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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +12 nuclei.
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Table 1
Observed and predicted β -delayed particle emission from the even-Z, Tz = +12 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

144Nd 0+ 2.4(2)×1015 y* -2.997(1) —– —– [1961Ma05, 1987Al28, 1965Is01]
148Sm 0+ 6.4+1.2

−1.3×1015 y -2.470(6) —– —– [2016Ca43]
152Gd 0+ 1.08(8)×1014 y -1.819(1) —– —– [1961Ma05]
156Dy 0+ ≥3.8×1016 y -0.438(4) —– —– [2011Be18]
160Er 0+ 28.58(9) h 0.318(29) -4.186(24) 1.602(25) [1970Ka23]

164Yb 0+ 75.8(17) m 0.897(29) -3.134(16) 2.945(21) [1972Ch23]
168Hf 0+ 25.92(20) m 1.710(50) -2.060(28) 4.123(37) [1970Ch17]
172W 0+ 6.6(9) m 2.230(40) -0.955(40) 5.551(47) [1990Me12]
176Os 0+ 3.6(5) m 2.930(30) 0.213(30) 6.774(30) [1970Ar15]
180Pt 0+ 58(3) s** 3.548(24) 1.301(18) 8.208(30) [1993Me13, 2020Cu02]

184Hg 0+ 30.6(3) s 3.974(24) 2.139(17) 9.208(24) [1972Fi12]
188Pb 0+ 25.5(1) s 4.530(30) 3.019(16) 10.083(24) [1993Wa03]
192Po 0+ 32.5(10) ms*** 5.470(30) 4.936(13) 11.845(32) [1996Bi17, 2003Va16]
196Rn 0+ 4.4+1.3

−0.9 ms 5.890(30) 5.803(15) 13.085(33) [2001Ke06]

* Weighted average of 2.4(3)×1015 y [1961Ma05], 2.65(37)×1015 y [1987Al28] and 2.1(4)×1015 y [1965Is01].
** Weighted average of 60(3) s [1993Me13] and 56(3) s [2020Cu02].
*** Weighted average of 33.2(14) ms [1996Bi17] and 31.8(15) ms [2003Va16].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +12 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qα BRα Experimental

144Nd 7.969(1) 13.793(2) 1.901(1) 100% [1965Is01, 1961Br43, 1987Al28, 1961Ma05,
1956Po16, 1954Wa05]

148Sm 7.583(0) 12.988(1) 1.987(1) 100%* [2016Ca43, 1970Gu14, 1968Ko06, 1961Ma05,
1960Ka23]

152Gd 7.343(1) 12.234(1) 2.204(1) 100%* [1961Ma05, 1966Ka23, 1959Ri34, 1956Po16]
156Dy 6.568(10) 11.401(18) 1.7530(3)
160Er 6.024(24) 10.235(24) 2.040(24)

164Yb 5.573(16) 9.256(15) 2.627(29)
168Hf 5.123(47) 8.345(29) 3.227(32)
172W 4.666(40) 7.421(40) 3.838(40)
176Os 4.132(30) 6.482(30) 4.541(30)
180Pt 3.637(14) 5.464(17) 5.276(5) 0.52(5)% [2020Cu02, 1993Me12, 1968De01, 1966Si08]

184Hg 3.442(13) 4.754(16) 5.660(4) 1.26(20)% [1994Wa23, 1970Ha18, 1990Sc09, 1976To06,
1976WoZJ, 1972Fi12, 1970FiZZ, 1970HoZT,
1969NaZT, 1969NaZU]

188Pb 2.655(13) 3.850(15) 6.109(3) 8.5(5)%** [1993Wa03, 1999An22, 2003Va16, 1994Wa13,
1993WaZI, 1992Wa14, 1984To09, 1981To02,
1980ElZY, 1980Sc09, 1977De32, 1974JoZU,
1974Le02, 1973Ho01, 1973LiYK, 1972Ga27]

