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It is proposed that the (n, <) diweet
interection will provids a sanaitive tost of
whether or not 'alpha clusters' oxist in the
mclear surfase. Appropriate theosetiesl
analyses and spesific reactions for future
stuly are given. The apparatus leveloped to
study the :itraet (n,C) reastion is deseribed
and the alpha partisl: spustrum ovtained by
irradieting a natural nioksl f0il with 14,7
Hov neutrons is presented. A nov mathod for
oomparinz the (n, 1) and (n,oc) grownd stats
transition croas soctions on Silioon, as well
28 two now tzahniquos Jor pulso mltiplicaiion

are introiueai,
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FRELININARY INVESTICATIONS 07 (n,oC) REACTIONS

SECTION I: INTRODUCTION

It 18 hoped that the (n,oC) reastiom &t 14 Mev will give
inaight into oomiitions at the nuclear surifase, Our lask of
inowleigoe about tha surlase, regarileoss of the particular
moial we shoose, is only surpassed by our ignorense of the
ruolear forses. It 10 probable that information gainsd in
@ither will ald in the unierstaniing of beth.

In regant years thore lLiave been naryy Jissussions about
alpha partisle clusters at the nuslsar suriase. Caloulations
by mmrl and others imiisate that at the normel Joneity
¢ nuslaar mattor such slustoring Iows not ocgur., At lower
nsities, hHowewar, 1% geoms chat eoms egmse 0F alustering
g poBsible, Om thoe basis of coliision pixmomeona, alphe lesay.
ans non waesonic I - ooson abdorpt ton, mlkinsong gurragts thac
in tha nuolear surfags i probabilivy ol & nuelwon R doNsing

YO an alpra partlels gy Lo ag wAgn ad .t Lo -,

IL fa sropos:. thas the iireet {(n, <) roastion at 14 MHoy
Will proviia: g sensitive tagt vop the vall 1ty o7 this tnacwey,
“ingw @ irect inteoraction cecurs av She muslear suptaes, Lt
I8 expootai ghot IS elpha oluSters (XISt thr ipedi intowastion
will proceni by wey 9 2 imoek on weaocion.  If suoh: alustops

AU PO aX18E, the poRetion must proca i Llaouarh a piek up



mocohaniss, and variations in Swound stats oarsss sestions should
f0llow the praiictions of the shall modal.

w-n,mmmnvermwmm(y.oc)

mummm:ﬁ:&-vﬂmmnmmhiw
esmuming that the reastion ogours through singls nmusleon plok
up. The agresment with theery 18 only fatr. The oObjest of
this, and of future experimmts to bo periormed at this

laderetory, 15 t0 determine whethaor Or not their inteypratation
19 ooyweet when extended 1o (n,%) redetions .

¥ith the availadility of #0iid stats reiliatisn -dstestore
it has bdoocam weolatively aasy to stuldy alpha partislow vuitted
in nuclesr reasctions. They have been used to study (y,<),
(:,C) and other reastions indused by eharged partisles since
such particles San bs shieliel ecanily ‘rom the ailioon of the
Jjetactor. It is moye i1ffieult to shisl.i azainst nsutrons ani
there are, thorefors, many teshnical .ilffisulties whieh st bLe
overcome befowre the (n, X ) reastion can 5= obdawrvai. One OF the
sontributions of this ropot is Lo p@efsent Lho swthod wWiich wase

Ui,

Spialy, the exporimontal agproash was chw ollowing. An
alpha partislc produced in the rogscion wad ldentified cwiow ag
it passe. thyough tuo proportional countors before sctopping in
th? solii state Jdutector. 17 the threo pulees ogsurevd in
coinaiicnes, the pulso Jrom the silicon leotwetor was allowi to
opter a4 o5 anannel pulse-wisghic anglyzer. By this teckinigue 1t
nas Lean pOSSibl: O observe, with good paeelution, the alpha

1arciolss of chnewyy sreater than 1 ¥ev obtained from ireallatisg



s Ratusel Risind fe1l With 10,7 Mov neutsums, Pyem Whe SbRerved
srount stare, m%%(n,cc 190™> tremsttton 10 2 .3 MNNmS,

Staee furthey wook ot this lsdovatevy en the divess (m,<)
relation {9 oenteuplated, a mamber of JUUPISals ave made, Speeifis
Teastisne %0 stuly are sugmeeted and smalysed ia Sessien IXX(e),
and fwmgrevensnds in the apparedtus a9 presanted im Sestiem VI,




SHOTION IX: PREVIOUS EXPERDSNTS

Theve have beem virtually me dtvest, (m,cC) reastisns
studled, The ressom for this is the d1ffieulty ef ehielding
DOUtIORS from the alpha partisle enewgy detostor. mxh\:or
mmmamwmmmmwha)
reastism as 14 v om nuun“ ani on sedium®, \ \\

ummumm(u,oc)mmmv}x
been reported, ummﬁmmmnm \
mmummmmum(u.oc)mmu—
bobariing 1% Mev neutrems em M%7, 332, v32, 15, 009 amd | \\
M7, Secomdly, the tetal (,0C) erees secticns in memy maelei’
nave beem cbtasned by sotivation teohmiquas.’

There is an abhundanse of publishwl (p,oc), (d4,C) and \\
(oC,P) stuites, The woot intoresting as Car as this pwojest \
19 oomoarmod, 1 the (p, <) rometioms repiried oy Bayman, Dredy |
&3l Sherw, Thelr resuits are shomn in Figuwes ! and 2,8 The
three fcaturos to notice are that the eross ssetions or the
grouni state transition inercase with A for even-asven targot
nuslel, lcorsase {Or oudd-evven cargets, and that the ratio of

the two is botween 20 and 7 to ona.

T analyses of past sxperimental resuiics have dHeen
oonilioting. The majority of the (p,C ) and (4,9 ) resotions

—— mom e e ——

*trivatc commmioation, from B, P, Bayman,




reported, lils those of Baymsm st al.. have boen esmpared to
theoretisal predictions whows bLasis is the ahell model, Retakis
axooptions, fer whish clustering ia the target musleus i3
proposcd ares the (p,oC) reastion at 45 New cm light amd hesvy
emulsion maslel of m&} the (oC,i2) voastion st 1T Moy on
several light malel of Dleusr st g1 ans the C1-(oC,2c)
roastion &t G135 Kev repheted by Gooding amd Ige'®,

Ciarie o} gfimw rrom their (p,°C) resctions on
P31, 0135, 1%, mma £*? that the sppeavemscs at the mulesy
surfase of an alphs partiele or of & single Wuelesn separated
from the residual susleus have abeut agual prodabilities.
Thay 2180 Touni that the redussi width for slpha partiels
esigsion dvereased by & faster Of abatt 4 in geing from wans
72 to mans 41, A simtlor deoressy was chaorwed in the inte —
greted oross gootions for the ground stase transitions in the
(1. ) renotionslZ on €12, 025, Be®, me® and 3°0, It 1s
interssting to notlice that the groumd atate (4,0C) oreoss
8octions in the oli-0dd and oki-oven ruelet, MY, P17, nmanki
:‘-‘1, whille thoy i2sTeasal &t & similar rato are avoui a .?faomr
o 15 semllar Lhan Jop Lthe csveon-2von target nusloai,

Thawa have bom 8 mmheyr of interesting (n, i) reesstions
r«aportmh. Co14i an! har oollaborators have investigated tha
ganiority mumbep in the 7/2 proton shell by determining the
sagnituios o the (n, 4} grouni stato Orcas soalions bombarding

1 Hev moutrons on 36 . V-3, cr2, e, Pk, miv, G0, M
ani mm. They conolude that the agycsmsht doltWwoun Lz oXpaP —
inental results ani that prediotsi by the ghall moiel 18 rather
2aG18 IGOTORY,
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FIGURE, 2
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S2CTION III: THIORY

