CO30AHUE OETEKTUPYIOLLMNX YCTPOUCTB HA
OCHOBE NNACTMACCOBbIX CLULUHTUINNATOPOB OJ1A
COBPEMEHHbIX PUNYHECKUX SKCTNEPUMEHTOB.

Linkn paboT aBTOPCKOro KOnseKkTuea:
Xapbkos, UICMA HAHY

[anyHoB H.3., >KmypuH IN.H., JlarytnH B.H.,
INNebepes B.H., Tapacos B.A..
LybHa, OUAU

AptukoB A.M, byaaros IO.A, KpymwitenH 3.B.,
Onbwescknn A.T., Ynpukos-3opuH U.E..




Llenb paboThbl

Co3gaHne yHUKarnbHbIX JETEKTOPOB MOHU3UPYIOLLMX
N3Ny4YeHn ans MexgyHapoaHbix akcnepmmeHToB CDF
(FNAL, CLA); OPERA (In2P3, ®paHuuns) n COMPASS
(CERN, LWBenuyapunsa) no obHapyXeHUO anemMeHTapHbIX
yacTuu, npeackasaHHbix CTaHOapTHOW MOAENbIO.

Pa3BuTre KOHKYPEHTHO CMOCODHbLIX TEXHOOMMMN
NpPOn3BOACTBA MTaCTMaCCOBbIX CUMHTUINIATOPOB B
YKkpaunHe, obecnevmBaroLLmMx BO3MOXXHOCTb CO3JaHUS
HOBOIO NOKOMNEHUA OETEKTUPYHIOLLUX YCTPOMUCTB.



MiooHHEIN geTekTop CDF

CSP Top

B3l Rear

c . 3
cBep - BbICTPbI MIOOHHbIVA

OETEKTop, sABNAdeTCs
OCHOBOW TPUITEPHOM
CUCTEMbI BPEMEHHOIO
oTbopa 1 aHanusa
CcoObITUN.

- [Tnowagb MIOOHHOIo
AeTeKkTopa coCcTaBnseT
HECKOJSIbKO COTEH
KBadpaTHbIX METPOB —
ocobble TpeboBaHMS K
npo3padHocTun [NC — He
MeHee - 2.8M.

- HenpepbIBHbIN CPOK
aKkcnnyaraummn OOMmKeH

CSPWall

CSX External

CSP Wall

CYETUMK AnuHa, cMm WwnpwrHa, cm TonuwHa, cm COCTaBIIATb HE MeHee
CSPL1 240 30,5 2 10 net noatomy

CSP L2 310 30,5 2 ocobble TpeboBaHuS K
CSP L3 320 30,5 2 pagnauoHHOU

BSU 163 16.6 15 CTOUKOCTM.



ONEMEHT CUMHTUNNAUMOHHOrO aetekropa ana CDF
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TexHororna Nnpon3BoacTBa KpyrnHorabapuTHbIX
nnacTtMaccoBbIX cUMHTUNNATOPOB And CDF

Co3gaHune HoBOro
obopyaoBaHue — BO34YLLHbIX
nosiMepusaTopoB C Maccomn
3arpysku 6onee 171

N3yyeHune getarnbHoro
aHanusa Tensno u
MaccornepeHoca B
NoSIMMEPUIYHOLLMXCA cpeaax
BonbLNX 06 bEMOB — BbIOOP
yCNnoBwU1 nonumepusaumnm

- N3yyeHne ycnosun
cBetocbopa B [1C bonbLunx
pasMmepoB — onTUMmn3aumnd
cocTaBa

OTtpaboTka TexHonormm
nofy4YeHne Npo3padvyHoro
nnacTuka ¢ Npo3pavyHOCTbIO He
MeHee 2.8M

Bbino nponssegeHo — 8 TOHH
NnnacTMaccoBOro
CUMHTUINATOPA




OCHOBHbIE peaynbraThbl, Mofy4YeHHbIE B
akcnepumeHTax Ha CDF

- YcmaHoerneHue macchl t-kgapka.
B pe3ynbmame akcriepumeHmos bbis10 rosiy4eHo
Miop= 178 4,3 (stat.) [3B/c?
- iamepeHue macckl W-6030Ha
M,,=80413+48 (stat.) MaB/c?

- YcmaHoerneHue oCHOB8HbIX rnapamempos
g83aumoodelicmaeusi, cesidaHHbIX ¢ t-keapkom u W-6030HOM



KoopanHaTHO-4YyBCTBUTENbHbLIV OETEKTOP
3KCnepumeHTa OPERA

-

!

