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Sensible Atoms;
A Techno-aesthetic Approach to Representation

Sacha L oeve*

Abstract. This essay argues that nano-images would be bestrstnod with an aesthetical
approach rather than with an epistemological aréigFor this aim, | propose a ‘techno-
aesthetical’ approach: an enquiry into the wayrimeents and machines transform the logic
of the sensible itself and not just the way by wWhit representssomething else. Unlike
critical epistemology, which remains self-eviderghpunded on a representationalist philoso-
phy, the approach developed here presents the agdeaof providing a clear-cut distinction
between image-as-representation and other modesisiénce of images, such as the one of
‘imaginaction that | draw from a comparison between far-fiettlanear-field microscopies.
Once this regime of imaginaction is distinguisheanT representation, | focus on nano-
technological percepts and argue that they follavamasmodallogic. | then draw the implic-
ations of this enquiry in ternf anew sensible conditiothat changes the way we think of
non-living objects. Finally, | conclude that if tew-aesthetics dares to posit and articulate
sensibility beyond the privileged sphere of suligggject relationships, it simultaneously
engages us to consider the political characteruofresponsibilities towards the design of
nano-engineered sensorial spaces.
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0. Introduction

We cannot see or feel or hear the single atoms h@uotheses with regard to them
differ widely from the immediate findings of ourags sense organs and cannot be
put to the test of direct inspection. (...) If it wenot so, if we were organisms so
sensitive that a single atom, or even a few atooosid make a perceptible
impression on our senses—Heavens, what would éféilke! To stress one point:
an organism of that kind would most certainly netdapable of developing the kind
of orderly thought which, after passing throughoag sequence of earlier stages,
ultimately results in forming, among many otherasiethe idea of an atom.

Erwin SchrodingeWhat is life? The Physical Aspect of the Livingl (Jé0]: 8-9)

These days, seeing atoms has become surprisingtynoa. While atomic
landscapes and molecular machines are almost pairofamiliar world, this
guote from Schrédinger reminds us how challenginig to make sensef this
situation.

0.1. Imaging, I magining and Representing

The troublesome status of nano-images has beeessid by an intense amount
of cross-disciplinary scholarship. Despite the widersity of approaches
regarding the various meanings of nano-images, figld has mostly been
structured by an epistemological critique of thesages. Yet this approach has
led to privileging one prevalent way of conceivittte relationships between
‘imaging’ and ‘imagining’ over others: The less &pmic credit is given to
‘imaging’ (as referring to the production of imageem nanotechnology as a
milieu of instrumentation and nanoscale objects), more the artistic, rhetorical,
fictional or ideological ‘imagining’ function of m-images is emphasized—and
vice-versa. Either the alleged cognitive functidmano-images is undermined in
favour of their imaginative function; or the evavat power of these images is
submitted to an epistemological critique, denougcihe strategies of make-
believe that play on likeness with common perceptiGritical epistemology
leads to the conclusion that a scanning tunnelirggascope (STM) image does
not really represent what it pretends to repregeshould therefore be considered
as a ‘heuristic imagining’ or as an ‘extended mita but not as an image, that
IS, ‘a genuine andealistic representation of what is really there’ [54]. WiitAno-
images, everything happens as if, when questionetheé name of truth, they
always answer by lying in some way.

The main reason for this puzzling situation is aklaf philosophical
guestioning over the meaning oépresentationand its becoming in nano-
technological practices. The epistemological améicpf nano-images takes for
granted that imagingiustbe a means to faithfully represent nature, antidtreer
things should be referred to as ‘imaginings’ thextve a variety of non-epistemic
purposes (promotional, metaphorical, political,oldgical, etc.). Actually, the
real concern of critical epistemology here is anmative one: it is tesafeguard a
certain image of sciencand of itsauthority as an activity thamust remain
guided by a theoretical ideal of faithfully represeg nature rather than by some
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technoscientific stances on redesigning our lifeled The epistemological critic
of nano-images is moved by the apprehension tharases all definition of what
a ‘good science’ is. And the risk, some argue, nge of a general distrust of
science by the public.

| do not deny the importance of these matters. IBuaint to take another
direction regarding them: First, claiming that fiéitl representation of nature is
no longer the main epistemic value of imaging pcastin nanotechnology does
notipso factodisqualify their epistemic valufelt may redefine it. Then, acknow-
ledging that faithful representation of nature aslonger the exclusive business of
scientific practice does not endorse a disquatificaof the notion of repre-
sentation itself. Rather, it may reinforce the ontof representation on a political
level, by allowing our various partnerships withinths, objects, materials,
machines, and other non-human beings to be pdijticgpresented [40].

Moreover, the claim that nano-images do not repitestat they pretend to
because they cannot possibly show how a nanosbg@etas ‘really’ like, takes
for granted the old metaphysical distinction betmvg®imary and secondary
gualities (i.e.: essential properties of matterogpposed to their macroscopic
appearance). There is an ontological backgroundishanplicitly taken as self-
evident here. Indeed, it has been stressed that smanoscale objects and
structures are situated below the limit of lighffrdiction®, they should be
considered as not onlynperceptible—i.e., unobservable because they are too
small or too remote—but as ontologicalhyisible [11]. At the nanoscale, we are
thus supposedly entering the realm of"1@entury philosophers’ primary
qualities, the way things are in themselves, inddpatly of us. For 17 century
philosophers, the primary qualities such as bulreé, number, quantity and
motion were meant to be out of reach for the senkes nevertheleséully
knowable by representatipunlike the subjective secondary qualities such as
taste, smell, colour, taste, odour, sounds, textamel affective tones. Primary
qualities cannot be sensed, and are themselvessib& They just are as they
are. And if they ‘look like’ something, they thusok like their intellectual
representations in the mind, not like their semsiBpresentations, which are ideas

! By ‘life-world’ (Lebenswelt | refer to the Husserlian notion of our waysbefng in the world as
that which is self-evident, given, and where ‘ligitogether’ takes place, prior to any scientific
explanation of it.

2 Tore Birkeland and Roger Strand [9] argue thatoriamages are to be considered as real
‘images’ provided that we understand ‘image’ inmerof information about some processes and
properties that matter in certain contexts rathentin terms of representation. David Goodsell
[29] makes a similar argument. As to Lorraine Dastod Peter Galison [18], they claim that the
visual culture of nanotech has discarded the idéithful representation in favour of another
one, that they call ‘right manufacture’. But theg dot tell whether or not the ideal of ‘right
manufacture’ entails epistemic values besides eeging and artistic values.

% The Rayleigh criterion states that two points barseparated only if the distance between them
is greater than half of the wavelength used tolvestheir position. The smallest wavelength of
the visible light spectrum is 400 nm (violet). Ti@solution of standard optical microscopy is thus
limited to 200 nm.

* Note that Lucretius already stated that ‘even ghtbéngs that we perceive to be sensible are
produced (...) from insensible elements’ ([44]: 860).
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of how we feel when affected by things, not of hthings are. Of course, the
philosophy of Kant has expelled primary qualitieg of the knowable realm by
discarding any possibility of intellectual intuitio The way things are in them-
selves can only be thought, but not known: The s&aid irremediably far away
and the laws of nature are nothing but the lawshehomenal representation. But
now, by depicting nanoscale objects as familiar defore-the-hand’ objects
with recognizable shapes, colours, foreground aamkdround, nanotechnology
seems to mark the return of the knowledge of pynoaralities... under the form
of secondary ones! Undoubtedly, nano-images caosélé in the categories of
representational epistemology. Instead of denying @pistemic robustness to
these images in order to ‘save’ representationantvio ask if nanotechnological
images could better be understood outside the ptunaleframework of repre-
sentation. The approach | propose towards thissasrtechno-aesthetic one.

0.2. Towards a Techno-aesthetic Approach: Assembling Philosophical Tools

What | call ‘techno-aesthetics’ is an enquiry intee way instruments and
machines transform the intrinsic logic of the sblgsiand not just the way by
which the sensible represents something else.cliss on the functioning and
production of images rather than on images constteas fixed givens.
Philosophically speaking, techno-aesthetics is agmpatic and provisory cons-
truction that takes as its point of departure Atedex Baumgarten’s notion of
‘aesthetics’ as ‘sensible knowledge’ revisited wsttme philosophies that reject
the distinction between primary and secondary tjealiand which consider the
sensible asbeing rather than as a representation: Henri Bergsooiscept-
ualization of ‘images in themselves’ and ‘perceptioto things’ [7], Gilbert
Simondon’s own techno-aesthetic attempt [62], GillPeleuze’s ‘logic of
sensation’, and Alfred North Whitehead’s non-anplacentric account of per-
ception as ‘prehension’, that is, any process biclvan entity grasps, excludes,
enlists the data, registers the presence of, relsptm) or is affected by, another
entity [69].

