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N3yuyaemasa npo0djieMa 1 OCHOBHAA 1eJIb UCCIeJ0BAHUMA

[IpoBeneHre HAyYHO-METOAUYECKUX UCCIECAOBAHUHN ITOJYIPOBOIHHUKOBBIM
JIETEKTOPOB C MOBBIIIECHHON PagUAllMOHHON CTOMKOCTBIO, a TAKXKE
THOPUIHBIX MATPUYHBIX JETEKTOPOB BHICOKOIO Pa3peIICHUS A1 (PU3NKHU
BBICOKMX 3HEPIUU U aTOMHOIO sapa.

Pa3zBuTHe HHOPACTPYKTYPHI JJIS KCCICIOBAHUN CBOMCTB
ITOJIYIIPOBOJHUKOBBIX JE€TEKTOPOB, BKJIIOYASA TECThI HA yYKaX YACTHIL I
UCIoJib30Banus rpynnamMu OVAM u HHCTUTYTOB CTpaH-y4YaCTHHUII.

Pa3BruTHE HAYYHOTO COTPYAHUUYECTBA C UCCIIEAOBATEIILCKUMU
MHCTUTYTaMH JUISI U3YYEHUS BO3MOXHOCTH IMPUMEHEHHS Pa3pad0TaHHBIX
NECTEKTOPOB B IPYTUX 00JACTIX HAYKM U TEXHUKH (B IIEPBYIO OYEPE/Ib B
00JIaCTH 3APaBOOXPAHECHUS U TOPHOU IIPOMBIIIIIEHHOCTH ).

[T ONAN 2017 rop cTp.186



O:xuaaeMplie pe3yjabTaThl 0 3aBEePIICHUIO 3TANOB TeMbI HJIH NPOEKTA
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HccnenoBanue pagnannoHHOM cToukoct GaAs:Fe.

Y4acrtue B cozmanuu moayien kanmopumerpa FCAL s OyayImux Koianaepos.
M3Mmepenne OTKINKA MUKCEIbHBIX IETEKTOPOB Timepix U pa3BUTHE METOJIOB
HJICHTU(PUKAIIAY YACTHII.

YcoBepIIeHCTBOBAHUE CYIIECTBYIOIIMX CTEHI0B 110 U3BMEPECHUIO XapaKTEPUCTUK
MTOJIYTPOBOAHUKOBBIX JETEKTOPOB.

Co3manne MUKpoToMorpada ¢ JeTeKTOpOM OOIbIION MIOIIAAN U OOIbIIHUM
rCOMETPUUYECCKUM YBEIIUYCHHUEM.

Pa3paboTka noaHO(MYHKIIMOHAILHOTO OJIOKA SJIEKTPOHUKU CUUTBHIBAHUS JIJISI MUKPOCXEM
Timepix u MOArOTOBKA K CO3AAHHUIO JIETEKTOPOB Ha 0a3ze MukpocxeMsl Medipix4.
Pa3pa6otka 110 aj1s1 MogenupoBaHus MMKCEIbHBIX AeTeKTOpoB MediPix.
[IpoBeneHMEe CkaHUPOBaHMUSI OMoMaTepHalia B paMKax IIporpaMMbl COBMECTHBIX
HCCJICJIOBAHUM C MEIUKAMHU.

[IpoBeneHME CKaHUPOBAHMS PYd 1 MUHEPAJIbHOI'O ChIPbs B paMKaX IPOrpaMMBbl
COBMECTHBIX MCCIICAOBAHUN C TeO(PU3NKaAMMU.

10. Peanuzanus metoga SPECT ¢ nomoipto gerekropoB MediPix.
11. BBOa B 3KCIUTyaTamnyio MEPBOM OUEPEIN TUHEMHOTO YCKOPHUTES SIECKTPOHOB.

[T ONAN 2020 ropg,



OTt4er 0 BbInoiHeHUH npoekTa B 2017-2020rT.

1. UccnenoBanue paguanmoHHon ctomkoctu GaAs:Fe.

Radiation hardness of GaAs:Cr and Si was investigated on LINAC-200
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800 MeV electron linear Faraday cup _Iradiated sensor - Electron'beam Electron beam is shaped by the
accelerator (LINAC-800) is under ‘ collimator 5x5 mm passes through
construction at JINR. 20 MeV beam the

channel was used for sensors 5x5 mm sensor, radiochromic film
irradiation. Beam parameters: and finally reaches the copper

* bunch current up to 10 maA, Faraday cup.

e duration 2 s, Measured beam charge is converted
 frequency from 1 to 10 Hz. to absorbed dose using GEANT 4
simulation.

Uniformity of beam distribution
e Was controlled by radiochromic film
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Dose collection scheme: ~ 10 steps by 50 or 200 kGy

Sensitive area Donor concentration (cm-3)

Sensor type

(mm2)
GaAs:Cr 5x5x0.3 5x5 ~ 1017
Si (1) (RIMST) 5x5x0.25 3.6x3.6 (0.8-1.6)x1011

Si (2) ( HPK) 5x5x0.4 3.5x3.5 (1.3-3.5)x1011



IV and CCE after irradiation
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Conclusions

Irradiation of the high-resistive and barrier GaAs:Cr sensors and the normal and two n-type Si sensors by
21 MeV electron beam of was performed at the LINAC accelerator. Radiation damage in the sensors was
studied.
After dose of 1.5 MGy :

 in GaAs:Cr sensors signal CCE drops to ~10% of initial, when in Si above 80%

 dark current grows 3-7 times in GaAs:Cr and 4 orders of magnitude in Si.

 In Sifull depletion voltage is rising with irradiation, more strong for tick HPK sensors.
At room temperature, the signal-to-noise ratio in GaAs: Cr sensors is higher than that for Si sensors after a

dose of 1.5 MGy, and vice versa when cooled to -20 °C.

RADIATION HARDNESS OF GaAs:Cr AND Si SENSORS
IRRADIATED BY ELECTRON BEAM

U.Kruchonak®', S. Abou El-Azm?, K. Afanaciev®, G. Chelkov?, M. Demichev?, M. Gostkin?,
A. GuskoV?, E. Firu®, V. Kobets?, A. Leyva*®, A. Nozdrin®, S. Porokhovoy?, A.
Sheremetyeva®, P. Smolyanskiy?, A. Torres®, A.TyazheV', O. Tolbanov', N. Zamyatin® A.
Zarubin’ and A. Zhemchugov®

8 JINR, Dubna, Russia, bINP, Minsk, Belarus, ©ISS, Bucharest, Romania , dCEADEN, Havana, Cuba
‘InSTEC, Havana, Cuba, 'TSU, Tomsk, Russia

! Corresponding author E-mail: Uladzimir.Kruchonak@cern.ch Submitted to NIMA-D




OT14yer 0 BbInoJIHeHUHU npoekTa B 2017-2020rr.

