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Given Kearabilwe Mabala 

iThemba P. O. Box South Africa 

e-mail: WiII.UaJLill.IIoIIUill.UIll.iII.\; •. lIiill. 

tlIlhl:h-SDl,n states in and have been the 

and reactions respec:tnre both at a beam energy of 125 MeV. 

The 'Y-'Y coincidence data associated with the above reactions were measured on 

the AFRODITE array, which at that time cousisted 

of 7 Clover and 8 Low detectors at iThemba 

.lIa'DOI:at()lY for Accelerator Based Sciences 

The spectrc)sc()pic data sets involved the follow­

Directional Correlation of Oriented measuments: 'Y-'Y COlnCl,aelrlCe rell!l.tU)nSmp 

Linear Pollarisation 'Y Intemiity and Recoil Shadow ADJlSot,roJ:'y Method 

lifetime measurements. One band was found in each of the 

and nuclei. The was linked to the low states and its 

excitatiou energy, I were determined. This is the first known 

and the band in any of the Bi with measured and 

Another band I,;UJJ.llI.1.l!j.UJ,/oI} of M1 and E2 cross-over transitions was found above the 

This is the first nhIQf'l"'vAt,lnn that such a band is found at 

such a low '''If'II§.C''~UJ'K that coexistence between Antlf'M'f'AI and deformed 

occurs at very low 

bands in such as the 

moments of of the bandhead lead to the ass:lgnmeillt of the 

® to these bands. The COIlfiA:urllLti(m was ass,ill:ILed 

to Band 1 in the results of Total Routhian Surface and the 

Cranked Shell Model calculations and ratios. 

The Total Routhian Surface model for the bands in pre-

diets = 0.17 much than that ....... ,,,..1,,,, .. ,11 the Tilted Axis 

model for the Pb defor-

mation is in cOlliormity with the one measured for the 11- isomers in 

and the one earlier for the bands in the 
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Pb ' .. "Ir"n, .... 

it would be very int;erl~stilnll to further 

the collective rotation and shears mechanism for the 

deformations. 

the relative contribution of 

bands associated with 
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2.:1 Cornpari.ou of the Theoretical Cranking Model Predictions 

T 

T- • 

'-2 

Dipole Band 

Figurc 2.1: .-1 diagram<>tic rql""Uf!!a!"", of a dipol.~ band. 

The ,,-component of the to!.al angular TTlOTnellt1lTn projected onto the rota­

tional m, i, giv . n by. 

1~ ~ /1(I + I). (2.67) 

The 8'(0) mom. nl. "r illertia "r " .t"te can be attained by substituting 

equalion (2.67) in!.o (2_66): 

, ( )-' ,,(0) ~ ~ E,,,, 
, I' • 

Ii' l' • ---
2 E.",-

(2.6B) 

The ~il) momenl of in. rl';a which pmvide. i,,[ormatim, about the overall 

motion of the nucleus,,"" it m\"I.~. :TIoj,81:, i. defined as: 

(2_69) 

Since, a i-ray emitted from a level of spin, 1 of an even-ev. n nucleu. with 

K = 0 has: 

FJ.Q,(J) - n",(I - 2) 

" 23(0) (1(11-1) - (I - 1)(1 - 2)) 

The ~(o) moment of inertia is given by: 

(2.70) 

(2_71) 

(2.72) 
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,,--------- Nuclear Properties and Model. 

If a dipole band is considered (" .equeue. of M1 tran,ition, ru; .hown m 

Figure 2.7)' I.he1l 

S,)ll) = h'~ ~ Ti,l~ (2.73) 
E~ w' 

Th_ ~,(,) mument of inertia :Boh~ll reflect, how a nucleu, ,,,,pond,, if it i. 

subje<:tcd to "ll "ppliffi torque. The <;«2) as a function of T, i. defined as: 

(2.74) 

and lhu. g(l) and 0(') moment. of inerti" l,"~ re]"l.ed by: 

(I (' d8'(1) 
8" - 0 ') + "'-(h, . (2.7[,) 

The ~,Il) depends on the .pin ",,,ignmen, and ':11') does nut rShiOO]. T"eT~­

fore, for" rolational band cOll.i.ling of E2 ,-ray transition., of energy E~, 

the S,)i'l i.: , 
0 1'1 = 4T, , t:..E ' (2.75) , 

w heT' f1E~ is the energy difference bet W'~Tl cwo cons.ecutive I-laY transitions 

within the band. The dilr",~Tlce t:..E~ between consecutive I-raj' tnnsi1.ioTl 

with cnergie. E.,l and E~, in a dipole Mnd . hown in Pigur. 2.7 is given by: 

(E(l) - E(l- 1)) - (E(l - 1) E(I - 2)). 

2.4 Total Routhian Surface Calculations 

(2 77) 

(2 78) 

(2 79) 

The present work feature the Total Routhi~n S1lT["c~ (TIlS) calculations 

by H.. Wyss [,\V,.,90, ''',)",88: which are used in order to predid nuclear 

d'[ortnal,ion, The tolal Rj)uthian E;;~(Z,N,;3) 0[" nuoleu, (N,Z) in the 

rotating frame, at a rotation"l ['Kjuency, wand deformation, ft (= (f32, i)l i, 

"btained within the cranked \'Vood._S~"on Bogolyulxl>'-Sl.rutinsky approach 

E:;', = ELD (Z, N,~) + E:""II(Z, N,~) - E;..,.(Z, N, ;3), (2.80) 
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2.5 Tilted Axi. Cranking 

where R'fD(Z, N. ~), R;hdl(Z, N,~) and J,;;";r(Z, N,~) represents the liquid­

drop, .hell-correction and pairing energie" respectively. 

Cranking implies that the deformed nudeu. rol."te. "round" fL"ed ""is 

with a givell TOtalioll"! frequency, w. Thus, the tot"l H.outhian is then 

minimized "I. a f"ed defon""l ion ami fixed w by soh'ing the cranked Hattree­

Fock-Bogolyubov equ,,(ions. The ,olutiOl" give the angular momentum and 

ellerg..v rela.live 1.0 the non-rotating state with w ~ O. 

The deform,,( iOll paramelers, .. ~2 and; are tra.nsformed into cartesian coordi­

nates, X - 13200_(;+30') and Y = ;J2,in(, I 30°). The dcfol"m"tion!aUiee 

has 9 X 11 poillt. ill the (1'2,"') plane, sta.l.ing at X C"" 0.05, Y - -0.20 with 

step lellgth of 0.05. The calculations have been performed for 18 different 

rotation,,! freqncneie., ,tarting a( hw = 0.00 MeV with" sl.ep lellgl.h of 

o.or; MeV. 

At w = 0, the pairing gap, ~o is calculal.ed .elf-con,i.tently at each g.id 

point employing the naTdeell, Cooper and Seh.ieffer (BCS) method [.8ar571 

and allow"C! l.o deere,,-,e with w in the following way: 

(2.81) 

where w, is defined as the critical. freqncncy ut which (he p"iring gap i. 

reduc"C! to half it. o.igina! valne ~o. 

Shown in Fignre 2.8, is an exumple of a TRS calculation. performed for 

lhe ("',a) = (+,t) proton configuration in 1°' Bi (for experiment I) a(" 

rotational. frequency of 0.049 MeVh- 1. The ellergy millimum ocCur with 

J3l "" 0.107 at; ~ _62°, indicating that at thi, frequency the lludeu. is 

oblate in this confLgur...l.ioll. 

