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The'? F (o, p1y) reaction was investigated in the energy rafgje= 1.15 - 2.00 MeV. Eight resonances were found in the gamma excitation
curve, five of which were not observed before. Energy and strength of the resonances were obtained and compared well to values available
elsewhere (Kuperus, J., Physigh (1965) 1603).
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La reacobn '* F'(«, p1y) ha sido investigada en el intervalo de enarg. = 1.15 - 2.00 MeV. Se observaron ocho resonancias en la
funcion de excitadn, de las que cinco eran desconocidas a la fecha. Lasiaserintensidades de las resonancias fueron obtenidas y son
comparables con otros valores medidos previamente (Kuperus, J., P3i;it@65) 1603).

Descriptores: Astrofisica nuclear, Fluor.

PACS: 26.50.+x; 27.20.4+n

1. Introduction and

The only stable isotope of fluoriné®F, is by far the least YF(a,p)**Ne. (5)

abundant of stable nuclides in the 12-32 atomic-mass range. . nalium-rich environment where protons have been de-
Fluorine is fragile and can be destroyed easily by capturin

. 19 i
protons at regular stellar temperatures. Useful atomic lines g?leted by hydrogen burning ardo, the ™ F(p, &) reaction

X ) . L . IS not likely to occur. The ratio of reaction rates 61V + «
flourine are nonexistent in the visible region of the spectrum_”_ ;g . .
to Y F 4 « sets an upper limit on the temperature at which

and as a result, information on the abundance of fluorine i:a1 ; : .
: ) ese reactions take place. The first reaction has been mea-
scarce. Nevertheless, available data [2] provide strong evi-

. L . . ured while the second remains unknown at the energies of
dence that fluorine is produced deeply within the interiors of . .
. : interest; the temperature is important as further nucleosyn-
AGB stars during helium flashes.

It has been also proposed tH4t could be produced thetic proceses (such as the s-process) in the region could be

e i better understood.

by nucleon emission frorﬁONe during a type I supernova The abundance of’ F observed imposes a limit in the
(SNI.I) explosion [3]. If this were the case the apundance OfIifetime of fluorine against destruction by alpha capture as
fluorine and other elements prod_uc_ed in SNII (like ox_ygen)long as the convection mechanism that dritg to the sur-
would be correl_ated. However, t_h|s IS not t_he case. This SU%;ce of the star and allows us to observe fluorine, is correctly
gests that fluorine was synthesized in a site different from Ynderstood. This means that the higher the abundance of flu-
SN [2]. . . . orine we observe, the lower is the destruction rat&’#f by

Thermal pulses of the helium-burning shell in Iow-mqssal ha capture. For this reason, the rate offh(a, )22 Ne
Q%B sta:jrs r:_avetzeen %r?ﬁ Osid _[2] as an alternate scenario 1Ef:)é{';ction is required. At present this reaction rate is still un-

production through the chain known for energies that correspond to a helium-flash envi-

ronment.

Depletion of 'Y F by alpha capture occurs through res-
onant states of>Na in a region of high density of states.
These resonant states can proceed to the grgunar¢tons)

N (0,7) B F(81) 50, a) " N(a, ) 9F. (1)

Protons are produced through the reaction

LN (n, p)HC, (2)  and first excited statep( protons) of*?Ne. Possible sce-
narios for studying thé® F'(«, p)?? Ne reaction include the
and the required neutrons come from detection of bottp, andp, protons. However, the approach
followed in this work consisted of the measurement ofjthe
1B3C(a,n)'%0. (3)  channel by the detection of thetransition from the first to

the ground state it Ne (1 F (o, p17)*2 Ne).
'Y F could be easily destroyed in stars by proton or alpha  Up-to-date available data for the reactid@ (a, p)22 Ne
capture on include alpha energies down to 1.3 MeV in the laboratory
19 16 reference system [1]. However, the alpha energy at which the
F(p,a)”0 (4) reaction' F'(a, p)?? Ne takes place (Gamow window) in a
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helium flash ranges from 320 to 760 keV. For this reason thén the spectrum is given by then
reaction needs to be studied at lower energies.

Ay = Noe1 — Noerer (7)

. . Ay = Noea — N, 8

2. Experimental details 2 = oea = Hoeer ®
Ag = N0€162 (9)

The experiment consisted of three parts. The first included , i

the measurement of the reaction yield from 2009 keV to 123§Uch thatds is the count rate for t2he summing p(;,\ak [5]. The
keV of alpha energy with a Ge detector. In the second stage &ffiCiencies obtained afel0 x 10~ and1.01x 107~ at 1173
BGO scintillator was used to measure the reaction yield fronfd 1332 keV, respectively.

1700 keV to 1648 keV and from 1354 keV to 1150 keV of  Detector efficiencies were corrected for angular correla-
beam energy. Larger detection efficiency for the low yield afion effects [6], [7] as well. Let(0) be the probability per
these energies made up for the loss in energy resolution. THEM solid angle that two successive gammas are emitted from
last stage included gamma detection with a Ge detector arff€ Source atanange

was used to scan several times through the resonances found AN €xpansion ofu(0) is given by

in previous stages of the experiment. This allowed us to study 1 1
the thickness and stability of the target. On the other hand, w®) =1+ cos™(0) + 24 cos™(6) (10)
the 2 - 4.4 alpha beam was produced by the 4 MV KN Van pt a5 the detector has a finite size, then let us define the cor-
de Graaff accelerator at the University of Notre Dame. rection factoriV’ by

