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Abstract
The paper addresses the referring problem in quantum mechanics, by spelling out the 
alternatives with complete or individual concepts (Leibniz; in modern terms: definite 
descriptive proper names), with directly referential labels (standard formalism of quantum 
mechanics), and with intuition (Kant). The connection between the way of referring and 
some metaphysical theses about objects will be explained. Then, the paper intends to make 
plausible that the Kantian way is the best way for the quantum domain, including quantum 
field theories.

Keywords Leibniz’s principle · Quantum mechanics · Proper names · Kant

Abbreviations
QM  Quantum mechanics
PII  Principle of the identity of indiscernibles

1 Introduction

Leibniz and Kant hold significantly different views about how to refer to spatiotemporal 
objects, such as drops of water. It goes via complete or individual concepts according to 
Leibniz, and via intuition according to Kant. Correspondingly, they defend significantly 
different metaphysical theses: spatiotemporal objects are unique individuals in virtue of 
(absolutely) qualitative distinguishability versus spatiotemporal objects are merely single 
particulars individuated by differences in spatial location.1

Opposed to both views, the straightforward reading of the standard formalism of QM 
uses proper names of the directly referential sort in order to refer to physical particles. 
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1 Throughout the paper with “individuation” is meant synchronic individuation—now or at a given time—, 
not diachronic individuation, i.e. persistence over time. The notion of an individual is broader than in the 
current philosophy of physics literature, i.e. not restricted to entities that are absolutely distinguishable; this 
restriction is historically inadequate and, as it turns out at the end of the paper, also systematically. Con‑
cerning “absolute”, “qualitative”, “haecceitistic”, and the like, I intend to follow the terminological stipula‑
tions in Caulton and Butterfield (2012).
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Correspondingly, also the metaphysical theses defended by the majority views in the phi‑
losophy of QM differ significantly from both Leibniz’s and Kant’s views: QM‑objects nei‑
ther are individuated by absolutely qualitatively distinguishing properties nor by spatial 
locations; they are—perhaps—individuated haecceitistically or are only weakly discern‑
ible, i.e. they allegedly are relationals instead of individuals.

Based on the distinction between purely permutation invariant states and physically 
entangled ones, the two main QM‑philosophical views are currently under pressure.2 The 
first way of doing justice to this physical difference is the Leibniz strategy, a defence of 
the Leibniz package including the PII as the principle of individuation and referring with 
(comprehensively) descriptive proper names. The second alternative is Kantian. Assuming 
that the position basis is privileged, individuals arise in virtue of different spatial locations 
and can be referred to via intuition. The main purpose of the paper is to give a hint why 
that view should be considered more carefully and why it might be better than the Leibniz 
strategy.

The structure of the paper is as follows: In Section 2, I will sketch the dialectical land‑
scape spanned by Leibniz, Kant, and the straightforward reading of QM. Section  3 is 
devoted to the two main views in the philosophy of QM, the Received View and Weak 
Discernibility. Then, Section 4 presents the Leibniz strategy against these dominant views, 
based on the deflation of the notion of physical entanglement, according to which (at least) 
in purely permutation invariant states there in fact are absolutely qualitatively distinguish‑
able particles, i.e. Leibniz‑individuals. Finally, in Section 5 I will discuss the Kantian alter‑
native which might turn out to be broader in scope than Leibniz’s, applicable also for quan‑
tum domains with delocalization and vagueness in particle number.

2  (Dis)agreements Between Leibniz, Kant, and Standard QM

As I see it, the history of (dis)agreements between Leibniz, Kant, and QM can be told in 
the following way.3 Look at a situation of apparent distinguishability, as presented in Fig. 1.

According to phenomenological prejudice, in this situation there are two qualitatively 
distinguishable objects. There even are absolutely distinguishable objects: one of the 
objects is (say) red, the other is green. Leibniz and Kant would agree with the phenom‑
enological prejudice. By contrast, along with the straightforward reading of the standard 
formalism of QM even in this situation there are two objects that are not absolutely qualita‑
tively distinguishable. For, the QM‑state would be unique, as shown in Fig. 2.

Both particle 1 and particle 2 are in the same two‑particle state. Concerning each single 
particle, nothing more can be said than that they are in reduced mixed states, but both par‑
ticles, labelled by “1” and “2”, would share their common mixed state,4 namely in the case 
at hand this one:

(1)�̂�1;2 =
1

2
(�R, ↑z⟩⟨↑z,R� + �L, ↓z⟩⟨↓z, L�)

2 The non‑separability of the joint state (of two or more similar particles) is not sufficient for entanglement 
that rather requires the possibility of violating a Bell inequality. This deflation of the notion of entangle‑
ment goes back to Ghirardi et al. (2002).
3 I assume that everything said in this paper can easily be extended to more than two objects (particles).
4 Ignorance‑interpretation of mixed states not allowed!
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Thus, physics disagrees with the phenomenological prejudice already on the pre‑philo‑
sophical level, whereas Leibniz and Kant on the pre‑philosophical level agree with the phe‑
nomenological prejudice and so disagree with (the straightforward reading) of QM already 
on the pre‑philosophical level.

