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CERN: Past performance and future 
prospects 
I. CERN’s position in Lvorld high-energy physics 



Europien pour la Rechsrche Nucltiaire - a pre- 

paratory body set up in 1952 - ceased to exist. 

although the new organization retained the 

acronym “CERN.” The main purpose of CERN 

was outlined in Article II of the Convention. and 

is quoted above. 

By 1954. the interim Council had already 

determined the main components of the future 

programme for CERN, in particular the construc- 

tion of a 600 MeV (million electron-volts) 

synchro-cyclotron. and “a proton synchrotron for 

energies above ten giga electron-volts” (see e.g. (3, 

p. 71). Today, thirty years on. the early estimates 

made about the future cost and size of the labora- 

tory seem surprisingly modest. In 1952, for exam- 

ple, it was 

As for the number of staff, it was calculntcd that 

“a total staff of about a hundred scisntists, 

draughtsmen and technicians” 123. p. 6471 would 

hc sufficient to build the Proton Synchrotron (I’S). 

f Iowcver. by the end of the initial seven-year 

development programme in 1960. the total number 

of CERN staff was well over 1000. and expcndi- 

ture for that year (the first after the completion of 

the PS) was also approximately ten times the early 

estimates - 66 million Swiss francs or about 15 

million dollars. CERN continued to grow rapidly, 

reaching a peak of nearly 3800 employees in 1975. 

It has since decreased a little in size. so that in 

1982 it employed approximately 3600 staff and 

had an annual budget of over 600 million Swiss 

francs (MSF) (around 300 million US dollars). As 

for the new accelerator, LEP, it is estimated that 

Phase 1 of this project (to reach an energy of 50 

GcV in each of two colliding beams) will cost 910 

MSF (nearly 450 million US dollars), while the 

cost of Phase II (to reach 130 GeV) has yet to be 

publicly specified. 

In view of this considerable long-term invcst- 

ment of scientific and financial resources in CERN. 

it is pertinent to ask how successful the CERN 

accelerators and the high-energy physicists who 

use them have proved. As a prominent theorct,ical 

high-energy physicist recently remarked in connec- 

tion with CERN. “the tax-payer is entitled to 

know what he is getting for his money” 

(Polkinghorne (301). But what criteria should be 

adopted in judging the success of the CERN accel- 

erators and their users? A few years ago. a senior 

CERN official gave the foilowing explicit defini- 

tion of the criterion to be used: 

CERN must in Ihe end be ~udgrd on whether ic has 

succecdrd in its primary mission nf rnahling parficle physics 

in Europe to be maintained ;II B world level (Hone 19. p. 

ISlj,. 

How highly do the scientific outputs associated 

with the CERN accelerators rank in world terms? 

At CERN itself. there is little doubt about the 

answer to this question. as the following quota- 

tions make clear. 

The main purpose of CERN is IO provide Europe’s scientlsls 

wth firs1 &IS fxililies for hagh-energy physics research 

The OUI~UI is measured in new knowledge ad in trained 

pceplc. On Ihcse crilcria. CERN can stxnd comparison with 

any I.lh<w;cIory in the world 14. p. I I I I. 

But can WC go beyond these general statements to 

establish just how “great” have been the contribu- 

tions from the CERN accelerators ’ to the advance 

of scientific knowledge? Where precisely do the 

CERN experimental contributions ’ rank in re- 

lation to those from other accelerator laboratories? 

It is the purpose of this paper to attempt to answer 

such questions. We begin with a brief examination 

of the history of CERN. 

* II should be s~rrs~~I chsl what is being a\warJ in this 

paper and paper II [ 121 is the scientific performance of Ihe 

CERN acceler;llors and of the high-energy physicists who 

have used them. rather than Cf:RN (cbc laboratory and iIs 

.\L111) prr se. 

’ We have non conGJcrcd hew the Ihcoretical outputs from 

CERN. nor have WC crx;lmined other types of conIrihuIion 

from Ihc CERN accrlera~ors. such 3s their training function. 

For example. the good design and rapid SUCECSS of Ihc 

recenl proIon-antiproton collider cnpsrimcnts (discussed in 

paper II [ 121) clcarty owe much 10 enperrencc with Ihc ISR 

where physicists look some hmc IO apprcc~:~Ie Ihs impor- 

l3ncc’ of 4n-solid angle deIecIors. 
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2. The history of CERN and its main accelewtors 

In 1950. UNESCO instructed its Director-Gen- 
eral to encourage the formation of international 
research centres to increase co-operation in fields 
where the costs were too great to be borne by most 
individual countries. High-energy physics (or 
nuclear physics, as it was still then known) was 
identified as one such field. While accelerators 
similar in energy to the 3 GeV Cosmotron and 6 
GeV Bevatron, then being built at the Brookhaven 
and Lawrence Radiation Laboratories in the 
United States. might just be within the reach of 
individual nations (and several accelerators of such 
an energy were eventually built). to go beyond 
these energies was seen to necessitate international 
collaboration. This was the principle underlying 
the multinational collaboration at CERN that over 
the years was to result in the construction of a 
series of major particle accelerators. 4 

Initially. work began at CERN in 1952 on plans 
for the construction of a IO GeV machine. IIow- 
ever. after the design-team had visited Brookha- 
vcn. whcrc a similar design-study was in progress, 
they concluded that, by incorporating the nswly 
invcntcd “strong focusing” concept. it would be 
possibls to built a 30 GcV accelerator for the same 
cost as the lower-energy “weak focusing” machine 
originally planned. The interim Council agresd to 
this change. -although with the proviso that the 
maximum energy be limited to 25 GeV. ’ This was 
several GeV less than the design-energy of the 
Brookhaven accelerator, a difference which was 
subsequently to leave the CERN PS at a signifi- 
cant disadvantage for certain experiments; but 
otherwise the two designs were very similar. In- 
deed, although a certain element of competition 
existed between the CERN and Brookhaven teams 
during the design and donstruction period for the 
two accelerators, a considerable and very fruitful 
interchange of ideas and technical information 
also took place (cf. Johnsen [14, pp. 37-391). 

Meanwhile, the design and construction of the 

T;or further details of the early history of CERN, see 

Goldsmith and Shaw (RI. In addition. B major historical 

sludy of CERN is currcn~ly being undertaken hy 3 multina- 

tional tezun under the direction of Professor A. tiermann. 

According IO one of those involved. the Council insisted 

upon this because of their worry that over-ambition on the 

part of the design-turn might Icad them IO attempt too 

demanding a project (Interview. 19Rl). 

smaller 600 MeV synchro-cyclotron went ahead. 
the first protons being accelerated in 1957. The 
synchro-cyclotron is still operating over twenty-five 
years later. During this time, it has supported a 
wide programme of research, initially in particle 
physics but increasingly in nuclear physics. How- 
ever, because such research is no longer classified 
as “high-energy physics” (which is now normally 
defined as “physics done with accelerators able to 
produce primary particles at an energy higher than 
1 GeV” - see, for example, Roche (31, p. 31). and 
because the costs involved have represented only a 
small fraction of the CERN annual budget (3 
percent in 1977 - see CERN [2, p. 251). the 
synchro-cyclotron will not be further considered 
here. 

The Proton Synchrotron (PS) was eventually 
completed in late 1959, a few months ahead of 
schedule and - perhaps more importantly from 
the point of view of CERN’s self-confidence - 
before the rival Brookhaven accelerator. Its maxi- 
mum energy, at 28 GeV. was also a little higher 
than the CERN Council had suggested. The PS 
has been in operation ever since. although it has 
been subject to a continuous programme of mod- 
ification and improvement, with the result that its 
intensity (the number of protons accelsrated per 
pulse) in the latter stages of its lifctims has been 
1000 times grcatcr than the original design figure. 

Before considering subsequent developments at 
CERN. it is necessary to examine briefly the struc- 
ture of experimental high-energy physics in West- 
ern Europe at the start of the 1960s. By this time, 
accelerators of between 1 and 3 GeV were already 
operating in Britain at Birmingham University, at 
Saclay and Orsay Laboratories in France, at the 
Frascati Laboratory in Italy. and at Lund Univer- 
sity in Sweden. In addition, various accelerators 
were under design or construction at Rutherford 
Laboratory and. a little later, at Daresbury 
Laboratory in the UK, at DESY. the German 
laboratory near Hamburg, and at the University of 
Bonn. V.F. Weisskopf, then Director-General of 
CERN, clearly saw the need to co-ordinate na- 
tional and international efforts in Western Europe 
and to plan for the longer term. Largely at his 
initiative. an informal committee was set up in 
1963 to make recommendations about the future 
development of high-energy physics in Europe. 6 

’ This was known as the Amaldi Committee and reported to 

the CERN Council. For details. see Amaldi [I]. 



This committee. which subsequently came to as- 

sume a more permanent basis as ECFA. the 

European Committee for Future Accelerators. re- 

ported later in 1963. Its two main recommenda- 

tions were that Europe should build a 300 GeV 

proton accelerator. and that an intersecting stor- 

age rings facility should be added to the Proton 

Synchrotron at CERN. In addition. the Commit- 

tee argued that, for “a. minimum balanced pro- 

gramme of research in high-energy physics.” it was 

essential that these major European machines be 

supported by a pyramid of national and regional 

accelerators of lesser energy. It was envisaged that 

altogether these would cost up to four times as 

much as the 300 GeV machine itself (see e.g. 

Amaldi [ 11). Not surprisingly, 

il gcwxl nl:#!ly custodians of public Cundc look frigh1 ;md 

thought they were being asked no1 merely to build 1hc tvg 

machine hu1 IO provide high-energy physics with ;I hl.mk 

chcquc [X p. 128.11. 

To those nations which had joined CERN in 

the expectation that the construction of accelcra- 

tars on an international basis would be chcapcr 

than each country attempting to build its own. the 

argument that such international facilities in fact 

rcquircd for their full exploitation a vrry considcr- 

ahlc increase in expenditure on national facilities. 

must have come as something of a surprise. Five 

years later in 1968, when Britain initially decided 

against participating in the 300 GeV project. the 

effects of this report were evidently still being felt. 

as this commentator’s observation makes clear: 

I‘hc fir%1 actcmp1 IO win public ruppor~ for the big XC&XI- 

IN made quire unrcali&c demclnds that more q~ndlng :I[ 

C’EKN should be accompanied by more spending domesli- 

cdly. ad this gdfe has nwcr been openly repdialed 125. 

p. IlY71. 

Despite these question-marks over the wisdom 

of requesting funding for up to nine additional 

national and regional accelerators to form the 

“base of the pyramid programms” (Amaldi [ 1, p. 

1290]), preparations for the two facilities planned 

to occupy the summit of the pyramid went ahead. 

The idea 0:’ storing protons and causing them to 

collide head-on in two intersecting rings had been 

taken up at CERN in 1960. building upon ideas 

developing by D. Kerst and G. O’Neill in the 

United States and G. Budkcr in the Soviet Union. ’ 

’ However. 1hc first idcn of using hcd-on colli&ns hc1uccn 

particles was apparently due 10 Widcroe in 1942. an itIc3 hc 

suhscqucnrly p.lten1cd in 1953. 

After successful testing of these ideas in 1963 on 

an electron model (CESAR) built at CERN. the 

Intersecting Storage Rings (ISR) project was ap- 

proved by the CERN Council in 1965. One of the 

evident attractions of the project was its unique- 

ness - for the first time since the War, Europe was 

building a major accelerator for which there was 

no American counterpart. V.F. Weisskopf, Direc- 

tor-General of CERN in the crucial early years of 

the ISR discussions. lent considerable support to 

the project because of his 

deep conviction 1hd1 [he physicisls of Europe can. and 

should. he no1 only on a par with orher scientific communi- 

ties. hu1 ahead at leasI in some aspects (Weisskopf 135. p, 

291 I,. 

Despite the novelty of the machine and the for- 

midable technical problems that it posed. the ISR 

was completed on schedule - the world’s first 

proton-proton interactions in colliding beams 

being observed early in 1971. The ISR was in 

regular operation until the end of 1983, and, like 

the I’S, was considerably modified and improved. 

In particular, its luminosity (the quantity that. 

when multiplied by the cross-section in cm’ for a 

given process, yields the event rate per second) was 

incrcascd from an initial value of 10zx cm _ ’ s -’ in 

I971 to 4 x 10 “’ (the &sign figure) by the cd of 

1974, and to I.2 x IO’? by March 1981. an im- 

provcmcnt of over four orders of magnitude. 

Before going on to discuss the Super Proton 

Synchrotron. mention should be made of one other 

important milcstonc in the history of CERN - the 

signing in 1967 of an Agreement with the USSR 

State Committee for the Utilization of Atomic 

Eincrgy under which a joint scientific and technical 

programmc would be mounted at the 70 GcV 

proton synchrotron then nearing completion at the 

Scrpukhov Institute of High-Energy Physics. In 

return for CERN providing technical help and 

equipment (for example, a rapid beam-extractor) 

for the Soviet machine, West European physicists 

were granted access to what was. for a few years. 

the highest-energy accelerator in the world. ‘. The 

Agreement was extcndcd in 1975 to allow Soviet 

teams to participate in experiments at CERN, and 

again in 1983 to cover new machines at CERN 

and Scrpu k hov. 

” in ev;lluntion (>I the pas1 scicn1ific pcrformancc of the 

S,,vic1 accclcrator 11 Scrpukhw is ma& in Inine and 

Marlin [II]. 



The first design for a 300 GeV Super Proton 

Synchrotron (SPS) was drawn up in 1964. but its 

construction was not finally authorized until 1971. 

