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Motivation

 Classical Novae
 accretion of H on CO or ONe WD

 Long standing aim of astronomers...
 to observe gamma ray emission 
 use that to constrain models 

 Largest NP uncertainty: 18F(p,α)15O

 E996’: 665 - 1600 keV
 May 2007, 22 hrs 4x104 18F9+ pps

 E996: 665 keV and below
 May 2008

 S1195: 665 - 2200 keV
 May 2009 18F9+

Artist’s
conception

Chandra 
observation
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The largest nuclear physics uncertainty in studies of gamma-ray emission from novae arises from the
18F(p,!)15O reaction rate that affects the abundance of 18F. Direct measurements have been made of the
18F(p,p)18F and 18F(p,!)15O reaction differential cross sections in the energy range 0.6 ! Ec.m. ! 1.6 MeV.
Several resonances have been observed in both measurements, with simultaneous R-matrix fits used to determine
the properties of corresponding states in 19Ne. A recently reported state at 7.420 MeV is not seen, while new
states are seen including one of J " = 3

2
+

. A candidate for a recently predicted broad J " = 1
2

+
state is seen, which

would have significant impact on the low energy 18F(p,!)15O reaction rate, but its alpha width is significantly
smaller than expected.

DOI: 10.1103/PhysRevC.79.058801 PACS number(s): 21.10.Hw, 27.20.+n, 25.60.Dz, 26.30.Ca

Novae provide an opportunity for direct observation of
stellar nucleosynthesis through a satellite-based measurement
of gamma-ray emission from newly synthesized radioisotopes
[1]. The isotopic abundances inferred would provide signifi-
cantly tighter constraints on models of novae than presently
possible [2]. Of particular importance is the abundance of
18F, as the annihilation radiation from its #+ decay is
thought to dominate the $ -ray flux. It is produced via the
17O(p,$ )18F reaction and by #+ decay of 18Ne, while it is
destroyed by the 18F(p,$ )19Ne and 18F(p,!)15O reactions.
For peak temperatures reached in novae, around 0.1–0.4 GK,
the uncertainty in the 18F(p,!)15O reaction is the greatest
contribution to the variation in 18F abundance. Thus, this
reaction rate contributes the largest uncertainty in the nuclear
physics of gamma-ray astronomy of novae, both in terms of
their detectability and of interpretation once an observation has
been made. At these energies, the reaction rate is dominated
by the s- and p-wave resonant contributions of states in
19Ne in the vicinity of the 18F + p threshold, but despite
extensive measurements of (p,p) and (p,!) reactions using 18F
beams, and transfer reactions populating states in 19Ne and 19F,
significant uncertainties remain; see [3] for a comprehensive
review. Foremost among these is the unknown character
of the interference between J " = 3

2
+

resonances possibly
resulting in a significantly reduced rate [4]. However, a
recent calculation [5] using the generator coordinate method
has predicted two new 1

2
+

states in 19Ne, one of which is
thought to be located !1.5 MeV above the 18F + p threshold.
The predicted s-wave population of this state, together with
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significant decay widths (%p = 157 keV, %! = 139 keV),
result in a changed low-energy reaction rate and reduced
dependence on the unknown interference between the low-
energy 3

2
+

states. While previous studies have concentrated on
the lower energy region, the properties of the new state suggest
it should be readily visible in 18F(p,p)18F and 18F(p,!)15O
reaction data.

A new experiment has been undertaken at the ISAC-I
facility, TRIUMF [6] using the TRIUMF-UK Detector Array
(TUDA) [7–9]. A 1.750 MeV/nucleon beam of 18F was
stopped in a 28.0 ± 1.4 µm thick polyethylene ((CH2)n) target,
sufficient to just stop beam particles. An additional <5 µg/cm2

of gold was evaporated onto the upstream surface of the target
foil. 18O contamination of the beam was removed through use
of a post-acceleration stripper foil such that only 18F9+ ions
were delivered to the experiment. Furthermore, a hyperpure
germanium detector placed close to the target did not observe
the 1042 keV $ -rays that would have indicated the presence of
target-stopped 18Ne ions, translating to !5 pps of contaminant
18Ne ions (90% confidence limit). A typical 18F beam intensity
of (4.0 ± 0.2) " 104 pps was achieved.

Particles emitted from the target were detected in a 1 mm
thick MSL type YY1 (LEDA) segmented annular silicon strip
detector [10] located downstream to cover laboratory angles
of 7#–16.6#. Upstream of the target a further LEDA detector
covered laboratory angles from 150#–170#, allowing normal-
ization through measurement of Rutherford back-scattering
(RBS) of 18F ions from the gold layer of the target. For
each event, energy and time-of-flight relative to the accelerator
RF were recorded. Projection of energy as a function of the
time-of-flight provided particle identification with protons and
alpha particles clearly identified. To determine how detected

0556-2813/2009/79(5)/058801(4) 058801-1 ©2009 The American Physical Society

Alex Murphy 10

E996’ Science results

Published 14 May 2009

E996’ results



Science goals updated

 In our 2007 work we do NOT see a proposed 
astrophysically important 1/2+ state at 1.49 MeV

 Recent publication by Dalouzy et al., using 
1H(19Ne,p)19Ne*(p)18F does see some evidence for 
the state

4

Can the results be consistent?



Dalouzy et al. 

Updated Science Goals
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Murphy et al. 



TUDA (...and TUDA II)
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Equipment we’re using



In the chamber
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May 2007 data
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Calibration reactions

 18O(p,p) & (p,a)
 Pretty much exactly as hoped for/expected:

9



10

May 2009 data

S2 
~14o lab 

18F9+ single strip

LEDA 
~5 o lab

18F9+ single strip



Intensities delivered
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Typically 1.2x106 18F at 
yield station 

~5x104 pps 18F9+ at TUDA
2-4x103 pps 18Ne at TUDA

18Ne yield similar to 2008. 
18F down by factor of >10

18Ne unreactive vs 18F 
highly reactive 

...and  the vacuum is 
poorer?

 Much larger fraction of 
18Ne.

 Beta end points
 18F: 1.6 MeV
 18Ne: 4.45 MeV

 Betas are contaminating 
our spectra more than 
previously.



Beam contamination
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E996 May/June 2008
M=18, 4+

Photo diode with thin Al foil



Ge detector
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18Ne(b+)18F*
                                           -> 1042 keV gamma

May 2007

May 2009



Last night...

 Ran on M=18, 10+, to get a 18Ne data set
 Appear to have seen contaminant, close A/Q (slightly lower) and 

M~25-30

 27P?

 Produced through 28Si(p,2n)27P 

 (27P - 27Al)3+ from molecules source (equivalent to M=18 Q=1+)
 Dissociated by stripper

 Charge state 15 after second stripper
 A/Q is right for accelerator (equivalent to 18/10)
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Comparing to S1195 proposal...

These new data would provide…

 Complete coverage of high energy region for 
new resonance searches. 

 A factor of 10 increased statistics over previous 
work (assumes 25% transmission and FEBIAD 
performance as of May 2008).

 Multiple ‘sweeps’ over the 665 keV resonance, 
exploring the effect of energy resolution.

Approx 
equivalent 
to E996’

Not 
attempted

Maybe

Analysis is going to be tough, but there is hope
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Thank you


