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Location

A storage ring dedicated to mass measurements of exotic nuclei
based on Isochronous Mass Spectrometry (IMS)

* Measurement time is as short as 1 ms
» Expected mass resolution is in an order of ppm
 Self-trigger mechanism with a fast-kicker system is adopted



Progress of construction and machine stud
Sep. 11. 2012

2012 - 2013
* Installation of all magnets were
completed at the end of fiscal year 2012.

» We prepared the related equipment and
carried out the excitation tests of the magnets in 2013

2014 - 2015

» Basic performance test of R3 using the a-source in 2014.
— Trim-coils can adjust the isochronism.
— Successful in the individual injection and extraction.

» We developed a fast-kicker system (fast-response, fast-recharging)
and the beam diagnostic devices. (Resonant Schottky pick-up, C-foil + MCP)

* First commissioning of R3 using "8Kr beam was performed in June 2015
and off-line analysis is in progress.



Self-trigger mechanism

* Trigger signal to excite the kicker is
generated by injecting Rl itself at F3.

» Kicker magnetic field needs to be
excited before the Rl arrives.
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Expected mass resolution
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R3 components

R3

24 dipoles

* Circumference : 60.35 m
* Length of a straight section : 4.02 m

1 Injection
septa

Injection line
10 quadrupoles
1 dipole

§ Selected Rls
from BigRIPS



R3 components

R3
24 dipoles

* Circumference : 60.35 m
* Length of a straight section : 4.02 m

10 trim-coils

Outer 2 dipoles
of each sector

1 Injection

septa

Injection line
10 quadrupoles
1 dipole

Selected Rls
from BigRIPS



Fast-kicker system
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Beam diagnostic devices

Monitor for checking of the
injection trajectories

@ Plastic scintillation counters are
installed on movable stage to each
straight section




Beam diagnostic devices

Monitor for checking of the
injection trajectories

Monitor for tuning of isochronism
@ Resonant Schottky pick-up

@ Plastic scintillation counters are
installed on movable stage to each
straight section

Monitor for circulating particle
@ C-foil + MCP timing monitor

e

C-foil (60ug/cm?)

MCP secondary electron detector
Window size : 100 X 50 mm?
Position sensitivity : less than 10mm

173MHz (TM,,)

Tuning range : +1.5MHz Sl )
Shunt Impedance Ry, : 161kQ Efficiency : 75 %

Quality factor Qy : 1880 J Time resolu’gon : 340ps
Ceramic tube size : 290mm®, 15mm thickness with 84Kr 200MeV/u




Commissioning of R3 using "3Kr beam

Items

(D Establishment of individual injection using self-trigger mechanism
@ Confirmation of circulating particles using C-foil + MCP

® Confirmation of extraction the circulating particles from the ring
@ Check the ring conditions using the information of TOF vs. F6x
(® Check the signal of resonant Schottky pick-up with single 78Kr ion

Beam conditions

* Energy : 345 MeV/u — 168 MeV/u @R3

* Intensity : ~1 kcps @BIgRIPS-F3

* Injection repetition rate : 90 Hz (@F3 circuit)

Ring conditions

* Transition y,, : 1.18

* Betatron tune : Q,=1.18,Q,=0.93
* Bfunction: B,=8.4m, B, =11.9m
* Dispersion: 7.0 m

* Kick angle : ~11 mrad




1. Individual injection

Flight time of "8Kr

gF0 ~990 ns (161 m)
BigRIPS
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3. Extraction

TOF start TOF spectra

for the difference extraction timing
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4. Information of TOF vs. F6x

Magnetic field distribution
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4. Information of TOF vs. F6Xx Magnetic field distribution
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4. Information of TOF vs. F6X Result of numerical analysis

e TOE05 iy N AL

 Extractable momentum width : =0.2%
* TOF width : ~25ns (FWHM) \ WEOS T
— Degree of isochronism : ~3.5x10° \
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5. Resonant Schottky pick-up

» Succeeded in detecting the single "8Kr36* jon — high sensitivity
* Frequency resolution : ~1.3x10% (FwHM) — enough resolution

« Stored in the ring about 4 seconds while changing its frequency
due to the poor degree of vacuum in the ring.
» The shape of curve indicates the isochronous condition.

Time [s]

Noise power density [arb. unit]

42 events in total !
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Under consideration
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Conclusion and Prospect _Resultof numerical

analysis

* First commissioning using "8Kr beam
was finished successfully.

* First-order trim field can adjust
the isochronism in an order of 10-ppm.

————————————————————————————— TOE05 13 1 4 i N

. 08%  02%  0.1%  0.0%
» Second-order trim field should be e o o -1.0E-05

taken into account for adjusting the

isochronism in an order of ppm. [ 3.0E-05

l

Resonant Schottky pick-up can be used for checking it.

Next beam commissioning is scheduled in Dec. 2015.
« We'd like to verify the principle of relative mass measure
several secondary particles
Primary beam : 4Ca 345 MeV/u
Secondary particles : 38K, 4°Ca, 3%Ar, 39Ca, 37Avr, etc.

ments by using




Thank you for your attention

Project reader : T. Uesaka chief scientist
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