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BBE,[l;EHME 

B 11ccne,n;oBaHIIH npn:po,n;1,1 cIIJILHhlX B3an:Mo,n;e:iicTBHH BruR

Hyro poJIL n:rpaeT n:3yqeH1Ie xapaKTepHCTHK JierKHX Me30HOB, 

KOTOpoe Be,n;eTCJI yme HeCKOJILKO ,n;ecJITIIJieTHH. 

Oco61,1ii HHTepec npe,n;cTaBJIJIIDT IICCJie,n;oBaHn:JI Me30HOB co 

CKphlThlMll KBaHTOBhlMH 'tJHCJiaMll ( CTpaHHOCTL, oqapoBaHlle II 

T.,n;.). IloJiy'tJeHn:e HOBhlX ,n;aHHhlX O xapaKTepHCTHKax TaKllX 

Me30HOB no3BOJIHT rJiy6me noHJITL npo:u;ecchl a,n;poH-JI,n;epHhlX 

B3aHMo,n;eiicTBIIii Ha KBapKoBoM ypoBHe. B ,n;aHHoii CTaTLe 

npn:Be,n;eHhl 3KCnep11Me_HTaJILHhle ,n;aHHhle no o6pa30BaHlllO </>
Me30HOB B HeiiTpoH-yrnepo,n;HhlX B3aHMO,D;eHCTBIIJIX np11 3Hep

rllJIX cepnyxoBcKoro ycKopn:TeJIJI c n0Mo~1,10 ycTaHOBKH 8RC

qAPM. 

YCTAHOBRA 8l{CqAPM 

YcTaHonKa 8l{CqAPM pacnoJiomeHa B KaHaJie HeiiTpaJIL

HhlX 'tJaCTll:Q 5H cepnyxoBcKoro ycKopn:TeJIJI Y-70. H~iiTpOH

HhlH ny"tJoK KaHaJia 06pa3yeTCJI npn: n3an:Mo,n;eiicTBllII :u;n:pKy

JI11pyro~n:x B KOJIL:Qe ycKopn:TeJIJI npoTOHOB C BHyTpeHHeii 

6epHJIJIHeBoii Mll'.uieHLIO. ,l(aJiee ny'tJOK cpopM11pyeTCJI CllC

TeMoii KOJIJIHMaTopoB no,n; yrJIOM :::::: 0° K na,n;aro~HM npOTOHaM. 

I1p11MeCL 3apJimeHiihlX 'tJaCTll:Q OTCeHBaeTCJI OTKJIOHJIIOmHMII 

MarHHTaM.11 ycKopHTeJIJI 11 MarHHTOM {CTI-129), KOTOphlii 

pacnoJiomeH B roJioBHOH q:acTll 3Kcnep11MeiITaJIL11oii 30Hhl. 

,l(JIH no,n;aBJieHllJI cpoHa , - KBaHTOB ycTaHOBJieH CBHH:QOBhlH 

(pllJILTp nepeMeHHOH TOJI~llHhl { OT O ,n;o 20 CM no nyqKy). 

TaKaJI CHCTeMa o6ecneqIIBaeT IIHTeHCIIBH0CTL ny•1Ra ,n;o Hec

KOJILl{llX e,n;HHH:Q X 106 HeiiTp/c. 

8nepreTH'tJecK11ii cneKTp HeiiTpoHOB ny"tJKa (pn:c.1), Boc

CTaHOBJieHHhlii c noMomLro a,n;poHHoro KaJIOpIIMeTpa [1], llMeeT 

MaKCllMYM rrpn: :::::: 58 r3B. 

~ r:~_.u;~t:t= 1· 
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YcTaHOBim 8RG4APM rrpe.n;cTaBJIJieT co6oii MarHHTHhlII 

crreRTpOMeTp, ROTOpbIII rrpe.n;Ha3HaqeH )(JUI u3yq('HHJI OROJIO

rroporoBoro pom.n;eHIIJI oqapoBaHHhlX qacnu.1, II no11c1m 3R30-

Tn:qecRn:x cocTOJIHHII B a.n;poHHhlX peaKqn:nx. CxeMa 3Rcne

pn:MeHTaJibHOH ycTaHOBRll rrpe.n;cTaBJieHa Ha pIIc.2. 

PacIIOJIOiReHlle 3JieMeHTOB ycTaHOBRH OIIllCblBaeTCJI B rrpa

noii opToroHaJibHOH CIICTeMe KOOp,n:IIHaT, HaqaJIO ROTOpoii 

COBrra.n;aeT C reoMeTp:u:qecR:U:M qeHTpOM MeiRIIOJIIOCHoro 

3a3opa MarHHTa. Ocb Z HarrpaBJieHa B,ll;OJib OCH nyqRa, a OCb 

Y - BBepx. 

