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Enerji on-cephesi lepton-hadron carpistiricilari neden bir zorunluluktur?

Energy frontier colliders: colliding beams vs. collider types.

Colliders Ring-Ring Linac-Linac_Linac-Ring
Hadron +

Lepton (ee") +

Lepton (uu™) +

Lepton-hadron (eh) +
Lepton-hadron (uh) +

Photon-hadron +

Isin Ozii:

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

p-ring in the same tunnel

FCC-eh: 60 GeV'’lik elektronlari 50 TeV’lik protonlarla ¢arpistirmak sagmaliktir! (bin katlik 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?) at high Q% (>>102 GeV 2), will be investigated at LHeC and energy frontier |h/yh colliders.

In addition, LHeC and energy frontier Ih/yh 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 Ilh/yh colliders:
* essentially exceeds that of corresponding lepton colliders
* iscomparable with (and complementary to) potential of corresponding hadron colliders.
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Table 1. Future Energy Frontier Colliders: colliding beams vs collider types

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

ee, ye, yy - ILC, CLIC, PWFA-LC -
ep, eA - - LHeC, FCC/SppC based
Yp, YA - - HE-LHC/FCC/SppC based
il e - -

Mp, HA LHC/FCC/SppC based - -

Classification of colliders Escffw Linac-ring type colliders: two directions*

1. Colliding particles 2. Collider schemes :
> hadm,,f . > ring-ring Lepton-hadron and photon-hadron colliders:
» leptons » linear
> lepton-hadron > linac-ring P 4 Energy Frontier
UNK-+-VLEPP THERA B8 LHeC =3 QCD Explorer -> ILC+FCC/SppC - PWFA+FCC/SppC

The ring-ring colliders are the most advanced ones from b eRHIC/EIC/ELIC

technology point of view and are widely used around the
(developed) world. + HL/HE'LHC based |..lh

Factories:
The linear (linac-linac) colliders are less familiar; however, a lot +
of experience is gained through Standard Linear Collider (SLC) B-factory ) c-t-factory m®) Super-Charm factory FCC/SppC based [lh
operation and ILC/CLIC related workout. (Grosse-Wiesmann) (TAC project)
¢-factory
(Ankara group)

The linac-ring colliders require more R&D.

* For details and ref’s see: A. Akay, H. Karadeniz and S. Sultansoy, Review of Linac-
Ring-Type Collider Proposals, Int. J. Mod. Phys. A 25 (2010) 4589

S. SULTANSOY 25.11.2010 CERN 5

S. SULTANSOY 25.11.2010 CERN K
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1.1. LHeC: 60 (- 50) GeV ERL
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1.2. LHeC: Alternatlve Scenarios

Siileyman Demirel Universitesi Fen Edebiyat Fakiiltesi Fen Dergisi Table 3. Collider Parameters of LHeC’s ERL60@LHC option with L=10" cms™!

Siileyman Demirel University Faculty of Aris and Sciences Journal of Science Parameter [Unit] Protons Elecirons
e 2018, 13(2): 173-178 Beam energy [GeV] 7000 60
DOI: 10.20233/sdufeffd 468814 Normalized emittance, ye. , [um] 2.5 20
Beta function (@ IP, By ,, [m] 0.05 0.1
. . . RMS beam sizes (@ IP, oy, [pm] 4 4
The LHeC Project: e-Ring Revisited Bunch length, o [mm] 75 10
Beam current [mA] 1112 25
Umit KAYA', Bora KETENOGLU™, Saleh SULTANSOY'- Bunch spacing [ns] 25 25
Bunch population 2.2x10" 4x10°
'TOBB University of Economics and Technology, 06560, Ankara, Turkey Wall p|ug power is over 160 MW |

‘dAnkara University, 06100, Ankara, Turkey
*ANAS Institute of Physics, Baku, Azerbaijan

*corresponding author e=mail: bketeneng. ankara. edu.ir
(Al / Received: 09 102018, Kabul / Accepted: 26.11.2018, Yavimlanma / Published: 30.11.20158)

Abstract: Construction of a new 9 km long e-ring tangential to the Large Hadron Collider
(LHC) has been proposed as an option for QUD-Explorer stage of the Large Hadron electron
Collider (LHeC). It is shown that L=10" ¢m™s” can be achieved with 90 MW synchrotron
radiation losses. This luminosity value, which coincides with basic version of ERL60&LHC,
will be sufficient for precise determination of (Parton Distribution Function) PDFs for LHC, as
well as exploration of QCD basics, especially small x Bjérken region up to 10 at QF = | GeV-. : i r | o
In addition, some comments on basic and upgraded versions of ERL60®LHC are presented as R B »\Q\\:_Z(L'lcr
well. It is shown that upgraded ERLA0@ELHC version with L=10" cm™s!' requires high wall o A TP >3 S e '
plug power exceeding 160 MW.

