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Abstract: We propose to perform an experiment with a ?Be beam and the Maya active
target. We intend to study the ground state of *Be through the population of its isobaric
analog resonance in '3B. The resonance will be identified detecting its proton- and neutron-
decay channels.

Requested shifts: 40 shifts, (split into 1 runs over 1 year) + 1 day test



1 Introduction

The neutron-rich Be beams available at ISOLDE offer a unique opportunity to study the
properties of these light nuclei. Our interest focuses here on the unbound system !*Be.
Determination of the sequence of its low-lying states can shed light on the evolution of
the N = 8 shell closure towards the dripline, as well as provide important information for
the modelling of the two-neutron halo nucleus “Be [1, 2].

In 13Be, a resonance was observed for the first time, at about 2 MeV above the neutron-
emission threshold, in the “C("Li,®B) reaction [3]. The resonance was then confirmed
in essentially all further measurements [4-11]. The double-charge exchange measurement
BC(MC,10) of Ref. [4] and the (d,p) transfer reaction of Ref. [5] consistently identified
the 2-MeV resonance as a ds/, state. The situation regarding other, lower-lying states is
more controversial. In the multi-nucleon transfer *C(*'B,'2N)!3Be [6] a narrow resonance
at 800 keV above the neutron emission threshold was assigned the spin J = 1/2 but
without resolving the parity. Later, a broad structure at a similar [7] or lower energy [8—
10] was observed in projectile fragmentation measurements and interpreted as an s-state,
with significant differences regarding its characteristics (virtual state or resonance due to
a deformation of the 2Be core). A very recent result from a one-neutron removal cross
section [11] confirms a broad s virtual state at low energy, and places the p;, resonance at
510 keV: this low-lying “intruder” state implies the strong reduction of the gap between
the 1p;/, orbital and the 2s;/, orbital (/N = 8 shell).

Several theoretical works concentrated on *Be and the 2Be-n interaction, especially as
building blocks for *Be. It was early realized that, if the normal ordering of shells and an
unbound s-ground state of 13Be is assumed, the d; /2 Tesonance would have to be lower than
the observed 2 MeV in order to reproduce the two-neutron separation energy in “Be [2].
The discrepancy can be solved by an inversion of the 2s;,, and 1p,/ shells, as occurring
in "'Be and '°Li [12-14]. Other works [15-17] managed to reproduce the characteristics
of 13Be and “Be with a 1/2" resonance very close to the neutron emission threshold and
a 5/2% resonance at the observed energy, by including excitations or deformations of the
2Be core in the models.

It is clear that more experimental information is needed in order to solve the questions
about the low-lying states in '*Be.

2 Method

Resonant scattering on protons [18] is an established method to study excited and un-
bound states near the proton dripline (see for example [19]). The method is based on
the dominance of resonance scattering over other reactions that could be sources of back-
ground. On the neutron-rich side, the needed information can be obtained through the
study of isobaric analog states (IAS) [18, 20]. Once the IAS is populated, isospin con-
servation allows proton decay (to the entrance channel) and isospin-symmetric neutron
decay, where the remaining nucleus is the IAS of the beam nucleus: see Fig. 1 for the
case of *Be. The wave function of the states with T'=5/2 in B can be written as [22]:

1
\IflsB(T:5/2) = % (\Pl?Beﬂo + 2 x \1112B+n) ,
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Figure 1: Isobar diagram for A = 13 Be and B nuclei. Energies are calculated from the
2003 Atomic Mass Evaluation [21]. The diagrams for individual isobars have been shifted
vertically to eliminate the neutron-proton mass difference and the Coulomb energy, taken
as Eq = 0.60 x Z(Z —1)/AY3. The TAS of *Be in B is placed at ~17.9 MeV based on
the systematics in A = 13 nuclei. When the TAS is populated in resonant scattering on
protons, isospin conservation allows it to decay to the entrance channel 2Be + p and to
its conjugate ?B*(T=2) + n.

from which it follows that the neutron decay is four times more probable than the proton
decay. The actual decay rates to the two channels will also be determined by phase space
and penetrability factors.

