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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) 
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 
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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  

+ 𝛾p + 𝛾A + FEL 𝛾A 
 
µC×FCC = µC + FCC 
+ µp + µA 

Max Klein’s presentation – lumi frontier; this presentetion – energy frontier 
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Linac-Ring Type Colliders  

 Second Way to TeV Scale 

 LHC, ILC and ILC×LHC comparison 
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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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Physics 
 SM: Triumph and Challenges 

 BSM: standard extensions 

 BSM: radical extensions 

 BSM: «unexpected» new physics 

Upgraded from:  
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SM: Triumph and Challenges 

Standard Model according PDG 1996 



Periodic Table of the Elementary* Particles 

family  (direct) 
 

l 

 

u 

 

d 

 
 

1 

 

  

< 2 eV 
 

 

 

510.998928(11) keV 

 

 

1.8 to 3.0 MeV 

 

 

4,5 to 5.3 MeV 

 
  

2 
  

 

  

< 190 keV 

 

  

105.6583715(35) MeV 

 

  

1.275(25) GeV 

 

 

95(5) MeV 

 
  

3 
  

 

 

< 18.2 MeV 

 

 

1.77686(12) GeV 

 

 

173.21(1.22) GeV 

 

 

4.18(3) GeV 

 
  

4 
 

 

  

> 39.5 GeV 

 

  

> 100 GeV 

 

  

> 700 GeV 

 

  

> 675 GeV 

 

* Elementary in the SM framework. At least one more level (preons) should 

exist.  

Also,  m = 0 (< 10-18 eV)  mg = 0 (< few MeV)   

  mW = 80.385(15) GeV  mZ = 91.1876(21) GeV 

                   mH =  125.09 ± 0.24 GeV  

Scale:    247 GeV  

21 

PDG 

2014 

03 September  2013 Saleh@TFD 30 
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Neutrino mixings 

We wonder why mH =  125 GeV? 

But do not worry on accidental values of SM fermion masses and 

mixings …; i.e. m(e)/m(t) ~ 10-5   
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Unanswered Questions 
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Standard extensions of the Standard Model 
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Radical extensions of the Standard Model 
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Today 

Minimal SM4 is excluded by Higgs data. However, SM4 with extended 

Higgs sector is not excluded. Therefore,  LHC should continue the 

search for fourth family quarks and leptons 

 

New space-time dimensions (as well as mini black holes) became rutine 

part of the LHC research program 

 

MSSM3 is almost excluded by the LHC data. It should be noted that it 

includes more than 200 free parameters (extremely large price for 

solving hiyerarchy problem). It is the time to turn to SUSY at preonic 

level…  

 

Possible indications of BSM physics: 

 IceCube PeV neutrino events 

 LHC excess at m(𝛾𝛾)∼750 GeV (seen by ATLAS, but CMS?) 
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FCC based 

ep, eA,  

µp, µA,  

𝛾p, 𝛾A  

and FEL 𝛾A 

colliders 



FCC Based ep Colliders  arXiv:1510.08284 [hep-ex] 

? 

[10] F. Zimmermann, "Challenges for Highest Energy Circular Colliders", KEK Accelerator 

Seminar, 31 July 2014, Tsukuba, Japan. 

[6] U. Kaya, M. Sahin, S. Sultansoy, "Majorana Neutrino and WR at TeV scale ep Colliders", 

(2015), arXiv:1502.04115v2[hep-ph]. 

http://arxiv.org/abs/arXiv:1510.08284


FCC Based µp Colliders arXiv:1510.08284 [hep-ex] 

? 

http://arxiv.org/abs/arXiv:1510.08284
http://arxiv.org/abs/arXiv:1510.08284
http://arxiv.org/abs/arXiv:1510.08284
http://arxiv.org/abs/arXiv:1510.08284
http://arxiv.org/abs/arXiv:1510.08284


ILC x FCC ep colliders 

 arXiv:1602.03089 [physics.acc-ph] 

http://arxiv.org/abs/arXiv:1602.03089
http://arxiv.org/abs/arXiv:1602.03089
http://arxiv.org/abs/arXiv:1602.03089
http://arxiv.org/abs/arXiv:1602.03089
http://arxiv.org/abs/arXiv:1602.03089


PWFA-LC x FCC ep colliders 

arXiv:1602.03089 [physics.acc-ph] 

http://arxiv.org/abs/arXiv:1602.03089
http://arxiv.org/abs/arXiv:1602.03089
http://arxiv.org/abs/arXiv:1602.03089
http://arxiv.org/abs/arXiv:1602.03089
http://arxiv.org/abs/arXiv:1602.03089
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For ILC×FCC and PWFA-LC×FCC based ep colliders: 

 arXiv:1602.03089 [physics.acc-ph] 

http://arxiv.org/abs/arXiv:1602.03089
http://arxiv.org/abs/arXiv:1602.03089
http://arxiv.org/abs/arXiv:1602.03089
http://arxiv.org/abs/arXiv:1602.03089
http://arxiv.org/abs/arXiv:1602.03089
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LC×FCC based 𝛾p and 𝛾A colliders 

This machines can be realised only on the 

base of linac-ring type ep and eA colliders 

√s(𝛾p)∼0.9√s(ep) and L(𝛾p)∼0.6L(ep) 
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FEL 𝛾A 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 2𝛾(N), where 𝛾(N) is the 

Lorentz factor of the nucleus: 

𝛾(N)∼3000 for LHC 

𝛾(N)∼20,000 for LHC 

 

Excited nucleus will turn to the ground state at a 

distance l=𝛾(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… 
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Dreams for 2030’ies: 

 multi-TeV center of mass energy at constituent level 

Hadron colliders:  
 

FCC pp with√s = 100 TeV  

+ FCC AA 

 

Lepton colliders:  
 

CLIC ee with√s = 3 TeV and/or PWFA-LC ee with√s = 10 TeV 

+ 𝛾e + 𝛾𝛾 
 

µC µµ with√s = 6 TeV  

 

Lepton-Hadron:  
 

LC×FCC based ep with√s = 30 TeV 

+ eA + 𝛾p + 𝛾A 
 

µC×FCC based µp with√s = 30 TeV 

+ µA 
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For correct HEP strategy we need:  

 

 Systematic study (accelerator, physics and detector aspects) for the FCC 

based ep, eA, µp, µA, 𝛾p, 𝛾A and FEL 𝛾A colliders. 

 

 Comparison of physics search potentials of hadron, lepton and lepton-

hadron colliders for different BSM phenomena: e8 example will be 

presented by Umit Kaya at this session. 

 

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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