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The Ambivalence of Speed 
This is an ethnographic account of speed in experimental physics. The notion of speed is used 
conceptually as well as literally. I am well aware of the differences of speed, acceleration and 
velocity, but I prefer to use the term speed as a temporal modality, function of time. Moreover 
I do not treat it a priori pejoratively, even though, I am well aware of complex relationship 
between speed and capitalism and manifold critiques that have emerged. I rather search for 
positive, energetic, productive dimensions and functions of speed, beyond the capitalism-speed 
nexus. Indeed one of the aims of my paper is to problematize the view that speed is only a 
negative phenomenon, process, notion.  
 
Speed is, as many commentators correctly remind us, the central modality propelling 
capitalism; it is the mechanism underpinning complex, ever-faster circulation of value, 
translation of different forms of value(s)1, appropriation of value and accumulation strategies 
as Karl Marx (2010/1867) and David Harvey (2006, 2010; 2018) analysed in their 
insurmountable and forensic accounts (see also Postone 1993; Castree 2009).2 Such principles 
held in the 19th century textile factories in Sheffield and Lancaster. The accumulation strategies 
are however constantly changing, Fordist model of capitalism merged “disorganized 
capitalism” (Lash & Urry 1987), then to “knowing capitalism” (Thrift 2005), and now to 
algorithmized trading machine taking place globally stock markets advancing new various 
forms or “assetization” (Birch 2020) and rentiership (Adkins 2018; on social studies of finance 
see Knorr Centina & Preda 2012; Preda 2008; 2017). However as Pasquale (2016) notes, 
opening the algorithmized financial “black boxes” is a rather difficult enterprise because it 
assumes a very good insider knowledge of the operations (see also Lewis 2017). Some 
contemporary critics nevertheless have managed to dismantle the ever-more intimate 
connection of speed and accumulation strategies, including their procedural, structural and 
subjective dimensions, by focusing newly emerging techniques, and socio-cultural spaces in 
the world of financial trading. One such technique is known as “high frequency trading” (HFT) 
and in a way epitomizes the centrality of speed in capitalist regime. Fragments of a second are 
the ultimate competitive advantages and hence sources of (large) profits/assets (see MacKenzie 
2014a, 2014b, 2018, 2019a, 2019b; Knorr Cetina 2016; Knorr Cetina & Preda 2007; Langlet & 
Mol 2016; Borch & Lange 2017; Vostal 2016a). However, speed is not reducible to capitalism’s 
reproductive mechanisms.  Over the course of modernity, speed has been a multivalent temporal 

 
1 M-C-M, now with new modes of accumulation complemented by M-M-M. 
2 Global capitalism needs grow by 3% per year – Harvey (2010) calls this “compound growth” – in order to 
maintain its structural composition as it is. Rosa is not blind to this and comes up with a concept of “dynamic 
stabilization” (2015), meaning that modern society remains relatively stable only when it is dynamic – this reminds 
a character of the Red Queen in Alice in Wonderland. 
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modality and can be – at least provisionally – decoupled from capitalism’s reproductive, modes 
of accumulation and the bottom-line (Vostal 2016b: 196-199). I argued elsewhere (Vostal 2019) 
that conceiving speed as a negative modality, mechanism and experience only would be a 
conceptual and methodological mistake. Once speed as a concept is “emancipated” from social 
critique capitalism, its neutral treatment might open up new avenues of investigation. One such 
avenue is offered by Enda Duffy (2009) 
 
