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0 CHMMETPHH B COBPEMEHHOH <DH3HKE 
(K croJieTHIO co JJ.HJI po)KJJ.eHHH aK3}.1,eMHKa B.A.<IloKa) 

A.M.lJaJlOUH 

Pa3pa6oTKa KaJJH6poaoqHOH CHMMeTpHH npHBeJia K ITOJIHOMY onpeueneHHIO JiarpaH­

Jt{J.IaHOB B3aHMOJleHCTBHJI Jl]JJI 3JieKTpOMarHHTHbiX, CJia6biX, CHJibHbiX H rpaBHTaUHOHHbiX 

B3aHMouefiCTBHH H C03UaJJa HJIJII03HH o nocrpoeHHH " reopHH acero" . OuHaKo TaK JKe 

KaK H B KJiaCcJ.IqecKOH cpH3HKe, CTaJIO JICHO, qro B OCiiOBe UeUYKT BHOfO ITOJiyqeHHJI 

peWeHHH (3aKOHOB npHpOJlbl) JieJKaT He TOJibKO npHHUHITbl CHMMeTp HH JiarpaHJKHaHOB. 

}lnJI 0JlH03HaqHoro onpeueneHHJI peweHHH Heo6XOJlHMbl oono;mumellbHble YCllOBUJI, 6e3 

·KorophiX peweHHJI ypaaHeHHH JlarpaHJKa HeoUH03HaqHhi. ,llonoJIHHTeJihHbie yCJIOBHJI : 

npelliTOJIOJKeHHJI 0 KOHCTaHTaX, BXOJlJIIUHX B JiarpaHJKHaHbl, HHTerpaJibHbie CHMMeTpHH 

peweHHH, KpaeBhie H HaqaJJbHbie YCJIOBHJI H T.IT. - CTOJib cymeCTBeHHbl, qro B plllle 

,cnyqaeB MOJKHO KOHCTpYJ.!pOBaTh MOlleJIH (peWeHHJI, 3aKOHbl npHpOJlbl), He OITHpal!Cb Ha 

narpaHJKeB MeTOll. B Kaqecrae npHMepa npHBOllHTCJI HCITOJih30BaHHe TaKoro nouxoua B 

OllHOM H3 HaH60JJee 6ypHO pa3BHBaiOIUHXCJI pa3lleJIOB COBpeMeHHOH cpH3HKH - peJiliTH­

BHCTCKOH JIJlepHOH cpH3HKe. ToqHbiH MaTeMaTJ.IqecKHH Jl3biK KaJJH6poaoqHOH CHMMeTpHH 

- llHcjJcjJepeHUHaJJhHaJI reoMeTpHll , a roqHhiH ll3hiK JlJIJI llOITOJIHHTeJihHhiX yCJIOBHH - ro­

nonornll, CBOHCTBa npoCTpaHCTBa napaMeTpOB B UeJIOM. 8 HaCTOJIIUeH CTaThe OTMeqaeTCJI 

cpYHJlaMeHTaJibHbiH BKJlall B.A.<J>oKa B pa3pa6oTKy ITOHJITHJI npocrpaHCTBa - nepaHqHoro 

ITOHJITHJI cpH3HKH. 

Pa6ora BhiiTOJIHeHa B Jla6oparopHH BhiCOKHX 3HeprHfi 01-UIH. 

On Symmetry in Modern Physics 
(Dedicated to the tOOth anniversary 
of the birth of Academician V.A.Fock) 

A.M.Baldin 

The development of the gauge symmetry has resulted in a complete determination 

of the Lagrangians for electromagnetic, weak, strong and gravitational interactions and 

has created illusions about the construction of " the theory of everyth ing". However, in 

just the same way as in classical physics, it became clear that the deductive obtaining 

of solutions (laws of Nature) is based not only on the principles of the Lagrangian 

symmetry. To find unambiguously solutions some additional conditions are needed 

without which the solutions of the Lagrange equations are ambiguous. The additional 

conditions such as hypotheses about the integral symmetries of solut ions, the boundary 

and initial conditions, the constants entering Lagrangians, and so on are essential so that 

in a number of cases it is possible to construct models (solutions, laws of Nature) without 

the recourse to the Lagrange method. An example of using such an approach in one of 
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the rapidly developing domains of modem physics, namely relativistic nuclear physics, 
is given . An exact mathematical language of the gauge ·symmetry is the differential 
geometry and that of the additional conditions is the topology, the parameter space 
properties as a whole. In the present article the fundamental contribution of V.A.Fock 
to the development of the concept of space, the primary concept of physics, is given. 

The investigation has been performed at the Laboratory of High Energies, JINR. 

Ha scecoJ03HOH Kom pepeHUI111 B Ha'lane 50-x ro.uos Bna.ui1M11p AneKCaH.llpOBI1'l <l>oK c.ue­

nan 6oJJblllOH .uoKJJa.u n o Teop1111 TllroTeHI1ll. Bo speMll .lli1CKycc1111 no ero .uoKJJa.uy O.lli1H O'leHb 

aBTOp11TeTHbiH cp11311K CK a3an, 'lTO B .uoKJJa.ue B.A.<l>oKa o6c}')l()laJOTCll 113BeCTHbie ypasHeHI1ll 

311HlllTeJ1Ha (no.upa3YMe Ball OTCYTCTBI1e HOBI13Hbi) . Ha aTo <l>oK OTBeTI1JJ: " Barny qmnoco­

cp1110 ll .uasHo 3HaJO: e cn11 ypasHeHHll Te )Ke caMbie, TO 11 TeopHll Ta )Ke". KaK Mbi Tenepb 

3HaeM, B .A .<l>oK B TO BpeMll pa6oTan Ha)l cpyH.llaMeHTaJibHOH MOHOrpacp11eH "TeOp11ll npo­

CTpaHCTBa, BpeMeHI1 11 Tll rOTeHI1ll" (1). B npe.U11CJJOBI111 K nepBOMY 113)laHI110 KHI1rH OH ni1WeT: 

"Pe3yJJbTaTbl 3TI1X 11CCJl e)lOBaHI1H np11BeJJH HaC K y6e)K)leHHJO 0 B03MO)KHOCTI1, no KpaHHeH 

Mepe, )lJlll Hai160JJee Ba)KHOrO KJJacca cp113111.JeCKI1X 3a)la'l, )lOCTHrHYTb O)lH03Ha'lHOCTH pewe­

HI1.ll ypaBHeHI1H TllrOTeHI1.ll nYTeM HaJIO)KeHHll COBMeCTHbiX C HI1MH )lOnOJJHHTeJJbHbiX YCJJOBI1H. 

3TO y6e)K)leHHe nOCJJ~I1Jl0 OCHOBaHHeM )lJlll HOBOH TO'lKH 3peHHll Ha BCJO TeOpHIO TllrOTe­

HI1.ll, n03TOMY B03HHKJJa noTpe6HOCTb B H3JlO)KeHI111 BCeH TeOp1111 npOCTpaHCTBa, BpeMeHH H 

TllrOTeHI1.ll C 3TOH, BHOBb Bbipa6oTaHHOH, TO'lKH 3peHI1ll, 'lTO 11 C)leJJaHO B 3TOH KHI1re" . 

TO'lKa 3peHI1ll <l>oKa Ha Te0p1110 OTHOCHTeJJbHOCTH 11 TeOpHIO TllrDTeHI1ll BCTpeTI1Jla, XOTll 

)laneKO He cpa3y, WHpOK Oe Me)K)lyHapO.UHOe npH3HaHHe. <l>OK nO)l'lepK11BaeT, 'lTO TeOpHIO Tll­

rOTeHH.ll (11 B006llle JJJ06 yJO TeOpHIO) HeJlb3ll noCTp011Tb, orpaHH'li1Bal!Cb JlOKaJibHbiM paCCMO­

TpeHI1eM. Heo6xo.u11Mo p accMaTpHI!aTb "npocTpaHCTBO B uenoM", ero rno6anbHYJO cTpyKTypy, 

ero TononomJO. B npoTI1 BHOM CJJYI.Ja.e, 3a)la'ly HeB03MO)KHO noCTaBI1Tb O.UH03Ha'lHbiM o6pa30M. 

YpapHeHHll BCliKOrD nOJJll liBJlliJOTCll ypaBHeHI1liMI1 B 'laCTHbiX npOH3BO.llHbiX, peweHHll KOTO­

pbiX nOJJYI.JaiOTC.ll O)lH03Ha'lHbiMI1 Jll1lllb np11 HaJIH'lHI1 Ha'lanbHbiX, KpaeBbiX 11 npe.ueJJbHbiX 

ycJJOBHH. 

3aKOHbl npHpO.llbl n pe)lCTaBJJliJOT C060H COOTHOWeHHll Me)K)ly HHBapHaHTaMH, T.K. OHH He 

)lOJl)KHbl 3aBI1CeTb OT n p eo6pa30BaHI1H CHMMeTpH11 . fHnOTe3bl 0 CHMMeTp11H, KOTOpOH o6na­

)laeT CI1CTeMa, liBJlliJOTCll aKCHOMaMI1, onpe.UeJJliiOlllHMI1 ee COCTOliHI1e 11 noBe.UeHHe. J1CXO.llll 113 

np11HU11nOB CHMMel'p11H, MO)KHO BbiBO)lHTb HOBbie 3aKOHbl np11pO.llbl .Ue.UYKTHBHO, a He TOJlbKO B 

pe3yJJbTaTe Ha6JJJO)leHHll Ha)l cp11311'leCKI1MI1 06"beKTaMI1 11JlH B pe3yJJbTaTe peweHI1ll ypaBHeHHH . 

" HaCKOJlbKO ll MOry CY.lli1Tb, - n11can BeHJJb, - BCe anpHOpHbie C}')l()leHI1ll cpH3HKH 11MeJOT CBOI1M 

11CTO'lHI1KOM CI1MMeTp1110 ". CHMMeTp11'll "npOCTpaHCTBa B UeJJOM " CyllleCTBeHHO .UOnOmilleT 

CI1MMeTp1110 11 11HBap11aHTHOCTb, onpe.ueJJliiOW11e raMI1JlbTOHI1aH B3ai1MO)leHCTBI1ll, a BO MHOrHX 

CJlYI.JaliX n03BOJJlleT KOHCTpy11pOBaTb MO)leJJH (peweHHll, 3aKOHbl np11p0.llbl), HCXO.llll 113 nepBbiX 

npHHU11nOB, He onHpal! Cb Ha narpaH)KeB MeTo.u. MaTeMaTHKH ~e .uasHo o6paTHJJH BHHMaHHe 

Ha HHTerpanbHbie HHBap HaHTbl B TOnOJJOrHH, Ha CBll3b Me)K)ly .UHcpcpepeHUHaJibHOH reoMeTpHeH 

11 TeopHeH nosepxHOCTe H. Ha'!ano 3TOMY HanpasneHHJO 6biJJO nono)KeHo 3HaMeHHTOH Teope­

MOH faycca - DOHHe, KOTOpall YTBep)K)laeT, 'iTO 11HTerpan OT rayccOBOH KpHBI13Hbl no BCeH 

nosepXHOCTI1 eCTb TOnOJJ Orl1'leCKHH HHBap11aHT, paBHbiH UeJJOMY 'lHCJJY 27r . .llJJll CKOJlb yro.UHO 

.uecpOpM11pOBaHHOH ccpep bl HHTerpanbHall Kp11BI13Ha paBHa 47r, )lJlll TOpa OHa paBHa HYJJIO, )lJlll 
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".!lBYXJlblpO•IHOfO TOpa" - 47r, H T . .!l. fayccoBa KpHBH3Ha 51BJHieTC51 JlOKaJlbHblM napaMeTpOM. 

0Ha MO)[(eT 6biTb H3MepeHa C llOMOII.lblO paCCMOTpeHH51 YrJIOB H CTOpOH MaJlblX TpeyrOJibHHKOB. 

HanpHMep, noKaJaTb, 'ITO 3eMJI5~ Kpyrna5~, MO)[(HO 6e3 KpyrocseTHbiX nyrernecTBHH H 6e3 Ha-

6JIIO.UeHHH H3 KOCMoca. 3paToccpeH c.uenan <ITO, cpaBHHB TeHH B AIIeKCaH.!lpHH H CHeHe. Oco-

6eHHO llOJle3HblM OKa3aJIOCb paCCMOTpeHHe llOBepXHOCTeH B npOCTpaHCTBe 60Jlblllero 'IHCJla 

H3MepeHHH H KaCaTeJibHbiX nJIOCKOCTeH K nosepXHOCTH (.!lonOJIHHTeJibHbiX npOCTpaHCTB) (2] . 
PaccnoeHHbie npocTpaHCTBa oKa3aJIHCb TO'IHbiM MaTeMaTH'!eCKHM 5~3biKOM .!lJl5~ paccMoTpeHH51 

06ll.lHX CBOHCTB KaJIH6pOBO'!HblX llOJieH, Jie)[(aUIHX B OCHOBe COBpeMeHHOH CpH3HKH 3JleMeHTap­

HblX 'IaCTHU. 0TMe'!a5~ BKJia.u B :A.<I>oKa B COBpeMeHHYIO cpH3HKy, He06XO.!lHMO llO.!l'IepKHYTb 

(<~To OTMe'IaeT H YeH HHHr .s!Hr- O.!lHH H3 rnaBHbiX apxHTeKTopos TeopHH KaJIH6poBO'!HbiX 

llOJleH), 'ITO KaJIH6pOBO'!Ha51 CHMMeTpH51 51BJI51eTC51 o6o6meHHeM "KaJIH6pOBO'IHOH CHMMeTpHH 

B ::~neKTpoMarneTHJMe, H3BeCTHOH H3 pa6oT <l>oKa H BeHJI5~". 

B 1930-x H 1940-X ro.uax IT.C.00HTp51rHHbiM H .upyrHMH MaTeMaTHKaMH BHe CB513H C 

cpH3H'!eCKHMH MO.!leJl51MH 6biJIH 06Hap~eHbl TOllOJIOrH'!eCKHe HHBap HaHTbl, HrpaiOII.lHe BCe 

B03pacTaiOII.lYIO pOJib B COBpeMeHHOH cpH3HKe. 11HTerpaJih.Ha51 reOMeTpH51 ll03BOJI5~eT H3yqaTb 

KJiaccH'!eCKHe perneHH$1 .!lll5~ KaJIH6poBO'!HbiX noneii. CJIH51HHe HOBeiirnHx pa3.uenos MaTe­

MaTHKH H TeopeTH'!eCKOH cpH3HKH ll03BOJI51eT Ha.ue5~TbC51 Ha TO, 'ITO Ha 3TOM TIYTH y.uaCTC51 

HaHTH no.uxo.Ubi K nonyqeHHIO HenepTyp6aTHBHbiX perneHHH ypasHe HHH ITarpaH)[(a .!lJl5~ Ka­

nH6poBO'!HbiX noneii. HenepTyp6aTHBHbie MeTO.!lbi s CTaH.!lapTHOH Mo.uenH JaHHMaiOT O.!lHO 

H3 UeHTpaJibHbiX MeCT B COBpeMeHHOH TeopeTH'IeCKOH cpH3HKe. Cpe.UH HHX OC06bJH HHTe­

pec Bbl3biBaeT TeOpH51 MHOr06030HHbiX npoUeCCOB B 3JleKTpOCJia60H cpH3HKe. OocJie.UHee -

cne.ucTBHe Toro, 'ITO MYJibTH6o3oHnbie npoueccbi CB5~3aHbi c HapyrneHHeM CYMMbi 6apHOHHOro 

(B) H JienTOHHOfO (L) 'IHCeJI B cmaHf)apmHOU .MOOeJ!U (3] . TeM CaMbiM OHH onpe.ueJI51IOT 

3BOJIIOUHIO (B + L) npH BbiCOKHX TeMnepaTypax B paHHeH BceneHHOH, T .e . npoHcxo)[(.!le­

HHe 6apHOHOB - 6apHOCHHTe3. KpOMe TOro, KOHKpeTHble Bbi'IHCJleHH51 llOKa3bJBaiOT (5], 'ITO 

npoueccbi ( B + L )-HapyrneHH5~ H npoueccbi MHO)[(eCTBeHHoro o6pa3osaHH5~ ::~neKTpocna6biX 

6030HOB 6 npUHLjUne MOfYT Ha6JIIO.!laTbC51 B CTOJIKHOBeHH51X npH 3HeprH51X Bblllle 18 T::~B . 

Ha'!aJibHbie H KOHe'!Hbie cocT05~HH$1, co.uep)[(amHe MHoro 6o30HOB ( many-many scattering), 

OTIHCbJBaiOTC51 KBa3HKJlaCCH'!eCKHMH MeTO.!laMH C HCllOJlb30BaHHeM HeTpHBHaJlbHblX KJiaCCH'!e­

CKHX perneHHH TeopHH non5~ - nepHO.!lH'IeCKHX HHCTaHTOHOB. HapyrneHHe (B + L) CB5~3aHo 
C TYHHeJlbHbiMH nepeXO.UaMH Me)[(.!ly COCT051HH51MH C pa3HbiMH TOllOJIOrH'!eCKHMH 3ap5~.UaMH q 
.!ln51 KaJIH6pOBO'IHbiX 3JleKTpOCJia6biX llOJieH H OllHCbiBaeTC51 cpopMyJIO H 

D.(B + L) = 6q . 

MaKCHMYMbi 3THX noTeHUHaJibHbiX 6apbepos (Ha rpacpHKe 3Heprn5~ E KaK cpyHKUH51 q) no 

nop51.!lKY BeJIH'IHHbl paBHbl mw/ O.w rv 10 T::~B, r.ue mw - Macca n p oMe)[(yrO'IHOfO 6030Ha, 

O.w - KOHCTaHTa 3JleKTpOCJia6oro B3aHMO.!leHCTBH51. PaCCMOTpeHHe .!lOllOJIHHTeJibHbiX YCJIO­

BHH, OllHCbiBaiOII.lHX Ha'!aJibHbie COCT051HH51 MHO)[(eCTBeHHbiX B3aHMO.UeHCTBHH C npHBJie'IeHHeM 

TOllOJIOrH'IeCKHX CBOHCTB KaJIH6pOBO'!HbiX llOJleH npHBeJIO K cpyH.!laMe HTaJlbHbiM BbiBO.!laM .!lJl51 

cpH3HKH 3JleMeHTapHbiX '!aCTHU, KOCMOJIOrHH (4] H .!la)[(e K npoeKTHpOBaHHIO HOBOfO llOKOJle­

HH51 YCKOpHTeJieH Ha CBepXBbiCOKHe 3HepmH (6]. 

B 1931 ro.uy, perna5~ O.!lHOMepHyiO MO.!leJlb feH3eH6epra .!lJl5~ cpepp oMarneTH3Ma, EeTe [7] 

ccpopMynHpOBaJI rHllOTe3y - .!lOllOJIHHTeJlbHOe ycJIOBHe Ha BOJIHOBYIO cpyHKUHIO MO.!leJIH. 3Ta 

mnoTeJa 6biJia o6o6meHa [8] Y.H . .s!HrOM B 1967 ro.uy B BH.!le ycJIOBH5~ Ha MaTpHUbi A(u) H 
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B( v ), KOTOphie onHChiBaJOT Ja,ualJy: 

A(u) · B(u + v)A(v) = B(v) · A(u + v) · B(u). (1) 

l1JBeCTHO MHOro O,llHOMepHhiX KBaHTOBOMeXaHHlJeCKHX npo6JleM, r,lle rHnOTe3a EeTe OKaJanaCh 
cnpaBe,llJlHBOii. B KlOK,IlOM CJlYlJae YCJlOBHe COBMeCTHOCTH OnHChiBaeTC.II cpopMyJlOH (1), r,lle 
onepaTophi A(u) H B(v) H O.llHOMepHhie KOOp.llHHaThi u H v npHHHMaJOT pa3J1HlJHhie cpopMhi 
.llJl.ll pa3J1HlJHhiX Ja.LlalJ. B TelJeHHe nocne,llHHX 10--15 neT no.IIBHJlOCh 6onhllloe lJHCno pa6oT 
B cpH3HKe H MaTeMaTHKe, B pe3yJlhTaTe KOTOphlX CTaJlO .IICHO, lJTO ypaBHeHHe (1) .IIBJl.lleTC.II 
cpyH.llaMeHTaJlhHOH MaTeMaTHlJecKow CTPYKTYPOH. 3a ypasHeHHeM (1) JaKpenHnoch HaJsaHHe 
ypasHeHH.II 51Hra - EaKcTepa. 

0 BJlH.IIHHH ypaBHeHH.II (1) Ha COBpeMeHHyJO cpH3HKY H MaTeMaTHKY "4 .H.51Hr HanHCaJl (9) 
cn e.llyJO Ill ee: 

"Physics: 

• One-dimensional quantum mechanical problems 

• Two-dimensional classical statistical mechanical problems 

• Two-dimensional classical statistical mechanical problems 

• Conformal field theory 

Mathematics: 

• Knot theory, braid theory 

• Operator theory 

• Hopf algebra 

• " Quantum groups" 

• Topology of 3-manifold 

• Monodromy of differential equations 

There is an explosion of literature on these subjects. In order to find these, one could 
consult the three recent review volumes and reprint collections listed in footnote*. 

Why does the Yang - Baxter equation enter into so many different areas of mathematics 
and physics? I believe the answer is that the equation is a kind of generalization of the 
structure of the permutation group." 

BLI,lleneHHOCTh O.llHOMepHoii Ja,ualJH o6ycnoBJ1eHa B03MO)I(HOCThJO ycTaHOBHTh onpe,lleneH­
HhiH nOp.ll,llOK B pacnOJlO)I(eHHH lJaCTHU B O,llHOMepHOM npOCTpaHCTBe. 

B KalJeCTBe mnoTe3hi o csoiicTsax peweHHH cTaTHCTHlJecKoii cpH3HKH H.H.EoronJ06o­
BhiM 6h1Jl CcpOpMynHpOBaH npHHUHn OCJ1a6neHH.II KOppeJl.IIUHH (10). 0pHHUHn OCHOBaH Ha 

*Braid Group, Knot Theory and Statistical Mechanics, eds. C.N.Yang and M.L.Ge (World Scientific, Singapore, 
1989); Yang-Baxter Equation in Integrable Systems, ed. M.Jimbo (World Scientific, Singapore, 1990); Yang-Baxter 
Equations, Conformal Invariance and Integrability in Statistical Mechanics and Field Theory, eds. M.Barber and 
P.Pearce (World Scientific, Singapore, 1990) 



DaJlOUH A.M. 0 cUM.Mempuu 6 co6pe.MeHHOU cjJuJuKe 9 

HHTYHTHBHOH IW,ee 0 TOM, lJTO KOppeJI.SIUIDI Me:lK.Liy npocTpaHCTBeHHO OT)laJieHHbiMH rpynnaMH 

lJaCTHU MaKpOCKOnHlJeCKHH CHCTeMbl npaKTHlJeCKH HClJe3aeT. npHHUHn OCJia6JieHIDI KOppeii$1 -

UHH HallieJI Brut<Hble npHMeHeHIDI npH pa3pa60TKe TeOpHH cpeppoMarHeTH3Ma, CBepXTeKyqeCTH, 

CBepxnpOBO)lHMOCTH, ll03BOJIHJI CcpOpMyiiHpOBaTb nOH$1THe KBa3HCpe)lHHX H Te CBOHCTBa pe­

WeHHH, KOTOpbie BnOCJie)lCTBHH nOIIYlJHIIH Ha3BaHHe CllOHTaHHOfO HapyweHIDI CHMMeTpHH . 

11HTepeCHO OTMeTHTb, lJTO H3BeCTHM nOllbiTKa .[{HpaKa ccpopMyiiHpOBaTb peJI$1THBHCTCKYIO 

TeOpHIO )lHHaMHlJeCKHX CHCTeM [ 11) npHBeJia ero K npH3HaHHIO, 'ITO Y.llaJIOCb ccpopMyiiHpO­

BaTb JIHllib He06XO)lHMbie, HO He )lOCTaTOlJHbie yCIIOBIDI cyweCTBOBaHH$1 TaK.OH TeOpHH. B KOHUe 

csoeH 3HaMeHHTOH cTaTbH .[{wpaK nwweT: "Some further condition is n eeded to ensure that the 

interaction between two physical objects becomes small when the o bjects become far apart. 

It is not clear how this condition can be formulated mathematically " . npHHUHn ocJia6Jie­

HHji KoppeiiliUHH H.H. EoroJIJ06osa ccpopMyiiwposaH KaK acHMnTOTHlJeCKM cpopMa cpyHKUHH 

fpHHa - YHHBepCaJibHbiX, He 3aBHClllUHX OT cneuHcpHKH CHCTeMbl JIHHeHHbiX cpopM 113 Cpe)lHHX 

BeJIHlJHH OT npOH3Be)leHHH noiieBbiX cpyHKUHH. 3TOT npHHUHn cpop MyiiHpyeT MaTeMaTHlJe­

CKH )lOnOJIHHTeJibHOe ycJIOBHe peiiliTHBHCTCKOH TeOpHH (<;:K06KH nyacc_oHa), pa3pa6oTaHHOH 

.[{HpaKOM. 

B pa6oTax [12], [13] H3JiaraeTcll cpopMyiiwposKa npHHUHna ociia6IIeHH$1 KoppeiiliUHH B 

npOCTpaHCTBe 4-CKOpOCTeH H B npOCTpaHCTBe Jlo6alJeBCKOfO. npO.llYKTHBHbiM OKa3aJIOCb npH­

MeHeHHe :noro npHHUHna B KBaHTOBOH XpOMO)lHHaMHKe 60JiblliHX p aCCTOliHHH HJIH, TOlJHee, 

MaJibiX OTHOCHTeJibHbiX CKOpOCTeH npH OnHCaHHH MHO)I(eCTBeHHbiX poueCCOB H, OC06eHHO, 

s peiiliTHBHCTCKOH ji.JlepHOH cpH3HKe. B 3THX o6IIaCTliX He pa6oTaeT n epTyp6aTHBHbiH no)lXO.ll, 

H Heo6xo)lHMbi mnoTe3bi cpyH.llaMeHTaJibHoro xapaKTepa, T.e.)lonoiiHHTeJibHbie ycJIOBHll . B 

pe3yJibTaTe CTOJIKHOBeHHll peiiliTHBHCTCKHX ll)lep o6pa3yeTC$1 MHOI'O <JaCTHU, H KapTHHa B3aH­

MO)leHCTBH$1 HOCHT CJIO)I(HbiH xapaKTep. B O)lHOM CTOJIKHOBeHHH yqa CTBYIOT KaK HYKJIOHHbie, 

TaK H KBapK-fJIIOOHHbie CTeneHH CB060)lbl. qHCJIO napaMeTpOB 3a)lalJH l!pe3BbilJaHHO BeJIHKO, 

H o6Hap~eHHe HHBapwaHTOB oco6eHHO aKTYaJibHO [13] . PeJiliTHBHCTCKM ll.llepHM cpH3HKa, 

HalJaJIO KOTOpOH 6biJIO nOJIO)I(eHO B .[{y6He B HalJaJie 70-x fO)lOB, CTaJia O)lHHM 113 CaMbiX HHTeH­

CHBHO pa3pa6aTbJBaeMbiX HanpaBIIeHHH cpH3HKH BbiCOKHX 3HeprHH BO MHOfHX Jia6opaTOpHj!X 

H YCKOpHTeJibHbiX UeHTpaX MHpa. 

