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Accelerators

From time to time, great experimental progress in particle physics 
suddenly reveals a crisis in theoretical physics. This happened in the 
early 1960s when a plethora of hadrons had been discovered, while 
strong-interaction theory dealt with analytical properties of the 
S matrix and a number of phenomenological models. At that time, 
Murray Gell-Mann, who had just introduced the notion of quarks, 
seconded by Georg Zweig, argued for focusing on “a higher-energy 
accelerator so that we can do more experiments over the next gen-
eration and really learn more about the basic structure of matter” 
(Gell-Mann 1967). The current situation is not so different.

At the LHC, the Standard Model is being subjected to a thorough 
confi rmation, including the remarkable completion of its particle 
contents with the discovery of a Higgs boson. Important as these 
results are, however, there is still no indication of the existence of 
the long-predicted supersymmetric particles or of Kaluza–Klein 
resonances below a mass scale of about a tera-electron-volt, or of 
other new phenomena. Of course, the hope is that in the coming years 
the LHC will discover new physics in exploring the next higher-
energy domain with increased luminosity. Yet, to discover all hid-
den treasures when entering unknown territory, it is a wise strategy 
to prepare for all possibilities and not to rely on a few choices only.

In this spirit, investigations of electron–proton (ep) and 
electron–ion (eA) collisions at high energies offer an important pros-
pect, complementary to proton–proton (pp) and electron–positron 
(ee) collisions. So far, the only collider to exploit the ep confi guration 
was HERA at DESY, where results from the H1 and ZEUS experi-
ments provided much of the base of current LHC physics and also 
led to surprising results, for example on the momentum distribu-
tions of partons inside the proton. Building on the conceptual design 
study for the Large Hadron Electron Collider (LHeC) – an electron-
beam upgrade to the LHC (CERN Courier May 2012 p25) – CERN’s 
management decided recently to investigate these possibilities more 
deeply. It has established an International Advisory Committee 
(IAC) to report to the director-general, with the mandate to provide 
“…scientifi c and technical direction for the physics potential of 
the ep/eA collider, both at the LHC and FCC [the proposed Future 

Circular Collider complex], as a function of the machine param-
eters and of a realistic detector design, as well as for the design and 
possible approval of an energy recovery linac (ERL) test facility at 
CERN…”. Furthermore, the advisory committee should offer “assis-
tance in building the international case for the accelerator and detec-
tor developments as well as guidance to the resource, infrastructure 
and science policy aspects…”. Chaired by Herwig Schopper, the IAC 
comprises 12 eminent scientists from three continents, together with 
CERN’s director for research and computing, Sergio Bertolucci, and 
the director for accelerators and technology, Frederick Bordry, as 

well as the co-chairs of the newly 
established LHeC Co-ordina-
tion Group, Oliver Brüning and 
Max Klein.

One of the IAC’s f i rst 
major activities was to hold a 
well-attended workshop on 
the LHeC, its physics, and the 
accelerator and detector devel-
opment, at Chavannes-de-
Bogis in January this year. 

Electrons at the LHC: 
a new beginning
A new committee is providing direction on the 
case for an electron–hadron collider, both at the 
LHC and at a Future Circular Collider complex.

1010

109

108

107

106

105

104

103

103

102

10210–1

10

10
cms energy (GeV)

1

1

lu
m

in
os

ity
 (1

030
 c

m
–2

 s
–1

)

LTFC

MESA

SLAC

Jlab 6+12

HERMES

CEIC2

CEIC1

MEIC2
MEIC1 HL–RHIC

eRHIC

NMC

BCDMS

LHeC
FCC–ep

HERA

COMPASS

lepton–proton scattering facilities

HERA and CERN
EIC projects
fixed target

Fig. 1. Lepton–proton scattering projects – using fi xed targets 
(blue), future medium-energy electron–ion collider projects 
(red), HERA and CERN’s electron–proton concepts (green) – in 
terms of luminosity and centre-of-mass energy.
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To discover all 
hidden treasures, 
it is a wise strategy 
to prepare for all 
possibilities.

Pearson Electronics designs and manufactures 
custom Current Monitors for use in the beam 
tube, and large aperture clamp-on Current 
Monitors applied outside the beam tube.

