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Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.
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observation horizon:
~40x10°ly

Inflation
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15t Stars - Next star (Proxima

bout 400 million yrs. B
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13.7 billion years

1 light year: 9.5 000 000 000 000 km = 9.5 quadrillion km
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Supernova 1987A Rings

Hubble Space Telescope
Wide Field Planetary Camera 2
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Radio Infrared - | Ultraviolet Gamma-rays
Microwaves Visible X-rays

1m-1km 1cm 1pum-1mm 400-700nm 10-400nm 0.01-10 nm < 0.01 nm
1K 100 K 10,000 K [ 10" K

eV keV MeV GeV TeV
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Neutral particles
£ detectable by

N 4 thelrdecays 5
in-charged particles« <., "3

: => - by the producﬁo_ﬁ 7l
of charged particles. -

pictures from hubble: , -
champer SKAT

Gi2- - L -~Technisches $eminar - Zeuthen .~

3 . -
- .
- - .

The blggestf)ptlcal-ﬁeutrlno P
detechqu SO far 2 IceCube

S T = IceTop
. _—8 Smma vach with
= 2 keeTop Cherenkiov demc or tanks
2 optical sensors per tank

324 optical sensors
IceCube Array
B8 strings including 8 DeepCore
60 optical sensors on each trrnq
5160 optical sensors

December, 2010: Project completed, B8 strings|
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Large Area Detectors for HE neutrinos

1TeV .~ 100PeVv 1000 Ze'

Optical Detection Radio Detection Acoustic Detection

(ICECUBE-KM3NeT) (RICE, ARIANNA, ARA) (Prototypes)

v\ 54

\“\
: -~
4':.7:;.":. &N

em cascade

Medium: Seawater, Polar Ice Medium: Sait domes, Polar ce Medium: Seawater

V,\' ghgoing and tained) v
V,, (contained cascades) v (cascades)
Carrier: Cherenkov Radio

Carrier: Cherenkov Light (UV-visible) | | Attenuation length: 1 km Carrier: Sound waves (tens kHz)

Aftenuation length: 100 m Attenuation length: 5 14
Sensors: Antennas

Sensor: PMTs Instrumented Volume: =1 km? Hydro-phones

Instrumented Volume: 1 km? Instrumented Volume: =100 km?

Giorgio Riccobene ‘-_--:' =

o Hz & o KkHz b e T THz &

Q)
0, 7
% %, 2 ~ o %
2 %, %
2 o Y Frequency
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study origin of cosmic ra
(AGN'’s, black holes, GZK ¢

- particle physics - E > 108 S P, radio lobe

- cosmology - E
study relic neu

optical light cone

*) seee.g.
R. Nahnhauer ,ARENA 2010
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Some Effects of Ionizing Radiation on the
Formation of Bubbles in Liquids*

Dowato A, GLasss Nobel price 1960:
University of Michigan. A Ay U5 vfor the invention of the bubble chamber”
7 VT -

Atomnaja Energija V3(1957)152

PTII[]’DO,'IIIII:'I.!III‘]N‘-IROG N3JayIenne oT Tpenon
HONUSMPYIOUIHX “acTHIl B CTalILIBINX RIJIKOETIX

Hydrodynamic radiation
from tracks of ionizing

-_(J' A Askaryan - particles in stable liquids
i S - p—

TIpOXOXRACHITG MONM3APVIONMAX YacTRI[ B JKHJUL0-
CTAX CONPOBORUACTCH  YBICUCHHECM MOJCRYT CpeJint
PAcCTAAKHBUIOIMMHCH CROUJICHHAME  OjOMMEIIIO  3a-
PMKCIILIX MODOR I MWKPOB3IPHIBAMA NpPH JA0KAMLILIX
narpesax, cojlapagMuix BONWSH TPEKOD YacTHO. (ITH

The passage of ionizing particles in liquids is accompanied by entrainment of
molecules of the medium by mutually repelling acenmulations of like-charge ions

and microexplosions upon loeal heating near the particle tracks. These processes

A modern app| iC&tiOﬂ: If a dark matter particle hits a nucleus in a

h 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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First experimental detection of acoustic particle signals ?

