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on the summary ...

| will summarize the astroparticle physics part of the cosmology and astroparticle
physics sessions. See Jan Hamann'’s talk for the cosmology part

26 talks distributed over 5 sessions + o Strategy
1 joint astro/neutrino exp session

* One slide per talk
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e Some of the materials presented in the
parallel session have already been
highlighted in other plenary talks

e | will focus on those results that have
not been shown

Dark Matter
Collider

Thanks for chairing some of the sessions:
Jodi Cooley, Spencer Klein, Dinesh
Loomba, Makoto Miura
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Astrophysical
Neutrinos
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Astrophysical Neutrino Search
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competitive sensitivities and excellent angular resolution

for both tracks and cascades: ANTARES, é years reconstructed shower energy [GeV]
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© Detailed study of extended regions (Galactic plane,
Fermi Bubbles)
© Alarge multi-messenger effort
> EM radiation: radio (MWA), optical, X-ray, y-rays (LAT,IACTs)
> Gravitational Wave observatories and IceCube

® ANTARES contribute to the indirect searches for Dark
Matter

> Most competitive limits for spin-dependent cross-section
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Cascades + traCkS """"" s |ceCube flux
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> Competitive <ov> limits from the Galactic centre

© KM3NeT-Arca Neutrino Telescope under construction
will soon be able to observe the neutrino sky with
unprecedented sensitivities.
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Neutrino absorption in the Earth and measurement of Gary Binder
the neutrino-nucleon cross-section at multi-TeV 180

energies with IceCube 170 090
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Cosmic ray | ; ; ; ‘ ; 160 0.75
Astrophysical 14t | | ittt . z
y . lceCube Preliminary /| =150 . =
R S R L : 3 10.60 3
o 140 =4
: T g S
Atmospheric v 5 S .30 {0.45 3
N 2 8
(lJ n
N120 G
0.30 =

110
0.15
L 1 L 1 1 100
8.0 0.5 1.0 1.5 2.0 2.5
Crnss cectinn miiltinle
90 0.00
10° 10° 10 10° 10° 10’ 10°

o

O — 1.301025 (stat.) T3 (syst.)
NC OSM
interaction

Neutrino Energy [GeV]
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lceCube £ ¢ =+*= Neutrino
- T
& . 0.8 - Antineutrino
South Pole e _ o
S 0.7 —Weighted combination |
e 2 orders of magnitude higher in energy than = Bl
: > 0.
previous accelerator based measurements o
. £ 05
e Measurement reflects a flux-weighted sum of 2
. . . o
neutrinos and antineutrinos < 04
e First measurement where the DIS cross section is So3 '™
no longer linear in energy o2
. . Accelerator
e Consistent with current Standard Model - ojia | I | .
calculations _ lceCube|Preliminary \
* 6 more years of data are available and could s 2 25 3 35 4 a5 5 55 6 65
reduce uncertainties below 20% and enable a log1o(E, [GeV])
binned measurement across energy New Result!
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High energy diffuse galactic neutrinos for

F.L.Villante

different cosmic ray distributions

Consider 3 cases:

* Case A: CR flux is homogenous in the Galaxy
* Case B: CR flux follows the distribution of Galactic CR sources (SNRs,PWNe)
e Case C: CR flux has a spectral index that depends on the galactocentric distance.
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: Conclusion: The diffuse HE galactic neutrino flux |s
‘expected to be subdominant but not necessarily:
: negligible (up to 13% of the total astrophysical signal |n
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Antares Coll., PLB 2016

see also ... Antonio Capone | < 40° |b| < 3
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ANTARES arXiv:1705.00497v1
1 May 2017

= [New ANTARES 90%
& ‘UL, 50 PeV cutoff

aadd "l A

KRAY 50PeV cut-off for CR
KRAY 5PeV cut-off for CR

KRAy a new model to describe the CR transport in our Galaxy

(see Gaggero et al.

Apd 2015) In agreement with CR

measurements (KASCADE, PAMELA, AMS, Fermi-LAT,

H.E.S.S.).

