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Monepuuzanusa gerekropa ATLAS

ObHapykeHne 0030Ha XwWITCa B OJKCIEPUMEHTaX
ATLAS u CMS Ha Bosnbiiom agponsom kowtaiiaepe (LHC)
B LIEPH B 1992 I. OTKpBUIO HOBYIO CTPaHHUILY B UCTOPHUH
(u3MKK BBICOKMX dHepruil. Tenepb Ha/l0 MOHSITH TPUPOLY
00HapY)KEHHOHN YaCTHIBL: JINOO 3TO MOCICTHUA «KHUPIHU-
9uK» B OcHOBaHWU CTaHAAPTHOH MOJENH, JHOO JONTO-
XKJTAaHHOE TIPOSIBJICHUE HOBOW (u3nku. OTBET MOTYT JaTh
BBICOKOTOYHBIC M3MEPEHHUSI OCHOBHBIX TapaMeTpoB OOHa-
PY’KEHHOH 4aCTHIIBI U U3yUYeHHUE ee pacnanoB. Takoro pona
HCCIIeOBaHUs TPEOYIOT HAKOIUICHUS 3HAYUTCIBHBIX 00b-
€MOB JKCIIEpUMEHTAIBHOI HH(OpMAIHK.

B oxts16pe 2015 1. OBUIO OOBSBICHO O TOM, YTO Ha-
YHHACTCS BTOpAsi CTAAMS MPOCSKTA MOBBIIICHUS CBETHMO-
CTH KoJITaliepa — MpaKkTUdecKasl peaan3alus, CBI3aHHas
C CO3MaHUEM IPOMBIIIICHHBIX IPOTOTHUIIOB Pa3IHYHBIX
y3n0B yckoputens. «IIpotonsr B LHC yke cTankuBaroT-
Csl TIpU HaWBBICIIEH M3 KOIJAA-JIMOO JOCTHIHYTBHIX SHEp-
ruii, — ckaszayn gokrop P.Xoilep, B TO BpeMsl TUPEKTOP
HEPH. — B BonabmoM agpoHHOM Koijiaijaepe MpH BbI-
coxoii cBetmmocTH (HL-LHC) cTOIKHOBEHWS TPOTOHOB
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Upgrade of the ATLAS

The discovery of the Higgs boson in the ATLAS and
CMS experiments at the Large Hadron Collider, LHC, at
CERN in 1992 opened a new page in the history of High
Energy Physics. Now one has to understand the nature of
the detected particles — either it is the last “brick™ at the
base of the Standard Model, or it is a long-awaited mani-
festation of a new physics. The answer can come from the
accurate measurements of basic parameters of the detected
particle and its decays study. Such studies require the ac-
cumulation of significant amounts of experimental infor-
mation.

It was announced in October 2015 that the LHC lu-
minosity upgrade project is moving to its second phase
which will see the development of industrial prototypes
for various parts of the accelerator. “The LHC already de-
livers proton collisions at the highest energy ever,” said
Dr. Rolf Heuer, CERN Director General at that time. “The
High-Luminosity LHC will produce collisions 10 times
more rapidly, increasing our discovery potential and trans-
forming the LHC into a machine for precision studies: the
natural next step for the high energy frontier.” The High-
Luminosity LHC will produce 15 million Higgs bosons

EI

OyxyT nmpoucxoanuts B 10 pa3 gamie, 4TO yBETHYUT ITOTCH-
nman Oyaymux oTkpbITHi U Tpanchopmupyer LHC B un-
CTPYMEHT TIPEIM3MOHHBIX H3MEPEeHUH Ha MpPeAeThHOM
ypOBHE BBICOKHUX dHepruit». Kaxapiii rogq na HL-LHC
Oyzer poxnmarbes 15 MHUTMOHOB 0030HOB XHWTTCa — Ha-
MHOTO OosbIie, yeM 1,2 MuuinoHa, morydeHubie Ha LHC
3a Bech nepuo 2011-2012 rr. [1].