One factor underlying the delay was the cost of the 

original design - in 1967. a figure of 1800 MSF 

(about $420 million at the exchange rates then 

prevailing) was quoted (Amaldi [l. p. 12901). This 

was considerably more than the estimated $240 

million cost of an equivalent 200-400 GeV accel- 

erator at Fermi National Accelerator Laboratory. 

Batavia, Illinois, the design of which was com- 

pleted in 1967 under the direction of R.R. Wilson. 

A second reason for the delay was Britain’s initial 

withdrawal from the project in 1968. ’ Since it was 

intended that Britain contribute nearly one quarter 

of the cost, this was potentially a severe blow: 

however, almost immediately CERN was able to 

propose a revised project costing 25 percent less. 

Third, there was profound disagreement among 

CERN Member States over the site for the acceler- 

ator, with several arguing strenuously that it should 

be built on their soil. Eventually in 1970, a com- 

promise was rcachcd whereby the SPS would be 

built at Geneva - thus avoiding the political diffi- 

cultiss of agreeing a new site - using the existing 

Proton Synchrotron as an injector and further 

reducing the costs to just over 1100 MSF. More- 

over, 200 MST: of this total would now be found 

from reductions in CERN’s existing commitments. 

Ilencc, only 900 MSF of “new money” would be 

required, half the cost of the original design and 

low enough to encourage Britain to rejoin the 

project. This dramatic reduction of the original 

cost estimate gave rise to a feeling in the scientific 

community that CERN 

has often been mu presumpwous in its t-did Iha1 Europe 

owes high-cncrgy phyrics a living [26. p. 5931 

and that 

if iI had not been for Ihe shining example of Dr. K.K. 

Wilwn’s bigger but cheaper accclcrakw a[ Bauvia. Illinois. 

the ch;mces are that Europe would still bc lumhcrcd with a 

needlessly expensive machine [27. p. 10141. 

The SPS proposal was approved in 1971+ four 

years after authorization for the very similar mac- 

hine at Batavia. This gap was to be maintained. 

with commissioning of the SPS coming four years 

after the US accelerator became operational. The 

* For B lull analysis of the poli&xl and scicnlific faclors 

underlying this decision. see Gibbons [7]. 

effects of this significant lead are discussed in 

paper 11 (Irvine and Martin [12]) which considers 

the relative scientific outputs of these two mac- 

hines. 

The SPS operated continuously until mid-1980 

when it was closed for a year to permit construc- 

tion of an associated proton-antiproton collider. 

The idea of using the SPS to collide protons and 

antiprotons had been put forward in 1976 by C. 

Rubbia, and. following successful tests of the cru- 

cial technique of stochastic beam-cooling (devel- 

oped by S. van der Meer of CERN), the project 

was approved in 1978. It transpired that the SPS. 

and in particular its vacuum system. had been so 

well designed that it could be quickly and rela- 

tively cheaply converted into a proton-antiproton 

storage ring. In contrast, the rival Fermilab mnc- 

hine required extensive structural modifications to 

add a similar. though higher-energy, storage-ring 

capability. As a result, it has taken several years 

longer to convert. The main justification for both 

thcsc machines was to open up a new energy-re- 

gion where several phenomena underlying the cur- 

rently acccptcd “standard theory” (which unifies 

elcctromagnctic and weak interactions) were ex- 

pccted to occur, and in particular to look for the 

“intermediate vector bosons” believed to be the 

carriers of the so-called weak force. Because such a 

discovery would be a major achievement in the 

history of high-energy physics, there was inevita- 

bly a certain element of a “race” between rival 

laboratories around the world to find these new 

particles first. This race was “won” by the users of 

the CERN collider, who early in 1983 announced 

the discovery of the charged W particle and a few 

months later the neutral Z particle. These dis- 

coveries came after our study had been completed, 

but they are discussed in paper II. 

Finally, brief mention should be made of LEP, 

although detailed analysis of the prospects for this 

accelerator are left until paper 111 (Martin and 

Irvine [20]). During the 1970s. CERN considered 

several options for a major new machine for the 

1980s and 199Os, and. in the end, after extensive 

discussions within the European high-energy 

physics community, settled on the choice of a large 

electron-positron collider (LEP) capable of pro- 

ducing beams with an energy initially of 50 GeV 

(Phase 1). and eventually of up to 130 GeV. The 

construction of LEP was authorized at the end of 

1981, and the first collisions are planned for 1988. 



This concludes our discussion of the main de- 

velopments in CERN’s history. It should be noted 

that, during this time, the structure of West 

European high-energy physics has changed consid- 

erably. Whereas in 1970. there were some nine 

national and university accelerators of 1 GeV or 

more. providing research facilities for perhaps half 

of Europe’s experimental high-energy physicists. 

now those experimentalists are largely con- 

centrated in just two centres - CERN and DESY 

(the German facility where international participa- 

tion has greatly increased with the construction of 

first DORIS. and then PETRA, two elec- 

tron-positron colliders ‘“). 

A similar trend is apparent in the United States: 

in 1970, besides the three large laboratories at 

Brookhaven. Fermilab, and Stanford, experimcn- 

tal high-energy physics was also carried out at 

Argonne. Berkeley, Cambridge, Cornell. and 

Princeton. Of these latter five. only Cornell is still 

in the field, with further rationalization a distinct 

possibility. ” In view of the g ( r Jwing concentration 

of Western Europe’s high-cncrgy physics effort on 

the CERN accclcrators (nearly three-quarters of 

the 2000 European expcrimcntalists currently rely 

on thcsc for their rcscarch). it has obviously bc- 

coiuc an important policy issue to tlcvisc ;idqu:it~ 

mcthocls of assessing the past scicnlific pcrfor- 

mancc of such facilities, particularly in relation to 

the main competitor accelerators at the three lurgc 

United States laboratories. 

3. The assessment of scientific performance 

flow can the performance of experimental 

high-energy physics facilities be assessed and com- 

pared? In considering this question. it should be 

noted that high-energy physics is funded primarily 

for scientific reasons - i.e. for the contributions it 

is judged likely to make to the advance of know- 

Icdgc. Experimental high-energy physics activity 

does undoubtedly also lead to significant educa- 

tional benefits (in the form of highly-trained scicn- 

tific and engineering personnel). to various types 

“’ See Martin and Irvine [IX] for an ~s~essmcn~ of Ihc earlier 

DESY machincs. 
II SW. in parCcular. the reporl of the reccnl US Dcparlmcnc 

of Energy Suhpancl on Long-K;mge Wnning for tligh-En- 

ergy Physics. chaired by G. Trilling [Ml. 

of technological “spin-off’ (see Schmied [31]). and. 

in the case of multinational organizations like 

CERN, to the fostering of international co-opera- 

tion. But the primary reason why Member States 

are prepared to contribute over 600 MSF a year to 

CERN is because of the promise of important 

scientific results in coming years. Judgements on 

the likely future performance of CERN will be 

based in part on the research potential of pro- 

grammes on existing and planned accelerators. 

and also on the “track-record” of scientists in 

exploiting its facilities to contribute to scientific 

progress. How can such contributions to scientific 

progress be reliably assessed? 

In a previous study. we developed the method 

of “converging partial indicators” in which a num- 

ber of (partial) indicators of scientific progress 

(publication counts, citations. numbers of highly 

cited papers or “discoveries,” and extensive pecr- 

evaluation) were used to assess matched groups of 

rcscarchcrs using similar research facilities in a 

given field (see Martin and frvinc [ 191 for details). 

This method cnablcs asscssmcnts to be made of 

the /)r&rcrirlif.r of thcsc facilities and their asso- 

citsd user-groups. the i,,~l>ocf of the research re- 

sul IS. and the pcweicd ~ipifi~~~mt* of the research 

within the scientific community, results which can 

he combined to give an overall evaluation of their 

contribution to “scientific progress.” It was ap- 

plied in three different Big Science specialities - 

radio astronomy, optical astronomy, and electron 

high-energy physics (see Martin and Irvine [19]: 

Irvine and Martin [IO]: and Martin and Irvine 

[II(]). In each case. a certain convergence between 

the results based on thr various partial indicators 

was obtained. which permitted conclusions to be 

drawn as to the relative contributions to scientific 

progress associated with each of the cxpcrimcntal 

facilities. The main elements of the method are 

summarized in table 1. ” 



Table 1 

Main problems with the various partial indicators of saentific progress and details of how their effects may be minimized using the 

method of converging partial indicators 

Partial 

indicator 

based on 

Problem How effects may 

be minimized 

A. Publication 

counts 

1. E&h publication does not 

make an equal contribution 

to scientific knowledge 

B. Citation 

analysis 

C. Peer 

evuluution 

2. Variation of publication 

rates with specialty, 

institutional context. 

etc. 

I. Techniwl limitations with 

Scrence C1rurion In&x: 

(a) first author only listed 

(h) variations in names 

(c) authors with identical 

names 

(d) clerical errors 

(e) incomplete coverage of 

journals 

Variation of citation rate 

during lifetime of a paper 

- unrccogniwd advances on 

the one hand. and intcgra- 

tion of haslc ideas on the 

other 

Critical citations 

‘*t I&~-effect” citations 

Variations of citation rate 

with type of paper and 

specialty 

6. Self-citation and “in- 

house” citation (SC and II1C) 

1. Perceived implication of 

results for own research 

facility and competitors 

may affect evaluation 

2. Individuals evaluale scien- 

tific contributions in re- 

lation to their own (very 

different) cognitive and 

social Ioctions 

3. “Conformist” assessments 

(e.g. “h.alo effect”) 

accentuated by lack of 

knowledge on contributions 

of different research 

fxihtics 

Use citations to indicate 

average impact of a research 

facility’s publications. and 

to identify very highly cited 

papers 

Choose matched research faci- 

lities producing similar 

types of papers within a 

single specialty 

Not a prohlem when dealing 

with a research facility 

Check manually 

Not a serious problem for 

Big Science 

Not D prohlcm if cit;ltions 

rcgxdcd as an indicator of 

impact, rather than quality 

or import;mce 

Choose matched research faci- 

litics producing similar 

types of papers within a 

single specialty 

Check empirically and adjust 

results if the incidence of 

SC or It IC varies between 

groups 

1. Use ;I large representative 

sample 

2. Use verbal rather than 

written survey in order to 

press evaluator if ;I diver- 

gence between expressed 

opinions and actual views 

is suspected 

3. Assure evaluators of 

confidentiality 

4. Check for systematic vari- 

attons between diffcrrnt 

groups of evaluators 



In what follows. we apply this method to what 

have been the three principal CERN facilities over 

the last two decades - the Proton Synchrotron 

(PS). the Intersecting Storage Rings (ISR), and the 

Super Proton Synchrotron (SPS) - comparing them 

with their main competitors elsewhere in the world, 

in particular the Brookhaven Alternating Gradient 

Synchrotron (AGS) on the United States East 

Coast. the Serpukhov 70 GeV proton synchrotron 

in the Soviet Union, and the Fermilab 400 GeV 

proton synchrotron in the American Mid-West. It 

should be stressed from the outset that our aim is 

not so much to assess CERN per se. but the 
scierrtific output fronl the CERN accelwutors. irre- 

spective of whether they were used by CERN staff, 

user-groups from European Member States. or 

visiting scientists from the United States or East- 

ern Europe. We are thus comparing the overall 

contributions to scientific progress made using 

CERN accelerators with those made using other 

accelerators. We arc riof assessing the performance 

of CERN staff (some of whom. for example. were 

involved in a successful series of expcrimcnts at 

Scrpukhov). nor even the performance of West 

European high-energy physicists - although X0-90 

percent of CERN users come from the 13 Member 

States. some of the major cxpcrimcntal advances 

(particularly with the ISR) have involved United 

States groups. It is also important to note the 

crucial distinction between (I) the overall scientific 

output from each accelerator. irrespective of the 

scale of funding and number of users; and (2) 

their scientific “productivity” or output per unit 

of input, i.e. their output in relation to funding 

and numbers of users. 

Some comment should also be made concrrn- 

ing the time-period considered in the present study. 

The first research papers from the CERN PS were 

published in 1960, with the result that an assess- 

ment should. if possible. cover the period from 

then to the present. This requirement, however, 

---_____I__ 

raised a problem for our methodology, since peer- 

evaluation. which provides perhaps the least prob- 

lematic of the various partial indicators of scien- 

tific progress, only works well for a period of up to 

ten years or so. There are two reasons for this: 

memories tend to fade rather quickly outside this 

time-scale; and, in a scientific field like high-en- 

ergy physics, many of those involved have only 

been actively engaged in research for ten years or 

less. ‘I 

The approach adopted in our assessment, there- 

fore. is as follows. First. we focus on a recent 

ten-year period in which peer-evaluation data can 

be used to complement the full range of other 

indicators. The period chosen was from 1969 to 

197X. partly because this is compatible with that 

used in an earlier study of electron accelerators 

(Martin and Irvine [I?+]). and partly because scien- 

tists tend to find it difficult to assess reliably the 

significance of very rcccnt work. For this period. 

statistics at a fairly high lcvcl of aggregation are 

used; for example. the three CERN accelerators 

are treated as one unit. We can then cxaminc the 

dcgrcc of convcrgcncc bctwccn the quantitative 

peer-evaluation data and the indicators based on 

bibliomctric (publication and citation) data, the 

results of which are dcscribcd in the rcmaindcr of 

this paper. The second time-frame considered 

covers the 22 years from 1961 to 1982. Given the 

problem of obtaining systematic peer-evaluation 

data over such an extended period. we base the 

assessment largely on the bibliometric indicators 

interpreted with the aid of qualitative information 

obtained during interviews with high-energy physi- 

cists, together with a much more limited amount 

of quantitative peer-evaluation data. The data used 

in this second comparison, which forms the subject 

matter of paper II, are presented in a more disag- 

gregated form so that each CERN accelerator can 

be considered separately, and changes over time 

studied in greater detail. An attempt is then made 

to interpret the differences in scientific pcrfor- 

mance of the CERN accelerators relative to their 

closest competitors, and to identify possible fac- 

tors explaining those differences. 

