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B The ARA calibration with the TA-ELS (ARAcalTA)

Performed in January, 2015 at TA site, Utah

Purpose: Better understanding of the radio Vpol antenna  _—

—

emissions and our detector //,/ ~ Hpol antenna

We measured h l l

<~ Polarization §

<> Angular distribution ARA Vpol

<~ Coherence antenna | A

150-850 MHz ' | LNA + filter (230-43
ARA antennas :«»“" ( Dt y
(1 vertical and 1 horizontal) 47 (target - antenna )
) 7 d 7.3m
coherent radio wave Ice ta rget
p from electron shower
oo
\
electron ' @
< " TALINAC
02" — :
_______________ TA Linac
i

Oscilloscope 40 Mev. [ ~ens
Rohde Schwarz electron
10GS/s bunch train
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Measured bunch structure

. TA LINAC %0‘:_ ~10 bunches
v" 40 MeV electron beam 2 b
v" Typical electron number per bunch train: 02
2X 108 -> 30 PeV EM shower (shower length ~ *°F
~20 cm) 04
-0.5—
v" Pulse frequency: 2.86 GHz sl
- pulse interval: 350 ps wTE
o o 8346 8348 8350 8352 8354 8356 8358 8360
v Bunch train width was optimized to ~2 ns o Time [ns]
O L
v Beam lateral spread: ~4.5 cm =Tl Cover wide range
v" Trigger signal available -?;1_23_ — Coherence
v Electron number can be monitored (~3%) ‘% 2108 electrons
| | = 15
— Eno(yg@ signal strength
0.6
0.4
0.2l Correlation
. — Electron number
o monitoring
IIII|II|IIIIIIIII|IIII|IIII|IIII|III

0 10 20 30 40 50 60
ARENA 2018 Beam charge [pC] 3




B Ice target and the configurations

< 1
observatior ¥y
emission angle

. | ice inclination
gr=n__ . il ‘ F T
Main data se iy [ angle (a)

With ice
(30° , 45°

40 MeV electrons

,,,,,

—_— T I L 1) T [ LI T T I T T I T | T | PR |
No target - = Towel Height X = 6m i
= sl —Nominal i
e ssesldh —o =20° &
2 w10 —oa =30° &
2 —o = 40° —
© —o=50° ]
c —o = 60°
R *. T TR NN NN DI PRI o ol S
[0} N i
< )
I B O O . P STy o
B ................. A
1 N\ |\

| 1 | 1 1
70 80 90

Annla Ralativa tn Raam [danl
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B Expected radio emissions

v Several radio emissions are expected
v Askaryan radiation
v Inice
v Wide angular distribution due to the short tracks

Sudden appearance

v . . .
Peak at more horizontal direction than the signal

Cherenkov angle (56° )
v" Transition radiation
v At air/ice boundary
v' Peak at two Cherenkov angles (~1° /56° )
v Sudden beam appearance radiation Askaryan radiation
v When beam appears

v Forward emission (Cherenkov angle is ~1° ) _ Transition radi

v Originated from the same mechanism:
Lienard-Wiechert potential (for the moving

particle)
. 5 ef 20 cm hole
d)(x9t) - [ > ] ) A(x’t) - [—ﬂ,\] 3
(1 —np - /)R] e (1 —nB - #)Jret 40 MeV electrons

0A metal ' |

E=-V¢— — :
ot beam pipe Electron Ll.g.ht

Source facility
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M Simulation . -

Electron beam (Geant4)

Including acceler

¥

ator configurations

E-field calculation

v

Ray trace

tables made

¥

E-field

v

Based on the classical EM theory (Lienard-Wiechert potentials)

"o
%01 305 0

Bunch structure

NV

O Voltage [V]
5 & & 5 o
S w N - o =

s
>

&
S

e 015
05 (\'
it

Middle point method (PRD 81, 123009 (2010))
Thanks to Anne Zilles for sharing her code for the implementation

