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ACES {sesa

ACES payload

Columbus CC

Ground clocks
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Fundamental Physics Tests
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ACES Mission
Objectives

ACES performances

Scientific background and recent results

Fundamental physics tests

Measurement
of the
gravitational
red shift

Absolute measurement of the

gravitational red-shift at an uncertainty

level < 50 - 106 after 300 s and <

2 -

10-% after 10 days of integration time.

Space-to-ground clock comparison at the
10-16 |evel, will yield a factor 70
improvement on previous measurements
(GPA experiment).

Search for time
drifts of
fundamental
constants

Time variations of the fine structure

constant « at a precision level of
a?l-da/dt< 1101 year 1

down to 3-10-18 year -1 in case of a

mission duration of 3 years

Optical clocks progress will allow clock-to-
clock comparisons below the 10-17 level.
Crossed comparisons of clocks based on
different atomic elements will impose strong
constraints on the time drifts of «, m, /Aqcp ,
and m, /Aqcp -

Search for
violations of
special
relativity

Search for anisotropies of the speed of

light at the level 6¢c / ¢c < 1019,

ACES results will improve present limits on
the RMS parameter «a based on GPS
satellites by one to two orders of magnitude.
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Gravitational Redshift Test

£ — 71T 157 o _{ 7
— 7

Gravitational
red-shift

Sagnac effect
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Relativistic Geodesy

Relativistic geodesy: mapping of the Earth gravitational potential based on the

precision measurement of the red-shift experienced by two clocks at two different
locations

o ACES will perform intercontinental comparisons of optical clocks at the 1017 level

after 1 week of integration time, measuring the local height of the geoid at the 10
cm level.

o The global coverage offered by ACES will complement the results of the CHAMP,
GRACE, and GOCE missions.
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ACES Mission
Objectives

ACES performances

Scientific background and recent results

Fundamental physics tests

Measurement
of the
gravitational
red shift

Absolute measurement of the
gravitational red-shift at an uncertainty
level < 50 - 10-¢ after 300 sand < 2 -
106 after 10 days of integration time.

Space-to-ground clock comparison at the
10-16 level, will yield a factor 70
improvement on previous measurements
(GPA experiment).

Search for time
drifts of
fundamental
constants

Time variations of the fine structure
constant « at a precision level of

a1l -da/dt <1101 year -1
down to 3-10°18 year -1 in case of a
mission duration of 3 years

Optical clocks progress will allow clock-to-
clock comparisons below the 1017 level.
Crossed comparisons of clocks based on
different atomic elements will impose strong
constraints on the time drifts of «, m, /Aqcp ,
and m, /Aqcp -

Search for
violations of
special
relativity

Search for anisotropies of the speed of
light at the level 6c¢c / ¢ < 10719,

ACES results will improve present limits on
the RMS parameter « based on GPS
satellites by one to two orders of magnitude.
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Fundamental Constants {cesa

- T ; [
) - ) ) ~ (i) e 2 ol
Frequency of hyperfine transitions: i R A his X G (-m ) a” Fila)
P
i - . i (t) ¢
Frequency of electronic transitions: ~ R e X Ad“ X Fo.la)
Ratios between atomic frequencies:
(it) §1I::ii:l . |u| (di) [Hl (4i) STy
“elec jcln:'c \ ﬂ'j ].lf‘:- X [id) ”'?E 2 Fy his ( v) Mt ~ g “ I hifs [~“]|
(i) (i) : (i) i) (i) (i),
Velee F chc'[ ﬂjl Velec ”ilp F el E"II'[ “:I s 4 F hfs (“«]
Sensitivity to time variations of fundamental constants:
U (2} ! ; ;
) e, Mg /) 5. il
Sln [ bt ) ~ 20 +——F 4 ‘)—I—n—lu!lf[ﬂ) X —
K. e g't) (e /g ) i ! &t
(i) : -
7 ) i) A
Sln [ =etee |~ (0 1 (cv) | x —
Rc ( dex clee () (
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Fundamental Constants
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ACES Mission
Objectives

ACES performances

Scientific background and recent results

Fundamental physics tests

Measurement
of the
gravitational
red shift

Absolute measurement of the

gravitational red-shift at an uncertainty
level < 50 - 10-¢ after 300 sand < 2 -
10-6 after 10 days of integration time.

