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Role of Neutrino Anmimtaton
--------------------------------------------------------------------------------------------------------------------------------------------------------- | CN X

~ WIMP - Weakly Interacting Massive Particle :
® Production CI/\\ X
o Colliders E——)

Production

® Indirect Searches

A U
e Annihilation of Dark Matter in s = <
. I
Galactic Halo, ... oS =
® 3. ©
T ® (Gamma-rays, electrons, S =
S o w*Zx",b,.=e"v,y,p,D . . 5 Y
| neutrinos, anti-matter, ... =
J:Cz’ W . Zt .,b,.=e vy,p,D o . . . -
N ® Annihilation signals from WIMPs
captured in the Sun (or Earth) : ) =
; f‘““"/elm—::n\/m: . & = <
. e Neutrinos w ® O
83 %
® Direct Searches 2.9 5
(D
| Nuclear Recod 3
(neutrons, WiIMPs) b o
Y ® WIMP scattering of nucleons =
— Nuclear recoils
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Role of NeutrinoSEEr

® Production C|/\

® C(Colliders

Production

® Indirect Searches

A W
® Annihilation of Dark Matter in S <
. oot =<
Galactic Halo, ... oS =
M 5 B
n —
PS o 3.
X\\\ w*zZzx.b,..= e vy,p,D g Q{_JI__
X W . Zt .,b,.=e vy,p,D . . . .
N ° Annlhllatlon S|gnals from WIMPs
captured in the Sun (or Earth) : ) =
(gammas) . wn (D _|U
[ ] C
® Direct Searches 2.9 5
(D
\ Nuclear Recod 3
(neutrons, WIMPs) . O
e ® WIMP scattering of nucleons =
— Nuclear recoils
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® |dentify overdense regions of matter

2
=self-annihilation can occur at AR
= ~N

significant rates &R

XO) ng,e
&
® Pick prominent Dark Matter target é@ i
SN

® Understand backgrounds

® . . \\\ + + +
Features in the signal can be used to X \/W ,Z,’L’ ,b,...=> e ,U,)/,p,D,...
|

better distinguish backgrounds |

® Line/ End-point .

X/’,// W_9Z9T_959"':>e$3vvyal_79Da°"
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Atmospheric Neutrinos
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Principle of an optical Neutrino Detector

Array of optical |

sensbrs p pturstheg
Neutrinos interact in or near the detector
.‘ ‘ ’Cherenkov - Depending on the interaction a
, Q ! adiation lepton (CC) or a shower (NC) is

(A X ;‘, produced

O (km) muons from Vv,

O (10m) cascades from V., V., NC

«"‘.ﬁ}.’»—c_,' ‘ S ‘ - ‘ '~"‘-’-:‘

V) — I; M
W, Z

O hadronic

shower

interaction,



Neutrinos Telescopes
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opes /| Detectors

° IceCube at the Geographic South Pole

° ANTARES is located at a depth
of 2475 m in the Mediterranean
Sea, 40 km offshore from Toulon

L2

‘ ° 5160 [0”PMTs in Digital optical modules
distributed over 86 strings instrumenting ~ | km?3

~480m

° Physics data taking since 200/ ; Completed in
December 2010, including DeepCore low-
o energy extension

° Consists 885 [0”PMTs on 12
lines with 25 storeys each.

Cable to shore

Junction Box A

° Detector was competed in May i
2008 o
Depth: 850 hg/cm?

° Baksan Underground Scintillator
Telescope with muon energy threshold
about | GeV using 3,150 liquid scintillation
counters

° Operating since Dec 1978 ; More than 34

17x17x11 m3

Tank size: years of continuous operation
M 70x70x30 cm?
b '- calibc:.?ion las_er
A5 ) 2 2\ i
¢ Lake Baikal, Siberia,at a depth I.1 km\__/[\ /" <% /A1 i . o Super-Kamiokande at Kamioka uses | 1K
. 8] o g o’ -' o module .
NT36 in 1993 - :z ST o 20” PMTs
[ 23 2% ol pogme
. . ".- 6.25 m“.. .'; -..o: medule
®  NT200 (since Apr 1998) consists of =S¥ ® 50kt pure water (22.5kt fiducial) water-
one central and seven peripheral strlngs__'_mmz_“_ 3+ 1% Is¢ cherenkov detector
of 70m length 6 t 1 35 <32
\_/ $5 3% 332 oo o
S el wblovo ° Operating since 1996
%Js; e < 12000
B -/ »"18.6 m
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South p +A — 11t (K*) + other hadrons ...
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Up-going eventy can be used to obtain

“clean” neutrino sample

Earth is used as muon filter

Atmospheric neutrinos create
irreducible neutrino background to
extra terrestrial neutrino fluxes
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South p+A — 11* (K*) + other hadrons ...

Pole
//\ L TP ptvp—etveVuvy
I'l |

lceCube Depth:
|.5-2.5 km

Downgoing
Muons

i North Pole

|
/ Up-going eventy can be used to obtain
“clean” neutrino sample

Earth is used as muon filter

Atmospheric neutrinos create
irreducible neutrino background to
extra terrestrial neutrino fluxes

CC Muon Neutrino
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CC Muon Neutrino

South p+A — 11* (K*) + other hadrons ...

Pole

//\ L TP ptvp—etveVuvy
I'l |

lceCube Depth:
|.5-2.5 km
Downgoing
Muons

time

Neutral Current
j/EIefcftrQSrj Neutrlno
Atmospheric muons ~ IOI '/year

Atmospheric neutrinos ~ 10°/year
Astrophysical neutrinos ~ >| O/year

Earth is used as muon filter

Atmospheric neutrinos create
irreducible neutrino background to
extra terrestrial neutrino fluxes
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Dark Matter Self-annihilations
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Dark Matter in the Millky VVay
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Dark Matter self-annihilation ~p?
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' g, Dark Matter self-annihilation ~p?
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' g, Dark Matter self-annihilation ~p?
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Dark Matter self-annihilation ~p?
. ' . q!e!viv!u \ .
\

2 | d q...-V.V-U ’

Analyses follow theoretical discussions in Beacom et al., Phys. Rev. Lett. 99,231301 (2007)
and Yuksel et al., Phys. Ilifv. D 76, 123506 (2007) :
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Dark Matter Annihilation

Measure Flux (Particle Physics

1 (oav)_, dN
>r—B
Am om2 7 i

~

E2dN/dE (GeV)
o

dF

X y

10! 10%
Neutrino Energy EVlLl (GeV)

Dark Matter Distribution

X

line of sight (los) integral
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Dark Matter Annihilation

Measure Flux Partlcle Phy5|cs

....... R

O'AU> (TAV) Bf

47’(‘ 2.*771?(~ de )

E2dN/dE (GeV)

10! 10%
Neutrino Energy EVlLl (GeV)

Dark Matter Distribution

X
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] Galactic Center (GC) on the southern hemisphere
° large backgrounds from down-going muons

] Search for anisotropy on Northern hemisphere
o high-purity neutrino sample (up-going muon

events)

. Assume annihilation into vv, bb, UL, TT, WW

10-17

10-18 .
10-19 L

1020fx

<a_4 v) [em® s7!]

