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Next-Gen Neutrino Experiments
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Next-Gen Neutrino Experiments
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Next-Gen Neutrino Experiments
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Neutrinos as a messenger

« Cosmic rays (energetic
protons/nuclei) known for over a
century now
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ALTITUDE (km)

Hess Balloon experiments
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~Neutrinos as a messenger

« Cosmic rays (energetic
protons/nuclei) known for over a
century now

Gamma Ray Bursts

« Source of the highest energy
cosmic rays remains unknown

Active Galactic Nuclei
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~Neutrinos as a messenger

« Cosmic rays (energetic
A protons/nuclei) known for over a
oot century now

« Source of the highest energy
cosmic rays remains unknown

« Can we probe the location and
mechanisms of their acceleration?

Deflection by
Magnetic Fields
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~Neutrinos as a messenger

« Cosmic rays (energetic
protons/nuclei) known for over a
century now

« Source of the highest energy
cosmic rays remains unknown

vs absorbed/scatter
en route to Earth

« Can we probe the location and
mechanisms of their acceleration?

Neutrinos rarely interact:

Deflection by Point directly back to their source

Magnetic Fields

Iwan Morton-Blake TDLI/SJTU 18



lceCube

IceCube Lab

Iwan Morton-Blake TDLI/SJTU
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Hot Water Drilling Single Downward 10” PMT

Deep
1T Core

Eiffel-
: tornet
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ICeCUbe Hot Water Drilling Single Downward 10" PMT

from a vﬂ-interaction

Iwan Morton-Blake TDLI/SJTU 21



lceCube

from a v,-interaction Construction from 2004 to 2010
» 5160 digital optical modules (DOMSs)

« 1km? footprint

« 86 Strings - 125m apairt




Search for Astrophysical Neutrino Sources

2013:  First detection of High-energy
Extraterrestrial Neutrinos
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Search for Astrophysical Neutrino Sources
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2017: First compelling evidence for neutrino emission
In the direction of a flaring y-ray blazar
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Search for Astrophysical Neutrino Sources

A lot learned In the last 12 years,
Where to Next?

Statistics:
More/Larger Detectors

Pointing Resolution:
Improving IlceCube’s ~1° (TeV)




The Next-Generation

Iwan Morton-Blake TDLI/SJTU
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Ilwan Morton-H

Muon Tracks: Kilometres

Best channel for direction detection

Blake TDLI/SJTU
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Less Absorption

E.qg. IceCube Ice
Scattering length: ~25m
Absorption length: >100m

Iwan Morton-Blake TDLI/S




Water Ice

Less Absorption

—_—) E.g. IceCube Ice
- Scattering length: ~25m
.\ Absorption length: >100m

\,\ R /Jl—/\}‘ .
\J-—-—v

Less Scattering

E.g. KM3NeT
Mediterranean Sea
Scattering length: >100m
Absorption length: ~25m

Iwan Morton-Blake TDLI/SJTU 32




Planned Future Neutrino Telescopes

lceCube-Gen?2

Depth: 2.5km
Volume: ~8 km?3
# strings: ~210

IceCube Gen 2



Planned Future Neutrino Telescopes

lceCube-Gen?2

Depth: 2.5km 3.5km deep
Volume: ~8 km?3 ~1 km?3
# strings: ~210 2*115 strings

IceCube Gen 2
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lceCube-Gen?2

Depth: 2.5km
Volume: ~8 km?3
# strings: ~210

Baikal-GVD

3.5km deep 1.4km deep
~1 km?3 ~1 km3
2*115 strings ~140 strings

IceCube Gen 2

f

Baikal GVD
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Planned Future Neutrino Telescopes
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lceCube-Gen?2 Baikal-GVD P-One

Depth: 2.5km 3.5km deep 1.4km deep 2.6km deep
Volume: ~8 km3 ~1 km3 ~1 km?3 ~1 km3
# strings: ~210 2*115 strings ~140 strings /0 strings

Baikal GVD

-
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Planned Future Neutrino Telescopes
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lceCube-Gen?2 Baikal-GVD P-One

Depth: 2.5km 3.5km deep 1.4km deep 2.6km deep
Volume: ~8 km3 ~1 km3 ~1 km?3 ~1 km3
# strings: ~210 2*115 strings ~140 strings /0 strings

