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A tr1t1 tuget ,.. bciDbarded vith 5 •·•· puleee ot 6.1 Mev 

-.... pro4uce4 by tbe Las .u- Variable --;;,r· H Y~~'Y>) r 
A eollilla1:e4 ot 22.5 MirY ne~ traa the n reaet:lcn 

vu 41J'ected 1Dto e. 3 .2 11 ter liquid b.yd.rosen llubble cbulber. Tbe 

reel&l.tirla protol ~ tra.c1ra .-re ~ad with ~0 stereo-

tterina aglea fr(a €1J0 to l.WJ0 1D tbe CJC. system. '1'he meu\11"e4 

41ft'&rcmt1.&1 croea aecticm ill th C .JC. ayetem em be ¥J"1 tteD 

4 a-/4{)_ • A0 + ~COIJ2o, wbere AJ'o •• ~.04. 

't1l".ffii!itl UDder U. auspices ot tbe u. s. Atadc IDergy Ccall1aa1CID. 
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I. _I!fmOwm'IOB 

Aecurate data 011 the n-p ditterential seatteriDg croea sect1ou at 

~t e:lersiea are necessaey tn OT4er to s:pec1t;y the fOl"JJl ot the nucleeo· · 

nuolecn inteft.otica, e.ud to cbooee between the various potential tunct1ans. 

Althovab the correct ~ t\mct1cm_ must also saUGt:f the 4euterco 

b~ energy 811Cl electric ~ II!CI!?8nt, aDd the n-p aiDsJ,.et aDd 

ta-tplet scatterins 1~, aU Qt WMch are~-~ 1.ndGpeDcleat mcuure­

men't$• :Lt bae not, thua tar, been possible to isolate 1t fi'Cim all the 

poae1bWUee. Irltenldiate enet'SJ maa&UNJrJeDts ot the D•P tittonm'Ual 

ecattwins cross &eetiea. haW been made both et lower eoergiea (14 .1 ~~w1 

md 17•9 ~) e.u4 at b1Pr enersteo (27 .2 ~ and 28.4 t~w4) tbaD the 

~ zoeported heN Vbiob are. at 22 .; Mn'. t.rhe present maasuremauta · 

were l1&4e with a 11qU14 ~bubble cbamber, anc1 are sCIDeWbat more 

~-~ other ~ts ill this eneJ'Q' ru.ge. 

II. TJIBCIRt 

ThO ~tlal scatter1.Dg erose aection caD be written iD the form 

where fJ is the seatt.eriDs 811Sle • All measuretaeDttJ 1rl the mterriiBcUate 

f!Afll'Q ratase baVG &JhovD ®/dO.. to be SJ~~~Etric about 90° ·iD the C.K. 

system, vitbiD the acemoacy ot t.be meulli'emlmts. Dlis 1m.Plies that ~ is 

zero* ar ve'q mra.U. We write the seatterins amplitude as; 

t(9) .. l + s(a) 

VJlere lu the spkericalJ.¥ e:~~~~~Etric s wave scatterirlg. It the result 

tor s(e) 1a ealeulated us1D8 the Bcm ajJ;prcDd.matton, aDd is expmded 111 

(1) 

(2) 
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a power series 1D kr, ¥bare kl" <<.1 for k eorre&pc:IJ.d1Da to 22.5 lt!v aDd 

r 1a w1 tb1D the rmase of nuclear taroes 1 we obt&ill 

. ~ 

s(e) : ~'1
2 

cos e. [ Y(r) r
4 

eli' 

Jv 
t{ 14J tbe 1ID.Ve mlJt'ber ot tbe. lw:OlP.mg Pu-ticle iD the C .M. qatem1 r is the 

(3) 

~tial 41etauce ot the partic:Lea, ~ is the reduced maas of the particl.e; 

i 1e Pllmak' s ccmstaDt d1v14ed by 2lr 1 and V( r) ts the tnteracUCD potential. 