2. Yyactue B co3manun Moayiien kanopumerpa FCAL mns Oyaymmx
KOJLJIan IEPOB.

Collaboration

'Hfg{{ prgcz}g’on_,deszgrz —

54 members from 14 institutes :

AGH University of science & technology, Krakow, Poland
CERN, Geneva, Switzerland

DESY, Germany

IFJ PAN, PL-31342, Krakow, Poland

ISS, Bucharest, Romania

JINR, Dubna, Russia

National Research Tomsk State University NI TSU, TSU / Russia
NC PHEP, Belarusian State University, Minsk, Belarus
Pontificia Universidad Catolica de Chile, Santiago, Chile

Taras Shevchenko National University of Kiyv, Ukraine

Tel Aviv University, Tel Aviv, Israel

Tohoku University, Sendai, Japan

University of California, Santa Cruz, USA

Vinca Institute of Nuclear Sciences, University of Belgrade, Serbia

We are grateful to the support of the BMBF-JINR program for detector R&D.
FCAL is supported by national funding agencies and programs of the European Community.

10



R&D for special calorimeters in the very forward region
of future detectors at an e+e- collider.

BeamCal

LumiCal provide:

* precise determination of the integrated luminosity by
measuring the rate of Bhabha events at low angles.

BeamCal:

 device for fast, bunch-by-bunch crossing luminosity using
beamstrahlung. Radiation hardness is an issue.

LumiCal and BeamCal:

compact,

- precise shower position
measurement

- read out very fast

- radiation hardness

* improving the hermeticity of the detector by providing
electron and photon identification down to polar angles
of a few mrad.

* to extend calorimetric coverage to small polar angles.
Important for physics analysis.

* The technology of a Semiconductor-Tungsten sandwich calorimeter * Silicon sensor, 320 um thickness
is under investigation: * 64 radial pads, pitch 1.8 mm
Sensors for the LumiCal - Si; for the BeamCal GaAs or sapphire. * 4 azimuthal sectors in one tile, each 7.5 degrees
° Iayers of 140x140x3.5 mm (1 X_O) thick tungsten plates with ¢ 12 tiles make full azimuthal coverage
1 mm gap for silicon sensors (30 for ILC, 40 for CLIC) « p+implants in n-type bulk ?_15 ectors,; g
o ~ H \_2 R2
Good flatness ~30 pm were achieved * DC coupled with readout electronics — —_—
Zeiss 3D coordinate
measurement system Precision 2.5 um * 40 modules were prod uced

Out ti di
by Hamamatsu R=1952mm

\
3x100 pm __.
guard rings

® 20 40 60 8 100 120 140
X [mm]

Inner active radius

R =80.0 mm




Kapton-copper fanout

LumiCal provide:

* precise determination of the integrated luminosity by
measuring the rate of Bhabha events at low angles.

LumiCal Silicon sensor

High voltage kapton

BeamCal:

* device for fast, bunch-by-bunch crossing luminosity using
beamstrahlung. Radiation hardness is an issue.

LumiCal and BeamCal:

Carbon fiber support

* improving the hermeticity of the detector by providing

electron and photon identification down to polar angles
of a few mrad. total thickness 650 um

* to extend calorimetric coverage to small polar angles.
Important for physics analysis.

Test beam at DESY with 1 — 6 GeV electron beam
ALPIDE telescope — 2 arms, 15t arm consists of 2 layers and 2" arm consists of 3 layers;

Target of tungsten with 90um thickness; The ALPIDE Chlp measures 15X30 mm

Lumical calorimeter consists of 16 Si sensors with one absorber layer placed in front of each active and includes a matrix of 512X1024 pixel
sensor layer;
cells

i
1 > IMMM N

Sci1, Sci2

a
a
a
a

LumiCal plane consist of 256 pads,
P during the test beam only 128pads were
2" telescope arm Shicon sensox _ read-out using an APV-25 board

1°* telescope arm

magnet

3 million events acquired in LumiCal

Work is ongoing on analysing
November 2019 test beam data




FCAL obuian cxema readout a/1IEKTPOHUKWN
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OcHoBHas Yactb npowmnsku MJINC Ha nnatax Trenz - moaynb DSP (pa3paboTtaH A.B. JlanKuHbim)



OTt4er 0 BbinoJiHeHUH npoekTa B 2017-2020rT.

3. I3MepeHune OTKIIMKA MUKCEILHBIX JETEKTOPOB Timepix u
Pa3BUTHE METOJ0B HACHTU()UKALIUN YACTHII.

Analysis of the Radiation Field in ATLAS Cavern Using
2017-2018 Data from the ATLAS-GaAsPix Network

I. Boyko,* M. Campbell,” E. Cherepanova,® G. Chelkov,*<“ D. Dedovich,* B. Di Girolamo,”
A. Gongadze,” J. Janecek,’ D. Kharchenko,“ U. Kruchonak,“ M. Nessi,” L. Pontecorvo,” S.
Pospisil,’ Y. Mora Sierra,® P. Smolyanskiy,* M. Suk,® I. Stekl,® O. Tolbanov, A. Tyazhev,° A.
Zarubin,®
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Dubna, Russia
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¢Tomsk State University, Tomsk, Russia

4 Moscow Institute of Physics and Technology,
Dolgoprudny, Russia

¢Institute of Experimental and Applied Physics, Czech Technical University in Prague,
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E-mail: chelkov@jinr.ru
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‘igure 1. Detection efficiency of 500um Si and 1000um GaAs detectors of y (left) and neutron (right) cross
ection of 28Si, 69Ga and 75As dependence on energy y and neutrons

Table 1. The positions of ATLAS-GaAsPix devices in the ATLAS detector cavern.

Detector ID | Sensor thickness, um | X,m | Y,m | Z, m
GPX1 500 -5.98 0 7.22
GPX2 1000 -5.80 0 7.22
GPX3 1000 -16.69 | -0.06 | 5.07
GPX4 500 0 -0.28 | -6.74
GPX5 500 0 1.57 | -12.86
GPX6 1000/500 -1.12 | -0.21 | 3.53
GPX7 1000/500 0.65 | -1.45 7.8
GPX8 1000/1000 0 1.57 | 15.09
GPX9 1000/500 -346 | -092 | 2.84

GPX10 1000/500 -346 | -0.92 | -2.84
Single Detector

The sketch of single and twin detector assemblies
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Figure 6. Cluster size distribution for background events of GPX7 that have been detected 20.08.2018: a -
distribution for 500um and 1000um sensor thicknesses; b - fraction of cluster sizes in 500um sensor, ¢ -
fraction of cluster sizes in 1000um sensor
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Table 2. Detector (GPXi) count rate normalized to count rate of GPX7 detector layer with corresponding

thickness.
Detector # | N;,;(GPXi)/N;,:(GPXT7)

1 0.032 + 0.001
2 0.031 + 0.002
3 0.029 + 0.002

7-1 1

7-2 1

8-1 0.08 + 0.01

8-2 0.08 + 0.01

9-1 0.499 + 0.007

9-2 0.522 + 0.008

10-1 0.57 £ 0.01

10-2 0.584 + 0.006

O1eHKa COOTHOIEHUS 3aPAKEHHOU/HEUTPAJIbHON KOMIIOHEHT (poHA.

