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The European Strategy for Particle Physics  
Update 2013 

 

Preamble 

Since the adoption of the European Strategy for Particle Physics in 2006, the field has made 
impressive progress in the pursuit of its core mission, elucidating the laws of nature at the most 
fundamental level. A giant leap, the discovery of the Higgs boson, has been accompanied by many 
experimental results confirming the Standard Model beyond the previously explored energy scales. 
These results raise further questions on the origin of elementary particle masses and on the role of 
the Higgs boson in the more fundamental theory underlying the Standard Model, which may 
involve additional particles to be discovered around the TeV scale. Significant progress is being 
made towards solving long-standing puzzles such as the matter-antimatter asymmetry of the 
Universe and the nature of the mysterious dark matter. The observation of a new type of neutrino 
oscillation has opened the way for future investigations of matter-antimatter asymmetry in the 
neutrino sector. Intriguing prospects are emerging for experiments at the overlap with astroparticle 
physics and cosmology. Against the backdrop of dramatic developments in our understanding of 
the science landscape, Europe is updating its Strategy for Particle Physics in order to define the 
community’s direction for the coming years and to prepare for the long-term future of the field. 
 

General issues 

a) The success of the LHC is proof of the effectiveness of the European organisational model for 
particle physics, founded on the sustained long-term commitment of the CERN Member States and 
of the national institutes, laboratories and universities closely collaborating with CERN. Europe 
should preserve this model in order to keep its leading role, sustaining the success of particle 
physics and the benefits it brings to the wider society.  
 
b) The scale of the facilities required by particle physics is resulting in the globalisation of the 
field. The European Strategy takes into account the worldwide particle physics landscape and 
developments in related fields and should continue to do so. 
 

High-priority large-scale scientific activities 

After careful analysis of many possible large-scale scientific activities requiring significant 
resources, sizeable collaborations and sustained commitment, the following four activities have 
been identified as carrying the highest priority. 
 
c) The discovery of the Higgs boson is the start of a major programme of work to measure this 
particle’s properties with the highest possible precision for testing the validity of the Standard 
Model and to search for further new physics at the energy frontier. The LHC is in a unique position 
to pursue this programme. 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. 
 
d) To stay at the forefront of particle physics, Europe needs to be in a position to propose an 
ambitious post-LHC accelerator project at CERN by the time of the next Strategy update, when 
physics results from the LHC running at 14 TeV will be available. 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 
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universities'worldwide.!

e)! There! is! a! strong! scientific! case! for! an! electronGpositron! collider,!
complementary!to!the!LHC,!that!can!study!the!properties!of!the!Higgs!boson!and!
other! particles! with! unprecedented! precision! and! whose! energy! can! be!
upgraded.!The!Technical!Design!Report!of! the! International! Linear!Collider! (ILC)!
has! been! completed,!with! large! European! participation.! The! initiative! from! the!
Japanese!particle!physics!community! to!host! the! ILC! in! Japan! is!most!welcome,!
and!European!groups!are!eager!to!participate.!Europe'looks'forward'to'a'proposal'
from'Japan'to'discuss'a'possible'participation.!

f)! Rapid! progress! in! neutrino! oscillation! physics,! with! significant! European!
involvement,!has!established!a!strong!scientific!case!for!a!longGbaseline!neutrino!
programme!exploring!CP!violation!and!the!mass!hierarchy!in!the!neutrino!sector.!
CERN' should' develop' a' neutrino' programme' to' pave' the'way' for' a' substantial'
European' role' in' future' longBbaseline' experiments.' Europe' should' explore' the'
possibility'of'major'participation'in'leading'longBbaseline'neutrino'projects'in'the'
US'and'Japan.!

The Strategy update must strike a balance between maintaining the diversity of the scientific 
programme, which is vital for the field since a breakthrough often emerges in unexpected areas, 
and setting priorities since the available resources are limited. As already described, large-scale 
particle physics activities require substantial investment of human and financial resources for an 
extended period. Although many of these activities are important for particle physics, they 
require careful planning and prioritisation in the international context. Out of the many 
motivated proposals put forward by the community and described in the Briefing Book, only 
four activities have been identified as carrying the highest priority. 

