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OutlineOutline

ISOLTRAP and measurementsISOLTRAP and measurements
ISOLDEISOLDE
Three different ways of fighting Three different ways of fighting 
contaminations:contaminations:

negative ionsnegative ions
electrostatic isobar separatorelectrostatic isobar separator
space charge effects of space charge effects of buffergasbuffergas coolingcooling
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EigenmotionsEigenmotions in a in a PenningPenning traptrap
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Three independend
eigenmotions:
•axial
•magnetron
•cyclotron
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TOF spectrummean TOF

0 100 200 300 400 500
0

20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz
0 100 200 300 400 500

0
20
40
60
80

100
120
140
160
180
200

 

io
n 

co
un

ts

time of flight / µs

-4 -2 0 2 4

280

300

320

340

360

380

 

 

m
ea

n 
TO

F 
/ µ

s

νrf - 1069815.04 Hz / Hz

Example: 85Rb (900ms excitation duration)

Detection cycleDetection cycle



TOF spectrummean TOF

Example: 85Rb (900ms excitation duration)

Detection cycleDetection cycle
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Frequency ratiosFrequency ratios

measuringmeasuring referencereference massesmasses withwith veryvery
smallsmall uncertaintiesuncertainties ((3939K, K, 8585Rb, Rb, 133133Cs)Cs)
measuringmeasuring massmass of of interestinterest
measuringmeasuring referencereference massmass againagain
publishedpublished areare thethe frequencyfrequency ratiosratios ((forfor
thethe rare rare casecase of of „„changingchanging““ referencereference
massesmasses))



Application: AstrophysicsApplication: Astrophysics

fusion in stars

s-process

r-process
Sn

Pb

Ni

pr
ot

on
s

neutrons K. Blaum, H. Schatz

50

82

AgAg



Q valueQ value

The Q value gives The Q value gives 
the mass the mass 
differences differences 
between the mother between the mother 
and the daughter and the daughter 
nucleus of a decay.nucleus of a decay.
Uncertainty Uncertainty 
depends on the depends on the 
uncertainties of the uncertainties of the 
measured masses.measured masses.

ββ−−



Mass measurements at ISOLTRAPMass measurements at ISOLTRAP

117117Ag Ag withwith thethe
isomereisomere ((ratioratio of 70% of 70% 
groundstategroundstate to 30% to 30% 
isomericisomeric statestate))
firstfirst directdirect
measurementmeasurement of of 
121121Ag Ag 



Welcome toWelcome to Real Life Real Life 

Beam time beginning May 2007:Beam time beginning May 2007:
Aim: neutron rich silver nuclides Aim: neutron rich silver nuclides 

Problems:Problems:

ContaminationsContaminations
Thunder storm and the following Thunder storm and the following 

power cutpower cut



Accelerators at CERNAccelerators at CERN



LINAC2

PSB

PS

ISOLDE

A. Herlert



... delivery of
50MeV protons
to the PSB

It all starts with a gas bottle of hydrogen ...

Proton driver Proton driver -- LINAC2LINAC2



protons from LINAC2

Proton Synchrotron BoosterProton Synchrotron Booster



Delivery to the ISOLDE targetsDelivery to the ISOLDE targets

ejection in the order 3-4-2-1

3
4

2
1

from 3from 4

from 2
from 1

t0

t1

3
4

2
1

to ISOLDE

A. Herlert



t1

to ISOLDE

Fragmentation

Spallation

Fission

4 equidistant bunches with bunch 
length 250ns, Δt = 572ns (157m)

• up to 3x1013 protons per pulse
at an energy of 1.4GeV

• basic period 1.2 s

Delivery to the ISOLDE targetsDelivery to the ISOLDE targets



FocussingFocussing of protons on targetof protons on target

Converter Target Standard

Converter

Target

Target

p+
p+
p+

p+p+p+

E. Siesling

n
n

n

n



H.L. Ravn,
Phil. Trans. R. Soc. Lond. A 356, 1955 (1998)

Mass-yield curve for
reactions of protons
with different energies
on Pb target

Dependence on proton energyDependence on proton energy



T. Stora, E. Bouquerel

quartz transfer line

• cooled
transfer line

• temperature
controlled

• reduction of
alkali ions

ISOLDE target for neutronISOLDE target for neutron--rich Zn rich Zn 



K. Blaum

1. Surface Ionization Ion Source:
No isobaric selectivity, limited applicability

2. Plasma Ion Source (ECR-Source):
No isobaric selectivity

3. Resonance Ionization Laser Ion Source (RILIS):
High isobaric selectivity by resonant laser ionization
Limitation by surface ionized isobars

Ionization mechanismsIonization mechanisms



Laser ion source Laser ion source traptrap (LIST) (LIST) 