Fermi-LAT diffuse y flux from along the Galactic

plane (m%—yy) well explained above a few GeV.
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High energy diffuse galactic neutrinos for  FL.Villante
different cosmic ray distributions

Consider 3 cases:

* Case A: CR flux is homogenous in the Galaxy

* Case B: CR flux follows the distribution of Galactic CR sources (SNRs,PWNe)

e Case C: CR flux has a spectral index that depends on the galactocentric distance.

|1 <40° |b|<3° Antares Coll., PLB 2016
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[arXiv:1703.00451]
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Ali Kheirandish

Galactic Dark Matter with
lceCube’s High-Energy Cosmic Neutrinos

Galactic

23,0201

Assume:

(1) Fermion DM,
vector mediator

Dark Matter - Neutrino Interaction

(2) Scale DM,
ferminonic mediator

10°
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Indirect Dark Matter
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Atri Bhattacharya, Arman

Esmail, Sergio Palomares- Probing Decaying Heavy Dark Matter Ina Sarcevic

Ruiz and Ina Sarcevic, arXiv:

e with 4-year IceCube HESE data ™™™ """ ™™

I
2 : = Background Atmospheric Muon Flux
10 R P [ Bkg. Atmospheric Neutrinos (7/K)
: Background Uncertainties
= Atmospheric Neutrinos (90% CL Charm Limit)

T - - Bkg.+Signal Best-Fit Astrophysical (fixed slope E2)
101 .. 7.0 T 1t 1 |eee Data
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Events per 1347 Days
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102 103

Could the observed neutrino flux be
due to only dark matter decaying into
multiple channels?

dPpmy, AP, N dPrc o,

dE, dE, dE,

Take Galactic and Extra galactic
contributions into account
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e Consider DM decay into two channels, one that would describe
low energy data and the other high energy (PeV) events

e We find that HESE data can be best described with the
combination of the astrophysical neutrino flux and the dark
matter decay

e Best fit values for DM mass and lifetime depend on the channel,
for DM decay into leptons, DM mass is of the order of several
PeV, describing PeV events, while astrophysical flux describes
lower energy flux

e DM decay into bb is disfavored
10 y June 24, 2017



Two independent analyses using event selections designed
for unfolding the neutrino spectrum:

(1) Using dataset with 6 years of northern hemisphere tracks
(2) Using dataset with 2 years of full sky cascades

e Focusing on the Xv-channel which has a significant peak
in energy from the neutrino line spectrum

o Dark matter signal is composed of galactic halo and
isotropic extragalactic component

90% CL dark matter lifetime limits
31JlceCube preliminary  __ rermi yw

IceCube 1yr vv (2009)
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—— |ceCube 6y tracks Zv
—— |ceCube 6y tracks bb
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INDIRECT DARK MATTER Morten Medici
SEARCHES IN ICECUBE

(o 4v) [em’s ']

New Result!

Galactic Halo DM annihilation searches
cover 10 GeV - 300 TeV Dark Matter masses
with 3 analyses:

e Galactic Halo Cascades 2yrs

Galactic Center Track 3yrs (low-energy)
lceCube [arXiv:1705.08103]
- W8 IC 3yr halo cascades k4 IC 2yr cascades -

. @@ IC 3yr GC tracks — — ANTARES GC -

- Y IC 4yr PS+ 3yr MESE ANTARES Physics Letters _
E B 769 (2017) 249-254 3

T T ™3

IceCube Preliminary

® -
-~ e I

% £ o Natural scale -

el el b aaaal il T
10 102 10° 10 10°
m, [GeV]
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Dark matter searches with the K Frankiewicz
Super-Kamiokande detector

Galactic WIMP search Earth WIMP search Solar WIMP search
- diffuse search - diffuse search - point-like search
| MultiGeV p-like - MuitiGeV p-like | *F  MultiGeV u-like
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... see backup/talk for new boosted DM result
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Regina Caputo

Dark Matter Searches
with Fermi-LAT

What’s going on in the
Galactic Center?

20° — 200
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— —2 Thermal Relic Cross Section | &)
P 10 (Steigman+ 2012) 3 sl s
L 10 [ .
o7 Daylan+ (2014) tSa ot
107 Calore+ (2014) 1
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Current campaigns to identify

! [deg]

Mounting evidence of large

pulsars near the Galactic Center contribution from pulsars
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Regina Caputo

Astrophysics of
cherenkov ldeope ~do Dark Matter
(Special Dark)

Not to mention...

