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In Norton(2003) it was urged tha the world does not conform at afundamental
level to somerobug prindple of causality. To defend thisview, | now arguetha
the causal notionsand prindples of moden physcs do not express some universal
causal prindple, broughtto light by discoveries in physcs. Rather they merely
assert tha, according to relativity theory, spacetime has an invariant velodty, tha

of light, and tha theories of matter admit no propayaionsfaster than light

1 These remarks were prepared as areaction to Jeremy Butterfield@ ,(Bpacetime as a Causal Set:
A Philosophe@ Introdudion Opresented at the Seventh Meeting of the Pittburgh-K ondanz
Colloquiumin the Philosophy of Science, Causation: Historical and Contemporary Perspectives,
May 26-29, 2005 Kondanz. | thank Jeremy for his stimulating talk and comments; Miklos Rede
and the participants in the conference for thar hdpful reactionsand discussion; and Deutsche
Bahn, Schweizerische Bundesbahnen and Trenitaliafor providing therail service between
Konganz, Zurich, Milan, Florence and Turin on which this note was drafted.



1. Introduction

In Norton (2003) | outlined aform of skepticism aboutcausation called Qrausal anti-
fundanentalism.Olts central ideaistha the structure of theworld is to be discovered
empirically; it isnotto belegidated in advance by metaphyscal prinaples, such asalaw of
causation or aprindple of causality. If theworld conforms at afundamental level to some robug
prindple of causality, we should expect our best science to tell usso. However, | have argued, it
hasfailed to doso. Thislast clam may well bedoubted by the casud observer of moden
physcs, for thefield is replete with talk of causal relationsand causal prindples. In recouning
recent work on Gausal sets,OJeremy Butterfield has drawn our attention once again to a new
field of fundamental physcstha appearsto depend essentialy on causal notions

My purpo=in this note is to demondrate that causal anti-fundamentalism has nothing to
fear from moden physcs. | will arguetha the causal notionsand prindples of modean physcs
do not express some universal causal prindple broughtto light by discoveriesin physcs. Rather
they merely prove to bea convenient way of describing the fact that, according to relativity
theory, spacetime hgppensto have an invariant veloaty, tha of light, and of expressing the
demand tha theories of matter in spacetime mug conform to it in tha they admit no
propagationsfaster than light We are certainly free to choo% to name this feature of moden
physcal theories Gausality. OHowever we should not allow the natural assodationsof afamiliar
word to misead usinto thinking that moden physcs has foundthe prope expression of the
andent demandsof a causal metaphyscs. For to assume tha is to assume tha any theory not
complying with thecausal prindples of moden physicsis causaly deficient. Theimmediate
consquence isthat older theories--notably Newton® mechanicsN were causally defective in not
admitting afinite uppe boundto the speeds of propagaion. And tha has the odd consequence
tha we were mistaken for hundedsof yearsin extolling the causal perfectionsof Newtonian
mechanics.

In Section 2, | will briefly summarize the negative thesis of causal anti-fundamentalism
anditsgrounding. In Section 3, | will give abrief synopss of how causal notionsand prindples
enter into many of the branches of moden physcs. In Section 4, | will condudeby observing
the hamony between causal anti-fundamentalism and the notonsof causation in moden physcs
alongthelinesjug indicated.



2. Causal Anti-Fundamentalism

Thetarget of thisform of causal skepticism istheview (Norton, 2003 ©2):

Causal fundanentalism: Nature is govened by cause and effect;

and the burden of individud sciencesisto find theparticular

expressionsof thegenera notionin therealm of their specialized

subject matter.
Causal anti-fundamentalism denies this view. Theargument againg it issummarized in a
dilemma

