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Part 1

A Why nuclear structure in exotic nuclei?
A Radioactive ion-beam facilities
A Access nuclear structure via =-decay methods

Part 2

A Techniques for studying nuclear ground states
A Nuclear excitations and related measurements




Exotic isotopes dominate the chart of nuclel

A 3499 isotopes have been discovered by May 2026 -
110+ .L.
A ~250 isotopes are known to be stable (<10% of the
total), the rest are radioactive
A The properties of exotic isotopes give the full
picture of how protons and neutrons are bound
together inside an atomic nucleus :
g 60
" Facility for = &
L. T ieipg s =
Discovery of Nuclides Project
List of New Isotope
Discoveries

18 March 2026

Shimizu et al. discovered eight new isotopes at the RI-Beam Factory at RIKEN, Japan. The first observation of httDS : //fri b . m Su . e d u/D u b Ii C _e nq aq e m e nt/le arn in q - reso u rce S _an d_

chromium-72, manganese-74, manganese-75, iron-77, cobalt-79, cobalt-80, copper-85, and gallium-30 were
reported in the Progress of Theoretical and Experimental Physics article,

Exploration of Neutron-Rich Isotopes around N = 50 via the In-Flight Fission of a 345 MeV/Nucleon 238U Beam © D rog ramS/b rief - h isto rV'Of' rare - iS OtOD eS/I i St'Of' n eW- iS OtOD e -d iS Coveries
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Isotopes of Nickel (35 total)

2 2 In the table below click on an isotope symbol for more information about its discovery. When quoting the abstracts please cit
XO I C I S O O p ‘ the abstract as: “FRIB Nuclear Data Group, Discovery of Nuclides Project, Isotope Database, doi:10.11578/frib/2279152”.

Newly discovered isotopes will be included after the references are entered in the NSR database.

go to search page
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Nuclear shell model and spin-orbital splitting

AB = Binding energy (experiment ) —

Weizsaecker- Bethe mass formula

Ragnarsson and Nilsson, 1995
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XVII
COLLECTIVE NUCLEAR MOTION AND THE UNIFIED MODEL

The collective (unified) model e

§ 1. Collective Oscillations of a Shell Structure

Fig.9 While a large body of empirical data has revealed the existence of a
a) b)  JKNETIC ENERCY nuclear shell structure (cf. Ch. XV and XVI of this book), other
features of the nuclear phenomena exhibit the influence of collective

SIMPLE LIQUID DROP SPHERICAL . oy
NO GUADRUFOLE MOMENT. nuclear motion 1. Indeed, it is to be expected from very general arguments

that a system of particles held together by their mutual attraction can
perform collective oscillations which resemble the degrees of freedom
possessed by matter in bulk 2

The generalization of shell models to include collective motion can be
effected in a straightforward manner. In fact, the shell model operates
with an average field in which the particles move and which is generated

INDEPENDENT PARTICLE PICTURE
QUADRUPOLE MOMENT DUE TO
ASYMETRIC DISTRIBUTION OF

CHARGE OF A FEW PARTICLES—
EFFECT TOO SMALL.

EXTHA PRRICLE L ARaE HERE e %ﬁm&%&rﬂna weLLED collectively by all the particles. In the usual shell models, this field is
COLLECTIVE MODEL T3 BerGRMATION OF LiaUD CROPLET considered a static quantity, but a more complete description must take
[ PRESSURE OF EXTRA Bim N into account the variation of the field associated with collective oscillations.

i o bhpetpeaainil e ps 4 In the atomic shell model, this aspect of the structure is ot relatively |
| aonreoe e oF minor significance due to the stabilizing influence of the heavy central
nuclens. However, the lack of such an external stabilization of the nuclear
D.L. Hill and J.A. Wheeler, Phys. Rev. 89, 1102 (1953) field implies that the collective degrees of freedom are of fundamental

significance for the nuclear dynamies.

