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AT THE LABORATORIES OF JINR
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Yuactue OUSMN B 3xkcnnepumente NA62

OxcnepumeHT NA62 B [IEPH Ha BhIBeneHHOM Imyd-
ke yckopurens SPS mocBsieH n3y4eHHI0 09eHb PEIKOTO
pacriazia 3apsHKEHHOTO KaOHA Ha 3apsDKCHHBIN MHOH, HEH-
TPUHO U AHTUHEUTPHHO [l], BEpOATHOCTH KOTOPOTO Ha-
IpAMyIO CBsi3aHa ¢ mapamerpamu CTaHZapTHOW MOJENH,
onpezaensomumMy  Hapymenus CP-cuMmMmerpum Harero
mupa. Jlo 3Toro sKcrepuMeHTa BCSl MUPOBasi CTaTUCTHKA
HACYMTHIBAJIA BCETO 7 TAKUX COOBITHH, 3aperUCTPUPOBAH-
HBIX B aKkcniepuMenTax E787 u E949 [2]. 3amaueii NA62
ABJIICTCSI N3MEPEHNE BEPOSTHOCTH 3TOTO0 pacnana ¢ 10%-i
TOYHOCTBIO, YTO TpeOyeT perucrpaunuu nopsaxa 100 co-
ObITHI ITpK MaJIOM ypoBHE (hOHa.

B pamkax 3TOro sKkcrepuMeHTa JBe Tpynmbl (U3
OUAN n LUEPH) coBMecTHO OTBEHaroT 3a pa3paboTKy,
IIPOM3BOJICTBO, KAJIMOPOBKY M pabOTy MAarHUTHOTO CIICK-
TPOMETpa Ha OCHOBE CTPOY-TPyOOK (OT aHII. straw —
«comoMuHay»), paboraronmx B Bakyyme [3]. C wuroHs
2015 1. cTabWiIbHO PaOOTAIOIINIT CIIEKTPOMETP SBIISICTCS
OCHOBHBIM JIeTeKTOpoM NAG2, KOTOpbIil MpeaocTaBiIseT

KITFOYEBYI0 HH(POPMALINIO O 3apSHKCHHBIX TPEKaX MPOAYK-
TOB KaOHHBIX PacnaioB.

Ouznyeckue ngaHHble NAG2 perucTpupoBajnch B
xone ceancoB 2016-2018 rr. B Tekymem u crexyromem
roay yctaHoBka NA62 He MOIY4HT IMyYOK B CBSI3U C 3arlia-
nuposanHoii B [[IEPH Gosnbiioit Mopepau3anueii aipoHHoO-
ro komnaiinepa LHC, ¢ kotopeiM Teneps cBsizaH SPS (Tak
HazpIBaeMoe BTopoe mmTensHoe BeikimoueHne LHC). Ho
B 2021-2022 rr. mnanupyercs 3aBepIInTh HaOop Bceil He-
o6xoaumMoii 1i1st NA62 cTaTUCTHKY paciiajioB.

Hecmotpst Ha crabumpHy0 paboTy CHEKTpoMeTpa
NA62, npounsiii rog anst rpynnst OUAN B NA62 oxka-
3aJICs BEChbMa 3arpy’KEHHBIM, MOCKOJBbKY NPHUXOAUIOCH
COBMeII[aTh y4acTHe B JUIMHHOM CeaHce Habopa DaHHBIX
M KOHTPOJIb 32 pabOTOil CIIeKTpOoMeTpa ¢ pa3BOpPaYNBAHU-
eM (PM3NUECKOTr0o aHaJIu3a Ha JOBOJILHO IIMPOKOM (POHTE,
YTO TMOTPEOOBANIO TOKIIOUEHHsT K paboTe HOBBIX MOJIO-
JIBIX COTPYIHHUKOB.

V. D. Kekelidze, Yu. K. Potrebenikov, D. T. Madigozhin

Participation of JINR in the NA62 Experiment

The NA62 experiment at CERN on the extracted
beam from the SPS accelerator is devoted to study of the
charged-kaon very rare decay to charged pion, neutrino
and antineutrino [1]. Its probability is directly related to
the parameters of the Standard Model determining CP-
symmetry breaking in our world. Prior to this experiment,
entire world statistics of such events was only 7 pieces,
registered by the E787 and E949 experiments [2]. The goal
of NA62 is to measure this decay probability with a 10%
accuracy, which requires registration of about 100 events
with a low background level.

