
Welcome to Chavannes

1.   LHeC and PERLE – where do we stand?

2.   Strategy: Opportunity and Expectations

3.   Beyond: this workshop [write-up], DIS [„impact“], the LHC [FCC]

Max Klein, for the coordination and organisers, Chavannes-de-Bogis, 24.10.2019

Remarks around a poster (invited by Lepton-Photon Symposium, August 2019)
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title
New default
electron
energy for
LHeC: 50 GeV
instead of
60 GeV to
economise
~400 M SF
and effort.

Thoughts
about higher
electron
energy for
FCC-eh,
especially if
Ep is lowered. 
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title

The CDR in 2012 was very detailed and extensively refereed. It is time for an update, deadline November - this year.
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title
DIS: the cleanest high 
resolution microscope
and a laboratory for
new particles and
new dynamics.
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title

We should think of when is the right time for forming a proto LHeC detector and experiment collaboration. 
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title
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title LHeC and FCC-eh are
uniquely rich particle
physics laboratories
as will be illustrated
at this workshop. 

Parton distributions
are known, but ep/eA
with these powerful
machines reaches out
much further and to
beyond the SM.

ß Cinderella and her 
beautiful sisters .. 
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title

LHeC and FCC-eh have unique Higgs physics potential on their own and in combination with pp. 
Higgs Physics perhaps most interesting but surely not the only example for pp+ep physics synergy.
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PERLE is progressing (source, injector, magnets, HOMs.. – radiation safety - in its recognition). International Collaboration
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title
For LHeC, time becomes
a factor as it needs about
ten years to be realised
and > 5 years to operate.

Crucial developments
especially for IR.

Needs strategic and
community support,
also for FCC-eh as an
integral part of the
FCC project. It is no
sustainable option
to plan for pp alone,
we see this already
with the LHC.     

Brett Parker, Stefan Russenschuck
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Input to the European Strategy on DIS + other papers

LHeC also described in the ES paper by A.Caldwell, A.Levy, R.Ent, P.Newman and F.Olness

Summary
Papers
submitted
to the
European
Strategy
12/2018

The LHeC
paper is in
print as topical
J. Phys review
publication. 

We had also
sent an 
addendum
on cost etc. 
issues.
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Strategy and Expectations

Recognition of the complementarity à Support  for
of pp/AA, ep/A and ee, and the special technical (IR..) and
role of DIS to supplement hh, LHC/FCC         detector developments

Recognition of energy recovery as a       à Support the development
revolutionary, novel technology for of ERL technology and the
next generation colliders of high impact international PERLE Coll.

The future is under discussion (cf A Stocchi on Friday) and DIS has
become part of it. The big question is on the next big machine.

Physics at 
Fermiscale

Physics at 
TeV scale
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Welcome 
The strategy puzzle as seen by the Chair of CERN Council, Ursula Bassler
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High-energy DIS collider for QCD:

Summary on QCD of Jorgen D‘Hondt and Krzysztof Redlich, Granada May 2019Max Klein, Chavannes, 24.10.2019 15



Beyond what we documented: Write-up

CDR in 2012, prior to Higgs discovery Update 2019, after the Higgs discovery

about 200 pages written,
to be submitted to JPhys
and arXiv this year.
Please converge by
mid November 19
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Beyond the LHeC and FCC-eh: Impact
The ERL technology and the multi-turn racetrack has huge possible impact beyond its LHeC application, for example:

PERLE and similar facilities: yN at I(1000) of ELI
Lithography, Transmutation, Low energy nuclear
and particle physics (PERLE CDR..)

ERL based FCC-ee : higher luminosity at high E
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Beyond the LHC/LHeC: FCC

Higher energy than 60 GeV ?

Particle Physics has a long term future,
many of its quests are unresolved,
Nr of families, GUT, substructure, DM..
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FCC-eh in the CDR [V1 Physics and V3 hh]

Volume 1 had been the collaborative effort to present the entity of FCC physics,  in ee, pp and ep, including AA and eA
Volume 3 on FCC hh contains a short summary of the main characteristics of FCC-eh and the detector concept

Some striking physics eh prospects are on  searches and the high precision measurements on Higgs and proton structure: 

Prospects for high precision measurements of
Higgs couplings at FCC ee and ep. Note ee gets
the width with Z recoil. ee is mainly ZHZ, while
ep is mainly WWH: complementary also to pp

3

Complementary prospects to
discover rh massive neutrinos
in ee, ep and pp 
[mixing angle vs mass]

Unique resolution of partonic contents of
and dynamics inside the proton, providing
precise and independent parton luminosities
for interpretation and searches on FCC-hh
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Beyond Europe: eh in China ? and the EIC

EICs in US and China: spin, eh complementary
US: expect support in CDi and site selection
à CERN is the unique place for high energy eh

The Chinese 100km tunnel housing p and e
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This Workshop

Today: 4 sessions

Introduction and Physics

QCD

PERLE

Physics with ep+pp

Welcome Stan Brodsky

Dinner at 19.30

Tomorrow: 3 sessions

Accelerator (begins 8.30 am)

Detector and Physics

FCC-eh and Strategy

Thank you for coming, thanks to the organising group, especially Alexia, Elodie and Valerie, and Bruno for the poster

Thanks to:

à New ideas, more clarity,
the white paper and a bright
future through the strategy and
CERN developments.
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Model-dependent Coupling Fit [LHeC and CLIC]

Uta & Max Klein, Contribution to HL/HE Workshop, 4.4.2018, preliminary
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dependent fit CLIC@ 
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GeV,500 fb-1, stats. 
errors only 
[arXiv:1608.07538]
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Higgs in ep and pp [LHeC and HL-LHC]

Determination of SM Higgs couplings jointly from pp + ep

1%

bb 0.9    2.7
WW  0.3 1.2
gg 1.7    2.2
tau    1.5 1.6
cc     1.9     --
ZZ     0.5    1.0
yy 3.3    1.7

in percent. SM width. 

Uncertainties on kappa
Decay FCCep HL-LHC 

Results for FCC-eh at
20 TeV Ep x 60 GeV Ee

The combined ep+pp at LHC reaches below 1% for dominant channels
ep adds charm.  Analysis in EFT framework work in progress (aTGCs in ep..) 
DIS removes substantial part of theory uncertainties in HL-LHC prospects


