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- Neutron- Proton lefractlon Scatterlng and Néutron

e - Total Cross Sections up . to 200 GeV

e ABSTRACT
We propose to use tha O neutral beam planned for
Experimental Area 2 to measure dlfferential cross sections
fbr np elastic scatterlng in the diffraction reglon over
the energy range of from Lo to 200 GeV and also total
;oross sections for neutrons on protons, deuterons, and
other nuclei over the same energy range. |
The progosed exPeriments.would use techniques
previously‘developed~by ﬁhe autho{s>in simiier experimeats
at the Bevatron and the AGS. Mosﬁ of the.appératus
~already exiets. The two experiments'could be run in the
same beam, either simultaneously or sequeﬁtiallg. The
experiments are simple anozplace very modeStfdemands on

accelerator performance.
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The Unlverszty of Mlcnlgan

Bruce Cork
Argonne National Laboratory

May, 1970

Correspondent: Michael J. Longo




o~~~

II. Physics Juetification' - o

The np elastic scattering experiment will measure cross
sections with good accuraey at least out to 2 (GeV/c) d'
at incident neutron energles up to ~200 GeV. There is a good
chance that no np.experimentstill take place at Serpukhov
before turnon at NAL because of uhe lack of 2 suitab’e neutral -
beam. The NAL experlment would then extend our, previous
studies of np elastie~scatter1ng at the AGSI .by a factor qf
approximatel$ 7 in neutron energy. Such meaeuremen§s~of '
elastic differentiel cross sections are basic to anﬁ theory“
of strongAinterections at high energiee{ Major poihts of

interest are a comparison of pp-and n.p cross sections,

pOSSLble shrinkage of the diffraction peek, or possible
struceure in the diffraction peak such as that.found by
Allaby et al.2 near t = 1.5(éeV/¢}2 in pp scattering at i§.3
GeV/c. . | o -

The np and n-nucleus total cross section,meesﬁrements
would yield total‘crose sections to ~27% aecufacy over the
energy range 40 to 200 GeV. We note'ihat'direet measurements

of np total cross sections with 2 neu

ck

ron beam eliminate the
uncertainty in the ﬁp:tota7 cross secti ions caused by the
uncertainty in the screenlng cozwecelone ir a pd pn subtraction
is used. (This uncerealnty is espeelally serious when extra-
polating present esxperience to such hign energies ecause of
the possibility of coherent inelastic effects'as discussed
3
.)

by Pumplin and Ross Furthermore & comparison of np, Dpp

and nd (or pd) total cross sections allows an experimental




iﬁﬂxl'determination of the screening correction which would serve

s AT L Mt # g

'“5,?as a test for the existence of effects 1ike those” considered
by Pumplin and-Ross. - V |
'v~’i~e ‘The energy dependence of the n-nucleus cross sections
,"would also provide a test for such effects. These can be
done very simply with very little running time. The data
' analysis can be done very quickly so that these total cross
| section measurements will be almost immediately ayailable to
give~a "preview" of possible new effects at Very high energies
which can be investigated in othef experiments‘soon after

—

" turnon. —
_ Another very important aim of‘the experiment 1s to gain
experience with high-energy neutral beams at NAL. In
addition te those proposed here,there are several very
~interesting experiments that eould be done with a neutron
beam at NAL. Since they are somewhat mere difficult and less
"eertain to succeed they might be considered "eecond generation"
experiments. Two such experiments.which have been considered

. by Longo4 and Jones5

in NAL summer studies are np charge-
excnenge scattering end neutron diffraction dissociation

(n + nuclens - n* + nucleus). Qur group is'currently studying
np charge-exchange scattering\up to 30 GeV at the AGS and
vplan an exploratory experiment to determine the feasibility of
neutron diffraction dissociation measurements in the near

future. These experiments are. of great tneoreticel interest,

and proépects'for extending them toVNAL energies‘are good.




. " . . ’

Both the total cross sect&on and the diffractlon

scattering experiment would make use of a total absorption

-

spec+rometer to measure the neutron energy. Our group. has °

ploneered 1in this technique in preVious experimepts at the

6

and Bevatron7 and also in tesmic ray experimentss.-/At

-

high’ energies the potential energy resolution of such devices

AGS

1s very good (Ni&% at 200 Gev)g, and we believe they Wlll
find many important applications at NAL. Another Significant
goal of the experiment is therefore to develop and galn

experience with total absorption spectromeyers at NAL energies.

