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Strongly Motivated Dark Matter Candidates
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First publication on an underground experimental search for cold dark matter
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An ultralow background spectrometer 1s used as a detector of cold dark matter candidates from the halo of our galaxy Using a
realistic model for the galactic halo, large regions of the mass—cross sectton space are excluded for important halo component
particles. In particular, a halo dominated by heavy standard Dirac neutrinos (taken as an example of particles with spin-indepen-
dent Z° exchange mteractions) with masses between 20 GeV and 1 TeV is excluded. The local density of heavy standard Dirac
neutrinos 18 <0.4 GeV/cm?® for masses between 17.5 GeV and 2 5 TeV, at the 68% confidence level.
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An ultralow background spectrometer is used as a detector of cold dark matter
candidates from the halo of our galaxy Using a realistic model for the galactic
halo, large regions of the mass-cross section space are excluded for important
halo component particles. In particular, a halo dominated by heavy standard
Dirac neutrinos (taken as an example of particles with spin-Independent
Z°exchange interactions) with masses between 20 GeV and 1 TeV i1s excluded.
The local density of heavy standard Dirac neutrinos is < 0.4 GeV/cm3 for masses ; (1 987)
between 17.5 GeV and 2.5 TeV, at the 68% confidence level.

Dark Matter Silver Jubilee Sympo\s.iu :
’ ‘ ‘&‘ » .




Direct Detection Dark Matter Search Strategies

PHYSICAL REVIEW D VOLUME 31, NUMBER 12 15 JUNE 1985

Detectability of certain dark-matter candidates

Mark W. Goodman and Edward Witten
Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544
(Received 7 January 1985)
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Direct Detection Dark Matter Search Strategies

PHYSICAL REVIEW D VOLUME 33, NUMBER 12 15 JUNE 1986

Detecting cold dark-matter candidates
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WIMP Searches Around the World
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Current and Upcoming Experimental Limits
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Cryogenic Detectors: Low Mass Searches
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Spin-Independent Limits < 10 GeV
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Spin-Independent Limits < 10 GeV
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DAMA’s annual modulation Nucl. Phys. At. Energy 19 (2018) 307
arXiv:1805.10486
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COSINE: Spin-Independent WIMP Search

Nature 564 83-86 (2018)

10 —e— Data Internal
. —— Best fit — Best fit+ WIMP |l Surface
10738 I 10 (systematic) [ ] Cosmogenic
& = —— NAIAD (2000-2003) 8— +20 (systematic) || External
- I DAMA-Na Savage et al (30, 2009)
o L eeeeaaa- DAMA-I Savage et al (30, 2009) .
81 03— ] COSINE-100 90% expected (10) ?:_’
= [ ] COSINE-100 90% expected (20) X
D COSINE-100 observed limit (90% C.L., 2018) £z
n - Exposure: 6303.9 kg day 3
%1 0 %
O = 5
G - =
C I
E 10~ =
o F — 10 GeV/c2 WIMP
T B @ 2.35x10-40cm?
=10 o
§ - . O1E
10—43 L L L Lol L1 | 0
10 102 510 10* g
WIMP Mass (GeV/c) Q o4k
20 25 30 35 40 45 50 55 6.0
Energy (keV)
- Exclude DAMA/LIBRA’s signal as spin-independent WIMP with Nal(TI)
- Confirms null results from other direct detect experiments with different
target medium
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Annual Modulation Search

PRL 123, 031302 (2019)

COSINE-100 (1.7 years)
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ANAIS-112

1.5 years data published in PRL 123 031301 (2019)

Least squared fit of the ANAIS-112 time-binned data in 2-6 keV energy regions to:
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Look for results from COSINE & ANAIS soon. Sarsa, TAUP 2019

Reina Maruyama Wright Lab, Yale University 17



Liquid Noble Gas Detectors: DM > 10 GeV

CoGe NT( 013)
T 2\ \J

» Discovery instrument | | =
- 300 - 1300 kg < \

» Single or dual phase s
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PRL 121, 111302 (2018) 21, 111302 (2018)
Reina Maruyama | Yale University 15



Spin-Independent Limits > 10 GeV
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Gen-2 experiments: next 5 years
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What might it look like in 20257
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« XENON 1T observes a few
dark matter events

- Gen 2 solidifies discovery

« Start precision measurement
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Dark Matter Particle Mass (GeV/c?)

we see dark matter events in
low-mass searches

consistent picture emerges out
of different nuclear masses

start precision measurement
with larger detectors
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Soul searching for dark matter searchers

Dark Sector Candidates, Anomalies, and Search Techniques
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US Cosmic Visions: New ldeas in Dark Matter 2017
arXiv:1707.04591
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Soul searching for dark matter searchers

» Heavier? e.g. wino?

« do we need to explain dark
matter on its own?

- lighter and weaker coupling?

Super- Extra
symmetry dimensions

Dark matter Weak scale

Macroscopic Macros WIMPzilla

Self

Primordial int ting

black holes

Bertone & Tait
__Nature 562, 51-56 (2018)
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Low mass detectors: meV — GeV

* Probe dark matter below proton mass

* lighter targets
* lower thresholds

Superfluid Helium

magnetic bubble chambers

Photon emission

Chemical-bond breaking

* look for scattering or absorption by nuclei or electrons

NR
1 keV 1 MeV 1 GeV
N N
| | | DM mass
| | — . 1 MeV-10 GeV 1 keV-1 GeV
(scattering)
meV 1eV 1 keV
| | | . DMmass
! ! | (absorption)
ER
Superconductors Semiconductors Noble liquids
10 MeV-1 GeV 1 meV-1 keV
Scintillators 2D targets
US Cosmic Visions, arXiv:1707.04591
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| ow mass searches: meV — GeV

DAMIC NEWS-G

Si CCDs Spherical proportional counter

- SENSEI -
Sy Skipper technology '

Diffusion
e l limited
Back

Front arxivi1506.02562

50 pixels

-
e iy

,‘i

i Flex cable

5 10 15 20 25 30
Energy measure d by pixel / keV

Copper frame 4

-
;-a

y [pix=15um]

e 1500 o Q Amaud et al, Astropart. Phys. 97, 54 (2018) _
cCD 5 T
w Hiovo
/& 500 ™ 107

-
o
8
-
b
[

>i;‘ 0':::::“ 50 60 70 8 0 100 110 (20 -
X [pix=15um
nuclear Z ¥ “]

recoil

—

|
[
©

-
9
&
S
Y
o
IS

SI WIMP-nucleon cross section [cm 2]
SI WIMP-nucleon cross section [pb]

\& e

-
9
o

1041 L1 L 1
5101 1 3 4 5678910

WIMP Mass [GeV]

Reina Maruyama | Yale University



Summary

Where are we now?
30 years of Direct Detection WIMP Search
DAMA vs. null-results
« Hints from indirect detection
« Upcoming “Gen2” experiments may yield signal
- Where to after “neutrino floor”?
* Where to?

- New WIMP and axion experiments are coming
online.

« WIMPs? Low mass? Warm? Other forms of DM?

When do we say “YES!” ?
- Consistent w/ astrophysics observations +
 reproducible

- targets, cross section, annual modulation, ...




