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B Radio wave through Askaryan effect

v 1962: Askaryan predicted coherent radio emission
from excess negative charge in an EM shower
(~20% due to mainly Compton scattering and

positron annihilation) — Askaryan effect

v 2000: Attempt to measure Askaryan effect with
Argonne Wakefield Accelerator (AWA) (P. W. i
Gorham et al., PRE 62, 6 (2000)) G. Askaryan

v' 2001: First experimental detection of Askaryan O —
effect at SLAC with silica sand (D. Saltzberg et al., 'E @ 1E o E

PRL 86, 13 (2001)) : f :

-7
ot —

v' 2005: Observation of Askaryan effect in rock salt at
SLAC (P. W. Gorham et al., PRD 72, 023002 (2005))

o
|
|

v' 2007: Observation of Askaryan effect in ice at
SLAC (P. W. Gorham et al., PRL 99, 171101 (2007))

o E(Vm™ MHz' at 1 m)
-©

v" We will measure the Askaryan radio wave using - . -
the Telescope Array (TA) LINAC and use it for end- BT T T T

104
to-end calibration of the ARA detector shower energy (eV) frequency (MHz)

o
I
|

D. Saltzberg et al., PRL 86, 13 (2001)
K. Mase ARENA2014, 12th, June, 2014 2



B Askaryan Radio Array (ARA)

<> Designed to observes high energy
neutrinos above 100 PeV Askaryan Radio Array

<> 37 stations (3 stations deployed so far)

<> Each station has 4 strings of 200m depth

clean air sector

<> Each string has 2 Vpol + 2Hpol broadband

antennas (~200—-800 MHz) IceCube

<> Total surface area ~100 km? | X unway
R c—|_uiet circle
[ARA Station & Antenna Cluster ‘
T Station Controller _ Station Area
W T - To DAQ/power hub
\"/\ wﬁotgggallzer quiet sector
10‘559& I Vpol
i  antenna
3 | Hpol
200 mr 777777777 ! antenna
2 b ‘ ";‘ po— @ Power/calibration/comms station
Calibration // < Antenna cluster station
antenna T . Lower . powericomms. cable interconnects.
. antenna pair < DAQ central counting house
- ‘ Downhole configuration
~ Antenna cluster Astroparticle Physics 35 (2012) 457-477
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DAQ at
surface
in-ice
optical fiber  _
(~200 m) 40 dB

calibratg these |

l detector
band-pass
filter

~40 dB E\lZI

| Antennas |

S

K. Mase

Bicone
150-850 MHz

ARENA2014, 12th, June, 2014

|ARA Station & Antenna Cluster |

™ Station Controller | 1, DAQ/power hub
LNA + Equalizer

[ ~.50-80m /
<7 &= NA + E
‘ A housing

‘ f -p'I | / ™
10450.m Q Vpol
antenna

Hpol
| 200m antenna
‘ 10-50

antenna Lower

antenna pair

Calibration t

Downhole configuration
Antenna cluster

| § V-pol antenna

H-pol antenna
Quad-slot cylinder
200-850 MHz

Gain similar to dipole
(+2 dBi)




B End to end calibration with the TA LINAC

LINAC at Telescope Array (TA) site @Utah

Antenna
s

A .
\ lce (~100 kg)

"Electron Light Source

¢ “6m mil k Generator (80 kW)

o

Cooling unit container

Control room
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B TA LINAC

v 40 MeV electron beam Electron beam

v" Maximum electron number per 350 ps o 57 bunches
bunch: 10°
v" Pulse frequency: 2.86 GHz — —>

— pulse interval: 350 ps 20 ns
v" Bunch duration is 20 ns

_ T. Shibata et al., NIMA 597 (2008) 61
v Output beam width: 7 mm

S-Band Klystron
. . . RF:220W Low Power RF
RF:~40MW  (2856MHz) e
v" Trigger signal available  _ioweue — ,
Electron Gun 2 High Power
HV Station I Pulse Modulator Inverter Power
ly(M
Output /SUJQ DINEEY)
Max 110MW — E-Beam
40MeV
]
Current
Phase Shifter e omw 500Ls " Monitor
&Attenuator — Phase lon Pump Screen
Current RF:20kW I / Monitor Slit
Monitor
-
Magnet VacHUm duot Current
Lens Monitor

