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This article chronicles the most recent history of the Deutsches Elektronen-Synchrotron
(DESY) located in Hamburg, Germany, with particular emphasis on how this national
laboratory founded for accelerator-based particle physics shifted its research program
toward multi-disciplinary photon science. Synchrotron radiation became DESY’s central
experimental research program through a series of changes in its organizational, scientific,
and infrastructural setup and the science policy context. Furthermore, the turn toward
photon science is part of a broader transformation in the late twentieth century in which
nuclear and particle physics, once the dominating fields in national and international science
budgets, gave way to increasing investment in the materials sciences and life sciences.
Synchrotron radiation research took a lead position on the experimental side of these
growing fields and became a new form of big science, generously funded by governments
and with user communities expanding across both academia and industry.
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Introduction

The Deutsches Elektronen-Synchrotron (DESY) is a German national laboratory
for photon science and particle and accelerator physics located in Hamburg, with
an outstation in Zeuthen near Berlin. This article recounts DESY’s recent history,
with particular emphasis on how a laboratory once founded for accelerator-based
high energy physics shifted its research program to multi-disciplinary “photon
science,” a collective name for the use of synchrotron radiation and free-electron
laser for the study of materials, including biomaterials. Initially regarded by high
energy physicists as an unwanted byproduct of accelerators built for exploring
subatomic particles, synchrotron radiation was used in so-called parasitic mode at
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several accelerators worldwide, but grew to become a big science in its own right,
with large numbers of dedicated accelerator laboratories.! Today, DESY operates
two photon science machines (FLASH and PETRA III), but no longer a high
energy physics machine. A next generation photon science machine, the European
XFEL officially opened in September 2017.

Synchrotron radiation is electromagnetic radiation in the wavelength spectrum
from infrared, over visible and ultraviolet light, to X-rays down to wavelengths of
0.1 Angstrém (or 0.01 nm). Though initially explored parasitically at high energy
physics labs, synchrotron radiation is currently produced by purpose-built storage
rings. Often called third-generation light sources, the rings keep particles stored in
circulation, producing continuous beams of synchrotron radiation. Different
experimental applications require different wavelengths (or photon energies), and
sometimes very specific wavelengths (that is, monochromatic beams). The use of
linear accelerators to produce so-called free-electron laser is a complementary
activity that many synchrotron radiation laboratories have engaged in since the
1990s. Free-electron lasers produce radiation with dramatically enhanced perfor-
mance parameters (coherence, brilliance, length of pulses). Free-electron lasers
are sometimes called “fourth generation” light sources and are not regarded as
replacements for synchrotron radiation sources, but complementary facilities that
open up new areas of discovery.?

Synchrotron radiation research began at DESY in the early 1960s with a grant
from the German Research Foundation (DFG) to build an “observation bunker”
in order to exploit the scientific potential that synchrotron radiation offered for
ultraviolet spectroscopy.” The bunker hosted the final part of a thirty-meter
beamline from the synchrotron to an experimental station. In the late 1960s, an
increasing number of research groups from various German universities, mostly in
solid state physics, but also chemistry and materials science, started to conduct
experiments in collaboration with synchrotron radiation scientists at DESY. In the
early 1970s, the European Molecular Biology Laboratory (EMBL) established an
outstation at DESY, adding credibility to the synchrotron radiation activities on
site.

When DESY’s second machine, the double storage ring DORIS, became
operational in the early 1970s, the Federal Research Ministry (BMFT; BMBF
since 1995) agreed to become the chief sponsor for university groups that wanted
to use synchrotron radiation at DESY. However, severe initial beam instabilities
prevented DORIS from reaching the expected brilliance and the decision of
particle physicists to study collisions at significantly lower energy levels following
the discovery of the J/psi particle by Burton Richter and Samuel Ting in the mid-
1970s made synchrotron radiation experiments in the much-desired X-ray spectral
range practically impossible. The situation improved when DORIS was converted
to a single-ring operation and when a separate injector device was built for
DESY’s new flagship machine, the positron electron ring accelerator PETRA,
freeing DORIS from its function as an injector (that is, a separate accelerator that
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feeds larger ones with accelerated particles) and thus removing one major obstacle
on the long way to a dedicated synchrotron radiation facility.

Synchrotron radiation became increasingly useful for various scientific fields,
including chemistry, materials science, and structural biology, when continuous
technological advances, most importantly the storage ring (such as DORIS),
allowed a continuous and stable beam of radiation to be extracted instead of the
flickering light of previous synchrotrons (for example, the first synchrotron
machine at DESY, which lent its name to the laboratory). Other significant
developments included arrays of magnets (insertion devices) that increased the
intensity and eventually made the production of hard X-rays possible, helping
achieve highly brilliant, almost monochromatic photon beams.*

The parasitic mode of synchrotron radiation research at DESY reached its
limits in the late 1970s, when more and more users applied for beam time at
DORIS and their scientific results were recognized as novel and highly important.”
By the end of the 1970s, a laboratory, HASYLAB, was founded to coordinate all
synchrotron radiation activities at DESY. However, the BMFT did not provide the
funding necessary to hire enough scientific and technical staff for HASYLAB.
Therefore, the leadership at DESY had to fund synchrotron radiation staff from its
particle physics budget, a situation that caused considerable strain, particularly
between the DESY leadership and BMFT. It was not until the late 1980s that the
BMFT finally provided the funding it had promised. Over time, it became clear
that HASYLAB’s facilities and staff needed to be developed further to seek and
maintain a leading global position (Table 1).

Research with synchrotron radiation was recognized as a formal organizational
goal of DESY’s operations in the early 1990s and DORIS was converted into a
third-generation light source fully dedicated to synchrotron radiation research. In
addition, leading scientists from both the high energy physics program and syn-
chrotron radiation program forged a coalition that eventually culminated in both
the conversion of PETRA into a third-generation light source (PETRA III) and
the building of the European X-ray Free Electron Laser (XFEL). Here, we
chronicle the final seventeen years of DESY’s transformation, from 1993 to 2009,
building on two previous articles featuring the development of synchrotron radi-
ation research at DESY from 1962 to 1993 and additional literature on the history
of DESY.® The historical account closes with the recruitment of the first photon
scientist as chairman of DESY’s Board of Directors, which coincided with the
laboratory’s fiftieth anniversary. This milestone is interpreted as a marker of the
completion of the transformation of DESY from a high energy physics laboratory
into a photon science laboratory.

