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uropean Particle Physics Strategy Update (EPPSU) 2018-2020, May 12-17,
019 (Info from Shoji'Asai)
 https://europeanstrategyupdate.web.cern.ch

e |nput to the committee
« https://indico.cern.ch/event/765096/contributions/

e Symposium
« https://indico.cern.ch/event/808335/timetable/#20190513.detailed
« European Astroparticle Physics Strategy 2017-2026
o https://www.appec.org/roadmap

« US Cosmic Vision 2017 (info. from Kaixuan Ni): direct detection (accelerators)

https://arxiv.org/abs/1707.04591

 Follow-up workshop after Cosmic Vision 2017 (invitation only), Oct. 15-18, 2018 (Basic
Research Needs Workshop on Dark Matter Small Projects New Initiatives)

» https://orau.sov/hepbrn2018/default.htm

« Summary in APS
« http://meetings.aps.org/Meeting/APR19/Session/T04.7
« DOE announced funding opportunity
« https://govtribe.com/opportunity/federal-grant-opportunity/dark-matter-new-initiatives-defoa0002112

« For larger detectors: no further update yet
« http://mitchell.tamu.edu/next-generation-dark-matter-and-neutrino-detection/ 3
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Direct detection: Jocelyn Monroe




Model Space

Wide range of parameters!

Direct detection searches generally optimised for WIMP sensitivity...
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Model Space

DAMAS

Wide range of parameters! | o DAMANG

Direct detection searches g
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Model Space

Wide range of parameters!

Direct detection searches generally optimised for WIMP sensitivity...
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3—=2 SIMP starting to look for axion-like particles too!
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WIMP community input to the ESPPU

9 submissions to ESPPU 2019 in track “dark matter”,
2 focussed around direct detection (in Europe):

DARWIN and Global Argon Dark Matter Collaboration

« DarkSide-20k, DS-LM, Argo: direct detection

« DARWIN: direct detection

« NA64: e dump, sub-GeV dark photon FASER at LHC
« SHIP at SPS beam dump: search for hidden particles

« AWAKE: dark photons using 50 GeV e beam (future 3 TeV)



Liquid Xenon detectors

« 2019- XENONNT, 20 tyr

« ESPPU Document #97: DARWIN
collaboration

« 40 ton of LXe target, > b GeV, a few x
10-49 cm2@50 GeV S|

e Spin dependent, inelastic scattering,
solar axions, pp solar nu, neutrinoless
double beta decay, double electron
capture, SN neutrinos

« TDR 2022-23, XENONNT&E#:+ (~2025)
ICEER. nTH T #commissioning

« ISFTIF RS TULVA UL Alcollaboration |
LNGS~Dinterest% 3&HH,
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The need of an ultimate WIMP detector to reach
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Energy [keV ]
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Liquid Ar detectors

* Global Argon Dark Matter
Collaborationh¥ & sk ~2017
(DEAP, ArDM, MiniCLEAN,
DarkSide)

« ESPPU Document #62
« Underground Ar

* ProtoDune-like cryostat

« DarkSide-20k (2022- 50 ton
LNGS), 1.6NR by atm nu in
100 ton year exposure

« DS-LM (light mass)
« Argo (400 ton) @SNOLAB?

Dark Matter-Nucleon Gg; [cm?]

\DS 200 t yr

Argo 3 kt yr
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Accelerators:
« Energy frontier|ZHNZ . #F7-7a0E2s 2z AL 72K MeV-GeV DM, DS

491fb"(7TeV)+19.7 fb' (8 TeV) + 38.2fb" (13 TeV)

T T
90% CL limits
B(H— inv) <0.16

Higgs-portal models

&=+ Fermion DM
Scalar DM

Direct detection

XENON-1T
— LUX
—— PandaX-Il
~ CDMSLite
~— CRESST-Il
—— CDEX-10
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Invisible decays of the Higgs.

Beam dump

\‘ Beam dump

Downstream Spectrometer+Particle ID

o s) NE@W accelerator based searches for MeV - GeV dark matter
Dark Portals [Vector, (Pseudo)Scalar, Neutrino] at Beam Dumps (e. g. NA62++, SHiP)

E. Graverini’s talk

Production of long-lived dark particle
decaying to SM particles

+ Rate ~ g4

¢ defines dark photon- photon mixing

Downstream Detector

Production of dark particle decaying to DM pair.