Philosophically, Leibniz and Kant have a dispute. According to Leibniz, it is not only 
actually the case that the two objects are absolutely qualitatively distinguishable, but neces‑
sarily so. Kant strikes against Leibniz by claiming that difference in spatial location is suf‑
ficient. So, according to Kant the counterfactual situation is possible in which both objects 
share all their intrinsic properties (by being both red, for instance), whereas according to 
Leibniz such a situation is impossible. Moreover, according to Kant spatial difference is an 
“adequate ground” (Kant 1781/81, A 293/B 319) for the numerical distinctness of objects, 
while according to Leibniz objects are numerically distinct in virtue of absolutely qualita‑
tive distinguishability.

Grounding numerical distinctness in absolutely qualitative distinguishability is more 
than the mere necessity of numerical distinctness going hand in hand with such a distin‑
guishability: it is not only the case that there are no indiscernibles within every possible 
situation (world; state), but one also must identify indiscernibles across counterfactual sit‑
uations (worlds; states). This twist can be illustrated by Fig. 3 that shows, apparently, two 
qualitatively indistinguishable situations.

According to Leibniz, however, one must identify these situations, because one must 
identify the red object in the first situation with the red object in the second (and the same 
goes with the green objects). Within each situation, there are absolutely qualitatively dis‑
tinguishable objects, ‘but’ qualitatively indistinguishable arrangements have to be counted 
as one and the same. This is one way—the Leibnizian way—of understanding the require‑
ment of permutation invariance. It is not the QM‑way of understanding “permutation 
invariance”.

Applied to QM, the Leibnizian way of understanding “permutation invariance” would 
mean that non‑symmetric product states—e.g., �R⟩1� ↑z⟩1�L⟩2� ↓z⟩2 and �L⟩1� ↓z⟩1�R⟩2� ↑z⟩2
—describe, respectively, each arrangement and, then, somehow have to be identified. How‑
ever, it is the lesson from French and Redhead (1988, 236–237) that the allowed QM‑state 
(as given in Fig. 2) cannot be obtained by an identification of product states but by a super‑
position of them which leads to a quite different state. This is again a way of saying that (the 
standard reading of) QM disagrees with Leibniz (and Kant) from the beginning, namely by 
rejecting the starting situation as a case of (absolutely) qualitative distinguishability.

Leibniz’s way of grounding the numerical distinctness of objects in their (absolutely) 
qualitative distinguishability is closely connected with Leibniz’s philosophy of language 
doctrine of concepts being complete or “individual”.5 Individual concepts are like proper 
names according to descriptivism, the view that names/labels refer to their referents via 
a definite description of those objects. Take the label “1” in Fig. 3. In one way of under‑
standing labels, “1” refers to particle 1 independently of what that particle ‘does’, i.e. inde‑
pendently of the properties the particle actually possesses. In this way, particle 1 may be 
red in the first situation but green in the second, and so the qualitatively indistinguishable 
arrangements must be counted as two. Variants of the theory of direct reference are com‑
mitted to this reading. According to Leibniz (descriptivism), by contrast, “1” refers to the 
particle that is such‑and‑such (red, in the case at hand) independently of which that particle 

5 See Rodriguez‑Pereyra (2014, Ch. 4) for the historical reconstruction of how Leibniz derives the PII from 
his doctrine of complete or individual concepts.
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may be. Descriptivism apparently requires to identify, e.g., red objects across possible situ‑
ations and so is in accordance with Leibniz’s way of grounding numerical distinctness in 
(absolutely) qualitative distinguishability.6 The Leibniz package includes a specific way of 
individuating objects (‘PII as principle of individuation’), a specific way of establishing 
permutation invariance (‘identifying indistinguishable arrangements’), and a specific way 
of using labels (‘descriptivism’).

The straightforward reading of the standard formalism of QM goes against Leibniz. 
According to this reading, the tensor product indices “1” and “2” refer to physical particles 
but not in the descriptivist’s way. Consider the running state from Fig. 2:

“1” refers to particle 1, and “2” refers to particle 2, independently of what these particles 
‘do’ even if they do the very same things (by sharing the same mixed state)—which would 
be impossible with descriptivism in mind. The lesson is that, if one believes that tensor 
product indices refer to particles, the Leibniz package cannot be saved: independently of 
whether one prefers the so‑called ‘received view’ or the ‘weak discernibility’ approach.7

Kant also rejects the Leibniz package. He (also) rejects the PII together with individual 
concepts. However, Kant never talks about names or labels; instead he believes that general 
concepts refer to particulars when applied to intuitions. Referring via intuition—expressed 
in language by irreducible demonstratives8—is a genuine alternative both to Leibniz and to 
the majority views in the philosophy of QM. Correspondingly, the Kantian metaphysical 
thesis about spatiotemporal objects is a genuine option. Both the ontology and the way of 
referring will (to some extent) be explained, and applied to the quantum domain, in the last 
section.

(2)��⟩ = 1√
2

[�R⟩1� ↑z⟩1�L⟩2� ↓z⟩2 − �L⟩1� ↓z⟩1�R⟩2� ↑z⟩2]

Fig. 1  Two qualitatively distin‑
guishable objects

Fig. 2  One single state for both 
particles

7 More on these different philosophical views about QM‑objects in the following section.
8 Irreducible demonstratives such as “this (here and now)...” are indexicals that cannot be expressed by 
(values of) variables.