Space-to-ground clock comparison at the 10-
16 |level, will yield a factor 70 improvement
on previous measurements (GPA
experiment).

Search for time
drifts of
fundamental
constants

Time variations of the fine structure

constant « at a precision level of
a1l -da/dt <1101 year 1

down to 3-10°18 year -1 in case of a

mission duration of 3 years

Optical clocks progress will allow clock-to-
clock comparisons below the 1017 level.
Crossed comparisons of clocks based on
different atomic elements will impose strong
constraints on the time drifts of «, m, /Aqcp ,
and m, /Aqcp -

Search for
violations of
special
relativity

Search for anisotropies of the

light at the level 6c / ¢ < 10719,

speed of

ACES results will improve present limits on
the RMS parameter « based on GPS
satellites by one to two orders of magnitude.
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Special Relativity Tests {cesa

Kinematic test theories (RMS framework): Preferred reference frame (CMB) in
which light is assumed to propagate isotropically

Dynamic test theories (SME framework): Lorentz transformations violating terms
in the Hamiltonian of the system

Measurement principle:

o Exchange of microwave signals
between ACES clocks and ground
clocks along the ISS orbit

o Difference of measured reception
and emission times provides the
one-way travel time of the signal
plus some unknown constant offset
(desynchronization, path

oC asymmetries, propagation delay ...)
T =T, =A+A + Z?T cosd o Difference of the up and down
X travel times sensitive to a non zero
(T1 _Tz)_ (Ts _T4)+ A, = Z?T(l_ CoS 9) value of &c/c

P. Wolf, PRA 56, 4405 (1997)
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Applications @\ €eSd

o Clock comparisons over intercontinental distances: 10-17 in less than 1 week

Absolute time transfer and time synchronization of remote clocks: 100 ps via
MWL and 50 ps via ELT

Universal time scales: UTC, TAI...

o

Ranging: optical vs microwave and 1-way vs 2-way
Atmospheric propagation delays: optical and microwave

Monitoring of clocks in the GNSS network (GPS and Galileo) + test bed for
technology towards future GNSS systems

o O O O
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The ACES Payload

o PHARAO (CNES): Atomic clock based
on laser cooled Cs atoms

o SHM (ESA): Active hydrogen maser

FCDP (ESA): Clocks comparison and
distribution

MWL (ESA): T&F transfer link
GNSS receiver (ESA)

ELT (ESA): Optical link
Support subsystems (ESA)

@)

o O O O

o XPLC: External PL computer
 PDU: Power distribution unit,
 Mechanical, thermal subsystems

e CEPA: Columbus External PL
Adapter (ESA-NASA)

ESA UNCLASSIFIED - For Official Use

Volume: 1172x867x1246 mms3
Mass: 227 kg

Power: 450 W @ AIRBUS

DEFENCE & SPACE
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ACES Servo-loops &i\“ﬁiesa

" 100 MHz &

| ‘1
Detsynch ﬁ/ |
—

,A' W ¥

S B
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ACES Clocks and Links Performance {cesa

10" ¢ 107
3 —— PHARAO E o MWL
| - T
c 10" E é’, 10"k ACES i
= c
.@© - o
_é 10-14 _ "g 100
F [b]
= yol
m L
= - (D)
< 107 S 10"
E =
.| PHARAO accuracy ~1-10-¢ .
10' al o3 sl IR, 10’ A al sasaal i aal i waul i gl Ll
10° 10" 10° 10° 10" 10° 10° 10° 10" 10° 10° 10* 10° 10°

