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beam diagnostics?

r sense organ showing

operties a beam has;

3 OW it behaves in a machine.
why do we need dlagno§t|cs Why 1)
¢ If we don’t use beam diagnostics,

(1) one would blindly grope around in the
dark;

(2) improvements are hardly achievable.
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B Acceleratoris just as good as its diagnhostics I !
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eam transport line
= Monit in cyclotron
= Newly developed monitors

B Summary




Beam length FC:Faraday cup /\T‘EJMZCIOOI Osamu Kamigaito

. FC PF PS - Prof :
line (m) PF : PI’OfI|§ monitor
PS : Plastic scintillator [—_

RRC-fRC 9 12 3
fRC-IRC 10 25 4
IRC-SRC 6 13

~1Llinac + 4 Cyclotrons+
BigRIPS (Superconducting RI Separator)

« Succeeded in accelerating a U « Search for new isotopes in-flight fission
beam to 345 MeV/u in 2007 of the 345 MeV/u U beam

» Discovery of a new RI, a neutron-rich  « Discovery of new 45 neutron rich RIs in
Pd 125, in same year 2008
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m Accelerator complex of RIBF

= Monitors used in‘beam transport line
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Technical issues of o
Faraday cup
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m Difficulty of suppressing of high
energy secondary electrons

Beam current (enA)

-500 500

m Transmission efficiency
-> 50 Faraday cups Applied Suppressor Voltage (V)

TUM2CIOO01 : Osamu Kamigaito




Modification of

B Faraday cup used in 2007
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Comparison of Beam Profile -
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mBeam proflle
monitor

3 wires-
scanner type

m*°Ca beam on IRC-injection line
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Fiastic
scintiliato

—4-0.3 mg/cm2 New
~0.3 mg/cm2 15-hours
‘0.22 mg/cm2 New

TDC

Core 2 Duo 2.53 GHz
Windows 7 LabVIEW

Compact PCI

Control room

Ethernet &

PMT : Photomultiplier tube

F Lip . 108 110 112 114
TDC : Time—to—digital conversion Time (nsec)




Monitors used in

cyclotron




Radial probe :
Measurement of
(1) beam intensity;
(2) turn pattern

o,

Phase pickup :
Good isochronous
magnetic fields

: Radial probe




Turn pa1"l'er'n compar'lson
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B Measured
Result
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Block diagram of phase measurements MOPCP094 Ryo Koyama
by using Lock in amplifier

RF monltorlng LIA M. O.
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Measured Result by LIA N‘{NA

B Good isochronous magnetic fields
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Standard deviation of isochronism [nsec]
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B Correlation between
observed beam
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Successful measurements c’
using ion beams -SQUID monitor-

W Radiation dose (1 year):
3.0 Sv for gamma radiation
25.5 Sv for neutrons

RF cavity:

Max. 0.6 MW

Main magnetic field:
Max. 1.7 T
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Reduction of ; bt
ow-vibration
o Running COSsts Pulse-tubefefrigerator 11W @77K

[ Frequency / Signal Cqbltasg%rl't[s) SQU| D
» Temperature Sensor temperature

[T > Heater AT <5mK 18h

Environmental
Chambe magnetic noise can
Sensor .J ostat | - L be reduced
e —— 1/1,000,000

Vibration-Isolating A .ﬂ_ﬂl [
wu( |G
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HTG-10RE

INRL |
Mounting
Frame
SQUID o1
- ) |

[P — = Base Ilne
HTc Current Sensor
HTc Magnetic Shield

Faley M I et al. 2001 IEEE Trans. Appl. Supercond. 11 1383



Real-time analysis e

Beam #Ars (63 MeV/u) B Discharge of ECR
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= Newly developed monitors
Can we
watch a beam ?

-> Yes, we can !
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Principle of HTc SQUID monitor %
Superconductor: Bi(Pb),-Sr,-Ca,-Cu;-O, (Bi2223)

i Substrate: 99.9% MgO ceramic
.

. . . HTS material
Shielding current is produced

by Meissner effect

Designed to have a bridge circuit
Current is concentrated in bridge circuit
SQUID can detect ® with high S/N ratio

Magnetic

Core E ¢ I

SQUID
Readout

: D
Bridge Gradiometer




Emittance analysis of “8Ca beam ‘ﬁ

IRC-injected beam SRC-injected beam

horizontal
9.00

B obs.(mm) W Fit. (mm)
6.75
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2.25
[

horizontal

|I B obs. (mm) M Fit. (mm)

Vertical

Vertical

B obs. (mm) M Fit. (mm)

T M

Beam Width (mm)
Beam Width (mm)

B obs. (mm) M Fit. (mm) II

Ko0 KOl K02 Il G2l GaAF G216 G0 G40 GEQ

Utilizing the data of beam widths obtained by beam profile monitors, we
estimated beam emittances based on the first order ion optics.

sEmittance (IRC-injected beam) =2.2 ~ 2.3 = mm mrad (unnormalized,
within 4 0 region)

mEmittance (SRC-injected beam) = ~1.7 = mm mrad (unnormalized, within
40 region)

mNo notable emittance growth was observed.

mCorresponding normalized-RMS emittance is 0.19 = mm mrad.




Effect of secondary electrons<
B Turn pattern of IRC- I\/IDP1(07/05/22)
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B Modification of SRC-MDP
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Effect of secondary electrons<
B Turn pattern of IRC- I\/IDP1(07/05/22)
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