6 Alternatively, descriptivism allows for the change of referents across possible situations (worlds; states). 
This would be the case with “Gödel”, a label that, according to descriptivism, would refer to Schmidt in the 
counterfactual situation in which not Gödel but Schmidt proved the incompleteness theorem (assuming that 
“Gödel” carries the description of ’having proved the incompleteness theorem’). With Kripke, I take this 
possibility as a counter‑argument against descriptivism. So, reasonable descriptivism requires essentialism 
concerning the relevant properties in question.
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3  Quantum Mechanics and the Labelling Problem

There are two philosophical majority views about identity and distinguishability in QM 
on the market: the former Received View and the Weak Discernibility approach. Accord‑
ing to the first,9 numerically distinct quantum particles of the same kind are, within every 
possible state (situation; world) and so necessarily, indistinguishable by physical properties 
or relations. According to the latter,10 physical particles can always be distinguished by an 
indeed symmetric but irreflexive physical relation, such as ‘having opposite spin’.

As it seems, Weak Discernibility is a way to save the PII, at least in the sense that, nec‑
essarily, numerical distinctness goes hand in hand with physical distinguishability. Further, 
Weak Discernibility seems to be metaphysically ‘thin’, because no haecceities are required 
in order to distinguish the particles. In contrast to this seeming, I will argue that both 
majority views are essentially in the same boat: they likewise reject the PII as the principle 
of individuation, and both views likewise operate instead with directly referential labels. 
Then, both views similarly are confronted with the labelling problem, for physical reasons 
stemming from the distinction of purely permutation invariant states and physically entan‑
gled ones.11

The philosophical dominant views are in accordance with the straightforward reading 
of the standard formalism of QM according to which the tensor product indices “1” and 
“2” refer to physical particles. Nevertheless, many authors believe that something is wrong 
with this reading independently of any further difficulty of the philosophical views, in par‑
ticular independently of the mentioned distinction of purely permutation invariant states 
and physically entangled ones. QM is, seemingly, confronted with a labelling problem any‑
way. Recall that many authors (e.g., Cortes; Dalla Chiara; French; Krause; Teller) had their 
worries with the tensor product indices “1” and “2” as proper names of physical particles, 
long before the advent of the GMW‑distinction concerning (non‑)entanglement.

Fig. 3  Comparison across pos‑
sible situations

9 The seminal reference is French and Redhead (1988). According to some authors (see, e.g., Arenhart 
2017), the Received View is about “non‑individuals”, meant in the very specific way requiring non‑standard 
set theory. My usage of the term is in line with “the currently dominant view” according to Muller and 
Saunders (2008, 506): “The only way to save PII is to adopt some form of thick metaphysics. Thus has 
arisen the currently dominant view.” So, haecceitism is one option included by the Received View. Note 
that the main argument against the two majority views, to be presented in Section 4, goes also against the 
other option.
10 Most prominently defended in Saunders (2006), Muller and Saunders (2008), and (also for bosons in 
symmetric product states) Muller and Seevinck (2009).
11 More on this in the following section.
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However, some of them believed that (a reasonable usage of) labels must be distinguish‑
ing, or that labels must imply haecceitistic differences, or that labels must imply differences 
in spatial location. Thus, they did not have the right way of direct reference on board. As 
I will argue below, there is no such labelling problem: both majority views are safe (from 
the philosophy of language perspective), as long as one ignores the physical deflation of 
genuine entanglement.

The (alleged) labelling problem in QM may arise in the following way. The tensor prod‑
uct indices cannot be proper names according to descriptivism. This holds in any case, i.e. 
even if one ignores for a moment the requirement of permutation invariance. Non‑symmet‑
ric product states are allowed then, such as (and, see again Fig. 3):

In both states, numerically distinct particles are absolutely distinguishable so that descrip‑
tive proper names would be in order here. However, “1” and “2” cannot do that job: “1”, 
e.g., does not refer to the particle that is located at R and possesses spin‑up along z‑axis 
(whichever particle that may be), as the first state suggests. Instead, “1” refers to particle 1, 
whatever properties particle 1 may have. For, in the counterfactual situation (second state), 
particle 1 is located at L and possesses spin‑down along z‑axis, and “1” still refers to that 
particle.

So, if the tensor product indices refer to physical particles at all, they must be proper 
names according to the idea of direct reference. Then, the reasoning apparently goes, such 
labels must carry haecceities so that every philosophical view that assumes the straight‑
forward reading is metaphysically committed to haecceitism. Haecceitism is considered to 
be the metaphysical thesis according to which either there are object‑involving properties 
on the ontological groundfloor—such as ‘1‑ing’ and ‘2‑ing’ –, or there are (fundamental) 
identity‑involving properties such as ‘being identical with particle 1’.12 The direct refer‑
ence approach is apparently committed to haecceitism, because Kripke’s own variant—the 
causal theory of reference—is out of consideration with respect to QM: QM‑objects do not 
follow spatiotemporal trajectories.

A directly referential proper name that cannot be based on a causal chain must, so the 
reasoning continues, carry a haecceitistic property because otherwise it cannot uniquely 
refer.13 In fact, in the given example of non‑symmetric product states the two arrangements 
are qualitatively indistinguishable, but the labelling expresses a difference, namely pre‑
cisely a haecceitistic difference. The labelling allows that two worlds (situations; states), 
exactly alike in their qualitative features—at R spin up along z‑axis and at L spin‑down 

(3)�R⟩1� ↑z⟩1�L⟩2� ↓z⟩2

(4)�L⟩1� ↓z⟩1�R⟩2� ↑z⟩2

13 Strictly speaking, the non‑descriptive labels carry haecceities only if the identity relation is assumed as 
primitive. There is disagreement in the literature about whether this requirement is substantial: compare 
Ladyman et al. (2012, 172) with Caulton and Butterfield (2012, 37). My argument, however, is independent 
of this disagreement.

