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_A significgnt fraction of the,expérimental prqgram aﬁ
~all of the major protbn accelerators is currently devoted to
 eXperiments using néuﬁrél beamé. The majority'of these are
designed to study K°-meson decays (;nspired of course by the
‘cufrentvintéreét in CP violétions) and the reméihder to study
néutron interactions. There has‘béen almost_nd experimental
use of proton éécelerators to prodﬁce yvbeams}

It is the pufpose 5f fhis-nbte to emphasize first of ali,
that neutral beams are likely to play a role of comparable
importance in the érogram of the 200 GeVVacceleraths. |
Provisions for such beams should therefore be incorpofated in
the design of the experimenfal areas. Secondly,‘we attempt
to envision what kinds of experiments are likely.to be most
interesting in the first féw years after turnon in order to
gain some perspeéti&e as to the facilities which shoﬁldAbe‘

'provided.
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I. Neutron Scattering Experiments

A. General Discussion
- One éaﬁ safely prediét on'the basis of experiments’
done at‘exiéting accele?atdrs‘%hat the folloWing_experiﬁentsr
will be of cénsideréble_ihterestlat higher ehergiés and can
be perforﬁéd wifh.littlé or ﬁo extfapolation of present
techniques.
l)"n—p totallcross sections measuréd directly wifh
a neutron beam | |
2) n-p fdrhard séattering_
3) n-p backward scatfering (charge-exchange).
The first twb of these have recentlj been carried ouf at the 
AGSl’2; the latter is presentiy in the proposal Stage at
the AGS3. These experiments will be discussed below.
The Beam
All of these experiments require a well-collimated neutral
‘beam taken off at a small angle from the prqductidn target.
‘Such a beam pases no significant technical problems at 200 GeV
provided a suitable channel is left in the muon shield to
bring out the beam. The available ﬁeutron flux is entirely
adequate for these eXperiments and beam purity is not a
problem (see below).
- A possible beam 1s shown in Fig. 1. The muon shield
is ~100 m. long. The solid angle subtended by the defining
aperture is ,@JBXIO-8 st for a beam diameter of 2.5 ecm at the

exit from the shield. On the basis of previous experience
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at the AGS and the Bevatron it is reasonable to assume a neutron
spectrum similar to the'inelastic préton spectrum with a
néufronvflux within a facﬁor 5f two of the proton flux.

- To predict the ﬁeﬁtron vield We-therefore use the formula
Trilling developed fbr‘protbh yieldsn. The resulting spectrum
for the beam described is shown in Fig. 2 for takeoff angles

of 0 and 2.5 mr. At O mr the total neutron flux between 25 |
GeV/c and 200 GeV/cris ~5x108 neutrons/(lo12 iﬁteracting pr5tons)
-for this beam; This'is more thaﬁ adequate for almost any
'conC@iVable expériment and generaily a smaller solid‘angle

would be used. The shape of the neutron spectrum at 2.5 mr
is‘considerably‘less favorable for most-experimetns than

it is at O mr. A takeoff angle of <2 mr for the neutron beam

is highly desirable. The shape of the neutron spectrum is a

considerably more important factor in neutron beam experiments
than it is for charged beams since one does not have the
ability to physically separate out the désired momentuﬁ.

'»The gamma contamination in the beam 1s easy to‘reduce
to negligible proportions by placing lead filters in the
beam. The beam will also contain a small fraction‘of neutral
kaons and antineutrons. The KZ/h ratio is likely to be
<2% above 100 GeV/c and does not constitute a problem. The

n/n ratio will of course be much lower still.
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B. Neutron Total Cross Section Experiment
4An experiment'to,measure total cross sections of