2.5 Tilted Axis Cranking 

Notation around the a"is of rotalioll perpendi""l"r 1.0 the symmetry axis 

(PTilldpal Axes (PA)) was reviewed 'HurB5' and de",ribed in 5"(:tion 2.2 

a, Cranking. However, I.he rola.lioll "boul. I.he tilted &xis (other than the 

principal axi,) ha, been e>e\en. ively ,,,ed 10 de,cTibe lhe properties of the 

dipole bane!. [f'T1!.93]. Schematic illustration of three different types of 



Univ
ers

ity
 of

  C
ap

e T
ow

n

(130 

ll_~.!.O 

~ 

0 

'" lUI) 

t. 
~ 

~ 
.~ (1.00 

VO 
N 

cQ. 
II 

>-< -0.10 

-0.20 
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2.5 Tilted Axis Cranking 

I 

~./ 
Hr! ,'f,1r\ 

- '.'. I/\-----t-
!;V,V /"r--__ 

1.1 I'M 

! 

\, 
I ~ J T,le 

Figllrp 2.9: Sd,~mal,,: ''''I"""""latio,, oj th",~ !1fI"'., oj eranh"'J, lhat, •. , 

!h. Pn""iple .1n' em,u".,,,, (PA e), Tilled A""" C,'(mh"" (1'.1C) and Th,,,,. 

JJim,,, .. ,,,nai 0",,,,]:,,,,, (S- JJ), 

Cra"killg, that is, the Principle Axis Cranking (PAC), Tilted Axis Crallk­

ing (TAC) and the 3-Dimen.ional (3-D) Cranking [F'raU3] arc shown in 

Figur~ 2.9, PIIC is known to b~ ",".O<'.ia l.~d wil.h" rOI,,,;.ion,,l b"nd comP'J"~d 

()f one ()r tW() , ign"tnre parln~r "'quenc", or E2 tr"nsilion,_ Th" TIIC 

is associated with a t:>.f = 1 rotational blUld of parity"., whose states 

,,<~ dj<~clly c()nneded by .• lmng Ml ,,"d weak oc missing E2 c<or;!l-oYe< 

tran,itions [FraU3, FraUti, FraU6a, Fra97]. The following re>iews rTho62, 

Har80, Ker81, BenU3, J.'ragS, NazU2J among others, have suggested the idea 

or lhe lh<e~ dilllen.ion"l cranking "pp<oach. 

The TAC approach is restricted to the case of a uniform rotation abont a 

tilted Mio as opposed to the 3-D case. An additional conotraint to the 

TAC Cll..'" i. I.hn.!" I,he allgul"c lIl{)lIl~lIl,Ulll ""d allgul,,< Y~lo<:ily Y~d()," 

mu,t be parallel, For the parallel geometry the energy is minimal, thus 

the corresponding configurations C"" b~ Il.. .. .igll~d 10 I,h~ low~sl, rot"ti()ll a l 

b""d .•. Th~ .",-,lul,ion .• with p<""_e . .,.;(),, of the "llgul,,< Y~lo<:i;,y H ctO< ,,<ound 

the angular moment um haYe a higher energy and are excluded, 
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N ud.,ar Prop.,rti.,8 and Modd" 

are """,l at the onset of the craTlkhLg calcTllatioTls, where j . is the projection 

or alLglllar momentum along the tilted axis and h.~h the spherical part 

of the ,tandard Nibwn Hamiltonian plTl' a monopole pair field T'ra93] 

FiYe component. or th~ '1u adru po Ie te""or are fOTlTld hy the self-consistency 

Teb .. tiOlLS: 

(2.R3) 

The PA 1,2 and 3 "Te defiTled as the frame in which: 

Q~-Q'-,-O and Q; = Q'--,. (2.M) 

The tilting angle', 0 and ,p are """,l to dejhL~ the orieTltation of the I'A frame 

with ","pect to the tilted axi._ In the I'A frame. the Hamiltonian, h' can be 

ex pressed as: 

The eig~lLrllTlction. or h' are the coTlfigurations !ie, and thus we have: 

' ILl d-, 0 
\"']~_I= . 

Applying equation ~.~5 into equation 2.~5 then: 

(~.85) 

(2.86) 

(H7) 

provided the as.umption that J and w arc parall~1 i. "alid ami thT~e or 

th~ "bo,,~ Telation. ill equation 2.83 are satisfied. In order to complete the 

transformatioll, the defOTmatiOlL p"mnwter;, ,1 and j, ginTl by the relations 

below h,,\'e to he s"ti.fied also: 

(2.8R) 

(2.89) 
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2.5 Tilted Axis Cranking 27 

Th~refore, s.lf-consistency is achi~ved in th~ following way: The tilting 

angi"", 8 and 1> of the angular momentum with respect to the PA are 

det~rmined by making w pacalld to J at a fixed (3, "I or by minimizing 

{h') . 

2.5.1 Magnetic Rotation and Shears Mechanism 

B"cli .. [fiohT5] it Was thought th"t rotational c=ad~s",re ohs~rved only a' 

a :result of 1l. . uh'\1l.nti,,1 nud~1l.r deformation, with a large electric quadTll p<ll~ 

moment heing measured a. opposed to a small electric quadrupole moment 

in near .pherical nuclei. However, magnetic rotation has been proposed as a 

c",<ult fcom an anisotropic distribution of nllcleonic cmc~n\ •. The ml!.gn~\ic 

character in nuclei is suggested to be generally indicated by the presence 

of int~n.~ str~tch",1 magnetic dipole (Ml) and very weak or unobservable 

stretched cross-oYer electric quadrupole (E2) transitions [Fra!l6, Fra96a]. In 

addition, the ratio of the reduc~d \ramition probabiliti~s, ~r~i? i. high, fDc 

inst""c. '" 15-30 (I-'Nleb)' for the dipole band. in Pb region, while it i. 

less than 1 (I-'N I'b)' for well ddonn~d nucb [Hug93, Cla94, Fra96, Fra96a, 

J~n9S, Wad9S]. 

At the bandhead of the dipole bands in the Ph nucl~i the proton (j,,) a~d 

neutron (j~) angulac momeu\um vectors 1l." 1l.pproxim"\~ly perpeJl(liclllar 

to ~ ach other. The r~sultan\ total angular mom~u\um vectoc, (J) lies alo!lg 

an axis which is tilted with respect to the symmetry axis through angle, 8 

as shown in Figu:re 2.11l. Simultaneous alignm~nt of j" and j~ (indicated 

hy curved dotted arrows) along the tilted J ari. while e is apprm:imately 

conslanl, inc"a. ". bolh J (a. shown by a dotted arrow along J) and th~ 

~n~rgy. The almo. t p~rpendicular coupling of i~ and i" contributes to a 

large perpendicular component of the magnetic moment vector (1-'"",,,) and 

thus to large B(Ml). 