10—23 L

10-21 i

10-22 i

) \ -..Preliminary
A \\ Un/t
\ S
ity g
. ._(_{OO,

1024

10-25 i

— -- Fermiutu

natural scale

This Analysis
IC79 bb

IC79 W* W~

IC79 ™ p~

IC79 v

IC22 bb

EEE IC22
B 1C22 vi
Fermi bb

IC22 W W™

Phys.Rev.D84:0232004,2011

1

- on-source / off-source

/9-strings multipole analysis
316 days (2010 - 201 1) experimental skymap

multipole expansion of
V arrival direction

IceCube
Preliminary

Equatorial

107%° 4 B
. 102 10° events/pix 10
R. Abbasi et al., Phys. Rev. D 84 (2011) 022004. GeV
M. Ackermann et al., Astrophys. J. 761 (2012) 91. " GeV]
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lceCube Dwarf Spheriodal / Galaxy @lUSEEEs
. . . Source declination | distance | mass logyoJ _factor source
Dwarf spherlodE}I galaxies, lkpe] ML) GoV2om™S] J
clusters of galaxies, and Segue 1 +16°04°'55" | 23 158x107 | 19.6£053
. , R 7 . 29,2 R
fined £ Coma Berenices | +23°55°09” | 44 0.72x107 | 19.0 + 0.37 QOJJ). 10,
well defined sources o Draco +57°54°55" | 80 1.87x107 | 18.8 +0.13
Dark Matter M31 +41°16°09” | 778 6.9x10™ [ 1927 02%”’”’@ ’
. . . Ts °%0°13" | 22 4 " * 7 tq/
. . Coma +27°56'20" | 95000 | 1.3x10% | 17.1* Mo, \ta
critical for optimization, waOf;t/eoM
. 2) 7 st
assume conservative - 22,7050,
density Proﬁ|e "':E, E—---- Virgo subcluster Andromeda NFW
' ‘% B Coma subcluster  ========: Andromeda subcluster
d®;(AQ, E;)  (ov) dN; J(AQ) A SRR
db; - 2m? dE; ' | % 109 e ) AP -
’ (1] - ‘¢" ----------
L - T et
Analysis performed with 340days of I
lceCube 59 string data oml i
Event selection via Boosted =
Decision Tree B
For robustness the search windows 1019'?/1'7 | | | | | | | |
1 2 3 4 5 6 7 8 9 10

and cut values were optimized
for 5 TeV WIMPs and used for
all WIMP-masses.

Integration angle (degree)

Phys.Rev. D88 (2013) 122001

arXiv:1111.2738 [astro-ph.HE]

APS April Meeting 2014
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_Galactic Center Seal

Use IceCube external strings as a veto:
- 3 complete layers around DeepCore (~ 375m)
* Full sky sensitivity: access to southern hemisphere

Yim

4

~(

a

qwlmrg_
=1
‘_} \ N
/ s sal e er
;e
/ “\ oxira »—= DC event selection bb »-# |C event selection bb
p “‘.':mcd” e—e DC event selection W' W =-a |C event selection W' W
= . e—e DC event selection u* u =-a |C event selection u* u
TN ad e—e DC event selection v w-a |C event selection v
,' \‘ . - - = M ——r M - ——
e - 18 IceCube Preliminary
250m i a
~ 10 20
(1)
A -
— -22
10
~
. . . = Itivi
Separate Low energy and High energy optimizations: & Sens't'v't); ;%éea\;h down to WIMP
GC is above the horizon 1024 MMmasses of Ve
— Fiducial volume in central strings R
— refined muon veto from surrounding layers 26 = .
oAt 107, 1 2 3
Use scrambled data for background estimation 10 10 0
m. [GeV]
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—e |C22 Halo o—e |C79 GC LE sensitivity »E
e |C40 GC m-a |C79 GC HE sensitivity g .
-+ |C59 Dwarf galaxy stacking, Preliminary e Fermi é' H %
=~ |C59 Virgo cluster (subhalos), Preliminary | t ] M
N ] ] ] 1 ' UL 1 || 1 I ] LI I | 1 1 ] 1 LI l- 10-1 T ‘ il ‘ ‘ -
-18 - E_— ' gy ; : o AMS 3
10 ; IceCube Preliminary oPMELA
; —_— + - [ ] ‘ AMS-01 =
XX T T i , R .
: . 4 CAPRICES4
: : » TS93 =
-20 : . N Ladl ] PEaTT
10 | 5 1 10 102
§ positron, electron energy [GeV]
] 5 +
1022 ; (e + e~ )
« Tang o ol (1984) )
i :521\'(2:01()‘”9) :"
s BETS (2001) 5%
: /e T0%
10 K .
£ 1T 1
f >
; \(:g/ T T '
-26 | EJ: \‘*\‘ i
10 1 5 3 &% R
10 10 10 1‘ nventional diffusi del
[Gev] - = = =« CONnve onag usive mode
mX .
10 100 1000
E (GeV)

lceCube can probe models motivated by the observed lepton anomalies

Carsten Rott

APS April Meeting 2014
April 5-8, 2014; Savannah, Georgia

|7 April 5,2014



<o,v>[cm’s™!]

5 - ‘ ‘ 4 i /
~—e |C22 Halo o—e |C79 GC LE sensitivity »E W
e |C40 GC m-a |C79 GC HE sensitivity _g r . -
- |C59 Dwarf galaxy stacking, Preliminary s Fermi S | 41 | H %
~— |C59 Virgo cluster (subhalos), Preliminary s ] M
18" T T T T T T T 1 T T T LN L | T T T L B B B 10'1:60000 T‘ ] | l -
- - Egses ' ot g g s ssssmsrata . e 1 . ol o AMS d
10 IceCube Preliminary A1 { { ;“ -
— 4 - B °og°° | | T gD AMS-01 -
XX T T ! BT oymT
: | | 4 CAPRICES4
B ® TS93 =1
10'20 : o | |

(-

ol
N
N

=

ol
N
I

I I 1 1 Ll 1 l ‘ L A deddd ll
1 10 10?
positron, electron energy [GeV]

(et + e)

« Tang ot ol (1984)
Kobayoshl (1999) L
HEAT (2001)
BETS (2001)

-

ol
= 5
o

'lg,':
........................................... :m X o
z o3 .
: — “samma- ray ¢
3 | m “‘t»‘
1 2 1 1 1111111 1 1 [ERN TR T T O :—,’ l‘;;\
T /
10 10° 1 o
- - - - conventional diffusive model
m, [GeV]
10 100 1000

E (GeV)

lceCube can probe models motivated by the observed lepton anomalies
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® Search for a diffuse signal from Milky
Way halo

® Assume annihilation into Vv, bb,
or WW

® Use all samples e-like + mu-like FC +
PC (2806 days)+UPMU (3109 days)

® Use all neutrino flavors and
topologies

FC UPMU PC

e
— >4
/ P P——
Pl = P ——
I ]
I I

<cV> [cm’s]