One of the key questions of particle physics that should soon receive a definitive answer was 
already identified by the 2006 Strategy, i.e. whether the Standard Model of strong and 
electroweak interactions, with its minimal realisation of the Brout-Englert-Higgs mechanism of 
electroweak gauge symmetry breaking and the modifications required to account for neutrino 
oscillations, is a valid description up to energy scales much higher than the TeV scale, or is 
modified by the presence of new particles at energies accessible to present and future high-
energy colliders. 

Today, some essential milestones along these lines have already been reached. First, and 
foremost, a new boson with a mass near 125 GeV has been discovered, compatible with the 
scalar particle of the Standard Model within the present experimental errors; secondly, many 
particles, suggested by motivated extensions of the Standard Model with or without 
supersymmetry, have been excluded well beyond the previous LEP and Tevatron limits; finally, 
several new precision tests have confirmed the Standard Model description of flavour mixing 
and CP violation in the quark sector and established additional strong indirect constraints on 
possible new physics at the TeV scale and beyond. 

On the one hand, the net result of all this is an impressive consolidation of the Standard Model 
of strong and electroweak interactions, with the technical possibility of extending its validity to 
scales much higher than the TeV scale. The simplest attempts to modify the Standard Model at 
the TeV scale, for example TeV-scale supersymmetry or partial compositeness, in order to 
correct some of its perceived theoretical weaknesses have started to be seriously challenged. On 
the other hand, there is strong evidence that the Standard Model must be modified, with the 
introduction of new particles and interactions, at some energy scale. Such evidence comes from 
studies of neutrino oscillations, dark matter, the observed baryon asymmetry of the Universe, 
the need to eventually incorporate quantum gravity and a model for cosmological inflation. 
Also, there are good indications that some of these modifications could take place in the vicinity 
of the TeV scale. Firstly, the theoretical concept of naturalness suggests that the validity of the 
Standard Model cannot extend much beyond the mass of its scalar particle. Secondly, weakly 
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accelerator R&D programme, including high-field magnets and high-gradient accelerating 
structures, in collaboration with national institutes, laboratories and universities worldwide. 
 
e) There is a strong scientific case for an electron-positron collider, complementary to the LHC, 
that can study the properties of the Higgs boson and other particles with unprecedented precision 
and whose energy can be upgraded. The Technical Design Report of the International Linear 
Collider (ILC) has been completed, with large European participation. The initiative from the 
Japanese particle physics community to host the ILC in Japan is most welcome, and European 
groups are eager to participate. Europe looks forward to a proposal from Japan to discuss a 
possible participation. 
 
f) Rapid progress in neutrino oscillation physics, with significant European involvement, has 
established a strong scientific case for a long-baseline neutrino programme exploring CP violation 
and the mass hierarchy in the neutrino sector. 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. 
 

Other scientific activities essential to the particle physics programme 

g) Theory is a strong driver of particle physics and provides essential input to experiments, witness 
the major role played by theory in the recent discovery of the Higgs boson, from the foundations of 
the Standard Model to detailed calculations guiding the experimental searches. Europe should 
support a diverse, vibrant theoretical physics programme, ranging from abstract to applied topics, 
in close collaboration with experiments and extending to neighbouring fields such as astroparticle 
physics and cosmology. Such support should extend also to high-performance computing and 
software development. 
 
h) Experiments studying quark flavour physics, investigating dipole moments, searching for 
charged-lepton flavour violation and performing other precision measurements at lower energies, 
such as those with neutrons, muons and antiprotons, may give access to higher energy scales than 
direct particle production or put fundamental symmetries to the test. They can be based in national 
laboratories, with a moderate cost and smaller collaborations. Experiments in Europe with unique 
reach should be supported, as well as participation in experiments in other regions of the world. 
 
i) The success of particle physics experiments, such as those required for the high-luminosity LHC, 
relies on innovative instrumentation, state-of-the-art infrastructures and large-scale data-intensive 
computing. Detector R&D programmes should be supported strongly at CERN, national institutes, 
laboratories and universities. Infrastructure and engineering capabilities for the R&D programme 
and construction of large detectors, as well as infrastructures for data analysis, data preservation 
and distributed data-intensive computing should be maintained and further developed. 
 
j) A range of important non-accelerator experiments take place at the overlap of particle and 
astroparticle physics, such as searches for proton decay, neutrinoless double beta decay and dark 
matter, and the study of high-energy cosmic-rays. These experiments address fundamental 
questions beyond the Standard Model of particle physics. The exchange of information between 
CERN and ApPEC has progressed since 2006. 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. 
 