Since the collective oscillations involve variations in the average nuclear
field, they are strongly coupled to the motion of the individual nucleons.
The unified model thus deseribes the nucleus in terms of a coupled system
of particle and collective degrees of freedom. In many respects, the
dynamics of such a system is similar to that of molecules, where one has a
coupled system of electronic motion and collective rotations and vibrations
of the structure as a whole.

The most important collective degrees of freedom for the low energy
nuclear properties are expected to be those associated with oscillations in
shape with approximate preservation of the nuclear volume. For a nucleus
of constant density, these oscillations have the character of surface waves.

J. Rainwater, A. Bohr, and B. Mottelson
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~Unexpected® nucl ear prope

754

keV
70 2.74E+4 W 1.30E+4

A The excitation energy of the first 2+ state, E(2"), is a good 7 2 61E+4 W 1.17E+4
indicator of nuclear collectivity s (=T H e

2.35E+4 W 9.16E+3

2.22E+4 MW 7.B5E+3

60 2.08E+4 W 6.55E+3

A Relatively large E(2) (>=1 MeV) is expected for nuclei that 1.95E+4 Ml 5.25E+3

.| 1.82E+4 [ 3.94E+3

are either semi or doubly magic, e.g., with N=20 1.69E+4 1" 264E+3
MW 1.56E+4  1.33E+3
4 M 1.43E+4  3.50E+1

A 32Mg (Z=12, N=20) exhibits a low-lying 2* state (< 900 keV) o o
even though N=20 is a magic number
A Neutrons favor excitation across the N=20 shell gap to
gain extra binding energies A N=20 shell is weak

A Exotic nuclei such as 32Mg have been challenging nuclear i._ii
models in the last few decades, advancing our understanding | : - si(z=14)
of nuclear evolution towards proton and neutron driplines = L

Mg (2=12)

Neutron #
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Studying exotic isotopes iIs an experimental challenge

120+
Il.

N :
LT T
e G -
M. - st oo o 1 | | S 1 S 1 A | A || | N N R L -
B ._lll_.
oo —4  gasTam
A Exotic nuclei donG@ived)exi st e
A They need to be produced before being studied , SHEEEE

in our laboratories 1 Mg o6
A How much we can produce them (statistics) il medie

makes the difference! y —c S

16 ZIO 4I0 SID BIO 1 60 150 14II0 1 }60 16 0

Neutron (N) #
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Radioactive ion-beam facilities

The radioactive ion-beam (RIB) facilities produces short-lived isotopes far from stability, via various nuclear reactions
and delivers exotic beams for experimental measurements

A Two major types of methods to produce radioactive isotopes
A Isotope Separation On-Line (ISOL): ISOLDE, IGISOL, TRIUMFetc

A In-flight Fragmentation: FRIB, RIBF, GSletc o

RADIQACTIVE Atomic nuclei of any stable element from

2o LABORATORY ISOLDE at CERN FRIB at MSU oot i besasigrios s A

ed, yleldis itively charged ions
Rare isotope separation: 458 removsd: yelding hos VAR

100r 14 GeV Magnets select the rare
isotopes of interest for the
experiment and deliver to
experimental areas

Rare isotope harvesting:
Rare isotopes not used for

400 kW superconducting
4 RF linear accelerator:
LA Stable ions are accelerated
to half the speed of light

A

Stable ions impinge on
a carbon target and break
atomic nuclei with fewer protons
and neutrons than the stable beam,
i ing rare for
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Isotope Separation On-Line

A A high-energy primary beam of light particles, e.g., protons, impinge on a
thick target (a few centimeters) containing heavy elements, e.g., UCx

A The target is heated to high temperature so that the products diffuse into the
lon sources, e.g., resonant ionization laser ion sources

A The ions of interest (mostly single charged) were selected by magnetic mass
separators

