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The masses of neutron-deficient nuclei close to A=80 areiitaptfor modeling the astrophysical
rapid proton capture process (rp process) [1]. The rp pmoesurs as a sequenceff-decays
and proton captures in various astrophysical sites, sucim éise surface of an accreting neutron
star. The rp process flows close to the N = Z nuclei up®di. At higher masses, the path will
broaden and shift by about one or two units towards stabl&ehuc

The decay properties of several neutron-deficient nuclar #e&=80 have been studied at the
IGISOL facility in a series of experiments [2]. These invgations are now extended to pre-
cision mass measurements of the nuclei. The mass@§Yt-8283y, 83848586887 85868788\
and?%°8Mo have been measured in the precision trap of the JYFLTRARiRg trap at IGISOL.
The mass of*Zr has been measured for the first time. The accuracy of grev@lues and proton
separation energies, which are important for the rp proaasdd be improved significantly for
the studied neutron-deficient nuclei.
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1. Introduction

The rp process is mainly determined by nuclear massegartkecay half-lives of the nuclides
on its path [3]. The theoretical mass predictions for the nuclides in the A 2@i0m give too high
uncertainties for the rp process calculations and therefore, reliabézimgntal data on masses are
needed. The rp process models depend critically on the Q values fongrapdures which drive
the path towards the proton drip line until a waiting-point nucleus is readneatder to estimate
the proton capture rates, the masses and excitation energies shoulavrddeatter than 10 keV [4].
Recently, 13 neutron-deficient isotopes of Y, Zr and Nb approachimg th N line were measured
using the JYFLTRAP Penning trap setup at the IGISOL facility. These diditpravide important
contribution to more reliable predictions of binding energies at main rp-psaueslei.

2. Experimental method

The neutron-deficient isotopes were produced BySabeam from the Jyvaskyld K-130 cy-
clotron impinging on an enricheFe or"®Ni target. The reaction products were stopped in a gas
cell and extracted as singly-charged ions, which were mass separa&®ibending magnet [5].
The beam was cooled and bunched in an RFQ-cooler/buncher [6]amfdrred into the first of
two Penning traps housed in a 7 T magnet. After isobaric purification [7]iothewere injected
into the second trap, where the actual mass measurement was perforsehhing the ions’ cy-
clotron frequency and using the time-of-flight technique [8]. The RF@tha two traps are shown
schematically in fig. 1.
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Figure 1: The RFQ-cooler/buncher and the 7 T magnet housing the twoiRgtraps.

3. Therp process

The rp process occurs in a sequence of proton capture8 ailitcays in various astrophysical
sites, such as on the surface of an accreting neutron star (see, B-grhBflow of the rp process
follows a path close to the N = Z nuclei up¥&Ni. At higher masses, the path broadens and shifts
by about one or two units towards stable nuclei. The path is wider for ssatlyburning (e.g., in
X-ray pulsars) than for X-ray bursts. Regardless of the burning, tyygerp process can proceed up
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Figure 2: The rp process path for relevant nuclei in steady-stateibgmronditions

to A=100 ending in a closed SnSbTe cycle [9].
The part of the rp process relevant here is depicted in fig. 2

4. Analysisand results

4.1 |someric states

Several of the measured nuclides have isomeric states. The observati@s® isomers is
experimentally limited by the half-life, the excitation energy and by their relatreelyction rate
(isomer ratio). With typical production rates in this experiment, isomers with adifelbf less than
500 ms could not be measured due to the excitation time of 900 ms in the precigpi@amtra total
cycle time of~ 1.5 s. The FWHM of the time-of-flight resonance was about 1.2 Hz, autal@0
keV in this mass region. Due to these limitations, only the isomeric staf®¥,dt°Zr, 8Nb could
have been observed. Larger frequency ranges were scanned @ $econd resonance. Since in
all of these cases only one state was observed, it is not possible to detevh@ther the measured
nucleus was the ground state or the excited state. From previous decasospopy ([2] and [10])
at HIGISOL, the isomer8o™Y, 8Mzr and8™Nb are less produced than the ground state. These
production ratios support the conclusion that we have really measureudbed state masses.

4.2 Results

The obtained mass excesses of the studied nuclei are shown in fig. 3difarence of the
new value and the literature value.

5. Conclusions

Almost all of the studied nuclides lie on the path of the rp-process and apb/éazin the
proton captures. The masses of these nuclides have been measuredoeithiaties of less than
10 keV required for detailed rp-process calculations [4]. Large dievia (several hundreds of
keV) to the adopted AME values have been found except®dr 8485887 and 88Nb which all
agree with the AME values. The proton separation energieals® differ from previous values;
for the Nb isotopes they are smaller than predicted by up to 800 keV. Eaev&ue for®*Zr and
Sp values for?*Zr and®Nb have been determined experimentally for the first time.
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Figure 3: Results as the difference of the mass excess as measuredrbhyRXP and the literature value.
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