[Mo3MUMOHHO-4YYBCTBUTE/IbHDbIE AeTeKTopbl ANA
NOPTAaTUBHbIX rAaMMa-Kamep. YHUBepPCaabHble
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Ll,enb — MO3HAKOMUTbLb C YHMBEPCa/IbHbIM MNO3NLUUNOHHO-4YBCTBUTE/IbHbIM MONYNPOBOAHUKOBbIM AETEKTOPOM

Meaunukc
Te3ucobl
MopTaTuBHaA ramma Kamepa: o0b6beKTuB (06CKypa, MacKa)+ AeTeKkTop
[JeTeKkTop — NO3ULNOHHO-YYBCTBUTE/IbHbIN AeTeKTop X- U ramMMa U3Ny4YeHuUs
C sHepreTM4eckMm paspelieHnem Uam Het
MopTaTtusHbIn! 20 net ucropumn - CUMHTUANATOP +ycunutensb ceeTa + (poTto) peructpatop Aunametp 40 mm
HoBoe Bpemsa - nonynpoBoAHMKOBbIe (KOMHAT TemnepaTtypa) MY/,
Pa3Hble NoNynpoBOAHMKOBbIE .
MPOMbILLIEHHbINA CEPUNHBIN AETEKTOP CEMYAcC TONbKO 0AMH - Meannukc
JeTteKktopbl Megmnnunkc
HetekTop : ASIC 2 nopora + Kpucrtann
Pa3Hble cnocobbl Nony4YeHUa cMrHana
HacTpolikn - BbipaBHMBaHWE NOPOros
Mopabl pabotbl Count, ToT, TOA
Mpumepbl U30bpaxkeHnn Tpekun, agepHble cobbiTUA
CnekTpanbHble BO3MOXHOCTU — KaNMBpPOBKa NO 3HEPrnn, NPMMepbl CNEKTPOB
3apgaum — ansa kadeapbl MUOU -
1- GbICTPbIN ANTOPUTM MONYYEHUA CNEKTPA
2- BbICTPbLIN anropUTM GUKCaUMN/YCTPAaHEHNA TPEKOB U3 TEHEBbIX KapTUH

(HeobxoaAMMbI AN UCNONB30BaAHMA B HOBOM Kamepe!)

Apyrne HanpasneHuA
KomnToHOBCKas Kamepa Ha OCHOBe 2—X AeTeKkTopoB Meannmkc
NccneposaHune B B pacnaga
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MocTpoeHue nsobpaxkeHns Ha getekTope — «O6bekTUB>»
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[eTtekTop Medipix2 c kpuctannom CdTl 2MM 1 kogupyowme Macku UCronb3yTCs B

TPEX NOPTATUBHbIX KdMEpPAX

MpoTtoTnn KA

Camera IPIX,
Canberra

Camera FVCM, Doza
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(a) (b)

Figure I1.8: (a) The Timepix detector E04W0083 with a USB-readout. (b) The struc-
ture scheme of a Timepix detector: A - the sensor layer; B - the ASIC with bump-bonds;
C - the chipboard with electronics; D - the USB-readout.

A semiconductor
sensor chip

flip-chip
B bump bonding i;j""'

connections
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single pixel
read-out chip

read-out cell
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Puc.1 Cxema PacnonoXeHnAa AETEKTUPYHOLWErNo KpUCTaania N aNEKTPOHUKHU
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Figure I1.9: The detection process in a Timepix detector.
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Figure I1.10: The voltage pulse (red) after integration. The blue line is the threshold

increase
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Figure I1.11: The dependence of the pulse shape on the DAC-values "PreAmp" and
"TKrum".
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Figure IL.6: On the left hand side: The scheme of a typical track for a muon (a) and
an electron (¢) through the sensor layer. On the right hand side: The same sort of track

detected with a Timepix detector. The color of the pixels indicates the energy deposition
in keV.

04 04 2017 CemuHap 8 MNOU



Cuctembl XRI pupmbl X-ray Imatek , Mcnanunsa c ogHUm m yeTbipbMa 610Kamu Meannukc.

