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I INTRODUCT ION

The Berke.ey Bevatron ha® 3.32.3ble 2 Bew in the center of mass
:nd tne Brookha en AGS wi_.. have 6 Bev. Unlecs the trend in nuc.ear
phycic- over the ps t 30 yeare i< cuddenly reverced. there wi.l
develop an increscing need for experiment- &%t e en h:igher energles.
Whiile come remark:ble experiment: ha.e peen done with the primary cosmic
rays, that method ot Inve=stigation 1¢ fundamenta.ly limited. Below we
summarize <ome of the cosmic rsy data and =pecu.ate on the poszibie
processec that might be ob=erved We then demonctrate that colliding
beam devices for exploring the<e energies and sing.e. very high energy
accelerators of <imilar avaiiable center-or-mass energies will be
experimentally ucefu. with “traightforward extenzions of existing

techniquec
IT  PHYSICAL INTEREST

A. Availabie Information from Cosmic Raye
Cocmic ray physici=te Tlying emul=ion stacke in ballooas have
observed over 100 event- corre-ponding to energie:s in the vicinity

of 80 Bewv center of msacc. In reporting event: he had ana.yzed in some

Q.

etal. Schein outiinec genera. teaturec of <uch interactions which
are very brief.y rummarized be'low:

1. The energy dictribution of <econdary particiec in the center
of mas= 1< peaked at sbout 300 Mev zand fa.l< off with a very smail
ooy sl . - t . (o § 4}’6 - I <5
tail extending beyond 10 Bes. Single “Z.“mecon< have a.:0 been
found which carry away 21% of the tota! a axlabie primary energy.

wh
2 No more that 15% to 20% of the <econdariec are particles

other than pione.



MURA-479

3. The transverse momentunl‘PL of secondaries is apparently
between 0.2 Bev/c and 0.8 Bev/c'independent of their total energy
or the bombarding energy. The average value of XDL is<(Ti7 = 0,03
+ 0.04 Bev.

4, The angular distribution in the center of mass is peaked in the
forward and backward directions, the peaking being more pronounced at
higher energies.

5. The events (at about 80 Bev C.M.) are on the average only
40% inelastic i.e. 40% of the available energy goes into producing
secondary particles. As an educated guess, they might be 50-60%
inelastic at 20-30 Bev C.M.

6. The total AY multiplicities are low (20-25). It should be
strongly emphasized that these conclusions refer to the class of events
studied by the cosmic ray emulsion groups; it is not unlikely that

- other classes of events, perhaps those of greatest interest, are not
studied by present scanning procedures either due to their infrequent
occurrence or inherent experimental bias. Similarly, the reported dis-

tributions are characteristic'chiefly of pions; the angular and
energy distributions of heavy mesons, hyperons, and antiparticles are
not necessarily similar,

7. In a study of electromagnetic cascades accompanying nuclear
collisions,- Schein and his group observed somewhat over 100 ultra high
energies of EJ>16i2e.v. in one cubic foot of emulsion. These events B
average 80 Bev energy in the center-of-mass system.

For the unusual events of energy > lOl4e.v., magnifying glass

scanning is sufficient and scanning time is negligible. However, for

3=
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more frequent lower energy events, microscope scanning is necessary.

The 100 nuclear collisions reported by Schein were located in a 24

liter nuclear emulsion stack exposed for 13 hours at 18,000 feet.

Six full-time scanners worked between 30 to 40 hours a week for a

period of eight months to accomplish this job. Thus about 60 man=
hours were required for each nuclear collision reported. It is planned
to extend balloon flights up to 80 hours; the event density will be
increased so that one scanner would be able to find about one

event of E >>lOl2eev. per day. Automatic electronic scanning techniques
would make great contributions in this field.

These events suffer from several disadvantages:

1, In most cases the incident energy is uncertain to within a
factor of about 2.

2. Incident direction is unpredictable,

3. Point of interaction is unpredictable within 1 cubic foot.

4, Distance available for analysis of secondary products is
only about 1 foot.

5. Interactions are in emulsion (rather than pure hydrogen).

6. Neutral particles not close to the shower axis frequently are not
seen, and most large-angle charged particles are not followed
for long distances.

