions: 

 Blue (monotonic R)

 Green (R has maximum 

after second horizon)

 Red  (R has maximum 

between horizons)
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Conclusions :

 We studied self-interacting scalar field theory coupled 
to gravity and found scalar lumps with regular origin 
surrounded by a horizon and scalar lumps with two 
horizons.

 New classes of solutions with non-monotonic function 
R(r) are found

 In particular we found static, spherically symmetric 
solutions with two black holes.

 It is interesting to search globally regular solutions of 
this system, analogues to the ones found in the EYMΛ
theory.  
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