In .Fjgur~ 2.1 0, gcadual alignment of j " and i" along J causes a rapid 

decr~a.., (iudicated by dolled vec\orialline. p erp~ndicular \0 ,·ector (J)) 

on I-'pc,~. G.necally, th~ magnetic transition pwhability, B("\fl) is pwpor­

lionallo I-':-'p, hence, n(\·n) decre"""". This ph~nomenon is called she"TS 

mechanism [Fra93, Mac!l8, :'Ihc98a, Cla!l7j, since the alignment of the j~ 
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.'"'''-________________ -'N'''u"'""'e,=,o_P .. =~'"'''rti,," "lid Mudd. 

___ Low !!<''I'1C"y 

Iligi> f"<QU<"CY 

Figure 2.10: DiagrBmll.!it ",p'"""~III".tion of 5hears mechanism. 

proton aml "elftron lingula!' I1wm~lItltm vectors are r€pre~entcd by i .. alld 

Their respective pependicular magnc/;c mlJm~n! v"dor 

co",pon~"t8 arc labelled b!l I'-;;"~ lI.nd I';;',.' Th£ total (tngu/ar momcnt1fm 

vector is r~pre8cnt"d /J1I J and !"" angular momentum v{'{;/or du.c to collcdiv", 

mta!ioll /111 R. The solid and da,hcd arrow •• Iwm !"" (J.turu1Ilr momentllm 

coupling at loll! and high frequent)l_ 

IUId jv ,·~ct()r. i. analogous to do'ing (indicated by Clln~ dotted arrow, 

in Figure 2.10) the blades of a p"ir of "hears l'h~ ,",'oTk by Clark et Ill. 

:Clag8"J, "howed for H~ lir.! (im~ I.hal. I.he decrea.e in the B(Ml) YuIlle, 

with I,h~ iTlcreasiTlg angular momentum signifiC! "hear. m .. ,h","ism. 

III order to have shear. mechuni"m, high-X p1l.TI,id~ 1l.lId low-K hole are 

needed 'fhi. Can be either high-K proton particle and low- K nellt TOn hole., 

a. ill this work, or hig~-K neutron partid~ and lo,,'-K protOll holes, as in 

the dipole b1l.Il.ds ill the A = 11 0 re~ion. A number of sud bands were fOllnd 

ill the mass re~ions A = 80, 130 und 200 [Sch99, DaI94'. 

T~e sm ... ll 1l.lIglll ... r momentum voctor (R) is a result of the colled; V~ rot"t;Oll 

of H~ wukly deformed core. Re~ujar rotation-like, J(J 

predicted, provided i .. and j~ 1l.T~ ,"f1i"i~nlly long, 
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2.5 Tilted Axis Cranking 

In electric rotation, the electric quadrupole moment re. ul t. [mm ~n "ni .olropy 

, 

Fig1ll''' 2.11: The proton (neutron) curl'f'nt loop. ,,,prte~=ted by 

filled (unfilled) arrows. Th~ anrl'da1' moment"", ,'eclors, J~ and iva." 

defined ",jth the "id oJ th~ CUJ7'~nt I()()p~. The tot,,1 ang1l/ar momentum 

J i~ ailmg the azi, which the near ,pherical can rot"t~. Th. 1""''I'''f'dio ,,/m' 

component oJ the magnetic moment i . '''JY1,.unted by I'p<r~' 

in the nuclear ch~rge distriillltion "'Ilile in magnetic rotation the magnctic 

dipole moment results from an anioolropic di.tri bution of uucleonic current • . 

Tili. l~"d . t() a description of magnetic rotation known a" the current loop 

description [Cla98, \Vad911] which i • • hown in Ji'igur~ 2 11 

An orientation i. defined along the total angular mom. nl,um vec\nr, J 

allo"'ing t~ . y. t . m I() rol,~t~ qll"ntum m""llanically about the ,'ector J 

axis. The angular momcntum vecto r. , j" ~nd iv Il.re defined b)' m~"lLS of 

I,he current loops. The proton and neutron current loop . are rcpre.cntcd 

by filled and unfilled arrow. rc"pccl,iycly. Th. p . rpendicuill.' comporlelLt of 

I.he mAgnetic moment is denoted by 11~," and increases provided the angle 

between j~ and j~ ..ector increase •. 
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30 Nud"'lr Properties and Models 

2.5.2 Antimagnetic Rotation 

Another ,he"", lH"d ~ T~fpTT~d t" as antimagnetic rotation [Cl,,98] ",',,-, pT~­

dicted. This type of rotation OC"UC" p""'id , d b"t!! blades of the "hear" (dc­

scribed in """tion 2.5.1) mn.i.1. "f the same type of particl£s (thai i., ei lh~r 

two pr"l.on (j .. ) ," neutron (jv) blade, ) "" illu.l.r1!.I.~d in Fignre 2.12 (aJ. For 

• 

. -

(h) 

Figur" 2.12: A d,agmmatic i/lll,tmtion of Ike m("ie.' (Jf "otation, tkat i,. 

the (a) antimagnetic rolalli'" ,"h,oh o<Cllrs if Mth bllJde, of tke ,hCIJ" corui~1 

of the same type of p<1rl'cl~ (that is, either two proton (j.e) or ne" lrr'" (j~) 

blade.,) and (b) one wkich OCCliU wfu,n lhe lilade .• do," witk tke dccrca,c in 

e:<oitlJt;on energy. 

, ueh a cmHhination, there is no magneti" dip"l~ moment pwduced sinc£ the 

indi,'idual moments ar£ equal and oppo,it.e . n"we"er, a regular pattern of 

energy levds i. 51.iJ1 fOTm ~d a1l.lwugh the decay b£twCCII thc,", le ,·el. i. now 

du, I." weak electric quadrupole (E2) IrlUl.il.ion •. 

In Figure 2.12 (b), the .near. mo<l~ i. im·"ked when the blade. con , ist 

of dirr~T~nl. type of particles and do"" (rather I.h"n "p~n) with increasing 

~Hil.1!.l.ion energy. Similarly, a rcgulM p"( I.~Tn "f energy levels is formed and 

strong M11.ran.i(i"n. 1!.Te "b.erv~d. 
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Chapter 3 

Experimental Equipment 

Thi. chapter proy;de. "n overview or the experiment,,) equipment used in 

this worK, in order tQ study high-spin ~\at""_ It de.cribe. the reaction 

in which 10',,"7Bi were populated, sub,,"'l"ent\y ho", emitted l'-ray~ were 

detected and thair anergies rocordcd and what tho target requirements were. 

3.1 Heavy-Ion Fusion-Evaporation Reactions 

There are "cyeral detailed rCyiaW5 [Ba.80, Dia80, Eji89, Ncw71J on the 

formation of exc;ted ~\ate" in he,,,, y-iem (HI) re3dion.1. In the pre,ent work, 

the '"'Ta('"Ne,olll'·'Bi and '"'Ta("Ne,Gnl'"7Bi heavy-ion f" . ion evapora­

tion (HI.FE) reactions' have boon employed, The above reacl.ion. involve 

interaction of the projectile and the target nucl ei. A large "mount of 

angular momentum can be impartoo upon the target nudeus by the incident 

projoctile. .Fusion occurs from the point at which the projedile "arrying 

, "fJidenl. energy overcom,," the COlllomb barrier thaI. exis\~ between the 

target and the projectile nuclei. The HIVE p,nce •• i. depided in Figure 3.1 

"nd de~"ribed helow: 

(a) The projectile nucleus i. accelerated (0 "n energy that ;.. ~urricient to 

overcome the Coulomb barrier between it and the target nudeus. 

