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Particle Physics today 

add your  
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TODAY 

Higgs discovery (2012) 

Start data taking at the LHC (2010) 

European Particle 
Physics Strategy (2013) 

Need to agree on a long-term 
strategy for Particle Physics 
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The European Particle Physics Strategy 2013 
With the highest priority 

 
①  Europe’s	  top	  priority	  should	  be	  the	  exploita4on	  of	  the	  full	  poten4al	  of	  the	  LHC,	  including	  the	  

high-‐luminosity	  upgrade	  of	  the	  machine	  and	  detectors	  with	  a	  view	  to	  collec4ng	  ten	  4mes	  more	  
data	  than	  in	  the	  ini4al	  design,	  by	  around	  2030.	  This	  upgrade	  programme	  will	  also	  provide	  further	  
exci4ng	  opportuni4es	  for	  the	  study	  of	  flavour	  physics	  and	  the	  quark-‐gluon	  plasma.	  

②  CERN	  should	  undertake	  design	  studies	  for	  accelerator	  projects	  in	  a	  global	  context,	  with	  emphasis	  
on	  proton-‐proton	  and	  electron-‐positron	  high-‐energy	  fron4er	  machines.	  These	  design	  studies	  
should	  be	  coupled	  to	  a	  vigorous	  accelerator	  R&D	  programme,	  including	  high-‐field	  magnets	  and	  
high-‐gradient	  accelera4ng	  structures,	  in	  collabora4on	  with	  na4onal	  ins4tutes,	  laboratories	  and	  
universi4es	  worldwide.	  

③  Europe	  looks	  forward	  to	  a	  [ILC]	  proposal	  from	  Japan	  to	  discuss	  a	  possible	  par4cipa4on.	  

④  CERN	  should	  develop	  a	  neutrino	  programme	  to	  pave	  the	  way	  for	  a	  substan4al	  European	  role	  in	  
future	  long-‐baseline	  experiments.	  Europe	  should	  explore	  the	  possibility	  of	  major	  par4cipa4on	  in	  
leading	  long-‐baseline	  neutrino	  projects	  in	  the	  US	  and	  Japan.	  
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①  Europe’s	  top	  priority	  should	  be	  the	  exploita4on	  of	  the	  full	  poten4al	  of	  the	  LHC,	  including	  the	  

high-‐luminosity	  upgrade	  of	  the	  machine	  and	  detectors	  with	  a	  view	  to	  collec4ng	  ten	  4mes	  more	  
data	  than	  in	  the	  ini4al	  design,	  by	  around	  2030.	  This	  upgrade	  programme	  will	  also	  provide	  further	  
exci4ng	  opportuni4es	  for	  the	  study	  of	  flavour	  physics	  and	  the	  quark-‐gluon	  plasma.	  

②  CERN	  should	  undertake	  design	  studies	  for	  accelerator	  projects	  in	  a	  global	  context,	  with	  emphasis	  
on	  proton-‐proton	  and	  electron-‐positron	  high-‐energy	  fron4er	  machines.	  These	  design	  studies	  
should	  be	  coupled	  to	  a	  vigorous	  accelerator	  R&D	  programme,	  including	  high-‐field	  magnets	  and	  
high-‐gradient	  accelera4ng	  structures,	  in	  collabora4on	  with	  na4onal	  ins4tutes,	  laboratories	  and	  
universi4es	  worldwide.	  

③  Europe	  looks	  forward	  to	  a	  [ILC]	  proposal	  from	  Japan	  to	  discuss	  a	  possible	  par4cipa4on.	  

④  CERN	  should	  develop	  a	  neutrino	  programme	  to	  pave	  the	  way	  for	  a	  substan4al	  European	  role	  in	  
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see talk on Neutrinos by Pilar Hernandez 
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The European Particle Physics Strategy 2013 
Other scientific activities essential to the particle physics programme 

 

①  Europe	  should	  support	  a	  diverse,	  vibrant	  theore4cal	  physics	  programme,	  ranging	  from	  abstract	  
to	  applied	  topics,	  in	  close	  collabora4on	  with	  experiments	  and	  extending	  to	  neighbouring	  fields	  
such	  as	  astropar4cle	  physics	  and	  cosmology.	  Such	  support	  should	  extend	  also	  to	  high-‐
performance	  compu4ng	  and	  soXware	  development.	  

②  Experiments	  in	  Europe	  with	  unique	  reach	  should	  be	  supported,	  as	  well	  as	  par4cipa4on	  in	  
experiments	  in	  other	  regions	  of	  the	  world.	  Examples:	  quark	  flavour	  physics,	  dipole	  moments,	  
charged-‐lepton	  flavour	  viola4on,	  etc.	  

③  Detector	  R&D	  programmes	  should	  be	  supported	  strongly	  at	  CERN,	  na4onal	  ins4tutes,	  
laboratories	  and	  universi4es.	  Infrastructure	  and	  engineering	  capabili4es	  for	  the	  R&D	  programme	  
and	  construc4on	  of	  large	  detectors,	  as	  well	  as	  infrastructures	  for	  data	  analysis,	  data	  preserva4on	  
and	  distributed	  data-‐intensive	  compu4ng	  should	  be	  maintained	  and	  further	  developed.	  

④  In	  the	  coming	  years,	  CERN	  should	  seek	  a	  closer	  collabora4on	  with	  ApPEC	  on	  detector	  R&D	  with	  a	  
view	  to	  maintaining	  the	  community’s	  capability	  for	  unique	  projects	  in	  this	  field.	  

