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Foreword 
This scientometric investigation does not have 

the character of a rigorous, quantitative 
statistical analysis due to the difficulty of 

retrieving data from mainstream media sources 

Nevertheless, the results provide some  
food for thought… 

The few landmark cases we selected are intended to be 
representative of the field 

Selections and omissions are not a judgement of merit! 
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Data sources 
! Thomson-Reuters: ISI Web of Knowledge 

− CERN subscription: since 1970, conference database not included 

! CERN, Fermilab and SLAC press releases 
− Limited time coverage 

− Limited search facilities  

! Newspaper web sites 
−  Some have a search engine 
−  Search facilities are paying (e.g. FAZ) or with limited free access (e.g. NYT) 
−  Search engines are usually primitive 

! Warning: 2013 statistics covers only a portion of the year 
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observed at a c.m. energy of 3.2 GeV. Subse-
quently, we repeated the measurement at 3.2
GeV and also made measurements at 3.1 and 3.3
QeV. The 3.2-GeV results reproduced, the 3.3-
QeV measurement showed no enhancement, but
the 3.1-GeV measurements were internally in-
consistent —six out of eight runs giving a low
cross section and two runs giving a factor of 3 to
5 higher cross section. This pattern could have
been caused by a very narrow resonance at an
energy slightly larger than the nominal 3.1-QeV
setting of the storage ring, the inconsistent 3.1-
QeV cross sections then being caused by setting
errors in the ring energy. The 3.2-GeV enhance-
ment would arise from radiative corrections
which give a high-energy tail to the structure.
Vfe have now repeated the measurements using

much finer energy steps and using a nuclear mag-
netic resonance magnetometer to monitor the
ring energy. The magnetometer, coupled with
measurements of the circulating beam position
in the storage ring made at sixteen points around
the orbit, allowed the relative energy to be deter-
mined to 1 part in 104. The determination of the
absolute energy setting of the ring requires the
knowledge of fBdl around the orbit and is accur-
ate to +0.1@.
The data are shown in Fig. 1. All cross sec-

tions are normalized to Bhabha scattering at 20
mrad. The cross section for the production of
hadrons is shown in Fig. 1(a). Hadronic events
are required to have in the final state either ~ 3
detected charged particles or 2 charged particles
noncoplanar by & 20'. ' The observed cross sec-
tion rises sharply from a level of about 25 nb to
a value of 2300 + 200 nb at the peak' and then ex-
hibits the long high-energy tail characteristic of
radiative corrections in e'e reactions. The de-
tection efficiency for hadronic events is 45% over
the region shown. The error quoted above in-
cludes both the statistical error and a 7%%uq contri-
bution from uncertainty in the detection efficiency.
Our mass resolution is determined by the en-

ergy spread in the colliding beams which arises
from quantum fluctuations in the synchrotron
radiation emitted by the beams. The expected
Gaussian c.m. energy distribution (@=0.56 MeV),
folded with the radiative processes, ' is shown as
the dashed curve in Fig. 1(a). The width of the
resonance must be smaller than this spread; thus
an upper limit to the full width at half-maximum
is 1.3 MeV.
Figure 1(b) shows the cross section for e'e

final states. Outside the peak this cross section
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is equal to the Bhabha cross section integrated
over the acceptance of the apparatus. '
Figure 1(c) shows the cross section for the

production of collinear pairs of particles, ex-
cluding electrons. At present, our muon identi-

FIG. 1. Cross section versus energy for (a) multi-
hadron final states, (b) e g final states, and (c) p+p,
~+7t, and K"K final states. The curve in (a) is the ex-
pected shape of a g-function resonance folded with the
Gaussian energy spread of the beams and including
radiative processes. The cross sections shown in (b)
and (c) are integrated over the detector acceptance.
The total hadron cross section, (a), has been corrected
for detection efficiency.
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tion of all the counters is done with approximate-
ly 6-GeV electrons produced with a lead convert-
er target. There are eleven planes (2&&A„3&&A,
3XB, 3XC) of proportional chambers rotated ap-
proximately 20' with respect to each other to re-
duce multitrack confusion. To further reduce the
problem of operating the chambers at high rate,
eight vertical and eight horizontal hodoseope
counters are placed behind chambers A and B.
Behind the largest chamber C (1 m&& 1 m) there
are two banks of 251ead glass counters of 3 ra-
diation lengths each, followed by one bank of
lead-Lucite counters to further reject hadrons
from electrons and to improve track identifica-
tion. During the experiment all the counters are
monitored with a PDP 11-45 computer and alI
high voltages are checked every 30 min.
The magnets were measured with a three-di-

