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The basic reaction
yta-=w +p o
“has previously been studied’ near threshold by measuring the ratio

R. = Siytd—~ v+ 2p)
, ¥
o{ly+d-+n #2n)

_snd inferrtng the parameters of interest from R& ‘and ‘the meagured cross
section for the reaction y+ p - wte . Two separate experiments are
required, and Gohlomb corrections to Rd near threshold are large and not
well understood. |

A new approach to the study of Reaction (1) is now possible
through the recently developed Chew-Low teehniﬁucz of extrapolating
certain recoil-nucleon mementa fnto the nonphysical region. Tl;o method
is both powerful and quite general. When the method is specialized to
treat the reaction o |

y+d~a°+-2p | _ (2)

near threshold, the data are extrapolated to a pole in the transition auiplltudo
in the nonphyolcvnl region of negative kinetic energy of the recoiling spec-

tator proton (of Reaction (2) ). The residue of this pole is proportional
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to the T matrix for Reaction (1) (¥t thespols, L the & e ls, e
“"spectator' proton has s negative kinetic efmrgy in the final state just
equal to its share of the (negative) deuteron binding energy in the initial

" state. The recoil proton is veally a noninteracting spectator at the pole

in the nonphysical region. The total cross section near threshold for
Reaction (1) on free stationary ixeutrona._ deduced directly from the extra-
polation, invoiven no uncertaintios arising from the presence of the second
nucleon in the target deuteron. The Chew- Loﬁv method requires somewhat
greater numbers of events than usual for a givcn. statistical error in the
result, but this dtfﬁcd:j is compensated by the new ability to use unstable
particles as ire§ staﬂénary targets. ;

Reaction (2) was observed in a d&uterium bubble chamber, ! with
complete final -state kinematice known for each event. Those data were
extracted from the observations é&scuueé in thé authors' previous letter. !

The free-nucleon cross sections oy + B~ ©"+ p) have been
obtained at five etleétivo photon energles by this method, which irequir’eu

that one carry out the following limiting procedure:

2 M 2. 2.2 .2
2 4wk Di{p+ta’) 80
o(w’) = J1im - - ——

Here
k = laboratory-syetem phetoﬂ energy,
My, = éeutgron maes,
p " proton mass,
M’N = neutron masi. \
p = momentum (lab) of recoil prmm (lower-energy proton),
a = {(deuteron B.E.) MP’

. w = internal total energy of the (¥ +p) system,
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2 4 a
r =“P.I“"r°.

o lﬁ?@fﬁﬂpﬂét!éﬁ%@t‘iv& rafgeylal,

h =casu=sl],

In compiling the data, plots of the avents, such as Fig. 1, were
used, The curves in pz. w? designate thevboun&an"ha'for ktncmatically
possible values of pz and wz for the photon energles 160 Mov and 165 mv.

- The data were averaged over those real photon encrgies from
150 to ‘189 Mev which were ca_pkble of contributing to vzhe_‘variom w' bine.

The reauito of a#trap@htioua to the d«irea cféu sactions at five
effective lad photon energies for the free-nucleon reaction Y+n- 1;'_4- P
are presented {n Table 1. The affective labd photon cunergy ie uniquely
specified by a given value of w, the total energy in the w -p c.m. frame
in the final state. A typical extrapolation ie chown in Fig. 2. The data

lie in the interval 0.3 € pz

£0.9. Since the form of the extrapolating
function ie not known, we are somewhat at a m.w»u@; however, a
eimple behavior is okpeéted in this region. Although sero-, first-, and
second-order polynomiale wers tried as extrapolation functions, a st:g.iﬁht
lUne was indicated at the ehué lowest photon energies by the xz' test and"
the Fisher F test. The two higher-energies gave conflicting results as to
the best choice of extrapolation forms. As Tabdle I shows, the errors on
the results depend strongly on the ‘polwomlal used.