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

(Recetved 11 June 1969) o\ oy [ etr, 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. 3

1

—modes. Electrons of energy 1.00 and 0.20 BeV
were used in pulses, each lasting about 1.0 psec
and containing 10*-10° electrons., The cross sor-

tion of the incident 1.00-BeV beam was about 9 mm?

=

EXCITATION OF ULTRASONIC WAVES BY PASSAGE OF FAST ELECTRONS THROUGH A METAL

I.A. Borshkovskii, V.D. Volovik, I.A. Grishsev, G.P. Dubovik, I.I. Zalyu-
boveskii, and V.V. Petrenko

EKhar'kov State University V. D. Volovik et al., Sov. JETP Lett. 13 (1971) 390

Submitted 15 April 1971

ZhETP Pis. Red. 13, No. 10, 546 - 549 (20 May 1971)

acoustic intensity

Using the electron accelerator of the Physico-technical Institute of the
Ukralnian Academy of Sclences, with E¢ = 300 MeV, experiments were undertaken
almed at observing ultrasonle oscillations in solids excited by passing elec-

6.12.2011 Technisches Seminar - Zeuthen 22



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. 15t ICRC, Plovdiv, 1977, V6, p. 277

- -

3

T. Bowen:

-"' /e G.A. Askaryan et al.
O NIM 164(1979) 267

et
seiza

In time domain : r

In frequency domain :

3t =1016
P = (k/c,) (E/R)M P = (Uam(kicy) (BIR) £ | Ret00
M=(f2/2) (sinx/x) g,
f=vg/(2d), x=(rL/2d)sin J. Learned, 3
Phys.Rew. D 19
k : vol. expans. coefficient (1979) 3293 -

¢, specific heat

) P = (1N(5.4m) (L/4m)(kic,) (EIR) (vi/o)?
signal shape:

flat disk, width ~L o: Gaussian width of ionization distr.

6.12.2011 Technisches Seminar - Zeuthen 23

B signal strength ~ Gruneisen parameter y

' :‘_ South Pole ice salt | ;gapted from B. Price, ARENA2005
s - N o

using SPATS results

Ice is the only medium
where optical, radio and
acoustic signals can be
used simultaneously

>1000m e R What about permafrost?
variable | small? R. Nahnhauer et al.,
: NIMA 587 (2008) 29

Y
. 1
G.Sulak et al.

- B 17 NIMA 161(1979)203 —
¢ U I3 el s A Real signal
E e B I § TanTares = 13°C im' oory g : Strength
g b 1 E TBaikaI = 3°C Z 10" _."'-_'_-.*' depends
ks iy Y 7
)= i i N TF o Bakal strongly on
15 Sl e e Sl & ICRC 2007 local
B il R T T conditions
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weight = 1g

accelerator tube SOrS

(varying length) own production
_ using piezo-
iron target elements i
_ > cheap = o gl g
acouswc sensor
Conclusion:

6.12.2011

Early experimental checks 1979-80

[

s

Mg
w0
aedS0m

SONAL AMPLITUOE (10" yenin’]

70100 em J
Sl fime £ 100 sac

T

L n
SIDE VIEW 1 z A
ENERDY DEPOTITION (1057av]

Other questions studied

A= f(d), varying beam diameter
A=f(K/c,), varying liquids
A=f(R), varying distance
A=f(p), varying static pressure

6.12.2011

- accelerator works
- basic model prediction “confirmed”

Technisches Seminar - Zeuthen
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Similar studies from the last decade

al, NIMA ¢
nm, “permafrost”, Zeuthen

et al.NIMA 604 (2009) 199
\ V, p, H,0, ITEP
Conclusions —
- many Thermo-acoustic Model
predictions confirmed
- dominant mechanism is thermal expansion
- other contributions (microbubbles, ???)
can not be completely excluded

No comparison of absolute amplitude strength
between data and model(s) available up to 2011

Technisches Seminar - Zeuthen
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*TSL-Uppsala 2003

1,0

Beam: p, ¢ = 2cm, E = 110 PeV R = 40cm %1 i B

£
Detectors: First generation glaciophones 1]
mounted to 13 inch IceCube glass half-spheres

unexpectedly: as expected:

Swa\ter 2 Sice Sice
but many experimental uncertainties

6.12.2011 Technisches Seminar - Zeuthen
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Typical sensitivity:

-190 2 -110dB re 1V/uPa

Sound
absorb. hats

. .. . : Y. Abdou et al.,
Special cas:(s).erlIltzré/ggﬁlllzcatlons arXiv: 1105.4339
AUTEC_ SAUND submitted to NIMA |

HADES: Wuppertal

6.12.2011 Technisches Seminar - Zeuthen
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The DBR Fiber Laser

Two mirrors (Bragg ;ratlngs]

.
“J. " F - e

An mm medium
(Erbium Doped Fiber)

pressure wave on fibre :

= modulation of cavity size, leading to modulation

of laser wavelength detectable by interferometer S S
- T

Proven to work at static pressure of 35 MPa (3500 m depth) with higher sensitivity than PZT devices

P.E. Bagnoli et al., NIMA 567(2006) 515, E. Maccione et al.,NIMA 572 (2007) 490,

A.Cotrufo et al. NIMA 604 (2009) 219  (fiber wrapped on a mandrel)

For other recent publications see e.g.:

J. Wang et al., Optoelectronic letters V3 No 4 (2007) doi: 10.1007/s11801-007-6169-1

S. Goodman et al., Proc. SPIE V 7004 (2008), doi: 10.1117/12.785937

B.Guan et al. , Optics Express Vol 17 No.22 (2009)19544 and references therein

h b Coupled waveguid tooptic hydropt
AnOF er ap_proac : J. N. Fields -—-“ The purpose of this Commumcn;ton lsdt;pmpoee an
use intensit Hughes Research Laboratories, Malibu, Californi dulated transd that can detect displacements
variations i nystead of 90‘;%5” Tatboiswiies; Nullb, Hormia | ceveral orders of magnitude smaller than the earlier scheme,*
- Received 29 August 1979. the new mechanism being acoustic modulation of the distance
phase modulation Sponsored by Emanuel Marom, Tel Aviv University. ting a pair of evanescently coupled optical wave-
0003-6935/79/213533-02800.50/0. guides.
© 1979 Optical Society of America.
6.12.2011 Technisches Seminar - Zeuthen 29

----- az =N a- PVDF foil
b- Electrical contact
(Copper tape +

Silver glue)
c- Preamplifier
______ § ) d & e - PVC Support

1- Take the electrical contacts using silver glue
2- Glue the PVDF foile on a PYC plate

3- Waterproof painting

4- Change the gain of the Murata preamgplifier
from 100 to 2500

Test with laser
in water tank >

m\“aN

Will be tested ) \\

inice next Reflgctions p‘e -
Clean bipolar signal (thermo-acoustic) 0.00 0.05 0.10 0.15 0.20 0.25
Nice separation between direct signal and reflections ms

Frequency of the bipolar signal related to the laser beam width

6.12.2011 Technisches Seminar - Zeuthen 30



Saund | calibration sources N—— . J.Vandenbroucke at
| Bally | Depth (m) | .
. - 1 Stanford Acoustic

(1 | 10 [ 1563 | 234 | i
| 2 | o7 | 147 = Miniworkshop ,2003

JIE]

166
|_126
]
36
135
188

SPATS transmitter:
measure sound speed,
sound attenuation length,
produced shear waves

or all deep water optical neutrino telescopes
: fix strong acoustic transmitters at known

of the sea bed, add hydrophones to optical
very 1-2 minutes, triangulate pulses

Example: ANTARES
precision <10 cm
M. Ardid,

NIMA 602(2009)174

: Y
own production commercial ITC1001 P =
used in ice use in water filled holes R&D for KM3NeT > i:l Ll
R. Abbasi et al., APP 33(2010)277 m/mslzzt( §c|>'i1)211 =T s
R. Abbasi et al., APP 34(2011)382 B A
6.12.2011 Technisches Seminar - Zeuthen 31

SAUND |
-

_ SPATS

h"“'hwnl- s
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4 Study of Acoustic Ultrahigh-energy Neutrino Detection

» -y ‘ -

SAUND | first flux limit J. Vandenbroucke et al., -
15 km3 b from acoustics AstrophyS-J- 621 (200) 301
Data taking: \ e { el
65 *106 trigger ¥ Ao
x
in 195 days e P
- = 3