The outmoded and now quite unusual sense of ‘aesthé chose to draw
upon corresponds to the meaning of the term whameddoy Baumgarten from
the Greekuiotnois (‘aisthesi§ sensation): ‘the science of how something ib¢o
cognized sensitively’ ([4]: 8115), or ‘the art ¢finking analogous to reason (...),
the science of sensual cognition’ ([5]: 81). Somekehin the midst between
Leibniz’'s and Wolff's rationalism and the nascenmanticism, Baumgarten’s
aesthetics intended in the first place to be a igdieeory ofsensibleknowledge
and,thereafter a set of considerations on fine arts [33].

Against Kant's twofold reduction of aesthetics tp dassive receptivity
furnishing its materials to intellectual knowled@e the Critique of Pure Reasgn

® This was Locke’s point: only ideas of primary dties are true resemblances; ideas of secondary
ones are not. Ideas of primary qualities resentider¢al qualities in the bodies, whereas ideas of
the secondary ones are only modifications of thiengmy qualities with regard to our own
complexion ([42]: VIII 8§ 9-21).
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and 2) contemplation of a disinterested subjecth@Critique of Judgmenf it is
another ‘romantic rationalist’, Deleuze, who onagiced how ‘It is strange that
aesthetics (as the science of the sensible) coeldobnded on what can be
represented in the sensible’, since for him, ‘Aests (...) truly becomes an
apodictic discipline, only when we apprehend dlgect the sensible that which
can only be sensed, the very beaighe sensible’ ([20]: 56-57). Though Deleuze
did not even mention his name, Baumgarten awardeitheé sensible an entire
logic of its own, a logic of the sensible’—and not of the ‘empirical’, since th
former, contrary to the latter, is not to be sutgddo a transcendental double. To
Baumgarten, indeedAestheticais not a derivative or a weakened form of
intellectual knowledge, but ‘logic’'s younger sistdBaumgarten [5]: §13):
Aestheticahas both a genetic relation tmgica and a life of *her’ own. While
intellectual knowledge proceeds distinctly, serijbis the faculty of knowing
confusedly But confusion does not meabsence of clarity(i.e., obscurity).
Sensible knowledge has its own kind of clarity: crfused clarity whose
degrees of perfection are not to be situated onsme hierarchical scale as
distinct clarity’ Artistic productions, then, are held by Baumgart@ronstitute
affirmations of ‘the confused’ elevated to its heglidegree of clarity, on the scale
of values proper to sensible cognition, and notHikeg a translation of material
things or intelligible ideas in the sensible. Déspghe anthropocentric flavour of
Baumgarten’s metaphysics, it can be stressed #hatohstrues the sensible as
being both the subject and object of aestheticstapological, i.e., a way of

® Baumgarten’s attempt was indeed promptly dismigsetant as ‘the disappointed hope (...) of
subjecting the criticism of the beautiful to priples or reason, and so of elevating its rules to a
science’ ([38]: 22n)—a rather harsh dismissal allgyvthe same Kant to hijack the term
‘aesthetic’ in order to refer: 1) in ti@ritique of Pure Reasqgno that which remains in sensibility
(Sinnlichkei} when isolated and abstracted from all knowledge eonceptual representations,
that is, the pure a priori form of empiric intuiticr receptivity (i.e. Euclidian space and linear
time), in which all phenomena are given and thdmstied to the jurisdiction of understanding
(Verstand; 2) in the Critique of Judgemenf39], to the feelings that constitute judgments of
beauty and the sublime, said to be ‘aesthetic jds as they are grounded neither in one’s
objective knowledge nor in one’s interest for théstence of an object regarding its capacity to
satisfy one’s needs or interests, but only on tite a&f ‘superior’ and disinterested pleasure (and
pain, concerning the sublime) provided by the mnesence of the object as a representation of
the subject (and concerning the sublime, by thénfgef its impossible full presence and patrtial
withdrawal from representation).

" Leibniz already distinguished between absencdanity and lack of distinction. At the lowest
level are the obscure and subconsciqetites perceptionsfor which we have no concept and
cannot recognize any object. Thapperceptionwhich is clear and conscious, divides itself into
confused and distinct. Iclear but confused apperceptitime object is associated with a multitude
of features that we cannot list separately by reisdigg distinctive ‘marks’ fotag allowing the
object’'s properties to be distinguished. Thefgear and distinct apperceptionsare in turn
inadequatgincomplete) omdequatgcomplete), as well asymbolic(mediated by artificial signs)
or intuitive. The complete and intuitive apperceptiortonstitute the intelligence of God.
Baumgarten was not so much calling for a rupturén il epistemological hierarchy as he was
claiming that there is more than only one kind of epistemologidakrarchy and that,
consequently, the ‘clear and confused’ kind of dtigm is capable of an intrinsic kind of
perfection [45].
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knowing, and ontological, i.e., that which is kngwhe beingof the sensible’,
and not the appearance of what is understood ast ‘ven be representety’.

The main interest of Baumgarten’s Aesthetica farenquiry concerning the
logic of the nanotechnological sensible lies infde that he did not set apart the
epistemic—‘imaging'—and the aesthetic—'imagining-but attempted instead
to unite them in aognitio sensitivathat differs from a theory-driven kind of
knowledge.

It is Simondon who envisioned the foundation ofeahho-aesthetics in a
letter to Jacques Derrida [62]. Though fascinatihg, letter is mostly an accu-
mulation of examples: From Le Corbusier to elettrjdo the Mona Lisa’s smile,
to the E V12 Jaguar’'s motor. However, Giovanni €zzimi [15] has highlighted
some salient features of the letter that mark & $fom Simondon’s earlier
considerations on the aesthetical dimensions ¢inieal objects [61]. The focus
of attention is no longer an aesthetic experieoicéechnology or an aesthetic
discourseon technology, but a&ognitio sensitivathat proceed$rom and within
technological schemes, materials, and processes.|ldth techno-aesthetics of
Simondon is thus nothing like a disinterested cmplation of the pure presence
of things in a subject maintaining their functiahaht respectful distance. ‘The
techno-aesthetic feeling seems to be a categorg pramitive than the aesthetic
feeling alone where the technical aspect is onlindpeconsidered from a
functionalist angle, which is impoverishing’ ([62]8-19). Such a feeling ranges
over a large spectrum where pure productive teaheixperience (making things)
and pure contemplative experience (praising thegmee of something) are only
limit-cases. It shows an expanded attention orgemdevards intrinsic operations
and allures that do not fully appear. A ‘techni@alalysis ofLa Joconde
Simondon writes, would stress the absence of ‘maptete chain of the smile’
and decode ‘the mystery itself of the non-appearar{f62]: 11). Even if
Simondon might have left his techno-aesthetics iypastfinished, he developed
an interesting way to think of images in a courspsychology onImagination
and inventioh[63]. To him images have a life of their own aak only in part
dependant on the subject. His method is to folloer genesis of images step by
step by focusing on the way they ‘haunt’ subjectsletach themselves and get
embodied in objects of art or technology, alongrehaf transformation including
animals’ tropisms, anticipations of actions, sincuda toys, fineries, symbols,
machines, etc. He methodically avoids situatinggeaproduction’s origin in an
already constituted subject in relation with areatty constituted objective world.
He also expresses a strong disagreement with JeanSrtre’s conception of
imagination as ‘unrealization’ [58]. Instead, healgses imagination in the light
of invention realizing worldly things.

What will follow is an attempt to characterize nssuathnological images in
terms of the intrinsic logic of the sensible thegpthy. Three main lines are
investigated: | first argue that understanding fgreduction of nano-images
entails shifting from the conceptual and practisphce of representation into

8 As Leyla Haferkamp [32] notices, this even makesigarten a compelling predecessor of
Deleuze’s own transcendental empiricism as a ‘logisense’ aligned on a ‘logic of sensation’.
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another one, which | callraginaction together with Bernard Stiegler [64]To
substantiate this claim, | lean especially on a gamson between far-field and
near-field microscopies. Once this regime of imagtion is distinguished from
representation, | then focus on the logic of narlmtelogical percepts: |
characterize them as being essentitmipsmodal Finally, | draw the implications
of this enquiry in terms of aew sensible conditiothat may reconfigure our
relationships with non-living objects.

1. From Representation to | maginaction

Though it may be right in a certain sense, ita$ enougto claim that nanotech-

nologies consist in an instrumentation that renderssible the insensible. The
originality of nanotechnologies is not that theyguce representations of the
invisible, but thatvhat they produce are not representations

1.1. Regime of Representation

Since the rise of modern science, our world has hespulated with visible
representations of invisible entities/propertiesgesses.