These factors make it very difficult to identify all the secondary

products. Since one of the main interests in higher energies lies
in the possibility for exploration of a new part of the particle mass
spectrum, this characteristic of the cosmic ray data is the most

important one.
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While good energy balance has been obtained for a few events
thoroughly analyzed so far, complete analysis of all secondaries 1is
possible only in the case of events parallel to the surface of the
emulsion. Thus a detailed study of the properties of possible new
particles would be extremely time-consuming using present cosmic
ray techniques. For this information a much higher intensity is
required under conditions where large spatial distributions of experi-
mental equipment are pussible, There should be the possibility for
variation and control of the energy of the primary interaction and
for.analysis of the secondary particles.
B. Potential Physics at High Energies

It is of great interest to determine whether the particle spectrum
as we know 1t 1- complete or whether more particles will be
produced when higher energy interactions are readily available. It
makes little sense to refer this question to the next 20% increase
in energy. One might reasonably ask it about the energy interval between
the present maximum and something five to ten times as large. If such
an interval is explored and nothing is found, this would probably be
acceptable evidence that we have exhausted the spectrum of what we
mean by particles. If new particles were found, it would be hoped
that a knowledge of their properties would add to our understanding
of the present crop, hopefully giving us a general scheme within
which all existing particles could be understood.

Dalitz emphasizes that particles may exist with very short
lifetimes preventing them from ever being directly observed except
through correlations of their decay products. As with the fy° + §i°,

this doe: not preclude their interest, importance, or detectability.
-5
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Very heavy particles outside the Gell-Mann scheme may decay by strong
interactions with lifetimes as short as 10-2l seconds or so. "Particles"
with even shorter lifetimes may only be observed as resonances in

certain interactions or as weaker correlations of reaction products,

and in this limit the definition of what is meant by a "particle" becomes
unclear.

If the naive pi¢ture of a nucleon as a core surrounded by a pion
cloud is valid, one might expect three classes of nucleon-nucleon collision;
(a) collisions of the pion clouds, (b) core-pion collisions, and (c) core-
core collisions. Presumably the last class would be of greatest interest
and least frequency. If the core-core cross section were only 1% of all
nucleon-nucleon events, it is probablé that so far no such evemnt has
been analyzed in the cosmic ray data.

Another area of interest, after the study of unusual particles,
deals with the more statistical nature of the nucleon-nucleon inter-
action involving questions of secondary particle multiplicities and
energy and angular distribution. Besides statistical information,
such data might be useful for obtaining fundamental knowledge of the
nucleon "cloud" and its core.

The above discussion is vague because so little is known of what
will be found at such energies. We cannot over-emphasize that it is
for this very reason that very high energies are of great interest to us.

For similar reasons of uncertainty, it is not clear what energies
should be recommended. It is our concensus that a minimum goal would
be three times the Brookhaven’AGS center-<of-mass energy or about 20
Bev, and the range 20 to 30 Bév center of mass seems like an appropriate

6=
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target. However, it is very desirable that the energy be variable
down to the 6 Bev center-of-mass energy of the,AGS so asto allow
study of any new objects near their production threshold.

This new energy maximum can be made available in either of two
ways. First, it could be realized through development of a clashing
beam machine where large center-of-mass energies are made avallable.
The velocity of the center-of-mass in the laboratory would be zero
for a pair of head-on colliding beams. It would differ from zero for
beams intersecting at an angle less than 1800,

The second possible machine 1s the ultra-high energy single
beam machine. For this conventional machine, the center-of-mass of
colliding particles has a large velocity in the laboratory system,
as does the incident particle. The target particle is stationary
in the laboratory.

As a rule, the most fruitful analysis of a new interaction can be-
made in an energy interval close to the threshold,for analysis is then
simpler. At threshold, product particles will have no energy in the
center-of-mass system. Such an interaction (somewhat above threshold)
would be easily observed and analyzed in the colliding beam case. The
particles would have small momenta in the laboratory. They could be
observed 1in a bubble chamber or scintillation chamber placed in the
directioﬁ of the driftof the center-of-mass.

In the single beam case, the particles. would still have large
energies and momenta in the laboratory at threshold and would be
more difficult to identify.