” Twenty-live pcrccn~ of the IX2 rc\wrcher\ intervicwcd Jur- 

ing Ihc study rcceivcd their Ph. D. in 1970 or lacer. 



4. Inputs to high-ener= physics 

It is necessary to examine in some detail the 
various inputs to experimental high-energy physics. 
in particular the numbers of users for the accelera- 
tors. and their respective scales of financial sup- 

port. ” This provides the information required 
below to arrive at judgements on the relative scien- 
tific “productivity” (i.e. scientific outputs per unit 
of input) of different accelerators. 

For Western Europe and the United States. we 
have drawn heavily upon comparative data pro- 
duced by C. Roche, Head of the Central Planning 
Office at CERN, and by W. Kirk of the Stanford 
Linear Accelerator Center (SLAC) in California. 
Roche has. in turn, used information from censuses 
conducted by ECFA. the European Committee for 
Future Accelerators, while Kirk has access to the 
relevant Department of Energy and National Sci- 
ence Foundation data for the United States. Sup- 
plcmcntary information comes from the lahorato- 
ries thcmsclvcs - for example. CERN Atr~rml Rc- 
port.s give data on numhcrs of users and annual 
cxpcnditure in previous years - and this has hccn 
used to cheek the accuracy of the figures. This 
cross-checking suggests the European and United 
States figures arc accurate to within IO pcrccnt or 

SO. 

Data on the approximate numhcrs of users of 
accclcrators at CERN and DESY in Europe, and 
at the three principal US laboratories, are shown 
in table 2 for the years 1970. 1974, and 1978. It is 
important to note that graduate research students 
have been included in our figures. This has not 
always been the case in previous studies of the size 
of the high-energy physics community, particularly 
in the United States, with the result that some of 
the previously quoted figures have been rather 
smaller. ” We have then attempted to estimate the 

total number of high-energy physics experimenta- 
lists in the world, in order to calculate the ap- 
proximate percentage of active researchers using 
the accelerators at each of the five largest Western 
laboratories. The figures reveal that. for CERN, 
the figure has risen from just under ?O percent in 

1970 to approximately 30 percent in the second 
half of the 1970s. as smaller national accelerators 
were closed or diversified from high-energy physics 
to nuclear physics and synchrotron-radiation re- 
search. It should be noted. however, that the CERN 
figure for 1970 does not include the 100 or more 
European physicists preparing experiments to be 
run on the ISR in later years - these are part of 
the figure of 1000 quoted for “other” West 
European experimentalists. In the same way. the 
1974 figure of 550 “others” in Western Europe 
includes some in the early stages of planning ex- 
periments for the CERN SPS. Similar considera- 
tions apply to our data on the users of accalcrators 
at the other laboratories. ” Despite these qualifi- 
cations. it can nsvcrthelcss be seen that during the 
1970s the CERN acccIcrators have catered for a 
far larger number of physicists than Fermilab (used 
by I l-12 percent of world expcrimcntalists), 

Brookhaven and SLAC (both approximately 5-6 
percent), or DESY (whose perccntagc share has 
risen from 3 pcrccnt to over 6 percent, as first 
DORIS and then PETRA, the two elcc- 
tron-positron storage rings, came into operation). 

The production of reliable data on which to 
base international comparisons of funding is even 
more difficult. There are several major problems 
here. First, the figures must be fully comparable - 
that is. they must be based on common categories 
and definitions. In view of the importance of such 
figures in evaluations of a centre’s relative cost-ef- 
fectiveness, this has. in the past. given rise to some 
debate between C. Roche at CERN and W. Kirk 
at SLAC. They have, however, now succeeded in 
reaching approximate agreement on the criteria to 
be used in such comparisons, and, as far as possi- 
ble. we have adopted their categories. Second, one 
must allow for the varying inflation rates in differ- 
ent countries. Third, fluctuations in exchange rates 

In addition. ths figure rho-n in klhlc Z for SLAC in 1978 is 

smaller than that quoted in Marlin and Ininc [IX. tahlc II 

hecausc lhc lalwr included 3 large numhcr ol experimcnla- 

ha preparing 10 carry OUI lururc rxpcrlments on lhe nw 

elcclron-pobilron collider. PEP. 
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Table 2 

Numbers of experimental high-energy physicists (HEPs) ’ 

1970 1974 197x 

W. European 

HEPs 

CERN users 850 1250 1400 

(18%) (28%) (32%) 

DESY users I50 200 280 

(3%) (4.5%) (6.5%) 

Others h 1000 550 320 

(21%) (12%) (7.5%) 

US HEPs 

Total W. Europe 2000 

(43%) 

Brc_w>khaven users 

Fermilab users 

300 

(6.5%) 

_ 

SLAC users 

Others h 

200 

(4.5%) 

loo0 

zoo0 

(4%) 

- 250? ’ 

(5.5%) 

- 450? d 

(11%) 

300 

(6.5%) 

- 3OO? 

(21%) (5.58) (4.5%) 

I Sol) 1300 I200 
(32%) (29%) (271) 

700 - I 700? 700 - t7uw 700 - 1700? 

47lH)( * 500) 4500( *So()) J.uM)( t S(H)) 

(Ids) (tOOa, (IOIYT~) 

must also be taken into account. Lastly, there is 

the problem that official exchange rates do not 

necessarily reflect actual purchasing power in dif- 

ferent countries. To overcome thrsc second and 

third problems, we have used the two specialized 

inflation indices (based on changes in the cost of 

scientific equipment, salaries, etc.) produced by 

CERN and SLAC ” to convert all expenditure 

figures to 1978 prices (in Swiss francs for Europe. 

and dollars for the US). Then, to overcome the 

fourth problem. the Stanford Research Institute 

“competitive value index” - i.e. the exchange rate 

corrected for the real purchasing power of the 

dollar in the United States - has been used to 

convert all the US figures (in 1978 prices) to Swiss 

” II has heen assumed that the SLAC inflation in&x is 

appropriate for the other American lahoralorie.\ and Ihal 

[he CERN index is no, loo dissimilar IO that for DESY. 

francs. For 1978, the “competitive value indsx” 

was $1 = 2.7 Swiss francs, an exchange rate that 

both Roche [31. p. 41 and Kirk [IS, The Richter 

Method] take to be realistic to within 10 percent or 

so. 

Table 3 gives the estimated figures for overall 

European and US government spending on high- 

energy physics in both actual prices and equivalent 

1978 prices, while in table 4 the US figures have 

been converted from 1978 dollars to 1978 Swiss 

francs. Table 4 also contains a very approximate 

estimate of total world expsnditurr on high-cnorgy 

physics, which has been used to convert the figures 

for the major West European and US facilities 

into percentage shares of total expenditure. These 

figures suggest that. in the case of CERN, this 

percentage has grown from 15 percent in 1970 to 

some 25 percent in the second half of the 1970s. In 

addition. a large fraction of the “other” West 



TJhlr 3 

European and US funding for high-energy phqstcs (HEP) ’ 

W. European funding 

in milhons of 

Swiss francs (MSF) 

US fundIng’ tn 

milhons of 

dollars (.5X1) 

CERN ’ 

DESY 

Other 

Total W. Europe 

Brookhaven 

Fermilah 

SLAC 

Other 

Total US 

1966’ IV70 h IV74 h IV78 h 

IV66 (lY78 lY70 (197X 1974 (IV78 IV78 

prices prices) ’ pr,clZs prices) ’ prices prices) ’ prices 

165 (270) 302 (440) 580 (670) 565 

50 (80) 70 (100) 100 (115) 115 

335 (550) 430 (620) 480 (555) 375 

550 (900) 802 (1160) 1160 (1340) 1055 

26 (57) 32 (59) 33 (48) 42 

(-) 56 (102) 65 (94) 84 

29 (64) 27 (49) 26 (38) 87 

109 (240) 117 (215) 63 (91) 90 

164 (361) 232 (425) 187 (271) 303 

These arc the estimated figures fur total expenditure on high-energy physics (i.e. capital and construction costs as well as recurrent 

cxpcndlture). 

The figures are for calendar years in W. Europe. and for fiscal years in the US. 

Inflation indices calculated by C. Rwhe (at CERN) and W. Kirk (at SLAC) have been used (see Kirk [lS. fig. 31. The conversion 

factors for changing the 1966 figures into equivalent 1978 prices are 1.64 (W. Europe) and 2.20 (US): for 1970. 1.45 and 1.83: and 

for 1V74. I.15 and 1.45. 

Thcxe are the figures for the contributicms from Member States tu CERN (i.e. they exclude hank interest. ntisxllunews income. 

etc.). In additirm. an allowance for non-HEf’ programmcs at CERN has hccn made hy subtracting a figure of hetwcen 5 percent (in 

lYb6) and 3: percent (in 197X). 

These figures are huwd on (1) data pnwidcd hy the US f>cpartmcnt of Energy (DoE) which show DoE support of $148 M in fYb6. 

$215 hl in 1970. $169 M in 1974. and $280 M in 197X; and (2) data quo&d in Kirk [ IS. fig. 31 :h \ owing NJational Scicncc f~o”nd;~tivn 

supp~xt of $16 M. $17 M. $18 M and $23 M in lYb6. lV70. IV74 and IV78 reqxxttvcly. 

Tahlc 4 

World funding for high-cncrgy phy\Ic* (lY7X Swiss francs) 

w. 1:urqwn 

funding 

Cf:RN 

DI:.SY 

Other 

Tot:d 

w. tiuropc 

I Vbh 

MSf: .a 

270 

(IO%) 

U(J 

(3%) 

550 

(22%) 

9tJtJ 

(35%) 

IV70 

MSI: 

440 

(15%)) 

100 

(3.5%) 

620 

(21%) 

I160 

(3Yrg) 

IV74 I V78 

MSf: MSfZ 

67(J 565 

(26%) (24%) 

115 115 

(4.5%) (5%) 

555 375 

(21%) (16%) 

1340 1055 

(52%) (44%) 

us fundtng h Brookhaven 145 160 I 30 115 

(5.5%) (5.5%>) (5%) (5%) 

Fcrmllah 275 255 225 

(9%) (10%) (9.5%) 

SLAC I75 135 100 235 

(6.5% )) (4.5% ) (4%) (10%) 

Other 650 580 245 245 

(25%) (IV%) (9.5%) (10%) 

Totltl US 970 If50 730 820 

(37%) (38%) (2X%) (34%) 

t:~timatcd funding’ - rat of - 5OO-looo? - SOa-Voo’! - 400-700? - 400-700? 

world (fi. Europe. Japan. etc.) 

Estimated world total 

(hellions of Swiss francs) 

2.6 BSF ( f0.3) 3.0 BSI: ( f0.2) 2.6 BSF ( * 0.2) 2.4 BSF ( f 0.2) 

(lOt-)a) (100%) (100%) (100%) 

’ Millions of Swiss francs. 

’ A cnnvrrGon rate of I$- 2.7 SF in 1978 has been wed. This is based not on the official exchange rate. hut on the Stanford 

Rcwxtrch fnstitutc ” Compctitivc Value Index” hy which exchange rates are corrected for real purchaing power in different 

countries (see Kirk [IS]; Rochc 131. p. 41). 

’ These are very approximate estimates only. In deriving them. it has been assumed that countries outside Wcstcrn Europe and the 

United States spend somewhere between 50 and 100 percent of the amount budgeted by the United States. In 1966. when the Soviet 

Union was constructing the large accelerator at Serpukhov. the figure is likely to have been in the upper part of this range. while in 

1970 (when the US was in the midst of building the Fermilah accelerator) it is more likely to have been in the lower part. 



European funds is spent on supporting universit! 

groups using the CERN accelerators, a fraction 

that has undoubtedly been increasing during the 

1970s as national accelerators were closed and the 

percentage of European experimentalists using 

CERN rose from less than 45 percent in 1970 to 

70 percent in 1978. This change in the structure of 

funding can be taken into account by allocating 

the “other” funds in the ratio of CERN users to 

other European experimentalists (including DESY 

users). having first subtracted a small amount to 

cover the cost of the few remaining national facili- 

ties. The result is that in 1978, for example, the 

CERN share of world expenditure is raised from 

24 percent to over 30 percent. bringing it closely 

into line with the figure in table 2 on CERN users 

as a percentage of the world total of e.xperimenta- 

lists. (In 1978. CERN accelerators catered for 32 

percent of all experimcntalists.) 

Tcihle 6 

Apprvximalr CO~I per cxpcr~mcnt~l hlXh-energy phyuci\t * (I” 

197X SWISS fr;l”Cs) 

1970 1074 197X 

MSF XISF MSF 

w. Europe 0.58 0 67 0.53 

Un11eJ S1ates 0.77 0.56 0.6X 

a These data were obknrd by chwd~ng overall funding for 

high-energy physws (adjusted IO 197X prwes - see lahle 4) by 

the number of enperimrnlalizts. Thl\ procedure ignores chr 

fact that some funds are used to support theoretical work. 

