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Mass measurements with highly charged ions
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T McGill
Wien filter

EBIT under ’res’rmg at MPI HD.
to TRIUMF July 2005,

Cooler trap for HCI
(to be built in Manitobe;
CFI grant received)

Penning trap magnet
ordered (del. July 2005)

The TITAN system is under

construction and will be
operational for mass
measurements at TSAC/TRIUMF
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Why do we need to cool HCI between the
EBIT and the precision Penning trap ?

e ion temperature for mass measurement:

Ti <1eV/g

Y

e EBIT: T; > 1eV/qmust be expected




What do we know about 1on temperaturesin
EBITS?

e REXEBIS few 10eV/g
e Oshimaet al.: EBISECRIS”generally” > 10eV/qg

e Dresden EBIT: T, = 3 — 6 eV/q measured for Artot
but low Je and E¢

e Livermore, evaporative cooling inside EBIT:
10 — 20 eV/q for Dy®®t (no data ?)
Penetrante et al.

e Livermore, evaporative cooling & self-cooling during
extraction: Tj &~ 0.19€Vyrgp = ~ 10 — 50 eV/q
Marrs, TITAN workshop 2002 (no data)




R. Marrs, 2002 TITAN workshop
lon Heating and Cooling | .

e lons are heated by Coulomb collisions with beam electrons

- 2 4
__J.gq€ 2m,
- Heating rate per ion: H, =7 e E M, A,

- Example: 'Sn* in an Intense EBIT, H;~5q eV/ms
(Note: beam space charge potential ~ 450q eV)

« Evaporative ion cooling reduces ion temperature and emittance

~qeViyap ' T, s

evaporation rate <« € « Controlled injection and

— |low-q ions are lost evaporation of low-Z ions
' = high-g ions are trapped compensates for electron
r beam heating of high-q ions

—* e Thermal equilibrium
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I g O “ne o Self cooling during extraction
> e ® .‘ B S can produce a dramatic

S ae” o885 8 s reduclion in ion temperature

e self-cooling requires slow (ms) spills— not suitable in our
case




lon temperature on extraction from EBIT

actual data appears sparse
no definite conclusions possible

emittance/temperature measurements from TITAN EBIT
will be necessary, and also interesting in general

For now must assumethat HCI havetemperaturesof 10...100
eV/Q

= additional cooling before precision trap most likely nec-
essary




Techniquesfor 1on cooling

e Dbuffer gas cooling
o well established method for SCI
NO (charge exchange)
e resistive cooling

o well established, fast enough — iIf Q high enough —
would require cryogenic operation

o 1on specific tuning of resonant circuit required




e €lectron cooling

o demonstrated for (anti)protons and HCI at 7; > few
eV/q

o advantage: electrons self-cool via synchrotron radia-
tion
o disadvantage: electron-ion recombination
e positron cooling

o avolds recombination, but technically more involved
(mCi level source)

e ion-ion cooling with light, cool ions (protons, He*™)
o No recombination Issues
o but no synchrotron cooling, need initially cold light

loNS .
laser cooling?
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Electron cooling in a nested Penning trap

U
hot highly charged ions enter the trap .
% o
o0
electrons trapped
in "‘nested’ potentials
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the electron clouds
o P (] P PY [
D 030 &
o, o ° .
: eQ o0 AR / -

10



Simulations of Electron Cooling

e Ignore magnetic field

e simple two-component plasma model

o Spitzer (1956), Rolston & Gabrielse (1989),
Bernard et al. (2004)
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lon energy (eV/q)

Electron energy (eV)

Electron cooling |: Cooling
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Photorecombination of free electrons and ions

radiative recombination (RR) dielectronic recombination (DR)
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dP
dt

GTBR

Electron cooling Il: Recombination
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Electron cooling Il: Recombination

1000~

0.0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8

lon energy (eV/q)

Survival fraction

100 |

10 |

0.95

0.90 [

0.85 |

0.80 |

(€)

window of oppoFtuQity
for cooling w/o recombination
N\

0.-750.0

0.1

0.2 03 04 0.5 0.6 0.7 0.8 0.9

Time (s)

15



Cooling speed as a function of Ni/Ne
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Influence of three-body recombination
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Photorecombination: application to astrophysics
collaboration with D.W. Savin, Columbia University

Problem: modelling codes for photoionized nebulae typically use

theoretical DR rates calculated with production codes
To check the reliability, we have systematically surveyed DR rates in
astrophysically relevant L-shell iron (Fe'®*... Fe?3%)
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D.W. Savin et al., accepted for publication in Astrophysical Journal
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Does the magnetic field play a role!?

U%2* Energy (keV/q)

—— Cooling of U92+ in the field-free case
Cooling of U92+ with B=6 T from G. Zwicknagel
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Proton cooling

step 2: inject HCI

\ step 1: inject cold protons )7
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Proton cooling

102

108 cm—3

Np

(@)

(b)

e
" -
o,
'.’-I

(byA®Y) ABioud uo|

(A®) ABJaud uojoid

Time (s)

21



Layout of the cooler trap
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details in the next talk by Vanessa
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