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Four known types of colliders, which may give an opportunity to achieve Te V center of mass 
energies in the near future (10-15 years), are discussed. Parameters of the linac-ring type ep and 
'YP machines are roughly estimated. Some speculations on TeV scale physics are given. The physics 
goals of the TeV energy ep and 'YP colliders are considered. 
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I. INTRODUCTION 


It is known that the Standard Model with three fermion families well describes almost all of the large amount of 
particle physics phenomena [1}. Today, SM is proved at the level of first-order radiative corrections for energies up to 
100 GeV. However, there are a number of fundamental problems which do not have solutions in the framework of the 
SlVI: quark-lepton symmetry and fermion's mass and mixings pattern, family replication and number of families, L-R 
symmetry breaking, electroweak scale etc. Then, SM contains unacceptably large number of arbitrary parameters even 
in three family case: 19 in the absence of right neutrinos (and Majorana mass terms for left neutrinos), 26 if neutrinos 
are Dirac particles, ~ 30 if neutrinos are Majorana particles. Moreover, the number of "elementary particles", which 
is equal to 37 in three family case (18 quarks, 6 leptons, 12 gauge bosona' and 1 Higgs boson), reminds the Mendeleev 
Table. Three decades ago similar situation led to the quark model! 

For these reasons, physicists propose a lot of different extensions of the SM, most part of which predict a rich 
spectrum of new particies and/or interactions at TeV scale. These.extensions can be grouped in two classes, namely 
standard and radical ones. Standard extensions remain in the frlmleworks of gauge theories with spontaneously broken 
gauge symmetry and include: enlargement of Higgs sector, enrichment of fermion sector, introducing of new gauge 
symmetries etc. Radical extensions include: compositness (preonic-+pre-preonic models?), SUSY (MSSM-+SUGRA) 
and "unexpected" new physics (new space-time dimensions at TeV scale etc.). 

An exploration of TeV region will require all possible types of colliding beams in order to clarify true new physics. 

II. TEV ENERGY COLLIDERS 

Today, there are four (more or less known) types of colliders, which may give opportunity to achieve TeV center of 
mass energies at constituent level in the near future (1()"15 years): 

i) Hadron colliders, namely LHC [l](and may be Upgraded FNAL) 
ii) Linear e+e- colliders [2](including'Ye and '1':'( options) 
iii) Linac-ring type ep ('YP) colliders 
iv) JL+ J'- colliders [3) 

The first two are well-known. The third type is less known: the first international workshop held in Ankara, 9-11 
April 1997. The fourth type is sufficiently well-known, because a number of workshops and conferences on this subject 
were held during last years. 

Physics search programs of these machines are complimentary to each other and construction of all of them will 
give opportunity to investigate ThV scale in the best manner. 

A. The (center of mass) Energy Frontiers 

Today we have the following situation: 

1. Hadron Colliders 

TEVATRON (Fermilab) ftp 
.;s = 2 Te V -. 4 TeV ?? 
L = 2.5xl031cm-2s-1 -. 1033cm-2s-1 (2000) 

2. Lepton Colliders 

LEP (CERN) e+e-: .JS = 180 GeV and L = 2.4xl(,Ucm-2s-1 

SLC (SLAC) e+e-: .JS = 90 GeV and L =O.8xl031cm-2s-1 
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3. Lepton-Hadron Colliders 

HERA (DESY) e±p ........ e± - nucleus 1 

v'S 300 GeV 
L = 1.6xl031cm-2s-1 ........ 1032cm-2s-1 (1998) 


\Ve hope that during the next decade following machines will be constructed: 

Hadron colliders: LHC (CERN) pp with Va = 14 TeV and L = 1034cm-2s-1• 

Lepton colliders: 

NLC (DESY, KEK) e+e-(,),e,,),,),) with Va =0.5(........1.5) TeV and L = 1034cm-2s-1. 