VETO Target area Magnetand PT PT+XPC
RPCs

Target Tracker (TT)

neutrino beam
i “ 10

I’

Hmnnmmm 7

° SKCI'IepVIMeHTbI no ocunnndauunum HeVITpVIHO

OPERA (Oscillation Project with Emulsion-
tRacking Apparatus), HENTPUHO reHepupyroTCH
B LUEPHe , pernctpupytotrcs B nabopartopum
'paH Cacco ( UTtanus), pacnonoXeHHOW Ha
730 Km.

« OCHOBHbIM KOMMNOHEHTOM OJETEeKTnpyroero

yctponctBo OPERA ¢ 10x10x100 m gaBnsetcs
KOOPAMHATHO YyBCTBUTESbHLIA OETEKTOP Ha
OCHOBe CTpunos, obecneymBatoLLnm
Heobxo4nUMy0 TOYHOCTb MPOCTPAHCTBEHHOMO
paspeLueHns.

- OcHoBHoe TpeboBaHue K cTpunam — aTo
KONMYeCTBO NPOMN3BOAMMbIX (POTOINEKTPOHOB
OT CTaHOAaPTHOrO UCTOYHUKA — HE MeHee 7
bOTO3MEKTPOHOB.




TexHonorus Nnpon3BoaCTBa CTpPUINoB

Cmupoit
ApeoH Exrcmpy3itiHuL p-TP POPOP
yunindp

o flanumepusameop

. _ .. OBpizaHHA
Pinb'epa
Pa KanuBpamopu Bumaayroyud apucmpidl cmpunie

| .
o

P it

Chnisexcmpysitinui
yunindp

OcCHOBHOE BHMMaHWE —
npo3payHocTb NC cTtpunos BAL 90 —
150 cm ¢ npodounem 25,7+0,15mm
Ha 9,8+0,15 mm n anuHom go 7 m;

N3yyeHne ocobeHHOCTN cobupaHus
cBeTa B cTpune ganbepom
MNO3BOSNIIN YCTAHOBUTb KpUTEPUU
Ondy3HOro oTpakeHus.

B pesynerate 6binia co3gaHa
TEXHOSTOrMs NPON3BOLCTBaA CTPUMNOB C
napamMeTpamu : KO3 PUUneHT
aNpdy3HOro oTpaKeHMa NOKPbITUS —
97%; cBeTOBbIXOO Ha (hanbepe — He
MeHee 16 POTO3NEKTPOHOB.

NCMA HAHY Bbivrpana
MeXOyHapOaHbIN TeHaep Ha
NpPOnU3BOACTBO CTPUMOB AS1A
KOOPAMHATHO YyBCTBUTESIbHOIO
petektopa OPERA

[MponseeneHo 6onee 70T CTpUNOB.



.
OcHoHou peayrnrat OPERA

- YcmaHoerneHb! cobbimus, Komopbkle Mo2ym bbimb
paccMompeHbl Kak pacriad may-rierimoHa 8 aOpOHHOMY
KaHarie, 8bi38aHHbIU pacrnadoM may-HelumpuHo.
BepossimHocmb moao, 4Ymo amo ¢poHosoe cobbimue
cocmaerisem 4.5%.

- [laHHbIU pe3ynbmam se/1emcs 8aKHbIM Wa20oM 8
HaripaerieHuUuU omkpbimus ocyunayuu HeumpuHo 8
aKcriepumeHmax rnpsimMmo20 HabriroOeHuUs.

- Ecmb HaOex0a, Ymo 8 cambiu briuxauwul MOMEeHM
(opueHmupogoyHo 2013-201422.) crieOyem oxudamb
rnosierieHuUs ewe 1-2 cobbimuu-kaHoudamos, 4mo byoem
OKOHYamersibHbIM rnoomeepxxoeHuem HabrmooeHuUs
ocuunnauuu HeumpuHo.



anekrtpomMmarHuTHbIN Kanopumetp COMPASS

- JkcnepumeHT COMPASS (CERN, LWBenuapns)
peweHne npobnem KBaHTOBOM XPOMOLANHAMUKN
(KXL), cBA3aHHbIX Kak CO CTPYKTYPOW HYKITOHA,
Tak U C agpoOHHOW cnekTpockonuen. Hosbln,
skcnepumeHT COMPASS-II cospaet ocHoBy
nccnenoBaHnM nocrnenyrowmx AecATUneTnn ¢
n3yyeHmem n 06o0LLEeHNEM NAPTOHHbIX
pacnpeneneHumn.

- [1na ocyuwiecTBrneHns AaHHbIX 9KCNepPUMEHTOB
HeoOXOANM 3NEKTPOMArHUTHLIN KanopumeTp
ECALO nepepg nepsbiM marHutom (SM1)
crnekTpomeTpa.

