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(1) Chemistry at mK Temperatures
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(1) This Research Project v
Benefits of a Zeeman decelerator: .

a) Deceleration of opetshell atoms/molecules

b) Internally and translationally cold beams (mK regime) (I;’;ulct:rg?
C) Tunable collision energies
Coulomb crystal

d) Quantumstate selectivity

Zeeman decelerator
H atoms

Magnetic guide
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(1) This Research Project

Requirements:

0 Good overall transmission through the decelerator
0 Effective particle focusing into the ion trap
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* [Borodi et al., Int. J. Mass. Spectro28(, 218 (2009)]
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(2) Zeeman Deceleration

Supersonic expansion:

P ~10-5 mbar

Zeeman deceleration:

) P ~10-8 mbar A m
P ~2 bar
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Reduced positiotk = (z-z,)/L
[Van de Meerakker et al., Nature Phy.595 (2008)]
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(2) Experimental Setup

Zeeman deceleration of H atoms

Zeeman

Pulsed valve decelerator

assembly
NH; / Kr, 4 bar

Timeof-flight mass
spectrometer

ArF excimer laser,
193 nm

Pulsed dye laser, 243 nm,
(2+1) REMPI via 2§, state
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(3) Experiments on Transverse Focusing

Deceleration coils Deceleration coils
[ . 1 [ . |
\_Y_}
Focusing coil Variables:
A a)  Switchoff positionk;
b) Current to focusing coil:XXt100 A
|B| - = .
C) Timings (and position) of focusing
l coil
>
Z

[Dulitz et al., J. Chem. Phys10, 104201 (2014)]
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(3) Experiments on Transverse Focusing
EXPERIMENT SIMULATION

a) Reduced position Kk, _ 1 1
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(3) Experiments on Transverse Focusing

b) Current to focusing coil

W OELISNAYSYyGlIt RIGE
-- Simulation (all particles)
) {AYdzZ GA2Yy o2yteée LI

Same current direction:
No signal increase

; Reverse current direction:

40 0 40 40 O 40 40 0 40 Formation of a temporally varying
Cumrent ) Cumrent () Current: () guadrupolefield that increases
transverse particle confinement

Katrin Dulitz 9




UNIVERSITY OF

OXFORD

Design adapted from: PSP
Vacuum Technology, ELS 100

Metastable Species

He(2S)

Pulsed electron gun

100 eV, 12 mA NED) via electron impact
dissociation of
e
Thanks to James Bull (&allancegroup, now at Durham University, Nz - N(4S) 'I'N(ZD)

Neville Baker and HowatcambourngPTCL workshops)
[Cosby, J. Chem. Phya8, 9544 (1993)]
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(4) Zeeman Deceleration of He(23S,)

Deceleration: 50 ps 20 pus
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(4) Towards Zeeman Deceleration of N(°D)
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