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Abstract

The aim of this proposal is to continue our studies of the rare nuclear two-photon (2y)
emission from the decay of low-lying excited 0* states. In the previous “A”-rated experiment
(E143) we have successfully established the technique of combined Isochronous plus Schottky
Mass Spectroscopy to study isomers in the millisecond range as a new technique to search
for low-lying 0* isomers. We found candidates for the 2y decay of the excited 0* state in "2Ge
indicating a much shorter half-life than extrapolated from previous experiments.

In the new proposal we plan to study the isobars *®Mo and %8Zr, which each have two-particles
outside the doubly semi-magic isotope 6Zr (Z=40,N=56) and therefore ideal candidates for
shell-model calculations of the two-photon decay rate. In addition, we plan to study ***Pb,
which has a first excited 0* state at 931 keV and is also a candidate for bound-state electron-
positron pair conversion, where the emitted electron is captured in an atomic orbital.
Measuring a possible 2y decay branch is a prerequisit for a future search of this so far never
observed decay mode. Finally, these experiments open the possibility to search yet unknown
low-lying O* states in both mass regions.

The highly charged ions will be produced in-flight from %Mo (for ®®Mo and °8Zr) and from
209Bj (for 194Pb). The isotopes of interest can be produced in the direct beam line from SIS18
to the ESR and separated using the ESR. This approach was also used successfully for the
previous experiment on 7?Ge. In this way other NUSTAR experiments can be operated at the
FRS in parallel to our experiment. The experiment is unique to GSI/FAIR and will employ a
range of instrumentation and methodology developed within NUSTAR/ILIMA. Experience
gained in the previous measurements, enabled us to significantly improve both experimental
hardware and software as well as accelerator operation. Within the proposed experiment we
aim at testing the ILIMA detectors and methods which will undoubtedly lead to their further
developments.

We request 15 shifts with a 1°°Mo beam at 450 MeV/u to study Mo and ®8Zr as well as 15
shifts with a 2%°Bi beam at 550 MeV/u to study **Pb. This includes 3 shifts per isotope for
setting-up and commissioning time of the ESR in order to assure optimal operation conditions
of the ESR in the isochronous mode.

The nuclear two-photon decay

The nuclear two-photon decay, also called double-gamma (2y) decay, is a rare decay mode in
atomic nuclei whereby a nucleus in an excited state emits two gamma rays simultaneously.
The simultaneous emission of two photons as a second order quantum mechanical process
was first treated for the case of atomic transitions by Goppert-Mayer [1] in 1931. First order
processes usually dominate the decay by many orders of magnitude, but two-photon
emission may become significant when first order processes are forbidden or strongly
hindered.

Even-even nuclei with a first excited 0* state, such as 0, 4°Ca or °°Zr are favourable cases to
search for a 2y decay branch, since the emission of a single gamma ray is strictly forbidden for
0* — 0* transitions by angular momentum conservation. The remaining first-order decay
modes are the emission of atomic internal-conversion electrons (ICE) or internal electron-



positron pair creation (IPC). For the IPC mode the excitation energy must exceed the rest mass
of the pair of 1.022 MeV. The second-order 2y decay proceeds through virtual excitation of
intermediate, higher-lying states. The sum energy of the two y-rays must be equal to the
transition energy, but the energy spectra of the individual gamma rays are continuous. Since
the transition matrix elements are the largest for low multipolarities, electric or magnetic
dipole decays are predominant. The decays pass through a virtual excitation of intermediate
1" or 1* states, which are usually located at (much) higher energy than the initial 0* state, i.e.
in the Giant resonance region. Finally, it might be interesting to note that in a case where the
ground and first excited state of a nucleus have spin zero but opposite parities the nuclear
two-photon decay would be (amongst) the most probable decay modes leading to very long
lived isomeric states [2].

The early theoretical treatment of the 2y decay using second-order perturbation theory [3, 4]
was completed by Friar et al. [5] and later generalised by considering not only dipole but also
higher multipolarities by Kramp et al. [6]. The total 2y decay width can be expressed as:

Iy = /1057 [a(E1)? + 2(M1) + o*o(E2)¥4752]

Here, o is the energy difference of the initial and final state, while o denotes the (electric)
transition polarizability and y the (magnetic) transition susceptibility, which determine the
probability for the emission of two E1 (or E2) or two M1 quanta, respectively.