[poexr moxepum3ammu LHC — odens TpyaHas 3a-
Jada, TpeOyromasi OT HCIOJIHUTENEH pa3BUTHS HOBBIX
WHHOBAITMOHHBIX TEXHOJOTHHA JUIS CBEPXIPOBOISAIIINX
MarHuTOB U JPYTHUX DJIEMEHTOB YCKOPUTEIHLHOH IETIOUKH.
He menee cinoxHble 3a1a4K BCTAIOT U MIepe]l yYaCTHUKaAMH
skciepuMenToB Ha LHC, Bemp IETEKTOpPHI CO31aBAINCH
JUTsE paboThI B HOMHHAIBHBIX yestoBusix LHC u HekoTopbie
MTOJICHICTEMBI HE BEIIIEP)KAT BO3POCIIUX PaTUAIlMOHHBIX
Harpy3ok Ha HL-LHC u He cMOryT 00CCIeUnTh HaIeK-
HOCTB 1 BBICOKOE Ka4€CTBO HKCIIEPUMEHTAIbHBIX JaHHBIX.
Heo0xonrma COOTBETCTBYIOIIAsT MOIEPHU3AIMS IKCIIEPH-
MEHTAJIbHBIX YCTAHOBOK. PaboThI 10 MOIEpHH3AIINHN BCETO
kommiekca LHC — 1 mMamumHel, U 1€TEKTOpOB — IJIaHU-

Detector

per year compared to the 1.2 million in total created at the
LHC between 2011 and 2012 [1].

The LHC upgrade is a challenging project, which re-
quires development of new innovative technologies for
superconducting magnets and other elements of the ac-
celerator chain. The participants of the LHC experiments
face complex tasks as well. The detectors were designed to
operate at the nominal LHC conditions, some subsystems
will not endure the increased radiation loads at the HL-LHC
and will not be able to provide reliable experimental data
of high quality. Appropriate modernization of experimental
facilities is needed. The modernization of the whole LHC
complex, both machine and detectors, is scheduled to be
performed in two stages (Phase 1 and Phase 2), with two
long technical stops in 2019-2020 and 2024-2026 [2].

Comprehensive programme of modernization for
different detector subsystems of the ATLAS detector,
the largest one runnning at the LHC, has been published
in [3]. The JINR physicists have been participating in the
ATLAS project since the early 1990s. We made a notable
contribution to the production of almost all parts of the
detector. In recent years, our efforts have been focused pri-
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pyeTcs BBIMOMHUTH modTamHo (3tamsl «®Paza-1» u «dDa-
38.-2))), C ABYMs JJIUTECIIbHBIMU TEXHUYCCKUMU OCTaHOBKA-
MU koyutaiiaepa B 2019-2020 u 20242026 rr. [2].

ATLAS, camsblit kpynHbii u3 paboraronmx Ha LHC
JETEKTOPOB, MMECT ACTaIbHO Pa3pabOTaHHYIO MpPOTpaM-
My MOJEPHHU3AINH IS PA3TUYHBIX METEKTOPHBIX IOICH-
cteMm [3]. YaacTBys B mpoekte ATLAS ¢ magana 1990-x rr.,
corpynaukn OV BHECTH 3aMETHBIN BKJIA B CO3TaHUE
MPaKTUYECKH BCEX YacTe ycTaHOBKU. B mocnennue roapl
HAIlIA YCHUJIHMS COCPEJIOTOYCHBI B OCHOBHOM Ha Pa3BUTHHU
W IKCIUTyaTallid MAarHATHOW CUCTEMBI, MIOOHHOTO CIICK-
Tpometpa u kanopumeTpoB ATLAS. Otcrona u miiansl o
YYacTHIO B MOJCPHHU3AINU 3TUX MOICHCTEM.

Ha mepBom sTanme MomepHu3ammu Hambojee Mac-
mrabuevu st OUSN cranu o6s3arenscTBa 10 cOOpKe
U TECTUPOBAHMIO 32 KBaJIpyIUICTOB MaJlOTO MIOOHHOTO
kosieca (NSW), xotopoe OyaeT yCTaHOBICHO B TOPIICBOI
YacTH JCTEKTOpa B3aMEH CcyliecTByromero. [1o pacueram,

JyOnenckue ¢usuku 3a cOoproit
Mmoznyreit MicroMegas kamep

Dubna physicists are assembling
the MicroMegas modules

marily on the development and operation of the magnetic
system, the muon spectrometer and the ATLAS calorim-
eters. Hence, we plan to participate in the modernization
of these subsystems.

