33P

3 3
5P 151 From ENSDF - Evaluated September 2024 P,

1

Adopted Levels, Gammas

History
Type Author Citation Literature Cutoff Date

Full Evaluation  Jun Chen and Balraj Singh  NDS 199,1 (2025) 30-Sep-2024

Q(B7)=248.5 11; S(n)=10103.8 11; S(p)=9548.6 11; Q(@)=—10554.5 11 ~ 2021Wal6
S(2n)=18039.4 11, S(2p)=25964.6 25 (2021Wal6).

33P first identified and produced in 3*S(y.p), 3Cl(y.2p), and 3’ Cl(y,a) at Ey=48 MeV (1951Sh92).
Mass measurement: 2003BI117.

Other measurements:
2021Kul5: 27A1(°L1,X),("Li,X) E=6-13 MeV from the VERA accelerator of the University of Vienna. Measured cross sections.

2007De15,2003Wa23: 3°Cl(n,a) at GELINA neutron facility. Measured cross sections.

Structure calculations:

2022St03: calculated B(E2) of 3/2% to 1/2*.

2020Ku10: calculated M(>) matrix elements.

2019Lull: calculated levels, J, mr, occupancies, B(M1), B(E2), Ty, using FSU shell-model interaction.
2019Gr08, 2018Lu08, 2016Fu09: calculated levels, J, m using PSDPF shell-model interaction.
2018Hul2: calculated levels, J, 7 using different chiral shell-model interactions.

Additional information 1.

33p Levels

Cross Reference (XREF) Flags

A BSip decay (6.11s) E  FSi(epy) I  3*S(pol d,He)
B 130(1%0,p2ny) F  3Ptp) 1 208pp(368 Xy)
c  *Mg("*Capny) G SlP(tpy)
D 3%Si(a,p) H  3%S(d, He)
E(level)T " Ty /21 XREF Comments
0.0 12 2538d6 ABCDEFGHIJ  %B =100

J7: L(d,>He)=L(t,p)=0 from 0*.
Ty/2: weighted average of 25.2 d 5 (1960Fi05), 25.30 d 5 (1968Re04), 25.56
d 7 (1972Lal4), 24.8 d 5 (1952Je12), 25 d 2 (1952We29), and 25 d 2
(1951Sh92), with a reduced y>=2.1. Other: 24.4 d 2 (1954Ni06) is
discrepant. Weighted average of all is 25.34 d 10 with a reduced y*=5.6;
unweighted average of all is 25.04 d /4.
1431.72 15 3/2* 0.43 ps 7  ABCDEFGHIJ J™: (pol d,’He)=2 and L-1/2 transfer from analyzing power.
Ty/2: weighted average of 0.41 ps 9 from (a,py) and 0.44 ps 7 from (t,py),
both by DSAM. Other: <1.4 ps from RDM in (*°S,Xy).
1847.72 13 5/2F 0.78 ps 11 ~ ABCDEFGHI] J*: L(pol d,>He)=2 and L+1/2 transfer from analyzing power.
Tyj2: from 7=1.12 ps 15, 1.20 ps 30 (1973Ca20), 1.36 ps 17 (1969Cu01) and
1.20 ps 20 (1975Ni01) in (a,py), 1.40 ps 30 (1973P0o03) and 0.80 ps 15
(1973Wal4) in (t,py), all by DSAM except RDM in 1975Ni01. Other: <1.4
ps from RDM in (3GS,X7).
2538.60 25 32t  35fs 14 AB DEFGH J*: spin=3/2 from py(0) in (t,py); L(d,’He)=2 from 0* and L(t,p)=2 from
1/2*.
Ty/2: from DSAM in (t,py). Other: <7 fs from DSAM in (a,py).
3276.2 4 3/2* 0.14 ps 3 A D FGHI XREF: 1(3250).
J7: L(pol d,’He)=2 and L-1/2 transfer from analyzing power.
Ty/2: from DSAM in (t,py).
3490.58 24 5/2* 63 fs 14 ABCDEFGHIJ  XREF: 1(3480).
J: L(pol d,’He)=2 and L+1/2 transfer from analyzing power.
Ty/2: from 7=91 fs 20, weighted average of 43 fs 33 (1973Ca20) from
(a,py), 90 fs 20 (1973Po03) and 110 fs 20 (1973Wal4) from (t,py), all by
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13P1g-2 From ENSDF 13P1g-2

Adopted Levels, Gammas (continued)

33P Levels (continued)

E(level)t i Tyt XREF Comments
DSAM.

3627.9 4 7/2* 151 fs 28 ABCDEFGH ]  J": spin=7/2 from py(#) in (t,py) and (@,py); L(d,*He)=4 from
0*.

Ty2: 7=218 fs 40, weighted average of 160 fs 56 (1973Ca20)
from (a,py), 260 fs 40 (1973Po03) and 170 fs 80 (1973Wal4)

from (t,py).
4048.3 5 5/2* 59 fs 21 AB D FGHI J: L(pol d,*He)=2 and L+1/2 transfer from analyzing power.
4192320  5/2°F 104 fs 35 A FG XREF: F(4181).
JT: spin=5/2 from py() in (t,py); 4194y E2(+M3) to 1/2*.
4226.19 21 72 032 ps7  ABCDEFG J XREF: D(4231).

J*: spin=7/2 from py(6) in (t,py) and yy(8)(DCO) in
(180,p2ny); L(t,p)=3 from 1/2*.

4856.0 11 3/2,5/2(9) <76 fs AB D FG J7: spin=3/2,5/2 from py(#) and pyy(6) in (t,py); 4855y to
1/2%.
5050 4 52+ d £ hI XREF: d(5045)f(5039)h(5060).