Duffy’s, in my opinion undervalued, account among time scholars, offers unique analytical 
immersion into cultural and literary aspects of the invention and deployment of automobile, and 
claims, following Aldous Huxley’s remark, that speed is the only new pleasure invented by 
modernity: “…access to new speeds, whether on a roller-coaster, airplane, but especially with 
automobile, has been the most empowering and excruciating new experience for people 
everywhere in twentieth-century modernity” (loc8). Of course he refers to bodily and visceral 
experience, but such experience, he argues throughout the book, made speed a political issue. 
The very idea of speed, or moving on faster, is deeply entrenched in secular post-Enlightenment 
modern mindset is also connected to emancipation, empowerment, freedom, pace, dynamics 
and is is indeed deeply connected with the arch-modern principle of progress (Koselleck 2004: 
12, 24; 2018). The emancipatory and progressive dimension of speed has recently been 
challenged on slightly, as it were, circular teleological grounds: “What if progress [underpinned 
by speed], rather than a striving towards a utopic higher good, were transformed into an 
increasingly strenuous endeavour to comport ourselves in relation to an ought that cared little 
for our welfare?” (Sutherland 2019: 31, emphasis original).  
 
I am not entirely convinced by Sutherland’s propositional and suggestive question and maintain 
that one of the most representative domain of modernity’s progress has been and will be – 
science (Rule 1997; Pels 2003; Bourdeau et al 2018; in a more popular vein Pinker 2018, see 
also below).3 No matter how controversial Comte’s legacy of positivism – that mutated into in 
many ways problematic logical positivism in early 20th century – might be, his proposed 
connection between politics and philosophy of science left us with an important principle: 
modern society should be organized around secular, progressive (i.e. human betterment) 
scientific ideas, rather than on religious dogmatism and various metaphysical speculations. That 
is the very reason that animated my engagement with the scientific landscape of experimental  
physics where I search for positive attributes of speed, its epistemic function and how speed is 
conditioned by rather mundane technologies of time, such as clock-time (more below).  
 
Speed and XFEL 
I have therefore chosen to look at some of the fastest technologically mediated process – a way 
faster than the ones that are integral to new modes of capitalist accumulation mentioned above 
– in the contemporary experimental physics, namely x-ray free electron laser experiments 
(XFEL) enabled by linear accelerators. To be more precise, I’ve looked closely at some current 
developments taking place on the intersection of molecular biophysics, biochemistry, laser 

 
3 I take seriously regressive side of modernity – most notably the invention of atomic bomb and its use in Hiroshima 
and Nagasaki, Chernobyl disaster, (Pelopidas 2019), Holocaust (Bauman 1989; Adorno & Horkheimer 1944), 
environmental disaster(s) (Grove 2019; Buck 2019; Haraway 2016); relatedly capitalism’s constitutive effects 
such as alienation (Jaeggi 2014; Rosa 2010; Swain 2012); the dominance of economics as the scientific discipline 
organizing and governing social life (Lewis 2017; Murphy 2017; Fourcade et al 2014; Robinson 2019; Parker 
2018). At the same time, I do think that many of these troubles were extensively analysed as this tiny list of authors 
illustrates and are at the centre of critical social science (see also Alexander 2013). However, my intentions is not 
to add another one-dimensional critical voice, but rather to offer a nuanced account and treat speed as ambivalent 
phenomenon, experience and process with a number of facets – and I am particularly interested in the positive and 
conductive ones.  
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science, photonics, advanced engineering and structural biology. My account draws on now 
nearly 3-year intense ethnography at a facility where the aforementioned disciplines meet in 
synergic manner and form a unique combination generating methods of inquiry with a 
paradigmatic promise (SFX and particularly SPI – see below). The investigation probes into a 
novel laser accelerator that generates extremely intense x-ray pulses that can – because of the 
speed of the beam, or to be more precise due to the femtosecond pulses that the beam can 
achieve – can, if the complex machinery is working as desired/expected, illuminate atomic 
structure of different types of matter e.g. details and of molecular behaviour. users. In a very 
technical terms free electrons are accelerated to high energies and directed to complex 
configuration of magnets. In this process, the particles emit radiation that is continually 
amplified until the femtosecond pulse is generated. Together with socio-cultural, psychological 
dynamic and diversely intermingled epistemic cultures, femtosecond pulses are generated and 
subsequently intended to hit molecular samples and gather data. If the experiments are 
successful and enough robust data is generated, the aim is to “translate” the data into a visual 
form: “3D molecular cinema”. This level of unprecedented forensic scrutiny – in a long-term – 
opens up an avenue for discovering new medical therapies and pharmaceutical solutions of 
hitherto uncurable diseases. The knowledges these technoscientific infrastructures generate not 
only opens-up new avenues in other scientific disciplines (e.g. structural biology), but also their 
capacities and possibilities account for the objective of my current work – retaining scarce but 
non-negligible positive dimensions of speed in modernity.  
 