In this experiment, two groups (from JINR and CERN)
are jointly responsible for the development, production,
calibration and operation of the straw-based magnetic
spectrometer working in vacuum [3]. Since June 2015, the
stably operating spectrometer has been the main detector
of NA62, which provides key information on the charged

tracks of kaon decay products. NA62 physical data were
recorded during the runs of 2016-2018. This year and next,
the NA62 setup will not obtain a beam due to the planned
large modernization of the LHC collider, with which the
SPS is currently connected (so-called “LHC second long
shutdown”). But in 2021-2022, it is planned to complete
the collection of all the statistics required for NA62.

Despite the stable operation of the NA62 spectrome-
ter, the last year for the JINR group in NA62 was very busy,
as it was necessary to combine the participation in the long
data taking period and monitoring of the spectrometer with
the start of physical analysis on a rather broad front, which
required the introduction of new young staff.

In 2018, the experimental run and data taking began
in April and ended on 12 November. In the course of this
run, 11 experts from JINR participated in 93 shifts. During
the whole year of 2018, the JINR team provided one of
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DKCcIIepUMEHTAIBHBIN ceanc i Habop JaHHBIX 2018 T
HavaJcs B anpelie u 3aBepmwics 12 HosOpst. B xome atoro
ceanca 11 sxcrieproB u3z OMSU yuactBoBamu B 93 cMeHax.
B Teuenue Bcero rozaa ot rpynmsl OMSIN 6bu1 3aneiicTBo-
BaH OAWH U3 ABYX ITIABHBIX SKCIICPTOB, OTBETCTBCHHLIX 3a
pabory cnexrpomerpa, — C.H.IIIkapoBCKuMiA, KOTOPHIiA
SIBISIETCSl TAK)Ke IVIABHBIM CIENUAINCTOM IO CHCTEME
YTIPABJIECHUSI CIIEKTPOMETPOM.

B 2016 r. B rpynme OMIAIU 6pina pa3paboTana crier-
QIN3UPOBaHHAs CHCTEMa MOHHMTOPUHIA CIIEKTPOMETpa
Juist obecrieueHHs CTaOWIIBHOCTH BpEMEHH cpalarbiBa-
HUSI CTPOY-KaHaoB. Pe3ysnbrarsl paboThl 3TOH CHCTEMBbI
HCIIONIb30BANIUCH YIS KOPPEKTUPOBKH MPOIIUBKH CYHUTHI-
BAIOIICH TJIaThl CTPOY B Hadase CeaHca, 4To MPUBEIO K
YCTPAHEHUIO «CKAa4YKOB)» 3apEerHMCTPUPOBAHHOTO BPEMEHH
OTKJIMKa, oOHapyxeHHbIX B 2016 . B 2017 u 2018 rr. BO
BpeMsi Habopa JaHHBIX 3Ta CHCTEMa HEMPEPhIBHO IpOBe-
psima KaKIBIH 3allMCaHHBIA cOpPOC MydKa M HEMEIEHHO
nHPOPMHUPOBATa O JIOOBIX CYIIECTBEHHBIX CMEIICHIIX
PETUCTPHUPYEMOTO BPEMEHH.

JI1s MOHUTOpPUHTA Ta30BOM CMECH BO BpeMsi cOopa
JAHHBIX ObUIa CKOHCTPYHpPOBaHA M yCTAHOBJICHA CHUCTE-
Ma KOHTPOJS Ta30BOTO YCHJICHMS, KOTOpas COCTOHMT M3
STAJOHHBIX CTPOY-TPYOOK, CUMTBHIBAIOIIEH AIIEKTPOHUKH
U PaJHoaKTUBHBIX HCTOYHMKOB. IIpoBemeHo uccieno-
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BaHME TOYHBIX MO3MIHH CTPOY-TPyOOK M CTAOWIILHOCTH
UX TCOMCTPUH Ha OCHOBE JKCICPUMCHTAJbHBIX TaHHBIX.
Pesysnbrarel OymyT HCIIOIB30BaHBI ISl HACTPOHKH MOje-
JIM IETEKTOpa TP MPOBEICHUN MOICITUPOBAHUS METOIOM
Mowure-Kapro.

