lon trap based mass measurements
of short-lived nuclei at
ISOLTRAP and SHIPTRAP

Lutz Schweikhard
Inst. of Physics, Univ. of Greifswald
https://physik.uni-greifswald.de/ag-schweikhard/
for the
ISOLTRAP and SHIPTRAP collaborations

| Penning-trap and
Time-of-Flight

Ll L
Mass Spectrometry ITTTTTTE RRRAN | SPONSORED BY THE

% Federal Ministry
of Education

and Research

at ISOLTRAP (cern.ch) = https://isoltrap.web.cern.ch/
and GSI - SHIPTRAP
= https://www.gsi.de/work/forschung/appamml/atomphysik/anlagen_und_experimente/shiptrap
Int. Sym. Stored lons, Shanghai, 2023-11-23 1



https://physik.uni-greifswald.de/ag-schweikhard/
https://isoltrap.web.cern.ch/
https://www.gsi.de/work/forschung/appamml/atomphysik/anlagen_und_experimente/shiptrap

Background: MS for Nuclear Physics, History

1913, J.J. Thomson

“Rays of Positive Electricity” S s E e o

Observation of line at mass 22 |
in addition to 2°Ne

—

THE ROYAL SOCIETY.

Secrroy A, —MATHEMATICAL AND PHYSICAL SCIENCES.

The Work was fu rther pursued by ; BareriaN Lecrure i—Rays of Positive Electricity.

Fr an C I S W AStO n r I" .: ﬂ By Prof. Sir J. J, Tnomsox, O.M., F.R.S.

N Ob el P rl Z e o | / (Lecture delivered May 22,—MS. received June 4, 1913.)

. . sy L By { [PraTes 1—3.]

In Chem IStry, 1922, r In 1886, Goldstein observed that when the cathode in a vacuum tube was

" . . . ierced with holes, the eleetrical discharce did not stop at the cathode:
for hlS dlscove ry, by means Of hlS : Eehind the eathode, b';ams of iight1 e:uldhbcgsctglitrc;;ni;gpth:o£;I1 t.h:hhoties

. . in the way represented in figz. 1. He ascribed these pencils of light to rays

mass spectrograph, of isotopes, In

a large number of non-radioactive

elements, and for his enunciation of

the whole-number rule".

Int. Sym. Stored lons, Shanghai, 2023-11-23




Background: MS for Nuclear Physics, History

Already 1919, F.W. Aston:
Discovery of the ,mass defect”
(,packing fraction®)

B(N,Z)=[Nm,+Zm,-m(N,Z)]c’

Note: Here the whole is less (not more !)
than the sum of the parts.

1935, C. F. v. Weizsacker
“Zur Theorie der Kernmassen”
liquid-drop model

(G. Gamow)

of atomic nuclei = Bethe-Weizsacker

mass formula

—
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http://en.wikipedia.org/wiki/ Number of nucleons in nucleus
Nuclear_binding_energy Int. Sym. Stored lons, Shanghai, 2023-11-23




Background: MS for Nuclear Physics, History

Deviations from the Bethe-Weizsacker mass formula

“magic numbers”
= nuclear structure
Shell model

1949 GOppert-Mayer & Jensen

g T ' T ' T ' |
100 120 140 160
Neutronenzahl N

Separation Energies E = Am c*<=>Am = E/c?
Am 1keV

. —— < 1 with order of magn. -
Problem " with orde g T00CeV

Int. Sym. Stored lons, Shanghai, 2023-11-23




FT-ICR MS for Nuclear Physics ???