12 The qualification “on the ontological groundfloor” is important since, in a trivial sense, also a Russellian 
bundle of universals—with only universals on the ontological groundfloor—is identical to itself. The inter‑
esting haecceitistic property is a property “which is not necessarily co‑extensive with any (perhaps com‑
plex) qualitative property” (Caulton and Butterfield 2012, 34). The distinction between “object‑involving” 
and “identity‑involving” is taken from Ladyman et  al. (2012). A fundamental identity‑involving property 
makes explicit that haecceitism strikes against the PII‑spirit to reduce identity.



281Leibniz, Kant, and Referring in the Quantum Domain  

1 3

along z‑axis—, may still disagree as to which object—particle 1 or particle 2—partakes in 
which property or relation.14

Here is my argument against this reasoning: In QM such states are forbidden. There 
is only one allowed state, i.e. only one possible world with these qualitative features, 
expressed by the running state (and, see again Fig. 2):

Whatever the labels carry, there is no haecceitistic difference to be expressed, given that 
the particles in any actual state (world) are not absolutely qualitatively distinguishable.15 
One needs two absolutely (or, at least asymmetrically) qualitatively distinguishable objects 
in the actual situation, and again two absolutely qualitatively objects in the counterfactual 
situation. Then, and only then, the question arises of whether there is a counterfactual situ‑
ation that is qualitatively indistinguishable from the given actual situation but numerically 
distinct from it. This is the question of whether there is a haecceitistic difference. Given 
the Received View or Weak Discernibility, in QM, however, the presupposition can never 
be satisfied. Actuality is never such that there are absolutely qualitatively distinguishable 
objects. Haecceitistic differences, in principle, cannot occur: the labelling is harmless.16

The labelling is harmless, unless one could present a sentence that is false or meaning‑
less simply because the reference with the tensor product indices fails. However, given the 
majority views, up to this point of argumentation, there is no such sentence: sentences like 
“particle 1 and particle 2 are both in the running state”, “1 and 2 share the same reduced 
mixed state”, and “1 and 2 have opposite spin” are all meaningful and true; the sentence “1 
[or 2] is in such‑and‑such pure single‑particle state” is meaningful and false, but surely not 
because the reference fails (but because the referent is really not in any pure single‑particle 
state). Nothing wrong with referring, but something strange with the referents: they are 
interchangeable. Therefore, one needs arbitrary reference:

The solution to this issue, in my opinion, consists simply in claiming that we can fix 
the reference of an individual constant or variable arbitrarily. (Berto 2017, 86)

Given that the particles are necessarily not absolutely distinguishable, they are metaphysi‑
cally interchangeable without any difference and so can be referred to arbitrarily. Arbi‑
trary reference is what happens, e.g., in Existential Instantiation or Universal Generalisa‑
tion: such arguments work by assuming an object 1 as an interchangeable thing satisfying 
a certain formula; the label “1” must be used (and can be so!) arbitrarily, otherwise the 
argument fails. This might be what happens according to the Received View and Weak 
Discernibility when one is talking about QM‑objects.

So far, so good: nothing wrong with the labelling, as long as one ignores the difference 
between purely permutation invariant states and physically entangled ones. However, there 

(5)��⟩ = 1√
2

[�R⟩1� ↑z⟩1�L⟩2� ↓z⟩2 − �L⟩1� ↓z⟩1�R⟩2� ↑z⟩2]

14 See the definition of a haecceitistic difference in Caulton and Butterfield (2012, 33).
15 Sometimes, philosophers argue that non‑(anti‑)symmetric states only are physically forbidden but meta-
physically allowed. The distinction between physical and metaphysical possibilities, however, misses the 
point that actually there is no case of absolutely qualitative distinguishability of QM‑objects. (To be pre‑
cise: in this case, relatively, i.e. asymmetrically, qualitative distinguishability would suffice but is not avail‑
able either).
16 Here is accordance with Muller’s acceptance of tensor product indices referring to physical particles (see 
Workshop talk).
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also are bad news for the defenders of Weak Discernibility: indeed, for them the PII as 
principle of individuation is lost. Weak Discernibility is, hence, in accordance with the fol‑
lowing ontological view.17 On the ontological groundfloor, there are three kinds of being: 
(basic) particulars; properties or relations; states of affairs. The numerical distinctness of 
the basic particulars is irreducible, given primitively. Accordingly, they can (arbitrarily) be 
labelled by numbers, i.e. with non‑descriptive, directly referential proper names. Primitive 
numerical distinctness goes with direct reference. In the QM‑case, the basic (‘thin’) par‑
ticulars can be labelled by the tensor product indices of the standard formalism. The basic 
states of affairs are such that the basic particulars are connected with the basic properties 
or relations in exactly the same way (they share the same, pure or mixed, state). Against the 
Received View, on the qualitative fundamental level there also are physical relations that 
discern the QM‑objects weakly. The non-qualitative side (i.e. bare particularity), by con‑
trast, has not been touched by Weak Discernibility. In order to go beyond this metaphysical 
picture a further argument is needed.

