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The content

e The recent results from IceCube
(UHECR-related)

The project status

Time-integrated v point source search

Search of v from GRBs

Correlation search with UHECRs (Auger/HiRes)
Diffuse v search (such as the GZK cosmogenic v’s)

e Particle physics @ UHE region

Constraints on G,y @ +/s =0(10TeV)

e Future prospective

lceCube full-scale run
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UHECR 2010
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Data Filtering at South Pole
lceCube PY 2008 season

40 strings ~ a half of the completed IceCube

Simple Majority Trigger
8 folds with 5 u sec

%\ ~ 950 Hz
Muon Filter EHE Filter Cascade Filter

selects selects selects Man.y ot.hers

“up-going” tracks “bright” events “cascade’-like events mm Bias

oon
~ ~ _ lceTop
20 Hz 1.3 Hz 17 Hz B
NPE > 630 p.e.
To Northern Hemisphere
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Point Source Search

lceCube
Materials to cook vy - u base

u filtered, EHE filtered and min-bias events

Require Quality cuts in multiple stages

to filter out vastly dominated
Common aspects < down-going muons

In many other analysis :
to realize reasonable agreement
between MC and data

to create a sample of events
with good angular resolution

Point source specific——

FRAXE
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Zenith Angle Distribution
lceCube In the flnal Sample
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* Introduced hard “down-going” cuts for extension to Northern sky

(retains only O(PeV) down-going events)

Jon Dumm (UW-Madison) & ' FREXE
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lceCube

down-going PeV w's w/ cosmic-rays Bt

All sky search: post-trial p-value 18%
Hottest spot: RA 113.75 Dec 15.15 -log(p)=5.28

Jon Dumm (UW-Madison)
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Source List Results
p-value

lceCube

Crab
BL Lac 0.226
Mrk 501 0.421
Mrk 421 0.142
M87
CygA 0.439

The highest significance

PKS 1622-297 0.048 < from list of the 39 IceCube sources

Pretrial 4.8 % —>post-trial 62 % for the source list

* Shown here is only a part of the IceCube pre-determined source list

Jon Dumm (UW-Madison) & FEXE
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a' UHECR correlation analysis

lceCube IceCube 2008 point-source skymap

® 27 events from PAO in the 2007 publication. Energy > 57 EeV
® 42 events released from PAO 2010. Energy > 57 EeV
® 13 stereo events from HiRes. Energy > 56 EeV

Robert Lauer (DESY)
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8' UHECR correlation analysis

lceCube

Correlation search optimized for
hypotheses of magnetic deflection of cosmic rays by 3 degree

J. Abraham et al (Pierre Auger collaboration) Astropart. Phys. 29 188-204 (2008).

Unbinned Likelihood search with o = 3 degree IceCube Preliminary

-2(log L(signal) — log L(bg)) = 0 i.e., consistent with the background-only hypotheses

Binned search with 3 degree radius

298 IceCube events found in 82 bins of 3 deg radius

274 events expected from the background-only hypothesis

1.48 o (p-value 0.069)

Note: v emission is assumed here from O(TeV) extending to O(EeV)
(typically with E-2)
l.e., not like the GZK v emission where main energy range is above PeV
Robert Lauer (DESY)
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W GRB model-dependent Search

lceCube
Materials to cook vy - u base

u filtered and EHE filtered

Require Quality cuts in multiple stages

; _ Zenith > 85 deg.
to filter out vastly dominated

Common aspects < down-going muons

In many other analysis :
to realize reasonable agreement
between MC and data

GRB specific __, use “off-time” data as the BG sample
to train the BDT

FRAXE
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Building of the PDFs

lceCube

Unbinned Maximum Likelihood

PDF
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Time PDF

Guetta et al Astropart.Phys. 20 (2004) 429

——

. Optimize BTD score
to maximize the discovery
potential
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No association of v’s
lcaCabie with GRB..

