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This report contains copies of the transparencies from the oral presentations
on the DUMAND Stage !l {Octagon Array) proposal before the Subpane!l on Major
Detectors in Non-Accelerator Physics. This subpanel of the High Energy Physics
Advisory Panel (HEPAP) was chaired by R. Adair. The other members were: T.
Fields, W.F. Fry, T. Gaisser, H. Gordon, R. Lanou, A. Melissinos, B. Sadoulet, M.
Strovink, and T. Weeks. L. Voyvodic was the Executive Secretary. HEPAP
advises both the U.S. Department of Energy and National Science Foundation on
high energy physics. The meeting was held at the Department of Energy,
Germantown, MD, on March 20, 1989. DUMAND made the first presentation,

followed by GRANDE and Fly’s Eye.

The enclosed transparencies are in the approximate order of presentation.
Some contain notations that were added after the actual talks. A few additional
figures that were not actually shown have been added for completeness. It is also
to be noted that the presentation included a display of the Philips® photomultiplier
tube and a ten minute video tape on depioymen.t that included interviews with V.
Anderson and F. Spiess of Scripps and C. Helsley of the Hawaii Institute of
Geophysics. Also, sample fiber optic cables and the McDonnell-Douglas make-

and-break single mode undersea fiber optic connector, were passed around for the

Subpanel's information.

in addition to the speakers, the following DUMAND collaborators attended
the meeting and contributed importantly to the discussions: P. Bosetti, H. Bradner
P. Grieder, R. March, C. Roos, and M. Webster. The speakers are grateful for

their guidance and support, and wish to emphasize that everything presented

represented the efforts of the full collaboration.



DUMAND-II — THE OCTAGON ARRAY
[ INTRODUCTION ... V. Peterson (6 min.)

Main features of proposal
Cost estimate, collaborators. time schedule

. PHYSICS GOALS:

Neutrino astrophysics...... V. Stenger (15 min)
Cosmic ray physics..... V. Stenger ( 5 min)
Particle physics........... J. Learned (8 min)

lll. DUMAND~I RESULTS: DESIGN OF DUMAND-II
Short Prototype String ... J. Learned (10 min)
Octagon Array design....... J. Learned (10 min)
Deployment of array........ G. Wilkins (20 min)

(including videotape)

IV. ORGANIZATION, BUDGET. V. Peterson (10 min)
Revised collaboration -- Representatives present

Cost estimate: group contributions
Time schedule

Vo SUMMING UP......... J. Learned ( 6 min)
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ABre= anc Cosmia Ray
Physias

What can we learn from the

detection of very high energy
tieutrinos jrom astronowical

sources?
What are the possible sources?

How can we estimate the expected

neutrino fluxes?

What are the capabilities of

DUMAND for
wneutrine detection?

What are the capabilities of
DUMAND for
“Mluern Astronewmy? "

What are the capabilities of

DUMAND for
Costmniec Ray Physics?



What can we [earn from
the detection of very

high energy neutrinos
from astronomical
sources?

Sites of cosmic ray acceleration

Vu's result from hadronic processes

Properties of sources deep inside
matter

Complements y-ray observations
Properties of neutrinos
Example of SN1387a

The wnexpesiec

New window on the universe



What are the possible
sources?

d Binary systems with a neutron star

Cygnus X=3
Hexrcules X-1
LMC X-4
J Expanding supernova shells
Very high energy Vu's

OJ Active galactic nuclei

Super-massive black hole?
Centaurus A seen in TeV y-rays

O Center of galaxy

Interaction of cosmic rays



Observed ~-ray Fluxes from Cygnus X-3
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The Dependence of yﬂ/fy

on Source Parameters
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What are the capabilities
of DUMAND for

neutrino detection?

257N sv
Effective area: 20,000 m?2 J4<, 000 wm? St
CIMD = 400 m?)

