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The KDK (*°K decay) experiment:
Measuring a rare decay of 4°K
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Decays of “°K [1]

I “°K: naturally occurring; 0.012% abundance; Ti-, = 1:2  10° years
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I Electron capture (EC): 15K +e ¥ BAr+ .

1 3 keV X-rays, Auger electrons from K-shell electron capture
I Also 1.4 MeV  (or conversion electron) if EC* to excited state

I Direct-to-ground-state EC has never been observed
I Nuclear theory: would be only measured 3rd forbidden unique EC
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40K EC decay and direct dark matter searches

i 3 keV from EC/EC* is a BG in energy region expected for
many dark matter models

I EC* can be tagged by 1.4 MeV , EC can not be tagged:
irreducible BG

I K contaminates many Nal experiments (ANAIS, ASTAROTH,
COSINE, COSINUS, SABRE...): draconian measures taken to
grow pure crystals, veto EC*

I In particular, EC may constrain interpretations of DAMA dark
matter claim [2] (Pradler et al 2013 [3])

(also requires assumptions on tagging e ciency and other BGSs)
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40K EC and geochronology

I Longstanding calls to verify existence and intensity of EC [4, 5]:

by Endt and Van der Leun (1973, 1978), Endt (1990), and Audi
et al. (1997), this decay mode is unverified and its existence is
questionable.

Outstanding problems remaining to be addressed in evaluat-
ing the *°K decay constants include: (i) improving disintegra-
tion counting experiments to provide better data for 8 and vy
activities and (ii) verifying the existence and magnitude of the
hypothetical y-less electron capture decay directly to *’Ar in
the ground state. Concern about the level at which “°K/K is

I K-Ar and Ar-Ar dating [6]: as analytical precision improves (resp 0.5%
and 0.1%), EC uncertainty noticeable:
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Neglecting EC tends to overestimate ages
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Theoretical predictions for the EC branching ratio
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Measuring EC with KDK [7, 8]: X-ray detector and tagg

| EC/EC* trigger small inner detector

| keV threshold for
X-rays/Augers

| Transparent toE & 10 keV to
reduce scattering, background

I Surround with 4 veto to tag EC*
1:46 MeV

| For signal-to-noise of 1, need
98% e ciency

I 98% absorption e ciency of
1.46 MeV requires 22 cm of
Nal (or 77 cm of LAB, or 59 cm
of LAr)

I Compare tagged to untagged
triggers to determine, ratio of
EC to EC*.
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Modular Total Absorption Spectrometer (MTAS) tagger |

MTAS and insert

| 1 Tonne of Nal at Oak Ridge (now at Argonne)
| Surface site, BG rate 2:8 kHz.
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