Time (s)
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ACES Integration Activities \&&iesa
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PHARAO FM
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PHARAO FM Stability — Autonomous Mode

100 MHz Pharao

PHARAO

s TUBE

» CESITM

0.Us

Période du cycle Pharao: 0.1sa
10s

UGB

rF

/\

V4

TM/TC Pharao sssue du XPLC (période 105)

'Y

XPLC Rythme banc sol sans XPLC
ou
Simulateur XPLC
* BANC SOL
BANC SOL
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FREQUENCY STABILITY

9 201028 14h54 autonomous 003
SE o :
_—
et On ground 3 3 10- 13/\/1
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d‘l R e R n s X . .
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= 1002401 104e—13
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PHARAO FM Frequency Shift and Accuracy dcesa

Main frequency shifts 1=l ADS H-maser — UTC (via GPS)
(-1015)
\
2nd order Zeeman effect 178 g 12x107 ‘ |
(4v=1372 Hz2) 5
@ 12|
Blackbody radiation 17 E e
(T=24.999 mK) g
9 -1.4x107 4
Cold collisions 6.3 g ‘
(N=1.47-106%) ) 2 ix10™ 1
®
1st order Doppler effect &
2.7 -1.6x107™ +
-1.7x107™ T T T T T T T T 1
_ _ B 57660 57665 57670 57675 57680 57685 57690 57695
Gravitational redshift 473
(410 m) ' |
1074 -.
Total 205 o o
m |
5 %
:“E | "\.‘-.‘\\.
E 3
PHARAO Accuracy (evaluated @ CNES): < 10" |
o On ground: 1.4.10°15 |
o In space: < 2.10-16 10° 10° 10° 10°
Time (s)
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SHM: An Active H-maser for Space

o SHM role in ACES
 ACES flywheel oscillator
« PHARAO characterization
o Technical challenges
« Low mass, volume, and power consumption
* Full performances:
o 1.5108 @ 1s
o 1.510Y™ @ 10%4s
* Design solution
o Full size Al cavity
0 Automatic Cavity Tuning System (ACT)

,

Volume: 390x390x590 mm?3
Mass: 42 kg

ES e ————1

7)) SpfcmA Time

Iming Solutio
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SHM PFM Stability

V=
(O]
(dp)
Q

SHM ADEV with plateau @ 22.5°C (172'896pts) from 28-30.10.17
1E-12 — T —
= = = = SHM Specifications
——— SHIM 3CH ADEV
1E-13 b -
~— = . N N | I
8.370-14 \“'h-.._ ~ —1 1T
5.56E-14 -“'""‘--.“-‘ 1 | I
~Ia.
377614 & ~__231E13
=~
: h':“:\ 1.62E-14
2 TR e
g DR e 1
¥ 1E-14 b
(=] - ——
5 i
2 S _5 07E-
Ty
"‘3- .EE::;"“--.._ 2.60E-15
. 2 i e “"E\
PAE TS =~ =l |
S 2315 T loaE s
——
1E-15 : T
1E-16
1 10 100 1000 10'000
Average Time [sec]
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SHM PFM Phase Noise PSD

LN ERN B R

-90 ——rrr

RN REEEL 1 & T :
BTULN+PLL100MHz cross-correlation
LV T ¥ PRk Setup floor #

m* “ Nalaaui . ™% SHM vs BTULN ——
T e @i REF vs BTULN a

i M '1 A L RRRSE "W SHM vs REF ——

-100 [

-110 §

-130

-140

L(f) (dBC/Hz)

-150

-160

ggo i diiiina 2o iR PP RS LT ks
1 10 100 1000 10000 10000t
Fourier frequency (Hz)
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SHM Thermal Sensitivity

Allan Variance Fit

Period Aje K+
5400 s 1.45K 1.4.101%/K
2000 s 1.36 K 9.1.10°15/K
600 s 0.94 K -—-
300 s 0.35 K -—-

