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Introduction

This subgroup considered many aspects of experi-
ments at small angles at the SSC. While not totally
neglected in the past1 this region 18 not currently
very fashionable in SSC studies. To some degree our
discussions had a "Mallory~like” attitude,2 though we
did identify some interesting Physics to be pursued.
Here we will briefly list some of the topics discus~
gsed, referring the reader to individual papers for
more details. We also call the reader’s atteantion to
the importance of the forward direction_for lepton
detection, a subject treated elsewhere.

A. A Small Angle Spectrometer (K. Foley + P. Schlein)

They considered the characteristics of a spectro-
meter designed to study very forward production of
states in the mass region ? 1.6 TeV., The purpose is
is to preserve access to the range of CM energy avail-
able at the Tevatron and to take advantage of the dif-
ferent kinematics in order to improve the quality of
measurement; for example, particle identification is
more easily achieved in a small solid angle detector
than in the generic 47 device., An angular range of
0.2 to 200 mrad was chosen. Assuming that one can
place detectors 2 cm from the beam (the planned magnet
aperture ig 2 cm radius) this can be accomplished in
~ 200 m free space., The apparatus is shown in
Fig. 1. Three spectrometers are used in order to
cover the full angular region with reasonably sized
apparatus. Each spectrometer contains tracking
chambers, ring imaging Cerenkov counters, EM and
hadronic calorimeter and muon capability. Silicon
detectors inside the vacuum pipe are used for vertex
detection.
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B. “bj” Spectrometer (J. Slaughter)
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As part of the discussion leading up to!Snowmass
86, J. D. Bjorken emphasized that the large :¢entral
"4n" detectors cover a small fraction of the avail-
able phase space. The; well instrumented acteptance
of these detectors is at moat 1.5 units of rapidity
out of a total spread of approximately 10 units.
Bjorken's concern was that we simply do not know what
will be important 30 years from now in the interme-
diate mass scales, Given that the SSC will be the
premier machine for experimental high energy well
into the 2020'a, it is essential that enough contin-
gency be built into the machine. It wap partially in
regsponse to these concerns that the 100 meter inter—
mediate IR's were added to the referende design.

I
There are already some specific elanples of

"non-central” physics. The classic examples of ela-
stic scattering and total cross sectign have long
been included in the plans for the S3C. However
studies of inclusive particle produ{jion at reason—
able xp, greater than .0l, have not. (Particles
with an xp > .0l and p, of 300 MeV have angles ¢
1.5 milliradians.) Numerous discussiona at Snowmass
86 have already lead to the conclusion that intrinsic
Beauty physics, i.e. CP violation and rare decays,
may be best done in a forward spectrcmeter. The
ratiorale and an initial design are given in these
proceedings in the "Report from the Heavy Quark
Working Group”. Another example is the contribution
by Carl Bromberg. The theoretical justification for
the mass scale of the SSC has been that 1 Tev is a
safe upper limit by which something interesting
should appear. It is entirely possible that the next
few years will see discoveries at the few hundred Gev
mass scale at CDF and D#. The elucidation of those
phenomena may well require specialized spectro-
meters. One can also argue that understanding the
backgounds to the very rare hard processes may
require careful measurement of the ordinary physics
in other kinemsatic ranges.

Several meetings were held at Snowmsss 86 as
well as a followup meeting at Fermilab on September
5, 1536 to discuss the ramifications of the Bjorken
ideas for the design of the machine. The outcome of
these discussions was that the 100 meter regions are
an excellent provision for the forward physics we can
easily imagine (for example intrinsic Beauty phy-
sics), allowing good coverage up to rapidities of

about 7, In addition, a bypass or at the very least,
stubs for bypasaes on both sides of the ring will
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Figure 1
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provide plenty of contingency for the more speculative
scenerios which require coverage out to the kinematic
limit.

