O6bITH n3MepeHa ¢ TOYHOCTHIO 0Kosio 100 MbsB. Ilpu 60see BBICOKIX SHEPTUAX MOSBUTCS BO3MOK-
HOCTH U3YUUTh XapakTep CBsi3u O030HOB Mexy coboll — mnccienoBaTh B3anmoneiictsus W ZW
WAW. Onnoit w3 rmaBubIX Tiesein noBoitrenns >ueprun no 100 I'sB smastorest monckm 6o3zoma
Xwurrca: B cynepcuMmMeTpudHoM pacinupennn CTaHaapTHON MOIETN BO3MOKHO CYIIeCTBOBaHIE
3apsKEHHBIX U HeHTPallbHbIX XUrrc-6030H0B ¢ Maccoit mernee 100 ['5B.

[To cymectBytorum naanam, yckopurenbabiil kommieke LEP 6ynet paborats mo 1999 — 2000
rofioB, u sKcrepuMeHT L3 etrre nosro 6yneT HaXOMUThCS Ha MepenHeM Kpae (PyHIaMeHTalbHbIX
UCCIeNOBaHN B pU3NKe BHICOKUX DSHEPTUI.
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TopiieBble TpekoBbie neTekTophl FTC, BKiTIouas »7ek TpoHnky, 661t pa3paboTaHbl U M3TOTOBITE-
uol B [INAD. Pusukamu [TUAD ocymecTBisiercs skenmyaranus FTC, Bkimodast ero BLICTPOUKY
n kamu6poBky. CronmocTh mocTtaierHubix [[UAD maTepranos u obopynoBanus omennBaeTcs: B
10 mmH. mBelimapcknX ppaHKoB.

B mnonroroBke (usnmueckoil mporpamMMbl, CO3IAHUU TTPOrPAMMHOTO ObeciedYeHns, MOHTakKe
neTekTopa, Habope CTaTUCTuKM, obpaboTKe MaHHBLIX U aHadn3e (QU3NUYECKUX Pe3yIbTaTOB B
pasHoe BpeMs mpuHuMal ydacTue 60mbinon kKomtekTus OTnenenns (pU3WKN BLICOKUX SHEPTUI

[TNsAP:

I'.Anxasos, B.Aunpees, Ba.Aunpees, A.Atamanayk, A.boikos, C.Borkos, Au.Bopobnes,
I'.T'aBpumos, H.3aiimes, A.3amute, FO.3anute, A.Kynbapmuc, I1./leBuenko, B.Masees,

A Hanrountii, C.llatpuues, [.IIpokodpnes, O.lIpokodpnes, H.Carnmosa, H.Cmupros,
B.CyBopos, U.Tkau, O.Penun, A.llaperopontes, JI.[Munywos, A.lllerkoBckmii.

Bosnbimoit BKIaa B MpoeK TUPOBAHIE U MTPOU3BOICTBO HIIEK TPOHUKHN BHeCN coTpyauukn OT-
nena pannosaekTpornkn (J.Croupunenkos) n Orpena rubpunnbix Texuonoruit (B.Mpouxwm).
[IpakTwaeckn Bce TOmpasieeHns WHCTUTYTa YyIacTBOBAIW B TOI WM WHOW CTEMEeHN B TOMI-
roroBke skcrepuMenTa LL3. Obimee pykoBOICTBO (HUHAHCOBBIMI W TEXHUYCCKUMU BOIPOCAMUI
OCYIIECTBISAI 3aMeCTHTENL AupekTopa nHcTuTyTa H.AGpocumoB. CBoeBpeMeHHBIE MOCTaBKI
obopynoBamus 1 MaTepuaion obecneunsasn Ormen cnabxenns (JI.ZKurynosa). B Tevenne 4 met
Hanpskentno paboramn llenTpanbioe koncTpykTopckoe 6iopo (B.Pasmbrciora) u OmbirHoe
npousBoncTso (JI.Pabunckuit, E.UBanos).

Bonbime paGoThl GbIIN BBIMOIHEHBI TIPU W3TOTOBJICHUN HJICK TPOHUKE W HJIEMEHTOB KaMep
FTC B Otnene apromarusannu wncturyra (FO.Pabos, A.Kymwun, I'.1la6muit). Hakorem, Bce
rpomMo3skoe obopynoBanne, nsrotosiernoe B [INAPD, 6buto nocrasieno B ZKeneny Tpancrnoprom
macturyTa (B.I'yruemos).

3akirodeHne

B 1995 rony mporpamma LEP-1 3akomumnnack. YcrtanoBkoit L3 6bio 3apeructpupoBano 60-
nee 5 MiH. pacnanos Z°-603on0s. Ony6aukosano okoso 100 crareiit. O6paboTka HoMyYeHHBIX
NaHHBIX OyIeT TpomoKarThes eme 2 — 3 roma. Tpn npyrux skenepumenta na LEP (ALEPH,
OPAL u DELPHI) o6nanator npumepro Takoil e CTaTUCTUKON Kakablil. PesyrbTarTsl Bcex
HKCIEPUMEHTOB HAXOMSATCS B XOPOIIIEM COTJIACHH.

['napwerit pesynbrat nporpammbl LEP-1 — yTBepx nerme cupasenmuBoctn CTammapTHol MO-
neru. He mafimeno wu omaoro gaxTa, KOTOPBIN He YKIaIbIBAICS Obl B PAMKN YTOW TEOPUM. JKC-
MEPUMEHTAIIBHO U3MEPEHO YMCIIO CEMENCTB JIENTOHOB. B paMKax Monen Ha OCHOBE M3MePEHHBIX
pammaInoHHbIX TTOTPABOK «BLIUNCIeHa» Macca t-kBapka. Qbnapyxemnue t-KBapka 1 N3MepeHe
ero Macchl (coBmasineil ¢ mpenckasanmsvu LEP) B skcnepumenTax Ha mpoTOH-aHTHIPOTOHHOM
komnaiinepe FNAL sBusocs ete omunm cBumeTenbcTBoM TopKecTBa CTanmapTHON MOMETH.

