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Nuclear mass measurements
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Isochronous mass spectrometry at CSRe
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Isochronous mass spectrometry at CSRe
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New scheme for mass measurements

INSTITUTE OF PHYSICS PUBLISHING JOURNAL OF PHYSICS G: NUCLEAR AND PARTICLE PHYSICS

J. Phys. G: Nucl. Part. Phys. 31 (2005) S1779-S1783 doi: 10.1088/0954-3899/31/10/072

Precision experiments with relativistic exotic nuclei
at GSI

H Geissel'* and Yu A Litvinov'~

the narrow range where the 1sochronous conditions are fulfilled. The analysis with only one
time-of-flight (ToF) detector positioned inside the ESR lattice [26] requires, in principle, a
strong restriction on the accepted mass-to-charge ratio. A solution is to measure the velocity
of each fragment in addition to the revolution time. This will provide a correlation to account
for the deviations from the strict isochronous condition. For this purpose, additional detectors
could be placed within the FRS, inside the ESR, and behind the extraction channel from the
ESR. Within the FRS both magnetic rigidity and time-of-flight measurements are possible.
However, a restriction is certainly the higher particle rate compared to the actually stored 1ons
in the ESR. The advantage with a second ToF detector within the ESR is the turn-by-turn
velocity correlation measurement. The velocity measurement of the extracted beam after
many revolutions in the ESR also has advantages. For example, the velocity can be measured



New scheme for mass measurements

Phys. Rev. Accel. Beams 24 (2021) 042802
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Precision velocity measurement, accurate calibration,
correction for the fluctuations of magnetic fields......
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Bp-defined isochronous mass spectrometry
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Bp-defined isochronous mass spectrometry
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Bp-defined isochronous mass spectrometry
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Bp-defined isochronous mass spectrometry
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New Mass Results
using Bp-defined |
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New mass results
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New mass results
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New mass results
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New mass results

Proton-neutron interaction and the three-nucleon force
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New mass results

Proton-neutron interaction and the three-nucleon force
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» Residual proton-neutron interactions (6Vpn)

decrease (increase) with increasing mass A
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» Ab initio calculations with a chiral three-
nucleon force (3NF) included indicate the
enhancement of the T=1 pn pairing over the
T=0 pn pairing in this mass region.
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New mass results

Proton-neutron interaction and the three-nucleon force
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S High-Intensity Heavy lon Accelerator Facility-HIAF HIAF

major national science and technology infrastructure
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* Phase diagram of
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matter

spectroscopy
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Fast cycle ring
Circumference: 590 m
Rigidity: 34 Tm

Superconducting
ECR source

Superconducting linac

Low energy nuclear structure
and irradiation terminal

BIM (Building information model) of HIAF facility construction started in 2018
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5 CIADS-China Initiative Accelerator Driven System "

Initiative Accelerator Driven System

Accelerator-driven subcritical systems (ADS) is considered to be the most effective and promising method
to solve the nuclear waste. CIADS will be the world’s first prototype of ADS facility

Megawatt level to explore the safe and proper

@ High power lead-bismuth ® Sub-critical lead-bismuth technology of nuclear waste disposal
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terminals ,
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The same campus
with HIAF

e High power Target experimental Facility:
e Muon experimental Facility; g
Multifunctional Irradiation Research Station;

Nuclear Data Experimental Terminal

ISOL for upgrade .
HPe @ Superconducting proton

linear accelerator






1) We have developed Bp-defined IMS, improving significantly the
sensitivity and precision of isochronous mass spectrometry.

2) New mass results have been obtained and used to study issues Iin
nuclear astrophysics and nuclear structure.

3) The new research facility HIAF is being constructed and will
provide new opportunities for nuclear physics.
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Nuclear mass measurements
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Bp-defined isochronous mass spectrometry

PHYSICAL REVIEW ACCELERATORS AND BEAMS

Highlights Recent Accepted Special Editions Authors Referees Sponsors Search Press About Staff N

EDITORS' SUGGESTION

In-ring velocity measurement for isochronous mass

spectrometry

X. Zhou et al.
Phys. Rev. Accel. Beams 24, 042802 (2021)

Detecting the time difference between traversals of two thin foils, 18 m apart, allows measuring the velocity of >
; _ short-lived nuclei, circulating in a storage ring over a few hundred tums, with a relative precision of 10 ppm.
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Isochronous mass spectrometry at CSRe

~ dc/c,
~ d(Bp)/(Bp),,

7o

Isochronous mass spectrometry

X. L. Tuetal., NIM A 654, 213 (2011)



Bp-defined isochronous mass spectrometry
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Recent achievements at the Rare-RI Ring, a unique mass

Sarah Naimi'>*@®, Yoshitaka Yamaguchi’, Takayuki Yamaguchi’*, Akira Ozawa®
! Université Paris-Saclay. CNRS/IN2P3, 1JCLab, 91405 Orsay, France Philip M. Walker!
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3 Department of Physics, Saitama University, Saitama, Saitama 338-8570, Japan
* Institute of Physics, University of Tsukuba, Tsubuka, Ibaraki 305-8571, Japan

[10]. Recently, a milestone was achieved at the CSRe after
establishing a new measurement method, namely B p-defined
isochronous mass spectrometry. With this new method record
mass precision and accuracy was reached for short-lived
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A cunning addition for the determination of nuclear masses
provides world-leading sensitivity for accurate meas-
urements. This is already opening up new physics and

. : applications.
nuclei in storage ring operated as IMS [11,12]. PP
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