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To get matters in perspective, I must begin by lnentioning two other
branches of quantum field theory. Renormalized pertlrrbation tlleory has the
task of making numerical computations of scattering cross sections, these
being the $\mathrm{q}\iota\iota \mathrm{a}\mathrm{n}\mathrm{t}\mathrm{i}\mathrm{t}\mathrm{i}\mathrm{e}\mathrm{s}$ that $\mathrm{f}\mathrm{o}\mathrm{r}\ln$ the backbone of experimental high energy
physics. Success and failure lie close together. Sulnming the first few terms of
the perturbation series for quantum electrodynamics gives results in extraor-
dinary agreement with $\mathrm{e}\mathrm{x}\mathrm{p}\mathrm{e}\mathrm{r}\mathrm{i}_{1}\mathrm{n}\mathrm{e}\mathrm{n}\mathrm{t}$ . Applications to the $\mathrm{S}\mathrm{a}\mathrm{l}\mathrm{a}\ln$-Weinberg
theory lneet with less success whilst the large effective coupling co.nstant in
strong interactions precludes the $\iota \mathrm{s}\mathrm{e}$ of the perturbative methods. Fnrther-
lnore, the pertnrbativc expansion gives one no idea as to whether there is an
underlying field theory whose scattering theory is governed by $\mathrm{t}1_{1}\mathrm{e}$ perturba-
tive expalBion.

Constructive field theory sets itself the goal of constrncting interacting
models based on the ideas of $\mathrm{r}\mathrm{e}\mathrm{n}\mathrm{o}\mathrm{r}111\mathrm{a}\mathrm{l}\mathrm{i}\mathrm{z}\mathrm{a}\mathrm{t}_{l}\mathrm{i}\mathrm{o}\mathrm{n}$ t,teory. Again, snccess and
failure lie close together. It proved possible to collstr\iota ct a whole $\mathrm{f}\mathrm{a}111\mathrm{i}1_{\mathrm{J}^{7}}$ of
interact,ing models in two $\mathrm{s}$ ]) $\mathrm{a}\mathrm{c}\cdot \mathrm{e}\mathrm{t}\mathrm{i}\mathrm{l}\mathrm{n}\mathrm{e}$ dilnellsiolls such as the $P(\phi)_{2}$ lnoelels,
the polynomial models. Two models, $\phi_{3}^{4}$ and $Y_{3},$ tlle quartic int,eraction and
the Yukawa conpling were const,rtlcted in three $\mathrm{s}\mathrm{p}\mathrm{a}\mathrm{c}\mathrm{e}\mathrm{t}\mathrm{i}_{1}\mathrm{n}\mathrm{e}$ dilllensions but,
the $\Pi \mathrm{l}\mathrm{e}\mathrm{t},\mathrm{h}\mathrm{o}\mathrm{d}\mathrm{s}$ did not lead to any theories in tie $1^{y\mathrm{h}\mathrm{y}\mathrm{s}\mathrm{i}\mathrm{c}\mathrm{a}1}\mathrm{f}_{011}\mathrm{r}$ dilllensiollal
spacetilne. Instead it is believed that attelnpts to construct $\phi_{4}^{4}$ or $\mathrm{q}\iota \mathrm{a}\mathrm{l}\mathrm{l}\mathrm{t}\iota \mathrm{u}\mathrm{n}$

electrodynamics in this way actually lead to free field models.
Algebraic $\mathrm{q}\iota \mathrm{a}\mathrm{n}\mathrm{t}\mathrm{u}\ln$ field theory was innovat,ive both llrtllelllatically and

physically. The fields $f-\rangle$ $\phi(f):=\int f(x)\phi(x)dx$ as unbotaded $0_{1}$) $\mathrm{e}\mathrm{r}\mathrm{a}\mathrm{t}\mathrm{o}1^{-}$
’

valued distributions in Hilbert space were $\mathrm{r}\mathrm{e}_{\mathrm{I}}$) $1\mathrm{a}\mathrm{c}\mathrm{e}\mathrm{d}$ by the net $\mathcal{O}\mapsto \mathrm{F}(\mathcal{O})$