Relation between charged and neutral background components

Charge particles

Detectors

€ (Charge) ~ 100% and does not depend on
the thickness of the detector

€ (500u Charge) = € (1000u Charge)

Neutral particles (y, n)

IR 252 2 2% 2 2R AR 2"

Detectors

€ - registration efficiency

€ (Neutral) ~ strongly depends on the
thickness of the detector

€ (500u Neutral) = 0,5 € (1000u Neutral)

Figure 10. The method of estimation the ration between charge and neutral components of background
from comparison of count rates relation at thin (500um) to thick (1000um) GaAs detectors located in the

same point in ATLAS cavern.
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Table 3. The ratio between charge and neutral components of background from comparison of count rates
relation at thin (500um) to thick (1000um) GaAs detectors located in the same point in ATLAS cavern. The
ratio between GPX8-1 and GPX8-2 sensors with equal thickness (1000um) is taken for self-assessment.

Detector # | N, (1000um)/N,,,(500um) Ncharged Nneutrai

; 1.62 + 0.04 0.26 +0.03 0.74 +0.03
7-1
70 1.7+ 0.1 0.17 £ 0.09 0.83 +0.09
9-1
9.2 1.7+ 0.1 0.18 £ 0.08 0.82 + 0.08
10-1
10-2 1.676 + 0.008 0.194 + 0.006 | 0.806 + 0.006
8-1
8.2 0.96 + 0.08 - -

OueHka pacnpe/iejieHUsi HHTErpajJbHOro HeMTPOHHOro GoHa.

f(t) = (P() + Py exp(—/IGant) + P exp(—/lAg(,t) + P3 exp(—/l(;amt) + Py CXp(—/l4t)

. x10° ¥2 1 ndf 566.1 /429
- —
§ 7+ Constant 6.809e-07 1 1.476e+01
S 'k
O F Ga72 860.5 + 75.6
6 I~ As76 3252 +98.1
—_0 5h Ga70 1089 + 164.4
%, Unknown 1023 + 34.5
5 B — Sum
B === == Constant
B ==== Ga72
41—
C As76
N — (Ga70
3 — === Unknown
2
1— . 7(_).0 h
IR s
0k T B l.l-r.l-l..l-r'{'P-I-P--L.-LA [ R I_X106
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Figure 11. Fit with fixed 4 exponents (GPX8-1. 20.08.18 - 23.08.18). Three known isotopes: '°As, "?Ga,
OGa. The last exponent with T} /2 = 65 h corresponds to unknown isotope.



Ga-69(n,7)Ca-70
1.0000¢00= SIGECN MASCAM

Pe3yubTarhl “aKTHBAMOHHOI0” AHAJIHU3A .- ,,

o“ + -~ 10

RunNo GPX | Const(p0) | Ga72(pl) | As76(p3) | Ga70(p5) | Long(p7) | pl+p3+p5+p7 | Error

103 4103

1 5.84% 21.28% 0.00% 37.43% 35.46% 94.16% 1.98%
2 0.00% 38.22% 6.91% 43.28% 11.59% 100.00% 1.75%

Cross Section (barns)

LHC 7-1 | 0.00% | 31.50% | 19.02% | 39.61% | 9.87% 100.00% 1.10% ' '
3006.17. | 72 | 000% | 3035% | 21.05% | 3957% | 9.02% 100.00% 1.43% } \J ’ <
81 | 000% | 2580% | 33.60% | 3225% | 8.35% 100.00% | 0.38% lyooe
030717 | 82 | 000% | 2583% | 3L17% | 3490% | 8.10% 100.00% 1.78% | |
9-1 | 0.00% | 35.54% | 20.21% | 3581% | 8.45% 100.00% 1.62% T,
92 | 0.00% | 32.55% | 24.72% | 3523% | 7.50% 100.00% | 2.10% Y e
1 0.00% | 31.06% | 1.09% | 2851% | 39.34% 100.00% | 3.12% 1.00004000 JEF-2.2
LHC 2 0.00% | 28.31% | 26.13% | 28.62% | 16.94% 100.00% | 2.28% R R 10 o
7-1 | 0.00% | 22.20% | 33.62% | 26.10% | 18.08% 100.00% | 2.78% 1
20.08.18- | 72 | 4.01% | 10.70% | 62.04% | 21.86% | 1.04% 95.99% 3.29% + +

8-1 0.00% 13.72% | 52.54% 17.50% 16.23% 100.00% 3.35%
23.08.18 8-2 0.00% 12.87% | 52.37% 19.12% 15.64% 100.00% 3.35%
9-2 0.00% 27.74% | 27.50% 17.32% | 27.44% 100.00% 5.62%

102 | —410%

1 8.29% 33.28% 0.00% 25.29% 33.14% 91.71% 2.88%
2 0.00% 33.51% 16.51% 31.94% 18.04% 100.00% 2.48%

Cross Section (barns)
-

" 5 0.00% 22.79% 29.86% 28.12% 19.24% 100.00% 3.17% vo =l v =
26.09.18- 7-1 0.00% 24.53% 24.39% 33.74% 17.35% 100.00% 2.90% |
7-2 0.00% 25.39% 26.68% 30.11% 17.81% 100.00% 4.01% o s *
29.09.18 8-1 0.00% 15.94% 43.88% 24.86% 15.32% 100.00% 3.56% 0 En'"w o 10®
8-2 0.00% 15.64% 42.73% 26.21% 15.42% 100.00% 3.58% AS-7S(n. TIAE-76
9-2 7.27% 19.65% 55.13% 17.94% 0.01% 92.73% 74.47% 1.0000<00+ JEF-2.2
8-1 5.22% 0.00% 51.94% 10.51% 32.32% 94.78% 2.18% 07 — L —
Thermal n 104 | {104

eactor 8-2 1.55% 0.00% 57.21% 6.22% 35.02% 98.45% 2.23%

ast 1 8-1 0.00% 18.90% | 60.77% 19.84% 0.49% 100.00% 0.64% } *
eactor 8-2 0.03% 19.44% | 62.41% 17.96% 0.16% 99.97% 0.60%

102 | J402

Cross Section (barns)
-

n

10 =} ls0-
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4 Conclusions

The array of ten GaAsPix detectors was produced, calibrated, installed in ATLAS detector cavern
and accumulated data during 2017-2018 years. An initial analysis of the data allowed to draw the
following conclusions.

* Detectors work stably during 2017-2018.

* GaAsPix array allows to monitor the changing of background level in different points around
ATLAS detector.

e Comparison of data from different thickness (500 um and 1000 um) detectors allow to estimate
the contributions of the charged and neutral components approximately (0.2/0.8) to the total
background level. This conclusion is valid under the assumption that the energy of gamma
rays in the neutral component of the background in the ATLAS cavern exceeds 60 keV.