'(Ill) 'e""lio .... : Ih".. wilh proj.cLil. p=tid • • involvin~ h • .,y iOn>, wh." • h • • v,._;"" 

i . d<H",d •• • n"d,,,. ,.i,h mo" A ~ 4 :SoMl:. 
'[RIFE) re~ct;on. were C," \ , u~b".\.d by N;"l. BoIu- in 1936 :Boh.3S: . nd lot" (19£:3) 

explo.-.ci by Mo<;,,,,~a ~"d Gu~dot IMoro~:' 
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Experimental Equipment 

i·j co, 

.-• '"n. n. 

,,' _ "'", ' 
Figure 3.1, Schematic step-by-step representation oj the jormation and 

decay of a compollnd n1lde"s throllgh an HIFE reaction. 

(h) The projoctile and the target nuclei fu", such th"t th~ir id~Tltit,y i. 

completely lo. t [Sch8l], l<J fOTIll " highly excited Mid r3pidly rotatiag 

compound nuciell' 

(c) The c(JmpouTld Tl ucleu. iTlil ially de-excit .... t hmugh padiele emi .. ion (of 

which the majority are neutroa, (a), others are protoa, (p) and 0:­

particles) and most (Jf it" ~xcitation ~n~rgy is T~m(Jved, 

(d) At this . t .. ge, the compouad aueleus has lost suflicieat energy so that 

it, exciht,i(JTl ~n~"gy Ii "" helow the thr""hold for pMticl~ emi"ioa « 

10 MeV) abon the just iine3 [GroG7]' De-excitation of the residual 

nucie,,, cOTltinu"" this tim~ hy l'-""Y ~mi",ioTl which C"n )", c • ..te­

gori&ed into two phMes, &ee Figure 3.2 "tati"tical ("cooling") aad 

dj,cT~te (",lowiTlg-down") emi" i(Jn OUTing the ,t"ti,tic,,1 ~mi"ion, 

IMge amount:! of eaergy in the form of El 'I-rays arc carried away, 

though yory little aagular momeatum i, removed from the residual 
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3.2 lnt" raction of ,-ray" with Matt" r 

nuclei. The discrete emiMion pha.se involve, the emi"ion of a ca"cad~ 

of ,-ray, alollg the p,,-,t line cemoYing a large amount of angular 

momentum fmm th~ system . Since in t hi s phase the density of states is 

low, discrete decay sequence" can be determilled. Thi" pha", cOlltin"e~ 

until 

(e) the I decay of residual lIucle,," terminates at its ground state a, ,hown 

in Figure 3.1 (oj 

~ 

!~~"!.~~'- "-~=,=-

,. -<0 / '''TOY ""'~"" 

!f , 
~ .0 

II " 

~ 

::, ~~_,.=-J._!!_"_··_·~~~,, ___ c:-,,·_·_~_-_·,~,-_·_'_-_'c.; _ 
"'.'- (,-, ) 

Figure 3.2: Diayf'a.matic ""pl'e.~ntat;on of how ,11> cuitcd comp<>"nd 

n"cleu.s formed vi" HIFE decay. 

3.2 Interaction of ---;.-rays with Matter 

In order to measure the ellergy of th~ ,-cadiation emitted (during the 

d""ay of the compound nncieu.) di,cUblled in .ection 3.1, interaction of 

thi, radiation with the detector materiailGil95] is nece"acy. Figuce 3.3 

"umm",;"", th" three main interaction procc,,",," (di&:ussed helow) of "I-ray. 

with matter. 

1. Photodedri" Effed: The incident photon in Figure 3,,~ (a) interact, 

with an atomic electron (e-) mId all of its ""eTgy (R.,-) i. "b""bed. 
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Experimental Equipment 

The eled ron i . ej ed ed rrom lhe atom ,",'il,h lhe kinetic energy (E,) 

given by: 

(3.1 ) 

where E~ i. lhe hinding energy or I,h~ dedroTL The photoeledric erred 

i. th~ domin anl mod. of in(ero.c lion a llow ~n"rgie, « 2()O keY) and 

falls off rapidly with the increasing €n€rgy. 

2. Compton Scattering: An incidenl pholon with energy E~ scatters 

off an €l€dron ""d pari of il,. energy i. lr"" . rerred lo an elecl.ron a. 

E, (Figllre 3.3 (hlJ. The ",maining energy; E~ is carried away from 

a ""condary photon, .From con"€rYation of €n€rgy and momenl um the 

rel .. l,ion . hip be lween lhe energi e" is: 

I E~ E - ----.-.. -~.----
,- l+:?,.( I -cQsO)' 

m" 
(3.2) 

,",'here moe' (= 511 keY) i. lhe energy corre"ponding 1.0 I.h e dectron 

rC!;t mas" and 9 i" Ihe angle through which the i-ray i" scallCNd, 

MMimum €ll€rgy tran"fcr occurs at e = 180' , Thi. proce •• dominalCll 

jlil.r<.IIj~iJr~-r\~~ 

....... ~ ... -
" ." i ~. 

- -- ------------" 

Figllr., 3.3: rnl~rudio" DJ i-taU,' ",illr. malt~r 
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3.3 Experimental Equip.,m=",":''--_______________ -'':': 

within' he energy range of (200-1000) ke V, and de<:reasc, slowly as the 

energy lficr~ases, 

3. Pair Production: This (Figure 3,3 (c)) process occurs only in the 

vicinity of the Coulombi~ field of an alum. The "threshold" . nergy 

requir. d [or the incident i-ray to produce an electron-positron pair is 

greater than ~m.c' (>1022 keV). The ~xcess energy ov~r th~ "thr~sh­

old" energy "pp. "" "" the kinetic energy of an electron and a positron 

(0+), Then both the electron and the po,itron will be slowed down 

in the adjacent mater; .. l and the pu~itTOn will finally r. act with an 

electron and annihil .. te. At very high eoorgies pair production pre­

dominates and increases slowly with energy. 

The .. three proc""ses are employed in order to dete~t i-ra.,)'s in the germ,,­

nium detectors used in AFROlllTE array'. 

3.3 Experimental Equipment 

Tn order to stud,)' high-~pin states in nuclei, the following equipments ar. 

u,ually used: 

• accelera.tor to produ~e the d""iTed accelarated projectile partid"" , 

• beam lines to deliver the beam to the target, 

• appropriate Tea~,ions ,U produce the nudei o[ interest ;vil,h ,uHici . nt 

reacti(Jn r"l,e" and 

• detectol"5 with high 1-ray efliciency and good resolution. 