neutrons on protons and heaVier nuclei has recently been
carriedrout at the AGS,l A direct measurement of the np
totai croes section with a neutron beam (rather than the more
common.pd;pp sﬁttractioh technique) has important advantages.
The biggest is that the uncertainty in the deuteron screenipg
correction (~2 mb) is eliminated The apparatus is shown
schematically in Fig. 3. The_extension of'tﬁis,experiment
to 200 GeV is straightforward. In fact the peroentage energy
resolution of the neutron "calorimeter" will be considerably
better at the higher energies. A O mr takeoff angle is very
important in this experiment to i@?prove the effective energy
reeolution. A much smaller beam diameter could be used for
the 200 GeV experiment since the available neutron flux is
several orders of magnitude larger than required. It 1s
considerably easier to measure total or0ss sections for heavy
nuclei with neutrons than with charged beams because problems
caused by coulomb scattering do not exist. The sm 1l
contamination of the beam with KO mesons is not.likely to te
troublesome as the calorimeter resoonds primarily to partWCTes

_enn fonn fr Rl Wﬁ’b s L K i T ,J&W gl

vhose energies’is certain y very small’

C. n-p Diffractioo Scattering
An experiment to measure differential cross sections

y

for elastic n-p scattering in and near the diffraction peak has

2

recently been carried out at the AGS. At small t where the

differential cross section for elastic scattering is relatively
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large the extension of this experiment to energies ~200 GeV
prasenﬁs no new problems. A pessible,experimental arrangement
isﬁshown'ih Fig. 4. - The séattered neutron.is detected in thick
pléte sparkvchambers. Thie gives the neutron angle with an
eccuracy ~0.2 mr. -The momentum and angle of the recoil
proton are meesured iﬁ a thin plate sﬁark chamber spectrometer.
The momentuﬁ of the'ihcident neutren 1s unknown but its angle
is well kﬁown because the beam 1is tightly cellimated. This
gives a 2-constraint fit to the events which pfovides,very
strong discrimination against inelastie events. It is not
oufpurpose to give a detailed analysis of the limiting four—‘
mormentum transfers that can be studlied with the simple
errangement discussed. it eeems likely from‘pest experience
that the rejection of inelastics should be adequate for |

t & 2.5 (GeV/c)E., It ehould be relatively easy to extendr

the measurements tovt ~ U (GeV’/d)2 by\adding a more complete

shield of anti counters around the hydrogen target.

D. n-p Charge-Exchange Scattering

, The’study of n-p charge-exchange scattering in the
200 GeV region 1is of great importance to present theory.5
Most of the expefiments carried out to date have used a
technique employing two successive charge-exchange écatteiings,
The proton beam first impinges on alberyllium or deuterium
tarzget. The neutron beam thus formed is then passed throughb
& second hydrogen target. A spectrometer with goodvﬁomentum‘

resolution then measures the flux of protons with momentum
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equal to that of the original proton bean. The proton
flux ié proppftional.to the éduare of the'charge—exghange cross
section. The extension of thié technique to‘QOO GeV would:
reguire a momentum resolution ~.03% and seems to Ee hopeless,
particularly in view of the fact that the total charge-exchange
cross section 1is expected td decrease rapidly with increasing
energy. |

A techni@ue similar to that described for diffréction
scattering seems cénsiderably morevhopeful. Tn this case it
is necessary to detect the slbw recoll neutron comihg but
of the target near 90° in the lab. The neutron can be
detected with good efficlency (~25%) by means Of‘thick
scintillation counters. The requirement that the recoil
1 neutron be detected limits the measurements to recoil neutron
energles »2 MeV or four-momentum transfers |ul| » .OO&V(BeV/c)Q.
Judging from existing low energy data6 this 1is not a serious
handicap.‘ |

A possible experimental arrangement 1s shown in
Fig. 5. The momentum resolution of the proton spectrometer
would be ~0.2%. The neutron counters wouid be constructed
with phototubes on either end. By measuring the relative:
tining of the pulses from either phototube it 1s possible
to determine the neutron's position along the length of the
counterAto +1.3 cmi. With the dimensions shown the resolution
in the measurement of the neutron angle is ~ *6 mr which is
comparable to that obtained erkthe recoll pfoton in the |

diffraction scattering experiment (as determined by multiple
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‘Coulomb sgattering)f With care 1t is posiible to determine
the neutron momentum with an ac¢uracy typically of 2 to 5%
fram iﬁs time-of-flight.

