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The extendible energy featur; dcveloped at Berkelej in LQoo wlll be -

inooxpozdted and the radilus of the mdchiﬂL hat been inchasod from (OO nto

1000'm to allow an ultimate capubility in energy of 400 GeV. Other chenges ‘:f 1
i:inclﬁd». the choice of a separated~function rather than & combined funct*on lattice,
a substuntlally smaller tunnel cross—uection, an Hanagnet instead of a C— ”<#*€
- magnet, concentration upon a single extracted beam ‘rather than two, and a

reduced internal heam target area. Professor Wilson has announced his
desire to have a beam by the middle of 1972.
It is expected that funding in the nelghborhood of . 240 N$ (excluding
‘ 'equipment) will be approved by the government. Whether this money will
become available next year is a question at present under consideration ‘

‘and the answer will not be known for some months. On‘ﬁhe one hand the.

presentlcut;backs on money for research may cause a delay, while»bn thé\
other hand, the publicity assoéiatéd with the successful starting of the . :
Serpukhov 70 GeV accelerator may cause the plans to.be'pushed ahead quickly. - : L

III. Use of the'Accelerator

~ What can be dbne with an accelerétof depends essentially on the
- particles produced by the accelerator and on their fluxes. Figure 1 shows
the fluxes, dn/dp, of = and x mesons, as calculated according to the
fTrilllng model, that will be produced by primary protons of energy 30 GeV,
70 GeV and 200 GeV. Thus the AGS has useful secondary heams up to about
20 GeV, Serpukhov up to about 50 GeV and the 200 GeV machine up to about
1L0 GeV. Note however that the normalization is in terms of pions per
’1nteracting proton-and the intensity of the accelerator must be taken into:
zecount in computing fluxes. In 1971 the AGS will have an 1nten31ty of
zbout 1013 protons per second and a few years.later so also will the 200 ':_ ‘ifQ’
GeV acceleratdr. The TO GeV accelerator will be about one order of magnitude‘ R
lower in intensity and it is probably not too soon to begin to think of how ?,‘5ff¥?i
the intgnglty should be 1ncreascd ' |
. An interesting expe riment to measure fluxes of high energy particles
prcduced in'p + p collisicns, with rather. simple apparatus, is described

by Jovancvié. This relies on the fact that in the Center—of-Mass System (CMS)
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particle production will be s&mmetriéal_betﬁéen‘the forward and backward
direction., In the TLuboratory, System (L.S.) the forward—ﬁoing parﬁicles
will be highly energetic but their CMS momentum spectrum will be reflected
by. the slow backward—g01ng particlea (less than 500 MeV/c 70or plono) Thus

' a very simple low energy spectrometcr looklng in the backward direction to

a hydrogen target can provide a great deal of information about the very

‘ enerpctic particles.

. Ideally, the goal of elementary particle eyPerimcntal phy81cs should
be to measure the interaction of each known particle with every other known:
particle., In practice the 51tuatlon is much more llmited both in the target
particles and the beam particles available in the laboratory. One is

vessentially confined to the following choices:

Target particles: p, e, (n), (7), (neutron not free,
y-ray target very rare) , .
. - .t + t 0 & -

Beam particles: p; p, K, «, e, 7,Y(A' ImZa),

o

"During the deslgn of the accelerator many physicists have collaborated in
"devising experiments using these particles and in making preliminary beam

designs. This is important to consider at an early stage to ensure that
the accelerator 1tself can be flexibly adapted to serve various experimental
demands and that the experimental areas will be of adeguate size and shape.
Also such considerations.allow one to estimate the quantity and nature of

experimental equipment needed. For convenlence,the more standard beams of

D, n, n 3 Kf are treated separately from the others which require rather

special solutions.

o, .
IV. Standard Beams (p, P, x, K )

These particle bcams are usually produced by either electronic identi~-

fiCatlon (counters) or else by spatial separation.

a) Counter beems: Both threshold and differentlal (e.g., DIQG—type)

ferenvev counters will be ugexul and practicable over the whole energy range

~

et the 200 BeV accelerator for electronic identification of particles.



Difflerential éouﬁﬁers wili:reQnire acéurately paréilel beans and may noﬁ
bevsuitable for maximum intensities at the‘higher energies.: A special.
consideration is the very large p/n+w ratio that yill be encountered at _
" the higher ehergiés. Examplés of experiments_that are considered for such
beams are; ‘ _ , 'v‘ |
(1) Total cross sections (Pomeran¥uk Theorems and Dispersion
Relations). ' ' '
(ii) Elastic and'charge-eXChange scattering (Regge Poles).
(111) Pion form factor. The interpretation of the m—e scattering .
‘ . experiment discussed by Toohig may be complicated by the fact
that several dlagrams may contribute.. On the basis of a :
simple form facton involving the p-meson mass one expects

the following deviations from "point charge" behavior:

E_ (Gev) ;‘; Toox (electron) Max Momentum Transfer (GeVZ) ‘ Deviation
50 36 GeV [ .036 ' 19

100 84 GeV . .08 25%

(iv) ‘Search for massive stable particles:' The pair productioh of
massive particles (e.g., quarks) through the reaction:

R ' p+p-=p+p+X+X'

where M(X) = M(X') has been considered by Chinowsky. If
the target is a free proton the maximum mass, M(X), kinematically produced
is 9 GeV'/c2 at 200 GeV and about 5‘GeV/c2 at TO GeV. If the target proton .
1s bound in & nucleus the effect of the Fermi mcmentum is to increase the
kinematically allowed mass. Chinowsky estimates that the detectable value
of M(X) for production from & heavy target may be 13 GeV/c? at 200 GeV and
7.5 Gev/c® at 70 Gev.
b)  Spatially Separated Beams (p B 7= K ):
(1) A scheme for producing a separated beam of particles proposed

by Veksler involves the introduction into the accelerator structure of a

high-frequency cavity to bunch the circulating beam. At the 200 GeV machine

a 3 AGHZ cavity about 10 m long would seem to be adequate (Lamb). There

U
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will be ample_space reserved in the\écceleratbr'lattiée to allow suchva

“device to be inserted. The proton béam bunched at this frequency then
" strikes a target to produce a secondary beam modulated at the same’ freguency.’

. Some distance downstreem a tfénsversely—deflecting cavity correctly phased

can deflect wanted particles in a chosen direction. Alternatively a c0uhter

 beam can be constructed by using, instead of a second cavity, an r—meodulated '

photomultiplier (3 .GHZ) similar to that recently developed at LRL by J. J.

(i1) - R—F Separated Beams. ‘There is a rgther detailed preliminary

design by Lach for a three-—cavily r—f separated beam with a deslgn momentum

- of 100 GeV/c for kaons. The distance between the first and second cavities

is 250 m and between the second and third %50 m. - The operating frequency'is
10 GHz and the cavities would probably be superconducting. Thus the duty

:factor could be long and the beam could be used by counter experiments as

well as bubble chambers 1f a suitable switch—yard were built at the tail—end

" of the beam.

The cavities in Lach's beam were assumed to be of the standard -

 linearly-polarized type, viz., to have a transverse electric field,constant

in direction. The practice in this case is to arrange for the net deflection

" of the two unwanted particle components (e.g., n and p) to be zero and that

of the wahted particles (e.g., K) to be non—zero. Thus the unwanted particles -
can be caught on a '"beam—stopper" and most of the wanted particles miss the
stopper and can be transported on to the detector. In another report

Sandweiss has pointed out the advantage of using a circularly polarized
deflector. This might consist of two>linearlyhpolarized cavities close
together with a phase difference of 900. In this case the net deflection

of the wanted particles (K) would be arranged to be zero and.ihe:net deflection

of the unwanted particles (x,p) Would' in general, be non—zero. This is &

less regtrictive conditlon than in the previous case. The undeflected X's

. 'would finally pass through a small hole in a collimator and the cones of

n's and p's would be stopped in the surrounding material. Sandweiss has
rade a direct comparison of the circularly— versus linearLy—polarized systems

&ssunming the same cavity spacing as in Lach's beam and the result is shown

in Fig. 2. The advantages of the use of circular polarization are clear — ,



the deflections are increased the stop bands diminished and the _upper lﬁnit

.in momentum extended. S B e

»

(iii) Pulsed Magnet Separator. The possibility of us1ng Eeren.ov

.‘counters to identify certain chosen particles and thereby to deflect these
particles selectively into a detector, e.g., bubble chamber was proposed
"about 1961 by Brody. Recent developments in rapidly—puised kicker—magnets
and laSer—triggers'fof'spark gaps has reneved interest in this suggestion.

: Kadyk has examined how ‘such a beam could be constructed using present—day
‘technology. (See Fig.,3 ) It is necessary for the beam particles to travel
in a longer path than'the light signal from the counter to the pulsed magnet
vin order to make up for the unevoideble electronic delays, If these delays‘»"
_ are 40 nsec and the total beam length 300 m,then the angle of bend need '
" be only about 30 deg. .Such & separated beam for bubble chambers at high
energies has Important advantages: it is reletively cheap'and the beam

optics needvnot be as precise as in other types of separated beams.

. +
V. Special Beams (Ko, n, Y, e, 7, v, u)

a) Neutral'Beamo(Kp, n): There 1s a discussion in a report by Read

of the ratios of different particle» in neutral ‘beams produced close to

the forward direction (0—10 mrad). In particular he describes how a Ko

beam might be constructed. DIending megnete can remove the charged particles

while lead abgorbers followed by bending magnets can eliminate the y-rays.