mensional Hall probe. A total of 10' points were
mapped at various current settings. The accep-
tance of the spectrometer is 6 0=+ 1', h, q = + 2,
hm =2 GeV. Thus the spectrometer enables us
to map the e'e mass region from 1 to 5 GeV in
three overlapping settings.
Figure 1(b) shows the time-of-flight spectrum

between the e' and e arms in the mass region
2.5&m &3.5 GeV. A clear peak of 1.5-nsec width
is observed. This enables us to reject the acci-
dentals easily. Track reconstruction between the
two arms was made and again we have a clear-
cut distinction between real pairs and accidentals.
Figure 1(c) shows the shower and lead-glass
pulse height spectrum for the events in the mass
region 3.0 & m &3.2 GeV. They are again in agree-
ment with the calibration made by the e beam.
Typical data are shown in Fig. 2. There is a

clear sharp enhancement at m =3.1 GeV. %ithout
folding in the 10' mapped magnetic points and
the radiative corrections, we estimate a mass
resolution of 20 MeV. As seen from Fig. 2 the
width of the particle is consistent with zero.
To ensure that the observed peak is indeed a

real particle (7-e'e ) many experimental checks
were made. %e list seven examples:
(1) When we decreased the magnet currents by

10%%uo, the peak remained fixed at 3.1 GeV (see
Fig. 2).
(2) To check second-order effects on the target,

we increased the target thickness by a factor of
2. The yield increased by a factor of 2, not by 4.
(3) To check the pileup in the lead glass and

shower counters, different runs with different
voltage settings on the counters were made. No
effect was observed on the yield of J;
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Fla. 2. Mass spectrum showing the existence of J'.
Results from two spectrometer settings are plotted
showing that the peak is independent of spectrometer
currents. The run at reduced current was taken two
months later than the normal run.

(4) To ensure that the peak is not due to scatter-
ing from the sides of magnets, cuts were made
in the data to reduce the effective aperture. No
significant reduction in the Jyield was found.
(5) To check the read-out system of the cham-

bers and the triggering system of the hodoscopes,
runs were made with a few planes of chambers
deleted and with sections of the hodoscopes omit-
ted from the trigger. No effect was observed on
the Jyield.
(6) Runs with different beam intensity were

made and the yield did not change.
(7) To avoid systematic errors, half of the data

were taken at each spectrometer polarity.
These and many other checks convinced us that

we have observed a reaI massive particle J-ee.
U we assume a production mechanism for J to

be da/dp~ccexp(-6p~) we obtain a yield of 8 of ap-
1405

The November revolution 

! J. J. Aubert et al.,  
Experimental observation of a heavy particle-J,  
Phys. Rev. Lett., vol. 33, no. 23, pp. 1404-1406, 1974  
−  Times Cited: 1059 (14 authors)  

! J. E. Augustin et al.,  
Discovery of a narrow resonance in e+e- annihilation,  
Phys. Rev. Lett., vol. 33, no. 23, pp. 1406-1408, 1974 
−  Times Cited: 963 (35 authors)  
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MINUIT — A SYSTEM FOR FUNCTION MINIMIZATION AND ANALYSIS
OF THE PARAMETER ERRORSAND CORRELATIONS

F. JAMES
Data Handling Division, European Organization for Nuclear Research,
CH-1211 Geneva 23, Switzerland

and

M. ROOS
Department of Nuclear Physics, University of Helsinki,
Sf-001 70 Helsinki, Finland

Received 15 August 1975

PROGRAM SUMMARY

Title of program: MINUIT gating the shape of the function near the minimum to deter-
mine the errors. In this essentially statistical problem theCatalogue number: ACWH function involved is usually a chisquare or negative log-likeli-

