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Abstract: <p>The MAJORANA DEMONSTRATOR (MJD) is a 44-kg array of low-background germanium detectors of which 30kg is made from
detectors enriched to 88% in 76Ge. MJD is operating a mile underground in the Sanford Underground Research Laboratory in Lead, SD. Its main
purpose is to search for the neutrinoless double-beta decay of 76Ge and to demonstrate the technical feasibility of a tonne-scale Ge-based
neutrinoless double-beta decay experiment. It is also capable of direct searches of a variety of dark matter candidates and other physics beyond the
Standard Model. In thistalk | will review the motivation, design and construction of the MJD, as well as recent results for a the search for bosonic
dark matter using commissioning data taken in 2015. | will also discuss the current status of MJD and conclude with a discussion of future plans for
MJD and a proposed tonne-scale Ge-based experiment, LEGeND.</p>
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Outline

Neutrinoless Double-beta decay:
History and Motivation
Majorana Experiment:
Overview
Construction
Other BSM Physics
Recent Results
Current status and Plans
Towards a tonne-scale

R. Henning Perimeter Institute Seminar, Oct. 20, 2017
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The weak force and neutrinos
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i ; Three flavors that undergo
b ¥ only weak interactions
bottom photon
- \. Electrically neutral
O | @ .
A Neutrinos have mass, but
very light
e | W . .
w | oo Compelling evidence
neutrino on .
neutrinos undergo flavor
Wikipedia oscillations.
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Neutrino Sources

L )

Most Abundant Particle in Universe!

R. Henning Perimeter Institute Seminar, Oct. 20, 2017 4
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Neutrino Flavor Mixing

Mass eigenstates different than flavor

Parameter best-fit

eigenstates.

> Propagating neutrinos undergo flavor

._‘hJJ:":_L |ll) bov? 7.97
Am? (103 eV ? 2.50 (2.46)

sin 0y 0.207
oscillations. sin? 623, Am? > 0 0.437
sin? Oy, Am? <0 0.569
Mass to flavor relationship described by sin?61y, am? >0 0.0214
. . . . sin? 9, Am? - 0211
neutrino mixing matrix with 5 mia il ‘l' ‘: :I o
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Neutrino Masses

Absolute masses weakly constrained, < 1eV.
Relative mass-squared differences known.

Three possible scenarios: Quasi-degenerate, also:

“Normal” “‘Inverted”
M Espmmeeea 0 I s
[ ‘ Amlzz
N 0 e
i Ve
| Am,;?=2.5 X 1073 eV?
V 2
u f\fﬂ)%
|
v ’
N 0 Emmseme Va
| Am,,2=7.4 x 105 eV?
I N RN
[ 2 [ 2

Needs to be resolved

R. Henning Perimeter Institute Seminar, Oct. 20, 2017
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M aj orana vs. Dirac A 2?:[1'.’.21:12:27::;::
w
Majorana fermions are their own anti-particles.
Ettore
Dirac fermions are not. Majorana
No fermions are known to be Majorana. o |
Electrically charged fermions have good QM # to “jp
distinguish particle/anti-particles, hence are
Dirac

Paul Dirac

Experimental evidence consistent with both
Majorana or Dirac neutrinos.

Verification difficult due to small neutrino masses
and handedness of weak interaction.

Neutrinoless double-beta decay is the only practical process
that can resolve this mystery.

R. Henning Perimeter Institute Seminar, Oct, 20, 2017 /
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More about Majorana vs. Dirac

Note: Only valid if neutrinos are massive.

v ;“’ v
M o 'M
Yy v \ vM,
! y
Vv, Vv V, \Y "
VeV e yvM
Original argument by Kayser, 1985
R. Henning Perimeter Institute Seminar, Oct, 20, 2017 8
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Matter dominated

Majorana neutrinos .
universe?

Required by

See-Saw mass-generating

mechanism Leptogenesis
Required (in general) by

R. Henning Perimeter Institute Seminar, Oct, 20, 2017 9
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What is neutrinoless double-beta decay (0vf3)?