Fourier -Transform lon-Cyclotron-Resonance Mass Spectrometry

Marshall, Comisarow, 1974: FT-ICR MS
P Penning trap for analytical mass spectrometry

+ after broad-band excitation:
observe image charges in electroes

N transient in time domain
FT =>freq. domain

© 0.10 0.20

Am =0.02176 u

3 3 1/Am =45.964 / u
charge states mass = 44610 u
ll 9712 o

1000 1200 1400
Int. Sym. Stored lons, Shanghai, 2023-11-23




Background: Segré chart of nuclei

But: To study nuclear structure we are interested in nuclides
as far away from stability as possible
= exotic nuclei = rare nuclei
of short lifetimes (down to below seconds)
=> only available “online” at accelerator facilities /
coming with only very small rates (down to [
below 1 event per hour) and orders of magnitudes
more contaminants

]
T

Proton Number Z Lead ~ Example
i.e. Elements

A Superheavy Elements (SHE)
Superheavy Nuclei (SHN)
=> studied with SHIPTRAP

~ 3,000 known nuclides
~ 250 stable nuclides

Neutron Number N

>

Int. Sym. Stored lons, Shanghai, 2023-11-23




Penning trap Mass Measurements

Like FT- ICR MS
but without FT M gttt t 11

Not broad-band
but with single (singly-charged) ions

cyclotron motion in magnetic field,
but plus axial confinement
=> motion more complicated

axial motion with trapping freq. w,
~ ¥ cycl. motion with reduced cycl. freq. w.
plus additional magnetron motion with

But cycl. freq. w, typically much lower freq. w_

and magnetron freq. w_
add up to

Int. Sym. Stored lons, Shanghai, 2023-11-23




Penning trap, radial modes (cyclotron/magnetron motion)

dipolar excitation resonances at w,

conversion of
and, used

magnetron motion
to cyclotron motion
detected
by time-of-flight
effect due to
acceleration of
_ circulating ion
quadrupolar excitation conversion to and fro (orbital magn.
— 48 dipol moment)
m in gradient of
magnetic field
=> mass meas. |

Time of flight

Int. Sym. Stored lons, Shanghai, 2023-11-23




Time-of-Flight ICR MS for nuclear physics

Time-of-Flight

mean ToF ———
spectrum
2004
380{ o' 8, . o U e 180
] . . 160-
q 3607 ‘e, ®e 140
i 340 21203
] * 3 100-
's 320 S 100;
5 ‘ 5 80
300.: ) 60
] . 407
2804 o’ 201
| — -1t r r 1+ rrrr1 04 7T T
4 2 0 2 4 0 100 200 300 400 500
v, - 1069815.04 Hz / Hz time of flight / ps

Int. Sym. Stored lons, Shanghai, 2023-11-23

Example taken from ISOLTRAP:
(Stable) 8°Rb, 900ms excitation duration)




Time-of-Flight ICR MS for nuclear physics

mean TOF / us

Time-of-Flight

mean ToF -—
spectrum
380 0]
360
] 2000-
340- g ]
] g ]
320 c |
] 1000
300 '
: fit of theoretical line | |
280 o J
. o shape to the data T PN Yy P

4 o 0 5 A time of flight / s
v, - 1069815.04 Hz [ Hz

Example taken from ISOLTRAP:
(Stable) 8°Rb, 900ms excitation duration)

Int. Sym. Stored lons, Shanghai, 2023-11-23 10



Penning trap, radial modes (cyclotron/magnetron motion)

dipolar excitation resonances at w,
and, used here, w_

quadrupolar excitation conversion to and gg

m

buffer gas

damping by //
_’ :ﬁ Kll"\

\
\ \\ S

—

decrease of cyclotron radius

increase (!) of magnetron radiussym. siored lons, shanghai, 2023-11-23

conversion of
magnetron motion
to cyclotron motion
detected
by time-of-flight
effect due to
acceleration of
circulating ion
(orbital magn.
dipol moment)
in gradient of
magnetic field
=> mass meas. |

> centering at resonance
> mass selection

Time of flight




SHIPTRAP at GSI (Darmstadt/Germany)