I llll]lll I llllllll I llllllll | llllllll I IIIIIIE

--------- H.Yuksel et al. -
Phys. Rev. D76, 123506 (2007) bb

-------- KBS s4, 022004 (2011)

""""" ﬁgmf?za;ﬁ%s'?éaﬁra"s xx—>bB
b

———
—— W'W" | Super-K
—_—
ll—

e | (NFw)

lceCube

=
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L 3
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et
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il ANTARES - Galactic Center

® Dataset: | 321days from 200/7-2012

® Neutrino spectra from Cirelli et al. 2010 (arxiv:1012.415)

~

?‘1048 .
| T [ DMDM37+7- N\ ic40-GC [ PRELIMINARY J
ANTARES is on the = 10
Northern Hemisphere, 2, C76-Hala
benefit from low v 107 C79 |IC22-Halo

' -... 1C59-dSphs
baCkgrounds In up- 10-21 2010'2011 IC59_ irac -.“"'-a.,n_.“.p /
going neutrino sample g

10 22 —— ‘.
- A

102 ANIﬁaFS Nw&x
107 : PAMELA

....... - + FERM|
103 0 & + HESS

natural scale
10
10 102 103 104
G. Lambard Mume (GeV)
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Dark Matter Decay - High Mass Dark Matter
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NO EVENES
See talk by Naoko Kurahashi Neilson

® 37/ events observed (2010-2013)

® ) years analysis found 28 events Science 342,

W

“t%lducialvcélu.né I 242856 (20 I 3)
N |
S ® energy spectrum >60TeV harder than background
PR ~-2165m
éducialvcflumé M S~ :
I ® atmospheric origin rejected at 5.70
55.:11‘0 meters -+ ‘<2450 m
ae
Southern Sky (downgoing) Northern Sky (upgoing)
T T T T T .- T T > 2 - . .
) 0 Background Atmospheric Muon Flux }Q_’ 10° l =3 Background Atmospheric Muon Flux
10° - 1mm Bkg, Atmospheric Neutrinos (x/K) o [ Bkg. Atmospheric Neutrinos (7/K)
[ Background Stat. and Syst. Uncertainties o i Background Stat. and Syst, Uncertainties
—— Atmospheric Neutrinos (90% CL Charm Limit) A [ — Atmospheric Neutrinos (90% CL Charm Limit)
—— Signal+Bkg, Best-Fit Astrophysical E-* Spectrum |; w i i | = Signal+Bkg, Best-Fit Astrophysical £ Spectrum |]
e*e Data ' ! ge) 1 i |eee Data
< /7 § lceCub : limi £ 107 ¢ ICbI_
3 g A I celube preliminary-- a : ceCube preliminary |
. I — —d g - —_ l——l—l=ﬁ_
8_ 7 = 0 7 1 . T
o s e T 4 @ 10° ; 7 + ceeedeem
5100 | Se meai==RE
5 8 | i
2 8 7 2
o .
;, %
Y v
S 7% &
(0 TeV 102 103 -1.0 —-0.5 . 0.0 0.5 1.0
Depoéitea EM—EquivaIent Energy in Detector (TeV) sin(Declination)
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TTue Jan 3 03:34:01 2012

Tue Aug 9 07:23:18 2011 T T T T T T T T T T T T 17
80 Showers +—e—

Tracks r--%—
60

+
t

1 PO S S N O O | 1 1 L1 1 a1 aal

Declination (degrees)

‘ i 10° 10°
IceCube arXiv:1304.5356 Deposited EM-equivalent energy in detector (TeV)

® What do the two IceCube events tell us ? and the additional 26 events ?

Number of papers based on the 2 IceCube
Events [Phys.Rev.Lett. 111 (2013) ) a few events at ~ 100 TeV - | PeV implies many more .
021103)] are growing fast .... GZK neutrinos . . lmposs:ble
events at higher energies
Comprehensive discussion (example): . .. .
R.Laha et al. Phys. Rev. D 88,043009 Conventional |Very low flux predictions. Flavor ratio favors strongly .
. : Implausible
atm. neutrinos |favors muon neutrinos
Coincidence in down-going events. Possible only if proton .
Prompt . £oIng . y P Unlikely
composition; upward statistical fluctuation needed
. Most natural. Events are isotropic. Cannot be continuum .
Astrophysical : P ) Plausible
spectrum. power law with break at ~ 2 PeV ?
Dark Matter |2 events overlap in energy Intriguing
APS April Meeting 2014 .
Carsten Rott CS April 5-8, 2014; Savannah, Georgia 22 Aprll 5’ 2014



___Heavy Dar

® IceCube’s 2 high-energy cascade 10-12 : S— — .

events of the 2 year sample of the o,
79 + 89-string detector %
. . . O
® consistent with electron neutrino < 10-16
interactions at about |PeV Z
P
® reported events are o
intriguingly close in energy £ 1020
X
Could this be dark matter ? 2
example B. Feldstein, A. Kusenko, S. :
Evid . : Matsumoto, and T. Yanagida arXiv: ; 1024 . . . . . :
vidence:  1303.7320v1 [hep-ph] : 104 105 106
- 2.4PeV Dark Matter Particle mass Neutrino Energy (GeV)
- Flux can be related to the lifetime tpm NFW Profile  [Kohri,Park Rot (i prep)]
28 Decay Annihilation
v~ LIN, X 1077 s A
— —
® Models e e/
; ﬁ/erts Integral :f
® Singlet fermion in an extra dimension 1 E
»é SE 10‘§f ~
: 2 T E T
® Hidden Sector Gauge Boson o Events perbin | o —
.. . . ok \ f
® Gravitino Dark Matter with R-Parity E ol i e e 0 e b s
. . degrees from GC degrees from GC
Violation
50% of events 50% of events
__within 65° __within 25°
APS April Meeting 2014 .
Carsten Rott 8 April j?—éli, 2()ele4l,'n§avannah, Georgia 23 APrII 5’ 2014



_Heavy Dark Matte
s CL =/ CLI I\ 1 1CL GG\
® |ceCube’s 2 high-energy cascade 10-12 : — — :
events of the 2 year sample of the s, |\ Line signal
79 + 89-string detect '
| | lceCube Bound on
® consistent with el : ) 27
interactions at ab Ilfetlme ~ I O S s,
oy -
e reported ever \
. . 8 - - an '
intriguingly clc 10 " Halo Uncertainty | o
. x — vv Einasto \
Could this be dar '
example: B. Fel
. . : Matsumoto, and 4 4 .
Evidence:  1303.7320v1 [he D og 108
L eeecacassesscssas=esa e 10 - —
- 2.4PeV Dark Matter Pa é ergy (GeV)
B FIUX can be related to t @ le [Kohri, Park, Rott (in prep.)]
= Annihilation
v~ 1.9N, B
® Models 1024 - - fl -
® Singlet fermion in an 1 | |
, 3 4 5 S~
e Hidden Sector Gaug 10 10 10 T
m, [GeV] ~
. GraVitino Darl( Ma—tt ZJO “40IH610H8I0H‘10($dI %éolaﬁdv%églcifm
. . egrees from
Violation
. 50% of events 50% of events |
| within 65° | .. Within 25°
Carsten Rott CS ﬁﬁiilA ;?—rél?l, g/gef;fn§aigizah, Georgia 23 API"I' 5’ 2014