109 GRBs detected by Fermi, Swift, Konus, and WAM Peter Redl (UMD)
in the IceCube FOV (2009 June — 2010 May)
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We are on the way to indicate GRBs are
unlikely to be a major UHECR origin.
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Diffuse v Search

lceCube O(100 TeV) ~ 10 PeV

Materials to cqok | v = u base
u filtered, EHE filtered events H

Require Quality cuts in multiple stages

to filter out vastly dominated
Common aspects < down-going muons

In many other analysis :
to realize reasonable agreement

between MC and data
Diffuse analysis specific

Stronger cuts (than PS search) required for
enhancing purity of v sample

FRAXE
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Diffuse v limit

lceCube Now below the Waxman-Bahcall limit
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GZK v Search

lceCube O(PeV) ~ 10 EeV

Materials to cook All v flavor base
EHE filtered events

No strong quality cuts necessary because..

these v’s are more energetic than
Unique features < atmospheric n BG

in this particular analysis :
2 y Just increase energy threshold

In analysis leads to better S/N
GZK analysis specific issues

 Earth filters out signal v as well

FRAXE
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GZK v search

Detectlon PrlnC|pIe

lceCube
Energy Dist. @ IceCube Depth

Zenith Dist. @ IceCube Depth
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lceCube
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Experimental verification

The detailed description available in
Abbasi et al PRD 82 072003 (2010)

GZK v search

Detection Principle ¢
Zls
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GZK v search

lceCube Final level 3 cut
Selects bright(=high NPE) events penetrating long path from the earth surface

GZK MC (Ve + Vv, + V) Atmospheric p MC Obs. data
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All flavor(ve +v,+v) limits

GZK v search

lceCube 10

Systematic errors included
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#
& EHE v Model Constraint

lceCube The 2008 half-lceCube observation -
335.5 days sample IceCube Preliminary

Expected # of events

GZK m=4 Zmax=4 (voshida et al ApJ 1997) 0.570
GZK m=5 Zmax=2 (Kalahsev et al PRD 2002) 0.910
GZK A =0.7 (Engel et al PRD 2001) 0.470

GZK eemi constraines N=4.45 (Ahlers et al AstroP 2010) 0.885

GZK Fermi constrained ’Y:25 (Ahlers et al AstroP 2010) 0.431

Z-burst (Yoshida et al PRL 1998) 1.027

excluded
Top-down SUSY  (sigl et al PRD 1998) 5.677 +— by 99.6 % C.L.

< Chiba University



Relative Systematic Errors

Aya Ishihara (Chiba)

Contributions to signal error ratio in signal event rate (for the case the model GZK2 below)
lceCube
statistical error +0.8 %
Uncertainty (+10.1/-21.1%) in NPE measurements (in-situ calibration: -18.5% and in-lab calibration: +10.1%) +3.89/-7.22 %
neutrino cross section +9.0 %
photo-nuclear interaction +10.0 %
LPM effect +1.0 %
total + 0.8 % (stat.) + 14.0 - 11.6 % (sys.)
Contributions to background error ratio in default background event rate (SIBYLL, IRON, AHA)
statistical error +17.0 %
model uncertainty: composition = (N event H - N event Fe)/N event Fe -83.86%
model uncertainty: interaction model = (N event QGSJETII - N event SIBYLL)/N event SIBYLL +36.1%
coincidence simulation (cos theta>0.2) (N event coinc MC - N event bare mu MC)/N event bare mu MC +29.4%
coincident data (cos theta<0.2) (N event coinc data - N event single mu data)/N event single mu data +10.5%
ice property = (N event SPICE-I - N event AHA)/N event AHA +30.2% /[ - 22.2%
Uncertainty (+10.1/-21.1%) in NPE measurements (in-situ calibration: -18.5% and in-lab calibration: +10.1%) +37.1% / -46.7%

total (assuming ice property error is included in NPE calculation) + 17.0% (stat.) + 60.4 % - 96.0 % (sys.)
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A little side trip
cecupe INdication of UHECR composition?