A The beams can be directly delivered to low-energy experiments, or be
reaccelerated for reaction experiments

lonization
of fragments

ISOL method

Isotope/isobar
separator

Production

beam Thick-hot

target

Low-energy

Charge-breeding system -
line

Post-accelerator

eR: a::ilr?:;nts Low energy
: experiments
I

Radioactive ion beam

Courtesy of Maria J. G. Borge
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In-flight fragmentation

A A high-energy primary beam of heavy particles, e.g., 238U, impinges on a
thin target (a few millimeters) of light element, e.g., carbon or beryllium

A The fragments are produced at large forward momentum, with a velocity
similar to the primary beams, e.g., a fraction of the speed of light

A Isotopes of interest are selected by their magnetic rigidity (BE=p/q)

A After BE selection, the cocktail beams need to be tagged by their atomic E::;Y ion
numbers and mass-to-charge ratios (next slide)

A Beam can be delivered to the experimental setup (fast beam), or stopped

in a gas catcher and reaccelerated to low kinetic energy (slow beam) Degrader

Selected ion
Fragment

Experiment
separator

—
_L;::

Courtesy of Maria J. G. Borge
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Particle identification (PID) for cocktail beams

A Secondary beams from in-flight fragmentation facilities are usually cocktail beams
A We need to identify the ions on an eventby-event basis

A The goal is to reconstruct the atomic number (Z) and mass-to-charge ratio (A/Q) of the ions
A Additionally, the charge (Q) if more than one charge state is transmitted (necessary in the heavy mass region)

A Thisis usually done in the sc_ycalled B_E—TOF—d E approach PID for the 238U (345MeV/u) + Pb reaction
A AIQ ~ BE/= (= is velocity and { is the Lorentz factor)
A Z ~ [AE f(X)]Y2 (the Bethe-Bloch energy-loss formula) o |
56
PPAC x 2 PPAC x 2 PPAC x 2
Plastic scintillation counter Plastic scintillation counter 54 i
= Ion chamber/Si detectors 52
3 Ge detectors N -
@ 50
48
x 46
g o tee Degrader ‘ i
44
o X & S AE
3 i Bp (F3-F5) , Bp(F5-F) ;
Degrader ! TOF (flight path = 46.6 m) '
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Comparison between the two methods

Isotope Separation On -Line In-flight Fragmentation
Pros A Usually very high beam rates A Study multiple nuclei at the same time
c A Usually excellent beam purities, low A Beam production doesn®t ¢
background chemical properties
A Well controlled beam energies allow for A Capable of studying nuclear states with sub-
high-precision measurements millisecond life times
Cons A One isotope at a time A Beam purities are generally bad, especially
for the most exotic species
A Beam extraction depends on their chemical
properties A Beam rates are usually not as high as the ISOL
facilities

A Hard to study nuclear states with sub- S o
millisecond life times A Particle identification becomes more

challenging with increasing nuclear masses
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2. decay: definition

> decay is a weak process transforming a neutron into a proton, or vice versa (transitions between two neighboring isobars)

A 3 minus decay [3—: n-> P + e~ + {;

= https://[people.physics.anu.edu.au~ecs103/chart3d/
A 3 plus decay I3+: P >n+e++v
A Electron capture EC: P +e-2>n+v

'0)(
£
Q
60Ni 61Ni

STABLE STABLE
26.2231% 1.1399%

Mass Excess [MeV]

-91.6 -183 55 128 202

E [ | I
|:] Long-lived

| Estimated
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2. decay energy window, Qs

Qs defines the maximum energy that can be released in the 2 decay (from parent ground state to daughter ground state)
*Qp- = ME(Z,A) — ME(Z + 1,A)
* Qg+ = ME(Z,A) — ME(Z — 1,A) — 2m,
*Qpc = ME(Z,A) —ME(Z —1,A)

A decay can only happen if Qs > 0
A ME is atomic (not nuclear) mass excess

A The energy window of EC is about 1.022 MeV greater than that of = +decay of the same nucleus

