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Table 1
Observed and predicted β -delayed particle emission from the even-Z, Tz =-1/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jπ values for 39Ca, 43Ti, 47Cr, 51CFe, and 55Ni are taken from ENSDF.

Nuclide Jπ T1/2 Qε Qε p BRβ p Qε 2p Qε α Experimental

39Ca 3/2+ 859.4(16) ms 6.5245(6) 0.1431(6) -10.099(1) -0.694(1) [1977Az01]
43Ti 7/2− 509(5) ms 6.8673(6) 1.943(6) -8.3345(7) 2.066(7) [1987Ho14]
47Cr 3/2− 508(10) ms 7.444(5) 2.276(5) -8.069(5) -0.800(65) [1985Bu07]
51Fe 5/2− 288(6) ms 8.0540(14) 2.77832(14) -6.805(2) -0.607(1) [2017Ku12]
55Ni 7/2− 203(2) ms 8.9640(6) 3.6297(6) -5.2237(8) 0.482(1) [2017Ku12]
59Zn 3/2− 174(2) ms* 9.1428(6) 5.7242(7) 0.023(8)% -2.4480(9) 4.389(1) [1981Ho19, 2017Ku12, 1984Ar12]
63Ge 3/2− 153.6(11) ms* 9.630(40) 6.960(40) 0.486(40) 7.014(40) [2017GoZT, 2017Ku12,

2014Ro14, 2002Bl17]
67Se (5/2−) 133(4) ms 10.010(70) 7.740(70) 0.5(1)% 1.500(70) 7.542(70) [1995Bl23, 2002Lo13, 2002Bl17,

2014Ro14]
71Kr (5/2−) 100(3) ms 10.18(13) 8.31(13) 2.1(7)% 2.20(13) 7.83(13) [1997Oi01, 1995Bl23]
75Sr (3/2−) 88(3) ms 10.60(22) 8.42(22) 5.2(9)% 2.45(22) 7.46(22) [ 1995Bl23, 2003Hu01]
79Zr 56(30) ms 11.03(31)# 9.12(30)# 3.48(30)# 8.02(30)# [1999Bl08]

83Mo 6+30
−3 ms 11.27(43)# 9.99(40)# 4.80(40)# 9.04(41)# [2001Ki13]

87Ru >1.5 us 11.96(40)# 11.09(40)# 5.97(40)# 9.46(43)# [1995Le14, 1995Ry03]
91Pd 32(3) ms 12.40(30)# 11.43(42)# 3.0+1.1

−0.9 % 6.65(42)# 9.10(42)# [2018Pa20, 1995Le14, 1995Ry03]
95Cd 32(3) ms 12.85(400)# 11.76(57)# 4.5+1.2

−1.0 % 7.37(57)# 9.09(64)# [2018Pa20, 2017Da07, 2016Ce02]
99Sn 24(4) ms 13.40(50)# 12.37(58)# 3.9+3.4

−1.7 % 8.35(58)# 9.51(71)# [2018Pa20]

* [2017Ku12]

Table 2
Particle emission from the even Z, Tz = -1/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp S2p Qα

39Ca 5.7709(6) 10.9130(6) -6.6603(9)
43Ti 4.484(6) 8.756(6) -4.458(6)
47Cr 4.776(5) 10.131(5) -7.672(8)
51Fe 4.8513(14) 9.44348(26) -8.051(5)
55Ni 4.6149(7) 8.9664(18) -7.5717(16)
59Zn 2.8368(7) 5.7097(8) -4.3046(10)
63Ge 2.220(40) 5.150(40) -2.130(40 )
67Se 1.840(70) 4.680(70) -2.08(80)
71Kr 2.19(13) 4.47(13) -2.17(15)
75Sr 1.99(22) 4.64(22) -2.72(25)
79Zr 1.89(42)# 3.55(30)# -2.58(37)#

83Mo 1.82(50)# 3.39(41)# -2.00(50)#
87Ru 1.45(50)# 2.80(40)# -1.82(57)#
91Pd 1.83(47)# 2.38(42)# -2.87(58)#
95Cd 1.94(69)# 2.65(68)# -3.31(71)#
99Sn 1.36(66)# 1.82(72)# -3.35(81)#
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Table 3
β -p Emission from 59Zn*, T1/2 = 174(2) ms**, BRβ p = 0.023(8)%.

