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What is the science of tomorrow? Pretty awesome!

“Power of particles of the substance” engaged in the business ...
Mehmet Akif ERSOY, Safahat (1919); great poet and philosopher

The author of the words of the Turkish National Anthem

� Turkey is an Associate Member of CERN since April 2015
� Azerbaijan has applied for associate membership in September 2015



6.10.2017 Saleh@RECFA@İstanbul 2

Dedicated to the memory of Professors Engin Arık and Bjorn Wiik

1948 - 2007 1937 -1999
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ECFA presentation

25.11.2010, CERN

Introduction
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LC×FCC
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Reason(s) for this slide - similar situation for:

� LHeC and FCC-eh (similar, but fortunately, not the same)

� TAC Super-Charm factory (ufortunately, the same)
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The LHeC project: e-ring revisited

Brief history of the LHC based ep colliders

1980’ies: LEP+LHC

1990’ies: LC+LHC or OPL+LHC

2000’ies: ‘LEP’+LHC was resurrected

2010’ies: ERL60+LHC

2020’ies: LC+LHC will return

LC – Linear Collider
OPL – One Pass Linac
ERL – Energy Recovery Linac

Actually THERA was intended as a preparatory step toward LC + LHC

see Section 2.2 in
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Accelerator Chapter

Ring-ring collider : pp 224-315
(wasting time and energy)

Linac-ring collider: pp 316-387
The lion's share is devoted to ERL60
OPL - less than 5 pages

Wall-plug power 100 MW for both LR

L = 1033 cm-2 s-1 for RR and ERL60
(energy recovery efficiency 90%)

L = 1032 cm-2 s-1 for 60 GeV OPL
Actually L = 1033 cm-2 s-1 for 60 GeV
OPL using «dynamic focusing»
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e-ring revisited
Let us consider ‘normal’ e-ring with 9 km

circumference and 60 GeV energy. With

e-beam paramaters similar to those of the

LHeC RR option L = 1033 cm-2 s-1 is

achieved with SR power 80 MW !!!

Total length ~ 9 km

9 km linac

8 km active length

20 MeV/m: 180 GeV, L = 3x1032 cm-2 s-1 , √s = 2.3 TeV
35 MeV/m: 280 GeV, L = 2x1032 cm-2 s-1 , √s = 2.9 TeV



6.10.2017 Saleh@RECFA@İstanbul 14

Construction of future
electron-positron colliders (or
dedicated electron linac) and
muon colliders tangential to
Future Circular Collider will
give opportunity to utilize

highest energy proton and

nucleus beams for lepton-

hadron and photon-hadron

collisions.

LC×FCC = LC + FCC

+ ep + eA

+ �p + �A + FEL �A

µC×FCC = µC + FCC
+ µp + µA

FCC/SppC based lepton-hadron and photon-hadron

colliders
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LC×FCC based �p and �A colliders
These machines can be realised only on the

base of linac-ring type ep and eA colliders
√s(�p)∼0.9√s(ep) and L(�p)∼0.6L(ep)

According to VMD �A means #A collider.
Formation of the quark-gluon plasma at very
high temperatures but relatively low nuclear
density
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FEL �A colliders

keV energy FEL photons will be seen as a
«laser» beam in the MeV energy range in the
rest frame of the nucleus.

In the nucleus rest frame the energy of FEL
photon is multiplied by 2�(N), where �(N) is the
Lorentz factor of the nucleus:
�(N)∼3000 for LHC
�(N)∼20,000 for FCC

Excited nucleus will turn to the ground state at a
distance l=�(N)τ(N)c from the collision point,
where τ(N) is the lifetime of the excited state in
the nucleus rest frame and c is the speed of
light. As an example, for the 4847.2 keV
excitation of 208Pb nucleus at FCC l=4×10(-4)
m. Therefore, the detector should be placed
close to the collision region. The 5 MeV energy
photons emitted in the rest frame of the nucleus
will be seen in the detector as high energy
photons with energies up to 200 GeV.

Effective tool for nuclear

spectroscopy…







⇒ Family replication

⇒ e8, '8, q6 …

⇒ or rather FCC
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Why leptogluons ?

Answer: in models with colored preons leptogluons have the same status
as excited leptons and quarks
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The TAC project
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Conclusions and recommendations

ERL (‘classical’) is mandatory for TAC Super-Charm Factory, nesessary

for EIC (e-RHIC etc), may be useful for LHeC

OPL/LC advantages:

� possibility for energy upgrade

� γp and γp colliders

� electron, positron and photon polarization

ERL60 as sole option for LHeC (2014) is incorrect decision

ERL60 as sole option for FCC-eh (2017) is more than incorrect decision

LHeC and FCC-eh studies should be disentangled !!!

TAC Super-Charm factory related work was de-facto stopped in 2003.

These studies should be restarted.

Finally:

In 1990’ies the majority of papers on Linac-Ring type colliders had

Ankara and/or Baku address , After 2000 ~ half of papers. Therefore, our

comments and recomendations should not be ignored.
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For correct Euro-HEP strategy we need:

� Systematic study (accelerator, physics and detector aspects) for the FCC
based ep, eA, µp, µA, �p, �A and FEL �A colliders.

� Comparison of physics search potentials of hadron, lepton and lepton-
hadron colliders for different BSM phenomena.

In order to do these:

� FCC subgroup on lh and γh colliders (may be DESY leaded) a’la FCC-ee.

� Dedicated Workshops a’la FCC-ee etc.
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In this content comparison of

ERL60×FCC with √s = 3.46 TeV and L = 1034-35 cm-2 s-1

ILC×FCC with √s = 10 TeV and L = 1033-34 cm-2 s-1

PWFA-LC×FCC with √s = 30 TeV and L = 1032-33 cm-2 s-1

will be useful.

FCC based lh and γh colliders, especially γA option, will provide deeper
understanding of QCD basics and in general strong interactions from quark
to nuclei level.

FCC based ep (μp) collider will be powerful tool for BSM physics connected
to first (second) family leptons and quarks.

….
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Thank You for your attention.

Any questions or comments?

This work is supported by TÜBİTAK under grant No 114F337 
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Appendix 1: Second Way to TeV Scale
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Ankara workshop 1997

http://journals.tubitak.gov.tr/physics/issue.htm?id=175

http://journals.tubitak.gov.tr/physics/issue.htm?id=175
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Plenary ECFA – CERN (25-26 November 2010)
https://indico.cern.ch/event/111130/contribution/27/material/slides/1.pdf
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LC×FCC
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(F. Zimmermann, 1st ECFA-CERN LHeC Workshop, 02.09.2008)
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(F. Zimmermann, 1st ECFA-CERN LHeC Workshop, 02.09.2008)



LHeC/QCD-E: 

A Large Hadron electron Collider at
CERN. Webpage:
http://lhec.web.cern.ch/
Mirror site:
http://www.ep.ph.bham.ac.uk/exp/LHeC/

CDR is published in Journal of
Physics G: Nuclear and Particle
Physics
Volume 39, Number 7, July 2012.
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http://lhec.web.cern.ch/
http://www.ep.ph.bham.ac.uk/exp/LHeC/
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