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ABSTRACT

The Tol2 (Time Trraler by Lsser U] experivent fms been developed by ONES and| OCA and piaced orfuand 2 The peinciple s deried from the lser tdemely teoimolosy with u dedceied spmcs equpment deigned o record sl e of lsser. puives ot th
nalysis permitted 1o validate some important characteristics of the _instrument ~such y, noless, "dynamic, event timer. precslon snd ground) o space] tme| siiMly. See: Eweer et ol,| Adv.  Spece  Aea DORS Speclel. lene
of the ground 1 space t toless than o) over 30 soc. of i depending ofthe quality of the ground o

Between 2010, wereokend a deciied experimert i owler't0 meamire e precision) and e exciness) of &) fims. trnser betveen) beo SIR (Ssille (Laser) Raning ) aysiems; we used  the, |French] Transporiable) L aser Rarpirg| | System) on the Jone lfmnd. and

e e07248 B Mo stonon- e over. honp. Bom systems, located at Grasse observatory, used same ground clock. The stability of the ground to ground time transfer vi space equipement has been established to 70 ps over several

(from April, 27 to May, 15 2010). The excactness has been estimated by comparing the computed offset (me.n Ve o 157 nS) and s in’ sity measwement by an dlectionic Kt - ihe i oo both” SLR systems. The difference between both methods i

sof45ps.

Fromitie Npokn Hot ftex in ¥ skl xation ¥l camgalgne e rsded 1o} enmre i exacinesa lon eeciy 18U ate o N oalbese lihe i< citenos ) etwesr i S aystem et noint ot e Suisionand reference of the PPS of the used clock. In addition, T2L242 should
it to compare Gl he. ground clocks of the. paricipating SLR staions: but R is  necossary 1o define @' common fm Scale which shoukl be s Gose @ posskle of the UTC. fime B Now, the question is to find keys to properly diswibute the T2L2 dat

a (the so-called triplets) for that particular goal.

e decided) o} cetine S severa [sepa) = 1) makdng) callration, capelina wth) sl dediated | ekctionio | kit (Greae, Ports, ) Wetizel have) been calbuied | alresch). 1) using] the LSIR) dan) flew [In thel CRD forml ko) re-kioducs lthe) T212 Hirpietsl (exseruialy

onboard  dates and measured energy i le 7 corrections), reducing the ground to space fime tansfers to each available of onboard time and ediing the corresponding ground dates in a same data base; i

)} computing | a eymihet to adress to the community some results about time transfer

between SLR stations, and

m 02 ol 1o anolher. v) comparing the resuts 1o UTC, via GPS when avalable. Th e purpose of this poster

rgy in mir
e scale (on-board) to garantee a few
. lon-bo

T2L2is a two way ti iming of optical by an SLR (Satellite Laser Rangi 2 by a dedicated i 211212
instrument on the Altimetry Jason-2 satelte in 2005 (3}

The spece Inainument i bmsec on  poto detetor al s event e k1o the spmce clocc A Laser Aancing Arey (LRA) s sieo uge 0 refect he aser pulse owaed i lser staticn: This LA s prodded by e CAES 8. Jo1
agencies, basical ny ‘space techniques [4]. isa DORIS (Doppler
X ager station able to ime bogh start and retur times with & resaluion of 1 pe. The aser staions track the saalits 2 Soom a6
the right field of view (at a distance ofless than 5000 Km) during the whole duration of the pass (maximum duration of about 1000 5).

Besical, 1212 reekzes o grourd {0 space ime traefer hetween the ground clock ke 1o the saeatato i the spece clock of the setelte The ground 10 oround thne trareler hetwresn severl remcteclocla at grour Is
these individual space to gr It can be obtained in a common view mode, when the distance between the laser stations is smaller than roughly 5000 Km, or in a non-common view mode when

the distance

larger.

1Ty, diT¥, ¥, measured quantiti
= «iplet » [

(diTis computed)

« Triplets »
For a ghven aner ulse emitid b the(aper ataion one get two dates (stat & retur) ot
ground and one date at the satellite, thus forming a set of 3 dates called a ‘triplet”.

2 tiplet we can extract the time Gelay between the ground clock and the space clook,
whereas a serie of triplets permit to estimate the stability of the ground to space time
transfer.
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n SLR pess, s takingInto mocoun the los o enercy chring th it tavel

: satellte, the T2L2 instrument is acqu than the number of
Ground SLR full rate data transmitted laser pulses. See the number of triplets in e
For the T2L2 mission, SLR stations are providing the Full Rate prging deta vathe 1
chen, {
LR stati time device,
Hersmonceux (UK), Mamm(l). Knganel ), Wetzell(G), FILRS (Paris, Grasse, and Tahiti Herstx, 7840 (201105 > 201109)

in 2011), and Grasse-7845 (F)

oo T T

‘The precision of the start dates is of 5-15 ps, whereas the precision of the time travels of

the light (he ranges) s of 25-35 ps for the best SLR systems [4].In addition the ground A
(arround ) § it
level (possible when using a H-maser). By . t Grasse, 7845 (201105 -> 201109) o s g

SLR stations which are poviding the FR ranging data on Jason2 are able to observe
10 80 passes per month.eech.naversge, each pass i of 00700 second
h of SLR

100Hz See right the number
ol ot per pass (in hlnck), o SLR 7240 between Muy ans September 2011.

