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The importance of nuclear masses
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A unigue storage ring optimized for rare RIs

What makes it unique?

—Isochronous mass spectrometry (IMS) + Individual injection

IMS
v" The cyclotron frequency

v The frequency difference
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The Rare-RI Ring (R3)

Circumference 60.35 m
Max. Bp 6.4 Tm
Momentum _
acceptance dp/p=1%
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Frequency measurements inside R3
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Individual injection with ToF selection

A indispensable method for R3 & Also we can control the purity of the trigger.

D : : 120

IO S [ TS OO SO HOSOOOOOs SRR R

N : H - o i _'-'- =
IR b i S et i

Trigger signals of
the kicker magnets

8|5 + 320 + 545 =950 ns

Signal Kicker d e e R
generation excitation a — @ Tes

dE at F3

Transmission

. ’Ccd~33%

Adjusting the excitation timing of kicker magnets A I D S B D
L Time of flight (F2-F3)
—> Efficient injection

ERICE?24, Sep. 16-22, 2024 12



A highlight of R3

]000_
> B [ ] AME20 uncertainty
E (| ¢ R3
500—
S : Impact on the r-process
a B 2.5 : : : : : :
<EE 0— P Baseline —— Solar This work
: N = 2.0
% - N
— L I
S SOO_ < 1sf
< i = ——
—~1000 Ilzl?Sn' I 'lésln' l ‘l}iSCdl — 1'24Aé — izsPC'I ' 'ﬁ' 1.0f EFRDM2012
NS
H. F. Li et. al, PRL 128 (2022) 152701 >
0.5}
AME20 R3 0.15 0.17 019 021 0.23 025 027 029 031 0.33 0.35
Electron fraction, Y,
Mass ex[ckes\?] [keV] '6(73330 '6(2)552 H. F. Li et. al, PRL 128 (2022) 152701
O |Ke
om/m 6.85x10°% 2.30x10°

ERICE?24, Sep. 16-22, 2024 13



Contents

v Introduction

v The Rare-RI Ring at RIKEN RIBF facility
v Recent upgrades

v Future plans at the Rare-RI Ring

v Summary

ERICE24, Sep. 16-22, 2024

14



. Steering magnets

The beam often goes out of the acceptance of R3 =) ~1% transmission efficiency
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I. Steering magnets
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. Schottky pick-up detector

Non-destructive
frequency detector
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. Mass measurements
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1. Isomer measurements

B-decay measurement@GSI
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P. Kienle et. al, PLB 726 (2013) 638-645

-2 Isomer can be measured as well
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R3 Isomer
beam filter

Lifetime:

>100 ms
Level:

>1 MeV
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<10 Hz
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1. Isomer measurements

B-decay measurement@GSI R3 isomer
| ' beam filter
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Summary

Nuclear masses far from stability;
& Important for astrophysics as well as nuclear physics
X Generally difficult to measure

- The Rare-RI Ring, a device specialized for rare RIs, is in operation.
TOF stop detector & Septum magnets A Umque Storage rlng1

Detectors for particle ID ™~ // for extraction

290w gy .7 Dipole magnets ® [sochronous mass spectrometry
é’""ag.\./‘ ® Individual injection + ToF selection
iy Recent upgrades;

® Steering magnets - Higher transmission efficiency
® Schottky detector - Fast tuning of the ring

¥\ e S - .

W TOF start detector Future plans;

® Mass measurements

® Life measurements
® |somer beam filter
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A highlight of R3

S,, S,, decreased,

E,, 15 - v' B-decay probability of 123Rh increased by 14%
I - T work v The neutron capture cross section for 22Pd
2 7E gl decreased by a factor of 2.6
o - — HFBSt .
s 130 " roves v The neutron capture cross section for 123Pd
LL] N - .- ETFSIQ .
R Increased by a factor of 2.2
S 12
g - 122Pd 123pd 124Pd
Q 11 — 195 m= 109 m= 94 ms=
3 N
S C p~=100% p~=100% B~=100%
= 10 — P n<2.2% P n=1.4% B n=0.89%
%J _
g93_...|...|...|...|...|...|...\. 121Rh 122Rh 123Rh
= e 70 72 74 76 78 80 82 73 ms 52.3 ms 42.2 ms
Neutron Number N B-=100% A-=100% B-=100%
H. F. Liet. al, PRL 128 (2022) 152701 Pn=13.4% fn=11.3% P n=24.2%
B™2n ? B 2n 2

ERICE?24, Sep. 16-22, 2024 28



I. Steering magnets
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R3 Isomer beam filter
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