Next stage: 9 km e-ring - p-ring with Elll =3 TeV
VS : 13TeV > 9.1TeV

Another alternative, namely, one-pass linac will give
opportunity to upgrade electron beam energy, if

necessary! +yp and yA options!
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Fig. 1. Bird’s eye view of proposed ring-ring option for LHeC
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Alternative scenarios for the LHC based electron-proton collider
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Abstract: Construction of the ERLC (twin LC) collider tangential to LHC will allow investigating ep collisions
at essentially higher center-of-mass energies than ERL-50 and LHC based ep collider. Luminosity estimations
show that values well exceeding 10! em~2s~! can be achieved for ERLC and HL-LHC based ep colliders.
Certainly, proposed ep colliders have great potential for clarifying QCD basics and new physics search in addition
to providing precise PDFs for adequate interpretation of the LHC experimental data. Another alternative to the
ERL-50 is to construct an e-ring with the same energy and length. In this case, luminosity of order 10**em 257!
can be reached. The advantage of this option is that the p-ring can be installed instead of the e-ring as a next
stage, which will allow to reach a much higher center of mass energy.

Key words: LHC. LHeC, ERLC, e-ring, energy frontier ep colliders, luminosity

1. Introduction

It is known that lepton-hadron collisions played a crucial role in our understanding of deep structure of
matter: proton form-factors were first observed in electron scattering experiments, the quark-parton
model was established at SLAC deep inelastic electron scattering experiments, and so on. The first

and still nnicme electron—nroton eollider HER A . further exnlared the structure of nrotons and nrovided

23 Kasim 20242024

Akay et al/Turk .J Phys

— 1t =
B = 3
';‘ n E
=2 B 1
E I RHIC 1
eRHI

=
z 103 -
T HERA 3
z * ]
r 1992-2007 ]
L ERLS0/e-ri J

.r_ Fing
spli'l?s ERLC12S
e i ERLCIS0 =
c . 3
: ]1-2nl: :
]n.ﬁ l i i i 1 i I I | I i I 1

2020 2030 2040 2050
Year

Figure 1. The resolution power of the LHC-based lepton-proton colliders.

Recently, parameters of the ERL and the LHC based ep collider have been upgraded once more
[30]. It is mentioned above that electron beam energy was diminished from 60 GeV [6] to 50 GeV
[16]. Considering the latest upgrade, circumference is increased from 5.4 km to 6.7 km together with
moderate modifications of electron and proton beam parameters, which results in a decrement of lu-
minosity down to 3 x 10% em 25! [30]. Corresponding modification of 50 GeV ering parameters
will provide the opportunity to achieve luminosity values exceeding 10* e¢m 257! [31] for this option
of the LHeC.

In conclusion, it is obvious that the construction of the LHC based ep colliders is a must for a
number of reasons. Let us remind that ERL-50 option does not provide the opportunity to increase
center-of-mass energy. For this reason we propose two possible alternative scenarios:

Saleh@FCC Calistayi 7



In conclusion, it is obvious that the construction of the LHC based ep colliders is a must for a
number of reasons. Let us remind that ERL-50 option does not provide the opportunity to increase
center-of-mass energy. For this reason we propose two possible alternative scenarios:

e Concerning linac-ring type ep colliders, following scenario may be realized: construction of 125
GeV single pass e-linac tangential to LHC as a first stage, followed by ERLC with /s = 250GeV
as a second stage to enhance luminosity, with a further upgrade to ERLC with /s = 500 GeV

(or higher if necessary).

e The second alternative is construction of new 50 GeV e-ring tangential to LHC followed by
construction of 1.5 TeV p-ring in the same tunnel. Physics search potential of the e-ring option
almost coincides with the ERL-50 option. Certainly, pp collider with much higher center-of-mass
energy will provide huge physics search potential. Since pup collider will be the next stage, the
ring should be installed in the deepest and least populated area of the LHC, to avoid radiation
hazard caused by neutrinos from muon decays.
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1.3. HL/HE-LHC based up colliders

Luminosity and physics considerations on HL-LHC—and HE-

LHC-based up colliders

Umit Kaya', Bora Ketenoglu?, Saleh Sultansoy® and Frank Zimmermann
Published 19 May 2022 » Copyright © 2022 EPLA

Europhysics Letters, Volume 138, Number 2

Citation Umit Kaya et al 2022 EPL 138 24002
DOI 10.1209/0295-5075/ac4f98

Abstract

Construction of the future muon collider tangential to the Large Hadron Collider will give opportunity

4

to realize up collisions at multi-TeV center-of-mass energies. Using the nominal parameters of high-

luminosity and high-energy upgrades of the LHC, as well as the design parameters of muon colliders, it

is shown that Ly, of the order of 10°* cm~%s™" is achievable for different options with \/Sup from 4.58

TeV to 12.7 TeV. Certainly, the proposed pp colliders have a huge potential for clarifying QCD basics

and searches for new physics.

