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I. Prologue

In September 1980 the CHEER (Canadian High Eneréy Electron
Ring) Group submitted simultaneously to the Canadian government and
to the Program Advisory Committee of Fermilab our Blue Book:
YA Feasibility Study for an Electron Ring at a High Energy Proton
Accelerator”l).The study concentrated on the idea of building a
10 GeV polarised electron (and positron) ring tangent to the Tevatron
and indeed succeeded in proving the scientific merit of such a project,
demonstrating its technical feasibility, and carefully estimating its

cost.,

In the interim there have been developments on several fronts.
The most encouraging one is an emerging realisation in the United
States and Canada that an ep collider constitutes one of the great
opportunities for North American leadership in the physics of the
1980's and 1990's. For a very modest cost, such a facility would
provide access to unique and exciting physics issues unattainable
elsewhere, and it would db so well ahead of any foreseeable competition.
This growing awareness has been sparked in part by the CHEER project
{and by the parallel effort in the U.S,. centred at Columbia); so in
this regard we consider our project to have alreédy been successful.
We have been less successful in achieving funding for the project, but
remain committed to continue our studies of ep physics into the next
year. The purposé'of pursuing these studies is to elaborate and
refine the discussions of the Blue Book to the point that, when
funding for the projéct is founﬁ, engineering design can begin almost
immediately. Thus the aims include preparation of a detailed and '
sophisticated ep Monte Carlo, testing and refining an ep detector by
tracking the Monte Carlo events through ﬁariquskhypothetical detectors,
and solving the remaining machine problems 1eff open by the feasibility
study. We expect this year of research to bring our understanding of
ep physics to a new level of sophistication that will provide o

significant new insights into machine and detector design.




In the meantime, we would like to-elevate our submission to
the Fermilab ProgramAdvisory Committee from an "information package"
to a proposal in order to stimulate and focus the discussions on
attaining high energy ep collisions in North America. We believe that
the Blue Book remains an adequate basis for such a proposal; the
purpose of this note is consequently threefold:
1} to "formally" propose an ep collider experimeﬁt at
Fermilab, A
2) to update briefly the discussion of the Blue Book with
some of our findings of the last six months, and
3) to provide a sketch of the actual initial experiments
we envision for the collider facility.
It should be emphasized that the studies in which we are now engaged
will be much more definitive on points 2) and 3) than this brief
proposal can or is intended to be. We would also like to stress that
we welcome the parallel initiatives being made By the proponents of
P659“2%we believe that ep physics provides an outstanding opportunity
to North American high energy physics. and that all who wish to pursue

it should do so as- vigorously and co-operatively as possible.




IT. An Update on the Blue Book

Since publication of the Blue Book a number of topies have
-already been subjected to further examination and refinement. While
these studies are ongoing, we willyreview here the main areas in which
further progress has been made. Aside from a better understanding of
the radiative corrections in an ep collider, there have been no major
developments in Chapter III (The Physics Motivation) of the Blue Book;
this section will therefore deal entirely with brief updates on '
Chapters IV (The Machine) and V (The Detector).

A. The Machine

The preliminary design of a-polarised 10 GeV electron storage ring and
injector, which could be located at straight section D§ of the
Fermilab Tevatron, has now been completed based on the work reported
in the Blue Book. Particuldr attention has been paid to the Tevatron
geometry, a provision for a bypass, and polarisation optimisation.
The elements of this design are summarlised in the following brief

descriptions.

1)} The Linac

A 300 MeV linear accelerator has been optimised for both
electron and positron beams. The atcelerating structure uses disk-
and-washer cavitieé for two bésic reasons: 1) this stfucture has a
very high efficiency for convérting rf power into useful beam power
and 2) it has a very high coupling constant. The high coupling
constant means tanks of up to 7 metres can be built with only oné.rf

coupling port.