A The Q value of an actual Z-decay transition depends on the excitation energy of the daughter nucleus (see next slide)
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Classification of 2-decay transition

A E;sis the total kinetic energy shared between leptons (Xpar ti cl e®s energy i s n ‘Ii 9
discrete)

A Ss=s,+ sy = 0 or 1 (more details in the next slide)

A Li=Is+ |, = n defines the degree of forbiddenness (n)

A Allowed % decay = 1.+ +
A Ly=0and ;= - Il Populate a clean set of states !' ¥ (LbL SO)
A ed.donA g i = ¢ (—1) b

A Forbidden = decay
A Ls=n>0and3 3= (-1)

A n =1 A First-forbidden transition

A egd.guA fin
A n=2ASecondf or bi dden transitions

A eg., 0o A dsp

A For the decay study of exotic isotopes, most of the observed transitions are
(strong) allowed and (weak) first-forbidden = decay
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Classification of allowed transition

A With Ls = 0, an allowed transition can be either

A Fermi transition: Sy =0 (dl = 0)
A Example: 0t A 0%

A Or Gamow-Teller transition: Sy = 1 (d1 = 0 but not 0*A 0%, -1 or 1)
A Example: 0" A 1*

A Only the Fermi transition allows a 0+ A 0* decay

A A transition such as 1* A 1* can be a mixture of Fermi and Gamow-Teller transitions

2p1/2 |

1f5/2 1f5/2

2p3/2 2p3/2
1f7/2
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Selection rules of 2 decay transition

Class Al A
Allowed, Fermi 0 no
Allowed, Gamow-Teller 0,1 no
First forbidden, Fermi 0,1 | yes

First forbidden, Gamow-Teller 0,1,2 | yes
Second forbidden, Fermi 2 no
Second forbidden, Gamow-Teller | 2, 3 no

— O = O = COln
R == o oS
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>-decay rate, Fermi ®s Gol de

A The decay constant is given by Fermi ® Gol den Rul e:
27 2
Ay = ?‘M| pP(E,);M =f¢fV¢idv
A The transition matrix element M describes the strength of coupling between the initial and final states
A The phase space factor & describes the volume of phase space available for outgoing leptons

A Measuring the Z-decay rate (or the partial half-life) of a particular transition gives access to the wavefunctions of
the initial (in parent) and final (in daughter) states!
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Comparative half-lives, logft

A The (partial) halflife of an allowed transition is
K

t —

L2 fo(Br 4+ Bar)

27m3H7 In 2 v,

= — 614 = (F(7 2 _1)2 W2
mBAGE 6147s and f, [(,W)W(W )2 W, - W) dW

A f,is the phase space of leptons, corrected by the Coulomb interaction. It is a function of the atomic number
Z of the daughter nucleus and the total kinetic energy W, of the leptons.

with K =

A fotis called the comparative half-life
A ltis the partial half-life corrected by the phase space
A The fit value only depends on the strength of the transition matrix element
A Because fqt is usually enormously large, a more convenient number to use is

|ngt = Ioglo(fot)

A Comparative half-life is an extremely important observable in = decay
A T, (Z-decay half-life) A 1 (decay probability of one particular transition) A t;,= T/t
A Using Qs from atomic mass evaluation [1] and Exfrom experiment, f, can be either calculated with some
approximations, e.g., in [2], or taken from tabulated values [3]
A logft = logsofy + l0g10ts/
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Comparative half-lives, logft

A Although not deCiSive, the S. Turkat, X. Mougeot, B. Singh et al. Atomic Data and Nuclear Data Tables 152 (2023) 101584
comparative half-life gives a quick
estimate of the classification of the
transition (allowed or forbidden), and
thus the spin and parity of the final
state if the spin and parity of the
initial state are known, or vice versa.

