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Dependence of SIPM current on tube temperature
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Fig. 8 — Silicon photomultiplier current dependence on tube operating time and temperature (50 KV / 75 pA)

» One point of the scintillator was irradiated with an X-ray tube for an hour; Data on detector response, power

and tube temperature were collected (50 kV / 75 pA)

» Distributions of the photomultiplier current dependence on time and temperature were constructed (for one
temperature, the average response value was found + values with power drift were discarded)

» Over the course of one hour, the temperature changed by 20 °C and the current decreased by 3 pA.
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Fig. 9 — Silicon photomultiplier current dependence on tube operating time
and temperature (20 kV / 187 pA) B )
AKHO OTMECTUTD:
GEANT4 monenupoBaHue nmokasaJo,

» One point of the scintillator was irradiated with an X-ray tube uto 80% noroka ramma kBantoB 20KeV
for an hour; Data on detector response, power and tube NPOXOIAT HACKBO3L CHHHTHILIATOP,
temperature were collected (20 kV / 187 nA) HJH TIEPEpACcCEUBAIOTCH.

IToromy, MbI paccMOTpeJ/IN pa3HbIe

» Current fluctuations are about 1 pA, but the expected influence PEKHMBI PaGOTHI TPYOKH.

of the Compton effect is still significant. 3
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Fig. 10 — Silicon photomultiplier current dependence on tube operating time it kb
and temperature (15 kV / 200 pA) e
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» One point of the scintillator was irradiated with an X-ray tube o
for an hour; Data on detector response, power and tube S
temperature were collected (15 kV /200 pA) i
» Current fluctuations are under 0.5 uA, but the greatest detector O t |
response is ~ 9 uA (and about 1.5 pA for 10 KeV). T S L S AR AL A
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| vs T (power-filtered, frac=0.980)




» AMPTEK yka3pIBalOT B IOKyMEHTAIIMH, YTO TPYOKY HEOOXOIMMO OXJIaKAaTh;
ITosmomka, BBUy TEMITEpaTyphl BhIIe SO rpagyCoB U BOBCE HE SIBISCTCS
TapaHTUHMHBIM CIIyYaEM.

» OmnwiT kosuier u3 IIEPHa: TpyOka ucmoib30Banachk TOIBKO C OXJIAKICHHUEM,
KOHKpeTHee — L1eNbThe AIIEMEHT.

» IIpoBepka mpeamnoaoKeHHs TaK)Ke TPEOyeT aKTUBHOTO OXJIKICHHMS.

» BaxxHo oTMeTHTh, 4TO paboTa CO CKaHEPOM IOojIpa3yMeBaia NCIOIb30BaHHE
CAEN DT5202 (ToxoBblii peskum SIPM), Bkimrouast uctounuk nmutanus A7585D
C HU3KUM TOKOBBIM pa3penicHueM (1 MkA). YuurtsiBas TOT akKT, 4To
OTKJIOHEHHE Ha 1 — 2 MKA y»K€ MOXKET CBUJICTEIILCTBOBATH O HAJIMYNH
HEKPUTHYECKOTO Je(eKTa, BAXKHO YBEIUUNTH Pa3pelIcHe /U YMCHBIINUTD
(ydecTb) BKJIag Aperda Toka, YTO HEBO3MOXKHO CJIEIaTh B IPOMEKYTKE
pa3IeICHUS SKCIIOHEHT.



MiniX X-Ray Tube Temp.-SiPM current on time dependance

Temperature vs Time | vs T (power-filtered, frac=0.980) I vs time
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bonbias naysa B McCiae0BaHUsIX. bblIo 100aBIEHO OXJIaXKICHUE 3aJHEH ITaHeIn
TpyOKH (KpaCHBIM — MECTO KPEIJICHUE KyJepa, 3€JICHbIM — HallpaBJICHUE
BO3JIYIIIHBIX MMOTOKOB). K TOMY k€, Kak OKa3ajaocCh, ONPAIIMBaTh CTaTyC TPYOKHU
MOKHO HE TOJIBKO Yepe3 npriiokerre MinixX, Ho 1 HanpsMyIo — 9TO
3HAUUTEIHLHO TOYHO W TJIaBHO MOKa3bIBaeT TeMmneparypy Tpyoku (1 VS ~0.01
rpajyca o mneybcuio). Miamepenus npoBoarinch B aboparopuu SPD (2102-a),
C HEKOTOPBIM MTOCTOSSHHBIM ITPUTOKOM JItOJIeH, OOIBIIUMU ITIEpEMEHAMU B
TeMIIepaType BHEIIHETO OKPY>KEHUSI, YTO BUJIHO HA rpaduKe 3aBUCUMOCTH
Temperature VS Time.