Data taking:
328 *106 trigger
in ~130 days

N. Kurahashi, G. Gratta
Phys. Rev. D 78, 092001 (2008)

= i BT | I I 1 L
13 L] 5

N. Kurahashi et al.,
" Phys. Rev. D 82, 073006 (2010)

4 E-'l |1 E | - 7

t 4 1700 Lf{ f‘\/\lll/"“—' 1 !‘ll WI'LW :;
1750 Ee ™ a B 3

:

1800 EE[ ‘N\’\nj’\\/\u | E it
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Rona hydrophone array

J = Using the known detector positions and the time of arrival of the
» North-West Scotland (ranging hydrophones) - L=t "“l t""m"?‘"' :“f m’m’;’;ﬂf; Putmee’ o
= Good test bed for future deep sea experiments + The boat, and drit, was successfully reconstructed
JevT— ‘ - + Piots show the detecior positions, the boat positions, and the

o Existing Irf 4 2 - S i | reconstructed orgins. .
= Wideband hydrophonesy & :
= Omnidirectionality +
= Unfiltered data v
= All data to shore v

v

X

= Control over DAQ
= No remote access

- -  In50TB of data
L i o 81 trigger survived cuts
3 S L T Only two events with
S s ; ! - }| “bipolar” waveform
el |
&, ,\rm K i L (excluded by other
| R TR . [ O £ -0 0 W - reasons) ...
W et et et e m"_ ";2:-:’81 et ae't pe't 1™ 1ot 1 -3 Tl ] el i |
L. Thompson # 2ty M ]
' Wity | WA el
ARENA2008 S. Danaher, ARENA2010, .| o
and S. Bevan, Theses d0i:10.1016/j.nima.2010.11.075 “I |
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«1 Long term measurements of acoustic
Cable from shore background noise in very deep sea
N c 1) rI

H¥:=32m

"y

Height from seabed :
H1, HZ H4: - 26m

In collaboration with Uni-Pavia CIBRA

4 hydrophones (10 Hz-40 kHz bandwidth) synchronized.

Acoustic signal digitization (24bit@96 kHz) at 2000m depth. )

Data transmission on optical fibers over 28 km. [20:43] kHz band is

On-line monitoring and data recording on shore. 54+272 +0.3 mPa
. stat syst

Recording 5’ every hour.

Data taking from Jan. 2005 to Nov. 2006 (NEMO Phase 1 deployed).

The average noise in the

From G. Riccobene:
ARENA2008, VLVNT2009

also: arXiv: 0804.2913
" Next step:
| Depth=5605m

‘ L=341£005m
| Size=9.72-10.50 m

| Young male or female

See also G. Riccobenes talk at this

. presence of sperm whales NT=MD conference

6.12.2011 Technisches Seminar - Zeuthen 35

Listening from top to
down,
prototype device at

#§ March 2011 :
§ prototype acoustic
B string deployed

An acoustic detector
for background studies

° tetrahedral antenna 1.5m
l * 4 hydrophones H2020C
ISETINT200 | e 4-ch, 195kHz, 16-bit ADC
- ® one-plate computer

K] e ® 2 Mbit DSL modem

| Onesignal from the
deep layer of the Lake

Antenna with
4 waveguide

Em-wwm_%\grmw‘\-;ﬁ:—-r bt hydrophones
- o | Ve
=E~W-,.'wm~,wb-ww4w~ M Vladivostok State
- " University
! i bl "'“"'Q A Data taking
R—- ongoing'
1] P RORTE R w Bt g SN VYT o
Noise lovel, RMS (mPa] F‘ e i B e | first results

soon —
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The AMADEUS System

Acoanse ey

L

H
“mauwunmu-n

since 5-Dec-2007 Noise strongly
*+ completely installed

(Ha}
“Power Spectral Density of Noise ¥ )
5 - B correlated with
since 30-May-2008

eI ST oz JAAguHaretal NIMA 626-627(2011) 128 weather conditions

“pingars” (acoustic RxTx) on eac Vo, st data from &-Sep
p—— 24-Dec 2008

36 sensors at 6 storeys

(1 —350m distance, 34 active)
16bit @ 250kSps sampling
~-125dB re 1V/uPa sensitivity
~85-90% uptime

AMADEUS Source Direction Dlstrlbution

Source Direction Reconstruction: A Delphin
most

3
¥
2
i

. Ampiitude {au)

nuonztmr . . ’
Beam forming or time difference ' ‘
algorithms used, uncertainty < 1 degree R.Lahmann, ARENA2010

