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Abstract

We investigated whether the relative intensity of the beam with a current below the nanoampere range can be measured
with the phase probe, which has been used for the beam phase measurement in the TIARA AVF cyclotron. A frequency
component with a high S/N ratio was determined from the frequency spectrum of the signal of the phase probe. By
changing the beam current at the phase probe, the above determined frequency component of the output signal of the
phase probe was measured with a lock-in amplifier. The beam current was changed by controlling the time width of the
beam with the beam chopper in the injection line. As a result, output signals proportional to the beam current were
obtained from 4.8 pA to 70 pA. It was confirmed that the relative intensity of the beam with a current less than one

nanoampere can be measured by using the phase probe.
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Figure 1: Transverse emittance and

measurement system.
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Figure 2: (a) Phase probe in the TTARA AVF cyclotron,
(b) measurement system of phase probe signals, and (c)
output signal of the phase probe (Blue) and beam signal
obtained by subtracting the RF signal from the output
signal (Red).

- 707 -



Proceedings of the 17th Annual Meeting of Particle Accelerator Society of Japan
September 2 - 4, 2020, Online

PASJ2020 FRPP14

DR F AN A THRESNZ ET 9 XTI
WEMTHD, ZNHDEMOB R E BT — L0
LU= BEEE 5N RF 55 LONHZERIEL ., £
DNLFAZEN— B LR DIDNTN) LA NG E TS5
ZETCHERMRIG TR T 5, M7 B —T ISR S
LB — 2 RECITIE RF HORAL 23
ﬂénﬂ\ém’)(ﬁg 2 (D) H#R) . B — ARk s O

EITA T BAT—FTO RF sy OREFERE (Fig. 2
(b)FRAR) 2, B I A LT T H VD3],

Oy AT BRE S EFELWEEEOE S
o DIHEIEMEL , Z ORI E S BAE 5 EON A 2% H
jﬂ”éo ZIETIHL, TIARA YA 7abmy TrIEE R

TE A BT AFE 2205 5 D A% VTN | HRIE
1?7:7%)%“5 LiZIn T e —T7 DE @F“ﬂ%fL
TAE—AEINIS U IME ERELNS, 22T, 2
@iﬁ)n%rllmu”jjﬂ;%%ﬁ%b\m“ﬁd\aam@mxﬂﬁf“@ufeéf

1T-o7=,

7I~)L/E'IE

-30 T

with beam (4.8pA)

without beam
40 _

Amplitude [dBm]
' 3 2
1 1
1 1

=
=]
1

-80 4

-90 T T 1
0 200 400 600
Frequency [MHz]

Figure 3: Frequency spectrum of the phase probe output
signal with and without beam.
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Figure 4: Result of relative beam intensity measurement by
lock-in amplifier (LIA) at beam currents from 4.8 pA to
7.2 nA (a) and from 47 nA to 70 pA (b).
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