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dominant processes:
ion-neutral reactions
dissociative recombination
neutral – neutral reaction
photon induced reaction

AB+ + C
AB+ + e-

AB + C   
AB+ + hn

AC+ + B
A + B
AC + B
A+ + B

stars born by the collapse of interstellar gas clouds that are made mostly of hydrogen
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investigating dissociative recombination rate coefficients

interaction of molecule ions inside storage ring with collinear electron beam

detuned collision energy

Ed = (Ee
1/2-E0

1/2)2

Storage ring

rate coefficient determination
by position measurement

example: dissociative recombination of HeH+

HeH+



rate coefficient for dissociative recombination of HeH+

10 K
300K

O. Novotny et al., Science 10.1126/science.aax5921 (2019)



electronic, vibrational and rotational energy levels of molecules

W. Kolos et al., J. Chem. Phys. 43, 1965

DEelectronicDEvibrationDErotation << <<

hard to cool molecule to vib.+rot. groundstate
(radiation heating)



rate coefficient for DR of HeH+

CRYRING
TARN II

O. Novotny et al., Science 10.1126/science.aax5921 (2019)



Cryogenic Storage Ring CSR

electrostatic ion storage ring designed, built and commissioned
at Max Planck Institute for Nuclear Physics (MPIK) in Heidelberg  

T ~ 10K, p ~ 10-14 mbar
low energetic particles: 20-300keV

cooling of molecules into rot. + vib. ground state



Cryogenic Storage Ring CSR

electron
cooler

HeH+ + e- He + H

CH3+ + e- CH2 + H

CH + H2
…

or
orfragment identification required!



mass spectrometry

beam of 
~ keV molecular ions

fragmentation
reaction

vfrag ≈ vbeam measure
kinetic energies 
of products

mass determination through measurement of kinetic energy

T ~ 10K, p ~ 10-14 mbar
compatibility with
cryogenic temperatures

low-E particles: 20-300keV wide energy bandwidth

position determination position sensitive detector

mass determination energy-dispersive detector
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mass spectrometry with MMCs

mass resolution of one atomic mass unit

O. Novotný et al., J. Appl. Phys. 118, 104503 (2015) 



mass spectrometry with MMCs

mass resolution of one atomic mass unit

O. Novotný et al., J. Appl. Phys. 118, 104503 (2015) 

linewidth increases with
fragment mass and energy



detection of massive particles

Regular lattice sites

EDEF

Interstitials

backscattering sputtering lattice defects

degradation of measured linewidth due to energy loss varying from event to event

effect inherent to any detector using massive absorbers



MOCCA
MOCCA – 4k pixels MMC based molecule camera

45mm



single sensor cell of MOCCA

L. Gamer et al., J. Low Temp. Phys. 184 (2016) 839-844 



two-dimensional readout scheme

16 SQUIDs

each sensor 
connected to 
4 absorbers
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in total: 16 + 16 SQUIDs



performance of MOCCA

MOCCA mounted on mixing chamber of
customized dry 3He/4He dilution refrigerator



absorber readout

MOCCA status

Poster: L. Gamer et al.

target: four-headed hydra with target rise times of 4µs, 8µs, 20µs, and 80 µs

measured rise times of 1 µs, 5µs, 15µs, and 60µs

Sr source



demonstration of readout scheme
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crosstalk < 0.02% 

1360 averages



MOCCACINO



MOCCACINO

spectrum of single sensor
(column coincident with row)

ev
en

ts
p

e
r 

1
0

eV
 

energy E / keV

DEFWHM ~ 185eV



what‘s next? – MOCCA @ CSR



what‘s next? – MOCCA @ CSR

signal rise times of MOCCA ~1-10µs
but time difference between arrival of fragments ~ 100 ns



what‘s next? – MOCCA @ CSR

signal rise times of MOCCA ~1-10µs
but time difference between arrival of fragments ~ 100 ns

microstructured mesh
made of electroplated Au



conclusion and outlook

conclusion and outlook

• laboratory astrophysics to reveal chemistry in interstellar clouds

• Cryogenic storage ring CSR

• MOCCA – 4k pixels molecule camera

• what‘s next? 
o software, system integration
o end 2020: MOCCA at ion source of CSR (dedicated setup)
o mid 2021: installation of MOCCA at CSR 
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