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plane from left to right. Courtesy: Alex Short

Ds are operated in TDI (Time Delay and Integration) mode, shif-
ting the charges produced by the light of the star with the same velo- :
city towards the register as with which the star moves over the focal
plane. Thus the integration time equals the transit time of a source I
over one CCD.
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What is Charge Transfer Inefficiency?

When CCDs are subject to particle irradiation (e.g. protons at ~10 MeV), This time scale depend strongly on the CCD temperature and the po-
the radiation causes (among other effects) vacancy defects in the semi- Conduction band sition AE of the energy level with respect to the lower end of the con-
conductor lattice by displacing atoms from their regular position within . . duction band. They typically range from ~pus up to ~10°s.

the lattice. Such vacancy defects introduce electronic energy levels be- e e DECAUSE OF the long time electrons can remain in the inter-band energy
tween the valence band and the conduction band. level, they are said to be trapped in an electron trap.

When transfering electrons in the conduction band through the CCD, some

get in the inter-band energy levels. This capture of electrons occurs with a Electrons in_ a trap are temporary removed from the charge transfer in
time scale T, = 1/(c Vi, N,) (o - capture cross section, v,, — thermal electron velocity, n, - the conduction band. Thus the presence of traps reduces the charge

electron density), Which is typically small (~us). transfer efficiency. This effect is therefore called Charge Transfer In-

From this energy level, electrons can be re-emitted to the conduction band efficiency (CTI).

with a time scale t, = 1/(o vy, X, N,) e2FT (X, - entropy factor, N, — density of states
In the conduction band)

What are the effects of CTI on Gaia observations? _ _
centroid shif Since the electron release time constants can be very long (up to 102 s),

’ ?uack;wﬂhwtcn traps can remain filled and thus blocked for electrons resulting from an-

[\ e other star following the star that has filled traps.

(lpflt]‘ledd”f; Furthermore, released electrons can be added to the PSF of a following
” — star after beeing captured by a preceding star.

—> This introduces a dependency of the CTI effects upon one star on the

drecton of moverment verthe CCD transit history of the CCD (i.e. the sequence of stars observed before).

-

The capture and re-emission of electrons causes a deformation of

the point-spread functions:

- Loss of electrons in the leading edge of a PSF and additional excess of charges in the traling edge
electrons in the trailing edge. As a result, a shift in the center of ~ [i=eincicee dmntie
the PSF Is expected. This affects the astrometric accuracy. \

- Within a certain small window around the center of the PSF,
- The shape of spectral lines are altered. This affects spectrometry. T steps

Electrons

electrons are lost due to CTI. This affects the photometry.

How are the CTI effects modelled?

The model employed here makes several simplifying assumptions:

- Electrons are trapped immediately when approaching a trap ‘ ‘
(T, << TDI period)

A volume-based model makes the assumption that an electron package ina CCD
pixel can access a certain volume and fills all traps inside this volume. Traps outside
the volume cannot be filled by the charge package.

o £ alact I oo ol i s Charge Package 1 This is tllustrated in the Fig. to the left. Upper panel: A smaller charge package (yel-
- Release of electrons according to a sum of five exponentials (five traps low) enters a pixel in one TDI step. In the next step a larger package (red) is enter-
Spec|es)' R k —N'A —p4K R(k) — electron release probability after k TDI periods TDI'step 1 TDI step 2 _ _ ]
- RE=D Ae A, relative abundance of rap species ing the pixel where the yellow package has been in the step before. The larger pack-
j w; — inverse time release constant of species |

age can only fill the traps within the volume occupied by the yellow package before
that are empty again after one TDI period, as well as all traps in the outer red volume
unreachable for the smaller charge package. Lower panel: The first charge package
(yellow) is larger than the second package (red). The second package can only fill
traps that are empty again after one TDI period inside the dashed circle. Charge loss
In the second package is strongly reduced in this case.

- A volume-based approach is used to describe the numbers of traps en-
countered by a certain number of electrons in one CCD pixel
- The Gala data simulator GIBIS (Gaia Instrument and Basic Image Si-

mulator, Babusiaux 2006) is used to simulate the Gaia observations Charge Package 1
TDI step 1 TDI step 2

leading star

Simulation Results The case of two stars (A and B) following one star in

The image to the right shows a cut through the central part of the dlsta_mces of 1.0 0. and .200’ and 4.0 0 and 800 T[.)I petl- or T T . o
PSF of stars of three different magnitudes. Black lines show the g | | ; :)_ds IS sho'\&vn 'E tréeTFllgﬁto the right _For tdhe flgstFtral- OF—\—1—1 i i
PSF without CTI effects, red curves with CTI effects. The typical “: Lng star ( ; ) t_l_e ; ;cts ar](ce agr?ln 5 ] HOEH, FOF ~200

behaviour can be seen: charge loss at the leading edge and excess E ' - the second trailing star (B), no further reduction can

be seen. This IS the case since all stars have the same

charqges at the trailing edge. The stars are moving from right to left

Difference [electrons]
!
N
)
S

transit direction of sources

400 600
TDI step

excess of
electrons
due to
re-emission

(]

1
w
L=

Difference [electrons]

Difference [electrons]

] electron loss
. ) - due to capture
transit direction of sources P

400 600 =300 e — e — e 1I ...1 .....
TDI step TDI period