21'+p,- (USA) with Va = 0.5 TeV and L = 1033cm- s-1• 

Leptoll-hadron colliders: 11 

B. Accelerators for Physics Studies 

1. Snowmass '96 

Following colliders have been proposed in order to discuss their physics search goals: 

• T(!Vatroll 
oEcm = 2 TeV, L 1x1033cm-2s- 1 

• LHC 
2 1oEcm = 14 TeV, L = 10x1033cm- s

• NLC 
2 1oEcm = 0.5 TeV, L = 5xl033cm- s

2 1oEcm = 1 TeV, L = 20x1033cm- s
2 1oEcm = 1.5 TeV, L = 20x1033cm- s

• /,+ 1'
2 1oEem = 0.5 TeV, L = 0.7x1033cm- s

2 1oEcm =0.5 TeV, L = 5x1033cm- s
oEr.m = 4 TeV, L = 100x1Q33cm-2s-1 

• pp, VLHC 
oEcm = 60 TeV, L = 10x1033cm-2s-1 

• 	e+e-, LSC (Linear Super Collider) 
oEcm = 5 TeV, L = lOOxl033cm-2s-1 

• ep, LHCxLEP 1 
2 1oEcm = 1 TeV, L = 0.1 x 1033cm- s

11. Linac-Ring Type ep and "yP Colliders 

In our opinion following ep and ')'p colliders should be added to this list: 

• HERAQ9NLC 

oEcm = 1 TeV, L = 0.1x1033cm-2s-1 


2 1oEcm = 2.4 TeV, L = 0.1 x 1033cm- s
• 	LHCQ9NLC 


oEcm = 2.6 TeV, L = 0.5x1033cm-2s-1 


2 1oEcm 6.5 TeV, L = 0.5x1033cm- s
• VLHCO<)LSC 

oEcm = 17 TeV, L >1033cm-2s-1 


oEcm = 24 TeV, L >1033cm-2s-1 
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III. LINAC-RING MACHINES 

The old idea {4] to collide a beam from a linear accelerator with a beam circulating in a storage ring has been 
recently renewed for two purposes: 

1) to achieve the TeV scale at the constituent level in ep collisions [5-l0], 
2) to construct high luminosity particle factories [6, 11-13]. 

If future linear e+e- colliders (or special e-linacs) are constructed near the existing (HERA, FNAL) or constructing 
(LHC) proton rings, a number of additional opportunities will arise. For example, 

LHC®TESLA = LHC(BTESLA 

(B Te V scale ep Collider 

(1) Te V scale 'YP Collider 
(J) rvIulti-TeV scale e - nucleus Collider 
ill Multi-TeV scale "y - nucleus Collider 
G) FEL 'Y - nucleus (EMeV energy laser in the nucleus rest frame) 

A. Llnac..Rlng type ep Colliders 

It is known that synchrotron radiation restricts the electron energy obtainable at ring machines. A transition to 
linear accelerators seems unavoidable for Ee> 100 GeV. For this reason HERA seems to be the first and last standard 
(ring-ring) type ep collider. The possible LHCxLEP has important disadvantage of Ee/Ep< 0.015. Therefore, one 
Rhould consider linac-ring type machines in order to achieve ThV scale at constituent level in lepton-hadron collisions. 
The possible alternative, namely ,.,.p colliders will face even more problems than the basic ,.,.+,.,.- colliders. 

Main parameters of linac-ring type ep colliders have been estimated in a number of papers [6-10, 14-16]. In Her. 
f(jl~ which deals with special e-linacs added to LHC and SSC, unrealistic parameters for proton beam (Ep == 0.02 
mmxmrad, np =1012 and lp = 10 cm) have been used. The rough estimations for UNKxVLEPP, LHCxCLIC and 
SSCxLSC are given in Ref. [7}. First serious paper on the subject is Ref. [8], where HERAxTESLA was considered 
ill details, including interaction region layout. 

1. Simplified Consideration 

Luminosity of ep-collisions is given by 

npne,
Lep == --Jell 

Self 

where np and ne are numbers of particles in corresponding bunches, lei I stands for collision frequency and sell is 
effective transverse area at collision point. 

There are two possible options for collision setup: in proton ring and on extracted proton beam [7}. The advantage 
of the first option is multiple usage of proton bunches, whereas in second option each proton bunch is used only once 
aJ Id can be maximally compressed. With recent design parameters of e+e- colliders [2] the first option is preferable. 
In this case felf == frep x nb, where Irep is the repetition rate of electron pulses and nb is the number of bunches in 
a pulse. Of course, the bunch ~tructure of electron and proton beams should be adjusted to each other. 

