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Abstract

The selective extraction of a single molecule nitrogen ion (N,") with very low temperature from a linear Paul trap (LPT)
as an ion source for a single-ion implantation system has been studied by three-dimensional multiparticle simulations. To
extract the single N,", the control of the alignment and number of N," is required at a string-like Coulomb crystal formed
by sympathetic cooling with calcium ions (Ca") in the LPT. The N," in the mixed crystal of Ca® and N," could be
discriminated by the timing of the voltage applied to the electrode for the extraction from the LPT, and there was no effect

on the emittance of N," at the extraction.
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Figure 1: Schematic view of the LPT. The main
components are four cylindrical rods and two end plates
with a hole. The end plates are electrically isolated from
the quadrupole rods.
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Figure 2: Timing diagram of voltage applied to electrodes
for the extraction of a string-like Coulomb crystal from the
LPT (1) and discrimination of N;* (2).
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Figure 3: Normalized RMS emittance and f with respect to
the position of N,* in the array of 4 ions extracted from
LPT.
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Figure 4: Energy difference and distance between N,™ in
the array of (Ca*, Ca*, N,*, N,") extracted from LPT. The
horizontal axis is the time from the end of cooling in Fig. 2.
The leading N,™ was pushed by the subsequent N,*.
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Figure 5: The z position of N," and Ca* with respect to
time. The horizontal axis is the time from the end of
cooling in Fig. 2. The N;" can be discriminated from the
string Coulomb crystal of Ca" and N," by electing the time
for applying voltage to the end plate electrode B.

4. FEHESRERIZOWNT

LPT CCa'tDLEHENZ L > TR Iy H L ATH—
D Ny ZFYH T HFiEICHOWT, ZhifiIal—iay
IZEDBRICIALNIZ LT, LPT ORIy X AD N,
ZIOHLOSEEL, A OREEF O Ca'DOFE A AE
Alckn=3 y&/xmiﬂﬂk%ﬁ FAI6  EEIF ORI
FEELOBECHT N ASE L7 N6 L CHEBED AL B LS
HHIE, IHI Ny DB EEEHHEE NG EZEL T
SHAPBEAL T BT, FEEE I NS 1 H720 CTh
HZ RPN oTz, T2, BF (Cat, NoYWZxE T 558 T
1%, BB R B ~OEEOHINNA Y /e A7 CfT
AZLITE ST, LPT 2 %Nf@%n%@)i‘é’] i Ul v e
MNTE, ZOIZIVvH L ATFINC I ELITEAL S
FRRNZ e DT, ZHbl LJZOT NVC OEF|DOE
A HBE LB EINEL Y R R Iv X AD B —
D Nf%fitn"af EHRBLAESNT,

Ltk BBEIMEL o AOF G EFERL ., ZhE T A
mt/;:u/~/a/ CEY ERBOE—D Ny DJEN
&S5 T E ThD,

-63 -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)
PASJ2022 WEOAO06

HEE

AWFFEIL. ISPS BHFE JP20H00145JST BLUAL—
iay MU EBR R I IPMIMS2062 O X iEE2% T
THELFEL,

SEXH

[1] Sébastien Pezzagna and Jan Meijer, " Quantum computer
based on color centers in diamond", Applied Physics
Reviews 8, 011308 (2021).

[2] M. Haruyama et al., "Triple nitrogen-vacancy centre
fabrication by C5N4Hn ion implantation”, Nature
Communications 10 (2019) 2664.

[3] Karin Groot-Berning et al., " Fabrication of ’NV~ centers in
diamond using a deterministic single ion implanter", New J.
Phys. 23 (2021) 063067.

[4] Y. Ishii and T. Kojima, "Reduction of the divergence angle
of an incident beam to enhance the demagnification factor of
a two-stage acceleration lens in a gas ion nanobeam system
of several tens of keV", Nucl. Instrum. Methods B 420
(2018) 12-17.

[5] M. Kano et al., "Ultra-low emittance beam generator using
coulomb crystals", J. Phys. Soc. Jpn. 73 (2004) 760-761.

[6] K.Izawa et al., "Controlled extraction of ultracold ions from
a linear Paul trap for nanobeam production", J. Phys. Soc.
Jpn. 79 (2010) 124502.

[7] BREA i, R — LT T INHOE—H L A
A DEBERE S BT 20987, A ALY
76 [EFERRZ, 2021.

[8] K. Okada et al., "Cold ion-polar-molecule reactions studied
with a combined Stark-velocity-filter-ion-trap apparatus",
Phys. Rev. A 87 (2013) 043427.

[9] ERHEA f, “FLFEMHSIHE—A A O E
HHCBI 201987, HAMBE SRS 77 BHERKE,
2022.

[10] https://www.3ds.com/
products-services/simulia/products/cst-studio-suite/

- 64 -