JWST-. =
gal. formal&;:sm‘

't
>
L
el -
.

Fermi Sources N ¥
i . DESI: \
are unassociated Jwz

more dwarfs
Fermi DES LSST CTA

Today 2018 2020 _—

R. Caputo, UMD/NASA/GSFC | WIN2017 22
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arXiv 1507.04744 Phys. Rev. Lett. 116 (2016) 031301 (Editors’ Suggestion)

Dark matter velocity spectroscopy

+1 Galactic Longitude  —/

« Dark matter halo

~

has little angular
momentum

Bett, Eke, etal.. “The angular momentum of cold
dark matter haloes with and without baryons":

Kimm etal., "The angular momentum of baryons

and dark matter revisited”

Detector

LOS Velocity

Speckhard etal., 1507.04744

InsTr'umen‘rs with~ O(0

Sun moves at

~220 km/s
Hitomi/ Astro-H
* Distinct op  1.7eV
longitudinal Past E ~ 35keV
dependence of
signal
Future
« Doppler effect
Micro-X

FWHM of 3 eV at
3.5 keV

Dark matter velocity spectroscopy is a
promising tool to distinguish signal
and background in dark matter indirect
detection

Figueroa-Feliciano etal.
2015

e We see a smoking gun in motion

"""""""""""""""

e Immediate application to the 3.5
keV line

Present

HERD: High Energy Cosmlc Radla‘rlon Defec’rlon

= 17

Ranjan Laha
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).1)% ener'gy resoluflon
INTEGRAL/ SPI

2.2 keV (FWHM) at 1.33
MeV

http://www.cosmos.esa.int/web/
integral/instruments-spi

ATHENA 25 includes noise ,
ATHENA X-IFU . ,, contribution _.--"*
1608.08105 vl
23
: from
simulations |

21

1
.
o
-

20

Energy resolution (FWHM) [<V]

19

18 50"

L L L Lol
2 3 B 5 6 ? 8
Erergy [keV]

Energy resolution for electrons and
gamma will be < 1% at 200 GeV

+— edep
+ Future improvements in the energy A E
resolution of telescopes at various
energies will result in this technique E
being widely adopted _ g L
200 400 600 800 1000
Carsten Rott @ WIN2017 paedd

Wang & Xu Progress of the HERD detector
JUlIIG L, cI17



Geo and Solar
Neutrinos
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OBK

Looking Inward with Neutrinos

{00 KamLAND Borexino {00
2005 2011 2013 2016 2010 2013 2015
90 = preliminary T 90
80 80
70
60
> >
Z 50 Z
7 40 =
30
. Crust - far field 20
Crust - far field
10
0
1 TNU (Terrestrial Neutrino Unit) = 1 event over a yearflong exposure of 1032 protons
Silicate Earth models:
High-Q: ~30 TW radiogenic power
Middle-Q: ~20 TW [modiﬁec_i from McDonough & Sramek 2014]
Low-Q:  ~10 TW doi:10.1007/512665-014-3133-9

Ocean Bottom KamLAND Requirements:

Deep ocean neutrino detector 10-50 kT

R&D * Filled with ultra pure liquid scintillator
e N 10-50 kt =+ Viewed by many photodetectors
' ~5 kmwe (-10,000)

Moveable to various ~5km deep locations

movable . Service-able

» Shore cable for power & communications

Carsten Rott @ WIN2017 7

John Learned

100

90 +

80}

% antineutrino signal

OBK

KamLAND Borexino

Jinping SNO+

i Reactor background

- Crust: closest 500 km
- Crust: rest of the world

I - Mantle signal

Antineutrinos TNU

W KamLAND  Borexino

Mantle contribution to total signal (%)

