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ABSTRACT

Construction of linear collider (or dedicated e-linac) or muon collider (or dedicated p-ring)
tangential to energy frontier hadron colliders will give opportunity to investigate lepton-hadron and

photon-hadron interactions at tens-TeV center-of-mass energies.

These lepton-hadron and photon-hadron colliders will essentially enlarge physics search potential

of the hadron collider's host laboratory both in SM and BSM phenomena.

In this presentation main parameters of the LHC/FCC/SppC based ep, eA, up, nA, yp and yA

colliders will be discussed, together with their physics search potential.
Certainly, these machines have great potential for clarifying QCD basics.

Concerning BSM physics search, their potential exceeds that of corresponding lepton colliders

essentially and is comparable (and complementary) with the potential of basic hadron colliders.
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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 :
> hadronf . > ring-ring Lepton-hadron and photon-hadron colliders:
» leptons » linear
> lepton-hadron > linac-ring P 4 Energy Frontier
UNK-+VLEPP =) THERA BB LHeC —> QCD Explorer | 2 ILC+FCC/SppC - PWFA+FCC/SppC

(End 1990's) b
The ring-ring colliders are the most advanced ones from 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 mEp 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 @
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2. LHeC: 60 GeV ERL

J O u rn a I Of Phys I CS G CERIFACC-Note-2020-0002 y Loss compensation 2 (90m) Loss compensation 1 (140m)
Geneva, July 28, 2020 \

: : <z 60 GeV/ ERL pd
Nuclear and Particle Physics Linac 1 (1008m) '\

Injector

Linac 1 e
Injector

Matching/splitter
Matching/combiner

O

Arc 1,35 Arc 246

50 GeV ERL
Bypass

Linac 2

Volume 39 Number 7 July 2012 Article 075001

A Large Hadron Electron Collider at CERN Linac 2 (1008m)

:mﬁ:'.;:';';’:"“:"“‘ Dosign Consepts for The Large Hadron-Electron Collider at the HL-LHC / FARS
LHeC Study Group Matching/combiner (31m) IPline Detector

Matching/splitter (30m)

LHeC and FCC-he Study Group

Parameter Unit LHeC
CDR Run5 Run 6 Dedicated
E,. GeV 60 30 50 50
N, 10! 1.7 2.2 2.2 2.2
€p pm 2.7 2.5 2.5 2.5
1. mA 6.4 15 20 50
N, 10? 1 2.3 3.1 7.8
a* cim 10 10 7 7
Luminosity 10% em =21 1 5 9 23
iODSCience-org/jthSg To be submitted to J. Phys. G
| IOP Publishing
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3. LHeC: Alternative Scenarios

Stileyman Demirel Universitesi Fen Edebiyat Fakilltesi Fen Dergisi Table 3. Collider Parameters of LHeC’s ERL60@LHC option with L=10* cm™s"!

Silleyman Demirel University Faculty of Arts and Sciences Journal of Science Parameter [Unit] Protons Elecirons
e 2018, 13(2): 173-178 Beam energy [GeV] 7000 60
DOL: 10.29233/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°
‘TOBRE University of Economics and Technology, 06560, Ankara, Turkey Wall plug power is over 160 MW |

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

*corresponding author e-mail: bheten(@eng ankara. edu.tr
{Afmig / 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 QCD-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 Bjirken region up to 10 at QF = | GeV-.
In addition, some comments on basic and upgraded versions of ERLOOELHC are presented as
well. It is shown that upgraded ERL60@LHC version with L=10" em~s™ requires high wall
plug power exceeding 160 MW,