	  

⑤  The	  CERN	  Laboratory	  should	  maintain	  its	  capability	  to	  perform	  unique	  experiments.	  CERN	  should	  
con4nue	  to	  work	  with	  NuPECC	  on	  topics	  of	  mutual	  interest.	  
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see many other talk, e.g. Angela Bracco on the Long Range Plan of NuPECC 

see theory talk of Veronica Sanz 
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TODAY 

Higgs discovery (2012) 

Start data taking at the LHC (2010) 

European Particle 
Physics Strategy (2013) 

European Particle 
Physics Strategy (2020) 

Start data 
taking HL-LHC 

(2026) 

Need to agree on a long-term 
strategy for Particle Physics 
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TODAY 

Higgs discovery (2012) 

Start data taking at the LHC (2010) 

European Particle 
Physics Strategy (2013) 

European Particle 
Physics Strategy (2020) 

Start data 
taking HL-LHC 

(2026) 

Future 

Need to agree on a long-term 
strategy for Particle Physics 



CERN, the European Laboratory for global collaboration 
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European 
institutions are 

involved in 
Particle Physics 

experiments 
worldwide 

13342 users 
 

60% from  
member states 
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Europe’s top priority should be the exploitation of the full potential of the LHC, 
including the high-luminosity upgrade of the machine and detectors with a view 
to collecting ten times more data than in the initial design, by around 2030. This 
upgrade programme will also provide further exciting opportunities for the study 
of flavour physics and the quark-gluon plasma. 

①    

The 2013 European Particle Physics Strategy 



CERN and the LHC – colliding protons & ions 

•  Running at 13 TeV, beyond design luminosity, goal is 300/fb by end of Run3 
 

•  HL-LHC approved by Council in June 2016, goal is 3000/fb by ~2037 

•  Accelerator and detector upgrades on schedule for timely installation 
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The role of  the LHC 

unique 
exploration 
of the TeV 

scale connection 

a MORE PRECISE and more 
COMPLETE description new physics 



25 

With the LHC towards 
a more profound 
understanding 

Picture from Flip Tanedo @ Quantum Daires 



Some physics results of the LHC – scalar sector 
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Some physics results of the LHC – Standard Model 

 [p
b]

σ
Pr

od
uc

tio
n 

C
ro

ss
 S

ec
tio

n,
  

4−10

3−10

2−10

1−10

1

10

210

310

410

510

CMS PreliminaryJanuary 2018

All results at: http://cern.ch/go/pNj7

W

n jet(s)≥

Z

n jet(s)≥

γW γZ WW WZ ZZ
µll, l=e,→, Zνl→EW: W

qqW
EW qqZ

EW
WW
→γγ

γqqW
EW

ssWW
 EW

γqqZ
EW

qqZZ
EW γWV γγZ γγW tt

=n jet(s)

t-cht tW s-cht γtt tZq ttW ttZ tttt
σ∆ in exp. Hσ∆Th. 

ggH qqH
VBF VH WH ZH ttH HH

CMS 95%CL limits at 7, 8 and 13 TeV

)-1 5.0 fb≤7 TeV CMS measurement (L 
)-1 19.6 fb≤8 TeV CMS measurement (L 
)-1 35.9 fb≤13 TeV CMS measurement (L 

Theory prediction

the cup doesn’t break 
over many orders of 

magnitude 

See talk by Xavier Brochero 



Some physics results of the LHC – SUSY searches 

Several strategies to search 
phenomena of supersymmetry. 
 
The production of a pair of stop 
quark pairs is searched for in 
several decay channels. 



A broad range of 
ongoing SUSY 
searches 
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The role of  the LHC 

our initial 
designs are 
not accepted 
by Nature connection 

from a BETTER description 
towards a more PROFOUND 

understanding new physics 

See talk on BSM by Judita Mamuzic 



High-Luminosity LHC:  300/fb (by 2023)  !  3000/fb (by 2037) 
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Civil engineering 

Detector upgrades are well 
planned as well 



ATLAS – Upgrade Phase II 
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CMS – Upgrade Phase II 
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New Tracker   
•  Rad. tolerant - increased granularity - lighter 
•  40 MHz selective readout (strips) for Trigger 
•  Extended coverage to η ≃ 3.8 

Trigger/HLT/DAQ (interim TDR submitted) 
•  Track information in trigger at 40 MHz  
•  12.5 µs latency 
•  HLT input/output 750/7.5 kHz 

Muon systems  
•  New DT & CSC FE/BE 

electronics 
•  New station to complete 

CSC at 1.6 < η < 2.4 
•  Extended coverage  to η ≃ 3 

New Endcap Calorimeters 
•  Rad. tolerant - High 

granularity transverse and 
longitudinal  

•  4D shower measurement 
including precise timing 
capability  

Barrel EM calorimeter  
•  New FE/BE electronics for full granularity 

readout at 40 MHz - with improved time 
resolution 

•  Lower operating temperature (8∘)  

   Beam radiation and luminosity 
 Common systems and infrastructure 

MIP precision Timing Detector 
•  Barrel layer: Crystal + SiPM 
•  Endcap layer: Low Gain Avalanche  Diodes 



ALICE – Upgrade LS2 – study Quark-Gluon Plasma formed in nuclear collisions  
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GEM-based TPC readout 
à x100 readout rate in 
Pb-Pb 
 

Monolythic-pixel Inner Tracking System 
à x3-5 better tracking precision 

Pixel Muon Forward Tracker 
à non-prompt muons from B decays 
 

•  Low-pT heavy-flavour mesons/baryons: characterize QCD with heavy quarks 
•  Low-pT charmonia: c-cbar melting and re-generation in deconfined system 
•  Low-mass di-electrons: QGP thermal radiation via virtual photons 



LHCb – Upgrade LS2 
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Construction well advanced  
aim at installation in 2019  

Prototypes of DAQ board 
(PCIe40) 

VELO RF-foil (250 um thick 
machined aluminum foil) 

Machining and light scan of the scintillating fiber mats 
for the fibre tracker 

Si mchannel cooling plate for 
VELO with soldered 
connector  

Upstream Tracker silicon 
sensor module under test 

First scintillating fibre modules 
arriving at CERN Calorimeter front-

end board 

Muon system 
readout ASIC 

Cherenkov ring 
from a full RICH 
MaPMT module 

Will collect 50 fb-1 at instantaneous lumi of 2x1033cm-2s-1 

Full software trigger 
New tracking detectors 
New RICH photon detectors 
New electronics read out at 40 MHz 

See talk on LHCb by Xavier Vilasis-Cardona 



High-Luminosity LHC – preparations at CERN  
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ATL-PHYS-PUB-2013-014 

