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Astronomical Messengers

Protons
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 UHE-EHE vs are a new observation channel for studying astrophysical

objects and the highest energy phenomena producing UHECRs
« Atmospheric neutrinos allow investigations of fundamental v properties and

prompt vs from heavy mesons are still unknown

e Dark matter studies: WIMPs and Monopoles
« SN detection (ice is a quiet environment!)
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event reconstruction by
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lceTop

160 tanks
frozen-water tanks
Dépt ' | AMANDA-B10 2 OMs / tank
\\@Qﬂer core of AMANDA-II) .
10 strings lceTop "= ™07 12 -l
top view 302 OMS iy -: +.'*-'-: '-:
Data years: 1997-99
200 m
— 1500 m
_ 2000m AMANDA-I| o
19 strings IceCube
677 OMs 80 strings 60 OMs/string
Trigger rate: 80 Hz 17 m vertical spacing
e e Data years: >=2000 ZuiNEREY 125 m between strings
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Sianal 106 E-2 cm 2 571 sr-1 GeV-1 Limits are for all flavors
and oscillations: 1:1:1 flavor flux

10° -

we — Signal MC

------- Atmospheric v MC

1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1
] 50 100 150 200 280
Number of Channels Hit

1: MACRO 5.8 yrs

2: AMANDA-B10, 97, Tu
3: AMANDA-B10 UHE

4: A-11, 2000, cascades
5: Baikal 98-03 prelim

6: unfolding atm vs 2000
7. sensitivity casc 2000-03
8: sensitivity Tp 2000-03

log,, [E.2- flux(E )} / GeVemZ s sr]

, TeV Particle Astrophysics, Fermilab, July 14, 2005
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| Maximum significance 3.4 ¢
compatible with atmospheric v
N 28 2§
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search radius
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|
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Point Source Search

Selected Sources

Sensitivity Fp/

Fg~2

for 200 days of

“high-state” and

spectral results

from HEGRA
SS433 2 4.50 0.21
Cygnus X-3 6 5.04 0.77
Cygnus X-1 4 5.21 0.40
Crab Nebula 10 5.36 1.25

... out of 33 Sources

Systematic uncertainties under investigation

no statistically significant effect observed

Albrecht Karle, TeV Particle 12

Astrophysics, Fermilab, July 14,
Y Ta T
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Average upper limit = sensitivity (6>0°)
(integrated above 10 GeV, E-2 signal)
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Sensitivity independent of direction

increases almost linearly with exposure
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GRB n search in AMANDA

Search for vu candiates correlated with GRBs - background established from data

—1 hour W AW<20° +1 hour

-
e

Y
1. ';-‘..' *‘ 'l'.. -: .. \%??‘
BG from off—time BG from off—time <<>>§
GRB trigger time QQ\
(T90)
Year #GRB bkg observed

LGN 97-00 312 1.30 0 Cascade channel:

muon 01-03 51 024 0 worse pointing but 4!

cascades 2000 73 0.005 0 —

4+ effective area ~ 50000 m2 (u)
< limit assuming WB spectrum: EV2¢V <3 x108 GeVem2 s71 g1 (w)
<9.5x108 GeV cm2 s-1 g1

(cascades) Astrophysics, Fermilab, July 14,

MYNNS



WIMP search in AMANDA

submitted for publication

Limits on muon flux from Earth center
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Factor of 40 compared to 4
yrs of AMANDA-II for point-

sources in 1 yr!!

)

The future: IceCube
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IceCube : simulated u track events
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IceCube : u Aeff & resolution
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IceCube : sensitivities
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Construction status
and plan for the next sezgeorios

» Strings: 1
54500.00 » Tanks/stations: 8/4
2005/06 Plan*:
54000.00 - )
e Strings: 10 -12
£3500.00 - e Tanks/stations: 24/12
e Completion 2010
£3000.00 -
£2600.00 -
E +ICE CUBE
[,
£ 5200000 - oL
E SPASE |
= « Counting House (46423 B9 52171.24)
£1500.00 -
51000.00 -
50500.00 -
50000.00 -
495':":”:":' 1 1 1 1 1 1 1 1 1

44000.0 44500.0 450000 45500.0 46000.0 465000 47000.0 475000 45000.0 45500.0 45000.0
o 1 o o a o 0 o o o o



The drill site with
tower

Hot water drill, thermal power 5 MW
Plan to drill 16+ holes per season !

uf oy



Fundamental detector elements

Digital Receiver (PCI card)

(TCP-IP)

+20°C

~ 3.3 km copper, 0.9mm
(one twisted pair: for 2 sensors,
power, data, time synchronization)  -40°C

Intelligént Digitizer (DOM

)



First IceCube string deployed
(60 Digital OMs)

60 optical Main Cable

sSensors

Base with

Electrical generator

feedthrough foy
power + data

Glass pressure
sphere. Rated
to 10000 psi.
Outer
diameter: 13"

