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06m;ru~ xapa.KTepHCTHKa pa60Thl 

AKTYaJJbHOCTb. 3a rrpome~rrme 40 neT, c MOMenTa OTKpb!TllH oqaponaHHb!X c-KnapKon, 

H3y'lenHe cnoilcTH H CTPYKTYPhl oqaponaHHb!X ~onon rrocrerrenno ycTyiiHJIO MeCTO HX 

HCII0Jlb30Ba.HHIO B Ka'!eCTBe HHCTpyMeHTa IIpll HCCJie~OBaHHH1 KaK OTKpb!TbiX II03)Ke 6o

Jiee TH)KeJib!X rrpeJieCTHbiX ~OHOB1 TaK H CIIHHOBOil CTpyKTypbl HYKJIOIIa. EcJIH nep

BOe HBHJIOCb JIOrH'IeCKHM CJJe~CTHHeM TOrO <PaKTa, 'ITO npeJieCTIIbiil b-KBapK B "Cabbibo 

neno~aBJiennoil 11 Mo~e nepexo~T n oqapona.Hnb!il KBapK, TO H~eH HCnOJib30BaiiHH oqa

ponarmMx D 0 Me30HOB (KnapKOBb!il COCTaB CU) ,!l,JIH H3MepeHHH nOJIHpH3aiJ;HH rJIIOOIIOB B 

HYKJIOHe H HX B03M0)KII0rO BKJJa,D;a B ero CIIHH 1 HBJIHeTCH r;ry60KO IIeTpHBHaJibHOil, KaK no 

cyTII, TaK H C TO'IKH 3peHHH IIOHCKa pemeHHH 3aTH)KHOrO CnHHOBOrO KpH3HCa npOTOHa, 

H3BeCTHOrO C 1988 ro~a. 
IJepBaH '!aCTb ~HCCepTau;HH nOCBHIIJ;ena HCnOJib30BaHHIO oqapOBaHHb!X Me30HOB B Kaqe-

CTBe HIICTpyMeHTa ,!l,JIH H3y'leHHH B Me30HOB1 npe~e ncero B~ (KBapKOBb!il COCTaB bs) ll 
B~ (KnapKOBb!ii cocTaB bS). B CTaH~apTnoil MO~eJIH (CM) CTPYKTYPhi H B3aHMO~eilcTBHil 

3JieMenTapHbiX qacTHIJ; cMemHnanHe HJIH ocu;HJIJIHIJ;HH B~-B~ HBJIHIOTCH npHMbiM c;re~

CTBHeM CJia6oro B3aHMO~eilCTBHH BO BTOpOM nopH~Ke H OTHOCHTCH K O)VIOMY H3 OCHOBIIbiX 

ee npe,n;cKa3aHHil. ITOIICK B~-B~ OCIJ;HJIJIHIJ;Hil BXO~HJI B 'IHCJIO npHOpHTeTHbiX 3a,n;aq 3KC

nepHMeHTa DELPHI (DEtector with Lepton, Photon and Hadron Identification) n CERN. 

CHCTeMa B~-B~, ananorH'IHO CHCTeMe K 0-Ko, HMeeT ~a co6c"Tnennb!X MaCCOBb!X cocTOH

IIHH, paJJIH'IaiOIIJ;HXCH BpeMeHeM )Kll3HH. li3MepenHe pa3HHIJ;b! MacC Llmn~ C06CTBeHHbiX 

CP cocTOHHHil B~ Me3ona, onpe~eJIHroill;en 'lacToTy ocu;HJIJIHIJ;Hil, H no3TOMY Ha3biBaeMoil 

npOCTO qacTOTOil OCIJ;HJIJIHIJ;Hil:, npe~CTaBJIHJIO HIITepec no neCKOJibKHM npH'IHHaM. C 0~

HOil CTOpOHbi 3TO CBH3aHO C B03MOJKHOCTbiO npeu;H3HOHHOrO OIIpe~eJieHHH OTHOIDeHHH 3Jie

MeHTOB ivtd/vtsi MaTpHIJ;b! CMenmHaHIIH KHapKOH CKM (Cabibbo-Kobayashi-Maskawa), 

C ~yroil CTOpOHb! 'IYBCTBHTeJibHOCTblO CaMOil BeJIII'IHHbi Llm8~ K npmiBJieHHHM HOBOil 

<PH3HKH. KpoMe Taro, o~oil H3 rJiaBHb!X 3a,n;aq B-<PH3HKH HBJIHJIOCb npeu;H3HOnnoe onpe

~eJieiiHe 3Ha'lenHil p H TJ napaMeTpon CKM MaTpiiiJ;b!. O~o H3 orpaHH'IeHHil na p H TJ 
I• 

napaMeTpbi MO)KeT 6b!Tb noJiy'JeiiO H3 H3MepeHHil '!acTOT OCIJ;HJIJIHIJ;Hfi Llm8o ll Llmgo. . . . 
B ~ccepTau;nH paccMaTpnnaeTCH noiiCK B~-B~ ocu;nJIJIHu;nil TpeMH n3anMo~onoJIIIHIO-

m;nMn MeTO~aMH1 ll3 KOTOpb!X nepnb!e ~Ba HBJIHIOTCH llHKJII03llBHbiMH, a TpeTHil - 3KC

KJli03llBHb!M: 

1) anann3 nOJJyJienTOHHb!X pacna~on B~ Me30HOB c noJIHOCTbiO HJIH '!acTH'IHO peKOHCTpy-

HpOBaHHb!Mll Ds Me30HaMH; 

2) anaJIH3 ~OHHb!X pacna~on B~ Me3o~on c noJJHOCTbiO peKOHCTpynponaHHb!MH Ds Me-

30HaMn; 

3) a.HaJIH3 noJIHOCThiO peKOIICTpynponaHHb!X B~ Me3onon. 

BTopaH '!aCTb ~ccepTau;HH IIOCBHIIJ;ena H3y'leHHIO BKJJa,D;a rJIIOOHO~. B ITOJIHb!il CnHII 

HYKJIOHa B npou;eccax c o6pa30BaHHeM oqaponaHHbiX D 0 Me30HOB. Pacnpe~eJienne cnn-
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pa.TibHOCTH rJI!OOHOB, ~g(x), KaK <l>YHK!l;HH )l;OJIH HMTIYJibCa HYKJIOHa, X, OepeHOCHMOfi 

B3aHMO)l;efiCTBY!OIII,HM rJI!OOHOM, HBmieTCH <l>YH)l;aMeHTa.TibHOfi BeJiuqunofi, xapaKTepu3y-
- ' 1 

!Olll;efi ero crpyKTypy. IlepBblfi MOMeHT CTIHpa.TibHOCTH rJI!OOHOB ~G = fo ~g(x )dx HHTep-

npeTHpyeTCH, KaK BKJia)l; rJI!OOIIOB B TIOJIHbifi CTIHH HYKJIOHa. TaKHM o6pa30M ~G HB.liH

eTCH KJI!OqeBOli COCTaBJIH!Olll;eli npaBUJia cyMM CTIHpa.TibHOCTH HYKJIOUa: ~ = ~ ~L; + ~G + 
Lq + L

9
, r,11;e ~L: HBJIHeTCH BKJia)l;OM cnuna KBapKOB u aHTHKBapKoB, a Lq u L9 cooTBeT

cTBy!Olll;He BKJla)l;bl op6HTa.TibHOrO yrJIOBOrO MOMenTa KBapKOB H rJIIOOIIOB. IlepBOHaqaJib

HO npe)l;IIOJiara.TIOCb, qTQ IIOJIHblli CIIHH HYKJIOHa onpe)l;eJIHeTCH BKJia)l;aMII BXO)l;Hlll;IIX B 
- - J 

~ro CTpYKTYPY Ba.TieHTHbiX KBapKOB. o.)l;BaKO, pe3yJibTaT 3KCnepiiMeHTa EMC (European 

Muon Collaboration) noKa3a.TI, qTo BKJia)l; KBapKOB B TIOJIHbili CTIIIH nporona Ma.TI, qTo no

JiyqiiJIO Ha3Baniie "cniiHODblfi Kpii3IIC 11
• H3Hlll;HbiM pemeniieM "cniiHoBoro Kpii3IICa" 6biJI 

6bl 60JibillOfi (~G ~ 2, 6) BKJia,Ll; rJI!OOHOB B IIOJIHblli CIIIIH HYKJioHa, npe)l;CKa3b!BaeMhili B 

paMKax 11 rJIIOOHHOfi aKCIIa.TibHOli aHOMa.TIIIII 11
• If3MepeHIIe BeJIIIqiiHbl ~G CTaJIO O)l;HO!i H3 

.f' 
npiiopiiTeTHhiX 3a,11;aq 3KcnepiiMeHTa COMPASS (Common Muon and Proton Apparatus 

for Structure and Spectroscopy) B CERN. ., 

B ,ll;IICCepTaiJ;IIII paccMaTpiiBaeTCH npHMOe II3Mepeniie noJIHpu3aiJ;IIII rJI!OOHOB, ocno

Bannoe na II3yqeniiii )l;BOlinoli cniiHOBoli aciiMMeTpiiii A-rN-->Dox BhiXO)l;OB oqapoBanHhiX 

D0, M~3~HOB B peaKIJ;HII rJiy6oKo-Heynpyroro PacceHHIIH (rHP) MIOOHOB c HMTIYJibCOM 
_, ' 

160 r3Bjc na TIOJIHpii3oBaHHbiX )l;efiTpOHaX II nporonax. 

I.J;eJIU U 3a,IJ;R'IU UCCJie,LI;OBRHHSI. IJ:eJib!O pa60Tbl HBJIHJIIICb TIOIICK B~~B~ OCIJ;liJIJIH

IJ;IIli II II3MepeHne BKJia)l;a rJI!OOHOB B TIOJIHblfi CIIIIH HYKJIOHa. B 060HX CJiyqaHxpa6oqnM 

IIHCTpyMeHTOM IICCJie)l;OBaHIIli HBJIHJIIICb oqapoBaHHble Me30Hbl. 

HayquaSI HOBH3Ha. 

Bnepnble noJIHOCTb!O peKOHCTpynponaHHbie B~ Me30Hbl 6b!JIII ucnoJib30BaHbi B no

ncKe B~-B~ ocn;nJIJIHIJ;nli; 

BnepBbie noKa3ano, qTo noJIHOCTb!O peKoncTpyupoBaHHbie pacna)l;bi B~ Me30HOB 

, o6ecneqiiBa!OT qyBCTBIITeJibHOCTb K 3HaqnTeJibHO 60JibilliiM 3HaqeHIIHM ~ffiB~' qeM 

noJiyJienTOHHbie pacna,LI;hi B~, )l;OMIIHIIPY!Olll;He B o6JiacTn Ma.TibiX 3Haqennli ~mB~i 

qaCTIIIJ;bl C TH:lKMbiM KBapKOM (D0 Me30Hbl) BTiepBbie 6biJIII li.CTIOJib3oBaHbl AJIH ll.3y

qennH BHyTpeHHeli CTpYKTypbl HYKJIOHaj 

TIOJIHpu3an;uH rJIIOOHOB ~g j g BnepBble H3Mepena nocpe)l;CTBOM )l;Bolinoli CTIIIHOBOli 

acnMMeTpli.II A-rN->Dox BbiXo)l;oB oqapoBaHHbiX D0 Me30HOB B peaxn;IIn <Poron-rJIIOOH

noro CJIIIHHIIH rHP; 

- BIIepBble llOKa3aHo, qTQ BKJia,Ll; rJI!OOHOB B TIOJIHblfi CIIHH HYKJIOHa, eCJIH OH IIOJIO:lKli.

TeJieH, cocTaBJIHeT ~G ~ 0, 2: 

IlpaKTR'IeCKaSI ~eHHOCTb. 

2 

MeroAbJ noncKa B~-B~ ocn;nJIJI~IIfi, npe)l;CTaBJieHHbie B ,ll;IICcepTaiJ;IIII, HBIIJIIICb pe

ma!Olil;IIMII B noCJieAY!Olil;IIe roAbJ AJIH OTKpbiTHH B~-B~ OCIJ;IIJIJIHIJ;Hfi B Fermilab; 

II3MepeHIIe BpeMeHII :lKH3HII B~ Me30Ha BHOCHT BKJla,Ll; B YTOqHeHIIe MeXaHII3MOB 

pacna,11;a TH:lKMbiX qacTHn;; 

pe3yJibTaTbl H3MepeHHH TIOJIHpH3aiJII~ rJIIOOHOB ~gfg (c ITOCJie)l;Y!Olil;IIM H3BJieqe~II

eM BKJia)l;a CTIIIpa.TibHOCTH rJI!OOHOB ~G B IIOJIHblfi CHHH HyKJioHa) TIOKa3aJIII, qTQ 

AJIH pemeHIIH ClliiHOBOrD Kp1I3IICa, He06XO,ll;IIMO II3MepeHIIe BKJia)l;a op6HTa.TibllbiX 

MOMeHTOB KBapKOB H rJI!OOHOB, a TaK:lKe, IT03BOJIIIJIII npe)l;CKa3RTb BeJiuquny 3TOrO 

BKJia)l;a. 

Ha 3~RTY BhiHOCSITC» CJie,LI;Yrom;~~:e pe3yJILTRThl: 

1. BnepBbie IICTIOJih30BaHHhili ,ll;IICCepTaHTOM MeTO)l; noJIHoCTb!O peKOHCTpynponaHHbiX 

B~ Me30HOB AJIH anaJiu3a B~-B~ ocn;nJIJIHn;nli; 

2. ~ccepTaHT BnepBbie noKa3aJI, qTo 3TOT MeTo)l;, o6ecneqiiBaeT nanJiyqmy!O qyn

CTBHTeJihHOCTb K 60JibiDIIM 3HaqeHIIHM ~ffiB~> ITO CpaBHeHIIIO C IIHKJ1!03HBHbiMII Me

TO)l;aMIIj 

3. HII:lKHII!i npe)l;eJI na qacToTy ocn;nJIJIHIJ;Hli B~ Me3ona 

~ffiB~ > 8, 5 TIC-1 Ha 95% ypOBHe )l;OCTOBepHOCTH C qyBCTBHTeJibHOCTb!O 12,0 TIC-
1

; 

4. BepXHIIli npe)l;eJI Ha OTHOCIITeJibHY!O pa3HIIIJ;Y illiipiiH pacna,11;a 4rB~jrB~ C06CTBeH

HbiX MacconbiX cocTOHHHli B~ Me3ona 

~rBdrB~ < 0, 45 Ha 95% ypOBHe )l;OCTOBepHOCTH; 

5. l13Mepenne cpe,11;nero npeMenn :lKn3im B~ Me3ona 

TB~ = 1, 46 ± 0, 11 nc; 

6. Bnepnble BbiTIOJIHeHnble II3MepennH nOJIHpii3an;un rJI!OoHOB ~gj g nan60Jiee Mo)l;eJib

no-ne3aBIICli.MbiM cnoco6oM: MeTO)l;oM 110TKpblroro oqapoBaHHH 11 j 

7. Cpe)l;HHH BeJinqnna noJIHpii3an;nu rJIIOOHOB, noJiyqeHHaH B JIH,ll;IIpy!Olll;eM nopH,ll;Ke 

Teopuu B03Mylll;eHIIfi KX,ll; (LO), B li.HTepBa.Tie o; 06 < X < 0, 22 )l;OJieli li.MIIy.iJbca 

HyKJioHa, llpli.XO)l;Hlll;IIXCH Ha B3aHMO)l;efiCTBYI01Il;IIe rJI!OOHbl 

(~ )LO 

9

9 = -0, 06 ± 0, 21 ( CTaT.) ± 0, 08 ( CIICT.) npn (x) .~ 0, 11; 
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8. Cpe)l;HHH neJIII"'11Ha TIOJIHpii3aJJ;11II I'JI!OOHOB B HHTepnaJie 0, 12 < X < 0, 33, TIOJiy

qennaH n cJie)l;YIOIIJeM 3a JI11,11;11PYIOIIJIIM nopH)l;Ke Teopn11 B03MYI1Jennn KX,Ll. (NLO) 

I b. )NLO \ gg = -0,13 ± 0, 15 (cTaT.) ± 0, 15 (CIICT.) npii (x} ::::: 0, 20; 

9. YKa3aime na MaJIOe 3IJa"'eH11e BeJI11"1IIHhi TIOJIHpn3aJJ;U11 rJI!OOIIOB b.g/ g, noJiyqennoe 

n JIU)J.l!PYIOIIJeM nopH)l;Ke Teopn11 B03MYIIJenul!: KX,Ll. MeTO)l;OM "oTKpbiTOro oqapona

HIIH", u no)J.Tilep)K.n.ennoe rrpHMhiMII II3Mep~nnHMII SMC, HERMES II COMPASS 

MeTO)l;OM "6oJibiii11X PT"; 

10. BeJIH"'nna nepBoro MOMenTa noJIHp113an.nii rJI!OOHOB b.G = 0, 22±0, 08, noJiyqennaH 

( )

NLO 

II3 KX,Ll. anaJIII3a, B KOTOpbiit 6bmo BKJI!O"'eno II3Mepennoe 3naqeniie ~ ; 

1 L Ou;enKa BKJia,D;a op6nTaJihHOro MOMenTa KnapKOB u I'JI!OOHOB B noJIHhlfi cnun nyKJIO

na COCTaBIIBIIIaH ~ 18% B COOTBeTCTB11H C npaB11JIOM CYM~ ClliUJaJibHOCTII nyKJIO!Ia. 

,l];ocTOBepHOCTh rrpe)l;CTaBJieHHbiX B )l;11CCepTaiJ11H pe3yJibTaTOB ITO)l;TBep)K)l;aeTCH: 

1. 0TKpbiTI!eM B~-B~ OCJJ;11JIJIHJJ;Hfi na OCHOBe MeTO)l;a TIOJl!IOCTb!O peKOHCTpyiipOBaH

HbiX B~ Me3onon; 

2. CorJiacHeM 113Mepeuuoro cpe.n.nero BpeMeH11 )K113H11 B~ Me30HOB c MHpOBhiMH 3Ha

qeniiHM11 PDG; 

3. CorJiacneM pe3yJiuTaTa 113MepeuuH nom!pii3aJJ;11H rJI!OOHOB B JIII,ll;HPYIDIIJeM nopH,ll;Ke 

TeOpii11 B03MYIIJenufi KX,Ll. c 113MepeniiHMH 3KCnep11MeHTOB SMC II HERMES; 

4. CorJiaciieM BeJIH"'HHbi nepnoro MOMenTa noJIHp113aJJ;IIH rJI!OOHOB b.G ::::: 0, 2 co 3Ha"'e

H11HMII, noJiy"'eHHbiMH B KX,Ll. aHaJIII3ax c IICITOJib30BaBIIeM .n.anHhiX 3KcnepiiMeHTOB 

na RHIC. 

Anpo6an;HSJ: pa6oThl. Pe3yJibTaTbi uccJie.n.onanufi, noiiie.n.mux B )l;IICcepTaiJn!O, neo.n.

noKpaTno o6cy)K)l;aJIUCh na pa6oqnx coneiiJaHIIHX KOJIJia6opa1Juli DELPHI II COMPASS, 

.Ha CITeJJ;11aJI113HpOBaHHbiX CeMHHapax ITO cp113HKe BbiCOKllX 3Heprnfi II 3JieMeHTapHbiX qa

CTllJJ; B OTe"'eCTBennwx u 3apy6e)KHbJX nay"'HhiX u;enTpax: OI15II1n IJ;EPH. KpoMe Toro, 

3Tll pe3yJihTaTbl npe.n.cTaBJIHJIIICb na Me)K,ll;Ynapo)J.l!hiX Koncpepenu;IIHX: HEP'97 (Jerusa

lem, Israel, 1997), Moriod (Les Arcs, France, 1998), ICHEP'98 (Vancouver, Canada, 

1998), HEP'99 (Tampere, Finland, 1999), ICHEP2000 (Osaka, Japan, 2000), ICHEP'06 

---(Miiscow~-Russia,-2006), BARYO-:Ns•o7 (Seo~l. South Corea, 2007), BEACH2008 (South 

Caroline, USA, 2008), ECT Trento (Trento, Italy, 2010), DIFFRACTION20l0 (Otranto, 

Italy, 2010), QFTHEP'll (Sochi, Russia, 2011), BEACH2012 (Wichita, USA, 2012), 

TRENDS (Aluthta, Ukraine, 2013), QUARKS2014 (Suzdal, Russia, 2014), DIFFRACTI

ON2014 (Primosten, Croatia, .2014) u QCD15 (Montpellier, France, 2015). 
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Ily6JIHKau;HH H JIIPIIIblii: BKJia,LJ; aBTOpa ITo pe3JJibTaTaM )J.l!CcepTaJJ;IIII ony6JIII

KOBaHO 16 pa6oT. CniiCOK pa6oT npiiBe.n.en B- Konu;e aBTOpecpepaTa. ,IljiH Taro, "1To6w 

TIO)l;"'epKIIyTb BKJia)l; aBTOpa, B )J,l!CCepTaJJ;IIII JJ;IITIIpJ!OTCH a) BHYTpiiKOJIJia60paJJ;IIOHHbJe 

OT"'eTbi II MaTepiia.riw, npe.n.cTanJieHHbie Ha KoncpepeHJJ;IIII (n o6oiix CJiy"'aHx c orpamt qen

HbiM "'IICJIOM aBTOpOn); 6) )l;OKJia)I;bl )l;UCCepTaHTa na KOHcpepeHJJ;IIHX II KOJIJia60paJJ;IIOII!IbiX 

COBeiiJaiiiiHX. BKJia)l; aBTOpa B TIOJIJ"'eHHbJe pe3yJibTaTbi HBJIHeTCH Onpe)l;eJIHIOIIJIIM. 

CTpJKTypa H o6'beM )l;HCCepTaiJ;HU. ,Ll.nccepTaJJ;IIH COCT011T 113 BBe)l;eHIIH1 BOCbM11 

I'JiaB OCHOB!IOI'O TeKCTa, 3aKJI!O"'eHUH 11 Tpex npUJIO)KeHI!ll. 06IIJI!ll o6~M )l;11CCepTaJJ;II11 

COCTaBJIHeT 157 CTpaH11JJ;. ,Ll.11CCepTaJJ;11H CO)l;ep)KHT 56 pncyHKOB1 29 Ta6JI11JJ; 11 CTIIICOK JIII

TepaTypbl I13 188 Ha11MeHOBaH11ll. 

KpaTKoe co.n;ep:>KaHIIe .n;IIccepTaiJ;IIII 

B nepBoii r JiaBe .n.eMOIICTpnpyeTCH aKTYaJibiiOCTh HCCJie)l;YeMwx npo6JieM II nayqnaH 

HOBII3Ha. KpaTKO npe.n.cTaBJiena CTan.n.apTnaH MO,ll.eJih, paccMOTpeno B~-B~ cMeiii11naniie, 

KaK pa3)l;eJI cp113IIKII TH)KeJibiX KBapKOB. I13JIO)KeH cpopMaJIII3M rHP H COBpeMeHHOe CO

CTOHII11e II3y"'eHIIH cTpJKTYPhi nyKJiona. 

Bo BTOpoii: rnane o6cy)K)l;aeTCH nponepKa CTan.n.apTnon Mo.n.eJIII Il 3KcnepiiMenTe 

DELPHIna LEP (Large Electron Positron collider). 

