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144"pr _ Comments on evaluation of decay data
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Evaluated: May/June 2013 and March/April 2014

Evaluation Procedures
Limitation of Relative Satistical Weight Method (LWM) and other analytical techniques were apptied

average numbers throughout the evaluation. Thertainty assigned to the average value was always
greater than or equal to the smallest uncertaiftiyeovalues used to calculate the average.

Decay Scheme

144"pr (T, = 7.2 min) undergoes 99.94% IT decay-(© 59.03 (3) keV) and 0.06% decay (Qf") =
3056.4 (24) keV) via various excited levels te ground state df“Nd. The decay scheme is dominated
by a simple IT decay mode consisting of a singldd5%eV gamma transition, whereas the srfiall
decay mode is poorly characterized. Despite ttterlnadequacies, a reasonably well-defined decay
scheme can be derived primarily from 1960Ge05 a@@5Dal6 in terms of three low-intensify
transitions and six gamma transitions, in which toaversion-electron emissions identified with the
59.03-keV M3 gamma transition play a dominant role.

Nuclear Data

14"pr constitutes a minor branch in tHéCe**Pr*Nd decay chain. A limited number of reasonably
high-energy gamma rays of low intensity are gererat thef~ decay mode of**™Pr.

Half-life

Only half-life measurements by Faschigtgal. (1970Fa03) and Chatterjee-Datsal. (1976Ch33) have
been published, of which the value reported by Ch33 was described as being tentative.

Reference Half-life (min)

1970Fa0: 7.2+0.2

1976Ch3! 6.6+1.C
Recommended val 7.2+0.2

" Half-life assigned tentatively 6" "Pr.

Although such a small data set still permits analpy both the limitation of relative statisticakight
method (LWM) and the normalised residual method Rweighted uncertainty adjustments have not
been implemented because of the nature of the I8®H@easurement. Thus, a half-life value of (7.2
0.2) minutes is recommended, as determined by HRF

Q values

Qrr-value of 59.03 (3) keV and @alue of 3056.4 (24) keV were adopted for th&Pr decay modes
(2012Wa38).

Gamma-ray energies and emission probabilities

Energies
The well-defined nuclear level energies of 2001Sed&e used to calculate the gamma transition

energies and their uncertainties. This approachadagpted because of the more wide-ranging origins o
the level energies compared with the measured gamayndecay data. Nevertheless, the recommended
gamma-ray energy standard proposed by 2000He14dmsadopted in the form of the 696.505(4)-keV
gamma ray. Various nuclear-level half-lives were@dd and calculated from the half-life and mean
lifetime measurements of 1976CoZX, 1994R013 andHIID.
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144mp,

Adopted energies, spins and parities for the nucledevels of “**Pr and **Nd (2001S0186).
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Nuclear level | Nuclear level energy (keV)| Spin and parity
number
14y 0 0.0 0- 17.29 (4) min
144npy 1 59.03 + 0.03 3- 7.2 (2) min
1Nd 0 0.0 0+ 2.3(3x 10" a
1 696.561 + 0.010 2+ -
2 1314.669 + 0.013 4+ 7.4 (9) ps
3 1510.871 + 0.021 3- 0.56 (7) ps
4 1560.920 + 0.013 2+ -
(5) 2072.91 + 0.03 2+ 59 (10) fs
(6) 2084.68 + 0.03 0+ 0.12 (5) ps
(7) 2185.75 + 0.03 1- 15 (2)
(8) 2368.82 + 0.04 2+ 39 (14) fs
(9) 2582.32 + 0.06 (3+) -
(10) 2655.54 + 0.03 1+ 9.9 (2) fs
(11) 2675.61 + 0.08 0+ 0.2 (1) ps
(12) 2742.99 + 0.07 0+ 64 (40) fs
(13) 2946.04 + 0.10 (2,3, 4) - -
Transition and gamma-ray energies of**™Pr (2001S0186).
Transition energy (keV) | Gamma-ray energy, E (keV) | Decay mode
Y10 (Pr) 59.03 (3) 59.03 + 0.03 IT
Y21 (Nd) 618.108 (16) 618.107 + 0.016 i}
Y1 (Nd) 696.561 (10) 696.559 + 0.010 i}
Va1 (Nd) 814.310 (23) 814.308 + 0.023 B
yasz  (Nd) 1631.37 (10) 1631.36 + 0.10 B
Yor  (Nd) 1885.76 (6) 1885.75 + 0.06 B

" Subsequently modified in line with the recommendedrgy standard of Helmer and van der Leun (200@He

Emission Probabilities

The gamma-ray emission probabilities were onlyiglytobtained from the measurements of 1979Pr11
and 1985Dal6. Thus, the emission probabilitieshef 1631.36- and 1885.75-keV gamma rays were
adopted in this manner, while the emission prolighif the 618.107-keV gamma ray was arbitrarily
adjusted from a measured value of 0.016 (7) to®(BBto achieve a population-depopulation balasfce
the 1314.67-keV nuclear level 8fNd. Equivalent emission probabilities for the 6@&5and 814.308-
keV gamma rays were assigned to be 0.06 (2) ard(@)0Qrespectively, after due consideration offihe
decay mode in which ze® feeding of the 1314.67-, 696.561-keV and grouradest of**Nd were
assumed on the basis of spin-parity consideratmm$alancedy population-depopulation of these
particular nuclear levels.

