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The 8* decay half-lives of 22 neutron-deficient nuclei in the cobalt-to-krypton region have been measured
following the fragmentation of a primar{PKr beam at an energy of 73 MeV per nucleon. The half-lives of the
T,=—1 nuclei %Ge, ®As, and®Se are determined for the first time with valuegt29+35) ms, 18 5% ms,
and (33+12) ms, respectively. The impact of these results on the nucleosynthesis and time scale of the
astrophysical rapid proton-capture process are discussed.
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[. INTRODUCTION particular interest as these proton drip line, afidiuclei
might open up new capture branches for the RP process to
Nuclei close to the proton drip line with=30-40 are of synthesize heavier nuclei. On the other hand, the fact that
particular interest for the simulation of the thermonuclear®®Br [7] is unbound might significantly hinder the RP pro-
runaway on the surface of accreting neutron stars, observezkss to produce heavier nuclei due to the rather long half-life
as x-ray bursts[1]. The runaway is driven by the rapid (35.5 9 of ®Se.
proton-capture proces®P processwhich is described as a A particular case is the competition betwegmecay and
sequence of proton-capture reactions gndecays along the the two-proton capture. The production of nuclei heavier
proton drip line [2]. The runaway is halted by the thanA=68 in x-ray bursts can be strongly enhanced by the
Ni(p,y)->"Cu(y,p) equilibrium at peak temperatures in two-proton capture reaction of¥Se[3]. In this reaction se-
excess of 2 GK3]. During the subsequent cooling phase thequence, proton scattering dfiSe produces a small equilib-
RP process reignites and the reaction path is determined bjum abundance of proton-unbourfdBr nuclei [7], which
the competition of proton-capture reactions gl decays then capture another proton produciff(r. The 8 decay out
along theN=Z line up to an endpoint region in the Sn-Te of the N=234 isotone chain then occurs &Kr [8].
mass rang¢4]. It has been shown that such an RP process In the present paper, we report on half-life measurements
could produce the progenitor isotopes of the lightuclei  for proton-rich nuclei betweed =27 andZ=36 which are
(°#9Mo0,%%%%Ru) whose nucleosynthesis site of origin is still important in modeling the RP process through the thermo-
a matter of debatg5]. Such a scenario requires that a frac- nuclear runaway after reignition through tAi( p, y) reac-
tion of less than 1% of the processed material escapes thin.
gravitational potential of the accreting neutron star.
The detailed reaction path of the RP process depends on Il. EXPERIMENTAL METHOD
the masses of the associated nufEBi At the high tempera-
ture conditions of an x-ray burst, proton capture is typically The experiment was performed by means of the LISE
considerably faster than the competifgdecay; at the drip  spectrometef9] at GANIL. We used the fragmentation of a
line, further processing depends on tBedecay lifetime of ~ primary 73 MeV/nucleon’®Kr3*" beam with an average in-
the drip-line nuclei as compared to the cooling time of thetensity of 2 uA. Three different settings were used. In two
x-ray burst environment. Therefoggdecay lifetime studies settings, the secondary beam was produced in the SISSI-
are an important ingredient for determining the time scale foALPHA spectrometef10] with a 177.8 mg/crh thick car-
rapid nucleosynthesis processes. The RP process has reactye target combined with a thin degrader (st of beryl-
a waiting point if the cooling rate is distinctively faster than lium) at the LISE dispersive focal plane. In one of these two
the decay rate, the temperatures will be too low and furthesettings, the optimized fragment was the unbouifge
proton-capture reactions are inhibited by the large Coulomimucleus, while in the second case the optimized fragment
barrier. If the cooling is slow, the process continues beyonavas °Kr. Finally in the third setting, the secondary beam
the waiting point until it reaches eventually the endpoint re-was produced at the LISE target position with a 103t
gion of the rp-process where the remaining hydrogen fuel ishick beryllium target and the same degrader with the beam
burned by the Sn-Te cyclet]. line optimized for®%Kr.
Of particular relevance are thé=Z waiting points®%zn, At the final focus, the fragments were stopped in a four-
®4Ge, ®8se, and’Kr because of their relatively long life- element silicon telescopeee Fig. 1 The first element con-
times[6]. The observation of°Ga[7] and %°As is also of sisted of a 50Qum thick energy loss AE) detector. A
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Ton Implantation B decays were correlated with all previous implants in the
Radioactivity same pixel of the silicon strip detector dugia 5 speriod. To
obtain agB*-decay time spectrum, the time difference be-

