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1. Applications ofnertial sensord accelerometry



Applications ofnertial sensors i atsie <y

Inertial sensor = instrument which measures accelerations and rotations of an object

Inertial navigation
- Onboard accelerometers agyifometers

Y p | sadlites, submarines, ...

bias ~ 105 m.§2

l

Drift in position
~ 100 m after one
hour of flight




Applications ofnertial sensors

Inertial navigation
- Onboard accelerometers and gyrometers

— planes, satellites, submarines, ...

D biss - 107 ms?

l

Drift in position
~ 100 m after one
hour of flight

I’@vatowe ~SYRTE
e Paris

Geophysics
-Study of the

- Airbornegravimetry

Y uncertainty ~ 1 0O¢f

- Determination of the geoid

sensibilité: 1012 m.s?2

undergr

ESA/GOCE, 2011

ound

(o



Applications ofnertial sensors "@va;ggef

Inertial navigation
- Onboard accelerometers and gyrometers

— planes, satellites, submarines, ...

5

l

hour of flight

bias ~ 10 m.s~

Drift in position
~ 100 m after one

Geophysics

- Study of the underground (oil, gas ...)
- Airborne gravimetry

— uncertainty ~ 1 pg

- Determination of the geoid

ES4/GOCE, 2011

sensibilité: ]0_12 m.s'z

SYRTE

Fundamental physics

- test of the equivalence principle

- detection of gravitational waves

- measuremendf G anda

- metrology (Kibble balance)

10—15

Required sensitivity:
=2
m.s“atfg,,

(~ 1 Hz for example)




Accelerometry iWyaie <

1. Following the motion of an object which is linked to the accelerated frame

- Piezoelectric accelerometers Acceleration
- MEMS accelerometers

- Superconducting gravimeters, electrostatic accelerometers

(the proof mass is maintained fixed in position)

4—‘

forces




Accelerometry

I’.@vaton’e SYRTE
E Paris H

2. Measure the displacement of an accelerated frame

with respect to a free falling object:

- Corner cube gravimeters (Faller, 1967)
- Matter wave interferometer

(neutrons, 1975 atoms, 1991)

Objet
In freefall

Ruler

Accelerated
frame




QuantumAccelerometry (i oire <

Use cold atoms in free fall to read the phase of the laser linked to the accelerated frame

Y measur ement of t he distance in units of t he

_ Number of scale divisions]:
|
a

2
position at t=0 aTl

/

laser

position at t=T

aTaser I

. position at t=2T




Ordersof magnitude v@vetggef

2
aTl
Number of scale divisions ~ ———

/

laser

- Ruler is a laser with scale division givendgy. .~ 0.5 pm

- Smallest measurablea, ./ 1000 (SNR = 1000)

Interrogationtime 2T ~ 10ms Interrogation time 2T ~ 10 s

Y Sensitivitylimsacfk¥!l 2emgiitoinsi t y~1G"msad¢cel er at

Best airborne accelerometers Best gravity sensors

N v

Two interesting applications

for atom interferometers

10




Outline

2. Principleof atom interferometry

I’.@vatolre - SYRTE
de Paris :
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Principleof atom interferometry

A Analogywith opticalinterferometry

A Useatom-laser interaction tadeflectmatter waves

space

A

- detection

time

: -
0 T 2T

Interferometer basedon asequenceof 3 laser pulses

I’.@vatolre
de Paris |

SYRTE

12



Phasdlifferencebetweenthe two paths " <
space -
A Phaseof theinterferometer :3 B R 3
v vt v
: : ; 5 : phaseof the quantumwavepacket
f “E’?e*r‘a'mf' | detection o = p(0) —p(T) + p(2T)
el ﬁ d
o> | =0+ (T) 40
input 4~ 4- - time
[:] T T > « Daser phase« ('Y QY —aCy t* )
35 e (M ¢ (Y <Y Qam ca’y alc )Y | Samplingf the positions at thehree pulses
For a constanécceleratiora, a(0) -®O0 + 3B QXY
Keyadvantages

scalefactor scalesas Y Benefitof coldatoms
dependson time (T) andrequency(k) Y Sltraceable accurate biasfree

13




Phasedifferencebetweenthe two paths s <

T LGustavsoret al.,
Class. Quantursrav 17 (2000).