06Hap~eHHe 3aKOHOB peiiliTHBHCTCKOH ll)lepHOH cpH3HKH liBJilleTCll lJaCTbiO 061UeH UeJIH 

nOHCKa 3aKOHOB, OnHCbiBa!OlliHX peJI$1THBHCTCKHe MHOfOlJaCTHlJHbie CHCTeMbl, BKJIIOlJM MaKpO­

CKOnHlJeCKHe. 3TH npo6JieMbl H3YlJaJIHCb KpynHeHlliHMH cpH3HKaMH XX BeKa. nepBbie pa60Tbl 

6biJIH nOCBllllieHbl ypaBHeHHliM nepeHOCa, lJTO n03BOJIHJIO CcpOpMyiiHp OBaTb TepMO)lHHaMHlJe­

CKHe CBOHCTBa peiiliTHilHCTCKHX MHOfOlJaCTHlJHbiX pa3pe)l(eHHbiX CHCTeM . 0rpOMHbiH ycnex 

KBaHTOBOH TeOpHH nOJill B OnHCaHHH MHOfOlJaCTHlJHbiX CHCTeM Ha OCHOBe raMHJibTOHOBa Me­

TO)la He npHBeJI, O)lHaKO, K 60JiblliOMY nporpeccy B pa3pa6oTKe n p o6JieM peiiliTHBHCTCKOH 

ll)lepHOH cpH3HKH . B pa6oTax [12], [13] noKa3aHo, 'ITO no)lXO)l K p eiiliTHBHCTCKOH ll.llepHoH 

cpH3HKe, OCHOBaHHbiH Ha reoMeTpHH npOCTpaHCTBa CKOpOCTeH H fHllOTe3aX 06 aCHMllTOTHlJe­

CKOM xapaKTepe 3aKOHOMepHOCTeH B 3TOM npocTpaHCTBe, n03BOJilleT ynOpll)lOlJHTb orpoMHbiH 

3KcnepHMeHTaJibHbiH MaTepwaJI H )laTb KOJIHlJeCTBeHHbie npe)lcKa3aHHll . HeKOTopbie H3 3THX 

npe)lCKa3aHHH )leJiaiOT H3JIHlliHHMH H )la)l(e o6petJeHHbiMH Ha Hey)lalJy MHOrHe llOCTaHOBKH 

3KCnepHMeHTOB Ha KpynHeHlliHX yCKOpHTeJiliX. npwMeH$1eMble B 3TH X pa6oTaX MeTO)lbl CHM­

MeTpHH peweHHH OCHOBaHbl Ha aHaJIOfHH (HJIH, BepHee, MeTO)lOJIOrHH) MeXaHHKH CnJIOlliHbiX 

cpe)l H COCTOliT B CJie)lyJOWeM: 

1. Bbi)leJijJJOTCll napaMeTpbi, onHCbiBaJOwwe npo6JieMy, - npocTp aHCTBO onpe)leiiliJOlUHX 

napaMeTpos. 
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2. YcMaTpHsaeTC51, y ra,uhiBaeTC51 CHMMeTpH51 :3Toro npocTpaHcTsa, H onpe)len51IOTC51 cooT­

seTCTBYIOIUHe HHBapHaHTbl. 

3. 3aKOHbl npHpO)lhl p aCCMaTpHBaiOTC51 KaK COOTHOUleHH51 Me)l()ly HHBapHaHTaMH. MaTeMa­

THt.JeCKHH 513biK CHMMeTpHH - TeOpH51 rpynn - npH 3TOM He06bJt.JaHHO :>cpcpeKTHBeH. 

4. Hcnonh3YJOTC51 )lon onHHTemHhie npHHUHnhi: npHHUHn ocna6neHH51 Koppen51UHH, npo­

Me:lKYTOt.JHa51 aCHMllTOTHKa, rnnoTe3a 06 aHanHTHt.JHOCTH cpH3Ht.JeCKHX 3aKOHOB. 

B cnyYae pen51THBHCTCKOH 51JlepHoii cpH3HKH onpe)len51IOIUHMH napaMeTpaMH 51Bn51IOTC51 

Cet.JeHH51, npOH3BO)lHbie OT HHX BenHt.JHHhl H HHBapHaHTHbie 6e3pa3MepHble HHTepBanbi (pac­

CT051HH51) B npocTpaHCTBe 4-cKopocTeii u; = Edmi; ui = p;fmi: 

bik = -(ui- uk) 2 = 2[(ui. uk) _ 1] = 2 [Ei · Ek- Pi· Pk _ 1] 
mi-mk 

nocKOnhKY 3HeprnH Ei H HMnynhCbl Pi CB513aHhl H3BeCTHbiM COOTHOUleHHeM Et- Pl = m;, TO 

u; = (u?) 2 - (ui)2 = 1. BMecTo 4-MepHoro npocTpaHCTBa MO:lKHO ssecTH 3-MepHoe, Bhipa3HB 

t.JeTBepTyiO KOOpJlHHaTy t.Jepe3 TPH Jlpyrnx: 

0_± /1 2 2 2 ui- V +ux+uy+uz. (2) 

3To ypasHeHHe il!IYxnono cTHOro rnnep6onOH)la. feoMeTpH51 Ha nosepxHOCTH mnep~onOH)la -

reoMeTpH51 TpexMepHoro npocTpaHcTsa J1o6at.JescKoro - aHanomt.JHa reoMeTpHH Ha nosepx­

HOCTH ccpepbi. l-fHTepBaii Me)l()ly TOt.JKaMH Ha llOBepXHOCTH ccpepbl 33,!J.aeTC51 KOCHHYCOM yrna 

6onhruoro Kpyra, HHTeps an Ha nosepxHOCTH mnep6onoH)la - mnep6onHlJeCKHM KOCHHycoM 

6biCTpOTbi: 

. -~I E+ Iii 
p- 2 n E -Iii. 

CB513h HHTepsanos bik H Pik HMeeT BHA: 

bik = 2[(ui · uk)- 1] = 2[chpik- 1]. 

YHcno napaMeTpos bik p asHo n(n-1)/2. HaH6onee nonHoe onHcaHHe KOHelJHbiX cocT051HHH 

51)lepHbiX CTOflKHOBeHHH CB513aHO C TpHaHryfl51UHeH H nOCTpOeHHeM MfiOrorpaHHHKOB (nonH-

3)lpOB) B npocTpaHCTBe CKOpOCTeH. 

BecbMa npOJlYKTHBHhiM oKa3anOCb BBe)leHHe nepeMeHHhiX N1 H Nil - ::~cpcpeKTHBHbiX 

lJHcen HYKflOHOB, npHHHMaiOIUHX yYaCTHe B peaKUHH CTOnKHOBeHH51 51Jlep I H II. B ruHpoKoM 

HHTepsane OTHOCHTenhHbiX CKopocTeii )lOnonHHTenhHbie nepeMeHHbie N1 H Nil OKa3anHCh 

HenpephiBHbiMH H rna,uKHMH. l-fHBapHaHT, t.Jepe3 KOTOpbiH Bbipa:lKaeTC51 6omruoe lJHCflO 3aKO­

HOMepHOCTeH pen51THBHCTCKOH 51)lepHOH cpH3HKH, HMeeT CMbiCn MHHHManbHOH MaCChi 

min[m~(uiNI + uilNil) 2
]
112 

npH ycnOBHH coxpaHeHH51 4-HMnymca: 

mouiNI + mouilNil = LPi; 
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J.lleCb ui H UII - 4-cKoppcTH .ll.llpa KaK uenoro, m 0 - Macca O.ll oro HYKJIOHa. BBe,lleHHe 

e,llHHOfO napaMeTpa 110.ll06H.II (HHBapHaHTa) 

1103BOnHnO KOnH'IeCTBeHHO OllHCaTb K}'Myn.IITHBHbiH 3<f><f>eKT, rny6oKOI10.ll110pOroBbie, OKOnO­

noporoBbie .IIBneHH.II H o6pa30BaHHe aHTHMaTepHH B .ll,llpO-.II,llepHbiX CTOnKHOBeHH.IIX (14). 

<l>opMyna 

Ed3a = C A"'(NI} . A"'(Nu) . f(TI) dp 1 I II ' (3) 

r,lle AI H All - aTOMHbie Beca CTanKHBaiOlUHXC.II .ll,llep, cl - KOHCTaHTa, OllHCbiBaeT pa3HO­

o6pa3Hble .ll.llepHbie peaKUHH npH H3MeHeHHH celJeHH.II Ha BoceMb n o p.ll.llKOB BenHlJHHbi. O.ll­

HaKo onpe,lleneHHe rpaHHU npocTpaHCTBa napaMeTpoB, r,lle onHcaHHe qmJHlJeCKHX npoueccoB 

Ha OCHOBe 3TOH MO,llenH CTaHOBHTC.II HecnpaBe,llnHBbiM, H)')K.llaeTC.II B HCCne,llOBaHHH. 0co6biH 

HHTepec npe,llCTaBn.lleT npe,llCKa3aHHe (15) Ha 3TOH OCHOBe pe3ynbTaTOB "nnaHHpyeMbiX 3KCne­

pHMeHTOB Ha COOp}')KaeMbiX B HaCTO.IIlUee BpeM.II .ll,llepHbiX KOnnaH,llep ax. .il,n.11 KOnnaH,llepHbiX 

3Hepmii HHTepBan Me)l(,lly TOlJKaMH I H II: 

(ui · U[[) = chpi II>> 1. 

CooTHoweHHe Me)l(,lly cTopoHaMH TpeyronbHHKa Jlo6alJeBcKoro HMeeT BH.ll: 

(ui · uk) = u~u~- ih ·ilk = chp1 k = 

= chp1 II· chpll k- shpi II· PII k · cos81 k ;::::: 

;::::: ChPIII(chpii k- shp1I k ·COS 8Ik) = chp1 II · Xk i 

3,lleCb Xk - H3BeCTHa.ll nepeMeHHa.ll CBeTOBOfO KOHyca. flpH 6onblllHX OTHOCHTenbHbiX CKOpO­

CT.IIX ypaBHeHHe mnep6onOH,lla (2) nepeXO,llHT B ypaBHeHHe CBeTOBOfO KOHyca, 'ITO HCnOnh3y­

eTC.II npH IlOCTpOeHHH MO,lleneH <f>H3HKH BbiCOKHX 3HeprHH B npOCTpaHCTBe CKOpOCTeH. 

Jlo6alJeBCKHH, OTKpbiB HeeBKnH,llOBY reoMeTpHIO, IlOCTaBHn npo 6neMy OflHCaHH.II Ha ee 

OCHOBe peanbHbiX <f>H3HlJeCKHX .IIBneHHH. fHilOTe3a 0 TOM, 'ITO Ha 6on blllHX paCCTO.IIHH.IIX CO­

OTHOllleHH.II Me)l(,lly CTOpOHaMH H yrnaMH TpeyrOnbHHKOB Y.llOBneTBOp .IIIOT HOBOH reoMeTpHH, 

He nO.llTBep.llHnach B pe3ynbTaTe aHanHJa Jio6alJeBCKHM acTpOHOMHlJeCKHX ,llaHHbiX. B.A.<I>oK 

npO,lleMOHCTpHpOBan cnpaBe,llnHBOCTb reOMeTpHH Jlo6alJeBCKOrO B n p ocTpaHCTBe CKOpOCTeH, 

paCCMOTpeB .IIBneHHe acTpOHOMHlJeCKOH a6eppaUHH (1) . .5JBneHHe COCTOHT B TOM, 'ITO B .llByx 

,llBH:lKYlUHXC.II .llpyr OTHOCHTenbHO .llpyra CHCTeMaX OTClJeTa HanpaBneHH.II Ha O.llHY H TY :lKe 3Be3.llY 

OKa3biBaiOTC.II He COBna,uaiOlUHMH, a OTnHlJaiOTC.II Ha BenHlJHHY a6eppaUHH. 1.JT06bl HaHTH 3TY 

BenHlJliHy, H}')KHO IlOCTpOHTb TpeyrOnbHHK Jlo6alJeBCKOfO C BepWHI IaMH B TOlJKaX i11 , U2 H 

VJ = ac, r,lle VI H V2 - CKOpOCTH Ten, c KOTOpbiMH CB.II3aHbl o6e CHCTeMbl OTClJeTa; a -
e,llHHHlJHbiH BeKTOp B HanpaBneHHH CBeTOBOH BOnHbl, H.llylUeH OT 3Be3,llbl. 8 acTpOHOMHlJeCKHX 

Ha6niO,lleHH.IIX CpaBHHBaiOTC.II BH,llHMbie nonO:lKeHH.II 3Be3,llbl npH pa3nH HbiX HanpaBneHH.IIX ,llBH­

:lKeHH.II 3eMnH no op6HTe (rO.llHlJHa.ll a6eppaUH.11) . 

AHanHJHPY.II nOH.IITHe <f>H3HlJecKoro npocTpaHCTBa, <l>oK nO.lll!epKHBaeT, 'ITO <JTO nepBwi­

Hoe IlOH.IITHe nonyqaeTC.II IlYTeM Ha,llne:lKalUHX a6CTpaKUHH npOCTpaHCTBeHHO-BpeMeHHbiX CB.II-

3eH Me)l(,lly MaTepHanbHbiMH npoueccaMH. CB.II3H ycTaHaBnHBaiOTC.II Ha OCHOBe mnoTe3bi o npH­

MeHHMOCTH eBKnH,llOBOH reOMeTpHH K peanbHOMY - <f>H3HlJeCKOMy 11pOCTpaHCTBY H Ha .llByx 



12 5cuu}uH A.M. 0 cw.u.tempuu B coBpe.MeHHoit cj:JuJuKe 

npe.unonO)I(eH1151X: 0 cym eCTBOBaHI-IH TBep.UbiX Ten H 0 npliMOnHHeHHOCTH pacnpOCTpaHeH1151 

CBeTa. 

TaKHM o6pa30M, CBOikTBa CBeTa H CBOHCTBa TBep.UbiX Ten (nHHeeK) HrpaiOT OCHOBHYIO 

pOnb B ycTaHOBneHHH reOMeTpHH peanbHOro cpH3HlJeCKOro npOCTpaHCTBa. ,Upyroi1 B03M0)1(HbiH 

cnoco6 onpe.ueneHHll non o)l(eHHll npe.uMeToB B npocTpaHCTBe, npHHUHnHanbHO OTnH'IHhiH OT 

TpHaHrymiUHH, ecTb pa.uHonoKaUHll HnH pa.uHoreo.ueJHll. O.uHaKo B n1060M cnyqae onpe.uene­

HHe nOHliTHll cpH3HlJeCKOrO npOCTpaHCTBa o6ycnosneHO TO'IHOCTbiO HJMepHTenbHbiX npoue.uyp. 

CooTBeTCTBHe ero MaTeMaTH'IecKoMy noHl!THIO npocTpaHCTBa Tpe6yeT orosopoK. B.A.<l>oK OT­

Me'laeT TaK)I(e, 'ITO TepMHHbl "npOCTpaHCTBO B uenoM", "ycnOBHll Ha 6eCKOHe'IHOCTH" H T.n. 

ynOTpe6nl!IOTCll HM B MaTeMaTH'IeCKOM CMblCne, npHHl!TOM B TeOpHH nOnll. 00.[1 npOCTpaH­

CTBOM B uenoM no.upaJyMe saeTCll o6nacTh .uocTaTO'IHO 6onhlllal!, 'IT06hl Ha ee rpaHHuax none 

OT paccMaTpHBaeMOH CHCTeMbl Ten 6hin0 npeHe6pe)I(HMO ManO. B JaBHCHMOCTH OT xapaKTepa 

Ja.[lalJH pa3Mepbl :noH o6n aCTH BeCbMa paJnH'IHbl, MHKpOH .[lnll aTOMa MO)I(HO ClJHTaTb 6eCKO­

He'IHO 60nhUIOH BenH'IHHOH, CBeTOBOH ro.u .[lnll ConHelJHOH CHCTeMbl H MHnnHap.Ubl CBeTOBbiX 

neT .[lnll CKOnneHHl! ranaKTHK l!BnliiOTCll 6ecKoHe'IHO 6onbUIHMH senH'IHHaMH. B npouecce 

nOCTpOeHHll TeOpHH BBO.[ll!T HOBble 0606UieHHll, B peJynbTaTe 'lero JaKOH MO)I(eT CTaTb npH-

6nH)I(eHHbiM, HO :no He y ManlleT ero cpyH.uaMeHTanhHOro xapaKTepa. 

Cno)I(HOCTb no.unHHHhiX cpH3H'IeCKHX CHTyauHH Tpe6yeT ynpomeHHhiX onHcaHHH c no­

MOlllbiO CHMBOnH'IeCKHX, H .[la)l(e CnOBeCHbiX, MO.[leneH, OCHOBaHHbiX Ha 3KCnepHMeHTanbHO 

nposepl!eMbiX rHnoTeJax . O.uHaKo COOTBeTCTBHe cpH3H'IeCKoro npocTpaHCTBa MaTeMaTH'Ie­

CKOMY B03HHKaeT He TOn bKO B peJynbTaTe o6o6meHHll OnbJTa H H3MepHTenbHbiX npoue.uyp. 

CooTBeTCTBHe npocTpaHCTBa cKopocTei1 npocTpaHCTBY J1o6aqescKoro BOJHHKno B peJynhTaTe 

.ue.UYKUHH. Eonee llpKHH n pHMep - sse.ueHHe npocTpaHCTBa PHMaHa 3i1HUITeHHOM B TeopHH 

rpaBHTaUHH, HOCl!Ulee cyry60 .[le.UYKTHBHbiH xapaKTep, KaK OTMe'laeT <l>OK, Tpe6yeT paCCMOTpe­

HHll CBOHCTB "npOCTpaHCTBa B uenoM". 8 npOTHBHOM cnyqae B006me Henb3ll nOCTaBHTb 3a)la'ly 

O.UHOJHa'IHbiM o6pa3oM. B .A.<l>oK aHanHJHpyeT paJnH'IHbie npe.unono)l(eHHll H y.uenl!eT OCHOB­

HOe BHHMaHHe TeOpHii n p ocTpaHCTBa O.UHOpO.UHOro Ha 6eCKOHelJHOCTH. 0H npH.UaeT 60nbUIOe 

npHHUHnHanbHOe 3HalJeHHe B03M0)1(H0CTH B 3TOM cnyqae BBeCTH npHBHnerHpOBaHHYIO CHCTeMy 

KOOp.UHHaT, onpe.uenl!eMyiO C TO'IHOCTbiO .[10 npeo6pa30BaHHll JlopeHUa (rapMOHH'IeCKHe KOOp­

.UHHaTbl). Bee paccMoTpeHHbie KOHKpeTHbie Ja.ua'IH TeopHH Tl!roTeHHll peUiaiOTCll B KHHre [I] 
B rapMOHH'IeCKHX KOOp.UHHaTaX. 

Oco6oro BHHMaHHll Jacn~HBaeT noCTpoeHHe B .A.<l>oKOM rHnh6epTOBa npocTpaHCTBa B 

KBaHTOBOH TeopHH HJnyqeHHH. B cTaTbe [16] <l>oK JaMelJaeT, 'ITO MaTeMaTH'IeCKHH annapaT 

KBaHTOBOH TeOpHH Hcnyc KaHHll H nornomeHHll cpOTOHOB, COJ.[laHHbiH Jl:HpaKOM, He COOTBeT­

CTByeT cpH3HKe l!Bne.HHll H npe.unaraeT MaTeMaTH'IeCKYIO OCHOBY TeOpHH, KOTOpyiO Jl:HpaK B 

KHHre "0pHHUHnbi KBaHTOBOH MeXaHHKH" Ha3bJBaeT "npe.UCTaBneHHeM <l>oKa". HaKOHeU, 

"npOCTpaHCTBO <l>OKa", n p e.[!nO)I(eHHOe .[lnll MaTeMaTH'IeCKOfO OnHCaHHll CHCTeM C BJaHMO.[leH­

CTBHeM, MeHl!IOlllHM lJHCn O lJaCTHU, CTanO 06UienpH3HaHHbiM nOHliTHeM KBaHTOBOH TeOpHH 

nonl!. 0HO HrpaeT 6onblllYIO ponb B COBpeMeHHbiX npHMeHeHHliX KBaHTOBOH XpOMO.UHHaMHKH, 

B 'laCTHOCTH, B KBapK-nap TOHHbiX MO.[lenl!X. 
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T. c.rpuZQ.JlQUl6UJlU 
HHcmumym ljJuJuKu AH Fpy3uu, T6UJtucu 

A.C.KypulluH, A.B.Pacnepe3a, C.B.CywKo«, H.C/J.EMeJlb.JIHIIUK 
HaLf.UOHa.JlbHbtu Lf.eHmp ljJuJuKu ttacmuLf. u BblCOKux 3Hepzuu 
npu Ee!lopyccKoM zocyoapcmneHHOM ynuoepcumeme, MuncK 

OpHse.ueHbi peJyJihTaTbi HCCIIe.uosaHHll napHoro polKJleHHll r/>-MeJOHOB ·so BJaHMo.ueii­

CTBHliX HeHTpOHOB C :meprneii 20-70 f38 C yrnepO.UHOH MHWeHbiO. 3KcnepHMeHT Bbl­

flOJIHeH C flOMOWbiO ycraHOBKH 3KCl.JAPM, pacnOJIOJKeHHOH B HeHTpOHHOM KaHane cep­
nyXOBCKOfO ycKopHTeJJll. Ha6JIIO.UeHo (124±20) co6biTHii napHoro polKJleHHll r/>-MeJOHOB, 

paCC'IHTaHHOe Ce'!eHHe KOTOpbiX paBHO (12, 9 ± 3, 0 (CTaT.)± J ,3 (CHCT.)) MK6/HYKJJOH. 

Onpe.ueneHa HHJKHllll rpaHHUa OTHOWeHHll ce'!eHHll npoueccos, JanperueHHhiX npaBH­
noM 0Ky6o - Useiira - HHJYKH (OUH), K noJIHOMY ce'leHHIO napHoro polKJleHHll 

r/>-MtBOHOB, KOTOpoe paBHO 0,09 npH 95% y . .U. 

Pa6oTa BhinOJIHeHa B Jla6opaTopHH csepxBhiCOKHX }Heprnii OH5U\. 

The Double ¢-Meson Production Investigation on the Serpukhov 
Accelerator 

A.N.Aleev et al. 

The results of the investigation of the double ¢-meson production on the carbon 
target by 20-70 GeV neutrons are presented. The experiment has been carried out 
using the spectrometer EXCHARM, located in the neutron channel on the Serpukhov 

accelerator. The (124 ± 20) events were observed. The calculated cross section of the 

double ¢ -meson production is (12 .9 ± 3.0 (stat.)± 1.3 (syst.)). The lower limit for the 
ratio of the cross section of the processes, suppresed by Okubo - Zweing - Iizuka (OZI) 

rule, to the total double ¢ -meson production cross section, measured in this experiment, 
was determined to be equal to 0.09 at 95% CL. 

The investigation has been performed at the Laboratory of Particle Physics, JINR. 

BBE)lEHUE 
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11ccne.uosaHHe napHoro polK.!leHHll ¢-Me30HOB liBJilleTcll xopolllHM HHCTp)'MeHTOM .!lllll npo­

sepKH npaBHJia 0Ky60 - llsei1ra - 11H3}'KH (0lll1) [ 1 ], nOCTYliHpytOWero 3Ha'IHTellbHOe no­

.uasneHHe npoueccos, onHCbiBaeMbiX HeCB513HbiMH KBapKOBbiMH .UHarpaMMaMH. CornacHo 3TOMY 

npaBHlly, B '!aCTHOCTH, 3anpemeHO napHOe o6pa30BaHHe </>-Me30HOB 80 B3aHMO.[leHCTBHliX, He 

CO.UepJKaiUHX B Ha'laJJbHOM H/HJIH KOHe'IHOM COCTOliHHH .!lOfiOJIHHTeJibHbiX CTpaHHbiX KBapKOB. 

O.uHaKo cyruecTBYJOT 3KcnepHMeHTaJJbHble .uaHHble [2-5], CBH.!leTenbCTBYJOWHe o6 OT­

KJJOHeHHH oT npasHna Olll1 B npouecce napHoro o6pa3oBaHHli ¢ -Me30HOB. B p51.ue 3Kcne­

pHMeHTOB [3-5) aHaJJH3HpOBaJJHCb 3KCKJJI03HBHble peaKUHH napHOfO polK.[leHHli </>-Me30HOB 

B nYlJKax 1r - - H K - - 'laCTHU, H nonYlJeHO .uocTaTO'IHO 6onblllOe OTHOllleHHe ce'!eHHH Olll1-

pa3pellleHHbiX H Olll1-3anpellleHHbiX npoueccos, HanpHMep 
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Ha OCHOBe TeX )f(e 3KCnepHMeHTOB nOJI}"'eHO OTHOllleHHe 

a(rr-p---+ ¢¢n) 1 

a(rr-p---+ ¢K+ K-n) ~ 5' 

KOTOpoe no nOp51.UKY BeJIH'IHHbl cornacyeTC51 C OTHOllleHHeM .llJ151 0l.J,Ji-pa3pellleHHbiX peaKUHH 

a(K-p---+ ¢¢A) 

a(K-p---+ ¢K+ K- A). 

CyllleCTBYJOT mnoTeJbJ, cornacHo KOTOpblM napHoe po)f(.lleHHe ¢-MeJOHOB 51BJI51eTC51, s 

OCHOBHOM, CJie,UCTBHeM pac na,ua npoMe)f(YTOlJHbiX COCT051HHH. B TaKOM CJI}"'ae o6pa30BaHHe 

.usyx cf>-MeJOHOB MO)f(eT npo HCXO.UHTb 6e3 HapyllleHl-151 Ol.J,.H-npasHna. HanpHMep, B peJyJibTaTe 

,UeTaJibHOfO aHaJIH3a napHOfO o6pa30BaHH51 ¢-Me30HOB B 3KCnepHMeHTe (6) 6bJJIO nOJI}"'eHO 

YKaJaHHe Ha CYllleCTBOBaHHe HeCKOJibKHX CB513aHHbiX ¢¢-COCT051HHH B o6JiaCTH Mace 2,1-

2,5 f3B/c2 c lliHpHHOH 100 -300 M3B/c2 (HanpHMep, /(2300) H /(2340) [20]) . 

.Hccne.uosaHHe npouecc os napHoro o6paJosaHH51 ¢-MeJOHOB s HeiiTpOHHOM n}"'Ke no-

3BOJI51eT rny6)f(e nOH51Tb Me XaHH3M o6pa30BaHH51 pe30HaHCOB CO CKpblTOH CTpaHHOCTbiO BO 

B3aHMO,UeHCTBH51X lJaCTHU, JJe CO,Uep)f(alliHX CTpaHHbiX BaJieHTHbiX KBapKOB. 

B .uaHHOH pa6oTe npe.uc TaBJieHbJ peJyJibTaTbl ~o~ccne.uosaHH51 HHKJIJOJHBHoro napHoro o6pa-

30BaHH51 ifJ-MeJOHOB BO B3aHMO,UeHCTBH51X HeHTpOHOB C yrnepO.UHOH MHllleHbiO B 3KCnepHMeHTe 

3KCl.JAPM. 