B naparpacpe 2.1 npe)l;CTaBJien KOJIJial!:.n.ep LEP B CERN. C03.n.aniie LEP 6biJIO 3a

,lJ;YMaHO B 1976 I'O,ll;Y nocJie Bblxo.n.a pa6oTbi EepTona PIIxTepa1
, B KOTopol!: on npii3biBaJI 

K pa3pa6oTKe e+ e- KOJIJiait.n.epa MH .n.eTaJihnoro H3y"'eHIIH npi1pO,ll;bi cJia6oro D3a11MO

.n.el!:cTBIIH. B-cpH311Ka, KaK caMOCTOHTeJibHaH 3a,ll.a"'a, ne o6cy)K,ll.aJIIICh, npeMena )KH3H11 B 

a.n.ponon ne 6bmn H3BeCTHbJ. O.n.naKo B uaqane 80-x ro.n.on B 3KcnepnMenTax na KOJIJiali:)l;e

pe PEP B SLAC (Positron Electron Project in Stanford Linear Accelerator Center) 6bmo 

o6uapy)Keno, "'TO npeMena )K113HII B a.n.ponoB npHMepuo na nopH,ll;OK 6oJibiiie, "!eM O)KII

.n.anocb. B 3TO )Ke npeMH, 6biJI11 pa3pa6oTanbi 11 ycnemno np11Menenhi B 3KCnep11MenTax na 

cpiiKCI!pOBaHHOll M11IIIeHI! KpeMHI!eBbie ,ll.eTeKTOpbl C Bb1COK11M npOCTpaHCTBeHHbiM pa3pe-
•.· 

IIIeniieM. 9To .n.anano D03MO)KIIOCTb.OT)l;eJIHTh DTOpH"'IIbie nepmiinhl 11)l;OJII'D:IKIIDYIIJIIX
11 

B 

a.n.ponon oT nepB11"1HOit nepiiiiiHbi e+e- B3aHMO)l;efiCTBIIH. KaK cJie)l;CTBIIe, )J.l!a- ALEPH 

(Apparatus for LEP PHysics) II DELPHI - 113 qeTbipex 3KcnepnMenTOB na LEP, BKJI!O

"'IIJI11 KpeMn11eBbie Bepmnnnwe .n.eTeKTOpbi B cnou Lol (Letter of Intent) B 1982 I'O)l;Y. 

YcKopnTeJib LEP 6biJI BBe.n.en B 3KCnJiyaTaJJ;II!O n IIIOJie 1989-ro ro.n.a. 

B naparpacpe 2.2 KpaTKO paccMOTpen 3Kcnep11MenT DELPHI. YcTaJIOBKa DELPHI-

3TO KOMITJieKC H3 20-TII )l;eTeKTOpOB pa3JIH"'IIOI'O Ha3Ha"'e!IHH. reoMeTpii"'eCKII ycTa!IOBKa 

MO)KeT 6b!Tb npe)l;CTaBJieHa, KaK ll,ii:.lJ!iii.iij) pa;u,nyco'M-6onee"' 5'li-)VII1HOfi-oJ«)Jio-10-Me~ 

pon. TonKOCTeHHbiit 1,4 MM 6epHJIJIH!iBhlfi naKyyMHhlfi uononpoBO,ll; pa,n;11ycoM 5,6 CM, 

BHYTPH KOTOpOI'O H JJ;IIpKyJiupy!OT BCTpe"'HbJe TIY"'KII 3JieKTpOHOB II IT03IITp0HOB pacno-

1 B 9TOM >Ke ro;zy 011 nOJiyqJIJI Ho6eJieBcKyro npeMHIO sa orKphlrne J /1/J Me3oHa. 
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JIO:lKeH no ocn u;nJinH,n;pa. TpeKonaa cncTeMa DELPHI cocToaJia n3 "leTLipex ,n;eTeKTopon: 

~~724E 
D.o. a 10 IS tQ, 11 .Ill 

Partiollo~m(r;;rF/r:;;) 

Pnc. 1: IIpnMep n,n;enTn¢nKau;nn K Me3ona n ,n;nyx rrnonon n pacrra,n;e B- -t K*0
n- -t 

K-n+n- c ncrroJIL30BanneM TPC n RICH. 

Vertex Detector (VD), Inner Detector (ID), Time Projection Chamber (TPC) n Outer 

Detector(OD). I1MIIYJILC 3apa:lKeHJILIX "!aCTIIIJ; rrpn p <10 r3B/c H3MepaJICS! c TO"'HOCTh!O 

CJpjp :S 1,5% B 06JiaCTH yrJIOB 40° :S () :S 140°. BepiiiiiHHhiH·,D;e~KTOp COCTOS!JI II3 Tpex 

KOHIJ;eHTpii"'eCKHX CJIOeB KpeMHIIeBLIX MIIKpOIIOJIOCKOBh!X ,n;eTeKTOpOB, paCIIOJIO:lKeHHh!X 

na pa,n;nycax. 6,3 eM, 9 eM II 11 CM oT ocii rrY"!Ka. Pa3peiiieHIIe nepiiiiiHHOro ,n;eTeKTopa, 

IIpii yCJIOBIIII "'TO TpeK nepeceKaeT nee TpH CJIOS! KpeMHHSI, COCTaBJIS!JIO OKOJIO 8 MKM ITO 

rcp KOOp,D;HHaTaM, a )J;JIS! rz 3aBHCIIJIO OT ITOJIS!pHOrO yrJia TpeKa II ,!J;OCTIIraJIO OKOJIO 9 MKM 

)J;JIS! TpeKOB, Bh!XO)J;S!!IJ;IIX nepneH)J;IIKYJIS!pHO MO,!J;YJIS!M ,n;eTeKTOpa. 

9KcnepiiMeHT DELPHI BKJIIO"laJI n ce6a RICH (Ring Imagine Cherenkov Detector) ,n;Jia 

II,D;eHTJitPIIKan;nii a,n;poHOB Kone"lnoro cocToaniia. I1cnoJIL30BaBIIIIIeca B RICH :lKII,!l;KIIe II 

ra30Bh!e pa,n;IIaTOph! IT03BOJIIIJIH OIITIIMII3IIpOBaTL II)J;eHTIItPIIKaiJ;II!O "!aCTIIIJ; B IIIIIpOKOM 

,D;IIaiTa30He IIMIIYJILCOB: :lKII)J;KIIe B ,n;uaiTa30He OT 0,7 r3B/c ,!J;O 8 r3Bjc, a ra30BLie B ,n;ua

ITa30He OT 2,5 r3B/c )J;O 25 r3Bjc. 94J4JeKTIIBHaa II,D;eHTIItPIIKaiJ;IIS! a,n;pOHOB CTaJia B03-

MO:lKHOH 6Jiaro.n;apa KOM6IInau;uii II3Mepeuu:tt dE/dx B TPC (Time Projection Chamber) 

II IIn¢opMan;uii oT RICH ,n;eTeKTopa (puc. 1). 

B naparpac:lJe 2.3 paCCMOTpeHLI O"lapoBaHHLie Me30HLI, KaK IIHCTpyMeHT IICCJie,D;OBa

HIIS! B Me30HOB. J(ana peTpocneKTIIBa oT nne,n;enna n 1964 r. "leTnepToro apoMaTa, O"'apo

-BanHoro KBapKa, )J;O 90-X rO,D;OB, KOr,n;a O"'apoBaHHLie "laCTIIIJ;hl CTaJIII IICITOJ!h30BaTLCSI, KaK 

IIHCTpyMenT )J;JISI u3y"lenua npeJieCTHLIX qacTuu;. IIpeJieCTHLie B a,n;poHLI urpaiOT oco6y10 

poJIL B ¢u3uKe qacTuu;. CaMLIH TSI:lKMLIH t-KnapK, n pe3yJILTaTe cJia6oro B3auMo,n;e:i!CTBIIa 

nepexo,n;IIT B b-KnapK c ncnycKaHIIeM W 603ona, rrpe:lK,n;e "!eM c¢opMIIpyeTca T a,n;pon. 

TaKuM o6pa30M, a,n;ponLI, co,n;ep:lKaiiJ;IIe b-KnapK, aBJISIIOTca caMLIMII TSI:lKMLIMII II3 3KC

nepuMeHTaJILHO ,n;oCTyrrHLIX. Tpa,n;uu;IIoHHO, B-¢II3IIKa 6LIJia o6JiaCTLIO uc<me,n;onaniia na 

e+e- KOJIJiall:,n;epax, pa6oTaiOIIJ;IIX na niiKax o6pa3onanua pe3onancon T(4S) c Macco:tt 

(10,5794±0,00012) r3B/c2 IIJIII zo c Macco:tt (91,1876±0,0021) r3B/c2
• Ce"'eHIIe o6-

Pa30BaHIIS! B a,n;poHOB B e+e- n3aiiMO,n;elicTBIISIX coCTaBJiaeT OKOJIO 1 nb n T(4S) II OKOJIO 
/ 

6 

6 nb a Z 0 nnKax. 

l13-3a 6oJiee T~DKeJIO:il: MacChi b-KBapKa pa3JIII"l!Ie BO BpeMeHax :lKII3HII npeJieCTHhiX 

"!acTIIU: O}KII,ll;aJIOCL MeHLme, "!eM B ceKTOpe O"'apoaaHHLIX qacTIIu;. BoJILIIIIIHCTBO Teope

TII"leCKIIX pac"'eTOB BpeMeH :lKII3HII CXO)J;IIJII!Cb B ou;eHKe, 'ITO ,ll;OJI:lKHa CyiiJ;eCTBOBaTb 5% 

pa31mu;a no HpeMenax }Kll3IIll B+ u B 0 Me3onoo, a OTnornenue npeMen :lKll3Hll B~ n B 0 

Me30HOH 11pe,D;CKa3b!BaJIOCb 6Jlll3KIIM K e,n;IIHHU:e C TO"'HOCTblO IIOpH,ll;Ka 1%. 

B naparpa¢e 2.4. o6cy:lK,ll;aiOTCH M.eTO,ll;hi II3MepeHirH cpe,ll,Hero npeMeHu }Kll3Hll B~ 

Me30Ha. Ilpll cpparMeHTaU:llii b-KBapKOBblX CTpyfi OT pacna,D;OB Z0 -t bb KOJ!II"leCTBO o6-

pa3yiOJu;IIXCH B~ Me30HOB cyiiJ;eCTBeHHO MeHbiiie ( ~ 7%)' "!eM s+ II B 0 Me30IIOB2
' TaK KaK 

,ll;J!H o6pa30BaHIIH B~ neo6xo.n;nMa MOpCKaH ss napa. 

Ilepnwii MeTo.n; cocTOHJI B ucnoJIL30BaHI!II rroJiyJierrTOHHLIX pacrra,n;on B~ -t D,;-I+v1X. 

HaJIII"l!Ie D 5 Me3oHa B nape c JierrTOIIOM• HBJIHeTCH CllJibHhiM apryMenTOM B IIOJIL3Y B~ 
Me30IIa, TaK KaK ,ll;J!H HeCTpal!l!biX B Me30HOB TaKOfi pacna,n; HBJIHeTCH "Cabbibo IIO,D;aB

Jiei!HblM11. Tpe6ooaniie, 'IT06LI JierrTOH nMeJI nMrryJILC (norrepe"'HLiii IIMIIYJILc) 6oJiee 3 

r3B/c (1,2 r3B/c), n03BOJIHeT 3cpcpeKTIIBHO IIO,D;aBJIHTb cpOH OT KacKa,D;HblX pacrra,n;OB 

(b -+ c -+ [+) B Me3onon II OT JIO}KHLIX JierrTOHOB B KOM6rmau;uu c Ds Me3onaMn, "'TO 

MO:lKeT o6ecrre"!IIBaTL cTerrenL "'IICTOTLI B~ BLI6opKII .n;o ~ 90% (T.e. ,D;OJIII B~-pacna.n;oo 

no oTnomenmo K o6~u;eMy "'HCJIY B-pacrra.n;on). 

AnaJIH3 rroJiyJienrouHLIX pacrra,n;on B~ Me30HOB c rroJIHOCTLIO peKoncTpyiiponaHHLIMll 

Ds Me30HaMII ,ll;J!H KpaTKOCTII Ha3bmaeTCH n;r'~' a!laJIII30M. CJie.n;yeT OTMeTI!Tb, "'TO TaKIIe 

C06biTIIH TaK:lKe Ha3b!BaiOTCS! C06b!T~S!MII C 11 rrpaBIIJ!bHbiM 11 3HaKOl\.l, a eCJIII CYMMapHblfi 

3apH,lJ; D 5 l rrapLI ne panen nyJIIO - co6LITIIHMII c "nenpaaiiJILIILIM 11 3HaKOM. 

BTOpofi MeTO,ll; 6Jill30K K nepBOMY C TOii pa3HIIu;efi, "'TO BMeCTO Jienrona BbiCOKOii 3Hep

riiii IIcnoJIL3yeTCH a,n;pon co 3HaKOM 3apa,n;a rrpOTIIBonoJIO:lKHLIM 3HaKy 3apa.n;a Ds Me30Ha. 

B 3TOM cJiyqae ¢onOBLie ycJIOBIIH xy:lKe, TaK KaK cy~u;ecTBYIOT TPII IICTO"'HIIKa Ds Me30HOB. 

Bo-rrepBLix, 3TO Me30HLI, B03HI!KaiO~u;IIe rrpii a,n;pOHII3au;nn c-KBapKOBLIX cTpy:il: oT pacna

.n;on zo -t cc, no-BTOpLIX, Me30HLI oT pacna,n;oo' HeCTpaHHLIX B Me30HOB (B -t D;D*X) 

II, HaKoneu;, caMn pacrra,n;LI B~. B Kon~~noM c"leTe, oroiipaa co6LITIIH no onpe,n;eJiennLIM 

KpnTepnHM, .n;ocTIIraeTCH cTeneHb qucTOTbi B~ BLI6opKII 11.0 ,...., 60% 

AHaJIII3 a,n;ponnLIX pacna.n;on B~'Me30HOB c IIOJIHOCTLIO peKOHCTpynponaHHbiMII Ds Me-

30HaMII ,ll;J!H KpaTKOCTII Ha3I.IBaeTCH D;h'F aHaJIII30M. 

11, naKoneu;, anaJin3 IIOJIHOCTLIO peKOHCTpyiipooanHLIX B~ Me3onon HBJIHeTCH naiiJiyq

IIII!M ,ll;J!H 1!3MepeHIIH npeMenn }KII3HII B~ Me30HOB II noncKa B~-B~ oci~llJIJIHI~nlt. He.n;ocTaT

KOM 3TOrO MeTO,ll;a HBJIHeTCH Kpa:il:ne 1!1!3KaH CTaTI!CTI!Ka IIO CpaBHeHI!IO C lii!KJII03IIBIIhlMI! 

MeTO,ll;aMll. 

AnaJin3 rroJIHOCThiO peKoncTpyiiponannLix B~ Me3oHoB Ha3LmaeTCa TBK:lKe 3KCKJII03IIB

nwM B~ aHaJIII30M. 

2B ~hHeiimeM 6y,ll,eT ncnOJih30BaThCH o6o6IIl,eHHoe B~Ipa»<eHHe "HecTpaHHbie B Me30Hhl 11 • 
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B rJiaBe 3 rrpe.n.cTaBJieH aHa.JIH3 rroJiyJierrTOHHhiX pacrra.n.oB B~ Me30HOB c rroJmocTbiO 

uJiu '!aCTU'iHO peKOHcrpyupoBaHHhtMn D. Me3ouaMu. 

B naparpa¢e 3.1 TpeTheii rJiaBhi u3JIO:lKeH ar6op co6hiTnil: c D, l\te30HaMH u ux 

crpyKrypa. B 1992 -1995 ro.n.ax 6btJIO 3aperm:rpupoBaHo 3, 6 ·106 Z0 -+ h+h- pacna.n.oB, 

B KOTOpb!X Haii)l,eHO 436 D,;=J'f KOM6uuau,uil:, peKOHCTpyupoBaHHbiX B BOCbMU pa3!1H'il!b!X 

MO)l,ax pacna.n.a. Ha puc. 2-a nOKa3au cneKTp UHBapuanTHhiX Mace wecru a.n.poHHhiX MO,LI, 

pacna.n.a D. Me3oHoB, aHa p11c. 2-b pacrrpe.n.eJteHue liHBapuaHTHhtx Mace ¢-+ K+K- KaH

,LI,H,Ll,aTOB, o-ro6paHHhiX B ,li,Byx noJIYJtenTOHilhiX MO,LJ,ax pacna.n.a D. Me30HOB. KoJm'!eCTBO 

noJiyJtenTOHHhiX pacna.n.on B~ Me30HOB n D,;=I'~' nt!t6opKe cocTaBHJIO 230 ± 18. )l,onoJIHH

TeJihHO B aHaJIU3e UCIIOJ!b30BaJiliCb '!aCTU'iHO peKOHCTpyupoBaHHbie a,L!,pOHHbte paCIIa,LI,bl 

D,;= -+ ¢h±X. B Bht6opKe 441 ¢h±J'f co6hiTHii 'inCJio noJiyJieiiTOHHhiX pacua.n.oB B~ cocTa

BUJIO 41 ± 12 . 

..--160 
~ 140t a) 

~ 120 

DELPHI 

~100 

! 

~ 30f b) 

~ 25 
;:;: 
j-20 
5 IS 
,r; 

10 j lj ~~ I 

5 1 Ji 1 Ji 

.. 

' 1. 
'/,.99 I 1.01 1.02 1.03 1.04 LOS 1.06 

M(KK)(GeVic') 

Puc. 2: Pacnpe)l,eJtenn£ nHBapuanTHhiX Mace a) D. KaH,LJ,I1,LJ,aToB c a)l,pOHHhiMH MD

,LJ,aMn pacna.n.a ¢rr-, K*°K-, K~K-, K*°K*-, ¢rr-rr+ 1r- u ¢rr-rr0 ; b) K+K- Me30HOB 

OT paCUa,LI,OB ¢ Kall,ll,U,LJ,aTOH, OT06paHHbiX B ,ll,BJX IIOJIJJieUTOHHblX MO,ll,ax pacua.n.a Ds 

(¢J.L-Vp. 11 ¢e-ve)· CooTBeTCTBJIDIIJ,ne pacupe,ll,eJteun£ nnBapuaH1.'HhiX Mace ATIH co6btTuil: 

C 11HenpaBHJlbHbiM 11 3HaKOM IIOKa3aHbl B BH)l,e I'UCTOI'paMM. 

B naparpa¢e 3.2 paccMoTpeHhi: H3MepeHue npeMeHu pacna.n.a B~ Kan,LJ,n)l,aToB, Bpe

MeHHoe pa3peweHHe, aKcenTaHc, cpuT pacupe,ll,eJteHI1ii npeMeH pacua.n.a B~ KaH,LJ,H,ll,aTon u 

KOM6H~a:ropHot·o cpoHa (puc. 3). KaK BU,LJ,HO 113 puc. 3-a, B D,;=I'~' Bbi6opKe, BKJia,LI, OT no

JiyJieiiTOHHhiX pacna.n.oB B~ Me30HOB (bl(B.) .HBJIHeTc.ll ,li,OMHHHpyiOIIJ,I1M. KacKa,LJ,Hhie pac

IIa,LI,hi B-+ n<*>D.<*l+x (bel) u IIOJIYJteiiTOHI!ble paCIIa,LI,bl HeCTpai!HblX B Me30HOB (bl(B) 

HBJHIIOTCH HC"l'O'IHI1KaMU cpi13H'!ecKoro cpoHa. l13MepeuHoe BpeM.Il :lKli3HH B~ Me3ouoB (c 

y'ieTOM c/>h±J'f C06btTHii) COCTaBHJIO: TB~ = 1, 42:g:~~(CTaT.) ± 0, 03(CliCT.) UC. 

B naparpa¢e 3.3 npune)l,eHa oiJ,euKa OTHOCUTeJibuoil: pa3HHU,ht wupuH .6.f 8~ /f 8~ pac

rra.n.a ,Ll,BJX. MaCCOBblX COCTOHI!Hll B~ Me30Ha (ATI.Il IlpOCTO"l'bl O'ieHb '!aCTO .6.f B~ /f B~ Ha-

3b!BaeTCH "pa3uocTbiO BpeMeH :lKI13Hu"). IIpeJteCTHhte B~ (uJiu B~) Me30Hbl HBJI.HIOTC£ cy

nepno3HIJ,Heil: ,li,Byx co6c·rBeHHhiX MacconhiX cocT05!HI1ii: IB~} = )2(1B~} + IBV) ; I~} = 

)2 (IB~} - IB1} ). BpeMeHHaa 3BOJIIOU,I15! cpyHKU,llll IIJICYI'HOCTU BepoaTHocru pacua,LJ,a B~ 

IlJII1 B~ B MOMeHT BpeMeHH t MO:lKeT 6b!Tb npe,LI,C"l'aBJieHa KaK: , 

rHrL I' r I P(t) = --- (e- H
1 + e- L

1
)· rL = fno + .6.fso/2 Il ru = fno- .6.fno 2. 

, fu + fL ' ' ' ' " 
(1) 

8 

~ ao 

1r l DELPHI !250 b) 

0 Comb. 
d 0 Comb. 
~200 

• bi(B) " 
. ~~tf3+ 

• bel· ~150 
Ill bi(B,) 100 

0 Dala 

so 

0 2 • • • 10 12 
t(ps) 

Puc. 3: a) ct>uT MeTO,li,OM npaB,LJ,OIIO,ll,o6u£ pacnpe)l,eJieHH£ BpeMeH pacna.n.a B~ Kall,ll,n

.n.aroB u3 o6JiacTu curnrum [1,94 - 2,00L r:~B/c2 (p11c. 2-a) D,;=I'~' Bbt6opKu. To'!KaMu 

I10Ka3aHbl )l,aHHhie, a Kp11Bbte COOTBeTCTBJIOT BKJia,LJ,aM pa3Jlli'!Hb!X KOMIIOHeHT, OIJ,eHeH

Hb!X MeTO,LJ,OM MoHTe-KapJio. b) TaKoe :lKe pacupe,LJ,eJtenue, KaK u a), no ,LJ,JI£ co6biT11ii 

C 
11
nenpaBHJlblfbiM 11 3HaKOM 11 C06btTUil:, Jie:lKaiiJ,HX BHe 06JJaCTH Clll'HaJia [1,91 - 1,93] & 

[2,01- 2,15] f::JB/c2
• 

,Li,JIH IIOJIJ'iel!UH OrpaHH'!eHI151 ua .6.f B~ /f B~ IIpOBO,ll,llJICH cp11T MeTO,li,OM npaB,LJ,OIIO)l,Q-

6mi pacrrpe,LJ,eJieHHlf BpeMeH pacna.n.a B~ KaH)l,Il,ll,aToB u3 D,;=I'~' u ¢h±J'f Bht6opoK, B KoTo

poM cpyHKIJ,11lf tiJIOTHOCTH BepoaTnocTu pacna.n.ll. B~ Me3ona, exp( -t/Ts~ ), 6biJia 3aMeHeua 

ua cpynKU,UIO {1). Pacnpe,LJ,eJteHue IIJtamocTn Bepo£THOCTI1 ATI5! .6.f8~/f8~ 6biJIO noJiy'ie

HO IIpU OrpaHU'ieHilll Tsz = T8o. fiOJIJ'Ieliiibiil: nepXHI1il: IIpe,ll,eJI na .6.f B2/f B2 COCTaBHJI: 

.6.r B~ ;r 1.1~ < 0, 46 na 95% ypoBHe ,li,OCTOBepnocru. 

