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Comments from INTC:

The goal of the proposal is the study of the single-neutron strengths in 39K focusing
on negative parity high-spin states, particularly the Jpi=13/2- level. The extraction of
neutron strength as a function of spin will provide insights into the evolution of mirror
energy differences (MEDs) between the 39K-39Ca pair, shedding light on changes in wave
function and addressing the observed increase in MEDs at higher J. The authors propose
to perform (d,p) transfer reactions in inverse kinematics at ISS, using a HIE-ISOLDE
beam of 38K at 7.5 MeV/A. The angular distribution of backward-emitted protons will
be measured to determine the transferred angular momentum, confirming the spin and
parity of the targeted high-spin states. A similar experiment at A = 35 is planned at
Argonne National Laboratory.

1



First we would like to thank the INTC members for their careful and expert
review of our proposal. It was clear that the comments and questions were
aimed at improving the quality and clarity of our proposed work. We respond
to the individual questions below in BOLD text. We would like to point out a
small clarification on the summary paragraph. In fact, we are not interested
in “...confirming the spin and parity of the targeted high-spin states.” All states of
interest have established Jπ, however, we are instead interested in extracting
the single-neutron aspects of the targeted high-J states through the (d,p)
cross sections. We will also note that the complementary measurement aimed
to explore the A = 35 MEDs has been scheduled to run at ATLAS with
HELIOS this June 2024.

The INTC requests a letter of clarification addressing specifically the following points:

1. Could you give a more in-depth description of the presented nuclear theory? The
Committee recommends that the calculations for energies and spectroscopic strengths
(Fig. 2 and Table 1) are obtained using the same interaction and/or model space. Do
these calculations accurately reproduce the energies of different levels of mirror nuclei?

The recommendation to calculate energy differences and spectroscopic over-
laps for the same effective interaction is certainly warranted and of interest.
We have been working on parallel approaches to this need. Firstly, Dr. Lenzi
and Dr. Poves have been working on the application of three different ef-
fective interactions. Of these, two will allow for mixing between the various
fp-shell particle-hole excitations, but with different fp orbital restrictions.
An additional interaction will include an open 0d5/2 orbital, however, it will
be constrained to only fixed numbers of particle-hole excitations, i.e. 1p−1h.
Though not expected to play a large role in the A = 39 pair, the latter interac-
tion will better account for any core modifications and may slightly impact the
single-neutron strength fragmentation in the lower-spin states. Initial results
have shown varying degrees of agreement with the experimental excitation
energy spectra 39K, as well as, the MEDs.
Secondly, we are working on adapting the FSU effective interaction to the
framework developed and described in Refs. [1 - 5]. This work is still
on-going, with progress in converting the FSU interaction into a non-isospin
symmetric form. It will be an interesting comparison between the varying
effective interactions, as for example, the FSU Interaction has shown success
in describing the energies and strengths in the sd − fp shell region, even
without allow mixing between different nhw configurations.

2. The Committee notes that the disagreement between theory and experiment in the
middle panel of Fig. 2 may be due to the missing 0d5/2 subshell in the model space. If
this is the case, is the problem theoretical rather than experimental?

We apologize for the confusion brought about by our statement on not
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including the 0d5/2 orbital. To clarify, there are two separate points under
discussion. Firstly, the present proposal is meant to address the conjecture
that the primary reason why both A = 35 and 39 MEDs change abruptly
between J = 11/2 to 13/2 is due to their change in single-particle content.
The abrupt trend in the data is well reproduced by the calculations in both
A = 35 and 39 (and 31 as well) systems, as shown in the Fig. 2 middle panels.
This emphasizes the validity of the adopted model space for this aspect of
interest.

The second point of discussion is the scale of the MEDs relative to the
7/2−

1 level, which do show an offset in energy for the A = 35 pair. It
is this point that was being addressed by the comment on the absence
of the 0d5/2 orbital in the calculations. Namely, one explanation for the
shift in energy relative to the 7/2− state, is that the 7/2− energy may
be altered by 0d5/2 occupancy/vacancy, which in turn modifies the energy
offset in the MED-7/2− plot. In A = 39 the Fermi level is of course
further from the 0d5/2 orbital and hence would be less impactful. This
does not directly influence the main point of the work discussed above.
Of course, a secondary impact of including the 0d5/2 orbital may be some
additional (small) fragmentation of the neutron strength across the yrast
states. Therefore, it should be included in future calculations to explore
this impact as the fragmentation will be measured in the present work as well.

