4th European Gamma and Ancillary detectors network: EGAN (June 25, 2014), GSI

2

=2l Decay Properties of Exotic Nuclei
with the EURICA

Shunji NISHIMURA ( RIKEN, Japan )
for the EURICA collaboration

Integrated beam-time (days)

70 days of beam time for EURICA
10 days .. SEASTAR + EURICA(parasitic) in 2014

HOthers

NEURICA




Survey of Nuclear Properties (Decay Spectroscopy)

First E(2+) for even-even nuclei

- Excited states : E(27), .. - New magic number ?

- Isomeric states - Disappearance?

- Shell quenching?
— = QB ) EC

- Deformation?

— - Decay curve : T,

— - Beta-delayed neutron/proton

- New isotopes

D.Steppenbeck et al.
_In-beam gamma (R
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Very Neutron-Rich Nucle1 & Proton-rich Nuclei
(Far from the stability..)

Experimental Chart

126
Half-life Range
Unknown

& 100s-1h
= lh-1y
H ly-1Gy
™= Stable




EURICA (EUroball-RIKEN Cluster Array)

12 EUROBALL Cluster
detectors, 1.e. 84 Ge crystals

Euroball Cluster detectors
Support structure ‘ RIKEN RIBF B{LPHZAR

Readout electronics (Japan) ¥ ® RIKEN

used for GSI-RISING Installation completed in 2012 Feb.




RI Production and Decay Spectroscopy

238y, 124Xe @ 345 MeV/u

—teetd

-

2380 ... Intensity =5 — 12 pnA
124Xe ... 32 - 38 pnA

F11

1st stage
separation 2nd stage

Aanaliiaia (DIN AtA)

_— Correlated B-particle
electron @ stopper

Heavy ion

Time stamp
Clock 100 MHz

RI
DssD
Beta
DSSD

Uncorrelated B-particle

Time correlation position correlation




Beta-counting system: WAS3AB1 in EUIRCA

(Wide-range Active Silicon-Strip Stopper Array
for Beta and ion detection)

RIKEN/TU Miinchen/IBS

Heavy-ion ... ~ 1GeV ~ 10 GeV (optional)

Beta-ray ... 20 keV ~ 3 MeV

High segmentation ... 60 x 40mm2, Imm strips
Up to 16,000 pixels

Qbeta .... Plastic scintillator or SSSD x 10

Fast timing ... Plastic scintillators

Radiation .... Cooled by cold N2 air flow (10 °C)




Decay Spectroscopy in the vicinity
of double magic "*Ni

(Z=28, N=50)

Z.M.Niu, PLB 723 (2013
| History of 78Ni ]

-1997
Identified as new 1sotope
(3 events)
M.Bernas et al., PLB415 (1997)

—
Q
o]
£
-
Z
c
()
-
(0]
.
o

- 2005
Beta-decay half-life
(11 events)100

Neutron Number T,,~110 4 ms
T.Hosmer et al., PRL94 (2005)




RIBF: Decay Experiment around "®Ni region

Spokesperson : SN / Niikura
| Half-lives unknown

Implantation rate
=20~ 50 pps

—
3
=
=)
<
2
=
Q
+~—
<

New isotopes
(7 Candidates)

- Isomer search
- Beta-delayed gamma
~ 12 k of 78Ni produced at the RIBF. in progress...

Low production yield of 7”Ni (7Ni + neutron)




8N1 beta-decay half-life

Hosmer (MSU)
PRL (2006)

Z.Xu PhD@U.Tokyo

B-decay of "™Ni

20 ms

Counts /

ik ”u,, . ,

0 500 1000 1500 2000 2500 3000 3500 4000
Time (ms)

Decay spectra obtained in WAS3ABi1 and with EURICA.
What about N=51 ("Ni)? Z=27 ("’Co)?
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Beta-decay half-lives beyond 78Ni

7.Y.Xu, submitted.

T IIIIIIII

B present work

life (ms)

O Previous work

1

T IIIIIIII

FRDM+QRPA

Hal

= KTUY+GT2

— Shell Model

T I.‘I'IIIIII

| |

| |
. . 26 28 30 32

|
46
Proton number

Neutron number

Shorter T1/2 beyond Ni = Pronounced in Z = 28, N=50
- 78Ni is double magic nuclei !?



Half-lives and Pn on N = 50

(Experiment € -2 Theory)
Z.Xu PhD thesis (2014

I ! I

—8— FRDM+QRPA
DF3+QRPA

—a—SM

—0—EXxp.