3.3.1 Plan-view of the facilities at iThemha LABS 

i'fhemba Laborat() .. y' for Ac~e1 erator D~ Sci . n,",," (LADS)' has two wlid­

pole injector cyclotrons M shown in Figur~ 3.1. These are the K - 8 !>.IeV 

(Spel) [llut87J used to accelerate light-i()n and the K _ 10 MeV (SPC2) 

'P,e,iou,ly known ., ,he Nadon.l Acee"',at.,.- COllI"" n,. new Ul>.tll< ". •• ufficioJl~ 

pmn<lune,d b~ Dr B. S. Ngulan< ; Min;"l., of '~ "'; Cull,,"<; S,;<ncc ond T,chnolo~ in 

Ik Gm'mn,,,,ul G • .,dL< No. 12860, "",ic, No. 1241; 3(l :'ov<mb"" 2001 (Sou'h ,~In,a). 
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Experimental Equipment 

~---_=.c ... -. 

u 

., 8.o. ""lno doomb" boom_lin' 

D Collima.,d no"'""""",, r"ill<y 

ECn. Jl,l«',on Cydo',on R,,,,o"n,, i~n .om" (_. tb, b .. ,m,"') 

F lH.h_<o<'!!y ~_,"" d",,,,,,,, (AFRODITE . " .,) 

tl 'Y."y K"oul" ,"m.l.,"''' .. "I. 

IP 1. 0'01>< prod""'ion faoility 

L Low_,n,,", <xp"im,n'o.l ;'.ul, 

P PQ1.,ioe<\_ion ,.u,", ( • • " om,n') 

SPel SolKi_pol, inj«'" ,,.do',o" fo, li. 1>_;"n. 

SPe, s.,lid_p~l, i"je"" "d0""" ,-",y and pol.ri<ed ;" .. 

SSe S.P0,.,M_..,,,,, <yolo'"," 

Te 1"' ''''0'';' neutron tho,.p, 

TR Hori.on,al p,o'"" 'h".py 

TL 1000<00'';' ,",0'0" 'h".py (uod" d,",lo_p:n,~n",' _____ _ 

Tahl., 3.1: Abb,-,.,,·ialion; 1J.ud on the pl"n-mew in Figure 3.". 
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3.3 ExperiIIlental Equipment 

[nol.S71 for hea;'y-ioTl amI p(]larised hydmgen i(]n beam •. The K = 200 MeV 

separated-sector cyclotron (SSe) [Hot87a] (of dimensi",,,: 1~.2 m in di1l.me­

ter aTld 7 m in height) has four .eet", magnets. The SPC2 in C(]Tlj1lT,cl.iclTI 

with the sse were used to deliver the required '"·"Ne beams both with 

energie" "" 125 MeV. During both the experiment. benms were steered from 

I.he SSC along lhe X, P, and R beam-line" (""e FigUTe 3.4) and finally 

through the ~'-line to the A~'RODITl: array (di.cu,,,,,d in seotion 3.3.2) (]f 

,-ray 0.",1 X-ray detect (]" .hown iTl Figure. 3.6 and 3 13. 

3.3.2 AFRODITE Array 

AF RODITE, is an ""ronym derived from AFRicnn Omnipurpose Detector 

for Innm·al.ive T""hnique, 1l.nd ExperimeTlI.. [New9SJ. II. i. compris,,<! of I.wo 

set. (]fHigh Puril.y Gem'1l.ni1lTTI (HPGe) detecIQr., namely, the Low "Energy 

Phot on Speetrometers (LE PS) and the Clovers, some of which are shown in 

F igurc, 3.6 and 3.13. 

The Al'RODITE aTray aiTlminium frame h"" a ThombicTlboctnhedron 

' hape with 18 "quarc and 8 triangular faects. This shape is similar to 

that of the EXOGA.'I-1' arT1l.} for n"de1l.T specl.TI..e(]py employing (he ex­

otic beams deliYered by the Systeme de Production d'lon, R.1l.dioaelif, el 

d'Aeceleralion ell Ligne (SPIRAL) fncility nt thc Gmnd Aecclerateur Na­

tional d'lons Lourd" (GANIL) , hown in Figurc 3.5. The two squarc facets 

al. 0° and 180° with T"'peel. 1.0 (he beam direelion aOCOTlll~!1l.te the beam 

pipe (",e Figure 3.5 for EXOGAM, Figure 3.5 and 3.13 for AFRODITE). 

it is worth mentioning that this configTlr1l.thlTl allow, .rlici . Tlt shieldilLg of 

I.h . del.elor. fTOm TadialimL emalLal.iTlg from lhe ,oal.l.ered beam. Thc top 

m05t square f""et (of the AFROD1TE) at 90° with respect to the beam 

direction supports the hydraulic target p05itioner di.cTl"ed in ,"cl.im, 3.4. 

Th. ol.her 15 "'I'JaT~ fll.Cel., 1l.re TI.ed fOT mounl.ing lhe det ector. a , shown in 

Fig,,"e 3.6 and 3.13. The CloveT deledors aTe each hous,,<! in I!. Complon­

supprc,,"ion ("hown in Figure 3.6 nnd Figure 3.10) shield that is made of 

bismul.h genTl1l.Tl1l.t. ni . G.JO" (nco) (seelion 3.3.3) which i" n highly 

effioien( , ointillator for thc detection of 1-ray" rEm185, Lie84J. 
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38 Experitnental Equipment 

Figure 3.5' A schematic representation of the EXOGAM. " G~ army 

for ,-TaY spectroscopy at GAHI[,_ The drun;inq I,' "lwY1m to emphasize 

lhe rhmnbieuboclah_dron. shape reminiscence of the AFRODITFJ "mly. 

b'XOCAM army have three detector rings (like .1FRODITFJ army In 

Figure S,1) at 4SO, 9(f' and 18S' ",ill! "",<p€ot 10 the beam direction ~nd 

a,_"Comodat, i. 8 and i large segmented Clover detectors rcspectjvo/y (a total 

of 16' large .egme"ted CloveT del€cloT$). 
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3.3 Experimental Equipment 

Figure 3.6: One kalf of the AFRODITE army with it, frame, 

II!hick npporl' the LEPS and Clo~er (ko",ed i",ide the BGO shield) 

detectors. The rkomIJicf1IJO(;tahedron-.,hap"d target chamber has 16 kapton 

"'~ndoll!s (2ii micron thick and 60 mm in di(1meier) in totl11. 11 i& 'lI.pported 

by the boom pip" (,,2 mm i",ide diameter) and the direction of tke />eam in 

tlu fill"re i, from Right to Left (as shown in Fifl".ff 3.7). 

~. 

(\ 
U 

Figllr" 3.7: The three APRoniTIC army detector rin.q~_ 
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LEPS "ml Clover. Detectors 

LEPS detectors - consists of a single cry.tal of p-type HPGe with thc 

dimen.ioM: 10 mm thick and 60 mm in diameter. E!l.Ch cry.tal i. electrically 

segmented intn four qu adrant •. The LEPS detectors are more efficient in 

detecting low energy ("" 30 _. 3()() keY) ,-rays. All thc 8 1EPS (of which 

two can be ""en in Figure 3.6) were mounted and arranged nn the array "t 

diffccent anglc", .... tabu l"ted in Tl!.ble 4.1 (with beam directinn from fught 

to Left of the reader on Figure 3.6). The 1EPS detector dew .. n arc topped 

with liqnid nitrogen (1::-1,) from the storage tank vi" the cnupling~ (with 

black insulation around them in Figuce 3.13) every 24 hon" Snme te~hnic"l 

specifica tinns or the AFRODITE array [New98]: 

• The distance from cry"t.J. "urface to the target centre, nt, = 1.19 mm 

for a 4 mm gap between the target chamber and the end-cap. 

• The distance from the detedor cnd-c .. p to the cry"tal surface, D" = 

15 mm. 