Synchrotron radiation research grew in parallel with decreasing usefulness of
existing accelerator facilities for experimental high energy physics at the energy
frontier and a strong dependence on the construction of ever larger, and thus more
expensive accelerators with higher energies. This also meant that national research
programs were increasingly substituted by international efforts. Indicative of this
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Table 1. Synchrotron Radiation Research at HASYLAB

Year Number of Number of Number of Annual beam hours for
external users  external institutes experimental synchrotron radiation
stations
1992 718 146 31 2,356
1993 833 180 31 1,202
1994 996 216 42 3,124
1995 1,111 246 42 4,023
1996 1,220 247 42 4,226
1997 1,290 225 42 4,595
1998 1,500 228 41 4,690
1999 1,600 261 42 5,497
2000 1,450 230 42 5,010
2001 1,662 247 42 5,348
2002 1,550 239 41 5,757
2003 1,479 271 40 4,763
2004 1,415 250 38 4,781
2005 1,560 360 43 5,045
2007 1,700 358 41 5,660

development is the Large Hadron Collider (LHC) in Geneva, which remains the
main operating accelerator facility for high energy physics at the energy frontier in
the world, whereas former strongholds of the field, including the United States,
Germany, the United Kingdom, and Russia, have cut their national accelerator-
based high energy physics programs.” Many of these accelerator facilities were
converted and redeployed for synchrotron radiation, with accelerator designers
and constructors redirected to the development of synchrotron radiation sources,
spallation neutron sources, and free-electron lasers.®

In analyzing the increasing importance of research with synchrotron radiation
as a gradually growing experimental activity at DESY, this article not only
contributes to understanding the laboratory’s internal changes and their causes
and consequences, but also details an important piece of the history of science
and technology in the late twentieth century that is relevant for similar devel-
opments in other national contexts, such as the conversion of particle
accelerators and the redirection of physical and intellectual resources from
nuclear and particle physics to materials science at various laboratories around
the globe.9 Therefore, we examine DESY’s transformation using theoretical
categories from the historical institutionalism literature, including four general
modes of change at large laboratories that invite comparisons with other labo-
ratories and facilities, and that can be observed at the level of laboratory
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infrastructure, research fields within the laboratory, and formal organizational
structure: layering, conversion, displacement, and dismantling. A key insight
from the historical institutionalism literature is that institutional change often-
times is neither disruptive nor revolutionary, but proceedes in steps and
gradually—nevertheless, the accumulated results of such gradual change can
transform existing structures fundamentally.'”

Layering means new entities and resources for photon science are added to the
laboratory, enabling accommodation of the new research field without directly
challenging existing structures, such as when photon science resources were added
to DESY’s existing high energy physics capabilities. Conversion refers to when the
research capacity for one set of goals is redirected to other ends, such as when
large technical infrastructure for particle physics (PETRA) was redeployed for
photon science (PETRA III). Displacement means that existing research capacity
is discontinued, such as when scientific experiments in high energy physics were
discontinued at DESY and new experiments for photon science were set up in
their place. Finally, dismantling means that the existing research capacity is dis-
continued without anything added in its place, such as when technical
infrastructure or organizational units in high-energy physics cease to be used
without being replaced (HERA).

Layering, conversion, displacement, and dismantling unfold at multiple tem-
poral and spatial scales and mutually influence one another. For example, the
layering of a new photon science machine to the laboratory’s existing high energy
physics accelerator infrastructure may result in a new scientific activity (science
layering) on the new machine. In addition, the new infrastructure may lead to the
establishment of a new organizational unit (organizational layering). The com-
ponents of the existing particle physics infrastructure itself may simultaneously be
restructured (infrastructure conversion) at various points in time and as part of the
overall process of laboratory transformation in which photon science becomes the
predominant research program (science displacement). Thus, using the theoretical
categories of historical institutionalism helps us understand micro-level events in
one laboratory as elements in transformation processes that constitute the building
blocks of broader developments; here, this is the shift toward using former particle
physics facilities for photon science research.

This article describes the most recent years in DESY’s gradual transformation,
relying on four types of sources: first, archival material obtained at DESY in
Hamburg, including the minutes of DESY’s Administrative Council (Verwal-
tungsrat), Board of Directors (Direktorium), Scientific =~ Council
(Wissenschaftlicher Rat), Extended Scientific Council (Erweiterter Wis-
senschaftlicher Rat), annual reports (Jahresberichte), annual scientific reports
(Wissenschaftliche Jahresberichte), and fiscal plans (Wirtschaftspline); second,
archival material concerning DESY obtained from other archives, including the
SLAC National Accelerator Laboratory in Menlo Park, California, the German
Parliament (Bundestag), and the German Science Council (Wissenschaftsrat);



Vol. 19 (2017)  Turning the Ship 429

third, personal interviews with key contemporary witnesses; and fourth, secondary
literature, including literature on DESY and big science facilities in Germany and
the United States."'

German Science Policy in the 1990s and 2000s

DESY was founded in 1959 during the heyday of nuclear and particle physics, at a
time when governmental science budgets, including those for high energy accel-
erator facilities, seemed almost inexhaustible.'? This contrasts with the budgetary
constraints on public investments in science and technology that prevailed in
Germany in the 1990s. The country’s reunification incurred considerable expenses
for both the federal and state governments. At the same time, the economy slipped
into a severe recession. Many areas of public life had to accept tighter budgets,
including science and technology. Thus, the 1990s were a period of stagnation in
the government budget for science: €20.0 billion in 1991 compared to €20.2 billion
in 2000 (in 2010 prices)."