- ECALO posmxeH pernctpuposaTtb nNpsimble

_ h dooToHbI peakuum DVSC B LWnMpokom

> SHepreTudeckom ananasoHe (0,2 - 30 [3B). u
OLHOBPEMEHHO OH JOIMKEH UMETb MOAYITbHYHO
CTPYKTYpPY C pasmepom sidenkn 40x40 mm2.
doToaeTeKkTopbl KanopumMeTpa He AOMKHbI BbiTb
YYBCTBUTENbHBIMU K MAarHUTHOMY MOJTHO,
nockonbky ECALO pacnonoxeH B6nuau
mMarHuta SM1.

3.90m




KoHcTpykuma moaynsa OM kanopumetpa tvna "LawnsiK" ans
COMPASS I

0.8 15 Lead plate

Sandwich compression wires
Front WLS fibers
clamp-plate Light-tight film

Rear plate MAPD with
Winstone cone

Scintillator tile

Optical
connector Thermal
Fiber insulation

bundle 9-channel
amplifier

Monitoring fibers
Light-tight cover
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Radiator

«LEGO» lock

Scintillator tile Rear clamp-plate Peltier element
OcHoBHOe TpeboBaHue — Leadkscintilator sandwich L e Mothefboard
9HepreTnyeckoe paspeLleHue Thermdetabillzer
He meHee 8%. - B pesynbrate 6bina npeanoxeHa
[aHHoe TpeGoBaHue KOHCTPYKLUSA pErncTpupytolen 4actu

KaropuMeTpUYecKoro Moayns

obecne4vnBaeTcs, ecnu
- [Ana ee peanusaunun 6eino paspaboTtaHa

TONLWWHA CLUMHTUNNALNOHHBIV TEXHOMOMVISi IPOM3BOACTBA
nnacTuHbl t, = 1,5 MM npu KanopumeTtpuyecknx mogynen 8 MICMA
HAHY

TonwmnHe abcopbepa 0,8 Mmm.



KoHcTpyKkuusa moayna OM kanopumetpa tuna "Lawwnbik”
ona COMPASS I




[1pOn3BOACTBO KanopUMETPUYECKNX
Moayeu LA

21,2
106
et

O

- N3yyeHne ocobeHHoCTEN
cBeTtocbopa B
nepcgopmnpoBaHHOM Taune
NO3BOSIUSO
ONTMMKN3NPOBATL COCTaB

A , NOSIMMEPHON OCHOBDI

0 39,95 275 ninacrMaccoBoOro

cuuHTUINATOpPa

- PeanunsoBaHa TEXHONOrs
Npon3BoacTBa
nepgopnpoBaHHbIX
TaunoB U CBUHLIOBbIX
nNfacTuH, coopkn
KanopumMeTpu4ecKnx
Moaynemn.

- lNpousBeneHa nepsad
napTus Ans TeCTUpoBaHUS
paboTocnocobHoCTH
KarnopuMeTpUYECKMNX
moaynen — 100 wr.

- lNMoTpebHoCTb npoekTa
NICA/MPD - 6000 wr.




TectmpoBaHne moayrien Ha COMPASS

TTTT I TITITTT
Q
=
|
=
liss
&
N
Lo

7 =
\ E \NE
ES S
§ s
'g 4: e
e E
3
21
1E
o:l L 1 L 1 ()} | R I ¥ Ll L | S T O | Y O T T - -
0 1 2 3 4 5 3 7
Energy, GeV

Energy resolutions of the ECALO 3x3 module matrix

readout by the MAPD at T=15° C versus the electron
beam energy.

ECALO: ° — peak correction

x10°
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C ECALO-ECALO

80 M=124.4 MeV

0=14.3 MeV
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0.05 0.1 0.15 0.2 0.25 T
m,, GeV J
Taking into accout amplitude variance and non-lineary the peak position MoHTax KanopumeTpa

have to be multiplied by a factor of 1.073
So, 124.4 MeV*1.073 = 133.5 MeV



OcHoBHOM pe3ynkraTt No COMPASS

- Biepenbie paspabomaH Karnopumempu4eckul MoOyrib C
YHUKasibHOU rnpueMHouU onmu4eckou cucmemou C
UCroJsib308aHUeM MHO2O0MUKCESIbHbIX JTa8UHHbIX
gomornpueMHUKo8, criocobHbilu pabomamsb 8 CUslbHbIX
Ma2HUMHbIX MOJIsIX

- [lpoOemoHCcMpuposaHa pabomocriocobHocmb HOB8020
MOKOJIeHUS Karopumempos 011 pabomel 8 ycrioeusix
CUJIbHbIX Ma2HUMHbIX rosieu Ha ycmaHoeke COMPASS.



