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Abstract

Coherent electro-magnetic control of quantum systems is usually done by electro-magnetic radiation - which limits addressing single selected quantum systems, especially in the microwave range. In our proof
of concept experiment we want to couple for the first time the non-radiative electro-magnetic near-field of a spatially modulated electron beam to a quantum system in a coherent way[1]. As the quantum
system we use the unpaired electron spins of a free radical organic sample (Koelsch radical - o, y-Bisdiphenylene-3-phenylallyl) that is excited via the near-field of the modulated electron beam. The readout of
the spin excitation resembles a standard continuous wave electron spin resonance experiment and is done inductively via a microcoil using a lock-in amplifier.

In the long term this experiment should demonstrate the feasability of coherent driving and probing of quantum systems far below the diffraction limit of electro-magnetic radiation by exploiting the high
spatial resolution of an electron beam.

The Quantum Klystron Experimental Setup

Klystron

m Linear beam vacuum tube invented in 1935,
used as RF and microwave amplifier

m Barium-Strontium cathode, electrostatic beam
deflection. Current > 10u4A at up to 2.2kV.

m Modulation frequency ~ 250MHz
m [wo cameras imaging phosphor screens
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e~ beam source > Da]

microwaves in a (buncher) cavity

m Velocity modulation causes current modulation

m Cooling with liquid nitrogen

T fm‘fd“ m Outcoupling via a catcher cavity
m Vacuum < 107° mbar

Quantum Klystron

m Replace catcher cavity by a 2 level
P y Dy
a quantum system (QS)

m Drive the QS using the non-radiative )
electro-magnetic near-field of the electron beam.  [RGEL(o1IiNETale MRETe ToM R LT [V[Slg o /AST{HI]o

m Either modulate in
B time domain - bunching / density modulation

S j > oo Dunding of 7

(=)
ggﬁ

B spatial domain - deflection

o m Paint arbitrary potentials (dipole, quadrupole or
T multipole transitions)

High spatial resolution . . . . .
&1 5P m Inductive readout by a microcoil on a printed circuit

board (also including impedance match)

m Second microcoil for reference measurements

The experiment resembles an electron spin resonance experiment. In contrast to standard electron m BDPA inside microcoil (2 windings, 2.58mm x 1.14mm
spin resonance setups where systems are excited using microwaves, we use the non-radiative outer diameter, 1.5mm x 0.5mm sample area) in milled
electro-magnetic near-field of an modulated electron beam. pocket
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Averaging increases the effective SNR by v/N for N iterations. Doubling SNR of a single run
decreases the number of required averages by a factor of four. A gain of 4 decreases measurement ]
time by a factor of 16, a gain of 650 would decrease measurement time by about half a million. ., as —
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m Initial tests by cooling BDPA sample in liquid nitrogen bath g Austrian
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m Scanned B field, excited with microwaves (no electron beam) _=
m Compared amplitudes at 300K and 77K
m Resonance frequency of impedance match drifts g
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