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

3 4 5 6 7 8 9 i0 11 12 13 14 15 16 17 18 19 20

»

log ft
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Example: = decay of ®°Co

Online logft calculator: https://www.nndc.bnl.gov/logft/

Parent Information

5+ 0.0 1925268014
a0,
Nucleus? §0Co Decay Mode B- ¢ 37C033 \
{gs)=2022.8 keV 2 I*)  Logft
Elevel (keV) b o AE jevel g PB-: 100 % ar
95,88 7.512 2505.7 3.3 P5
Ty © 1925.3 Units d 2 ATy, 347.1
1173.2
Q-Value (keV) @ 2823 AQ-value J 2|
2+
0 =14.0 + - 2158.6
Daughter Information 8261 |
Ejevel (keV) ? 2506 BE jevel 2158.6
Transition
90.88 i N. o
Intensity (%) © ATI Unigueness one §
a: For Titanium-52 for instance, type "52TI"
b:Input should be a positive number, 0 for ground state
c: Input should be a positive number larger than 0 o012 14.70 Py 1332.5 0.9 PS
d: (Ground state to ground state) ’ 13325
Input should be a positive number larger than 0
e:Input should be a number larger than 0 and lower than or equal to 100
Output Uncertainty Format
) Standard Style © Nuclear Data Sheets (NDS) Style
Log(FT) 7.51 o
A L ¥Y 0.0 STABLE
d:&mg:ne 95.5 i
cay energy 2gMi3o

THE UNIVERSITY OF

TENNESSEE [ §

KNOXVILLE




Decay station at radioactive ion-beam facilities

o _ = B |SOLDE Decay Station
A The radioactive ion beams are stopped at the center of the decay stations MBS AN &

A Active stopper, e.g., silicon strip detectors, inorganic scintillators, etc.
A Measuring both implanted ions and their subsequent = decays

A Passive stopper, e.g., tape station, surrounded byZ trigger detectors (mainly
for decay stations at ISOL facilities)

A Surrounding detectors for radiation following = decay
A HPGe for high-resolution {-ray energy
A LaBr; for { rays with finite lifetime (2~100ps)

A Plastic scintillators for neutrons
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A short detour: studying iIsomers using decay station

Nuclear reaction produces exotic nuclei not only at the ground states but also at the excited states

Most of the time, nucl ei at excited states decay back to t
Occasionally, the decay can be trapped in a metastable state (isomer), of which the haltlife is long enough (>=10 ns) to

survive the beam transmission to our decay station

Too T To

~ 1200Prorj pt 1 f.lash. S Delgygd 1 rays The 8 state in 76Ni is a seniority isomer
E T | S 5213_—'—;;%4559_32;22““"5 T 100 induced by the two neutron holes on the
S | T TR Jos Orbital below the N=50 shell gap
- 930.00
7TINi 78Ni
158.5 ms 122.2 ms
800} “
{2+) E 000,20 p--loo‘ p‘-lOO%
990.14 . B-n=26% B-n ?
: S = ~2n ?
600} ot__:ﬁ_[om “8Nji, but an isomer”in “Ge (HPGe) : e
T A © | GeiLast neutron on ggp;
: 0+ —F—0,0234.7 MS [-: 100 %, B-n: 14.0 %36 T T .
400} 71 p-=100% p-=100% p-=100%
2eNiag B-n215% B-n ? B-n ?
. p~2n ? Bp~2n ? B~ 2n ?
200¢ | 7are 75Fe 76Fe
8.2 ms
= “| p-=100% -=100% -=100%
—'PDOD T.T pp'n ? pp'n ? pp'n ?
3 imp R=2n 2 R=2n 2 R=%n 9
Example: the 8" isomer in 76Ni i i
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A short detour: studying iIsomers using decay station

A Nuclear reaction produces exotic nuclei not only at the ground states but also at the excited states

A Most of the time, nucl ei at excited states decay back to t

A Occasionally, the decay can be trapped in a metastable state (isomer), of which the halflife is long enough (>=10 ns) to

survive the beam transmission to our decay station

A The origin of the isomer is closely related to the nuclear structure
H. Watanabe et al., Phys. Rev. Lett. 111, 152501 (2013) (8%) .2151 5.8(8) us