The accelerator c‘omprises four tanks with a- removable
positron target located between tanks 1 and 2. Each 6.2 m long tank

(including the co-axial coupling cavity) requires 11.6 MW of peak rf
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power at 2867.67 MHz to establish an average accelerating gradient of
12.2 MeV/m. Four 25 MW klystrons drive the accelerator, one for each
tank. The beam bore-hole diameter is 2 c¢m and the outer diamter of the
structure is 20 cm. The total length of the accelerator from the 100

kV gun to the end of the accelerator structure is 29.1 m.

In the electron mode, 60 mA of electrons are accelerated for
0.33us after 3.3us of rf field risetime for the structure. Operation
at 15 Hz allows the méin ring to be filled in ~3 seconds. In the
positron mode, 110 mA of electrons are accelerated for .33us in
~the  first tank after 2.6ps of rf field risetime. The
75 MeV beam impinges on a converter target producing 10 MeV positrons
that are accelerated in the last three tanks of the accelerator. The
extra rf power required for the electron mode is used to increase the
average accelerating gradient in the last three tanks to 15.7 meV/m.
Additional rf power is installed to provide an overdrive so that
equilibrium fields can be established after 4.6 us. A fast low- level
rf control is required to reduce the output power by 15% at this time.
In the positron mode the rf pulse for the last three tanks muét start
2 us before the rf pulse to tank 1. With operation at 25 Hz thé

main ring can be filled in ~15 minutes with positrons.

2) The Positron-Electron Accumulator Ring

The principal requirements for the accumulator are that it be
synchronous with CHEER, have adequate radiation damping and be capable
of accumulation. We have chosen an energy of 300 MeV, a circumference
equal to 19.75 m, one half the. CHEER bunch spacing, and bend fields of
1.5 T with n = 1/2 to adjust the damping partition numbers‘(Jx = Jz =
1/2 ). ' | |

The beam will be injected in horizontal betatron phase space by
deflection of the central orbit (and the accumulated beam) to the -
proximity of a septum. Five tumns are injected as the deflectors are
turned off. For positrons, where the emittance is large (v wum) the
resulting beam will have large emittance, ~ 100 wum and a final

damping of 60 - 100 msec will be required to fit into the booster.




f
6

For electrons the emittance is smaller, and damping during the

normal 66 msec cycle is sufficient. The lattice should have zero or
small dispersion and a low (v 1 m) Bx value at the injection straight
section to accommodate injection. Magnet-free regions are required

) . C s C e s .
at the 90~ horizontal phase position for injection kickers.

The injected beam is captured adiabatically with a 15.2 MHz
25 kV system. The rf turn-on should be in several phase oscillations,
or v 60 us. The rf should not be turned off completely but only
reduced to ~ 5 kV. during this process. After 66 msec the electrons
will have damped to a bunch of length 1.2 nanoseconds. Bunch
lengthening phenomena may limit the damping, so the next rf system has

an acceptance of 5 nsec (201 MHz).

The design of the lattice can follow that of PIA3) in all details.
The multiturn injection will make the horizontal aperture large;
approximately 10 cm good field width and 5 cm height would be-advisable.
Sextupoles should be provided to make the chromat1c1ty slightly

positive.

3) The CHEER Booster
The booster is required to accept the accumulator bunches at
300 MeV and deliver them to CHEER at 2 GeV. A 15 Hz rapid cycling

synchrotron similar to the Cornell electron synchrotron, or the Fermilab

Booster or the Argbnne Bdoster‘II offers the simplest solution. It

also has the advantage of ease of operation during beam acceleration..

To be synchronous with CHEER, the length is chosen to be‘93.75
metres, or the distance between 2 1/2 bunches in CHEER. Field strengths
in the combined function magnets can reach 0.7 T. The lattice s‘houl‘d |
include 3 m straight sections for injection, extraction, and rf and
1 m straight sections for injection and extraction kickers. It

appears possible to do this with a bend radius of about 10 m. In




order to avoid large 8 variations the phase advance per cell shéuld
be smail. k

A suggested lattice for one octant of the accelerator is

FO(1.01 m) FDO(3 m)D, giving o = 10.61 m and B = .629 T. Then there
should be 32 magnets of 2.08 metre length, 16 F and 16 D. If the phase -
change per octant is slightly above 900, then the k values can be

v 1 and v v 2.25. The radiation loss is about .134 meV/turn and the
horizontal emittance will suffer about 2.8 e-folding by radiation -
while damping a factor of 7 adiabatically. Longitudinally there will
.be about an e-IO reduction in phase space area. Rf requirements at

201 MHz are‘about 5 kV to match the bunch from the accumulator, 40 kV
to keep up with the biased sinusoidal magnetic field, and 144 kV to

replenish the radiation loss at the end of the cycle.

