Acoustic particle detection
- from early ideas to future benefits -
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' neutrino detected only ~4 years ago

neutrino cross section measured ~ E2at low energies

different types of neutrinos not established

first accelerator neutrino experiments at ~GeV energies 22
still in preparation at BNL and CERN

weak interaction theory 2> V-A

cosmic microwave background radiation not known

But first suggestions to do neutrino astrophysics:

- to measure the cross section with atmospheric neutrinos
- to do physics with neutrinos from cosmic (point) sources
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"= Proc. 1960 IC

In the papers by Zheleznykh and myself (1958,
1960) possibilities of experiments with cosmic ray
neutrinos are analyzed. We have considered those
neutrinos produced in the carth’s atmosphere fro

pion decay. Fremrtheknownpspectromthenentrine |

. - - . ®3 - -
NEUTRINO INTERACTIONS! .
L Ann.Rev.Nucl.Sci. 10 (1960) 1
By FREDERICK REINES? __

Physics Department, Case Institute of Technology, Cleveland, Ohio

the neutrinos produced extraterrestrially (cosmic) and in theearth’s atmos-
phere (cosmic ray) can be detected and studied. Interest in these possibili-
ties stems from the weak interaction of neutrinos with matter, which means
that they propagate essentially unchanged in direction and energy from
their point of origin (except for the gravitational interaction with bulk mat-
ter, as in the case of light passing by a star) and so carry information which
may be unique in character. For example, cosmic neutrinos can reach us from

other galaxies whereas the charged cosmic ray primaries reaching us mavy he

COSMIC RAY SHOWERS!
e s Ann.Rev.Nucl.Sci 10 (1960) 63

Laboratory of Nuclear Studies, Cornell University, Ithaca, N. Y.

Let us now consider the feasibility of detecting the neutrino flux. As a
detector, we propose a large Cherenkov counter, about 15 m. in diameter,

located in a mine far underground. The-ecountershould besurrounded—with-

Fanciful though this proposal seems, we suspect that within the next
decade, cosmic ray neutrino detection will become one of the tools of both
physics and astronomy.
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Some Effects of Ionizing Radiation on the

Formation of Bubbles in Liquids* - : 5 :
DONALD A. GLASER Nobel price 1960:

University of Michigan, Ann Arbor, Michigan

(Received June 12, 1952) "for the invention of the bubble chamber"[
i " - FJ . 5

Atomnaja Energija V3(1957)152

Hydrodynamic radiation I

from tracks of ionizing

-_C; A Aﬁkaryan’- particles in stable liquids

[IpoxKNCRIIC MORN3EPYVIONAX WacThU B JREJKO-
CTAX CONPOBOIRUACTCH  YBJICHCHHEM MOJCKYS CDER
TACTAMKEBAIOIIEMHCS  CROUWJICHMIME  DJIOKEMEIHIIO  2a-
PIOKRENNLIX MOBOBR 0 MWKPOR3DBIBAMHA NUH JOKAALHBIX
Harpesax, co3janagMuX BONEIM TpeKon gacTHn. (ITH

TaxpornnaNmyecroe N3JIYIeHHe OT TPEKOB
HOHIBIPYIOUX YACTHI] B CTAOHIBINX KHIKOCTAX

The passage of ionizing particles in liquids is accompanied by entrainment of
molecules of the medium by mutually repelling accumulations of like-charge ions
and microexplosions upon local heating near the particle tracks. These processes

: : . If a dark matter particle hits a nucleus in a
A mOdern app“catlon' tiny superheated droplet, the atom recoils

PICASSO - searching for Dark Matter and deposits its energy in a heat spike,

which in turn triggers a phase transition.
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http://en.wikipedia.org/wiki/Bubble_chamber
http://en.wikipedia.org/wiki/List_of_Nobel_laureates_in_Physics
http://www.picassoexperiment.ca/experiment.php

GENERATION OF MECHANICAL VIBRATIONS BY PENETRATING PARTICLES*

B. L. Beron and R. Hofstadter
 Department of Physics and High Energy Physics Laboratory, Stanford University, Stanford, California 94305

i 11 1969
(Recelved 11 June 1969)  ppys. Rev. Lett. 23, V4 (1969)184

Mechanical oscillations of lead-zirconate-titanate piezoelectric disks have been ob-
served when penetrating high-energy (1.0-BeV) beams of electrons impinge on the disks.
Radial and compressional modes of vibration have been observed in the frequency range
40-158 kHz. Possible applications of this observation to particle detection at very high
energies are discussed, The observed phenomenon also has a possible connection with
measurements of gravitational waves. '

We have recently observed mechanical, or
sound, vibrations in ceramic piezoelectric disks |
of lead-zirconate-titanate (PZT) struck by high-

energy electrons, -Feur—s-in—~thick-disks-of PZT
—modes. Electrons of energy 1.00 and 0,20 BeV

were used in pulses, each lasting about 1.0 usec 't .
and containing 10%-10° electrons. The cross sec- &
tion of the incident 1.00-BeV beam was about 9 mm? %t &
EXCITATION OF ULTRASONIC WAVES BY PASSAGE OF FAST ELECTRONS THROUGH A ME’I'AL ot s .
I.A. Borshkovskii, V.D. Volovik, I.A. Grishaev, G.P. Dubovik, I.I. Zalyu- ‘ .

