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ASYMMETRY IN HlOH·ENEllQY UNCLASSiFIE[l) 
p•n·p OOUBLE CHARGJ: .. J:XCHANGE SCA TTERJNG 

H~h 9ra411er and Robert E. Donaldaon 

1\adf.ation LaboJ"atoJ-y . 
Uaiveratty of California, Berkeley, California 

March 14, 1955 

. · ABSTRACT 

. ' 

Aaymmetrt •• h•ve beeD obauvecl iD double charse-exehaaae p .. ,;.n ... p .. 

· acatte2't,DJ ·!ro~U carbon and tantalum. Hlah-energy protoaa etdldag.a fket 

. ~ra·et aa.ve chal'ge .. exc:luu-.ge 11eatroae. The•• neutrone were eo1Umate4 and 

. · allowed to etl'ike a a•cond target. The recoU proton flu~ea to 'the right and 

lett wer~ thea. coUiltecl. · The a.lymmetl"l•• are •ero at amall acatterlug. angles. 
. e4lnc:l'eale Wl.da anale up to 45° tn. the labo:tatory ayatem. Tbe maximum aeym· 

. . ::,.:,et:ry O'blei"veCl Wal 10. '4 * 2. ~ 1 ~ fo~ carbon with th.e first &De! eecon4 acatter ... 

· . -~~ ualea equal to 4&t.; (lab). Evidence ia alven for a lawae n-p chazoae~·••change . 
polutaatlon from carbon bo'a:nbucled with 1?0 -Mev aeutrona. 

lNTllODUCTION 
I 

. Potential modele uatng. tenaor force• e»r epln-orbf.t coqUna hla.ve been . 
l.ourut1• a to give 'bette!' fit to the eqerimeata.l ... , aaa\llar c:U.atJ:~tbutton3 than 

taoae uaina only ceDtJ:"allorcr;ee. Wolte"Aateb14 predlctecl that the p.reeence of 

theee .nonceutral forcee 1ho\lld liVe l'lee to aft &lymmetl"y in a clOlable l~&tter­

in& experlUleat. The azimuthal aeymmetry of a dogble ci~uu>ae-exchaqe (p~n.-p) 

ecattedng baa been lnveatlgated 'by Wouter15 and otbera, 6• 7• 8 with reeulta of 

the order ol a lew pel'cent. Tlseae aaymmetriea are mueh emaller that& those 
o'btataed by double proton acattertna. 9 · . · . · · 

In the experiment pzoeeeoted here amaU but expe'l'lmentally aial\ificant 

aaymmetrlee have been obeerved ln (p-a•p) •catterblg &om carbon aacl tantalum 

tugett. 

Thle experiment ie an extension of Wouters• a esperl~eDt, 'With aome 

mo4Utcati.on, to elemeDtl of hi&her atomic n\l.mber. A target waa bombarde4 

by the ci'l'culatlna proton beam ol the 184 ... t.nch cyclotron and the ejected neutroD.a 

wel'e collimated aacl allowed. to strike a aoconct. target. The rtg'bt uclleft lluxee 

of recoU protoa• fzooDl the eecond tazoget were then ccnmted • 
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APPAltATUS 

j • ~. 

J'lp;l'e 1 •how• the experi.m•ntal arra&Jement tor the p-a•p acatter­

. iat. The fbet scattering occurred in1ide the cycl~tron vacuum taak. It wae 
. ..... lble co p~e the .flret tataet at each of the followtnapo•ittcma: (a) tuef.de 

•• flee ln IUC:b a poeltionthat the Obi81'Vet.i neutrOnl came c:Jti .. t an Anale of 

"" 4i0 tQ· tlle rish* of the. cucwatbla proton beam. (b) on the ••mabl probe" bl eueh 

' a.poeition that the obeerved neutron• came off at 0° to· the proton bea~ta (tbia 
- •·•••• • • <(,· 

·. · p•j•itt.oJl provtclecl aa uapolarlzed neutron beam), aacl (c) on an ·&djutable pl'obe · 

~-~~b. a poai.tton that the obilerve4 Deu,,qn• came off at any cleatrecl .._ale be• 
.·· ~-~ 0° ad 45°. to the lefi of the beam. . . . 

