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Science Culture, i.e. the way science is advancing and the way scientists 
pursue their tasks is specific to every field and every domain. 
 
In many fields, small teams with a professor, a post doc and one or few PhD 
students are the prevailing and established way to advance science: 
 

!  Finding problems worth attacking / solving 
!  Developing the corresponding tools and methods 
!  Taking data 
!  Analyzing data 
!  Concluding and publishing 

 
Often, fast turn around is possible, and a full cycle can be envisaged within a short 
period in time. An idealistic model, for PhD students, to be active over the entirety of 
such a cycle within a normal SNF PhD grant of three years. 
 
Small teams can be in fierce competition with each other 

 adding to the competiveness 
 adding to redundancy and robustness to the results produced 

 
Too much competition can lead to a climate of mistrust. 
Too much redundancy is a waist of resources (Human capital and monetary funding). 
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Science Culture, i.e. the way science is advancing and the way scientists 
pursue their tasks is specific to every field and every domain. 
 
In some fields, large teams with hundreds of university teams across the globe 
are working together to advance science, the cycle is the same: 
 

!  Finding problems worth attacking / solving 
!  Developing the corresponding tools and methods 
!  Taking data 
!  Analyzing data 
!  Concluding and publishing 

 
Big teams are required where developing tools and methods is so complex and 
resources intense, that no single team can consider to get even started. Only by 
joining resources (Human capital and monetary funding), tools and methods can be 
developed. Often, this takes many years or even decades! 
Data taking is often a lengthy process, taking years or even decades. 
Analyzing data is an ongoing process, where new results come out with every 
significant chunk of data collected.  
 
Team members in large teams need to be competitive, to gain visibility, and 
collaborative, as members depend on each other,  simultaneously. 
Social skills evolve with this required coopetiveness. 
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In Big Science, an individual PhD student has no chance to live through an entire 
cycle, and will be exposed to a specific phase of the project. 
 
 
In the beginning of any Big Science project, R&D efforts prevail that will not lead 
to physics results. Although, engineering efforts can be published and analysis based on 
simulated data can be pursued. 
 
 
In the start-up phase, lots of commissioning and teething problems are normal 
and will take all the time of the  team members.  
The first few physics results can be published, but these are early glimpses, and lots and 
lots needs to be learned about the new tools and the new methods developed before.  
 
 
In the data-taking phase, data is collected, and idealistically, data comes in abundantly, 
leading to many results that are published with the entire collaboration listed as 
co-authors in alphabetical order. 
 
 
The record holder today is a joint paper written by ATLAS and CMS, two large collaborations at CERN, 
with a total of  5154 co-authors, published in Physical Review Letters, PRL 114, 191803 (2015) 
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H1 Experiment  
DESY Hamburg 

ATLAS Experiment 
CERN Geneva  
R&D, installation, 
commissioning 

ATLAS Experiment 
CERN Geneva  
data taking 

LHC upgrade 
No beam, no data 

Example: My career in Big Science 
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The publication record does not 
reflect whether a person is excellent, 
good, mediocre, or under preforming. 
 
PhD students and postdocs can still 
advance, because of assessments made 
inside the collaboration. 
However – this means basing decisions on 
insider knowledge ! 
 
Getting a faculty positions is tricky: 
Selection boards are more than often 
hinging on metrices that don’t really make 
sense.  
 
There is a dilemma between transparent 
metrices that don’t make sense, and non-
transparency when basing decisions on 
insider knowledge. 

Published articles per year [HPB] 

In the first decade working on the ATLAS experiment at the Large Hadron Collider at CERN, I had 
only a handful of published articles between 1997-2010, during pre-data-taking period. 
  
From 2010 onwards, with ATLAS taking data, my h-index is sky-rocketing with an average of over 
100 peer-reviewed articles per year, which showcases that this is a pure nonsense qualifier. 

h-index: 128 



A 2nd Example: Peter W. Higgs 
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Published articles per year [Peter Higgs] 

For Nobel-prize laureate Peter Higgs, his publication record looks entirely different. 
 
A Nobel prize doesn’t require many papers - sometimes, only a few, or just one is 
enough to mark a decisive development. But how to asses this ? 

h-index: 7 

https://www.theguardian.com/science/2013/
dec/06/peter-higgs-boson-academic-system 

Simply by reading and understanding the paper to assess its quality  but 
not by statistical counting. Sometimes, it can take years until a new idea 
is understood well enough such its merit can be assessed!  



