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ABSTRACT

- We propose to use the 1,75 mr neutral beam in the

Meson Lab to stuay'the reaétiéﬁ

n + A 2 N* + A

’ L)(p + TT_)

for targets with as large a range in atomic weight as

possible (e,g., hydrogen through lead) and incident neutron

energies from approximately 80 to 200 GeV, The aim is to

study

(1)

ki

(2)

(3)

(4)

the cross section vs, energy and mass for (pm ) masses
from 1,08 to approximately 4,7 GeV,

The A dependence of the cross section from which in-
formatibn on N* total cross sections in nuclear
matter can be extracted,

the t~dependence which, for the lighter elements,
gives information on nuclear structure parameters,
angular distributions of the decay products from
which information on quantum numbers of the N* and

the exchanged particle can be extracted,

This experiment would be a natural extension of a similar

experiment carried out by our group at the AGS last summer,

The experience gained in the AGS experiment will be very

valuable in designing an experiment for NAL,
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313-764-4443




I, Introduction

4

.

~In the past few years coherent prodgction processes off

‘nuclei haﬁe become the subject df intense experimental and

theoretical study. Such processes are typically only possible

with very high energy beams and the extension of these studies

__to NAL energies is of great interest, The requirement that

the target nucleus remain intact and in its ground state for

coherence considerably restricts the guantum numbers of the

- particle exchanged between the beam particle and the target

nucleus, thus making such processes amenable to theoretical
analysis, Nevertheless there is at present relatively little
data to confront the various theories,l and our understanding
of these précesses is still limited. Recent reviews of the
current situation’have been given by Bingham2 and Morrison.

Beams of neutral particles (y, K°, n) are rather convenient
for studies of coherent production because they can dissé&iate
into two charged particles. We propose to use a neutron

beam with a broad energy spread (£ 80 to 200 GeV) to study

the process
n+ A-N*¥ +A
where the N* is any excited state décaying into p+n . The

angular distribution of coherently produced N*'s is strongly

peaked forward. If t is the four-momentum transfer to the




nucleus squared, then the t-distribution is roughly exponential, .

i.eo, ’ . '. -

. Sg Dbt
gt ©F°
where b £ 10 A2/3(GeV/c}_2,

| Eor‘reasonab;y:small Nf’masses the opening’anglé of the
(U“p)‘pair is rather small. [Typically Gopé 2dm*2;l /P

where m* is the mass of the N* in GeV and p the incident neutron
ﬁomentum in‘GeV/c.] It is therefore possible to use a |
spectrometer with rather small aperture to detect both the p and
m . If the vector momenta of the p and 1 are measured all the
relevant kinematical quantities can be determined; these include

i

the momentum of the incident neutron, the N* mass, t'=t-—tmin
(= pi), fhe decay angle, and the angle of thé decay plane .
relative to the production plane. The fit is with zero con-
straints. However the requirement that the t'~distribution
must show a sharp peak whose width is characterized by the
nuclear radius provides a méans of estimating noncohérent
background. Our experiepce at the AGS shows that it is indeed
poséible to obtain a clean signal. This will be discussed in
- the next section.

II. The AGS Experiment

The AGS experiment was completed last August. The’data

analysis is well underway, but no results have yet been published.




'No other group has studied this reaction;’ ﬁg therefore present
here a brief discussion of some very preliminary r;sultg;tq

serve as a framework for our prqposa} to ggtepdrthesg measurements
to NAL energies; Most aspécts of the expefimegt'gcale readiiy

to higher energies. Cross sections are expééted po;fémaiﬁm
roughly constant between 30 and 200 GeV/c. The range of N*
masses available is of course larger at higher energies.é In
many respects the experiment is easier at highér energies;

The éircumstances of the AGS experiment were somewhat
unusual and deserve explanation. The experiment waé ungertaken
without official approval upon completion of anwapproveé
experiment to study n-p charge exchange. The setup,'tuning,
and data taking of the diffraction dissociation experiment
were carried out in a total caleﬁdar time of about three weeks,
The experiment made use of equipment from the charge-exchange
experiment which had to be rearranged.