In general, Sell == 41ru:lfu;11 and u:ll(u;ll) is biggest of u:(u;) and u:(u:). Usually Sell = SPI because electron 
hunches have much smaller transverse sizes, however one should be careful with sp VB s~in , obtained from beam-beam 
tune shift 6.Qp [16). Hereafter, let us restrict ourselves to the consideration of round beams. In this case 

np I 
Lep = 4 {3* neJrepnb

1rEp p 

where ep is transverse emittance of proton beam and f3; is amplitude function at interaction point. 
Therefore, one should maximize nefrepnb for electron beam and np/epf3; for proton beam, but 
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• nefrepnb is constrained by electron beam power 

• 1tp/epf3; is constrained by 
o f3; > lp (see, however, Brinkmann-Dohlus ansatz (14) 
o emitt.mlce growth due to illtrabeam scattering (IDS) [15J. 

At. proton bunch length lp = 10 cm, an acceptable value for number of protons in bWlch is n = 1011 xc1t j7n7nx7nl'adP p . I 

whnn' c;: = 1'I'X€" is llormalizedemittance (')'p = Epj71tp is Lorent~ factor). We need np = 1012 ut. c:': 7fx1H7Itx7Itrud, 
therefore beam cooling in main ring will be necessary in order to compensate € growth due to IBS. 

2. Beam Separation 

lut.eraction region layout depends on bWlch spacing Ats. There are two options: 
• head-oll collisions for Ata > 100 ns [8} 
• non-zero crossing angle for At. « 100 iIS. 

First option corresponds to electron bunches from TESLA. III the second option crab-crossing will be needed. 


III conclusion, modern accelerator technologies with reasonable future improvements will give opportunit.y to achieve 
Tf'Y scale center-of-mass energies in ep-collisions at sufficiently high luminosities. For example, HERA xTESLA wit.h 
VS;;; = 1 TeV and Lep = 1031+32cm-2s-1 or LHCxTESLA with ..;s;; = 6.5 TeV and Lep = 1032+33cm-2s-1. 

B. TeV energy iP Colliders 

The linae-ring type ep colliders are advantageous not only in JS comparing with stmIdard ep machines (HERA, 
Llle x LEP), but they also provide a unique possibility to construct ,p colliders with practically the same VB and 
IUlllinosities [7, 22, 23]. 

1. High Energy i-beam 

Fifty years ago [17] Compton scattering by starlight quanta was investigated as a nlechallisll1 for the mwrgy degra.
dation of high-energy electrons in interstellar space. Twenty five years [18] later Compton backscatLel'illg of laser 
photons on extreme-relativistic electrons was proposed as a source of high energy photon beam. As the next stage 
the same mechanism was proposed in order to construct ,e and "I, colliders [19] on the base of linear e+e- machines 
(For present situation, see [20]). Finally, nonlinear eHects in Compton scattering were observed using Nd:YAG laser 
beam on SLAC electron beam [21J. 

2. Main Parameters of iP Colliders 

Bplow we follow ill short the paper [23], where HERAxDLC, LHCxTESLA and LHCxc-linac based 'YP maehillCl-' 
ha\,(' beell considered. 

Why not standard type ep colliders? 
o Ecm limitations 
o most important: L,"(p/Lep < 10-7 , because each electron bWlch is used only once. 

\Vhy 110t collisions 011 an extracted proton beam? 
o because time spent of proton bunches is much smaller than filling time. 

Therefore, one should consider tbe option with collisions in proton ring. In this case 
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where n'l = ne (one to one conversion) and factor 2 reflects the fact that sirl «sl' As the result, we obtain L'lP 
= 2.5xl031cm-2s-1 and Jsr;:'p-x = 1.16 TeV for HERAxDLC, Lyp = 5xlQ3 cm- s-1 and Jsr;:'pax = 5.06 TeV for 
LHCxTESLA and Jsr;:';X =. 2.77 ~V for LHCxe:li.nac. ~hese ~timations .do ~ot take into ~ccount the effects of 
dist.ance between the conversIOn regIon and the collISIOn pomt, which can be Itemized by followmgs: 

o luminosity slowly decreases with increasing distance 

o opposite helicity values for laser and electron beams are advantageous 

o better monochromatization Ctm be achieved by increasing the distance 
o mean helicity of colliding photons approaches to one with increasing the distance. 

Recent results for HERAxTESLA and LHCxTESLA based ,p colliders can be found in [24] 

C. Multi-TeV Energy e-nucleus and "Y-nucleus Colliders 

It is known that LHC will operate also in nucleus-nucleus option (1). The possibility of acceleration of different 
nucleus in HERA proton ring is investigated. Therefore, HERAxTESLA and LHCxTE8LA will give opportunity to 
collide multi-hundred GeV energy electron and "( beams with multi-TeV energy nucleus beam. The main parameters 
of e-llucleus and "(-nucleus were estimated in (25) (For recent situation see (26)). 