A% was mentione: in the Lssreduetion, 1 alpha
partiele alusters axist in the mmlear nwfase, then
the majerity of the diveet (n,x ) or (p,C) reastions
should pressed via s Wwek ou prosess. It theare ave
nO sush eorrelations botwesn NMuelesns it should be
possidle, using theery developed fyom the indepenisnt
particle model, to prediet varistions in the magnituise
of, for example, the grownd state oross sestions reported
by Seywan ot al. In Sestiom IIX (a) the (p,<) mesults
of Bayman 2t al. are analysed with the piek up theory.
Mmmhumtmwmdmmmhmmu!.
Noxt, a simple oluster mo-lel 19 proposed anvi with 1t an
analysis of tho same (p,<C) esoss socticn variations i
mais. Pinally, in Sestion IIX (o) & mumber ¢ interssting
{n,oC} mastiona ars suggestsl ror futurs stuiy,
At the outeet, the (p.,oc) work of Saymen 2% al,
8h0wWa Ul Lhat the pros2es o plok up or nsok on i3 not
oimplo. Dutlier 17 stabons
"In an (< ,p) reastion, or oxample, tho absoluta
magnituie 6T the iirest oross sostion is proportional
0 the pebability of finding an partiole in the
“inel molous at the radlus n., Th the 0sds o ifgsht
nuslel, corrolations batweon Sreups of nusleons is
probably quite strens, so that the mequired probabiiity
for Tinding an < partiols at the nuolear 'reifus’
@y ba appresiablae, For hoavier muslael, howsvep,
where tho inieponient partisle moial booomes wore
aacurete, sush Sirong ocorrmlations siould deoreaso
in % . Thus one might @ t that the absoiuto
magaltule for the (X ,p) or (p,<,; wastions, “or

oxample, Bhull ludrease strongzly as the wass ov
the in:éinl nualoud INGPeaRes,



1c can be argued that the Wk of Bayren ¢% 41. 18 ever a
too-1imited range (from 1 o 1 ) to tavalsdate Butior's
remmrie. e (d,oC) wek nentioned in Sestion IX 4id fellew
such a prediction., However, sinee mn inereass, rethey than
a deorease, was found in the (p,C) oroes sestisns for sven -
oven targets, it indieates that this simple plotuwe ie m&c
Ve oam infer frem Wiliinson's remarks © shat the opposite
sffeot to that propsasd by Dutler should seeur, Ho states that
where the muslear demsity, ¢, is very sush less tham the demaity
at the eemter of the aualeus, { ()1 “effectively All muslaens
are in ‘alpha persisles’ ", Por 5.59(2) > Q7 0.5 5(0) ,
ha suggests that thare is pevhaps o 5.2 © .G probadility
‘or a melecn to bolomg %0 an 'alphs partisle’, He weitess
:alpha partisle’ to signify that the process Se & highly
Jynamieal one with the ciusters contimally frwing sl
1s00lving. If we neglest the deoreasing penetredility of
an algha particle as ths Coulomd barrisr inoreas«s with
inereasing A, an insreass in the direst cross saation for

(p,oc ) or (n,oC) (or the invorss) remstions should ossur,

i



\0

S9ETION XIT (a)s 31, HODEL ANALYSIS

Bayean gt §}. have amalyssd tholr »esults using theory
Joveloped fwom the shell mpdel with the added sssumption that
the seniowity is a good quantum mmbder. The sentority
maber 18 simply the nusber of nom satureted (that is, unpaived)
partisles in a given state. The statement that, for exmmple
the seniority of the ground state of ,.Vo1 1s 1, means
thewo is omnly ome umpairei musleom, ths odd preton in tha
3‘7 /2 ghell, This agproximmtion simplifies the theery
oonsiiersbly and, ovon fOr Tairly large Jopartures fyou the
004 soniority scheme, the theoretical pawiictions are mot
oxpaeted %0 be affastel, appreciably, 3

¥ith this simplifieation, the result ol a Yorn ayproximation
calsulation, "or the 1ifforantial ovoss scotion Jdegaribing
a (p.<) grouni state ‘amitim, ecan then be wriiton o8 !

:
i m%- b :2 (£) v () jylae) 7
m Ao

(1)

h=R

Thiam> vl an: V. apo initlal) ang Cinal raiative veloeivies, ‘
3

" ig they interaction wedius. <. () oani &g (») che railal
vave upotions of the plekali up nautyons am protom, 4 in
a aghorieal Besscl funotion, Q = \k —A“" ‘,l is the

omMtur LPenser vector an )z& is o spswéosoovm ragtor. 17
@ wigh to sompar: the ragaituies o7 grounl state {p,oC ) oross

asaLions “OP LWO tamznt m.czaa A, sni B, . uhun otvioualys
‘”1“‘/2‘&};\1 >, ‘L%lz

4 wi eogune thas Gl inta wrn:t n aqua,m {1} may Lo negledie.



98. the apestresesplis fastor or relative yodussd width,
is essontinlly tho square of the overiap inteogrel between ths
rolevant states. Por the (p,oC) reastions stuited by Bayman
2% 81., the ‘sotive’ 1.a., pleked up pretons are all in the
’??/2 shell. It csm bo chown (see Aypumiix I) that for a
3iven shell, 1fmoummnmdmmw(tm 1s,
of lowsst semiority) for the ohdh:

(n,3)= (0,0} {2,3)<— (2,0)<— -,
vhore J 18 thw puclaar opin ani n 15 the mwber of protens
1o the shell with sngular mooentun J ,

Bleg+r-ne1, § ~2sr1-n, 2 ) =301, 3
17 n 18 odd. 233

Thse: xprveelons Wli for cach of the ploked > mwutyons a9 well.
It 18 belpiul 0 lavalop a2 vimple axplanation or thopo

2Xpre8sions although the intepprotation 18 not oxoot. e wiab

i find the probabllity of remowing 2 single nusleon “rom a

slvan shall subjoet to coniitions iopossi on thi sping o the

initial and ’inal mucicl, Thare o $wWo Sases, £ the intclal

mylear spin 13 . we omagyi that (he spln OF thoe finad ‘

pusioug e J o, il (00gl angulor axseonbtus quanuu: rreabor

opeeitying the ‘actlive ghasll 7~ of suddcond. 10 ¢he in3dtial

s

opin 18 § ., uhar Jinnl spln ouet Lo o, i
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I the magbor of protons (say) 18 ovun, we oan vieual)ise
this saiftion i thw “Ollowling wmy. The n protome in the
astive shell arv palmei, with thelr apine antivarallel, e
nulear apin 1s tham . I¥ we plok up Gy 00 OF thw n
(TOLONS W2 will lsave an unpeted . Thie one mroton
wiil Zive tlw epin o thw Tinal meleus (Bhw 2004 gmioprity
swewmgprion), Dus crw provabilicy, ob(n,o—n-1, i) = n.

17 tho pubor o protona e 04, iV 18 e 11P7fculs
W satis”y (0,2 —>n-1, 5}, Trere 16 only ovs oFf the b
Jrotons that 1o unpalire!, and 1t 18 this omae that, 17 puowvaed,
will lsave tho muelaus with spin -, Iv thure werr only
A Medleon in thw sll, then obviocualy )28 = 1 . Yoen thomw

o n o, e probabiiity o hittime Lho gorrect on: ¢

. . ) — 13
reduge: to 8 Iml—>wu-3, -y = 13- BT

*

234}

Joyman 2t al. cAve meiyesi (eie padulce 17 %weentdy

the methoed. . .
rom bhat weieln: will Lo proegence ! Daere,  Wr ghall orglain
v Cigeinetlon iwiow, The maaeon whiy @ ahoosd an nitomats
orsglism 16 o pine Do WO lmprovemsncd Wiieh sapboar In
i SR il o WL Lot emirae@ladioal ebuivi. Uk oo ) L IO0,
lu i6 30T snamaln whwthope the g diitional Csotor tiat thoy
IS0 IUE | i ukBoL,. ©

o cquasions {03 an: (7Y, the gooliredeo;il cLatop
JF0PPTBUON AN LS Ui Poroval 07 2 Mroton 200 LD neuteans

TEQT Of oW - GVUE DL D leioud 19

-
FPIVAL: comxagiiczlion wivk P, rop

E
}



Hg= 2 2 (1-022 ) (2.
2 2:‘+l
mﬂbm-“m.
dm=(1-Z2 2 T (2 22, (s).
2"’+1 : a"a*l

Howe Z and W refer o the number of protons and nsutrens,
respestively, in the aotive ghell, The festor, 2 , san de
tought ST as exprensing the mmber of noutyen puirs
svatilable for pick up.

Baymam g% g1, Weite Shese a8

gﬂmz czw (25,+3-1m) (6)
P Y Y B M N T E Y IRSE R B R

28 + 1
JD

there C 15 a conatant. Motice that they have remdved the

(common) dvnwminator of tho last term in both oxpresaions,

T™his was -lone in an attempt to correet ‘Or the probabliity

that the WO noulrons <xist in spass noap ondugh o the intoeming
proton or an intsrastion to ogssur, Effestively, they assumed
that the interastion can e methwmatlioally axpressed by a

Jdlits Munoetion, This prohadbility 18 proportional 20 ¢ho total pessib
mmbar of nautrens in the astive shell; that is, iv i
preportional to ( 23,+ 1) .



4

Ia Table I, our interpyetatisn of their vesults 1o
displayed. The censistensy ¢f the snperimsutal reoulte
vith the Sheswesical prudistsiane waing sgpmsions (3) and
(5), 18 EORIEEAIY Better fOF 044-Sarget e7ese Sestions
coupared With that predieted by Baguan gf 4i.. 18 Wt mush
different fOF even-Savgets, Wut leaves sn 0dd-even diNerepaney
in the Shoewy of a faster of € csupared wish the 3 - & reported
by Baymsn 9% 3). '

TANE I+ OONPARISOR OF (p,cC ) CROSS SNOTIONS AT 10

|, @ W O e
' Tergst 'Provems’ Neutvoms ' Vs dg{10) }2& b s L
' ' ' — ' t ee equation ¢
! ' ¢ ] f d& 'Y . N
' + - ' 1(21\3
[} ] & N
W
: 3 45 : 4 ! . ' ' ¢
0 (fy ) '(f7 ) * 715 v 3/ 49 + 10 ’
L :d : ﬂ 3’ /28 ] v ] *
S AN AN i R ‘e6t2s 1 3M T BET T .
: 55, " 5' vy 42 + 2 : t :
=a‘59" 3:( ’8‘&::39“’,‘/9, 64t 20 ’
Co " (") (("Y(") r:@t0 0 A 95t 30 .
g ! - ’ J ' ’
K C . (" )2 :( L ’ u&eu*;a: 3 : WOt 0 :
e ("% ¥ e 5 et :
m> (" ()% )% ass0m00r & 0 330% 30 :
. m"‘ : ( " )8 :( L )d( o ):3 : 31-500.6350 33/'3; mt =5 :

a
|
I
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Boswuss o7 Weiv tapuise sypveninstion, Begwen g% 4l
55 JOSFEP 1f Whe NSRS 1B NSNS Of eight ave aePwmed
" pagulate She By, Shedl, Mesfurimne g3 g).}% Geve found
thet She COSVPEISER WEbers for the Beutems eutelds the
r.munam”mnmmum

0.3 ¢ (mewimons) gop < 0.6 |
Y (mwutvens) oy od 1.4 n m8

i 0.8 < (Deuteens) p.s < 1.6
.2 > (m) Mw,) 2.4 ‘I‘m.

