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Dark Matter Searches

e We still do not know what
are the dark matter
particles.

 The detection and the Dark Matter el
identification of the dark
matter are one of the most
important subjects in
astroparticle physics.

e |n this talk, | will
concentrate on the WIMPs
detection experiments.
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WIMPs detection

Collider experiments
(not discussed in this talk)
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D/rect detection exper/ments
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Low Mass WIMPs signals?
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Experimental techniques

Liquid Xe or Ar Solid

Single phase Double phase (TPC)

Cryogenic

PMT Array

St

+ PSD S1 82

Nal

, time

> time

and others..
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Double-phase Xe and Ar TPCs /current genera tion)

XENON100 at PandaX at ArDM at DarkSide at

LNGS: _|_.£X_at SURF: CJPL: Canfranc: LNGS:

370 kg LXe :
161 kg L?(e : (100 kg fiducial) 125 kg !—XQ_ 850 kg LAr 50 kg LAr (dep in 39.?3\]’]
(=00 kgfiduciel) B7kgfducla) 00 kg fiducial) (33 kg fiducial)

122 2-inch PMTs

242 1-inch PMTs physics run and 143 1-inch PMTs

37 3-inch PMTs 28 3-inch PMTs 38 3-inch PMTs

close to first results in : _ _ s ; :
unblinding of new (13 firstresultsin  in commissioning ~ first data with non-
data set newrunin2014 ~ August2014 to run 2014 depl Ar in 2014

Laura Baudis COSMO 2014




Single-phase Xe and Ar (current generation)

Laura B‘audis 'COSMO 2014
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2014

Very active. Many experiments going on....




Present status
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Future...
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Indirect experiments

2450 m

2820m
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WIMP-proton SD Cross section [cm™]
c‘:l =

WIMP-nucleon Sl Cross section [cm®

IceCube PRL 110, 131302 (2013)

ANTARES J.Cosmol. Astropart. Phys. 11 (2013) 032
M.M.Boliev et al., J.Cosmol. Astropart. Phys. 09 (2013) 019
SuperK PRL 114, 141301 (2015) and references therein
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Positron(e*) fraction
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Electron and Positron flux measurements

AMS PRL 113, 121101 (2014)
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Dark Matter or...

Positron fraction

positron fraction
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Anti-proton (p)

p/p ratio

10

A. Kounine, AMS Days at CERN (April 15, 2015)
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Anti-proton and DM ?

p/p ratio

10

A. Kounine, AMS Days at CERN (April 15, 2015)

IIIIIIIIIIIIIIIIII

e AMS-02

Dark Matter

Secondary production

Donato et al., PRL 102, 071301 (2009); my = 1 TeV
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Interpreting positron and anti-proton data...

K. Kohri et al., arXiv: 1505.01236

Astrophysical model: Recent (10°-10° years) Supernova explosion in
a dense gas cloud (pp collisions) near the Earth (~200pc).
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Interpreting positron and anti-proton data...

B b
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Neutrinos and Gammas from DM annihilation at GC?

ANTARES arXiv: 1505.04866
(and refences therein)
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= ANTARES 2007-2012 Fermi-LAT +
B HESS
10_23 =
10 ;— MAGIC 2011-2013
1025 ;_ Fermi-LAT 2008-2014
é-h___________ ~ o _________naturalscale Natural cross section
10_26 ' ' L] I Lol | [ N B
10 10° 10° 10

Myime (GeV)

DM interpretation of e* and e  data is disfavored.
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Indirect detection: future

B. Dasgupta and R. Laha, PRD 86, 093001 (2012)
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Cosmic Neutrinos

50m

1450 m

2450 m
2820 m

IceCube Lab

Deep
—  Core

Eiffel-
tornet
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Cosmic neutrino flux

A. Ishihara JPS meeting, March 2015

Neutrino spectrum Cosmic Ray spectrum
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Astrophysical neutrinos

Neutrinos interacting inside IceCube
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IceCube PRL 113, 101101 (2014)
F. Halzen AMS day, April 2015

Muon neutrinos (penetrating muons)
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Signals observed in 2 different modes.
Consistent with equal fluxes of all neutrino flavors
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Astrophysical neutrinos: Arrival directions

IceCube PRL 113, 101101 (2014)
F. Halzen AMS day, April 2015

HI column density [cm'z]

Galactic

0 TS=2log(L/L0) 11.3 le:+20 . . le+22
Correlation with Galactic plane: 2.8%

probability for a width of 7.5 deg
7.2% More data needed to discuss the source....

(= next generation detectors needed.)

