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Deep Core Low Energy

Extension

»  Effective Veto against down-
going muons from surrounding
strings and DOMs above (~10°
reduction in background)

» Large veto region allows for
4r steradians (all sky) analysis

« Southern Sky
* Year around sun

»  IceCube:
Dscatter=20m << 1/2*Dinterstring _-— 125m/2 :'l:;il.[l\i);A

g Deep Core: () Deep Core
Docatter=40m ~ 2 >|<Dinterstring =72m/2

 direct light




Deep Core Extension

Deep Core Strings . . \ceCuibe
_ 6 strings with high quantum R
efficiency PMTs, densely spaced R OO
7 “standard” IceCube strings S L T Awanoa
_ located in best ice (below 2100 m .
exceptionally clear) g DeepCore
- Interstring spacing 72m *"-ag_% B I SR R
_ Uses high Quantum Efficiency ERNEEREERIEE: s
PMTs, that have about 40% higher 8% 3 $ $ 3 8388 :
. . =] 1650 L : : :
efficiency , wweese 83 J B $
. 88 1 S b oo
- Located in the deep ice 2 :}1250-%’%0?“
“ °
- Lower atmospheric muon
background 3 3
. : ¢
_ Larger scattering length ~40m ! : 3 L 70 Dons
T urasn g : 2107-2450 m
o - (=3
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Searches Overview

Solar Earth Halo
Background off-source on- | Background simulations | Background off-source on-
source source

Muon neutrinos Muon neutrinos Cascades, Muon neutrinos
Neutrino Flux, Scattering Neutrino Flux, ? Neutrino Flux, Self-
cross-section annihilation cross-section
Excess Excess Anisotropy, Spectrum
IceCube ( + Deep Core) IceCube ( + Deep Core) DeepCore ( + IceCube)




Earth WIMPs




 Place 90%C.L. limit on muon
flux from the center of the

0 g BAKSAN 197895

T T T T TTTT | T T T T TTTT | T E
LR —_— AMANDA -
(CDMS+EENONLO) ipreliminary for m<250 GeV) |
107 E%-=1Gev - MACRO 198998
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Muon flux from the Earth (km™ yr™)

107 =
03k } . :
; =+ Understanding of low energy vertical
10 F E tracks extremely important (relates
1 : closely to oscillation analysis)
10 10"
Neutralino Mass (GeV)



Some experience with

« IceCube’s lowest energy threshold is realized in B L, GG
vertical events (due to its geometry) L =
Z 08 o
« Can we see atmospheric neutrino oscillations ? g o //
% ! / Vertical Muon Negtrino Survi\fal Probability
“ = 05 v, Survival Probabliity iy
«  Expected results of y? test using the track length 5 5 os // nz”
as energy estimator (under the assumption that o |
remaining background can be rejected) u o1f-k/
A o N*FL17R e e e e
gq | L.~E,
:;;50011 : @& pData C J
g ] oscarouna corsika +  Unblineded a small subset of the 1C22
£ e vy data for validation purposes:
3o «  Expected:

. Signal (Muon Neutrinos):
1.81 (no-osc) / 1.42 (osc)

1 Signalv, No Oscillation 3 - Background: 0-0 +/_ 20.3

Signal v, Oscillation
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o
[ £
(3]

-1 -0.5 0] 0.5 1
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Events / 12.85 days
o
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o
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(3,1

Larger MC background dataset is .| S

currently studied oost -
-> Same background as for Earth WIMPs = ¢ © = © ® u

-> Need to understand osc. Before
looking for Earth WIMPs




Systematic Uncertainties

Neutrino Flux Uncertainty

10 ~ Uncertainties on the

atmospheric muon
neutrino flux have a
direct impact on the
oscillation analysis

Zsec'sr'GeV)

Honda flux
————— Bartol flux

""""" Fluka Tlux Important is the
variation in the flux ratio
of different flux models
as function of energy, in
the energy range
considered

y

<E_2(m

Fluxe

1
1
1
1

Bartol/Honda ;
_____ Fluka /Honda Expected uncertainty on

the neutrino flux of
about ~5-10%
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[Super K Phys.Rev.D71:112005,2005]
Carsten Rott - Seminar @ Nagoya
January 16, 2009 University 11
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What to look for

* Deep Core Impact:

Lower Energy Threshold, more
stat. for 50-200GeV Neutrinalinos

Low-energy vertical events are in
IceCube predominatelysingle-
string events, but Multi-string
eventsin DeepCore

Background estimationin
IceCube relies more heavilyin
MC (no control region !) ... but
inclined multi-string tracks in
DeepCore can be used

Down-goingfully contained
events might be useable for
normalization purpose (similar
as for the oscillation analysis)



What about cascades ?

e Canone benefit from cascades ?

e Helptodetermine WIMP mass in
() @ () @ O O O light of uncertaintiesin the atm.
neutrino background flux.