T8N ?

(RIBF)

|

26 28
Charge Number Z

Half-life (ms)

T IIIIIIII

T IIIIIIII

T I.‘I'IIIIII

- 71Co

|

B Present work

U Previous work
FRDM+QRPA

- KTUY+GT2

— Shell Model

|

26
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28
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Decay properties around
double magic '3?Sn

( Z=50, N=82 )



Decay Spectroscopy around A = 100 ~ 145
U-beam: 8§ — 10 pnA
Two EURICA data sets: G.Simpson/A.Jungclaus & H.Watanabe/G.Lorusso ~ Two weeks

New Isotopes

144Te

140Sb
139,140Q'p

136,137 Iy
134,135Cq

131,132Ag
129,130Pd

127Rh
120,121 Tc

118M
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and more..
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Decay Spectroscopy around A = 100 ~ 145

A.Jungclaus,
PRL99, (2007)

No evidence

for shell quenchlng
48 - 8" ) 130 132
—_— 3
T Ag 10
461 * 50 ™ ) ) o
- 3 AN 107 .

Atomic number

H Watanabe etal., PRLIII (2013)
44 mnii 1
7) 2110 0.44(3) ps | B2 2151 5.8(8) us
(57) 86.2 2023 o.ssfa,; hel | 6H)—X"5" 2076
42 542.4 G )_i_ 1816

4% 1481 504.4

1330.2 (2% 1311
787.7 |
(2+)+ 693 13114

q
o*‘ 0 o*!o

126pd (N=80) 128pq (N=82)
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- No evidence for shell-quenching in 128Pd....




Decay Spectroscopy around A = 100 ~ 145

L .

1415(6%)
i § o, ‘ T _ :
= ) (4 BN Urban, EPJ A 20, 381 (2004)

/  —
\6)* 1ty 187 34’%; W 6: 1844) ;o % ky il
. ] . | — -
/,.'\ﬁ @ — ¢t W E@
178(6) i

| e )&
Tflﬂ TL = 1 _‘/647 274 o £ ) ‘ | T.Sumikama, PRL106
f\\)W _ k i ’

To be confirmed
by y—y coin.
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P.-A. Soderstrom, et al.
Phys. Rev. C 88, 024301
1(20|13)|
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Decay Spectroscopy around A = 100 ~ 145

G. Simpson, G.Gey, A.Jungclaus ..
submitted to Phys. Rev. Lett.
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Identification of milisecond Isomeric States via
detection of conversion electrons
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P-decay half-lives on r-Process path

G.Lorusso @ RIKEN

108
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Beta-decay half-lives of Cd 1sotopes (RIBF)

G.Lorusso@RIKEN

Significant impact to SM calc. & r-process

simulation !

Beta-delayed gamma of 131:132Cd - 31]n.

130Cd isomer: Consistent
RISING — EURICA
(GSI)  (RIBF)



Beta-decay Half-lives N = 82
—> Feedback to the Theory

K.Langanke Phys. Scr. T152 (2013) 014011
(Courtesy of G. Martines-Pinedo)

A FRDM+QRPA
¢ DF4ORPA
@ Shell Model

i Ll

A FRDM+ORPA
¢ DF3+ORPA
@ Shell Model

B L

Lrre=

1999 RIBF

EURICA

i
il
L ]
=
¥ 2

125Tc

N=K7 [sotones

4 & # 4

I | K
1'.'|1.1:;.'-: Number £

45 46

Charge Number /.

So call r-process waiting point nuclei (N=82)

- r-process path
- residual r-matter flow in freeze-out

T,, of Cd isotopes (EURICA)




First Excited State: E(2+)

G.Simpson et al.
Submitted to PRL

Wang He (RIBF DALI2) I I

l_ﬂsfv

50

m,,Lan |

I
Ll

T.Sumika t al. 2% If*éll =
PRL 106;202501(2011) m

40

H.Watanabe et al.
PRL 111, 152501
(2013)

P.-A.Soederstroem et al.
PRC 88, 024301(2013)
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50 55 60 65 70 75 80 B85 80 95

15 E(2+) are expected from EURICA ! Nieutron

And more ...