However. such research is relatively cheap compared with 

experimenlal work (a~ CERN in 1977. for t~.unplr. il 

a~wnted for only 1 ; percent of the IOI.I~ hudge~ - see 1’. p, 

251) so the effect of this approximation should nut he too 

great. 

close similarity of these figures for all five centrcs 

suggests that the cost per experimental high-energy 

physicist does not differ greatly between centres 

(cf. Rochc [3l. tahlc 1 and p. 61). This is provided 

that (a) one corrects official exchange rates for real 

purchasing power: and (b) it is rccognizcd that the 

total expenditure in a given year may hc untypical 

because of a large capital-construction elcnicnt. 

Thus, the figures in table 6 on the approximate 

cost per high-energy expcrinisntalist sc’wi to show 

higher costs for America in 1970 and 1078. and for 

Europe in 1974. Yet these apparent differences arc 

very largely due to the fact that the US figure for 

1970 contained a significant element for the con- 

struction of Fermilab, and that for 1978 included 

the construction costs of PEP and CESR, the 

Cornell Electron Storage Ring, while the European 

figure for 1974 was swollen by the construction 

costs of the SPS. With these reservations, the 

figures in table 5 can be regarded as giving a 

reasonable indication of the scale of inputs to the 

CERN accelerators relative to those for other major 

facilities. 

Similarly. the US “other” funds were utilized 

partly to support university users of Brookhavcn, 

Fcrmilah. and SLAC, and partly to operate the 

Argonne and Cornell accalcrators in 197X, ;~nci the 

Iscrkclcy. Cambridge anti Princeton accelerators in 

earlier years. Thus, apportioning part of the US 

other costs to the three national laboratories raises 

the shares of world expenditure of Fermilab to 

12-13 percent, Brookhaven to 6-7 percent. xd 

SLAC to about 6 percent (except in 1978, when it 

was much higher because of the construction of 

I’t:I’). figures again very close to the uscr-pcr- 

centages given in table 2. 

The results of integrating these “other” ex- 

penditures for both Europe and the United States 

in the way described are shown in table 5. along- 

side figures for the distribution of world expcri- 

mentalists over the ten-year period 1969-78. The 

Tahlc 5 

Inpu& for major accelcra~ors 31 the five main Wes~crn high-c.. 

wpy physics cenwcs. lY6Y-7X 

CERN - 25-32 a - 25-32” 

DESY -4 h -4-sh 

Brookhaven - 5-6 - 6-7 

Fcrmdah -11-12. - 12-13 

SLAC - 5-6 -hh 

’ Excepr ,n the very early years of the dccadc. IYhY-7X. 

h Exccp~ in the IwI year or so of the decade. 

5. Arcclcr~tor outputs - scientific pitl~lications 

While publication counts in themselves con- 

stitute a rather problematic indicator of scientific 

progress, they nevertheless provide some useful 

information and are a necessary complement to 

the other partial indicators used in this study. The 

first step in producing these figures was to compile 

as comprehensive a list as possible of all experi- 

mental high-energy physics papers published over 



8. R. .Murtrn ad 1. Irrww / CER,V. Pu.rt pt+mtlt,lce and futurr pruvppuctv 

the period 1961-82. This was done by scanning 

fully the 11 principal international journals ‘” used 

by particle physicists, noting details of all papers 

which would generally be regarded as coming un- 

der the category of “experimental high-energy 

physics”. ” Each paper was then read to establish 

which accelerator (or accelerators “‘) had been 

used to produce the experimental data reported. It 

should be noted that, under this procedure. pre- 

prints and conference papers were excluded from 

consideration on the grounds that nearly all such 

articles are eventually published in a scientific 

journal. and to have included them would have 

introduced an element of “double-counting”. ” 

Table 7 presents the resultant data. giving a 

breakdown of world experimental high-energy 

physics publication output over the period 

1969-80. ” As can be seen. approximately 500 

papers were published each year during this period 

(i.e. 1000 every two years). Of these. the three 

CERN accelerators were responsible for 26.5 per- 

cent (see the final column of the table). This is well 

over twice as many as the Brookhaven AGS accel- 

erator (11.5 percent). three times the Fermilab 

figure (8.5 percent), nearly three-and-a-half times 

that of SLAC (8 percent). and some eight times 

the DESY figure (3 percent). 

The list thus derived was then cross-checked 

against various data compilations (especially Par- 

ticle Data Group [28]) and annual publication lists 

provided by the main centres. ” This increased the 

total number of publications by about 5 percent. 

Some of these additional papers involved bordcr- 

lint definitions as to whcthcr the results reported 

were “expcriniental.” or indeed whcthcr they 

should he trcatcd as “ high-cncrgy physics” - if 

thcrc was any doubt, they wcrc included. The 
. 

rcmalnlng additional papers were puhlishcd in 

journals other than the 11 scanned, mainly in 

gcncral physics. or “national” high-cncrgy physics. 

journals. Cross-checking in this way suggested that 

our final publication list was 90-95 percent com- 

plete in its coverage of papers from Western accel- 

erators, but rather less in the case of Soviet and 

Japanese accelerators. This should be borne in 

mind when considering the figures in table 7. and 

subsequent tables relating to Soviet and Japanese 

accelerators. ” 

The next stage of our method of “converging 

partial indicators” is to evaluate the relative scien- 

tific productivity (i.e. output per unit of input) of 

the accelerators. and for this the figures on publi- 

cation counts need to be set against those for 

inputs. The results of this analysis are shown in 

tahlc 8. It can be seen that in the case of the 

CERN accclcrators, their percentage of the total 

world output of expcrimcntal papers (26.5 per- 

cent) is very similar to their share of world rc- 

sources (between a quarter and a third). The situa- 

tion is similar for the DtiSY accclcrators, whose 

share of world resources. though increasing from 

about 3 percent to 6 percent over the decade 

1969-78 (see tables 2 and 4). has been matched by 

an equivalent growth in their share of the world’s 

papers. The Brookhaven accelerator. in contrast, 

appears to have achieved a rather higher level of 

productivity - 11.5 percent of all publications 

compared with some 5-7 percent of funds and 

users. However, many of the papers that appeared 

in the early part of this decade were based on 

experiments carried out before 1969. so this com- 

parison may in some respects be slightly misleud- 

ing. Qualification is also needed in the case of 

Fermilab, for which, given its comparatively late 

entry into the field, the period 1973-78 provides 

the fairest indication of its productivity. In this 

period, its share of publication output (13.5 per- 

cent) is similar to its share of funds and users 

(11-13 percent). Finally, we can note that the 

Citations IO preprints were. however. included in the cita- 

ti<m analysis - see he next section fc,r details of the way in 

which they were wxtcd. 

In our previous work on electron high-cncrgy physics 

(Martin and lrvinc [1X/). we relied primarily on publication 

lihts provided by the rcse;rrch ccntrc’s ID derive dala on 

numbers of puhlicalions. Ilwvcver. it ha since hccoms 

evident that the completeness of these lists v:lries acras 

ccntres. largely hecause of rhr different prwxdurcs used by 

visiting scientists to rcpwt papers puhlihhcd in suhscquent 

yews after carrying out cxporimcnts. Their comprchenrive- 

ncss also varies Over time: the lists used few SLAC. and IO P 

laser rx~ent DESY. fw example. were found IO he some- 

what incomplctc for :he Iate 1960s and early 1970s. 

For further discussion of the prohlcms of comparing the 

195 

outputs of Soviet and Western acceleral0rs. see lrvinc and 

Martin Ill]. 
“ Although this paper is concerned primarily with the lcn-year 

pcritJ from 1969 IO 1978. some of the work carried oul 

towards the end of this time was not published until 1979 or 

1980. Figures for 1979-80 are therefore included. 
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Table 7 

Numbers of experimental high-enerpy phyws ’ papers h pubhrhed in intrrnatwnal ~ourn.ds~ during the preceding IWO year> 

1970 1972 1974 1976 1978 1980 Total 

1969-78 

Papers from 

W. European 

accelerators ’ 

CERN 

DESY 

Others. 

Total W. Europe 

235 J 

(25%) 

25 

(2.5%) 

80 

(8.5%) 

340 

(36%) 

Papers from 

us 

accelerators ’ 

Brwkhaven 

Fermilab 

SLAC 

180 

(19%) 

Others 

Tocal US 

55 

(5.57) 

255 

(27T) 

490 

(51.5%) 

Papers from other accelcratorsc 120 

(Soviet Union. Japan) (12.5%) 

World total 

275 

(27%) 

35 

(3.5%) 

90 

(9%) 

400 

(39.5%) 

150 

(14.5%) 

5 

(0.5%) 

80 

(8%) 

210 

(20.58) 

445 

(42.5%) 

I75 

(17%) 

1020 

(lot)%) 

265 

(23.5%) 

35 

(3%) 

I05 

(9%) 

410 

(35.5%:) 

155 

(13.5%) 

105 

(9%) 

80 

(7%) 

IX0 

(15.5%) 

515 

(45%) 

225 

(19.5%) 

I 1 so 

(lot)%) 

335 

(28.5) 

30 

(2.5%) 

80 

(6.5%) 

445 

(38%) 

95 

(8%) 

175 

(15%) 

110 

(9.5%) 

105 

(9%) 

4H5 

(41%) 

245 

(214) 

IIXO 

100%) 

320 

(29%) 

45 

(4%) 

65 

(5.5%) 

435 

(38.5%) 

60 

(5.5%) 

180 

(16.5%) 

105 

(9.5%) 

90 

(8%) 

435 

(39%) 

2X) 

(22.5%) 

Ills 

(lot)%) 

235 

25.5%) 

60 

(6.5%) 

55 

(6.5%) 

350 

(3X7) 

50 

(5STR) 

I x0 

19%) 

55 

(6%) 

45 

(5%) 

330 

(35.5%) 

250 

(278) 

Y.30 

(lam) 

1435 

(26.5%) 

175 

(3%) 

420 

(7.5%) 

2025 

(37.5%) 

635 

(11.5%) 

470 

8.5%) 

425 

(8%) 

x40 

(15.5%) 

2370 

(44%) 

1010 

(1X.5X) 

5410 

(lOwi,) 

l lligh-energy physics is dcfincd 33 “physics done with xccIcr:~tors ahlc to produce primary pwticlcs at an cncrgy hqhcr than I 

GcV” (Rochc 131. p. 31,. 

h We have attcmptcd to use the same definition of an ** cxpcrin~cntd” high-cncrgy phy&b paper a11 the intern;~ti~wal I’articlr: I)at;r 

Grwp - that is. the paper mubt “contain new (i.e. prcviody unpuhlid~cd) experimental data If it is uncertain whether d;~tn is 

new. it is lreated IIS new . . . . We exclude lhcoretical papers. unless a new pwlicle or reaction properly is derived from 3n analysis (of 

data) which is not based upon any particular phenomcnolopical model . . Other suhjccts sxcludctl are instrumentation. nuclclrr 

level structure. and studies of cosmic rays.. .” (SW Particlc Data Group [2X. p. 1.21). Ilowevcr, unlike the I’;wticIc D;rt:l Group. we 

have excluded “reviews or compilations of data . . , preprints. ho<>k articles. conference proceedings. theses [;mdl cnperimcnt 

proposals” 128. p. 121. 

’ This publication list was derived by scanning the following I I journala: f.rrrrw cd Nuow C~~wtro; Nd~wr /‘/r,rrc.r H (and hufore 

that. Nurlrur Physrcs); NUOIJO Cmrnto; Ph,v.wd Rr&w D (and before that. Pl~~rrrd RLGw); Phy.wrul Rrr~r~ Le~rrrs: I’l~~srcr 1xrrrr.s 

B (and before that. Ph.vsics Lrrrrrr); Sowrr Journal o/ Nudrur Physrcs; Socw Ph.vsrc.r - DokluJ?,; Sor~t Pf~,v~:r - JETP and JL’Tf’ 

Ldtcrs; and Zeitsrhr# ftir Physrk C. Additiod inform:ltion c;nne from annual reports and publication lists produced hy the various 

Idwratorics. and data compi1;rtion.r such 3s Particle Dal:1 Group [2X] so the find publication ltst cont;rins a srnsll number of papers 

published in a variety of other jourrxlls. 

’ All totals have been rounded to the nearest 5, and all psrcent;lgrs to the ne;lrest 0.5 percent. 

’ All the papers were scanned IO establish which accelerator was used to obtain the rxperirncntd results. In a sm;lll number of cd\es 

(2.4 percent). more than one accelerator was used. For such cases. each accelerator used was credited with that paper. with the rcwlt 

that there is B small clement of “double-counting” in the publication wt;~l.\. 

SLAC machines appear to have achieved a rcla- 

tively high scientific productivity - 8.0 percent of 

all papers compared with 5-6 percent of funds 

and users. 

However, as we have stressed earlier (see table 

1). analyses based on publication counts alone can 

bc misleading, since the publications from one 

accelerator may on average have had considerably 

more impact on the advance of knowlcdgc than 

those from another. The next step, therefore, is to 

examine the rolativc overall impacts of those pub- 

lications. 
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Table 8 

Relative scientific productivity of major accelerators. 1969-78: 

Experimental publications in relation to inputs 

inputs = 

(% of world total) 

Experimental 

publications 

(B of world total) 

CERN - 25-32 b 26.5 

DESY -4-s< 3 

Brookhaven - 5-7 11.5 

Fermilab -ll-13h 8.5 

(13.5)J 

SLAC -5-6’ 8 

’ These figures have been taken from table 5. and represent a” 

average of the figures for numbers of users and for funding. 

’ Except in the very early years of the decade, 1969-78. 

’ Except in the last year or so of the decade. 

’ Average figure for the period 1973-78. 