The nuclear polarizabilities and susceptibilities describe the response of the nucleus to a per-
turbation by electromagnetic fields with frequencies, which are small compared to the
characteristic nuclear transition frequencies. The static electric dipole polarizability of a
nucleus in its ground state can be determined from the cross section measured in photo-
nuclear reactions, while the magnetic dipole susceptibility can be deduced from (e,e’)
measurements. The 2y decay on the other hand offers access to the transition polarizabilities,
namely the electric dipole transition polarizability o(E1) and the magnetic dipole transition
susceptibility y(M1).

The bound-state electron-positron pair creation

Internal pair creation (IPC) is an electromagnetic decay process where the excitation energy
of the nucleus allows it to create spontaneously an electron-positron pair. Because of the rest
mass of the e*-e” pair this decay mode is limited to excited states with energies above 1022
keV and its probability rises strongly with excitation energy [7]. The excess in excitation
energy is shared between the e*-e” pair. In 1**Pb the first excited 0* state is an isomer with a
half-life of 1.1 ns located at an energy of 930.7 keV. Since it is below the pair-creation
threshold it decays to the ground solely by internal conversion.

Similar to the other cases discussed in this proposal, fully-stripped ions will have no first-order
electro-magnetic decay mode and may hence decay only by two-photon emission. If, however,
the electron is captured into the empty atomic K-Shell an additional (atomic) binding energy
of 101.3 keV [8] becomes available, which increases the total emission energy above the pair
threshold. Therefore, the bound-state electron-positron pair creation becomes energetically
possible [9]. 194Pb is in fact the only known nucleus where this decay mode is open, but not



the normal electron-positron pair creation. Both decays channels, 2y and IPC, are of interest
in the present study and will compete in 1**Pb.

Experimental background and referencing previous experiments

Experimentally, many early attempts have been made to observe the 2y decay often with
conflicting results [10]. Most of the studies have concentrated on a few stable nuclei having
a first excited 0" state at energies above 1.022 MeV (%0, 4°Ca, °Zr). Due to the strong energy
dependence of the 2y decay a higher excitation energy increases the branching ratio, but the
two-photon decay remains a very small decay branch (~10#) competing with the dominant
IPC (and ICE) modes. The positron created in the IPC mode will subsequently annihilate. In
this process a pair of 511 keV gamma rays is created, but only if the annihilation takes place
at rest. Otherwise the total energy, including the kinetic energy of the positron, is shared
between the two gamma rays. Any experiment searching for the 2y decay at energies well
above 1.022 MeV must therefore discriminate against a continuous background originating
from pair creation. The first conclusive experimental results were obtained about 30 years
ago using the Heidelberg-Darmstadt Crystal Ball spectrometer, a highly selective 47 Nal(Tl)
detection system, in order to identify the tiny 2y decay branch. The two-photon decay
probability has so far only been measured for the 03— 07 transitions in %0 [6], *°Ca [6,11]
and %Zr [6,11]. More recently, also the competitive 2y decay was observed in the decay of
the 11/2 isomer in 3’Ba in experiments using the fast-timing method at TU Darmstadt [12].

The most surprising result obtained in the investigation of the nuclear two-photon decay from
the 0* — 0* decay by the Heidelberg group is the fact that the 2M1 and 2E1 transitions are of
equal strength. This has been explained [6,11] by a strong cancellation effect in the electric
dipole transition polarizability, while the magnetic dipole transition susceptibility is of single
particle strength. This cancellation effect is due to the structure of the 0* states, i.e. Op-Oh
and np-nh states across closed shells, respectively. Without a detailed knowledge of the
nuclear structure effects it is therefore difficult to obtain a reliable estimate for the (partial)
halflife of the 2y decay in other cases. It is however interesting to note that in all three cases
where a reliable measurement has been performed (*¢0, 4°Ca and °°Zr) the ratio I/’ has a
rather constant value of ~31 st MeV~/, while the partial 2y decay widths vary by 4 orders of
magnitude (see left part of Fig. 2). This might indicate that the structure of the nuclei studied
so far is indeed extremely similar, but it could also be due to a more general behaviour of the
two-photon decay which is not yet understood.

