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Tb.e baalc reactloa 

"Y + 1l ... ,..- + p ( 1) 

haa previously t.een etwile41 oear ti&reahold by meaeulns the ratio 

a a aJl + d- •; + ZJ!) 
d a(~ + d- "' + 2n) 

. and tniel'rms the par&metera of mtereat from ad 'ud"the measured croaa 

eection for the reaction y + p - w + + n. Two eepal'ate es;perimente are 

l'equlred, and Coulomb correction• to a4 Dear threehold &l'e lar1e aDd not 

well under atood.. 

A new approach to the atudy of B.eactlon (1) la now poe eible 

z throuah the recently developed Cb.ew-Low t4U:lmlqu.e of extrapolatma 
, 

certain recoU-nu.cleOl\ momenta lnto the nonpbyelcal reglcm. The method 

ie both powerful ancl quite general. When the method le epeclallced to 

treat the reactioa 

(Z) 

near threeholcl, the clata a:re extl'apolated to a pole tn the trat1eit1on amplitude 

ln the ncmphyaical realcm of negative kinetic enei'IY of the recoUtng epee· 

tator proton (of Reaction (Z) ). The reaidu.e of thle pole te proportional 



I • 

to the T matrix for R.eactlon (1).\~'<~~t<tth:e·~:Pbht,,·.t.tne· :~·. t}c ~·ro·'~~ h~ 

"•pectatortt proton baa a aesattve killetic eaeray iD the float •tat.e Ju•• 

equAl to lte ehare of the (aeaatlve) cleutercm binding eneriY in the initial 

atate. The recoU proton f.a J'eally a ncmlftteractiag apectatol' at the polo 

ln the ncmphyelcal realon. The total cl'oea aectlon ne&f tbreehold for 

Reaction ( 1) em fl'ee etaticmary aeutrOile, cleclw:ed dil'ec:tly tl'om the extra· 

polaticm, tnvolvea ftO w:u:el'talattee arleiaa bo-m the preaeac:e of the aecond 

nucleon. tia the target cleuteroD. The Chew•Low method l'equirea aomewhat 

areater oumbera of eventa thaa llaual for a aiven atatietlcal error In the 

reaW.t, bV.t thle dlffl.cwty te compeaaated by tbe new abUlty to uae unatable 

partlclel ae free etatlonal'y tal'&etl. 

Jt.eacUon (Z) waa obeenecl ill a deuterium bubble chamber, 1 with 

complete final-atate kinemattc1 1moWD for each ev.ent. Thele data were 

extracted from the obeervatlona 4lacuaeecl in the a\ltllol'e' pl'evioue letter. 1 

The fJPee-naclecm CI'Oaa eectlcma g(~ + a - w'" + p) have been 

obtained at ltve effective pbotcm energke by tide method., wb.leh requiJfee 

that one carry out the following Umitma procedue~ 

Here 

k a: labol'atory• ayetem photon energy • 

MD a deuteron mae•, 

Mp • proton maae. 

~ c neutrml maaa, 

p = momentum (lab) ot recoU protoa (lowel'•eaeray protoa), 
l a a (deutercm B. E.) Mp• 

. w c internal total energy of the (w .. +p) eyetem, 



1' 0 • -c~pttliipi e-:t,effec.tt v e . ~.afig~-}1.t;t ~ 

" = c • .,. • 1. 

In compUins the data, plota of the eveatl, .euch aa l'lJ. 1, were 
2 2 . 

uae4. Tbe cu.rvea bl p • w tle1lpate the bouadarlel for klnttmadeaUy 

poeetble value• ot pl and .,2. lor the photon eurst.e• 160 Mev and 165 Mev. 

The <lata were averaae4 over those real photon energlea from 

150 to 180 Mev wldc'h wel'e capable of eoatrlbutinl to the varlo•aa v/- blDa. 

The reeult• of extrapolattcme to the d.eetred eros• aectt.oae at five 

effective lab photon eneretee for the free-aucleon reaction 'V + n ..... " .. + p 

are pl'eseated ln Table l. The effective la'b photc)ft eaergy le v.nlqaely 

epecifled by a givea. valu.e of w, the total eael'gy bl the w· •p c. m~ ll'ame 

in the final &tate. A typical extrapolation la ebown in i'l1. z. Tbe data 

Ue lD the interval O.J ~ p2 ~ 0.9. Sbace the form oi the extrapolating 

fuucticm le not lmoWD. we are aomewhat at a dlaadvantaae; however. a 

eimple behavior 11 expected ln thla realon. Althoqh cero-, f.ll'at-, aa4 

eecoad-or4er polynomial• were tried as exll'apolatioa fv.nctloaa, a ab'alaht 
. l . 

Une was lr.u:licate4 at the three lowest plloton enerste• 1ty the x teet and 

the Fieber '11' teet. The two hlper-energiel aave coa4lctlasreeulta aa to 

the beat ohoice of extrapolation forme. As Table I allow•• the el'soora on 

the reaulte depend a~ongly n the polynomial aaed. 