BnarogapHocTtu ot konnabopaunn CDF, OPERA n COMPASS

# Fermilab Fermi National Accelerator Laboratory
v P.O. Box 500 + Batavia, lllinois + 60510-0500
Academician Boris V.Grinyov
Chief Research Advisor ISMA NAS Ucraine

Highly respectable academician B. Grinyov!

The Central Detector Facility (CDF) is one of the world most unique detector specially designed and
created for heavy quark physics study on Tevatron of the Fermi National Accelerator Laboratory. For
decades, prior to the LHC start in Geneva the Tevatron remained the world highest energy machine with
colliding protons and antiprotons (matter + antimatter). Tevatron brought unique discoveries of particle
properties and these data are included in the world famous Particle Data Properties.

Headed by J. Budagov the JINR (Dubna) group (A. Artikov, J. Budagov, I. Chirikov-Zorin) was one the
key contributors to the world widely recognized CDF achivments. To be specific JINR group made a very
significant contribution to the CDF Muon System Upgrade during 1998-2002 years and support this system
il 2012,

Muon system at CDF RUN II consists of the drift chambers and scintillation counters. The drift time of
drift chambers exceeds the time between pp -collisions and the fast scintillation counters help to determine
the required events among the many ones registered by the drift chambers, The Muon System at CDF
contains about 1200 scintillating counters with length up to 3.2 m and consists of the scintillation counters
using Plexiglas light guide with large PMT and of the new scintillation counters employing the WLS fiber
readout technique with small PMT. Physicists of JINR group constructed most of the new counters based on
Ukraine UPS 923 A scintillator.

The new generation scintillating counters R&D were started by JINR/Dubna and INFN/Pisa at Pisa in the
middle of the 90s. Mass production was made in Dubna during 1998-1999 on the unique specialized
equipment designed by Dubna group. At that time Dubna group members made key contribution to
manufacturing of scintillating counters and investigation of their properties.

Dubna group members made suggestive contribution to the installation of the muon scintillation counters
to the CDF Muon System, power supply and readout systems start up and created a very reliable Slow
Control system for on-line monitoring of the HV of the CDF muon scintillation counters. This system
monitored these counters daily and alerts Muon Scintillator group in case of troubles.

On-line monitoring system and other control methods provide high efficiency work of muon scintillating
counters system. This is very essential for CDF experiment because muons are present in heavy quarks
decays. Effective registration of muons is of a principal significance and provides the high-precision
measurement of top quark and W-boson masses, observation of new heavy baryon 5 and
B - B, oscillations, prediction a Higgs boson with a mass in the region of 115 to 135 GeV and many others.

During the 2002-2008 years these are JINR group members who proposed, initiated and contributed
strongly to the scintillating counters aging studies. Due to this investigation we knew what type of
scintillating counters of the CDF Muon System will loose their efficiencies and should be replaced soon.

Since 2004 CDF uses new preshower (CPR2). JINR group members during short time provides the
manufacturing about 3000 tiles based on Ukraine UPS 923 D scintillator with high light yield for this CPR.
Dubna group members also have brought the dominant contribution to development of tiles mass production
technology and methods of tiles selection.

Taking into account all the above, we confirm that detectors based on Ukraine scintillators at CDF were
useful, reliable and resulted in obtaining of the high quality physical data.

Respectfully
L. Ristori, the CDF spokesperson

o Pand (& 2013
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Laboratoire Européen pour la Physique des Particules

@ ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
A European Laboratory for Particle Physics

CH-1211 Geneve 23, Switzerland

Dr. Andrea BRESSAN To: The Chief Research Advisor of the

COMPASS Spokesperson Institute for Scintillation Materials (ISMA)
National Academy of Sciences of Ukraine
Telephone: Academician Boris V. Grinyov
Direct: +41 (22) 767 6428
Telefax:

Direct: +41 (22) 766 9333
Electronic mail Andrea.Bressan@cern.ch

Geneva, March 20, 2013

Dear Colleagues,

More than 10 years ago, the COMPASS experiment at CERN was conceived as “Common Muon and Proton
apparatus for Structure and Spectroscopy”, capable of addressing a large variety of open problems in both
hadron structure and spectroscopy. The recently approved phase-Il of the experiment lays the ground for
another decade of fascinating studies of nucleon structure. The new measurements will be performed also
including a new electromagnetic calorimeter, ECALO, capable of detecting photons in the wide energy range
(0.2+30 GeV) and at large angles. ECALO will allow COMPASS to exploit the fundamental large xg; region of
the DVCS measurement.