Solar WIMPs

Gscatt
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velocity distribution

v 1nteractions

' v oscillations

Vi

0&111’1
Ogscatt F
capture
Fann
Detector
Freese ‘86
Silk, Olive and Srednicki ‘85 Krauss, Srednicki & Wilczek ‘86

Gaisser, Steigman & lilav ‘86 Gaisser, Steigman & lilav '86



Solar VWIMP. CaptuEe

WIMPs can get gravitationally
captured by the Sun
e Capture rate, I'c,depends on

Rott, Siegal-Gaskins, Beacom PHYSICAL REVIEW D 88, 055005 (2013)

10* - -

1030 —'","u GXP B Cm -
SD 37 2
) C,p = 107"cm”™ ===--"

1029

WIMP-nucleon scattering cross — 1o S _
section f) ] = T e
Dark Matter accumulates and S |
starts annihilating R -1
e - Only neutrinos can make it 10°F |5
out 1[0 R S FO
Equilibrium:The capture rate I 10 . [GeV] 100 1000
regulates the annihilation rate
(TA=T'c/2) The capture rates scales as:
e The neutrino flux only depends ['c~pymy'oa for my ~ma
on the WIMP-Nucleon I'c ~pym,~2ca for my >>ma
scattering cross section number density + kinematic suppression
Mma - is the target mass
Carsten Rott (G 478 aprilMecting 2013 26 April 5,2014



lce

PRL 110, 131302 (2013)
Observed events
° :;eCuge 7‘;-strlngs configuration (partially completed :Z winter high energy |
ee (') (=) 1 Sy S SR SO S st bt 1
P 40
L 318 days (May 2010 - May 201 1) 20f :
-
. . 8k ) |
® Search for an excess of events from the direction of the Sun p o Minter low energy
. S . T
® use track events for better pointing -5 A e o e eSO ROSSIS S
2r .
R
®  Separate summer and winter analysis L :
summer low energy
10
®  use outer detector to veto down-going muons for S50 TSRO OPUD e e BORUNRTH NN RO-- ==
. 5}
summer analysis
0 =3ss 0992 0994 0.996 0.998 cos (\P)I
Spin-dependent scattering Spin-independent scattering
-38
L | | 1 T T T T T T T T T T Ll ' 1 1 l Ll l 1 l l 1 l 1 l Ll 1
- \ ! ! ["] MSSM incl. XENON I(2012) ATLAS + CMS (2012) l 1 MSSM incl. XENON (2012) ATLAS + CMS (2012)
- — DAMA channeling (2008) — - E DAMAmcMNIeIi’Ig(M)
' — COUPP (2012) 9~ .\ ; — - CDMS (2010) —
S asese Simple (2011) NI --- gggESN?Tk?:o:eoTalyzed (2014)
36— \\ A ;f:::igg:f))(bﬁ -40|— == XENON100 (2012) —
- ‘... | —— SUPER-K (2011) (W*W) o~ s
T ONY N e oa— VT N T T —
O a7 —\’-,\ " <
bé: o - 6% 42— —_
o 38— =] o
g R g, e k \\h___.———"// e ’”\“\ -
39 44— \ . p— \'_m.u- A 1 .
-~ -+ |ceCube 2012 (bB) N s
. - - @ lceCube 2012 (bB) |
P W'w) "' — | s —e— loeCube 2012 (W'W)*
¢ (z° for m <m,, - 80.4GeV/c?) J ~—— e (T formtdr\,, = 80.4GeV/c?) ‘
1 1 1 [0 1 I 1 1 1 \ l 1 1 1 1 _46 1 1 1 1 1 l 1 1 1 1 l 1 1 1 L
1 2 3 < 1 2 3 -
log10 (m, / GeV c?) log10 (m, / GeV c?)

[M’ P Limi€s

L

e
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ANTARES - Solar WIMBS
AN [ARES - Solar VVIIMIES
® Dataset: |32|days from 2007-2012 Pl . 3
13 —W*W’ —i
® Data in the Sun direction time scrambled —Background 3
® Selection Cuts on the angular window size and on the i S
track quality cut are chosen to optimize the flux o -
SenSitiVity :0; — 3000 2000 3000 4000 'ono
. 1 Spln—dependen’rsca’r’rer‘mg o G
z% 14— A Data2007-2012 . — L I . SRR i JLIR A LA LN
12;_ Background (scrambled data) _f % o :7 IceCube_79 ANTARES 2.00.7'2008
oF I € I (dashed) (upper solid lines)
of tohi2z<14 ”““//7““ - ;.2 Al
o 4» = E 2f ‘Q“'\";".’ """ SR
() 41 bb ! ANTARES
5 90% C W+W- 2007-201? .
vt = SR (M) X Ty T S MSSM-7 (|ov;{er solid —
i - . lines) ]
® Observed events consistent | (preliminary) 3
with background Y SN Y B ,
expectations 10 10 10° 10’
P G. Lambard My (GeV)
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Comparison of tracks and cascades

For neutrino energies where the average Q/O
muon track length approaches the
detector diameter:

: .. Cascade
Vu Ve signal rates similar Track ¥

but R(v2™) >> R(Ve™)

Vrand NC events also contribute to
signal cascade rates

Fully contained events

Better energy resolution
Utilize all data (not just up-going)

Treat all flavors in a similar way

Less dependence on “muon

Avg. Atm. v E2d¢/dE [GeV cm_zs_lsr_l]

. ’ . e
propagation 10° 10 102 10 104
E, (GeV)
APS April Meeting 2014 .
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Comparison of tracks and cascades

For neutrino energies where the average Q O
muon track length approaches the

detector diameter:

: Lo ‘« » Cascade
Vu Ve signal rates similar Track V
but R(Vy2™) >> R(Ve2™) f
Vrand NC events also contribute to -

signal cascade rates

Fully contained events

Better energy resolution
Utilize all data (not just up-going)

Treat all flavors in a similar way

Less dependence on “muon

Avg. Atm. v E2d¢/dE [GeV cm_zs_lsr_l]

10 102 10

° 9
propagation 10
E, (GeV)
APS April Meeting 2014 .
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Super-Kamiokande Solar VVIIY

FC UPMU PC

P 0=

—
/\—____/

h

~~>

B FC l-ring e-like
B FC l-ring m-like

M PC
Upmu

|0GeV b b-bar |[FefaeRyrEZlEl ] :
20GeV b b-bar
50GeV b b-bar
100GeV b b-bar

0 0.225 0.45 0.675 0.9

® Global fit of simulated
dark matter signal +

backgrounds to all
DATA samples

'—\

o

Su Per_K Preliminary Courtesy of K. Choi (Nagoya)

— 10°
0 —_— e e SKI-IV 2013, tt/ bb / ww™ channel
& oLt — - SKI-1Il 2010, bb / w*w’ channel
C
9O Jo PICASSO 2012
- DAMA/LIBRA 2008
8 10 IceCube 2012, vtz / bb channel
® 10
o
| -
O 1 SR