It is clear that detection of both the neutron-emission and proton-emission channels are
desirable. For the latter, charged-particle silicon detectors are usually employed at forward
angles, ensuring a good efficiency. For the former channel, Rogachev et al. [23] have
employed neutron detectors, to measure the “He(p,n)%Li*(07;T=1) reaction populating
the "He IAS in 7Li. Coincident detection of v-rays from the decay of SLi* ensured the
identification of the channel of interest. In a successive measurement [24], the same
group extracted the information about the emitted neutrons directly from the Doppler-
shifted y-rays. The experiments proved the potential of the method, as this decay channel
becomes very important in neutron-rich nuclei. However, the efficiency for the detection
of the emitted neutrons becomes an important issue if the technique is to be applied to
more exotic nuclei, for which beams are available at very low intensities. The use of an
active target offers a solution to this problem, and a way to detect both decay channels
simultaneously.

The MAYA active target [25] is a gaseous detector, providing three-dimensional recon-
struction of the tracks of the charged particles traversing the gas volume (see Fig. 2).
The electrons created by ionisation drift in an electric field towards an amplification
zone (wire plane) where they create avalanches; the mirror charges are collected on a
honeycomb-segmented cathode creating a two-dimensional projection of the tracks. The
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Figure 2: Schematic design of the MAYA detector and working principle.

third dimension is obtained from the drift time of the electrons. Identification of the
particles is achieved via the specific energy loss, the total energy deposited and the length
of the paths. An array of Si and Csl detectors covers the wall opposite to the beam
entrance, to detect forward-emitted light ions which are not stopped in the gas volume.
The detection gas is chosen so that the nuclei of its atoms act at the same time as targets
for the reaction of interest. MAYA has been used in a number of configurations: with
isobutane (C4Hyo) at various pressures for reactions on 2C [26] or on protons [27, 28],
with deuterium for (d,d’) reactions [29]; very recently, a mixture of He (98%) and CF,
(2%) has also been successfully used to study inelastic scattering on “He.

For the problem at hand, both a (p,p) scattering and a (p,n) reaction can be identified
in MAYA, by the direct detection of the recoil proton, and by looking at the change in
the energy deposition of the beam-like particles, respectively. By properly tuning the gas
pressure, the Z-charged beam particles, which do not undergo a reaction, traverse the
volume losing their energy (thus scanning the resonant region above the proton-decay
threshold) and are detected in the silicon wall opposite the entrance. On the other hand,
both in the case of a resonant elastic scattering and a (p,n) reaction (where the Z+41 IAS
of the beam particle is produced), the beam-like particles emerge with a lower energy and
are subsequently stopped in the gas volume. The energies of the beam-like particles in
case of an elastic scattering or a (p,n) reaction is similar, since the (negative) @)-value of
the latter process is small with respect to the kinetic energy of the beam.

Protons recoiling from the elastic scattering events will be detected in the solid-state
array placed at forward angles. Their energy and angle, together with the path length
of the beam-like particle, provide the means for the kinematic reconstruction, and thus
extraction of the centre-of mass scattering energy.

A (p,n) reaction, on the other hand, can be identified by looking at the specific energy loss,
which is higher for the Z+1 particle produced in the process. The situation is illustrated
in Fig. 3, which shows the results of a test measurement performed with a ®*He beam at
GANIL [30]. For example the maximum energy loss at the Bragg peak (Qp in Fig. 3),
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Figure 3: Example of a beam-direction projected charge profile for an event without a
reaction (red curve) and a He(p,n)%Li*(TAS) reaction (black curve) [30]. The parameters,
used for the identification of events, are indicated.

which depends on Z, is compared along the path of a non-reacting particle and a reacting
one, obtaining a clear identification. From the identified events, the centre-of-mass energy
at which the reaction occurred is calculated from the position of the interaction (Xg in
Fig. 3).