In our previous experiment (E143) we studied 7>Ge, which is a mid-shell nucleus where the
excited 0* state is located at much lower excitation energy and interpreted as a shape isomer,
i.e. located in secondary minimum of the potential energy surface. In this experiment we
applied Schottky Mass Spectroscopy for the first time in the isochronous mode of the ESR. No
cooling is needed in the isochronous mode thus enabling access to the shortest-lived nuclides.
Furthermore we employed the new highly-sensitive non-destructive Schottky detector
developed for ILIMA within the ERC grant “ASTRUm”. This enabled us to measure nuclear
isomers with half-lifes as short as several tens of ms. We also confirmed that excited states
with energies as low as 100 keV can be separated from the ground state by tailoring the beam
to the linear part of the isochronicity curve (see Fig. 1, left) [13]. We observed several hundred
events for two-photon decay candidates of the 0* isomer in 72Ge, which are separated from
the ground state by the frequency expected for a state at 690 keV (see right part of Fig. 1).
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Figure 1: Preliminary results from experiment E143: [left] Observation of the 101 keV isomer in 7?Br:
a single ion in the isomeric state decays at ~14s to the ground state, indicating a mass resolution of
better than 10°® for single ions in the novel combined isochronous plus Schottky mode of the ESR.
[Right] First observation of the 0" isomer in fully-stripped 7Ge ions: Overlay of a few hundred events,
where the isomer is present.

The preliminary analysis showed that the half-life of the isomer is much shorter than expected
from the systematics (see Fig. 2). The detailed analysis is still in progress. We believe that the
shorter half-life is related to a larger electric dipole polarizability in deformed 7?Ge, since the
cancellation effect previously observed in all (semi-) magic isotopes is probably not present.
Therefore, it might not be too surprising that the (partial) half-life for the two-photon decay
turned out to be much shorter than extrapolated from the “magic” nuclei studied earlier.
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Figure 2: [Left] Partial half-life for the two-photon decay previously observed in 60, “°Ca and *°Zr
extrapolated to lower energies for the proposed measurements and preliminary value for 7>Ge™
from E143 (reproduced from [14] which obtained the indicated lower limit for “Mo). [Right] Power
density of the signal from the 7’Ge isomer (shown in Fig. 1) as function of time after injection
indicating a preliminary half-life of 30-40 ms.

In the new proposal we would like to extend our studies in two directions. First, we would
like to study the isobars *®Mo and %8Zr, which have two-particles outside the “doubly semi-
magic” isotope °°Zr (Z=40,N=56). They are therefore ideal candidates for shell-model
calculations of the two-photon decay rate, which cannot easily access the previously studied
isotope 7?Ge. Other theoretical approaches such as (Q)RPA, which are capable to access "*Ge,
do not allow to study the transitional dipole polarizability, where the initial and final state are
not identical. Beyond mean-field calculation, e.g. using the HFB approach with different
(Skyrme or Gogny) functionals, usually preserve parity as good quantum number, and do not
allow to calculate negative-parity states other than collective octupole excitations. We are
currently evaluating to what extent ab-initio calculations can access this quantity.



The second part of the experiment aims as at 1**Pb, which is also a semi-magic nucleus, but
with a large number of valence neutrons. In this case the measurement of the two-photon
decay rate is a prerequisite to tackle the bound-state electron-positron pair creation. In view
of the expected very long partial half-life for this even more exotic decay mode, the two-
photon decay branch is actually a competing process, which we need to establish first.

Experimental Technique and Expected Results

In this proposal we want to apply the recently pioneered technique of Isochronous plus
Schottky Mass Spectroscopy (ISMS) at the ESR in order

i. to establish the “exotic” nuclear two-photon decay mode in °**Mo, °8Zr and 1°*Pb,
ii. tosearch for new low-lying 0* states in both mass regions

Searching for the nuclear two-photon decay of low-lying excited 0* states with ISMS exploits
the unique capability of the GSI facility in producing fully stripped ions of exotic nuclei by in-
flight fragmentation, which can be separated either by the GSI fragment separator (FRS) or in
the direct connection (TE-)line from SIS18 to the ESR, and subsequently stored in the ESR. By
using the isochronous mode of the ESR short-lived isotopes with half-lifes in the few tens of
ms regime can be accessed. We also showed that by carefully preparing the beam in the ESR
a mass resolution of better than 10° (<100 keV for mass A~70 nuclei) can be achieved.

