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Historia

1989 — Berkeley (USA)
1991 — Louvain la Neuve (Belgia)
1993 — East Lansing (USA)
1996 — Ohmiya (Japonia)

« ENAM’95 - Arles

<~ ENAM’98 - Bellaire
2000 — Divonne (Francja) «— ENAM'01 — Hamelinna

2003 — Argonne (USA) « ENAM’04 — Pine
2006 — Cortina d’Ampezzo (Wiochy) Mountains
2009 — Grand Rapids (USA) < ENAM08 —Ryn

Potaczenie RNB i ENAM w jedng "flagowq” konferencje
na temat egzotycznych nuklidéw i wigzek radioaktywnych

2011 — Leuven (Belgia)

Advances in Radioactive Isotope Science (ARIS)




8th International Conference on Radioactive Nuclear Beams (RNBS8)

Grand Rapids, Michigan

5 dni (3 petne + 2 potdwki) ok. 160 uczestnikéw

RNB-8 Program Overview

e Structure & Reactions (16) *

e Spectroscopy & Structure (12) *
e Structure & Symmetries (3)
e Halo’s & Structure (4)

e Exotic Decays (4) o

e Fundamental Interactions & Laser Spectroscopy (4)
e Nuclear Astrophysics (5)

e New Technology (8)

e New Initiatives (5)

e Non Exponential Decays (2) * *
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New Results from Mass and Lifetime
Measurement of Stored Exotic Nuclei at the
FRS-ESR Facility

Lixin Chen*

GSI, Darmstadt, Germany
Justus-Liebig-University, Giessen, Germany

8th International Conference on Radioactive Nuclear Beams (RNB8)

Grand Rapids, Michigan

*present address: Cyclotron Institute, Texas A&M University, USA
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Discovery of New Isotopes and New isomers

Hl Mass well-known (dm< 35 keV')

Mass known (dm< 50 keV )
A Mass known with large uncertainty (m< 200 keV )

Known isomer, known mass (dm< 50 keV )
= Known isomer, new mass

2 New isotopes
2% New isomers

¥ Known isotopes with
new mass




8th International Conference on Radioactive Nuclear Beams (RNBS8)
Grand Rapids, Michigan

Experimental Proton-neutron Interactions

® Newly measured data

Proton number

&Vpn /keV
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Neutron number

For even-even nuclei

OVon(Z,N) = }[{B(Z, N)-B(Z,N-2)}—{B(Z-2,N)—B(Z—2,N—2)}]
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Experimental Proton-neutron Interactions

L.Chen, et al., PRL 102 (2009) 122503 |
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Neutron number
Generic sequencing

p-n interactions are sensitive to the spatial overlaps of shell model orbits
of the proton and neutron wave functions.
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Where are the valence neutrons in 240 ?
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Experiment @ FRS, GSI w4 snomev
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240 one neutron removal: eikonal model

240=20+n_
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Summary

«» One-neutron removal from 240 shows the valence neutrons to
dominantly occupy the 2812 orbital. S(2s12) = 1.74+0.19

This confirms 24O to be a doubly closed-shell nucleus at the neutron drip-line

2= The spectroscopic factors decrease rapidly as we move to stable N=16

1sotones. 39Si , 328 experimental re-confirmation will be useful.



Thomas Faestermann
TU Minchen

for the S330 and
RISING collaboration

100
508n50

and Neighbours

7 x-strips

10 SSSD 60x40x1 mm?

3 DSSD 60x40x0.7 mm3

10 SSSD 60x40x1 mm?

Y SSSD 60x60x0.3 mm?
X SSSD 60x60x0.3 mm?

pixels in implantation zone:
3x60x40 = 7200

8th International Conference on Radioactive Nuclear Beams (RNBS8)
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Silicon Implantation Detector
and Beta Absorber
SIMBA
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100Sn setting (full statistics, 15 days)

N=Z-1 N=Z N=Z+1 N=Z7+2
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Extraction of Beta Spectrum

¥

from centroid

Sum over total energy within 3 s after implantation

in implantation zone + calorimeter

not yet tested for uninterrupted tracks

_|conv. line 1005 | E,.=3.15+0.20 MeV
A pspectium | Q.. =4.17 £ 0.20 MeV

.. o fit - to excited state

_ l preliminary
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Gamma Spectrum after Beta Decay of 19°Sn

all events within 4 s after implantation
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Conclusions

