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NuPECC Long Range plan 2010

o Accelerator laboratory JYFL,
hg University of Jyvéskyla, Finland

C\k‘ Electron accelerator ELSA, University
s of Bonn, Germany

European Centre for Theoretical
Studies in Nuclear Physics and
Related Areas, ECT", Trento, Italy

A 10LICH ' Forschungszentrum Jilich, FZJ
— (COSY and HPC), Julich, Germany

|" ] Institut de Physique
cicoan Nucleaire, IPNO, Orsay, France

=l “n'ni_ [ Grand Accélérateur National d’lons
Lourds, GANIL (SPIRAL), Caen, France

Three accelerators:
« K130: 6.4 &14 GHz ECR, H- source (early 90's)
« 1.7 MV Pelletron with three ion sources (2007)
« MCC30 p/d cyclotron (2009)

Over 6000 beam time hours per year (K130)

Over 200 users a year,
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The Netherlands University of Mainz,
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| G | S O L3 : Spectroscopy of exotic isotopes of all elements

Collinear laser
spectroscopy <

| lon guide & laser ion
source (trap)

Mass & decay
spectroscopy

RFQ cooler & buncher — optical
manipulation techniques
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Purification trap |
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7 Nuclear astrophysics

JYFL
Capture rates depend Need
exponentially on Q-values eed accurate masses
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Reaction paths,
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§Pd Two-neutron separation energies
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7l Comparison to liquid drop model

JYFL
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{7 Cogny EDFs
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Two-neutron shell gap for N=50

S, [MeV]
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iml Odd-even mass staggering;

JYFL

a measure of empirical pairing gap
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AP (N) [MeV]
s © & = r
~1 L \o (—] ek

=
=)

—&— Sn (odd N)
[ Sn (even N)
F —#— Te (odd N)
- = Te (even N)
| —a— Xe (odd N)

‘ IA | Xel(evepN)I

\

o

70 72 74 76 78 80 82 84 86 88 90

Neutron number

J. Hakala et al., PRL 109 (2012) 032501




77T
15| SLy4 + HFB(sph) )
S .
[ .
A .
ﬂﬂ B Te —O—Sn sur
_ A Xeo —8—Sn mix
05 | —O—Sn vol
70 80 90 70 80 90

Neutron Number N

J. Hakala et al., PRL 109 (2012) 032501




B ISOLTRAP

m CPT
B JYFLTRAP

85

A. Kankainen et al., PRC 87 (2013) 024307

80

Hejel N N N

15

10

Isomeric states, T,,> 100 ms

M E E R EEEER
T e B T S

cjlilEE H N




o Isomers can be separated (500 ms)
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New technique at JYFL

DIPOLE RAMSEY CLEANING FOR ISOMERIC PURIFICATION
T. Eronen et al., NIM. B 266 (2008) 4527

from RFQ

Purification trap

m/Am=10° can
be achieved !

Precision trap
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For example
10 ms—40 ms—10 ms
(On - Off - On)

RF

set v, here

extraction

Recipe:

e Small increase of radius

 Time-separated oscillatory
field = reduced linewidth

e Additional cooling and
centering in the purification
trap

* Back to precision trap
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, SYSTEMATICS of the 11/2 state
Odd neutron in the
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the literature values of -
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JYFLTRAP values—> similar trend as for Te isotopes

A. Kankainen et al., PRC 87 (2013) 024307
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Beta-delayed neutron decay
Nuclear data (Valencia-JYFL)

Total absorption spectroscopy }
”Reactor decay heat studies” 73
PRL 105 (2010) 202501
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7l Nuclear astrophysics

JYFL
Capture rates depend Need
exponentially on Q-values eed accurate masses
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Reaction paths,
Abundances, ...
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i7l Reaction rate of 25Al(p,y)26Si