E(level): from (pol d,*He). Possible doublet around this energy.
See comments at 5053 level.
J7: L(pol d,’He)=2 and L+1/2 from analyzing power. See also
comments at 5053 level.
5053.4 11 3/2* <62 fs AB d fGh XREF: d(5045)f(5039)h(5060).
J*: py(6) of 5048y in (t,py) gives J=3/2 with 5/2 clearly
excluded, but it contradicts 5/2* from L(pol d,*He)=2 which well
fits measured o-(0) with L+1/2 from measured analyzing power.
This contradiction may imply a doublet around this energy, with
5/2* and 3/2* components.
5190.5 14 (5/2%) <0.13 ps AB D FG XREF: F(5177).
J7: spin=3/2,5/2 from pyy(#) of 3758y in (t,py); possible 966y
to 7/2” and possible 1563y to 7/2%; possible 5190y to 1/27.
Other: (13/2,15/27) from a very poor DWBA fit in (a,p) for a
group at 5190, which is unlikely to be a different level due to
non-observation in other studies.

5406.0 25 (7/2%) <76 fs B d G XREF: d(5411)f(5410).

J7: spin=(7/2) from 3558y(6) in (*¥0,p2ny); 2867y to 3/2*.
5415.7 26 Bdf XREF: d(5411)f(5410).
5452.68 26 9/2~ 24 ps 5 BCDEFG J XREF: F(5438).

J*: from py(6) and yy(lin pol) in (a,py), yy(6)(DCO) in

(180,p2ny).

Ty/2: from RDM in (a.,py). Other: >1.3 ps from DSAM in (t,py).

5500.9 6 (3/27 t0 9/2%) <62 fs B D FG XREF: D(5504)F(5485).

J7: 3652.8y to 5/2*, 1274.7y to 7/2".
Additional information 2.
5547.3 21 0.33 ps 12 £G XREF: f(5535).
J*: 1355y to 5/2*.
5557.4 24 32 <56 fs D G XREF: f(5535).
J*: from py(6) of 5557y in (t,py).
5638.27 27  11/2~ 9.7 ps 14 BC EFG J XREF: F(5619).
J*: from py(6) and yy(lin pol) in (a,py); 1412y E2, AJ=2 to
7/2".
Ty/2: from DSAM in (a,py).
5674.1 30 12* <49 fs DFGI XREF: D(5663)F(5650)I(5650).
J7: L(t,p)=0 from 1/2* for 5650 20 group; spin=1/2,3/2 from
py(0) of 5674y in (t,py).

5728.825 (72 B J7: proposed by 2018Lu08 in ('30,p2ny) based on theoretical
predictions and 3881y to 5/27.
5730 3/2 D FG XREF: D(5731)F(5730).
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https://www.nndc.bnl.gov/ensnds/33/P/30si_a_p.pdf
https://www.nndc.bnl.gov/ensnds/33/P/31p_t_p.pdf
https://www.nndc.bnl.gov/ensnds/33/P/31p_t_pg.pdf

3P g3 From ENSDF 3P g3
Adopted Levels, Gammas (continued)
3P Levels (continued)
E(level)t i Tyt XREF Comments
Additional information 3.
E(level): from (t,py).
J*: from py(#) of 5730y in (t,py).
5785.1 30 (1/2,3/2,5/2%) <35 fs d fG XREF: d(5795)f(5783).
J7: 5784.6y to 1/2°F.
5810.1 26 (1/2 to 7/2%) Bdf XREF: d(5795)f(5783).
J7: 3271y to 3/2%.
5814.6 13 (3/2*.,5/2,7/2%) 76 fs 42 G J™: 4381.5y to 3/2* and 2186.8y to 7/2*.
5925826 (7/2) BDF i XREF: i(5956).
J7: proposed by 2018Lu08 in (30,p2ny) based on theoretical
predictions.
5972.6 30 (1/2,3/2,5/2%) <56 fs d £G i XREF: d(5985)f(5990)i(5956).
E(level): 1973Po03 in (t,py) show two levels near this energy:
5930 and 5990; the first one with a possible transition to the
g.s., the second with a transition to 1850 level and a possible
transition to g.s. Based on the data from 1973P002, the
evaluators adopt only one level, but it is possible that there are
two levels near this energy.
J™: 5972y to 1/2%.
5991.6 30 Bdf XREF: d(5985)f(5990).
J7 (1/2% to 9/2%) from 4143.6y to 5/2*.
6114.7 21 <0.14 ps FG XREF: F(6110).
J7 (1/2% to 9/2%) from 1923.3y to 5/2*.
6125 5 (1/2,3/2,5/2%) 55 fs 42 G J7: 6124y to 1/2F.
6182.3 35  (1/2%,3/2,5/2%) <62 fs D G J™: 6181.7y to 1/2%; possible 2134y to 5/2*.
6325.1 30 B D XREF: D(6327).
J7: (1/2% to 9/2%) from 4477y to 5/2%.
6423.8 23 (5/2)* B D I XREF: 1(6449).
J*: L(pol d,*He)=2 from 1/2*, with L+1/2 transfer assumed.
6502.5 28  (1/2 to 7/2%) B D XREF: D(6509).
J7: 3963.6y to 3/2F.
6518.6 11  (13/2,15/27) C J7: from 880.3y to 11/27 and tendency of fusion-evaporation
reactions suggesting spin increasing as energy.
6555.4 24 B D XREF: D(6559).
6625.4 28  (1/2 to 7/2%) B J7: 4086.5y to 3/2°F.
6807.9 7  (9/2) BC J7: (7/27,9/2,11/27) from 1169.2y to 11/27 and 2582.1y to 7/2;
9/2 proposed in ('30,p2ny) based on theoretical predications.
6820 60 5/2* d I XREF: d(6940).
J7: L(pol d,>He)=2 and L+1/2 transfer from analyzing power.
693634  (13/27) BC J7: (9/2,13/2) from yy(6) in (13C,apny) and y(6) in
('80,p2ny); tendency of fusion evaporation reactions to
populate higher-lying high-spin states suggests J=13/2; 1484.2y
to 9/27.
6987.6 5 (7/27,9/2,11/27) BCd XREF: d(6940).
J*: 1349.4y to 11/27, 2761.0y to 7/2".
7146 12 5/2* I J7: L(pol d,>He)=2 and L+1/2 transfer from analyzing power.
7.31x103 15 (9/2,11/2,13/2+)# D
7564 34 D I XREF: D(7620).
E(level): from (pol d,3He). Other: 7.62E3 15 from (a,p).
J7: (1/2,3/2%) for a complex group at 7620 150 in (a,p).
7997.6 20 B d XREF: d(8080).
J7: 2359.2y to 11/27; (9/2,11/2) from DWBA analysis for a
group at 8080 750 in (a,p).
8085.6 17  (13/2) B d XREF: d(8080).