Table 4. Center of mass energies and luminosities of

Table 7. Achievable x Bjirken values at the LHC

Table 5. Center of mass energies and luminosities of

HL-LHC based up colliders HE-LHC based up colliders
E,, Vs, L (nominal), | L (upgraded), E,, Vs, | L (nominal), | L (upgraded),
TeV TeV 10* em2s! 10* em%s™! TeV | TeV 107 cms’! 10 ems!
0.75 4.58 0.95 1.4 0.75 | 6.36 0.59 1.6
1.5 6.48 0.84 2.1 1.5 9 0.52 2.8
3 0.16 0.57 1.5 3 12.7 0.36 1.9
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Figure 2. Discovery Limits for Color Octet Muon at
the MC with Vs=6 TeV, HL-LHC, HE-LHC and
corresponding up Colliders



1.4. Electron-lon colliders at BNL
April 2024

UPTON, N.Y. — The U.S. Department of Energy (DOE) Under Secretary for Science and Innovation has approved Critical

Decision 3A (CD-3A) for the Electron-lon Collider (EIC), a state-of-the-art particle collider for nuclear physics research that will

be located at DOE's Brookhaven National Laboratory and built in partnership with DOE’s Thomas Jefferson National
Accelerator Facility (Jefferson Lab). This milestone gives the project the formal go-ahead to purchase “long-lead
procurements” — equipment, services, and/or materials that must be ordered well in advance of assembling the collider

because of the long delivery times for such items.

FY19 | FY20 | Fy21 | FY22 | Fv23 | FY24 | Fv23 | FY26 | Fy27 | FY28 | Fv29 | FY30 | Fv31 | FY32 | Fv33 | F¥34 | Fy3s
a1/a2 a3/aa/a1a2/a3/as| a1 a2 a3/ s ja1]az a3jad] a1 az| a3 as a1 a2|asas a1 a2 a3pas a1}azas|ad] a1 a2|a3 a4 a1]a2 a3lad] a1 |a2] a3 (as|ar a2]as]as| a1| a2 a3|adai|az]aslas|a1 a2 |a3 | asfar]az]as|asla1 2| a3 ] as
9
& cD-0(A) co-1(a) D-3a -2/ Early CD-4 ia
Dec 2019 Jun 2021 Jan 2024 Apr 20. Completion Aproved Completion
l Oct 2032 Oct 2034
Accelerotor |
o Research & Systems 3
fop eon Deveopment L | L1 Construction Phase
\ : |
@V : :'\\ Conclusjon of Reiekce Fhasa
Booster Infrastructure RHIC OpE ratlon
Design I b
Acceferator l
i o Systems
. Detector I | | I
https://www.bnl.gov/eic/ N i = e
tnfrastructure - Ww
Construction & ccelerator I | l ; x e 5 ‘ I
Center of Mass Energies: 20GeV - 140GeV Installation . SI;TIM | T | I TT ’ |
Luminosity: 1073 - 103 em2s! / 10-1007! / year Detector I 2 "I“ ' ;
' ccelerotor L < 2 !
. . i mgq
Highly Polarized Beams: 70% Conmisionmg &, | | I - L
PrizOps. | R Commissioning & Pre-Ops
Large lon Species Range: ptoU e 1 . l ] | l
Key (A) Actual -mnpmd Planned I“‘“ L i — ot
Number of Interaction Regions: |Up to 2! s
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2. Energy Frontiers
2.1. FCC based ep, vp, up, €A, YA and pA colliders

Nuclear Inst. and Methods in Physics Research, A 871 (2017) 47-53 TM‘H.:I:E'FZI&IIILLIJS of ILC & FCC based ep collider corresponding (o the disruption value
D, =25
Contents lists available at ScienceDirect & ——— E, (GeV) V3 (TeV) N (10') L icm*s") £
& meTHOBS 250 7.08 23 57 % 109 109 10 3
Nuclear Inst. and Methods in Physics Research, A = 0 — - i 0"

Table 8
Main parameters of PWFA-LC & FOC based ep collider corresponding to the disruption value D, = 25, IBS growth tmes are given

journal homepage: www.elsevier.com/locate/nima o ) - o B
for collision energy F, = 50 TeV and injection energy E, = 3.3 TeV.

E, (GeV) \,I’.E (TeV) N0 L icm*s ") £ T, gy (h)
Injection Collision
125 5.00 1.15 65.0% 107 547%10 4 171 63
" 7 3 . 250 7.08 2.30 86,0 1070 S4T=104 a5 31
Future circular collider based lepton-hadron and photon-hadron colliders: ¢ 9 o o s - o
- = = 1500 17.3 13.8 258 w107 S47w10* 14 5.2
lellnDS]ty ﬂ[ld Ph}’sms 5000 316 45.8 433 10 S47w10* 4 1.5
b ey € b a,*
Y.C. Acar?®, A.N. Akay?, S. Beser?, A.C. Canbay®", H. Karadeniz¢, U. Kaya ", B.B. Oner®*, Tabiie 18
S. Sl.l].tﬂﬂSOY a,d Main parameters of the FOC based up colliders.
* TOBB University of Economics and Technology, Ankora, Turkey Collider namse 1.,;;-, Tew L, cm Tyl (Avg.) £y E
b Ankara University, Ankara, Turkey - . . .
< Gi University, Gi Turk p63-FCC 3.50 0.20 % |_['F 1.8 10 54x 10
4 ANAS Institute of Physics, Buku, Azerbaijan pIS0-FCC 122 49 % 107 1L1x10! I3x10
p1500-FCC 17.3 43 107" 1L1= 100 Eiw 10 *
Table 13

ABSTRACT . .
Main parameters of pC @ FCC based p- Pb colliders.