o s e tween the ion implantation and any subsequent decay signal
Radioactive bea . . . ; e
in the same pixel was determined. Uncorrelated radioactivity
ToF events contributed to a constant background level in the time
4 A N

e spectra. The high background level in the decay-time spectra
B\Ve to comes from the fact that any decay event is correlated to any
AE XY implantation occuring prior to the decay event. Thus, a lot of

FIG. 1. The detection setup used in the present experiment con-\Nrong" Corr,elat'ons genergte a_ constant baCkgroum,j'
sisted of a four-element silicon-detector telescope with a double- Th? haIf-I!VeS of the radloactlve dec"?‘ys were obtained by
sided silicon strip detector of 300m as the implantation device. aPPlying a fit to the data with a function composed of an
exponential decay plus a constant background level. For nu-
aclei with short-lived daughters, the daughter decay was taken
Into account(see below.

As can be seen from Fig. 2, the separation between neigh-

500 um thick position-sensitive detector was placed behin
the AE detector. A double-sided silicon strip detector (16

X 16 stripg was used as the implantation device (30M). boring nuclei, especially for the energy loss, is not perfect.

Finally, at the back of the telescope, a fourthL8i detector, To get clean decay spectra in cases where neighboring nuclei

of thickness 6 mm, was used to discriminate against any, S . . .
X X . . X ave similar half-lives, only implantation events from the
contaminant lighter ions which reached the final focus. A

time of flight (TOF) for the fragments from the production lntegclr part of E[hetﬁE-r']l'%I:I.fzone fotr a given nuclide were
target to the silicon telescope was determined by measurinugsﬁ_he0 ?:Sn:r:? eE;( e?imin-tla?losvsgg La;”_"fe measurements of
the time difference between a fast signal extracted from th§2 diffe?ent nuclezr species. These data are summarized in
AE detectc_)r and the cyclotron_ radiofrequency. This ToF’Table I. They are compared with previously published ex-
:gge:]heetircV\rlilt?d;{theof?kleégé/i Iglses rl]na ttii (ijr?ttehcetolil ggg ;heec_perimental values and mean values have been calculated. Al
g gidity P 9 PECfits have been done using a correlation interval of 5 s. In the

trometer was used to obtain an unambigous identification in . . . .
. ) . ollowing sections where we discuss the results of different
Z and N for each fragmeni{see Fig. 2, using previously

. . groups of nuclei, shorter time intervals were used for pre-
described techniques’, 1] senting the results. Half-life values obtained in this work are

indicated in the figures.
I1l. DATA ANALYSIS AND RESULTS

The 8" decay half-lives of fragments were not deter- A. T,=0: %Co, %Ni, 58cu, ®zn, %2Ga, *Ge,
mined by the classical method, i.e., by switching off the 66As, ®8se, and "Br
beam after implantation of a fragment by a hardware trigger Half-lives of odd-odd N=2Z nuclei were used to deter-
[12], but we rather used a continous beam and determined

the half-lives in the following way. In the off-line analysis, mine the universaft value for Fermi superallowed transi-

; ; ; + +
cuts were applied to a two-dimensional particle identificationtIons [35]. After small corrections, the involved 'G-50

matrix of AE versus TOF. After an implantation, Subsequemf[ransmons can be used to test the standard model of the weak

interaction via the conserved vector curré8VC) hypoth-
esis. Ingredients for these tests are preQgevalues as well

3 . c : ' as high-precision partial decay half-lives. Although the high
2850 I 7 precision needed for these tests (1p has not yet been
° reached for all of these nuclei, the half-lives Yo, Cu,