.Despite the severely limited running time and simple
triégering arrangement we were able to recofd ~106 triggers
é, Cu, and Pb, About 10% of the triggers

reconstructed to give (1 p) events with t and m* in the desired

with targets of C, CH

range. The experimental arrangement used is shown in Fig. 1.
The target was surrounded by an anti-counter except for a small

hole in the forward direction, The trigger was plXIZZ in



coincidence with either L,R, or L2R2.‘VE?ent rates were limited

L]

only by the spark chamber recovery time, Trigger rates greater
than 30 per burst could easily have been ébtaiped;A

‘Figure 2 shows the’uﬁéorrected incident neutron spectrum
reconstructed from the carbon data. Figure 3 showsyfﬁé‘diéém_
tribution in t' for the carbon and lead data. The background
uﬁdér the coherent peak is 5 20% for carbonﬁandnsgmewhat“less

for lead. This may be reduced somewhat as the analysis proceeds.

Hik

The expohential slope of the background is 1OHﬁGeV/¢)72; in-

]
dicating that it is probably due to incoherent production from

individual nucleons. The exponential slope at small t' for

’ . o~ - 2 . ] x
carbon is = 49 (GeV/c) =, about that expected, For lead it is

#

~

= 233 (Gev/c)uz, which is considerably smaller than the expected
value of approximétely 350(Gev/c)"2. This is due at least in
part to the smearing out of the peak by both the experimental
angular resolution and coulomb scattering in the lead target.
This emphasizes the need for good resoclution and thin‘targets
to feduce this smearing and thereby minimize the backgréund,
under the coherent peék.

Figure 4 shows preliminary (m p) mass distributions for a
sample of our data with carbon and lead tgrgeps_forAevgnté in
the‘cohefént peak. No well defined peaks appear. As has beeﬁ

"observed in p-p experiment35 the mass distribution is dominated




-5

'by a broad peak at low masses, The.requirement th§t the re-~
coil nucleus remain intact puts a limit on the maximum
momentum that can be transferred to theumucleus.and sets an
effective upper limit on m*;‘ If we take P ox = mﬂ/AlZ3, for
WZSVGéV/c ihéidént heutrons éhis iskg 1.95 CeV fdrAcarbon and
_M§,1;4 GeV for lead. This pértially explains the paucity Qf‘
evénts with masses of this érder in the data samples presented,
- although for carbon the masé distribution falls off faster than
would be éxpected from this kinematical effect and the geo-
metrical efficienqy of the apbaratus. ,
No evidence for a peak corresponding to the A(1236)
can ﬁe sgenbin the lead data. It should be possible to produce
isospin 3/2 states by photon exchange. The cross section for
A(l236) productioﬁ should therefore vary as 22 and is expected
to be sizeable for lead. The cross section for A(1236) pro-
duction by incidené neutrons has been calculated explicitly by
Nagashima and Rosen.6 It may be that when the data analysis is
further along, some evidence for A(1236) production will be
seen but at present there is no sign of it.
We are presently studying ﬁhe angularrdistribution of the

N* decay products in both>the Jackson and helicity frames. This
should provide information on the quantum numbers”pf,tbé
states involved. Preliminary résulté indicate that neither s-

channel nor t-channel helicity is ccnserved, in contrast to




-

Aresultskobtainediin several other reaction§:7; Further results
frém the AGS experiment will be forwarded as soon ;s they are
available;

ITI. The Proposed Experimént
A; Purpose N
On the basis of our experience at the AGS we have a

pfetty good i&ea of whaf to expect at NAL energies: It will be
possible to study a much larger range of m* in the NAL experiment
(up to approximately 4.7 GeV with carbon tafgetsrapd 3VGeV

with lead). It is possible that weil-defined peaks will show
up in the mass spectrum at higher energies. ‘However even

without such peaks the mass spectrum and angular distributions and
their variation with energy and atomic weight are of great
interesé.

The chances of seeing a clean A(1236) peak from Coulomb
dissociation at higher energles seem relatively»goqd; rThe

total cross section for producing the A(1236) is expected to
increase by about a factor of five between 25 and 170’G¢V/ck
(Ref. 6)., Diffraction dissociation by "Pomeron" exchange is
expected to remain fairly constant at high energies_(dgpending
somewhat on the model chosen), so it may be easier to see

coulomb production of the A(1236) at NAL energies.