DM scatter
- --------------- X ----------------------- DM scatters inside the detector
T X X Rate ~ g4
Aé DM, DS
- - Summary
Asai & Carena
Many other

Idea]slthere



Indirect Detection: Christoph Weniger

1. Self annihilation
« Fermi LAT: $E;A A0, dwarf spheroidal galaxies
« HESS: $EA[H /0 ~a few TeV
HAWK: 100TeVIL E#cXETZ % AlgE4L,
CTA: HESS# 102 = F & (natural scale #1E%)
KGF: RINDBEFZRI R geE DHERRIZEE L W, I GVDO T 7 2R 7
GAPS: T X/ F¥F—DEWKRENKSE
lceCube, Super-K, Hyper-K, KM3NeT: —a2— kU ./ (KBE. HEK, #RA7?7)

2. Decay
- Sterile neutrinos: 7 keV nu = 3.5 keV n+3.5 keV y Hitomild R 2 7% H > 7=

3. Conversion

o AxioniE=z

12



Anfi-proton ~10 GV excess?

Cuoco+ 2019 Cholis+ 2019

* Firstidentified in Cuoco+ 2017, with ~4 sigma * Check time-/charge-dependend diffusion
significance * Confirm excess with even higher significance
* After new systematic checks, still at few sigma (though no marginalization over all parameters)

level . ' 64-88 GeV®D
* Marginalizing over pbar production cross < DM®OH LN 7?

section reduces significance

Correlated instrumental systematics are
important, of same order as excess, but
correlation structure is now publically
available
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Furopean Astroparticle Physics Strategy
2017-2026 (APPEC)

Many of the next generation of astroparticle physics

research infrastructures require substantial capital
investment and, for Europe to remain competitive
in this rapidly evolving global field of research both
on the ground and in space, a clear, collective,
resource-aware strategy is essential. As a relatively

Part 2: Astroparticle Physics Research Landscape

1.

2

Connecting the Infinitely Large and Infinitely Small
The Extreme Universe: a Multi-Messenger Approach
Mysterious Neutrinos

The Early Universe

The Dark Universe

Outlook

5. Dark Matter

Elucidating the nature of Dark Matter is a key
priority at the leading tip of astroparticle physics.
Among the plethora of subatomec particles
proposed to explain the Dark Matter content of

our Unwverse, one category stands out the Weakly
Interacting Massive Particle (WIMP). WIMPs

anse naturally, for instance, in supersymmetric
extensions of the Standard Model of particle physics.
Many experiments located in deep-underground
laboratories are searching for WIMP interactions. For
masses in excess of a few GeV, the best sensitivity
to WIMPs is reached with detectors that use ultra-
pure liquid noble-gas targets; such detectors include
XENONIT (using 3.5 tons of xenon) and DEAP {using
3.6 tons of argon), which both started operating in
2016. Their sensitivity can be further enhanced by
increasing the target mass. A suite of smaller-scale
experiments is exploring, in particular, low-mass
WIMPs and other Dark Matter hypotheses suctigs
those based on dark photons and axions




Furopean Astroparticle Physics Strategy

2017-2026 (APPEC)

APPEC encourages the continuation of a dverse
and wvibrant programme (including experiments
as well as detector R&D) searching for WIMPs
and non-WIMP Dark Matter With its glabal
partners, APPEC aims to converge around 2019
on a strategy aimed at realising wovldwide at
least one ‘witimate’ Dark Matter detector based
on xenon (i the order of 50 tons) and one

based on argon (in the order of 300 tons), as
advocated respectively by DARWIN and Argo. .
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Towards the ultimate direct search

Present technologies can be pushed until they

hit the background produced by coherent
scattering of solar and atmospheric neutrinos —
albeit an interesting signal in itself. In Europe, to
probe WIMP masses up to 10 GeV, the EURECA
consortium aims to push cryogenic detectors as
used by CRESST and EDELWEISS to the ton-scale.
Similarly, the DARWIN (50 tons of xenon) and Argo
(200 tons of argon) consortia plan to construct the
ultimate noble-liquid detectors to explore WIMP
masses in the 10 GeV to 1 TeV range.

Going beyond the coherent neutrino-scattering
wall will require direction-sensitive detectors. As
long as convincing Dark Matter signals are found,
such detectors will almost certainly be crucial

to assessing the detailed nature as well as the
astrophysical origin of Dark Matter. Anticipating
this, detector R&D in this sphere has alreddy begun.
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JS CV 2017 dDfollow up workshop (2018 Oct) DT~ U (2019 Apr)

Three Priority Research Directions

Create & Detect
Dark Matter
at Accelerators

Detect Galactic
Dark Matter
Underground

El gnetic
\\\ / Waves
Shield

Detect Wave
Dark Matter

in the Laboratory e ! ROCky Kolb
S SR~ 2019 April APS Meefing




Create and detect dark-matter particles and associated forces
below the proton mass, leveraging DOE accelerators.

Thermal Targets and Accelerator Searches Excited Dark Matter

Spectrometer
Existing Constraints

Existing Constraints

Beam Dumps Beam Dumps

=
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Interaction Strength

Missing Missing
Momentum Momentum

10-12 /4 10-1 1 10 102 10-12 // 10! 1 10 10?