of algebras of bounded operators that they gcnerate. Here $\mathrm{F}(O)$ is to be
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regarded $\mathrm{a}\mathrm{s}^{\mathrm{t}}\mathrm{t}_{}\mathrm{h}\mathrm{e}$ algebra of $\mathrm{b}\mathrm{o}\iota$nded operators generated by the $\phi(f)$ with
$\mathrm{s}\iota_{1^{)}\mathrm{P}f}\subset O.$ $\mathrm{T}1_{1}\mathrm{i}\mathrm{s}$ allows one to use the well developed theory of bounded
operators on Hilbcrt space. We also implicitly claim that spacetime enters
only $\mathrm{t}\mathrm{h}\mathrm{r}\mathrm{o}\mathrm{l}\iota \mathrm{g}\mathrm{h}$ the assignelnent of algebras t,o regi $\mathit{0}$ns $\mathcal{O}$ in spacetime, where
it is usual to restrict $\mathcal{O}$ to be a double cone, that is the intersection of a
backward light cone in one point with a forward light cone in another. This
changes the way that we look at spacetime.

More important was the recognition that the fundamental object was not
$\mathcal{O}\mapsto \mathrm{F}(\mathcal{O})$ but a smaller net $\mathcal{O}\mapsto \mathrm{x}(\mathcal{O}),$ $\mathrm{x}(\mathcal{O})\subset \mathrm{F}(\mathcal{O})$ . $\mathrm{a}(\mathcal{O})$ is to be
thought of as generated by the observable polynomials in the fields whose
test functions $f$ have supports in $\mathcal{O}$ or, alternatively, in terms of its physical
interpretation as being generated by the observables that can be measured
within $\mathcal{O}$ .

Algebraic $\mathrm{q}\mathrm{u}\mathrm{a}\mathrm{n}\mathrm{t}\mathrm{u}\ln$ field theory proceeds axiomatically, postulating cer-
tain basic ‘laws’ of physics: local commutativity, positivity of the energy,
duality, the $\mathrm{R}\mathrm{e}\mathrm{e}\mathrm{h}-\mathrm{S}\mathrm{c}\mathrm{M}\mathrm{i}\mathrm{e}\mathrm{d}\mathrm{e}\mathrm{r}$ property, local nornuality, additivity and the split
property. These laws have a physical interpretation and on the basis of these
laws, or some subset of $\mathrm{t}\mathrm{h}\mathrm{e}\mathrm{l}\mathrm{n}$, conclusions are drawn about the behaviour of
the $\mathrm{s}\mathrm{y}\mathrm{s}\mathrm{t}\mathrm{e}\ln$ that themselves allow a physical interpretation. This is colnple-
nuented by stndying silnple lnodels where these laws can be verified or their
independence demonstrated.

As an illustration let lne spell out the law of local conlnuutativity.

$A_{1}A_{2}=A_{2}A_{1},$
.

$A_{1}\in\wedge(\mathcal{O}_{1}),$ $A_{2}\in\wedge(\mathcal{O}_{2}),$ $O_{1}\perp \mathcal{O}_{2}$ .

Here $O_{1}\perp \mathcal{O}_{2}$ nlealls that t,he two regions in question are causally disjoint,
or, as one nsnally says in Minkowski space, spacelike separat,ed. This law
allows a $\mathrm{s}\mathrm{i}_{1}\mathrm{n}\mathrm{p}\mathrm{l}\mathrm{e}$ physical int,erpretation. One knows from elementary $\mathrm{q}\mathrm{u}\mathrm{a}\mathrm{n}\mathrm{t}\iota \mathrm{l}\mathrm{m}$

lllechanics t,hat you cannot nlake $\mathrm{s}\mathrm{i}_{1}\mathrm{n}\mathrm{u}\mathrm{l}\mathrm{t}\mathrm{a}\mathrm{n}\mathrm{e}\mathrm{o}\mathrm{u}\mathrm{s}$ nueasurements of quantit,ies
t,hat do not colmnut,e with one another. In the relativistic sett, $\mathrm{i}\mathrm{n}\mathrm{g}$ , this lneans
$\mathrm{t}11\mathrm{a}\mathrm{t}_{t}$ llleas\iota renlellts nuade in $O_{i}$ affect the restllts of nleasurelnent,s made in the
causal future of $O_{i}$ . When $O_{1}$ and $\mathcal{O}_{2}$ are causally disjoint, neither intersect
the causal fnture of $\mathrm{t}_{}\mathrm{h}\mathrm{e}$ other. Thtls the lneas\iota relnents do not interfer with
one another and the observable.s $\mathrm{s}\mathrm{h}\mathrm{o}\iota \mathrm{l}\mathrm{d}$ colmnut,e leading to the above law
of local connnutativit,

$\mathrm{y}$.
In gelleral, a field net $\mathrm{F}$ does not satisfy $\mathrm{t}_{}\mathrm{h}\mathrm{i}\mathrm{s}$ law of local colnmutativity.

