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*Noise in MOS CCDs 0
°Low energy plateau (<IkeV) s

*Multiple CCDs, both MOS, notable M| ccd4, M2 ccd5 ¥
*Varying intensities i

*No on/off within an observation N C e
*No correlation with any HK e T

-

eExcess of patterns 2 & 4 b



Previous studies by KK, MSt : MOS2 CCD)5, Noise
getting more intense, more frequent
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Hubert Chen, last calibration meet:
*Noise is correlated in P2 and P4 in

Energyl-Energy2 (EI-E2) plane

*Problem in readout amplifier

circuit, not in pixels
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The MOS Noise Test

® Onset of noise could be related to the readout sequence

® Test, to restart the sequence in the middle of an
observation - see whether the noise disappears

® [he Results:
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The MOS Noise Test

® Onset of noise could be related to the readout sequence

® Test, to restart the sequence in the middle of an
observation - see whether the noise disappears

® The Results: It didn’t work
® MOSI ccd4 appeared noisy throughout the whole test
® MOS2 ccd5 appeared clean throughout the whole test

® This behaviour remained ~constant despite |2 restarts
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xample of noisy CCD
1117 0302900101

El-E2 plot
MQOS2 CCD5
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Bad cases: M| ccd4 and M2 ccdb:

Stacking many noisy datasets together - looking at P2
and P4 distributions in the EIl-E2 plane

.- MOS1 [CCD4 P2 | . MOS1 CD4 P4

-n MOS2|CCDS P




Bad cases: M| ccd4 and M2 ccd5:
Use data stacks to define regions - ‘stripes’ and ‘floor’
- different for each detector and for each chip
150 R 150 MOS1 P4
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fP2S1 (E<400) -
fraction of P2s in main
stripe S| - as a

function of revolution
and CCD

MOSI| CCD4 and

MOS2 CCDS5 very
evident

Also strengthening
effect, but biased by
‘moving target’
effect...

M[OXY



fP2S1 (E<400) -
fraction of P2s in main MOS?2
stripe S| - as a

function of revolution
and CCD

MOSI| CCD4 and

MOS2 CCDS5 very
evident

Also strengthening
effect, but biased by
‘moving target’
effect...
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Longterm variations!
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Longterm variations!

0.50
* mlccd4

0.45 * m2ccdS

0.40
0.35}

0.30¢

o
¥,
a0
o
o

0.25
0.20
0.15

0.10

0.05

wysl Bl - s

0.00 | | "t U et L

1250 1260 1270 1280 1290 1300 1310 1320 1330 1340
REV




Longterm variations!
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Situation at time of XMM-Newton |0th Birthday Meeting

* Continue to look at correlations of high noise with other
parameters

* Already believe that no correlations exist with HK parameters
(HC/AMR/AA)
* Looking at other observational and spacecraft parameters...

e Zoom in on detailed look of interesting, clean, dynamic revolution
range... MOS2 CCD5 (M2C5)
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‘Switchpoints’ :

Observations
directly before and
directly after a large
change in the BG.

Many appear to be
blue (CalClosed)




switchl
MOS2 CCDS

Of the ‘pre-switch’ Switchpoints |’s (SP|: observations directly before the switch), a very great many
are CalClosed - 15/20: 75%

This compares with:
percentage of M2C5 CalClosed in all Revs: 1 7%
percentage of M2C5 CalClosed in Revs 1287-1357:28%

Further checks in archives and browsers etc., for lost, intermediate observations within the switch -
some found and analysed - situation still remains: 15/20 (75%) of the SP|s are CalClosed

Note that only 1/20 (5%) of the SP2s (observations directly after the switch) are CalClosed
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Count

Does the Switch occur within an observation, or between!?
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Next Steps:
*Develop an automatic switchpoint finder
eTest it on the 1287-1357 rev range
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Next Steps: 0.3
*Develop an automatic switchpoint finder
eTest it on the 1287-1357 rev range
*Apply it to a much larger rev range
*Analyse switchpoints...
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Filter Distributions

All Observations: Revs 800-1600

MO52 (CCD5) Rev 800-1600 Filter Distribution MOS2 (CCDS5) Rev 800-1600 Filter Distribution
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Filter Distributions

All Observations: Revs 800-1600

MOS2 {(CCDS) Rev 800-1600 Filter Distribution MOS2 (CCDS) Rev 800-1600 Filter Distribution
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Filter Distributions

All Observations: Revs 800-1600
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Filter Distributions

All Observations: Revs 800-1600

MOS2 {(CCDS) Rev 800-1600 Filter Distribution MOS2 (CCDS) Rev 800-1600 Filter Distribution
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Separate complementary
analysis (TS) involving

noise determination and
similar P2+P4 stripe fractions
etc.