k) 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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the Standard Model to detailed calculations guiding the experimental searches. Europe should 
support a diverse, vibrant theoretical physics programme, ranging from abstract to applied topics, 
in close collaboration with experiments and extending to neighbouring fields such as astroparticle 
physics and cosmology. Such support should extend also to high-performance computing and 
software development. 
 
h) Experiments studying quark flavour physics, investigating dipole moments, searching for 
charged-lepton flavour violation and performing other precision measurements at lower energies, 
such as those with neutrons, muons and antiprotons, may give access to higher energy scales than 
direct particle production or put fundamental symmetries to the test. They can be based in national 
laboratories, with a moderate cost and smaller collaborations. Experiments in Europe with unique 
reach should be supported, as well as participation in experiments in other regions of the world. 
 
i) The success of particle physics experiments, such as those required for the high-luminosity LHC, 
relies on innovative instrumentation, state-of-the-art infrastructures and large-scale data-intensive 
computing. Detector R&D programmes should be supported strongly at CERN, national institutes, 
laboratories and universities. Infrastructure and engineering capabilities for the R&D programme 
and construction of large detectors, as well as infrastructures for data analysis, data preservation 
and distributed data-intensive computing should be maintained and further developed. 
 
j) A range of important non-accelerator experiments take place at the overlap of particle and 
astroparticle physics, such as searches for proton decay, neutrinoless double beta decay and dark 
matter, and the study of high-energy cosmic-rays. These experiments address fundamental 
questions beyond the Standard Model of particle physics. The exchange of information between 
CERN and ApPEC has progressed since 2006. 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. 
 
k) 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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universities'worldwide.!

e)! There! is! a! strong! scientific! case! for! an! electronGpositron! collider,!
complementary!to!the!LHC,!that!can!study!the!properties!of!the!Higgs!boson!and!
other! particles! with! unprecedented! precision! and! whose! energy! can! be!
upgraded.!The!Technical!Design!Report!of! the! International! Linear!Collider! (ILC)!
has! been! completed,!with! large! European! participation.! The! initiative! from! the!
Japanese!particle!physics!community! to!host! the! ILC! in! Japan! is!most!welcome,!
and!European!groups!are!eager!to!participate.!Europe'looks'forward'to'a'proposal'
from'Japan'to'discuss'a'possible'participation.!

f)! Rapid! progress! in! neutrino! oscillation! physics,! with! significant! European!
involvement,!has!established!a!strong!scientific!case!for!a!longGbaseline!neutrino!
programme!exploring!CP!violation!and!the!mass!hierarchy!in!the!neutrino!sector.!
CERN' should' develop' a' neutrino' programme' to' pave' the'way' for' a' substantial'
European' role' in' future' longBbaseline' experiments.' Europe' should' explore' the'
possibility'of'major'participation'in'leading'longBbaseline'neutrino'projects'in'the'
US'and'Japan.!

The Strategy update must strike a balance between maintaining the diversity of the scientific 
programme, which is vital for the field since a breakthrough often emerges in unexpected areas, 
and setting priorities since the available resources are limited. As already described, large-scale 
particle physics activities require substantial investment of human and financial resources for an 
extended period. Although many of these activities are important for particle physics, they 
require careful planning and prioritisation in the international context. Out of the many 
motivated proposals put forward by the community and described in the Briefing Book, only 
four activities have been identified as carrying the highest priority. 

One of the key questions of particle physics that should soon receive a definitive answer was 
already identified by the 2006 Strategy, i.e. whether the Standard Model of strong and 
electroweak interactions, with its minimal realisation of the Brout-Englert-Higgs mechanism of 
electroweak gauge symmetry breaking and the modifications required to account for neutrino 
oscillations, is a valid description up to energy scales much higher than the TeV scale, or is 
modified by the presence of new particles at energies accessible to present and future high-
energy colliders. 

Today, some essential milestones along these lines have already been reached. First, and 
foremost, a new boson with a mass near 125 GeV has been discovered, compatible with the 
scalar particle of the Standard Model within the present experimental errors; secondly, many 
particles, suggested by motivated extensions of the Standard Model with or without 
supersymmetry, have been excluded well beyond the previous LEP and Tevatron limits; finally, 
several new precision tests have confirmed the Standard Model description of flavour mixing 
and CP violation in the quark sector and established additional strong indirect constraints on 
possible new physics at the TeV scale and beyond. 