Ep Ip(rel)% Ip(abs) (X 10−5)% Elevel (emitter)*** Elevel (daughter) coincident γ-rays

0.929(10) 16(8) 7(3) 4.348(10) 0
1.081(5) 31(14) 14(5) 4.500(5) 0

1.286(10) 9(7) 4(3) 4.705(10) 0
1.354(10) 9(7) 4(3) 4.773(5) 0

1.400(5) 51(21) 23(7) 4.819(5) 0
1.809(5) 100 45(13) 5.228(5) 0
1.848(5) 58(24) 26(8) 5.267(5) 0
1.889(5) 38(17) 17(6) 5.308(5) 0
2.060(5) 36(15) 16(5) 5.479(5) 0
2.125(5) 62(27) 28(9) 5.544(5) 0

2.220(10) 24(11) 11(4) 5.639(10) 0
2.235(10) 22(11) 10(4) 5.654(10) 0
2.289(10) 18(8) 8(3) 5.708(10) 0
2.452(15) 36(17) 16(6) 5.871(15) 0
2.497(15) 11(5) 5(2) 5.916(15) 0

* All values taken from [1981Ho19], except where noted.
** [2017Ku12]
*** Calculated from proton energies and Sp (59Cu) = 3418.6(4) keV [2021Wa16].

References used in the Tables

[1] 1981Ho19 J. Honkanen, M. Kortelahti, K. Eskola, K. Vierinen, Nucl. Phys. A366, 109 (1981). https://doi.org/10.1016/0375-
9474(81)90490-5

[2] 1984Ar12 Y. Arai, E. Tanaka, H. Miyatake, M. Yoshii, T. Ishimatsu, T. Shinozuka, M. Fujioka, Nucl. Phys. A420, 193 (1984).
https://doi.org/10.1016/0375-9474(84)90438-X

[3] 1985Bu07 T. W. Burrows, J. W. Olness, D. E. Alburger, Phys. Rev. C31, 1490 (1985).
https://doi.org/10.1103/PhysRevC.31.1490

[4] 1987Ho14 J. Honkanen, V. Koponen, H. Hyvonen, P. Taskinen, J. Aysto, K. Ogawa, Nucl. Phys. A471, 489 (1987).
https://doi.org/10.1016/0375-9474(87)90095-9

[5] 1995Bl23 B. Blank, S. Andriamonje, S. Czajkowski, F. Davi, R. Del Moral, C. Donzaud, J. P. Dufour, A. Fleury, A. Grewe, R.
Grzywacz, A. Heinz, Z. Janas, A. Junghans, M. LewitowiCz, A. Musquere, M. S. Pravikoff, M. Pfutzner, J. -E. Sauvestre, Phys.
Lett. 364B, 8 (1995). https://doi.org/10.1016/0370-2693(95)01231-7

[6] 1995Le14 M. LewitowiCz, R. Anne, G. Auger, D. Bazin, C. Borcea, V. Borrel, J. M. Corre, T. Dorfler, A. Fomichov, R.
Grzywacz, D. Guillemaud-Mueller, R. Hue, M. Huyse, Z. Janas, H. Keller, S. Lukyanov, A. C. Mueller, Yu. Penionzhkevich, M.
Pfutzner, F. Pougheon, K. Rykaczewski, M. G. Saint-Laurent, K. Schmidt, W. D. Schmidt-Ott, O. Sorlin, J. Szerypo, O. Tarasov,
J. Wauters, J. ZyliCz, Nucl. Phys. A588, 197c (1995). https://doi.org/10.1016/0375-9474(95)00139-R