FFT Analysis

Ky
1.2.10°1%/K
9.6-10-1%/K

Time [s]

\J

=)
=)
(n 10° —: e, e S s Y ) P e Sy Ay s . -t 8 :—
- E§ V_chisq= 3.43350-55; V_npnts= 279; | E
q)  E— - | Coefficient values # ane standard deviation| [
N I A A = 3.3503e-27 + 8e-29 N
(D 4 H i B =7.1915e-27 + 6.52e-29 L
c =00
— 10'27 = D =2.3393e-34 £ 1.52e-33 -
CG = E =9.8013e-39 ¢ 1.21e-37 =
. F =0.00018518 20 C
E o 1 G =97735e-20%128e29 ||
2 ] T i
L .'_“ F —— 4+
o 3
[S ‘IOH 3 =
c & FormommEnss E
- e F
= Ky=14e-14K _ } i
- E
O T — ;;IIIII T ;l;llll — TTTTTT T :'l;llll
10° 10’ 10° 10* 10*

Calibration of the SHM output frequency

Vs temperature
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Harmonics content of the SHM output
frequency too high: e.g. -41 dBc @ 200
MHz (vs -70 dBc spec)

rrrrrrr
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SHM Magnetic Sensitivity

FREQUENCY DATA
phase_pco_2017-10-30_magnetic_sensitivity.003
1.25!7- — ————

1.00

0.75 [ |- {l 1

0.50 L
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Frequency, ppl[)13

900 B W, L=l g i

02300 200 300 400 500 600 700 800

Data Point
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Effect of the on-orbit magnetic field
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Performance through Environmental Tests
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Post-Shipment {cleanroom) 35—

Slgnal level fat highest e-fiald point 3,51V (+10uwA) = pre-vib, 08.12.17
ADEY {contribution removed) —— postvib, 20.12.17
13 jresqu. 1.52-13) 7.5e~14

108 frequ. 2 50143 2 16e-14 —— Post-EMC, 14.03.18
1005 freqs. 7.5e-15] B.63e-15 —— Post-TVC 15.05.2018
Atomic signal linewidth 2.34Hz

Varactor TV =

Magnetic sensitivity 2 5e-14/G Kl

Post-Vibration (cleanroom) g

Signal level fathighest e-fisld paiari 2.86V [-12u4]) g

ADEY [contribution removed] ﬂ

13 fraqu. 1.56-13) 9.72e-14 §

105 fremqu. 2551 2.92e-14 <

1008 frege. 7.5e-15] 6.7e-15

Atomic signal linewidth 2.55Hz

Varactor 9.6V

Kagnetic sensitivity 1.8e-14/'G fmax. measured level}

Post-EMC [cleanrooim)

Signal level fat highest o-field point] 2.7V [-12uk)

ADEY [contribution removed) 0

15 frequ. 1.5=-13) 9.72e-14 C_Fie!d':ut:rm [uA] # = m ™
105 jrequ. 2.5e-1% 2.65e-14

1005 jrage. 7.5:-15] 7.76e-15

Atomic signal linewidth 2.61Hz

WVaractor - 9,23V N eXt Ste p

Magnetic sensitivity 3.4e-14/G

Post-TVC Tuning (cleanroom) \L

Signal level jar highsst o fietd point) 2.8V [+9uh)

ADEY [contribution removed)

e S SHM degaussing + performance tests

105 fragu. 2.55-14) 2.4%9e-14

1003 jreqm. 7.5e-15) 8.54e-15

Varactor 4.3Y

Iagnetic sensitivity 1.22e-14/G

ACT 0x0239
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MWL

Ku-Band, Up-link

Power Tx: 2W

Carrier,  13.475 GHz
PN-Code: 100 MChip/s
1pps 1 time marker /s

SIC: 4 Receiver Channels

v\i\

Ku-Band, Down-link

S-Band, Down-link Power Tx: 0.5 W

Carrier. 1470333 GHz
Power Tx: 0.5W PN-Code: 100 MChip/s
Carrier: 2248 MHz 1pps 1 time marker /s
PN-Code: 1 MChip/s Data: 2.5 kBit/s
1pps: 1 time marker /s