Studies of thel~ feeding of the 1510.87-keV nuclear level '8Nd have led to values of 0.05 (3) %

(1970Fa03) and < 0.02 (1) % (1985Dal6) — afterfubmnsideration, a value of 0.02 (1) % has been
recommended. An approximate normalization factof1080 + 0.10) was adopted in conjunction with

these recommended gamma-ray emission probabilitldsder these somewhat unsatisfactory
circumstances, § -decay mode with a branching fraction of 0.0006{as been derived to give a

matching IT branching fraction of 0.9994 (2). Flpathe absolute emission probability of the 59k@3/

M3 gamma transition was calculated from the IT bhamg fraction and the total internal conversion
coefficient to be 0.0818 (12) %.

Multipolarities, Internal-Conversion and Interna#PFormation Coefficients

The nuclear level scheme specified by Sonzognbkas used to define the multipolarities of the gamm
transitions on the basis of the known spins andtipar(2001S016). Adopted multipolarities are
100%M3 for the 59.03-keV gamma ray constituting Ehedecay mode, 100%E2 for the 618.107- and
696.505-keV gamma rays, and 100%E1 for the 814ké@8gamma rays. Evidence for the mixing ratio
and multipolarity of the 1885.75-keV (98.3%M1 +%E2) gamma transition arises fromy correlation
studies of 1998Hi09.
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Measured and recommended gamma-ray energies.

144mp,

Ey (keV)
1968Ra01 | 1968Sa0§ 1970Anlb  1970Fa03  1974BeD9  19ZBRa 1979Gr01 | 1979Pril|  1985Dal6]  2000Hel4Recommended
- - 59.0 (3) - - 58.5 (2) - - - - 59.03 + 0.03
- - - - - - - 618.2 (5) 617.8 (2) - 618.107 + GOL
696.3 (4) | 696.48 (9) - 696.43 (6) 696.49 (2) 696} | 696.510 (6)] 696.50 (2))  696.50 (5)  696.505|(496.605 + 0.004
813.7 (6) - - 813.8 (3)| 814.15(15) 813.6 (2) - 8B410) | 814.10 (10) - 814.308 + 0.023
- - - - - - - - 1631.36 (10 - 1631.36 £ 0.1p
- - - - - - - - 1885.3 (2) - 1885.75 + 0.06

# Determined from the nuclear level energies of Zb unless stated otherwise.
" Gamma-ray energy adopted from the recommendedyestandards published by Helmer and van der L206QHe14).

Published relative gamma-ray emission probabilities

E, (keV) prel
1970An15 1976Ra2? 1979Pr1? 1985Dal8

59.03 (3) ~0.01 0.003 (2) - -
618.107 (16) - - 0.015 (7) 0.016 (7)
696.505 (4) - - - -
814.308 (23) - - - -
1631.36 (10) - - - 0.030 (3)
1885.75 (6) - - - 0.010 (3)

" Emission probability expressed relative 1183.515 keV) of 100 % itf“Cep~ decay.
* Emission probability expressed relative 16183.515 keV) of 10.0 (1) % iH'Cep decay.
$ Emission probability expressed relative 16896.505 keV) of 100 % itf4Prp~ decay.

Recommended absolute gamma-ray emission probabil# and transition probabilities.

E, (keV) Pabs(%) Transition probability (%)
59.03 £ 0.03 0.0818 + 0.0012 99.94 £ 0.02
618.107 + 0.016 0.030 + 0.003 0.030 £ 0.003
696.505 + 0.004 0.06 + 0.02 0.06 £ 0.02
814.308 + 0.023 0.02+0.D1 0.02+0.01
1631.36 £ 0.10 0.030 = 0.003 0.030 = 0.003
1885.75 £ 0.06 0.010 = 0.003 0.010 £ 0.003

“ Absolute emission probabilities either adopte@datly from 1979Pr11 and 1985Dal6, or adjusted amived on the basis of the proposed decay scheitreaw
estimated normalization factor of (1.00 + 0.10)l&ggpto the relative gamma-ray emission probabigitas originally quoted.

' Determined from a calculated branching fractiontfie IT-decay mode of 0.9994 (2) and total ICA221 (18) for the 59.03-keV M3 gamma transition.