1eV

=40 MeV

T |-
Cryoge_nic Suﬁacfe-lénlzatlon I |

Gas-Stopping Cell

_ e Ay oo — oo |:||:||:||:u:|
Kiii I:ll:l% oo DDDDDE

I
o q.
=1/s r ' e Extr. Buncher
to 1/min RFQ Nd.YAG
7 T solenoid

-3
107 mbar He Laser-Ablation

Int. Sym. Stored lons, Shanghai, 2023-11-23




Earlier SHIPTRAP Measurements

First Direct Mass Measurements above Uranium

Direct Mapping of Nuclear Shell Effects
Here for Nobelium, Z = 102, and L§wrencium, Z =103

2!
95 ][ P
(g- 90+
~~
'S
=2 85
D
= g
75 —_— ——
15 -10 5 0 5 10

Exc. Frequency +843324.5/ Hz

Production yield of 236Lr
just 2 nuclei/minute

(at about 40 MeV kinetic energy!)

M. Block et al., Nature 463, 785 (2010)

E. Minaya Ramirez et al.,

Science 337, 1207 (2012)

8,,(N.Z) (keV)

8, (N.Z) (keV)

1600

1400

1200

1000

200

Z=102

L

4L

SIS

\

v

148

Int. Sym. Stored lons, Shanghai, 2023-11-23

150

152 154
Neutron number

156 158

13



Principle of Phase-Imaging lon-Cyclotron-Mass Spectrometry

Appl. Phys. B 114 (2014) 107

Int. Sym. Stored lons, Shanghai, 2023-11-23

time-of-flight " L
detection T
charge collection fingers MCP ac tive area
"'_j:‘l\ LifEd
K BB S
e j:—”!!l
Spatial =i I} | Il%l
detection *—JnL : .
with delay-line |
sermpentine delay —a
detector
S. Eliseev et al., | -
PRL 110 (2013) 082501 l

14



Principle of Phase-Imaging lon-Cyclotron-Mass Spectrometry

=> Improvement by

a factor 5
In uncertainty and

a factor 40
in resolution

or by more than an order of
magnitude in reduction of
measurement time

S. Eliseev et al.,
PRL 110 (2013) 082501
Appl. Phys. B 114 (2014) 107

Int. Sym. Stored lons, Shanghai, 2023-11-23

number of
detected ions

60
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PI-ICR application at SHIPTRAP for mass meas. of 2>>Lr (Z=103)

position-sensitive detector

Measurement Trap

Diaphragm

8

y-position [mm]

Preparation Trap Sl %P
2559] r2+

255m| r2+

10 hour data file, 1200 ms acc. time 10 -5 0 5 10

_ X—position [mm]
¢ mass resolving power m/Dm = 10’

Int. Sym. Stored lons, Shanghai, 2023-11-23




PI-ICR application at SHIPTRAP for mass meas. of 2>>Lr (Z=103)

Detected lon Mass Resolving Accuracy ,Exposure*
Rate (norm.) Power R (stat.) Time

position-sensitive detector

T-nowW

" ~10.000.000 =4E-9

,‘) )<',’(D
\\ﬂ_.x,_" LI =0% l,,’ .
2550] p2+ "'ﬁ* PI-ICR technique
255m|_r2+
-10 -5 0 5 10 ICryoCell|l | +improved magnetic
X—position [mm] fleld Stab
VS. o
I + low-noise trap
2010 power supplies

I
|
I
44‘.

y—-position [mm]

!

*}

= 2/h = 1.000.000 =1E-7 =30 h

e 15 times more precise in 'z of the time

+ ISOMER resolved

Int. Sym. Stored lons, Shanghai, 2023-11-23




ISOLDE at CERN

& |sotope Separator OnLine Device

@ Produces Radioactive
lon Beams (RIBS)
@ Approved by the

CERN council in 1964
= |nitially used 600-MeV
protons from SC
* Then used 1.0-GeV
(later 1.4-GeV) protons
from the PSB

