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Mission team

in May 2025
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Gravitational waves are new messengers from the Universe.

O First direct detection in 2015 (Nobel Prize 2017 )
O Emitted by all energetic processes, including those unaccessible with
electromagnetic waves (black holes, early Universe, dark universe).
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Gravitational waves are new messengers from the Universe.

O First direct detection in 2015 (Nobel Prize 2017

)

O Emitted by all energetic processes, including those unaccessible with
electromagnetic waves (black holes, early Universe, dark universe).

gravitational waves affect
gravitationally bound systems
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Perturbing Gravitational Wave

[ If h ~ cos(27rft) and r ~ ecos(2nt/P) ]

possible resonances at f=n/P
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Gravitational waves are new messengers from the Universe.
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Gravitational waves are new messengers from the Universe.

O First direct detection in 2015 (Nobel Prize 2017 )
O Emitted by all energetic processes, including those unaccessible with
electromagnetic waves (black holes, early Universe, dark universe).

O

O Best sensitivity to relevant primordial

will/may achieve

of supermassive black holes
of masses 10° M (first!) to 10% M,

signals from the Big Bang

O Complementarity to LISA and SKAO
In a small budget and short time scale

12
hc 10

10714

107

10—18 L

PTA23 _~SKAO’35 ' LISA'38
it Cosmo .- |
T E S GUESTsto
o Signals ] R
g . ~:: \”\qi.~
I -l ."~,.‘\ tq\
== SMBHs ~~~|b—-- $\
== Primordial (2 cases) ~"~~::&
1078 1077 1076 10°  f[Hz]
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Dark matter is 5x more abundant than ordinary matter, yet we ignore its nature

will achieve LB w

O Unprecedented sensitivity to large set )
of unexplored dark matter models

Gravitational coupling

1072 10‘*21 10‘*20 10‘*19

Geodetic products are essential for virtually all modern geospatial and space-
based systems (including space navigation) and tests of General Relativity

will achieve o
. . - - Geophysical
O Better determination of the key gravitational parameter -
— 10791
GM,, 3
O Significant progress on searches for new forces o cuesr..” A
10712

102 10? 108 108 100 10"

beyond General Relativity Al



@' Summary

Conceptually simple, scientifically rich
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Conceptually simple, scientifically rich

C New concept: GUEST
Two satellites laser tracked
at cm accuracy
i orbits e > 0.6, B, > 1 day
for more than 10 years.
\_ y,

SG1. GWs from SMBHs in the galaxies in nHz band.\
SG1. Individual GW events in uHz band.

SG1. GWs from Early Universe

SG2. Probe uncharted ultra-dark matter models

SG3. Impactin geodesy and tests of general relativity)
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Orbits: maximize physics (1) and data taking (2), minimize systematics (3), within
F3 ESA constraints (4) (e.g. TRL 7) and budget (5), and satisfy ESA debris policy (6).

Concept | Perigee altitude | Apogee altitude | eg L Period
G-l3g 6926 km 86700 km 0.75 | 75 deg | 33.8 hours
4 4
Reenters in 30 years (6) v (velocity at apogee) a vy (velocity at perigee) Lp
~ 1 km/s ~ 6 urad ~ 7.5km/s ~ 50 prad
Concept | Perigee altitude | Apogee altitude | Eccentricity L Period
GUEST-h 35993 km 924779 km 0.4 10 deg | 51.84 hours
4 4
Can stay in orbit for longer as doesn’t Vo (velocity atapogee) | fta | vp (velocity atperigee) |y
~ 1 km/s ~ 6 urad ~~ 4 km/s ~ 27 prad

touch GNSS or GEO belt in 100 years



2 Passive satellites (spheres) that rely only on CCR (Cube Corner Retroreflectors)

To beat the ranges of aberration:
two CCRs (1 inch and 2 inches)
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renpsouesTIw L 5 1 :
j . i . | . . :
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Velocity aberration (urad) Aberration [urad]

0 weight | ) CCR1/CCR2 | single OCS CCR1 (v,)/ CCR2 (v,) | # CCR1/CCR2 OCS range

) 2 2 - 5
70 cm | 400 kg | 1 inch /2 inches G-L 0.2Mm” /21 Mm 360/120 2-45 Mm

G-h 0.7 Mm?2 /21 Mm? 360/120 14-45 Mm?
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2 Passive satellites (spheres) that rely only on CCR (Cube Corner Retroreflectors)

0 weight | ) CCR1/CCR2 | single OCS CCR1 (v,)/ CCR2 (v,) | # CCR1/CCR2 | OCS range

. . G-I  0.2Mm?2/21 Mm? 360/120 2-45 Mm/?

em | 400 kg | 1nel /2 inghes G-l 0.7 Mm?2 /21 Mm?2 360/120 14-45 Mm?2
GUEST OCS vs distance for 1% RR (1 m] laser) (Herstmonceux) GUEST OCS vs distance for 1% RR (300 m] laser) (Grasse)