Endpoints method (PRE84, 056602 (2011))

—

e b L e L ey Ly |
8346 8348 8350 8352 8354 8356 8358 8360

Time [ns]

Lateral distribution

?OG Entries 1395
+ Mean x 2.387
E t = Wean y 08103
— RMS 4712
)200: 5 RUS; 1:4 ‘68
100}
o-
~100}
~200F

100 200 300
X [mm]

_ L !
3Q%OO -200 -100 O

Detector response

K. Mase

E I
N 0.8
Obs. angle 0° (no target) at 1 m 0.6
= o 04-
S o Middle point 0ok
D e Endpoints 0=
Q2 -
|.|IJ 0.4:_ 0.2:—
C -0.4F
02— -
- 0.6
or MR AR 0.8—
R R R N NN A S M R 1

Time [ns]

ARENA 2018
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B Sudden beam appearance signal

1. AirRadar

3. IceRadar v Four independent experiments
performed at the TA site

v All experiments clearly observed
strong signals when beams appear

beam_exit _side view

Ae™ beam
cover box
35 T T T
200 mm
circular hole AirRadar ARAcalTA
.| —
inside 2028
container
H beam pipe . |
_____ g 1.75

DAirRadar 50 MHz . . . L . . . 4
@ARAcalTA [230 — 430] MH nn_l 0 05 0.0 05 10 50 0 50 100 15
@IceRadar [1.4 — 3] GHz t(us) t(ns)

@®Konan 12.5 GHz

accelerator container

IceRadar Konan

mV
o

4. Konan

. 1 R 1 L L . " L L L " L s
=30 0 50 100 150 -10 05 00 05 10

2. ARAcalTA t(as) )
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M Frequency spectrum of the sudden beam
appearance signals

-22

~ 10 =

L ~
‘b 102 = _ .
& = |

24 |

E 107¢

2, s

> 1025 ——

-2 E

) 26—

g w0te ™\ |
> — | =@ AirRadar \ A H P
D 10% - | —— ARAcalTA a/\,f \ / \/ NN
qc) E —@— |ceRadar " || !U -

Ll 1028 = | =@ Konan f r

= | —— Simulation (1.5 ns, 90°)
1 0-29 ;_ —— Simulation (5 ns, 90°)
= | —— Simulation (5 ns, 35°) ‘
10-30— ] 1 Lol ] 1 Lo

10° 10°
Frequency [Hz]
v" First result to show the consistency with the expectation for the wide frequency range
v Radiation well understood

v" Applicable for the UHECR detection
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B Angular distribution of the sudden beam
appearance signals

& 1 0-14

&)

o

E -~ ARAcalTA
=

> — Simulation

o

: %

C

)

% 1 0'15 /77»«& ; [ T

g e * :

Y rres 24
W17, 20y M
107
40 50 60 70 80 90

K. Mase

Chi2 / ndof =2.49/9

Emission angle [deg.]

Gain [dBi]

Ci1 . K g s g [om g g g ) RNl |
.00 -50 0 50 100

Antenna gain of XFDTD simulation

T

200 MHz
300 MHz
400 MHz
500 MHz

l[lTIlllllIllll

Angle [deg.]

v" Reasonable agreement between data and simulation (XFDTD)
v Radiation and our detector are well understood (level of 30%)
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B Systematic uncertainties

Voltage [V]

IIIIIIlI

Statistical error +8% +10% K

IIIIIII]IIIlI[IlIIIIIlII"

Measured
Long (45 m)
Short (3 m)

Short + Long (40 m)
vy vy

N
w

Stability +19% .

