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rpa¢pun mukpockoma Olympus BX63
mpu 40-KpaTHOM YBEIWYCHWH DPa3Iu-
YUMBI BXOAAIINE CIEIbI SAep KCEHOHA
u oOpasoBaBmmecs 3Be3nbl (puc. 1).
[TporpamMmbl MMKpOCKONA TIO3BOJISTIOT
MIPOBECTH TPSIMON CUET HPOXOXKICHUS
anep B TTT/ u onpenenuts napaMmeTpsl
myuka (puc.2 u 3). B obmygennn CR-
39 m maimapa OT WHXXEKTOpa Ha CTaH-
uuu COYM Opima mpoBepeHa OTHOPO-
HOCTb ITyYKa HOHOB KCEHOHA C YHEPTHEei
3,2 MbaB/ayknon (puc.4), BaxHas npu
TECTUPOBAHUH JNEKTPOHHBIX KOMIIO-
HEHTOB KOCMHYECKOTO HMpPUMEHEHHS.
Takum 06pa3om, KOMIIBIOTEPH30BaHHAS
MHKPOCKOIHUSI OTKPBIBAET MEPCIEKTH-
By TPHUMEHEHHUS SANEPHBIX TPEKOBBIX
METOAWK B YCIOBHUSX, IJ€ OKAa3bIBa-
eTcs 3aTPyIHHUTENFHBIM TPHUMEHEHHUE
9NEKTPOHHBIX METO/IOB.

. T. Maouzoscun
Craryc 3xcnepumMerHTa NA62

HawnGosee BakHBIC SKCIIEPUMEHTAIBHBIE CTPATErHU M3ydeHus: Gpusn-
YECKHX OCHOB HAIIETO MUPA CBSI3aHBI C JIOCTH)KEHUEM Pa3HbIX TEXHOJIOTH-
yeckux mpenenoB. Camblii O4eBUIHBIN U3 HUX — 3TO NPENEbHO BBHICOKHE
SHEepruu CTOJIKHOBeHHH udactull Ha komnaigepe LHC B IIEPH, xoropsie
TIO3BOJISIIOT POJKAATHCSI CaMbIM MAacCHBHBIM 3JIEMEHTApHBIM oObekTaM. Ha
JPYTOM SKCHEPHUMEHTAIBHOM TIpejierie, IPH caMOi BBICOKOH IIOTHOCTH Oa-
pUOHHOU MaTepuu, OyayT paboTaTh ycTaHOBKH Koutaiinepa NICA B [lyOHe,
YTO MO3BOJINT M3y4aTh SIBJICHMS, TIPOMCXOJMBIINE B CAaMOM Hadale CyIie-
CTBOBaHUs Haulel BeeneHHo.

He cronb o4eBUAHBIN TEXHOJOTMYECKUH NpPENEN MPU MCCIEAOBaHUU
SIBICHUM MHKpPOMHpa — 3TO IPEAe] HHTEHCUBHOCTH IIOTOKA COOBITHI.
BbIcOKass MHTEHCHBHOCTh COOBITHII TO3BONSET H3MEPUTh BEPOSITHOCTH
O4YEHb PEIKUX PACIAJOB, MOJABICHHBIX B pamkax CTaHIapTHOW Mopenn
(CM), 9TO maeT BO3MOXXHOCTh Ha HEOOJBIIOM «CTaHIAPTHOM» (OHE HC-
KaTb MAJIBIC BKJIaAbl B CUTHAJI, CBA3aHHBIC C TCOPETUUCCKUMU PAaCHIMPEHU-
AMHU 3Toi Mozenu. Kpome Toro, pexopiHO BBICOKAs TOYHOCTh M3MEPEHUI
CBOICTB JAPYTHUX pacriagoB, IOCTHXKUMaAA Ha MPEACIIC MHTCHCUBHOCTHU ITOTO-
Ka COOBITHH, TaKk)Ke, B IPUHIIUIIE, TO3BOJISIET OOHAPYKUBAaTh OTKJIOHEHHS OT
CM. Haxoner, 6naronapsi O0JbIION CTaTUCTHKE U3MEPEHHs BCEX PaclaioB
MOXHO 3HAQYUTCJIbHO YJIYYHIUTH JOCTYIIHYIO TOYHOCTbH IMapaMCTpPOB (beHO-