Consider, for instance, the principle of inertiastates that a body perseveres
in its motion without being subjected to force. Y¥ae cannot naturally observe it.
Mere empiric observation rather leads one to theelsd theory ofimpetus
Inertia can nonetheless be represented in equafidewton’s first law) and be
rendered visible in experiments that ‘reconstruttwith forces of opposite
vectors neutralizing each other. To give anothemgpe: As Gaston Bachelard
explains, on the basis of everyday use and obsernvate have long believed that
in order to produce light one has to burn somethoanflating in that light
emission and combustion [1]. Today, we distinguishween the electromagnetic
phenomenon ‘light’ and the chemical reaction ‘costmn’. Invisible as it may
be, this distinction has yet been rendered uttadiple since Edison invented the
light bulb, for it produces light by avoiding a hed resistance to burn.

Representation goes along with a sense of distrateis essential to it.
Distance, first of all, in scientific judgmertritical distance a representation is
about somethinghat is not the representation itself; it cann@plrely equated to
the objects it attempts to represent, which cartreotonsidered as being fully
given in the representation. As Wittgenstein lintpigut it, ‘objects | can only
name Signs represent them. | can only speékhem. | cannossertthem. A
propositio® can only sajhow a thing is* notwhatit is’ ([71]: 3.221). The real
that is represented stands far away. It is newdegity knowable. Only indirectly
can it be known, reconstructed in a space of adifisigns, which Alfred
Nordmann calls ‘artful constructions of immedia¢$0]. Such ‘immediacy’ is
not a feature of the whole representation, but oflys points of contact with the
distant real. The virtue of representations isastruct an aboutness-relation that

% See note 15 below.
19§ e., to Wittgenstein: a ‘logical picture’ of aase of affairs’.
j.e., what ‘is the case’ or what is not (a fact).



Author-generated postprint of an article publisheNanoethicsvol. 5, n° 2, pp. 203-222 (2011njag(in)ing the Nanoscale
Special issue edited by KamillasLBERG Rasmus Tor ISATTELID, and Fern WeksoON | DOI: 10.1007/s11569-011-0124-0

clearly specifies the conditions of an immediateeaghent with the mediated and
distant reality. A representative picture is ‘likescale applied to reality’ ([71]:
2.1512) in which ‘only the end points of the gratiluz lines actually touch the
object that is to be measured’ ([71]: 2.15121).ned ‘co-ordinations’, they ‘are
as it were the feelers of ifselements with which the picture touches reality’
([71]: 3.1515). And these co-ordinations have naghto do with resemblance. As
Michel Foucault put it, representation is ‘the dation of the sign and
resemblance’ ([25]: 70). A defining character gpnesentations is that they re-
quire the construction of a scene where naturah@mena are re-enacted and
even atrtificially produced in such a way thapresentations are in principle
distinguishable from the technical means displaiedonstruct themTheyre-
present nature. The scientific explanation is tariserted in this space between
the objective scene of representation and the awease of its constructive
operations. It is because the real stands in tlsgarte and is in principle
separable from the instrumentation that allowslifgctification that the scientific
discourse is able to criticize its own represeatetiin the name of faithfulness to
the real.

It is important to understand that representatioasdnot necessarily mean
‘realism’. For the realist, the representationtisi¢’ because the sign refers to a
state of affairs that is independent from it (as phimary qualities for the early
moderns). For the anti-realist (or the empiricit®¢ representation is ‘nothing
more than a representation’: it cannot be grarftednysterious power to go out
of itself® it refers to unobservable entities from which hiog can be
ontologically asserted in the €fidNote that for the anti-realist, this does not
preclude the re-presentation to be convenientyen ¢rue independently of what
humans think and do, suffices it that differenteymf measures are correlated
with sufficient predictive power. The point is thaich a debate between realists
and anti-realists can only take place in the regifrepresentatiofr

In the regime of representation, the sensibledaved in two: first, it is what
‘presents itself’, mainly a source of ‘epistemolmaji obstacles’ which has to be
criticized by an appropriate ‘psychoanalysis ofeahive knowledge’ [2]. There-
after, a ‘sublimated’ sensible is produced in therf of phenomena bringing into
light that which never solely presents itself. TacBelard, the laws of Joule and

12j e., the picture.

13 Wittgenstein avoided this difficulty by statingatithe sign which make up the logical picture is
also a fact, and thus, that a relation of co-otitimais nothing more than a relation between two
facts.

!4 Bas van Fraasen is, by today, the most distinguistivocate of this tradition [66].

15 See the interesting attempt of Otavio Bueno. Heelps an account of visual evidence as ‘the
result of some partial mappings between the surdackthe image of the sample, so that certain
relations among the items in the sample are predeamd represented in the image’. This partial
matching is of courseferred and sometimes with the help of ‘the theoreticahge that was
used as a guide in the elaboration of the expetimeich is experienced agsemblingthe
experimental image ([13]: 134-135). Bueno arguas ‘thoth realists and empiricists can adopt the
account’ ([13]: 137). However, he explicitly putathsuch a debate between realism and
empiricism becomes merely a matter of more oradesksnot a matter of interpretative clash.
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the light bulb met in the electrified world of Edig which is akin to a ‘second
nature’ over and above the merely empirical one.

1.2. Apparatuses of Representation

The classical entities/processes/properties of mmosigence and the nano-objects
are both invisible and rendered visible to humans by means of instruntienta
Therefore invisibility cannot serve as a distinetifeature of nano-objects here.
Moreover, it should be recalled that atoms wereaaly accessible to imaging
before the spread of nanotech (Fig. 1).

Accordingly, the problem is not thus that atoms moev instrumentally
accessible to imaging and imagining. It is tlay by which atoms are now
rendered sensible and thenceptof this sensibility that differ. As Karen Barad
points out, if ‘atoms aren’t what they used to khis is not only because our
philosophical conceptions, scientific theories aegresentations of ‘the’ atom
have changed since Democritus, and then, sincendahanical age of physics,
but rather because ‘our practices of imaging anagimng and intra-acting with
them have changed, and so have we’ ([3]: 353—-354).

Fig. 1 Imaging atoms and molecules before nanotechnolgjeld ion microscope (FIM) image
of tungsten atoms on thapex of a tungsten tip. Erwin W. Miller, [48]. Thperationruns as
follows: A sharp tip is placed under vacuum andledaown at cryogenic temperatures. An
intense positive voltage applied to the tip. A small amount of inert gascfsas heliunor neon)

is admitted in the vacuum chamber. The gas atoroge toward the tip and strike it. Being
positively charged, thdip atoms tends to take electrons from the gas stdeavingthem
positively ionised. Once positively charged, the gansare violently repelled from the tip and
accelerated by thelectric field along a straight line toward a flascent screertach spot is the
trace of a ion showing ‘where it comes from’, ifeam the immediate vicinity of the atom where
it has been ionised’he gas used is called the ‘imaging gas’.



Author-generated postprint of an article publisireNanoethicsvol. 5, n° 2, pp. 203-222 (2011)Mag(in)ing the Nanoscale
Special issue edited by KamillasLBERG Rasmus Tor IQATTELID, and Fern WekSON | DOI: 10.1007/s11569-011-0124-0

b Field emission microscope (FEM) image of coppethalocyanine molecules adsorbed on a
tungsten tip. Erwin W. Miller, [48], from Joachim Riévert ([37]: 103). The FEM is akin to a
FIM without imaging gas: a strong field effect casielectrons to be expelled from the tip and
projected on the screen, so as electrons can is@ge of the fragments deposited on the tip by
passing through thent Transmission electron microscope (TEM) image afopper phthalo-
cyanine crystal. H. Hashimoto, Tokyo University,749 from Joachim & Plévert ([37]: 105.
Scanning transmission electron microscopy (STEMa aficro-crystallite of uranium. Scale bar:
20A ([68]: 4).e STEM images of atomic clusters and single atomsaiemspots) in Brownian
motion as shown by Albert V. Crewe (1927-2009)Time Invisible World(1979), a National
Geographic documentary. Note that A. Crewe claionkaving established the visibility of single
heavy atoms by STEM since 1970 [17].

