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The motivation for the study of the anti-nucleon cross section

at low energy has been discusoed extensively at this conference

and elsewhere* Despite a substantial experimental effort a number

of important questions have yet to be answered. Among them are:

a) At what energy does the NN interaction proceed ex-

clusively through 8-wave? What is the range of

annihilation force*?

b) Are there important mesin resonances produced in

the direct channel of 5TN system above Ffo threshold?

A major obstacle in the study of pN a t low energies i s the

energy loss of the antiproton due to ionization. This severely

limits the track length which can be obtained at a given momentum.

Furthermore, the rapid change in energy and the accompanying fluc-

tuations in energy loss make i t difficult to ascortain the energy

of a particular interaction. One way to circumvent this problem

is to "turn off" the energy loss mechanism by using anti-neutrons

instead of antiprotons. The antineutrons can bo obtained cither

directly in p-nucleus col l is ions or indirectly by firjjt isolating

antiproton* and allowing them to charge exchange tpp * Iin) . The

lat ter method has been used by our group fit Wisconsin to study np

usinq both bubble chamber and counter techniques.

*Work supported in p*rt by the u. s. Energy Research and Developnent

Administration under contract E(ll-l)-981-47C.

V. Scherer, D. Cline and myself have studied interactions of

antineutrons in the BNL 30" hydrogen bubble chamber which has since

been re t i red . In a 200#000 picture exposure of the chamber to a

antiproton beam of variable momentum (500-750 MeV/c) we found

65,000 neutral "2erc-prong" interactions, of these about 2000 were

accompanied by an n annihilation into three or nore charged par t i -

cles, in the bubble chamber the likelihood of observing a zero-

prong and an annihilation is proportional to the production of the

antiproton charge exchange cross section and the antineutron total

cross section. Thus the charge ox-hongo (CEX) cross section ia ob-

tained as <i by-product ii\ the analyses. The CEX resul ts Jro phown

in Tig. 1 which indicate that the charge exchange reaction remains

a significant port of the p total cross section to energies quite

near threshold (100 McV/c). Wo measure the p momentum and the n

laboratory angle only. Thus there \d a two-fold ambiguity in the

cm angle and consequently in the n laboratory momentum. Fortunately

in a small number of events the ambiguity can be resolved by also

observing the elast ic scattering of the neutron. The forward back-

ward ra t io for the chftrgo oxchongo reaction is shown in Fig. 2.

Because the low energy antinoutrons arc corrolated with backward

angles, the approach to fore aft symmetry indicates tho u t i l i ty of

tho charge exchange technique in producing low energy antin&utrons.

During tho Analysis of thin experiment wo became convinced

that tho technique of producing antineutrotis coupled with a counter

deteeter would bo vory useful in tho imrstiRflticn of the character-

is t ics of annihilation at low onorgy. A pioneering experiment to



measure np total cross section was proposed at ANL in collaboration

with J. Learned, J. Happ, B. Gunderson and V. earner i til. A diagram

of the apparatus i t shown in Fig. 3.

An enriched antiproton bean was produced by the Low Energy

Separated Beam e.t ANL (Beam 42) . This beam incorporated a single

stage of electrostatic separation. The resultant beam had a

(ii-tO/p ratio of 50, as shown in Fig. 4 where the time of flight

spectrum of the been particles is shown. The use of time of flight

rejection in the trigger coincidence and a water cerenkov counter

(see Fig. 3) to reject light particles reduced the n-u background

in the trigger to i2t . An a posteriori cut on time of flight fur-

ther reduced the background to a negligible valuo (Fig. 4) . How-

ever, the rat* of unwanted particle* through the various counters

was the limiting factor in the extension of the experiment to very

low energies.

The identified antiprotons were directed into a polyethylcno

target in which counters S^_3 were imbedded. The production of an

antineutron was signaled by tho disappearance of an antiproton with

no count in the lead scintillator counter A. The detector was com-

posed of five layers of steel and scintillator (about 1, absorption

length). The momentum of the n Ls calculated from the time of

flight between T2 and the detector.

The measurement of the cross section is made by noasurimj the

transmission of the antineutrons in poor oconctry through a target.

This target consisted oi « CHa heptane liquid sclnciUator or an

equal amount of Carbon in solid torn. The hydrogen cross suction

can be obtained using the customary subtraction technique,

The "poor geometry" transmission measurement will provide

only the inelastic cross section. However, information on the elas-

tic scattering can be obtained from the active heptane target.