143 x 143 mm 6.5 MPix

saaWieP/ 10x10

Cucrtema QTPX (4 6noka Meaunukc), dupma Amscins, FfonnaHaus. Cuctembl prpmbl Advacam Yexma-dnHaaHanA
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BepoaTHOCTN B3aMMOAENCTBUA B MHTEPBAe 3Hepruit 1 kKaB — 1 MaB gna getektopa CZT 2 mm (MageHne BEPOATHOCTEN NPU HU3KUX IHEPTUAX CBA3AHO C OKHOM 13 Be ).

Cneundukaumna getektopa Meannumkc dupmol X-Ray Imaging Europe.

Mukcenn 128 x 128

Pasmep nukcens 110MKMm X 110MKm
TexHonorua 0.25MKM six metal CMOS
BxoaHasa nonAapHOCTb WU 3N1IEKTPOHDI WU ObIPKK
MWHUManbHbIN AeTeKkTMpyembln 3apag ~750e uaum vactnua ~2.7 KaB

Mogbl paboTbl CueTHaa moaa

Bpemsa Hag noporom  (ToT)
Bpemsa npmnbbiTnA (ToA)

Tpurrep BHYTPEHHUN AN BHELLHUMN

CyeTHas moaa;

EMKOCTb cyeTumKa 11810, (13-6MTOBbIN NCEBAO CAYHYaNHbIA CYETUMK)
KOHTpOoNb NnepenonHeHuA UmeeTcA

Bpemsa npmbbiTna (ToA):

BpemeHHOe paspelueHmne 10 HC
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[eTeKkTop nopTaTMBHOM Kamepbl Meaunuc2 . lononHuTenbHbl USB pasbem (2) npeaycmoTpeH ana noaayum nutaHua ot MK Ha 610K
BbICOKOTrO HanpAXeHuA.
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Bl cetings x|
Device Settings/Info | Medipix DACs | Interface Specfic Info | Device Settings/Info Medipix DACs | interface Specific Info |
Custom name: I ~ Medipic DACs
e Chip number: I vl Refresh Sense | Defaul Values I
Acq. mode: Timer: mrrty:\ -
IStartedirnmediateh'. stopped by timer j IF‘C \_\LIEM> B L
Veas: |131] 3: 1.2319
[™ | Contoljshutter extemally. [ Burst Mede cas
FBK: 128 = 1.2437
r— Digital test
. ) ; . BuffAnalogh: |127 =5 0.8343 GND: IEﬂ 3: 0.7778
Good pixels: - [~ Show in preview T
BuffAnalogB: I'IZTI" 3: 1.1470 THS: |35 3: 1.6655
Bad picels: - I~ Maskbadpicels 12" =ed
BiasLVDS: 128 =] 16384
Device info:
Nome [ Value | RefLVDS: 128 =5 04314
Interface: UsB2
Device 1D: KO6-W0078
Medipix type: Timepix
Mumber of chips: Txd
HW timer range [s]: 4e-008 - B.58953e+007
HW timer step [s]: 2e-008
Mpx clock [MHz]: 10
0K I OmaeHa | I pHEEHUTE: | OK I Omvexa [ pEAEHTE:

[wvanorosble OKHA, B KOTOPOM BbI6MpaeTCH HEO6XOAMMaFI NONAPHOCTb pa60TbI AEeTEeKTOopPa

