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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +14 nuclei.
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Table 1
Observed and predicted β -delayed particle emission from the even-Z, Tz = +14 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jπ T1/2 Qε Qε p Qε α Experimental

160Dy 0+ stable —– —– —–
164Er 0+ stable —– —– —–

168Yb 0+ stable —– —– —–
172Hf 0+ 1.86(3) y 0.334(25) -4.384(24) 2.485(24) [1971Ch57]
176W 0+ 2.3(1) h 0.720(40) -3.449(28) 3.670(28) [1963Va20]
180Os 0+ 21.7(6) m 1.481(27) -2.350(21) 4.584(35) [1966Ho16]
184Pt 0+ 17.3(2) m 2.280(30) -0.958(52) 6.080(26) [1972Fi12]

188Hg 0+ 3.25(15) m 2.173(7) -0.802(25) 6.988(29) [1972Fi12]
192Pb 0+ 3.5(1) m 3.320(30) 0.751(23) 7.395(6) [1979To06]
196Po 0+ 5.8(2) s 4.540(25) 2.980(7) 9.979(32) [1985Va03]
200Rn 0+ 1.06(2) s 4.987(25) 3.949(8) 11.584(25) [1984Ca32]
204Ra 0+ 58+10

−7 ms* 5.454(26) 4.956(11) 12.624(26) [2005Uu02, 1996Le09]
208Th 0+ 1.7+1.7

−0.6 ms 5.930(70) 5.885(66) 13.656(40) [2010He25]

* Weighted average of 54+19
−11 ms [2005Uu02] and 59+12

−9 ms [1996Le09].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +14 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qα BRα Experimental

160Dy 7.429(1) 13.560(1) 0.438(1)
164Er 6.854(0) 12.339 1.305(0)

168Yb 6.326(1) 11.234 1.938(1)
172Hf 5.863(24) 10.216(24) 2.753(24)
176W 5.522(40) 9.375(28) 3.336(37)
180Os 5.061(29) 8.527(22) 3.860(32)
184Pt 4.419(29) 7.301(26) 4.599(8) 1.7(7)×10−3% [1995Bi01, 1993BiZY, 1966Si08, 1963Gr08]

188Hg 4.459(24) 6.912(23) 4.709(15) ≈3.7×10−5% [1979Ha10, 1993ToZY]
192Pb 3.558(9) 5.759(17) 5.222(5) 6.0(5)×10−3%* [1992Wa14, 1979To06, 1992WaZV, 1984To09, 1974Ho16,

1974Le02]
196Po 2.732(8) 3.839(18) 6.658(2) 94(5)% [1996Ta18, 1993Wa04, 1985Va03, 2016Tr07, 1993WaZO,

1992WaZV, 1967Si09, 1967Tr06, 1965Si22]
200Rn 2.466(8) 3.105(18) 7.043(2) 86+14

−4 % [1995Bi17, 1993Wa04, 1984Ca32, 2015We15, 2005Uu02
1995BiZY, 1992WaZV, 1971Ho01]

204Ra 2.104(11) 2.242(20) 7.637(7) ≈ 100%** [2005Uu02, 1996Le09, 1995Le04, 1995Le15, 1995LeZY]
208Th 1.747(65) 1.456(37) 8.202(31) 100% [2010He25]

* Weighted average of 6.2(6)×10−3% [1992Wa14] and 5.7(10)×10−3% [1979To06].
** Based on short half-life.

Table 3
direct α emission from 184Pt*, Jπ

i = 0+, T1/2 = 17.3(2) m**, BRα = 1.7(7)×10−3%.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(180Os) coincident γ-rays R0 (fm) HF

4.602(10) 4.502(10) 1.7(7)×10−3% 0+ 0.0 —– 1.542(27) 1.0+0.7
−0.3

* All values from [1995Bi01], except where noted.
** [1972Fi12].

Table 4
direct α emission from 188Hg*, Jπ

i = 0+, T1/2 = 3.25(15) m**, BRα = ≈3.7×10−5%.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(184Pt) coincident γ-rays R0 (fm) HF

4.710(20) 4.610(20) 1.7(7)×10−3% 0+ 0.0 —– 1.480(15) 1.01

* All values from [1979Ha10], except where noted.
** [1972Fi12].
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Table 5
direct α emission from 192Pb*, Jπ

i = 0+, T1/2 = 3.5(1) m, BRα = 6.0(5)×10−3%**.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(188Hg) coincident γ-rays R0 (fm) HF

5.221(5) 5.112(5) 6.0(5)×10−3%** 0+ 0.0 —– 1.5126(28) 0.98(9)

* All values from [1979To06], except where noted.
** Weighted average of 6.2(6)×10−3% [1992Wa14] and 5.7(10)×10−3% [1979To06].

