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HoBoe maJsioe koJsieco
skcnepumMenTa ATLAS
K IWJIOTHOMY CEaHCy roToBO!

10 aBrycra 2021 1. mpoOU30ILUIO 3HAMCHATEILHOE COOBITUE IS IKC-
nepumenta ATLAS na LHC (IIEPH). HecmoTps Ha pa3iauyHbIe TPYIHO-
CTH, COIIPOBOXKIABIINE IIPOEKT, OCOOCHHO B IEPUOX NAaHAEMUM, HOBOE
manoe xoneco (HMK) sxcriepumenTta ATLAS 65110 BOBpeMs yCTaHOBIIE-
HO ¥ TIOZIKJIFOYEHO B pabOdeM MOIOKEHUH B XO/I€ TIOATOTOBKH K TECTOBO-
My 3anycky LHC u nerexropa ATLAS. DToMy COOBITHIO IIPEAIIIECTBOBAI
ciyck 12 utonga HMK B skcniepumeHTanbHyto maxty aerekropa ATLAS
¢ ognoro Topia. Cryck B okTsiope Broporo HMK, kotopoe Obu10 codpa-
HO 27 ceHTA0psL, ¢ APYroro TopLa 03HaMEHOBaJI OKOHYaHHe IIepBOi (a3bl
MOJCpHHU3AIINA MIOOHHOTO crekTpomerpa nerekropa ATLAS. Hosoe
MaJloe KOJIeCOo B JJAaHHOH (pase ABISETCS CaMbIM MaclITaOHBIM IPOEKTOM
o mozaepHu3anuu ATLAS. B co3nanue, CTaHOBIEHUE U pa3BUTUE IPOEK-
Ta OIPOMHBIN BKJIaJ BHEC €ro nepBblil pykoBogurens C.lluMMepMaHH.
B Hactosmiee Bpemst mpoektoM pykoBoauT M. AntoHemun (INFN).

Mtuoromnenessie nerekropbl ATLAS u CMS na LHC 6bimu co3na-
HBI MIPEXK/E BCEro JUIA OTKPBITHS 0030HAa XWITCAa M MCCICIOBAHHS €ro
CBOWCTB, a TaK)Ke [T TOMCKA HOBOH (PH3MKH 3a mpenenaMu CTaHIapTHON

V. Yu. Batusov, A. Gongadze

The New Small Wheel of the
ATLAS Detector Is Ready
for the Pilot Test Run!

On 10 August, a significant event happened for the ATLAS exper-
iment at the LHC (CERN, Switzerland) — despite different difficulties
that accompanied the project from the beginning and especially during
the pandemic period — the New Small Wheel (NSW) of the ATLAS ex-
periment was installed and connected right in time during the preparation
for the pilot test run of the LHC and the ATLAS detector. This event
was preceded by the descent of the NSW on 12 July into the cavern of
the ATLAS detector from one end-cap side. The descent in October of
the second NSW, which was assembled on 27 September, from the oth-
er end-cap side marked the end of Phase I of the Muon spectrometer
of the ATLAS detector upgrade. The New Small Wheel in this phase is
the largest ATLAS modernization project. The first NSW project leader,
S.Zimmermann, had significantly contributed to the project creation and
development. M. Antonelli (INFN, Italy) is the current project leader.

