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INTRODUCTION

*
It was proposed ) in latc 1976 to install in the CERN SPS tunnel an clectron storage

ring capable of rcaching 25 GeV (30 GeV), and to collide the electrons (positrons) with the
protons in the main ring.

The kinematical region which can be ex-
) o2 (Gev?) 25 GeV e ploitc? with thi? opti?n is sh?wn herc.. Also.
250 - 270 GeV p shown is the region which now is under investi-
gation with the 300 GeV muon and ncutrino beams
available at the CERN SPS and at FNAL. 'This
program can be extended by nearly two orders of
200 405 magnitude in Q* and v using CHEEP -- the CERN
High-Energy Electron Proton Option. This exten-
tion would make it possible, for the first time,
to cxplore the clectromagnetic and the weak in-
teraction in a region of Q* comparable to the
characteristic mass of the weak interaction

300 GeV squared.
jLorv .
100 4 Early in 1977 an ECFA Study Group was formed,

with a strong CERN participation. The aim of
this group was to assess the physics interest of

15.0 -

a high-cnergy clectron-proton facility, identify

501 possible experimental problems and investigate

e.m.= weak . .
the detectors needed to exploit the physics, and

to establish the technical feasibility of the
‘ _ scheme put forward. The present report is a
50 10 v(TeV) summary of the work done in the Study Group.

The physics interest

The study of neutral and charged weak currents is one of the prime motivations for con-
structing a large clectron-proton colliding beam facility. Present and foresceable experi-
ments only probe the weak interaction at values of ﬁif which arc small compared to the charac-
teristic mass-scales of the weak interaction. Unitarity effects should become important at
centre-of-mass energics of a few hundred GeV, while gauge theories suggest a unification with
clectromagnetism on a boson mass scale around 100 GeV. Measurements at CHEEP will extend
weak interaction investigations into a new regime where /67 is comparable with these scales.

Measurements at such large values of Q% will presumably provide the answers to some crucial
questions:

%) R. Billinge, H. Uoffmann, A. Hofmann, K. Hibner, A. Hutton, K. Johnsen, E. Jones,

B.W. Montague, B.U. Wiik and C. Zettler, IEEE Trans. Nuclear Sci. NS-24, No. 3 (1977)
1191.
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Inelastic Lepton Scattering

C.H. Llewellyn Smith

CERN, Geneva
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Caution: Most of this writtenlversion of my talk is in the

form of notes based directky on the view graph transparencies.
v
l}@ is rough, incomplete and unreliable.'




General boundary conditions:

After approval complition time of ~ 8 years

Financing, construction and operation by
international collaboration

We want a linear collider and a Xray FEL

The describéd site is at DESY unless..
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An Electron-Proton Collider in the TeV Range |

M. Tigner, Corzell Univ., Ithaca, NY
B. Wiik, F. Willeke, DESY, Hamburg, FRG

Abstract

In ep colliding beam measurements, approximate equality
of electron and quark energies is desirable for good detec-
tion efficiency. In the TeV CM energy regime, synchrotron
radiation makes this requirement very expensive {0 meet
using a storage ring for the electrons. Here we review a
scheme, (1] that ameliorates this problem by using a su-
perconducting linac for electron acceleration. Parameter
lists show that such an approach may be practical for the
next generation ¢p collider beyond HERA. An example of
a 300 GeV electron beam colliding with the RERA p ring

is shown in some detail. Examples up to /3 = 12 TeV are
given.

1 INTRODUCTION

Access to ep physics with'ep colliders bevond HERA.CM
energies will require increase of the heam encrgy product
as well as maintenance of a mainimum ratio of e to P en-
ergy to mainlain reasonable production angles. Its inher-
ent freedorn from synchrotron radiation and its geometric
flexibility suggest an electron linac on proton storage ring
configuration for future. higher energy, ep colliders. The
luminosity needed for useful physics together with the ac-
celerator physics and technology limits to stored proton
beam densities and interaction region optics work together
to demand linac parameters that can be met only with rf
superconductivity technology. A schematic layout of such
a facility is shown in Figure 1 in which head-on collision of
an electron and proton beam are arranged.

2 LUMINOSITY

As shown below, the achievable luminosity is constrained
by the electron beam power. the intrabeam scattering lim-
ited emittance of the proton beam and the practical limits
to focusing strength at the IP.