For interactions far above threshold, the situation reverses.

Then; if we consider secondaries to be "shaken off" from the colliding

=T
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nucleons, there is an advantage to the single beam machine for which
one of the nucleons is at rest in the laboratory. Secondaries
associated with that nucleon will be more easily observable than any

of those coming from a similar colliding beam interaction.

III. COLLIDING BEAMS

A. Properties

The general considerations discussed in the MURA Proposal seem
appropriate guides for discussion of colliding beams. With a Two-Way
Ohkawa Accelerator or with storage rings and a Spiral FFAG Accelerator,

current densities of 50 to 500 amperes per cm?

of protons appear
attainable including appropriate safety factors. With non-scaling
orbit perturbations in the stacking region, Terwilliger has shown

that these densities may be achieved with modest total currents by
superposing orbits of different momenta at the colliding beam azimuths.
Total circulating currents of 100 to 1000 amperes may be achieved.

The proton-proton interaction density for both protons highly

relativistic, is given by

R = 2n26"c,cos2 X, interactions
—T— cm3sec

where n is the number of protons per unit volume in either beam, @§-
is the proton-proton cross section, o is the angle at which the
beams collide, and ¢ is the velocity of light. For ¢~ = 25mb,

. 2 2
R = 657 0s
cos” ok

——
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where J is the current density of either beam in amperes/ch. The

total number of interactions/Plin a region where a beam of current I,

vertical height Ay and radial width A x intersects a similar

beam at an angle o is given by

2%
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Figure 1,
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Without non-scaling perturbations, the interaction density will not

be uniform. If the stacked beam is built up of separately accelerated
beams each having a radial betatron oscillation amplitude spread

up to + ng and an energy spread 8E, there will be a maximum

current density J in the stacked beam,given by
M

- gN = Ji[ ZSXB

M <t (&)

where J,  is the current density in each accelerated beam, N is the
i

number of accelerated pulses stacked to achieve maximum current density,

and jg is the rate of change of equilibrium orbit radial position
with equilibrium orbit energy at the colliding beam azimuth. As more
than N accelerated beams are stacked, the total circulating current
increases but not the current density, so that « typical current

density profile is given by a trapezoid:

J A

/o
l
| ;
l I -
*Zg’xp\‘)'l L'ZS"LB‘-H
Figure 2.

For relativistic particles, _%%_ is related simply to the momentum

compaction factor ol for an alternating gradient structure or to the

field index k for a c<caling FFAG structure by

~10-
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dx g Re A.G.

dE o E

dX ?_/ Re F..F.A:Ga
dE~ kE

where R, is the average
radius of the accelerator.

It is possible to reduce dx/dE arbitarily over a small energy range
at certain azimuths by a non-scaling periodic field perturbation, so
that in practice (either in storage rings or FFAG accelerators) beams
would be superposed for 1000-3000 accelerated bunches independent of
5 %y
The interaction density with the residual gas in the vacuum chamber

is given by

M=~ n6 interactions
9 cmosec
where n is the average density of nucleons in the gas, assuming each
gas molecule has 28 nucleons,and 6¥is 25 millibars.
In terms of the gas pressure, p, in millimeters of mercury,
n & lOlSp,

thus
M=1.5 x 1071 Jp.

In the target region, a current density J exists in both directions
so that 2M is the relevant quantity,
For a total current I, the total number of background events in a

length 1 of vacuum chamber is given by

M=1.5 x 1011 1 pl interactions
sec.

~11-
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The ratio of beam-beam to beam-background interactions within the

target volume is given by

= 210 x 1010

e
=

J,
0

so that for equal beim-beam to beam-background intéractions rates,

5 x 10° 2.
P

-
I

23 this gives a "signal to noise" ratio of

For 50 amperes per cm
unity at lomgmm Hg. Of course, background events wilil come from a
much larger volume than beam-beam events.