* Arbitrarily assigned a value of 0.030 (3) to aeki@ population-depopulation balance involving@h8.107- and 1631.36-keV gamma emissions identifiig the
1314.67-keV nuclear level 6f*Nd to whichp™ feeding was assumed to be negligible.

# Arbitrarily assigned a value of 0.06 (2) to acleievpopulation-depopulation balance involving thpiating 618.107-, 814.31- and 1885.75-keV gammiasions
and the depopulating 696.505-keV gamma emissiangified with the 696.56-keV nuclear level'8fNd to whichp™ feeding was assumed to be negligible.

§ Arbitrarily assigned a value of 0.02 (1) basedsofeeding to the 1510.87-keV nuclear leveliNd, as determined to be 0.05 (3) % by Faschira. (1970Fa03)
and < 0.02 % by Dalmassbal. (1985Dal6).
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Gamma-ray emissions: multipolarities, and theoretial internal-conversion (frozen orbital approximation) and internal-pair formation coefficients.

144mp,

~

PO)

E, (keV) Multipolarity K oL (VR (V) a3 M+ Qccrotal P Utotal
59.03 (3) (P M3 408 (6) 618 (9) 233 (4) 34.9 (5) 351 (5) 195 1221 (18) - 1221 (18)
618.107 (16)  (Nd) E2 0.005 68 (8) 0.000 869 (13) 000.673 (10) | 0.000 123 1 (18 0.0000727(11)  ©2€L | 0.006 79 (10) - 0.006 79 (1
696.505 (4)  (Nd) E2 0.004 27 (6) 0.000 631 (9 0.808 (8) | 0.0000785 (11 0.000 045 1 (7 0.008 16 0.005 07 (7) - 0.005 07 (7
814.308 (23)  (Nd) El 0.001198 (17)  0.000 152 § (220.000 140 7 (20)|  0.000 005 46 (8)  0.000 006 & (] 0.000 040 2| 0.001 391 (20) - 0.001 391 (
1631.36 (10)  (Nd) - - - - - - - - - -
188575 (6)  (Nd)| (98.3%M1 + 1.7%E2) 0.000 686 (10)| 0.000087 8 (13)  0.000 084 3 (13) 00002 59 (4)| 0.000 000 926 (17)  0.000 0233  OFWIO(10)| 0.000 255 (4)0.001 052 (15

§=0.13 (5)

(1998Hi09)
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The detailed conversion-electron measurements @feGet al. for the 59.03-keV gamma transition are
particularly noteworthy (1960Ge05, 1969Ge01) - tki8 gamma transition constitutes the IT-decay
mode of***"Pr.

Recommended internal conversion coefficients haeenb determined from the frozen orbital
approximation of Kibédet al. (2008Ki07), based on the theoretical model of dBenal. (2002Ba85,
2002Ra45). The (98.3%M1 + 1.7%E2) 1885.75-keV gantraasition also undergoes internal-pair
formation, and the coefficient for this process &ls® been quantified from the tabulations of 2008K

p— energies and emission probabilities

Energies
All B~ energies were derived from the structural det#ilhe proposed decay scheme. The nuclear level

energies of 2001S016 and evaluated Q-value of 8428) keV (2012Wa38) were used to determine the
recommended energies and uncertainties o tenissions.

Emission Probabilities

Absolute emission probabilities were derived foe hopulation-depopulation balances of the relative
gamma-ray emission probabilities, their theoretintdrnal-conversion coefficients, and a normaiaat
factor of (1.00 + 0.10) for the gamma-ray emissjoas proposed abov@. decay to the 1314.67-,
696.561-keV and ground-state levels'8Nd were assumed to be zero on the basis of theelinsnd
rather questionable gamma-ray emission probaksilitiwolved in the population-depopulation of these
particular nuclear levels. Létgvalues and averagg Eenergies were determined by means of the LOGFT
code.

Recommended energies and emission probabilities ftre p— decay of***™Pr.

Eg (keV) |Av. Eg (keV) Py ¥pr ¥Nd transition type log ft
B a1z 110.4 (24) 29.0 (7) 0.030 (3 3- (2,3, 4) - (allowed) 4.65
Bag 474.1(24) 143.0 (8) 0.010 (3 3- (3+) (firstdfmden non-unique)]  7.15
B1s 15455 (24) 570.0(11) 0.02 (1) 3- 3- allowed 8.7
¥ 0.06 (2)

" Determined from the nuclear level energies of Zib and Q-value of 3056.4 (24) keV (2012Wa38).

Energies and emission probabilities of noteworthynternal-conversion electrons.

