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Fig. 1. (a) Schematic drawing of metestable helium atoms beam, dashed box is the “magnetic guide” system; (b) energy level dia-

gram of helium atoms; (c) 3D schematic of the magnetic guide.
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Fig. 2. Schematic drawing of optical layout. AMP, amplifier; LPF, low-pass filter; PBS, polarizing beam splitter; GT, Glan-Taylor

prism; EOM, electro-optic modulator; LO, local oscillator.
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Fig. 3. (a) Schematic diagram of the magnetic assembly; (b) photograph of magnetic assembly; (¢) simulated 2D magnetic field dis-

tribution.
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Fig. 4. (a) Radial magnetic field of the magnetic assembly, where red open circles denote the simulation results, and blue/black

curves represent measured magnetic field; (b) radial magnetic field gradient of the magnetic assembly.
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Fig. 5. Simulated trajectory of metastable helium atoms
(2°S;, My = —1) propagating through the magnetic as-
sembly at 800 m/s.
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Fig. 6. Simulated trajectory of Mj; = +1 23S; metastable
helium atoms propagating through the magnetic guide at
800 m/s.
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fF, PR S AR VR A R, AR SE 5 S5 A
fe 2%, T OUARE v ) ORI AR B L ASHBOL
P L ASHROG RS SO DR A5 I, SR
I AGE 208 2.5% 100 atoms /s, B 5HR EEHEK
27 R5. LI, Laser 2 R HIEAY ORI AR
BDAEF 23S,—25P, BRI M ALARITZRIE. B HDE
TG I~ R0 B A R B H T, ek T FF
AW ENFES kA TURESAE T BWHh
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Laser 2 BOUHURTE 25S,—25P, BRIT iy AR AT 2 f
I, WADGAU 23S, WARS Z R FEMEH, HAk
PR IOZ PR SE5 R R AR 2 A%
RS L P SR TR, ORI R
TR EE Al R BER 252 530, AR S MESR HRE 2Y
900 m/s (vo = \/3keT/M , it kg IR %S H
B, TEARRE, M RRFRE). S
it 900 m/s B A F IO T 05, SR Lo G
FHAEFHEIICT 900 m/s, HEAKERTHE
JE 1A

b, AR SE0 R G5 07 75 | R AU 15 i,
AR 23S, AR EU R B9 R+ R+
B My = 41T 258 He MM A SR T 1Y
PR 2. 45 G BRIT /- HT AR 12 shiilak
PIBALERI, My = +1 BT Re N AR FFEwE S
NIRRT, 2] SCBLZY 10°40 I D i 15 . 242
Tt I ) T AR B A A S B L R 1
B TR (A2 G m i o 7 0R) JReRfL
i, W2 IR SCRPA G 5T E IR AR RE
SRR SR AT Y280 ¥, EFR L, Narevicius
PRAIZH 200 % B Even-Lavie fiik i & #1040 5 BH 44 ik
FLFE AR = A AR He*Jii1-, 1 8 L 2 A
b BERE S 0 7 Al 288, &R T, SE8 v i S
A e il T2 1 R G ) FL I DA A i A AU
s R, SR 10 Hz, ARIAE, 4
SIZI6 R FH B H R 2k He oIt TR R 7K i A i
SEI SR T B e, AT R DR AR RS A R
gt Su A B S (GE S ZR T A
$H S99 1 B SR 5 43— ARk v R ) AR A A
*, Even-Lavie BJJCHHLES 19 TAESRATA LA Hz
IKAF-1320).

4 HwEREZ

ARTARBAT T P51 G AP R I e
AT B 28 2 000, Jd i R ARG 51 T 1Y
e, ST =& 2°S, WARS AR T KM B
k%, H il B MR & T My = +1 0T REH
[T He*(2°S), My = +1) i TN, %
B 2 58 T E AR = A RPER Y | WS o L
TRy 238 WA A SU1 RS Fh SR AU L
KA R SRR SR 1 AT AR R S
TSR, S5 OET H R T (9 2R 1] v B 4L

ARV T IR A 7RG I A g5 B Ak
13>10° atoms/s £ M AR 0@ &, Sk 1
G| R AR S T R AR h Ak
JE G B DU RS 1) SE s RS AR
TR 2) PR F R AR T 7# T8
PR 3) S5 5 % [l i Fu v/ v B 2 A% S i
SrFARIRGE R, If B AR AR R &
AR S AL AL . RS E R 50 LTI
IR SCHEG A I AR IR Al S S It T 8 A 5
T I, R AR T 4 4 s I A R B Jo v Ak

DUERABRAR, JHA BT A A2 SOW JRE A DG
WE9E. AR R % 07 S8 WA B A i 10 T
W AV S —Hnis SR BT RN . S SRS
TEASESS TAESLAN [, (5 BSOL 5 I/ 1EH], F
ROz 7 ik SE P RE A, B D 2 T )
My = +1 W FREG WS e i AR AU 1
JEEL. FITHOCR 20505 (A0 = 4emotpE . Ot
SRR AR TR A IR At BT, ST e 4 B AU
ERCL R

—
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Preparation of single-quantum-state-selected helium for
neutral atom-molecule merged-beams collisions”

WEI Long? DU Xiaojiao?  WEN Jinlu? DONG Junfeng?
SUN Yu'® HU Shuiming?

1) (Institute of Advanced Science Facilities, Shenzhen 518107, China)
2) (Hefei National Laboratory, University of Science and Technology of China, Hefei 230088, China)

( Received 21 June 2025; revised manuscript received 23 July 2025 )

Abstract

Studying low-temperature atomic and molecular reaction dynamics in quantum state selection is one of the
key research methods for exploring the collision reaction mechanisms and revealing quantum effects in
scattering processes. The merging beam collision experimental method is a powerful approach to achieving cold
collisions of mK collision energy, by deflecting one reactant beam to collide with another reactant beam in a
collinear manner.

In this work, based on the Zeeman effect, the interaction between atomic magnetic moments and a

“magnetic guide” system is developed to deflect metastable helium atom

magnetic field, a permanent-magnet
beams, with the aim of achieving collinear transport of neutral helium atoms and molecules in cold merged-
beams collisions. Metastable helium atoms He(23S;) are produced through RF discharge. Utilizing this
“magnetic guide”, the quantum-state-resolved neutral helium atoms (He(2%S;), M; = +1) are prepared. Helium
flux measurements demonstrate about 10°deflection of metastable helium atoms with a flux exceeding
105 atoms/s, accompanied by successful preparation of M; = +1 magnetic sublevel helium atoms. Furthermore,
by combining the magnetic field measurements and magnetic force calculations for 23S; metastable helium atom,

the simulated trajectories propagating through the magnetic guide are analyzed.
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This work lays an experimental foundation for quantum-state-resolved cold collisions between excited-state
helium and molecules below 1 K, advancing the understanding of cold reaction mechanisms governing the
evolution of interstellar media and promoting chemical reaction control. The developed magnetic guidance
technology in this study also has important application prospects in fields such as atomic velocity filtering and
cold atom transport.

In the future, optical pumping experimental methods will be employed to pump 23S; helium atoms into the
Mj; = +1 magnetic sublevel helium atoms, enhancing the population of single quantum state. Moreover, two-
dimensional magneto-optical traps and optical molasses will be implemented to optimize beam, which is

expected to further improve the beam flux of helium atoms.

Neutral metastable He* beam

Keywords: metastable helium atoms, cold collisions, merged-beams
PACS: 31.70., 24.30.—v, 25.40.Kv, 07.77.Gx DOI: 10.7498 /aps.74.20250812

CSTR: 32037.14.aps.74.20250812
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