3. The increase in MED is not only observed for the 13/2- state, but also for the following
15/2- and 19/2- states. These states cannot arise from the coupling of a 0f7/2 neutron
to the 38K(3+). Why would the large MED in the 13/2- state be due to a single-particle
structure, when this cannot account for the large MED in the subsequent states?

This is an insightful question and the explanation for the increased MEDs
for J > 13/2 levels is analogous to that of the 13/2- state. However, for
J > 13/2, instead of a dominant configuration being based on 1hw neutrons,
these levels are in fact dominated by ≥ 3hw neutron configurations. So the
concept still holds, namely, that states dominated by a single configuration in
the wave function result in large MEDs. In the latter case it is 3hw neutron
configurations. The reason this was not emphasized in the proposal was due
to the experimental restrictions that only the 1hw dominated states will be
observed in (d,p) through the maximum spin possible (J = 13/2).

4. What is the impact of the proposed measurement (neutron strength of only the 13/2-
state) beyond the approved HELIOS experiment?

First, we note for clarity that the present aim is to measure not only the 13/2−

state, but in particular, the 11/2− and 7/2− levels as well. Next, there are a
few key aspects to having the complementary measurements. The most obvi-
ous of course is to ensure that the results found in one system are are robust
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for both aligned states built from both particle-particle states (A = 35), as
well as, particle-hole aligned states (A = 39). Beyond this, is the quantitative
test of the amount of relative strength of the aligned states between the two
mass sets. The empirical MEDs are very similar between the two, therefor,
it is of interest as to whether their single neutron distributions quantitatively
agree as well. Or, in contrast, are the MEDs so similar due to the acciden-
tal combined energies of the various components. The calculations point
towards the former scenario. Finally, there are the effects discussed above
in response to scenarios of fragmentation in the lower-J states due to the
slightly different cores in the A = 35 and 38 systems. The relative fragmen-
tation will stringently test differences in the effective interactions, espeically
considering the FSU is confined to 1hw states versus a fully mixed calculation.

5. What will be learned from this measurement? Will this experiment enable an
improved constraint of the nuclear interaction? Will it confirm the validity of shell-model
calculations in this range of the nuclear chart?

The biggest insight to be gained from the proposed work is by providing an
answer to the conjecture surrounding the change in MEDs being directly
caused by the single-particle aspects of the states involved in the T = 1/2,
A = 39 mirror system. Comparisons with theory will provide insight into the
applicability and impact of the various components comprising the theoretical
MEDs. In addition, it will provide data that stringently tests the wave func-
tions as a function of increasing spin along the yrast levels. When combined
with the analogous data in the A = 35 mirror pair, a more global perspective
will be created across the sd shell. For instance, unique information on the
systematic evolution of the yrast state neutron fragmentation from A = 39
through A = 31.
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the terminating Jπ=13/2− level, which make up one side of the T = 1/2 A = 39 mirror
energy differences (MEDs). Extraction of the neutron strength as a function of spin will
provide a unique perspective on the evolution of the MEDs between the 39K-39Ca pair.
Specifically, new insight will be gained as to whether changes in the makeup of the wave
functions, for instance an increase in one single-particle configuration over others, are
the root of the increase in the MEDs observed at higher J . The proposed work will

provide the first direct data on the single-particle aspects of these levels involved in the
MEDs. The measurement will utilize the established techniques for single-neutron
adding (d,p) transfer at the ISOLDE Solenoid Spectrometer (ISS) and a 38K beam

provided by HIE-ISOLDE at 7.5 MeV/u. A total of 9 shifts of beam time is requested.

Requested shifts: [9] total shifts over a single time-frame, no split.

Motivation

Mirror energy differences (MEDs) between analog excited states, when viewed as a func-
tion of total angular momentum J as MED(J) =Ex(J, Tz = +1/2) − Ex(J, Tz = −1/2),
provide isospin-symmetry tests along the collectivity plane. Additional insight into
the nature of the wave functions and the extent of the radii of the levels involved is
also possible by leveraging information from large-scale shell-model calculations (see
Refs. [1, 2, 3, 4, 5, 6] and those within). For nuclei with active orbitals in the 1s0d−0f1p
shell regions, MEDs have been determined up to and beyond pairs of levels consisting
of fully-aligned configurations. The T = 1/2, A = 39 MEDs of 39K and 39Ca, which are
central to the proposed work, have been determined up through Jπ = 19/2− as shown in
Fig. 1 [7]. Likewise, high-J MEDs for the A = 35 pair [8, 9] (35Cl-35Ar) as well as for the
A = 31 pair [10, 11, 12] (31S-31P) have also been observed.