‘A= ““A+2€

Energetically allowed in many

(@t3,) 326s
76 4
31Ga g

\Allowed [3-decay

nuclei. Q, 7010
: : Forbidden [3-decay
Q_
Prefer nuclei stable against 3 107784
. -~ 16
decay (about 30) - _ I®As
76
) 32Ge N Q, 2962.0
2vff: Observed 2nd order weak o
process. AR
V4 Z+2 — o N
A ﬁ A+ 2e + 2V E b " O+
76
34
R. Henning Perimeter Institute Seminar, Oct. 20, 2017
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History

1935: Double beta decay postulated by Maria
Goeppert-Mayer Phys. Rev. 48 (1935) 512

1937: Ettore Majorana formulates theory with

no distinction between v and anti-v.
Nuovo Cimento 14 (1937) 171

1937: Giulio Racah suggests zero-neutrino
double-beta decay as test for Majorana’s
theory. nuovo Cimento 14 (1937) 322

R. Henning Perimeter Institute Seminar, Oct. 20, 2017
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Y > o

Motivation for 0v(3f3 Search

Implications of discovery:
Neutrino is Majorana® (own antiparticle)
fotal lepton number is not conserved

Neutrinoes have mass" (known)

r.l
Absolute neutrino mass > H'
. W e
Oufpp nuclear decay may occur o
via several processes (SUSY, UM
RH currents, etc) S
Canonical example: Exchange of " ’
virtual Majorana neutrino + > .‘Ln

helicity flip
* Schechter et al, Phys. Rev. D25, 2951 (1982)

R. Henning Perimeter Institute Seminar, Oct, 20, 2017 12
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Ovpp-decay and Majorana Neutrinos w

;/ \_ /)-\,\ /(\.- N\ \
( [\, [\ —
Q | \ [
)
(

M _ e pgov) e

Schechter et al, Phys. Rev. D25, 2951 (1982)

Majorana nature verification independent of process that mediates Ov[}[} decay!

R. Henning Perimeter Institute Seminar, Oct, 20, 2017
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Ov(3[3 Rate and Neutrino Mass

[Tm, ]“I _ GUV(E()’Z)Kmﬁﬁ)‘ E‘Mm_.

1/2

T
172 : Half-life

Ov . X -
G : Phase Space (Known)

Ov f
M™ : Nuclear Matrix Element (large uncertainty)

2 i . | Effective Majorana electron neutrino mass*
<m, >=|)|U| m &
rr{m el z
i

Oupp decay can probe absolute neutrino mass scale and
mixing.
Current neutrino experiments measure mass squared

differences: Am?Z.

* Assumes v _ exchange

m

R. Henning Perimeter Institute Seminar, Oct. 20, 2017
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~ 100kg isotope
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R. Henning Perimeter Institute Seminar, Oct. 20, 2017
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First Experimental Search for DBD Decay s

Output; BD1= 1020x 1080IE@B0HE
Phys. Rev. 74 (1948) 1248 (conference proceedings) '

Arltificial Radioactive Substances

T1. Double Beta Decay.* . Fireman, Princeton Uni-
versily.—There exist a number of stable isobaric nuclei
that differ by two in charge and may differ by several Mev
in mass. The heavier should decay into the lighter with
simultaneous emission of two electrons. The decay prob
ability depends markedly upon whether or not the two
electrons are accompanied by two neutrinos. No neutrinos
are emitted il they obey the Majorana equation or if the
interaction is composed of linear combinations of the usual
interactions. Furry's calculations using Majorana wave
functions have been extended to linear combinations that
arise from symmetry considerations and meson theories.
[sobars belonging to a triple set are the most promising
for double beta decay since the middle one is near the
minimum of the isobaric mass defect curve., Thereflore,
wZr™ and ySn'™ were investigated with a Geiger counter
coincidence arrangement. Their activity was compared
with elements that are stable against all types of decay,
No difference was detected. On the basis of these measure-
ments and the assumption of two-Mev mass difference,
the lifetime of gSn'™ is greater than J3-10'" years. This
result rules out the polar vector, axial vector, and tensor
interactions with Majorana wave functions and the more
important linear combinations.

* This work was supported In part by Navy contract.