Two targets with a thickness of 25 keV each were pre- R
pared simultaneously by evaporating calcium fluoride onto W= fo 2mrw(6)dr (11)
tantalum sheets. One target was used for the first and second foR onrdr

parts of the experiment while the other remained wrapped ) ) )
in aluminum foil and then used in the last stage of the exVNereZ is the radius of the detector crystal. The actiiy
periment. Tantalum was selected as a substrate for evap8! the source in equations 7-9 was replaced/byVo with
rating the thin target layer for its high melting temperature’V = 1.09- The eff|C|2enC|es correct?fed for angular correlation
and, therefore, its stability at high beam currents. Aas¢  €ffects ard.06x 107 and9.7x 107" at 1173 and 1332 keV,

brass cylindrical scattering chamber was used for the expef€SPectively. _ ,
iment. The far end of the cylinder was tilted® from the The radioactive source proved to be ideal for the calibra-
beam direction and served both as a target holder and farad4¢" as the gamma produced g&%ﬁ_(avpﬂ) reaction has
cup. The scattering chamber and the detector were shield@ €nergy that falls between theCo lines.

with lead bricks to prevent environment radiation from being At these gamma energies the relation

registered. A liquid nitrogen trap was placed at the end of the loge = a(log E) + b (12)
beam line close to the scattering chamber and protected the
target from carbon build up. holds for the Ge detector used [8]. Herés the detection

efficiency, E is the energy of the gamma, aadandb are
constants. Therefore, the efficiency at 1274 keV can be in-
3. Reaction yield terpolated to givé®.98 x 10~3. The experimental data points
below E, =1.33 MeV were obtained with a BGO detector
The experimental yield” for gammas was obtained with  at the same position of the Ge detector used in previous runs.
The yield curve from the BGO was renormalized to match
Ny (0) , (6)  the germanium detector’s curve.
Npey The final yield curve is shown in Fig. 1.

where N, () is the number of events registered in the de-
tector, N,, is the number of impinging alphas, anglis the 4. Resonances and strengths

efficiency of the detector. Eight resonances can be identified for the gamma yield from
The efficiencye,, was measured by placing®Co source
¥y yP geCo the 1 F (o, p17)*>Ne reaction in the rangés,, = 1200 -

of known activity at the target position. A spectrum was taken ) .
and values of )\//vere obtaignedpfoE :1172 keV and 1332 1900 keV. To obtain the resonance strengths from the yield
keV. v K curve we need to consider that the target thickness may affect

the yield value. Corrections for target thickness are required
as well.

LetY be the thin-target yield (where the energy loss in the
get is much smaller than the resonance width) such that

The efficiency calibration with th&’Co source was cor-
rected for summing effects. Let; and A, be the count rates
measured for the peaks at 1173 keV and 1332 keV, respe%—ir
tively, Ny the activity of the radioactive source, andandes
the corrected efficiencies at both energies, respectively. If the dE (13)

probability of detecting a gamma from the source anywhere Y= 7T
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' T | ' | '
r TABLE |. Resonance energy versus strength from this work.
e-10r Resonance Energy Strength from this work
(keV) (eV) £20%
le-11{- 1270 0.04
1330 0.2
L 1372 0.3
o le-12— 1401 0.3
& 1462 21
L 1503 14
le-13 1668 2.7
1880 60
el TABLE Il. Resonance Energy versus strength from [1].
| Resonance Energy Strength from [1]
le-15|- (keV) (eV) £40%
12100 ' 14100 ' 16100 ' 18100 2000 1492 1.3
Alpha energy in lab (keV) 1507 0.26
FIGURE 1. Gamma-yield curve from® F(«, p1v)?? Ne between 1574 <0.7
1.1 MeV and 2.0 MeV of beam energy. 1879 <4
1884 27

wheredF is the projectile energy loss in the targetis the
stopping cross section, aads the reaction cross section. 5. Conclusions
To describe the yield for a thick target (where the thin-
target condition stated above is not fulfilled) the thin-targetWe found eight resonances for tHeF(a, p17)** Ne reaction

yield has to be integrated over the target thickn&ss for a beam energy between 1200 and 1900 keV, five of which,
o at 1270, 1330, 1372, 1401, 1462 and 1668 keV, had not been

Y (Eo) = / o(E) dE. (14) observed before. The resonance strengths were obtained.
Bo—n €(E) Interference between neighbor resonances could affect

the obtained strengths. An R-Matrix analysis of the yield
curve should help to reduce the uncertainties in our results.
Future plans include the study of tH&F (o, p;)??Ne and

Using the Breit-Wigner formula far (E) and assuming(E)
to be constant in the resonance region we get

Y(E) — X2 M4ml Y P(a, pg)?2Ne reactions in the same beam-energy region
(Eo) = ﬂ‘” M € and lower energies. Protons from the reaction could be de-
tected with several silicon barrier detectors at various angles,
Ey— Egr o— Fr—A oS
X |arctan T2 arctan T2 | (15)  so both strengths of the resonances and angular distributions

can be measured. We expect elastically scattered alphas to
Here E, is the energy of the projectild; is the natural reach the detectors with a higher rate than protons; nickel or
width of the resonancdy is the energy of the resonancey  gold foils in front of the detectors could be useful as shield-
is the strength of the resonanc¥, is the mass of the target, ing.
m is the mass of the projectile, andis the Compton wave- As calcium fluoride targets showed to be unstable when
length of the projectile.Eg, I', wy, and A were treated as they were left exposed to environment humidity, other exper-
parameters and the yield curve was fitted to the yield expresments should be carried with freshly-made targets or with
sion above. The strengths and resonance energies are shotangets being kept under vacuum or argon while not being
in Table I. Data from [1] are shown in Table II. irradiated with beam.
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