Energy (keV) Electrons per 100 disint.
€CoT (Pr) 17.04 - 59.03 99.86 (2)
€C K (Pr) 17.04 (3) 33.37 (1)
€CoL (Pr) 52.20 — 53.07 50.54 (1)
€Ciom (Pr) 57.52 -58.10 12.68 (1)
€C 0 N+ (Pr) 58.73 — 59.03 3.27 (1)

A consistent decay scheme was derived that contaies low-intensityp~ transitions and six gamma-ray
emissions (one gamma transition constitutes tha tfadecay mode, and the other five gamma rays are
associated with the smddl-decay mode).

Atomic Data

The X-ray and Auger-electron data have been cakulilasing the evaluated gamma-ray data, and atomic
data from 1996Sc06, 1998ScZM and 1999ScZX. Both Xiray and Auger-electron emission
probabilities were determined by means of the ENMI®S&computer program (version 4.02, 28 February
2012), as described in 2000Sc47. This programrjpmates atomic data from 1996Sc06 and the
evaluated gamma-ray data.
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K and L X-ray energies and emission probabilities b***™Pr.

l44n’Pr

Energy Photons Relative
(keV) per 100 disint. probability
XL (Pr) 4.453 - 6.617 10.5 (5)
XL, (Pr) 4.453 0.227 (7)
XL, (Pr) 5.013 — 5.033 5.74 (16)
XL, (Pr) 4.929 0.0498 (15)
XLg (Pr) 5.489 — 5.851 3.89 (7)
XL, (Pr) 6.327 — 6.617 0.625 (13)
XK, XK o (Pr) 35.5506 (2) 8.66 (19) 54.8
XK o1 (Pr) 36.0267 (2) 15.8 (4) 100
XK g1 XK ga (Pr) 40.6533(7) | )
XKy (Pr) 40.7487(5) | ) 4.81(12) 30.4
XK gs (Pr) 41.050 )
XK g2 XK g2 (Pr) 41.774 (2) | )
XK g4 (Pr) 41.877 ) 1.23(4) 7.78
XKO, 3 (Pr) 41.968 )
XL (Nd) 4.633 — 6.901 0.000 067 (8)
XK, XK 2 (Nd) 36.8478 (3) 0.000 119 (23) 54.1
XK g1 (Nd) 37.3614 (2) 0.000 22 (5) 100
XK 51 XK g3 (Nd) 42.1670 (4) | )
XKy (Nd) 42.2717 (3) | ) 0.000 067 (13 30.5
XK gs (Nd) 42.580 )
XK g XK g2 (Nd) 43.335 (3) )
XK g4 (Nd) 43.451 ) 0.000 017 (4) 7.73
XKO, 3 (Nd) 43.548 )
Auger-electron energies and emission probabilitiesf ***™Pr.
Energy Electrons Relative probability
(keV) per 100 disint.
e (Pr) 2.87 (15)
KLL 28.162 — 29.890 1.85 (10) 100
KLX 33.576 — 36.004 0.91 (5) 49.2
KXY 38.97 —41.95 0.113 (7) 6.11
ex (Pr) 2.90-491 69 (10) 3730
e (Nd) 0.000 038 (8)
KLL 29.154 — 30.978 0.000 024 (5) 100
KLX 34.798 — 37.340 0.000 012 0 (24) 50
KXY 40.42 — 43.53 0.000 001 5 (3) 6.25
ex  (Nd) 3.01-5.10 0.000 40 (5) 1667

Pr: ok = 0.914 (4)w_ = 0.132 (5); p. = 0.871 (4), and Ndbx = 0.918 (4);w_ = 0.140 (6); . = 0.866 (4) were
taken from 1996Sc06.

Electron energies were determined from electrodibgenergies tabulated by Larkins (1977Lal19) and
the evaluated gamma-ray energies. Absolute ete@mission probabilities were calculated from the
evaluated absolute gamma-ray emission probabibitielsassociated internal conversion coefficients.

Surrey Univ. & Manipal Univ./A.L. Nichols June 2013



Comments on evaluation

l44rTPr

Data Consistency

An effective Q-value has been calculated from the-v@lue of 59.03 (3) keV and gQualue of
3056.4 (24) keV derived and adopted from the atomass evaluation of Wareg al. (2012Wa38), and
their recommended branching fractions formulatethdithe evaluation of the decay schemé&'8tPr:

effective Q-value = ¥ (Q; x BF;) = [59.03 (3) x 0.9994 (2)] + [3056.4 (24) (0006 (2)]

= 59.00 (12) + 1.8 (6) = 60.8 (6) keV

This value has been compared with the Q-value bl by summing the contributions of the individua
emissions to th&*"Pr decay processes (i, conversion electrong, etc.):

calculated Q-value =

Y (E, xP) = 60.9(5)keV

Percentage deviation from the effective Q-value {®.2 + 1.3)%, which supports the derivation of a
consistent decay schemdth a reasonably significant variant
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