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q decay data are very rich source of nuclear structure information & 
are of importance to many other areas of science & applications

ü nuclear structure – often offer the best quantities, because the 
complexity of spectra is reduced  

ü astrophysics – especially on the �r-process� side  – neutron-
rich nuclei 

ü atomic masses – proton-rich (Qa & Qp); neutron-rich (Qb-)
ü applications of nuclear science

Introduction
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Introduction – cont.

q Experimental Decay Data
ü experimental results obtained following a, b-, b+, EC, IT, p, 

cluster, etc. decay processes 

q Evaluated Decay Data 
ü Recommended (best) values for nuclear levels and decay 

radiation properties, deduced by the evaluator using all 
available experimental data & theoretical calculations (e.g. 
conv. coefficients)

Myth: decay data evaluation deals only with decay data –
many properties come from other decays and reactions 
(adopted level properties), e.g. Eg, Ig, MR, ICC (expt), …



4

Introduction – cont.

q excitation energy

q quantum numbers 
and their projections

q lifetime

q decay modes & 
branching ratios

q Q-value – defines the energetics of the decay
ü controls the lifetime of the parent
ü the window of daughter states available

q structure of the parent state (Jp,Kp, configuration)
ü controls which states of the daughter will be 

populated



T1/2Ex Jp Q

q every decay dataset MUST have a Parent record – P in column 8

Introduction – cont.

col. 10-19 col. 22-39 col. 40-50 col. 65-75
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Introduction – cont.

q usually the experiments provide relative emission probabilities –
absolute measurements are difficult & rare 
ü convert relative to absolute emission probabilities using the 

properties of the decay scheme – NORMALIZATION  

q nuclear state can decay via several decay modes
ü IT & b- (neutron-rich) or IT & a,p,EC (proton-rich)
ü b- & EC (near the stability)
ü a & p or a & EC (proton-rich)
ü a & SF or a & b- (255Es) (heavy nuclei)

q one needs to know the branching intensities  – BR
ü not a trivial job experimentally! 

%I  =  Intensity/100 parent decays



NT

q every decay dataset MUST have a Normalization record

Introduction – cont.

BRNR NB NP

Relative Intensity Normalization factor Absolute Intensity

Ig x NR x BR = %Ig
Ig (tot) x NT x BR = %Ig (tot)

Ib (or a or e) x NB x BR = %Ib (or a or e)
Ibn (or ep …) x  NP x BR = %Ibn (or ep …)

col. 8 col. 10-19 col. 22-29 col. 32-39 col. 42-49 col. 56-62
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a-decay

ü powerful spectroscopy tool
ü atomic masses for proton-rich nuclei
ü applications

A,Z A-4,Z-2 4He2
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a-decay – cont.

I. Ahmad et al., Phys. Rev. C68 (2003) 044306

| Ii − I f |≤ lα ≤| Ii + I f |

π iπ f = (−1)
lα

q Strong dependence on la
ü fastest decay for la=0 
q Configuration dependence
ü fastest for the same configurations

even-even nuclei: 
0+ -> 0+; la=0

odd-A:
1/2+ -> 1/2+; la=0,1
1/2+ -> 3/2+; la=1,2
1/2+ -> 9/2-; la=4,5
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Hindrance Factor in a-decay

HFi =
t1/2
αi (exp)
t1/2
αi (th)

=
T1/2 (exp) / BRi

t1/2
αi (th)

t1/2
αi (th) M.A. Preston, Phys. Rev. 71 (1947) 865

HF < 4 – favored decay (fast)