Indeed, I have stressed the distinction between the field net and the observ-
able net and $\mathrm{t},\mathrm{l}\dot{\mathrm{u}}\mathrm{s}$ is a $\mathrm{n}\mathrm{l}\mathrm{a}\mathrm{n}\mathrm{i}\mathrm{f}\mathrm{e}\mathrm{s}\mathrm{t},\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$ of the $\mathrm{a}_{1^{)}\mathrm{I}^{)\mathrm{e}\mathrm{a}\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{c}\mathrm{e}}}$ of $\mathrm{n}\mathrm{o}\mathrm{n}\neg$) $\mathrm{b}\mathrm{s}\mathrm{e}\mathrm{r}\mathrm{v}\mathrm{a}\mathrm{b}\mathrm{l}\mathrm{e}$

qnantities in $\mathrm{t}_{1}\mathrm{h}\mathrm{e}$ field net. However, a $\mathrm{s}\mathrm{i}_{1}\mathrm{n}\mathrm{p}\mathrm{l}\mathrm{e}$ generalization of local com-
$1\mathrm{n}\mathrm{u}\mathrm{t}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{v}\mathrm{i}\mathrm{t}_{1}\mathrm{y}$ suffices $\mathrm{t}_{}\mathrm{o}$ describe the spacelike $\mathrm{c}\mathrm{o}\mathrm{l}\mathrm{n}\ln\iota \mathrm{t}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$ properties of the
fields. A field net, llas wllat is called a $\mathrm{z}_{2}$-grading. That is $\mathrm{i}\mathrm{t}_{c}$ is a direct suln
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of two pieces:
$\mathrm{F}(\mathcal{O})=\mathrm{F}_{+}(O)\oplus \mathrm{F}_{-}(\mathcal{O})$ .

so that $F\in \mathrm{F}$ can be written uniquely as a sum of its Bose and Fernli parts:
$F_{+}+F_{-}$ . Given $F_{1}\in \mathrm{F}(O_{1})$ and $F_{2}\in \mathrm{F}(O_{2})$ with $O_{1}\perp \mathcal{O}_{2}$ , we have

$F_{1+}F_{2+}=F_{2+}F_{1+}F_{1+}F_{1-}=F_{1-}F_{1+}F_{1-}F_{2-}=-F_{2-}F_{1-}$ .

These are referred to as Bose-Fermi commutation relations. Algebraic quall-

tum field theory has succeeded in understanding why this silnple generaliza-
tion is sufficient.

Let me now explain a $\mathrm{s}\mathrm{i}_{1}\mathrm{n}\mathrm{p}\mathrm{l}\mathrm{e}$ but important mathematical construction.
By a state of $R$ we mean a positive normalized linear functional, i.e. $A\mapsto$

$\omega(A)\in \mathrm{C}$ is linear, $\omega(A^{*}A)\geq 0$ alud $\omega(I)=1$ . Then the GNS construction
associates with $\omega$ a representation $\pi_{\omega}$ of $R$ on a Hilbert space $\mathcal{H}_{\omega}$ with a
cyclic vector $\Omega_{\omega}$ such that

$\omega(A)=(\Omega_{\omega}, \pi_{\omega}(A)\Omega_{\omega})$ , $A\in \mathrm{x}$ .

$\Omega_{\omega}$ is cyclic when $\pi_{\omega}(R)\Omega_{\omega}$ is dellse in $\mathcal{H}_{\omega}$ .
Thns we can pass from any state $\omega$ to the more familiar Hilbert space

picture in which the algebra is represented concretely by bounded linear
operators and the state by a vector $\Omega_{\omega}$ . Nevertheless, there is an ilnportant
difference between this mathematical idea of state on $\lambda$ and the physical idea
of the state of a physical system. In fact, only a small fraction of the states
on $h$ allow a reasonable interpretation as physical states. If, in the above
construction, $\omega$ is physically relevant then the other states given by $\mathrm{d}\mathrm{e}\iota \mathrm{B}\mathrm{i}\mathrm{t}\mathrm{y}$

matrices on $\mathcal{H}_{\omega}$ ,
$\omega_{\rho}(A):=\mathrm{R}(\rho\pi_{\omega}(A))$ ,

