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Alternative Techniques for

High Energy Neutrino Astronomy

Aside trom Water/Ice Cherenkov and EAS
Detection, New Techniques are Being Pursued 1n
Radio., Acoustic and Air Cherenkov Detection

Jolm G. Learmed, University of Huwvaii

SEEEss—— L e



& Outline of AlternativeT echniques
for HE v Astronomy

® Motivation for New Approaches
m Focus on Energy Regime >1017 eV
m Guaranteed “Cosmogenic” Neutrino Flux
m Possiblv Large Cross Sections (extra dimensions)
B’ Projects, Started and Proposed:
m Radio Cherenkov from Ice, Rock, Air, and Salt
m RICE, GLUE, FORTE', ANITA, SALSA, ... others

m Acoustic Detection in Water
m Stanford-AUTEC, SADCO and related

B Air Cherenkov from Emerging Tau’s

For averview see gerrried and K. Manmnhe . Mev, Nucl Pars. S, 2000 ¥
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GZK Cosmic Rays = Neutrinos
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* Cosmogenic Neutrinos are
Guaranteed if primaries
Nucleons.

* May be much larger fluxes,
for some models, such as
topological defects




Neutrino Astronomy Explores
Higher Dimensions
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A Very Large Super High Energy
Neutrino Detector?

UHE Neutrino
=5 Quark Star |57 km radius)

Heutting makes

Micro-Black-Hole }1021] EV U +

Hole Eats Quarks until
stopped with mass egual

to incoming neutring energy,
afer 100 Billion collisions

PR Quark Star

 Holbe is sufficiently
massive, 50 ks
temperature lass
than 05, it falls to
center in about

1 millisecand,
eating Q5.

— uBlack Hole

— QS Collapse

05 collapses as Hole
gwalls, Oulside of NS
heats, radiates, perhaps
forms jet during collapse.

— GRB?

astro-ph/0205 170
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Underground Under-Water/ice

AGN?

 AGN
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Atenuaion (dBkmi

Neutrino Noises are Weak, but
10%1 ¢V v’s can be Heard from Afar

Attenuation Length:
Many Km in Ocean

Noise:
Near Deep Ocean Thermal Minimmmn

~20-30 KHz signal
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Shower Heating — Expansion
— Bipolar Pressure Pulse

" 102° &V hadronic shower
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Ocean Acoustic Detection

New Stanford Effort using US Navy Array
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Acoustic Calibration:
Imploding Light Bulbs
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Stanford Group Has First
Background Exploration Data
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Acoustic Tests
Pacific and Black Sea

Russian
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Summary of
Acoustic Neutrino Detection

# Bemg revived after 20 years of little action
# Advantages:

m Potentially == km? effective volumes

m Well developed sonar technology

m It zalt practical, could use shear waves too — range
® Disadvantages:

B Ocean impulsive backgrounds not vet well known

m Small Signalg, Threshold == PeV
B Prospects:

m Modest activity underway

m Few vears from dedicated experiment
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Cascade Radio Emission:

G. Askaryan 1962, pioneered by J. Jelley 1965,
Renewed Activity Last Few Years

* Electromagnetic showers y's, e*e : naive guess is 1o nef radio emissioil.
* Scattering processes & positron annihilation lead to a 15-30% e~ excess.
* Radiates colierent Clierenkov radiation => Power ~ (Energy)?

*» Effect finally confirmed in 2000 at SLAC -- sfrong effect !
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Coscode {photons m-3) ot 100m, rodio vs. opticel

Detecting the TeV to EeV Cascades:
Radio vs. optical

10™ g +* Radio Cherenkoy:

*broad spectrum,

10s
rodio; 1-5 GHz, I“F_'H'.'IDH

107 few MHz to ~10 GH=z.
10" *Intensity Power o (Energy)’,
10 thermal noise constant.
108 *SNR >1 at >PeV energies for
108 : ~100 m range.
by : m * Needs Radio-Clear Medium
o E such as celd ice or dxy rock
109 : 8
o P g e e » For >>PeV cascade detection,
ek radie favored over optical
1000
100
10 Bl s oviwal v ovrennl b vl s verrod  poviend oy send

102 10 10" 10% 10'% 1Y 108

cascade energy {2V}
F. Gorham
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RICE
Radio Detection in South Pole Ice

* Installed --15 antennas
few hnndred m depth with
AMANDA strings.

+ Tests and data since 1996.

+ Most events due to local
radio noise, few candidates.

« Continuing to talke data,
and first limits prepared.

* Proposal to Piggvback with
ICECUBE

20 Dlager 2002 Jobr Leamed at FTT2002 4




RICE
Limits on power law fluxes

L RICE limits on power law fluxes
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induced radio pulzes during Aug. 2000 (333.3 hrg). Line segments denote

energy interval regpongible for middle 80% of events.
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Goldstone Lunar Ultra-high energy
neutrino Experiment (GLUE)

B Utilize NASA Deep Space telecom 70m
antenna DSS14 for lunar RF pulse search—

GLUE fill gaps in SC sched.

