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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not:
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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For sufficientiy high meeonfenefgiee'tﬁe impﬂlse approxim.atioril may be
used to express the scatterlng cross sectlon for deuterlum in terms of the free
partlcle Ccross sectlons for protons and neutrons.- The evaluatlon of such an
expression is of interest.since, under appropriate condltlons, it may permlt
an estimate of the meson-neutron scattering cross section from the directly
observable hydrogen and deuteriuh cross secﬁiohs. The theoretical beckground

:for such a calculatlon has already been glven by Ohewl, who has treated the -
:very 31milar but more compllcated problem of the scattering ofreutrons by deu-
terium.

The starting point in the calculation is the use of the'impu;se,approxi—

-;mation‘in'which one assumes.that phe,incident particle'islscattered by -a free
nucleon wave packet whose momentum distribution is the same as thatjof one or
the other of the bound-nucleonso Then, following Chew, one‘argues that‘the{
contribution of. each nucleon to the scattering amplitude is given to a good
approximation. by the product_of the free pefticle scattering emplitude and an
overlap integral which depends on the initialHanddfinal wave funotione. Cne
‘may simplify the caiculation,of the differential cross eection by iﬁtegrating
it over the relative coordinates of the outgoing nucleons, thus considering
Aodly‘the,scattering angle of the meson as tpe_quanti#y to'belobserved. Then,

2

acoording,to_the_argtments of Gluckstern and Bethe™, one can use plane waves

1 G. F. Chew, Phys. Rev. 80, 196, 1950.
2 Gluckstern and Bethe, Phys. Rev. 81, 761 (1951).



for thefweve'functions in the final state. The differential cross_seetion for
the scattering of a meson irnto the solid angle dQ, situated about the labora-

tory scattering angle © , may then be writtén:"

dg (o) =[dv' (8) , doy, (8) | B ()

an fron

do-

+ 2cosuh | p f{x_ Hz(e)
o \dﬂ d (1)

where da (e) and dﬁ' (9) are the free partlcle cross sectlons, cosau is an
- EE?T—'
unknown phase factor, and the welghtlng factors Hl (9) and H (9) are deflned

byey |
o () fdk 5@ g [ aa@_ao)] | o
S , (2)
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In Eq. 2, a;'and.akg) are the momenfg of the incident and outgoing mesons,
vfespeéti#eiy;-and” k is ﬁhe relative momentum of the oﬁtgoing nucleens. ¢D
is the Fourier transform of the deuteron wave function, J(K) is the volume of
momentum space available to the scattered meson, and Jb‘ie'the'eorfe5§0nding
quantity for scattering by free parficles; The integrations are to be:ei- o
tended over eli{valeeS'of x compatible Withvenefgy conservation.’

Eq. 1 should best approximate the differentiai cross seéction for high
meeon ehefgies edd large ecatiering.angieso In Fig. 1 we have'plotted Hi'(é)
‘and H2 (9) for 70 Mev incident mesons and for scatterlng angles greater than
50 degreeso‘ |

One may obtain another'epﬁreximate‘ekpreeeiOn fer_the diffefential'cfess

section, this one being best for small scattering anglés, by neglecting the

—
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restriction imposed on 'q(ﬁb'by energy conservation. If one replaced q(k)
and J(E3 by‘appropriatelﬁverage values and integrates over all K space there

!

results the closure approximation for which

oy

sin [§ =3, | r\
, "’ | T ' / aVQ

. _ (3)

ioe) =1  E(e = ¢

momentum cénservation laws, while the‘aVerage'is taken over the square of the
deuteron wave function. As © increases, H;(e) decreases from its initial
vélue, unity. For purposes Qf'comparison‘with'the plane wave approximation,

. we have plotted‘-H;(e) in Fig..l. One-sées that the two apﬁroximations give
values.bf Hl(e) and Hé(e) wﬁig@ agreé to within 15 percent.. This indicates
that thé readily applied closure approximation may be used withAsome jusfifi— |

. ca§ion fof the diScussion of the cross section at other meson enérgies. On this
basis we have calculated, for various incident meson energieé, the scattering
angle beyogd which tﬁe‘correlation effects will be small. As a criterion of
smallness we have taken H;(e) % H;(e). The results are shown in Fig. 2.
They are of interest since they indicate ﬁnder which experimentai conditions
one might estimate the meson—neutfon_cross section without a knowledge of the
phase facior coswe _ | | | _ o L

-This work was performed under the auspices”of,the Atomic Enefgy Com- |

mission.

Information Division
5/21/51 hw



Caption

>Fig;”1°  ,Free partlcle and correlatlon term welghtlng factors for
n-D scatterlngo - . .

Meson scatterlng angle beyond which correlaticn term 1s .

R Figo 2.0
: smalls .-
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