B COCTaB ycTaHOBRll BXO,D;JIT: 

- yrJiepo.n;HaJI M:U:llleHb T TOJIID;:U:Hoii 1,3 r / cM2 no rryqRy; 

- aHaJI:u:3n:pyrow;:u:ii MarHHT Cll-40A, R0Top1,1:ii HMeeT 

arrepTypy · 27 4 X 49cM · ( MarHHT ll3MeHJieT norrepeqHyro 

ROMIIOHeHTY llMIIYJibCa 3apJimeHHhlX qacTHl.l, np11MepHO 

Ha 0,5 I'3B / c; CllCTeMa IlllTaHllJI MarHIITa o6ecrre

q:u:BaeT B03MomnocTb onepaTIIBHoro nepe1onoqe11:u:JI ero 

IIOJIJipHOCTll) j 

- CllCTeMa ll3 11 .n;Byx- ll TpexRoop.n;1111aTHhlX MHororrpo

BOJIOq111,1x rrporropu;110HaJI~HhlX Ral\rnp IlR [2], pacrro

JiomeHHhlX .n;o ll IIOCJie MarHHTa (MaRCHMaJibHhle pa3Me

. phl RaMep rrepe.n; MarHllTOM 60 X 100 CM2
' 3a MarHlITOM 

- 100 X 200 CM2); 

- rO,D;OCROIIhl Cl.l,llHTlIJIJIJll.l,HOHHhlX cqeTqlll{(Jil I'l ll I'2, 
HCIIOJib3yeMhle .n;JIJI Bhlpa6oTRll c:u:rnaJia, 3anycRarom;ero 

ycTaHOBRY ( TpHr:rep); 

- Cl.J.HHTHJIJIJll.l,llOHHble cqeTqlll{H MOHHTOpa neiiTpOHHoro 

rryqRa Mn; 
- a.n;poHHhIH RaJiopuMeTp AK, HCIIOJib3yeMhlH ,D;JIJI Boc

CTaHOBJieHHJI 3HepreTHqecRoro crreRTpa HeHTpOHOB B 

rryqRe. 

- qeThlpHa.n;qaTHRanaJibHhlii (MITI'Y:C-14) 11 TpH.n;qaTu

.n;ByXRaHaJibHhlH (MITI'Y:C-32) rroporom,ie ra30Bhle 
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qepeHKOBCKHe C'leT'lllKll [3, 4]' llCIIOJib3yeMhle ,D;JIJI 

H.n;eHTHCpHKaI.J.HH 3apJimeHHhlX qacTHI.J.; MITI'Y:C-14 

3arroJIHeH cppeoHOM-12, MITI'Y:C-32 - B03.n;yxoM, 

o6a - rrpH aTMoccpepHOM .n;aBJieHHH, 'lTO COOTBeTCTByeT 

rroporaM perHcTpaI.J.HH 3ap11meHHhlX 'laCTHI.J., rrpHBe

.n;eHHhlM n Ta6JI.1. 

Ta6Jin:na 1 

C'leT'lHK ra3 IloporH perHCTp. ,r3B / c 

µ 1r K p 

Mnrq c-14 <l>peoH-12 2,3 3,1 0,8 20,5 

MTII'Y: C-32 Bo3~yx 4,5 6,0 21,2 40,3 

Cn:cTeMa 3arrycKa ycTaHOBKH HacTpoeHa Ha perucTpanuro 

co6LITH:ii, KoTophle n Kone'lHOM cocToJIHHII co.n;epmaT 'leThlpe 

H 6oJiee 3ap11meHHhle qacTHI.J.hl, rrpo11Ie.n;niHe qepe3 ncro 

ycTaHOBRy • 

Cn:cTeMa c6opa .n;aHHhlX BhlIIOJIHena B cTaH.n;apTe RAMAR. 

,[(JIJI KOHTPOJIJI 3a napaMeTpaMH ycTaHOBRll ll c6opa .n;aHHhlX BO 

npeMJI Ha6opa CTaTHCTHKH rrpn:MeHJieTCJI rrepcoHaJibHaJI 8BM 

IBM PC/ AT- 386. HaKOIIJieHn:e .n;aHHhlX ne.n;~TCJI Ha ycTpoiic

TBe Exabyte - 8500. 

OTBOP 11 AHAJll13 COBhlTl111 

Ilon:cK <p-Me30HOB ocyw;ecTBJIJIJICJI B HHKJII03HBHoii peaKnn:n: 

no n:x pacrra.n;aM Ha .n;Ba KaoHa: 

n + 12c ➔ t+x. 
K+K-

(1) 

Co6LITIIJI OT6HpaJIHCb H3 ::::::: 118, 5 • 106 HCXO,ll;HhlX HeiiTpOH -

yrJiepO,ll;HLIX B3aHMo.n;eiicTBHH, 3aper11cTpllpOBaHHLIX crreKTpO-
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MeTp0M n o~HOM II3 ceaucon 3RCIIep1IMeHTa 8l{CqAPM, n 

C00TBeTCTBIIII c Tpe6onaHIIJIMII: 

• c06hlTIIJI ~0JDRHhl co~ep»taTI, He MeHee O~Hoii: II0JI0.>RIITeJII,

. HO II O~HO:U 0TplID;aTeJibH0 3ap11meHHO:U qaCTIID;hl, R0T0phle 

paccMaTplIBaIOTCJI RaR RaH~II~aThl B Ra0Hhlj 

• MIIHIIMaJibH0e paCCT0JIHIIe Mem~y B0CCTaH0BJieHHhlMII 

TpaeRT0PIIJIMII nap qacTIID; He ~0JI.>RH0 npeBI,UUaTb 3c5, r~e 

c5 ~ 1,5 MM - 3RCIIep1IMeHTaJI1>Hoe pa3perneHHe 110 3TO:U 

neJI1Iq1Iue. 

