
1

Self force and radial fall
(History of fascinations and troubles)

17 June 2009 Bloomington
12th Capra Meeting

Alessandro D.A.M. Spallicci di F.

Département de Physique et Sciences de l'Ingénieur, Université d'Orléans
UMR 6115 Laboratoire de Physique et Chimie de l'Environnement et de l'Espace

UMS 3116 Observatoire des Sciences de l'Univers en Région Centre 
Campus CNRS 3A Avenue de la Recherche Scientifique 45071 Orléans France



2

Plan of the talk

• Newtonian SF – Uniqueness of free fall - Equivalence principle 
• Why radial fall (still) ?
• Repulsion and velocity at the horizon : the Schwarzschild controversy 

1916-2008 (?)
• State of the art in the SF for radial fall
• Exact 1st order perturbations vis à vis self-force/pragmatic
• Continuity (Conditional) of the RWZ perturbations at the position of the 

particle 
• Approximative correction of the waveforms by radiation reaction through 

energy balance (with Sofiane Aoudia)
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Newtonian self-force (circular)
The Newtonian confusion gauge
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r1+r2 fixed

The finitude of the mass may have ambiguos consequences
but it is there…(unless one cancels it in a specific frame, a sort of 
equivalence principle – for which gravity disappears in a given
coordinate system - in a Newtonian form) 
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Uniqueness of free fall
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The Newtonian self acceleration
Origin of coordinate system = centre of mass

Two bodies M, m and the point P have coordinates

In case of a single body

For circular motion Detweiler S., Poisson E., 2004. PRD, 69, 084019

the potential at P is :                          and the acceleration

In case of two bodies the potential at P is  :                                       and for m<<M  

where   

divergent at the particle but isotropic no force = singular part

regular part. Thus

For the centre of mass definition, we have                    Thus 
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The equivalence principle as uniqueness of acceleration doesn’t hold. It should state:
All bodies behave independently of their mass….if we neglect their mass
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The (multifaceted) equivalence principle
(approximation)

• I. All bodies fall with the same acceleration independently from the value of their
mass (sometimes referred as the uniqueness of accceleration principle).  SEE 
PREVIOUS SLIDES

• II. Bodies equally accelerate under inertial or gravitational forces. SEE NEXT SLIDE

• III. Bodies equally accelerate independently from the composition of their masses 
(UNDER EXPERIMENTAL SCRUTINY : STEP thanks to Kaluza Klein, strings, 
supersummetries) 

In general relativity, the language style gets more sophisticated:  

• IV. At every spacetime point in an arbitrary gravitational field, it is possible to 
choose a locally inertial coordinate system such that, within a sufficiently small
region around the point in question, the laws of nature take the same form as in an 
unaccelerated coordinate system. The laws of nature concerned might be
all laws (strong equivalence principle), or solely those dealing inertial motion (weak
equivalence principle version) or all laws but those dealing inertial motion (semi-
strong equivalence principle) (PONT MASSES DON’T EXIST, THUS TIDAL 
FORCES KILL EP)

• V. A freely moving particle, of negligeable mass and size, follows a geodesic of 
spacetime (GEODESIC g + hR) .
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…Perhaps they speak of the Principle of Equivalence. If so, it is my turn to have 
a blank mind, for I have never been able to understand this Principle…

Does it mean that the effects of a gravitational field are indistinguishable from 
the effects of an observer's acceleration? If so, it is false. In Einstein's theory, 
either there is a gravitational field or there is none, according as the Riemann 
tensor does not or does vanish. This is an absolute property; it has nothing to 
do with any observer's world-line. Space-time is either flat or curved….
(the converse is also far reaching)
The Principle of Equivalence performed the essential office of midwife at the 
birth of general relativity. ..
I suggest that the midwife be now buried with appropriate honours…

J.L. Synge
Synge J.L., 1960. Relativity: the general theory, North-Holland Publishing Co.
Or else see Rohlrich F., 2000. Found. Phys., { 30}, 621.

The Equivalence principle
(it feels comfortable not to be alone)
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"The impasse (or have the relativists fear of free fall? [..] 
the problem of the free fall of bodies in the frame of [..] the 
Schwarzschild solution. More than any other, this question 
gathers the optimal conditions of interest, on the 
technical and epistemological levels, without inducing
nevertheless a focused concern by the experts. Though, is it
necessary to emphasise that it is a first class problem to 
which classical mechanics has always showed great
concern ... from Galileo; which more is the reference
model expressing technically the paradigm of the lift in 
free fall dear to Einstein ? The matter is that the case is
the most elementary, most natural, an extremely simple 
problem ...apparently but which raises extremely delicate
questions to which only the less conscious relativists
believe to reply with answers [..] Exactly the type of naive
question that best experts prefer to leave in the shadow, 
in absence of an answer that has to be patently clear to be
an answer. Without doubts, it is also the reason for which
this question induces a very moderate interest among the 
relativists ..."}

Eisenstaedt J.,1987. 
Arch. Hist. Exact Sci., 37, 275.
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Why radial fall ? (still)
• Epistemology/Reference (How do we evaluate progress on 

knowledge? ) 

• History’s markings (Pisa tower, Cambridge apple tree, Einstein lift)

• No compromise (1 no adiabatic escape* 2 coupling r,t) most delicate issues 
are present. No cumulation of effects does not mean their not existence).

