
73Sr 𝛽-delayed proton emission and the structure of 73Rb
D.E.M. Hoff1, A.M. Rogers*1, S. Wang2,4, P.C. Bender1, K. Brandenburg3, B.A. Brown2,4, K. Childers2,5, J. Clark6, A.C. Dombos2,4, E.R. Doucet1, S. Jin2,4, R. 
Lewis2,5, S.N. Liddick2,5, C.J. Lister1, Z. Meisel3, C.M. Morse1, W. Nazarewicz2,4, H. Schatz2,4, K. Schmidt2,4, D. Soltesz3, S.K. Subedi3, S. Waniganeththi1

1Department of Physics and Applied Physics, University of Massachusetts Lowell         4Department of Physics and Astronomy, Michigan State University
2National Superconducting Cyclotron Laboratory, Michigan State University                  5Department of Chemistry, Michigan State University
3Department of Physics and Astronomy, Ohio University                                                 6Physics Division, Argonne National Laboratory

We acknowledge support from the U.S. DOE, Office of Science, Office of Nuclear Physics under Award No. DE-FG02-94ER40848 (UML) 
and DE-AC02-06CH11357 (ANL); the NNSA through the Nuclear Science and Security Consortium under Award Number(s) DE-

NA0003180, DE-NA0003221, and/or DE-NA0000979; and the NSF under Contract No. PHY-1102511

Z N

Tz

1.5− 1− 0.5− 0 0.5 1 1.5
zT

3−

2−

1−

0

1

2

3

M
 (M

eV
)

∆

Tz

1.5 −1−0.5 −00.511.5
z T

3−

2−

1−

0

1

2

3

M
 (M
eV
)

∆

73
38Sr

73
37Rb

73
36Kr 73

35Br

�
M

�
(a

+
bT

z
+
cT

2 z
)
(M

eV
)

Mirror Chart Mirror Chart

Learning with Purpose Andrew M. Rogers — NS 2018— 08/06/2018

Experimental setup: Decay station

  

Figure 3: Photograph of the setup from e12024 showing SeGA in the S2 vault following the RFFS.  
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Figure 4: Schematic of the detector stack for the currently proposed experiment. Particle 
identification is performed using the first PIN detector and ToF provided from the XFP scintillator. 
An aluminum degrader allows the energy of the ions to be reduced so that the yttrium isotopes will 
stop in the middle of the DSSD. A plastic scintillator at the end of the stack allows light ions to be 
vetoed.  
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CORRELATION METHOD 

•SPATIAL CORRELATION: 
Requirement that the implant 
and decay occurs in the 
“same” DSSD pixel. 

•TIME CORRELATION: 
Requirement that the decay 
occurs within an adjustable 
time correlation window.
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73Sr beta-delayed proton emission
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•How strongly can the 72Kr waiting point be bypassed via 2p capture?

•2p-capture rate depends exponentially on the proton-separation 
energy, Sp.

•Populate 73Rb ground state via decay of 73Sr.

•Observe and measure correlated mono-
energetic β-delayed protons.

•Lowest energy proton is ground state.

rp-PROCESS  
WAITING POINT

Motivation
- Studied 73Sr beta-delayed proton emission to understand role of 72Kr 

waiting point in rapid-proton capture process (rp-process).

- Unable to measure short-lived 73Rb directly in fragmentation 
experiments .

- Used “Trojan Horse” method to populate 73Rb through beta-decay of 
73Sr and study proton emission in implantation-decay experiment.

- Goal: Measure 73Rb separation energy  (presented below)

- Discovered significant branching of 73Rb*(IAS) decay, which is only 
explained by spin assignment Jπ = 5/2-, suggesting isobaric-spin 
symmetry breaking!

Experimental Method Experimental Analysis

“Crack” in the 
mirror

Only other isobaric-
spin symmetry 

breaking between 
ground states is in 
A=16, Tz=1 mirror 
pair. This is well 

explained by 
Thomas-Ehrman 
shift since 16N is 

particle bound while 
16F is not.

