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European Strategy
• LHC and its upgrade 
• Future energy frontier machines 
• e+e- colliders 
• ν–physics 
• … 
• Theory
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Energy Frontier
• 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. 
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Status of LHC machine and injectors
SPC 
Frédérick Bordry
14th December  2015
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• SM cross 
sections, 
incl. 
13 TeV 
data
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Reminder: increased reach @ 13 TeV 

15/12/2015 CMS Collaboration - 13 TeV Results 
12 

13 TeV with 2.2 fb-1
 

potentially more sensitive 
than 8 TeV (19.8 fb-1) 
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Inclusive Jets
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CMS



B-Mesons
• 8 TeV Data 
• FONLL 

predictions
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Measurement of the Higgs Cross Section 
• Combined 

significance 
from γγ and 4l 
• expected 3.4σ 
• observed 1.4σ

13

Measurement'of'the'Higgs%Cross%SecLon%(CombinaDon)'
From'Fiducial'to'Total'Inclusive'Higgs'producDon'cross'secDons'

Combined'observaDon'significance:'
F  Expected:'3.4σ%%
F  Observed:'1.4σ!

CompaDbility'with'SM:'1.3σ!
18'

ATLASFCONFF2015F069'

ATLAS
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inelastic Pythia8

W → pp FEWZ

*γ / Z → pp FEWZ

tt → pp
top++ NNLO+NNLL

tq → pp
NLO+NNLL

H → pp LHC-XS

ZZ → pp MCFM

inelastic
, Nat. Commun. 2, 463 (2011)-1bµ7 TeV, 20 

, ATLAS-CONF-2015-038-1bµ13 TeV, 63 

W → pp
, PRD 85, 072004 (2012)-17 TeV, 36 pb

, ATLAS-CONF-2015-039-113 TeV, 85 pb

*γ / Z → pp
, PRD 85, 072004 (2012)-17 TeV, 36 pb

, ATLAS-CONF-2015-039-113 TeV, 85 pb

tt → pp
, Eur. Phys. J. C 74:3109 (2014)-17 TeV, 4.6 fb

, Eur. Phys. J. C 74:3109 (2014)-18 TeV, 20.3 fb
, ATLAS-CONF-2015-049-113 TeV, 78 pb

tq → pp
, PRD 90, 112006 (2014)-17 TeV, 4.6 fb

, ATLAS-CONF-2014-007-18 TeV, 20.3 fb
, ATLAS-CONF-2015-079-113 TeV, 3.2 fb

H → pp
, arXiv:1507.04548-17 TeV, 4.5 fb

, arXiv:1507.04548-18 TeV, 20.3 fb
, ATLAS-CONF-2015-069-113 TeV, 3.2 fb

ZZ → pp
, JHEP 03, 128 (2013)-17 TeV, 4.6 fb

, ATLAS-CONF-2013-020-18 TeV, 20.3 fb
, STDM-2015-13-113 TeV, 3.2 fb

  PreliminaryATLASPrediction
Measurement

Summary'of'RunF2'Total'Cross'SecDon'Measurements'
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Search for Diboson resonances
• Run 1: CMS ~2σ excess near 1.8-2.0 TeV 

• Repeat search at 13 TeV using most sensitive channels: lνJ, JJ  
• Analysis categorised in dijet mass for optimal sensitivity to WW, WZ, ZZ signals  

• 13 TeV: no excess observed in the region of interest near 2 TeV 
• More data needed to fully exclude Run 1 excess 
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Search for diboson resonances 
• Run 1: CMS a2s excess near 1.8-2.0 TeV 
• Repeat search at 13 TeV using most sensitive 

channels: lnJ, JJ 
• Analysis categorized in dijet mass for  

optimal sensitivity to WW, WZ, ZZ signals 
• 13 TeV: no excess observed in the region of 

interest near 2 TeV 
• More data needed to fully exclude Run 1 excess 
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15/12/2015 CMS Collaboration - 13 TeV Results 

EXO-15-002 

Run 1 

GBulkÆWW (lνJ+JJ) GBulkÆZZ (JJ) W’ÆWZ (lνJ+JJ) 
Search for diboson resonances 
• Run 1: CMS a2s excess near 1.8-2.0 TeV 
• Repeat search at 13 TeV using most sensitive 

channels: lnJ, JJ 
• Analysis categorized in dijet mass for  

optimal sensitivity to WW, WZ, ZZ signals 
• 13 TeV: no excess observed in the region of 

interest near 2 TeV 
• More data needed to fully exclude Run 1 excess 
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15/12/2015 CMS Collaboration - 13 TeV Results 