=
%

bovskli, and V.V. Petrenko
Khar'kov State University V. D. Volovik et al., Sov. JETP Lett. 13 (1971) 390
Submitted 15 April 1971
ZhETF Pis. Red. 13, No. 10, 546 - 549 (20 May 1971)

acoustic intensity

Using the electron accelerator of the Physlco-technical Institute of the
Ukralnian Academy of Sclences, with E¢ = 300 MeV, experiments were undertaken
gimed at observing ultrasonlic oscillations 1n sollds execlted by passing elee- 0 » o L n
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1973: Cosmic Ray Conference in Denver > DUMAND steering committee

1975: First DUMAND workshop, (Washington), start of the project

1976: DUMAND Workshop (Honolulu), Thermo-acoustic model, acoustic detector
1977: DUMAND acoustic workshop (La Jolla)

1978: several DUMAND workhops

experimental test of Thermo-acoustic

. model
1979: DUMAND workshop (Khabarovsk+Baikal) explanation of signal shape and origin
1980: several DUMAND symposia and workshop study of background conditions in the
ocean

until 1980 close collaboration of scientists from US and Russia,
particularly in acoustic technology development
after Soviet occupation of Afghanistan most links lost

A. Roberts(1992): Russian participation in
DUMAND was strong at this time, and continued strong
until it was abruptly cut off by the Reagan administra-
tion.”> Even after their connection with DUMAND had

2The severing of the Russian link was done with elegance and
taste. We were told, confidentially, that while we were perfectly
free to choose our collaborators as we liked, if perchance they
included Russians it would be found that no funding was avail-
able for us.

—>June 28th 2010 ~>ARENA 2010, Nantes



First ideas presented at the 1976 DUMAND workshop independently
by T. Bowen and B.A. Dolgoshein,

| Proceedings not accessible (to me) but see:

= G. A. Askaryan and B.Dolgoshein, JETP Lett. 25 (1977) 213
" T.Bowen, Proc. 15" ICRC, Plovdiv, 1977, V6, p. 277

-
.

G.A. Askaryan et al. Bowen:

NIM 164(1979) 267
n time domain :

E=10'eV
R=400 m

In frequency domain : Z (
- P = (kic,) (E/R) M P = (1/4)(K/c,) (E/R) ¢ |
M=(f2/2) (sinx/x) 2 o
f=v/(2d), x=(mL/2d)sin d
J. Learned,
_ . Phys.Rew. D 19
k : vol. expans. coefficient (1979) 3293

c,: specific heat

signal shape:
flat disk, width ~L
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L TIME { usec)

P = (1/N(5.410) (1/41y(k/c,) (E/R) (v /0)?

o: Gaussian width of ionization distr.
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Conclusions from these and several other studies:
Other questions studied

A= f(d), varying beam diameter
A= f(K/c ), varying liquids

- many Thermo-acoustic Model
predictions confirmed
- dominant mechanism is thermal expansion

A=f(R), varying distance > other contributions (microbubbles, ??7?)
A=f(p), varying static pressure can not be excluded
—>June 28th 2010 ~>ARENA 2010, Nantes
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N

10 km
See e.g.

G. A. Askaryan and B.Dolgoshein,
JETP Lett. 25 (1977) 213

V. S Berezinskii and G. T. Zatsepin
Sov. Phys. Usp. V20 5 (1977) 361

model. See text for details (Roberts and Wilkins, 1978).

volume: 1.26 km? volume: 100 km?
#strings: 1261 #strings: 10000
As, 40 m As, 100 m
depth: 3900 m -4400 m depth: 3400 m -4400 m
# OMs/string; 18 # hp/string: 100
# OMs: 22,698 u # hydrophones: 100000
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1980: 0.60 km?® ——">
6,615 OMs

1978:1.26 km3
22,698 OMs

1982: 0.015 km?
756 OMs

w7 |
s =4 T
g . ; HJ
£ 1988: R
7 0.002km3 P 3\?
TR | [
e e i S R S ~ /:::f,?it’f:(_ -_H”v
. . T b~ -
Prepared by C. Spiering from DUMAND-II

A. Roberts, Rev. Mod. Phys. V64 1 (1992) 259

DUMAND II:
acoustic positioning system

5 hydrophones at each string
will monitor the actual position

In addition, the hydrophones will be monitored to look
for the possibility of very-high-energy neutrino
interactions— 10'® eV or more—which should produce
acoustically detectable signals. Possible sources for such
neutrinos can be imagined; but in any case, if the data are

there, we will record them.
A. Roberts

1989: HEPAP supports DUMAND-II
1990: DOE allocates funds for DUMAND-II
Further financial cuts - TRIAD (3 strings)

1993: shore cable laid, inDecember 1993:
deployment of first string and
connection to junction box.
Failure after several hours

1995: DUMAND project is terminated

although DUMAND was not successfully finished, it had a big impact
on future ideas for other optical and acoustic high energy neutrino telescopes

—>June 28th 2010
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use the ,,geotron“ to send a neurino beam pulse
location and time of pulse are known
measure V, = f(p,Ad.)