The fundamental consideration is quite simple,
based on kinematics. Charged paricles can be manipu-
lated, hence bent and measured, by magnets, either as
part of the machine lattice or not. The requisite
spectrometer length is therefore design dependent.
However this is much less the case for neutral parti-
cles. The straight section required by a given
experiment 13 determined by the smallest angle, 1i.e.
highest rapidity, neutral particle - g, hyperon, K°,
or the unexpected - that is to be measured. Table 1
is an elementary reminder of psuedo-rapidity versus
angle. Angle is (transverse momentun)/(total momen-—
tum), so a 10 Tev particle with a pyr of 1 Gev cor~
responds to 100 micro-radians. If we assume that 10
ce is a minimum radius at which a particle can be mea-
sured in a calorimeter because of shower size, then
“distance™ 1s the appropriate distance of the wall
from the interaction point.

Table 1
Angle Angle P for
Rapidity In Deg Rad Distance Pt = .5 Gev
0.0 90. 1.57
1.0 42.2 .735 11 m .55 Gev
2.0 15.4 .269 36 m 1.8 Gev
3.0 6. 100" 1.0 m 5.0 Gev
4.0 2.1 .037 2.7 m 13.6 Gev
5.0 .77 0135 7.4 m . 37. Gev
6.0 .28 .0050 20.0 m 100. Gev
7.0 .10 .0018 55.6 m 55.6 Gev
8.0 04 00067 149.0 n 149. Gev
9.0 .01 .00025 400.0 o 745. Gev
9.9 .006 .0001 1000.0 m 2000.0 Gev

Another length criterion might be the desire to
efficiently observe leading hyperons. For example 1if
one requires momentum analysis of lambda decay pro-
ducts beyond two decay lengths, .... ’

In addition to his call for contingency, Bjorken
has also developed a specific design philosophy for a
gpectrometer that can accept a wide interval of
rapidity., In this design, the spectrometer consists
of a sequence of stages, each one designed to accept
an interval of rapidity. Each stage contains a
quadrupole magnet, tracking elements, and a calori-
meter end wall. The length of each stage, f.e., the
distance of the end wall from the interaction point
gcales with rapidity: thus the (n + 1)th wall is of

scales)

order 3 times the distance of the nth wall. To the
extent that most particles are produced with a
uniform rapidity distribution out to some maximum
rapidity, all walls experience the same flux. In
addition, the quadrupoles foru a beam transport
gsystem with a characteristic length for bands of
momentum, so that charged particles also spread out
uniformly in the tracking elements.

Don Groom has analyzed some of the accelerator
issues raised by this design in SSC-B8.

C. A Dipole, Spectrometer (C. ﬁromberg)

A spectrometer based on dipole magnets was consi-
dered by C. Bromberg. An important feature of this
design is the use of the dipole analyzing magnets to
separate the two beams on either side of the IR thus
preventing problems due to beam-beam interactions.

As in the other designs, multiple spectrometers are
used to get good angular coverage with detectors of
reasonable size.

D. Toroid Spectrometer (L. Jones)

This 1is a spectrometer based on an aircore super-
conducting toroid. As mentioned in his discussion of
magnet geometries this type of magnet is ideal for
forward spectrometers with the largest kick at small
angles and no disturbance of particles inside the
inner conductors. With the high currents possible in
modern supercoanductors the area excluded from mea-
surement by the coils 1s quite small so this type of
magnet deserves careful consideration in forward

— —

spectrometers, - -

E. Magnet Choices (L. Jones)

There are basically four choices which can be
made for a small angle spectrometer as far as magne=
tic analysis of the outgoing particles is concerned.
These are listed below with the assets and 1liabili-
ties of each enumerated.

l. No magnet: energy of small angle par-
ticles determined calorimetrically or by the use of
accelerator magnets for particles within the vacuum

pipe.

The advantage of this solution is that there is
no perturbation to the machine lattice and no
obstructions between the vertex and the particle
detectors (i.e. no coils, return yokes, etc.). For
many purposes the resolution of the calorimeter,
about 50%//E (GeV), would be quite satisfactory for



forward, high-rapidity particles. XNeutral hadrons are
analyzed as well as charged hadrrus.

