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Potassium-40

o Naturally-occuring radioactive
isotope (0.0117(1)%? 4°K in "tK)

o E.C. = g.s. (Igco) is ill-known. WKy
Predictions: ~ (0.0 —0.3)% o+ :

. Rare-event searches 10.55(11)% 89.25(17)%
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e Contaminant in Nal volumes (e.g. 160 keV ‘ N
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o Irreducible background at ~ 3keV 18 22
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e Naturally-occuring radioactive
isotope
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Potassium-40

o Naturally-occuring radioactive
isotope
e E.C. — g.s. (Igeo) is ill-known.

Predictions: ~ (0.0 — 0.3)%
2+

. Nuclear Theory

] —

. 10.55(11)% 9.25(17)%
@ Ipco is the only known 11%() ki\/ Zy - (1311) 07(11) keV
third-forbidden unique E.C. decay g
+70.00100(12) -
e 3FU transition can inform calculated o+ y ¥ QFN_ 1504.69(1 keV 4OC a 0
Ovbb half-lives (estimate quenching leg Ar22 20
of weak axial-vector coupling).
o Theoretical predictions vary widely




Potassium-40

e Naturally-occuring radioactive
isotope

e E.C. — g.s. (Igeo) is ill-known. )
Predictions: ~ (0.0 — 0.3)% Potassium

The KDK Collaboration
International collaboration making the

first measurement of Potassium-40’s

rare IECO decay “Decay”

Instrumentation paper (NIM A, Stukel et al.,
2021) available here

v



https://doi.org/10.1016/j.nima.2021.165593

KDK Setup I

e [0 event: o o+ event:
X-ray/Auger X-ray/Auger
& gamma

Inner Silicon Drift Detector (SDD)'
(MPP/HLL Munich); ~ 10 g

Outer Modular Total Absorption
Spectrometer (MTAS) (Oak Ridge
National Laboratory); ~ 1,000 kg

KDK measures p = Igco/ Igc*

for KSI



KDK Setup II ( https://doi.org/10.1016/j.nima.2021.16559 )
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Leading Systematic - MTAS Gamma-Tagging Efficiency, **Mn

To discriminate Ipco from Igcsx

y-tagging

efficiency must be

very well-known.

99.9997(3) EC*
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Measurement of **Mn ~ efficiency is
combined with ratio of Geant4-simulated
values




Leading Systematic - MTAS Gamma-Tagging Efficiency, **Mn

To discriminate Ipco from Igcx
v-tagging efficiency must be
very well-known.
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Leading Systematic - MTAS Gamma-Tagging Efficiency, **Mn

To discriminate Ipco from Igcsx
v-tagging efficiency must be
very well-known.

Measurement of **Mn + efficiency is
combined with Geant4-simulated values.
55Mngg
— 3" Scale 835keV gamma to 1460 keV (‘°K),

correct for dead time:

99.9997(3) EC*

2+

34+

<5.7x 1077%

. . EC?
99.9752(5)% 0.0003(3)%

834.855(3) keV

(1ps CW): Measured **Mn 97.75(1)% —
40K 97.89(6)%

TP
51CT30
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Testing Methods - %Zn

Test methodology for obtaining p = Igco/ Igc+ via 657n, similar decay

Counts / 10.00 eV

10*

o

SDD Spectra - 2.00 us CW

T \HHH‘ T Hlun‘

— Coincident

— Uncoincident
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F/C()
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1115.539(2) keV
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Resolution 198 eV FWHM at 8 keV

Qpe— 1352.1(3) keV




Testing Methods - %Zn
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Testing Methods - %Zn
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Main K Analysis (blinded)
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Main “°K Analysis (blinded)
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40K Predictions, Sensitivity

Theory and Projected KDK Sensitivity
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40K Predictions, Sensitivity

Theory and Projected KDK Sensitivity
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o UK measurement applicable to many fields: rare-event searches,
geochronology, nuclear theory

e KDK is making a measurement of ‘K, along with other isotopes

0K MEASUREMENT COMPLETED with result remaining internal,
publication preparation in final stages

(]

Stay tuned for the final value in the coming weeks
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Impact of Background on Annual Modulation

Total rate:
R(t) = By + So + Sm f(t)

By: background, including 4°K

So: unmodulated dark matter

Sm.f(t): time-dependent dark matter signal

Ry = By + So: measured time-independent rate

Modulation fraction:
Sm Sm

'So  Ro— By

By affects s, result, while feasibility can be assessed via theoretical DM models

Sm =



DAMA /LIBRA Modulation

2-6 keV
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Bernabei, Rita, Pierluigi Belli, Andrea Bussolotti, Fabio Cappella, Vincenzo Caracciolo,
Riccardo Cerulli, Chang-Jiang Dai et al. “First model independent results from
DAMA /LIBRA-phase2.” Universe 4, no. 11 (2018): 116.