AD = AD + AD

acceleration rotation

— “T — Rotation
keff'a k VT - phase shift:

Direction of atoms

/ Two atomic sources of opposite directions sum: acceleration \

| | , AD = AD, + AD,

b oG, ; ! | G 2
| | . .
. I Difference: rotation
| |
I I AD, — AD,

= Aq)r'o‘l' = 2 2
Source B l ' ' Source A

N 1 Ll L p

14



Measurementof the phasaifference "'@vsstewes

espace
LY
A
0

B AY

Signal at the output of thenterferometer

P =Py — Acos A®

Normalizeddetection
of the two populations
by fluorescence

P :Nup/ ( Nup+Ndown)

RTE

0.7 |
0.6

05}

03}

Probabilité de transition
[ ]

0.2

-25.1435 -25.1430
a (MHz.s™)

15



Typicalexperimentalsequence iByagie i

atoms in free fall

 Laser cooling/trapping preparation ,  interferometer ,  getection | > time

tI:o 250ms ! 20 ms ! 2T ~ 100ms I 30 ms
| I )

\ .
| : : H |£_t_) \I
| I | ! I
| I I I
, I N V'S
I | - I I
6 _
108 atomes I 10 atomes, m,=0 I ! 4 AL

| I | |

Typicakycle time : 0.2 1 s
Repetitionrate : 1- 10 Hz range

\V
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3. Gravimetersstate of the art guantunaccelerometers

17



Gravimeter a verticaliccelerometer rgpuuie <

| Laser1
Extinction Jl’
PMO-3D B 25 0 T 2T
e 2(0)=0
. - 2(T) = %gT2
- alf,p)
- /8‘(3: KTJV h-E(,[1'>
— (QT) = 2¢T"? T~V o~
- 3 QAY
. - Important!
Detection o :
) Laser 2 the positionsof the laserequiphases

Mirror  ————— . aredefinedby themirror position

Interferometer measurement = measure of the relative displacement atoms / mirror 18
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Anexample: the SYRTBravimeter s -

double < seismometer
magnetic @
shields 1
Raman beams
collimator
2D-MOT
- 0+l G.
87Rb . @
=g \ West
. = 3D-MOT
East ——— | beam
3D- MOT \ T apMOT
beam

Symetric
detection o | o,
X A4
retro-reflection
mirror
isolation
platform

19



Anexample: the SYRTBravimeter e e

Laser system
Dropchamber

Controlelectronics
Power supplies

N
\ : - — 710 20



Sensitivitylimits: vibrations v@vgtwe:

10| — Plaefome OFF dejour | ] Typical noise in urban environnement
: —— Plateforme ON de nuit \JU\t

S 190 MM : Without isolation platform: 2.9- 106 g/HZ'/?
g 107 WM f W\*\W | With platform: 7.6 - 16 g/Hz22

10°F GAIN : factor 40

Fréquence (Hz)
. He —— Not corrected
Postcorrection —— Corrected

0.8

Seismometet———=>> PC —>> K gT2

v (t FSY 1‘

Interferometer KqgT?2 +f ;>

Transition Probability

0 2000 4000 6000 8000 10000 12000 14000 16000

Number of shots

Provides additional gain from 2 to 10 depending on vibration noise conditions
6 10° g/HZY2 (quiet, LUX) 15 10° g/HZ2 (urban, WB lab;Trappe$



Sensitivity

I’.@vatowe
E Paris H

Comparisorwith a corner cubgravimeter

FG5X#216 (3 s cycle time)

CAG (10 times faster measurement rate)

Drag-Free
Dropping Cham

Mach-Zender

SYRTE

ber

Free-Falling
|~ Comer Cube

..................

..................

Avalanche
Photo Diode

Interferometer

Superspring

Unit of reference(usedin geosciencg 1 pGal = 18ms?F -¥gn
MJD
56589.9 56590.0 56590.1 56590.2
< 50fF '
S of
o> 50 F 10}
q L
100 |
50 | ©
- O

= | =
Q i lmwmn'l R gy L =
— 0 rw IW'Tr"‘ i MRV IR TACHGHOY (A e IR RINRAR L i lnl]rqnlr"rrumw >
© ll“u Wi, ;.| 0 b R e L o Jhl.lltu\.l.m..uuwliljl bm
=) L ]
O [m”'” N RS | ] . |
w
o

50| ]

56589.85 \ 56589.90 56589.95 0.1
MJD

CAG : Better immunity vs earthquakes

100 1000 10000

S

Better sensitivitythan « conventionab» instruments 5.7uGal@1s




Continuougneasurements

25 daysof (almosi continuousmeasurement
Concurrentoperationof two intruments: CAG andGrav

