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,Neutron-Proton Diffraction Scattering and Neutron. .. . '" : . . '. . 4·.', , Total Cross SectiQns up ,to 200 GeV .. .' 
• ABSTRACT 

We propose to use th~ 00 ~eutral beam planne~ for 

:Exp,erimental Area" 2' to measure, differential cross sections 

for np elastic scattering in the diffraction r~gion over 

the energy range of from 40 to ~OO GeV and also total 

~cross sections for neutrons on protons~ deuterons~ and 

other nuclei over the sa~energy range. 

The proposed experiments would use techniques. 
previously' developed by the au t:'l.Ors .in similar experi:me'lts 

f 

a~ the Bevatron and the AGS. Most of the apparatus 

already exists. The two experiments'could be'run in the 
. 

same.beam, either,simultaneously or sequentially. The 

experiments are simple and'place very modest demands on 

accelerator performance. 
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fI, . , 	 . ... 
II. Physics Justirication • ., 

The np elasti~ scattering experiment will'measure cross 
, . 	 . ,2 

sections ~'rith good accuracy at least out ,to 2 (GeV/c) . and 

at incident neutron ~ne,rgies up to ~20q GeV. 'There is a goo'd 
. . . . 

chance that no np ex~eriments w~ll take place at Serpukhov 

berore turnon at NAL because or the' lack of· a suitable neutral' 

beam. The NAL experiment would then extend our. previous 

studies of' np' elas tic sca ttering a t the AG~la by a rac tor or 

approximately 7 in neutron energy. Such measurements ~of 

elastic dif'ferential cross sections are basic to any theory 

of strong interactions at high energi~s. Major points of 

interest are a comparison of ppand !~CrOSS sections, 

.. . . . 


possible shrinkage of the diffraction peak, or 'possible 


structure in the diffraction peak such as that f'ound by. 
Allaby et al. 2 near t = 1.5(GeV(c)2 in pp scattering at 19.3 

GeV/c. 

The np and n-nucleus total cross section measurements 

would y~eld total cross sections to ~2% a~curacy over the 

energy range L~O to 	200 GeV. ~'le note' that direct measurements 

of np total cross sections ~li th a neutron beam eliminate the ' 

uncertainty in the np total cross sections caused by the 

uncertainty in the screening corrections if' apd-pp subtraction" 

1s used. (This uncertainty is especially serious ~·theh extra­

polating present experience to such high ~nergies because of 

the possibility of 	coherent inelastic effects as disc~ssed 

3by Pumplin and Ross.) Furthermore a comparison of np, pp 

and nd (or pd) total cross sections a110\';s an experimental 

.' 
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~'~~~~"\ . determination of the scre~ning correction which would serve 

'as a test for the existence of effects like those'considered 

by Pumplin and'Ross. 

. i The energy dependence of the n-nucleus cross sections 

. woul~ 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 qu1ckly so that these total cross.' . 
section measurements will be almost immediately available to 

give a "preview" of possible new effects at very high energies 

which can be investigated in other e~periments soon after 

turnon. 

Another very important aim of tAe experiment is to gain. . 

experience with high-energy neutral beams at NAL. In 

addition to those proposed he~e,there are several very 

interesting experiments that could be done with a neutron 

beam at NAL. Since they are somewhat more difficu~t and less 

'certain to succeed they might be considered "second generation" 

experiments. Two such experiments ~hich have been considered 

by LOng04 and Jones5 in NAL summer studies are np charge­

exchange scattering and neutron diffraction dissociation 

(n + nucleus ~ n* + nucleus). Our group is currently studying 

np charge-exchange scattering up to 30 GeV at the AGS and 

plan an exploratory experiment to determine the feasibility of 

neutron diffraction dissociation measurements in the near 

future. These experiments are·of great theoretical interest, 

and prospects for extending them to NAL energies are good. 
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... . .. . . 
Both the total,cross'section and the diffraction 