Construction of future electron-positron colliders (or dedicated electron linac) and muon colliders (or dedicated muon ring) tangential to Future Circular Collider Collider name E,. TeY MNominal parameiers

(FCC) will give opportunity to utilize highest energy proton and nucleus beams for lepton-hadron and photon-hadron collisions. Luminosity values of FCC based Lypy, cm 25 1 (Avg.) Em £,

ep, up, eA, pA, yp and y A colliders are estimated. Multi-TeV center of mass energy ep colliders based on the FCC and linear colliders (LC) are considered in detail. -

Parameters of upgraded versions of the FCC proton beam are determined to optimize luminosity of electron-proton collisions keeping beam-beam effects in mind. ub3-FCC 0.063 1% II.’I.’" 0.1 B WY _I

Numerical calculations are performed using a currently being developed collision point simulator. It is shown that L, ~ 107 cm™ s~ can be achieved with LHeC-like "‘."Ii"l't_:c 0.75 13 Iﬂ‘: 1_2 13210 i

upgrade of the FCC parameters. Moreover, “dynamic focusing” scheme could provide opportunity to handle L, = 107 em 2 57 u1500-FCC L5 L1 10 47 1LEx 10
©) 2017 Elsevier B.V. All rights reserved. Upgraded parameters
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Example of BSM physics: Color Octet Electron

Y. Acar et al Nuclear Inst. and Methods in Physics Research, A 871 (2017) 47-53

25

proton colliders electron colliders electron-proton colliders

PWFAxFCC
101"

20 |- ~
-1
FCC 110
500 b |
ILCxFCC
, 100"
10 b
PWFA-LC
sl 500 b ERL6OXFCC |
LHC
. 100 b’

100 fb ILC
0 —

Fig. 2. Discovery limilts for color octel electron at different pp, ¢*¢~ and ep colliders [46]. (For interpretation of the references to colour in this figure legend, the reader is referred to
the web version of this article.)

Mass Limit (TeV)
o
|

-
i
|
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2.2. SppC based ep and pp colliders

Hindawi

Advances in High Energy Physics

Volume 2017, Article ID 4021493, 6 pages . .

hitpe./doi org/10.1155/201 74021495 TasLE 6: Main parameters of SppC based up colliders.

Hindawi —
.’?F,"['f?‘-.-?Ir FP, TeV +/S, TeV .T,FP, cm s 'Ey EP
' 0.75 356 1033 55x10”  87x107° 6.0x107

Research Article 0.75 68 1428  125x102 87x107 8.0x107

SppC Based Energy Frontier Lepton-Proton Colliders: 15 35.6 1461  49x107 87x10° 60x1072

Luminosity and Physics L5 68 202 428x10% 87x107° 80x107
Al Can Canbay,* Umit Kaya," Bora Ketenoglu,’ 3.1. Small Bjorken x. As mentioned a_Pove, investigation of
Bilgehan Baris Oner,' and Saleh Sultansoy™* extremely small x region (x < 1077) at sufficiently large
:TDBB University of Economics and Technology, Ankara, Turkey Qz {}10 G—EVE L Where Saturatiﬂn Df P‘ErtDn dEnSit}' Shﬂuld
“Department of Physics, Ankara University, Ankara, Turkey . . . . . .
3DepanmfﬂrafEngineeringPhysics. Ankara University, Ankara, Turkey In-anleSt ltSElf} 15 CﬂlClﬂl fDr UﬂdETStandlﬂg Df QCD baSICS'
ANAS Tnmtteof Fhysics, Belos, Averbuijan Smallest achievable x at Ip colliders is given by Q?/S. For
Correspondence should be addressed to Umit Kaya; umitkaya@cern.ch LHEC Wlth VG —_ 1 3 T’EV minimal ﬂchievﬂble ‘Ualue iS x =
Received 14 April 2017; Accepted 15 June 2017; Published 1 August 2017 6 x ]0_5_ In Tﬂ.ble 9; we present Smallﬂﬂt x values fﬂ'l' dif‘ferent
Academic Editar: Juan José Sanz-Cillero SppC based lepton-proton colliders (E , is chosen as 68 TeV).
Copyright @ 2017 Ali Can Canbay et al. This is an open access article distributed under the Creative Commons Attribution License, It iS seen that prﬂpﬂﬁed machines has great pﬂtential fﬂr
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The i i R
publication of this article was funded by SCOAP'. ﬂnl]ghtﬂn[ng Qf QCD bas_‘[cs_

