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Plan and Design

5A<EP (Equivalence Principle test)

“,"’/ -CE (Clock Experiments) : :
€& (Rotation Measurement) A platform to test gravity theory with

-GW (Gravitational Wave detection)s large scale atomic interferometers,

-DM (Dark Matter detection) gyros and optical clocks
-GG (Geological and Geophysical measurement)
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ZAIGA-EP 0 Equivalence Principle test
& 10-mAls, 240-m Al

ZAIGA-CE 0 Clock Experiments

o0 Sr clocks
Rotation Measurement
0 20-m gyros
Gravitational Wave detection
ZAIGA-GG g o Alarray (™, /l) clocks

~ 0 Dark Matter detection
o Alarray (™, /l) clocks
Geological and Geophysical
measurement
0 gravimeters, seismometers

ZAIGA-DM

Mingsheng Zhan et al., Intl. J. Mod. Phys. D 29,1940005 (2020); arXiv:1903.09288
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Mission assignment 3 Phases

) Horizontal tunnel
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Phase | o diversity in the 240 m Al
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Phase | Goals: building abilities

ltem Project Goal

Al baseline (Free fall time) 240 m (T? 65s)

Atom species for Al 8Rb 8/Rb 8/Sr 888Gy
Gravity measurement 13 101%g

Rotation measurement 83 10%%rad/s (2 10° /h)
Stability of Sr/Yb optical clock 23 1018

Local gravity monitoring 1 nGal



Main parameter design

ltem EP GW
Vacuum pressure ~13108Pd  Collision loss of RE 1.3%@3% 6%@14€
Diameter of vacuum pipe 200mni” Rotation compensatioA30mm@240rh T=7<
o | <10nT (Rb) <10nT (Rb)
Magnetic field fluctuation <10nT (RDb) , )
~100nTT Sre ~100nTT Sre
Atom number 10°~1C¥/shot ~10/shot ~10°/shot

>5WI Sl 698 nmi 689nn€

Laser power >10W 780 nn€ >5WIT 698 nn€ -
>10WM" Rbl 780 nn€

U. D. Rapol A. Wasaret al. arXiv:physic$0204022v1
J. Glick, Z. Cheretal. AVS Quantum Sci. 6, 014402 (2023)
Mingsheng Zhartal., Intl. J. Mod. Phys. [29,1940005 (2020)
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he Site location
TN ?wpf v l E“T G

—

:k Beijing,
4__,-'«_,‘:.;_‘: '“3}? , “ ea\qer
K.,\».' ‘,'_’ \(a“g’\l

:’ g ZiIR=
HUARONG
DISTRICT
EEX

HEBEM

3
3 'S5 Huanggang
=1

\
\
670
Y

GANSU- o

i z SHANXI {

) SHANDONG
Y

( \

N\

}N[NGﬂAi_“ :

: 3§ SHAANXI
s ki XiAn e
I China . & ® mem i~
Lo ; o E
S HENANp <7 3

, .:‘.._-:'"'._JIAP\""
64

\
\
\

¢ ‘|' ”,";
Liangzi Lake 5
BFH «
umcik

. Hueq__‘_Lq
G107
DISTRICT
27X

————-—- ql$ “
@ ZHEJIANG 2

I
I
I
I
a
AL
1]
A
I
I

Cheng?g

PEB

SICHUAN °< Wn‘g

MANGXI?Ff“‘LHL_

% ! Zhaoshan
(Mountain Zhao)

Taipei
FUJIAN fﬁjt
®

Taiwan

L l
I
r

B ':‘."\El.',‘:m' = N
F“GUIZHOU &~ HUNAN 1
e ’

I

'

-

GUANGXIy \§UANGDONG 2
Kaohsiung
City

YUNNAN
Hong Kong

E




About mountain Zhao ( Zhaoshan )

The weather in Mountain Zhao

Location: E 114.67£ and N 30.17£ Mountain Zhao

Mean annual precipitation: 1476.8 mm.

Mean annual evaporation: 1480.7 mm.

Annual average temperature: 17.35t .

Average air temperature in July and August: 29.3 1
Average air temperature in January: 4 1

Average annual frost days: 29.8 days.

Underground water

Bedrock fissure water with a general burial
depth of 10-80 meters.