$\mathrm{a}\mathrm{l}\mathrm{e}$ physically relevant and $\pi_{\omega}$ is physically relevaJlt. These other $\mathrm{s}\mathrm{t}_{}\mathrm{a}\mathrm{t}\mathrm{e}\mathrm{s}$ are
the nornffi states of the representation $\pi_{\omega}$ and include the special case of a
vector state defined by a rmit vector $\Phi$

$\omega_{\Phi}(A):=(\Phi, \pi_{\omega}(A)\Phi)$ .

This is seen by $\mathrm{t}_{}\mathrm{a}\mathrm{J}\sigma \mathrm{i}\mathrm{n}\mathrm{g}\rho$ to be the projection onto the one dinuellsional sub-
space spanned by $\Phi$ .

As states of particular physical relevance we have, in t,he realm of sta-
tistical physics, the $\uparrow\downarrow \mathrm{h}\mathrm{e}\mathrm{r}\mathrm{m}\mathrm{a}\mathrm{l}$ equilibrian $\mathrm{s}\mathrm{t}_{}\mathrm{a}\mathrm{t}\mathrm{e}\mathrm{s}$ characterized by an inverse
telnperature $\beta$ and a chelnical $1$) $\mathrm{o}\mathrm{t}_{\mathrm{i}}\mathrm{e}\mathrm{l}\mathrm{u}\mathrm{t}\mathrm{i}\mathrm{a}1\mu$. In t,he rcalnn of lnany $1$) $\mathrm{o}(1\mathrm{y}$

plysics, we have the ground states allcl in elelnelltary particle $\mathrm{p}1_{1}.\mathrm{y}\mathrm{s}\mathrm{i}\mathrm{c}\mathrm{s},$
$\mathrm{t}\mathrm{l}\mathrm{l}\mathrm{e}$

$\mathrm{v}\mathrm{a}\mathrm{c}\mathrm{u}\iota \mathrm{u}\mathrm{n}$ state. On the other hancl, not all states of relevance to elenlentaly
particle can be norlnal states of t,he $\mathrm{v}\mathrm{a}\mathrm{c}\mathrm{l}\mathrm{t}\ln \mathrm{r}\mathrm{e}_{1}$ ) $\mathrm{r}\mathrm{e}\mathrm{s}\mathrm{e}11\mathrm{t}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$ because, alllong
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such states, there $\mathrm{a}\mathrm{l}\mathrm{e}$ states with non-zero baryon or $1\mathrm{e}_{1}$)$\mathrm{t}\mathrm{o}\mathrm{n}$ nnmbers $\mathrm{w}1_{1}\mathrm{i}\mathrm{c}\mathrm{h}$

nlust belong to different superselection sectors.
I investigated this phenomenon of superselection sectors in joint work

with S. $\mathrm{D}\mathrm{o}\mathrm{p}\mathrm{l}\mathrm{i}\mathrm{c}1_{1}\mathrm{c}\mathrm{r}$ and R. Haag. Our intuition was that states of $\mathrm{r}\mathrm{e}\mathrm{l}\mathrm{e}\backslash ^{\tau}\mathrm{a}11\mathrm{C}\mathrm{C}$

to elelnentary particle physics should tend rapidly to the vacuum state for
measurements which tend spacelike to infinity. This is the theoretical coun-
terpoint to the experimental efforts to achieve a high vacuum by pumping
out the system and by using lots of concrete to shield from the effects of cos-
mic rays. We decided to select as physically relevant to elementary particle
physics those representations $\pi$ which satisfy

$\pi|\mathcal{O}^{\perp}\simeq\pi^{0}|\mathcal{O}^{\perp}$ , $(S)$

or, in more detail, if given $\mathcal{O}\in \mathcal{K}$ , there is a unitary $V_{\mathcal{O}}$ such that $V_{\mathcal{O}}\pi(A)=$

$\pi^{0}(A)V_{\mathcal{O}},$ $A\in\lambda(\mathcal{O}_{1})$ and $O_{1}$ and $\mathcal{O}$ are causally disjoint. A superselection
sector is now defined as an equivalence class of an irreducible representation
satisfying the selection criterion. Using the term charge generically to denote
a paralneter distinguishing a superselction sector from the vacuum sector, we
were able to show that there was a law of charge colnposition of the $\mathrm{f}\mathrm{o}\mathrm{r}\ln$

$\pi\otimes\pi’=\pi^{1}\oplus\pi^{2}\oplus\cdots\oplus\pi^{n}$ ,

where all representations involved are irreducible but not necessarily inequiv-
alent. This is also referred to as a fnsion rule.