Main parameters of Super proton-proton Collider (SppC) based lepton-proton colliders are estimated. For electron beam
parameters, highest energy International Linear Collider (ILC) and Plasma Wake Field Accelerator-Linear Collider (PWFA-LC) . - o _ 2

options are taken into account. For muon beams, 1.5 TeV and 3 TeV center of mass energy muon collider parameters are used. In TaBLE 9: ﬁttmnable B.l ﬂl'kE.'l'l X VﬂlllES at QZ = 10 GeV".
addition, ultimate pp collider which assumes construction of additional 50 TeV muon ring in the SppC tunnel is considered. It is

shown that luminosity values exceeding 10" cm™ s can be achieved with moderate upgrade of the SppC proton beam parameters. E {TE’U) 0.5 5 1.5 50
Physics search potential of proposed lepton-proton colliders is illustrated by considering small Bjérken x region as an example of I : .
SM physics and resonant production of color octet leptons as an example of BSM physics.

x 7% 107% 7% 1077 2x 107" 7x 1071

23 Kasim 20242024 Saleh@FCC Calistayi 13



Example of BSM physics: Color Octet Electron (left) and Muon (right

SppL -:::::'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.::::::::::
EDU"*TE‘““*J*JIII 9D11Te'+1urh
i et 80 s
25 Ll g?[}iif
= R i o ¥
2 o200 T 0
= R Sl = 50
= N e = i
E N el | R
= Do S w4000
2 R S = ¥
= 100 S = 3D§§j
Py B EH BB €0
SH SRS R F BN 10
0 Proton Electron Electron-proton 0’ Proton Muon Muon-proton
colliders colliders colliders colliders colliders colliders

FiGURE 2: Discovery mass limits for color octet electron at different  Ficure 3: Discovery mass limits for color octet muon at different PP

pp, € e, and ep colliders. u'y, and up colliders.
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Main parameters of SppC-based “linac-ring e4” and
“ring-ring uA” colliders

Bora Ketenoglu

Department of Engineering Physics, Ankara University, 06100 Tandogan, Ankara, Turkey

bhketen@eng. ankara edu tr

Abstract

Concerming future lepton-nucleus colliders, International Linear Collider (ILC) and Plasma Wake Field Accelerator-Linear
Collider (PWFA-LC) electrons in order of 0.5 TeV and 5 TeV, respectively, colliding with Super proton-proton Collider
(SppC)'s 3075 TeV lead ions, are considered as “hnac-ring e4™ options. In addition, 1.5 TeV option of the Muon Collider
(MC) vs 3075 TeV 2™Pb**" 10ns of the SppC is also taken into account as a “ring-ring gA" collider. Luminosity values of the
SppC-based e4 and wA colliders are estimated. 3075 TeV lead parameters for 100 km-circumference option of the SppC are
taken into account to optimize luminositics of electron-nucleus and muon-nucleus collisions, keeping beam-beam effects and
disruption in mind. It is shown that luminositics of order of 10°" cm™s™! can be achieved by moderate upgrades of lepton and
nucleus beam parameters.

Keywords: Luminosity; Collider; Lepton; SppC: Nucleus

https://arxiv.org/pdf/1811.05129

Can. J. Phys. 99 (2021) 4, 259-262
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Table 5. ILC & SppC e4 option

Table 6. PWFA-LC @ SppC e option

Parameter |Unit] ILC @ SppC Parameter |Unit] PWFA-LC @ SppC
Beam energy, Epcun e beam: Pb%" beam: Beam energy, Evcam ¢ beam: 5 | Pb*" beam:
[TeV] 0.5 3075 [TeV] 3075
Transerve beam sizes 32238 32238 Transerve beam sizes 3223.8 32238
[nm] [nm]
Number of particles per | 1.74x10" 0.18x10" Number of particles per 1x1010 0.18x 1010
bunch bunch
Longitudinal beam size, 0.225 70 Longitudinal beam size, 0.02 70
o, [mm] o, [mm]
Beam-beam effect, Ep - 0.31 (0.02%) Beam-beam effect, Epn - 0.18 {0.02")
Number of bunches 2450 10080 Number of bunches 1 10080
Revolution frequency, - 3 Revolution frequency, - 3
fres [kHdl rn:\ kadl
Circumference, [km] - 100 Circumference, [km] - 100
Beam current, | [mA] 7.6 730 Beam current, I [mA] 0.008 730
Disruption, D, 286 - Disruption, D. 0.28 -
Collider Collider
Center of mass energy, 78.4 Center of mass energy, 248
Ecm [TeV] E . [TeV]
Luminosity, L [ems'!] 2.35x10% Luminosity, L [em™s™] 6.89x 107
Collision frequency, foan 9.8 Collision frequency, f_ 5
[kHz] [kHz|
Table 7. MC & SppC p4 option

Parameter |Unit| MC @ SppC

Beam energy, Epeam u beam: 1.5 PH*!

