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B The Extremely High Energy Neutrinos (>107 GeV)
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Top-Down neutrino flux models
— _— ZBurst

Shed light on the EHECR origin

Top-Down SUSY

E? dO(E)/dE [GeV cm™ sec! sr-]

<> Source position o e
<> Composition (proton/iron)? we

<> Source evolution e

IceCube: ~1 event/year expected - s

-> MORE wane d | log (Energy/GeV)
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B Radio wave

<> Attenuation length of the south pole ice

<> Optical: ~100m
<> Radio: ~1km

<> Easier to make a bigger detector in an

economical way

<> More information needed for the

precise modeling

K. Mase

Barwick, Besson, Gorham Saltzberg,
J. Glaciology, Vol 51, 2005, p 231
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Saltzberg et al. PRL 2001 depth (radiation
0 10

B Askaryan effect
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<> : Askaryan predicted coherent radio emission
from excess negative charge in an EM shower
(~20% due to mainly Compton scattering and
positron annihilation)

— Askaryan effect
(power oc Ag?, thus prominent at EHE)
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. AN ITA (Antarctic Impulsive Transient Antenna)

» detects radio wave from showers using Askaryan effect

» view: 1.5 M km? ! (Tokyo-Hakata: 880km)
» sensitive: 0.2-1.2 GHz
» 2003-4: ANITA-lite (2 hones)
» 2006-7: full ANITA

35 days, 3.5 orbits, good data: ~10 days
» 2008-9: ANITA 2

live days 28.5 days

balloon at ~37km altitude

cascade produces
UHF-microwave EMP antenna array

\ ?/ on payload

|
|
|
l

earth

\\\

~600km to horizon

1-3 km observed area:
~ 6" ~1.1 M square km
N Cherenkov cone
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B Next plan - Askaryan Radio Array (ARA)

Askaryan Radio Array

9kmXx9km

clean air sector

lceCube

- —
-—

- ® quiet circ

|ARA Station & Antenna Cluster |

'wso mSta”c’”fj'_f“‘_@ffv To DAQ/power hub
/)-7;1 > — ~LNA + Equalizer
\ housing
10_559»{ \\ Vpol
| | antenna
3 / I"'} Hpol
200m | E i/ | antenna
a1 |1 N\ L)
\\,/v \—_ %rlﬁgvr\llr?; pair
- D'(;v;/h_rzl-é.éonfiguration

Antenna cluster !

Lagend: @ Power/calibration/comms, station
{3 Antenna cluster station

N power/comms cable interconnects
Q DAQ central counting house

quiet sector

37 string clusters
<> Each cluster has 4 strings of 200m depth

<> Each string has 2 Vpol + 2Hpol broadband
antennas (200 MHz - 1 GHz)

<> Total surface area ~80 km?
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B The ARA sensitivity
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(*) Yoshida et al., ApJ, 1997, m=4,Z__ =4
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B Test at the south pole this year

<> Test bed

<> Pulsar (calibration source)

Power and

Comms hub
A =k
< Windmill test ARA station 2

(2012/13)

—> one of three is working properly et

<> Drill test - no problem

IceCube



ARA TEST BED ASBUILT

SURVEYED ON 12/31/10 & 01/05/11
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! x SPARE 2

C&K’;EERNTQIXC \l . BH1

CABLE

ARA TEST BED CABLE—/

@ Deep borehole, bicone+BSC

SURFACE ANTENNA #1

@ Surface discone+batwing

@ Deep borehole, quad-slot Hpol

A Deep BH cal, bicone+BSC

A Surface cal, discone+batwing
[ ] Surface low-freq. antenna



B The event rate

-] L ] LI l T I L I L I L l-

o [ {1 < Very quite!
< Trigger rate: 2-3 Hz
0 — — <> 1 Hz: calibration source
¥ sk H <~ 0.5 Hz: unbiased data (forced trigger)
g <> Remaining: thermal noise
s 1 <% Live time > 95%