Searched for coincident
betas from target
materials using Geiger
tubes

Perimeter Institute Seminar, Oct, 20, 2017
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A Measurement of the Half-Life of I oui soriozocosoiasone
Beta-Decay from ;,Sn'** *

E. L. FIREMAN
Department of Physics, Princeton University, Princeton, New Jersey
Novembher 29, 1948

Followed by “discovery’!

e = e = = p— e —— ——— —
- L
v
In all situations specimen A4 gives 2 coincidence counts/ - 4 . 2 Iy
hr. more than specimen B. By repeating this type of = - a%
measurement with Al absorbers over one side of each . 2 s ] w
specimen an absorption curve is obtained. This absorption ' o —i.
S . : N —— L SN S -
curve is similar to that of electrons from a spectrum with e ——— e, —— - —_—
an energy end point between 1.0 Mev and 1.5 Mev. The ron Vilw

single counts from specimens 4 and B both give 6.5+£0.3
counts/min. I one interprets this eliect as double beta-
decay from Sn!** one obtains a half-life between 0.4- 10" yr.
and 0.9:10'% yr. Other alternative explanations for these

observations have been considered but none have been
found to be plausible. This result would indicate that

double beta-decay is unaccompanied by neutrinos. A\

turther consequence ol these results pointed out to the
author by Professor J. R. Oppenheimer is that the neutron-
proton charge difference is exactly equal to the electron

';wn; NIiEwy

('hd.rgc. Fic. 1. Experimental arrangement.

2.6 sigma effect

R. Henning Perimeter Institute Seminar, Oct. 20, 2017 17
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Ruled out by subsequent measurements,
though. Astropart. Phys. 31 (2009) 412) T,,,(24Sn, 0n)>2.0x10"%yr

Likely due to radioactive contamination,
uncontrolled systematics (no discussion of
calibrations), sample thickness

Limited handles on data

First use of lead/Fe shield, enriched sources
(54% enriched Sn source)

R. Henning Perimeter Institute Seminar, Oct. 20, 2017
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Still no conclusive evidence for the existence
of DBD.

About 10 “claims” in literature, all debunked
Three explanations:

Unknown backgrounds

Statistical fluctuations

Systematics / unknown detector response

R. Henning Perimeter Institute Seminar, Oct, 20, 2017 19
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Experimental Considerations in Modern Experimentsouu s oo s
»

Measure extremely rare decay rates :
26 27
T,,~10"-10" years ~ few decays per tonne per year.
Large, highly efficient source mass.

Extremely low (near-zero) backgrounds in the Ovf3{} peak region-
of-interest (ROI)

. W
1. High Q value = - 2vBp
_ - - OvfpB (M = > /100)

2. Best possible energy o 1% resolution

resolution g

Minimize Ovpf} peak ROl <

to maximize S/B
Separate 2v3/0vp(
0 0.5 1 1.5 2
Summed [} Energy [MeV]
R. Henning Perimeter Institute Seminar, Oct, 20, 2017 20
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KAMLAND-ZEN

1

/ Corrugated tube

/ Suspending Hlim belts

TS Butter ol

KamLAND LS
1000 ton in
R=6.5m balloon

Xe loaded LS In
R=1.54m inner balloon

e -
-‘\-‘\- 7 \()utn detector
=225 of 20 inch PMTs

1325 of 17 inch PMTs+ 554 of 20 inch PMTs
mounted on stainless-steel tank
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Current Limits on selected isotopes

[sotope | 33(0r) Half-life limit Natural Q-value (MeV)

(years) Abundance [%]

48Ca > 1.4 x 1022 0.187 1.2737

6Ge > 5.3 x10% 7.8 2.0391

82Ge > 1.0 x 1023 9.2 2.9551

100N\ o > 1.1 x 10%4 9.6 3.0350

130T > 4.0 x 10%4 34.5 2.5303

136X e >1.07 x102¢ 8.9 2.4578

150N > 1.8 x 10%2 5.6 3.3673
R. Henning Perimeter Institute Seminar, Oct. 20, 2017
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Sensitivity, Background and Exposure

R. Henning

“Ge (87% enr.)