2 6750 62Ga, %6As, and "°Br are known with a good precisidibet-

9 600 : ] ter than 102 except for Cu which due to itsT=0, I ™

=1" ground state has a longer half-life than the others
In the experiment we present here, the decay of these
B nuclei(see Fig. 3was used as a reference to test the analysis
550 | , TGe procedure of the current work. Our results for the odd-odd,
- SR N=Z nuclei agree for all cases with the literature val(see
Table ). However, only the nuclef’Ga and®As are pro-
duced with reasonable statistics to allow for a high-precision
AR - comparison. Our analysis yields half-lives of (112) ms
1100 1200 ) 1300 and (97-2) ms for Ga and®®As, respectively, which may
Time of flight a.u) e compared to the literature values of (116:1222) ms
FIG. 2. Two-dimensional identification plot of energy loss in the [15—17 and (95.7%0.22) ms[16,18. For *Co, **Cu, and
first silicon detector vs the TOF between the production target and "BY, the production rate was too low to allow for a more
the silicon detector. This plot corresponds to the setting®¥r  detailed comparison. For the lowZrauclei, the background
using the LISE target. increases, as the identification is more and more polluted by

500 |
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TABLE I. Summary of half-life values for isotopes witl,<0 betweenZ=27 andZ=36. Values
obtained in the present work are compared to results of previous work. The mean value is an error-weighted
average of the experimental data. For mean values with an asterisk, see the discussion in the text. The last
column gives the half-life values used previously in RP process network calculations. For some of the nuclei,
temperature dependant half-lives were ugEg] in the past.

Nucleus T, Previous values Present work Mean value Theoretical prediction
(mg) (ms) (mg) (m9)
%Co 0 193.28:0.07[14] 172+23  193.280.07 [13]
62Ga 0 116.41.5[15], 115.95-0.30[16],  114+2  116.10:0.22 116[3]
116.34-0.35[17]
66As 0  95.78-0.39[16], 95.77+-0.28[18] 97+2 95.79+0.22 96[3]
By 0 80.20-0.80[16], 78.540.59[18] 79+36 79.12-0.47 79[3]
53Co —1/2 240+20[19] 240+ 9 240+9 [13]
5N —1/2 204+ 3 [20] 196+5 202+3 189[3]
Scu —1/2 196.3-0.7 [21] 183+17 196.3-0.7 [13]
59Zn -1/2 182.0:1.8[22] 173+14 181.9-1.8 210[3]
61Ga  —1/2 150+ 30[23] 148+19 149+ 16 150[3]
8Ge 12 95722 [23] 150+9 142+8 95[3]
85As —1/2 190712023 126+ 16 128+ 16 190[3]
67Se -1/2 107+35[24], 60717 [25] 136+12 133+ 11* 106[3]
Ky —1/2 97+9 [26], 64'8 [25], 100+3 [27]  83+48 100+ 3* 97(3]
54N -1 106+ 12 [20] 103+9 104+7 100[28]
Sécu -1 95+ 3 [29] 82+9 94+ 3 10[28]
587n -1 86+ 18[30] 83+10 84+9 100[28]
50Ga -1 70+15[31] 70+13 70+10 20[28]
52Ge -1 129+ 35 110[3]
®As -1 1843 743]
66ge -1 3312 648[3]
Kr -1 57+21[32] 390[3]
57Zn —3/2 40+10[33] 37+5 38+ 4 [13]
81Ge -3/2 40+15[34] 36+21 39+12 40[3]

contaminants. FoPéCu, the longer half-life(3.2 9 spreads spectively. These values may be compared to our re@éts

the decay events over a longer time interval and makes ftig. 4) of (148+19) ms and (126 16) ms. A good agree-

more difficult to extract a statistically significant value with ment is achieved.

the present method. In the cases of°Co, %Ge, and®’Se, we obtain results
The even-everlN=Z nuclei in this region have half-lives which are roughly a factor of two more precise than previous

ranging from 17 s Kr) to 6.1 d (°Ni). For these long experimental results. Whereas f3?Co, we find a good

half-lives, our correlation technique no longer works and weagreement with the published valli9], the situation for the

should obtain flat time distributions as observed in Flg 3th0 other nuclei is more prob|ematic_ Our result BiGe
where all the time distributions are consistent with half-livesmatches the one of Winget al. [23] only at the 2r level.

much longer than our correlation interval. The present result fof’Se is in agreement with a measure-
ment from CERN[24], but in disagreement with an earlier