3KCDEPHMEHT 3KClJAPM 

D}"'OK HeiiTpanbHbJX tJ aCTHU (KaHan 5H) o6paJyeTc51 npH BJaHMo.ueiiCTBHH UHpKyn~o~pyJO­

lliHX B KOJibUe ycKOpHTeJI51 npOTOHOB 'C BHYTpeHHeH 6epHJIJIHeBOH MHllleHbiO H cf>opMHpyeTC51 

CHCTeMOH KOJIJIHMaTOpOB, p acnOJIO)f(eHHbiX B.UOJib OCH, o6pa3yJOllleH yroJI ~ 0° K na,uaJOlliHM 

npoToHaM. DpHMecb 3ap51)f(eHHbJX tJaCTHU oTce~o~saeTC51 OTKJIOH51JOlliHMH MarHHTaMH ycKopH­

TeJI51 H MarHHTOM CD-129. ,lln51 no,uaBJieHH51 ')'-KBaHTOB ycTaHOBJieH CBHHUOBblH cf>HJibTp C 

.UHCTaHUHOHHO H3MeH51eMOH TOJilliHHOH (OT 0 .UO 20 CM no n}"'Ky). liHTeHCHBHOCTb n}"'Ka 

COCTaBJI51eT .UO HeCKOJibKHX e,UHHHU X 106 HeihpOHOB/C. MaKCHMYM H3MepeHHOfO 3HepreTH­

lJeCKOrO cneKTpa HeHTpOHOB n}"'Ka (13) pacnOJIO)f(eH B paHOHe 58 f3B (pHc.l). 

CxeMa OCHOBHbiX 3JieMeHTOB ycTaHOBKH npe.ucTaBJieHa Ha pHC.2. reoMeTpH'IeCKHe xa­

paKTepHCTHKH peKOHCTPYHPOBaHHbiX C06b1THH, o6pa30BaHHbiX B HeHTpOH-yrnepO.UHbiX B3aH­

MO.UeHCTBH51X, OnHCbJBaJOTC.ll B npaBOH opTOfOHaJibHOH CHCTeMe KOOp.UHHaT, HalJaJIO KOTOpOH 

cosna.uaeT c reoMeTpH'IeCKHM ueHTpoM Me)f(nOJIJOCHoro JaJopa MarHHTa CD40A. Ocb Z Ha­

npasneHa B.UOJib OCH n}"'Ka, a OCb Y - BBepx. 

B cocTaB ycTaHOBKH BXO,ll51T: 

- yrnepo.UHM MHllleHb T TOJilliHHOH 1 ,3 r/cM2 no n}"'Ky; 

- aHaJIH3HpyJOIUHH Ma rHHT CD-40A C anepTypoii 274 X 49 CM2 H C MaKCHMaJibHbiM 3Ha-

'leHHeM non51 0,79 Tn (cHCTeMa nHTaHH51 MarHHTa o6ecnetJHBaeT BOJMO)f(HOCTb onepaTHBHoro 

nepeKJIJOlJeHH51 ero non51pHOCTH); 

- CHCTeMa 1-13 O.UHH HaAUaTH MHOronpOBOJIOlJHbiX nponOpUHOHaJibHbiX KaMep DK (25 

CHrHaJibHbiX nJIOCKOCTeH) ( 14, 15), pacnOJIO)f(eHHbiX .UO H nocne MarHHTa (MaKCHMaJibHbJe 

pa3Mepbl KaMep nepe,u MarHHTOM 100 X 60 CM2 , Ja MarHHTOM- 200 X 100 CM2); 
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- fO.UOCKOnbl CUHHTHJimlUHOHHblX C4eT4HKOB fl H f'2, HCnOJibJyeMble .llJiji Bblpa60TKH 

cMmana, JanycKaJOmero ycTaHOBKy; 

- MOHHTOp HeHTpOHHOro nY4Ka M H; 

- a.upoHHbiH KanopMMeTp AK, McnonLJyeMbiH .llJijl soccTaHoBJJeHHjl 3Heprent4ecKoro 

cneKTpa HeHTpOHOB nY4Ka; 

- 4eTbipua.uuaTMKaHanbHbiH (MOfliC-14) H TPH.llUaTH.llBYXKaHanbHbiH (MOfliC-32) no­

poroBbie raJOBbJe 4epeHKOBCKHe C4eT4HKH ( 16, 17), HCnOJibJyeMbJe .llJiji H,lleHTHcl>HKaUHH Ja­

pji)l(eHHblX 4aCTHU; MOfliC-14 JanonHeH cl>peoHOM-12, MOfliC-32 - BOJ.UYXOM, o6a -

npH aTMocct>epHOM .uaBneHHH. Pac4eTHbie nopom pemcTpauHH JapjllKeHHbiX 4aCTHU .llJijl 3THX 

C4eT4HKOB npHBe.UeHbl B Ta6n . 1. 

3anycK ycTaHOBKH ocymecTBJJjieTCji CHfHaJJaMH, cl>opMHpyiOlllHMHCji MalKOpHTapHOH CXe­

MOH COBna.ueHHji OT .UBYX nnOCKOCTeH nponOpUHOHaJJbHblX KaMep .UO MafHHTa, O.UHOH nnoc-
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Ta6JIHua 1 

C<JeT'IHK fa3 Tioporn perHcTpaUHH, fJB/c 

J..L 7r K p 

MTif'liC-14 q,peoH-12 2,3 3,1 10,8 20,5 
MTif'liC-32 B03JlYX 4,5 6,0 21,2 40,3 

KOCTH nocne MarHHTa H JlByx nnOCKOCTeH CUHHTHflfljJUHOHHbiX ClJeTlJHKOB. CHCTeMa 3anycKa 

cneKTpoMeTpa npe)lnonaraeT npoxo))(JleHHe '!epe3 ocHOBHbie 3neMeHTbi ycTaHOBKH He MeHee 

'leTblpex 3apjJ)I(eHHbiX lJaCTHU. 

CHcTeMa c6opa )laHHbiX BbmonHeHa, B ocHOBHOM, B cTaHJlapTe KAMAK. JlnjJ KOHTponjJ 

3a napaMeTpaMH ycTaHOBKH H JlfljJ c6opa )laHHbiX 80 BpeMjJ Ha6opa 3KCnepHMeHTanbHOH HH­

cpOpMaUHH npHMeHjJIOTCjJ n epCOHanbHble 3BM. 3anHCb )laHHbiX Ha MarHHTHbie neHTbl Be)leTCjJ 

c noM01UbiO ycTpoiicTBa E x abyte-8500. 

neTanbHO cneKTpOMeTp 3KCYAPM OnHCaH B pa6oTe [23] . 

Bhl)lF.JIEHHE C0.6hiTHH IIAPHOfO POJK,llEHIDI ¢-ME30HOB 

Co6biTHjJ c ·o6pa30BaHHeM JlByx ¢-Me30HOB HCKanHCb s peaKUHH 

nC12 ---+ ¢¢ + X, (1) 

B KOTOpOH cjJ-Me30Hbl Bbi)lefljJflHCb no 11X pacna,uaM Ha )lBa npOTI1BOnOfl0)((H0 3apjJ)((eHHbiX 

KaoHa K+ 11 K- . 113 ::::::: 119,2 · 106 11CXOJlHbiX HeiiTpOH-yrnepoJlHbiX s3ai1MOJleiicTBI1H, 

3aperncTp11pOBaHHbiX cneKTpOMeTpOM 3KCLfAPM B OJlHOM 113 ceaHCOB 3KCn0311U1111, 6bin11 

OT06paHbl C06biTI1jJ B COOTBeTCTBI111 CO cne)lyiOW11MI1 Tpe6oBaHI1jJMI1: 

- C06bJTJ1jJ COJlep)l(clJIH KaK MI1H11MYM )lBe nOfl0)1(11TenbHO 11 )lBe OTp11UaTeflbHO 3apjJ)I(eH­

Hbie lJaCTHUbi; 

- MI1HI1ManbHOe paCTOjJHHe Me))(Jly TpaeKTOp11jJMI1 Ka))(JlOH 113 B03MO)I(HbiX nap npOTI1BO­

nonO)I(H0 3apjJ)I(eHHbiX lJaCTI1U, cpOpM11pyiOW11X 06WyiO BepW11Hy, - KaH)ll1)laTOB B cjJ-Me30Hbl, 

He npeBbiwano 3·08 , r)le 08 ::::::: 0, 15cM- 3Kcnep11MeHTanbHOe pa3peweHI1e no 3Toii Beni1'111He; 

- BepW11Ha, 06pa30BaHH~ BCeMI1 BOCCTaHOBneHHbiMH TpaeKTOp11jJMI1, He BbiXO)ll1fla 3a 

npeJlenbi MHWeHH no ·Z-Ko OpJl11HaTe 6onee lJeM Ha::::::: 5 · Oz, r)le Oz ::::::: 1 CM- pa3pewaiOw~ 

cnoco6HOCTb cneKTpoMeTPa no 3TOH seni1'111He. 

C YlJeTOM nepe'111CneHHbiX ycnos11ii ObinO oTo6paHo 373385 co6biTI1H (I) . Ha p11c .3 

(pacnpeJleneHHe a) npHse)leHbi pacnp.eJleneHI1jJ KaH)lH)laTOB s ¢-Me30Hbi cpeJll1 oTo6paHHbiX 

co6biTI1H no seni1'111He M (K + K -) - 11Hsap11aHTHOH Macce CI1CTeMbi K+ K-. Bcero s 11HTep­

sane Mace 1,00-1,10 f3B /c2 COJlep)I(11TCjJ 712433 TaKI1X KOM611HaUI1H . 

JlnjJ YMeHbWeHI1jJ cpoHa OT OWI160lJHO 11)leHT11cp11U11pOBaHHbiX KaOHOB B 11CCne)lyeMOM KO­

HelJHOM cocTOjJHI1H Hcnom 3osanacb 11HcpopMaUI1jJ, nonYlJeHH~ 113 MnrYC-14 11 MnrYC-32. 

JlnjJ Ka))(JlOH 3apjJ)I(eHHOH lJaCT11Ubl paCClJI1TbiBani1Cb OTHOCHTenbHbie sepOjJTHOCTI1 ee H)leHTI1-

cp11KaU11H (T.H. "sec") c o npeJleneHHbiM Tl1noM a.upoHa- W(i), f)le i = 1!'±·, K± 11n11 p/p. 
CpaBHI1BanHCb 3aperwcTpwposaHHbie cwrHanbi OT o6o11x '!epeHKOBCKI1X clJeTlJI1KOB c pac'leT­

HbiMI1, nOnYlJeHHbiMI1 B npe)lnOflO)I(eHHI1, 'ITO 3apjJ)((eHHbie lJaCT11Ubl COOTBeTCTBYIOT YKa3aHHbiM 
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PHc. 3. CneKTp 3cfxPeKTHBHbiX Mace KOM6HHaUHH K+ K- 6e3 H.lleHTHtPHKaUHH (a) H c H.lleHTHtPHKauHell 

(6) KaOHOB; JieBaJI IllKaJia OTHOCHTCJI K paCnpeneneHHIO (a), npaBaJI IllKaJia - K pacnpeneneHHIO (6) 

THnaM . Onpe.lleJJJieMbie 3Ha'leHHJI W ( i) HopMHposaHbi TaKHM o6pa3o M, 'IT06bi .llJlJI Ka)K.lloH Ja­

Pll)((eHHOH 4aCTHUbl W(7r±) + W(K±) + W(pjp) = 3. npH 3TOM BeJJH'IHHa W(i) = 3 
03Ha4aeT I 00% sepoliTHOCTb H.lleHTHcpHKaUHH, a W ( i) = I - n onHyiO Heonpe.lleJJeHHOCTb 

THna 4aCTHUbl. npH4HHOH 3TOH Heonpe.lleJleHHOCTH JIBJ!JieTCJI MaJJbiH, HH)((e nopora perH­

CTpaUHH nHOHa, HMnyJJbC 'laCTHUbl HJ!H nona,naHHe 'lepeHKOBCKOro H3JlY'!eHHJI OT HeCKOJlbKHX 

4aCTHU O.llHOBpeMeHHO B O.llHH H TOT )((e KaHan 'lepeHKOBCKOro C'leT'IHK;l. OrpaHH'IeHHJI Ha 

W(K±) onpe.lleJJJIJlHCb H3 KOMnpOMHCCHbiX Tpe6osaHHH: C O.llHOH CTOpOHbl- MaKCHMaJJbHOrO 

nO.llaB!leHHJI cpoHa OT OWH60'IHO H.lleHTHcpHUHpOBaHHbiX 'laCTHU, C .11pyroif - MHHHMaJJbHOH 

noTepH KOM6HHaUHH, CO.llep)((alUHX K+ K-. 
B Ka4eCTBe KpHTepHll H.lleHTHcpHKaUHH K± s peaKUHH (1) 6blno Bbi6paHo ycnosHe 

(2) 

npH 3TOM noTepH K± cpe.llH KOHe'IHbiX cocTOJIHHH (1) He npeBbiWaiOT IO%, a 'IHCJJO cpOHOBbiX 

KOM6HHaUHH YMeHbwaeTcll Ha 90%. 
Ha pHc.3 (pacnpe.lleJJeHHe 6) npe.llCTaBJleH cneKTp M(K+K- )• .llJlll co6biTHH, OTo6paHHbiX 

cornacHo .llOnonHHTeJJbHOMY KpHTepHIO (2). Ha 3TOM pacnpe.lleJJeHHH (6) (8206 KOM6HHaUHH 

s HHTepsane Mace I ,00--I, I 0 f38/c2) Ha6JJIO.llaeTCll '!eTKHH nHK c ueHTpanbHbiM 3Ha'lemteM 

Maccbi 1,020 f38/c2 OT pacna.nos ¢-Me30HOB Ha K+ K -. 
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PHc. 4. PacnpeneneHHe no M ( K+ K- 1 .. 1 
.. a JaBHCHMOCTH OT pacnpeneneHHll no M(K + K - ) .. 

2 
... Ha ape3Ke : 

npH3MorpaMMa Toro )Ke pacnp eneneHHll ,., 

ll.JHI noJtaaneHHll cf>oHa a cneKTpax no M(K+ K -) HCKJIIO'"IaJJHCb KOM6HHauHH, npoJtOJJbH<ill 

COCTaBJiliiOlllall HMnyJJhCa KOTOpbiX P1 < 8 f3B/c. Dp11 3TOM '-!aCTHUbl, BXOJllllUHe B OCTaBWHe­

Cll KOM6HHaUHH, KaK npaBHJIO, HMeiOT HMrJYJJbCbl BbiWe nopora HJ{eHTHcf>HKaUHH rJHOHa, '"ITO 

rJ03BOJilleT HJ{eHTHcf>HUHpOBaTb HX C rJOMOlUbiO '-!epeHKOBCKHX C'leT'-!HKOB. 

C )"'eTOM BbiWenepe'-! HCJieHHbiX orpaHH'-!eHHH B HHTepaane Mace 1,014-1,025 f3B/c2 

6biJIO OT06paHO 1194 KOM6 HHaUHH, YJlOBJieTBOpliiOlUHe nepe'"IHCJieHHbiM KpHTepHliM . 

Jlnll BbiJleJJeHHll C06biTHH, COJlep)KalUHX napy </J-MeJOHOB, nOCTpOeHO JlBYMepHOe pacnpe­

JleJJeHHe M (K + K - h·· " M (K + K -)·· 2 .. nepaoii 11 BTopoii napbi- KaHJlHJlaToB a ¢-MeJOHbi 

(pHc.4). 

B o6nacTH JHa'-!eHHii Mace M (K + K -h .. 11 M(K+ K -) .. 2 .. , 6JJH3KHX K Macce ¢-MeJoHa, Ha-

6JJIOJtaeTCll npeBbiWeHHe HaJ{ cf>OHOM, KOTOpoe MO)KeT 6hiTii o6ycJJOBJieHO C06biTHliMH napHOrO 

o6pa30BaHHll </J-MeJOHOB. 0pH 3TOM KOM6HHaTOpHbiH cf>oH B 06JJaCTH Ha6JJIOJtaeMOro CHrHaJJa 

He npeahiwaeT 1%. 
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PHc. 5. PacnpeneneHHe no M(K+ K - 1 .. , •. noCJJe Bbl'lHTaHHJl cjloHa non cHrnanoM B cneKrpe M(K+ K- 1 .. 2 .. 

,lJ..nJl oueHKH KOJJH'lecTBa co6biTHH, co.llep:lKalUHX napy <f>-MeJOHOB, cneKTp no M(x+ x- ) .. , .. 
pa36HBaJJCll Ha paBHble HHTepBaJJbl no 5 M3B/c2, ,llJlll Ka)l(,llOfO H3 KOTOpblX CTpOHJJOCb pac­

npe,lleJJeHHe no M (x + x- ) .. 2... KonH'lecTBo 4>-MeJOHOB s Ka)l(,llOM HHTepsane onpe.lleJJliJJOCb 

aHaJJOrH'lHO ( 18] nyreM cJ>HTHpOBaHHll nOJJyYeHHbiX TaKHM o6pa30M cneKTpOB cynepn03HUHeH 

¢YHKUHH EpeHTa- BHmepa, onHCbJBaJOmeH CHrHaJJ (c yYeToM onpe,lleneHHoro H3 pa3peme­

HHll MoHTe-Kapno cneKTpOMeTpa no Macce 4>-MeJoHos o = (1, 7 ± 0, 3) M3B/c2), H ma,llKOH 

¢YHKUHH ,llJlll OnHCaHHll cJ>oHa. 

Ha pHc.5 npe,llcTasneHo pacnpe.lleJJeHHe KOJJH'leCTsa <f>-MeJoHos, onpe,lleJJeHHbiX H3 cneK­

rpos no M(x+ K - h .. , nocTpoeHHbiX .liJlll co6bJTHH, oTo6paHHbiX H3 pasHoMepHbiX HHTepsanos 

cneKTpa M(x+x - ) .. , ... 

C HCnOJJb30BaHHeM OnHCaHHOH BbllUe npOUe.llypbl 6b1Jl0 onpe,lleJJeHO KOJlH'leCTBO C06biTHH, 

CO,llep:lKalUHX ,liSa 4J-Me30Ha, 

N<P<P 124 ± 20. 
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OUPE.IJ:E.JIEHHE ::!)fllfllEKTHBHOCTH PErHCTPAU:HH 
H CEqEHIDI UAPHOfO POJK.IJ:EHHg ¢-ME30HOB 

CetieHwe po)J(JleHH51 JlBYX ¢-MeJOHOB Ha 51Jlpe yrnepoJla onpeJleJJ5IJJOCb B cooTBeTCTBHH co 

cneJlyiOmeii <!JopMynoii: 

N,p,p · A 
a-

- Mn · €per · T · N · Br2 ' 
(3) 

r)le N <P<P - KOJJH'IeCTBO co6biTHH napHoro o6pa3oBaHH51 ¢-MeJOHos; A - aTOMHbiH sec 51Jlpa 

MHllleHH; Mn - nOTOK HeHTpOHOB, onpe)leJJeHHbiH C nOMOlllbiO HeHTpOHHOfO MOHHTOpa; 

Mn = (1, 7 ± 0, 1) · 1011 ; €per. - 3<lJ<!JeKTHBHOCTb perHCTpauww ycTaHOBKOH co6biTHH po­

)J(JleHH51 JlByx ¢-MeJoHos ; T - TOJJlllHHa MHllleHH (T = 1, 3 r/cM2); N- 'IHCJJO Asora)lpo; 

Br - sepo5ITHOCTb pac na)la ¢-MeJoHa Ha K+ K-. 
TipH pactieTe BeJJH'IHHbl 3<lJ<lJeKTHBHOCTH perHCTpaUHH OHa npeJlCTaBJJ51JlaCb B BH)le 

€ = fr . fTp . fpeK • fH!leH > (4) 

f)le €r - reOMeTpH'IeCKa51 3<lJ<!JeKTHBHOCTb pemCTpaUHH napHOfO pO)J(JleHH51 ¢-Me30HOB; 

€TP· - 3<lJ<lJeKTHBHOCTb c pa6aTbJBaHH51 CHCTeMbl JanycKa ycTaHOBKH (TpHrrep); fpeK. - 3<lJ<lJeK­

THBHOCTb peKOHCTPYKUHH HCCJle)lyeMbiX C06biTHH; €H!leH. - 3<lJ<!JeKTHBHOCTb CHCTeMbl H)leHTH_­

tPHKaUHH, o6yCJJOBJJeHHa51 npHMeH5IeMbiMH ycJJOBH5IMH OT6opa . 

.11:JJ51 onpe)leJJeHH51 reoMeTpH'IeCKOH 3<lJ<lJeKTHBHOCTH €r MO)leJJHpOBaJJHCb C06bJTH51 peaKUHH 

(1). TiocJJe p03blrpblllla po)J(JleHH51 H paCna)la <f>-Me30HOB perHCTpHpOBaJJHCb Te C06bJTH51, B 

KOTOpbiX npOJlYKTbl pac na)la OT JlBYX ¢-Me30HOB - 'leTbipe 3ap5I)KeHHbiX KaOHa - npOlllllH 

'Iepe3 BCIO ycTaHOBKy. 

TipH MO)leJJHpOBaHHH KHHeMaTH'leCKHe xapaKTepHCTHKH Ka)J(JlOfO <f>-MeJOHa pa3blrpbiBa­

JlHCb HeJaBHCHMO B ~HCTeMe UeHTP.a Mace (CUM) HaJJeTaiOmero HeHTpOHa H OJlHOfO 113 HYKJJO­

HOB MHllleHH (npOTOHa HJJH HeHTpOHa C paBHOH Bep05ITHOCTbiO) . TipH 3TOM pacnpe)leJJeHHe 

no <!JeHHMaHOBCKOH nep eMeHHOH XF Jlll5l Ka)J(Jloro ¢-MeJOHa pa3blrpbiBaJJOCb COrJJaCHO Bblpa-

)KeHHIO 

d
da ex (1- lxFit, 
XF 

a pacnpeJleJJeHwe nonep etiHoro HMnyllbca P? - B cooTseTCTBHH c 

da 
dP2 ex exp (-b . p2) t t . 

(5) 

(6) 

Ko3<tJ<PwuweHTbi n H b 6biJJH onpe)leneHbi paHee B peJyJJbTaTe aHanHJa )laHHbiX HHKJJIOJHBHoro 

pO)J(JleHH51 <f>-Me30HOB ( 18), nOllYlJeHHbiX B 3TOM )Ke 3KCnepHMeHTe: 

-0,5 
n = 5+0,2, b = (2, 8 ± 0, 2) (f3B/c)-2

. (7) 

PacnpeJleJJeHH51 n p oJlOJJbHbiX (Pt) H nonepetiHbiX (P?) KOMnoHeHT HMnynbca ¢-MeJOHOB, 

nOllYlJeHHbJe nYTeM MO)lel1HpOBaHH51, COrJJaCyiOTC51 C aHaJJOrH'IHbiMH pacnpe)leJJeHH5IMH Jll151 3a­

pemcTpHpOBaHHbiX B 3 KCnepHMeHTe C06biTHH (pHC. 6), 'ITO yKa3biBaeT Ha CO(.nBeTCTBHe TlpH­

MeHeHHOH MOJleJJH xap aKTepHCTHKaM po)J(JleHH51 ¢-MeJOHOB B peaKUHH (I) 11, cne)loBaTeJJbHO, 

Ha ee npHMeHHMOCTb Jll151 OUeHKH €r. 
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Pwc. 6. PacnpelleJJeHHe npollOJJbHbiX (a) H nonepe'lHbiX cocTaR1!liiOIUHX HM yllbca </>-MeJoHa (6). To'lKH 

C OWH6KaMH OOJJYtJeHbl llllll 3KcnepHMeHTaJJbHblX C06biTHH, rHCTOrpaMMa - llllll MOlleJJHpOBaHHbiX C0-

6b1THH 

Jl.nll KOppeKTHOfO )'4eTa yCJlOBHH TpHrrepa yCTaHOBKH MOL{el1Hp BaJJOCb napHOe 06pa30Ba­

HHe ¢-Me30HOB COBMeCTHO C COnpOBO)I(JlaiO!UHMH 'laCTHUaMH. 3cpcpeKTHBHOCTb TpHrrepa ETp. 

3aBHCHT OT MHO.lKeCTBeHHOCTH H HMnynbCOB BTOpH'lHbiX 3apll.lKeHIIbiX 'JaCTHU, a TaK.lKe OT 

3cpcpeKTHBHOCTH L{eTeKTOpOB, BKJIIO'leHHbiX B CXeMy 3anycKa yCTaHO KH. 

nocne He3aBHCHMOfO p03blrpbiWa HMnyJlbCOB LIBYX ¢-Me30HOB B peaKUHH (1) OCTaTOK 'le­

TbipeXHMOYJlbCa Pocr. pa3blrpbiBaJJCll Me)I(Jly ConpOBO)I(JlaiO!UHMH 'JaCTHUaMH B COOTBeTCTBHH 

C MOL{eJlbiO reHepaUHH conpOBO)I(JleHHll, B KOTOpOH OHH po)I(JlaiOTCll BO cpparMeHTaUHH LIBYX 

CTpyH JETSET (21]. 0L{Ha CTpyHa HMeeT KBaHTOBbie 'JHCJla He TpOHa, a BTOpall - Hy­

KJIOHa MHWeHH. PanpeAeneHHe no MHO.lKeCTBeHHOCTH 3apemcTpHpo saHHbiX B 3KcnepHMeHTe 

3apll.lKeHHbiX 'JaCTHU comacyeTCll C COOTBeTCTBYIO!UHM pacnpeL{eJleHHeM, OOJ1)'4eHHbiM LlJlll MO­

L{el1HpOBaHHbiX C06biTHH (pHC.7). 3-fo CBHLleTeJlbCTByeT 0 npHMeHH OCTH Bbi6paHHOH MOL{eJlH 

Mll pactJeTa ETp . . 

3cpcpeKTHBHOCTb peKOHCTPYKUHH C06biTHH EpeK. BKJIIO'JaeT B ce6 ll 3cpcpeKTHBHOCTb aJJfO­

pHTMa peKOHCTpyKUHH TpaeKTOpHH H 3cpcpeKTHBHOCTb, o6yCJ10BJ1eHHYIO npHMeHlleMbiMH orpa-
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Pwco 70 Pacnpene.neHHe no MHOJKecTBeHHOCTH JaperncTpHpoaaHHbiX JaplllKeHHbiX '!aCTHu; TO'IKH c oww6-

KaMH - Jl]lll 3KcnepHMeHTaJ1bHbiX co6biTHH, ClUIOWHall flHHHll - Jl]lll MOlleJIHpOBaHHbiX C06biTHH 

HH'leHID!MH npH Bbi)leJJeH HH KOHe'lHOrO COCTO.liHH.ll B peaKUHH (l)o 0Ha 6biJia Onpe)leJJeHa 

nyreM npHMeHeHID! K MO)leJJHpOBaHHbiM C06biTH.liM TeX :JKe anrOpHTMOB Bbi)leJieHHll napbl ¢¢ 

B peaKUHH (1), 'ITO H )lJI.ll 3KCnepHMeHTanbHblX C06biTHHo 

)ln.ll onpe)leJJeHHll 3cpcpeKTHBHOCTH CHCTeMbl H)leHTHQlHKaUHH HCnOJJb30BanaCb 3KCnepH­

MeHTanbHal! HHQlOpMaUH.ll, Ha OCHOBe KOTOpOH npOBe)leH aHanHJ HHKJII03HBHOro po)I(JleHHll 

¢-MeJOHOBo l1ccne)loBanHcb pacnpe)leneHHll no M(K+ K - ) npH paJHbiX ycnOBHliX HJleHTH­

QlHKaUHH )lJI.ll pa3HbiX HMn yJJbCHbiX HHTepBanOB 3apli:JKeHHbiX 'laCTHUo fpaHHUbl HMnyJJbC­

HbiX HHTepBanOB onpe)leJIJIJIHCb 3Ha'leHHliMH noporoB perHCTpaUHH 3aplllKeHHblX 'laCTHU B 

MOfliC-14/32 (cMo Ta6nol ) o )lnll Ka)I(Jloro HMnyJJbCHoro HHTepsana 6biJIH onpeJleneHbi 3cpcpeK­

THBHOCTH H)leHTHQlHKaUHH nOJIO:JKHTeJibHO H OTpHUaTeJJbHO Japli:JKeHHbiX 'laCTHU, KaK KaOHOB, 

npH ycnosHH (2)0 Ha cneay 10rueM 3Tane aHanHJa 6biJJO nocTpoeHo asyMepHoe pacnpe)leneHHe 

no M(K+ K - ) .. 
1 

.. H M(K+ K - ) .. 
2 

.. c secoBbiMH MHO:JKHTeJJ.liMH w, KOTOpbie pacc'lHTHBanHCb no 

cpopMyne 

1 
w = -------

El 0 Ez 0 E3 0 E4 

r)le E), Ez, EJ H E4 - paCC'lHTaHHble 3cpcpeKTHBHOCTH H)leHTHQlHKaUHH Ka)I(JlOro 113 'leTblpeX 

KaOHOBo PeanbHOe 'lHCJIO C06biTHH, CO)lep:JKaiUHX napy ¢-MeJOHOB, Onpe)leJJllflOCb Ha OCHOBe 

nonY'leHHoro JlBYMepHoro p acnpeaeneHHll no M(K+ K - ) .. 1 .. H M(K+ K - h .. c Hcnonb30BaHHeM 
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BbillleOmiCaHHOH npoue.Uypbl. flOJlHrui 3<tJ<tJeKTI1BHOCTb H.!leHTI1<tJI1KaU1111 paCC'II1TbiBaJlaCb KaK 

OTHOllleHI1e '111CJla 3apemcTp11pOBaHHbiX C06biTI1H, CO,llep)l(aiU11X n ap y </>-MeJOHOB, K peanb­

HOMY '111CJ1Y C06biTI1H. flOJlY'!eHHbie 3Ha'leHI1jl napU11aJlhHbiX 3<tJ<tJeKTI1BHOCTeH , a TaKXe 11X 

CTaTI1CTI1'!eCKI1e Ollli16KI1, np11Be.UeHbl B Ta6n.2. 