7\

Neve <m)p.jnmmm¢mhm
(3. 3) ovbis, and 3/2 13 bwnsisad booause the eemtributiens
from 2p31/7 and 293/2 were not sepavated.

With theoe cesupation mubsre and our stasistieal
mummmnﬁ,mmwymmmm
leot colamm of Tud1o X Joens met chamge ( as wuld be the
case for W5 alse). For M, the quamtity besswss
365 £ 70, whish is not signifieantly different fyea the ‘
listod value,

Pinally, it 18 seon that the shell model pick up
theory presanted is not cicquate %0 explain the (p,<)
resulte. The inerease i Jearease TP Ven-IVaR and 6Ud -
oven Cargets, respectively, is oonsistent with the theewy,
but there romaing 8 Fsesidual factor of & between the two,
™he justifizstion or saneelling thw integwmal in oguatism 1,
uwhet omparing the o008 sostions for @i furent muglel, i
foumd in tho oonsistuney of the ovan-oven and Oid-oven Srose

gsections separately. P
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SEOTION 1TX (b): A SDWLZ CLuS™® wopm

AS yet, uummmumwxman
mummmmm
with & eluster mode3 36 OF with the ssswption thet alghe
partioles ‘eluster’ in the mmwlear surfase. Dwver, 1st
wmm(p.oc)mummiuamw:a:ﬂu
following four asousptions:
(1) munmxmmmmmum
mxebhlhuﬁmaumm. The
mmmummzwmmmm
ormmmmwmthcmhim
emmmwrxnmmnm'ms'w.
(2) mmmmmmuumm
is strong.
(2) Mwmwnmmww
mmxhabwtﬁnmemaﬂnm.
{4) 1f convonsent, melsons cluster at the surfaco
to form ‘alpha partieles',

Vo now procced to the analysis.” Frowm ths experimental
rosults of Doymen gt g}. we obiain Vi / Ve « 078
wvaluated at a cpeoifie angle (10°) for cash sround stete
tronsition, Again, Vs / Ve * 20 /43 10 proportional to
the rolative reduscd \ﬂdthyg « A table indisating the rasults
of this seotion 18 ziven on page 2!,

X
It should be pointed out that this analysis makes no attempt to

Predict the g:cund-state cross section, but only attempts to account

for clustering; the experimental results znd the previous pick-up
analysis both hive to do wilth the ground-state transition only,




Dleking up $he ONe [WOMER Bl WO OF the feur Beutvens,

It is peasidle thet the Shwes nuslesns already exist as &

Be> msleus 1n 505 but stase 5® 1 met bewma vewy Sighaly,
the sluster probabiy diswslves quisidy. The major eemtwidution
to the direst (p, cC) reastion 18 them anpseted ©0 W from
Pisk Up Of single nuslecns, Bayuam g§ g). found few this
resstion,

Vg /¥ ¢ a0/a0 (15°) = 75 mieschares/steradion.

43 45

() ™ (onc) So

22 26 21 &4

&aamemwﬁmmm“.
wmeummmmwmzmeormzut”em
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(p.m)nmmmﬁ%mmmmwavua

ook on progesa. Daywen et g1. found for this weastion,
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v"mamhm:,ﬁuumum
Shell 18 820004, The MeutsoR Sholl oam Neb be bvetum eseily,
nd On Whis SiNple eluster medsl She M0tive musletns Sve
CEpOSted 30 serelate 11001e. Tharefuse, beth the piek up
d Imsok on COMIPINULIONS 9 the GVECS Section ave enpeeted
to be small, nmm“a‘.nw.

V. /V% ¢+ a0 /a5 (8120°) == 65 mieved, / stered,

(%) as.'::("oc)zao':
ms’smssmumr.mmu,ammr”e
shell of Heutyons PIus Swo Wee whish probably cesupy both
mamuwm. Besause tho extya 2 noudyoms aie
in o differess CFb1t £7OR the Pwotons, they would have 1ittle
tandensy to eluster with omy of the paived peotons. In
aidition, as is assumd for V51, g olosed neutyom shell
oen not Ba beolen eastly, Thus the reastion 1s expsetod to
PrOsosd Via & 41fficult plok wp Pr00sss. Baymen gt g, found
Vi /¥ * 49 /a0 (20°) 2 30 mierob. / steved.
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(s} “n .‘““’as-n
n"mémuamau-f,ﬁm
i 2 eirens ateide. Dven Shough, 2 in She case oF
w5, 1he entew Sus nevtveEs are mee tn the sums evbite
umﬂnm,nmm'mm
hese for this wuld coaplets the proten shell. Simes, i
s311M1on, MUINISNS S BOL 'Some ta' 0 W fy ) Shedl by
the Panli seiaeiple, thw alghc slusher may Grife farthew

o 1900 She TEslear Swfuse Shem in the sese of 1Y,

Agatn, fvom Beguen o gl.,
“W/¥ ¢ 4/40 (@W°) = 31500 stawed./h,

(6) wn:b.ocsﬂui

uﬁummmmumrmvm
gives in Section XIXI (a). We empoot that tiis ropstion Wil
woceed in the nain Wwoush a iSek on pNOCOMS. 8inoe the
®aiisl GrUIts oF tio Sws alascd 1., ahells eve the s,
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ahwll, For this resstion, Daam ot g). found

Vi/¥p ° GO /40 { &%) = 2500 marod,./st.
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SNPENN XIX(e): {mc ) RAOEINNS IR PUNEE SUmY

TS oF e 2000 inderesting (n, ) Jastioms Wt o
e Sbatied weing Whe aypeswius Shet has been dveleped, ave
ot (3,0c) B gua 2W (n, ) oS, [ V—
mumwwmutmm»
videl the h.oc)”nﬁmuum
SSNlly en W god sendswity sshems, The spestreesepls
fOsMer for the Yeunval of Sun PUobns snd & SONGTSS foan an
GVIR-OVOR SNt i8:

.y83=§-41-e‘)~u (®

ol frem 22 oven-N4 mulsws, ‘

szi""%"“ﬁh’ (9

If the dalta iOrse or tumime sopguximstion 13 used, theee

mmmumwtufn. Y
this came, the sgpreximation wuld not affevt a semparison

of the two cxwns sestions.
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exmmwmawnumm n
83ition, o4 OF 7 es & 630803 £/, shell O neutwens.
xtumwmmwmuw”.n
% Mm.
mtmwnmmwnﬁam.

A sescnd, sewies of wperiments thet cam Do verfoymed
iz o study the (n, )} resstions in the seme terget nusled
&8 Wre studisd by Jsgman of gl. It is eomsidmradly mowe
CLEfisadt o prwdiet the greumd stabe (a, C) esees sections
than the sorresponiing (p,oc )} e3oss ssetions bessuss of the
Taslver apine involved, However, i the (n,°c) ewoss
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28 8 W APost Wb W of She Testiens e Jvessting
Yoyl & el o meshasiden,

m*mmb“ {n°C ) mesntions
In $he 4, SN0 WAIOR 0on Do ERITSE austly e
8% (0,0 ) " e 0™ (n,c) MOT, Tven the pien W
m-wuwwnummw
seukismns

Y 47 Y &9 ‘

D o 1™ 3 o) - s,
vV 40 ¥ a5

£ 4

Pen 20 stuple sluster wnded prepuned, the ¥elie my b
Muun'wusmuuﬂwm
of 1" prerer 00 c2ems, Sempesurtly o s, ems of the
edlo. In alfisien, sn sipghe Sveter Wi4 leave

2 soetons and & ROVANER 303eAtwely free Sar @ phelt W
NGgeSian,
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TN IV  APTIRAYS

camtrintim to the (&, ) crss seetion is 1» necesnery
te have RGNy el Fesalibien. In pertiider, W
oowpare ground state trensitisns, it mwt he yJemnidlie te
soparete oloarly She DOWRd s Fivet eited atabes of
the finsl msleus. 0 pFfovw mwh mperimmts, Shevefors,
the energy datester mst have gaod resolving powe snd Shw
targets mmt be Shia S0 Wl StongEiing of She cphe
partisles o thedr sthuren, NMrtunat-%z, Ii5e6 inberwstiens
ore lmm 5 bo pegind fumand stoengdy (e sammple, see
Pigeee 1) and the enevgy Meeslutian 35 WOt capeeted 9 W
doteriesutod 2ariswly even if the gagnlay Feselutien of
the sywtea is poow.