• The total opening .. ngle, T~ng = 28.3°. 

• The Solid angle per detector, S_. = 1.57 % nf 4 71" 

Clover detectors - one of which i. depicted in l'igtlle 3.8, consist of four 

n-typc coaxial HPGe crystals .. "anged like a four·leruClo .... r with a try~tal 

'p"ciTlg of a.hout 0.2 mm apart [Jong5] as shown in .Figure 3.9. The cry.­

ta.l~ (70 mm in length, 50 mm in diameter, 36 mm tapering length "nd 50 mm 

cry"tal surface diagonal length) "re pack.d in a ~Ommon cryn~tat (.howTl in 

Figure 3.8) with a tapered rectangillar shape [Bea96, Doc99, Jon95). Thc 

Clover detectors havc l""ge efficiency al"o for higher energy ,-uys. They giYe 

iocrea..,d granularity which results in small Doppler broadening of the peak. 

.. nd the possibility of .. dd-back ( .. dding thc energi", d ,-my" depo"ited in 

mme than one cryst"l "" a result of Olmpton scattering) which increases 

the photopeak efficiency. During the experiments Clover detector" wece 

arranged in the manner tabulated in Table 4.1 to the beam direction. The 

Clnver detectms are cnupled to an "utomatic LI\2 filling ~ydem which top up 

the dewar. (via the coupling" covered with a black insnlation in Figure 3.13) 
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with LN, from th~ "tmag~ tank every 12 hours. Some tochnical specifications 

of the AFRODITE array rl\'ew9~': 

• V,. = 1% mm . 

• Sa"" = 1.34 % of 4 1f (ror a 0.2 H\Tn di,l,all"~ b~tW"'" cry.tal,) . 

...- LN2 dewar 

...-Cryostat 

Figure 3.8: A Clov~f' dd~ctGr, showi'flg the tl1pe..,d ..,ctl1ng"ll1r cryostat 

and" <-yli'fldrieall;q,,;d nitrogen (LN,) dewar taken from {DlIC99}. 

3.3.3 Cumptun Suppression 

The BGO ("" 26 cm in length) Compton supprc,,;cl!l .hi~ld,. orl~ of which is 

,hown in Figur~ 3,10 are essential in reducing the unwanted 7"my Compl.on 

background. Thi. process i, r~f~rrf"l to a. CorIlptOll suppression, 

The measurements for the suppressed !I.IId uj]'uppr~ .. ",l 'p""Jrll. wer~ 

taken with a ""Co radioadiv~ ",)urc~. The source was mounted on the 
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Experimental Equipment 

Figure 3.9: Show how the fO"'I'-leaf HPCe crystals are crafted and packed 

!agelhcr- ill a Clover detedor. 1'1",. fi9""" i. lak~" from (longS). 

<f-! !eavy metal 

collimator 

Figure 3.10: A EGO Compton sUPPTe"ion shield taken from fDuc,Q9j, 

show;,,!} the tape",d heavy metal collimator (with a 35 mm by ,15 mm 

entrance window for "(-ray,) at the front end. 
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:1.:1 Exp"riIIl"nt,,\ EqllipIIl"nt 

target ladder which "'a.s then placed at the target position inside the target 

ch amb~r. The trigg~r logic waS set to (,',) d~t"Ctor', that;", whenever one 

out of fifteen (sev~n BGO-suppressed Clovers, eight unsuppr",sed LEI'S) 

dctcctor. firC!l thc cvent j, rccorded onto the tape. Thc con"tant-fraction 

discriminator thr~sholds w.r~ ""t at CO 40 k"V beror. th~ ~xperiment n"ing 

a 0<, Am radioactive source. 

In the supprcs""d spectrum, the Compton ,cattered 7-ray cvenh from 

the germanium cry"tal arc vetoed by the BGO ,hield. In Fignre 3.11 (a) 

the , uppre";ed 'p~ctrum, which is also shown in full """Ie on the insert, 

results from the 7-ray events that were not scattercd into the BGO shields. 

The nnsnppressed spectrum contains a1l7-ray cvent" detected by the Clo"er 

detector, irrespective ofwhdher they werc scattercd into thc BGO shields. 

The nnsuppresscd and snppressed spectra arc normaii,cd ,uch that thc 

nnmber of connt!; in the ph()t()_peaks re(Corded "re the same. 

The b"dground redllCtion referred to a.s thc Compton-supprcssion factor 

(OSF) [EmI86, Lie81, Sha88] is obtained by taking the ratio of thc nnsnp­

pressed "pec,trum to tlw suppressed sp"cttum The CSl" of about 1.4 over the 

(300-800) keY energy range is achieved and illustrated in Figure .~.ll (b). 

The Peak-to-1'ot,,1 (1'/1') r atio is defiTled as the number of C()Unts in the 

photo-peak (N"."h) to the total number of count" in thc 'pcctrnm (Nt"'ol), 

that is: 

PiT = N""o •. 
N''''ol 

(3.3) 

For a 6000 source snppressed and unsuppressed spectra depicted in Fig­
N ur~ 3.11, the ratios: PiT _ mH1!lJ .. v '" 0.27 and 0.48 were deter-

N,,,,", •• ~ . 100 •• y 

mined for experiment I respectively. N" ;.,+, ... , h.v is the sum ofthe number 

ofconnt!; in thc photo-peah at 1173 and 1332 keY. While N''''~I ~~, 100 .,V 
is the total number of cOllnts in the 'pectrum above 100 keV. Thc PiT wa" 

pr~"iously fou"d for" I070S Soun,e (with "singl~ plHlto-pe"k at 662 keV) 

"npprc,,,,,d and un,upprcs5ed "peelr" to he 0.38 and 0.57 re'pectivdy (for 

the sum of 8 Clovers, wit h all elements considered) [Jliew98:. 
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30000~" 

- (a) 

20000 

18000 

o 

(b) 

15 

D,5 

200 

Experimenta' Equipment 

,"-' ' 

I 

488 600 ROO 

Figur., 3.11: 5/",,,,. V" .lIm of all Clover element, (aJ (,'ompton­

slIpprcMed (with a EGO shidd to v~t" V" ","LU"r~.d " ,,,,I.) and V" 

U'Uupp'f'e.."ed (wit/wilt a BGO shield) 1'-my spectre from a 6"CO mdiooti",e 

$01/1'<" , Th~ .,"ppr~'.!I!Il 'p"d,.,.m ~, .'/10"'" Of! the inse!"t in fv.1I ,ea/e, 

(b) indioates the Compton-'"pprcssion factor (CSP) dcrit'cd from the ratio 

of v" v.nsUPP'f'e.s,ed to the sllppr-e,sed 'peotf'<!, Both 'peotra are normal.sed 

.,ueh Vml V" numk~ of counts in th . photo-peak. are the same, 
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3.3 Experimental Equipment 

3.3.4 The Electronics and Data Acquisition System 

The standard Nucl~ar instrumentati"n Modul~ (NIM) "nd Computer Aut o­

m" tcd )'1ea,mrement and Control (CA)'1AC) unit. were used to set t he cir­

cuit depicl.ecl in Figure :U2 iu the AFRODITE "mIt marked F in Figure 3.4. 