B. T,=—1/2: ®Co, *Ni, *Cu, *Zn, *'Ga, *Ge, GANIL measuremenf25]. A similar disagreement is also

*As, *'Se, and "Kr found in the case oflKr with two recent measurements

The T,=—1/2 nuclei ®'Ga and ®°As were identified as [27,26. (Due to the large error bar, our present result for this
key nuclei for the RP process. If they were unbound, thisnucleus is in agreement with all other valyealthough no
astrophysical process would be significantly slowed dowrspecific explanation for this anomaly was found, the earlier
due to the rather long half-lives 6fZn and®‘Ge[6]. Afirst ~ GANIL half-lives for ¢’Se, "Kr, and ">Sr are considerably
half-life determination for these nuclei was performed byshorter than all other half-life measurements for the same
Winger et al. [23] who showed that these nuclei are suffi- nuclei. We therefore indicate the values obtained in these
ciently bound to decay b" decay, so that the RP process measurements in Table |, however, we do not include them
would pass through them producing heavier nuclei. when determining average val(see Table)l

Winger et al. [23] measured the half-lives of'Ga and Finally, for 5°Ni, °'Cu, and %%Zn values in agreement
As to be T;,=(150+30) ms andT,,=190"3"ms, re-  with previous measurements have been obtained. The error
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FIG. 3. Decay spectra for tHE,=0 nuclei betweerz =27 and FIG. 4. Decay spectra for the,= — 1/2 nuclei. The half-lives of

Z=35. The decays of’Ga and®As are used as reference decays. the RP process key nuclélAs and®®As as well as for*Co, %Ge,
Although the error bars are larger, the results for the other odd-oddand 8’Se were measured with improved precision.

N=Z nuclei are also in agreement with literatisee Table)l The

even-even nuclei show a flat time distribution due to their half-life

beinkg much longer than the correlation interval used in the presentN(t) =yo+Ng
work.

Nor
ot
Ve hae 7%

@

1—

Ne M NG

1
N\

bar obtained for>Ni is comparable with a previous mea- . )
yvhereyo is a constant for the backgroundg is the amount

surement and demonstrates again the reliability of ou . X
gparent nuclei) ; is the decay constant of the parexy,is

present data, whereas in the two other cases, the error b%cLe known decay constant of the daughtefs the decay

re an order of magni larger than previous measure: : X :
?n:n?s order of magnitude larger than previous measu e’Eme, andr is the ratio of detection efficiencies for the parent

and the daughter decay. We assume thaptiefficiencies are

s 56~ 580 60~ 62 the same for parent and daughter and rsetl. The new

c. T=—1: "N Cu, Zn, "Ga, *Ge, half-lives obtained for’Ge and®®Se are (129 35) ms and
As, *Se, and "Kr (33+12) ms, respectively.

The nuclei®Ga and54As may also be important for the  The half-life of *Ni (Fig. 5) was also determined with the
RP process. As in the case ¥iGa and®°As, the RP process “parent-daughter” fit described above, because its decay is
could pass through these nuclei and proceed to highdpllowed by the decay ofCo. A very good agreement was
masses, if these nuclei are sufficiently bound to decagby found between the value deduced in the present work of
decay. The half-life of these two nuclei as well as the half-(103=9) ms and the value obtained by Reuseérl.[20] of
life of ®®Se observed for the first time by Winget al. [23] (106=12) ms. This result provides a good test for the

and of ®°Ge were not known before the present work. Theirdaughter decay fit

70 . . .
decay-time distributions are shown in Fig. 5 and the present The nucle_us_ Kr m|_ght be of prime interest for the RP :
experimental values are given in Table I. The result®a Process as |nd|cgted in the _Intrqductlon. The decay of this
' nucleus was studied for the first time by Oinoretral. [32],

