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Fast a:s

Evaluated decay scheme of 21?Ra—21°Rn

e Decay spectroscopy 02T
experiments performed: 62" 52
(11/2)"
1970 [1], 1987 [2] & 1994 a2 g
219
[3] . ]8 Ralgl
. 10(3) ms
e Angular correlation (3) ms
measurement 1989 (1/2)* . 506 ¢ Ea 1o (%)
excluded I™ = 9/2 for § 198 24
*19Ra ground state [4]. P
H X '
(11/2)*+ LS 7678 66.2
(7/2,9/2.11/2)% 35? <
(7/2,9/2)* 214 7706
[1] K. Valli, et al., Phys. Rev. C. 1, 6 (1970). : 7778
[2] A. M. Y. El-Lawindy et al., J. Phys. G: Nucl. Phys., (1987). 9/2+ H ' 0 <
[3] R. K. Sheline, et al., Phys. Rev. C. 49, 2 (1994). 215 7088
[4] E. D. Hackett, et al., Phys. Rev. C. 40, 1234 (1989). 36 Rniag

2.3(10) ps
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Fast a:s

Evaluated decay scheme of 21?Ra—21°Rn

(9/2)* 114
e Low lying levels in 29Ra (w/zy: 17
- 0
from Riley et al. 2000 [5]. 219
. . 88 Raiz;
o Weisskopf estimate for 10(3) ms
17 keV E2 transition: 6 ms. . . w E, I, (%)
e Main focus: the existence § 7198 24
of isomeric a-decaying '
. -
17 keV state in 2'%Ra. .
(11/2)* LS 7678 66.2
(7/2, 92 11/2" 5 <&
(7/2,9/2)* 214 7706
: 7778
[5] L. A. Riley et al., Phys. Rev. C. 62, 021301(R) (2000). 2 : ' 0 <
215Rn 7988
86 129

2.3(10) ps
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Correlation analysis

The 2012 E115-experiment

The reaction: *8Ca+2*3Am—2'!Mc*. Here non-fusion product background ...

Rotating Target

Beam dump

TASISpec

TASCA-separator. Source: Phys. Rev. C, 83:054618.
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Correlation analysis

Correlation analysis
Pixel by pixel correlated events

Pixel

Time

Beam ON/OFF

Silicon detector particle energies
Germanium detector photon energies

Aim: Select the data for just one decay path, i.e. 2/Ra—2!5Rn.




Correlation analysis

“imp-aq-an” correlated events
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2|7Th 2|8Th 2|9Th 220Th 221Th 222Th 223Th
e
2|EAC 2|7AC 2|8Ac 2|9Ac 220Ac ’ 222Ac
¥
.
215Ra 216Ra ZIQRa ', 22|Ra
5 100) ms}
768 1
ZMFI’ E,: 7.08 MeV, 219Fr 220Fr
ty/2: 20, 1 ms
7.615
21580 Eq: 7.680 MeV 2%Rn
tiyi 2 s 7.867
Ea: 8.68 Me,
2|4At 2‘7At 2|8At
tija: ~ 0.5 ps
8.772
21|P0 s 8.820 MeV 2|5PO Z‘SPO 2|7P°
t1/2: 058 8.877
ZIOBi ZHBi 21ZBi 21SBi 2MBi 21SBi ZIEBi
ZDQPb ZIUPb 2||Pb 2|2Pb 2|3Pb 214Pb 215Pb




Correlation analysis

“iImp-a;-as”’ correlated events

223Th

.

222
R4 Ac
¥,

.
219py L,
ti/2: 10 ms g
7.68
. r
Eq: 7.08 MeV, 213Fr
tyj2: 20,1 ms
7.615
25Rn Ea: 7.680 MeV
tya: 2 s 7.867
Eq: 8.68 MeV, 214p¢

tyj2t ~ 05 ps

8.772
21pg F,: 8.820 MeV
tip: 05 8.877

Eq: 7.45 MeV, 210g;

27pp  208pypy




Correlation analysis

“iImp-a;-as”’ correlated events

223Th

.