On the one hand, the net result of all this is an impressive consolidation of the Standard Model 
of strong and electroweak interactions, with the technical possibility of extending its validity to 
scales much higher than the TeV scale. The simplest attempts to modify the Standard Model at 
the TeV scale, for example TeV-scale supersymmetry or partial compositeness, in order to 
correct some of its perceived theoretical weaknesses have started to be seriously challenged. On 
the other hand, there is strong evidence that the Standard Model must be modified, with the 
introduction of new particles and interactions, at some energy scale. Such evidence comes from 
studies of neutrino oscillations, dark matter, the observed baryon asymmetry of the Universe, 
the need to eventually incorporate quantum gravity and a model for cosmological inflation. 
Also, there are good indications that some of these modifications could take place in the vicinity 
of the TeV scale. Firstly, the theoretical concept of naturalness suggests that the validity of the 
Standard Model cannot extend much beyond the mass of its scalar particle. Secondly, weakly 
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q  European	  Strategy	  Statement	  
◆  Approved	  by	  CERN	  council	  in	  May	  2013,	  see	  here	  

◆  Additional	  comment	  in	  the	  European	  Strategy	  statement	  J	  

“The	  FCC-‐ee	  /	  FCC-‐hh	  combination	  offers,	  for	  a	  great	  cost	  effectiveness,	  the	  best	  
precision	  and	  the	  best	  search	  reach	  on	  the	  market”,	  see	  JHEP01(2014)164	  

 [GeV]s
0 1000 2000 3000

]-1 s
-2

 c
m

34
Lu

m
in

os
ity

 [1
0

1

10

210 TLEP (4 IPs)
ILC
CLIC

-1s-2 cm36 10×Z: 1.2 

-1s-2 cm35 10×: 4.8 -W+W

-1s-2 cm35 10×HZ: 2.4 

-1s-2 cm34 10×: 7.2 tt

TLEP/FCC-‐ee	  :	  Physics	  case	  

FCC Break-Out session (14-Feb-2014) 
Lepton Collider: Physics, Experiments, Detectors 

6 

= 2×104 LEP, 1000 ILC 

= 5×106 LEP, 100 ILC 

= 5000 LEP (for W pairs), 35 ILC (for HZ) 

= 7 ILC 

 
 
 
 
 

Highest achievable energy  
to be determined (400-500 GeV?) 



Patrick Janot 

TLEP/FCC-‐ee	  :	  Physics	  case	  
q  Examples	  of	  what	  unequalled	  precision	  buys	  at	  FCC-‐ee:	  

◆  Sensitivity	  to	  weakly-‐coupled	  new	  physics	  up	  to	  30	  TeV	  (via	  Z,	  W,	  top	  properties)	  
●  Complementary	  to	  FCC-‐hh:	  direct	  sensitivity	  to	  coloured	  new	  physics	  up	  to	  30	  TeV	  

◆  Sensitivity	  to	  new	  physics	  coupled	  to	  the	  Higgs	  sector	  up	  to	  5-‐10	  TeV	  
●  Via	  measurements	  of	  Higgs	  couplings	  	  and	  width	  down	  to	  0.1%	  precision	  

◆  Sensitivity	  to	  other	  new	  physics	  through	  rare	  decays	  (Z,	  W,	  H,	  t,	  b,	  c,	  τ,	  …)	  
◆  Sensitivity	  to	  the	  (heavy,	  sterile)	  neutrino	  sector	  through	  invisible	  decays	  
◆  Direct	  searches	  for	  rare	  processes	  	  

FCC Break-Out session (14-Feb-2014) 
Lepton Collider: Physics, Experiments, Detectors 
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TLEP/FCC-‐ee	  Design	  Study:	  Physics	  
q  Experimental	  Physics	  Programme	  

◆  Study	  the	  properties	  of	  the	  Higgs	  and	  other	  particles	  with	  unprecedented	  precision	  
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TLEP/FCC-‐ee	  Design	  Study:	  Physics	  
q  Experimental	  Physics	  Programme	  

◆  Study	  the	  properties	  of	  the	  Higgs	  and	  other	  particles	  with	  unprecedented	  precision	  