Programobtainable from: CPC Program Library, Queen’s hood function, however many other physical problems of a
University of Belfast, N. Ireland (seeapplication form in this non-statistical nature, such as finding the minimum energy
issue) configuration of a molecule, can be treated using the same

Computer: CDC 7600; Installation: CERN, Geneva, Switzer- techniques.
land

Method of solution
Operating system: SCOPE2.1.2 or 2.0 We have chosen to offer the user a large number of different

Programming language used: ANSI FORTRAN techniques which can be conveniently 4pváedby the use of
High-speed storage required: 12000 words command cards. For example, ttsee different minim~ization

algorithms are available (a MonteCarlo search [11~the sim-
Number ofbits in a word: 60 plex method of Nelder and Mead [21 , and the variablemetric
Overlay structure: None method of Fletcher [3J) and they may be “guided” by fixing

and restoring variable parameters in between minimization
Number of magnetic tapes required: None commands, and by putting limits on the values allowed for
Other peripherals used: Card reader, line printer, card punch different parameters. Similarly, error analysis may be carried

Number of cards in combined program and test deck: 2600 out using the covariance matrix of the function, or by calcu-lating exact MINOS confidence intervals, or by plotting func-
Card punching code: ANSI tion contours. If the function is suspected of having more

Keywords: General purpose, minimization, fitting, error anal- than one local minimum, a global minimization can be at-
ysis, correlation, simplex method, variable metric method, tempted using a simplified version of the algorithm ofGold-
global minimum, contours, stein and Price [41.

Nature of physical problem Restriction of the complexity of the problem
The final stages of the analysis of experimental data often The current version is dimensioned for a maximum of 30
consists of determining (estimating) a certain number of function parameters, ofwhich not more than 15 maybe van-
physical parameters and establishing the errors (confidence able.
regions) of these parameters. This in turn generally involves
one or more stages of function minimization to determine Typical running time
the best parameter values and various techniques for investi- Inmost cases nearlyall th~actual running time is spent in the

MINUIT 
F. James and M. Roos, 
MINUIT - System for function minimization and 
analysis of parameter errors and correlations 
Comp. Phys. Comm., vol. 10, no. 6, pp. 343-367, 1975 
Times Cited: 1330 (on 8 September 2013) 
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Landmark experimental HEP papers 
! J/ψ discovery (citations: 1059, 963)  

J. J. Aubert et al., Experimental observation of a heavy particle-J, Phys. Rev. Lett. 33, no. 23, pp. 1404-1406, 1974  
J. E. Augustin et al., Discovery of a narrow resonance in e+e- annihilation, Phys. Rev. Lett. 33, no. 23, pp. 1406-1408, 1974 

! τ discovery (citations: 574)  
M. L. Perl, Evidence for anomalous lepton production in e+e- annihilation, Phys. Rev. Lett. 35, 20. 22, pp. 1489-1492, 1975 

! W and Z0 observation (citations: 590, 550)  
G. Arnison et al., Experimental-observation of isolated large transverse energy electrons with associated missing energy at √s=540 GeV, 
Phys. Lett. B 122, no. 1, pp. 103-116, 1983 

u  G. Arnison et al., Experimental-observation of lepton pairs of invariant mass around 95 GeV/c2 at the CERN SPS collider, Phys. Lett. B 
126, no. 5, pp. 398-410, 1983 

! t quark observation: CDF, D0 (citations: 1005, 888) 
F. Abe et al., Observation of top-quark production in pbar-p collisions with the Collider Detector at Fermilab, Phys. Rev. Lett. 74, no. 14, 
pp. 2626-2631,1995  
S. Abachi et al., Observation of the Top Quark, Phys. Rev. Lett. 74, no. 14, pp. 2632–2637,1995 

! Neutrino oscillations (citations: 2906) 
Y. Fukuda et al., Evidence for oscillation of atmospheric neutrinos, Phys. Rev. Lett. 81, no. 8, pp. 1562-1567, 1988 