Then there is a law of charge conjugation. Given all irreducible rep-
resent,ation $\pi$ satisfying $\mathrm{t}_{}\mathrm{h}\mathrm{e}$ selection $\mathrm{c}\mathrm{r}\mathrm{i}\mathrm{t}_{}\mathrm{e}\mathrm{r}\mathrm{i}\mathrm{o}\mathrm{n}$, there is allother irreducible
representation $\overline{\pi}\mathrm{s}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{s}\mathrm{f}\mathrm{y}\mathrm{i}_{1\mathrm{l}}\mathrm{g}$ the select,ion criterion and nnique $\mathrm{t}\mathrm{l}\mathrm{p}$ to equiva-
lence $\mathrm{s}\iota \mathrm{l}\mathrm{c}\mathrm{h}$ t,hat, $\pi\otimes\overline{\pi}$ contaills $\pi^{0}$ . If $\mathrm{t}_{}\mathrm{h}\mathrm{e}1$ -particle states of a particle are
$1^{\gamma}\mathrm{e}\mathrm{c}\mathrm{t}\mathrm{o}\mathrm{r}\mathrm{s}\mathrm{t}_{}\mathrm{a}\mathrm{t}\mathrm{e}\mathrm{s}$ of $\pi$ , then the 1-particle states of the antiparticle are vector
states of $\overline{\pi}$ . This gives one the correct $\mathrm{c}\mathrm{l}\mathrm{e}\mathrm{f}\mathrm{i}\mathrm{n}\mathrm{i}\mathrm{t}_{}\mathrm{i}\mathrm{o}\mathrm{n}$ of $\mathrm{a}\mathrm{n}\mathrm{t}\mathrm{i}_{1)}\mathrm{a}\mathrm{r}\mathrm{t}\mathrm{i}\mathrm{c}\mathrm{l}\mathrm{e}$ since particle
and antipart,icle can allnihilate each other t,o $\mathrm{p}_{1}\cdot \mathrm{o}\mathrm{c}1\iota 1\mathrm{c}\mathrm{e}$ photolls and photon
states lie inthe $\mathrm{v}\mathrm{a}\mathrm{c}\mathrm{u}\mathrm{u}\ln$

-
sector.

Finally, to every sector there is a statistics paralneter $\lambda\in\pm\frac{1}{\mathrm{N}}$ . $\lambda=\frac{1}{d}$

means paea-Bose $\mathrm{s}\mathrm{t}\mathrm{a}\mathrm{t}_{}\mathrm{i}\mathrm{s}\mathrm{t}\mathrm{i}\mathrm{c}\mathrm{s}$ of order $d,$ $d=1$ being ordinary Bose statistics.
$\lambda=-\frac{1}{d}$ means para-Fermi statistics of order $d,$ $d=-1$ being ordinary Ferlni
stat,ist,ioe.