Data: 2.5 kBit's

T

TIMETECH

®ameus " TER
EREMS
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Two-way link:
*  Removal of the troposphere time delay
(8.3-103 ns)
 Removal of 1st order Doppler effect
*  Removal of instrumental delays and
common mode effects
Additional down-link in the S-band:

* Determination of the ionosphere TEC

« Correction of the ionosphere time delay
(0.3-40 ns in S-band, 6-810 ps in Ku-
band)

Phase PN code modulation: Removal of 2xn
phase ambiguity
High chip rate (100 MChip/s) on the code:

* Higher resolution

¢ Multipath suppression

Carrier and code phase measurements (1 per
second)

Data link: 2 kBits/s on the S-band down-link to
obtain clock comparison results in real time

Up to 4 simultaneous space-to-ground clock
comparisons
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MWL End-to-end Test Configuration {cesa

MWL ground terminal

KU Band DOWNLINK UNIT

100 MHz +/- fd
735,166 MHz +/- fd | Divider ta MWL-STM
| 100 MHz +/- fd PN-Generator

i

HMCE84 14,70333 GHz +/-fd
Splitter Unit 14,70333 GHz +/- fd
° R T o H
100 MHz G o
Divider to ™
— ’_‘ 735MHz —‘
7] 14,70333 GHz +/- fid S Band DOWNLINK UNIT
J 100 MHz +/- fd
GT Divider to MWL-STM
1 I 100 MHz +/- fd PN-Generator
KRL | 4
15.60GHz l l
f— 2,240 GHz +/- fd
Divider to % '
GT-S-Rx tﬁ, flec E
896.66672MHz
DDS x4 UPLINK UNIT
100 MHz +/- fd
735,166 MHz +/-fd|  Divider to GT-STM
| 100 MHz +/- fd PN-Generator
13,475 GHz +1.fe p— 13,475 GHz +/- fd
Divider to L ." ’ T FS
14,70333 GHz +/- fd :’FS'R’ @ e
27.04.2011
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MWL RF EGSE N\ CSda

&

FS RF- EGSE

Clean (TimeTech Synos) 100MHz + 10
MHz Reference Frequency Generation

GT RF- EGSE

ESA UNCLASSIFIED - For Official Use
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Cooler
Freq. Distr. Amp. (100 MHz)
Puls Distribution Unit

Agilent 34970A

Cooler

2- way Splitter
Cooler

RF EGSE Uplink Simulator and
Doppler Generation Unit

g Cooler

Cooler
Not used

Cooler

TimeTech 4-fach Relais for FS-EU Status

™

M
I
[ |
[ |
[ |
I
I
[ | |
in
%
AR

Agilent Power Supply not connected

Time Interval Counter TIC

Cooler
Freqg. Distr. Amp. (10 MHz)

Master 100 MHz Freq. Generator

RF - Network Fa. SatService

S-Band Down Link Unit and Doppler
Generation Unit

_ cooler

Ku-Band Down Link Unit and
Doppler Generation Unit

4-way Splitter

Agilent Power Supply
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MWL Signals

Beginn off PN Seq. 16 x “1” ‘ Calculated Beginn off 1pps

End of PN init ,(1111...°

|SEBN |E3IlJaA| SEBW ALl

S 150 ns 150 ns | 250 ns

P

HPPE Ku-u
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MWL Delays Calibration \\QN eSa

Delays combination Uncertainty Note
lonosphere modelling
Up to a constant offset over the mission lifetime or