Causal fundanentalist's dilemma: EITHER conforming a science

to cause and effect places arestriction on thefactual content of a

science; OR it doesnot. In either case, we face problems tha

defeat the notion of cause as fundanental to science. In thefirst

hom, we mug find some restriction on factud content that can be

propely applied to al sciences; butno appropriate restrictionis

forthcoming. In thesecondhom, since theimpostion of the causal

framework makes no difference to thefactud content of the

sciences, it isrevealed as an empty honaific.
That is, thefirst hom assumes tha thereis afactud prindple of causality to which any causaly
adeguae science mug conform. It asks wha tha prindple mightassert. A survey (Norton, 2003
a2) of efforts over the centuries to articulate that princple reveals such a history of persistent
failure tha only therashest could possibly expect aviable, factud prinaple still to emerge
Highlights of this survey indudethereconfiguring of our notion of causation in the seventeenth
century, with its moveto discard Aristotie@ find causesin favor of efficient causes. It also
indudes Newton® (169203, third letter) indstence that unmediated action at a distance is GES o
great an abaurdity, that | bdieve noman, who has in philosophical matters a competent faculty of
thinking, can ever fall into it.OY et the continued success of Newton® own theory of gravitation,
with its lack of any evident mediation or tranamission time for gravitationd action, eventudly
broughtthe grudging acceptance tha this absurdity was not jug possible but actud. Inthe
nineteenth century, wha was required of a process to be causal was stripped of all propeties but
one the antecedent cause mug determineits effect: "For every event there exists some

combindion of olyjects or events, some given conaurrence of circumstances, postive and
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negaive, theoccurrence of which is always followed by tha phenomenon” (Mill, 1872 Bk. 111,
Ch.V, 82). Theadvent of quantum mechanics in the early twentieth century established that the
world was notfactudly causal in tha sense and that, in generic circumstances, the present can at
best determine probabilities for different futures. So we retracted to a probabilistic notion of
causation. Y et the prindples that we thoughtgovened this probabilistic notion were soon proved
empirically to befase. For Reichenbach suggested tha we could still identify thecommon cause
of two events, in this probabilistic setting, by its ability to screen off correlationsbetween the
events. Tha toowas contradicted by the EPR pairs of quantum theory.2

Time and again we have foundthat science eventudly contradicts any factud, causal
stereotype tha we may try to impose uponit.

If, however, we give up the search for factud, causal stereotypes and pursuethe second
hom of the dilemma, then we accept theidea tha conforming a science to cause and effect
makes no difference to its factud content. We may well continueto use thevocabulary of
causation, identifying causes and effects by whaever system of rules we like. However it isno
longe clear in wha sense this exercise in namingis revealing some fundamental prindple of
causality whose expression the sciences are to seek in ther individud domeins The assigning of
causal labdsnow seemsto belittle more tha thedistribution of honoifics. Or perhgpsit is some
expression of how we like to think aboutthe world, while nat expressing any factud propety of
theworld.

Theversion of causal skepticism jug sketched has proven easy to misinterpret because of
thedominant trendsin theliterature. It is athesis aboutthe character of theworld; it isnot
merely athesis abouttheway we use causal languaye It isthedenial tha theworld has a
universal, causal character such as would be expressed by a prindple of causality tha mug be
implemented in theindividud sciences. It isnotadenia tha we can find a single meaning for
theterm QauseOtha we agree uponuniversally. While this latter endeavor is sometimes
described as the search for atheory of causation, it can only produce results aboutour habits of

2 Rede (2002)cautionstha, from a mathematical point of view, nathing precludes the
expandon of the algebra of opeators to indudecommon causes for the correlations athoughit

remainsundear how the new content of theexpansionisto bejudified physcally.



speech and languaye--a useful dictionay entry, for example. Investigationsinto our language
preferences will nottell ushowtheworld is structured.3

This form of causal skepticism is aso not Humean or postivistic. These other forms of
skepticism depend upona very augere epistemology that deniesinference to unob®rved entities.
Causal anti-fundamentalism, as devel opal here, dependsuponacceptance of amuch more fertile
epistemology tha alows usto infer to much of thecontent of our best sciences. It istha content
tha refusesto ddiver afactud, universal causal principle. Theintuition behind causal anti-
fundamentalism is tha our best sciences are the prope meansof developing afactud accountof
theworld and not prior podulation of the causal stereotypes those sciences mug implement.