: . .. .. 
scattering experim~nt t'lould, ~ake use of· a total absorption 

spectrometer to measure the neutron ,energy., Our group. has 

pioneered in this technique in previous, experime!lts 'at the 
, . 8' 

AGS6 and Bevatron7 'andalso in ~Qs~ic ray experiments .' At 

high'energie~ the pote~tial energy resolution of such devices 

is ve;ry good (.-±4% at 200 GeV) 9, and we be'lieve they toTill 
. 

find· many important applications at NAL. Another 'significant 

goal' of the experiment is ,the,refore to develop and gain 

experience i'li th total absorption spectrometers atNAL energies. 

III. Experimental'Arrangemeht 

A • Nel.:tron beam . 
The main requirement for the neutron beam'is ~hat the 

takeo~f angle be small, ~2mr. It is our understanding that a 

small-angle neutral beam ~~lill be available in Experimental ,; 

Area 2.' The desirability of a small takeoff angle has been 
, 5 4

emphasized by Jones and Longo. The main advantage is the 

much higher flux of neutrons near 200 GeV·in the smaller 
.. 

angle beams. Fig. 1 ShO~lS a comparison 01 expected neutron 

spectra at 0 mr and 3 mr from Jones" pap.er5. This assumes 

the inelastic neutron spectrum is similar to that for inelastic. . 

protons ~Thich is estimated, on the basis of the Hagedorn-Ranft 

model. 
" " . 
Details of the neutron beam ~ill b~ considered in 

conjunction ~'li th NAL stat't'. Available neutron f'luxes. should 

be more than adequate. 'W'ith a 111 diameter aperture at 1000 i"t. 

we estimate a neutron flux ~t' _107 neutrdns (between 160 GeV 
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fit, 
. . " 

12 '..and 	200 GeV) per 10 ,prQ~Qns. This. is at least an Qrd.er­
• 	 " of-magnitude mQ~e than needed so. that a means fQr varying . 

the size Qf the defining'cQllimatQr shQuld be prQvided. 

B. ' 	 The np diffractiQn scattering experiment 

Fig. 2 ShQ~lS the prQPQsed laYQ1:lt fQr the elastic scattering, 

experiment. The neu,trQn beam is incident Qn a hydr?gen 

target: The fQr'tlard scattered neutrons are' 'detected in an 

arrangement Qf spark chambers interspersed with steel plates 

and scintillatQrs., 'shm'Tn in detail in Fig. 2A. This' array 

serves tt'lQ PU:'.'PQses. The vertex of the neutron T s interactiQn. 
-' in the steel plates at the upstream part of the array give~ a , 

PQint Qn the neutrQn trajectQry ~lhich, t'lhen cQfl.nected to. the . , 

point Qf interacticn in the hydrcgen'target, gives the 

neutrQn scattering angle. The whQle array also. functicns as .. 

a tQtal abscrptiQn spectrometer 'CTAS) so. that the summed 

pulses fr~m the sci~tiI1aticn cCU.:."lters give a measure cf the 

neutrQn energy. ExtrapQlc:iting frQm Qur previQus expe:rience 

at the AGS6 and the BevatrQn7 WJ!; anticipa~e an .energy'resQlutiQn 

~6% at 100 GeV and =4% at 200 GeV. ·This is mQre than adequa~e 

fQr our needs. This array ";'QuId be mcunted on, rails so. that 

it cculd be mcved to. Ccver d~fferent ranges of t. 


The recQil prQtQn frQm the hydrcgen target ',<[Quld be, 


detected in a standard ~'I'ire-cha::nber speqtrometer. This gives 

• 	 the prcton mcmenttun and angie. Since t~e ,only unk.no~·m is 


the incident neutrcn energy, we have a 3-constraint fit to. 


the 	hypcthesis of an elastic scattering~ This ~~ill pr?vicle a 
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very pONerfUl means of discriminating against inelastic 
• 

events. With this and the anti shield around the hydrogen 
• 

target to fUrtlJ.er ~educe inelastic background we expect to 

be able to make measurements ~o t ~ 2(GeV):.As in our 

previous experimentsl we v-lOuld simultaneously measure cross 

sections over the whole range of inci~ent neutron energies 

with the events later binned according to energy_ 

Except for the anti'shield around the target and the 

use of the TAS incorporated into the neutron detector, the 

technique is identical to that employed by our group at the 

AGSla and the Bevatronlb to study np elastic sca t"tering. 