RATIOS 

LHC   !   HL-LHC 
(factor 1-3) 



ATL-PHYS-PUB-2013-014 

RATIOS 

Standard Model description 

(EW scale) 

LHC   !   HL-LHC 
(factor 1-3) 



ATL-PHYS-PUB-2013-014 

RATIOS 

Physics Case for the 250 GeV Stage of the ILC, arXiv:1710.07621v3  

HL-LHC   !   ILC@250 
(factor 1-10) 

Standard Model description 

(EW scale) 

LHC   !   HL-LHC 
(factor 1-3) 



ATL-PHYS-PUB-2013-014 

RATIOS 

Physics Case for the 250 GeV Stage of the ILC, arXiv:1710.07621v3  

HL-LHC   !   ILC@250 
(factor 1-10) 

Standard Model description 

(EW scale) 
Exploration Beyond the Standard Model 

(indirectly to multi-TeV scales) 

LHC   !   HL-LHC 
(factor 1-3) 



The 2013 European Particle Physics Strategy 
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There is a strong scientific case for an electron-positron collider, … Europe 
looks forward to a proposal from Japan to discuss a possible participation. 

 

Waiting for a conclusive statement from the Japanese Government for 
their willingness to host ILC before end of 2018  

③    



International Linear Collider (ILC) 

~1800 cryomodules of ~12m 

~16000 superconductive cavities of ~1m 

in Liquid He vessel 



Technology connection with the European XFEL at DESY 
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The 3.4 km long European XFEL 
generates extremely intense X-ray flashes 
to be used by researchers from all over 
the world.  
 
 

Started Sept 2017 

Max. energy electrons = 17.5 GeV 

First mass production in industry of SC radio frequency TESLA technology  
(from about 100 accelerator modules at the XFEL to about 2000 at ILC).  
 

XFEL : 80% of the cavities reach a gradient of 33 MV/m 
ILC : 90% of the cavities need a gradient of 35 MV/m 
 

This demonstrates the goal for the ILC is potentially achievable. 

Denis Kostin @ LCWS2017, Oct 24 



International Linear Collider (ILC) –  500 GeV  !  250 GeV 
Cost reduction both by scaling from 500 GeV to 250 GeV with a focus on Higgs 
physics, and by technological innovations on the superconducting materials (Nb) and 
cavity construction (surface process). Physics Case for the 250 GeV Stage of the ILC, arXiv:1710.07621  

Higgs factory 



International Linear Collider (ILC) – physics potential 

Physics Case for the 250 GeV Stage of the ILC, arXiv:1710.07621  

With linear colliders one has 
excellent zoom-in capabilities  

for many terms 



International Linear Collider (ILC) – July 5th, 2018 

Satoru Yamashita, Uni. of Tokyo 



The 2013 European Particle Physics Strategy 
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CERN should undertake design studies for accelerator projects in a global 
context, with emphasis on proton-proton and electron-positron high-energy 
frontier machines. These design studies should be coupled to a vigorous 
accelerator R&D programme, including high-field magnets and high-gradient 
accelerating structures, in collaboration with national institutes, laboratories and 
universities worldwide. 

②    



Compact Linear Collider (CLIC) 
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CERN-2016-004 
arXiv:1608.07537	  

	  
CLIC aims at an acceleration 
gradient of 100 MV/m. A drive 
beam is decelerated in dedicated 
Power Extraction and Transfer 
Structures (PETS), and the 
generated RF power is transferred 
to the main beam.  



Compact Linear Collider (CLIC) 
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CERN-2016-004 
arXiv:1608.07537	  

	  



CLIC – some physics highlights 

H. Abramowicz et al, Eur. 
Phys. J. C77 (2017) 475  

Higgs characterization  
Precision on top quark Yukawa of ~4% and Higgs self-
coupling of ~20%. 
 

Staged approach 
First period around the top quark pair threshold, 
thereafter increase the energy up to 3 TeV to search for 
new phenomena. 
 

P. Burrows @ ICFA Seminar 2017 



CLIC roadmap 

CLIC working on an implementation plan & cost reduction as 
input to European Particle Physics Strategy 



Linear Collider detector & physics studies: Europe engaged 
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The LCC physics & detector directorate is responsible for activities 
that advance the physics and detectors of the linear collider.  
 
Three detector concepts: 
 

•  ILD: 71 institutions mostly from the European Region 

•  SiD: 24 institutions many from the European Region 

•  CLICdp: 29 institutions mostly from the European Region 

CLICdp 

ILD 

SiD 

Three detector R&D groups: 
 

•  CALICE: 57 institutions 
mostly from the European 
Region 

•  LCTPC: 32 institutions many 
from the European Region 

•  FCAL: 14 institutions mostly 
from the European Region 
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Future Circular Collider (FCC) 

~16 T ⇒ 100 TeV pp in 100 km 

•  pp-collider (FCC-hh)                     
main emphasis, defining 
infrastructure requirements  

•  e+e- collider (FCC-ee)               
as potential first step 

•  HE-LHC with FCC-hh 
technology 

•  p-e collider (FCC-he) option 
•  µµ colider (FCC-µµ) option 



Future Circular Collider (FCC) – proton collider 

Top Yukawa coupling 
Measurement to 1% precision 
 

Higgs self-coupling 
Measurement to 3-5% precision 
 
Higgs invisible decay Branching Ratio 
Sensitivity down to 3-5 x 10-4 

 
Top quark production 
Cross section increases x35 
compared to LHC at 14 TeV, and 
might collect up to 1012 top quarks 
 
New physics phenomena 
In general direct sensitivity to 
processes with mass scales up to 
10-40 TeV. 
 

Higgs production 
Compared to LHC at 14 TeV the cross section increases 
with a factor of about 16 at NNNLO. Together with a 
larger luminosity, one can expect 60-400x more events. 