J7: 2448y to 11/27, 2632y to 9/27; (13/2) proposed by

Continued on next page (footnotes at end of table)
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Adopted Levels, Gammas (continued)

33p Levels (continued)

E(level)t b XREF Comments

2018Lu08 in ( 18O,p2ny) based on theoretical predictions; (9/2,11/2) from
DWBA analysis for a group at 8080 /50 in (a.p).

8510 24 I
8.85x10° 15 (3/2*,5/2,7/2)# D
907825 (11/2) BC I (7/2,11/2,15/2) from yy(6) in (13C,apr17); 2090.6y D(+Q) to
(7/27,9/2,11/27); 3440y to 11/27; 2141.6y to (13/2).
9.94x103 15 D J7: (1/2 to 11/2) from DWBA analysis in (a,p).
10105.9 6 (9/27,13/2) BCD XREF: D(10120).

7 (5/2,9/2,13/2,17/2) from yy(8) in (3C,apny); 1027.6y, Al=1 to (11/2);
3169.7y to (13/27).

¥ From a least-squares fit to Ey values with uncertainties for levels connected with 7y transitions and from particle-transfer
reactions for other levels, unless otherwise noted.

¥ From DSAM in (t,py), unless otherwise noted. Weighted averages are taken when values are also available from DSAM in
(@.py).

# From DWBA analysis of o-(6) data for a complex group in (a.p).



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Lu08,B
https://www.nndc.bnl.gov/ensnds/33/P/34s_pol_d_3he.pdf
https://www.nndc.bnl.gov/ensnds/33/P/30si_a_p.pdf
https://www.nndc.bnl.gov/ensnds/33/P/18o_18o_p2ng.pdf
https://www.nndc.bnl.gov/ensnds/33/P/26mg_13c_apng.pdf
https://www.nndc.bnl.gov/ensnds/33/P/30si_a_p.pdf
https://www.nndc.bnl.gov/ensnds/33/P/18o_18o_p2ng.pdf
https://www.nndc.bnl.gov/ensnds/33/P/26mg_13c_apng.pdf
https://www.nndc.bnl.gov/ensnds/33/P/30si_a_p.pdf

Additional information 4.

Eilevel) 7 E,f L7 E, )
143172 32F 143172 100 0.0 1/2*
1847.72 52 416,02 701 143172 3/2*
1847.66 16 100.0 5 0.0 12+
253860 32 6909 4 8212 1847.72 52+
1106.8 3 9412 143172 3/2*
253877 100 4 0.0 1/2*

Adopted Levels, Gammas (continued)

Mult.fF

y(3P)

6fF oz&

Comments

MI+E2

MI1(+E2)

E2

[M1+E2]

[M1+E2]

MI1+E2

-0.58 11  6.57x107° 18

+0.09 18

2.51x1074 4

2.8x107 4

+0.16 4  4.80x107* 7

B(M1)(W.u.)=0.0131 +28-22; B(E2)(W.u.)=8.8 +31-26

E,: weighted average of 1431.8 4 from (180,p2ny), 1431.6 3
from (3C,apny), 1431.8 2 from (e,py), and 1431.5 3 from
(t.py).

Mult.: also from yy(6)(DCO) and yy(lin pol) in (!30,p2ny).

o: weighted average of —0.63 17 (1968Mo16) and —0.58 /1
(1969Ha40) in (e,py), and —0.58 +25-30 in (1970Ha48) in

(t.py).

BM1)(W.u.)=0.025 5; B(E2)(W.u.)<49

E,: weighted average of 416.1 4 from (180,p2ny), 415.9 2 from
(13C,apny), and 416.3 3 from (t,py).

L,: from (13C,apny). Others: 6.7 6 from 33Si B~ decay, 10.0
30 from (20,p2ny), 6.4 21 from (a,py), and 8.7 22 from
(tpy).

Multl.): D(+Q) from py(0) in (t,py); M1+E2 from yy(6)(DCO)
and yy(lin pol) in (*80,p2ny).

B(E2)(W.u.)=5.0 +8-6

E,: weighted average of 1847.8 4 from ('80,p2ny), 1847.5 3
from (13C,apny), 1847.9 2 from (a,py), and 1847.52 16 from
(t.py).

I,: from (3C.apny). Others: 100.0 10 from 33Si 8~ decay,
100.0 20 from (180,p2ny), 100.0 27 from (e,py), and 100.0
22 from (t,py).

Mult.: 6(0/Q)=—-0.06 4 or —2.4 3 from py(#) in (@,py) and
(t,py); O component (E3 or M3) is ruled out by RUL; E2
also from yy(6)(DCO) and yy(lin pol) in (180,p2n7).