In order to decrease the neutron—to-kaon ratio Read proposes the use of a

‘long polyethylene absorber. The absorption cross—section of K in CH2 is
“approximately 0.6 times that of neutrons so that the neutrons are preferentially

' aosorbed. (Liquid hydrogen would also be a'suiteble absorber. ) The flux ' N
o K is, of tourse, reduced by this process so that in a particular experiment

one must compromise between the flux required and the purity of the beam. Y
 Also discussed is an experiment to measure foT (x°p) - 94 (k%)) 1n the region |
of 50 GeV/c by studying coherent regeneration. The difference in the total
cross—sections can be measured quite accurately and is.interesting in the

study of the asynptotic behavior.
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b)  Hyperon Beams:  At very high energies ﬁhe,lifetime’of hyperons

“1s long enough that they,can;tfavel several meters, thus opening up the

possibility of cénstructing hyperon beams. LonédihaS»suggested making a

) A° veam of relatively.small energy spread by utilizing the decay of

E— - AO +i 1{-,

Negative particles prbduced in an external target are selected and roughly

- analyzed in momentum by a bending magnet. The beam next travels over a

ey

drift space of a few meters — during which the = hyperohs decay — and 1s a

"then bent sharply away from the detector. The kinematics of the decay are-
- such that the A° travels closely parallel to the direction of the parent
' hyperon and furthermore will have an energy spread of only about_zo%.

Because of the large background of neutral particles from other hyperon

decays (e.g., n, E) 1t 1is necessary in an experiment on elastic scattering,

_ Aop ﬂ»Aop, to detect the final-state AC as an additional check.

The possibility of studying the interactions of E_Lhyperons in

~hydrogen has been examined by Cook. He considers the = particles to_bé

produced 1n the reaction;

o

- +
K +p—-K += .

‘Thus an intense X beam is allowed to Strike a liquid hydrogen target and

.. . a counter end spark chamber telescope 1s arranged to detect the production

of the Kf meson. In addition,a éerenkov counter detects the = particle
which enters a liquid hydrogen target 2—3 meters downstream of the produétion
point. Spark chambers are placed behind the hydrogen target to detect the
scattered proton and hyperon and to observe the = decéy/to Ac + 5 . Cook
concludes that the rate of events will be very small and that this is a
very difficult experiment. "v ‘
When high energy hyperon beams are constrﬁcted they will certainly -
rely heavily on high—field superconducting beam transport magnets. Also,
counters to help in the identificaﬁion’of the hyperons mus£ be very compact.
Cerenkov counters may be too long and it seems likely that counters using
the Ter-Michaelyan effect,or perhaps éecondary—electron—emission counters

that can measure velocity, will be essential to use.
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¢) Electron und Photon Peoms: There are extensive discussions by

" Heusch of the methods of creating'useful beems of electrens, poslircne and
photons at high energies) and also of: the useful'physics for,whicn they
could be used. Electron or positfon beams.with.small momentum spread at -

- 100 GeV could have intensities in theiregion 106 to 108 per. pulse depending
on the purity desired. Photon beams at the same energy should have inten—
"gities of about lO7 c_i GeV—l. These intensities are notvhigh enough to

carry out, experiments Involving very small cross scctionb such as are. at

o prebent ‘often performed . at electron linear accelerators. But the energies

,A‘ available far transcend those available at any electron. accelerator existing .

or even planned and there are many useful experlments involving reusonablj '

large cross sections that should be performed. Among these are studiles of _

p051tron annihilation, ‘wide-angle pair-production, wide—angle bremsstrahlung, :

production of strong_ly—interacting particles (to examine the behavior of

~ the Drell, diffraction, and one—pionrexchange mechanisms), photo—production

.of ﬂ+ and ﬁo_mesons from hydrogen and‘total cross sections for yp and 9n.
éerenkov counters can;be used to obtain very pure electron beams

. for intensities < lO6 sec-l, Heusch has drawn attention to the usefulness

of tagged photon beams. In this case an intense — but not necessarily'pure -

electron beam of defined momentum is allowed to strike a lead radiator.