« 100Sn: not quite a RNB at GSI: ~ 1/ hour

« First observation of %Cd, 97In, and perhaps 2°Sn

« Reduced rate of '3Sb: T,, <50 ns

« 1028n: new isomeric state T,,=1.16+0.20 s
reliminar
o 1008N: T1!2= EBmax, E% BGT P y
Comparison:

+0.70
MSU 2007 055775 s

+0.54
GSI1997 0947 22s

and more to come
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DIRECT 1P DECAY FROM ?#Ag 21" ISOMER

— 197 MeV “°Ca + 5Ni — %Ag + p3n

- 63.6 hours at 100 pnA “Ca
—  Direct proton emission

(D 3
ETeIescope NT2
¢ ‘ - (Low E region)

(1)

blaa gl

400 600 800 1000 1200 ST A o R T TN TN
ESi (keV) S S S
Proton Energy (MeV)

I. Mukha et al., Phys. Rev. Lett. J. Cerny, ACS meeting
95, 022501 (2005) April, 2008

Radioactive Nuclear Beams, May 29, 2009 S. L. Tabor — Florida State University
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CORRELATED 2-PROTON DECAY OF *#Ag (21%)

4-fold coincidences 2y+2p
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Radioactive Nuclear Beams, May 29, 2009 S. L. Tabor — Florida State University




8th International Conference on Radioactive Nuclear Beams (RNBS8)

Grand Rapids, Michigan

week ending

PRL 101, 142503 (2008) PHYSICAL REVIEW LETTERS 3 OCTORER 2008

Mass Measurements and Implications for the Energy of the High-Spin Isomer in **Ag

A. Kankainen,"* V.-V. Elomaa,' L. Batist,” S. Eliseev,”* T. Eronen,' U. Hager,"" ]. Hakala," A. Jokinen,' 1.D. Moore,'
Yu. N. Novikov,>® H. Penttild,' A. 13‘0[30\;,2 S. Rahaman,' S. Rinta-Antila,"* J. Rissanen,' A. Saastamoinen,’
D. M. Seliverstov,” T. Sonoda,"* G. Vorobjev,z"a' C. Weber," and J. 195'4)'50‘:':-1
'Department of Physics, University of Jyviskyld, P.O. Box 35, FI-40014 University of Jyvdskyld, Finland
2Perersburg Nuclear Physics Institute, 188300 Gatchina, Russia

Gesellschaft fiir Schwerionenforschung mbH, Planckstrafel, D-64291 Darmstadt, Germany
(Received 29 April 2008; published 1 October 2008)

TABLE I. Mass excess values A for ?Rh and **Pd. The mass excess values were derived using the mass of a reference nuclide as
given in Ref. [8]. In column four, “#” indicates a value that is derived from experimental, systematic trends [8].

Nuclide Ref. atom Ay (keV) A v (keV) JYFL-AME (keV)
92Rh 85Rb —62998.6(4.3)" —63360(400)# 360(400)
%pd M“Mo —66097.9(4.7) —66350(400)# 250(400)

“An average of the JYFLTRAP and SHIPTRAP values.

6960(400) or 8?60(3?’0} (21%)

1900(100) [6]

. . . ¥ 5780(30) [5] 1548.6(14) [23]
Excitation energies of 217 — P i

isomer based on 1p and 2p

Radioactive Nuclear Beams, May 29, 2009

K 3730(160) 4910(360)
decay differ by 1400 (545) keV. Rhiswerkj il work]
o= 1350(400)# [24] [71)
%Pd + p 1180(390)

[this work]

S. L. Tabor — Florida State University
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SUMMARY

?4Ag lives in interesting times!

GSI experiment most optimum but can’t be repeated. Only
limitation was lack of beta-proton separation.

Gas jet suitable for intense beams but selectivity limited.
One 1p direct decay mode confirmed.

No sign of **Ag yet in Gammasphere + FMA RDT exp.

Implications of JYFL mass measurements:

1p decaying state lies 1400 keV higher than
reported because of missing gamma lines.