of (70+13) ms s consistent Wl.th a recent GSl mea}sureme%here the authors obtained a value of the half-life of (57
of (70x15) ms from an experimeri81] conducted in par- +21) ms. The decay ofr is followed by the decay of
allel with the current work. The result fo¥'As (18°7°ms) 705, \vhich has a half-life of (78.540.59) ms. Due to poor
suffers from very low statistics, resulting in the rather largestatistics(see Fig. 5, a fit of the data with the correct curve
error bar. for a parent-daughter decay was not possible. However, it
The fit to the data for determining th&Ge and ®*Se  should be mentioned that, when fixing th&r half-life to
half-lives includes the decay of the daughter nu€i@a and  the value of Oinoneet al.[32], agreement with our experi-
66As, respectively. The time spectrum of teparticles due  mental data is obtained.
to the decay chaing’Ge—%Ga—5%2Zn and %°Se—®As Figure 5 also shows time spectra for the decay$°ciu
—5%Ge may be described as follows: and °%Zn with half-life values of (829) ms and (83
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The decay times are generated with a condition on events with
decay energies above 0.6 MeV involving oflp events(see text

0
0 1000 2000 0 1000 2000 0 1000 2000
time(ms) time(ms) time(ms)

-
o

(40=10) ms[33]. For ®'Ge, however, no fit was possible

§ 8 ) ; due to the combined effects of poor statistics and high back-

E 6| Tu=®02ms £ ground.

S 4 8 On the other hand, essentially background-free time spec-
2 i tra can be generated for these two nuclei with a condition on
ol e the decay energy selecting events with an energy above 0.6

0 1000 2000 0 1000 2000 MeV. In this case, the half-life can be determined by a

time(ms) time(ms)

single-component fit. We obtained a value of {3&1) ms

FIG. 5. Decay-time spectra for tHE,=—1 nuclei. The half- for 5!Ge in agreement with a previous measurement yielding
lives of the four nucle®Ga, ®%Ge, */As, and®*Se are determined (40+ 15) ms[34]. For °'Zn, the value obtained was (37
for the first time in this work(for ®°Ga see tejt All other results +5) ms, which is consistent with the one obtained without
are in agreement with previous measuremeseée Table )l energy condition. The decay curves and the half-lives deter-

mined with this second procedure are presented in Fig. 6.

+10) ms, respectively. These results agree with recent pre- Table | summarizes our present results and gives error-
vious work of (95+3) ms[29] and (86~ 18) ms[30]. weighted mean values for the half-lives of all nuclei with
T,=<0 in the region fromz=27 to Z= 36.

D. T,=—32: ¥zn and %Ge

57Zn and %'Ge are the most exotic nuclei produced in this

experiment. Both are knowga-delayed proton emitters with As shown in the preceding section the present results are
Bp branching ratios of larger than 65% infSNi and 80% in excellent agreement with other recent measurements. New
into 5%Zn, respectively. We observe these known decays ivalues have been determined f6e, %As, and®®Se. In the
our decay-energy spectra. Tig decay is followed by the following section, we will present the results of a theoretical
decay of a short-lived daughter nucleus. Therefore, the halfRP-process analysis to study the impact of the new decay
lives of these nuclei can be determined in two different waysrates on the nucleosynthesis and energy generation in an
(i) by fitting the B and Bp time spectra with the parent- x-ray burst. For this study we used the one-zone self-
daughter relation given above, but taking into account theonsistent x-ray burst model described in the literafd:8].
different detection efficiencies for parent and daughter deFigure 7 shows the temperature evolution of the burst with
cays and(ii) by gating on events with decay energies largertime. The temperature evolution is closely correlated with
than 600 keV only involving decays of the parent nucleusthe nuclear energy releapg8]. The thermonuclear runaway
(since the daughter does not emit delayed protdnsorder  causes a rapid temperature increase312 s after the begin-
to perform the first fit, we have to determine the efficiencyning of the calculation. The peak conditionstat314 s are
ratior as follows: determined by the*®Ni(p,7)-°"Cu(y,p) equilibrium [3].

