Photodetachment thermometry of stored OH ™ at the Cryogenic Storage Ring
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Synopsis We have monitored the radiative cooling of the lowest rotational states of OH™ stored in the cryogenic storage ring
CSR for up to 20 minutes, until thermal equilibration. From the data we extract the equilibrium rotational temperature as well
as details on the photodetachment process and radiative relaxation.

The Cryogenic Storage Ring (CSR) [1], located
at the Max-Planck-Institut fiir Kernphysik in Heidel-
berg, is a fully cryogenic, electrostatic ring with a cir-
cumference of 35 m. The experimental program aims
at investigating ground-state properties and collisions
of molecular and cluster ions with neutral particles
or electrons in the gas phase. By cooling the experi-
mental chambers down to 6 K, a residual gas density
below 140cm™ (< 10~'* mbar room temperature
equivalent) can be reached, which enables storage
times of fast ion beams of several hours [1]. Under
such extreme conditions infrared-active molecules
can radiatively cool down to the rovibrational ground
state. Rotational relaxation of CH™ cations stored in
the cryogenic environment of the CSR have been re-
cently reported [2]. Here we present measurements
of the internal state populations of OH™ by near-
threshold photodetachment, similar to previous ion
trap studies [3]. For the present measurements, a
60keV OH™ ion beam was overlapped with a contin-
uous wave HeNe laser (633 nm) and a pulsed, wave-
length tunable OPO laser operated between 680 to
709 nm. Neutral OH™ produced by laser-induced
photodetachment leave the closed orbit of the ring
and are detected by a microchannel-plate detector
in the cryogenic zone. The ion-beam lifetime and
other ring effects are taken into account by normal-
izing the OH count rate from the OPO laser to that
from the HeNe laser. By changing the wavelength
of the OPO laser different combinations of rotational
states are probed. The normalized count rates for var-
ious wavelengths (see Fig. 1) are fitted by a rate equa-
tion model of the rotational cooling folded with rel-
ative state-resolved photodetachment cross sections.
The exponential decays of the photodetachment sig-
nal in Figure 1 are directly linked to the radiative
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lifetime of the rotational states. The relative state-
resolved photodetachment cross sections for the three
lowest rotational states at the employed photon en-
ergies can be inferred from the data with a preci-
sion of about 10%. Hence the equilibrium popula-
tion distribution of OH™ can be determined almost
independent of theoretical calculations. The data are
compatible with an effective radiative temperature of
15.3(3) K, which leads to an equilibrium population
of more than 90% in the rotational ground state.

o J>0 .
© T : ‘
5100 et
C 3
>
S T J>1
T -1 \J>2 o
51073
° ]
N L i i
T 1072 __(J:y TR A R it ,f::’.‘_g"[‘, B Tar e R -
£ 3 S fi il
o 1 I
c 4

1073

0 200 400 600 800 1000 1200

storage time (s)

Figure 1. Normalized OH count rate induced by pho-
todetachment of OH™ as a function of the storage time.
The colors correspond to different laser frequencies,
chosen to address various combinations of rotational
states. The solid lines represent a model of rotational
relaxation.
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