In the 2000s, although with a stronger economy and after large monetary
transfers had already been made to the former East Germany, both the federal
and state governments did not spent substantially more money on science and
technology, increasing their budget merely by three percent, from €20.1 billion in
2001 to €20.7 billion in 2010."* This small growth pales in comparison to the
considerable budget growth in research and development in other developed
countries. For example, in the United States, the federal science budget grew
approximately forty percent in the same time period, from $91.8 billion in 2001 to
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Fig. 1. High energy physics and photon science budgets at DESY, 1990-2011. Source: DESY,
ed., Wirtschaftsplane 1992-2014; additional data from EMBL and MPG. Figure presents millions
of Euro in 2005 prices
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$128.9 billion in 2010."> Growth rates for the National Science Foundation and the
Department of Energy’s Basic Energy Sciences programs were very similar.'®

DESY’s funding matches the overall budget trend, but the German federal
government’s growing commitment to funding photon science in the 2000s is
clearly visible. The overall stagnation in the federal science budgets of the 1990s
can be seen in figure 1, with the annual high energy physics and photon science
budgets stable at approximately €140 million (in 2005 prices). Beginning in the
early 2000s, depite the small growth in the federal science spending, DESY’s
photon science budget started to expand considerably, whereas the funding for
high energy physics gradually dwindled. At the same time, however, the German
government contributed substantial funds for the construction of the LHC in
Geneva: in the first five years of the millennium, as much as half of the total annual
CERN budget of roughly €700-900 million went directly to LHC construction,
with Germany’s share stable at roughly one fifth, or between €150 million and €180
million."”

The second development in German science policy of the 1990s and 2000s was the
widely debated problem that government-funded research organizations and public
universities were increasingly insulated from one another, with low degrees of
mutual collaboration. This situation was perceived by the BMBF as stifling to the
overall progress of science and technology.'® In 1996, the federal government and
state governments decided to conduct “system evaluations” for the Max Planck
Society (sixty institutes), Fraunhofer Society (forty institutes), Leibniz Association
(eighty-two institutes and service centers), Helmholtz Association (sixteen research
centers),and DFG."” DESY belonged to the Helmholtz Association, which had been
formed as an umbrella organization for the German “big science centers”
(“Grofforschungseinrichtungen™) just a year earlier.”” In 1998 and 1999, two expert
committees were set up to evaluate the Fraunhofer Society and Max Planck Society
(and DFG), including their relationships with the universities.”' Upon request from
the federal government, the Science Council conducted such evaluations for the
Leibniz Association (2000) and Helmholtz Association (2001), again with a focus on
the relationships of their institutes and centers with the universities.*”

Regarding the research centers of the Helmholtz Association, the Science
Council recommended increasing their efforts to recruit leading scientists together
with their neighboring universities. These joint professorial appointments would
allow “mutual sharing of information and coordination” and the building of
“clusters in strategically important research fields.” Furthermore, Helmholtz
research centers were asked to consider the possibility of establishing joint insti-
tutes with the universities.”> As shown below, DESY leadership acted in line with
these recommendations by establishing the Center for Free Electron Laser Science
(CFEL) in 2007, a joint facility between the Helmholtz Association, Hamburg
University, and the Max Planck Society. The CFEL not only received new
research and administration buildings, but was also endowed with five new pro-
fessorial staff positions for joint appointments with Hamburg University.
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A third development in German science policy occurred as a direct conse-
quence of the system evaluations. Based on the recommendations resulting from
the evaluations, the federal government requested the Max Planck Society,
Fraunhofer Society, Leibniz Association, and Helmholtz Association carry out
internal reforms.”* The most sweeping reforms occurred at Helmholtz, based on
the Science Council’s recommendation to establish a new funding structure along
with broadly defined research programs and a suitable governance structure for its
planning and administration.*

In contrast to established practice in which Helmholtz centers were directly and
individually funded (90% by the federal government, 10% by the governments of
the states in which the research centers were located; the City of Hamburg in the
case of DESY), the new budget structure implied that all laboratories would
compete for shares in these research programs and the allocation of funding would
be founded on peer review—based evaluations of five-year research plans. In
addition, the Science Council recommended establishing a new umbrella organi-
zation whose president and senate would be key actors in both research strategy
planning and the allocation of funds.?®

The eagerness and speed with which the BMBF pushed forward and imple-
mented the Council’s recommendations spurred criticism from members of the
Bundestag, particularly the opposition parties, who feared that the Helmholtz
reforms would result in “oversteering,” “increased bureaucratization,”®’ the “in-
troduction of command science,” and the “disempowerment of research centers.”
Early empirical studies partly support these allegations, particularly the trend
toward increased oversteering and bureaucratization,”” but a comprehensive
evaluation of the Helmholtz reforms has not yet been conducted.

The new funding and governance structures, which were eventually implemented
by the end of 2001, also implied—in principle—less involvement of the federal
government in setting the research agendas of Helmholtz centers. In fact, as shown
below, the CFEL (initiated by DESY) was founded based on decisions by the senate
of the remodeled Helmholtz Association and thus as part of the broadly defined
research programs to which all national laboratories contributed. Yet, the BMBF
reserved its right to intervene in Helmholtz’s research agendas when deemed nec-
essary. Regarding DESY, this happened in the mid-2000s when, despite the Science
Council’s recommendation to fund both the International Linear Collider (TESLA-
ILC), a high priority machine for particle physics, and one large photon science
machine, the European XFEL, the BMBF did not provide any funding for the
former, but did provide substantial funding for the latter. Unsurprisingly, this caused
considerable frustration among particle physicists at DESY and elsewhere.

In summary, the following contextual factors in German science policy in the
1990s and 2000s shaped DESY’s turn towards photon science. First, after a decade
of stagnation in science budgets, funding for high-energy physics started to decline
as the funding for photon science increased considerably. Second, the Helmholtz
Association, the umbrella organization for all national laboratories, including
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DESY, was subject to sweeping administrative reforms, most importantly
regarding the streamlining of the centers’ research agendas along broadly defined
programs. Third, the BMBF, despite a supportive evaluation from the Science
Council, did not fund yet another accelerator for experimental particle physics at
DESY, instead providing substantial funding for a major new photon
science machine.