Table 6
direct α emission from 196Po, Jπ

i = 0+, T1/2 = 5.8(2) s*, BRα = 94(5)%**.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter( 192Pb) coincident γ-rays R0 (fm) HF

6.654(1) 6.518(1)*** 94(5)%** 0+ 0.0 —– 1.5005(86) 1.00(6)

Table 7
direct α emission from 200Rn, Jπ

i = 0+, T1/2 = 1.06(2) s*, BRα = 86+14
−4 %**.

Eα (c.m.) Eα (lab) Iα (abs) Iα (abs) Jπ
f Edaughter( 196Po) coincident γ-rays R0 (fm) HF

6.485(6) 6.355(6) 6(2)×10−3% 5.2+10
−5 ×10−3% 0+ 0.558(7) 1.5205(93) 140+90

−40
6.586(4) 6.454(4) 8.1(7)×10−3% 7.0+14

−9 ×10−3% 2+ 0.4631(1)@ 0.4631(1)@ 1.5205(93) 242+60
−24

7.0433(25) 6.9024(25) 100% 86+14
−4 % 0+ 0.0 —– 1.5205(93) 1.3+4

−1

* [1984Ca32].
** [1993Wa04].
*** [1996Tr18].
@ [2007Hu13].

Table 8
direct α emission from 204Ra, Jπ

i = 0+, T1/2 = 58+10
−7 ms*, BRα = ≈ 100%.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter( 200Rn) coincident γ-rays R0 (fm) HF

7.636(6) 7.486(6)** ≈ 100% 0+ 0.0 —– 1.525(14) 1.07(19)

* Weighted average of 54+19
−11 ms [2005Uu02] and 59+12

−9 ms [1996Le09].
** Weighted average of 7.486(8) MeV [2005Uu02], 7.484(10) MeV [1996Le09], and 7.488(12) MeV [1995Le04].

Table 9
direct α emission from 208Th*, Jπ

i = 0+, T1/2 = 1.7+1.7
−0.6 ms, BRα = 100%.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter( 204Ra) coincident γ-rays R0 (fm) HF

8.202(30) 8.044(30) 100% 0+ 0.0 —– 1.555(18) 0.66+0.66
−0.24

* All values from [2010He25].

References used in the Tables

[1] 1963Gr08 G. Graeffe, Ann. Acad. Sci. Fennicae, Ser. A VI, No. 128 (1963).

[2] 1963Va20 J. Valatin, A. Santoni, Nucl. Phys. 47, 303 (1963). https://doi.org/10.1016/0029-5582(63)90875-7

[3] 1965Si22 A. Siivola, UCRL-11828, p. 26 (1965)

[4] 1966Ho16 K. J. Hofstetter, P. J. Daly, Phys. Rev. 152, 1050 (1966). https://doi.org/10.1103/PhysRev.152.1050

[5] 1966Si08 A Siivola, Nucl Phys 84, 385 (1966). https://doi.org/10.1016/0029-5582(66)90377-4

[6] 1967Si09 A. Siivola, Nucl. Phys. A101, 129 (1967). https://doi.org/10.1016/0375-9474(67)90292-8

[7] 1967Tr06 W. Treytl, K. Valli, Nucl. Phys. A97, 405 (1967). https://doi.org/10.1016/0375-9474(67)90495-2

3



[8] 1971Ch57 Y. Y. Chu, P. J. Karol, Inorg. Nucl. Chem. Lett. 7, 1205 (1971). https://doi.org/10.1016/0020-1650(71)80067-3

[9] 1971Ho01 P. Hornshoj, K. Wilsky, P. G. Hansen, A. Lindahl, O. B. Nielsen, Nucl. Phys. A163, 277 (1971).
https://doi.org/10.1016/0375-9474(71)90536-7

[10] 1972Fi12 M. Finger, R. Foucher, J. P. Husson, J. Jastrzebski, A. Johnson, G. Astner, B. R. Erdal, A. Kjelberg, P. Patzelt, A.
Hoglund, S. G. Malmskog, R. Henck, Nucl. Phys. A188, 369 (1972). https://doi.org/ 10.1016/0375-9474(72)90064-4

[11] 1974Ho16 G. W. Hoffmann, T. Udagawa, W. R. Coker, J. McIntyre, M. Mahlab, Phys. Lett. 50B, 249 (1974).
https://doi.org/10.1016/0370-2693(74)90551-6

[12] 1974Le02 Y Le Beyec, M Lefort, J Livet, N T Porile, A Siivola, Phys Rev C 9, 1091 (1974).
https://doi.org/10.1103/PhysRevC.9.1091