The yield of the two kind of events as function of the centre-of-mass energy provides the
excitation function. For example, the result for the SHe(p,n)SLi*(T=1) reaction is shown
in Fig. 4. The resonance values extracted from the fit are in agreement, within one
standard deviation, with those from Ref. [23], improving slightly on the uncertainties. It
is important to stress that the excitation function was obtained using only 5x10° incident
particles in total, thanks to a detection efficiency for the channel of interest of 80%.

3 Experimental Details

The MAYA detector will be placed at the end of an available beam line after the REX
post-accelerator. It will be filled with isobutane (C4Hjg) at a pressure of about 100 mbar.
With this choice, the incoming *Be ions (Epeam = 3 MeV /nucleon) will traverse the gas
volume, probing the reaction energies between ~2.9 MeV /nucleon and ~0.7 MeV /nucleon.
This translates in a scan of excitation energies in *B from 16.5 MeV to 18.5 MeV (see
Fig. 1), thus covering the region of interest.

Protons from resonant elastic scattering will be detected with good efficiency for centre-of-
mass angles larger than ~90 degrees (corresponding to forward-emitted protons), thanks
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Figure 4: Excitation function for the ®He(p,n)®Li*(T=1) [30]. The curve is a fit made with
a (modified) Breit-Wigner function, providing the resonance parameters F, = 1.274(23)
MeV, T' = 0.228(28) MeV.

to the charged-particle Si+Csl telescopes placed on the wall opposite to the beam en-
trance.

The neutron decay of the TAS, ?Be(p,n)?B*(T=2), will be identified as described in the
previous section, thanks to the different energy loss of ?Be and '2B nuclei in the gas. The
expected detection efficiency is around € = 80% for the quoted energy range.
Reconstruction of the centre-of-mass energy is based on the determination of the reaction
point: using interpolation algorithms on the deposited charge, a spatial resolution of 1
mm or better can be achieved [31], translating to less than 10 keV uncertainty in energy.
A larger contribution to the uncertainty is expected from the spread in the incoming beam
energy (30 keV for a spread of 300 keV).

We base our beam time estimate on the neutron-emission channel, which we expect to be
the most important. We aim at building an excitation function over 2 MeV in steps of 50
keV, with an error better than 10% for a cross section o ~ 0.4 b (see Fig. 4). A bin of 50
keV (in the centre of mass) corresponds to about 5 mm of gas at 100 mbar, or a thickness
NAz ~ 5x10" protons/cm?. For the beam intensity we take an estimate I = 50 pps (see
also further). To reach a yield Y = 100 counts in a 50-keV bin we would then need

Y 100

At = =
IXNAzxoxe 50x5x1018x0.4x10"2¢x%0.8

s &~ 12 days.

The time structure of the beam at REX imposes strong constraints on the use of the MAYA
active target. Depending on the settings of the EBIS source and the post-accelerator,
the instantaneous rate can be up to three orders of magnitude higher than the average
intensity: in this case, a few 10* pps. MAYA has already been used at these beam
intensities (see for example Ref. [29]), and the limit, at which space-charge effects may
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lead to a constant discharge in the gas volume, is one order of magnitude higher.

An important problem for the proposed measurement is represented by the contamination
of 12C** in the ®Be beam. A recent measurement has shown currents of the order of a
few particle-pA [32]. The use of a stripper foil at the end of REX, used in a test in 2005
[33], has brought a reduction of a factor ~100; this, however, is still not sufficient for
our purposes. A proposed method for a drastic reduction [34] consists in placing another
stripper foil after the RFQ element in REX. This configuration could be tested with one
day of ?Be stable beam.

4 Summary and Beam Time Request

We intend to study the *Be nucleus through the population of its IAS in *B. The state
will be investigated via the allowed neutron and proton decays, detected in the MAYA
active target. The technique allows measuring the excitation function with good accuracy
using a very weak ?Be beam of only 50 pps.

