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1M PacyeTrHO-TeOpeTHYECKOE 000CHOBAHUE KOMILJIEKCA
- VIERTUCIIMTTHHAPHAS MYJbTHCHEKTPAJIbLHOU JUATHOCTHKH MJIOTHBIX MHOTO()a3HbIX
IUIA3MEHHbIX 00pPa30BaHUM

OoOpa3oBarenbHasi

Pa3pa0oTaHbl 1 YUTAKTCA KYyPChI JIEKIMH

IIpoBoasiTca MacTep KIaCChl A1 IKOJbHUKOB U CTYICHTOB
Pa3pa0arbIBalOTCS U BHEAPSAKTCSH HOBbIE J1a00paTOPHBbIE pad0ThI
JIeTHASl MPAaKTUKA IIKOJIbHUKOB



Heckouabko ¢j10B 0 JIabopaTopuu

HayuHo Ipurkiaagnas
HCCIIeI0BATE/IbCKASA
! !
HccaenoBanus saepHbIX peakuMu 1 Pa3paboTka TeXHOJI0rui MPOU3BOACTBA
INOJYYE€HHH HOBBIX PAaAUOHYKJINI0B PAANOHYKJINIAOB IIPUMCHACMBIX IJIl TEPAIIUHA
AUATHOCTHYECCKOIO U U JTHAIrHOCTHKMH.
TEPANNECBTUYECCKOI'0 HA3HAYCHUSA MunieHHbIe KOMILJIEKChI JJIH CHJIBbHOTOYHbBIX
YCKOpHUTEIei.

Theranostics:
Tepanus + IMarHoCTUKa

«HoBble paguodapmipenaparsl 1Jsl JUATHOCTUKHA
U TEPANuM OHKOJOTUYeCKUX 3200JIeBAHNN HA
OCHOBE OHOJIOTMYECKH AKTUBHBIX CHHTETUYECKUX
MOJJUMEPOB U IMUTTEPOB IIEKTPOHOB Ke»

OT1paldoTKa TEXHOJOIMH OXJIAXKIAECHUS HA
BbIicOKOMHTeHCHMBHBIX nyukax LINAC-200

KOJIJIABOPAIIUA: Cankr-IleTepOyprekuii rocyiapcTBeHHbIN YHUBepcuTeT, «PagueBblil
HHCTUTYT M. B.I. XutonuHa», MHCTUTYT BBICOKOMOJIEKYISIPHBIX coequHennit PAH



IIpensioxxeHusi IKCNEPUMEHTAJIBHBIX PadoT

1) Co3nanue cucTeM IMATHOCTUKHU IYYKOB 3aPSKEHHBIX YACTHIL M TAKEJIbIX HOHOB B
IIHPOKOM M ANA30HE IJHEPIUil HA OCHOBE MOHUTOPOB BTOPUYHOM JICKTPOHHOU
IMUCCHH.

2) Co3naHue CHCTEM THATHOCTHKY IMYyYKOB 3apsiKeHHBIX YacTull Ha ocHoBe MKII
NEeTEeKTOPOB

3) Co3naHue CHCTEM IMATHOCTHKH MYyYKOB 3apsi’KeHHBIX YACTHII HA OCHOBE TeJIeCKOIOB
KPEMHHUEBbIX MUKCEJIbHbBIX €TEKTOPOB (MOHOJIUTHBIC AKTUBHbIE TUKCEJIbHbIE
CEHCOpPbI).

4) Pa3padoTKa YKCIIEPUMEHTAJIBHOIO CTEHIa M TPOBeAeHNe HCCIeA0BAHNH ¢ HOBLIMH
MUKCEJbHBIMM IE€TEKTOPAMM U CBEPXJICITKUMHU YIVIEKOMIIO3UTHBIMU MATEPHUATIAMM
HEOOXOAUMBIMH /JIsl HOBBIX JUATHOCTUYECKHUX CUCTEM, UCIOJIb3yeMbIX B SIJICPHOU
MeAUIMHE,

HUccaenoBanue paauanMoOHHON CTOMKOCTH HOBBIX YIVICKOMIIO3UTHBIX MATEPHUAJIOB.