,ll;JIJI II0~aBJieHIIJI cpoHa B cneRTpe 3cpcpeRTIIBHhlX Mace 

CIICTeMhl K+ K- 1IcRmoqaJI1IC1> ROM6HHaD;IIII, npo~OJil>HaJI 

C0CTaBJIJIIOIII;aJI IIMIIYJil>Ca R0T0phlX P,, < 8 r3B / c. IlplI 3T0M 

qacTIID;hl, BX0~JIIII;IIe B 0CTaBI111IeCJI KOM6HHau;1rn, RaR rrpaBIIJI0, 

IIMeIOT IIMIIYJil>Chl Bhlille rropora n~e~TII<pnRau;11n nnoHa, qTO 

II03B0JIJieT II~eHTncpnu;npoBaTb IIX C II0M0IQl,10 qepeHR0BCRHX 

cqeTqnRon. OrpaH1IqeHne 110 rrpo~oJI1>H0MY 1IM11yJI1,cy ROM6n

Hau;111I P,, < 8 r3B / C C00TBeTCTByeT HH.>RHeii rpaHHu;e no rrepe-

MeHHO:U <I>eiiuMaHa Xi = O, 1 1 • · 

. ,ll;JIJI 1I~eHTII<plIRau;1111 3ap11meHHhlX qacTHD; HCII0Jll,30BaJiac1, 

IIH<pOpMau;1111, II0JiyqeHHaJI OT Mnrqc-14 H Mnrqc-

32. ,ll;JIJI Ram~oii 3ap11meHHoii qacTHD;hl pacc 1 IHThlBaJiac1, 

0TH0CIITeJII,HaJI nepoJITH0CTI, nx H~eHTII<pHRa:u;.n:n ( T.H. "nee") 

C onpe~eJieHHhlM THII0M ~poHa - w ( i)' r~e i = 7r±' K± 
HJIII p/p. 

CpaBHIIBaJIIICI, 3aperlICTp1IponaHHhle cnrHaJihl OT 0601IX 

qepeHROBCRHX cqeTqnR0B C pacqeTHhlMII, IIOJiyqeHHhlMH B 

rrpe~IIOJI0.>ReHIIH, qT0 3ap11meHHhle qacTHD;hl C0OTBeTCTBy

lOT yRa3aHHhlM THIIaM. Orrpe~eJIJieMhle W ( i) HopMnpona111,1 

TaRnM o6pa3oM, qT061,1 ~JIJI Ram~oii 3ap11meHHoii qacT1I

u;1,1 W(1r±) + W(K±) + W(p/p) =3. IlplI 3TOM neJinqlIHa 

1
H11>KHJlfl rpaHHI..ta no x, onpe,neJIJtJIRCb MaKcHMllJlbHO D03MOJKHLlM 3Hat.JeHHeM HMnyJib

ca HeiiTpoHa n CIJ;M HeihpoHa ny,rna H HyKnoHa MHllleHH (e na6. cHcTeMe 70 I'3B/c) 
H MHH11ManbHLlM 3Ha'-l:eHHeM npo,noJibHoro HMnynhca <f,,-MeaoHa n Toii: J-Ke cucTeMe (u na6~ 
CHCTeMe 8 I'3B/c). 
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W( i) = 3 03HaqaeT 100 % Bep0JITHOCTI, H~eHTII<}mRau;nn, a 

W(i) = 1-IIOJIHYIO Heonpe~eJieHH0CTb THIIa qacTHD;hl. Ilpnqn

HO:U 3TOR Heonpe~eJieHHOCTH JIBJIJieTCJI MaJihlii, Hnme nopora 

perncTpau;nn IIII0Ha, IIMIIYJil>C qaCTIID;hl IIJIII norra~aHne 

qepeHR0BCRoro ll3JiyqeHHJI OT HeCR0JibRIIX qacTHU: O~H0Bpe

MeHHO B 0~IIH II TOT me RaHaJI ~epeHROBCRoro cqeTqnRa. 

,ll;JIJI 11o~aBJieH1IJI cpoHa B crreRTpe 3lpcpeRTIIBHhlX Mace orrpe

~eJIJIJIHc1> orpaHnqeHHJI Ha W(K±). Ha pnc.3 npe~cTaBJieHiiI 

BeJin:qnHhl 0TH0illeHHJI CIIrHaJI/c}JOH H II0Tepn CHrHaJia (n 0TH0-

CHTeJII,HhlX e~n:Hnu;ax) B 3aBHCIIM0CTH OT orpann:qeHHJI Ha 

W ( K±). Ha ocHone 3THX pe3yJI1>TaTon n1,16paHo onT11MaJI1>Hoe 

orpaH.nqeHne 

W(K±) ~ 1, 4, 

TaR R
0

aR npn 3T0M ~0CTHraeTCJI CHJlbH0e II0~aBJieHn:e cpoHa rrpn 

0THOCHTeJibHO He6oJibllIOii: IIOTepe cnrHaJia. 