Assuming round beams and equal transverse beam sizes
for ¢ and p at the crossing point then

N -
= -\e-\pfb'?'g (1)
dze, 5
where ¢, is the normalized proton beam emittance or mean
square beam size divided by betatron parameter, N, N,
the numbers of electrons and protons per bunch and f;
their collision frequency. v, is the proton Lorentz factor.

0-7803-0135-8/91303.00 ©IEEE

IFEE S.bawaswe 1990

078033)-¢

— O —

Figure 1: Layout of Linac oa Ring e-p Collider

Once the e-beam energy is chosen, then the total elect:
beam current I, = V. - ¢ - f; is, limited by the allow
electron beam power or I, = £./E, and from 1,z
independent of N, and f; as long as their product s ¢
stant. Numerically

L= 166x 109~ Iom™2N, /101 . P, /[0%watt
0-3TeV/E. - /1000 - 10~ m/e, x lOcm/ﬂ"_ Ny

Table 1 displays some possible examples for future im,efi;
Table 1 ' :

E, b % I
(TeV) (TeV) (10%2em~25~Y)
1.0 0.1o 0.632 1.1

0. 0.894 0.6
@300 1200 (;%%gT

8.0 030  3.008

0.50  4.000 L%
100 5.637 0.88
20.0 1.00  8.944 2.25
2.00 12.649 1.13

Luminosities for various proton and electron €
ergies. All have vV, = 3 x 1011, P, = 60
€& =0.8%x10"%m, 8" = 10cm.

2910
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Interaction Region and Luminosity Limitations for the
TESLA/HERA e/p Collider

R. BRINKMANN
DESY, Notkestr.85, D-22603 Hamburg - GERMANY

1. Introduction

The concept of combining a proton storage ring with an electron linac to achieve e/p
collisions becomes particularly attractive when a future Linear Collider is constructed
close to a laboratory site where a high energy proton ring already exists. In this case, the
e/p collider can be realized with comparatively low additional investment. By comparing
the linac pulse structure and the available beam power for different Linear Collider ap-
proaches [1], it is rather obvious that the superconducting TESLA linac would be by far
the best one suited for a linac/ring e/p machine. An additional argument results from
the fact that the TESLA cavities are of the standing-wave type so that both linacs of the
ete™ collider could be used to accelerate an electron beam in the same direction, whereas
in conventional accelerating structures (travelling-wave) reversal of the beam direction is
impossible. In order to be specific, I will also consider only the HERA-p ring as a possi-
ble candidate for the linac/ring collider. The considerations of the tunnel geometry for
the planned TESLA Linear Collider at the DESY site [2] take this option into account
and foresee the linac starting tangential to the existing HERA ring. It would, of course,
be possible to construct the machine in a very similar fashion at Fermilab (using the
TEVATRON) or at CERN (using the future LHC ring).

Linac/ring e/p colliders have been discussed by several authors (see e.g. [3, 4, 5]).
In the following a somewhat more detailed discussion of the limitations concerning the
interaction parameters and luminosity for the TESLA/HERA case will be given.

2. Basic Parameters

The problem of achieving a high luminosity in this type of machine results from the fact
that the average bunch collision rate is orders of magnitude smaller than in the HERA
ring, because the e-linac has to be operated in a low duty cycle pulsed mode: Whereas the
collision frequency at HERA is about 10 MHz, the bunch frequency foreseen for TESLA
is only about 5.6 kHz [2]. Going to CW-operation in the TESLA linac would lead to
excessive requirements for the cryogenic plant and for the RF- system average power.

661
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Table 2. Proposed parameters of the TESLA/HERA e/p collider.

Center-of-mass energy [GeV] 905
p-bunch charge N,[10!!] 2
# p-bunches in HERA 110
bunch spacing At [ns] 192
p-beam norm. emittance €, ,[107¢ m] 2,0.2
IBS growth time [h] =2
p-beam B; ,(= o) at IP [m] 0.2,0.2
p-beam energy spread o,/p 2 x 104
e-bunch charge N,[107] 2.5
beam size at IP o, ,[um)] 21, 6.8
p-beam tune shift AQ 0.002, 0.007
Luminosity [10*'cm=2571] 1.3
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