EXO-15-002 

Run 1 

GBulkÆWW (lνJ+JJ) GBulkÆZZ (JJ) W’ÆWZ (lνJ+JJ) 

CMS



Search for Dilepton resonances
Searches'for'Dilepton%Resonances'(LFC'and'LFV)%(I)'

Search%for%Z’%in%dilepton%(LFC)%and%(LFV)%(in!eµ!decays)!
F  Main'background'DY'is'taken'from'MC'
F  Top'and'diboson'extrapolated'at'very'high'masses'using'a'funcDonal'form'
F  Background'from'MC'except'for'MJ'in'dielectron'uses'Matrix'method'(based'on'electron'ID)'

Highest'diFelectron'
mass'event'at'1.8'TeV''

Highest'diFmuon'mass'
event'at'1.4'TeV''

Highest'eµ'mass'event'
at'2.1'TeV''

95%'CL'Limit'on'SSM'
LFV'Z’'at'3.0'TeV'(2.5'TeV'
from'RunF1)'95%'CL'Limit'on'SSM'Z’'at'3.4'TeV'(2.9'TeV'from'RunF1)'

No'Excess'found'!'

ee%

39'

µµ! eµ!

ATLASFCONFF2015F070'

ATLASFCONFF2015F072'

ATLAS



Search for Diphoton resonances

17

mγγ=745 GeV

CMS



Search for Diphoton resonances
Search in two categories 

barrel endcap (EBEE) 
barrel barrel (EBEB) 

pT(γ) > 75 GeV, Ich < 5 GeV (in 0.3 cone around 
photon direction)  

Efficiency, scale and resolution calibrated on Z → ee 
and high-mass DY events  

Search for RS graviton with three assumptions on 
coupling: 
κ = 0.01 (narrow), 0.1, 0.2 (wide)  

CMS



Combined limits and p-values

Including Look-elsewhere-effect in 
the range (0.5 - 4.5 TeV; narrow 
width) 
global p-value σ< 1.2  

Combined limits and p-values 

15/12/2015 CMS Collaboration - 13 TeV Results 
53 

Including LEE (0.5 - 4.5 TeV; narrow width), global p-value < 1.2s 

EXO-15-004 

Narrow Width Wide (6%) Width 

Local p-value: 2.6s  
@ 760 GeV 

CMS



Search for 2 Photon resonanceSearch'for'a'Two%Photons%Resonance%(I)'

Inclusive%search%for%two%photon%resonance%
(opDmized'for'a'scalar'resonance)'

F  SelecDon'of'two'photons'with'pT/m'
thresholds'of'0.3'and'0.4'and'pT'dependent'
calorimeter'and'track'isolaDon'criteria''

F  Typical'prompt'photon'purity'90%''

'
Background%from%a%funcLonal%%
Similar'to'the'dijet'search'but'chosen'using'the'

Fisher'FFtest'and'the'spurious'signal'method'

measured'in'events'from'Sherpa,'Diphox'and'

Jetphox:'

Here!a!simple!form!
with!k=0!is!used!

43'

fbkg(x;b,{ak}) = (1! x
1/3)b x

aj log(x )
j

j=0

k

"

x #
m!!

s

Signal%Model%%
F  NWA:'Use'Double'Sided'Crystal'Ball'

funcDon'

F  LW:'Use'DSCB'fiPed'from'simulated'

samples'with'different'widths'with'up'to'

25%'of'the'resonance'mass'

ATLASFCONFF2015F081'

ATLAS



Search for 2 Photon resonance
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Results:'Events'with'mass'in'excess'of'200'GeV'are'

included'in'unbinned%fit%

'

F  In%the%NWA%search,'an'excess'of'3.6σ'(local)'is'
observed'at'a'mass'hypothesis'of'minimal'p0'of'

750'GeV'

F  Taking'a'LEE'in'a'mass'range'(fixed'before'

unblinding)'of%200%GeV%to%2.0%TeV%the'global'
significance'of'the'excess'is'2.0σ!

Search'for'a'Two%Photons%Resonance%(II)'

'

In'the'NWA'fit'the'resoluDon'uncertainty'is'

profiled'in'the'NWA'fit'and'is'pulled'by'1.5σ!