Aperture requireménts in the magnet system are modest for the
beam itself, 'about 20 mm x 5 mm. On the other hand instability
control will pose a more serious requirement. Closed orbit
deviations due to magnet and survey errors will similarly add_severall
mm to the aperture requirements. Because of the single bunch, injection

kicker risetime requirements are modest.

4} The CHEER Lattlce

The parameters of the CHEER main ring lattice (see Table 1) are

chosen to optimise the luminosity and polarisation at an electron energy -

of 10 GeV. The Tevatron proton Beam will be circular in cross section with a
radius (cx =g ) of 0.15 mm, so the electron beam must have similar
transverse dlmen51ons. The 1ength of the proton bunches dictates that

the B of the electron beam be 0.3 m It follows that the horlzontal
emlttance of the electron beam should be approximately ~3x10 8m rad. o
These factors constrain the bending radius of the ring to about 100 m.

The circuﬁference of the lattice is not so constrained and is amengble,

to changes of the order of at least 10 - 15%.




Table 1

Canadian High Energy Electron Ring

Pre-Injector
Accumulator

Injector

Storage Ring

Filling Time )
Electrons per bunch

MACHINE PARAMETERS

Lattice Characteristics at 10 GeV

Circumference

Bend Radius
Polarisation
Polarisation Time
Gross Radius

2 straight sections

64 cells, FODO, 90° phase advance

300 MeV LINAC
300 MeV
2 GeV SYNCHROTRON
10 GeV
3 _seconds for e”, - 15 minutes for e*
1011
% 2000 m
v 90 m
Y 75%
~ 10 min
n 160 m
~ 500

m each

Momentum Compaction o . .0016 i
Emittance eyx/e, - .021/.0012 . 106 m rad. (no coupling)
B8 : 23 m

nmax 0.73 m

max ’

RF Characteristics:

Installed RF power . - 3.1 MW (4.8 MW with wigglers)
Radiated RF power 1.5 MW (2.3 MW with wigglers)

RF frequency 804 MHz :

Radiation loss/tum

Intersection Region

Free space for detector
* % .
Bx/8%

x / 92

Crossing Angle

Beam beam tune shift

. . * *
Dispersion n*/n'

Luminosity

12.5 MeV (19.3 MeV with wigglers)

13 m.
0.3/0.3

. 08min/ . 02mm

00
Av
sz
0./0.
0.2x10%em 257t 0r»0.4x1032 with coupling 0.5
(assuming for, the Tevatron €(95%)=.026 mm mrad,

Bg=5m, 1.4x10'1 protons/2m long bunch, 159 bunches)

(no coubling)

0.0018
0.0345
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The main ring is appreximately oval in shape. It is composed of
two bending ares connected on one side by a straight section and on the
other by the low-beta interaction-region (IR) insertion. The IR has a
bypass at t 100m and polarisation rotators at ¥ 150m.  Each bend arc is
composed of 32 identical cells of the form:

QD -B-QF -B-QD
where QF (QD) is a radially focussing (defocussing) quadrupole, and
B is a dipole. The length of each such cell is 13 metres. At each
end of the two arcs are located two dispersion-suppressing cells
similar in structure to the above cells, but'containing smaller bends.
The achromatic straight section contains the rf cavities, the
injection system, and wiggler magnets. This section is composed of

QD - QF - QD cells, each having a phase advance of 90°.