04 04 2017 CemuHap 8 MNOU




zl
Device Seftings/Info | Medipix DACs  Interface Specific Info |
Value | Description | Type | [~
IUSB2 1.4 (date: 2... HW library version CHAR
MP¥2 USEZ v1.0... Mame and seral number CHAR
Firmware 3 (date: ... Firmware version CHAR
TRUE Log msgs/ems to file BOOL
TRUE Log just emars BOOL
FALSE Log raw ush communication BOOL
FALSE Log stream content BOOL
0 Last frame time DOUELE - —
’ it —_—
0 Bias voltage [V] DOUELE . =101
42932 Bias voltage verfication [V] DOUBLE | File Acquisiion Options Tools Debug
0.0036621 1.890...  Mpx DAC sense [V] DOUEBLE Reconnect Device
1.9 Extemal DAC Overmide [V] (0 disabled,...  DOUBLE Restart Device Progress
50 System frequency (in MHz) DOUBLE Acq, time [g]: Total prog.:
96 Timepix clock {in MHz) DOUBLE Load Config... ﬁ | 15 Total time:
95 Measurement frequency (in MHz) DOUBLE Save Config... ° o
0 Delay after setting DACs [ms] U16 Save Config as Default i ] T single fil Acquisition
0 Delay after tigger [us] DOUELE i Acq. prog.:
0 Delay before matrix read-out [5] DOUBLE Set Mode Medipix A, run time:
300 Signal delay (CMOS/Enableln/Fclkin) e L Reset Pixels Cfg »  Time over Threshold Wait time:
20 Minimal time between setting pixel cfg... | U16 Load Binary Pixels Cfg. .. Timepix 1 hit Repetitions:
EALSE 'Ilz':l";gger lse‘lrtinas {Reaction to: 0 =logic... SSBEL Save Binary Pixels Cfg... Timepix
emal clock source '
TRUE Cortinue taking frames when commu... | BOOL Load ASCIL H_ms Cfa ’ ]11 '
. ; Save ASCII Pixels Cfg b [mat: File name:
P Maximal number of reattempted acqui... | U16
F1| SFE Retiim amnbs frame i matriv read-rat f =TaTall bl Load Frame CII matrix j I J
4 3 I
Save Frames...
[T Auto refresh i _Gex |
Exit
0K I Crmaena | [TpHMEHMTE | |

[nanorosoe oKHO, Yepes KOTopoe feNaeTcs yCTaHOBKA HamnpsKeHWa cMelLeHus Ha Kpuctanne (CTpoka - Extern DAC) v 4acToTbl NS U3MEPEHMUS KOIMYECTBA OTCYETOB B
pexkume ToT (CTpoka- Measurement Frequency)

04 04 2017 CemuHap 8 MNOU 13



-':’v--Th reshold Equalization 1 (USB2 KD6-WO0078)

1O x|
File Equalizaton Options Tools
i
—Equalization setting —Progress Fle Optons View Service Frames
! R Frame: [0 = [ (<[]
el 7 g A ——r— I 2 e Y e AT
Operation: Equalization Minlevel: [0
. - - log +—— |waming
Type: INolse edge 'l Complete: 100.0% 3
il Max level: | 14.355
¥ Interpolate Hes e
™ Mask pixels further [std, dev.]: 2.5 F"““’"’"“E: Min - Max =
" Countrate  Time:
E —ISEt S Mean adil:  316.25 F o
Mean adjM: 394,93 2 2 e e
.
rAcqusition options —  Test pulses Mean equal.:  356.84 W
Mean mask: = .
Acg. count:  Time: Spacing: Std.dev. adj0:  9.72 1.5
I 1 I2 I 2 Std.dev. adjM: 9.55 N | !
Std.dev. eq.: 237 0 25 5 75 10 125
Std.dev. mask: - 1 R
~THL/THH range ——I+ Automatic — Distance: 78.68 o
Optimal dist.:  54.20 Max: 5
From: To: Step: 0.5 Total: 495292 4005
. M B 7.5576
I 380 I 520 I 3 S;E‘r:iev‘: 2.0212
—Options 0
TH count: Color map: Jet -
I 1 I Optimize THS Start fAbork | I Chip 0 X (col - 255 Filter chaini  [None =

14,35 W Auto update preview

ﬂ,manoroaaﬂ naHesnb anAa HaCTpOVIKM NnapaMeTpoB 1 3anyCKa Nporpammsbl ((BblpaBHMBaHMe noporos». CoctoaHue naHenu, Korga BblpaBHWBaHWME NMOPOros 3aKOHYEHO.

Mpouecc 3anmcK AaHHbIX OCYLLEeCTBAAETCS aBTOMATMYECKM C MOMOLLbO NporpaMmmHoro obecneyeHus Pixelman. Ha pucyHke I1.7 noka3zaHo OKHO «KannbpoBKM nopora». 3aecb

HY}HO BblbpaTb, UTo THL A0NKHA YBENIMUMBATLCA LIAT 33 LWAaromM M pasmep wara. M3 coobparkeHuit yaobcTea XpaHeHMA AaHHbIX YCTaHaBAMBAETCA BbIBOA, B 0AMH dann Tmuna
ASCIl. U3mepeHne anmtca okono 5 4vacos.
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Gr" Preview for Medipix Control 1 (USB2 K0G-WO0078) 1Ol x|