ü depends on r0 and Q(a) - nuclear radius: R=r0 x A1/3

Jp

BR0

BR1
T1/2

v = 2Eα /mα

relativistic formula

!" ≈ $"× & ', )
& ' − 4, ) − 2 = $"× 1 + 4

' − 4

!" = & ', ) − &" − & ', ) − &" 0 −2×& ', ) ×$" + 12,3 Be,a=78.6 [eV]

since AME16
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alphad.rpt

program alphad

same Jp and configuration
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Experimental techniques

q using radioactive sources (off-line) 
ü when lifetimes are sufficiently long

q using nuclear reactions (on-line) 
ü implanting on a catcher foil
ü implanting directly on the DSSD

q magnetic spectrometers 
q ionization chambers
q semiconductor detectors

ü Si(Au), PIPS, DSSD, …

1.5 keV energy resolution 



absolute determinations of a energies using the BIPM 
magnetic spectrometer with a semi-circle focusing of 
alpha-particles.  These measurements were performed in 
the 70's - 80’s for the most intense alpha-transitions

Energy Calibration
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Long-lived radioactive sources

q semiconductor detectors: Passivated Implanted Planar Silicon (PIPS)
ü energy resolution (FWHM) of 9-12 keV
ü small geometrical efficiency (W) in order to minimize a-e-

coincidence summing effects

ü thin and isotopically pure sources

Harada et al. J. Nucl. Sci. and Techn. 43 (2006) 1289

ü sophisticated data analysis  

238,240Pu
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251Cf a-decay

I. Ahmad et al., Phys. Rev. C68 (2003) 044306
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251Cf a-decay – cont. 

I. Ahmad et al., Phys. Rev. C68 (2003) 044306
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No direct detector implantation

Si det

C foil

H. De Witte et al., EPJ A23 (2005) 243

1 GeV pulsed proton beam on 51 g/cm2 ThCx target

on-line mass separation (ISOLDE)/CERN



Windmill System (WM) at ISOLDE

Annular Si Si

pure 30 keV beam 
from RILIS+ISOLDE

C-foils
20 mg/cm2 Si detectors

30 keV beam 
from ISOLDE

Si
Annular Si

ff

f
f

a

C-foil

MINIBALL Ge cluster

A. Andreyev et al., PRL 105, 252502 (2010)



Direct implantation on the detector

PGAC

The picture can't be displayed.

X-array
one �Super-Clover� & 
four 70 X 70 mm Clovers

ü spectroscopy of proton-rich nuclei far from stability
ü studies of heavy and super-heavy nuclei



Implantation - Decay within a single pixel

!" = $"× 1 + 4
) − 4 = $" + $" 4

) − 4

Direct implantation on the detector

Important: how calibration was made?
ü external source, e.g. 252Cf – needs correction
ü internally, but when A(cal) is very different need to be corrected
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a1-a2 (parent-daughter) correlations

Implantation->Decay 1->Decay 2
within a single pixel

T2nd decay
T1st decay

a1: 6.12 MeV

En
er

gy
 (M

eV
)

0 Time

Timescale of Events
177Au

Implant

a2: 5.7 MeV

F.G. Kondev et al. Phys. Lett. B528 (2002) 221

84Sr + 92-96Mo@176-180Hg
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FIG. 4: Schematic decay chain originating from 179Tl and terminating in 163Ta.
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FIG. 5: a) and b) ↵ spectra produced by gating on first-generation E↵1=6556 keV (179Tl) and 7194 keV (179mTl) lines,
respectively c) and d) ↵ spectra produced by gating on the second-generation E↵2=6431 keV line with additional requirements
that it is correlated with the first-generation E↵1=6556 keV and 7194 keV decays, respectively.

