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Abstract:

(12 hoc (12 3H )

The reactions hOCa C,t)thn and 9cr have
been obsérved with ground state cross sections of the brder of
1 nb/sr; ‘The results for thn»afe consistént with its predicted

mass excess of -37.72£0.08 MeV.

‘Almost nothing is known concefning the properties of Z > N nuclei

above, the titanium isotopes. In fact, no technique has yet been demonstrated

in thié‘region which permits even the mass measurement of the TZ = il ; Z = -1/2

members of the TZ = *1/2 mirror pairs. These masses are of importance to

various theoretical mass equations (e.g. Ref. 1) and the systematics of Coulomb.
displaéement energies. We would like to report the feasibility of heavy-ion

induced reactions for this purpose. As an initial experiment, we have chosen

Lo

: . . . 2
‘the Ca(lZC,t)thn reaction as a means of studying the hitherto uncharacterized

nuclide h9Mn; our results dgree well with theoretical prediction of its mass.
‘Preliminary experiments had indicated a fairly low cross section for

the (lzc,t) reaction on hoCa. Due to this, simultaneous measurements of both

Lo hoc (12 3

thé Ca(lQC,t)h9Mn and the He)h9Cr reactions leadlng to mirror



final stétes ﬁeré madé. Both féactions presumably proéééd by the samév.
mechanism and éﬁservation,of fhé lattér réactidn——which prdduceé known final
sfates, but which ié e#perimentally more difficult--was taken as a measure of
vvthe experimental feliability. Furthef; it was nécessary'to employ particle .
identification techniques appropriate to low cross—section measurements.3

| C(h ) beam with an intensity of’~'150 nA at an energy of 27 5 MeV
| from the Oxford EN tandem Van de Graaff was ‘used to 1rrad1ate 150 ug/cm |
targets of Ca évaporated on_SOO ug/cm Au backings. Reactioq products were

-

Oobserved in a counter telescope consisting of four semi-conductor detectors:

two AE detectors denoted AELl and AE2 of 60 U and 50 u thickness, respectively;;f

an E detector 935 U thick; and a reJectlon detector for long-range reaction

products travers1ng the first three detectors. An Al foil 9.4 mg/cm ~thick

was placed in front of this telescope to remove elastlcally scattered~l C 1on55

Two separate identifications of each particie.stopping in the system

were made with the method of Ref.5. One identification (denoted M1) employed = -

the Summéd pulses from the firsf two detectors as its AE signal, while the

other (denoted M2) utilized the pulse from the AE2 detector alone as its AE

signal. These two identification signals and the total energy signal for each

. event were sent via‘separate ADC's to avPDP—7 computer operating in a multi-
parameter mode. Partial analysis of these data was possible on-line with

ﬁhe associated IBM disc, and all events were stored on magnetic tape for
gxtensive off-line analysis with a PDP-10. Analysis of the relevant energy
gpectra after taking into account data from both idéntifications is necessary
when investigafing very loweyield reaction products arising from relatively

endothermic reactions; other#ise, some events, due basically to much higher

o
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yleld reactlon products but resultlng in unusual energy loss in a s1ngle AE
detector, can s1mulate the partlcles of 1nterest and obscure thelr energy
5pectra.3‘ |
| Figure 1 shows w2 particle'i»denfifica?cionAspectra arisihg from 1ec
reactions.on a:Cagtarget and itS'lZC ahd'léo.conteﬁinahts} Liﬁits for
selectlon of the dlfferent partlcle groups were determlned by using the re-
actlon of 15 MeV 3He on 10, llB_whlch produces a more uniform yield of the
different particles (for thisvrun the Al foil\was removed). As expected,
proton and hHevemissiOn aominated'the composite identifier spectra from re-
aotions induced‘by the T2¢ beam. The protons are not shown in Fig. 1 (curve(b))
since their relative yield in these flnal data is not representat1Ve due to
various thresholds required for acceptable energy loss in the AE and E
detectors. The overall selection necessary to obtain relatively clean triton
and e energy spectra resulted in a maximum poss1ble "loss of 40% and 50%,
respectiyely, of'probable true events. |

Figures.E(a) aﬁd 2(b) present triton'and 3He energy spectra arising at

16° (1ab) from 126 reactions on hOCa.. The most energetic peaks, albeit with

poor statistics, shift appropriately with angle between T° and 40° (1ab);

klnematlcally compensated composite spectra for both reactions are shown in
Pigs. 2(c) and 2(4).