192Po 2.116(13) 2.228(16) 7.320(3) ≈100% [2003Va16, 1998Al27, 2005Uu03, 2004An23,
2003Wa05, 2002VaZZ, 2001Hu21, 2001Ju09,
2001Ke06, 2001Uu01, 1999An22, 1999Pa20,
1997Pu01, 1993Wa04, 1982LeZN, 1981Le23,
1981LeZU, 1977De32, 1977DeXF]

196Rn 1.844(17) 1.598(19) 7.617(9) 100%*** [2001Ke06, 2001Uu01, 1997Pu01, 1996PuZZ,
1995Mo14, 1995NoZW]

* Only decay mode energetically possible.
** Weighted average of 9.3(8)% [1999An22] and 8.0(6)% [2003Va16].
*** Based on short half-life.
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Table 3
direct α emission from 144Nd, Jπ = 0+, T1/2 = 2.4(2)×1015 y*, BRα =100%.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(140Ce) coincident γ-rays R0 (fm) HF

1.882(20) 1.830(20)** 100%** 0+ 0.0 —– 1.5986(81) 0.41(3)***

* Weighted average of 2.4(3)×1015 y [1961Ma05], 2.65(37)×1015 y [1987Al28] and 2.1(4)×1015 y [1965Is01].
** [1965Is01].
*** The reason for this low value is unclear.

Table 4
direct α emission from 148Sm*, Jπ = 0+, T1/2= 6.4+1.2

−1.3×1015 y, BRα =100%**.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(144Nd) coincident γ-rays R0 (fm) HF

1.9873(5) 1.9376(5) 100%** 0+ 0.0 —– 1.586(12) 1.02(1)

* All values from [2016Ca43].
** Only decay mode energetically possible.

Table 5
direct α emission from 152Gd*, Jπ = 0+, T1/2= 1.08(8)×1014 y, BRα =100%**.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(148Sm) coincident γ-rays R0 (fm) HF

2.198(30) 2.140(30) 100%** 0+ 0.0 —– 1.5741(45) 0.81(7)

* All values from [1961Ma05].
** Only decay mode energetically possible.

Table 6
direct α emission from 180Pt*, Jπ = 0+, T1/2= 58(3) s**, BRα = 0.52(5)%.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(176Os) coincident γ-rays R0 (fm) HF

5.277(5) 5.160(5) 0.52(5)% 0+ 0.0 —– 1.5468(62) 1.01(11)

* All values from [2020Cu05], except where noted.
** Weighted average of 60(3) s [1993Me13] and 56(3) s [2020Cu02].

Table 7
direct α emission from 184Hg, Jπ = 0+, T1/2= 30.6(3) s*, BRα = 1.26(20)%**.

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

5.167(15) 5.055(15)*** 0.17(1)%@ 0.0021(6)% 0+ 0.478 0.153 1.5120(81) 2.4(2)***
5.500(15) 5.380(15)** 0.40(8)% 0.005(1)%** 2+ 0.153 0.153 1.5120(81) 44+16

−9
5.658(15) 5.535(15)** 100% 1.25(20)%** 0+ 0.0 —– 1.5120(81) 0.88+0.16

−0.13

* [1972Fi12].
** [1970Ha18].
*** [1994Wa23].
@ [1994Wa23] reports a HF of 2.4(2) for this transition which corresponds to a branching ratio of 0.17(1)% relative to the 5.525-MeV transition.
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Table 8
direct α emission from 188Pb*, Jπ = 0+, T1/2= 25.5(1) s, BRα = 8.5(5)%**.

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

5.736(10) 5.614(10) 0.10(1)%*** 8.5(13)×10−3% 0+ 0.375 0.375 1.4885(12) 21(3)***
5.755(10) 5.633(10) 0.07(1)%*** 4.8(11)×10−3% 2+ 0.367 0.367 1.4885(12) 34(7)***
6.110(10) 5.980(10) 100% 9.3(8)% 0+ 0.0 —– 1.4885(12) 1.00(8)

* All values taken from [1993Wa03], except where noted.
** Weighted average of 9.3(8)% [1999An22] and 8.0(6)% [2003Va16].
*** The relative branching ratios are derived from the HF given by [1993Wa03].