2V Particle Astrophysics, Fermilab, July 14, 2005 23



String installation: 60 sensors in 18
hours to target depth of 2450m

String 21 - deployment

— 2500

Average deployment speed: 12 min/DOM

2000
Average drop speed: 11 m/min

E
=
o
A
g
g
g
)
<
=
Q
o

DOM deployment

1000

pressure
payout

weights + dust logger
<Paro2 attached
< Paro?2 hits water

o o
local time




Results from first string:
Noise rates after freeze-in: ~0.65 kHz

estdag/manitaringficecube A
bdirectori Ch 209
» subdirectories ange
_ Change | = 600
. [
in Interval = SO0
Jwlfzi11p05 | | List oo 2oe
i 0 | T T T T | T T T T | T T T T |
15 from List- 14%.0 1445 150.0 150.5
| Nickname | DOMID | MED | | Time thours) starting 1725705
 Bat UP4P0264 FE7OE55... 21-02 § Conchiglie f TR4P0O101
Caonchiglie  [TP4P0101 |Sh3aers... |8 1000
Summer_ale UP4P0192 |6e6733a.. | 800

Topi i '
aure— NOISE Rates:
Trappist

miceres ~ - | @SS than 700 pulses/sec at T -20 to -40°C

Erik_the_R. .|l

e o= (AMANDAII, smaller PMT: ~900 Hz)

Swerker |
Wickueler || o= e = > W‘
Feissdorf_. .|

e+ = Very low noise background: <10 Hits/event (3usec)
sy (500d for

#*— _ |ow energy event reconstruction,

-

wes [35 - SUPErnova detection mode (measure noise eblalamae

* " fluctuations)

5
W 200
Display o 0—"

i

| T T T T | T T T T | T T T T |
ns Export 149.0 1495 150.0 1505
2 I Time (hours) starting 1/292/0%




Results from the 181 string

Demonstrated time resolution (RMS) for

some DOMs: ~2ns in clear ice

T il | Y TS L. .||||||
w0 AD wn RO @D e S0 18D 0
e gl ez | s

Difference of time of hits on DOM 58 and 59
when DOM 60 is flashing (spacing between

0
0 05 1 15 2 25 3 35 4 45 5
time rms resolution measured with flashers | ns |

sensors: 17 m)

o S T A S R - data
[=

& 0.025 F— f
} E — 1LIL

Typical waveform = waveform

decomposition yields single photoeelectrons

= :
:1: D -"’1 ‘\:}| Ili"l. l—" ...... ..l-i"'l'l'-:lll.\l“"-' _1[‘“\\“_' ris il ﬂ-‘-—'_

0 &0 100 150 200 250 300 ?'ﬂ[] 400 450
time from the event start [ ns |

Astrophysics, Fermilab, July 14, 2005



Single string analysis:
Muon data/MC

_ data
-——— simulation

data
simulation

entries
n

v
D
c

QL

multiplicity: 8 12 16 20

50 60 20 40 60 80 100 1
multiplicity zenith angle | degrees |

Muon zenith angle resolution: 9.7° for events with > 8 hits
3.0° > 20 hits
1.6 > 40 hits

Physics analysis will start next year!

Albrecht Karle, TeV Particle Astrophysics, Fermilab, July 14, 2005 28



AMANDA-IceCube coin¢

« verification of newly deployed string

.« off-line synchronization of AMANDA and IceCube
data

ermilab, July 14, 2005




e surface air shower array

IceTop - IceCube

1.) Calibration and verification of angular

resolution and simulations
2.) Veto for backgrounds by high energy air

showers.
3.) Cosmic Ray Physics at energies 1e15 to

1e18 eV: Mass composition, high presicion
mass independent energy resolution.

Concept of the above analyses demonstrated
by coincidences between the SPASE-II air
shower array and AMANDA-II.

8 IceTop tanks (4 pairs) deployed in Dec 2004
Total: 160 ice tanks with 2 sensors each.

Albrecht Karle, TeV Particle Astrophysics, Fermilab, July 14, 2005

28



to DAQ
IceCube 4
drill hole
< ) Two DOMs per tank, 10" PMT
*?.5‘,,} One high gain, one low gain
Junction box l
HG LG LG HG
tank B

tank A
- 10m -

number events

200

150

100

50

In 1ce stri

DO 3341

005 01 045 02 025 03 035
signal amplitude, V

0.4
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Summary/Conclusions

AMANDA-II continues to analyze data and improve
data analysis. ;

lceCube has proved the drilling of more than 1C
strings/year is feasible.

IceTop has demonstrated that 12 statlons/yea .
be built. IceCube is taking science quality dat m %
76 sensors from one String and 8 tanks - no ¢ '” \
stoppers seen. §

Plan to deploy 10 to 12 strings next season, De 05/{
Jan 06 - a detector larger and better than all of
AMANDA 1.

On track with construction of up to 80 string
2010.

b
The data analysis is already on going and the Ly
performance of the sensors, the DOMs are meeting =~
the design specs.

Alb