Baikal GVD
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lceCube-Gen?2

Depth: 2.5km
Volume: ~8 km?3
# strings: ~210

TRIDENT
Depth: 3.5km
Volume: ~8 km?3
# strings: 1200

Baikal-GVD

P-One

3.5km deep 1.4km deep

~1 km3 ~1 km3

2*115 strings ~140 strings

2.6km deep

~1 km?3

/0 strings

Oriental Pearl Tower 465 m

Depth ~ 3500 m




Why TRIDENT?
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Why TRIDENT?

e Location

. Size Primary Goal: Rapidly discover point sources

* Detector Design

TRIDENT
epth: .Skm E
Volume:  ~8 km3
# strings: 1200 5

Depth ~ 3500 m



Why TRIDENT?

Rapidly discover point sources

* Location - Backgrounds

¢ Size

* Detector Design

TRIDENT
epth: 3.5km ow
olume: ~8km3 1§17 ¢
strings: 1200 14

Depth ~ 3500 m



Why TRIDENT? Rapidly discover point sources

* Location - Backgrounds

e Sjze * Neutrino Pointing Resolution

:  Energy Resolution and Range
* Detector Design o °

\

LA st
I
e

TRIDENT :
Depth: 3.5km |
Volume: ~8 km?3

# strings: 1200

bkt

2
S
S
=

Oriental Pearl Tower 465 m

e : = B ‘ 70m 110 m
Depth ~ 3500 m :



Rapidly discover point sources

?

Why TRIDENT

Signal Flux

Backgrounds

1oN

e Locati
e S

10N

Resolut

Pointing

Neutrino

PAS

* Energy Resolution and Range
« Neutrino Flavour Sensitivity

* Detector Design

TRIDENT

Volume

1200

# strings




1. Location
2. Telescope Design

3. Telescope Ability

Iwan Morton-Blake TDLI/SJTU



Location

Iwan Morton-Blake TDLI/SJTU
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Telescope Operation Principles
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Telescope Operation Principles

* Deep in lce/Water

e Earth acts as shiel Cosmic Rays

Atmospheric
uons + heutrinos
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. I
Telescope Operatipn Brinciples 102 events
I

* Deepin lce/Water
e Earth acts as shiel

I
I
I
I
I
I

\ Cosmic Rays

Upward high—energy

neutrmos can be absorbed
V| /AR A
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. I
Telescope Operatipn Brinciples 102 events

* Deepin lce/Water

\ e Earth acts as shiel Cosmic Rays

Upward high-energy

neutrinos can be absorbed
(PR er™ = ™ T IR Ly
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. I
Telescope Operatipn Brinciples 102 events

| R ! |

. 10% neutrinos

\ * Deep in Ice/Water

I
I
I
J 1 astrophysical
I
l * Earth acts as shiel Cosmic Rays

\
\

Upward hlgh energy
neutrinos can be absorbed
| (R A" AN RS .~ X, :
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Telescope Operation Principles

I

I High-energy neutrinos
h I
|

* Deep in Ice/Water .
e Earth acts as shield Cosmic Rays

Atmospheric

Highest Sensitivity Region

Upward high-energy
neutrinos can be absorbed




Location: Future Neutrino Telescopes

Baikal GVD

L.

lceCube Gen 2

Iwan Morton-Blake TDLI/SJTU 53



Location: Future Neutrino Telescopes

Baikal GVD

lceCube Gen 2

Iwan Morton-Blake TDLI/SJTU 54




Location: Future Neutrino Telescopes

Baikal GVD

L.

lceCube Gen 2

Iwan Morton-Blake TDLI/SJTU 55



Location: Future Neutrino Telescopes

TRIDENT () 2\
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Location:

Measurements at Site

Iwan Morton-Blake TDLI/SJTU
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Testing at Location

Sea current speeds

Iwan Morton-Blake TDLI/SJTU
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Testing at Location

Sea current speeds

Light Absorption —»i

Scattering ——

Iwan Morton-Blake TDLI/SJTU
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Testing at Location

curent 02wk () [E 1A

Max Dlsp 5.3 m

Sea current speeds

Light Absorption —»i

e

Scattering

Radioactivity, Bioactivity,

Pressure, Temperature, Salinity

Iwan Morton-Blake TDLI/SJTU
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TRIDENT Explorer : T-REX

Oceanographic data:

* Deep
-> avoid bioactivity
-> shield from muons

* Huge flat plain found

ﬂonngm%W e
;@Iélﬁnd ,‘

« Small, steady sea currents

L4
¢

* Near an Island (power/data)

-6000 -5000 -4000 -3000 -2000 -1000 0O )00 2000 3000 4000 (m)
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TRIDENT Explorer : T-REX
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TRIDENT Explorer : T-REX

A-frame

Umbilical

Control & battery module

1

Light receiver module A I

~n 7 PMT
Camera

| | | j— | | | |
43.2cm |

Light emitter module

Light receiver module B |—

—— =

Ballast (~700kg)

Not to scale Seabed ~3475m

Iwan Morton-Blake TDLI/SJTU

2 Light Receivers

- 3x 3" PMTs
- Camera system

=

T
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TRIDENT Explorer : T-REX

A-frame

/1Umhi1ical
e ——)

Control & battery module

‘ 2 Light Receivers
|

- 3x 3" PMTs
- Camera system

A LEDs at various wavelengths

Light receiver module B I—

) e - Pulsed mode for PMTs
Batlas (-700kg) S i - Continuous mode for cameras
Not to scale Seabed ~3475m -

Iwan Morton-Blake TDLI/SJTU 64



TRIDENT Explorer : T-REX

Camera Testing
A-frame = I e

Y -

-

Umbilical

Control & battery module

AN \
N
S
N
N
N
S
S

Light receiver module A I

41.8m

\\
[ . ;
Light emitter module DS \\\
N —-“
e AY
\=/
Light receiver module B —— o
i )
a7
Ballast (~700kg)

Not to scale Seabed ~3475m

Ship towing tank in Shanghai Jiao Tong University

Iwan Morton-Blake TDLI/SJTU 65



TRIDENT Explorer : T-REX

A-frame

Umbilical

Light receiver module A I

’ 3420m

Ballast (~700kg)

Not to scale Seabed ~3475m

Iwan Morton-Blake TDLI/SJTU
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TRIDENT Explorer : T-REX &

A-frame

Umbilical

Light receiver module A I

’ 3420m

Light receiver module B I—

)

Ballast (~700kg)

Not to scale Seabed ~3475m

Iwan Morton-Blake TDLI/SJTU
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Umbilical

Control & battery module

WPM'I'

Camera

Ballast (~700kg)

Not to scale

Light receiver module A I

Light receiver module B I—‘

J

Seabed ~3475m

PMTS mppy

Cameras

PMT model
PMT model
PMT data
PMT data

LRM-A: 41.8m

Radius = 65 pixels Radius = 33 pixels

200 100 200
Pixel Pixel

Iwan Morton-Blake TDLI/SJTU
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TRIDENT Explorer : T-REX

A-frame

Umbilical
N
100m !

1

Control & battery module

Light receiver module B I—‘

J

Ballast (~700kg)

Not to scale Seabed ~3475m

Aps=27 M, A =63 M

scat

Effective Attenuation Length

TRIDENT Preliminary TRIDENT, PMT

TRIDENT, Camera
P-ONE, STRAW-a
KM3NeT, LAMS
Baikal-GVD, Baikal5D
"clearest" natural water
Cherenkov spectrum

b 2 I W o
< < < < <

(Effective) attenuation lengths [m]

[E—"
<

450 500 550
Wavelength [nm]
Iwan Morton-Blake TDLI/SJTU



TRIDENT Explorer : T-REX

A-frame

/1Umbi1ical
100m |

1

Radioactivity

0K Rate [sTm3

Light receiver module A

TRIDENT ANTARES P-ONE
(Western Pacific) | (Mediterranean) | (Eastern Pacific)

11100 * 119 13700 £ 200 12526 £ 752

Light emitter module

21.7m

_ Light receiver module B —¥—

Ballast (~700kg)

Not to scale Seabed ~3475m
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TRIDENT Explorer : T-REX

Sea Current Velocity

10 20 30 40 50 - - 0 90
Current speed [cm/s] Current direction [ ° ]
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Impact of Sea Currents

Low sea current velocity at ~3km

3500
20 30 40 S -90 0 90 180
Current speed [cm/s] Current direction [ ° |

Iwan Morton-Blake TDLI/SJTU 72



Impact of Sea Currents

1:25 scale string models
In SJTU Ship-towing tank

Need very frequent DOM position calibration!