File Options Wiew Service Frames

256

Frame: I 0 ::I Update (| < || =
Min level: ID.2BD49 Under
I Lock F——— Warning
Max level: I 23.066 Qwer
V Lock * | warning

[~ Auto range: ID.DI - 0,99 fractile ‘I

[” Countrate  Time:

[ Histogram:
R 53 I 6 8
llj3 . . , ,

Y (I

e i T
v 5 W 15 20

[X,¥]: [242, 258]

Count: 23

Min: 0

Max: 11810

Total: 2,2882e 4005

Mean: 34914

Std. dev.: 67.601

Color map: Jet 7

1 . .
1 ¥ {column number) 25g  Filter chain: INDnIE j‘
0.2305 5.977 1167 17.37 23.07 W Auto update preview

Puc 36. U306paxkeHne NoyyeHHOE NPU PErMcTPaLLMmn CUrHana oT UCTOMHMKA Am-241 B pexkume MegmpuKc - T.e. 1 oTCYeT Ha 3aperncTpupoBaHHbI KBaHT. Bpems akcnosuum 60
CEKYHA,. 3a BpEMSA IKCMO3ULUN B KaxA0M Nukcene 6b110 B cpegHem no 15 B3anmoaeincremii.
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G-‘ Preview for Medipix Control 1 (USB2 K0G-WO0O078) - |Elli|

File Options View Service Frames

256

Frame: | 0 :ZI Update | < | =
Min level: | 0.28049 Under
I lock F— warning
Max level: I 392,13 Over

W Lok p——-- warning
I Autorange: [0.01-0.99 fractle =

[™ Countrate Time:

¥ Histogram:

100 200 300

[%,v]: [247, 256]
Count: 0

Min: 1]

Max: 11310

Total: 3.8013e+006
Mean: 58.003

Std. dev.: 25235

: Color map: Jet -
1 ’ :
1 ¥ (column number) 25g Filter chain: INone j'
0,2805 98.24 196.2 2942 3921 ¥ Auto update preview

Puc 36. N306parkeHne npu perncTpanmm cCurdana ot UCTouHnka Am-241 B pexkume ToT T.e. NPONOUMOHANbLHO KBa3uUaHepPrum — AAnTeNbHOCTU. Bpems skcnosmum 60 cekyHpg, -
KaK B npeaplayem n3obparkeHuu.

OLI,eHKa SHeprnn ns3nyvyeHnAa HyKamaos no noayyvyeHHbIm M306pa)+(eHVIF|M

Hyknug Yucno otcyetos (Nro7) OTH.€A, SHeprua (Eg), kaB
1 Am-241 20 60
2 Cs-137 480 662
3 Co-60 860 1225
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System State Q-Savell +V) Exit ’Wﬂlstance, cm
ImState: 0[Mo Image Now] bire Paltt [l

Exposure 1FiTime=3 8500 1 25500

MHumberF, Sum_of 0Frmls)
Lim_%_Pal

Stap_Img

Cont Imaging Onedmage
Distanze: =444 cm

Pos: 159, 218;Val 1873

Statistics in Area:

tat Points: 1895

tok Interg: 24511752
<Datax! 1293496
dDt 146,31

Sigma: 6363,92
pMED: 0,01080 cSwih
(Kmed: 0,04407)

W Change of YIDEO ﬂ M ﬂ ﬂ ﬂ o) I:I

. . Large
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1 ¥ (column number) 256
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04 04 2017 CemuHap 8 MNOU

256

¥ {column number)

2.5

256
.
3.75 5

256

¥ {column number)

2.5

256
.
3.75 5

18



256 256 256

1 ¥ {column number) 258 1 ¥ (column number) 256

] 13.75 27.5 41.25 55 0 13.75 27.5 41.25 35

256 256

=0

Fie Options View Service Frames

Frame: | 10002 =] [Lpdaie
Minlevel: [0 Under
I lock +—— |waming

Max level: | 25

o

I Auto range: |Min - Max vl

I Countrate  Time:

[¥ Histogram:

255 I8

S0 100 150 200 250

I,z [253, 255]
Count: 0

Min: 0

Max: 11810

Total: 2.2518+006
Mean: 34,359

Std. dev.: 625.12

1 ¥ (column number) 256 1 ¥ (column number) 256

Color map: Jet B

1 1 1 ! X {column number) . 256 Filter chain: INnna vl
0 1.25 25 3.75 5 0 13.75 27.5 41,25 55 | | )
0 63.43 126.9 190.3 253.7 ¥ Auto update preview
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# of hits
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N3mepeHHbI n npognddepeHLMPOBaHHbIA CNEKTPbl CKaHMpoBaHmnA no THL ana Am-241. 3eneHan KpuBas - aNNPOKCUMUPYIOLLMIA rayCcCUaH.