Onemay betempted to accept thisform of causal skepticism since itstarget seems quite
narow, theprior posting of causal strictures onscience. Y et a causal theorist, especialy in
philosophy of science, should notaccept it lighty. For once thenotionthat science seeksto
implement a prindple of causality islos, some other judification mus be given for the attention
lavished on developing theories of causation. Presumably a philosophe of science will notbe
satisfied with thejudificationtha such atheory really only explores howwe choos to use
paticular words for that forgoes any pretense that the theory deepensour factud undestanding
of theworld. So thechdlengeisto devise a postive theory that relates causal notionsto factud
matters in theworld withou at the same time reintroduang a priori strictures as objectionable as
theprindple of causality. (I indudeKantian approachesin thislast group,for they are still trying
to stipulate in advance a quite profoundrestriction on how we humansand our cognitive
appaatus mug interact with theworld.)

My own effortsin this direction form the postive thesis of Norton (2003,a14-5). Very
briefly, tha thesisis tha restricted domains of theworld can manifest acausal character not
present universally, althoughtheform of causation manifested can vary from domain to domain.
Moreover tha causal character is notlegislated apriori. It isderived fromthe naural laws tha
prevail in thoe domains It arises throughthe geneative power of redudionrelationsaready

3 Toillugrate the difference, assume we al decidetomorrow that GausationOmeans
Qieterminism.OTha universal linguistic agreement would not compromise causal anti-
fundamentalism. For it to fail in this example, theworld itself would also have to be
deterministic; tha determinism would then betheworld@ fundamental causal character.



familiar to usin well-known examples of theory redudion. So theemodynamics licenses the
result that heat will behave like the conserved fluid caloric in domainsin which hesat is not
converted to and fromwork. In tha domeain, we might say theredudionrelationsgenerate the
representation of heat as aconerved fluid. Similarly general relativity has discarded theideatha
gravity isaforce. Nondghdessit licenses theresult tha gravitationd actionswill bewell
approximated by aforce obeying an inverse squae law in domainswith weak gravitation. In
both cases, this generative power is activated by the restriction of laws to paticular domains
Thepostive thesis seeks to use this generative power as ameansof introdudng causal notions
Throughit, arestriction on thedomain unde consderation may also activate oneor othe sort of
causal behavior that failed to be manifested universally. So causes arereal in the same sense as
caloric and gravitationd forces arereal and all derive ther license from naural laws through
redudionrelations

3. Causal Notions and Causal Principles in Modern Physics

At first glance, there may appear to be many, distinct causal prindplesinvokel in modean
physcs. It becomes appaent rather quickly, however, that they are very largdy expressionsof
jud two assertions

(1) Thereisafinite, invariant velodty in spacetime (and tha velodty hgppensto bethe
velodty of light).
Thisisathesis aboutthe structure of spacetime essentially related to relativity theory and is often
expressed in thedogan tha spacetime has alight conestructure. The second assertionis:

(2) There are no propagdionsin matter faster than light
Thisisthethesis tha material processesin mug conform to thelight conestructure of spacetime.
It is sometimes expressed in the sogan ONo propayation outside the light coneO

Obvioudy it would berash to claim tha these two assertionsexhaugd al the meaningsof
the sentences in moden physcs writing in which terms like cause and causation appesr.
However even the hasty survey bdow rapidly gives the sense tha any other use of causal
languagein thefounddiond prindples of moden physcsisidiosynaratic. Thetwo assertions
aboveseem to capture the mainstream.

To begin thesurvey, we need jud to call to mindtheway causal terms are used in special
relativity. In the Minkowski spacetime of special relativity, events may betimelike related, if a



point moving at less than the speed of light can joint them; lightlike or null related, if points
moving at the speed of light, but notdower, may join them; and spacelike related otherwise. The
adjective @ausal Ois assodated in very many wayswith timelike or lightlike rel atedness (that is,
equivalently, with nonspacelike relatedness). Two events that are timelike or lightike related
are Qrausally connectibleOwith the earlier one@ausally precedingQthe later. Theset of all
events tha causally precede some nominaed event is its Q@ausal pastQ and the set of all eventsit
causally precedesisits @ausal future.OThese definitionsare extended naturally to timelike or
lightlight four vectors, which are Gausal vectors,Oand the curves to which they are tangent
Qrausal curvesQ they represent points moving at less than or equd to the speed of light The
totality of al lightlike curves in the spacetime is called the spacetime® Qight conestructureOand
sometimesits @ausal structure.O(For examples of many of these usages, see Torretti, 1983,
a4 6,p.192)