At present'there is little known regarding fhe energy
dependencevof thé total_chargé—exchange cross section. Present
experimental_data are‘relativély crude ahd extend only up
to 8 GeV/c, thus makingAextrapOlations to the neighborhood
of 200 GeV/c purely guesswork. -Agéin it is not our purpose
here to delve deeply into questions involving data-taking rates
and maximum four-momentum transfers than can be studied with
the technique describéd.~ Such an attempt would be premature
unﬁilkexpefimental results are available at AGS energies to
allow a moreAreasonable exfrapolation of the cross section té
200 GeV and a better asséss:ment of the experimental problems.
The ekperiment wduld rely heavily on a complete anti shield
around the hydrogen target tb reject inelastic events. 1In
princiﬁle itAsegms poééible to provideAas complete a shield
as necessary to give adequate separation. In that case the
maximum four—momentum transfér that can be studied will be
limited by rate.; The neutron flux available is more than
adequate, but the requirement that the first chamber in the
spectrometer not have too many accidental tracks restricts
the‘incidént neutron flux to ~5x107/sec with present techniques.
This should be sufficienﬁ to allow measurements out to
; = O-.l&(GeV/c)2 which encompasses the region of major theoretical

interest at present.
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II. K° Experiments
The situation regarding K° experiments at the 200 GeV
. accelerator is coﬁsiderably‘more problematicai. Fifet it ie
diffieult'to'guess wha% experiments will 5e ihteresting after
theAacceleratof is in operation. A second.facter islthaﬁ, .
ﬁplike the neutron beam experiments, there 1s generally no‘
theefetical reason for studying K° deeays with’high—energy X°
beameL. There may of ceurse be sigﬁifieant'ﬁeehnical advantages
(or disaavantages!) ﬁb e gained aﬁ the 200 GeV acceleratof.
- We shall therefore llmlt our remarks here to some general
cons1deratlons regardlng p0851ble advantages.
A.i Useful K° Flux:
If we assume that the K° /ﬁ ratios at 200 Ge™ are
comparable to those at the AGS, the K° flux w1ll be 1n the
same ratio es‘the m fluxes. - If we assume the CKP formula
we can expect about times greater fluxes at 200 Gev/c
at 0° for the same solid angle and momentum interval. TYpieelly
in K° experlments the beam dilameter must be kept small
Since the neutral beams auvthe 200 GeV accelerator w1ll generally
be twe or three £g§%;§5 the solid angle will be ~ 6 times
rsmaller. This factor will be approximately compensated for
by the larger momehtum)bite at 200 GeV. The ﬁseful K° flux
will therefore be C:::)éreater_at 200 GeV than at 30 GeV'for

the same diameter beam.
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B. Useful Decay Rateé:
Because of the greater time dilation factor the decaj
rate for K° beaﬁs from the 200 GeV accelerator will be ~ 7
times Smaller.than at AGS energies. Again this effect is
somewhat compensafed for by the fact that the decay products
go more strongly forward for the higher energy beams. This
means that for typical experimental geometfies the decay
region studied will be longer by a comparable factor.
C. Event Rates
| The event raﬁe or data-taking rate will depend
critically on the detailed experimental arrangement. Generally
speaking if there are no spark chambérs in (or very close)
to the neutral beam the greater K° fluxeo a; the 200 GeV
accelerator could give event rates ., “times higher than
' those typical at the AGS. The requirement that no spark chambrs
Pbe in the beam comes about because of tThe very large neutron
fluxes which would most likely swamp the chambers. This
requirement poses a severzlimitation on experiment%possible
with such a beam.
D. Other Possibie Advantages of the 200 GeV Accelefator
for K° Experiments
Thére is a certain class of experiments, e.g.,
charge asymmetry in K;3 decay, where the higher average energy
of the'decay products would be a significant advantage. This
comes about because the separation of muons from electrons
and hadrons i1s improved when‘large amoﬁnts of abéofber can

be placed in the beam. (See for example Ref. 8 and 9).
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One might also expect that in large angle neutral
beams the K°/neutron ratio will be considerably more favorable
than that at the AGS. The question oﬁwhether such an advantage
will be realized must await the outcome of beam surveys at

the 200 GeV accelerator.

