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1 Introduction

This document describes the mathematical functions used to model the redistribution function (rmf)

of the EPIC{MOS CCDs on XMM{Newton.

The rmfs are appropriate to imaging mode data and events within the canonical pattern library,

i.e., pattern number 0 to 12. We have split the events into subclasses based on their pattern number

and degree of charge leakage into their sub{threshold pixels and derived an rmf for each subclass.

These subclasses are described in Section 2 and the mathematical functions used to describe the rmf

for each subclass is described in Section 3.

The model rmf was �t to ground calibration data at selected energies in the range 150 eV to

13000 eV. The data were obtained at the Orsay synchrotron facility during the April, 1998 campaign

for the EPIC{MOS2 camera and the July 1998 campaign for the EPIC{MOS1 camera. The events

were corrected for CTI (see EPIC{LUX{RE{tbd) and the event energies in ADC units converted to

eV via a gain relation (see EPIC{LUX{RE{166).
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2 Event Sub{classes

The redistribution function not only varies with the input energy of the incident X{ray photons, but

is di�erent for di�erent classes of event pattern. This is because there are several processes which

cause the total charge deposited by a given event not to be perfectly recovered. For example, events

which interact more deeply within the Silicon of the CCDs produced charge clouds which are spread

over many pixels and due to the necessary limitations of the EDU, charge can be lost to sub{threshold

pixels within the event pattern, or outside the event pattern altogether.

The rmf, therefore, has been determined for four di�erent subsets of the canonical pattern library,

which we refer to in this document as Pattern Grades 1, 2, 3, and 4. The Pattern Grades are simply

equal to the number of pixels above threshold within a given pattern, i.e., Grade 1 events are mono{

pixels, Grade 2 events are bi{pixels etc. Furthermore, these classes have been subdivided into two

subclasses according to the degree of charge leakage into the sub{threshold pixels within the inner 3x3

section of the pattern as measured by the E3 value. Events in which

E3 � Threshold+ Background

are classi�ed as Main events and those where

E3 > Threshold+ Background

are classi�ed as Leakage events where Threshold is the EDU threshold and Background is the

local background for that event. The algorithm used to derive the local background is described in

document EPIC{LUX{RE{165.

Data taken with an 800 eV synchrotron beam at Orsay illustrating the shape of the redistribution

function for Grade 1, Main and Leakage events is shown in Figure 1. The origin of the various

components is described in the next section.
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3 The RMF

3.1 Grade 1, Main Events

The section describes the redistribution function for Grade 1, Main events. The major components

of the rmf are a Gaussian photopeak, and additional Si{Fluoresence and Si{Escape peaks when the

input energy is greater than the Si K-edge at 1839 eV, plus two charge loss mechanisms which occur

near the surface of the CCD and which distort the photopeaks from a Gaussian form.

The �rst charge loss mechanism is due to an inversion in the surface potential that causes charge

liberated near the surface to drift towards the surface, rather than the buried channels of the CCD.

The degree of charge loss is highly variable from CCD to CCD and up to � 60% of the charge from

an event can be lost due to this mechanism.

The second mechanism occurs when events interact close to the Si�SiO

2

boundary layer. Events

can lose up 100% of their charge within the SiO

2

, forming a low-level shelf.

Let, G(E), be a Gaussian function which describes the response at energy E,
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where Dpl is the e�ective depletion depth of the CCDs which we assume to be 35 microns for all
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Note, that the parameters, � and � vary somewhat with energy due, primarily, to the simpli�ed

model employed.
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Finally, the charge{loss shelf is given by,
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The �nal redistribution function is then,
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The normalistions, N

ph

and N

sh

are adjusted so that the integral of the redistribution function

over all energies is equal to 1.0.

Table 1: Summary of RMF Parameters for Grade 1, Main Events

Parameter Description Free/Fixed

E

in

Input X{ray energy in eV Fixed

N

ph

Normalisation of photopeak Free

� Gaussian width Free

F

esc

Si{Escape fractional normalisation Free

F

flo

Si{Fluoresence fractional normalisation Free

� Fractional surface loss at depth, 0 Free

� Surface loss gradient Free

N

sh

Normalisation of charge loss shelf Free

3.2 Grade 1, Leakage Events

Events which su�er from signi�cant charge leakage tend to be ones which generate larger charge clouds

because they have interacted more deeply within the depletion region. Consequently, they are less

a�ected by the surface charge loss mechanisms detailed above. The response of these events deviates

from a Gaussian due to the presence of a low{energy tail. In addition, the mean energy of the peak

is shifted somewhat to lower energies than the nominal input energy, E

in

.

We have modelled the response of these events with a purely analytical function which consists

of Gaussian �t to the high{energy portion of the response and a King{function to the low{energy

portion, i.e.,
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The median energy, E

0

is a free parameter in the �t. The total response (including Si{Escape

and Fluoresence features) is then given by,
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Table 2: Summary of RMF Parameters for Grade 1, Leakage Events

Parameter Description Free/Fixed

E

0

Input X{ray energy in eV Free

N

l

Normalisation of photopeak Free

� Gaussian width Free

F

esc

Si{Escape fractional normalisation Free

F

flo

Si{Fluoresence fractional normalisation Free

 Sigma factor for King function Free

� Exponent of King function Free

3.3 Grade 2, Main Events

Same Model as Grade 1, Main events, i.e., a Gaussian photopeak modi�ed by a surface loss function,

and an additional charge loss shelf.

3.4 Grade 2, Leakage Events

Same Model as Grade 1, Leakage events, i.e., a King{Gauss function with the input energy a FREE

parameter.

3.5 Grade 3, Main Events

These events are also modelled with a King-Gauss function because of the presence of a residual

low{energy tail. The input energy, however, is FIXED at E

in

during �tting.

3.6 Grade 3, Leakage Events

Same Model as Grade 1, Leakage events, i.e., a King{Gauss function with the input energy a free

parameter.

3.7 Grade 4, Main Events

Same Model as Grade 3, Main events

3.8 Grade 4, Leakage Events

Same Model as Grade 1, Leakage events
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4 Energy Dependance of the RMF Parameters

The energy dependance of the redistribution function parameters for a given event subclass are mod-

elled by �tting a second order polynomial to the data pairs, (E

in

; Parameter) over two energy ranges,

below and above the Si K{edge. The rmf parameter for an arbitrary energy is then simply given by,

i.e.,

P (E) = p

0

+ p

1

E + p

2

E

2

The coe�cients (p

0

; p

1

; p

2

) for each CCD on the two MOS cameras have been written to FITS

�les,

pub/soc_deliv/emcs-M/rmf/rmf_MDN_G.fits

where M is the camera number (1 or 2), D is the CCD number (1-7), N is the Node (currently

0 only) and G is the pattern grade, (1 to 4). Each �le contains 4 binary tables giving (in order)

the polynomial coe�cients for Main Events (E < 1839), Main Events (E � 1839), Leakage events

(E < 1839) and Leakage events (E � 1839). The �les are available from the anonymous ftp site,

epic2.xra.le.ac.uk.
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Figure 1: Ground Calibration data at 800 eV for CCD 1 of MOS 1
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