-;_ ·· • "tl\11 wi.clnt-;protoil beam eaergy wa1 )40 Mev. In the approxf.matlon 

i. · of ftOnt'ellltlvietic nuleon•l\U.C::leoa coUiaion1 betwee1\ pl'OWDI of tlle beam U<l . 1&~.~ .1Uicleont at .... ,, one •••• from the seometry that tbe energy of the neu ... 

tro11a· b a co.utant. independent of the acattert.Aa aaale. Tllere i.e, of cou••• 
a va.J"f,atloa ill eDerrv of. the ejected ••trona becauae of tlle illtenal momentam 

4lattihattea ln•lde the tara•• nuc:leue. A• the momentum ot the bombardlag 

p:totoaa c:ha•s•• · with a chaage of acatt•r;f.ng &Jiale, til' a varlatlon t.u eneray is 

·a ·f~tton of the acattel'lq angle. 

The aeQOntl target w&l placecl l.-. the collimated neuti"On beam. The 

lluea of protoaa l'ecoUitla to the right and left of the US.• of the fir at acattel'ed 

· uut'ton beam were rneaaured aimultaneoualy by meaae ot two cou.ater teleacopea. 

Taraet•• Couute7te. and El.earonlca 

Targets of carbon aaa· tal'ltalum were uaed. 11ae fbat: ar,u! aecond tall• 

tal \1m tara eta wel'e bOth of 10 ·a/cm2 dakbeaa. The flrat and second cubon 
· .. ·z . 2 
target• were 4.1 a/em and 1. 5 g/cm reapectively. The aolid. angle aubtend.ed 
by the aecond iarget from the lirat target wae 2 .x 10"'6 eteradt.an. . 

The aoi;ht and left c:ouatex- te~eacopea were made aa nearly icl.entical 

a8 poaaible. fte countera were allllquld seiutWatore with dlJDenaiona of 
Z by 2 by 5/8 inchea fo~ the hont an4 3. 5 by 3 by O.TS blcllea for the real' 

co\ultera. Tile eoU4 aagle eu'btende4 by the· counter teleacopea from the second 

, '· · tal'get waa 0. 04 ateradf.an. The coatel' photernultipliera were ade'luately 

aldel4e4 from atray flelcla ly mean• ~~ aoft ii'OD and I"' metal. 
Cryatal.cUo4e double-cotaciclence ctrculta wltll·cltocle clampa were ued. 

for both teleeeopel. Ea~h ct:rcui& had· a reaolutlon tim• of 10"'8 aec. 

' .. 
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The eotnclclence eouuting ratel wel'e plateaued with respect to the 

photopawttpller ldp ·voltages by raialus the vohaae• U'fttU the. colnciclence count• 

, · 'big rate fol' a pair of counter• l'emalnecl constant when the wltage of either 

· c·otmter Vtas lowered 'by 100 volt•. In ~dditiou. •11 co\UlteJ'• ~re ttlpplied by 

the aame hiah•voltaae aouce to help avot4 false aaymmeuy 4ue to hlgh ... voltace 

drifts. 

Pl\OCi:DUlUC 

• With the first tal'aet ba the 0° po1id.on, _the sec~ taJ'aet a.ncl the col- . 

UmatOI'e were aligned 'by mearut of a teleacope aituate4 &'bout· 75 feet !ro111 the 

f~•t ~aet. Th.la defifted tile axle of the scattered neutron l>eam. The couater 
t•leJ.COpea were then ~aced ln the plan~ of the first .scattering at approximately 

equal· -.nalea to the rlaht aaulleft of tbe .axi-s o£ tl\e neutron ~eam. 
With dle unpola.rbecl ( o•t neU.tsoon beam tn uae. the count11'1a rates · ln 

tl:&e rf.aht and lelt t'eleecopea. with bae~aro\Uld eubtracted, wel'e equllzed by 