» The data about induced by background neutrons in the ATLAS cavern of activity in GaAs
detector’s sensors showed that it is the main source of a background in GaAsPix detectors
right after end of cycle of LHC luminosity. This results could be used for estimation of
relative integral dose of neutrons.

» The opportunity of identification four different isotopes each of one has different energy
dependence of n-gamma cross section could be a tool for rough neutron energy spectrum
reconstruction.
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OT14er 0 BbImoJIHeHUH npoekTa B 2017-2020rT.

4. YCOBEPIICHCTBOBAHUE CYILIECCTBYIOMUX CTEHI0B 110 N3MEPEHUIO
XapaKTECPUCTHK IIOJTYIIPOBOIHUKOBBIX JIETEKTOPOB.

CreHp «30H10BasI CTAaHIU OCHAICH MHOTO()YHKIIMOHAJIbHBIM
n3MepureiieM xapakrepuorpadgom Keysight BIS0SA,
ITO3BOJISIFOIIMM IIPOU3BOAUTH BEICOKOTOYHKIEC N3MepeHnsa BAX u

B®X 1o 3 kB.

C-V of single pad for

different masurement rates
— 100 Hz
—— 1kHz
—— 10 kHz
—— 100 kHz

13.0p - /\/

_
N
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o
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1.0pd o

—

lllllll
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OT14er 0 BbImoJIHeHUH npoekTa B 2017-2020rT.

5. Co3manne MUKpoTOMoOrpada ¢ JeTEKTOpOM OOIBIION MIOIAAX OOJIbIION IIOMIA U
1 OOJIBIIINM I'€OMETPUUCCKUM YBEIUUYCHUECM.

J1714 poBEIEHUS MYJIbTUSHEPTETUYECKOTO TOMOIPa(pUUECKOro CKAaHUPOBAHUS PA3JIMYHbIX OOBEKTOB
¢ 6onbmM reomerpudeckuM ypesamuenrneM B HOOBII JISAIT 6but co3man mukporomorpad Kanan-2

C BpalIAIOIIAMCS 00pa3LOM.




B kayecTBe MOTOPU30BaHHBIX TPAHCJISTOPOB U MX KOHTPOJUIEPOB ObUIM UCIOJIb30BaHA MPOAYKUMS (PUPMBI
STANDA. B0O3MOXHOCTb NPOrpaMMUPOBAHUS ITUX YCTPOUCTB MO3BOJISIET CKOH(PUIYPUPOBATH YCTAHOBKY
N0J], KOHKPETHBIN UCCIEyEMBbII 00pa3el;, ¢ MUHUMAJIbHBIMU 3aTPaTaMU.

B kadectBe perekTupyromenn cuctembl st mukporomorpadga Kaman-4 B Ilpare Obiia nmpuoOpeTeHa
pentreHorpadpuyeckas kamepa Widepix MPX3 1x15 ¢ cencopamu u3z CdTe Tommuuoin 1 mm. Ilone 3penus
Tako Kamepbl coctasisier 14 mm x 210 MM, a mar numkcenss 55 MkM. Mukpocxembl Medipix3RX,
YCTAHOBJICHHbIE B OTOW KaMepe, MO3BOJIAIOT ONPEACsATb SHEPIUI0 3apErMCTPUPOBAHHOIO Y-KBAaHTA W
NOJIy4aThb «BETHBIC» PEHTTEHOBCKUE N300PaKEHMS.

CranjjapTHasi cuctTeMa OXJaxK/JeHus1 Oblla 3aMeHeHa Ha yriuiep pupmbl Huber, 4TO MO3BOJIAIIO yCTAHOBUTH
HUKHUI TIOPOT [AETEKTOpa Ha 3HaueHur 4 k3B npu craduimsupoBaHHON TemmnepaTtype 16 rpagycoB. Takum

00pa3oM, IHEPrETUIECKOE Pa3pelIeHre (CUrMa) IeTeEKTopa cocTaBwiio 1.3 k3B Ha sHeprum 23.17 k3B.
st cpaBHenus pe3yiabratoB KT, monydaembix ¢ momonipio kamep ¢ Medipix u kamep, oOIIENPUHSTHIX Ha

TEKYIIIMHA MOMEHT B MEJIUIIMHE, ObLJ 3aKa3aH JCTEKTOP CO CICAYIOIIMMHU XapaKTEPUCTUKAMM: pa3Mep MUKCEIIs
(50x50) mxm?2; padouas obsacth (24x30)cm2 Dueprerudeckuii quana3zon (10-300) kB. IIpocTtpancTtBeHHOE
paspenieHue < 8 map JUHUN / MM.
Jlnst mpoBeneHUsI CpaBHEHUsS] Ha OOBEKTax OJM3KUX K pealibHbIM oOpasnaMm ObUl 3akazaH (aHTOM
YeJI0BEYECKOM TOJIOBBI C PA3IMYHBIMU TUAMETPAMHU COCY/IOB:
Red - 2mm, Blue — Smm, Purple - 4mm, Green - 1.5 mm, Gold color - 0.5 mm




s “ugetHoir” KT nmpuHIMIMaIbHO BaXKHO OOECNEYNTH MOCTOSIHCTBO cueTa (pOTOHOB BO BCEX
65536 mnuKCeJNsaX MpU OAHOM 3JaHHOM 3SHEPreTUYECKOM mopore. B cuiy TEXHOJOrM4eCcKux
ocobeHHocTen mpou3BoAcTBa, MUKpocxeMbl Medipix3RX wu cencopel u3 CdTe HE woryr
00ECIIeYNTD BbINIOJIHEHME TAHHOTO TPEOOBAHMSI.

J171s1 ycTpaHeHusl JaHHOIO HeJlocTaTKa OblIa MPeJIosKEeHa 1 peaM30BaHa Mpolielypa KaauOpoBKH
MOPOrOB JIETEKTOPa C WCIOJb30BaHMEM Kpasl CIIEKTPAa PEHTTE€HOBCKOU TpyOKM (D. Kozhevnikov and
P. Smolyanskiy. Equalization of Medipix family detector energy thresholds using X-ray tube
spectrum high energy cut-off. JINST14 T01006, 2019).
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Pucynok 3.4 — 3aBucumMocTtb Jjiorapudma, 9Uc/Ia OTCUCTOB OT 1VI06AILHO 12362
3a/IaHHOrO opora B Iukcese ¢ koopaunaramu (90,120) (cunuit). Ygacrox Pucyrok 3.7 — V300paxxennust m0JIy 4eHbI IPH 3aCBETKE JIETeKTOpa
3aBUCUMOCTH B 00JIACTH Kpasl CIIEKTPa allpOKCAUMUPOBAH JIMHEHHON (dyHKIMelH XAPAKTCPUCTHHCCKMM U3JTy ICHHCM OT OJIbIH U3 TanTala (Cica) u

(KpaCHbIﬁ) COOTBETCTBYIOIIUE PaCIIDEIC/ICHUA HUKCeJIel 1o YHUCJIY OTCUYETOB B HUX (cnpaBa).