& ~0.1% of the CERN budget

|50LDE
@ H( §( | ” K

& ~50% of the CERN protons — / MREX!HIE

LINAC 2
Int. Sym. Stored lons, Shanghai, 2023-11-23




ISOLTRAP/CERN first steps

Absolute mass measurements of short-lived isotopes have been performed at the on-line

mass separator ISOLDE at CERN by determining the cyclotron frequencies of ions confined

793 in a Penning trap. The cyclotron frequencies for 778858688 p and ®8Sr ions could be
determined with a resolving power of 3X10° and an accuracy of better than 10~%, which

Hyperfine Interactions 38 (1987)

FIRST ABSOLUTE MASS MEASUREMENTS

OF SHORT-LIVED ISOTOPES

and H. STOLZENBERG
Institut fiir Physik, Universitdt Mainz, Mainz, Fed. Rep.

R.B. MOORE
Foster Radiation Laboratory, McGill University, Montre,

H.-J. KLUGE

CERN, Geneva, Switzerland
and
Institut fiir Physik, Universitit Mainz, Mainz, Fed Rep.

G.M. TEMMER **, G. ULM ***
and
THE ISOLDE COLLABORATION

CERN, Geneva, Switzerland

~ 230 —
3

2 f
226} %

5 224} { }

)

E 2227

p 220 *Rb ®sr

g 201

E

103570 760 780 800 820 BL0 860 [Hz]
frequency

88RDp vs. 88Sr

clearly resolved.

G. BOLLEN, P. DABKIEWICZ *, P, EGELHOF, T. HILBERATH,
H. KALINOWSKY, F. KERN, H. SCHNATZ, L. SCHWEIKHARD

precision MS for nuclear physics

corresponds to 100 keV for mass 4 =100. The shortest-lived isotope under investigation was
7'Rb with a half-life of 3.7 min. The resonances obtained for the isobars **Rb and **Sr were

At that time ISOLDE was

fed by the Synchro-Cyclotron
ISOLTRAP then moved along
with ISOLDE and

was further developed ...

17 DECEMBER 1990
PHYSICAL REVIEW LETTERS

H. Stolzenberg, St. Becker, G. Bollen, F. Kern,

H.-J. Kluge, Th. Otto, G. Savard, and L. Schweikhard

—
§ o
g channel plate detector
2
S drift tube
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8 A TRAP 2
[
g
w
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i =
VT LT T ST T
transfer
section
= =|||[TURBD
ELECT! MAGNET J
N
Turstf— TRAP 1
r--‘
TURBO
3 ISOLDE
! ‘ beam linz

~ : | G. Audi
0°% | | . ‘l H R. B. Moore
:EEU : . ‘ l
S I |] I’ |
Dsan | | f
R |
LI-EEU = /
L
o 120CS
LIJSUU —
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FIG. 2. Cyclotron resonance of 'Cs (T,,=64 s). A
resolving power of 1 500000 is obtained.
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ISOLTRAP at ISOLDE/CERN

over the decades
(including move to a

Penning trap

n pf?lnihé]trap i g . s 3 N |
| 5 = 2
Mom— - | Prep%ﬁan

Photo (probably)
from the early 2000s

Int. Sym. Stored lons, Shanghai, 2023-11-23 20




ISOLTRAP at ISOLDE/CERN

w
L5

ISOLDE/CERN delivers a

[

(]

[+
1

e continuous ion heam
=> (1) RFQ buncher

0 1 2 3

(v,-688130.6 Hz) / Hz

of a mixture of isobaric species

204

=> (2) Preparation Penning trap
before forwarding for MS at the
« Measurement Penning trap

# of counts

=> Triple-Trap System

reference
ion source

I] RFQ cooler and buncher

—_ —_
[=2]
M A |

n
1

o ES oo
[ BN |

%Rb

| centering on resonance

g

ToF detector

Precision
Penning trap

=> mass selection

q//& fj?\l D wgy
\._./ L
e 1

D

|
1
4

T T T T T
183440 183460 183480 183500 183520 183540

60kV pulsed
drift tube

frequency in Hz  Carbon cluster

ion source !]