The now solid stalc emsegy datestors sasiafy e firet
roquivesent sdmirebly. Whaess in a typlaal peepawsierel
counter the ioniring pertisle, wwuc snordy i8¢0 be \
datermined, loses 35 ev per 'oollision' with s clsetren
in 2 =011d state detector it loges oaly 1/10 thia ssoumt,
consequantly meny mre slectzons are psoded dafere the
imseming partisle is s00pped gnd dettor reselwiions 3 be
ovtained, Uslike pevpowtisnsl counbers wnd phetc-axisiplier
tubes, 011d stete deteiers have no intatmal mplifiostion
s 16 1 thewefore irpmative tigt the detestor's
preanplifisy heye 3 10w NOiNe fizure,
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The use of She Selid stake datestors U0 stuly the
(8 0C) vesntion hes 2ot Dem veporsed sa W 1itswamave,
Cept in apesial sircumatensas £0 Do explained dedew,
Wers than half She time dwvoisd to tids pwejest hes hess
imvelved in develeping $he testnigee Of messuveml, In
fgpendin III, she prohlems snscumtercd sre listed.

mmwmwmmmmuu
anitted from €0 Carget iR tw0 Jaeyortivasl cREders ad
3¢ trwralled the § em, Zyom the target o he s0did stabe
detaster. If the weogy Pulse wms in esimsidense wuith
puines f3Um Wth prugartional countevs, it wes allowed o
mter & 500 chasmsl PULSe-eight enalyver,

hare are two mdiricgilons to the spperabus showm in
Flgare Z. Te second propertionsl counter was changsd 69
cne slatiar to the design of the firet, with a wire meeh
isnlsting the two, On thds mesh were plasod two mnpld m 1.
2e5 Hav alphs perticle sources, Alse, the R,C,.A. Vistos
Junetlion detegicor develoned eompideradle Desk lesimgs
enprent with g suevesponding deterisration in resolution,
™ie nay ave LR agmsed by newtron irraulation, It was
replagad by an CIYEND euwrfase -beswiew type whisch, though it
also dovaloped sy lealkage, J14 mot suffer a acricus
starioraticn 1in it8 regolving power,

™e bdloek clectruomics are shomm in Figore 4, The
20344 stabe 4atictor's preampliflics, usiag 79586 Nurishmve,
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umnmgn." The yreanplifieve for the
prepections) esountars wire sintigr in design b Rgve
ASEUTA'S few e camende stepe end 2ANKTA's for v Jeng

teil paive. The pruportionnl comiare' sregpliiriers hed
Open 100p Juine In emoess of 18000, olomcd leey zaiws of

ovoul 200, and wise timme, mmxmmo.u/uu.

The preportional eounbere’ gas was & mixtwe of 60 per
ount heline @t 20 por cont metivns, at & betgl preomwe of
100 =, Ng. TEgsten wire is suitedlis for ‘e esnteel) wise
of a prsgortional cmier and wan apesifiselly chesen decante
of 308 Mow (0, ) s3oss sectica, T insids walls of the
propersienal scanters were 11383 wish 1/32 imch shiek graghite
Aindere beemise the maxluiii ATy ©f sy «lpha peyvticle 18
8.5 Mav fow the ¢1° (2, ) i? rcastion, ot 14.7 Wev,

In Pigawre 5, the Fesolution of the secsnd peeporticual
sounter is dsnstreted, Tw twe Cpoctrm wvewe OMtainsd dy ‘
mslysing enly shege svents in the propcations) eountsr whieh
ware in soAmoidense wiih pulses oxTospraiing o 5.5 Vv ond
10 ¢ A2 Mov alphe partislas stopped in the eelid state
Tediagion detootor. Tho two poals correspond to ghows 600
end 300 Kev, respecidivaly, lost by the alpha peticles ss
Doy tPaverssd 3 oR. 97 @VpdETional counter as.

™his teckique of ldentifying the alphm pestieles defore
they ressh the enargy dotetter 48 a version ¢f the standard
'Selenueps’ epparetus’’. Thers mre other muthods whish esudd
be weed, A peported by Fasshinl ot g).%0, the devecter aleme
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oan o wsed % Shuly Whe slgha apestonm > 15 Nev, Below
this enevyy, hu‘(hoc)&”-ll’hoc)t‘m
In he Grdeoter A0aulf, produes 900 By beshpeund evunbe,
Alge, men"hoc)uﬂwamm
SPPIeting the desbestor whish wnild be chesrved,

A sesond mettnd thet sordd be used 13 %o elimtmate She
(%cC) renstions 2a the Gobtester W pulting 18 in a ‘esne’
of neutvens definsd Wy S aumssighed alpha pestiale fyom
the 2(¢, & )" segetion. If alshe pareisies wee detested
1n 2oth Gebesteny, sn wbiceinaidense eiveuit weuld mee
6310y the pulee fyom the sSiteun dstester $0 gresesd t0 the
salyew, The 1imitation in inis Set2ed would be e rete
o8 Wish the assseisted algh @roester seuld opermts (305
SREtS pevr sueond) end thw offistansy of the entiscinsidense
cirouls., The low neutzon £ium 00uld De ccepensated by
Plaoing & ring Of the tavget msterial cbout the ‘eliminsted
oone' of n2uizons.,

N
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SIOYINN V: IRSITE A DINSUSEION

msmmwmwmm
enttte from & 3 ng/m? netorel ntedel foll, It wee
wubsrdad M epgroxiambely 100 howre 37 5 x 30° meutsoas
por sosond. T™he 0l thislmens ceevespinds to g 190 Bev
sSraggis 108 a 135 Moy adphe partisls. Alss showm iz She
axpested dashyrewnd whish would e oheewved in en eguiveleat
peviod, I3 is cntvepolgted fyom daba asmmmleted for shout
2 houre.

The electPonies wre sbeshed svery two hewrs for drifts
end every Gy Sas fow limearity, Ieirtisg did not aapeed ;
mmmwuwwyumwmxnm
over the runge of interest. he AFilt ealibeetions ware
saslly cbteined by dotermining the positisn of the growed
mmmwwam@,xmﬁmgmmﬁﬁg

The seocnd pruportional counter was cantinucusly displayed
on x1 oadiliomoope exd was calibrated Ly cbeeywing the pulise
mmwma’“mmww
tho proportienz] owamntary sd stopped in the molid state detestor,
Vo et proportional cowmter wud Mt in mnalogy, allowing &
Wuwmm. As sn independent chook
on the propartional KIS, a 7020 souros was plmed in
the target's pesition and the behgviouwr of the twe coupesed.
?inelly, the spactzw Of 2Wih propertiomsl coumbeys, with the
DAStINR genaretor in opeFetion, werc odsarvod on the pulse
helght mxlyser, gated by tho silieon Getector,
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The S5a15%108 of the results are peor and becswise natwrdl
wu&mmuf’suaﬁnmu“’ the usefuliness
Of the Spestve is Sesreased. It sheuld de motised, howsver,
thet the ressiutien of she greund state M5B(n, «c)PeS tyansttion
ummamm. Yo sen met eompare the MB(n, o Jpedd
with the M (u.oc)nﬁ”nmusommmmuu
15possible te determine the SonSPFAbUSIONS U6 the peak st 15.7 Nev
from the theee atates 1n Pe 7 (a8 0, 14, ead 136 Kev) end from
the eusited states in Pe” gt 1.93 end 9.06 Nev, *

™e asparatus was designed t0 determine relstive divest
m“mmwmmm. ™he
ocuparison eculd be made by dosberding different tergsts with
the seme mader of meutrons snd sisply counting the number of
events agpearing in the ground stabe pesk of eash speotrum. It
will be some tims before sush & eONperissn cen be made, However,
since en cbewvation of the NM559(n, ¢ )7e5° ground state trmmeition
has not been reported previously, it is worthuhile to try to
obtain its abeolute csOss seotion, “

The difficulty is in determining the 301id angle subtended
by the niclel target at the neutron source, The sress of the
nickel and tritiun tasgets are about tho seme (1 onf) end they
were 1/E insh gpart. 1O hit ths s0lid state detsotor sm alpha
pertiele must travel nesrly parsllel to the center iine of the
wparetus, Ismediately we oan 909 that the 25 : 5 counts thet
sopeer within :200 Kev of the ground state peel, Pepmesant an
integrated eross seation ( ( T (X <L ) over st most,
27 stersdiens.

~ 56—2 e
x The G-values fov tThe Cc,m‘)et‘mné Veocticns tvowmn N (-4 /°)

= Nié“(\"/oz N-SE abou*—o e :
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e I00greiion 11000 oun Do Cotesnined mee aseuwrebely
by choseving ¥hed Shese £3 : 3 counie appesr withda a 400 Nev
tabeovgl, Pren the kinemstios of the %(4, n)in” ot
u”(&@h”wnmumm
mmw -33° 0 - 4)°, Ty e e
mmummcummu
83° 59 Whe G10e0tieG of She insitens Ssuderen desn.

