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Take advantage of the complete suite of
information carriers that nature has to offer

e Particle probes
+ Neutrino Telescopes (AMANDA, IceCube)
+ High energy cosmic ray (Auger, OWL)

e Gravity wave detectors
+ LIGO, LISA

e Multi-wavelength photon studies
+ “TeV” -STACEE, MILAGRO, VERITAS

Coincidence studies are planned, and may
offer the most powerful tool to understand
the most powerful objects in the Universe.
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e Overwhelmingly motivated by
“discovery” potential

e Astronomy

+ GRB and AGNs
— Do they accelerate protons?
e v's provide unequivocal proof
— Are they the sources of highest energy CRs?
o A few dramatic events may produce the answer
— Diffuse vs point
e Depends on geometric distribution
¢ Depends on distribution of fireball paramaters
+ (Galactic Plane
— Not prominent, but visible (~10-100/yr)

— Rate depends on details of CR energy
spectrum

+ Dark matter search
— Important probe for My, > 0.5 TeV
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Searching for remote sources

1 GeV 1 TeV 1 PeV 1 EeV 108 eV
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Cosmic cascade. Artist's conception of the nucleus of an active
galaxy. Two possible scenarios for the production of the high-en-
ergy gamma rays in a relativistic jet are indicated.
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[ceCube: diffuse v-signals
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Experimental Limits
Lon H.E. ve cascades

log (dN/dE) [cm® s « s + GeV]"
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e Point Sources

SNa Remnant 3

AGN (3C273) 1-100

Mk421, Mk501 - 1-10 from vy flux
GRB ~3/burst

e Diffuse Sources

AGN 400-800
AGN jets 45
GRB | 10

Atm v 1000
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Optimize selection criteria for hard (E-?) spectra

Goals:
+ Improve acceptance over zenith angle

+ Search for clustering in space
Key development: ENERGY FIT

+ Utilizes charge information (N vs distance)

+ Fit sensitive to track reconstruction
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AMANDA Sky Plot

AMANDA Sky Map — Equaterial Coordinates
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AMANDA Signal Significance

-Log(0.5/Poisson_Likelihood)

Log10(0.5 _uummmn:l_._,xmm&.nna
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AMANDA: HMEN limits
( wﬂn___...,.._.ﬁﬁu

90% CL, units 104 cm= s°!
Muon flux induced by muon neutrinos

Source AMANDA  MACRO Baksan IMB
( 20 dags)

Cyg X-3 2.4 7.6 4.1

MRK 421 3.4 5.4 3.3

Her X-1 4.9 4.2 4.3

Crab Nb 11.1 2.2 2.6 4.3

Geminga 13.9 1.2 4.0 3.1



Search for neutralinos

« Energy loss by
elastic scattering

« Concentration in
the center of sun or
earth

X —>X =V
Ev= H.R—N

| 23°
-In the earth, we are background limited: Op = 5=
Sun complements direct search VM, |GeV
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e Particle Physics

+ v-mass provides window beyond stand. model

— Pev -scale v, appearance via “double bang”

mechanism or upward going v's
¢ Atmv's: v, >V, 7
— If accelerator experiments fail to resolve issue,

then Amanda-ll can be augmented to lower
energy threshold. IceCube provides veto.

+ Search for topological defects
® Moreo pu\ﬁ.s.

e Multi-disciplinary studies
+ Glaciology studies of dust, soot, acids vs depth
+ Optical properties, mechanical properties of ice
+ Hot water drill technology

— In-situ radio receivers for E> PeV

— Large scale seismic array at seismically quite
rotation axis

— Facilitate search for elementary life forms in
lakes below Antarctic Ice Sheet

University of California-lrvine
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e Origin of highest energy cosmic rays
e Verify fireball models
e v_appearance Am?> 107 eV?

e Test of relativity: (c,-c,)/c, <107°

University of Califormia-Irvine
5. Barwick



TeV vy

s

* ]
LT
s i

a®

‘““m'sllin HIH.!;#;

.