Anastasiou et al, 1602.00695 
 
gg à h 
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Future Circular Collider (FCC) – lepton collider luminosities 



FCC – some physics objectives 

ability to test 
our new 

designs or to 
find yet 
unknown 

elements up to 
10-40 TeV 

extreme zoom-in capabilities  
for about all terms 



SC Magnet R&D – 16 T magnets would allow doubling the energy of the LHC machine (HE-LHC) 
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EuroCirCol WP5 (until 2019) 
Feed the FCC CDR with a 
baseline design and a cost 
model for 16 T magnets 
 
 
 

HiLumi LHC 
To make space for the new HL-
LHC collimators, replace a 
standard dipole by a pair of 
shorter 11 T dipoles producing 
the same integrated field demonstrator short 

dipoles perform well 



SC Magnet R&D – 16 T magnets would allow doubling the energy of the LHC machine (HE-LHC) 
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FRESCA2 @ CERN 
 
Test new superconductive cables 
 
Dipole magnet  
1.5 m long, 1 m diameter, 10 cm aperture  
 
Nominal 13 T design, with an ultimate goal of 15 T, 
and reached 14.6 T, a record for a magnet with a 
“free” aperture, and with only few quenches 



SC Magnet R&D – 16 T magnets would allow doubling the energy of the LHC machine (HE-LHC) 
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R&D	  on	  High-‐field	  magnets	  
(from	  h(ps://indico.cern.ch/event/686555/contribu:ons/2962534/	  )	  

	  

•  Presently	  there	  is	  no	  viable	  alterna4ve,	  development	  of	  the	  Nb3Sn	  magnet	  technology	  is	  crucial	  for	  
the	  future	  hadron	  collider	  where	  12-‐20	  T	  fields	  are	  essen4al.	  

•  The	  current	  density	  achieved	  in	  the	  state	  of	  the	  art	  Nb3Sn	  materials	  is	  adequate	  for	  reaching	  the	  
fields	  up	  to	  20	  T,	  however	  the	  stress/strain	  tolerances	  are	  not.	  	  

•  The	  main	  technical	  challenge	  for	  a	  >16	  T	  dipole	  magnet	  is	  the	  structural	  integrity	  of	  the	  coil.	  
	  
15	  T	  Nb3Sn	  dipole	  
fabrica4on	  at	  FNAL	  
and	  will	  be	  tested	  
later	  this	  year.	  



Future Circular Collider (FCC) – technical schedule 
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Accelerator R&D – Advanced Novel Accelerators (ICFA Panel) 
 

ALEGRO (Advanced LinEar collider study GROup, for a multi-TeV Advanced Linear Collider) 
Workshop (March 2018 in Oxford): http://www.physics.ox.ac.uk/confs/alegro2018/index.asp  
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The objective of this first 
ALEGRO workshop was 
to prepare and deliver, by 
the end of 2018, a 
document detailing the 
international roadmap 
and strategy of Advanced 
Novel Accelerators 
(ANAs) with clear 
priorities as input for the 
European Particle 
Physics Strategy Update. 

from R.Assman @ ALEGRO workshop 



Accelerator R&D – Advanced Proton Driven Plasma Wakefield Acceleration Experiment (AWAKE)  
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The AWAKE project is a 
demonstrator experiment for 
plasma wakefield 
acceleration.  
 
The objective is to 
accelerate an electron beam 
to few GeV in a 10m plasma 
cell using 400 GeV proton 
beams from the Super 
Proton Synchrotron at 
CERN.  

AWAKE Collaboration: 
16 institutes worldwide  



Accelerator R&D – Advanced Proton Driven Plasma Wakefield Acceleration Experiment (AWAKE)  

64 

no plasma 
protons 

short laser pulse 

wakefield 

Patric Muggli, SPSC presentation, Oct 2017 

Clear observation of the 
modulation 

 
After this observation the 

objective was to accelerate 
electrons 



Accelerator R&D – Advanced Proton Driven Plasma Wakefield Acceleration Experiment (AWAKE)  

65 
Nature, 561, p363–367 (2018) 



Accelerator R&D – Muon Ionization Cooling Experiment @ RAL (MICE)  
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(from	  h(ps://indico.cern.ch/event/686555/contribu:ons/2962529/	  )	  
(also	  in	  CERN	  Courier,	  h(ps://cerncourier.com/muons-‐cooled-‐for-‐ac:on/	  )	  

	  

Aim	  to	  demonstrate	  ioniza4on	  cooling	  principle	  by	  observing	  an	  increased	  inherent	  
beam	  brightness,	  opera4onal	  at	  the	  ISIS	  synchrotron	  at	  RAL	  since	  2008.	  
	  
① Muons	  lose	  longitudinal	  and	  transverse	  momentum	  through	  ioniza4on	  energy	  

loss	  in	  an	  absorber.	  

	  
	  
	  
	  

② Mul4ple	  scahering	  degrades	  the	  cooling	  effect,	  but	  mi4gated	  by	  low-‐Z	  absorber	  
and	  4ght	  focusing.	  

③ Muons	  regain	  only	  longitudinal	  momentum	  in	  RF	  cavi4es.	  



Accelerator R&D – Muon Ionization Cooling Experiment @ RAL (MICE)  
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Accelerator R&D – Muon Ionization Cooling Experiment @ RAL (MICE)  
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6mm	  input	  emihance	  
140	  MeV/c	  

10mm	  input	  emihance	  
140	  MeV/c	  



Accelerator R&D – Muon Ionization Cooling Experiment @ RAL (MICE)  
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Ra4o	  of	  
distribu4ons	  

6mm	  input	  emihance	  
140	  MeV/c	  

10mm	  input	  emihance	  
140	  MeV/c	  



Accelerator R&D – R&D for Superconducting RF cavities 
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(from	  h(ps://indico.cern.ch/event/686555/contribu:ons/2962536/	  )	  	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

•  Need	  a	  high	  Q-‐factor	  (Q0)	  related	  to	  the	  cavity	  
achievable	  efficiency.	  

•  Increase	  the	  accelerator	  gradient	  (Eacc).	  
•  Both	  are	  related	  to	  cost	  reduc4on	  avenues	  for	  
linear	  colliders.	  