Within moderate improvements of nucleus beam parameters one may hope to obtain LePb = 0.7xl028cm-2s- 1 

and L'lPb = 1.3xl028cm-2s-1 at LHCxTESLA. These values correspond to Len = 1.3xl030cm-2s-1 and L'ln = 
2.6x I030cm-2s-1 at nucleon level. It is possible that more radical improvements will increase these numbers by one 
order. 

D. FEL "Y..nuc1eus Colliders 

The TESLA can operate as Free Electron Laser in X-ray region. Colliding of FEL beam with nucleus bundu,~ 
may give a unique possibility to investigate "old" nuclear phenomena in rather unusual conditions. Indeed, KeV 
energy FEL photons will be seen in the rest frame of nucleus as the MeV energy "laser" beam. Moreover, since the 
accelerated nucleus is fully ionized, we will be free from possible background induced by low-shell electrons. This 
option needs more investigations from both accelerator and nuclear physics viewpoints. 

IV. SOME SPECULATIONS ON TEV SCALE PHYSICS 

Physics at TeV scale is the subject of large number of scientific papers and reviews (see,for example CERN Yellow 
Reports and Snowmass Proceedings). Below I restrict myself to four items, which have not received wide recognition, 
but are important (in my opinion) for future TeV energy colliders. Short remarks on each item are presented and for 
details I refer to [27] and original papers cited below. 

A. The Fourth SM Family 

Twenty years ago the flavor democracy was proposed [28} in order to solve some problems of the Standard Model. 
However, in the three S1v1 family case this approach leads to a number of unacceptable results, such as a low value 
of t-quark mass etc. On the other hand, flavor democracy seems very natural in the framework of 8M and prohlmns 
disappear if the fourth fermion family is introduced [29-31]. 

Let us present the main assumptions (At this stage we assume that neutrinos are Dirac particles): 

1. Before the spontaneous symmetry breaking fermions with the same quantum numbers are indistil1giushablc. 
Therefore, Yukawa couplings are equal within each type of fermions (at; =ad, alj = a'll, a~; =a'and afj = aU, where 
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i and j denote family number) and in the 8M basis one deals with four 4x4 mass Inatrices all clements of which are 
equa.l. 

2. There is only one Higgs double~ which gives Dirac masses to all four types of fermions. Therefore, Yuloiwa 
constants for different types of fermiollS should be (nearly) equal (ad ~ aU ~ a' ~ a~ ~ a). 

3.a lies between v'41rQem and 9w (with preferable value a = 9w). 

As the result, fourth family fermions receive the masses m4 ~ 4gw f/ = 8mw ~ 640 GeV, while first three families are 
massless. In order to provide masses for quarks and charged leptons from the first three families minimal deviations 
from full democrasy was considered in [31], where CKM matrix elements have been calculated using quark masseH as 
input parameters. Results are in good agreement with experimental data. 

The main decay modes of the fourth family fermions are predicted to be U4 -+ b+ W+, d4 -+ t +W- , l4 -+ V, + \tV
and V4 -+ .,. +W+. The fourth family quarks will be copiously produced at LHC [32], whereas the best places to 
search for the fourth family leptons are future linear e+e- machines (including 'Y'Y optioll for fourth charged lepton 
search) and JL+JL- collider. 

The existence of fifth 8M family seems unnatural because of large value of t-quark mass aud LEP results on neutrino 
counting, which showed that there are only three "light" nonsterile neutrinos, whereas five family SM predicts four 
"light" Dirac neutrinos. 

B. Compositness vs SUSY or Compositness & SUSY 

It is known that the number of free observable parameters put by hand in 8M is equal to 26 in the three family 
case and 40 in the four family case (DMM approach reduces this numbers to 20 and 28, respectively), if neutrinos 
are Dirac particles. The natural question is: How many free parameters contain minimal supersymmetric extension 
of the Standard Model (M88M)? 

1. CKM mizings in MSSM 

The numbers of observable mixing angles and pha.ses in n family 8M are given by well-known formulae: 

M _ n(n - 1) l\T _ (n - 1)(n - 2) 

JVe - 2 ,JVrp - 2 . 


