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1. Introduction Pa and 10Pa. The base pressure of a detection

Cold ion-molecule reactions play important roles in vacuum chamber enclosing a cryogenic linear Paul trap

synthesis of molecules in dark interstellar clouds. In'S maintained to be less than1Ba. From a gas inlet,

order to study the chemical evolution, the database o}he polar gas is loaded into a ceramic nozzle with an

reaction rate coefficients of chemical reactions relateolnmnir ddl:;l)meter of 1.5|mm_. Th% ga? npzzle canthbe
to astrochemistry has been set up [1]. Recently, it wa$00'€ y a Cryocooler in order 1o Increase ne

pointed out that the rate coefficients of molecular!{mens'tyt Of. SIOV\.’ bl|00|far mOIGle[IeS' Tr:e r;ozSz(I)eK
ion-polar molecule reactions are not sufficiently well emperature IS variabe Irom room temperature to

known to understand the chemical evolution in darkgy ilmulffnio%s:y tc:]rlvmg al cryoco?ler and a ceramic
interstellar clouds [2]. In this connection, we plan to eater attached to the nozzle mount.

perform measurements of cold ion-polar molecule (3)25 e
reactions between sympathetically cooled molecular e aky
ions and cold polar molecules [3, 4]. As a first step, we 20| TT20K
have developed a Stark velocity filter to produce slow S
polar molecules. Then the characterization of the slow = 15
polar molecules of NP CH,O and CHCN was 2
performed by time-of-fight (TOF) measurements. % 10
Finally we measured the reaction rates between -
laser-excited Ca Coulomb crystals and the polar L 5
molecules.
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2. Experimental setup 0

Figure 1 shows a schematic drawing of our Stark
velocity filter. The molecular beam guide consists of
four stainless steel rods with a 2 mm diameter and the )
distance between the adjacent rods is 1 mm. The totd[9ure 2. () TOF signals of slow Npmolecules, (b)
length of the guide is 942 mm. The maximum absoluteThe velocity distributions derived from the TOF reads.
voltages applied to the electrodes are 3.0 kV. To beai ith laced d |

The vacuum chamber enclosing the Stark velocity 0 beging with, we placed a quadrupole mass
filter consists of three sections to compose of SPectrometer (QMS) In front of the beam-guide exit to
differential pumping system. The vacuum chamberMeasure the TOF 5|gnals_ of slow p_olar molecu!es.
was evacuated by three turbo molecular pumps backefSiNg @ high voltage sol_ld-s_tate switch, the guide
by rotary pumps. The background pressures of the firs pltages of the Stark velocity filter were turned on at a

and second vacuum chambers are kept to be abdut 10 |g_h speed (10 ns / kv). S_lnce the numb_er dem‘s(_ty
guided polar molecules is necessary information to



determine the reaction rate constants, we alsagesults indicate that both the reaction rates are same
determinedn at the position of the ion trap by the within the errors.

following procedure. First, we leak the polar molecules The details of the reaction experiments and the
into the detection vacuum chamber through a variabladiscussions will be presented at the oral presentation.
leak valve. Then we simultaneously measure the ion
signal by the QMS and a pressure of the polar gas by @)
an ionization pressure gauge. The pressure is corrected
by multiplying the correction factor, which originates .
from the difference of the ionization cross sections
between N and polar molecules. Finally, we obtain a
correlation between the QMS signal and the number
density of the polar molecules.

In the reaction experiment, the QMS was replaced
by the cryogenic linear Paul trap in which a*Ca
Coulomb crystal was produced by the laser cooling
techniqgue [4]. A laser-induced fluorescence (LIF)
image from Chions was observed by a cooled CCD
camera at a right angle to the trap axis. The number of
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Table 1. A summary of TOF measurements of slowrpola g y=2.0(2)x10"s 4 1600
molecules by the Stark velocity filter. S @ Avuv =-50 MHz
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3. Results <
We have successfully produced slow polar £ - 400
molecules of NB, CH,O and CHCN with a peak Ib.ac‘kg‘;r?u.nd. d‘ecla}/ L
velocity of lower than 40 m/s. Examples of TOF 0 2000 4000 6000 8000 1%0
signals of slow NB molecules are shown in Fig. 2 (a). reaction time (s)

The time differentiation of the time-distribution signals _ ) .
gives us the velocity distributions, where the GompertzFigure 3. Reaction-rate measurement between Ca
function was used to reproduce the experimentalCoulomb crystaland slow GBN.
growth signals [5]. Fig.2 (b) shows the velocity
distributions derived from the TOF signals. In the References
measurement, the guide voltageVy)( was [1] J. Woodall et al.: A&A66, 1197 (2007).
systematically changed from £0.7 kV to 2.4 kV.\yt  [2] V. Wakelam et al.: A&A451, 551 (2006).
= +0.7 kV, the most probable velocity was 23(2) m/s, [3] S.Willitsch et al.: Phys. Rev. Let00, 043203
which corresponds to a thermal energy of only 1.2 K.(2008).
The same measurements were performed fos0BH  [4] N. Kimura et al.: Phys. Re@83, 033422 (2010).
and CHO molecules. A summary of the measurements[>] M. T. Bell et al.: Faraday Discuudd2, 73 (2009).
was given in Table 1.

Finallyy, we have performed reaction-rate
measurements between a’Qaoulomb crystal and
slow polar molecules. Fig. 3 (a) shows a decay curve
of the number of Caions in the Coulomb crystal as a
function of the irradiation time of slow GBN
molecules. Fig.3 (b) shows a decay curve caused by
the laser-induced reactions between *'Caand
background gases (mainly hydrogen molecules). The