- III. Experimental‘Arrangement B -

A. Neutron beam ' S

The main requirement for the neutron beam lS tnat the

t

takeoff angle be small <2mr, It is our understandin nat a
small-angle neutral beam w111 be available in uxper..me_ al

'_ Area 2. The desirabiliiy of a small takeo l hés bezn

5

emphasized by Jones~” and Longon. The main advantaae is the

much higher flux of neutrons near 200 GeV -in the smaller

angle beams. Fig. 1 shows a comparison of expected neﬁtron“

5

spectra at 0 mr and 3‘mr from Jones' paper-. This assumes
the inelastic neutron.spectrum is siﬁilan te that for inelastic
protons which is estimated.oﬁ.the basis~of‘tﬁe Hagedorn-Ranrtt
model ' | | | |

Details of the neutron heam will be conSidered i; ‘
conjunction with NAL staff. Available neutron fluxes should
_be more than adequate. " With a 1" diameter aperfure at 1000 ft.

we estimate a neutron flux of ~lO7 neutrons (beéween'l60 GeV.




;..'5— ‘, ) . . y‘\ ' '. | c .
@ ’ ’ |

and 200 GeV) per lO pro;ons. This. is at least an order-"‘ .

of-magnitude more than needed so that a means for varylng

.

the size of the deflnlng colllmator should be provmded.

B. - The np dlffractlon scatterﬂng experlmeﬁt

Fig. 2 shows the prop08°d layout for the elastic scatterlng
experiment. The'neqtron beam is lncldent on a hyergen
target. The forward épatﬁered neﬁtrdns are'detectediin an
arrangement of spark chambers interspersed with steel Plates
and scintillators, shown in detail'in Fig. 2A. ThisVarray
serves two pu:posgs; The vertex of the neutron's interaction
in the steel platgs at the upstream paru of the array vlvas a

!
point on the neutron bragectory whwcn, when connecbed to the

point of interaction in the hydrogen  target, gives the

neutron scattering angle. The whole array als& functions as :
a total absorption spectrometsr'(TAS)’so that the summed

pulses from the scintillation counters give a measure of the
neutron energy. Extrapolgting from our previous experience

at the AGS6 and the Bevatron7 we anticipaté an energy resolution
a6 at 100 GeV and =L% at 200 Gex}. .This is more than adequate
for our needs. This array would‘be méunted on rails so that

it could be moved to c¢over differenﬁ ranges of t.

The recoil proton from the hydro n target would bve .
detected in a sta ndard wire- chamonr spectrom etér. ThiS'gi?es
the proton momentum and angle. Since_the.only unknown isx
the incident neutron energy, we have a 3-constraint fit to

the hypothesis of an elastic scattering. This will provide a
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very powerful means of dlscrimlnatlng agalnst inelastic
events. With this and the anti shield around the hydrogen
tafget to further reduce inelastic background we expect to

be able to make measurements to t » 2(GeV)2. As in our

previous experlmentsl we WQuld simultaneously measure cross
sections over the whole range of incident neutron ehergies
with’the events latef'binned accordipg to energy. -
Except for the anti’'shield around the target and the .
use of the TAS inCorporatedlinto the neutron detectqr, the
technique is identical to that employed by our group at the
AGST? and the Baygtronlb'to study np‘elastlc scattering.
The technique extrapolates very nlcely to nigher energies,
and in many respects the experiment becomes easier. The
identification and measurenent of tﬁe neutron vertices
becomes simpler and the greatly improved enercy resolutiicon of
the TAS provides a very effective means fof( easurlnO neutron
ienergies.. Tne increased neutron T"lnc.xes-s.avaJ‘.le.':t‘ol's at higher
~energles allows the use of a smaller diameter nmubron beam
with correspondingly better resolution in neutron scatte ring
angle.
The use of a neutron deuecuor with good energy resolution

has an 1mporuant advantage in normalizing the data. The

|

number of events (per monitor count) at a given setting is
proporulonal to the product of the cross section, the number
of beam neutrons, and the neutron detector efficiency. The

product of the number cf beam neutrons (per monitor count)

[8

and the detector efficiency can be measurad directly for each
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inéident'neufron'eﬂefgy.ranée by placing thé neutron detector
in the béam. Thus the cross sections can be-normalized in
a straightfofward mahner. . . |

C. The total cross section experiment

Figure 3 ‘shows the- proposed layout for tne total cross
section experlment. The standard transmission technique 1s
empiéyed. The neutron detector is a total absorption
spectrometer, wnlch could be the same as that usea for the
diffraction scatterlng except that the spark chambers would
not be used. The TAS would be preceeded by a converter plate
and transmission counters as shown. Cross sections would Dbe
measured for each transmission Counter’and the resultis
extrapélétgd to "zero solid angle" in the usual way.

Again the’techﬂique_extrapolates Vefy nicely from AGS
energies and again there are significant advantages at higher
energies. The impr&ved enérgy reSoiutioh of tﬁe TAS allows

o

the simultaneous measurement of cross sectlons over a very

wide ranae of neutron energies with =5% energy ;esolution.
‘The higher beam fluxes make possSible the use of a very small
diameter bean which allows measurements at very small four-
momentum transfers (much smaller than feasible with charged
particles because of the abseﬁce of Cbulomb scattering) so
that the correction to the cross sections for the finite

solid andle subtwudad is very small,

. . . -
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Both the'total céosé section and theldiffraction-scattering'
experiment have been'discussed by Longo"L and Joness. It is
interesting to note thaﬁ it would be quite easy to extend the
total cross section ex@erimént to.500 GéV if a 500 GeV proton

10 11

beam, even of very low intensity (107~ to 107~ protons per. .

pulse), were available in Area 2.