[7] 1995Ry03 K. Rykaczewski, R. Anne, G. Auger, D. Bazin, C. Borcea, V. Borrel, J. M. Corre, T. Dorfler, A. Fomichov, R.
Grzywacz, D. Guillemaud-Mueller, R. Hue, M. Huyse, Z. Janas, H. Keller, M. Lewitowicz, S. Lukyanov, A. C. Mueller, Yu.
Penionzhkevich, M. Pfutzner, F. Pougheon, M. G. Saint-Laurent, K. Schmidt, W. D. Schmidt-Ott, O. Sorlin, J. Szerypo, O.
Tarasov, J. Wauters, J. Zylicz, Phys. Rev. C52, R2310 (1995). https://doi.org/10.1103/PhysRevC.52.R2310

[8] 1997Az01 Ya. I. Azimov, V. L. Rappoport, V. V. Sarantsev, Z. Phys. A356, 437 (1997). https://doi.org/10.1007/s002180050199

[9] 1997Oi01 M. Oinonen, A. Jokinen, J. Aysto, P. Baumann, F. Didierjean, A. Honkanen, A. Huck, M. Huyse, A. Knipper, G.
Marguier, Yu. Novikov, A. Popov, M. Ramdane, D. M. Seliverstov, P. Van Duppen, G. Walter, and the ISOLDE Collaboration,
Phys. Rev. C56, 745 (1997). https://doi.org/10.1103/PhysRevC.56.745

[10] 1999Bl08 B. Blank, J. Phys. (London) G25, 629 (1999).

[11] 2001Ki13 P. Kienle, T. Faestermann, J. Friese, H. -J. Korner, M. Munch, R. Schneider, A. Stolz, E. Wefers, H. Geissel, G.
Munzenberg, C. Schlegel, K. Summerer, H. Weick, M. Hellstrom, P. Thirolf, Prog. Part. Nucl. Phys. 46, 73 (2001).

[12] 2001Pa02 S. K. Patra, M. Del Estal, M. Centelles, X. Vinas,Phys. Rev. C63, 024311 (2001).
https://doi.org/10.1103/PhysRevC.63.024311

[13] 2002Bl17 B. Blank, Eur. Phys. J. A 15, 121 (2002). https://doi.org/10.1140/epja/i2001-10238-4

3



[14] 2002Lo13 M. J. Lopez Jimenez, B. Blank, M. Chartier, S. Czajkowski, P. Dessagne, G. de France, J. Giovinazzo, D.
Karamanis, M. Lewitowicz, V. Maslov, C. Miehe, P. H. Regan, M. Stanoiu, M. Wiescher, Phys. Rev. C66, 025803 (2002).
https://doi.org/10.1103/PhysRevC.66.025803

[15] 2003Hu01 J Huikari, M Oinonen, A Algora, J Cederkall, S Courtin, P Dessagne, L Fraile, S Franchoo, H Fynbo, W X
Huang, A Jokinen, A Knipper, F Marechal, C Miehe, E Nacher, K Perajarvi, E Poirier, L Weissman, J Aysto, and the ISOLDE
Collaboration, Eur Phys J A 16, 359 (2003). https://doi.org/10.1140/epja/i2002-10103-0

[16] 2014Ro14 A. M. Rogers, J. Giovinazzo, C. J. Lister, B. Blank, G. Canchel, J. A. Clark, G. de France, S. Grevy, S. Gros, E.
A. McCutchan, F. de Oliveira Santos, G. Savard, D. Seweryniak, I. Stefan, J. -C. Thomas, Nucl. Data Sheets 120, 41 (2014).
https://doi.org/10.1016/j.nds.2014.07.001