Next stage: 9 km e-ring & p-ring with Elll =3 TeV
VS 1.3TeV - 9.1TeV

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

necessary! +yp and yA options!
April 2021 Saleh@DIS-2021

Fig. 1. Bird’s eye view of proposed ring-ring option for LHeC



4. Energy Frontiers
FCC based ep, yp, up, €A, VA, HA, FEL vA colliders

Nuclear Inst. and Methods in Physics Research, A B71 (2017) 47-53 Table 5
Main parameters of ILC & FCC based ep collider corresponding to the disruption value
z = g = = n, =25
Contents lists available at ScienceDirect T eeaie : — - —
msTRUENTS E_ (GeV) Vs (TeV) N, (10') L, (emZs") £
i
PHYSICE 250 7.08 23 5T 1P 108w 10 3
= : RESEARCH
Nuclear Inst. and Methods in Physics Research, A wam——— 500 10.0 46 149 x 102 940 10 *

= e ¥ =
B _ . Table 8
.I—-‘]- ")‘-1_\1 r R ]uurnal homepage: www.elsevier.com/locate/nima Main parameters of PWFA-LC ® FCC based ep collider corresponding to the disruption value D, = 25, IBS growth times are given
for collision energy £, = 50 TeV and injection energy £, = 53 TeV.
E, (GeV) \ﬂ (TeV) N (101 L fem s ") £, Typx (h)
Injection Collision
F . l]_l 11 -d b d ]_ h d d h_ h d u-d . 125 5.00 1.15 65.0 = 1072 S54Tx10% 171 63
uture circular collider based lepton—hadron and pnoton—-hadron colliders: 250 7.08 230 86.0 3 10° 5.47%10 4 85 -
. - d h " 500 10.0 4.60 120 3 107 S547x 0% 43 16
Ll]IIllIlDSlty dnd pnysics 1500 17.3 13.8 258 x 107 54710 14 5.2
5000 36 45.8 433 10 S4Tx10¢ 4 1.5
Y.C. Acar®, A.N. Akay?, S. Beser®, A.C. Canbay®®, H. Karadeniz ¢, U. Kaya®", B.B. Oner®*,
S. Sultansoy *9 Table 10
Main parameters of the FCC based pp colliders.
* TOBE University of Economics and Technology, Ankara, Turkey
b Ankara University, Ankara, Turkey Collider nams: 1,.@, Tev L. em 25 1 [Avg.) £, £,
© Giresun University, Giresun, Turkey ; 1 3 4
) ] , ph3-FOC 3.50 0.20 = 107 1.8= 10 54% 10
4 ANAS Institue of Pl Baku, Azerbaij .
of Physics, Baku, o w150-FCC 122 49 % 10" LIx10'  33x10°
u1500-FCC 17.3 43 3¢ 1P L1100 B304
ABSTRACT Table 13

Main parameters of pC & FOC based g-Pb colliders.

Construction of future electron—positron colliders (or dedicated electron linac) and muon colliders (or dedicated muon ring) tangential to Future Cireular Collider - -
(FCC) will give opportunity to utilize highest energy proton and nucleus beams for lepton-hadron and photon-hadron collisions. Luminosity values of FCC based Colider mame E

e

Tey MNominal parameters

ep, up, eA, uA, ypand yA colliders are estimated. Multi-TeV center of mass energy ep colliders based on the FCC and linear colliders (LC) are considered in detail. L py. cm gl (Avg) Epm E,
Parameters of upgraded versions of the FCC proton beam are determined to optimize luminosity of electron-proton collisions keeping beam-beam effects in mind. b3-FCC 0.063 11 % 107 01 15% 10"
Numerical calculations are performed using a currently being developed collision point simulator. 1t is shown that L, ~ 107 cm~ 57! can be achieved with LHeC-like T50-FCC ﬂ-?.'.‘r I-'S % 107 1-2 'f.". TE
i = T - . 13 | 3 - o
upgrade of the FCC parameters. Moreover, “dynamic focusing” scheme could provide opportunity to handle L, = 107 em™ s7. 1 500-FCC 1.5 11 % 10M 47 1810 *

© 2017 Elsevier B.V. All rights reserved.

Upgraded parameters
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4. Energy Frontiers
FCC based ep, yp, up, €A, VA, HA, FEL vA colliders

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

25

proton colliders electron colliders electron-proton colliders

PWFAXFCC
101b™

20 |- -
-1
FCC 11b
500 fb™!
ILCxFCC
, 1001
10 1"
PWFA-LC
5L 500 fb™ ERL60xFCC
LHC
P 100 b’

100 fb ILe

0 I

Fig. 2. Discovery limiis for color octet electron at different pp, ¢*e~ 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.)