Dark Matter Mass [MeV] Dark Matter Mass [MeV]

are high-priority parameter space identified at
BRN, singled out by thermal models for the origin of dark
matter — many are uniquely explored at accelerators




Detect individual galactic dark-matter particles below the

proton mass through interactions with advanced, ultra-
sensitive detectors

near-term

longer-term
Nucleon
scattering

DM ./ Electromagnetic
scattering

7
2 Absorption
)

" " meV eV keV MeV GeV

Thrust 1: Probe dark-matter interactions with nuclei, as motivated by
theoretical ideas for the nature of light dark matter, including its
possible thermal and non-thermal origins.

Thrust 2: Probe dark-matter interactions with electrons, as motivated
by theoretical ideas for the nature of light dark matter, including its
possible thermal and non-thermal origins.

20




Observe wave dark matter using innovative technologies

Improvements in our understanding of cosmology show these very
light particles to be excellent dark-matter candidates. Techniques
required to search for very light particles differ from those for

previous dark-matter searches and rely heavily on advances in
guantum sensing.

Microwave Cavity Lumped Element
frequency
uHz Hz  kHz MHz GHz THz
thrust1 < : : : : : :
thrust 2 |
o W ADMX G2 o

atomic clocks

Dark Matter Wave
(Axion)

Magnetic Resonance Atom Interferometry 10-21 10-18 10-15 10-12 10-9 10-6 10-3

mass (eV)

Thrust 1: Utilize new detector technologies to explore large parts of dark-matter parameter space covering a broad

range of mass from 100 Hz to 10 GHz (roughly 1012 eV - 104 eV), and targeting sensitivity to the QCD axion where
possible.

Thrust 2: Develop or transfer new detector technologies to enable experiments to cover the remaining parameter
space for well-motivated dark-matter models spanning the entire 20 orders of magnitude in mass and also targeting
complete coverage of QCD axion models.




Three PRDs Cover Entire Range Below Proton Mass

Thermally produced dark matter must have mass larger than a keV from astrophysical
considerations

Accelerator searches (PRD 1) are sensitive to much lower mass dark-sector particles even if
not dark matter

Direct detection (PRD 2) can also probe lower-mass galactic particles that can be sub-
dominant component to dark matter

Thermal particle dark-matter (freeze-out) particles must have mass less than about 200 TeV

Dark matter must have mass larger than 10-22 eV so that its deBroglie wavelength is smaller
than the size of the dark matter dominated objects

zeV aeV feV peV nevV pevV meV eV
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Friday, February 1

Mitchell Institute: Hawking Auditorium

Speaker Title
9:00-9:15am Lang/Strigari Welcome/Plan for meeting
9:15-9:45 AM Kaixuan Ni (UCSD) Hermetically-sealed XeTPC for the ultimate dark matter search
9:45-10:15AM Ethan Brown (RPI) Rn-free gas and liquid xenon pumps

10:15-10:45AM

Liang Yang (lllinois)

Photodetectors for a G3 dark matter experiment
e e

10:45-11:00 AM

Coffee break

11:00-11:30 AM

Bjoern Penning (Brandeis)

High NR searches
—

11:30AM-12:00 PM Richard Saldanha (PNNL) VUV-reflective PTFE coatings for Xe detectors
12:00-1:30PM Lunch

1:30-1:55PM Rupak Mahapatra (TAMU) SuperCDMS

1:55-2:20PM Andrew Renshaw (Houston) Argon/DarkSide

2:20-2:45PM Igor Ostrovskiy (Alabama) Experience with Deep Learning in EXO
2:45-3:15PM Coffee break

3:15-3:40PM Chris Tunnell (Rice) NEST v2 and future

3:40-3:55PM Louis Strigari (TAMU) Atmospheric and solar neutrino benchmarks for G3
3:55-4:30PM Jayden Newstead (Arizona State) Migdal effect for neutrinos and dark matter
4:30-5:00PM Any participant not listed One slide overviews

5:00-6:00PM Group discussion led by R. Lang Discussion/Plan for Saturday

6pm: Dinner/reception
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 master plan 2017, road map 2017
e Direct detection: XMASS-1.5

* Indirect detection: Hyper-K, lceCube,---
e Accelerators: HL-LHC

« XMASS-11Z1 tonHY A4 XDIEEN % R IhE IR /- L 7=,

e KG=Za—Ft U /DRy T TV RE+DITERTE 5 %IE
/2R HBEAHREDX o /N—8 &5 (2% - R or
indicationZ 4B > T WL\ % (G2, conventional SUSY),

s ZDEDOEYGRELGEETA Z VT T4 72> TR ZE
DWW, KBEEBIIHERENHEDL 1 DOBERHELEEZ S,
(G3, EW WIMPs, and beyond)
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FHIK & F£75 9 % pure wino/higgsino
“WIMP Standard Candles”

- Higgs 125 GeVXLHCTO#ER " F™
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IWINFE, N
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