Ilaparpa¢ 3.4 nocBaiiJ,eH umtcKy B~-B~ ocu,I1JJJIHIJ,nil:. B pa3,n;eJie 3.4.1 paccMoTpe

Ha MapKupoBKa B~ Me30HOB. ,Li,Jt£ t~OI1CKa B~-B~ ocu,HJIJIHU,Hii Heo6xo,LJ,HMa MapKup~BKa 
BUB~ Me3oua 1.1 MOMenT po)K,ll,emm u oupe,LJ,eJtenue KaKoii nMeHHO Me30H B~ uJm B~ pac

IIa.JICH. )l,Jia KpaTKOCTH IIpliHHTO I'OBOpllTb 0 He06XO,li,IlMOCTU OIIpe)l,eJieHUH 3HaKa 3apa)l,a 

b-KBapKa, KaK B MOMeHT po)K,ll,eHuH, TaK 11 1.1 MOMeHT pacna.n.a B~ Me3oHa. B ,LI,aJihHeil:rneM 

6y)l,eT IlCIIOJib30BaTbCH Bbipa:lKeHne 113HaK 3apH)l,a b-KBapKa 11 • 

A.'IropuTM orrpe,LJ,eJteHHlf 3HaKa 3aplf,LJ,a b-KBapKa B MOMeHT po)K)l,emm B~ Me30Ha oc

noBau Ha IlCIIOJib30BallliU )l,eBHTll ,li,UCKpllMUHaHTHblX IIepeMellHh!X. 0,li,I1H Ha6op Il3 TpeX 

nepeMeHHb!X OIIpe,LJ,eJiilliCH )l,JIH IIOJtyccpepbt, CO)l,ep:lKaiiJ,eil: B~ Me30H, BTOpoil:· Ha6op II3 

II5!TI1 IIepeMeHHbiX UCIIOJ!b30BaJIC.Il" B upOTilBOIIOJIO)!<HOil: IIOJiyCcpepe U O,li,Ha ,li,I1CKpUMil

HaHTHaH rrepeMeHHaa 6btJia o6IIJ,eil: ,ll,JI.Il o6oux uoJiyccpep. )l,Jm Ka)K,ll,oil: uepeMeHHoil: X;, 

CTp011JtaCb cpyHKIJ,I1lf IIJIOTHOCTil nepO.IlTHOCTll jb(X;) (fb(X;)) ,li,.Jl.ll b(b)-~BapKOB Il Bbl'iUC

JIHJIOCb OTHorneHHe R; = It;( X;)/ fh(X;). KoM6HHuposaHHa5! uepeMeHHaH MapKupOBKll 

Xta_q oupe,LJ,eJtHJtaCb CJie,ll,yiOIIJ,UM o6pa30M: 

1-R 
Xtag = 1 + R ' I')l,e R = IJ R;. (2) 

IIepeMeHHaa Xtag li3MeH.IleTC5! B upe,ll,eJiax OT -1 ,li,O i 1. BoJihrnue IIOJIO:lKUTeJibllhie 3Ha'!e

HI15! Bf'.Jlli'illllbl Xtag COOTBe'l'(.'TBYIOT (puc. 4) 60J!h111eil: Bep05!THOCTil pO:lK)l,eHif5! b-KBapKa 

no cpanneHniO c BepoaTHOC.'TbiO po:lK)l,eHim il-KBapKa. AJtropuTM onpe.n.eJieHUH 3HaKa 3aplf-

9 



.n.a b-KBapKa B MOMenT pmK)l,enmi B~ Me3ona ana.aornqen ,LI,JIH BCeX Tpex MeTO)l.OB IIOHCKa 

B~-B~ ociJ,nJIJIRU.Hii, upe)J,C'!'allJJeiiiihiX B .n.nccepTau.nn. 

Co6hiTHH, B KOTOphiX 3HaK 3arm.n.a b-KBapKa B MOMenT o6pa30Bamm n pacrra.n.a B~ Me-

30ua O)J,UnaKOB, na3b!Ba!OTCH 11 UCCMClllal!HblMH 
11

, a B UplYI'IIBHOM CJiyqae -
11 
CMemannhiMii 

11
• 

50 

~.,I • B, (bat t=O) 

~ 40 j_ B B, (bat t=O) 

D D,D .• J 

35 I D Comb 

30 

25 

20 

15 - , I ,. (It 
-0.75 -0.5 -0.25 0 0.25 0.5 0.75 1 

xlag 

Puc. 4: Pacupe)J,eJienne uepeMeunoti. MapKupoBKii Xtag AJIH Dtl'~' Bbi6opKn. To•IKaMu c 

OUIU6KaMU upe)J,CTallJiellbl 3KCUCpUMCHTa.JlbllbiC )J,aHHble. l.I,BCTllblC l'liCTOI'paMMbl IIOJIY

qeHhl MCTO)~OM MouTe-Kap;m. BeJJaH t'UCTOI'paMMa upe)J,CTaBJIHeT KOM6unaropHhiii <t>on, 

:lKem:aH I'UCTorpaMMa HKJIM oT DsD co6biTUii, 6o;1ee TeMHhie t'UC'roq>aMMhi uoKa3hmaJOT 

BKJla)J,hi OT B~ Me30HOB c b-KuapKOM u B~ Me30HO!l c li-KuapKOM. 

B pa3,!I;eJie 3.4.2 paccMOTpena upm~e,L~,ypa KJJaccu<t>uKau.uu co6hiTUii. Dtl'~' co6biTUH 

KJiaCt:II4>UIJ.Up0Ba.JlliCb KaK 11CMClllallHblC 11 IIJIU 11 HCCMClllai!Hble
11 

COI'JJaCllO 3UaKy 3apH~a 

Ds M830lla (Qv.) OTHOCHTCJibliO 31JaKa uepCMCHHOH Xtaq· 
11
CMelllallllbl8

11 
KaH)J,Ii)J,aThl OT-

6upaJ11iCb Tpe6oBaHueM Xtag • Qv. < 0, a "uecMemaHHhte" Xtag • Qv. > 0. BepoHTHOt:Th Eb 

HpallUJlbHOI'O Hbt6opa b(b)-KHapKa 110 li3MCp8HiiiO Xtag> Oli,CHiilla.JJaCb Ha MO)J,eJlli{JOilaHHblX 

C06b!TIIHX H COC'I'alliiJta (74,5±0, 5)% 1i (71,5±1, 2)% )J..IIH llbl60p0K 1994-1995 li 1992-1993 

rO)l,OB COOTHCTCTBCHHO . .[I,JIH <j>h±['f c06biTiill Eb =(69±1)%. 

,LI.a.JibllCHlliCC YJJyqmenue BCpOHTHOCTii Eb 6btJ10 )J,OC'l'lil'HYTO UKJIKJqeuueM ll ana.JIU3 

tPOpMbl pacnpe)l,eJlCHHH Xtag· 94><t>eKTiillHaH qi!C'l'OTa MapKUIJOUKii, llOJIY'ICHHa'H 3TiiM Me

TO)J,OM, COC'I'aHIIJJa (78,0±0, 5)% U (74,0±1, 2)% )J..IIH 1994-1995 H 1992-1993 1'0,1\0B CQ

OTBeTCTBC!IHO. CJie)J,yeT OTMCTIITh, 'ITO pacnpe)J,eJICHHH rrepeMCHHOH MapKnpoBKU Xtag 

,ll;JIH MouTe-KapJio u pea.JibHhiX .n.anuhiX coHna)J,aJOT B npe.n.e;rax 3KcuepuMeH'faJihHhiX 

HCOnpe~eJICHHOCTeti., KaK 3TO CJIC)J,yCT 113 pllt:. 4. 

B Pa3AeJie 3.4.3 paccMoTpenhi 4>H'rupoHanne pat:Hpe)J,eJienuti. lliJCMeH pacHa.n.a B~ 
Kall)l,H)l.a"I'Oill13 11CMemannhtX 11 n 11 necMewauubtX11 Bhi6opoK c yqeTOM 4>oua 11 aMUJmTy~-
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nhllt Mero.n. aua.Jin3a B~-B~ ocn;nJIJIHll,nlt. 

Cl>yHKli,HH IIJIOTHOCTH BepoHTnOCTH pacrra,n;a B~ Kan)l.H.n.aron B MOMenT BpeMenn t; ,ll;JIH 

11 
CMemannolt 

11 
Bhi60pKII MO:lKeT 6b1Tb rrpe.n.cTaBJiena B CJie.n.yJOID;eM Bll.n.e3

: 

pmix(t;) = ~~~ p~ix(t;) + f~PB'ix(t;) + /bc~Pb';r(t;) + fttPJiix(t;) + /bkgP/:k;x(t;), (3) 

r.n.e t; HBJIS!eTCH 113MepeunhiM BpeMeueM pacna.n.a. B aua.JIIITIIqecKOM Bll)l.e pa3JI11qHble 

IIJIOTHOCTII BepOHTHOCTII B Bblpa:lKeHIIII (3) C IICTHHHblM BpeMeHeM pacna,n;a f 3aiiiiCb1Ba

IOTCSI KaK: 

- nepOHTHOCTh CMem11nan11H B~ Me30HOB: 

PB~mix(t;) = {X;;,'Pift(t) + XbfP~~mix(t)}<A(t) 0 Rbt(t- t;); 
- BepOHTHOCTb CMeiiiHBaHIISI KacKa)J,HOrO <t>ona: 

P;:r(t;) = U!J( x;;clPB;mix(t)+Xi:ciPB;,ix(t) )+U~J/2)( x;;clp~~mix(t)+Xi:c,P~ix(t) )+ 

(!~J /2)( Xb~lp~~mix(t) + XbclpBoix(t) ) + ~~cl+ X{;cl/TB+ exp( -t/TB+) + 
j{;jX{;cl/TA, exp{-t/TA,) }A(t) 0 •Rbcl(t- t;). 

3)l,eCb CJie.n.yeT OTMeTIITb, qTQ )l,BOitiiOit BKJia,Ll; OT B~ MO:lKeT 6b1Tb ynpOID;eH, CTaB 1Je3a

BIICIIMblM OT CMemiiBaUIIH, IIOCKOJibKY B pacna,n;e B~ -t.D;tD,;-X JieiiTOH MO:lKeT pO)l.IITCSI 

B pacrra,n;e Ka:lK.n.oro D, Me3oua: /Ii~/78~exp( -t/78~ ); 

- BepOHTIIOCTh CMemiiBaniiH necTpamihiX B Me3onoB: 

RB mix(t) - {/,Bd( xrpunmix(t) + xwpmix(t) ) + be ' - bl bl Bd · bl Bd 
!~+ Xbf/TB+ exp(-t/78 +) + 
!~' Xi:ci/TA, cxp( -t/TA,)}A(t) 0 Rbt(t- t;); 
- BepOHTnOCTb CMeilliiBaHIISI C06b!TIIlt C JierKIIMII KBapKaMII II JIO:lKHblMII JieiiTOHaMII: 

Pflix(t;) = x;rxp,,(t;); 

- BepOHTHOCTh cMemiiBaHIIH KOM6mmropuoro 4>oua: Pi,'k~(t;) = Xr:!;~xpbkg(t;). 

IlapaMeTpbl 4>YHKll,llll pbkg(t;), IICIIOJib30BaHUOit ,ll;JISI rrapaMeTpll3all,llll KOM611uaropuo-

ro <t>oua, 6biJIII onpe.n.eJieHhl B 4>11Te no 113MepeuiiiO npeMeHII :lKII3HII B~ Me3oua. B aMIIJIII-

'' TY)l.HOM MeTO)l,e aHa.JIII3a np0113BO)l,IITC{I O)l.iiOapeMeHHQe 4>11THpOBanlle 4>YHKll,llit IIJIOTno-

CTII nepOHTHOCTH pacna,n;a B~ KaH)J,II)J,aToB B MOMeHT npeMeHII t; ,ll;JIH 11cMemauuhlx 11 11 

"uecMemauublx 11 Bhi6opoK c 113BJieqeuneM aMIIJIIITY)l,bl A II ow116K11 a(A) np11 pa3JIIIq

HhlX 3naqemmx pa3HIIIJ.hl.Macc Llm8~. AMIIJIIITy)J,a A BBO)l.IITCH BO BpeMeunyiO 3BOJIIOli,IIIO 

B~ 11 B~ cocTOHnlllt cJie.n.yiOID;IIM o6pa3oM: 

p~~mix(t) = .,j--e-':h x (1 +A cos(Llm8 ot)) 

p~ix(t) = 2~. ;--:!; x (1- A cos(LlmB~t)). 
Cl>IITIIpOBaHIIe MeTO)l,OM MaKCIIMa.JibHOrO !IpaB)l,OIIO)l,0611H Bbl!IOJIHHeTCH, KaK rrpaBIIJIO, 

B IIHTepBa.Jie 3naqenlllt pa3HIIll,hl Mace Llm8~ OT 0 .n.o 20 rrc-1 c maroM 0.5 rrc-1• Ec

JIII BeJIJlqnna Llm8~ He COOTBeTCTByeT IICTIIHHOMY 3HaqeHHIO qacTOTbl OCli,HJIJIHli,Hlt, TO 

3CooTBeTCTBYIOIJ:¥Ui tPYHKII.IDI IIJIOTHOCTH BepoaTHOCTH ,li,JIH "uecMemaunoll." Bbi6opKH MmKeT 6b1Tb 

npe,n;CTaBJICHa B ana.rrorH'IHOll. <l>opMe c 3aMeuoll. < Ha {1- <) BO BCex tPYHKUHHX X {nanpHMep B xr,), 
onpe,n;e.JieHHbiX B pa3p;ene 3.4.2 ,n;nccepTaiJ,HH. · 
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A = 0. B csoro oqepe)l;b, 3Ha'IeHIIe A = 1 SIBJIHeTCSI yKa3aHIIeM na IICniHHhlll: CIIrHaJI 

OT ocn;nJIJIHD;IIll:. HcKJIIO'IeHHa.H na 95% yposne .n;ocrosepnocTH o6JiacTh 3naqennll: .6.m8~, 

cooTBeTCTByeT ycJiosnro: A(llm8~) + 1, 645 • a(A(llm8 z)) < 1. A 3Ha'Ienne .6.m8~, 

y,D;OBJieTBOpSIIOII\ee paBeHCTBY 1, 645 · a(A(.6.m8~)) = 1, orrpe.n;eJISieT 'IYBCTBIITeJibHOCTh 

anarrll3a. Ocn;IIJIJISIIJ;IIOHHblll: aHaJJII3 na 6a3e aMIIJiliTY)l;HOro MeTo.n;a aHarrorn'IeH )J,ll.II scex 

Tpex MeTO)l;OB IIOIICKa B~-B~ OCD;liJIJISID;llll:, rrpe.n;cTaBJieHHbiX B )l;IICCepTaD;IIII. 

B aToM aHaJIH3e HH)KHIIll: rrpe.n;eJI na 'IacTOTY ocn;nJIJI.IID;llll: .6.m8~ (Fig.5), c y'IeToM 

TOJibKO CTaTHCTH'IeCKHX neorrpe)l;eJieHHOCTell:, COCTaBHJI: .6.m8 o > 7, 4 IIC-
1 

Ha 95% ypOBHe 
. .J • 

.n;ocrosepnocTH c 'IYBCTBIITeJibHOCThiO .6.m8~ = 8, 3 nc-1
. Y'I€T cncTeMaTH'IeCKOll: omii6KII 

I13MeHSieT TOJlbKO 'I~BCTBIITeJibHOCTb (8, 1 nc-1), HO He II3MeHSieT HII)l{Hllll: npe)l;eJI na' 

'IacTOTY OCD;IIJIJISID;IIll:. 

" 7 ., 
,g 6 

fs 
4 

DELPHI 

~ 

:1 , ,, 'ITI)~' ., 1111} ~ \L:?J 
run, (ps"') o ' lo " run, (ps1) 

Pile. 5: (CJiesa) H3Meneniie aMUJIIITY)l;bl ocn;nJIJISID;Hll: A B 3aBIICIIMOCTII OT llms~ (.6.m8~ = 
llm,). To'IKaMII c omn6KaMn npe.n;cTaBJleHbi aKcrrepiiMeHTaJihHble )l;aHHble. U:seTHaSI 

06JiacTb
1 

C I13MeHSI!Orn;HMCH KOHTypoM, COOTBeTCTByeT 3aBIICIIMOCTII aMUJIHTY)l;bi A + 
1,645a(A) C yqi!TOM CIICTeMaTH'IeCKHX OIDH60K. illTpnx-nyHKTllpHaSI JIIIHHSI COOTBeTCTBy

eT Kpiisoll: qyscTHnTeJihHOCTn. TaK)Ke noKa3aHhi JIIIHHII A=O II A=L (CrrpaBa) 3aBIIcn

MOcTh OIDII6KII B aMnJIIITY)l;e a( A) B 3aBHCHMOCTII OT .6.m8~, BKJIIO'IaH CIICTeMaTII'IeCKHe 

neorrpe.n;eJiennocTH. 

r~aBa· 4 nOCBSIII\eHa aHaJIII3Y a.n;pOHHbiX pacna,n;oB B~ Me30HOB c IIOJIHOCTb!O peKOH

CTpynpoBaHRbiMII Ds Me30HaMII. 9TOT MeTO)l; 6JIH30K K nepBOMY C TO!!: pa3HIID;el!:, 'ITO BMe

CTO JienTOHa BbiCOKOl!: 3Hepriiii HCnOJib3yeTCSI a,n;pOH CO 3HaKOM 3apSI,D;a npOTHBOnOJIO)l{HbiM 

3HaKy D
5

• B 1992 -1995 ro.n;ax 6biJIO peKOHCTpyi1pOBaHO 2953 D:h'f KaH)l;ll)l;aTOB (BKJIIO'IaSI 

60% <Pan) B .n;syx Mo.n;ax pacna)l;a D; -+ qm- -+ K+K-rr- n D; -+ K*°K- -+ K+rr-K-. 

B naparpacpax 4.1 n 4.2 no.n;po6no paccMOTpeHhi: oT6op co6biTHl!: n nx CTpYKTypa, 

.n;ncKpHMIIHaHTH:ble nepeMeHHble )J,liH no.n;aBJieHIIH <Pona B B~ Bbi60pKe, speMennoe pa3pe

meHHe peKoHcTpynposaHH:blx B~ KaH)l;ll.n;aros II speMSI )Kll3HH B~ Me3ona. 

Bbi6op a,n;pona, conpoBO)K)l;aiOII\ero Ds KaH)l;ll,D;aT, 6a3I1posarrc.a na TeXHHKe npiiiJ;eJih

HhiX napaMeTpOB. Ha6op TpeKoB, npe.n;noJIO)KIITeJihHO npnna)J,lle)Kam;HX B-pacna,n;y, OT

/I)IIparrc.H Ha OCHOBe HX npHD;eJibHbiX napaMeTpOB II COOTBeTCTByiOII\HX Ollii!6oK no OTHO-

12 

meHIIIO, KaK K rrepsnqnol!: sepmiine, TaK II K BTOpii'IHOl!: D5-sepmnne pacna,n;a. H3 sroro 

na6opa )J,llR .n;arrhnel!:mero anarrn3a Bbi6nparrcSI a,n;pon c MaKCIIMaJibHhlM IIMnyJihCOM II 3Ha

KOM 3apa)l;a, npoTHBOnOJIO)KHhlM 3HaKy 3apSI.n;a D •. 9<P<PeKTHBHOCTb Bhl6opa TaKara a,n;

pona cocTaBIIJia 80%. Cpe)l;ll OTo6paHHhlX a,n;ponos (84±4)% rrpnna)J,lle)KaJIII B-aepmnne. 

EcJin rrpon;e.n;ypa oT6opa ne cpa6aTblsarra, ror.n;a BKJIIO'IaJJCR arrropiiTM c B03MO)KHOCThiO 

npiiCOe)l;llneniiSI necKOJibKHX a,n;ponoB K D5-Bepllii!He. Ha pile. 6 noKa3aHhi pacrrpe)l;eJieHHSI 

nnsapiiaHTHhlX Mace D 5 Me30HOB nocJie Bhl6opa a,n;pona( os) conpoBO)K)l;eHnSI. Oro6pan-

...-:; 225 
... -200 

~200 
DELPHI ~ 180 

~ 160 
::;m ;;:,.., 

~ 120 
~100 
·E so 

"'&3 60 
40 

25 20 
0 
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0 
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~ 100 
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~so 
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~ 60 

&i 40 ~ 40 

20 ¢1T 20 
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2

) 

Pnc. 6: Pacrrpe)l;eJieHIISI IIHBapnaHTHhlX Mace KaH)l;II)l;aTOB B Ds .Me30Hhl, peKOHCTPYIIPD
BaHHhiX B Mo.n;ax pacna.n;a rf;rr- II K*°K-, nocJie Bbi6opa a,n;pona conposo:>K.n;enna. BepxHIIl!: 

pH)]; COOTBeTCTByeT 1994-1995 rr., a HII)KHIIl!: 1992-1993 rr. na6opa .n;aHHbiX. 

Hbie D;h'f co6biTHSI, nOMIIMO KOM6IInaropnoro <Pona, co.n;ep:>KaT 6oJihmoll: <Pn3II'IeCKIIl!: 

<Pan D5 Me30HOB OT q,parMeHTaD;IIII Z0 -+ cc nap II OT pacna.n;os necTpaHHhlX B Me30HOB. 

B nocJie)l;HeM cJiyqae, BKJIIO'IaSI cnrnarr OT B~ Me30HOB, Y'IIIThlBaJIHCb 'IeTbipe sKJia)l;a: 

OT B/B~ Me30HOB, pacrra.n;arom;nxcSI TOJibKO na O)l;IIH oqaposaHHbil!: Me3on, D., nOT B/B~ 

Me3onos, pacna,n;arom;nxcSI na D. n )l;pyroll: oqaposaHHhll!: Me30H. 

BpeMR :>KII3Hn B~ Me3ona, H3Mep~nnoe (pile. 7) B:a ocnose D;h" Bbi60pKn, cocTaBIIJIO: 

Ts~ = 1, 53~g:i~(cTaT.) ± 0, 07(cncT.) nc. 

B naparpacpe 4.3 npiiBO)l;IITCSI on;enKa OTHOCIITeJibHOl!: pa3HIIIJ;bl mnpiiH pacna,n;a Mac

COBhlX cocTOHHIIll: B~ Me30HOB: llf8~/f8~ < 0, 67 na 95% yposne .n;ocrosepnocTH. Hc

rroJib30BaHHhlll MeTo.n; aHarrn3a anarrornqen orrncaHHOMY B naparpacpe 3.2. BpeMennaSI 

3BOJIIOD;IIH <l>YHKD;IIH nJIOTHOCTII sepoHTHOCTH AJISI pacna,n;a B~ = B~ B MOMeHT speMeHII 

t, B OTJlii'IIIII OT D;}'f C06hlTnl!:, B )l;aHHOM CJiyqae HMeeT .n;onOJIHHTeJibHblll: 'IJieH, COOT

BeTCTBYIOm;Hl!: TaKIIM KOHe'IHbiM COCTOSIHIISIM 1 KaK D~•)+D~•)-, KOTOphle (98%) SIBJlSIIOTCR 

CP 'Ii!THhlMH co6cTHeHHhlMII MacCOBhlMH cocTOHHIISIMII. BeJIII'IIIHa Xcp paBHa 0, 22 ± 0, 07. 