BaxHO OTMETHUTh, YTO BCE U3MEPEHUS 10 (BKJIFOUAs TEKYIIEe) TPOBOAUIUCH C
NpeU3UOHHBIM HCTOUYHUKOM-H3MepuTesem Keithley-2400.




Keithley 2400, NuTerpupytowas RC-uenoyka, noasa

bbUIO MPEeMIOKEHO MEPEHECTH CICAYIOIINN UK UCCIEAO0BAHUMN B OABAJ. DTO MOJIOKHUTEIBHO MOBIUSIO Ha
TEMIIEPATYPY OKPYKAIOIIEH TPYOKY CPEJIbl, a TAK)KE U HA MTOKA3aTEJIM U3BMEHEHUS TEMIIEPATYPhl K CAMOU TPYOKH.
Taxoke, B ens Obla BBeeHa nHTerpupytomas RC-nens, Gpuiasrp BeicOkuX 9acToT (mapameTpsl — IMK®D u 330 Om).
bbUIO BBEIEHO JOTOJIHUTEIBHOE OXJIAKICHHUE, 4 TAKKE TEPMOJATUUK, JIJIT KOHTPOJISI TEMIIEPATYPhI B KOPOOKE,
BHYTpH KoTopoi pacnonaraercs SIPM u ciiuatuurarop (21.3 VS 21.0 °C B Havyane v B KOHIIC H3MEPSHU)
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Tax xak Keithley 2400 crapenbkuii (Tak:ke, MbI €T0 apEHIYEM ), M BIIOJIHE MOYKHO JIOITYCTHTD,
gT0 pazdoexkka B Toke Mexxay 2000 u 5000 ¢ (cM. mpomnnoe pacrpeneneaue | vs Time) BeI3BaHa
HE OYEHb CTAOMIIBHBIM UCTOYHUKOM MMUTAHUS MOCIECIHETO, OBLIO PEIIEHO MOMPOOOBATH
IIPOBECTH MCCIICIOBAHUE C UCIIOIb30BaHNEeM amiiepMerpa AKtakom + BHEITHETO NCTOYHHMKA
nutanus (HazBanue y Ilerpa EBrenpeBnua Terepuna). [1mara u oxnakaeHue Takue e, OQHAKO,
KaK ObLJIO OOHAPYKEHO, YTO BO BPEMS MEPEHOCA YCTAHOBKHU B MOABAJI, OJHA U3 JIONACTEM JIOII.
Kysepa Obl1a TOBpEXI€HA, YTO BEJIO K MOCTOSHHOW «TPSICKE», U KOJIEOAHUS TIepeaaBAIUCh Ha
TpyOKy. K cienyromemy HaOOpy TaHHBIN KyJi€p ObLT BBIBEJAEH U3 CUCTEMBI.
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[Tepenabop Aktakom + BHemrHMM MCTOYHUK NTHTaHUd. [1mara u oxaaxacHue
Ttakue xe. Temneparypa go u nocie 21.3 VS 21.0 °C. Hagano nadopa — 29V
(kak u Bcerma), koHern Hadopa — 28.8 V (uto Taxke HaOII0IAIOCH U B

npeasiayeM Haoope). PakT — HANPSHKEHUE Y HCTOYHMKA IUIBIBET, OJTHAKO

JAHHBIC CHOCHBIC.
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Cpasuenus Keithley VS Aktakom

Averaged | vs time, N_ =5 Averaged | vs time, t < 13000 s, N_ =5
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Keithley 2400 Aktakom + PS