Preparation
Penning trap

ISOLDE
60 keV ion beam

HV platform

1]

w

MCP 1h

Int. Sym. Stored lons, Shanghai, 2023-11-23

»

MCP 3h

ND:YAG 532nm




Example of a PI-ICR (and MR-ToF) application at ISOLTRAP

10

Isomer resolving of
cadmium-129

Position-sensitive detector

MR-ToF MS
Electrost. lon
Beam Trap

Y position (mm)

0 5
X position (mm)

1 132Ba+ ﬁ 132CS+

Counts / (0.8 ns)

A

e 202 145 22 Il46 22’147 22 |149 22 150
V. Manea et al., PRL 124 (2020) 092502: Timeofflight (s

First glimpse of the N = 82 shell closure below Z =50

from new masses of cadmium isotopes and isomers

Int. Sym. Stored lons, Shanghai, 2023-11-23




ISOLTRAP at ISOLDE/CERN

[/
)m( 2 ) :jg with cleaning without cleaning T
- il 5400- 620—“— L
. ,E 3754 600 :_ L ior
ISOLDE/CERN delivers a §wo] sl \ T peltor
e continuous ion beam ] 5601 5
=> (1) RFQ buncher s 0T *2%Fr* *°Ra’ T =600ms T,
» of a mixture of isobaric species - I =1200ms]
=> (2) Preparation Penning trap 480 . | 1
before forwarding for MS atthe ~ § 4o Af=0.5Hz 1 I
« Measurement Penning trap R A e A AR A
) _ ) f[equency-396386 Hz N l?P
=> Triple-Trap System A 5B = VA '
. 183440 183460 183480 183500 183520 183540 2 vera
iE)enesrgS;;Z frequency in Hz Eirggzrggjster G
ﬂ RFQ cooler and buncher
60KV pulsed
sope N | [ o drift tube K
60 keVionbeam | | /| CCICCCCCECTTCTECEETE R n_m .
HV platform V unb V Wp
MCP 1h MCP 3h

Int. Sym. Stored lons, Shanghai, 2023-11-23
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ISOLTRAP at ISOLDE/CERN

tape

station I B

g,
/-\ I
. | | e
ISOLDE/CERN deliversa | &=
e continuous ion beam
=> (1) RFQ buncher N i % Pamg v
- of a mixture of isobaric species ‘i’ o
=> (2) MR-ToF MS s U PSR
. G
e Centering
=>(3) Prepar.atlon Penning trap vl g
before forwarding for MS at the M i % St
* => (4) Measurement Penning trap o
reference Carbon cluster <D>
I] RFQ cooler and buncher 60KV pulsed !l]
isoLDE j --------------------- e Liml N
60 keVionbeam | | /| CCICICICITTTCTTTTITE N m_ml |“l“1ll III“'“'” A
o b Multi-Reflection b
. P th Time-of-Flight J  veea
=>unique 4-Trap System Mass J
Int. Sym. Stored lons, Shanghai, 2 )23—1S?p arator N ND:YAG 53znm 24




Multi-Reflection Time-of-Flight Mass Spectrometer

MR-ToF working principle:

X N
| source ‘—) C —> 5 > | detector
——

Electrostatic lon Beam Trap (EIBT)

Setup at ISOLTRAP at ISOLDE/CERN:

e'.ectrostatic mirror 2

m
———160m

mixture of
. . X . ctrofi/
different species ‘“'“apgé ?::'n
t'lo mlrroT 1 */ ‘ _— ____ —
electrostd -
160 MM ——

0 mm

time-of-flight separation ion trajectory
in multiple revolutions

R.N. Wolf et al., Hyperfine Interact 199 (2011) 114
Int. J. Mass Spectrom. 313 (2012) 8
Nucl. Instrum. Meth. A 686 (2012) 82
Int. J. Mass Spectrom. 349-350 (2013) 123

