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Design of the physics apparatus unit of NIM-Sr2 strontium optical lattice clock
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Abstract : Strontium optical lattice clock plays a key role in fundamental physics research and precision measurement of time and
frequency. Based on the research of its first strontium optical clock, NIM-Sr1, the National Institute of Metrology (NIM) has conducted
in-depth study to enhance the performance of its optical clocks, designed and built the second strontium optical lattice clock, NIM-Sr2.
Benefited from the experiences gained in the quantum reference preparation, clock transition interrogation and systematic frequency shift
evaluation of NIM-Sr1, the physics apparatus of NIM-Sr2 is redesigned and improved. A vacuum differential pumping stage is added
between the atomic oven and the magneto-optical trap (MOT) chamber, which reduces the MOT chamber pressure variation to 1x107®
Pa when the oven is switched between on and off. By replacing the coils in Zeeman slower with permanent magnets, optimizing the
winding of the water-cooled anti-Helmholiz coils, and extending the viewport for Zeeman slowing laser beam, the inhomogeneity of the
ambient temperature in the MOT region is reduced to 0. 166 K. The frequency evaluation revealed that these improvements significantly
reduced the systematic shift uncertainty of NIM-Sr2 to 7. 2x107"%.
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Fig.3 Schematic diagram of Zeeman components locking

1.2 REHMBEME

YL R G B R RERR 278 IR NZ R G X Akt ah
W) R GENREITAN M . NIM-Srl (4 5 35— WAL 45 SR
W 1 FR, RN BB 10777 BB E 2, %t
NIM-Srl Z S8 VEAL AN B 2 B 5% i 58K 0 AT SR AR B 3 |
OIS ve (FRrh ok 3 1) RERERRS B EES R
SARRESE, b, S O s A Rl AR RS |
FES PRSI LI ) AN 8 B F2 22 5t s 5 BIF R R0
R FRFEE W KNSR FRA LT AT BR
BEBE RN S WML B (D S5 RS
WA ELHECHE

WX 7777777777778 K2
B 772277777774 W77
CCD 27777777778 ¥
Y, —
i ]
Bl 4 SRR EEPE

Fig. 4 Quantum reference preparation timing diagram
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Table 1 Latest evaluation results of NIM-Srl
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Fig. 8 Zeeman slower made of permanent magnets

JR T2 i ZE 2 AR5 PR A MOT Ji 1A, 16 5% HL 58 i
Pk MOT R4 AR S S 8 AMAP oG IR S ol #2 . T
RO A AP R FH A L MOT 41, MOT H0 i
HE 70 P 5 BRI V8 AN o BE A T A, PRI I s 22 I 2%
LR8I IO A5 FE 2 WO A% — K FH KRG B A TR 1R, MOT
F AR [ Kimball Physics 2], B 2 4> 8 35K
B8 42,75 BESF IR AR 16 A4S 1. 33 Fasf /NG 1
Herpr  BASXEFRAY 8 FE~F KB 114 B RCE T AN 5 A
B [ 9 22 922 YT T MOT FIr e 2 14 79 %o 2 22 B
25418, I MOT BRig L2 12 Mk &E 1, i F
AR Y 98 345 KK MOT Y6l &, Ik MOT H 75 22
6 AMYEHE FRIAT, PSR DR R T MOT SBr
T 2 DG A, MOT Dl S T 4 4~ 2,75 Se~P g 1,
Horp—AN 0 R B R B s, A ot A
O, Hod—ANE O S80I B AT TR 45
T PD Fl PMT WUEDOUMES . HRIIDG H RO FE 2 s
MEOSEHETRYRA 1L.33 EF/hE O, ARTF
NIM-Sr1 2R FH AU B2 T KA A% 7 NIM-Si2 s



92 O O ¢

a5k

BT ) 5T 07 e f 240 120, ks 2 RO T S 34k
A DA R I 1 g 2R

TE—Z MOT ¥ Hi s frp, MOT w75 2210 6
BREEZ) R 50 G/em, R Z W FE 254 B 1 T AE LI 24 R
50 A, b T #EH MOT IR, RAME 5 mm  HER
3 mm BYZS OV GBS Y [ X R 2L 2R T N VA A
K, 2 B 7 A B G T AR 20 O A BV HIKHE E
25V 2 (R FH PR SR S 2 B A ARG & . ¥ H kG
T IR 5 2 AR KA RN i 22 I 2L Sk L, A 4k
HEAKAE S AT BEAH [, S 0T B b i O 2k 1B 2 2K
BT S R BEAR A, OB HIK A3 ) 226 T — AT i
JEEAAR I 3t e, A0 SRV 2% B AR B A HIBE AN
B RE SR NI A SR, #E e MOT B KR
TSR T T R B L R T G b g o
MOT AR L B, 2 2 o Ath 52 55 /0N 41 1) 4% VBl 1) 4 4%
2 W e S R ST 4 R I RE R — 2, B R 9 s
TLLOBIF NS, IR B2 0 N Gethl X Ry
3, P EIK RS BT AP ) MOT s BE 19 1R
IR B N SRR SRS AN S FE 1R H Y

BB R

B9 L2
Fig. 9  Anti-Helmholtz coil

3 RGBT

NIM-Sr2 JF IR AT T RGN IEAL X
ARG A JE DTSR B MOT i {4 Ja A 49 101, R
FH T R S B D S AN 2 B R 7 mKC % 4800 P BEL IR B 4R
S MOT s (A i) i B EA 700 o, 1 S AR A0k T
fife MOT Jis 1A f) 300 B 6 38, i 3 IR B % Sk %) s Ao
B RIS EEAN B T AL R 22 1 2 4 el R R K
FARLIRE 50 Ji 1 ) L 0 L 3 A0 i ORI R /N, an &l 10 Bt
7N B TR A HK IR RS B 4 MRE RS %
BEAELR BT, — MR IR Sk 2 FE 2 ST BT,
P GRAE R T 1 L A XA 3R 4 5 AU
HEEAE MOT i 1, eJa — MRSk AR I = 15
25T S22 RGETERIT Z W10 K I % &, @B AE MOT
i 2R THT ) A B R S 22 ) ) i AU 250 F 45 51K 0. 166 K

AHEL NIM-Srl 14 0. 54 K 0938 S5 A W 5T, @
S GE TR R F5 5] 0. 05 K AY R EE ASH 2 B,
(1) 3] MOT Ji 1 J A 4 5 450 B A 2 3 AH L NIM-
Srl 1Y 1.6x107"7 F&A%%) 3. 8x107" AR — g%, R
P NIM-Sr2 1 R G R H AT, i #4006 A 45 9 i
TP RN 2 S s A DT A SR AR 4R 5. 90% 107 st
M 4.72x107 st FEEFPIREE 793(50) K, & H R EE
353(20) K, Hz0(1) ,(2) 3 =& LA AR SR R
—-11.3(4.0)x107", L #H ABRIEOLR S A
BB R T vk 5 L A B /N I 2 A O R B0 T ik
NIM-Sr2 G RGBS AN ol 7. 2% 107", HAAR 4 0
W22, TEANBITEAS IR WS Sk

i\ (=S
\ w-d
(O

£
&)
oo

=
ST

=ik | T I

B 10 #R37E MOT JEEAA Ly 534
Fig. 10 Layout of the sensors on the MOT chamber

2 NIM-Sr2 RiE—RiTEEER
Table 2 Latest evaluation results of NIM-Sr2
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