_—

! ( =
l _hof A i \\ 2m- Tube(2m) . ,
N =y |
\ \ \ / Pre-Buncher(0.2m)+Buncher(1m) Steering Coil Quadrupole Bending
e-Gun E=100keV \V—Helmholtz Coil Magnet
Steering Coil
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B Electron charge excess distribution

v Simulated with GEANT4

v 10° 40 MeV electrons

v Medium is ice

v Most of particles stop in 20 cm in ice

v" Compton scattered electrons above

20 cm by gammas produced through
Bremsstrahlung (a few percent)

K. Mase

10°

10°

\

10°

107 E

: Charge Excess
C e 3
3 \W j:
E, ‘ s
0 0.2 04 06 08 1 1.2 14 16 1.8 2

)
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B Angular distribution and the target structure

PRD 72, 023002 (2005)
‘RE (f )‘ =27t QLS sin G~ cos0-1m 12

~N

/:~ output
/1 zenith angle
|

——

Q

v" Rough estimation with a Gaussian of

—_ |
L =6.8cm angle in target
v" Angular distribution is wide due to short !

electron charge excess distribution

——

Peak is not Cherenkov angle (56 deg.), | Anfol:f.rudis_tribm_ion |

but shifted due to the sin(0) term
(effective shower length)

AN
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The support for the ICE at TA-LINAC

rubber sheet

side view
ICE: 0.3 x 0.3 x 1.0 [m3]
90[kg]
wood surface view
er sheetings

g A
S
=

iy 300mm 3,200mm

. -
900mm
wood

a sheet to prevent leakage
Rubber or acrylic plate or just a blue tarpaulin type of sheet




B Antenna support structure

| Angular distribution |

Y

K. Mase

S 1a0=-400-MHz
S : S AN NAL D
3 "°F 600 MHz o
< 140
“Cg00MHz A W
100 T -\\\\\
80
E /
603 /// ///
20 7z
0162050305060 708090

Angle in target [deg.]

fle inice: 45 deg. V-

pol

Target ~0.3m !
ice (n=1.78) A,
eCh= 56 deg '
R S | B s 1
[ electrons
<
6m
o Satisfy far-field diti
Electron Light | >2"SY fartieid condiion
Source facility
v

H-pol

2.2m
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T can be
extended to
~12m
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B Expected electric field /\ |

Electron beam ok Charge Excess
350 ps 57 bunches i
ee e “F
0 0.2 04 06 08 1 12 14 1.6 |81E"|2/
Calculate E-filed according to Jaime’s prescription (the Form factor)
—~ oA [ nR 1 ncos6
A(O,t) = “ sin pr dZQ()F,|t—-— -7 |————
4R = C 1% C
Jaime et al., PRD, 84, 103003 (2011)
i S L LA R B B A na s RS EEAN RN LA RS AN R
= [ Expected E-field 1 2 [ zoom-in :
T 015 - & oas- -
0-13— —f 0.15— —f
0.05; —f o.osf— J é
o — :
-0.053— —f -o.osf— E
o ® > : ]
01_ L L . I 1 1 L 1 | 20|nsl 1 L L . I 1 1 1 1 ] -01: 111 I 1 11 1 l 1111 I 11 11 I 1111 l 1111 I 1111 I 1 1 ll__
40 45 50 55 80 ime [ngf 41 42 43 44 45 46 47 48 49

time [ns]

K. Mase ARENA2014, 12th, June, 2014 11



B Expected signals

K. Mase

v" Antenna, LNA and band-pass filter included

v Multi pulse

structure disappeared

v" Waveform changes by including the phase information

v" The detector response can be calibrated from the waveform shape

o
o
=

0.03

Voltage [V]