Int. Sym. Stored lons, Shanghai, 2023-11-23 25




ISOLTRAP/CERN

PHYSICAL
REVIEW
| _LETTERS.

y

| PP ey o . RS | Acticles published week cnding. 20 JANUARY 2013
[HTH
s B ] L
heutron-star crust Fe Fe
SeESme r o H
} - “outer g = | T ani
—'___r_,mm " - | ol
\ i! By e __ By
MSe —|- E +—*se
z
HGe |- —— ¥Ge
’”Zn—a.ﬁ;mm  *zZn
Mi——F P 1
,3{“_____ 1 Cu
0p = i
1265, — -
1248400 1o
i, vy
_::';-I 133038
o 1ad
HEB-1% @ HFE-21

Publlsted by
American Physical Society,

Volume 110, Number 4
L

Which allowed a precision
mass measurement of Zn-82

precision MS for nuclear physics

=

480 n | T T T A ToF detector
a0 | === MCP 5/ channeltror
440 |
a20 [
a00 [
* I
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E w0 | N ﬁ N Penning trap
Sl A T A B=509T
E 320 — pa O
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280 - G
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s40 [ ®™ data points -
 — theoretical lipe shape \ . ] A i
220 (| P t
-15 -10 -5 0 5 10 15 i v péﬁﬁﬁfg tlzanp
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mmmm ul el I N
T, Jddia) R A
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ISOLTRAP at ISOLDE/CERN

M

ISOLDE/CERN delivers a

e continuous ion beam
=> (1) RFQ buncher

» of a mixture of isobaric species
=> (2) MR-ToF MS

Counts per bin

. 1000 1500 2000
» Centerng Time-of-Flight [ns] - 45153205.7ns
—>{3) Preparation Penning trap 88Sr vs. 88Rb with n
E_EIE'EEIEI E[ '1""EH ding-for MS-at .H'e Higher resolving power than
reference 1980’8 ISOLTRAP (Pennlng'

ion source

trap) measurements

I] RFQ cooler and buncher 60KV pulsed j
isotoe \ j --------------------- it | lrmnl \

60 keVionbeam | | /| IR |“l“. I Ill.ll.l|

e éﬂﬂ?’ Multl-Reerctlon Hib
- - MCP 1h Time-of-Flight L iCP 3
>-uRique-4-Trap-System Mass

ND:YAG 532nm
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MR-ToF mass spectrometer: n-rich Ca isotopes

3 EE I I I I I 7
T H
1 5 g [ spectrctascopy
system
2+ B NE ’
¥ = 5 \U U—E
o 3 OLON P
= 11 54 ’
i I c
= 1 99 ms 38 71
ST | =10 ions/s > H
o2 0—..— Q A
ko) 2 2 N precision
I \ LN Penning trap
1 D B=5.9T
T 1
-1+
T | | | | | | 0 =
I I I I I I ﬁ
49Ca 50Ca b51Ca b52Ca 53Ca 54Ca =
PN preparation
Multi-Reflection alkali ion source aR;l(:j%SggLegr 6%k¥tiiul|386d MR'TOIF == Peg’l’ﬁf%‘?"p
Time-of-Flight n rift tube mass analyzer
Mass o S| = [0 o= Qlll
ISOLDE 60keV e
Spectrometer ion beam

HV platform
Int. Sym. Stored lons, Shanghai, 2023-1 1523




MR-ToF mass spectrometer: n-rich Ca isotopes

[4243]4445]46(47

» TITAN/TRIUMF measurements of °1°2Ca
Gallant et al., PRL 109, 032506 (2012)

» ISOLTRAP measurement agrees with TITAN

» >1°2Ca measured with Penning trap
» °2°354Ca measured with MR-ToF-MS

counts

MR-ToF spectrum

! Sl

=>» MR-ToF MS agrees with PT measurements
=>» sub-ppm statistical mass uncertainty