The low-beta IR insertion has the following structure (symmetric

about IP):
IP-B-QF -QD-B ~B-QF -QD B - QF - QD - SR

where IP denctes the interaction point, and SR a combination of dipoles
and quadrupoles that rotate the spin to give both positive and negative
helicities at the interaction point, where 13 m are available. for the
detector. The dispersion generated by the dipoles in the insertion
region and in the spin rotator is controlled so that the beam is

achromatic at the IP and at the ends of the spin rotator.

5) The CHEER RF System

The lattice-design gives an energy loss per turn of 12.5 MeV
to be compenseted by the rf system. The choice of frequency is ‘a
compromise between quantum llfetlme, shunt impedance and the
availability of a power source. With 10 electrons/bunch in CHEER,
higher order mode losses are not expected to be a serious prdblem.
The chosen frequency of 804 MHz is somewhat higher than is custemary
in storage‘rings but there are several advantages: the structures'are
physically smaller and the higher power den31t1es are easily

accommodated with a bi-periodic pancake- coupled structure operated in
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the /2 mode, and only one tuner is required for tuming. The beam hole
has a diameter of 9 cm which 1s sufficient to give 1.4% electric
coupling between cells with a shunt impedance of 26 MQ/m. Seven
klystrons of modern design having 300 kW each will be used to drive

the fourteen 9-cell structures; thé field gradient Will be a modest

1 MV/m at this frequency. Finally, an installed peak voltage of 24 MV -
operating at a synchronous phase of 151° will assure a quantum lifetime

of greater than 10 hours.

B. The Detector

A detailed conceptual design of the CHEER detector was given in
the Blue Book, and is shown in Figure 1. Our aim has, from the
beginning,been to produce a complete detector, capable of ektracting
all of the rich physics made accessible by high enérgy ep collisons.
In any event, the detector capability required to measure the charged
current (ep - vX) cross section is considerable, and the elaberation
required to change a competent charged current detector into a 'do-

all" detector seems to be relatively modest.

The high centre-of-mass energy {s = 40,000 Gevz) of CHEER
often produces events with 40 secondary particles, and these are spread
over a large range of,moménta. The heart of the detector must therefore
be a high resolufion magnetic spec%rometer, capable of handling these
complex events with minimal ambiguity. Our design is based on an A
atmospheric pressure TPC (the optimalrdetéctor for multiple track
reconstruction since it measures many three dimensional points on,eaéh
track) ﬁlus several planes of drift chambers in the downstream proton

direction. Such an atmospheric(pressure>(and hence low drift voltage)

TPC would be modelled on the TPC which has been sucéessfully taking 
data for some time at TRIUMF. Planar and cylindrical PWC's are added
for triggering purposes, and a magnetic field of 2 Tesla is provided

by a thin super-conducting solenoid. An electromagnetic calorimeter
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almost completely surrounds this magnetic spectrometer., For charged
current,events (ep > vX), it must guarantee the absence of an electron
(as in ep - eX) at the appropriate x and Qz; it should also pick up
the m° photons associated with the hadron vertex, as well as hard
radiative photons. The electromagnetic calorimeter is thus required
to have nearly 4w solid angle coverage, with good spatial and energy -
resolution. In our design it consists of a fine sampling array of
lead and plastic scintillator. A hadron calorimeter, in turn, surrounds
this electromagnetic calorimeter. It picks up neutrons and Kz‘s, and
it takes over from the magnetic spectrometer to measure energies for
chérged hadrons above 25 GeV. It also assists the'electromagnetic
calorimeter in electron identifiéation, and it tracks and identifies
muons via drift chambers between its coarser outer layers., It is
thickest and most elaborately instrumented in the end cap in the
downstream proton direction {called 6 = 1800); everywhere it uses

iron as a converter, so that it provides the return flux path for the

magnetic spectrometer.

