is a veritable tour de force, but only one
step towards the full story.

Determination of the structure of FtsZ—
GDP by Léwe and Amos® may represent
another step. FtsZ is thought to be the bacter-
ial homologue of the eukaryotic tubulins’,
although the sequences are less than 20 per
cent identical. But similarities include
hydrolysis of the bound GTP during the in
vitro assembly of FtsZ into filaments; the
longitudinal periodicities of these filaments
and the microtubule protofilaments; and the
assembly of both proteins into sheets and
rings or spirals®’.

The crystallographic structure shows
that FtsZ has two main domains. One of
these binds a guanine nucleotide at a site that
is atypical compared with the more conven-
tional GTPases such as p21™. The modified
Rossman fold of this domain is, however,
strikingly similar to that of the tubulin sub-
units (Fig. 1). Moreover, FtsZ and 3-tubulins
share many of the residues that are implicat-
ed in coordination of the bound nucleotide.

But this structural similarity between the
nucleotide-binding domains of FtsZ and the

tubulins presents a paradox. Is it a quaint
coincidence, with atypical GTPases having
unrelated functions in prokaryotic and
eukaryotic cell division? Or have the two
protein families evolved from a common
ancestor, such that microtubules and FtsZ
filaments share some functional properties?
If this is the case, FtsZ may provide a way to
dissect the conformational complexity of the
tubulin subunit — and microbiologists and
cell biologists will have a lot to talk to one
another about. O
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Neutrino deficit challenges

conservation laws

Frank Wilczek

uperKamiokande is a modern wonder

of the world: 50,000 m’ of purified

water surrounded by giant phototubes
looking out for Cerenkov radiation, the
shock waves of light left behind by ‘super-
luminal’ particles. (I speak here not of the
hypothetical and dubious tachyons, but of
ordinary particles boosted to high energy,
which outrace light through water even
though their speedisless than that oflightina
vacuum.) The giant instrumented aquarium
has proved to be a superb detector of the rare
interactions of neutrinos. At a conference
last month*, the SuperKamiokande group
reported an anomaly in their observations of
neutrino interactions that has considerable
implications for fundamental physics (E.
Kearns, Boston Univ.). The anomaly is in the
relative number of electron-type and muon-
type neutrinos found in cosmic rays. The
observation greatly strengthens earlier
hints in the same direction'™. It threatens
cherished conservation laws, and calls into
question the completeness of the Standard
Model of particle physics.

Let me first define the matter at stake. A
wide range of experimental results can be
explained by the postulate that there are
conservation laws for three different classes
of fundamental particle: the laws of conser-

*Santa Barbara Neutrino Conference, 2—6 December 1997;
http://www.itp.ucsb.edu.
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vation of electron number, muon number
and tau number. Known collectively as the
laws of lepton-number conservation, these
laws make very similar, very simple state-
ments about what sorts of particle inter-

Figure 1 Inside the SuperKamiokande detector. Deep underground, a vast volume of water is
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actions do or donotoccur.

Electrons, for example, are assigned
electron number +1, and their antiparticles,
positrons, are assigned electron number —1.
Electron neutrinos, v,, have electron number
+1, and the corresponding antineutrinos 7,
electron number —1. All other particles have
electron number 0. In any reaction we have
yet observed, the sum of all the particles’
electron numbers in the initial state is equal
to that in the final state. The laws of muon
() and tau (1) number conservation follow
exactly the same pattern.

The idea that electron and muon numbers
are separately conserved was postulated®
to explain why certain types of particle
decay, notably wlJ ev, in fact never occur (e is
an electron;yisaphoton). The ‘two-neutrino’
experiment’, eventually rewarded by a Nobel
prize, tested this very idea. It showed that
neutrinos produced in the decay of pi mesons,
0w, were able to induce the reaction
v,p 0 np' but not v, p O ne’ (p is a proton;
nisaneutron). The idea has since been tested
in a variety of ways, and is now embedded in
the Standard Model of particle physics.

The laws of lepton-number conservation
greatly resemble, in their formulation and
use, the dozens of atom-number conserva-
tion laws — one for each type of chemical
element — in allowed chemical reactions.
These laws are what defeat the dreams of
alchemy, and they have served chemistry
well; but nuclear physics shows that they
are only approximate. SuperKamiokande
may be teaching us a similar lesson for the
elemental leptons.

So what has SuperKamiokande seen?
When energetic cosmic rays strike the
atmosphere they typically produce many

$e

surrounded by photomultiplier tubes, which detect flashes from high-energy neutrino interactions.
An observed lack of muon-type neutrinos from the atmosphere appears to overturn the laws of
lepton-number conservation. (Details of SuperKamiokande can be found at http://

www-sk.icrr.u-tokyo.ac.jp/doc/sk/index.html.)
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charged pi mesons, which in turn decay into
states containing muon neutrinos or anti-
neutrinos. The muons themselves then
decay, usually into a muon neutrino, an elec-
tron and an electron antineutrino; and there
are several other processes that produce
neutrinos of both types.

Although the details are complicated, a
great deal is known experimentally about
cosmic-ray showers, and essentially all the
basicunderlying processes have been studied
in great detail. As a result, one can estimate
the ratio of muon to electron neutrinos with
considerable confidence® — it is close to 2:1.
But experimenters at SuperKamiokande
find far fewer muon neutrinos and anti-
neutrinos than were predicted. The observed
ratioisabout 1:1.