«/lgeanbHbl» OETEKTOP OJ18 perucTpaumm pPeHTreHOBCKMX JTy4eun.
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Kozhevnikov D., Smolyanskiy P. CdTe
Stack of Timepix-based detectors with Si, GaAs:Cr and CdTe " @ Lipid
sensors with optimized thickness for spectral CT, : ‘é’:‘g’mg/ml
20th International Workshop on Radiation Imaging Detector, June s . Ayéwg/ml
24-28, 2018, Sundsvall, Sweden T, %R e 118mgmi
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pacripejiesieHre PEKOHCTPYHUPOBAHHOTO
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OTtuer 0 BoINOJTHeHUH npoekTa B 2017-2020rT.

6. PazpaboTKa MOJHO(PYHKIMOHAIBHOTO OJIOKA 3JICKTPOHUKH
CUMTBIBAHMS JJIs1 MUKpPOCXeM TimepixX M IIOJArOTOBKA K CO3IaHUIO
IETEKTOPOB Ha 0a3ze MUKpocxeMbl Timepix4.

Bbinu paspaboTaHbl NpoToTUMNLI 610K ynpasieHnA Yuna Tpx Ha
OCHoBe pa3nnyHbix FPGA n nHtepdgencos nepenayvn gaHHbIX.

OnHum peweHnem ctano ncnonb3osaHne SoC Xilinx cemencrtaa
Zyng-7000 ¢ nepenayen paHHbIX NO CTaHOAPTHOMY NPOTOKONY
Ethernet/USB3 nop ynpaeneHnem OC Linux Ha 6a3e nnatol
MicroZed ™.

| CynTbiBaTeNb

COGAMH nTe/ZibHaA Naarta

CoeauHUTENbHAA NnaTta

Micro Zedboard
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OCHOBHBIE XapaKTCPUCTHUKHU OJIOKA DICKTPOHUKM TpX

1.HacTpoiika permctpoB MUKPOCXEMbI;

2.HacTtpoiika nnn mackupoBaHua nopora v 3agaHue pexkuma paboTbl Ana
Kak[ooro NnKcena neTekTopa;

3.YnpaBneHne 4acToTON TaKTUPOBaHMNA OETEKTOPA B PEXMME HAKOMN/IEHNA B
ananal3oHe ot 2 oo 100 MlTu;

4.YnpaBfieHne BpeMeHeM HakonieHnAa B gmanasoHe oT 1 mkc no 100 c;

5.MakcumanbHanA YyacTtoTa kaapos coctaBnAaeT 100 kappos/c.
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IToaroroBka K pa3padoTke 3JeKTPOHUKHU AJA MUKpocxeMbl Timepix4

No cuts TPX37 layer1 [10500,85000][Run 679][09_11_2017]

250

[pyrum NnpoTOTMNOM CTano NOCTpoeHme brioka
ynpasseHnA 4519 caMoro COBPEMEHHOIo Ha CerogHA ymna
Tpx3 cemencrtea Medipix.

B ocHoBe 6510ka ucnonb3osaHa FPGA dupmel Intel
Cyclone V GT caopanBepomM BbICOKOCKOPOCTHON LUNHbI
PCle 4x 2.0 Ha kabefib. OTO NO3BOSINIO OOCTUYb
CKOpOCTU nepenayn noaHHbix B 1.3 'banTt/c.
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Oxknpaemana CKOPOCTb LWWMHbI Nepegavn OaHHbIX
MUKpocxembl Timepix4 oueHmnBaeTtcA B 160 [6UT/C nnu
20 'banT/c B cBA3K C YeM Obln1 pa3paboTaH anropuTm
Knactepusaunm (06 beanHEHNA NMNKCENIEN, MMEIOLLINX
obLwyto rpaHudy, B knactep) B MNJ1INC.

B naHHbIN MOMEHT BbiNnonHAeTCcA paboTa no
COCTaBJIEHMIO TEXHMYECKOro3agaHma ona
pa3paboTKM NPOTOTUNA ANTIEKTPOHUKUN MUKPOCXEMDbI
Timepix4

B CyIIEeCTBYIOIIMUX CErOAHSA aHAJTOTHYHbBIX CUCTEMAX TAKOMW OIIIUU HET.
Pabota HamnpasieHa Ha koHepenuuto IWORID-2020.
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OT14yer 0 BbInoJIHeHUHU npoekTa B 2017-2020rr.

8. IIpoBeneHrEe CKaHMPOBaHUS OMoMaTepraia B paMKax IpOrpaMMBbl

COBMECTHBIX UCCICOOBAHNU C MCINKAMMU.
9. IlpoBeaeHnE CKAHUPOBAHUS Py U MUHEPAIBHOTO ChIPhS B PaAMKaX
IIPpOTrpPaMMBbl COBMECTHBIX UCCIICAOBAHUN C Tre€O(PHU3NKAMU.
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Mukporomorpacp MARS B Teuennn 2019 ropa Ob11 CyIIECTBEHHO MOIEPHU3UPOBAH: 3aMEHEH
[IK yrnpasiieHus1, yCTAaHOBJIEH HOBbIN CepBeP PEKOHCTPYyKUmK, 00HOBJIEHO 1O no Bepcun 19.04.
MukpoTtorpad 6bu1 ocHaieH kamepori MARS v Medipix3RX CZT 2 mm 110 mxwm. [Tone 3penus
Kamepbl cocTaBuiio 14 Mm x 42 mm (Ob110 14 MM X 14 Mmm).

ITocyie peMoHTa 9TOM KaMephbl (3aMeHa nepexoaubix niat yun-I1JIMC) 6611 mpoBeieH BeCh IUKJI
HacTpoek fieTekTopa: DAC ckanbl, bias voltage cKaHbI, 3KBaM3auus, SJHEPreTUYecKast
KaJIMOpOBKaA.

ITpuoopetreno I1O MARS Vision ¢ 3D moanTopom Z-Space. JlaHHOE mporpaMMHOe
o6ecneuenue BMecte ¢ [10 MARS MD nio3BosisieT Bu3yanu3upoBatsb B 3D pe3yiibTaThl
MYJIbTUIHEPrETUYECKON PEKOHCTPYKIMH.

CosmecTtHO ¢ Mekamu u3 C.IlerepOypra u reopusnkamMu ObIIIO TPOBEICHBI U3MEPEHUS U
PE3YJbTAThI NPECTABIISUINCH HA MEXTYHAPOJHBIX KOHPEPEHIMSIX U ONyOJIMKOBAHBI B CTATbSIX.

B HacTOAIMY MOMEHT JOCTUTHYTA TOTOBOPEHHOCTH 0 CO3MaHuu coBMecTHOM rpyrmbl B MOTU Ha
dakysbTeTe MOJIEKYJISIPHOM U 0UO0JIOrHYecKon (hu3ukm AJist 60J1ee 3(h(PeKTUBHOTO UCIOJIb30BAHMS
NMEIONIerocsi y 00eux rpynmn 000pya0oBaHMs.