Table 9
direct α emission from 192Po, Jπ = 0+, T1/2= 32.5(10) ms*, BRα = ≈100%.

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

≈6.594 ≈6.457** ≤0.005% ≤0.005% 0+ 0.725 1.51737(13) ≥ 51
6.741(7) 6.601(7)*** 1.4(1)% 1.4(1)% 0+ 0.578 1.51737(13) 0.66(7)
7.319(4) 7.167(4)** 100.0(2)% 98.6(2)% 0+ 0.0 —– 1.51737(13) 0.997(13)

* Weighted average of 33.2(14) ms [1996Bi17] and 31.8(15) ms [2003Va16].
** [2003Va16].
*** Weighted average of 6.611(7) MeV [1998Al27] and 6.591(7) [2003Va16].
@ In addition, [1998Al27] report a transition with Eα = 6.416(13) MeV. However, this was not observed in [2003Va16] and may have been the 6.420(20) MeV

transition from the fine structure in the α-decay of 193Po [2002Va13].

Table 10
direct α emission from 196Rn*, Jπ = 0+, T1/2= 4.4+1.3

−0.9 ms, BRα = 100%.

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

7.616(9) 7.461(9) 100% 0+ 0.0 —– 1.585(15) 1.00(30)

* All values from [2001Ke06].

References used in the Tables

[1] 1954Wa05 E. C. Waldron, V. A. Schultz, T. P. Kohman, Phys. Rev. 93, 254 (1954). https://doi.org/ 10.1103/PhysRev.93.254

[2] 1956Po16 W. Porschen, W. Riezler, Z. Naturforsch. 11a, 143 (1956).

[3] 1959Ri34 W. Riezler, G. Kauw, Z. Naturforsch. 14a, 196 (1959).

[4] 1960Ka23 M. Karras, Ann. Acad. Sci. Fennicae, Ser. A VI, No. 65 (1960).

[5] 1961Br43 F. J. Bradley, Thesis, Ohio State Univ. (1961)

[6] 1961Ma05 R. D. Macfarlane, T. P. Kohman, Phys. Rev. 121, 1758 (1961). https://doi.org/10.1103/PhysRev.121.1758

[7] 1965Is01 A. Isola, M. Nurmia, Z. Naturforsch. 20a, 541 (1965).

[8] 1966Ka23 G. Kauw, Forschungsber. Landes Nordrhein-Westfalen No. 1640 (1966).

[9] 1966Si08 A Siivola, Nucl Phys 84, 385 (1966). https://doi.org/10.1016/0029-5582(66)90377-4

[10] 1968De01 A G Demin, T Fenyes, I Mahunka, V G Subbotin, L Tron, Nucl Phys A106, 337 (1968).
https://doi.org/10.1016/0375-9474(67)90878-0

[11] 1968Ko06 V. A. Korolev, G. D. Alkhazov, A. A. Vorobev, A. I. Egorov, L. M. Vasileva, Yadern. Fiz. 8, 227 (1968); Soviet J.
Nucl. Phys. 8, 131 (1969).

[12] 1969NaZT R. A. Naumann, Proc. Int. Conf. Radioactivity in Nucl. Spectrosc. , Nashville, Tenn (1969), J. H. Hamilton, J. C.
Manthuruthil, Eds. , Gordon and Breach, New York, N. Y. , Vol. I, p. 449 (1972).

[13] 1969NaZU R. Naumann, REPT PPAD-665-E.

[14] 1970Ar15 R. Arlt, K. Y. Gromov, N. G. Zaitseva, L. C. Khi, Z. Malek, G. Musiol, H. Strusny, Izv. Akad. Nauk SSSR, Ser.
Fiz. 34, 702 (1970). Bull. Acad. Sci. USSR, Phys. Ser. 34, 619 (1971).