A useful approximation to the kinematics of ep collisions is
obtained by idealising the initial state as a zeTo mass electfon
colliding with a free zero mass quark of momentum xPp, and the. final
state as a zero mass lepton balanced by a zero mass 'current jét" of
hadrons of momentum Py deflected T - 6y from the proton direction.
The lab system for such a collision is represented in figure 2. The
ellipses are curves of constant x, while the almost veﬁtical curves
in the upperfhalprlane are 1ine$ of constant Q2 for the lepton; and
the almost horizontal curves in the lower half plane are lines of
constant Q2 for the hadron current jet. Having chosen x and Qz‘one'
can immediately sketch in the four-momentum conserving vectors for
ﬁL and 3J.‘ The figure shows such a pair of vectors for x = 0.3

and Q2 = 4000 GeVz.

. The population of this kinematically allowed region with
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Figure 2: the kinematics of ep deep‘inelastic scattering with CHEER
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events is determined by the dynamics of ep collisons, and is only known
for Q2 < 100 Gevz. We show an extrapolation (via the standard theory)
in Figure 3, which gives the numbers of charged current events

(ep > vX) expected in various regions of the (x, Qz) plane for an
initial run of integrated luminosity 4 x 104 nb_1 (corresponding to,
for example, 1000 hrs at a luminosity of 1030 en? sec-l). In thig
figure Q2 has been scaled to Qz/s, so that lines of constant y = %;
emanate from the origin with slope y, and the predictions can be
given,in Xy bins. This charged current event distribution is, in the
standard theory, completely determined by the structure functions
Fi(x,Qz); from the display of Figure 3 it can be seen that even at
VQZ = 104 GeV2 an initial run tests the structure functions for x
above the kinematic limit of Q2/s = 0.25, overlapping well with the
region x £ 0.6 where most of the quarks should be found.

It is instructive to examine the kinematics of charged‘current
{(ep + vX) events in the same Q2/s vs x plane, as shown in Figure 4.
The dashed curves are lines of cénstant current jet energies, and -the
dotted curves are lines of constant current jet polar angle. The jet
angles are expressed in deviations from 1800,‘59 that QJ =7 - .1
means 100 mr from the original p:otoﬁ'direction.‘ Two points are
immediately clear from comparison of Figures 3 and 4. The first is
that a fast Pt trigger.shbuld beiused with care, and at most in the
end cap or bouchon {7 - GJ N .25), so as not to compromise the data
at low x. The second is that a substantial part of the lower Q2
regime consists of events in which the current jet axis lies within

~ 100 mr of the beam pipe in the downstream proton direction.

Realisation of the full power of an electron-proton collider
experiment as a probe of nucleon and quark structure, and of the i
structure of the electro-weak currents by which they interact with

leptons, will require measurements over all the available range of

Q2. An important and obvious feature of this requirement is that

good structure function measurements be made down to Q2 v 100 GeVz,
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to join onto the relatively shallow inelastic scattering measurements
available from fixed target ep and up experiments. We find that this
is. relatively easily accomplished for neutral current events

(ep » eX) which feature a well isolated wide angle final state
electron of modest energy. However, charged current events (ep =+ vX)
must be determined by measuring a jet of high energy hadrons atAsmall
angles to the beam axis by calorimetry alone, since this is a
topological regime'for which the magnetic spectrometer is relatively
weak. Although the énergy resolution of calorimeters improves with
increasing energy, there remains a problem due to the appreciable

lateral spreading of individual hadronic showers in the hadron calorimeter.

The beam pipe for the exiting proton beam (and the entering
‘electron beam) constitutes a hole in this calorimeter, but this can
be made quite small (v 10 cm diam.). The dominant consideration is
that realistic ep Monte Carlos (see below) show that the angular
distribution of particles within the hadron jets has appreciable
breadth. This is true of not only the current jet associated with
the struck quark, but also the target fragmentation jet associated
with the spectator di-quark system. The further spatial smearing which
must result as the individual hadrons shower in thé hadron calorimeter
will lead to a degree of overlap of the two jets which will cause a
considerable-deterioration of performance in an important Kinematical

regime.