[TeV] beam:

3075

Transerve beam sizes 32238 32238

[nm]

Number of particles per 2x10" 0.18x10™

bunch

Longitudinal beam size, 5 T0

o, [mm]

Beam-beam effects, 0.005 36.01

Efem,

Number of bunches 1 10080

Revolution frequency, fe a6 3

[kHz]

Circumference, [km] 4.5 100

Beam current, | [mA] 21.1 730

Collider

Center of mass energy, 1358

Ecm. ITCV]

Luminosity, L [em™?s'!] 1.82x10%

Collision frequency, £y 66

[kHz]
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2.3. Review of pup and pA collider proposals
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Construction of future Muon Collider (or dedicated p-ring) tangential to the energy
frontier fith colliders will give opportunity to realize pp and pA collisions at multi-TeV
center-of-mass energies with sufficiently high luminesities. Obviously, such colliders will
essentially enlarge the physics search potential of corresponding muon and hadron col-
liders for both the SM (especially for clarifying QQCD basics and confinement hypothesis)
and BSM phenomena. In addition, they will provide parton distribution functions for
adequate interpretation of energy frontier Ah colliders’ and cosmic ray experiments data.
This paper is devoted to review of main parameters of ph colliders proposed until now.

Keywords: Muon-hadron colliders; luminosity: strong interactions; QUD basics; new
physics.
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Table 5. AloHEPF results for the FOC-based pp colliders.

Collider Lyp[10°Y em—2s—1] & Eu
pTs0-FCC 0.11 0.0043
p1500-FCC 0.11 0.0043
p3000-FCC 0.11 0.0043

Table 7. Main parameters of the SppC-based up colliders.

E, [TeV] E, [TeV] V= [TeV] L.p 1072 em—2s7Y £, (1079 £, 1077
0.75 35.6 10.33 5.5 (6.9) 8.7 6.0
0.75 68 14.28 12.5 (16) 8.7 8.0
1.5 35.6 14.61 4.9 (6.2) 8.7 6.0
1.5 68 20.2 42.8 (50) 8.7 8.0

Table 9. Center-of-mass energies and luminosities of HL-LHC-based pp colliders.

E, [TeV) Vs [TeV] L (nominal) [10** cm—2s7 1] L (upgraded) [10** em~2s71]
0.75 4.58 0.95 1.4
1.5 6.48 0.84 21
3 9.16 0.57 1.5

Table 18. FCC-based p-Pb collider parameters with upgraded numbers of g and
Pb per bunch.
Options I II 111
V5 [TeV] 111 157 222
N, [109] 3.79/2.28
Npy, [1019] 4.0/3.6
IP beam size [pm)] 5.94/5.94 4.62/2.97 4.62/2.53
Tune-shift £pp, 0.01/0.01
Tune-shift £, 0.14/0.13
Peak L [10%? cm—2s71] 9.58/5.19 14.1/18.5 10.6/19.0
L with p-decay [102? em—2s—1] 6.06/3.28 8.89/11.7 6.67/12.0

Saleh@FCC Calistayi

Table 21.  SppC-based p-Pb collider parameters with upgraded num-
bers of g and Pb per bunch.

Options I II IIT
V3 [TeV] 96 136 192
N, [10%] 5.56
Npp [1010] 2.88
IP beam size [pmn)] 5.04 3.23 3.23
Tune-shift £py, 0.01
Tune-shift £, 0.1
Peak L [10%? em—2571] 1.01 3.04 2.28
L with p-decay [10%Y em—2571] 0.64 1.92 1.44
16



Table 28. Main parameters of muon-proton collider proposals.

Table 29,

Main parameters of muon-nucleus collider proposals.

= L F r r —-2_-1
Muon-proton colliders E, (TeV) E, (TeV) /3 (TeV) L (em—2s—1) Muon-nucleus colliders Ea (TeV) Eu (TeV) VE (TeV) Lem—s71%)
0.75 111
75 12.2
FCC-based (Ph) 4100 1.5 157 1030
FUC-based 50 1.5 17.3 1033
3.0 222
3.0 24.5
0.75 96
35.6 o 10.33 SppC-based (Pb) 3075 1.5 136 102°
Spp(-based L9 14.23 1033 3.0 192
68 0.75 14.61 0.75 41.5
1.5 20.2 HL-LHC-based (Pb) 574 1.5 58.7 1029
0.75 4.58 3.0 82.9
HL-LHC-based ' 1.5 6.48 1033 0.75 55.6
1.0 a.16 HE-LHC-based (Pb) 1030 1.5 TR.6 1029
75 6.36 3.0 i
. ; - 27
HE-LHC-based 195 T 9.0 1033 RHIC-based (Au) 19.7 0.96 8.7 10
3.0 12.7
0.10 0.33 1031 . age
Comment on up and uA Luminosities of Muon-lon
RHIC-based 0.275 0.50 0.74 . .
e ’ ’ 1032 Collider at BNL
0.96 1.0

Tablolardaki degerler AloHEP kullanilarak
hesaplanmistir.