Two promising means of achieving col:iiding beams are
with an Ohkawa-type Two-Way Radial Sector FFAG Accelerator and with a
single FFAG Accelerator (presumably of spiral sectors) injecting
previously-stacked beams into storage r:ngs arranged to 1intersect at
scveral points (Figure 3). The totai cost of the two systems would be
comparable (within 10% - 15%) for energies of 20 to 30 Bev in the center
of mass ($100 to 200 mi' ion)

FFAG
Accelerator—

\\ N ///fﬁ;?jf—gtorage rings
“‘) I 7fj>/// N
A /f

Figure 3.
~12-
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The stacked currentes, current densities, and other relevant
parameters asre cummar:ized in Table I for 10 Bev colliding beam devices.

The numbere are baczed on accelerators as summarized in MURA-460,
the Spiral FFAG Acceierator assumed to inject into a storage ring
pair having spproximately the same 7)1 . 7&%\ and R, A <afety factor
of four in rf phase space density is included for the maximum current
densities; where it is assumed that the space charge limit is reached
at injection (inciuding an azimuthal bunching effect) from a 50 Bev
Linac. Greater current densities could be achieved using a higher
injection energy. The maximum circulating currents require clearing
fields and compensatory currents to prevent beam detuning due to
beam charge neutra._ization and image effects. Lower total currents
are also included representing cases where these effects require
simpler compensation. While it is possib.e to discuss currents in
excess of 1000 amperes and see through solutions to all known problems
that they would entall, our discussion is limited to currents of 1000
amperes and below. It might be noted that a 1000 ampere. 10 Bev proton
circulating current in a 125 meter radius accelerator represents a
stored energy of 20 megajoules.

As a comparison, in a single, high energy proton beam of lOlO
protonc per pulse, one pulse every 5 seconds 2 x 2 cm in cross section
in liquid hydrogen would produce 5 x 105 interactions per cm3 sec.

The csame beam incident on a dense target might produce one nuclear
interaction for every 5 primary protons, or 4 Xx 108 interactions per
second.

=13=




CHARACTERISTICS OF 20 BEV CENTER OF MASS

Table

1

COLLIDING BEAM DEVICES

Two-Way Radial
Sector FFAG

MURA-479

Storage Rings
Injected Into By
Spiral Sector FFAG

J %ﬁg& 190 190 50 470 470 100
I zgzﬁlw:$peres 800 200 1 || 1000 250 1
o Beam grosoing,anate 0.2 0.2 0.2 || 0.1 0.1 | o.1
R CoReim intez;fti°“) 2. 3105 | 2. 3x10611.6x10° [F-4¥107 |1 ax107 J6.5x10°
cm  sec. =25mb
Ay (centimeters) 2 1 ~0.1 2 1 A’O.54
P BeiTaioRt section sec. 108 1.5x107(3.1x103(8.2x10%| 4x107 |6.4x10%
' bength of iggiﬁﬁCtiO“i 20 10 1 40 20 2
2M backgrzuig-angrggtions ,6x106 6x100 [.5x106 [|1.5x107|1.5x107 3.1x10°
gmf.i899 mm Hg 6x10% 6x10% [.5x10% |[1.5x10%]1.5x10% [3.1x10%
1 Straig?;eiggg%on length 5 5 5 10 10 10
p = 107 mm Hg l°2xlolO 3x109 1.5%107 3x10’ 8x10” | 3x10’
2M1l background interactions
Straizhz i;ﬁgi;; o 1.2x10% | 3x107 [.sx10® f 3x10° | ex10” | ax10°
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The choice between a two-way radial sector machine and a spiral
machine with storage rings rests in b..asncing the more favorable
geometry and ultimate current density of the‘*storage ring geometry
with the complexities of beam transcfer and the esse of energy variation
with the two-way design. 1In either case the cost of pr&viding colliding
beams would appear to add about 20% to 30% to the cost of a singley
high intensity Spiral Sector FFAG, Accelerator.

B. Possible Ekperimental Geometries

(1) Direct Observation of P-P Interaction Volume.

The primary interaction between two protons will occur within the
vacuum chamber and thus wili not be directly observed in any |
detecting device. Normally a chamber could be placed no closer than
5 or 10 centimeters from the beam axis. For direct observation of
short~lived particles, a re-entrant, thin window area could be
incorporated into the vacuum chamber directly over the collision
region and a luminescent chamber incerted to within a centimeter
of the primary interaction.