* TpeTuit MUK cnpaBa ABNAETCA HaNOXeHne NuKa dayopecueHumn Tennypa (cmeck Kg imnnii) 8 30,990 k3B 1 ero cobcTBEHHOTO NMKa BblneTa € sHeprmein 28,55 KaB.
e YeTBepTbIN MUK - MUK BblaeTa Kagmusa B 36,343 K3B.

THL(E)=ae*E+Db

-
x 600
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I
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L—%—l r

300 e
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20 25 30 35 40 45 50 55 60 3Heprua [KaB]
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(a) (6)

Puc. 111.12. Mpu npoueaype oaHOKPaATHOMN KNacTepm3aumnm To/bKo cobbiTna Tvna (6) NnpMHMUMatoTCcA B pacCMOTPEeHUs, a cobbiTmA Tna (a) otbpackiBatoTcs.

x10°

# of hits

22\ : : : :
18} ¢
14}
10}

# of hits

o<
T

S M oa
e

50 100 150 200 250 300 250
TOT TOT

(a) oo oaHOKpaTHOM KNacTepmusaumu (6) nocne oaHoOKpaTHOW KnacTepusaumm

TOT cnekTtp Co-57 go (a) v nocne (6) oAHOKPaATHOM KNacTepusaLmm: COOTBETCTBUE NNHUI -(A) CTaTucTdecknin aptedakT; (1) 14.41 k3B nuk Co-57; (2) doto nukun Cd u Te; (3)
nuKu sbineta Cd u Te; (4) camslumeca nukm Co-57 122,06 k3B n 136,47 k3B
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# of hits

dHeprua [KaB]
Puc. lll.17. MoaennpoBaHue CNeKTpa Bblaenaemoin B getektope Timepix sHeprum ¢ UCNob30BaHNEM CMELMANIbHOM NPOrPamMmmbl

Annpokcumauma 3asucumoct TOT(E) nmeeT cneayrowmii BUAa,

TOT(E)=aE+b+c/(E-t).
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x10°

# of hits

100 120 140

dHeprua [KaB]

PekoHcTpyKUMs saHepreTuyeckoro crnektpa Co- 57 ¢ ncnonbsoBaHnem rnobanbHoi Kanmbposku. Muk npmn 122,06 k3B cmeuwiaetca Ha 4,01 kaB Bnpaso (no
CPaBHEHMUIO C NPeACKa3biBAEMbIM MONOXKEHUEM).

[ns nonyyeHus cnekTpos ¢ 60s1ee TOYHbIM NONOKEHNEM FAMMa-IMHUIA NO SHEPTUM HEOBXOAMMO NPOBOAMUTL MNOMUKCENbHYO KanMbpoBKy geTekTopa. Mpwu
3TOM TOYHOCTb OnpeaeneHns sHepPrum sameTHo Bo3pacTaet [11].
[NA HAXOXKOEHUA SHEPreTUYECKMX CNEKTPOB raMma MCTOYHMKOB € Bonblummm aHepruamm - npu E > 200 k3B, HeobxoaAnM pacyeT BblAeIeHUA SHEPTUN KBAHTOB B

Knactepe B Npeaenax HeCKObKMX NMUKCENEN AeTeKTopa.

TpebytoTca apPeKkTMBHbBIE NPOrPAMMbI 4151 KOPPEKTHOTO BblaeneHna n obpabotku knacrtepos !!
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NcTtouyHmnk Co-60 B nabopatopumn. YpoBeHb NOTOKA U 3KCNO3MLUUA BbiIOpPaHbl TaK, YTOObI HE UMETH
Ha/10}KEHMA B3aUMOAENCTBUMN.