Deuteron and hHe data from 120 induced reactions, as well as energy
' 10,11 3

-spectra of all particles of interest from the B + He reaction, establlshed_

an energy calibratiorn. This calibration was used to provide absolute energy

2
(l 3

determinations for both the (lQC,t) and C,"He) reactions. The predicted

locations of the known6rground and low-lying states of 1‘tQCr'are indicated in



(discussed further beloﬁ), these absolute predictions agree acceptably with

Figs. 2(b) and 2(d). Although there is a high background in the 3te data

. , . 1
the locations of the major higher energy structure at all observed angles. '

Completely indepéndently, the;predictedvposition of the FOCa(lQC,t)h9Mn(g.s.)

- -

transition is indicated in Figs. 2(a) and 2(c); this prediction is based on a

L9

Mn mass excess of -37.72+0.08 MeV obtained from Coulomb displacement energy
. , S
systematics and theoretical ca.lculations.7 Again, agreement with the major

higher energy_stfucture_can be observed. Some of the baékgfqund evénts above
the ground!states in Fié. 2 ﬁéy ariée from reéctions 5n'thé bthef Ca isotopes
preéent in thiS n§tural Ca target and scme hHe.con.tin.uum "Jeak through" may
still be presént in the 3He dafa. The mﬁch higher yigid reactions on the

light target contaminants 120 and léO—uWhich almost obscure transitions to

o) l?c,hHe)hB

low-lying states in the  Cal( Cr reaction--do not interfere with these.

spectra due to Q-value and kinematic effects. 1In fact, only the 160(12C,t)25Al”

reaction appearé in these data significantly above the 1ow—enérgy cut-off.
‘The geﬁeral'experimental conditions necessitated‘by the low yield

resulted in the poor energy-resolution of & 300 keV as measured for hHe groups. 

%0 L9

_ | i R
As such, the *Oca(12c,3me)cr(g.s.,5/2-) and "OCr (0.27 MeV,7/2-) transitions |

‘could not be resolved, though the results are consistent with a roughly com-

parable population of both sfates (in agreemenf with the anticipated strong :  ‘
inf;ugnce of a”(sz + 1) statistical weighting). The (lgé,t) data on the

mirror nucleuS'thn aré also consistent with population of the predicted7

grbuﬁd staté aﬁd an assuméd first excited state at an equivalent excitation toV 

L9

Cr. [Centroid analysis of these two states--assumed

k9

that for its mirror in
equally populated--yields a mass excess for Mn differing from that in Ref.T
by ® 50keV.] Average differential cross sections to the summed ground and

first excited states are & 1.5 ub/sr (for tritons) and ~ 3 ub/sr (for 3He).
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, Thesevresults demonstrate the pfactiéability of direct mass
measurémentsvof Z > N nuclei abo%e Ti’using»heavy—ion induced reactions. By

extensionﬁof_tﬁese investigetions to the use of lhﬂ and léo projectiles‘as

well as to more exotic reactions such as hoca(¥2036He)h6Cf; hOCa(lEC,8He)M4Cr,

etec., it should'be possible to determine nuclear masses and their-agreement with

theoretical prediction in regions of high Cbulomb_enérgyvvery far from the valley

of stability.
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- - FIGURE CAPTIONS
Fig; i. Particle identification spectra from the 27.5 MeV 120 reaction on a
.Ca target and its 120 and 160 contaminants. A coﬁnter telescope in-
corporating two AE detectors has been employed as discussed in the text.

Curve (a) presents those events remaining in the M2 identification
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‘spectrum éiygg_a gate hﬁsvbéén set'around the 3He region in the Ml :
'identificaﬁibh; thé"final 3He enérgy spéctra then érisébfrom a selection'
.from the daté in this M2 spectrum with limits set aé indicated by thé
arrovs . Cﬁr?e (b) presénté a composité M2 id;hfificatidn spectrum
obtained by addihg sféctfa'fof all.£he partic1e>types after appropriate

limits have been set on the Ml data."

. . -l V .
Fig. 2. (a), (b). The hQCa.(lzC,t')ug_Mri'and hOCa(IQC,sHe)hQCr.energy spectra

at 16°. As discussed in the text, the predicted locations of known
final states in thr as well as the predicted location of the u9Mn(g.s.)

are indicated. The peak near 9.5 MeV in (a) arises at least in part from

£hefl6o(l2c;t)25A1 reaction.

‘ %0 49

(¢), (d). Composite energy spectra for the Ca(l2C,t) Mn and

lLOca(lzc,JHe)hgcr reactions, as well as for the contaminant reaction
16,12, .\25.. - . X . X ° L., e
TP0(7C,t)°’Al, obtained from kinematically correcting to 7° data taken at

angles from 7° to 40°. The lower part of the triton spectrum is

. ) 1 .
kinematically corrected appropriate to reactions on 60 while the upper
part is corrected for reactions on hOCa. Transitions to the various

final states are indicated as in 2(a), (b).
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A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report. '

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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