The'data'was'then'fit'under'a'LW'hypothesis'
yielding'a'width'of'approximately'45'GeV'

(Approx.'6%'of'the'best'fit'mass'of'approximately'750'GeV)''

F  As'expected'the'local'significance'increases'to'

3.9σ!

F  Taking'into'account'a'LEE'in'mass'and'width'of'

up'to'10%'of'the'mass'hypothesis'of'2.3σ''(Note:'
upper'range'in'resoluDon'fixed'a`er'unblinding)'
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Searches'for'a'Resonance'in'Diboson%VV'Final'States'''
ZV'(with'Z'to'dilepton)' ZV'(with'Z'to'vv)' WV'(with'W'to'lv)' VV'to'JJ%

Backgrounds%
ZFjets,'WFjets'and'top'
are'main'backgrounds,'
these'are'esDmated'
using'CRs'with'1'or'2'
muons'and'one'bFtag'for'
the'Top'CR.'

Backgrounds%
ZFjets'is'the'main'
background,'esDmated'
using'MC'and'normalised'
to'mJ'sidebands'
Diboson'and'top'from'
MC''

Modest%excess%Run*1%
observed'at'Run'1'to'be'
checked''
'

Background%%
EsDmated'using'a'
funcDonal'form'
'

Backgrounds'
Z,'W'and'top'shapes'
from'MC''
Diboson'fully'from'MC'
MulDjet'shape'from'
loose'lepton'ID'
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Searches'in'Resonant%Diboson%VV%Final'States'''
Signal%regions%(WZ)'distribuDons'in'mVV'

Results%
%

All'analyses'have'similar'sensiDviDes'ranging'between''''''
1.4%TeV%and'1.6%TeV%for'HVT'addiDonal'vector'bosons'

F  No'significant'excess'observed,'limits'are'set'in'these'
scenarios'

F  InterpretaDons'also'in'Higgs'and'Graviton'hypotheses'

47'

ZV'(with'Z'to'dilepton)' ZV'(with'Z'to'vv)' WV'(with'W'to'lv)'

ATLASFCONFF2015F075'
ATLASFCONFF2015F068'
ATLASFCONFF2015F071'

ATLAS
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Run 2
• Many new results from run 2 have become 

available 
• see seminar by M Kado and J Olsen this 

week for wealth of ATLAS and CMS results 
• Intriguing fluctuations are seen – new 

data will come soon

24
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High Lumi LHC HL-LHC
• FP7 Design Study just completed 

• first 11 Tesla magnet 
• Now underway as a project at CERN 

25HiLumi LHC
FP7 High Luminosity Large Hadron Collider Design Study

The Large Hadron Collider (LHC) at CERN has been exploring the new high-energy 
frontier since 2009, attracting a global user-community of more than 7,000 scientists. 
It will need a major upgrade after 2020 to maintain scientific progress and exploit its 
full capacity. The novel machine configuration, called High Luminosity LHC (HL-LHC), 
will rely on a number of key innovative technologies, representing exceptional tech-
nological challenges.
As part of the HL-LHC programme, the HiLumi LHC Design Study is federating efforts 
and R&D of a large international community towards a successful LHC upgrade.

An upgrade of utmost importance
The LHC is the pinnacle of 30 years of technological 
development. Set to remain the most powerful accelerator 
in the world for at least two decades, its full exploitation 
is the highest priority in the European Strategy for Particle 
Physics. To extend its discovery potential, an upgrade in 
integrated luminosity by a factor of 10 beyond the original 
design value is needed (from 300 to 3000 fb-1) and in close 
collaboration with the LHC Detector Upgrade programme.

Technological challenges
With such a highly complex and optimized machine, an 
upgrade must be studied carefully and will require about 10 
years to implement. This has given rise to the HL-LHC project, 
which relies on a number of key innovative technologies, 
such as cutting-edge 12 T superconducting magnets with 
large aperture, compact and ultraprecise superconducting 
cavities for beam rotation, new types of collimators and 
300m long, high-power superconducting links with almost 
zero energy dissipation.
The most technically challenging aspects cannot be done 
by CERN alone and require a strong collaboration involving 
external expertise. For this reason part of the HL-LHC project 
is grouped under the HiLumi LHC Design Study, which is 
supported in part by funding from the Seventh Framework 
programme (FP7) of the European Commission (EC).