,ll;JIJI yMeHbllleHHJI qncJia q>OHOBhIX ROM611Hau;nii 3<p

cpeRTIIBHaJI Macca M(K+ K-), paccqnTaHHaJI ~_JIJI rrap1,,1 

qacTnu; B rrpe~II0JIO.>ReHnn, qTo OHII JIBJIJIIOTCJI RaoHaMn, 

orpaH1Iqn:naJiac1, cnepxy: 

. M(K+ K-) ::; 1,2 r3B/c2 • 

Ha pnc.4 npe~cTaBJieH crreRTp 3cpcpeRTHDHiiIX Mace 

M(K+ K-). Ha 3T0M pncyHRe B ofiJiacTn Ta6JinqHoro 

3HaqeHHJI Macchi </>-Me30Ha [5] qeTR0 Bhl~eJIJieTCJI cn:rHaJI. 

IlapaMeTpiiI cnrHaJia 6LIJIH orrpe~eJieHLI n pe3yJILTaTe 

anrrpoRcnMau;nn cneRTpa cpyHRu;neii BpeiiTa- Bnrttepa (Bw), 
CKoppeKTHp0BaHHOH raycconoH cpyHKUHeH pa3pellleHH51 cneKTp0MeTpa 

n o6nacTH Macc1,1 cp-Me3oHa DYTeM HHTerpttponaHH51. TaKM <pyttKUHH 

<pHTHpOBaHH51 HMeeT cne.nyroIQHH BH,n: 

BW(M) = j G(m) Bw(m)dm . (2) 
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Ilpn 3T0M q>YHRD;llll BpeiiTa-BurHepa ll raycca 6LIJill 

rrapaMeTpll30BaHLI cne.n;yromnM o6pa3oM: 

mM,,r 
Bw(m) = (m2 _ MJ)2 + MJr2 ' 

(3) 

G(m) 
(m - Mo) 2 

exp (-
2 

t52 ) (4) 

r.n;e 

r-rnllpl:lHa CllrHaJiaj 

M 0-cpe.n;Hee 3Haqemrn 3q>q>eRTl:lBHOH MaCCbI M(K+ K-) 
,n;JIJI cnrHana; 

8-3HaqeHl:le pa3perneHHJI crreHTpoMeTpa B ofirracTl:l Mac

CLI ¢-Me3oHa, paccqn:TaHHoe MeTo.n;oM MoHTe-Raprro H paBHoe 

1, 7 ± O, 3 M3B/c2
• 

cI>oH arrrrpoRCHM11ponarrc11 BLipruKeHl:leM 

BG(m) =A+ B(m2 
- Mt~J 112 + Cm , (5) 

r.n;e 

Mth = mK+ + rnK-• (6) 

3m cpopMyJia 6LIJia BLI6paHa H3 rrpe,n;II0JI0JReHl:l11 rJia,D;R0CTH 

crreRTpa Mace P,JIJI q>oHa. OHa xoporno cornacyeTcJI co 

crreKTpoM B o6nacTH Mace BHe c11rHaJia. 

B pe3yJibTaTe arrrrpoRCHMaD;HH 6LIJil:l II0JiyqeHLI CJie.n;yrom11e 

3HaqeHll11 ,ll;Jl11 MaCCLI Mo H lllHpllHbl Cl:lrHaJia r : 

Mo = (1019,5, ± 0,2) M3B/ c2 
, 

r = (4,5 ± 0,1) M'.,)B/c2
• 

IlonyqeHHLie 3HaqeHHJI B rrpe.n;enax rrorpernHocTeii xoporno 

corJiacyroTCJI c Ta6JI11qHhIMII (5). 9TO .n;aeT 0CH0BaH11e 

yTnep.m.n;aTL, qTo Ha6nro.n;aeMLIH cn:rHaJI cooTBeTcTnyeT ¢

Me3oHy. 
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Of, 

BLIJIO BLI,D;eJieHo 60350±650 ROM6l1Han;11ii, C00TBeTCTBy-

10m11x ¢-Me30HaM, Ha,D; q>OHOM 162000 ROM6HHan;n:ii:. 

llllil Hccrre.n;oBaHH.SI HHBapHaHTHbIX .n;mpcpepeHIJ;HaJibHbIX cetJeHHii 

q>,Me30HOB IIpHMeHJIJiaCL CTaH,n;apTHaJI rrapaMeTp113aD;IIJI [13]: 

d2u E 
E* --- ~ ln-(l - X1yie-bP,

2 

(7) 
dX1dP? E 0 > 

r.n;e X f - rrepeMeHHaJI cI>eii:HMaHa, Pt - rrorrepeqHLIH IIMIIYJILC 

11 E* - 3Hepr1111 ¢-Me3oHa B CD;M HeHTpoHa nyqKa 11 

Hj'KJIOHa MHllleHH. 