1
510 —_— _
A P LR LR LR
9 10
Q 5 _ SPIEY
o 10
= , |
; 10 EEE— >

10 10

WIMP mass(GeV)
low-mass WIMP region can be more

effectively covered

APS April Meeting 2014
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"‘A "‘V' -~ ™ 1P \ Y

Local Dark Matter Density / Velocity

5
| best-fit mult. Gaussian i
A
? 3—— _
8 - .
x L ] P
. 2__ median ~ A e $ r
- velocit . . . . . .
- distribution : Velocity distribution still
N - not very well understood
0L -~ .
0 150 200 150 =00 Maxwellian is reasonable
v [km s™]
Local dark matter density
~0.3GeV/cm?
Carsten Rott 8 ﬁgiilA ;)—ré{ gf)ef;f'n§aizizah, Georgia 32 APrII 5’ 2014



/\‘ QIEr - m 1P n Y

Local Dark Matter Density / Velocity

5
| best-fit mult. Gaussian i
4
® 3 B _
8 — .
x L ] P
E B ) o . '
=2 median B e el
- velocit . . . . . .
- distribution : Velocity distribution still
N - not very well understood
u \»‘
0L | | ) ] : :
; 150 200 60 500 Maxwellian is reasonable
v [km s™] Seena*’
large recoils :
“best sensitivity” wi 1:hLocaI dark matter glen5|ty
direct detection ~0.3GeV/cm
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AN VEIOCIE

[a®

/\‘ @Qar - ™ 1P ) A

Local Dark Matter Density / Velocity

5
| best-fit mult. Gaussian i
A
® 3 B _
8 — .
x L ] :
- velocit . . . . . .
- distribution : Velocity distribution still
N - not very well understood
'4 L I
’ . -~ Ta
Q L2 | | i .
o.. .45 200 60 505 Maxwellian is reasonable

v [km s™] Sen=”
small recoils

“easiest” to be captured large recoils Local dark matter density

“best sensitivity” with

in the Sun/Earth - . . ~ 3
. u. direct detection O.3GeV/cm
indirect searches
CarSten Rott cS 1:;);3;;4 b?—”é{ gf)ef;f'nsgaizizah, Georgia 32 APrII 5’ 2014



mpact of velocity distEibUtion

® Explore the change in capture rate using different velocity
distributions obtained from dark matter simulations

Choi, Rott, Itow arXiv:1312.0273

os f(v) in Galactic frame at solar circle

S SMH ~1.5 .
= 045 Vogelsberger et al. - 1 4 — ng et al.
g Ling et al. @I Vogelsberger et al.
' Mao et al. "(;,‘ 1.3 t al
0.35 5./ 8 1.2 Q et &
0.3 o 1.1
0.25 " 9 1
: M
0.2 4 0.9 S———
0.15 8 0.8
. _ 0.7
0.05 8?
APEFE IR IR BEPEPEP PR, ¥ VI I ' 2 3 4
100 200 300 400 500 600 700 1 10 10 10 10
vikmv/e] WIMP mass(GeV)

® A comparison of captures rates for different WIMP velocity
distributions show that overall changes in the capture rate are
smaller than 20%

APS April Meeting 2014 .
Carsten Rott CS April 5-8, 2014; Savannah, Georgia 33 Aprll 5’ 2014



- |v .

W Ol LLERLES

. . SuperK-soft* L ’ -
39 “ 7 SuperK-hard* T . SuperK-hard
T _ Antares-soft | =36 ) y , , Antares-soft —
. . COUPP (2013
‘ol Antares-hard _ ' N e T Antares-hard
— CoGeNTS. “oo': 3aksan-soft, ¢ e lceCube-soft W 37 s \ . e —
~‘E -4k L R\ e - 3% g N ‘. ‘sl et /l, +” /ceCube-soft
4 L N N IceCube-hard 5 Jaksan-soft "%, R o Lo
% “~_CDMS5 \ el R l
I \ —— bﬁ 38 lceCube-hard
5 | 5
4 ENON100 )
! o
LUX )
—40}- -
M. Danninger & C. Rott “Solar WIMPs Unraveled” - Invited
45 - 7] Reyiew for Physics of the Dark Universe (submitted)
1 1 1 ] —-41 I
1 2 3 4 1 2 3 4
logl0{ WIMP mass / GeV ) logl0{ WIMP mass / GeV )

Table 1: Rough comparison of neutrino telescope characteristics relevant for current Solar DM searches. The median angular resolution (0) is
quoted for different representative neutrino energies (E,), where applicable. More details in Refs. [35, 34] (IceCube), [39, 50] (ANTARES), [38, 51]
(SK). and [40] (Baksan).

Datasets with Livetime E, -range Instrumented OC¢)atE,

completed analyses (days) (GeV) volume (ton) 25/ 100/ 1000 GeV N eUtrI no TeIeSCOPeS
IceCube 2010-2011 317 =10 ~1 Gton 13/32/1.3 .
ANTARES'  2007-2008 295 > 10 ~20Mton 6/3.5/1.6 g provide world best
SK 1996-2012 3903 = 0.1 ~50kton 1-1.4% -
Baksan 1979-2009 8803 > q2 3 kton 1.5% (tracks > Tm) limits on SD WIMP
" Preliminary 2007-2012 results correspond to 1321 days livetime P roton scatte I’I N g
* Values are given at muon level (E,); ® dominated by kinematic scattering angle.
APS April Meeting 2014 .
Carsten Rott 8 April 5{(;, 20e]e4l;n§avannah, Georgia 34 API’Il 5’ 2014



mpact of astrophysical uncertaintie

M. Danninger & C. Rott “Solar WIMPs Unraveled” ~ Invited interactive tool to stu d)’ impact
Review for Physics of the Dark Universe (submitted) .
of astrophysical parameters
l I

J l‘
direct-detection
—36— —
~ L
signal-regions
—37+ _

IceCube-soft

.-  lceCube-hard

E lceCube
ime (y):| |6.00

loglO( o Sm,,,""(‘xll2 )
&
O
|

PINGU
Lime (y):[ ]0.00
SuperK —40 n
time (y):] 10.00
1' Baksan —41 7
ime (y):]| 10.00
ANTARES | | | |
time (y):| ]0.00 —42 1 3 3 4

logl0( WIMP mass / GeV )

local Sun velocity (km s ) 220.00
local DM density (g,): | | | 0.44
Dark-disk fraction (p,/p): | | o.00
Halo models: 2.00
SMH | Ling et al. | Aquanus et al. | Mao et al. Resel

so far only for indirect searches implemented ... direct
detection next

-

N

Carsten Rott (G 475 April Meeting 2017 . 35 April 5,2014

April 5-8, 2014; Savannah, Georgia



Future Prospects
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PINGU Dark Matter S