Now if we were to meditate about a functioning sokeof any far-field
microscope (Fig. 2), we would see that they allris@eme family resemblance: a
certain radiation (optical, electronic, ionic, Xyrainfrared, etc.) is emitted,
focused through a set of lenses (whether opticahagnetic, as in the case of
electronic microscopy), interacting with a samgbg, which it is transmitted
and/or diffracted. Subsequently, a trace of thigraction projects itself in the
eye, on a screen, or is recorded by a detector.réfidt is not necessarily an
image that is meant to resemble the object; itlmm@ curve, a spectrum, etc. In
far-field techniques, the notion of distance is sw/at materially present in the
instrument. So is the notion of screening. Onefoahall sorts of filters and grids
in far-field microscopes. For instance, Low-enegdgctron diffraction methods
(LEED) display a set of grids blocking the inelasélectrons and letting the
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elastically scattered electrons pass through; dtams a pattern of diffraction on
a fluorescent screen. One also uses a lot of maiiheahmediations. For instance,
the Fourier transform allows matching a diffractmattern with the determination
of the arrangement of atoms predicted by the theang thus to co-ordinate
experience and theory by an isomorphic relationveen their respective points
of contact. The apparatus sorts out the data aicgptd the plan of intelligibility
chosen to study the phenomenon (a specific rangaragferties). It performs a
test. The sense of the critical distance that dsfithe epistemic values of
representation is also made possible by the distémet the technical apparatus
and the mathematical mediations introduce betw&enrépresentation and the
real.

a b c
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Fig. 2 Schematic diagrams of some far-field microscopééisible light microscopeb Transmis-
sion electron microscope (TEM) Scanning electron microscope (SEM).

1.3. Apparatuses of I maginaction

How different is this process in near-field microgg! With the scanning
tunneling microscope (STM) and its innumerable arsmtiimaging’ is no more a
matter of sending a radiation and gathering a tfismre the distance. Instead, it is
a dialogue that takes place down at the level ef dbject and its immediate
surroundings—including the atomic-level part of thetrument (the apex of the
tip).

Imagine yourself using a STM: you go fetch the infation in the near field,
approach the object, touch it, feel it, brush itashing at constant height, the
STM records how its piezoelectric mechanism redlitsghes and swishes, under
the effect of a tiny short-circuit (or leaking juimn) between the sample and the
tip, and topographic images are generated frometlieda. Now, switch from
‘imaging mode’ (STM as an instrument) to ‘manipirgt mode’ at constant
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current (STM as a tool): contact the object, kigkpulse it, record its electronic
‘answer’. Now be creative, and invent other marapiah modes as well (Fig. 3).
Or tune the device and run it in a ‘semi-imagingida: use the STM-xenon atom
system as both a tool and instrument that willf:gehge’ its own operation

(Fig. 4).

Pushing and Pulling Field Evaporation

£t tvia|
[
Lateral Displacement of Atoms Vertical Displacement of Atoms
Inelastic Electron Effects Direct Contact

e
_ ®

Molecular Fragmentation Vertical Displacement of Atoms

Fig. 3 STM as a tool: Some STM manipulatiomodesCourtesy of Andrew Mayne, Laboratoire
de Photophysique Moléculail@NRS,Universityof Paris-Sud, Orsay, France.

4z 8) Fig. 4 STM-object system in semi-

imaging manipulation moddmage

of an individual xenon atom when
pushed from left to right of the
frame during scanning along the Y
direction. The grey scaleAZ
indicates the variation of the tip-
surface distance [10]. Usually,
c imaging and manipulating with an
STM are mutually exclusive modes
of operation, with the STM
switching back and forth between
imaging and mani-pulating. Here,
the parameters hae been chosen so
as the STM does both imaging and
manipulating in the same time. The
STM-xenon atom system ‘self-
images’ its own operation. The
distance between representing and
modifying has entirely collapsed.

0.6

0.2
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Now use not only the STM as a tool but the objemt—tfor instance, a
naphthalene ‘Lander’ that acts as a movable tempiat‘mould’ the surface

(Fig. 5).

Fig. 5 STM-object system as a tool-tool system: Sequericeaphthalene ‘Lander’ molecules
manipulated from a step edge on a copper-(110pcarf57]. Froma to d, the arrows indicate
manipulation direction; the circles mark the matdfions induced by the manipulated molecules
on the surface step edge (tooth-like structuresyises an image optimization processing to
emphasize the fact that the metallic nanostructareated by the STM-Lander system follow one
axis in the crystalline orientation of the copp#tq) surface. This phenomenon is explained as
follows: During their displacement, the moleculaanders’ are trapping some copper adatoms
lying on the surface under their polyaromatic bacida Once they cross a step edge, the
molecules drop these atoms on the downward teaiacg the direction of the copper rows.
Researchers speak of ‘molecular moulding’.

Fig. 6 STM-object system as a tool-
instrument system: Here, asimilar
naphthalene ‘Lander’ molecule is ele-
ctrically connected to a step edge.s a
schematic viewb the experimental STM
image, andc a simulation of the ex-
periment showing standinwave pattern
[47]. This simple system allows measuring
something that could never have b
measured otherwise: the electronic con-
ductance of a single molecular wire con-
nectedto a definite point of an atom
surface. For the narration of this experi-
ment, see Joachim & Plévert ([37]: B).
Later on, this experim-ental system has ev-
olved toward a slightly morsophisticatet
one: an Ampereneter at the moleculi
scale.

13



Author-generated postprint of an article publisireNanoethicsvol. 5, n° 2, pp. 203-222 (2011)Mag(in)ing the Nanoscale
Special issue edited by KamillaiLBERG Rasmus Tor IRATTELID, and Fern WeksoN | DOI: 10.1007/s11569-011-0124-0

Now switch from ‘tool-tool’ system to ‘tool-instruemt’ system: Place the same
molecular ‘Lander’ in electronic contact with a stedge of the surface and
measure the resistance of the molecular wire therg@ined (Fig. 6). It is as if
you were within the sample, on the surface, with tholecule as an Ampere-
meter, except that one electrode is at the narmsaall the other at the
macroscale. Or else, as in the ‘manipulated atomgéhexperiment, trap the
cobalt atom under the electrostatic field of thetd have it part of the imaging
system; now, scan the sample and have a glimp&®owf it feels like’ to be a
cobalt atom on a copper-(111) surface (Fig. 7):dpoe unseen (or unheard)
physical feelings with ‘prehensions of prehensiof@9]; allow the STM to
‘prenhend’ a cobalt atom so as it will produce arage of how the same cobalt
atom ‘prehends’ the copper surface.

Fig. 7 Feeling like a cobalt atom on a copper-(111) s@faA ‘manipulated atom image’ [65].
What is shown here aneot copper atoms. It is the way a single cobalt atoapged in the
electrostatic field of the STM tip explores a copfiell) surface by random motion: large
‘bumps’ correspond to the zones explored by thalt@tom when the tip is situated above a face-
centered cubic site of the copper-(111) crystaklsftriangles’, to the zones explored by cobalt
when the tip is above a close packed site; darkez@re where the cobalt is not likely to stay
(above copper atoms). The overall image is likaography of a copper-(111) surface as ‘seen’
by a cobalt atom—a rather rough cartography; liggmo atoms reveals far more tenuous events
occurring, as documented in Stroscio and Celo& [6

Could we not delocalize scientific instruments dikg at the nanoscale? This is
part of Christian Joachim’s dream: ‘writing a neaxtbook in which each of the
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old devices is replaced by a single molecule, wiiebomes simultaneously the
experimental apparatus and the subject of expetir({8i]: 59).

All this illustrates how nanotech plays with theds between experimental
system/technical object, technical object/epistemibing [56], obser-
ving/manipulating, imaging/imagining, instrumentlto instrument/object, kno-
wer/known, and even subject/object, that is, withtlae fault-lines defining
scientific representation. If they are not dissdlvat least they are each time
displaced, short-circuited and reconstructed ircifipesetups, from which they
re-emerge as movable polarities. Even Hacking’sonoof ‘intervening’ [31]
would be far too shy here. For not only does th&$iteract with the sample (as
all microscopes somehow do); nor does it only fieie’: it ‘intra-acts’ and
‘enacts the between’ ([3]: 359).