THE GENIUS
PROJECT

i 5 SO KM e

\ acoustic detectors

Geological L O e L
Exploration by FoRZOTL SEoWENTARY LAERS
Neutrino
Induced —— s
Underground i 1, o

Sound /

Fig. 6.1. Typical oil or gas deposit.
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only few exceptions
e.g. SADCO

B. Price, Astropart. Phys. 5 (1996) 43 Comparison of optical, radio, and acoustical detectors

studies situation for ice for ultrahigh-energy neutrinos
. : The acoustical technique is least sensitive, the
Signal: S(ice) ~ 10 S(water) mechanism of energy conversion from a cascade
but : high energy threshold to an acoustic signal is very inefficient, and no
expensive sensors ~1000%/piece tests have been carried out with particle beams in
icc.

A comparison of the three techniques shows that the optical technique is most effective for energies
below ~ 0.5 PeV, that the radio techmque shows promlse of bemg the most effectwe for h1gher energles and that the
acoustic method is not competitive. Dueto-theg ey h 3 p i e
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; A.Borisov et al.
Zh. Eksp. Teor. Fiz. 100 (1991) 1121

J.Bahr,R.N.,M.Pohl
DESY Zeuthen (1996) unpulished

Detection of acoustic signal from the muon
flux in the U70 neutrino channel

Epot = mgh

A.Borisov et al. Saratov Preprint (1992)

e\

m=1g, h=10cm, E=6 PeV

i : “,‘!-*,;’ ~';:‘-, L
R e TS R =

~ Acoustic calorimetry of high energy muons

5 U8~ PO~

L
pyororsroisesy|
#

\1 2 \\\\\\ WY
7
A F)g. 5. Acoustic pulse detecior. A 1—Upper electrode; 2—lower elec.
ke i gt b .
—Metal cup; 2—cork cylinder; I—ceramic prcssclecirie piste.

- ¢xp. Jw{o'
- ca.ét-(‘eq,f-'an_g

0 ; 2 3 L,MC.

18 PeV
Detectors: own production using piezo-elements - cheap
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" GZK-cutoff and corresponding cosmogenic neutrino detection at ultra-
" high energies (> 10'” eV) comes in the focus of physicists

= e.g. A. V. Butkevich et al. “Prospects for radiowave and acoustic detection of ultra- and
= superhigh energy cosmic neutrinos(cross sections, signals, thresholds)”

«PHIHKA DAEMEHTAPHLMX HACTHIL H ATOMBOTO HPA»
T998, TOM 29, Bhifl.3

or G. Sigl, “Probing Physics and Astrophysics at extreme energies with ultra high energy
cosmic radiation” in Proc. RADHEP , AIP Conf. Proc V579, p. 32

Needs new detection techniques,
a series of corresponding workshops happens:

countries
r_os Angeles 6?

}Acoustic mini-ws. |Stanford 5

}ARENAZOOS IZeuthen 10
}ARENA2006 r\lewcastle 9
}ARENAZOOS Fom 12
ARENA2010
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group

experlment

-

aL man gntes

act|V|t|es -

Stanford

SAUND

data taking, signal processing, calibration , simulation

INR1

AGAM, MP10

signal processing, calibration , simulation

INR2, Irkutsk

Baikal

signal processing, noise studies, in-situ tests at Baikal

ITEP

Baikal,Antares

detector R&D, accel. tests, in-situ tests at Baikal, signal proc., noise st.

Marseille

Antares

detector and installation R&D, calibration, noise studies, simulation,

Erlangen

Antares, KM3NET

detector R&D, accel. tests, calibration, simulation, noise studies, in-situ
fest measurements

Pisa, Firenze, Genua

KM3NET

detector R&D

Rom, Catania

NEMO

installation R&D, noise studies, simulation

Sheffield, Newcastle

Rona, KM3NET

imulation, signal processing , calibration

U. Texas

Salt Dome

detector R&D, attenuation studies, material studies

Berkeley, DESY,
Stockholm, Uppsala

—>June 28th 2010

IceCube

detector R&D, accel. tests, material studies, simulation, noise studies,
in- situ test measurements (SPATS)

~>ARENA 2010, Nantes
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OURNAL OF PHYSICS: CONFERENCE SE,
The open-access journal for conference

ARENA 2006— G
EeV Neutrino detection Activij

Volum,
e 6
SUBlemgne 55U 1_ye

Not discussed:

P,
University of Northumbria, Newcastle, rd lnte ’ofeed,',, g.
28-30 June 2006 ¢ °ust-mat'°" al W
Ic an

- sensor develop. R T
beam tests L Y
calibration ‘ R '

data processing
target materials

\ e C’“O\”\ Guesy Edltor,

aion! b
o Votee™ : u :
jngs o 10P Publis' ANcescy, o carellj
ceed! 0 S
proc Meone
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From a talk of I. Zelesnykh
given by J. Learned

2400 hydrophones
f <2 kHz
V.. > 100 km?3 for

E, > 102 eV

SADCO
GOALS in 2] CENTURY:

e KAMCHATKA ARRAY —
SEARCH Fo/z 7D Vs
E > 10" V

Antenna "AGAM"

(near Kamchatka)

CASPIAN SEA
. S ADCD (. | MEDITE e/eANEAN

("o ﬂ..z&sé;&l)ns_ lom
SEARCH Fok AGN Vs

Ev? ’0 ¢V

N lfg?nk% Portable Submarine
. Antenna MG-10M

as a basic module

of the deep-water
——_— Neutrino Telescope
i Test from oil platforms

( F=3.5kHz) . .
in Caspian Sea

132 hydrophones
v 46 » W X

EM = 6.9 w5y
But EHE »’s abso

BW up to 25kHz

Present status of project not known (to me)
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¥ -

AV BV > = Study

TGF

° Acoustic pinger
Use French navy tracking array TN @ 4.5 kHz
Data taking campaign in June 2001: : f
8 hydrophones @ 1500 and 2500 m
sampling frequencies 250 kHz \ |
filters window 10-100 kHz \fhj’v
3Gbytes of data N

but many uncertainties
should be redone soon

{
/

Noise Density (dB re 1Pa/Hz"?)
g 3
<
¢ /

N ]

N
=)

w
o

From V.Bertin, talk Stanford 09/2003
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Study of Acoustic
Ultrahigh-energy Neutrino Detection

J. Vandenbroucke et al.,
Astrophys.J. 621 (2005) 301

flrst qux I|m|t
frOm acOus i s —

SAUND | & [ N e
7 km?

Data taking:
65 *10° events = =
in 195 days Log,,[E (GeV]

AHRP STRING CONFIGL 1 000 km2

Log, JE* dN/dE (GeV cm ™ s™" s7)]

i . SAUNDII

|
=
]

70 Amiient Noise Data

S o From: N. Kurahashi,
W T i e mamecareie. || talk at ARENA2008N

R See also: N. Kurahashi, G. Gratta
Phys. Rev. D 78, 092001 (2008)

N
5

Power [dB re i Pa®/Hz]

Y UTM (KM)
270 2710 274

[
=
=)
=]

2695

oo vy, LI - New information
< i A% e at this conference

35
Freq [kHz]

2680
220 225 230 235 240 245 250 255 260 265 ——

X UTM (KM)
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total cable length =
2m + cable extension + cable to shore

. ona hydrophoné array ®

i hydrophone
)&

* North-West Scotland (ranging hydrophones) S e S -
. i !—é_;-—:_g‘_}. extension
Good test bed for future deep sea experiments [ | e

e

Existing infrastructure
+ Wideband hydrophonesV

« Omnidirectionality \/
» Unfiltered data V
+ All data to shore \

« Control over DAQ \ :

» No remote access X i ' jiﬁ :

Boat Reconstruc’tioﬁ Rona Limit

« Using the known detector positions and the time of arrival of the
pulse on each hydrophone, each detected pulses’ origin (if

detected on > 4 detected) could be calculated. 10° ;‘=<__L._._._u° Sical Coronior Suf-. . Pl———fodicp ddovseie L >
100 e
* The boat, and drift, was successfully reconstructed 10E- T wc A N
- Plots show the detector positions, the boat positions, and the Tk ot S
reconstructed origins. - B B i A i
0 ol 2 =
o @ Detectors | §1E
§..,, . e X Boat Positions ™ 5 107 E
T H 80k Auger
il @rs) | S E aypz
i L. 207
i : : 8 EN
i © 0 S 10T BT ARgkal S
2l PRt H g LE Lt CroEEER FEETTRN TECLE Gl
i i w10 E = N\ 11
o i ; WoeE Y <
il Boat Trajectory “: E N\ v \ o
H . il (Reconstructed 10 1010 100 10 100 1g) 107 30 107 107 100 10 10° 107
i ks . acoustically) )
e e . - T MRt 26/06/2008 ARENA 2008 - Rome 26

From L. Thompson, ARENA2008 and S. Bevan, Theses New information
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. Listening from top to
down -prototype

yz' 150m depth

An acoustic detector
* for background studies

\

| ®* Tetrahedral antenna 1.5m | ' ]
* 4 hydrophones H2020C
® 4-ch, 195kHz, 16-bit ADC
| * One-plate computer

