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Abstract

The new proton radioactivity 155Ta has been observed. It was produced
via the p~n fusion evaporation channel using a 58Ni beam on a 102Pd target.
The measured decay properties were: EP = (1765+10) keV and t112 = (12~j)
ps. Using the WKB approximation a spin and parity of J“ = 11/2- and a
spectroscopic factor of S~P = 0.58z~:~~ were determined.

Nuclear structure. studies of nuclei beyond the proton drip line have been in-
tensively pursued lately. Many new ground-state proton emitters have been found.

In addition, in-beam v-ray studies using the Recoil Decay Tagging (RDT) method
have been performed or are planned for a number of these nuclei. The proton
decay energy yields the mass difference between the initial and the final states,
and combining it with the partial proton decay half-life, one can obtain the total
angular momentum change in the decay process. So far direct proton decays have

been investigated for nuclei 50<2<84 beyond the proton drip line. Below Z = 69
the proton drip line nuclei are predicted to be well deformed, while the heavier ones

are predicted to be at most slightly deformed [1]. The WKB barrier penetration
approximation combined with a low-seniority shell-model calculation of the spec-
troscopic factors have successfully reproduced the proton decay rates when applied

to spherical or at most slightly deformed nuclei [2], [3]. In these calculations the

model space consists of 18 particles in the degenerate sl/2, d3/2, and hll/2 proton
orbit als above the magic core 64, with neutrons considered to be spectators. In

the case of well-deformed nuclei a more complex method using the Nilsson model
has recently been developed and applied [4], [5]. For more details, see also the
contribution of Sonzogni at this conference. In the present paper, the discovery of

*55Ta82 will be presented and discussed.the proton-unbound closed shell nucleus 73

The proton rich nucleus ‘$jTa82 was produced via the pdn fusion evaporation
channel using a 58Ni beam on a ‘02Pd target. The beam was delivered by the Ar-
gonne ATLAS accelerator, and bombarding energies of 315 MeV and 320 MeV were
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DISCLAIMER

This repoti was prepared as an account of work sponsored
by an agency of the United States Government. Neither the
United States Government nor any agency thereof, nor any
of their employees, make any warranty, express or implied,
or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or
any agency thereof.
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coupling coefficient shifted flom 1 (critical coupling) to
around 1.5 (over coupled). The frequency shift is
correctedback to 1.3 GHz using the tuner.Figure2 is the
measured plot in atmosphere and room temperature fhm
the HP 85 IOC network analyzer after the cavity is
installed and tuned at ANL. The measured unloaded
quality factor is around 13000. The URMEL prediction
for the unloaded quality factor is around 15000.
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Figure 3: Measured resonant frequency to the tuner
position.
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Figure 4: Measured resonant flequency to the cathode
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Figure 5: Longitudinal E-field profile on axis.

Figure 3 shows the measured flequency response to the
tuner position (tuning rate is around 1.8 MH#cm) and the
tlequency response to the cathode plug position (tuning
rate is around 3 MHz/mm) is shown in Fig. 4. Since the

fkequency is very sensitive to the cathode position, we use
the tuner to fme tune the frequency.The cathode is held
flushwith the cavity inner surface to avoid arcing due to
discontinuity.
A ceramic bead of 2 mm diameter was used to perform

the bead pull measurement. Figure 5 shows the
longitudinal E-field profile along the central axis of the
cavity from the bead pull measurement results and the
URMEL prediction.
A pair of solenoids were also designed, constructed and

measured at SRRC. The measured magnetic fieid profile
is in close agreement with the POISSON calculation, as
showninFig. 6.
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Figure 6: Longitudinal solenoid field profile on axis.

3 EXPERIMENTti SETUP

The layout of the L-band rf gun test stand is shown in
Figure 7. The whole system was fmt assembled and
vacuum tested at SRRC and then shipped and installed at
ANL, by SRRC and ANL staff in May, 1998. Two
Molecular Drag pumps (16 CFM) and two oil free
magnetic suspension Turbo Molecular Pumps (400 I/s)
were used for roughing and baking (to 150 El). Two
sputtering ion pumps (60 L/s) and one Non-Evaporable
Getter (NEG) pump (500 Us) were used to reach a base
pressure of around 1.6 nTorr and maintain the pressure at
around 13 nTorr during conditioning of the cavity.

Layout of the L- B8nd(l 3CHZJ RF Gun Test Stand

&

Figure 7: Layout of the L-band rfgun test stand.
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4 INITIAL HIGH POWER TEST RESULTS

RF conditioningof the gun was proceeded smoothly.
Duringthe conditioning,the vacuum was kept under50
nTorr and the occurrencesof breakdown were kept to
minimum. The forwar~ reflected rf power and dark
currentwerealsomonitoredcontinuously.Figure 8 shows
the forward power to the gun with peak power of 2 MW.
Figure 9 gives the reflected rf power and it shows that
almost no detuning of the gun due to the dark current.

In fact, because this gun was over coupled after brazing,
the loading ffom the dark current will help it to go toward
critical coupling to some extent. Since the field monitor
was not available yet for this test one can only estimate
the surface field using the rf reflection coefficient and
dark current. For 2 MW forward power with no
reflection, we have estimated the surface field at cathode
center to be at 100 MV/m [2]. This is above our designed
value of 92 MV/m. Figure 10 shows the dark current
transported out of gun versus the stiace field. It cieady
shows the exponential dependence of the surface field.
Below 70 MV/m, no significant dark current was
observed. However, it goes up quickly as the surfhce field
increases. At 100 MVhn, dark current is about 13 nC per
rf pulse, in comparison with the original AWA gun which
is 40-60 nC at -60 MV/m.
Further rf condhioning is required to fhrther reduce the

dark current and to attain hi~er axial electric field. This
will be performed in the nem-future.

Figure & Measured forward rf power to the gun. The
voltage measures 2 MW rf peak power.
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Figure9: Reflected rf power ;om the gun. It shows that

after the gun was filled, no reflection was observed.
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Figure 10: Measured dark current at the down stream
against the surface field. It shows the exponential
dependence and the maximum dark current “observed was
13”nCat 100 MV/m.

5 suMMARY

The first L-band rf gun cavity resulting from the joint
collaboration between SRRC and ANL are constructed,
installed and conditioned. The high power test results are
very encouraging. Input rf power was applied to the
resonant cavi~ from 100 KW level to 2 MW level within
two days. Accelerating gradient in excess of 100 MV/m
on the center of cathode was verified. The dark current
measurement results show little effect of beam loading at
this power level.

Further rf conditioning will be done in the near fhture to
fkther reduce the dark current and increase the surface
field to 120 MV/m, which will significantly improve the
performance of AWA.
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