• Learning case for highly eccentric ? (No claim)

• The final part is plunge (initial velocity ?)
• State of the art (Is it satisfactory ?) Before SF and after SF

* The non-adiabatic gravitational waveforms are aimed by the self-force community
since they express 
i) the physics closer to the black hole horizon 

ii) the most complex trajectories, the most tantalizing theoretical questions.
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Repulsion : the Schwarzschild controversy 1916-2008 (?)
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Repulsion : the Schwarzschild controversy 1916-2008 (?)
Unrenormalised acceleration

Renormalised acceleration

A semi-renormalised acceleration 2
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simplicity, confusion and 
controversy dominated
this debate for almost 100 
years and invested
notorious scientists.
Is there repulsion ? Does a 
particle reaches the speed 
of light at the horizon ? 

Coordinates/ Initial conditions/ 2M / Wording / Passion for a gauge
The repulsive gang (Kerr metric excluded): Droste *, Hilbert, Bauer, Page, Eddington, 
von Laue, de Jans, McVittie, Jaffe and Shapiro, Treder and Fritz, McGruder, Arifov +…

* 1916 independent derivation of the SD metric
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State of the art 2009 a.C.        12 a.S.-F.
“The radial component of the SF is found to point inward (i.e., toward the black hole) 
throughout the entire plunge. This seems to be a universal feature which does not 
depend on the starting point r0. Consequently, the work done by the SF on the particle is 
positive, resulting in that the energy parameter  E increases throughout the plunge. It is 
important to stress, however, that this result will be attached to our specific choice of 
gauge ~as opposed to the energy flux at infinity, which is gauge invariant! “(Barack L., 
Lousto C., 2002. PRD, 66, 061502)

“ the resulting reaction force is repulsive ” (Lousto C.O., 2001. CQG, 18, 3989)
“Radiation reaction effects become more important as the particle approaches the 
maximum of the Zerilli’s potential (around r max  3.1 M. They tend to decelerate the 
particle with respect to the zeroth order (Schwarzschild) geodesics. This is what one 
would qualitatively expect a priori since the system is losing energy and momentum in 
the form of gravitational radiation.” (Lousto C.O., 2000. PRL, 84, 5251)

Why the (apparent) discrepancy ? 
- Proper time /Coordinate time
- Geodesic deviation terms absent in 
SF paper
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Lousto C.O., 2000. PRL, 84, 5251; 2001, CQG, 18, 3989; Spallicci A., Aoudia S., 2004.CQG, 21, S563.
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The field is Taylor developed around the particle

Radial geodesic in the perturbed metric to be regularisedαβαβ hg +

Total 
acceleration6210 azazaazp +Δ+Δ+= &&&

a1 is the classic Schwarzschild; a2, a3 are not perturbation dependent. 
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Lousto C.O., 2000. PRL, 84, 5251; 2001, CQG, 18, 3989; Spallicci A., Aoudia S., 2004.CQG, 21, S563.
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18Radial geodesic in full spacetime (gauge independent)
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For n>l >3 modes converge to the same behaviour

Regularisation by subtraction of the divergent part 

It is applicable to RWZ gauge (and any gauge)
Used in quantum mechanics and field theory (vacuum expectation value) + others
Drawback: Based on not evident mathematical properties of the Z function

Regularisation (method zeta)
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Objectives
1) Comparison self-force versus pragmatic via 1st order perturbation (GW 
rigorous derivation) 
2) Visibility in coordinate time

* = tail or regular
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Lousto C.O., 2000. PRL, 84, 5251 Barack L., Lousto C., 2002. PRD, 66, 061502) 

Why the (apparent) discrepancy ? 
- Proper time /Coordinate time
- Geodesic deviation terms absent in SF paper
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Determination of regularisation parameters via mode-sum and confirmation of 
existing results (Aoudia thesis)

Development of a time domain numerical code for solving Regge-Wheeler-
Zerilli equation. Waveforms at infinity like LP-MP

Comparison between pragmatic and self-force expressions (of relevance also in 
the frame suggested by the GW “self-consistent” prescription).  Role of 
geodesic deviations. 

Extension of the Riemann-Hurwitz Z function regularisation for higher orders, 
Class. Quantum. Grav., 21, S563.

We got stuck in the computation of the perturbations at the position of the 
particle and suspected for a while the perturbations not being C°

Approximative determination of the corrections in the waveforms due to 
radiation reaction via energy balance for masses in radial fall.

Where are we (Orléans) ?
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Pour d’importantes séparations 
initiales, les trois phases de radiations 
se séparent distinctement.
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Pour de moyennes séparations 
initiales, les trois phases de radiations 
commencent à ne plus se discerner.
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Pour de faibles séparations initiales, 
les trois phases de radiations se 
confondent.
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Flux at infinity

Radiated energy at infinity
retarded time u

Energy absorbed by the BH at
retarded time u

New energy of the particle

Energy balance (l=2) (Approximate since instantaneous energy balance is used)

Test case for initial null velocity at starting point: limited effects
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+ Corrected waveforms (0,01 m2c2/M for all l; 0,25 m2c2/M for l=2)
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Springer
coming up in 2009
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Extension de la régularisation par la fonction zêta
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Spallicci & Aoudia (2004).Class. Quantum. Grav., 21, S563. 
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