! CP violation observation: E832, Belle, BaBar (citations: 346, 361, 335)  
A. Alavi-Harati et al., Observation of direct CP violation in K-S,K-L -> pi pi decays, Phys. Rev. Lett. 83, no. 1, pp. 22-27, 1999 K. Abe et 
al., Observation of large CP violation in the neutral B meson system, Phys. Rev. Lett. 87, no. 9, p. 091802, 2001  
B. Aubert et al. BaBar, Observation of CP violation in the B0 meson system, Phys. Rev. Lett. 87, no. 9, p. 091801, 2001  

! Higgs boson observation (citations: 681, 644) 
G. Aad et al., Observation of a new particle in the search for the Standard Model Higgs boson with the ATLAS detector at the LHC, Phys. 
Lett. B  716, no. 1, pp. 1-29, 2012 
S.Chatrchyan, Observation of a new boson at a mass of 125 GeV with the CMS experiment at the LHC, Phys. Lett. B  716, no. 1, pp.  
30-61, 2012  
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LEP 
1.  ALEPH, DELPHI, L3, OPAL, Search for the standard model Higgs boson at LEP, Phys. Lett. B, vol. 565, no. 

1-4, pp. 61-75, 2003.  
−  Times Cited: 978  

2.  B. Adeva et al., The construction of the L3 experiment, NIM A 289, no. 1-2 , pp. 35-102, 1990  
−  Times Cited: 512 

3.  ALEPH, DELPHI, L3, OPAL, Search for neutral MSSM Higgs bosons at LEP, EPJC 47, no. 3 , pp. 547-587, 2006  
−  Times Cited: 390 

4.  D. Decamp et al., ALEPH - A detector for electron-positron annihilations at LEP, NIM A 294, no. 1-2 , pp. 
121-178, 1990  
−  Times Cited: 342 

5.  J. Allison et al., The detector simulation program for the OPAL experiment at LEP, NIM A 317, no. 1-2,  pp. 
47-74,1992  
−  Times Cited: 341  

6.  R. Barate et al. ALEPH Collaboration, A measurement of the inclusive b -> s gamma branching ratio, Phys. 
Lett. B. 429, no. 1-2 , pp. 169-187, 1998  
−  Times Cited: 314  
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What makes a paper 
of lasting value? 
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CP violation 
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! M. Kobayashi, T. Maskawa, CP-violation in renormalizable 
theory of weak interaction, Progr. Theor. Phys. 49, no. 2, pp. 
652-657, 1973 – 4272 citations  

! A. Alavi-Harati et al. E832, Observation of direct CP violation in 
K-S,K-L -> pi pi decays, Phys. Rev. Lett. 83, no. 1, pp. 22-27, 
1999 – 346 citations 

! K. Abe et al. Belle, Observation of large CP violation in the 
neutral B meson system, Phys. Rev. Lett. 87, no. 9, p. 
091802, 2001 – 361 citations 

! B. Aubert et al. BaBar, Observation of CP violation in the B0 
meson system, Phys. Rev. Lett. 87, no. 9, p. 091801, 2001 – 
335 citations 
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Higgs boson 
! ATLAS Collaboration, Observation of a new particle in the search 

for the Standard Model Higgs boson with the ATLAS detector at 
the LHC, Phys. Lett. B 716, pp.1-29, 2012 
−  Times Cited: 730 

! CMS Collaboration, Observation of a new boson at a mass of 125 
GeV with the CMS experiment at the LHC, Phys. Lett. B 716, pp.
30-61, 2012 
−  Times Cited: 695 

 

! Canc. Genome Atlas Res. Network, Comprehensive genomic 
characterization defines human glioblastoma genes and core 
pathways, Nature 455, pp. 1061-1068, 2008 
−  Times Cited: 1379 

How long is glory going to last? 