These three sets of nuclei are structurally linked, each having an odd-N , odd-Z core
contained within the sd shell. Naturally, their MEDs track in a similar pattern as
a function of spin for both positive- and negative- parity states. In all cases, the
positive-parity states, expected to be dominated by sd-shell configurations, give MEDs
that are smooth and reside below ≈ 50 − 100 keV. However, for the negative-parity
fp-shell intruder levels, larger MEDs of > −200 keV have been observed at larger J .
These are shown in the top row of Fig. 2 for the A = 35 and 39 cases. The abrupt
change in the MEDs have been thought to occur due to increased purity in their
single-nucleon configurations for one, or both, of the mirror states involved. However,
no experimental information exists on the single-particle content of the
involved levels. The negative-parity levels are anticipated to be primarily built upon
a neutron residing within the 0f7/2 orbital and the largest MEDs have been observed
for Jπ ≥ 13/2−. Occupancy of the ν1p3/2 orbital is also allowed at lower spin though
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only expected to contribute significantly at high excitation energy due to the N = 28
gap surviving in this region. It is worth mentioning that the MEDs of the non-yrast
11/2−2 levels in the A = 35 and 39 systems are also larger than those of the lower J MEDs.

Figure 1: Partial high-spin level schemes of the Tz=±1/2 A=39 mirror nuclei 39Ca and 39K
(adopted from Ref. [7]) and the corresponding mirror energy differences (MEDs) between the
yrast π = − fp-shell intruder levels.

The origin of the larger MEDs observed for the higher-J levels has been discussed in
terms of differences in the radii between the mirror levels and as a consequence of changes
in their underlying single-particle configurations [1, 2, 3, 7, 9, 10, 12]. For instance, it is
possible that a single-particle configuration, either proton or neutron, grows to dominate
the wave function at higher spin due to limitations in the configuration space. These
levels are in contrast to pairs of states where each have a balanced contribution from
both proton and neutron excitations. Hence, in the latter case the levels would present
similar radial sizes and more cohesive overlap. In our present case, and similarly for
the A = 35 case, the expectation is that as the cross-shell excitations (from within the
sd-shell into the fp-shell in this case) push towards higher-J , they do in fact become
increasingly dominated by a lone single-particle configuration (either pure proton or pure
neutron). The pinnacle of this concept is when the formation of the aligned state is
reached at maximum possible spin, Jmax = 13/2−, where only the (0d3/2)

2
J=3(0f7/2)

1
J=7/2

configuration is possible. These arguments are certainly in line with the observed jump
in the MEDs from the yrast 11/2− state to the yrast 13/2− state for the A = 35 and 39
cases (top row of Fig. 2).

Single-neutron overlap values, (C2S), determined from shell-model calculations that were
performed with the FSU cross-shell interaction [13], were investigated to quantify the
simple scenario presented above. The 0f7/2 ℓ = 3 single-neutron overlaps between the
initial J = 3+ levels in both 34mCl and 38K with the final negative parity yrast levels
in 35Cl and 39K, respectively, are shown on the bottom row of Fig. 2. The proposed
determination of the 38K(d,p) data will provide the proper values in which to compare
with these calculations. An independent measurement to determine the values from the
34mCl(d,p) reaction has also been approved for beam time using the HELIOS spectrometer
located at the ATLAS Facility, Argonne, USA. As shown in the bottom row of Fig. 2
the C2S values for both mass sets follow a similar trend increasing in strength between
J = 11/2− and 13/2−. This increase in the single-neutron component follows directly
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Figure 2: (top row) The measured Mirror Energy Differences (MEDs) for the yrast negative
parity states in the A=35 (left) and A=39 (right) T=1/2 mirror systems. (middle row) The
data of the top row relative to the 7/2− value and with the inclusion of the calculated MEDs as
adopted from Ref. [9]. The contribution from each component to the MEDs is indicated by the
different line types and noted in the caption (see text for details). (bottom row) The calculated
single-neutron overlaps (C2S values in Table 1) between the 3+ level in the initial T=0 nucleus
and the final π = − levels in the N +1 systems. The C2S values are for ℓ = 3 transfer based on
the FSU cross-shell effective interaction [13] (note that no ℓ = 1 strength was predicted to any
of these yrast levels).

with the simple picture laid out above. Subtle differences do exist between the A = 35
and A = 39 cases, however, where the latter shows an increase in the fragmentation
or strength at lower J . It is possible that the additional nucleons residing within the
0d3/2 orbital for the A = 39 systems contribute to larger core-coupling effects. The
complementary data to be collected in the proposed A = 39 work and in the planned
work at ATLAS for the A = 35 case [14] will be of great interest to these topics.

