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Introduction

Why we need p-decay spectroscopy — The region around '90Sn
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Nucleus with known excited states

Nucleus produced with known half-life
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Shell Model & -Decay

Super-allowed p-decay Selection Rules:

Fermi Decay
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Facility & Detectors

The BigRIPS Facility @ RIKEN Nishina Center, RIBF

Primary Beams @ RIBF
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Facility & Detectors

The BigRIPS Facility @ RIKEN Nishina Center, RIE
Liquid helium contt

7.7Tm

1 To show ™ie intérnal structure,
a front section is cut away

N
Main superconducting coil

Superconducting trim coill',

World’s first ring cyclotron with
superconducting sector magnets
K-value 2500 MeV, 3.8 T, 235 MJ
8300 t

3 Modes

Fixed beam energy (350 MeV/u)
(RILAC, RRC, fRC, IRC, SRC)

Variable beam energy (115 MeV/u)
(RILAC, RRC, IRC, SRC)

Polarized Deuteron Beam (880
MeV)

(AVF, RRC, SRC)

Projectile Fragmentation
In-flight fission of U-238

1st Beam: Dec 28, 2006
1st Rl Beam: Mar 15, 2007

Accelerating  Source: RIKEN Nishina Center
' (resonator)



Source: RIKEN Nishina Center

0 10 20m
L 2 | | 2 | |
ZeroDegree o
v § EUCA
, 885 P
X! \
Lﬂ B - e - =
.- o P ™ “
: . < Y 9 3 F11
YL F1 F4 . poeofmidet 6 © 0o 2 gz F10
O O . g ¥ [ O AF7 - O w© I (I
= =) P F2 F3 AR =D DG g e e = F S Fg "’..-“‘
6‘ = ) Sl < ﬂ 3 9 9 s ﬂ -:v:‘_ ol e Bl Pl el -"@'
v o8 2 2 [ENEaTgle e = IINI0 e 9 SZ2F12  FI3E
2 @ o~ w 9 F-HT g = N
o F- ~
BlgRIPS I STQ-H15 D.H8 SAMURAI
S AN L-

High Resolution Line pe+17

Separation: Bp — AE - Bp - AE - Bp F-H9 §o+18
Identification: Bp — AE — TOF o W sTamms

sHarsa-sDa R
sHarsaDt 2. SHARAQ
SHARAQ-Q3 W

sHaRaQ-D2  S&sfem

Daniel Lubos, TUM -



Facility & Detectors
The EURICA Gamma-ray Detector Cluster
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Courtesy by G. Lorusso, S. Nishimura

EUROBALL as used in RISING @ GSI
12 clusters of 7 HPGe Crystals each
3 clusters with 6 LaBr Crystals each

Energy Resolution ~ 2 keV
Timing Resolution ~ 25 ns

Operated at 4 KV



Facility & Detectors

The EURICA Gamma-ray Detector Cluster
‘\ ’8, iﬁt‘,-

EURICA Clusters Experimental Area
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Facility & Detectors
The WASS3ABI Silicion Detector Array

Area: 60 mm x 40 mm

Segmentation:
DSSD 60 strips X 40 strips
Decay (green) | Implantation (red) | Beam tracking (purple) SSSD 7 strips

10 x 1 mm 3x1mm 1x0.3 mm Width: 1 mm (compare: e mean free path: 1 mm)

3 Double-Sided Silicon Strip Detectors (DSSD)
10 Single-Sided Silicon Strip Detectors (SSsD) TOTAL: 380 Channels
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Facility & Detectors

New Isotope Search - Finalized
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Results

Lifetime of 100Sn
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Time after implantation / 10 ns
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Results

Background reduction by event selection

Time spectrum of 1%99Sn B-decay/ 10 ns
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Results
p-endpoint-energy

« Second part regarding the determination of B
Distinguish |
* Implantation events
« Decay events

« Light particle events

\ /

=>» Event tracker to judge each event p |

(spatial correlation, time correlation, energy discrimination, pattern analysis)
o empty

’ o—— MAX muLT

Gap

= “Clean” (background reduced) spectrum in order to determine Q;-value
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Results — Particle Discrimina Beam direction Z
Event Tracker

Decay Event Light Particle Event
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Results

First p-Endpoint-Energy Spectrum

Number of Events
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Results
First p-Endpoint-Energy Spectrum

Number of Events
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Results — Beyond the N =Z line
Lifetimes of N = Z — 1 nuclei using MLH method
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Results — Beyond the N =Z line
Lifetimes of N = Z — 1 nuclei using MLH method
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Further Nuclei: **Ag
Study of Decay Channels

Occupation Scheme

Decay channels of %*Ag

—o-0-0-0-0-0-o— Jop (10)
o—o o—o 2pq;, (2)