Let us estimate corresponding numbers in M88M [33]. In the framework of 8Uo(3) x 8Uw(2) x U}-(I) mouel with 
l up quarks and m down quarks, whose left-handed components form n weak isodoublets, we obtaiu [34] (following 
Kobayashi-Maskawa arguments [35]): 

n(n - 1) (n - 1)(n - 2)
Ne = 2 + n(l +m - 2n), Nrp = 2 + (n - 1)(l + m - 2n). 

For n-generation Es-induced model (m = 2l = 2n) we obtain Ne = n(3n -1)/2 and NV' = (n - 1)(3n - 2)/2. III three 
family case this gives 12 mixing angles and 7 phases in quark sector. 

By following snnilar argwnents for n family MS8M one can obtain 

.... 
N$jq = N~·q = n(Sn - 3). 

If neutrinos are Dirac particles, the same number of free parameters 

N~7 = N~T = n(5n - 3) 

comes from lepton-slepton sector. Moreover, we have also 12n mass values for leptons, sleptons, quarks and squarks. 
In addition, one has: 

- 2 angles and 4 phases from chargino dioganalization 
- G angles and 10 phases from neutralino dioganalizatioll 

1btal number of free parameters is 

N> 20n2 + 22, 
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i.e. N>202 for three family and N>342 for four family MSSM. Let me remind that number of free parameters in 
three family SM without right-handed neutrinos being 19 was one of the main arguments to go Beyond the Standard 
lViodel! 

Jvlessage: SUSY should be realized at a more fundamental level. 

Toda.y there are two favorite candidates: 

1. Preonic level! 
2. SUGM? 

t. Supersymmetric Preonic Models 0/ Quarles and Leptons 

There are at least two arguments favoring compositness: 

1. SUSY GIM cancellation (KL-KS transition etc.) requires 6m!~ 6m2 
q (m!-~ ~ m~ etc.) and U6KM ~ UCKM ' que 

This seems natural in preonic models. 
2. MSSM includes two observable phases even in the simplest case of one family: Ne = Ncp = 2 for n=1. 

Composite models of leptons and quarks can be divided into two classes: fermion ..scalar models and three-fermion 
models. Let us briefly consider main consequences of SUSY extensions for these classes. Below we present the 
simplified options where only one superpartner for each preon is introduced and flavour mixings are absent (according 
to N=l SUSYeach charged fermion has two superpartners etc.). More realistic versions will be considered in det.ails 
elsewhere [36]. 

In the first class SM fermions (quarks and leptons) are composites of scalar preons, denoted by S, and fermion 
preons, denoted by F. In minimal variant q, l = {FS} . In principle, there are two opportunities: 

- scalar preons are superpartners of fermion preons 
- each preon has its own superpartners. 

The second option leads to the quadrupling of SM matter fields (instead of doubling in MSSM). One has following 
states: SM fermion (FS) with m ~ 0, scalar (FS) with m ~ 1', scalar (FS) with m ~ I' and fermion (FS) with 
1n"" 21'. 

In the second class quarks and leptons are composites of three fermionic preons and each of them has at least seven 
partners. In other words we have: 8M fermion (FIF2F3) with m ~ 1', three scalars (FIF2F3)' (F1F2F3) and (F1F2 F3 ) 

with m'" 2JL , three fermions (F1F2F3), (FIF2F3) and (FIF2F3) with m ~ 3JL and scalar (F1F2F3) with m"" 4JL. 
Of course, mixings between quarks (leptons, squarks, sleptons) can (and should?!) drastically change the simple 

mass relations given above. Therefore, it is quite possible that the search for 8USY at LHC will give rather surprising 
results. 

9. General Remarks on Composite Models 

In principle, one can consider four stages of compositness (each stage includes previous ones): 

i) Composite Higgs 
ii) Composite quarks and leptons 
iii) Composite W- and Z- bosons 
iv) Composite photon and gluons ? 
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a. New Particles The well-known representative of the first stage is Technicolor Model, which gives masses to W
and Z- bosons in a best manner but has serious problems with fundamental fermion masses (Extended Technicolor 
etc.). Therefore, one should deal at least with the second stage. In this case model predicts a number of new particles 
with rather unusual quantum numbers: excited quarks and leptons, leptoquarks (HERA events rl), colour-sextet 
quarks and colour-octet leptons. IT the third stage is realized in nature, excited W and Z, colour octet Wand Z, 
scalar W and Z are predicted also. The realization of the fourth stage seems today less natural because photon aud 
gluons correspond to the unbroken gauge simmetries. 