The ATLAS and the CMS multipurpose detectors at the LHC were
created primarily for the discovery of the Higgs boson and the study of its
properties, as well as for the search for New Physics beyond the Standard
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mozenu. [Tepsas 3agaga OpITa yCIIEIIHO BHITIOHEHA: 0030H
Xwurrca O6bUT OTKPHIT B 2012 T., HO JUIS UCCIIEIOBAaHHS €TO
CBONCTB, a TaKKe IMONCcKa HOBOH (pu3nku TpedyeTcs B COT-
HU pa3 OoJblie qaHHbIX. J[j1st 3TOro ObLIO 3aITaHUPOBAHO
nBa srana moaepuusanuu LHC u gerexropa ATLAS: ¢a-
3a | u ¢aza 2. [Tocie mepBoit pa3sl MOICpHU3AINH TIAHH-
pyeTcsl yBEIWYNUTh SHEPTUIO CTOJIKHOBEHHUS MPOTOH-TIPO-
TOHHBIX IIY4YKOB C J/s=13 1o Ys=14 ToB u IIpU CO-
XpaHEHHH CBETMMOCTH JI0 JIByX HOMUHAIIbHBIX 3HAUCHUI
(L=2-103*cm2-c1), ysxe mocrurayroit 8 2017-2018 rr.,
00ecreunTh MHTErpajibHyl0 CBETUMOCTS cBbine 300 61
K KOHILy TpeThero ceanca Habopa aaHubiXx B 2024 1. Ilo
OKOHYaHUH BTOPO# a3kl mopepuusanuu LHC cBetumocTth
oyner coctaBnath L=(5-7)-103* cm2-¢L, u o6bem nan-
HBIX, KOTOPBIM TpencTouT 3anmcarh nerektopy ATLAS x
KOHITy YeTBEpTOrO ceaHca Habopa maHHEIX B 2030 T,
Oynet npessimath 3000 G671,

EcrecTBeHHO, TakOl POCT CBETUMOCTU BBI30BET
YBENIMYEHUE PAIHAlMOHHON HarPy3KH Ha BECh AETEK-
TOp, 0COOCHHO Ha T€ €ro YacTH, KOTOPBIE PacIoio-
JKEHBI OJTFKE BCETO K TOUKE B3aUMOJICHCTBYS ITyYKOB,
YTO, B CBOIO OUEpe/ib, OBJICUET 3a COOON yXy/IIeHnE
SHEPreTUYECKOTO U MPOCTPAHCTBEHHOTO Pa3peIICHUs
netexropa. s mpeqoTBpalieHns 3Toro Heooxoanma

IEPH (IlIBeiinapust). OnHa U3 IBYX 4acTeil HOBOTO Majoro
KoJieca B cOOpe Ha TPaHCIOPTHOH (epme 1epes; OTIPaBKOil
u3 kopryca Ne 191 B maxrty nerexropa ATLAS

CERN (Switzerland). One of two disks of the New Small
Wheel assembled and placed on a transportation farm be-
fore shipment from building 191 to the ATLAS detector
cavern

Model. The first goal was successfully achieved —
in 2012, the Higgs boson was discovered, but for its
properties studies and for search for the manifestation
of the New Physics hundreds of times more data are
required. Two upgrade periods (Phase I and Phase II)
of both the LHC and the ATLAS detector are pro-
jected for these purposes. After finalization of the
Phase-I1 ATLAS upgrade, the increase of the proton—
proton collision energy from Vs=13to Vs =14 TeV is
planned and, having in mind to keep the same luminosity
value doubled to the nominal one (L=2-103% cm=2-s71)
achieved in 2017-2018, it is planned to provide the total
integrated luminosity of 300 b1 by the end of Run III in
2024. After Phase II of the LHC upgrade, the luminosity
willbe L=(5-7)- 103 cm2-s71, and the amount of data to
be recorded by the ATLAS detector by the end of Run IV
in 2030 should exceed 3000 fb1.

It is obvious that such an increase of the luminosi-
ty leads to the increase of the radiation load of the whole
detector and especially its closest to the interaction point
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MOJIEpHH3AITHS HEKOTOPBIX MoJicucTeM AeTekropa ATLAS,
HE pacCUMTaHHBIX Ha TAaKyl0 Harpy3ky. OIHON M3 TakHX
MOZICUCTEM SIBIISIETCSI BHYTPEHHSISI TOPIIEBAsi 4aCTh MIOOH-
HOTO CIIEKTpoMeTpa, min Maioe kojieco (MK). ITo npenpa-
PUTENIBHBIM JaHHBIM HCCen0BaHuil, MogepHu3auus MK B
HMK 1no3BoAHT yaydIIUTh HE TOIBKO MPOCTPAHCTBEHHOE
W DHEPTETHYECKOE Pa3pelieHIe TPEKOB, HO U d(PPEKTHUB-
HOCTb TPUITEPHOM CHCTEMBI IJIsl MIOOHOB.
Mopepuuzauus MK noapaszymeBaer noiHyro 3aMeHy
BCEX €ro CHCTEM: JIETEKTHPYIOIIEH Ipei(oBoil Kamepsbl
MDT (Monitored Drift Tubes), kaToqHO# CTPHUITOBOI Ka-
Mmepbl CSC (Cathode Strip Chamber) — Ha KoOpIUHATHBIE
MHUKPOCTPYKTYpHBIE JIETEKTOPbl Ha OCHOBE TEXHOJIOTHH
Micromegas (MICROMEsh GAseus Structure), a cucre-
My Ha OCHOBE TPUITEpHOW TOHKO03a30pHOW Kamepsl TGC

