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Abstract

We give a description for the production of ‘3Cfoils and the preparation of an
approximately 1 mg/cm2 thick target. A recent experiment to measure the mass of 36Ca
via the 40Ca(4He,8He)36Careaction at the S800 magnetic spectrometer at MSU, needed a
precise determination of the beam energy and calibration of the focal plane of the
magnetic spectrometer in order to achieve the most accurate value for the 36Camass. The
1 mg/cm2 ‘3Ctarget was essential for these purposes. Target performance along with
some preliminary results will also be discussed.
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1. Introduction and Motivation

As part of a study involving a test of the Isobaric Mass Multiplet Equation (IMME), a
precise measurement of the mass of 3bCawas carried out using the S800 spectrometer
[1] via the reaction, ‘°Ca(’He,8He)3bCaat the National Superconducting Cyclotron
Laboratory (NSCL) at Michigan State University (MSU). The isotopic 1.3 mg/cmz
‘°Ca targets were provided by Argonne National Laboratory (ANL), see for example
Ref. [2]. For the best determination of the 3GCamass, an accurate measurement of the
beam energy is obtained using a ‘3Ccalibration target of similar thickness, i.e.
approximately 1 mg/cm2.

The availability of a single 1 mg/cm2carbon foil is not likely, and therefore, it was
suggested that a more suitable approach would be to acquire the thickest foils which
can be readily produced and simply stack them to the desired thickness. For ‘3C,
several foils on the order of 100-150 pg/cm2 were produced by ACF Metals with the
foil mounting and resuking target preparation petiormed at ANL.

2. Production of *3C Foils

The production of carbon foils by vacuum evaporation is widely covered in the
literature. The techniques of deposition are common to most target laboratories. Arc
evaporation, glow discharge cracking of hydrocarbon gases and Iaser ablation from
solid samples are but a few examples. Film thicknesses to several hundred
micrograms per square centimeter are readily achievable. This is not the case for
carbon- 13. Muggleton describes the cracking of isotopic methane for 13C foil
production to 100 ~g/cm2 [3]. Pressed targets from 13Cpowder have been produced
by Rohwer and Urizar using a thermoplastic binder [4].

Starting from the available isotopic powder, the most practi~l method available for
deposition of carbon-13 to produce thin films would be electron beam evaporation.
See for example, the review article of Maier-Komor [5]. Experience with isotopic
carbon- 12 powder as starting material has shown an upper limit to foil thickness
produced by electron beam evaporation to be on the order of 100-160 pg/cm2. The
carbon- 13 foils described here were produced by electron beam evaporation from a
tungsten liner in a water-cooled copper hearth. The parting agent employed was
adenine (C~H~N~),of nominal thickness 60-100 nm. After deposition and removal
from the evaporator, the foils were baked in ambient nitrogen to reduce internal
stresses. [n addition to causing the foils to partially release from the glass substrates,
this may have also caused some decomposition of the adenine. Table 1 gives a listing
of the foils produced.



3.

4.

Analysis of the 13C Foils

The enrichment of the starting material for the carbon-13 used to produce the isotopic
foils was 99% according to the supplier (lsotec, Inc.). Impurities, however, have been
observed that are much greater than expected from the original enrichment.
Rutherford backscattering (RBS) measurements on carbon-13 foils show impurities
including nitrogen, carbon- 12, oxygen, and chlorine or sulfiu. The nitrogen can be
attributed to the adenine used as parting agent. This impurity appears on just the
substrate side of the foil, and averages to N! = 38 x 10’5atoms/sq.cm. The carbon-12
impurity in the foils averages about N~= 75 (+/- 15) x 10’5atoms/sq.cm, the
percentage ranging from 3 to 1 atomic percent of the foil, greater for thinner foils.
Note that this is much worse than expected from the enrichment of the starting
material. There is a chlorine or sulfhr impurity at about the same level. The source of
this is unknown. The expected iron impurity from the 37 ppm starting level quoted
by the supplier in the evaporant material is not seen. Oxygen appears at about 5
atomic percent in all carbon-13 foils.

Impurities arise from the starting material used for the evaporation, from the crucible
materials used if any, and from the parting agents and water used to float the foils
[6]. Investigations of metallic impurities in carbon foils are numerous (see for
example [7,8]). RBS measurements were made on a witness foil of areal density
68 ug/cm2 ‘3C.The results are given in Table 2. The level of carbon-12 could not be
obtained because the foil was too thick. Isotec claims Fe at a level of 37 ppm. The
oxygen is lower than expected. The silicon might arise from the pump oil of the
vacuum system although it is not observed in other foils. It may possibly arise from
the glass substrate employed.

Target Preparation

The frames employed at MSU in the S800 scattering chamber are rather large with a
square aperture of 2 cm x 2 cm open area. The target assembly consists of an
aluminum target frame approximately 5 cm x 2.5 cm and 0.2 cm thick. A cover with
dimensions 3 cm x 2.5 cm and 0.2 cm thick is attached to the fh.me using four
screws. For the purposes of stacking several foils, several thin (O.15 mm)
intermediate aluminum frames were fii.shioned by the shops at the University of Notre
Dame.