(Aixz ~ Afxa) + (Azz ~ Aies 600 ps at least between on/off cycles
(S0, — ASS.) + (ASS, — ASS., 400-0, () Stability requirement
(A2, — A9 + (AL, — AL, 40 ns Accuracy requirement
(ATx2 — AT%3) + (A2 — AR3s 1.3 ns Accuracy goal
Carrier cycle ambiguity resolution
aps Lo constant ofetcver e mision fetme o
(A2, — ASL,) + (AL, — ASE, 34 ps Up to a constant offset over the mission lifetime or

at least between on/off cycles
Lambda configuration
Accuracy requirement

AL, + ASS, 40 ns
Stability requirement
Rx1 T ATk 34 ps (TBC)
Accuracy requirement
0.+ A%, 40 ns y req
Stability requirement
%1 T ARx2 34 ps (TBC)
Time transfer
Accuracy requirement
5 [(ARxl =A%) + (AT — ARY2)] 100 ps
1 Stability requirement
Py [(ARxl AT%2) + (AF5 — ARY2)] o (Dmw
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MWL GT2 Tests and Calibrations

Attenuator Control
Processor
0dB-60dB
CP7941AN

Flan Microwave Instruments

MWL EM2 Hewlett Packard Hewlett Packard i TimeTech
WWG—N Adapter <@ Programable P WG-N Adapter <« Howiett Fg’acka:d
uBan P281B Rotary Attenuator P281B mewet tackard
1831-002 MWL GT
GTKUTX | mmm—
-’_KO_ Ku Tx
0 FS Ku TX/Rx i |
Ll GTDCT MWL GT onnn 2 an
SPDT . < DCT
RF Switc
EGSE Hewlett Packard Hewlett Packard 8761A GTKuRX + MI\(NLRG
W} Att. 110dB P Att. 110B g uRx
u Ban 8496G 8494G oTA
! Hewlett Packard ! " Antenna
L |Attenuator / SWitch Driver f------m---mev’ L Simulator |
11713A
Hewlett Packard
[remmmmmmmmm———— tAttenuator / Switch Driver p-------=-==----y
! 11713A i
Hewlett Packard Hewlett Packard
EGSE T E— T
—  Att. 110dB P Att. 11dB  ge—
S Band 8496G 8494G Rohde & Schwarz
>
' MWL GT
SRX
>0
Rohde & Sch PSU RF
ohde chwarz H
P — Relay Matrix
g\gl' ISMZ § DPSP RF Step Attenuator y
an 139dB

RF Switch matrix and attenuators, connecting
MWL Engineering Model, Ku & S, fixed Doppler
‘MWL RF EGSE, with Doppler and AM capability

*GT Antenna simulator and return loop
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AM/PM Calibration on GT2 (WG attenuator)

—

Vi
"7

2s-smoothed carrier phase vs Input sienal power readout (range 15dB)

Power vs. Time
Time

Power vs.

20180119 14:29 -

Data Source:

01719 14:30
GT-GTTM2 Par2é

Mo Averaging

Awvaraged Samphes. None

Min Value -111 254dBm
Max Value -06.023dBm
Avarage: -102 916dBm
Std. Dev. 4.531dBm
Data Length[s]: 541
Paak-To-Peak: 15 231d8m
2-Sigma 9.062dBm
Scalke SdBm/dne

wgp ‘jane Jamod

Power vs.
Power vs.