4



[15] 1970Ch17 Y. Y. Chu, J. Reednick, Phys. Rev. C2, 310 (1970). https://doi.org/ 10.1103/PhysRevC.2.310

[16] 1970FiZZ M. Finger, R. Foucher, J. P. Husson, J. Jastrzebski, A. Johnson, C. Sebille, R. Henck, J. M. Kuchly, R. Regal, P.
Siffert, G. Astner, B. R. Erdal, E. Hagebo, A. Kjelberg, F. Munnich, P. Patzelt, E. Beck, H. Kugler, CERN-70-29 (1970).

[17] 1970Gu14 M. C. Gupta, R. D. MacFarlane, J. Inorg. Nucl. Chem. 32, 3425 (1970). https://doi.org/ 10.1016/0022-
1902(70)80149-X

[18] 1970Ha18 P. G. Hansen, H. L. Nielsen, K. Wilsky, M. Alpsten, M. Finger, A. Lindahl, R. A. Naumann, O. B. Nielsen, Nucl.
Phys. A148, 249 (1970). oi: 10.1016/0375-9474(70)90622-6. https://doi.org/10.1016/0375-9474(70)90622-6

[19] 1970HoZT CONF Leysin Vol1 P523, CERN 70-30.

[20] 1970Ka23 P. J. Karol, J. Inorg. Nucl. Chem. 32, 2817 (1970). https://doi.org/ 10.1016/0022-1902(70)80343-8

[21] 1972Ch23 Y Y Chu, Phys Rev C 6, 628 (1972). https://doi.org/10.1103/PhysRevC.6.628

[22] 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

[23] 1972Ga27 H Gauvin, Y Le Beyec, M Lefort, N T Porile, Phys Rev Lett 29, 958 (1972).
https://doi.org/10.1103/PhysRevLett.29.958

[24] 1973Ho01 P. Hornshoj, P. G. Hansen, B. Jonson, A. Lindahl, O. B. Nielsen, Phys. Lett. 43B, 377 (1973). https://doi.org/
10.1016/0370-2693(73)90376-6

[25] 1973LiYK J. Livet, (thesis), REPT FRNC-TH-412, mf.

[26] 1974JoZU B. Jonson, and the Isolde Collaboration, Proc. of Int. Conf. on Reactions between Complex Nuclei, Vanderbilt
Univ. , Nashville, U. S. A. , R. L. Robinson, F. K. McGowan, J. B. Ball, J. H. Hamilton, Eds. , Vol. 1, p. 195 (1974).

[27] 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

[28] 1976To06 K S Toth, M A Ijaz, J Lin, E L Robinson, B O Hannah, E H Spejewski, J D Cole, J H Hamilton, A V Ramayya,
Phys Lett 63B, 150 (1976). https://doi.org/10.1016/0370-2693(76)90636-5

[29] 1976WoZJ J. L. Wood, G. W. Gowdy, R. W. Fink, D. A. McClure, M. S. Rapaport, R. A. Braga, E. H. Spejewski, R. L.
Mlekodaj, H. K. Carter, A. G. Schmidt, J. D. Cole, A. V. Ramayya, J. H. Hamilton, H. kawakami, E. F. Zganjar, C. R. Bingham,
L. L. Riedinger, A. C. Kahler, L. L. Collins, E. L. Robinson, J. Lin, B. D. Kern, J. L. Weil, K. S. R. Sastry, F. T. Avigone, M.A.
Ijaz, K. S. Toth, REPT CERN-76-13, P364.

[30] 1977De32 S. Della Negra, B. Lagarde, Y. Le Beyec, J. Phys. (Paris), Lett. 38, L-393 (1977).

[31] 1977DeXF Della Negra, REPT Univ Paris, IPN 1977 Ann, PR3.