•ID&ll a4j.altment• lAthe detector ugle1.. The backal'ou4e. which wel'e ot 
the OJ"clel" of 10 pel'cent, wel'e 4etermlaed by c:o\Ultln& with the ae~oa4 target 

remo~e4. Tile above adjuatmente wer• always within the Umlt. oi the ••~mated 
· erro~ of about 0,..:3° m the orialnal poettiontna. This procedur-e bacl the etfeet 
· of., elf.mlnating false uymmetrle• clue to amall cliffeJrncee in MUd ane~1e an4 
c~~·l' elflclenclef between the rlgllt aad left tele1copee'. Tb.e counter• were 

. ttUtn lett flxed\.tl\l'oqhov.t the tt\111, aacl aU angle eha.Jlaea were made by 1'!10vf.tlg 

. the flr•t ae•tterer (,lltuted bletde tbe ty<:lotl'oa). 

~, . Counttaa rates Wetl"e thea obtained for \ot\ a 45° left &net a 45° rigbt 

... · flret •catteJ:'. . Aeymmetrlee of· the same mapim4e but oppo•tte alp, obtaine4 

: 10:; right arut lelt tb'et ac:atter~~l•• proYicted a check o~ the altpunent •. Wilh . 

. •·;.· 

• " • • • 1 

the. leCOl'ld..,.•«;atterlnJ ao1le1 aeld COUtant. &lyinm.trlel Were then rruauued 
lo~ varloue tlrat•a-c:atte•tfts angles~ 

. :~ome ruaa •••• made \\'ttl\ copper aheor'bera placed between the .ftrat . 

a.ftd aecoad counter• of each teleacope. file a\teor'Der detei'mbte.cl '"• mbllmv.m. 
' 

recoU proton energy accepted. In thls m..aesr aaymmetri.ea we:te meaa~ed .. 
,·1 . . • 

at a t''Q.D.Ctlon of. a ttr4dectloa ee~gy" . 

\ ' 
\ 
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B.ESVLrTS . 

, The obeerved· ••ymmetry .e .la a 4o\a.ble ecattell'latl experiment can be 

d~lDe4 by the eqp.tlon e .:~ t j ·~· wbere L a:nd a are the .couating l'atea ob• 
· •••vet! at ·equal•cattel'ing angles to· the left Uld. rlsbt o! tb.e ftret $C&ltel'ed lfea.m~ 

Table 1 lhow•. the aeymmetrlea ob1enecl from t&utalum &114 cu'bon 

. iMaet.. at varioue uglee and rejeetio~ enerJf.ea. · The e,rol"e quotecl are pr<tb· 
• • ·.• J ' - f . • .:1-'t . . . 

· &'ble errc:.~• tmd include only countlftg ~etlcs •. To determine on~ eource of . 
• ,.rn 4\le to ~Seallpmeut, · tbe tateoal taraet• were 41fplaced .P~ntpencticula .. · 
to .... beaJn by an amount equal to the eetimated el"Yor ,of poeltlonlna, al:»>ut 

1/16 ta. Tble diapl&cem.nt aav,e a ¢hange of U~llletry of leee than & peJ"cent. 

. CONCLUSIONS . 

.. 'fhe azimuthal aaymmetdee tor a double charae•exehaege ecattertna 
.ll,'~ CAI'hon and ta.talu.m at"e atnall aa4 blJeDel'al ac~eement with p.i'~vioue 
. b.v~atiptlona; 5• ·6• 1' 8 · · · · 

.. As might be .... ected from the J"ermlsa• model, no etgnUlcut d.il· 

_ ·. fere~«'· W&fl fouml betweea Clt.l'l>C'm aad tantalum. Tb~ -aymmetrie8 thow all 

tacs"eaae Vlltl\ DlJle up to 45° (lab). 
' . The relatively hlah aaymmetry at 45° (lab) u •not coneletent with the . 

. ' . ' . 

Serbeto pcte.tial (50 cr. eacbnge). Tb.l• potential alves n~ odd angular ·momentum 
··•••• at\d predlcta aa a•ymmeCI'le .Uatt"l'button ~t 45°. 

