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[The region of interest around IBZSn}
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" 20 Close to r-process path
28 levant for astrophysics (nucleosynthesis)

Heaviest accessible doubly-magic nucleus far-off stability
levant for nuclear structure (shell model)



Decay spectroscopy: The EURICA project 2012-2016
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Ion identification plot from BigRIPS
NP1112-RIBF85 - Simpson/Jungclaus

-l

¥ centered on 136Sn

2.7

Alq

2.75

2.8 2.85

Y
o
[+~

—
o a

10

1



Ion identification plot from BigRIPS
NP0O802-RIBF60&62R1 - Watanabe/Lorusso

52

54

102

10




[ BigRIPS ID plot: Sum of the two seﬁings}
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[ BigRIPS ID plot: Sum of the two seﬁings}
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[ BigRIPS ID plot: Sum of the two seﬁ'ings}
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[EURICA information on isomers in the 1325n region}
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[EURICA information on isomers in the 1325n region}
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[EURICA information on N decays in the 132Sn region}
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[EURICA information on N decays in the 132Sn region}
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[EURICA information on N decays in the 132Sn region}
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[EURICA information on N decays in the 132Sn region}
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RIKEN experiment NP1306-RIBF98R1: Coulex of 136Te|
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RIKEN experiment NP1306-RIBF98R1: Coulex of 136Te|
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Neutron Number Remeasure via Coulex at relativistic energies !




RIKEN experiment NP1306-RIBF98R1: Coulex of 136Te|
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Interesting by-product: Search for decay of the mixed-symmetry 2+ state in 136Te

Theoretical predictions for B(E2) to the ms 2+ms in 136Te (Ex~1.5-2.0 MeV):

SM:  B(E2; 0+1! 2+ms) =0.03 e2b2| 0.20xB(E2)up  Note: At relativistic energies
QRPA: B(E2; 0+1! 2+ms) = 0.074 €2b20.66xB(E2)up  Ois nearly independent on Ex !

N. Shimizu et al., PRC 70, 054313 (2004)
A.P. Severyukhin et al., PRC 90, 011306(R) (2014)



RIKEN experiment NP1306-RIBF98R1: Coulex of 136Te

ID plot from ZeroDegree
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RIKEN experiment NP1306-RIBF98R1: Coulex of 136Te
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[RIKEN experiment NP1306-RIBF98R1: Coulex of 136Te}
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Still to be done:

Detailed consideration of feeding contributions, analysis of differential
Ccross sections etc.

No indication for the decay of the 2+ms state ! Theoretical predictions off ...



[In’rer‘es?ing by-product: Knockout reactions on C target}
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Allows to study systematics of xn knockout cross sections ...

Of course carefully taking into account ZD transmission, reaction losses in detector
material along the beam line, C target properties etc.

... and perform B-ray spetroscopy of knockout residues !



E33Sn populated via 1n knockout from 134$rq
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E33Sn populated via 1n knockout from 134$rq
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[Neu‘l'r‘on vs. B competition above Sn in 1335:’@

Up to Ex~6.4 MeV in 133Sn only neutron decay to the 132Sn g.s. is energetically possible.
7.343

9.745
S2n n
In the case of knockout from h11/2

=) neutron Withf =51

At the level of pure single-particle transitions:

neutron IE 10-17s [En=1.2 MeV] -S-
E2 B-ray IE10-14s [B(E2)=2 W.u.] 132S n
O R— ) N

133Sn

Neutron decay 1s expected to be roughly three orders of magnitude
faster than E2 B decay to the 133Sn g.s. ! B +
ur ...




Neutron vs. B competition above Sn in 133Sn

Neutron configuration after ...

In knockout followed by B decay or n emission

Neutron emission hindered by wave function
mismatch between initial and final states.

Strong nuclear structure effects |




[Systema‘rics of inclusive xn knockout cross sections}
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[Systematics of inclusive xn knockout cross sections}
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In general nice agreement |

But ...
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[Systema'rics of inclusive xn knockout cross sections}
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But ...

In case of neutron emission following
In knockout, the product 1s identidied
as -2n in the ZD spectrometer !



