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Ultra-high vacuum system 

The TSR storage ring

H3
+ formation:

H2
+ + H2        H3

+ + H   + 1.7eV!
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Coulomb explosion principle
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CEI Setup: Slow extraction
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Coulomb explosion results H3
+
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Decay of the first breathing mode (1,00) of H3
+

exponential function
(breathing mode 
lifetime T=1.18 s)
fitted to experiment
at t > 500 ms
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DR fragment imaging

three-body breakup
H3

+ + e-        H + H + H

reveals substantial 
rotational excitation
Trot ~ 2700K for storage times

      up to 60 s
D. Strasser et al., PRL 86, 779 (2001)

signature of
excess energy
up to 1 eV
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The UCL line list for H3
+

L. Neale, S. Miller, J. Tennyson, Astroph. J., 464, 516 (1996) 
B. M. Dinelli, L. Neale, O.L. Polyansky, J. Tennyson, J. Mol. Spectrosc., 181, 142 (1997) 
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Rovibrational relaxation model for H3
+

H. Kreckel et al., New J. Phys. 6, 151 (2004) 
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vibrations

rotations

t=0s

t=60st=10s

t=0.1s

initial temperature: 0.23eV (2700 K) 

Rovibrational relaxation model for H3
+
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Decay of the first breathing mode (1,00) of H3
+

exponential function
(breathing mode 
lifetime T=1.18 s)
fitted to experiment
at t > 500 ms

prediction
relaxation model
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energy [eV]

population

J - G

Metastable rotational states (t=60 s)



Holger Kreckel    /   Rotational and vibrational cooling of H3
+ in laboratory experiments

London, 18th Jan. 2006

energy [eV]

population

J - G

Metastable rotational states (t=60 s)
 ortho/para corrected
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Rotational levels
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energy 
[cm-1]

G quantum number

Selection rules

ΔJ= -1, 0, +1
ΔK = 2n + 1
ΔG = 3n

ΔJ = -1, 0, +1
ΔG = 3n,  n ≠ 0

13-913-7
12-7
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Radiative heating by 300 K blackbody radiation

initial distribution:
100 K Boltzmann
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