The technique extrapolates very nicely to higher energies,. . 

and in many respects the experiment becomes e~sier. The 

identification and measurement of the neutron vertices 

becomes Simpler and the greatly improved en~rgy resolution of 

the TAS provides a very effective rt,eans for measuring neutron 

energies. The increased neu.tron fluxes available at higher 

energies allolrlS the use of.' a smaller diameter neutron beam . . . .
with correspondingly better resolu tl.on in neu·tron scattering 

angle. 

The use of a neutron detectol~ ~'!ith g.ood energy resolution 
' .. ,~~-

has an important adv.antagein normalizing the data. The 

number oi' events (per monitor count) at a given setting is 

proportional to the produc t' of the cross sec tj.on, the number 
" 

of beam neutrons, and the neutron detec·tor efficiency. The 

produc t of the rl).l!;1ber of bear!1 neutrons (per moni tor cotm.t) 

and the detector efficiency can be measured directly for each 

http:2(GeV):.As
http:fUrtlJ.er


incident 'neutron '~nergy range by placing toe neutron detector 

in the beam. Thus the cross sections can be-normalized in 

a straightfo'n'l~rd x:nanner • 

C. The total cross section experiment 

. 'Figure 3 shows the-proposed layout for the total cross 

section experiment. The st~ndard transmission technique is 

employed. The neutron detector is''' a total absorption 
, ' ' 

spectrometer J ~'Ihich could be the same as that used for the. 
diffraction scattering except that the spark chambers would 

not be used. The TAS "lould be preceed ed by a converter plate 

and transmission counter.s as sho~'!n. Cross sections ~':ould be 

measured for each transmission counte"(' and the results 

extrapolat~d to If zero solid' angle II in the usu~l ~·lay. 

Again the techhique. extrapolate s ~'(ery nieely from AGS 

energies and again there are significant advantages at higher 

energies. The improved energy 'resolution of the TAS allo~'IS 

the simultaneous rr.easurement of cross sections ove!' a very 

wide range of n-eutron en'ergies ~';ith ~5% energy resolution. 

The higher beam fluxes make possible the use of a ,very small 

diameter beaI:1 ~'!hich allot'iS measure.ruents at very small four-

momentum transrers (much smaller than feasible "lith charged 

particles because of the absence of Coulomb scattering) so 

that the correction to 'the cross sections ror the ,rini te . 
solid angle subtended is very small. 



Both the total cross section and the diffraction scattering 

experiment have been discussed by Longo4 and Jones5 . It is 

interesting to note that it would be" quite easy to extend the • 

total cross section experiment to 500 GeV if a 500 GeV proton 
10beam" even of very low intensity (10 to lOll protons per 

pulse)" ~1ere available in Area 2.0 

IV. - Apparatus 

All of the spark chambers for the diffraction scattering 

experiment would be wire chambers t1i th magnetostric tive 

readout. 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 ga~~a 

detectio-n" consists of 60 ~Tire planes (30 gaps) interspersed 

"with lead plates. The readout technique employed can handle 
0" 

a large number of sparks per plane" limited only by the size 

of the pulses from the r.lagnetostrictive lines. These chambers 

"have been tested extensively and perform very "Tell". Spurious 

sparks t'li th no tracks in the chambers are very rare even at 
-

high operating voltages. This ~hamber array was deSigned in 

such a Hay that it is a simple matter to replace the lead 

plates t'lith steel plates, more suitable for a neutron detector. 