Good cross-comparison
(M2C5)

Performed on other chips

FRACTION (No. of In—mosk Events VS No. of ALL)
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P2&P4 In—mask Events Fraction [ M2CCD5 (Red/White), M1CCD4 (Pink/Green), M1CCD5 (Blue/Cyan) ]
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Filter Distributions at Noise Switchpoints for other Chips

Filter Frac. of Turn Point Frac. Of Total Obs.
CalClosed 59% 31%
M1 CCDS |Medium 9% 30%
Thinl 32% 29%
Thick 0% 7%
Closed 0% 3%
Filter Frac. of Turn Point Frac. Of Total Obs.
CalClosed 23% 17%
M1 CCD4 |Medium 38% 42%
Thinl 32% 34%
Thick 6% 6%
Closed 1% 1%
Filter Frac. of Turn Point Frac. Of Total Obs.
CalClosed 63% 23%
M2 CCDS |Medium 16% 37%
Thinl 19% 33%
Thick 2% 5%
Closed 1% 1%
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M2C5 :Are the CalClosed SP s different from other SP1s?
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M2C5 :Are the CalClosed SP s different from other SP1s?
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Are the SPIs different from normal CalClosed?

Qrhital Phase of All CalClosed & All SP1 CalClosed (Rews 800-1600)

| Al CC 800-1600
| AlSP1 CC 800-1600
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In terms of when in the orbit the SP|s occur, they appear the same as normal
CalClosed




M2CS 800-1600 - Orbital phase for the wvarious filters
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M2CS 800-1600 - Orbital phase for the various filters
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CalClosed predominately at start/end of orbit...

Radiation?
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e Radiation Monitor RI levels
* Values from low-energy NLEO data in rrrr_SLOW_ECE.FIT files
* Note general rise in radiation level, both quiescent and noisy



950 1000 1050 1100 1150 1200 1250 1200 1350 1400 1450 1500 1601
REVmMid



Radiation Monitor (RM) Level

| M2C5 800-1600 All (3641)
| M2C5 800-1600 CC (752)
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Radiation Level (R1 Mid)

Radiation level for CalClosed is higher than for all observations (as expected)



Radiation Monitor (RM) Level

| M2C5 800-1600 Al (3641)
| M2C5 800-1600 CC (752)
| M2C5 800-1600 SP CC (63)

o
w
o

©
N
L

=
r

©

—
=
=
-
(.

&
L

>

‘o
E
p—
-

prad

5.0 1leQ2 5.0 1e03
Radiation Level (R1 Mid)

Radiation level for SP1s is even higher that for normal CalClosed!



Radiation Monitor (RM) Level

M2C5 800-1600 All (3641)
M2C5 800-1600 CC {(752)
M2C5 800-1600 5P CC (63)
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M2C5 800-16005P CC D (21
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Radiation level for SP s is equally high, whether Up or Down



Evolution of the CCD Noise and the Radiation

M2CS 800-1600 Evolution of fP251_2 {Noise), Radiation, SP1s and SP1{CC)s
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volution of the CCD Noise and the Radiation

M2CS 800-1600 Evolution of fP251_2 {Noise), Radiation, SP1s and SP1{CC)s

Radiation r1mid

fP251_2
o
(g
i

o
£
—
P
=
=
®
T
[as)
ol

fP251_2
o

REVmid

Squares: CalClosed
Many examples of high-radiation (CalClosed) observations where
a switch doesn’t occur



Evolution of the CCD Noise and the Radiation

M2CS 800-1600 Evolution of fP251_2 {Noise), Radiation, SP1s and SP1{CC)s
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fP251_2
o
(g
i

o
£
—
P
=
=
®
o
[as)
ol

fP251_2
o

REVmid

Squares: CalClosed

Many examples of high-radiation (CalClosed) observations where
a switch doesn’t occur - e.g.

Why does it switch here, and not before!



Suggested Recommendations for Operations

® Separately for MOSI| and MOS2 we require a real-time
status of the noise, i.e. whether MOSI| is noisy/clean and
whether MOS?2 is noisy/clean

® This may require some balance between the noise status of
the bad chips (M1C4, M2C5), other candidate bad chips
(M1C5,M2C2) and the rest of the chips - the chips do not
switch noisy/clean at the same time, though there are some
good overlaps



Suggested Recommendations for Operations

e |fa MOS is noisy, we need to switch it to clean, so we widen
the observation window for that MOS, exposing it to high
radiation, until it switches to clean

Radiation level versus orbital phase (M2C5 reyv 800-1600)

Radiation level (r1mid)
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Suggested Recommendations for Operations

Once that MOS becomes clean, we need to keep it clean,

and so we narrow the observation window for that MOS,
protecting it from high radiation

Radiation level versus orbital phase (M2C5 reyv 800-1600)
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Suggested Recommendations for Operations

If that MOS does become noisy again, we need to widen the
observation window for that MOS again - perhaps we can
widen further to increase the chances of a switch and to

gain back exposure time

Radiation level versus orbital phase (M2C5 reyv 800-1600)
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Suggested Recommendations for Operations

® This can be done separately for each MOS

® |f we can turn individual chips off, then we may be able to
prevent inadvertently switching clean chips to noisy when
trying to switch a noisy MOS to a clean MOS

Radiation level versus orbital phase (M2C5 reyv 800-1600)
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