Fon the dafindtian of tiw 4ifferentis) erues S0sion g
the nuher of sdphe particles anitted 1000 & il angle
PP URLS CImD PO mmlows 4tvided W tw istidens flusm of
asvieoens, we have
+90°

S () AL % : \‘
pPo° .'ql"gs Wo ' \
Neve, G is %he muber of aljha partisles detested,
A 1o the ghouts weight or m>2,
% 1s the %08e) mber of NeURIVRS emltisd iInto AT
steredions,
B, i= feecadeg’s matee,
ﬁe, 19 the per et of the totel suriase density that
corvesponds to M55, |
md, O, 48 the #63l8 angle subtended by the detector st the
atehsl Sarget,
Sbetituting the cperimental values, & lowe limis to the ,‘z.
insegretss (fvom -90't0 +90'), M53(n, < J9e>" ground etate :
trunsition aress sestisn is 1.0 :.3 @, wu.mm

mmmmuo: W“ +85°, the
Senan asatisn ia ssppexinately 1 - .3 mb.
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+So° 243+ 45
2 g (Y)Y sin Y, JY, = MYt mb
mpo-
i
45°
27 O"C’ZOL) Si'n’?,oL C/’LQL = /o6 £ 35 mb
st

34,7 Nev neutvon, the (D, ) end (n, <) erous ssetions should

be identical. The aneegles, end therefore the penetzedilities,

of the two Alpha partisles are almaet the same. Pyom Blatt and
etssiopr™ nd froa sneptro™, using r, - 1.5/"s 34,7 Nev
DeutIcn, beosues 1t does not experimnss Coulomd repulsion,
ponetrates *ints* W55 1,5 times more owsily then an 15.0 Mew N
proton, Conseguently the predisted (n, <) cross sestions ares "
6 1 .6 b, for the Antegration limits of - 90 to +90°, snd

2,4 * .3 mbe fOr the more realistis 1iaits of -15° to +45

T™his 13 lapsr, by a feotor of 2, than the ~ 1 + .3 =,

axparimanteslly deterutined.

™ bo able to compare the (n,C) and (p,C) pound state
aross sections for M17° with the prodietion of the shell modol
theory that has been presented, simplifying assumptions cust be
made, The apin of the ground stete of Fu-~ 1a 3/2, We assume
that 1t ean be sttributed to an wpelred fy . neutron which, in

51 » WaS palired with the piciced vp noutrTon, Seoondly, we asMEW
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Shet W mguler dlowwidutions for the (n,c ) and (5, < ) resstisne
are the M. Pinelly, shn tulilag e Yebie of the W predisted
CFONS S00ti0nS, W @rop e Sotegruls Mus aupser in egumtien 1,
Seotien IIX(n). Thet 18, W sssume Whet the nbegrated pevoust
of the wve funetions far $he Pieied up DeViewn and Sus pIOtens
in the (D, ) ouse, 1= 1dentienl t0 Whet fer the tuws newivene
and one preben ia the (p, <) sase,

S0me Jushiftestion for Shis lest sypwestingtisn is found ia
the eonsistensy of the (5, ) Pesuits far ovc:-oven o 00d-oven
targets separaiely. Jor enmmple, She twe neutvens pieked wp in
mn“(..oc)mmaur.mmmm
ploled @ from M° are not. Neversheless, She Tetis of the two
oroSS Sestions, hum the eentridutions fyes the two indegreie
are igwwed, are csnalstent with the Sheoy within eaperimental
oo,

With these asmuptions snd the sus rulse of Appmdix I, the
prediotion for the sutio of the (n, <) t0 (p, x ) ground stade
CFOSE Sestione, carvesting for ths different psnetredilities of .,
the bombarding particles, ias ‘

(l— - ) o N
1.13 (1.,5) ° § &-ﬁ = b {30)

Z2+3 G i
e( e )
That 15, w expess for the M7(n, < }7e55 ground stats eross
soction, 0.9 £ 2 sb, fyom the (p, < ) Fesult integrated fyom
-0 to +90°, end .68 = .2 mb, A we integrete fyom - O° to <85°,
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muhhmmmmm
I8 Sl of ~ 1 : 3w,

Instent of weing the APOveENeesPls frotore thet Wb Souns
%0 'iupreve’ e epurism of e (5, ) remudts with the piek
W Shetey, 1ot uw tatvedmse the fspuise sggseatsstion heve. W
Dave ooen that o) @eals With the muber of muslesns thet saiet
in she @etive shell; this now faster SGemtifics he shell,
Ipseiiag 100081y, foUr PALYS 6f Neuteons 1a & £, shall, fer
SUUls, W mve ‘erevisd’ than Chwve Juive in 8 £, shell.
Beace 18 will be csier to Piok W & puir frem the £, Shet)

oF, methemstisqlly, we matiply 3 by @i, - 3.

mmmumw)nu,+x=e
uwmnu,+xza.umarmm
orone ssetions: 3.2 : .4 mb. indagruSing fyom - 90° t0 +90°,
;1,3 T .15 ., uning the moFe FeEiistis intagretion iimits.
is 15 the best agreemnt with the emperinmtal yesult,

Yo senelnds this seotion with Tebls III, It s mot
ressonehls 0 pursus the eaget deteswismtion of the solid
agle sudtended by the tarpst at the Neutron souree Loosse
of the moageeneds of the data snd desanss of the thworetisal
pproxinstions aade, M firm conslusisn ean bde dremn, but
ane intes=stiss result that shouldd be netised is how the
predistion for the (n,cc ) 6I0se sestion improved when the
ipules asmption was intsoduoed. It 414 not impsove the
predistions for the (p,< ) results. Compmmding the unsertainty




1ia the saplanation fur o Mrest Lnberestien (0, <) md (<)
exporinents, 2asr™ seports What $he (9, ) sroas seetions at

12 Nov o2 the seme Tmaled 66 weme atudied u8 15 Mev, skow
sntizely different shsrestoriscies, |
SARLX SIRs muf"u,eqnf“mm

integraSicn Oross a’um 4 fyon Experinent
Liul bs the B tp.oc)” Ssastiom
Glustor aodel Moty 2 Hek W &
Jpmlso

e v e N o 4 e e

t+

ol Eby aG ted b 10 T Jmb, 23t @8 dno,
o7 B, o6l t o2 My  Ned t o £Be =2 7T o3 nb.

0 to ®° 38
0 to L5° 2oly

“

[ R SR

L

¥ ivgv-te Comsmaic.tion, to Le .ublicticd,
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disest (n,c ) segstions, ummuu»m.
larges detester, mmmummuw(n.oc)uﬁ
reastions had & Brtase s of Y waf,

o determine adwolute values for the diseet interestion
orOse SO0NLMNe, 1t wuld de helpful 1f the eembar 1ine of the
wparetus wre ewolineer wish that of the neutioe genewetor,
™is is one of 0w yeasons why the eowparison betwsen the
215(n, < }905° gromd stese exoes sestion and the MI(p, o )00 55
0ross seotion is only tenmtative, At O 60 the deuterom bemm,
nsutrons from the T(d, =)He” reastion lwve sn energy of 14.8 Nev;
ware the conter lime of the apperwtus is DNow situated, the |
neutyon enesgy 1s 18.65 News et 60°, it s M,5 v, If the \
emter line of the sppeutus wee plased along the neutyon
Senarelor's cunter line, the noutyons inoddent on the (niskel)
target would peoduse alpha particlas Whoso <nOTEY was oyTmetIio
with the laboretory anglo.

A third Lzprovemnt would bdo to design & movadle tawget
wolder, It could de siaply & 1/32 insh thick piece of grephite
with tlwes holes, The firet Nole tO De covered with the targst
metorial, the sceond with sn slvaimus f011 with a swall Al
alpha pertisle soureo, and the thisd left Lisni: fOFr Lasigpround
rans, This grephite slad should de movabdle fyom the ocutoide
of the spyeretus, possibly with the aid of regnots. With this
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clpha partisle SREes, LOSh POpOFtioRAl counbarw Sould Ve
caliteuted freguutly at wall g8 the silisen detestor,
Consegmutly, the emergy Joes in the propirtissal enmters
of the algha parsicles of interest Wuild be kR mve
omastly aind @ censidewably Xigher meutyon flux eould be used.

