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Motivation

- _ 2
Mnucleus - N.mneutron + Z.rnproton (Bnucleus)/c

=NXO0 +/X0 — B /c2

nucleus

dm/m =10%—-10+%

nuclear structure

High-precision mass measurements can reflect the
combined effects of various interactions among
nucleons within the nucleus
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Motivation
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Isotopes to be exist (theory): 7000 ~ 9000
Observed isotopes: 3342 | ° °
Mass Unknown: 809 e T T

Requirements of mass

measurements:
1. Sensitive: up to single ion
L 2. Fast: before decay
EE 3. Accurate & Precision
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Principle of Storage Ring Mass Spectrometry

Cyclotron frequency:

1 q
— 21 .B
Je 27T m

Ultrahigh vacuum: <1 X 10 - mbar
Storage time: hours to days



Principle of Storage Ring Mass Spectrometry
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Brho-defined Isochronous Mass Spectrometry
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Mass resolving power

SMS@ESR (a,™~0.18, y~1.4) IMS @CSRe (a,,~ 0.5, y~1.4)
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Mass resolving power
005 E*=218.3(2)keV
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Decay studies using IMS (@ CSRe

Revolution time in CSRe ~ 0.6 ps;

(O*mRu***, T, ,: 71(4) = 131(7)us, exp:102(17) ps)
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Schottky Mass Spectrometry

~4.4 MHz ~4.4 MHz

150"
E . harmonic
SR GLEASIENE e 27X frequency
B* decay p decay o decay bound B decay B~ decay




Decay studies using Schottky+IMS (@ ESR

Double gamma-decay of 72mGe at ESR:

72A532 +
‘_/

E* =693(2) keV
T,/, =23.9(6) ms

72 mG e32 +

Power Spectral Density (arb. units)
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Af (7*2Ge**") (kHz) [8 f = 108 (Hz)]
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Current status of mass measurements at CSRe
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The storage ring mass spectrometer club
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A new storage ring SRing (@ HIAF

f“ CSRe  ~0.2%
DIP04 \\ert?
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Production of nucle1 of unknown mass

Stable Nuclear Chart: maximum pbeam for ground state nuclides (Projectile Fragmentationm) at HFRS (dp/p=4%)
120 file: Merged_ppp_Max_extended.txt
®Ar e Nuclide with half-life boundary information but unknown mass (235) NUBASE2020" > Projectile
“Opr o~ Discovered nuclide with unknown mass (790) NUBASE2020%
sej 1 Observed nuclide (NNDC 2025.2) Fi(t14) fragmentation
N [] Discovered nuclide (2022.6)" 184 3 2380 in ﬂight
Nuclide predicted to be existed!™ .
fission

>= 1e-5 ppp
>= 2.56 ions/day

New isotope (ppp>1e-5): 496
New n_rich: 279
New p_rich: 217

EEEEESEEET"E EENSNESHE

H.Y. Jiao et al.
in preparation




Production of nucle1 of unknown mass

Sensitive masses in r-process [1]
@5 - Possible pathway of r-rpcess
B Stable isotopes
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Production of nucle1 of unknown mass

Primary beam: 232Th, 293Pb, 198Pt. Intensity: lell ppp, 3 Hz extraction rate. RI beam: 5 ~ 10000 ppp
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2025-4 ESR beam time

RSA02_Shifted_summed_CutAfterinjection_April_03_16_00_April_04_09.npz
Bp = 79191991 Tm, C(ESR) = 108.3466 m, 188Hf72 setting with ions larger than 15 ppp
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Production of nucle1 of unknown mass
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Mass measurements at SRing

@ Intensity reachle8 pPpPp @ Fast extraction of RI-beam @ 3Hz
« 176YDb projectile fragments (new masses)
« 208P} projectile fragments (new masses)
* Isomer decay measurements (decay T,),)

@ Intensity reach 1e9 ppp

« 238U in-flight fission (new masses)

@ Intensity reach 1e10 ppp
« 209Bj projectile fragments (new masses)
« 134Qn projectile fragments (new masses)

@ Intensity reach lell ppp
« 209Bi projectile fragments (new masses )
* 1128 projectile fragments (new masses)

Decay T

B. Wu, J.C. Yang, J.W. Xia, X.L. Yan, X.J. Hu, L.J. Mao et al/, Nucl. Instr. Meth. Phys. Res. A 881 (2018)47-35.



Decay half-life measurements at SRing

1. Orbital Electron Capture Experiments

Electron capture decay of ""'Sn experiment

Electron capture decay of ®*Cu and 7Be
3. Two-Photon Decay Experiments

Measurement of the 0" isomeric state of 72Kr3°* and 93Se34*
4. Bound-State B-Decay Experiments

Measurement of the bound-state B-decay lifetime of 29°TI8!*

\




High Intensity Accelerator Facility (HIAF)
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The Spectrometer Ring (SRing)

1. Two TOF-detectors (under construction)
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R&D of the SRing-Schottky Cavities




Improved sensitivity of the Cavity

New Schottky cavities installed at SRing

Cylinder cavity without Cylinder cavity with copper
copper coat coat
Resonant frequency 308.65 MHz 308.35 MHz
Loaded Q 2572 10278

Current Schottky cavity installed at CSRe

Resonant frequency 254 MHz

Loaded Q 500




Summary

Isochronous Mass Spectrometry (IMS) Schottky Mass Spectrometry (SMS)
» Pros: Fast (~ 200 pus) » Pros: High m-resolving power (~ 8e5)
Bp determination Simultaneous M & T measurement
Moderate m-resolving power (> 3e5) Capable of any beam intensity
» Cons: limited by C-foil of the TOF (< 1 ms) » Cons: limited by beam cooling (> 1s)

TOF detectors

Position-sensitive
Schottky detectors




SRing M & T, , experiment team

TOF MS Schottky MS (collaboration)
» TOF detector R& D: {THX. £E417. BiE=. » Schottky cavities: FKEF. EkI1E. #iFE. A
K. F=HE%E. MBIThR; Hk
> Data Acquisition System: EiZ=. fifjtRH. & > Data Acquisition system: F&. FREs/L. Tk,
&PH. AR, MEF; RE. 5 FE; > On-line Data Analysis: F&¥m/L. E5F. BiE=
> Online Analysis: if7tRH. $£&FH. BB, 3K8( » Scientific Advisor: Yury Litvinov

» Beam optics: &3 3. FEHK. Sergey Litvinov
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> Secretary: 3K{E (
» Supervisor team:
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Thank you