To further quantify the importance of the single-particle configurations on the present
understanding of the aforementioned MEDs, a deconstructed view of theoretical calcula-
tions for the A = 35 and 39 mirrors relative to their 7/2− MED value are shown along the
middle row of Fig. 2 (as adopted from Fig. 4 of Ref. [9] and Figs. 30 and 31 of Ref. [3]).
Similar information is also shown in Fig. 5 of Ref. [15] for the A = 31 MEDs. The three
terms of the theoretical calculation include the multipole Coulomb term (ECM), the elec-
tromagnetic spin-orbit coupling (EEMSO) and an orbital momentum coupling term (Eℓℓ).
The EEMSO and Eℓℓ terms highlight single-particle contributions to the MEDs as they
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are proportional to occupancy differences (radii) between neutron and proton orbitals in
the neutron-rich versus proton-rich nucleus, respectively. Of these two, the EEMSO term
is largest. This is not surprising as the term is enhanced between nucleons in orbits of
opposite spin projections, in this case the 0d3/2 and 0f7/2 orbitals . The total sum of all
components show good agreement with the trends in both of the MED sets and reproduce
nearly all of the A = 39 data. In the A = 35 case, it is possible the lack of a quantita-
tive reproduction is due to a lack of inclusion of the lower 0d5/2 orbital, and hence, the
additional correlations associated with the larger valence space. The comparison of the
neutron-strengths between the A = 35 and 39 systems will also shed light on this point.

Table 1: The excitation energies and calculated single-neutron adding overlaps (C2S) from the
J = 3+ states in 34mCl and 38K to their corresponding yrast negative parity states (and 11/2−2
states) in the N + 1 systems. The overlaps were calculated using the FSU cross-shell effective
interaction [13]. Total count estimates were made incorporating an experimental acceptance of
60%, the C2S values plus a quenching factor of 0.6, a beam rate of 2×106 pps, a CD2 target
thickness of 100 µg/cm2 and cross sections calculated by the DWBA prescription.

34mCl 38K

Ji Jf ℓ Ex C2S Ex C2S σ [mb] Tot. Counts [8 shfits]

3+

7/2− 3 3.163 < 0.1 2.814 0.11 0.78 98

9/2− 3 4.348 < 0.1 3.596 0.08 1.08 99

11/2− 3 5.407 < 0.1 3.943 0.39 1.36 607

13/2− 3 6.087 0.83 5.716 0.94 2.08 2238

11/2−2 3 5.927 0.22 5.353 0.47 1.68 904

Focus of the Measurement

The goal of the proposed measurement is to extract the relative single-neutron
overlaps between the 38K J = 3+ ground state and the known yrast 7/2−

(2.814 MeV), 9/2− (3.596 MeV), 11/2− (3.943 MeV), and 13/2− (5.716 MeV)
states, as well as the known non-yrast 11/2− state (5.353 MeV), in 39K. The
appropriate single-neutron adding reaction at the appropriate energy, 38K(d,p)39K at
7.5 MeV/u, will be used. The access to higher-J states is made possible via ℓ = 3
transfer onto the 38K J = 3+ ground state. This will be the first quantitative test of the
single-neutron nature of such high-J states in this A = 39 system. The data will provide
a sensitive test of the expected wave functions of these levels and quantitatively inform
the calculated EEMSO and Eℓℓ single-particle contributions to the large relative MEDs
appearing in these nuclei. In addition, the A = 39 data will complement an approved
measurement to determine the same properties in the A = 35 system, 35Cl [14], further
testing the description of the wave functions of these levels.

9



Figure 3: (left) A schematic of the experimental setup and the reaction kinematics for levels at
2.5 and 6.0 MeV in 39K and for each of their minimum and maximum covered center of mass
angles, 16◦ and 42◦. The grey boxes represent the Si array coverage, the CD2 target position
and the Si recoil telescope positions moving from left to right, respectively. (right) Calculated
angular distributions based on the DWBA prescription using the global optical model parameters
of Refs. [16, 17] for three different neutron orbital angular momentum (ℓ) transfer values to
indicate their distinct shapes. The grey band indicates the approximate accepted angular range
for the states of interest and the proposed experimental setup.