® High density instrumentation: 5°;""'Ba*‘@h’m*'@Gf?ﬂ'l@ﬂ‘%‘w © PINGU

® baseline geometry: 40 strings (60 DOMs B e
each) sofl-— il ,i,ﬁ i

| K o & o
® Threshold ~ |GeV - o il
‘100_ F o
® Test low mass WIMP region -- capable to o S N ¥
comfortably test DAMA/Libra A e o O
X (m)
Spm dependent scattering Spin-independent scatterin
 SuperK soft (2011) 1] 10— DAMA/LIBRA (2009) — LUX (2013)
" — SuperK hard (2011) —  CoGeNT (2010) =-= IceCube-79 soft (2013)
37 u-u |ceCube-79 soft (2013) CoGeNT preferred WIMP models  »—a |ceCube-79 hard (2013)
1077 ¢ : == lceCube-70hard2013y B = E 7 --- XENON100 (2012) -=- PINGU 1lyr sensitivity (soft)

; Bluenshatde:iareazlndgtate . \‘h -—- PINGU 1yr sensitivity (soft) 5 10-38 -- CDMS-II(2013) — PINGU 1lyr sensitivity (hard)
i fvenz‘hsnl}‘tl)lrleepoﬂv‘):?flulryagal;;r:sateghnuque; — PINGU 1yr sensitivity (hard) |4 Blue shdrded areas indicate

1 - 'R sensitivifies possibly obtainable
;‘_‘ 10'38 . - - 1_) ‘-1o~ y . ; .“--,- —ries a .:' .
e 0T ETTTTRD L PTeITHGTAT Yy £ b b
I . "'--.,v"'. . : (§] 10 + -
s [ e N ] 5 ‘
b;: &

07 ‘\\\\\

1049 £

101 102 103 L 1 1 l1101 L 1 11102 1 1 L 1 L L l]l.03
m, [GeV] m, [GeV]

Carsten Rott (G A7SApril Mecting 2013 . 37 April 5,2014
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Neutrinos from stopped TT" =

0.04 —

[dN/dE]

M . LN 0.035 — Vp The Sun and Earth is transparent to neutrinos ]
ecay at re st I n t e u n ° k) i below 50MeV, but matter enhanced-mixing gives:
wt 0.03 |
F P(p, — 7)) ~1/6
Tt 0.025 F 29.8MeV
T e :
T 0.02 |
™t - V]
Y TR 0.015 | L
-7 ¥ ; S
110 = L 0.01f ;
Y L } 52.8MeV
T+ 0.005 f .. j
Tt 0 :
20 30 40 50 60 70 80 90
™= Neutrino Energy [MeV]

Rott, Siegal-Gaskins, Beacom PHYSICAL REVIEW D 88, 055005 (2013)

THIS WORK SUPER-K (2012) = = = =
PICASSO (2012) ICECUBE (2013)
KIMS (2012) bb
SIMPLE (2012) sm— W'W~, 11

C. Savage et al.
JCAP 0904 (2009) 010

SUPER-K (4.1 yr)
DAMA/LIBRA

HYPER-K + Gd

T yr, projected)
[m

| 10
m, [GeV]

Previous searches relied on
high energy neutrinos directly

from the decays of
annihilation products
Model the full hadronic

shower in the Sun

WIMP sensitivity continues to
improve for low masses

Minimal dependence on mix
annihilation channels

New key detection channel
to compliment other
searches

Super-K data can already be
used to test DAMA/Libra

Great Prospect for future
detectors (Hyper-K, MICA,...)

APS April Meeting 2014 38
April 5-8, 2014; Savannah, Georgia

Carsten Rott 53

April 5,2014



¥ | _,, | i "}kv
S nkmgWIMP S|gnatures prowdeﬁélgh dls\c‘gvery potential

“for indirect searches

odels motivated by positron excess and gamma-ray

Ob *érvations can and have been tested W|th“neutr|nos
“. - % | T3
1 Nettrino Telescopes provide world best limits on SD WIMP-
A roton scattering cross section &
) W -

Neutrinos extremely sensitive to test low-mass VWIMP
_scenarios at current and future detectors |

® New detect®n channel with low-energy neutrinos offer
additional dls&very potential -
()
\ ¥/

. %\ : ‘ -
-
® - |




| hanks !
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Example for Dirac; similar for Majorana, Real, Complex

Name Operator Coefficient
DI Xaq scalar m,/ M3
D2 XY’xaq im,/ M3
D3 XXav’q im,/M;
D4 XY’xavq m,/M;
D5 XY*Xdv.q Vector 1/M2
D6 XYY’ X307 .49 1/M?
D7 XY*XaY.Y4q 1/M?
D8 XY*v’xGvuy’q axial-vectorl/Mz
D9 Xo*'xqo,,q tensor 1/M3
D10 X’O-;LVYSqu-an l/M,::‘
D11 xxG,,G*" scalar a,/4M3
D12 Xv’°xG,,G*” i, [4M;
D13 XxG . G** i, /AM;
D14 xv°xG,,G*" a,/4M3

Invariant under Lorentz symmetry and U(|)em

q

gal

Carsten Rott 8

APS April Meeting 2014

April 5-8, 2014; Savannah, Georgia

April 5,2014



Example for Dirac; similar for Majorana, Real, Complex

Name Operator Coefficient
D1 XXxaq scalar m,/ M3
D2 XY°Xaq img,/M;
D3 XXav'q im,/M;
D4 XY’Xav’q m,/M;
D5 XY*xdv.q Vvector 1/M2
D6 XYY’ X307 .49 1/M?
D7 XY*XaY.Y4q 1/M?
D8 XY*v’xGvuy’q axial-vectorl/Mz
D9 X" xqo,,q9 tensor 1/M;
D10 XO Y’ X340 454 i/M?
D11 xxG,,G*" scalar a,/4M?
D12 Xv’°xG,,G*” ia,[4M;
D13 XxG . G** ia,/4M;3
D14 xv°xG,,G*" a,/4M3;

q

q

q

M* — mgb/\/gqu"__ effective

4

theory
> \

Measure

SM o A
¢’ '
e° K
Invariant under Lorentz symmetry and U(|)em .
Carsten Rott 6 iﬁ;if 51’_”(;{ gd()e]e;f'ngaigf;ah, Georgia 41 API’Il 5’ 2014



Low-Energy Neutrinos -

Previous
searches relied

88

CcC
: SS
on high energy bb
neutrinos L SR—
directly from X)X \ZNZW m
the decays of T
s pry
annihilation WV g
products e’er
YY
Model the full

hadronic
shower in the
Sun

New key detection channel to
compliment other searches; Super-K data
can already be used to test DAMA

Interesting signatures for future neutrino

Number of Events in SuperK-1/ MeV

lar V.V,

Rott, Siegal-Gaskins, Beacom 2012

1T+

o
o
W
.~ E
B
[
R

ot
ot

ot

o
ot

Tt~ 10! - i

o
ot
RS
K
K

-------
“‘-
o
“.
23

100 1000
m, [GeV]

Example detection with inverse beta-decay

10 |

m— Al backgrounds
« Background Components F

Signal Rate

- Signal Rate smeared

detectors (LENA, Hyper-K, ..), other _
nuclear final states could provide R . _ g
additional sensitivity 20 3 40 50 60 70 80 90
Visible Energy [MeV]
Carsten Rott 8 1:5;3;;4 ;)—ré{ gf)ef;f'nsgaigizah, Georgia 42 APrII 5’ 2014