Rare—earth peak ( A ~ 1 60) Spokesperson: E.Ideguchi/G.Simpson

Deformation
1495m|1505m 1 l157Sm 1585m 1596m {1605m 1615m 1625m 1635m 1645m 1655m . <()]

L 0110-0.05
L1 005t00.0

151Nd 152Nd 153Nd 154N 155Nd 156N 157Nd 156Nd 150Nd 160Nd 161N¢ D 0.0 0] I] “i

005100 nun

[46Pr 147Pr 148Pr 149Pr [150Pr 151Pr 152Pr 153Pr|154Pr 155Pr 156Pr 157Pr 158Pr 159Py . ( ( - [0 l =i=i==i=i===i
S|
50,1

152Pm 153Pm 154Pm 155Pm 156Pm 157Pm 156Pm 1560 1160Pm 161Pm 162Pm 163Pn

145Ce 146Ce 147Ce 148Ce [149Ce| 150Ce 151QH 152CH153Ce 154Ce 155Ce 156Ce 157C¢ - Slablc
14dLa 145La 146La 1471 148La) 1408 150L1510a 1520a 153La 154La 155L3

143Ba 144Ba 145Ba| 146Bal 147Ba 145Ba 149Bf 150Ba@151Ba 152Ba 153B:

The region to
142Cs 143Cs 144Cs 145Cs 146Cs 147Cs 148Cs 149Cs 150Cs-15iCs
unknown be studed

141%e 142K 143%e 144¥e 145%e 146Xe 147Ke 148Xe [3 —dec ay half-lives : !
90 100 110

<%

o Literature
1w KTUY+GT2
FRDM+QRPA

le Th"s"f’e»'@e»"": - 27 new beta-decay half-lives & Pn
(W.Jin @ RIKEN/Peking)

half-lives (ms)

- Beta-gamma, isomer search
(E.Ideguchi .. RCNP)
(R.Yokoyama .. CNS)
o (Z.Patel ... Surrey)

- Study of r-process nucleosynthesis at freeze-out time.

- Deformation, K-Isomers




Shape evolution in neutron-rich A~140 nuclel
beyond doubly-magic 3?Sn

A. Odahara (Osaka),
R. Lozeva (IPH/DRS,Strasbourg)

C.B. Moon (Hoseo)

11 Illlllli

New isomers in 43-146,147.148Cg jgotopes
... A.Yagi,Odahara
- More isomers are coming..
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E(4+)/E(2+)

doubly-magic
-1 nucleus
1328n (Z=50, N=82) _
e T B 0 & &4 6 8 N 2 %
neutron number




Complementary LaBr; array for
i fast timing with EURICA

01.5”x2”
Spokesperson: T.Sumikama

Surrey/Brighton | . For short life-times a LaBr, array
for fast timing has been installed to
complement the HPGe detectors

104Y beta-decay is used as start.

¥ Decay spectrum 1047 |
2" of 140keV y-ray

oumolg
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Time (ns)
1 1 | IV 1 ’ VI 1
500




Proton rich nuclei

(EURICA)



i Rising at GS|

Superallowed Gamow—Teller decay of the
doubly magic nucleus 1°°Sn
Ch. Hinke et at., Nature 486, 341-345, June 2012

141

Decay y
spectrum
of 100Sn

Counts per 1.5 keV

o
1

1,297 2,048

lllllll [ [l |
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Energy (keV)

Nuclear Data Sheets 84 =
(1998) |

Sn
allowed Gamow-Teller 0« 1
allowed not 0 — 0
superallowed Fermi 0 —» 0

244 1005 ’ 1005 settings: 15 days
nuclei - 5 — N
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allowed log(ft) = 2.62 *0-13_ |
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Decay Spectroscopy in vicinity of
100Sn (Z=50, N=50)

124 1 — -
Xe beam int. = 32~ 38 p nA M.Lewitwicz, R.Krucken/R.Gernhauser, SN
~ 2280 events PhD I.Celikovic @ GANIL

1005n 1015n 1025n
086 17§ 385

98
Sn €10000% | &10000% e 100.00%
ep < 17.00% | ep:26.00%

ol % 90In 100In 101In
32 M3 308§ 59§ 151§

P € 3 & 100.00% 3
¢ ep: 1.60% &

97¢d 98Cd 96Cd 100Cd
103§ 110§ 925 168 4918

94Cd £ ¢ 10000% | «10000% | «10000% | «10000% & 100.00%
& e 120% | ep=003% | ep:017%

