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Qutiline

e Low energy proton problem
 modelling in ESTEC (TRIM, Geant4,...)
o validation attempts

e environment assessment (then)

e environment (recent)
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XXMM had a potentially more severe
environment than Chandra (Rad Belis)

e Orbit parameters Chandra XMM
Apogee 140000km 114000km
* Perigee 10000km 7000km
e Inclination 28° 390
*  Argument of Perigee 270° 57°
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TRIM demonsirafted rthat low-angle
scaltering was very efficient
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Fraction of particlesin each 0.5° scattered
angle bin [0,0.5], [0.5,1] as a function of

Space Environmenits and Effects

Analysis Section

Fraction of particles scattering into each
scattered angle bin for various incident

oS angles.
incident angle.
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Assuming these protons illuminate an area of the focal plane given by WL2 where Wis the acceptance solid
angle and L the focal length, the fluence of particles of energies between E and dE is:

Q(E)2f(E)dE S{W4p} / W2 = Q(E)? f(E)dE S /4pL?
Where Q(E) isthe scattering from a single encounter with a shell (either a single scatter of a"condensed
multiple scatter) and is a strong function of energy, Sis the telescope acceptance area and f is the
omnidirectional flux of particles, differential in energy.

fluence values in Table 1 as being lower bounds. If (g Is as high as 0.3, the 10MeV equivalent
fluence from 100keV protons will be of the order of 10 %em?in 60 days at the CCDs.

Acceptance Fluence 10MeV
AreaS  Acceptance L E interval Fluence  Equival ent_
(cm?) Angle(Sr)  (em)  (MeV) (fE)DE) (cm? @ (€m’)  Fluence (cm™)
Chandra
1145 10" 10° 0.1 >10% 0065 ~1.310° ~1.310°
1 >10% 0.065 ~4.810° ~4.8 10°
XMM
1700/mirror 6.510° 710° 01 >2 102 0.065 ~3510° ~3510°
1 >2 107 0065 ~1.110° ~1.1 10’
Tablel. Telescope parameters and orhit fluences for Chandraand XM M.
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Geantd simulations

o (Geant4 isthe next generation
of general-purpose Monte- =0
Carlo codes, successor to 700
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Foull 3D simulations

29 November 2000 TOS-EMA 8



e s a Space Environmenits and Effects
SN - IINIE L T Analysis Section

« The number of counts registered at each of the detector volumes is converted to an efficiency
measurement h defined by

h =W/ 4p (Aeource/ Adetector)(Ndetected/ Nincident)

 where Wisthe solid angle that corresponds to the selected source half-angle g and

. isgiven by 2p(1 - cosq)

. Agrce 1S the area over which the isotropic particle distribution is generated

. Agetector 1S the area of the detector volume on which particles are recorded

. Nincident 1S the total number of particles generated over Ag, e

. Noetected 1S the number of particles recorded at a detector location within Aggector

 The efficiency is the number that the omnidirectional incident flux must be multiplied by to
derivetheflux at the " target" .

* Inthe XMM simulations the areas involved in the efficiency calculations are:

. Acurce = 3455.75cm?
* Ani rror_detector = 3739.28cm?
. ArGs detector= 126.88cm?®

» Thesize of the RGS collecting area was doubled to ensure detection of particles arriving outside the detector
nominal position due to the approximation made by neglecting the "saw-tooth" surface.