◆  Set	  constraints	  on	  the	  possible	  detector	  designs	  to	  match	  statistical	  precision	  	  
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q  Experimental	  Physics	  Programme	  
◆  Study	  the	  properties	  of	  the	  Higgs	  and	  other	  particles	  with	  unprecedented	  precision	  

◆  Develop	  the	  necessary	  tools	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Understand	  the	  experimental	  conditions	  

◆  Set	  constraints	  on	  the	  possible	  detector	  designs	  to	  match	  statistical	  precision	  	  

	  

TLEP/FCC-‐ee	  Design	  Study:	  Physics	  
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TLEP/FCC-‐ee	  Design	  Study:	  Physics	  
q  Phenomenology/Theory	  Programme	  

◆  Set	  up	  a	  long-‐term	  programme	  to	  match	  theory	  predictions	  to	  experimental	  precisions	  

	  
◆  Understand	  how	  new	  physics	  would	  show	  up	  in	  precision	  measurements,	  and	  in	  

searches	  for	  rare	  decays	  (Z,	  W,	  t,	  H,	  b,	  c,	  τ,	  …)	  and	  rare	  processes	  

◆  Set	  up	  the	  framework	  for	  global	  fits	  and	  understand	  the	  complementarity	  with	  other	  
colliders	  (LHC,	  FCC-‐hh,	  in	  particular)	  	  

FCC Break-Out session (14-Feb-2014) 
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22 
Future Circular Collider Study 
Michael Benedikt 
FCC Kick-Off 2014 

Proposal for FCC Study Time Line 
2014 2015 2016 2017 2018 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

Kick-off, collaboration forming,  
!study plan and organisation 

Release CDR & Workshop on next steps 

Workshop & Review 
! contents of CDR 

Workshop & Review !identification  of baseline 

Ph 2: Conceptual study of 
baseline “strong interact.” 

Workshop & Review, cost model, 
LHC results ! study re-scoping? 

Ph 3: Study 
consolidation 

Report 

Prepare 

4 large FCC Workshops 
distributed over 

participating regions 

Ph 1: Explore options 
“weak interaction” 

TLEP/FCC-‐ee	  Design	  Study:	  Timeline	  
q  From	  Michael’s	  Benedikt	  presentation	  

◆  We	  are	  here	  at	  “Phase	  0”	  (Preparation)	  

FCC Break-Out session (14-Feb-2014) 
Lepton Collider: Physics, Experiments, Detectors 
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TLEP/FCC-‐ee	  Design	  Study:	  Phase	  0	  
q  Preparation	  has	  started	  ahead	  of	  the	  kick-‐off	  meeting	  

◆  With	  the	  proposal	  of	  a	  Work	  Breakdown	  Structure	  (WBS):	  to	  be	  discussed	  together	  
●  i.e.,	  a	  number	  of	  working	  groups	  in	  “Experiments”	  and	  in	  “Phenomenology”	  

◆  With	  the	  nomination	  of	  one	  high-‐profile	  convener	  for	  each	  working	  group	  
●  To	  plan	  and	  start	  the	  Exploration	  phase	  (Phase	  1)	  

➨  …	  and	  possibly	  beyond	  
●  To	  propose	  names	  for	  working	  group	  co-‐conveners	  

➨  Targeting	  international	  collaboration	  and	  global	  effort	  
●  To	  propose	  names	  for	  sub-‐group	  conveners	  

➨  ibid.	  

q  We	  do	  not	  start	  from	  scratch	  anyway	  
◆  Many	  synergies	  exist	  with	  linear	  collider	  studies	  

●  And	  possibly	  with	  linear	  collider	  teams:	  contacts	  are	  more	  than	  welcome	  !	  
◆  Synergies	  with	  other	  circular	  e+e-	  colliders	  and	  with	  FCC-‐hh	  whenever	  appropriate	  
◆  A	  first	  look	  at	  the	  TLEP	  Physics	  case	  [JHEP01(2014)164]	  has	  already	  been	  given	  

●  Although	  many	  new	  aspects	  will	  come	  up	  during	  the	  design	  study	  
➨  What	  can	  be	  done	  with,	  e.g.,	  1012	  Z	  is	  beyond	  (current)	  imagination	  	  

FCC Break-Out session (14-Feb-2014) 
Lepton Collider: Physics, Experiments, Detectors 
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q  Experimental	  Physics	  WBS	  (coordinators	  A.	  Blondel,	  P.	  Janot)	  
◆  Study	  the	  properties	  of	  the	  Higgs	  and	  other	  particles	  with	  unprecedented	  precision	  