/— _\

Offscale

Jinping SNO+
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Results from Borexino Francesco Lombardi

on Solar and Geo-Neutrino Geo-Neutrino

22 ;— —4— Data
20 [{ Reactor neutrino
§ e Best-fit U+Th with fixed chondritic ratio
" 18— B U free parameter
s 16 — Th free parameter
N 140 Null Hypothesis of geoneutrinos
i 1oF excluded at 5.90
s 12F B
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N 8
o
c 6
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3 . ) "Be 46.0 | +1.5 (stat) T1'2(sys)
]Ol() ‘Be li 7| ("'t] 3 . . - . 1.6
50, ; B(3 -16 MeV) | 0.22 | £0.04(stat)=0.01(sys)
g IOs 13 \4,":""'.\.,3- — - . PeP [+ 1.2 %] pep 3.1 +0.6(stat)£0.3(sys)
= 107 Rt L A CNO(limit) <7.9
g " 14 %) 2 = 211 , Al atat)410(svs
§ :gﬁ 20 1 \AM 3 I an o N IR 14 %) pp 144 il&(-sta.t)AIU(s‘\, s)
5 T 1 A Poi ] Neutrinos ®(v) [em s~ "]
3 1'34 7] "Be (x10°) | 2.79 £0.13
0 : ] " ®B (x10%) 2.4 | +0.4(stat)=£0.1(sys)
el O | A ] § =y pep (x10%) 1.6 +0.3
- T 15 1 B 3 CNO (x10%) | < 7.7 95% C.L.
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Neutrino energy [keV]
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Astrophysical Neutrinos at
Super-Kamiokande

Yasuo Ta

Periodic Modulation Analysis in SK-IV

keuchi

| Preliminary — : SK-1 1496 days
m— : SK-IV 1664 days

New Result!

g

Maximum peak at
around 9.43 /year is
not found in SK-IV.

|
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[ Solar global parameter SK-1~1V: 83 bins R I
- 2.
- uadratic spectrum best-fit X 100% ["0:1% Gd - ~90% .
:_ Q . P . Quad. Fit: 75.5 /80 dof - capture efficiencyf\/_
-  Exponential spectrum best-fit — ) o =Gd,(S0,), 100t 1
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C . ] £ 60%
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. e
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SK spectrum is consistent within ~1 sigma with the MISW upturn for the solar best
fit parameters, and marginally consistent within ~2 sigma with the MSW upturn
or the solar+KamLAND best fit parameters.
Carste T
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see talk by Nakahata
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Supernova Neutrinos
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Callbration <—

Central detector 2—
Acrylic sphere+ .,
20kt Liquid Scin+ -
~18000 20" PMT# =<'\
~260003"PMT  * <,
Water Cherenkoy = - -
~2000 20" PMT <, -

Pool’s height
1 Water.cepth
A3.5m,

e L I S TR T DAS S

Also promising for DSNB

i

—— DSNB: <E,>=15MeV
= sum of backgrounds
10 = reactor ¥,

E CC atmospheric 7,
—— NC atmospheric v
—— fast neutrons

w/ PSD

number of events in 170 ktyrs [MeV

10 15 20 25 30 35
prompt event energy [MeV]
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21

20
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Supernova Neutrinos with the
JUNO Experiment

Eleclronics

Huiling Li

/00m underground
20kt LS

plan to start data
taking in 2020

Sensitivity t0 Vg Ve Vi
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DEEP UNDERGROUND
NEUTRINO EXPERIMENT

E

| N~

Supernova Neutrinos,

DR\

Juergen Reichenbacher

Proton Decay and Atmospheric

Neutrlnos at DUNE

Anode wire plane

uvy

Liquid Argon TPC

""""
""""

Cathode

time

- Vi VAT
Plane ‘,ff;j‘l Ity | £
| IS 2 1 . a 4
£ ) 3.5
/ : j ] ' - 2.5 : :
I 56 } 2 Neutronization burst
94 g5 : clearly visible
, g4 + ¥ Y “HHH}_“.
e time ok i Yo u.uum“*“ '*‘h_‘_
Ed rift~500V/Cm _  » .‘o';‘k'A 10 1 Time (seconds)
Flux from Huedepohl et. al, PRL 104 (2010) 251101 @ 10 kpc
Moderate sensitivity to octant and dCP
8l Atmospheric Neutrinos 8} Atmospheric Neutrinos
LAr Detector Simulation LAr Detector Simulation T ——
340 kt-yrs 340 kt-yrs
N Octant Determination cam CP Violation (Exclusion of §_.=0,x)
g 6 Normal Hierarchy, 6.,=x g 6 Normal Hierarchy, sin *0,.«0.4
— K = Normal Hierarchy, §_,=0 o | Normal Hierarchy, sin °8,.=0.6 |
~— Inverted Hierarchy, &, ,=n ~— Inverted Hierarchy, sin 2, 5y=0.4
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sin°0,,
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Charged-current absorption:
Ve + Opar - 0K° + e