In the first stage of modernization the most ambi-
tious obligation of JINR is the assembly and testing of 32
quadruplets for the new small wheel, NSW, which will
replace the existing part of the ATLAS muon spectrom-
eter. According to calculations, in pseudorapidity interval
of the NSW we expect the trigger rates for muons with
pr>20 GeV/c to increase above 60 kHz which exceeds
the acceptable level for operation of modules made of drift
tubes. In addition, the rate of false trigger will increase sig-
nificantly. A new approach was required and the ATLAS
collaboration chose MicroMegas technology [4] after a
long-term R&D effort. This new technology for the JINR
group has been successfully mastered at the Laboratory of
Nuclear Problems, under the leadership of A. Gongadze.

EI

B 00JIaCTH TICEBAOOBICTPOT, MEPEKPHIBAEMON MOIYISIMHU
NSW, 3arpy3ku TpUTTEPHON CHCTEMBI AETEKTOpa BO3pa-
ctyT 10 60 K['11 1 BBIIIIE, @ 3TO YKE 3a Mpe/iesiaMu pabodero
Jana3oHa YCTaHOBJICHHBIX TaM MOAYJeH H3 Aper(OBBIX
TpyOok. KpomMe TOro, CyIIecTBEHHO YBEIUUUTCS YacTOTa
JIOKHBIX CpabaThIBaHUIA TPUTTEPHOU crcTeMBl. Tpebyercs
HOBBII TIOXOM, M TIOCJE UTHTENBHOTO Meproaa HaydHO-
MCCIIeIOBATENbCKUX Pa3padOTOK W MCTBITAHUH KOJTa0o-
pamus OCTaHOBWJIAch Ha TexHoisoruu MicroMegas [4].
Ora HoBas st O TexHOMOTHS OBUTA YCIICIITHO OCBO-
€Ha Tpynmnoi coTpyrHukoB JlabopaTopuu siiepHBIX Mpo-
61em mop pykoBozacTBoM A. ['oHranse.

B cxarsle cpoku B maboparopuu Obl1a co3naHa HeoO-
XoIrMasi HHPACTPYKTypa, BKITFOUAsi «IUCTYIO KOMHATY» U
UCIIBITATEIIbHBIE CTEH/IbI, ObUIO MPUOOPETEHO W YCTAHOB-
JICHO HOBOE 000pymoBaHue. TOHKOCTH TEXHOJIOTHH COOPKU
kamep cotpyaurku OMSIN ocBauBaim B X0o/e COBMECTHBIX
pabot ¢ xommteramu n3 LIEPH, CEA (Cakne) u npyrux Ha-

The necessary infrastructure has been created at the
Laboratory in a short time, including the “clean room”
and test benches; the new equipment was purchased and
installed. Technology subtleties of the camera assembly
were learnt in the course of joint work with colleagues
from CERN, CEA Saclay, and other research centres.
Several tens of the module prototypes were made. The first
quadruplet should be made by the JINR group members at
CERN in April. There is no doubt that the Dubna assembly
centre will be successfully certified by the collaboration
and will start mass production of quardruplets, as soon as
the delay of component delivery for NSW is sorted out.
We hope that another centre developed for production of
MicroMegas cameras and useful experience gained dur-
ing the ATLAS modules assembly will be in demand for
detectors at the NICA complex.