0.02

0.01

Signal after antenna, filter and LNA

-, Withoutphase effect _
- ~ With phase effect

0 20 30 40 50 60 70 80 90
ARENA2014, 12th, June, 2014 Time [ns]
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Top antenna

B Antenna transmission coefficient

v" Measured by network analyzer
v" Simulation with XFdtd
v" Measurement consistent with simulation

v The difference of top and bottom antenna due to pass-through cables

= N
)
g -
t I -
(] -
o)
o — ‘|
g 08—
% - !
= - Bottom antenna
wn — 1
S 06—
B — .~
04—
: meas. bottom
o2— my: - eeeeea- simulation bottom
B ——— meas. top
I e simulation top + cables
| | | | | | | | | | | | | | | | | | | |
OO 400 600 800 1000 1200

frequency [MHz] 7
K. Mase ARENA2014, 12th, June, 2014 13



directivity (dBi)

K. Mase

-10

-20

B Antenna pattern

v" Same results from two simulations (HFSS and XFdtd)

v Measurements are on-going

400MHz

simulated HFSS

simulated XFDTD

400 MHz

<

60 80 100

I I P T |
120 140 160 180
angle [deg]

directivity (dBi)

600MHz
5 simulated HFSS
C simulated XFDTD

oF

.5}
10~
-15f 600 MHz
20l ! L P IR R SR S|

80

100 120 140 160 180
angle [deg]

ARENA2014, 12th, June, 2014

directivity (dBi)

HFSS
XFdtd

800MHz
5 simulated HFSS
- simulated XFDTD
o~
5
10—
13 800 MHz
2oL P U R AR BRI B I
0 80 100 120 140 160 180

angle [deg]
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B Transition radiation

v

<X

metal

K. Mase

Transition Radiation (TR) was a severe background for the

experiment performed by AWA

Several places where TR is expected

At the beam end cap (metal — air): only vertical direction

Air — ice: TR suppressed because electrons terminated
before the formation zone. The angle closed to the

Cherenkov angle

Ice — air: less electrons. The angle is close to the
Cherenkov angle — metal plate to reflect TR?

Evaluate more precisely with simulation

4 metal plate to reflect TR?
I

20 cr; hole
40 MeV el

Electron
Source f;

log(Joules sr=' or Joules)

pctrons

Light
acilit

ARENA2014, 12th, June, 2014

Formation zone

2nrfc

L. =
/ (1 -n,BcosB)

~ A

P. W. Gorham et al., PRE 62, 6 (2000)

Illlllllllllll'lll
Al-»sand b

angle (degrees)



B Summary and Future Plan

AR NEE NEEN

<X

npw

We are planning to observe Askaryan-like radio wave at Utah with TA LINAC
The ARA detectors will be calibrated end-to-end
If we understand the detector, we can investigate the Askaryan effect

Rough design for the measurement such as the target and the antenna support
structure

The expected signal was calculated with simulation

The antenna measurement and simulation performed for the better understanding

This proposal will be discussed by the TA collaboration

If approved, we will perform this measurement this winter

<€

Calibrate all detectors (antennas, LNA etc.)

K. Mase

>

Estimate with simulation

ARENA2014, 12th, June, 2014

| | M |
July 1 August Sept. Oct. Nov. Dec.
<« > < — > —> | <
Fixed the design Construcl structures Test in Japan preparation Measurements
P > and ship to U.S. in U.S.
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K. Mase

Backups

ARENA2014, 12th, June, 2014
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B The origin of Ultra High Energy Cosmic Rays