The extrapolated eroee aectlona divided by 4•W, obtained aome• 

what arblt~:arUy by o.elna the etl'als.!tt-llae extrapolatlcm. a:r.e plottecl to 

Fig. .1. where 
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• tt(y + ....... , .. + J!) •o a Oitt'W • • 
,. 

,?{a • gw ! 
u • .g, . 

· .:lln:.tsq. ih1H~gd~: momeatum, .. lethe pion total energy, aa4 v ia the 

·photon «Gei'IY• each lll the c. m. eyetem, aed M I.e the nucleon mae a 

( " • C: !II t' • }l. fie C"I'Ve accompanytna tae pointe ia J'l1. 3 ll that 
. . . 3 

calculatecl by Ha.mUtoa aad Woolcock from the 4laporeloo rolatton of 

'Chew et al. 4 . with f- = 0.08 an4 rJ ·) = 0. 
. .. . . . 5 + 

Whea. a0 ia compared with expodmeatal valuea for a0 , an 

average ratio ft a 1.'?11:0.;-t b ObtaiDecl bl-tl\0 iatCei'Val from threshold to 
are . 

114 Mev. Tboee reeW.ta (aot deflrlitive);a first example ahowiua tlte feaei· 

bUity (a• well aa tao difficwty) of the Chew· Low extrapolation pl'oeedUJ'e. 



Extrapolatioa 
fonn 

One
patameter 
(weighted 

avera, e) 

Two
parameter 

(straight line) 

Three
parameter 

(parabola) 

Quantity 
a 

N 
:w 
x2./M 
s m 

axlo24• cm
2 

N 
:M 

l 
X /M 
sm 

crxto24, em z 

N .. 
x2/w 
SID 

e7Xt0I4J. cm2 

Table L 

7 
6 

0.73 -. \) 
4.05:t0.4S 

7 
5 

&.16 
22.64 

7.3:S.0.72 

1 
4 

0.19 
0.31 

8JJ 1•2.93 

-l~ . 
~/l~ '' • • . 
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. otcm eae~ (Mev) . 
15 • . ,.C) 1,.1 
(w = 60.55) (w = 61.55) ( = 62.05) 

7 1 6 1 
6 6 s 6 

2.46 1.45 ·0.70 1.19 
• •. 

5.5 3•1.04 8.34d:l.16 7.80.1.00 t 1 ~8li:Z .07 

1 7 6 7 
5 5 • 5 

0.86 0.72 0.86 1.26 
12.21 7.17 0.04 0.66 

12.38&2.06 15.2,.2.70 8.67:*4.45 6.7W.66 

7 7 6 1 

• 4 3 4 

1.07. 0.87 1.13 0.86 
0 . 0.11 0.04 3.33 

12 .18:tr8.51 l1.74Al0.85 12.42*18.55 35.84•23.96 

~ = awnber of poinla to be fittetl; M = aamber of degrees of freedom• S :a parameter for J'leher F teat; • m 
t1 = extrapolated cross aectioo f1(yta- w +p). 

bSee captlotl o£ Fta. 3. 
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Fig. 1. 'l?olol~JY diagram ta p2 and .,z. Here. p lathe momentum 
--~ 

of the tpectator proton (lower lab tdaitlc eaeray), u4 v/ ie ;:~;.('~ 

_ ·ta;u~ ~·~ tnterul enercv· of tbe remaltltna (w .. + Jiil 

eyatem (" = e o p • 1). The c:uve• are klftematical bouo.dariea in 

theee vai'iabl•• witbtn -.t'ltch eventa from the cor.-eapoA4lag real 

photoa energy:.mut lall. The rectaaswal' billa at 61.05 are those 

· uae4 ta obtamlag the polata ot Fla. 2. ~he eveute plotted h..-e are 

at photon euoray "«Jab) k = 160 to 165 Mev. 

F~i· 1. Pololoay etch'apolatioa for wl. :t 61.05 (k
8
u (lab) • 163.7 Mev). 

The d&~ tn the &Dterval 0.3 ~ p'l ~ 0.9 aro extrapolated by meana of 
. . 2 . 

a etralaht line to th~ DODpbyskal value p = .. 0.101. At the e..,a-

.. !f~'~:;~latecl polnt. the orclb:late of the e.xtrapolatlag f)Jac:tton t• the croea 

aectiO!l . a(y + a ... w • + p). 

Fla. J. Val'lee of a0 • obtained by divtcUna the extrapolated. croaa ••c:done 

of Table 1 by tb.o phaee-epace factor 4wW. The cvve ie baaed on the 

dleperaf.tm relatine of Chew et al. (Ref. 4), and ie taken from tho 

paper of Hamilton ud Woolcock (1\ef. J). The value x l /M • 0.19 

lo~ the loweet-cmergy point ladicatee that the purely atatletlcal error 

may be aomewhat too emall, and lea reflection of the accidental 

jwct&poaidcm of the •xtrapol•tton polnte and a etl'alght Uae. 
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