P(t) = (1- Xcp) rnrLr (e-rHt + e-rLt) + XcpfLe-rLt. 
fn+ L 
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Pnc. 7: (CJiesa) PesyJihTaThi cpnTa MeTo,n;oM,;npas,n;ono,n;o6illl pacnpe,n;enenilll speMen 

pacna,n;a B~ KaH,!l;H,!l;aTOB H3 06JiaCTH CHrHaJia, COOTBeTCTBy!Oru;eli. ±20" OT H3MepeHHOrD 

3Haqenmr MaCChi D. (pnc. 6). ToqKH npe,n;crasmnOT ,n;annhle, a KpiiBhle COOTBeTCTsyiOT 

BKJia,Il;aM OT pa3JIHqHhiX KOMIIOHeHT, Oll,eHeHHblX MeTO,!l;OM MOHTe-KapJIO. (Cnpasa) !IJHT 

06JiaCTH cpona B IIHTepsaJie Mace (2,1- 2,3) r3B/c2
• 

IIaparpacp 4.4 nocsaw;en noncKy B~-B~ oeu;nJIJiau;nli.. B pa3,n;eJie 4.4.1 paccMOT

pena npou;e,n;ypa KJiacciicpHKau;uu co6hiTHli.. Co6biTHR pa3,n;elli!Jiuct na 11 cMeiiiaHHhre 11 H 
11 necMeiiiaHHhie 11 corJiacno npou;e,n;ype, onucannoli. s pa3,n;eJie 3.4.2. BepoaTHOCTh fb 

npaBHJihHoro Bhr6opa b(b)-KsapKa no II3MepeHif!O Xtag, ou;esusanacb Ha Mo,n;eJiuposaHHhiX 

co6biTHRX u cocTasHJia (71,4±0, 4)%. CooTBeTCTByiDru;ue sepoaTHOCTH ,n;.rra KOM6uHaTop

Horo cpOHa, cf:k~ H c/,J::;:ix, 6biJlll noJiyqeHbl H3 aHaJIH3a 3KCnep1IMeHTaJihHbiX ,n;aHHbiX BHe 

30Hhi Ds curHaJia. ,II,rra D. Me30HOB OT cpparMeHTaiJ;HH Z0 --+ cc nap sepORTHOCTH c';J;ix, 

c~Fmix 6biJIH B3RThi H3 MosTe-KapJIO. 

B pa3,n;eJie 4.4.2 npe,n;cTasJieHhi pe3yJihTaThi aMnJIHTy,n;soro MeTo,n;a aHaJIH3a ocu;HJI

JIRll,IIli.. li>yHKI.I,Ha nJIOTHOCTH sepoaTHOCTH paena,n;a B~ Kan,n;u,n;aTOB s MOMenT speMenu t; 

,LV!R 11eMeiiiaHHOli. 11 Bhi60pKH 3aiillChiBaeTea KaK: 

pmix(t) _Jeff nmix (t) jeff nmix (t) jeff nmix (t) +jeff nmix (t) 
i - B~,lD-'B~,lD i + B~,2D'B~,2D i + B,lD'B,lD i B,2D'B,2D i (5) 

j effpmix(t) +jeff omix(t) + cc cc ·i bkg rbkg i , 

r,n;e t; RBJiaeTCR H3MepeHHhiM speMeHeM pacna,n;a B~ KaH,n;u,n;aTos. AsanuTuqeeKue Bhi

pa)KeHua ,n;.rra pa3Jiuqshrx llJIOTHOCTeli. sepoaTHOCTH s Bhrp~enuu (5) no,n;po6so pac

CMOTpeHhi s ,n;uccepTau;Hu. CoOTseTcrsyrow;aa cpyHKI.I,HR llJIOTHOCTII sepoaTHOCTH ,n;.rra 

"secMelllannhrx 11 eo6biTHii: MO)KeT 6biTh npe,n;craBJiena s asanoru'IHOii: (5) cpopMe c 3aMe-
. ' 

HOH € Ha (1- €) B aHaJIHTIIqeeKHX Bblp~eHHHX ,LV!R pa3JIHqHblX nJIOTHOCTeH sepORTHOeT!l. 

PesyJihTaThi aMllJIIITy,n;Horo MeTo,n;a aHaJIH3a ocu;IIJIJiau;uii: noKa3aHhl na (puc. 8). Pac

eMaTpusaa TOJihKO CTaTIICTH'leCKHe HeOnpe,n;eJieHHOCTll, fihiJI IIOJiy'leH HII)KH!IH npe,n;eJI Ha 

~acrOTy Oeu;HJIJIRu;uii:: 6.m8 o > 4, 2 nC1 Ha 95% ypOBHe ,li;OCTOBepHOCTll e 'IYBCTBllTeJib-• 
HOCTb!O paBHOH 3, 1 llC-1 • yq~ CIICTeMaTU'leCKOH Oll!I6KII ll3MeHReT 'IYBCTBllTeJibHOCTb 

(2, 7 nc1
) II Hll)KHIIfi npe,n;en: 6.m8~ > 4, 1 rre-1 (Ha 95% yposHe ,n;ocrosepHOCTII). 

rmma 5 nOCBIDll,eHa IIOlleKy B~-B~ OCIJ;HJIJIRIJ;HH MeTO,!l;OM nOJIHOCThlO peKOHCTpyupo-
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Pnc. 8: (CJiesa) l13Menenne aMllJIHTY,!l;hi oeu;nJimurnli. As 3aBHCHMOCTH OT 6-ms~- ToqKa

MH C OIIIH6KaMH npe,n;CTaBJieHbi 3KCnepHMeHTaJibHbie ,!l;aHHhie. I.J;seTH3.ll 06JiaCTb, e H3Me

HR!OIIJ;HMCR KOHTypoM:, eOOTBeTCTByeT 3aBHCHMOeTH aMIIJIHTY,!l;hi A+ 1,6450"(A) e yq~OM 
eHCTeMaTHqeCKHX _ OniH60K. lllTpHX-nyHKTHpHaa JIIIHHR eOOTBeTCTByeT KpiiBOH qysCTBH

TeJihHOCTH. (Cnpasa) 3asiiCIIMOCTh onmDKH B aMllJIHTy,n;e O"(A) B 3asneHMOCTH OT 6-ms~, 
BKJI!Qqaa CHCTeMaTHqecKHe HeOnpe,n;eJieHHOCTH. 

BaHHhiX B~ Me30HOB. K KOHu;y 90-x ro,n;os noncK B~ - B~ ocu;HJIJIRIJ;Hli. TaK H He ysen

qaJICR yenexoM, necMoTpa na see yeiiJiilll s CERN, Fermilab H SLAC. O&be,n;unenhle pe-

3YJihTaThi 3KcnepiiMeHTOB na LEP, CDF II SLD no3BOJIHJIH ycTaHOBHTh HIDKHHli. npe,n;en: 

6.m8~ > 14, 3 nc-1 Ha 95% ypOBHe ,!l;OCTOBepHOCTH, npH 3TOM 3HaqeHHe qysCTBllTeJibHOCTH 

COCTaBJIRJIO 14, 7 nc-1 • 

IIporpecc s noncKe B~ - B~ ocu;HJIJIRll,Hli., npo,n;sii)KeHHe s o6JiaeTh 6oJiee BhiCOKHX 

3HaqeHHH Pa3Hllll,hl Mace 6.m8~ C06CTBeHHhiX' MaCCOBblX COCTORHHH B~, onpe,n;eJIReTCR 

ToqnocTbiO II3MepeHIIR speMenu npoJI~a B~ Me3oHa ,n;o pacna,n;a. B o6ru;eM cJiyqae spe

Mennoe pa3peiiienue O"t co,n;ep:amT ,n;sa qJieHa, o,n;nn H3 KOTOpbiX 3asucuT OT speMeHH: 

O"t = J0"£ 2 + (O"pjp) 2 X t2 • 3,n;eCh 0"£ RBJIReTCR pa3pellleHIIeM ll3MepeHHR paCCTORHHR ,!1;0 

pacna,n;a, a O"v/P- OTHOCllTeJibH3.ll Olllll6Ka onpe,n;eJieHHR HMnyJibea ll t speMR npOJI~a B~ 

,n;o pacna,n;a. YMeHhllleHHe aMnJIHTY,!l;hi ocu;HJIJIRll,IIli. ("damping") MO)KHO 3anncaTb KaK: 

damping= exp( -(6-ms~0"£)2 /2fi)(x) exp(x2)ERFC(x), r,n;e x=1/.Ji/6.m8~1/(0"v/p), a 

ERFC(x)=2/ J1i' fxoo e-12 dt. 1· 

IIoJIHOCTblO peKOHCTpyuposam~hre B~ Me30Hhi .HMe!OT Jiyqlllee speMeHHOe pa3pellleHue 

no ,n;syM npuqiiHaM. Bo-nepsbrx, TaK KaK soccraHaBJIHBa!OTCa see qaCTHll,hl OT pacna,n;a 

B~, ero HMnyJihC H3BeeTeH C Bb!COKOH TOqHOCThlO, n03TOMy BKJia,!l;OM TOqHOCTII II3MepeHilll 

IIMTIYJibCa s O"t MO)KHO npese6peqb. B 3TOM CJiyqae O"t = O"L u, KaK CJie,n;crsiie, damping = 

exp( -(6.ms~0"1 ) 2 /2). Bo-BTOpbiX, noJIHOCThlO peKOHCTpyupyeMbie pacna,n;hr KaK npasuJio 

,n;syx-qacrnqsbre HJIIInoqTH ,n;syx-qacruqHhie u no3TOMY yrJibi pa3Jlem Me)K,!l;Y qacruu;aMn 

OT pacna,n;a 60Jibllle, qeM B MHOroqacruqHbiX pacna,n;ax. B KOHeqHOM cq~e 3TO npiiBO,!l;llT 

K 60Jiee TO'IHOMY onpe,n;eJieHH!O KOOp,n;HHaT BepiiiHHbl pacna,n;a. 

IIoJIHOCTb!O peKoscrpyuposaHHhle B~ Me30Hhi snepsbre 6biJIH ucn?Jib30BaHhl ,n;m::cep

TaHTOM ,!l;Jlll asanu3a B~ - B~ ocu;nJIJiau;nii: s 3KCnepuMeHTe DELPHI. B ,n;aHHhiX· 1992 

-1995 ro,n;ax 6biJIH OTo6paHhi ,n;se Bhr6opK!I B~ KaH,!l;ll,!l;aTOB. IIepsaa Bhr6opKa eo,n;ep:rKa.Jia 
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11 (aKmaqaH 30% ¢on) rraJIHOCTbiO peKOHCTpynpaBaHHhiX S~ Kan.n;n,n;aTaB, a BTOpaH co

cTOHJia ll3 33 (BKJIIO'IaH 50% cl>an) pacna,n;oB, B KaTOpb!X He 6b!Jlll peKaHCTpynpaBaHbl 1r0 

n/IIJill I· 
B oaparpa.Pe 5.1 n3Jla:lKenhi aroop ca6biTnfi n peKoncTpyK~HH S~ Me3onaa B 12 

KanaJiax pacrra.n;a: 

S~ --+ D_;-1r+: 

S~--+ D;ai; 

S 0 --+ IfK-1r+· 
s ' 

=-'l 
S~ --+ D K-at; 

D_;- --+ qm-, ¢>1r-1r+1r-, f(980)7r-, K~K-, K*°K-, K*°K*-; 

D_;- --+ ¢;1r-, K*°K-; 
=I) . 

D --+ K+7r-, K+1r-1r+1r-;.J 

If --+ K+7r-, K+7r-7r+7r-. 

CneKTP nnBapuanTHhiX Mace, rroJiyqennbiil: cyMMupaaanueM BKJia,li;OB aT acex peKan

CTpynpaaamlhlx pacna.n;aa, npuBe,n;en na pnc. 9. ll>nTnpoaanue o6JiaCTU curnaJia rrpoao.n;u

JiaCh ,li;BYMH cPYHK~UHMU raycca c pa3Rb!MU IliUpunaMU ,li;JIH 3KCKJII03HBHOI'O s~ CUI'HaJia 

(acnoBnail: y3Kufi rrnK) n ,li;JIH qacTH'IHO aoccTanaaJiennhiX S~ pacrra.n;aa (Bropafi IllllpOKHfi 

llUK). 0CHOBHafi BKJia,ll; B IIIUpaKHfi CaTeJIJIUT IIHK BHOCHT CJie)I.YIOn{he KaHaJibl pacrra,n;a 

S~ Me3ona: D:-1!"+, D;-ai, 'D*(2007)°K-7r+, D*(2007)°K-ai, D; p+ and D;-p+, r.n;e Kac

Ka,li;Hble 1 j 1r0 ne peKoncTpynpoBanbi. 

~ 20 
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Puc." 9: CrreKTp unBapuanTIIhiX Mace S~ Kan,n;u.n;aroa peKancTpyupoBaHHbiX B 12 Ma,n;ax 
pacna.n;a (3.n;ecb a6a3naqenue S~ = S,). PeaJihHble .n;annble rrpe,n;cTaBJienbi Ta'IKaMU c 
YKa3aHHeM arnn6aK, na KaTOpbie HaJia:lKeH pe3JJibTaT cPHTa. rncTOI'paMMbl rraKa3biBaiOT 
a:lKH,ll;aeMbie BKJia,ll,hl TOJibKa OT pa3Jlli'IHhlX liCTO'IHliKOB ¢ana, IIOCKOJihKY S~ Me30Hbl 
6biJIH ucKJIIO'IeHbi H3 MonTe KapJia. IIynKTupnaH JIUHUH rroKa3biBaeT pe3yJihTaT ¢nTa 
aroro ¢ana. 

O:lKII,ll;aeMbifi cneKTp nnBapnanTHbiX Mace aT JIO:lKnbix S~ Kan.n;n,n;aTaB 6biJI naJiyqen 

na CTaTHCTHKe 2, 9 • 106 bb n 5, 3 · 106 qij MonTe-KapJio ca6biTHfi4 , ncKJIIO'IaH H3 anaJiu3a 

HCTHHHbie S~ Me30Hbi. SKJia,ll;hi aT S a.n;panoB, aT oqapaBaHHhiX a.n;panaa n aT qacTnn; 

•n~ o6ooHa'IeHHeM "q" no.zq>aayMeBaroTC>I u, d, s, c KBapKH. 
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C Jiei'KHMII KBapKaMH ,n;eMOHCTpllpJIOT rpa,ll;lleHT HaKJIOHa 3KCIIOHeH~aJibHafi cPY~II, 

carJiacJIOJJJ;IdlCH C IIOJiy'IeHHbiM I'pa,n;HeHTaM HaKJiana ll3 peaJibHbiX ,ll;aHIIhiX. ~IH ,li;OIIaJI

HIITeJibHOfi npaBepKll 6biJIH IICIIaJib30BaHbl ca6biTIIH 11npaBUJibHOI'0 11 3HaKa BHe a6JiaCTH 
=I) 

CIII'HaJia, BaCCTaJiaBJieHHbiX D; II D Me3aHOB, II cofuiJTHH "nenpaBIIJibHara" 3HaKa. rpa-

,ll;lleHTbi HaKJiana B o6aHX CJiy'Ia.HX CaBIIa,ll;aiOT C TeMII, 'ITO naJiyqeHbi B peaJibHbiX ,ll;aJ!Hh!X 

II Monw-KapJio. ITo pe3yJibTaTaM cPIITa pacnpe,n;eJieHIIH IIHBapiiaHTHhiX Mace, naKa3an

naro Ha p11C. 9, 'IIICJia S~ Me30ROB aKa3aJIOCb paBHbiM 8 ± 4 II 15 ± 8 B OCHaBHaM II B 

CaTeJIJIHT IIIIKax CaOTBeTCTBeHHO. SepaHTnaCTb TOra, 'ITO acnaBnafi IIHK HBJIHeTC.H <i>JIYK

Tya.n;n:eil: ¢ana, cocTaaiiJia 3 . 10-4 . 

B oaparpa.pe 5.2 a6cy)K,ll;aeTCH peKaHCTIJYKIIIIH necTpaHnbiX S Me30HOB. ,ll;JIH npo

BepKH aJirapnTMaB BOCCTanaBJiennH S~ Me3anaB aJiaJiarii'IHaH MeTa,li;IIKa 6biJia npiiMenena 
- =I) . 

,li;JIH peKOHCTIJYKIIIIII necTpannhiX S Me3anaB, pacrra.n;aroiJJ;IIXCH na D II ne6aJiblliOe KaJIII-
=<J 

qecTBa IIIIaHOB. ~H <!Tara 6biJIII Bbi6panbi paCIIa,IJ;bi s+ --+ D 1!"+, S 0 --+ D*(2010)-7r+ II 

S 0 --+ D*(2010)-ai- IIaJiyqennhle pacrrpe,n;eJieniiH HHBapiiaiiTIIhiX Mace )1,1IH 3THX pacrra

,n;oB, rrpiiBe,n;enhi na piiC. 10. 

~ .. 
"o 

~ 11 

~ 10 

1· 
c • 

"' 

O 4 -4.1 4.4 4.6 ;-4.1 S U U S.Ci H 6 

• M(B.,) (Go Vic') 
• . =I) 

Puc. 10: CneKTpbi HHBapnaiiTHhiX Mace OT pacna.n;oa a) s+ --+ D 1r+. Su,n;en caTeJI-

JIHT IIIIK aT s+ --+ D*(2007)07r+, s+ --+ If p+ ll s+-+ D*(2007)0p+ pacna.n;oa. b) 
S 0 --+ D*(201o)-7r+ II S 0 -+ D*(2010)-at. Ha pncynKax Su = s+ ll sd = S 0 • 

B oaparpa.pe 5.3 paccMaTpenbi KIIHeMaTnqecKne aTpa:lKennH aT S 0 and Ag pac

na.n;oa. ~H necKOJihKHX Kana.n:oa pacna.n;a S~ ¢n3II'IeCKHM ¢onaM HBJIHIOTCH pacna

,ll,hl neCTpaJ!HhiX S a.n;paHOB, B KOTOphiX O,li;IIH ll3 rrnanaB .HJill nparon a!ITII60'IH? n,n;en

TIIcPIIIJ;HpaBan, KaK K Me30H (3TaT 3cPcPeKT naJiy'IliJI Ha3BaHHe 11KHHeMaTH'IeCKae aT

pa:lKenne"). OcnaBHbiMII pacna,n;aMn ,ll;aiOIIJ,HMn "KHHeMaTHqecKoe aTpa:lKenne" HBJIH

IOTc.a: S 0 --+ D-7r+(at), D- --+ K*01r-, (IIMnTIIpJIOIIJ,He pacna,ll;bl S~ -+ D;1r+(at), 
=I) =I) 

D; -+ K*°K-) n S 0 --+ D 7r-7r+, D -+ K+1r- = K+7r-7r+7r- (nMnTHpJIOIIJ,He pac-
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=1) 
na,n; B~ ~ D K-?T+ ). B o6JiacTII OCHOBHoro n11Ka mKII)l;aJIOCh, qTo 0, 32 ± 0, 13 co6b!TII.H 

.HBJI.HIOTC.H 11 KIIHeMarnqecKIIM oTpa)KeHIIeM" (c 19% BKJia)J;OM OT pacna.n;oB Ag). )J,n.H BTO

poro n11Ka "KmmMarnqecKIIM oTpa)KeHIIeM" .HBJI.HIOTC.H pacna.n;hi, B KOTOpbiX D Me30H 

conpoBO)K)J;aeTC.H p Me30HOM. TaKoll: cp11311qecK11ll: cpoH COCTaBIIJI 1, 3 ± 0, 7 co6hiTII.H. 

llaparpa<P 5.4 nocsnru;eH no11cKy B~-B~ oc~IIJIJIH~IIli. Co6biTII.H pa3.n;eJI.HJIIICh Ha 

"cMemaiiHbie" 11 11 HecMemaiiHbie 11 corJiaCHO npo11,e.n;ype, oniicanuoli B pa3,n;eJie 3.4.2. 

)J,n.H J"fK-:-1r+ KanaJIOB IICllOJib30BaJICH 3HaK 3apH.n;a K Me3oHa BMeCTO 3HaKa 3apn.n;a D, 

Me30Ha. BepO.HTHOCTh ~b npaBIIJibiiOro Bbi6opa b(b)-KBapKa no H3MepeniiiO Xtag• 6biJia o~e

HeHa Ha MO)J;eJIIIpOBaHHbiX COfihiTIIHX II COCTaBIIJi:i (74,5±0, 5)%. CoOTBeTCTBJ!Otu;IIe Bepo

.HTHOCTII ,li;JIH KOMfiiiHaTOpHOrO cpOHa ~bk~ II ~bk;•ix fihiJIH llOJiyqeHhl Il3 aHaJIII3a peaJibHblX 