The masses of new particles are expected to lie in the range of compositness scale A, which exeeds Te V. Of course, 
if SUSY takes place at preonic level all these new particles have a number of (SUSY) partners. 

Finally, it is quite possible that SUSY is realised at pre-preonic level! 

b. New Interactions Nobody knows real dynaullcs, which keeps preons together to fonn SlvI particles. Today, 
Ute most popular candidate is hypercolor (some extension of QCD). However, it is quite possible that llew dynamics 
is based on concepts, which differ drastically from the known ones (like the difference between quantulIl and clru;sic 
physics). In any case, we expect that some residual "contact" (Fermi-like) interactions should manifest themselves at 
sca.le smaller than A with intensity proportional to 1/A2 • 

C. SUGRA Manifestations 

As we mentioned in previous subsection, the second favorite candidate to solve problems unsolved by Standard Model 
is SUGRA, which simultaneously unifies all known fundamental interactions including gravitation. Uufortunately, 
SUGRA does not solve the masses and mi:xings problems (at least for today). 

The most realistic scenarios from SUGRA scale to 8M scale predict the existence of at least one additionallleutral 
illt,crmadiate vector boson with mass in the region 1 to 10 TeV (see, for example, [37] and references therein). The 
dis(;overy limit for new Z' boson at LHC is·about 5 ThV. The search for indirect manifestations of Z' at future lepton 
colliders ruld linac-ring type ep colliders will be sensitive up to 20 ThV. 

1. Iso8inglet Quarks 

The first frunily fermion sector of the E6..induced model has the following SUc(3) x SUw(2) x Uy(l) structure: 

( ~~) un dn DL Dn (;;) v.,. en Ci;) (~~.) No 

New isosinglet quarks decays only due to mixings with usual down-type quarks d, sand b. Remember that quark sector 
ill t.hree family case contains 12 observable mixing angles and 7 observable phases. Let us suppose tbat interfrunily 
mixing is dominant and usual CKM mixings lie in up-quark sector. Then, in weak base one has 

( uti':f ) UR dR Dr. DR 
L 

\\'here 

d:P = dcoscp + Dsincp 
{ D" = -d sin cp +Dcoscp 

aud sin2 cp« 1. For mv -mw ~ mv -mz »mz -mw one has BR(D -+ ue +W) ~ 0.6 and BR(D ....... d+~) ~ .0.4. 
Therefore, we expect BR(D -+ jet + l+l-) ~ 0.012 and BR(D ........ jet + iiv) ~ 0.072 for decay modes wluch differ 
isosingiet quarks from the fourth 8M family quarks. LHC with Clnt ~ lWpb-l will produce ~ 5 x 105 (3 X 10

4
) DD 

pairs per year if mv = 0.5(1.0) TeV. . 
Decays of new charged and neutral leptons stro~y depend on their mass pattern. In generalleptolUc sector also 

contains flavor changing neutral currents. IT new Z' boson is sufficiently light (mz' < v'S) and (some of the) new 
leptons and quarks have masses less than mz' /2, future lepton colliders will give a unique opportunity for investigation 
of their properties. 
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2. Flavour Democracy 

In the case of three E6 families, quark sector of the model has the fonn 

According to flavour democracy we deal with following Inass matrices for up and down quarks: 

1 1 1)
Mu = auf} 1 1 1 

( 111 

and 

1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 

Md = ad'" k k k k k k 
k k k k k k 
k k k k k k 

where k = I-'Iadf} and I-' is the next to 8M scale (I-' ~ 100 GeV). As a result we obtain: ffit = 3guf} and mu = me 0 
in up sector, m B = 3gd'" + 31-' and ffid = ffia = ffi" = ffiD = ffis = Q in down sector. After breaking of flavour 
democracy it is natural to expect that ffiD « ffis «I-'. Therefore, with high probability at least one isosinglet quark 
(D-quark) will be covered by LHC. 

For the similar reasons at least one new charged lepton will be covered by future lepton colliders. 