In the present proposal, the highly charged ions will be produced in-flight from primary beams
of (i) ®Mo and (ii) 2°°Bi. The isotopes of interest will be produced by impinging on a 10 mm
Be plate in the direct beam line from SIS18 to the ESR since their separation is possible using
solely the ESR (see LISE++ calculations below). This approach has been successfully used for
several storage ring experiments of high-intensity beams of artificially synthesized isotopes
[15] and also in our previous experiment. Further developing and optimizing ISMS as well as
the related instrumentation will open up a wide range of studies not only with the current
facility, but also for the Super-FRS and the CR storage ring at the new FAIR facility.

The basic idea of our experiment is to produce, select and store exotic nuclei in their excited
0* state. For neutral atoms the excited 0* state is a rather short-lived isomeric state with a
half-life of the order of a few tens to hundreds of nanoseconds. At relativistic energies
available from SIS18, however, all ions are fully stripped of their atomic electrons and decay
by ICE emission is hence not possible. If the state of interest is located below the pair creation
threshold the IPC process is not possible either and the half-life increases considerably [16].
Consequently, bare nuclei stored in the ESR are trapped in a long-lived isomeric state, which
can only decay by 2y emission to the ground state or by particle emission (alpha or beta decay)
for unstable isotopes. The half-lifes of all isotopes under consideration is sufficiently long as
to not compete with the sub-second half-life of the 2y emission.

Experimental Design and Methods, Technical Requirements and Proposed Work-Plan

The ESR allows high-precision mass measurements using time-resolved Schottky mass
spectroscopy (SMS) [17]. However, in order to be able to measure these still rather short-
lived isomers we will employ the isochronous ion optical setting of the ESR, routinely used in
the past as basis for the Isochronous Mass Spectrometry (IMS) [18]. The IMS does not require



the “lengthy” cooling of the ions and the revolution frequencies of the stored ions can be
measured right after the injection, i.e. a few hundred nanoseconds after the radionuclides
are produced. As a pioneering feature, instead of the time-of-flight detectors used in the past,
we use the newly developed highly-sensitive non-destructive resonant Schottky detectors
[19]. Such cavity-based detectors enabled us to monitor in time steps of about 10-20 ms the
frequencies and intensities of all secondary ions stored in the ESR. Combined with the New
Time Capture Data Acquisition System (NTCAP) [20], which has been taken into operation in
the E121 experiment in Spring 2020, we are able to observe with high time- and frequency
resolution the entire acceptance of the ESR.

The use of combined isochronous and Schottky mass spectrometry was first demonstrated at
GSI [21,22] and more recently employed at the CSRe in Lanzhou [23,24]. The mass resolving
power of the IMS depends on the quality of the ion-optical setting and can be improved by
tailoring the beam to the flat region of the isochronicity curve. In our previous experiment
(E143) we achieved a mass resolving power of better than 10°, which was sufficient to
separate the 101 keV isomer in 72Br from the ground state (see left side of Fig. 1). As in the
experiment E143, the 2y decay of the isomer would be identified by time-resolved SMS
[17,25], i.e., by observing the disappearance of the isomer peak in the SMS spectrum (see
right side of Fig. 1) with a characteristic decay time. In cases where particle emission from the
isomer is possible, we will identify it by the appearance of the corresponding daughter ions
at the corresponding revolution frequency [26].
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Figure 3: Using combined Isochronous and Schottky Mass Spectrometry (ISMS) the ESR is tuned in
isochronous mode where particles with y =vy: have identical revolution frequencies, which is
measured with high frequency Schottky detectors. Developed within the ERC grant “ASTRUm”, the
latest edition working at 410 MHz is shown on the right hand part [27].

As discussed above a reliable prediction for the partial 2y halflife of these 0* isomers is difficult
to obtain due to the uncertainties in the influence of nuclear matrix elements. Using as first-
order estimate the constant value of the ratio I'y,/»’~31 s*MeV~’ (measured in the closed-
shell nuclei [6,10]) gives halflifes of 300 and 100 ms for the 2y decay branch in ®®Mo and 8Zr,
respectively. In the case of **Pb with a higher lying 0* state the half-life could be as short as



60 ms, but as demonstrated in E143, using the newest sensitive 410 MHz Schottky detector
[27], we are able to measure half-lifes as short as a very few tens of ms. Finally, the relativistic
energies facilitate the detection of such short-lived isomers since their half-lifes are extended
in the laboratory frame by a Lorentz factor of y~1.4.