[17] 2016Ce02 I. Celikovic, M. Lewitowicz, R. Gernhauser, R. Krucken, S. Nishimura, H. Sakurai, D. S. Ahn, H. Baba, B. Blank,
A. Blazhev, P. Boutachkov, F. Browne, G. de France, P. Doornenbal, T. Faestermann, Y. Fang, N. Fukuda, J. Giovinazzo, N.
Goel, M. Gorska, S. Ilieva, N. Inabe, T. Isobe, A. Jungclaus, D. Kameda, Y. -K. Kim, Y. K. Kwon, I. Kojouharov, T. Kubo,
N. Kurz, G. Lorusso, D. Lubos, K. Moschner, D. Murai, I. Nishizuka, J. Park, Z. Patel, M. Rajabali, S. Rice, H. Schaffner, Y.
Shimizu, L. Sinclair, P. -A. Soderstrom, K. Steiger, T. Sumikama, H. Suzuki, H. Takeda, Z. Wang, H. Watanabe, J. Wu, Z. Xu,
Phys. Rev. Lett. 116, 162501 (2016). https://doi.org/10.1103/PhysRevLett.116.162501

[18] 2017Da07 P. J. Davies, H. Grawe, K. Moschner, A. Blazhev, R. Wadsworth, P. Boutachkov, F. Ameil, A. Yagi, H. Baba, T.
Back, M. Dewald, P. Doornenbal, T. Faestermann, A. Gengelbach, J. Gerl, R. Gernhaeuser, S. Go, M. Gorska, E. Gregor, T.
Isobe, D. G. Jenkins, H. Hotaka, J. Jolie, I. Kojouharov, N. Kurz, M. Lewitowicz, G. Lorusso, L. Maier, E. Merchan, F. Naqvi,
H. Nishibata, D. Nishimura, S. Nishimura, F. Nowacki, N. Pietralla, H. Schaffner, P. -A. Soderstrom, H. S. Jung, K. Steiger, T.
Sumikama, J. Taprogge, P. Thole, N. Warr, H. Watanabe, V. Werner, Z. Y. Xu, K. Yoshinaga, Y. Zhu, Phys. Lett. B 767, 474
(2017). https://doi.org/10.1016/j.physletb.2017.02.013

[19] 2017GoZT T. Goigoux, Thesis, University of Bordeaux (2017) (unpublished).

[20] 2017Ku12 L. Kucuk, S. E. A. Orrigo, A. Montaner-Piza, B. Rubio, Y. Fujita, W. Gelletly, B. Blank, Y. Oktem, T. Adachi,
A. Algora, P. Ascher, R. B. Cakirli, G. de France, H. Fujita, E. Ganioglu, J. Giovinazzo, S. Grevy, F. M. Marques, F. Molina,
F. de Oliveira Santos, L. Perrot, R. Raabe, P. C. Srivastava, G. Susoy, A. Tamii, J. C. Thomas, Eur. Phys. J. A 53, 134 (2017).
https://doi.org/10.1140/epja/i2017-12327-1

[21] 2018Pa20 J. Park, R. Krucken, D. Lubos, R. Gernhauser, M. Lewitowicz, S. Nishimura, D. S. Ahn, H. Baba, B. Blank,
A. Blazhev, P. Boutachkov, F. Browne, I. Celikovic, G. de France, P. Doornenbal, T. Faestermann, Y. Fang, N. Fukuda, J.
Giovinazzo, N. Goel, M. Gorska, H. Grawe, S. Ilieva, N. Inabe, T. Isobe, A. Jungclaus, D. Kameda, G. D. Kim, Y. -K. Kim, I.
Kojouharov, T. Kubo, N. Kurz, G. Lorusso, K. Moschner, D. Murai, I. Nishizuka, Z. Patel, M. M. Rajabali, S. Rice, H. Sakurai,
H. Schaffner, Y. Shimizu, L. Sinclair, P. -A. Soderstrom, K. Steiger, T. Sumikama, H. Suzuki, H. Takeda, Z. Wang, H. Watanabe,
J. Wu, Z. Y. Xu, Phys. Rev. C 97, 051301R (2018). https://doi.org/10.1103/PhysRevC.97.051301

[22] 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

4