Maria Grazia Pia, INFN Genova 13 

Evergreen 

●
●

●
● ●

●● ●
●●

●
● ●●

●
● ● ● ●●●● ●● ● ●●● ●● ●

●

●

1980 1990 2000 2010

0

50

100

150

200

A.H. Guth, Inflationary universe

Year

C
ita
tio
ns

●● ●

●●●
●● ●●

● ● ●●● ●
● ● ●

● ● ● ● ●●● ●
●● ● ●

●

● ●

●●

●

●

1980 1990 2000 2010

0

10

20

30

40

50

MINUIT

Year

C
ita
tio
ns

●

●
●

●

●●●

●

●

●

●

1980 1990 2000 2010

0

200

400

600

Geant4

Year

C
ita
tio
ns

●●●●●
●
●

●●

●

●
●

●●●●●

●●●
●●

●

●

●

●

●

1980 1990 2000 2010

0

200

400

600

800

Pythia

Year

C
ita
tio
ns

●

●●● ●
● ●●●

●●
● ●●

● ●●●● ●●● ●
●

● ●
●

●● ●●
●

● ●●
●

●

1980 1990 2000 2010

0

20

40

60

80

100

120

Altarelli−Parisi

Year

C
ita
tio
ns

●

●
● ●●

●

●

●

●
●●●

●●

● ●●●
● ●

●
●●●

●● ●● ●● ●● ● ●● ●●●

●

1980 1990 2000 2010

0

50

100

150

200

250

300
Hawking, black holes

Year

C
ita
tio
ns



Maria Grazia Pia, INFN Genova 14 

Hardware 

! B. Aubert et al., The BABAR detector, NIM A 479, no. 1, pp. 1-116, 2002 
−  Times Cited: 952  

! F. Sauli, GEM: A new concept for electron amplification in gas detectors, 
NIM A 386, no. 2-3, pp. 531-534, 1997 
−  Times Cited: 904  

! J. L. Wiza, Microchannel plate detectors, NIM 162, no. 1-3, pp. 587-601, 1979 
−  Times Cited: 586 
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Inspired news 

http://www.telegraph.co.uk/science/10105715/God-particle-overhyped-says-man-behind-discovery.html  
http://www.thetimes.co.uk/tto/science/article3784820.ece  

http://www.theaustralian.com.au/news/world/god-particle-no-big-deal-says-scientist-who-predicted-it-peter-higgs/story-fnb64oi6-1226659215259#  

By Ben Riley-Smith 
11:55AM BST 07 Jun 2013 
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ATHENA’s antihydrogen 
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M. Amoretti et al., Production and 
detection of cold antihydrogen atoms, 
Nature, vol. 419, no. 6906, pp. 456-459, 2002  
   

Times Cited: 463 
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top 
quark 
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CMS magnet 
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Network 

10 November 2003 

16 October 2003 
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Computing? 

LHC Computing Grid Goes Online 
29 Sep 2003 

Global Grid service for LHC computing succeeds in gigabyte-per-second challenge 
12 Feb 2006 

CERN awards the Italian Institute for Nuclear Physics 
for its role in Grid development 
01 Dec 2004 

Let the number-crunching begin: the Worldwide LHC Computing Grid celebrates 
first data 
03 Oct 2008 

CERN recognizes UK's outstanding 
contribution to Grid computing 
02 Jun 2004 

World's Largest Computing Grid Surpasses 100 Sites 
15 Mar 2005 

CERN launches Europe-wide tests of Grid technology 
16 Sep 2002 

The Grid gets real 
13 Nov 2002 

World's largest scientific Grid sustains a million jobs per month 
25 Sep 2006 CERN Grid leadership recognized by business world 

15 Sep 2006 

LHC Computing Centres Join 
Forces for Global Grid Challenge 
25 Apr 2005 

… 
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LHC Computing Grid, October 2008 
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HEP software 

At most this is the result of searching for the words 
“CERN” and “software”… 
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Scientific software in press releases 
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S. Agostinelli et al. 
Geant4: a simulation toolkit 
NIM A, vol. 506, no. 3, pp. 250-303, 2003 

J. Allison et al. 
Geant4 Developments and Applications 
IEEE Trans. Nucl. Sci., vol. 53, no. 1, pp. 270-278, 2006 

4295 citations) 

Most cited publication in  
•  Nuclear Science and Technology 
•  Instruments and Instrumentation 
•  Particle and Fields Physics         (264075 papers) 
Most cited CERN publication in WoS 

969 citations 

Many papers cite the NIM paper, but they omit citing the TNS one, 
even though both are indicated in http://cern.ch/geant4 
Many papers that use Geant4 do not cite either reference 

Citation analysis: 9 October 2013 

(618147 papers) 

