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The ezperizent reported hareln was uvnderisken 0 resslve
the descrepancy la the § valﬁa of the &@1ﬂ3 ground state
transition reported by the M. I, T, » L %, 8. Group and the
velues deduced Ly other gources, 4 Very esrly messulement by
Hspvey of this Sreasitlon gave #.?ﬁa»e.aa.ﬁsv;l Tea v&in&
pesigned $0 the trensitionm by She X.I,T Group wes 4968 Kev?,
later cheaged %o 4973410 KeV due to the ndoption of  mev
salibretion stundard.” These velues were also based upon
an AgiOT(d,7)5L00 pessurement, A.H, Wapstra reports this
Yevel ot S04SE 12 KoV from muss date.” 4dditlezel (m, 7)
work reports u geuss ray of snergy 72704 20 KeV frox un
Lglov {-a.J 152108 resction,” Sudtrecting the deutercn binding
energy fromw this welue ons arrives abt 5045 KoV for the grouad
state lewiq. ks (m, 7} work slsp indlestes & poasible
exsited stade st ﬁl Ee¥ froe the ground stote.® It L therefore
postulated that the transition obmerved st F.1.T, muy posslbly

Cbe s transition $o0 » lowslyimg exolted state in the reglon of

A1 KeV. Thie then implivs & value on the order of 50%&% KeV
for the grousd state %r%?ai#iﬁ# and is much more in n@eg§#§§aa
#1th the sther xuparﬁaﬂ‘%mluaaw

The experizent is also designed to detsrmine absolute
cross seotions for dsuteron scattering from 4gl07, amd for
geversl exolted states from the (d,p) rescotion. The magular
diptributionns of thess oross segtlons ure messured, and &
distorted-veve snslysis F£it¢ to the (d,p) 4istribution datz
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s sitempied, snd ansutron orbvlisl angular momentun qusntum
nunbers, lp, are proposed on this luslis.

The suergy of the experiment, 7.5 MeV, ie below the
Goulomb Barrler for tbis sucleus and thersfors one should not
sxpect pronounced forewerd pesking es le the cupe with lighter

muclel #% this deuteron energy. However the energy is not far

- anough balow the Coulonb Burrier to give wimﬁi& backangle

pesking aa with hesavier eleowesnts such as Phb. i4n intermedinte
type of distribution s expecbed,
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by the H.l.0, = 0,5.R, electrostsztle gemersbor.! The

incident deuterons for the experiment were produced

sxperimental sprangewent is shows in Plgure 1. Accelersted
devterovns emerge Ires the generstor snd sre deflected into a
borizontel trsjectory by an snalysing wagnet, which sleo
pelects the bess enargy vis & slit &ywﬁem‘ The energy-delining
iy slite were set ut O.S5um for this experiment; whieh gives
o maxizur beam ensrygy erresd of less tham 10 K&Vﬁa

in slectroststio quedrupole lens them focuses the bean
onte the terget, locanted in the eenter of & multiplowgap magnetie
speetrograph, deseribed in s previous pubiivstion.d Pigures 2
and 3 shov borlgontal &n&:v%%&ichl*ﬁiews”bfithiawsﬁég@pgg;&@@.
Twenty~four gaps are used sizulteneously te an&iy@gm:&waﬁaau‘kwwr
products &ﬁ'mnglam from 7.5% to 172.5% 4n 7.5% intervsis, There
are twe 0% geps, ome iz the forewsrd qusdrent snd the other in
the buck quadrsnt. Thewe sre genmerally referred ta‘aﬁ the'igot
gep and the '91%' gap, respectively, for lLdentificaticn
gﬁrwawaﬁ, but wothk are sotually at sxsetly 20° with respect
%o the lnoldent beam. The 09 gep couteins a Farsdey cup
which vollecte and inhngﬁmtaa the besnm ocurreat, |