1.4. Regime of I maginaction

Constructing a distant picture of nature—represgntiis no more the problem.
For probe microscopists, ‘explaining’ the cognitiveaning of the image means
accounting for the tightest interaction between iimage and the object. As
Gimzewski relates, ‘traditional scientists shunn#iils method because its
intimacy was seen as a violation of objectivity atistance, a gospel of 19th-
century science and epistemology’ ([26]:260). Isi#l knowledge, but a know-
ledge that is inseparabé&en in principlefrom the technological apparatus used
to perform it. As Otavio Bueno notice, a scanningpe image is not only object-
oriented, it is als@xperience-orientedit is also about what it is like to perceive
DNA (...) from the perspective of an atomic force rogcope’ ([13]: 134). Yes,
experience-oriented indeed, but not necessariyanexperience-oriented. The
subject of experiment is as much the AFM cantilélian the DNA; or better, it is
the way they in4teract

Nanoscientists are definitely more interested angimgular way by which a
singular object interacts with the instrumentall ih@n in the universal laws that
classically define an objequa object of science. An STM image of an iron atom
is not an instantiation of a general class of atams a relief of an object situated
in a particular environment, according to a certaiteraction (Coulomb force,
magnetic force, electronic tunnelling, etc.) at sheface of the object, with
particular imaging settings, or producasithis surface; it is a particular surface of
interaction and control, or a surface of affordareesurface affording definite
modes of interaction, or affording an ‘object-imagmacted in-between. In probe
microscopy, the image enacts and witnesses a tightmunication between
scales that is already a possible action on thecblggven before the discovery of
the STM’'s ability to manipulate single atoms). Thss why | use the term
‘imaginaction coined by Stiegler to refer to this regime of ea®®

18 The conceptof ‘imaginaction’ has surfaced in the course ofammon work with Bernard
Stiegler and Xavier Guchet, during a three-yearisenon nanotechnology hosted by the Institute
of Research and Innovation at the Centre Pompiddeacdis tttp://www.iri.centrepompidou.fr/
evenement/nano technologiedBut theterm ‘imaginaction’ is Stiegler’s [64]. He coined it &
workshop we co-organized on ‘hyperminiaturizatioby referring to what | was calling
‘imagotechnology’. | was using this latter termtimo ways: 1) in a narrow sense, to denote the
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2. Transmodality

2.1. Touching things

The primacy of touch over sight has been emphasizgdmany probe
microscopists [8, 27]. In addition to probe micrasg, there are other elements
that allow asserting the primacy of touch in th@araealm: optical or magnetic
tweezers used to grab proteins and measure thesfofcmolecular motors [14];
nanotribology, the science of textures and frict@nthe nanoscale [6]; and
molecular recognition, a mutual ‘prehension’ [68ht the chemist Jean-Marie
Lehn describes as molecules processing informatyaouching each other [41].

For sure, sight is the privileged sense of refezdioc the epistemologies of
representation, for which objectivity is often cened as ‘blind sight’ ([18]: 17)
and scientific image as the product of ‘mind’s eyg8]: 86, 168). Sight is
supposedly the sense of distance whereas toutie isrte of immediateness and
pure contact—which is not entirely true: touch safitact, that is the insertion of
a minimal distance in a situation of promiscuitptential violence and lack of
distinction’. Whatever it may be, focusing on the ‘epistemolofshe finger—
as some focus on the ‘epistemology of the eye’-f8buld be restricting our
analysis to the phenomenological part of nano-imagdy. Instead, it may be
more fitting to emphasize theansmodalcharacter of these images themselves.
Transmodality, here, means capturing what is gisesne perceptive modality to
express it into another: from sight to touch, frawuch to audition, etc. Or, like
Deleuze commenting on Bacon’s painting put it, ‘himaypaint sound, or even a
scream? And conversely, how to make colors audi2®]: 57).

If ‘transmodality’ is a suitable concept for chaexzing the logic of the
sensible performed by nano-images, it can thenuwstdor the alleged primacy of

apparatuses that do not produce images of a disitgett but that include the object’s operation in
their production so that the manipulation of th¢eoband the production of an image are one and
the same process. Imagotechnology refers to thduption of what | have called elsewhere
‘image-objects 2) In a broader and seemingly more metaphornisasg‘imagotechnology’ refers
to new ways of ‘imagining matter’ or to a ‘techngjoof imagination’ that is shaping the aesthetic
mode into which our relationship with materialis/framed. However it is not purely metaphoric
because it entails a particular ‘schematism'—a Kantoncept that will be made use of and
explicated below—which is technologically constagtand enacted, and which imposes a certain
configuration to the relations between sensory titeka (visibility, tangibility, audibility...) as
well as to the relations between the percept oiclof the sensible and the concept or logic of
sense. One way to differentiate between the tweemis might be to say that ‘imagotechnology’
designates the material setup that produces argfiraetion’. But | want to avoid referring the
former to the object (or to ‘imaging’) and the late the subject (or to ‘imagining’), as what
interests me instead is the interweaving of théarimal and the conceptual. For that reason,
‘imaginaction’ can more aptly be construed as digdadisparate and dynamic conjunction of 1)
and 2).

" As Derrida [24] recalls, many taboos are expressed principle of ‘don’t touch!’...or rather,
‘do not touch too much'—a half-permissive taboo emiding the need to insert the minimal
distance otactin the relation between the feeler and the felt} a reversible relation since touch
is also where what phenomenology calls ‘self-affectfirst stems: one is always ‘touching-
touched’ before becoming ‘seeing-visible’ and ‘liegroneself-speak’. Touching can be caressing
as well as hitting. In order to allow the emergen€@awareness of the world and of the others,
touch has to be measured.
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touch: indeed, more than any other sense, toucta iemnsmodal character. For
Jean-Luc Nancy ([49]: 17) ‘touch is nothing othéman the touch of sense
altogether and of all the senses. It is their salityuas such’. By touch, all the

senses are substitutable to each other. Touchesendil senses impinge on each
other... touch each other. This explains, Nancy r&émawhy there is no genre of

art specifically dedicated to touch. Following NgnBerrida [24] undertakes to

show that behind the apparent privilege of sighplmlosophy as the sense of
distance and contemplation lays an old haptocetradition that awards privilege

to touch precisely in order to dispute the legitymaf any hierarchies between
the senses. But let's go back to nanotech imagesdélves.

2.2. Images beyond vision

Scanning a piece of mica with an AFM, you obtaiesth very nice pictures (Fig.
8). But the raw data is not the picture itselisithe curve below, expressing how
the AFM ‘feels’ the mica in terms of variations aplitude versus frequency of
its cantilever’s vibrations during lateral scankeTpicture is just a visual display
obtained by a digital ‘collage’ of all the laterlrves of scanning.

Fig. 8 Listening to the stones: Fast scanning of hydreftuacid-etched mica by AFM. Retrieved
May 14, 2011 fronhttp://www.asylumresearch.com/Gallery/Movies/Mobeshtml

But who says that you have to set the system twatelisual depictions? You
can use a haptic interface that will send a foesdback to your hand, which
enables you to touch or to scratch the mica afigfeeapex of the cantilever does.
You can use sound as well, turning your AFM int&iad of phonograph, and
listen to the mica.
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Using the AFM to listen to cells has been repotigdGimzewski and co-
workers [28]—a practice that they have labelledntszytology’. It notably
allowed them to study the differentiations of cancells from healthy cells
during the evolution of a tumour. The method has &d to a collaboration with
the media artist Victoria Vesna for the exhibitiGell Ghostsat Seoul in 2004.
The installation, where images of the visitor aaptared, projected in particles’
images, and reappearing later as ghosts, alsodeslambient sounds composed
of data obtained by manipulating living cells [6We can thus hear how a cell is
‘'singing’ when it is gently brushed by the AFM, thmanipulated, then subjected
to chemical or temperature changes, and finallgcsonbs to the deadly touch of
the AFM'® (which recalls the connection between touch @ntencein its most
straightforward form). Of course, cells do not sihgit they undergo specific
changes in their wall’s vibrations which could leadered with sound better than
with images to provide a real-time account of the rof molecular events inside
the cell.

By means of this process, we understand that disyglgprobe microscopy
data in sound is neither more nor less ‘artificitlan making images from
spectrums’ lines—and therein that the meaning ohsmages is not reducible to
the depiction of their visual display, or to anytlé features that are displayed in
only one determined sensorial modality (auditiauych, etc.). Nano-images are
not primarily visual or haptic or audible, etc. Jrere essentially transmodal.

2.3. Transmodality Across Scales

Transmodality is certainly not specific to the nscale. At our scale, a lot of
things can of course equally be seen, toucheddakeard, and smelled—but this
is multimodality not transmodality. Transmodality is nothing panamal,
although we usually do not notice it. It is expeded in everyday life when one is
reading aloud a written text, executing a musiatipon or visualising musical
tones and frequencies. Transmodality relies ousieeof media, whose operations
are often a matter of translating a sensory modaiito another or at another
scale.

Nevertheless, at our scale, the transmodal charattigercepts induced by
media technologies is much of the time obscured Why we usually refer to
things is mostly constrained by vision, perhapsahse it allows pointing at
things from a distance (‘look at this!). Moreovehe assignment of sensorial
gualities (e.g. the redness) to sensorial modsl{ieg. the sight) is therein mostly
monomodal. We do not know intuitively how the sowfdthe redness sounds
like. If perceiving the same object through diff@renodalities (i.e. multimo-
dality) goes without saying, shifting from one mbikyato another does not. Yet
our machines allow for it: These are indeed thesuacers of everyday life, from
tape heads to loudspeakers, to piezo-electricalsy$an essential component of
the STM too), to antennas, to television’s cath@jetubes, etc.