. AEpIC_detector = 33.18cn?
29 November 2000 TOS-EMA 9




Mirror (scattered) Mirror (direct) RGS EPIC
Ninc N get h + N det h + N det h + N det h +
0.5 5.0E+06 79272 2.8E-07 9.9E-10 508 1.8E-09 7.9E-11 69 7.2E-09 8.6E-10 410 1.6E-07 8.0E-09
5.0E+06 64636 9.1E-07 3.6E-09 3724 5.2E-08 8.6E-10 48 2.0E-08 2.9E-09 381 6.0E-07 3.1E-08
5.0E+06 38477 2.2E-06 1.1E-08 4699 2.6E-07 3.9E-09 34 5.6E-08 9.7E-09 200 1.3E-06 9.0E-08
8.0E+06 31682 4.5E-06 2.5E-08 2206 3.1E-07 6.6E-09 34 1.4E-07 2.4E-08 126 2.0E-06 1.8E-07
10 1.2E+07 14875 8.7E-06 7.1E-08 547 3.2E-07 1.4E-08 15 2.6E-07 6.7E-08 40 2.6E-06 4.2E-07
300keV protons
0.5 5.0E+06 163257 5.7E-07 1.4E-09 528 1.9E-09 8.1E-11 181 1.9E-08 1.4E-09 1232 4.9E-07 1.4E-08
1 5.0E+06 121473 1.7E-06 4.9E-09 3724 5.2E-08 8.6E-10 150 6.2E-08 5.1E-09 1087 1.7E-06 5.2E-08
5.0E+06 71857 4.0E-06 1.5E-08 4733 2.7E-07 3.9E-09 101 1.7E-07 1.7E-08 572 3.6E-06 1.5E-07
8.0E+06 61104 8.6E-06 3.5E-08 2217 3.1E-07 6.6E-09 77 3.2E-07 3.6E-08 344 5.5E-06 2.9E-07
10 1.2E+07 25394 1.5E-05 9.3E-08 564 3.3E-07 1.4E-08 36 6.2E-07 1.0E-07 83 b5.5E-06 6.0E-07
600keV protons
0.5 5.0E+06 202896 7.1E-07 1.6E-09 508 1.8E-09 7.9E-11 272 2.8E-08 1.7E-09 1878 7.4E-07 1.7E-08
1 5.0E+06 145581 2.0E-06 5.4E-09 3607 5.1E-08 8.5E-10 220 9.1E-08 6.2E-09 1446 2.3E-06 6.0E-08
5.0E+06 86738 4.9E-06 1.7E-08 4673 2.6E-07 3.8E-09 134 2.2E-07 1.9E-08 688 4.4E-06 1.7E-07
8.0E+06 68360 9.6E-06 3.7E-08 2179 3.1E-07 6.6E-09 80 3.3E-07 3.7E-08 376 6.0E-06 3.1E-07
10 1.2E+07 29300 1.7E-05 1.0E-07 504 2.9E-07 1.3E-08 36 6.2E-07 1.0E-07 101 6.7E-06 6.6E-07
30 4.0E+07 13746 2.1E-05 1.8E-07 208 3.2E-07 2.2E-08 15 6.8E-07 1.8E-07 37 6.5E-06 1.1E-06
1MeV protons
0.5 5.0E+06 209847 7.4E-07 1.6E-09 547 1.9E-09 8.2E-11 286 3.0E-08 1.8E-09 1744 6.9E-07 1.7E-08
5.0E+06 153276 2.2E-06 5.5E-09 3725 5.2E-08 8.6E-10 256 1.1E-07 6.6E-09 1391 2.2E-06 5.9E-08
5.0E+06 90840 5.1E-06 1.7E-08 4677 2.6E-07 3.9E-09 142 2.4E-07 2.0E-08 708 4.5E-06 1.7E-07
8.0E+06 73559 1.0E-05 3.8E-08 2169 3.1E-07 6.6E-09 112 4.6E-07 4.4E-08 431 6.8E-06 3.3E-07
10 1.0E+07 28172 2.0E-05 1.2E-07 419 2.9E-07 1.4E-08 26 5.4E-07 1.1E-07 88 7.0E-06 7.4E-07
30 4.0E+07 15490 2.4E-05 1.9E-07 214 3.3E-07 2.3E-08 10 4.6E-07 1.4E-07 61 1.1E-05 1.4E-06
1.5MeV protons
0.5 5.0E+06 212232 7.5E-07 1.6E-09 542 1.9E-09 8.2E-11 372 3.9E-08 2.0E-09 1836 7.3E-07 1.7E-08
1 5.0E+06 154651 2.2E-06 5.5E-09 3677 5.2E-08 8.5E-10 292 1.2E-07 7.1E-09 1464 2.3E-06 6.1E-08
5.0E+06 92165 b5.2E-06 1.7E-08 4669 2.6E-07 3.8E-09 170 2.8E-07 2.2E-08 718 4.6E-06 1.7E-07
8.0E+06 76141 1.1E-05 3.9E-08 2153 3.0E-07 6.5E-09 133 5.5E-07 4.8E-08 384 6.1E-06 3.1E-07
10 1.0E+07 35312 2.5E-05 1.3E-07 585 4.1E-07 1.7E-08 38 7.9E-07 1.3E-07 127 1.0E-05 8.9E-07

Table 1.

XM M simulation runs for protonsin the

- 4 and Ninc number of incident particles. The number

apply.

energy range 0.1 to 1.5M eV for source half-angles
of protons recorded at each of the dummy detector
volumes Ngdget is used to calculate the efficiency h its error is estimated assuming Poisson statistics

| Effects
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Figure 1. Efficiency of the mirrors is plotted against source half-angle for proton energies

intherange 0.1 to 1.5MeV. Scattered protons and direct, unhindered protons are shown.
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Figure 1. Efficiency of the EPIC and RGS detectors is plotted against source half-angle for

_proton energiesin the range 0.1 to 1.5MeV.
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Figure 1. Efficiency of the EPIC and RGS detectors is plotted against proton energy for

each source half-anglesin the range 0.5 to 30 degrees.
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Efficiency of the ACIS detector plotted
against source half-angle for proton
energiesin therange 0.1 to 1.5MeV.
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————— 1
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D] i fo XMM
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Comparison with experiment
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Experiment - mirror shard sample
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=} Geant 4 Monte-Carlo
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Geant4 results reasonable, but do not fall off towards low angles
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Evalvation of Fime

Number of daysin IMP-8 EPAM record
(0.3 - 0.5MeV) in given flux ranges.

Space Environmenits and Effects
Analysis Section

lost in profection

The contribution to the total fluence from
days of certain average flux.
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1.00E+03 ACE and IMP average fixes

129-407keV: multiply numbers =
by 3500 to get p/cm2/s
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* NOTE!!: different periods! - next slides show that peak
periods are similar inside and outside magnetosphere; baselineis

higher inside (instrument or magnetospheric particles?)
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This year’s environment has been sformy
fas expected)
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Recent series of X-ray flares

Updated 2000 MNov 26
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e s a Space Environmenits and Effects
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@ e s a Space Environmenits and Effects
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Conclusions

* A lot of work was done to quantify the problem pre-launch
e Toolsthat have proved useful: Geant4, TRIM, on-line data;

(aside: many space weather resources are thanks to science missions, with science
goals, not a guaranteed service in the future - is more something more needed? )

e Environment data available for interplanetary space but
magnetospheric islargely missing;

o Effort now need to understand what is observed in flight and:
— validate modelling methods
— Interpret observations
— anticipate evolution of problem(s)
— prepare for other missions
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