Iwan Morton-Blake TDLI/SJTU

Low sea current velocity at ~3km

350 :
30 40 50 - -90 0 90 180
Current speed [cm/s] Current direction [ ° ]
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Location

Telescope Design

Iwan Morton-Blake TDLI/SJTU
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* Location —» \jiew of the sky

N\

Backgrounds:
Atmospherics Bioactivity Radioactivity

Iwan Morton-Blake TDLI/SJTU
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* Location —» \jiew of the sky

N\

Backgrounds:
Atmospherics Bioactivity Radioactivity

*Size —— Statistics

Iwan Morton-Blake TDLI/SJTU
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* Location —» \jiew of the sky

N\

Backgrounds:
Atmospherics Bioactivity Radioactivity

°Size —m> Statistics

* String + DOM separation

Iwan Morton-Blake TDLI/SJTU
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* Location —» \vjiew of the sky

N\

Backgrounds:
Atmospherics Bioactivity Radioactivity

e Size —m> Statistics

* String + DOM separation

* Optical Module quality

Iwan Morton-Blake TDLI/SJTU
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U ve vt
IceCube demonstrated the importance W“ﬂ ‘ Ty »
in measuring all neutrino flavours | | '
Track Cascade Double Cascade

e
700m %

Oriental Pearl Tower 465 m

Depth ~ 3500 m
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H
' \ W
IceCube demonstrated the importance I WW I m M;M

in measuring all neutrino flavours

, _ Track Cascade Double Cascade
Improved Signal Extraction

- Probe for neutrino acceleration

mechanisms ﬁ
& % ."—'E —ae
2 1700m s o iR
. . . e
Neutrino Flavour Ratios: a2
121 S
- Tests Beyond Standard Model : P T
Depth ~ 3500 m
! -~
/ V. N
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Muon Tracks: Kilometres

T

110m

e,
%

Many hits over many DOMs

Iwan Morton-Blake TDLI/SJTU
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Muon Tracks: Kilometres
Many hits over many DOMs

V .

T + Best channel for direction

Iwan Morton-Blake TDLI/SJTU
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Muon Tracks: Kilometres
Many hits over many DOMs

\} —

T + Best channel for direction | (IceCube < 1°)

Iwan Morton-Blake TDLI/SJTU
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* J
Muon Tracks: Kilometres

Many hits over many DOMs

+ Best channel for direction

(IceCube < 1°)

Iwan Morton-Blake TDLI/SJTU
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110m
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Ve ° ’
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M . @

Muon Tracks: Kilometres
Many hits over many DOMs

\} -

T + Best channel for direction | (IceCube < 1°)

Iwan Morton-Blake TDLI/SJTU
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Cascade: Metres

Hits on a few DOMs

Iwan Morton-Blake TDLI/SJTU
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Cascade: Metres
Hits on a few DOMs
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e.g. Super-K
13,000 PMTs

A '
v l
o v
Cascade: Metres
Hits on a few DOMs
v't

Iwan Morton-Blake TDLI/SJTU
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* * N
e.g. Super-K N\
13,000 PMTs N\
Vo
®
®

Cascade: Metres
Hits on a few DOMs

T + Better energy reconstruction

.

Iwan Morton-Blake TDLI/SJTU




* * N
e.g. Super-K N\
13,000 PMTs N\
Vo
®
®

Cascade: Metres
Hits on a few DOMs

T + Better energy reconstruction
+ Lower atmospheric backgrounds

Iwan Morton-Blake TDLI/SJTU




? L J

e.g. Super-K
13,000 PMTs

Hits on a few DOMs

+ Better energy reconstruction
+ Lower atmospheric backgrounds
- Harder to reconstruct direction | (lceCube ~ 10°)

Iwan Morton-Blake TDLI/SJTU \

Cascade: Metres

~ 110m 70m
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N 110m 70m

° r— ) ) @

\

\
\

Vt \

® °® ®
T
; ; ?
Double Bang, Double Pulse: Meters long
Hits on a few DOMs

® ® ®

Iwan Morton-Blake TDLI/SJTU
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Double Bang, Double Pulse: Meters long W o
Hits on a few DOMs — -y @
@
S
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T

?