To illustrate the role of $\mathrm{p}\mathrm{a}\mathrm{r}\mathrm{a}\mathrm{s}\mathrm{t}_{}\mathrm{a}\mathrm{t},\mathrm{i}\mathrm{s}\mathrm{t}\mathrm{i}\mathrm{c}\mathrm{s}$, we $\mathrm{f}\mathrm{i}1^{\cdot}\mathrm{s}\mathrm{t}$ imagine a world without
elect, $\mathrm{r}\mathrm{o}\mathrm{m}\mathrm{a}\mathrm{g}\mathrm{n}\mathrm{e}\mathrm{t}_{}\mathrm{i}\mathrm{c}$ interactions. Tllell a proton cannot be $\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}_{c}\mathrm{i}\mathrm{n}\mathrm{g}\mathrm{u}\mathrm{i}\mathrm{s}\mathrm{h}\mathrm{e}\mathrm{d}$ from a
$\mathrm{n}\mathrm{e}\mathrm{l}\iota \mathrm{t},\mathrm{r}\mathrm{o}\mathrm{n}\mathrm{b}\iota \mathrm{t},$ llltst be $\mathrm{t}_{}\mathrm{r}\mathrm{e}\mathrm{a}\mathrm{t}\mathrm{e}\mathrm{c}1$ as $\uparrow|11\mathrm{e}$ sallle elenaentary $1$) $\mathrm{a}\mathrm{r}\mathrm{t}_{}\mathrm{i}\mathrm{c}\mathrm{l}\mathrm{e}$, the $\mathrm{n}\iota$cleon.
But tlle $\mathrm{n}\iota$cleon is t,hen a para-Ferlnion of order t,wo. A second exaluple
is f,he ($1^{\mathrm{t}\mathrm{a}\mathrm{r}\mathrm{k}}$ which is t,reated as a $1$) $\mathrm{a}\mathrm{r}\mathrm{a}$-Fermios of orcler three. The ($1^{1}$ark
does not lllallifest, it,sclf as a $1$) $\mathrm{a}\mathrm{r}\mathrm{t},\mathrm{i}\mathrm{c}\mathrm{l}\mathrm{e}$ in $\mathrm{t}\mathrm{l}\mathrm{l}\mathrm{e}$ sellse of scattering $\mathrm{t}1_{1(_{J}^{1}(1^{\backslash }}\mathrm{y}$ but

81



appears as a constituent of $\mathrm{o}\mathrm{t}$,her $\mathrm{e}\mathrm{l}\mathrm{e}\mathrm{n}\mathrm{l}\mathrm{C}\mathrm{l}\iota \mathrm{t},\mathrm{a}\mathrm{r}\mathrm{y}$ particles such as the $1$ ) $\mathrm{r}\mathrm{o}\mathrm{t}_{}\mathrm{o}11$ in
the scaling limit.

An alternative description of superselection structure is given by the fol-
lowing result of Doplicher and $11\mathrm{l}\mathrm{y}\infty \mathrm{l}\mathrm{f}$ . $\mathrm{T}11\mathrm{C}1^{\cdot}\mathrm{C}$ is a callollical net of fic1($1$ algc-
bras $\mathcal{O}\mapsto \mathrm{F}(\mathcal{O})$ , the original observable net appealing as the fixed-point $\mathrm{n}\mathrm{e}\mathrm{f}$,

of the action of a compact group $\mathrm{G}$ of autonlorphislns of $\mathrm{F}:\lambda(O)=\mathrm{F}(\mathcal{O})^{G}$ .
$G$ , the gauge group, is the group of all autolnorphisms of $\mathrm{F}$ leaving $R$ point-
wise invariant. The representation $\pi$ of $h$ on the vacuum Hilbert space of $\mathrm{F}$

has the form
$\pi=\oplus_{i\in\hat{G}}d_{i}\pi_{i}$ ,

where $i$ runs over the equivalence classses of continuous unitary representa-
tions of $G$ and $\pi_{i}$ over the equivalence classes of irreducible representatiolB of
$R$ which satisfy the selection criterion. $d_{i}= \frac{1}{|\lambda_{i}|}$ is just the dimension of the
corresponding irreducible representation of $G$ . The superselection structure
is described in terms of the represent,ation theory of $G$ with one exception.
The distinction between Bosonic and Ferlnionics parts corresponds to sin-
gling out an element $k$ of tlle centre of $G$ whose square is the identity. The
Bose paxt of $\mathrm{F}$ is the part invariant under $k$ , the Fermi part challges sign. $k$

is represented by 1 in the representation of $G$ corresponding t,o a para-Bose
sector alld by-l in that corresponding to a para-Ferlni sector.

Tlle selection criterion denoted by $(S)$ above is too restrictive to cover the
cases of physical interest. The ilnportance of the above work is therefore that
it points the way as to how to $\mathrm{o}\mathrm{b}\mathrm{t}$,ain interesting results from a criterion of
this sort. At this stage Buchholz and Redenhagen made $\mathrm{a}\mathrm{J}\mathrm{l}$ ilnportallt con-
tribntion. They sllowed that if a sector described lnassive particles as cvinced
by the presence of an isolated lnass hyperboloid in the energy-lnonlentuln
spectrrun of the sector, then the corresponding irreducible representation
satisfies the following weaker $\mathrm{f}\mathrm{o}\mathrm{r}\ln$ of the selection criterion

$\pi|C^{\perp}\simeq\pi_{0}|C$ $(C)$ .

