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For a correct analysis of the results of the ACES
experiment, the frequency shift thal coresponds to the
above equslion must be subtracted from the proper
frequency to obtain the coordinate frequency.

Int the two-way frequency transfer technique, a tracking
signal is sent from the ground station B al instant [
received on the ISS at instant ¢, , and re-emitled by a
transponder towards B where it will be received at
instant ¢, (see Fig. 6). The downward clock signal is
emitted simultaneously with the re-emitted tracking
signal at ¢, and received at the ground station at ¢, .
This scheme provides one-way and two-way Doppler
information by simultaneous transmission of three
microwawve signals and allows to remove the first-order
Doppler shift [4]. In a geocentric inertial coordinate frame
(GRS) where rop and v, o respectively define the
pasition and the velocity of the two clocks, the relative
frequency difference between the on-board ACES clock
{A) and the reference clock on the gecid (B) obtained
with the two-way frequency transfer method [5] is
£=lz Uat_"s' -Ry, - d, I_lm ¥

£ e : J c Ry

BT Gk Ry, g By~ Ty -ﬁU,}i-({l—.

Fig. 6: Two-way frequency ransler in the non-rolating frame

In this expression, the first line contains the main
contributions o the relative frequency difference. The
first term, depending on the difference of the Earth
potential U, =U, —U, = U7 ,)]-UJF (¢,)] at the
ground clock (B) and the ACES (A) locations, is the
Einslegin's gravitational red-shift, The second lerm,
depending on the modulus of the relative velocity
Vg, =Vylt,)—¥,(1,), is the second order Doppler shift.
The third term, proporional to the scailar product
betwaen the relative position of the clocks
Ry, =Fy{1,)=F,(r,) and the acceleration of the ground
clock g, =d,(s,). is the Sagnac effect. In order to reach
the required |/c' precision, the thres terms mus! be
corrected by a factor which looks like a first order
Doppler effect. Finally, the four last terms introduce a
correction of the order I/c’, which is negligible for the
ACES mission.

As a consequence, emors in the determination of the
gravity field or in the position and velocity of the clock
will induce emors in the applied comaction to the ACES
frequency. It is thus extremely impartant to estimale this

b

=)

error and to take steps to reduce it o a level compatible
with performance objectives of the mission.

Here we simply mention the requirements imposed on
the precise orbil delermination of the ACES payload.
This information will be useful to define the ultimate
performances of the clock signal delivered on Earth by
ACES.

To verify the performances of the space clocks it is
necessary to calculate and compensale relativistic
frequency shifts. The frequency noise due o errors in
the orbit determination is quantified using the Allan
standard deviation of the POD induced error o’,’""’ (r).

Its contribution is required to be lower than 20 % of the
frequency noise of the best ACES clock. In terms of
Allan variance,

a Y o () <120 (1)
Over one pass, SHM is more stable than PHARAO and
the short term pradictive orbit determination ermors must
lead to a corresponding frequency noise lower than

o (105 S 7 5 3008) S 2.3- 107 - 710

On this time scales, real time or almost real time POD
data are necessary.

The requirements on the medium and long term stability
of the orbil deferminalion must be salisfied over an
integration time from 1000 s to 10 days, but do not need
real time. Considering the mission constraints, it is
difficult lo have very long observation periods with
enough dala lo compule & variance of inlegration times
longer than 10 days (the orbit re-boost every 90 days will
perturb clock operations and orbit restitution, possibly
together with power supply culs so thal clocks
continuous operations are not guaranteed for durations
longe: than 90 days). For medium and long tem, the
orbit determination emor must lead lo corresponding
frequency noise lower than

af“(lﬁmﬁs Sr$10days)S4.5-107 V5.

Duse to relativistic cormeclions, requirements formulated
on the stability of the clock shift translate inlo conditions
on the ACES orbilal paramelers. The gravitational
potential [/, =U, -0, = U Rl N-U[F(i,)] and
the relative velocity ¥, =#,(1,)=-V(r,] are nol
independent quantities, bul lum out to be slrangly
related by the Keplerian laws ing the relative
motion of the ground station and the 1SS, Neverheless,
with the purpose of estimating the required stability on
the detearmination of ACES orbilal parameters, we
suppose lo have egqual and correlated ermors on position
and wvelocity of the ACES payload. Under this
assumplion, we obtain:

T i (T=3005) S 10m

T e (T = 30005) €£5.2m
O s (T =1day) S 0.7m

O iV T = 3005) £ 12 mms
O, T = 30005) < 6.5 mm's

O e\ T = 1day) £ 0.9mm's
T i T =10day) £02m o, (7 =10day) < 0.3 mm/s,

Al this point, we are ready to discuss the parformances
of the ACES ciock signal on ground. Fig. 7 shows the
expected fractional frequency instability of the ACES
clocks and subsystems (FCDP and MWL), together with
the requiremeants on the orbil delermination, both in Allan
and time deviation. The green curve with solid squares
reprasents the expected fractional frequency insiability
of the ACES clock signal out of the MWL ground
terminal (ground restitution).
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