: (6 —&5-1" 2076 o
% ool (a) 260.1 Delayed coincidence with 126 Pd ions .. 260.1 * S
2 20 (47) 1816 g >
T | 7 504.4 1311.4 i 5 S
2 10} 504.4 : c
] : . @]
S ol (27) 1311 o

0 200 400 600 800 1000 1200 1400

E, [keV]

A The 8* seniority isomer in 122Pd suggests robust neutron 1311.4

shell closure at N=82
A Very exotic and hard to access by other experimental
approaches

125Pd -
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A short detour: studying iIsomers using decay station

Nuclear reaction produces exotic nuclei not only at the ground states but also at the excited states

Most of the time, nucl ei at excited states decay back to t
Occasionally, the decay can be trapped in a metastable state (isomer), of which the haltlife is long enough (>=10 ns) to

survive the beam transmission to our decay station

The origin of the isomer is closely related to the nuclear structure

e,
&

To o o Io

Proposal 23064

Facility for Rare Isotope Beams

Proposal Form - PAC2
A e

By submitting this proposal, the spokesperson certifies that all collaborators listed have
A new FRIB experiment is read the proposal and have agreed to participate in the experiment.

coming in two weeks!

Title

Seniority Isomers and Single-Particle Evolution in 218-222Pb Region: New Isotopes,
Isomers, and Half Lives

Spokespeople
Contact Spokesperson
Name Mitch Allmond

Organization Oak Ridge National Laboratory
Physics Division Oak Ridge National Laboratory P.O. Box 2008 Building 6000, Mail Stop |55\ RFEe 2 T

6368 KNOXVILLE

Oak Ridge




A short detour: studying iIsomers using decay station

A Nuclear reaction produces exotic nuclei not only at the ground states but also at the excited states
A Most of the time, nucl ei at excited states decay back to t
A Occasionally, the decay can be trapped in a metastable state (isomer), of which the halflife is long enough (>=10 ns) to
survive the beam transmission to our decay station
A The origin of the isomer is closely related to the nuclear structure
U= 60} ns
1o g8 n%@] A The isomers in 166Gd and 164Sm allowed us to
- access the low-lying states in these two exotic
3% 7 nuclei, extending the systematics to N=102
g eof O S e e A The data resent evidence for the predicted
‘g - = e deformed shell closure at N=100
o [ 8o % gg .
E EFg 110

FIG. 2. Level scheme of '%Gd obtained in this work. 100

E(2+) keV
&

g

70

b= 800140 (g aﬂgz 94 95 98 100 102 104 108 '4092 94 96 98 100 102 104 106
S 349 | N N
o (5% . .
= FIG. 4 (color online). Systematics of E(2*) and E(4* — 27)
a 669 for Sm, Gd, Dy, Er, and Yb isotopes. All data points from [26]
Y. pe po
2 911 .
= and this work.
° o £
) E::; [T 156 THE UNIVERSITY OF
E o —————— TENNESSEE I
% 200 400 600 800 1000 1200

KNOXVILLE

Energy (keV) FIG. 3. Level scheme of '**Sm obtained in this work.



>-decay half-lives

A An important ground-state property of exotic nuclei

A Usually, the first quantity experimentally accessible after a new isotope is identified
A Provide benchmarks to nuclear models

A In astrophysics, haltlives are key ingredients to nucleosynthesis processes

Conditions of decay chain
Accidental coincidence "
Branching ratios i —
[—decay spectroscopy
Branching ratios By
Neutron emission probabilities i -ﬁ—n
[somer population Particle—y
Isomer spectroscopy
Isomer population _
L Conversion coefficients IC electron—y
Spin polarization i B-NMR
Measurements of
nuclear moments Isomer population TDPAD
Spin alignment ¥
10 /day 100 /day 1000 /day
| l | | | | | |
10° 10" 10" 10° 10" 1 10 100