The subsequent cooling phase is characterized by RP-process
@) burning beyond®®Ni until complete hydrogen depletion in

the Sn-Sb-Te cycle at~520 s[4]. The B decays of the

isotopes discussed here will affect the nucleosynthesis pat-
where P, is the branching ratio of th@p transitions,e, is  tern during the thermonuclear runaway phase of the burst
the proton efficiency of 100%, and; is the g efficiency  and at peak temperature conditions of the burst. Figure 8
which we determined to be about 12% by integrating theshows the reaction path and the reaction flow during the
number of counts under the exponential decay curve and thtgermonuclear runaway phase and the onset of the cooling
number of implanted nuclei for several isotopes. Then, thgphase of the x-ray burst in the mass range considered here.
respective values af for 5’Zn and ®'Ge are 0.06 and 0.03. The nuclei for which the half-life is determined in the
Using these values, we obtained a half-life of £36) ms for  present work are marked in dark gray. The figure demon-
5Zn which is in agreement with the published value of strates that the experiment has successfully investigated all

IV. ASTROPHYSICAL IMPLICATIONS

_ (1_PP)EB
Ppept(1—Ppeg’

r
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FIG. 7. Tempe.rature evolution during the thermonuclear run- £ 9. Apundance evolution of55Ni and 5657Cu isotopes
away and the cooling phase of a one-zone x-ray burst n{dd@l  qyring the peak temperature conditions of the x-ray burst shown in
Fig. 7.
the short-lived3* unstable nuclei along the RP-process path _
in the region betweed =27 andZ = 36. lifetimes for *°Cu, ®'Cu, >Ni, °%zZn, and ®°Ga had not yet

The most important parameters for studying the impact obeen included. To study the impact of the experimental re-
nuclear processes in nucleosynthesis scenarios are the assblts on the RP process, we have compared the RP-process
ciated overall energy release and the evolution of the isotopigredictions based on these new experimental data with those
abundances. The latter is more sensitive since it is directipased on the half-life predictions used for the past RP-
associated with the decay or reaction processes in questioprocess reaction flow simulatiorj8]. Many of the decay
Figure 9 shows the evolution of the isotopic abundances ofates of nuclei withZ<30 are based on the predictions by
the 5556 and 65°Cu isotopes during the peak of the burst Fuller, Fowler, and Newmafi.3] which in addition take into
temperature. account possible temperature dependent effects. The values

This evolution is determined by the interplay between thefor *°Cu, >Ni, °%Zn, and ®%Ga have been based on gross
B decays, proton-capture reactions, and inverse photodisitheory predictiong28]. The values for®*Se and"r are
tegration processes at rapidly changing temperature condpased on more recent shell model calculati@}sExcept for
tions. At peak temperatures most of the,¢) and (y,p) the cases of°Cu, *As, ®%Ga, ®°Se, and’%r the theoretical
reactions are in equilibrium and th&"-decay lifetimes de- predictions are in reasonable agreement with the present ex-
fine the time scales of nucleosynthesis evolution. perimental values. Therefore, no appreciable difference is ex-

While most of the previous experimental lifetimes hadpected in the RP-process abundance and time scale simula-
already been implemented in the reaction rate libraries fotions for most of the nuclei studied here.

RP-process studies befdi4], the more recent experimental ~ The case is different where substantial discrepancies exist
between the predicted and the observed half-lives. In the case

of "%r a detailed discussion about the reaction flow impli-
cations of the experimental results has been given in the
paper by Oinoneret al. [32]. Similar results have been ob-
served here. In the present discussion we will therefore focus
on the implications of the new half-life measurements in the
mass 56 to 65 range. The experimental half-life%€®e is
considerably shorter than predicted. However, no conse-
quences for reaction flow or nucleosynthesis could be ob-
served since the time scale and the abundance evolution in
this mass range is dominated by the long half-liveie

—  Flux > 10% and %8Se towardsB decay and two-proton capture. Also in
....... Flux 1 -10% the case 0f°Ga, no distinct feature could be observed which
is explained by the fact that’Ga is not produced in appre-
ciable amounts by thé®Zn(p,y) reaction because of the

FIG. 8. Results of a RP process network calculation showing th?redicted low proton binding energy 8fGa. The reaction
mass flow in theZ=20 to Z=36 region during the peak tempera- Path therefore bypasséSGa through the3™ decay of>°Zn
ture phase of the x-ray burst. Stable nuclei are marked in light grajf0 >°Cu with an experimental half-life in good agreement
The nuclei marked in black are the main waiting points along thewith the predicted value.
RP-process path in this mass range. The present experiment has Changes, however, can be observed in the abundance evo-
determined the lifetimes of the isotopes marked in dark gray.  lution of *Cu, ®’Cu, and**Ni, °®Ni (see Fig. 1D Devia-

. exp. half-life i)

Br (35)

Se (34)
. . As (33)
waiting point Ge(32)
Ga (31)

2Zn (30)
Cu (29)

stable isotope

Ni (28)
Co (27)
Fe (26)
Mn (25)
Cr (24)
V (23)

Ti (22)

Sc (21)

Ca (20)
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but have no impact on the temperature and energy generation
in the final phase of the x-ray burst.