◆  Develop	  the	  necessary	  tools	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Understand	  the	  experimental	  conditions	  

◆  Set	  constraints	  on	  the	  possible	  detector	  designs	  to	  match	  statistical	  precision	  	  

	  

TLEP/FCC-‐ee	  Design	  Study:	  Physics	  WBS	  
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Electroweak	  Physics	  
at	  the	  Z	  pole	  
R.	  Tenchini	  

Di-‐boson	  Physics	  
mW	  measurement	  

R.	  Tenchini	  

H(126)	  Properties	  
	  

TBA	  

Top	  Quark	  Physics	  
	  

P.	  Azzi	  

QCD	  and	  γγ	  Physics	  
	  

D.	  d’Enterria	  

Flavour	  Physics	  
	  

S.	  Monteil	  

Exp’tal	  signatures	  of	  
New	  Physics	  

TBA	  

Detector	  Designs	  
	  

G.	  Rolandi	  

Exp’tal	  Environment	  
	  

N.	  Baccheta	  

Offline	  Software	  
and	  Computing	  

TBA	  

Online	  Software	  
and	  Computing	  

C.	  Leonidopoulos	  
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TLEP/FCC-‐ee	  Design	  Study:	  Physics	  WBS	  

q  Phenomenology/Theory	  WBS	  (coordinators	  J.	  Ellis,	  C.	  Grojean)	  
◆  Set	  up	  a	  long-‐term	  programme	  to	  match	  theory	  predictions	  to	  experimental	  precisions	  

	  
◆  Understand	  how	  new	  physics	  would	  show	  up	  in	  precision	  measurements,	  and	  in	  

searches	  for	  rare	  decays	  (Z,	  W,	  t,	  H,	  b,	  c,	  τ,	  …)	  and	  rare	  processes	  

◆  Set	  up	  the	  framework	  for	  global	  fits	  and	  understand	  the	  complementarity	  with	  other	  
colliders	  (LHC,	  FCC-‐hh,	  in	  particular)	  	  

FCC Break-Out session (14-Feb-2014) 
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Model	  Building	  and	  
New	  Physics	  

TBA	  

Precision	  EW	  
calculations	  

S.	  Heinemeyer	  
	  

Global	  Analysis,	  Combination,	  
Complementarity	  

TBA	  

QCD	  and	  γγ	  Physics	  
(Joint	  exp/th)	  
P.	  Skands	  

Flavour	  Physics	  
(Joint	  exp/th)	  

TBA	  

Synergy with  
FCC-hh physics 

Linear collider physics, 
LEP physics 
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Today’s	  breakout	  session	  
q  Preliminary	  thoughts	  from	  (some	  of)	  the	  working	  group	  conveners	  
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Dark matter studies 20'
Speakers: Dr. David Coté (Arlington UT), Dr. Benjamin Hooberman (FNAL)

16:40

Organisation and discussion of the future activities 20'
Speakers: Austin Ball (CERN), Dr. Fabiola Gianotti (CERN), All

17:00

FCCs overall physics and phenomenology
Conveners: Jonathan R. Ellis (CERN), Michelangelo Mangano (CERN)

Location: Basement - MS 050

14:00 - 18:00

Perspectives at the Energy Frontier 30'
Speaker: Chris Quigg (Fermi National Accelerator Lab. (US))

14:00

QCD at the FCC: opportunities and challenges 30'
Speaker: Giulia Zanderighi

14:30

Status and plans for the Heavy Ion physics studies 30'
Speaker: Andrea Dainese (INFN - Padova (IT))

15:00

Coffee break 30'15:30

Status and plans for the physics studies of TLEP 30'
Speaker: Jonathan R. Ellis (CERN)

16:00

Summary of the BSM@100 TeV wshop, status and plans for the physics studies of
FHC 30'
Speaker: Michelangelo Mangano (CERN)

16:30

Slides

Status and prospects of precise Higgs and BSM calculations for the FCC 30'
Speaker: Michael Spira (Paul Scherrer Institut (CH))

Material:

17:00

Prospects for Higgs and BSM studies in ep collisions at the FCC 30'
Speaker: Uta Klein (University of Liverpool (GB))

17:30

Lepton collider physics, experiments, detectors
Conveners: Patrick Janot (CERN), Alain Blondel (Universite de Geneve (CH))

