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IGISOL at JYFL
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|GISOL (lon Guide Isotope Separator On-Line) T

IGISOL - a fast and universal method to produce radioactive beams

J. Arje, ]. Aysté et al., PRL 54 (1985) 99
IGISOL-4: I.D. Moore et al., Nucl. Instrum. Meth. B 317 (2013) 208
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U/Th or Decay / spectroscopy
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Masses and beam
purification Post-trap decay

T. Eronen et al.,

spectrosco
Eur. Phys. . A 48 (2012) 46 p Py
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Complementary methods, example: %
onset of deformation at N=60 |

A. Kankainen, |. Aystb', A. Jokinen,
J. Phys. G: Nucl. Part. Phys. 39 (2012) 093101.
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Precision mass
measurements with the
JYFLTRAP Penning

trap

----------
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PURIFICATION
TRAP

- select the ions of
& _ interest for mass
w7 T'superconducting solenoid measurements or
' decay spectroscopy

Ion’s cyclotron
resonance frequency:

B determined using a
reference ion:

PRECISION TRAP

- mass measurements
using TOF-ICR (time
of flight ion cyclotron
resonance) or PI-ICR
(phase-imaging ICR)
techniques
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Two different methods

PI-ICR

- v, determined from the
phase ¢ of the ions after a
phase accumulation time t

TOF-ICR

- v, determined from the time-
of-flight spectrum

390
. o ¢ + 2nn
-~ v -
L 330 21t number
P o of ions
g 207  cyclotron 0Ccy* 30.00

270 motiV'

390

24.00

@ 360- 4
5 w0 :
L 18.00
§ 300
=

270

12.00

300
g 360
I 6.000
& 330+
'_
E 300
i ISOLTRAP

0 2 4 6 8 10 12 -20 15 -10 -5 0 5 10 15 20
v, - 1300610 / Hz X, mm

Roosbroeck et al., PRL 92, 112501 (2004)
Trr =900 ms+ 3000 ms for cleaning

100 ms accumulation time
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Mass measurements of
neutron-deficient

nuclides for iIsospin
symmetry

----------

| 611208 | s



%

Breakdown of IMME for T=3/2 at A=31 T

A. Kankainen et al., PRC 93 (2016) 041304(R)

\
Nucleus T, A (keV) E, (keV)
e —3/2 —7034.7(34) 0 fails with y?/n=11.6!
3g —1)2 — 19042.52(23) 6280.60(16) [60] >
p +1/2 —24440.5411(7) 6380.8(17) [51] Cubic coefficient:
1S +3/2 —22949.04(4) 0 J d=-3.5(11) keV
Compare: with 3!Cl mass from AME12: ¥2/n=0.08
22 A. Kankainen et al., PRC 93 (2016) 041304(R) } 1 [The breakdown valid also with the
R new E, (IAS) from
3 7 1 | Bennett et al.,, PRL 116 (2016) 102502:
=20 } ] x?/n=16.2 for the quadratic IMME
101 °, . } } 1 | d=-43(11)keV
et _
I e e e e Explanation: Isospin mixing in
& 61 . As31 1 | °'P (mixing in 3!S not enough)?
5 ; ,,,,,,,,,,,,,,,,,,,,,, e . ,,,,,,,,,, 1, | Bennett et al., PRC 93, 064310 (2016)
04— Y T W Wl Sha S ) —
5 15 25 35 45 55
A
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IMME for T=2 at A=

Measured with JYFLTRAP:
v 52Co, 52Com
v 52Fe, 52Fem

JYFLTRAP *2Co (g.s. and isomer) 1-3c

higher than the CSRe storage-ring results
X. Xuetal.,, PRL 117, 182503 (2016)

52

Cubic coefficients d:

JYFLTRAP: d=6.0(32) keV
CSRe: d =5.8(42) keV
CSRe+]YFLTRAP
for 2Fe and >Mn: d =8.7(30) keV
sof o Tean ( 7
) . To .
40+ e A=52 (this work) T .
1. | © A=52(CSRe) '
30 - A=53(Su etal) % 1
s
£ 204 _ -
HRLETOT SURRAL S
T e T e
-10 4 -
10 20 30 40 50

Mass number A

D.A. Nesterenko, AK et al.,
J. Phys. G: Nucl. Part. Phys. 44 (2017) 065103
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Mass measurements AT
of neutron-rich rare- ”
earth isotopes
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Formation of the rare-earth
abundance peak in the r process

FISSION RECYCLING? DEFORMATION FUNNELING THE FLOW?
]‘OOE' L L L L L e L : | I. LI | 'I' ! I.' L
: Solar 107 |
107E $ 77 E
-g :Ji 10* t : ?3
E 10_2§-< | : : 140 150/ 160 10 730 3 %
= 1071 18 TRRIR o7 ' °
§ SENEgtl - P 2 W E R
| gl (I |
10_45— . mﬁ 3\ .“‘ E -0.150
-u I‘#u ‘- P I‘g " PR R T N T T MR | PRI T |: y L 1 L
80 100 120 140 160 180 200 220 240 110
A

Neutron number N

R. Surman et al., PRL 79 (1997) 1809.
M. Mumpower et al., PRC 85 (2012) 045801.
M. Mumpower et al., PPNP 86 (2016) §6.

S. Goriely et al., PRL 111 (2013) 242502
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Possible subshell closure at N=1007?