93¢ 94g 954g 96Ag 9747 9BAg 99Ag
2645 1755 440S 2555 | 4753 1243

92
Ag & ¢10000%  «10000%  e10000% | «10000% | «10000% e 10000%
€ & & ep: 6.50% ep: 1.1E-3%

91Pd H2Pd 93Pd 94pd 95Pd 96Pd 97Pd
EARTY 07§ 100§ 963 58 122§ 310M

% P'Pd

¢ ¢ 10000% | e10000% | e10000% | e10000% | e 100.00% | e 100.00%
&

45 46 47 48 49 50 51

Half-lives: ®°Sn, *7In, *°Cd, *Ag ..
Qbeta: 199Sn with higher statistics
Beta-delayed gamma
Beta-delayed proton




RIBFO097: rp-process (G.Lorusso)

78Zr 79Zr
>170 NS 56 MS

: G.Lorusso (RIKEN) ... 2.5 days

755r 765r 775r
88 MS 7898 8053
€ 100.00% «: 100.00% «:100.00%
€p: 5.20% «p: 34E-5% €p =< 0.25%

74Rb 75Rb 76Rb
64.9 MS 1908 36.58

P € 100.00% €:100.00% € 100.00%
ect: 3.8E-7%

69Kr 70Kr 73Kr 74Kr SKr
32 Ms 52 Ms 2738 11.50 M 4.29M

€ 100.00% € 100.00% 1% % € 100.00% € 100.00% € 100.00%
eps 1.30% €p: 0.25%

S =710keV ??

31 32 33 34 35 38

73Sr (186 events)
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31 32 33 34 35 36 37 38 39
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73Sr = 73Rb
= 72Kr + p ... Energy spectrum of beta-delayed proton
Beta-decay half-lives of 73:74Sr (L.Scinclair @ York, G.Lorusso)




EURICA Contributions in Last ARIS2014 Conf. (@ U.Tokyo

@ Half-lives (T,,,)
© Isomer (T,,,)

@ Beta-delayed gamma A.Odahara (Z~55)

@ Beta-delayed n,
Y P H.Watanabe (Z~46) .—F'—H—

EC, Qg, New isotopes | @E.Ideguchi (A046)
@R.Yokoyama (A047)
® W.Jin(A069)

I

L LI

R.Gernhéuser (Z~50)

@ K Moschner (A028) 1R

@ A.Yagi (A043)

I IIIIIII| I IIIIIIII

LA Jungclaus
@9 G.Lorusso (A065)

9 Y.Shimizu (C006)

| MNiikura (z~28) T~ @P--A.Sdderstrém (A035)
e S T

— 5 @ T.Sumikama (A033)
[ G-Benzoni (2-28) |" @ 7.v.Xu (A043) @F.Browne (A034)

{Ir --------- ' | S.Nishimura (Neutron-rich nuclei) P [.Nishizuka (A066)
- | | T T T T T T T T T

|

[ I
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Remaining EURICA campaigns

To be updated

$Ge: Blank

64,66Se: Rubio,Fujita,Gelletly

IKr: Algora, de Angelis,
Rechia, Rubio

A—H—H—

I

170Dy: Watanabe, Soederstrom,

53.54Ca: Valiente-Dobon,
Steppenbeck

Regan, Walker P




EURICA Collaboration and Support

2012 Nov.-Dec.
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Summary

* Decay spectroscopy 1s powerful tool to investigate the
properties of exotic nucler !
— Beta-decay half-lives (T, ),)
— Beta-delayed gamma (low lying states), Isomer
— Qbeta, EC

— Beta-delayed neutron (proton) —emission

 Decay projects at RIBF
— EURICA (beta-gamma) SEASTAR (In-Beam Gamma)
— BRIKEN (beta-neutron) T
— CAITEN (beta-gamma-neutron) EURICA (Stop beam)

« High intensity radioactive beam facility
— RIBF, FAIR, FRIB, GANIL, TRIUMF, ISOLDE, RISP, ...
—> Golden time for nuclear structure & nuclear astrophysics

( Magicity, Shell-quenching, Deformation

—> r-process, rp-process, ... )



Decay Programs at RIBF

2009

g B

mo»

H0Zr region
REEND))

2010

*PLB 696, 186 (2011)
*PRL. 106, 052502 (2011)
*PRL. 106, 202501 (2011)
*PLB 704, 270 (2011)

2012 2011

2013

*PRC 88, 024301 (2013) !
*PRL 111, 152501 (2013)’
*PRL *** (2014)

2014

B-n(-y)
[ high efficiency ]

BRIKEN Project

180 3He counters

BELEN (Spain)
+3Hen (ORNL)
+GSI/Russia+RIKEN

p-y-n
[fast timing]

- LaBr3 detectors
- Neutron detector
(NiGIRI)