2p decaying state is different from 1p one
and has higher energy and spin.

No 2p decay.
*4Ag is waiting for FRIB!!

Radioactive Nuclear Beams, May 29, 2009 S. L. Tabor — Florida State University
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Wycieczka do Grand Haven nad jeziorem Michigan
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Observation of non-exponential orbital electron-capture

decay of stored H-like 1ons
RNB8, Grand Rapids, May 26 —May 30, 2009

Fritz Bosch, GSI Helmholtzzentrum, Darmstadt, Germany
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140Pr all runs: 2650 EC decays from 7102 injections

decays per 1 secona
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Decay scheme of 22|

.00 Min
1+ 0

122
—] |
— 53

—
Q= 4234 keV
o+ 74DpS 565 14.0% =

Fit by : dN_o/dt = Ny Ace exp(-At) [1 + a cos(wt + @)]
o+  stable 0_ 819%
122 Lo X2/ ndf = 93.02/79
Te = - T=6.05(4)s =
5o <« T : ® = 1.038(6) 1/s
© 100 a=0.21(2)
Experiment: 31.07.2008-18.08.2008 C: - ¢ =-0.19(18)
() B . -
> 8o | 1{ +
> B | \
© - | ,
g VAWAT:
S 60~ | | 1l ’
o - o g
5 400 g
@ L Single analysis only!
-E 20— e Checks are to be done
= L -I- Preliminary -!-
_I | ‘ | | | | 1 | 1 | | | | ‘ 1 1 | 1 [ 1 1 |
0= 30 20 30 40 50 60
time after injection [s]




@ 8th International Conference on Radioactive Nuclear Beams (RNBS8)
; Grand Rapids, Michigan

t- TE.

ll IlHul ‘:!‘: Ay Y
2 a,ft Fr’eeﬁman Al o

UmverSlty of:Ga,'llforma Berkeley

Lawrence Berkeley National Laboratory




8th International Conference on Radioactive Nuclear Beams (RNBS8)

Grand Rapids, Michigan

Pauli’'s Theory of Beta Decay

-

P TRy I e g S e PG I 7 3R

‘Absohrift/15.12.56 M

Orfaner Briaf an dis Jrunpe der Radicaktiven bel der
Gauveraina-Tegupg ¥u Tubingen.,

Abmohyd ft

Physikelliscnes Institnt

dar Eldg, Technischen Hochacmle Aixrdah, i« Deses 1930
Arieh Uloriaatranse

Liebe Radicaktive Damen und Herren,

Wis dar Usbarbringsr dissar Zeilan, den ich Imlovollast
ansuhbren bitte, Ihnan des nEheren sussinsndersstsen wird, bin ioh
angesichts dar "felachen" Statlatik deor N und Li-6 Eerne, sowle
des kontimierliche bete-Speictyums guf olnen vargweifeltan Aneweg
varfullen um den "Weohselsate®™ (1) der Statistik und den Enargienats
m retten. Mimlich die MGglichkeit, es ithmtsn elektrisch neutrele
Telloben, e ioh Neutronen nennan will, in den Kernen existieren,
walehe dem Spin 1/2 haban ond das Anpschlisssungaprinsip befolgen und
‘dheh von Idehtquanten museserdas noch dadarch onterscheiden; dass oie

mit Liochtgeschwindigkeit laufwn: Die Hesmse der Neutrenem

vor derselben (osmendrdoung Wis die Elektronetsssse sein wnd

s nioht groaser als 0,00 Protonamamse.~ Dam kontimuierliche

Spektrum wire dann warstindlick unter der Amalme,; dass beim
boba~Zarfal)l mit dem slektron jewells noch ein Hentron esittiert
6l ; wrd, dward, dase dle Sumne der Enorglen voon Neutron und klekbron
L| konstant lat.




8th International Conference on Radioactive Nuclear Beams (RNBS8)

Grand Rapids, Michigan

Pauli’'s Theory of Beta Decay
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Chadwick discovers the neutron

t P )
A udu Ve
s
Fermi invents a new theory of § decay
e W
n p @
O udd
v n

We now understand this as an example
of a Quantum (Gauge) Field Theory
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Is this surprising result another consequence neutrino
mass and mixing like neutrino oscillations?