%
U

“

4 )
-l";’ |' 1,""."-\
'|,|'\
T
G "f:
i
I
P
t‘“ ,,‘"
.
PeV vg
-




aaaaa

iy

i

._rc.’l_ . -E_I oy W

’ 11-.' P T

.-"‘ ' y

g .;Ne ﬁria:m a,; sisiL b
i"-"‘i:-n?‘ ""“g i

e LT EL, ETERERSR L, S T

e Evolving analysis (steep learning curve)
+ |mprove efficiency
« Improve sensitivity over zenith angle

e Analysis of odd days of 1997
+ |Initial reconstruction (ppandel)
- 17 events
+ Improved calibration and reconstruction
(upandel)
— 38 events , but 8 look suspicious
+ |Improved filtering and quality criteria
— ~50 events, in progress
+ Add amplitude information
— Used in point source work, better uniformity

=¥ Statistical tests become important discriminant

University of California-Irvine
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Neutrino oscillations using
atmospheric neutrinos

L = 2R, cosb,

P, = 1-sin?26 sin?(1.27 L Am?*/E)
L in km

Am? in eV?

E in GeV

. Different L/E due to higher E; ., than SK

. Energy resolution of contained events may be good enough
to observe suppression feature



Atmospheric neutrinos

E, = 10GeV «“Contained” events

P, vival = VECtOr magnitude :
i . S 20 GeV Energy given by the
0 zenith E._m_m. ﬁ.cEﬂ:m - muon range
to the v origin —— 35 GeV
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e For vertical Atm v events
¢ Egomlidmi(eVve)y1.2  ~27 GeV
e Use high density in-fill of AMANDA-II
+ Utilize string architecture of HE v-telescopes
+ Measure E, of contained events with calorimetry
+ Calibrate efficiency of vertical events with Am-A

| .

K -Use Am-Il to veto
atm muon background

-measure cascade and
V muon cherenkov light

-AMANDA 500m tall
'V (En < 100 GeV) -

Umiversity of California-lrvine
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Light Yield

Due to n*(g/e) =~ 8300, light production is highly enhanced above
electrically charged particles.
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Upper flux limits (90%C.L.)
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Supernova/GRB System
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Figfue 4: Undeml:::fml detector as rate counters for burst like events. Note that the events shown in
the insert do not appear simultaneously but are distributed over the duration of the burst.
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AMANDA - Supernova v-Search
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SN-Search 1997/1998

= No Supernova seen in 1997/98.

e SN detectable up to center of galaxy with Amanda-B10

For 5000 PMTs we find Rprax ~ 25kpe — full galaxy.
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Principle ot Operation

Detector
Volume
Effective
Volume
Atmos.
Neutrinos Vei>Vper

Astrophysical
Neutrinos IRY,
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Arrival times of Cherenkov wavefront give direction of muon




Geographical

Location Depth

Physics Goals Optical Prop.

Energy scale - Absorption

Background Scattering

Cascade Noise

Homogeneity

variability

_ Complexity
Reliability

Infrastructure/Support ‘Deplnyment Gn_rnplexityl




Souas

Point Source 1. up-down (10° fyr)(M)
(e.g., AGN) 2. direction x(dQ/2r)
3. energy?
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AMANDA Neutrino Telescope

Steven W. Barwick
University of California - Irvine

TAUP99 - Paris
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Pointing Calibration
Spase-2/Amanda-B10

1 Standard AMANDA Cuts defined in HE 6.3.02
¢ o(atLevel4)=3.1 £ 0.1°
¢ Mean=-2.0 = 0.1°

AMANDA zenith - SPASE zenith
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Baikal - NT200 - °
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Located at Lake Baikal, Siberia
1100 m depth
Absorption ~20m and seasonally dependent

otatus:

Completed NT-200 : Apr 98
~2000 m? detector for E, ~ 1 TeV
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Figure 2: Sketch of the NT-200 detector. Top right the 1996 stage NT-96 is shown.



First clear evidence for HE neutrino detection
9 events in 70 days using NT-96

Baikal N'T-96
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40 km off-shore from Toulon, France

2400m depth

Nearly complete tests of environment at site
~100 days of in-situ data
Biofouling a problem only for upfacing OMs
Sea current and optical noise OK
Attenuation length = 41+- 1m @ 466 nm

Schedule:
40 km electro-optical cable: May 98 Broke '48
Mechanical tests of a full string: Jun 98 v
Connection with submarine: Sep98 v
Partially equipped string (8 OMs): End-98 oct 'qq
Deploy full equipped string: End99 TpD



ANTARES

13 strings: 4 with AS = 8m
9 with AS = 16m

A

Shore station

Electronics container

link: cahles
Junction box
Aconshe beacon




Effective area for ANTARES

Convolution of the

generation area and
detector efficiency

A =0.03km? @ 1 TeV
A = 0.1 km*’@100 TeV

Effective areas {I{mz)

&

0.2

L-—.—.___—__-rr__-__q-.