Assessing Big Science 
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Big Science – Assessing Collaborative and Individual Merits

Hans Peter Beck, Uni Bern

Scientific progress in fundamental research has been made 
by individuals, by small groups, and in the recent decades 
also by ever-larger growing collaborations, nowadays in-
volving thousands of scientists from hundreds of institutions 
across the globe. Complex, expensive infrastructure espe-
cially designed, developed and built by the collaborations 
over years, sometimes even over decades, only exists be-
cause of the hard work of many, concentrating small funds 
from many sources, and creating together the shear impos-
sible. A success story but not without problems.

Collaborative efforts in the quest for fundamental 
knowledge
Despite of the scientific success in the quest of deeper and 
deeper understanding of the structure of matter and the 
buildup of the Universe, the ever-growing size of scientific 
collaborations has been criticized ever since groups started 
working together. Scientific collaborative efforts started in 
the 1950’s (or even earlier), when small teams involving two 
to three groups of geographically not too far-away universi-
ties were joining, up to these days, where groups involving 
200 university teams across the globe are spanning togeth-
er and focusing their efforts towards a common research 
goal that otherwise would be unthinkable to achieve. Recent 
examples are the direct observation of gravitational waves, 
this February, and published jointly by the LIGO and the 
VIRGO scientific collaborations, signed by 1011 co-authors 
from 133 institutes [1], or the discovery of the Higgs boson 
at CERN’s Large Hadron Collider by the ATLAS and CMS 
collaborations in summer 2012. Here, ATLAS and CMS are 
competing collaborations both selecting, measuring and 
analyzing proton-proton collisions at the Large Hadron Col-
lider independently and at opposite collision points of the 
ring. In order to prevent possible scientific bias from one 
experiment to the other, the two groups develop their tools 
and methods independently, and minimize premature ex-
change of know-how and preliminary results to an absolute 
minimum. Still, the observation of a new particle in summer 
2012 (at that time, it was not yet established, whether this 
new resonance was indeed the sought after Higgs boson, 
or something completely new) was announced jointly in two 
seminar talks in a single session at CERN, and was submit-
ted to the same journal a few weeks later on a beforehand 
agreed day and journal editor [2, 3]. The count of authors 
of these two papers is impressive, with 2932 signing the 
ATLAS paper, and 2900 signing the CMS paper. This is not 
the limit, which today, at least to my knowledge, occurs for 
common publications between the ATLAS and the CMS col-
laborations, as happened recently, when ATLAS and CMS 
data were statistically combined resulting in a measurement 
of the mass of the Higgs boson to be 125.09 ± 0.21(stat) ± 
0.11(sys) GeV c-2 i.e. with 2‰ precision [4] and 5154 sign-
ing authors. Another example where an important and cru-
cial scientific result is obtained through a collaboration of 
two otherwise distinct collaboration is the observation of a 
rare decay of a B meson into a muon pair with a measured 
branching ratio ( ) 2.8 10B B .

.
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ible with the Standard Model prediction. This very stringent 
test of the Standard Model is signed by 2830 authors, and 
as an exception in the field of particle physics, is published 
in Nature, where open access under the Creative Commons 

Combined Measurement of the Higgs Boson Mass in pp Collisions at
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A measurement of the Higgs boson mass is presented based on the combined data samples of the ATLAS
and CMS experiments at the CERN LHC in the H → γγ and H → ZZ → 4l decay channels. The results
are obtained from a simultaneous fit to the reconstructed invariant mass peaks in the two channels and
for the two experiments. The measured masses from the individual channels and the two experiments
are found to be consistent among themselves. The combined measured mass of the Higgs boson is
mH ¼ 125.09" 0.21 ðstatÞ " 0.11 ðsystÞ GeV.