The investigation follows a long research trajectory of laboratory studies is for decades inherent 
to science & technology studies (STS) (e.g. Collins 1975; Bloor 1976; Barnes 1977;  Lynch 
1985; Latour & Woolgar 1986; Knorr Cetina 1977, 1981, 1995, 1999; Mody 2005; Doing 2007; 
Alac 2011; Lewis & Atkinson 2011; Stephens 2013; Sormani 2014). At the same time, I follow 
some more recent studies of laser-related facilities and techniques that are capable of 
investigating the dynamics of atomic and molecular behaviour (Rekers & Sandell 2017; Myers 
2015). In the remainder of the text I proceed as follows. First, I expose the very facility where 
I’ve conducted my ethnographic work. Second I describe in detail what femtosecond pulse is, 
what it is for. Third, I discuss how femtosecond is possible paying attention to various, largely 
mundane, silent and invisible, technologies of time.  
 
Locating Femtosecond Pulse 
Before I get into brief description of what femtosecond pulses is and what it is for – and why 
should we be interested in – , let me locate it. My research has taken place in an independent 
research organization4 – let’s call it IRO – , a non-profit limited liability company, employing 
around 350 people. There are 12 stakeholders: European countries, their governments or their 
major scientific institutions, participating at the IRO project, with different degrees of stakes 
and influence over the governance and organization of IRO. IRO is a typical “big science” 
facility “packed” with state-of-the-art technologies, embodied expertises and knowledges of 
multiple character that are subsequently offered on a “beamtime market” (Vostal 2018) for 
potential experimental users.5 Femtosecond pulse is the IRO’s main’s “selling point”: IRO, as 
it were, offers “27 000 x-ray flashes per second and a brilliance the is a billion times higher 
than that of the of the conventional x-ray sources…” (promotional leaflet). 
 
A femtosecond is one quadrillionth of a second – quite a difficult time unit to imagine. But a 
femtosecond pulse used in IRO hits a sample under investigation, or a target, as indicated above, 

 
4 There are six similar facilities worldwide. They differed however in technological configurations, capacities, 
ambitions and socio-political embeddedness.  
5 The femtosecond pulse can be used in other areas of scientific inquiry (e.g. material science, astrophysics) 
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27000 times per second.  The laser beams are extremely strong and basically destroy an matter. 
However, given the extremely fast pulses, the scientists can capture an incredibly miniscule 
moment, before the molecule/atom is destroyed: this approach is called “diffraction before 
destruction”. In other words: A unique camera is located in experimental chamber where the 
sample is and “takes a picture” at the very moment when the molecules disperse, before they 
evaporate/are destroyed. One of the most progressive avenues of research using this approach 
is study how proteins behave. The reason for this is that thousands of different proteins work in 
our bodies; they give the cells shape and support, enable chemical reactions and mediate signals 
among them. However, proteins only do all this after they have folded into a certain shape. 
Wrongly folded proteins form clumps, which are likely to contribute to the development of 
disturbances and diseases (HIV, different types of cancer, Alzheimer, Parkinson). Femtosecond 
pulse allows to literally illuminate the very inception of protein’s molecules (un)folding and 
reconstruct their behaviour by translating them into what is colloquially called “3D molecular 
cinema” – which is literally a motion picture, incommensurable faster than traditional motion 
picture/cinema (on the importance of the “discovery” of one tenth of a second that gave the 
invention of cinematography see Canales 2009). In a sense “3D molecular cinema” can be 
placed into the repertoire of cinematic futures analysed by Willis (2016). By advancing the 
visual reconstruction of molecular behaviour, the structural biologists are opening-up the 
possibility of understanding and even halting a process of undesired folding.  
 