The .uminescent or cscintillation chamber is thought of as a
prime tool for exploratory investigation of thé primary interaction.
Its fast time resolution together with its ability to be triggered
by an event of interest make it well suited to this purpose. Fast
counter arrays wil. be very useful for <ystematic studies of known
typze of interactions and products,allowing use of higher currents and
interaction rates than luminescent chambers. While the luminescent
chamber has not yet been used in high energy physics research, particie

215
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tracks in scintillators have been photographed by Zavoskii in the U.S.S.R.
and within the past year by four groups (Micliigan, Pennsylvania, Princeton,
and M.I.T.) in this country. As a result of these successes and
associated measurements. there is no reason to question the essential
practicality of chambers made either of plastic scintillator filaments
or of inorganic (Nal or CsI) solid crystals or filaments. The major
inhibition to the more rapid development and use of luminescent chambers
is the limited commercial availability of high quality image intensifier
tubes. In view of the recent progress in image tubes, it is reasonable
that entirely satisfactory image tubes will be avalliab_.e we..
ahead of colliding beams.

We believe it will be pr-ctical to use large dimension scintillation
chambers viewed by a battery of image tube-camera systems. Tiu., it
is possible to envisage a luminescent chamber consisting of 60 cm. of
plastic scintillator above and below the colliding beam region extending
2 to 4 meters in either direction along the beam and one meter perpendi-
cular to it. This chamber could be backed up on two or three sides
by a dense scintillator (NaI or CsI) 20 cm. thick for efficient
conversion of ¥ rays. Since the combination is more than a nucleon
mean-free path in most directions from the target, the majority of
all baryons, 9’ or K mesons, or B’ rays would interact (or decay) in
the active volume. The spatial resolution throughout the volume would
be about one millimeter and the time recolution one microsecond.

With such a chamber the following procedure would be used: The
beams would be turned down to about one ampere circuiating current while

maintaining a moderately high current density. Referring to the

-16-
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preceding table, a storage ring pair carrying 1l smpere at 100 amperes
per cm? each direction wou.d produce about 6 x 10° beam-beam inter-
actions per second in one straight section and 3 x 10° beam-background

9 mm Hg. The

events per 10 meter straight section at a vacuum of 10~
chamber cameras would be triggered so as to record only beam-beam
collisions by demanding a simulated pulse of appreciable ( > 3 Bev)
energy released in scintillators both upstream and downstream from the
target region. At a vacuum of 1077 mm Hgyonly one picture in 3 would
also contain a beam-background event with a one /AASecond gate. Since
background interactions would be more numerous than beam-beam inter-
actions at this reduced current by a factor of 100 or so, this

method of triggering wou.d be necessary to eliminate cscanning of many
photographs for beam-beam events. From such photographs, searches

for new particles and for inter - ting propertie§mpf the interaction
could be made. Electronic scanning combined with magnetic tipe storage
or direct processing of data with high zpeed computers could make
analysis of pictures possibie at higher rates. The beam could be
turned up to a higher "signal-to-noise" (beam-beam to beam-gas inter-
action) ratio for accumulation of statistics on particular rare events,
if it is possible to analyze pictures containing several events, or

if shorter gating times become feasible.

w17-
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Image Tubec For Viewing

NN N 2N

e e e AN V24 - ey r’Beam
; Jacuum
- |"'\V Tank
, Cs I 20¢m
\\f Pilastic Scintiilator Filaments 6o
* ¥
A
t
" Piactic Scintillator Filiaments ,6QC"? [::
- ‘\M; L +
CS I 20¢CH.

VARV NV

*Target Reglon Figure 4.
P lastic fi;amentsxoriented horizonta.ly,alternated at 45° to piane of
drawing, viewed by image tubec ‘ooking inward and outward at 459 to

the plane.

Known particies wou.d be iientified by their characteric¢tic endings:
7 - M decays, K-1r and K- p decays, neutron and protron stars,
anti-partic.e energetic stars, etc. Ionization information would be
availab.e from ccintiilation tracks, but the resolution wiil be too
low for good multiple ccattering measurements.