A global collaboration
The HiLumi LHC combines and structures the efforts and 
R&D of a large community towards the ambitious HL-LHC 
objectives. The work is organized around five technical 
work packages (WP).
Accelerator physics (WP2) is at the heart of the design study 
and it relates closely to all the WPs. The first aim is to reduce β* 
(the beam focal length at the collision point), so the insertion-
region magnets (WP3) that accomplish this function are the 
first set of hardware to consider. Crab cavities (WP4) will 
then make the decreased β* really effective by eliminating 
the reduction caused by geometrical factors. Collimators 
(WP5) are necessary to protect the magnets from the 500 MJ 
stored energy in the beam. Superconducting links (WP6) will 
avoid radiation damage to electronics and ease installation 
and integration in what is a crowded zone of the tunnel. 
The remaining WPs of HL-LHC are beyond the FP7 Design 
Study, as they refer to accelerator functions or processes that 
will be carried out within CERN (with the exception of the 
11 T dipole and Energy Deposition work packages, which 
are conducted in collaboration with Fermilab).
The list of participants within the HiLumi LHC also includes 
institutes from outside the European Research Area, such as 
Russia, Japan and the US, which enables the implementation 
of the construction phase as a global project. 



F. Gianotti, EPS-HEP 2015, Vienna 6

The present and near/medium-term future: LHC and HL-LHC

30 fb-1

3000 fb-1

7-8 TeV 13-14 TeV

300 fb-1

Splices 
fixed

Injectors
upgrade

New 
low-β*
quads

LHC is highest-E, highest-L operational collider à full exploitation (√s ~ 14 TeV, 3000/fb)
is mandatory: 
q If new physics discovered in Run 2-3: 

à first detailed exploration of new physics with well understood machine and experiments
q If no new physics in Run 2-3: 

à extend direct discovery potential by ~ 20-30% (up to m ~ 8 TeV)
In either case: measure H couplings to few percent (including 2nd generation: Hμμ)

Run 1 Run 2 Run 3
HL-LHC

F.Gianotti 
EPS 2015



E.Elsen, Annual Theory Meeting & STFC Town Meeting, Durham, Dec 20-21, 2015

Energy Frontier
• 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 accelerator R&D programme, including high-field magnets 
and high-gradient accelerating structures, in collaboration with national 
institutes, laboratories and universities worldwide. 

27
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Future Circular Collider FCC

28

- European Design Study 
- ~100 TeV pp in a ~100 km ring

Physics discussion in M Mangano’s talk
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High field magnets
• Key to high energies (both HE-LHC and FCC) 

• Nb3Sn may lead to ~16 T magnets 
• HL-LHC magnet provide a ~1.2 km test of 

the technology 
• an insert of HTS may increase the field to 

20 T

29
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Compact Linear Collider CLIC
• e+e- collider 

1-3 TeV 
• currently only 

option for the TeV 
region

30

- CDR 2013 
- CTF3 has provided key results (end 2016) 
- ready for a demonstrator 
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e+e- collider
• 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. 

31
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International Linear Collider ILC
• e+e- collider 

0.5 TeV 
(upgradeable to 
1 TeV) 

• precision Higgs 
programme and 
beyond

32

- Project is mature (TDR 2012) 
- hosting evaluated by Japanese government 
- international project (without host laboratory) 
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ν-physics
• 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. 

33
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LBNF / DUNE
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LAr Technology
• LarTPC large scale 

active detectors 
• few mm precision 
• good energy 

resolution

35



Membrane cryostats 
GTT license



Neutrino Platform at CERN
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Theory
• 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. 
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Theory providing input/guidance?
• Phenomenology is key for precision tests at 

the LHC and future facilities 
• SUSY?, … 
• fundamentally new ideas?

39
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Disclaimer – there is much more
• ISOLDE, HIE-ISOLDE 

• TSR 
• nToF 
• Discussions on physics with injectors 

• e.g. SHiP 
• NA61, NA62 
• AWAKE

40
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Conclusion
• HEP community executing the Global Strategy 2013 

• 2/3 down the road 

• …preparing for the future 
• CERN is a key player in this endeavour

41

LHC, HL-LHC 
FCC (CLIC)

ν-Physics, Hyper-K, 
LBNF/DUNE ILC

e+e-νpp, hh, ee