- LA AL R AL DL AL AL AL AL AL B AL L LA R A DL LA B L i i i '
o s Honocut PYazg P +X > W +V—=>e +V's
Lol T -
p% vy M
g:c-_: ** n...)
W ++¢. 'vvaYY*+ # @ G
& *tee %
”’J!:*id:* #
, LEIE Y . e
" _ | l I I T I [ I I I I _]
] 104 | PRD, 88, 112008 (2013) ANITA-TI2010) .
B RICE(2012) 1
'E 10-5 PAO(2012) v, limit x3
O T Y TR Ty S Ty =
log,o(E) (eV) 8 10-6
wn
. . . E 107 IceCube2012 P
Shed light on the UHECR origin S e N Sl
<~ Source evolution S 10*
—_ . —~ B Cosmogenic v models
<> Composition (proton/iron)? =TT S “engetetar |
ey e =
¢ Source pOSIthﬂ ~ > - e - Kotera et al. (FRII) ]
10-10 | - Abhlers et al. (max) |
lceCube: ~1 event/year expected L wwene Ablers etal. (best) ||
cf'" —_ Yoshida et al.
10-11 —“ .o' -
-> want MORE! L —— —
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B Askaryan effect

<> 1962: Askaryan predicted coherent radio emission from
excess negative charge in an EM shower (~20% due to
mainly Compton scattering and positron annihilation)

— Askaryan effect

’

G. Askaryan

small A add
destructively

Cherenkov emission (Frank-Tumm result)

d'w 4n2h@ .
dvdl c B’n’

in case N electrons,

incoming v \ e~ excess in shower

z=1 (not coherent) —» W oc N

large A add coherently 2=N (coherent) ~ —» W oc N2

Shower size << A to be coherent

Power oc Ag?, thus prominent at EHE (>~ 10 PeV)

Attenuation length in ice ~ 1 km
K. Mase ARENA2014, 12th, June, 2014 19



B Schematic of the ARA system

V-pol H-pol

-.
~50-80m
e
10450.m ]')

200 m

Calibration
antenna

Antenna cluster

Station Controller | 1o DAQ/power hub

LNA + Equalizer
“\ housing

Vpol
\ antenna

. Hpol
antenna

4 Lower

// antenna pair

Downhole configuration

system

optical fiber
(200m)

FOAM |-—|

DAQ at
surface

DAQ box

—— | -




K. Mase

VSWR

Transmission coefficient

B Antennas

V-pol antenna

Bicone
150-850 MHz

6 in Birdcage bicone in sand August 2010

[ rrrrr

---Megsured, no ferrite
——Meosured, with ferrite
—NEC2 simulation, n=1.5

-
P ST S N S SR SN ST T T T IS S A B

200 400 600 800 1000

LA S S S S B S S S S S B S B B

T SR R T S N S ST SR S S|

[ NN N W A e

frequency, MHz

200 400 600 800 1000

1.

Elevation angle 6
¢=0°

270°

90*

H-pol antenna
Quad-slot cylinder
200-850 MHz

Gain similar to dipole
(+2 dBi)

Azimuthal angle ¢ 0*
6=9"°

— 700 MHz 180°

90"
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B Current status and further plan

ARAZ3 event rate

ARA Stati L ,
* 0 0 O O  ARA37 g | f
Planned ARA s Cal. pulser |
Station O O O O O L Event
0O Planned for ° Total
2014/15 10 i
O O O O o @
O O 28 February 2013 07 March 2013 e
O
0O Planned for
2015/16 . .
O p < 3 stations operational
/ Skiway
0,0 ‘06 <~ 3 planned for 2014/2015

<> More to come

K. Mase ARENA2014, 12th, June, 2014 22



RIE(v,8)| (V/MHz)

K.

B Parameterization of Askaryan radio wave

10—8
5

g o
3 10
2

= 5
~~

L

=

=1

[

Eo=10 TeV

T

Full simulation

1
10!

104

10—6

108

10-10 [

Mase

Observation angle (°)

J. Alvarez Muniz et al., PRD 62, 063001 (2000)

Signal amplitude
E

em

17TeV

1
I+(v/v,

14

Vo

=253%x107 VMHZz™'

R|E(w,R.6,)

)1 44

v,=1.15GHz

J. Alvarez Muniz et al., Physics Lett. B, 411 (1997) 218
Signal spread
E(w,R,0) = E(w,R,0)e

2
—In 2( 66, )

AG

-0.03
2.7 % _Ey for E, <1 PeV
v \1PeV

AO =

03
- Vo Eipy

for E, >1 PeV
0.14E,+E,,,

v

v, =500 MHz

Incident particle energy — signal characteristics
Note: confirmed at SLAC
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B Why radio wave?

