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Outline )TRAP

Motivation
— What about masses?

Setup
— Overview of ISOLDE

— ISOLTRAP-Tools:
* Multi Reflection Time-of-Flight Separator/Spectrometer (MR-ToF)
* Decay spectroscopy outlet
* Precision Penning-Traps

 Maedical perspectives
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ISOLTRAP@ISOLDE@CERN ~ )TRas(
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Nuclides

Masses determine the atomic and nuclear binding energies
reflecting all forces in the atom/nucleus.

=N-Q +z2-@Q +2Z- 0

— binding energy

MAtom = N.mneutron B Z.rnproton E Z.rnelec’tron
2
(Batom Bnucleus)/C
&m/m < 10-10 &m/m =10° - 108

K.Blaum
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Tools of ISOLTRAP

alkali
ion source

[I RFQ cooler and buncher
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HV area
F. Herfurth et al., NIM A 469, 254 (2001).

R.N. Wolf et al., Int. J. Mass Spectrom 313, 8 (2012).
G. Savard et al., Phys. Lett. A 158, 247 (1991).
M. Kénig et al., Int. J. Mass Spectrom. 142, 95 (1995).
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Tools of ISOLTRAP

multi-reflection time-of-flight mass separator

mixture of N
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M. Kénig et al., Int. J. Mass Spectrom. 142, 95 (1995).
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Tools of ISOLTRAP TRAP(

Bradbury-Nielsen gate - )
A
RI IS ‘ “ML'/\’[oPenni‘gg
TS ' WA tra‘;‘Js
HA

switched electric deflected transmitted
potentials ions ions

multi-reflection time-of-flight mass separator

mixture of in-trap lift electrode electrostatic mirror 2
60 mm

different  €lectrostatic mirror 1
species <« 160 mm

ions from
RFQ bunche

60 mm ——

time-of-flight separation separated jon trajectory
in multiple revolutions ~ atomic species

Andree Welker for ISOLTRAP, 1st MEDICIS-Promed general training, Manchester, 09.09.2016

11



Tools of ISOLTRAP TRAP(

Bradbury-Nielsen gate - )
A
RI IS ‘ “ML'/\’[oPenni‘gg
TS ' WA tra‘;‘Js
HA

switched electric deflected transmitted
potentials ions ions

multi-reflection time-of-flight mass separator

mixture of in-trap lift electrode electrostatic mirror 2
60 mm

different  €lectrostatic mirror 1
species <« 160 mm

ions from
RFQ bunche

60 mm ——

Time-of-Flight detector

S =:

time-of-flight separation separated jon trajectory
in multiple revolutions ~ atomic species

Andree Welker for ISOLTRAP, 1st MEDICIS-Promed general training, Manchester, 09.09.2016

11



Tools of ISOLTRAP TRAP

Bradbury-Nielsen gate - )
RILIS

A
‘ | ‘ M‘. /\to Penni}r:g

traps

switched electric deflected transmitted
potentials ions ions

multi-reflection time-of-flight mass separator

mi . I
dif?élrjerﬁt()f electrostatic mirror 1 in-trap lift electrode electrostatic mirror 2

species <« 160 mm 60 mm 160 mm ——

ions from
RFQ bunche

Time-of-Flight detector

S =:

time-of-flight separation separated jon trajectory
in multiple revolutions ~ atomic species

Yield studies

200 T T s T T o T T T

1804 Line heating tr255 # 1
160 ] Quartz oven at 6 A ‘1‘ A=130

140] 250 A ¢ %% ]
- 120 .?T~? ovenat0A s
- ]
3 100- 245A ?’y.o¢ 2404 RILIS A
o 1 ?.“ T % ’L ¢ TiSablocked ]
S 80 e et i 7
~ 60 2ofarnt RS U Bord ‘
] 4 PURE LY -

130eg :1’:?0. { ;*-t &l :'}
40 Pl o o booes § 11 -

LR (L) sof o e P

204 "cd '?’-‘ Y e WG T,
1zo'n » * L] * s ® ]
b e e et w b ettt

Time (a.u.)

Andree Welker for ISOLTRAP, 1st MEDICIS-Promed general training, Manchester, 09.09.2016



RILI

Tools of ISOLTRAP
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Tools of ISOLTRAP

RILIS
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Tools of ISOLTRAP
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Decay spectroscopy

Mass/spectroscopy:

— Setup with Ge-detectors I-lI-lll (decay-station):
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Decay spectroscopy

Mass/spectroscopy:

— Setup with Ge-detectors I-lI-lll (decay-station):

Re-accelaration
tube
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Tools of ISOLTRAP )TRAD(
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F. Herfurth et al., NIM A 469, 254 (2001).
R. N. Wolf et al., Int. J. Mass Spectrom 313, 8 (2012).
G. Savard et al., Phys. Lett. A 158, 247 (1991).