,ll;JI11 BoccTa}l0BJieHHJI llMIIYJibCHLIX crreKTpon P1 ll Pt2 

3aper11cTpHp0BaHHLIX "¢-Me30HOB 6blJIH II0CTpoeHLI C00TBeT

CTBy10m11e crreKTpLI ,D;JIJI C06LITIIH 113 o6JiaCTH CHrHaJia ¢

Me30Ha (pnc.4): 

1,011 < M(K+ K-) < 1,028 r3B/c2 (8) 

H crreKTphl II0 TeM .me rrepeMeHHLIM ,D;JIJI q>OHOBLIX co6LITllH H3 

coce.n;HllX llHTepBaJI0B 3q>q>eKTIIBHLIX Mace: 

0,994 < M(K+K-) < 1,011 r3B/c2
, (9) 

1,028 < M(K+K-) < 1,045 r3B/c2
• (10) 

B r11cTorpaMMY, cooTBeTCTByromyro crreKTPY cpoaonLix 

co6LITHH, rrorra,n;aJI11 · co6LITHJI, R0T0phlM rrp11c~an:BaJic11 nee 

N = nin / ( n, + nr), 

r.n;e 

nin - q11cJI0 q>OHOBLIX ROM6HHan;11ii: B o6JiaCTII Mace CllrHaJia 

{8); 
n, II nr - q11cJio q>OHOBLIX ROM61rnan;11:ii B o6JiaCTJIX {9) II 

(10) C00TBeTCTBeHH0. 
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TaKoe pacrrpe,ll;eJieHHe IIOKaHaJibH0 BbJqllTaJI0Cb 113 rHCTor

paMMLI, IIOCTpoeHHoii ,ll;JIJI o6JiaCTll CHrHaJia. 

,ll;JIJI orrpe,ll;eJieHHJI crreKTpa Pt2 pom,ll;eHHblX </>-Me30HOB IIOJIY

qeHHLIH 3KcnepHMeHTaJibHLiii cneKTP 6LIJI cKoppeKTHpoBaH aa 

COOTBeTCTByro~yro 3<p<peKTHBHOCTb perHCTpal{Hll </>-Me30HOB. 

IlOJ1yqeHHL1e TaKHM o6pa30M rHCTorpaMMLI npe,ll;CTaBJIJIIOT 

crreKTPLI P,, 11 P,2. OHH, a TaKme cneKTphl MO,ll;eJI11poBaHHLIX 

co6LITHii npe,ll;cTaBJieHbl Ha pnc.5. 

IlapaMeTpLI n H b onpe,ll;eJIJIJIHCb nyTeM annp0Kc11Mal.{11H 

pacnpe,ll;eJieHIIH P,, ll Pt2 • ,ll;~JI 3TOro M0,n:eJIHp0BaJI0Cb 

HHKJII03llBHOe o6pa30Baa11e q>-Me30HOB B C00TBeTCTBIIII C 

rrapaMeTp113an;11eii (7). 
IloKa3aTeJib n B (7) onpe,ll;eJIJIJICJI HTepal{IIOHHhlM cnoco6oM, 

H3 C0IIOCTaBJieHHJI 3KCIIepI1MeHTaJibH0ro ll M0,ll;eJIIlpOBaHHOro 

crreKTpOB P,,. 3HaqeHlle n Bapbilp0BaJIOCb B IIIHpOKHX 

rrpe,ll;eJiax, ,ll;JIJI Kam)];oro 113 KOT0pbIX BblqIICJIJIJiaCb BeJIHqHHa 

x2
, xapaKTep1rnyro~a11 corJiac11e 3Tllx c11eKTpoB. 

IloJiyqeao cJie,n:yro~ee 3aaqea11e n, co0TBeTcTnyro~ee BeJI11-

q1rHe X 2 ~ 1: 

n = 5 0+0,2 
' -0,5• 

IloKa3aTeJib b B (7) onpe,ll;eJIJIJICJI B pe3yJILTaTe annp0Kc11Ma

n;HI1 CKoppeKTHpoBaHHoro cneKTpa P,2 3KcnpaeHI.{llaJibHoii 

<pyHKl{lle:ii Bll,ll;a: 

f(P/) = A e-l,P?, 

r,ll;e A - HOpMilpOBOqHLiii K03<p<pIII.{lleHT. 

B pe3yJILTaTe 6blJIO noJiyqeHo cJie,n:yro~ee 3HaqeHue: 

b = (2, 8 ± o, 2) (I'3B/c)-2
• 

B Ta6JI. 2 rrpHBe)];eHo cpaBHeHI1e 3HaqeHnii rrapaMeTpoB 11 II 

b, noJiyqeHHLIX B ,ll;aHH0M II ,ll;pyrux 3Kcnep11MeHTax. IloKa3a

TeJib 11 xopoIIIo corJiacyeTCJI co 3Ha11eH11eM n ~ 4 + 5 B o6JiaCTII 
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Xi > 0,1 --;- 0,15. 1loJiy11eHaoe 3HaqeHHe TaKme xopoIIIo 

corJiacyeTcJI c npe,ll;CKa3aHHeM npaBHJia KBapKoBoro cqeTa [20] 

n = 5 ,ll;JIJI q>-Me3oHa. 