A normal water inflow of 1335.3 m3d and a
maximum water inflow of 2002.90 m3/d. (water
balance method)

A maximum water inflow of 1037.88 m3/d and a
water inflow of the vertical shaft is 130.61 m3/d.

(groundwater dynamics method) Area: about 20 km?

We need to pay attention to underground water. Altitude of main peak: 418.8m



Tunnel engineering geology
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ZAIGA is located in a geologically stable environment
engineering geological conditions are favorable

and the

There are no geologic constraints impeding the construction of

the project.
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Background magnetic field noise

400 —— A: Zhao Shan (peak)
?‘.\ ver 1 : (B; ir;)a;\(/l) Shan (town)
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G4 . .
A: Zhao Shan (peak) B: Zhao Shan (in the town)
Liangzi Lake G106 | ~50 nT ~100 nT
DFH
C: APM (in the city)
DISTRICT ~2500 nT (Subway in operation)
- I ~300 nT (Subway shut down)

The ZAIGA facility is situated within an ecological conservation zone,
ensuring the long -term stability of its surrounding environment.



Phase | 0 design and sketch
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Phase I: The shaft and the Experimental hall
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Shaft of ZAIGA
Height : 228 m
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t:_B Area : 200 m 2
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~—= 5l To provide more space for future

experimental system upgrade and research
=me  content expansion, the shaft adopts multi -
5 story design. This kind of design is also
A A convenient for the installation, maintenance
of the long baseline atom interferometer.
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Planning of the shaft and the experimental hall
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Gravity observation networks and platforms

Absolute gravity observation Relative gravity observation Design of seismometer array



240 -m atom Interferometer
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Vacuum chamber module

Bellows

Titanium sublimation
pump (TSP)

Support cage

lon pump
sublimation pump
getter pump (Getter)
vacuum gauge
vacuum valve

Module 1%

length x 12 me 5.7m+ 0.6m+ 5.7m(
diameter x 200 mm

thermal expansion x 5cm

vacuum pump X TSP Getter lon

Module 2%
length x 6m
diameter x 200 mm

Middle

300 L lon
Ti 1000 L Getter 0 1.1E8Pa
1000 L TSP
300 L Ilon
Ti 1000 L Getter 2.?.2%" 2E-9Pa
2000L TSP

By Limit Vacuum Technology (Beijing) Co. Ltd



Ultracold atom source

Yb clock:
5.4E-18
~100nK
~1C( atoms
Sr Vacuum
Chamber

Vi 14y ‘/‘,“;;‘r e 1A )

Next step X
~10 % atoms, atom clouds transfer,
large momentum transfer

Next step:
Sr clock and interferometer

By Dr. Rundong Xu By Prof. Linxiang He



Large atomic beam source

Signal of atomic fluorescence/V

0.51

— Ramsey signal

Two-photon detuning/kHz

Signal of atomic fluorescence/V
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Magnetic shield

(i): Welding+annealing
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Y. H. Jj et al., Rev. Scinstrum 92, 083201 (2021).



HGSE method for magnetic field measurement

Hyperfine ground state exchange (
Real-time magnetic field measurement

HGSE)
method

Upper ground state Al Lower ground state Al

Blow away Blow away  Blow away Blow away Blow away
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The HGSE method is still valid in the
presence of other sysmatic drifts

Arxiv



Optical and electronic system

Fibers

50 m

Optical frequency comb 780 nnt 2~10W, <100Hz @1s
Platform optical system

Portable optical & electrical system

461nm: 2~5W, 1064nm: ~160 W - amE
780 nm:2~25 W, 698 nm=8 W \L/Vm o tempel’_rat“re& >
S R 0 asers for cooling anttaping

461nm: >1W, 780 nm:>3 W
High power laser source 1064nm: ~50 W




The Wuhan 10 -m Al

85Rb 87Rb

o0 DF EA 4
gAl lgB N
P 21=2.86s

Weak equivalence principle test

Vacuum chamber  Magnetic shield
12.3m, 2310®Pa 11.4m, 8 nT (10 m)

L. Zhou, et al., GerRelat Gravit. 43, 1931(2011)

SRb [F=2) [F=1) ey >

Blow away Blow away Blow awa Yy

Four-wave double -diffraction
Raman transition (4WDR) scheme

Phase shear readout
8’Rb: T=1.3s, 4.5101Y/shot
85Rb & 8’Rb : T=1s, 8.61012@7168s



Equivalence principle test

EPtest 4WDR
85Rb 87Rb

2015, mass test 3.0! 10
Q@ !
Lin Zhou, et al., Phys. Rev. Lett. 115,013004(2015)
8 4 EB
B S 2019, mass test 6.7! 1010
& -3 , !