While the above brute force, straightforward luminescent chamber
would be genera..y useful, modifications might be desirable for certain
experiments. For example it would be desirable to have access to
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secondary particies close to i1nitial beam direction. Thus, in the rather
extreme case of a 9 Bev/c secondary with 0.3 Bev/c transverse momentum,
access to secondary products within .03 radians of the beam direction
will be important. A luminescent chamber 2 meters .ong, 10 centimeters
from the beam axis,placed three meters from the colliding beam region,

could effectively study such particles (Figure 5).

Trajectory of Small

Interaction Angle Particle Scintillation Chamber

Region s

; A D S S ]

> K —m 20Cms
/ 3M 2M > i
Vacuuin
*Tank

Figure 5.

A magnetic field could be placed through the _uminescent chamber and
intersecting beam region horizontallysas proposed by the Princeton
group, in such a way as to produce no net perturbation on the

circulating beams (Figure 6)
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While this configuration is particularly appropriate for storage
rings, it is also feasible with the FFAG two-way accelerator.

Cryogenic pumping by surrounding the target region with liquid
hydrogen or helium has frequently been suggested, and calculations by
the Princeton-Pennsylvania group indicate it would effect a significant
reduction in background from the target region. They propose incor-
porating a liquid hydrogen bubble chamber around the intersecting beam
region both as a detection device and as a vacuum tank refrigerator.

The time resolution of the luminescent chamber is ultimately
limited only by the transit time of light and particles back and forth
across the chamber volume. For a one meter chambery this time is
about 10-8 seconds. The spatial resolution is limited ultimately
by scintillator filament diameters equal to the cutoff diameter for
visible light transmission. 1In practice, the current diameter is
limited by fabrication techniques and by problems of surface defects
limiting total internal reflection. These are technical problems which
should yield to continuing effort.

More systematic anélysis of colliding beam events could be made
with counter arrays observing the interaction region. Experiments are
being constructed for the Bevatron using over 200 photomultipliers.

The fast time resolution (5 x 10-° seconds) plus the developing
ability to handle rapidly the information from many separate
counters makes their utilization in this case very feasible.. With
complex counter arrays, the beam intensities could be increased
above those useful for luminescent chambers (100 amperes circulating

each way). If only one p-p collision in 103 produces an event of

-20-
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interest and if the solid angle subtended by each counter 1is 1074

steradians, it would be possible to collect several events per minute.
Counter arrangements designed to detect specific particles are useful
with present accelerators (e.g. K detectors,'ﬁ detecfors{1Ta/&detectors,
etc.) and would be included in the arrays referred to above. In view
of the moderate average energy of secondaries they could be used in
much the same way that they are used currently.

Combinations of counters and luminescent chambers are of course
possible and would add to the general flexibility of experimental
facilities.

(2) Observation of Secondary Particles from Colliding Beams.

Conventional techniques (counters, bubble chambers, etc.) would be
useful in the usual way to analyze beams of secondary particles from
the colliding beam region. Quadrupoles, shielding, and electromagnetic
separators would be arranged about the target region to direct analyzed
beams into detectors. The primary purpose of such experiments would
‘be to study new, long lived particles close to threshold, with relatively
low energy in the lab, the most favorable viewing direction is in
the direction of the center-of-mass "drift" motion (due to the finite
beam collision anéle'ob .)

Cosmic ray evidence indicates the greatest flux of particles will
be in the direction Bf either incident proton-proton beam for
secondaries of appreciable energies. Thus, it would be desirable to
make available beams of particles of either sign centered within
0.1 radian of the initial beam direction with momenta up to 1 Bev/c
less than the initial protons. Such a requirement seems reasonable

for the colliding beam geometries considered. For such experiments
-21-
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the maximum beam-beam interaction density would be used to produce
the highest possible particle flux in a given momentum and solid angle
interval.

Once again, the uncertainty as to what will be found at these
energies is at the same time responsible for the vague description of
projected experiments and for the interest in exploring these energies,
It should be pointed out, however, that a secondary use of colliding
beams would be the proddction of known unusual heavy particles (e.g.
anti-baryons) at an energy where their flux relative to pion fluxes
will possibly be most favorable on the basis of phase space, and yet
with laboratory momenta which would allow use of conventional particle
separation techniques. Thus, colliding beams might prove the best
sburce for beams of certain particles in spite of low absolute source
strength, although this is speculative until information can be
obtained from the 25 Bev accelerators.