18 To listening cells ‘singing’ go thttp://www.darksideofcell.info/composition.html
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Accordingly, the pertinent difference is not betweaonomodality at our
scale and transmodality at the nanoscale. It iserathat transmodality is less
constrained by monomodality at the nanoscale: aivshitself unbounded, in its
‘free state’. It can thereafter be captured, transed and displayed into a
multiplicity of perceptual modalities with apparaéis such as probe microscopes.

Note that | am not claiming that transmodal persepte real whereas
monomodal perceptions would be mere illusion. kdtel entirely follow
Whitehead in his rejection of the ‘bifurcation oétare’ between primary and
secondary qualities, when he writes that ‘the redvgf the sunset should be as
much part of nature as are the molecules and mlegaives by which men of
science would explain the phenomenon. It is fouratphilosophy to analyse
how these various elements of nature are connecféd]. Il). At our scale,
transmodal percepts are between monomodal peregputsequire machines to be
experienced, operated and made thinkable. At thestale, transmodality is the
rule rather than the exception, as there are ambyganic and machine-like
percepts at the bottom.

2.4. Schematism

If transmodality is the rule rather that the exeaptin the nano-realm, it
necessary goes with technological procedures gmgrthe way transmodal
percepts are displayed into determined perceptivaatfities. This set of
operations can be referred to ‘schematism’ in #ress of the Kantian philosophy
of knowledge—though in a way that Kant would nelvave agreed with, since it
is not about a ‘hidden art in the depths of the @&rsoul’ ([38]: 181), but about a
hidden art in the depths of the technical appaeato$ nanotechnologies.

According to Kant, schematisation is the procedfranagination allowing
to sensibilize the conceptual and conceptualize sthresible. It is that which
allows one to draw a mathematical figure (a triahglr to manipulate symbols
(e.g., to make an addition) and, conversely, togatse a concept (a triangle) into
a sensible intuition. A scheme is both a procedfi@nstruction and a procedure
of recognition. To Kant, any scheme has to be astratt procedure, not a
concrete image. For if Kantian schematism is peréat by imagination, the
faculty of producing and reproducing images, ibimy under the jurisdiction of
understanding, the faculty of abstract concepts.

If nanotechnologies entail a schematism, it fundion a different way.
Unlike Kant's, it is less a mediation between teassble and the conceptual (with
imagination bridging the two), than a mediationwen the sensible and the
sensible, mediated by the computational. It canpb#ed by the following
sequence, highlighted by the semiologist Blatfajon [52]:

‘Detect-Compute-Display’

An example can be provided by relating the way prahicroscopists
recognise a peculiar specimen, here a ‘molecul&elarrow’ (Fig. 9).
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Fig. 9 Detecting-computing-displaying a
molecular wheelbarrowa Experimental
STM image (‘blind image’)b ‘calculated
image’; ¢ comparison of experimental
and calculated height profiles along the
‘wheel’ axis; d ‘visual-friendly image’
(Molecular Mechanics chemical model);
e ‘anticipated image’. Source: Nano-
science Group at CEMES-CNRS,
Toulouse, France.

2 4
o
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Figure 9a is a numerical collage &fheight curves of a molecule adsorbed on a
surface. STMers name this image the ‘experimentage’. It is an image
obtained by detection, a ‘blind’ image. This fifstage is then computed into
guantitative data by means of a program devisethénlab. The software uses
several theories (quantum conductance through aanar molecule and
theoretical chemistry) and semi-empiric methodapgroximation to compute the
experimental image according to other data (modgcurbitals coordinates,
interaction potentials of the surface, and imagmogditions). It allows for the
generation of a ‘calculated image’ (picture 9b)eihthe experimental and the
calculated image are compared (see the twioeight curves on picture 9c).
Sometimes, this com-parison is done by the mediaifoa so-called ‘anticipated
image’ that shows how the experimental image wdattk like according to
parameters that are well-defined by the thédrif. they are assumed to be
matching, the calculated image will finally be desged in a ‘visual-friendly’ way

9t is this image that Bueno [13] calls ‘theoreliraage’.
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(here: a Molecular Mechanics chemical model, pet@d) allowing one to
‘visualize’ the inter-pretation (here: the confotioa taken by the ‘molecular
wheelbarrow’ when adsorbed on the surface). Asavei§ the calculated image
can also possibly be displayed in a haptic or asmrs modality. And it is also
possible to look or listen to the experimental gietdirectly, but it would be—
and most of the time, it is—hard to interpret. Tdognitive interpretation of the
image (‘what do we see?’ ‘What do we hear?’) isegally occurring at the level
of the calculated image, because it is the levadrevlthe image gives grasp to the
theory (not immediately, but by the mediation ohgoassociated softwares to
produce ‘anticipated images’). All this is a veryedmted and complicated
process. The reason for this may be that, paradibyxiche price to pay for the
shrinking of distance is a renouncement to thdéuhconstructions of immediacy’
[50].

What is first detected by scanning probe apparatase neither ‘primary
qualities’ (intelligible features that exist ‘in émselves’ independently of any
perceiver), nor ‘secondary qualities’ (pure subyecimpressions that exist only
‘for us’). It is a kind of nonhuman sensitivity drilad by devices whose operation
is to put different scales and different sensariatlalities in communication.

3. A New Sensble Condition

If one can talk about haptic or auditive as wellvaésual images, and if nano-
images are essentially transmodal, on what growedwe to assert that a
transmodal percept is still an image, even bef@iadg seen, heard, or touched,
that is, transduced into an image-sound, an imageht image-vision, etc.? If
there are only machine-like percepts at the bottam,we still talking about the
sensible? And what does it mean to perceive likeaghine? Does it even mean
something?

Of course, these puzzling questions matter as gaoree is willing to go
beyond the bare fact that these nano-images aem gim a paper print or on a
computer screen, and ask what it means for ourntdensondition that they do
exist in the first place.

3.1. Perception into Thingsand Imagesin Themselves

These difficulties can be addressed by readingptiibsophical half a fiction
staged by Bergson in the first chapterMétter and Memory[7]. In order to
investigate the relationship between matter andgmtion, he proposes a thought
experiment where one substitutes the perceptiomegmated with our past with a
perception ‘confined to the present and absorkedhe exclusion of all else, in
the task of moulding itself upon the external objg@]: 24), a ‘pure perception’,
‘impersonal’, deprived of any memory and withdrafwom all individual con-
tingencies. He warns the reader that one never ustexs such a ‘pure
perception’, since our lived present is always nadgvith memories and oriented
towards our possible actions. From our actual pei@es, ‘we then retain only a
few hints, thus using them merely as “signs” tleatail to us former images’ ([7]:
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24). Nevertheless, Bergson seeks to show thatrittieidual accidents are merely
grafted on to this impersonal perception, whichatsthe very root of our
knowledge of things’ ([7]: 25). Once memory is vdthwn, perception therefore
appears not as a shadow above things, not as alnpdmattography’ not as a
representation, but as an operatamturring into things Perception is neither a
picture in our mind (‘Idealism’, referred by Bergsto Berkeley), nor a secondary
quality which does not look like what it represe(tRealism’, referred to the
‘mechanical philosophers’ of the 17th century). Wihdeed believes, like the
idealist, says Bergson that things might disappésen | do not perceive them?
Who believes, like the realist, that the real tallalistinct from the perceived
table? The thought experiment allows Bergson tmrcthat there is no difference
of kind between perception and matter, but only a diffeeeof degree whereas
there is a difference of kind between perceptionl amemory”* the latter
constituting the individuated side of our apprel@m®sf things. There is no other
choice, he then argues, than to posit that thednisricomposed of images that
exist ‘in themselves’ and not ‘in us’, even withobing perceived These
images do not disappear once the perceiver is gdmey are less than what the
realist calls a ‘thing’ and more than what the Idtaalls a ‘representation’. They
are physical interactions existing in themselvesheone constantly acting and
reacting with all other images according to all Bwes of nature (whether known
or unknown).

‘By positing the material world we assume an aggregf images, and moreover
because it is impossible to assume anything els¢.Reduce matter to atoms in
motion (...) Condense atoms into centres of forcesalve them into vortices

revolving in a continuous fluid (...): they are siithages. It is true that an image
may be without being perceived; it may be presdtitout being represented; and
the distance between these two terms, presenceepnelsentation, seems just to
measure the interval between matter itself andcouscious perception of matter’
([71: 26-27).

What happens then between ‘presence’ and ‘reprasem In other words,
if for images there is merely a difference of degrand not of kind, between
being and being consciously perceived, then whatsdbe perception of the
image add to the image? Actually, in the perceivedge, there isess and not
more, than in matter: Perception results therefiane a selection of images and

2 The photography, if photography there be, isadyetaken, already developed in the very heart
of things and at all the points of space’ ([7]:.31)

2L Which is directed controversially against classarapiricism (Hume, Berkeley, etc.), for which

a memory is only a sensation of less intensity.