4  The Leibnizian Solution of the Labelling Problem

The straightforward reading according to which the tensor product indices “1” and “2” 
refer to physical particles is currently under pressure. There are two ways of banning these 
labels: the Leibniz strategy in favour of descriptive proper names and Kant’s idea of refer‑
ring via intuition. This section is devoted to the first approach.

The argument against the directly referring labels from the standard reading goes as fol‑
lows. Consider again the running example:

Both particle 1 and particle 2 are, as it has been said, in the same mixed state:

They are, therefore, utterly indistinguishable (Received View) or discernible by a symmet‑
ric but irreflexive relation (Weak Discernibility). Now, consider the following symmetric 
(i.e. allowed) operator:

Let it act on the given state. Apparently, at spatial location R a spin‑measurement in 
y‑direction has been performed. The eigenvalue‑eigenvector link assumed, the resulting 
state will be, e.g., this one:

(6)��⟩ = 1√
2

[�R⟩1� ↑z⟩1�L⟩2� ↓z⟩2 − �L⟩1� ↓z⟩1�R⟩2� ↑z⟩2]

(7)�̂�1;2 =
1

2
(�R, ↑z⟩⟨↑z,R� + �L, ↓z⟩⟨↓z, L�)

(8)Ô = (R̂ŝy)⊗ 1̂ + 1̂⊗ (R̂ŝy)

(9)��⟩ = 1√
2

[�R⟩1� ↑y⟩1�L⟩2� ↓z⟩2 − �L⟩1� ↓z⟩1�R⟩2� ↑y⟩2]

17 “In accordance” means that defenders of Weak Discernibility do not have arguments stemming from 
physics (or, semantics) against this—metaphysically ‘thick’—view.
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Apparently again, the subsystem on the right side has changed its spin‑property, whereas 
the subsystem on the left side has not been touched by the measurement. In contrast to this 
strong intuition, both particle 1 and particle 2 would have changed their common mixed 
state. They are afterwards—again not absolutely distinguishable—in this new but still 
common state:

Although the running state is not a physically entangled state—it is “GMW‑non‑entan‑
gled”—, a measurement acting only at R would touch and change both the particles 
labelled by “1” and “2”. This holds likewise according to the Received View and according 
to Weak Discernibility; the difference between these two dominant views only is that the 
latter would add that both particles also have changed their (common) relation that weakly 
discerns them. So, both main views are, again, in the same boat: now by not doing jus‑
tice to the GMW‑distinction of purely permutation invariant states (as the given one) and 
physically entangled states. Doing justice to that distinction—and only for that reason—
requires banning the given labels.

The presented argument confirms the GMW‑reading of the purely permutation invariant 
states, e.g.:

[T]here is a particle with spin up along z‑axis and located in region R and [...] there 
is a particle with spin down along z‑axis and located in region L (Ghirardi and Mari‑
natto 2003, 384).

There are two numerically distinct particles, in such states, which are absolutely qualita‑
tively distinguishable, in the case at hand: one is located at R with spin‑up along z‑axis, and 
the other is located at L with spin‑down along z‑axis. These particles, however, cannot be 
those labelled by “1” and “2”.

If one agrees that the tensor product indices are physically empty and merely denote 
mathematical subspaces, one is committed to say something about how to refer to the phys‑
ical particles if not by these numbers. They are, in such a case, not only numerically dis‑
tinct but also absolutely qualitatively distinguishable so that it should be possible to refer 
to them. The first strategy is according to Leibniz, namely by introducing new, descrip‑
tive proper names: “ 1L ” and “ 2L ”. “ 1L ” refers to the particle that possesses the properties 
qe,me, s =

1

2
;R, ↑z (whichever particle that may be), and “ 2L ” refers to the particle that pos‑

sesses the properties qe,me, s =
1

2
, L, ↓z (whichever that particle may be). Given the rea‑

soning from Section  2, one now is metaphysically committed to the PII as principle of 
individuation.

This commitment requires the so‑called summing defence of the PII with respect to the 
physically entangled states.18 Take the EPR‑state:

The properties of spatial location are no longer coupled with the spin‑properties. So, the 
only descriptive proper name that is available in order to uniquely refer to a physical object 

(10)�̂�1;2 =
1

2
(�R, ↑y⟩⟨↑y,R� + �L, ↓z⟩⟨↓z, L�)

(11)�EPR⟩ = 1√
2

[� ↑⟩1� ↓⟩2 − � ↓⟩1� ↑⟩2]⊗ [�R⟩1�L⟩2 + �L⟩1�R⟩2]

18 See Friebe (2014, Sect.  5). Concerning symmetric product states for elementary bosons, a further 
defence strategy is required.
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refers to the system as a whole. “EPR” (say) refers to the physical object that possesses the 
properties 2qe, 2me,R − L, Ŝ2 = 0;Ŝz = 0 (whichever object that may be). In case of entan‑
glement, the only PII‑individual is an undivided whole without subsystems as parts. Dis‑
entanglement, e.g., via EPR‑measurement must correspondingly be interpreted as dividing 
the whole, i.e. producing subsystems (particles as PII‑individuals).

A challenge for this Leibniz strategy, firstly raised by Saunders (2013),19 is that, appar‑
ently, the descriptive labels are not unique, at least not in the case of fermionic non‑entan‑
glement. Every non‑entangled fermion state is overdetermined in the way that it is a com‑
mon eigenstate of (infinitely many) non‑commuting operators. In particular, the running 
example state:

can also be written, e.g., in the following basis:

So, according to the provided way of interpretation one apparently must argue that—
also!—there is a particle with properties associated to �Γ⟩ and there is a particle with prop‑
erties associated to �Λ⟩.

