
23 Kasım 20242024 Saleh@FCC Çalıştayı 1

Saleh Sultansoy

TOBB Ekonomi ve Teknoloji Üniversitesi, Ankara, TÜRKİYE

Azərbaycan Elm və Təhsil Nazirliyi Fizika İnstitutu, Bakı, AZƏRBAYCAN 

ATLAS, LHeC and FCC Collaborations, CERN

Member of Plenary ECFA (Jan 2019 – Jul 2020)

Nucl. Instrum. and Meth., A 871 (2017) 47-53

FCC temelli lepton-Hadron Çarpıştırıcıları

1. Introduction
1.1. LHeC: 60 (→ 50) GeV ERL

1.2. LHeC: Alternative Scenarios
1.3. HL/HE-LHC based µp colliders  
1.4. Electron-Ion colliders at BNL

2. Energy Frontiers
2.1. FCC based ep, γp, µp, eA, γA and µA colliders  

2.2. SppC based ep and µp colliders 
2.3. Review of µp and µA collider proposals

3. Recent development: µ
+

ring

4. Physics in brief
4.1. QCD (not H) Explorer(s)

4.2. BSM Physics



23 Kasım 20242024 Saleh@FCC Çalıştayı 2

Enerji ön-cephesi lepton-hadron çarpıştırıcıları neden bir zorunluluktur?

İşin özü:

Construction of multi-TeV scale  lepton-hadron colliders are crucial for elucidating the foundations of QCD, which is 
responsible for 99% of the mass of the visible part of our Universe

The best scenario for the LHC based lepton-hadron colliders: construction of e-ring tangential to the LHC, followed by 
µ-ring in the same tunnel

FCC-eh: 60 GeV’lik elektronları 50 TeV’lik protonlarla çarpıştırmak saçmalıktır! (bin katlık enerji asimetri)
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1. Introduction

20 years ago the Standard Model had two experimental missing's:

• Higgs mechanism in electroweak part

• Confinement hypothesis in QCD part

Electroweak part was completed by discovery of the Higgs boson at the LHC.

QCD part is still uncompleted, Confinement should be clarified.

Two regions are crucial:

• Bjorken x close to 1, will be investigated at EIC,

• Small x (<<10-4) at high Q2 (>>102 GeV 2), will be investigated at LHeC and energy frontier lh/γh colliders.

In addition, LHeC and energy frontier lh/γh colliders will provide pdf’s for adequate interpretation of HE-LHC, 
FCC and SppC data.

Concerning BSM physics, it should be mentioned that potential of lh/γh colliders: 
• essentially exceeds that of corresponding lepton colliders
• is comparable with (and complementary to) potential of corresponding hadron colliders.



Table 1. Future Energy Frontier Colliders: colliding beams vs collider types

Ring-Ring Linear Linac-Ring

pp, pA, AA HE-LHC, FCC, SppC - -

ee, γe, γγ - ILC, CLIC, PWFA-LC -

ep, eA - - LHeC, FCC/SppC based

γp, γA - - HE-LHC/FCC/SppC based

µµ µC - -

µp, µA LHC/FCC/SppC based - -
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→ ILC+FCC/SppC → PWFA+FCC/SppC

+ HL/HE-LHC based µh

+ FCC/SppC based µh
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1.1. LHeC: 60 (→ 50) GeV ERL

2012 2021
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1.2. LHeC: Alternative Scenarios

Next stage: 9 km e-ring → µ-ring with Eµ = 3 TeV
         √S  :       1.3 TeV  →     9.1 TeV

Wall plug power is over 160 MW !

Another alternative, namely, one-pass linac will give 
opportunity to upgrade electron beam energy, if 
necessary!     + γp and γA options!
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1.3. HL/HE-LHC based µp colliders  



23 Kasım 20242024 Saleh@FCC Çalıştayı 10

1.4. Electron-Ion colliders at BNL
April 2024

https://www.bnl.gov/eic/ 

https://www.bnl.gov/eic/
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2. Energy Frontiers
2.1. FCC based ep, γp, µp, eA, γA and µA colliders  
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Example of BSM physics: Color Octet Electron
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2.2. SppC based ep and µp colliders  
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Example of BSM physics: Color Octet Electron (left) and Muon (right
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https://arxiv.org/pdf/1811.05129 

Can. J. Phys. 99 (2021) 4, 259-262

https://arxiv.org/pdf/1811.05129
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2.3. Review of µp and µA collider proposals
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Tablolardaki değerler AloHEP kullanılarak 
hesaplanmıştır.
RHIC temelli çarpıştırıcılar için orijinal 
makalede:
• µp ışınlık değeri 2 mertebe abartılmış,
• µA ışınlık değeri verilmemiştir.

Önemli not: bizim hesapladığımız değerlere 
itiraz etmediler!
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3. Recent development: µ
+

ring µ- cooling demo: planned for
end of 2030ties
 

µ+ cooling: realized at J-PARC 
several years ago !

µ+p/A colliders can be 
constracted before MC !!!
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https://arxiv.org/abs/2406.02647 

(After the Rutherford experiment) 
lepton-hadron collisions played a crucial role in 
our understanding of the deep structure of 
matter:

- proton form-factors were first observed in 
electron scattering experiments [3, 4]

- quarks were first observed at SLAC deep 
inelastic electron scattering experiments [5, 6]

- EMC effect was observed at CERN in deep 
inelastic muon scattering experiments [7]

and so on

https://arxiv.org/abs/2406.02647
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μ+p colliders might become the second most effective tool, after proton 
colliders, for exploring the multi-TeV scale at the constituent level !!!
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4. Physics in brief: 4.1. QCD (not H) Explorer(s)

Higgs mechanism is responsible for 1% of mass of visible universe,

QCD is responsible for remaining 99% !!!

mu ≈ 2.2 MeV, md ≈ 4.7 MeV, me ≈ 0.511 MeV, mp ≈ 938 MeV, mα ≈ 3727 MeV      (mass of the visible Universe: 

74% H, 24% He) 

Luminosity vs energy in lepton-hadron collisions:

• Higgs physics requires highest lumi,

• QCD basics requires highest energy.

Modified ERL60+LHC with L = 1034 cm-2 s-1 requires too much wall plug power, while even this luminosity 

may not be sufficient for precision Higgs boson physics. 

Let's leave the Higgs boson to the lepton and hadron colliders !

Clarifying of QCD basics (including confinement hypothesis) may lead to exceptional results 

(including cosmology and technology) !!!
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4.2. BSM Physics
https://accelconf.web.cern.ch/p05/PAPERS/TPAT098.PDF 

http://cds.cern.ch/record/798726/files/open-2004-026.pdf 

See, also:

This figure played an important role in the initiation of 
the LHeC process.
It would be very useful to do similar work for the FCC 
based lp. (two examples are shown in slides 12 and 14)

https://accelconf.web.cern.ch/p05/PAPERS/TPAT098.PDF
http://cds.cern.ch/record/798726/files/open-2004-026.pdf
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