[13] 1979Ha10 E Hagberg, P G Hansen, P Hornshoj, B Jonson, S Mattsson, P Tidemand-Petersson, Nucl Phys A318, 29 (1979).
https://doi.org/10.1016/0375-9474(79)90467-6

[14] 1979To06 K. S. Toth, M. A. Ijaz, C. R. Bingham, L. L. Riedinger, H. K. Carter, D. C. Sousa, Phys. Rev. C19, 2399 (1979).
https://doi.org/10.1103/PhysRevC.19.2399

[15] 1984Ca32 F. Calaprice, G. T. Ewan, R. -D. von Dincklage, B. Jonson, O. C. Jonsson, H. L. Ravn, Phys. Rev. C30, 1671
(1984). https://doi.org/10.1103/PhysRevC.30.1671

[16] 1984To09 K Toth, Y A Ellis-Akovali, C R Bingham, D M Moltz, D C Sousa, H K Carter, R L Mlekodaj, E H Spejewski, Phys
Rev Lett 53, 1623 (1984). https://doi.org/10.1103/PhysRevLett.53.1623

[17] 1985Va03 P. Van Duppen, E. Coenen, K. Deneffe, M. Huyse, J. L. Wood, Phys. Lett. 154B, 354 (1985).
https://doi.org/10.1016/0370-2693(85)90408-3

[18] 1992Wa14 J. Wauters, P. Dendooven, P. Decrock, M. Huyse, R. Kirchner, O. Klepper, G. Reusen, E. Roeckl, P. Van Duppen,
Z. Phys. A342, 277 (1992). https://doi.org/ 10.1007/BF01291510

[19] 1992WaZV J. Wauters, P. Dendooven, M. Huyse, G. Reusen, P. Van Duppen, P. Lievens, R. Kirchner, O. Klepper, E. Roeckl,
and the ISOLDE Collaboration, Contrib. 6th Intern. Conf. on Nuclei Far from Stability + 9th Intern. Conf. on Atomic Masses
and Fundamental Constant, Bernkastel-Kues, Germany, E19 (1992).

[20] 1993BiZY C. R. Bingham, Y. A. Akovali, H. K. Carter, W. D. Hamilton, M. M. Jarrio, M. B. Kassim, J. Kormicki, J.
Schwarzenberg, K. S. Toth, M. Zhang, Proc. 6th Intern. Conf. on Nuclei Far from Stability + 9th Intern. Conf. on Atomic
Masses and Fundamental Constants, Bernkastel-Kues, Germany, 19-24 July, 1992, R. Neugart, A. Wohr, Eds. , p. 735 (1993).

[21] 1993ToZY K.S.Toth, C.N.Davids, Y.A.Akovali, B.B.Back, K.Bindra, C.R.Bingham, H.K.Carter, W.Chung, Y.Hatsukawa,
D.J.Henderson, T.Lauritsen, P.F.Mantica, D.M.Moltz, A.V.Ramayya, J.D.Robertson, W.B.Walters, Proc.6th Intern.Conf.on Nu-
clei Far from Stability + 9th Intern.Conf.on Atomic Masses and Fundamental Constants, Bernkastel-Kues, Germany, 19-24 July,
1992, R.Neugart, A.Wohr, Eds., p.589 (1993).

[22] 1993Wa04 J. Wauters, P. Dendooven, M. Huyse, G. Reusen, P. Van Duppen, P. Lievens, and the ISOLDE Collaboration, Phys.
Rev. C47, 1447 (1993). https://doi.org/10.1103/PhysRevC.47.1447

[23] 1993WaZO J. Wauters, P. Dendooven, M. Huyse, G. Reusen, P. Van Duppen, P. Lievens, R. Kirchner, O. Klepper, E. Roeckl,
and the ISOLDE Collaboration, Proc. 6th Intern. Conf. on Nuclei Far from Stability + 9th Intern. Conf. on Atomic Masses and
Fundamental Constants, Bernkastel-Kues, Germany, 19-24 July, 1992, R. Neugart, A. Wohr, Eds., p. 595 (1993).

[24] 1995Bi01 C. R. Bingham, M. B. Kassim, M. Zhang, Y. A. Akovali, K. S. Toth, W. D. Hamilton, H. K. Carter, J. Kormicki, J.
von Schwarzenberg, M. M. Jarrio, Phys. Rev. C51, 125 (1995). https://doi.org/10.1103/PhysRevC.51.125

[25] 1995Bi17 N. Bijnens, P. Decrock, S. Franchoo, M. Gaelens, M. Huyse, H. -Y. Hwang, G. Reusen, J. Szerypo, J. von
Schwarzenberg, J. Wauters, J. G. Correia, A. Jokinen, P. Van Duppen, and the ISOLDE Collaboration, Phys. Rev. Lett. 75,
4571 (1995). https://doi.org/10.1103/PhysRevLett.75.4571

[26] 1995BiZY N. Bijnens, J. Correia, P. Decrock, S. Franchoo, M. Gaelens, M. Huyse, H. Y. Hwang, A. Jokinen, I. Reusen, J.
Szerypo, J. von Schwarzenberg, P. Van Duppen, J. Wauters, and the ISOLDE Collaboration, Proc. Intern. Conf on Exotic Nuclei
and Atomic Masses, Arles, France, June 19-23, 1995, p. 543 (1995).