BM1)(W.u.)=0.12 +8—4 if M1.

B(E2)(W.u.)=1.0x10 +7-3 exceeds RUL=100 if E2.

E,: weighted average of 690.4 10 from ('80,p2ny) and 691.0 4
from (t,py).

I,: other: 31 4 from (180,p2ny) is discrepant.

BMI1)(W.u.)=0.09 +8—4 if M1.

B(E2)(W.u.)=2.9x10? +26-15 exceeds RUL=100 if E2.

E,: other: 1106.4 15 from ('80,p2ny).

I,: other: 40.4 27 from ('80,p2ny) is discrepant.

BM1)(W.u.)=0.028 +18-9; B(E2)(W.u.)=0.46 +45-22
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https://www.nndc.bnl.gov/ensnds/33/P/33p_adopted_documents.pdf
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Mo16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ha40,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha48,B

E;(level)

3276.2

3490.58

x

3/2*

5/2*

E,f I, E/

737.6 <58  2538.60
142864 1006 1847.72
1844.4 <96 143172
3275110 926 0.0

214.4 <61 32762

95197 <61  2538.60
164273 100022 1847.72
205884 764 143172
3490510 12.116 0.0

n
Iy

3/2*

5/2*

3/2*
1/2*

3/2*

3/2*
5/2*

3/2*

12+

Adopted Levels, Gammas (continued)

y(33 P) (continued)

Mult. ¥ oF

o

Comments

[M1,E2]

(M1+E2)

[M1,E2]
(M1+E2)

[M1,E2]

[M1,E2]
MI(+E2))  +0.9 I2

MI1+E2 -0.17 10

E2(+M3)  +0.07 7

7.0x1075 11

2.21x1074 29
8.4x107* 7

0.0037 29

1.39x1074 15

2.80x1074 5

9.89x107* 16

E,: unweighted average of 2539.2 20 from (180,p2ny),
2539.7 5 from (a,py), and 2537.3 5 from (t,py).

L,: also from (180,p2ny).

Mult.,o: from (e,py).

BM1)(W.u.)<0.016 if M1.

B(E2)(W.u.)<117 upper limit exceeds RUL=100 if E2.

Mult.: D+Q from py(6) in (t,py); Ar=no from level
scheme.

BMI1)(W.u.)=0.027 +8-5 if M1, B(E2)(W.u.)=54 +15-10 if
E2.

B(M1)(W.u.)<0.0016 if M1, B(E2)(W.u.)<1.9 if E2.

Mult.: D+Q from py(6) in (t,py); Ar=no from level
scheme.

BM1)(W.u.)=0.0021 +6—-4 if M1, B(E2)(W.u.)=0.79
+22-14 if E2.

BMI1)(W.u.)<1.5 if M1.

B(E2)(W.u.) upper limit exceeds RUL=100 if E2.

BM1)(W.u.)<0.017 if M1, B(E2)(W.u.)<77 if E2.

BM1)(W.u.)=0.022 +34-17; B(E2)(W.u.)<69

E,: others: 1643.0 /0 from (180,p2ny) and 1642.6 4 from
(1BC,apny).

L,: from (3C,apny). Others: 100 4 from ('80,p2ny), 100
25 from (a,py), and 100 6 from (t,py).

Mult.: D(+Q) from py(6) in (t,py); Axr=no from level
scheme.

¢0: deduced from —0.27<5<+2.1 (1973P003) in (t,py).

BM1)(W.u.)=0.0152 +44-29; B(E2)(W.u.)<1.1

E,: weighted average of 2058.8 /0 from (180,p2ny),
2058.5 8 from ('3C,apny), and 2058.9 4 from (t,py).

I,: weighted average of 64 12 from (180,p2ny), 73.6 25
from ('3C,apny), and 90 6 from (t,py), and 67 25 from
(@.py).

o: weighted average of —0.14 /0 from (a,py) and —0.37 28
from (t,py).

B(E2)(W.u.)=0.17 +10-6

B(M3)(W.u.) upper limit exceeds RUL=10.

E,: weighted average of 3490.9 70 from ( 180,p2ny) and
3490.1 10 from (13C,apny).

I,: unweighted average of 9.0 4 from (180,p2ny), 13.4 15
from (13C,apny), and 14 4 from (t,py).
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Adopted Levels, Gammas (continued)

y(33 P) (continued)

81 +S1
L- dgg

Eilevel) 7 E,f 1t B,V Mul 5% o& Comments
36279  72F 1373 <57 3490.58 52°  [MI] 221x1073 3 BMI)(W.u.)<2.7
3517 <86 32762 32° [E2] 1.02x1073 1 B(E2)(W.u.) upper limit exceeds RUL=100.
1089.3  <7.1 253860 3/2* [E2] B(E2)(W.u.)<23

177996 474 1847.72 5/2*  MI+E2 —021 10 1.70x10™* 4 B(MI1)(W.u.)=0.0074 +17-13; B(E2)(W.u.)=0.42 +49-31
E,: weighted average of 1780.3 /0 from (180,p2ny), 1780.1 6
from (13C,apny), and 1779.3 8 from (t,py).
I,: unweighted average of 57.7 23 from (180,p2ny), 45 5
from (13C,apny), 43 29 from (a.,py), and 43 4 from (t,py).
o: from (a,py). Others: +0.01 8 or —0.05 +7—-11 from (t,py).
2196.1 8 100.0 32 1431.72 3/2* E2 4.18x10™* 6 B(E2)(W.u.)=7.4 +18-12
E,: weighted average of 2196.5 10 from (180,p2ny), 2196.0 8
from (!3C,apny), and 2195.8 10 from (t,py).
L,: from ('30,p2ny). Others: 100 5 from (*C,apny), 100 29
from (a,py), and 100 4 from (t,py).
Mult.: Q, AJ=2 from yy(6)(DCO) in ('30,p2ny); M2 ruled
out by RUL. 6§(0/Q)=0.0 I from (a,py) and +0.03 /3 from
(t.py).
3627.7¢ <14 0.0 12 [M3] 5.16x10™* 7  Considered as unlikely transition by the evaluators as implied
Mult=M3 is not allowed by RUL.
B(M3)(W.u.) upper limit exceeds RUL=10.