[32] 1980ElZY Elmore, JOUR BAPSA 25 539, EE14.

[33] 1980Sc09 U J Schrewe, P Tidemand-Petersson, G M Gowdy, R Kirchner, O Klepper, A Plochocki, W Reisdorf, E Roeckl, J
L Wood, J Zylicz, R Fass, D Schardt, Phys Lett 91B, 46 (1980). https://doi.org/10.1016/0370-2693(80)90659-0

[34] 1981Le23 M. E. Leino, S. Yashita, A. Ghiorso, Phys. Rev. C 24, 2370 (1981). https://doi.org/ 10.1103/PhysRevC.24.2370

[35] 1981LeZU M. Leino, S. Yashita, A. Ghiorso, LBL-11588, Nucl. Sci. Div. , 1979-1980 Ann. Rept. , p. 88 (1981).

[36] 1981To02 K. S. Toth, Y. A. Ellis-Akovali, D. M. Moltz, C. R. Bingham, H. K. Carter, D. C. Sousa, Nucl. Phys. A356, 26
(1981). https://doi.org/10.1016/0375-9474(81)90115-9

[37] 1982LeZN M. Leino, S. Yashita, A. Ghiorso, LBL-13366, p. 44 (1982).

[38] 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

[39] 1987Al28 B. Al-Bataina, J. Janecke, Radiochim. Acta 42, 159 (1987).

[40] 1990Me12 F. Meissner, W. -D. Schmidt-Ott, V. Freystein, T. Hild, E. Runte, H. Salewski, R. Michaelsen, Z. Phys. A337, 45
(1990).

[41] 1990Sc09 H. L. Scott, K. W. Marlow, Nucl. Instrum. Methods Phys. Res. A286, 549 (1990). https://doi.org/10.1016/0168-
9002(90)90915-S

[42] 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

[43] 1993Me12 D. Mehta, W. Korten, H. Hubel, K. Theine, W. Schmitz, P. Willsau, C. X. Yang, F. Hannachi, D. B. Fossan, H.

5



Grawe, H. Kluge, K. H. Maier, Z. Phys. A346, 169 (1993). https://doi.org/10.1007/BF01294632

[44] 1993Me13 F Meissner, H Salewski, W -D Schmidt-Ott, U Bosch-Wicke, V Kunze, R Michaelsen, Phys Rev C48, 2089
(1993). https://doi.org/10.1103/PhysRevC.48.2089

[45] 1993Wa03 J Wauters, P Dendooven, M Huyse, G Reusen, P Van Duppen, R Kirchner, O Klepper, E Roeckl, Z Phys A345,
21 (1993). https://doi.org/10.1007/BF01290335

[46] 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

[47] 1993WaZI J. Wauters, Thesis, Katholieke Univ. Leuven (1993).

[48] 1994Wa13 J. Wauters, N. Bijnens, P. Dendooven, M. Huyse, H. Y. Hwang, G. Reusen, J. von Schwarzenberg, P. Van Dup-
pen, R. Kirchner, E. Roeckl, and the ISOLDE Collaboration, Phys. Rev. Lett. 72, 1329 (1994). https://doi.org/ 10.1103/Phys-
RevLett.72.1329

[49] 1994Wa23 J Wauters, N Bijnens, H Folger, M Huyse, H Y Hwang, R Kirchner, J von Schwarzenberg, P Van Duppen, Phys
Rev C50, 2768 (1994). https://doi.org/10.1103/PhysRevC.50.2768

[50] 1995Mo14 K. Morita, Y. H. Pu, J. Feng, M. G. Hies, K. O. Lee, A. Yoshida, S. C. Jeong, S. Kubono, T. Nomura, Y. Tagaya,
M. Wada, M. Kurokawa, T. Motobayashi, H. Ogawa, T. Uchibori, K. Sueki, T. Ishizuka, K. Uchiyama, Y. Fujita, H. Miyatake,
T. Shinozuka, H. Kudo, Y. Nagai, S. A. Shin, Z. Phys. A352, 7 (1995). https://doi.org/10.1007/BF01292753

[51] 1995NoZW T. Nomura, Proc. Intern. Conf on Exotic Nuclei and Atomic Masses, Arles, France, June 19-23, 1995, p. 363
(1995).