Bunch width - -14% +17%
0.35

24 25 26 27 28 29 30 I 31 I l32 I 33
Time [ns]

Sum +21% -17% + 20%

o
-—
&U 03
0.25
0.2
0.15
0.1

0.05

Bunch after cable correction
Widest case

Shortest case

—"_TlllIIIIl[lll1|[]l]lTlll|lllI|IIIT
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B Signals with an ice target

0.3

0.2

Voltage [V]

0.1

0

-0.1

-0.2

-0.3

0.3

0.2

Voltage [V]

0.1

-0.1

-0.2

-0.3

K. Mase

Simulation
Data

1 1 I 1 1 1 I 1 1 1
100 120 140

Time [ns]
Simulation
Data

AW
N VNV

100

0-18

Vpol

o
o
o

Energy density [J/Hz]
o

10%

1 0»22

T IIIIIIII T I[III[II T IHIII]! T IIHlTI'I T T 17T

102

10.24|||1|| |

Simulation

Data

I}

150 200

Configuration:

Ice 60° , obs. angle: 15°

simulation
I 1 1 1 I 1 1 1
120 140
Time [ns]
ARENA 2018

250 450

500
Frequency [Hz]

v" Reasonable agreements between data and

v Less Hpol signal — high polarization

x10°
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B Polarization and coherence

Configuration: Ice 30° , obs. angle 0° , Vpol

Polarization
» = -10.2-
£ o r
8 + Data(Ice target) & 104~ Slope index: 1.86 £+ 0.01
. . ()] -
Simulation (lce target) 5 106
9 Data (No target) 2 f
- 8 -108-
B 8"_ A1
_ S
- 1.2
_ | lIce target 0.92+0.03 -
11.41—
Simulation | 1.00%0.01 - .
1}— -11.6_—
- | Notarget | 0.82£0.03 - oo °
L -11.8— ®
4 P [ NG v DO W ey | IO vl | L R L I I | I I I | I I I | 1 1 1 | 1 1 1 |
0 0.2 0.4 0.6 0.8 1 12 7.6 7.8 8 8.2 8.4 8.6
Polarization Logm(electron number)
v" All signals shows relatively high vertical v Reasonable coherence
polarization

v Similar values for all the configurations
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B Angular distribution

PISLIZSANANNN
\\u?/
\\

2NN

- S .5
© 20
= S5 1
O -
m © 3 _
) i
| -
o e
O
-
—~ ald .
S _
) E 7
6 aS .
(Nv -m P ]
D Dm .
-h -
2 B
O ®© -
n 0O -
o \\ —
T} — _
4 —
/ﬂu |
D _
o _
o _|
™ |
N
C —
lap)

[r] w © ABiaus oipel paAlasqO

15 20 25 30 35 40 45
Observation elevation angle [deg.]

10

<> Detector effects included in simulation

<> Reasonable agreements

<> Need to be changed to radio energy vs emission angle

13
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B Each component Preliminary

Configuration:

Z 10 H 28.7203267979x ° °
) H 2872032679792 .
'g H 28.7203267979Y Ice 60 H] Obs- angle- 29
E o = 10 i 287203267979x
Q §. B ) - 28.72032679792
€ N 0.6~ H 28.7203267979Y
< 0.0 : 05
0.4 00
-0.5 -
z -0.5
-1.0 Total 02_
I Boundary
20 25 30 35 40 a5 50 55 €0 L -10
T|me [nS] = 20 25 30 35 40 45 S0 55 @0
o
. - 28.7203267979x
N aae - 5 2o rzomerr:
- 28.7203267979Y -0.2— H 28.7203267979¥
05 E 05
0.0 -0.4+— 0.0 “
i 05
od Boundary
Inice B | (reflected)
-10 PRI T ST A U RO ! ||| AT RO T T T
20 25 30 35 [ [3 50 55 60 -0.6 -0.4 -0.2 0 0.2 04 0.6 2 e 2 = » # 2 » L
X [m]
10 - 28.7203267979X
H 28.72032679792
H 28.7203267979Y 10 E ;:;zgz;:;:;:’z‘ G - 287203267970x
0.5 H 28.71203267979Y E ;:‘;2032§79792
7203267979
0.5 04
0.0 *
0.0 * 0.0
In ice
-0.5 -0,
(reflected) .
20 5 30 ES 0 a5 5 35 Gl A Alr (refracted) 10 Alr (dlreCt)
20 25 35 40 45 50 55 &0 20 25 k] 35 45 50 55