As it seems, the joint state fails to determine its very constituents, because the mathe‑
matical physics does not tell which (sets of) distinguishing properties really are the individ-
uating properties. In the case at hand, both [�R⟩� ↑z⟩] vs. [�L⟩� ↓z⟩] as well as [�Γ⟩] vs. [�Λ⟩] 
(and infinitely many more pairs of distinguishing property‑sets) can do the individuating 
job. Responding to this challenge, one may argue that such a state never is a fundamental, 
i.e. a primitively given, state. It rather has been produced—namely, e.g., by dividing an 
entangled whole—so that the joint state taken together with the interaction that has pro-
duced it determines what the individuating properties of the particles are:20 if the dividing 
process is spatial‑spin‑like, the produced particles will be individuated by the properties of 
spatial location and spin, but if the dividing process is Γ‑Λ‑like, the individuating proper‑
ties of the produced particles will be associated with �Γ⟩ and �Λ⟩.

Thus, the Leibniz strategy is tenable. However, the meaningful use of descriptive proper 
names referring to PII‑individuals most probably requires definiteness in object number. 
This would restrict the Leibniz strategy to QM, inapplicable to a quantum domain with 
indefiniteness in particle number. This is the motivation for considering the Kantian 
alternative.

(12)�Ψ⟩ = 1√
2

[�R⟩1� ↑z⟩1�L⟩2� ↓z⟩2 − �L⟩1� ↓z⟩1�R⟩2� ↑z⟩2]

(13)�Γ⟩ = 1√
2

[�R⟩� ↑z⟩ + �L⟩� ↓z⟩]�Λ⟩ =
1√
2

[�R⟩� ↑z⟩ − �L⟩� ↓z⟩]

19 See the discussion in Caulton (2014, Sect. 7) and Bigaj (2016).
20 I suggest that it is irrelevant whether the interaction takes place by a measurement or is a unitary evolu‑
tion: in the latter case, the Hamiltonian determines which constituents will emerge.
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5  The Kantian Solution of the Labelling Problem

The (relevant) historical alternative to referring with individual concepts, i.e. with (com‑
prehensively) descriptive proper names, is Kant’s approach. It goes not along the straight‑
forward reading of QM, namely not with directly referential proper names. By contrast, 
Kant is never talking about labels; he apparently believes that the referring problem can be 
solved without a theory of proper names which, in fact, is completely absent in Kant’s writ‑
ings. Kant’s alternative is referring via intuition. It is a further alternative to the Received 
View and Weak Discernibility that turns out to be broader in scope than the foregoing 
Leibniz strategy—i.e. applicable also for the ontology of quantum field theory with delo‑
calization and (ontological) vagueness in particle number.

Kant’s approach is a variant of the metaphysical thesis that Caulton and Butterfield 
(2012) called “Qualitative Individuation with Indiscernibles”. In Section 5 of their paper, 
Caulton and Butterfield discuss four metaphysical theses that result as four possible combi‑
nations of answers to two Yes‑No‑questions: 

1 Is qualitative indiscernibility sufficient for numerical identity?
2 Is every object absolutely discerned from every other object?

The first three options have also been discussed in this paper: haecceitism (as one variant 
of the Received View), Weak Discernibility (as the other dominant view), and Leibniz‑
individuality (the first alternative, along the Leibniz‑strategy performed in the foregoing 
section). Kant, by contrast, answers both questions in the negative: (1) qualitative indistin‑
guishability is not sufficient for identity, (2) not every object is absolutely distinguishable 
from every other object; i.e. the PII cannot be saved, not even in the (deflated) sense of 
Weak Discernibility and not even with haecceities on the fundamental level.

According to Caulton and Butterfield, the use of (non‑descriptive) labels naturally car‑
ries haecceities so that this type of metaphysics must ban the names:

Here our ban on names comes in particularly useful: according to the thesis under 
discussion, x = y is a legitimate primitive formula of the language, representing 
a particular relation (namely identity); but x = a , which we demand be written as 
∀(y)(Nay ≡ y = x) , is illegitimate: it represents no property at all, since there are no 
haecceitistic properties. (Caulton and Butterfield 2012, 56)21

Correspondingly, also for Kant the primitive vocabulary of everyday language does not 
contain names. However, Caulton and Butterfield assume that one can instead use variables 
to refer to indiscernibles and to say something about them. Further, they hold that such a 
language is purely qualitative, i.e. one can refer to qualitative indiscernibles with a purely 
qualitative language. I have difficulties to understand how referring with variables might 
work and, also, how it can be the case that there exists a plurality of qualitative indiscerni‑
bles without a non‑qualitative side. So, let us see how the Kantian alternative looks like.

According to Kant, the qualitative side of objects corresponds to the conceptual aspect 
of cognition. On various levels, however, Kant affirms that objects always have also a 
non‑qualitative (but non‑haecceitistic!) side, most famously in his distinction between 
the way in which objects appear to subjects and the way in which they are in themselves. 