108 4
| GUEST apogee / 105 4

| GUEST:high perigee __
- 107 4 A — 104 7
E. GUEST low E.
4] [ perigee. G Etalon OCS 4
o] le) il

7~ |
|
|
LARES-2 O(.'|S
2
—— Elevation: 70 deg 10

—— Elevation: 70 deg
Elevation: 50 deg

Elevation: 50 deg
101 4 —— Elevation: 30 deg

|
10° § I I
| | —— Elevation: 30 deg

aanae SEREn : i B annde 20000 40000 60000 80000 100000
Distance [km]

Distance [km]

For most of the orbit, tracking is impossible for many ILRS stations today
That may work: we are looking at 10 NPs per orbit (34 h) at cm accuracy”

* required distribution of NPs in orbit under study
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Stations
103 Green (532nm)
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How do we guarantee 10 NPs per orbit (34 hours)?
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1) Exploring current capacities (discussion with ILRS and stations): it can work. Let’s discuss!
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Stations
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How do we guarantee 10 NPs per orbit (34 hours)?

1) Exploring current capacities (discussion with ILRS and stations): it can work. Let’s discuss!
il) Upgrading some stations with ESA countries contributions, better if in LLR empty regions.
iii) Beyond this? (EU companies may be funded. Other in-kind data? NASA upgrading stations?
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@- Mission concepts

Stations

il) Upgrading some stations with ESA countries contributions, better if in LLR empty regions.

Can it work?

S/C and CCR | Separation Module Launch oTVv

5 M€ 7 M€ 75 M€ 90 M€

10 M€

Total

~ 190 M€

We have the funds (total budget can be 205 M€) and the plan!

GUEST OCS vs distance for 1% RR (50 m]J laser) (Herstmonceux)

—

| GUEST apogee

J. Rodriguez, C. Courde, J. Chabé conclusions: a
Possible gains Cost Difficulty 107 -

Laser x 20-50 ~ 300 k€ Medium  e.g. 50 mJ, 10 ps, 100 Hz
Detector A few tens of % 10-40 k€ Medium  High QE detectors 106

Filters & Optics A few tens of % ~ k€ Low toMedium Case by case

Invest 500 k€ in 10 -20 stations: 10 M€ to reach

LARES-2 OfS

o

I

I

| Etalon oCs!
| I
| I
I I
| I
— Elevation: 7/0 deg

Elevation: deg

—I Elevation: 3|0 deg

20000

40000 60000 80000

Distance [km]



@~ Mission concepts

Stations
il) Upgrading some stations with ESA countries contributions, better if in LLR empty regions.

ILRS

Current and Planned ILRS Network New Stations (2023-2024)
Yebes, Spain
Ishioka, Japan

Future Stations (2024-2027)
La Plata, Argentina

San Juan, Argentina
Metsidhovi, Finland
McDonald, TX, USA

Ny Alesund, Norway

Mt Abu, India

Ponmundi, India

Irkutsk (Tochka), Russia
Mendeleevo (Tochka), Russia

Other stations are
undergoing significant
| upgrades

* Current SLR “’ * Gaps in geographic coverage remain

% Stations in process and planned * Different vintage Systems
* Different weather conditions
« Different staffing levels

Recent Progress at the International Laser Ranging Service 2



@° Mission concepts

Stations

iii) Beyond this? (EU companies may be funded. Other in-kind data? NASA upgrading stations?

i. Start ups about SLR (eg. UK Lumi Space - Now Foundational Space)
ii. Upgrading other stations with ESA MoU

iii. In-kind from other stations. Other agencies joining?
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\_

New concept: GUEST ) i SG1. GWs from SMBHs in the galaxies in pHz band. R
Two satellites laser tracked * SG1. Individual GW events in uHz band.
at cm accuracy * SG1. GWs from Early Universe
in orbits € > 0.6, P, > 1 day  SG2. Probe uncharted ultra-dark matter models
for more than 10 years. ) L€ SG3. Impact in geodesy and tests of general relativity)
Concept | Perigee altitude | Apogee altitude | eg L Period
G-l3g 6926 km 86700 km 0.75 | 75 deg | 33.8 hours
0 weight | ) CCR1/CCR2 | single OCS CCRI1 (v,)/ CCR2 (v,) | # CCR1/CCR2 OCS range
70 cm | 400 kg | 1inch /2 inches G-l 0.2Mm?* /21 Mm? 360/120 2-45 Mm?