If the theoretical estimates were correctly
reckoned, and the experimental results cor-
rectly interpreted, what could account for
the seeming contradiction? To many physi-
cists, the most interesting possibility is that
neutrinos of one type ‘oscillate’ into neutri-
nos of another type. Indeed, if many of the
mu-type neutrinos making their way from
the atmosphere to the SuperKamiokande
detector oscillate into tau-type neutrinos,
which are more difficult to detect, the obser-
vations could be explained. Of course, that
would violate the conservation of both
muon and tau lepton numbers.

The idea of neutrino oscillations goes
backalong way”'’, having been proposed not
longafter oscillations between different types
of K meson were first observed, during the
childhood of particle physics. In this view,
different kinds of neutrino are like different
polarization states of light. In empty space, a
given polarization state of light will be main-
tained as it propagates. But as light passes
through a crystal, or any optically active
material, one polarization will oscillate into
another. Very similar mathematics governs
the propagation of neutrinos, so oscillations
among the different types would indicate that
empty spaceis ‘leptonically active’.

The question of whether neutrino oscil-
lations occur is closely connected to the
question of whether neutrinos have mass.
Indeed, the oscillations are attributed to
what are called off-diagonal masses. Where-
as ordinary masses, in quantum mechanics,
cause the phase of the wavefunction of a par-
ticle to oscillate in time, off-diagonal masses
cause not only its phase but also its direction
(polarization, for example, or neutrino type)
to oscillate.

This connection to mass is central to the
deeper theory of neutrino oscillations. For
one thing, itallows us to quantify the observed
effect. If the SuperKamiokande observations
do indicate neutrino oscillations, then the
value of the off-diagonal masses responsible is
of the order of 10~ electron volts. This is more
than six orders of magnitude smaller than the
mass of the electron, which itself is by far the
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smallest mass appearing in the Standard
Model. So the oscillation would only repre-
sent a tiny correction to the Standard Model,
visible only because a very small oscillation
per unit length gets multiplied by the long
distance neutrinos can travel between inter-
actions. It does not so much challenge the
Standard Model as supplement it.

Most theoretical physicists would welcome
such tiny, but non-zero, neutrino masses as an
encouraging sign that our ambitious ideas
about unification and symmetry beyond the
Standard Model may be on the right track.
The existence of off-diagonal mass terms for
quarks has long been established, and if one
attempts to treat quarks and leptons symmet-
rically — as one must in all modern unifica-
tion schemes — it is hard to avoid such terms
for neutrinos. Furthermore, the most com-
plete and beautiful unification schemes,
which view all the quarks and leptons as facets
ofasinglesymmetrical entity, require the exis-
tence of an additional, heavy, neutral particle.
This so-called right-handed neutrino mixes
with ordinary (left-handed) neutrinos in a
way that induces tiny masses for the latter.
These tiny masses are expected, though with
considerable uncertainty, to be roughly the
size of those claimed by SuperKamiokande.

The new, firm reports of an anomaly in
the cosmic-ray neutrinos will be sharpened
— or compromised — by additional obser-
vations in coming months. Decisive would
be observations that thelost muon neutrinos
still exist in another form: this might be veri-

fied by studying so-called neutral current
interactions, which are largely insensitive to
the change.

Finally, we should note that the atmos-
pheric neutrino anomaly occurs in the con-
text of two other claimed neutrino deficits,
similar in form but quite different in impor-
tant details: long-standing claims, from sev-
eral experiments, of a deficit of electron neu-
trinos from the Sun", and recent observa-
tions by an accelerator team at Los Alamos .
These various reports neither confirm nor
directly contradict one another — with
three different neutrinos and several possible
mass terms coming into play, there is room
forseveral distinct oscillation phenomenaon
different energy and length scales. It seems
probable that the separate laws of lepton-
number conservation will soon fall. O
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Palaeoecology

Did forests survive the

cold in a hotspot?

Peter D. Moore

ropical forests harbour alarge propor-

tion of the world’s biodiversity, they

act as a major reservoir for carbon in
the global cycling of that element, and they
are under threat. Yet, surprisingly, little
is known about their detailed history —
particularly in Africa. A group of European
palaeoecologists' has now sought to close
this gap in our knowledge with an intensive
study, published in the Journal of Biogeo-
graphy, of the highland region of east-central
Africa, running south from the Virunga
volcanoes in Uganda, through Rwanda into
Burundi (Fig. 1). They conclude that current
biodiverse ‘hotspots’ were not always so
speciesrich.

A number of questions need to be
answered regarding the history of the forests
in tropical Africa. To what extent were they
affected (and possibly fragmented) by the
colder climates of the high-latitude glacial
episodes? Have they expanded, contracted or
moved in the form of intact communities?

Or have they, like their temperate counter-
parts, changed their composition as individ-
ual taxa have responded to climate change
according to their own requirements? We
also need to know whether the current bio-
diversity hotspots are located in sites where
relict fragments of the forest survived the
cold, dry climate of the last glacial events.
And to what extent has human activity —
even early in prehistory — modified the
pattern of forest spread in the Holocene (the
past 10,000 years)?

Assembling all of the available informa-
tion, in 1982, Hamilton® suggested that
certain core areas, probably resulting from
refuges that had survived the climatic shocks
of the Pleistocene (roughly the past two mil-
lion years), acted as centres for forest spread
and recolonization of central Africa during
the Holocene. Among these cores were east-
ern Zaire (including the western fringes of
Uganda, Rwanda and Burundi, bordering
the Western Rift Valley), the coastal area of
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