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Fig. 1. Principle of state selection.
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Fig. 2. Schematic diagram of the double state selection system.
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Fig. 5. Quadrupole state selective magnet.
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Fig. 6. (a) The simulated magnetic field; (b) the right fig-

ure shows the magnetic field of different magnetic poles.

I B R T LUE B SSRGS R S 1
PRI RS L, RISE S G i (R BE AR K, WG
JFE N, RS0 B S R AT BE TR DG R ANEE 1 Frd).

ST ER S N 8705 ey N e e LR L 2
R, IR, (H i TR Rl FE Y PR 25 =
BB Ik ARG, IR AR AR
FEAS. BRI 205 BTG (R R 24k, DAPRIIE R
) FH 23 % ] e 5 B2 v 114 O e 5503 . A Al
Mathematica FURLF{F BEF, X &R F7E RS
G i AT A T i — 2 R A

3.2 SRETHEIESHIZPI CITHES

AR AT BN IR, FOA B A i
ar R R LAR YOE . TE SRR, FRATR AR
EZAMEEDS, ZHCh: B o = 0.012 mm, K&
L =06mm, L/a =50. % L/a =20 1ELT,
A B AL TS A R AT 4450 53 A1 19,

TEMAS I FNREE AT, 10 F- 34 A
2N 3 mm, M EH KB/ N T B R
PR g o B2 BHASE X, SRS %) i 3 oy 20)

012 = 1.7r/ L. (5)

RAMEEESSE, F 0.017 rad. Hash & T

A
w=12 T, (6

Hrr K BRGS0 BARIE R 310 K, [RAZR
T, AR AL 2767.22 m /s.

— RS X B r, = 0.8 mm, T
(1) AL 1A HR P — B IXZ T Fy o
1.0815x10 20 N, ik Ut - LA I i 3 3 Ak ik
B, ASFAR 0, TERERITT, |F = 0,mp =
OVFIF = 1,mp = —1) B F W2 1) S %, HAE
— I IB B A 7.

|F'=0,mp =0) FF =1,mp = —1) &5 571
— S A X 1Y A2 1] e 7 B ES KT 0.8 mm,
PRI B 0 S 1 58 A i A o ate A SRR DX T
|F=1,mp=0)F|F =1,ms = 1) i T 7€ W %

1 WM E SRR RN OC &

Table 1.  Correspondence between magnetic field gradient and magnetic pole spacing.