)J;aHHhiX BHe 30Hhi D CIIrHaJIOB. )J,n.H co6blrnll: KIIHeMaTIIqecKoro OTpa)KeHII.H sepo.HTHOCTII 

~~~~ 11 ~~;ylix 6biJIII o~eneHbi MeTO)l;OM Monre-KapJio. 

B pa3,n;eJiax 5.4.1-5.4.2 rrocJie.n;oBaTeJibHO paccMOTpeuhl BpeMennoe pa3pemeniie pe

KOHCTpyiipOBaiiHhiX B~ Me30HOB II aMrrJIIITJ)l;Hblil: aHaJIII3 B~-B~ oc~IIJIJI.H~IIll:. ll>yHK~II.H 

rrJIOTHOCTII BepOHTHOCTII pacna.n;a B~ Kan.n;II.n;aroB B MOMeiiT spe~emt•t; ,li;JIH "cMemaHHoll:" 

BbifiOpKII 3a,D;aiiTCH B BII)l;e: 

pmix(t;) = fs~I'l{f"'(t;) + frefP;:?(t;) + /bkgP/,k;"'(t;), (6) 

r.n;e t; .HBJIHeTCH II3MepeHHhiM BpeMeHeM pacna.n;a B~ KaH)l;ll.n;aTOB, a /s~, !ref and /bkg o6o-

3Haqa!OT OTHOCHTeJihHbie BKJia,D;bl B~ Me30Ha, KIIHeMaTIIqeCKIIX OTpa)KeHHfi II KOMfili!Ia

TOpHOrO cpOHa COOTBeTCTBeHHO. BMeCTe Ollll J)l;OBJieTBOp.HiOT JCJIOBHIO fB~+ /ref+ /bkg=l. 
AHaJIIITnqecKHe Bbipa)KeHIIH ,li;Jl.H pa3JIHqHhiX nJioTHocrell: BepoHTHOCTH B Bhipa)KeHnn (6) 

no.n;po6Ho paccMOTpeHbl B .n;nccepTaii,nn. Cl>yHKII,IIH nJIOTHOCTH BepoHTHOCTH pacna,n;a B~ 
KaH)l;H)l;aTOB ,li;JIH 11 HeCMellaHHOfi 11 BhifiOpKII aHaJIOrnqHa (6), KaK fihiJIO OTMeqeHO B pa3-

,n;eJie 4.4.2. 

B aMllJIHTJ)l;Hhlfi aHaJIH3 OC~IIJIJI.H~Hfi fihiJIH BKJI!OqeHbl BCe COfibiTII.H B IIHTepBaJie M3.CC 

OT 4,83 .n;o 5,46 raB/ c 2 (pnc. 9). Ha JieBOM pncyHKe 11 llOKa3aHO H3MeHeHHe aMHJIII

TY)l;hl A B 3aBHCIIMOCTH OT tl.m8~. IIocKOJihKY cTaTHCTHKa cJinmKOM Marra, 3TOT aiiaJIII3 

.n;aeT npeiiefipe)KHMO MaJIOe orpaHnqeiiHe Ha BeJIIIqHHJ qaCTOTbl OC~IIJIJIHII,Hfi: tJ.!7lB~ > 
1, 5 llC-l Ha 95% ypOBHe )J;OCTOBepiiOCTII C qyBCTBIITeJibiiOCTbiO 0, 4 llC-l. C .n;pyrofi CTQ

p0IIbl1 HeCMOTp.H Ha MaJIJIO CTaTHCTIIKy, Han6oJiee Ba)KIIOil: OCOfieHHOCTbiO 3TOrO MeTO

.n;a HBJI.HeTCH OTHOCIITeJihHO IIII3KaH omn6Ka B aMrrJIIITJ)l;e A npn BhiCOKIIX 3HaqeiiHHX 

tl.mB~ no cpaBHeHIIIO c IIHKJII03IIBHb!Mll MeTO)l;aMll. ToqHOCTb II3MepeHIIH speMeHH pacna

.n;a B~ Me-30HOB ,li;Jl.H fiOJibillliHCTBa Me30IIOB OCIIOBHOrO llliKa COCTaBJIHeT llOpH)J;Ka 0, 07 llC 

ii (0, 07--0, 09) ncB caTeJIJIHT nnKe, B 3aBIICHMOCTH OT KaHaJia pacna,n;a. TaKoe pa3peme

HHe 6oJiee, qeM B 2 pa3a Jiyqme, qeM pa3pemeiine II3MepeiiHH BpeMeHn pacna,n;a B~ Me3o

HOB B IIHKJII03HBHhlX Mero.n;ax. BJiaro.n;apn OTJillqHoMy BpeMeHHOMY pa3pemeHniO aHaJill3 

aKcK:nro3nBHhlx B~ Me30HOB o6ecneqHBaeT qyBcTBHTeJihiiOCTh K 3HaqnTeJibHO 6oJihmHM 
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3HaqeamiM tl.m8~, qeM aHaJIH3 noJiyJierrTOHHhlX pacna.n;oB B~, .n;oMHHIIPY!Oru;Hll: B o6Jia

crn MaJihiX 3aaqeaHll: tl.mB~· ll3-3a Jiyqmero BpeMeaaoro pa3pemelllHI, BeJIIIqnaa a(A) B 

aaaJIH3e SKCKJII03IIBHhlX B~ Me30HOB j'BeJIHqHBaeTCH Me,li;JleHHo {pile. 11-a). OTHomeaHe 

COOTBeTCTBJIOru;HX OmHfiOK a(A) aHaJIH3a ITOJIHOCTbiO peKOHCTpYHPOBaHHh!X B~ Me30HOB 

II aHaJIII3a IIOJiyJieiiTOHHbiX pacna.n;OB B~ Me30HOB COCTaBJI.HeT 5 {2) npH MaJiblX {fiOJibillHX) 

3aaqeHH.HX tl.m8~ {pnc. 11-b). 
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Pile. 11: {CJieBa): ll3MeHeHIIe aMIIJIHTY)I;bl oc~IIJIJ:i~Hli A B 3aBHCIIMOCTII OT tl.mB~· ToqKa

MII C OllHfiKaMH npe)l;CTaBJieHhl SKCrrepHMeHTaJibHhle )l;aHHhie. ~eTHaH 06JiacTb 1 C H3MeH.H

iOru;HMC.H KOHTypoM, COOTBeTCTHyeT 3aBRCHMOCTH aMllJIHTJ)I;bl A+ 1,645a{A) C yqeTOM CH

CTeMaTIIqeCKHX OlliifiOK. I!ITpHX-llJHKTHpHaH JIHHH.H OTHOCHTC.H K KpHBOli qyBCTBHTeJib

HOCTH. a): CIIJIOillHaH JIIIHH.H IIOKa3blBaeT II3MeHeHIIe OllHfiKII aMIIJIIITJ)l;bl OC~IIJIJIHITHli 

a( A) B 3aBHCHMOCTII OT tl.mB~ IIyaKrnpaa.H JIHHH.H noKa3b1BaeT H3MeHeHIIe ycpe.n;aeaaoli 

omii6KH a( A), noJiyqeaaoll: aa 100 "MoaTe-KapJio Bhl6opKax B~ Me30HOB co cTarncTII

KOli 3KBIIBaJieHTHOil: CTaTIICTIIKe 3KCIIepi1MeHTaJihHblX )l;aHHbiX. U:BeTOM IIOKa3aHa OfiJiaCTb 

±2a(A) BOKpyr cpe.n;aero 6e3 yqiiTa CHCTeMaTHqeciHX omn6oK. b): CpaBHeHIIe om116oK 

a(A) B 3aBIICIIMOCTH OT tJ.m8~ )l;Jl.H Tpex aHaJIII30B: CllJIOillHa.H JIIIHII.H COOTBeTCTByeT 3KC

KJII03HBHOMY B~ aHaJIII3Y, a mpnxOBaH II nyHKTIIpHble JIHHIIH rroKa3hiBaiOT pe3yJihTaTbi 

D;h'f II D;l'f aHaJIII30B COOTBeTCTBeHHO. 

9TOT aHaJIII3 npe.n;cTaBJI.HJI co6oll: nepByro nonhlTKY HCrrOJih30BaHII.H aKCKJII03HBHhlX B~ 

Me3oHOB B noncKe B~-B~ oc~IIJIJIHITIIfi.IEro pe3yJihTaTbl 6blJIII rrpe.n;cTaBJieHbl Ha 3liMHeli 

KOHcpepeHII,IIII "Rencontres de Moriond 1998 11 11 H:a JieTHell: KOHcpepeHII,llll ICHEP'98 B 

BaHKyBepe. BnocJie.n;cTBIIH 3KCKJII03HBHhlli B~ aHaJIII3 6blJI noBropeH 9Kcnepi1MeHTaMll 

ALEPH B CERN II CDF B Fermilab. 

CJie.n;yeT no,ll;'IepKHYTh, qro HMeHIIO HCrrOJih30BaHIIe noJIHOCThiO peKOHCTpYHPOBaHHhiX 

B~ Me30HOB .HBHJIOCh pema!Otu;HM B rrocJie.n;yroru;eM OTKpb!TIIll B~-B~ ocii,HJIJI.HII,IIli B 9KC

nepi1MeHTe CDF B 2006 ro.n;y. ll3 ny6JtHKaii,Hll CDF: "A.n;poHHhle II noJiyJienTOHHble Mo

)l;hl pacna,n;a .HBJI.HIOTC.H B3aHMO)l;OIIOJIIIHIOru;HMH. IIoJiyJierrTOHH~e pacna,D;bl .n;OMIIHIIPJIOT 

B o6JiacTII MaJihlX 3HaqeHIIli tl.m8~. IIoJIHOCThiO peKoHcTpyapoBaHHhle B~ Me30Hhl nMeiOT 

HaH~mee BpeMeHHOe pa3pemeHIIe ll 60JibillOe KOJIIIqeCTBO TaKHX pac!Ia,D;OB BOCCTaHOB-.. . ' -·. 

JieHHhiX B aKcnepiiMeHTe .HBJI.HeTC.H yanKaJibHOil: oco6eHHOCThiO CDF, o6ecneqiiBarom;ell: 

qyBCTBIITeJibHOCTb K 3HaqnTeJibHO 60JiblllliM 3HaqeHII.HM tJ.m8~, qeM B .n;pyrnx 9KCilepii-
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MenTax. MLI 3aperncTpnponaJill cnrnaJILI oT 5600 rroJmoc"TLIO peKOI!CTpyilponauuLIX a,n,
poHHLIX pacua,n,on n~, OT 3100 'JaCTII'Hto peKoucTpynpmmHHLIX a,n,poHHLJX pacua,n,ol3 n~ 

n oT 61500 'Iacrwmo peKOHCTpyHpo13auuLIX IIOJIYJieUTOHHLJX pacua,n,ol3 n~." 

rmrna 6 uocmuu,eua o6cy)K)J,eHitiO pe3yJihTaTol3 U3MepeHml 13peMeun )!(l13Hll n~ Me3o

ua ll UOHCKa n~-n~ OCIJ,IIJIJmlJ,Hii. nol!CK n~-n~ OCIJ,liJJJJ}!IJ,llU, C IICIIOJih3013aHHeM '!acrwmo 

BOCC'l'aHOBJieHUbiX IIOJIYJJeiiTO!IIIb!X II a,Ll,pOIIHblX paCII3).1.013 n~ Me30HOI3, a TaK)!(e IIOJIHD

CTb!O peKouc·TpyupmmHHhiX n~ Me3ouol3 upe,ll,CTaBJieu 13 ,11,auuoii ,ll,IICCeP'ral\1111 . .IJ:ouoJIHI1-

TeJibHO 13 DELPHI upHMCHLIJIIICb 6oJiee IIUKJII031113HLIC MeTO,ll,hi uo11cKa n~-n~ OC1\11JIJ!Lll\11U 
.J 

6e-3 peKoucrpyKl\1111 D 11 n~ Me3ouol3: auaJI11311pOHaJlllCh a) co6LITHLI CO,ll,ep)!(allllle JienTou 

c HhiCOKIIM uouepeLJHhiM 11MHYJibCOM Pt 11 6) co6LITIILI c peKOHCTpyllpoHaHHLIMII HTOpi1LJ

HLIMH BeplllliHaMI1. 

Bpe.Mst :JICU3HU n~ ~te3oHa 

BCJie,ll,CTI311e TO!'O, LJTO n~ (11J111 n~) Me30HLI LII3JmiOTCLI cyuepuo31111,11eii ,ll,Hyx co6cTBeu

ULIX MaccoHLIX cocTOLIHIIil: 1n~) = ~(ln~H) + 1n~L)) ; I~)= ~(ln~H) -1n~L)), 
cpe,ll,Hee HpeMLI )!(113HI1 n~ Me30IIa MO)!(eT 6b!Tb KOppeKTHO Hb!LJI1~JeHO, H3Mepl!ll 110 OT

.n,eJibHOCT1113peMeHa )!(l1311H Ka)K)J,OI'O l13 MaCCOI3LIX COCTOL!!Illll T8~L II Ts~11 • tb HMelO!l111XCH 

,U:aH~hiX 2016 I'O,ll,a I'pyuuoii HFAG5 (Heavy Flavor Averaging Group) 6LIJIII UOJiyLJeHLI 

CJie,ll,yiOilllle HeJJI1LJI1Hhi: 

1 
T8 o = - = =----<L fL fs+.6.fs/2=1,414±0,006uc; (7) 

1 1 
T8 o = - = =----'" fH fs-.6.fs/2=1,609±0,010nc; (8) 

1 2 
. "' -- - 1 coc ± fs fL+fH- ,vel 0,005uc; (9) 

Tno 
--'-T = 0, 990 ± 0, 004 no . (10) 

BoJiee npaHHJihHO cpaHHllllaTL, H3Mepeuuoe ll DELPHI 3HaLJeHHe Tu~, co HpeMeHeM )!(113Hll 

n Me3ou BpeMLI )1(1131111 ( uc) 

Teop11LI DELPHI HFAG 2005 HFAG 2016 

Tuo - 1,46 ± 0,11 1. 461 ± 0, 040 1, 505 ± 0, 005 
Tuo - 1,53 ± 0,04 1, 527 ± 0, 008 1, 520 ± 0, 004 
Tao/Tao 1,00±0,01 0,95 ±0,07 0, 957 ± 0, 027 0, 990 ± 0, 004 

Ta6JIIIIJ,a 1: npeMeua )!(113HI1 n~ II no Me30HO!l l1 IIX O'l'HOllleHIIe. n Ta6JJI11J,e 11p1113C,ll,CIIbl 
MllpO!lble 3HaLJeiJHL! 2005 II 2016 !'O,ll,Oil. 

n~ Me3oua, 13bl'lllCJielliiblM rpyuuoii HFAG upoCTbll\1 ycpe,ll,HeHIIeM 6e3 yLJeTa upouopiJ,11U 

Ta~L II Ta~11 • noCJJe,ll,Hee TaKOe ycpe,ll,HeH!Ie 1IpOBO,ll,I1JIOCb B 2005 !'O,ll,y 3a !'0,11, ,!1,0 OTKpb!TIIH 

B~-~ OCIJ,IIJIJILI11,11ii. KaK H11,1l,HO u3 Ta6Jllll\LI 1, U3MepeHHLie ll DELPHI HpeMeua )!(H3-

5B MapTe 2017 l'Qll,a rpyuua IIFAG cMeHHJla a66peBMaTypy M Teuepb Ha:.!blll<l.eTCll HFLAV. 
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1 
) 

,)' 

l 

HII n~, no Me30HOB II IIX OTHOilleHIIe, HaJCO.n,HTCH B rrpeKpaCHOM COrJiaCJIII CO Cpe,ll,HIIMH 

3Ha'IeHIIHMII He TOJibKO 20056 ro.n,a, HO II IIOCJie.n,yiOIIJ;IlX II3MepeHII:l!:. 

BepxHuii npeae.a Ha .6.f8~/f8~ 

no pe3yJILTa.TaM aJiaJIII3a IIOJIYJieiTTOH!IbiX II a.n,pOHHb!X paCIIa,Ll,OB B~ Me30HOB IIOJiy

'IeHO orpaJIII'IeHHe Ha OTHOCIITeJ!hHYIO pa3HIIrr;y illllpii!I pacrra,n,a C06CTBeHHb!X MacCOabiX. 

COCTOHHH:l!: n~ Me3ona: .6.f a~ /f B~ < 0, 4.5 Ha 95% ypOBHe ,ll,OCTOBepHOCTJI. 

no COCTOHHIIIO Ha JieTO 2016 ro.n,a 3Ha'IeHIIe .6fs~/fa~ COCTaBJI&JIO 0,129 ± 0, 009. 

Hu:>~eHuii npeae.a Ha .6.ms~ 

no pe3yJILTaTaM BCex IIHTII aHaJIII30B IIOIICKa n~-n~ OCIJ;IIJlmm;llil: ycTaJIOBJI~H (puc. 12) 

Hll)!(HII:l!: rrpe.n,eJI ua 'IacTOzy OCD;llJIJIHD;IIil: B~ Me3oua: .6ms~ > 8, 5 rrc-1 ua 95% yposue 

.n,ocwsepuocTJI c 'IYBCTBUTeJILHOCTLIO p~uo:l!: 12, 0 rrc-1. 

ITo COCTOHHUIO Ha JieTO 2016 ro.n,a 3Ha'IeHIIe .6.ms~ COCTaBJI&JIO 17, 757 ± 0, 021 nc-1 . 

u 

"" .€ 5 

j 
2.5 

·2.5 

DELPHI 

'
5

0 5 10 15 

run, (ps1J 

PRe. 12: 3anuciiMOCTL aMIIJIIITY,ll,bi OCD;IIJIJIHD;II:l!: A OT .6.ma~ (.6.ms~ = .6m,). To'l:KaMu c 

OillU6KaMU IIOKa3aHbl 3KCIIepUMeHTaJibHble ,ll,aHHble. lljleTHaH 06JiaCTL, C U3MeHHIOIII,liMCH 

KOHTypoM, COOTBeTCTByeT 3aBUCUMOCTII aMIIJIIITJ,ll,bl A + 1,645u(A) C Y'I~OM CIICTeMaTII

'IeCKJIX Oillii60K. nyHKTllpHaH JIUHUR COOTBeTCTByeT KpUBO:l!: 'IYBCTBUTeJibHOCTII. 

r 
.IJ:o OTKpbiTIIH OCII;IIJIJIHIJ;IIil: B 20Q6 ro.n,y HII)!(HIIil: rrpe.n,eJI 'IaCTOTJ OCIJ;IIJIJIHIJ;IIU n~ Me-

30Ha COCTaBJI&JI .6.ma~ > 14,4 IIC-1 Ha 95% ypOBHe ,ll,OCTOBepHOCTII C 'IYBCTBUTeJ!bHOCTblO 

18,2 IIC-
1 

(HII)!(HU:l!: pUC. 13). 9TH 3Ha'IeHIIH 6b!JIU IIOJiy'IeHbl 06'be,ll,IIHeHIIeM pe3yJILTaTOB 

U3Mepeuu:l!: pa3liii'IHhlX 3KcrrepuMeHTOB. Ha BepxHeM pnc. 13 rroKa3aHbl BKJia.n,hl OT,ll,eJIL

Hh!X 3KC1IepuMeHTOB
7 

C YKa3aJIUeM UCIIOJ!b30aauuoro MeTO.n,a U3MepeHIIH .6ma~· 

9BOJIIOIJ;UR (2000/2005/2006 rr.) MUpOBhlX 11 YCUJIII:l!: 11 ITO U3MepeHIIIO .6mB~ IIOKa3aHa 

Ha puc .. 14. KaK BII,ll,HO JKa3aHUe Ha CIIrHaJI a IIHTepaane (15 - 20) IIC-1 IIOHBIIJIOCb em;e 

so BpeMena pa6oTh! LEP. 

6
Cpe,D,Hee 3Ha'IeHHe onpe.r\eJI>IeTC>I B OCHOBHOM II3MepeHID!MR CDF /DO, KOTopbie 3Ha'll!TeJibHO 6orree 

TO'IHbie, '!eM II3MepeHIDI ALEPH/DELPHI/OPAL. 
7
DELPHI npe.n;craBJieHO 'IeTblphMH II3MepeHIDIMR BMeCTO IlllTR, TaK KaK D;h'F aHa.JIR3 6hiJI 

o6be)IIDieH c aKcKJII03HBHhlM B~ a:Harrll3oM. 
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ALEPH I 
(91·95, no D~l, adjusted) 

ALEPIID I 
(91-9~ 

Al.Wl1:! 
DELPIIIB+Dh 

(42-9~) 

DELPIII(~t!~ 

DELPIII vtx 
(92-00) 

DELPHI I 
(92-00) 

OPALI 
(91-95) 

OP~t~ I • 
SLDD 
(96-98! 

SI..D dipole 
(96-98) 

CBF1Id1!1 
(91-•i51 

Average for PDG 2006 

Heavy Flavour 
Averaging Group 

2.5 5 7.5 10 

amplitude at Ll.m, = 17.5 ps1 

amplitude (sensiti\.ity) 

1.13 ± 1.13 ± o.2J (13.1 ps'l 

5.o7 ± 2.ou o.56 < 7.5 ps'l 

o.26 ± 1.48 ± O.J2 < o.4 ps'> 

-0.46 ± 5.55 ± 4.12 < 3.2 ps'l 

1.02± 1.9o± o.52 < 8.6 ps'l 

5.26 ± 4.65 ± 1.71 < 6.9ps'l 

0.92 ± 1.90 ± 0.58 (9.1 ps'> 

not measured < 7.2 ps') 

-7.69 ± 4.42 ~:-.~~ (4.2ps'J 

0.05 ± 1.47 ~ ~~ (3.3 ps'> 

170± 121 +O.l6 

.. · -~· 
< 8.7 ps1

) 

-1.05±2.75~~:~ (5.1 ps'l 

1.04 ± 0.56 (18.2 ps'l 

~ 2.5 f~;;:;;;;;;;::;;;;;::-:;';:;:7,....,..,.,.=,..,...=~~~
.-5 
~ 2 

2006 

...: 
f data± I a 

•·•• LI045G -·-· ~~ensitivity 

1.5 t- - data±U45G 
E!'m data±l.645a(statonly) 

o.s 

-O.S 

-I 

-1.5 A 2.5 ~ .. , on ,,. .,. ,.. ''""' '""' 

, P11c. 13: 3na'feHHH aMIIJ111TY)J.b1 A ocu,HJ1J1HU,Hi1 B~-B~ H 2006 l'O)I.J )J.O H3MepeHHH fl.m11~ ua 

CDF. Bepxmtil pHcyuoK: HKJ1a)J.b1 O'l;LJ,eJ1bllb1x 3KcuepHMeunm c JKa3auHeM HCIIOJib30Bau

uorciMeTo)J.a H3MepeHHH tl.m11o. HmKHHH pucytioK: 3aHHCHMOCTb aMIIJIHTY)J.bi ocu,HJIJIHU,Hil 

Am· tl.mB~· To'fKaMH c OHIH6~aMH HOKa3aHb1 3KcuepHMeuTa.J1bHb1e )J,aHUbJe. IlynKTHPHaH 

JIHHHH upe,n;erawiHe'r KpHHYIO 'fYH<-"l'HHTeJ1hiiOC1'11. Ha pHcyuKax fl.m. = fl.mB~. 
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PHC. 14: YKa3altHe Ha CHI'IIa.JI H IIIITCplla.Jie (15- 20) IIC-l IIOHHHJIOCb elll,e HO Hp~Mel!a 

pa6oTb1 LEP, uo TOJ1hKO HbiCOKOCTaTHCTH'feCKHe )J,aiiHbie e Tomll'rpoiia H Ferrnilab uoo

HOJIHJIH pea.J1hll0 IlpOllet"l'H H3~!epeHI!e H 3TOM III!TepHa.Jle. Ha Tpex p11CJIIKax II0Ka3al!bl 

cueKTPbi KOM6mmpoHannoi1 B~ aMIIJIHTJ)I.b1 n 2000 (3aHepmeuue 3IIOXII LEP), 2005 H 2006 
(H3MepeHuefl.mB~ ua T3HaTpoHe) I'O)J.ax. Ha pucyiiKe fl.ms = fl.mB~· 
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B ce~Moii rnaae o6cy:lK)l;aJOTCH MeTO)I,bl IICCJie)J,OBaHIIH cniiHOBOlt c•rpyKTyphi HYK

JIOHa. B HacTOmn;ee BpeMH II3BeCTH01 'ITO BKJ!a,JI; CnllpaJibHOCTelt KBapKOB B CniiH npOTOHa 

COCTaBJIHeT nopH)J,Ka 25%, 'ITO 3Ha'IIITeJibHO HII:lKe BeJIH'IIIHbl 60% O:lKH)J,aBmeltCH II3 npa

BIIJia cyMM Ellis-Jaffe. 9TO npOTIInope'!IIe noJiy'IIIJIO Ha3BaHne "cniiHOBoro KpH3Hca", 

II3H~b1M pemeHHeM KOTOpOro, 6b1JI 6bi 60JibillOlt (fl.G ~ 2,6) BKJia)J, rJIIOOHOB B nOJIHbilt 

CniiH HYKJIOHa. 