1

v

‘/ 7 . Ie .
k. Matter.is.dist

P~

—

~ ] Apla

THE ASTROPHYSICAL JOURNAL, 742:20 (19pp), 2011 November 20

[ | [ [ [ [ [ 8'f | T | I | |-
. . . . . . Prob I [-i... ’ __| .slope=|2 (cusp) | R
® N-body simulations of Milky Way like galaxies yield halo DA B S,
g o[ F K | .... slope=3 (core) //
profiles p(r). Halo profiles described the average dark SREAN a0 ! v
- = &£ &
matter density (smooth) = | SN »
o . S e 1 0 ;
® Two major difficulties Y 0 £ 1 T ¢
, 2V AR S
® Inner halo shape (cuspy or cored ?) E /ff 1T
. 2 R Sculptor _ REE Fornax
®  Sub-structure in outer halo < | L 1 1
L I Ll '7 L1 1 1 1
2.2 2.4 2.6 2.6 2.8 3
4 N e 1 e 1 S 1 S o IIIIII; 10g;p [Rya) (p€) logo [Ryarl (PC)
10 ‘“ ) . |
CuUspy inner halo - outer halo 3
3 .
0 Moore >3
9 0{0:
e 107 \‘\E 4\ 5
§ inasto C}Q’ S
g 10 3 E
- “cored” Iso &
R= 1 4
= =
£ .1 ]
< 10 © 1
" J. Einasto, Trudy Inst. Astroz. Alma-Ata 5, 87 (1965), -
10~~= Navarro, Frenk,White, Astrophys. |. 490, 493-508 (1997), g
Moore, et al. Mon. Not. Roy. Astron. Soc. 310, | 147 (1999) [arXiv:astro-ph/9903 164], E
3 Kravtsov et al. Astrophys.]. 502,48 (1998) [arXiv:astro-ph/9708176]. =
1077 Ecian | 3
fireliy 3 111 L1 L1 L1 L1111
103 1072 1071 1 r 10 102
rin kpe ©
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HDF - Hubble Deep Field o4 Y -

small halo model
dependence, boost

Extra-galactic § Milkyway Halo

*

Large DM content,
nearby source, O(10)

Galactic Center

Very dense DM
accumulation, nearby

Dwarf
Spheriodals

o o

~ Forhax-.-.

no astrophysical

Clusters of - - :
Galaxies

,Coma; Cluster

large DM content, high
boost factors from

larger flux than extra- backgrounds
factors J . source g sub structure
galactic
Diffuse flux, spectral . .
P Anisotropy Extended Source Point source Extended source
feature
very strong cored profiles understanding of
dependence on DM
) : favored, less flux boost factors
density profile
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Solar VWIMP. Captuke

Standard assumption

DM isotropic with Maxwellian
velocity distribution

... consequence of a density profile
p(r) « r2of collisionless particles

. 4 /3\3 2 3 2 _ .
o = (3) 2 seap(-325) 00 — vesc
Vi \/’:l 2 Urms' 2 Urms”
» L 3
__ Relative velocity to the Sun Galactic frame (assume vsun=220km/s)
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Dark Matter Annihilation in the St
Model i: Br(tt)i + Br(WW); +  Br(bb) + Br(qq)i + ... =1
@ X X X

T ’ W . b K q )
\ 4 \ 2 \ 2 \ 4
A A
! \ (4 \ W+ ,"{ \ b ,"{ \ q
X X X X
high energy neutrinos from annihilation / decay products

VV 7 Gl W- Wt bb qq e'e

highest energy neutrinos fewest neutrinos

Benchmarks ~ Hard channel [l
Hard channel .  hard: WV, (tt for mx<mw)
Br 100% Soft channel 5. bb
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Dark Matter Annihilation in the Stg
Model i: Br(tt)i + Br(WW); +  Br(bb) + Br(qq)i + ... =1

_ A X X X

T . W- ’ b

’ ’ q .’
k 4 N N
Ry 8 1 1
'I Tt " "' \ b "' \
X X X X
high energy neutrinos from annihilation / decay products

VV 7 Gl W- Wt bb qq e'e

highest energy neutrinos fewest neutrinos

Hard channel :hard:WWY, (tt for my<mw)
Br 100% Soft channel . - pp
L
—_ /
Specific Luotal (Mot, Z|%) = Laum(1ot|1) | | Langi($1¢) Lapeci(Nil1))
B R R I e eEREee B [PESRHRENE R see: Scott, Savage, Edsjo and
Model 12 ) p‘ lceCube Collaboration “Use
1 it o ] of event-level neutrino
1 it - 1 telescope data in global fits for
aof vzt ] Tep i 1 F S Ter : theories of new physics”
Ncll:fmlino mass m, (éiv) Nei:mlino mass m, (100;\"1 Ne:mlino mass m,, (é:i\*) a erV I 20 7. 08 I O
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Dark Matter Annihilation in t

Model i: Br(‘t‘l?)i + Br'(WW)i + Bl‘(bb)i + Bl‘(qq)i + ... = |
X X X X
’ b I' q I'
1 < AN N
R A = 1
. . . L N\ ;

he SUh

X ¢ W+
X X X
high energy neutrinos from annihilation / decay products
VV 7 Gl W- Wt bb qq e'e
highest energy neutrinos fewest nedtrinos
Benchmarks VYV
Hard channel hard:WW, (1t for m,<mw)
Br 100% Soft channel o pb
Ntot o T
—_ /
Speciﬁc ‘Ctotal(ntota :|¢) — Lnum(ntot|d)) H Lang,i(¢i|w) Lspec,i(Nilw)
I e man B o a s e TG s R see. SCOtt, Savage, EdeO and
Model < "' el ]z ,{*‘ lceCube Collaboration “Use
] sl I : of event-level neutrino
; 1 i T . telescope data in global fits for
soforzime R e T O F L Ted : theories of new physics”
Relatively B e A arXiv1207.0810
model low energy neutrinos from hadronic sh_
independent C. Rott, . Siegal-Gaskins, and J. F. Beacom, Phys.Rev. D88 (2013) 055005, [arXiv:1208.0827 ].
N. Bernal, |. Martn-Albo, and S. Palomares-Ruiz, JCAP 1308 (2013) 011, [arXiv:1208.0834 ].
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DeepCore Solar VVIMP Sensitivity

lceCube 79-string 318days (May
2010 - May 2011)

Analysis performed separately for
austral summer (Sun above

horizon) and austral winter (Sun

below horizon) - 3 independent
samples

® :
e

- =
Q

>

Compare distribution of the final
sample to these PDFs of
background and signal to
determine most likely signal
content and combine likelihoods,
weighted by relative livetime

1 1 1 |l ] 1 1 1 1 I

-36[— Expected individual sensitivities: —_
@ """ winter high energy (bB)
winter high energy (W'W)*
. O winter low energy (bb)

.. @ """ summer (bB) o
37— summer (W'W)" .- —
‘\:\ Q‘ ~.\.‘~ ." -
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-40}—="*"" IceCube 2011 (8y. data) (tb)
—e— |ceCube 2011 (8y. data) (WW)*