Uniqueness, Forbidenness - /11

From this link

Type of Transition Selection Rules | L, | An? ft
superallowed ATl =0,417 0 | no | 1x10%1x10*
allowed Al =0,+1 0 | no 2 x 103-108
1% forbidden AT =0,+1 1 | yes 106108
unique** 1% forbidden Al =42 1 | yes 108-10°

277 forbidden AT=+1"£2] 2 | no [2x 1072 x 107
unique 2" forbidden Al =43 2 | no 102

3™ forbidden AT =427 43| 3 | yes 10%
unique 3™ forbidden Al =+4 3 | yes 4 x 101

4% forbidden Al =43 44| 4 | no 10%8
unique 4" forbidden Al =45 4 | no 10

40K — 49Ar g.s. or “°Ca = unique 3rd forbidden; “°K — 49Ar exc. = unique 1st
forbidden; Mn — 54Cr g.s. = unique 2nd forbidden; **Mn — ?*Cr exc. =

allowed; %°Zn all allowed.


http://websites.umich.edu/~ners311/CourseLibrary/bookchapter15.pdf

Uniqueness, Forbidenness - 11/11

From this link

Nomenclature Meaning

E, L Total orbital angular momentum of the ev pair

S ey Total spin angular momentum of the er pair

Fermi (F) transition ev intrinsic spins anti-align, S =0

Gamow-Teller (GT) transition | er intrinsic spins align, § =1

Superallowed The nucleon that changed form, did not change shell-model orbital.
Allowed L =0 transition. M}, # 0. See (15.27).

n® forbidden The ev pair carry off n units of orbital angular momentum

Unique L and § are aligned.



http://websites.umich.edu/~ners311/CourseLibrary/bookchapter15.pdf
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Alternate configuration

Combines x-ray detector + source
Benefits from higher 40K
composition

Currently, limitations in PMT
modelling lead to difficulty in
obtaining MTAS gamma-tagging
efficiency

KSI Sample

Hamamatsu R6231 PMT
Double Window Readout

Fig. 11. 7x7x 19.9 mm?® rectangular KSI sample wrapped in 400 pm of teflon sealed
inside an aluminum housing with a nitrogen atmosphere placed in the center with a
custom 3D printed polyethylene bracket holding the setup together.




Geochronology - K-Ar Dating

From this link

‘= _l [mmx(h) ]

where: t=age
h = total decay constant of *K
A, = decay constant of 'K to *Ar
HWAr* = “Argon produced by in site decay of *K (Daughter)
K = “Potassium (Parent)



https://geoinfo.nmt.edu/labs/argon/methods/home.html

Geochronology - Ar-Ar Dating

From this link

40Ar*
(a1 1)

where: t=age
h = total decay constant of *’K
J = neutron flux constant
WAr* = “Argon produced by in situ decay of *’K (Daughter)
*Ar = *Argon produced by neutron activation of *’K (Parent)

Note: total K lifetime is calculated from partial half lives and branching ratios,
thus A is dependent on Iy o.


https://geoinfo.nmt.edu/labs/argon/methods/home.html

%Mn MTAS Spectrum Fit

54Mn Data+Sims.

o Blue: ®*Mn 4ys data

o Red: total fit, with
components:
e Black: simulated 835keV
spectrum
o Teal: measured MTAS
background
N R o Green: gamma+BG
Eneroy (V) convolution (black+teal)
e Pink: gamma+gamma
convolution (black+black)
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Ay . . .
957n Coincidence Histogram

SDD/MTAS Coincidence - 65Zn

MTAS Energy [MeV]

1115.539(2) keV

3/2 o5
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0
SDD Energy [keV]
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057n fit to MTAS spectrum

Data

— Fit

beta sim

beta sim, self-trig

gamma sim
gamma sim, self-trig.
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957n - 3rd Electron Capture Branch

@ Electron capture branch to the
770keV level

o Intensity per 100 for 770keV =
0.00269(22)

o Intensity per 100 for 330keV =
0.00254(18)

o This means decay directly to 770 keV 1115.539(2) keV
occurs 0.00015(28) % of the time

o The systematic effect of the 6
intermediate %>Cu energy level on p
is smaller than the statistical error

1/2-




Implicit Zn p Values from Literature

Branching ratios are calculated from measurements and theoretical values.
No experimental result has probed electron-capture to the ground state (=EC) and
excited state (=EC*) branches simultaneously.

National Nuclear Table of
Data Centre Radionuclides
Tgoo 18 54(N% 48.35(11)%
Igcx 50.04(10)% 50.23(11)%
P 0.9700(24) 0.9626(30)

Agreement within 20 between National Nuclear Data Center [5]
and Table of Radionuclides [6].



MTAS Detalils

3-Inner

,—Central [ <&

] 0 o
-Middle “" 0

19 NaI(T1) hexagonal volumes
~ 53 cm X 18 cm
Inner, Middle Outer: one PMT at each end

Center: 6 PMTs on each end, hole through
center for source

total mass ~ 1 ton
~ 41 sr coverage

surrounded by lead shielding



SDD Details

Increasingly-biased p™ rings

Planar cathode

(]

S . . ..
Integrated FET Anode (n+) p+ Rings Central n™ anode is at potential minimum

Gate of field-effect transistor (FET)
connected to anode

53
Q%Zm MTAS Insert

p+ Cathode e Contains SDD + source

n- Silicon

Guard Ring e 2mm width except for endcap

o Endcap is 30cm long, 0.63mm thick to
reduce scattering
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MTAS BG

Peaks: 1K (1460 keV), 2*Bi (1760 keV), 2°8T1 (2614 keV), 27T & 23Na neutron
captures (6800 keV).
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