The liabilities are that there is no information
on the sign of charged particles and no information on
muons, Further, the density of high-rapidity
particles in laboratory solid angle suggests that,
even at 100 m from the vertex, the secondaries may be
close enough so that their cascades would overlap in a
calorimeter (due to thefr lateral spread), frustrating
a clean identification of the energy of eack
secondary.

2. Dipole magnet: B-fileld perpendicular to

bean lines.

The advantage is that secondaries are swept out
of the beam pipe even at angles within the pipe, so
long as their momenta are less than the beam's. The
magnets could be straightforward, although quite
large. The particle tracking would be much as in
traditional fixed-target spectrometers.

The liabilities are that the dipole bend on the
20 TeV beams must be compensated. Further, in order
to have enough [Bdz to adequately analyze small-angle,
very high energy particles, the larger angle, soft
gecondaries are wrapped up and become difficult to
analyze.

3. Quadrupoles: a sequence of large
aperture quadrupole magnets as proposed by Bjorken.

These have the advantage that, as secondaries
diverge from the beam axis, they get a larger and
larger kick until they are thrown out of the magnet
aperture. Meantime their momenta can be well measured
by chambers.

The liabilities are that the quadrupoles affect
the stored beams and mist be considered part of the
accelerator lattice. The scheme as proposed by Bjor-
ken requires over a kilometer of path so that small-
angle particles will come out to a large enough radius
to get a significant kick. Since B a r, high-rapi-
dity, high momentum, small angle particles are most
poorly measured.

4. Axial current, solenoidal field. A
superconducting current sheet on the surface of the
vacuum pipe carrying current parallel to the beanms
would produce By o 1/r, the return current would be
brought back at a convenient radius {(50-100 cm).

The advantage of such a magnet is primarily that
the P| kick 13 greatest for the small angle, high
rapidity, high momentum particles, while the lower
momentum particles which are mostly produced at larger
angles are still deflected sufficiently for good ana-
lygig without being wrapped up. There is also no
effect on the beam orbits,

There are two liabilities. There is an obstruc-
ted region corresponding to the thickness of the
vacuum tank plus coil and related structures. This
may occlude an interval of rapidity of A y - 0O.l.

And there is no analysis of secondaries produced at
angles guch that they remain within the beam pipe.
These angles may be up to 500 pradians. Such secon-
daries might still be analyzed using the machine
magnets.

Some questions

Before a forward spectrometer can be fully
designed, some important issues remain to be
resolved. They 1include:

1. Realistic beam crossings, taking into
account the effects of beam-beam interactions.

2. How close to the beam can one really place
detectora? Maost of the small angle spectrometers use
low luminosity, so the radiation levels calculated at
a few cm radius from beam—beam interactions are not
overwhelming. However, in real Life one might have
to go to a larger radius with a consequent increase
in length == one should also note that if one demands
the best results from hadron calorimetry, the .
effective minimum distance to the beam 18 increased
by the shower size of the calorimeter, maybe a few
Ch.

3. Most of the proposals for small angle spec-
trometers involve the use of gilicon vertex detectors
many silicon devices specify maximum “"storage”
temperatures as low as 100°C! One must hope that the
manufacturers are not too serious since we expect
that anything inside the vacuum pipe will require
“baking.”

Conclusion

We fee} that we have demonstrated that good mea-
surements are possible at small angles. Indeed the
ability to cover a large range of rapidity with a
detector of small cross sectional areas makes tasgks
like particle ID easier. The price that one pays is
the need for long spectrometers. Given that, with
present plans, the SSC is the main high energy
machine for the next several decades, provision
should be made for a long (2 100 m) IR in the basic
machine, with longer spectrometers, if needed, to be
built in a future bypass. We recommend that the ring
be atretched to accommodate at least one bypass with
short stubs to provide for their future development.
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