The Vacuum Ultraviolet Free Electron Laser (VUV-FEL)

Our analysis begins in 1993, when HASYLAB was reasonably well-equipped with
support staff, DORIS had been transformed successfully into a fully dedicated
synchrotron light source (DORIS III), and the synchrotron radiation program had
been integrated in DESY’s statutes. In the same year, Jochen Schneider followed
Gerhard Materlik (both photon scientists) as HASYLAB director, and Bjorn Wiik
(high energy physicist) became chairman of DESY’s Board of Directors. Both
Schneider and Materlik became leading figures in the transformation of DESY
into a dedicated photon science laboratory. Together with Wiik, they forged a
coalition between the high energy and accelerator physicists on the one hand, and
photon scientists on the other hand. This coalition eventually led to the building of
the first free-electron laser in the vacuum ultraviolet energy region (VUV-FEL) as
part of the TESLA Test Facility (TTF), the conversion of PETRA into a third-
generation synchrotron light source (PETRA III), and the BMBF’s commitment
to fund fifty percent of the costs of the European XFEL.

When Wiik became chairman of the Board of Directors in 1993, he had already
been at the laboratory for more than twenty years. Wiik had a strong interest in
electron-proton collisions and succeeded, together with his predecessor Volker
Soergel, to build HERA, a large 300 GeV electron-proton collider with a 6.3 km
circumference.’® Many observers regarded HERA as too big and too expensive a
project to ever be realized. Its sheer physical size and considerable technical and
administrative complexity required great leadership qualities. In this regard, Wiik
played a key role in organizing political support for the funding and motivated and
inspired scientists and technicians at DESY and from abroad to join the project.*!
This leadership was also required in the laboratory’s next big undertaking, the
TeV Superconducting Linear Accelerator (TESLA).

First proposed in 1991, TESLA was meant to continue the accelerator-based
particle physics program at DESY.*” Based on two beams (positrons colliding with
electrons) coming from two opposite linear accelerators and built with super-
conducting resonators, this project presented a double technical challenge for
DESY. First, the laboratory had never built a large linear accelerator. Compared
to its North American sibling SLAC, DESY’s technical expertise was firmly
anchored in storage-ring technology, not linear accelerators. Second, the use of the
superconducting radio frequency (SRF) technology for accelerators was novel and
intrinsically risky because such a technical design had never been built and tested
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elsewhere.”® In response to this challenge, in 1992, DESY organized an inter-
national consortium of nineteen institutions from eight countries and established
the TTF, where major components of the new accelerator were built and tested.*

However, in the early 1990s, there was little political support for funding a new
particle physics machine at the BMFT. In 1993, during his inaugural visit to the
BMFT as chairman of DESY’s Board of Directors, Wiik presented the techno-
logical program that would be needed for realizing TESLA, but he received clear
signals from Minister Heinz Riesenhuber that the BMFT was more interested in
the development of key technologies (including materials science and the life
sciences) than in building another single-purpose high energy physics machine.
Therefore, Wiik and his colleagues modified the original TESLA concept and
included a free-electron laser in its design.>

The close relationships between physicists at DESY and SLAC made the
free-electron laser an opportune design choice. In February 1992, the concept
of a free-electron laser was discussed during a workshop at SLAC on “Fourth
Generation Light Sources.” *” It was at this workshop that Claudio Pellegrini
(University of California at Los Angeles) proposed to rebuild the SLAC linear
accelerator to an X-ray free-electron laser.”® Following the discussions at this
workshop, a study group was formed at SLAC, which, in June 1992, submitted
a project proposal to the Department of Energy, requesting $100,000 in
research and development funds for the project that had been given the name
Linac Coherent Light Source (LCLS).>” In November 1992, Wiik was involved
in the technical review committee that supported the proposal to conduct
preliminary research for the project.*” In 1994, former HASYLAB’s director
Gerhard Materlik was co-organizer of the “Workshop on Scientific Applica-
tions of Coherent X-Rays” at SLAC with John Arthur and Herman Winick.*'
After returning from his sabbatical at SSRL (1993-1994), Materlik convinced
Wiik to include an X-ray laser in the superconducting linear accelerator project
at DESY.*

This new X-ray laser was meant to substantially improve the technical and
scientific aspects of synchrotron radiation research, essentially by enabling the
production of coherent (laser) X-ray radiation. Compared to the state-of-the-art
synchrotron sources at the time, such as the European Synchrotron Research
Facility (ESRF), which opened in 1994 in Grenoble, the new X-ray laser would
increase the beam intensity by several orders of magnitude and enable time-
resolved studies at the femtosecond level, which was previously unachieved and
opened up many new potential applications.*?

However, synchrotron radiation researchers were generally skeptical about the
technical and scientific feasibility of the X-ray free-electron laser: “The main
concern was that the very high X-ray intensity would blow-up any sample on the
beam path, making it impossible to obtain useful data.”** In 1996, at a workshop
on fourth-generation light sources at the ESRF in Grenoble, several prominent
French X-ray scientists said the LCLS would never work.* In addition, potential
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users, including those in the life sciences, had “no interest in an expensive X-ray
laser,”*® not least of all because they “were perfectly happy with synchrotron
radiation.”*’

Given the technical question of whether the self-amplified spontaneous emis-
sion (SASE) principle—the central technical concept of a free-electron laser—
could be scaled to higher photon energies (X-rays) and in order to overcome the
reservations of the synchrotron radiation community, the free-electron laser had
to be successful at a lower energy (ultraviolet region). At DESY, a roadmap was
established to test the feasibility of the free-electron laser in the vacuum ultravi-
olet energy region (VUV-FEL) first, and then build a VUV-FEL facility and a
free-electron laser in the X-ray region.*® In 1995, a conceptual design was released
for the VUV-FEL and both DESY’s Scientific Council and Administrative
Council approved the project that same year.*’ Several years of construction and
technical development followed.™ In 1999, the facility achieved initial operation.’’
In February 2000, the laser beams achieved an intensity that proved the VUV-
FEL concept worked.” In 2001, the VUV-FEL started operations for scientific
experiments and was later renamed FLASH (figure 2).>

