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Introduction

o\Why are we Interested In detecting high

energy astrophysical neutrinos?

(a) The neutrino Is weak Interacting. Its arrival
direction points back to the powerful source
In the universe.

(b) The detection might help to unveil the
mystery of cosmic ray flux beyond GZK
cutoff.



Discrepancy yet to be resolved!
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o\\Why are we Interested In tau neutrinos?
There are not direct detections of
astrophysical tau neutrinos so far.

e\What are the current suggestions for
astrophysical tau neutrino fluxes?



Tau neutrino fluxes

1e-08 T T T T T T
Galactic plane
Atmospheric -------- |
GZK -
AGN
1e-10
1e-12
@
=>'2 1e-14
- — AGN
Tig
1e-16 [~ |
1e-18
1e-20

10

Log(E/GeV)

AGN v_ inferred from Kalashev, Kuzmin, Semikoz, and Sigl, 02
GZK v_ inferred from R. Engel, D. Seckel and T. Stanev, 01

H. Athar, J.-J. Tseng and G.-L. Lin, ICRC 03



e\/arious strategies to detect high energy tau
neutrinos or other types of neutrinos:

(a) with large underground water Cherenkov
detectors---AMANDA, BAIKAL,lceCube,
NEMO...
(b) with air-shower detectors (Fluorescence
or Cherenkov)---Auger, Ashra-NuTel...
(c) with radio wave detectors---ANITA, SalSA

| will mainly focus on (c)



Radio array In salt dome
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e Radio signal from

the showers 1
— Cherenkov angle is 5
large ~66°! =
S 3
 Undergroundsalt < Antenna array
s 4
dome 8 Halite (rock salt)
. . * L,(<1GHz) > 500 m w.e.
— Higher density 5 55 . Depth to >10km
i * Diameter: 3-8 km
than water/ice 6 * Vst ~ 100-200 km?3 w.e.
— Good transparency « No known background
. . 7 » >27 steradians possible
to radio signal

Figure comes from Peter Gorham,
talk in SLAC SalSA workshop, Feb 2005.




The signature of high energy v,

1st shower: neutrino-nucleon scattering, this shower carries
0.25 of neutrino energy.

2nd shower: t decays into hadrons, this shower carries
0.75*0.6=0.45 of neutrino energy

2 showers separated by roughly 50x(E_/10°GeV) m

Learned & Pakvasa, 1995; Athar, Parente, and Zas, 2000.



Monte-Carlo simulation of neutrino
INnteraction inside the Earth
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The tau lepton loses its energy in the
medium through 4 Kinds of interactions:

(1). lonization (o): the tau lepton excites the
atomic electrons. H. A. Bethe 1934
(2). Bremsstrahlung (B):

T T

A. A. Petrukhin &V.V. Shestakov, 1968
A

(3). Pair Production (B):

T

R. P. Kokoulin & A. A.
A Petrukhin, 1971



(4). Photo-nuclear interaction:

F>(x,Q%)

Basic component

The nucleus shadowing effect is considered:

FzA(X’QZ)

AAXQ) = oY

Brodsky & Lu, 1990; Mueller & Qiu 1986;
E665 Collab. Adams et al., 1992



Tau lepton ranges

1.E+05 | ]

. 1E+D4 %ﬁ
E o

O 1.E+03 Water [

E“I.EHJE el —oalt b

o | E+01 / Fock i

—lan
1.E+00 ' '
1.E+05 1.E+06 1.E+07 1.E+08 1.E+08 1.E+10 1.E+11

Energy (Gel)

Tau lepton energy loss is treated as stochastic, as opposed to
-dE/dX=a+fE.



MR

« MR: Medium Region

— Sphere of 5 km radius,
under 1km of rock.

Salt dome
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The Detector (|n3|de I\/IR)
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» The detector array: 12 x 12 strings on each surface, 12 nodes
per string (8 shown), 225 m spacing.
— Total volume (2.475km)3=15.16 km? = 32.83 km? of w.e.