[52] 1996Bi17 N. Bijnens, I. Ahmad, A. N. Andreyev, J. C. Batchelder, C. R. Bingham, D. Blumenthal, B. C. Busse, X. S. Chen,
L. F. Conticchio, C. N. Davids, M. Huyse, R. V. F. Janssens, P. Mantica, H. Penttila, W. Reviol, D. Seweryniak, P. Van Duppen,
W. B. Walters, J. Wauters, B. E. Zimmerman, Z. Phys. A356, 3 (1996). https://doi.org/10.1007/s002180050137

[53] 1996PuZZ Y. Pu, K. Morita, T. Nomura, Y. Tagaya, T. Uchibori, H. Minemura, K. Lee, T. Motobayashi, M. Hies, T. Ariga,
A. Yoshida, K. Sueki, S. Shin, RIKEN-95, p. 43 (1996).

[54] 1997Pu01 Y. H. Pu, K. Morita, M. G. Hies, K. O. Lee, A. Yoshida, T. Nomura, Y. Tagaya, T. Motobayashi, M. Kurokawa, H.
Minemura, T. Uchibori, T. Ariga, K. Sueki, S. A. Shin, Z. Phys. A357, 1 (1997). https://doi.org/10.1007/s002180050203

[55] 1998ALl27 R. G. Allatt, R. D. Page, M. Leino, T. Enqvist, K. Eskola, P. T. Greenlees, P. Jones, R. Julin, P. Kuusiniemi, W. H.
Trzaska, J. Uusitalo, Phys. Lett. 437B, 29 (1998). https://doi.org/10.1016/S0370-2693(98)00939-3

[56] 1999An22 A. N. Andreyev, N. Bijnens, M. Huyse, P. Van Duppen, M. Leino, T. Enqvist, P. Kuusiniemi, W. Trzaska, J.
Uusitalo, N. Fotiades, J. A. Cizewski, D. P. McNabb, K. Y. Ding, C. N. Davids, R. V. F. Janssens, D. Seweryniak, M. P.
Carpenter, H. Amro, P. Decrock, P. Reiter, D. Nisius, L. T. Brown, S. Fischer, T. Lauritsen, J. Wauters, C. R. Bingham, L. F.
Conticchio, J. Phys. (London) G25, 835 (1999).

[57] 1999Pa20 R. D. Page, R. G. Allatt, T. Enqvist, K. Eskola, P. T. Greenlees, P. Jones, R. Julin, P. Kuusiniemi, M. Leino, W. H.
Trzaska, J. Uusitalo, J. Phys. (London) G25, 771 (1999). https://doi.org/10.1088/0954-3899/25/4/033

[58] 2001Hu21 M. Huyse, A. Andreyev, K. Van de Vel, P. Van Duppen, R. Wyss, Hyperfine Interactions 132, 141 (2001).
https://doi.org/10.1023/A:1011997806824

[59] 2001Ju09 R. Julin, K. Helariutta, M. Muikku, J. Phys. (London) G27, R109 (2001). https://doi.org/10.1088/0954-
3899/27/7/201

[60] 2001Ke06 H. Kettunen, J. Uusitalo, M. Leino, P. Jones, K. Eskola, P. T. Greenlees, K. Helariutta, R. Julin, S.
Juutinen, H. Kankaanpaa, P. Kuusiniemi, M. Muikku, P. Nieminen, P. Rahkila, Phys. Rev. C 63, 044315 (2001).
https://doi.org/10.1103/PhysRevC. 63. 044315

[61] 2001Uu01 J. Uusitalo, H. Kettunen, A. N. Andreyev, K. Eskola, P. T. Greenlees, K. Helariutta, M. Huyse, P. Jones, R. Julin,
S. Juutinen, H. Kankaanpaa, P. Kuusiniemi, M. Leino, M. Muikku, P. Nieminen, P. Rahkila, K. Van del Vel, P. Van Duppen, Acta
Phys. Pol. B 32, 1015 (2001).

