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The amazing trip of the protons in the CERN  
accelerators complex 

Video: Cadena de aceleradores del CERN 
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Main topics 

An European or a Worldwide success? 

A Laboratory for Physicists or Technologists? 

A vibrant R&D on breakthrough technologies! 

Any obstacle to Theoretician's dreams? 

Longest genesis and lifecycles! 

At the crossing of the roads? 
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An European or a Worldwide success? 
Amongst major Instruments of Humanity! 
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Exploring new energy frontiers 
with p-p and Pb-Pb collisions 

LHC ring: 
27 km circumference 

CMS 

ALICE 

LHCb 

ATLAS 
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ATLAS 
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Un éxito Europeo… ¿Mundial? 
¡Mayores instrumentos científicos de la humanidad! 
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Courtesy of CMS and ATLAS Collaborations 
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Courtesy of CMS and ATLAS Collaborations 
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CMS Detector Configuration 
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A Laboratory for Physicists or Technologists? 
CERN Mission 

q  Push back the frontiers of knowledge
E.g. the secrets of the Big Bang …what was the matter like within 
the first moments of the Universe’s existence?

q  Develop new technologies for accelerators 
and detectors
Information technology - the Web and the GRID
Medicine - diagnosis and therapy

q  Train scientists and engineers of tomorrow

q  Unite people from different countries and 
cultures
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A Laboratory for Physicists or Technologists? 
Medium term plan guiding principle 

•  Driven by Science and aiming at implementation of 
European Strategy for Particle Physics. 

•  Takes into account technical feasibility and financial 
affordability. 

•  Ensure adequate resources for maintenance and 
consolidation of scientific and general infrastructure, 
and for compliance with Safety requirements. 

•  Next 10 years dominated by construction of High 
Luminosity LHC project (HL-LHC) ~950 MCHF. 
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A Laboratory for Physicists or Technologists? 
Three main scientific pillars 

•  Full exploitation of the LHC: 
•  successful Run 2, LS2, and Run 3 start-up. 
•  Upgrade of LHC Injectors; on-track construction of HL-LHC. 

•  Scientific diversity programme serving a broad community: 
•  ongoing experiments and facilities at Booster, PS, SPS and their upgrades. 
•  participation in accelerator-based neutrino through CERN Neutrino Platform. 

•  Preparation of CERN’s future: 
•  vibrant accelerator R&D programme exploiting CERN’s strengths and 

uniqueness. 
•  design studies for future accelerators: CLIC, FCC (includes HE-LHC). 
•  future opportunities of diversity programme: “Physics Beyond Colliders”. 

Important milestone: update of the European Strategy for Particle 
Physics (ESPP) in 2019-2020. 
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Peak luminosity >  1.4 x 1034 cm-2s-1  
OVER 25 fb-1 in both ATLAS and CMS 

2016 LHC : Production year 

≈153	
  days	
  physics	
  ≈3738.7	
  hours	
  

Duration [h] 
Stable Beams 1839.5 

Fault / Downtime 980.0 
Operations 857.9 
Pre-Cycle 61.3 

TS1 - TS2 : stable beams 58 % 
TS2 - TS3 : stable beams 54 %  
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with luminosity leveled at their required values during the p-p fills 

LHCb ALICE 

~1.9 fb-1 ~13 pb-1 

2016 p-p physics – ALICE and LHCb 
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LHC Goals of p-Pb run surpassed 
Configuration Goal Achieved 

5 TeV p-Pb ALICE 700x106 min bias 
events 

780x106 

8 TeV p-Pb ATLAS - CMS  50 nb-1 69.5 - 65.5 nb-1 

LHCb - ALICE 10 nb-1 14 - 13 nb-1 
LHCf 9-12 h at 1028 cm-2s-1  9.5 h 

8 TeV Pb-p ATLAS - CMS 50 nb-1 124 - 118 nb-1 

ALICE - LHCb  10 nb-1 25 - 19 nb-1 

( Ebeam=4 Z TeV ) 

( Ebeam=6.5 Z TeV ) 