of the flow of nuclei in NTE where the
track uniformity is critical. The exposed
layers were developed in the VBLHEP
chemical group, and SSTD were pro-
cessed at FLNR. In a macrophotograph
of an Olympus BX63 microscope at 40x
magnification, incoming tracks of xe-
non nuclei and formed stars are distin-
guishable (Fig. 1). The programs of the
microscope make it possible to directly
count the passage of nuclei in SSTD and
determine the beam parameters (Figs.2
and 3). In exposing CR-39 and Mylar
from the injector at the SOCHI station,
the homogeneity of xenon ion beam of
3.2 MeV/nucleon was checked (Fig.4),
which is important when testing elec-
tronic components for space applica-
tions. Thus, computerized microscopy
opens up the prospect of using nuclear
track techniques in conditions where the
use of electronic methods is difficult.

—EI

D. T. Madigozhin

Status of the NA62 Experiment

Main experimental strategies for studying the physical foundations of
our world are based on reaching different technological limits. The most ob-
vious of them is the extremely high energy of particle collisions at the LHC
at CERN, which allows the birth of the most massive elementary objects.
At another experimental limit, at the highest density of baryonic matter, the
facilities of the NICA collider in Dubna will operate, which will make it
possible to study the phenomena that occurred at the very beginning of the
existence of our Universe.

A not so obvious technological limit in the study of the microworld phe-
nomena is the limit of the events flux intensity. The high intensity of events
makes it possible to measure the probability of very rare decays suppressed
within the Standard Model (SM), which allows us to look for small contri-
butions to the signal associated with theoretical extensions of this model
over a small “standard” background. In addition, the highest accuracy of
measurements of the properties of other decays, achievable at the limit of the
events flux intensity, also makes it possible in principle to detect deviations
from the SM. Finally, due to large statistics for all measured decays, it is
possible to significantly improve the available accuracy of the parameters of
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MEHOJIOTHYECKOTO OTMCAHUs CUIIbHBIX B3aUMOJCHCTBHUN B
pamKax KupaiabHOH neptypoatusroil Teopun (KIIT).
Celiuac 1uaepoM Mo HAKOIJICHHOM CTaTUCTUKE 3ape-
THCTPHPOBAHHBIX PACHaOB 3apsUKCHHBIX KAOHOB SBIISCT-
cst oxcriepuMenT NAG2 [1] Ha GUKCHPOBAaHHON MUIICHH,
B KOTOPOM HCIIOJIb3yeTCS BBIBEIICHHBIH ITy4OK MPOTO-
voB yckopurens SPS B LIEPH BOmu3u XKenersr (puc. 1).
IIpotons! ¢ sHeprueit 400 I'3B reHepupyroT BTOpUUYHBIE
YaCTHIEl B CTOJKHOBEHHUSIX C MHILIEHBIO, a CHCTEMa Mar-
HUTOB BBIACIACT IMyYOK 3apsOKEHHBIX YACTHI[ C UMITYJIb-
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com okoro 75 I'sB/e, cpenn koTopbIx mpuMepHO 6% Ka-
OHOB. JleTekTopbl ycTaHOBKH NAG2 H3MEpsIOT CBOMCTBA
KaOHa U PErHCTPUPYEMBIX IIPOLYKTOB €ro pacnajia, uaeH-
TUQULIUPYIOT 3apsHKEHHBIC YaCTHUIIBI, @ CHCTEMa BETO M0-
JaBIsieT (JOH OT Pa3HBIX HCTOYHUKOB.