High professionalism shown by the Dubna team while
creating the world’s largest superconducting magnet sys-
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YUYHBIX LEHTPOB. BBUIO M3rOTOBIEHO HECKOIBKO IECATKOB
MOJyJIEH JUIsl TECTOBBIX McIbITaHui. [1epBblil KBagpymieT
JIOJDKEH ObITh M3roToBieH corpyauukamu JISIIT B LIEPH
yxe B amnpernie. Her comHeHHH, 4TO JyOHEHCKHUI LIEHTp T10
cOopke kamep Oy/eT yCIenHO cepTH(UINPOBaH KOJIIabo-
panueil ¥ NIpUCTYIHUT K MacCOBOMY IPOU3BOACTBY KBaJpy-
TUIETOB, KaK TOJBKO PEIIMTCS MpoOiemMa ¢ 3a/Iep kKol mo-
CTaBIIMKAaMH KOMIUTEKTyromux st NSW. Ms1 Hazmeemcs,
yTO co3nasaemblil B JISIII yyacTok 1o mpou3BOACTBY KaMep
MicroMegas M HaKOTUICHHBIH TIOJIE3HBIH OIBIT OKaXyTCsl
BOCTPEOOBAaHHBIMH IIPU  CO3/IaHUM DKCIICPUMEHTAIBHBIX
YCTaHOBOK Ha yckoputenbHoM komiuiekce NICA.
Bricokuii mpodeccronanm3M, OKa3aHHBINA JTyOHEH-
[aMH TIPH CO3aHUHM CaMOU OOJBIION B MUpPE CBEPXIIPO-
Bomsmiern mMaruutHOM cucremsl ATLAS, Obul oTMeueH
nupexuueit HEPH cneunansHoii rpamotoid. Bugumo, no-
stomy rpynne OUSU, Bosrmasnsemoit H.W.3umunbiMm,

tem of the ATLAS detector was awarded a special diploma
of the CERN Directorate. That is why the JINR group, led
by N.Zimin, was charged with an extremely demanding
job in the LHC tunnel on opening more than 1,700 inter-
connects and installation of 612 additional safe valves
aimed to evacuate the helium gas from the dipole mag-
nets of the collider. Again, all the work was carried out
efficiently and on schedule. Our group continues to work
in the ATLAS pit on improving the magnetic detector sys-
tem and increasing the reliability of the cryogenic system.
Another Dubna group (head: G. Shelkov) is now engaged
in the deployment of new sensors to monitor the back-
ground radiation for the ATLAS detector. Sensors based
on GaAs:Cr were created in collaboration with colleagues
from Tomsk, their production is ongoing.

The upgrade of readout and trigger electronics for
scintillator and liquid argon calorimeters is the main part
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ObUTa TIOpydYeHa Ype3BBIYAfHO OTBETCTBEHHAs padoTa
B ToHHesne LHC no BckpbiTHiO Gosiee 1700 BHYTpeHHHX
COEJIMHEHUI CBEPXIPOBOJHUKOB U MOHTaXy 612 momosn-
HUTEIBHBIX KIIAITAHOB aBapUHOTO cOpoca razo000pa3Horo
TeIUs Ha TUTIONBHBIX MarHUTaX Kojutaiinepa. 1 BHOBB Bce
paboThI OBLIH BEITIONHEHBI KAYECTBEHHO U B CPOK. B mmax-
te ATLAS corpymankn OUSUN mpomomxaroT paboTars
HaJ COBEPIICHCTBOBAHHEM MAarHUTHOW CHCTEMBI ICTEK-
TOpa ¥ MOBBINICHUEM HAJCKHOCTH KPHOICHHON CHCTEMBI.
Jpyras rpymmna 1yOHEHCKHX COTPYIHUKOB (PYKOBOIUTEIH
I A. lllenkoB) 3aHsiTa ceiiuac pa3MeIICHUEM B IIaXTe pas-
pabOTaHHBIX POCCHUACKHMH YYCHBIMH MOHHTOPOB KOH-
TPOJS paTualMoOHHON 00CTaHOBKH. J[aTYMKKM HA OCHO-
Be GaAs:Cr ObUIM CO3aHBI COBMECTHO C KOJUIETAaMH U3
Tomcka, HaJa)KMBAETCA UX CEPUIHOE TIPOU3BOJICTBO.