-+ expected IceCube 2012 (bB)
—a— expected IceCube 2012 fW W)

— winter low energy (W'W)*

1 1 1 I

Iog10 (m / GeV )3
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i
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Downgoing
Muons

‘

South p +A — 11t (K*) + other hadrons ...
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Signals in lceC

South p +A — 11* (K*) + other hadrons ...
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A | e V R VIR M VA VRV
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» Up-going eventy can be used to obtain 10}
“clean” neutrino sample 'F T S et
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. -1 -0.5 O 0.5 1
o Earth is used as muon filter cosB

¢ Atmospheric neutrinos create
irreducible neutrino background to
extra terrestrial neutrino fluxes

APS April Meeting 2014 .
Carsten Rott & April 5-8, 2014; Savannah, Georgia 48 API"Il 5’ 20 | 4



Signals in lceC
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Signals in lceC

ole
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lceCube Depth:
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¢ Earth is used as muon filter
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extra terrestrial neutrino fluxes
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South p +A — 11* (K*) + other hadrons ...

ole
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lceCube Depth:
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SOUth n + A — 11* (K¥) + other hadrons ...

Atmospheric muons ~ 10'!/year
C . .
s Atmospheric neutrinos ~ 10°/year
bowne Astrophysical neutrinos ~ >10/year
R o o) \ 7448 107 'h.l|=;-tecnnsm|(:led alms. muons rrr" e

North Pole

Up-going eventg can be used to obtain 10
(X 99 o
Clean neutrino SamPIe i TeV astrophysical neutrinos

PeV - EeV astrophysical neutrinos |

| 0.5 0O 0.5 I

Earth is used as muon filter cosB

Atmospheric neutrinos create
irreducible neutrino background to
extra terrestrial neutrino fluxes
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Neutrino from VVIMP. annil

Dark Matter self-annihilation or decay
J(W)ann

Annihilation
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Neutrino from VVIMP. annil

Dark Matter self-annihilation or decay
J(W)ann

Annihilation
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Neutrino from VVIMP annihilations
Dark Matter self-annihilation or decay
Annihilation Kann J(Y)ann
(1 < > dN\ 4 )
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ACIOMS

Neutrino from VVIMP annihil

Dark Matter self-annihilation or decay
Annihilation Kann J(Y)ann

OVLEEN N\ 4 ™\
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ACIOMS

Neutrino from VVIMP annihil

Dark Matter self-annihilation or decay
Annihilation Kann J(Y)ann
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Neutrino from VVIMP. annil

Dark Matter self-annihilation or decay

Annihilation Kann
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ACIOMS

Neutrino from VVIMP annihil

Dark Matter self-annihilation or decay
Annihilation J(Y)ann
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I = 15 (o

Astro-physical boost factor

® | ocal clumps in the DM halo enhance
the density and boost the flux from

annihilations:
gbactual (,’:*)

qbsmooth (,F’)

¢ PBoost B =

® Typical boost factors are B~ |-20
(simulations)

® Boost factor ~ | (for central halo j“rface brightness from R
] ) .. ark matter annihilation F Marc Kamionkowski, Savvas M. /3

region <10kpc) tidal stripping at the position of the - Koushiappas, Michael Kuhlen /' ;
Sun, calculated directly " (2010) arXiv:1001.3144

from the Ag-A-1

simulation.

10° 3

B(r), B(<r)

100

®

Boost factor important for:

o
d
.
.

105—

» Galaxy clusters, Diffuse extra galactic, ...

* Not important for:

FIG. 4. The local substructure boost B(r) (solid) and the
cumulative luminosity boost B(<r) (dotted), as a function of
radius.

o Galactic Center, Solar circle, ...
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Accelerator Bounds

50 100 500 1000
my (GeV)

Direct detection enhanced over collider
production if exchange has light mediator

M < pr(Tjet)
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|C 79 Solar VWWIME

@ Event Selection (Winter, High energy, I51days) @© Event Selection (Summer, Low energy, | 66days)

N F | T . N ' | | L e | £ ! e |
= . ’ = - .
= L d . = —*— —
b=t | Nt ata | o —— —— —— _
% L _¢.¢-+H+H+ . +++++~¢—¢-+++-¢— +¢-—¢-—¢—¢-++-¢—¢- L i % 10-5 - _':':—l I_I i |—|—+—? ~g -
= _“'___\'W—-E.i‘b = - —+—++ ]
atm. V Total Bkg 1 i ]
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] o e
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T I i
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10-6 L L L L L L L L L L L L L L L L L B 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l i n
-0.5 : . . -0.1 0 -0.2 -0.1 0 0.1 0.2 0.3 0.4
cos(reco zen) cos(reco zen)
_G 2 . T g 2 T T T
g 1.5 EE 1.5 —
b gy b + + + g + 1
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_ I S R Faaw + |
0.5 _— - 0.5 _— —+ ++ ——
0

1 1 1 N N 1
04 o SPEAFit standard cos(zenith) b2 0 0.2 SPEAFit standard %k (zenith)

* Event selection with separate BDT
* Training on off-source data + signal simulation
e Optimized final cut on BDT output

* run llh-analysis for various selection criteria to determine best sensitivity
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Sommerfeld Enhancemen:

http://arxiv.org/pdf/0812.0360

X X
® DM annihilation cross section in the
low velocity regime can be enhanced
through the “Sommerfeld effect”
X X

® when non-relativistic particles

. ) FIG. 1: Ladder diagram giving rise to the Sommerfeld
interact through some kind of

enhancement for yx — XX annihilation, via the exchange

force, their wave function is of gauge bosons. . . .
distorted by the presence of a Simple case: a particle interacting
potential through Yukawa potential:
® In QFT this corresponds to Schroedinger Equation
contributions of “ladder” 1 d%y(r)

—V(r)(r) = —771..;321,;':(7‘)

wave annihilation
V(r)= o —myr  attractive Yukawa potential
()= B T € ) mediated by a boson of mass m,

ov =39S (O'V)o for my small the potential becomes Coulomb-like
/ tree level cross and Schrodinger equation can be solved analytically
y .S section times T
Sommerfeld boost velocity =5 (1~
‘Z
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VVIMP Nucleon Interactior

® The nucleon coupling of a slow-moving Majorana neutralino (or of any
WIMP in the extreme non-relativistic limit) is characterized by two
terms: spin-dependent (axial vector) and spin-independent (scalar).

X X X X
\/ X / x \ / X >
: \/ \ : /
5.2 """\ 1Lk et
/\ q q /\ / \
q q
q q q q
G4 J+1 2
osp = 32 177r (ap{SP(N)} + an{Sn(N)})zT o5 = 4L(pr 4 (A o Z)fn)ZFQ(q)
pw = MMy | My, + My n

] - coupled angular momentum of the nucleus ° fp » fn - coupling constants to proton

. . and neutron
{Sn(\)} spin of neutron in nucleus

. . F(q) form factor
an ap - coupling constants / Gr - Fermi constant (9)
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