10% ¢
- Discovery Level
10% |- =
28 i
T 107 .
] -
Q -
> L
a 107 E
A -
l"': . B min
10°° 10 m" range
—— Background free
- == 0.1 counts/ROI-t-y
10 --=+ 1.0 count/ROI-t-y
E e 10 counts/ROI-t-y
1024 1 J_Illllll J_LIJIII:II 1 1 \IIHIJ J_J_LLIIIII L LIIJ!H[ J 1 11 1iLl
10° 1072 107" 1 10 107

Exposure [ton-years]

Perimeter Institute Seminar, Oct. 20, 2017
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Fig: Courtesy J. Detwiler
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Background Identification

Natural isotope chains:
232 235 238
Th, 7'U, U, Rn
2vi[}-decays
Cosmic Rays:

Activation at surface creates
[§10]

GH
Ge, Co.

Hard neutrons from cosmic ray
in rock and shield.

Pushing limits in ICP-MS,
materials science, radio-
assay. le. Ultra-low radioacti
background, fast, low-noise
electronics

R. Henning
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Background Reduction Challenges

10’ r}‘
= 10°
o : o Commercial HPGe detector in lead shield at surface
o 7 . Nﬁ‘lv-% i
. Ml
Q
c 10°
S
§ 10
% 10° 2 neutrino background
3 T ——
< 10 /
3 10°
8 ( 0 neutrino signal x 100
10
o0 500 1000 1500 2000 2500 3000
energy [keV]
R. Henning Perimeter Institute Seminar, Oct, 20, 2017
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The MAJORANA DEMONSTRATOR

Funded by DOE Office of Nuclear Physics, NSF Particle Astrophysics, NSF Nuclear Physics
with additional contributions from international collaborators.

Goals: - Demonstrate backgrounds low enough to justify building a tonne scale experiment.
- Establish feasibility to construct & field modular arrays of Ge detectors.
- Searches for additional physics beyond the standard model.

Operating underground at 4850" Sanford Underground Research Facility

Background Goal in the Ovf}|} peak region of interest (4 keV at 2039 keV)
3 counts/ROI/t/y (after analysis cuts) Assay U.L. currently € 3.5

44 1-kg of Ge detectors

29.7 kg of 87% enriched "“Ge crystals

Radon Veto Poly
1/ nat=> a -
14.4 kg of "'Ge _ Enclosure Panels Shield = =
Detector Technology: P-type, point-contact e = - {7

2 independent cryostats

Lead Bricks

- ultra-clean, electroformed Cu I(ﬁm‘r
u

22 kg of detectors per cryostat Shield

naturally scalable : s -
~ Quter i L — IS v e
Compact Shield L

Cu ‘ T —_

- low-background passive Cu and Pb Shield i

shield with active muon veto —_— —

R, Henning Perimeter Institute Seminar, Oct, 20, 2017 2
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Electroformed Cu
OFHC Cu Shielding
Pb shielding

Cables / Connectors
Front Ends

Ge (U/Th)

Plastics + other
Ge-68, Co-60 (enrGe)
Co-60 (Cu)
Externaly, (a,n)

Rn, surface a

Ge, Cu, Pb (n, n'y)
Ge(n,n)

Gel(n,y)

direct u + other

v backgrounds

R. Henning
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Sensitivity, Background and Exposure

Based on assays of materials, When UL, use UL as the contribution
NIMA 828 (2016) 22-36

Background Rate (c/ROI-t-y)

0.2 0.4 0.6 0.8

L 1 1 1

0.63

0.04
b

<0,01

Q.60

0.10 u Natural Radioactivity

Cosmogenic Activation
21 External, Environmental
0.17 p-induced

0.13 neutrinos

Total: <3.5 ¢/ROI-t-y

Perimeter Institute Seminar, Oct, 20, 2017
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Ge Detection Principle

>50 years of experience

Ge is semiconductor -- Diode. L

lonizing radiation creates electron-hole pairs. n__—

Signal generated by collecting ~— __— N
electrons and holes. x electrons \

Gamma-ray spectroscopy

D~ holes e
Mature TEChnOIOgy lonizing radiation
Gammasphere interaction site
GRETINA/AGATA Ganperta

RHESS| (Commercial)

|

R. Henning Perimeter Institute Seminar, Oct. 20, 2017
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Ovip with Point Contact Detectors
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R. Henning
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Input:

