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Studying the dynamics of a large number of particles interacting through long-
range forces, commonly referred to as the N-body problem, is a central aspect
of many different branches of physics. Inrecent years, significant advances have
been made in the development of fast N-body algorithms to deal efficiently with
such complex problems. This book is the first to give a thorough introduction to
these so-called tree methods, setting out the basic principles and giving practical
examples of their use.

After a description of the key features of the hierarchical tree method, a
variety of general N-body techniques are presented. Open boundary problems
are then discussed, as well as the optimization of tree codes, periodic boundary
problems, and the fast multipole method.

No prior specialist knowledge is assumed, and the techniques are illustrated
throughout with reference to a broad range of applications. The book will be
of great interest to graduate students and researchers working on the model-
ing of systems in astrophysics, plasma physics, nuclear and particle physics,
condensed-matter physics, and materials science.
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Preface

The difficulty in writing a ‘how-to’ book on numerical methods is to find a
form which is accessible to people from various scientific backgrounds. When
we started this project, hierarchical N-body techniques were deemed to be ‘too
new’ for a book. On the other hand, a few minutes browsing in the References
will reveal that the scientific output arising from the original papers of Barnes
and Hut (1986) and Greengard and Rohklin (1987) is impressive but largely
confined to two or three specialist fields. To us, this suggests that it is about time
these techniques became better known in other fields where N-body problems
thrive, not least in our own field of computational plasma physics. This book
is therefore an attempt to gather everything hierarchical under one roof, and
then to indicate how and where tree methods might be used in the reader’s
own research field. Inevitably, this has resulted in something of a pot-pourri
of techniques and applications, but we hope there is enough here to satisfy the
beginners and connoisseurs alike.
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Errata

1. In the derivation of the tree algorithm scaling starting on p. 20, the inner
shell radius r; is defined as the radius beyond which particles can be grouped
together in clusters. This can begin as soon as the inter-cluster distance 6r
exceeds the mean particle separation q, i.e.:

Ori>a=n"1/3

2. On p. 27, the initial expression for the potential in Cartesian coordinates
should read:
my

VE—z)2+y—v)?+ (z—2)?

CDZ(R— I‘i) = —

3. Equation (2.11) for the quadrupole moment of the parent cell on p. 30
should read:

t
%Ten = E (E MiZiYi — Tsd E miY;
d i i
—Ysd § M;Ti + Tsdysd E mz)
i i

= Z (ng - msdDg - ysdDg + xsdyded) .
d

4, The Ewald summation for the potential (5.2) on p. 93 is missing the ‘self-
energy’ correction &, = —2aq;/ 7'/2. This is needed to cancel an identical,
unphysical term contained in the k-space sum ®;;. The latter is also missing
a normalisation factor |h|~2, so that the net potential should actually read:

&, = P+ + P

B . erfc(ary;)
= En: 2; qz?“—m-

2
i —7“lh
TR IPIN Ay (W) cos (o) = S

where k = 27h/L.
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Xii Errata

5. As for the potential above, a factor |h|~2 is missing from the k-space force
term F/T on p. 94, which should read:

2 ih —m?h|?\ .
Flo= ﬁz TLE exp( a2‘L2‘ ) sin (k - ros) .
i h#£0

6. In the multipole expansion of the Ewald sum (5.5) the term A(h) on p. 98
is also missing this factor, and should read:

1 —72|h|?

7. The shifting formulae on p. 99 should correspond to those on p. 30 and
p. 31, namely:

Zi qi % — Zz qiTs — Tsd Zz qi
>, qir? = DG — 2Tsd Y, Gii + Tog G
DG = D Uiy — Tsd Y, Gl — Ysd D ; Gis + Tsdlsd D ; Ui

8. The plasma frequency in (6.2) is normally referred to by the angular fre-
quency wy, rather than the inverse period v, = 7, I, and is defined (in c.g.s.

units) by:
4dmn.e? 1/2
Wp = p” .
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