Wil

- .
o I — l 0 l b — l L1 l |- — l L L

16 18 20 22 24 26 28
day of January 2011
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B Time resolution by using a calibration source

mV V-BHI mV ~EHz Raw data
200 T T T v T 500 . v v
| W« 0 “I"MJMNMWWWMMA—"" \
ot W .
L Wﬂ I
| 4\ | -500
J
-aj:l 1 1 1 1 1 .IUDU N 1 y 1 N
0 50 1D 150 200 280 30 NS 0 20 250 300 NS
= 1 1 I C]ross correlation
ol— I - ~ S \’II‘ \I ‘r } \h)‘ \ \ 'I ‘{ H J“U""n-v“‘,_;".. "",_"""LH‘F".’{ "'\’/L'L' "".““ _ A ‘ PV W, ‘ || ‘ ‘.’ '.‘ r'\ N v = “~ |
s | | | |
I — I_V—BHI1—BH2
3 ......................................................................... GaUSSIan ﬂt .
. mean=5.30 ns
<~ Resolution of ~170ps s dev= 0.17ns
] S fraisenien S - 501U USROS FOORROOOE OSO S _
<> Uncalibrated data used : : | :
% Should be better ‘g ............................................................................................. -
<> ~3cm resolut—ion EE ................................................................................ i
<> ~0.3° angular resolution with 10m SO OO SO O I K0 T O o v OO SO SO 1
antenna separation
K. Mase 2011.03.09 24th Neu aio T R T . S

BH1 to BHZ delay, ns



B The DAQ system

_________________________________________________________________________________

! Waveform Sampling

Station Controller

Rt ~ Mg pegenpiflifpeny — g, Syl DRSS,

equalizer

]
I
i ASIC (IRS) Power
% Trigger/Control
- cTrL _ FPGA Local bus Station Trigger
L
'] i State String 1
" - Machine PG
E E fCIK | RefClk
: I B : :r_“E String 2
E i ** Thresh DACs Event Buffer RAM ! "_-_____:<—
0 i—‘ - String 3
| e _ ]
= {ml Veto High T ,

equalizer | Trig == WF High WF Low Deep RAM i
PISSA . —= WF Low .

NA___ 200m || p
i Fan-out
-
L

<> 2GSa/s

<> GPS will be used for the absolute timing (~10ns)
<> Rubidium clock will be used for the better stability (~500ps@1s

required)

<> Wireless will be used for the communication between stations

(~1Mbps required)

K. Mase

quiet sector

2011.03.09 24th Neutrino seminar

Ice Radio
Sampler (IRS)




B Required time resolution

Simple assumption
[ [ hsin6
c/n cln I
At=hCOSHAHs6OOpS \\\ L h=10m 'L
cln M l r& 0
(AO=1°, h=10m, 0 =45)
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B GPS test

antenna

Time difference | Entries 6982
Mean -10.76
*®F RMS 4.692
600 %2 I ndf 40.26 / 41
C Constant 622.4 9.0
- Mean -10.75 + 0.05
500 { _Sigma 4.45+0.04
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300: LK | 5 ‘L'
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100 HJJL ¥ ! / L.,[H“
Ehﬂ'r TR A}. L1 L1 k.a_n L 1‘1-11’51_“ i RN BT
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K. Mase

Time difference [ns]

Time difference [ns]

4 & 88 3 o 2388 8 3
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< i-LOTUS M12M (successor of Motorola)

<> Resolution (wo correction): 9.2 ns

<> Resolution (with correction): 3.1 ns

<> No degrade seen by satellite number

2 satellites
3 satellites

ours

|

o
TTTTTTITTITT

I 1000 L

2000 3000
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Time difference [ns]

B GPS test in a freezer
-40°C

| Time difference | Entries 9061
Mean 14.93
= . RMS 13.11
4501 2 I ndf 70.67 /27
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350 - . . _Sigma 7.59 + 0.11
= with correction |
300 f ;
250 [‘J_m
2001 . .
- <> Resolution (wo correction): 10.0 ns
150 F I
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B Rb clock test

antenna i

Accubeat AR133A
<> 1 second Allan deviation: 3 x 101" (30 ps)
<~ 1 PPS input possible