* 2 Mbit DSL modem

-

2
N

=
&

0,40

One signal from the
deep layer of the Lake

ATIT

Next step: Prototype
acoustic string

=

%WW* MMWMMMWMWWM
%WWWWWW frntiigh
E o 1 . New information

0,20

at this conference

% v
0,00 - 77 00 ,% N /077077 2zl & — i i | = ¥ 7 T
s B P P o A,J)’ W\(WMW\" P A My
0 1 2 3 4 5 6 7 8 9 10 SELSL Ll f | § Sk

Noise level, RMS [mPa]

From N. Budnev, VCI 2010
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o Long term measurements of acoustic
Cable from shore i
background noise in very deep sea Y

\HZ H1
North 110° [ ] .
‘

o

J‘ .H4 /

Y, A E——

Latitude

—

Wg"_ -

(.‘;;;’2: 3Fs‘[gssem : ) "y connectors 0 iz =

Site Height from seabed : * < / ] K| L;

X H1,H2,H4: ~2.6m H3:~32m : _WL:»’ . ( 7 | N

° Longute " In collaboration with Uni-Pavia CIBRA | .

rat |

4 hydrophones (10 Hz-40 kHz bandwidth) synchronized. . .
Acoustic signal digitization (24bit@96 kHz) at 2000m depth. 1€ average noise in the
Data transmission on optical fibers over 28 km. [20:43] kHz band is
On-line monitoring and data recording on shore. 54 + 2_25tat + 0,3syst mPa

Recording 5’ every hour.
Data taking from Jan. 2005 to Nov. 2006 (NEMO Phase 1 deployed). From G. Riccobene:
ARENA2008, VLVNT2009

Next step:'

Depth=560%5m

L=3.41+0.05m
Size =9.72-10.50 m

Young male or female

_ presence of sperm whales N=ZME New_lnformatlon
St S at this conference

—>June 28th 2010 ~>ARENA 2010, Nantes
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New information
" at this conference

Acoustic Storey
{Pointing Down)

ANTARES ™ &L/
y site Y
— o W ,
36 sensors at 6 storeys

(1 — 350m distance, 34 active)

16bit @ 250kSps sampling

SOEIIIEIELIIIOEAIGRIIEONEY =

The AMADEUS System

~ -125dB re 1V/pyPa sensitivity
~85-90% uptime

Cable to shore Junction Box | . |

180m

- e
“pingers” (acoustic RxTx) en each anchor .-~

Acoustic Storey
(Standard)

* taking data

since 5-Dec-2007

« completely installed

since 30-May-2008

+ acoustics on L12:

data from 6-Sep to
24-Dec 2008

Power Spectral DenS|ty of N0|se Angular Distribution of
N Marine Sound Sources -
E_ T _ 1 Source Direction Reconstruction: A Dolphin
§£ 60l5 knots signal (a.u.) | most probable
8230 x 3 =
2w | = 3

10102. I I”“io:; — ””1”04 - "'”1'05 10000 20000 30000 40000 50000 %- E
Frequency (Hz) Frequency (Hz) E

Hydrophone: G (mPa), Mean=21.8mPa F—3

Noise strongly "

2 Windspeed+10 (kt): Mean=9.4kt

correlated . ; . ; : .
with weather fo 1 Beam forming or time difference algorithms
conditions : used,

E i 1 1 i 1 1 i
02-28 03-06 03-13 03-20 03-27 04-03 04-10

_>June 28th 2010 _>ARENA 2010, Nantes K- Graf, VLVNT 2009 ’3

uncertainty <1 degree From R.Lahmann VLVNT 2008,



<D Q\\EC
SPATS

B, 2007 o8
Pole Acoustic e

Noise conditions:

~ 2 years monitoring

Gaussian,
Stable
<25 mPa

“! 072
e 500 m
/
/
100
+ 52 sec of data
10—
E I+ 1 channel @ 500 m

ik * Maylune 2008 1|

200 150 100 50 0 50 100 150 200
ADC counts

—>June 28th 2010

4 strings in
IceCube holes
instrumented
depth:
80m-500m
per string:
7 stations with

|| sensors +
| transmitters

From pinger data 2007/08 Attenuation length: From pinger data 2008/09

Attenuation c.