En knockout from 133,1345Sn: Comparison to theor}

200 33Sn Ok for 1n knockout 1 Oval, Ccore: Theoretical cross
134Sn from 133Sn ! 1 sections from eikonal reaction
= 150 theory (Jeff Tostevin)
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25-35% of the decay of unbound states in
133Sn, populated via 1n knockout from
134Sn, proceeds via B-ray emission !

Why is this relevant ? o

134 V. Vaquero et al.
Sn Phys. Rev. Lett. 118, 202502 (2017)



{The N decay south-east of 132$n}
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{The N decay south-east of 132$n}
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Energy (MeV)

The N decay south-east of 132Sn
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Proton Number (Z)

Proton Number (Z)
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[ Importance of Pn values south-east of 1325}\
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Pn values deduced from calculations of
global Mdecay properties.

Most recent example: pn-RQRPA

T. Marketin, L. Huther, G. Martinez-Pinedo
Phys. Rev. C 93, 025805 (2016)

Assumption:
Only neutron emission (no B !) above Sn !

Complementary experimental information
from high-resolution and total absorption
(TAS) B-ray as well as neutron spectroscopy
following Ndecay required !

Need for SM calculations which include core excitations across
N=82 and/or Z=50 |



[Conclusions and ouTIook}

@ Wealth of new information on isomeric and Mdecays in the 132Sn region
from the two EURICA experiments performed in December 2012.
More to come ...

@ In-beam B-ray spectroscopy at relativistic energies in this region with DALI2
is challenging, but possible !

@ First results from April 2015 experiment out, more to come soon (136Te Coulex
and B-ray spectroscopy of N=82-84 isotones following knockout reactions).
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Too high line density,
too bad energy resolution ...

Need B-ray tracking arrays !



[Conclusions and ouTIook}

@ Wealth of new information on isomeric and MNdecays in the 132Sn region
from the two EURICA experiments performed in December 2012.
More to come ...

@ In-beam B-ray spectroscopy at relativistic energies in this region with DALI2
is challenging, but possible !

@ First results from April 2015 experiment out, more to come soon (136Te Coulex
and B-ray spectroscopy of N=82-84 isotones following knockout reactions).

@ New experiment in the 132Sn region, this time optimized for knockout, already
approved by the RIKEN PAC in December 2016.

Special thanks to: NP1112-RIBF85 & NP1306-RIBF98R1 collaborations

Jan Taprogge Shunji Nishimura Hubert Grawe
Victor Vaquero Pieter Doornenbal Angela Gargano
Jeff Tostevin



Counts/2 keV

Counts/2 keV

112

131Cd

60
40 +

20 -

600 -

400

200

988 keV |

]32Cd GT+T

5/2,7/29/2

0

1000

2000 3000 4000 5000 6000

Energy (keV)
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[Is in-beam B-ray spectroscopy the better way ?}
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O© less exotic, higher intensity RIB
@ secondary reaction cross section
@ M=0.5 and Nal resolution (DALI2)

O Ge resolution (EURICA)
@ large Pn values
@ more exotic, lower intensity RIB
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Neutron vs. B competition above Sn in 133Sn

Neutron configuration after ...

In knockout followed by B decay or n emission

Neutron emission hindered by wave function
mismatch between initial and final states.

Strong nuclear structure effects |




[RIKEN experiment NP1306-RIBF98R1: Coulex of 136Te}
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No indication for the decay of the 2ms+ state !

Still to be done:

Detailed consideration of feeding contributions, analysis of differential
cross sections etc.

Theoretical predictions off ...




[Neu‘l'r‘on vs. B competition above Sn in 1335:’@

Up to Ex~6.4 MeV in 133Sn only neutron decay to the 132Sn g.s. is energetically possible.
9.745 7.343

j—

In the case of knockout from h11/2

=) neutron Withf =51

At the level of pure single-particle transitions:

neutron IFK 10-17s [En=1.2 MeV]
E2 B-ray IE10-14s [B(E2)=2 W.u.]

Neutron decay 1s expected to be roughly three orders of magnitude
faster than E2 B decay to the 133Sn g.s. ! B +
ur ...
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