In parallel with the construction of the VUV-FEL, two developments provided
momentum for building free-electron lasers in general. First, since the late 1990s,
more and more experimental results proved that the free-electron laser was going
to work. In particular, several research groups reported SASE measurements that
were regarded as proof of principle.”* Second, in the United States, the Depart-
ment of Energy took several steps toward building a free-electron laser in the hard
X-ray energy region at SLAC. In January 1999, a review panel from the Basic
Energy Sciences Advisory Committee concluded that the Department of Energy
“should pursue the development of coherent light source technology in the hard
X-ray region as a priority.”>> Based on that recommendation, the Department of
Energy provided additional funding. Following the submission of the LCLS
Design Report in January 2002,°° they decided to go ahead with the more concrete
planning.’’ As the VUV-FEL had started operating successfully at DESY, the
Department of Energy no longer wanted to build a test facility for a hard X-ray
free-electron laser as SLAC had suggested, but rather a full-fledged user facility.*®
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Fig. 2. Schematic layout of FLASH. Source: https:/flash.desy.de/ (accessed March 20, 2017)
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At DESY, the integration of the FEL into the TESLA project proposal
effectively connected the particle physics program and photon science program.>
Therefore, Wiik presented the linear collider as an “ideal driver for a free-electron
laser” and a prerequisite for assuring “the highest standard regarding beam
quality.”® He advertised the linear collider, now in combination with the free-
electron laser, as DESY’s future machine in many lectures and presentations.’’
Thus, since the mid-1990s, and for the first time in its history, synchrotron radia-
tion/photon science occupied a prominent place in DESY’s research strategy.

The new partnership between particle and accelerator physicists and photon
scientists developed in a similar way at SLAC. In one of its planning documents in
the late 1990s, the SLAC leadership argued: “While seemingly quite different, the
synchrotron radiation and particle physics programs are in fact allied programs
that benefit one another, mutually driving back the frontiers of accelerator tech-
nology that both depend on for research.”®* When the planning for the LCLS
became more concrete in the early 2000s, accelerator-based particle physics and
photon science were portrayed as close allies.®®

Following the increase in strategic importance, the DESY Administrative
Council, in consultation with Wiik, strengthened HASYLAB’s leadership in 1998
by establishing a board structure with two leadership positions in addition to the
HASYLAB director. Since that year, HASYLAB’s director has been invited to
the meetings of both the Scientific Council and the Administrative Council,
becoming more embedded in DESY’s research planning.

The successful building, testing, and operation of the VUV-FEL strengthened
the TESLA partnership considerably. However, TESLA experienced a severe
blow shortly before the new free-electron laser became operational when Wiik
died in a tragic accident in February 1999.°* TESLA had suddenly lost its key
manager who had helped integrate the particle physics and synchrotron radiation
communities at DESY.® The Administrative Council appointed Albrecht Wagner
(particle physicist), who had been DESY’s Research Director since 1991, as the
new chairman of DESY’s Board of Directors.*

The Administrative Council wanted to ensure that the synchrotron radiation
program was represented adequately in the Board of Directors. Following up on
Board of Directors discussions that occurred before Wiik’s death, the Adminis-
trative Council split DESY’s research division into the particle physics and
synchrotron radiation sections. They recruited Robert Klanner, formerly a leading
scientist at HERA, as director of the particle physics section, and Jochen Sch-
neider, who was also HASYLAB director, as director of the synchrotron radiation
section.”” When Schneider assumed his new office in January 2000, the syn-
chrotron radiation program was formally represented in the Board of Directors
and on par with particle physics.®® The long “Babylonian exile” for synchrotron
radiation research was over.”

In terms of the four theoretical categories of change processes introduced
above,”’ both the construction of the VUV-FEL and the creation of a new
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leadership position for synchrotron radiation on the Board of Directors can be
interpreted as instances of layering, whereby the former represents an example of
infrastructure layering and the latter an example of organizational layering.
However, viewed from a long-term perspective, these two layering processes
eventually led to the displacement of accelerator-based particle physics by photon
science. This shows that the processes of change are not necessarily identical with
the long-term results to which they lead. In other words, if accelerator-based
particle physics had been continued at DESY, these developments would have
simply added photon science without changing the overall direction of the labo-
ratory. Yet, an important insight from historical institutionalism is that step-by-
step processes are key in transforming existing institutions. Therefore, both the
VUV-FEL and new leadership position on DESY’s Board of Directors were
important elements of the laboratory’s gradual turn toward photon science.

The Redeployment of PETRA for Photon Science (PETRA III)

Since its dedication to synchrotron radiation, DORIS III had become increasingly
popular among external users, not only because the number of experimental
stations substantially increased after 1993 (from thirty-one to forty-two), but also
because the available beam time more than doubled between 1992 and 1999 (from
2,354 to 5,497 annual hours).”" In addition, the HASYLAB team responded to
user needs by constantly improving the technical performance of the machine and
experimental stations. This provided reliable and effective conditions for con-
ducting experiments, as evident in the high share of effective beam time used,
which was typically more than ninety percent.”” The annual number of research
organizations involved in synchrotron radiation research increased from 146 to 261
between 1992 and 1999. By the late 1990s, DORIS III had come to be regarded as
a highly reliable synchrotron source, producing routine photon beams since 1994
and satisfying external users.”* In June 2001, EMBL decided to scale up its DESY
outpost by twenty-five percent, employing nine new scientists and investing three
million Deutschemarks (DM) in a new building.”*

The conversion of PETRA into a dedicated synchrotron radiation source got
underway in the late 1990s. PETRA was the flagship high energy physics machine
at DESY in the 1970s, and since 1987 it had been used as an injector for HERA.
Five years later, in November 1992, members of the Extended Scientific Council
discussed the possibility of installing a test facility for synchrotron radiation and
recommended an insertion device that would produce radiation with extremely
short wavelengths (hard X-rays), almost at the limit of what was theoretically
possible.”” This recommendation was approved by the Board of Directors, and
construction of this new beamline started in 1994.° It was housed in a new
experimental hall built as part of a larger investment program for HASYLAB
costing approximately eight million DM.”” In March 1995, the first beam of syn-
chrotron radiation was observed at PETRA. This was perceived as a success, and
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in 1996 a second beamline was built to exploit lower wavelengths.”® However, the
two beamlines were available for synchrotron radiation experiments only when
injections for HERA were not needed, the function of PETRA as an injector for
HERA was always prioritized.”” This was similar to the situation in the late 1970s
when DORIS served as injector for PETRA; thus, the use of PETRA for syn-
chrotron radiation was severely restrained.*