OTtuer 0 BbINoOJIHeHHH nmpoekTa B 2017-2020rT.

7. Pazpa0otka 110 11t MmogennpoBaHus MUKCEIIBLHBIX ICTEKTOPOB
MediPix.

XapakTEPUCTUKM IETEKTOPA HA OCHOBE MUKPOCXeMbI cemencTsa Medipix ¢
YYBCTBUTEJIbHBIM OOBEMOM U3 MOJIYIIPOBOJHUKA,, TAKUE KAK 3(P(PEKTUBHOCTb PETUCTPALMA
YacTHUI], TPOCTPAHCTBEHHOE 1 SHEPIreTUUYECKOE Pa3peIICHUs, 3ABUCAT OT MHOTMX ITAPaMETPOB:
MaTepuas NoJyIMpOBOJHMKA, TPUJIOKEHHOE K HEMY HAPSI>KEHUE,, pa3Mep NUKCEIIS,
XapAKTEPUCTUKU MPENYCUIIUTENS, TUI U SHEPTUST PETUCTPUPYEMOUN YaCTULBI.

MopenupoBaHue MO3BOJISIET COKPATUTh PACXO/IbI U BPEMS HA MOI00P ONTUMAILHOTO
Marepuasna CEHCOpa, €ro TOJIMHBI M TUITA MUKPOCXEMbI, B 3ABUCMMOCTH OT 3aja4d 1
TpeOOBAaHUM K XaPaKTEPUCTUKAM [ICTEKTOPA.

bouio co3pano 10 s MopemmMpoBaHus MIUKCEIIBHBIX IETEKTOPOB Ha 0CHOBE Geant4, Root.
YuuTbhIBatOTCS CAeAyomye PudndecKue mpoueccol: PoToaP@PEeKT, KOMITOHOBCKOE PACCESHNUE,
cpimoopecuenuus, apdekt Oxe. Ha ocHoBe nuHdopManum 00 S3HEPrOBbIJICIIEHANA CTPOUTCS
HAYaJIbHOE PACMPENCIICHNUE 3aPs/ia U PEATTM3YETCS UX NMPOECUUPOBAHME HA NMUKCEJILHYIO
MJIOCKOCTb C YYETOM BECOBOIO NnoTeHuuana, qudpdys3un Bo Bpems apenda, pekomOouHauu. Ha
OCHOBE paclpeeieHus 3apsjIoB Ha MUKCEJIbHOM MNIOCKOCTH BBIYUCIISIETCS U OUM(PPOBBIBAECTCS
CUTHAJI C YYETOM IIyMa yCUJIUTeNs, pa3dopoca KoapPUIMEHTA YCUIICHUS 1 IIOPOora
JIMCKPUMHHATOPA OT MUKCENS K MUKCEJTIO.
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Ha pucyHke nokasaH pesynbTaT MOAeIMPOBaHHUA crnekTpa
MOHO3HEPreTU4ECKOro N3y4eHunst ¢ aHepruen oToHoB 25 k3B,
3apernctpupoBaHHoro B nukcenbHon GaAs getektope. Kpome
NnMKa, COOTBETCTBYIOLLErO HEPIUN U3NYYEHUS, BUOEH MUK
dnoopecueHunmn ¢ aHeprmen okono 10 kaB n Nk ogMHOYHOro
BblieTa BONM3nm 15 KaB, a Takke ooH, 00yCNnoBAEHHbLIN

o PeKTOM pacnpeneneHna 3apsga Ha cocegHue nNUKCcenn.

w
o
=
=3

2500|_

KOsn-BO cobbiTni

2000

1500|

1000

500

o 5 o s 20 s 30
3Heprua, k3B

025

0.2

0.15

0.1

0

~120-100-80 —60 40 20 0 20 40 60 80
X, MKM

Ha pucyHke cneBa — Hanpaso: a) KoopAauHaTbl SHEProBbIAENEHNSA B YYyBCTBUTENIBHOM O06beEME
netekTopa; b)obpasoBaBLuMeCs B pe3ybTaTe MoHM3aumm obnaka HocuTeneun sapsiga; ¢) HoCUTenu
3apsiga B NJIOCKOCTU NuUKcenen getektopa (uBetT obo3HavaeT Oonto 3apsaa, cCoopaHHOro nMKCeEseMm).
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OTt4ert 0 BoinoiHeHUH npoekTa B 2017-2020rT.

10. Peanuzanus metoga peructpaiuy pacipeaeeHHbIX UICTOYHUKOB raMMa
M3JIY4YCHMS C MOMOIBIO AeTeKTOopoB MediPix.

Jlnsg nmpoBeneHHUS OOKIWMHHUYECKHMX MCCIEHOBAHHUM Ha
1a00paTOPHBIX XHUBOTHBIX HEOOXOJIHMMO BBICOKOE
IPOCTPAHCTBEHHOE pa3peIICHUEe M BBICOKas A(PPEKTUBHOCTH
pEeTrUCTpallid TaMMa-KBaHTOB, KOTOPbIE CIIOCOOHBI OOECIICUHUTH
raMmMa-kKamMepbl C HCIOJIb30BAHUEM MYJIbTUIIHHXOJIbHBIX
KOJIJIMMAaTOpPOB.

Jns nmoaydeHuss H300pa)Xe€HUsS pacIpeaeICHHbBIX raMma
MCTOYHHUKOB, B noJsie 3peHust 30 MM X 30 MM OBLJIM M3TOTOBJICHBI
BOJIb(DPAMOBBIC KOJJIUMATOPhI TOJMIMUMHON 0.5 MM, U paauycoMm
orBepctut 170 mxMm. Takaga “HaOopHass” KOHCTPYKIHUSA
MTO3BOJIAET MEHATHh TOJIIMHY KOJUIMMATOPA, B 3aBUCUMOCTH OT
SHEPruv raMMa-KBaHTOB.

brlia BeIIIOJIHEHA COOPKA ONBITHOM YCTAHOBKH C JIETEKTOPOM Ha
OCHOBE MHUKPOCXEMbI CUMThIBaHUS TimePix.

