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IHocaeqHue pe3yabTarsl
U MEePCHEeKTUBBI MPOrPpaMMBbl
KAOHHBIX PacnaaoB

B 2003-2004 rr. B ’xcriepumentTe NA48/2 [1] ¢ yauactuem OUAN Ha-
rorieHa B ceance yckoputens SPS IIEPH nanbonsiias B MUpe CTaTUCTHKA
pacmaaoB 3apsHKCHHBIX KAOHOB. [JTaBHOW IEBIO ATOTO SKCIIEPUMEHTA OBLIT
nonck npsimoro CP-HapymeHus B pacnaiax K* - 37 [2]. B ceancax 2007 u
2008 rr. B axcriepumerTe NA62 ((haza Ry ) HaOpaHbI TaHHBIC C TPHUMEHCHH-
eM MOIU(pHULIUPOBAHHOM Ty4YKOBOW JIMHUH. Ero riiaBHOI! 11710 OBLIO H3Me-
pEHME OTHOLIEHUS BEPOATHOCTEH pacnanos K+ — [*y (I = e,x1). Bonbias
CTaTHUCTHKA B 000MX HKCIIEPHIMEHTaX MO3BOJIMIIA TAKKE H3YIUTh HECKOIBKO
penkux Mox pacnanos K*. OcHoBHas cramus dkcriepuMenta NAG62, ko-
TOpasi MpeAToiaraeT HayaIo Moidy4eHus (pu3mueckux maHHBIX B 2014 1,
UMEET LENbI0 M3MEPEHUE BEPOATHOCTH pacnaga K — 7t vy. Ilocnenuue
PE3yIIBTaThl ¥ IEPCIIEKTUBHI 3THX HKCIIEPIMEHTOB 00CYKIAI0TCS HIDKE.
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Recent Results and Prospects
of Kaon Decay Programme

In 2003-2004, the NA48/2 experiment [1] with JINR participation has
collected at the CERN SPS the world’s largest statistics of charged kaon de-
cays. Its main goal was the searching for direct CP violation in the Kt -3z
decays [2]. In 2007-2008, the NA62 experiment ( Rx phase) has collected
a data sample with the modified beam line. Its main goal was to measure
the ratio of the rates of the K* — [Ty decays (I = e,1). The large statistics
in both experiments has allowed the studies of a range of rare K* decay
modes. The main stage of the NA62 experiment, expected to start physics
data taking in 2014, aims at measuring the K* — 7+ vy decay rate. The re-
cent results and prospects of these experiments are discussed here.

Decays of pseudoscalar mesons to light leptons are suppressed in the
Standard Model (SM). Ratios of leptonic decay rates of the same meson can
be computed very precisely. In particular, there is the SM prediction for ratio
Rg = I'(K;) IT'(K,p) = (2.477+0.001)- 1073, Within extensions of the SM
involving two Higgs doublets, Ry is sensitive to lepton flavour violating ef-
fects induced by loop processes with the charged Higgs boson exchange [4].

The analysis strategy is based on counting the numbers of reconstruct-
ed K, and K, candidates collected concurrently, taking into account the
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B JIABOPATOPUAX MHCTUTYTA

B Cranpaptaoii mogenu (CM) pacnanbl NCeBROCKa-
JSIPHBIX ME30HOB HA JIETKHE JICITOHBI CHJIBHO TTOJaBIICHBI.
OTHOLICHUSI BEPOSITHOCTEH JIENITOHHBIX PACIa OB OJHUX
1 TeX K€ ME30HOB MOT'YT OBbITh BBIYMCICHBI OYE€Hb TOYHO.
B uactHOCTH, ecTh npeackazanue CM [3] ans oTHoIeHUs
Rg =T (K, IT(K,0) = (2,477 + 0,001)-107. B pamkax
pacurupenust CM, BKITFOYAROIIETo ABa Ay0saeTa Xurrca, Be-
TurHA Ry OKasbIBaeTcs YyBCTBHTENbHA K d(dexram Ha-
PYILIEHHS JIETITOHHBIX YKHCEJ, BEI3BAHHBIM NETIISIMH C 00OMe-
HOM 3apsDKEeHHBIM 0030HOM Xurrca [4].

Crparerust aHanu3a Oblla OCHOBAaHA HA MOZICUETE YHC-
J1a PEKOHCTPYHPOBAHHBIX KaHaunatos K,y u K, nabupa-
€MBIX OIHOBPEMEHHO, C YUETOM IOTPaBOK HA aKCEMTAHCHI,
¢oH, apexTHBHOCTH TPHUrTEPa U UICHTUDHUKALIH JIETITO-
HOB. MccnemoBanne BBITIONHEHO He3aBucUMO B 10 OmHax
PEKOHCTPYHUPOBAHHOTO HMMITYJIbCa JICNITOHA JUIS YEThIpEX
Ha0OpOB AAaHHBIX C Pa3HBIMU YCIOBHSAMH PETHCTPALMHN CO-
OBITHH.

Jns pasnuuenus pacnanos K., u K,» MCnonb3oBacs
KPUTEPH HEOCTAIOWIEH MacChl, a TakXKe OTHoIeHue E/p
MEXXIY 3HEpPrOBBIICIICHHEM B 3JIEKTPOMarHUTHOM KaJlo-
pUMETpE U UMITYJIbCOM TPEKa, U3MEPEHHBIM C TTOMOIIBIO
cnekrpomeTpa. KommdecTBO OTOOpaHHBIX KaHIUIATOB B
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pacnanel K,y u K, — 145958 u 4,2817- 107 coorser-
CTBEHHO (IIOCJIEHEe KOJIMYECTBO HAMEPEHHO ITOJABJICHO
Ha ypoBHe Tpurrepa). Bkiag ¢oHa B aHcaMOIb pacraaoB
K,, coctaBmi (10,95 +0,27) %, oH oLIeHUBAJICS ITyTEM MO-
nenupoBanust MmetogoM Monre-Kapiio, a mo Mmepe Bo3MOX-
HOCTH — ¥ NIPSIMBIMHU M3MEpeHHsIMH. B crcremarnueckyro
OImMOKY BOIILJIM HEOMPEAEeNeHHOCTH (OHA, YUCTOTHI TEIHSI
B EMKOCTH CIIEKTpOMeTpa (KOTopast BIHsSET Ha YPPEKTHUB-
HOCTh JICTEKTUPOBAaHMS Yepe3 TOPMO3HOE H3IyYeHHE H
paccestHuEe), MOJAEIHMPOBAHUS ITyYKOB, BBICTPOCHHOCTH
CIIEKTPOMETpa, UICHTU(PHKALMN YacTHIl U 3O PEKTUBHOCTH
TpHUITEpAa.

OOBeIMHEHHBIA pe3ybTaT M3MepeHns Ha ocHoBe 40
HE3aBHCHUMBIX aHCAaMOJIeH ¢ Y4eTOM KOPPEIALUA MKy UX
CHUCTEMATUYCCKHUMHU OIMOKamMu cocTaBul Ry = (2,488 +
+0,007(crar.) = 0,007(cuct.))- 107> = (2,488 = 0,010)- 10~
[5, 6]. Pesymsrar coorBeTcTBYeT OkpmmanusM CM, a mo-
CTHTHYTasi TOYHOCTb M3MEPEHUS TEHeph ONpesensieT Tou-
HOCTh MHPOBOTO PE3yJIbTaTa.

I/ISMepeHHﬂ paaualiuOHHbIX HCJICIITOHHBIX pacriajoB
KaOHOB IIPEJCTABIISIOT COO0H XOPOIIY 0 IMPOBEPKY KUPaIb-
Holt ieptypbatuBHOil Teopun (KIIT) B mpomeccax HA3KHX
suepruii. B pamkax KIIT BepositHocTs pacnana K+ — 7t yy

corrections related to acceptance, background, trigger and
lepton identification efficiency. The study is performed in-
dependently in 10 bins of reconstructed lepton momentum
for 4 samples with different data taking conditions.

To distinguish K,, and K, decays, missing mass cri-
terion is used as well as the ratio E/p of energy deposit in
the electromagnetic calorimeter to track momentum mea-
sured by the spectrometer. The numbers of selected K,, and
K,» candidates are 145958 and 4.2817- 107 (the latter pre-
scaled at trigger level). The background contamination in
the K,, sample has been estimated by MC simulations and,
where possible, direct measurements to be (10.95 +0.27)%.
The contributions to the systematic uncertainty of the result
include the uncertainties on the backgrounds, helium purity
in the spectrometer tank (which influences the detection
efficiency via bremsstrahlung and scattering), beam simu-
lation, spectrometer alignment, particle identification and
trigger efficiency. The result of the measurement, combined
over the 40 independent samples taking into account cor-
relations between the systematic errors, is Rx = (2.488 +
+ 0.007(stat.) + 0.007(syst.))- 10> = (2.488 + 0.010)- 10
[5, 6]. The result is consistent with the Standard Model ex-
pectation, and the achieved precision dominates the world
average.

16

Measurements of radiative nonleptonic kaon decays
provide good tests for the Chiral Perturbation Theory
(ChPT) in the low-energy processes. In the ChPT frame-
work, the K* — 7t yy decay receives two noninterfering
contributions at lowest nontrivial order O(p*): the pion and
kaon loop amplitude depending on an unknown O(1) con-
stant C , representing the total contribution of the counter-
terms, and the pole amplitude [7].

New measurements of this decay have been performed
using data collected during a 3-day special NA48/2 run
in 2004 with 60 GeV/c K* beams, and a 3-month NA62
run in 2007 with 74 GeV/c K* beams. Signal events are
selected in the region z = (m,,/mg)? > 0.2 to reject the
K* — 770 background peaking at z = 0.075. 147 (175)
decays candidates are observed in the 2004 (2007) data
set, with backgrounds contaminations of 12% (7%) from
K* - 7= 70(7%) 7 decays with merged photon clusters in
the electromagnetic calorimeter.

The values of the C parameter in the framework of
the ChPT O(p*) and O(p®) parameterizations according to
[8] have been measured by performing likelihood fits to the
data. The preliminary combined results of the fits based on
2004 and 2007 runs data are in agreement with the earlier
BNL E787 ones [9]: for O(p?), C= 156+ 0.23; for O(p®),
C = 2.00+0.26; for O(p%), BR = (1.01 £0.06)-10°°.
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OITUCHIBACTCS IBYMS HEMHTEP(EPHUPYIOIMMI BKIAIaMH B
HU3IIEM HETpUBHATIbHOM nopske Teopuu O(p?), a nmen-
HO — TIMOHHOH M KaOHHOW IETJIEBBIMU aMIUTUTY/IaMH, 3a-
BUCSIIIAMH OT HEH3BECTHOM KOHCTAHTHI 6 mopsiaka O(1),
KOTOpAasi IPEICTABIISIET COOO0M MOTHBIN BKJIa]] KOHTPUJICHOB,
U MIOJIFOCHOM aMIuTuTy sl [7].

HoBble m3mepeHust 5Toro pacnajga ObUIM BBIMOJIHE-
Hbl Ha OCHOBE JIaHHBIX, HAOpaHHBIX B XOJ€ 3-JHEBHOTO
crenuansHoro ceanca NA48/2 B 2004 . ¢ myukamun KT,
uMeromumMK cpeanuit umnyase 60 '9B/c, u B xone 3-me-
csiaHoro ceanca NA62 2007 r. co CpeAHUM HMITYJIECOM
nyukoB 74 I'3B/c. CoObiTHs curHaia oTOMpasiuch B 00-
mactu z = (my,/mg)? > 0,2, uro6bl 0TGpOCHTH (POH OT
K* - 770, umerommit mux npu z = 0,075. ITpu ananuse
nmaHHbIX ceancoB 2004 (2007) 1. 6puto obHapyxkeHo 147
(175) xananmaToB 3ToTO pacnazna, ¢ GoHoM Ha ypoBHe 12 %
(7%), B ocHOBHOM OT pacnanos K* — 7+ 79(70)y ¢ nano-
KEHHBIMH ()OTOHHBIMHU KJIACTEPAaMM B 3JIEKTPOMarHUTHOM
KaJOpUMETpE.

3HaueHus mapamerpa C B paMKax IapamMeTpHu3aLui
KIT nopsaaka O(p*) u O(p®) 6bumu u3MepeHbl MyTeM
(UTHPOBAaHUST JAHHBIX METOIOM HAMOOJIBIIETO IpaBo-
nogo6us [8]. IlpenBapurenbHbI 00bEIMHEHHBIH PE3yIlb-
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TaT GUTHPOBAHUS TaHHBIX, HaOpaHHBIX B 2004 u 2007 T,
HaXOJUTCSl B COINIACUU C paHee IOJYYECHHBIM pe3yJibTa-
Tom skcniepumenta BNL E787 [9]: musa ¢uta O(p?) C=
(1,56 £ 0,23); ms dura O (p°) C= 2,00 £+ 0,26; anst puta
O(p% BR = (1,01 £0,06)10°°.

I'maBHas mens skcnepumenta NA62 B LIEPH [10] —
U3MEpPEHNE BEPOATHOCTH pacmana K+ — 7tyy na yposue
togrocTH 10 %, 9T0 OyAeT mpeACTaBIATh COO0H 3HAYIMMBIIA
tect CM. Oxunaercs, 4To B dKCIIepUMeHTe OyJeT 3aperu-
cTpupoBaHo okono 100 coOpITHII cHTHaNA 3a /Ba TOfa Ha-
0opa IaHHBIX, [IPH YACPKAHUU CUCTEMATHICCKIX HEOIpe-
JeneHHocTel u ¢ona Taioke Hike 10 %.

Byzner ncnonp30BaHa TEXHUKA PETUCTPAIMH PACIIaIOB
Ha Jsiety. TpeOoBaHMsI ONTHUMHU3AIMU aKCENTaHCa IPeo-
TIPEeNINA BEIOOp TydYKa 3apsOKCHHBIX KAOHOB CO CpPel-
HUM ummysibcoM 75 I'3B/c u ¢ pazdpocom ummyisca B 1 %.
Curaatypa cCUTHaja IpeACTaBIAeT COO0H OMH TPEK B KO-
HCYHOM COCTOSIHUH, COCIMHCHHBIN ¢ TpekoM KT B myuke.
[Torox wactur, HaOMOMaEMBIN IETEKTOpaMH, OyIeT UMETh
WHTCHCUBHOCTH 0K0J10 10 MI'1, rmaBHBIM 0Opa3oMm Oaro-
naps pacagam K+ . ®OH co31aeTCst KAOHHBIMU paciiafaMu
C OJIHAM PEKOHCTPYHPOBAHHBIM TPEKOM B KOHEYHOM CO-

The main goal of the NA62 experiment at CERN [10]
is the measurement of the K* — z*yy decay rate at the
10% precision level, which would constitute a significant
test of the SM. The experiment is expected to collect about
100 signal events in two years of data taking, keeping the
systematic uncertainties and backgrounds below 10%.

The decay in flight technique will be used; optimisation
of the signal acceptance drives the choice of a 75 GeV/c
charged kaon beam with 1% momentum bite. The signal
signature is one track in the final state matched to one K*
track in the beam. The rate seen by the detector downstream
is about 10 MHz, mainly due to K* decays. Backgrounds
come from kaon decays with a single reconstructed track in
the final state, including accidentally matched upstream and
downstream tracks.

The main NA62 subdetectors are: a differential
Cherenkov counter on the beam line to identify the K+ in
the beam; a silicon pixel beam tracker; guard-ring coun-
ters surrounding the beam tracker to veto catastrophic in-
teractions of particles; a spectrometer composed of 4 straw
chambers operating in vacuum; a RICH detector to dis-
tinguish pions and muons; a scintillator hodoscope; and a
muon veto detector. The photon veto detectors will include
a series of annular lead glass calorimeters surrounding the
decay and detector volume, the NA48 electromagnetic LKr
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calorimeter, and two small-angle calorimeters to provide
hermetic coverage for photons emitted at close-to-zero
angle to the beam.

JINR contribution to the NA62 experiment includes
essential participation in the R&D, design and simulation
of the spectrometer, which is based on the straw detectors
that are capable of working in vacuum. Currently a JINR
group is responsible for the straw mass production and test-
ing, as well as for the assembly of the spectrometer straw
modules both at CERN and JINR technological lines. Each
line includes vacuum stand for straw module leak test, as-
sembling tooling, measurement devices for straw position-
ing and pretension measurement, devices for wiring and
wire pretension measurement, and for the electrical tests.

More than 4000 straws 2.6 m long have been produced
and tested on the special production line at VBLHEP. Two
straw modules have been assembled and tested at CERN;
all 896 straws have been installed and glued into the third
module at JINR (see photo). The first straw module was
tested during the 2012 experimental run at CERN SPS. It
has demonstrated a full compliance with the experimental
specifications.
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CTOSIHMHM, BKJIIOYasl CIy4alHO COBIAJAIOLINE IO BPEMEHU
TPEKHU OT YaCTUIIBl IyYKa U OT NIPOAYKTa pacraja.
[maBHBIME cyOmeTexTopaMu NAG2 SBISIOTCS: THU(]-
(bepeHIMATBHBIA YEPEeHKOBCKUI CYETYMK HA IYYKOBOH
JUHUM JUIs uaeHTHuKaumu KT B Iyuke, KPEeMHHEBBIH
MTUKCETBbHBINA TPEKep ITydYKa; KOJIBIEBBIC CUECTUUKH, OKPY-
JKaolIMe TpeKep MydKa JUIsi UCKIIIOUeHHUs «KaTtacTpoduye-
CKHX)» B3aMMOJICUCTBUI YaCTULl; CIIEKTPOMETP, COCTOSLIMIL
W3 YeThIpexX KaMep Ha TOHKOCTCHHBIX Apei(oBBIX TpyO-
Kax (CTpoy-TpyOkax), paboTaromux B BaKyyMe; JAECTEKTOP
RICH pgns otaeneHust IMOHOB OT MIOOHOB; CLUMHTHIUISIIN-
OHHBIH TOJJOCKOIT; MIOOHHOE BeTO. [|eTeKTOphI (POTOHHOTO
BETO OyAyT BKJIIOYATh PSAJ] KOJBLEBBIX KAJIOPHUMETPOB M3
CBHMHIIOBOTO CTEKJIa, OKPY)KAIOIINX 00JIacTh pacnajoB, H
JIETEKTOPOB, IEKTPOMarHuTHbIN kanopumerp LKr skcre-
pumenTa NA48 1 TBa MaJIOyTIIOBBIX KaJIOpUMETpa IIIst 0oe-
CIIEUYEHHS TEPMETUYHOTO HOKPBITHS U1l JOTOHOB, MTYIINX
moa yriiom, 6III/I3KI/IM K HYJIIO IO OTHOIICHHUIO K ITYYKY.
Bruitag OUSIN B sxcriepuMeHT NAG2 BKITIOUACT CyIIe-
CTBEHHOE y4acTHE B HCCIICIOBAaHUSX, pa3paboTKe, JU3aiiHe
¥ MOZAETHPOBAHUH CIIEKTPOMETPA, OCHOBAHHOTO Ha CTPOyY-
TpyOKax, CIIOCOOHBIX paboTaTh B Bakyyme. B Hacrosmiee
Bpemst rpynna OVSU oreeuaeT 3a MaccOBOE MPOU3BOACTBO
U TECTUPOBAHUE CTPOY-TPYOOK, a TaKkKe 32 COOPKY MOMIY-
JIel CIIeKTpoMeTpa Ha TexHojorndeckux auHusx B [IEPH
u B OMSUN. Kaxnas U3 3TUX JIMHUN BKIIIOYAE€T BAKYyMHbBIN
CTCH[ JUUIsl TCCTUPOBAHUS MOJYJCH Ha Teud, COOPOUHYIO
OCHACTKy, YCTPOWCTBa MAJIsI M3MEPEHUS INPEIHATKECHH
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CTPOY U MX MO3ULIMOHUPOBAHUS, YCTPOICTBA TSl HATSKE-
HUSI IPOBOJIOK U M3MEPEHHUS MX HATSHKEHHMS, & TAK)KE CTCH]
JUTSA DIIEKTPUIECKHUX TECTOB.

Bonee 4000 cTpoy-Tpy0OoK AHHOI 110 2,6 M TIpOH3Be-
JICHBI ¥ IPOTECTUPOBAHBI Ha CIIEIINAILHOMN IIPONU3BOACTBEH-
Ho#i smHNMK B JI®BD. JIBa Moy criekTpoMeTpa coOpaHbl
n uccaenosansl B LIEPH, Bce 896 cTpoy-TpyOoKk BcTaBiieHbI
1 BKJICEHBI B TpeTuit Moayinb B OUSIU (cMm. doto). [TepBbrit
MOJ1YJIb OBUT IIPOTECTUPOBAH B X0 IKCIIEPUMEHTAILHOTO
ceanca 2012 r. ma SPS B LIEPH. Iloxy4enHsie pe3ynsTaTsl
TIOKA3aJIM €ro TOJIHOE COOTBETCTBHE 3KCIIEPUMEHTAIBHBIM
cnennQUKaIsIM.
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The module of the NA62 spectrometer, assembled at CERN
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