21 Nax is taken to be a haecceitistic predicate.
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Concerning the present purposes, Kant considers incongruent counterparts (e.g., left vs. 
right hand) and the drops of water in order to show that the conceptual aspect of cognition 
is not sufficient, but that also intuition is needed for perceiving or cognizing objects. The 
lesson is that the distinguishing capacity is captured (only) by concepts, whereas intuition 
(only) stands for the referring capacity. On the level of language, concepts are expressed by 
predicates and intuitions by irreducible demonstratives, as in the sentence: “this here and 
now is red”.

More in detail,22 Kant rejects the PII by criticizing Leibniz to misrepresent spatiotem‑
poral objects as “objects of pure understanding”; instead they should be “considered as 
appearances”.23 This firstly implies that Kant does not weaken Leibniz’s principle by 
including spatial locations/relations into the scope of the potentially distinguishing proper‑
ties. Otherwise, his reproach would have been that Leibniz misrepresents the relevant prop-
erties, not the objects. Secondly, it implies that Kant does not simply introduce spatial dif‑
ference as a criterion of distinguishability (but as a principle of individuation sui generis). 
Otherwise, it should not matter to consider the objects as appearances.24

Instead of introducing further potentially distinguishing properties or relations, Kant 
rejects the PII in its own way. Taking empirical objects as objects of pure understanding 
would mean to take them as objects for which the issue is the “comparison of concepts”, 
i.e. to consider them as the referents of complete, i.e. individual concepts. So, what Kant 
essentially rejects is the philosophy of language part from Leibniz’s doctrine. Consider‑
ing the objects as appearances, then, cannot mean to introduce directly referential labels 
instead of the individual concepts. For, mere numbers would count objects independently 
of how they appear (to the subject), i.e. considered “in itself” (in Kant’s own sense of the 
term). However, empirical objects are countable only considered as appearances, Kant 
argues. There are no bare particulars.

Thus, what Kant essentially introduces is the idea that general concepts do not refer to 
universals. Without being applied to intuition, they rather are ‘empty’, but when applied 
to intuition, they in fact refer to individuals. The contrast between individual concepts and 
general ones is hence not that the former refer to individuals, while the latter refer to uni‑
versals. Instead, individual concepts refer to unique individuals from which there cannot 
be indiscernibles, whereas general concepts refer to merely single individuals from which 
there can be indiscernibles.25

The distinction between unique and merely single individuals is a modal one. Con‑
sider, as actual, one lonely drop of water: If it is a Russellian bundle of universals, then 
it could not have been the case that, counterfactually, there are two such drops of water. 
Such a bundle, i.e. a Leibniz‑individual, is unique. If, alternatively, that actual drop of 
water has in addition to its universal properties a fundamental haecceitistic property such 
as ‘1‑ing’, then it could not have been the case that, counterfactually, there are two such 
drops of water, i.e. a second one that is also 1‑ing. Haecceitism implies the uniqueness of 

22 A comprehensive textual exegesis—as well as a comparison with the relevant Kant literature—can be 
found in Friebe (2017).
23 Quotes from Kant are taken from CPR (A 263/B 319ff).
24 For, a Newtonian—not believing that space originally is pure intuition—easily can hold that spatial dif‑
ference is a criterion of distinguishability.
25 Weyl (2000) calls a unique individual “Sonderwesen” (21) but a merely single individual “Einzelding” 
(16). So, Muller and Saunders (2008, 501) are wrong in their reading that Weyl is talking about individuals 
always in the same sense (namely, just in the first).
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individuals. If, contrariwise, the actual drop of water can be considered as appearance, then 
it is necessarily spatial (since space is the form of the appearance‑corresponding intuition), 
and so it could have been the case that, counterfactually, there are two such drops of water, 
namely a second one at a different location. Objects as appearances, i.e. Kantian‑individu‑
als, are not unique but merely single entities.

This implies that, for Kant, a judgement that expresses an elementary cognition that 
immediately refers to its object(s) contains an irreducible demonstrative (“this here and 
now is red”). Such a judgement seems to be incomplete, from the perspective of formal 
logic. For, it contains only a predicate but not a constant, nor a bounded variable. For Kant, 
however, such a statement is complete, namely thanks intuition that is expressed by the 
irreducible demonstrative. The irreducible demonstrative does not carry any description—
in contrast to descriptive proper names—, nor does it carry any haecceitistic property or 
bare particularity—in apparent contrast to directly referential proper names. It only carries 
space and time (as the a priori, pure part of empirical intuition), and so leads to space as 
the principle of individuation.

Therefore, the conceptual capacity is—and is only—distinguishing, whereas the intui‑
tive capacity is—and is only—individuating, both in the epistemic and the ontological 
sense. This keeps distinguishability and individuation apart, in accordance with the rejec‑
tion of the PII. It does so without introducing haecceities or bare particularity, in accord‑
ance with the Leibniz strategy. The crucial, ontological contrast between Leibniz and Kant 
is the distinction between the uniqueness‑sense of individuality and its singleness‑sense (in 
German: Einzigartigkeit versus Einzelnheit).

Applied to the quantum domain, the Kantian is, of course, committed to consider the 
position basis as privileged.26 Concerning QM, the Kantian view can be sketched state by 
state as follows. Consider, firstly, the running state from Fig. 2:

Neither the dominant views nor the Leibniz‑strategy are acceptable from the Kantian per‑
spective. For, Kant rejects both the directly referential labels “1” and “2” from the standard 
reading as well as the newly introduced, descriptive labels “ 1L ” and “ 2L ” from the Leibniz‑
section. In particular, spatial locations are not properties, for Kant, but difference in space 
is a principle of individuation sui generis. Accordingly, spatial coordinates are mere labels, 
non‑descriptivist ones of indistinguishable parts of space. Further, spatiotemporal objects, 
if one intends to label them adequately (for Kant), must be labeled via their spatial loca‑
tions—in the case at hand: “R” and “L”. So, the Kantian reading of the given state is: “R 
shows spin‑up along z‑axis, and L shows spin‑up along z‑axis.”