%2 Simondon’s Imagination et invention [63] walks ihe footsteps of Bergson’s non-
representational account of images: images do ex&t before being perceived; they partake to a
cycle that begins before us. But whereas Bergssisthnon actual perception as a subtraction, a
cut into the plane of images, Simondon insistsnmeimtion as an antidote to proliferation: images
require our potentials of artistic or technicalention in order to be guided into existence, along
the lines of a common world. Otherwise, they maynmautonomous worlds that catch people like
dreams do. To Simondon, invention is image-driler,it also seems to be a way to expel images
out of ourselves.
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not from the addition of a representational dimensHere is the trick: Bergson
assumes some images to be slightly different thers in that they insert some
duration between their stimuli and their reaction on otimeages and that they
can react sometimes differently to the same stimuluhereas all the others
interact in a fully deterministic and quasi-instarmgous way. These are ‘living
bodies’, also termed ‘centres of indeterminatiofhis is the only assumption
Bergson makes: the existence of indeterminatiosoime nodes of the universe
(i.e. freedom in the weakest sense possible). Tileages do not perceive other
images by representing, but by acting: ‘I calitterthe aggregate of images, and
perception of mattethese same images referred to the eventual aofimne
particular image, my body’ ([7]: 8). This latter &ge-body is disturbing and
tuning the field of interaction of the others im@tion of its possible action: The
image-body acts on and reacts to a second imagkasrmpart of its action it
responds to some features of the second image whileegistering others. Our
perception is then the measure of our possibleomctit results from the
discarding of what has no interest for our needd anr functions. Once
perceived, the images are still the same, only mithe qualities that are
irrelevant to the perceiver's action. Amongst alually real scales of reality,
what a perceiving agent does is to select a pé#aticinequency’ to interact with
some images at the scale where it needs to attagusrobe microscopes or other
nano-sensor/actuator devices do. Perception isieumof the scale where one
undertakes to act.

Deprived of memories and without interiority, Bevg%s ‘subject’ of pure
perception is really an ‘imaginactor’ more thanraducer of representations. It
acts on images and amidst images. Moreover, Belgygaradoxical appeal to
commonsense philosophy in the midst of philosoptiicaon relating a situation
that no one can ever encounter as such, bears btediby some analogy with
nanotechnology’s affordance of the familiar and pheturesque in the midst of
the unfamiliar. Scanning probe images are someskaidimages in themselves’
that decentre us from our anthropocentric vantaget$ of perception and action.
Whether Bergson is right or wrogthe breach he has opened up (and promptly
shut down) in the representational philosophy afcgetion might be the one
where nanotechnologies plunge us, with the regingierhaps that the ‘centres of
perception and indetermination’ are no longer kdito living bodies but extend
to inorganic ones as well—thereby rather an enfaeyg than a restriction of
Bergson’s account of perception.

3.2. Interobjectivity

In a number of nanotech manipulations, an electaophoton, a spin, an atom, a
molecule, a surface, a nanoparticle, etc..., is mbt a property of interest or an
object of study, but it also be turn into a detectosensor, a probe, a tool, an
actuator, all that can interact with an entity/abjerocess at the scale where it

% For he himself distinguishes the thought experineépure and instantaneous perception from
the ‘concrete and complex perception—that whickrikrged by memories and always offers a
certain breadth of duration’ (Bergson [7]: 26). W& then retrace his steps to correct what he
himself declares to be ‘excessive’ by bringing meyrizack in again.
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acts on other entities/objects/processes. This imsthntiate Whitehead’s idea
that all interrelations between *‘actual entitiesosld be ontologically considered
as much real and valuable than the relations betvwleaese that are classically
considered as subjects versus objects |@8robjective relations matter

Our relationship with the material is thus no langeclusivelyvertical, as it
is for the classical subject of knowledge elevatigself above the sensible by
placing his instruments between representationraatier. Our relation with the
material becaméorizontalas well. And so becomes the very notiorcohtrol,
omnipresent in the grand narratives of nanoteclyyoés well as in the scientific
literature: Control is no longer the sole affirnoatiof man’s power over matter,
restricted to the situation of dumb objects inltth@ds of smart engineers. It refers
to the instauration of robust relationships of ceklension between nanoscale
objects/entities/process, horizontally, and to avidedge gained by partaking in
these mutual prehensions. It is it this senseithaanotechnology, control is not
the proof of knowledge, but knowledge itself, opee knowledge—which of
course, does not medull knowledge, but veryocal and perhaps very limited
one, as it can only be complete regarding the petens that matter in order to
achieve locally a particular performance in a dertailieu. But it does not
prevent this technological knowledge [43] to loak §eneric schemes allowing
‘delocalizing’ [51] a phenomenon from one kind ofveonment to another—
from low to room temperature, from vacuum to aioni liquid-phase to surface,
from conducting surfaces to insulating ones, etc.

With this notion of interobjectivity, everything ppens as if we would be
gaining some access to the way objects/entities#sses have access to each
other—to the sensible life of non-living things.dgch thinking more than\aue
de l'espri®? One could object that only a sentient subjectb&analled ‘sensitive’.
In this case, the relationships, let's say, fortanse, between a molecule
functionalized to ‘sense’ some feature of the sigfevhere it is adsorbed, and a
STM tip functionalized to ‘probe’ this ‘sensitivitjtself, should be referred to as
mathematical series instead of anthropomorphiagyésaappealing to sensitive
objects. Thus the two poles of representation—plueely human’ view, and the
‘view from nowhere’— would be restored and evenythiwill come back into
order. Indeed, we could, but we would then lose theaning of such
experimentation. Moreover, this implies no anthmpgohism for it is not
guestion to ‘project’ human sensibility onto otlygses of sensitivity. In this case,
the aesthetic question of nanotechnology is noy dhé question of how it
changeour sensible condition andur being-in-the-world, but also the question
of how it changes the sensible condition and beirdre-world of objects—
expressions unacceptable for many philosophersyifiich an object is only the
correlate of a subject, the sole sensitive pole.

3.3. Inorganic Sensibility

The logic of the sensible deployed by nanotechnefogis no more a
phenomenological one, grounded on the relationari-and-the-world, and this is
precisely why a techno-aesthetic approach is ne¢g@dnany phenomenological
philosophies, the so-called ‘nanoworld” would prblyanot be a world at all since
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there is no room in it for the inscription of thedd body and thus, no being-in-
the-world. There is no flesh at the botté.

As Deleuze and Guattari put it when they dare thenpmenological
concept of ‘flesh’ to constitute thbeing of the sensible and not just the
‘thermometer’ involved in revealing it ([22]: 17879),

‘This ground, this rhythmic unity if the sensespdae discovered only by going
beyond the organism. The phenomenological hypa&hesiperhaps insufficient
because it merely invokes the lived body (...), drpahing in comparison with a
more profound and almost unlivable Power [puisshritge can seek the unity of
rhythm only at the point where rhythm itself pluegato chaos, into the night, at
the point where the differences of level are peralst and violently mixed’ ([21]:
44).

To Deleuze and Guattari, these processes are nsginsible nor straight-
forwardly thinkable by themselves even if they nmigke encountered when one
gets trapped in what they name a ‘Drug assembldgeperceptive line of
causality that makes it so that (1) the impercégpti® perceived; (2) perception is
molecular; (3) desire directly invests the percaptand the perceived’ ([23]:
311). To allow molecular processes to be experoce of a ‘Drug assemblage’
without falling into the abyss, one needs to getimgoed with adequate
instrumentation and sophistically elaborated malkeri

So do nanotechnologies. Against transhumanistganmt be stressed that
nanotechnologies are not exactly ‘enhancing’ tletolgical makeup—and herein
the sensory performances—of the human. Instead, streve to render livable
and habitable for humans, the unlivailberganic depths of the sensible. They
afford experimental access to a sensible that igeducible to the modalities of
the (post-/trans-/super-)human access to it. LikeleGze’'s account of the
operations of art as a matter of ‘capturing forcg&l], the operations of
nanotechnologies are a matter of taking advantégplaying with, amplifying
and filtering, the various sorts of processes (sbeec, electrostatic, repulsive
/attractive van der Waals, magnetic, optic, plasmaetc.) by which nano-objects
act, are acted upon, and interact. As suggesteatidoymolecule-Ampere-meter’
(Fig. 6) and the ‘manipulated atom image’ (Fig Xperiments, the ‘rendering
sensible’ process takes place both ‘vertically'tf@en subjects and objects) and
‘horizontaly’ (between objects). To put it like Wéinead, it is about prehending
nano-entities in a way analogous to the way theyemnd each other [69]—a way
to access the way nano-objects access their emvéon As Nathan Brown [12]
contends, nanotechnologies are challenging lesditteeences between physical,
living, and human beings than they are challengiegr respective access to the
world and world-forming powers. Especially, theyaltenge the Heideggerian
tripartition between the ‘worldless’ character loé tphysical thing (the stone), the
‘poor in world’ character of the living being (tHzard on the stone), and the