subsystems which, in turn, will entail the degradation
of the energy and angular resolution of the detector. To
prevent this, it is necessary to upgrade some subsystems
of the ATLAS detector that are not designed for such a
load. The end-cap part of the muon spectrometer is one of
such subsystems or, in other words, Small Wheel (SW).
According to preliminary studies, the SW upgrade to the
New Small Wheel (NSW) will allow improving spatial
and energy resolution of tracks as well as efficiency of the
muon trigger system.

The upgrade of the SW assumes a full replacement of
all its subsystems: Monitored Drift Tubes (MDT), Cathode
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(Thin Gap Chamber) — Ha aHaJOTHYHYIO C MaJICHBKUM
maroM cyuthiBaronux nojaocok sTGC (small-strip Thin
Gap Chamber).

JlerexTop Ha OCHOBE TeXHOJIOTHH Micromegas siBiisi-
eTcsl TUIOCKONapauIeIbHBIM JIBYXCTYIICHYAThIM JIETEKTO-
poM. OH COCTOUT M3 00NACTH MOHM3AINW/Ipeiida mmpu-
HOW OT HECKOJIbKMX MHJUIUMETPOB JI0 I€CATKOB CaHTHMe-
TpoB (B pexxnme Time Projection Chamber) u y3koit 00-
JIACTH YCUJIEHHsI — JIABUHHOTO Pa3MHOKCHUS ITMPHHOMN,
Kak npasuiio, 50—128 MkM, KOTOpas pacroyiokKeHa MEeKIY
TOHKOH MeTajmndeckol ceTkoi (mesh wim micromesh)
Y CYMTHIBAIOMIMMHU MOJIOCKAaMH FJIM TUTONAIKAMU Ha TIe-
YaTHOM Tutare. DIEKTPOHBI, Apeldyst n3 odiacTu MOHHU-
32l C OTHOCHTEIBHO MAaJIbIM JIEKTPUUCCKUM MOJIEM
(~1 xB/cM) B 00:1aCTh yCHIIGHHS C 3JIEKTPUUYECKUM IOJIEM
HarnpspkeHHoCThIo 4050 kB/cM, mprobperator gocrarod-
HYIO 3HEPTHIO 1711 (POPMUPOBAHHS JTABUHBI.