4048.3 52 420.4 <5.2 3627.9 7.2t [MI1,E2] BM1)(W.u.)<0.36 if M1.
B(E2)(W.u.) upper limit exceeds RUL=100 if E2.
557.7 <5.2 3490.58 52t [MI1,E2] BM1)(W.u.)<0.15 if M1.
B(E2)(W.u.) upper limit exceeds RUL=100 if E2.
772.1 94 3276.2 32t  [MI+E2] BM1)(W.u.)=0.056 +40-26 if M1.
B(E2)(W.u.)=3.9x10% +28—18 exceeds RUL=100 if E2.
1509.5 6 6.2 22 2538.60 32t [MIL,E2] 9.4x107 14  B(MI1)(W.u.)=0.0052 +34—21 if M1, B(E2)(W.u.)=9 +6—4 if E2.

E,: other: 1509.9 79 from ('80,p2ny).
I,: weighted average of 5.6 14 from (180,p2ny) and 14 5
from (t,py).
2200.5 <5.2 1847.72 5/2*  [MI1,E2] 3.8x107% 4 B(M1)(W.u.)<0.0025 if M1, B(E2)(W.u.)<2.1 if E2.
2616.58 100.0 28  1431.72 3/2% MI+E2 +0.19 4 5.14x10™* 7 B(M1)(W.u.)=0.016 +8—4; B(E2)(W.u.)=0.33 +26—14
E,: other: 2616.2 21 from ('80,p2ny).
I,: from (180,p2ny). Other: 100 5 from (t,py).
o: from (t,py).

4048.0 74 0.0 1/2F [E2] 1.19x1073 2 B(E2)(W.u.)=0.08 +7—4
41923 52t 23445 <5 1847.72 5/2* [MIL,E2] 0.00044 5 B(M1)(W.u.)<0.0012 if M1, B(E2)(W.u.)<0.88 if E2.
2760.5 <4 1431.72 3/2*  [MIL,E2] 0.00063 6 B(M1)(W.u.)<5.8x107# if M1, B(E2)(W.u.)<0.31 if E2.
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E:(level) " E,f I E/
41923  5/2* 4193525 100 0.0
4226.19  7/2° 735.4 4 8.84 21  3490.58
237842  100.0 4 1847.72
27944 13 1.0320 1431.72
4227.0 15 042 21 0.0
4856.0 3/2,524)  629.8 <5 4226.19
663.7 <5 4192.3
807.7 <5 4048.3
1228.1 <5 3627.9
1365.4 <5 3490.58
1579.8 <3.8 3276.2
2317.3 <25 2538.60
3008.3 12 1005 1847.72
3424.1 <25 1431.72
4854.630 255 0.0
5053.4 32t 827.2 <4.1 4226.19

J?T

12+

5/2*

5/2*

3/2*

1/2*

72"
5/2*
5/2*
72+
5/2*
32t
32*
5/2*

32*
12+

72"

Adopted Levels, Gammas (continued)

y(33 P) (continued)

Mult.i 6i a& Comments
E2(+M3) 1.23x1073 2 B(E2)(W.u.)=0.64 +32-16 if E2.
B(M3)(W.u.)=2.5x10% +13—7 exceeds RUL=10 if M3.
Mult.: Q(+0O) from py(6) in (t,py); M2+E3 ruled out by
RUL.
(El) B(E1)(W.u.)=0.00041 +12-8

(E1(+M2)) +0.01 8 8.98x107* 14

[M2] 3.94x1074 6
[E3] 9.63x107* 13
D+Q

E,: unweighted average of 736.0 5 from (180,p2ny),
735.6 3 from (13C,apny), and 734.7 2 from (a,py).

I,: weighted average of 8.58 34 from (180,p2ny), 8.90 20
from ('3C,apny), and 12.4 23 from (a.py).

Mult.: D, AJ=1 from yy(6)(DCO) in ('80,p2ny);
Ar=yes from level scheme.

B(E1)(W.u.)=1.38x10"* +40-27; B(M2)(W.u.)<1.2

E,: weighted average of 2378.7 9 from (180,p2ny),
2378.2 5 from (13C,apny), 2378.5 2 from (a,py), and
2377.0 7 from (t,py).

I,: from (13C,apny). Others: 100.0 2/ from (180,p2ny)
and 100.0 23 from (a,py).

Mult.,o: D(+Q) from py(0) in (t,py); An=yes from level
scheme.

B(M2)(W.u.)=0.52 +18-13

E,: weighted average of 2794.6 13 from ('80,p2ny) and
2794.1 13 from ('3C,apny).

I,: weighted average of 0.85 2/ from (180,p2ny) and
1.20 20 from (13C,apny).

B(E3)(W.u.)=9 +6-5

E,.I: from ('80,p2ny). Other: Iy<4 from (t,py).

E,: other: 3008.5 25 from ('80,p2ny).
5: —0.40<6<0.40 or 2.5<6<11.4 for J(4856)=5/2
(1973P003) in (t,py).