v’ Performed experiments using an accelerator to verify the understanding of the
radio signals as well as our detectors

v' Clearly polarized and coherent signals observed

v Observed signals are consistent with the expéctation within the uncertainty
level of 30%

v Understanding the emission further by checking each component

v" Would be important for sudden deaths of air showers

K. Mase ARENA 2018



Backups
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B Askaryan effect

< 1962: Askaryan predicted coherent radio emission from
excess negative charge in an EM shower

— Askaryan effect

small A add
destructively

P

e

G. Askaryan

Cherenkov emission (Frank-Tumm result)

incoming v e~ excess in shower d’w — 4”2h@ 1— 1
— dvdl ¢ n’

N\

large A add coherently
Shower size << A to be coherent

in case N electrons,
z=1 (not coherent) - W o« N

, z=N (coherent) — W oc N?
— Dense material better

Power « Ag? xE?, thus prominent at ultra-high energy (>~ 100 PeV)

K. Mase ARENA 2018
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B Verification of the Askaryan effect

<> Askaryan effect has been verified using an accelerator

<>

<>
<>

Cherenkov

cone \
N\

ice
target

K. Mase

Gorham et al. PRL 2007

: firstly confirmed at SLAC with Silica sand (D.
Saltzberg et al.)

: confirmed with salt (P. Gorham et al.)

: confirmed with ice (P. Gorham et al.)

ARENA 2018

o 6x10°

4x10°

2x10°

number of particles (e* +

Saltzberg et al. PRL 2001

depth (radiation lengths
0 bth { 10 g2)

|

] I 1] 1] 1 1] |
100 F
50

(V. m™)

-50
—-100

ETTTTTTTTTTT]TTTT]TTTT

E (Vm)
o
T [ T T
C ? ] o
11 l]lllllll llllllllll j
PR TR SR A S T TR
100

llll
0 2 4 °
time (ns) ~

50

measured peak field strength

0

P (PN  ONe IXVO T SO0 O O O O U T L O

0

100 200 300 400

distance along shower axis (cm)

Gorham et al. PRD 2005

Cherenkov pulse power (arb. units)

E
E

ol

T T T T T T T T

TEETIT IR ATTT ST T B AR ETTT M=

1015

1016 1017 1018 1019 4

electromagnetic cascade energy (eV)



B Comparison of waveforms and frequency spectrum

No target No target
2, 02 Obs. angle 0° N E Obs. angle 0°
D 545 & - F :
(@) = ‘
S E _ D_ata Q w=E Obs. angle 30°
o =t Simulation S F
= 3.05;— § ;0.23:_
oF g I VAV N
o.os;— g 10%
-0‘15— 8 ;
- ) >0 Solid: Data
e o Dashed: simulation
28 14|01 1 16101 | 18101 L 11601 L 112[01 | 11‘{01 L 116101 UCJ 10% . L
Time [ns] Frequency [MHZz]

Ice target (30° )

Obs. angle 0°
Data
Simulation

o
w

Voltage [V]

Reasonable agreements without scaling!

-0.1

-0.2

(=]
]l]]]l]l]llll] llllllllll[lll
I —
L ——
L =
—
——
-
=g
——

Sl UL g g e ] RN T T TN T NN TN TN S NSO S T A
%0 40 60 80 100 120 140 160

Time [ns]
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B Detector simulation

; E-field
g 0.85—
>
- 0.6_—
D od 2ns

= L
W oof

. SRR

Y I I B IS I A AUAN BT IV IS W

20 22 24 26 28 30 32 34 36 38

Time [ps]

=,

)

(@)]

©

— :'

— O

=

Verify the understanding the emission

K. Mase

Antenna response (T-domain)

