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Do Electrons and IonsDo Electrons and Ions
  Coexist in an EBIT ?Coexist in an EBIT ?
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Experiment:              9.7 ± 0.15 ms (LLNL)

Theory:       RQDO = 9.58 ms;     SS98 = 9.57   
CIDFS = 9.54

                    MCBP  = 9.52 ms;     STF   = 9.52

                    MCDF  = 9.62 ms /  9.40 ms 

ττ    = 9.573(4)/(5) ms = 9.573(4)/(5) ms 
A slowly decaying background ?
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Possible Reasons: Possible Reasons: 

Ion-ion collisional excitation

Charge exchange collisions

Cascade repopulation

Electron impact excitation



Trapped electrons? Trapped electrons? 

According to discussions: probably wrong! According to discussions: probably wrong! According to H. Higaki: maybe right ! !According to H. Higaki: maybe right ! !



Trapped electrons? Trapped electrons? 
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Trapped electrons? Trapped electrons? 

Trapped  electrons pushed away by electron beam?Trapped  electrons pushed away by electron beam?



kBTe = 25 – 125 eV

Ne      = 5⋅107 cm-3

Nion   = 3⋅109 cm-3   

kBTi = 350 eV

measured/estimated SCP

Te plus background rate

extract ions from trap

Doppler line broadening

Uion ~ +250 V

ω    = qU/kBTe    (ω ~2..10) Maxwellian-averaged

rate coefficients 

Trapped electrons? Trapped electrons? 

Synchrotron cooling time at 8 T: 56 msSynchrotron cooling time at 8 T: 56 ms
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PMT dark count rate

Too cold electrons? Too cold electrons? 
nothing to benothing to be
observed!observed!



kBTe = 25 – 125 eV

Ne      = 5⋅107 cm-3

Nion   = 3⋅109 cm-3   

kBTi = 350 eV

measured/estimated SCP

Te plus background rate

extract ions from trap

Doppler line broadening

Synchrotron cooling time at 8 T: 56 msSynchrotron cooling time at 8 T: 56 ms

Trapped electrons? Trapped electrons? 

Hot ions serve as heat reservoir !?Hot ions serve as heat reservoir !?
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Magnetic Trapping? Magnetic Trapping? 

Possible new explanation: Magnetic bottle! Possible new explanation: Magnetic bottle! 

~ 10 cm~ 10 cm

~ 4 cm~ 4 cm

~8 T

~9 T



Possible Proves: Possible Proves: 
Radiative recombination

Extract electrons and count

Laser assisted recombination

Imaging of electron cloud

kTe = 50 eV: 10-4 sec-1 ! 

But synchrotron cooling !But synchrotron cooling !

ask Jens Dilling !ask Jens Dilling !



Laser-Spectroscopy Laser-Spectroscopy 
ready to go !ready to go !
isotope shifts, HFS,...isotope shifts, HFS,...



Possible Proves: Possible Proves: 
Radiative recombination

Extract electrons and count

Laser assisted recombination

Imaging of ion cloud

Ar9+Ar13+
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Fun Part: Fun Part: 

•  400 mA400 mA

•  100 keV100 keV

e-beam

•  8 Tesla8 Tesla

•  He-like HgHe-like Hg78+78+  

1m28 cm

4 cm

Nested trap: Pbar +HCI !Nested trap: Pbar +HCI !

Spectroscopy, DR,.. ?Spectroscopy, DR,.. ?

Gas jet: Pbar +Atoms !Gas jet: Pbar +Atoms !

gas jet
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