Electron Repeller

Ion Repeller

Z

Release

10 mm
End Plate

Laser Ions
Surface Ions

UDC

Atomizer

Electrons

Laser   BeamsAtoms Ions

Switchable
Electrodes

RFQ Segments

Accumulate

Buffer Gas

K. Blaum et al., NIM 2003



MolecularMolecular ionsions

reactionsreactions in in thethe ionion sourcesource withwith S and FS and F
notnot all all elementselements performperform all all chemicalchemical
reactionsreactions
recentrecent exampleexample: : measurementmeasurement of of halfhalf--livelive
and and massmass of of 3838Ca Ca byby creatingcreating 3838CaCa1919F to F to 
getget out of out of thethe regimeregime of of massmass 38u38u



Negative ion sourceNegative ion source

An electron is added to the neutral atom as it drifts An electron is added to the neutral atom as it drifts 
and bounces along the ionizer tubeand bounces along the ionizer tube

(Part of the effusion process followed by ionization)(Part of the effusion process followed by ionization)

~ + 2V
-60 kV 0 kV

The negative ion is accelerated at 60 kV

M. Menna



Layout of ISOLDE Layout of ISOLDE 

ISOLTRAPISOLTRAP



ISOLTRAPISOLTRAP

B = 4.7 T

B = 5.9 T

2 
m

G. Bollen, et al., NIM A 368, 675 (1996)
F. Herfurth, et al., NIM A 469, 264 (2001)

determination of 
cyclotron frequency

(R = 107)

removal of 
contaminant ions

(R = 104)

Bunching of the
continuous beam

Tripple trap mass 
spectrometer:
bunching cooling
purification
measurement



Fights at ISOLTRAPFights at ISOLTRAP

usingusing combinationcombination of quadrupolar of quadrupolar 
excitationexcitation and and buffergasbuffergas coolingcooling forfor a a 
massmass selectiveselective centeringcentering
possiblepossible to to resolveresolve isobarsisobars (Resolution (Resolution 
up to 40000)up to 40000)
twotwo problemsproblems::

closercloser massesmasses
((onlyonly a a fewfew keVkeV awayaway))

ratioratio of of ionion numbersnumbers
((conterminationcontermination to to ionion of of interestinterest))



BuffergasBuffergas CoolingCooling

applying a applying a 
quadrupolar quadrupolar rfrf field field 
with with ωωrfrf = = ωωcc

centering only the centering only the 
mass of interestmass of interest



BuffergasBuffergas CoolingCooling

applying a applying a 
quadrupolar quadrupolar rfrf field field 
with with ωωrfrf = = ωωcc

centering only the centering only the 
mass of interestmass of interest



Space Charge measurementSpace Charge measurement

resultsresults of of buffergasbuffergas coolingcooling withwith large large 
ionion numbersnumbers 4141K in K in 3939K:K:

ratio of natural abondance: 39K / 41K ~ 13 / 1



Space Charge effects (simulation)Space Charge effects (simulation)

S. Sturm

Numerical Numerical 
calculations of the calculations of the 
ion trajectories of ion trajectories of 
4141K in an ion cloud of K in an ion cloud of 
3939KK



Electrostatic Isobar SeparatorElectrostatic Isobar Separator

M. Eritt

Isobaric separation with resolution of up to Isobaric separation with resolution of up to 
100 000100 000

Comparable with optics:Comparable with optics:

M. M. DahanDahan et al., A New Type of Electrostatic Ionet al., A New Type of Electrostatic Ion
Trap for Storage of Fast Ion Beams, Rev. Trap for Storage of Fast Ion Beams, Rev. SciSci. . InstrumInstrum., ., 
pp. 76pp. 76--83, 69 (1998)83, 69 (1998)



Electrostatic Isobar Electrostatic Isobar SeperatorSeperator: scheme: scheme

M. Eritt

Experimental parameters: Experimental parameters: 
beam energy 2.5keVbeam energy 2.5keV
vacuum of 10evacuum of 10e--1111mbarmbar
separation Nseparation N22 and COand CO
increasing the ratio of increasing the ratio of conterminantsconterminants to to 
ions of interestions of interest



Schedule Schedule thisthis yearyear

BeamBeam time time beginningbeginning of May (of May (neutronneutron
richrich silversilver))
FinishedFinished beambeam time on time on neutronneutron richrich leadlead
((notnot successfulsuccessful duedue to to conterminationsconterminations))
NextNext beamtimebeamtime isis thisthis weeksweeks ((neutronneutron
deficientdeficient Cd)Cd)
BeamtimeBeamtime on test of a on test of a targettarget withwith a a 
cooledcooled transfertransfer lineline and and neutronneutron richrich Cd Cd 
end of Augustend of August



ThanksThanks

Alexander Alexander HerlertHerlert, , MagdaMagda KowalskaKowalska, , 
Dennis Dennis NeidherrNeidherr and and RomainRomain SavreuxSavreux
(ISOLTRAP crew)(ISOLTRAP crew)
Lutz Lutz SchweikhardSchweikhard and and GerritGerrit MarxMarx
Sven Sturm and Markus Sven Sturm and Markus ErittEritt
for your attentionfor your attention
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