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Outline @

e General introduction to IGISOL-4

e Recent experiments 2014-2015
- Laser spectroscopy
- Post-trap spectroscopy

e Pushing towards more neutron-rich nuclei
- neutron-induced fission

* New projects
- Bose-Einstein Condensate
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Rare isotope beam science at IGISOL @
(status at EURORIE 2012)

. N
e Nuclear structure studies —: E-_ : 1
e Nuclear astrophysics T
e Fundamental physics SnSbTe cycle 2= = u g
* Applications rp, vp processz ik :::.
- BB decay, v physics, (ait . -
40 - rare weak decays o gl £ | Jihahysto
7 | 56N ._; A re Ty K
! + + = H1p D. Moc
30 ?M:AEO E i N-50 .
mirror " s e decades O
20 | - ncQ N
L UL e JUE
ol A At the University ¢
. ‘ .
| ';o" | léoll | léoll | ';0" | 'éo" | 'éo
Eur. Phys. J. A 48 (2012), Hyp. Int (2013) N

1.D. Moore, EURORIB’15, June 7-12, 2015



The (IG)ISOL method of RIB production @

e AnISOL system for ALL elements
e Fast extraction (~ms)

= Relatively low efficiency

= Poor selectivity
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IGISOL-4 - since 2013 @
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Element selectivity: an atomic fingerprint
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Probing nuclear structure via atomic level @
perturbations - laser spectroscopy =
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JYFLTRAP - purification & measurement

JYFLTRAP review: T. Eronen et al., Eur. Phys. J. A 48 (2012) 46

Precision trap |

Mass-selective buffer gas
cooling (M/AM ~10°)
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A=115 with w_(**°Ru)

J. Kurpeta, University of Warsaw (2015)
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TASISPEC @IGISOL-4: 33mCo

Proton radioactivity discovered 45 years ago!

Volume 33B, number 4 PHYSICS LETTERS

CONFIRMED PROTON RADIOACTIVITYY OF 5SCDm .

J.CERNY, J.E.ESTERL, R. A. GOUGH* and R. G.SEXTRO
Department of Chemistry and Lawvence Radiation Laboratory
University of Califovnia, Bevkeley, California 94720, USA

Received 23 September 1870

26 October 1970

UNIVERSITY

33Fe

JYFL — Lund - GSI collaboration
Experiment 1199 using TASISpec:
L.G. Sarmiento, D. Rudolph, A. Kankainen et al.

R. Page: talk on p emission

Energy (MeV) 1.59 £+ 0.03
Half-life (ms) 247 £12
Branching ratio ~1.5%

Ground state & isomer similar T, ,
Require JYFLTRAP (Ramsey cleaing)
Direct measurement of branching
ratio with TASISpec
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53mCo at JYFLTRAP (April 2015) @
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with JYFLTRAP! 100k
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Tests of isobaric mass multiplet equation @

IMME M(A T, T,) =a+b T, +c- T,
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IMME for the T=2 quintet at A=52 @

JYFLTRAP April 2015:
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The Pandemonium Effect - TAS at JYFL @

PARENT (Z,N)

John Milton “Paradise Lost”
The Capital of Hell

B - transitions

Y- transitions

e

A 4 W

y L 2 A 4 A \fl

DAUGHTER (Z+1, N-1)

Hardy et al., Phys. Lett. 71B (1977) 307
* As aresult of the Pandemonium, betas and neutrinos |
. : : h
are incorrectly estimated in databases %
e TAS measurements are very important for decay heat
and neutrino summation calculations
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Impact of published data from JYFL

M. Fallot et al., PRL 109 (2012) 202504
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DTAS detector for DESPEC at IGISOL @

e 16 (+2) Nal(Tl) modules FAl R gubogech

e 5”7 PMT (50% light collection)

e Commissioning at IFIC (01/2014)

e JYFL (02-03/2014) g1000

*  PHASE 0 experiments for NUSTAR ® s6my (8)
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e 18 nuclei relevant for precise predictions ol
of neutrino spectra from reactors
* non-proliferation studies (IAEA)
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Delayed neutron measurements
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N,Z Z+1,N-1 Z+1,N-2
Precursor Emitter Final Nucleus

The delayed neutron fraction 3 ¢
is a key parameter in the control
of reactor power

Improvement of summation
calculations for unusual fuel
compositions and/or burnups
Nuclei close to the r-process path
Comparison with theoretical (3-
strength function calculations

Uncertainties in Pn values (%) ™ °
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BELEN-48 for 1- and 2n emission

TRIMF
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Fission of 238U with 25 MeV protons

- Typical isotope yield at IGISOL-4 switchyard, 10pA beam intensity
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JYFLTRAP measured 13°Sn at IGISOL-3

Calculations by Valery Rubchenya
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Characterising the neutron flux

Up
UNIVERSITET
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135mCs Bose-Einstein Condensation @

e Coherent sample of ultra-cold Cs atoms produced in fission

MOT

Mass separated Optical dipole trap +l forced
A/q 135 beam evaporative cooling
IGISOL-4 [ . W. 0 - /
0.1 neV
30 keV 100 neV ok

104K

[ ]

Ultra-cold nuclear matter
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University College London atom traps @

Cs multi-isotopes ODT
(work in progress)

87Rb hybrid ODT

F. Renzoni

Many-body nuclear effects mediated by BEC L. Marmug
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Summary and Outlook

|IGISOL-4 has been fully operational since 2014
- light ion & fission, heavy-ion reactions (summer 2015)
Collinear laser spectroscopy, post-trap spectroscopy, decay

spectroscopy, mass measurements

Infrastructure investments:
MR-TOF-MS, PI-ICR, cw Matisse laser
Submitted infrastructure requests:
Upgrade of lasers, MARA-LEB

Cone trap developments (Manchester)
RF hot cavity (towards 2*Ag)
Cryocooler and IGQMS facility

2>2Cf source

More beam time for longer and
more complex experiments.
New projects

NUC lock
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IGISOL team

A. Jokinen, L. Canete, T. Eronen, D. Gorelov, J. Hakala, A. Kankainen,
V. Kolhinen, J. Kbpponen, I-Murray, H. Penttild, I. Pohjalainen,
» J. F} inikainen, 8. Rinta-Antila, A. Voss
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