ITT. Other Neutral Beam Experiments
“A., Expzriments with y's

Experiments with y beams In the 200 GeV region have
‘been discussed by Clegg, Murphy, and Tumerlo. As is well
known y fluxes at proton acceleratdrs are orders of magnitude
iess than those available ffom electron eccelerators. The
neutron fluxes in the y beams wili pose a formidable problem.
It isvthe author's opinion that it will be a long time before
y experiments at the 200 GeV accelerator can compete usefully
with those at SLAC. |

B. Antineutron Experiments:

The antineutron/neutron ratio in the neutral beams
at the 200 GeV accelerator will be considerably more favorable
than at the AGS. Unfortunately the difficulty of distingulshing
antineutrons reliably from neutrons at very high energies

seems insurmountable.

Iv. ’Discuséion of Possible Neutral Beam Facility at NAL

(¢

“As discussed above, there are several very interesting
~and feasible neutron scattering experiments that will certainly

be.propbséd soon after the 200 GeV acceleratér turns on. If
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>provisions'fo; it are made in the design of the muon shield
it is almgsﬁ trivial t§ provide au”zefo degree" neutral

~ beam faéility. On tﬁe‘oﬁher‘hénd if it is not incorporated
into thé earlyvdesigns it moét likely‘wiil'be.impractical
until a majdr-réviSion of the muon shiéld is made.

Basically all thaf ié neéded for-the‘neutral beam
facility (NBF) is a clear lipelof—sight through the shielding
to the tafget in the externai .beam. .The most oﬁvious choice

for the location éf thevNBF is in "target station B.”ll
‘_The neutral bean woﬁld have to thread iﬁs wéy past the small-
_anglé charged bemgs in that area. Thié is'noﬁ a serioﬁs
»problem since the diameter of thevneutral'chaﬁﬁei in the region
 where the transport magnets for thé various charged kzms beams
~are densely packedll is‘only several millimetérs..'A'sweeping.
magnet ~ lO meters long shdﬁld beliocated in the neutral beaﬁ
as far upstream as possible to reﬁqve charged particles (and
for safety reasohs)f The gap Spacing and pole pieces of the
magnet need only:be ~2 cm.

The NBF would also serve as a simple but extremely useful
parasite beam. With the sweeping magnets off high-energy proton
beams of respectable.intensities (SeebforAexamplé Fig. 2) will
be available. High energy parasite beams will prqbably be
diffic@lt to provide in any other way, and this application
alone seems sufficient to justify the facility. Total proton
’%{neutron fluxes 2 lOg/pulse will te available with mést“of
the flux above 140 Gev. It should be possible ﬁo'use these

to generate very useful tertiary pion and kaon beams.
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Where practieal,provisions for larger'angle neutralAbeams‘
should be included in the initial plans for use in K°
experimentsf ' These would provide K° beamé considerably better
than those available at the AGS. Studies of proton and K
yieids at various production angles should be made as soon
‘as pbssible after turnon to provide information regarding
the optimum takeoff ahglelfor K° beams and the K°/neutron

ratios that can be expected.
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Figure Captions

"A possible location for a O mrad neutral beam at

target station B.

Predicted neutron spectrum for production angles

of 0 and 2.5 mras.

Apparatus for ﬁotal-cross section measurement.
Apparatus for smalleangle np scatteriﬁg experiment.
Appafatﬁs fbr np chérge4exchange scattering

experiment.
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