CneKTp P,2 xoporno OIIIIChlBaeTCJI 3KcnoHeHI.{IlaJibHOii cpyHK-

1.{Heii C napaMeTp0M HaKJI0Ha b ~ 3 (I'3B / C )-2
, He3aBllCIIM0 

OT 3HeprI1ll H TllIIa 11yqKa. 

[ P~a1<1urn, .1rnnym,c, Xi H_HT~pnan 

nC, 20 - 70raB/c, X1 > O, 1 
up,30-70 raB/c,X1 > o, 1[10] 
pBe,_70 raB/c:,X1 > O,_il[l6] 
pp,93 raB/c,O, 2 > X1 > O, 1(15) 
pBe,100 raB/c,O, 22 > X1 > O, 14[17) 
pBe,120 raB/c,O, 45 > X1 > O, 0 [13] 
p_!3e,15Q r~B /_!;,Jf_1 ?_ o~~IJ8l 
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5, o::u:5 
4,28 ± 0,42 
6,0±1,7 

4,06±0,40 

Ta6JII11.{a 2 

I b,(raB/c)-2 I 
2,8 ± 0,2 

3,02 ± 0,55 
2,4 ± o, 7 

3,34±0,57 
3, 18 ± o, 33 
3,0 ± o, 1 

,ll;JIJI Bbl'lIICJieHllJI ce11eHHJI o6pa30BaHIIJI q>-Me30HOB 6LIJia 

paccqHTaHa II0JIHaJI 3cpc}>eKTIIBHOCTb IIX perHCTpal{IIII E, KOTO

PaJI MO)l{eT 6LITb rrpe,ll;cTaBJieHa KaK npoll3Be,n:eHIH' napn;IlaJib

HLIX 3<p(})eKTIIBHOCTeii: 

€ = Eg • Et • €,. • €cut (11) 

r,ll;e Eg - reoMeTpHqecKaJI 3<p<peKTIIBHOCTb perHCTpal{HH q>
Me30HOB, Et - 3<p<peKTHBHOCTb cpa6aTblBaHllJI CIICTeM~ 3arrycKa 

ycTaHOBKII (TpHrrepa), €,. - 3<p<peKTllBHOCTb aJiropHTMa peKOH

CTPYKI.{HH C06LITHJI, €cut - 3<p<peKTHBHOCTb, CBJI3aHHaJI C OT60-

p0M co6LITllH B COOTBeTCTBHII c IIpllMeHJieMblMll orpaauqeHHJI

MII. 

KaK OTMe'laJIOCb Bblllle, CIICTeMa· imnycKa ycTaH0BKII 6blJia 

Han;eJieH_a Ha perI1cTpal{I1IO qeTblpex II 6oJiee 3ap11meaHLIX qac

TIIIJ;. TaK KaK uayqaJicJI KaHaJI pacna.n:a q>-Me3oHa Ha )];Be 

aap11meHHble qacTHI.{LI, TO ,n:JIJI ero 06aapymeHI111 neo6xo,n:HMO 
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3aperncTpnponaTI, He MeHee ,n;nyx ,n;orronHnTeJibHhlX qacTnn. 

Tio::noMy uatt6om,1llru1 cncTeMaTuqecKaJI rrorpelliH0CTb oneH

KH 3cpcpeKTIIBHOCTII perncTpanuu CBJI3aHa C pacqeT0M Et• 

TaK KaK ¢- Me30H B 60JibWIIHCTBe cnyqaen pom,n;aeT

CJI n corrponom,n;eHIIII CTpaHHhlX qaCTII!l (6, 7, 8], TO ,D;JIJI 

orrpe,n;eneHIIJI Et Mo,n;enuponanucb peaKI.\IIII pom,n;eHHJI ¢

Me30HOB C pa3JIJiqHbIMII CTpaHHhlMII qacTnnaMH: 

n + N --t ¢ + K 0 + A0 + N + X , (12) 

n + N --t ¢ + K+ + K- + n + N + X , (13) 

n + N --t ¢ + K 0 
/ K 0 + K± + p + N + X , (14) 

n + N --t ¢ + K.~ + K.~ + n + N + X. (15) 

,lJ;nJI "yqeTa BKJia,n;a peaKnnii o6pa3oBaHIIJI ¢-Me3oHoB B 

corrponom,n;eHHH qacTIIIl 6e3 CTpaHH0CTII M0,n;enupoBaJiaCb 

TaKme peaKJlHJI: 

n + N ➔ ¢ + 1r- + p + N + X (16) 

"9acTHJlhl B· MHHHMaJibH0M Ha6ope corrponom,n;eHHJI 

pa3hlrphlllaJIHCb .paBH0MepH0 110 cpa30BOMY o6'heMy' a X 
HeH3BeCTHaJI CHCTeMa qacTHJl, K0TopaJI M0,n;eJIHp0BaJiaCb B 

paMKax Mo,n;enH JETS ET. 

IlonyqeHHhle 3HaqeHIIJI Et, a TaKme rroJIHhle 3qHlJeKTIIBH0CTH 

E ,D;JIJI KaIB,n;oii H3 paccM0TpeHHhlX peaKnHii rrpHBe,n;eHhl B Ta6n.3. 