It would be almost essential to provide several simultaneously
available experimental areas around the colliding beam ring; some
set up with dense shielding for secondary beams, and others with
particularly open access to the collision regions for observation
of the primary interaction (e.g. with luminescent chambers).

IV, EXPERIMENTS WITH 300 GEV PROTONS?

*

It has been suggested that a 300 Gev proton accelerator could
be constructed if warranted by its research utility. Protons of 300
Gev interacting with protons at rest would provide the same energy

in the CM as two colliding 12 Gev protons. The possibility of

*MURA Report No. 465; M, Sands
=22~
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experimentation with such high energy protons is considered briefly
here. The general conclusion appears to be that experimentation
at ultra-high energies can be done using existing techniques.

For the purposes of orientation we consider first some of the
relevant parameters of the known particles likely to be emitted
from the high-energy interactions. We take as two illustrative
special cases, those particles produced in the C-M frame of the
primary interactions, W(CM =12 (= 1/ l-/gvz), and those produced
in the frame of the primary proton, \XO = 300, The limiting case of
particles of the maximum possible energy (nearly that of the incoming
particle) is also considered. The case Of\K:;XCM is AF special
interest. Because of the symmetry of the p-p interactions, a study
of products'with Y fE}{CM can give nearly complete information about
the reaction.

‘The energies of particles for the selected\x 's are given in the
first rows of Table II. For comparison we may take for a "measurable"
momentum one for which a particle is deflected from a straight path
by a distance of at least 0.1 cm in passing through 100 cm of a
magnetic field of 10% gauss. Such curvatures should be measurable
in a two meter bubble chamber, or in two chambers separated by a
magnetic field. Energies less than 150 Gev satisfy this criterion.

For the characteristic angles in the second part of Table I we
take those angles which correspond to a transverse momentum of map C.
One would expect that typical angles ought to be at least this large,
and the data of Schein show angles, in general, somewhat larger. For
comparison we remark that an angle of lO-3 can be measured in a
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large bubble chamber. (Corresponding to a 0.1 cm separation along
a 1 meter path).

With regard to the resolution of 0.1 cm assumed above for
measurements of momenta and angles, we recall that typical bubble
diameters are 0.01 cm, and bubble positions can be measured to about
1/10 of their diameter. It is also relevant that onélmay expect to
make displacement measurements with respect to neighboring high-energy-
tracks, so that the effects of distortions are a minimum,

The last lines of Table II give the mean decay lengths for particles
whose mean life at rest is 2 x lO=8 sec (£7¢7) and for particles
whose mean life is lO”lo sec. (ngl)c For pions and K-mesons the
decay lengths are, of course, long on a laboratory scale. The hyperon
decay lengths for a’ZAKCM are short enough to appear in a bubble
chamber, but are sufficiently long so that even with the small angles
expected, the decay points will be separated appreciably from other
forward going particles. The angles between the decay fragments are
typically those of Table II so that hyperon decays will, in general,
be observable.

We consider next the possibility of the identification and/or
separation of the high-energy secondary particles. For particles of
intermediate energy 3]5 30,it appears possible to identify or separate
pions, K-mesons and nucleons. Electronic counting techniques and
microwave separators should be capable of distinguishing particles
whose flight times through the apparatus differ by at least 10711 sec.
The flight path, L, necessary to separate a particle with an energy

¥ MC2 from a lighter particle of this same momentum is approximately
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L =20%cAt,

where At is the time separation required.* The flight lengths

required if At = 10 sec. are:
Y = 10 30 100 300
L = Im 10m 100m 1000m.

It appears possible to identify particles by this method if their ¥

is as large as 30, but not those of the maximum possible energies.