Lin Zhou, et al., arXiv:1904.07096 [quant-ph] (2019)

2021, mass-energy jointtest 1.4} 10 0.4, 1010

Lin Zhou, et al., Phys. Rev. A 104, 022822(2021)




Sensitivity Improvement of the Wuhan 10 -m Al

1E-7
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€ T=650 ms

10 100 1000

Averaging time ¢ (S)

10000

2015

A4WDR method 8E-9
L. Zhou, S.T. Long et aPhys.Rev. Lett115 013004 (2015)

Coriolis effect compensation
W. T. Duan C.He et al.Chin. Phys. B9, 070305(2020)

2020

AC Stark shift Optimization 7.3E-11
L. Zhou, C.He et al.Phys.Rev. AL104, 022822 (2021)
2022

Shear phase readout 2.5E-11

L. Zhou, S. T. Yaret al.Frot. Phys.10, (2022)
S. T. Yan et alPhys. Rev. A08 063313 (2023)

2023
Gravity gradient compensation 8.6E-12



Research Roadmap

Building abilities

Scientific Tests DM & GW

ltem Goal ltem Goal ltem Goal

Al baseline (Fallingtime) 240m (T2 65s)

Atom species for Al 85Rb 8’Rb 87/Sr 88Sr

Gravity measurement 18 0"
Rotation measurement 83 1012rad/s
Stability of Sr/Yb clock 23 1018

Local gravity monitoring 1 nGal

Phase |
2022- 2027

240 m Vertical Al

20 m Gyros

10 m Dual Rb/SAl
2E-18 Optical Clocks

WEP test h~1013 Dark matter probe d~10%@ 1 Hz
Redshift test U~ 105 GW detection s~102'@ 1 Hz
LenseThirring effect  ~10'4rad/s
Dark matter probe d~10*@ 1 Hz
GW detection s~10¥@ 1 Hz

2027- 2035 2035-

240 m Vertical Al array
1000 m Horizontal Al array

2 3000 m Horizontal Al



Acknowledgments

Group members Ming-Shen Zhan, jin Wang, Chuan He , Sitong Yan, Run-Dong Xu, Dong-Feng
Gao, Xi Chen, Runbing Li, Min Liu, Wei-Tou NI, Lingxiang He, Haoming Yan,
Jiangcun Zhou

Graduate students Yu-Hang Ji,Zhuo Hou, Jun-Jie Jiang, Jia-Qi Lei, Zhixin Li, Lu Zhou, Yuxuan
Pan, Youmeng Hul.

Ministry of Sci& Tech of ChingdMOST)
Funding: Chinese Academy of SciencegAS)
Natural Science Foundation of ChifiSFC)

Thank you for your attention!



	幻灯片 1
	幻灯片 2: Outline
	幻灯片 3
	幻灯片 4: Mission assignment
	幻灯片 5: Phase I ：diversity in the 240 m AI
	幻灯片 6: Phase I Goals:  building abilities
	幻灯片 7: Main parameter design
	幻灯片 8: Outline
	幻灯片 9: The Site
	幻灯片 10: About mountain Zhao (Zhaoshan)
	幻灯片 11: Tunnel engineering geology
	幻灯片 12
	幻灯片 13
	幻灯片 14: Phase I: The shaft and the Experimental hall 
	幻灯片 15: Outline
	幻灯片 16: Planning of the shaft and the experimental hall 
	幻灯片 17: Gravity observation networks and platforms
	幻灯片 18: 240-m atom interferometer
	幻灯片 19
	幻灯片 20: Ultracold atom source
	幻灯片 21: Large atomic beam source
	幻灯片 22: Magnetic shield
	幻灯片 23
	幻灯片 24: Optical and electronic system
	幻灯片 25: The Wuhan 10-m AI
	幻灯片 26: Equivalence principle test
	幻灯片 27
	幻灯片 28: Research Roadmap
	幻灯片 29: Acknowledgments