980890850
' |
980890800 Nﬂ M n VM n ﬂ
g | M | M
% 9808907504
o)
980890700
|1 |
9808906501 H | —  CAG
IGrav
0
I
S
S
)
e ! I ! | ! | ! | ! | |
0 100 200 300 400 500 600
Time (h)

1 pGal=18ms2~107g

I’.@vatolrei SYRTE
de Paris H

Dataaveraged
over 400 CAGhots
=176s

Averagedver 1h
Residual? pGalptp

23



Continuougneasurements

Record londerm stability by the GAIN, HU Berlin

I’@vatolrei SYRTE
de Paris H

A o3t b :
% 500 -~y T D o
£ L. TV N N
“g"a 188""!‘ o T > i
c e . A

- ""::t... """-9__‘4 . £
hel "‘--:“., <
% 10f = I
> t : 5 '~ ]
a o GAIN 1°* campaign T ool . - FG5X-220-
[ A
 1f d - o ' N ]
= 05 m GAIN 2"° campaign 2 : .\\ — GAIN

+ FG5X=220 2" camp. or S .. . SCG |

0.1 Lo - - : T T !
1 10 100 107° 107* 0.001 0.010 0.100 1
/s Frequency/Hz

Beststability: 0.5 nm/$ - 0.05uGal

24



Accuracy I’@vaetgr!srez SYRTE
01 /\3__5/\/\
Effect Bias u / \
pGal  pGal Optics & cloud 02 // /\\/\
Alignments 2.4 0.5 expansion /
Frequency reference -4.6 <0.1
RF phase shift 0.0 <0.1
vqqg -10.3 <0.1
Self gravity effect -1.3 0.1
Coriolis 1.3 0.8
Wavefront aberrations 0.0 4.0
LS1 0.0 <0.1
Zeeman 0.0 <0.1 =
L.S2 7705 g
Detection offset 0.0 0.5 &
Optical power 0.0 1.0 N
Cloud indice 04 <0.1 Y T
Cold collisions <0.1 <0.1 0o 1 2 3 4 5 6 7
TOTAL -198 4.3 To ()

Need to limit the expansion of
the cloud




I’@vatou'e |

“SWRTE

de Paris

Evaporativecooling

In adipoletrap

Temperature range: [50nK -7 pK]

Accuracy
Effect Bias u
pGal  pGal
Alignments 0.3 0.5
Frequency reference 0.5 <0.1
RF phase shift 0.0 <0.1
vgg -134  <0.1
Self gravity effect -2.1 0.1
Coriolis -5.3 0.8
Wavefront aberrations  -5.6 1.3
LS1 0.0 <0.1
Zeeman 0.0 <0.1
LS2 -3.6 0.8
Detection offset 0.0 0.5
Optical power 0.0 0.5
Cloud indice 04 <0.1 °r
Cold collisions <0.1 <0.1 A
CPT 0.0 <0.1 8 |
Raman a LS 0.3 <0.1 > L
Finite Speed of Light 0.0 % A
TOTAL -285 (2.0 ) o
—

Atom temperature (pK)

10




Transport out of théaboratory @ -

Moving to Walferdange Underground Laboratory (Luxem ourg)




Internationalcomparisons .f@@tg,ﬁ

| CAGG609 (Bl PM) : CECAG (2011, LUX)

30 T T T T T T T T T T T T T T T T T T T T T 30
251 7425 ™ H——
2l R = Results
15L [ 115 FG5-233 | —@—
g ] I L ¢ ? _ ,150 FG5-202 H—@—
= 5 FG6X-216 H-@—
g 1s FG5220 H-@—f
e 1-10 FGS-103
1-15 |Fcs-215  1—o— |
1-20
125 s
-30 P" 2009 = 1 6 (7 8)
g FGS5-237 . .
= FG5-228
J R 2011  +5.4(5.7)
Absolute gravimeters Sokas 2013 + 62 (55)
|mccor——e+—|
CCM.G-K2 (2013, LUX Fos2:2 @
]
25 FGS-301  —@—
Py = FGSX-302 |—@—
I B
FG5102  +—@—

Sytef SEEFEELT EEE : 2 46 0 6 0 6 10 16 20
- r 3 [ 1Lk 7 Degree of Equivalence / pGal