I'maBHO# 3amaueii skcniepumenTa NA62 sBusieTcs: U3-
MepeHHUe BEPOSITHOCTH OYeHb peikoro pacnana K+ — 7t vy
C JIECATHIPOLIEHTHON TOYHOCTHIO. DTOT paclaja CUUTaeT-
CsT OMHOM U3 «30J0TBIX MO I MONCKA OTKIOHEHHH OT
CM myrem u3MepeHHs MmapaMeTpoB Marpuibl Kabnb6o—

Puc. 1. Cxema ycranoBku NA62 B IIEPH [2]: KTAG — 4epeHKOBCKHIi IETEKTOp JUIsl HACHTU(DHKAINN

kaoHOB Ityuka; GTK — cnexrpomerp vactun nmyuka; COL — xommumarop; CHANTI — BeTo cronkHoBeHuUi

YaCTHII ITy4Ka ¢ KoJuuMaTopoM; LAV — BeTo yacTull, BbUIeTAIOMNX oA Oonbimumu yriiaMu; STRAW — marHuTHbIi
CIIEKTPOMETP JUTS 3apsDKEHHBIX MPoAyKToB pacnana; RICH — depeHKoOBCKHI JeTEeKTOp s UX HACHTH(HUKALNY,

CHOD — ropockon 11 TOYHOIo U3MepeHust ux BpeMeHH; LKr — jXuaKOKpUNTOHHBIN KaJOpUMETp JUld PErUCTpallui raMma-
KBaHTOB. OCTaJIbHBIE IETEKTOPHI YCTAaHOBKH (POPMUPYIOT CHCTEMY BETO 3apsDKEHHBIX YaCTHII, BBUICTAIOIIHX IO/ MAJIBIMH yIIaMH
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Fig. 1. Scheme of the NA62 facility at CERN [2]: KTAG — Cherenkov detector for beam kaons identification; GTK — beam
particles spectrometer; COL — collimator; CHANTI — veto for collisions of beam particle with the collimator; LAV — veto for
particles emitted at large angles; STRAW — magnetic spectrometer for charged decay products; RICH — Cherenkov detector for
their identification; CHOD — hodoscope to accurately measure their time; LKr — liquid krypton calorimeter for registration of
gamma quanta. The remaining detectors of the facility form a system of veto for charged particles emitted at small angles

the strong interaction phenomenological description in the
framework of Chiral Perturbation Theory (ChPT).

The current leader in the accumulated statistics of
charged kaon registered decays is the NA62 experiment [1]
on a fixed target, using the extracted proton beam from the
SPS accelerator at CERN near Geneva (Fig. 1). The 400-
GeV protons generate secondary particles in collisions
with the target, and a system of magnets emits a beam of
charged particles with a momentum of about 75 GeV/e,
among which approximately 6 % are kaons. The detectors
of the NA62 facility measure the properties of the kaon
and registered products of its decay, identify charged parti-
cles, while a veto system suppresses the background from
different sources.

The main goal of the NA62 experiment is to measure
the probability of the very rare K* — 7" vv decay with a
ten-percent accuracy. This decay is considered one of the
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“golden modes” for finding deviations from the Standard
Model by measuring the parameters of the Cabibbo—
Kobayashi-Maskawa (CKM) matrix, since the calcula-
tion of the probability of this decay is almost free from
theoretical uncertainties [3]. Experiments E787 and E949

previously measured the probability of K* — 7" vv, deriv-

ing BR = (17.3&(1)',% - 107! [4]. But the accuracy of this

measurement, based on only seven selected events, did not
allow establishing significant new limits on the CKM pa-
rameters.