B 2017 u 2018 rT. mpu aKTUBHOM y4YacTHUH TPYIIIIBI
OUSAN mnapsany ¢ aHanm3oM pesynsTaroB NA62 mpomon-
JKaJICS aHAJIN3 SKCTIEPIMEHTAIBHBIX JaHHBIX PEIIICCTBY-
forrero skcriepuMenTa NA48/2. BIoOTHEH ONCK POXKAe-
HUS THIIOTETHYECKOTO TSHKEJIOr0 HEeHTPalbHOTO JIETITOHA
B pacragax K™ Ha oCcHOBe JaHHBIX NAG62, 3anucaHHBIX B
ceance 2015 r. [4]. YTouHeHB! BepXHUE OTpaHUUYCHHS Ha
KBaJ[paThl MATPHUUYHBIX DJICMCHTOB CMCIUIMBAHUS, KOTOPHIC
OTPEICIISIOT MEPY BIUSHHS THIIOTCTUYCCKON YaCTUIIBI Ha
HAIIl MHP.

Kpome Toro, omy6nmukoBaHa CTaThsi MO MOTYJICHTOH-
HBIM pacriajaM 3apsHDKCHHBIX KAOHOB Ha OCHOBE JTaHHBIX
skcriepumenta NA48/2 [S]. B Hell npecTaBICHbI JaHHBIC
n3MepeHnii GopMQpakTopoB ITUX PACHAOB, 3aPETHUCTPHU-
poBaHHBIX B 2004 . TOYHOCTH ATHX MapamMeTPOB 3aMETHO
TIOBBITIEHA, YTO BHOCHUT BKJIA/l B TOYHOCTH H3MEPEHUH I1e-
Joro psiaa xapakrepuctuk CM.

Brmmna crares 1Mo pesynsraTaM aHann3a paHee He Ha-
GironaBurerocs pexkoro pacmaga K* — 7tz%*e [6]. Pe-
3yJIbTaTbl OCHOBAHbI Ha cTatuctuke 1,7 - 10" 3apsKEHHBIX

the two main experts responsible for the operation of the
spectrometer — Sergey Shkarovsky, who is also the main
specialist on the spectrometer control system.

Back in 2016, a special spectrometer monitoring sys-
tem was developed in the JINR group to ensure the stabil-
ity of the straw-channel response time. The results of this
system operation were used to correct the readout firm-
ware at the beginning of the run, which led to the elimina-
tion of the “jumps” in the recorded response time detected
in2016. In 2017 and 2018, during the data acquisition, this
system continuously checked each recorded beam burst
and immediately informed about any significant shifts in
the recorded time.

To monitor the gas mixture during the data collec-
tion, a gas amplification control system was constructed
and installed. It consists of reference straw tubes, readout
electronics and radioactive sources. A study based on ex-
perimental data was performed on the exact positions of
straw tubes and the stability of their geometry. The results
will be used for the tuning of the detector model for Monte
Carlo simulation.

In 2017 and 2018, with the active participation of the
JINR group, along with the analysis of the NA62 results,
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the analysis of the previous experiment NA48/2 data was
continued. A search was made for the production of a hy-
pothetical heavy neutral lepton in the K™ decays based on
the NA62 data recorded as early as 2015 [4]. The upper
limits on the square of the mixing matrix element, defining
the influence of a hypothetical particle on our world, were
improved.

In addition, an article was published on semileptonic
decays of charged kaons, based on data from the NA48/2
experiment [5]. It presents a measurement of the form fac-
tors of these decays recorded in 2004. The precision of
the parameters is noticeably improved, which contributes
some characteristics to the measurement accuracy of the
Standard Model.

An article was published on the analysis results on a
previously unobserved rare decay K* — 7*z%*e™ [6]. The
results are based on 1.7 10'! charged kaon decays record-
ed in 2003-2004 in the NA48/2 experiment. The study
of selected 4919 candidates with a background of 4.9%
made it possible to determine the partial decay width BR =
(4.24 +0.14)- 10°°.