1

Hdrift patngl

. 000 H()IU v.lnfl
(mm/ns)
OF

100

003
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o 400|
i

2 350|
[}

Haw Spectrum
Altar PSD Cut

51

5 300! ]
g

(&1

2560|
200} ‘
150)
100} I

501 Jl \L\.“
e, i B N o e el TR W L (P P |
N e G o e v e e o et d e a1
80 1660 1670 1880 1500 1600 1610 1820 1630 1640 1850
Enargy (kaV)
Luke et al., IEEE trans. Nucl. Sci. 36 , 926 (1989)
Barbeau, Collar, and Tench, J. Cosm. Astro. Phys. 0709 (2007)

Perimeter Institute Seminar, Oct, 20, 2017
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E n ri C h e d C I'ySta I P rOd u Cti on o s01_jeio S

Enrlchment (86‘/] “’Ge) E.E Haller

;tl‘
syt

the silien envelope. This
bulk arystal growth
teuhnigue carries the
nama of it"s Inventor,
“Jan Crochralki.”

R. Henning Perimeter Institute Seminar, Oct, 20, 2017/ 30

Pirsa: 17100063 Page 31/58



Input: — DVI= 1020x 1080pEB0OHz:

G e P roce S S i n g a n d Re c ove ry Oulput: 801 - 1920x 1080IEBOHE

Better than 98% yield from original 42.5-kg of “"Ge (61.7 kg of GeO,)

Recovered Ge from processing detector manufacturing waste
8.4-kg of "scrap” reprocessed
2.87 kg of metal from detector manufacturer reject

5.87 kg of Ge with =47 Q-cm recovered from the manufacturing effluent and kerf

Mixed with 3.22 kg of remaining Ge material to yield 9.1 kg of Ge >47 Q-cm
Resulted in 74% vyield of operating detectors, best to date for Ge
experiments

_ _ GeCl, with cover liquid
Ge reduced in Cl gas Zone refining of Ge metal ¢ 4

R. Henning Perimeter Institute Seminar, Oct, 20, 2017 KR
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Sanford Underground Research Facility: Lead, South Dakota ?
“

R. Henning Perimeter Institute Seminar, Oct. 20, 2017 32
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Underground Location of MAJORANA Laboratory ;

LUX
, MAJORANA Lab { TEAVERN )
100 _ B
¢ 3 “Transition Space
1
J l! ?
A
& '
Yates shaft
Davis Campus, 4850’ level, near Yates shaft
R. Henning Perimeter Institute Seminar, Oct, 20, 2017 33
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E a rl y ACt i V iti e S Output: am;&m 10B0ICBOHE

Underground Electroforming facility Main underground Lab

. .- '1f i A.

' ‘“ 'l_]l}

WY
90T Y

i e |
finni LIS B
i |
¥ o
: 3
Inside Electrof y Lat | Y nachi :
nside cliectrotorming Lab Underground machine shop W .
Vacuum System Assembly
R. Henning Perimeter Institute Seminar, Oct, 20, 2017/ 34
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From electroformed Cu and enriched Ge o so i woaa

- electro-formed underground

- Th decay chain (ave) < 0.1 uBq/kg
- U decay chain (ave) £0.1 uBa/kg
- ~1.1 tons used in MJD

R. Henning Perimeter Institute Seminar, Oct. 20, 2017 33

Pirsa: 17100063 Page 36/58



Electroformed Cu and enriched Ge o 3?3%131’1?:37&’53

- electro-formed underground | _.

- Th decay chain (ave) < 0.1 uBq/kg &

- U decay chain (ave) <€0.1 uBqg/kg J—

- ~1.1 tons used in MJD ! (.
‘; R |

Fig: Courtesy M, Kapust

R. Henning Perimeter Institute Seminar, Oct, 20, 2017 36
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M J D C on St ru Ct i on Output H-m é:a:moumaaouz

R. Henning Perimeter Institute Seminar, Oct, 20, 2017/
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Input: — DVI- 1920x1080pE@E0Hz
Output;  SDI - 1820x 10B0I@E0HZ