There are currently two major approaches how to study molecular behaviour using XFEL’s 
generated femtosecond pulse: serial femtosecond crystallography (SFX), when a stream of tiny 
crystals, that help to stabilize atoms in the protein, are injected into the beam, and single particle 
imaging (SPI), out of which the second one might be the paradigmatic in its promises as it aims 
to capture behaviour of atoms and molecules without crystals, therefore without any mechanism 
of stabilization. This means that SPI method would allow to capture and investigate almost 
natural behaviour of atomic particles (see Neutze et al 2000) – this has never been possible in 
the past. Several recent SFX experiments have been successfully conducted on membrane 
proteins, such as those integral to the process of photosynthesis (see Gisrel et al 2019). In their 
words, in SFX “ultrashort (fs scale) pulse duration enable atomic-resolution structure 
determination of proteins at room temperature from micron-sized protein crystals, while 
outrunning structure-altering…radiation damage” (Gisrel et al 2019). There is currently a series 
of experiments underway at IRO using the SPI that would allow to trace molecular behaviour 
with unprecedented forensics and resolutions. It would subsequently enable structural biologists 
to find out, for instance, how viruses manipulate human cells and how (and which) drugs can 
work against them.  
 
Producing Femtosecond Pulse 
Complementing traditional and contemporary approaches in lab studies, I aim to add the 
temporal dimension into the methodological and explanatory repertoire how knowledge claims 
are co-produced. For such purposes I identify three more or less organic technologies of time 
that comprise temporal ordering – and by extension account for epistemic conditions without 
which femtosecond will be unknown and impossible.   
 

1) The Clock-Time 
Henri Lefebvre’s (1992) key idea in The Production of Space is that humans not only produce 
social relations but in doing so also produce social spaces. Humans, however, also produce 
social time(s), particularly then those mediated, arranged and configured by the clock-time. The 
technology of clock-time is very much taken-for-granted, conventional, deeply socially 
embedded, invisible, “silent” to paraphrase Edward T. Hall. From historical perspective clock-
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time is indeed just one of the technologies of time-keeping, and furthermore its “globalization” 
is relatively recent. Without clock-time, however, any synchronisation, planning, measuring, 
co-ordination and the overall conduct of desirable or necessary character would not be possible. 
This condition indeed applies to the production of femtosecond pulse.  
 
The history of measuring time and “telling time” – including the emergence of clock-time –  
has been mapped quite extensively (e.g., Dohr-van Rossum 1996; Barnett 1999; Aveni 2000; 
Koscielniak 2013; McCrossen 2013).  What is however slightly more important for the purposes 
of my argument is how clock-time – something that late modern subject barely gives a second 
thought about – has been produced, maintained and standardized as a universal instrument 
coordinating “the social” (see Zerubavel 1976, 1981, 1982, 1987). Human beings are socialized 
and disciplined (see below) by clock-time. The clock-time indeed is grounded in biological, 
astronomical and social origins, but it is the Time and Frequency Department of the 
International Bureau of Weights and Measures in Paris that authorizes single official world-
wide time for all of Earth: Coordinated Universal Time, or UTC. Every time-keeping device in 
the world, from the hyper-accurate clocks in GPS systems to wristwatches are synchronized 
directly or eventually to UTC. Any social activity – especially if institutionalized – is subjected 
to standardized clock-time. Here comes simple, mundane, ordinary fact number 1: without 
clock-time any time precious experiments such as the ones using femtosecond won’t be 
possible. A technology of standardized clock-time – UTC – must be universally respected, 
unquestioned and silent.  
 