The charged perticles are detected by the tracks they
produce by lonization in & suolesr smulslon, 7This emuleion is
on three yiataﬁ'laaa%&ﬁ'ahuv@ saeh gup st the mrectrogrask
Yoosl surface (see Plgure 2). Imok set of slatse perpite thres

(&)



wones Yo be exposed, labeled X, ¥, snd %, sepurated by an

unexposed reglon of le2mm, These plates sre oounted undsr

a mieroucope in fmm stripe with a megnification of about 250,
& proton=resonssoe flurmeter losuted in the '89%' gap

m@&ﬁnrwumth@»ayaﬁtr»@rmgh pegnetle Lflsld, 4 obarged purticle

passing through the msguotic fleld in such of the g@ya ig

deflscted into s clroulsr orbit with a radiug of curveture, os

deteorsined by the partiole momentum, The redius of curvalure
in erm; deternines the @miﬁﬁ‘ﬁa‘kha foeul surface st which
e ‘ the pertlole will strike the nuoleur pwaxsién*v Birxice esob gep
hags been oalibrated usisg Podlo partioles, s relationship hase

,,,,,,

boan éw%ﬁrmiaaﬁ between the redins of curvaturs (D) and plste
dietanse () and hes been found to be fulrly constunt over s
‘range of fleld settinge,

To faeillitate msssurenents of slastie soudtering orose
seetions, an uuwii&awy w2t of sllits bas bess provided %o
redefine the nolid sngles eubiended by the zeps in the fore
ward guedrast,. These slits are raeferred Yo au the
‘Rutherford siite', The soalid sogles sre reduoced 59 29 0
give approximately the same number of counte wt ell Loreward
anglen 88 ors seen #@ the ‘@i?‘ gep with o *Ratherford siii',
The sultiplioption feectors uezed %o aarw&w@'a&%a with respevt %o
tode wodificstlon are presented in Table 1. The wlit sizes
sud multipliostion fuotors were detersined from date produved
by elustically sonttering J BeV deuterons from Sun, ¥, Os, sud iu.
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Two tergets wore used inm bbls experivent, one s tuln
film mf’@iivar on u Porpver bdacking and the other & self=aupportiag
$tdn silver files The firet (48307, Se138) was év&%#ﬁmﬁmﬁ
&irmaﬁxy auﬁa'ﬁha Porewsr backing supported by & stainless
steel target frame, and the second (agio?, X o« 140) wap
evaporeted snte & glass slide, 7This film wee then floated off
the sllde by lamersion iuto distilled water sad then ploked
up snto @aﬂﬁ@g&g ﬁtniﬁl&&& steel target £raw§¥ %hq t&rg@%‘
frames bavs v 1/2Y dlametar éy&niag¢

f&alaﬁwtﬁhwﬁ iesntope was é%@a&ﬂmﬂ'tram the C.d.8. Inboratery.
Entural Silver is 51,43 4g 07 and 48,6% 24399, rhe cariched
Lsotope contalned 98,8% 4107 and 1.2¢ 0,024 4g2%9, asccording
to the sanlysig recelved with the shlyments ,
Bvsporetins wes uehleved by beatlng the lsotope ig;ﬁwTj
ﬁmﬂ&&lﬁﬁw;hﬁﬁﬂ bont under vacuum, The torget meterisl mas
th@u daponited aa'%&mgﬂﬁ“£ﬁmmeﬁ or glass suspended over the bosnt.
ﬁl&ﬁﬁiﬁ‘&ﬁﬂtﬁﬁriﬁﬁ rans were made on esch terget o determine
the Sarget thlokness. The Pormvar-supported target wes ezpossd
o 3 nlorecoulombs of 3 HeV deuterosns, and the sell-supporting
ﬁawgaﬁ wie exposed to 2 slorpsoulanbe of 3 MeV deutercns.
Por reasons glven in Ssotlon IV the dute on %ﬁiﬁ sloztio
sontiering for the Pormverw-sup,orted terget was rendersd useless,
%&ﬁ»ﬁhi@&ﬁﬂﬁﬁ for ths %&&f&gﬁygawtim& turgetl woap caloulnted
from the wbove duts ssousing Rutherford Sontiering,
Ag an salternative meithod for caloulating the tilekness of

the Porwmveresupserted Larget, the exporimentsl cromg secting

{14)
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for elssticslly ecottered 7.5 MeV douteroms st the 309 resctlon