Protons are unlikely
a major component
of CRs @10PeV-1EeV

Confirmed the 2007 analysis



Constraints on Ultra-high energy
cosmic ray emission

Fermi limits UHECR luminosity at cosmological distances

Fermi-LAT collaboration PRL 2010
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Constraints on Ultra-high energy
cosmic ray emission

Now IceCube : constrained UHECR cosmological luminosity
at the comparable level with Fermi, but more direct way
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4 A major fraction of the Fermi
_| diffuse y is NOT responsible
5 for UHECR emissions
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% The Highest NPE event

lceCube ——

\
oY
0
0

YENS
00
NN

cos za

\
n#
)

=
s
=
=
=
e %

Ut

A

B U L
log NPE

This event

p-value for the background hypothesis ~0.2% « Detected in 2008 December 8t
(posteriori) * NPE 2.55x10° photo-electrons
e Zenith 64.7 deg

Aya Ishihara (Chiba) ‘ =~ FRAXE
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lceCube

- GZK v induced through going u

T

~ 10 PeV if background
~ 100 PeV if (GZK) v .
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Constraints on neutrino-nucleon

Interactions
v Flux measurement

Rate =V QT® Naoc ® ¢(E ) exp(—Nio X)

| -~ Chiba University



Constraints on neutrino-nucleon

Interactions
v Cross section Is constrained !!

Rate = VQT® Nac ® ¢(E ) exp(=Nac X)

Absorption

UHE v
FLUX

| -~ Chiba University



Secondary pn and t Fluxes at IceCube depth
-- enhanced by N .-
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S.Yoshida PRD 82 103012 (2010)
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vN CC cross section bound
with the IceCube 2008 observation

1078
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GVNSM calculated by
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vN NC cross section bound
with the IceCube 2008 observation
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Fluxes at the IceCube depth
Black Hole evaporation scenario

J.Alvarez-Muniz et al PRD 65, 103002 (2002)

]_ﬂ_ T T T T T T = =~ = T T T
. Downward "

—1
&

(-
I =
I I B I I

dN/JE E [GeV cm sec ]
- -
S )
<
T | 1T T 1

S.Yoshida PRD 82 103012 (2010) Energy [GeV]

“  Chiba University



Number of events

In the IceCube 2008 run
qumc_:ﬁk Hole evaporation scenario
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New dimM’the near future

L s
ik
] o




New dimensions In the near future

hybrid analysis with IceTop More multi-messenger analysis coming
Gamma-ray follow-up

Optical follow-up On-going
Correlations with UHECRSs

Extremely-high energy event alert

Askaryan Radio Array

Patrick Berghaus (Delaware)
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IlceCube baseline Sensitivity

The same analysis method/systematics applied on the full IceCube MC

10
10°
10°
1073
10

107

E? do(E)/dE [GeV cm™ sec! sr]

S IceCube-ZZ_, g

i RICE - "....
—— Auger’

 —=— ANITA
—— AMANDA-II "

o
11"
¥

i

-~
1]
X
'¢.\
o 2
,"\1
* .‘
g .t
K * } v v ¥
e, v GG2K weaivina flacx msdels S
Ry R e GERT defauls ( Vishida) N
T e, GEK2 (Sl srong evol. )

GART (ESE wigh A = &0

oA (NS wvghe A = 8, T)

GFKS fAklers o al) Max. with Fermi diffuse photom i

AR (ARlers of al) Best & after Fermd diffuse photom P
Fops- Doy mewdriris fTus mvedel

Flurst

Top-Down SUKY

Tap-Dows (MO

-10
10 4

6

|
10
lo Eneroev/GeV Aya Ishihara (Chiba)
g (Energy/GeV) g

Chiba University




Expected # of EHE signal events

|C40 (2008 config.) |C80(full)
Models # of events # of events
(333days) (3 years, by 2012/5)
0.57
0.91
0.29
0.47
0.89
0.43
1.03 5.1
5.68 31.6
1.19 6.3
W&B(evol) 3.7 24.5
W&B(no evol) 1.1 2.9
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The radlo detection
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Start-up phase
funded by NSF-MRI
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Summary

The IceCube starts full operation next year

The half-lceCube science run 2008-2009 has already
started to constrain astrophysical v generation

Diffuse v flux limits at high energies (O(TeV) — O(PeV)) and
even UHEs (O(10PeV)-O(10EeV) below the Waxman-Bahcall bound

The present v observation tells a few things about
UHECR origin

GRBs now in question. TopDown models very unlikely.

Yet the GZK v detection and the multi messenger
approach (include. with Auger/TA) very feasible to shed
lights into UHECR origin

unless UHECRs are heavy nuclei dominated
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