Ha ckaHepe mmanupyercsa HaOupaTh JTaHHBIE CIACTYIOMINM 00pa30M: KOrja ABUKYIIMUECS OCH
3a(DMKCUPOBAIMCh HA KOHKPETHOM TOYKE, 3aIIMCHIBACTCS TOK 00y4aeMon 00JacTH, MPUMEPHO S
U3MEPEHUM, pa3 B 2.5 CeK (I())npoc yaliie 0€CCMBICIICHHEH, JaHHBIE aMIIEpMETPOB HE YCIICIOT
O0OHOBUTKCS). TakuM 00pa3oM, €CTb CMBICII CpPaBHMBATh JaHHbIE HUMEHHO TaKUM 00pa3oM,
o0beuHAsA uX 1Mo 5 Touek, u oroopaxas CKO. [Janasie aktakom nMmeroT MmeHbIImMi pa3opoc,
OJIHAKO, OHU 00Jiee HECTaOMJIbHEIE, «BOJJHOOOpa3HbIie». KelTiu, B CBOIO o4epeib, HA00OPOT —

OoJiee cTaOWIIbHBIN (B T.4. 13-3a HCTOUHMKA MUTAHUS ), HO B HEKOTOPBIX obsacTax oossinne CKO.
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I lonibITKM TOHATH IIPUYUHY «TPACKHW» CHUI'HAJIA

SiPM current magnitude vs time
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Cnesa — PS + Aktakom, 50/75, No collimator. CipaBa — PS + Aktakom,
3aBUCHUMOCTB TOKA CHIIMa OT 3acBeTKH LED mocrosiHHOrO HanpsmkeHus
(mutanusa LED Ttaxxe PS). [IpokoMMEHTHPOBATH TSKEIO, HO TAKUE
MCCJICIOBAHUSA TOXKE MIPOBOAUINCH. KOHKPETHBIN BBIBO HE IOJYYECH.
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llocienqaue pe3ynbpTarsl CpaBHEHUS, TOKA3aHHBIC HA
cosernaduu 09.06.26
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BHOBB TOBTOpPEHUE CTAPhIX UCCIIEIOBAHNM, cUcTEMaTUKa (cM. ciaiig 10)
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M ckimodeHne TpyOKH U3 UCCIICIOBAHMUS

Background current Background-subtracted current
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* [IpoBeaeHBI UCCIIEIOBAaHMS 3aBUCHMOCTH Toka SIPM 0T, 110 cyTH, BpeMeHH,
IIPH IMIOCTOSSHHOM OOJIYYEHHH CIIUHTUILISITOpA PaguOaKTHBHBIMU
ncrtounukamu (Lle3uit 137, Kodansr 60, Harpuit 22, EBponuit 152, I{uHk
65, Turan 44; Keithley 2400). bein HaOpaH CIIEKTp B OTCYTCTBUU
MCTOYHMKOB, IOTOM W3 CUTrHasa ObLI BBIYTEH CpeaHUN (DOH. K OTKINK CHIIM
3aBHUCHUT OT BPEMEHHU - U3BecTHas TeMay © JlyonHuH ®uauni
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Temperature vs Time
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TpyOka BHOBb BBejicHa B ucciienoBanue. Panbiie, nonaras Ha PS DT5202, Mbl cTpeMuInch K
MaKCHUMaJbHOMY TOKY C CIIMHTWIIATOPA, TpU (UKCUPOBAHHOM HU3KOM pa3zperieHuu PS B 1
MKA. Teneps, UCIIONIB3Ys aMIIEPMETPBI C PA3PEIICHUEM JECITKHU-COTHH HA, MbI HE OOMMCS
MOHU3HUTH TOK, T.€. MOXKEM pabOTaTh C TPYOKOM B APYTUX PEKUMAX, €CIIU OHU OKaKyTcsl OoJiee
ctabmwibHbIMU. Koneuno, ais SIPM PCB MPUJIETCS Pa3BETBIATH MUTAHUEHU3MEPEHUE Ha 8
KaHaJIOB, HO TaKOBa IIEHA. _

Pexum 40 KeV, 93 mkA. Pas6poc ymenbiuen 10 0.3 MxA. Coopka ¢ Keithley, kotopsrii Gonee  *°
y00€H B DKCILTyaTalluM, MpeTeprieBaeT HAUMEHBIIINE MPOOJIEMbI C HCTOYHUKOM MUTAaHUS, a
TaKKe KyJia 0oJiee y100€H C TOUKHU 3peHUs MPOrpaMMHUPOBAHUSL.
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