Problem: cascade angular
resolution likely not good enough
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arXiv:0902.4001
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Solar WIMPs
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IceCub

Direction of the sun
remains scrambled
until selections are
finalized (blind)
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00% Tl 2020 Indrsct searches B ~1 Gev Look-for an excess of neutrinos in the

-
. ——

e SUPER-K 1996-2001 P o, < CDMS(2008)+XENON10(2007) | Sl =
dqg==: IceCube-22 2007 (soft) oy e

-—.— lceCube-22 2007 (hard) direction Of the Sun

lceCube-80+DeepCore 1825d sens. (hard)

No evidence for a signal observed

Upper limits on muon flux from
neutralino annihilations in the Sun

0.05 <" <0.20

Y
(=]
]
Ean

-

(=]
)
]

E \ i ggﬂg&gggé) B o <o CDMIS(2008)+XENON10(2007)
10°F S 10%)) - — - = KIMS (2007) i
' L R AN el _
10 . 10 © [ \\ —g— |ceCube-22 2007 (hard) _—
Neutralino mass (GeV) @ 10%F \ IceCube-80+DeepCore 1825d sens. (hard) __ — - -
w E ) — .
g E “‘ \-.___’ e — - P —_— ”— -
L] apg= - o 10355, !.‘ ——_— — B -
Under the assumption of equilibrium 80~
Q r - e emmee == ]
g om . - . = 10—375, L
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E 10%

For spin-dependent couplings, IceCube’s
sensitivity is about 2-orders of magnitude

better than direct searches ‘o - S i)
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Solar WIMPS Outlook

— Hard: yy > W"W-—vv

* WIMPs all year around 20D vy

e 50-100GeV Neutralinos e
can be probed
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e Significant improvement
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Neutralino-proton SD cross-section (c

in sensitivity to o
Neutralinos with masses &
below 200GeV 0
10
10*‘“%—
10411;) 162 163 10*

Neutralino mass (GeV)

Sensitivity shown for DeepCore is conservative (using an older less
optimized DeepCore geometry)



Solar WIMPs Outlook

arXiv:0902.4001
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* Deep Core will be able to
test a large number of
allowed CMSSM
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Recent Excitement

O. Adriani et al., arXiv:0810.4995 ] o
J Berpgstriim,. Bringmann & BEdsji (2008 )
Nature 456, 362-365(20 November 2008) - o2f ! ! ! ' ' '
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Problems
... Steeply falling spectra A T

... energy calibration - -1:;,%\
... backgrounds
... local sources ?

PAMELA 2008

CQ“C'USiO“: HEAT Combined
Clem 2006 =

Might entirely consistent with astrophysical © AMS 2007
sources, but if it is really DM then much e 100 |

higher than expected boost factors are _ c S AVS 090 Ty

needed 1 10 100 10>
E [GeV]

DeepCore Physics Workshop, Penn
Carsten Rott State, March 19-20, 09




Motivation

e Strong observational evidence
for the existence of dark matter
halos

— We should look for dark matter
annihilation/decay signals from
galactic halos

— Such a search is complementary
to searches for annihilation
signals from the Sun and Earth




Delectability of “invisible™

 One might think that the DM halo
is more detectable with “visible”
annihilation products

— if other final states are more
detectable, then we can set
the most stringent limit with
invisible states (neutrinos)

“visible” SM
particles:
WW, bb, qq;, vy, ...

— lceCubeis big because we
look for “invisible” states

— To understand the properties

of DM we need a multi- “invisible” SM
wavelength approach anyway particles:
vV



Galactic Center and Halo

Mac!g et al., Phys.Rev.D78:063542,2008.

[=] Galactic Center signal strongly 0 T

depends on the uncertain cuspiness T |
of the underlying halo profile

10 1 7

[=] Galactic Center signal has severe K
disadvantages

Neutrinos

Gamma Rays Brivwi=1

Briyp=10"

[=] Galactic Center is on the Southern
hemisphere and therefore events
are down-going in IceCube I i

T Natural Scale T T

[=] Other “neutrino source” might be - .
present at the GC region 0° 1w’ w10t 10t 10

® This of course means we
absolutely should still look at
the GC as soon as
instrumentally / analytically
possible