Time difference between events 1pps
| Time difference I Entries 436 ¢ 1 PPS and 10 MHZ CIOCk Output
= — Mean -0.117
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20F .
E A 1 second Allan deviation of 3.8 x 10-" (38 ps)
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time difference [ns]
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. Rb clock test with GPS inpUt Total spread: ~5ns

| Time difference | Entries 536100
* = Mean 75.95
30000 n L RMS 7.423
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B Rb clock test with GPS input at low temperature

< The Rubidium clocks and GPS were
tested in a freezer (-40 deg.).

< The results did not change.

-
o
&

Allan deviation

Allan deviation:

-
o
[~

ay(r)—z(m 1)E(y,+1 )’

Indicates the deviation for the time scale

1 sec Allan deviation: ~3 x 1010

(better taking out the outliers)

2 3 4 5 ) o
10 10 10 10 st] Maximum Allan deviation: ~2 x 10-°
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B Wireless communication test

£

Image © 2011 TerraMetrics
Image © 2011 GeoEye

ey Data © 2011 MIRC/JHA

Ef§ MG H: 2009/10/16 & | 2003 35° 41'28.44" N 140° 40'24.63" E %

J57: B FH BX B 0.1,32m
WEOSH: BEM 6.23 km BEOLR/FE: 37.0m, - 450 A 22.6%. -F4SEFEHR: 078, -1.2%

lioka light -




B Throughput

Conner to Conner (ANT24-2100) at 2.75km

)
E160 = Throughput |
3 [ Entries 241
(&) - | Mean 22.29
140 | Rms 0.9256
[ | %2/ ndf 10.14/3
— | Constant  162.7 + 13.1
120 | mMean 22.41+0.04
| sigma  0.5594 + 0.0271
100—
80—
£ 22.4 Mbps :
601 L
a0 Sigma 0.6Mbps ' |
20— ‘l
: J-"IIIIII“'-JIJLIJLlJLl

LIJLIJLIJLIJLLJ
%40 12
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g § — 'Throug'ﬁput
3 8ofF- &
— RMS 2.285
[ 2 | ndf 2797 /12
70:_ éons‘l’am 59.539:.':.56
60 4.4 Mbps Suma 1422 0080
50 Sigma 1.4 Mbps
a0E
30
20
101 -
0: llllIlllllll;.-MJleJllJL
0 2 4 6 8 10 12 14 16 18 20
Throughput [Mbps]

<> The throughput is enough for our purpose!
< Tests at low temperature will be performed.




B Further plan

¢

¢

<>
¢
<>

K. Mase

2011/12
< ARA station 1 A @111
< Performance demonstration
< Test wireless and remote power A e,
2012/13 A A—XK
<~ ARA station2 A oy .
<> Performance demonstration i
<> Deploy 7 more stations? A
A
Total 9 stations are funded.

Need more fund to realize the full arrays (37).

Hope your cooperation!

2011.03.09 24th Neutrino seminar
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B Summary

» The ARA project has just started in order to reveal long
standing mystery of the EHECR origin.

» The first equipment was deployed at the south pole.

» The first data indicates the excellent performance. (0.3°
angular resolution)

» Tests for GPS, Rubidium clock and wireless was performed.

The performances satisfy the requirements.
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Backups
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Station Data Reduction (self-trigger)

Raw Signals

Level-1 Level-2
Prioritizer?

(+compress)

Antenna Station

G o
Full
band
100’s kHz (L2L) 10-50Hz
100’s Hz (L2H) @ 8kBy/evt
= 60-300kBy/s
A ~MHz (L1L)
A ~ 0.1MHz (L1H)
16 RF channels WF data = 80%
@ 1.5By * 2GSals HK/trigger timestamp = 10%
= 48 GBytes/s High-level req = 10%
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10Hz WF events/link

ARA Trig/Dig Electronics - 17-AUG-2010
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