Ta6nuua 2 

llapUHaJibHa51 J¢q>eKTHBHOCTb 3Ha'leHHe 

l:r. 0, 0202 ± 0, 0002 
I:TP· 0, 620 ± 0, 005 

I:K!leH. 0, 0280 ± 0, 0044 
l:peK. 0, 855 ± 0, 005 

CHCTeMaTI1'1eCKI1e Ollli16KI1 np11 pac'!eTe Ce'!eHHjl, B OCHOBHOM, o6ycJlOBJleHbl HeOnpe.ue­

JleHHOCTj!MI1 np11 OUeHKe 3<tJ<tJeKTI1BHOCTH. 

Jlnjl Onpe,lleJleHI1jl CI1CTeMaTI1'1eCKOH Ollli16KI1, CBj!JaHHOH C Heonp e.ueneHHOCThiO 3Ha'!eHI1H 

n 11 b, BeJ111'111Hbl 3TI1X napaMeTpOB Bapb11pOBaJ111Ch B npe.UeJlaX Ollli160K. 3TO np11BO.!li1T K 

113MeHeHI1j!M E B npe.uenax 4%. 

flYTeM Bapb11pOBaHI1jl cpe.UHeH MHO:>KeCTBeHHOCTI1 6b1Jla onpe.uene Ha CBj!JaHHrui C HeH CI1-

CTeMaTI1'1eCKrui Ollli16Ka, KOTOprui COCTaBI1Jla 5%. 

TaK KaK 113MeHeHI1e napaMeTpos n 11 b 113MeHjleT 11MnynhCbi reHep11pyeMbiX qacT11U, TO 

113MeHjleTCjl 11 '!eTbipeXI1MnynbC 'laCTI1U COnpOBO)I(.!leHI1jl. flo3TOMY Ollli16KI1, CBj!JaHHbie C 

napaMeTpaMI1 n, b 11 C MHO:>KeCTBeHHOCTbiO, CKOppen11pC:lBaHbl 11 o6rurur CTeMaTI1'1eCKrui Ollli16Ka 

E Bbi'II1CJleHa, KaK Jli1Hei1Hrur CYMMa YKaJaHHbiX 01II116oK. 

Cl1cTeMaTI1'1eCKrur Ollli16Ka onpe.ueneHI1jl 3<tJ<tJeKTI1BHOCTI1 H.!leHTI1<tJI1KaU1111 Japji:>KeHHhiX 

'!aCTI1U COCTaBJljleT 5%. 

CI1CTeMaTI1'1eCKrui OIJJH6Ka, CBj!JaHHrui C peKOHCTPYKU11eH C06biTI1H, 3Ha'II1TeJlbHO MeHbiiJe, 

'!eM ynOMj!HYTbie BbiiiJe, 11 He BHOCI1T CyllleCTBeHHOro BKJla,lla B n OJlHYIO CI1CTeMaTI1'1eCKYIO 

01IIH6Ky. 

C y'!eTOM Bbilllei13JlO:>KeHHoro .!lJljl co6biTI1H (I), co.uep:>KaiU11X .us a ¢-MeJoHa, 6bmo nony­

'!eHo 3Ha'!eHI1e nOJlHOH 3<tJ<tJeKTHBHOCTI1 HX peri1CTpaUI111: 

E = (3, 0 ± 0, 47(cTaT.) ± 0, 31(C11CT.)) · 10- 4
. 

B npe.unono:>KeHI111 Jli1Hei1Hoii JaBI1C11MOCTI1 ce'!eHI1jl napHoro p o)l(.!leHI1jl ¢;-MeJOHOB OT 

seni1'111Hbi aTOMHoro seca MI1IIJeHI1 A 6brno nonY'IeHHO cne.uy10ruee ero JHa'!eHI1e: 

a= (12, 9 ± 3, O(cTaT.) ± 1 , 3(c11CT.)) MK6/HYKJ10H. 

Ilony'!eHHrur seni1'111Ha ce'!eHI1jl napHoro po)l(.!leHI1jl ¢-MeJOHOB B npe.uenax OIIJI16oK xo­

polllo cornacyeTCjl co 3Ha'!eHI1eM, 113MepeHHbiM B 3Kcnep11MeHTe EHC -2 [19], npose.ueHHOM B 

HeHTpOHHOM nY4Ke np11 6Jli13KI1X .UaHHOMY 3KCnep11MeHTY 3HeprHj!X . 

llPOBEPKA llPABUJIA OI.J;H 

CornacHo npas11ny OUH, po)l(.!leHI1e ¢>¢-nap B HeiiTpoH-HYKJlOHHbiX B3aHMO.Ue11cTBHj!X 

.!lOJl:>KHO conpOBO)I(.!laTbCjl KaK MI1H11MYM napoii CTpaHHbiX 'laCT11U. Jlnjl ero npoBepK11 cpe.!l11 
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PHc. 8. PacnpeueJJeHHe HHBapHaHTHbiX Mace M(K+ K - h.. noCJJe Bbl'IHTaHHll <PoHa noll cHrHanoM B 

cneKTpe Mace McK+ K - ) .. 
2

, , nonyqeHHhiX llJill co6biTHH, KaHllHllaToB B (I): a - 6eJ conpoBolKllaiOumx 

'laCTHU; 6 - C COnpOBOlKlleHHeM, B KOTOpOM 6bUJH HlleHTH<tJHUHpOBaHbl crpaHHble <JaCTHUbl 

OT06paHHblX C06hiTHH-Ka H,!lH,!laTOS S ( 1) HCKaJiaCb rpynna C06hiTHH napHOrO o6pa30SaHHll 

cf>-Me30HOB C aCCOUHaTHBHbiM po)I(JleHHeM CTpaHHbiX '!aCTHU . 

.[lJUI OUeH!(H 3<IJ<IJeKTHSHOCTH perHCTpaUHH conp<?SO)I(JlaJOIUHX '!aCTHU see C06hiTHll ( 1) 
6hlnH paJ.ueneHbi Ha .use rpynnbl - c conposo)I(JleHHeM H 6e3 Hero. KonH'leCTBO cf>cf>-co6biTHH 

s Sbi.UeneHHbJX rpynnax o npe.uenllnocb s peJymTaTe onHcaHHOH paHee npoue.uypbi. Ha pHc.8a 

H 6 npHse.ueHbi pacnpe.ueneHHll no M(K + K - h·· .llJlll YKaJaHHbiX rpynn co6biTHH. KonH'lecTso 

C06biTHH (l) pa3JIH'IHOH KOH<IJHrypaUHH (c conpOSO)I(JleHHeM H 6e3 Hero) 6biJIO Onpe.ueneHO 

nyTeM MO.lleJIHpOSaHHll S COOTSeTCTSHH C OnHCaHHbiMH paHee YCJIOSH.!IMH. J13 cpasHeHHll 'IHCJ!a 

3KCnepHMeHTaJibHbiX H MO.UeJIHposaHHbiX C06biTHH pa3JIH'IHOH KOH<IJHrypaUHH (Ta6n .3) SH.llHO, 

'ITO MO.UeJIHpOsaHHe XOpOlUO OnHCbiSaeT YCJIOSH.ll 3KCnepHMeHTa, nOCKOJibKY SOCnpOH3SO.llHTCll 

COOTHOIUeHHe 'IHCJ!a C06biTHH ( 1) C COnpOSO)I(.lleHHeM H 6e3 Hero. 
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Ha p11c .8s np11Be)leHo pacnpeueneHI1e no M(K+ K - h .. LIJI51 rpynm1 co6hiTI1H KaH)lH)la­

TOB B ( 1 ), B KOTOpblX cpeU11 conpOBO)I()lal01lli1X 'laCTI1U YLiaJIOCb Bbl):leJII1Tb XOT51 6hl OLIHY 113 

cTpaHHhiX 'laCT11U K2, A 0, K+ 11n11 K-, 11UeHT11cp11U11pyeMbiX s 3KCnepHMeHTe. DpH 3TOM 

LIJI51 BhiUeJieHI151 co6biTI1H ¢>¢>, co)leplKaml1x uononHI1TeJibHO K2 11n11 A 0 , KpoMe 'leTbipex 3ap51-

lKeHHhiX KaOHOB, KaH):IH)laTOB B napy c/>-Me30HOB, ):IOnOJIHI1TeJibHO Tp e60BaJIOCb HaJII1'l11e HeH­

TpaJibHOH BI1JIKI1 (napa TpaeKTOp11H npOTI1BOnOJIOlKHO 3ap51lKeHHbiX tJaCTI1U, 11Mel01lli1X o6my10 

Beplll11HY B 06JiaCTI1 pacna):IHOrO 06'beMa), y KOTOpOH 11HBap11aHTHa51 Macca B CI1CTeMe 7r+7r-

11JII1 p 1r- OTJII1'laeTC51 OT Ta6JII1'IHOro 3Ha'leHH51 MaCChi cooTBeTCTBeHHO K2 HJII1 A 0 He 6onee 
'leM Ha BeJII1'li1HY 3 · £1"M (rue dM - 3Ha'leHI1e 3KCnep11MeHTaJibHOrO p a3pellleHI151 no 11HBap11aHT­

HOH Macce, pasHoe 3,76 M38/c2 LIJI51 CI1CTeMbi 1r+1r- 11 1,55 M38/c 2 - LIJI51 CI1CTeMbi p1r-). 
,UJI5i Bbl):leJieHI151 C06biTI1H (l), CO):IeplKallii1X KpOMe KaH)lH)laTOB B n apbl c/>-Me30HOB 3ap51lKeH­

Hble KaOHbl, Tpe60BaJIOCb HaJII1'll1e XOT51 6hl O):IHOH ):IOnOJIHI1TeJibHOH 3ap51lKeHHOH 'laCTI1Ubl, 

H):leHT11cp11U11pyeMoH KaK K+ 11JII1 K- B cooTseTCTBI111 c ycnos11eM (2). 
KaK BHLIHO 113 np11seueHHoro Ha p11c.8s pacnpeueneHI151, He yuanoch Bbl):leJII1Th c11rHan 

OT usyx ¢>-Me30HOB. BepxH5151 rpaHI1Ua 'li1CJia TaKI1X co6biTI1H ( 1) c o cTpaHHhiMI1 'laCTI1UaMI1 

cpeu11 conposo)l()leHI151 He npesbilllaeT 10 c 95% y .u . • • 

,Un51 OUeHKI1 0)1(11):1aeMOro 'li1CJia C06biTI1H (l), B KOTOpblX MOrn l1 6bl 6b1Tb H)leHT11cp11U11-

posaHbl uonoJIHHTeJIHbie cTpaHHbie 'laCTHUhi K2, A 0 , K+ 11n11 K-, HCnOJih3osanacb cpeHoMe­

HOJIOrH'leCKa51 MOUeJib FRITIOF [22], KOTOpa51 npeunonaraeT cTpor oe sbmOJIHeHI1e npas11na 

OUI1. Bh16op YKa3aHHOH MOUeJII1 o6ycnosneH TeM, 'ITO 11MnynhCHbi e cneKTpbl 11ccneuyeMbiX 

'laCTHU no npO!lOJibHbiM H nonepe'IHbiM COCTaBJI51101lli1M, a TaKlKe n MHOlKeCTBeHHOCTI1 3ap51-

lKeHHbiX 'laCTI1U XOpOlliO OnHCbiBaiOT COOTBeTCTBYIOlll11e 3KCnep11MeHTaJibHble pacnpe):leJieHI151. 

Pe3yJihTaTbl TaKoH oueHKH np11seueHhl TaKlKe B Ta6n.3. 

Ta6JIHI.Ia 3 

Ha6moaaeMrui KOH<jJH- ¢¢+X ¢¢, 6e3 conpo- Bcero 
rypaUHll co6biTHH (I) BO)I(LlCHI1ll 

JII06bJC X cpeaH X coaeplKHTCll 
K~, A0 ,K+ HJIH K-

3Kcnep11MCHT 66 ± 17 < 10 53± 15 124 ± 20 
95% y.a. 

MoaCJIHpoBaHHe 
B npeanonOlKCHHH 80 ± 12 26,0 ± 3,4 44 ±8 . 124 ± 10 

OUH 

DonYlJeHHbie uaHHbie no3BOJI51JOT c)leJiaTb BhiBO!l o uecp11u11Te CTpaHHhiX 'laCT11U s npo­

uecce o6pa30BaHHll napbl c/>-MC30HOB . 3TO 51BJI51CTC51 CBI1):1eTCJibCTBOM HapyllleHH51 npaBI1Jia 

OUI1 . Pacc'li1TaHHa51 Hl1lKHa51 rpaHI1Ua OTHOllleHI151 ce'leHI151 OUI1 3anpemeHHhiX npoueccos 

K 113MepeHHOMY B ):laHHOM 3KCnep11MCHTe nOJIHOMY CC'leHHIO napHOro po)l()leHI151 c/>-MC30HOB 

COCTaBJilleT 0,09 Ha 95% y. ):1. 

BhiBO,llhl 

8 3KCnep11MCHTe, npose):ICHHOM C nOMOlllbiO yCTaHOBKI1 3KCYA PM, 11CCJie)lOBaHO nap­

HOe po)l()leHHe c/>-Me30HOB B HeHTpOHHOM llYlJKe np11 3Hepr11liX cepnyxOBCKOrO ycKOp11TeJI51. 

Ha6nroueHo (124 ± 20) co6hiTHH napHoro po)l()leHI151 ¢>-Me30HOB . 



28 A.neee A.H. u op. HccAeOoBaHue napHozo po)I(OeHUJI ¢-Me30H08 

"'u 70 1--1:0 

! 60 ~ 
'i 50 ::._ 
~ 

l
1

t 
:X: 
:s: 

10 

8 40 :.: 

0 lit 
!30 ~ t H 
~ 20 - tt tft t 

1 0 I- + t t \ +t+t + t t++ 
0 r ~~ 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 11 1 1 1 11 1 1 1 11 Jt~ 1 1 1 1 1 1 ~f~~ • • • 

2 2.05 2.1 2.15 2.2 2.25 2.3 2.35 2.4 2.45 2 .5 
M(K+ K- K+ K-), rlB/c2 

PHc. 9. PacnpeneneHHe HHBapHaHTHb!X Mace cHcreMb! (K+ K- K+ K - ) H3 o6nacrH CHrHana ¢¢ 

J13MepeHO CelJeHHe napHOfO pO)I(JleHH~ </>-MeJOHOB B Hei.fTpOH-yrnepOllHb!X BJaHMOlleH­
CTBH~X npH cpeJIHeH 3HeprHH nYlJKa HeHTpOHOB 51 r3B, KOTOpOe paBHO (12 , 9 ± 3, 0 (crar.) ± 
± 1, 3(CHCT.)) MKfifH)'KJIOH. 

BenH'IHHa celJeHH~ napHoro po)I(JleHH~ ¢-MeJOHOB a npenenax owH6oK xopowo cornacy­
erc~ co JHalJeHHeM, nonYI.J eHHb!M 8 3KcnepHMeHre EI1C-2, nposeneHHOM B HeHrpoHHOM nYlJKe 
npH 6J1H3KHX 3HeprHSIX. 

OnpeJieneHa HH~HaSI rpaHwua orHorneHH~ celJeHHSI OU11-JanperneHHb!X npouecco8 K H3-
MepeHHOMY 8 ]laHHOM 3KCnepHMeHTe nonHOMY CelJeHHIO napHOfO pO)I(JleHHSI </>-Me30H08, KOTO­
paSI COCTa8nSieT 0,09 npH 95% ypOBHe JlOCTOBepHOCTH. 

B cneKrpe 3cpcpeKTHBHb!X Mace Jl8YX <P (pwc.9) He Ha6niOJiaerc~ HHKaKHX craTHCTH'Ie­
CKH 3HalJHMb!X CHfHaJlOB. BepXHSISI rpaHHUa Jl]]SI CelJeHHSI o6pa30BaHHSI COCTOSIHHH /(2300) H 
/(2340) pa8H~eTC~ 0,79 MKfifH)'KJIOH, C 95% y.Jl. 

A8rOpbr 6naroJiapS1r A .A .JioryHosa, A.H.CwcaKSIHa, 11.A.CaaHHa, H.E.TIOpHHa H P.r .no3e 
3a noJl]lep)I(KY 3THX wccneJio8aHHH, a raK)I(e T.E.nporynosy H A .ct>.KaM6ypS1Ha 3a 6onbrnoi1 
8Kna]l B pa6ory no HCCne]lOBaHHIO napaMeTp08 CHCTeMb! H]leHTHcpHKaUHH 3apSI)I(eHHb!X 'laCTHU 
ycraH08KH. 

Pa6ora BbmOnHeHa npH noJl]le)I(Ke Pct>ct>l1 (rpaHTb! 96-02-18734, 98-07-90294 ). 
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Pacna;:J.LI 7J·Me3oua ua ,IJ;Ba nemoua u cynepcHMMeTpiDI c uapymeuuou 
R-'leTHOCThiO 

EeiJHJIKOB B.A. 

JlenTOHHbie pacn anLI TJ --+ l;_lj nOJBOJI.IIIOT nOJiy<IHTb HOBbie orpaHH'IeHH.II Ha npo­

H3BeJleHH.II Tpi{JIHHeHHbiX napaMcrpos Hap)'llleHI{.II R-'leTHOCTH a cynepcHMMeTpH'IHbiM 

o6pa30M pacnmpeHHOH CTaHJlaPTHOH MOJleJIH (MSSM): 

l~m ~~·22l ~ 4, 260, 

l~ k 22 ~~·221 ~ 0, 434, 

l~212 ~;·nl ~ 0, 079, 

l~k22 ~~·nl ~ 0, 029, 

l~kl2 ~~-221 ~ 1, 189, 

(M.!I mf= 100 f3B). 

OrpaHH'IeHHe JlJI.II npOH3BeJleHH.II Tpi{JIHHeHHbiX KOHCTaHT ~~312 ~;*11 1 ~ 0, 079 OKa3aJIOCb 

snsoe JKeCT'Ie HJBeCTHoro paHee HJ pacnana 1r
0 -MeJoHa. OrpaHH'IeHH.II Ha oTJleJILHLie 

Tpi{JIHHeHHbie napaMeTpbl ~. OTBe'!aiOWHe 06MeHy cynep'laCTHU 8 t-KaHaJie, OKa3biBaiOTC.II 

3Ha'IHTeJibHO CJia6ee YJKe HMeiOWHXC.II 8 JIHTepaType. 

Pa6oTa BbinOJIHeHa a J1a6opaTopHH .IIJlepHbiX npo6neM OH51H. 

Two-Leptonic 17-Meson Decays and SUSY without R Parity 

Bednyakov V.A. 

The Jeptonic decays TJ --+ l;li provide us with new constraints for R-parity violation 

in supersymmetric ex tention of the Standard Model: 

IXkll ~~·221 ~ 4.260, 

l~k22 ~~·221 ~ 0.434, 

l~212 ~;·nl ~ 0.079, 

l~k22 ~~·nl ~ 0.029, 

l~k12 ~~·221 ~ 1.189, 

(for m/= 100 GeV) : 

A new restriction obtained for the product 1~312 ~;*11 1 ~ 0.079 is about 2 times stronger 

than one from the leptonic 1r
0 decay. Other (t-channel) constraints on individual ~s are 

much weaker than l imits already obtained. 

The investigation has been performed at the Laboratory of Nuclear Problems, JINR. 

CospeMeHHa.si cpHJHKa 'laCTHU, 6naroJiap.si MJie.siM cynepCHMMeTpHH (SUSY) [I] H senHKoro 

06ne)lHHeHI{jj, HMeeT B03MOlKHOCTb npaKTH'IeCKH Ha BCe cpH3H'IeC.KHe npoUeCCbl CMOTpeTb C 

eJIHHOH TO'IKH 3peHH.II. T aK, HHJK03HepreTH'IeCKHe pacna)lLI .siJiep H 3JieMeHTapHbiX 'laCTHU, s 

TOM 'IHCJie 6e3HeHTpHHHbiH JlBOHHOH 6eTa-pacna)l H pacna)l npOTOHa, raJiaKTH'IeCKa.si TeMHa.si 
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MaTepiDI H T.Jl . , C O)lHOH CTOpOHbl, H 3KCnepHMCHTbl Ha ycKOpHTCJI.IIX n pH CBCpXBbiCOKHX 3HCp­

fWIX, c Jlpyrow, noJl)laiOTC.II OJlHOBpeMeHHOMY onHcaHHIO c paMKax S U SY- Mo)lenew Ha ocHose 

HC60J!blll0f0, o6wero )lJI.II BCCX npOUCCCOB Ha6opa napaMeTpOB. llo 3TOH npH'JHHC orpaHH'IC­

HIDI, nOJI)"'CHHbiC )lJI.II TaKHX napaMCTpOB H3 3KCnepHMCHTOB npH HH3KHX 3HCpriDIX, HMCIOT 

BJIIDIHHC Ha OnHCaHHC npOUCCCOB npH CBCpXBbiCOKHX 3HepriDIX H, HCCOMHCHHO, )lOJI:lKHbl 6b!Tb 

npHH.IITbl BO BHHMaHHC npH aHaJIH3C nOCJICJlHHX (2) . 

KpoMe 3Toro, SUSY npe)lJiaraeT HOBbie MexaHH3Mbi JlJI.II pacna)lOB pa3JIH'IHLIX 'laCTHU, B 

TOM '!Hcne JlJI.II 7]-MeJoHa. B H3BeCTHOM CMbicne SUSY -MexaHH3Mbi 3Ha'llnenLHO HHTepecHee 

06b!lJHbiX, npHCYWHX CTaH)lapTHOH MO)lCJIH, nOCKOJibKY n03BOJI.IIIOT 3KCnepHMCHTbl no HCCJie­

JlOBaHHIO pacna)lOB 7]-MC30HOB TaK:lKC paCCMaTpHBaTb C TOlJKH 3pCHIDI llOHCKa npO.IIBJICHHH 

cynepCHMMCTpHH. 

Pacna)lLI 7]-MeJoHa )laiOT 3Ha'IHTCJibHO 6onbrue HHcf>opMaUHH o cynepcHMMeTpHH, '!eM, 

CKa:lKCM, OlJCHb llOXO:lKHC Ha HHX JlBYXJICnTOHHbiC paClla)lbl 7r-MC30HOB, Y:lKC paCCMOTpCHHbiC B 

JIHTepaType (3). llpH'IHHa COCTOHT B TOM, 'ITO 7]-MC30H COJlCp:lKHT S- KBapK 2-ro llOKOJICHIDI H 

ero Macca npeBLirnaeT nopor pacna)la Ha JlBa JL-MeJoHa. • 

PaHee JlByxnenTOHHbiC paCna)lbl 7]-MC30Ha 06CY:lK)laJIHCb B KOHTCKCTC llOHCKa JICllTOKBap­

KOB [4], OJlHaKo H3)"1a.ll HX MO:lKHO TaK:lKe c ycnexoM npoBOJlHTb n o HcK H SUSY, nocKOJILKY 

lJHCTO JICnTOHHbiC paClla)lbl 

(1) 

CHJILHO no)laBJICHbl B CTaHJlapTHOH MOJlCJIH . .UHarpaMMbl, )laiOWHC S U SY -BKJia)l B 3TH pacna)lLI 

7]-MC30Ha, noKa3aHbl Ha pHC . 1. 

ij 

l ~ 

l~ 

Pwc. I . BKJia,nbl SUSY s JlB}'XllenTOHHbiH pacnan TJ-Me3oHa (t - H s-KaHaJibi) 
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PaCCMOTpHM pacna.u TJ ~ e+e-, KOTOpbll:f nerxo o6o6waeTC.II Ha CJI}"'aH C MIOOHaMH 

B KOHel!HOM cocTO.IIHHH . H aliHHa.ll c narpaH)tmaHa SUSY c HapyweHHOH R-lleTHOCTbJO [5], 
nocTpOHM cHal!ana 3cpcpeKTHBHbJH narpaH)f(HaH .llil.ll npouecca ij + q ~ e+ +e-. 3aTeM npHBe­

neM Bblpa)f(eHHe .llJI.II MaTpHl!HOro 3JieMeHTa H wHpHHbl pacna.ua T/ ~ e+ e-. CpaBHeHHe 3TOH 

WHpHHbl C 3KCnepHMeHTaJibHbiMH ,llaHHblMH n03BOJIHT nOJI}"'HTb orpaHHl!eHH.II Ha napaMeTpbi 

HapyweHH.II R-lleTHOCTH B SUSY-MonenH. 

11MeJOWa.ll OTHoweHHe K paccMaTpHsaeMOMY npoueccy '!aCT& R-Hel!eTHOro narpaH)f(H­

aHa (6, 7] Ha npeBeCHOM ypOBHe CO,llep)f(HT ,llBa cnaraeMblX, KOTOpble COOTBeTCTBYIOT 06MeHy 

CHeHTPHHO B S-KaHane H CKBapKOB B t-KaHane (pHc .2): 

Lint = .Cfnt + .C~nt ' (2) 

.Cfnt = 2Aijkv,LekPLei +2>-.:jkv;LekPRei +)..~jkv,LdkPLdi +)..~jkv;LJkPRdi, 

.C~nt = -A~jduiLdk PLe, + J:Re~PLui]- )..~jdu;Le,PRdk + JkRuiPRe~]. 

ij 
' " e'f 

ij e'f 

---~- -~/ ij 

q e± 
q / "e± 

. . 
PHc. 2. KBapK-nenTOHHLie s- H t-KaHanLHLie BKJiaJILI B pacnan TJ-MeJoHa B SUSY 

TpHnHHeHHble, Hapyw aJOWHe R-4eTHOCTb o nenTOHHOM ceKTope SUSY KOHCTaHTbl CB.II3H 

>-., acHMMeTpHl!Hbl no nepBblM .llByM HH,lleKcaM, A;jk = -Ajik· rne i, j, k - HH.lleKCbl noKone­

HHH. 3necb Pr.,R = ! (1 =t= 1 5). 