So far, these notionssimply implement assertion (1) above They al pertain to the
existence of theinvariant velodty in spacetime withoutreally expressing its significance, beyond
the vagueconnottionsof theword Qrausal.OThe articulation of its significance comes through
theimplementation of (2). It is thedemand tha matter in the spacetime admit no propagaions
outsidethelight cong so theinvariant velodty is identified as the uppe limit to the velodty of
these propagaions

Thisdemand, | bdieve, isnotexplicitly given thelabd of acausal princple until we
venture beyond specid relativity. In the context of general relativity, this demand on classical
fieldsin spacetime s called Qocal causality.O(Hawking and Ellis, 1973 p. 60) It anounsto
requiring that thefield equaionsof thetheory enable thefieldsat an event to befixed by the
fieldsin that event® causal pagt, that is, its past light coneand the events contained within it.
Indeed it isrequired that thefieldson any spacelike dice of that causal past fix thefieldsat the
event. Thusthe specificationislocal inthe sense tha thefieldsat the event are fully fixed by any
spacelike dlice of the causal past tha may bechosen arbitrarily close to the event.

In special relativity, thelight conestructureisfixed. It isnotin general relativity and
varies frommodd to modd. Indeed the possibility of unusud topologiesin general relativity
meanstha thetheory mug deal rather more carefully with thelightconestructure, for it isnow
possible for causal curvesto become closed, so tha thefuture of acausal curve will meet its

past. Restrictionson these possibilities are encodal in a series of conditionsof varying strictness.



A Qausality conditionQ's said to hold if there are no closed causal curves (Hawking and Ellis,
1973,p. 190) TheGtrongcausality conditionGprecludes not just closure of causal curvesin
spacetime, but arbitrarily close near misses.4 Findly the Gtable causality conditionOrequires that
theoverdl lightconestructure not bearibrarily close to admitting closed causal curves, in the
sense tha it isalways posible to expand thelightcones dightly at every event withou
introduang such curves. (Hawking and Ellis, 1973 p. 198)

It may seem tha these three causality conditionsare implementing a prior demand on
reasonable causal behavior. For they may bejudified informally by noting tha closed causal
curves correspondto atypeof time travel and that, throughthem, a system may influenceits
own past. Tha is sometimes taken as a primal offence againg causation, for it trigge's familiar
paradoxes such as the Ckill your grandfatherOpaadox > In my view, thisinterpretation of the
causality conditionsis mistaken. As more careful anadyses have shown (see, for example,
Arntzeniusand Maudlin, 2009, thereis no contradictionin closed causa curves. Rather they
merely restrict the possibilities in spacetime in less familiar, globd ways. Withoutclosed, causal
curves, theevolution of fieldsinto the future in spacetime is condrained only by thefields
locally aroundthem. If there are closed, causal curves, those fieldsmug evolve in away tha will
lead to agreement with thar own past states, which will bemet eventudly when the evolution

proceedsfar enoughinto thefuture. Thisis not contradictory or paradoxical; it isjugs unfamiliar.

4 "Thestrong causality conditionis said to hold at p if every neéighbohoodof p containsa

neighbohoodof p which no non-spacelike curve intersects more than one.” (Hawking and Ellis,

1973,p. 192)

5 Hawking and Ellis, 1973 p. 189write in judification of a prohibition on closed, timelike

CUrves.
However the existence of such [closed, timelike] curves would seem to lead to the
possibility of logical paadoxes: for, onecould imaginetha with a suitable rocketship
onecould travel roundsuch acurve and, arriving back before one® departure, one
could prevent oneself from setting outin thefirst place. Of coursethereisa
contradiction only if oneassumes a ssimple notion of free will; but thisisnot
something which can be dropped lightly since thewhole of our philosophy of science
is based on the assumption tha oneisfree to perform any experiment.