Can we tag v, CC interactions in argon
using nuclear deexcitation y's?

rhavand

Pt dind

EEEEN !
e b kb k| N e e o o e b d - [
LIS F
® .
|

i

- =

wdaaluldedsnbadnd) Thdssdubudosabduibad

wire number

July 21, 2017:
_groundbreaking @ SURF
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An event generator for

Steven Gardiner

supernova neutrinos in argon

40 K* -

Reconstructing true neutrino energy:

Q is determined by measuring de-
excitation gammas and nucleons

Energy Recoil E
Outgoing  donated to ecoll Energy
o of Nucleus
e Energy transition .
(negligible)

Ev — Ee + Q + Krecoil

E
Model of Argon Reaction Low Energy Yields

Bob Marley illustration by Zero Anixter
e cheated space points
neutrons

- protons

-+ nuclei

Charged-current absorption:

Ve + 4OpF — 40K” + e

/==
At least 25 transitions _jﬁ" /7
have been observed  //// &« i44y
indirectly 74 $8K
o/
40
18AT

Transition levels are determined by
observing de-excitations (y’s and nucleons)

= positrons

Nuclear effects greatly complicate supernova
neutrino event reconstruction in argon
-MARLEY is a new generator specifically
targeting supernova neutrinos in 40Ar

. Studies are underway to learn how to
reconstruct these events in DUNE
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Dark Matter Direct
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_ many dete}ils in talk by Jodi Cooley
Dark Matter Direct Detection

Underground Labs

10°¢
p WIPP/LSBB
Kamioka
Soudan

* Liquid Nobel Gases making rapid
progress

<
9
-

Boulby
LNGS

Muon flux [cm™ s
[a—
o

* Moving towards multi ton scales 105
e Neutrino Floor in reach 10°L
* Bubble Chambers proves to be extremely 10-101_- B B
competitive for SD searches (PICO, ...) Depth [km w. &.]
_ _ _ . LUX Collaboration 1705.03380 Not at this
e |mpressive progress in exploring light DM 100 e . joc@nference

region with cryogenic detectors 1 but note also

(CRESST-1Il, CDMSLite, ...)

_.

<
o
~J

_.

<
o
o0

e DAMA Anomaly to be resolved in the
near future

_.

<
L
o

* Directional DM to go below the neutrino
floor

WIMP-proton cross section [pb]
WIMP-proton cross section [cm?]

110~%

PICO-60 .
10—5 | Lol Lol Lol L 10—4]
10! 10? 103 10* 10°
WIMP Mass [GeV/c?]
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Ne

XENON

Matter Project

Dual Phase TPC

FIRST RESULTS FROM THE
XENON1T EXPERIMENT

Active

Sara Diglio

removal of Kr contamination in Xe

arX|v 1702. 06942 Eur Phys. J C77 (2017) no.5, 275
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C PANDA R Dark matter search resglts from
the PandaX-Il experiment

Particle and Astrophysical
Xenon Experiments

H=60cm, =60 cm

More than Larger Volume:

New |V:inner vessel with clean
low radioactive Stainless steel
New PMTs: 55+55, 3-inch high
QE (R11410) and improved
base with split +HV power.
New Veto: PMTs in skin region
Better Reflector: improved

reflectivity of PTFE, etfc.

L

Anode Grid
€ extra

Gate Grid

€ drift

te

Current Sl bound 2.5x10-%cm? @ 40 GeV/c? (Phys. Rev. Lett. 117, 121303 (2016))
SD bound / x-n limit: 4.1x10-4'cm?2 @ 40 GeV/c? (Phys. Rev. Lett. 118, 071301 (2017) )

107"

TTTrT

I I 1 1 I I 1 I I =
Solar Neutrinc/, 5

10—“ :._

CDMS

ep 107

XENONI100

LUX 48
1077 f

i PandaX-II

L L 1 1 L 1 L ' l
1 10
Axion mass (keV/c?)

upper limits are set to Solar and

CarstSHRSH @/ WINSSER G 's coming soon

10—|4

PandaX-Ill: 500 kg
DM experiment
2014-2018

2(

PandaX-xT:
multi-ton (~4-T)
DM experiment
future

G S st
o - AR = =T

-1 Nmr -~
5. 7 AN~
deposition

CathodeGrid =

invert | — .