The experiments have reduced the previous uncertainties
and improved the reliability o3-decay rates along the RP-
process path. The comparison between simulations based on
the previously adopted rates and the new experimental rates
shows only miniscule consequences for the nucleosynthesis
predictions and no major impact on the overall temperature
and luminosity evolution of an x-ray burst. The reduction in
uncertainty, however, puts these model predictions on con-
siderably firmer grounds.

10

.---
i

—— e e =

0.1

V. CONCLUSION

E o]
300 400 500 600 700 800 900 1000
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) We have determined the half-lives of 22 nuclei produced
time [s] by projectile fragmentation of &®Kr beam at 73 MeV/
i . ) . nucleon using the LISE3 separator at GANIL. The half-lives
FIG. 10. The figure shows the ratios of the isotopic abundanc%f 62Ge. 64As. and %6Se are obtained for the first time. For
predictions for*Ni, **Ni, **Cu, and*"Cu derived on the bases of almost ,all otﬁer nuclei, a very good agreement Was. found
the presenp-decay rates and the previous rates shown in Table | a?)etween previous W0rI,< and {h(g prese?]t data. For most of

a function of time. - . -
them, the precision could be improved. The half-life values

tions in the56Cu abundance show up in particu|ar in the VeryOf all the nuclei are now precise enough in order not to affect
early phase of the burst, but more importantly within the firstthe RP process network calculations in a major way.
second of the runaway phase:(312 S). During that short Nonetheless, higher'prECiSion values mlght be obtained
time period the higher production ofCu is in principle by increasing the rather loy@ detection efficiency. Using

correlated with a lower production i?PNi. This, however, is ~ thicker(1 mm to 1.5 mny high-quality silicon strip detectors
not reflected in the figure since the bulk ¥Ni produced at Which are now available, efficiencies close to 100% may be

that time results form prerunaway proton Capturesﬂ.rce in reached. In addition, it seems that at these intermediate en-

the accreted material. During the subsequent cooling phas¥dies the production of proton-rich nuclei is enhanced when
some deviations can be observed but it becomes again mo#sing a fragmentation target of nickel favoring thus proton-
significant after the depletion of hydrogen towards the end offansfer reactions from the target nuclei to the projectiles. In
the cooling phase. fact, despite the hlgh.er primary-beam mtgn:{ﬂjaout a fac-
The increase if®Cu abundance during the early momentstor of 2), the production rate for proton-rich fragments was
of the runaway is due to the fact that &< 0.5 GK the much lower(about a factor of bthan in our previous experi-
56Cu(p,y)5Zn  reaction has not reached the Ment[7].
56Cu(p, y)->"Zn(y,p) equilibrium. Because of the high Cou-
lomb barrier for proton capture, th8"-decay of °Cu is
much faster. Since the new experimentéCu(g8* v) rate is We would like to acknowledge the continous effort of the
significantly slower than the previously used gross theoryGANIL accelerator staff to provide us with a stable, high-
prediction, the use of the new decay rate causes enrichmefitensity beam. We express our sincere gratitude to the LISE
in *°Cu and a lower abundance of°Ni until the staff for ensuring a smooth running of the LISE3 separator.
*Ni(p,y)->"Cu(y,p) equilibrium is reached which balances This work was supported in part by the ConseilgReaal
the abundances. The deviations’iNi and *°Cu abundances d'Aquitaine and the European Community under the Access
at the time of rapid hydrogen depletion is due to the fact thato Research Infrastructure action of the Improving Human
the equilibrium abundance8 decay towards the drip line. Potential program. P.H.R. ackowledges support from EPSRC
The deviations are due to the difference in prelecay rates  (UK).
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