% The late Merleau-Ponty grants flesh to be ‘thesfi#e in itself, this anonymity innate to
Myself' (Merleau-Ponty [46]: 139), ‘the formative edium of the object and the subject’
(Merleau-Ponty [46]: 147).
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‘world- forming’ character oDasein(man). For Brown, the world-forming power
termed by Heidegger ‘the open’ is now attributatiolenorganic objects as well,
for they display an inorganic sensibility to whicke can partly access.
Nanotechnologies question the very confinemenhefdategory of the ‘sensible’
in subject-object correlations where only the scifbje pole of the correlation is
to be world-forming and sensible. In nanotechnasgthe object is ho more a
mere correlate of the subjecB€genstandin a representation; it becomes, as
Brown put it, ‘nothing-otherthan-objec®. The ‘nothing-otherthan-object’ means
both the mode of existence of the physical beinthaswithout access’ to itself
and the world, and a threshold condition of ‘opasA@wards’ that might pass
through and between any being (non-living, livihngman), and that humans can
experiment or even become when ceasing to maintapresentational
relationships with objects.

While we are becoming sensible to atoms, it is aoly our sensible
condition that is affected but also the asfeobjects Yet, thereafter, we are to
comprehend our own sensibility differently, by Highting the inorganic part of
it. Indeed, if we are able to desire being thertizaasking in the sun, just as much
can we desire being the stone heated by sunliglet.d¢/ not need to project
ourselves into the inorganic realm to make sucanaibility thinkable. It just has
to arise to us. ‘It's the same story for music,ss@eleuze, when it elaborates a
sonorous material to render audible those force# #re not audible in
themselves. In music, it's no longer a matter ofadmsolute ear but rather an
impossible ear that can alight on someone, arieiyom someone’ [19].

4. Conclusions

What if the foremost transformative power of nacbtelogies is neither
scientific nor industrial, but rather aestheticdllis essay has engaged the
aesthetical question of nanotech as question concerning thesensible
Nanotechnologies can be characterized byatfiging of a new sensibleeyond
representation. Or, using the Deleuzian triad efcbncept, the percept, and the
affect [22], we could say that we and the atomsrew forming a different
percept/concept/affect nexus. Concept: imaginactather than representation.
Percept: transmodal rather than unimodal or multimhoAffect: inorganic rather
than bio-centered.

Unlike particle physics or astrophysics, nanotetbgies they do not
produce visible representations of invisible thingkey are rather attempting at
turning an unlivable and transmodal ‘chaosmos’ iatdhabitable ‘life-world’

% Following Graham Harman’'s ‘object-oriented philphy’ [34, 35], Brown’s ‘nothing-
otherthan-object’ also challenges another Heideggetichotomy: between ‘thing’ and ‘object’.
Heidegger was indeed praising the former—the jugher old bridge [36]—as unveiling the
ontological structure of the world and disqualifyithe former as expressing modern science’s and
metaphysics’ will to subject the world to categerief representation (substance/properties,
matter/form, etc.). Nano-objects overcome this diichny: a nanomachine for example, is a
technical object, but also a thing, since its moflexistence is not exhaustible to a conceptual set
of representations inherent to a specific corpuscgnce [30].
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where we would be able to discern and to act ongthiin using our usual
perceptive modalities—a crazy challenge, sinceethemo flesh at the bottom.
The problem is not therefore the displacement efdivide between the visible
and the invisible, it is rather the way this dividealtered from within, ‘enacted in
between’ ([3]: 359) and reconfigured in terms dfabiting, in an attempt to bring
familiarity within the unfamiliar. Each nanotechaheation transforms space by
inhabiting the kind of milieu where it succeeds][5nd it succeeds in a process
that Simondon calls ‘concretization’ [43, 61], that by turning some of the
constraints of its environment into an ‘associatatieu’, by determining which
constraints matter and how, making sensef its environment.

If, as their promoters claim, nanotechnologieslyesmle to revolutionize our
everyday life regarding the technologies we use largdwith, then | argue that
this potential is not to be found in the endlessdf incredibly useful applications
that nanotechnologies promise to deliver, but enlay they techno-aesthetically
transform both our sensible condition and the $dmscondition of objects.
Nanotechnologies are not only a new way of rendeinwisible objects sensible
to humansbut a new way of construing theingof the sensible—not only as a
sensibility to atoms (epistemological), but also as a sensibitify atoms
(ontological). Objects are no more mere correlatessubject as in the relation of
representation, where the subject is the only bengole. Nanotechnologies
render thinkable and afford experimental accesa sensible that is infinitely
deeper than the modalities of its human accessugrhavays of construing the
sensible without resorting to the mirror gamesepiresentation has been explored
by certain philosophies—as the ones referred towebq it has never constituted
the usual business of a world-wide technology. Kexeare now.

Techno-aesthetics may help us to address issuasdieg the social use of
nanotechnologies in terms of schematisation of stravdality, especially
regarding future devices that would integrate ssRswtor access to nanoscale
processes. Who indeed will choose the perceptivdaiitg in which such or such
image-process will interfere with the gestures s&2 Which kind of common
space is to arise if it relies on a previous dehltion of perceptive modalities?

Such issues could be addressed in terms of ‘digioib of the sensible’,
according to the term of Jacques Ranciére, whagdfe ‘the system of self-
evident facts of sense perception that simultarigaliscloses the existence of
something in common and the delimitations thatraethe respective parts and
positions within it (Ranciere [55]: 12). Indeedy draming the modes of
perception and enunciation of a common nano-spéitedglimitations between
what is visible and invisible, tangible or intanigib sayable and unsayable,
audible and inaudible, the nano-engineered pereeppaces also tend towards
distributing the roles: who will be granted the gmtences to determine which
features of the nano-space should be renderedoseiasid who will be authorized
to talk about it? These are social and politicasiions.

If a techno-aesthetic approach is one that darepotit and articulate
sensibility beyond the privileged sphere of suldgaject relationships, it engages
us simultaneously to consider the political natofeur responsibilities towards
the design of nano-engineered perceptive spaceraribtechnologies cannot
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succeed but by inhabiting and bringing some famiijiavithin the unfamiliar, the
iconic strategies they use—as it is all about irsagmight also turn out to be
counterproductive, inappropriate and aestheticathpoverishing. Depicting
atoms, molecules and surfaces as familiar and reietjue objects situated in a
space that stands ready to be colonised, condealsdilapse of representation
and maintains instead a poor relationship of adiwereto the visual—a
relationship to which nanotechnologies themselvas leelp us to get free of.
Depicting the nanoworld as if it was merely ‘oussa manner of undermining the
mode of existence of its inhabitants, a way of di#tlwing from our relationship
with nanotech the significance of interobjectivéatienships, and finally, a way
to repress the mutation of the sensible descrileed by attempting to contain it
in a parody of representation. Yet when asked alaotists depictions’ they are
fond of, very often, researchers answer that ‘just a representation’, i.e., the
phenomena depicted are idealized, etc. But precifetse images are not
representations since they are using the sameeliseand familiarity that has
always been perceived as a threat against duesepegions, that which should
be maintained at distance by both the epistemolagg the apparatuses of
representation. As Marc Pavlopoulos put it [53Jesd images are not lying
because they do not represent what they aim atdnguse they seem to pretend
that they are representations. However, callingafoew detachment with regard
to the aesthetic power of nano-images would benihrst strategy to endorse, as
it would be the best way to let this small worlah¢tion unbeknownst to us and
reconfiguring our ‘life-world’ without us.

This is where | believe that the practicesdfstsand artcritics might play a
decisive role, a role that scientific practicesnahotech are perhaps not able to
play. Indeed, what can be captured in the artist@lizations concerned by
nanotechnology are the ways in which possiblerithstions of the sensible’ can
be set up, given to experiment, and undone; theiwasich a certain practice of
transmodality can go against the instantaneousebaimg of attention by the
visual and the use of screens in order to lengémehdeepen perception, populate
the interstices, ‘making strange’ [16, 59]. Theuaddle contribution of artists
should not be restricted to the operation of ‘remdethe invisible visible’'—as it
is often claim about nano-art—; instead, it shoaldo seek torendering
intelligible the way things are rendered sensilde else making strange the way
things are rendered familiaiArtists—or rather, their productions—are alsor¢he
to remind nano-facturers that, despite their gramdbitions regarding the design
of our common ‘life-world’... they might turn out tee bad artists.
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