The situation started to change when Schneider was offered the position of
director general of the pan-European synchrotron radiation facility ESRF in
August 1999.5' A few months after Wiik’s death, it was clear to the Board of
Directors that, if Schneider accepted the ESRF offer, the TESLA coalition would
lose its second leader and be considerably weakened. This was not in the interest
of the particle physicists who were eager to obtain funding for the linear collider.
Therefore, the Board of Directors agreed in principle to dedicate PETRA to the
synchrotron research program after the termination of HERA’s operations.® This
sent a strong signal to the synchrotron radiation community, since the proposed
conversion of PETRA had set high technical ambitions; it was going to make
DESY the host of a state-of-the-art synchrotron radiation facility that would not
only be competitive with, but even more attractive than, sources such as the ESRF,
particularly in the hard X-ray region.®® Therefore, the decision clearly meant that
the DESY Board of Directors staked out a future for the laboratory in which
synchrotron radiation was one of its prime missions.

However, it took another two years until the plans for the conversion of the
existing accelerator into PETRA III became more concrete. In September 2001,
Schneider was offered the position of director of the Advanced Photon Source at
Argonne National Laboratory.® At that time, the TESLA project proposal was
under review with the Science Council. Schneider inquired with the BMBF whe-
ther the conversion of PETRA into a dedicated synchrotron light source could be
sped up.*® In late September 2001, the Board of Directors convened for a special
meeting to discuss DESY’s research strategy and approved January 2007 as the
start of the “rededication of PETRA as an independent source of synchrotron
light” and simultaneous termination of the HERA program.*® Following this
decision, Schneider declined the job offer from Argonne.®’

Although PETRA'’s conversion was conceded, DESY would not be able to
fund it from its own budget. The conversion would be quite expensive, as one-
eighth of the 2.3 km-long ring had to be built anew and housed in a new exper-
imental hall in order to host some eighteen new beamlines.*® Therefore, it was
vitally important that the BMBF offered help sponsoring a working group tasked
with preparing a technical design report for PETRA II1.* In February 2003, the
BMBF decided to support PETRA’s conversion with €120 million.”® Therefore,
the research group was able to prepare its technical design report under the
premise that funding would be made available. When the technical design report
was issued in February 2004,°" DESY had already established the Photon Science
Committee that would govern the selection of projects and allocate dedicated
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beam time for synchrotron radiation experiments. This new committee replaced
the Research Council Synchrotron Radiation that had been in place since 1978.”

In February 2004, DESY submitted the technical design report for PETRA III,
to which more than two hundred scientists from sixty-five organizations con-
tributed, for international review.”> Following discussions inside and outside
DESY, the Extended Scientific Council approved PETRA III in November 2004
and the Administrative Council approved it in December 2004.”* In May 2005, a
“state contract” (Staatsvertrag) was signed for PETRA III. The federal govern-
ment and the City of Hamburg, which shared responsibility for funding DESY,
authorized the construction of PETRA III, the total cost of which was estimated at
that time to be €225 million.”” Finally, when HERA was shut down in June 2007,
the construction of PETRA III started.”® After two years of construction, in
September 2009, PETRA III officially opened, and its operation as a user facility
started in the spring of 2010."”

In terms of the four theoretical categories of change processes introduced
above,” the redeployment of PETRA as a dedicated synchrotron radiation light
source (PETRA III) represents a case of infrastructure conversion because it was
built as a particle physics machine and later rebuilt and used for producing syn-
chrotron radiation. The shutdown of HERA represents an instance of
infrastructure dismantling, though the scientific activities associated with HERA
have not been discontinued entirely. Data generated by this accelerator are still
being processed by particle physicists at DESY. In addition, the basic technical
infrastructure of HERA still sits in the six kilometers of tunnel under DESY and
can, in principle, be restarted or rebuilt for new purposes, which would amount to
infrastructure conversion in the long run. However, it is unlikely that HERA will
be restarted for use in particle physics. Again, a long-term perspective indicates
that PETRA’s conversion and HERA’s shutdown are elements in a process that
eventually led to the displacement of accelerator-based particle physics by photon
science.

The Turn toward Photon Science

The funding decision for the conversion of PETRA was part of a larger investment
in photon science on behalf of the German federal government and DESY, par-
ticularly the European XFEL. As outlined above, Wiik, Schneider, and Materlik
had forged a coalition; the TESLA project contained a linear collider for particle
physics (TESLA-ILC) that would also power the free electron X-ray laser
(TESLA-XFEL). After several years of testing and development, DESY sub-
mitted the TESLA technical design report to the Science Council for review. In
March 2001, DESY presented the report at an international symposium in
Hamburg attended by more than 1,100 participants from all over the world.” The
TESLA proposal was DESY’s biggest project ever, much larger than HERA. The
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estimated total costs for the linear collider were €3.4 billion; the one billion DM
cost of HERA paled in comparison.'®

Given the scientific and technical complexity of the proposal, the Science
Council’s evaluation took more than a year.'”! In July 2002, the council issued its
preliminary review and asked DESY to submit a technical solution for the XFEL
that would not require the TESLA-ILC, as well as a more detailed explanation of
how the linear collider would be organized. In October 2002, DESY submitted two
revised technical reports containing a separate and much smaller linear accelerator
for the XFEL and a detailed scheme for the TESLA-ILC collaboration.'”® The
two revised proposals implied that TESLA-ILC could be decoupled, both tech-
nically and organizationally, from the XFEL. In November 2002, the Science
Council approved the two revised proposals and recommended funding both.'*

Decoupling TESLA-ILC from the XFEL was clearly against Wiik’s intentions.
However, it turned out to be an important step forward in the decision-making
process. In February 2003, the BMBF presented its decision on the TESLA pro-
posal at a press conference in Bonn. The BMBF decided to provide fifty percent of
the European XFEL’s estimated cost of €684 million (in year 2000 prices); the
other half would have to be provided by European partners. In addition, the
BMBF decided that it would provide no funding for the construction of TESLA-
ILC."" The BMBF’s decision was a severe blow for the particle physics program
at DESY. Albrecht Wagner and many DESY particle physicists, who had devel-
oped high expectations during the almost ten years of preparation for the TESLA
proposal, were bitterly disappointed.'®