3cpcpeKTHBHblH narpaH)f(HaH, OnHCblBaJOWHH npouecc ijq ~ e+e- Ha OCHOBaHHH t-KaHaJib­

HOfO 06MeHa T.ll)f(eJiblMH CKBapKaMH, HMeeT BH)l : 

-.c;ff = { 
1>-.~jk 1

2 
(d-k dk) - 1>-.~jk 1

2 (-j j) } · (-i IJ i) 
4 2 RTJJR 2 ULIJJUL eLreL 

m;:..i 4m-k 
UL dR 

(3) 

{ l>-.~jkl
2 

( -k k) l>-.~jkl 2 ( . ")} ( . . ) = - 2- d '~"(l+rs)d - - 2- u1 r~"(1-rs)u1 · eL 1~"eL . 
4m;:..i 4m-

u L d~ 

3cpcpeKTHBHblH narpaH)f(HaH S-KaHaJibHOro BKJia.Lla T.ll)f(eJIOro CHeHTpHHO B )laHHbiH npouecc 

naeTc.ll cpopMynoH 

s Aijj )..~kk - - >-.;jj )..~kk - -
.Ceff = 2 2 (ejPLej)(dkPRdk) + 2 2 (ejPReJ)(dkPLdk)· (4) 

m;:.. m;:.. 
v, L 11

iL 
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Bcne.ncTBHe ucnoJibJOBaHIDI ycJIOBIDI PCAC, 

H OTCYTCTBH.II B COCTaBe 7]-MeJOHa T.II)KeJibiX KBapKOB, 

nOJIHbiH MaTpH'-IHbiH 3JieMeHT paCCMaTpHBaeMOfO pacna,na, Yt.fHTbJBaJOJUHH S- H t-KaHaJibHbJe 

BKJla,!lbl, npHHHMaeT BH,ll {,wJ.11 3JieKTpOHa j = 1): 

Ttotal ( 1] -+ e +e-) = ( T~ + sl) ui vft + ( T~ + st.) uft vL 

sJ 
R 

sJ 
L 

(5) 

.D.n.s~ umpHHbJ pacna,na 1J -+ ll (r.ne l - e HIHJIH J..L), KOTOpblH o6ycnoBJieH TOJibKO SUSY­
KauanaMH pacna,na (pHc. l) HMeeTc.ll cpopMyna [3] 

OTKy.na, npeue6pera.11 MaJibJM MHO)KHTeJieM ( 1 - ~) 
2

, MO)KHO nOJIYt.fHTb: 

f(TJ-+ ljlj) = (6) 
2 

m.,J; mt1Ajill 2 

1211" 47"Tll. 
ui. 

3KcnepHMeHTaJibHbJe orpaHH'-IeHIDI fl.(ljlj), HaJiaraeMbJe Ha OTHOCHTeJibHYJO BepO.s!THOCTb 

COOTBeTCTBYJOIUHX MO.ll pacna,na B BH,lle 

r(11 -+ z+ z-:) 
J J < ll.(l ·l ·) ----=r=-''--"-- - J J • ., 

ll03BOJI.IIJOT HaHTH orpaHH'-IeHH.II Ha OT,lleJibHbJe 3Ha'-!eHH.II A HJIH HX npOH3Be,lleHHH B paM­

KaX o6menpHH.IITOro npe.nnoJIO)KeHIDI o6 OTCYTCTBHH TaK uaJbJBaeMo r o "fine-tuning" Me)K)ly 



34 5eoHJIK06 B.A. Pacnaobl TJ-.Me3oHa Ha o6a AenmoHa 

OT.lleJibHbiMH cnaraeMbiMH 8 8bipa)l(emm JlJI51 umpHHbi pacna.na (6) . 3To npe.nnoJio)l(eHHe no-

380JI.SieT cpa8HH8aTb C fl (ll) Ka)l(JlblH 'IJieH C}'MMbl no OT)leJibHOCTH: 

0--- j37i1'; 8 I Ajil A;;; , I 
fl(ljln) > 1'1'!l .,;m:;;J1r y'memJ.L u' L 

V fl(ljln) j37i1'; 4 
> 

I AJi2 A;;i21 
1'1'!l . .,;m:;;J1r y'memJ.L u' L 

v ( ) j37i1'; 8 > 
IAjlkA;;lk I 

fl ljln 
m~ .,;m:;;J1r y'memJ.L dk 

R 

J fl(ljln) j37i1'; 4~d > 
IAijn A~'i1l 

1'1'!l .,;m:;; f 1r m 11 
v i L 

J fl(ljln) j37i1'; 2~8 
> 

IAijn A~;21 
1'1'!l .,;m:;; f 1r m 11 

viL 

npH 3TOM C)leJiaHO 04e8H)lHOe o6o6meHHe, ytiHTbi8aJOWee TaK)l(e CJiytlaH TJ -+ ep, (j, n = 1, 2) . 
npHHHMa51 80 8HHMaHHe H38eCTHble 3KCnepHMeHTaJibHble )laHHble JlJlll paCCMaTpH8aeMblX 

Jl8yx.rienTOHHblX MO.ll pacn a.na TJ-Me30Ha <f1r = 0, 093 f38): 

Macca TJ : m 71 = (0, 5473 ± 0, 00012) f3B , 

nOJIHa51 WHpHHa : f '1 = (1, 18 ± 0, 11) X 10·-6 
f38, 

OTHOWeHHe f(e+e-)/f '1 < fl( ee ) = 7, 7 X 10-5
, 

OTHOWeHHe : f(p,+ p,-)/f '1 = fl(p,p,) = (5 , 8 ± 0, 8) X 10- 6 , 

oTHOLlleHHe : f(,LL+e- + p,-e+) / f 71 < fl(ep,) = 6 x io-6 , 

nonyqaeM cne.nyJOWHe o rpaHH'IeHH.SI: 

H3 TJ -+ ee 6, 659 f3B - 2 > IA~ill 2 ;mJ.., 
UL 

3, 329 f3B-2 > IA~ ;2I 2 /mY;;,, 
L 

6, 659 f3B-
2 > I A~tk l 2 /m}k, 

R 

0, 284 X 10-4 f3B - 2 > IAill A~~,l/mJ.. , 
viL 

0, 426 X 10-3 f38-2 > I Ail! A~;2l I mJ.. ; 
viL 

H3 TJ -+ J.l J.l 0, 3284 X 10-2 f3B-2 > IA;;,I2 /mY;;, , 
L 

0, 1642 X 10-2 f3B - 2 > IA;d2 /mY;;, , 
L 

0, 3284 X 10-2 f3B - 2 > IA;tk 12 /m}k , 
R 

0, 2895 X 10-s f3B-2 > IAi22A~~t l/mJ.. ; 
viL 

0, 4342 X 10-4 f3B - 2 > 1Ai22 A;;2lmJ.. ; 
"'iL 
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HJ Tf -t ef..L o, 1293 rss-2 > IA~ilA~~~I/~. 
'-'L 

0, 06465 fsB- 2 > IA~i2A~~21/~., 
'-'L 

o, 1293 rss-2 > IA~lkA~*lkl/m}k, 
R 

o, 7927 x w- 5 rss-2 > 1Ail2 A~~~~~~ , 
viL 

0,1189 X 10-3 fsB- 2 > lAm A~;2l/~ · 
viL 

Lf.nst Harnst,llHOrO npe,llCTaBJleHH.ll 3THX orpaHH'ieHHH 06hi'iHO Bhi6Hp aiOT Macey ccpepMHOHOB 

100 fsB. Torna, Y4HThiBa.ll Aijk = -Ajik · HMeeM: 

6, 659 X 104 > IA~ul 2 , IA~211 2 , IA~311 2 ; 
3, 329 X 104 > IA~l21 2 ' IA~221 2 ' IA~d 2 ; 
6, 659 X 104 > IA~ul 2 , IA~l212' IA~l3 12; 

0,284 > IA211 A~*ul , I . '* I A311 A311 ; 

4,26 > lAm A~;21, IA311 A;;21; 

32,84 > IA~ul 2 , IA~2II 2 , IA~311 2 ; 
16,42 > IA~l212, IA~221 2 ' IA~d 2 ; 
32,84 > IA~ul 2 , IA~d 2 , IA~l3 12; 

0,02895 > IA122 A~*ul, I A322 A;*ul; 
0,4342 > IA122 A~;21, I A322 A;;21; 

0, 1293 X 104 > IA~uA~*ul, IA~21A~;ll, IA~31A~;ll; 
0, 6465 X 103 > IA~l2A~*l21, IA~22A~;21, I A~J2 A~*321; 
0, 1293 X 104 > IA~u A~*ul, IA~l2A~*d, I A; 13 A~*l3 I; 

0,07927 > IA212 A~*ul, IA312 A;*ul; 
1, 189 > IA212 A~;21, IA312 A;*221 · 

J1TaK, B UeJlOM OKaJbiBaeTC.ll, 'iTO HaH,lleHHbie J,lleCb orpaHH'ieHH.ll KaK Ha KBa,llpaTbl TpH­

JlHHeHHbiX napaMeTpos HapyweHH.ll R-'ieTHOCTH, TaK H Ha Hx npoHJBeneHH.ll, He MOryT co­

cTasmiTh KOHKypeHUHIO }')Ke HMeiOWHMC.ll s JlHTepaType [8)- [ 16]. OnHaKo paccMOTpeHHbie 

nenTOHHbie pacna.uhi Tf -t lilj noJBOJl.liiOT HJBJle'ib cosepweHHO HOBbie orpaHH'ieHH.ll Ha npo­

HJseneHH.ll TpH11HHeHHhiX napaMeTpos HapyweHH.ll R-'ieTHOCTH, KOTo phie HenocTynHhi .llJl.ll He­

nocpencTBeHHoro HJMepeHHst s npymx npoueccax: 

lAm A~*22 l :S 4, 260, 

IA122 A~*11 1 :S 0, 029, 

IA122 A~*221 :::; 0, 434, 

IA212 A~*221 :::; 1, 189, 

IA212A~*ul :S 0,079 

IA311 A;*221 :::; 4, 26 ' 

IA322 A;*11 1 :S 0, 029, 

IA322 A;*d :::; 0, 434, 

IA312A;;21:::; 1,18, 

(npH mf=100fsB). 
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Ji!MeiOTCll TaK)I(e orpaHH'IeHHll Ha TaKHe npOH3Be,UeHHll, KOTOpble onpe,ueJJliiOT .llByxJJenTOHHbiH 
pacna.u 1!'0 -MeJoHa (noKaJaHbl HH)I(e B cKo6Kax), 

I-A211 -A;*11 1 :::; 0, 284, I-A311 -A;*11 1 :S 0, 284 (:::; 0, 15), 

I.A312 -A;*11 1 :S 0, 079 (:::; 0, 14). 

KaK BH.llHO, nocne.uHee orpaHH'IeHHe s.usoe 6onee )l(eCTKoe no cpasHeHHIO c H3BJJetJeHHbiM H3 
pacna.ua nHoHa. 

ABTOp Bblpa)l(aeT 6naro.uapHOCTb c.r.KosaneHKO Ja none3Hble o6c)')KJI.eHHll H H.A.Pyca­
KOBH'IY Ja nOCTOliHHbiH HHTepec K :noif TeMe. 
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CHARGE FORM FACTORS AND ALPHA-CLUSTER 
INTERNAL STRUCTURE OF 12C 

V.K.Lukyanov\ E. V.Zemlyanaya\ D.N.Kadrev2, A.N.Antonov2, 

K.Spasova3, G.S.Anagnostatos4, P.Ginis5, ].Giapitzakis5 

The transitiOn densities and form factors of o+, 2+, and 3- states in 12C are 
calculated in alpha-cluster model using the triangle frame with clusters in the vertices. 
The wave functions of nucleons in the alpha clusters are taken as they were obtained 
in the framework of the models used for the description of the 4He form factor and 
momentum distribution which are based on the one-body density matrix construction. 
They contain effects of the short-range N N correlations, as well as the d-shell admixtures 
in 4He. Calculations and the comparison with the experimental data show that visible 
effects on the fo rm and magnitude of the 12C form factors take place, especially at 
relatively large momentum transfers. 

The investigation has been performed at the Bogoliubov Laboratory of Theoritical 
Physics, JINR. 

3apH.!(OBbiC ct»opMcl»aKTOpbi 
u uuyrpeumu1 CTPYKTYPa aJibcjJa-KJiacTepou H.!(pa 12C 

B.KJJyKb.JIHo6 u op. 

PacC'lHTaHbl nepeXOllHble fUlOTHOCTH H cpopMcpaKTOpbl o+ -. 2+- H 3- -COCTOliHHH 
11npa 12C c wcnonbJOBaHHeM anbcpa-KJJacrepHoii Monenw Ha 6aJe rpeyronbHoro KapKaca c 
KJJacrepaMH B ero seplllHHax. BonHOBbte <IJYHKUHH HYKJJOHOB B anbcpa-KJJacrepax BJliTbl 
HJ pac'leTOB B paMKaX MOneneii llllpa 4He, KOTOpble OCHOBaHbl Ha paJnH'lHblX KOHCTpYK­
UHliX OllHO'laCTH'lHOH MaTpHUbl fUlOTHOCTH C napaMerpaMH, nony...eHHbiMH nonrOHKOH 
cpopMcpaKTOpOB H H\lnynbCHbiX pacnpeneneHHH HYKJJOHOB 4He. 8 JTHX MOllenliX BKJJIO'la­
nHCb KaK KopoTKoneiicTBYIQllJHe N N-KoppenliUHH, raK H npHMecw ld-o6ono<JKH B 4He. 
Pac'leTbl H HX cpasHeHHll c JKcnepHMeHTOM noKaJbtBaiOT, 'ITO Ha6niOnaercll JaMeTHoe 
BnHliHHe HJMeHeHHll CTPYKTYPbl anbcpa-KJJacrepos Ha cpopMy H senH'lHHY cpopMcpaKropos 
11npa 12C, oco6eHHo B o6nacrH 6onblllHX nepena'l HMnynbca. 

Pa6ora BbmonHeHa B Jla6oparopHH reoperH<JecKoii cpHJHKH HM. H.H.6oron106osa 
OIDUf. 
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1. INTRODUCTION 

Many investigations in the last decade are devoted to the residual NN correlations in 
nuclei, especially in processes with large momentum transfers. In this connection, a great 
attention is paid to studying mesonic and quark degrees of freedom in nuclei at short distances. 
Therefore, it is important to develop the well-grounded models for construction of realistic 
many-body wave functions and thus to exclude, e.g., a possible substitution of the NN­
correlation effects by an approachable parameterization of the mean-field potential. 

This work aims to test the models for calculating the one-body density matrix developed 
in [1-7] which have been applied to describe the form factor and the momentum distribution 
in 4He. In these considerations the role of the short-range NN correlations is analysed, as well 
as the influence of the d-shell admixtures to the 4 He wave function . The introduction of both 
ingredients needs some parameters which cannot be established unambiguously if one uses 
the 4 He data themselves. From this point of view one can hope to preclude the ambiguity 
by considering 4 He to be inside 12C, the latter being linked of alpha clusters. On the other 
hand, it is interesting to study the role of the other surrounding nucleons which makes it 
possible to renormalize the residual NN interactions with the increasmg of the atomic number 
of the system. To this aim one should deal with an appropriate cluster model which presents 
itself in a good light, i.e., includes antisymmetrization over all nucleons and creates the 
low-lying collective states, inherent in a semihard internal construction of 12C with clusters 
in the fixed positions. We have selected the alpha-cluster model implemented in [8] and 
the!\ developed for calculations of form factors in [9-11 ] . As a first .step, only one possible 
configuration, namely three alpha clusters in the vertices of an equilateral triangle in 12C, has 
been considered. One should remember also that the linear frame for a disposition of alpha 
clusters can bring some additional effects on the form factors (see, e.g., [12]). 

2. WAVE FUNCTIONS OF NUCLEONS IN 4 He 

In this section we give a brief review of a one-body matrix approach used for consideration 
of basic properties of nuclei and, in particular, to construct the respective one-body functions 
which can be considered as realistic one-nucleon wave functions in a given nucleus. In this 
direction, a sufficient success was achieved in explanation of form factors and one-nucleon 
momentum distributions of the double closed-shell nuclei as well as their binding energies 
and rms radii (see, e.g., [6, 7]) . 

The procedure consists in the following steps . First, one should calculate the one-body 
density matrix (OBDM) associated with the ground state A-nucleon wave function llf (A ) 

(2.1) 

Subsequently, one needs to introduce the so-called natural orbitals '¢01 (r) [13] and overlap 
functions cp01 (r) [14] both related to the single-particle wave functio n of the nucleon u 01 (r) in 
the A-nucleus. Natural orbitals are defined as a complete orthonormal set of functions which 
diagonalize the OBDM (2.1) with occupation numbers N 01 

p(r , r') = L N01 '¢~ (r) '¢01 (r'), (2.2) 
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where '1/Jo:(r) = 'l/Jnz(r)Yi1m(D ,a) for spherical nuclei . Also, inserting between a operators in 

(2.1) the complete set of the residual (A-I)-nucleus wave functions \li~A- 1 ) one gets 

p(r, r') = 2::: </>~(r)</>o:(r') with <l>o:(r) = <l>nz(r)YiJm(D,a), (2.3) 
0: 

where by definition 
<l>o:(r) = (\li~A- 1 ) I a(r) I w(A)) (2.4) 

is the overlap function corresponding to the state a of the residual nucleus. In the following 
we will use in our work the results for 4 He which have been obtained in the frameworks of 
two different methods developed for calculations of natural orbitals [4] and [5], respectively, 
and the method to calculate the overlap functions [1-3]. Here we give briefly the three 
approaches for obtaining the nucleon s.p. wave function in 4 He. 

First approach. In the method suggested in [15], the radial part of the natural orbitals is 
expanded in terms of three single-particle wave functions 

'1/Jnz(r) = 2::: c;::<pnil(r). (2.5) 
n 1 =1,2 ,3 

Here the coefficients c;:! satisfy the orthonormalization conditions, and the s.p. wave func­
tions <pnz(r) are taken in the form corresponding to the square-well (SW) and the harmonic­
oscillator (HO) potent.ials. In Ref.4, in the framework of this method calculations of th~ 4 He 
one-body density matrix, the density distribution, as well as of the momentum distribution 
have been performed. The parameters of the potentials, the occupation numbers Nnl and the 
coefficients c;:! were fitted so that to give the best fit to the form factors and the momentum 
distribution behaviour. As a result, the phenomenological one-nucleon natural orbitals in 4 He 
have been obtained, a~d in our wor~ they are utilized as single-nucleon wave functions in the 
construction of the alpha-cluster wave functions of 12C. 

Second approach. Another method to obtain the nucleon wave function in 4 He using 
the natural orbital representation was developed in [5]. It consists in determining of proper 
natural orbitals and occupation numbers which give a realistic description of both density and 
momentum distributions in 4 He: 

1 2 2 p(r) = -(2-X1siR1s(r)l + 10A1diR1d(r)l ), 
47r 

1 2 2 n(k) = -(2-XlsiR1s(k)l + 10-X1diR1d(k)l ), 
47r 

(2.6) 

(2.7) 

with 2.X18 + 10-X1d = 2, where Als and .X1d are the occupation numbers and R1s and R 1d 

are the natural orbitals accounting for the short-range NN correlations. These orbitals have 
been chosen to be s.p. wave functions corresponding to the multiharmonic Hamiltonian of 
the Isomorphic Shell Model [16, 17]. By fitting the values of both oscillator parameters (for 
1s and 1d state) and one of the occupation numbers, a good description of the density and 
momentum distributions as well as of the charge rms radius and the mean-kinetic energy has 
been achieved in [5]. It was obtained that the hole-state natural orbital R 15 (r) is the expected 
one from the mean-field approximation, while the particle-state natural orbital R1d(r) can be 
interpreted as describing the internal (collective) rotation of nucleons in 4 He, which is also 
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supported in [18] . It has been pointed out that the function R1d(r ) is responsible for the 
high-momentum components of n(k), for the large value of the mean-kinetic energy, for the 
small increase of the radius and for the bump of the point proton density distribution [5,19] . 

In our calculations of the form factors we use the following radial nucleon wave function 
in 4He related to the density distribution (2.6) and normalized to unity: 

R(r) = J21rp(r) . (2.8) 

Third approach. The method which has been applied to calcul te the overlap functions 
starts from the definition of the OBDM: 

p(r, r') = CA J w<A)* (r, r2, ... rA)w(A)(r', r2, ... rA)dr2 ... drA, (2.9) 

where C A is the normalization constant and in the mean-field approximation IJ!(A) is a Slater 
determinant built from the s.p. wave functions . It is shown in [1, 2] that the standard 
Hartree-Fock approximation with the Skyrme forces, wmally used for the 1J1 calculations, 
cannot reproduce the one-nucleon high-momentum distributions. Instead, these components 
can be obtained in the framework of the density matrix method if one includes in IJ!(A) the 
short-range Jastrow correlation factor f (r) = 1 - exp(- ,82r2 ) . For the double closed-shells 
nuclei calculations of (2.9) have been performed in [2] analytically making use of the code 
REDUCE and the HO s.p. wave functions. In the next step, one can use the density matrix 
(2.3) in order to obtain the overlap functions . Following [14], the respective restoration 
method was developed in [3]. To this aim one uses the known asymptotic behaviour of the 
bound-state functions, in particular, for 

tPnlj(r) -+ Bnlj exp(-knlj r)jr , (2.10) 

where 

k . _ ~-1J2 (E(A-1) nlJ- H m nlj (2.11) 

depends on the separation energy Ea. = E~t- 1 ) - E~A). 
The asymptotic form of the overlap functions (2.1 0) determines the asymptotic behaviour 

of the respective radial part .of the OBDM Pli (r, r') in (2.3). It is shown in [ 14] that at large . 
values of r' = a --+ oo one can derive the lowest bound state overlap function by means of 
the radial part of the OBDM: 

() 
Pli(r,a) 

tPn0 lj r = B ( k ) / noli exp - nolja a 
(2.12) 

as well as the separation energy 

(2.13) 

and the spectroscopic factor as the norm of the overlap function Snolj = (tPnoliltPnolj) . The 
coefficient BnolJ can be obtained from the asymptotic form of the diagonal part of the radial 
OBDM: 

(2.14) 
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As shown in [14], the overlap functions for all bound states of the (A- 1) nucleus can be in 
principle constructed from the OBDM repeating the above procedure. 

The natural orbitals 'lj; 18 (r) from Eq .(2.5) obtained in [4] using HO and SW single-particle 
wave functions 4'ns(r), the function R(r) (2.8) based on the results from [5] and the overlap 
function ¢> 151 12 (2.12) obtained by calculations following [3] are used to calculate the form 
factors and the transition densities of o+, z+, and 3- states in the 12C nucleus. 

3. BASIC RELATIONSHIPS IN THE ALPHA-CLUSTER MODEL 

For the calculations of quantities in 12C we have used the model [8] developed for alpha­
cluster nuclei and then adjusted in [9-11] for the form factor consideration. In the model the 
projection procedure is used to generate rotational states I J M K 1r) from the many-body wave 
function U.rr(R) where vectors R = {Ri} stand for the positions of the alpha clusters in the 
nucleus: 

87r JK J • A J • 2N112 J J ZJ + 
1 
,.IJM K 1r) = dGDMx(G)R(G)U,.(R) = dGDMx(G)U,.(S). (3.1) 

Here NY},. is the normalization constant, and 

U,.=±I(R) = U(R) ± U(-R) (3 .2) 

depends on the parity and is expressed through the antisymmetrized function 

A 

U(R) = L Ep IT Ua(pa), (3 .3) 
p a=l 

where Ep = +1 or -1 corresponds to even or odd permutations of nucleons, respectively , 
and the wave functions of nucleons up are related to the centers i of the alpha clusters in the 
nucleus: 

Ua(pa) = ua(r - Ri) = XuXru(ir- Ri l) . (3.4) 

The total nuclear ~ave function is composed of ILM K 1r) as follows 

IJM7r) = L CkiJMK7r) , (3.5) 
K 

where the superposition coefficients Ck are obtained using the D 3h-symmetry properties of 
the equilateral triangle with alpha clusters in vertices which is selected as a frame for 12C: 

K = 0, ± 3, ±6, ... ; P,.=(- 1)K; ck = ( - 1)Jc~x- (3 .6) 

The transition matrix element between nuclear states for the charge density operator reads 

(LM I,OIOO) = (LOIPLoiOO)Y£M(f) = pL(r)Y£M(f ), (3 .7) 
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where 
A A 

PLo = L Pi"1t = L ~ J(r- rk) r
1
2 Y£M(7\ ), 

k=1 k=1 

(3.8) 

so that for elastic scattering we have p0 (r) = (411') 112 p(r) with p(r) being the spherically 
symmetrical nuclear charge density distribution normalized to unity . 

Substituting (3.5) with (3.1) into (3.7) one can obtain the expression for the radial 
transition densities [9]- [ 11], 

1 ~ L -1/2 J [ ] PL = 
2 112 ~CK NLKrr d8 (U(R)/PLx/U(S)) +Prr0 (U(R)/PLx/U(-S)), 

471' Noorro K 

where 
A 

(U(R)/PLx/U(ES)) = 2[det B;1(EW L det BLn)LK (E), 
n=1 

BLn)LK (E) = (u(r- Ri)/Plil/u(r- €Sj)) + B;j(€)(1- On;), 

B;1(E) = (u(r- Ri)/u(r- ESj)). 

(3 .9) 

(3.10) 

(3.11) 

(3.12) 

Thus, the problem is reduced to calculations of the matrix elements with the wave functions of 
nucleons Ua belonging to the alpha clusters. They can be performed in impulse representation 

resulting in the certain forms for B;1(E) and Bt)LK (E) which depend on 

F(k) = (211')- 312 ~ J rdr sin(kr)u(r), (3.13) 

cos <p;1 = (RiSj)/ R;R1 and the Euler angles. Then the integratio in the three-dimensional 
integral (3.9) can be performed numerically. 

The form factors of the 12C nucleus are calculated taking into account the distortion of 
the electron waves in the Coulomb field of the nucleus within the High Energy Approximation 
(HEA) method [20,21]. This leads to "filling in" the zeroes of the mmima inherent in the form 
factors calculated in the Born approximation and also "deforms" slightly the Born form factors 
when the electron-nucleus interaction in the entrance and exit cha nels has been accounted 
for. It turns out that for the relatively light nucleus 12C these effects are not so important. 