04 04 2017 CemuHap 8 MNOU
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CneKTpbl raMma KBaHTOB C aHeprmen nopsaka 1000 kaB

ccl1-1000 cc2-1000
o o
o o —
(e\] (9\]
o o
> 97 =
[ [
g o g o
5 S 5 S
LL LL
o _| o _]
Lo Lo
o — o -
| I I I I I | | I I I I I |
0O 200 400 600 800 1200 0O 200 400 600 800 1200
ddli dd

[1Ba cnekTpa ncrtoyHmka Co-60, nonyyeHHbIEe C MOMOLLbIO crieyuanbHon ob6paboTkmn curHana getekropa Medipix2
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CneKTp C BbICOKMM pa3spelleHnem (MCToYHuK Cs-137)

NOoNMKCeNIbHaA aHepreTnyeckan KaI'IM6pOBKa AETEKTOPA U TOYHbIN pacyeT aHeEPTrNMnUB KNactepax oTAE/NIbHbIX cobbITUM

3
8 B
=
= : - :
[=] ; i
Piuc Y SRS SO . DU S SO | RA (6615 keVT) .
° : ;
E -3
4_ ......................................................................... .................. .........................................
Compton Edge
: ; (477.2 keV ) :
3_. .: . ............. ............ .- .......... S . .:
2_. ..........................................................................
1_ ........................................................................................................................
100 200 300 400 500 600 700
Energy [keV]

Figure IV.22: 137Cs - clustering spectrum. The abbreviations are the origin of the
peaks: RA - ~-line of a radioactive emitter.

IV.3.1 The energy resolution for tracks at 661.5 keV

Often the 661.5 keV line of ™"Cs is used to calibrate and characterize spectroscopic
detectors. In order to compare the energy resolution quality of the 110 pm Timepix to
other detectors, we measured the energy resolution of this line. The complete electron
spectrum (after removing a-particles, muons and low energy photons) is shown on figure
IV.22 where you see the Compton spectrum and the photo peak. We measured an energy
resolution of 1.9 % at the photo peak. As the probabilty for the electrons to escape is
now much lower, the full, expected Compton spectrum can be seen. This is in good
quantitative correspondence with the simulation results.

04 04 2017 CemuHap 8 MNOU
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McTouHnk Am-241

MIOOHHbIM TpeK TpeK yaaneH

TpebyeTcsa HafeKHbIN U BbICTPLIN aNrOPUTM NoucKa/yaanenua Tpekos !!!

04 04 2017 CemuHap 8 MNOU

TeHeBble KapTUHbI

BoccTaHoBAEHHble n3o6paxkeHus
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MNopTaTnBHAA KOMMTOHOBCKAA U KOM6MHMpOBaHHaFI NnopTaTnBHAA KamMmepa C AByMA AEeTEKTOPaAMU Meagunukc

Figure 2.4: Inverse problem for Compton scattering detector system.

Maximum fikelihood
location of point source

Cones projected
= on to a plane

Figure 2.5: Cones of possible origin locations of source intersected with a plane. Figure 2.8: Novel Compton scattering coded aperture system.
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WUccnepoBaHue agoliHoro 6eta pacnaga s.,
(a) two o (b) two o
i
Isotope gz [keV] My, Natural Abundance [7%]
6Ge 2039 4.6 7.44 - g
B30T, 2528 3.5 33.799 i
16Cd 2814 2.7 7.49 " ’
136X e 2458 2.2 8.9 o & 150
BCa 4272 0.6 0.187 e o0 e
1 NI 0 3 034 3 ' O 9 ' 63 :;ﬁéiiﬁ'i'é‘s“’iié‘iob”z‘o“é‘ﬁiiﬁs‘ﬁ‘s"z‘ib' g o5 100 105 110 15
82 2005 4.1 8.73 i e
15ONd 3367 3.1 5.64
: 3‘% s g, e

(g) one

56 58 60 62 64 66 68 70 72 74 76
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Figure IV.9: Four two electron (a,b,e,f) and four one electron tracks (c,d,g,h). Tracks

(a) - (d) were measured whereas (e) - (f) were generated by simulations. Particles on (a) -

(d) had an energy of about 2.3 MeV and (e)-(f) are tracks of particles with 2.8 MeV.
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