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of a few percent of th :
to cross ‘sections daldQ H,%S lO,u.b/sr dcpendmg upon the G
range of heavy-ion detection angles. The positron-electron  solenoid are transported away from the target in hehcal tra-
sum-energy lines were mmally reported [18 20] to have jectories and are detected in wo segmented arrays of silicon
. PIN diode detectors place Fon-the. 1

' tectors, whxch are | mm thick, record the kmeue energxes of
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sthe: angle of emis-
: direction. This range has good :
th acceptanc; of the previous expenments
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Pair  Efficiency®
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N, $l- pamcle lsotropnc

The foils were mounted on a rotatable taroel wheel ) that‘
beam-induced. damage could. beyspread-mlfwnecessary The Th
target wheel was ro{ated at 300 rpm. The more robust Ta. -
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Nal(T1) array with respect to the beam RF. (b)
mdlcated reglon m (a) tlmmg spectrum for. hits in the-silicos

’ amples of electron spectra measured in comcxdence with pos-
itrons emitted dunng B3y 432 colllslons are shown in

flects the actual:
In 238U-i-2321'h collisions near the Coulom :
heavy ions detected in the range 20°< 0 <702, b
pllcuy of electrons of nergy above 100 keV has:

cepted events. Hows the calculat on of n-fold silicon detector
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Counts /0.5 ns

FIG. 7. Relauve positron-electron: timing specttum. The gate
used to select prompt ummg comc:dences hown.. - %

- ] ty as shown in Flgs 6(b)’
and. 6(c), and a deduced averag electron’ multiplicity for

posntron producing collisions of approximately :'5_per 'colh- 2

True posntron-electron pair events‘aré selected by requir-
mg that at leaslvone electron be detected i

. g pectra, the shape of
: "the dxstnbuuon does not depend strongly on the - nu nber of
letected hcavyg“ His i s ”

'Ehstruction
I Polar angl!e

Two dlfferent methods are avallable for determining the
polar angle of ¢ emlssmn 8 with esp‘ ct to the solenoid axis,
As outlined in Sec. [TA, both methods rely on a medsure-
ent of the tlme-of ~flight r from target to detector and differ
the manner ij which'it is de rmined.’ The olac énOIe is

i

=P, n‘.bpgc,tromcter, -the: Iep-
turns; and: therefor

. i : c?Yiue isithe charge. B
the strength, of the. maoneuufreld and N:the:number of turns, ‘
leading to @=cos '[(z/p) X (eBY(2TN)]. | b
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ECTRON PAIRS: PRODUCED IN HEAVY- .

Counts /20 keV

“FIG. 8. (a) -Sum-energy. distribution o -eléctrons and positrons’
detected in prompt time coincidence for:the *U +?Th reaction.
‘No lcpton-heavy-lon coinci ‘encc is requir

"each elemem An alternative method would be to not -ran-
domize ¢, but rather to assign the value correspondmg tosthe
;;,Iement Thc consequences of ‘the two

sin Bysin 6 bcos(¢+
structed openmg angle dxstnbu 1
by the choice of reconstrucuon
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ng pOSl[l'Oll-

and (b&:,commqou;‘s,;;ll-mg of fight and . -

2

=~Counts / 5 keV

shows “a snmulated invariant mass spcctrum for. a mass

particle produced with a velocity of 8=0.06

the laboratory. Also shown in Fig.- 13(b) i is'the correspond-
electron sum-energy spectrum.
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the numerous low-energy electrons ‘Such a selection nﬁght
' ensmvxty of the analy-




pairs. The normalization of this-continuum to" the. data is
fixed and is ngen only by the number of unxed pau's used to

reduced x,, of 1. 16 148 and 135 b
Figs. 14(a), (b), and (c), respecuvely For the case inwhich
the posmon and electro preferred angular correla-
tion, the results. appear

source velocity of B, . The events remaining after imposi- -
tion of the A, _~ 1807 cut are sh(msnn in Flg 16(a). Based

da/dn,,,<0 14; 011, 2nd.0: : !
mg a back-to-back angular correlauorl between the posntron

16(a), and:(b); tespectively.
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PRODUCED IN HEAVY- . ..
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-Counts/-20-keV: -
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from those expe , d
~appeared at dlfferent

on the Jeptoris encrgles or angles
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lus-opening-
angle described i in the text, and wnlh (a) no restnctxon on the num-

fications of the analysis as described in the text.
enhancmg full—energy deposmon évents:isinot evident.:

irectly-to the: appear;anc‘ea;
clude the: method: 1

cussed in Sec. HID The same data analyzed in an identical
fashion except using opening angles calculated from continu-
ous nme of ﬂlght and ¢ are shown in Flg 20(b) The struc-

SIgnlﬁcantly. as' was demonstrated using the; IPC ‘data for
20‘5Pb+ 26py, shown in Flg 12, Il is therefore our cb , »lu on

probablllty ofasm éelec
‘5% but ueneral!y ,much smalle

In the preceding section, we have presented results from a
. varlety of analyses of the APEX data based on different sce-
in:which: there was ‘a:single electron hit: ; : iboth:physical and: empirical:forithe soriginssof:he
The teduction-of:low-enérgy: events in: (b expected if the:i  previously: reported: sum=energy:lines::None -of: these anal

single:hit. requirement-was _reduc.l.no backscattering and: thus .= ses provide positive evidence for lines at the ‘previously:

’nmg-jangle nalysls :‘for ;(a) ;
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" sponded t
can_be int¢

+a'Comiment:[40]:to.Ref. [25];-an¢
; Two other‘ experiments h’av’ ;

of the apparatus (EPOS) used in Refs. [18,20.21] were car-
ried out for the 23U+ '*'Ta and P®U+Th systems, over a
range of bombarding energies and with target thicknesses
- comparable to those used in the original experiments [23].
Although the original experimental conditions were repro-

peak phenomenon Measurements wnth an upgraded ersion -
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