We have our mm HP 2ll5A computer t·ri th softvrar'=! for 

reading out the chambers and monitoring their operation. We 

also have progra:t:!s available foJ.' the determina tion of gar.'1Jr.a 

vertices from the spark locations. These can be modified 

fairly easily to find neutron vertices. 
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. We also have a TAS currently"' in operation, a t the AGS. 

With small modLfic'atlons it can be ~ncorporated intotrle 

neutron detector ~ • 

We would prefer to. run the total cross section and 

diffract.ion scattering' experiment sequentia~ly so that the 

same._neutron detector could be used for both. Hot'Teyer, the 

TAS ~s a reiative~y inexpensive device (~$3000 replacement 

,~ 	 c.ost) and its· potential for future experiments at NAL is 

grea t enough that r.-le. ,'lould be qui te r.-Til~ing to build a second 

one if necessary., 

It would be helpful if we could ob~ain some fast 

elec tr~:mi'c s and other general purpose equipment such as por,'ler 

supplies and scalers from an e.quiprr..ent pool at NAL. He ~lould 
. 

also need access to a."large ll computer (e.g., - PDP-IO) to do 

some preliminary analysis of t~e data during the run. 

Our requirements on accelerator operation are minimal. 

By having a defining co~limator Nhose size can'be changed Ne 

'-., -- -. --.. can accoITl.modate a large range o~ proton intensities" and it 

should be possible to operate at levels dO\'m to lOll protons/ 

,J..' 	 •pulse. We would need as long a spill as possible" l"nougn a 

short spill can be tolerated at the cost of more .n::.nning time. 

Our magnet requirements are very modest indeed. Several 

,sweeping magnets" which can have a very s~all bore" are 

needed. The ma&~~t for the proton spectrometer_can be anything 

from.about 18l!x36" to about 48 I1 xl;8 11 
• The larger magnets of 

course Nould improve our rate of collecting data. 
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Members.of our ·group would work closely with NAL staff... ..' 
in the beam design~ The costs of installing the n~utron 

beam should be. considerably .le.ss than tha·:t for any 'of the 

-,*-­charged beams" anqoperat~ng costs are a1mos:t insignificant • 
• 

We wish to emphas~ze that ou'r requirements are quite 

flexible. The' experi.ments we have in mind ar·e simple in 

principle and modest in scale and therefore. able to 

accommodate to restrictions on floor space, availability 

of equipment, and the uncertainties in the operation oT a 

ne~'l accelerator. 

Facilities and equipment required: 

Magnets - Several bending ma~~ets for s,-leeping. . 
magnets. A very small aperture is possi~le .. One magnet 

for proton spec t.rometer, minimum size 18t1x36"x6!1 gap. 

Beam - Small angle neutral beam preferably 00 
• 

. 6 
Neutron flux .....10 /pu1se. 

Proton beam target - A light nucleus such as 


-beryllium is preferred~ 


Neutron bea;:). targets - Hydrogen target ~12!f long 

for elastic sca ttering experiment. .Hydrogen target 


~4f long for total cross sections. 


other equiprr,en t to be supplied by NAL - Collimators
" 

f'or neutral beam, some fast electronics vrou1d be 


desirable but not essential. on-line computer, spark 


chambers, and counters ':,ou1d be supplied by us. 


http:Members.of
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~unning time 'requested:* , .-'-.. 

~lastic 'scattering - 200 hours tuneup and 200 hours 

..run. 

Total cross sections - ~? hours tuneup and ~' 

hours run; most'of this could be concurrent with elastic 

scattering. Some running at. mac~ine energies belmV' 

150 GeV is desirable. 

" 

. . 


• 
* Due to the many uncertainties in accelerator operation and 

tpe many options available as far as emphasis and accuracy 
of the measurements." the estimate should only be considered 
indicative. ~ve have in mind a fairly modest experiment. 
The scope and emphasis of the measurements ,·Till be decided 
i:n ,consultation ~ri th the NAL Program Cornrni t tee. 

. . 
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