\be ~ ~ of a( e) is characte:riatte of a P wave seatter!Dg 

~was. the. te1:'lll A:a eoa2 e 1A J!4. ·(1) is relate4 to t.be siDgl.Gt s
8

(8) 

8.A4 the triplet st ( 9) by 

~ cos2 e = f 6t2(9) + f Sa 2(8) 

~ t.b.e eQerimental. meaa~ts A.;/Ao can be ~. 1'Ae total 

. C:rces aect1an at the I!Jlergy ot interest is knoW, 8114 w.a not measured in 

the.~. 

m. EIPiRDBlfl'AL 

b 1m Alft!!!OIJ Variable llllarQ' ~ we pul804 to produeo 5 m.o. 

t.vrats ot 6..1 Mw deutercma. 1\lese were t~ CD a tr1Uum-ps te.reet. 
- H 3(~, ))~fk_ 'f 

llhe :re_outtiq ~.;liN~ tr~ tbe 4~ )D reactim were eunimtea. 

. b7 ~1Dg tbraush t.vc CQI4=1~ Jmlee (~& a4Joinine) 1n a 30'* 

lcmg blcck fd steel. ~ 3.2 Ut.r.11qut4 by4t'Q£6n l.mbb10 c~r waa 
' 

l•W. a~ 'the ~ $M. of the col Umtw. '!'be e~D'Wl ~Jrt 

1.s 8hcM1 1n l'is. 1. Puls.ins the Cl'Olotl'ou was. ~tahed by means ot 

,611 &'N mo4Ulat1=· c!roult; .a 004 tl!e 84M.t1QQal ~tase of }\l"Oduei.Ds 

a sutfic~ lmT ~ tbat persoDDel eoul4 vark in the rtctnity 

(4) 
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ot the bubble ohmll'ber. 

!the bUbbl.e ehamber emd 1 ta operation have been described previously. 6 

As a neutron ~ter, tiM bubble dlamber has an eiterl!:f rescluUcn ill 

t~ moo ~ 30° fOl"Vari ~ et 22.5 Mev ot t .65 _., With a backgrourid. 

1n tbe v1e1D1ty of the peak ot about 4~. To ~ maximum aeoure.cy iD 

measu:remeut ~the pooton .reco.UIJ, ~0 s~ 1s used with tvo 

Recardak mc:rotUm cameras viewing the chamber traD 8bGYe e.n4 trail 1ihe side. 

A Nd.Uctioa of 16. to 1 is .ect ~these cameras, the large value 'be1Ds 

DeOE$Gaey to m1aim1~&e the ~tion of ~ftcat1aD acroos the ~ 1 

eo es i» ~tate 14ent1ttcat1cm ot stereo-pa.Sr£J. 

lV • DATA .RBiJUCflQI 

iU OZ'dm' to make npici ~ ot tb.e recoU protem tracks as · 

N~ 1D tbe 90° &~ system, it was neeessaey to ccostruot 

a ~i41 microscope. 'Dle microacope allowed t.be v.taua1. preeeDtaticm ot 

eitber view ot the cbem'ber by~ of lisht!l!~ lG'v'eJtc, \lbich D'88Dt 

that tbe seezmer coul.cl ~ tiDd the stereo pairs ct a track aDd make 

· the tour en4po.1nt ~~ta riecessary to t1nc1 l ts e»tlrtr:/ BD4 -:reeo11 · 

azas1e. ·'!be m:l.erQacopa tertw ~iti~ were_ seue4 lr.f_ bl"wlh·~ enc~, 

&D4 the result.1J2s 41aite.l 1Dformt1on vas put em cardG ~ an IBM &l.lllllltal7 

punch. All measurements were a\ltcrDatieally reeorded ·en JBM eara.a by cle· 

P'UGias a foot peclal.. 

S:l,nce a Vack meaauztemf:Qt ~1ste4 of four cards tfiJ' the tour eud• · 

pc;Wrta1 plY$ a measurement of t.be refeJ"eDCe Ql'1s11a, S.t vu neeeeearv to 

combine th1.e · 1DfQl'UBt.iOD tor preeen't$t10D to an IBM 704. Tbia vas aeca:a.p.U.shed 
. -

bf ma&DS of &D DIM 14ol. !be ~ tbeD partarmed all the necessaJ7 CCID;PU'ta• 
. 

ttcms to obta1D the etJSrfl3 8D4 <lb'ect1an till each track. 1D ad41 tica, calcu-

latiODS were JIIB4s. to t1D4 the stanills :po1nt of each track, as well as the 



.~. 