.
e

Wil

H

Degree of Equivalence /microgal

IIHI‘LEH IIHJIII\FGS_.leH

| Two« key» comparison2009 & 2013
Eszzizazbizozzoizis CAG : $atom gravimeterto participate

————————mwwerer All other instruments: corner cubgravimeters

~
&



CCM.&K3

6 atom gravimeters
out of 30 instruments in total

Thirdkeycomparisonn 2017 in China

(4 havecontributed)
All from chinesegroups !
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Atom gravimetersanticipated

to be referencestandards

in the future

29

Sincethen, a newkeycomparisonn 2023



Quantumgravimetergon theground) "@V%tpg!!e

State of the art quantum (verticaflccelerometerss quantumgravimeters

2T (ms)

Sensitivity(/HZ/2) 5.7 1099 4.2 1099 (2 10°%) 10 1099 50 1099
Longterm stability < 10%% 5 10%% 510%g 10°%g
Accuracy 2 10°%g 3 10°% 3 10% Afew 10°%g

Differencesn T (andhusin the scalefactor) do notnecessarilcorrelatewith the performances




Deploymenton thefield by INGV

eXaillAQG = compadravimeter
for in lab and onfield operation

Specifications & Characteristics

Sensitivity:

Measurement frequency:

Long-term stability:
Accuracy:
Dimensions :

Laser & electronics:
Mass Sensor head:

Power consumption:

I’.@vatowe -SYRTE
E‘ Paris

érence Temg dace

SLN (iGrav#16)
1730 ma.s.l.
6600 m from the Summit Craters

MNT (iGrav#20)
2600 mas.l.
3500 m from the Summit Craters

PDN (AQG-B03)
2800 ma.s.l.
2500 m from the Summit Craters

50 pGal/vHz at a quiet place

2Hz ) B
<1 pGal ~ \ T
i . :
under evaluation N R N
Sensor head: h =70 cm /D = 38 cm A ulg d
100 x 50 x 70 cm’ 0 skmp. o
e % ‘ﬁ

Mt. Etna’s continuous grawty network

R e

g A ¢ o
\x"// ‘1': __:"L
75 ' {
NIC |

Summit craters__

o1,

g La Montagnola hut

25 kg, control unit: 75 kg

250 W typical

31



Deploymenton thefield by INGV v@vdetpggef

Recordingof high-quality time series allowingto track volcanorelated gravitychanges

Lava rountains

N O VT T A ! | 2021 lava fountains at Mt. Etna

60- T T
saacelay | AQG-B03 @ PDN
50- P ( ! 10 min and 1 day averages
40- | : :
SRR R h b i |
30- 1 w Gl . AT
! WK
=20~ i VTR T
O 1 T T R R s SR
G o : | '
= ] I
o O a : T
=Y | . iGrav#20 @ MNT
o i hae L o e \ 10 sec and 1 day averages
i | Taur |
S 20 A a, WO Y ollc WRLIED L OB ol et I L i
oo T T T ey gill IR L (NSRRI |1 L) e
%10 : : .......................................................
> ] |
© A
® 9 : ; 52 - - -
) ) i iGrav#16 @ SLN
Sl R S| : 10 sec and 1 day averages
20 S M s o o Shodoiidl
\ L tnnnnentnn sttt et saeennet et tesanttasnnsnstanaset S tensttnerts,
| I
10 L4 Gravity decrease phase 3!
0 T T T T T T T T T T T T T T T
16/05 26/05 05/06 15/06 25/06 05/07 15/07 25/07 04/08 14/08 24/08 03/09 13/09 23/09 03/10 13/10 23/10

2021

Combinedanalysiof gravitychanges andleformationfield by GNS&llowsobtaininginsight on thedynamics



Deploymenton thefield by GFZ & BKG e o

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Gravimetric field survey with an Absolute Quantum Gravimeter

Instrument: Muquans AQG#B02 Study area: Gravimetric footprint network of the
Sites: 4 field sites Geodetic Observatory Wettzell, Germany

(forest/grassland),

Wettzell
servato -

564 m amsl,
gravity difference to
Wettzell Ag,= +5.13 mGal

643 m amsl,
Ag,=-7.56 mGal

607 m ams|
g= 980837.1 mGal

807 m amsl,
Ag.=-48.03 mGal




Deploymenton thefield by GFZ & BKG e <

AQG field survey results — Sensitivity and precision

A total of 15 measurements have been
performed at the different sites within a 4-day
survey period, with a duration of at least
about 60 minutes for each measurement.