This year, the first NA62 result for the K™ — z*wy
decay based on very small statistics recorded in 2016 was
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pacrazoB KaOHOB, 3aperucTpupoBaHHbIX B 2003-2004 rr.
B akcriepuMeHTe NA48/2. VccrmenoBanne OTOOpaHHBIX
4919 xanaunaroB ¢ GoHoM Ha ypoBHE 4,9 % mMo3BONMIIO
OIPEICIINTh TapIUANIBHYIO MINPUHY pacnaga BR = (4,24 +
0,14)-10°°.

B 2019 . ony6nukoBaH niepBbiii pesysnbrar NA62 110
noncky pacmaga K™ — 7*vv Ha ocHOBe coBceM HeGOMb-
0¥ CTaTUCTHKH, 3anrcaHHoi B 2016 t. [7]. YyBcTBHUTEND-
HOCTB 3TOTO HabOpa JaHHBIX K OZHOMY COOBITHIO paBHA
3,15-107'° uro cootBercTByeT 0,267 COOBITHIA, OXKUIAC-
MBIX Ha OCHOBe npesickazanusi CM. OOHapy»KeH OfMH CHT'-
HaJIbHBIM KaHAUAAT (CM. PUCYHOK) IIPH 0XKHJaeMOoM (OoHE
0,152 coObITHsI. DTO TIO3BOSAET U3MEPUTh BEPXHUU TIpe-
Jien mapiuanbHoi mupuHe! pactaga K™ — 7zt vy, paBmbrit
14-1010¢ YPOBHEM JOCTOBEPHOCTH 95 %.
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[MoMuMO mMyONMMKAIMKM 3aBEpIICHHBIX Pe3yJIbTaToB
rpynma OMSAM HapammBaeT cBoe ydJacTHE B TEKyIIEM
(huzngeckoM aHanmm3e s Oymynmx myonukanuii. Hanpu-
Mep, OJIM30K K 3aBEpIICHHIO aHAIN3 TAHHBIX AKCIIEPUMEH-
Ta NA48/2 10 UCCIeI0BaHUIO PEIKOrO paciajia Kg%, KO-
TOPBII HUKOT/IA HE HAaOIIOalICsI paHee.

Kpome TOro, Ha OCHOBE MJaHHBIX OKCIEPHMEHTa
NA62 B [lyOHe MpOBOAUTCS aHANIU3 cpasy ISTH pPej-
KMX MOJ| pacmana 3apsokeHHoro kaona: K™ — ufuu*v,
K" - e'euv, K" - p'ue'v, K > efeefvu K" —
7w 1" v. TlepBblii U3 HUX HAGMIIOANICS BIIEPBbIE, 3 OCTAIb-
HbIC€ MaJIO U3YYCHBI, 1 UX BEPOATHOCTH U3MCPCHLI C HE-
JocTtatouHoi TouHOcThio. Hakonen, B rpymne OMAU
Hauancs anamus pacnaga K™ —7z’e*vy na ocrose mammbix
NAG62 ¢ 1esbio yaydlIeHUs] TOYHOCTH 3HAHUN 00 3TOM
pacnaze u Ans U3y4eHUs METOIWYECKUX MpolsieM, CBs-

CurHan B YEpeHKOBCKOM crekrpomerpe NAO6G2 or 3aps-
JKEHHOTO TIHOHA W3 COOBITMA-KaHauaaTa B pacmamsl K —
7w [7]: MaseHbKHE KPY/KKH — KOOPIMHATHI YePEHKOBCKHX
(hoToHOB; OONBIIOE BHYTPEHHEE KOJIBIIO — OXKUIAAEMBIH OT-
KJIMK OT 3apsDKEHHOTO [THOHA; /IBa BHEIIIHUX KOJIbI[d — MIOOH
1 3JIEKTPOH TIPU JJAHHOM HMITYJIBCE 3apsHKCHHON YacTuib! P

Signal in the NA62 Cherenkov spectrometer from a charged
pion of a K* — 7z"vv candidate event [7]. Small circles show
the coordinates of the Cherenkov photons, the large inner ring
represents the expected response from the charged pion, the
two outer rings correspond to the muon and the electron for a
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published [7]. The sensitivity of this data set to a single
event is 3.15-107'%, which corresponds to 0.267 events
expected based on the prediction of the Standard Model.
One signal candidate has been detected (figure), with an
expected background of 0.152 events. This makes it poss-
ible to measure the upper limit of the partial decay width
of K™ — 7"y, equal to 14- 107'° with a 95% confidence
level.