[Tporpammva LEP-2 naunnaercs 8 1996 romy. Dueprusi mydkoB Bo3pacTeT cHavaia 0 80 —
85 I'sB, a B 1997-98 romax mocturuer 100 I'sB. B 1996 rony cocTourcs nepsbiii ceanc nabopa
NaHHBIX [PH SHEPrUsSX HeCKOJILKO BhIe mopora poxnenns map WTW ™. Ilpu sTux ycmoBmsax
onpenenenne Maccbl W-6030Ha ci1abo 3aBUCUT OT MONEIbHBIX MPENNONIOKEHNIT, I Macca MOKET

411519 KpaTKOCTH CCHLIIKN MPUBEIEHBI Ha MPEIPUHTH CTaTell, HAIpaBIeHHbIX B H3BECTHELE Ky pHasl — Nuclear
Instruments and Methods, Physics Reports, Physics Letters



BR(r — n/K 7° v;) = 0.2505 + 0.0035 (cTat.) £0.0050 (cucr.),
BR(r — 7/K 27° v;) = 0.0888 + 0.0037 (ctat.) £0.0042 (cucr.),
BR(r — 7 /K 37° v;) = 0.0170 + 0.0024 (crat.) £0.0038 (cucr.).
Ompenenentl TakKe BepOATHOCTH PACHaoB T-I€ITOHOB C y4acTHeM HeHTPaJbHLIX KAOHOB:
BR(7™ — v,7~ K°) = 0.0095 % 0.0015(craT.)£0.0006(cucr.),
BR(7™ — v,7~7°K°) = 0.0041 + 0.0012(crar.)£0.0003(cuct.),
BR(r~ — 1/771'_[(0]&70) = 0.0031 + 0.0012(crar.)+0.0004(cucr. ).
Nsmepennas monspusaims 7-1enTonoB P (cos ) no3Bosuia onpeneauTh 3HAYCHUS BEITUTIH:
Ar=2g9viga/(gv® + ga®), l=e,T,

A, =0.150 £ 0.013(cTar.)£0.009(cuct.),
A, = 0.157 £ 0.020(cTaT.)£0.005(cuct.),
YTO COOTBETCTBYET OTHOIIEHUIO BEKTOPHON U aKCHATbHO-BEKTOPHON CJTabblX HEHTPAITbHBIX KOH-
CTaHT CBS3UM, PABHOMY
gve/gac = 0.0791 £ 0.0099(cTar.)40.0025(cuer. )
IIJTSL BJIEKTPOHOB 1
gv+/gar = 0.0752 £ 0.0063(cTat.)+0.0045(cuer. )
IIJISL T-JIEITOHOB, B COOTBETCTBUM € TUIOTE30H e-T-YHUBEPCAIBHOCTH. B mpennonoxennn e--
YHUBEPCATBHOCTH Hal/leHO 3HaveHre >PPEeK TUBHOTO yIJila CMEIINBAHUS 3JIEKTPOCIaboro B3au-
MOIENCTBAL:
sin® fy = 0.2309 £ 0.0016.
Anamms BoicokostepreTnaubix (£, > 15 I'9B) omnoGoToHHbIX cOOLITHIT TO3BOIMIT YCTAHO-
BUTH BEPXHUII MpeNes [jis MarHuTHOTO MOMEHTa T-HeidTpuHo, pasubii 4.1x107%up (mosepu-
TebHbI ypoBenn 90%).

IIByxdoToHHas pusmka

HpI/I NCCaenoBannm peaxkumm €+

f2(1525)-pesonanca. Usmeperno 3navenne mpomsBenenus PaanalioOHHON UPUHBl Ha BEPOST-

e~ — e"'e_’y*fy* — e"'e_KSOKSO HabITIoIaI0Ch  POKIeHIEe

HOCTH pacraa:
I (f5)xBR(f5 — KK)=0.093+ 0.018(cTar.)+ 0.022(cuct.) ko B.
Benuuuna yrita cMernnmBaHusi TEH30PHOTO ME30OHHOTO HOHETA paBHA
_ 1.4
6 =(29.4715)°.

[TpoBeneno nsyuenne oGpa3oBanmst 1).-ME30HOB B NBYX(POTOHHBIX CTOIKHOBeHMsIX. (JTOOpamo
28 cobbiTnit B 12 pasnuyHbIX KaHaJax pacrana 1.-Me3oHOB. Benwuwmna ¢dona onenena B 11
cobbrTuii. Halinena nByxdoToHHas panualnoHHas MIpUHA:

['yy(ne) = 8.0 & 2.3(crar.) + 2.4(cuer.) x5B.

Bxaang I1I1NSAD

Oxcrnepument L3 — onun u3 kpynuenux B ¢usnke Boicoknx suepruit. [INAD Brec cymecTBen-
HBIT BKJTA]T B CO3MTAHTE YKCIIEPUMEHTATLHOTO KOMILTeKca LL3: ooBrHa KpUCTAaIIoB HIIeK TPOMAr-
HUTHOTO KaJopuMeTpa Oblila M3TOTOBIIEHAa COBMECTHO M3 MaTepuasioB, mocTaBienubix [TNAD;
BBICOKOBOJTHLTHBIN MOHUTOP 15T MIOOHHOTO CIIEK TpoMeTpa ObliT pa3paboTaH, N3rOTOBIEH U CMOH-
tupoBan crennamuctamu [TUAD; Best snexTpormka cbopa MaHHBIX W KOHTPOJISI SKCIIEPUMEHTA
L3 (oxomo 1000 kpeiitoB CAMAC uw FASTBUS) pacrnonoxkena B cTofikax ¢ BOISHBIM OXJla-
KnenneM, cupoekTupoBaiibix (coBmectro ¢ [IEPHom) w msrotosnennwix B [IUAD; nakowerr,



BR(Z° — qqg*;9* — J + X) < 7.0 x 107,
Taxxe 6bII0 HCCIEIOBAHO NHKTIO3MBHOE POXKICHUE HelTpanbHbx agponos 70, n, K2 u A
B pacnagax Z°-6o3onoB. CpaBHeHne pe3yJbTaTOB ¢ JaHHLIMU, HOJIYYEeHHLIMI Ha HU3KODHEpPIe-

_|_

THYECKNX € 6_-KOHHaﬁH6an, IIoKa3aJjio, 4TO KsamToBas XpOMOOMHaMMKa XOpoHIo OIMMChEIBaET

(hopMy 1 dHEPreTUIecKyIo 3aBUCUMOCTD aIPOHHOTO CIEKTPA.

