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Lifetime Measurement for Nuclear Structure Study

• Level lifetime is an important probe for

• nuclear deformation and shell evolution 
to exotic nuclei

• seniority scheme and pairing property

• n-n, p-p, p-n interactions and 
pairing behavior near shell closer
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Transition probability describes
overlapping and mixing of orbitals

Chang-Bum Moon, AIP Advances 4, 041001 (2014)



Seniority in N=50 semi-magic nuclei 

• Seniority quantum number 𝜈:
number of nucleon not coupled to J=0
(1 pair break→𝜈 = 𝜈 + 2) 

• 10 proton slots for π g Τ9 2 shell

• 92Mo, 98Cd: 
2 valence protons (holes), 
2+ state form by pair breaking

• 94Ru, 96Pd
4 valence protons (or holes)  
making 4𝜈=4

+ , 6𝜈=4
+ also.
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P. Van Isacker, S. Heinze / Annals of Physics 349 (2014) 73–9



94Ru anomaly

• Enhanced E2 transition probability from 4+ to 2+ was reported. 

• Attributed to wave function mixing of 𝜈 = 2 and 𝜈 = 4 for 4+, 6+, ..

• Still need new precise value. 
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𝜏 B(E2: 4+→2+) reference

population [ps] [𝑒2fm4]

FATIMA @GSI 95Pd εp
𝛾 − 𝛾 
coincidence

32 (11) 103 (24)
B. Das et al.,
Phys. Rev. C 105, 
L031304 (2022).

VAMOS++, AGATA
@GANIL

92Mo-92Mo
MNT

plunger 83 (8) 38 (3)
R. M. Pérez-Vidal et al.,
Phys. Rev. Lett. 129, 
112501 (2022).

@Köln
92Mo (𝛼, 2𝑛) 94Ru 
fusion-evaporation

𝛾 − 𝛾 
coincidence

66 (2) 50 (2)
M. Ley et al., 
Phys. Rev. C 110, 034320 
(2024).

SM SMLB - 6.8

SDGN - 85.2

SR88MHJM - 7.4

IDATEN @RIBF 94Ru IT
𝛾 − 𝛾 
coincidence

[   ]

http://link.aps.org/doi/10.1103/PhysRevC.105.L031304
http://link.aps.org/doi/10.1103/PhysRevC.105.L031304
http://link.aps.org/doi/10.1103/PhysRevLett.129.112501
http://link.aps.org/doi/10.1103/PhysRevLett.129.112501
http://link.aps.org/doi/10.1103/PhysRevC.110.034320
http://link.aps.org/doi/10.1103/PhysRevC.110.034320


IDATEN

• International Detector Assembly for fast-Timing measurements of Exotic Nuclei
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IDATEN

FATIMA

KHALA 36+12 LaBr3(Ce) (Korea Univ, SNU)
𝜙1.5” x 1.5”
3.3% @779 keV
335 ps @511-511 keV
no Pb shield

B. Moon et al., NIMB 541, 253 (2023).

36 LaBr3(Ce) (U. Surrey, U. Brighton)
𝜙1.5” x 2”
3.4% @779 keV
334 ps @1332-1173 keV
Optional Pb shield

M. Rudigier et al., NIMA 969, 163967 (2020).

World’s largest fast-timing array
84 LaBr3(Ce) 



Approved Proposals
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RIBF222R1: Fast-timing spectroscopy of 

excited states in N~Z nuclei below 100Sn

J. Park et al.

RIBF229: Study of shell structure, core-b

reaking and seniority-breaking effects clo

se to 100Sn with IDATEN

A. Blazhev et al.

RIBF215R1: Seniority and collectivity beyond 132Sn

R. Lozeva et al.

RIBF219R1: Nuclear structure beyond N = 126 and th

e nucleosynthesis of actinide elements

A. I. M. Lopez et al.

RIBF230: Nuclear structure study of Pd, Ag, and Cd isotopes t

owards N = 82 with fast-timing lifetime measurement

H. Watanabe et al.

RIBF218R1: Exploring quantum shape phase transition around 

Z = 40 and N = 60 with 𝛾-𝛾 fast timing

T. Bhattacharjee et al.

RIBF220R1: Shape coexistence and collectivity i

n the doubly magic 78Ni region

E. Sahin et al.

RIBF239: Collectivity and isoscalar

interaction in 82Nb and 86Tc

B. Moon et al.

RIBF232: Locating the center of the N = 40 island of inversion

B. Olaizola et al.



RIBF @RIKEN
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9Be target

124Xe beam 

345 MeV/u



Installation @F11
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No Fatima, no HPGe
this time :(