6. Accelerntor outputs - overall iulpdct of scitutific 

publications 

Analysis of the relative frequency with which 

papers from one accelerator (or set of accelerators) 

are suhscqucntly cited by scientists in other articles 

may bc used to provide various indicators of their 

impact on the advance of scientific knowledge:, 

though. as with other indicators, these are by no 

nicans unproblematic. *’ Three citation indicators 

- total numbers of citations, citations per unit 

input, and citations per paper - are of relevance 

here in assessing general scientific impact, while a 

fourth - numbers of highly cited papers - is used 

in the next section to evaluate more specifically 

which accelerators were responsible for the main 

breakthroughs in high-energy physics between 1969 

and 1978. 

The data-base from which all four citation indi- 

cators were constructed was compiled by manually 

scanning the Scierrcr Citation Index [33] for the 

years 1961-82. Using this method, full and rela- 

tively accurate citation records were obtained for 

the experimental publications from each accelera- 

tor. Manual scanning largely overcomes the tech- 

nical problems of citation analysis listed in table 1 

(mis-spelt names, incorrect volume or page num- 

bers, etc.). And since the Science Circrtion Index 

covers the 11 main international high-energy 

physics journals. as well as most of the others 

>( For 3 discussion of the intrinsic problems in citation analy- 

sts. see Marlin and Irvine (191. 

occasionally used by experimentalists. the citation 

counts should (as was the case with the publica- 

tion totals) be around 90-95 percent complete 

(again with the exception of the Soviet and East 

European figures “). 

One special problem affecting citation analysis 

in high-energy physics should perhaps be men- 

tioned. This is the extensive use of references to a 

preprint until the paper concerned is published. *’ 

(This practice ends virtually as soon as the paper is 

published, so it normally affects only the citations 

to a paper during its first year.) Such citations 

have all been credited to the paper that supersedes 

the preprint. and the same procedure has been 

adopted for references to articles “in press” and 

“to be published.” 

Comparative data on the overall level of ci- 

tations gained by papers from the accelerators at 

each of the main Western high-energy physics 

centres are provided in table 9. Figures are given 

for even years only, and refer to the total numbers 

of citations made in those years to expcrimcntal 

journal articles published during the preceding 

four years, 2X i.e. the 1972 figures arc for the 

number of citations in the 1972 edition of the 

Science Citdon In&.x *’ to all papers published 

bctwccn 1969 and 1972. It can be seen that papers 

reporting results produced on CERN accelerators 

26 See note a to tahlc 9 and the discussion of this problem in 

Irvine and Martin (11 I. 

*’ This problem is particularly pronounced for East European 

publications in which there is a far greater incidencr of 

references to preprints than to published articles. This mode 

of referencing arises largely because of the frequently long 

delays before papers are puhlished. but also because some 

Bast European research groups do not have easy access to 

journals and instead rely on informally circulated preprints. 

The Soviet citatton totals must therefore be treated with 

grc~, ccrurion since they may represrnt an appreciable under- 

estimate of the ‘*1rue” citation totals (see Irvine and Martin 

1tt1,. 
*” Since most experimental high-energy physics papers have a 

peak citation-rate one to IWO years after publication. the use 

of a period longer than lour years does no1 significantly 

affect the overall citation distribution. though i1 does tend 

to mask changes over time. 

ty While most of the citing ar1iclcs in. say. the 1972 edition of 

the Screncr Ctrurion /n&x will have been officially pub- 

lished in 1972. a few will he dared 1971 even though they 

actually appeared in 1972. too late for inclusion in the 1971 

edi1ion. Similarly. the 1973 edition will contain a few citing 

articles dated 1972. We have assumed that these two effects 

approximately cancel out when dealing with large numbers 

of publications. 
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Table 9 

Numbers of cll;ltions’ to experimental journal articles published Jurlng the preceding four years 

I972 1974 1976 197H 19x0 Total 

1972+ 1974 

+1976+197X 

Citations to 

p.~pers from 

W. Europecln 

accelerators 

CERN 

DESY 

Others 

Total W. Europe 

Citations to 

papers from 

US 

accelerators 

Brookhaven 

Fermilab 

SLAC 

Others 

TotAl us 

Citations to pqxxs from other 

accclcr:~tors (Soviet Union. Japan) 

1420 h 2150 

(27%) (31.5%) 

250 180 

(4.5%) (2.5%) 

420 520 

(8%) (7.5%) 

2090 2x50 

(39.5%) (42%) 

960 

(18%) 

20 

(0.5%) 

670 

(I?.S%p) 

1150 

(21.5%) 

2x00 

(53%) 

420 

(8%) 

5310 

(I(H)%) 

760 

(11%) 

7x0 

(11.5%) 

670 

(10%) 

YYO 

(14.5%) 

3 I YO 

(47%) 

740 

(11’K) 

67X0 

(l(H)%) 

1840 

(24%) 

IX0 

(2.5%) 

440 

(5.5%) 

2460 

(32%) 

7x0 

(10%) 
1900 

(25%) 
I330 

(17’R) 

570 

(7.5%) 

45YO 

(5Y.57) 

690 

(9%) 

7740 

(100%) 

20x0 

(25.5%) 

450 

(5.5%) 

290 

(3.5%) 

2x30 

(34.5%) 

420 

(5%) 

2620 

(32%) 

1250 

(15%) 

570 

(7%) 

4x50 

5Y.5%) 

510 

(6%) 

x I’M) 
(1owx) 

1740 

(2X.5%) 

950 

(15.5%) 

240 

(4%) 
2920 

(48%) 

170 

(3%) 

1320 

(21.5%) 

6YO 

(11.5%) 

430 

(7%) 

2620 

(43%) 

550 

(“%) 

hOY0 

(l(H)%) 

7490 

(26.5%) 

1060 

(4%) 

1680 

(6%) 

10,230 

(36.5%) 

2910 

(10.5%) 

5320 

(19%) 

3920 

(14%) 

3280 

(11.5%) 

15.430 

(55%) 

2350 

(X.5%) 

2R.020 

(1W’K) 

’ These figures have been Jcrivcd using the Scwwc* C’lfurrot! Id~*.r. This scans all 11 of the “lain intcmationd journals uwd tn 

Alwing up tbc publication list, as well as scvcrd of tbc other journ;ds contrtininy the txxariond hi&-energy physics paper. 

‘I’hrrcforc. like tbc publication totals. the citation total* .rbould he YO-Y5 pcrccnt complctc, cnccpt in tbc case of papers fro”, Sowct 

and Jqxu~cse xcclcr;rtors. (Some Soviet p;tpcrs arc puhlihhccl in the physics journ:& of ths various Soviet Rcpuhlics. and these are 

not wxnncd hy the Sciorcr C‘rtutron Idler. ) 
h AII totals have been rounded to the “carat 10. ;~ncl all pcrccntagcs to the ncarc.st 0.5 pcrccnt. 

earned 26.5 percent of all world experimental 

high-energy physics citations for the period 

1969-78. “’ This is almost one-and-a-half times 

that of Fermilab’s share (19 percent), twice the 

SLAC share (14 percent), two-and-a-half times 

Brookhaven’s share (10.5 percent). and seven times 

that of DESY (4 percent). Thus. in terms of abso- 

lute numbers of citations. it would appear that the 

rorul impact of work carried out on CERN accelrr- 

ators has been greater than that from any other 

laboratory over this period. Further comment will. 

however, be made on this question once the data 

on the distribution of highly cited papers have 

been taken into consideration. 

w As noted above. only citations in even years are reported 

here. However. the inclusion of citations made in the intcr- 

vening odd years does not lead to apprrcishly different 

results. 

It is important to recognize that variations in 

the total numbers of citations gained by the accel- 

erators at different centres may reflect differences 

in activity levels as much as the relative signifi- 

cance of their respective experimental outputs. (We 

should remember, in particular, that comparison is 

being made between the outputs of one accelerator 

at Brookhaven and Fermilab. and those of three at 

CEKN.) It is essential, therefore, to relate these 

citation totals to the inputs for the various accelcr- 

ators. The relevant figures are given in table 10 

and suggest that, in terms of citations per unit 

input, the SLAC accelerators have had the best 

record, followed by the Fermilab and Brookhaven 

accelerators. with the CEKN and DESY machines 

some way behind. 

Probably the most useful of the indicators based 

on total citations is the average number of cita- 

tions per paper. This again takes into account 
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Rclanve wwntlfic nnpclct of mqor accelerators. 1Y6Y-7X: 

Cilalions in rel.don lo inpuls 

Inputs a 

(B of world lOLlI) 

Cillrllons lo 

recent papers 

(% of world total) 

CERN 25-32’ 26.5 

DEW 4-5 c 4 

BrwhhJven 5-7 10.5 

Frrmilah 11-13 h IY 

(23.5) J 

SLAC 5-6’ I-l 

’ These figures have been taken from ~ahlr 5. and represent an 

average of rhe figures for numbers of users and for funding. 

’ Ewxpt in the very early years of the dccadr. 1969-78. 

’ Encep in the last year or so of the d~ade. 

’ Avcruge of the mtals for 1974. 1976 and 197X. 

diffcroncss in the scale of resources and research 

activity associated with each accelerator. and cna- 

blcs direct comparisons to bc made of the nvcragc 

impacts of the great mass of expcrimcntal papers 

that at hcst contribute only marginally to scientific 

progress. Table 11 gives the relevant data for 

various four-year periods hctwccn 196Y and 19X0; 

the 1Y72 figures, for cxamplc, rrprcscnt the num- 

bcr of citations in the 1972 Scie~rce Cittrfioti frrdc.v 

to cxpcrimcntal papers published bctwecn 

196Y-72, divided by the total number of those 

papers. In terms of this indicator, the CEKN 

accelsrators again come out behind those at SLAC 

and Fermilab, ” as well as behind those at DESY, 

but ahead overall of the Brookhaven AGS - a 

rclativcly old accelerator yielding publications with 

a sonicwhat lower than average impact in the 

latter part of this period. 

7. Accelerator outputs - highly cited papers and 

discoveries 

We pointed out previously that, while indica- 

tors based on publication counts and total or 

avrragc numbers of citations provide information 

on the vast number of small incrcmcntal contribu- 

tions to scientific progress, they may reveal very 

littlc indeed about which accelerators have been 

responsible for the occasional crucial discoveries 

that have completely transformed high-energy 

physics. In order to focus on such discoveries (and 

also on slightly lower-level. but nevertheless im- 

portant. advances). it is useful to examine the data 

on highly cited papers. ” 

First. however. the period 1969-78 needs to be 

set in its historical context. While several major 

discoveries in high-energy physics had been made 

in the second half of the 1950s and the early 

1960s. between 1965 and 1968 there were virtually 

none. and from 1969 to 1972 only a few (deep-in- 

elastic scattering at SLAC, ” the first indications 

of rising total cross-section in hndron collisions at 

Serpukhov, and some early results from the ISR at 

CERN). 

In contrast. the period 1973-77 resulted in 

numerous major discoveries - most notably those 

of neutral currents, the J/psi particle. the heavy 

lcpton tau, charmod particles, and the upsilon - 

which completely transformed the nature of par- 

ticle physics. ” fligh-energy physics during this 

period. and in particular at the time of the so-called 

“ Novcmbcr revolution” in 1974 (when the J/psi 

was discovcrcd), may be seen as an epoch of truly 

” revolutionary” science while the previous period 

from 1965 -72 was more one of ‘normal scicncc 

(cf. Kuhn (lb]). 

During this revolutionary period, certain key 

expcrimcntal papers clearly achieved an impact 

many times grcatcr than that of the great majority 

of other publications. It is therefore necessary to 

look at the distribution of highly cited papers 

between accelerators, since this may provide a 

more relevant indicator of relative contributions to 

scientific knowledge than total numbers of publi- 

cations or citations. These data are given in table 

12. 

Over the decade 1969-78, approximately 5400 

The only high-cncrgy physics enpcrimcn~ during IIK lY60\ 

lo havr whwqucn~ly besn awurdcd a N‘lobel I’rirc was lhl 

which di~covcred Cl’-viol;lGon. The p;lper reporting [hi?. 

diwxvery was the most-cihxl expsrimcnul publication of 

that dccaIc. Similarly. [hc mosl-cilcd etpcrimcnlal paper.\ 

of ~lle 197Oh concern the discowry of Ihe J/psi particle, and 

that IW wa rcwardd by II Nohcl 1’rir.e. 

Thir work %;I* puhlishcd in 1969. although [he cxpcrimcnl 

had hccn carried WI [he previous year. In u hat follows. the 

d;lccs given for enpsrimcn[* refer IO when lhc restyles were 

puhlixhcd rarhcr than when the expcrimcn~ was run. 

The results from ~htae and other cxperimsnls during the 

196(h and 1970s ;IW Jiscu~sed in more Jctad in pnpcr II 

1121. 
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Table 11 

Average citations per paper (CPP) for ~ournd articles published durmg the preceding four years 

1972 1974 1976 1978 19x0 Average for 

1972. 1974. 

1976and 1978 

CPP for papers 
from W. European 

accelerators 

CERN 

DESY 

Others 

W. European 

average CPP 

2.8 4.0 3.0 3.2 3.1 3.2 

4.0 2.5 2.7 5.7 R.8 3.8 

2.5 2.6 2.4 2.0 2.0 2.4 

2.8 3.5 2.9 3.2 3.7 3.1 

CPP for papers Brookhaven 

from US Fermilab 

accelerators SLAC 

Others 

US CPP average 

CPP for from papers other 

accelerators (Soviet Union. 