B-dpusuka

Ins anpormsx pacnanos Z°-6030H0B u3Mepeno otHomenne Ry, = [y /Thaq:
Ry = 0.222 £ 0.003(cTaT.)£0.007(cuct.).

N3 apanusa cobprTuil Tuma Z° — bb 6bL1H HallleHbl CIeAYIONNe BeITMINHEIL:

cpemHee BpeMs JKHU3HE b-aIpOHOB:
7, = 1535 £ 35(cTat.) + 28(cucr.) dc,
OTHOIIECHIEe BEPOSITHOCTEH MHKITIO3MBHOTO pokmenns B* m B-Mesonos:
Np+/(Np+ + Ng) = 0.76 + 0.08(crar.) + 0.06(cuct.),
BEPOATHOCTL MHKJIIO3WBHOTO pacmana b — 7v.X:
BR(b — 7vX) = 0.024 £ 0.007(cTat.) £ 0.008(cucr.).

U3Mepeno 3HAUCHIE HHTETPUPOBAHHOTO [0 BpeMeHN mapaMeTpa cMernmBamms B — BC, mi

komnosunnn BY- u BY-cocTosuuit, obpasytormuxcs npu pacname Z-6030H0B:
xB = 0.123 + 0.012(crar.) £+ 0.008(cuct.).
3 cpapHenws >Toil BeJIMYNUHDLI CO 3HAYEHUEM ITapaMeTpa CMeIuBaHus s BY-Me30HoB, ToTy-
yennoro kostaboparmeii CLEQO, naiineno smauenne nmapamerpa cmermnbanus BY:
Ys = 0.437925, )
Haiineno 3madenne acuMMeTpun BblJIeTa Bliepel-Hasaml b- i b-KBapKOB IIPU YHEPIUN B CHCTE-
Me TIeHTPa Macc \/5 = 91.30 I'sB:
Ay = 0.087 £+ 0.011(cTat.) + 0.004(cucr. ),
YTO COOTBETCTBYET >P(PEKTUBHOMY YIJIY CMEIINBAHUS K TPOCIab0ro B3alnMONEHCTBIS
sin? Oy = 0.2335 £ 0.0021.

[Touck smekTpoMarauTHOTO pactamna b — sv, pacmanon Bgs — Y7, a TaKKe PENKUX pacia-
OB Bg7s—Me30HOB B HelTpaJbHBIX SKCK/IIO3MBHBLIX KaHatax 1y, n7° u 77" He npuHec mooxu-
TeBHBIX Pe3YabTATOB. Y CTAHOBJIEHDI CIEYIOIINe BepXHIe MPeneinl (OBEPUTENBHLIN YPOBEHE
90%):

BR(b — s7) < 1.2 x 1072,
BR(B} — vv) < 3.9 x 1073,
BR(B? — vv) < 14.8 x 1077,
BR(BY) — nn) < 4.1 x 1074,
BR(B? — nn) < 1.5 x 1072,
BR(BY} — n7%) < 2.5 x 1074,
BR(B? — n7%) < 1.0 x 1073,
BR(BY — 77%) < 6.0 x 1072,
BR(B? — 7%7%) < 2.1 x 107%.

CsBolicTBa T-JIEIITOHOB

HaﬁI[eHBI clenyrommne 3sHa4YeHn A BepO}ITHOCTeﬁ ITOJIYaOPOHHBIX pacllaldoB T-JIEIITOHOB!:

BR(r — 7/K v,) = 0.1182 £ 0.0026 (crar.) +0.0043 (cuct.),



/-

[IpomsBemen mpsiMoil TOMCK TPeX TUIIOB M30CHHTJICTHRLIX HEATPAJIbHLIX TSIKEIBIX JICIITOHOB
N., N, u N., npenckasbiBaeMbIX Bo MHOIUX pactmpennsx Crannapraoit Monenu. He naiineno
HII OJHOTO KaHINIaTa; YCTAHOBICH BEPXHUN IIpemes

BR(Z° — »/N)) <3 x 107°
Ha JoBepuTeaLHOM ypoBHe 95% mias nuanaszoma macc oT 3 1'9B mo my.

[IpoBenen anaan3 alpOHHBLIX paclanos Z°-6030HOB ¢ IeTbIO TONCKa CHTHAJIOB OT HOBBEIX Y3-
KX BEKTOPHBIX pe3oHaHcoB, 6mmsknx 1o macce K Z°. OTcyTcTBre Ha NOBEPUTEILHOM YPOBHE
95% mpU3HAKOB HOBLIX COCTOSHUI MO3BOJISET UCK/IIOYUTEL CYIIECTBOBAHNE KBAPKOHIS B [Malla-
30He Macc oT 87.7 mo 94.7 I'»B.

YeTwipexdpepMuonnbie coObITHSA OLLIN NCIOIL30BAHLI TP HONCKE HOBLIX JaCTHUIL, POXKIAIO-
muxcs B peaknyun ete™ — 7% — X 7* rne X nnu Z* pacnamaroTcs Ha JIEITOH-TEITOHHYIO I
KBapK-KBapKoByI0 mapy. KommdecTBO 3aperncTpuUpoOBaHHBIX COOLITHH W WX KHHEMaTHYECKHe
pacipenenenns COBIAIN ¢ BhIUncaeHnsMn B pamkax CrammapTroil Momenn. Hukaxom cytie-
CTBEHHOI CTPYKTYPHI He ObLIO HaWIeHO B CIEKTpaxX MUICITOHHON WHBAPUAHTHON MacChl MJIN
Macchl OTITadl.