%%%1& woe asauned Yo be equal Yo that predleted by Zutherford

ﬁﬁaﬁﬁﬁrin% m@ that angla, and the targed %kiﬁkﬁﬂsﬁ wag N
enloulsted from thlsg vwluanlﬁ although thia method 1s #ﬂt b
desirzble as the 3 ¥eV caloulstion, it doae make the hest use

of the dnta avalleble., The assumptlon of Rutherford seattering
for the pelfesupportiag terget iz supported by the gesernl
sgresment found betwesn seloulstions st 30°, 37,59, end 459,

The results of %he target thlckness aﬁiﬁulatiamﬁ‘waru ug follows:

Lo Formver = supsorted (agl¥7s-139)
By = 0,58 & 0,06 x 1038 stome/on?,
whieb ig approzimately 1@3llgmfemﬁﬁ
11, Belf-dupsorting  (4gO7 x « 140}
By = L,174°0,01 x 10" svome/on?,
wkiﬁh is ap ppreximately 208 LLgm/hmg o
Uiy B, %ﬂé yraa&bly Te wore Ldentifled as contamiments.
4l and 3 wery ldentdified on ths buels of the shift exkibited upon
sonpurison of (d,p) date from vayrious reactlom sngles, Te wip
aot posltlvely ldentifled but the preseace of un elustlo posk
to the right of the AglOT elastic pesk indlestes the presenge of
& hesvier slement, (See Flgure ﬁ)» Hinge eveporatlion took
pleoe iz a Ta boat L% iz progosed se the woet likely cendidste,
Helther 3 nor 01 were reporded in the ppeatrogrophile snalywis
regelved with the lsotope but Gilver's sffialty for esoh of thees

@1a&ﬁ%tm pukea thelr presence quite likely.

(15)
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The lnitisl run on hg*CT was mede on the lighter of the
twe targets. The purpose of this Tas was to ﬁxﬁiﬁrﬁ fﬁ*‘¥*ﬂl4
frop the hkﬁﬁlﬁ 1m§rabmh1e groundsatcte ts&nai&ian with -
reapect to & thiok t&rﬁ&t; PLVE eXPOBUTES WAre sinaned £$w )
this ruse The % =~ zone wap exposed ‘to 3 microsoulonbs of

5 NeV deutsrons for terget thickness data and 15 mierasgoulonbe

nf 7.5 ¥eV deuterong for 4sta on ﬁﬁamﬁlmaﬁi¢ £a&%%mriag-uw&mm
seetions ,both exposure s using the 'Rutherford '§11t' apparatus.
4 2000 midressulomb oxposurs wes made ou the X » zoms for
{4,p) sunlysis, The remalolng $ws eXpOBUYES were wede on
Tin tergets iz conmeotlos witk Tin experinanit.

tafortunntely sfter developiag the ﬁ&%ﬁ#@; no Lracks were
ssen im the region of the elantieslly seattered I WeV
deutsrongs ﬁraﬁu&&b&r tile terget thlokness ezpowurs weg nok
pande due to = fallure to open the expomure sbutter. Beverthow
1ess, She (d,p) regults wore such trut 1% was obvicus vhat bothu
& tuioker target snd s wach longer exposurs wers reguired to
obhaerve ﬁﬁ&'srwﬁnﬁ gtate tremsition. ‘ |

The noxt run wes mede on the thicker, sslfie-supporiing

 target. The spevtrogreph ssrried only s purtisl load of plates

sinoe this run wes msde primerily to sstimate the exposure

nesessary to resolve the soughtenfter transiilon, The data
from the 4000 wicrosoulomb, T.5 HeV exposure indlcuted that
104

resulis.