Time
Time

20180119 14
Dala Source

29 - /19 14,30
GT-GTTM2. Par2é

| No Averaging

Fveraged Sampies NonE

Min Value -111.254dBm
Max Value -06.023dBm
Aiarage: 102 916dB8m
St Dev. 4 531dBm
Data Length[s]: 541
Peak-To-Paak 15.231dBm
2-5gma 9.062dBm
Scale SdBm/d
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S50ps — -495dBm
- 49ps L _l.m_N -100dBm
.E. AHps rJU I‘pHN hwr 105dBm é
£ Y ‘"’\*% H
s g
E ATps ~110dBm
a0 14:32 1434 14:36 14:38 SHsdnm
Datadaplysar vi. 3 & TiweTach GabH 2021 Date & Time
2s-smoothed code phase vs Input signal power readout (range 15dB)
-2.45ns — ~95dBm
__-L_‘“]' ..........
F _ .
T !'. | ‘1‘1 ,",‘ ‘lh F ! -100dBm
§ -25ns 'WWA"‘ v M‘w vw’\quwb V i'%
i L.\.,,,,MI %Y 105dBm
-E - L,,_wd | -110dBm
Ve 14:32 1434 14:36 14:38 “Hisdim
Datadnplyzer vi.3 & TimeTech Gmbn 2041 Date & Time
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MWL GT2 Test Loop Translator

10ps
s 5 A
c ps
Q
5
2
>
[
a
v B
E
=
B e s FeR et i i3 T T Pt T r T T
H ES &
: &
10fs T T
1s 10s 100s 1000s

DataAnalyzer v3.4 © TimeTech GmbH 2011

Average Time, Tau, Seconds

Time Deviation vs. Tau
2018/10/11 12:50 - 10/11 13:49
Data Source: GT-GTCA1.Ins
No Averaging

Noise: White PM

2s 2.27TE-13

45 1.49E-13

8s 1.12E-13

165 9.01E-14

40s T12E-14

80s 8.50E-14

160s 6.29E-14

400s 6.48E-14

800s 9.91E-14

Ku-TLT

100ps

Time Deviation

mGT2

m &f2

Time Deviation vs. Tau
2017/11/26 00:00 - 11/26 23:58
Data Source A GT-GTCA3.Ins
Data Source B: GT-GTCO3.Ins
MNo Averaging

Moise White PM

23 6.29E-13

4s 4 02E-13

85 2.96E-13

16s 2.31E-13

40s 1.66E-13

80s 1.46E-13

1603 1.31E-13

400s 1.28E-13

800s 1.31E-13
16005 1.58E-13
40005 2.37E-13
80005 345E-13
160003 4.50E-13

S-TLT

100fs + :
1s 10s 100s 1000s 100ks
Average Time, Tau, Seconds
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MWL FS EM2 vs GT2

100ps Time Deviation vs. Tau
2018/10/11 12:50 - 10/11 13:49
Data Source: GT-GTCAZ2 Ins
No Averaging
Noise: White PM
10ps 25 2 82E-13
4s 1.76E-13
8s 1.28E-13
5 . . 1 165 1.04E-13
E ; ;LL—RL_“/' 40s 7.79E-14
= : : i 80s 8.38E-14
K Ipstioissmsndrn e b bt drreeedi foldd b 160s 1.04E-13
p : : 400s 1.95E-13
£ 800s 9.47E-14
g
100fs -
; Ku: EM2 to GT2
i &
10fs ; :
1s 10s 100s 1000s
Average Time, Tau, Seconds
1ns Time Deviation vs. Tau
2018/10/11 12:50 - 10/11 13:49
Data Source: GT-GTCA3.Ins
No Averaging
Noise: White PM
100ps{---- 2s 1.52E-12
4s 9 6OE-13
8s 6.95E-13
5 165 4.94E-13
] 40s 3 50E-13
5 80s 3.19E-13
v 10ps 160s 2 50E-13
e 400s 2.99E-13
£ 800s 2 81E-13
e
1ps T T e e e e et St ettt ettt et et et et He et St e bl el e -
‘ | S: EM2 to GT2
! T T
100fs - ;
1s 10s 100s 1000s

Average Time, Tau, Seconds

Datsdnalyzer v3.4 @ TimeTech GmbH 2011
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MWL: Next Steps dcesa

Complete FM firmware and software testing

Lock-in sensitivity tests under dynamic conditions

Test and calibration of MWL FS in end-to-end configuration with GT2
MWL FS environmental tests

MWL FS integration on the ACES baseplate

O O O O O
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European Laser Timing (ELT) \\\