Mroonnas rpynmna JISIIT OUSN Gbuta oTBeTCTBEHHA
3a MPOM3BOJICTBO M TECTUPOBAaHHE MOAyNeH Micromegas.
W3roToBneHs! U IPOTECTHPOBAHBI Bce 64 M TOTIOTHUTEINb-
HO YeThIpE 3aracHble CYMTHIBAIOIINE MAaHeIH o0Iei mio-
waneio 384 M2 u3 1200 M2, nperycMOTpeHHBbIE ISl BCEro
HMK. Vcnonp3ys 3TH MaHEIH U MaHEIH, IPOU3BEACHHBIC
B YHuBepcurere uM. Apuctorens (Canonukw, ['perus),
rpymma OMSN npoBena cOopKy u TecTupoBanue 32 rmia-
HOBBIX MOJyJIEIl U OHOTO 3aMaCHOTO.
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B 20162017 rr. ObIIH TIpOBEIEHBI PaOOTHI MO OC-
HACTKe M 3allyCKy ydacTKa IO IMPOU3BOJCTBY MOIyJeit
Micromegas B xopiryce Ne4 JISIIT OMSAN. YyacTok BKITIO-
yaeT B ce0sl 1Ba «IHUCTHIX» MIOMEIICHHUS: TI0 TIPOU3BOJICTBY
CUNTHIBAIOIIMX TaHENEeH U TeCTUPOBAHUIO UX T€OMETpU-
yeckux xapakrepuctuk (72 M2, knacc uuctorsl 7 1SO) u
JUIst COOPKH 1 TECTUPOBAHUsI MOJTyIeit Micromegas Ha BbI-
cokoe Hampsikenue (50 M2, kiace uuctots 6 ISO). Kpome
TOTO, Ha Y4acTKe Pa3MEIICH PsiJl CTEH/I0B Ul TECTUPOBa-
HUS Ha yTEUKy rasa, MPOBEpKHU eOMEeTpUU MOAynei, Te-
CTHPOBAHUS BBICOKUM HAIPSKEHIEM, TIPOBEPKH TOUHOCTH
BbIPDABHUBAHUSI MaHeNeH B Mojaysie Micromegas, a Takke
CTEH/[ JUI PErHCTPALUU KOCMUYECKUX JIyuell, Ha KOTOPOM
TIPOXOAMT MTOCIIEAHUH ITAIl MPONU3BOIACTBA, HEOOXOTUMBIN
JUIS MTacopTU3auu Moayiisd. Takxke co3qaHbl MOHTaXKHBIN
CTOJI ¥ JIBa BAKyYMHBIX CTOJIa, KOTOpBIC OBIIHM pa3pabora-
Hbl U W3TOTOBJIEHBI COBMECTHO C JETEKTOPHOM T'PYIIIOi
IEPH no cnernuanbHO 0TpabOTaHHON TEXHOJIOTHHU.

ITocine mpow3BOACTBA ITAHETH MPOXOIAT TECTHUPO-
BaHHME Ha Ta3oBYIO TeYb. TakXKe M3MEPSETCS] TeOMETPHs
HX TOBEPXHOCTEH M TOYHOCTb BBIPABHMBAHUS BEPXHHUX
W HIWKHMAX II€YaTHBIX IUIaT OTHOCHTENBHO JAPYT Apy-
ra. 3arem, 1Mocie MOWKM M CYUIKH TaHeJel, IpOBOAATCS
cOOpKa M TeCTUPOBaHME MOMYJIEH Ha BBICOKOE HAIpsDKe-
aue. CrenuanbHo U1t cOOpKH MOIYNEH COTpyIHHUKAMHU
OUSN Oputa pa3paboTaHa «CTaHIMS», MO3BOJISIONIAS

Strip Chambers (CSC) to be replaced by Micromegas tech-
nology-based detectors, and a subsystem based on a Thin
Gap Chamber (TGC) to be replaced by a similar detector
with a small step of reading strips (small-strip Thin Gap
Chamber, sTGC).

Micromegas  technology-based = (MICROMEsh
GAseous Structure) detector is the planar two-stage de-
tector. It consists of an ionization/drift region of a thick-
ness from a few millimeters to tens of centimeters (in the
Time Projection Chamber mode, TPC) and a thin am-
plification region — avalanche amplification region of a
typical 50—128-pum thickness, located between a thin me-
tallic mesh or micromesh and read-out strips or plates on
the printed curcuit board (PCB). Electrons drifting from
the ionization region with a relatively small electric field
(~1 kV/em) to the amplification region with the electric
field of 40-50 kV/cm gain the energy enough to create the
avalanche.

The muon group of DLNP JINR was responsible for
the production and testing of the Micromegas modules.
There were produced and tested all 64 and four spare read-
out panels with a total area of 384 m2 out of 1200 m?2 pro-
jected for the whole NSW. The JINR group also produced

EI

and tested 32 projected modules and one spare using those
panels and panels produced at the Aristotle University of
Thessaloniki (AUTh, Greece).

Rigging and launching work for the creation of the
Micromegas modules production site in 2016-2017 in
building 4 of DLNP JINR was performed. The site includes
two “clean” rooms for the production of read-out panels
and their geometric characteristics tests (72 m2, cleanroom
standard ISO 7) and for assembling and high-voltage tests
of the Micromegas modules (50 m2, cleanroom standard
ISO 6). Moreover, several test benches were placed for the
gas leakage tests, modules geometry tests, high-voltage
tests, panels alignments of the Micromegas module tests
and the cosmic rays detection tests, where the last stage
of production necessary for certification of the module
takes place. In addition, assembly table and two vacuum
tables were developed and produced in cooperation with
the CERN detector group using specially developed tech-
nology.