Location: Second floor - M2 193

14:00 - 18:20

Introduction 15'
Speaker: Patrick Janot (CERN)

14:00

Plans for Working Groups 1 & 2: EW physics at the Z pole, and di-boson physics 15'
Speakers: Roberto Tenchini (Sezione di Pisa (IT)), Alain Blondel (Universite de Geneve (CH))

14:20

Plans for Working Group 4: Top quark physics 15'
Speaker: Patrizia Azzi (INFN Padova (IT))

14:40

Plans for Working Group 5: QCD and gamma gamma physics 15'
Speakers: David d'Enterria (CERN), Peter Skands (CERN)

15:00

Plans for Working Group 6: Flavour Physics 15'
Speaker: Stephane Monteil (Univ. Blaise Pascal Clermont-Fe. II (FR))

15:20

Coffee break 30'15:45

Plans for Working Group 8: Experimental Environment 15'
Speaker: Nicola Bacchetta (Universita e INFN (IT))

16:15

Plans for Working Group 10: Online software and computing 15'
Speaker: Christos Leonidopoulos (University of Edinburgh (GB))

16:35

Plans for Working Group 11: Detector Designs 15'
Speaker: Gigi Rolandi (CERN)

16:55

Possible synergies with CLIC detectors 20'
Speaker: Lucie Linssen (CERN)

17:15

A TPC for ee-FCC (TLEP) ? A follow-up. 20'
Speaker: Philippe Schwemling (CEA/IRFU,Centre d'etude de Saclay Gif-sur-Yvette (FR))

17:40

MC codes for FCC-ee 15'
Speaker: Staszek Jadach (Polish Academy of Sciences (PL))

18:05

Lepton-hadron physics, experiments, detectors
Conveners: Max Klein (University of Liverpool (GB)), Oliver Bruning (CERN)

Location: Basement - MS 030

14:00 - 18:30

Introduction 10'
Speaker: Max Klein (University of Liverpool (GB))

14:00

LHeC development 20'
Speaker: Oliver Bruning (CERN)

14:10

ERL Test Facility 20'14:30

Future Circular Collider Study Kickoff Meeting (12-15 Febru... https://indico.cern.ch/event/282344/other-view?fr=no&view=...
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WG9:	  Offline	  software	  (&	  computing)	  
q  Possible	  synergy	  with	  FCC-‐hh	  

◆  Common	  framework	  

◆  Parametric	  simulation	  

◆  Data	  format	  
	  
◆  MC	  Generators	  

◆  Simulation	  

◆  Reconstruction	  

◆  Computing	  support	  
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Mandate for the convener of the FCC/TLEP-WG9 
“Offline software and computing” 

 
 

1. Scientific Objectives 
 

a. Establish an end-to-end analysis framework for TLEP physics 
studies, starting from the comparative merits of what is used by 
the LHC collaborations and for the linear collider studies (not 
forgetting older LEP developments, the current use of parallel 
computing, and the use of modern languages like python), and 
after an evaluation of the specific needs for TLEP.  
 

b. In this framework, develop a flexible parametric simulation of a 
typical TLEP detector, where the particle energy and angular 
resolutions, as well as the various sub-detector granularities, are 
parameterized. This simulation will serve in early studies to 
converge on a set of “minimal” detector performance. 

 
c. In this framework, define a compact, particle-based, data format, 

ready to use by the software tools needed for physics analyses 
(particle clustering in jets, b tagging, etc.)      

 
d. In this framework, integrate the Monte Carlo event generators 

needed for physics studies, both for background and signal 
simulations.  

 
e. In this framework, evaluate the needs and plan for the 

development of (1) detailed fast simulation; and (2) a GEANT-
based (GEANT-V based) simulation; of the TLEP detector 
designs, which will emerge from the corresponding working 
group. At this point, organize the event reconstruction software 
developments. 
 

f. Evaluate the requirements for offline computing support for 
experiments.  