The NA62 Collaboration has a long prehistory. It be-
gins with the predecessor NA48 Collaboration that discov-
ered the phenomenon of direct violation of CP invariance
at the turn of the century with a significant contribution
from JINR staff. This is one of the most important results
of CERN, which would not have been possible to obtain
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Kobasmm—Mackassl (KKM), mMoCKombKy pacdeT BeposT-
HOCTH DTOTO PACIIajia II0YTH CBOOOJEH OT TEOPETHUSCKHX
neomnpenenenrocteit [3]. B skcnepumentax E787 u E949

paHee OblIa U3MEPEHa BEPOATHOCTL K — ™ vV, mosyde-

HO 3HaueHue BR = (17,3j%)"55)) - 10711 [4]. Ho TouHOCTB

9TOTO M3MEPEHHUs, OCHOBAHHOTO BCEro Ha CEMH OTOOpaH-
HBIX COOBITHSIX, HE ITO3BOJIMJIA YCTAHOBUTH CYIIECTBEH-
HbIE€ HOBbIE OrpaHnueHus ais napamerpos KKM.

Jonras npeasicTopust coTpygHuuecTBa NA62 Hauu-
Haercs ¢ Koyurabopanuu-npeaniectseHnnka NA48, koro-

Puc. 2. IMnynbc nuoHa u HEJOCTAOMIAs Macca KaH/AUaTOB B
pacnagsl KT — 7vy, mpomreamux ot60p u3 qanusix 2018 . [2]
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Fig. 2. Reconstructed missing mass and 7" momentum for
events satisfying the K™ — zvv selection criteria from the data
recorded in 2018 [2]

without the liquid krypton calorimeter built with the par-
ticipation of JINR. The calorimeter continues to operate
successfully with updated electronics as part of the NA62
facility. Another key detector of NA62, a straw tube based
magnetic spectrometer, was built jointly by the CERN and
JINR teams, with key contributions from our team in the
development and design, straw fabrication, and detector
assembly. VBLHEP employee S. Shkarovsky continues to
maintain this spectrometer during exerimental runs of the
facility, and the Laboratory group of specialists in straw
detectors is developing a new version of the spectrometer
for extremely high intensities of charged particle tracks,
which in fact has already led to the formation at JINR of a
world-class centre for straw technologies.

InJune 2021, the result of NA62 on measuring the rela-
tive probability of the K* — 7+ vv decay was published, ba-
sed on data collected in 20162018 [2]: BR(K" — 7" vv) =

(10,6i%‘_% * 0'9syst.) - 1071 at 68 % confidence level. The
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past ipy 3HAYMTENBHOM BKJIaje corpyaHukoB OMSN nHa
pyOexxe BEKOB OTKpbUIA SIBJICHHE IPSIMOrO HapyIICHUS
CP-uHBapuaHTHOCTH. DTO OIMH U3 HanboJiee BaKHBIX pe-
3ysnbraroB LIEPH, u ero nmonyuenue Ob110 ObI HEBO3MOXKHO
6e3 mocTpoeHHoro ¢ yaactuem ONAN KuakoKkpunTOHHO-
IO KaJOpUMETpa, KOTOPBIH MPOJOIKAET YCIEIIHO pado-
TaTh ¢ OOHOBJICHHOM AIEKTPOHUKOI B COCTaBe YCTAHOBKU
NAG62. JIpyroii KITo4eBoi JeTEeKTOp — MarHUTHBIN CIIEK-
TPOMETP Ha OCHOBE TOHKOCTEHHBIX CTPOY-TPYOOK — ObLI
noctpoeH coBmectHo rpynmnamu LIEPH n OUSAU npu
OIpEEIIAIONIEM BKIIaJie HAIllel TPYMITbI HA dTarax paspa-
OOTKM M IPOCKTUPOBAHUS, N3TOTOBJICHHS CTPOY-TPYOOK H
coopku nerekropa. Corpymauk JIOBD C. IlkapoBckuit
HPOJIOJIKAET COMPOBOXKIECHHE 3TOTO CIIEKTPOMETPA B XOJIE
CEaHCOB 3KCIIO3UIIUN YCTAaHOBKH, a TPYIINa CHEIHaINCTOB
7a00paTopum 1O CTPOY-JIETEKTOpaM BeleT pa3padoTKy
HOBOTO BapHaHTa CIIEKTPOMETpa JUIsl IPEIETIbHO BEICOKHX
WHTEHCHBHOCTEH 3apsHKEHHBIX YaCTHI, YTO (haKTHUECKH
yke mpuBenio kK popmupoBanuio B OV nentpa cTpoy-
TEXHOJIOTHH MUPOBOTO 3HAYCHUSI.