— Figure and specification come from Peter Gorham, talk in SLAC SalSA
workshop, Feb. 2005.



Toy model for detector simulation

. dE,. E
Shower energy distributed over hit _ ; “sh p "4
Cherenkov cone and suffers from da 27 SIn aAa
attenuation.
— Assume A=300 m, 600 m, and
dEmin Eth -1

900 m respectively

— Aisbetween 250 mand 900 m. da B 27102 sin aAa
Gorham et al., 04

Antenna trigger
- dE, /da > dE, . /da
Array trigger
— 6 antennas triggered.

a=66° da=5°




Results -1

e C0sO vs. shower energy: all events
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Results -BH-1

e C0sO vs. shower energy: all events
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Cos(theta) vs log, (E_)




J. L. Feng and A. D. Shapere 02 4+n dimensions of space-time

eJ. Alvarez-Muniz et al. 02
L. A. Anchordoqui et al. 03
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~4 particles at 108 GeV

v+N = micro black holes 2 = .
~6 particles at 10° GeV

Take n=6, My=2 TeV for simulations



Results -2
* C0SO vs. shower energy: E,;=10° GeV, A=900 m
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Results -BH-2

* C0SO vs. shower energy: E,;=10° GeV, A=900 m
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Results -3
* C0S0 vs. shower energy: E;=10° GeV, A=300 m
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Results -BH-3

* C0S0 vs. shower energy: E,=10° GeV, A=300m

-1
5 55 6 65 7 75 8 85 9 95 10
Cos(theta) vs log,(E,.)




250

200

150

100

50

AN |

E,=1015 eV)

All events

A=900 m

_.'J||.“-| e ey el
08060402 0 0204 06 08 1
cos(theta)

600

500

400

300

200

100

D =
5 55 6 65 7 75 8 85 9 95 10

log, (E_, GeV)

Event numbers differ significantly between A=300 m

and A=900 m.

Vertical axis Is in relative scale



e Event
numbers/yr at
E,, = 10° GeV

5/(2®3)=c\/0cc

T Al A
Type | CC | deca
y | events | 300m | 600 m | 900 m
Lot | i | 258+ (05950 | 2.420. | 7.9:0.
05 | .08 2 3
o | oo | oo | 1828 | 1220, | 3.620. | 5.2:0.
0.4 1 2 2
o | i | oy | 301E | 2020, | 5650, | 8.940.
0.6 1 2 3
s L out | ot | 23:9% | 0.3820 | 1.740. | 10.040
05 | .06 1 3
17.9+ | 09640 | 3.140. | 5.3+0.
o |NCH x4 | 10 2 2
- 110.9 | 5.1+0. | 16.3+0 | 37.3+0
+11 | 2 4 6




Event
numbers/yr,
A=600 m

Eth

Al

Type | CC Jdeca | o onts 106 Ge\/ 3x10° 10’
y GeV GeV
1 | out | in 25'§i0 24402 | 1.3+0.1 | 0.840.1
> | in | in 13'ii0 36402 | 27402 | 1.940.1
3 | in | out 30'(1;0 5.640.2 | 4.440.2 | 3.140.2
4 | out | out 23'gi0 1.7+0.1 | 0.940.1 | 0.6+0.1
5 | NC | x 17'2i0 31402 | 24402 | 15401

110.9+ | 16.3+0. | 11.6+0.
Total 11 4 3 7.8+0.3




Double Bang events

e Type 2 event are
fully contained inside
MR, but not both of
the two showers
could trigger the

detector
~0.1/yr for

A=300 m, g

E,=100GeV o8




Concluding Remarks

| have presented the motivations for high energy
tau neutrino astronomy.

* The tau neutrino shower event rates and their
angular distributions in the rock salt are
presented. The event rates vary by about one
order of magnitude from A=300 m to A=900 m.

* The v_and t propagations inside the Earth are
simulated in a full detail, while a toy model for the
detector Is used to obtain the event rates. However,
one gets an idea on the geometric capacity of the
SalSA detector.
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