Statistics of absolute gravity g after 60 min
(as mean of all 15 measurements):

® Standard deviation of raw data (individual
drops of about 2 Hz): 273 nm/s?

* Standard error of mean: 11 nm/s?

* Slight dependence of precision on wind
speed (turbulence causes movements of
truck with AQG laser unit and of laser
fibres), see example for MUN

Example of AQG measurements
Wind speed (m/s) at field site MUN

| A
AV TV IPNRIPN
Air temperature (°C)

\"\/Nf\/\/\ﬂw\vﬂ\/\/\’/

Standard deviation of g, 1 min movmg window (nm/s?)

ﬁf\
/'(lfU A lfw\ L““WL LA h |

wwrs G (nM/s3)

"o
®0Ho
MO
neo
e N e 1™ 2w (TS 310 (TS5

Time
94



Onboard measurements v@vetgge

Developmenif a compacgravimeterfor marinegravimetryby ONERA
Measurementcampaignson the BeautempsBeaupré (Frenchlavy)

KSS32 relative Marine Gravimeter Cold Atom Gravimeter
(Bodenseewerk) (Onera)

Better performance forgravitymappingwith the absoluteatom gravimeter
Suppression of calibratiogrrorsand drift corrections

— Gain of a factor -3 on theuncertainty(mGallevel) + Planecampaign

35



Outline

4. ColdAtom InterferometerGravityGradiometer

I’.@vatolre - SYRTE
de Paris :

I
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CAlGravityGradiometer (i oire <

«+—  upper gravimeter

<«+—  |ower gravimeter

population

detection

e !

Oﬂl— MOT

A w £
<+— Raman beams

Simultaneous interferometers on two
cold atom clouds with common Raman
lasers

Differential measurement allows for
extracting the acceleration difference
and thus the Earth gravity gradient

Suppression of common mode noise,
and in particular of the vibration noise

Adapted for onboard measurements



Gravitygradiometers i tgire <o

Comparison®sf gravitymapsrealizedwith
1) groundtbasedgravimeters
2) airbornegravimeters
3) airbornegradiometers

Ground Gravimetry Airbome Gravimeter FALCON AGG
S00m 1o Skm Statons 4km Line Spacing 1km Line Spacing
Difficult Access ~ Tkm Filter 150m Resoluton

38



CAlGravityGradiometer i acie v

Yale/Stanfordaround2000

10" ;
- 102 |
& ]
Q
1.4m < S
102 10° 104
(s)

Demonstrated differential
acceleration sensitivity:

—— 4x10° g/HZ?
(2.8x10° g/HZ/2 per accelerometer)
Gradient sensitivity~ 30 EHZ/?




Measuremenwof G i atcie <

Stanford (M Kasevich Florence (GTino)

Gradiometer phase [rad]
2
(rad)
£

158 = — T
160 . : : (a) ] ' '.
1.212a45 1.218a45 1220045 1.224a+8 o .r‘:"’ .
Differential acceleration sensitivity o
demonstrated: 10 g Combined uncertainty1.510%on G

Statistical uncertainty: 2 18on G



More recentachievements v@vetggeg

eXailgradiometer ZEe) I L .
Sensitivity: 50E @ 1 s 20 £ ; ‘Seconcgeneration
Longterm stability: 0.1 E - BF ;,::"I‘}; instrumentcurrently
< 1w0f /.f \I\I E underdevelopment
0 E-I::::::{ ) S I Europearproject FIQUQgS
_5:|....|....|....|....|: ;
- _I;ass pogition (m; i FLQUQJ-
| N
Camille Janvier et al. https://www.fiqugs.eu/

Phys Rev A 105, 022801 (2022)

U Bhamgradiometer
Sensitivity. S00E @ 1 s

Longterm stability: 20 E a o] b
é 504
= BenStrayet al.,

s " postenn) - Nature 602590¢594 (2022



A wealth of activities(academicHndustry) v@@tgeye

Greentand Gradiometerat sea
Bham
Iceland
Russia
Norway
1an
s Hangzhou
Ukraine Kazakhstan 1
' ' ' Mongoka Gravimeters
Italy
Spain
*S(ale; Norl ’y China a.t Sea
tlantic Alghanistan i
Sl Boa, " o A in a truck
Algeria Libya Egypt Paldst
Saudi Arsbia ndia
Thail
Mah Niger Sudan Y
Chad
Venezuela e ESNopia 9
3 g Colombia
- A ] : DRC Kenya
. - Indonesia P N
VectorAt0m|C . Tanzania agg:m:w
. Peru Angols
Gravimeterat sea Bolivia
Namibia Madaoascar indian
Botswansa 9 ea Australia
Chile )
South Alrica ,
Argc-nhnn