B First observations late 1998

m approach based on Hankins et al. 1996
results from Parkes 64 mtelescope (10hts
live)

s idea due to L Zheleznykh, Neutrino 38

m  utilize active RFI veto

# Preliminary data taken 1999 through
present, with continuing improvements in
configuration and sensitivity.

B First results and limits available.
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Lunar Regolith Interactions &
RF Cherenkov radiation

A
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detectabls awar this region

* At ~100 EeV energies, neutrino MFP in lunar material is ~60km

* B ...~ 1760 km, so most detectable interactions are grazing rays, but detection not
limited to just limb.

* Refraction of Cherenkov cone at regolith surface “fills in” the pattern, so acceptance
solid angle is ~50 times larger than apparent solid angle of moon
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Goldstone DSN Radio
Detection Approach

RF pulse spectrum & shape
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# Effective target volume: antenna beam
(0.3 deg) times ~10 m layer
== ~100 000 cubic km '
# Limited primarily by livetime - only a
small portion of antenna time can

bypically be devoted to 1 project
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Goldstone GLUE
diffuse EHE neutrino flux limits

25 B ~30 hrs livetime (includes previous data)
N B B e e e e e s Do events above net 5 sigma
_ Fly's Eya Ermils: - . 5
— 30 s e, Gk L ®  New Monte Carlo estimates:
el ong [Emils .
23'5 2 \ 30 he tive, b v, — m  cross-sections ‘down’ by 30-40%
L R . ¥ m moving target effect
Be ouf b m  Full refraction raytrace, including
pA A surface roughness, regolith absorption
;’ I BT SN m Y-distribution, LFM includad
- - L ‘_r.-
& “FeR “.&= ® Limb observations:
— o H‘- \“; e " 3
= =X 4 A . o m lower threshold, but much less etfactive
R -~ _ * == =T o
B _gr il t"”g""!.-';{ ""-Hi'. - volume (factor of ~1/10)
[ Canl B 1 m Weaker limit but with more confidence
e | A i e
g - fCR—inducey N - ® Fly's Eye limit needs update:
10 | / b 2 : |
b o cc e AN S lrE] s Corrected ([PG) by using published CRE
16 18 20 22 24 aperture, new neutrino cross sections.

log (neulring energy, £} (aV)

F. Gorvhan
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Small Event analysis of
GLUE data

v AR A R *Cuts applied:

. Lunar events | » tighter timing

" expected at 0 * pulse width close to
band-limited

\ ] * not obvious RFI

6 - — *BKG weight determined by
 Preliminary ] randomizing event UT within
run period
*Some concentration of events
near correct delay:
* not significant vet
* -] microsec offset hard to
explain 7?7

Hs bin

4 =

L
@;.Jlﬂhif ;

N Y. » Seeing EHE cosnticrays?
—150 —100 —53}/ 0 50 100 ; ;

events per 1

cat (Moon centegf — event time, ps)

] P Gorhearn
expected background
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Other Radio Telescope Initiatives:
Russia, Australia?

Pogsible follow up to GLUE in ATNF Narrabri.

® IKalyasin 64m Radio Telescope in Russia

(Dagkesamansky, et al of Lebedev and INR.) be gun
obs 6/01. 1.4, 2.3, 4.8 GHz, 3ns res, 35 lus, no
pulses =3500 Jy, continmng with more chnls.
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Potential PeV Neutrino Detectors:
Natural Salt Domes

gttenuation lergih L {m)

* Natural salt can have low RF loss

. Y 0 200 400 8500
+ 25 times as dense as ice.

- radia frequency (MHz)
* Typical salt dome halite comparable ‘_;":
to ice at -40C for RF clarity. 5, A% .
s 10 1
& :} 9 K\“ -i
E 10§ \A:‘F*ﬁc, E
g 1%k r
£ 100 é.-_____% -
B 1000 TR E:
S A0km ';{ 0 ?ﬂ{:' 45"[] 800
a radic frequency (MHz)

SALT curves are for ({top): purest natural sal;
{middle): typical good salt dome; (bottom) best salt
bed halite. New measweiments 2001.

s — Tk e
30 Dlgy 2002 Jobr Leamed st HIT2002
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B Cluster of 4-6 antennas, with trigger & DAO

m  Inzert into shallow boreholes within mine,
~40 m separation

if

15 misaissipe

-

TEXAS

s DNdeasure background noise levels, HE
muons’

m  EBffective volume ~1 cubic km water
equivalent at 1 Ee'V/

B Deploy in mune for 6-12 months, target date late

2003-2004
£ -.I". s e m  Existing seismic system (UT Austin) could
o=y TEm s provide fiber link to surface

Many svntlahle calf doibhes B Testhed for a GZE neutnine detector!

In Southwest USA

B Emphasic on simplicity, scalability, low cost
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FORTE:

Existing Space-based EHE Neutrino & Cosmic Ray
Radio Detector?

Fast On-orbit Radio Transient Expt
* Pegasus launch in 1997
e 800 km orbit, 3 vear planned life
* Testbed for non-proliferation &
verification sensing
* Dept. of Energy funded, LANL &
Sandia construction & operation
e Scientific program in lightning &
related atmospheric discharges
30-300MHz range, dual 20 MHz bands,
16 - 1MHZz trigger channels
~2 M triggers recorded
Can trigger on EAS ~100 EeV
~50-100 cosmic ray events in sample?
Analysis in progress (UH, JPL, LANL)
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FORTE
Data Examples

-

Digitized Woveform

Digitized Waveform =
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* Isolated trigger
b4 T}"Pi‘?ﬂl lightﬂing trigger * Band-limited, very short duration
* dispersion {curvature) due to ionosphere * No pre- or -post-trigger pulses close
* multiple strikes * No related pulses within several sec
* Correlated to ground-based networks
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RITA: Radio Impulsive Transient Array
a possible mission of opportunity for the
Space Station

Jobr Leamed ot HTT2002

B  Geosynchrotron & radio

Cherenkov from extensive air
showers, down & upgoing

Backward TR from EAS that
impact the ocean

Threshold ~ 102 oV
Area— 4M ke, V~40,000kmd,

water equiw.

Requires 3 or more elements
~ B0 separation possible
= < 5° resolution @ S0MHz
m  Dual circular polarization

m Use FORTE approach to deal
with anthropic bkgd: moving
sub-bands for (RFI-quiet)

trigeer
F. Gorham H



Antarctic Impulsive Transient
Antenna (ANITA)

Soulh

Cutaway View of ke Sheet
Al Doesn

Wesy

\
Antarciica / East
/ r

Antarctica

N .

Caver (parially cut awand Antenna array

m ADNITA Goal: Pathfinding mission for ultra-high energy cosmic neutrinos

B Science team: P Gorham (PI), 5. Barwick (UTCT), J Beatty, 5. Coutu (Penn State), P
Evenson, J. Clem, D. Seckel (1. Del iBartol), F. Halzen (Wisconsin), D. Eieda (Utah), T
Learned (UH), D. Saltzberg (TCLAY, K. Liewer, 5. Lowe, C. MNaudet (JPL), & Jacobson

(LANL)
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ANITA
Radio trom EeV v’s in Polar Ice

balloon at ~37km altitude

cascade produces

UHF-microwave EMP i b antenna array
P, 'I"'* — on payload
| ]

¥ = 4
= fq@ar_ctkz.is:e_..sbagtwh 1‘__‘;"3;5:!-,-_._-- SN

T —_%
T 0.1-100 EeV neutrinos - =M
refracted RF
I - \ ~B600km to horizon
ice {\ * NASA proposal now

cascade/
P

observed area: * Datain 2005 if successful

Y
;\"., 1-3 km
& ~1.1 M square km

5
Cherenkowv cone

e e
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Existing UHE Neutrino Limits
and Potential Future Sensitivity

m RICE, AGASA, Fly's Eve linuts
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= 16 |- e % SALSA & ANITA sensitivity:
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= - ;Z" figs 1 Models:

13 K B ofmen, MMl N . =
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Compare Potential
GZK Neutrino Detectors

Table by P, Gorham, 2/02
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NOTES:
i

(]

20 hige 2002

notes to previous table
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Tau Watch in Hawaii
Neutrinos Converted in Mountain

'-ja B Astronomer’s dream site
' m Excellent weather
m Little artificial light

— ® 3lam Mt. Hualalai provides good
= view of Mauna Loa.

- ® Mauna Loa provide long base line,
- ~90 km wide and 4 km high.
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TauWatch

Using Mountains to Convert V_

3/02 Workshop m Tarwan, see http://hepl.phys.ntu. edu. twivhetnw
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Tau Watch Sensitivity

K Sensitivity = that flux which produces
0.3 events/yvear per half decade of eneray.

® Chance to explore MPR
limits and set upper lumit ot
~AMANDA-B10, but at
higher energy.

=8| Mmns s« Moy ke

® Nearby point source
could be detected.

® Technology exists, can be
mounted in several vears.

H(E=E (a¥ em' 5 =)

® Collaboration formation
meeting at SPIE
Telescope Cont. 1
Hawaii, Aug 2002,
Participation invited.

Alfred Huemg
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Summary: New Techniques in
HE v Astronomy
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* [t is an exciting time in the neutrino business! Progress on all
fronts from low energy to high.

* Much new activity aimed at EeV regime and upwards, and old
ideas (and new applications) at last being realized.

* Next few vears will see significant limits and possible discovery
of E.H.E. v's in some of these... radio could be first.

* As for last 25 vears: Stay Tuned for the Cosmic v’s!
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