Electroformed Cu and enriched Ge

)1 |

2 . . li’ﬁ-c“--i-—l’. H
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e

¥

= . | ca
I _.rt.‘ . o
| o .. 1
w ) i | i
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®

w
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Fig: Courtesy M. Kapust
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- Input:  DVI= 1020x 1080pEB0OH:
T h e M J D S h le I d Oulput; 81 - 1920 1080IEO0Hz

R. Henning Perimeter Institute Seminar, Oct. 20, 2017 39
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M Od u Ie I m p Iementati On Output;SDI- 1620x 10B0IGBOHz

¢ I

& .‘w

In shield Operation

Module 1: 169 kg (20) "Ge SHedsisiatgmey May - Oct. 2015,
, . HgEsSEey
56 kg (9)mtGe @Eemdslsegmer Final Installation,
dEEsdEd  pec 2015 — ongoing
Sk M g L ML
_ SASH A AT July 2016 — ongoing
Module 2: 12.9 kg (15) «Ge ﬂﬁg}ﬁg‘jgm Jub Sl
) , et s S
8.8 kg (14) ntGe &%ﬁ‘mﬁ g8

2
. Henning

-~

Perimeter Institute Seminar, Oct_ 20, 20140
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Data Sets and Duty Cycles 2

’ I Physics--Opaen

|
| Physics--Blind
| Disruptive Activitios \

- Calibrations

| I Downtimo

DSO DS1 DS2 DS3
M1 Commissioning M1 Inner Shield M1 Multisampling Module 1
No Inner Shield Dec. 31, 2015—May 24, 2016  May 24—July 14, 2016 M1 & M2 Together in-shield
June 26—0ct. 7, 2015 Aug. 25—5Sept. 27, 2016

DS4 DSSa DSSb DSS¢ D56 (ongoing)
Module 2 Module 18&2 M1& M2 Optimized Grounding, Module 18&2 M1 & M2 with Multisampling
M1 & M2 Together in-shield Integrated DAQ (high noise) 10 kg-yr Analysis Cutoff Blindness Implemented May 11, 2017 —present
Aug. 25—Sept, 27, 2016 Oct. 13, 2016—Jan, 27, 2017 lan, 27—Mar, 17, 2017 Mar, 17—May 11, 2017 01 1 |
‘—

ide results

r\:l'\l 5

R. Henning Perimeter Institute Seminar, Pct. 20, 2017 a
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Low-Background Data: DS1-4,5b 50520 RN
Lowest background configuration, with both modules in shield.
« Active Exposure: 5.29 kg y (“"Ge)
« Background after cuts: 3 counts in 360 keV window
« Background rate: 4.0 c/(FWHM ty), 1.6t!-2c/(keV ty)
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Other Physics with MJD

* Low-E thresholds of PPC design opens new possibilities for
experiments:

—Direct Dark Matter Searches

—Coherent neutrino nuclear scattering (an initial goal of
PPCs)

—Solar Axions

—Low momentum transfer neutrino-electron scattering
—Fractionally charged Particles in cosmic-rays

—Pauli Exclusion Principle Violation

—Lorentz Violation

* Enrichment reduces low-E backgrounds
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Example: Light (1-100 keV-scale) Bosonic DM ‘;

PHYSICAL REVIEW D 78, 115012 (2008)

Bosonic super-WIMPs as keV-scale dark matter

Maxim Pospelov,'* Adam Ritz,' and Mikhail Voloshin™*
‘I”f’;k‘{rfﬂn’”! of Physics and Astronomy, University of Victorta, Victoria, British Colombia, V8P 1A] Canada
“Perimeter Institute for Theoretical Physics, Waterloo, Ontario, N2J 2W9, Canada
"William I. Fine Theoretical Phvsics Institute, University of Minnesota, Minneapolis, Minnesota 55455, USA
‘Institute of Theoretical and E wperimental Physics, Moscow, 117218, Russia
(Received 15 August 2008; published 16 December 2008)
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Example: Light (1-100 keV-scale) Bosonic DN ii?:;.’.ii’::lﬂ:ﬂf;‘:f::

m= 23 kaV

- «f Simulation |,

|
LRE ‘
B |
- ‘I
0

e
adlliis |
WN‘M U
nucleus 0., = 0.3 GeV/cm? B =v/c~0.001

. Low threshold PPC Ge detectors well suited for keV-scale DM search
« Pseudoscalar (ALPs) or Vector DM could deposit rest mass-energy in
detector
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DVI - 1920x1080p@E0Hz