The design of ECALO has been performed by teams of JINR and ISMA; development of module prototypes and
readout systems was finished in 2012 with a proper choice. Following this a large scale production and
assembly of elements were setup at ISMA, including:

Production of high quality plastic scintillating tiles and precise lead tiles,

Fibers processing,

Production of the light concentrating Winston cones,

Production of the photo-detection part based on the novel technique of silicon avalanche detectors,
Final assembly of modules, quality tests...

As a result, the new generation high granularity “Shashlyk™-type electromagnetic calorimeter designed by JINR
and ISMA is on its way for the full construction at ISMA and JINR, in collaboration with Polish groups (WUT,
Warsaw), German groups (TUM, Munich and Physikalisches Institut, Frieburg), French (CEA Saclay) and
CERN groups, with the support of the whole COMPASS collaboration.

0O 0O0O0O0

As a final remark on this development, | would like to express the fact that the JINR and ISMA teams have
performed an excellent work in designing and setting up the production of ECALO detector for the COMPASS
phase-Il. The use of many innovative materials and procedures along with the flexibility of the design will allow
applying this development in many other applications.

Sincerely yours,

Lo _;«

Dr. Andrea BRESSAN
(Spokesperson of the COMPASS Collaboration)



IPHC

Institut Pluridisciplinaire
Hubert CURIEN
SBOURG

M. Dracos
Strasbourg. 19/03/2013

To::  Academician Boris GRINYOV
Chief Scientific Advisor of ISMA
(Institute for Scintillation Materials)
National Academy of Sciences of Ukraine
Dear Boris,

Last year OPERA experiment has successfully finished data taking in the CERN Neutrino beam to
Gran Sasso Laboratory in Italy. There is a long way of data processing ahead of us but already at this
stage we can confirm that all systems of the experiment have demonstrated good performance.

As you know OPERA apparatus is a very challenging set of different detection techniques and one of
the important systems 1s the Target Tracker (TT) electronic detector made of scintillating strips
produced at the Institute of Scintillating Materials (ISMA, Kharkov, Ukraine). The volume of TT is
very large (about 70t of plastic scintillating material) and it was very important to develop robust and
reliable production technique. This goal was successfully achieved by ISMA in collaboration with the
JINR (Dubna).

According to the European rules an International tender was organized and ISMA was chosen on the
basis of quality (light yield. transparency and stability). optimum cost and reliability among the other
possible producers. During the initial period the full production chain was setup including bulk
polymerization of scintillating plastic material, co-extrusion, partial machining and quality control of
the 7m long strips. In total more than 32 000 such strips were produced and successfully delivered to
the experiment.

During the years of OPERA data taking Target Tracker has demonstrated excellent performance with
no significant degradation of the scintillating material at such level that the TT could still be used by
other future experiments. All these put ISMA in the list of best scintillating materials producers
worldwide.

Thank you for this excellent work.
Best regards.

Dr. Marcos Dracos

Director of Researches

OPERA Target Tracker project leader
IPHC-IN2P3/Université de Strasbourg

B.P. 28 - F 67037 STRASBOURG Cedex 2
- Téléphone (0033)0388106370 - Secrétariat (0033)0388106640 - Télécopieur (0033)0388106234
email: Marcos.Dracos@in2p3 fr



BbiBOOb!

- PaspaboTtaHHble 1 co3gaHHble AETEKTUPYOLLNE
YCTPOUCTBA HA OCHOBE MNAacTMacCOBbLIX CUMHTUNIIATOPOB
nokasasnu cBol paboToCnoCOOHOCTb Ha KPYNMHENLLINX
MWUPOBLIX YCTAaHOBKaX OU3UKU BbICOKNX SHEPTUN.

- bnarogapsa nm nonydeHsl BaXxkHeunwmne pmsndeckmne
pe3ynbraThl:

= ODHapyXeH Ton-KBapkK,
= n3mepeHbl maccbl Z- n W-6030HOB,

= ObHapyXeHbl COOLITUS NoATBEPXKAAKOLLME
CYLLIECTBOBAHMWE ABIIEHNS OCUMNNALNN HEUTPUHO...

- PaspaboTaHHble KanopuMeTpmuieckmne Moaynu nokasanm
CBOIO BO3MOXHOCTb paboTbl B MarHUTHOM MoOe 1 NpoLUn
ycnewHyto anpobauymnto Ha yctaHoBke COMPASS-II.

- OBOLe KonmyecTBo paboT:
- 2 MOHorpadouun, 125 crtateun, 20 nateHTOB
- Mhpgekc yntnpoBaHua (Xupwa) - 53



