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1. Introduction

Classical novae are relatively common events in our galaxy with a rate of gpde year
detected. Present understanding is that novae occur in interacting byséems where hydrogen-
rich material accretes on a white dwarf from its low-mass main-sequenceacdonp At some
point in the accretion of the hydrogen-rich matter compresses leading toactheclear runaway
[M]- An understanding of the dynamics of nova outbursts and of the osyehesis fueling them
is crucial in testing our understanding of the dynamics of stellar phenomegenigral. Novae
are relatively frequent phenomenon and they are observed throutiteowhole electromagnetic
spectrum and therefore the models can be compared more easily with tieatibss. If nova
ejecta have short-lived nucled®Na (T2 = 2.6 y) in large enough quantities, it can be observed
by space-based telescopes through its characteyistig following 3 decay. Non-observation of
this y-line constrains the amount &Na produced in the novae, setting also limits for key reactions
that take place in this mass region.

Many H-burning reactions important here are dominated by resonatireapThe key pa-
rameters in understanding the astrophysical reaction rates are theesraamg decay widths of the
associated nuclear states near the particle separation threshold of theucohmucleus formed
in the capture reaction. One of the key reactions that possibly deplete ttedletd NeNa-cycle
(and thus??Na) and for which the reaction rates are known with large uncertainties istie-
tive proton capturé®Na(py)>>Mg. The rate of this reaction is dominated by the radiative proton
capture through low-energy resonances which correspond to titedestates irf*Mg nucleus.
This reaction has been studied in challenging direct measurenjenfs [2 wéllass in indirect
measurements, includin§decay studied]9] 6].

The relevant excited states3fMg are populated in thg-decay of3Al. , following a decay
by both proton oly-emission. Earlier works on th@-decay of?*Al show contradicting results for
the lowest states above th&Na+p threshold[[5[]6] The scope of the present work is to solve this
controversy and to deduce the absolute proton-decay branching fratioghe excited states of
23Mg by combining our data to existing decay ddia[[7, 8].

2. Experimental technique

The B-decay of3Al was studied at Cyclotron Institute of the Texas A&M University. In this
experiment th&3Al beam was produced in inverse-kinematics reactid(?*Mg,22Al)2n by bom-
barding a hydrogen gas target wittMg beam at 48 MeV/u. The recoil products were separated
and with the Momentum Achromat Recoil Separator (MAR$) [9], resultinganbof2Al with
typical intensity of 4000 pps and purity of better than 95%.

lons of interest were implanted int a detector setup consisting of.ia@@ouble-Sided Sili-
con Strip Detector (DSSSD), a 1 mm thick Si-pad detector and a high-purityaggum (HPGe)
detector. The beam implantation depth was controlled by using a rotatabler30% degrader,
allowing us to tune the beam into the middle of the DSSSD. Overview of the setupsisatied in
Fig. [1. The beam was pulsed with implantation period of 1 second and deciay pf 1 second
and the data was collected only during the decay part.
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Figure 1. Experimental setup at the focal plane of MARS. Beam entexsktamber from right, through
the tunable aluminum degrader and finally into the deteettupsconsisting of a DSSSD backed with a thick
Si-pad detector. The HPGe detector was installed outselenfasurement chamber.

The particle detectors were calibrated online with secondary beaffislaf?!Mg, 22Mg that
were available from same primary beam and target combination. The gemmaeiector was
calibrated with standard calibration sources and checked onling¢itibeam. Both, the DSSSD
and the HPGe were gated with tBespectrum from the Si-pad detector. As the DSSSD used had
fairly large pixel size, thg8-response extends up to about 500 keV even with a pure source. The
meaningful low energy protons are on top of this background (e.g. tighthef the continuum
at 300 keV was comparable to the major proton groups shown in[fFig. 2) asdotickground
subtraction has to be used. This can be done by measuring the fesponse from the detector
by using an implanted source that does not emit any other charged paaticiethen reducing
this contribution from the actual data set. In this casefh@sponse was measured wftiMg
available in the same cocktail of produced ions. The meagBiguectrum was smoothed to get rid
of statistical fluctuations and then scaled so that it matchetffiespectrum around 150 keV. The
resulting background reduced spectrum with a comparison to spectoamef. [6] is illustrated
in figure[2.

3. Resaults

The measured energy of the spectrum is sum of the energies of the emitted, the recoil
and average energy deposited by the precefiiparticle:

M
Emeas= (1+ K- Mrepc > ‘Ep+Ep), (3.1)
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Figure2: The background reduce@tdelayed proton spectrum from this work compared agairssjiec-
trum from Ref. []5]. The data published in Reﬂ [6] is multgadi by factor of 15 to bring it up to same scale
with our data.

wherek denotes the fraction of the recoil energy that is actually deposited to thetaledeie
to ionization and, andMec are masses of proton and the recoil, respectively. The intensities of
the acquired proton peaks is normalized to the simultaneously measured intérty keV y-
transition. These relative proton intensities are converted to absolute pnteasities with known
absolutey-intensity for the 451 keV transitiorf][8]. Figuf¢ 2 shows that our resukéagloser to
the results from Ref[[6], but still with somewnhat larger intensities for thesfosnergy protons.

The determined emitted proton energy (in CMS) for the lowest proton gro6f12) keV,
combined with theS,(¥*Mg) = 7580.9(7) keV [[10 £32] indicates that these protons are coming
from 7788(11) keV state iA3Mg. This corresponds to a known (7/2ptate at 7785.7(11) keV
[, 3] that is located 16 keV below the IAS. This is also more plausible asdtisaspin forbidden
as the decay/capture through the IAS.

The typical peak temperature of ONe nova is 0.1-0.4 GK anddNea(py) reaction rate de-
pends on narrow isolated resonances in this region. The observBd’{I’B keV state is located
in this energy window (e.g. at 0.3 GK the Gamov window is 170-360 keV) aadi¢termined
proton decay branching ratio (0.32(6) per 100 451 kekays) can be used in combination with
the y-decay branching ratio$][8] and the level life-tinie][14] to determine thenaeste strength
wy for this resonance. Our resulty = 1.4(5) meV agrees to the old value 1.8(7) meV from a
direct measuremenf][3], but disagrees with the recent vaIue?C_Sﬁ:g meV [B]. Our value does
not make significant change in the reaction rate presented in the compi[dgipbyiLconfirms and
reduces the uncertainties. If the Also, to our knowledge, this state is onetmnd case known
in literature for which both the gamma and proton decay branches areveti$eliowing 3 decay,
the other case being in a state’tcl [[L5].

4. Conclusions and outlook

We have measurefi-delayed protons from decay 6fAl and determined absolute proton
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branches of excited states ab<ﬁf§{23Mg). From the our decay data, it is clear that there is no
exceptionally large proton branching from the 1AS%#Mg and the lowest energy proton group
from the B-decay is actually from a state below the IAS. Our decay data completesahieeick
indirect data to evaluate the resonance strength of the 7787 keV resoingdNa(py) reaction
taking place in ONe novae. Our result for the resonance strengthsagredd value from direct
measurement, but disagrees with the newer value reported in this cadefidre setup described
here has been used already in studigg-diecay off2Cl and?°Mg and more experiments are being
planned.
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