M. Konig et al., Int. J. Mass Spectrom. 142, 95 (1995).
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)TRAP(
Measurement of cyclotron frequency:
100 ms - 1 s trapping for c../m = 10-6-10-8 Position sensitive detector
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F. Herfurth et al., NIM A 469, 254 (2001).
R. N. Wolf et al., Int. J. Mass Spectrom 313, 8 (2012).
G. Savard et al., Phys. Lett. A 158, 247 (1991).

M. Konig et al., Int. J. Mass Spectrom. 142, 95 (1995).
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Tools of ISOLTRAP: Penning trap)taae(

Penning trap:
Storage of ions by the superposition
of electric and magnetic fields

Eigen motions:

Three harmonic oscillators:

Hyperbolic
Penning trap

qB

W, =02 + 02 + @ ——— ) |V.=——

a 2mm

Brown & Gabrielse, Rev. Mod. Phys. 58, 233 (1986).
Gréaff et al., Z. Physik A - Atoms and Nuclei 297, 35 (1980).
S. George et al., Phys. Rev. Lett. 98, 162501 (2007).
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Tools of ISOLTRAP: Penning trap)taae(

Penning trap:
Storage of ions by the superposition
of electric and magnetic fields

Eigen motions:

Three harmonic oscillators:

Hyperbolic
Penning trap

W, =02 + 02 + @ ——— ) |V.=——

Brown & Gabrielse, Rev. Mod. Phys. 58, 233 (1986).
Gréaff et al., Z. Physik A - Atoms and Nuclei 297, 35 (1980).
S. George et al., Phys. Rev. Lett. 98, 162501 (2007).

T,,= 162ms

-20 -10 0 10 20

(Conv. frequency - 700894 Hz) (Hz)
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Dy-beam time

Collection example for A=149:

1330160 Laser on
149 Dy

133La160 133Pr160

Counts

10 29401 29402 29403
Time of flight / us

Laser on/off ratio = 10/1

16

Laser off

149Tb

29401 29402 20403
Time of flight / us
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Dy-beam time

Collection example for A=149:

133Ce160

133La160

Counts

29401

Laser on

133Pr160

29402
Time of flight / us

149 Dy

29403

16

29401

Laser off

| Laser on/off ratio = 10/1 I

149

29402

Time of flight / us

29403

L Distinct observation of all involved species at the same time

line heating

target heating

500A-->600A

full proton intensity

1t 41 S
nlil gy

"1 0.2uA -->1.9uA

1331 3 3.912h
133Ce 97m
B 6.5m
149Eu 93.1d
FE(DLY 4.2m
§149Tb 4.118h

270A—->300A
1000
g 100
=
=
=3
o
10 I
TR 1t
!
' |
1 T l" T
200

T
400 600

T
800 1000

T
1400 1600

L
1200

Observation time / s

Before optimization: 6.3/1

Isotope Half life

After optimization: 2.3/1

contaminants / 14°Dy = almost factor 3 improvement!
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Dy-beam time )TRAP(

Collection example for A=149:

Foil holder for deposition of ion beam

Foils are gold plated with zinc.
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Dy beam time TRAP

Dy 160 Dy 162 | Dy 163
2.329 ¢ 25.475 24.896

¢ 120
n, o <2E-5

Gd 155 Gd 156
14.80 20.47

«214:0700 | 020000 61000
o, o 0.00008

Muller et al., J. Nucl. Med. 54: 124 (2013).
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Dy-beam time )TRAP(

Tumor Tageting Agent for Tb-Coordination
Chemical Structure with 3 Functionalities

Multidisciplinary collaboration
albumin binder to flght Cancer

folic acid HO._ . ._OH 23
..(.,0 o Q. 0 a ol
g

=0
F =3

|
NNy 1\ P W

R o LT WY :
| s -
N g
HN N N ~
b N: N _\__:1:..----..----.--..-..---..--.--...‘.:‘ Llnker ?

P s | T N
P WOF
g O N N ‘\(

Th-folate N, N §
RO | Receptor Radionuclide
Chracteristics: c)""' Ly Immunology Coordination Nuclear physics
==) stable coordination of Th-isotopes §Tb_DOTA° Y% i Structural biology =~ chemistry and

mm) high affinity to the folate receptor radiochemistry

= prolonged blood circulation time

C. Miiller et al., ] Nucl Med 2012;53:1951.
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Dy-beam time )TRAP(

PET/CT 5 h after Injection of 2Tb-DOTANOC PET/CT 22 h after Injection of °2Tb-DOTANOC
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