3ho —o—-0—0—0-0—0— 15, (O)

—eo—0-0—0— 2D, (4)

Level Scheme

6670 keV
s, €95.4%,
o227 %, p4.1%, 2p0.5%

0 keV

0.0 + X keV

0* 26 ms, £100%, 77 0.55 s, £100%,
ep ? D novys ep 20%
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Further Nuclei: **Ag

Half-life, two parent components
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Further Nuclei: **Ag

Study of Decay Channels

B-region Strip Energies / keV
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Further Nuclei: **Ag

Coincident y-lines, fast component
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Further Nuclei: **Ag

Coincident y-lines, slow component
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Further Nuclei: **Ag

Coincident y-lines, slow component

0.1s<t<1.2s
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Further Nuclei: °*Ag — Hint for 2p-decay

Event-by-event analysis

Enargy / keV - beta.ax = 1848, beta.ay = 1920

| enangy

Twd A EQlrason (o - bewoe * 1040 Lo sy * 1600

wacyy hst

b o Erriies 1 = Crate N
- Maan 1043 - Noan 1a21ee2?
L RMS [ L RvG a
OB~ LW =
Qe 0eH
oal- osl] 0.392s
i 1845 keV i
0z 02
- - ¢
OMMMMJM“L“_ ol PTE PETRY FTRTE PETRY FTUTH PRTTH PRTE PYRTH PRTE PYRTE 8 (o)
0 1000 2000 2000 4000 SCO0 ECON TCO0 2000 SCoa 1cean 0 100 200 2300 400 SC0 ECo 700 200 SO 1ceo
X DESOSEL0 T Coargow | G - Beem o » 1090 Been ag » 1020 ¥ DIS0 Sp Crasges | wad - bars o« * 1ha0 Barn oy » 100
€0 Mt dssd x a0 hist dssd v
- Eriries 2 C Erries 2
o mans 15[ o ey 15fC
- . Mhaan y 42 (2 ] Maany 2707
o M5 x 0 - RMS x ]
- RMS v 04006 wh- RMS v 04954
L C - 24
4o~ E -
C ¢ =
C - «
wf ¢ mf-
C o C
L 15 — o0
2o ¢ C
C 1of
L 14 C
10 . s
C 100 e
C- P | P PP EPEEre Y C:' Ml PR P P P
(o] 2 4 =3 10 12 o] 2 4 2 10 12

[1] Phys. Rev. C 76, 011304(R) (2007)

|| T T P T

1 Single y-Energies / keVJ
lous vore

PPTE P

5 191 ¢

Hint for] 2p decay,
consistent with [1]

aloaaa liaaals

CO SC0 1000 1500 2000 2500 2000 2500 4000 4500 SC00

Addback y-Energies / keV

364.243 keV

Maan 4299
RME 173

a2

M| TR VRPN PP PPN PRTYS PIPPIR PPETS PP T
SC0 1000 1500 2000 2500 2000 2500 4000 4500 SC00



Further Nuclei®*Ag — Hint for 2p-decay

2p decay: event-by-event analysis

Pixel time |y-energies crystal/ | y—energies cluster

energy / keV |/ ms | keV addback / keV

1845 392 |98, 365, 599, 313, 98, 964, 313, 601,
601,173 173

1885 984 | 787 787

1885 673 | 104, 147 104, 147

1845 666 | 274, 349, 740 274, 349, 740

1865 591 | 283, 813 1096

1855 538 | 166, 349 515

1895 213 79,184 79,184

1845 483 | ---- ===

1835 810 | ---- -—--




Further Nuclei: °*Ag — Hint for 2p-decay
Study of 2p-decay channels

159 (2947)
833
s | @119 [1] O. L. Pechenaya, Phys. Rev. C76, 011304(R) (2007)
565 4 (1633
1 | 1549 (12 ) 1549w+ 1549 a1
10+ 278 278 1o+ (107) __(1398) 278 1o+
0 1271 ks 1271 278 10 1271 278 10+
949 949
(10 4 (800) 833 ’ |
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565 (87)

Each ruled out by a confidence level of at least 96%

This experiment: concerning ®*Ag statistics are too less for new conclusions. Another dedicated
campeign is necessary.



Summary
Status of Analysis & Outlook

« About finalizing 1°°Sn analysis (half-lives, Qp
 Determined lifetimes of N = Z — 1 nuclei

» Obtained much better statistics
» Much information about neighboring nuclei and its structure

* Collaborators @ TRIUMF, Canada are working on the y-spectroscopy
of measured nuclei

» Great region to study the shell model and dig into -delayed y-
spectroscopy
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Thank you for listening!
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