B wuione 2021 r Obu1 omyOnuMKOBaH pe3ylbTar
NA62 1o WU3MEpPEeHHI0O OTHOCUTEIBHONH BEPOSTHOCTU
pacama K" — 7" vV, OCHOBaHHBIM Ha [aHHBIX, CO-
Opanabix B 20162018 . [2]: BR(K' —> 7" vv) =

(10,6i§”91 +0,9,,.,)- 101" na moBeputenbHOM ypoBHE

measurement is based on 20 selected candidates with the
expected background of seven events. Figure 2 shows 17
candidates from the data recorded in 2018. Rectangles
bound the predefined area of the signal, open only after
the completion of the analysis. The gray color represents
the expected signal acceptance distribution. The result
obtained agrees with the theoretical expectations of the
Standard Model, which, however, predicts the proba-
bility of this decay with an essentially better accuracy:
(8.4+1.0)- 1071 [3].

JINR staff, in addition to maintaining the facility, de-
veloping software and taking part in NA62 data collection
runs, participate in the physical analysis of these data in
order to search for rare decays and accurately measure the
properties of a number of other kaon decays. This requires
serious methodological research, the results of which are
used by the entire Collaboration. A recent example of the
NAG62 result, obtained with the decisive participation of
our employees in the analysis, was the measurement of
radiative decays K™ — 70¢*vy probability with a record ac-
curacy of about 1% [5].

Another recent result is based on the data of the pre-
vious experiment NA48/2, in which in the first decade of
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68 %. N3mepenne ocHoBaHO Ha 20 0TOOpaHHBIX KaHIUIA-
Tax rnpu oxunaeMom GpoHe B 7 coobiTuii. Ha puc. 2 nokasa-
Hbl 17 kanauaaroB u3 gaHHbIX 2018 . [IpsimoyronbHUKaMu
OTpaHMYEHa OIpeJeNeHHas 3apaHee 00IacTh CHUrHaia,
OTKpBITas JIMIIb TOCTe 3aBepiueHus aHanmuza. CepbiM
LBETOM MIPE/ICTABICHO OXKHJIAEMOE pacIpe/ieieHHe aK-
cenranca curHaina. [lomydeHHBIN pe3ynbrar coracyercs
¢ teoperndeckumu oxuganusiMu CM, koTopasi, OfHaKo,
MpeACKa3bIBaeT BEPOSTHOCTH 3TOTO PACIaja CyIIeCTBEH-
Ho TouHee: (8,4 + 1,0) - 10~ [3].

Cotpynauku OUSIUN, moMuMo oOCITy’KUBaHHS YyCTa-
HOBKH, Pa3pabdOTKH MPOrpaMMHOI0 oOecrieueHHs U yda-
CTHs B ceaHcax Habopa naHHbIX NA62, y4acTByIOT B (hu-
3UYECKOM aHAJIN3€ 3TUX JAHHBIX C IIEBI0 MOUCKA PEAKUX
pacnazioB M TOYHBIX M3MEPEHUN CBOWMCTB pPsiia APYTux
KaOHHBIX pacrajioB. JTO TpeOyeT Cepbe3HbIX METOANYe-
CKHUX HCCIICIOBAHHMN, PE3YIIBTAThl KOTOPBIX HCIIONIB3YIOTCS
Bcell kommabopanueii. HemaBHuM mpumepom pesynbrara
NAG2, MoNy4eHHOTO C ONPENCTSIONIIM YYacTHEM HallluX
COTPY/IHHKOB B aHAJM3€, OBUIO M3MEPEHHE BEPOSTHOCTH
paauanuonHbix pacnanos K+ — x%tvy ¢ pexkopaHoii Tou-
HOCTBIO oKoJo 1% [5].