Tracking challenging for large part of the orbit: global ILRS tracking required

10 NPs/34 h at cm accuracy

Budget and call allow for 10M€ (or more) to upgrade stations (or other ideas)
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704

Two satellites laser tracked

) ( SG1. GWs from SMBHs in the galaxies in pHz band. R
SG1. Individual GW events in uHz band.
SG1. GWs from Early Universe

New concept: GUEST

at cm accuracy

iIl nrhito » ~. N AR D. ~ 1 Aaxs P oV ol T » THURY RSN AUSISENS SEN ISR SRy SRS SR I

Let’s talk! (deadline 21st of April)
I) Support letter from ILRS
ii) Strategies for upgrade (we’ll contact all stations

C

from ESA countries + others interested)

U

iif) More/feedback. Which stations can be upgraded?
iv) Data veto for some time?
Everyone is welcome! (Low entry level)

Budget and call allow for 10M€ (or more) to upgrade stations (or other ideas)
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Mission concept
Consortium (> 40 core participants)
Leading proposer: D. Blas (Spain) 2= co-leading: A. Hees (France) I B

Working Groups
Scientific Interpretation: Leader A. Jenkins (UK) =St=

Orbit Determination: Leaders S. Le Maistre (Belgium) I I
+ contributions from 0

Signal discrimination from correlations: Leader B. Bertrand (Belgium) I I
+ contributions from 1111

] LA
——— [

Visibility and Spacecraft: Leader J. Rodriguez (Spain) Z—
+ contributionsfrom J HE N B § um

Industry <oHEs i} , Lumi Spac% ==
Lumi




Disposal:
O If disposal required (the mission can last 1M years!): working on it.

e g ol

Figure 8: LEO and 6;50 protected regions [6].

O This can be done. The problem are GNSS
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Medium Earth Orbit (LAGEOS-1,
LAGEOS-2, LARES-2) Signal Strength

Investigation
(1993-1996 to 2021-2024)

NESC
Van Husson



Obs/NP

7090 YARL LAGEOS-1, LAGEOS-2, and
LARES-2 Data Yield Comparisons
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7090 YARL Obs/NP vs Range (1993-1996)
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U Post Event Timer, the NASA MOBLAS laser repetition rate has increased from 5 to 10 Hz dependent upon the range (5 or 10 Hz at <7500 km,

o0 000
9000

350
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Obs/NP
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9500 5500 6000

7090 YARL Obs/NP vs Range (2021-2024)

6500 7000 7500

Range in km

8000

O LAGEOS-1
® LAGEOS-2
X LARES-2

8500

5 Hz > 7500 km) installation, there is a noticeable reduction in the number of observation per NP bin due to several reasons

» Pass interleaving
» Degradation in satellite signal strengths
» Degradation in the detector, optics, and pointing

NESC 12-Feb-2026
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7090 YARL LAGEOS-1, LAGEOS-2, and
LARES-2 Data Yield Comparisons

Obs/NP
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7090 YARL Normalized Obs/NPvs Range (2021-2024)
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e e e
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9500

JThe observation count on this and the next set of slides are normalized based on

a range of 6000 km (1/(Range?))

NESC 12-Feb-2026




7105 GODL LAGEOS-1, LAGEOS-2, and
LARES-2 Data Yield Comparisons

600 7105 GODL Normailzed Obs/NP vs Range (1993-1996)

600

7105 GODL Normalized Obs/NP vs Range (2021-2024)
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L On the right chart there is a clear distinction around 7400 km when the laser is switched from
10 to S Hz
NESC 12-Feb-2026 4




7110 MONL LAGEOS-1, LAGEOS-2, and
LARES-2 Data Yield Comparisons
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7110 MONL Normalized Obs/NP vs Range (2021-2024)
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0 On the right chart there is a clear distinction around 7400 km when the laser is switched from 10 to 5 Hz

1 Do the recent trends indicate a degradation in system performance; weaker returns from the satellite

and/or change in operating hours?

NESC 12-Feb-2026
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7840 HERL LAGEOS-1, LAGEOS-2, and
LARES-2 Data Yield Comparisons
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7840 HERL Normalized Obs/NP vs Range (2021-2024)
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1 HERL is a single photon system

O In both time periods, LAGEOS-2 signals appear weaker to LAGEOS-1

NESC 12-Feb-

26




7839 GRZL LAGEOS-1, LAGEOS-2, and
LARES-2 Data Yield Comparisons
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7839 GRZL Normailzed Obs/NP vs Range (1993-1996)
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7839 GRZL Normalized Ohs/NP vs Range (2021-2024)
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U Graz is multi-photon system and implemented a LAGEOS 20 mm LE filter in March 2008
A 20 mm LE filter is also applied to LARES-2. LARES-2 LE return rates are like LAGEOS-1, but
NESC 12-Feb-2026 7




Conclusions/Questions

0 The trends in Obs/NP per Range are station dependent. The recent trends in 7090
and 7110 may indicate a decline in system performance

O Currently, LAGEOS-2 return signals appear weaker relative to LAGEOS-1 for all
stations. Does this indicate anything about the quality and long-term performance
of the LAGEOS-2 retroreflectors?

