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First search for 1%Be

T. Baumanrt* N. Frank! B. A. Luther®' D. J. Morrissey;? J. P. SeitZ, B. M. Sherrill:* M. Steiner! J. Stetsor,
A. Stolz! M. Thoennesseh? and I. Wiedenhoer'*
INational Superconducting Cyclotron Laboratory, Michigan State University, East Lansing, Michigan 48824-1321, USA
2Department of Chemistry, Michigan State University, East Lansing, Michigan 48824, USA
3Department of Physics and Astronomy, Michigan State University, East Lansing, Michigan 48824, USA
(Received 11 December 2002; published 23 June 003

In order to determine the position of the neutron driplineZer4, a primary beam of’Ar was accelerated
to 140 MeV/nucleon using the newly completed Coupled Cyclotron Facility at the National Superconducting
Cyclotron Laboratory at Michigan State University. Neutron-rich fragmentation products emerging from a
beryllium production target were separated with the A1900 fragment separator. The isbfbfaes® L,
121Be, 17198, and?°C were identified using time-of-flight and energy-loss information, but no everfBef
were recorded.
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The recently reported emergence of new shell structuresnergy of 12.3 MeV/nucleon in the K500 cyclotron. The
in very neutron rich nuclei initiated the reevaluation of thebeam was then transported through the coupling line to the
binding energies of nuclei along the neutron dripliig The  K1200 cyclotron, where it was radially injected with an in-
new shells might be responsible for the fact tRé® is un-  tensity of 4.2<10'°s™*. A 0.2 mg/cnt carbon foil in the
bound while3IF is still bound. Revisiting even lighter nuclei, K1200 injection line completely stripped thé°Ar ions
it could be possible that®Be is bound. which could finally be accelerated to the full beam energy of

The last Be isotope known to be bound'f8e. The next 140 MeV/nucleon. The beam was extracted from the K1200

. - - 71 -
heavier Be isotopelSBe, is unbound with respect to one- With an intensity of 9.% 10°s™* and directed onto a
neutron emission!Be is predicted to be bound regarding 1455 mg/cr beryllium target at the entrance of the A1900

one-neutron emission, with a one-neutron separation ener gment separatg[tiO]. The th|ckne%280f the productl_on tar-
of 1.828 MeV([see Fig. 1a)]. However, ®Be might be un- et was cho'sgn in order to producEBe at the maximum
bound regarding two-neutron decay. Early predictions pIaceH1 agnehp rigidity of the A1900 fragmept separator.
. The first half of the separator up to image 2 was set to the
the two-neutron separation energy-a2.98 MeV[5]. - e b P ge < :
. maximum rigidity of 6.00 Tm. At the second intermediate
iy So far t.here hgve .been .n-o experiments that sgarched f%age, the dispersive plane, a thin (327 mgkmlastic start
Be and its particle instability has not been confirmed ex-yetector as well as an achromatic wedge-shaped plastic de-
penm_entally. Previous measuremelrgns of light neutron—rlchgr(,ider (971 mg/cR) were installed. The momentum accep-
ggg'e' that were able to.deteéﬂF, B, and searched for tance wast2.5%. The magnetic rigidity of the dipole stages
%0 [1,6-8 were not aimed at detectintfBe. after the intermediate image was set to 5.6719 Tm, according
According to a mean-field and shell-model configurationto energy loss calculations fdfBe usingLise++ [11-13.
mixing calculation that has recently been undertaken byrhe magnetic rigidities of the fragment separator were veri-
Brown [3], the two-neutron separation energy’8Be is only  fied by measuring the magnetic fields with NMR probes.
about—628 keV[4]. The detector set at the focal plane comprised a 5
The same calculation predict$8 and #2C to be unbound x5 cn? 500-um-thick silicon detector for the energy loss
as well[see Fig. 1b)]. These nuclei, however, already have measurement and a 10-cm-thick plastic scintillation detector
been measured and are confirmed to be bdé@1]. This  for the total particle energy.
comparison opens the questionfBe could be bound as A complete and independent particle identification was
well, despite having been predicted to be unbound. achieved at the intermediate image and at the focal plane by
The experiment was performed using the Coupled Cyclodetermining the mass-to-charge ratio with measurements of
tron Facility [9] at the National Superconducting Cyclotron the particle velocity and the particle charge with energy-loss
Laboratory at Michigan State University. A schematic view measurements.
of the facility is shown in Fig. 2. The superconducting ECR  For the identification at the intermediate image, we used
ion source delivered a beam 8%Ar’* with an intensity of  the cyclotron’s RF time signal and the thin plastic scintillator
4.4x 10" particles per second, which was accelerated to atime to deduce the particle velocity. The energy-loss signal
of the scintillator was used to deduce the particle charge. The
particle velocity at the focal plane was calculated from the
*Electronic address: baumann@nscl.msu.edu time of flight between the image 2 plastic scintillator and the
TOn leave from Department of Physics, Concordia College, Moorthick plastic scintillator at the focal plane. The charge was
head, MN 56562. deduced from the energy loss signal in the silicon detector.
*present address: Department of Physics, Florida State University, The events in the image 2 identification plot are highly
Tallahassee, FL 32306-4350. correlated with those in the focal plane identification plot.