222
R4 Ac
¥,

219 ‘
Ra ,*
t1/2: 10 ms '3

218,
tyyo: 20,1 ms

2|5Rn
s 2 s
[ 8.8 NcV 21p4

tyj2t ~ 05 ps

21|P0
tip: 05
Eq: 7.45 MeV, 210g;

27pp  208pypy
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Correlation analysis

correlated events
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Correlation analysis

correlated events

=T

.
.
4 222
R4 Ac
¥,
.
.
219p, K
tiyai 10ms g
7.68 ,
Eq: 7.08 MeV, 215Fr
t1/at 20, 1 ms
7.615
25R3n Eq: 7.680 MeV
tijai 2 ps 7.867
E,: 8.68 MeV, 214p4

tyj2: ~ 0.5 ps

8.772
2pg Fa: 8.820 MeV
tiya: 058 8.877

P 7.45 MeV 2|DBi

27pp  2W8ppy
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Correlation analysis

“ai-aig-a3” correlated events
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219Ra~>2|5Rn

Decay scheme 2?Ra—2!"Rn
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Decay scheme 2'?Ra—

Counts/10 keV

Energy of a, (MeV)
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2]0R H)IJRn

Decay scheme 2?Ra—2!"Rn
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ZIE]RBHQIGRn

Decay scheme 2'?Ra—
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ZIE]RBHQIGRn

Decay scheme 2'?Ra—

§ % (11/2)* 17
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zngaHEIGRn
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zngaHEIGRn

Decay level scheme
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ZIE]RB*}QIGRn

Geant4 Simulations of 21?Ra—215Rn

TASISpec experiment in a virtual Geant4 environment [6)].
10 000 2'”Ra were implanted 80 =5 MeV.

Particle and photon spectra were normalised with a common factor.

Decay scheme complexity built up step-by-step.

oL of transitions w.r.t. yields in particle and photon spectra were optimised.

[6] L.G. Sarmiento, L.-L. Andersson, and D. Rudolph, Nucl. Instrum. Meth. A 667, 26-31 (2012).
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ZIE]RB*}QIGRn

Geant4 Simulations of 21?Ra—215Rn

Particle-photon coincidence spectrum

16 2
14 ~ Experiment
no Simulation ENSDF
° TWO branches Wlth 12 _ji ——— Simulation revised data

E, =766 & 7.68 MeV

) 10
were included.

e Branching ratios were
varied for best match.
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2]9Ra~>2|5Rn

Geant4 Simulations of 21?Ra—215Rn

Photon coincidence spectrum

[ Experiment
——————————— Simulation ENSDF

Simulation revised data
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ZIE]RBHQIGRn

Geant4 Simulations of 21?Ra—215Rn

(11/2)* 17
(7/2)* 0
219
83 Rais1
E I, (%
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7.21
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86 Rni2g
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2]9Ra~>2|5Rn

Geant4 Simulations of 21?Ra—215Rn
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ZIE]RB*}QIGRn

Summary of 2?Ra—2Rn

a decay of ?'°Ra

219R, 215R,,
E, (MeV) tisa (ms)  Qa (MeV) | Ey (keV)
7.68(2)a 103)  8.14(2)° 316
7.66(2)" 10(3) 8.13(2)° 316
7.98(1 8(3) 8.13(2 0
7.53(2 8.10(2 445
7.21(2 8.15(2 806

“Guided by the simulation.
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ZIE’RBHQIGRn

Summary of 2?Ra—2Rn

a decay of ?'°Ra

Eqy (MeV)

219Ra

215 Rn

t1/2 (ms) Qa (MeV) ‘ Ef (keV)

7.68(2)°

Gl

7.66
7.98

7.53
7.21

%

2
2

|

10(3) " 8.14(2)"
5 s
8.10(2
2 152)

316

316
0

445
806

“Guided by the simulation.
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ZIE’RBHQIGRn

Summary of 2?Ra—2Rn

a decay of ?'°Ra

219Ra 215Rn
Ea (MeV) ]_ 2 (ms) QO( (MeV) ‘ Ef (keV)
7.68(2)" 103) | 814(2)% | 316
7.66(2)° 103) | 813(2)* | 316
7.98(1 8(3) 8.13(2) 0
7.53(2 8.10(2 445
7.21(2 8.15(2 806

“Guided by the simulation.
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ZIE]RBHQIGRn

Summary of 2?Ra—2Rn

(11/2)* 17
(T/2)* 0
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83 Raiz;
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Summary of 2?Ra—2Rn