IIpoBepka kBauToBoil sekTponunamuku (K3]T)

te™ — y7y(v) npu sueprusx

Haiinenor nnterpaibioe u quddepernnaibioe CeUeHns Peakiiii €
okosio 91 I'sB B cucteme nierTpa Mace. Pe3yabTaTsl HaXomsTCes B XOPOIIEM COTJIACHT ¢ TPeIcKa-
sapmavn KO 1. Ycranoiensl HUKHIE TIpefesbl Ha NOBEpUTEILHOM ypoBHe 95% miis 3Havennit
MacIITabHOTO MapaMeTpa TodeuHoro BsanmMopneiicTBus A > 602 I'sB, maccsl Bo30yKIeHHOTO
IeKTPOHA M+ > 146 ['B n mapamerpos obpesanus KO Ay > 149 I'sB and A_ > 143 I'sB.
Haiimennr cienytotiie BepX e penerbl (I0BepUTENbHBIN ypoBeHb 95% ) miist mapumaibHbIX
MIUPUH pagdalllOHHLIX pacnanoB Z-6030H0B:
BR(Z° — v9) < 5.2 x 1077,
BR(Z° — 7%) < 5.2 x 1075,
BR(Z° — nvy) < 7.6 x 1072,
BR(Z° — vy7) < 3.3 x 107°.

Onpenesnenne o

KomncranTa cBS3U CHILHOTO B3aMMONENCTBUSI (v ONIpeieNieHa N3 aHajn3a TI00ATBHBIX TTapaMe-
TPOB U DHEPTETUUECKUX KOPPEISIITII ISl COOLITUH, COOTBETCTBYIONINX AIPOHHBIM pPaciiaiaM
Z°-6030mn08. [lonyueno smauenue

as(91.2 I'sB) = 0.125 + 0.003(vkcm. ) + 0.008(Teop. ).

Mukno3uBHOe poxXIeHNe aJpoHOB B pacnanax Z’-6030HOB

W ccnenoBanme MHKTIO3MBHOTO POKIEHHs ME30HOB J /1) W Y. B a[pOHHBLIX pacliafgax 7 -6030HOB
IaJ10 cllelyfolllue 3HaueHUs BepOSTHOCTE pacalloB:

BR(Z° — J + X) = (3.6 &+ 0.5(ctar.) &+ 0.4(cuc.))x 1075,

BR(b— J+ X) = (1.3 £ 0.2(ctar.) £ 0.2(cuct.))x 1072,

BR(Z° — xa + X) = (7.5 £ 2.9(cTar.) £ 0.6(cuct.))x 1072,

BR(b — xa1 + X) = (2.4 £ 0.9(crar.) £+ 0.2(cucr.))x 1072
Ycranosien (noepurenbubiil ypoBenb 90%) Bepxumil mpemesr BeposTHOCTH poxmerus J/i-
Me30Ha BO30YKICHHBIME [JIIOOHAMIE:



Hp}lMOG oIrpenesicnue 4mucjia ceMeliCTB JIeTKIX HefITpI/IHO OLLIO IIPpOU3BEACHO IIyTEM M3MeEpPe-

HUs cedenusd 1mporuecca €+

e~ — vy
N, =3.14 £ 0.24 (crar.) £0.12 (cucr.).

W3 acumMeTpun BblsleTa JIETTITOHOB BIIepel-Ha3al I CpeqHel moIapu3alni T-JelTOHOB, Ollpe-
MelleHbl clenyiolnne 3Hadedns >PPeKTUBHBIX KOHCTAHT CBSA3HM CITAaOBIX HEXTPabHBIX TOKOB C
JIENTTOHAMU:

gvi = —0.0378%50045,
gar = —0.4998 £ 0.0014.
B pamrax CrammapTHOI MOmenn ¢ y9YeTOM M3MEPEHHBLIX 3HAaUeHNil acHMMETPHUHU BBLIETa JIeTl-
TOHOB BIepel-Ha3al ¥ TaplualbHOIl MIUPUHLI pachana /° — bb 6Lio TOJIYYeHO CIenyrolee
3Hadgernme >PpPeKTUBHOTO YTJIa CMEMTIBAHNS 31K TPOocaaboro B3anMOIeic TBIS:
sin? Oy = 0.2326 £ 0.0012.
[Tonyuennr Takxe onenkn Macchl t-kBapka n W-6030ma:
my = 158755 £19 1B,
mw = 80.22 +0.22 I'5B.
AHanmu3 M30IMPOBAHHBIX KECTKHX (POTOHOB, COIMPOBOKMAIONINX al[pOHHBLIC pacHambl /Z°-
6030HOB, TO3BOJIMII OIEHUTH 3JeKTPOCIabyio KOHCTAHTY CBA3M KBApPKOB ¢ Z°-6030HOM:
cud = U9V + 9% )ua;
rie WHAeKCH u 1 d 0603HaYaloT, COOTBETCTBEHHO, KBapKu ¢ 3apsaoM +2/3 (u-tuna) m -1/3
(d-tuna). W3 cpaBHeHus TOMYUYeHHBIX Pe3yILTATOB ¢ HE3aBHCHMO m3MepenHoil B L3 mosmoil
aTpOHHON TTUPUHON 79-6030H0B OLLIN HalIeHbI CIIeAyIoIIne 3HAUCHN:
¢y = 0924022, ¢;=1.63%0.15.
OTu pesyabTaThl XOPOIIO COTIACYIOTCA ¢ npenckasannsymn CTammapTHON MOIEIH:
¢y = 1.156 £0.014, ¢4 = 1.486 £ 0.015.

Ilns pacnanos Z°-6030HOB ¢ HapyIIeHNEM COXpaHeHWs JICIITOHHOTO YICIa MOy YeHbl CIIey-
IOTITIe TIpeiesTbl (IoBepuTenbHbIil ypoBerb 95% ):

BR(Z° — ep) < 0.6 x 107°,
BR(Z° — er) < 1.3 x 1072,
BR(ZO — ur) < 1.9 x 1077,

Ilonck HOBEIX qacTni

CymecTBoBanue 6o3ona Xurrca H° B pamkax MunuMaibHoll cTangapTHON MONEIN HCKIIOUEHO
manubiMu L3 B pgmanasone mace 0 < mpo < 57.7 I'sB. He maiineno npusnakoB poxneHus
HEUTPAIILHBIX W 3apSKEHHBIX 6030H0B XUTTCA, MPENCKAa3aHHbIX HEMITHIMAILHBIMI MOTEITSIMI.

He obmapyxkeno cymecTBOBaHUS MOMOJHUTENLHBIX TAKEIbIX KaJuOpOBOYHLIX GO30HOB /'
yros cMertmiBaius (/ — Z') Hafifien paBHBIM HYJIO B PaMKaX BCEX MOJEell.