BS6-0-FullWvf-0.5-320m-thE3.0-thY0.0
4500
8
4000,
y‘! It 11 i
3500 o SPATS P wave (ultrasonid] T 75 m 5
3 3 & — D ¥ i
£ 2000 srodicc : T - Fourty S L R e s
B ement g : 53
& 2500 Weihaupt P wave (seismic) consistent with 0 g 7 s o[ “’t T } F T
e, | § [ 5 ;
52000_- X i H i i 355 ol lalz3c, A= 306£64m ¥
s SSw " = P
: = 1500. SPATS S wave (ultrasonic) = 332221"‘#7 - Pre"mlnary
e tWO COmblnatlonS 1000s —bo-889+-020 | 1} | Foo oo o occocoscscogs S s
error bars are 15 ¢ L ododeial | 1] = 2g8g3esgssssgsgsgges
: 500. ! 1 ] Ae=4J dof= 6033 mdBddzxIIIaaldda
0 0 a 200 300 400 500 600 700
at 125 m distance o W mp o aw  wm - odule

-accuracy <1%
- first in situ measurements
for P and S waves at SP

v,(375m)= 3878112 m/s
ve(375m)=1975.81 8.0 m/s

No significant evidence for depth
or frequency dependence, but not excluded

New information
at this conference

From D.Tosi,
TEVPA 2009
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Todays
a - scientific
' 1 case
- 1{e] g
. . acoustic
o : . o ia y and
. B -V [ T
N - “» detection
- 8 of
\ : aultra-high
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* E -

= -N‘. i

Three carrier of information:

P TeV — 100 EeV

- point back to sources
only at highest energies

- observable range limited

' - signals observed

- sources still unidentified

B S
T maD

y: GeV -10TeV

- point always back to
sources

- observable range limited

- signals observed

- many sources identified

v: 1TeV -100 EeV
- point always back to sources
- observable range “unlimited” -> no signals observed yet
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lag,4[Fraction of Observable Universe]

-15 —10 -5 0
25 LI B B I ;! 1\1 T ._!. -| F |.-. T ] -|_:-.- |.
i T R nhaahrahh |
o A R Frhnlmwnc S
:;? i ?Ef}-' v Gt;armﬂ nartmbasr-.' A
. :|:',|-:‘ [ _ 2N v rg:ltdnﬁ 4 “ 7
& o0 |- highest observed o energy e o A e
o i " “1,,_1:;"| b -
= - Ry I I e P P,
A\ S L L .
% I ” Sl uf_unin_m.-rsﬁL A - interact only weakly
R < oansesaead i A A ]
- 15 |- 7 Sumerad e w:u.l T - can escape from thick dense
K : o o sources
R | highest obaerved ¥ energy ! PR
ER . | ~.I" "] " At high energies only
S S — | = 1 neutrinos can give information
g or Neerby clusters , s ] about most of the universe
- AGN & 0SOsthz=1| NN 'F
5 cosmolagy (GREs, Ai-z Xo's, relonization) q% d
m 1 IIIIIII| 1 IIIIIII 1 IIIIIIII 1 il IIIII 1 IIIIII| | -l IIIII L 1L LELL

0.01 Q.1 1 10 102 103 104
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il Get ew insights from the study of ultra-high
-~ energy neutrinos above ~10"” eV about:

- Astrophysics

- Particle Physics

- Cosmology

- Basic symmetries
Considered sources:

- AGN'’s

- neutrinos from GZK-effect

- topological defects
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" wg from mdecay: Fe ———
I vs from n decay: Fa
19-':'? - W Trﬂm ":ugcay'p eemaaea T
— vs from n dacay: p -
e L AGHM
1Tm 18-08 -
E':-lm L
E »
2 1e-009F E
E B
= tet0f ]
i.'.'-.I‘E' i
ny 1e-11F - .
18-12
5 & 11

logy B, [GeV]
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| GZK

mecha

: Cosmic rays interact with CMB photons and nroduce mthrouah A*
resonance 18 18.5 19 19.5 20 205

p r‘:l_| T T | T T T T | T T T T | T T T T | T T T T | T T T T | T N
- =
n Ve o ;
AN "
| 3L 1 -
Y z 10 = 0sy:(E)=22% - '
- P - e = : 1 .
g B PELERL ”'-""-.,“‘ ]
'.-‘-j L p Y i
m

(orpy—>pm, nov)
e Auger combined
— Fit

- Proton, f=2.6, m=0
----- Proton, f=2.3. m=5
----- Iron. p=2.4. m=0

2
_ 2mym, + my

E, = 40110" eV S I T L
4 N * " Energy [eV]
If UHE-CR exist they should undergo GZK mechanism - Missing statistics?
If GZK happens a neutrino flux is guaranteed - No more sources?
GZK neutrinos = BZ neutrinos - No more power?

- or real GZK?

V. S. Berezinsky, G.T. Zatsepin, Phys Lett B 28 (1969)423 .
- detect neutrinos
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= BZ neutrinos from cosmological distances point back to the

UHECR sources (within a GZK length precision) "
e Y
T S . CR Source
Earth TN ')_T HHHHHHHHH d :";"d_“'m\
T~ = ? p

F ]
< 3 degrees for T~ ” *_,/f j‘
a source at 1 Gpc b~ | : ;

e et

“GZK sphere”
_>June 28th 2010 _>ARENA 2010, Nantes 31




b . - e

BZ neutrino flux:

™

‘The expcted flux is e low and uncertain
(0.01-10 events/km? year @ E, = 10" eV)