The form factors in the HEA have the form [21]: 

Fi(q) = G(q) If dr ~:g(r) exp (iqr + i¢(r))pL(r) Y£0 (r)l
2 

(3.14) 

The functions ij, g(r) and ¢(r) take into account the -distortion of the plane waves [20] . In 
the plane wave Born approximation ij = q, ¢ = 0 and g = 1. G(q) allows for the proton size 
and the center-of-mass motion: 

(3.15) 

where R(p) and R( a) are the rms charge radii of the proton and the alpha-particle in the 
target nucleus A. 
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4. RESULTS AND DISCUSSION 

The transition densities and the form factors for the o+, 2+, and 3- states in the 12C 
nucleus have been calculated using the theoretical scheme presented in Section 3 and nucleon 
wave functions described in Section 2. The results for the transition densities are given in 
Fig.l and for the form factors in Fig.2 for the case when the overlap function (OV) obtained 
following [3] and natural orbitals [4] (with HO and SW s.p. wave functions in Eq.(2.5)) have 
been used. The form factors are plotted versus the effective momentum transfer 

( 
4 z 1 ) 

Qeff = q 1 + 3137 R(A)E (4.1) 

which makes it possible to take into account the dependence on the energy (E) of the 
incident electrons, R(A) being the nucleus rms radius. The experimental data are taken 
from [22] .The best value of the parameter R giving the distance between the center of the 
equilateral triangle and the alpha cluster for each case is given as well. In Fig.3 the form 

factors are presented for the case when the nu-
(r) (fm.,) cleon wave function R(r) (2.8) with three sets of 

P parameters has been used in the calculations and 
o.1o r J '\ J"=3· ~ for the best choice of the parameter R for each 

-ov R=1.s 1 form factor. The transition densities for this case 
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Fig. I . The radial transition densities calculated 
using the overlap function (QV) obtained fol­
lowing [3] and natural orbitals [4] obtained by 
means of harmonic-oscillator (HO) and square­
well (SW) s.p.wave functions in Eq.(2.5) 

will be given elsewhere. 
One can see from Figs.2 and 3 a satisfactory 

overall agreement of the theoretical form factors 
obtained using different nucleon wave functions 
with the experimental data for the three states in 
12C. It can be seen that for Qe f! < 2.5 fm - 1 

the behaviours of the form factors calculated by 
means of the OV and HO-natural orbital are quite 
similar. At the same time, the result with the 
SW -natural orbital is in better agreement with 
the empirical data, in particular for the 2+ and 
3- states and Qef f :=:; 3 fm - 1 . Concerning the 
regions of larger transfer momenta at Qe f f :> 3 
fm- 1, all the three curves deviate from the ex­
periment. We note that for the best fit of the SW 
results it is necessary to choose different values 
for the distance R of the triangle configuration 
of 12C for the different states. The value of R 
increases 1.5 times from R = 1.3 fm for the 
ground state o+ to R = 2 fm for the 3- rota­
tional state, i.e., the size of the nucleus increases 
with the increase of the excitation energy. 

Much better agreement with the data is 
achieved using the multiharmonic oscillator 
(MHO) nucleon wave function R(r) from 
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given by black squares. The best value of the 
parameter R for each case is given as well 
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Fig. 3. Form factors of 12C calculated using 
the nucleon wave f nction R(r) from (2.8) 
using three sets of parameters. Solid line: 
At. = 0.55, Atd = 0.09; 1iwt. = 21.2 MeV 
and 1iw1d = 160 MeV; dot-dashed line: At s = 
= 0.70, Atd = 0.06, 1iwts = 22.50 MeV and 
1iw1d = 150 MeV; dashed line: At. = 0.86, 
Atd = 0.028, 1iwt. = 25 MeV and 1iwtd = 
= 150 MeV 

Eq.(2.8). It concerns in particular the results for the z+ and 3- states (with the exception of 
the first minimum region) and for the o+ state up to Qef 1 ~ 2 fm - l . It can be seen from 
Fig.3 that the curves for the form factors have more smooth behaviour in comparison with 
that in Fig.2. This is obviously due to the inclusion of the ld component of the nucleon wave 
function in the alpha-cluster wave function. One can see again as in Fig.2 that the best fit 
with the data can be achieved increasing the value of the parameter R 1.5 times when the 
excitation energy increases from o+ state to the 3- state. 

Concluding, we would like to note that the results of this work are obtained by using 
s.p. nucleon wave functions which are identified either with natural orbitals or with overlap 
functions based on realistic density matrices and can serve for a comparative analysis of 
these functions. The OBDM used give correct simultaneous descriptions of both momentum 
and density distributions of the 4 He nucleus which constructs the 12C configuration. In this 
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sense the results for 12C are grounded on reasonable OBDM in which the short-range N N 
correlations are incorporated. We emphasize that the only free parameter in our theoretical 
scheme is the distance R . The still remaining differences between the theoretical results and 
the experimental data can serve as a justification of the necessity to include into consideration 
an admixture of the linear cluster configuration in 12C. We should note also the necessity 
to account for a possible change of the structure of the alpha-cluster wave functions inside 
the 12C nucleus. In our work these wave functions have been used as they are for the 4He 
nucleus. These additional studies are now in progress. 
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INCREASING OF MUON-TRACK RECONSTRUCTION 
EFFICIENCY IN MElli DUBNA PROTOTYPE 
FOR THE CMS/LHC 

l.A.Golutvin, l.M.Gramenitsky, P. V.Moissenz, S.A.Movchan, 
V. V.Palichik, A. V.Zarubin 

The aim of this work is to increase the efficiency of muon track reconstruction and es­
timate a number of electromagnetic secondaries in the muon detector on experimental 
data of the Integrated Test set-up, the prototype of CMS endcap segment. The experi­
mental data have shown that the high energy beam of muons (100- 300 GeV) produces 
20--25% of events with electromagnetic secondaries. Though the muon coordinate mea­
surements were distorted by secondaries, we have managed to obtain a high efficiency 
c~ 92%) of the muon track reconstruction. 

The investigation has been performed at the Laboratory of Computing Techniques 
and Automation and the Laboratory of Particle Physics. 

fiOBbiiiieHHe 3€Jl4JeKTHBHOCTH peKOHCTpyK ... HH 

MIOOHHbiX TpeKOB B .z.y6HeHCKOM npOTOTHDe 

KaMepbi MElli .z.m1 3KcnepuMeHTa CMS/LHC 

H.A.FoAymBUH u op. 
Uenb pa6oTbi - yseml'ieHHe 3cpcpeKTHBHOCTH peKOHCTPYKUHH MIOOHHbiX TpeKoB B 

MIOOHHOM JieTeKTOpe 3a C'ieT OT,neneHHSI MIOOHOB OT BTOpH'iHOfO JfleKTpOMafHHTHOfO CO­
npOBO)I(JleHHll, a TaK)I(e oueHKa JToro conposolK!leHHSI. Pac'!eTbi nposeneHbl Ha JKcnepH­
MeHTanbHbiX naHHbiX c 11HTerpanbHoro TecTa - npoTomna Topuesoro cerMeHTa ycra­
HOBKH CMS Ha cTpOSIWeMCll B CERN ycKOpHTene LHC. ITonY'ieHHbie peJymTaTbl noKa­
JanH, 'iTO Jim! BbiCOKOJHepreTH'iHOfO TIY'!Ka MIOOHOB (100- 300 fJB) 20-25% C06biTHH 
B JleTeKTOpe perncTpHpyeTCSI C JfleKTpOM3fHHTHbiM COTipOBO)I(JleHHeM, OJ1H3KO npH JTOM 
ynaeTCSI JlOCTH'ib BbiCOKOH 3cpcpeKTHBHOCTH ( ~ 92%) peKOHCTPYKUHH MIOOHHbiX TpeKOB. 

Pa6oTa BbinOnHeHa B J1a6opaTOpHH Bbl'iHCflHTenbHOH TeXHHKH H aBTOMaTHJaUHH H 
J1a6opaTOpHH csepXBbiCOKHX JHepmH 011.5111. 

1. INTRODUCTION 

The CMS muon system should provide a good efficiency of muon track reconstruction 
with a high spatial resolution. It is needed for achievement of required momentum resolu­
tion [1]. The muon detector is located behind the hadronic calorimeter. High energy muons 
themselves produce a significant number of electromagnetic (e.m.) secondaries passing 
through the calorimeter matter. A part of e.m. secondaries reaches the muon detector and 
makes the muon track reconstruction more difficult. 

The aim of this note is to estimate a number of electromagnetic secondaries using the 
experimental data from the muon detector (MEl/1 prototype) and obtain a high efficiency 
of muon track reconstruction separating muon tracks from secondaries. 
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2. EXPERIMENTAL SET-UP 

The Integrated Test experiment was carried out to test CMS endcap prototypes. The 
Integrated Test set-up located at the H2 beam line of the CERN SPS accelerator is shown 
in Fig.l. 

muon 
beam 

Ul U2 

............. .. .... 

/ 
Presho wer 

ECAL 

,..... 

--

] 

M~ 111 

.; 
HCAL 

....... .. .. . .. -....................... - ... -- .. 

~ 

Ml-magnet 

Fig. 1. The Integrated Test experimental set-up 

S7 

M2 

The prototypes Of the CMS endcap preshower, the electromagnetic calorimeter (ECAL), 
the hadronic calorimeter (HCAL) and the muon detector (MElli) were placed into the su­
perconducting magnet M 1. The axial magnetic field was oriented along the beam. The value 
of the magnetic field in the ME 111 was approximately equal to 2.5-3 T. Data taking was per­
formed with a negative charge muon beam having momenta of 100, 150, 225 and 
300 GeV/c. Magnet M2 (switched off) worked as an absorber (3.8 m Fe). Scintillator S7 lo­
cated behind M2 was used to identify muons. Beam chambers Ul and U2 located in front of 
the Integrated Test set-up were sed to calculate parameters of the incoming muon beam. 

Cathode Strip Chamber (CSC), a full-scale prototype of the ll36 MElli, worked as a 
muon detector of the Integrated Test set-up. CSC is a 6-layer multi wire proportional cham­
ber with strip cathode read-out. Precise position measuring of a charged particle (about 
40-60 ,urn per layer [2]) is obtained by determinating the centre of gravity of the induced 
charge on the cathode strips each - 5 mm wide. However, in addition to muon hits, a lot of 
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hits in CSC is produced by e.m. secondaries (y and e- I e+). Muon generates these e.m. sec­
ondaries due to ionization (o rays, also called «O electrons»), bremsstrahlung and di­
rect e+ e--pair production. · Bremsstrahlung and pair production in a region of several hun­
dreds of GeV increase rapidly and produce full e.m. showers which can be close to a muon 
track and that is why the original muon position may be distorted. 

3. MUON TRACKS RECONSTRUCTION 

Muon events are selected from the .u-beam experimental data according to the follow-
ing criteria: 

• negligible energy deposition in the HCAL; 
• hit in the S7 scintillator; · 
• anode hits within a wide road(± 55 mm) on 2: 4 layers (anode wires are arranged to 

groups, 22 wires each); 
• more than 3 cathode planes with clusters inside the beam profile. 
There are only few percent of the events in the total number of experimental data which 

do not meet these requirements. 
A charge induced on the cathode plane by one charged particle was distributed onto 3-5 

strips. If the charged secondaries pass through the esc layer at a distance less than 5 strips 
from the muon, the charges induced on the cathode overlap. This causes wide clusters 
(more than 5 strips). In this case we propose a procedure of spl.itting wide clusters into 
subclusters to define correctly the muon position. Because of only 10 bits of information 
per strip, more than 10% of the cluster's information contain an overflow in the strip with 

no yeo no 

aood muon tracks without muon tracks 
muon trecks with seeonderles 

Fig. 2. The block-scheme of the algorithm of muon 
track reconstruction 

the maximum charge. 
Shape parametrization of the 

charge induced on the cathode allows 
one to reconstruct the charge at the 
strip with the overflow. This proce­
dure is helpful to improve identifica­
tion of the muon position. 

The calculation of the x coordi­
nate of the cathode charge distribution 
centroid is made using the «ratio» 
method [3]. Muon track candidates 
are chosen from the X; array at 
2: 4 planes in a. narrow half-road 
(± 0.5 mm) according to the algo­
rithm shown in Fig.2. 

A muon track is supposed to satis­
fy the following requirements: 

• at least 4 x; coordinates must be 
within the road of 1 mm wide 
and it's slope lal < 30 mrad; 

• a track-candidate should be in­
side the beam profile of 
±20 mm. 

After line fitting (xfit = az + b) 

with the method of least squares, every 
track is classified. 
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Fig. 3. a) The example of <<good>> ,u-track event. The charge is induced on strips of the 
six cathode planes of the ME Ill chamber. The reconstructed coordinates of charge dis­
tribution centroids are shown with thick segments. The track coordinates are drawn with 
long segments. The coordinate beyond the track is given with a short segment (on the 
3rd plane) . b) The example of a «good>> ,u-track event well separated from secondaries 
Muon track is selected unambignuosly if within the beam-profile range 

lnt.Test Run 21 2 11 300 GeV B•3T 
v·-... 

... 
• ..s 
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,..s 
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•• .. !10 •• .. 
a) b) 

Fig. 4 . a) The example of (,u + e)-track event reconstructed in a wide road. The seg­
ments indicating the track coordinates do not lie on the same line. b) The example of 
a<<hard>> event in which,u track was not reconstructed. Usually 10- 20 strips are hitted in 
succession in every plane of the chamber with the overflow n many of them 
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lnt.Test Run 21211 J.L 300 GeV B=3T 

x~-Xf1t I 4+5+6pTr 

Xpe-Xfit I 4+5+6pTr 

Fig: 5. The resid~als (x; - x[i1
): a) - for «good>> ll 

tracks (fitting with Gaussian + parabola), b) - for 
(ll + e) tracks (fitting with Gauss1an) 

(i) A «good» p. track (1st class) must satisfy the goodness-of-fit criterion: 

R = _/ f (x; - xf1
)

2/ (n - 2) < 035 mm, 
i=l 

(1) 

where n (4 :s: n :s: 6) is a number of points per one track. Examples of such events are 
presented in Fig.3. If a track candidate with more than 4 coordinates does not satisfy this 
criterion, the most distan t point from the fitted line is rejected and then the track is refit­
ted. 

(ii) If the 4-point track candidate does not satisfy the criterion (1 ), we restore the ini­
tial track candidate including all the rejected points. We classify these tracks to be of the 
2nd class, calling them «p. tracks with e.m. secondaries>>. 

If at the beginning of the track search we cannot reveal a track candidate in some nar­
row road, we try to reconstruct a track in some road 6 mm wide with angle:S lal < 60 mrad. 
If such a track contains :::: 4 points, we classify it as a p. track with secondaries. This is the 
case when secondaries distort muon measurements in several planes. The example of the 
event is presented in Fig.4a. 
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Fig. 6 a) The efficiency of muon-track reconstruction versus the energy of muon beam. The 
dashed line is the efficiency of «good» ,u-tracks reconstruction, the dotted line- the efficiency 
of (,u + e.m.secondaries)-tracks reconstruction and the solid line - the sum of them. b) The 
muon-track reconstruction efficiency dependence on the number of layers in MEl/1 chamber 

The quality of the reconstructed tracks can be illustrated by residuals (x; - xP1
). In 

Fig.5a we present residuals for all «good» J.l tracks (1st class) on all planes summarized into 
one histogram. 

The value of mean-root-square error (RMS) is equal to 75 J.lm. The «tails» seen in this 
histogram are caused by 6 rays and secondaries passing too close to muons. Figure 5b 
shows residuals for the events of the 2nd class. The value of RMS is about 1 mm. 

The efficiency of the 1st and 2nd class muon-track reconstruction versus the energy of 
the muon beam is shown in Fig.6a. One can see that the number of «good» J.l tracks reduces 
from 94 to 91 · % and the number of J.l tracks with secondaries grows from 5 to 8 % while in­
creasing the beam energy from 100 to 300 GeV. 

(iii) Less than 1 % of the events contain very «hard» e.m. showers and that is why it is 
impossible to reconstruct any track even in the wide road (events of the 3rd class; see ex­
ample in· Fig.4b). 

Thus, we have estimated the efficiency of the J.l·track reconstruction for the 6-layer 
CSC. However, if some layers are lost due to technical reasons or angle reorientation of 
strips on these layers (to solve the problem of «ghosts»), it may become necessary to esti­
mate the efficiency of the esc on the number of layers less t an 6. 

From Fig.6b it is clear that if one layer is lost, the efficiency of a l-l-track reconstruction 
decreases by 5 %. The reconstruction of the J.l track on 4 layers results in catastrophical de­
creasing of efficiency up to 80 %. 

4. ELECTROMAGNETIC SECONDARIES IN THE MUON DETECTOR 

Simultaneuosly with the muon-track reconstruction we propose an algorithm of ac­
counting a part of the events with e.m. secondaries coming into the esc from the calorime­
ter. 
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Fig. 7. a) The percentage of events with electromagnetic secondaries from calorimeters ver­
sus the energy of muon beam. The solid line is Integrated Test experimental data, the dashed 
line - Integrated Test GEANT -simulated data, the dotted line - experimental data from 
MElli without calorimeters. b) The percentage of events with additional tracks versus the 
energy of muon beam 

Most of o rays produced inside the chamber have low energy and disappear near 
muons. If an additional cluster («Standing alone») is registered in some CSC layer (i.e., the 
distance between this charged particle and muon is more than 2 em), we classify this event 
as the event with secondaries. 

Since the probability of o electron produced in one layer is about 12%, and the proba­
bility to achieve the· next layer is ·- 20 % [4], then the probability of muon coordinates to 
be distorted in 3 planes by o electrons is only few percent. Thereby we additionally account 
the events with muon coordinates distorted in ::: 3 layers. From the track reconstruction al­
gorithm one can see that the problem of track reconstruction appears just in this very case. 
Summing these events to the ones with additional clusters («Standing alone»), we can esti­
mate the part of the events with e.m. secondaries from calorimeters. While increasing the 
muon beam energy E" from 100 to 300 GeV, some part of these events increases from 20 
to 25 % (see Fig.7a) . GEANT simulation of secondaries caused by the muon passing 
through the Integrated Test set-up, gives a satisfactory agreement with the obtained experi­
mental results shown in Fig.7a. 

Using clusters «Standing alone» and sub-clusters obtained after the wide cluster split­
ting, we can additionally try to find tracks of accompanying electrons. These tracks are re­
quired to have 3 points per track. Figure 7b shows the percentage of events with additional 
tracks to grow from 6 to 10% while the beam energy increasing. A significiant part of these 
tracks has only 3 points . 

5. CONCLUSIONS 

The Integrated Test set-up experimental data have shown that the high energy beam of 
muons (100- 300 GeV) produces 20- 25 % of events with electromagnetic secondaries 
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coming to the MElli muon detector from the calorimeters. The situation in any endcap 
muon detector (ME2-ME4) seems to be the same. 

Though the muon coordinate measurements were distorted y secondaries, we have 
managed to obtain a high efficiency(~ 92%) of the muon track reconstruction with a rather 
satisfactory accuracy due to splitting wide clusters into subclusters and restoring the charge 
on strips with overflow. 
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STUDY OF THE PHOTON-STRUCTURE 

FUNCTION F/ IN THE REACTION e+ e- -+ e+ e- + hadrons 

AT LEP2 

L Tyapkin, N. Zimin 

The photon-structure function FJ has been studied in the Q2 range from I 0 to 

1000 (GeV/c2)2. The data corresponds to the integrated luminosity of about 220 pb -I , col­
lected by the DELPHI detector during the 1996-1998 LEP runs. Experimental distributions 
with particular attentiOn on event shape are compared with predictions of the model. The 
three-component description of DIS proposed in our previous papers is applied here again. 
A result for Q2 evolution of the photon-structure function has been obtained. 

The investigation has been performed at the Laboratory of High Energies, JINR. 

HccJie,!J;ooauue CTpy•nypuoii cltYHKJlHH cJtoToua F{ 

B peaKJlHH e + e - -+ e + e- + a,!J;pOHLJ ua LEP2 

H. TRnKuH, H. 3uMUH 

CrpyKTypHaJI <jlyHKUHJI <jloToHa FJ HCCJieJlOBliJJacb B JlHanaJOHe Q2 oT 10 JlO 

I 000 (f3B/c2)2 . .[(aHHbie COOTBeTCTBYIOT HHTerpliJJbHOH CBeTHMOCTH OKOJIO 220 n6-l, no­
Jl)"'eHHOH Ha ycTaHOBKe DELPHI B ceaHcax 1996-1998 roJlOB. PacnpeJleJieHHJI JKcnepH­
MeHTliJJbHO nonyqeHHbiX nepeMeHHbiX cpaBHHBaiOTCJI c npeJlCKaJaHHJIMH MOJleJIH. Oco6oe 
BHHMaHHe yJleJieHO nepeMeHHbiM, OnHCbiBaiOIUHM KHHeMaTHKY KOHe'IHOrO a,llpOHHOrO CO­
CTOJIHHJI. TpexKoMnoHeHTHoe onHcaHHe DIS, npeJlJIOJKeHHoe B HawHx npeJlbiJlYIUHX pa6o­
Tax, npHMeHeHo H B JTOH pa6oTe. Tiony'leHa Q2 -JaBHCHMOCTb CTPYKTYPHOH <jlyHKUHH <jlo­

TOHa. 
Pa6oTa BbinOJIHeHa B Jia6opaTOpHH BbiCOKHX JHeprHH 011JII1. 

1. INTRODUCTION 

The photon structure function has been measured in the reaction e + e- -+ e + e-yy • -+ 

e +e-X, where X is a multihadronic system and one of the scattered leptons is observed at a large 
scattering angle (tagging condition) while the other, remaining at a small angle, is undetected (an­

titagging condition). Here y is almost a real photon which is probed by the virtual one y•. This re-
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action can be described as a deep inelastic ey scattering (DIS). The corresponding cross section 

can be expressed in terms of the photon structure functions F{ (x,Q 2
) and FL (x,Q 2 

): 

da 
(1) ------= 

dE tag d cos((} tag ) 

Q2 Etag 2 
x = 2 2 , y = 1 - --cos (}tag, where E tag and 

Q + W Ebeam 

2 . 2(Jtag 
HereQ =4EtagEbeamsm -

2
- , 

(}tag are the energy and polar angle of the tagged lepton and W is the invariant mass of the 
hadronic system. Due to small values of y in the experimentally accessible region, an influ­
ence of the FL on the cross section is small (about few per cent) and may be neglected in com­
parison with the statistical uncertainty of these measurements. The photon structure function 
can be calculated in the perturbative quantum chromodynamics (QCD). Few types of physi­
cal processes contribute to the total cross section: a point:like coupling_ of the photons to a 
quark-antiquark pair (QPM), the vector meson contribution (VDM) a d the resolved photon 
contribution [I] , (RPC). In the present paper the attempt was made to extend a proposed 
three-component description of DIS in a wider Q2 region. 

2. EVENT SELECTION 

A detailed description of the DELPHI detector can be found in [2]. Data used in this analysis 

were collected with the DELPHI detector at the LEP2 e + e- collider during 1996-1998 for the 
range of centre-of-mass energies from 163 to 188 Ge V. The tagged particle was detected by the 
DELPHI luminometer STIC which covers angular region from 2.4° to 9.7° and forward electro­
magnetic calorimeter FEMC which covers angles from 10° to 35°. The following criteria were 
used to select two-photon events with tagging: 

1. The energy deposited by the tagged electron (or positron) in the detector must be greater 

than 0.45 X E beam (tagging requirement); 

2. No additional clusters with energy exceeding 0.3 X E beam must be observed anywhere in 
the forward calorimeters (antitagging requirement); 

3. The track multiplicity is 3 or more; 

4. the total energy of tracks must be greater than 3 GeV; 

5. The visible invariant mass of the hadronic system must be greater than 2.5 GeV/c 2; 

6. The vector sum of transverse momenta of all particles normalized to E beam must be less 
than0.12; 

7. The angle between transverse components of the momentum of the tagged particle and that 
of the hadronic system must be greater than 120° ; 
In this analysis we use all the DELPHI calorimeters for the event reconstruction. 

The main source of background for the STIC sample was yy -+ n interactions and their con­

tribution was estimated from a simulaiton as 2.8 pb. Contamination from yy -+ e + e- was estimat­

ed as 1.5 pb. The new sourse of background has been found in this study. Criteria 1 was reduced 
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Fig. I. Distributions for the data compared to the 
Monte Carlo predictions. a: Longitudinal balance of 
the event. b: Tagging particle energy normalized to 
the beam energy. Points are data, and the histograms 
show the Monte Carlo predictions . QPM+ 
GVDM+RPC - solid line, QPM+GVDM+RPC 
(with scattered lepton below STIC acceptance) -
dashed line, hatched area is the background estimate 

down to 0.2 and the E tag j E beam distribution to­
gether with distribution describing longitudi­
nal balance compered to model prediction in 
Fig. I. Strong raise in the region of low tagging 
energies observed in data was well fitted by our 
model. A special study was made on the level of 
generated events showing that the most of events 
in this region are the events with a tagging parti­

cle which is well below the STIC acceptance, while high energy particles from the hadronic final 

state in the low angular region mimic the tagging particle. The majority of those events come from 

RPC. Thus it is a background to the tagged events. That background can be suppressed by apply­

ing the cut on the longitudmal balance in the event (Fig.lb), used in all previous studies, but even 

in this case a certain fraction of such background will remain in the sample. The background de­

scribed here is indeed a real limitation on the choice of minimal tagging energy but not an off-mo­

mentum or beam-gas background. Finaly, after applying all the criteria, this background was esti­

mated as a 0.8 pb. A contamination fr6m other sources ofbackground was found to be much low­

er. After background subtraction, the visible cross section of the investigated process was 

estimated as being 45.3 pb for the sample of events from the 1997-1998 year runs. The average 

Q 2 for the selected events is about 42 (GeV/c 2 
)

2
. 

For the FEMC sample the events from the 1996-1998 year runs were processed together. The 

background from the yy -+ n interactions was estimated fr<?m a simulation as 0.08 pb. The conta­

mination from other sources of background was found to be much lower. The average Q2 for the 

selected events is about 400 (GeV/c 2 
)

2
• After background subtraction the visible cross section 

for the FEMC sample was estimated as being 1.0 pb. The trigger efficiency was found to be of the 

order of 98 ± I% for the selected events. 

3.MODELS 

A two-photon event generator TWOGAM [3] , which was successfully tested in previous 

DELPHI studies, is based on the exact decomposition of the matrix element of the process. The 

total cross section is described by the sum of three parts: point-like (QPM), resolved photon con-
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tribution (RPC) and soft hadronic (VDM). The QPM and VDM models can be used at any Q2 and 

RPC model tested in the region of low Q 2 (Q 2 < 2 (GeV I c2 
)

2
. The RPC can be partially ex­

tended in the high Q2 region by their yq(g) component. For the single or double resolved pertur­

bati ve part the lowest order diagrams are used. Only the transverse-transverse part of the luminos­
ity function is used in this case. There is no initial or final state parton showering. Strings are 
formed following the colour flow of the subprocesses and are fragmented acc;ording to the LUND 
model by JETSET [4] . The Gordoiv-Storrow parton density function [5] set 2 was used in this 
study to produce a sample of events. The kinematics of the partonic system is exact for any photon 
virtuality. This allows for a smooth suppression of the parton densities of resolved photons when 
their virtuality increases, according to a more or less theoretically motivated ansatz. 

TWOGAM treats exactly the kinematics of the scattered electron and positron, and uses ex­
act (unfactorized) expressions for the two-photon luminosity function. The other available gener­
ators are not reproducing the data and so they cannot be used for the cross-check of the results pre­
sented here. 

4. COMPARISON OF EXPERIMENTAL AND SIMULATED DATA 

The success of structure function studies strongly depends on the accuracy of the data 

description by the model used. This includes the Q 2 and P 2 model depe dence, the description of 

fragmentation and hadronization. Practically that means a good agreement between all the ob­
servables in the wider possible region. For example, the RPC component populates relatively 
more the lowE tag region. So, if one restricts his study by the region of high E tag some effects will 

be less presented and the extracted FJ can be biased. Another example can be the soft hadronic fi­

nal states. There is a number of limitations from the detectors which do not allow one to study 
hadronic final states with invariant mass below 3 GeV. This domain is enriched by VDM-like 
events and not well known. Strongly speaking systematic error in any hoton structure function 
study cannot be treated too seriously before one will study the region of! owE tag and W. These 
examples are only few from the list. In such a situation it is extremely important to use a number 
of models and generators well describing data for the estimation of systematic error. Unfortunate­
ly at the moment we have only TWOGAM which describes data reaso ably well. 