( Ebeam=6.5 Z TeV) 
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A Laboratory for Physicists or Technologists? 
LHC Roadmap 
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A Laboratory for Physicists or Technologists? 
Integrating a dimension of Scientific diversity… 
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A vibrant R&D on breakthrough technologies! 
Fundamental role of accelerators 
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Ø  Using	
  electrical	
  fields	
  (RF	
  cavi0es)	
  to	
  accelerate	
  and	
  
magne0c	
  fields	
  (accelerator	
  magnets)	
  to	
  guide	
  and	
  collide	
  
charged	
  par0cle	
  beams	
  (electrons,	
  protons	
  &	
  an=-­‐
par=cles)	
  

	
  

Ø  Aim	
  at	
  higher	
  energy	
  accelerators	
  for	
  2	
  reasons:	
  
Ø  Produc0on	
  of	
  new	
  heavier	
  par0cles	
  (according	
  to	
  

Einstein):	
  	
  E	
  =	
  mc2	
  ≤	
  2E	
  beam	
  (collider)	
  

Ø  Resolving	
  smaller	
  distances	
  (according	
  to	
  de	
  Broglie):	
  
Wavelength	
  λ	
  =	
  hc/E	
  	
  	
  	
  	
  for	
  LHC	
  ∼	
  2⋅10-­‐18	
  cm	
  	
  

Higher	
  energy	
  →	
  Increased	
  poten0al	
  for	
  discoveries 
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A vibrant R&D on breakthrough technologies! 
Fundamental role of Colliders 
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Focusing Quadrupole 
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A vibrant R&D on breakthrough technologies! 
Vectors of technology! the High Luminosity LHC (HL-LHC) 
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Twin aperture quadrupole 
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A vibrant R&D on breakthrough technologies! 
Vectors of technology! the High Luminosity LHC (HL-LHC) 
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Cooling & ventilation 

Cold box 

Transformers Safe room 

Ventilation & smoke-
extraction ducts 
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A vibrant R&D on breakthrough technologies! 
Vectors of technology! the Future Circular Collider (FCC) 

30 

LHC 
27 km, 8.33 T 
14 TeV (c.o.m.) 
1300 tons NbTi 

FCC-hh 
80 km, 20 T 

100 TeV (c.o.m.) 
2000 tons HTS 
8000 tons LTS 

FCC-hh baseline 
100 km, 16 T 

100 TeV (c.o.m.) 
10000 tons Nb3Sn 

HE-LHC baseline 
27 km, 16 T 

26 TeV (c.o.m.) 
2500 tons Nb3Sn 

Geneva 

PS 

SPS 

LHC 
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A vibrant R&D on breakthrough technologies! 
Vectors of technology! the Future Circular Collider (FCC) 
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•  CELLS, Coordination of the EuroCirCol WP4 Cryogenic beam vacuum system 
conception (CELLS, CERN, CIEMAT, INFN, KIT, STFC) and Study beam-induced 
vacuum effects. 

•  CIEMAT, participation on EuroCirCol WP4/5: conceptual design for cryogenic beam 
vacuum system; study accelerator dipole magnet design options. Common coil 
magnet design, key performance indicators, dipole magnet cost model. 

•  Consortium Project association between ICMAB, IFAE and CELLS : evaluate the use 
of high temperature superconducting coated conductors tapes for the beam screens 
(low surface impedance and high superconducting properties). 

 
 

16
Future Circular Collider Study
Michael Benedikt
ECFA Meeting, Gran Sasso, 1 July 2016

Synchrotron radiation
beam screen prototype

Photon distribution

First FCC-hh beam screen prototype 
Testing 2017 in ANKA within EuroCirCol

High synchrotron radiation load          
of protons @ 50 TeV:
• ~30 W/m/beam (@16 T) (LHC <0.2W/m)
• 5 MW total in arcs
New Beam screen with ante-chamber
• absorption of synchrotron radiation            

at 50 K to reduce cryogenic power  
• avoids photo-electrons, helps vacuum

18
Future Circular Collider Study
Michael Benedikt
ECFA Meeting, Gran Sasso, 1 July 2016

Towards 16T magnets

Magnets with bore LBNL HD1

CERN RMC

16 T “dipole” levels reached 
with small racetrack coils
LBNL 2004, CERN 2015

A vibrant R&D on breakthrough technologies! 
Vectors of technology! the Future Circular Collider (FCC) 
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A vibrant R&D on breakthrough technologies! 
Vectors of technology! the Compact Linear Collider (CLIC) 
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Highest possible energy e+e- 

with CLIC (CDR 2012)  
 