Japan) 

2.9 2.5 3.2 2.7 1.6 2.8 

(3.R) = 6.9 6.7 7.3 3.7 7.0 

4.9 4.2 7.1 5.8 4.4 5.6 

2.5 2.5 2.0 2.9 3.2 2.5 

3.0 3.3 4.6 5.3 3.4 4.0 

1.4 1.9 1.5 1 .o I.1 1.4 

World CPP average 2.7 3.1 3.3 3.5 3.0 3.2 

’ This value is hnscd on only five papers. and may not thcrcfore bc very significant. 

experimental journal articles were published. Of 

these, the top 0.2 percent most cited earned 100 or 

mow citations 01 > 100) in any one year. Ex- 

amination of these 11 papers (see the final column 

of table 12) reveals that they correspond closely 

with the crucial discover& listed above. 25 

Fur-thermore, it can be seen that the SLAC acccl- 

erators produced over half of these papers (6 out 

of 11). many times more than the accelerators at 

any other centre; the CERN. Brookhaven. Fermi- 

lab and Serpukhov machines achieved only one 

each. Such a striking difference would suggest 

that, in this period of revolutionary science, the 

SLAC accelerators were central in advancing our 

knowledge of high-energy physics. I6 

It is also instructive to examine the distribution 

between accelerators of discoveries of a slightly 

lesser magnitude (the term “major advances’* will 

be used, in distinction from “crucial discoveries”) 

by considering the data on papers cited more than 

50 and more than 30 times in a year (see the 

middle two columns of table 12). These corre- 

spond, respectively. to the top 0.8 percent and top 

percent most-cited papers over the decade 

The degree of corrcspondencr is examined in drlail in paper 

II [ 121. However. it is worth stressing here that none of the 

I I is 3 “mistaken” paper. 

The same conclusion was reached in Martin and Irvine [IX]. 
but in a much more tentative form. 

1969-78. As can be seen. the Fcrmilab accelerator 

has yicldcd most papers at these Icvcls, followed 

by the CERN and SLAC accelerators. llowcver, it 

should be noted that at Icast four of the Fcrmilab 

pupcrs (two on ” trimuons” and two on the “high-y 

anomaly”) earning 50 or more citations are now 

considcrcd by most high-energy physicists to have 

bcsn “mistaken.” and to have seriously misled 

theorists for several years before they were refuted 

by more accurate results from the CERN SPS 

accelerator. At the time these papers appeared, 

high-energy physicists were beginning to regard 

the “Weinberg-Salam theory” as a strong candi- 

date for a unified theory of electromagnetic and 

weak interactions. Yet the Fermilab results ap- 

peared to imply that the simple model of Wein- 

berg-Salam was invalid and a more complicated 

version was required. For a short period thereafter, 

these papers, not surprisingly. had a rather high 

impact within the scientific community (rcflectcd 

in their citation rates), as the following review 

article of the time makes clear: 

Perhaps rhr mmt drumurrc dwelopnwnr in neutrino physics 

in the last year or so has been the observation of substantial 

anomalies in the total and differential cross-sections at 

high-energy. . The new data appear to lead rnex&oh!r 

to new quarks and new couplings. simply hcausc other 

mechanisms are inadequate (Perkins 129. p. 470 and p. 4751. 

emphasis added). 

Understandably, some of those who laboured long 



HCP for us 

accelerators 

n 315 n 3 30 ” a 50 n>loo 

HCP for CERN 111 31 9 1 

W. European (26%) h (26%) (19.5%) (9%) 

accelerators DESY 20 9 3 0 

(4.5%) (7.5%) (6.5%) (0%) 
Others 14 4 1 1 

(3.5%) (3.5%) (2%) (9%) 

Total W. Europe 145 44 13 2 

(34%) (37%) (28%) (18%) 

Brookhaven 37 6 2 1 

(8.5%) (5%) (4.5%) (9%) 

Fermilab 106 37 17 1 

(24.5%) (31%) (37%) (9%) 

SLAC 75 21 11 6 

(17.5%) (17.5%) (24%) (54.5%) 

Others 42 7 1 0 
(10%) (6%) (2%) (0%) 

Total US 260 71 31 H 

(60.5%) (59.5%) (67.5%) (72.5%) 

tICP for other wcclcrators 24 4 2 I 
(5%) (3.5%) (4.5% (9%) 

World tot;rl 429 I IV 46 II 

(low%) (ltxta) (loa) (IoO%) 

a Thcw f$urc.\ have been oh~xincd by scanning chc Scrcrwe Cttcrtrotr fnc/c*.r for ~hc ycxrs lY6Y lo lW2. ‘I’hc hkcly error.\ should hc 

Table 12 

Numbers’ of highly cited papers (HCP) for the period 1969-78: Numbers of papers cirrd n or more times m one year 

ralhcr smnllcr than the IO percent figure of previous Iahlcr. 

h All pcrccnc;lgcs hwc hccn rounded IL> the ncarcst 0.5 pcrccnc 

and hard in constructing new theoretical models to 

accommodnto the errant Fermilah data are now 

somewhat resentful that their efforts appear to 

have been needless. ” One eminent theorist subse- 

quently described the time between the first ap- 

pearance of the anomalous results and their even- 

tual refutation as 

a confaing period of exhilarawn and disappointmcn~. 

alarms and excursions. Expcrimenl confirmed [he [ Wcin- 

hcrg-Salam] theory: experiment denied rhe theory. Enor- 

mous thcorcticrl effort was devoted lo producing growquc 

rnu(an( versions of Ihe theory con&tenl with the new 

expcrimcntal results; the new experimcncx were shown to hc 

in error; [hc mutan& were slain. (This happened 31 leas1 

rhrec limes: with high-y anomalies. with lrimuons. and with 

utomic parily violation). In the Ias1 few years. though. [he 

cnperimcnM situation sums IO have rlahilizcd in ngrcc- 

mcnl with Ihe original 1971 version of the theory. The 

?7 Thi\ came across wry *rrongly in several of the inhxvicws 

thal we conducted. One distInguished theorist commcnlcd: 

“The high-y anomaly allracwd 3 lrcmendous amounl of 

thcorclical acGvity which was just mispuidcd. So they did a 

grcac diwxvice 10 the high-cncrgy physics community. They 

held rhings hack hy sevcrcll years” (Inhxview. 19X1). 

Wcinhcrg-Salem model is now the standard theory of the 

clcctro-wrok intcraclion (Coleman (6. p. 1221). 

It is far from simple to decide how such “mis- 

takes” should be assessed. Certainly. they did ini- 

tially have a major impact on high-energy physics 

and their citation figures for the period reflect this. 

However, as soon as they were generally recog- 

nized to be “mistaken.” their impact fell dramati- 

cally lo become almost negligible. (This was re- 

flected in their citation rates rapidly dropping to 

virtually zero.) With hindsight, that initial impact 

might now be judged to have been negative (i.e. 

retarding rather than advancing scientific know- 

ledge). According to another interpretation, how- 

ever, the efforts to explain these results were not in 

vain: thus, although the Fermilab data led theo- 

rists lo posit the existence of a new, fifth type of 

quark for reasons that turned out to be specious, 

they 

nonetheless served B valwhlc hcurislic purpose in stimulal- 

ing speculation about the properlies of particles composed 

of heavier quarks. properlics rhe upsilon [an importam new 



parfdc diwxnerrd ;L hItIe later] turned WI IO have (LeJer- 

man [17. p. 671. 

Under this latter interpretation. these “mis- 

taken” papers clearly did contribute to the ad- 

vance of scientific knowledge. although probably 

not by as much as their subsequent citation re- 

cords would suggest. The Fermilab data on highly 

cited papers in table 12 and subsequent tables 

should therefore be viewed in this light. 

We can go on from’here to consider the distri- 

bution across accelerators of a still lower level of 

discoveries (the term “advances” will be used). 

The first column of table 12 presents data on those 

papers earning 15 or more citations in a year 

(corresponding to the top 8 percent most-cited 

papers). In marked contrast with the data on 

“crucial discoveries” and “major advances,” it can 

bc seen that the CERN accelerators produced I I I 
such papers, slightly more than the Forniilah acccl- 

erator (106) and significantly more than the SLAC 

(75). nrookhaven (37) and DESY (20) machines. 

Finally, we should examine data relating to the 

7‘ahlc 13 

different “lifetimes” of highly cited papers. This is 

a necessary dimension to any assessment of impact 

since it is clear that some key publications have a 

continuing major impact over several years, while 

others (most notably “mistaken” papers) are rela- 

tively short-lived. This effect can be allowed for by 

analyzing the number of times that highly cited 

papers earn more than a certain number of cita- 

tions in a year. The relevant data are given in table 

13. Overall, we can conclude that the pattern of 

distribution between the accelerators is not 

markedly different from that evident in table 12, 

although the figures for the Fermilab accelerator 

for papers cited 50 or more times are reduced from 

37 percent to 30 percent of the respective world 

totals. This is largely because of the shorter life- 

times of the mistaken Fermilah papers. 

IIow do these various data on highly cited 

papers relate to the inputs for the various accclcrn- 

tars? Table I4 prcscnts data on rclativc scientific 

impact, setting the figures for rf >, 15 in table 13 

against the relevant input figures. (Comparisons of 

inputs with data on more highly cited papers in 

” iIS n z 30 II > 50 PI I If)0 

I ICP for CEKN 26Y 56 16 1 

w. t.uropc;m (27.58) h (23.5%) (1X.5%) (5.5%) 

mxcIcr3Iors I)l:.SY 43 I2 3 0 

(4.5%) (5%) (3.5%) (0%) 
Others 32 6 3 2 

(3.5%) (2.5%) (3.5%) (11%) 

Tad W. Europe 344 74 22 3 

(35%) (31%) (25.5%) (16.5%) 

Drcwkhavcn 

Fermilnh 

SLAC 

Others 

Total US 

x3 IX 

(X.5%) (7.5%) 

232 71 

(23.5%) (30%) 

1x7 57 

(19%) (24%) 

79 8 

(8%) (3.5%) 

5x1 I54 

(59%) (64.5%) 

6 

(7%) 
26 

(30%) 

27 

(31%) 

(2.5%) 

61 

(70%) 

3 

(16.5%) 

2 

(ll’g) 
9 

(50%) 

0 

(0%) 
I4 

(78%) 

tICI’ for other accclcrators 

(SOVICI Union. Japan) 

World toed 
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Relative scientific impact of mqw ;~cccler~~~ors, 1Y69-78: 

Highly cued papers in relation IO inputs 

Inputs a 

(B of world total) 

Number of limes 

papers earned 2 15 

cilallons in ;L year 

(% of *odd 10131) 

CERN - 25-32 b 27.5 

DESY - 4-5 c 4.5 

Brookhaven - 5-7 R.5 

Fermilab -11-13 h 23.5 

SLAC -5-6’ 19 

’ These figures have heen taken from ~ahle 5. and represent an 

average of the figures for numbers of users and for funding. 

h Except in the very early years of the dtudr. 1969-78. 

’ Encept in the last year or so of the decade. 

both tables 12 and 13 could also. of course. bc 

made.) Again, the SLAC accelerators emerge best 

from this comparison of input-adjusted impact. 

followed by the Fermilab (but with the rcscrvation 

about mistaken papers) and Brookhavcn mac- 

hints. 

The output from the CERN accclcrators in 

lernis of this indicator (al 11 > 15) is lilllc diffcrcnl 

from lhcir share of inputs. a conclusion that needs 

sonic qualificalion if da13 on very highly cited 

papers ()I > 100) are introduced into the compari- 

son. 

8. Accelerator outputs - peer-evaluation 

Our previous sludies of various Big Science 

specialities have strongly suggestrd that. while in- 

dicators based on publication and citation analysis 

provide essential information on the relative con- 

tributions to scientific knowledge associated with 

different research facilities, such indicators always 

need to be considered alongside peer-evaluation 

data. So how do high-energy physicists judge the 

magnitude of the contributions from the CERN 

accelerators compared with those from other accel- 

erators? 

Peer-evaluation data were obtained for all the 

accelerators included in the present study through 

interviews with 182 ” experimental and theoretical 

This dtxs not include a numhcr of other inlcrviews that 

were rerminaicd premsturcly when it hccame apparent that 

interviewees had insufficient knowlcdgc IO answer the qucs- 

lions satisfactorily. hcing unahlc. for example. lo wcollccl 

correctly which accclcra~ors wrc rc.\ponsihlc for certain 

rxperimcnlal rewlts. 

high-energy physicists. These were carried out in 

the latter part of 1981 and the first half of 1982. In 

selecting our interview sample, care was taken to 

ensure that as far as was possible the views of 

researchers from Western Europe, Eastern Europe 

and the United States were all well represented. ” 

The result was that 41 high-energy physicists were 

interviewed at CERN, 71 in CERN user-groups in 

Western Europe, 28 at Brookhaven (and in the 

user-group at the State University of New York, 

Stonybrook). 24 at Fermilab, and a total of 18 in 

Bulgaria. Finland and Poland. 

The interviews were intensive (typically lasting 

1 f to 2 hours) and structured, being based on a 

common set of questions but with a few additional 

questions for special groups of researchers. After 

giving brief details of their background and career. 

interviewees were asked to describe their own re- 

search work and perceived contributions to high- 

energy physics. The questions were then gradually 

broadcncd in several stages, interviewees being 

requested first of all to identify the principal COII- 

tributions of the various collaborations in which 

they had worksd, then those from the accclcrators 

they had used, and, finally, the overall contribu- 

tions from the world’s other major accclcrator 

facilities. In some cwx, memories had to be jolted 

or occasionally corrected when discovcrics or major 

research programmcs were attributed to the wrong 

accelerators. 40 Apart from its information value, 

this exercise in systematically rccollccting the con- 

tributions of different accelerators was useful in 

helping respondents prepare themselves for the 

peer-review section of the interview. In this, intcr- 

viewces were invited to rank the accelerators at 

fourteen different laboratories according to the 

relative magnitude of their contributions to high- 

energy physics over the period 1969-78. (For this 

question, all three CERN accelerators were treated 

as one unit. ” as was the case with other multi- 

accelerator laboratories.) In addition to the five 

major Western laboratories already discussed, we 

included in the peer-ranking three smaller facilities 

in the United States (Argonne; the Cambridge 

SW note 45. b&w. 