OO0 to 20,000 sleroesulonbs were reguired %o give concluslve

(16)




The fimnl rus consisted of four exposares, The Yezone
wee expomed %o 19,000 slorosoulombe af Telh KoV Jdeuterons Yo
deteot the ground stete tremsition, The X « none was wxpaned
% 3,000 nloropoulonbs of 7.5 MeV deutercas for (d,p) annlyels
8% other levels, and the 4 « zons wne exposed %o 1 ﬁi&ﬁﬁaﬁa&amﬁﬂm‘,
of 3 Ke¥V deutoress and 3 nicrossulombe of 7.5 HeV deuterous for
turget thlckness snd elestic drossesection wensurenents.

Upon exsmialng these pletes, 1%t ves found that the &ﬁﬁ&%ﬁiﬁ@
el the 15,000 zmierocculomb exposure waz asuch that th$ spaolag
botwesn sones wes obliterated iz reglons mesr hishly promiuent
transition peaks, partloulsrly the elsstic sg2O7(4,d)agltT
pesks  Thuw the smount of bavkground on the wdlecent zones
varied with the lutansity of the 15,000 microcoulomd sxposure,
Blnoe the slevtic peak ol the § = &amk was et approzisetely
the ssme plate distence 48 the osrresponding slsstie peak
from the 15,000 wiercceulomb exposure, this ¥ - sone elastic
soattering croms sestion dele was rendersd uselcus by the
noneconatent beohground of sositored gertiai&s splliing over
from the T = gones

Thie necessiteted turnlng to the elsatle oross section
date guthered in the Lirst run on the thin Sarget. Howaver,
since no %%rgﬁ% thiskness dete was avallsble for thle terget,
it woe necessary to esloulate tbloknese by un indirect mothod,

It was first proposed that by ﬂ%&ﬁﬁiﬂg the nuzber of ﬁwu%%&@mﬁ
@lﬁﬁﬁiﬂ&l&ﬁ santhered by emck target nd & porticular remotion aagle
sod uslng the stendard senttering formule, thst ome could find

(r7)




the thlokaess of the lighter target in terms of the Lnowz
thickness of the heavier ome, The followiay formuls was used:

T

e Aﬁﬁl u.ﬂta i
- o : e ELY
whare By = number of ctoms per on? in the serget
8y = number of particles in the besm
Bge = number of obaerved ﬂlﬁﬁﬁiéﬁiny
seattersd purtloles at a siven resction angle,

20 use this spproach 1# Wad BOORS LT o sutinute the
‘hﬁakmwwaaﬁ, previously mentioned, conitained La the 3 » zone |
elugtio pesk. An sttempt wos mede to relete the awmsunt
of buekground to the totel mumber of obsarved Yrscks in the
elsstie y&mk; azeuning thet the bsokground iatensity follswed
the elextlo peek lutenslity,., Thie estinmstion led to en
experimental elzstlic cross section higher then the Rutherford
erose seotion for 4glOT in the forewsrd smgles, Sinse the
- experipsatel oross section ip expeoted %ﬁ approach the Rutherford
valuey &ﬁympﬁu%iaal&y wlth decressing sngle, this aygrwﬁa% .
wus sbendoned ia faver of the one desorlbed im Sectlon III
(see page 14), |
A% lewst the Ilret seven centinmeters of the I » zones
of =il 3 Ela%aﬂ were counted for ﬁ&gﬂl&w distributions, ° Tols
tucluded the first 10 = 12 pesks from the 4gtOT (4,p)4g108
resetlons, Plates 224 4 172 and 224 B 172 wers fully @amﬂt&ﬁ ot

AR

both the X and T zomes to present the full (d,p) spectrum,
Flute 224 ¢ 172 wus fogged by soattored deuteroms and therefore

(18)
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