Ta6Jinna 3 

PeaKJllIH Et E% 

(12) o, 214 ± o, 006 o, 96 ± 0,05 

{13) o, 110 ± o, 001 1, 05 ± o, 03 

{14) o, 240 ± o, 002 1, 04 ± o, 05 

(15) o, 220 ± o, 001 o, 95 ± o, 05 

{16) o, 155 ± o, 002 1,02±0,04 
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Ilpn BhlqHcneHHH rroJIHoii 3cpcpeKTHBHOcTn perHcTpannn ¢

Me3oHoB yqnThlBaJiaCb H30T0IIHqecKaJI IIHBapnaHTH0CTI, o6pa-

30BaHIIJI 3apJIIBeHHbIX II HeiiTpaJibHhlX Ka0H0B, Il03B0JIHBIIIM 

onemITb BKJia,n; peaKn1Iii (13)-:-(15). ,lJ;onJI rrponecca (12) cpe,n;n 

ncex paccMoTpeHHhlX peaKnliii orrpe,n;enJinacb II3 cyw;ecTBy

row;nx ,n;aHHhlX [9] o napuuan1,u1,1x ceqeullilx rrponeccon c 

o6pa30BaH1IeM K° K 0 u K 0 AO (n corrponom,n;eHiin o,n;Horo n,n;eH-. s s s s • 

TIIq>HJllipOBaHHOro HYKJIOHa). Bo3MOffiHble CIICTeMaTnqecKne 

OI1I1I6K1I orrpe,n;eJIJIJIIICb KaK rrpe,n;eJibH0 ,n;onycTIIMble 0THOWeHIIJI 

11apn1IaJibHhlX ceqeHIIH cucTeM K° K 0 II J< 0 AO
• . s s s ~ 

C yqeToM BblwecKa3aHHoro 6blno orrpe,n;eneHo 3HaqeHne 

IIOJIHOH 3cpcpeKTIIBHOCTII 'P - Me30H0B B corrpoBom,n;eHHII 

CTpaHHhlX qacTIIJl 

E
8 = {1, 01 ± o, 05{cTaT.) ± o, 04{clICT.))%. 

,lJ;JIJI oneHKH ,D;0JIII peaKnliii o6pa30BaHIIJI ¢-Me30HOB 6e3 

CTpaHHhlX qacTnn HCII0Jib30BaJIIICb ,n;aHHble 3KCIIepnMeHTa 

ACCMOR [7], B cooTBeTCTBnn c K0TopbIM {74 ± 15)% ¢

Me3oHoB pom,n;aeTCJI B corrponom,n;eHHII cTpaHHhlX qacTnn. 

C yqeT0M 3Toro 6~,rna orrpe,n;eJieHa II0JIHaJI 3cpcpeKTIIBHOCTb, 

KoTopaa B o6nacTII X 1 > O, 1 cocTaBIIJia: 

E = (1, 02 ± 0, 05(cTaT.) ± 0, 04(cncT.)) % . (17) 

BKJia,n; rrponecca (16) B c1IcTeMaT11qecKyIO 11orpe11IH0CTL 

oueHKH 3cpcpeKTHBHOCTH pemcTpaunn . He BeJIIIK II He MeHJieT 

3HaqeHIIe OWII6Kn. 

CeqeHIIe IIHKJII03HBH0ro o6pa30BaHllJI </J--Me30HOB 61,rno pac

C"tlHTaH0 B C00TBeTCTBHII C BhlpaIBeHIIeM: 

NsAc 
O' Br = Mn Na SE (18) 
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r,n;e 

Br(</> ➔ K+K-) = 0,491±0,009; 

N 8 - "'IllCJI0 3aper11cTp11poBaHHhlX KOM611Ha:1~11ii K+ K
Ac - aToMHhlH HoMep Mll11IeH11; 

Mn - II0T0K HeiiTpoHoB, 11po11Ie,n;I1111ii -qepe3 MllIIIeHb, 

(Mn =(1, 6 ± o, 1) 1011
); 

Na - "'IllCJio ABora,n;po; 

s - T0JIID;llHa MllIIIeHllj. 

€ - IIOJIHaJI. 3q><peKTllBHOCTb per11cTpan1111 </>-Me30HOB 

B o6JiaCTll x, > o, 1. (17) 

,[(JIJI o6JiaCTll XI > O, 1 6hlJio 110JiyqeHo: 

u/A (1,1 ± 0,22(cTaT.)± 0,04(c11CT.)) M6/ JI,n;po 

ymepo,n;a. 

,[(JIJI 11epec"'IeTa 3Toii BeJI11q11Hhl K BeJI11q11He ceqeHllJI Ha 

HYKJI0H 11c110Jib30BaJiacb JillHeiiHaJI A-3aB11c11MocTb: 

u _: (92 ± 20(cTaT.) ± 3(c11cT.)) MK6 . 

B pe3yJibTaTe 3KCTpaII0JIJinllH B II0JIHYIO KHHeMaTnqecKyro 

o6JiaCTb 110 x, (-1~ x, ~1) B paMKax HCIIOJlb3YeMoii 

11apaMeTpH3an11_11 (7) 11 C yqeT0M IIOJIHOH 3¢c)_)eKTllBHOCTll 

per11cTpan1111 </>-Me3oHa (17fJ 6hlJIO 110J1yqeHo cJie,n;yrow;~e 

3HaqeH11e: ( 

u = (276 ± 60(cTaT.) ± 9(cHCT.)) MR6. 