R B /mm 0.8 1 1.2 1.3 1.4 1.5 1.6 1.8 2
B
Td/ (T'mm*) 1.167 0.850 0.625 0.557 0.510 0.456 0.405 0.367 0.303
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#2  L,=60 mm B}, AN Ly F g JEFImEEHER
Table 2.  Different Ly and r; atomic deflection probabilities at Ly, = 60 mm.
Ls/mm
rq/mm
60 70 80 90 100 110 120 130 140 150
1.2 80.1% 84.2% 88.5% 96.8% 99.4% 100.0% 100.0% 100.0% 100.0% 100.0%
1.3 71.2% 75.0% 76.0% 85.9% 91.0% 98.8% 100.0% 100.0% 100.0% 100.0%
14 65.5% 70.5% 72.5% 75.2% 85.7% 91.2% 95.2% 99.7% 100.0% 100.0%
1.5 61.5% 64.2% 65.2% 69.6% 75.0% 81.7% 88.2% 93.9% 96.5% 99.4%
1.6 57.2% 58.6% 61.2% 67.5% 69.5% 73.4% 77.5% 83.0% 88.3% 93.0%
%3 Ly= 70 mm i, R L Al BTG
Table 3.  Different Ls and 74 atomic deflection probabilities at Ly = 70 mm.
Ls/mm
rq/mm
60 70 80 90 100 110 120 130 140 150
1.2 94.5% 96.1% 100.0% 100.0% 92.3% 97.6% 99.7% 100.0% 100.0% 100.0%
1.3 86.7% 88.0% 96.8% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
14 76.0% 79.0% 88.2% 96.1% 99.5% 100.0% 100.0% 100.0% 100.0% 100.0%
1.5 71.2% 73.6% 76.6% 84.8% 91.3% 97.6% 99.7% 100.0% 100.0% 100.0%
1.6 66.2% 67.2% 71.2% 79.7% 84.8% 88.3% 93.1% 97.4% 100.0% 100.0%
F# 4 Ly=80 mm i, AR Ly #l ry FRTRFEHER
Table 4.  Different Ls and 74 atomic deflection probabilities at Ly, = 80 mm.
Ls/mm
rq/mm
60 70 80 90 100 110 120 130 140 150
1.2 99.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
1.3 97.8% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
1.4 89.5% 92.3% 97.2% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
1.5 82.9% 83.5% 87.8% 93.4% 98.7% 100.0% 100.0% 100.0% 100.0% 100.0%
1.6 76.2% 78.2% 82.3% 90.1% 95.4% 98.2% 100.0% 100.0% 100.0% 100.0%
I, RIS, GRS IR ry AAITE 1.2 mm DL, L IXTE] AU 90% LA E R4, (B 557 2240
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Fig. 10. The model of beam optical system.
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Fig. 11. Atomic purity and utilization under different ry and Ly at Ly = 60 mm: (a) Atomic purity; (b) atomic utilization.
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Fig. 12. At L, = 70 mm, atomic purity and utilization under different ry and Ls: (a) Atomic purity; (b) atomic utilization on the
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Abstract

Hydrogen maser uses the transition frequency of hydrogen atom at hyperfine energy level of ground state to
realize precise timing. It has excellent frequency stability, especially in medium- and short-term, and low
frequency drift. It has been used as high-precision frequency standard in engineering fields such as time keeping,
navigation, and very long baseline interferometry. Clock transition of hydrogen maser is the transition between
states of |[F =1,mr=0) and |F =0,mr =0). State selection is realized by state selection magnet, through
which high energy atoms are converged and low energy atoms are dispersed. In conventional magnet state-
selecting system, both atoms of |F =1, mr = 0) states, which are required for the maser transition, and useless
atoms of |F=1,mr =1) states are focused into storage bulb, which places restrictions on the medium- and
long-term frequency stability performance of hydrogen maser. In order to further improve the quality of atomic
transition spectral lines and the performance of hydrogen maser, double state-selection beam optical system
which is based on the Majorana transition mode is constructed through calculations and simulations. In this
work, we use Majorana method to invert atomic states. The magnetic field required for Majorana transition is
established by using two coils with reverse current. The two coils are separated by 71 mm, and the coil axes are
aligned with the direction of atomic beam. The other two pairs of transverse Helmholtz coils are separated by
22 mm in the center of the state reversal to adjust the zero point of magnetic field, which should coincide with
the atomic beam to ensure a complete reversal of atomic polarity. The state reversal region is surrounded by
four magnetic shields to reduce the influence of stray magnetic fields. Relationship between selected-state
magnetic field gradient and distance of magnetic poles is analyzed by simulation, and trajectories of the atoms
with high and low energy under different selected-state magnetic fields are calculated. The utilization and
purity of high energy state atoms entering into bulb atoms are obtained. The purity of the selected
|F =1,mp =0) state atoms reaches 99% and the utilization rate is 58%. This is ideal for engineering
applications. It effectively enhances the proportion of |F =1,mr =0) state atoms entering into the atomic
storage bulb and ensures the utilization of atoms. We verify the state-selection beam optical system
experimentally. By turning on double state-selection system the maser signal can be enhanced. By adjusting the
coil current of the double state-selection system, the maser signal varies with coil current, which verifies the

effectiveness of double state-selection system.
Keywords: hydrogen atomic clock, double state-selection, beam optical system
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