IV. - Apparatus
All of the spark chambers for the diffraction scattering
experiment would be wire chambers with magnetostrictive
readoﬁt. The chamber array for the neutron detector already
~exists and is presently .being set up as a gamma detector at
the Berkeley cyclotron. This array, as used for gammna
detection, consists of 60 wire planes (30 gaps) interspersed
with lead plates. The readout technigue empléyed can handle
a large number of spafks per plane, limited only by the size
of the pulses from the magnetostrictive lines. These chambars
‘have been.tested extensively and perform very well., Spurious
sparks with no tracks in the chambers are very rare even at
high operating voltages. This é¢hamber array wés designed 1in
such a way that it is a simple matter to replace the lead
plates with steel plates, mére sultable for a neutron detector.
We have our own HP 2115A computer with softuare for |
reading out the chambers and monitoring their operation. We
also have programs available for the determination of gamma
vertices from the spark locations. These can be modified |

fairly easily to find neutron vertices.




"neutron detector.
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vWe also have a TAS chrrently”in 6peration-at the AGS.
With small modlflcations it can be incorporated into ‘the

We would prefer to run the total cross section and
diffract;on_scatterlng experiment sequentially so that the
same_neutron detector could be used for both. However, the
TAS is a relatively inexpensive device (~$3b00 repiacement

cost) and its potential for future experiments at NAL is

‘great énough that we would be quite willing to build a second

one 1f necessary.,

" It would be helpful if we could 6bt§in someﬂfast
electrdnics and other general purpose egquipment such as power
supplies and scalers from an eguipmeﬁfypobl at NAL. We would
also need access to a.'large" computer (e.g., - PDP-10) to do
some preliminary analysis of tﬁe data during‘thé run.:

Our requirements on accmlerauor operation are minim l

‘By hav1ng a dezlnlnﬂ collimator whose size can be changed we

can accommodate a large range of nroton 1nt°n31t¢es, and it

should be possible to operate at lovels down to lOll

protons/
pulse. We would need as long a spill as possible, though a
short spill can be tolerated at the cost of more running time,.

Our magnet requirements are very modest indeed. Several

Sweeping magnets, which can have a very small bore, are

needed. The magnet for the proton spectrometer.can be anyihing
from about 18"x36" to about 48"xL8". The larger magnets of

course wrould 1mpr0V° our rate of collectlng data.
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Members of our group WOuld work closely with NAL staff
in the beam design. The costs of 1nstalllnv the neutron
beam should be con81deraoly less than that for any of the
charged beams, and{operat;ng costs are almost in81gn1flcant;

*

We wish to emphasize that our requirements are quite

<o

flexible. The experiments we have in mind are simple in

principle and modest in sCalg and therefore able to’
accoﬁmodate'to restri¢tions,0n floor space, availébility
of eqdipment; and the uncertainties in the operation,df a
new accelerator. ‘ |
Facilities gﬁd equipment required;
Magnets - Sevéra; béﬁding‘mégﬁets for sweeping
magnets. A very small aperture iS~mossiblé.'.ohe magnet

~n

for probon spacuwometer, minimum size 18"A36“ gap.

Beam - Small angle neutral bean preferably O°.

Neutron f£lux ~106/pulse.

Proton beam target - A light nucleus such as

“beryllium is preferred:. -

‘Neutron bean targets - Hydrogen target =12" long

for elastic scattering experiment. Hydrogen target

' long for total cross SeCuiOﬁS.

Qther ecuipment to be supplied by NATL - Ccilimétors

for neutvral beam, some fast electronics would be
desirable but not essential. 0On-line computer, spark

chambers, and counters would be supplied by us.
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Running time requested:

. Elastic ‘scattering - 200 hours tuneup and 200 hour

e .
- — ‘

»

. - . . B - - .

Total cross sections - 100 hours tuneup and 200-
hours run; most of this couid be concurrent with elastic
scattering. éome running at mac@ine_ehergies below

150 GeV is desirable.

A,

Due
the

to the many uncertainties in accelerator operation and
many options available as far as emphasis and accuracy

of the measurenents, the estimate should only be considered
indicative. We have in mind a fairly modest experiment.

The

scope and emphasis of the measurements will be decided

in.ponsultation with the NAL Program Committee.
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Fig., 1. The nouiren sprctrums ftzken from the inslastic proton spreirum of Awschalom
and White) 22 0 and 3 mrad production, for 203-CaV proloas on a Be target,
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