5958 keV line is a sum of the real ↵ and the conversion
electrons. If one consider the binding energy of 20.3 keV,
then E↵= 5938 (8) keV would be expected. Using the

deduced excitation energy of 207 (14) keV for 175mAu
and assuming the same energy of 6431 (8) keV, one can
deduce the excitation energy of the isomer in 171mIr as

Theory
i

Exp

Theory
i

Exp

i T
BRT

T
THF

2/1

2/1

2/1

2/1 /)(
==

a

HF < 4 favored (DL=0)decay  

1.12 (6) 0.50 (3)

2.16 (17) 1.63 (19)

2.2 (4)0.36 (6)
%ba~15%

1/2+ 11/2-



179Tl: a-decay properties

179Tl

175Au

171Ir

g.s. isomer

e+b+
11%

e+b+
22%

179Hg
(1p1n)

89Y + 92Mo@181Tl@375 MeV
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Guidelines for evaluators
q Start with a collection of all references – NSR is very useful! 

q Complete the ID record – provide information about the key 
references

ü how the parent nuclide was produced, which techniques and equipment were 
used; what was the energy resolution of the spectrometer and what was actually 
measured 

ü mention other relevant references only by the NSR key number (for the benefit 
of the reader)

q Complete the Parent record 
ü Ex, Jp and T1/2 from �Adopted Levels� of the parent nuclide, BUT check for 
new data and reevaluate, if needed

ü Qa from AME16 (2017Wa10)

q Deduce r0 (if not an even-even nuclide) and include it in the 
HF record – the new alphad program also provides it
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Guidelines for evaluators – cont.
NO GAMMA RAYS WERE MEASURED

q Include measured Ea and Ia with the corresponding level 
ü if there is more than one reference you may use averages, BUT be careful –
need to compare oranges with oranges, e.g. magnetic spectrometer (DE ~4 keV) vs
Si (DE ~20 keV)
ü most measurements are relative to Ea from a standard radionuclide. If

available, include this information in a comment.
ü use Ritz�s (At. Data and Nucl. Data Tables 47, 205 (1991)) - evaluated Ea and Ia

- when no new values are available.

ü renormalize Ia, so that SUM Iai = 100 % - have a simple spreadsheet handy

ü provide comments on Ea and Ia , where appropriate

q Complete the Normalization record – BR
ü BR from Adopted levels of the parent, BUT check for new data are reevaluate, 
if needed



27

Guidelines for evaluators – cont.
GAMMA RAYS WERE MEASURED

q Include measured Ea and Ia (as in the earlier slide)
q Include measured Eg and Ig

ü if there is more than one reference you may use averages, BUT be careful –
need to compare oranges with oranges
ü include Mult. & MR – use �Adopted gammas� or Jp differences if not 
available 
ü include measured ICC and/or sub-shell ratios to support Mult. assignment or 
to deduce MR as a comment record to a corresponding G record 

ü include T1/2 available for a particular level – usually ag(t) coincidence data

q Run BrICC to deduce conversion electron coefficients
q Run GTOL – determine level energies and intensity balances

q Complete the Normalization record – NR and BR
ü NR - need to convert to %Ig

ü BR from Adopted levels of the parent, BUT check for new data are reevaluate, 
if needed
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Guideline for evaluators-cont.

.;
1111

etcPEPEPEQcalcBFQQeff
all

l

all

k

all

j

allBF

i
ii llkkjj +++== åååå

====

abg

gg aabb

q Run FMTCHK – check that everything is OK 
q Run ALPHAD - calculate HF
q Run RADLIST - check the decay scheme for consistency 

%100´ú
û

ù
ê
ë

é -
=

Qeff
QcalcQeff

yConsistenc
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Beta Decay: universal term for all weak-interaction 
transitions between two neighboring isobars

Beta decay - Introduction

Takes place is 3 different forms
b-, b+ &  EC (capture of an atomic electron)

b-: n à p + e- + n~

b+: p à n + e+ + n

a nucleon inside the nucleus is transformed into another

EC: p + e- à n + n



Beta decay - Introduction: cont. 
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Type of transition Order of 
forbiddenness

DI pipf

Allowed 0,+1 +1

Forbidden unique
1
2
3
4
.

!2
!3
!4
!5

.

-1
+1
-1
+1
.

Forbidden
1
2
3
4
.

0, !1
!2
!3
!4

.

-1
+1
-1
+1
.