As aresult, these three causality conditionsare best undestood as devices for cataloging
thedifferent waysthat thelight conestructure may be spread globdly over spacetime. They are
elaborationsof the basic assertion (1) tha spacetime has alight conestructure and amourt to
categorization of thedifferent types of tha structure. They are notprindplestha areto be
demanded universally, likethe Eingein field equaions for it isroutineto consder solutionsof
the Eingein equaionstha do not conform to them, such asa GSdd universe. Thar utility istha
they enable usto dividethe modds of general relativity into classes with different propeties.

Let usnow turn to quantum theory. Causal conditionsare used routindy to require that
guantum theory conform to thelight conestructure of spacetime. In the case of ordinary quantum
theory, thiswas oneof themajor lod of concernin the protracted discussionsof the Eingein
Podolosky Rosen thoughtexperiment and the Bell inequdities. Ordinary quantum theory
appeared to license the conduson tha a measurement performed on oneparticle of a spread out
singlet state may trigge collapse of theother indantaneoudy. The demand tha this nothappenis
described as a Qocdlity prindple.Oln oneversion (Redhead, 1987,p.75), it asserts:

Locdlity Prinaple (L):

Elements of reality pertaining to onesystem cannotbe affected by measurements

peaformed Gt adistanceQon another system.
Theprindpleturnsoutto bea schemayielding different prindples according to howthelocution
Qi adistanceOis undestood. Onerather vagueunderstanding, labded @Bell locality, Ocongrues
thelocution to mean the Gabsence of causal influences recognized by current physcal
theoriesON a condition that is empty untl QGiurrent physcal theoriesOis propely specified. The
other undestanding, CEingein locality, Oseems to identify onecandidate for these theories as
special relativity. It identifies Git a distanceOwith Git a space-like separationGand seems to be
the standad interpretation of thelocality prindple. In effect, it precludes faster than light
propagationsemanding from quantum measurement events.

This class of causality requirement is mentioned here for completeness because it is so
often discussed. However these locality prindples are not pogulates of ordinary quantum theory.
Rather tha theory isfully formed prior to invocation of locality prindples. Thetheory isused to
predict the consequences of measurement on various systems. Then alocality condiionis
introduced as a condition externd to thetheory to check whether quantum theory licenses

behavior tha we may deem causally respectable. Were such behavior notto befound,we would



mog likely end up dismissing thelocality prindplein this quantum context as another casudty
of quantum oddness, as has aready hgppened with the prindple of the common cause. In any
case, alocdity prindple, asroutindy invoked, still amounts to thedemand (2) that there beno
propagaionsoutsidethelightcone since it endsup demanding suitable indgpendence of
processes at spacelike separated events.

In quantumfield theory, the presence of causality conditionsin the axiomatic founddions
isclearer. There are two causality requirements tha demand conformity of material processesto
thelight conestructure. They are expressed precisely in the Wightman axioms of Axiomatic
Quantum Field Theory. Theaxiom labded QCausalityO(Axiom E in Haag®, 1996,p. 57,
development) requires that spacelike separated field operators commute or anticommute
according to whether thefieldsare bosonic or fermionic. Since commutation is aform of
indgpendence, this requirement is routindy glossed with theexplanaion tha it prohibits
measurements on afield at oneevent affecting fieldsat a spacelike separated event. Theaxiom
labded "Time-dice axiom" or "Primitive Causality" (Axiom G in Haag(®, 1996, p. 57,
development) eventudly requires tha thelaws of thetheory be such tha quantum field opeators
propagate in timelike classical fields tha is, thefield opeaator at oneevent isfixed by thefield
opeatorsin its causal past andogousy to the demand aboveof Gocal causalityOfor classical
fields