C11cTeMaT11qecKaJI OI1Il16Ka He co,n;ep>KllT 11orpe11IH0CTb 

3KCTpaII0JIJin1111, TaK KaK 0Ha 11peHe6p_emHMO MaJia. 

Ha p11c.6 11pe,n;cTaBJieHo · cpaBHeH11e BeJinq11H 

HHKJII03HBH0ro ceqeHHJI pom,n;eHHJI </>-Me30HOB B IIp0T0HHhlX H 

HeiiTpoHHhlX 11yqKax IIpH pa3JIHqHJ,IX 3Hepnrnx, II0JiyqeHHhlX 

B pa3HhlX 3KCIIep:uMeHTax. 

12 

fl ,I 

BhIBO,[(bl 

1. Ha6Jiro,n;aJIOCb HHRJII03HBH0e o6pa3oBaHIIe ¢-Me30HOB B 

nC-B3allMo,n;eiicTBHJIX c II0M0ll{bIO ycTaHoBKH 8l{CqAPM 

IIpH 3HeprHJIX HaJieTaIOll{llX HeiiTpOHOB 20-70 I'3B / c. 

O11pe,n;eJieHhl 3HaqeHHJI Mac_chl (M) 11 IIIHJ)HHhl (r) </>
Me30Ha: 

M = (1019,5 ± 0,2) M3B/c2, 

r = (4,5 ± 0,1) M3B/c2 • 

2. IloJiyqeHO ceqeH~e HHKJII03HBH0ro pom,n;eHHJI </>-
Me30H0D D o6JiaCTH x, > o, 1: 

u = (92 ± 20(cTaT.)±3(c11cT.)) MKfi /HYRJIOH, 

K0T0poe xopoIII0 cornacyeTCJI C ceqeHlleM, II0JiyqeHHhlM 

B np-B3allMo,n;eiicTDHJIX np11 3HeprHJIX cepnyxoncKoro 

ycK0pHTeJIJI [10]. 

3. Mo,n;eJibHO - 3aBHC11MaJI 3RCTpanonJin11JI D II0JIHYIO 
K11HeMaT11qecKy10 o6nacTb ,n;ana 3HaqeHHe ,n;JIJI ceqeH11JI: 

u = (276 ± 60(cTaT.) ± 9{cHCT.)) MK6/HYKJIOH. 

C p0CT0M 3Hepr1111 ceqeHHe HHRJII03HDH0ro pom,n;eHllJI </>
Me30H0B H3MeHJieTCJI OT {158 ± 35) MK6 npH ,/s = 6, 8 

I'3B [11] ,n;o·(1300 ± 350) MK6 11p11 ~ = 52, 5 I'3B [12]. 

CeqeH11e, II0JiyqeHHoe B ,n;aHHoii pa6oTe, xopo11Io corJia

cyeTcH C 3TIIM pocT0M. 

lfaMepeHHbie xapaKTepIICTIIKII IIHKJII03IIBH0f0 po)K,UeHIIH <p-Me30H0B 
xoporno cornacyIOTCH C MIIp0BbIMII 3HaqeHIIHMII II yKa3bIBaIOT Ha 
0.UIIHaK0Bbie rno6a.rrbHble CBOHCTBa <p-Me30H0B, po)K,UeHHblX B npo
T0HHblX II HeiiTpOHHblX nyqKax. 
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Investigation of cp-Mesonrlnclusive Production by Neutro~s · 

.. on the Serpukhov Accelerator" . ~-
\ ~- .- -

Ari inclusive 'cp::mes·on. production 'was. investigated • in' a neutron . ~earn 
. with~ a-: mean momentum of "" 50 . Ge V /c . with . the EXCHARM · siiectrometer . 
at t_he_ S~rpukhov ~ccderator: The-(!):-mesons were d~tect_ed by th~ir decafs into two . 

charged -- kaoils K+ a~aK.~ .. The c~oss:~ection ~f inclusive.'cp~meson. production. 
_in the region Xj> _0, 1 was ·found to be ·92 ± 20 (stat.)± (3 syst.) µtm/nucleo11. 

After extrapolation in the full kineru'atical ~egion tl)e c~o~s secfio-n ~f inclus.ive 
cp.::meson production was found.to be 27f± 60. (stat.)± (9 syst.) µbn/nucleon. " 

-- ~ ' ' ' • I ' 

The investigatio~ has been p~rforrned ~tth~ Laboratory-~f Pa:-i.ticle Physrc's,. 
JINR ... · · -· ·r .. . • ·· • •.· . • :_ . •· ·. . -. . . '· . ·.. · .. 

-. 
,·/ 

• ·.' i > ,~·-' 
I 

Preprint of the Joint- Institute for Nuclear Research:- Dubn:C1996 · ' : .- - ~\ ~ ., . . ... ·.~·-/ .. - ~ . ~ - " ~ ·" - ·.-· . -- ·-. ·,. ,' ·. ' 

,(· 

,.,._ -


