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Abstract. Radioactive 17F and 18F beams have been produced at the HRIBF using the ISOL technique. The beams
were postaccelerated by the 25 MV tandem accelerator. Experiments were carried out to search for F(p,p) resonances,
measure F(p,α) reaction rates, study two-proton decay from 18Ne produced by 17F+p, and study the reaction mechanisms
in 17F + 208Pb.

INTRODUCTION

The Holifield Radioactive Ion Beam Facility (HRIBF)
employs the Isotope Separator On-Line (ISOL) method
to produce radioactive beams. Light-ion beams from
the Oak Ridge Isochronous Cyclotron (ORIC) bombard
a close-coupled target-ion source. The radioactive ions
are extracted, mass analyzed and subsequently acceler-
ated by the 25 MV tandem accelerator for experiments.
The 17F beam was produced by the 16O(d,n) reaction us-
ing a 42 MeV proton beam bombarding a refractory fi-
brous hafnium oxide target. The 18F beam was made with
the same target material but with an 85 MeV 4He beam
by the 16O(α,pn) reaction. The highest intensity achieved
for experiments is 106 pure 17F per second and 2 � 105 18F
per second with some 18O contaminations.

The facility houses three experimental end stations:
Recoil Mass Separator (RMS), Daresbury Recoil Sepa-
rator (DRS), Enge Split-Pole Spectrograph, and a variety
of detectors and electronics. This report presents several
experiments performed with the radioactive 17F and 18F
beams. Other measurements at the HRIBF include obser-
vation of the 3

�
state in 18Ne in 1H(17F,p)17F which was

published(1) and the two-proton decay from 18Ne popu-
lated by the 17F+p reaction which will be presented else-
where in this conference(2).

MEASUREMENT OF 1H(17F,α)14O
CROSS SECTION

In x-ray bursts and novae, 12C captures protons
through 12C(p,γ)13N(p,γ)14O to produce 14O. Further pro-
ton capture by 14O is inhibited because 15F is particle un-
stable. Since the lifetime of 14O is long ( t1 � 2 = 71 s), a
significant accumulation of 14O can build up. However, in
x-ray bursts where the temperature is higher, 14O(α,p)17F

can take place leading to the production of heavier ele-
ments. Measuring the reaction rate of 14O(α,p)17F is im-
portant for understanding the conditions under which the
14O β-decay is bypassed.

The time-reversal reaction 17F(p,α)14O was measured
at 21 beam energies between E(17F) = 40.1 – 68.2 MeV
corresponding to E � = 6.1 and 7.7 MeV, the excitation
energy in 18Ne, which is the region relevant to reactions
occurring in x-ray bursts and novae. The accelerated 17F
beam was stripped to the 9

�
charge state to eliminate 17O

contamination and incident on a thin polypropylene tar-
get. The α-particles were detected in a large annular sil-
icon detector array (SIDAR) covering angles from 10.5 �
to 25.8 � . The recoiling 14O ions were detected in coin-
cidence with the α-particles in a smaller annular silicon
strip detector spanning θlab = 3.4 � – 6.7 � . The excitation
function is shown in Fig. 1 and compared to calculations
by Hahn et al.(3).
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FIGURE 1. The 17F(p,α)14O excitation function and
17F(p,p)17F differential scattering cross section at θcm � 144 � 8 � .

From the measured 1H(17F,α)14O cross sections
and other recent data(3, 4), the reaction rates for
14O(α,p)17Fg � s � can be determined with reasonable uncer-



tainty ( � 30 %). The reaction rates for 14O(α,p)17F �
which populates the first excited state of 17F are still un-
known. This reaction may be significant and would in-
crease the 14O(α,p)17F reaction rate. Further measure-
ments are planned to constrain the uncertainties in the
14O(α,p)17F reaction rates.