DOI: 10.1103/PhysRevLett.114.191803 PACS numbers: 14.80.Bn, 13.85.Qk

The study of the mechanism of electroweak symmetry
breaking is one of the principal goals of the CERN LHC
program. In the standard model (SM), this symmetry
breaking is achieved through the introduction of a complex
doublet scalar field, leading to the prediction of the
Higgs boson H [1–6], whose mass mH is, however, not
predicted by the theory. In 2012, the ATLAS and CMS
Collaborations at the LHC announced the discovery of a
particle with Higgs-boson-like properties and a mass of
about 125 GeV [7–9]. The discovery was based primarily
on mass peaks observed in the γγ and ZZ → lþl−l0þl0−

(denoted H → ZZ → 4l for simplicity) decay channels,
where one or both of the Z bosons can be off shell and
where l and l0 denote an electron or muon. With mH
known, all properties of the SM Higgs boson, such as its
production cross section and partial decay widths, can be
predicted. Increasingly precise measurements [10–13] have
established that all observed properties of the new particle,
including its spin, parity, and coupling strengths to SM
particles are consistent within the uncertainties with those
expected for the SM Higgs boson.
The ATLAS and CMS Collaborations have independ-

ently measured mH using the samples of proton-proton
collision data collected in 2011 and 2012, commonly
referred to as LHC Run 1. The analyzed samples corre-
spond to approximately 5 fb−1 of integrated luminosity atffiffiffi
s

p
¼ 7 TeV, and 20 fb−1 at

ffiffiffi
s

p
¼ 8 TeV, for each experi-

ment. Combined results in the context of the separate
experiments, as well as those in the individual channels, are
presented in Refs. [12,14–16].

This Letter describes a combination of the Run 1 data
from the two experiments, leading to improved precision
for mH. Besides its intrinsic importance as a fundamental
parameter, improved knowledge of mH yields more precise
predictions for the other Higgs boson properties.
Furthermore, the combined mass measurement provides
a first step towards combinations of other quantities, such
as the couplings. In the SM, mH is related to the values of
the masses of the W boson and top quark through loop-
induced effects. Taking into account other measured SM
quantities, the comparison of the measurements of the
Higgs boson, W boson, and top quark masses can be used
to directly test the consistency of the SM [17] and thus to
search for evidence of physics beyond the SM.
The combination is performed using only the H → γγ

and H → ZZ → 4l decay channels, because these two
channels offer the best mass resolution. Interference
between the Higgs boson signal and the continuum back-
ground is expected to produce a downward shift of the
signal peak relative to the true value of mH. The overall
effect in the H → γγ channel [18–20] is expected to be a
few tens of MeV for a Higgs boson with a width near the
SM value, which is small compared to the current pre-
cision. The effect in theH → ZZ → 4l channel is expected
to be much smaller [21]. The effects of the interference on
the mass spectra are neglected in this Letter.
The ATLAS and CMS detectors [22,23] are designed to

precisely reconstruct charged leptons, photons, hadronic
jets, and the imbalance of momentum transverse to the
direction of the beams. The two detectors are based on
different technologies requiring different reconstruction
and calibration methods. Consequently, they are subject
to different sources of systematic uncertainty.
The H → γγ channel is characterized by a narrow

resonant signal peak containing several hundred events
per experiment above a large falling continuum back-
ground. The overall signal-to-background ratio is a few

*Full author list given at the end of the article.
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As an example from [4]: While the first 7 pages of the publication 
describe the scientifc method and result, the following 26 pages 
list the 5154 authors and their affiliations.
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"  Science culture is specific in every field and domain 

"  Science conducted in small teams and science conducted in Big Science 
Collaborations is complementary in the scientific topics pursued and in the 
science culture defining how the specific research is conducted. 

"  Both, small and big science are needed to advance knowledge and insight. 

"  Fierce competition and applying of metrices blindly that try to measure quality 
transparently, have shown to lead to biases in the scientific topics being 
addressed, lead to biased (i.e. wrong) assessments of scientists, despises good 
people out of their field of choice, favours those that obey the rules of a (flawed) 
game, and therefore, propagates mediocrity in the best case. 

"  The San Francisco Declaration on Research Assessment DORA addresses 
some of the problems and is pointing out correctly that our scientific culture needs to 
evolve. DORA is definitely a right step into the right direction. 

"  I am glad that SNF, and many Swiss institutes have signed the DORA 
declaration. The way to implement DORA, however, requires change in style. 

"  As long as metrices stay the prevailing tool to rank Universities, Collaborations, 
and individuals, we are leaving out the creative minds and pushing hard for 
promoting only those who are good playing a flawed game. 