IIpenyioxkeHus IKCIEPUMEHTAJIBLHBIX PadoT

1) Co3panme cucTeM TUATHOCTHKH NMYYKOB 3aPSIKEHHbIX YACTHUIL U THXKEJIbIX HOHOB B
HIMPOKOM JHANA30HE IHEPIMIl HA OCHOBE MOHUTOPOB BTOPUYHOU FJICKTPOHHON IMUCCUHU

Hpodpuab nyuka a-gyactun (27 M3B) uukiaorpona Y- 120 CHﬁFY

] -
I[I/IaFHOCTI/IKa quKOB 3apﬂ>KeHHI)IX qgaCcTull B yCKOpI/ITe.]ILHI)IX TEXHOJOI''NAX

Koanabopanus: CIIOI'Y - ®TH um. Ad) I/qu)(be PAH

16 ToHKHX (25 MKM)

H30JITHPOBAHHBIX —
11030109 €E€HHbIX quKH: 40Ar (53 M3B) = esc—
BOJIb()PAMOBBIX ITPOBOJIOYEK Hukiaorpon OTHU. e

VHIELEaq, v

(8 BepTUKAJBHBIX ¥ 8
TOPU30HTAJbHBIX), HA
pPaccTOsTHUU 2,5 MM JPYT OT

Apyra

«Investigation of secondary electron emission processes in
accelerator charged particle beam monitoring systemsy,
LXXII international conference ""Nucleus-2022.




IIpensio:keHust IKCMEPUMEHTAJIBHBIX PadoT

2) Co3naHue cUCTeM TMATHOCTHKH IMyYKOB 3apsiKeHHBIX yacTull Ha ocHoBe MKII
JAEeTeKTOPOB I %

Pa3paborku ObicTpbix MKII nerekropos

BPM ISl IKCIIepuMeHTOB Ha KosLiaiigepe NICA

FBBC e 507

1) BbICTpPBIi MOHUTOPHHI MOJIOKEHUS U
npo¢uis myuka (BPM - Profilometer)
2) bpICTPbI MOHUTOPUHT CTOJIKHOBEHHH IYy4Ka

¢ ka:xkabIM coobiTHeM (FBBC)
A.Baldin, G. A. Feofilov, P. Har'yuzov, F. F. Valieyv,
NIMA, 958, 162154, 2019

Ha BbiBegenHbIX nmyukax yckopurteass LINAC-200 uccienoBanus: IlepenocHasi BAKyyMHasi Kamepa ¢
1) ¢ peKTHBHOCTH perucTPaAlMH YACTHI Pa3HbIMHU cOopkavu MKII; TOHKHMH (S0 MKM) THTAHOBbLIMH
2) Bpemennoro paspemenust MKII nerekropos ORHAMM JUTH HCCRC0BA MU

3 . 3¢ PeKTUBHOCTU PErHCTPAIMHA YACTHUIL
) LI B (B P UL meBpoHHbIMU MKII. MoryT ObITH

4) ucnbITaHUS OBICTPOI JIEKTPOHUKH ycTaHoBIeREI 70 3 MKTI-1eTeKTopoB.
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IIpensioxxeHusi IKCNEPUMEHTAJIBHBIX PadoT

3) Co31aHue CHCTEM TMATHOCTHKHU MYyYKOB 3apsizKeHHbIX YACTHII HA OCHOBE TeJIeCKONOB
KpPeMHHEBBIX MUKCEJIbHBIX 1€TeKTOPOB (MOHOJIUTHBbIE AKTUBHbIE MTUKCEJIbHbIE
CEHCOPBbI)

Monolithic Active Pixel Sensors (MAPS)
Idea from CMOS Active Image Pixel Sensors

Advantages of CMOS imaging sensors (camera-on-chip) in industry: low power, compact
devises (digital cameras) due to electronics — on a chip, reduced the number of components

Era of digital photography

Era of mobile photography 8



MAPS: TowerJazz
180nm CMOS
Imaging Process

V. Manzari,
EICUG2019, Paris

'Small n-well
diode (2um
diameter), ~ 100
times smaller
than pixel — low

capacitance Ny
n-well transistors n-well
diode  NMOS PMOS diode

How pixel detector works?

collection electrode

15m

512 x 1024 sensitive pixels

Metal layers (11 pm)

High resistivity(> 1kQ -c¢m)
p-type epitaxial layer (25um)

low-resistivity
p-type substrate (14 pm)

omMp

Dy

p-well p-well = n-well p-well

deep p-well deep p-well

transistors

diffusion
NA ~ 108 cm3

e

epitaxial layer P—

Chip architecture —E
DO DO OO 1
L Vigr N W N
g ) (i ) e
Back bias [ HE L CHe L LheE ) Lhe i
SN 100 {00 100 10
Increases,
higher efficiency DTD DTD DTD DTD