Double Bang, Double Pulse: Meters long
Hits on a few DOMs

Iwan Morton-Blake TDLI/SJTU

94



® .4\*»-4—» ®
\ I 30m
\
V. \
Ve °® ® K °® °®
T
V
H t ' p
Double Bang, Double Pulse: Meters long W o
Hits on a few DOMs = -y @
V. g

Separate tau decay - Fast timing

Iwan Morton-Blake TDLI/SJTU 95
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®

Difficult!

e.g. 3 tau candidate events
In ~8years of IceCube

,

:

Double Bang, Double Pulse: Meters long
Hits on a few DOMs

Separate tau decay - Fast timing
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Optimising Design for Tracks and Cascades
Pushes geometry in opposite directions
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Optimising Design for Tracks and Cascades
Pushes geometry in opposite directions
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String + DOM Spacing

Neutrino Oscillation

ORCA: ~GeV

KM3NeT

Point Source Search

ARCA: 10s of GeV to PeV

Iwan Morton-Blake TDLI/SJTU
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DOM Design

lceCube KM3NeT TRIDENT

Downward-facing 31x 3-inch PMTs Hybrid DOM:
10-inch PMT 3-inch PMTs + Silicon PMs
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DOM Design

* High Detection Efficiency

KM3NeT P-ONE

* Fast Timing Resolution
-> Track pointing resolution

-> Tau identification
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DOM Design

* High Detection Efficiency

* Fast Timing Resolution
-> Track pointing resolution
-> Tau identification

 High signal/noise ratio

* Incoming photon direction

PMT hit pattern triggers on single DOMs

KM3NeT

P-ONE

Iwan Morton-Blake TDLI/SJTU
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TRIDENT hybrid DOM — hDOM

Hybrid DOM:
3-inch PMTs + Silicon PMs

Transit time spread
3-iInch PMTs : nanoseconds

I’ SiPMs: Picoseconds |

I - Higher noise
| - Expensive !
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TRIDENT hybrid DOM — hDOM

PMT + SiPM hDOM:
Muon track singular resolution ~40% improvement
Better than 0.1° (E > 100TeV)

— hDOM [] PMTDOM [ toy SiPM DOM
12

Sea Water Glacial Ice

0.1 0.2 0.3 ) ) ) 0.4 0.6
Angle Error [degree] Angle Error [degree]

Iwan Morton-Blake TDLI/SJTU
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TRIDENT Design

Rapidly resolve point sources, sensitivity to all flavours

1200 strings

/7/00m long strings
20 hDOMSs / string

Volume ~8km3

Iwan Morton-Blake TDLI/SJTU 105



TRIDENT Design
Rapidly resolve point sources, sensitivity to all fla gy
I

Underwater ROV for string
deployment & maintenance

e 700m long strings
e 20 hDOMSs / string

e Volume ~8km?3
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TRIDENT Design

Rapidly resolve point sources, sensitivity to all flavours

Junction box ROV path

Uneven String Layout
70 and 110m spacings

1200 strings
« Large Volume

/700m long strings
20 hDOMSs / string

Volume ~8km?3
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TRIDENT Design

Rapidly resolve point sources, sensitivity to all flavours

Junction box ROV path

Uneven String Layout
70 and 110m spacings

1200 strings
« Large Volume

/700m long strings
20 hDOMSs / string

« Wide energy range:
Sub TeV - EeV

Volume ~8km?3
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TRIDENT Design

Rapidly resolve point sources, sensitivity to all flavours

Junction box ROV path

Uneven String Layout
70 and 110m spacings

1200 strings

Large Volume

/700m long strings
20 hDOMSs / string

Volume ~8km?3

Wide energy range:
Sub TeV - EeV

Photon propagation length
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TRIDENT Design

Rapidly resolve point sources, sensitivity to all flavours

Junction box ROV path

Uneven String Layout
70 and 110m spacings

1200 strings

Large Volume

/700m long strings
20 hDOMSs / string

Volume ~8km?3

Wide energy range:
Sub TeV - EeV

Photon propagation length

Construction + Maintenance
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TRIDENT Design

Rapidly resolve point sources, sensitivity to all flavours

Junction box ROV path

Uneven String Layout
70 and 110m spacings

1200 strings
« Large Volume

/700m long strings
20 hDOMSs / string

« Wide energy range:
Sub TeV - EeV

* Photon propagation length

Volume ~8km?3

 Construction + Maintenance

« Avoid Straight Corridors
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Location
Telescope Design

Telescope Abllity
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TRIDENT Sensitivity + Discovery Potential