[27] 1995Le04 M. J. Leddy, S. J. Freeman, J. L. Durell, A. G. Smith, S. J. Warburton, D. J. Blumenthal, C. N. Davids, C. J. Lister,
H. T. Penttila, Phys. Rev. C51, R1047 (1995). https://doi.org/10.1103/PhysRevC.51.R1047

[28] 1995Le15 M. Leino, J. Aysto, T. Enqvist, A. Jokinen, M. Nurmia, A. Ostrowski, W. H. Trzaska, J. Uusitalo, K. Eskola, Acta
Phys. Pol. B26, 309 (1995).

[29] 1995LeZY M. Leino, T. Enqvist, W. H. Trzaska, J. Uusitalo, K. Eskola, P. Armbruster, V. Ninov, Proc. Intern. Conf on Exotic
Nuclei and Atomic Masses, Arles, France, June 19-23, 1995, p. 505 (1995).

4



[30] 1996Le09 M. Leino, J. Uusitalo, R. G. Allatt, P. Armbruster, T. Enqvist, K. Eskola, S. Hofmann, S. Hurskanen, A. Jokinen,
V. Ninov, R. D. Page, W. H. Trzaska, Z. Phys. A355, 157 (1996). https://doi.org/10. 1007/s002180050093

[31] 1996Ta18 R. B. E. Taylor, S. J. Freeman, J. L. Durell, M. J. Leddy, A. G. Smith, D. J. Blumenthal, M. P. Carpenter, C. N.
Davids, C. J. Lister, R. V. F. Janssens, D. Seweryniak, Phys. Rev. C54, 2926 (1996). https://doi.org/10.1103/PhysRevC.54.2926

[32] 2005Uu02 J. Uusitalo, M. Leino, T. Enqvist, K. Eskola, T. Grahn, P. T. Greenlees, P. Jones, R. Julin, S. Juutinen, A. Keenan,
H. Kettunen, H. Koivisto, P. Kuusiniemi, A. -P. Leppanen, P. Nieminen, J. Pakarinen, P. Rahkila, C. Scholey, Phys. Rev. C 71,
024306 (2005). https://doi.org/10.1103/PhysRevC.71.024306

[33] 2007Hu13 X. Huang, Nucl. Data Sheets 108, 1093 (2007). https://doi.org/10.1016/j.nds.2007.05.001

[34] 2010He25 J. A. Heredia, A. N. Andreyev, S. Antalic, S. Hofmann, D. Ackermann, V. F. Comas, S. Heinz, F. P. Hessberger, B.
Kindler, J. Khuyagbaatar, B. Lommel, R. Mann, Eur. Phys. J. A 46, 337 (2010). https://doi.org/10.1140/epja/i2010-11058-1

[35] 2015We15 R. Weiss, B. Bazak, N. Barnea, Phys. Rev. C 92, 054311 (2015). https://doi.org/10.1103/PhysRevC.92 054311

[36] 2016Tr07 V. L. Truesdale, A. N. Andreyev, L. Ghys, M. Huyse, P. Van Duppen, S. Sels, B. Andel, S. Antalic, A. Barzakh, L.
Capponi, T. E. Cocolios, X. Derkx, H. De Witte, J. Elseviers, D. V. Fedorov, V. N. Fedosseev, F. P. Hessberger, Z. Kalaninova,
U. Koster, J. F. W. Lane, V. Liberati, K. M. Lynch, B. A. Marsh, S. Mitsuoka, Y. Nagame, K. Nishio, S. Ota, D. Pauwels, L.
Popescu, D. Radulov, E. Rapisarda, S. Rothe, K. Sandhu, M. D. Seliverstov, A. M. Sjodin, C. Van Beveren, P. Van den Bergh, Y.
Wakabayashi, Phys. Rev. C 94, 034308 (2016). https://doi.org/10.1103/PhysRevC. 94. 034308

[37] 2021Wa16 M. Wang, W. J. Huang, F. G. Kondev, G. Audi, S. Naimi, Chin. Phys. C 45, 030003 (2021).
https://doi.org/10.1088/1674-1137/abddaf

5