High gain component: Although not decisive for this experiment, we will employ the electron
spectrometer available at the ESR to eventually measure the energies of the rarely emitted
monochromatic positrons in the bound-state IPC decay of %Pb. For this purpose, only the
polarity of the spectrometer magnets will need to be changed which is a relatively simple and
quick action. In this experiment we like to check the feasibility of such a measurement.
However, if successful, the energy of positrons will directly be converted into the binding
energy of the 1s orbital in even-even **Pb nucleus and, dependent on the achieved precision,
can potentially be used to benchmark the atomic physics calculations [8].

Justification of Beamtime Request

The %Mo and °8Zr nuclei can be produced rather abundantly in the fragmentation of a *®®Mo
beam (see Table 1). Mo beams have been used at GSI in the past. Previous fragmentation
experiments have shown that low-lying excited 0* states are populated with a probability of
several percent. This was also confirmed in our previous experiment.

Primary | Beamline Particle rate | Bp Total rate and other
beam, Target and settings principal fragments
intensity & | Degrader energy [Tm]
energy
100Mmo0 FRS: 2Mo: D1/D2: Total: 2.2 10° pps
10° pps 1.8 g/cm? Be 2.110°pps | 7.0573 %Nb: 11000 pps
450 MeV/u | 1 mm Al wedge | 350 MeV/u | D3/D5: 37r: 20 pps
6.9161
%7r: D1/D2: Total : 740 pps
590 pps 7.4549 00Nb: 50 pps
382 MeV/u | D3/D5: Y . 60 pps
7.3219
100Mmo0 TE-LINE: 2Mo: Beamline | Total: 3.2 10° pps
10° pps 1.8 g/cm? Be 2.710° pps | 7.0372 %Nb: 12800 pps
450 MeV/u | No degrader 367 MeV/u 93zr: 18000 pps
37y Beamline | Total: 1810 pps
1050 pps 7.43763 | °°Y: 150 pps
371 MeV/u

Table 1: Rate estimate for the production of *® Mo and °8Zr from a primary *°°Mo beam using
the FRS (top) and the direct (TE) beam line from SIS18 (bottom).

The production of radionuclides in this experiment can either be done in the FRS or in the
transfer beamline between SIS18 and ESR, the TE-line. In Table 1 we show the results of LISE++
simulations for a *®°Mo primary beam to produce Mo and °8Zr fragments. If employing the
FRS, a higher purity can be reached even with a rather thin (1 mm) Al degrader in the FRS-S2.
However, taking into account the huge load of the FRS, we propose to conduct the experiment



employing the TE line. We will use the 10 mm Be plate (1.8 g/cm?) available in the TE line as
production target and utilize the ESR as an isotope separator in full analogy to our successful
experiment E143. In this way other NUSTAR experiments at the FRS can be operated in
parallel to our experiment. For the more exotic case of *8Zr the production rate via the TE line
is expected to be a factor 2 higher!. In [15] it was shown that the intense primary beam could
be suppressed up to a few ions per spill, while storing 10° ions of the isotope of interest.
Furthermore, with the NTCAP we will be able to monitor the fate of all species stored in the
ESR. The details of the production and experimental settings either via the FRS or via the TE-
line are summarized in Table 1.

Primary beam, | Beamline 194pp rate Bp settings Total rate and
intensity & Target & and [Tm] other principal
energy Degrader energy fragments
209B; FRS: 420 pps D1/D2:7.5432 Total: 2900 pps
10° pps 1.8 g/cm? Be | 355 MeV/u | D3/D5: 7.0041 BIT]: 630 pps
550 MeV/u 1 mg/cm? Nb 19271 560 pps

2 mm Al 1907 280 pps
195ph: 130 pps
193ph: 110 pps
1%0Hg: 70 pps

209B; TE-line 2500 pps | Beamline: Total: 82600 pps
10° pps 1.8 g/cm?Be | 367 MeV/u | 7.1377 19271: 3600 pps
520 MeV/u 1 mg/cm? Nb 171 3100 pps
no degrader 189Hg: 5900 pps

186Au: 4600 pps

184pt: 4800 pps

Bl 3600 pps

Table 2: Rate estimate for the production of 1°*Pb from a primary ?°>Bi beam using the FRS
(top) and the direct (TE) beam line from SIS18 (bottom).