~ o~i~ t.a DJBAe1 t.B pr~~iOMJ. to th$ 4UY~ti&l SC8ttei"1D& 

Oi'c$s setton. !he~ t4M obtained 'by~ a $~ie cu.rw 

abOut tkG peak• rmd ~ tbosG tra.oka on the lew enel'Q' s14e which 

~ e.hove tb1s c1iP'Ve. fhe. ~ n~ of ~u ftB ~n 1ient1t1e4 
. I 

w;tt).) tbe fiOJJ.i.t; ~ !n the o.»~. ~·Wift which ~Gilt1.l'it1B to tt.~e ; 0 in~ 

1D the laberatol'y system. 

V ~ . USVLTS 
. . 

ae bast l~ ~t.im of.eos29 vhicb fit the nlmtber t/1t trac1ts 

o\1$~ ~ ~ ot t•JJte tel, e. .M. ~ in~ \188 aete~ by tlw 

•thO$ of Jaast squares. 'l'!b!s detem:tve« the nUo ly/A0 to .be .Q92t .04. 

'!he total ercas eect1cm was th4lA ~to 425 m.b.8 tt:~r 22.5 ttw, 

ass~ tb$ capture cross secuaa to 'be · neslisi.ble. Blie save Ag • 

32..8 •JlJa~, and Ae • 3.03 m.b./~. 9le mta·do ntYt extend 

·· ~ fJ:>0 e.M., due to tile &h~ leusth ot tb8 rocoil proton 'tracks at 

~i ~ sea~ ~s. the protons·~ at neutron SDS].es 

~. ~ f:D° C.J!l. ba.ve ~~s bQJ.cnr 5 teeT ~ the ~ etftcieftClr 

1s ~ to tall below l~. 

!.be ~cal ~tal results are IJhciwD in. Table 1 and in na. 3, 

al.QQS With the NSul.to of preview~. e.u1ibare at J.4.l.w 8lW. 2'7 ti2 Mw.3 The 

4Mhed Une in Fig. 3 is the ~J'leal t.beoi'etteal. OUl"Ve dt~~t to 6Gzlls9l, 7 

$U4 1.~ ~ b$Ca'Uae S.t wn& wed in th$ ~- Carlo eaJ.oulatifm to cOl"ftCt 

the ~ t01 l.cDs•rtmee recoUe 'Which left the t1el4 ot view. For this . . 

~J the ratio AJAo.ia e.p;rox11tate~ 0.13. 

VI.~ 

ve W1Gb. to aekllowle4ae t1le assi.Gtance ot Dl'. Louis ~, Dr. HovaM 

~tj Mr. John \i1ooton, aDt1 Mr.~ ft:(l.lm<l9r. !be car-eful. tum 8CRP4ftS 

by Micke)' G1bsCD1 ltl.l.4l"e4 ~, V1rg1Af.a stovall, tw4 N.triam Woo4ward 
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!&able I 

...... ~pbt~·nata 

C.M.~ u (D.) stattattcaJ. J:trar 
(~e~) (ba:i:fls/ ete~.) (~) 

.1.1' 35·9 12.() 
·: ·: 

1$ 34.3 7.5 

· .1S5 34.0 5.7 

145 37.0 4.7 

135 35.6 4.3 

1.25 ]4.7 4.0 

U5 32.4 4.0 

.105 32.2 ].8 

Sl' 33·2 3·1 

85 32.7 3.7 
.';£!-... 

··:t;'·'. • ~':<" 

~ II' '· .t···. ~. . 32.8 4.; 

6~ 33.3 5.7 
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Figure Captions 

Pis. 1. Plan view of the ~riment, shOW.ing cy~ot.ron, tritium target, 

collimator and bubble ehamber locations. · 
. . I 

Vis. 2. Recoil protons scat~red into the angular 1nte~ 15° to 20°, 

pl.otted as a function of energy. 

Pig. 3. 'l'b.e ditferential n-p- scatterin8 cross section at 14.1, 22.5, and 

27.2 Mev. 'l'be. data at 14 .1 and 22.5 Mev are taken trom Ref. 1 

anti -3. The dashed llne is the semieq)ir1cal theoretical curve 

by Gammel, Ref. 7. Tbe errors in~cated for the _14 .,1-Mav data 

and the present data are the statistical errors only. 
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