[62] 2002VaZZ K. Van de Vel, A. N. Andreyev, D. Ackermann, S. Antalic, H. J. Boardman, P. Cagarda, J. Gerl, F. P. Hessberger,
S. Hofmann, M. Huyse, D. Karlgren, B. Kindler, I. Kozhoukharov, M. Leino, B. Lommel, G. Munzenberg, C. Moore, R. D.
Page, C. Schlegel, P. Van Duppen, GSI 2002-1, p. 14 (2002).

[63] 2003Va16 K Van de Vel, A N Andreyev, D Ackermann, H J Boardman, P Cagarda, J Gerl, F P Hessberger, S Hofmann, M
Huyse, D Karlgren, I Kojouharov, M Leino, B Lommel, G Munzenberg, C Moore, R D Page, S Saro, P van Duppen, R Wyss,
Phys Rev C 68, 054311 (2003). https://doi.org/10.1103/PhysRevC.68.054311

[64] 2003Wa05 N. Wang, X. Wu, Z. Li, Phys. Rev. C 67, 024604 (2003). https://doi.org/10.1103/PhysRevC.67.024604

6



[65] 2004An23 A. N. Andreyev, D. Ackermann, F. P. Hessberger, S. Hofmann, M. Huyse, G. Munzenberg, R. D. Page, K. Van de
Vel, P. Van Duppen, Nucl. Instrum. Methods Phys. Res. A533, 409 (2004). https://doi.org/10.1016/j.nima.2004.07.204

[66] 2005Uu03 J. Uusitalo, S. Eeckhaudt, T. Enqvist, K. Eskola, T. Grahn, P. T. Greenlees, P. Jones, R. Julin, S. Juutinen, H.
Kettunen, P. Kuusiniemi, M. Leino, A. -P. Leppanen, P. Nieminen, M. Nyman, J. Pakarinen, P. Rahkila, C. Scholey, Eur. Phys.
J. A 25, Supplement 1, 179 (2005). https://doi.org/10.1140/epjad/i2005-06-089-9

[67] 2011Be18 P. Belli, R. Bernabei, F. Cappella, R. Cerulli, F. A. Danevich, S. dAngelo, M. L. Di Vacri, A. Incicchitti,
M. Laubenstein, S. S. Nagorny, S. Nisi, A. V. Tolmachev, V. I. Tretyak, R. P. Yavetskiy, Nucl. Phys. A859, 126 (2011).
https://doi.org/10.1016/j.nuclphysa.2011.04.003

[68] 2016Ca43 N. Casali, A. Dubovik, S. Nagorny, S. Nisi, F. Orio, L. Pattavina, S. Pirro, K. Schaffner, I. Tupitsyna, A.
Yakubovskaya, J. Low Temp. Physics 184, 952 (2016). https://doi.org/10.1007/s10909-016-1507-y

[69] 2020Cu02 J G Cubiss, R D Harding, A N Andreyev, N Althubiti, B Andel, S Antalic, A E Barzakh, T E Cocolios, T
Day Goodacre, G J Farooq-Smith, D V Fedorov, V N Fedosseev, L P Gaffney, L Ghys, M Huyse, K M Lynch, B A Marsh, Y
Martinez Palenzuela, P L Molkanov, R E Rossel, S Rothe, M D Seliverstov, S Sels, P Spagnoletti, C Van Beveren, P Van Duppen,
M Veinhard, E Verstraelen, A Zadvornaya, Phys Rev C 101, 014314 (2020). https://doi.org/10.1103/PhysRevC.101.014314

[70] 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

7