YFL
. 26 c o \3/2 B
Important reaction to bypass 2°Al productlon. in N (ov), = N (_) R (7),exp[=Ey/ (T)]
MgAl cycle. Resonant proton captures to excites kT ;-

states above proton threshold

Need to know:
* Energies of the final states
e Width of the initial and final state
* Proton separation energy Sp=5513.7(5) keV
e
7140 26Si T:
- i S
3
X 7142 + -
S 7144 ¢ z
[«b]
%
S 7146 |
7148
a b C

(a) J. C. Hardy et al., Phys. Rev. C9, 252 (1974) 01:1 GK 1
(b) A. Parikh et al., Phys. Rev. C 71, 055804 (2005) emperature (GK)
(c) JYFLTRAP

T. Eronen et al., PRC 79, 032802(R) (2009)



Production:
3He/p on >*Fe/>8Ni
20Ne on Ca

Analysis network:
13 nuclides
17 links

Results:

S, of >’Cu directly !
JYFLTRAP: 689.7(5) keV
AMEO3: 695(19) keV

34N

53C om
5Co

*2Fe




x-ray burst timescales: 10-100 s

T1/2 (%6Ni)= 6.075 d !

rp process must proceed
via proton captures on °°Ni

rate of *®Ni(p,y)>’Cu important!

A. Kankainen et al., PRC 82 (2010) 034311

I

(p,Y)
0G4 61G3
(p,0t) B I
5871 5971 6071
56CU 57Cy 580y 59CU
SGL' =

54N 55N I

Ni NI WP |
‘5300\ 5400 55Co 56Co 57Co

rp-process path for steady-state burning




JYFLTRAP: :
Q(p’y)=689.7(5) keV 10'3? J
VS zm 10-4_ _;
AMEO3: = o°
Q)= 695(19) keV E E
@
% 10 3 3
5 ]
5 1074 4
3 E
D
@ -8
Rates slightly higher but 10 16_,5
uncertainties much - - 0’_5 06 07 061
smaller 02 04 06 08 10 12 14 16

Temperature T (GK)




Sr (38)

9 ~ O OLJOIAO - Olls
Xe (54)
stable nucleus
1 (53)
JYFLTRAP 2007 (*2Ni + >8Ni) Te (52)
V.-V. Elomaa et al., PRL 102 (2009) 252501 ~
JYFLTRAP 2006 (“°Ca + 58Ni) Sb (1) v 4
C. Weber et al., PRC 78 (2008) 054310 S
A. Kankainen et al., PRL 101 (2008) 142503 Sn (50) -,
JYFLTRAP 2006 (p/3He + natRu/IOGCd) In (49) 2 *INB* o
V.V Elomaa et al., EPJ A 40 (2009) 1 2
cd (48) * ~ .
JYFLTRAP 2005 (32S + >8Ni) ,—:33 s
A. Kankainen et al., EPJ A 29 (2006) 271 Ag (47) *s |% |*- *
d (46) —— — 1=
3 s |3 |-
T,/,>10 ms, Am > 10 keV i H-L X ERC I
Rh (45) on Poo [oo Po. [on [
T/, >10ms, Ru(4d) | o ; — -
Unknown mass me 2 AR B
Tc (43) ¢ * [+ .
— =
Mo (42) * * * * ‘0 - .
" = P U
Nb (41) *a n |% % |
11T
Zr (40) u | ] n | ] .
* * * u
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"4 New era: IGISOL 4
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e

K130 cyclotrons.

IGISOL and JYFLTRAP operates @ MCC30 &

/| Laser and trap lines commissioned.
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P Summary

JYFL

e Successful JYFLTRAP & IGISOL 3 period TS SO
e Arich program of decay studies and
measurements of ground state properties
(JYFLTRAP and lasers) foaiensandiiies
e Shell evolution
e Shape changes, new regions of deformation
e Pairing
e CVC hypothesis and the unitarity of CKM
e Rare decays (Xth-forbidden beta decays, 33,
ECEC,)
* Nuclear astrophysics
e Applications

* Next phase (IGISOL-IV): __
e Intensity and instrumentation upgrade - @ pringer
* Flexible scheduling
e Development and testing time
 New production methods, ...
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