After production, the panels are tested for gas leakage.
In addition, the geometry of the panel surface is measured
as well as the alignment accuracy of the top and bottom
PCBs with respect to each other. Then, after washing and
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BO m30ekaHWE TOMAIAHUS NBUIH Ha pabodyro IMOBEpX-
HOCTH ITaHeJ el NMPOBOAUTH COOPKY MOIYJSI B BEPTHUKAIIb-
HOM HOJI0KE€HHUH, @ TECTUPOBAHUE — B TOPU3OHTATBHOM.

B moaepausanuto HMK BHecna cBoii Bki1ag U METpO-
noruyeckas rpymmna JISIT OUSIU, kotopast Obuta OTBET-
CTBEHHA 3a MOATOTOBKY K BBICOKOTOYHOMY IPOU3BOJCTBY
kxamep sTGC B LIEPH, xoHTpons KauecTBa Bcex cobmpae-
MbIX pabounx kamep HMK, rocTupoBky coOpaHHBIX CeK-
TOPOB, MO3UIMOHUPOBAaHUE CeKTOpoB Ha konece HMK,
npeaBapuTenbHoe nosunuoHuposanne HMK B mraxre
ATLAS u oxonuarenbHyto roctupoBky HMK B pabouem
MOJIOKEHHH.

I'pynma JIAIT OUSN ywactBOBama B paboTax Imo
mpou3BoacTBy kamep sTGC Ha Bcex 3Tamax, HaunHAs C

- | .
AT THE LABORATORIES OF JINR

FOCTHPOBKH COOPOYHBIX CTOJIOB M PETIEPHBIX COOPOUHBIX
HanpaBisonmx (Tpedyemas To4HOCTh 50 MKM) M 3aKaH-
YKBasi OKOHYATENILHOIM MPUBS3KOH penepHbIX TOYEK, He-
00XOMMBIX JIJIsl COOPKH CEKTOPOB, K PEIEPHBIM TOUKaM
COOPOYHBIX HANPABJISIOUINX FOTOBBIX KaMep.

Bce mnpowussenennbie B JISAII mMomynu Haxonpsarcs
B [IEPH u unterpupoBansl Ha ctpykrypax HMK. Co-
TpynHuku JISIII npuHuMaroT yyacTue B TECTUPOBAaHUU U
BBeZieHNH B dkcrnryaraimio HMK. OxgHo m3 1ByX Kojec
HMK skcnepumenta ATLAS ycTaHOBJIEHO M OIKIIIOUEHO
B X07I€ MOJrOTOBKH K TecToBOMY 3amycky LHC u netexropa
ATLAS.

JlaGoparopus saeprsx mpodiem um. B. I1. JxenernoBa. MiooHHas TpyIIa Ha MPOU3BOACTBEHHOM Y4acTKe

The Dzhelepov Laboratory of Nuclear Problems. The muon group at the production site

drying of PCBs, the modules are assembled and tested for
high voltage. Especially for modules, JINR personnel de-
veloped the “facility” that allows assembling modules in a
vertical position and testing them in a horizontal one.

The DLNP JINR metrology group has also participat-
ed in the NSW upgrade. The group’s responsibility was
preparation of sSTGC for the high-precision production at
CERN, quality control of all assembled working chambers
of NSW, alignment of the assembled sectors, positioning
of sectors on the NSW disk, preliminary positioning of
NSW in the ATLAS cavern, and final adjustment of NSW
in working position.

The DLNP JINR group has participated in all phases
of the sTGC production from the adjustment of the assem-
bling tables and reference assembly inserts (required accu-
racy is 50 um) till the final binding of the reference points
necessary for the sectors assembly to the reference points
of the assembly inserts of the assembled chambers.

All the modules produced at DLNP JINR are located at
CERN and integrated into the NSW structure. Participants
from DLNP take part in the testing and commissioning of
NSW. One of two NSW disks of the ATLAS experiment is
installed and connected during the preparation for the pilot
test run of the LHC and the ATLAS detector.
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