HaKonJieHHble ,ll,aHHbie no IIHKJII03HBHOMY nOJIHpH30BaHHOMY rHP, noKpbiBaJOT 6oJiee 

y3K1Ilt IIIITepnan BHPTYMhHOCTH <PoTOIIa, Q2 , no cpaaneHRIO c nenoJiapn3onaHHhiM rHP. 

Ilo3TOMY K:x,Ll; aHMH3 3TIIX ,ll,aHHhlx HMee':r drpaHR'IenHyiO 'IYBCTBHTeJihiiOCTb K pac

rrpe)J,eJienRIO CnHpMbHOCTH I'JIIOOHOB, fl.g(x), KaK <lJyHKD;HH )J,OJIII HMnyJihCa HyKJIOHa, X, 

nepenOCIIMOlt B3aHMO)J,eltCTBYIOID;HM I'JIIOOHOM1 II K ee nepnoMy MOMeHTY fl.G. 

BeJIH'IHHOlt ,li,OCTynHolt 3KcnepRMeHTMhno B npHMhiX MeTO)J,ax H3MepeHIIH HBJIHeTca 

OTHomeHIIe ll.g(x)/g(x), Ha3hlnaeMoe noJIHp1I3aiJ;Helt rJIIOonon. B 3TOM OTIIOmeHHH g(x) 

HBJIHeTCH nenOJIHpH30Ba!IIIbiM pacnpe)J,eJieHHeM I'JIIOOIIOB. 

B naparpa<fJe 7.1 ce)J,bMoii rJiaBbl o6cy:lK)l;aJOTCH np»Mhl!! Mero,ll,hi H3Mepe!IHH noJIH

p1I3aD;HH I'JIIOOHOB B MIOOHHOM ny'IKe. B rHP nOJIHpH3aD;IIH I'JIIOOHOB ll.g I g MO:lKeT 6biTb 

H3MepeHa 'Iepe3 napTOIIHhllt npon;ecc c yqacTIIeM I'JIIOOHOB. TaK KaK rJIIOOnhl 11e HecyT 

3JieKTpH'IeCKOI'O 3apH)J,a1 B HyJieBOM · npH6JIH:lKeHHH OHH He MOI'YT B3aiiMO)J,eltCTBOBaTb C 

<PoTOHOM. B cJie,li,YIOID;eM nopH)J,Ke B3aHMO,ll,eltcTnHe B03Mo:lKno nyTeM o6MeHa KBapKOM 

Me:lK)J,y <lJOTOHOM II I'JIIOOHOM 1 npHBO)J,HID;ee K pO:lK)l;eHHIO qij napb1
1 

KaK 3TO U0Ka3a!IO na 

pnc. 15. TaKolt npon;ecc "f*g -7 qij Ha3biBaeTCa peaKn;nelt «lloToH-rJIIOOIIHoro CJIHHHHH 

(«Drc). 

q 

q 

·pHC. 15: ,ll;HarpaMMa «DrC, HCnOJib3yeMaH )J,JIH IIpHMOro H3MepeHHH nOJIS!pH3aD;HH I'JIIOQ

HOB fl.gjg B MIOOHI!OM ny'IKe. 

B rHP B JIH,li,HPYIOID;eM nopH)J,Ke TeOpHH B03MyiD;eHHlt K:x,L1;8 BeJIH'IIIHa BbepKeHOBCKOlt 

nepeMeHHOlt, XB 1 COBIIa,JI;aeT C )J,OJielt HMnyJibCa HyKJIOHa, IIpHXO)J,HID;eltcH !Ia B3aHMQ

)J,eltcTBYIOID;Hlt KnapK. B npon;eccax a cJie,li,YIOID;eM 3a JIII K:x,Ll;, KaK a peaKD;IIH «Drc 

(pllC. 15), HeB03MO:lKHO TO'IHO Bbi'IHCJIHTb )J,OJIIO HMnyJibCa HYKJIOHa, X 
1 

npHXO,li,HIIJ;YIOCH 

8 
B AllJILHemneM ,!l;1UI KpaTKOCTH, BMecTo "n~yro~ll nopH,D,oK Teopnn B03M~eHHll KX)J;", 6y.n,eT 

HCDOJib30BaTbOI coKpalllennoe Bb!Jla,)Kenne "Jill KX)J;". 
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q 

P1Ic. 16: ,ll;RarpaMMhl <PononhiX npon;eccon K peaKD;IIH «DrC np11 II3MepeHHH ll.gj g MeTO,lJ,OM 

"60JibillHX Pr": CJieBa peaKIJ,HH rHP B JIII K:x,Ll;, a cnpaaa KOMnTOHOBCKOe KX,ll; pacce

HI!He. 

Ha B3aHMO)J,eltCTBYIOID;Hlt I'JIIOOH. 9TO 03Ha'!aeT, 'ITO II3MepeHHe IIOJIHp1I3aD;IIH I'JIIOOIIOB 

fl.gj g HBJIHeTCH ITO CYTH H3MepenHeM ee Cpe)J,Hero 3I!a'!eHHH (fl.gj g) B Onpe)J,eJICHIIOM HH

TepBMe X, KOTOpbilt Bbi'IHCJIHeTCH MeTO,li,OM MOHTe-KapJIO. 

B pa3)J,eJie 7.1.1 paccMoTpeHo H3MepeHRe ll.gjg MeTO,ll,OM "6oJibillHX Pr" ("High PT 
Method") • 

IJpHMbie H3Mepei!IIH Cpe)J,Helt nOJIHpH3aiJ;HH I'JIIOOIIOB (fl.g/ g) B orpaHII'Iei!I!OM IIHTep

BaJie x 6biJIII BhlllOJIHeHbl B 3KchepRMeHTax SMC, HERMES. II COMPASS B MO)J,eJibH0-

3aniiCHMOM np1I6JIR:lKeHIIH aHMII3a peaKIJ,IIH «DrC. B 3THX 3KcnepnMeHTax II3Y'IMHCh co-

6biTHH, CO)J,ep:lKaiD;He napy a,ll,pOHOB C 60JibillHMII (1- 2) r3B/ C nonepe'IIIbiMII HMnyJihCaMH. 

BoJihmHe nonepe'!Hbie IIMnyJihCbi no OTHOmeHHIO K BHPTYaJihHOMy <PoToHy no3BOJIHIOT 

yaeJIH'IIITh BKJia)J, peaKD;IIH «DrC a oT06paHHhiX co6biTIIHX. Ilpon;ecc JIII KX,ll; (pnc. 16 

JieBaH )J,HarpaMMa) 0Ka3hiBaeTCH cyiiJ;eCTBeHHO nO)J,aBJieHHbiM 1 nOCKOJihKY B 3TOM CJiyqae 

a,11,ponw pO:lK,ll;aJOTCH npeiiMyiD;ecTnemw B,li,OJib ocn BHPTYMhHoro <PoTona. Cephi!JHbiM 

<PoHoM )J,JIH peaKn;nn «DrC (pile. 15) anJiaeTca K:x,Ll; KoMnTOHoncKRlt npon;ecc (p1Ic. 16 

npanaH )J,HarpaMMa), TaK KaK a,ll,pOI!bl B 3TOM CJiyqae pO:lK)l;aiOTCH CO CXO:lKelt TOnOJIOI'llelt. 

MeTO,ll, "6oJibillliX PT" o6ecneqnnaeT lY'~llYIO CTaTHCTII'IeCKYIO TO'IHOCTh li3MepeHHlt 

no cpaBHeHIIIO C MeTO)J,OM 
11
0TKpb!Tpi'O O'Iaponanl!H 11

, pacCMOTpeHHbiM Hll:lKe
1 

O)J,HaKO 

IIOJiyqaeMbllt pe3yJihTaT CHJibHO 3aBIICHT OT MO)J,eJIHponaHIIH <lJonOBbiX npon;eccon K:x,Ll; 

MeTO)J,OM MOHTe-KapJIO. IJepTYp6aTIIBUbllt MaCUITa6 B 3TOM MeTO)J,e COCTaHJIHeT J.L2 ~ 

(p}1)2 + (p}2)2 ~ 3 (r3B/c)2 . 

B pa3,11,ene 7.1.2 o6cy:lK,ll,aeTcn li3MepeHIIe ll.g/ g MeTO,ll,OM "OTKpbiTOro oqapona

nna"("Open Charm Method"). 

BKJia,n; oqaponaanOI'O KnapKa HO HHyTpeHHIOIO CTpYKTYPY npoTona, npH paccMaTpHna

eMbiX 3Hepi'IIHX·C0MPASS II el!cTeMe n;eHTpa Mace, C'IHTaeTCH npene6pe)KIIMO MMbiM. 

06pa3oBanRe cc nap n npm~eece <lJparMenTaJ~llll CliJihHO no)J,aBJieno no cpanneHHIO c pO)K

)J,eHIIeM 6oJiee JI.crKHx qij nap. BcJie)J,CTBlle 3Toro, peaKD;IISI <PoTOH-I'JIIOOHHoro CJIHSIHHSI 

"/* g -7 CC (p1IC. 15) paCCMaTpiiBaeTCSI, KaK ,li,OMHHIIpyiOID;lllt MeXaHll3M pO:lK)l;eHHSI CC nap 
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B rHP II CJIY)KIIT OC!IOBOH AJIH II3Mepe11IIH cpe)l,lleil nOJIHpi13aiJ;IIII l'JIIOOHOB (!:J.gj g) B 

orpaHII'IeHHOM IIHTepnane x MeTo,n;oM 110TKpb!Toro oqaponaHIIH 11
• Po*,n;eHHaH ci' napa 

rrpiiBO)l;IIT K o6pa30Ba!lli!O, B OCHOBHOM, D0 Me30JIOB, npe,n;rroJiaraH CniiH-IIe3aBIICIIMYIO 

¢parMeHTau;IIIO. B aTOM MeTo,n;e nepTyp6aTI!BHb!ll MacmTa6 onpe,n;eJIHeTCH nonepe'IHOil 

Maccoll oqaponaHHOro KBapKa, p 2 = 4A1.f. = 4(m~ + p~), r.n;e PT rronepe'IHblfi IIMnyJihC D0 

Me30I!a no OTIIOilleHIIIO K BIIPTYaJibi!OMy cpOTOny. 

B o6oiix MeTO,n;ax- 11 0TKpbiTOro oqaponaHIIH 11 II "6oJibilliiX Pr" - II3MepHeTCH .n;noll

HaH cniiHOBaH aciiMMCTpliH, A raw' 'IT06br II3BJie'lb 110JIHpn3au;niO I'JIIOOIIOB. CBH3b A raw c 

IIOJIHpi13au;IIeil I'JIIOOHOB l:J.gjg Onpe,n;eJIHeTCH ~Jie)l;YIOID;IIM Bbipa)KeJIIIeM: 

Nti- Nit a¢rc /;y.g 
Araw = = fPsPr(aLL -+As), 

--·,~-+Nit a¢rc +as g 
(11) 

3,n;ecL Nti o6o3Ha'laeT 'IIICJIO 3apernCTpl!ponaHHb!X co6b!TIIil, n KoHcpHrypau;llll c npoTII

nonoJIO)KIIb!MII HanpaBJieiiiiHMII IIOJIHp113arriiil ny'IKa II Mllille~ll, ~tt - B KOHcpllrypaiJ;IIII 

conna.n;en11H nanpaBJieHHil noJIHp113au;Hll. CeqenHH peaKu;n11 «<>rC n ¢ona o6o3Ha'laiOTCH, 

KaK IT¢rc n ITB· 06o3Ha'leHIIH Pr, PB n f OTHOCHTCH K IIOJIHpn3au;nHM MnmeHn, ny'IKa n 

K03cpcpnu;neHTY paCTBOpeHHH pafioqero Bem;ecTBa MHilleHH COOTBCTCTBei!HO. 

0TJIOmeHHe aq:.rc/(O"¢rc+ITB) B MeTo,n;e "6oJihmnx Pr" onpe,n;eJIHeTCH MeTO,n;OM MoHTe

KapJio n cocTaBJIHeT ~ 0, 3. B MeTo,n;e 11 0TKpbrTOro oqaponaHnH 11 3Ta neJIH'IHHa JanncnT 

oT aKcnepnMeHTaJILHoro pa3pemeHIIH H3MepeHnH MacChi D0 Me30HOB n MO)KeT ~ocTaB

JIHTL ~ 0, 5. 0)1,11aKO fioJiee Ba)KHbJM, 'leM pa31!HIJ;a B 3TIIX IJ;IIcppax, HBJIHeTCH TOT cpaKT, 

'ITO B MeTo,n;e 11 0TKPLITOro oqaponaHIIH 11 OTI!omeHIIe O"¢rc/(IT¢rc + ITB) onpe.n;en~eTCH 

Henocpe)l;CTBeHHO II3 3KCnepiiMeHTaJibllbiX ,n;aHHbiX, B TO BpeMH KaK B MeTO)l;e 11 60JihilliiX 

PT 11 3Ta BeJIII'IIII!a MO)l;eJibJIO 3aBIICIIMa II BCeu;eJIO OCJIOBb!BaeTCH Ha pacqeTaX MeTO)l;OM 

MoHTe-KapJio BKJia,n;a OT paJJIII'IHLIX IICTO'IHIIKOB ¢o11a. 

B naparpa¢e 7.2 o6cy*,ll;aiOTCH II3MepeHIIH l:J.gjg HappKOJIJiail,n;epe RHIC. 

O,n;HIIM II3 npeiiMym;ecTn ppaKcnepiiMeHTOB 11a RHIC HBJIHeTCH 6oJiee Bb!COKaH 3Hepr11H 

B CllCTeMe u;eHTpa Mace (.n;o ..;s = 200 raB) no cpanHei!IIIO c 3Hepriiell ..;s = v2M E = 

V2. 0, 938 ·160 = 17 raB MIOOJIIIOI'O ny'IKa B 3KcnepnMeHTax Ha COMPASS. 9TO npeiiMY

ru;eCTBO npiiBO)I,IIT K 6oJiee Ha)l;C)KHOJliiHTepnpeTaiJ;IIII ,n;aHHbiX B paMKax nepTypfiaTIIBHOil 

Kx,Ll;. C .n;pyroll cTOpOHbl HaJIH'IIIe .n;nyx a.n;poHon n nepnona'laJibHOil peaKu;IIn CIIJILIIO 

YCJIO)KHHeT aiiaJill3 ,ll;aiiHb!X no cpanHeHIIIO C rHP, r,n;e C npOTOHOM B3aiiMO,n;eilcTByeT 6ec

CTpyKTypHaH qaCTI!IJ;a. 

B BOChMoii: rnaBe paccMoTpeHo II3MepeHne l:J.gjg n COMPASS. B naparpa¢e 8.1 

KpaTKo npe,n;cTaBJieH 3KcnepiiMeHT COMPASS HaSPS. COMPASS, 3KcnepnMeHT c cpnK

cnponannoll MnmeHLIO, pacnoJIO)KeH 11a MIOOHHOM Karrane M2 ycKopnTeJIH SPS n CERN. 

MIOOHb! c 3Heprnen 160f~B paccennaiOTCH Ha .n;ellTponnon (npoTOHHoit) Mnmenii, naxo

,li;HIIJ;eilcH BHYTpH cnepxnpono,n;Hm;ero MarHHTa. 
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YcTaHOBKa BKJIIO'IaeT B ce6H .n;na .n;nnoJILHb!X MarniiTa, SM1 u SM2, pacnoJio)KeHHb!X na 

paccToHnuu 14M .n;pyr OT .n;pyra II uMeiOm;nx HHTerpanLI MarnnTIILIX noJieit 1 TM n 4,4 TM, 

COOTBCTCTBC!IIIO. l1CliOJib30BaHUC )I;Byx ,n;unOJieit npO)I;llKTOBaHO He06XO)I;UMOCTb!O ,n;eTeK

TUpOBaTb 'laCTIIIJ;bl B illiipOKOM IIMnyJibCIIOM II yrJIOBOM ,n;nana30Hax. 0CHOBHOe npe)l,lla-

3Ha'le!IUC SM2 3aKJIIO'IaeTCH B onpe,n;eJieHuu nMnyJibCa pacceHnnoro MIOona (J.t'). 

l!L_ __ _j 

I ' l[WJ{, )l(a.o;IUli: JllFF \' l JHe (-IK)~ ~ 1 

r.;ec~~'i·--
(-(I.JK} 

llponnioTO'IHhlil KaMepa 
TellJioo6MeHHllK pllCTSOIJeHll. 

)KnJlKJou'l•lle 
(OXJI!l»UteBHe 

MIU'HHTOB) 

.t 

Puc. 17: CxeMaTII'IeCKIIil BII)I; c6oKy Ha noJIHpii30BaHHYIO MIIilleHb COMPASS. CTpeJIKaMu 

noKa3aH MapmpyT u;upKyJIHIJ;UII xJia,n;areHTa 3He nHyTpu MumeHu. OcnonHLie KOMnoHeH

Tbl cncTeMbl: KpiioreHHoe o6opy.n;ona11ne, cnepxnpono.n;Hru;IIit' MamiiT, .n;na MHOI'OMO,ll;OBLIX 

CBq-pe30HaTopa If llpiiCliOC06JieHHe AJIH li3MepeHHH nOJIHpll3aiJ;llll (Q-MeTp) 

O,n;noit ll3 OCIIOBIIhiX KOMIIOIIeiiT ~KCnepuMeiiTa HBJIHeTCH nOJIHpli30BaHIIaH MUIIICIIh, 

noKa3ariHaH ua puc. 17. BoJibmaH Tnep,n;oTeJibllaH MnmeHL pacnoJIO)KeHa nnyTpn 6oJILmo

ro cnepxnpono,n;Hrn;ero coJrenou.n;a, co3,n;aiOrn;ero MarHHTuoe noJie 2,5 T c o.n;nopo,n;nocTLIO 

fiB I B Jiy'lrne, 'ICM w-4 • Mnrnenb COCTOliT ll3 .n;nyx ( Tpex) H'ICeK' KOTOpbiC nOJIHpli3YIOTCH 

MeTO)l;OM )l;liHaMII'IeCKOJl nOJIHpll3aiJ;IIll H)l;ep JIU60 B,ll;OJib, JIUfiO nepneH)l;liKYJIHpHO Hanpan

JieHHIO ,n;BH)KeHHH ny'IKa. Pa6o'IHM nem;ecTBOM MnmeHn HBJIHIOTCH 6LiD (NH3), KOTOpb!e 

o6Jia,n;aiOT Bb!COKOit nOJIHpn3au;nOimon cnoco6HOCTLIO. B 2002-2004 ro.n;ax ymonoit aKcen

TaHce COCTaBJIHJI ±69 Mpa,n; AJIH Ha'laJia II ±170 Mpa,n; AJIH KOHIJ;a MaTepnana MllilleHll. 

Ha'lnHaH c 2006 ro.n;a 6b!JI ycTaHOBJien H·anLrll mupoKoanepTypnLrll MarHHT. 9ToT MarHHT 

o6ecneqnJI yrJionon aKcenTaHc ±18tl Mpa.n; AJIH na~ana MaTepuana Mmrrenu, 'ITO o6ec

ne'IHJIO 3Ua'IUTeJILHOe yJiyqmenne aKcenTanca AJIH a.n;poHoB n conna.n;ano c aKcenTancoM 

±180 Mpa.n; caMoro cneKTpOMeTpa. 

B nepnon qacTu cneKTpOMeTpa ycTanonJieH ,n;eTCKTOp 'lepeHKOBCKoro nJJiy'leHuH RICH, 

KOTOpblit CIIOCOfieH npOBO,ll;liTb II,D;eHTllcpUKarrHIO 'laCTIIIJ; B l!MnyJibCHOM )l,llana30HC 2,5-

50 fa B. IJopOI'OBbie l!MnyJILCbi, npn KOTOpb!X 'laCTliiJ;a Ha'lnHaeT li3Jly'laTb 11 qepeHKOBCKliC 11 

cpoTOHbl, paBHbl 2,5, 8,9 ll 17,0 raB AJIH 7r, K ll p, COOTBCTCTBeHHO. 

B naparpa¢e 8.2 no.n;po6Ho li3JIO)Ke!IO H3MepeHue l:J.gjg MeTD,n;oM "oTKpb!TOI'O oqa

ponarmH 11
• COMPASS HBJIHCTCH e,n;nHCTBeHHb!M 3KCnepnMeHTOM, n KOTOpoM 6LIJIO npe.n;

JIO)Keno ll BblnOJIHCHO li3Mepenne l:J.gj g 3THM MCTO,ll;OM. Pacnpe,n;eJie!lliC, I'JIIOOHOB B HyK

JIOHe ,ll;OCTynHO qepe3 MCXllilll3M «l>fC /*9 ---7 CC l'Jiy60KO-Heynpyroro pacceHHliH, B KD-
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TopoM H3MepaeMaa <Poron-nyKJionnaa acnMMeTpHB BHPTYaJihnoro <PoTona9 A-rN rro3Bo

JIHeT H3BJieqb IIOJIHpH3ai\HIO rJI!OOHOB !J.gj g. PO)f(,ll;eHHble B 3TOli peaK~HH CC napbl, B 

OCIIOBIIOM1 <i>parMe!ITHpyiOT B BeKTOp!lb!e H IICeB,ll;OCKaJIBpi!ble HeCTpaiiiible QqapOBaHIIbie 

Me30Hbl B COOTHOmennax: D*(201o)±: D*(2007)0
: D±: D 0 = 3:3:1:1. Bee IIeliTpaJibHbie 

H 68% 3apa)f(eHHhiX BeKTOpHbiX Me30HOB pacrra.n;aiOTCB na rrcea.n;ocKanapnbili D 0 Me3on 

conpOBO)f(,ll;aeMbili nn6o w±, JI!I6o w0, nn6o -y: D*(2007}0 ---t D 0w0 , D*(2007)0 ---t D 01, 

D*(2010)± ---t D 0w±. B peaK~HH <DrC rrpenMymecraeiiiiO po)f(.n;aiOTCa oqapoaaiiiihie D 0 

Me30Hhl, KOTOpbie n 6b!Jln HCIIOJih30Banbi ,ll;JIH H3MepenHH acHMMeTpHII A-rN-->D
0
x. Ba)f(

noli oco6ennocTbiO KacKa.n;noro po)f(,ll;enna D 0 M'bonoa BBJIBeTca B03MO)f(HOCTh naJIO)f(e

nna orpaJmqenna na pa3nney Mace !J.M = Mo· - M 0 o ,ll;JIB rro.n;aanenna KOM6nnaropnoro 

<Pona. 

B pa3,n;eJie 8.2.1 paccMOTpen oT6op co6biTHli c D 0 Me3onaMn. B MeTo.n;e 11 0TKpb!TO

ro oqapoaan11a 11 B Ka)f(,ll;OM co6biTHH peKOHCTpynpyeTca TOJihKO o.n;nn oqapoaa.nnhili D 

Me3on. Ilcea.n;ocKaJIBpHhie D 0 Me30Hhi MoryT 6b!Th rrpo.n;yKTaMH pacna.n;a aeKTOpHb!X D* 

Me3oHOB. Bcne.n;cTane qero, anaJIH31IpyeMbie co6b!THB pa3.n;ena_IOTC~ na .n;ae rpyrrrrhi (ab1-

6opKn}. Ilepaaa Bbl6opKa c pacna.n;aMH aeKTOpHb!X D*(201Q)+ Me30HOB (D*(2010)+ ---7 

D 0 wSow ---7 (K-w+ /K-w+w0 /K-w+ w+w-)wSow) Ha3b!BaeTca 11 Meqenoli 11
, a aropaa c pac

rra.n;aMn TOJihKO ncea.n;ocKaJIBpHbiX D 0 Me30HOB (D0 ---7 K-w+) Ha3b!BaeTca 11 neMeqeuoli 11
• 

Pacrrpe,n;eJieHHB HHBapHaHTHbiX MaCC ,ll;JIH 11 MeqeHbiX 11 H 11 HeMeqeHbiX 11 Bbi60p0K IIOKa-

3aHO na pnc. 18. Han6onee narna.n;no an.n;en cnrnaJI 0° Me3ona c pa3pemen!IeM 27 MaB/c2 

B npaaoli qacTH pncyiiKa. TaM )f(e an.n;na H aropaa CTPYKTypa OT pacrra.n;oa D 0 ---7 K-w+w0 

c nepeKOHCTpynpoaannhiMH w0 Me30HaMH, C,ll;BHHYTaB npnMepno na -250 MaB/c2. 

~ 

~100 
~ 

50 

-400 -300 ·200 -100 

o:,. 

N (0° ) = 56800 

100 200 300 400 

MK,., ·Moo { MeV/e2} 

1000 

o·K. 

-600 -<100 -200 

Pnc. 18: CrreKTpbl HHBapnaHHhiX MaceD~,. (=ena, 11neMeqenaa 11 Bbi60pKa) n Di(,. (cnpa
aa, 11 Meqenaa 11 Bbl6opKa} Kan)J.II.n;aroa. YKaJano rrpn6JIH3HTeJibHOe qncJIO 0° Me3onon n 
IIHKax. 

Pacnpe.n;enenna nnaapnaHTHhiX Mace ,ll;JIB Menee CTaTHCTnqecKH 3naqnMhiX Bbl6opoK, 