The VAX-stat ion 40()()'" V I.C in the vault run" t he V _\15 operating .ystem and 

the XSyg" [Pi1921 sofi.w1l.Te p"chge. XSYS ,ofi.ware p"ckage is employed for 

various duties before (arijusting the ADC thre.holds, zero off""ts "nd setting 

. b,(u. w"cri.J and during th~ experiment (dat" acqui . iti"n, monitoring on­

line spectra and event rates). 

The electronic circuit diagram depicted in Figure 3.12 consi. t of two 

I B:;C- X7 ! 

Figure 3.12: Th~ AFT!.ODITE army dec/muie. {T!.o1l.01j. 

. ub-circuit. , n ~m~ly, ~n energy , • .llri a timing ci'cuit Th~ detail. of th~ 
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Experimental Equipment 

Table 3.2 R/""l",nic mod,,/.s "sed for AFRODITE arroyo 

Module Modtl 

Anologue.t<>-Diplal Converter {ADe) Sib •• 418/V 

Bi, p.llern Reg;.ler (IlPR) {;Th<mb~ LABS) 

Co;n<;.!,,« linit (R) coinddenc.., (i Th<mba LADS) 

Con. t.n. ~'r.otion Di,,"';mi~ .tor {CFD) CAEN N410A or Ortte 9~4 

Di'c";min~tor Phillips 711 or !,oCroy ~21 

Du.! G.le Gener>!or (DGG) J ... Croy Z22 

E,<n' Trigg... (iThemh. LADS) 

""IlK Fan_In!Fan-Ou! (FIFO) !,oCrOJ' 429A 

NIM·ECL oonY ... '" EDA54 (iTh,mh<! LAllS) 

Quad Four·Fold Logic Uni, (QFFLUJ Phillip. 7.5 

Sp«hoocopy Amplifier CAEN N51ll! 

SL,..,\cher {iThernha LADS) 

Tim. Amplitude Con""'j.cr (TAC) Sib •• 418!T 

Timin~ Fa." Am plifcer (TFA) Onte 474 

entire circuit with rciey"m hardw""c "" giYcn in Tabl~ 3.2 "r~ di""",,~d 

in [RoaOll. For the present work, up to 60 electronic 5ignalsfrom 32 Cloyer, 

28 LEPS and 7 BGO dct~t\"r d~menl. (",e Figure 3 13) W~re pt<lCe •• ~d (",,~ 

Figure 3.12). 

3.4 Target and Beam Requirements 

Pri"r t " the experiments (in section 4.1) the target thickness and material 

were coafirmed by performin~ Particle Induced X·ray Emission (PIXE) 

anaipi" [Pro95], at the M"lerials ik",,,rch Group ,,\ iThcmb" LABS. Thin r 

metallic tantalum (which is 99.9&8 5', '"'Ta and only 0.012 5', ,.uTa) foil 

targcts of "" 399.6 pg.cm-' and "" 333.0 pg.cm-2 wcre then employed during 

the experiment I and experiment II respectinly. It i. worth mentionin~ 

lh"llhill larget. Wer~ cmpl"yed in order \0 "y"id Doppler hmadening ()r the 

pc"h. 

The t"rg~t roil ( ' 81 Th), aluminium ()xide yiew~r (mby) and "" empty·fr"me 

were loaded on the target ladder (of aluminium material) a.s shown in Fig· 

's 1000 ,.g.CIll ' [Ad!!MJ. 
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3.4 Target ,,,,d Deam Requirements 

Figure 3.13: The right and left (p,,/led back) cap' of the APRODITE,uu­

mim"m fram_ ""spedi,,dy. Th_ frame s,.pports th~ LEP8 and Clove~ (lw"sM. 

iwido th~ BGO ,"idd) do locto~,. Th~ T.;q",;d Njtrog~n (T.N,) co"'piin9' to 

th~ dewau ar~ shown (wilh black ,w,./c,lion aro,.nd Ihem)' 
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48 Experimental Equipm~nt 

1 
I 

2'Omm 

.yw-."Lic- , ... ".,_-, - > 
iT' 

? '" T "'== - - /(_ .. " " "_ ,"n, .""') 

' ""~ 18~- '" mm 

©>,~ "-),.,,j~ o ~ . .,..,.y " ~"~ ~ 
7Q n." = •• , 1.)/ (=,,, . ) ",,~" '6 

-,,- . ~ (-""" .. ".," ... ,., 
j4~ 10 _ 

(a) (b) 
~- --~~ 

'U~ 

.--.~--

Figur" 3.14: Dillgmmatic ""p,""sentlltwn of (a) the m(tnOl(t/ly (tdju/ed 

tllrget ladder ",cd in experiment I (tnd (b) targd ladrin ffwlmt~d o"t~ Iii. 

""tomaticall!l Dp"f'lLled hydraulic positlOllcr used in czpcr;mcnl II. 

ure 3.14 (,,) ami (b) for Hp"rimellt I and II respectively. For experiment I 

I.he tMg~t-l"dd~r i" Hgtlr~ 3.14 (a) was mounted on the manually operated 

target-ladder holder (not ,hown on the Figurt' 3 _14) ""d cOlltrolled either 

up or dowll ;" .t~p .• of 15 11\Tll from the AFH.oUi'l'E vault. Thi. involved 

switching off the bc"m from th~ cOlltrol ",om ;11 order to get access to the 

vatllt. A newly designed target-ladder and a hydraulic IlO"itione • • howll ;" 

Figure 3.14 (h) (whkh L. pr""~"tly r,.,; "g tlsed in the array) were employed 

during experiment II. The t".geH"dder moullted 0" th~ hydmulk posltio"er 

which c"" he co"trolled from the vault or data room via the automaticswitch 
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3.4 Target and Beam Requirement. 

during beam tuning. 

The sixteellth facet (the top one at 00" with respect to the beam direction) 

of the rhombicubootahedron-.hape<J target chamber (in .Figure 3.G) 15 used 

to support the taxget holder (Figure 3.14 (a)) or both thc taxgct ladder and 

the hydraulic po. itioner depicted in Figure 3.14 (b). 

The target ,hamber alld the beam line are then evacuated prior to beam 

tUlling. The beam i" tuned from the control room by focusing it first through 

the centre-hole (.~ mm in diameter) of the ruby. Fluorescence is observed 

on the computer moni t or yia the camera mounted on the target chamber 

(s,", Figure 3.6) ,,'hen the be .. m interads ",ith the m .. teri .. l of the ruby. 

The beam is .teered !!J\d foou. ed to the ,elltre-hole OIL the ruby (suoh th"t 

ILO fluorescence is observed) through adjustments to the dipole magnets. 

quadrupole magnets and the solenoid lenscs. Sub"",!uently, the empty-frame 

~ po. itioned to the be .. m- . pot in order to ,hed the h"lo'. f'ill .. lly, the "'1'a 

i. po. itiolle<l "t the beam-spot. The beam intensity is further optimised with 

re"ped to the co1l1Ltillg rate of the detectorS. Subsequently data &quisition 

commences. 

It il; worth mentioning that the sse "t iThemba LADS is , apable of deliv­

ering ,,,,rious be...-ns tabulated in Table .~,,~ which are used for the following 

purposes: physics experiment. (on weekend. ), r..dioisotope productioll; pro­

ton and neutron therapy. In .. ddition, the deoision ,on,erning the formation 

of the '"',1.7m nudei for the present work involved consideration of the 

beams available a t iThemba LABS. 