In senjuption with Whis ixpEevent in the celilretion
of the propertisus) cOUDMerS, LFOVERINLS in the elestrentos
ocould be made. The propirtisnal seunters’ preaplifiars have
s signel 0 nOise FeSis of shout 100s), The pulses of invevest
are atout .3 0 .5 wolte, These pulses should be eent theough
& differenttel diseriminetor sith & verighle S1it widih 8o that
both wpes and Jowsr discrimirations ean be realized. Per tho
results shown, an integral diserisiastor ws used, At the sew
timo & double delay 1ins aaplifier should be used to aIPILfY
the oneway pudes, With Wis Sdification the nsutyon fiux
oould be inarosssd stil) Aurther.

codudion cate

Thare oxist: @ singls method by whach tho tritius-contont G
of 14 Mev neulrons
* » oen bo determinod Wille an

Wmmmmmwamwmm
the noutson flux., T conpare the dizest (n,x ) cross sections,
it is noocossary to laow what frestion of thoee mmitored are
15 Mov neutsons., Tho method propossd is to plece an mdditicnal



2

solid
- 90ate detestonr paxunent lecation, ooumt
mubheyr
or g198 ‘e
fow m‘m mcm.. Shiaining sqguel sadiere
mm..‘ oc)’“”
. :n ‘ M(avm“ o
= 7 md fivet
W) MM&OW
- of
detumen
il
divecd seetions atriewwens will
be




43 /

In sweary, this suwrvey of (n, c) mestions regresents
an introduation t M insearesting fisld of stbudy, Tw
original peojest 0 eoupae the divest (n,oc ) croms seetions
ot 3 Mev in m34dle weight maslel with the sesults obtained
by Daymeny, Bredy and Swuew, has 2ot beed esmpleted. Nowsver,
the major apwrinntal 4iffisulsies have bhean Overeoms, end
the M53(n,c J9e° direct intesustion has Dosn Cheerved,
AfSar gnother yeor OF twd of superimmistion, & dweision
on vhether or ROt ‘alphe clusters' exist may be rosshed.
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DAY JRPTE RIS ]

The sum ¥ules $hes have hess used exdensively in this
ropert will mow be devived, o this sgpandiz, no owiginul
work is presemted, Oumpdete (end yether complisated) derivetions
of She UM JULes heve Been given by Premsh gnd MacTarigne,
bub 16 wme fels thet & Feview of g mmber of mOFe egsily
underwsood pepere ™ wsuld be Ueful for Tuwe seference.
e unieriying asewption Of the theewy $0 be presembed 1s
thet the shell medsl 18 aR assavele Fepresmtation of the
msleus,

The two sun ¥ules that heve beon used in the test een :
bo written (eonsidering nouteons only for the mement) s

Zie=<m> (11)

%o:(mm> fa12)

Hete G 4 the ‘strength! Of the moutyon transition

o = “Vs.*u"” ‘

o  neutrons > is the evevegs Tder of tawget neutrons )
mm(;,a)ub{ﬁ ¥ shall derive those Swo exgEUEsions |
and then, introduoing the semiority nuber, mrive st equations
(2) and (3) of sestinn IIX (a).

™he ‘strength’ of the transition is defined as the redwed
width, multiplied by the statisticel fastors whish enter into
the ¢soss section, The redused width, in turn, omn Ye thought of
a8 a produst of two faoctors. One faotor moesures the pwobsbility
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thet 1in & given esupound shade e usiesns wil) svwengs
WEQMMu&M
stabe) the Other Faster MesWres the SoAwinsis probebAlity
thet shen Shis happens the 90 eompensnts will astually
sepesute, e wiil Lo amld sheus the stetisties) fastowe
lster, Sithough a3 this point it is wwekeidile 0 uete that
they 40 a0t ember in ths piak wp eave.

e definision of the redused width oan de Witten
myusﬂléﬁ.mc?ummmm
ma U 10 the stngle pars1ede seduses widen, We sball be
aove intereeted in ¢ tham in U. . the lsbber gives the
probedility that the tud eouponents sstuslly sepaveto. A
mmuﬁfuumuMm
problen of s single nualecd WOVING in & potential well (EO-
dused by the othee mwlecns, >

c&.mnmmmmwmm.

a mossure Of tho peobebility that the nusleons arwenge themselves
mammwmmmuw‘
from the ecefficlmws of frastional parentage. Consider a single
moleon piok UP reastics S5 exmmple. We wish CO desoride a
0011e0t10n of N KuClecns 22 Sh=t one L8 sepaTwted from tho
others. lLet us write the wave fimotion of this one muslson
0 () (s2) - wo discuss the problem hose 1n JJ eoupling for
definitheos although any sowling ssheso will Go, Ve now wak
how simultanecusly t0 desoribe the othes n — 1 eQUAVAADG MIP0nN.
sinoe we are hypothesiming independent pevticle motion
in some potential well 1S ip olear that tho behaviowr of tho
othe n -1 sivalent nucloote in the nuolous of mess A,
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r‘ela{ed 1o what f\ ¢

A-1 that wsuld esls 42 w0 astunlly vemsved our a9t mslels
fyon mulews A, issbead of enly mathemaiicall, setting 18 %
oe side by witing a csparwbe mave fumestion e 1S, NMwsver,
Af the 8- 1 nleshs W Feally maiking & state Of mpes A- 1
by thamsslves this State st Do en eigimtate; whareas in
mase A Shay esn "¢ simxituweusly preswmted Yy any o ali
of thege amms sigamfunctions of A - 1 shese goins, paritiss,
o 15000pis GPIS3 aen Souple be the apin, parity and iso4opio
apin of the lass muslietn $0 give the comwwet apin, paisy
ad Le0b0pds apin oF She state w doaswidad in A-1, Thew
various pesaidie stades of A -1, that wm find underlying the
state of A whan we Single out cns slecn i than dossribe
the remainder, aFe 0allod the perent stetes of tho partioulss
stabe of A. They ave not, a8 & rule, eQually represented,

twe formally, W write (13) |
Dimamec) = 5 (o]0 )T Ray? gy, m)c c“

ma,na.r.n’ ;| < pefer to, respectively:s the anguler
1s0t0pis spin, its obacrveble couponent, md °C - to eny othee
Qantus mabere thet are neseseary %o spesify the perticulsr
stato in A. The aubeaript P refuss O the parent statos.
The upper ocase aymbols without AReoripts rofer to the state
to Do dosowibed in mwlous A3 the lowsr case aymbols to the
last mwloon., ™o C's ase the ovofficliexts of veotor

sdition,
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; egastion (13) e () awe the respestive
aplituies In hish the WFIOUS DAeRt SUENG0 aVe FepIeembed.
They are fyestionel paventage coefficlenis, Thay ere effestively
the coeffielente thas are dumaded in e0Gss ISt this aspmsin
of @(mc)mnmmmm. namaly thet
wo sheuld 554 pretend 00 IV Jhigh OF She A egnivalent musleons
w ore singlisg eud for this spesial tweetmns. ¥ NAUWAMiSe

Z;: <°<r'}°c> -2 . | ()
numh%mmmmmw

3% end I, %0 give 3N 15 uRElly witten e *°

\alae:ra>; 5%\ :;:ﬁa,><:;:,l,mz\ W> (15)

& dpd

ware {23 MN | 3 - ® u no n

mmwnmmmwmm.

Prench demotes this same velationship, grephisally, by
J»

] we undoreiood, O ‘
VI R S

dossribe a0 mzmmmwnmmm.
mummm:mamnmm:.wmms

@ , in whish the Oirculsr @0 CUpresInts

st isymmotrisation. mmmmwzmm”
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o de wWritban ass

\ |
/ = (-t / \ (16) -

c

C y
e \d =2 glameaser) °\d (a7)
vl £ > \ y
" ¢
= Z U (sbog & of) a/ ¢ d (8)
‘ ;

—

The £ires Of these defines the phese comwention fow ibe
Clsbach-Sosdan soefrtetents 22, the sescnd may be vegarded
o8 the definition of the meswalised Racsh eneffisiemt™ ,
ad the third egmtion is the inversc of the seecnd,
Uetng this aptation, equatics {13) bosomes (without

introdueing the JJ doupling sehome) N \
CFs = CCTTICe To Te2p
G- 2
2, (25)

gn {(n>
l:P S0 (n’ ® @\
ZAC
where C repwesents all the guantun nusbers, apart fren J,
T (and their © cospONents) neccsssry to define the state,
3(n) end 3(n) ere, of coures, the orbital sngulsr momont

ad epin of tho seperwted particls, and wo wite {folioming
Freonoh) <c.n|cp:?e'>” for the ooofficlent of frestional

parantage (0.£.p.) comecting the states (CJT) and (CpJpTh).



walse (25) to {18), m (19) besomes:

67: O 2 Ln"‘“&J -3 U(K‘,d&ri =)

T
ﬂfsa‘; @ S(n) (20)
ﬂ"")m En)
) <C3—T\CPKPTP>133 3 | ‘
™o relstive redused width for arbital anguler momentus L
and chixms) apin = , sesvespending to (0JT) — [(c'a’r’h;].

oow follows fyom (20) and 12 given By

3 J
B ﬂmﬂ‘f‘kl) g v(:mm)<m\cu> ()
e uwsefuliness of intsodueing the shammel spin now bHescmes
parent beome, WPon Sing over shannel spins snd using ,
the unitary property of the U Nawtions * , w see that the ‘
intorference botween difforent § valuces venishes and
= 2o

S = né@a\ ,”M (20)
™o fentor n ooccurs beommwe the o.0.p, doscrides tho eeparation
ofmécmnmmmanmm
to do emittod on the sems f0Osing.

S\ U (adod s of) U (absd s e'f) =5
£ o'
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Yo Mw wPlisitly Satseduss the shell wodel, The
53 oxpling ¢.£.p. a0 dsTinnd Yy

(s -Gl = 2 <g™s3T{3™ e 3, Te) -
JoTp

sinse his is & Apesial oase of egusion (19), we hewe for
(™ —*(J‘—:) + 3 .
”° S
B=n (P | £ (o).