Di(,.,.,. H Di(,ub,., IIOKa3aHbl na pnc, 19. Bb160pKa Di(,ub,. co.n;ep)f(HT K Me30Hbi c HMIIYJibCOM 

Meaee 9 raBjc, qTQ HH)f(e rropora HX n,n;eHTH<i>HKai\HH ,n;ereKTOpOM RJCH. )JjJ:a TaKHX 

Ksub Me30HOB Tpe60BaJIOCb1 qro6bl OHH He 6b!JIH n,n;enTH<i>H~IIpOBaHbl 1 KaK IIHOHbl HJIH 

'
9B =bHellmeM AJIH DpOCTOTbl 6y.n;eT yrroTpeMHTbCH Bbip8.)1{eHHe 11¢0ToH-HYKJIOHHa>i aCHMMeTpHH 11 • 
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Pnc. 19: CrreKTp HHBapnaHTHhiX Mace ,ll;JIB 11 MeqeHbiX 11 Bbl6opoK Di(,,.o, Di(,.,.,. H DK,ub,. 
Me30HOB. Ha K8)f(,ll;OM pacnpe.n;enennH yKaJano rrpnMepnoe qncJio 0° Me3onon n rrnKax. 

3JieKTp0Hbl. 

B pa3,n;eJie 8.2.2 paccMaTpnaaeTCH BhJqncnenne <PoTon-nyKnonnoli acnMMeTpnn 

A-yN-->Dox. qiiCJIO C06biTHli, 3aperHCTpHpOBaiiiibiX B onpe.n;enennoii gqefiKe B onpe.n;eneHHhlii 

HHTepBaJI BpeMeHII1 3aiiiiCbiBaeTCH B BII,ll;e: 

dk N ( ) [ ( 8 N--> 'Dox b ) ] dmdX =aqm s+b 1+PtP,..f s+bA~-' ,.. + s+bA8 (12) 

3,n;eCb Af.'N-->J.<'DoX BBJIBeTCB rrpO,ll;OJihiiOli ,ll;BOfiHOfi CIIHHOBOfi acHMMeTpHeii ,ll;II<P<Pepen

I~HaJibi!OrO ceqeHHB ,ll;JIB co6biTIIii C D 0 IIJIII 0° Me30HOM B KOneqnoM COCTOBHIIII, a As 

cooTBeTCTBYIOmaa ac!IMMeTpHB <Pon,a. iianee, m =. A1K,. (nnn m = A1K,,.,.), CHMBOJI X 

o6o3naqaeT na6op H3 k -1 KnneMaTHqeCKHX nepeMeHHhiX co6biTHH (p¥
0

, E0o, Q2, y, ... }, 

a o603JiaqeniiB a, 1/J H n OTHOCHTCH K aKCerrTancy CIIeKTpOMeTpa, IIOTOKY na,n;aiOrri,HX MID

OHOB, npOIII!TerpiipOBaHHbiX ITO BpeMeHHOMy HHTepBaJiy, H qncJiy HYKJIOHOB B MIIIIIeHII 

COOTBeTCTBeHHO. 

CrriiHOBble RCHMMeTpiiii CIIrHaJia H <t>ona YMIIO)f(a!OTCB Ha OTIIOCIITeJibllbie rrpOIIOp~IIII 

cnrnana,s(m, X)/(s(m, X) + b(m, X)} n <Pona b(m, X)/(s(m, X)+ b(m, X)), KOTOpble, 

aBJiaacb <l>YHK~IIBMII m II X, qyscTBHTeJihHhl K aKcnepnMenTaJihHhiM pa3pemenHHM. OT

nomenne s/(s + b) rrpHHBTO Ha3hiBaTb 11 qncTOTOfi cnrnana 11
, a OTHomenne b/(s + b) 

11 qHCTOTO_Ji <t>ona 11
• 

I1onHpii3ai\HH rJIIOOHOB !J.gj g H3BJieKaeTCH H3 <Poron-nyKJionnoii acnMMeTpiiH A-rN-->Dox, 
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onpe,n;e;meMofi qepe3 acnMMeTpHIO A~'N-->,'Dox cooTnomenneM A-rN = A~'N-->,'Dox j D. Ana

JIOrH'IHO acnMMeTpnH <Pona MO)f(eT 6&ITh 3anncana B Bn,n;e A~N = As/ D. 3,n;ec& D o6o-

3Ha'IaeT Km'l<P<Pnu,n:enT ,n;enOJIHpn3an;nn, Y'IHThiBaiOm;nll: nepe,n;aqy nOJIHpn3an;nn BHpTy

aJihHOMY <PoTOHy OT HaJieTaiOlll;erD MIOOHa. IloCKOJihKY RKCellTaHC ll MIOOHHhlfi llOTOK B 

ypaBHeHI!ll (12) HeH3BeCTHhl C )l;OCTaTO'IHOfi TO'IHOCThl01 ,n;JIH H3BJie'IeHHH aCHMMeTpllll 

A-rN 6biJI ncnOJih30Ban MeTo,n; B3BemnBaHHH co6&ITHll:, no3BOJIHIOm;nll: noJiy'IHTh CTaTn

CTH'IeCKyiO TO'IHOCTh, CpaBHHMYIO C TO'IHOCTh!O MeTO,n;a MaKCIIM3JlhHOrO npaB)l;OllO)l;06HH. 

B MeTO,n;e B3BemnsannH co6&ITHfi acnMMeTpnH <Pona A~N Bhi'IHCJIHeTcH o,n;noBpeMeuno c 

acnMMeTpnell: cnruaJia A-rN; npn 3TOM K~,n;oe co'6hiTHe B3BemnBaeTCH o,n;nn pa3 c BecoM 

. cnruaJia Ws = P1J D s~b n o,n;nn pa3 c secoM <Pona Ws. = P,J D s!b. O)f(n,n;aeMaH seJIH'IHHa 

CYMMhl BeCOB CHrHaJia B H'IefiKe MHilleHH MO)f(eT 6b1Th llpe)l;CTaBJieHa B BH,n;e: 

/fws,;) 
\~=1 J dkNt 

ws(X,m) dmdXdmdX 

as,t [1 + (/3s)ws (A-rN)wslls + (/3s)ws·(A-r) ] 
wsPs 

l1cnoJI&3yeMble B ypanuennn CHMBOJihi as,t n (TJ)w, onpe,n;eJIHIOTCH KaK: 

as,t = j ws at rPt nt ( s + b) dm dX (TJ) = f TJWatr/Jtnt(s + b)dmdX 
w f Watr/Jtnt(s + b)dmdX 

(13) 

(14) 

r,n;e /3s = wsPt, f3s = wsPt, TJ E [!3s, /3s, A-rN, A~N] n w E [ws, Ws, ws/3s, wsf3s]. l1u

,n;eKc t o6o3naqaeT H'Ieli:Ky Mnmeun ,n;o ( t = u, d) n nocJie ( t = u', d') H3MenennH na

npaBJieunH cnnua, a Nt 'IHCJIO co6&ITnll: 3aperncTpnposanuhlx B ,n;annoll: H'Ieli:Ke10 . ,ll;JIH 

cyMMhl secoB <Pona (E{::, w8,;) MO)f(HO narrncaT& TaKoe )f(e ypannenne, KRK n (13) c aua

JIOrH'IHhiM orrpe,n;eJieuneM CllMBOJIOB. B ~eJioM, rroJiy'IaeTCH soceMh ypasnennll:, no,n;o6-

Hhlx ypaBHeHHIO (13), ,n;JIH ,n;Byx CIIHHOBhiX KOH<Pnrypa~HHX ,n;JIH BeCOB CIIrHaJia II <Poua B 

)l;BYX H'Ieli:Kax. 9TH BOCeMb ypasueunll: CO,n;ep)f(aT 12 HeH3BeCTHhiX BeJIH'IHH: aCHMMeTpiiH 

(A-rN)wslls• (A~N)wslls• (A-rN)walls• (At)walla n no 'IeThlpe Koa<P<Pnn;nenTa RKcenTauca as,t 

ll aB,t· 

Koa<P<Pnn;neHThl aKcenTauca as,t n as,t ne MoryT 6b1Th Bhi'IHCJieHhi c ,n;ocTaTO'IHOll: 

TO'IHOCThiO, ''IT06hl H3Me'Ih A-rN n A~N narrpHMYIO H3 8 ypasnennll:. Ilpe,n;noJiaraH, 'ITO 

KaK )l;JIH CIIrHaJia, TaK ll ,n;JIH <Poua, B03MO:lKHbie a<P<PeKThl OT II3MeHeHHH aKCenTauca B 

BepXHIIX II HII)f(HHX H'Ieil:Kax O)l;IIHRKOBhl (aujad = au'jad'), 'IHCJIO Heii3BeCTHbiX nepe

MeHHhiX yMeH&illaeTCH ,!1;0 ,n;eCHTH. C em;e O)l;HIIM )l;OllOJIHHTeJihHhiM npe)l;llOJIO)f(eHHeM, 'ITO 

B03M0)f(Hhle a<P<PeKThl OT H3MeHeHHH RKCellTaHCa O)l;HHaKOBhl ,n;JIH C06biTIIll: CHrHaJia ll 

<Parra B o,n;nofi n TOll: :lKe H'Ieli:Ke Mnmenn, ocTaiiTcH cncreMa n3 8 ypanuennll: c ,n;eBHThiO 
10 

,lJ,rui ABHHhiX B 2006-2007 ro,n;ou, d H u o6rona'IBIOT 1\eHTpa.JlbHYID H'IeliKy H cyMMY AOyx OCTaJlhHblX 
COOTBeTCTBeHHO. 
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HeH3BeCTHhiMH. 11, HaKOHen;, npH )l;BYX )J;OUOJIHHTeJibHhiX npe)l;llOJIO:lKeHHHX: 

<A-rN) = (A-rN) = A-rN n 
wslls walls (At) = (At) =At, 

ws/3s ·wstla 
(15) 

'IHCJIO HeH3BeCTHhiX yMeH&maeTCH ,!1;0 CeMII. 9TH npe,n;nOJIO)f(eHHH 03Ha'IaiOT llOCTOHHCTBO 

BeJIH'IIIH A-rN n A~N B nnrepsaJiax H3MepeHnH no p¥0 
n Eno. 

Bo3MO)f(HaH neonpe,n;eJieHnocTh B nOJIHpn3a~nn rJIIOOHOB oT Bcex aTHx npe,n;noJIO)f(e

nnll:, Y'IHThiBaJiaCb B CHCTeMaTH'IeCKOll: Oillll6Ke. l1CUOJih3YH na6op H3 BOChMH ypaBHeHHll:, 

acnMMeTpHH A7 N n acnMMeTpnH <Poua A~N Bhi'IHCJIHJIHCh o,n;nonpeMenno cTan,n;apTI!hiM 

MeTO)l;OM nanMeiibillllX KBa,n;paTOB, npHHHMaH BO BIIHManne CTaTHCTH'IeCKYIO KOppeJIHI~HIO 

Me)f(,n;y E ws n E WB B o,n;noll: n TOll: )f(e H'Ieli:Ke Mnmeun. 

B pa3,n;ene 8.2.3 paccMOTpeHa 'IHCTOTa cnruaJia. l.J:ncTOTa cnruaJia, s/(s +b), Mo

)f(eT 6biTh li3BJie'IeHa ll3 <PnTa pacnpe,n;eJieHnfi liHBapnaHTHhiX Mace no KaH)l;H)l;aTOB. Ona 

3aBHCliT OT KHHeMaTH'IeCKHX nepeMeHHhiX, HanpHMep, 'IllCTOTa BMHKa Upll 60JihillOM UO

nepe'IHOM l!MnyJI&ce p¥0 
cncreMhi Krr n MaJia npn ue6oJI&mnx p¥0

• 

,ll;JIH TOrO 'IT06bl yqeCTh 3TY KHHeMaTH'IeCKYIO 3aBHCHMOCTh 'IllCTOThl CHrHaJia, B ana

JIH3e 6b!Jill liCUOJih30BaHhl Hell:pOHHhJe CeTH, ll03BOJIHBIDHe npOBeCTH pa3,n;eJieHne CHrHaJih

HhiX n <PonoBhiX co6&ITHll:, l!CllOJih3YH TOJihKO peaJihHhie ,n;ann&Ie. Ha Bxo,n;e uell:pouuoll: 

CeTn, ,n;JIH Ka)f(,n;Olt H3 B~J60pOK no Me30HOB, HCllOJih30BaJIHCh )l;Ba na6opa peaJib!IhiX ,n;aH

HhiX. Ilepnhlll: ua6op cocTOHJI n3 D0 co6&rrnll: cnruaJia n co6&ITMll: KOM6nnaTOpnoro <Poua. 

9TO co6&ITHH c npaBHJihHOll: KOM6nua~nell: 3apH)l;OB ("good charge combination"(gce)), 

nMeH oon,n;y 3uRKn 3apH,n;a qacTnn; OT pacna,n;a no Kan,n;n,n;aTOB. BTopoll: na6op c nenpa

BHJihHOll: KOM6nnan;nell: 3apH,n;on ("wrong charge combination" (wee)), oT6npaJICH TaKl!M 

)f(e o6pa30M, O)l;HaKO, Tpe60BaJIOCh. 'IT06hJ CYMMa 3HRKOB 3apH,n;a COOTBeTCTBYIOlll;HX 'Ia

CTHII; He 6&IJia panna HYJIIO. 9TOT ua6op co,n;ep)f(aJI TOJihKO <Pou ll HCUOJih30BaJICH, KaK ero 

Mo,n;eJih (puc. 20). 

}1000 
~ 

J!! 

l 
500 

-600 oo400. -200 200 400 600 
M,.. • Mo• (Me VIc') 

Puc. 20: Pacnpe,n;eJiennH nuBapnanTnoll: MaCChi Krr nap&r H3 Bhi6opKll Di<rr c npaBHJihHOll: 

(gee) ll nenpaonJihHOll: (wee) KOM6nuan;nefi 3HRKOB 3apH,n;a qacTnn;. l1cnoJio:iooau&r ,n;annble 

2007 ro.n;a, noJiyqennhle ua npoTOuuoll: (NH3) Mnmeun. 
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Heliponna.H ceTb no3BOJI.HeT HarJI.H)J;HO p33)J;eJI.HTh co6biTH.H cn:rnana n: <f>ona no p33IIH~e 

<f>opMbi gee H wee pacnpe,n;enenn:li KHHeMaTn:qecKHX nepeMeHHhiX. Ha pn:c. 21 B KaqecTBe 

npn:Mepa nOK33aHbi pacnpe,n;eJieHH.H nepeMeHHOli COS 0' )J;Jl.H COfibiTHli H3 30Hbl CHrHaJia ll 

,ll;Jl.H co6biTHli nne 30Hhi cn:rnana. 

~ 
~ 

.. 
::l -, .. 
~ 
~ 

"' 

Pn:c. 21: Pacnpe,n;eJieHHH I cos 0'1 (nOJIHpHoro yrna K Me30Ha B CHCTeMe ~eHTpa Mace no 
Me30Ha no OTHOIIIeHmO K llMUYJibCY no ) B Jia6opaTOpHOli CHCTeMe no Me30Ha )J;Jl.H gee 

n: wee co6biTHli (nj(,. Bbi60pKa ,n;aHHbiX 2006 ro,n;a). CJiena co6biTR.H H3 30Hbl cn:rnana (n 

npe,n;eJiax ±40 M3B I c2 oT HOMHHaJihHOli MaCChi no Me3ona), cnpana co6biTHH n:3 30Hhi 

BHe CHrHaJia. fl 

HeliponnaH ceTb KJiaccn:<f>n:~n:pyeT gee co6biTHH corJiacno n:x no,n;o6mo no Kn:neMaTn:Ke 

OTHOCHTeJibHO C06biTllli wee H )J;JIH Ka)K,Il;OrO C06biTHH npHCBan:BaeTC.H BepOHTHOCTb OTHO

CHTbCH K CllrHaJiy. BepOHTHOCTb 0,5 npn:CBaRBaeTCH C06biTHHM, B KOTOpbiX HeB03MO:lKHO 

p33,n;eJIHTh CHrHaJI n: <f>on. EcJIH neliponnaH ceTb ofiyqaeTC.H na qHcThlx Bbi6opKax, na

npHMep, qHCTO <f>oHOBble C06biTH.H HJIH CHrllaJI C oqeHb 60JibiiiOli CTaTUCTUqeCKOli 3HaqH

MOCTblO no OTHOIIIeHHlO K <f>ony, TO BbiXO,!J; HelipOHHOli CeTH [sl(s + b)jNN> MO:lKeT 6biTb 

HHTepnpeTHpOBaH, KaK O~eHKa qn:cTOTbi CllrHaJia B BhifipaHHOM HHTepBaJie MacC. 

«<lHT CneKTpa HHBapHaHTHbiX MacC B llHTepBaJiax [sl(s + b)]NN qHCTOTbl CHrHaJia MO

:lKeT TaK :lKe CJIY:lKHTb nponepKOli KJiaCCH<f>HK~HH C06biTHli, noJiyqennoli HelipOHHOli ce

TblO. ,lJ.JIH ncex Bbi6opoK na6JIIO,n;aeTC.H (pHc. 22) xopornee corJiacHe Me)K)J;Y qHcroroli 

CHrnana noJiyqennoli, KaK neliponnoli ceThiD, TaK n: B pe3yJihTaTe <f>HTa. AnanorHqno na-

6JIID,n;aeTC.H XOpomee COrJiacn:e B CpaBHeHHH qHCTOTbl CHrHaJia sl(s +b) )J;JIH nelipOHHOli 

ceTH H peaJibHbiX ,n;annhiX B HHTepBaJiax no p¥0 
nonepeqnoro HMnyJihca no Me3ona no 

OTHOIIIeHUlO K BHpTyaJihHOMY <f>orony ero 3HeprHH E0o. 

B pa3,n;ene 8.2.4 )J;Jl.H TeopeTHqecKn:x pacqeroB, npHBe,n;eHbi <f>oron-nyKJIOHHbie acHM

MeTpn:n: A"~N B HHTepBaJiax no p¥0 
H no Eoo n: cpe,n;nHe 3naqenn:.H KHHeMaTHqecKn:x nepe

MeHHbiX Q2 H y B 3THX HHTepBaJiax. 

B naparpa!f>e 8.3 n:3JlO:lKeHbi MeTO,!J;bi H3BJieqenH.H t::.gl g H3 acHMMeTpn:n: A"~N, KaK 

B JIII Kx,n:, TaK n: B cne,n;yiDm;eM 3a JIII Kx,n: npn:6Jin:lKeHn:Hx. B anaJIH3e npene6pera

JIOCb BKJia)J;aMH OT nenepTyp6aTHBHbiX KOMnOHeHT oqapoBaHHOro KBapKa HJIH oqapOBaH

HOro a)J;pOHa B BOJIHOBYID <f>ynK~lllO HyKJIOHa. l1x BKJia)J;, O~eHHBaeMbili Ha ypOBHe ;S 1%, 
npnn~n:nn:aJibHO OTJinqaeTC.H OT BKJia,n;a nepTyp6aTHBHoro "pacm;enJienn:.H" rJIIDona na cf: 

napy, KOTOpbili CllJlbHO yMeHbiiiaeTC.H C pOCTOM x8 . BKJia)J; OT <f>JIYKTYHPYIDII\HX <iJoTOHOB 
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[ s/(s+b) l . < 0.53 
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Validation of the Parameterisation 
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Pnc. 22: CneKTphi HHBapnanTHhiX Mace K7l" B HHTepBanax qncTOTbi cn:rnana [sl(s+b)]NN B 

neliponnoli ceTn ,ll;JIH Bbi6opKII nj(,.. Ha nocJie,n;neM pHcynKe noK33ano cpaBnenne qncTOThi 

cnrnana, noJiyqennoe B neliponnoli ceTH [s/(s + b)]NN, n: B pe3yJihTaTe <Pnm [s/(s + b)]iit· 
Kpnnhle na rn:cTorpaMMax noK33biBalOT pacnpe,n;eJienne <f>ona. CTaTHcTnqecKaH 3naqn

MOCTh nj(,. cn:rnana npnne,n;ena B e,n;nnH~ax OTHOmenn.H sib. LJ:n:cTOThi cnrnana onpe

)J;eJI.HJIIICh B npe,n;eJiax ±40 M3B I c2 OT ~eHTpaJibHOro 3naqe,HHH H3MepeHHOli MacChi no 
Me30Ha B llHTepBMe [s/(s + b)jNN" 
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ou;emma.nca c noMOIIl;b!O RAPGAP renepaTopa n 6biJI nali,n;en B KnHeMantqecKoli o6JiacTII 

COMPASS npene6pe:lKnMO MaJJbiM . 

B pa3,u;eJie 8.3.1 o6cy)K,L\aeTca II3Mepeune !':!.gl g B JIII KX,J:J:. I1oJiapn3ai~na rmoouon 

!':!.gIg B JIII KX,J:J: npn6Jin:lKennn MO:lKeT 6biTb noJiyqeua n3 cooTnornenna: 

A~'N = DA-yN - a !':!.g - LL-
9 

(16) 

r,n;e aLL aBJiaeTCa napTOHHOii acnMMeTpneii no,n;pou;ecca 119 -t 11' cc, 3aBIICHII1;eli OT nap

TOHHOli KIIHeMaTnKn, aD- <i>aKTOp ,n;enoJiapn~Ru;nii. AciiMMeTPIIH aLL 3KcnepnMeHTaJJbHO 

He,ll;OCTJTIHa )J,TIH Ka:lK,L\01'0 OT,ll;eJibHOI'O C06b!TIIH, TI03TOMJ ,L\JIH ee OIJ;eHKll IICTIOJib30DaJillCL 

uefipomiLJe ceTn. 06yqeune neiiponnon ceTn npoBO,ll;lfJIOCb na MmiTe-KapJio co6LITIIax, 

npn Mo,n;emiponanun KOTOphiX nCTIOJib30Ba.nca renepawp AROMA c OTKmoqeniieM nap

TOIIIIbiX JIHDIIefi. 0'1aponaiiiibie D 0 Me30IIbl "nponycKaJJIICb 11 qepe3 nporpaMMy GEANT, 

Mo,n;eJinpyiDnzyJO ycTanonKy COMPASS, a 3aTeM o6pa6aTLIBaJJHCb TeMII :lKe nporpaMMa

MII ana.nn3a, 'ITO II pea.nLIIbie ,n;annhie. ,J:J:a.nee ncnoJIL30Ba.nacL neiiponnaa ceTL c napa-
. .. 

MeTpn3an;nel! Mo,n;eJiuponannol! napToHnol! aCIIMMeTpnn aLL B TepMnHax na6opa KIIHe-

MaTn'leCKnx nepeMeHHLix: X= {Q2
, y, x, p~

0

, EDo}. Hellponnaa ceTb npe,n;CKa3LIBaeT 

3Ha'!eHna aLL, ocnonannhie na KIIHeMaTnKe co6LITna. ,l:J:Jia Ka:lK,n;oro MonTe-KapJio co6bi

Tna neiiponnaa ceTL MIIHIIMn3npyeT pa3HIIIJ;Y Me:lK,u;y Mo,n;eJinponanHhiM 3Ha'!enneM aLL II 

napaMeTpn30BaHHhiM 3Ha'lenneM aLL> ocHonaHHOM na na6JIJO,n;aeMLrx neJII!'InHax X. Ilpo

u;ecc o6yqeuna neiiponnoii ceTI! 3aBepiiia.nca, Kor,n;a pa3HIIIJ;a Me:lK,u;y Mo,n;eJinponannhiM 

MmiTe-KapJio II napaMeTpii3onannLIM 3naqeniiHMII aLL ,n;ocTIIra.na CTa6IIJihiiOro MIIIIIIMY

Ma. 

BLrJio ncnoJIL3onano rnecTb He3aBIICIIMhiX napaMeTpi13an;nll: .L\JIH Tpex Kana.non pac

na,n;a (K1r, K1r1r
0
, K1r1r1r) n ,L\JIH ,n;nyx 3KCnepiiMeHTaJJhHhiX KOH<iJIIrypan;IIll 2002-2004 II 