Classification of b decay transitions
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2/1

2/1

p
hb

b

contains the nuclear matrix elements
2h

statistical rate function (phase-space factor): the energy & 
nuclear structure dependences of the decay transition

b decay Hindrance Factor



33

coming from experiment

tfft logloglog +=

coming from calculations

Decay 
Mode

Type DI (pipf) log f

b-

EC + b+
allowed 0, +1 (+)

b-

EC + b+
1st-forb 
unique

!2 (-)

-
0log f

)/log(log 010
--- + fff
)log( 00

++ ff EC

N.B. Gove and M. Martin, Nuclear Data Tables 10 (1971) 205

)]/()log[( 0011
++ ++ ffff ECEC

Log ft values
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Log t
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+
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q What we want to know accurately

üT1/2, Ig, aT & d

)10(78.0)619416( =+totI

)16(086.0)721521( =+totI

In

Out

= 0.69(10)
(net)

31.6log][10056.20022.0 6 =®´=®= tsth ®=® 386.2log f 7.8log =ft
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q There are only a few 
cases where unambiguous 
assignment can be made

q �pandemonium effect� –
neutron rich nuclei – log ft
is a just lower limit!

q needs to know the decay 
scheme and its properties 
accurately!

Rules for Spin/Parity Assignments

~1000 cases
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B. Singh, J.L. Rodriguez, S.S.M. Wong & J.K. Tuli
~3900 cases -> gives 
centroids and widths

Log ft values – latest review



Beta decay of odd-odd nuclei

K=7

j1
j2

j

p7/2+[404] n7/2-[514]

p7/2+[404] p9/2-[514]

n9/2+[624] n7/2-[514]

w

K=0

j=R
log ft ~19

log ft ~5

retarded by 1014

ΔK=7

ΔK=1



Experimental Approaches
Discrete β-γ-γ Coincidence Spectroscopy 

RIBF-RIKEN

• most studies in the past involved a single HpGe detector - lack of γ-γ 
coincidences - incomplete decay schemes - www.nndc.bnl.gov/ENSDF



Experimental Approaches - cont.
Total Gamma-ray Absorption Spectroscopy  

γ1

γ2
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q Energy (keV)
ü Give Eb(max) only if experimental value is so accurate that it could be 

used as input to mass adjustment

ü Do not give Eb(avg.), program LOGFT calculates its value

q Absolute intensity (%Ib, per 100 decays of the parent nucleus)

ü Give experimental value, if used for normalizing the decay scheme

ü Give absolute value deduced from g-ray transition intensity balance 

(Program GTOL)

q Log ft
ü Usually authors assign spins and parities. Nevertheless, verify that the 

relevant log ft values are consistent with their assignments 

ü Give (Iec+Ib+) feedings deduced from g-ray transition intensity balances.  

Program LOGFT calculates (from theory) ec and b+ probabilities as 

well sub-shell ( PK, PL, PM, …) probabilities

q Give (in comments) x-ray intensities. These are useful for normalizing or

testing the decay scheme

Beta Decay (b-, b+ and EC)
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Guidelines for evaluators
q Start with a collection of all references – NSR is very useful! 

q Complete the ID record – provide information about the key 
references

ü how the parent nuclide was produced, which techniques and equipment were 
used; what was the energy resolution of the spectrometer and what was actually 
measured 

ü mention other relevant references only by the NSR key number (for the benefit 
of the reader)

q Complete the Parent record 
ü Ex, Jp and T1/2 from �Adopted Levels� of the parent nuclide, BUT check for 
new data and reevaluate, if needed

ü Qb from AME16 mass evaluation (2017Wa10)
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Guidelines for evaluators – cont.

q Include measured Eg and Ig
üif there is more than one reference you may use averages (avetools program), 
BUT be careful – need to compare oranges with oranges
ü include Mult. & MR – use �Adopted gammas� – if Mult. is not known, but 
initial and final  Jp are – use [ ], e.g. [E2], so ICC can be calculate
ü include measured ICC and/or sub-shell ratios to support Mult. assignment or 
to deduce MR – use BrIccMixing program