On-site participants
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Performances (check source)
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First order TW correction applied



Run Summary

• Low rate

• 4.5 hours

• 140 pps on F7

• For beta-gamma measurement

• High rate I

• 7.6 hours

• 8K pps on F7

• MBS trigger on BRS-accepted trigger

• High rate II

• 13 hours

• 8K pps on F7

• MBS trigger on F11pl

• PID from FADC(ZDS)
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93Pd
92.4K

94Pd
2.3K

94Ru
1.0M

93Ru
14.1M

96Pd
16.9M



Preliminary 96Pd

• a
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30% of data used



Preliminary 94Ru

• a
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30% of data used

(2)



Preliminary 93Ru

• a
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30% of data used

(15)



Further Corrections to be applied

• Fine time walk correction

• Prompt response delay

• time walk for full-energy-peaks

• for centroid shift method

• Gain drift

• Fine-tune background subtraction
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Summary

• Commissioning experiment of IDATEN was conducted successfully.

• Lifetimes of 96Pd isomer and following states were reproduced narrowing uncertainties.

• Lifetime of 93Ru 17/2+ state is newly measured to be 2.6 (1) ns.

• Lifetimes of 93Ru 13/2+, 94Ru 4+, 96Pd 2+ will be newly determined, 
using centroid difference method after fine time corrections.

• Seniority symmetry breaking will be studied from measured lifetimes.
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backup following
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Main DAQ for LaBr3(Ce) 

• Twinpeaks FEE

• fast branch: fast-amp / Time measurement

• slow branch: charge-to-time converter / Energy measurement

• TAMEX4

• TDC module based on MBS(GSI)

• gate width ~ 10 us

• 16 x 7=112 channels in compact size
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GARi: active stopper & beta counter

• segmented plastic scintillator (very fast!)
• 10 cm x 10 cm x 6 mm

• MS PMT
• 5 cm x 5 cm
• 8 x 8 anode, 1 common dynode
• resistor chain for every 8 anodes, 16 output

• Low gain branch
• raw, or attenuated signal
• RI implantation position

• High gain branch
• amplified signal
• 𝛽 decay / proton emission position

• Typical 𝜏𝛽 >
1

𝑏𝑒𝑎𝑚 𝑟𝑎𝑡𝑒

• set constraint on position to identify decay events.
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Time stamp alignment btw DAQs

• MBS for LaBr3

• EXPLODER <-time stamp- WRS

• BigRIPS DAQ for beam line PID

• trigger, EoB shared for all rack. Event built for each trigger.

• LUPO @ F11 <-10 MHz clock- WRS

• CAEN FADC for GARi, HPGe

• self-trigger system (a.k.a. triggerless system)

• FADC <-62.5 MHz- LUPO <-10 MHz clock- WRS
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• ㅁ
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<-geometrical coverage, full sphere

<-geometrical 
coverage 
(quarter-sphere)



• a
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Large Gain Drift in ch00, ch03, ch07

• voltages are constant, but currents keep falling

• HV channel swap 
-> higher resistance in ch00 (less 
current)

• Internal resistance in HV board?

• Monitor R(=V/I) next time.
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gari

• poor p/b ratio (0.01)
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GARi

• correlating ion implantation - 𝛽 decay

• position constraint in FWHM

• ΔX~2.2 mm, ΔY~3.5 mm

• poor p/b ratio (0.01), efficiency (12%)
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Index

• Introduction to IDATEN (10 min)

• KHALA+FATIMA, HPGe …, setup, … … 

• Electronics: MBS based TPTMX -> Here arise technical issues: TS alignment, clock sync, event building

• clock, TS sync (5 min)

• LUPO/mpv : clock counter

• WRS->VETAR/pexaria: TS recorder

• calibration (5 min)

• resolution, efficiency, LED timewalk

• Run summary (5 min)

• low rate – gari high / high rate – F11 pl / high rate – gari low

• event building (TS matching / tree merging) strategy

• PID in vme, fadc

• correction

• gain shift

• isomer decay 93Ru, 94Ru preliminary result

• 94Ru 8+

• 6+ tailed 65 ns

• 4+, 2+ unknown. sub-ns expected

• 93Ru 21/2+

• 17/2-, 13/2+ unknown. sub-ns 

• beta counting (briefly?)

• shell model cal : sorry not yet
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