B nmepuon «®a3zbl-1» MomepHU3aIuUs CIUHTHIUIISIIIH-
OHHOTO ¥ JKH/IKOAPTOHOBOTO KaJIOPUMETPOB COCTOUT B 00-

[podeccop Lln Mun n3 HankuHCKOTO
yauBepcutera (KHP) u Benymmit HayqHbIi
corpynnuk JIOBD OUAU B. B. Kyxtun
00CYyKafOT pe3yIbTaThl OH-JTAWH N3MEPEHHIt
TEHEBBIX TOKOB 00Ty4aeMbIX CEHCOPOB U3
aJIMa3HBIX MOHOKPHCTAILIOB

Professor Qi Ming (right) from Nanjing
University (China) and leading scientific
researcher V. Kukhtin (VBLHEP, JINR) are
discussing the results of the leak current on-line
measurements of irradiated sensors made of
diamond single crystals

of the modernization plan for Phase 1 [5]. The trigger sig-
nal rate will increase significantly in the forward region
of the ATLAS detector. It will exceed the value of 80 kHz
for 23 GeV electromagnetic clusters. In addition, a seri-
ous problem will be a large number of overlapping events.
At the HL-LHC conditions we expect up to 200 “extra”
(so-called “pile-up”) events in every beam crossing in the
collider every 25 nanoseconds. The problem should be re-
solved by using finer granularity of the calorimeter cells
used to create the trigger signal, and by implementing fast
digital electronics into the readout modules. The devel-
opment of electronics is led by E.Ladygin at the LHEP
Protvino group. Some of our developments (signal shaper,
backplane for FE crate, etc.) have already been considered
and adopted by the collaboration.

An extensive research programme of radiation hard-
ness of materials and electronics for the ATLAS liquid ar-
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HOBJICHUW CYMTBHIBAIIECH W TPUTTEPHOHN DIIEKTPOHUKH [5].
B nepenneit yactu ycranoBku ATLAS uacTora Tpurrep-
HBIX CHUI'HAJIOB Ha Ha4yajJbHOM YPOBHE 3aMETHO BO3pac-
TeT. Tak, Uit SIEKTPOMarHUTHBIX KIIACTEPOB C dHEPrHEi
6onee 23 3B ona mpesbicutr 80 k[, Kpome Toro, ce-
pBe3HOH TPOOIEMOil cTaHeT OOJIBIIOE KOJHMYSCTBO Ha-
noxxenuit coobrTuii. B ycnosusix HL-LHC oxunaercst no
200 «aumHEX» (Tak Ha3bIBaeMbIX pile-up) coOBITHI TpH
Ka)XJIOM B3aMMOJEHCTBUH CT'YCTKOB ITPOTOHOB B KOJIIai-
Jiepe, MOoBTOpsItoIIeMcst uepe3 Kaxasie 25 He. [Ipobnemy
JIOJDKHA PEHINTH 0oJiee MEJKasi TPaHyIIpHOCTD SUeeK Ka-
JIOpUMETpPA, UCIIOJIb3YEMbIX IIPU CO3JaHUU TPUTTCPHOIO
CHUTHAJa, ¥ OCHAIIICHUE CYUTHIBAIOIINX MOIYJIEH OBICTPOit
(pOBOH IEKTPOHUKOH, B pa3pabOTKe KOTOPOHl mHpu-
HUMaOT ydactue cotpynHukn CHOO JI®BD Bo riaBe
¢ E.A.JlagpiruaeiM. Hekotopele W3 Hammx pa3paboTok
(opmupoBaresnp curaanaos, 0asosas miara FE kpeiita
1 JIp.) y’KE€ PacCCMOTPEHBI M MPUHSTHI KOJUTabopannei.

