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Lucy: The First Mission to the Trojan Asteroids (15 points).

CCD cameras on space probes are very sensitive and exposed to space weather conditions. Intense
radiation passing through the CCD produces electron-hole pairs in the silicon of the CCD chip. The rate at
which these pairs are produced is an important parameter when operating cameras on board spacecraft
and can be calculated for radiation of any given energy.

A high energy particle or photon of radiation passing through the CCD will deposit some energy in the
chip with each electron-hole pair it creates. The ‘stopping power’ of silicon for a given type of particle can
be measured as the energy per areal density (areal density = mass per unit area) that the silicon ‘takes
away' from the travelling particle.

NASA's Lucy mission will be the first to study the Trojan asteroids and will revolutionize our understanding
of the formation of the Solar System. One of the instruments on board is L'LORRI (Lucy LOng Range
Reconnaissance Imager), which contains a sensitive CCD in order to produce detailed images of the
Trojan asteroids. Unfortunately, the radiation around Jupiter is very intense and it can generate a lot of
‘noise’ in the pixels of the CCD.

Let us assume that an average charged particle trapped in Jupiter's magnetic field has an energy of
15 MeV and that the flux of such particles in this region is equivalent to about 600 electrons st em 2.
Also assume that for each electron-hole pair which a particle passing through a pixel creates, it deposits
exactly the excitation energy of the pair in that pixel. After the pixel crosses a threshold number of
electron-hole pairs it is ‘excited’ and no more pairs can be produced in that pixel. Any remaining energy
in the particle is passed to the next pixel (and so on).

Using the data given below for the CCD chip in the L'LORRI camera, answer the following questions:

13.1  How many pixels will be excited by one such particle of radiation passing 10.0pt
through the CCD when the spacecraft is near Jupiter's orbit?

13.2  Given the radiation flux near Jupiter, what percentage of the total number of  5.0pt
pixels in an image will be excited?
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CCD Data:

Exposure time of an image =30 ms

Pixels on the CCD = 1024 x 1024

CCD Area=13 mm x 13 mm

CCD chip thickness = 0.06 cm

Density of silicon, p=2.34gcm3

Excitation energy of single pair = 2.36 eV
Excitation threshold of a single pixel = 250 pairs

Stopping power’ of silicon for a 15 MeV electron =3.012 MeV g—! cm?
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Lucy: NMbpBaTta Mmrucma KbmM actepomauTte-tpoaHuu (15 Tou-
KW).

CCD kamepuTe Ha KOCMWYECKMUTE anapaTti ca MHOI0 YyBCTBUTENIHU U Ca N3/0XKEHWN Ha BAUSHUETO Ha
KocMmyeckaTa cpefa. IHTEH3VBHMTE KOCMUYECKU TbYK, MPeMUHaBaLLV Npe3 TAX, mopaxaaT B CUAnLn-
esuTe CCD umnoBse fBoOWKN "fynKa-enekTpoH”. CKOPOCTTa Ha paXjaHe Ha Te3u BOVIKWN e BaXeH napa-
MeTbp Ha KamepuTe Ha 6opTa Ha KOCMUYeCKMTe anapaty 1 Moxe ja 6bje NpecMeTHaT 3a PasnyHn
YacTMuUy C MPOn3BOJIHa eHeprus.

Yactmua nnm ¢oToH C BUCOKW eHeprnun, npemMmunHasalim npe3 CCD maTpuuaTa Lie oTAaaBaT onpejeneHa
eHeprusa Ha yuvna npy obpasyBaHeTO Ha ABOWKW enekTpoH-Aynka."CivpavHara cnocobHOCT” Ha cunu-
LA, 3@ onpejeneH TN YacTMuy, Moxe Aa 6bJe n3mMmepeHa KaTto eHeprusaTa Ha eAviH1LA MOBbPXHOCTHA
NABTHOCT (NOB8BPXHOCMHA NABMHOCM e MAccad Ha edUHUYA naow, om npueMHUKd), KOATO CUNNUUAT
"0THemMa" oT npennTawaTa Yactumua.