It was mentioned in our previous study that the model prediction for the RPC component 

tends to have too high cross section of the high Q2
• Now this observatio has been confirmed due 

to high statistics collected in the region of Q2 >50 (GeV/c 2 
)

2
. The fit of Q2 dependence for the 

RPC component to the data was done and scale dependent suppression function for the RPC com­

ponent has been evaluated from this fit. The suppression factor runs from 1 to 0 with Q 2 running 
from the p 1 of initial quark system to 10 p 1 • This suppressed RPC has been used for all the com­
parisons below. A lot of observables have been compared to the TWOGAM predictions and all of 
them are found to be in reasonable agreement. In Fig.2, the event variables involved directly in 
the structure function measurements are shown. In Fig.3, the same v riables are compared to 
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Fig. 2. Distributions for the data compared to the 
Monte Carlo predictions. a: Energy of tagged par­
ticle normalized to the beam energy, b: invariant 
mass, c: Q2

, d: Total energy of hadronic system. 
Points are data, and the histograms show the 
Monte Carlo predictions. QPM+GVDM+RP.C ­
solid line, GVDM+QPM - dotted line, GVDM 
-dashed line, hatched area is the background es­
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Fig. 4. Comparison between data and ~nte Car­
lo predictions. Hadronic energy flow in the jets as 
a function of pseudorapidity for different Q2. 

Points are data, and the histograms show the 
Monte Carlo predictions. QPM+GVDM+RPC­
solid line, GVDM+QPM - dashed line, GVDM 
- dotted line 

the model prediction for the sample with tag­
ging from forward electromagnetic calorime­
ter (FEMC). 

The statistics collected makes possible the 
division ofSTI C sample into two with average 
Q 2 = 21 (GeV/c 2

)
2 and Q 2 =99(CeV/c 2

)
2

. 

Together with the FEMC sample it gives four 
subsamples covering average Q 2 from 21 to 
400 (GeV/c 2 

)
2

. In Fig.4, energy flow for jets 
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in the rapidity scale is plotted for those four Q 2 regions. There is quite reasonable agreement in 
all these plots observed except slight shifts. Here rapidity was calculated from the direction of 
tagged electron, which is located in the rapidity region from -4.0 to -2.5, but it is not shown on 
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the plot. Many other distributions were compared with mode I predictions and none of them 
was found to be in clear disagreement. 

5. THE FJ ESTIMATIONS 

Usually the hadronic structure function of the photon F{ is extracte from the measurements 

by the unfolding procedure. This procedure reconstructs x true from x visible and converts x true to the 

FJ. Several problems have been discovered recently in this procedure. First of all, it comes out 

that this procedure is very much model-dependent. The final result depends on the model used in 
the unfolding, namely on the filial state topology which defines the correlation betweenxtrue and 

x visible and conversion factor between x true and FJ . Another uncertainty is in the choice which of 

the components or their combinations should be changed to get an agreement between data and 
model prediction. This point is essentially unclear in case of generators which do not allow an ex­
plicit separation of events of different types but internally h·ave this separation. All these ques­
tions have to be answered to make unfolding procedure adequate to the problem under study. 

In present study already from Fig.5 one can see that the structure function extracted from the 
data should be in agreement with the one used in TWOGAM (at least within the experimental er­

ror). It slightly simplifies the extraction ofF{ from the data. The only g a! for such an extraction 
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Table. Summary for the unfolding in three bins 

Q2
, GeV 2/c4 x range FJ!a 

0.01-0.1 0.33 ± 0.01 ± 0.03 

21 0.1-0.3 0.41 ± 0.03 ± 0.02 

0.3-0.8 0.51 ± 0.05 ± 0.04 

0.01-0.1 0.41± 0.01 ± 0.03 

42 0.1-0.3 0.48 ± 0.02 ± 0.02 

0.3-0.8 0.59 ± 0.03 ± 0.04 

0.01-0.1 0.45 ± 0.06 ± 0.02 

99 0.1-0.3 0.52 ± 0.05 ± 0.03 

0.3-0.8 0.73 ± 0.05 ± 0.03 

0.01-0.1 0.5 ± 0.3 ± 0.1 

400 0.1-0.3 0.7 ± 0.2 ± 0.2 

0.3-0.8 1.0 ± 0.1 ± 0.3 

in this case is to show the accuracy of this agreement and indicate the regions of slight deviations 

ifany. . 

Simple algorithm has been used in this study to estimate F { . The x true distributions for each 

component have been subdivided into three bins and each bin content was varied in the wide re­

gion using scale factors a k ( k = 1,3) to get a better agreement for different visible distributions. 

For each ak a set of visible distributions was fitted to model predictions, then x2 vs ak depen-

dents were used to determiner a k corresponding to the x ~in together with statistically accepted 

range of a k to estimate the error of a k • The structure functions for each of the components in the 

model were used to transform x true a k distributions to the structure function. By varying selection 

criteria and applying artificial shifts of some variables in the data(£ tag ,Q2
, W )the systematic er-

ror was determined by the same procedure. The results are shown in Fig.6 by black circles and in 

the Table. 

Blobel's program [6] has been used to estimate F{ well. The QPM events were used to per­

form unfolding. The VDM and the RPC events were treated as a background. To get prediction 

for the total F{ the theoretical predictions for the VDM and RPC structure functions used in the 

TWOGAM have been added to unfolded point-like component ofF{. The results are shown in 

Fig.6 by open circles. 
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The results of these two procedures are similar but in contrast w1th the unfolding procedure 
the algorithm used is much more transparent and well under control. The table shows the summa­

ry results for the structure function study. 

The statistical and systematic errors are given separately in the right column. The predictions 
of some models are also plotted in Fig.6 (SaS [7], CRY [8], GS [5]). The models chosen here are 
the most popular in recent studies and those from possible sets which are closer to experimental 

points. Figure 7 shows the average FJ for conventional range 0.3 < x < 0.8 as a function of 

log (Q 2 
). Measurements of average FJ as a function oflog (Q 2 

) in the low region (from 0.0 I to 

0.1) are presented in Fig.8. The model predictions are also shown. Results obtained by other col­

laborations are shown on the same plots and most of them are in agreement with present measure­

ments. The function p 1 + p 2 ln (Q 2 )is used to fit DELPHI data from Figs. 7,8. The fit result for 

the high region is: 

FJ Ia = (0.9 ± 0.05) + (0.14 ± 0.02)ln (Q 2 
) . 

For the low x region the result is: 

FJ Ia = (0.12 ± 0.02) + (0.073 ± 0.009)ln (Q2 
) . 
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6. CONCLUSIONS 

The data samples taken by the DELPHI experiment at LEP during 1996-1998 have been 
used to study the hadronic structure function of the photon. The hadronic final state is found to be 
best represented by a mixture of three components based on the Vector Meson Dominance model, 
QPM model and resolved photon component. The third component is essentially important in the 
low x region and makes possible to describe data much better, especially the event variables 
which are not strongly correlated withxtrue and whose description cannot be improved by tuning 
the shape of the structure function. 

The first check of the model including RPC given by the GS parameterization (set 2) has 
been done in our no-tag analysis [ 1] at LEP 1, where a good agreement between data and the three 
component model was demonstrated. Later this model was tested for single tagged events in the 

region of very low Q 2 [9] and in the DIS study [ 1 0]. Thus it is demonstrated that the model de­

scribes data quite well in the wide Q 2 -region. For the first time TWOGAM has been tuned to get a 

good agreement in the region of high Q 2 . This tuning will not affect our previous study because 

suppression becomes significant in the region above Q 2 = (GeV/c 2 
)

2
. 

The event sample has been used to estimate the hadronic photon structure function , FJ. 
These measurements are found to be compatible with model expectations taken from different pa­
rameterizations of the parton distributions of the photon. At the same time these parameteriza­
tions implemented in the general parton generators PYTHIA or HERWIG give quite differed re­
sults both from the data and each other. 

The main question which should be answered now is not a structure function shape but how 
to treat this shape in the Monte Carlo generators. Why do so similar theoretical predictions (SaS, 
GRV, GS, TWOGAM) give very different results after their implementations in the PYTHIA, . 
HERWIG or TWOGAM is the question to answer first. 

7. ACKNOWLEDGEMENTS 

We are greatly indebted to our technical collaborators an to the funding agencies for their 
support in building and operating the DELPHI detector, and to the members of the CERN SL Di­
vision for the excellent performance of the LEP collider. 

We thank Gerhard A. Shuler and Torbjom Sjostrand for help and very useful discussions. 

References 

I . DELPHI Col!. , Abreu P. et a!. - Z. Phys., 1994, v.C62, p.3. 
2. DELPHI Col., Aam10 P. eta!.- Nucl. Instr. and Meth., 1991 , v.A303, p.233 . 
3. Nova S., Olshevsky A. , Todorov T. - DELPHI-90-35 (unpublished). 
4 . Sjustrand T. - Comp. Phys. Comm., 1994, v. 82, p.74 . 
5. Gordon I. E., .Storrow J.K. - Z. Phys., 1992, v.C56, p.307. 



Tyapkin /., Zimin N. Study of the Photon-Structure 65 

6. Blobel V. - In: Proceedings of the CERN School of Computing, Aiguablava, Spain, 
1984, CERN 85-09. 

7. Schuler G.A., Sjostrand T.- CERN-TH/95-62. 
8. Gluck M., Reya E., Vogt A.- Phys.Rev., 1992, v.D46, p.l973 . 
9. DELPHI Coli., Abreu P. et al. - Phys.Lett., 1995, v.B342, p.402. 
10. DELPHI Coli, Tyapkin I. - Proc. of the 28th International Conference on High Energy 

Physics, Warsaw, Polland, World Scientific Publishing Co. Pte. Ltd. 1996, p.729. 

Received on January 13, 1999 



KpamKue coo6UjeHufl OJ1Jll1 N!!l[93]-99 

YAK 539.17 

JETS RECONSTRUCTION POSSIBILITY 

IN pAu AND AuAu INTERACTIONS 

AT STAR RHIC 

R. G. Badalian, A.S. Ga/oyan 

JINR Rapid Communications No.1[93]-99 

We consider the possibility of jet extraction in the acceptances of the STAR detector, 
-2 < 1J < 2, for an energy of.[; = 200 GeV per nucleon in the pAu and AuAu modes at 
RHIC. I 00 events of pAu and AuAu interactions simulated with the FRITIOF code have 
been used in this study. For Au Au interactions, we also consider separately the case of cen­
tral interactions with the impact parameter b < rAu = 6. 7 fm and more than 4000 particles in 
the acceptances of the STAR detector. To study the jet shape at.[; = 200 and 500 GeV, we 
have used the PYTHIA simulation code for the direct photon and jet production mode 
pp -+ y +jet and data from the CDF and DO collaborations. We have found that taking into 
account the jet shape information improves jet findings and reconstruction possibility 
significantly, i.e., by one- two orders of magnitude greater. 

The investigation has been performed at the Laboratory of High Energies, JJNR. 

BepOHTHOCTb peKOHCTPYKUHH CTpyii 

B pAu- u AuA u-BJaHMo.r.eiicTBHHX .r.JJH STAR RHIC 

P. F. Eaoamm, A. C. FanoJIH 

Mccne.nosaHa sepol!THOCTb Bbi.lleneHHJI CTPYH B aKcenTaHce .neTeKTopa STAR RHIC, 
-2 < 1J < 2, MJI pAu- H AuAu- B3aHMO.lleiiCTBHH npH JHeprHH .[; = 200 fJB Ha HYKnOH. 
Mccne.nosaHbi I 00 co6biTHH pAu- H AuAu-B3aHMO.lleiicTBHH no Mo.nenH FRITIOF. )lnll 
AuAU-B3aHMO.lleHCTBHH OT.l{enbHO paCCMOTPeH cnyqaii UeHTpanbHbiX B3aHMO.lleHCTBHH C 
npHuenbHbiM napaMeTPOM b < rAu = 6, 7 cj>M H c 6onee '!eM 4000 'laCTHU B aKcenTaHce .ne­
TeKTopa STAR. )lnll Hccne.nosaHHJI <j>opMbi cTpyii npH .[; = 200 H 500 fJB no Mo.nenH 
PYTHIA pacc'IHTaH npouecc pp -+ y + jet c o6pa3oBaHHeM CTPYH H npl!Moro cj>oToHa, a 
TaiOKe Hcnonb30BaHbi .naHHbie CDF H DO Konna6opauHii. 06HapylKeHo, 'ITO y'leT cj>opMbi 
CTPYH cywecTBeHHO yny'llllaeT noHcK H sepoliTHOCTb peKOHCTPYKUHH cTpyii. 

Pa6oTa BbmOnHeHa B Jla6opaTopHH BbiCOKHX JHeprHii 011.5111. 

1. INTRODUCTION 

Interest in studying hadronic jets in hard processes has increased over the last decade. The 
properties ofhadronic jets were observed in the events registered in the experiments carried out at 
CERN [1, 2, 3], Fermilab [6, 7] and the Laboratory of High Energies, JINR [4, 5]. It is supposed 
that the hadronic jets will be also studied in pAu and AuAu interactions at STAR RHIC. At the 



Bada/ian R.G., Galoyan A.S. Jets Reconstruction Possibility 67 

present time, one of the important problems is the possibility of hadronic jet reconstruction in 
hard processes. In this paper, we consider the jet extraction probability in proton-nucleus and nu­
cleus-nucleus interactions at high energies. The processes of pp, pA, AA in the direct photon and 
jet production mode are investigated at.[; = 200 GeV per nucleon in the nucleon-nucleon center 
of mass system and at pseudo-rapidity 1J in the region -2 < 1J < 2. 

Two main subprocesses contributed to the observed processes are the following : 
• the pair annihilation subprocess q + q - y + G - y + jet a d 
• the Compton scattering subprocess q + G - y + q - y + jet. 
This study is important from many points of view, and one of them is to investigate the 

nuclear matter influence on hadronic jet production (formation) inside different nuclei . Quan­
titatively, this influence or jet quenching are expressed by the value of nuclear colour trans­

jet parency T(A,£1 ) : 

jet _ I a(p +A- y + jet;A,Ejet ) 
T(A,£ 1 ) =- . ·et , 

A a(p + p-y + jet;Ej ) 

where A is the atomic number of nuclei and Ejet is the jet transverse energy. The nuclear colour 

transparency T(A,E jet ) depends on the atomic number of nuclei and on the jet transverse energy. 

At a large value of A, jet quenching is big, but the number of background jets is big, too, i.e., jet 
extraction gets complicated. When A is small, the number ofbakground jets is small, but a nuclear 

unfluence is small, too. In this case, we have a situation close to the pp interaction. At large £jet ·, 
the background jet is small, and it is a good condition for jet extraction, but a is very small and 
practically unmeasurable. When the jet transverse energy is small, a is measurable, but jet extrac­
tion gets complicated due to a high value of background. Thus, the phy ical goal of this study is to 

estimate the optimum values of atomic number A and the jet transverse energy E jet from the point 

of view of an essential nuclear matter influence on jet production as well as a good condition for 
jet reconstruction. 

2. SHAPE OF JETS OVER A STAR ENERGY REGION 

To analyse the jet shape [9] we use the PHYTIA simulation code [I 0] for pp interactions in 
the direct photon and jet production mode at.[; = 200, 500 GeV and the data from the CDF [6] 
and DO [7] collaborations at .[; = I . 8 Te V. 

The jet shape p(r) is defined by the expression: 

1 ~ E1 (r) 
p(r) =-,:;-:-- LJ E (r=l)' 

JCl I 

where N jet is the number of jets in the sample and E 1 (r) is the transverse energy in the cones 

of radius r in the (1J</>) plane. The main part (about 80%) of jet energy Ett (r) is contained in 

the subcone of r = 0.5 , and therefore the jet shape p jet (0.5) ""'0.8. T e jet shape p jet (r) calcu-
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curve - .[; = 200 Ge V and Pt( cut) = I 0 Ge V. The 

experimental data are from two Fermilab collabo­
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Fig . 2. The shape of jets from the process 
pp-+ )I +jet in the Fermilab Tevatron energy re­
gion.[; = 1.8 TeV and at RHIC energy region. At 
the upper left - CDF data at £1= 45 GeV, at the up­
per right- DO data at £ 1= 53 GeV, at the lower left 
- at :.Js =200GeVand £1= 13 .1 GeV, atthelow­

er right - .[; = 500 GeV and E1= 14.6 GeV. Solid 
curves - PYTHIA results over the same kinematic 
regions, dashed curves - the shape of q-jets , i.e., 
jets from the Compton subprocess and dotted 
curves - the shape of g-jets, i.e., jets from annihi­
lation subprocesses. Black circles - CDF data at 
E1= 45 GeV and white circles - DO data at £ 1= 
53 GeV 

lated by the PYTHIA code [10] and the data from the CDF [6] and DO [7] collaborations are 
presented in Figs. 1 and 2. 

3. JET-LIKE BACKGROUND 

To study the jet-like background shape, the FRITIOF simulation code [11] has been used. 
Hundred events of pp, p Au, AuAu interactions are simulated at .Js = 200 GeV, and A= 197. 
We choose the Au nucleus because we have an extremely bad condition for jet extraction in 
this case. For light nuclei, the jet-like background is smaller and the jet reconstruction is im­
proved. The pseudorapidity 17 disributions of produced particles in pp, pAu and AuAu interac­
tions are shown in Fig. 3. The vertical lines show the chosen domain limits: -2 < 17 < 2. 

The following algoritm is used to study the jet-like background. The (17¢J) plane is consid­
ered, where 1J is the pseudorapidity and ifJ is the polar angle of produced particles : 

1] = -In tan(0/2), -2 < 1] < 2, -;r < ifJ < 7r. 
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The cone of radius r, with 0 < r < 1, is de­

fined as r = ~ orp 2 + OrJ 2 
. In the phase space , 

1

~2:!p+p~ I 
hundred cones of radius r are randomly cho- , _/, . .. I ... , ... I. ~~ 
sen. The transverse energy E1bg (r) and the o ' '"' ' -10 -e -e -• -2 o 2 • e a 10 

number of produced particles N part ( r) are cal- cto 

culated in the cones of radius r I A±!\_ I 
For pAu and AuAu interactions, three cas- 400 p+Au 

es are separately considered: 200 

• without any restriction on impact para- o • • 
-to -a -e -• -2 o 2 • a 10 

meter b, cto 

• central interactions: b < r0 , where eooo I ~ 
r0 = 6.7fm is the radius of Au, and 4000 Au+Au 

• peripheral interactions: b > r0 = 6. 7 fm. 2000 

The values of E~g(0.5), E~g(l), and ~ _----, ___:__ , 
-10 -a -& -• -2 o 2 • e . a 

Npart (l) calculated by FRITIOF for pp, pAu Eto 

.I 
10 

and AuAu are presented in Table 1. Three cas-
es of interactions are presented for pAu and Fig. 3. The 11 distributions calculated by FRITIOF 
AuAu. for pp, pAu and AuA interactions 

Interaction 

p+p 

p +Au 

Au+ Au 

Table t. The values of N pardl), E~g(l), and E~g(O.S) 
calculated for p + p, p + Au, and Au + Au 

b Npart E1(r = I) 

b>O 1.7 ± 1.3 0.9 ± 1.2 

b>O 5.0 ± 2.9 3.5 ± 4.7 

b > r0 2.4 ± 2.0 2.5 ± 3.6 

b < r0 5.9 ± 2.5 3.8 ± 4.9 

b>O 117.4 ± 151.3 106.1 ± 99.4 

b > r0 67.8 ± 80.8 67.6 ± 57.2 

b < r0 448.8 ± 82.1 291.8 ± 49.8 

Et<r = 0.5) 

0.25 ± 0.3 

0.9 ± 1.2 

0.6 ± l.l 

0.9 ± l.l 

25.8 ± 25.6 

16.7 ± 13.7 

79.4 ± 12.3 

Note that the jet-like background shapep bg (r)can be presented as p bg (r)= r2 and, as are­

sult, p bg (0.5) = 0.25 because the transverse energy Efg (r) is uniformly distributed in the cone 

with radius r. 

4. JETS AND JET-LIKE BACKGROUND RATIO 

Let us introduce the jet shape with backgroundp J/ bg (r)as: 

P jct(r) {3r2 

P J/bg (r) = P bg (r) + P jet (r) = l+Jf + 1 + {3 ' 
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Table 2. Relations between f3 and d 

d Q25 

where the parameter fJ = p bg /P jet . If we 
define d as d = p j/ bg(0.5), then we have 
d = 0.8 for the jets from the pp -+ y + .jet re­
action and d = 0.25 for the jete-like back­
ground. The values of d and{J are related as: 

p ~~ 

I . 
d = -{3 (0.8 + 0.25). 

I+ 

The relations between d and fJ are presented in Table 2. At d = 0.8, the jet background is equal 
to zero, and we have an ideal condition for jet extraction. At d = 0.25, there are neither jets nor 
possibility for jet extraction and reconstruction. The region of d;;;;;;; 0.3 + 0. 7 is the domain ex­
pected for jet extraction. 

One can evaluate the values of jet transverse energy E}ct using the relation £jet= E ~g jp 
and the data of Table I. The more suitable values of Ejet;;;;; (I0-30) GeV for the STAR detector. 

Taking into account these values of Ejet and using the data of Table I , we obtain the optimum 

values of d equal to d ;;;;;;; 0.3-0.4 for AuAu interactions. For AuAu interactions at d = 0.3, Ejet . 

equals 10.6 GeV for common interactions andEjet= 29 GeV for central interactions; £jet equals 
25 GeV for peripheral interactions at d = 0.4. For pAu interactions, the value of d = 0.7 corre~ 

sponds to more suitable jet transverse energies of (10-30) GeV. Using the FRITIOF modified 
simulation code, we calculate the probabilities Wbg of jet-like background production for pAu 

and AuAu interactions at the transverse energy E:g ~ I 0, 20, 30, 50 and I 00 Ge V in the cones 

of r = 1. For pAu and AuAu interactions, we also calculate by the FRITIOF code the probabilities 
of jet-like background production at the transverse energy in the cones of r = 0.5 : 

bg jet jet l d E 1 (0.5) ~ 80%, 60%, 50%, 40%, 30%, 25% of theE 1 (I) and E 1 ( ) ~ I 0, 20, 30, 50 an 

IOO GeV. 
These probabilities W bg are presented in Tables 3 and 4. From the data of Tables 3 and 4 and 

the above values of E jet , we conclude the following: 

. 
Table 3. l_'robabilities W of jet-like background in Au + Au interactions 

d/£ 1 2:: 10 2::20 2:: 30 2:: 50 2:: 100 

r = 1.0 0.61 0.53 0.47 0.41 0.297 

2::25% 0.25 0.22 0.20 0.17 0.13 

2::30% 0.17 0.15 0.13 0.11 0.083 

2::40% 0.077 0.064 0.056 0.044 0.031 

2::50% 0.038 0.031 0.027 0.023 0.012 

2::60% 0.0197 0.016 0.014 0.0103 0.0048 . 

2:: 80% 0.0071 0.0061 0.0058 0.0038 0.0015 
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Table 4. Probabilities W of jet-like background in p + A interactions 

d!Er ~ 10 ~ 20 ~ 30 ~50 ~ 100 

r = 1.0 0.081 0.035 0.021 0.0098 0.00 

~25% 0.024 0.0098 0.0057 0.0026 0.00 

~30% 0.023 0.0098 0.0057 0.0026 0.00 

~40% 0.021 0.009 0.0056 0.0025 0.00 

~50% 0.019 0.0091 0.0055 0.0024 0.0000 

~ 60% 0.018 0.009 0.0055 0.0024 0.0000 

~ 80% 0.012 0.0076 0.0048 0.0021 0.0000 

• For pAu interactions, taking into account the optimum value of d = 0.7, the optimum trans­

verse energy E1bg;?::10 GeV. Under these conditions, the probability W bg :51.8%. 

• For AuAu interactions, taking into account the optimum values of d'= 0.3-0.4, the optimum 

transverse energy E~g;;::. 30 GeV. Under these conditions, we obtain W bg :5 10% for AuAu. 

5. CONCLUSION 

As follows from the foregoing, more suitable values of the probabilities Wbg of jet-like 
background production an! obtained for jet extraction. We have found that Wbg :5 (1-2)% for 
pAu interactions and W bg :5 10% for AuAu interactions. Therefore, taking into account the jet 
shape information has improved hard hadronic jet findings and the reconstruction possibility by 
one-two orders of magnitude. The authors express their sincere gratitude to V.V. Uzhinskii for 
fruitful discussions and valuable remarks. 
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BhiCOKOBAKYYMHhiH HEPACllhiJUIEMhiH 

r A30llOr JIOTHTEJih 

A.B. Hecmepo6 

PaCCMaTJ>HBaeTCH HaCOC C BhiCOKOnOpHCThiM HepacnhiJilleMhiM THTaHOBhiM feTTepOM . 
fiJJoma.n~> o.nHoro pa6oqero :meMeHTa- 60 cM 2. CKopocTh OTKa'iKH no so.nopo.ny - .no 
3 n/ c · cM2, no .npyr HM aKTHBHhiM raJaM - .no I n/ c · cM2 . lloKa3MBaiOTCll oco6eHHOCTH 
B3aHMO,lleHCTBHll rerrepa C paJJIH'iHhiMH faJaMH. llpHBe,lleHhl npHMephl npHMeHeHHll 
Hacoca. 

Pa6oTa BhmonHeHa B Jla6oparopHH BhiCOKHX 3HeprHH OHJIM. 

High-Vacuum Nondispersable Gas Absorber 

A. V. Nesterov 

A pump with high-porous nondispersable titan getter is presented. The surface area of a 
single getter element is 60 em 2. It has speed of pumping for hydrogen - up to 31/ s · em 2, 

for the other active gases - up to II/ s · cm2. A special behaviour of getter interaction with 
different gases is described. Some examples of the pump application are presented. 

The investiga~ion has been p~rformed at the Laboratory of High Energies, JINR. 

l.{eJihiO HaCT0111UeH n y6mtKaUIUi .IIBJI.IIeTC.II KpaTKOe H3JIOlKeHHe B03MOlKHOCTeH, npe.nOCTa­

BJilleMhlX TaKHMH cpe,nCTBaMH llOJiy'ieHH.II BaKYyMa, KaK BhiCOKOllOpHCThle HepaCllhiJI.IIeMhle feT­

Tepbi. 

ftH faJOllOrJIOTlciTeJIH llOKa He llOJIY'iHJIH WHpOKOfO pacnpOCTPaHeHH.II B o6ecne'ieHHH <l>H-

3H'ieCKHX 3KCnepHMeHTOB. A Me)f(.lly TeM, TaKHe HX CBOHCTBa, KaK 60JihWa.ll y,neJihHa.ll CKOpOCTh 

OTKa'iKH, llOJiy'ieHHe BhiCOKOrO H CBepXBhiCOKOro BaKYyMa 6e3 3arp.113HeHH.II OTKa'iHBaeMOfO 

06beKTa, B03MOlKHOCTh C0 3.llaHH.II OCTaTO'iHOH aTMoc<t>epbl C 3a,naHHhiMH napaMeTPaMH H np.IIMa­

.11 3KOHOMH'ieCKa.ll BhlfO.lla , MOryT npHHeCTH BO MHOfHX CJiy'ia.IIX HeOUeHHMYIO ll0Jlh3y. 