D. An Example of "Unexpected" New Physics 

Let me conclude this section with a short remark on the consequences of possible low-energy compactification, 
t.hat is new (space) dimensions at TeV?? scale. The work on the subject is under development [38] and presented 
results are (very?) preliminary. Firstly, the existence of two new dimensions seems preferable, in other case one 
faces problems in formulation of SM. "Infinite" number of "electrons", "muons" and other fundamental particles are 
predicted. The mass spectrum depends on compactification mechanism and there are two extreme cases: me.. =n X !v! 
and men = n2 X M, where M '" 1/r denotes the compactification scale. The usual electron corresponds to eo. Same 
relations take place for other 8M particles. In principle, new particles like"heavy electrons" are expected to be stable 
and should be produced pairly, but..... 

V. PHYSICS AT TEV ENERGY EP AND "'(P COLLIDERS 

Although physics search programs of new ep and 'YP colliders are much less developed than those of tHC, NLC and "+,t- collider, a lot of papers on this subject were published during the last decade. The physics at UNKxVLEPP 
based ep and ,p colliders were considered in [5] and [39, 40], correspondingly. Resonant production of exdted 
quarks at 'YP colliders was investigated in [41]. Reference [42] dealt with physics at future ", ,e and "yP col1iders. 
Wino production at HERAxLC based 'YP collider was considered in [43]. Today, the main activity on this subject 
is concentrated in Ankara University HEP group [44-55]. In Reference [56] we review physics search potential of 
HERAxLC based 'YP collider. Recently, Higgs boson production at LHCxLEP based (?) 'YP collider has been studied 
in [57] and [58], however their results should be recalculated because (as argued in [23J),p colliders can be constructed 
only on the base of linac-ring type ep machines. 

A. Physics at Linac-Ring Type ep CoUiders 

This topic was sufficiently developed during preparation of UERA and study of LHCxLEP physics search pot.cntinl. 
Linac-ring type machines will give opportunity to investigate appropriate phenomena at 
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o higher center of UlasS energies, 
o better kiuematic conditions. 


The situation is illustrated by the following table: 


HERA LHCxLEP HERAxTESLA LHCxTESLA VLHCxLSC 
0.3 1.2 1 (2.4) 2.6{6.5) 17(24) 
1/30 1/120 1/4 1/5 1/6 

Let us remind that confirmation of recent results [59] from HERA will favor new ep machines. Physics search 
program of HERAxTESLA based ep collider is considered in [60J. 

B. Physics at 1P Colliders 

Delow we illustrate physics search potential of future 'YP machines As samples we use HERAxTESLA(l TeVxO.3 
ToV) with L;';,t =500pb-1 and LHCxTESLA{7 TeVx1.5 TeV) with L;r;,t =5/b- I • 

1. 8M Physics 

• Total cross-section at TeV scale can be extrapolated from existing low energy data as o-('yp -t hadrons) 
100 -:- 200lLb, which corresponds to f'V 1011 hadronic events per working year 

• Two-jet events (large Pt) 

HERAxTESLA: 104 events with Pt> 100 GeV 

LHCxTESLA: 104 events with Pt> 500 GeV 


• tt pair production 

HERA xTESLA: loa events per year 

LHCxTESLA: 105 events per year 


• liJ(cc) pair production 

HERAxTESLA: lOS events 

LHCxTESLA: 109 events 


the region of extremely small Xg 10-6 -:- 10-7 can be investigated (phenqmenon of inverse evolution of parto11f'V 

distributions) 

• W 	production 

HERAxTESLA: 105 events 

LHCxTESLA: 106 events 


~h:w can be measured with accuracy of 0.01 (0.001 taking into account "Y polarization?) 

• Higgs boson production ('YP -+ W H + X) 

HERAxTE8LA: 20 events at mH = 100 GeV 

LHCxTESLA: 1000 events at mH = 100 GeV and 100 events at mH = 300 GeV 


• 	Fourth 8M family quarks (discovery limits for 100 events per year) 

HERAxTESLA: mu.. =250 GeV, mel.. =200 GeV 

LHCxTESLA: mu.. = 1000 GeV, met.. = 800 GeV 
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!. Beyond the 8M Physics 

I3elow we present discovery limits for 100 events per year: 

• 	'"'(p colliders are ideal machines for u·, d* and Zs search 
HRRA xTESLA: m u - =0.9 ThV, md- =0.7 TeV, 111Zs =0.7 ThV 
LHCxTESLA: rnu - = 5 TeV, md- =4 TeV, mzs = 4 TeV 