MucuaTta Ha HACA "Jlrocn” e nbpBaTta MUCUA 3a M3yYaBaHe Ha aCTEPOUANTE-TPOAHLM U Ce oYaKkBa Aa
N3BBPLUV PEBOIOLVSA B HALLeTo pa3brpaHe oTHOCHO ¢opMumpaHeTo Ha CibHYeBaTa cuctema. EanH ot
WHCTPYMEHTUTE Ha bopTa Ha kocmmdeckms anapar - L'LORRI (Lucy LOng Range Reconnaissance Imager),
CbAbpXKa vyBcTBUTENHa CCD MaTpuLa 3a NojslyyaBaHe Ha AeTali/IHM n30bpaxeHns Ha actepomanTe. 3a
CbXaneHune paguaumata okono KOnntep e MHOro MHTEH3MBHA U MOXe Jla reHepupa ronsm "wym” B nuk-
cenute Ha CCD maTpuuara.

Heka ga npuemem, Ye efHa "cpefHa” 3apeseHa Yyactmua, 3aXxBaHata OoT MarHUTHOTO none Ha KonuTtep,
1nMa eHeprus 15 MeV 1 4ye NOTOKBbT Ha NOAOOHM YacTMLM B Ta3m 061acT e ekBUBaNeHTeH Ha okono 600
enekTpoHa s~ em~2 . OcBeH TOBa Aa NPEANONOXNM, Ye 3a NOoSBABAHETO Ha BCSKA ABOViKa eN1eKTPOH-
Aynka YacTuuaTta m3pasxogBa TOYHOTO KOAMYECTBO eHeprus, HeobxoAMMO 3a Cb3AaBaHETO Ha Ta3w
"nBorika". Cnep KaTo B NMKcena ce obpasysaT onpegeneH "rpaHuyen” 6poii NnofobHW "aBOMKK", TOM ce
"Bb36Yy>XAa" 1 MOBeYe HATO efHa ABOKa eIeKTPOH-Ayrnka He MoXe Ja ce dopmmpa B To3m nukcen. OcTta-
HanaTa B YacTuLaTa eHeprus ce npejasa Ha cieaBaliys nukcesn (U T.H.)

M3non3Baiikn gageHnte no-gony gaHHm 3a CCD maTpuuata Ha kamepata L'LORRI, oTroBopeTe Ha cneg-
HUTe BLNPOCU:

13.1 Konko nukcena we 6baaT "Bb36yaeHN” OT eHa TakaBa YacTumua koato npemu-  10.0pt
Hasa npe3 CCD maTpuuata, Korato KOCMUYeCcKUAT anapar e 61130 Ao opbuTaTta
Ha FOnuTtep?

13.2  VImaikn npeABUA KakbB € NOTOKBLT Ha pajuaumsaTa B okoiHocTuTe Ha FonuTep,  5.0pt
KaKbB MPOLEHT OT 06L0TO KosinmyecTBo nukcenn Ha CCD matpuuaTa we 6bae
"Bb30yaeH"?
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CCD Data:

Bpeme Ha eKcnosmumnsa Ha egHoO uso6pakeHne = 30 ms
Pasmep Ha CCD maTpuuaTa B nukcenu = 1024 x 1024
Pasmep Ha CCD maTpuuaTa B MuanmMmeTpm =13 mm x 13 mm
[e6enuiHa Ha CCD maTpuuaTa = 0.06 cm

NMABTHOCT HA cMAnumA, p=2.34gcm3

EHeprus 3a cb3gaBaHe Ha efgHa "aBoiika” = 2.36 eV

MpepenHo KoNMYecTBO "ABOMKIN"”, HE6X0AMMO 3a "Bb36YXKAaHe" HAa eAVH nvKkcen = 250 ABO-
Kn

"CnupayHa cnoco6HoCcT” Ha cunuuus 3a 15 MeV enekTpoH = 3.012 MeV g ! cm?
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Lucy: The First Mission to the Trojan Asteroids (15 points).

13.1 (10.0 pt)

n =

13.2 (5.0 pt)
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