For completeness | mention tha Reichenbach@ prindple of the common cause (Salmon,
1984,Ch. 6) is sometimes discussed in the context of ordinary quantum mechanics (van
Fraassen, 1980,pp. 28-31) and in the context of quantum field theory (Rede and Summers,
2002) For my pumposes in thislittle survey, al tha mattersistha the common cause prindpleis
called uponas afamiliar device used outside quantum theory to identify which events standin
causal relations Thecommon cause prindpleis nat introduced as afundamental prindple of
guantum mechanics. Rather, thegod isto undestand how well our everyday expectationsabout
causation coheae with the dynamics foundin guantum theory. Theprindpleis generated
externdly and thedynamics licensed by quantum theory is compared with it. When tha
dynanmics contradicts the common cause prindple, the appropriate response in my view isto
condudetha quantum theory does not admit the same causal behavior as other contexts and not

to demand that quantum theory changeto fit our prior causal stereotypes.
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4. Conclusion: Peace

It isnow appaent tha the use of causal notionsand causal prindplesin moden physcs
does not contradict causal anti-fundamentalism. Tha use does not arise from theapplication of a
universal, factud prindple of causality, as demanded by thefirst horn of the dilemma of Section
2 above Inthisregard, the causal prindples of modern physcs are unlike the prinaple of
congervation of energy, which is onefactud prindple of purportedly universal scopeto which all
physcal theories mus conform, bethey classical, quantum or special relativistic. Sincethe
causal strictures we foundin moden physcs all make essentia reference to thelightcone
structure of relativity theory, if it did supply this universal factud prindple, we would have to
condudethat all nonrelativistic theories are causally defective. Mog prominent amongthese
causal failures would be Newtonian theoryN a theory that reigned for several centuries asa
paradigm of causal order.6

Should we betempted to escapethis problem by maintaining that the causal prindples of
modean physcs are merely oneexpression of adeeper causal prindple tha, in other expressions
is aso compatible with Newtonian theory? Tha desper and as yet unknown prindple mug have
quite remarkable content. For somehow it has to be expressed in moden physcs essentialy
entirely by theidea of afinite uppe limit for thevelodty of propagaions At thesametime, it
mug also beexpressed in another form in the Newtonian context, in which there is no such uppe
limit. Since these two requirements border on contradicting each other, we are unlikely to find a
prindple meeting them, if it isto have nontrivial, factud content.

Rather, the causal prindples of modean physcs express no degper prindple of causality.
They are the sorts of usages of causal languagetha arose in thesecondhom of thedilemma, in
which we presumed tha conforming to a causal prindple placed no factud restriction onthe
content of atheory. In effect, we goto aphyscal theory and assign the labd of causdity to one
or other propaty of the theory because we perceive some sort of commondity with abroader, if

vague notion of causdlity. In the case of moden physcs, we labd as causa prindplesthe

6| set asideherethequdms over action at a distance. Newtonian theory, restricted to the
collisonsof bodies like billiard bdls was longthe paradigm of goodcausal order, even thoughit
did not conform its motionsto a light conestructure (with afiniteinvariant veloaty).
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requirements tha spacetime have a particular lightconestructure and that the dynamics of matter
in spacetime conform to tha light conestructure. While these requirements are factud, they do
not arise throughthe application of some universal factud restriction applicable to all
metaphyscally respectable, physcal theories. In another theoretical context, we mightidentify
thecausal character of thetheory in some quite different propeaty. For example, in the context of
Newtonian theory in thetradition of Laplace® calculator, thetheory@ causal character was
assodated with its suppo®d determinism.” Success seems assured. Every theoryN even oneas
peculiar as modean quantum theoryN seems to have propeties tha we are willing to designae as
causa.

In sum, the causal prindples of moden physcsarerealy jus aconvenient way of
naming arequirement peculiar to relativistic theories. They are nottheimplementation of some
overarching metaphyscal prindple tha could properly carry the name, Qorindple of causalityO
of the philosophical literature. They are jus acompact way of describing onefacet of the
spacetime structure in which relativistic theories are set and of expressing the demand that
processes licensed by relativistic theories conform to tha structure. Their violation leadsto no

metaphyscal incohaence, jud to adifferent physcal theory.
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