6. <=8.1 or —1.57<6<-0.22 or 0.22<6<0.35 for
J(4856)=5/2 (1973P003).
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Eilevel) I E,f I E/
5053.4  3/2* 861.1 <41 41923
1005.1 <41 40483
1425.5 <143 3627.9
1562.8 <143 3490.58
1777.2 <143 32762
2514720 104 2538.60
3206.0 17 7110 1847.72
3623.8% 26 258  1431.72
5048330 100 8 0.0
5190.5  (52%) 9643 <64  4226.19
998.2 <64 41923
1142.2 <111 40483
1562.6 <11.1 3627.9
1699.9 <4.8  3490.58
1914.2 <111 32762
2652.8% 20 21" 7 2538.60
3340.9 28 596  1847.72

J?T

5/2*
5/2*
7/2*
5/2*
32t
32t

5/2*

3/2*

1/2*

72~
5/2*
5/2*
72+
5/2*
32*
32t

5/2*

Adopted Levels, Gammas (continued)

y(33 P) (continued)

Mult.i 6fF a&

Comments

[M1,E2] 5.2x107* 5

MI(+E2)) -02265 7.5x107*5

[M1,E2] 9.7x107% 7

(M1(+E2)) -0.8 10 0.00141 6

[M1,E2] 0.00058 6

[M1,E2] 0.00086 7

BM1)(W.u.)>4.7x107# if M1, B(E2)(W.u.)>0.3 if E2.

L,: other: 1(2514.7y)/1(3206.0y)=0.3 1/2.5 2=9 3/71 6
from ('80,p2ny) is in agreement.

B(M1)(W.u.)>0.0014

E,: weighted average of 3206.5 25 from ('80,p2ny) and
3205.7 17 from (t,py).

L,: other: 1(3623.8y)/1(3206.0y)=1.3 2/2.5 2=37 6/71 6
from (180,p2ny).

Mult.,6: D(+Q) from (t,py); Ar=no from level scheme.

B(M1)(W.u.)>4.6x107* if M1, B(E2)(W.u.)>0.14 if E2.

L,: other: 1(3623.8y)/1(3206.0y)=1.3 2/2.5 2=37 6/71 6
from ('80,p2ny) is in agreement within uncertainties.

B(MI)(W.u.)>2.2x10~*

E,: this transition is only seen and reported as the
strongest one from the 5050 level in 1973Po02 and
1973Po03 in (t,py), but not seen in other studies
including a recent measurement of ('30,p2ny) by
2018Lu08, who however have seen 2514.7y, 3206.5y,
and 3206.5y from this 5050 level that are reported in
1973P002 and 1973P0o03 but didn’t address the
non-observation of the 5058y in their work. It is
probable that the high energy of this transition is out of
the detection range in other studies.

Mult.: D(+Q) from py(6) in 1973Po03; Ar=no from
level scheme.

¢0: deduced from —1.8<§<0.02 (1973P003) in (t,py).

L,: other: <11 from (t,py).

BMI1)(W.u.)>5.2x10~% if M1, B(E2)(W.u.)>0.3 if E2.
L,: other: 57 22 from (180, p2ny).
BMI1)(W.u.)>9.8x10~* if M1, B(E2)(W.u.)>0.36 if E2.
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E,f

Ef

Vs
i

Adopted Levels, Gammas (continued)

y(33 P) (continued)

Mult. ¥ st

o

Comments

(0]

3758.2 25

5190.1
2867.3
3558.1 25

2877.0"% 26
1226.5 2

1824.6 4

3605.4 10

4021.6% 17

100 6

<7.9
43 14
100 14

100
100.0 3

8.82

144

0.7% 4

1431.72

0.0
2538.60
1847.72

2538.60
4226.19

3627.9

1847.72

1431.72

3/2*

1/2*
3/2*
5/2*

3/2*
7/27

7/2*

5/2*

3/2*

(M1(+E2)) 0.0 3

(E2]
(E2]

(M1+E2) +0.26 25

MI+E2 +0.9 1

(ED)

[M2]

[E3]

9.47x107* 18

1.54x1073 2
7.31x107* 10
8.85x1074 24

3.27x107° 7

5.22x107* 7

6.59x107% 9

8.99x107* 13

BMI1)(W.u.)>0.0011

E,: weighted average of 3757.8 25 from (180,p2ny) and
3758.8 29 from (t,py).

L,: other: 100 22 from (180,p2ny).

Mult.,s: D(+Q) from (t,py) for J(5191)=5/2; Ar=no from
level scheme.

B(E2)(W.u.) upper limit exceeds RUL=100.

B(E2)(W.u.)>1.2

B(M1)(W.u.)>0.0031; B(E2)(W.u.)>1.2x10™*

E,: weighted average of 3558.6 25 from ('80,p2ny) and
3557.4 28 from (t,py).

Mult.,s: +0.01<6(Q/D)<+0.51 for J(5407)=7/2 from (t,py);
Ar=no from level scheme. AJ=1 from y(6) in
(180,p2n7).

BMI)(W.u.)=2.5x10"* +7-5; B(E2)(W.u.)=0.55 +16—11

E,: weighted average of 1226.5 6 from (180,p2ny), 1226.3
3 from (13C,apny), 1226.6 2 from (a,py), and 1226.0 5
from (t,py).

L,: from (13C,apny). Other: 100.0 22 from (180,p2n7).

Mult.: from py(6) and yy(lin pol) in (a,py).

o: weighted average of +0.9 / in (a,py) and +1.0 2 in
(BC.apny).

B(EI)(W.u.)=3.6x10"" +10-6

E,: weighted average of 1825.3 8 from ('80,p2ny) and
1824.4 4 from (13C,apny).

I,: weighted average of 9.1 3 from ('80,p2ny) and 8.7 2
from ('3C,apny).