An appioximate analysis'technique_suggested by'Jacqﬁet and
Blonde14%Vercomes this problem in first order, but we will undoubtedly
require a more complete sepafation. This can be accomplished by'
lowering the proton beam energy. The improvement in the capability of
the bouchonette (fdr historical.reasons we refer to the finely o

segmented part of the hadron calorimeter where n - ©. is less than 100 mr

J
as the "bouchonette! region} at low Q2 is shown in Figure 5, for a
reduction of Ep from 1000 GeV to 500 GeV. 'Although there will be a loss

of luminosity associated with lowering Ep (see p. 71 of the Blue Book
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for details), it appears that the low Q2 charged current events will
not be a problem if the bouchonette is finely segmented, and if some
of‘therrunhing time is spent with reduced proton energy. ‘Running at
lower Ep also has the advantage that it allows the,Q2 dependence of
the structure functions to be directly disentangled from the y
dependence of the measured cross sections by providing data at fixed
X and y but varyinngz. A final advantage of some running at lower
Ep is that the region of the barrel-bouchon interface at

@J v 7w - .25, where performance is bound to be somewhat poorer, will

not always map into the same region in the (x,‘sz plane.

It was an application of the preceding sort of qualitative
analysis of the kinematics and dynamics for all the physics processes
of interest in ep collisions that led to the schematic detector design
of the Blue Book. However, evolution of such a schematic into the
detailed design of a detector must proceed by an iterative process of

specification and testing with Monte Carlo-simulated ep events.

The heart.of the present ep Monte Carlo program is a quark
fragmentation program adapted to ep collisions from the Lund Modelé)
Events can be distributed in x and Q2 according to any chosen structure
function parametrization, and final state‘particles are produced by a
AQCD-motivated string-breaking model, whiéh can operate with or without

gluon jet production.

As a first step in the iterative design procedure we have

superimposed drawings of a 1arge sample: of simulated events on. a

dréwing of the schematic detector. In the version which produced

Figﬁres 6(a), (Y, (c),(d),(e), and (£),all charged particles show tracks
in the magnetic spectrometer region, electrons and photons are “detected"
as soon as they enter the electromagnetic calorimeter, and hadronsﬁare
""detected" as soon as they enter the hadron calorimeter. The diamonds
are.scaled‘in area to represent electromagﬁetic shower energy, not

~ shower size, and the triangles give a similar representation for
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hadrons. ‘All events are generated to show the final state lepton at
"12 o'clock", and trajectories of the hadron jet members are true
projections onto that aximuthal plane. The lower half of each

figure shows a planar development of the inside surface of the
electromagnetic calorimeter showing the point at which it was pierced

by each trajectory. Again the areas of the symbols represent the
energies of the particies.
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ITI. The Experiment

We now turn to a sketch of the physics that can be extracted
from the ep collider and detector we have described. We consider
both an initial run of integrated luminosity 4 x 10% b1 and the
data that can be accumulated (over several runs) w1th an 1ntegrated
luminosity of 10 nb 1.

These integrated luminosities are based on the assumption
that it will prove to be possible to commission the electron ring in
the by-pass mode: certainly the injection, storage, low B tuning,
and polarisation of the electron ring can be brought up in by-pass
running. It is also possible that the ep mode can be brought up in
parasitic running with the Tevatron operating in a non-ep mode. If
$0, We can anticipate the above-quoted integrated luminosities fyom an
initial 1000 hour run at about 1031 cm-z sec—1 and from subsequent
runs at constantly improving luminosities that mlght approach -

10%% cm ‘2 ec-l, respectively.

The ep collison events recorded by the detector will be rich
in physics over an extremely broad kinematic range, from the low Q of
~photon physics to the hlgh Q of the deep inelastic events. We discuss

the data below under varlous assumed cuts:

1)}. Deep Inelastie Neutral Current Events

Requiring the observation of a clean electron (i. e.; one not
buried in a hadron shower) opposite to a hadron jet which balances 1ts
pT is expected to suffice to pull out the deep inelastic neutral ‘

current events e X. This process can proceed in “the

LRP+8LR
standard model by either ¥y or Z exchange and so should exhibit
characteristic variations with the charge (f) and helicity (L,R) of the
incident electron, and a characteristic dependence on s and Qz. This is
shown for the representative case of ei p - eL X in Figures 7(a), (b}, and

(¢); similar cffects will be evident in the other three channels.
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2) Deep Inelastic Charged Current Events

These e p > veX events have the characteristics of neutral current
events, but with a missing electron, so that a large missing P exists
opposite to the hadron jet. In Figures 8(a), (b), and (c) we show the
number of events of this type expected in the standard model for

. 2. .
various ranges of Q7 in our two hypothetical runs.