The extrapolated créu sections divided by 4«W, obtained gsome-
what arbitrarily by using the straight-line extrapolation, are plotted in

Fig. 3, where
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-« olytnew +p) L W
8 * W ¢ we ""'ﬂ""‘Z‘

(e gp°

- gilieg the fipiodes momentum, p' is the pion total energy, and v is the

‘photon energy, each in the ¢.m, lyétem. and M is the nucleon mass
(h=c=p=l) The curve accompanying the pofuts in Fig. 3 is that
esiculated by Hamilton and ‘i’v'eum:oclxt3 from the dispersion rolation of

"Chew et al.? with €€ = 0.08 and N 0.

When a;” is compared with experimental values® for ao*, an

 average ratio R = 1.740.2 {s obtained in the interval from threshold to

are
174 Mev. Those results (not definitive)/a first example showing ilip feasi-

bility (as well ae the difficulty) o! the Chew-Low éxtrayolation procedure.
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‘!‘able l. Extrapohtion- !cr c(wn-ot + Zp)

a o Ln.bmatory yhom mrg {Mev) .
. Extrapolation Quantity ﬁ;& 158.8 163.7 _ E 174.1
' . 60.05

form (w= 60.55)  (w®= 61.05 = 61.56)  (wP= 62.05)
N 7 7 7 6 ‘ 2
M 6 6 6 s 6
One- 2 _ - . ~
parameter x /™ .73 2.46 1.45 0.7 . 1.19
(weighted S, - | . - - -
average) ox1027, cen” 4.0520.45°  5.5321.04  B8.34#1.16  7.8041.00  11.8342.07

Two-

parameter /e 0.6 0.86 0.72 0.86 1.26
(straight Hae) S, . 22,64 12.21 717 . 0.04 0.66
oX102), cm?  7.33%0.72 12.3822.06  15.2342.70 8.674.45 6.7326.66
M |
parameter x 2/ 0.19 1.07 0.87 13 0.86
{parabola) s 8.31 ) 011 0.04 3.33

oX18” ", cm 8.9 12293 12.1828.58 11,.74210.85 12.42418.55 35.84223.96

%N = number of points to be fitted; M = number of degrees of freedom; s = parameter for Fisher F test;
¢ = extrapolated cross section giytn--w “+p).

Soe caption of Fig. 3.
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FIGURES

Fig. 1. Polology diagram in pz and w’. Here, p is the momenturn

5:»-;:”;{ ._ " of the spectator proton (lower lab kinatic energy), and w 4o e

- o rdgusdthe Wﬁaminterm energy of the remalining (v" +p)
system (ﬁ ='c spe 1}. The t:kirvet are kiaematieal. boundaries in
these vaiiables within which events from the corresponding real
photon aﬁéigy‘..mmt fall. The rectangular bins at 61,05 are tﬁose
‘used in obtaining the points of Fig. 2. The evmﬁe plotted here are

w , _ | bt photon enorgy (Jab) k = 160 to 165 Mev. |

| Fig. 2. Polology extrapolation for w = 61.05 (kg (1ab) = 163.7 Mev),

A C - S A

i: - ‘!’k_e data in the interval 0.3 € p° <€ 0.9 are extrapoleted by means of

| » S i-tuight line to the nonphysical valﬁe pz — 0.107, .Ac the exira-

o ngasolated polut. the ordinatc of the ex:rapolatlug i,mction {4 the cross

*’ | : - ucumx a(\wn«-w + p).

’ ﬂg. 3_. Values of ‘0 obtained by tii_viding the extrapolated cross scctions
of T@blo 1 by the p}uic-epsce Iacim 4wW, The curve is based on the
digpersion relations of Chew et al.(Ref. 4), and is taken from the

paper of Hamilton snd Woolcock (Ref. 3). The value x>/M = 0.19
for the lowest-energy point indicates that the purely statistical error
may be somewhat too gmall, and is a reflection of the accidental

juxtapoaition of the axtrapolation points and a etraight line.
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