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International Collaboration in Science and
Technology in Europe  

with LHC experiments and a Helmholtz
alliance (EMMI) as  main features



First a few remarks about 
German/European Science funding



German and European Science Funding System



Research in Germany

total R&D budget: 80 Bill. Euro/yr 
higher edu.:            14 Bill. Euro/yr
Gov. Inst.:              12 Bill. Euro/yr



Two examples as case studies

•   The ALICE Experiment at the CERN
Large Hadron Collider 

•   The ExtreMe Matter Institute EMMI; an
example of a Helmholtz Alliance



ALICE at the LHC: The scientific idea and focus

Create matter as it existed about a microsecond after
the big bang by collisions between relativistic
(moving with nearly light velocity) heavy atomic
nuclei.

Study the properties of big bang matter with 'little
bangs' in the laboratory

ALICE: a collaboration of currently 174  scientific
institutes from 42 different countries. Total number of
collaborating scientists is > 1800.



Specific focus: how to build a major subdetector of the ALICE
experiment:   the ALICE TPC

For such a major sub-detector project one needs:

•   A clear idea concerning the physics and technical requirements
 
•   A scientifically and technically strong (international)
    collaboration

•   A good estimate of the funds and manpower required

•   A plan how to raise the necessary funds 



How does such an international 
collaboration of scientists work?

1.  loose and horizontal management structure

2.  govern by consensus

3.  financial and technical oversight by hostlab (CERN)

4.  self-motivated staff 

5.  share successes but also failures

6.  keep focus on science and time lines



Next:  an overview of the project



2000 bundles of 1011 protons, each about the dimension of a human hair
(10 cm long x 25 μm diameter) circulate around the 27 km ring and 
collide every 25 ns

  if protons and light race around the LHC, light wins by 0.2 mm
   but energy, not speed is the issue

  each of the colliding proton beams has the stored energy of a Shinkansen
  or  ICE train at 150 km/h (350 MJ) – but the beams only loose 10-11 of 

    their energy in each  crossing 

  in each collision of 2 Pb atomic nuclei a macroscopic amount of energy is 
    released and more than 10000 particles (hadrons) are created 

The LHC: the highest energy particle accelerator



LHC - The greatest technological challenge: 
      

 1232 superconducting dipole magnets – magnetic field  8 Tesla
       700.000 l He at 1.9 K - 27 km circumference



Energie in einer Blei-Blei Kollision 
1150 TeV = 0.18 mJ

 Faktor 300 höher als in SPS
Experimenten

 sehr heisser Feuerball!
T = 1000 MeV

 Large Hadron Collider 

       LHC am CERN

Arial view of the Large Hadron Collider LHC



the start of the LHC experimental program 



the ALICE experiment: Schematic Setup

The ALICE TPC



Scope of the project

the ALICE Time Projection Chamber TPC:

total investment costs:  15 MEuro
total manpower:  >200 man years
Bergen, Bratislava, CERN, Copenhagen, Darmstadt,
Heidelberg, Frankfurt, GSI, Krakow, Lund
funding agencies from 8 countries
cooperation of about 50 scientists, no line
management
project took 7 years to build and commission



The TPC in ALICE

TRD
large area Transition Radiation
Detector for 
electron identification

TPC
Time Projection Chamber 
large volume, high resolution
and high rate tracking device

ITS

A vertex detector built from
6 layers of Si sensors 
 



with 95 m3 the largest TPC ever
 

        560 million read-out pixels!
  precision better than 500 μm in all 3 dim.    
  180 space and charge points per track

The ALICE TPC – a high speed imaging device to
register more than 5000 tracks of charged particles

created in a collision of 2 Pb nuclei at LHC



Working inside before
completion of the TPC 



complete and calibrated!



TPC

SSD/SDD

SPD

ITS russian dolls -  sliding the SSD/SDD over the
SPD



Installation of 1rst TRD module 
into space frame



first PbPb collisions at LHC at s = 2.76 A TeV

setup for ion collisions: November 4
first collisions with stable beams: 
November 8 until Dec 6

already in Dec 2010 
5 publications in PRL and PLB



What is needed to organize such a project? (I)

1.  the general idea and a dedicated and scientifically outstanding
collaboration

2.  project structure and coordination

3.  milestones and technical follow-up within project

4. monthly review by technical board and management board of
experiment into which the project is embedded



What is needed to organize such a project? (II)

1.  an organizational structure from the host laboratory (CERN)
a) for technical oversight  on a monthly basis
b) for budgetary oversight on a bi-yearly basis

2.  after approval of scientific part at CERN parallel application
for funds by all partners



CERN scientific committees

Scientific Policy Advice to CERN Council

    SPC - Scientific Policy Committee 

Approval of Experiments at CERN

    RB - Research Board
    - General Conditions applicable to all Experiments at CERN (updated Feb.
2008) 

Experimental Committees

    INTC - ISOLDE-Neutron Time of flight experiments Committee (formerly ISC)
    LHCC - The Large Hadron Collider experiments Committee
    SPSC - The SPS and PS experiments Committee 



CERN Resources Committees

Resources Review  

 LHC RRB - LHC Resources Review Boards

Convened by CERN Director of Research
Members:  for each major project: 
1 representative  plus 1 physicist of each funding agency  



Lesson from project TPC 

a complex project requiring cooperation of 8 different funding
agencies and 10 institutions was realized in time and on
budget

½ yearly budget review by funding agencies and CERN

loose and horizontal management structure

technical follow-up by CERN

largely self-motivated staff – share successes AND 
problems/failures

groups deliver in-kind and cash contributions

minimal number of written reports – keep groups focused on
delivering the final product 



2nd case – the ExtreMe Matter Institute EMMI

An alliance in the framework of the Helmholtz
Association (HGF)

























defining the research environment --  extreme matter

extreme matter

matter under extreme conditions of 
temperature, pressure, density

involving many different fields of physics



Physics Similarities and Synergies over a
huge Temperature – Density Regime



Scientific Topics and Links



EMMI Research 

In EMMI are organized more than 400 scientists from the 13
partner institutions

About 15 EMMI Visiting Professors per year in the EMMI
partner institutions

About 300 publications/year and 100 articles in conference
proceedings per year

About 15 workshops of various formats per year



Summary EMMI

keep bureaucracy minimal
provide simple structures with efficient financial
management
for interdisciplinary projects mix ideas not
necessarily technical issues

EMMI as model for effective cooperation across
borders



Other collaborations in physics

4 collaborations world-wide using special high
performance computers to solve quantum field theories
on a discrete lattice of space and time

organized very similarly as experimental projects

mixture of theoretical research and developing special
tools for networking and computing 



Overall summary

In physics there are many successful international
collaborations
Collaborations may involve from 20 – 2500 members
All are organized along similar patterns.

1.  a major scientific or scientific-technical goal

2.  an organizational structure building on consensus
      generally no line management

3.  independent scientific and technical oversight on a
regular basis

4. financial oversight via resources review boards



… but

Don't forget scientific and technical excellence !
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