The standard case:
D. Seckel and T. Stanev, 2008

F—5—% AMANCA-2008
&—=& RICE-2006
S—— ANITAlite—2005

"T 1‘]-1E T TTTTIT T T TTTII T TTTTT T TTTTTr
, >——> Auger-2008 5 : ' ! ' — ::::: Ea: 3.00
| fr—r - L
= oo :%ZLE-;;?; -,“ - /Pm'h“« ---- Mixed (H)
s 10"} +— AnTaI-2010 o - : ‘:\ —— ESS (2005)
Lo g 107 2\ = 0.30
> o my i -
|E S =] "‘.‘:‘ _
= 10 M. Ahlers et al. “ GZK Neutrinos after the Fermi- "f':_ — 0.03
T LAT Diffuse Photon Flux “ arXiv: 1005.2620: =
~ ]
3 0.1 F g2k v Models: The presently allowed flux is within reach of the ]

IceCube neutrino telescope and other dedicated
radio experiments”

=-——:— saluraled

-

A 1072
8 10 12 14
log,o(neutrino energy E,) GeV E, [eV]

from P. Gorham, March 2010 Madison
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* ® .

= - 10U Neutrinos from decay of
- 10w super-heavy relic particles |
‘ - 109 from big bang s
o qpe m, = 102! — 102 eV &

5

IE 107 E, ~ 0.05 m,

o 10° R top.defects

o 08 gl T Niep, defests _ . .

o 104 . OFAR (30 d) Very_hlgh neutrino energies

. possible
3
E_'I 10

10108 I0W1I0%01 05 1021071 03410531 0%#
E [eV]

Such high fluxes probably ruled out today by ANITA flux limit,
but model in general still interesting
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1] o 20 30 350 100 150 200 250 300 350
t

'I'|"I""I'"'I""I""I""I""I:l.D 11:.—:“,1 -
[~ from PDG 1= uN tobal, CTEQ4-DIE £ ¥
r B i .
> - ot — ¥ cc —
. = %ﬁ ________________________ 107 M NC = e s
g % E ?%l "3 ] i a . . _d,-l'a'nge |
NE o6 . E 1{‘-33 = T i
g ' =
5 = 1 . !
—oap é . i 104 % L
54 alim g H__ B ! . -
3 %%ﬁ ’P‘Pﬁf@%}i i _ - R (a " Extrapolated 1
02 |z| >< m um) |?|g L(IS]‘.:’,”” I|}]zl|¢ (Kus. —E 0.2 : l‘ﬂ_ﬂ: over nine orders
3] © COFRR 8] € COM-PSW [13] 4p AML ] B .
: o e - of magnitude
0_0:| N e T T 0.0 A
0 10 20 30 350 100 150 200 250 300 350 _an sy
E, [GeV] 10 4 E] T )] 1= 11 1
10 1001000 10% 10° 10% 107 10" 107 10771077 10
1
: EJ__ [Gu'l']

Measure reasonable number (O(100)) of BZ-neutrinos at different
zenith angles - get access to g, in the 107 - 102° eV range

sqrt (s, ) = sqrt (2m, E,) = 14 TeV(E,/10"7eV)"?
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”

B Several effects at energies > 10'7 eV may change the cross section | '
8 by orders of magnitude -

o - - e v 4 4 > : : =
-~ - = 2 J - 2. : « .

‘ | Example 1: I'ITI_I_I'I'I'I'IT1_I-I'I'I'I'|1'I'I T |l||||l'1 T T TTITm i ‘
107 Black hole creatiop=—" — |
with extra dimensighs 1 .
6 >
10 naive 2 . o : e
Ogy =TT 11.-*11:1‘1 %ChOFdUQUI et al., E e

Phys.Rev.D 68

':a"‘ 1 05 = 2y CM!’ 02 /
& atE=10"eV
. 0,54 [ g, SM~ 100
o 10‘4 3 ",..-" SM L ?
- Tam@C~VE, 3
109 £ s | -
: «—CSZKrange J
102 ’ . _
106 108 1010 101%

E, (GeV)

L. Anchordoqui et al. Astropart. Phys. V25(2006)14
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Examplez: T T T rrrm J

Irl'l.

r
E 1072 |-
® 107 é_ short dashed:
10-4 E sphalerons [43,44]
T E
- long dashed:
. p-branes [45]

dotted:
string excitations [46]

43. A. Ringwald, JHEP 0310 (2003) 008.

44, T. Han and D. Hooper, Phys. Lett. B 582 (2004) 21.