O The LARES-2 LE returns from Graz are just as strong as LAGEOS-1

0 Do these trends indicate a possible long-term change in the Center of Mass (CoM)
Corrections for any of these systems?

0 Is the CoM on these MEO targets range dependent based on the ranging machine
configuration?




Attitude Estimation Experiment Using HTV-X
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SThis experiment has already’ received approval by the ILRS MWG.




We are seeking collaborators to analyze data together.
| want to enjoy this experiment not just as JAXA research, but together with SLR
colleagues.

JAXA will release information necessary for estimating angular velocity in orbit in
advance.

We will also publish details online beforehand regarding the rotational motion
applied to HTV-X during its flight over SLR stations.

Data acquired by SLR is available from CDDIS and EDC.

Note

HTV-X is a cargo resupply spacecraft developed by JAXA for the ISS.
https://humans-in-space.jaxa.jp/en/htv-x/

It is currently docked to the ISS.

Around March, it will be undocked from the ISS.

After that, HTV-X will behave like a satellite.

At that time, | requested that HTV-X perform an artificial rotational motion.

What | want to emphasize is that precise angular velocity data is transmitted from
HTV-X via telemetry.

By comparing this with angular velocity calculated from data acquired by SLR stations,
| believe we can contribute to improving SLR analysis technology.



Earth painting Along pendulum: pendulem-like | Cross pendulum; pendulum-liks
mation in along-frack direction mation in crose-track diraction

P 3% deg ""L’ . 2~ 3% deg
w % g | 4,52 G
= - "“**“m P Y

%4

We have designed three flight modes.

(1) Earth-Pointing The spacecraft will fly with its SLR reflector (Mt. FUJI)
pointed toward Earth. We expect to obtain SLR observation data similar
to that from standard ILRS satellites.

(2) Along Motion The HTV-X will perform pendulum motion in the Along
direction. We are looking forward to seeing what data can be acquired.

(3) Cross Motion The HTV-X will perform pendulum motion in the Cross
direction.

What kind of observational
data will we obtain?
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Experiment Procedure

(1) Data Acquisition
- JAXA will distribute the HTV-X CPF.
* SLR stations should observe HTV-X and upload CRDs to CDDIS and EDC.

(2) Analysis

- JAXA will publish in advance on the web which paths HTV-X will fly and in
which flight modes.

* Those interested in this research should download the CRD and perform
analysis.

* Notify JAXA of the analysis results.

- JAXA will compare these results with telemetry received from HTV-X and share
the findings.

Please understand that we cannot disclose the raw telemetry data from HTV-X
itself.

* Finally, let's collaborate to complete a paper together.



There are constraints.

For this experiment only, HTV-X will point Mt. FUJI toward Earth.

Therefore, even if SLR is performed according to CPF, no Return will be obtained.
A large amount of fuel is required to swing HTV-X.

Therefore, we decided to swing HTV-X only over the dense SLR station area.

We plan to conduct this experiment in the dense SLR station area of Asia.

We selected observation paths for HTV-X that can be observed by two or more SLR
stations.

Although Europe has a dense network of SLR stations, GPS jamming occurs there, so we

abandoned conducting the experiment over Europe. ;



| have a request for everyone.

Today, I've only provided an overview to pique your interest.
Detailed information (HTV-X dimensions and experiment pass times) will be shared
separately via email or our website.

If you are interested in this experiment,please contact us at:
nakamura.shinichi@jaxa.jp

hamada.kiyoshi@jaxa.jp

matsumoto.takehiro@jaxa.jp

After this meeting, | will share my presentation materials.
If you know anyone around you who might be interested in this experiment,
please let them know.

Let's prove together that SLR technology is important not only for POD
but also for pose estimation.

Thank You ! By Shinichi .
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Druck DPI 141

Pair of barometers sit side by side on a shelf in the
SGF laser room.

These have been operating for over 25 years.

They were each separately sent away and calibrated
in the last 5 years without any issues.

There is a small offset between them within the
specified accuracy of 0.15 mbar.

A pressure correction of 0.72 mbar is made to refer
the readings to the centre of the SLR telescope::
height.
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Druck DPI 141

The 2 barometers are pretty old.

We only have two barometers at the SGF and they
are of the same make and model.

And they are located inside the SGF building, inside
an air conditioned room.




Vaisala PTB330

To strengthen our pressure measurements, a new
Vaisala BAROCAP® Digital Barometer high accuracy barometer was purchased from
PTB330 Vaisala.

This was installed next to the two Druck barometers
and showed very good agreement
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Pressure Difference Between Barometer Devices
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Vaisala PTB330

In 2026, the Vaisala PTB330 was installed in the SLR
dome at the height of the telescope.

Pressure Measured at the SGF from 2026-02-02
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