In addition to the publication of the completed results,
JINR group is increasing its participation in the current
physical analysis for the future publications. For example,
the analysis of NA48/2 data to study the rare Kg% decay,
which has never been observed before, is close to com-
pletion.

In addition, based on the data of the NA62 experiment
in Dubna, an analysis of five rare modes of charged kaon
decay is ongoing: K™ — ufu v, K" = e'euty, K" —
wuety, K" - e*ee’vand K" — 77 1" v. The first of

them has never been observed before, while the rest have
been little studied and their probabilities have so far been
measured with insufficient accuracy.

Finally, an analysis of the decay K™ —z%*vy began
on the basis of the NA62 data in the JINR group in order
to improve the accuracy of knowledge about this decay
and to study the methodical problems associated with the
photon energy measurement in the calorimeter used. By
the way, this electron—photon calorimeter is still preserved
from the NA48 setup, and it was created in the nineties
with the participation of JINR.

In parallel with the experimental work, methodologi-
cal studies are continued. So, last year an article was pub-
lished on the mechanical stability of straw tubes under
pressure [8]. This stability was studied on a special test
bench and described by a rarely used formula. It was found
that it is necessary to control the pre-tension of the straw
tube in order to avoid bending the straw under internal
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3aHHBIX C U3MEPEHUEM YHEPTUH (DOTOHOB B HCHOIB3yEMOM
kanopumerpe. Kerarn, 3T0T 551eKTpoH-(hOTOHHBIH Kajnopu-
METp COXPaHWICS OT ycTaHOBKA NA48, oH ObLI CO3JIaH B
1990-x rr. mpu yuactuun OUSAN.

[TapannensHO € 3KCHEPUMEHTAIBHBIMH HCCIIEOBA-
HUSIMHU TTPOJIOIDKAIOTCSI M MeToAnYecKne pa3padoTku. Taxk,
B 2018 . ObuTa OMYOJIMKOBaHA CTAThSI IO MEXaHWYECKOH
YCTOMYUBOCTH CTPOY-TpyOKM moj aaBieHueM [8]. Dra
YCTOWYMBOCTh ObUIA M3y4deHA Ha CIEHUAIBHOM HCIBITA-
TEJFHOM CTEHJIE M ONHCaHa PEAKO MPHMEHSEeMOH (op-
Mynoid. OOHapyXeHO, YTO HEeOOXOANMO KOHTPOJIMPOBATH
MIpe/IBapUTEIbHOE HATSHKEHHE CTPOY-TPYOKH, 4TOOBI N30e-
KaTh U3rnda CTPOy MO BHYTPEHHUM M30BITOUHBIM JaBIIe-
HHEM B Bakyyme. Kpome Toro, paspaboraHa ¥ 3amiuiieHa
MIaTeHTOM KOHCTPYKIHMSI HEPrOHE3aBUCHMOTO 3allUTHO-
ro KJIamaHa Jisi JApeiidoBoii kamepsl, paboTaroIeii B Ba-
KyyMe.

3a Tpu mocIenHuX roa yaacTHuKaMu rpymmst OV
B NA62 6puI0 crienmano 14 MOKIIaI0B Ha MEXTyHAPOIHBIX
KOH(EepeHIUsIX, Tre ObUIM IPEJCTaBICHBI IONyYCHHbIE
pe3ynbrarhl. 3a CEepHI0 NMyONUKAIMH 10 IKCIEPUMEHTY
NAG62, mocBsIeHHYI0 pa3paboTKe U U3TOTOBJICHHUIO CIICK-
TPOMETpa, 3TOM TPYIION OblIa IOydeHa IepBasi IpeMus
OUAAN 32 2017 .

pressure in vacuum. In addition, the design of a non-vola-
tile protective valve for a drift chamber operating in vacu-
um was developed and protected by a patent.

Over the last three years, there were 14 presentations
made by representatives of the JINR group in NA62 at in-
ternational conferences, where the obtained results were
presented. This group received the JINR First Prize for
2017 for a series of publications on the NA62 experiment,
dedicated to the development and manufacture of its spec-
trometer.