10 
. 

. . . · The •uaequent .meaauremeat of the p-n q,uael-elO,.atle polubatton 
••Ina a proton 'beam ot kaovm polubat1on11• 12 allow• an eetbna•e '<>be made 

. of the n•p c~ge eschaage pol&risa$a for carbon bombat'4etl by 170-~ev · 
ne'Utrona. The p-a qual·elaatlc polartaatlon !ol' :us ... Mev lm:tdeut pl'otona ta. 

from Chambe:r.lain et al, pl ~ "'lJ% ~· Z %. Jpol"ml the eneray cl\ftel'.UCe, 
we can apply thle polarlutlon tO the p•-a ... p aaymmeuy for a 4S0 -45° (lab) uat­

te~lna throu1h the 1'~atl.on e " P1 • P 2, whOZ"e P 1.i• the pol&ft~Gatlon tn the fuat 
ecatt•rbll UJd P 2 = P 2 ( E, 6) ia. the. polui.u,lon m the •ecoucl acattermg. A 

polarization l• o'bta.ined for 110~Mev neutrons at.att:e:red at 45° equal to P2 (110, 45} • 

.. 69 1e *·15 %. The eame procedure c:aa be applied to th• S0° -45° and the 

·· 3&0 -18° p ... a-p aaymmetl'ie•• Vema the P":"• polal'lntioa at !.81 Mev gtvea in 

. the toUo~i paper, ·and qaln l~l'iaa the eneru 41Uetcnce 'between tbe p-n 

and p•ft•P bilttal eael'al••· we obtain the pole.rlzatl~n• P 2 (110. 45) • ... 43. ~ • 9 ~ 

and 112 (170. 35) = - 29 'Yo • lZ CJ,. The errove quoted al'e all pro&able errore 

. ' ' 

... 
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and _the anplal" ~eaolutloa for tt.e second $C&ttering wa.• 12°. Tbe oner;y ex­

~·:Powtc.n uae4 f.'6. th••.• calcuULtlou l• quite cloubUvl; lhero la fiome evldence, . 
. ~evel", tor a large u•p ebuae-exebaftge polu,srt.tion ai a neutron energy o£ 
110 14•,- an4 aqteS: aeu 45° (la_,). · -~~ .... , 

. -. ·-_-'. n.ahoUld·be tl.Ote4 tbat because of.th_e lnte.J.U.l momentlim -4t•trtbuti.on 

ol tJ:le nueleoaa tn ~e tat'get, tile aqle• at-~ch the aefmmet:riae are mea•­
U:Yed'&~tually eo:rreapo~d. to averages oves-· .. diatl'tbution of nueleoa;..a~leon 
colU•toa aualee. _ 

... . Tht.•· work w•U- peJ:tormecl un4u· the aupiee.a Qf the v .. s. Atomt.c- Jea ... 
ergy Commteatoa. 
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.Atymmetrlea meaeured tor eubon and tantalum tu1eta for va.riou• 

.-.ngle• -.4 rejection ett•rgiea. The er~or'S ate probable errors aad 
· l~lWle only eoQ.nttng •tatiittlca • 
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35 
46 

4.5 

4$ 

11' 

·. 11 
.f,5 

45 
45° 

Co-.tet
0 aasle .• 6. 

Bomba.rdms 
eneray 
swevl 

!5° 190 

as 190 

as 190 ... a~s 

JS 2.48 .,, 340 

45 340 

4S ) . 340 
. 25 190 

2.6 190 

·~ )40 ., .1' 340 

45° J40 

Eue:rgy of 
rejection e = E ~ :a percent !Mev}· . !, .· . 

45 o. 4. o. 4 

75 1.9:•0.8 
110 0.5. 1~9 
as ·~., • z •. z 
90 s:.z • a.o 
45 4.3•t.a 
as. lo. • • z. 1 

no 10. s a:' z. 5 

45 1.0 If: 0 •. 5 

as -1.0. o. J 
45 z. z • a·.$ 
81 6.0e2.Z 

110 4. 5. 2. 5. 
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