For cnample. some PhysicibIs wrongly ;lttrihutcd the Jis- 

covery of nculral currunts IO the CERN SPS rarhcr than the 

PS. 

Il~wcvcr. it should he re-emphwiwd that wc arc here 

assessing the outputs from the CERN ucw/cnr~~~~. not the 

pcrform;lncc of CERN as a centrc nor it5 staff. 



Electron Accelerator. CEA: and Cornell), two in 

Britain (the Nimrod and NINA accelerators at 

Rutherford and Daresbury Laboratories respec- 

tively). and four in the Soviet Union (the large 

accelerator at Serpukhov. and the smaller mac- 

hines at Dubna. Moscow, and Yerevan). Thus all 

proton accelerators with an energy of 7 GeV or 

greater, and all electron accelerators of 4 GeV or 

more. operating between 1969 and 1978, ” were 

included. ” 

Of the 182 physicists interviewed. relatively few 

were able to rank in full order from 1 (top) to 14 

(bottom) the accelerators at al1 fourteen laborato- 

ries. Most regarded at least two or more as having 

made equivalent contributions. particularly in the 

case of those at the lower end of the order. Others 

preferred to identify five or six distinct groups of 

accelerators and then to rank these in order. Only 

8 percent found it too difficult to undertake the 

ranking, or rcfuscd for personal or professional 

reasons. 

Average rankings on a scale of I to 14 wcrc 

then calculated. ‘&I and the results arc given in 

table IS. 4’ In addition to prcscnting “overall avcr- 

age rankings” for each rcscarch facility (see the 

pcnultimatc column of the table). WC have classi- 

~ccclcrarors Iha1 only began 1o yield puhli\hcd rcwlrs after 

lY7H (.\uch as I’tiTKA al L)I:.SY. and CtlSll ;11 Corncll) have 

been excluded. 

Conversely. accclcra1ors with less Ihan these rncrgics were 

excluded. I1 should be nowi. however, 1h1 several of them. 

for example Iho,e a[ Berkeley. Orsay. Snclay, Frascdi. and 

NovoAbirsk. mlgh1 well have been plxcd above some of 

those ranked 1ow;lrJs lhe bo11om of our IAt of fourtrrn had 

they been included. 

Where. for c.xamplc. IWO ;~ccclcr;~~ors were ranked first 

equal. they wcrc each given [he ranking 1.5 (ix (I + 2)/2); 

where Ihrcc were plxcd first cqud. Ihcy were ranked 2 (ix. 

(1 + 2 + 3)/3); and so on. 

II >hould be stressed [ha1 1hsrc ranking* were made prim- 

arily by physici.\Is whose main rcscarch enpericncr ha hccn 

with prawn accelerators. This was nwcssary given 1hal the 

nim of the study was IO cvnlua~c the scienrdic ou1pu1r of the 

CEKN accelera1ors in rela1ion IO their main compctilors. 

Similarly. in our previous sludy of world clcclron 3ccclcr3- 

1ors. those chosen IO undcr1ake 1hr peer-rankIng cxcrcix 

wcrc mainly clccrron physicists. (See t;rhlc XVIt of Martin 

and Irvine [Iti1 for the relevan1 rcsul1s.) ttowcvcr. it should 

he noled 1haI the results arc strikingly Gmil;tr. dcspilc the 

differen cognilivc and insIi1utional Itxauons of the scicn- 

IisIs milking the peer-judgmwn1s. lo Ihc clcctron-ascel~r;lIor 

study. only thlrccen facihtics were ranked (Cord1 ~3% no1 

included). so some stighc ndjus1men1 nods IO he m.& IO 

the rankings in order lo compare 1he rcsulls directly. 

fied the judgemrnts of the 168 high-energy physi- 

cists who provided rankings into six groups in 

order to establish whether interviewees’ current 

institutional affiliation had any significant effect 

upon the results. These groups consist of those 

interviewed in (1) Brookhaven and Stonybrook: 

(2) Fermilab; (2) CERN; (4) research teams in 

three large CERN Member States (Britain. France 

and Italy): (5) research teams in two small CERN 

Member States (the Netherlands and Norway); 

and (6) user-groups of Soviet accelerators in 

Bulgaria, Finland and Poland. 

Certain comments can be made about the fig- 

ures in table 15. First. a high degree of consistency 

exists between the average rankings for each of the 

six groups; with just two exceptions. all are within 

OIIC unit of the overall avcruge (for all 168 inter- 

viewccs). and over throc-quarters are within half a 

unit. Sccod, thwx two exceptions are the rank- 

ings by Finnish and East European physicists of 

the scientific contributions associated with the 

Dubn;~ and Scrpukhov accclcrators in the Soviet 

Union. Given the problems of scientific communi- 

cation bctwcen East and West. this Iargcr dif- 

fcrcncc is probably due to ;I certain ignorance on 

the part of many scientists in the West of the 

cxpcrimcntal work of thcsc accclcrators. Jh Third. 

il smdl “self-ranking” effect stems to bc evident 

in certain casts; for example. high-energy physi- 

cists intcrviewcd at Brookhavcn ranked thr AGS 

accclcrator 3.1 compared with an overall average 

of 3.7, while the equivalent figures for Fcrmilab 

were 2.3 and 3.1. Table 16 attempts to set out in a 

more explicit way the effects of self-ranking (see 

the first two columns); thus, the 12 intcrvicwrrs 

who, for example, had used thr Argonne accclcra- 

tor ranked it 7.5 (“self-ranking”) while the re- 

maining 156 (who had not) ranked it 7.6 (“pecr- 

ranking”). However, the effect is not, in gcnrral. 

sufficiently large to cast doubt on the reliability of 

the results this approach yields. Fourth, and fi- 

nally, although a number of senior physicists in- 

tcrvicwed felt that certain categories of physicists 

- in particular. older, established researchers (i.e. 

The Jiffcrcncc between 1hc ELI European rankings of the 

I>uhnu and Serpukhov xccIcra1ors and the “ovcralt aver- 

age” rankings i.\ much biacr than the “self-ranking” effccls 

(xc ICXI above) in the rcsuI1s for Western accclcra1ors. This 

suggests that PI leas1 par1 of the difference mus1 he a11ri- 

hurcd IO an “igmxmcc” effect. See lrwnc and Marlin [I II 

for further diwussion. 
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Tdblc 15 

Peer-cvaluat~on rankings’ of the contributions to high-energy physics ’ made by accclcrators a: 14 laboratories bctwecn 1969 and 

1978 

Peer-evaluation rankings ’ OWKIll Relative 

by high-energy physicists in av‘xlgc position 

Accclcralor(s) Brookhaven Fermilab CERFJ Large CERN Small CERN Bulgaria. 
rankings 

(energy) and Member Member Finland 

Stonybrook Stales S1a1es Poland 

(Sample size:) (26 ) (23 ) (39 ) (45 ) (21 ) (14 ) (168 ) 

Proton machlncs 

Argonne ZGS 6.9 

(12 GeV) (fO.3) 

Brookhaven AGS 3.1 

(33 GeV) (f0.2) 

CERN (i) PS (28 GeV) 

(ii) ISR(31 + 31 GeV) 2.5 

(iii) SPS (400 GeV) (fO.1) 
Duhna 11.9 

(10 GeV) ( f 0.3) 
Fcmmilab 3.3 

(400 GeV) (fO.1) 
Mo.\cow ITEP 12.1 

(7 GcV) (f0.3) 
Rutherford Nimrod 9.1 

(7 GCV) ( f 0.4) 
Scrpuhbov 9.4 

(70 GCV) (f0.4) 

lilcctron machines 

CltA (i) 6 GcV 9.0 

(ii) IIYPASS (3 + 3 GcV)( fO.3) 

Cornell 8.4 

(12 GeV) (kO.3) 

Darcshury NINA 9.6 

(4 GcV) (f0.3) 
DtiSY (i) (7 GcV) 6.3 

(ii) DORIS (5 + 5 GcV) ( 20.4) 

SLAC (i) (20 GcV) 1.3 

(ii) SPEAR (4 + 4 GcV) (kO.1) 

YCXKln 12.1 

(6 GcV) (fO.2) 

6.6 

(fO.2) 

4.1 

(fO.2) 

3.7 

(fO.1) 

12.2 

(f0.2) 

2.3 

(fO.2) 

13.0 

(fO.1) 
9.4 

( f0.3) 

X.6 

( iU.3) 

x.7 

(fO.5) 

7.9 

(kO.3) 

10.7 

(*0.3) 

5.0 

(fO.2) 

I.3 

(fO.1) 

12.5 

(f0.3) 

8.5 7.6 

(fO.3) (*0.3) 

3.9 3.7 

(zkO.2) (f0.2) 

2.3 2.4 

(fO.1) (f0.1) 

11.8 11.4 

(fO.2) (f0.2) 

3.1 3.4 

(ltO.1) (fO.l) 

12.2 12.1 

(f0.2) (f0.2) 
x.9 8.6 

( kO.2) (f0.3) 
9.1 8.9 

(f0.3) (f0.3) 

9.0 9.1 

(kO.3) (i0.3) 

x.1 8.9 

( iO.3) (f0.3) 
9.5 9.7 

(f0.3) (f0.2) 

5.0 5.7 

(iO.2) (kO.3) 
1.3 1.1 

(f0.1) (ItO.1, 

12.3 12.3 

( f 0.2) ( f0.2) 

7.6 

(*0.4) 

3.4 

( f 0.3) 

2.3 

(fO.2) 

11.0 

(kO.3) 

3.6 

(fO.2) 

1 I.8 

(fO.3) 
9.9 

(ltO.3) 
7.x 

(kO.5) 

10.1 

( * 0.3) 
X.6 

(*0.5) 
10.5 

(fO.3) 

4.9 

(i0.3) 
I .4 

(*O.l) 
12.1 

(f0.3) 

7.8 

(fO.5) 

3.6 

c*0.31 

12.2 

fO.3) 
10.1 

f0.5) 
7.1 

i 0.6) 

10.2 

& 0.4) 

9.1 

f0.5) 

10.7 

i0.5) 

5.4 

*0.3) 

1.6 

f0.2) 

11.9 

( f 0.4) 

7.6 

(fO.1) 

3.7 

(*O.l) 

2.4 

fO.1) 
11.5 

(fO.1) 

3.1 

(fO.1) 

12.2 

(fO.1) 
9.1 

(f.O.1) 
x.7 

( *0.2) 

9.2 

(fO.1) 

x.5 

(fO.1) 
10.0 

(iO.1) 

5.4 

(f0.1) 

I.3 

(fO.1) 

12.2 

(f0.1) 

6 

4 

2 

12 

3 

13- 

9- J 

7- d 

9- .I 

7- J 

11 

5 

I 

13- 

l I - highat ranking; I4 - IOWCSI ranking. 

’ Contributions IO other arcas of research such as nuclear physics or synchrotron radiation arc nor being assessed here. 

’ The figure in brackets indicate the root-mean-square variations bctwccn the asscrsmcnt, made by the high-energy physicists. giving 

some approximate idea of the divcrgcnce of opinion within the different groups. 

’ Diffcrcnccs of only 0.1 or 0.2 in the overall average rankings arc not statistically significant. 

those who have been active for 15 or 20 years), 

theorists (who are generally less “committed” to 

particular accelerator centres). and experimenta- 

lists who had used a large number of accelerators 
- would be likely to give more balanced and 

reliable rankings, we found little evidence that this 

was the case. In this respect, table 16 (final two 

columns) considers the rankings made by those 

gaining their Ph.D. degrees before and after 1965. 

while table 17 presents data on the judgements 

made by theorists as well as figures “weighting” 

individual physicists’ rankings by the number of 

accelerators used. As can be seen, these groups of 

researchers hold relatively similar views on acceler- 

ator performance to those of high-energy physi- 

cists in general. 