Perhaps one of the most important lessons of the AGS
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¢
experiment is that one would like t§ obﬁain’a‘real}y large
number of eyents‘(z 10 times the nuﬁbey o?tained ihhthé AGS
experimept); This is basically because wenare_ﬁinniqg“ip a
multidimensional space (iné;dent neutrgn;nergy;‘N*“mass;;
’éﬁoﬁic Wéighﬁ,..;); ’fé detérmine ﬁhe guantum numbers of the
,stafes iﬁvolved it is necessary to study the angular distri-
bﬁtion‘gf the decay broduct; for small ranges in m* and t',
This requires a large numbef of events and sensitivity over as
large a range of angles as possible.

Basically then the purpése of the NAL expérimenﬁ would be
to obtain good statistics over as large a range of the relevan£
variables as possible, From this we hope té determine the
following: |

1) The eneréy dependence of the cross sections

2) The A dependence

3) The dependence on N* mass

4) The dependence on t'

5) The angular distributions of the decay products vs;

mass aﬁd t'. ’
So little is known about these processes at present that it is
hard to predict exactly where the most important phyéics lies,-
It seems reasqnable to expect that such information will go
a long way iﬁ fﬁ?tﬁéringour upéerstanéing of coherent production

processes,




B; Experiﬁéntal_Arfangement . 3
We propose an‘expé%imept“generaily similgr ;o“thé AGS
expe;imept; but with conéiderabié refinement in the experimental

techﬁique and at least an éfder of.magnitude_more datg;_vThe
de#ails of_the experimental arrangement depend to f;;a;i;;éé
.extent oﬁ the availabili£y ofvmagnets for the spectrometer.
'If larger magnets are not available wé envision an arrangement
that would use two 24" x 72" magnets8 with two slightly
differept conf;’.gu;‘ations.~ For relatively small N* masses

(m* < 2;0 GeV); we would probably use a setup similar to thatv
used at the AGS shown in Fig, 1 with diétances along the beam
direction scaled by a factor of approximately 6 and with two
24" x 72" magnets, For larger masses a setup like that shown
in Figufe 5 would'be more appropriate., To cover the desired
range of M* and decay angles the magnet currents and target-
magnet”spacing.L would be varied in steps. Rates are expected
to be quite high so the small solid angle subtended by the 24J
x 72" magnets is tolerable, but larger magnets would obviously
be preferable to reduce biases and allow a more complete
coverage of masses and decay angles; The setup shown does
have the advantage of flexibility; If a particular mass

region turns out to be interesting it can be studied in more

detail,




The propbsed arrangementévare not optimized a?d should only

be chside;ed as represen?ayive;. Depails wqu}dhbe¥wqued out
in con$u;t§tipnjwith‘ﬁgL gtaff; :A’fairly_quegt"setgpyis
envisioned;'since the/g#pefiment is ba?iﬁal;y exploraﬁory in
nature; Our requirements are summarized below:
-Beam - 1;75 mr neutral beam. Neutron flux ”10§/bgrst .
Magnets - Two 24" x 72" (or larger) méghets'for specpromeﬁe?;
Targets - Most of the running'would be done with sol;d targets,

A hydrogen~deuterium-helium target » 12" long may be used

if available.

Machine time - ~300 hours tuneup, 400 hours running,

Other Reguirements - A long spill is important since rates

will be.limited by chamber recovery timé; A modest amount of
fast electroni¢s from the electronics pool will be spﬁght. The
spark chambers, on-line data acquisition electronics, and
scintillation counters will be proVided by theAUhiversity of
Michigan out of funds from an existing_contract;, Some use of
an NAL computer for preliminary 6ffline data analysis‘would be

desirable,

Scheduling - We would hope to follow the Ohio State-Michigan
State np charge-exchange experiment (#12) in Beam 24. Our
proposed spectrometer is very similar to theirs. We could

use the same magnets and possibly other apparatus.




UR-875-295, Nov, 1969 (unpublished).
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qga=sl
where q is the momentum transferred to the nucleus énd a

1/

is the nuclear diameter, a = 2A 3/mn. The minimum four-

A

momentum transfer squared t i is

5 o 2 2
= *T .
L (m m )/2p

where p is the beam momentum, The two relations lead to an

effective "threshold” momentum for pfoducing a given m¥*,

2" 2 1/3
* -
Py & (m mn) A /2mﬂ.
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Two 24" x 72" magnets will also be used in the Chio State-~

Michigan State np charge-exchange experiment which we hope

to follow in the neutral beam.
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