MEASUREMENT OF 1H(18F,p)18F AND
1H(18F,α)15O EXCITATION FUNCTIONS

Large quantities of proton rich nuclei are produced in
nova explosions. Because 18F has a relatively long life-
time (t1 � 2 = 109.8 m) and large abundance, its positron
decay produces the majority of γ-rays observable dur-
ing the first few hours after the explosion. The obser-
vation of γ-rays from nova ejecta would provide informa-
tion for testing nova models. The destruction of 18F by
the 18F(p,α)15O reaction will reduce the amount of 18F
available to decay. Determining whether γ-ray observa-
tions are feasible would rely on knowing a more precise
value of the 18F(p,α)15O stellar reaction rate. This re-
action is thought to be dominated by a resonance near
E � � 7.08 MeV in 19Ne(5). Moreover, the competition
between 18F(p,α)15O and 18F(p,γ)19Ne in part determines
the production of heavy-elements in x-ray bursts. There-
fore, it is important to measure the stellar reaction rates
of 18F(p,α)15O and 18F(p,γ)19Ne.

The experimental setup is shown in Fig. 2. Both
the 1H(18F,p)18F and 1H(18F,α)15O reactions were mea-
sured simultaneously with a thin polypropylene target
bombarded by 18F. In the 1H(18F,p)18F reaction, the pro-
ton was detected by the SIDAR in coincidence with 18F
which was detected in the gas ionization chamber. E and
∆E information was provided by the gas ionization cham-
ber for particle identification. Since the beam was con-
taminated by 18O (18F/18O � 0.1), coincidence measure-
ment was necessary to discriminate against events origi-
nated from 18O+p. For the 1H(18F,α)15O reaction, both
15O and α-particles were detected in SIDAR. Because
of the differences in Q-value, the 1H(18F,α)15O events
were distinguished from the 1H(18O,α)15N events by re-
constructing the total energy of the recoils. The yield was
measured at 15 energies to obtain the excitation functions.

The measured excitation functions for 1H(18F,p)18F
and 1H(18F,α)15O are shown in Fig. 3. A simultaneous
fit to the 1H(18F,p)18F and 1H(18F,α)15O excitation func-
tions was performed to extract the resonance properties.
For the 1H(18F,p)18F data, the Breit-Wigner methodology
and R-matrix analysis were used. The 1H(18F,α)15O data
were fitted with the standard formula for an isolated res-
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FIGURE 2. Experimental setup for measuring 1H(18F,p)18F
and 1H(18F,α)15O reactions.

onance:

dσ
dΩ

� 1
4

λ2ω
4π2

Γp
�
E � Γα

�
E ��

E � Er � 2 � �
Γ
�
E ��� 2 � 2 	

where ω is the statistical factor and Γ � Γα � Γp. The res-
onance energy, width, and proton partial width adopted
from this measurement and analysis are Er = 664.7 
 1.6
keV, Γ = 39.0 
 1.6 keV, and Γp � Γ = 0.39 
 0.02, re-
spectively. Fig. 4 presents the temperature dependence
of stellar reaction rate based on the measured resonance
properties. This work removes the uncertainty in the
1H(18F,α)15O rate at high energies and resolves the dis-
crepancies in the previous measurements(5, 6, 7). How-
ever, the rate at lower temperature is still uncertain be-
cause of the uncertain properties of lower energy states in
19Ne. Further measurements with 18F beams are planned
to address these uncertainties.
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FIGURE 3. (a) The normalized proton yield as a function of
the average center of mass energy in the target. The solid curve
shows the R-matrix fit and the dashed curve shows the expected
yield if there is no resonance. (b) The 1H(18F,α)15O excitation
function.

MEASUREMENT OF 17F+208PB
REACTION

17F is a proton drip-line nucleus and its valence pro-
ton is bound by 0.6 MeV. The first excited state, E � =
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FIGURE 4. The 1H(18F,α)15O rate contribution from from the
3
2

�

resonance as a function of the stellar temperature. The
dashed curves are limits of the rate from the previously mea-
sured properties of this resonance.

0.495 MeV and Jπ = 1
2

�
, of 17F is expected to have an

extended rms radius(8). It is predicted that reactions in-
volving weakly bound nuclei may be influenced by the
breakup reaction channel. Fusion excitation functions
measured with 17F+208Pb found no enhancement in fu-
sion at energies near the Coulomb barrier(9).