TABLE Il
= - = = 300
Y Y CM 12 X \60 Xmax
Enargies E,na : ' 2 Gev ’ , 45 Gev
EK 6 : 150 %% 300 Gev
Ey 12 < 300
Angles of 10™1 - 3 x 10‘3
o 2 x 1072 10°3 5x10~%
o 1072 5 x 10~4
Deca } Rﬂ' 72 m | 1800 m
Ieng%bs
IA 0.36 m : 10 m

*
For a given p and L, At is then proporational to M2.
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For the most energetic particles one can hope to distinguish
members of different species by their characteristic interactions with
nucleons or nuclei. It is known, for example, that in interactions
with heavy nuclei 5 Gev pions produce typically 3 pions and one
nucleon, while K-mesons of the same energy produce typically 2 pions
and one hyperon.

Presuming, on the basis of the above discussions, that experimental
observations are, in fact, possible at ultra-high energies, one may then
consider the types of experiments which can be envisaged. Three classes
of experiments immediately suggest themselves as being of interest:

(1) A search for the production of new particles; (2) A study of the
statistics of the production of known particles (i.e. dO°/dfLdE for
each particle type) in nucleon-nucleon collisions or in M’-N inte£-
actions, etc. and (3) A study of correlations among the particles
produced in the various interactions. All such experimegts appear
to be possible. An examg%e of an experimental arrangement which
would yielq information on one or more of the éuggested questions 1is
shown in Figure 7.

Finally, we may make some comparisons bétween experiments using
300 Gev protons and those using intersecting beams with comparable
interaction energiés.

(1) 1Interaction Rates. It is reasonable to expect that an

ultra high energy synchrotron would have an intensity comparable to
that expected of the usual AGS, i.e 10tt or more protons per second.
Beams of such an intensity would give interaction rates per unit
volume in a hydrogen target about lO3 times the interaction densities

(Table I)
which can now be expected from intersecting beams. The intersecting
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beams have the problem of background from interactions in the residual
gas, which problem does not arise in the one-way beams. For both

cases the primary interaction rates are sufficiently high that

special techniques (scintillation chambers, or large counter arrays)
would be required for efficient observation of the primary interactions.
The one-way beam would have the disadvantage of a smaller duty ratio

(say ~~ 10 percent) than the intersecting beams (100 percent).

(2) Interaction Observation. The center-of-momentum of the

interactions of colliding beams is nearly at rest in the laboratory.
The interactionproducts emerge at all angles and with much lower
energies than those from the interactions of high-energy primaries.
The lower energy of the secondaries is advantageousg for their
identification, and the larger angles give greater separations in
short distances, but give the accompanying disadvantage that the
detection apparatus must cover all angles around the interaction
region, and that the interaction itself is not observable. The
narrow angles of divergence of the one-way interactions may have
some experimental advantages.

(3) Secondary Beams., The wide angles and low interaction rates

of the colliding beam secondaries will make it difficult to obtain
intense separated beams of secondaries. The narrow angles of the

secondaries from high laboratory energy interactions are favorable
for the geometry of separators. The maximum secondary energies of
the one-way beam is very large (300 Gev), and one can expect large
yields of secondaries with Y 's from‘ZCM =12 to ¥ = 300 (even for
anti-nucleons). The maximum likely secondary energy from 12 Gev

colliding beams is near 12 Gev and the yield near this energy will
-27-
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no doubt be very small. Typical Y 's may be expected to be near

two, or for "shake-off" particles near 12, The mass separation of
beams of particles with X'muci larger than 30 is probably not feasible
with techniques now proposed.

It appears that measurements with 300 Gev proton beams are
practicable, and may even have advantages over colliding beams for
some measurements. The cost of an ultra—high energy accelerator is
much more than the cost of adding storage rings to an existing (..,
accelerator with an energy of 10 to 15 Gev. There is, as yet, little
reason for a prediction that basically new processes will appear
at the higher energies which would give great urgency to the achieving
of these energies.

It may be possible, however, that the interactions of the
fundamental particles will appear to be more tractable at C-M
energies appreciably above the nucleon rest energy, say 10 Gev.,
than at energies of only a few Gev.

It is a pleasure to acknowledge helpful discussions with Prof.

G. K. O'Neil, Prof. M. Schein and Prof. R. H. Dalitz.

* : .
Refer to report of discussion of beam separators.
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Figure 7. Possible Experimental Arrangement
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