(F. Halzen for more details)
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Ultra High Energy Cosmic Rays

Pierre Auger Observatory Telescope Array Experiment
(3000km?, Southern hemisphere) o (700km?, Northern hemisphere)
Loma Amarilia
4 [km] ?35:
_lgn 'ani
—50 203
40 m:
™ 0: : | |
) Les ST e
STy e L RS B ; Plastic scintillator
....................... % _lap
A DY BRI TRATAR + fluorescence | __ e
Central oy S AR i R A o telescopes — -

Water Cherenkov
detectors |
+ fluorescence telescopes
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http://augerpc.in2p3.fr/sites/default/files/augerbuilt_3045.jpg
http://augerpc.in2p3.fr/sites/default/files/augerbuilt_3045.jpg

Ultra High Energy Cosmic Rays (UHECR).: Questions

T. Stanev NJP 11 (2009) 065013

 What is the origin of 10000 Energy less length for Protons
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. — | \ BH C -
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Energy spectrum
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Cutoff (> 101°:6-198 eV) observed in both experiments.
GZK mechanism observed? (cannot conclude yet --- next page)
What does the difference in the cutoff energy mean?
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Composition of UHE cosmic rays?

Method: proton shower should be penetrating deeper than that due to heavy ions.

g - L ’ I — ' ' o N— 850 L e ll!l[gll‘!llgllgllzllg |.||6a|t'laiiilll
850 ' - S 1
[ ¢ data = o 5 bJTAL . i i i i |—QGSJETI-03)
P LT e QGSJET-01c
- R Coo o s s |===8YBILL 21 ]
- Ax - - '__,-" :Proton
HHHHHH g : . Do
>
V —

7500z

{Xmax) [g/cmz]

700 |
— EPOS-LHC
— — Sibyli21 ]
- QGSjetllod o7 Zhc A N T S S A
N . Lo a1l , T Bsoﬂj-rgldlillgllillell:lllsllillglliIlsllllllllllll

18.5 19 19.5 20
10'8 10" 102 Energy log, (EleV)

E [eV]

650

PO 20 W T NN TR 0 WO T Y WO UL A A A |

Penetrating deeper

Indication of changing the composition from light to heavy (Auger)?
Not confirmed by TA...
“GZK suppression” at 101°:6-198 eV\/ needs protons... = Cannot conclude..
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Source of UHE cosmic rays?

Auger APJ 804:15

Anisotropy for E > 5.7%10% eV (Auger + TA) (2023
M. Fukushima
e AMS day
Dec. (deg) gy
4
30

g 3
/ N
‘ _. N
L ATS ,
' i'.:. : -1
30 "
-3
-60 _4

North: S;,,¢ = 5.190, (R.A, Dec.) =(148.4°, 44.5°)
South: S, = 3.570, (R.A, Dec.) = (210.9°, -48.2°)
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Source of UHE cosmic rays?

Ursa Major

Cluster (20Mpc) - Comments:

Perseus-Pisces

; _ sypercluster (70Mpc) TA hOtSpOtZ 19° off
£8.J195946) IMED, o s E > 57 EeV _

RS = from Super Galactic
| | ‘ " Plane. No obvious

R source candidate.

* ' Ros J0\s2}017
e Auger warm-spot:

Cen A as a source
candidate.

Do these results
consistent with the
expected magnetic
deflection, which
depends on the

Beginning of UHECR astronomy !! ? chemical
composition?

- Next generation detectors needed. (News that
TA extension (TAX4) has been (partially?) funded.

_______

TA : 2008 May — 2014 May (6.0 years) 87 events
Auger : 2004 May — 2009 Nov (5.5 years) 62 events
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Joward the consistent picture of UHECR

|t seems one of the key issue is the chemical composition.

@ |f iron — the cutoff in the spectrum might be due to the maximum acceleration
energy, the hot/warm spots be a statistical fluctuation ? or..”?

@ If proton — might be GZK cutoff... (might be the maximum acceleration energy)

e Auger and TA are working hard to understand the chemical
composition. T —— .

- . ANITA-11(Z010)
—IceCube Preliminary

e Any independent ways? - Riceao)
=>» GZK neutrinos !
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Next generation neutrino detectors needed

S. Klein (lceCube) arXiv:1311.6519
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e Lots of really exciting results!

e Various WIMPs dark matter experiments produce
impressive results. In particular, the positron and
anti-proton excess are interesting.

* High energy astrophysical neutrinos have been
observed. = Neutrino astronomy!

 Much improved data in ultra high energy cosmic
rays. In particular, the hot and warm spots in
UHECR. =» UHECR astronomy!

* Much more expected!

Much more in highlight and parallel session talks
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