Here $C$ denotes a spacelike cone, that is a cone based on a donble cone with
a vertex spacelike to the double cone. Using $\mathrm{t}\mathrm{l}\mathrm{l}\mathrm{e}\mathrm{i}\mathrm{r}$ criterion $(C)$ , Buchholz ${ }$

and $\mathrm{F}\mathrm{r}\mathrm{e}\mathrm{d}\mathrm{e}\mathrm{f}\mathrm{f}\mathrm{i}\mathrm{l}\mathrm{a}\mathrm{g}\mathrm{e}\mathrm{n}$ were able $\mathrm{t}_{}\mathrm{o}$ reprodnce tlle results of tlle above analysis in
space dilnensions $\geq 3$ .

In deriving the criterion $(C)$ , Buchholz and Freclenhagen assrune the ab-
sence of massless $\mathrm{I}$) $\mathrm{a}\mathrm{r}\mathrm{t}\mathrm{i}\mathrm{c}\mathrm{l}\mathrm{e}\mathrm{s}$ . But there are $\mathrm{n}\mathrm{l}\mathrm{a}\mathrm{s}\mathrm{s}\mathrm{l}\mathrm{e}\mathrm{s}\mathrm{s}$ particles in $\mathrm{n}\mathrm{a}\mathrm{t}\iota \mathrm{r}\mathrm{e}$. In
$\mathrm{p}\pi \mathrm{t}\mathrm{i}\mathrm{c}\iota \mathrm{l}\mathrm{a}\mathrm{r}$, the $1$) $1\mathrm{l}\mathrm{o}\mathrm{t}\mathrm{o}\mathrm{n}$ has mass zero and the $\mathrm{c}\mathrm{o}\mathrm{r}\mathrm{r}\mathrm{e}\mathrm{s}_{\mathrm{I}}$ ) $011\mathrm{d}\mathrm{i}_{11}\mathrm{g}$ field, t,he $\mathrm{e}\mathrm{l}\mathrm{e}(.-$

tromagnetic field satisfies Gauss’s law according to $\mathrm{w}1_{1}\mathrm{i}c\mathrm{h}$ tlle t,otal $\mathrm{c}1_{1_{\zeta}’}\mathrm{u}\cdot \mathrm{g}\mathrm{e}$

inside a sphere is the flux of the electric field tluo$\iota \mathrm{g}\mathrm{h}$ t,he sphere. This im-
plics $\mathrm{t}_{t}\mathrm{h}\mathrm{a}\mathrm{t}$ when $\mathrm{t}\mathrm{l}\iota \mathrm{e}$ electric chargc associated with a sector is non-zero, $\mathrm{t}\mathrm{l}\mathrm{l}\mathrm{e}$
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$\mathrm{c}\mathrm{l}\mathrm{e}\mathrm{c}\mathrm{t}_{1}\mathrm{r}\mathrm{i}\mathrm{c}$ field always extencls to spacelike infinity, being non-zero possibly just
within solne spacelike cone. This contradicts $(S)$ but it also contradicts $(C)$

since $(C)$ is snpposed to hold for any choice of spacelike cone (C).

At $\mathrm{t}\mathrm{l}\iota \mathrm{i}\mathrm{s}$ point, I would like to lllcntioll work that has been going on for a
nulnber of years to find a new selection criterion that is sufficiently general
to include quantum electrodynalnics and hence the photon. This work has
been done in collaboration with Buchholz, Doplicher, Morchio and Strocchi.
We propose a new selection criterion $(N)$ whereby states are not localized on
the whole algebra but only on a suitable large subalgebra. The subalgebra is
not invariant under Lorentz transformations and therefore involves singling
out a Lorentz fralne. In the case of quantum electrodynalnics, the algebra
is supposed to be generated by the $0$-component of the electric current and
the lnagnetic field since these quantities remain localized in contrast to the
electric field. We have a simple model exihibiting sectors satisfying $(N)$ but
not $(S)$ or $(C)$ . The key question is of course whether quantum electrody-
namics satisfies $(N)$ and this question is presently under investigation using
renormalized perturbation theory. More than this, matters have reached a
decisive stage. We need to know that Feylunalln integrals corresponding to
diagralns with one external zero mass photon vanish off-shell. A negative
result would force us to revise our ideas. A positive result would provide
non-trivial evidence in favour of our hypothesis since the specific form of the
interaction enters into the computations.
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