•  The	  process	  of	  Nitrogen	  doping	  of	  the	  Nb	  
cavi4es	  combined	  with	  120	  C	  baking	  increases	  
the	  Q-‐factor.	  

•  Important	  progress	  in	  the	  field.	  

(ILC	  TDR	  men4ons	  a	  31.5	  MV/m	  gradient)	  
(hhps://arxiv.org/pdf/1306.6327.pdf	  )	  



Accelerator R&D – Energy Recovery Linac (ERL), PERLE @ Orsay (CDR: J.Phys. G45 (2018) no.6, 065003) 
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A	  first	  SC	  cavity	  of	  802	  MHz	  
frequency	  has	  been	  built	  (J-‐
LAB)	  and	  tested	  showing	  
stability	  up	  to	  29	  MV/m	  and	  
a	  weak	  Q0-‐gradient	  
dependence	  around	  3	  1010,	  
exceeding	  the	  design	  goal.	  	  
	  
Depending	  on	  the	  phase	  
electrons	  pass	  the	  SC	  
cavi4es,	  they	  are	  
accelerated	  (increase	  the	  
kine4c	  energy	  using	  the	  RF	  
field)	  or	  decelerated	  (use	  
the	  kine4c	  energy	  to	  
increase	  the	  RF	  field).	  

(from https://indico.cern.ch/event/686555/contributions/2962555/  ) 
 



Accelerator R&D – U.S.-Based Electron Ion Collider Science  
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https://www.bnl.gov/eic/  

Op4ons	  for	  construc4ng	  the	  next	  large	  collider	  facility	  in	  
an	  ahempt	  to	  probe	  the	  nature	  of	  maher	  are	  being	  
inves4gated,	  e.g.	  at	  eRHIC	  at	  Brookhaven	  (BNL).	  	  



The 2013 European Particle Physics Strategy 
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“Experiments studying quark flavour physics, dipole moments, charged-lepton 
violation and performing other precision measurements ... with neutrons, muons 
and antiprotons may give access to higher energy scales than direct particle 
production ... They can be based in national laboratories, with a moderate cost 
… Experiments in Europe with unique reach should be supported, as well as 
participation in experiments in other regions of the world.” 

new 
designs 



Electric Dipole Moment (EDM) 
Separation of particle charge along angular momentum axis.  
The EDM in the Standard Model is negligible (SM EDM electron 10-38 e-cm, best limit 
is 8.7 x 10-29 e-cm at 90% CL), if non-zero it violates symmetries like P, T, CP. 

Measure Larmor frequency shift 

Variety of systems used from 
neutrons and electrons to atoms 
and molecules. 

B. Lauss, nEDM Workshop 2017 

ICFA Seminar 2017 
W.Ootani 



75 Credit: Johan Jarnestad / ESS 
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Aerial view October 2017 

ESS is working with 15 nations, nearly 40 European in-kind partner 
institutions, and more than 130 collaborating institutions worldwide. 
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(from	  h(ps://indico.cern.ch/event/686555/contribu:ons/3028068/a(achments/1683219/2705296/3-‐2._ICHEP18_SuperKEKB_Akai.pdf	  )	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

•  Started	  physics	  run	  in	  2018	  
•  Pioneering	  the	  luminosity	  fron4er	  
• Nano-‐beam	  collider	  scheme	  
•  First	  collisions	  on	  April	  26,	  2018	  
•  First	  “re-‐discoveries”	  made	  of	  beauty	  
and	  charm	  

SuperKEKB and BELLE-II started 

strong European participation 



The 2013 European Particle Physics Strategy 
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In the coming years, CERN should seek a closer collaboration with ApPEC on 
detector R&D with a view to maintaining the community’ s capability for unique 
projects in this field. 
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European Astroparticle Physics Strategy 2017-2026 

  http://www.appec.org/roadmap  

A major puzzle is the presence of  
Dark Matter in the Universe 

 
See talk by Javier Redondo 

 
The multimessenger window on our Universe 

 
See talk by Maurizio Spurio 

 



Underground facilities for Particle Physics 
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image courtesy of Susana Cebrián, “Science goes underground” 



Neutrinoless Double Beta Decay 

81 from N. Lopez (Kyoto HE seminar) 

• Xe 
• Ge 
• Te 
• Se 
• Mo 



Underground facilities for Particle Physics 

Gran Sasso 
laboratory in 
Italy 



Underground facilities for Particle Physics 
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“The Xenon1T Dark Matter experiment” 
arXiv:1708.07051v1 

The XENON1T 
experiment at the 
Laboratori 
Nazionali 
del Gran Sasso 
(LNGS) is the first 
WIMP dark matter 
detector operating 
with a liquid xenon 
target mass above 
the ton-scale. 



Underground facilities for Particle Physics 
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E. Aprile et al. 2018 arXiv:1805.12562 



Underground facilities for Particle Physics 
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Kaixuan Ni, at the 6th Symposium on Neutrinos and Dark Matter in Nuclear Physics (NDM 2018) 
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If	  these	  (non-‐collider)	  experiments	  would	  provide	  hints	  
where	  to	  look	  for	  new	  physics,	  it	  would	  be	  interes<ng	  if	  we	  

can	  address	  these	  with	  current	  and	  future	  colliders	  
	  
	  
	  
	  
	  
	  
	  

In	  general:	  explore	  the	  synergies	  of	  the	  physics	  poten<al	  of	  
non-‐collider	  and	  collider	  experiments	  
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TODAY 

European Particle 
Physics Strategy (2013) 

European Particle 
Physics Strategy (2020) 

Start data 
taking HL-LHC 

(2026) 

Future 

The European Particle Physics community is 
ready to initiate its Strategy Update 

Key	  objec4ves	  set	  by	  CERN	  Council	  
	  

•  Deliver	  by	  May	  2020	  an	  update	  of	  the	  European	  Par4cle	  Physics	  
Strategy	  in	  a	  global	  context	  

	  