2006-2007 l'O,L\OB. ,l:J:OCTI!l'HyTaa KOppeJIHIJ;IIH Me)K,li;Y MO,ll;eJIIIpOBaHHhiMII II napaMeTpl!30-

BaHJihiMII 3Ha'leHIIHMII aLL cocTaBIIJia 77% ,L\JIH Kana.na DKrrrro II 82% ,L\JIH ncex OCTaJJbHhiX. 

3aTeM, o6y'lennaa neliponnaa ceTb, IICTIOJib3ona.nacb ,L\JIH ana.nii3a pea.nLnhiX. ,n;annhiX. 

Cpe,n;naH BMII'!IIua HOJIHpn3an;IIn rJIJOouon n nnrepna.ne 0, 06 < x < 0, 22 , II3BJieqen

naa n3 <i>oTon-nyKJionnoll aciiMMeTpiiii A'YN B Jin,n;npyJOIIl;eM nopa,n;Ke KX,J:J:, cocTaBIIJia: 

\7-) = -0,10 ± 0, 22 (cmT.) ± 0, 09 (cncT.). 

)J;JIH npOBepKH 3TOH BeJIII'IHHhl 6biJI IICTIOJih30BaH aJibTepnaTIIBHhiH TIO,L\XO,L\ onpe,n;eJie

HllH neca CIIrna.na w8 B MeTo,n;e (pa3,n;eJI 8.2.2) B3BeiiinnmmH co6biTIIli. BMecTO <i>aKTopa 

,n;enoJiapii3aiJ;nn D IICTIOJih30Ba.nacb aciiMMeTpnH aLL: ws = Pl'faLLsl(s +b). B 3TOM cJiy

qae B03MO:lKHO o,n;nonpeMennoe II3BJie'!eniie (!':!.gig} n (A~N). KaK II npii o,n;nonpeMennoM 

II3BJieqeniiu (pa3,u;~JI 8.2.2) acnMMeTpuli curna.na II A-yN II <Pona At, B IITOre noJiy

'laeTCH 8 ypaBnenufi, HO C 10 Heii3BeCTHhlMII BMeCTO 12: (!':!.gl g), (At} II IIO '!eTb!pe 

K03<iJ<iJIIn;uenTa aKcenTanca as,t n an,t-

Cpe,n;uaH BeJIII'lnna noJIHpH3an;un rJIJOOHOB n m!Tepna.ne 0, 06 < x < 0, 22, noJiy'lenna.H 
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It;. )LO n 3TOM IIO.LIXO,!J,e, cocram1Jia: \ ~ -0, 06 ± 0, 21 ( CT'd'l~) ± 0, 08 ( CI!CT.) CO cpe)J,He-

rouemennhiM 3na•JenneM (x} ~ 0, ll. 

11Torn npHMhiX MeTO,u;on li3MepennH noJIHpn3aQml rJIIOOHOB B JIII K:x,z::I, 

IloJiyYennoe 3HaYenue \ ~) LO, IIOKa3ano ua puc. 23 BMecre c ,!J,pyruMn 1!3MepeHu.HMH 

noJiapu3an;uu I'.ll!OOHO!lll JIII KX,J:J: Me-ro)J,oM "6oJihillHX rr" ll3KcnepuMemax COMPASS, 

HERMES 11 Sl\IC. ,Ll..Jm 1!3Mepeuua MeTO)J,OM "oTKpbiTOI'O OYapoHauua" IIepTyp6aTUllHLiii 

MacrnTa6 coe-:raBJiae-r ~ 13 (r3Bic)2
, u TO upe~m KaK wm ncex )J,IJYI'HX H3MepeHuii ~ 3 

(r3BirY 

~ Q.S • New COMPASS, high p
1

, a'>1 (GeV/c)2, 2002-2006 

.g> e COMPASS, high p
1

, 0'<1 (GeV!c)2
, 2002-2003 

* COMPASS. open charm, 2002-2007 
o SMC, high p

1
, a'>1 (GeV/c)2 

L• HERMES, high p
1

, all 0' / 

0 ················· ... : .. ::.: .. ::::.:··· 

- DSSV fi~ p2=3(GeVIc)' 
~ • • • 

8 lSS frt with AG>O, J.12=2.5(GeV/c)2 

·········· lSS fit with A9 changing sign, J12=2.5(GeV/c)2 

10'' Xg 

Puc. 23: Mupoubie pe3yJihTaThi HpHMhiX H3MepeHnii IIOJtHplt:lai~HH I~IJOOHOH ll JIII KX,J:J:, 

llbiiiOJllleHI!ble MeTO,ll,OM 110TKpblTOI'O O'!apoualll!}l 11 ll ~WI'O)~ml "6oJibllli!X PT"· ropH30H

TaJibHaH 'lepra yKa3blllae-r 11a mnepHaJI uo X_q (x.o =· J:) Ka)I()J,OI'O U3Mepei!I!}I, a HepTu

KaJibHaa 11a G"l'a'l'I!C'l'll'leCKJIO llCOHpC)J,CJICilllOCTh l!Jlll IIO.JIIIJIO 'l'O'!HOC'!'b, 

KpuHbte !':!.g(x)lg(x), IIOKa'3aHHbiC 11a puc. 23, (JP:l,YJthT<n mo6aJibllbiX KX)J, <PnTOll

LSS (Leader-Sidorov-Stamenov) 11 DSSV· (De Floriau-Sassot-Stratmau-Vogelsang)- cnu

HOilbiX acuMMCTpnii 11HKJII03HilHOI'O lt IIOJIYUHKJIIO:lli·Buoro I'HP. Ouu HOJIYYeHbi u CJie,u;y

JOIIJ;eM 3a JIII KX,J:J: u CJie)J,onaTeJihHO, He MOiyr uaupmi~·to cpauni!Ba'l'bCH c pe3yJibTaTaMu, 

HOJIY'IeHHblMII H JIII KX)J,. TeM ~e MeHee uuTepecHo oTMCTI!Th, 'ITO nee ouu yKa3hiBaiOT 

Ha Ma.il,YIO Hl~II!'IIIIl,Y !':!.g(x)lg(x) )J,JIH 3IJa'leHI!H X ::0:: 0, 20. 

B pa3,u;eJie 8.3.2 paccMOTpeuo U3Mepenne !':!.gig B CJie)J,JJOIIJ;eM 3a JIII KX)J,. B JIII 

KX,LJ, 11pu u3Il.lle'WHuu IIOJIHp113an;HH I~IIOOHO!l Y'IHThlllaJICH TOJibKO KOM6HHa-ropHbiii. <Pim. 

B CJIC)~imn;eM 3a Jill KX)J, Hpn6JIU:lKeHnu ueo6xo)J,UM yYcT uoHpaBoK, uo3HHKaJOIIl;UX OT 

<iJH311'1PCKOl'O 4>o11a. !lj>HMCpbl )J,OilOJIIII!TeJibllblX IIJlOIJ;eCCOB, lliiOCHIIl;I!X BKJ!a,LJ. ll JlO)K,ll;e

HIIe CC uap II MIOOHIIml II,Y'IKC, IIJll!lle)J,eHbl Ha puc. 24. 

IloMHMO KX)J, HoHpauoK K peaKI~uu !llrC (puc. 24 a-c), cyiil;eC..'TBye-r.eiu,e u BKJia,Ll. OT 

JICI'Kl1X KBajlKOil, I;I~C I~llOOII, HCII,YCKaeMblll JICI'KI!M KBapKOM, HOpO)K,ll;ae-r C.C uapy (puc. 
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Pnc. 24: ,Ll;narpaMMbi B CJieA)IIOm;eM 3a J1II KX,Ll; npn6Jin)!{eHim, BHOCHm;ne BKJia,a; B pO)!{
.a;enne CC nap B nyqKe MIOOHOB: a) BllpTyaJibHaH KOppeKIJ;IUI, b), c) TOpM03HOe li3Jiyqenne 
rJIIOOHOB, d) ¢on OT JierKl!X KBapKOB. 

24-d). TaKofi Mexann3M npocTo yaeJinqnaaeT BhiXO,L\ D0 Me30HOB n ne nMeeT nnKaKoro .. 
OTHOilleHl!H K nOJIHpl!3aiJ;l!ll rJIIOOHOB. 

IloJIHpH3aiJ;Hll rJIIOOHOB !:1g / g B CJieA)IIOIIJ;eM J1II KX,Ll; npn6JIH)Kennn MO)!{eT 6biTb 

noJiyqena H3 coonwmennH auaJiornquoro cooTuomenniO (16) c yqeTOM nonpaBOK OT ¢u-

3nqecKoro ¢ona, Acorn KOTOpbie .a;o6aBJIJIJIIICb K acnMMeTpnu A"N: 

A"N - aLl:, l:;.q --.+A D g cerro (17) 

r.a;e aLL napronnaH acnMMeTpnll, BbiqncJieHHaH B CJieA)IIOm;eM 3a J1II KX,Ll; npn6JIU)!{eunu . 

. B .a;amiOM pa3,a;eJie npnao,a;uTCll KpaTKOe onncauue BLJqncJieHnll uonpanoK Acorn npn

ae.a;enhi nx 3Haqeunll ):\Jill acex Bh!6opoK D 0 Me30IIOB B miTepnaJiax no p¥0
• IIonpaBKa Acorr 

.D;JIH JierKoro KBapKa cocTaauJia Menee 5%, no cpaaneuniO c n3MepeHHhiMn acnMMeTpllliMIL 

CJieA)IeT OTMeTnTL, qTo o6yqeuue ueiiponuofi ceTn ):\Jill anaJin3a B cJieA)IIOIIJ;eM J1II 

KX,IJ; npn6JIU)!{euuu npoBO.D;l!JIOCh na MonTe-KapJio co6biTIIHX, npu r-.w,a;eJinpoaanun KO

TOphiX ucnoJib30BaJICll reuepaTop AROMA, BKJIIOqaiOm;ufi napToHnh!e JI~BHII. B MeTo,a;e 

"oTKphiroro oqapoaannH" cpe.a;nnH BeJinquna x, npu o.a;noM n TOM *e 9KcnepnMeHTaJih

HOM aKcenTance, 3aaucnT oT nopH,a;Ka pacqeTa B KX,IJ;. 9neprnH B cncTeMe n;eiiTpa Mace 

peaKn;~n <I>rC, Tpe6yeMaH ):\Jill po)!{):\ennll D 0 Me3ona 6oJibme (pnc. 25), eCJiu Mo,a;eJin

pyeTCll napTOHHhifi mmeHh ( cJieA)IIOm;ee 3a J1II KX,IJ; npu6mi*eHne), no cpaBHeHniO c 

J1II KX,Ll;, r.a;e napTOHHhifi JinBeHb ue MO.D;eJinpyeTCH. CJie,a;oBaTeJihno, 3naqenne (x), npn 

KOTOpOM II3MeplleTCll nOJillpU3aD;Ull rJIIOOI!OB B CJieA)IIOID;eM 3a J1Il KX,IJ; (x)NLO ~ 0, 20 

(eM. HII)!{e), 6oJI~me, qeM a J1II KX,IJ; (x)Lo ~ 0, 11. 

Cpe):\HliH BeJinqnna TIOJillpn3aiJ;Ii.ll rJIIOOHOB B IIHTepBaJie 0, 12 < X < 0, 33 , U3BJieqeHHaH 

( )
NLO 

n3 ¢oroH-nyKJiounofi acnMMeTpnu A-rN a cJieA)IIOm;eM J1II KX,IJ;, cocmauJia 7- = 

-0,13 ± 0,15 (cTaT.)± 0,15 (cncT.) co cpe.a;neB3Bemennh!M 3naqeuneM (x) ~ 0, 20. 
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Puc. 25: Pacnpe,a;eJieHnll ,a;oJiefi nMnyJihca uyKJioHa x, nepeuocnMhiX B3aHMo,a;eficTBYIO
m;nMn miOoHaMn, ):\Jill Dj(" co6hiTnfi Moure-KapJio B J1II KX,Ll; (noMeqeuo 'AROMA') 
u B J1II KX,Ll; c napronnhiM JIIIBHeM (AROMA + PS). CJieA)IeT OTMeTIITh pa3JinquyiO 
uopMnpOBKY pacrrpe,a;eJieunfi . 

KX,LI; <l>nT B CJie,z:t;yrom;eM 3a Jill KX,LI; npn6Jin:lKenuu 

H3Mepeuuoe 3uaqeuue cpe.a;nefi nOJillpn3an;nn miOonon. (!:1g/ g )NLO, 6h!JIO BKJIIOq~uo 
B KX,IJ; ¢nT TIOJillpii30BaHIIhiX napTOI!l!hiX pacnpe,a;eJienufi. KX,Ll; ¢nT 6biJI DLIIIOJIIIen c 

noMOIIJ;hiO nporpaMMhi, KOropan panee ucnOJih30BaJiach B 9KcnepnMenre SMC. B aToll: 

nporpaMMe npon3BO,L\IIT qncJieuuoe uurerpupoaaune B npocTpancTae (x, Q2 ) u ace KX,Ll; 

pacqeThl BhiTIOJIHliiOTCll a cxeMe A1S. B COMPASS nporpaMMa SMC ucnoJih30BaJiach 

panee ):\Jill anaJin3a li3Mepennfi CTPYKTYIJIIOfi ¢ynKn;nu g1 • :i3 iioaoM ¢nre, BhiiiOJineunoM 

B ):\aHHOll pa6oTe, UCTIOJih30BaJIIICb Te )!{e j:J;aHHbH;, qTQ II B Ilpe):\bi,izym;eM ¢nTe C ):\OI!OJIHli

TeJihl!O DKJIJOqennhiMn 15 6oJiee no3.D;Hl1Mll n3MepeniiHMn COMPASS acnMMeTpnn A;' u 

li3MepenlleM (!:1g/g)NLO. B llpnJio:lKeHIIII B KpaTKo paccMOTpenhx'oco6enuocni uoaoro 

¢um. 

Pacnpe,a;eJieniie !:1g(x)/g(x), ll3DJieqeunoe n3 KX,Ll; ¢nm, noKa3auo ua pnc. 26 co 

cTaTnCTnqecKnMn omn6KaMn, noJiyqennhiMll n3 MaTplliJ;hi omn6oK napa.MeTpon. H3Me

peunoe 3Uaqeune nOJillpn3an;nn rJIIOOHOB (!:1g/ g)NLO, corJiacyeTCll B npe,a;eJiax 0,5 cTan

.a;apTI!hiX OTKJIOHennil: c pacnpe,a;eJieuneM !:1g(x)/g(x) < 0, noJiyqennhiM ll3 KX,IJ; ¢nTa 
r· 

COMPASS, n B npe,a;eJiax 2a c P:tcnpe,a;eJieuneM_ !:1g(x)/ g(x) > 0. BeJinqnnhi nepBhiX 

MOMeiiTOB !:;.G COCTaBl!Jill 0, 22 ± 0, 08 (cTaT.) ll -0,34 ± 0, 12 (cTaT.) ):\Jill !:;.g(x)/ g(x) > 0 

n !:1g(x)/g(x) < 0 pacnpe,a;eJieunfi cooTneTCTBenuo. ITo pe3yJihTaTaM KX,Ll; ¢nm ueno3-

MO.IKHO o.a;uo3naquo onpe,a;eJillTh 3HaK nepnoro MOMenTa !:1G. 

Ha puc. 26 TaK*e IIOKa3aHhi pe3yJihTaThi .a;nyx .a;pyrnx rJio6aJILHhiX KX,lJ; ¢uTon r;>SSV 

(De Florian-Sassot-Stratman-Vogelsang) n LSS (Leader-Sidoroy-Stameno,v), _B KOT,OPhiX 

anaJili3UpOBaJiliCh MllpODhJe ):\al!nhle 110 lll!KJII03llBHhiM li TIOJIYlll!KJII03~Bl!hiM aCl!MMeT

pllliM rHP. 

B naparpa<l>e 8.4 no,a;BO,L\JITCllllTOrii li3Mepenull !:1g/ g MeTO.D;OM ·:~TKph!Toro oqapona

nuH11. IloJIHpll3aD;llll rJIIOOUOB n ¢orou~nyKJIOHUbie acnMMeTpun A-rN, anepah!e B Mnpo

nofi npa~TllKe n3yqaJinCh MeTO.D;OM 110TKph!Toro oqaponannll 11
, perncTpnpyll D 0 Me30l!bl 
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Pnc. 26: Cpaanenne cpe~nen: non.Hpii3~n rnroonoa (f:).gfg), BhJqiiCJiennon: a cne.zzyro
m;eM 3a Jill KX,ll; npH6JIH)KeHIIH B nnrepaane 0, 12 < x < 0, 33, c pacnpe~eJieHHHMII 
f:).g(x)fg(x) n3BJieqenHhiMII n3 KX,ll; <i>HTOB. CIIJiomnon: JIHHHefi noKa3ano pacnpe~eJie
HHe (f:).g(x)fg(x)) > 0, a illTpnxoaon: JIHHIIefi pacnpe~enenne (f:).g(x)fg(x)) < 0, nony
qeunh!e B KX,ll; <l>nTe COMPASS. TaK)Ke npe~cTaBJieHh! pacn,fe~eJieHH.H, nonyqennh!e 
a rno6anbnhlx KX,ll; <i>IITax LSS (nyHKTIIpHaH II Toqequa.H i<:pHBhle cooTBeTCTaenno AJI.II 
f:).g(x)fg(x) > 0 II AJI.II f:).g(x)fg(x) Men.II!Om;en: 3HaK) n DSSV (nynKTnpno-Toqeqna.~~ KpH
aaH). 

B pacce.HHIIII IIOJI.IIpH30BaBHbiX MIOOHOB Ha IIOJIHpii30BaBHhiX IIpOTOHHOfi H .n;efiTpOHHOil: 

MHilleH.IIX. MexaBH3M <l>oTOH-I'JIIOOHHOI'O CJIII.IIHH.II rHP paccMaTpHBaJIC.II, KaK ~OMIIHHpy

IOm;Hil: HCTOqHHK po~eHHH D0 Me30HOB. llepTyp6aTHBHhlil: MaCmTa6 H3MepeHH.II MeTO~OM 
11 0TKphiTOrD oqapOBaBH.II 11 COCTaBJIHJI ~ 13 (rsBjc)2 

Cpe)J;H.H.II aennqnna IIOJIHpH3a~IIII rnroonoa B HHTepaane 0, 06 < x < 0, 22 B Jill KX,ll;, 

OKa3anacb paanoil: ( ~) LO = -0, 06 ± 0, 21 ( CTaT.) ± 0, 08 ( CIICT.) co cpe)J;HeB3aemen-

HhiM 3HaqenneM (x) ::::: 0,-11. I13Mepennoe 3naqenne ( ~) LO, a TaK)Ke n3MepennH SMC, 

HERMES n COMPASS KOH~eHTpiiPYJOTC.II OKOJIO x ~ 0, 1 (p:nc. 23) n YKa3h!BaiOT naMa

noe 3HaqeHIIe IIOJIHpH3~HII I'JIIOOHOB B 3TOil: 06JiacTH X. B CBOIO oqepe)J;b MaJia.ll BeJinqnHa 

/:).gfg MO)KeT .IIBJIHTbCH HH)J;HKan;neil: MaJIOil: BeJinqHHhl H nepaoro MOMeHTa {).G. 

Cpe)J;HH.II aen:nq:nna IIOJI.Hpi13an;IIII rnroonoa a nnrepaane 0, 12 < x < 0, 33 B cne.nyrom;eM 

( )
NLO 

3a Jill KX,ll;, cocTannna ~ = -0,13 ± 0,15 (cTaT.) ± 0,15 (cncr.) co cpe~HeB3ae-
menHhiM 3HaqeaiieM (x) ::::: 0, 20. 3naqeniie (t!,.gj g)NLO 6h!JIO BKJiroqeno B cne.nyrom;eM 

3a JIII KX,ll; <i>IIT rrOJIHpi130BaHnhlx pacnpe.n;enennil: napTOHOB. l13BJieqeHIIhie n3 KX,ll; 

<i>nTa BeJinqHHhl rrepBhiX MOMeHTOB {).G COCTaBHJIII 0, 22 ± 0, 08 (CTaT.) H -0,34 ± 0,12 

(cTaT.) )J;JI.II pacnpe~enennil: f:).g(x)jg(x) > 0 II f:).g(x)jg(x) < 0 cooTBeTCTBenno rrpii Q2 

= 3 (rsBfc)
2

• ITo pe3yJihTaTaM Kx,n: <i>nTa nea03MO)KHo O)I;H03naqno onpe~emiTb 3HaK 

nepaoro MOMenTa {).G. 

·H3Mepenne COMPASS JKa3h!aarom;ee, qro BKJI~ rniOOnoa, ecnn on noJIO)KHTenen, 

cO<:Ta.B.ii.HeT f:).G ::::: 0, 2, 6w10 nowaep~eno ~YM.II rno6anbHhiMII KX,ll; <l>nTaMH no-
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JIHpn30BaHHhiX napTOHHhiX pacnpe~eneunlt c yq~oM pe3yJihTaTOB RHIC no po)K~emrro 

1r0 Me3onon II o6pa3onaHIIIO cTpyil:. 06a KX,ll; anaJIII3a IIOKa3aJin, qTo nepnhlfi MOMenT 

{).G IIMeeT IIOJIO)KHTeJibHhifi 3HaK: {).G = 0, 19~g:g~ Ha 95% ypOBHe ~OCTOBepHOCTH IIpii 

x > 0, 05 {DSSV2014 <i>IIT) II f).G = 0, 23 ± 0, 07 npii 0, 05 < x < 0, 5 (NNPDF <l>nT). 

06a 3uaqeniiH nonyqenhr npii Q2 = 10 (rsBfc)2. 

BeJIIIqiina nepnoro MOMenTa CIIIIpaJihHOCTII rnroouoa B nocJie)J;HeM LSS (Leader-Sidorov

Stamenov) KX,ll; anaJIII3e MHpOBhiX Il3~epeniifi CIIIIHOBhiX aciiMMeTpiil1 IIHKJII03IIBnoro II 

IIOJIYIIHKJII031IBHOro rHP COCTaBIIJia: f).G = 0, 286 ± 0, 170 liP II Q2 = 2,5 (rsB I c )2 • 

B uacroHm;ee apeMH, cym;ecTnyeT ~Ba ua6opa H3MepeHIIlt f).G (npii Q2 ::::: 3 (rsB/c)2 

II Q2 = 10 (rsB/c) 2
), YKa3h!BaiOIII,IIX ua neJIIIqiiHY /:).Q::::: 0,2. llOMIIMO OTJIIIqaJOIII,HXCH 

3uaqeuiifi Q2
, 6onhm1Ie omii6KII II3Mepen1Ilt ue II03BOJIHIOT c~eJiaTh 6onee KOHKpeTHhiX 

Bh!BO~OB. B 6y.nym;eM BCe H~e~bl ua 6~Jiee IIOJIHOe IIOHIIMaHIIe BKJI~a I'JIIOOIIOB B CIIIIH 

IIYKJIOHa CB.II3biBaiOTC.II C 3JieKTpOH-IIOIIIIbiM KOJIJiafi~epOM 1 Ha KOTOpOM 6y.nyT ~OCTYIIIIbi 

illiipOKIIe KIIIIeMaTIIqeCKIIe IIHTepBaJibi IIO X II Q2 • 

llpmmMaH no BHIIMarme, qTo 3naqerme /:).~ ::::: 0, 25, a aeJIIIqiina f).G ::::: 0, 2, BKJia~ 

Op6IITaJibHOI'O MOMenTa KBapKOB II I'JIIOOIIOB B ·noJIHhlfi CHilli IIYKJIOIIa MO)KIIO O:)!m~aTb 

ua ypoaue L9 .q ::::: 0, 18 B coOTBeTCTBIIII c npaBIIJIOM cyMM CIIIIpaJihHOCTII uyKJiona. 

B 3aKJIIO'IeHHH npe~cTaBJieHhi BbiBO~hi II c<i>OPMYJIIIpOBallbi OCHOBHbie pe3yJihTaThl1 

rronyqenHhie B ~IIccepTaiJ;IIII. HeKOTOpbie ~eTanii auann3a, oTnocmu;necH K pasnnqnhiM 

rnaaaM ;wccepTau;nn, co6pam..I n ~ex rrpiiJIO)KeHnHx. 
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