Experimental details

The 38K(d,p) reaction at 7.5 MeV/u on the Jπ = 3+ ground state will provide access to
negative parity states up through 13/2− via ℓ = 3 neutron transfer (and the 3/2− - 9/2−

levels via ℓ = 1 or ℓ = 3). Only the 39K 3/2+ ground state will be populated via ℓ = 2
transfer with any sizeable amount in terms of the positive-parity states. The reaction
energy provides both excellent momentum matching for the ℓ = 3 neutron transfer as
well as distinguishable angular distributions between other possible ℓ values, most notably
ℓ = 1 (see Fig. 3). The experimental setup has been designed to ensure the acceptance of
excited levels between the yrast 7/2− and the yrast 13/2− state (∼2.5-6.0 MeV). The setup
also provides center-of-mass angular coverage of ∼16◦ - 40◦ for these states covering the
peak of the ℓ = 3 distribution and more. It should be noted that a similar measurement
of the 38K(d,p) reaction has taken place at the ReA Facility at FRIB. The experiment
utilized the ORRUBA array and was done at a lower beam energy and with a composite
ground state / isomer beam [18]. In that work, in addition to the extra complications
provided by the composite beam, the focus of the reaction was on low-momentum transfer
to states of astrophysical importance and was not optimized for the higher ℓ = 3 neutron
transfer as is the case in the present work.

Beam

The 38K beam of interest is listed at rates of 1.8 × 108 Yield/µC in the yield database
which gives an estimated lower limit on the rate of 2×106 pps for an energy of 7.5 MeV/u
at the ISS. Under our preference for the use of the Ti rod target, the isomer content in the
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Figure 4: A simulated excitation energy spectrum of the 39K levels populated in via the proposed
38K(d,p) reaction. Levels up to 6 MeV in excitation, all of which are known experimentally, were
included with the expected resolution of 125 keV FWHM. The relative peak intensities include
the calculated spectroscopic overlaps (C2S values in Table 1), the relative cross sections and
distributions from the DWBA calculations (ℓ = 1 in green, ℓ = 2 in red, and ℓ = 3 in blue) as
well as the experimental setup constraints. The total counts reflect those estimated in the last
column of Table 1. The inset shows the positioning of the levels in proton energy vs. distance
from the target.

38K beam is ×100 below the ground state. Similarly, contamination from isobars, 38Ar in
particular, are able to be suppressed using a surface ion source, though if present are also
able to be distinguished by the Si recoil detectors. Whilst the preference is to use the Ti
rod target, if a Ti foil target is utilized in place of the rod, the isomer fraction is expected
to be different and so a measurement of the isomer fraction will take place to deduce its
level.