RHIC temelli carpistiricilar icin orijinal
makalede:

* upisinlik degeri 2 mertebe abartiimis,
* MAsinhk degeri verilmemistir.

Onemli not: bizim hesapladigimiz degerlere
itiraz etmediler!
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Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers,

ELSEVIER Detectors and Associated Equipment
Volume 1027, 11 March 2022, 166334

A muon-ion collider at BNL: The future QCD
frontier and path to a new energy frontier of
"~ colliders

Darin Acosta, Wei Li & &

Saleh@FCC Calistayi

Burak Dagli', Bora Ketenoglu®" and Saleh Sultansoy'?

! Department of Materials Science and Nanotechnology Engineering. TOBB University of Economics
and Technology, Ankara, Turkey

? Department of Engineering Physics, Ankara University, Ankara, Turkey

* ANAS Institute of Physics, Baku, Azerbaijan

“Corresponding Author: bketen@eng.ankara.edu.tr

Abstract

Luminosities of muon-proton and muon-nucleus collisions at a recently proposed muon-ion collider
(MulC) at Brookhaven National Laboratory (BNL) in the USA have been estimated using “A Luminosity
Optimizer for High Energy Physics (AloHEP)” software keeping in mind beam-beam tune-shift values. It
is shown that Ly, = 3.6x103 em™s™ and Ly.ay = 2.84x10°7 cm™s’! values can be achieved at MulC. The
physics search potential of the collider is superior to HERA. However, LHeC will provide 2 orders of
higher luminosities at approximately same center-of-mass (CoM) energies.
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Fig. 6. (Color online) The resolution power of future lepton-proton colliders
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3. Recent development: p' ring

K cooling demo: planned for

end of 2030ties
+ . .
A LETTERS JOURNAL EXPLORING V1 COOII“gZ realized at J-PARC
THE FRONTICRS OF PHYSICS Tuly 2024
— several years ago !
EPL, 147 (2024) 24001 wwW.epljournal.org + .
doi: 10.1209/0295-5075/ad5e1a K p/A colliders can be

constracted before MC !!!

Muon ring and FCC-ee/CEPC based antimuon-electron colliders .. i s oo of e and o coticers

Colliders NG L, 103
TeV | em 2!

DiLara AKTURK!™® "0 Burak DacLI' and SALEH SuLTansoy!?

uTRISTAN 0.346 | 4500

L' TOBB University of Economics and Technology - Ankara. Tirkiye Stage 1 | 0.429 | 6200
2 ANAS Institute of Physics - Baku, Azerbaijan pFCC-ce | Stage 2 | 0.693 | 890
received 26 April 2024; accepted in final form 2 July 2024 Stage 3 | 0.856 50
published online 21 August 2024 e Stage 1 | 0.429 | 6200

nCEPC | Stage 2 | 0.693 | 430

Abstract — Recently, the construction of an antimuon-electron collider, pTRISTAN, at KEK has

! Stage 3 | 0.848 40
been proposed. We argue that the construction of a similar muon ring tangential to FCC-ee and s

CEPC will give an opportunity to realize antimuon-electron collisions at higher center-of-mass pFCC 14.1 5000
energies. Moreover, the same ring may be used later to realize energy-frontier antimuon-proton S Opt. 1 | 11.9 690
colliders based on FCC-pp and SppC. Similarly, the change of the electron ring in the g TRISTAN HaPP -

project into the proton ring will give the opportunity to investigate lepton-hadron collisions at up Opt. 2 | 165 7900
~2 TeV center-of-mass energies. In this paper the main parameters of the proposed colliders have e | S tesla | 1.84 120

. . : : . : pTRISTAN

been studied. It is shown that sufficiently high luminosities can be achieved for all proposals under 16 tesla | 261 P,
consideration. _ i
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HTRISTAN and LHC/Tevatron/FCC/SppC Based Antimuon-Hadron
Colliders

Dilara Akturk'", Burak Dagli', Bora Ketenoglu®, Arif Ozturk'~, Saleh Sultansoy'*

'TOBB University of Economics and Technology, Ankara, Tiirkiye
*Department of Engineering Physics, Ankara University, Ankara, Tiirkiye
3Turkish Accelerator Radiation Laboratory (TARLA), Ankara, Tiirkiye
*ANAS Institute of Physics, Baku, Azerbaijan
“email: d.akturk@etu.edu.tr

Abstract

Recently, the construction of u e and u"u " colliders, uTRISTAN, at KEK has been proposed.
We argue that the construction of a similar x" ring tangential to LHC/Tevatron/FCC/SppC will
give an opportunity to realize 4 p and u’A4 collisions at multi-TeV scale center-of-mass
energies. In this paper the main parameters of proposed colliders have been studied. It is shown
that sufficiently high luminosities can be achieved for all proposals under consideration: L
exceeds 10° ecm?s™! for up colliders and 10°° em™s™! for "4 colliders. Certainly, proposed
colliders will provide huge potential for both SM (especially QCD basics) and BSM physics
searches.
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Figure 1. Schematic view of antimuon-hadron collider