* trigger
¢ reconstruction
s detection

: geometrical —

-surface —*=

_______________

3 6
log,o(E,, (GeV))



ANTARES: angular resolution

=k
N

Excellent angular
resolution is expected$
from simulations, so
absolute pointing mus.
be demonstrated

* angle v-lL

* angle v-p,_ .
s angle |1, . -\l

mﬂilan angle (degrees)
E}.‘

0 = angle between the
true direction of the v
and the reconstructed
direction of the u

6
log, (E (GeV))
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_ Optical atten: len. @ An

E

Wavelength = 466 nm

Determination of A
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Site ~16 km off-shore of Pylos, Greece

3800m depth

Status:
Bay station operational : Jun 98
Practice deployment in shallow bay: Jul 98 Elec. fails
Electro-Optic cable ordered:
Deploy 2 of 12 floors at site Sep-98 Early ‘o
Deploy complete 12 floors : ~May-99 TBD




NESTOR

SEA SURFACE

BUOYS@) .,\_ 68 PMTs

Each floors has
2 mxm 8 its own optical fiber
20 000 m*2

EFFECTIVE AREA
FOR E>[0TeV
A2

Electro- optical cable

30 km to shore station
l

NESTOR TOWER

Main components

PMTs (157)
BENTHOS spheres
Mechanics (Floors)

Electronics (Floor
module)

E/O cable (18 fibers)

Need
(1 Tower)

168

268

12

12

TEST STATIONS:

BAY STATION

Have

248
350
5 (3 Al 2 Ti)

Only prototypes

Ready in Pylos
To be deployed

ACTIVE

DEEP SEA STATION READY



* (Another) study of
deep sea optical
properties in
selected sites of
Ionian and South
Tyrrhenian Sea

*R&D on undersea
electionies




Detection of >PeV v’s: Radio
and Acoustic

L e

e Coherent Cherenkov emission at radio
wavelengths + low attenuation in ice

e Acoustic is less efficient than Radio

Signal size unverified; backgrounds starting to
be studied

10' g

,,f

i HIEUJ.I (b /
10°F 7

= \j‘\:
10" 7 .

waler fi'
e

10 F Vit f{," A wﬁc

Effective Volume per Module (km>)

1[}-4 T TI AR T I A RIS E R TTI R R R TeT
10 10 10! 10° 10' 10°
Energy (PeV) riu.

University of California-Irvine




dapth, Z (m)

grid north, Y (m)

RICE C(ollaboration

Vertex Distributions (Monte Carlo /rice/99 fvertex_test/general0_10.location
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Chi—squored cut: 0.000500000 to 10.0000 = GBEE
Depth cut (m): =500.000 to 100.000 = 6666

9BRx1 0.997750
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ot /o(mE) (crmr—2, se—1, yr—1)

10%

10~

T

10~8

10~ 10

10712

i (PRELIMINARY)

| h {

RICE Limits on Electron Neutrino Flux as of 9/26/99 - 93 days live time
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IceCube layout
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Hardware (Strings, surface equip.) $35M

Logistics( drilling, fuel, summer camp) $20M
Personnel (US only) 20M

Total $75M

*Nﬂ tﬁaﬁnjlng, Mo jatlation
Ne operating costs ofter construchon

University of California-lrvine
5. Barwick






University of California-Irvine

5. Barwick

FYO1

FYO02

FY03
FYO04

B10-analysis papers (ICRC)

Complete Am-Il array
(demo 8 holes/season),
submit IceCube proposal

Start IceCube ($9),

Distant drilling,
pre-deployment procedures,
integration of drill team in deploy.,
Semi-automated calibration

Start construction of 16 strings,
deploy 8

Deploy 16 strings per season
Deploy next 16 strings

FY05,06,07 Complete IceCube



HE v- arrays are extremely flexible instruments
Wide range in E sensitivity
- 10 GeV - 10 PeV, perhaps more

Wide range in source location

— atmosphere - cosmologic
Neutrino flavor ID is possible
Wide range of physics opportunities

Detector development has been steady
Baikal and AMANDA - taking data

NESTOR and ANTARES - water studies completed
— Beginning crucial deployment tests

Considerable interest and uncertainty in
acceleration mechanisms
What is the source of > BeV CRs?

> 0%V CRs
Multi-messenger observations of sources
v, v, gravity waves, EHE CRs
Dramatic advance in knowledge