=
tn
I

—h
L=
I

Mass Limit (TeV)
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4. Energy Frontiers
SppC based ep and pp colliders

Hindawi
Advances in High Energy Physics
Volume 2017, Article 1D 4021493, 6 pages @
hitpe:/idol ocg/10.11S5/2017/40214%3 ' . TABLE 6: Main parameters of SppC based up colliders.
Hindawi
-2 _-1
F.'F, TeV RP, TeV +/S, TeV F,FP, cm s Ee- EP
, 0.75 35.6 10.33 55% 107  87x107° 6.0x107°
gesezchh Ar;CEIfl Frontier Lepton-Proton Collid 0.75 68 14.28 125 x 102  8.7x107° 8.0x 1072
ase er rontier on-Proton Colliders: . _
LPP L d sz . €p 1.5 35.6 14.61 49% 107 87x107° 6.0x107?
uminosity an sICS . _
ty Y 1.5 68 202 428x10% 87x107° 8.0x107°
Ali Can Canbay,"” Umit Kaya,'” Bora Ketenoglu,’ 3.1. Small Bjorken x. As mentioned above, investigation of
Bilgehan Baris Oner,’ and Saleh Sultansoy"* extremely small x region (x < 107°) at sufficiently large
JoRE Um‘mr}ighaf_f:m:a?frs and Technology Ankars, Turkey Q’ (>10 GeV?), where saturation of parton density should
“Department o sics, Ankara University, Ankara, Ti B R R R B .
3Dcpﬂrrmn’nrofEn;'inffringPhysI:s. Amkara University, Ankara, Turkey manifest itself, is crucial for understanding of QCD basics.
*ANAS Institute of Physics, Baku, Azerbaijan . N . .
AN fnstuteorEly - _ Smallest achievable x at Ip colliders is given by Q?/S. For
Correspondence should be addressed to Umit Kaya; umit kaya@cern.ch LHEC Wlth ‘V’E - 13 T'EV mlnlmal ﬂchievﬂble ‘E.Falue iS ¥ =

Received 14 April 2017; Accepted 15 June 2017; Published 1 August 2017 6 % ]0—5 In Tﬂ.ble 9 we present Smallﬂﬂt X ‘Ualues fﬂ'l' diﬁerent
- ]

SppC based lepton-proton colliders (E, is chosen as 68 TeV).

Academic Editor: Juan José Sanz-Cillero

Co]_:yr]ght @_2{]1.- Ali Ca.n Canbay_ et :al_T!us. isan open acces_sart.lcle dlsll’]bl.}tf_'d under_ the Creat]\:fe_Cammonf. Attrlbutmn_Llcens.e, It iS seen that prﬂpﬂ SEd machines haS great pﬂtential fDI
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The
publication of this article was funded by SCOAP". Elﬂlghtﬂnlng Df QCD baSiL’:S
Main parameters of Super proton-proton Collider (SppC) based lepton-proton colliders are estimated. For electron beam

) . . . ) . . : s 5 _ 2
parameters, highest energy International Linear Collider (ILC) and Plasma Wake Field Accelerator-Linear Collider (FPWFA-LC) TAE LE 9: ﬂttﬁ_lﬂable B_lﬂl'kﬁn X Y.Elll]ES at Qz = ]n GE‘v .

options are taken into account. For muon beams, 1.5 TeV and 3 TeV center of mass energy muon collider parameters are used. In

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% em™ 7' can be achieved with moderate upgrade of the SppC proton beam parameters. Ef I:TE‘J) 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 -8 -g -8 10
SM physics and resonant production of color octet leptons as an example of BSM physics. X 7 x 10 7x 10 2x10 7= 10