Angular resolution: 190
Spectral resolution: some

Sky coverage:~100%

{0 EVENTS XK YEalR

Minimum detectable flux:
(8. ¢ | EVET PER rw.)
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% 0B9vD ¥ RAY BLURES

Events rates from possible sources:

* Assuming vy = 1 Misd
. At existing observational limits  ™MAY
(MODELS CuE 1~ 1060)

simulation of signal from galactic
center = PHRLBILITY



Determination of the Neutrino Direction
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Comparison of Muon Spectra
from Atmospheric and
Extraterrestrial Neutrinos

Integral Muon Spectrum
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Sky Coverage of DUMAND

Aunual Exposure (10'° em®ssec/yr)
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SOME

Possible Neutrino Signals
in the

DUMAND Octagon

6 1 ] 1 | L] | T T 1 I I i i { I ] i | 1

[ igie I ]

- AT FURIS < 7

- R '35 w D g .

B 2528 3 S N
9 41 o]
o - 4
o _ -
P I T~t000
~
Q ~ -
A 21— —100
v " N
= i i}
g -——--tftr1- -1~~~ - 710 per year
P i i
aj o——-—--qHY*+--—-—-——""—""—-"—"—"-—"—"-—--—"—=-- — 1 per year
9 ! Lower limit: v/y = 1 - pery

i Upper limit: current expt.

T I | I B | J | S I I | l | S B S | I i1 @ ¢

2 4 6 8 10

Log of distance in pc

V. Stenger 2-24--89



Intensity (arbitrary units)

Comparison of Simulated Measured
Energy Loss for Muons from
- Atmospheric and Extraterrestrial
Neutrinos

Intensity vs Log [ Energy Loss ]
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Simulated Observation of
the Galactic Center

(0iFFUSE GOLRCE )

Gealactic Lalifude Distribution
Monte Carlo of S5 yrs DUMAND muons with high dE/dx
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Determination of Spectral Index
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What are the capabilities
of DUMAND for

"Muen
Astronorny ? "

Assume muons produced in atmosphere |
by gamma rays or other neutral 14
particles from an astronomical source '
have a flatier spectrum than

COSMIC ray muons

The sign“al-to—noise ratio will be as
much as 100 times greater at 4.5 km

depth than at sea level

Ny
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¥
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What are the capabilities
of DUMAND for

Cosmmiec IRe
Physies

Information on sea level spectrum
above 10 TeV
(000 EvetS PER YEAR

Widely-spaced multiple muons
72 m Hign 4,

Search for anomalies in the muon
range-energy relation at very high
energies

Syp




Some Expected Event Rates

Y ~
€ Upward muons from atmospheric neutrinos:

¢ < 1 per year in 1° circle = NOT b&@(ﬁﬂ&)hﬁ

LiMITED Fen PT SOUNCES
3500 per year 80° < ¢ < 180°
) pUpwardﬂ muons from a detectable point source:
> 10 events per year ?
© Contained atmospheric neutrino events above 1 TeV:
50 per year
L Downward muons:
° 16 per minute total
© 1000 per yéar from sea level muons above 10 TeV
o 103Fﬂ/F7 per year from Cyg X-3 ~-rays
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task 3 J. 6. Leavned

HEP in the Deep Ocean

heavenly accelerator environs

unattainable in lab
=> new phenomena?

>101 7eV hadron beams, 101 2 Gauss fields, GR effects, Strange
matter, >10"- L‘é‘. photon—photon interactions, ...

“"tagged beams” from X-ray binaries

cyclic variations on 3 time scales observed

15 woe
are the 107~ eV "+4's” really photons?
Kiel, Los Alamos, Haverrah Park, (Mt. Hopkins)

search for exotic particles

massive WIMPS, dark matter quark globules, Rubakov
monopoles, photinos, ...

study; direct production at UHE

muon angular variation, new flavors > 100 TeV

check standard model (y smenc sicnacy

weak interactions >100 TeV (linearly }ising cross section?)

study L/M oscillations in unique regime

v disappearance in range suggested by Karmioka results

future studies of different v flavors
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Muon Angular Distribution in DUMAND Octagonal Array
L R

from Atmospheric Muons and Neutrino induced Muons
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Effect of Muon—Tau Oscillations

on Deep Underearth Muons from Neutrinos
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Effect of Muon-Tau Oscillations

on Deep Underearth Muons from Neutrinos
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Effect of Muon—-Tau Oscidations

on Deep Underearth Muons from Neutrinos
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Upward Muon Excess Contours
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Cosmic Ray Muons in the Decp Ocean

( DUMAND Collaboration )
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The Kaimalino
from below
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