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Natural Krypton Spheres
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o Figure: 30 mm sphere secured in the filling adapter [7].

> —501 o 0

S 751 o =« Special spherical gas targets had already been developed by Rupp et al. [6]
100 8 at KIT for ToF measurements. Since only sketches and the spheres

themselves were available, new technical drawings and tools were produced
with the help of the IAP workshop.

= The new spheres consist of 0.5 mm stainless steel, were laser welded and
leak tested, and have an inner radius of 14.44 mm.

= They were filled with 99.99 % natural krypton.
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Figure: Ratio of the stable krypton isotopes in presolar SiC grains relative to solar [16-18].

The %Kr branching affects the production of °Kr. The *Kr/sk; ratio is therefore
sensitive to this branching and to the local neutron density [4,5].

Figure: Neutron-capture paths around the krypton region [3, 7].
= The lower temperature region of the main component lies at approximately .

kgl = 5-25keV in AGB stars, while the weak component in massive stars covers

approximately kg7T" = 30-90keV [1,2].

Table: Isotopic abundances I and molar masses M used in the analysis [8].

= The measured abundance spread in the ®Kr/%°Kr ratio changes significantly from one
grain to another [16,17]. In this work, the activation method is applied for the first time

« The ™Se branching influences the ratio of the s-only isotopes *Kr and 8?Kr, and Isotope

I (%)

M (g/mol)

78 Ky

0.355 &= 0.003

77.920366 £+ 0.000002

therefore depends not only on the neutron density but also on the stellar temperature [1]. to natural krypton at several distinct energies.

84Kr

56.987 = 0.015

83.91149773 £ 0.00000003

86 Kr

17.279 £ 0.041

85.91061063 £ 0.00000003

Neutron Production and NEW GENESYS

Experimental Setup and Sample Holder

Activation and Analysis
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Figure: Measured spectrum Detector 1 at £, = 2215keV [7].
0 100 200 300 400 500 600 The spheres were measured with a BEGe detector setup. The activated nu-
_ o En (keV) clei NV, were calculated from the measured counts C', with dead-time and
Figure: Six weighted PINO spectra for kg7 = 90keV [7, 9, 10].

detector-efficiency corrections.

Six different proton energies and sample distances were used to obtain the required neutron spectra through a lin-
ear combination. PINO [9] was used to simulate the individual neutron spectra. NEW GENESYS [10], developed by
P. Erbacher and modernised in this work, selects the necessary sub-spectra and calculates the weighting factors.

Table: Proton energies and sample distances of the six neutron fields [7].

Neutron monitor

Kr was used as the ne
PINO [9] using ENDF/B-VIII.1 [11] after comparison with Mutti et al. [5] and

utron-flux monitor. Its SACS was calculated with

) — Tessler et al. [15]. A systematic uncertainty of 3% was applied.
sub-spectrum E, (keV) d (mm) A . | y y PP

1 1908 23.5 ' ll\ e Table: Populated krypton states and their treatment in this work [7].

5 1909 16.0 Figure: New target asser.nbly. Top left: target cap; bot- reaction treatment in this work

tom left: cross table; right: new sample holder [7].
3 1957 16.0 Kr(n, ) PKr The isomeric state was not observed separately. The result
4 2009 16.0 . : 7 corresponds to total Kr.
= The activations were performed with a 2.5 MeV Van de : _ : :
0 2091 21.5 : 7T 7 : 80K 8lm.g ¢ Neither state could be determined with the applied decay
6 915 170 Graaff accelerator using the ‘Li(p, n)’Be reaction, a 100 pm r(n, ) r counting.

SACS and almost MACS

lithium layer and a proton-beam radius of 1.5 mm.

84K1“(I1, ,Y) 85m, 9K

The %K result is shown. The ®9Kr result requires

= For the spherical samples, a new target assembly was re-evaluation.

developed. The cross table allows continuous adjustment of

For each sub-spectrum the SACS o; was obtained. The 3; values were then used to calculate the almost MACS.

SKr(n, v) 8Kr Internal neutron-flux monitor.

eAc — 1o(B)P(E)dE the sample position. The modular sample holder was Internal normalisation
I(E)dE developed for spher.lcal samples, while an adapter can also Particle ratios 7 from activated and parent nuclei give the y values relative to
_ Joi(E)Pi(E)dE be r_nounted for solld—sta.te matter samples. - %K, from which the SACS are obtained. This allows re-evaluation if the 8°Kr
Oi = [ ®,(E)dE = A Li-glass detector monitored the neutron-flux stability cross section is updated:
22 during the activation.

al

o = —= 2. 00, :
MACS = 7 Bioi SACS

Results: SACS and almost MACS
The SACS uncertainty ranges correspond to +20. The almost MACS is calculated from the values determined with the modernised NEW GENESYS [10] tool.

®Kr(n,y) PKr

The isomeric state of "Kr was not observed separately. The result therefore corresponds to total Kr. The SACS is compared with

Kr(n,y) *#"Kr
The SACS is compared with JEFF-3.3, JEFF-4 and

The ®™Kr result is shown, while the 89Kr result requires re-evaluation.

ENDF/B-VIII.1, JEFF-3.3, JEFF-4 and TENDL-2019 [11-14]; the almost MACS with Tessler et al. [15].

TENDL-2019 [12-14]; the almost MACS with Tessler et al. [15].
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Figure: SACS from this work [7] with ENDF/B-VIII.1, JEFF-3.3, JEFF-4 and TENDL-2019 [11-14].

Figure: SACS from this work [7] with JEFF-3.3, JEFF-4 and TENDL-2019 [12-14].
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Figure: Almost MACS from this work [7, 10] and Tessler et al. [15]. Figure: Almost MACS from this work [7, 10] and Tessler et al. [15].

Outlook

Analysis

« Re-evaluate *'Kr(n, v) %9Kr, as this showed the largest difference from the literature and was also inconsistent within the measurement campaign itself.
« Re-check the naturally occurring 89Kr background and investigate inaccessible channels with atom-counting methods, including atom trap trace analysis for the long-lived krypton isotopes.
« Re-evaluate the other investigated isotopes when new and more precise measurements of the *'Kr monitor are published, especially if the data are taken with the ToF method.

Experimental setup

= Check the setup in future to ensure that the digital display accurately reflects the sample position. An activation study should be carried out using the gold-standard as a reference.
= Reduce the sphere wall thickness to reduce scattering and neutron energy loss in the outer wall, and remove excessive welding in the equator region.
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