Mengjiao Xiao

e _____—r'_

awn]
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—
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25 |euoiodoud
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Energy

(su goL~0L)
1S Asewing

178 nm VUV

PandaX-lll: 200 kg to
1 ton HP gas 13¢Xe
OvDBD experiment

future
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NEW fiducialization Result <«
. W
10 A K Samaiiis

10740 |

N'_‘

-

L,

o i

§ 10"42

S 0%

< i

o -44

= 40%
1070 |

|||-|46|1-r30|(|-|26||-|10||||0|||:‘0||||20\1||30||||40||||50

Z [cm]

Recent results from XMASS

® Liquid xenon detector
® 832 kg of liquid xenon (-100 °C)
® 642 2-inch PMTs
(Photocathode coverage >62%)
® Each PMT signal is recorded by
10-bit 1GS/s waveform digitizers

7
® Water Cherenkov detector
® 10m diameter, 11m high
® 72 20-inch PMTs
® Active shield for cosmic-ray muons ‘§|
® Passive shield for n/y —

1071 |

[
2
o

YMASS(2033) 706 live days x 97 kg

A5 \—\ CDMS-Si (2014
)
S

fiducial mass
AMA/LIBRA(I)

102 10° 10*
WIMP mass [GeV/cZ]

Carsten Rott @ WIN2017 28

Annual modulation search

Katsuki Hiraide

XMASS is a multi-purpose experiment using liquid xenon.

— With 1-year of data, no significant modulation was observed.
— Results from 2.7 years of data will come soon.

WIMP search by fiducialization
— 706 live days x 97 kg fiducial mass
— Limit on S| WIMP-nucleon cross section 6<2.2x10* cm? for 60 GeV/c?

1 * XMASS is waiting for neutrinos from galactic supernovae
More physics results will be presented at coming summer conferences.
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e Bubble Chambers for Dark Matter varsten Krauss
ICO Searches and Recent PICO 60 Results

PRL 118, 251301 (2017) PHYSICAL REVIEW LETTERS 2B N 207

— published yesterday
PICASSO 3% COUPP E10Y T o
co I / ‘QO \
9@0\1’% | ,@\‘ 'PICO OE° |
| ’it;\ji‘\;’ 5‘? ] 10738
Els® Ok = :
s PICO 60

—

.
W
(o]

PICO 40L
CsFs, Right Side Up

—

<
H
o

SD WIMP-proton cross section [cm

—

<
AN
—

10° 102 103
WIMP mass [GeV/cz]

PICO 40L is expected to be
operational by the end of the
year 2017

PICO 500 will explore the
ultimate sensitivity of a low
background bubble chamber

2)

SD WIMP-proton cross section [am

29 WIMP mass [GeVic ?] 5017
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Status of the COSINE-100 Dark Matter Experiment Jay Hyun Jo

G|Oba| Na| (—r|) Eﬁorts Dec. 2015 Jan. 2016 Feb. 2016

Apr. 2016

g

K
B 0-LON @ Kamioka

- v ‘IXﬁAIS @ Canf‘ranCW

IEABRE @ Staweﬂ :

M4 (/W o
DM-Ice17 @ South Pole‘u
l :::‘1-..&'
Yale Ty '_‘:;n o F‘ 3 " A1°-37 _ ' analysis on data from arXiv:1308.5109 |
€ = \ \ DAMA sallowsd region (80%C.L., 3a, 5c)
e Detector construction started Dec 2016 = F \ i e B ZPh Mot Senear ORI
S107® L \\ 1-20 keV,,, Median Sensitivty (80%C.L)
e COSINE-100 is running with 106 kg of Nal(Tl) g8 E \ k! O:1 O-=2 Y
crystals 840 ;_\ 1Y
e Data taking since Sep 2016 §1°40; #;
 Expect first results ~1year g F ]
= 0411 -
e ~2 years of data with 1 keV analysis threshold will give 310 = :
comparable sensitivity to DAMA's 90% C.L. allowed o2 ]
region EPrelininary |
e Continued R&D for higher purity crystals 107, S— i L e
WIMP Mass (GeV)
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Search for low-mass Dark Matter Michael Willers
with CRESST-III