B pa6oTe .naHo onwcaHHe pa3pa6oTaHHoro s Jla6opaTopHH BhiCOKHX 3HeprHii 011..Sil1 
rerrepHoro Hacoca, Hcno Jih3YIOIUero s Ka'ieCTse pa6o'iero 3JieMeHTa HepacnhiJI.IIeMhiH THTa­

HOBhiH ra30llOrJIOTHTeJih , npHBe,neHhl ero xapaKTepHCTHKH H KOHKpeTHhie npHMeHeHH.II . 

ITo onpe.neneHHIO, r errep- semecTso, nornorua!Omee raJhl (KpoMe HHep~HhiX) s saKyyM­

HOM o6beMe, CB.II3hiBa.ll HX 3a C'ieT xeMocop6uuH. O.nHHM H3 npoueccos, npe.nwecTByiOIUHX xe­

Mocop6UHH, .IIBJI.IIeTC.II a.ncop6UH.II raJa. fi03TOMy npH npO'iHX paBHhiX YCJIOBH.IIX CKOpOCTh 
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OTKaqKu reTTepHbiX uacocos onpe,nemleTCH aKTusuoii nosepxHOCThiO raJononioTuTeml. B 
pacnbiJIHTeJihHbiX uacocax 3Ta Ja,naqa pewaeTcH noCTOHHHbiM (HJiu nepuo_nuqecKHM) o6uosne­
uueM BJauMo,neiicTByiOmero c raJoM reTTepuoro MaTepuana. O,nuaKo pacnbiJieHHe TPe6yeT Ja­
TPaThi JuaquTeJihHOH 3Hepruu u npe.nnonaraeT uanuque 3JieMeHTOB c BbiCOKOH TeMnepazypoii 
HJIU 60JihWOH pa3HOCThiO noTeHI..UiaJIOB . .[(pyruM nyTeM nOBbiWeHHH CKOpOCTU OTKaqKH HBJIJieT­
CH yseJIHqeuue CKOpOCTU ,nucpcpy3UU COp6upoBaHHOrO raJa HJIU ero COe,nHHeHUH B rny6h MaTe­
puana raJOnOrJIOTHTeJIJI. 3-fa B03MO:lKHOCTh peaJIU3YeTCH y HepacnblmleMbiX reTTepOB nOBbiWe­
HUeM UX TeMnepaTYPhl. 

TipHMaH 3aBUCUMOCTh CKOpOCTU OTKaqKU reTTepOB OT UX nOBepXHOCTU CTUMYJIHPOBaJia C0-
3,nauue BhiCOKonopucTblx uepacnhiJIJieMhiX reTTepos. EbiJio p3.3pa60TaHo uecKOJihKO Texuono­
ruii noJiyqeHHH Tpe6yeMhlX raJOnOrJIOTUTeJieH, OTJIUqaiOIUUXCH nopUCTOCThiO U UCXO,nHhiMU Ma­
TepuanaMU. PeaJihHaH nosepxuocTh BbiCOKonopucTbiX reTTepos ua uecKOJihKO nopH,nKOB npeBbl­
waeT reOM~uqeCKYIO, qTo n03BOJIJieT nonyqaTb 60JihWUe CKOpOCTH OTKaqKH npu MaJibiX 
ra6apuTax pa6oqero 3JieMeHTa uacoca. 

BbicOKonopucTbiH uepacnhiJIJieMhiH TUTaHOBbiH raJonomOTuTeJih, npe.nnaraeMoro reT­
Tepuoro uacoca uJroToBJieH nYTeM cneKaHHH B BaKyyMe eso6o.nuouach!nauuoro TUTauosoro 
nopowKa npu TeMnepazype 900---950 oc. Enaro.napH 3TOMY nonyqaeTcH nopucTOCTh 58-72 %, 
a OTHOWeHUe peaJibHOH nosepXHOCTU K reOM~uqeCKOH COCTaBJIJieT - I QQ. 

B KaqecTBe pa6oqero 3JieMenTa uacoca ucnoJih3yeT­
CH raJOnOrJIOTUTeJih neTJieBOH cpopMhl, onucaHHhiH B pa-
6oTe [I]. Ero y,neJihHhle cKopocTu OTKaqKu cocTaBJIJIIOT: 

no so.nopo.ny -.no 3 n/ c · CM 2 , no .npymM aKTUBHhiM ra-

3aM- .no I n/ c · cM 2
. O.nuu pa6oquJ:i 3JieMeHT uMeeT ~o­

ma.nh reoMeTPuqeCKOH nosepXHOCTU 60 CM 2 • 

faJOnOrJIOTUTeJib apMUpOBaH HUXpOMOBOH npOBO­
JIOKOH U HBJIJieTCH npHMOHaKaJihHhiM . .LJ:m1 nuTaHHH HaCO­
ca UCnOJih3YeTCH UCTOqHUK, o6ecnequsaiOIUUH HanpH)Ke­
HUe 4 u 9 B. MaKCUMaJihHaH noTPe6m~eMaH MOIUHOCTh 
I60 B · A . 

Pa6oquJ:i 3JieMeHT uMeeT ra6apuThi : 90 X 42 X 4 MM 
{puc. I) U CMOHTUpOBaH Ha cpnauue C KaHasoquo-KJIUHO­
BhlM ynJIOTHeuueM .LJ:y 50. On MO)KeT 6hiTh pa3Memeu B 
KOpnyce 090 X 260MM UJIU Henocpe,nCTB~HHO B OTKaqu­
saeMOM o6heMe, ecnu nocne.nuuii .nonycKaeT uarpes .no 
- 200 °C. Pa3pa6oTaHa Mo,nucpuKaUHH ua .nsa pa6oqux 
3JieMeHTa npu Tex *e ra6apuTax Kopnyca. 

feTTepHblH HaCOC MO)KeT CTapTOBaTb C ,naBJieHUH 

I· 10-2 Topp unu HU)Ke, B JasucuMocTu OT ycnosuii ero 

,naJihHeiiweii 3KcnnyaTauuu . .LJ:ng npuse.neuuH raJono-

Puc. 1. IleTJieBoH raJonomoTHTeJih: 
a) BH,n cnepe,nH, 6) BH,n c6oxy 

rJIOTUTeJIH B pa6oqee COCTOHHUe ero Heo6xo,nUMO aKTUBUpOBaTb- y,naJIUTh C MUKpOnOBepx­

HOCTU B my6h MaCChi reTTepa XUMuqecKU a,ncop6upoBaHHhie ra3bl. A KTUBaUUH npOU3BO,nUT­

CH npu TeMnepaType 500-600 oc B Teqeuue 3-30 MuHyT. Ha nepsoM 3Tane 3Toro npouec­

ca, npu TeMnepaTypax HU)Ke 400 °C, npesanupyeT .necop6uuH raJoB, a.ncop6uposaHHbiX 

noBepXHOCThiO raJOnOrJIOTUTeJIH. 
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3a 11CKJIIO'ICHI1CM BO.D;Opo,na, rerrep ITOrJIOIUaeT aKTI1BHh!C nl3hl HC06paTI1MO, ll03TOMY CpOK 

cJiy)l(6bi pa6oqero 3JieMeHTa Hacoca onpe,neJUieTCjl ero cop6~HOHHOH eMKOCThiO. ,[Vui o.n;Horo ra-

3onomOTI1TeJUI oHa cocT aBJij!eT 30 JI • Topp. 3To peanbHO o6ecne'!I1Baer OKOJIO ro.na HenpepbiB­

HoH: pa6oThi Hacoca np11 raJosoH: Harpy3Ke 10-6 
JI • Topp/c 11 6oJibiiie 5 JieT- np11 Harpy3Ke 

10-7 
JI • Topp/c. 

HacOC IT03B0Jij!eT OTKa'II1BaTb 60Jihiiii1C ITOTOKI1 BO.D;OpO,na C B03M0)1(H0CThiO ITOCJIC.D;YIOIUCH 

pereHepa~l1 raJonomOTI1TeJUI. CKopocTh nomorueHJijl 3Toro raJa 11Meer Hai160Jihiiii1e 3Ha'le­

HI1jl np11 200 °C- .[{0 180 JI!c y O.D;HOrO pa60'ICrO 3JICMCHTa, C ITOBhiiiiCH11CM TCMnepaTYPhi OHa 

na.naer 11 np116JIJ1)1(aeTcjl K HYJIIO np11- 500 oc_ TiomorueHI1e .n;pyr11x aKTI1BHh!X raJos, Hao6opoT, 

ITOCTOj!HHO yseJII1'111BaCTCjl C pOCTOM TCMITeparyphi. Cop6~110Hajl CMKOCTh pa6oqero 3JICMCHTa 

.D;JIR so.nopo.na cocTaBJUieT 12 JI • Topp np11 200 °C 11 .nasJICHI111 1· 10-6 
Topp. Orc10.n;a crre.nyer, 

'ITO, Hanp11Mep, np11 ITOTOKC 10-4 
JI • Toppjc MO)I(HO ITOMCp)I(11BaTb ,naBJICHI1C B CI1CTCMe 

1 · 10-6 
Topp s TC'ICHI1e 35 qacos . 

.L(aneKO He scer.n;a TPC6yeTCj! np0113BO.D;I1Th TIUaTCJihHOC y,nanCHI1C BO.D;Opo,na 113 CI1CTCMhl BO 

BpCMR aKTI1Ba~l111 rerrcpa. 3-fo ll03BOJUieT ITOCJIC C03.D;aHI1jl npe,nsap11TCJihHOro pa3pji)I(CHJijl 

10-2 
- 10-3 

Topp 11CITOJih3osaTh ra3o­

nomoTI1TCJih .D;Jijl norry'leHJijl .nasneHJijl 
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.P11c. 2. 3aBHCHMOCTb cop6 UHOHHOH eMKOCTH THTaHa no 

BOJ:{Opo_ny OT TeMneparypbl 

1 o-4 
- 1 o-8 

Topp B 3aBI1C11MOCTI1 OT 

BCJII1'111Hhl fa30Bhi.D;CJICHI1jl BaKYYMHO­

ro o6beMa. Bo.nopo.n, Bhi.n;erri1BIIII1HCjl 

113 rerrepa np11 aKT11sa~1111, 6y.ner no­

morueH 06paTHO np11 CHI1)1(CHI111 TCM­

neparyph!ra30ITOfJIOTI1TCJijl. 

Bo3MO)I(HO 11CITOJih30BaHI1e rerre­

pa 11 s Ka'!eTcse reHepaTOpa so.nopo.na. 

Ha p11c. 2 npe,ncTaBJieHa xapaKTepHM 

.[{JUI TI1TaHa 3aBI1CI1MOCTb OT TCMnepa­

Typbl cop6~110HHOH CMKOCTI1 ITO BO.D;O­

po,ny. Tio ,naHHhlM aBTOpa pa60Thl (2], 
peKOM611Ha~l1jl aTOMOB a,ncop611pOBaH­

HOfO BO.D;Opo,na np011CXO.D;I1T BbiiiiC 

700 °C, a .no 3TOH TeMneparypbi Ha6mo­

.naercjl .[{11HaMI1'1CCKOe paBHOBCCI1C Ha.D; 

nosepxHOCTbiO ra3onomOTI1TeJUI. Pas­

HosecHoe .nasrreHI1e 3as11c11T oT TeMne­

parypbi 11 KOJII1'1CCTBa ITOrJIOIUCHHOrO 

raJa 11 MO)I(CT COCTaBJij!Tb OT } 0-6 
.[{0 

10-3 
Topp, a nocrre npe.nsap11TCJibHoro 

HaCbllUCHI1jl BO.D;OpO.D;OM 11 3Ha'II1TCJibHO 

Bbiiiie. B pe)I(I1Me aKT11sa~1111 MO)I(HO 

ITOJIY'II1Th .D;OCTaTO'IHO '111CTYIO cpe.n;y 

BO.D;Opo,na, TaK KaK B 3TOM CJiy'!ae CKO­

pOCTb OTKa'!KI1 BCCX OCTaJibHbiX fa30B, 

KpOMC 11HCpTHbiX, 6y,ner MaKCI1MaJib-
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HOH. HesocnpHHM'IHBOCTb reTTepa no OTHOWeHHIO K HHePTHbiM ra3aM MO)l(HO HCllOJib30BaTb H 

.!J)IJI HX O'IHCTKH, a TaK)l(e .!J)IJI npoBe~eHIDI BbiCOKO'IYBCTBHTeJibHblX HCllbiTaHHH Ha repMeTH'I­

HOCTb. 

CKopocTb nomomeHIDI reTTepoM aKTHBHhlX ra:JoB 3aBHCHT OT ra:Jo soro nOToKa H Mano H3-

MeiDieTCR OT ~aBJieHIDI (3). 3To Onpe~eJIReT 60JibWYIO 3cpcpeKTHBHOCTb reTTepa npH llOJIY'IeHHH 

BbiCOKOro H CBepXBbiCOKOro BaKyyMa. B 'IHCTblX CHCTeMax, r~e llOTOK aKTHBHblX fa30B MeHbWe 

I· 10-7 
Jl. Topp/c' fa30llOrJIOTHTeJib ll03BOJIReT llOMep)l(HBaTb ~aBJieHHe . -1 o-7 

Topp B Te'!e­

HHe MHOfHX He~eJib HenpepbiBHOH pa60Tbl npH KOMHaTHOH TeMnepaTYPe. 0cTaTO'IHaR aTMOCcpe­

pa npH 3TOM onpe~eJIReTCR MeTaHoM H aproHOM. EcnH )l(e o6LeM CHCTeMhl He npeBhlWaeT I O-I5 

JIHTPOB H B HeR pa60TaeT MarHHTOpa3pR~HbiH HJIH HOHH3aiiHOHHHbiH ~aT'IHK, TO ~aBJieHHe CTa­

HOBHTCR MeHbWe 10-9 
Topp. A npH y~aneHHH MeTaHa H HHePTHhlX r a:JoB ~onoJIHHTeJibHbiM 

OTKa'!HbiM cpe~cTBOM MO)l(HO nony'IHTb pa3pRe)l(eHHe ~o 10- 14 
Topp [ 4 ]. IlapiiHaJibHoe ~aBJie­

HHe MeTaHa MO)l(HO CHH3HTb 60JibWe '!eM Ha nopR~OK H KpaTKOBpeMeHHOH aKTHBaiiHeH fa30llO­

rJIOTHTeJIR. 

3cpcpeKTHBHOCTb BblCOKOllOpHCTbiX HepacnbiJIReMhlX reTTepOB B CHCTeMaX, llOBepXHO­

CTH KOTOpbiX o6pa60TaHbl B COOTBeTCTBHH C Tpe60BaHHRMH BbiCOKOBaKyyMHOH TeXHO­

JIOfHH, He Bbl3biBaeT COMHeHHH. IJo ~aHHbiM aBTOpa pa60Tbl (5), B M eTaJIJIOCTeKJIOKepaMH­

'IeCKHX 3JieKTpOBaKyyMHblX npH6opax OHH llOMep)l(HBalOT BaKyyM nyqwe I o-7 
Topp B Te­

'!eHHe HeCKOJibKHX JieT, npH'IeM OCHOBHblM KOMllOHeHTOM OCTaTO'IHOf O ra3a RBJIReTCR aproH. 

HapR~Y c 3THM, npe~naraeMhiH reTTepHbiH Hacoc xopowo pa6oTaeT B Heno~roTosneHHhlX 

CHCTeMaX H B CHCTeMaX, BKJIIO'!alOlllHX 3JiaCTOMepHbie ynJIOTHHTeJIIf, r~e 3Ha'IHTeJibHbl llO­

TOKH napos BO~bl, C02 H ymeso~opo~os. 3Ta TeMa HMeeT oco6oe 3Ha'!eHHe: '!acTo scTpeqa­

IOTCR CHCTeMbl, llO~fOTOBKa llOBepXHOCTeH KOTOpbiX 3aKaH'IHBaeTCR npOCTblM o6e3)l(HpHBa­

HHeM. 

HepacnblJIReMble reTTepbi no3BOJIRIOT nonyqaTb B KaMepe CHHx poTpoHa 11T3<1> ~asne­

HHe MeHbwe I · 10- 10 
Topp [6]. EcTeCTBeHHO, ~JIB 3TOro Tpe6yeTCB TlllaTeJibHaR no~rOTOBKa 

llOBepXHOCTeH H o6e3ra)l(HBaHHe nporpeBOM npH 400 °C. MeTaH H HepTHble fa3bl BO BpeMB 

pa6oTbi ycKopHTeJIR y~aJIRIOTCR MarHHTopa3pR~HbiM HacocoM HM~ 0,4. 

Bo3MO)l(HOCTb pa6oThi ra3onomoTHTeJIR B )l(eCTKHx ycnoBHBX 6'bBCHReTCB HeKOTOpbi­

MH OC06eHHOCTRMH ero B3aHMO~eHCTBHR C aKTHBl!blMH ra3aMH. C llOHH)l(eHHeM TeMnepary­

pbi fiOC.Jie aKTHBaiiHH CKOpOCTb OTKa'IKH yMeHbWaeTCB, HO He na~aeT ~0 HYJIR, a OCTaeTCB 

CTa6HJibHOH ~JIHTeJibHOe BpeMR ~a)l(e npH 60JibWOH fa30BOH Harpy3Ke. JTO XOpOWO HJIJIIO­

CTpHpyeT pa6oTa Hawero reTTepHOfO Hacoca B WJII030BOH KaMepe HCTO'IHHKa HOHOB IIHKJIO­

TpOHa Y-400M. IlpH o6meM ra30BOM noToKe B KaMepe -10-5 n · T opp/c ee no~Ka'!Ka ryp-

6oMoneKynRpHbiM HacocoM co cKopocTbiO -0, I nlc He HrpaeT cymecTBeHHOH ponH B o6ecne­

'leHHH pa6o'lero BaKyyMa. Cne~yeT no~qepKHYTb, 'ITO aKTHBaiiHR reTTepa npoH3BO~HTCB 

cpa3y fiOCJie OTKa'IKH Ha MaCJIRHbiH cpopBaKyyMHbiH Hacoc; BCe BHTOHOBbJe ynJIOTHHTeJIH Ka­

Mepbl CMa3aHbl «AnHe30HOM», H npHCYTCTBHe B OCTaTO'IHOH aTMOCcpepe WJII03a ymeBO~O­

pO~OB He Bbl3b1BaeT COMHeHHH. HeCMOTpR Ha 3TO, B Te'!eHHe HeCKOJib KHX ~HeH HenpepbiBHOH 

pa6oThi B KaMepe noMep)l(HBaeTCR ~asneHHe -I0-
5 

Topp npH TeMnepaType ra3onomOTHTe­

JJR -300 °C. B npHBe~eHHOM npHMepe reTTepHbiH Hacoc BMecTe c KaMepoii WJJI03a Haxo~HT-
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CR llO,A BbiCOKI1M HanpR)I(eHI1eM OTHOCI1TenbHO "3eMnl1". KpoMe TOrO, 11CTO'IHI1K 110HOB 11 Ha­

COC 11CllbiTbiBaiOT B03,AeHCTBI1e Cl1nbHOrO :meKTpOMarHI1THOrO nonR. Bee :no C03,AaBano 

onpe,AeneHHbie TPY.AHOCTI1 npu pa6oTe Typ6oMoneKynRpHoro Hacoca, paHee ucnonb30BaB­

rnerocR ,AnR OTKa'iKH Ilini03a. Y'iHTbiBaR ManyiO CTOHMOCTb ra3onornOTHTenR, MO)I(HO C,Ae­

naTb BbiBO.A o6 3KOHOMI1t~ecKoii Bbiro,Ae ucnonb30BaHHR reTTepHoro Hacoca ,Aa)l(e np11 6onb­

rnux ra30BbiX Harpy3Kax . 0.AHH ra3onornoTHTenb o6ecnet~usaeT He MeHee 600 t~acos Henpe­

pbiBHOH pa60Tbi 11CTO'iHHKa HOHOB. B ro,A noTpe6yeTCR He 6onee 10 3neMeHTOB. Pacxo,Abi no 

3KcnnyaTauuu reTTepHoro Hacoca 3a 5 neT Ha nopR.AOK MeHbille CTOHMOCTI1 Typ6oMoneKy­

nRpHoro Hacoca. 

llpe,AnaraeMbiH reTTepHbiH Hacoc o6ecnet~HBaeT saKyyM u B KaMepe cTeH,Aa AJIR nowOToB­
KH ,AaT'IHKOB ,AHarHOCTHKI1 nyt~Ka HYKnOTpOHa. llpH pa3pa60TKe BaKYYMHOH CHCTeMbl CTeH,Aa 
6blna nocTasneHa 3a,Aat~a ycTPaHeHHR BbiCOKot~aCTOTHbiX noMex, Bbl3biBaeMbiX pa60Toii o6opy­
.AOBaHif}l, u nonyt~eHHR 'IHCToro 6e3MacnRHoro saKyyMa. feTTepHbiH Hacoc xoporno no,AXOA11T 
.AnR 3THX ueneii. 

llnoma.Ab BHYTPeHHHX nosepxHOCTeii KaMepbi CTeH,Aa 113 Hep)l(aBeiOmeii cTanl1 cocTasnReT 

- 1,5 M 2 • nocne H3rOTOBneHI1}1 OHM npornnH TOnbKO o6e3)1(HpHBaHI1e. YnnoTHHTenH pa3'beMHbiX 

coeAHHeHHH BbmonHeHbJ 113 qnoponnacn. BHyTpn KaMepbi pacnono)l(eHbi : MHKpOKaHanbHble 
nnacTHHbi, npoBOAa MrT<I> H ux pacnaiiKa Ha 3neKTPH'ieCKI1e BBOAbi. llepBoHat~anbHbiH raJo­

BbiH noTOK B CI1CTeMy AOCTI1raeT 10-4 n · Topp/c. Co3AaHne npe,ABapnTenbHOro pa3pe)l(eHif}l 

- 10-3 Topp ocymecTBnReTCR MexaHnt~eCKI1M HacocoM t~epe3 yronbHYIO nosyrnKY, oxna)I(,AeH­
HYIO )I(HAKHM a30TOM. 

CTeHA MO)I(eT pa6oTaTb B .ABYX pe)I(HMax: KpaTKOBpeMeHHOM 11 .AOnrospeMeHHOM. KorAa 
TPe6yeTcR TOnbKO onpeAeneHne pa6oTocnoco6HOCTI1 .AaT'I11KOB, npon3BOAHTCR Clf}ITI1e aTMO­

cQiepbi, aKTI1BaUif}l raJOllOrJIOTHTenR If pa6oTa np11 AaBneHI1H -1 · 1 o-5 Topp. BcR npoue.Aypa 3a­
HHMaeT HeCKOnbKO 'laeOB. B03MO)I(Hil pa60Ta CTeH,Aa 11 B Te'ieHI1e HeCKOnbKI1X CyTOK. ,lVut 3TOrO 
npoBOART .An11TenbHYIO saKyyMHYIO TPeH11pOBKY KaMepbi. CHH)I(eHHe raJosoro noToKa AO 

- 10-6 n · Topp/c no3BOnReT 6onbrne cyToK no.LUJ.ep)I(HBaTb B cncTeMe AaBneHHe -10-6 Topp 

Me)I(,Ay O'iepe,AHbiMI1 aKTHBaUHRMH reTTepa. Pa6ot~aR TeMneparypa ra30ll0rJIOTI1TenR COCTaBnR­
eT -20°C. llp11 He06XOA11MOCTH y.AanRIOT 11HepTHbie ra3bl 113 KaMepbl CTeH,Aa npOKa'IKOH Ha Mar­
HHTOpa3pR,AHbiH Hacoc. TaKaR npoueAypa npoBOAI1TCR pa3 B HeCKOnbKO ,AHeii. B 3TOM pe>KI1Me 
CTeH,A pa6oTan Ha nyt~Ke CHHXpOQla30TPOHa. 

B 3aKniO'ieHHe cneAYeT llOA'iepKHYTb, 'ITO Ha OCHOBe 3TOro Knacca reTTepOB MO)I(HO C03Aa­
BaTb npOH3BO,AHTenbHbie, 3KOHOMH'IHbie If npOCTbie B o6pameHI1H cpeACTBa OTKa'iKI1. 

ABTop 6naroAapeH B.A . MoH'IHHCKOMy, A .A . lian,AnHy, B.li. KyTHepy 3a noMOIUb u noA­
,Aep)I(KY pa6oTbi, a TaK)I(e B .C. AnQieesy 3a o6cy)I(,AeHI1e pyKonucu. 
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78 flaMRmu KOJI/Iezu In memory of a colleague 

liopuc HlpaHJJOBH'I UYCTbiJILHHK 
Boris Izrailovich PUSTYLNIK 

Yrnen Hl )I(HlHH, nocne T.ll)l(eJioit H npO.IlOJI)I(HTeJibHOH 6one3HH, Haw Konnera Eopuc 1-hpau­
JJOBH'l flyCTbiJlbHHK. 

OH 6bJJJ 'lJieHOM pe.llaKUHOHHOro coseTa )l(ypHana co .llH.II ero ocHosaHH.II, 6onee .lleC.IITH neT. 
flocne OKOH'laHH.II B i 962 r. BopOHe)I(CKOro rocy.llapCTBeHHOro YHHBepCHTeTa OH IIOCB.IITHJJ BCJO 
)1(}{3Hb pa60Te s o6nacTH TeopHH aTOMHoro .ll.llpa H .ll.llepHbiX peaKUHH c T.ll)l(eJibiMH HOHaMH. Ta­
naHT <flH3HKa, COe.llHH.IIBlllHH B HeM OpHrHHaJibHOCTb H CaM06biTHOCTb TeOpeTHKa C peaJIH3MOM 
3KCIIepHMeHTaTOpa, 3PY.llJiUH.II H lllHpOTa Hay'lHbJX B3rJI.II.IlOB, JierKO 1103BOJI.IIJIH eMy OIIpe.lleJJ.IITb 
Ka'leCTBO npe.llCTaBJJ.IIeMbJX s ~pHan pa6oT. OH qacTo HacTansan Ha ny6nnKaUHH pe3yJJLTaToB 
OpHrHHaJibHbiX H He BCCMH 1IpH3HasaeMbiX Hay'lHblX HCCJJe.llOBaHHH H BCer.lla OKa3bJBaJIC.II npaB 
npu oueHKe nux pa6oT. Heso3MO)I(HO nepeoueHHTb ero IIOJJO)I(HTeJJbHoe BJJH.IIHHe Ha npHHHMae­
MbJe pe.llaKUHOHHbiM COBeTOM perneHH.II. 

M~eCTBeHHhiH 'leJJOBeK, <flHJJOCO<fl H OIITHMHCT- TaKHM OH OCTaHeTC.II B Harneif IIaM.IITH. 

Our colleague Boris Izrailovich Pustylnik died on October 15, 1998 following heavy illness. 
He was a member of the Editorial Board of the Journal from the date of its foundation more 

than ten years long. Having graduated the Voronezh State University, he has devoted all his scien­
tific activity to the theory of atomic nucleus and heavy-ion nuclear reactions. Being a gifted 
physicist, he combined the originality of the theorist with the realism of the experimenter. Erudi­
tion and breadth of scientific views allowed him to easily define the sci en tic quality of papers sub­
mitted to the Journal. He frequently insisted on publishing the results of original and not always 
recognized scientific researches and always turned out right in estimation of these papers, It is im­
possible to overestimate his positive influence on the solutions, accepted by the Editorial Board. 

We are left with the memory of the· courageous person, philosopher and optimist. 
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