• ... 10,1],« <]" beam with maximum inlemity do., not M <ho tacg"< f",me and oJ", to 

m,a,uro Iho bocl<rround counlin~ ral. 
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I 

event to '''''',T'''''''''' 

not appear :UJl!:~lUli1\.:ClUllol_~ 

+ 

ex­

.. "'J .... u'~ .. onto 

to 

were "''"'''''',"'"",,,/1 

PX1".IPl"l·mpl!1t II to a ditferlent relLCtiion 
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52 

as inC:OIIlp14~t at a 

4.1. MeasureIIlen1Gs 

300 

200 
b 

100 

curve stars t'e'lllt'eRent nSS'll.I'll. 
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4.2 

eX'pelrlDlellts were 

'Y-ray events were 

events were """'1'\1""''''''' 

to ""OJU1'J .. """," .. 

sources. 

weekends from 

10-13 Dec. 1999 and 11-20 Dec. 1999. 
weekends from 

53 

were 

emen'l:v was 

were 

was 

source per run was 

ex-

.lV.l.UllU •• Y n:IUl',eLWII!:' 03-06 Dec. 1999, 

to .lV.l.Uuu"y ll:IOI'lilln;g: 22-25 

06-09 Oct. 2000 and 13-16 Oct. 2000. 
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4.1: 

Miscellaneous 

450 detec:toI'll 2 v.u,v.:r". 

90· detectoI'll 3 '-'Ullver". 4 LEPS 

1350 detec:toI'll 2 2 LEPS 

Total number of BGO's 7 

ladder w.r. t the 

beam energy, week 1 

beam energy, week 2 

beam energy, week 3 

beam energy, week 4 

recoil ..... 1",.,1, ... 

<OU1,Upl.WIU system 

dominant residuals 

at 125 MeV 2) 

fission at 125 Me V 

event condition 

number of events 

readout 

4+ 
63 DB 

none 

::::: 399.6 

nA 

125.70 MeV 

126.83 MeV 

124.40 MeV 

none 

0.0104 

Ferabus 

3 ,-,un, .. .rH. 4 LEPS 

2 2 LEPS 

7 

22.5" 

4+ 
66 DB 

none 

::::: 333.0 

nA 

125.15 MeV 

125.02 MeV 

125.25 MeV 

126.21 MeV 

0.0100 

Ferabus 
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4.3 b8LID4C1rIH L;orrel~t 55 

+6 to 

are 

it was necessary to pe:rform 

• 

• 

computer software program in a more user 

to 

most cases 

eie:mlenlGs were cneJsen 

throuII'h the EVAL 

form. 
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o 
u 

-2 

energy 

4.2: A saf1~t:I'e 

casel a common 

energy 

ezact 

are 
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4.4 

• 

• 

6' = 

• 
new set 

events to 

own correct set 

if 

if 

> 
< 

at 

< o. 
> 

""n,,,,.t:,.A were 

were 

structures as 

structure 

57 

were 

own 

were 
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4.2: 

Data .structure 

matrix 

matrix 

DCO matrix 

DCO matrix 

I-dim. spectra, 

UIlIIhadowed 

I-dim. spectra, 

doubles in horz. 

or vert. elements 

I-dim. spectra, 

doubles in horz. 

or vert. elements 

none 

none none 

Detector. 

7 Clovers 

7 Clovers 

4 Clovers at 135 ° VB 

3 Clovers at 90· 

6 Clover elements 

at 96· and 84· 

3 Clovers at 90· 

3 Clovers at 90° 

)" Di:spc!ni:onfor the LEPS and Cloven is 0.2 and 0.1i keY per channel respectively. 

DCO matrix none 

DCO matrix none 

I-dim. spectra, LEPS Bi 

UIlIIbadowed 

I-dim. spectra, 

doubles in horz. 

or vert. elements 

I-dim. spectra, 

doubles in horz. 

or vert. elements 

LEPS Bi 

none 

none 

none 

none 

channel )" 

channel )" 

Detector. 

7 Clovers 

1 Clovers 

4 Clovers at 

4 Clovers at 

3 Clovers at 90· 

6 Clover elements 

at 96° and 84· 

3 Clovers at 90· 

3 Clovers at 90· 

) .. Dispenion for the LEPS and Cloven is 0.2 and 0.1i keY per channel respectively. 
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were necessary 

into vacuum so 

were u~'~.I"""'~""" to 

6 

ma.ny 

ra.y were set on 

on 



Univ
ers

ity
 of

  C
ap

e T
ow

n

60 

2000000 
((J 

..... 
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:J 
0 
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1000000 

0 
3000000 TI 

n '"' 
II: 
II: 
II: 
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II ..... 
c 
:J I 0 
u 

I 

4.3: sum 

sets. 

into 

two 

... a.'uUA to 

95 

I I : 2000000 

I I : • 1: , 
0 

I I : 
0 

I I : 
I I : 
I I ' 
I I 

the ~l"'l'l:tl'''ll '117£Sf~7·I:.S. The 
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on one 

is a 1-

4.4 

I 

are 

counts were 

were 

is 

is 

It is 
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Bi 
rI- II 

.!.lTI ... I I 
" I : : I I , , 

: : I I 

90 100 

O~~~~~~~~~~~~~~~~~~~~~~+ 

100 

ezact VO,SU:lUf,~S are aell'Ic;tea 
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)" 

were 

a.t 

counts 

within the matrix 

344 keY 

25 x 38.2 

512 x 18.7 

311 keY 

72 x 26.5 

1317 x 13.8 

Dillpcn;ion for the Cloven; illl 0.5 keV per Channel. 

were not 

were "h, .. """",, • .rf 

measurements 

np.'rto,rrrlp.n a.t 

channels )" 

channels )G 

no 

sources were m()Ullted on 

to 
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4.8 65 
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measurements were 
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to "'(-ray ah.'rnr'lltinn. 
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"'(-rays. 
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to was 

A sequence 

new,-ray experiIIlent II it not 

a 

is 



Univ
ers

ity
 of

  C
ap

e T
ow

n

4.11 ....... JLIIlCC:ll..l ........ , ..... 67 

1 

dll~ectl(Jln on 

array 

measurements to 

1"\).,.,="","'.,,,,1"1 structures. 

COI'res,POlnds to 

nature 

trl!msiti<ms are 

is 

!;ra.:nSll1;ums were ~!lill':.11t:U 

maxima 

an 

same Dr()celdUl~e as are Ul!li\,;U;!:I!:IC:U 
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a 'Y-ray ..... 't' .. ,dV .. is 

Sis area 

ads 

13 

Isome~rlc states 

a is 

were ... v ......... '" .... , ..... 

'Y-ray 

It 

s 
EO I 

EO 

a trl!.m~ltl0n is 

S 
+ 

can 

was ----r .. -" to 

tra.nslltlcms were C1eteI'm:mE!C1 em-

eie!mlen1;s are 

the relative detector e:tticiellcy was considered discUlised in 

-...... "07...... lIB Q = which 

emission and ranges from very small 
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measurements. 
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1+ 4 state in 

measurements 
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scllleIIle up to 

2889.0 
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5.1 73 
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