ARENA 2018

lg 0.0025 |
—_ 00020 "
- ‘ (al)
L oons E
'% 0.0010 5 ns C
+ —C 0.0005 + (CDU
g 0.0000 ; \\/_ ———
C 0.0005 \/_//
2
C 0.0010
< 40.0015
o 5 10 13 20
Time [ns]
02—
0.15—
0.1—
0.05—
0 Iw/\fv’\‘k” }
-0.05—
-0.1—
-0.15—
-0.2 __ 1 l 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1 I 1
20 40 60 80 100 120 140 160
Time [s]

R. Gaior, 1135, ICRC2015

filter + LNA response
T,

230-430 MHz

‘o1 02 0.3 0.4 0.5

frequency[GHz)

Frequency [GHZ]

0.6

mechanisms and detector responses, comparing with data
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B Cable / connector attenuation correction

Faraday Cup (for the electron charge measurement)

Short cables / connectors

(~3m, up to 500 MHz) Long cables (40m, high
frequency adapted)

oscilloscop

40

g’ > F
N | () ) —
7] sF g 05E
- o
A0 > -
- -0.5—
A5 =
»F Long (45 m) 15— Charge loss Original
- Short (3 m) o 9.9 % Long (45 m)
B Short + Long (40 m) _255_ 23.5% Short (3 m)
C S = 45.7% Short + Long (40 m)
ol v Ly e b L L U N T T T
0 500 1000 1500 2000 2500 3000 3 e =TT = 5 %
Frequency [Hz] .
Time [ns]

< Found out the TA short cable attenuate signal significantly
<> The emission power is proportional to the charge square — correction of x2.1 (1.462)
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B Ray trace for emissions in ice

1

E
N 0.8

Ice 30 deg

0.6

0.4 e
refracted at top
0 2 _-—-T = A

OF | reflected at bottom +

- refracted at side

-0.2

-0.4
0.6 L refracted at side

08

! “I | AN
B e e T e e

x [m]
<> Complicated...

< Need a full simulation (with lookup tables)
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B Measured waveform and the frequency spectrum

0.5_ Tjo-ZZ_
— = I -
20.4;— VpOI 'g; - VpOI
(:) 03 “% i
e 400 mV =
‘ E 0% —
0.1;— % E
0.1 -
E 1024 |—
-0.2:— E
-o,si— 5
0.42— i
'O'%(_)' R RN T R o= ' '
Time [ns] 200 MHz 300 MHz 400 MHz Frequency [Hz]
= OSE Hool Configuration:
= ot MPO Ice 30° , obs. angle: 0° <F
O 03
>k L
0.2:—
0.12—

©
=

o
)

o
w

<
kS

S
N1
o

~
<
QO
wn
)

?

S
o
D
o

Time [ns

v" Relatively large signal observed
v" Less Hpol signal — high polarization
v Relatively flat frequency spectrum
— Indicating something else from Askaryan

P ) L P | . .
80 100 120 140 160 radiation

ARENA 2018

23



More shadowing effect for 30 deg. and 45 deg.
. Ray tra CES above observation angle of 30 deg.

45 deg.

E 1': ‘;}‘ 77175777 ‘ 7 E
N 0.8-— / N
0.6
0.4}
0.2t
0}
-0.2f
0.4
0.6 g
-0.8F o
-.:"'l"'l"'l"'l"'l"'l"'l"'l"'l"' _4:|||||||||||||||||||||||||||||||||||||||
1 -08-06-04-02 0 02 04 06 08 1 -1 -08 -06-04-02 0 02 04 06 08 1
x [m] x [m]
More signals for 30 deg. and 45 deg.
= , = 4 —_ 1
E F VA E L E '
N 0.8 N 0.8 N 0.8 .
06— W 0.6 0.6- '
04 W 0.4 0.4
0.2:— 0.2F 0_25_'
0= of o~
027 0.2 0.25
04— 0.4 -0.45
-0.6;‘ - -0.6
-o.ei—' : (N -0.8F
. UL L AL A S M) i N
108060402 0 02 0406 08 1 -1 -08-06-04-02 0 02 04 06 08 1 06040500304 66 08"
X

x [m]
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Configuration:

. Properties Of the Signa|S Ice angle 30° , obs. angle: 0°

® Polarization

8 [ With ice target s
. No target
[ ® Coherence
I ~ -10.21-
-, L
I 5104 Slope index: 1.86 =+ 0.01
2 C
O -10.6(—
114 Withice target | 0.92+0.03 2 -
K T -10.8—
i No target 0.82%0.0 =2 r
. g P e e e W g g Ll o | I S M
0 02 04 08 08 1 1.2 -
Polarization -11.2—
® Polarization angle s
‘é 10 — . . E °
S [ With ice target 1.6 .
B No target u °
B -11.8— @
~ -[ 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
i 7.6 7.8 8 8.2 8.4 8.6

Logm(electron number)

T

v" All signals shows high vertical polarization

v No target data shows slightly less polarization

]IIII

v" High coherence, but not full

P (ST N N TSN TN T OO T I TN (ST ] [T T ) NN I N (|
-80 -60 -40 -20 0 20 40 60 80
K. Mase Polarization angle [deg.] ARENA 2018 25




B Simulation

v Electron beams simulated by Geant4 o Emission in ice

v Accelerator configurations included A

035

v E-field calculated by the middle point method . }
(ZHS method, PRD 81, 123009 (2010)) and the
endpoints method (PRE84, 056602 (2011))

— Both methods give the same results

005

20 cm hole

trons

metal Electrgn Ligh

Source facilit

s B
g [ Obs.angle0° (B8=)60" )at1m
1] 1] 1] m ~
= 0.8
Bunch structure Iﬂ?‘mLateraI dIStrIbUEnlmgrl% s B
S i E I e - ZHS
o >200 R - 0.6~
a1 o __ . e E - Endpoints
0.2 . . ~ 0.4—
03 o- £ ; -" = i -
04 [ oy L L
-o.sf _100:: 45' Yy . i 0.2_—
-0.6; _200?_ . : ‘. - = 5 B
L e R R RN B RN BN BV F 0
8346 8348 8350 8352 8354 8356 835_8 8360 30 | B . | Zhipuae o -
Time [ns] 30800 200 -100 0 100 200 300 L
X [mm] L

1 122I 1 I24I 1 I26I 11 1 I4O
K. Mase ARENA 2018 Time [ns] 26
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B Reproducibility

The reproducibility was checked with data with the same configuration

2015/01/14 Run1 (ice 60 deg., Om)
2015/01/14 Run4 (ice 60 deg., Om)

Waveform Waveform
g [ 2 [
2. .4/ = |
S Vpol S 01 ‘ Hpol
B ool y
g o.05— ’ "
5 o 2
> 0ol S -
: u -0.05:—
0.4 - “
- 01
= l 1 I 1 1 1 I 1 1 1 I 1 1 1 I + 1 I 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 I
40 60 80 100 120 140 40 60 80 100 120 140
Time [ns] Time [ns]
The difference in the amplitude is 5% — 10% in power (Vol)
K. Mase ARENA 2018
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B Stability and far field confirmation

v

K. Mase

The stability with the same
configuration: 5% in amplitude

The antenna mast was intentionally
rotated by ~15 deg.

The signal amplitude decreased
proportionally with the distance
change. - Far field confirmation
(3.0 ns time delay - 12% distant
- 12% amplitude decrease)

Time difference from the
expectation was checked for each
configuration.

The spread is 1.9 ns > 9° rotation
- 8% in amplitude

The overall systematic uncertainty
in power: 19%

Voltage [V]

o
w

0.2

0.1

-0.1

-0.2

-0.3

15 degrees

2015/01/14 Run1
ﬂ 2015/01/14 Run3 (3.0 ns delay corrected)

“ Configuration:
Ilce 60° , obs. angle: 0° , Vpol

40 50 80 70 80 90 100 110 _ 120
Time [ns]
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B Signals observed!