The experimental setup

The experimental setup of the ISS will match those used previously to carry out (d,p)
reactions in this mass region such as the successful 27Na(d,p) and 49Ca(d,p) experiments.
The ISS Si array will be located upstream of a 100 µg/cm2 CD2 target (z = 0 mm)
ranging from from −680 mm < z < −180 mm. This arrangement accept protons from
θcm ∼16◦-42◦ for the states in 39K ranging from ∼2.5-6 MeV in excitation energy. 39K
recoils will be identified event-by-event using a Si telescope (∆E = 65 µm, E = 1000 µm)
placed downstream of the target location (z = 1000 mm). A 15 mm diameter blocker will
be placed in front of the Si telescope to stop un-reacted beam while also allowing for the
center-of-mass angular range of the protons noted above. Fig. 3 shows schematically the
trajectories for protons and recoils from the lowest and highest excitation energy states
of interest.
A simulated excitation energy spectrum for the 38K(d,p) reaction at 7.5 MeV/u is shown
in Fig. 4 for all levels with predicted C2S values > 0.1 and for an expected resolution
of 125 keV FWHM. It should be emphasized, that by definition of the MEDs, all states
of interest have known energies to within ≈ 1 keV and so are their spin-parity values
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which define the ℓ-transfer values. Our goal therefore is to determine the relative
intensities of the peaks in the selective one-neutron adding (d,p) reaction. In
Fig. 4 and Table 1, the relative overlaps (C2S) for the reaction have been calculated
using the successful FSU cross-shell effective interaction [13]. As shown in Fig. 4, only a
single state is predicted to carry sizeable strength from ℓ = 1 transfer below ∼6 MeV in
excitation energy (7/2−4 state at 5.0 MeV). It should be pointed out that though unlikely,
if a comparable amount of the J = 0+ isomer were to present in the 38K beam, ℓ = 3
transfer would occur only to states having J = 7/2−. Therefore, the isomer content would
not impact the J = 9/2−, 11/2−, or 13/2− single-neutron strengths. Furthermore, states
populated via transfer on the isomer appear with a known shift in their Q-value by the
130 keV value of the isomer, as in Refs. [19, 20, 21].
Summary of requested shifts: We request 9 shifts of HIE-ISOLDE beam time, 8 of
those for data collection and an additional shift for the refinement of the experimental
setup and beam tuning. The beam-time estimate is based on the demand for experimental
sensitivity (≈ 100 counts) for states with spectroscopic factors down to the 10% level of
the expected aligned 13/2− state (see Table 1). The average ℓ = 3 cross section is around
1.5 mb integrated over the accepted angular range. Combining this information with a
total 38K beam rate of 2×106 pps, a CD2 target thickness of 100 µg/cm2, an experimental
acceptance of ≈ 60%, and a quenching factor on the single-neutron strengths of 0.6, >2000
counts are expected in the 13/2− state and on the order of 100 counts are expected in the
yrast 9/2− and 11/2− levels (Table 1).
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D. R. Napoli, B. M. Nyakó, J. Nyberg, M. Palacz, J. Timár, and J. J. Valiente-
Dobón. Neutron skin effects in mirror energy differences: The case of 23Mg−23Na.
Phys. Rev. Lett., 121:032502, Jul 2018. URL: https://link.aps.org/doi/10.

1103/PhysRevLett.121.032502, doi:10.1103/PhysRevLett.121.032502.

[7] Th. Andersson, D. Rudolph, C. Baktash, J. Eberth, C. Fahlander, D. Haslip, D.R.
LaFosse, S.D. Paul, D.G. Sarantites, C.E. Svensson, H.G. Thomas, J.C. Waddington,
W. Weintraub, J.N. Wilson, and B.A. Brown. High-spin states in the a = 39 mirror
nuclei 39ca and 39k. Eur. Phys. J. A, 6(1):5–8, 1999. doi:10.1007/s100500050310.

[8] J. Ekman, D. Rudolph, C. Fahlander, A. P. Zuker, M. A. Bentley, S. M. Lenzi, C. An-
dreoiu, M. Axiotis, G. de Angelis, E. Farnea, A. Gadea, Th. Kröll, N. Mărginean,
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DESCRIPTION OF THE PROPOSED EXPERIMENT
The experimental setup comprises: ISOLDE solenoidal spectrometer

Part of the Availability Design and manufacturing

ISS

⊠ Existing ⊠ To be used without any modification

2 To be modified

2 New 2 Standard equipment supplied by a manufacturer

2 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 [MINIBALL + only CD, MINIBALL + T-
REX] installation.

Additional hazards:

Hazards
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Thermodynamic and fluidic

Pressure

Vacuum

Temperature 4 K

Heat transfer

Thermal properties of
materials

Cryogenic fluid LHe, ∼1650 l, LN2,
∼200 l, 1.0 Bar

Electrical and electromagnetic

Electricity 0 V, 300 A

Static electricity

Magnetic field 2.5 T

Batteries

Capacitors

Ionizing radiation

Target material Deuterated polyethy-
lene

Beam particle type 38K

Beam intensity 2×106 pps

Beam energy 7.5 MeV/u

Cooling liquids

Gases

Calibration sources: ⊠

• Open source ⊠ (α calibration
sources)

• Sealed source

• Isotope

• Activity

Use of activated mate-
rial:

• Description

• Dose rate on contact
and in 10 cm distance

• Isotope

• Activity

Non-ionizing radiation

Laser
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UV light

Microwaves (300MHz-
30 GHz)

Radiofrequency (1-300
MHz)

Chemical

Toxic

Harmful

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

Corrosive

Irritant

Flammable

Oxidizing

Explosiveness

Asphyxiant Helium

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
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Obstructions in pas-
sageways

Manual handling

Poor ergonomics

Hazard identification:

Average electrical power requirements (excluding fixed ISOLDE-installation mentioned
above): N/A
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