6.12.2011 Technisches Seminar - Zeuthen ~d01:10.1016/.nima.2010.11.157 37

<N 4 strings in
IceCube holes

Pinger holes (-]
o °

o @ | instrumented e gom & 7
& depth: pra

‘ 80'm - 500 m _‘
= | per string:
. — ‘ 7 stations with

sensors
transmitters

R Abbasiet al APP 34(2011)382
R-Abbast etal,; APP 35(2012)312

Noise conditions: Sound speed

St e e A S I T [ mm— o ST e
Gaussian, :wi i ot :_;:
Stable b= Lo g P

! 1 - : ‘: . o z l .-

Below 200 m e R i T i f L ’ ':,“‘.\

SR ). - two combinations - L :;";":";;r;! TITTIIR * {LE)
“owe O\ [Emm] | @td25midistance * * .7 ¢ " SR e | = 15 3
L - accuracy < 1% R I U B )

/ \ - first in situ measurements 5 methods:A=300+60 m
4 Irlﬂmd:-ﬂ \ for P and S waves at SP No evidence for depth Only from identified
- _]r Mepme o8 1I v (375m) ~3878+12 m/s or frequency dep. sources, connected to
B L B IceCube detector

Vs (375m) =1975.8+£8.0 m/s construction

6.12.2011 Technisches Seminar - Zeuthen 38



10°F
105 E_ ...............
. 10° e o
5 10°F
- =
; 102 :E_ R oS S
L =
g 10¢
- =
—_— e
& = D
- 1: == SPATS12,70mPa,measured ,
S 107 - m- anman G
w .,E FORTE
n GLUE
1 v E SAUND Il
1 0 3: sre -- ;:o:;:;udsl. Auger
|- | = Proton Model, Hires
107%E] - Mixed Comp. Model, Hires
E — ESS model (2005)
10°°

107 10® 10° 10'° 10" 10210 10" 10'° 10
Iogw(Ev!GeV)

R. Abbasi et al., APP 35 (2012) 312
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scientific
case
for
acoustic
and
radio

detection

» § of
* . .ga Ultra-high
2 -ergy

.neutrinos

Technisches Seminar - Zeuthen 40



e
- . = d

| Get new insights from the study of ultra-high
energy neutrinos above ~10'7 eV about:

- Astrophysics
- Particle Physics
- Cosmology

e s - Basic symmetries

6.12.2011 Technisches Seminar - Zeuthen 41

One example — the GZK mechanism:.

Cosmic rays interact with CMB photons and nroduce = throuah A*
Fresonance 15 185 19 195 20 205

E7 NE) [km? vt set eVe)

(orpy—>pn® nov)
! *  Auger combined
' F —Fit

F -~ Proton, f=2.6, m=0
[ = Proton, f=2.3, m=5

E, = 2mym, +m,° 4.10“eV I .'{;"Im' HJ'.‘TT 3
4e % 4 " Enagyiev)
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

6.12.2011 Technisches Seminar - Zeuthen 42



BZ neutrinos from cosmological distances point back to the
UHECR sources (within a GZK length precision)

CR Source.

< 3 degrees for
a source at 1 Gpc

“GZK sphere”

6.12.2011 Technisches Seminar - Zeuthen 43

eavesdrop up to the
borders of the universe

6.12.2011 Technisches Seminar - Zeuthen 44



use the ,geotron” to send a neurino beam pulse
location and time of pulse are known
measure V, = f(p;,Ad;)

™ THE GENIUS
" PROJECT

— 5-50 kM —e

Geologlcal N acoustic detectors
—'—‘—-—F—-'—‘-\_.---.-...-_“ﬂ‘““-ﬂ'_“--h—-._
Exploration by p—————
Neutrino
neutrino beam £t a0 M.
Induced = :
Underground ES ,;*;:.z:t:x:.,:;s Rt
Sound 7
6.12.2011 Technisches Seminar - Zeuthen 45

After succe&sful 0|I dlgglng
-2 two pOSS|b|I|t|es

Nothing is more difficult to
predict than the future!

Niels Bohr
6.12.2011 Technisches Seminar - Zeuthen 46