Predicted by HF calculations in
S. K. Ghorui et al., PRC 85 (2012) 064327

¢

350 1 ) 1 v 1 v 1 1 3.4
' 1 E(4")/E(2Y~3.3
B s s S N = (ri )id(rozor
300 1 o 3.2 8
250 13.0 ~
1 N
200 DY Jas W
- eeGd | &
o
Sm 1p6 W
1504 - - Nd ]
\ 124
| | 164 166 = 1
100] 4 \.\ || 1*%Sm and %Gd N=102 isotones
1 | B T e— 4 L
e Y § 9. s #7422 |withEURICAatRIKEN
88 a0 92 94 96 98 100 102 Z. Patel et al.,, PRL 113 (2014) 262502

Neutron number N
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Measured nuclides

Mass measurements of 21 rare-earth isotopes iemnsy
Campaign I: M. Vilén et al., PRL 120, 262701 (2018) RXCITT
Campaign II: manuscript in preparation '-..e..rc
"N sl
E._A=165 | = [ | o [ [ m F W
68 ] . ] ] ] m ] m m European Research Council
m m “-\.\\‘ u m AME2016 Limlt Established by the European Commission
_ 66 n m I [
Q fTb = | [ | |
E64fGd = | C I i | o ) [ - u J
S |Eum = e — e ] = w Part of my
g 62fSm = [ (] m([[H] = m |= Stable nuclide ERC Consolidator
- Pm m 1 C__ 1| m O m [ AME <10 keV
2 60p Na— (-] = = = m |°AME>10keV Grant MAIDEN
[ = ®m  m B E |"5<Fpus10 (MAsses, Isomers and
5 = = = - * |7 T<Fmaxs5 Decay studies for
o m monm o |95 Fnacst Elemental
56LHigh e:ntropy-, Hot wznd : _ ® | Fmax S 0-_5 Nucl thes:
96 98 100 102 104 ucleosynthesis)

Neutron Number
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Two-neutron separation energies S, T

M. Vilén et al., PRL 120, 262701 (2018)

16' T T L_]'_\l T T T T T i
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Onset of deformation

. AME16
104 —— JYFLTRAP

88 90 92 94 96 98 100 102
Neutron number N
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Less odd-even staggering

than predicted by the
models

Lower for N=96,98,100,102
Higher for N=97,99,101

. 031
0 7
%; -0.3 1
0.3 -
;i- 07
— -0.31
N 034
~ 0 -
= 031
0O 031
e 0 -
L -037
c 03
(D] 0
i -03
- 03
0
-0.3

94 96 98 100 102 104 106
Neutron number N

Important inputs for the r process!
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Neutron pairing metrics D,

Dn(N) — (_1)N+1[Sn(Z:N + 1) — Sn(Z» N)] — ZAS(N)

—e— JYFLTRAP | { Empirical neutron pairing gap a.k.a.

401 / Gd (Z=64) —e— AME16 1 odd-even staggering parameter
] —— FRDM12 |
.......... WS4+ _
—— HFB-24 ]
Duflo-Zuker| Experimental neutron
UNEDFO0 ] pairing weaker than

predicted by theoretical

models when approaching
the midshell!

T T T T T T T T T T T T T T T

80 85 90 95 100 105 110

Neutron number N
M. Vilén et al., PRL 120, 262701 (2018)
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: V.
Impact on the r-process calculations

107"

New S, values result in smoother calculated abundance distributions
and in a better agreement with the observed pattern

Y(A)

E_(a)

(a) Merger with two

1.35M,,,, neutron stars.

(Y, =0.016, initial s/kg ~ 8)

Y(A)

(b) A low-entropy, hot wind

150 155

160 165 170

175

180

(Y,=0.15, s/ks = 10)

Changes up to 25% observed.
Mainly due to revised
neutron-capture rates

Baseline: AME16 exp. + FRDM12
Neutron-capture rates: TALYS
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Mass measurements LR
close to ’SNi:
Isomeric states
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Mass measurements close to N=40
and N=50 at JYFLTRAP