Now, take a physically entangled state, such as the EPR‑state:

Again, the Leibniz‑strategy to consider the (allegedly composite) whole as undivided and 
to label it with the newly introduced, descriptive proper name “EPR”—that carries the 

(14)��⟩ = 1√
2

[�R⟩1� ↑z⟩1�L⟩2� ↓z⟩2 − �L⟩1� ↓z⟩1�R⟩2� ↑z⟩2]

(15)�EPR⟩ = 1√
2

[� ↑⟩1� ↓⟩2 − � ↓⟩1� ↑⟩2]⊗ [�R⟩1�L⟩2 + �L⟩1�R⟩2]

26 This can—perhaps—be done with the decoherence approach. It is not intended to consider the Bohmian 
alternative.
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description of the properties 2qe, 2me,R − L, Ŝ2 = 0;Ŝz = 0—is not available for the Kan‑
tian. However, probably the Kantian strategy is closer to GMW’s original description of 
the situation. Accordingly, in such a state

it is not possible, for example, to attribute any definite spin property to the particle 
located in R and equivalently no definite spatial property can be attributed to the par‑
ticle with spin up (Ghirardi and Marinatto 2003, 384).

Together with privileging the position basis, one should say that in fact there is a particle 
located in R, and that there is a second particle at L. Both particles can be considered by 
the Kantian in the same way as in the case of non‑entanglement.

The problem seems to be the indefiniteness of their spin properties. However, note that 
the requirement of definiteness of property attribution does not follow from Kant’s way of 
rejecting the PII. Kant’s concept of a merely single individual does not strike against indef‑
initeness of properties; it strikes (only) against the uniqueness of individuals, i.e. against 
Leibniz‑individuality and against haecceitism. In the case at hand, one has one merely sin‑
gle object at R and one other merely single object at L: regardless of the properties either 
objects may have, definitely or not.

The hard problem, for the Kantian, consists in states such as the following:

Both (alleged) particles, 1 and 2, are located in the same region R. According to this stand‑
ard reading, they are numerically different independently of their spatial location, which 
clearly goes against Kant’s view of space as the principle of individuation. This is the 
case in which the Kantian must apply the summing defence and claim: there is only one 
lonely—but merely single—individual with twice the mass and twice the charge of an ele‑
mentary particle, and with spin‑projection properties equal zero.27

The advantage over the Leibniz strategy is that the Kantian view can be extended to 
quantum field theory. Whereas the uniqueness‑sense of individuality requires n unique 
particles or one unique field, the singleness‑sense of individuality is open for dislocation, 
variability, and indefiniteness in particle number.28 The question, raised by quantum field 
theory, of whether there are precisely n particles, or only one lonely field spread out in 
the whole of space(time), or indefinitely many, more or less localizable entities, is con‑
ceived of as an empirical, not as an ontological question.29 Understood in the Kantian way, 
it concerns the distinguishing part of cognition, i.e. the predicative part of the judgement 
“this here and now is [...]”, as in the cases: “this here and now is delocalized” or “this here 
and now is indefinite in number”. The formal way of thinking, i.e. the formal structure of 
empirical judgements—‘irreducible demonstrative plus predicate’—, which expresses the 
ontology of merely single individuals, still is the same as in QM.

Shortly summarized, Kant’s claim that both intuition and concepts are needed for 
and play a significantly distinctive role in cognition means, applied to the current con‑
text, that the non‑qualitative side of empirical objects can be saved without directly 

(16)��⟩ = 1√
2

�R⟩[� ↑⟩1� ↓⟩2 − � ↓⟩1� ↑⟩2]

27 Further work is needed here in order to justify this variant of the summing defence.
28 Number is now an operator. The system can be in various eigenstates of this operator, but also in a 
superposition of them.
29 Number is now an operator!
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referential numbers and so without haecceities. This is to say that the individuality 
of objects can so be saved, namely in the singleness‑sense. In this way, counting the 
objects becomes merely empirical, i.e. not metaphysical, as it were with haecceities or 
with unique (essential) qualitative properties. Empirically, the number of objects may 
be indefinite, which does not imply that the empirical world does not have a non‑quali‑
tative side.

6  Conclusion

The two dominant views in the philosophy of physics—Received View and Weak Dis‑
cernibility—have been challenged by focusing on the distinction between purely permu‑
tation invariant states and physically entangled ones. This requires to ban the directly 
referential labels used according to the standard reading of QM and to investigate alter‑
native ways of referring in the quantum domain (connected with alternative ontologies).

Two different alternatives to direct reference have been considered: the Leibnizian 
strategy of referring with (comprehensively) descriptive proper names to PII‑individ‑
uals, i.e. to objects (particles) individuated by distinguishing absolute and qualitative 
properties, and the Kantian strategy of referring without any label but with help of intui‑
tion to merely single individuals. It has been argued that the Kantian way is broader in 
scope than the Leibnizian.
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