ACES Time Scale Detector package
500 grams

(MWL) 0.6 Watt

tstart T Cstop
2 _ tspace +

Tg(t) — 75(t) =

+Tre1ativity + Tatmosphere + Tgeometry

@ tm;/r/:cu

CTU Prague @AlRBUS

DEFEMNCE & SPACE
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ELT FM Performance

Date: 0371416 Time: 0B:52:58 Data Pafmts 200 thru 9065 of O065 Tau=2.60CCCC0+C1 Fila: atat.00z
= ELT2 Optical Bench+Start 100Hz 10%
meiuu |.\.\\\\ T |.\ \ll\\ :j.;\lwl\ T T T
= | [No dato editing: 755 echoes I\Iormol pomts[w Tau Sigma
(=R - AdERy o R B R il o b bt | MRS A RS-t
8 e 4 . 5.20e+01 3.07e—12
D 104e+02 218512
0 2.08e+02 1.53e—12
i 4.16e+02 1.10e—-12
ﬁ i | 8.32e+02 B.03e—13
= | 1.66e+03 5.75e—13
~3ae+ i 28—
o) 3332403 B.126—13
b 5.66e+03 B.51e—13
SIS WY :
iy 1.33e+04 5.13e—13
LEE L] 7.66et04 3.54e—13 [
= | 5.32e+04 5.20e-13 |
= : $ ey N S R 1
o v 4 R (sl
= ‘1 Lot el G
= 5] : :
0 e o
) = : :
O o b :
2 SPAD FM stablllty | |
1 |

- 1013

o' 10? , 10° 10*
Averaging Time, EtE, Seconds
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DOote: 05/20/15 Tirne: 13:56:00 Dotn Points 1 ihro MA271 of 144271 Tou=1.0000000e—-02 File: TT.002
] MWL EM2 versus ELT Cal Dev. tlmer
0 S 48 /8 104 SRS SO S0 22

_g —r S\gmu
e [ 100e 0% 2.94c 11
o) i 2.00e-02 2.09e-11
9] i 4.00e-02 149211
o Ui B.00e-02 106e—11
Vg | 1802-01 7.54e—12 |
o 3.00e-01 548617 ]
ot £.40e-01 I8Ze—12 []
= 1.282+00 2.63e-12 |
Mmool 2.56e 100 187¢ 12 []
=9 512e+00 136812
42} I 1.022+01 1.08e-12
o 69913 |
P = 5.52e—13 |
| 2 424013
3 30%e—13
g 8.85¢—14
- e
ey
<
‘;f"_]
ot
£
el Tlme tagglng board EM stablllty
E L Ll Ll L Lol L
102 107 10" 10! 10°
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Averaging Time, EtE, Seconds
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ACES MWL Network
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ILRS Network of SLR Stations &S‘“‘i eSa
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ACES as official ILRS target: Wettzell (primary station), Gratz and Herstmonceaux

SLR stations already calibrated; other stations can join provided they comply with
ISS safety requirements.
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ACES Data and Science Ground Segment Qk eSa

Data products I Science Operations Elements
@ O @ @ ® [ Mission Operations Elements

Lo L1 L2 13 14
- Users

Science |

(LNE-SYR’I.‘E) ;
DPC -2
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ACES Status {tesa

W,

o PHARAO FM delivered and integrated on the ACES
baseplate

o FCDP, ELT, and on-board GNSS receiver FMs
delivered to Airbus

o SHM PFM ready for integration at the end of
November

o MWL FM completed, tested and delivered by May
2019

0 ACES FM tests already started and continued until
summer 2019

o MWL GTs:

e First terminal deployed in PTB in Nov. 2015
and remotely monitored since then

 Remaining fixed terminals to be deployed in
the course of 2019

0 ACES ready for shipment to launch site on
December 2019

o0 ACES bookmarked for launch on SpaceX 21
« 6 months: commissioning/calibration
« 12 to 30 months: routine science phase
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Thanks for your attention
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