IlccnepoBaHMsa BbINOSTHEHbI NMPY NogAepXkKe rpaHTa
P®OU Ne18-52-34005




bbUIN TTOJIYYEHBI IEPBHIE PE3YIBTATHI:

1) BocCcTaHOBJIEHUS M300PaKEHUM 11 TOUCYHOTO 2) BOCCTAHOBJICHHE U300paXEHUSI MEAHOIO KOJIbIIA

HUCTOYHHUKA 241Am

[nameTp ncTtoyHnKa ~ 2 mm

Distance (unit)

FWHM = 1,6 mm BHewHun guametp = 11,9 mm
BHYTpeHHUN gnameTtp = 10,2 MM

Pasmep konbua = 11,6 MM

3) npoBeneHo MonTe-Kapiio MoaennpoBaHue Jj11 raMMa-uCTOYHMKOB HAaM00JI€€ 4aCTO UCIIOJIb3YEMbBIX B SIACPHOM

MEUIINHE
4) cpaBHEHHE PE3YIBTATOB MOJICIIMPOBAHUS C SKCIIEPUMEHTOM OBLIO MTPOU3BEACHO HA UCTOYHUKE 241 Am

HKCIEPUMEHT

* Simulation
+ Experniment|

02

oy
00
0 1 2 3 4 S 6
Distance, mm

PaccTosiHne mexay UCTOYHUKaMK = 2.5 MM (AMaMeTp UCTOYHUKA ~ 2 MM)

MOICIUPOBAHUC
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5) IIpoBeneHo cpaBHEHUE PE3YJIBTATOB MOJACIMPOBAHMS C SKCIIEPUMEHTOM ISl KallMLisapa
HAIIOJIHEHHOTO 99mT¢c

Simulation
Experiment
3 BHyTpeHHUN gnameTp = 1 MM
BHewHnn gnametp = 1.5 mm
_ FWHM (exp) = 0,98 mm
FWHM (sim) = 0,97 mm
MOJEIMPOBaHNE DKCIIEPUMEHT ) DU P S SN SO SR bt s
00 05 10 15 20 25 30
Distance, mm

3
S 15000

; AN
!
{
10000 |-

6) JlocTurayTo nmpocTpancTBeHHOE pa3penteHue 1 mm. [ moss 3perus 30 Mmm x 30 M.

so1cef LI~
3 P \
;N 4
50100 / ~ \
/ |
40107 / \
" { v\
\ i-xutd— [ ‘
/ \ 3 f \
// \ of / ‘\
/ \ 20108 / \
/ \ / \
5000 | / \ 4 010 / \
\ ] / \ ———ee,
/ \ ] — \ g b
0 A [ TR == = Lo M
0 1 2 3 4 0 4
istance (mm) Dist
FWHM = 0,95 mm
J

[1pocTpaHcTBEHHOE pa3pelieHne ~ 0,95 mm
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OT14yer 0 BbInoJIHeHUHU npoekTa B 2017-2020rr.

11. BBox B 3KCIuTyaramuyio nepBom O4epeav JMHEUHOTO YCKOPHUTEIISA
SIEKTPOHOB.

‘.“\ o P4 d
N R i
\ Y ST R ‘,
A \ g e
i \\." }‘ , 4
Y % 8

[TosmydeH CTaOMIIBHBINM YYOK AJIEKTPOHOB ¢ 3HEepruen g0 200 M»sB.
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[TaTteHTbl 2018-2020

1. Aopensmiakyp C., JlemuueB M.A., Kemuyros A.C., KoxxeBuukoB JI.A., KotoB C.A.,
Kpyuonok B.I'., Cmonsanackuit I1.1., [llenkos I A.

MMOJIYIIPOBOIHUKOBBIN MMKCEJILHBLIN JIETEKTOP 3APSKEHHBLIX CUJILHO
MOHU3UPYIOIIUX YACTUL] (MHOTO3APSI[IOBLIX MOHOB),
MMarent (RU) 2659717, ot 03.06.2018, OUSU.

2. KemuyroB A.C., KoxxkeBaukoB J[.A., KoroB C.A., Kpyuonok B.I", Jleria ®@.A.,
Cwmonsgackuu I1.1., Ilenkos I'.A.

[JIAHAPHBIU TTOJIYIIPOBOJIHUKOBBIN JETEKTOP,
[arent (RU) 2672039, ot 08.11.2018, OUAU.

3alumTbl gucceprauumn
1. IT.1A.Cmonsuckuii kpmH (01-04-01) 2018 (pyrosooumenv A.C.2Kemuyeos)

«/3ydeHne MUKCEIbHBIX apCEHUA-TAIINEBBIX JETEKTOPOB HA OCHOBE MUKPOCXEMBI Timepix»
2. J1.A.KoxxeBaukoB kpMmH (01-04-01) 2019 (pyxosooumenw I.A.Lllenxos)
«Pa3BuTHE METO/Ia MYJIBTHUIHEPIreTUUECKOM PEHTIEHOBCKOM TOMOrpaduu ¢ IpUMEHEHUEM
JIETEKTOPOB Ha OCHOBE MUKpOCXeM cemeiicTBa Medipix»

Odunnombl Marnctpos

1. E.A.Yepenanoa (MDTU) 2019 (pyxosooumens I’ A.ILllenxos)

«AHaA3 CTPYKTYPHI paIHallMOHHOTO (JOoHA B MOA3EMHOM 3ajie ycTaHOBKH ATLAS Ha ocHOBe
NaHHBIX ¢ JeTeKTOpoB cucteMbl ATLAS-GaAsPix»

2. B. Augpusimen (MOTH) 2019 (pykosooumenv A.C.Kemuyzos) «Pa3zpadborka MeTona

MYJIBTHIHEPreTUUE€CKOM UTEPAaTUBHON TOMOTPa(PUUE€CKON PEKOHCTPYKIUN
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[TnaH Ha 2021-2023

HoBrle IMOJIYIIPOBOAHHUKOBBIC ICTCKTOPLI AJIA (I)YHI[EIMGHTEUIBHI)IX N IIPUKJIIAAHbIX I/ICCHCI[OBEIHI/Iﬁ.

[ S S S—

Pan. GDH&
| 1
MOTU : :
Timepix4 KAJ1AH2
OMED MARS IMepIx ODOKT
Mopoenb
,ﬂ,eTeKTOpr “ronoBHoOro” uKT CMIK
Ha 6a3e KT
Timepix4 1 1
Monb3oBaTtenu :
S S ondan :
‘BHewmHnn: T :
: el ?
. napTHep :
v
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[TogrotoBka ¢ co3ganunto nabopaTtopHOro NpoToTuna «ronoBHoro» KT

[nA npoBeneHnA cpaBHEHMA Ha obpasuax 6/In3KNxX K peasibHbiM 3akasaH paHTOM
4e/I0BEYECKOM rofioBbl C pasfIMYHbIMU OnameTpamMm cocyooB BHYTPU

Red - 2mm, Blue — 5mm, Purple - 4mm, Green - 1.5 mm, Gold color - 0.5 mm



O nnaHax co3HaHusa KT ¢ paspelweHnem nyywe 10 p
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Micro-Computed Tomography as a Platform for
Exploring Drosophila Development

Todd A. Schoborg*!, Samantha L. Smith!, Lauren N. Smith',
H. Douglas Morris? and Nasser M. Rusan*!