Recoil protons from n elast ic scattering on free hydrogen are

stopped and the energy is measured by recording the pulse height of

several 5" photomultipliers which view the scintillator. Coherent

elastic scattering on the Carbon nucleus e n bo eliminated by i ts

very small energy deposition. Incoherent elastic scattering is

believed negligible because in a similar situation we measure loss

than five percent of the charge oxchango antineutron production to

occur on heavy nuclei.4 Thus the pulso height distribution is pro-

portional to the proton kinetic energy distribution which in turn

is proportional to the momentum transfer t . In Fig. 5 we plot the

t distribution measured in this way for al l the data (2S0 to 750

MftV/c). The solid line i s the measured slope from pp elastic scat-

tering » The agreement is qualitative but suggests that we can

correct tho inelastic cross section using the elastic cross section

and cbtain the total cross section.

The results of the measurement ot* n total cross section are

plotted in Fig, f, together with other existing data. The dashed

lino is a parameterization of tho pp total cross section by

Kalogoropoulos. The results indicate that the annihilation amp-

litudes arc prudominatoly I * 1 at low energy. The solid line

represents tho s-wavu unitarity limit and the data support the con-

clusion drawn from pp data that uvon at the lowest tnonenta P-wnve



and higher arc vary important.

In conclusion, we have dononstraiud that the technique of

using antineutrons to study vory iow er.er»ty .intinucleor. interac-

tions is fvaxiblc. The lir.itation« or the cxjx.*ri«cnt v«rt- ir,:-^^

by the bean backijrc-und rato* and -*ro not mhwrvn'. ir. ;i,v nc-tiuxl.

The limitations of the bubble chanbor expertnont were isj-'iicd by

the srvall Biz* of the chamber which rotlucco the r i te .md introducc-

syatatnatic errors in correcting for dercction efficiency. Kc h.»vc

addrassad this problor by a vary recant exposure cf tho Mil 12'

bubble chamber to a low energy f> bean. He expect to nafco a nuch

norc precise "coiyrcror.t Jiir.if \h:v vxoollcnt. ropojrch cool.

fiefer«nce»

1. J, So«nor, t, Montanet and other* nt thin conference AJito

see -'. I înko. "Proton Ant I pro ion So«n«?rtntj Unar VS.rcct.ald".

university of Chicago thonin.

2. v. Schoror, I'h.iJ. thes ia , I'nivemity of KUconsin (1974).

1. n. ffunciorsoti. )'h.:.. Li...;.,ii, ^ u v m t u t y ot v;tHcoi\Ktn U9)>>,

4. A t»or* da tai led study of the contr itvur inn n! >|UdHivlAntic

scattering i s in proqren* uiiinq .in pxposurp of the A!.'|. 40"

propane chanter to ?.ow onerqy anttprotuns.

5, T, Knlotfcr uf>uto*# "liirwei c!tann«*l St. MinnortcnA", iTo^uedlnnit

at th<- s«rlr»/»r on IntcrActtonn of Hi*;h tne-rty 1'Artirl^n v | i h

CD

io
n 50

S 4 0

u
S. 30

u
UJ 20

a »

PP CHARGE EXCHANGE
CROSS SECTION

i
a Scharer at. ol.

• Previous Results
(6/6/9)

' • % *

.1 .3 .5 .7 .9
P Lab Momentum (GeV/c)



- 130 -

ANTI-NEUTRON CROSS-SECTION MEASUREMENT

Iron"

Anti-Neutron
Dtttctor —-

Copper Anti-Counters

Ctrtnkov—^cj|-r—
Ps(T, T2 T3 C

Polyethylene 1 - r '
Chorgt Exchongt /

Material / Tronsmission
L—Target

ICOf CH2)

Scintillotov

in
o

8-J



Arbitrary Scale

00
H

A ro

16 
20

(ns)

2

- O S
M 9- S * 2

—I

-

HM
E

 
O

F
 

FLIG
H

T
S

P
E

C
TR

U
M

Arbitrary Scale

- 181 •



lOOOn

<rt (np) or <rt(pn)

u

o
o

12

5OO(-

» Gundtrson et. ol.
• Franklin et.ol.
o Abrams et. ol.

— o-t*6O.4+ 3|^-
(Kalogeropoules)

100^

50f

oo 0

1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.1 1.2 13

PB (6eV/c)
FIGURE fi