Yet, the BMBF had packaged its decision in a way that offered the possibility
for particle physicists to continue their linear collider plans. The BMBF had not
cancelled TESLA-ILC, but formally approved it without providing funding. With
this peculiar decision, the leadership of DESY could continue its efforts and
submit a new proposal at any time in the future. Therefore, Albrecht Wagner
argued in the first meeting of the Administrative Council after the February 2003
decision that the BMBF had not only made investments that would make DESY
into “one of the leading laboratories for photon science worldwide,” but that
DESY should also “continue its research and development activities regarding the
linear collider within an international collaboration.”'°® Importantly, though the
XFEL was conceivable as a European collaborative project and later realized as
such (see below), TESLA-ILC was large enough to warrant the entire global
particle physics community joining forces. Therefore, in 2005 the Global Design
Effort (GDE) was formed around the design and planning of the International
Linear Collider (ILC), merging the achievements of the previous design and
planning efforts of TESLA-ILC with the United States’s Next Linear Collider
(NLC) and other similar projects.'”’

Considerable controversy persisted within the BMBF about whether the DESY
leadership should be allowed to continue its linear collider efforts, but eventually
the BMBF conceded that the Board of Directors, in coordination with the new
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Helmbholtz Association, was responsible for developing DESY’s research strat-
egy.'” In addition, following the Helmholtz reforms in 2001, the Chairman of
the Board of Directors would have to streamline such plans in five-year research
programs. Nevertheless, the BMBF wanted DESY’s leadership to understand that
with VUV-FEL, PETRA 1II, and the XFEL, DESY had three major infrastruc-
tural and scientific projects that demanded full dedication. Therefore, Hermann
Schunck, the BMBF’s representative at the Administrative Council, reminded
DESY’s leadership to focus on the projects that had been funded and give them
priority over the linear collider.'”

The first meeting of the International Steering Committee for the European
XFEL was held in February 2004. One of the major tasks of this committee
was to assemble support from European countries to co-fund the XFEL.''? In
September 2004, the Federal Government, the City of Hamburg, and Sch-
leswig-Holstein signed a “state contract” (Staatsvertrag) that formally
authorized construction of the XFEL. The contract stated that the European
XFEL would cost €684 million (at year 2000 prices), with fifty percent being
the responsibility of the federal government, ten percent the responsibility of
the City of Hamburg and Schleswig-Holstein, and forty percent the responsi-
bility of European partners.''" In the three years that followed, a number of
European partner countries joined the project, and in 2007 Russia decided to
contribute 23.1 percent of the total construction costs, swiftly pushing the
project toward the start of construction in January 2009. In September 2017,
the European XFEL was officially opened.''

The XFEL decision concluded developments at DESY, signaling that its future
would be accelerator-based photon science. By the end of the 2000s, all of DESY’s
large accelerator machines were dedicated to photon science. DESY operated
DORIS III, a highly reliable and popular machine in the synchrotron radiation
community, as indicated by its substantial oversubscription.''* DORIS III was shut
down in 2012, after almost twenty years of service to the synchrotron radiation
community. Furthermore, DESY upgraded the VUV-FEL into a full-scale user
facility, providing a highly brilliant photon beam between 6 and 120 nm. In August
2005, the VUV-FEL started operating as a user facility, and in 2006 received its
new name, Free Electron Laser in Hamburg (FLASH).''* When PETRA III
started operation in 2010, DESY operated three major photon science machines
but no high energy physics machine (figure 3).

The shift toward photon science was also visible in the expansion of strategic
research relationships with both the Max Planck Society and Hamburg University.
In December 2003, DESY submitted its CFEL proposal to the Helmholtz Asso-
ciation. In 2004, the Helmholtz Senate recommended strengthening photon
science at DESY, particularly the development and operation of free-electron
lasers.''> Following this recommendation, the CFEL was founded in 2007 as a joint
venture between DESY, the Max Planck Society, and Hamburg University after
negotiations between the three partners.''® The BMBF supported the CFEL by
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Fig. 3. Schematic layout of installations inside the experimental hall of PETRA III. Source:
http://photon-science.desy.de/facilities/petra_iii/ (accessed March 20, 2017)

effectively doubling its synchrotron radiation research program from €8.4 million
in 2006 to €19.0 million in 2007, and the City of Hamburg sponsored new labo-
ratory and office buildings. In addition, the CFEL had five professorial staff
positions for joint appointments with Hamburg University."'’

In March 2009, the first photon scientist was appointed chairman of DESY’s
Board of Directors: Helmut Dosch.'® Prior to his appointment, Dosch had been
director at the Max Planck Institute for Solid State Research in Stuttgart (1997-
2009) and Professor of Material Sciences at the University of Wuppertal (1993-
1997), where he had developed new methods using synchrotron radiation.''” Thus,
in the same year that DESY celebrated its fiftieth anniversary, the laboratory’s
transformation from accelerator-based particle physics to multidisciplinary photon
science manifested itself in a change in leadership.

In terms of the four theoretical categories of change processes introduced
above,'? both construction of the European XFEL and founding of the CFEL can
be interpreted as instances of layering; the former represents an example of
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infrastructure layering and the latter an example of organizational layering.
Viewed from a long-term perspective, these two layering processes eventually
provided the final momentum for the laboratory’s transformation.

Conclusions

This article chronicles the most recent history of DESY’s transformation from a
laboratory founded as a resource for accelerator-based particle physics to a facility
in which its main experimental program is multidisciplinary photon science.
Today, DESY operates two photon science machines (FLASH and PETRA III)
but no particle physics machine, and the next photon science machine on its site,
the European XFEL, which opened very recently.