• single lq production 
HERAxTESLA: 0.7 TeV 
LHCxTESLA: 3 TeV 

• pair lq production 
HERAxTESLA: 0.3 TeV 
LHCxTESLA: 1.7 TeV 

• SUSY should be realized at preonic level, however for MSSM particles we have (neglecting SUSY CKM mixings) 

HERA x TESLA 	 LHC xTESLA 

rna; =m; 0.25 TeV 0.9 TeV 

"'(p-+ Wq+X 	 m;; (ma; =0.1 TeV) 0.5 TeV 2TeV 
ma; (m;;= 0.1 TeV) 0.3 TeV 1.2 TeV 

m-=m- 0.2 TeV 0.8 TeV q9m:; (mq= 0.1 TeV) 0.4 TeV 2TeV 
mq (mg = 0.1 TeV) 0.3 ThV 1 TeV 

m;y =mq 0.15 TeV 0.2 TeV 

mq (m:y = 0.1 TeV) 0.2 TeV 0.4 TeV 
mq (mz = 0.1 TeV) 0.17 TeV 0.3 TeV 

'YP -t qcq + X 	 0.25 TeV 0.8 TeV 

C. Physics at ,-nucleus colliders 

Center of mass energy of LHCxTESLA based ,",(-nucleus collider corresponds to E-y PeV in the lab system. At f'V 

t.his energy range cosmic ray experiments have a few events per year, whereas ",(-nucleus collider will give few billions 
events. Very preliminary list of physics goals contains: 

o t.otal cross-sections to clarify real mechanism of very high energy ",(-nucleus interactions 
o investigation of badronic structure of the photon in nuclear medium 
o according to the VMD, proposed machine will be also p-nucleus collider 
o formation of the quark-gluon plasma at very high temperatures but relatively low nuclear density 
o gluon distribution at extremely small Xg in nuclear medium (",(A -t QQ + X) 
o investigation of both heavy quark and nuclear medium properties ("'fA -+ Jj'1!(T) + X, Jj'1!(T) -+ l+l-) 
o existence of multi-quark clusters in nuclear medium and few-nucleon correlations. 
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VI. CONCLUSION OR DREAMS FOR NEXT CENTURY 


'r'here are strong arguments favoring that the rich spectrum of new particles and/or interactions will manifest. 
themselves at TeV scale. An exploration of this scale at constituent level will require all possible types of collidiug 
beams. Today, work on phy~ics search programs and machine parameters for- future hadron and lepton colliders is 
quit.e advanced, whereas those for linac-ring type lepton-hadron colliders need an additional R&D. For this reason we 
suggest to organize two workshops on lepton-hadron machines - one on physics goals and other on machine parameters 
- in the next year. Then, an Intertnatio~ Conference on "TeV Scale: Physics and Machines" will be very useful for 
louf;!;-term pla.1lning in the 'field of High Energy Physics. In this context, one should compare physics at.: 

o ypgraded Tevatron(2 TeV) , NLC(O.5 TeV) and p,+p,-(O.5 TeV) with HERAxTESLA(1+2 TeV) ep and ,p 
eolliders 

o LHC(14 TeV) and NLC(1.5 TeV) with LHCxTESLA(4+6 TeV) 
o VLHC(60 TeV), LSC(5 TeV) and p,+p,-(4 TeV) with VLHCxLSC(17+24 ThV) and p,p{15 TeV), 

Let me conclude with the following tables, which reflect (personal) dreams for early 21 lJt century: 

Table 1. Near FUture (2010) 

Colliding beams VS,TeV L, 1032cm-2s-1 ...ti, TeV 
LHC pp 14 100 3+4 
NLCI e+e-(l'e,l'l') 0.5(0.4) 10 0.5(0.4) 
NLC2 e+e- (,e, 1'1') 1.5(1.2) 100 1.5{1.2) 
p,+p,- p,+p,- 0.5 5 0.5 
HERAxTESLA ep{'Yp) 1(0.9) 1 "-J0.6(0.5) 
LHCxTESLA ep('Y~) 5(4) 5 "-J3(2) 

Table 2. World Laboratory (2020) 

p,+p,Colliding beams pp ee 'Y'Y 'Ye ep 'YP p,p 
vs,TeV 60 5 4 4.5 4 17(24) 15(22) 15 
L, 1032cm-2s-1 100 1000 1000 1000 1000 100 100 100 

...ti, TeV "-JI0 5 4 4.5 4 "-J8 "-J7 "",7 
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