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Gigantic operations

lceCube
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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
~20 Hz ~1.3 Hz ~17 Hz IceTop
etc
NPE > 630 p.e.

To Northern Hemisphere



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——



lceCube

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

Jon Dumm (UW-Madison)




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)



lceCube
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Stacking Searches

lceCube
p-value
Milagro Sources (17 sources)
9 TeV SNRs + 8 new associated with Fermi 32 %
(6 SNRs with Fermi association) 1% (a posteriori)
Nearby starburst galaxies (127 sources) 33 %
Clusters of glaxies (5 sources) 78 %

Followed Murase, Inoue, Nagataki (2008)

Virgo, Perseus, Centaurus, Coma, Ophiuchus

Jon Dumm (UW-Madison)



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



Now look at “energy” distribution

Calculates u’s energy loss (dE/dX) from the Cherenkov y profile

Energy Correlation

1411
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log10(dE/dX)

8
log10(E_ )

Sean Grullon (UW-Madison)



lceCube
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B Conventional Atmoespheric v. 12877 Events (1 +rx¢=0.'93
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Sean Grullon (UW-Madison)
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3‘ Final “Energy” distribution

| Projected Energy Distribution 375 Days of LiveTime

10°
10*
10°
102

10

1071

corsika total : 4 Events

coinc corsika : 0 Evenis
AHA PHOTONICS 13316 Events

SPICE2+ 12849 Events
——— AHAPHOTONICS Sarcevic_Std: 116.0
SPICE2+ Sarcevic_Std: 114.5

—— AHAPHOTONICS E*-2: 455.5
SPICEZ+ E*-2: 439.0
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Diffuse v limit

lceCube Now below the Waxman-Bahcall limit
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8' Atmospheric v spectrum

lceCube 1ho quality cuts by the similar philosophy
but with the BDT training method

An independent analysis with slightly different event selections —
IceCube Preliminary
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No indication of prompt v and new physics (e.g. quantum gravity)


http://arxiv.org/abs/hep-ph/9509307

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




GZK v search

Detectlon PrlnC|pIe

FGZKV
E > 100 PeV _
B =

lceCube

Energy Dist. @ IceCube Depth Zenith Dist. @ IceCube Depth

-1

-2

AN/E E [GeV cm sec ]
Flux [10'cmsec'sr )

= -05 0 05 1
cosf}Yoshida et al PRD 2004

Energy [GeV]
through-going track _ _
Secondary p and t from v And tracks arrive horizontally

—>-Sensitiveto V ¥
starting track/ cascade

Directly induced events from v
—> Sensitive to Ve Vu V.



The detailed description available in PRD (2010)

GZK v search

lceCube : .
_ sy . Detection Principle ¢ .
Z 7t h z 7 =
‘E‘a 6-52 0.8 Energy ;ia 6-25_ — 08
¥ .. NPE (total # of photoelectrons)g’ & 06
5.5
5E 0.4 0.4

Look for luminous (high NPE)
horizontal events S 1)

3'56 65 7 75 8 B5 9 951010511 0
logm(in—ice energy/GeV) 10g (m -ice energnyeV)

0.2

Experimental verification £o4
_ 20.4_
MC overestimates 5 |
NPE by ~18% £ osf
1
Sys. error g
~ 7% in SIG rate “"';_5 R
~50% in BG rate NI IR LR F AL N IO O

‘POD 120 140 160 180 200 220 240 260 230 300
total NPE




G Z K V S e a.rC h Aya Ishihara (Chiba)

lceCube Sjgnal Selection Criteria for 2008 data (0.5xIceCube)

Level 1

» Pulse Cleaning — using only detectors with pulses
within [-4.4us 6.4us] from timing of the largest NPE

* Nch > 200 and NPE > 103>

Level 2

Shallow events removal of wrongly reconstructed events
by looking at pulse hit profile on time - z-depth plane

level-1 distribution: The largest NPE DOM depth

Deep events  NPE>104

A typical deep even

600
400
200
04
-200
-400+
-600-

104 S

grazing at the bottom of
the detector volume

0 500 10—4 —

L 500 -600 -400 -200 0 200 400 600
Largest NPE Z position [m]

Number of events per livetime

500




Index to estimate
track inclination for deep events

lceCube

eventLength = tuno— tast DH. f‘E

Horizontal-> short length
Vertical - long length

Exhibited good agreement
between MC and data

T e ST
B L T T P
Lt . rusw

i

& Largest NPE DOM

i4m

Eiffeltornet

Aya Ishihara (Chiba)



lceCube

Shallow

Deep

Number of events per livetime

Number of events per livetime
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GZK v search

Distributions at level 2

333.47days of IC40 EHE Level-2 sample

Shallow {zLN > -300m)

Il'.'n'.‘lwI NPE;
10.2 ...................
10° =3 4.5 5 5.5 6 6.5 7
. log NPE..,
higher energy > ™
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35 45 5.5 65 7
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Event length before largest NPE [nsec]

higher energy - Aya Ishihara (Chiba) < more inclined



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

S 5
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lceCube

GZK v search

All flavor (ve + v, +v) [imits

IceCube Preliminary g
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#
& EHE v Model Constraint

lceCube The 2008 half-lceCube observation
335.5 days sample ceCube 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.