B 1990-e rr. Ha peaktope MBP-2 Obuia BbInonHeHa
o0ImmMpHas MporpaMMa HCCIEAOBAHUS PaJHallMOHHON
CTOMKOCTH MaTe€pHaliOB M AIEKTPOHHUKH JUISl )KUAKOAPTO-
HOBBIX KamopuMeTpoB ATLAS. MoxHO cka3arh, 4TO BCE
9JIEMEHTHI KAJIOPUMETPOB, Pa3MEIeHHbIE Ceiiyac B OrpOM-
HBIX TOPIEBBIX Kpuoctarax B maxre ATLAS, mpomum B
CBOE BPEMs «CYPOBBIE» HCIIBITAHMS IyYKaMH OBICTPBIX
HeilTpoHoB Ha kaHane Ne3. B cBs3u ¢ mMozpepHM3auueit

gon calorimeters has been carried out at the IBR-2 reactor
in the 1990s. We can say that all elements of calorimeters,
located in the endcap cryostats, have passed the harsh tests
by fast neutrons at channel No. 3 of the IBR-2.

Several options of the new miniFCal detectors to be
mounted in front of the forward calorimeter FCal are under
study. The active medium used in the miniFCal could be
either xenon gas under high pressure or diamond sensors.
As before, the radiation hardness of the new materials has
to be investigated.

The research programme has been renewed with the
modernized irradiation facility. The results of these tests will
be taken into account when selecting the final configuration
of the ATLAS future forward calorimeter. The replacement
of the entire FCal is possible. The useful information should
be provided by the Protvino experiment at U-70 irradiating
minimodules of liquid argon calorimeters by high-intensity
proton beams. Preliminary results give preference to the
FCal option with reduced gap between the absorbers. At the
HL-LHC conditions such an option should solve the prob-
lem of the space charge formation in the gap, which distorts
the colorimetric signal. If the ATLAS collaboration goes for
the FCal replacement, the Dubna group will actively partici-
pate in this project. Wish us luck!
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ycranoBku ATLAS o6cyxmarorcst BApHaHTH pa3MEeIeHUS
HOBBIX AeTekTopoB miniFCal mepen nmepeanuM kanopume-
tpom FCal, u B kauectBe akTuBHOM cpenbl B miniFCal pac-
CMaTpPUBAETCSI Ta3 KCEHOH MOJ1 OOJIBIIMM JIABJICHUEM HJIH
anMasHble ceHcopbl. Kak u mpexe, To/mKHa OBITh HCIIbI-
TaHa pPaJualMOHHAasi CTOMKOCTh HOBBIX MaTE€pPHaJIOB.
[IporpamMma wuccnenoBaHuii  Obuia  BO30OHOBIEHA
Ha MOACPHU3MPOBAHHOW OONy4YaTeNbHOW yCTaHOBKE.
Pe3ynbrarsl NpoBEeACHHBIX HCIBITAHUH Oy/lyT YYTEHBI IPU
CKOpOM BBIOOpE OKOHYATEeNILHON KOH(pUTrypanun Oymyle-
ro nepexnaero kanopumerpa ATLAS. He uckimodeno, 9to
norpedyercs 3amernTh FCal nennkom. [lonesnyro nagdop-
MaIllMIo JJOJDKHBI 1aTh TIPOBOAMMBIE Ha yckoputene Y-70 B
[TporBUHO OOITyYEHUS] MUHHU-MOIYJIEH KUIKOAPTOHOBBIX
KaJIOPIMETPOB BEICOKOMHTEHCHBHBIMH IPOTOHHBIMU ITyd-
kamu. IlomyueHHble ¢ yyacTHeM IyOHEHILIEB NpeiBapH-
TeJIbHBIE PE3YJIbTaThl CBHCTENILCTBYIOT B mojib3y FCal ¢
YMEHBIIIEHHON BETMUYMHON 3a30pa MEXKLy IOITIOTUTEISIMU.
IIpu oxupaemeix Ha HL-LHC 3arpy3kax Takoil BapuaHt
JIOJDKEH peluTh npodiiemMy GopmMupoBaHus B 3a30pe Ipo-
CTPaHCTBEHHOTO 3apsia, NCKAXKAIOUIETO KaJIOPHMETpHYe-
ckuit curnan. Ecnm xomnadopanust ATLAS mpumer perre-
Hue o 3ameHe FCal, nyOHeHckast rpymnma OyJgeT akTHBHO
y9acTBOBAaTh B ATOM TipoekTe. [loxkenaiite Ham yrnadn!
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