™o strenghh of s Wransition wis defined a8 the yedused
widsh, mlsiglied by the stabistieal festors which enter into
tho eroee sectisn. JFrem ogaation (28%), w hewe thas forr the
remwal of 5yp single nuslecn iu & sheld, ;{= 1. A6 the Cther
and of the shell, 1f we £111 the last hele, we hewe {-2§ +1,
This does n0t megn, howewar, that the lattor event is mwre
peobeble; we have neglected the fast it there sre 2§ +1 ‘
positions in the shell, only one of which om be illed, Thus '
for this case (lotting ¥-25+1) , the croes aection {or &
{(d,p) resotisn, for czapls, LOOOWSS)

R-3 ]
TP i w A a1y =

25+

(23)

4

betwoon Noles and perticles in & shall iss :
(a3+1) (2p+1) ;4{{ (n,J,* —n-1, JP.‘!P) (z5)

— (m + 1) (ﬂ + 1)%("5*&.3 'y —*H—nu’,'!)
| 4 P PP
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Pianlly, She oum vales (M) et (12) fellow. Prom the
m-ntbmm(xs)w(m),

,2'4*526 (n.a2,2, — a-13, ",l') = 90 (26) 5
oF, eomiduring meutvens cnly, =@ = (wstoeme) (o),

od conbining egutiom (25) and (85),

2 M Rd S el —Enae)-Eaa ()

® 0w

® 3 0 =(emawn bl (),

0 obtain She sun Fules used by Bayuen gt ad., W mst
intcoduee e sendowity gumtus mader, Ir the peniswity
is & 900l uaninm tembert (4, in other wirds, if the states
isvolved are uniqgee) we will Ye shis 0 Syup the mummations
in the swm Fules,

™e usefullives of the seniewity queanium mmber oan be
shown using, for the mowent, ¥-> g8 an cxsmple. In this \
molous thess &% theee protons (cf the posstble eight)
In the £, smeld, mumt-u(r?ﬂ):’. If there were
instesd, thwoo Siffurest . imgoupled perbicles in tho stste,
it oould be spocified with §3,Jp, i3, D3,Mp,W3. I there wore
three GiCiapant perticles, JJ cowplod, the individusl m'e
wuld not be gadd guentus mabers end we 0Ould use instead
the Live Gumeus mwberss 3.3, §.. 3, N One other quancun
nuber is netessary. If particles I and 2 amo oupled e
strongly them asw 1 and 3 o £ ad3, then it sy be possible
to uBe tho Six QMNLUD ELFS! J1,Jpeq 3y 0l Howevr,
if, 8 in the oase of the (r.m?mmv",mmum
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|
wre 1dwmticnl, then they eve indistinguistebls end 16 1s impoesitie
to sheote & PANSIOLer Joir b &9 particls mamber 1 and
particls aber 2, J,, thevafuse hes W0 WMRIng, $Rd the meed
arine: (0P & BOW QuEntun Bber,
A peastils way of edamifying the stalos of sush o
ayoten of 1Gmiiesd partisisn; is %90 intvoduse n oparuter
which weamures the namber OF paise of partieles ompiled tesather
with satipurnllel lar wemands, i.6. % a total gl
mouenbun SeNe. 4ise thet 1% 15 1Ot oesNary %O dusighide
oy pestisnlay paive of partisles in opder to ewider e
muber of peise of partisles ompled 00 SN Gl EDNINSUN.
e muber is thwsefisre Ik shossiubls omsistend with the '
Peall prineiple.
It 15 lmown Cwd & number 0f ‘saturuted' paive o be
addsd 0 ey gilven Speten of particles without ohenging tw
peoperties of the original system very mumh. Thus we o ‘
congider s state as consisting of & mudee, v, of nonsatuweted
papticles shiich dotuines wOSt of tho peoperties of the
stabe, plus & tamber of —Sataweted paire. W am scnstruct
a serics of states for systess seutaining v, v+2, v+& ete,
mm.mwmmmwwmm
of sdditional sstuwretod paire snd all having very simdiler
propartiss. the mwber, v, of nonsatussbed perticles 1s
ealled the "seniowity mmber”, boomwe it gives the smallest
mwmmmmummuzﬁm
mummmmmmmamm(cmm
configaetion +:ich oontains such & stato,
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ACSer Shess Fenasls, She GUUeRsions weed by Beymen
sk 8. follow caslly. Pvem equaticns (o6) and (28),
oonsidening idwbiesl msiesss only (withous the Lspeopds
tpin fommlion) end assuning thet the senierity is & good
Guntun mubew, W hawve 90 Whe ohain

(o) = (00)< (AJ) < (M) <—(33) ..,

Qgh—m—:)=u s Afn is oven

- ~3-33 » Afnisocdd,
832

Por J-7/2 the ehain of ;) valnos 18 thens

/Qg‘-‘-iaeaMo &, 3B, 6, 34, G
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APPRIDEX IXs W (n,oC) & {n,¢) PEAOPINNS IN SILEOMN

20 this eupmdiz W Sutseduss & Rew mettod fov debeming
the 7EA1e of the grewnd mate 81%(n, o« )™ w0 2 B(x, )"
osces sestlons. Uo A1 sdes show that the tentetive asatgrmnt
of the 2% (n,a 1T greund state trunsitien Fepceied by
peasheve end Laawense P is inscavees,

e depletion dapth oF seeitive swgion Of & §01id
stabs Gebestor VLSS 8 Whe SEMARe J00t Of the spplied
yoverse voltage. The FIesticnal entegy 1088 Of & shawped
parvtisle o8 1% SoUwels wough $e silicch of the dstestor

is peapoyetensd %0 ;’.u--.a.-u-mu
the meen, shavge and” enevgy of the pertisle. A mumgren
Mwmmm.”mumu-
to the depletion depth and t0 the DXL engy Of VEFYiRg
pesticles which osm be stopped in these dopths. Twble XV
shows some pertizent daba odtalnsd fyOm the spmOgreR foF &
9000 otm-on N-type SPE0e LesTier di0de,

.

TAILE IVs CRANDISRISTIOS OF THE SILIO0N DENICTOR
BT toolts) Depth{msorens) %w:m

&5 3
3203 3.1 2

D
i R

% De3 7.8
[ 10
900 ae )

EBeuenBk.
.::t*s%mt-:ss
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The maber of hele-slestun peise erested in the silitewn
Gotecter By & TNSIGEP event Which Cosurs within 1S, 18 prepavtionsi
o ohe So0nl emergy yeleassd in e trmsitivn. FoP emgde,

the dstester steps the ™S mmleus a8 Wil ae the alphe perticle
in s 2150, )™ semtion. e hwee resstisas in the

siliemn debester shish 0sn be sheusved when howbasded by

15,7 Nev DU aFet

- |
1. 8 (n.ochu”.mu:m 4 stebe wewnsttion eosegy
2, 34%(n,a ¥, . " 5.3 N,
3, 3% mp 2% . . 39,8 W,

Fron Yudle 1V, it osn be ssen thas as the deplesion
dopth 48 iNNPeENed ivea 100, theough 150 %0 850 miewens,
the 5.3 MV deubemuns Fegveswting the 81%°(n, )77 ground
stats trumsitions, should not ecigs, sppear, and Pexain,
pogpootively. INis 48 the basis of the praposed sethed to
coupere the (n,d) s (n,<) resstions in 8illean, Wtioce
that the dspletion depth sust be at leest 250 alesons befuowe ‘
protons will 1088 5.3 WV, - Pigwe 7 shows typical changos
sihich coour in the cbosrved spestyum a8 the depletion dopth
i1 variod, o cuphesiss these changos, diffewent mubers
of notyons were inoident on tho dateotor at the two depths,