Measured several new isotopes close to N=40 and N=50 at JYFLTRAP

L.C. Canete, S. Giraud, A. Kankainen, B. Bastin et al., in preparation

E— — Loovov o bow oo Do v b v Lwn o a Lawaal
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—~ 70
1 w
Ge RCLYBCEN “Ge "“Ge "Ge Ge "Ge *Ge "'Ge| ¥Ge |¥Ge %Ge "Ge f
@)
“Ga *Ga "Ga ™Ga "Ga ™Ga "Ga Ga "Ga "Ga|"Ga|®Ga "Ga “Ga ';
- é 60
“7n Bl Zn ?Zn "Zn Zn  Zn ™Zn 7Zn ™Zn yn O7Zn | ¥zZn  ®zn  ®zn |
[N =314
1ons :
# # #
®¥Cu ®Cu ™Cu "Cu ™Cu ™Cu ™Cu ®Cu |*Cu ®Cu ®*Cu 3:0‘ i '2'0' o ‘;0' " ‘(')' o '1'0‘ 2 0
.1 # i Vie - 1433727.84 Hz (Hz
STNi 68N| SSNi TDN-I 71 Ni 72Ni TSNI TSN'I TTNi TSNi TQNI ;“_CZKSEI RF ( )
| l 1 Cobalf
¥Co “Co ®Co (ﬁCo l”}o "Co ™Co ™Co ™Co ™Co ™Co 7_97
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65 66 67 68 69 70 7 72 # 73 # 74 # Iron
Fe “Fe “Fe| "Fe “Fe "Fe "Fe "Fe "Fe "Fe ; .o

N=50

SSNET'18, Gif-sur-Yvette



Isomeric states probed via mass
measurements

JYFLTRAP: PI-ICR, t,..= 200 ms JYFLTRAP: TOF-ICR, Tgp= 1120 ms
20 _ . 20.00 ‘ . . ‘ ‘
. cyclotron motion 76C1+ A72_, i i HCu
10_5 //,——~~~\\ 16.00 %70_: % E : : Ei,
E /, \\ 'S) : : 1
5 ra center \ = 68" : :
E 0_ I' 't ‘I © i i
>: 5 k I, 8.000 g i :
-9 ’ s
_10; ml ! 8 64 f :
g.s. 4.000 = ml: :g.S.
_15—: 62 I L | | | |
_20_5 E ----- oo 1.414988 1.41499 1.414992
20 15 40 -5 0 5 10 15 20 v (Hz) x10°
X, mm
JT = (1,3) T, =1.27(30) s Two half-lives (TRISTAN):

J. A. Winger et al, PRC 42, 954 (1990).
NUBASE E* =0#(200#) keV

?
2016 . Mass of 7°Cu (ISOLTRAP):
Jr=34) _T.,=0637.7(55 ms C. Guenaut et al., PRC 75, 044303 (2007);
ME = -50976(7) keV A.Welker et al., PRL 119, 192502 (2017).
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Shape coexistence: 2Zn™ (1/2%)

Collinear laser spectroscopy at ISOLDE

4.05-
—(— Zn isotopes . '/ @
] i arge.

402 —(— This work g e
= | Wang et al. Eeemen e
E ] cenmne
~ 3.994 b
QL
\%

32 34 36 38 40 42 44 46 48 50
Neutron Number

X. E. Yang et al. PRL 116, 182502 (2016)

JYFLTRAP:
E, = [m(7°Zn™) — m("°Zn)]c

v J

/

-1 Tof-ICR 79Zn™

e

\

- Tof-ICR 79Zn

111111111111111111111111111111111111111111
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Systematics of N=49 Isotones

Shell evolution when moving further away from stability

MeV
1/2+ 2169
, N = 49 Isotones ¢
¢ low-lying intruder states (2h-1p) 5/2+ 1720
1/2+ 1430
r=--[1/2 1100(150) 52+ 1140
P1 e (1/2-) 896 |
L__(828) 983 " 504 711
Wer) 019 vsa0 ., .0, 12-388
\p.o0g 11230
0 9/2+ 0 9/2+ 0 9/2+ 0 9/2+ 0 9/2+ 0
79 81 83 85 87
302N I CI 249€ g 36140 385 49

X. E. Yang et al., PRL 116, 182502 (2016)
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Several decay spectroscopy
experiments at IGISOL

BEGE arr (Umv of Warsaw) DTAS (total absorptlon decay spectroscopy)

.....

b
(]

o e

@ -/ | > y emission from neutron-unbound states
(87:88Br and °*Rb) J.L. Tain et al., PRL 115 (2015) 062502

N > 136Sb, one of the heaviest f2n emitters studied
( R. Cabal/ero Folch et al., PRC 98, 034310 (2018)

W am

7= | ) ,’!!

"‘w'd M

TASISpeC (Lund GSI) BELEN 48 for beta -delayed neutrons

.' _"
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MONSTER (MOdular Neutron
SpectromeTER) NUSTAR@FAIR

Beta-delayed neutron spectroscopy based on time of flight

» 8 modules at IGISOL

» Liquid scintillator detector

» Gamma-neutron separation from
pulse shape

B-particle detector

» First online tests at IGISOL in Feb
2019 using $As (P,=59.4(24)%)

Germanium detector(s)

T. Martinez et al., Nuclear Data Sheets 120 (2014) 78
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