Multi-lateral collaboration 



Sept’2016 The amazing LHC performances 
and CERN’s bright future. Feb’17 J.M. Jimenez 

CERN, Technology Department Head 

A vibrant R&D on breakthrough technologies! 
Vectors of technology! the Compact Linear Collider (CLIC) 
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A vibrant R&D on breakthrough technologies! 
Detectors for the Compact Linear Collider (CLIC) 
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A vibrant R&D on breakthrough technologies! 
R&D on Pixel detectors (silicium) 
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52 4 Detector Staves

Space Frame 

Cold Plate 

9 Pixel Chips 

Solder Balls 

Flexible Printed Circuit 

Cooling Ducts 

Mechanical 
Connector 

Figure 4.1: Schematic view of the Inner Barrel Stave.

The design of the Staves takes into account the specifications of the new ITS. The low material
budget combined with very good rigidity and stability of a relatively large structure imposes
severe constraints in terms of design and technical solutions that can be implemented. The
requirements of the new ITS, which have been taken into account in the design of the Staves of
the Inner and Outer Barrels, have been illustrated in Chap. 1.

4.1.1 Inner Barrel Stave

Each IB Stave will be instrumented with one HIC, which consists of nine Pixel Chips in a
row connected to the FPC, hence covering a total active area of 15mm⇥ 270.8mm (Tab. 1.1)
including the 100 µm gap between adjacent chips along z. The interconnection between Pixel
Chips and FPC is achieved via laser soldering, described in Sec. 4.4. The HIC is glued to the
Cold Plate with the Pixel Chips facing it in order to maximise the cooling e�ciency. Figure 4.1
shows a schematic layout of the IB Stave. An extension of the FPC, not shown in Fig. 4.1,
connects the Stave to a patch panel that is served by the electrical services entering the detector
from one side only. A mechanical connector at each end of the Stave allows the fixation and
alignment of the Stave itself on the end-wheels, as described in Chap. 5. The inlet and outlet
of the closed-loop cooling circuitry are located at the same end of the Stave because also the
cooling is served only from the same side as all other services.
The prototyping of the IB Stave is well advanced. Figure 4.2 shows the detail of the end-Stave

with and without the mechanics connector and the cooling ducts.

Material budget

The design of the Stave accounts for the tight requirement on the material budget, which is
limited to 0.3% X

0

. Table. 4.1 reports the estimated contributions of the IB Stave to the
material budget.
A detailed study of the material distribution across the Stave has been performed after the

optimisation of each component. In Fig. 4.3 the azimuthal distribution of the Layer 0 material
traversed by the particles at ⌘ = 0 is shown. Neighbouring Staves are partially superimposed to
ensure the detector hermeticity. The highest peaks correspond to the overlap of the reinforced
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A vibrant R&D on breakthrough technologies! 
R&D on detectors: futures calorimeters 
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CMS 
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A vibrant R&D on breakthrough technologies! 
R&D on detectors: data filtering and Computation 
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Any obstacle to Theoretician's dreams? 
Ready to digest the data avalanche? 
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Any obstacle to Theoretician's dreams? 
LHC Data Distribution: WLCG Worldwide LHC Computing Grid 
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Longest genesis and lifecycles! 
Phasing the Projects… 
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FCC* Study : p-p towards 100 TeV 
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of CLIC CDR 
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Longest genesis and lifecycles! 
Industrialization of the superconducting magnets… 
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At the crossing of the roads? 
CERN: a peculiar and successful model! 
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Cryogenic Magnet Test Facility 
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Large Magnet Facility 
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At the crossing of the roads? 
CERN: a peculiar and successful model! 
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CERN response to its challenges… 

•  LHC has a lot to deliver, only 2% of its potential so far…!  

•  Physicists and Theoreticians will continue analysing data till 2024. 

•  Accelerator and Detector experts will be preparing the:  
•  HL-LHC upgrade… 
•  Technology breakthrough needed for the future generation of 

high intensity and energy beams towards discovery frontiers… 

•  Its vigorous scientific diversity program will complete the 
needed global picture in Basic Science… 

•  Letting Physic’s results telling us… the way to go and the 
relevant priorities! 
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Thanks for your attention 

                     Accelerating Science and Innovation 