—~
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~
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®
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v, CC event

v, CC event
1.2 PeV muon

7 TeV muon
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TRIDENT — 50 Disc. Pot. E*? (Trident)
Preliminary --90% Sensitivity E-(Trident)
5c Disc. Pot. E72 (IC)

90% Sensitivity E-2 (IC)

50 Disc. Pot. E72 (IC-Gen2)

0
sin(0)

TRIDENT - Large &'Good Pointing
Smooth sensitivity to the whole sky




lceCube Candidate Sources vs Time

TRIDENT Discovery Potential TRIDENT
— NGC 1068 (1TeV) Preliminary

Galactic Center (5TeV)
LHAASO J1825-1326 (10TeV)
—— IceCube Diffuse Flux (100TeV)

S
wn

o
©
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Q
=
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=

29

%

10
Livetime [yrs]

Can discover NGC 1068 in less than 2 years



Timeline

Pathfinder: 2019-2021
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Timeline

et

?
[ ]
. ¢ 500m
. Yongxing Island
. - - By

VR s
1
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‘0, ~200k™

Build 11 strings + power/data
communication with island

Pathfinder: 2019-2021 Pilot project: 2022-2025
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Timeline

. ?

% E 500m . .
BE i

-

70%\?/-! ~200kM

Build 11 strings + power/data
communication with island

Pathfinder: 2019-2021 Pilot project: 2022-2025 Big array construction:
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20 hDOMs <

TRIDENT website:

https://trident.sjtu.edu.cn/en oo AN
TRIDENT Paper:

https://arxiv.org/abs/2207.04519
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https://trident.sjtu.edu.cn/en
https://arxiv.org/abs/2207.04519

TRIDENT website:
https://trident.sjtu.edu.cn/en
TRIDENT Paper:
https://arxiv.org/abs/2207.04519

iz B - 2N i e |

20 hDOMs <

Ballast ‘

Iwan Morton-Blake TDLI/SJTU

T?ID:NT

%‘h\i 57:13"

TSUNG-DAO LE.E INSTITUTE

121


https://trident.sjtu.edu.cn/en
https://arxiv.org/abs/2207.04519

	Slide 1
	Slide 2
	Slide 3: Next-Gen Neutrino Telescope in the South China Sea
	Slide 4: Next-Gen Neutrino Telescope in the South China Sea
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Next-Gen Neutrino Experiments
	Slide 12: Next-Gen Neutrino Experiments
	Slide 13: Next-Gen Neutrino Experiments
	Slide 14: fNeutrinos as a messenger
	Slide 15: fNeutrinos as a messenger
	Slide 16: fNeutrinos as a messenger
	Slide 17: fNeutrinos as a messenger
	Slide 18: fNeutrinos as a messenger
	Slide 19: IceCube
	Slide 20: IceCube
	Slide 21: IceCube
	Slide 22: IceCube
	Slide 23
	Slide 24
	Slide 25
	Slide 26: Search for Astrophysical Neutrino Sources
	Slide 27: Search for Astrophysical Neutrino Sources
	Slide 28: The Next-Generation
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33: Planned Future Neutrino Telescopes
	Slide 34: Planned Future Neutrino Telescopes
	Slide 35: Planned Future Neutrino Telescopes
	Slide 36: Planned Future Neutrino Telescopes
	Slide 37: Planned Future Neutrino Telescopes
	Slide 38
	Slide 39: Why TRIDENT?
	Slide 40: Why TRIDENT?
	Slide 41: Why TRIDENT?
	Slide 42: Why TRIDENT?
	Slide 43: Why TRIDENT?
	Slide 44: 1.  Location  2.  Telescope Design  3.  Telescope Ability
	Slide 45: Location
	Slide 46: Telescope Operation Principles
	Slide 47: Telescope Operation Principles
	Slide 48: Telescope Operation Principles
	Slide 49: Telescope Operation Principles
	Slide 50: Telescope Operation Principles
	Slide 51: Telescope Operation Principles
	Slide 52: Telescope Operation Principles
	Slide 53: Location: Future Neutrino Telescopes
	Slide 54
	Slide 55
	Slide 56
	Slide 57: Location:  Measurements at Site
	Slide 58: Testing at Location
	Slide 59: Testing at Location
	Slide 60: Testing at Location
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74: Location  Telescope Design
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100: DOM Design
	Slide 101: DOM Design
	Slide 102: DOM Design
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112: Location  Telescope Design  Telescope Ability
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121

