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A secondary electron cooler for the TSR had been proposed early-on
to act as „ultracold“ additional cooling stage and high-resolution electron target. 

Cryogenic GaAs-
photocathode
e-gun

● Ie ~ 1 mA
● Tperp < 1 meV/kB 



TSR “Photo-Electron” Cooler
(2006 … 2012)
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Use as high-resolution electron target:
Lestinsky et al., PRL 100 (2008)

Sc18+ + e → Sc17+ + hv
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Heavier molecular ions
could not be cooled 
efficiently by the TSR’s
primary e-cooler.
(thermionic cathode e-gun) 

→ Photocathode e-beam
used as cooler and target.
 

From 2007 … 

τcool∝
mion
qion
2 ×

T e
3 /2

ne

„Ultracold“
secondary
e-cooler



Ions Mion Ee (cool.)   BρTSR  (Tm)
...
H3

+   3 u 735 eV 0.49
HD2

+   5 u 327 eV 0.55
CHD+ 15 u 231 eV 1.37
HF+ 20 u 112 eV 1.28
DF+ 21 u 115 eV 1.31
D3O

+ 22 u 112 eV 1.36
DCND+ 30 u     56 eV 1.36
DCO+ 30 u     56 eV 1.36
N2D

+ 30 u     56 eV 1.36
CF+ 31 u     46 eV 1.27
HS+ 33 u     45 eV 1.33
18O16O+ 34 u     43 eV 1.34
H35Cl+ 36 u    40 eV 1.32
D2

37Cl+ 41 u     31 eV 1.31

2007 – 2012:

Many experiments on 
molecular recombination
at TSR.

Good transverse cooling crucial.



TSR decommissioned 
end of 2012 … 

… physics programme 
to be taken to the CSR.

„Parasitic“ data re-analysis of 2007 … 2012 molecular ion beamtimes:
Fragment imaging detectors provide information about transverse cooling.



Initial report at
COOL’13, Mürren, ...

… final publication in
PRAB > 7 years later ...



Beam diameters after
Electron cooling.

Transervse cooling 
rates.



ion beam

Tcath ~ 200 K
 ~ 17 meV/kB

magnetic
expansion
Bgun/Bcooler = 20

T┴ ~ 10 K ~ 0.9 meV/kB
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Ultracold photocathode
electron cooler beam 
lives on at the CSR … 

→ Talk by O. Novotný
     last Monday.



TSR + CSR electron cooling groups

A. Becker, K. Blaum, H. Buhr, F. Fellenberger, L. Gamer, 
S. George, M. Grieser, R. von Hahn, J. Hoffmann, 
L. Isberner, C. K., H. Kreckel, M. Lange, M. Lestinsky, 
J. Lion, S. Lohmann,  O. Novotný, S. Novotny, 
D. A. Orlov, R. Repnow, M. Rimmler, D. Schwalm, 
A. Shornikov, K. Spruck, J. Stützel, S. Vogel, P. Wilhelm, 
A. Wolf, D. Zajfman

… 

Thank you!
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