Most cited TNS paper 

Most cited NIM paper 
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Simulation in press releases 
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Preaching to the converts? 
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CMS ATLAS 

LHC 
LEP 

Samples in plots account for >90% of citations 

Citations of HEP physics papers mostly come from journals specialized 
in HEP and a few related fields (astroparticle and nuclear physics) 

2012 
statistics 
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MINUIT on 8 October 2013 
1.  A. K. F. Haque et al., Electron impact ionization cross-section of K-shell and H- to Be-isoelectronic series: An empirical model,  

RADIATION PHYSICS AND CHEMISTRY, vol. 91, pp. 50-59, OCT 2013 
2.  A. de Gouvea, A. C. Kobach, The lightest massive invisible particles at the LHC,  

NUCLEAR PHYSICS B, vol. 874, no. 2, pp. 399-412, SEP 2013 
3.   F. Acero et al., Constraints on the galactic population of TeV pulsar wind nebulae using Fermi large area telescope observations,  

ASTROPHYSICAL JOURNAL, vol. 773, no. 1, p. 77, AUG 2013 
4.   B. Aharmim et al. (SNO Collaboration), Combined analysis of all three phases of solar neutrino data from the Sudbury Neutrino 

Observatory,  
PHYSICAL REVIEW C, vol. 88, no. 2, p. 025501, AUG 2013 

5.  M. Ganeshalingam et al., Constraints on dark energy with the LOSS SN Ia sample,  
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY, vol. 433, no. 3, pp. 2240-2258, AUG 2013 

6.  I. Pogrebnya et al., Mean proton and alpha-particle reduced widths of the Porter-Thomas distribution and astrophysical applications,  
PHYSICAL REVIEW C, vol. 88, no. 1, p. 015808 JUL 2013 

7.  J. E. Camargo-Molina et al., Stability of R parity in supersymmetric models extended by U(1)(B-L),  
PHYSICAL REVIEW D, vol. 88, no. 1, p. 01503, JUL 2013 

8.  A. M. Iyer et al., Warped alternatives to Froggatt-Nielsen models,  
PHYSICAL REVIEW D, vol. 88, no. 1, p. 016005, JUL 2013 

9.  C. T. Parsons et al., The impact of oscillating redox conditions: Arsenic immobilisation in contaminated calcareous floodplain soils, 
ENVIRONMENTAL POLLUTION, vol. 178, pp. 254-263, JUL 2013 

10. J.-P. Costes et al., A Strictly Dinuclear MnIII-GdIII Complex: Synthesis and Magnetic Properties, 
EUROPEAN JOURNAL OF INORGANIC CHEMISTRY, no. 19, pp. 3307-3311, JUL 2013 

Most recent 
citations 
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Who uses MINUIT? 

MINUIT citations, October 2013
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Born from LHC experimental requirements 
Multidisciplinary sources of citations 

October
2013 

statistics 

Geant4 citations, October 2013
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Based on Thomson-Reuters’ Web of Science data 



Maria Grazia Pia, INFN Genova 34 

Conclusions 

How loud to get  
HEP software into the media 
and HEP management  
to listen? 
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Among the citations of Higgs boson observation: 
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Most cited physics papers 
! C.T. Lee, W.T Yang, R.G. Parr, Development of the Colle-

Salvetti correlation-energy formula into a functional of the 
electron-density, Phys. Rev. B 37, no. 2, pp. 785-789, 1988  
−  Times Cited: 41831 (Physics, Condensed Matter) 

! A.D. Becke, Density-functional thermochemistry .3. The role of 
exact exchange, J. Chem. Phys. 98, no. 7, pp. 5648-5652, 1993 
−  Times Cited: 41315 (Physics, Atomic, Molecular & Chemical) 
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Web of Science champions 
! U.K. Laemmli, Cleavage of structural proteins during assembly of 

head of bacteriophage-T4, Nature 227, no. 5259, p. 680, 1970 
−  Times Cited: 209978 

! M.M. Bradford, Rapid and sensitive method for quantitation of 
microgram quantities of protein utilizing principle of protein-dye 
binding, Anal. Biochem. 72, no. 1-2, pp. 248-254, 1976  
−  Times Cited: 148770 
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