One approach consisted of floating one foil per frame and stacking up several such
foils to the desired thickness. In principal this would work except for the constraint of
keeping the overall target thickness well under 5 mm so as not to degrade the energy
resolution of the resulting particles produced in the nuclear reactions. Another
approach would be to successively float the foils one on top of the other. The first
foil floated must adhere well to the frame so as to not detach when submerged again.
This method is successfid at best for only a few foil layers, and in practice, for not
more than three.
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A combination of both these methods was therefore adopted for the preparation of the
target. Starting with the thickest of the carbon-13 films supplied, three foils from
each slide could hope to be obtained. The slide was immersed slowly in a de-ionized
water bath at room temperature. There was, of course, as always some foils which
would not depart from the glass substrate, or if released would curl up. These slides
were further annealed in air in an oven at 160° C for a few hours. In most instances
the foils were carefidly cut while still on the slide, occasionally the foil was cut with
a scissors while floating on the water. A few foils were floated on the slide, attaching
to the frame using a slight film of apeizon grease. This allowed the foil to remain
adhered to the frame when resubmerged for successive floating of another foil on top.
This second foil attaches to the frame in the normal fashion. While drying there
occurred sometimes a delaminating of this second foil prompting both to be discarded
as unusable.

The desired thickness of 1.3 mg/cm2 ‘3Cwas dictated by the 40Catargets already
prepared for the main experiment. Table 3 gives the final combination of foil layers
employed to produce the target. The overall thickness of target material and frame
was less than 1 mm. A photograph of the completed target as well as some unused
mounted foils is given in Figure 1.

5. Results and Discussion

For the calibration of the S800, two reactions were employecl ‘3C(4He,sHe)9C and
‘3C(4He,bHe)’‘C in order to precisely determine the beam energy. This is
accomplished using the known masses of the products, the mass of 9C is known to
2.1 keV and the mass of’ ‘C is known to 0.9 keV. Also, the ‘He and ‘He Ilom the
reactions fall in the focal plane detector of the spectrograph with the ‘He from the
40Careaction. llms, the magnetic field of the spectrometer need not be changed or its
position altered. The ‘He produced in the ‘3Creaction are within 1.6 MeV in energy
to the ‘He produced in the 40Careaction. The time of flight for the two ‘He are within
3 ns of each other (see Table 4). This is important because the ‘He from the 40Ca
reaction are produced at a rate of 1 per hour as compared to the ‘He produced from
the ‘3Creaction which have a rate of approximately 37 counts an hour. This
production allows the energy of the spectrograph to be determined and the time of
flight gates set to observe the ‘He from the 40Careaction. In Figure 2, a spectra from
the focal plane detector of the S800 is given of the reaction ‘3C(4He,GHe)”C showing
the “C ground state and the first few excited states.

6. Conclusion

A 1.3 mg/cmz ‘3Ctarget was prepared by the successive stacking of several foils
produced from the isotope by electron beam evaporation. The target was needed for
energy and mass calibration of the S800 spectrometer at MSU for the determination
of the mass of 3sCa. For this purpose the target performed well under the
experimental conditions encountered.
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Table 1 Supplied 13CFoils Produced by ACF Metals, Inc.

Foil Areal Density (pg/cm2)

1 124
2 105
3 64
4 146
5 168
6 194
7 153
8 74
9 141
10 111
11 100
12 73
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Table 2 Rutherford Backscattering Analysis of Witness Foil

Carbon-13 Oxygen Silicon Iron
4490 +/- 140 44+/- 13 6.8 +/- 0.2 1.0 +/- 0.2
98.9 atomic ‘%0 1.0 atomic ‘%0 0.14 atomic YO 0.02 atomic ‘Yo

I I I
N, values in units of 10’5atoms/sq.cm

I

Table 3 Foils used in the Target Assembly

COVER

THIN INTERMEDIATE FRAME

THIN INTERMEDIATE FRAME

MAIN TARGET FR4MlZ

105 ~g/cm2 ‘3C
141 @cm2 *3C
105 pg/cm2 ‘3C

111 p~cm2 ‘3C
111 pg/crn2 ‘3C---

124 pg/cm2 *3C
146 pg/cm213C

146 pg/cm2 ‘3C
100 p~cm2 ‘3C

Table 4 Energies and Time of flight of Ejected Particles

Reaction Ejectile Energy (MeV) Time of Flight (ns)
40Ca(4He,8He)3bCa 102.201 317.56

‘3C(4He,8He)9C 103.818 315.13
‘3C(4He.bHe)’‘C 136.408 239.79

Figure Captions

Figure 1. A photograph is shown of a completed target as well as some additional
unused mounted foils.

Figure2. A spectra horn the focal plane detector of the S800 is displayed for the
reaction ‘3C(4He,bHe)”C showing the “C ground state and the first four
excited states.
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