Slow Surface Events Near Detector Surface:., & o e

i

1000
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g

Voltage (a.u.)
g

+

e m;

3

. RN BN B A R |
active volume 7000 8000 9000
Time (ns)

n+ dead layer
" ) ) Also energy-degraded
transition region — partial

charge collection
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Transition Region Event Tagging
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« Energy degraded events originating in transition region between dead layer and
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bulk region are a major background in low energy Ge experiments

G. Giovanetti et al., A Physics Procedia, 61, 2015, 77, C. E. Aalseth et al., Phys. Rev. D 88, 012002, 2013
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Input: — DVI = 1020x 1080pEIA0Hz

Tracked and Minimized Cosmic-ray exposure Outut 50119204 (0BOBON
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Low-Energy Spectrum in M1 Commissioning Dat:

Much lower background in enriched detectors, due to tight exposure control

* Exposure, enriched: 478 + 6 kg-days, natural: ~195 kg-days

* From 20-40 keV: ~0.04 cts/kg-d-keV (Best in world for Ge)

counts / kg /d / keV

R. Henning

PRL 118 (2017) 161801
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DVI - 1020x1080pEA0Hz

Da rk M atte r Re S u Its l‘;[:;‘..n DI - 1020x 10B0IGRO0HZ

-
v
For DS-0, 13 enriched detectors and a 478 kg-day exposure:
» Most stringent limit is for pseudoscalar axion-like particles (mass 11.8 keV)
* 90% upper limit for the coupling constants based on the expected event rate
7T
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Additional Low-Energy Results

Three additional limits obtained from DS-0: 10 AREARA AR AARE RS ) B
« Solar axion coupling (14 .4 keV Fe M1)
Low-mass limit. 90% UL
r;"”\ < Gae < 3.8 x 10 L

« Non-Paulian transition in Ge 3 .
| } si; EDELWEISS

Ay = q a;a; 0 : —

Iy | I -
(] | 4

f'“) MAJORANA

Binned likelihood study for peak at 10.6 keV

10! FYRPUR FSYSRSVS VN EOS YUV TV VA G YO VATV VA Vs W YOm Y Vi v

I/;) .' ),3 - ‘\"'r) & ”) e (900/0 CL UL) ' : 1 :\i}lllll hlixx(kj""«'l h !

* Electron decay

MALBEK Data
Binned likelihood for peak at 11.1 keV

(& L E P

r. > 1.2 x 10" yr (90% CL UL)

enorgy (keV)
Ref, MALBEK, arxiv:1610.06141
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Input: — DVI - 1920x1080pE@E0H
What'’s next? oo s o S

Current backgrounds factor 2-3 lower
Will collect 5-10x stats.
« Updated bosonic DM search
« Solar axions
« Light WIMP w/ bremsstrahlung =
« Charged Excitations
« Other

PHYSICAL REVIEW ETTE

Probing Sub-GeV Dark Matier with Conventional Deteciors

Chiris Kouvar and Josef Pradle

. ) P weex enaing
PRL 109, 251302 (2012) PHYSICAL REVIEW LETTERS 21 DECEMBER 2012

>
Direct Constraints on Charged Excitations of Dark Matter

Haipeng An,' Maxim I‘mpctm‘: " and Josef Pradler’
Peri er Inxtinute, Warerloo, Onrario N2I 2YS5, Canada

h Columbia V8P 5C2, Canada
wtimore, Maryland 21210, USA
ber 2012)
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Input; — DVI = 1020x 1080pEA0Hz
L E G E N D Output; 801 1920x 1080IEB0OHZ

Large Enriched Germanium Experiment for Neutrinoless
Decay

Working cooperatively with GERDA and other interested
groups toward the establishment of a next-generation 76Ge
OvBB decay experimental collaboration, to build an

experiment to explore the inverted ordering region of the
effective mass.
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37 institutions in 14 countries: North America, Europe, and Asia
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= @ pu  DVvI- 1920x1080p@E0Hz

The MAJORANA Collaboration L s
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