April 2021 Saleh@DIS-2021 10



4. Energy Frontiers
SppC based ep and pp colliders

Sppd
R E T T T :
30 ::::::::::::::::::::::"':'"' R
2500
UDUEIEEEEEEE R
B 2000 Ll
S5t
= SRS
o R LIlUIlIlD PWEALC .
= W0 Ll 10TeV,s00 M |
& > S
30 LTV Lo S
y Proton Electron Electron-proton
colliders colliders colliders

F1GURE 2: Discovery mass limits for color octet electron at different

pp, €' e, and ep colliders.
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pg Mass limit (TeV)

90 :iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiliinhvaen’i
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70
60 ;-
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10
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2[}553
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Proton Muon Muon-proton
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FiGURE 3: Discovery mass limits for color octet muon at different pp,

u'w, and pp colliders.
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4. Energy Frontiers
HL/HE-LHC based up colliders

Main parameters of HL-LHC and HE-LHC based up colliders

Table 7. Achievable x Bjorken values at the LHC

based up colliders.
Vs, TeV | 0%=1 GeV? Q=25 GeV?
U. Kaya®P, B. Ketenoglu?, S. Sultansoy™, F. Zimmermann* 4.58 48 x 10-° 12 % 10-°
*Ankara University, Ankara, Turkey ~ 6.4 25x107® 6.1 x 1077
"TOBB University of Economics and Technology, Ankara, Turkey ~9 1.3 x 108 31 x 107
CANAS Institute of Physics, Baku, Azerbaijan - - i —
4CERN, Geneva, Switzerland 12.7 6.2 X 10 1.6 x 10
0z
£
Abstract s 3
Construction of future Muon Collider tangential to the Large Hadron Collider will give opportunity to g :‘g";'}’:‘v
realize up collisions at multi-TeV center of mass energies. Using nominal parameters of high luminosity 7 0,15 abt
and high energy upgrade.s of the LHC, as well as design parameters of muon colliders, it is shown that
L,, of order of 10* cm™s™ is achievable for different options with \J'spp from 4.58 TeV to 12.7 TeV. .
Certainly, proposed up colliders have huge potential for clarifying QCD basics and new physics search. <
HLAHC
Vs=14 TeV
Keywords: LHC; Muon collider, up colliders, Luminosity, QCD basics, New physics. ’ V;‘:.V Sabt

https://arxiv.org/ftp/arxiv/papers/1905/1905.05564.pdf

Table 4. Center of mass energies and luminosities of
HL-LHC based up colliders

Table 5. Center of mass energies and luminosities of
HE-LHC based up colliders

Ey, \s, L {rmmmal}, L {upgraded), E,, Nrs, L (nominal), | L (upgraded),
TeV | TeV 10+ em2s”! 10* em%s! TeV | TeV 10* ems™! 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 28
3 0.16 0.57 1.5 3 12.7 0.36 1.9
April 2021 Saleh@DIS-2021
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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
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https://arxiv.org/ftp/arxiv/papers/1905/1905.05564.pdf

5. QCD (not H) Explorer(s)

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

QCD is responsible for remaining 99% !!!

Luminosity vs energy in lepton-hadron collisions:
« Higgs physics requires highest lumi,
* QCD basics requires highest energy.

Modified ERL60+LHC with L = 10%* cm s1 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) !

April 2021 Saleh@DIS-2021 13



6. BSM Physics

Proceedings of 2005 Particle Accelerator Conference, Knoxville, Tennessee https ://a Cce|CO nf.We b.Ce rn Ch/pOS/PAPE RS/T PAT098 P D F
A REVIEW OF TEV SCALE LEPTON-HADRON AND PHOTON-HADRON See, also:
COLLIDERS ’

L Mini-workshop on machine and physics aspects of CLIC based future
S. Sultansoy, Gazi University, Ankara, TURKEY

= 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 .
8 Linac*LHC http://cds.cern.ch/record/798726/files/open-2004-026.pdf
@0.5TeVLC 0,2
Table of Contents:
D.
Neutral H Charged H Quarks Leptons Foreword ,
44 10 (A. De Roeck, 5. Sultansoy)
8 General Remarks on the Linac-Ring Type Lepton-Hadron and Photon-Hadron Colliders 3
31 (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 9 and 11)

strong weak leptoquark  sstring Z
sparticles  sparticles

April 2021 Saleh@DIS-2021 14


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

7. Conclusion and recommendations

Obviously, energy frontier lepton-hadron and photon-hadron colliders will essentially enlarge physics search
potential of basic hadron colliders for both the SM and BSM phenomena.