0556-2813/2003/66)/0613033)/$20.00 67 061303-1 ©2003 The American Physical Society



RAPID COMMUNICATIONS

T. BAUMANN et al. PHYSICAL REVIEW C 67, 061303R) (2003
10 L e e e e N B e
16 ‘ 3
s ] 4k (b) 1 5
E -
e} 1 3 |
50 .
<t 1 =% 3
S, | &Lk N
o5 “F Ba ]
2 B n\\ I
0 £ N\ﬂ ]
ok N
F a0 o \51 ]
2L ] 2 } 16ge 198 22¢ 25!:! ‘SO _:
7 S O O MO O SO I

|
8 10 12 14 16 18 20 22
N

-
J
N
B -

FIG. 1. Neutron separation energies for selected nu@gione-neutronsquares and two-neutror{circles separation energies for Be
isotopes. Filled symbols are according to measured vdRle®pen symbols are from calculatiof3,4]. (b) Comparison of two-neutron
separation energies from experimetfiited symbolg [2] and from a mean-field and shell-model configuration mixing méaleén symbols
[3.4].
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TABLE I. Comparison of production cross sections 6B and
1%Be in projectile fragmentation of°Ar on a beryllium target.

tripping production Isotope EPAX 1.0[14] EPAX 2.15[15] Experiment 1]
i target (mby) (mb) (mby)
R A1900
98 2.35<10°° 2.13x10°8 4.86x10°7
FIG. 2. Schematic view of the experimental setup showing theleBe 1.40<10°5 2 41x10°7

ion source(SC-ECR, the two cyclotrongK500 & K1200), and the
fragment separatqiA1900).
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25 45 FIG. 4. Calculated magnetic rigidities of tHéB and *Be iso-

topes:(a) after the production target an@) following the achro-
matic degrader. Dashed lines indicate the momentum acceptance of

FIG. 3. Particle identification plot measured at the focal planethe first and second separator stage, respectively. The momentum
using energy-loss and time-of-flight data. While 15 counts can belistributions and ion-optical transmissions were calculated using
attributed t0'°B, no events for*®Be were recorded. LISE++ [11-13.
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Particles that underwent charge-changing reactions at the iff-he calculated transmission through the separator is approxi-

termediate image were excluded. mately 2.8% for ®8e and 3.8% for B, according to
The focal-plane particle identification plot is shown in (ise++. This should still leave us with roughly five to eight
Fig. 3. In this plot, we can clearly identiff®He, ®™Li,  times morel®Be than°B. However, while we detect fifteen
1218e, 1718, and °C. No counts for'*Be were recorded. counts of°B, no counts for'®Be were recorded.
We used the simulation codese++ [11-13 to calculate The fact that'®Be was not detected leads to the conclu-

event rates taking into account extrapolated production crossion that it is unbound. The location of the neutron dripline
sections(EPAX 1.0 [14] and EPAX 2.15[15]) and ion optical has been unambiguously determined Zor 4. A recent un-
transmission. Table | lists production cross sectionsf®  successful search fo#'B establishest®B as the last bound
and **Be from “°Ar on a beryllium target at relativistic en- boron isotopd16]. Thus, the change of the shell structure for
ergies. Figure 4 shows the magnetic rigidities directly behincheutron-rich isotopes has not led to any previously unex-
the production target and behind the achromatic wedge fopected observations of new isotopes.
198 and ®Be. Indicated with dashed lines are the acceptan-
ces of the following separator stages.

From these cross sections one would expect to detect The authors would like to thank B. Alex Brown for help-
18Be at a higher rate thaiB if the beryllium isotope was ful discussions. This work was supported by the U.S. Na-
bound. Both isotopes have a very similar magnetic rigidity.tional Science Foundation under Grant No. PHY 01-10253.
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