Jpyroii HemaBHMI pe3yabTaT OCHOBAH HAa JaHHBIX
TIPEIIeCTBYIONETo dKkcrepuMenTa NA48/2, B KoTopoM B
MIEPBOM JICCSITUIICTHH HAIIETO BEKa ITPU aKTHBHOM yYaCTHH

this century, the pion—pion scattering lengths were mea-
sured with record accuracy. The JINR team actively par-
ticipated in the measurements working under supervision
of the spokesman of this experiment V. Kekelidze. An ad-
ditional analysis of the data from this experiment was car-
ried out as part of the NA62 project. The geometry of the
NA48/2 facility provided significant acceptance for the ra-
re K+ — 797%w decay, which made it possible for the first
time to observe this decay and measure its probability [6].

The results of the JINR group’s participation in the
NAG62 experiment were awarded two JINR prizes: the first
prize in 2017 — for the development of detectors based on
a new type of straw tubes for the NA62 spectrometer, the
second prize in 2019 — for the study of rare and the search
for forbidden decays of charged kaons. The NA62 data
collection will continue until the end of 2024 to achieve
the originally planned K™ — 7*vv measurement accuracy
of about 10%, comparable to the theoretical prediction
uncertainty. After that, an international group of JINR
employees, including citizens of Russia, Kazakhstan,
and Bulgaria, will need several more years to analyze the
NAG62 data, which hide new fundamental knowledge about
the nature of our world.
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2]

corpynaukoB OSSN, pabGoraBmmxX oA PYKOBOICTBOM
nmuzaepa atoro skcnepumenta B. J[. Kekenunase, Obutn u3-
MEpEHBI JAJIMHBI MTHOH-TTMOHHOTO PACCESHUS C PEKOPIHOM
TOYHOCTBIO. JIOMOJMHUTENBHBIA aHadW3 JaHHBIX 3TOTO
9KCIIEPUMEHTa ObUI BHIIOJIHEH B paMkax rnpoekra NA62.
T'eomerpust ycraHoBku NA48/2 obecnieunBaia 3HAYUTEITb-
HBI akcenTaHc i peakoro pacnaaa K+ — 7%y, urto
MIO3BOJIMJIO BIIEPBBIC HAOIIOAATH STOT pachali U U3MEPUThH
€ro BEpOSITHOCTS [6)].

Pesynbrars! yuactus rpynnsl O B skcniepumente
NAG62 6putn oT™MeueHs! aBymMst ipemusimu OWSUN: nepBoii
npemueit B 2017 T. — 3a co3maHne METEKTOPOB Ha OCHO-
BE€ CTPOY-TPyOOK HOBOTO THIIA [T CIEKTpoMmeTpa NA62,
BTOpOIl pemueit B 2019 . — 3a u3ydeHue peaKux u mo-
WCK 3alpelleHHbIX PaciaoB 3apsHKeHHBIX KaoHOB. COop
naHHbeIX NAG62 Oynet mpomoixkarbes A0 KoHna 2024 r. mist
JIOCTMKEHUS TIEpBOHAYAIBHO 3allJIAHUPOBAHHON TOUYHO-
cru m3mepenuss K™ — ztvy nopsiaka 10%, conocrasu-
MO ¢ HEONpPEEeNeHHOCThI0 TEOPETHUYECKOTO MpeicKa3a-
Hus. [locne aToro MexxayHapoqHOH Ipymme COTPYIHUKOB
OUAH, Bkmrouaromeil rpaxnaH Poccun, Kaszaxcrana u
Bonrapuu, morpebyeTcs elie HeCKOJIBKO JIET ISl aHaIn3a
MaHHBIX NA62, CKpBIBaOIINX B ceO¢ HOBBIC (PyHIAMCH-
TaJIbHBIC 3HAHWS O TIPUPOJIE HAIIEr0 MHpA.
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