In Table 2 we show the results of LISE++ calculations for producing %*Pb using a 2°°Bi primary
beam. For this second part of the experiment we also request the beam via the direct TE-line.
However, if the FRS scheduling allows, we would prefer to utilize its purification capability
since the total rate in the ESR will be quite large when using the TE line. This might lead to a
rather complicated analysis of the high density of frequency lines, though there are no critical
contaminants in the immediate vicinity of **Pb frequency lines. In addition, the isotope of
interest will present only ~3% of all stored nuclides. Using the FRS will increase this proportion
to 20%, while still maintaining a reasonable rate for **Pb of 420 pps.

In both parts of the experiment the estimated rates are high enough to perform the pure data
taking within ~3 shifts, even taking into account that we might require to further reduce the
Bp acceptance inside the ESR in order to achieve the necessary mass resolution as shown in
experiment E143. For the more challenging cases of *8Zr and °*Pb we expect to observe an
isomer decay every few spills. With a repetition time of 10 seconds we should be able to select
a few hundred events per shift. However, the experience from the previous experiment has

1 The same result could of course also be obtained without a degrader in the FRS.



shown that the main part of the beamtime will go into the preparation of the isochronous
mode of the ESR in order to achieve the necessary mass resolution of <107 to resolve the
isomer from the ground state. Therefore, we also request 2 days of parasitic preparation time
with any (Z>6) direct SIS18 beam.

In conclusion, we request 15 shifts with a 1Mo beam at 450 MeV/u to study *®Mo and %8zr
and 15 shifts with a 2°°Bi beam at 550 MeV/u to study '°*Pb. This time includes for each
isotope 3 shifts for setting-up and commissioning time of the ESR in order to assure optimal
operation conditions of the ESR in the isochronous mode. For the experiment the direct beam
from SIS18 can be used so that the FRS could be used in parallel.

8. Three Major Publications of the Spokesperson(s)

K. Wimmer, W. Korten et al.,

Shape changes in the mirror nuclei 7°Kr and 7°Se.
Phys. Rev. Lett. 126, 072501 (2021)
https://doi.org/10.1103/PhysRevLett.126.072501

A. Gorgen and W. Korten

Coulomb excitation studies of shape coexistence in atomic nuclei
J. Phys. G: Nucl. Part. Phys. 43, 024002 (2016)
https://doi.org/10.1088/0954-3899/43/2/024002

M. Steck and Yu.A. Litvinov,
Heavy-ion storage rings and their use in precision experiments with highly charged ions

Prog. Part. Nucl. Phys. 115, 103811 (2020)
https://doi.org/10.1016/.ppnp.2020.103811
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Technical requirements ESR
9 G-22-00018-2.1-E
Target station Allocated experiment time: Link scientist:
FRS-ESR Yury Litvinov

Mode of operation: Main beam

Comments, e.g. on n°® of runs: We request two runs each for 15 shifts; one with 100Mo beam and ESR only, the
other one with 209Bi beam and FRS-ESR.

N° of days for set-up and disassembling w/o beam (if > 2 days) [days]

lon Beam Specifications (for parasitic mode please enter ‘'none’' or '0' in the obligatory fields).

lon Species and Isotope (e.g. 197-Au) 209Bi
Enriched? Yes O No

Charge State (e.g. 67)

Energy (e.g. 1250 MeV/u) 550 [MeV/u]

Intensity [particle nA, ions/s] e.g. 1ell ions/s 1E9
Pulse Duration 50 [ns]

Duty Cycle (e.g. 5 Hz) [Hz]

On SIS18 O slow extraction fast extraction
Extraction time needed? (e.g. 10s) 10 [s]

Special requests on beam properties Isochronous mode of the ESR should have been established previously with
parasitic beam from SIS18

Additional information

Use of ... an existing setup O a new setup

Detector(s) used in experiment Schottky detectors and ESR in isochronous mode




Technical requirements ESR
9 G-22-00018-2.2-E
Target station Allocated experiment time: Link scientist:
ESR 15 Shifts Yury Litvinov

Mode of operation: Main beam

Comments, e.g. on n°® of runs: We request two runs each for 15 shifts; one with 100Mo beam and ESR only, the
other one with 209Bi beam and FRS-ESR.