NomadAtomics
Portablegravimeter




Outline

5. Othersensorsand applications

I’.@vatolre - SYRTE
de Paris :

43



Inertial navigation (itoire <

Most « natural » field of application

But there are difficulties
V Conventionakensordhave {ery) highlevelof performances
V Constraintdue to theharshenvironment

V Size Weight Power budgets demanding

V Incompatiblewith deadtimes

Onepossible solution toovercomedeadtimes: Hybridization



Inertial navigation

S.Templieret al, Trackingthe vector acceleration with a hybrid quantum accelerometerad

SciencéAdvances/ol 8, Issue 462022)

A
Laser cooling 9 l

& interferometry beams
z 0
¥
w X
=

\ il \
| LY
ki *Rb atoms/ ' )
‘ “7,' 9;,‘

MOT coils —> "\ \ A
Al4-plates { | y \‘\
- _—

g

Liquid crystal

Mechanical
accelerometers

N

Laboratoire commumXAtom(LP2NXblue)

Longterm stability of 60 ng
High data rate (1 kHz)

absolute magnitude accuracy below 2(H

pointing accuracy of # NJ R

retarders Demonstration of the first guantum accelerometer trig@duAT)
} Measures accelerations along three mutually orthogonal directions

45



Coldatom gyroscope

ABasedon a 4pulsesequence
ANo DCacceleratiorsensitivity
APure gyroscope

- /m
] | - |
{ | P g Main results
& s Y 4 Ao . A Zerodeadtime operation
£t { Cehere A Stability: 0.2nrad/s
=2 (state of the artatomicgyro)

46



Chronometriageodesy

47

¢ Principle
A Comparedistantclocksto determinedifferencesin the gravitationalpotential
I/Q UQ — Ul
A Sensitivity. 1018€& 1cm v 1 — 2

¢ Specificity
A Directmeasureof the potential
A Localmeasurement
A Sensitivityto masssourcesn 1U/r

¢ Towardsapplicationsin earth sciences
A Firstdemontrationsrealized
A Obijective allowto reachthe 108 levelanywhere
A Transportableclocks
A Developfiber andfree spacelinks

Transportable
Jock



48

Fiberlinks

¢ Exampleof the Paris(SYRTE) Braunschweid PTBYiber link

A In1s,the link comparesaswell assatellite methodsin a day
A Allowsto compareto better than 1018 over continentaldistance: A IR MR AL

10'“"? \:\.\: 5

total Allan deviation cy('l:)
)
]
a
o
e
.J/.
(o]
]
-Ho—a
e ]
HH
HOH
HO—

1077 L .

10

\Hf

10-19 T B S 1T B AU TIT] B A W T B R T
1 10 100 1000 10000 100000
averaging time 1 (s)

[N

. Repeater laser station "
. Bidirectional amplifier
~

. Brillouin amplifier \,

¢ Constructionof an europeannetwork for clockcomparisonsand the dissemination
of stabletime andfrequencyreferences



Conclusion e o

o Maturity of atom interferometry techniques for the developmentf inertial sensors

o Performances compare, or overpass, classical technologies

o Industrial transfer realized and commercial products available

o Current efforts towards reduced SWAP and improved on the field operability

o/ £ SFNJLSNBLSOGIADBSE F2NI AYLINROSYSyida 0]

o A variety of fields of applications:
fundamental physics, geosciences, reservoir monitoring, exploration, civil engineering
VIGAIEFOGAZ2Y X






Increasinghe interaction time @i -

Release VEaunchedfountain geometry)

Increasingl increases

- the intrinsicsensitivity(the scalefactor) e 219 G SLL Gl
80 ms 12.5 cm 3cm

- the size of theexperimentalset up 300 ms 1.8m 45cm
1ls 20m oSm
1.4s 40 m 10 m

A fewongoingprojectsof 10 mtall chambers

Stanford Wuhan Hannover

E I
°
e

I E

~

s

-
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Test of the WEP |"@vdaeggjsre§ SYRTE

Comparinggravityaccelerationexperiencedoy 85Rb and 87Rb
Asenbaum et al, PL 125, 191101 (2020)
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Active vibration isolation

. Vibration Isolator Performance
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