 
2. Managerial objectives 

 
a. Define and start the activities of the group with a global vision, 

seeking for international collaboration. Synergies with the Offline 
developments for the LHC experiments and/or for the linear 
collider studies will need to be sought, whenever appropriate 
and relevant. Collaboration with the PH/SFT group will need to 
be established on a firm and regular basis. 
 

b. Attract people for the studies relevant to the group. The list of 
TLEP subscribers with a declared interest in online and/or offline 
software and computing is compiled in the mailing list TLEP-
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WG3:	  H(126)	  Properties	  	  
q  Scientific	  objectives	  

◆  Couplings	  
◆  Widths	  
◆  Mass	  

◆  Strategy	  

	  

◆  Detector	  design	  
	  
◆  Exp’tal	  limitations	  
◆  Theory	  limitations	  

◆  Larger	  √s	  ?	  
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Mandate for the convener of the FCC/TLEP-WG3 
“H(126) Properties” 

 
 

1. Physics Objectives 
 

a. Understand the experimental precision with which TLEP could 
measure all properties of the recently discovered Higgs particle 
(couplings to light fermions, couplings to gauge bosons, 
coupling to the top quark, self coupling, total width, invisible 
width, …) by accumulating over two million Higgs bosons at and 
above the HZ production threshold.  
 

b. Develop a strategy in terms of centre-of-mass energies and 
integrated luminosities to optimize the TLEP potential in this 
respect. 
 

c. Set constraints on the performance and the relevance of the 
various sub-detectors, to make the experimental precision 
match or approach the expected statistical accuracy. 

 
d. Understand the external limitations (measurement of other 

observables, measurement of the beam energy, detector and 
machine infra-structure, theoretical uncertainties, etc.), and 
contribute to proposing ways to alleviate them. 
 

e. Evaluate the Higgs-related added value of a run above the top-
anti-top threshold as a function of its duration and its centre-of-
mass energy (say 400 or 500 GeV). 

 
f. Estimate the sensitivity to new physics through rare Higgs boson 

decays.  
 

g. Define the software needs to make possible these 
measurements and their interpretation with the required 
precision (online, generator, simulation, reconstruction, analysis, 
global fits, …). 
 

2. Managerial objectives 
 

a. Define and start the activities of the group with a global vision, 
seeking for international collaboration. Synergies with linear 
collider studies and teams, in particular, will have to be exploited 
whenever deemed relevant and useful. 
 

b. Attract people for the studies relevant to the group. The list of 
TLEP subscribers with a declared interest in the measurement 
of the H(126) properties is compiled in the mailing list (e-group) 
TLEP-H126Properties@cern.ch. One of the roles of the 
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WG7:	  Exp’tal	  signatures	  of	  new	  physics	  
q  Scientific	  objectives	  

◆  Rare	  decays	  
◆  Rare	  processes	  
◆  Direct	  searches	  

◆  Generators	  

◆  Detector	  design	  

◆  Strategy	  
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Mandate for the convener of the FCC/TLEP-WG7 
“Experimental Signatures for New Physics” 

 
 

1. Physics Objectives 
 

a. Evaluate the TLEP potential for new physics sensitivity, be it 
through direct production, or through rare decays of Z, W, Higgs 
boson and top quark (in particular), for a variety of new physics 
models. 
 

b. Contribute to the development of the pertaining Monte Carlo 
generators. 
 

c. Understand specific requirements on detector performance and 
infrastructure. 

 
d. Develop a strategy in terms of centre-of-mass energies and 

integrated luminosities to optimize the TLEP potential.  
 
 

2. Managerial objectives 
 

a. Define and start the activities of the group with a global vision, 
seeking for international collaboration. Synergies with linear 
collider studies, in particular, will have to be exploited whenever 
deemed relevant and useful. 
 

b. Attract people for the studies relevant to the group. The list of 
TLEP subscribers with a declared interest in the search for 
signatures of new physics is compiled in the mailing list (e-
group) TLEP-NewPhysics@cern.ch. One of the roles of the 
convener is to extend this list as much as possible (and ask new 
interested people to subscribe to the study through 
http://tlep.web.cern.ch). 
 

c. Maintain a high level of contacts with the other groups of the 
studies, in particular “Detector Designs”, “Experimental 
Environment”, “Offline software”, “Electroweak Physics at the Z 
pole”, “H(126) Properties”, “Top quark Physics”, “Flavour 
physics” and the relevant “Phenomenology” physics groups.  

 
d. Create adequate sub-groups (if deemed useful) to match the 

group scientific objectives, and suggest appropriate sub-
conveners, possibly starting with a high-profile convener for 
each of the sub-groups. 

 
e. Find, within about a year, one (or two) associate(s) to work as 

co-conveners, and able to take over the convener task after two 