We estimate about 12 days of data taking to achieve this goal. Based on our experience
with MAYA, usually one-two days are spent tuning the parameters (gas pressure, electron
amplification settings); this would be done with a more intense beam, but with the same
Z as the one of interest. By using a radioactive beam, the same time could be used for
the conditioning of the target. We therefore ask a total of 40 8-hour shifts.

This is summarised in the table below.

Beam Min. Intensity Target Ion Source Shifts

12Be 20 pps Ta RILIS 36
10Be 100 pps Ta RILIS 4

Preliminary to the actual experiment, we will need to perform a test, to check a possible
method for the elimination of the 2C%* contaminant in the *Be beam. This would
require one day of *Be stable beam.
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Appendix

DESCRIPTION OF THE PROPOSED EXPERIMENT
The experimental setup comprises: (name the fized-ISOLDE installations, as well as

flexible elements of the experiment)

Part of the Availability | Design and manufacturing
REX post-accelerator X Existing | X To be used without any modification
X Existing | X To be used without any modification
. O To be modified
Maya active-target detector O New O Standard equipment supplied by a manufacturer
O CERN/collaboration responsible for the design
and/or manufacturing
X Existing | X To be used without any modification
Maya gas supply system 0 To be mOdlﬁGfd -
O New O Standard equipment supplied by a manufacturer
O CERN/collaboration responsible for the design
and/or manufacturing

HAZARDS GENERATED BY THE EXPERIMENT (if using fixed installation:) Hazards
named in the document relevant for the fixed [COLLAPS, CRIS, ISOLTRAP, MINIBALL
+ only CD, MINIBALL + T-REX, NICOLE, SSP-GLM chamber, SSP-GHM chamber,

or WITCH] installation.

Additional hazards:

Hazards

Maya active-target detector

' Maya gas supply system

Thermodynamic and fluidic

Pressure Isobutane (C4Hip), ~100 mbar, | Access to isobutane (one cylin-
~20 1, static mode. Separation | der).
from the vacuum of the beam line
with a mylar window. An au-
tomatic safety valve will be in-
stalled on the beam line to pre-
vent accidental escape of the gas.
Vacuum
Temperature room temperature (monitored) room temperature
Heat transfer
Thermal properties of
materials
Cryogenic fluid




Electrical and electromagnetic

Electricity

Static electricity

Static electric field in the detec-
tor: typically 100 V/cm

Magnetic field

Batteries

a

Capacitors

a

Ionizing radiation

Target material

Beam particle type (e,
p, ions, etc)

ions: 1°Be, Ty = 1.5 x 100 .
2Be, T} /5 = 21.5 ms,

Beam intensity

100 pps max

Beam energy

3 MeV /nucleon

Cooling liquids

Gases

Calibration sources: X

e Open source O

e Sealed source X [ISO standard]
e Isotope Am-Cu-Pu

e Activity ~b kBq

Use of activated mate- | No

rial:

e Description O

e Dose rate on contact
and in 10 cm distance

e Isotope

e Activity

Non-ionizing radiation

Laser

UV light

Microwaves (300MHz-
30 GHz)

Radiofrequency (1-300
MHz)

Chemical

Toxic

Harmful

CMR (carcinogens,
mutagens and sub-
stances toxic to repro-
duction)

Corrosive
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Irritant

Flammable isobutane

Oxidizing

Explosiveness

Asphyxiant

Dangerous for the envi-
ronment

Mechanical

Physical impact or me-
chanical energy (mov-
ing parts)

Mechanical properties
(Sharp, rough, slip-
pery)

Vibration

Vehicles and Means of
Transport

Noise

Frequency

Intensity

Physical

Confined spaces

High workplaces

Access to high work-
places

Obstructions in pas-
sageways

Manual handling

Poor ergonomics

Hazard identification:
Flammable gas: isobutane

Average electrical power requirements (excluding fixed ISOLDE-installation mentioned
above):
~1 kW
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