As shown here, DESY’s turn toward photon science was made possible by a
coalition between particle and accelerator physicists on the one hand, and photon
scientists on the other hand. On the particle physics side, this coalition was meant
to continue the accelerator-based particle physics program at DESY, but that did
not happen because the Federal Research Ministry was not prepared to provide
funding for yet another dedicated particle accelerator at DESY, a development
that is in line with the more general trend of national programs in experimental
particle physics being increasingly substituted by global coordinated programs; the
LHC in Geneva is currently the strongest program worldwide. Yet, the accelerator
physicists turned out to be key in overcoming skepticism and resistance among
synchrotron radiation researchers. They helped redeploy, for photon science,
scientific and technical capabilities that had been built up when accelerator-based
particle physics was DESY’s dominant scientific program.

Furthermore, institutional entrepreneurship unfolded in an increasingly sup-
portive academic environment. Whereas, synchrotron radiation research at DESY
yielded little resonance among professors at Hamburg University outside the
physics department in the 1960s and 1970s,'*! the fascinating perspectives of the
European XFEL made all actors became aware that the expansion of multi-
disciplinary photon science would be severely limited without active support from
professors at Hamburg University (and other research organizations on the DESY
site, including the Max Planck Society and EMBL outposts), in fields as diverse as
materials science, chemistry, and molecular biology. The foundation of the CFEL
is important in this regard because it included joint faculty positions that estab-
lished productive and durable institutional links between DESY and Hamburg
University in photon science.

This article’s theoretical framework draws on categories developed in the tra-
dition of historical institutionalism that emphasizes gradual transformation, in
contrast to disruptive discontinuities, such as political or social revolution, or path-
dependent stabilities in which an existing institutional order is continuously
reproduced. This framework is meant to direct greater attention to step-by-step
developments that accumulate over time, deeply transforming existing structures.
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As shown throughout the article, DESY’s most recent history provides several
examples of infrastructure and science layering (VUV-FEL, XFEL), organiza-
tional layering (Photon Science Division, Research Director for Photon Science,
CFEL), infrastructure conversion (PETRA III), and infrastructure dismantling
(HERA). Taken together, these are elements in a long-term process that affects
infrastructure, scientific activities, and formal organization alike. Thus, the overall
conclusion from framing DESY’s history in these terms is that we have witnessed a
multistep and multidimensional process of abandoning accelerator-based high
energy physics and the simultaneous build-up of multidisciplinary photon science
within the same laboratory organization and overall political and financial
framework. This shows the value of using theories of gradual, cumulative insti-
tutional change in analyses of the recent history of science.

Historical institutionalism invites comparisons. In this regard, one difference
between DESY and its North American sibling SLAC is that the abandoning of
accelerator-based high energy physics involved the shut-down of PEP-II, SLAC’s
then flagship particle physics machine, six months earlier than originally planned
due to a funding cap in the Department of Energy’s high energy physics program.
In contrast, the shutdown of HERA, DESY’s then flagship particle physics
machine, occurred six months later than originally promised to the photon sci-
entists who eagerly awaited this shutdown to eventually start the conversion of
PETRA into a third-generation light source. The last months before the shut-
downs of former flagship particle physics machines were emblematic in that SLAC
turned to photon science more swiftly than DESY. Therefore, although similar
processes of institutional change occurred in both laboratories, the speed of
transformation differed depending on the particular organizational settings, col-
laborations between the actors involved, and the availability of resources.

In this regard, one conspicuous difference between DESY and SLAC is that the
latter has redeployed its scientific and technical capabilities in accelerator-based
particle physics not only in photon science, but also in astroparticle physics and
cosmology. SLAC initiated an astrogravity research program in the mid-1990s,
paving the way for a transition from accelerator-based particle physics to
astroparticle physics and cosmology in the 2000s, when it founded the Kavli
Institute for Particle Astrophysics and Cosmology, in cooperation with Stanford
University. This additional redeployment involved a migration of several particle
and accelerator physicists to the adjacent field and helped accomplish SLAC’s
“painful rebirth.”'** Such a redeployment did not occur at DESY; thus, particle
and accelerator physicists did not migrate into this growing field at DESY, which is
one of the reasons why the laboratory’s transformation took longer.'*?

The transformation chronicled in this article is part of a larger current of change
in science and technology in the late twentieth century and after. This change
complemented the dominance of nuclear and particle physics in national and
international science budgets with a rise of life sciences and materials sciences and
applications of similarly tremendous impact. Photon science took a lead position
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on the side of experimentation in these growing fields of research and develop-
ment and became a new form of big science, generously funded by governments
and with user communities expanding across both academia and industry.'?*

The change from nuclear and particle physics as the most prestigious and well-
funded areas of science in the Cold War era to a new, post—-Cold War situation in
which the life sciences, advanced materials sciences (including nanotechnology),
and other scientific areas happened on several levels and in several different
dimensions. Previous analyses have shown how the early exploration of syn-
chrotron radiation at SLAC and DESY formed part of these grander
transformations as important micro-level change processes contributing to the
overall transformation as well as catalyzing it.'** In one sense, the present article is
a sequel to the previous analyses, continuing the story of the same overall change
process for seventeen more years. In another sense it is a separate analysis that
shows the consequences of early work to use synchrotron radiation at DESY,
namely what these early efforts produced in terms of broader, deeper, and more
profound efforts to exploit accelerator technology for photon science.

This article has also focused its analyses on the changing relationship between
synchrotron radiation/photon science activities gradually taking over larger shares
of DESY’s organizational and infrastructural capacities, and the high energy
physics program, which was the original research mission of the laboratory. In the
years preceding the starting point for the analysis of this article, the synchrotron
radiation activities at DESY were mainly auxiliary and peripheral to the main
mission of the laboratory, allowed to continue based on the consent of the particle
and accelerator physicists, who were in charge of laboratory operations. As the
article shows, the new scientific activities became central to the facility during the
1990s and 2000s. Thus, the formation of photon science at DESY occurred largely
within pre-existing structures, where it underwent gradual growth in the shadow of
a laboratory dedicated to experimental particle physics. A somewhat related
observation has been made in innovation studies in which the initial processes of
path-breaking technical innovations unfolded in the shadow of incumbent firms
that shielded these innovations from socio-technical selection environments until
they were robust enough to be competitive in their own right.'*® Much in the early
history of synchrotron radiation suggests that its development made it robust
enough to take further steps and eventually become a big science in its own right,
with DESY being part of a new organizational field in experimental science.'*’
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