Buffering and Interface

F——

substrate P++ NA ~ 108 cm °

https://cerncourier.com/a/alice-tracks-new-territory/

In-pixel:
amplification, discrimination, hit buffer



(OL) Example: ALICE Inner Tracking System

90 Outer Iaye
Ta 54 Middle layer (ML)

Staves

. Staves (900mm) STAVES

Total staves:

\ﬁ-\_ 48 (IL) — Inner Barrel
+ 48 Inner layer (IL) | 54(ML) and 90(OL) — Outer Barrel
:g’i / St‘%gs (290mm)

ﬁ%‘sr Stave consists of :
\/fi \ﬁ @ﬁrﬁ‘&" 1. Hybrid Integrated Circuit (HIC)
@‘g 2. Cold plate

3. Space frame

Barrel: 7 layers of Monolithic
Active Pixel Sensors (MAPS)

Beam pipe

New ITS:
12.5 G pixels

The ALICE Collaboration:“TDR for the Upgrade of the ALICE Inner
Tracking System”. In: J. Phys. G41 (2014), p. 087002 10



Vertex detectors for the experimental set-ups of the NICA complex
|1 stage of the MPD experiment

S,
A

STAVES
5 layers model
12
22 Inner Barrel
32 IB
36} Outer Barrel
11-53 (::) [53

Stave consists of :

1. Hybrid Integrated
Circuit (HIC)

2. Cold plate

Geometrical model of the MPD vertex detector. 3. Space frame

“w
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v
»
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........
>,
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>
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Barrel: 5 or 6 layers of Monolithic Active Pixel Sensors (MAPS)
V.1. Zherebchevsky, V.P. Kondratiev, V.V. Vechernin, S.N. Igolkin, Nuclear Inst. and Methods, A 985, 164668, (2020)
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Study of the pixel sensor characteristics
Beam tests in JINR

The TERMINATOR - Experimental set-up
for the NICA MPD Inner Tracker

Run 1, Run 2

Accelerator: LINAC-200
Beam: electrons ~ 50-60 MeV
electrons ~ 150 MeV

Geometry
Al: 50 um Al: 7um [

ALPIDE: 50 um
A

Beam 1300 mm |20 mm} 50 mm 50 mm}50 mm
q < > — 1 >
1320 mm

< I 1
foil foil Det.1 Det.2 Det.3 Det. 4

GEANT 4 calculation of the
doses on the detectors

« »

Cooling (water),
Two scintillators for the trigger,
Precise X-Y movement

( 3 synchronized moving stage)

12



Study of the pixel sensor characteristics
Beam tests in JINR

|Correlations of pixel clusters between the detector pIanesI-)w,, - bt

The probability of occurring the clusters with
multiplicity n vs. electron beam (150 MeV) intensity
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Study of the pixel sensor characteristics Cluster hits (Det. 3)
Beam tests in JINR

Problems:
High beam intensity!
Low energies!

0 400 600 800

Cluster hits (Det. 4)

1) Multiple scattering on the water tubes
2) Correlations of pixel clusters were not
observed on some detector planes.

——— |

200 400 600 800 1000
Column

Water cooling was replaced by
air cooling system:

dray air and the radiator with mggis K
Thermoelectric Cooler (TEC) MW F%

3 _‘;:?_’;: - %%

B Oynyumem MOKHO M3MEPATH
XaAPAKTEPUCTUKHU MyYKAa

14



3) Co31aHue cuCTEM JUATHOCTHKH MyYKOB 3aPS’KEHHBIX YACTHII HA OCHOBE TeJIeCKOIOB
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Beam tests in JINR

OaHo coObITHE € JIEKTPOHHOIO

oY

LIRDIFOR
SRR
oL e

a

1 ) Se gy o)
RS0,

i

O
I~ J } !
—___4—__~—-_______-.__-___

T N O ® © =

[ R - (=]
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2—
0

ww A

HNcnonb3yst aJropuTMbl BOCCTAHOBJIEHHSI TPEKOB (KJI€TOYHbIE ABTOMATHI) MOKHO

a) onpeaeMTh SMUTTAHC
0) MOCTABMB CBUHIOBbIE MOIJIOTUTEIH MEXKIY

IL1ockocTaMu OonpeacjmTb IHEPIUIO

ny4ka- uugposas kajopumerpus!
@u3nka 3JieMeHTaPHbIX YaCTHIl K aTOMHOTO0 sapa, 2022. T. 53, Bein. 2. C. 305-314