! Cell Biology and Physiology Center, National Heart, Lung and Blood Institute, National
Institutes of Health, Bethesda MD 20892

*Mouse Imaging Facility, National Institute of Neurological Disorders and Stroke, National
Institutes of Health, Bethesda MD 20892

Confocal E

Figure S. p-CT of adult Drosophila melanogaster highlighting the female reproductive



The design of the Timepix4 chip:

a 230 kpixel and 4-side buttab
200 ps on-pixel time bin reso

15-bits of TOT energy resolution

X. Llopart

e chip with
ution and

On behalf of the Medipix4 Collaboration

18th November 2019

xavier.llopart@cern.ch ESE Seminar 18th November 2019
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Medipix4 Collaboration (from 2016)
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Timepix2 (2018)
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Timepix (2006)

Medipix3RX (2009)

Medipix2MXR20 (2005)

Medipix1 (1998)

o

Timepix4: A 4-side tillable large single threshold particle
tracking detector chip with improved energy and time

100

200 300 400 500

CMOS process [nm]

resolution and with high-rate imaging capabilities

xavier.llopart@cern.ch

700

ESE Seminar 18th November 2019

CEA, Paris, France

CERN, Geneva, Switzerland,

DESY-Hamburg, Germany

Diamond Light Source, Oxfordshire, England, UK

IEAP, Czech Technical University, Prague, Czech
Republic

JINR, Dubna, Russian Federation

NIKHEF, Amsterdam, The Netherlands
University of California, Berkeley, USA
University of Houston, USA

University of Maastricht, The Netherlands
University of Canterbury, New Zealand
University of Oxford, England, UK
University of Geneva, Switzerland

IFAE, Barcelona, Spain

University of Glasgow, UK

15 members
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Technology
Pixel Size

Pixel arrangement

Sensitive area

Mode
Rea Data driven Event Packet
dou (Tracking) Max rate
t Max Pix rate
Mo Mode
des Framg based Frame
(Imaging)

Max count rate
TOT energy resolution
TOA binning resolution
TOA dynamic range
Readout bandwidth
Target global minimum threshold

xavier.llopart@cern.ch

Timepix3 =2 Timepix4

Timepix3 (2013) Timepix4 (2019)
130nm — 8 metal 65nm — 10 metal
55x55 um 55 x55 um
f 3-side buttable 4-side buttable )
256 x 256 512 x 448 3.5x
L 1.98 cm? 6.94 cm? )
TOT and TOA
48-bit 64-bit
0.43x106 hits/mmz2/s 3.58x106 hits/mm2/s °
1.3 KHz/pixel 10.8 KHz/pixel 8x

PC (10-bit) and iTOT (14-bit)

Zero-su ppressed (with pixel addr)

CRW: PC (8 or 16-bit)

Full Frame (without pixel addr)

~0.82 x 10° hits/mmz2/s

~5 x 10° hits/mmz2/s

< 2KeV

< 1Kev

1.56ns

195ps

409.6 S (14-bits @ 40MHz)

1.6384 ms (16-bits @ 40MHz)

<5.12Gb (8x sLvs@640 Mbps)

<163.84 Gbps (16x @10.24 Gbps)

<500 e-

ESE Seminar 18th November 2019

<500 e-
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ire Bonding

* Target to build large area detectors by combining smaller modules

* The through-silicon vias (TSVs) is the key technology for this paradigm shift

xavier.llopart@cern.ch ESE Seminar 18th November 2019
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Timepix4 applications

e Data-Driven applications:
 HEP:

Very high rate pixel telescope

Sensor studies (high speed)

Beam gas interaction (PS SPS/LHC?)

AeGIS/ASACUSA

ATLAS background rad monitor and TRD detector

MOEDAL

GEMPIX / large area TPC

Test vehicle for next gen LHCb-VELO with tens of ps time resolution

* Time-of-flight mass spectrometry

e Neutron time-of-flight imaging

e Radiation monitors

* Electron microscopy

e X-ray and powder diffraction

e Compton camera for medical diagnostics

e Sub-pixel resolution imaging

 Gamma and neutron imaging for nuclear industry and Homeland Security

* Frame-based imaging applications:
« X-ray imaging in synchrotrons with extreme high rates > 109 particles/mmz2/s

e 20th Anniversary Symposium on Medipix and Timepix
* https://indico.cern.ch/event/782801/

xavier.llopart@cern.ch ESE Seminar 18th November 2019
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[TnaH Ha 2021-2023 rr.

Coznanue noiHoMacitabHoro nporotuna moayist FCAL;

FCAL |VYuacrue B paspaboTke agekBaTHOM MEKTPOHUKH;
[IpoBenenue ncnpiTanuii Ha myuke B DESY.

Pa3padorka nerekTopos, 3j1eKTpoHUKH M I1O mias Timepix4;
Cozpanue nporotunoB [10 mug “romoBHoro” KT u uKT;

Pixels Opranuzanusi COBMECTHOM pabOTHI C:
- onopuzukamu MOTHU Ha mukporomorpadpe MARS;
- renerukamu JIAIT na pKT;
Pa3pabotka u coznanue cucrembl ODOIKT/KT.
Pa.ﬂ.- CoBmecTHO ¢ (huznkamu ToMcka co3/laHue pagrualiioHHO CTOMKUM 00pa3ioB GaAs CEHCOPOB;

CTONKOCTB | YI3Mepenne paji. CTONKOCTH STUX 00pa3IiioB Ha Iy4YKaX HEUTPOHOB U 3J1eKTpoHOB B OMSIN;

JIMHAK 200 |Bsoga B akcnnyatauuto NUHENHOro yckoputena anektpoHos JIMHAK-200
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dopma Ne 24

HOBbIE MOJTYNPOBOOHWKOBBLIE AETEKTOPLI ANA ®YHAAMEHTAJIbHbIX U
NMPUKITAOHBIX NCCITEQOBAHNU

Tema 04-2-1126-2015/2023

OUAN NAIM: AJl.NnoHragse-0,1; M.U.lI'octknH-0,6; A.C.XKemuyros-0,1; B.[.Kpy4oHok-0.6;
O.A.KoxeBHuko-0,2; H.K.KysHeuwoB-0.5; A.B.Jlanknn-1; A.Jleusa-0,8; [1.[l.Pactopryes-1;
B.A.PoxkoB-1; T.O.PyaeHko-0,2; I1..CmonsHckun-0.8; E.A.YepenaHoBa-0,8;
C.lWakyp-0,8; 'A.lLWenkoB-0,8. (. = 9,3 |FTE)

onAn NAP: A.T.Ucatos-0,2; C.B. Mutpodaros-0,2; KO.I.TeTepes-0,2.

ondan NH®: A.Axvepnos-0,1, KO.H.Konay-0,1, C.FKO.TenexHunkoB-0,1t0

PYKOBOOWTEJb NPOEKTA - I A.LlLlenkos.
SAMECTUTEIs PYKOBOOUTEIA NMPOEKTA - B.A.PoxkoBs

OATA NMPEOCTABJIEHNA NMPOEKTA B HOO

OATA HTC JIABOPATOPUU HOMEP OJOKYMEHTA

OATA HAYATIA MNMPOEKTA - 2015 rog
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