N° of days for set-up and disassembling w/o beam (if > 2 days) [days]

lon Beam Specifications (for parasitic mode please enter ‘'none’' or '0' in the obligatory fields).

lon Species and Isotope (e.g. 197-Au) 100Mo
Enriched? Yes O No

Charge State (e.g. 67)

Energy (e.g. 1250 MeV/u) 450 [MeV/u]

Intensity [particle nA, ions/s] e.g. 1ell ions/s 1E9
Pulse Duration 50 [ns]

Duty Cycle (e.g. 5 Hz) [Hz]

On SIS18 O slow extraction fast extraction
Extraction time needed? (e.g. 10 s) [s]

Special requests on beam properties Isochronous mode of the ESR should have been established previously with
parasitic beam from SIS18

Additional information

Use of ... an existing setup O a new setup

Detector(s) used in experiment Schottky detectors and ESR in isochronous mode




Safety Declaration G-22-00018

1. General Safety

Do you use combustable or hazardous gases within your experiment (e.g. gas target, gas detectors)
?

O Yes No
If yes, what sort of gases?

Which quantities or flow rates?

(A flow scheme and description of the safety concepts have to be submitted to the Safety Engineers at GSI)

Upload safety concept

Do you use any other dangerous (e.g. toxic, inflammable, biologically hazardous, etc.) materials /
chemicals within your experiment?

O Yes No

(Note: Only biological material of biological safety level 1 must be irradiated at GSI)

If yes, what sort of materials/chemicals?
Which quantities?

Is your vacuum setup equipped with fragile parts like thin glass or foil windows, etc. (danger of
implosion)?

O Yes No

Is it intended to move heavy parts for setting up your equipment or during the experiment?

O Yes No

If yes, brief description of the equipment and working procedure:

2. Radiation Safety

Do you use radioactive sources or materials onsite?

O Yes No
If yes, which isotopes/type?
Which activities [Bq]?

Do you use a target?

O Yes No

If yes, position:

Indicate thickness of target [mm] or [g/cm?], and Interaction probability [%] with primary beam:

Material: Car




Do you use a secondary target/degrader?

Yes [O No

If yes, position: FRS and/or TE line (SIS18-ESR)

Indicate thickness of target [mm] or [g/cm?2]/ and Interaction probability [%] with primary/secondary
beam:

~2 g/cm2 Be or C, ~10% interaction probability
Material: Be and/or C

Do you use a beam stop for primary/secondary beam?

Yes [ No

If yes, position: FRS

3. Electrical / Laser Safety

Do you use electrical instruments that you bring on site?

O Yes No
If yes, please describe devices above 1kV, self-made equipment etc.

Do you use high-intensity radio frequency (rf) sources onsite?

O Yes No
If yes, frequency region/power:
Brief description of the rf sources:

Do you use lasers in your equipment?

O Yes No
If yes, laser-type(s):
Max. power/energy:
Class:

Repetition rate:

4. Special Safety

Is there any other special safety aspect to be considered in connection with your proposal?

O Yes No

If yes, brief description:







Host Lab Resources G-22-00018

The timely knowledge on requirements of host lab resources by our users permits a solid in-house planning and
allocation of respective resources. Please indicate here roughly, what you will need, and discuss details with the
respective department later, if beamtime is granted. You might discuss your entries here with your link scientist
before submission of your proposal.

Target Laboratory

Do you need targets from the department Target Laboratory?
O Yes No

If yes, please specify targets:

Detector Laboratory

Do you need support from the Detector Laboratory?
O Yes No

If yes, please specify:

Experiment Electronics

Do you need support from the Experiment Electronics department?
O Yes No

If yes, please specify:

IT Department

Do you need resources from the IT department?
Yes O No

Needed data storage: 100TB
Computing requirements: Data storage on analysis on Luster

Indicate further requirements here:

Vacuum Systems

Do you need support from the department Vacuum Systems?
O Yes No

If yes, please specify:

Transport and Installation

Do you need support from the department Transport & Installation for transporting or installing heavy
equipment? (formerly "GroSraummontage")
O Yes No

If yes, please specify:

Mechanical Workshop

Do you need resources from the department Mechanical Workshop?
0 Yes No

If yes, please specify:




Other Host Departments

Do you need resources from other host departments?
O Yes No

If yes, please specify:




