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.. COHERENT CHERENKOV RADIO -
* “RMISSION AND THE PROBLEMS
~ OF ULTRAHIGH-ENERGY COSMIC
RAY AND'NEUTRINO DETECTION
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Traditionally
Cherenkov radiation 1s associated with Ol)tiC al
range

“Non-traditional™:

radio-frequency band
Recently — great interest —
hope for a progress 1n
ultrahigh-energy CR and neutrino
studies
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ULTRAHIGH-ENERGY CR AND NEUTRINOS

* What are the highest
particle energies in
nature?

* What their sources?

\ *Many generations of CR
detectors

*To-date ~ 20 events with
E > 10" eV



Nature? Sources?

“They should not exist”! < GZK cutotf
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Reflection WNebula NGC 19900
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Prelimmary data from HiRes

New data on CR near GZK are needed!



The MS87 Jec

-'E:li'i'.i*" i"ﬁgiuﬁl beyond reach of terrestrial
accelerators — unique opportunity for studying
particle physics at ultrahigh-energy scale

Hie?R2Se



Galaxy NGC 6782

Ultrahigh-energy neutrinos
could come from very remote

«Efficier |
energy astiog i
-Importayt {8 determining limi.tilig
energies for “accelerators” or from
decays of super-massive particles

Fee.




» P detector — 1 GZK v event eVl

For CR: A . > 105 km? sr. For v: V. >>1
* Iraditional methods become inadequate

*The most promising —

Coherent Cherenkov Radio Metl#




in the Tarancula Nebula

Historical background
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G. A. Askaryan (LPI 1961)

Intera::tmn mth atomic.electrons

" =Kxcess of neg
q ‘. particlesinas %

i B
! !t ' 5. B0% nf the total number qf the shower
| ns. ' -

Coherent Cherenkov radio emission from excess electr&ns

.

Appropriate media’ air, ice, rock salt, lunar regohith — naturally
abundant, highly transparent to radio waves



.“ﬁprr.1| Calaxy NGC 4414

COHERENCE

P(Cher. Radio) > P(Cher
eat E > 1015 ¢V for dense media
eat E > 1018 eV for air

pt)

Hubble
Hertage



Hubble's Variable Nebula

First experimental observations

*Radio signal from EAS — Jelley, 1965
*Later — many studies
*Radio sigi 13 frﬂm EAS were detected 1n

co1Incig als from shower array for
f= .'

oln e interest in the EAS

detec soncentrated on other methods

Hrlgbble
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RAMA? (RaME:ﬁc Muon and

Neutrino Detsctor) Antarctigice, 1983

E |

+R. D. Dagkesamanskii, I M
Zheleznykh

« RAMHAND (RAdio Moon Hadmn
and Neutrino Detector)- observation of -
the Moon with_terrestrial radio
telescopes, 1988 ~ -~ = '
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Globular Cluster NCGC 060093

Today _ renaissance —
cost-effectwe method. for UH—ECR and

thd exparlmental Justlﬁcatlt}n {}f b(}th charge 1‘
excess and coherent Cherenk@v radio emlssmn —
ARGONNE and SLAC E:.Xpenments

Hisubble,



Lunacee II target in SLAC Fmal Focus Test Beam area
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Shower protile observed by radio (~-2GHz)

shawer depth (rodiation lengths)
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Coherence of Cherenkov radio emission

POLARIZATION

Cherenkov rachation predictions:

+ 100% linearly polarized
* plane of polarization
aligned with plane

contaming Poyntmg vector

S and particle/cascade
velocity U

* Observed:
+100% lnearly polarized pulses
* Plane of polanzation exactly
aligned with plane of S and U
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Coherence and absolute field

* No departures from coherence
+ field strength ~ N¥ ~ shower energy

* Frequency dependence also as expectec
for coherent Cherenkov:
E -~ v dvup to ~2GHz

All observed
characteristics are
consistent with coherent
Cherenkov radiation

E, . ~ 10" eV

bunch

Imitation of radio emission
from UHE cascade
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For air showers — some other
mechanisms

* The most important —

Geomagnetic charge separation (electric dipole +
transverse current) V. I. Goldanski, LPI. 1961
(“*geo-synchrotron radiation™

/
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Spiral Galaxy Pair NGC 3314

Peculiarities of Cherenkov radio emission

*Important: inte en cascade space-
time structure

*“Microscopic” — summing of cnntrlbutmns
particle tracks - p




Cherenkov radiation m dense medium (1ce)
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Cherenkov radiation m the normal atmosphere

E (#V/m MHz)
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Planecary Nebula NGC 6751

Summary: merits of radio method

o~

[_ong propagatien‘le:
scanning of large ta

Calorimetricienesey

*Higher dutyeyel

e Additional inforTetE
*Quadratic rise w1th initia p&r’ncle energy.

1 shower ‘development

*Well established radio technique

*Experimentally demonstrated Fiubble



Cwrrent mutiatives on UHECR and UHEN radio detection

LORD

MW N

RADIODETECTION LANDSCAPE
FORTE
PAS

CR |

AMITA CREFRT

. GLUE
LOFAR KALYAZIN
PUSHING
SND/SALSA CODALEMA




CURRENT INITIATIVES IN RADIO DETECTION

Ice: RICE - ongoing, started in 1996

FORTE.,

was active 1n 1997—1999

ANITA — proposal (2001)

CREED

— proposal (2003)

Salt: SALSA — proposal (testbed)
SND — proposal (testbed)
Moon: KALY AZIN (suspended)
GLUE — ongoing, started in 1998

LOR

D — proposal (2004)

EAS: PUSH

0. CASA-MIA. CODALEMA, LOFAR




~ sAntarctic
o 3~ (200 m)”
-t =% 00—300 m (
*V. g~ 25 km?sr

*Frequencies: 200 M
. . \
- +Started in 199¢

enkov Detec

dipole arr;



geometry




Spiral Galaxy NGC 4622

*Scientific goals: lig
. Interactions

o -

-

Hiehble,



2 orthogonal log-periodic dipole antennas







ANITA

Antarctic Impulsive Transient Antennas

South Cutaway View of ke Shew!
Affasle (ewin

|
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Antarctice it : / East
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Antarctica
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ANITA concept

balloon at =37 km altitude

cascade produces
LUHF—microwave EMP

antenna array

?“_ﬁf’ on payload
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T ar ]
b LT ik o L =
. e .
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=T T —0.1-100 E&V neutrinos -~ BRI

refracted RF__, 3% )
ez U . ~700km to horizon

ice SN
cascade =‘1= . observed area:
- . % 1—-3 km
}m ~1.5 M square km

o=

. 5
L Cherenkov cone !

W i LT




ANITA Payload

[ counter-rotation
bearing
SIP PV panel
SIP package
anlenna cover
(HDPE)
log-periodic antenn:z
horizon-view
payload pv_a (16 per cluster)
antenna cluster detail pansl guard rail
7.5m
electronics bay
antenna cover
(HDPE)
nadir-view antenna
(4 total)
|

crush pad

| | not shown



Natural salt
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SALSA

(SALtbed Shower Array) UCLA, Kangas U., Hawau U., SLAC

*In situ measurements in Hockley mine (Houston)
*h . ~300 m,

*h, ..~ 10 km, V ~ 80 km® (~ x2.2 w.e.)

*Results: A(f) ~300 m (f/ 300 MHz)—!

*No polarization rotation or dispersion

*Low external noise (upper rock layver)

*Goal — 100 km? neutrino radio detector



*Tokyo Metropolitan University group

*[aboratory measurements of salt and
limestone from Hallstadt mine (Austria), Asse
Salt mine (Germany), Kamaishi (Japan), Jura
(France)

*Detector array proposal

The feasibility of constructing UHEN detectors
1s confirmed






Detection geometry
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“KALYAZIN”

Lebedev Physical Institute, INR

eStarted 1n 1991

*64-m OKB MEI radio
telescope

*5 dual-channel recervers:
«0.6. 1.4, 2.3, 8.3 GHz

*Now - suspended

FIGURE 1. Kalyazin 64-meter radiotelescope.



Polar-1ang
{-\_ .'j.‘.il.t g

NGC 4650A : -

(Goldstorte Lunar Ultra-Iji

*From 1998 GLUE = Goldstone Dt

Antennas (NASIA): two 34 m+ 701

separation 22 km:. —
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Measured & Predicted Radio Limits

in comparison with
some models for
neutrino fluxes

*Radio is very
competitive with the
biggest proposed
“traditional”
neutrino telescopes
at E>1—100 PeV

log[E2dN/dE] (GeV em=2 s~! sr-')

-1

I I I I L] ] E L] ] 1 ] ! I I I I | L} I

GLUE limit
RICE limit

Topological
Defects

SalSA, 1 year
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6 8 10 12 14
log[neutrino energy] (GeV)

From P. Gorham, Aspen, 2002
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Lunar Orbital Radio Detector
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Moon

Geometry of the LORD experiment



100 km=sr

Total aperure; h=1000 km, =05 GHz

i

10°' 10°

23

10°
@rvergy, @y

Total aperture for £=0.5 GHz, E,, =0.01; 0.1; 1 uV/m MHz



Count rate versus threshaold field

ricneiimMHE

N(events / year, E, ) tor W > 10!¥ eV (+ no GZK cutoft);

NU: Z-burst and cosmological, t=0.5 and 1.5 GHz



Count rate versus threshaold field
10 = .

0 0.5

evenbayearn

micromihdHz

N(events/vear, E,) for W = 107 eV



LORD limats
on ¥ tlux

0.14V/m MHz;,
t=0.5:1.5 GHz

Models: TD — topological defects; WB — Waxman, Baheal;

MPR — Mannheim, Proteroe, Rachen



LORD:
sensitivity to
the CR flux.
£=0.5; 1.5 GHz
E,=0.1puV/m MHz

T=1 vear

Flux * If.j.l":l'[];hI I:E\-"z 1'!1-z s-l sr_lj

<
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05GHz +
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log, ,(E) (eV)



CREED

(Cosmic Rays of

“xtreme Energy Detection)

e =

*The prototype of the lunar (LORD) detector
will be tested during high-altitude balloon
flicht around the North or South Poles



EXPECTED NUMBER OF

EVENTS/CALENDAR YEAR
CR (=10 eV) GZK-v
TRADITIONAL: AUGER ~30 ~0.5
EUSO ~300 ~0.1
OWL ~ 1000 ~0.2
ICECUBE S o |
RADIO: ANITA cum me 2]
SALSA - ~10

LORD ~ 1000 > 100



V838 Monocerotis Light Echo
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“»It is hoped that further work in the field will provide new

£
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*We expect tha *“ kaad MSthoRmLL e E'entla]ly -~
enhance the capa 1tiontl 1 - ection of -

- ,-

important information on the most energetic particles of the

Unlverse : -
- - o

HHubble

Herntage



-P. A. Cherenkov gave us a
powerful experimental tool,

Cherenkov radiation

-In optical region 1t found very wide

and efficient applications
and particle physics

for CR

-Will 1t be also successtul 1n the
radio-frequency band for the new

trontier studies of the UE
physics?

E particle

-The answer depends on our ability,

skill, and persistence.