Therefore, systematic study of accelerator, detector and physics search aspects of the LHC/FCC/SppC based energy-
frontier ep, yp, up, eA, YA and pA colliders is necessary for long-range planning of HEP.

| invite the DIS community to start these studies. Your experience will allow to complete this work in a few years. This will
be beneficial for next European Strategy document preparation.

Concerning linac-ring type colliders:

 energy recovery is mandatory for TAC Super-Charm Factory and EIC

* 60 GeV ERL may be considered as baseline (but not the sole) option for LHC (E, /E, = 120)

* 60 GeV ERL is not appropriate choice for FCC and SppC, since E  /E, =~ 830 !

Finally, organization of special working group on the LHC/FCC based energy frontier lepton-hadron and photon-

hadron colliders (maximally disentangled from ERLG60/PERLE governance) will be very useful. It would be natural for
DESY to take over this job.

We have to create a table with collider types in columns, physics phenomena (particles, interactions, ...) in rows and
fill in it.

April 2021 Saleh@DIS-2021 15



An Electron - proton collider in the TeV range 8- REViEW d rtiCIES

DESY Yi-2Z3

M. Tigner (Cornell U., LN5), B. Wiik (DESY), F. Willeke (DESY) 21‘::.""_:‘_ .‘:E:Jv',?f.’v’ Decomber 1997
Mov 14, 1591 October 1599
3 pages
Part of Proceedings, 1991 IEEE Particle Accelerator Conference (PAC 1991) =~
Published in: Conf Proc.C 910506 (1991) 2910-2912, Particle Accel.Conf: IEEE 1991:2910-2912 The post-HERA era: b':“"'i"' o:.fllm leptoa-hadroa and > Linac-Ring Type Colliders: Fourth Way To TeV Scale
Contribution to: IEEE 1991 Particle Accelerator Conference (APS Beam Physics) - "— R. Brinkimans®, A. K. Cfici®, S. Sultamen®, §. Tiickie, F. Willeke®, O, Yasng,
Report number: CLN5-91-1079 =N o M. Yilmax!
& ~ * Dentches Elcktrunen Symchrotron, DESY
> oy Nothestr. &5
[ = 22607 Nambury, GERMANY
- L \/ », E i »
. & » s e g, e
C/89, 4 —y I Tandegan, Ankara, TURKEY
e D TR e e e = * Institute of Phgraca. Acsderuy of Sciences
- Tsohtune of Thywcs, Acadomn of Scxnoes. Baku. Asorbanen _.) B‘::. (:;R‘[:l"l;l\
o ’ y & = 4/ AL V
INTERNATIONAL CENTRE FOR - i “ Degpurtavent of Phgwics, Faculty of Arts and Sciences
s 1 Ganl Uniwersty
THEORETICAL PHYSICS = s 04500 Beqeier, Ankara. TURKE)
?; Abstract 7 The geosent samus of sugoeied Eaac-riog type ep and 5p colliders s pevennl The main
= >~ postasators of thene sainclines s well an cotmacions and S-ucheus colliders aee comsbdered. It i shown
PROSPECTS OF THE FUTURE ep AND yp COLLIDERS: A Opcans for faee §, L6, 3. 3¢ snd FEL 31 colhdens ase dacusied —; that saffickently kigh bminaitem may be achivnl with & rasonable trpeovensad of proton aad
— clevtron toam parmmetors
LUMINOS]TY AND PHYSICS z N Tron Bowm e ey
Tr, J. of Physics Ioternatiooal Workdop oo Linso-Ring
S.F. Sultanov CONTENTS 22 (1908) . 575 - 604 Type ep and yp Calliders
® TUBITAK
Table I LINTRODUCTION
Flanned and possible ep colliders 2, FIRST STAGE: TESLASHERA, LEP®LHC and g-rimg® TEVATRON
2.1. TESLAGHERA complex Four Ways to TeV Scale
Machine VTV E. TV E (1Y) n(107) n(I07) Collme £(10% !.)fpopc:::
it ems) i) p optien 8. SULTANSOY
Standard ep machines “f’ eA option Physics Department, Faculty of Sciences,
HERA 03 003 08 348 10 107 15 o) 3 oplon Ankara University, 06100 Tandogan, Ankara « TURKEY
LHC+LEP 13 0.05 g 82 10 5 108 ) v) l:l,l, r o'miou sar
LHC+LEP I 18 0.1 & £2 30 5 % 108 10 Z'Z‘.LLNL"( Azerbaijpan Academy of Sciences, Inatitwle of Physics,
UNK +ering 06 003 3 . 100 ;’," :"‘::. H.Cavid avense 33, Bakw - AZERBAIIAN
- ed op
$S8C+e-ring 238 0.1 20 - 100 23, pering@TEVATRON
Ncwkyp:gpmthﬂ CE W ., . r
UNKSVLEPPI 24 0s ; » 100 o e 3. s;:: (I)?-l: :.:IA'(': Linac®LIC and Vs=3 TeV gp o
UNKeVLEPPI 15 1 3 m 100 100 1410 " 1) ep option e
UNK + VLEPPY 49 2 3 20 100 100 1410 i G 2 Four known types of collsders, which may ghwe an opportunity to schiove TeV
LHC+CLICY 8 2 g 05 100 6 x 10% 104100 ih! ,Am‘.; conter of mawes coergios b the sear futuee (1015 yoars ). are discussed. Parameters
LHC+CLIC ¥ 48 07 8 0.6 100 10t 104100 % & ""_ = of the limac-ring type ep and 7p machisnes are roaghly ostimatod. Some speculations
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There are three possible types of particle colliders schemes: familiar {(well-known) ring—
ring colliders, less familiar but sufficiently advanced linear colliders, and less familiar
and less advanced linac—ring-type colliders. The aim of this paper is twofold: to present
a possibly complete list of papers on linac—ring-type collider proposals and to emphasize
the role of linac—ring-type machines for future HEP research.