RI-beam intensity [/s]

T. Nakamura et al. PPNP 97, 53 (2017)
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Measuring 2-decay half-lives using Rl beams

Too T To I

A A

simpl e

functi on

Example: haltlife measurement around ’8Ni at RIKEN

34
33
32
31
30
29
28
27
26

Atomic number (Z)

g ,
= . a g
E s N ° (Af ) =
Ean —1" :
2 10 ® 3
Ei_: L X P @)
= 3 3 B \> 3 (lo])
% - = 10° = N
= 5 10 \

25[ & = \/

7 T Db aied 1 . Uncorrelated B-particle

%.6 2.65 2.7 2.75 2.8 2.85

Particle Identification

Correlated B-particle

won®t

Mass-to-charge ratio (A/Q)

position correlation

f

10t

p—
S
"5

p—
<
T

—
=

t

R1 beams produced by in-flight fragmentation provide an ideal opportunity to measure half-lives efficiently
Identify ions in the cocktail beams event-by-event, and find their implantation position in the detector

Look for Z decay around the implantation position within a reasonable time range (e.g., 5 s after the implantation)
Count the number of Z decays as a function of ion-Z time difference
exponenti al

such decay curyv

-decay of X1

total decay curve

(il

1000 2000 3000 4000 5000

Time (ms)
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Measuring 2-decay half-lives using Rl beams

A Rl beams produced by in-flight fragmentation provide an ideal opportunity to measure half-lives efficiently
A Identify ions in the cocktail beams event-by-event, and find their implantation position in the detector
A Look for = decay around the implantation position within a reasonable time range (e.g., 5 s after the implantation)
A Count the number of = decays as a function of ion-X time difference
A A simple exponential function won®t fit such decay cury
A The experimental decay curve includes activities from not only the parent nucleus X1 but also its descendants (X1 is
extremely far from the stability line)

[-decay of X1

total decay curve

(il

Counts / 10 ms

IIIH|——|- IIIHI|
e

0 1000 2000 _ 3000 _ 4000 _ 5000
Time (ms)
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Deducing half-life using 2-1 coincidence

A
A

Manyirays coul d be emitteddecaysnmedi ately®° following
The activity of the parent nucleus X1 can be isolated from the rest by selecting Z decays in coincidence with the unique {
emissions from X2
A The single exponential decay function can describe the experimental histogram very well!
However, such practice requires statistics (] -detection efficiency is generally not very high)

y-ray selection

E3-E

7.
A
A

=

X - gated on y-ray

10°

Counts / 50 ms

10

10

B¢ NG

1000 2000 3000 400

i

Time (ms)

|

75000

=
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Deducing half-life using the Bateman equation

Too T To I

For the most exotic species, 1 detection is generally not possible

To model the decay curve, the activities from descendants (daughter, granddaughter, etc.) need to be included
The Bateman equation describes the activities of thei-th isotope in the decay chain

Practically, the decay chain should be truncated at the i-th isotope if the half-life of the (i+1)-th isotope is too long
to contribute to the total activity

— _AlNl t n—1 7 — At
dt (®) £> NNFM@XQPJX ﬂeh
_ | =UOIT (=)

=1
j=1j#i

Fitting the model that includes all activities to the experimental decay curve allows us to determine the halflife of
the parent nucleus
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Systematics of half-lives

A Empirical rule: for very exotic nuclei, the half-life Ty, is inversely proportional to the fifth power of Qs
A Qs is approximately a linear function of N in the mid-shell (if we ignore the odd-even staggering caused by the pairing)

A logT,, is a linear function of N

Around 78Ni:
ZX etal., PRL 113, 032505 (2014)

Half-life (ms)

T T T
44 46 48 50 52
Neutron number

1 Half-lives of the N=50 isotones
10° o

.....

10?5
] B Present work

Half-life (ms)

O Previous work

--- FRDM+QRPA
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