HeTeKTOpoB, A. Paxmaryiiinna , B. ’KepedueBckuii u ap.,



Study of the pixel sensor characteristics Run 1. Run 2
IkcnepuMenThl B PNPI

Excellent correlations of pixel clusters
between all detector planes (X and Y)
X-correlation, Det.1

Synchrocyclotron- 1000
Beam: protons 1 GeV, 200 MeV

*
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IxcnepumenThl B PNPI

NpenTupuxanms 1 peKOHCTPYKUUA TPEKOB

Synchrocyclotron- 1000
IIporonni: 1 11B, 200 M>B
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IIpensioxxeHusi IKCNEPUMEHTAJIBHBIX PadoT

4) Pa3pabdoTKa YKCIIEPUMEHTAJIBHOIO CTEH/1a M TPOBeAeHNe HCCAEA0BAHNNH ¢ HOBLIMH
NUKCEJIbHBIMU A1eTEKTOPAMU M CBEPXJIETKUMU YIJIEKOMIIO3UTHBIMHM MaTepUaIaMu
HEOOXOUMBbIMM JIJIS HOBBIX TMATHOCTUYECKHUX CHUCTEM, HCIOJIb3YEMbIX B si/IePHOI
MeauIlHHeE.

HccaenoBanue paauamuoOHHON CTONKOCTH HOBBIX YIVIEKOMIIO3UTHBIX MATEPUAJIOB.
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Extra lightweight carbon support structures for a new ALICE Outer Barrel Stave
generation of Vertex detectors

Power Bus

St. Petersburg
University

Flexible Printed Circuit
2 x 7 Pixel Chips

| Module Carbon Plate

Cold Plate

Half-Stave Right

pring Cold plate transversal section: Carbon fleece (- 20 um)

9-5$ 1 @ 9.5 /Graphite foil (~ 30 um)

Cooling pipe (ID = 2.670 mm)

ReferencePlane ... Plate: K13 D2U fibre (~ 120 ym)

he End-Wheel
onthetn oe Carbon fleece (~ 20 pm)

| The ALICE 30 mm
Collaboration: “TDR”,
J. Phys. G41 (2014)




Extra Lightweight Detector Support Structures for the Inner tracklng System
of the MPD experiment oy “

MPD Outer Barrel Stave *

St.Petersburg
University

1) The technology of
production of Extra
Lightweight Detector Support
Structures was modified for
Russian prepreg «HUUKAM-
PC/M55» (Research Institute
of Space and Aviation
Materials)

2) The studies of mechanical,
space, deformation
characteristics produced
structures were done

8130 Wound-truss
structures were
produced at SPbSU | P&
and shipped to JINR| |

For the MPD ITS Extra ;

Lightweight Detector Support Wound-truss

Structures the new technology structures - SPbSU _ _
for cold plate, wound-truss Final production
structures have been developed Cold plate - JINR |_> SPbSU + JINR
at SPbSU

V.1. Zherebchevsky et al. NUCLEUS-2021 20




IIpensioxxeHusi IKCNEPUMEHTAJIBHBIX PadoT

4) Pa3pabdoTKa YKCIIEPUMEHTAJIBHOIO CTEH/1a M TPOBeAeHNe HCCAEA0BAHNNH ¢ HOBLIMH
NUKCEJIbHBIMU A1eTEKTOPAMU M CBEPXJIETKUMU YIJIEKOMIIO3UTHBIMHM MaTepUaIaMu

HBOﬁXOI[I/IMI)IMI/I JAJISI HOBBIX THAIHOCTHYCCKHUX CUCTEM, UCITOJIb3YCEMBIX B HI[epHOﬁ
MEAUIINHC.

HccaenoBanue paauamuoOHHON CTONKOCTH HOBBIX YIVIEKOMIIO3UTHBIX MATEPUAJIOB.

IIporonHasi romorpagus

2 Tracking layers

41 Calorimeter layers

Transition cards

Frontiers in Physics, doi:10.3389/fphy.2020.568243
21
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Extra Lightweight Detector Support Structures at SPbSU
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Thank you
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