Cryogenic Rare Event Search with
Superconducting Thermometers

Silicon-on-Sapphire
Lightdetector ~ [ree— | g9 00000000 T
.III" €/ g E \ _ EEE%%ig‘:mzmz ::_ EEE%EE;; @) é 10_35N§
Refective & §101L | =g e | v g
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(3M VM2002 / Vikuiti) L = VR I e e | 10%
@ 2 @ = & &
et e L. —10%¥ o
(&] = = ]
CaWO. 2 ‘ B | § i i 10—40 (é
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8 f \\\JO/ EDELWEISS 2012 =+ DarkSide-50 2015 f ‘6 10—10 vl I 1 L i ] O—4B°
0 NG B —— XENON100 2012 @ 0.5 1 2 3 4 5678910 20 30
10—2 \\ . | M CRESST-W Phase 1 (1) - CRESST-Il Phase 2 (%) = 10—38 (7)) ) 2
3 :c . ) = » Dark Matter Particle Mass (GeV/c®)
o] >~ »n
5 100 57y N 10% §
et = / 20!5 \\\ o \ = Q - . . 2
S - S S0 © w5 CRESST — Woirld leading DM limit below ~ 1.7 GeV /¢
2104 > RS 1078
O -—
= = ~ . ‘\\ - (&)
Z o5 P Kntden ‘ R "> CRESST-IIl detector technology:
o 10 ST, e 107 : . .
o " by, L » Precise measurement of low-energetic nuclear recoils
. S N ——
E 10° Cpp 107 * Very low threshold: Etr < 100 eV
- “iy . * Fully scintillating detector housing & rejection of
2107k hase 10%° 5 :
= = 2 z holding structure related backgrounds
f 1081 . 104 = » TUM-grown crystals provide improved radiopurity
(- = B T 4
© = S
(] 10°° _Coherent Neutrino Scattering on CaWO, 10°% g ) )
1E : : L | — CRESST lll has high potential to explore low-mass dark

2 3 4 5 6 780910 20 30

) matter parameter space below ~ 3 GeV / ¢2
Dark Matter Particle Mass (GeV/c")

arXiv:1503.08065 & Journal of Physics: Conference Series 718 (2016) 042048
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An Overview of Directional Dark Matter Experiments:

Current Status and Future Prospects

..directional experiments critical for
going below the neutrino floor:

107%

T

T T T LR | T T T
CDMSlite (2015

%  Exposure = 10 tons x 1 year

Adapted from C.
O’Hare, et al., PRD
92 (2015) by S.
Vahsen
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CYGNUS HD10*

SF.:*He gas
WIMP 6 e 9
~

\ central caﬁ\’od:/_,
\

"
r .
i ﬁ\\ recoil (track

! P ionization
1

Presented by S. Vahsen at the “U.S.
Cosmic Visions: New Ideas in Dark
Matter” workshop as a strawman
proposal to the DoE

-« DMTPC

Dinesh Loomba

On -going efforts

;- DRIFT

e operating for
>10years

-« NEWAGE
-» Cygnus Newage 1m?

 Funded, ready by
2018

Experimental effort have demonstrated and improved their directionality. We are
approaching the simulated predictions on strength of signature.

Discrimination with range vs energy is excellent. But good signal-to-noise and
resolution will be needed as we push to lower thresholds.

Demonstrated ZERO background operation

Flexibility of technology enables numerous approaches for probing a wide range of

WIMP parameters, e.g. low mass WIMPs

Experiments are all getting larger, but we are volume limited and need to scale up.

Many new groups entering field, some with novel ideas in solids-state and high

pressure gas

32
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Larger/ smaller <ov> : Non thermal dark m
Prior to BBN
Non standard cosmology: Expansion rate is different
[Dark Matter is thermal]

TTTT T

10#E CMS
asE Vector med, Dirac DM, g =0.25,g =1
107 g " ou
E  ceeeeeeees CMS median exp. 90% CL
10°% .- ——— CMSobs. 90% CL
F ——— LUX
10°% k| ——— CDMSLite
& & E PandaX-ll
£ 10" F \ ——— CRESST-Il

—_—

< 107
3107%
=}

_z10

LA L |

TTTT]

12.9 fb" (13 TeV)
1 LA | B

wao
o 104

1074
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107
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|

LIRALL AL UL B

10

ey

10?

Mgy [GeV]
Comparing only the EFT limit with direct searches is
misleading and can lead to incorrect conclusions about the

relative sensitivity of the two search approaches.”
Buechmueller, Dolan, Mccabe, ‘13
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DM at the LHC

12.9fb" (13 TeV)

Bhaskar Dutta
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Dutta, Fantahun, Fernando, Ghosh, Kumar, Sandick,

Stengel, Walker, arXiv:1706.05339
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Next-generation
nheutrino telescopes
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lceCube-Gen?2

New elements of IceCube-Gen2:
- PINGU (low-energy)
- HEA (high-energy)
- Surface veto

High Energy Array
(astrophysical neutring

Total IceCube-Gen2 value O(lceCube w/inflation )

precision measurements of muon
neutrino disappearance

T T T T
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0.55 0.60 0.65

lceCube Lab

Skiway

Amundsen-Scott
South Pole Station

lceCube

DeepCore

PINGU

(atmospheric neutrinos,
including neutrino mass
hierarchy, indirect WIMP
searches, Supernovae,
Earth tomography) pwrsgs «

g

ORI T
Pyges Gap

precision measurements of tau
neutrino appearance
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KM3NeT/ORCA: Measuring neutrino Simon BOURRET
oscillations and the mass hierarchy in
the Mediterranean

J. Phys. G 43 (2016) 0840

e s S
-§ 1.8;— \ KM3NeT preliminary
a " F S~
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g 1.4 \
o 1.2_— e
%oqf : : € unitarity
08—t
0.6 7’-//:,,// -
0.4: safamret T
0.2f / : 1020 30 50
05 5 3 - 03, € no appearance
t Imonths]
Sin°(8,5)
04 0.45 05 0.55 0.6
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§ F |--+--NH, 5,,,=180° o
: 5F -
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i DI
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* ~ 30 MH sensitivity in 3 years

\~
a7

(see also Antonio Capone)
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Radiodetection of ultra-high energy neutrinos Speencer Kiein

Different techniques for different
v energies

The Moon -> radiotelescopes
Greenland -> Satellite

¢ FORTE $@
Antarctica -> high altitude
balloon

¢ ANITA

Antarctica/Greenland->
embedded antennas

¢ RICE/ARA/ARIANNA

Embedded antennas w/7Q‘a
Interferometric triggers

Higher Ethreshold
Larger targets

Larger target- antenna separations

Overall Energy Dynamic range > 10°
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Conclusions

* Many exciting results & New detectors on the horizon
e Bright outlook for astroparticle physics

* Intense efforts to identify the sources of the high-energy
astrophysical neutrinos

* Direct Detection is approaching neutrino floor
* Hope for hint for new physics at LHC

* |nteresting dark matter anomalies (3.5 keV Line, GeV
excess @ Galactic Center, AMS positrons, DAMA?)
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Dark matter searches with the K Frankiewicz
Super-Kamiokande detector

Solar WIMP search - WIMP-nucleon SD & S| cross-section limit

Spin-dependent Interactions Spin-independent Interactions
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Published analysis: K.Chol et al., Phys. Rev. Lett. 114, 141301 (2015)
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more New Results ...

Super-K Boosted Dark Matter Search

(In)direct dark matter detection? SK
A B —— > —— B
B e
1/A2
, B
ArXiv1405.7370 » very forward scattering
) » electromagnetic shower
1 (GO) b ‘ (Lab) » no hadrons - no decay e, no neutrons

Cone search: 8 cones from 5° to 40° around GC

- No clust isibl
o clusters visible Limit for mY'=20 MeV
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Indirect search for Dark Matter in the Sun

No excess observed over the expected background: evaluate 90% C.L. upper limits for expected signal
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Weak Interactions and Neutrinos (WIN2017)

University of California, Irvine, USA

Limits on the spin-dependent WIMP-nucleon
scattering cross-section as a function of WIMP
mass for the bb™, T+1- and W+W- channels.

assumptions:
- capture and annihilations in equilibrium
Iocal D.M. density =0.4 GeV cm3

vEM, according to Maxwell distr. 270 km s-' r,m.s.
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