ü include T1/2 available for a particular level – usually bg(t) coincidence data

q Run BrICC to deduce conversion electron coefficients

ü be careful when dealing with transitions containing E0 admixtures (mostly J 
to J) or those with anomalous ICC (penetration) – use experimental ICC
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Guidelines for evaluators – cont.

q Complete the Normalization record – NR and BR
ü NR - need to convert to %Ig 

ü BR from Adopted levels of the parent, BUT check for new data are reevaluate, 
if needed

q Run GTOL – determine level energies and intensity balances



205Hg b- decay as an example
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program GTOL
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Before running the LOGFT program

Ib-

1FU
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q Run LOGFT
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Guideline for evaluators-cont.

.;
1111

etcPEPEPEQcalcBFQQeff
all

l

all

k

all

j

allBF

i
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====

abg

gg aabb

q Check the decay scheme for consistency (using RADLST)

%100´ú
û

ù
ê
ë

é -
=

Qeff
QcalcQeff

yConsistenc
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Decay Data – What is evaluated?

q Level Properties: E (DE), Jp, T1/2 (DT1/2), BR(Decay mode(s))

ü E (DE) – least-squares fit procedure to ALL available data (not 

only decay – high-precision reaction data) -> should be used to 

determine signature radiations, e.g. Eg, Eb, Ea, …
ü Jp – important when dealing with large decay data schemes -> 

defines transition multipolarities and ICC

ü T1/2 (DT1/2)  

ü BR – in many cases only one mode measured, but the second 

inferred from 100-%BR1; lack of separating EC from b+: 
%EC+%B=100 -> what is measured and what is deduced?  

q Q values - AME2016 – surprises driven by new measurements –

don’t use end-point energies! 



53

Decay Data – What is evaluated-cont.?

q Gamma Radiation Properties: Eg (DEg), Ig (DIg), Mult., d (Dd)
ü Eg (DEg) – need to be evaluated in a relation to a particular 

nuclear level (not only decay – high-precision reaction data, e.g. 
bent-curve spectrometers); the recommended ones determined 
from lsq-fit level energies 

ü Ig (DIg) – MUST be evaluated. One must consider BR from 
reactions for weakly populated levels in b/a decay 

ü Mult. – sometime inferred from the decay scheme and from 
reactions data – important to deduce ICC

ü d (Dd) – Must be evaluated. Frequently reactions data must be 
consulted 

ü careful when dealing with E0 or mixed E0+M1+E2 transitions: 
simplified approaches use experimental ICC and Ig(tot); or 
penetration effect for ICC (mostly for heavy nuclei)



Decay Data – What is evaluated-cont.?

q Atomic Radiation: 
ü CE, X-rays, Auger and Coster-Kronig are derived quantities, 

except ICC for mixed E0+M1+E2 transitions and those affected 
by penetration    

q Beta Radiation Properties: Eb (DEb), Ib (DIb)
ü Eb (DEb) – it is not discrete, usually maximum and mean energies 

are deduced from the known decay scheme and decay Q value 
ü Ib (DIb) – deduced from intensity balances - > need to look 

carefully if Ib+ has been measured, usually deduced from the 
(calculated) Ib+/EC ratio  

q Alpha Radiation Properties: Ea (DEa), Ia (DIa)
ü Ea (DEa) – from level energy differences & Qa values; directly 

measured ones are usually with low uncertainties 
ü Ia (DIa) – both directly  and indirectly (from Ig)
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Some personal notes …

q Be critical to the experimental data you are dealing 
with!

ü as all nuclei are different, so are the experiments 

q A good evaluation is not just simply averaging 
numbers!

üsometime the most accurate value quoted in the 
literature is not the best one!

q Enjoy what you are doing!