In 2019, the physical analysis of the accumulated data
will be continued. In addition, during a long LHC shut-
down, the operation of the NA62 spectrometer will be
thoroughly checked and its calibration will be improved.
The development of the software necessary both for its
adjustment and calibration, and for the analysis of experi-
mental data will be continued. There is still a lot of work,
but NA62 is confidently moving towards the planned re-
sult — measuring the probability of the super rare decay
with a 10% accuracy.
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B 2019 r. Oymet nmpomomkeH pu3nyueckuii aHaIn3 Ha-
KOIUIEHHBIX TaHHBIX. Kpome Toro, BO BpeMsl JUTHTEIEHOTO
BeiutoueHnst LHC Oyner TmarensHo mposepeHa padora
cnekrpoMeTpa NAG2 U ymydieHa ero KamuOpoBKa, a Tak-
K€ MPOJOIDKEHO Pa3BUTHE IPOTPAMMHOIO OOeCIIeueHNs,
HEO0OXOANMOTO KaK /ISl €r0 HACTPOWKH U KaJTMOPOBKH, TaK
W JIUTS aHAJIN32 DKCIIEPUMEHTAJIbHBIX IaHHBIX. PaboTh!I eme
MHOTO, HO NA62 yBepeHHO JBIKETCS K 3aIlJIaHUPOBAaHHO-
My pe3yJIbTaTy — H3MEPEHHUIO BEPOATHOCTH CBEPXPEIKO-
ro pacniana K™ — 7" v ¢ 10%-ii TounocThIO.

Cnucok aurteparypsl / References

1. Ambrosino F. et al. (NA62 Collab.). Proposal to Measure
K — mvv Rare Decay at the CERN SPS. CERN-SPSC-2005-013.
2005.

2. Artamonov A. V. et al. (E949 Collab.). New Measure-
ment of the K* — z"vv Branching Ratio // Phys. Rev. Lett. 2008.
V.101. P.191802.

3. Azorskiy N. et al. A Drift Chamber with a New Type of
Straws for Operation in Vacuum // Nucl. Instr. Meth. A. 2016.
V. 824. P.569-570.

4. Lazzeroni C. et al. Search for Heavy Neutrinos in K™ —
v Decays // Phys. Lett. B. 2017. V.772. P.712-718.

S. Lazzeroni C. et al. (NA48/2 Collab.). Measurement of
the Form Factors of Charged Kaon Semileptonic Decays // JHEP.
2018. V.1810. P. 150.

6. Batley J.R. et al. (NA48/2 Collab.). First Observation
and Study of the K* — 7*z’e*e” Decay // Phys. Lett. B. 2019.
V.788. P.552-561.

7. Gil E.C. et al. (NA62 Collab.). First Search for K* —
7"vv Using the Decay-in-Flight Technique // Ibid. V. 791. P. 156~
166.

8. Glonti L. et al. Longitudinal Tension and Mechanical
Stability of a Pressurized Straw Tube // Instruments. 2018. V.2,
No.4.P.27.




	AT THE LABORATORIES OF JINR
	V. D. Kekelidze, Yu. K. Potrebenikov, D. T. Madigozhin

Participation of JINR in the NA62 Experiment
	S. A. Kulikov, V. I. Prikhodko, A. V. Churakov

Development of Neutron Gas Detectors at FLNP
	D. V. Belyakov, Yu. A. Butenko, M. Vala, A. S. Vorontsov,T. N. Zaikina, M. I. Zuev, M. H. Kirakosyan, M. A. Matveev, D. V. Podgainy,

O. I. Streltsova, Sh. G. Torosyan

Heterogeneous Platform HybriLIT
	S. V. Aksenova, A. S. Batova, A. N. Bugay, E. B. Dushanov

The Influence of Mutations on the Structure and Functions of Synaptic Receptor Protein Complexes
	MEETINGS OF THE JINR PACS
	SESSION OF THE JINR SCIENTIFIC COUNCIL
	PRIZES. AWARDS
	FINANCE COMMITTEE
	JINR CP SESSION
	SHORT BIOGRAPHIES
	JINR DIRECTORATE’S INFORMATION
	SCIENTIFIC COOPERATION
	MEETINGS. SCHOOLS
	DIGEST
	NEW PUBLICATIONS