» B. Kayser poll: The answer “NQ!" is favored by 13 out of the 18
theorists who have expressed a strong opinion.

Blue -- Neutrino Osc. Yes
Red -- Neutrino Osc. No

Papers relating
to GSI oscillations |

* While experimentalists usually remain agnhostic some have
come down in favor of “YES!".

* | have been in favor of an experimental resolution but “theory”
has gotten in the way ... | will come back to this point.
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e o Pauli vs Fermi

b Lifetime modulation possible:

-« Neutrinos existed in the initial state -- electron neutrinos at creation.
* A coherent mixture of mass eigenstates the “electron neutrino”
is “measured” in the decay, which occurs later.

Lifetime modulation not possible:

* No Neutrinos existed in the initial state at the time of creation of the
nucleus.
* Production and decay occur simultaneously.
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Collective Motions in nuclei under EXireme conditions

3.5 dni

ok. 90 uczestnikdw

Program

Giant Monopole Resonanses
Reactions

Spin-isospin modes

Nuclear dynamics

Clustering

Astrophysics

Pygmy Resonanses x 2 x
Many body physics

Energy density functionals
and shell model

Double beta decay and
charge exchange reactions

Structure
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Deniz Savran

Institut far Kernphysik, TU Darmstadt

|
E1 strength in (spherical) atomic nuclei

&% TECHNISCHE
:5@@ UNIVERSITAT
%9/ DARMSTADT
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0 15

Energy [MeV]
« Giant Dipole Resonance (GDR)
« Pygmy Dipole Resonance (PDR)
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Collective Motions in nuclei under EXireme conditions

Study of the Pygmy Dipole Response using
the Monoenergetic and Polarized Photon
Beams at HIGS

Anton P. Tonchev

Duke University and
Triangle Universities Nuclear Laboratory

COMEX 3, Mackinac Island, Michigan, June 2 - 5, 2009
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I

HIGS experimental observables:
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In a completely model independent way !
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Dipole Strength Distribution from N = 82 Nuclei

HIGS data so far

(Ground state transitions only)

N/Z
30 __138I ’ T i T T T : T T __
1.44 20 | Ba .
I PP -
Nﬁ 0 | ] L1l ! i
E 30 _140Ce ]
1.37 ~ 20 ]
mm 10 ]
'o 0 | [ I Y
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= 20 Nd .
1.32 T Dk o il 1 | T TR E
= 40
(a ] | ]
30 [ 144
20 | Sm |
1.28 =3 ]

4000 5000 6000 7000 8000
E (keV)

Not so strong N/P ratio — weak 1sospin effect

D. Savran et al., PRL 100, 232501 (2008)
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s .. R
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R

FRS+RISING ARRAY

i<

Euroball 15

Located at 16.5°, 33°, 36°
Energetic threshold ~ 100 keV

Located at 142° and 88°
Energetic threshold ~ 2 MeV

Miniball 7 HPGe segme d detectors
Located at 46°, 60°, 80°, 90°
Energetic threshold ~ 100 keV
Beam identification and

Before and after the target
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ELECTRIC

Electric and Magnetic Response of SRin Nuclei

Institut fir Theoretische Physik, Universitit Giessen, Germany

N. Tsoneva, H. Lenske

PDR

-+

AT=0,1; A 8=0
E*~ 6- 8 MeV, B(E1)~ 0.2 W.u.

ELECTRIC

AT=0,1; A S=0

E*~ 2-8 MeV, B(E2)~ 0.6 W.u.

QRPA Calculations of Quadrupole States in 206n

B(E2)} (e°b?)

025L . ISGQR 1208!’1 ]
21
0,20 | i
IVGQR
0,15 i
0,10 -
005 | PQR ‘ .
0‘00 ...l||. |. Al A L | .|
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Dwa wideoklipy o tematyce sub-
atomowej autorstwa Kate McAlpine

Na temat LHC
> Google: Hadron Rap

Na temat egzotycznych nuklidow
| laboratorium NSCL/MSU

> Google: Isotope Rap

e —

ATTENTION

? TENSION
! DANGER
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