2.1. UNK+VLEPP (IHEP, Protvino)

In 1980°s there were two energy frontier collider projects in the former
USSR, namely, /s = 6 TeV proton-proton collider UNK and /s =2 TeV
linear electron-positron collider VLEPP. The construction of the first one
was started at IHEP (Protvino, Moscow region), and the second one was
planned at BINP (Novosibirsk). In mid 1980°s the construction of VLEPFP
tangential to UNK was proposed in order to provide additional opportunity
to handle energy frontier ep [8] and ~p [9] colliders.

Luminosity estimations were given in [11]. Brief resume is followed. Two
versions of placement of VLEPP regarding to UNK are possible, namely
symmetric (Figure 3a) and asymmetric (Figure 3b). Two options of ep and
~p collisions were considered for the UNK+VLEPP: on extracted proton
beam (Figure 4a) or in proton ring (Figure 4b). It was shown that L = 10°°
em ™25 ! and L = 6x10°? em 257! could be achievable for first and second
option, respectively.

Note that this consideration was the main scientific reason for moving
of VLEPP from Novosibirsk to Protvino. Unfortunatelv, in final design
VLEPP placement was chosen to cross the UNK ring, instead of tangential.

Obviously, this choice closed ep and 4p options (clear indication of eollapse
of Eastern Block).

Note that this consideration was the main scientific reason for moving of VLEPP from Novosibirsk to Protvino.
Unfortunately, in final design VLEPP placement was chosen to cross the UNK ring, instead of tangential. Obviously,
this choice closed ep and yp options (clear indication of collapse of Eastern Block).

Hopefully, CERN will not repeat similar mistake...
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