1004

104

10004 39K

L4 I

2Cr

52Ca

.WM

M

350 revolutions |

t=6ms -

52K

5275 6090  6.091

time of flight /ms

AR il

6.092
Int. Sym. Stored lons, Shanghai, 2023-11-23

1
t

6.093

48

Mass excess - (-34272) /keV

Mass excess - (-34266) /keV

49

20

10+
20+

304

100

80
60 -
40 -
204

-20-
40+

0+

statistical uncertainty

soeasz ]

10_"_ MR-ToF mass meas.]|

7
onm/m=3x10
l 1 2 1 3 l
. Measurement Mass excess/keV |
N . 1
\\ TITAN ICR?  -34244.6(61)
\“l§OLTRAP MR-ToF -34271.7(10.2)
i “ISOLTRAPICR  -34266.0(0.7)
i ICR T
MR-ToF I
TITAN ISOLTRAP MR-ToF ISOLTRAP ICR
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MR-ToF mass spectrometer: n-rich Ca isotopes

=1 40 @l 42| 43|44 45|46 (47

48

A=53: measurement cycle = 4ms

A=54: measurement cycle = 6ms

107 71 | | | 300
| 30k 53Cr 53Ca | sacr 54T | 54Ca
] T [/
N 201 {1 100
10° 3 ] " b1
5 3 ] 1 ||l" ]
L i
- £ 157 . T @
210 - f = 1 No protons on target | =
3 E ] ] 3
O S 10- 1 k410
T || ]
104 & | , |
' ] |
l 3 | T
] ] I II I I‘ I|
10’ i 0] I 1 | I
3,715 4,330 4,331 6,347 6,348 6,340

Time of flight (ps)

Time of fliaht (us)

t,/,=500ms

6413 counts in 12.6h

=» 9 counts/minute

2314 counts in 18.

2h | =» 2 counts/minute

Wienholtz et al.,

statistical uncertainty = 45keV = &m/m=9x10"’

Nature 498, 346 (2013)

Int. Sym. Stored lons, Shanghai, 2023-11-23
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Results: S, values (2-neutron separation energy)

.o

32
1 ,Mn
281",
D
e 20 »Sc
-~ ] 20Ca
m's' 16-: :}:_
: 17CI
12—_ 16O

8-

2]as]aa[as[s s[5

2I4 | 2|6 | 2|8 | 3l0 | 3l2 | 3|4 | 3l6 \'Nienholtz et al
Neutron number N Nature 498, 346 (2013)
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Multi-Reflection Time-of-Flight MS at ISOLTRAP/CERN

Precision mass spectrometry

4| o IsOLTRAP
- — GXPF1A
JL——MNN+3N (MBPT]

28 2930 31 32 33 34 3536 37 38
Neutron number N

Mass of 7°Cu

T
4,330

MR-TOF spectrum
after 700 revolutions
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Recent MR ToF MS achievements at ISOLTRAP

Mass measurements of %9-191|n | lsogyp  DataSet2018
challenge ab initio nuclear theory

of the nuclide 199Sn, M. Mougeot et
al., Nature Phys. 17, 1099 (2021) .

] ] ] Data Set 2021
Isomeric excitation energy for °°In™

from mass spectrometry reveals
contant trend next to doubly magic
100G, L. Nies et al.,
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L. Nies et al.,
PRL 131, 222503 (2023)
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ISOLTRAP at ISOLDE/CERN

Overview of trapping components
Horizontal section Vertical section
ISOLDE 30-50 kV REQ buncher MR-ToF MS Penning trap Penning trap

|
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Multi-Reflection Time-of-Flight Vv
Mass Spectrometer Precision

Mass separation and mass measurementsl Penning Trap N
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Int. Sym. Stored lons, Shanghai, 2023-11-23




lon trap based mass measurements
of short-lived nuclel at
ISOLTRAP and SHIPTRAP

Lutz Schweikhard
Inst. of Physics, Univ. of Greifswald
https://physik.uni-greifswald.de/ag-schweikhard/
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