Mult.: D, AJ=1 from yy(6)(DCO) in ('80,p2ny);
Ar=yes from level scheme.

B(M2)(W.u.)=0.0026 +/1-8

E,: weighted average of 3605.8 /0 from ('80,p2ny) and
3604.5 15 from (13C,apny).

I,: weighted average of 1.5 4 from ('80,p2ny) and 1.3 4
from (13C,apny).

B(E3)(W.u.)=0.29 +20-15
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E:(level) " E,f I, E/
5500.9  (3/2- t0 92%) 127476 100 11 4226.19
3652.833 2111 184772
55473 1355.0 6 100 4192.3
55574 32 1365.1 41923
3709230 10020  1847.72
4125.4 1431.72
5557340 100 20 0.0
563827 11/2- 185.69 3 79623 5452.68
1412.0 2 100.0 23 4226.19
5674.1 12+ 5673.630 100 0.0
57288 (7/2) 3880.8% 25 100 1847.72
5730 32 5730 100 0.0
5785.1  (1/2,3/2,5/2F)  5784.630 100 0.0
58101 (12t072%)  3271.3%26 100 2538.60
5814.6  (3/2%.5272%) 21868 14 8328  3627.9
3966.6 10028 1847.72
4381534 9428 143172
59258 (7/2) 4077.8% 26 100 1847.72
59726 (1/2.3/2,52%)  5972.030 100 0.0
5991.6 4143.6% 30 100 1847.72
6114.7 1923320 10018 41923
2064826 7918 40483

Adopted Levels, Gammas (continued)

n
Iy

72"

5/2*

5/2*
5/2*
5/2*
3/2*
12+
9/2-

72"

12+
5/2*
12+
12+

3/2*
72+
5/2*
32t
5/2*
12+
5/2*
5/2*
5/2*

y(33 P) (continued)

Mult.i a&

Comments

(M1) 1.05x1073 2

E2 7.65x1075 11

[M1]  0.00151 2

[D,E2]

[D,E2]
[D,E2]
[D,E2]

E,: weighted average of 1276.7 18 from ('80,p2ny) and
1274.5 5 from (t,py).

L,: other: 1(1274.7y)/1(3652.8y)=77 15/100 23 from
('80,p2ny) is discrepant.

E,: weighted average of 3655.3 25 from ('80,p2ny) and
3648.4 33 from (t,py).

B(M1)(W.u.)=0.157 +27-20

E,: others: 186.0 8 from (180,p2ny) and 185.4 6 from (a,py).

I,: weighted average of 73 4 from ('80,p2ny), 79.9 18 from
(13C,apny), and 85 4 from (a,py).

Mult.: D, AJ=1 from yy(6)(DCO) in (180,p2ny); Am=no
from level scheme.

B(E2)(W.u.)=0.92 +16-12

E,: from (a,py). Others: 1412.3 7 from (180,p2ny) and
1411.9 4 from (13 C,apny); 1420.8 30 from (t,py) is
discrepant.

L,: from (3C.,apny). Others: 100.0 24 from ('80,p2ny) and
100 4 from (a,py).

Mult.: from py(6) and yy(lin pol) in (a,py) and also
yy(6)(DCO) and yy(lin pol) in ('80,p2ny).

B(M1)(W.u.)>0.0025

Mult.: M2 ruled out by RUL.
B(E2)(W.u.)>0.4 if E2.

B(E2)(W.u.)=7 +7-3 if E2.
B(E2)(W.u.)=0.44 +40—-18 if E2.
B(E2)(W.u.)=0.25 +23—11 if E2.
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Adopted Levels, Gammas (continued)

y(33 P) (continued)

E;(level) 7 E,f I E/ i Mult. ¥ ot Comments
6114.7 2624.0 3490.58 5/2*
6125 (1/2,3/2,5/2%) 6124 5 100 0.0 1/2* [D,E2] Mult.: M2 ruled out by RUL.
B(E2)(W.u.)=0.19 +22-9 if E2.
61823  (1/2%,3/2,52%) 2134 40483 5/2*
6181.7 35 100 0.0 1/2* [D,E2] Mult.: M2 ruled out by RUL.
B(E2)(W.u.)>0.16 if E2.
6325.1 4477.1% 30 100 1847.72 5/2*
6423.8  (5/2)* 2795.8 23 100 3627.9 72*
65025 (12 to 7/2%) 3963.6 28 100 2538.60 3/2*
6518.6  (13/2,15/27) 880.3€ 12 100 5638.27 11/2~
6555.4 2927.4% 24 100 3627.9 72*
66254 (12 t0 7/2%) 4086.5% 28 100 2538.60 3/2*
6807.9 (9/2) 1169.2 8 100 11 5638.27 11/2~ E,: weighted average of 1170 / from (180,p2ny) and
1168.6 8 from (13C,apny).
L,: from (B3C.apny). Other: 100 40 from ('80,p2ny).
2582.1 14 205 4226.19 7/2° E,: weighted average of 2586.2 30 from ('80,p2ny) and
2581.6 10 from (3C,apny).
I,: from (13C,apny). Other: 80 30 from (180,p2ny) is
discrepant.
6936.3  (13/27) 129799 4 10009 37 5638.27 11/2- (E2(+M1)) E,: other: 1298.1 10 from ('80,p2ny).
Mult.,6: §(Q/D)=—18 10 from 1298y-1412y(6) and —2.6
29 from 2091y-1298y(6) for J(6936)=13/2 in
(13C,apny); Amr=no from level scheme.
148429 9 1389 29 545268 92~
6987.6  (7/279/2,11/27) 134949 10 499 10 5638.27 11/2-
153549 11 369 7 5452.68 9/2~
2761.0% 171 1009 11 4226.19 72~ E,: other: 2760.8 19 from ('80,p2ny).
7997.6 2359.2% 20 100 5638.27 11/2~
8085.6  (13/2) 2448.0% 22 100" 30 5638.27 11/2~
2632.0" 24 60" 30 5452.68 9/2~
90782  (11/2) 2090.6@ 5 5039 29 6987.6 (7/27.92,11/27) D(+Q) —-0.1 1 Other: Ey=2090.7 15, Iy=50 25 from ('30,p2ny).
Mult.,8: from yy(8) in (3C,apny) for 1(9078)=11/2 or
15/2.
2141.7 7 100.0 35 6936.3 (13/27) E,: weighted average of 2141.6 10 from (ISO,pZny) and
2141.8 7 from (13C,apny).
I,: from (13C,apny). Other: 100 50 from (180,p2ny).
226982 12 1899 29 68079 (92)
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Adopted Levels, Gammas (continued)