In both types of deep inelastic scattering, the most
straightforward tests of the stahdard model will follow from direct
comparison of the various measured cross sections with the predictéd
ones as functions of x, y, s (by varying the proton beam energy), and

N ,
L,R" " . »
to provide measurements of the structure functions, neutral current

beam type (er ,). However, these cross sections can also be unravelled

coupling constants, intermediate boson propagators, etc., that are

the components of these predictions. This latter approach will, of .
course, be the more useful one should any departures from the predicted
cross sections be seen. As an illustration of this latter eventuality,k
consider the possibility that the W- mass differs from the standard
value: this would appear as an anbmalous Q2 dependence‘that could be
attributed to a propagator effect since it would be independent of x,

in contradistinction to readily conceivable structure function éffects.

As presented in detail in the Blue Book, the net effect of these
studies of deep inelastic events is bound to be profound. If the
"measured cross sections are all in accord with the standard theory, the

effect will be i) to have verified the Glashow-Weinberg-Salam model
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in a new energy regime where the unification of weak and electromagnetic
interactions is manifest, ii) to establish QCD as the correct theory

of the strong interactions by testing it in the high Q2 regime where

its predictions are rigorous, and iii) to establish (almost
coincidentally!) the validity of QED and the elementarity of quarks

and leptons in a new spatial domain. On the other hand, should the
predictions of the standard theory fail, these studies would lead to

the discovery of new phenomena, perhaps already anticipated (the
collapse of G-W-S due to extended quark or lepton families or

multiple W* and z° bosons, the failure of QCD, the existence of quark

and lepton constituents, etc.) but most probably as yet unimagined.

As a final point relevant to the deep inelastic events, we
compare the measurements of this type possible with CHEER to those

6)

expected in the Tevatron muon beam’in Figure 9; the figure demonstrates

the great power of CHEER relative to fixed target experiments.

3)  Photon Physics ,
Since the main focus of CHEER is on deep inelastic scattering, it
is sometimes forgotten that it will produce a high luminosity photon
beam that can be used to explore both short distance phenomenaand
(via its vector meson component) the hadron—hadronvintefaction at
lab equivalent energies up to 20 TeV. The forward electron tagging
detector of CHEER can'trigger on millions of yp events per day, even
at low initial luminosities.. As discussed in more detail in the Blue
Book, the photon physics subsample of the CHEER data will provide
access to: ij real photon QCD processes like yp - high Py jets, .
ii) deep inelastic Compton scattering, iii) pair production of
heavy quarks with masses up«to?Mq ~ 100 GeV, iv)'o#p(v)'up to
v = 20 TeV, v) diffractive photoproduction of vector mesons: and
the Primakoff production of even C states  vi) eleastic Compton
scattering, vii) photon fragmentation, and many othex processes too

numerous to mention. Monte Carlo studies are now underway to maximize
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the efficiency of the CHEER detector for studying these processes.

4} Other Physics
As discussed in the Blue Book, it is possible to study many
other phenomena with CHEER. ‘Monte Carlo simulations are necessary
to adequately assess the feaéibility of such studies, but we believe
that among them will be (if we assume the standard picture holds)
i) the measurement of multiple jet cross sections and jet broadening,
ii) the study of the fragmentation functions of u and d quarks and
their Q2 dependence, iii) the measurement of the Kobayashi-Maskawa
angles for u <> b transitions, and iv) the study of the‘colour hadronisa-

tion process.

5) New Physics

In the event that the standard picture fails, the programme for
CHEER will be contingent on how it fails. We can nevertheless anticipate .
that in such circumstancés, as in the past, ep collisions would provide

- the best probe available into the new physics being discovered.
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