45. L. A. Anchordoqui, J. L. Feng and H. Goldberg, Phys. Lett. B 535 (2002)
302.

46. W.S. Burgett, . Domokos and S. Kovesi-Domokos, Nuel. Phys. Proe. Suppl.
136 (2004) 327,

from A.Ringwald, ARENA 2005
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number of GKZ neutrmos predlcted depends on sources distribution vs. redshlft and on

the source evolution model (z._, n, Q,) )
max 1 e
e _. Ry — §Rgﬁw + A G = ?TPV- Einstein
GZK v event rates following .
1s* = a(t)'ds; — di*, a(t): scale factor
Engel, Seckel, Stanev model g
3 az | 3
02f ) ,
> o E B 4,”@( %) E Friedman
LT TPt E) T
0.15 -
= ﬂﬁﬁ —I—QMrCE —I—Q;bﬁ_? +ﬂh.:

0.1

P ... intrinsic energy density

0.05-
of the vacuum

Rate of showers (/km3/yr) withE >E

0 ‘ ‘ ‘ ! ‘ ‘ ) ‘ QA = pvac/pcri
16 165 17 175 18 185 19 195 20
Log, o[E/eV] present observations:
Q. =07
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resonant annihilation of UHE neutrinos with For early ideas see e.g.:
relic neutrino background particles T. Weiler, Phys.Rev. Lett. 49(1982)234

S. Yoshida, G. Sigl, S. Lee,
Phys Rev. Lett. 81(1998)5505

’ - - T .-A )

UHE neutrinos from topological defects
" gk _‘.’»_ -

=1

CMB: T, =2.752 K

- 10 . :

! from A. Ringwald, Arena 2005 2005 _ o 4n/3 i

B e d To=(7) =1.945K
10 -

w107 e T W TR i g ~ 1.697 x 10~* eV

o N o Tl .. m=015eV

g 10 PN n, (T,0) = 56 cm ™3
10 e =10 Gel]

% ' ‘*‘ EZI' es ., 4.10%! V

- 104 |¢ - v v — €

ES W e\ 2015

o g3

= 101710181081 0201 02110221 0221 0241 0251 Qe dip in neutrino flux spectrum

E [eV]
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| Use information the other way around:

-> absorption lines in neutrino spectrum
point to neutrino mass(es)

1

" my=1077 eV
gzdm%—i—dm

~ 0.01 eV

3 = \m3 + ém ~ 0.05 e

0.8
306
T 04

02

Ve m3

0

s
o]

1

=3
-

0.8
206
& 04

0.2

1

0
10

0.8
=08
04

0.2

|.|.||I IIJILI.I.Il 1111l IJIJI IIJJLI.I.I] lIIIIIII 1L

—
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. . : Zres:z __
But time evolution of universe: Eu(]

Moving target v’s = energy smearing

. 08 E
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& 04 F

02
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104t
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306 F
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. |
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1+z) |

— 2my.(

s
e G A
o :

Compromises
individual mass
determination

First peak could
determine mass
hierarchy

C. Barenboim,

O. Mena Requero,
C. Quigg,

Phys. Rev. D71
(2005)083002
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: , 3 £ I~
D. M. Mattingly et al., JCAP1002:007,2010 _% N [
g 1n=I§ e e e e "EJHJE!{'E;;ﬁ:
‘0 -
‘I'E B
3 °F leads to cut-off of spectrum
= corresponding to n-scale
.g 1k parameter
= —15/4
L ?;I ] E:'.I:ﬂ ) I|l
"E ~ 6 x 10% aV
1072 and enhancement at lower
13

14 15 16 17 18 18 IDE:JIEFE\%1 energies
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‘ assume: (E~10%eV) MR N =0 PN, t=0PN, pV,t '

-

" o= 0.5 103" cm? AY =N J]od N t
=210 km2y ! e NPt

N., = 6 10%/mol ,,,,
p=1g/lcm?3
t=1y

D: Depth, A: horizontal area, L: side length
N> : Number of strings necessary to fill a grid of xxx m grid constant

caution: these numbers are given without taking into account any detector effciency
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air

acoustic are.
“pancake” SR N P

v-induced :
cascade E——.— coOherent I I

10'*eV 107 eV 108 eV

Multiple detection of same signal possible in several materials (best in ice)
— Extend energy range of sensitivity and enlarge volume (bigger spacing?)
— Calibrate R with O and cross-calibrate A & R

— Improve energy and direction reconstruction Trust your signal |
— More efficient background rejection
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& 42.5cm  35.1cm
O > < >
43.5cm  31.1cm
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1T A A el e it

500mVv|n| Ch2 500mV M2.00ms A Ch4 £ 480my;
Ch3 500mv Ch4 1.00V

- “ 119.800% )
Backlight . . Color B ..
waveform Intensity Graticule | XY Display palette 5 Time [s]
Display Low Full Off Normal 3
Tek Stop | =" ] & [m— = “r
T Rana : S F H,0
15—

y K ; W kA
Pt i, | | wit U
&, Ty Wi ] C
Ly - | | { 15—
l ; ¥ s =
— ) =R AR N R IS B EAPR R R S
BEN] 500mv v |Cha| 500mv M 20008 A Cha o 480mV 015 0.2 0.25 0.3 0.35
ch3[ soomv [cha| 1.00v | 22 Jan 2003 Time [s]
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-.I___The End

" The End
- | - The End
: Y The End

N . The End

. The End
. The End
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