2) The Second 
The International Bureau of Weights and Measures also perfects, calibrates, legitimizes and 
authorizes, the second as a basic unit of time-reckoning and the clock-time (the second is the 
basis for UTC). The Bureau’s time department, makes sure that one second in New York equals 
exactly one second in Vienna or Tokyo. The second is re-calculated on a monthly basis by the 
time department of the Bureau, using data from some 400 atomic clocks from over 80 national 
timing centres. The standard reference for second is the International Atomic Time. The 
mechanism of determining the second is not that simple, however. The second is defined 
through an atomic frequency, through “caesium standard”. The standard allows to measure the 
precise number of cycles of radiation that it takes for a caesium 133 atom to transform itself 
from one state of energy to another. The Bureau, by authorizing the second, indirectly also 
authorizes derivatives or magnitudes of second, including indeed femtosecond. Viewed in this 
light, the femtosecond turns out to be socially and institutionally carefully maintained 
instrument. So simple fact no. 2: without a carefully monthly calibration of a second there will 
be no femtosecond pulse.  
 

3) The Time-Discipline 
The use of femtosecond pulses assume another temporal condition. Standard experiments in the 
facilities run in slots of 48, 72, mostly 96 hours with no leeway or extension. These slots, often 
divided into 12 hours shifts, are precious resources subject to tough competition – every user 
interested in experimenting on IPO’s instrumentarium must apply for these time slots, that are 
called beamtime. Once beamtime is won and the experiment begins, scientists have to be 
punctual, synchronised, on time, they have to exercise time precision as a group. Scientists, in 
other words, need to be time-obedient and time-disciplined. The standardized clock-time in this 
sense might be seen as disciplinary and self-disciplinary mechanism, often without a need of 
external surveillance or extensive micro-management. EP Thompson (1976) famously 
introduced clock-time discipline as the major feature that gave rise to the industrial capitalism, 
when he described the process of diffusion of clock-time standards and of the internalisation of 
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clock-time by English working classes in 19th century industrial factories in the Midlands. And 
yet, according to my observations the clock-time discipline that underpins the experiments does 
not take much of a psychological toll and is generally regarded as standard feature of 
experimental conduct. There is a paradox here, however. Of course, it is absolutely critical to 
use the allocated beamtime of 96 (or less) hours super-effectively, because if no data is obtained 
the experiment is considered as a failure. And yet when I am 15 meters underground with the 
user group, the clock-time regime somehow escapes the context (almost like in casinos, where 
there are no clocks, just to incite the players to play further). If clock-time is silent on the 
ground, underground it becomes almost mute. There is lots of empty time in the experimental 
hutch, waiting and even boredom that I registered. And yet recognizing when is the right time 
to do something (e.g. inject the sample into the experimental chamber), something I would call 
“tacit timing” is a vital skill for the success of experiments.  
 
Concluding remarks 
First, femtosecond pulse accounts for a new maxim that bypasses up-to-now the fastest 
technology used in the world of algorithmic trading in finance: high-frequency trading which 
operates “only” in nanoseconds – i.e. billionths of a second. Whereas, on the one hand, 
MacKenzie’s, Knorr Cetina’s and Preda’s meticulous research into new practices of algorithmic 
speculative financial trading do acknowledge that capitalism and “will-to-speed” are deeply 
intertwined and thus subject to critical treatment as a new capital accumulation strategy. 
Femtosecond pulse, on the other hand, on is a technology of different character and with 
different objectives. Femtosecond is faster (more intense, to be precise) by magnitudes in 
comparison to the speed of high-frequency signal – but this is not the main point. Second, will-
to-speed can be productive: the quest for ever-higher technologically-mediated speeds, 
intensities and rhythms – and therefore detail and precision they allow – has the potential to co-
producing new knowledges. Thirdly, deeply established modern technologies of time comprise 
the critical frame of ontological reference for femtosecond pulses as such – they indeed enable 
its very existence – and might be considered as epistemic devices shaping aforementioned 
experiments and the knowledge claims stemming therefrom.  
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