2015-01-12
00:56:42°°

Morizantal settings

Res! 100 ps / 10 GSa/s
RT

Sci: 40 mV/div

Cpl: DC 500

Dec:Sa | TA: Off
|

Pos: 0 div

1 200 mV/div
Cpl: DC 500
Dec:Sa | TA: OF

HORIZONTAL

=
JTION SR RECORD LENGTM
—

K. Mase
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B Polarization

Time development of polarization

Qggf‘lguratlon: lce 30" , obs. angle 0" ,

Polarization
g S E Data
8 + Data O Simulation
Simulation (Askaryan) & “F l
9 Simulation with sys. uncertainty S = 28 N\
E No target :é: x6 for simulation
L. _Mo_— — % — e 00
i Data 0.92+0.03 Time [ns]
Simulation | 1.00£0.01 c [
1 ke T WY
- | Notarget | 0.82%0.03 § °9w W‘ v FN " \( Wi
B I 501 T T DO SO I 1 A T || g e % o8-
0 0.2 0.4 0.6 0.8 1 1.2 o 0.7
Polarization o O'SE_
. s Highly Data
o B POIarlzat|On angle E 0.4;— p1)|arlz 20 S|mu|at|on
E 0'30; 26 a6 80 8o 100 120 440 160 ' iso
®E : Time [ns]
I |
i v All signals shows high vertical polarization
1 . v Data is off from simulation
—J l VI ra | J el LJ P ) . l Stk J: "l - LJ | R 1 | RISY BOA ) J Al LJ e
-80 -60 -40 -20 0 20 40 60 80
K. Mase Polarization angle [deg. ARENA 2018 30



B Coherence

Time development of coherence

gggr‘lguratlon: lce 30" , obs. angle 0" ,

> Data
—~ -10.2 . .
2 _ > Simulation
& -104— Slope index: 1.86 = 0.01 8
< - O
& 106/ >
2 - x6 for sirhulation
g 10.8[—
87‘_ 1= 100 g ) 300
S - Time [ns]
1.2
" . S - e ee Data
B T *C M) b hd
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B TA LINAC

v 40 MeV electron beam

Electron beam

v Maximum electron number per 350 p s . 57 bunches
O
bunch: 10°
v" Pulse frequency: 2.86 GHz = - ->
— pulse interval: 350 ps ns
v" Bunch duration is 20 ns
_ T. Shibata et al., NIMA 597 (2008) 61
v Output beam width: 7 mm
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B Schematic of the ARA system
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B Antennas

V-pol

Bicone

antenna

150-850 MHz

6 in Birdcage bicone in sand August 2010

10 E T I T T T l T T T l T T T l ¥ T 2 ] I T 2l

8 :— 1 -—--Mecsured, no ferrite —:

- : —Mecsured, with ferrite ]

o NEC2 simulation, n=1.5

4 3]

2 F , s =

[ 1 1 1 1 1 | 1 1 1 '}"“l"rl 1 I 1 L 1 I ! ]

200 400 600 800 1000

E 1 ' T T I T T L] !‘“Ii \' T | T T T ' l—‘:

o ! #

by -

L] i

o ]

(8] .

= 3

R ]

m -

R2J E

€ ]

= B

a ]

o 7
= U owog Tm o gad pasg | 1

200
K. Mase

400 600 800

frequency, MHz

A

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

Gain similar to dipole
(+2 dBi)

Azimuthal angle ¢

Elevation angle 6
¢=0°

270°

180°

180°



B Antenna calibration
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B Antenna transmission coefficient

v Measured by network analyzer

v" Simulation with XFdtd

v Measurement consistent with simulation

Top antenna

it

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

transmission coefficient

K. Mase
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