Barwick, Besson, Gorham Saltzberg,
J. Glaciology, Vol 51, 2005, p 231

| T T T | T T T | T T o
r (% R=0.1 } -
i B R=0.3 ¢ T=-50C - glal thickness)
F 0 R=1.0 3
2000 [ " Ean. | 4 R-0. } 3
- I TEERCEE ‘_“ ‘ R=0.3 All ice -
F - (4 R=1.0 .
P — . h. OTh:ﬁuigeh-aIr norm.,|
e T T
£ r g, T ot 2 1 < Attenuation length of the south
% i og. W aMoa pole ice
~ 1000 |- ’ —
T Y - <~ Optical: ~100m
P GO @t d < Radio: ~1km
500 . e A-% A. 2_
r 1 < Easier to make a bigger detector
oLl o v v by in an economical way

200 400 600
frequency, MHz
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K. Mase

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%

ARENA2014, 12th, June, 2014

10Hz WF events/link

ARA Trig/Dig Electronics - 17-AUG-2010
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B The DAQ system and trigger

Station Controller

e e e e e S i G e £ e S . S e S S i S e S e e S S e G e S i e

, String Controller Daughtercard (10f4) | Central Station
Vi 1 | rmmmmm—m—mm—————n
. Waveform Sampling : ! | |
o ASIC (IRS) : Power  [imimimyml  Power i
2 Trigger/Control i E i i
1 ! : : | !
E : CTRL FPGA Local bus E Station Tngger E i i
3! iRisisisiais St : String 1 |
N =::h = | Mucal::ne [ [“T]" i ) i ARA DAQ E
R fCIK ! RefCIK FPGA :uplmk: !
1 | R, — : '
1l x : String 2 :cn..nk: 1!
i Event Buffer RAM 1 | ___r=—] i ! N
¥ i 1| AmayTrg |,
1 P String 3 i i i
~ R ' i i
X Veto High ' i e ! E E
' - (I I ng
' WF High WF Low Deep RAM | ©___re—] . i ! IceCube '
x WF Low ; ControV/SEQ | | : :
U o
X ; GPS/Timing | | | E
¥ : | ! i Interface i
e S ST L S PR U O L S SRt et L L AR SR O . b e s e 1
e, ’ lce Radio
1-of-N Stations

Sampler (IRS)

» Signal split for trigger

» Triggered when > 3 channels in one polarization (8
channels) within 110 ns

» Digitizer 12bit 2G sample/s

K. Mase ARENA2014, 12th, June, 2014



B The ARA sensitivity

B ANITA-TI(2010) | i
104 [ .
- RICE(2012) -
-5
- 10 PAO(2012) v, limit x3
!t;‘J \
W 10° K
ah
S 1077 IceCube2012  __wfmeimrmimee, i
% S I Lo ARA 3yr
9‘ 10—8 — e, )
> - -"“‘ ogenic v models
a g I , ";
= 10-9 - - Engel et al. &
?:f = - Kotera et al. (FRII) -
10.10 | -.=.=.  Ahlers et al. (max) ]
N RS Ahlers et al. (best) ]
-11 | c".::' E— Yoshida et al. i
10 'o','
’ l 1 1 1 l 1 1 1 I L -
6 8 10
log (E /GeV) Sensitivity >10 times higher
0
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B Antenna calibration

K. Mase ARENA2014, 12th, June, 2014
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B Multi-pulses Vs. single pulse

K. Mase

|IIII|IIII|IIII IIII|IIII|IIII|IIII

IIII|IlllIIIIIIIIIIIIIIlIlllllIlllllllI

20 30 40 50 60 70 80 90
Time [ns]

OfTTTT

ARENA2014, 12th, June, 2014

29



