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Decays of 4°K

» “OK: naturally occurring;

0.012% abundance
> Tip=12x10° years;

main decay is 8~ with
branching ratio of 90%:
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> Also electron capture (EC):

3 keV X-rays and Auger electrons come
from K-shell electron capture:

VK +e™ — YAr + v,

Main contribution: EC* to excited state
of 4°Ar, which then decays with

Ti/» = 1.6 ps [1], emitting a 1.46 MeV
7. Branching ratio (BR*) is 10%. Can
be tagged by 1.46 MeV ~.

Also contribution that can not be
tagged, from direct EC to ground state.
BR estimated from 3+ decay [2] of °K
to “°Ar as 0.2 + 0.1% (theory
dependent), and from total decay rate as
0.8 £ 0.8% (theory independent), but
has never been measured [3]

EC to ground state would be the only
known EC unique third-forbidden
transition.
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Exotic new dark particles may make
up bulk of matter in universe.

DAMA claims detection based on

annual modulation caused by rotation
of Earth around Sun, through particle
halo of galaxy:
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Dark matter, DAMA/LIBRA, and “°K [3, 4]

signal

modulation amplitude 1
time-independent amplitude ~ 100

signal + background

> Average contaminations determined
by EC* 3 keV/1.46 MeV coincidences
between detectors: "*K: 13 ppb; “°K:
~ 1077 g/g

> “°K 3 keV X-rays/Augers from EC

» can't be tagged (unlike EC¥)
» contribute to
time-independent component
» constrain modulation fraction
of signal and dark matter
interpretation
» Important to know EC branching ratio



Measuring direct EC with KDK: X-ray detector and tagger

> Trigger on small inner detector

> Low threshold (~ 1 keV) and high
efficiency to detect 3 keV X-rays (and

Augers?)
Skeoures] 148 Mev > Transp.arent to E 2 10 keV to reduce
scattering, background

3 keV

» Surround with 47 veto to tag 1.46 MeV
with high efficiency (bonus if threshold
low enough to measure 511 keV ~ as cross
check of BRE¢ estimation from BRg+).

» For a signal-to-noise of 1, need an
efficiency of 98%

» 98% absorption efficiency of 1.46 MeV v
requires 22 cm of Nal (or 77 cm of LAB,
or 59 cm of LAr)

» Compare tagged to untagged triggers to
figure out ratio of EC to EC*.

X-ray detector

Tagger
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Modular Total Absorption
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sition are compared to GEANT4 simulations.
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Spectrometer (MTAS) tagger [6]

At Oak Ridge, TN (ORNL), surface site

Made up of 19 Nal(TIl) modules, ~ 55 kg
each, ~ 1 ton total (surrounded by 5 ton
Pb shielding).

2.5" =~ 6.5 cm diam hole through center:
source + small detector go here

Efficiency for tagging 1.46 MeV gammas
from center is 98-99% (SNR: 1-2)

BG rate < 1.46 MeV ~ 240 Hz in each
module (over all modules ~ 4.5 kHz; this
means the probability of one of these
events arriving in a random 1 us window
is 4.5 x 1073).

2 channels on a XIA Pixie 16 [5]

100 MS/s 12-16 bit ADC are available for

small detector(s) .
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Options for X-ray detector and source

» Composite (cf M. Stukel's talk last Tuesday): Small, sensitive
detector, and removable source. Advantages:

» source can be replaced to calibrate detector and tagging
efficiency (eg with 5*Mn or ®Zn), or removed to check
backgrounds

» good threshold and resolution

» Homogeneous: Source in bulk of small scintillator.
Advantages:
» full absorption of X-rays/Augers
» source supplied " free” with detector
Possibilities:

» Spiked Nal(TI) scintillator: light yield sufficient
(LY= 40 photons/keV [7]), but need much more K than usual
contamination

» KI(TI) scintillator: LY should be checked [8, 9, 10], may be
hard to reach required threshold

» KslLals:Ce and other exotics: can reach
LY= 55 photons/keV [11], but mass of crystals?

> KSI’2|5

P. Di Stefano for KDK
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KSrls:Eu scintillator (E. Lukosi, C. Melcher, L. Stand®)

> Novel scintillator [12], high light > Hygroscopic — encapsulate
yield = 100 photons/keV, )
A /2 450 nm

» Density 4.4 g/cm®, total “°K
activity 6.6 Hz/cm®

» Available in several cm®

> 1" diameter crystals:

> Excellent energy resolution (*¥"Cs):

75k

Encapsulated KSr,|Eu 2%
——Fit (1) - 3.9% at 662 keV
——Fit (2) - 3.6% at 662 keV
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Preliminary tests of 4 g KSryls in MTAS

Unoptimized setup, single PM, KSI spectra when cutting on MTAS
overnight (doing things backwards):
KSI vs MTAS:

KSI Energy (~10 eV/ch)

— KSl Energy

—  KSI with Any MTAS Energy > 0
— KSl Energy coincident with 1460 keV in MTAS

KSI Energy (10 eVjch) vs. MTAS Energy (1 keVich)
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» 20K coincidences! » 3 keV X-rays/Augers visible

» Rates, backgrounds being studied
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X-ray detector: large-area avalanche photodiode (LAAPD)

» LAAPD chosen for large
surface area, and cost,
rather than for resolution

» 1 keV threshold possible
when cooled to —20° C —
water /glycol mix, for now
detector reaches ~ —10° C

» Device: RMD 1315, 1 cm?

» Custom preamp supplied by
P. Davis (U. Alberta MRS);
pulse duration ~ 200 ns

HV SUPPIY emn
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Pre-Amp
Power Supply

APD Output

Liquid Cooling

APD
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Preliminary ®Zn calibration of LAAPD in MTAS

Mainly EC, EC*: ~ 8 keV X-ray/Auger (+ 1115 keV v EC¥*)

MTAS Spectrum Gated on Coincident Event with APD
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Towards a *°K source

S —

Equivalent “°K content

P. Di Stefano for KDK

Driver: ~ 3 x 10* untagged 3 keV counts
required to provide 10% stat error on
ratio of EC/EC* branching ratios
Source goals:

» 108 40K nuclei (4 x 103 EC events per

day)
» Implanted in 1 cm? Al foil to depth of

1 pum (to reduced self-absorption and
losses of efficiency)

Production, including isotope separation
and implantation, at ORNL

Will start with K enriched to 3% “°K

12 /27



Conclusions and prospects

» Measuring the branching ratio of electron capture of 4°K to
ground state of 4°Ar will:

» provide better understanding of the backgrounds in the
longstanding DAMA claim for the discovery of dark matter,
and in other dark matter searches

> be the first observation of EC unique third-forbidden decay

» inform nuclear shell models

» MTAS provides high-efficiency tagging

> 2 options being explored in parallel for X-rays
» LAAPD and “°K source
» KSrls scintillator which is also source

> Issues to be resolved:

» determine tagging efficiency with high precision (suitable
isotopes and Monte-Carlos)

» understand 5~ background and ways to mitigate it

» produce thin enriched “°K source

» characterize KSr;ls at low energies and its backgrounds

> Results expected in 2017
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