- The experiment was 
performed at the NSCL using 
the Beta Counting Station 
surrounded by SeGA.

- Used a 92Mo primary beam to 
create 73Sr secondary beam.

- 73Sr beam purified a factor 
of 4500 by Radio 
Frequency Fragment 
Separator (RFFS).

- Ions implanted into a DSSD 
detector for spatial 
correlations of implantation 
and decay events. 

- Data were collected using the 
digital data acquisition system 
(DDAS) allowing for offline 
determination of correlations 
and waveform analysis.

0 1 2 3 4 5 6 7 8 9 10

310×
0

5

10

15

20

25

30

35

0 100 200 300 400 500 600

610×

ms

1

10

210

C
ou
nt
s

Energy (MeV)

C
o
u
n
t
s
/
1
0
0
k
e
V

(b)

(a)

72Kr⇤(4+)

72Kr⇤(2+)

0 200 400 600 800 1000
0

5

10

15

� Energy (keV)

C
o
u
n
t
s

72Kr⇤(2+)

t1/2(
73Sr) = 23.1± 1.4 ms

Time (ms)

C
o
u
n
t
s
/
2
0
m
s

15000 15500 16000 16500 17000 17500 18000 18500

17000

18000

19000

20000

21000

22000

1

10

210

310

410
�
E

(A
D
C

ch
an

n
el
)

TOF (TDC Channel)

71
36Kr

72
37Rb

73
38Sr

0 1 2 3 4 5 6 7 8 9 10

310×
0

5

10

15

20

25

30

35

0 100 200 300 400 500 600

610×

ms

1

10

210

C
ou
nt
s

Energy (MeV)

C
o
u
n
t
s
/
1
0
0
k
e
V

(b)

(a)

72Kr⇤(4+)

72Kr⇤(2+)

0 200 400 600 800 1000
0

5

10

15

� Energy (keV)

C
o
u
n
t
s

72Kr⇤(2+)

t1/2(
73Sr) = 23.1± 1.4 ms

Time (ms)

C
o
u
n
t
s
/
2
0
m
s

SeGA

SeGA

2−

0

2

4

6

8

10

12

14

16

M
eV

2−

0

2

4

6

8

10

12

14

16

M
eV

73Sr

73Rb

72Kr + p�2

0

2

4

14

16

M
eV

(5/2�)

34
(3
)%

63
(3
)%

3(
3)
%

4+

0+
(3/2�)

2−

0

2

4

6

8

10

12

14

16

M
eV

73Br

2−

0

2

4

6

8

10

12

14

16

M
eV

5/2�

1/2�27 keV

2+

63
(3
)%

(5/2�)

PID done with energy loss 
from first Si PIN in stack, 
and time-of-flight (TOF) 

between A1900 scintillator 
and second Si PIN in the 

stack. 73Sr is well 
separated.

Correlated time between 
implantation and decay events of 
73Sr. First direct measurement of 

73Sr halflife.

Energy spectrum of β+proton 
decay events detected in the 

DSSD. The observation of 709 keV 
γ rays correlated with the decays 

confirm branching to 72Kr*(2+).

Branching explained by Gamow 
Coupled-Channel calculations 
(courtesy Simin Wang). Small 
admixture of p1/2 orbital (from 

deformation) allows for significant 
branching to 72Kr*(2+). 

Isobaric-spin 
symmetry breaking 
observed not well 

explained by 
Thomas-Ehrman 

shift, where loosely 
bound or unbound 
valence protons 

experience different 
forces based on 

their orbital 
configuration. The 
Tz=3/2 mirror pair 
73Sr and 73Br are 
particle bound. 

Gamow Coupled-Channel Analysis
A=73 mass region has 

complicated deformation 
so calculations were done 
for different deformations 

and spin assignments. 

Jπ=5/2- is best solution!
Deformed core 
(72Kr) + valence 

proton

72Kr-�2 = �0.34

73Br-�2 = 0.4

SeGA

SeGA

73Rb S(p) = �1160+150
�30 keV