Self-ranking Peer-ranlung Ph.D. awarded 

befcve (or 

durina) 1965 (n = 89) 

Ph.D. .iftcr 

IV65 (or “0 

Ph. D.) ( n = 79) 

Proton machines 

Argonne ZGS 

(12 CieV) 

Brwkhaven AGS 

(33 GeV) 

CERN (i) PS (2R 

GeV) (ii) ISR 

(31+3l GrV) 

(iii) SPS (400 GeV) 

Duhncl 

(IO GcV) 

Fcrmilah 

(400 GcV) 

hlcwxw ITEP 

(7 GCV) 

Rutherford Nimrod 

(7 GeV) 

Saplhhcw 

(70 CiCV) 

(12 <icV) 
l>;rrc&ury NINA 

(4 GeV) 

Dl:SY (i) 7 GcV 

(ii) DORIS (5 + 5 GcV) 

WAC(i) 20 C&V 

(ii) SPEAR (4 + 4 CicV) 

Ycrcvsn 

(6 ‘&V) 

?.S( & 0.51 
(n==ll) 

3.5( -t 0.2) 

(n=47) 

2.ff 2 0.1 f 

I 1.2( + 0.4) 

( )I .= 9) 

2.6( & 0.1) 

(n -45) 

7.S( * 0.4) 

(!I -= 23) 

6.7( f 0.4) 

(8I= 10) 

5. I ( L 0.4) 

(e Q 17) 

I.!( *().I) 

($1 _ 17) 

7x$*0.1) 

(*I = 156) 

3.7( kO.1) 

(n = 121) 

2.w +O.f) 

11.a f0.1) 

(tt = 159) 

f..t( kO.1) 

(a = 123) 

I?.?( 10.1) 

(II - 16X) 
9.4 k0.l) 

(a = 145) 

Y.o( f 0.2) 

(It - 1-w) 

Y.?( t 0. I) 

(u * lh5) 

X.5( t 0. I f 

( 11 - 165) 

IO.O( f 0. I) 
(PI - 163) 
5.4 f. 0. I ) 

(!I - 151) 

1.3( k0.i) 

(0 = 151) 

12.2( kO.1) 

(!I -16X) 

7.7( to.:) 

?.R( &al) 

2.7(*n.l, 

(n = IOX) 

11.6( +o.-‘j 

3.1( -frO.l) 

12.2( &().I) 

X.X( -f: 0.2) 

X.7( _t 0.2) 

Y.3( * 0.21 

X.4( -f. 0.2) 

Y.Y( t 0.2) 

5.51 .t 0.2) 

l.3( &O.!) 

12.2( f 0. I ) 

7.5( c O.Llf 

?.5( CO.1) 

Z.h( iO.1) 
(n =hO) 

11.4( +o?) 

3.2( fO.1) 

12.a *o.l) 

Y.5( I: 0.2) 

X.7( + 11.2) 

‘).I( +().?I 

X.5( tu.21 

IO.O( .t 0.2) 

5.3( .t 0.2) 

1.2( *0.lt 

12.3( kU.1) 

One of the main difficulties with peer-cvatua- 

tion is, of course, the problem of overcoming 

rescarchcrs’ natural worries about the implications 

for lhcmselvcs and collelrgucs of ncgativs judgc- 

mats. particuldy in a period of financi;il prrs- 

sure on funding bodies. 47 However, given the 

comparatively sm;tll systcm;ttic variations found in 

the rankings ma& by the very diff’crcnt groups of 

high-cncrgy physicists. it would seem fair to con- 

clu& that this problrm has largcty hccn overcome 

by our par-evaluation trchnique, and that a OX- 

lain Jcgrcc’ of confidcncc can bs plxcd in the 

results. This said, WC: are now in u position to 

summctrizc (tic: ptxr-review findings. The final col- 

umn of tahlc 15 converts the overall average rank- 

ings ma& by physicists hack into the dative 

positions of the xcrhxttors at the fourteen 

laboratories. The clear conclusion here is that the 

SLAC accelerators are regarded as having contrib- 

utcd most to the dvance of high-energy physics 

over the period 1969-78 (SW note a to table 15). 

followcd by the accelerators at CERN, Fermilab, 
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T.tble 17 

Rankings of occelrrators’ for 1969 to 1978: Views of theorists and rlrnkmgs welphted by number of accelerutors ued h 

Accelerstor(s) 
(energy) 

Theorists 

(n = 21) 

Rankings weighted 

by number of 

accelerators used 

Oved 

unwelghted 

average 

rankings 

(n = 168) 

Proton machines 

Argonne ZGS 

(12GeV) 

Brookhaven AGS 

(33 GeV) 

CERN (i) PS (28 GeV) 

(ii) ISR (31 + 31 GeV) 

(iii) SPS (400 GeV) 

DUhllll 

(10 GeV) 

FermiLth 

(4UU GCV) 

bl<wxW ITEf’ 

(7 GcV) 

RuthcrfwJ Nimrod 

(7 GCV) 

Scrpukhw 

(70 GCV) 

f:lcctr~w m;whinch 

<‘f:A (i) 6 GcV 

(Ii) HY PASS (3 + 3 GcV) 

C’~>rllcll 

(12 GCV) 

D;w>hury NINA 

(4 GeV) 

DliSY (i) 7 GcV 

(ii) DORIS (5 + S GeV) 

SLAC (i) 20 GeV 

(ii Si’lihR (4 +4 GeV) 

YercV;lll 

(6 GCV) 

X.2( + 0.4) 

3.3( + 0.2) 

2.3( 50.1) 

ll.l( kO.4) 

3.5( kO.2) 

I l.9( kO.3) 

9.q * 0.4) 

X.1( kO.5) 

9.1( f: 0.3) 

It.Y( f 0.4) 

lU.l( kU.3) 

5.5( * 0.4) 

1.2( kU.1) 

ll.9( iU.3) 

7.6( kO.1) 7.6( +O.)) 

3.X( kO.1) 

2.4 c 

3.7( ztO.1) 

2.4( ItO.1) 

11.6( fO.l) 

3.1 c 

12.q kO.1) 

X.9( f0.1) 

X.7( f0.1) 

Y.3( k 0. I) 

X.5( f. 0. I ) 

Y.9( k0.l) 

5.3(*().1) 

I.3 L 

l2.4( ztU.1) 

11.5(*0.1) 

3.l(*o.l) 

12.2( fO.l) 

9.l( 50.1) 

8.7( f 0.2) 

9.2( fO.1) 

X.5( kU.1) 

lO.O( kU.1) 

5.4( ItO.1) 

I .3( f 0. I) 

12.2( kU.1) 

’ I - highest ranking: 14 - lowed ranking. The figures in hrxkctr indicxte the rwx-mean-s quare variations bctwcen the aswamrnts 

ma& hy the high-energy physicist>. giving wme approxinutc i&a of the divergence of opinion within the dlffcrent grwps. 

’ The .r;tmple sire of each group is Jetwtcd by ,I. 

’ Rwt-mean-square variation of Iess than 0.05. 

Brookhaven and DESY. in that order. As stand 

earlier (note 45). these findings are closely in line 

with the opinions of electron high-energy physi- 

cists reported in Martin and Irvine [lgj. 

9. Accclerdor outputs - an overdl assessuient ol 

the period 1%9-78 

In concluding our assessment, it is necessary lo 

consider the overall picture of the relative scien- 

tific performance between 1969 and 1978 of the 

CERN accelcrutors and their users that is pro- 

vided by the different partial indicators taken to- 

gcthcr. Table 18 summarizes the results for the five 

main Western laboratories. The CERN accelera- 

tors, for example. have been responsible for the 

greatest number of publications and citations. and. 

in terms of these two indicators, their relative 

position is therrforc first. However, in terms of 

citations per paper the CERN accelerators come 

behind the Fermilab, SLAC, and DESY machines. 



in fourth position for the ten years under consider- 

ation. 

The peer-evaluation results represent the views 

of scientists who. in according relative positions to 

laboratories. have tried to balance small numbers 

of crucial discoveries (for which the number of 

papers cited 100 or more times in a year provides a 

useful indicator) against ovewhelmingly greater 

numbers of lower-level contributions (for which 

citation totals provide a reasonable indication of 

overall impact). 4X Thus. it is notable that. while 

the CERN accelerators rank highest in terms of 

both total citations and “advances” (papers cited 

15 or more times in a year). the physicists inter- 

viewed nevertheless ranked them second for the 

decade in question, behind the SLAC machines. 

This suggests that. in considering a period which 

witnessed revolutionary change in their subject, 

they attached greater weight to the criterion of 

whether or not acceicrators have been responsible 

for the “crucial discoveries” that transformed the 

field. In line with the figures on very highly-cited 

papers (r~ > 100) showing SLAC as having been 

responsible for over half such crucial discoveries. 

they ranked the Stanford accclcrators ahead of 

those at CERN. In addition. among the five facili- 

ties, only DESY apparently failed to produce a 

single such crucial discovery during the period 

concerned, 4’) and those interviewed ranked it fifth. 

The CERN, Brookhaven and Fcrmilab facilities 

cannot be distinguished in terms of crucial dis- 

coveries (between 1969 and 1978, each yielded one 

paper cited more than 100 times); howrvcr, the 

4” In paper II 1121 we prcscn~ the results of a further pcer- 

culuation study in which high-energy physicists wcrr 

rcqucsted 10 distinguish between thcsc IWO criteria in aacss- 

ing the output of the world’s six I;lrgc.\l prolon-3ccclcr~tors. 

Table IX 

indicators of lower-level contributions (based on 

total citations and “advances”) both suggest that 

Fermilab should be ranked ahead of Brookhaven. 

but behind CERN, agreeing with the relative posi- 

tions accorded to these three by the peer-re- 

viewers. 

In the light of these results. certain comments 

should perhaps be made about the notion of “con- 

vergence” between partial indicators that was 

introduced in our earlier work on assessing large 

basic research facilities (particularly in Martin and 

Irvine [19J). It is clear that. in the present study, 

the indicators do not all converge. and the set of 

indicators used needs to be interpreted with some 

care. In part, this lack of overall convergence is 

due to the fact that the various facilities being 

compared differ rather more in terms of their 

relative sizes and inputs than those examined pre- 

viously. “’ But probably more important is the fact 

that, in a field of science undergoing a period of 

revolutionary change. as did high-energy physics 

during the mid-1970s. indicators based on publica- 

tion and citation totals lose much of their utility 

since they tend not to reveal where the crucial 

discoveries were made. Citations per paper can 

also be misleading unless great care is taken to 

identify, and allow for, the rather grcatcr numbers 

of “mistaken” papers that appear to surface dur- 

ing such periods of theoretical uncertainty. Even 

“’ The DEW , IUC III‘\ were, however. rrsponsihlc for wswal .h’ *: 

lower-level hul nonethclcss major advances: [he discovery of 

~hc decay of the psi prime 10 the phi via an inlcrmcdi.llc 

swtc. and confirmation of the dircwcries of the upsilon. 

upsilon prime and charmed F mcwns. Moreover. since the 

end of 197X. PETKA has been re,ponsihlc for several wry 

importan advances such as the diswvcry of J-Jet cvc~~lh. 

“’ For example. CEKN currently offers a greater range of 

facilities than Fcrmilah and Drwkh;rvcn comb~ncd. 

PuhlicaGons Total Cilalions “Advances” h “Crucial Pccr- 

citations per paper dixovcries” ’ cvalualion 

CEKN 1 1 4 1 3 - 2 

DESY 5 5 3 S 5 5 

Brookhaven 2 4 5 4 3- 4 

Fcrmilah 3 2 1 2 3- 3 

SLAC 4 3 2 3 1 1 

l 1 - highest ranking; 5 - IOWCSI ranking. 

h Reed on the number of papers cited 15 or more times in a yc;Lr ([he top R pcrccnt mosl-cilcd papers). 

’ Based on rhe number of papers cihzd 100 or more times in a year (the 0.2 perccnl most-cited papers). 



the results based on highly cited papers are not 

completely satisfactory. since slightly different 

answers are obtained according to whether one 

focuses on “crucial discoveries”, ” major 

advances.” or “advances.” For a subject in the 

throes of revolutionary change, the first of these 

yields results that are most consistent with peer- 

evaluation. However. it is somewhat limited as an 

indicator because the statistics on crucial dis- 

coveries are small; while it may, therefore, be used 

to identify the leader(s) in the field, it is unlikely to 

disciiminate clearly between the great majority of 

the research facilities being assessed. 

From this. various conclusions can be drawn. 

First. it is not possible to carry out assessments of 

relative scientific outputs on the basis of a single 

bibliometric indicator (for example, publication or 

citation totals). To attempt to do so may lead to 

results that are seriously misleading. Second. even 

when several indicators are used together. one 

cannot adopt a ” mechanical” approach whereby 

publication and citation data are computed and 

assumcd to reveal in a faithful manner all aspects 

of the output from different research facilities. The 

results based on each indicator need to be care- 

fully i,rrc~prered, as has been clcurly demonstrated 

above. )’ Finally, it needs to be recognized that 

careful interpretation is only possible on the basis 

of detailed inside information on the research field 

under consideration, information that is accessible 

to “outsiders,” such as policy-researchers, only 

through intensive interviewing of the type de- 

scribed earlier. Even if it is impossible to obtain 

quantitative peer-evaluation data (as we were una- 

ble to do for some aspects of experimental high- 

energy physics before 1969), qualitative data are 

still absolutely essential if one is to ensure that the 

various pitfalls associated with each of the biblio- 

metric indicators are to be safely negotiated. 

This concludes the first part of our assessment 

of the high-energy physics facilities operated by 

CERN. We have seen how the method of converg- 

ing partial indicators can be used - admittedly 

only with great care - to yield what appear to be 

reasonable results comparing the overall output of 

As 3 rewll. we would wgue Ihal there is lillle poinl in 

allcmpting lo cdcuhk correlalion ctdlicicnls heluccn the 

rewks bawd on diflcrcnr indicamrs - this would he more 

midcading than weld hcccluw il might sul3gcs1 spurious 

precision. 

the CERN accelerators with that of other major 

high-energy physics facilities over the period 

1969-78. It seems clear that, over this period. 

users of the CERN accelerators contributed less to 

the advance of scientific knowledge than those of 

SLAC. but more than those of any other experi- 

mental centre. However, if we take into account 

the differing levels of resources invested in each 

accelerator laboratory (see tables 8 and 10). then 

the users of all three US national accelerator 

laboratories appear to have a better record over 

the ten years in question than those of CERN. ” 

In paper II [ 121, we look more closely at the 

performance of the individual CERN accelerators, 

at the changes in their performance over time. 

especially in the period since 1978, and at the 

factors explaining their performance relative to 

that of other major accelerators around the world. 
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