Pearson Monitors measure sub-milliamp 
currents. Pulse rise times as fast as 1.5 
nanoseconds can be viewed accurately. Many 
clamp-on and fixed aperture models are in 
stock and available for immediate delivery.
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Current LHC schedule:

Future of CERN: LHeC, FCC. N. Armesto, 06.12.2014

Here 
we are



LHeC/FCC-he:
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● LHeC, FCC-he → ep/eA experiment using p/A from the LHC/
FCC: Ep=7/50 TeV, EA=(Z/A)Ep=2.76/19.7 TeV/nucleon for Pb.
● New e+/e- accelerator: Ecm∼several TeV/nucleon (Ee=50-175 GeV). 
● Compatible with synchronous LHC/HL-LHC/FCC operation. 
● Large physics case beyond our interests: precision QCD and EW, 
small x, eA, Higgs, BSM.
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LHeC: Linac-Ring option

14N. Armesto, 

Post CDR CDR
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The LHeC - FCC complexFCC-he:
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The FCC parametersFCC-he:
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The LHeC detector
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The detector:
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The FCC - he detector
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The detector:
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e p/A

LHeC

● Other detector options: solenoid 
outside, also considered.
● Plus luminosity detector, electron 
tagging, polarimeter, ZDC and leading 
proton detector.

FCC-he



Kinematics:

17

Ax
-810 -710 -610 -510 -410 -310 -210 -110 1

)2
 (G

eV
2

Q

-110

1

10

210

310

410

510

610

710

810

910

(x)2
sat,PbQ

Present
DIS+DY

dAu@

RHIC

7+2.75 TeV
=0,...,6.6

lab
y

50+19.7 TeV
=0,...,6.6

lab
y

Ax
-810 -710 -610 -510 -410 -310 -210 -110 1

)2
 (G

eV
2

Q

-110

1

10

210

310

410

510

610

710

810

910

Pb(2750)+e(60)208

(x)2
sat,PbQ

Present
DIS+DY

dAu@

RHIC

7+2.75 TeV
=0,...,6.6

lab
y

50+19.7 TeV
=0,...,6.6

lab
y

Ax
-810 -710 -610 -510 -410 -310 -210 -110 1

)2
 (G

eV
2

Q

-110

1

10

210

310

410

510

610

710

810

910

Pb(2750)+e(60)208

Pb(19700)+e(60)208

Pb(19700)+e(175)208

(x)2
sat,PbQ

Present
DIS+DY

dAu@

RHIC

7+2.75 TeV
=0,...,6.6

lab
y

50+19.7 TeV
=0,...,6.6

lab
y

● The LHeC/FCC-he 
will explore a region 
overlapping with the 
LHC/FCC-hh:
➜ in a cleaner 
experimental setup;
➜ on firmer theoretical 
grounds.
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A physics case example

Elastic VM production in eA:
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● For the coherent case, 
predictions available. 

● Challenging experimental 
problem (neutron tagging in ZDC?).
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Conclusions

Summary:
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● FCC-AA: extension of the pA/AA program to higher energies 
leading to

➜ Hotter, longer-lived medium with larger opportunities to observe 
collectivity from small to large systems.
➜ New degrees of freedom may become active.
➜ Access to a large perturbative domain at small x: saturation.
➜ Larger rates of harder probes, with new possibilities.
➜ Tests of interaction models of wider interest.

● LHeC, FCC-he: eA colliders in the TeV cms regime providing
➜ Clean access to a large perturbative domain at small x: saturation?
➜ Determination of nPDFs for nuclear colliders, with the possibility of 
releasing many of the current assumptions.
➜ Studies of QCD radiation and hadronisation inside the nuclear medium.
➜ Transverse scan of hadrons and nuclei: nGPDs.
➜ Diffraction.
➜ … with implications on our understanding of pA and AA collisions.

Outlook:
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● FCC-AA (espace2013.cern.ch/fcc/):
➜ CDR for the next European Strategy for Particle Physics in 2017/2018.
➜ Organisation: collaboration established, with FCC-hh, FCC-ee and FCC-he 
groups.
➜ Initial physics document to be produced for next summer.
➜ FCC-AA coordinators: A. Dainese, S. Maschiocci, C. A. Salgado, U. A. Wiedemann.
➜ Regular workshops: 12/13, 09/14.

● LHeC, FCC-he (cern.ch/lhec):
➜ TDR for the next European Strategy for Particle Physics in 2017/2018.
➜ Organisation: new IAC, new Coordination Group, several working groups, in 
the Study Group.
➜ Updated physics summary to be produced for next June.
➜ ERL Test Facility in CERN mid term plan since last June: LoI for end 2015.
➜ Small-x/eA coordinators: NA, Paul Newman, Anna Stasto.
➜ Regular workshops: 01/14, 24-26/06/15 Chavannes-de-Bogis.

● FCC week 2015: Washington D.C., 23-27/03/2015, hh, ee, he.
Visit the web pages: everybody is more than welcome to join!!! 