\ Galactic Center on Southern hemisphere -30°
- Deep Core is needed

Annihilation
rate OCp2 \ Q Neutrino signal “least detectable”, hence allows

to set conservative limit on the total self-
annihilation cross-section

10
10_3 T T | — 8
10
- -2 102
-7 10 MW Halo + Atm. E “.'__I‘_\_(IJ\_[\_[__Han-I-sotrop .
Ve A MW Halo Average
S >
— o 104 MW Halo Angular
™
) v
€107 »
- 10
Atmospheric Neutrinos 26 | Nal‘.ur.’:llI Scale I
100
-6 -1 0 1 2 3 4 5
109 50 100 200 10 10 10 . 1[(23eV] 10 10 10
x

E[GeV ]

[Yuksel, Horiuchi, Beacom, Ando (2007)]



Veto

[Yuksel, Horiuchi, Beacom, Ando (2007)]
1w w1’ wiw’we’or 03 05 07 091

halo model
uncertainty
minimal at

~30°

]qt-::[l}'} 01°03" 7 T ) Toa20” 1s°
GC Field of View AGC
pointing angle with respect to GC
Cascades are ideal:

. Lower atm. background

. Large scale distribution, anglular resolution of
30deg is more than enough

® ® @ e o0 o ® ® Eventually contributions from “known” neutrino

point sources could still be subtracted based on

@
N

the measured flux muon neutrino flux



Effective Area

Neutrino Effective Area for lceCube / lceCube+DeepCore

ﬂ-'l-h. 1 1 1 I I 1 1 1 1 I 1 1 1 I I 1 1 1 1 I 1 1 1 I I 1 1 1 1 I 1 1 1 1

£ 10° =
2 g . Preliminary .« °
q 10 .§10 § Trigger Level . " - ?g
3 10 Fermi ol o e =
< F°F o 3
1 5 F - —
@ 104 = 3
> =
£ 10" E
= 02 ra R R R e B SO e S
": \ A Upgeoing Muon Neutrinos ?
o 10 - =
o -:' —»— lceCube IC80 SMTS8 + DeepCore SMT4 =
@ q0* =
E .' —=— lceCube IC80 SMTS8 =
10° =
1 1 1 | | 1 1 1 1 | 1 1 1 | | 1 1 1 1 | 1 1 1 | I 1 1 1 1 | 1 1 1 ] I 1 1 1 I:
1 2 3 4 5 6 T 8 =)
Iugw (Primary Neutrino Energy E [GeV])
arXiv:0810.3698

DeepCore Physics Workshop, Penn State, March 19-

Carsten Rott 20, 09



Systematic Uncertainties

Deep Core

'] Example Solar WIMP Analysis
'] Quantum efficiency of optical sensors ~~0"%
Potential to be improved ...

*] Light propagation in the ice (ice properties) ~20":

[*] Potential to be irn lDrovec . .’rla'[u#g;r'aljy AS

"

simulation matures

[*] Timing and geometryglbrahon ~10%

. a
[*] Could become maode irn Dortant for Jeem Core !

Carsten Rott

DeepCore Physics Workshop, Penn
State, March 19-20, 09
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Conclusions

r L. ‘ A e,
Jnificant increase in sensitivity to WIMPs with

of _‘E ’ L

r‘\ -
)

asses below 200GeV
ffuse cascade fluxes (such as for the halo
lysis) require a tight veto ring,
Outlook for Dark Matter Searches with Deep Core is
bright

‘ehes are Complimentary and very completive
- . |
* See also material from (for more details).,

J% ect sea rches
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Atmospheric Neutrinos

Strings U rate V rate

AMANDA ~80 Hz | ~4.8/ day
I1C22 ~550 Hz | ~28 / day
IC40 ~1000 Hz | ~110 / day
IC80* ~220 / day

| IceCube-22 Data vs. Monte Carlo Simulation Data |

I
E | [ Barolatmy ® AMANDA-II, unfolded - 10 e
o 10 B ZZ—=1 Hondaatmyv atm v, data of the years g =
5] — Cosmic Ray Induced Muons
- 00 - 03 5]
0 . I
:‘3 E 10 :E ——— Coincident Cosmic Ray Induced Muons ***H:'::t
= 2 - -
8 g 10 I — % Neutrinos _._-I-"'
III> '-E % —— All Simulated Muons & Neutrinos ** . T T Ty
— S
e & 1 —8——  [ceCube-22 Data + i M
g =
% - x= -
10" -
= . ey
- .
o2 Neutrinos Muons
& +_,_
107 £
4
10 £ LTS
ST RIS R S S oo
10-5 B | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

c0s(8,,(MC))

log.(Ev GeV)
DeepCore Physics Workshop, Penn State, March 19-20, 09



IceCube Detector Status

1 string
2005-2006 | 8 strings 2
2006-2007 | 13 strings
| 2007-2008 | 18 strings
| 2008-2009

CCII

18+1 strings

-
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