The breakup of 17F into 16O and p was measured by
bombarding a 208Pb target with a 170 MeV 17F beam.
The breakup products were measured in coincidence by
a large area double-sided silicon strip detector (DSSD)
spanning angles from θlab

� 30 � � 60 � . The upper limit of
the breakup cross section is found to be 6.6 mb/sr which is
about a factor of 4 less than theoretical predictions. This
small cross section can have little influence on fusion(10).

In a separate experiment, a 900 mm2 thin silicon sur-
face barrier detector (SBD) was placed in front of the
DSSD to measure the energy loss of the reaction prod-
ucts. Since the energy resolution was not very good, an-
gular distributions of elastic scattering was obtained with
contributions from inelastic scattering, as shown in Fig. 5.
Optical model fits to the elastic and inelastic scattering
data were performed with the Wood-Saxon potential. The
results are shown be the solid curve in Fig. 5 and the po-
tential parameters are listed in Table 1.

FIGURE 5. Angular distribution of 17F+208Pb elastic scatter-
ing. The optical potential fit to the data is shown by the solid
curve.

Table 1. Optical model potential pa-
rameters obtained from fitting the
17F+208Pb elastic and inelastic scat-
tering data. V and W is the depth of
real and imaginary part of the poten-
tial, respectively.

V W ro = rio a = ai

40 73 1.29 0.5

Angular distributions of the reaction products with
atomic number (Z) different from fluorine are shown in
Fig. 6. The angular distributions of N (Z=7) and C (Z=6)
have a peak near the grazing angle. This shows that
these are products originated from transfer reactions. The
shape of the angular distribution of O (Z=8) is similar to
that of N and C but the peak is shifted slightly to forward
angles. As shown in Ref (10), the angular distribution of
17F breakup is predicted to have a peak at 34 � . The oxy-
gen produced in 17F+208Pb can be attribute to transfer and
breakup reactions.

FIGURE 6. Angular distribution of 17F+208Pb transfer reac-
tions. The solid curve is for one-proton stripping calculated by
DWBA and the solid curve is for the DWBA calculation shifted
by 5 � .

One step DWBA calculations for one-proton stripping
were carried out with the code PTOLEMY(11) using the
potential parameters obtained from the elastic and inelas-
tic scattering data. As shown in Fig. 6, the shape of
the angular distribution predicted by DWBA (solid curve)
agrees with the data for N and C when the results of cal-
culations are shifted backward by 5 � . This may be due to
the multistep processes involved in the transfer of several
nucleons at the high reaction energy. On the other hand,
if the 17F is polarized while approaching the target such
that the valence proton is pushed away from the target
and shielded by the 16O core, a shorter reaction distance
is required for transfer reactions to take place. This would
result in the grazing peak shifting backward. However, a



detailed model calculation is required to estimate the po-
larizability of 17F.

The cross section for 17F breakup is measured to be
small and the influence of breakup on fusion is found
to be small. The first excited state in 17F is below the
breakup threshold and can be excited from the ground
state by an E2 process with a large B(E2) value(12). Fur-
ther data analysis and experiments will be used to study
the couplings to this excitation channel.

CONCLUSIONS

The resonance properties measured with the radioac-
tive 17F and 18F beams produced at HRIBF have resolved
discrepancies seen in previous measurements. As a re-
sult, the uncertainty in stellar reaction rates is reduced
significantly. The polarization of 17F by the 208Pb tar-
get might have shifted the grazing peak in the transfer
reactions. Further experimental and theoretical work are
necessary to study the reaction mechanisms.

Neutron rich radioactive ions have been produced at
HRIBF with a uranium carbide targets, recently. Yields
of some accelerated neutron rich beams have been mea-
sured and extrapolated to the unmeasured species. Exper-
iments using neutron rich beams to study nuclear struc-
ture and reaction dynamics are underway. In the near
future, a batch mode source will be installed to produce
“long-lived” proton rich nuclei such as 56Ni.
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