CobuITus ¢ OMHUM WIIW ABYMSI KECTKUMI N30JTUPOBAHHBIME (DOTOHAMEU OLIIN MCTIOTH30BAHbI
TS TIONCKa HOBBIX ITPOIECCOB, MPOXOAANINX ¢ mcryckanmeM ¢oTonos. [lomydensr cremytorme
OlEHKY (IOBEPUTENLHBIN YpoBenb 95%) s poxmeHus Bo30YKIEHHBIX KBaPKOB:

olete™ — Z° — ¢"¢q) x BR(q* — q7) < 10 16,
olete™ — 7° = ¢*¢*) x BR*(q* — q7) < 2 16.

He nalineno npusHakoB CyllecTBOBaHUS HeilTpajuHo. DTO fJaeT oleHKy mnopsaka 1077 mis
BepxXHETo Ipesesia BeposTHocTH pactanos Z° — yy' 1 Z° — \'y'. B pamkax MuanManbHoi cy-
MEPCUMMET PUYHON CTaHIapTHON MOIETN CYIIeC TBOBAHTE JIeTYalIiero Hel TPAInHO Y\ UCKITIOUe-
HO BIUIOTH 110 Macchl my = 18 5B, ecim tgf > 2, mubo macca romonno my > 100 I'sB.
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Puc.4. PasrocTh a3uMy TaIbHBIX YTI0B (B paguaHax) B IUMIOOHHBIX COOBITUAX, H3MEpPeH-
Hag ¢ nomolnso FTC.

IlapameTpsl 3stekTpociiaGoro BzanMoneicTBuUs u IpoBepka CTaHmapTHON Moaesun

[TapamMeTpBI 5JIEK TPOCTAG0TO B3aMMOENC TBIS GBIITH OMPEIeTIeHb Iy TEM MCCIIEIOBAHIS PEeaK I
te™ — amponnbi(y), ete™ — ptu=(v), ete™ — 7777(), ete™ — ete (7). Bee mabmonenns
NONTBEPKAAIOT TUHOTE3y YHUBepcanbHocTH gentonos. Cnenytomine coitcTpa Z%-6030H0B GbLIH
MOJTYYEeHbl W3 TaHHBIX 110 aPOHHBIM U JIETTOHHBIM CEUEHUSIM:

my = 91195 + 9 MoB,

I'z = 2494 + 10 M»B,

Phad = 1748 + 10 MoB,

I = 83.49 £+ 0.46 M»B.
CooTBeTcTByOIIas HeBUAUMAS [ITHPUHA

[y =496.5 £ 7.9 M5B
orTBevaeT, B paMkax CTammapTHON MOIENN, KOJUIECTBY CeMENCTB JerKiX HelTPUHO, PABHOMY

N, = 2.981 + 0.050.

€
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Puc.2. Paspelienne curraibHOR

npososioku FTC B 3aBucumoctu ot
BpeMeHU Ipelida.

Puc.3. Cxema sueitkn FTC. Iloka-

3aHbl JIONMOJIHUTENbHbIE MoHe0bpasylo-
e cTPunb, GopMuUpyolIne KBa3uo-
HOPOIIHOE 3JIeKTPpUYecKoe ToJle.

pHUCYyHKa cllefiyeT, Y¥TO BEpOsSTHOCTL HENPaBUILHOIO ONpenesieHns 3HaKa 3apsia MIOOHa MaJa.

Bromie ectectBenna Bhicokash TOYHOCTDL m3Mepenus ¢ nomorbio FTC momspmoro yrima 6:
paccTosiHe No MeHTpa yeTaHoBKN L3 3amaeTcs reone3sndecKnMm M3MepeHUsIMI, a KOOPIUHATHI
nepecevenns TpaekTopun ¢ nuckamu FTC onpenenenst ¢ TounocThio He xyxe 200 MKM, TO>TOMY
orrce(0)~ 0.5 mpan. Onraxo npu uMmyabcax dacTur Menbire 15 'sB Mmuorokparnoe paccesmne
Bo Quantax TEC orpannumBaeT TOYHOCTD ONpeNeeHus TOSIPHOTO YTIIa.

OcHOBHBIE pe3yJIbTAThHI

C 1989 roma ¢ nomoribio ycranopku L3 6bL10 3aperucTpupoBaHo Gojee 5 MIH. paciianos Z°-
6030m0B. O6paboTKa MaHHLIX MPOMoKaeTcs. TeM He MeHee, HET OCHOBAHWH OXKUIATH MO OKOH-
YaHWN aHAJIM3a 3aMEeTHOTO M3MeHeHns (PYHIaMeHTATbHBIX (PU3NYEeCKUX BBIBOIOB, OMYOINKOBAH-
HBIX No cepennabl 1996 rona.



HI3KOM CKOPOCTBHIO Apefidpa (6 MKM/HC) TO3BOIUIIO YCIEINTHO PEMNTH TOCTABIEHHYIO 3a0aqy.

[lerTpanbHbI TPEKOBLIN TETEKTOP OKPYKEH ABYMS IMUJINHAPUIECKUME TPOMOPITHOHATILHbI-
MU KaMepaMi ¢ KaTOIHBIM ChbeMOM HHGOPMAINT, TTO3BOJISIONIIME N3MePSIThH KOOPANHATHl TpeKa
BOOJIL ocu 7 ¢ TounocThbio 300 MKM, 4TO HSKBUBAJIEHTHO U3MEPEHUIO TOISIPHOTO yIJla ¢ TOYHO-
cThio ~ 1 Mpaj.

[lerTpanabHbIT TPEKOBBIH METEKTOP € BBICOKOH TOYHOCTLIO M3MepseT MapaMeTpbl Tpeka B
IpPOCTpaHCTBe B Analla3oHe HOISPHLIX yriaoB 45° +— 135°. 3a mpemesamu 5Toro mmama3oHa TOU-
HOCTH OIPENeSIeHIsl MOSIPHOTO YTila 3HadnTenbio nanaeT (og ~ 10 mpan). [lamaer n TognocTs

olpene/IcHa UMITYJ/IbCa 3-3a YMEHBIICHUA YIHCJIa I/ISMepeHI/H?I KOoOpanHaT TpeKa.

TopueBnie TpekoBbie neTekTopbl — FTC

B obnactu nonspubix yriaos 14° <+ 35° u 145° + 166° usmepenne mapamMeTpoB TPEKOB 3apsiKeH-
HBIX dacTul ocyilecTBiseTcs: copMectrno TEC m toprueBoimu TpekoBbivu metexkTopamu FTC
(Forward Tracking Chambers). FTC-netexropnr pasmernennr Mexmy dpmanmavn TEC (Tommm-
HOI OKOJIo | pammanmonHol MIUHB) U 57IeKTPOMArHUTHBIM KaJOPHMETPOM, 3aHIMas MOJOCTh
pasmepom okoso 100 Mm Brosh nyuka. [Ipu stom FTC msmepser nse koopannarsl Tpeka (X u
Y) ¢ TounocThio He xyxe 200 MKM.

FTC cocTtonT m3 weTbIipex MWCKOB, KaXKMBI U3 KOTOPLIX CONEPKUT 26 TPIMOYTOIHHBIX
seeK, MPeNCTaBISIoNuX coboll npefidoBble KaMephl ¢ YeTHIPbMs CUTHAJIBHBIMU MTPOBOJIOKAM,
OTIPENENSIONINMI KOOPINHATHI TPeKa B TIOCKOCTH, TePHEHINKYIIIPHON oci 7, TIyTeM u3Mepe-
HUsE BpeMenn npeiida. N3Mmepenne aMminTyn CUTHAIIOB ¢ 060MX KOHIIOB CUTHAJIBHBIX MTPOBOJIOK
MO3BOJIET TaKyKe ONEHNBATHh KOOPIWHATY TPeKa BIOJh HAlPABJIEHWS CUTHAJIBLHON MPOBOJIOKH
MEeTOJIOM JIeJIeHNs 3apsiia.

Ha puc.2 mpuBenen npumMep 3aBUCHUMOCTH MTPOCTPAHCTBEHHOTO PAa3pEIIeHnsi OT MOJTHOTO Bpe-
MeHU npelida. Y XyHIleHne paspelleHns Ipu MajlbiX BpeMeHaX npelida cBa3aHO ¢ QIYKTYyallu-
sMU B Tiporiecce monm3aruu. [lpu 66mbimx Bpemenax npeiida nuddysust HIeKTPoHHOro obia-
Ka TaKiKe HECKOJILKO YXyAllaeT paspelenue. TiaTenbHoe GopMupoBaHe KBa3nOIHOPOIHOTO
HIEKTPUIECKOTO TOISE (CM. pHC.3) TO3BOIMIIO 3HAYMTENLHO YMEHBIINTH KpaeBble 5P(eKThI, He-
usbeKHbIe TIPU CTOJL MaJIbIX pasMepax apeiidosoi sueiiku [1].

KoncTpykius merexTopa onpenesnseT Takke W pacCTOsSHIE, Ha KOTOPOM IBa TpeKa MOTYT
OBITH pasmenensl. Nsmepentoe snaderue 5Toil Benmanibl (2.5 + 2.7 MM) COOTBETCTBYET OXKH/Ia-
HusM. [Ipu usmepennn KoopauHATHI METONOM MEJIEHUS 3apsifia paspelleHne OKa3aloch PaBHBIM

npuMepHo 20 MM, YTO SBISETCS XOPOIIUM Pe3yIbTaTOM, TTOCKOIbKY B KadecTBe CUTHAILHON
HCTOIB3YETCS CTaHAapTHas HU3KOOMHAs MTPOBOJIOKA.

KawecTBo kamubpoku n BuicTpoiikn FTC MoxeT 6bITH TPOMIITIOCTPUPOBAHO Ha MpUMEpE
nByxudacTuuyHOro pacnana Z° — ptp~. B pgambmom pacnanme o6pa3oBaBIIecs MIOOHBI HMEIOT
Gombire uMIyanchl (~ 45 ['9B). B obmacti monsiprsix yroos 14° <+ 35° u 145° = 166° xonmde-
cTBO m3MepeHHbx ¢ nomorsio TEC Touek B 1.5 — 2 pasa membIlie, 4eM B NMEHTPAILHON 9acTu
netexTopa. [losToMy BeposITHOCTDL HePaBUILHOTO OMpeNeeHns] 3HaKa 3apsaa ¢ MCIOTh30Ba-
nuem tonbko undopmanuun TEC B sTom ciyuae 6mmska k 50%. Xors FTC umeer meckonbko
MEHBIITYIO0 TOYHOCTH U3Mepenus KoopauuaT, veM TEC, nianta myTr MIOOHOB B MATrHUTHOM ITOJIE
3mech nmpuMepHo B 1.5 pasa 6osblie (TOYHOCTDL W3MEPEHs KPUBU3HEI TpeKa KBaIpaTHIHO 3aBH-
cutT oT ero mannbl). Ha prc.4 mpuBeneno pacrpenesnenne pasiocTh a3uMy TaJIbHBIX YTIIOB TOUEK
nepecevenns TpaekTopuil MioonoB ¢ muckamu FTC: mBa mmka cooTBETCTBYIOT IBYM pa3HbIM
TPAEKTOPUSIM OTPHUIATETHHO 3aPKEHHBIX MIOOHOB — B TIEPEHION0 MITH 3aIHIOI0 moycdepnr. U3



AnpoHHBII KaJIopuMeTpP U MIOOHHBIN GPUILTP

DHeprus aIpoHOB, BOZHMKAIONNX IpH €T

norJjiomeHns B SJACKTPOMarHUTHOM 1 aAPOHHOM KaJIOpUMeTpaX. B xauecTBe morsioruTesns B

6_-CTOJIKHOB€HI/I}IX7 nsMepsdgeTrcs MeTonoM IIOJTHOT'O

AIIPOHHOM KaJIOPUMETPE UCTIOIL3YIOTCS YPAHOBBIE MIIACTHHBI, B TPOMEKYTKaX MEKIY KOTOPHI-
MU PaCIOIOKEHDBI TPOMOPIINOHAIIBHEIE TPOBOIOYHBIE KaMephbl. KalopuMeTphl Takke CIIyKaT
GUIALTPOM, TIO3BOIISIONIIM TOILKO MIHIMAIBLHO HOHU3UPYIONINM YacTUIAM JOCTUYL MIOOHHOTO
ciek TpoMeTpa. ObIas TONIIIHA HJIEK TPOMArHITHOTO U aJIpOHHOTO KAJIOPIMETPOB YKBUBAJIEHT-
Ha 6 — 7 NJmHaAM S/IEPHOTO TOTJIONIEHNS.

Curnainl ¢ TPOBOJIOK TTPOTOPIHOHATBLHBIX KaMep aPOHHOTO KaJOPUMeTpa CTPYIITHPOBAHBI
TakuM 00pa3oM, ITOOLI U3MEPSITH MOTOK YHEPTUHU B TakK HA3LIBAEMBIX OAITHIX, KCMOTPSIITIX> B
TOYKY B3amMoflelic TBUs B TestectoM yrite ¢ Af = 2° | Ap = 2°. CermenTanus 6arien B painaib-
HOM HallpaB/leHnN obecreunBaeTCsi O0beINHEHNEM TTPOBOJIOK TOJILKO B Tpefeiiax Kaxaoro 3 10
croeB KanopuMeTpa. lleTambuas nudopMalnsi 0 TPOCTPAHCTBEHHOM paClpelesleHnn YHEPTUN B
AJIPOHHBIX JIUBHAX TO3BOJISET ONPENenTh HAlpaBIeHNe OCU JIMBHS € TOYHOCTBIO OKOIO 2.5°.
Ob611ee sHeproBuleeHne TP alpPOHHBEIX paclianax Z°-6030HOB U3MepAeTCs ¢ HOIPEHIHOCTbHIO
ne xyxe 10%.

Mioonnniit GuILTp pacrioioKen BHYTPHU TOMIEPKUBAIONIEN TPYOLl n No6aBIseT MPUMEPHO
ONHY JJINHY siHepHOTO noriolenus. PuiabTp conepkKuT 6 €jI0eB TOrIOTUTENS 13 GPOH3BI, MEKITY
KOTOPBIMU HAXOMATCS D CIOEB TTPOMOPINOHAIILHBIX CYETUYNKOB B BUe TPYO, MapasjiebHbIX OCH
7.

Anponnniii KaJoOpuMeTp W MIOOHHBIH (GUILTP Takike >(PPEKTUBHO PETUCTPUPYIOT MUHU-
MaJTBbHO MOHW3UPYIOIINE YaCTUILI, UTO MO3BOJSIET CYIIECTBEHHO YIYUIINTDL UACHTUMUKAIITIO
MIOOHOB.

OJIeKTPOMarHUTHLIN KaJlopuMeTp

Dmek TpoMarunTHLIN KasiopuMeTp L3 nMeeT BLICOKOE SHEPTETUUECKOE U TTPOCTPAHCTBEHHOE Pas-
pertierie B mupokoit o6macTu suepruit (ot 100 M»sB no 100 I'sB). On coctont 3 11000 xkpucra-
708 TepmanaTa BucmyTa (BGO — Bismuth Germanium Oxide). Kaxnprit kpucrana Boimonten
B BUJIE yCEUEHHON MTUPAMUIBI IITHHON 27 CM € pa3MepaMy BHYTPEHHErO W BHEITHETO OCHOBAHUNT
2 x 2 cm? u 3% 3 em?, cooTBeTcTBeHHO. DHEpreTHUecKoe paspelieHne KaJopuMeTpa cocTaB/lIseT
5% npn sueprum saextporos 100 MsB n 1.5% npn Beicoknx sneprusx. [IpocTpancTsennoe pas-
peltiente ipu YHeprusx Boite 2 9B cocTasiaseT oxormo 2 mMm. KajgopumeTp mo3BosiseT HameKHO
nAeH TUGUITITPOBATE M30INPOBAHHBIE HIIEKTPOHLI 1 (POTOHBI: TPUMECEH APOHOB He TPEBLITIIAET

0.1%.

HenTpanbHLINI TPEKOBLIN OeTEKTOP

[Monnas mwHa Tpeka 3apsKEHHBIX YacTHIL B MNEHTPATILHOM TPEKOBOM JETEKTOPE COCTaBIISET
oxkoro 30 cm. [lmst onmpenenenus 3maka 3apsma dacturnl ¢ suepruein 50 ['5B Tpebyercs xax
MuHEMYM D0 mW3MepeHnil KOOpANHAT ¢ TOYHOCTHIO H) MKM. DTO OBIITIO HOCTUTHYTO CO3MTAHUEM
crermmanpioii npeiidosoit kamepsl — TEC (Time Expansion Chamber). Curnanbibie mposoito-
KW, Tapase/bible och 7, PachoiokKeHbl B 06JaCTH ¢ BBICOKUM SJICKTpUYecKuM mojieM. Hutn
OT/IeJIEHBI CETKOM OT 0671aCTH HU3KOTO TOJIs, T'/Ie B OCHOBHOM 1 IMIPOUCXOMUT APeii() 5K TPOHOB.
UcnonbsoBarne rasoBoil cmecu ¢ Masoit quddysueit® (mpu noBbimenHoM nasaennn — 1.2 6ap) u

380% CO5 + 20% C4Hqp.
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Puc.1. Bun metextopa L3 B paspese

MIOOHHBIN TeTeKTOop

MIOOHHLIT AeTEKTOP COCTOUT U3 IBYX «KOJIEC», KazK/Ioe IJINHOIl oKoso 6 M. B cBolo ouepens, ka-
K0€ U3 HIX CONEPKUT BOCEMb HE3aBUCUMBIX CTPYKTYP — OKTaHTOB. KaxK bl OKTaHT BK/IIOYaeT
5 mpeldoBLIX KaMep, H3MePSIOMNX KOOPAMHATLI TPeKa B IIOCKOCTH, IIepIeH INKY/ISpHol ocu Z
(HampaBreHme Ty dKa S7IeKTPOHOB): B KaMePhl B HapyKHOM CJloe 10 16 cCHTHATBHBIX MTPOBOIIOK
B KasKJoll, IBe KaMephl B CpeqHeM ciloe 110 24 cHrHajbHbIe IPOBOJIOKU B KazKOON, U OHa KaMepa
BO BHYTPEHHEM cJIoe ¢ 16 CHrHaJIbHBIME IIPOBOJIOKaME. Kpome TOro, BHENIHUI U BHYTPEHHNIT
cllou KaMep OKPY:KEHBI IPeilpOBLIMU KaMepaMil, U3MePAIONIIME KOOPAUHATEL TPeKa BIO/Ib OCH
7. Tak Kak TpaeKTOpHE MIOOHOB ¢ »Heprueil 6onapie 3 I'sB yknanpiBaoTcs B nmpemenax omHoro
OKTaHTa, TO BLICTPOIKA C BLICOKOIl TOUHOCTBLIO OCYIIECTBIILETCS TOALKO B IIpeesiaX KazKOooro
OKTaHTa C IIOMOIILIO HJIEKTPOMEXaHNYECKO CIcTeMbl MOHUTOPoB. CucTeMaTnmdyecKas OmuOKa
BoICTpoiikn He npesbimaeT 30 MkM. To4HOCTEL M3MEpennii MIOOHHOTO CIEKTPOMETPa KOHT POJIH-
pyeTcs onpenenenneM Macchl Z%-6030oma u3 pacnana Z° — utu~. Habmonaemoe pasperienue
1o UMby MI0OHOB 0 (P, [ Fyeum ) = 2.5%.



NCCIJIEJOBAHNA HA BOJIBIIOM
SIIEKTPOH-IIO3UTPOHHOM KOJIJIAMIEPE
IMHEPHa - SKCIITEPUMEHT L3

A.A.Bopobren, A.I'.Kpusmnu, B.A Illereabckui

B Esponefickom nientpe snepubix nccnenoBanuii — [[EPHe — B 80-e romwr 6n11 moctpoen
KPYIHEHINI B MUpPE YCKOPUTEILHBIN KOMIIIEKC — BobIoil 51eKTpoH-TIO3UTPOHHBIH KOJLIaii-
nep (Large Electron-Positron Collider — LEP). B ray6okom Tonmerne (50 — 170 M) muuroit 27 kM
YUK 57I€KTPOHOB U IO3UTPOHOB yckopsioTcs no suepruit 45 I'aBl. IIpu cTonxnosenun srux
Iy4KoB poxpaioTcs Z°-6030Hbl, pyHAaMeHTa IbHbIe YaCTUIBL — IEPEHOCUUKN CIaboro B3auMo-
MENCTBAL.

YeThipe sKcniepuMeHTaTIbHbIE YCTAHOBKH, PACIIONOKEHHBIE B TIOM3EMHBIX 3a/laX B MecTax Ile-
pecedeHns MyYKOB, TpeqHa3HAUYeHbl 71 BCECTOPOHHETO U3YUEHUS SIBIEHUI TP CTOIb BBICOKMX
sueprusax. CaMbiil GOITLITON W3 STUX METEKTOPOB — 1.3 — 6bIT COOpYKEeH O0bLEMNHEHHBIMEI Y CUITH-
svu 1000 ¢usukoB n umxkenepos u3 15 crpan 3anannoir n Boctounont Esporer, Asunm u CITA.
Hauwnas ¢ 1986 rona, B konnmaboparun L3 yuacrByer [TUADP.

OTnuanTenbHoOl 0COGEHHOCTRIO MeTekTopa L3 sBiseTcs BLICOKOE bHepreTuIecKoe paspelre-
He (mydree cpenn Beex skenepumMenTos Ha LEP) mpu pernctpanmn menronos n ¢poronos. Do
SIBJISJIOCH OCHOBHBIM TpebGoBaHUEM MPU MPOEKTUPOBAHUE HJIEMEHTOB YCTAHOBKM.

IHeTexkTop L3

Maraut L3 sBisiercs caMbiM OOJTBINTNM 13 KOTHa-Tn60 TPUMEHSIBIINXCS B HAYYHBIX UCCIIENOBA-
HISX: 06BbeM ero MarHITHOTO TI0JIs cocTapageT npumMepro 12 x 12 x 12 m?. [louTn Bce smeMenTh!
JeTeKTopa pasMellleHbl BHYTPU MarHuTa, oot Bec kotoporo 7800 T; MarHUTHOE TOJe, Ha-
paBileHHOe BAOIb ocu Ty4KoB, cocTaBisgeT 0.5 T. [l nomyuenns BEICOKOTO pas3peleHus mpu
olpeNiesIeHN N SHEPTUN MIOOHA HEOOXOMUMO ¢ HOJBbINOI TOYHOCTBHIO M3MEPITH MapaMeTpPhl ero
TPAeKTOPUN B MArHUTHOM TOJI€, ¢ MUHUMA/TLHBIM KOJINYECTBOM BeIeCTBa Ha MYy TH YaCTUIIbI.
[TosToMy MIOOHHBIH CIIEKTPOMETD NOJIZKEH ObITH PACIIOJIOKEH Mociie GUIbTPa U KaJOpUMETPOB,
OCTaHABIMBAOIINX BCe CUIbHO-B3amMoeficTBytolne dacTuibl. Ha puc. nerektop mzobpaxen
B paspese.

DeMeHTHl NeTeKTopa TMOMIEPKNBAIOTCS CTajdbHOl Tpybol maumonn 45 M u muamMeTpoMm
4.45 M. MIooHHBIIT CIEKTPOMETD CMOHTUPOBAH CHapyXu TpyObl. BHYyTpu TpyOhI pacnonokKeHb
MIOOHHBIN (PUITBLTP, AIPOHHBIA KaJIOPUMET]P, 3JIEKTPOMArHUTHBIN KaJopuMeTp, NeHTPaIbHbIi
TPEKOBBIl IeTEKTOp 1 TOpILEBbIe TPEKOBLIE NeTEKTOPhIZ.,

!B 1996 roxy mauagach mporpaMma nccienopanmit LEP-2, ¢ sgeprueil myuxos mo 100 I'sB.
B 1993 — 95 rr. B ycTaHOBKY L3 6ELIH TakiKe BKIIOUeHH TOpIeBEle MIOOHHEIE KaMepHl I KPeMHIEBLII
BEPIIUHHBIN TeTEKTOP.