2]9Ra~>2|5Rn

9/2)* 113.71
Present Work ENSDF v o
(1/2)* 17 /2"t 16.51
(@2 0 (/2" 0.0
219 219
38 Raiz1 ss Raisi
E, I,(% E, I,(%
(7/2%) 806 _ “ a(%) (7/2)* . 805.7 o ¢ «(%)
7.21 H 7.198 24
& (13/2)* : 570
? A5 LTS3 : >
129 R .68 100 P _ -
(11/2%) v Y 316 (11/2)* 31582 7.678 66.2
766 ) (7/2,921172)" 2005
7.706 0.9
(7/2,9/2* 213.96
316 : 7.778 ~0.5
9/2+ Y 0 9/2* : 00
215 - 7.98 56 215 7.988 30.5
86 Rni2g 86 Rnizg
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Further decay chains

Further decay chains - starting with 22%?2'Ra and 2'Fr

Present Work ENSDF

Nucleus Correlation E, (MeV)

215Rn ag-ag-(as) 8.67(1) 8.674(8)

220Ra (imp®)-ad-as-as 7.46(1) 7.453(7)

216, ar-ad-aiz 8.05(2) 8.050(10)

212pg aq-0p-0f 8.78(2) 8.78486(12)
298 (imp')-at-as-az  7.32(1) 7.3123(18)
215 At ap-08-ag 8.02(1) 8.026(4)

21Ra  (imp®)-at-as-az  6.76(1) 6.754(5)

21Rn a1-ag-as 7.74(1) 7.741(2)

213pg o1-Qp-ad 8.37(1) 8.376(3)

“Step corresponding to the isotope that is focused.
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Further decay chains

Further decay chains - starting with 22%?2'Ra and 2'Fr

Present Work ENSDF

Nucleus Correlation t1/2

215Rn ar-a8-(as) 25(3) s 2.30(10) ps
220Ra (imp®)-ag-asz-as 19(3) 18(2) ms
216Rn a1-a8-as3 29(4) ps 45(5) ps
212pg ap-ao-af 0.35(6) ps  0.299(2) us
219Fy (imp®)-ag-asz-as 28(3) ms 20(2) m

215 At a1-ag-as 37(3) ps 0. 10( ) m
221Ra (imp®)-ag-as-as 16(2) s 28(2) s
217Rn a1-ag-as 0.67(6) ms  0.54(5) ms
213pg aj-ap-ad 3.5(3) s 3.72(2) ps

“Step corresponding to the isotope that is focused.
®Step in the correlation search that was merely used to estimate the half-life.
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Further decay chains

Further decay chains - starting with 22%?2'Ra and 2'Fr

Present Work ENSDF

Nucleus Correlation t1/2

215Rn ar-a8-(as) 25(3) ps  2.30(10) pis
220Ra (imp®)-ag-asz-as 19(3) ms 18(2) ms
216Rn ap-ad-as 29(4) ps 45(5) ps
212pg ap-Qo-af 0.35(6) ps  0.299(2) ps
219Fy (imp®)-af-az-as 28(3) ms 20(2) ms
25t 01-0g-a3 37(3) ps 0.10(2) ms
221Ra (imp®)-af-as-as 16(2) s 28(2) s
217Rn 0-04-ag 0.67(6) ms  0.54(5) ms
213pg ap-0-ad 3.5(3) s 3.72(2) ps

“Step corresponding to the isotope that is focused.
®Step in the correlation search that was merely used to estimate the half-life.
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Further decay chains

Further decay chains - starting with 2%?21Ra and 2YFr

Measured half-lives differ significantly in the cases of:
o 216Rn [1].
o 29Fr & 215A¢ [7,8].
e 221Ra [9].
o 217Rn [10].
[1] K. Valli, et al., Phys. Rev. C. 1, 6 (1970).
[7] G. Bastin et al., J. Phys.(Paris) Suppl.No.1, Colloq.C1-181 (1968).
[8] G. Graeffe and P. Kauranen, J. Inorg. Nucl. Chem., 28 933-936 (1966).

[9] P. A. Tove, Arkiv Fysik, 13 (1958).
[10] C. P. Ruiz, United States (1961).
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Conclusion

e An a-decay branch from the excited state at 17 keV in ?!Ra, unknown in
previous decay spectroscopy experiments, is proposed.

e The results are consistent with Geant4 simulations.

e To gain more confidence in the nuclear structure interpretation further
experimental studies are encouraged.

e Soon send around to co-authors.
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Conclusion

Geant4 Simulations of 21?Ra—215Rn

Photon coincidence spectrum
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Conclusion

Geant4 Simulations of 21?Ra—215Rn

Particle spectrum
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Fast Sampling ADCs

Pile-ups

Conclusion
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