y(33 P) (continued)

E;(level) " E,’ L7 E/ i Mult¥  6F Comments
90782 (11/2) 34409 2 253@ 25 563827 1172
101059 (927,13/2) 1027.69 3 10009 18 90782 (11/2) D(+Q) +0.1 1 Other: Ey=1028.0 10, Ty=100 40 from (‘80,p2ny).

Mult.,8: from yy(8) in (13C,apny) for J(10106)=13/2 or 17/2;
AJ=1 from yy()(DCO) in (80,p2ny).
3169.7 12 194 15 6936.3  (13/27) E,: weighted average of 3170.3 19 from (lgO,pZny) and 31694 12
from (13C,apny).
L,: from (B3C,apny). Other: 29 14 from ('80,p2ny).
35879 2 1349 17 6518.6 (13/2,1527)
44689 3 579 11 563827 1127

 From (t,py), unless otherwise noted. Ey values without uncertainties are deduced by the evaluators from level-energy differences.

¥ From py(0) and pyy() in (t,py) and/or (a@,py), with electric or magnetic nature determined based on RUL and measured Ty, where available, unless otherwise
noted.

# From (180,p2ny).

@ From (13C,apny).

& Total theoretical internal conversion coefficients, calculated using the Brlcc code (2008Ki07) with Frozen orbital approximation based on y-ray energies, assigned
multipolarities, and mixing ratios, unless otherwise specified.

¢ Placement of transition in the level scheme is uncertain.
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33 33
12P g-14 From ENSDF 15P1s-14
Adopted Levels, Gammas
Level Scheme
Intensities: Relative photon branching from each level
S
§
(o)
NI
o N A NS
S LS
(927 ,1312) IR . 10105.9
S
S QO
RIS
Qw Oso'o \/\ Bb‘
S ¥ 9
(1172) FITS 9078.2
S S
(13/2) v g S SIS 8085.6
Y @x@vﬁ@;q@ivgg 7997.6
v
(112~ 912,11/27) YT S T s 6987.6
(13/27) DRI 6936.3
972) Y s 6807.9
(7210727 TS 6625.4
RERSEISES S
O S A < 6555.4
(13/2,1572°) I = S\ 6518.6
(12 t0 712%) & ;@j@ < 6502.5
G12)* gF 9 oS 6423.8
o T e S 6325.1
(1/2*,3/2,5/3*) “§L§7§;§f§f \ 61823 <62 fs
(172,312,5127) T3 \ 6125  55fs42
S \ 61147  <0.14 ps
» 5991.6
(172,312,527 / \ 59726 <56 fs
2 5925.8
11/2- v 563827  9.7ps 14
92" 5452.68 24psS
72~ 4226.19  0.32ps 7
52+ 41923 104 fs 35
5/2+ 4048.3 591521
72+ 3627.9 1511528
52+ 3490.58 63 fs 14
3/2* 2538.60 35fs 14
572+ 184772 0.78 ps 11
12+ 00, 2538d6
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13 From ENSDF 13Pg-15

Adopted Levels, Gammas

Level Scheme (continued)

Intensities: Relative photon branching from each level

N}
VA
RN
MQ S N
a?"bbpac?% ms ng}’
o N ”
(312+,512,7/2%) LIPS L 58146 76 fs 42
(1/2t0 7/2") o’ Q@.g; \Q,\@,\\, ° 5810.1
N N
(1/2,3/2,5/27) giso?*ﬁi S‘\;@ 5785.1  <35fs
3/2 ,e‘o—'@‘—q/g S 5730
(712) ;ef\wew —$—9 S §- 5728.8
1/2+ A NN N Yo 5674.1 <49 fs
172" BT —S=Sg o f—S 563827 9.7 ps 14
FI NI IYS—

3/2 VA e S 9% S 55574  <56fs

FTURETS IS N 55473 033 7ps 12

- - FELI TV 0. 8D - — = 7
(312~ t09/2") TN & e E AN S R 5500.9 <62 fs
9/2- R NSNS O 545268 24ps5
I A OSSO 71T ]
_ R R I T TR o N T S415.7
anh SESIISL Yy SSITCOC Xy \ 54060 <76 fs
5/2+) G YNNI NSN NS o BNy DN N 0.13 ps
( %7 O N QA o V- 5190.5 <0.13 ps
SETSLEFSEE

32+ NSNS N9 5053.4 <62 fs
712~ 4226.19  032ps7
52+ 41923 104 fs 35
52+ 4048.3 59 fs 2]
72+ 3627.9 151 fs 28
52+ 3490.58 63 fs /4
3/2* 3276.2 0.14ps3
3/2" 2538.60  35fs /4
52+ 1847.72  0.78 ps 11
32+ 1431.72 043 ps7
172+ 00 2538d6
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