•  This	  strategy	  or	  vision	  will	  thereaXer	  be	  a	  roadmap	  for	  funding	  agencies	  
and	  laboratories	  to	  define	  concrete	  research	  programmes	  
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Update	  of	  the	  European	  Strategy	  for	  Par=cle	  Physics	  
(	  h@ps://europeanstrategy.cern	  )	  

	  
Press	  release	  :	  

h@ps://home.cern/about/updates/2018/10/towards-‐new-‐shared-‐vision-‐par=cle-‐physics-‐europe	  	  
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CERN	  Council	  approved	  the	  Strategy	  Secretariat	  

Council	  appointment,	  September	  2017:	  

•  H.	  Abramowicz	  (Chairperson)	  
•  J.	  D’Hondt	  (ECFA	  Chairperson,	  ECFA:	  European	  Commi(ee	  for	  Future	  Accelerators)	  
•  K.	  Ellis	  (SPC	  Chairperson,	  SPC:	  Science	  Policy	  Commi(ee	  @	  CERN)	  
•  L.	  Rivkin	  (European	  LDG	  Chairperson,	  LDG:	  Lab	  Directors	  Group)	  

•  Contact:	  EPPSU-‐Strategy-‐Secretariat@cern.ch	  
	  

Responsible	  for	  the	  organisa4on	  
of	  the	  process.	  
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May.2020 
Council to approve 

Strategy Update  

����	���	����
	�������������	��
��������	���

����
���	�����
�����������	
�	���

Sept 27,2018 
Council launches the 

Strategy Update process & 
establish the PPG and ESG 

June 14,2018 
Council decision on 

venues and dates  

March.2018 
Call for nominations of 
PPG & ESG members March.2020 

Strategy Update 
submitted to Council 

Jan 20-24,2020 
Strategy Update 
Drafting Session 
Bad Honnef, DE 

Sept.2019 
Physics Briefing 

Book available 

May 13-16,2019 
Open Symposium 

Granada, ES 

Jan.2018 
Call for proposals 

for venues for Open 
Symposium and 

Strategy Drafting 
Session 

2017 2018 2019 2020 

Dec 18.2018 
Closing submission 

community input 

Physics results appearing 
after May 2019 will be taken 
into account in the process 

European)Par+cle)Physics)Strategy)Update'

Febr.2018 
Call for scientific input 

! ))
! ))
! ))

! ))

! ))



Physics	  Preparatory	  Group	  (PPG),	  Council	  appointment,	  September	  2018:	  

•  H.	  Abramowicz,	  J.	  D’Hondt,	  K.	  Ellis,	  L.	  Rivkin	  (Strategy	  Secretary)	  
•  C.	  Biscari	  (ES),	  Belen	  Gavela	  (ES),	  Beate	  Heinemann	  (DE),	  Krzysztof	  Redlich	  (PL)	  
•  Stan	  Bentvelsen	  (NL),	  Paris	  Sphicas	  (GR),	  Marco	  Zito	  (FR),	  Antonio	  Zoccoli	  (IT)	  
•  Gian	  Giudice	  (CERN)	  
•  Shoji	  Asai	  and	  Xinchou	  Lou	  (delegates	  from	  Asia)	  
•  Marcela	  Carena	  and	  Brigihe	  Vachon	  (delegates	  from	  the	  Americas)	  
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Responsible	  to	  organise	  the	  Open	  
Symposium	  and	  to	  deliver	  to	  the	  
European	  Strategy	  Group	  (ESG)	  a	  

Briefing	  Book.	  

Composi<on	  of	  the	  PPG	  
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European	  Strategy	  Group	  (ESG)	  composi4on,	  adopted	  by	  Council,	  December	  2013:	  
•  the	  Strategy	  Secretary	  (ac4ng	  as	  Chairperson),	  
•  one	  representa4ve	  appointed	  by	  each	  CERN	  Member	  State,	  
•  one	  representa4ve	  for	  each	  of	  the	  Laboratories	  par4cipa4ng	  in	  the	  major	  European	  Laboratory	  

Directors’	  mee4ng,	  including	  its	  Chairperson,	  
•  the	  CERN	  Director-‐General,	  
•  the	  SPC	  Chairperson,	  
•  the	  ECFA	  Chairperson.	  

 

Invited:	  
•  the	  President	  of	  the	  CERN	  Council,	  
•  one	  representa4ve	  from	  each	  of	  the	  Associate	  Member	  States,	  
•  one	  representa4ve	  from	  each	  Observer	  State,	  
•  one	  representa4ve	  from	  the	  European	  Commission	  and	  JINR,	  
•  the	  Chairpersons	  of	  ApPEC,	  FALC,	  ESFRI,	  and	  NuPECC,	  
•  the	  members	  of	  the	  Physics	  Preparatory	  Group.	  

Composi<on	  of	  the	  ESG	  

Responsible	  to	  deliver	  a	  draX	  
Strategy	  Update	  to	  Council.	  
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General	  considera4ons	  by	  the	  Strategy	  Secretariat:	  
	  
•  The	  Strategy	  Update	  process	  follows	  a	  bohom-‐up	  approach	  
•  To	  facilitate	  the	  bohom-‐up	  approach	  an	  Open	  Call	  for	  input	  reaching	  out	  to	  all	  members	  of	  the	  

par4cle	  physics	  community	  is	  issued;	  including	  research	  groups,	  research	  networks	  or	  
collabora4ons,	  laboratories,	  universi4es,	  (inter)na4onal	  ins4tu4ons	  and/or	  organisa4ons.	  

•  The	  aim	  is	  to	  gather	  all	  relevant	  input,	  e.g.	  on	  scien4fic	  projects,	  posi4on	  papers,	  na4onal	  
roadmaps,	  etc.	  

	  

Call	  for	  input	  
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General	  considera4ons	  by	  the	  Strategy	  Secretariat:	  
	  
•  The	  Strategy	  Update	  process	  follows	  a	  bohom-‐up	  approach	  
•  To	  facilitate	  the	  bohom-‐up	  approach	  an	  Open	  Call	  for	  input	  reaching	  out	  to	  all	  members	  of	  the	  

par4cle	  physics	  community	  is	  issued;	  including	  research	  groups,	  research	  networks	  or	  
collabora4ons,	  laboratories,	  universi4es,	  (inter)na4onal	  ins4tu4ons	  and/or	  organisa4ons.	  