(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

20


https://arxiv.org/abs/2406.02647

Table 19. Main parameters of 4" p and x" Pb colliders !
Colliders VS [TeV] L [cm?s]
HL-LHC 5.29 5.2x10%
FCC 14.1 5.0x10%
SppC 12.3 1.5x10% 5.0
up j 8T 2.66 1.2x10% .
Tevatron 16T 377 1.2x103
8T 1.84 6.3x10°2
HIRISTAN 16T 2.61 13107
HLC 479 2.3x107 ; e
FCC 128.1 8.9x10% o { 7y
SppC 111 7.0x10%! 0 5 0 15 20
uA g} 8T 38.5 1.3x10% JA(TeV)
Tevatron 16T 544 7 6x10%0
8T 26.6 0.70x10% Figure 2. Higgs production in ' p collisions
UTRISTAN : . o
16T 37.6 1.4x10
Table 17. Achievable x-Bjorken values at O° = 100 GeV? and O~ values at x =107 Table 18. Number of Higgs bosons produced per working year
V5 [TeV] | x-Bjorken 0% [GeV7] Colliders VS [TeV] | Lin [fb1] | Nwrus | Nzrus
HL-LHC 59 3.6%10° 230 LHeC 1.18 14 490 120
FCC 141 | 5.0<107 | 1990 HL-LHC 529 52| 20000 | 3900
g : D0 FCC 14.1 50 | 55000 | 9000
SppC — ézﬁé ‘;’-2" 13_5 1210 SppC 2.3 15 | 14000 | 2400
Tevatron : 2~ = Tevatron 8T 2.66 12 1900 | 400
186]}“ ?;j, ;.gx ig : 134f 16T | 377 12 3000 | 600
T
TRISTAN : : 8T 1.84 6.3 540 120
: 16T 261 | 1.5x10° | 68 HIRSTAN 6T 261 13| 2100 | 420
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As mentioned in Section 3, u"p colliders will make essential contributions to the clarification
of QCD basics and Higgs boson properties. Concerning BSM physics, these colliders will
provide a huge potential for investigation of muon-related new phenomena, namely, excited
muon, excited muon neutrino, color octet muon, leptoquarks, contact interactions, etc.

Regarding LHC, FCC and SppC-based lepton-hadron colliders, a two-stage approach can be
realized: an electron ring as the first stage followed by a muon ring in the same ring as the
second stage. For SppC and FCC, a larger ring could be considered, for example, 15 km long
to handle #* beam with 5 TeV energy. In this scenario muon collider with Vs = 10 TeV center-
of-mass energy can be constructed as last stage if the muon cooling problem is resolved.

Finally, let us emphasize that the antimuon-hadron colliders under consideration can be realized
before the muon colliders. The reason 1s that while 4~ beams with emittance, which 1s
sufficiently small for the construction of muon colliders, have not yet been achieved, there is
an established technology to create a low emittance u~ beam by using ultra-cold muons [23].
And let us remember that muon-proton colliders might become the second most effective tool,
after proton colliders, for exploring the multi-TeV scale at the constituent level.

W'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%o !!!

m, = 2.2 MeV, my= 4.7 MeV, m, = 0.511 MeV, m; = 938 MeV, m, = 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 = 10%* cm2 s 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

Proceedings of 2005 Particle Accelerator Conference, Knoxville, Tennessee https ://a ccelconf.web.cern. Ch/pOS/PAP E RS/T PAT098.PDF

A REVIEW OF TEV SCALE LEPTON-HADRON AND PHOTON-HADRON
COLLIDERS

S. Sultansoy, Gazi University, Ankara, TURKEY

See, also:

Mini-workshop on machine and physics aspects of CLIC based future

= collider options
Lh F. Tecker (CERN)(ed.)
0.81 Sep, 2004
0,61 126 pages
B LHC Report number: CERN-OPEN-2004-004, CLIC-NOTE-613, CERN-CLIC-NOTE-613
: - 0,4 .
B Linac"LHC http://cds.cern.ch/record/798726/files/open-2004-026.pdf
@E0.5TeVLC 0,2
Table of Contents:
u.
Neutral H Charged H Quarks Leptons Foreword ,
4- 10 (A. De Roeck, S. Sultansoy)
8 General Remarks on the Linac-Ring Type Lepton-Hadron and Photon-Hadron Colhiders 3
3 (S. Sultansoy)
6 CLIC Technology, Test Facilities and Future 16
2_
ol This figure played an important role in the initiation of
11 , the LHeC process.
It would be very useful to do similar work for the FCC
0+ O compos | g .- based Ip. (two examples are shown in slides 12 and 14)

strong weak leptoquark  sstring Z
sparticles  sparticles
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