lceCube

Constraints on Ultra-high energy
cosmic ray emission

Fermi limits UHECR luminosity at cosmological distances

IIIII|T|

redshift

IIIIII|T| IIIII|T|'| IIIIII|'|| IIIIII|T| IIIIIIII|

||||||,|,| LI
E* dNE MeV cm™ s "sr "]

] IIIII|,|,| ] IIII|,|,|,| L1

10"100™10"10"%10"0"710"™10"™10*10*"1021 0%10*1 0%

E (eV)

Fermi-LAT collaboration PRL 2010

—s— EGHET - Stmng o al. 2004
i

=y |
+—1—++_

EGHET - Sredoumar el o 1998

F —=— FarmiLAT

1
i (i 1 ir
Energy [MeV]

Energy Conservation



Constraints on Ultra-high energy
Le4CTibs cosmic ray emission

Now IceCube : constrained UHECR cosmological luminosity
at the comparable level with Fermi, but more direct way

1U4§.

1]

1U5% é

S 8ST¥

4 A major fraction of the Fermi
_| diffuse y is NOT responsible
5 for UHECR emissions

g| @&V T limit
107 by Fermi

1WT?

-2 =1

CIn

IceCube
_rejected s

E%j (E) [ GeV

Log (E [GeV])



* The Highest NPE even

lceCube

cos za

p-value for the background hypothesis ~0.2%
(posteriori)

E Keep
HC U
E. .....
I N WS S ¥R Y S S
log NPE
This event

Aya Ishihara (Chiba)
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The Highest NPE event

10° 5 : : 5 5 5 5 : Slice at 5.4 < Ingm NPE < 5.5
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~ 10 PeV if background

~ 100 PeV if (GZK) v
Aya Ishihara (Chiba)



New dimM’the near future
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New dimensions In the near future

More multi-messenger analysis coming

hybrid analysis with IceTop

Patrick Berghaus (MPI-Heidelberg)

Lagond

Gamma-ray follow-up

Optical follow-up

Correlations with UHECRs

On-going

Extremely-high energy event alert

Askaryan Radio Array

®  jower calibrafion comm abaten
U Arared sl taagn

" power comma cabie nlercennect

clean air seclor

= =7 quietcircle

quiel sacior



a' We will reach thls level
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Conclusion

lceCube

* A half of full IceCube with 1 year operation

has already led to the world-best flux limit.
The 2008-9 run has marked....
v the limit below the theoretical bound @ O(100 TeV)
v GZK rate O(0.5 events) > started to constrain UHECR sources
v' rejection of the top-down scenarios
Obviously, more expected in the full operation starting soon

e Some Iinteresting stuff observed; stay tuned.
v' correlations with Milagro/Fermi SNRs
v The very high energy n events

And we are getting even more bigger
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The main contrlbutors

8

IceCubE

A

S A

E. (Time- mdependent) Pont Source
r

Jon Dumm, Chad Finley, Teresa Montarulli

* Diffuse v, search
Sean Grullon, Dima Chirkin, Gary Hill

e Atmospheric v
Warren Whuelsnitz

R Extremely-high energy (GZK) v search

Aya Ishihara, Keiich Mase
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lceCube
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Diffuse v search

u track likelihood distribution after the final cut

lceCube

data : 12877 Events
corsika total : 4 Events
coinc corsika : 0 Events

1 Year IC40

1 04 :_ atm nu Photonics AHA: 13392 Events
= atm nu PPC SPICE2+ 13466 Events
103 ;—
10 é—
10 i

107

il T
————
?I

10
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Systematic errors
s Culie In the diffuse v search

o, +0.25 Honda et al, PRD 75, 043006 (2007)
Ay +0.03 (aisser, et al
Qe 0.56 — 1.25 Enberg, et al, hep-ph 0806
€ 3087 — —2.16 Kotoyo Dom Efficiency Study
1(405) /b.(405) +10% Error in SPICE2+ fit :
v cross section +3%

u energy loss +1%



Level 2 cut for shallow events

NewNDOM:314 BestNPE:5179.53 NewCosZa:0.0187197 COBZ-145.545 run # 113520 event #2115908
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Neutrino Effective Area

&
lceCube EHE (GZK) reglme
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= IceCube 2008 Extremely-high energy
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@1 Relative Systematic Errors
cetese  IN GZK (EHE) v search

BG rate Signal rate
Cosmic-ray
composition -83.9 % -
Hadroni.c +36.1%
Interaction model
Coincidence p rate +29.4% +10.5% —
NPE vyield +37.1% +3.9%
-46.7% - 1.2%
Neutrino-nucleon
Cross section — +/- 9.0%
Photo-nuclear +10.0%
interaction
LPM - +/- 1.00%

TOTAL +60.4% -96.0% +14.0% -11.6%
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