Besidos spprosisbing the oapability of the deteotor to
otop diffevent particles of VeFying encvgics, thero is enothee
offest 00 considor before & compewisin of the (n,d) md {n,x<)
oroas sectiocns oan bo made. Pivet, wo assums that the angulse
aistridutions for the doutiens and alpha partioles sre Ui
s>, Divoot intoweotions are posieod forwerd strongly &d,
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in sddition, W% md AT neve the sew mulesr wpin.
Howoves, 8% 150 miosons, although the dcteotor 1s capable
of stopping & 5.3 Mev doutesron, there is no 'tasget’, that
i, depletion depth in fwont of the 150 misyons shich wili i
a0t 88 & duubercn SOuee, whon bombarded by neutrons. At ik
the same depletion dapth, thewe i sbout G5 missons ssting |
63 8 SOUFUG Of 12 Nov ground state trensition alpha pertisics.
To be shle to comparo the megnitudes of the two GrOSs sedtions,
1t 18 necessary to have ogusl teEgoet deptie.
Depletion depths as large ss 1000 miovons omn bo cbtsinod ]
with Lithiun Grift e01id state detestors, Those wuld be :
idoal SO ths compariacn. ™ Lo sdle tO0 porforn the experioent
scouretoly, it is iperetive also, tO heve g90d FesOlving power
80 that posis in the alpha particlo SPOOLIRED DoAY 5.3 MoV
omn be sloarly separwted from tho douteon ground state pesit.
Sor the rosults givan bolow, the resolution was only about
200 Rav, The dotootor used was purchesod fOr its large Curfeos
arce rethor than for 1ts intrinsic moiso fimmo; smaller units
oan bo obtained wibh oguivalont noisc rigures of shout 20 Hov,
Tho mothod usod was tho following, Tho dotector was
irradiated with an oc@al nueber of noutrons at cash dopletion
Gepth, This dopth, W to the maximm of 260 nmicrong, wao
Gotormined by mossurdng both the epplicd voltage end tho loalace
owrrent, Then, the number of ovonts spposring in the spectra
at 12, and 4,9 Mev , and the changc in Choe mmbor epposring
at _.3 Mov , was plottod againet tho doplotlion dopth,
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T™he remilts asv sown in PigureS. T 4.9 Nev pesk was
tantatively assigned by Deuchars end Lemromoe to repwesent
t2o 31%(n,0)A%7 ground sbate tremettion, It is cbwious
that this 15 inecEwest. The pesk appsars in the spostown
st depletion dopthe of 1ees than 10 mierons end the Dumber
of ovents varles 'linearly' with tho alpha pertisle target
thicimwes. It shouid mos bu casotly 1ineer becsuse the
true ground stebte deutosen pesi: has moved out fyom this
NIy VO 5.3 Nov as the depletiom dopth wae incressed.

In forthooming studies it is hoped that the retio
of the {n,d) to (n,oc) ground statec or¥oes seotions will
be detereined end compared with theoey, In Piguwe C
it 1s seon thet the rmter of sa“g(u,ocm:..
21d not dopend linoarly on the depletion Gepth until
an alpha particle 'targot’ thisiness of about 25 microns
RS obtainad, Similerily, at tho oaximg obtainadlo depletion
dopth, the 51°(n,d)a1?7  trensition 1s Just beglming to
Wmdtmmmo?':&mmmtummm

be obtalned,
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APFEEDIX IIX¢ TWO MEW PULSR NMRFIFLIERS

Ry different sparimentsl qprcaches ware inwestigsted
sttompting to odesrve the (n,°C) meection with the s0lid state
detestor. In Tebdo V, we list these different methods as well
a8 the Feasin for tholr sbendoymnt. One Sestmigue sbtempted
e t0 14mmtify the perticle thet enterud the system by wmlt-
iplying the peoportional counter pulse (4R/dz) , by the
80114 state detestor pulse (X). The twd multipliess thet
wre developed will be described below,

TANLRE Vs UNBUOCESSFUL EXPERDENPAL NEEDDS

| ] ABDANDONRD SECAIER

1. The #0114 state detectowr There ms o
:gan‘umum ahange in the
dtreetly In fromt of it.

2. The detestor alone, shislded " " ‘
Ban.tg‘ Twsyy oot ug‘tm .
and wmithout altmimam foil .

3¢ #Og ’ Munu.pmtm

m ;wm n

4. proportional oountar Stiil too nany rFandom ocOunts
moflfs#'_“ u ’ thereore Pendons e,
mcw‘?m?&' istieal (n,x) resotions in

31lio00n Sasiommed !
tievelling partisles,

Je ‘'Twd proportiomal

ouwdarYs oo meh onerey
cathodes of to eoverod dasikground { > 15 Hov)
with goid foil,
$. TwO pwoport sounters, AS UBED

csthodes of grephite;
demaend teigle soincldenne,



A

™e of identifying charged partisles by miltiplying
& 43/2x by an £ pulse welics on the selstionship)
@/ ° B gy - B - ,

Tus the produst pulse is independent of the energy and 18
16 times lesger 10F @0 alphe perticle tham for & proton:. A
einglo chemel analymor thwn acoeptsonly the desired produst
pidse, end gates & malticheemel smalyser whildh Feccexis tho
£ pulse, Existing teclmigwe of multiplying (miszosecon

or eonsideredlo caponee>, and 1t was hoped thet & simpler
ciroult eould be dsweloped,

The Ciret mltiplier is showmn in Pigawe 9. This eiroult
gawetes a rectengular pulse shose lengih ig propawtionsl to
E and whoss height is proportional to di/dx, Tho ‘esen’ of
this pulse (proportional ¢o me? ) s than found Ly integretion,
If o pulss sppome's &t 2, V2 will short any positive pulse on
its high impedsnoe pists iino tO gromki. IS & nogative pulso
appears et £, the pulse epposring at tho grid will decay
cxpanintially (2,-R.C,) towmds D', The docay tims fyom its
naxicam nogative valuc to where V2 will sgain bo in g position
0 oondust will be, tharoforae, & rossonebly lineer funotion of
the nogative pulse hoight, Conmsoquantly if pulecs eppesr both
at T and Q5/4x, the pulso at the grid of ¥3 will be of height
propartional to d&/dx, ‘Slat toppod' bocsuse of D1, snd of

A

duration depondont on how iong V2 is nonconduoting, The -
pul -

Ped to & cxthode followes ou

rectangular pulse is Bum intograted end osthede—foidowed-out,
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FIGURE 9

PULSE -HEIGHT -TO~- TIME MULTIPLIER
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Pigwe 10 shows the resxilise of mulsiplisation with this
oirouit., The mltiplisetion is oxly leir for thw tiwee
following Jeasens. Firet, the plate 00 osttnde Tesistense
of V2 48 not swo, Owoguutly an Output pulse ppem'S
whon thase 18 enly 8 dR/Aim imput. This ws Lpeoved by weing
the high output fapedance of the grounded.grid stege (V2)
which is the= 1sded by the Jow plats 00 eathnds Fesistane
of V2 vhan 18 18 nst tuemed off. M W limit b0 this
output impedmos is set ;, howeves, dy thw diode lesk Fumisténoe
f;. This problem would be Overesme, Of courme, by putsing
the B, 48/ax #vd mitiplisd puises in (riplo ecinoidense,
Sooondly, & opEURise has to be mado botween ow ‘flad
topped' the puise sppeering et the grid of V3 shwuld de
(T,=1C)) end what deed tine for the olreult is tolersblc.
mmm.nnnmmﬂm:ymmwm
neor growyl snd thore is & resuiting slow-dying edge on tho
'peotangula’ pulse,

Howover, the roason that the circult was abendonod wes
boostse tho information does NOt apposr &t the ocutput until
the intogretion 1s oaxplata. ™his boooooe prohibitively loag,
~m¢m..uwm:woemmpgx2muwa¢m.
oo could sapply tho prinoiplo used by Altison of putting tho
produst pulse in 00incidenoo with the © pulso LR iU han
boan progessod by & muicichannel snelysor, Thie procossing 18
eooosp, 14shed in < 30 4 800. & the proaust pulsc oould then
.w.mw;"mm"w°mm”comam.
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FIGURE 40

MULTIPLICATION BY PULSE —HEIGHT-TO-TIME MULTIPLIER

(TESTED WITH MERCURY PULSER ~TR.~ips.)
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The sesend mulSipAler is ehon in Vigae 11, VR, &
6L7 hopbode is the ‘mnlSiplies’ of this oirouls, Theoretically,
ths gain of V2 is k=.3 Mau-wuosu
the voltage epplied to the third grid. The output 18 o=, ,
where ¢; is the voltage applied tG the rivet grid, Hewee the
outpuL, ;= W), , i propowtisnal o the pweduet of (i two
voltages ¢y and o,

DDwever in Pigwo 13, it is son that althtngh cwmves
for e GL7 ave cdosor to miltipliicetion than those for &
GAK: penbode (Figawe 12) , mitiplisstion oould not be perdorwed
using 8 singls tuds, The charesteristios suggest thet Qw
mumnq+n3+u303.wmum.
In Pigure 11, V1 and V3 add t0 tho output — 89; emd — be;
™hose tw tubes £e biased tho sane a8 V2, Dut V1 rossives only
the 4B/dx mulsee and V3, omly tho E, ™o output pulses fron
Vi end V3 are then irwosted snd added to the output of Ve
at its plate. |

™™o diffurent bias sottings ore used in the rosulant
'mtwm'mmmrwmmw. T™ho
mcmmumwwmmmwmm»mm
particlos oould bo pepsratad fyom protons. Thoe results could
be improvod by matohing the pulsce at the plate of V2 ozactly,
ut are witimstoly iimited by the nonlinoswity of tho
charectoristise,




AAAA
LA 4 4
3
-

‘mS ‘Wl
000°S!
‘NOI

.‘s.o_aH © “N| Ol

¥4317d1LInW (£19) 38NL-310NIS
Il 3¥no14

Lnvecl s 8A
SHVO : G8VA
L1928 C'IA




67

FIGURE 12

SREEN VOLTS

A CHARACTERISTICS OF A 6AKS
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FIGURE 14

MULTIPLICATION RESULTS (1) FOR THE 6L7 MULTIPLIER (FIGURE M)
TESTED WITH MERGCURY PULSER (Yr A | pasec)
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FIGURE 15

MULTIPLICATION RESULTS (2) FOR THE 6L7 MULTIPLIER
TESTED WITH MERCURY PULSER (Tr"'l)u)
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