47 SLR stations form the ILRS network; 34 fired on
Jason2, and 22 stations are regularly sending Full Rate
(FR) data for T2L2 (in red, SLR stations usind the CRD
format).

On-board data
ission, T2L
pulse = duy, consisting in solar noise events, laser puises, and GPS PPS. CNES is
us 1-day files of on-board dates with a time delay of 1-2 days.

Afirst data treatment has to be processed before all. It consists to use the PPS provided
by antens, which by T2L2,in order to

ted UTC date. That permits phase
Tt between he UTC and DORIS time sesles (at around 0.5 pisec: see right ngures for
Hx and Grasse, showing one phase link per pass during 5 months, from May to Sept.
2011) on the one hand, and to estimate a local frequency biais Af (at around 10" Hz) on

The Grasse station is using a H-maser for that period of
time; ts trend is of around 3.10" Hz per day

the othes e S Above : estimated phase link between the Hx and Grasse ground clocks and the
approximate on-board UTC, at +0.5psec : history for 5 months, one average value per pass.
Allan varance of ground o board tme ranfer
OVER 1 PASS : the stabilty of a ground to space ACRD data}ﬂle‘for each SLR pass is edited after finding the triplets, eliminating noises,
time transfer (H-Maser clock on ground) reach 6 ps and computing instrumental corrections.
@ 30-60 sec. Records contain the « triplets »: SLR dates and FR ranges, corrected on-board dates
: > . > and measured energy (uJoule /m**2), filtered 1-way transmit time from ground SLR to
e . T2L2 detector (not the LRA).
4 ——p  CDDIS and EDC
T2L2 time transfer between SLR’s ' s
201105 ->201107)_ Above : diffrences between the Wettzell and Grasse SLR clocks.
T 7 T
ok . Ground to ground time transfer between 7941 and 8834)
s . = (2 common passes in June 2011)
Zoom PSTES T T T
S0
. 231 .
- i " > o
10001~ .- OVER several PASSes (between May and July 2011): the stability of a os R .
ground to ground time transfer (see left, the 3 examples) strongly N :u,° ¥l
-1500 [~ - depends on what happend on the ground; for the Grasse SLR station (in png E g2 é‘ s 8
red, compared to Wettzell SLR) the H-maser being free (with a trend of 308 B Yag hr?u i
3.10"5 Hz /day) the slope is important; then, by modifying its phase, the B R
2000 7 difference goes from > -2 usec to 0.2usec. 204 S B
! I | |
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The Ground to ground Time transfer data file
Above : averaged values, per common SLR pass (from 3 couples of SLR - | | L, | |
stations in Europe), of 1-Second differences between ground clocks via T2L2, One RECORD every Second (on-board time), OO0k P o
over 3 months from May to July, 2011. " . " e e
whatever the SLR station triplet (a: blue, b: red, OVER 1 PASS, differences between Matera and Wettzell ground clocks,

c:black, d: green, etc.)

at common Seconds (June 2011) : the rms of this time transfer between
both SLR stations is of a 90 ps over 140 values, whereas the stability is

T2L2 on the web : https://t212.oca.eu/ reaching 50ps @ 60 sec.

CONCLUSION

From each ground to space time transfer (each SLR pass on J2 providing enough triplets on-board), it is proposed to extract a set of 1-Second differences between the on-board
time and the ground time. A data file containing all the 1-Second events is proposed to users, per SLR station and per pass; from these data, the resulting estimation of the time
ransfer between 2 SLR gives a row rms of 90ps, reaching 50ps @ 60st

Ground to ground ti thus directly ing, in that file, SLR haring the same 1-Second of time. If this kind of information is very well suited
for J2 common passes (partiularly in Europe), 1t is necessary o develop a synthetic time scale in order to properly transfer time between non common passes (US-Europe,
Europe-Asie, etc.). In fact, the 1-Second events are based on the on-board time scale, and the stability of the Doris USO over 2000 sec. and more cannot ensure time transfer
without increasing the uncertainty at a level of several nanosec. and more.

In addiition, each SLR ground station should i is can
100ns or more). Actually, we propose by using a it st (the Wettaoh SUR st has hean sattunted ils ‘summer). Finally, it is
also necessary to properly connect the in situ equlpmem!omeGPS -UTC time scale.
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