•  The	  aim	  is	  to	  gather	  all	  relevant	  input,	  e.g.	  on	  scien4fic	  projects,	  posi4on	  papers,	  na4onal	  
roadmaps,	  etc.	  

	  

Call	  for	  input	  

Pragma<cally,	  general	  guidelines	  are	  provided	  to	  facilitate	  
both	  the	  collec<on	  of	  the	  input	  and	  its	  use	  by	  the	  PPG	  and	  the	  

ESG;	  i.e.	  be	  brief,	  comprehensive	  and	  self-‐contained.	  

Deadline:	  December	  18th,	  2018	  
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Guidelines	  for	  submiJng	  input	  

February 2018 

  
 

Contact:  
EPPSU-Strategy-Secretariat@cern.ch  

 
 
 

Guidelines for submitting input for the 2020 update of the 
European Strategy for Particle Physics 

 
 
Cover page (1 page) 
Each document submitted should carry a single cover page containing no more 
than the title, the contact person(s) and an abstract.  
 
Comprehensive overview (maximum 10 pages) 
This core part of the document must be no more than 10 pages long (excluding the 
cover page) and must provide a comprehensive and self-contained overview of the 
proposed input. It should address: 

x scientific context, 
x objectives, 
x methodology, 
x readiness and expected challenges. 

 
Addendum 
A separate addendum is to be provided addressing the following topics (where 
relevant): 

x interested community, 
x timeline, 
x construction and operational costs (if applicable), 
x computing requirements. 

 
Format and deadline for submission 
The cover page and the comprehensive overview are to be submitted as a single 
file,	   the	   “main	   document”,	   in portable document format (pdf) by 18 December 
2018. The addendum is to be submitted as a separate file by the same deadline. A 
dedicated submission portal will be available on the EPPSU website as of October 
2018, once the Strategy update has been formally launched by the Council at its 
September 2018 Session. The link to the EPPSU website will appear on the CERN 
Council’s	   web	   pages	   - https://council.web.cern.ch/en - and be widely 
communicated through the appropriate channels. 
 
Distribution 
Both documents submitted (main and addendum) will be passed on to the Physics 
Preparatory Group (PPG) and the European Strategy Group (ESG). Unless 
explicitly requested otherwise, they will also be made public. The option not to 
make either document public will be available upon submission via the dedicated 
portal. 

For	  the	  sub-‐structure	  of	  the	  10-‐pages	  
“comprehensive	  overview”	  we	  provide	  
addi<onal	  guidance	  that	  might	  be	  useful	  

especially	  for	  scien<fic	  projects.	  
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The	  mandatory	  addendum	  has	  no	  
strict	  page	  limit,	  but	  should	  be	  

comprehensive	  and	  self-‐
contained.	  
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Thank you for your attention 

May.2020 
Council to approve 

Strategy Update  
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Sept 27,2018 
Council launches the 

Strategy Update process & 
establish the PPG and ESG 

June 14,2018 
Council decision on 

venues and dates  

March.2018 
Call for nominations of 
PPG & ESG members March.2020 

Strategy Update 
submitted to Council 

Jan 20-24,2020 
Strategy Update 
Drafting Session 
Bad Honnef, DE 

Sept.2019 
Physics Briefing 

Book available 

May 13-16,2019 
Open Symposium 

Granada, ES 

Jan.2018 
Call for proposals 

for venues for Open 
Symposium and 

Strategy Drafting 
Session 

2017 2018 2019 2020 

Dec 18.2018 
Closing submission 

community input 

Physics results appearing 
after May 2019 will be taken 
into account in the process 

European)Par+cle)Physics)Strategy)Update'

Febr.2018 
Call for scientific input 

! ))
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! ))

! ))
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Additional slides 
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Guidelines	  for	  submiJng	  input	  

February 2018 

  
 

Contact:  
EPPSU-Strategy-Secretariat@cern.ch  

 
 
 

Guidelines for submitting input for the 2020 update of the 
European Strategy for Particle Physics 

 
 
Cover page (1 page) 
Each document submitted should carry a single cover page containing no more 
than the title, the contact person(s) and an abstract.  
 
Comprehensive overview (maximum 10 pages) 
This core part of the document must be no more than 10 pages long (excluding the 
cover page) and must provide a comprehensive and self-contained overview of the 
proposed input. It should address: 

x scientific context, 
x objectives, 
x methodology, 
x readiness and expected challenges. 

 
Addendum 
A separate addendum is to be provided addressing the following topics (where 
relevant): 

x interested community, 
x timeline, 
x construction and operational costs (if applicable), 
x computing requirements. 

 
Format and deadline for submission 
The cover page and the comprehensive overview are to be submitted as a single 
file,	   the	   “main	   document”,	   in portable document format (pdf) by 18 December 
2018. The addendum is to be submitted as a separate file by the same deadline. A 
dedicated submission portal will be available on the EPPSU website as of October 
2018, once the Strategy update has been formally launched by the Council at its 
September 2018 Session. The link to the EPPSU website will appear on the CERN 
Council’s	   web	   pages	   - https://council.web.cern.ch/en - and be widely 
communicated through the appropriate channels. 
 
Distribution 
Both documents submitted (main and addendum) will be passed on to the Physics 
Preparatory Group (PPG) and the European Strategy Group (ESG). Unless 
explicitly requested otherwise, they will also be made public. The option not to 
make either document public will be available upon submission via the dedicated 
portal. 