'_If bremsstrahlung occurs,the degraded electron has its final mamentum

nmeasured by means of a magnetic hodoséope spectrometer and its identity as

- an electron verified by mesns of shower counters. (See Fig. 4). Thus the

energy of the radiated photon can be determined. ,An exténsion of the streamer—

chiamber technigue as used ﬁy Mozley at SLAC would seem to be very useful.

a) Neutrino and Muon Beams: Systems for the production of neutrino'
beums hitherto used at present accelerators may be called "broad—band"
systems,’namely,‘both the neutrinos and the chargéd particles in the beam
extend in energy all the way_fron ierofup to the naximum energy of thel
rrimary photon beam. Disadvantéges of the "broad—band" system include the

ross uncerteinty in the energy of the ncutrlno Initiating a certain reaction

b0

dFtec or, and tbe need for a shield in front of the detector to absorb

the highest energy mions produced. In the case of the 200 GeV accelerator



the shicld thickness nceded to absorb a 200 GeV muon would be about lOO
meters of iron. _ B _

It has been ‘proposed that a so—callcd narrow—band" system
might be used at the 200 GeV accelerator. In. such a system a charged

secondary—particle beam containing n—mesons and K-mesons would be selected

 in momentum and steered down & long straight strong—focussing channel

consisting of distributed quadrupoles. The mean decay length for pions is -

{55 p) meters and for kaons is.(Y.h p) meters, where p is the particle

nomentum in'GeV/c. In travelling down the channel — approximately 1000

v - meters long ~ the decays m - u + v and X - p + v take place and the more

energetic neutrinos will travel forward and enter the detector placed at
the end of the channel. The energy spectrum of the neutrincs is peaked
towards the upper kinematical limit and its exact shape depends on the
length of the decay channel and the diameter of the detector. Figure 5

shows some examples for a detector diameter of 6 meters and for two

f‘ different channel lengths and two energies. Note that for a given energy

of the charged particle beam, pions can give rise, to neutrinos of at most

“about half that energy whercas kaons can glve neutrinos of almost the full

eneray. v
The importance of the K-meson decays as a source of high-energy
neutrinos is illustrated in Figure 6. These curves refer to a channel 1000

meters long and refer to detectors with different values of radius, R. The

~ordinate is the number of neutrinos between 80% and 100%-of the kinematically

maximum enexgy 1in either n~decay or Kﬁz décay according as the channel 1is
tuned for different charged particle momenta. It is clear that above

neutrino energies of about 3540 GeV the K , decays are the predominant

u2

source of neutrinos. - _ .
i Lo . :

With an intensity of 3 x lo;J.protons per pulse the 200 GeV

accelerator should be able to produce several neutrino interactions per

' pulse in a hydrogen bubble chember of 100 m3 volume. The rate of elastic

lateractions should, however, be substantially less than‘one per pulse. ..
Because the neutrino beam and the r.f. beam are boﬁh very long:

(> 1000 meters) and should both serve a large bubble chamber, the arrange—

ment chovn in Figure 7 1s proposed. Here the bubble chamber is located -



fneutrino experlments. By meanb of sw;tchmng magnet°_the radﬂo”roquency—
fseparated beam may be dlverted ejther to the large bubbJe chamber or toea'
:counter experlment._fe ‘. L. . _ ,'v_' . ,' ; ." ‘_
5 , By proper de31gn of the channel a large fraction of tne b~v —é'
tenergyiu—mesons arlslng in nadecay can be cantured and retained 1n uhe
fcnennel untll the end.' Here they can be SW1tched away from the neutrxno

’dlxection by means of a magnet and purlfled 1n a st*ongly interdcu*ng

}pertlcle filter. Approxlmately lO murmeeons per pulse in a l% mamentume

jinterval at 20 GeV cen be dbtained in thls wayp




o Fig. 1

 Flg. 2

Fig. 3
' 'pulsing magnets.

Fig. 4

- Fig. 5

Fig. 6
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The flux, dn/dﬁ, of positive and negative m—mesons produced B
per interacting'proton, per“GeV/c, for primary proton energles

of 30, 70 and 200 GeV (caléﬁlated from the Trilling model).

' Net deflection of least deflected contaminant in a three—

deflector circularly—polarized system as shown (solid line)

with zero net deflection fo:'K;mesohs. The deflection amplitude_
of K mesons for simultaneous cancellation of proton and pion

deflections in a "standard"_linearlyepolarized three—deflectbr

. system with the same spacing is also shown.

Illustration of technidue for separating particles with fast—

An example (schematic) of a tagged photon beam.

Examples of the neutrino flux expected in a detector of diameter,

' D = 6 meters, from the decay of n-mesons and K-mesons in a long

linear strong—focussing channel of length, L.

The flux of neutrinos in the interval (0.8 — 1.0) E, pay OPtained

from a 1000 meter long decay channel in a detector of radius R.

w

in x>y + v and K - u + v decays, respectively, for the two sets of

curves. (Toohig)

A schematic of the possible arrangement of a large bubble—chamber

. fed by two long beams, one for neutrinos and one for spatiale—

separated strongly—interacting particles. Note the different

horizontal and vertical scales.

E, max is the maximum kinematically allowed energy of the neutrino
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that- the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. .

As used in the above, "person acting on behalf of the

Commission" includes any employee or contractor of the Com-

mission, or employee of such contractor, to the extent that

such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access

to, any information pursuant to his employment or contract

with the Commission, or his employment with such contractor.