The	  mandatory	  addendum	  has	  no	  
strict	  page	  limit,	  but	  should	  be	  

comprehensive	  and	  self-‐
contained.	  
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Physics	  Preparatory	  Group	  (PPG)	  composi4on,	  adopted	  by	  Council,	  December	  2013:	  
•  The	  Strategy	  Secretary	  (ac4ng	  as	  Chairperson),	  
•  four	  members	  appointed	  by	  the	  Council	  on	  the	  recommenda4on	  of	  the	  SPC,	  
•  four	  members	  appointed	  by	  the	  Council	  on	  the	  recommenda4on	  of	  ECFA,	  
•  the	  SPC	  Chairperson,	  
•  the	  ECFA	  Chairperson,	  
•  the	  Chairperson	  of	  the	  European	  Laboratory	  Directors’	  mee4ng,	  
•  one	  representa4ve	  appointed	  by	  CERN,	  
•  two	  representa4ves	  from	  Asia	  appointed	  by	  the	  respec4ve	  regional	  representa4ves	  in	  ICFA,	  
•  two	  representa4ves	  from	  the	  Americas	  appointed	  by	  the	  respec4ve	  regional	  representa4ves	  in	  ICFA.	  

	  

Composi<on	  of	  the	  PPG	  

Responsible	  to	  organise	  the	  Open	  
Symposium	  and	  to	  deliver	  to	  the	  
European	  Strategy	  Group	  (ESG)	  a	  

Physics	  Briefing	  book.	  
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Open	  call	  to	  all	  members	  of	  the	  par<cle	  physics	  community	  
Extract	  from	  the	  Open	  call	  circulated	  within	  the	  community	  
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Prac<cal	  instruc<ons	  for	  submiJng	  input	  

February 2018 

  
 

Contact:  
EPPSU-Strategy-Secretariat@cern.ch  

 
 
 

Guidelines for submitting input for the 2020 update of the 
European Strategy for Particle Physics 

 
 
Cover page (1 page) 
Each document submitted should carry a single cover page containing no more 
than the title, the contact person(s) and an abstract.  
 
Comprehensive overview (maximum 10 pages) 
This core part of the document must be no more than 10 pages long (excluding the 
cover page) and must provide a comprehensive and self-contained overview of the 
proposed input. It should address: 

x scientific context, 
x objectives, 
x methodology, 
x readiness and expected challenges. 

 
Addendum 
A separate addendum is to be provided addressing the following topics (where 
relevant): 

x interested community, 
x timeline, 
x construction and operational costs (if applicable), 
x computing requirements. 

 
Format and deadline for submission 
The cover page and the comprehensive overview are to be submitted as a single 
file,	   the	   “main	   document”,	   in portable document format (pdf) by 18 December 
2018. The addendum is to be submitted as a separate file by the same deadline. A 
dedicated submission portal will be available on the EPPSU website as of October 
2018, once the Strategy update has been formally launched by the Council at its 
September 2018 Session. The link to the EPPSU website will appear on the CERN 
Council’s	   web	   pages	   - https://council.web.cern.ch/en - and be widely 
communicated through the appropriate channels. 
 
Distribution 
Both documents submitted (main and addendum) will be passed on to the Physics 
Preparatory Group (PPG) and the European Strategy Group (ESG). Unless 
explicitly requested otherwise, they will also be made public. The option not to 
make either document public will be available upon submission via the dedicated 
portal. 
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FROM CERN TECHNOLOGIES … 

… TO SOCIETY 

for more information: kt.cern 

•  Since 2011 CERN signed 
more than 250 licenses 
and other kind of 
agreements with industry 
and other partners 

•  Ever year several tens of 
new technology 
disclosures (91 in 2016) 

•  18 new start-ups are 
using CERN technologies 
since 2012 

 
 

Applications in society 
are as well important to 

motivate large scale 
experiments. 



European Particle Physics and Particle Therapy 

103 information from Manjit Dosanjh, “From Particle Physics to Medical Applications”, IOP Publishing 2017, Bristol, UK 

European Network for Light Ion Therapy (ENLIGHT) since 2002 



European Particle Physics and Particle Therapy 

104 information from Manjit Dosanjh, “From Particle Physics to Medical Applications”, IOP Publishing 2017, Bristol, UK 

European Network for Light Ion Therapy (ENLIGHT) since 2002 



Neutrino research 

105 from Th. Lasserre (EPS-HEP plenary, July 2017) 



Anomaly at short distance 

Nuclear Reactor 
Production of electron neutrinos can 
be calculated, but uncertainty in the 
prediction of the flux. 
 

Detector 
Measure the amount of neutrinos 
coming out of the reactor with a 
dedicated experiment. 
 
Disagreement between both… 
are there more than four 
neutrino species? 
 
 ? 
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Potential to discover oscillations to 
a fourth kind of neutrino particle 

? 
5.5m 



Reactor facilities for Particle Physics 

108 

Belgium 

12800 cubes 
3200 readout fibers 

50 planes 
1.5 ton 

6 to 11m from reactor core 

Taking data 
SoLid 



The scaffolding of Dark Matter in our universe 

Simulations of the formation, evolution and clustering of galaxies and quasars, Nature 435, 629-636 (2 June 2005) 



The 2013 European Particle Physics Strategy 
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CERN should develop a neutrino programme to pave the way for a substantial 
European role in future long-baseline experiments. Europe should explore the 
possibility of major participation in leading long-baseline neutrino projects in the 
US and Japan. 

See talk on Neutrinos by Pilar Hernandez 



CERN’s Neutrino Platform as a European “portal” to 
accelerator-based neutrino facilities worldwide 
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Baby MIND from CERN to Japan protoDUNE detectors at CERN 

The Neutrino Platform is CERN’s 
undertaking to foster and contribute to 
fundamental research in neutrino physics 
at particle accelerators worldwide. 



The 2013 European Particle Physics Strategy 
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A variety of research lines at the boundary between particle and nuclear physics 
require dedicated experiments. The CERN Laboratory should maintain its 
capability to perform unique experiments. CERN should continue to work with 
NuPECC on topics of mutual interest. 
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European Nuclear Long Range Plan 2017 

http://www.nupecc.org  

 

See talk by Angela Bracco 



CERN and the HIE-ISOLDE facility: Phase-2 (2017-2018) 
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ISOL Solenoidal 
Spectrometer 

MINIBALL 
Cd-Si Detector 
T-REX 
SPEDE 

movable 
setups 

The new energy window gives the opportunity to address new 
physics questions à 35 experiments approved 


