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A H H 0 T a U H R 

kl c cnenoaanocb pO)!{LleHHe TT
0 

-Me30HOB B peaKUHSIX: 

rr-+p .-mrr0 + n (m ~ 1,2,3 ... ( t ) 

npH I!Mnynbce rr -Me30HOB 7-8 Eaa/c. CpenHee 'IHCno rr0 -Meao HOB Ha OLlHO B3811MOLleltcTBHe 

oKa3anocb paBHhJM 2,8 :!:_0,2. Yrnoaoe pacnpeneneHHe y -KsaHTOB a CHCTeMe ueHTpa HHepUHH 

8HH30TpOnHO H HM e eT M8KCHMYM B HanpaaneHHH snepea. OueHeHa BepXHSISI rpaHHU8 Ce'leHHSI nepe-

3 8pHLlKll a (rr- + p-+ "
0 

+n):S .0,2 M6. 

Abstract 

Neutral pion production in the reactions 

rr- + p .. m rr0 + n (m= 1,2,3 ... ) (!) 

has been investigated at the momentum of negative pions of 7-8 BeV/ c. The average number of neutral pions 

per interaction was found to be 2.8!0.2. The angular distribution of y- quanta in the c.m.s. is anisotropic and 

has the maximum in the direction forward. The upper limit of the charge exchange cross section has been esti

mated to be a ( rr- + p ... rr0 + n ) :S 0, 2 mb. 



I. l ·by<JamiCb npoueccbi B3aHMoneiicTS!Hl IT -Me30HOB C npOTOHaMII, S KOTOpblX He o6pa-

3YIOTCII 38 pii :<Ke11Hble <taC TifUbl ( T aK H83biBaeMbie HOnb-ny'leSbie C06b!Tifll ), 

06pa6aThlsanHcb cTe p eoC HHMKH, nony<JeHHhle npn o6ny'leHHH 24-nHTpoeon nponaHoson KaMephl 

s MarHHTHOM non e IT -Me3oHaMH, DsarKLlbi 6~>tno npocMoTpeHo Ha penpoeKTopax oKono 30000 cTe-:-

peocmtMKOs. HaiineHo 376 cny<Jaes peaKUHI1 (I). 3cj:lcpeKTHSHOCT b Haxo>KLleHHII HOnb-ny<JesbiX co-

6hlTHii cocTasn11e T 96%. H3y'lanacb 3as11CHMOCTb aToii acj:lcj:leKTHSHOCTH OT 3arpy~'eHHOCTH KaMe

phi IT -M e3o HaMH, OT pac c TOIIHHII HHTepecyiowero Hac cny<Jal! no 6nH>KaAwero TpeKa, OT reoMeT" 

pH'leCKOrO nonO >KeHHII C06biTHII B KaMepe , 

0Ka3anOCb, '!TO BepOHTHOCTb H aXO ~( LleHHII HOnb-ny'leSbiX C0 6 bi THl\ He MeHI!eTCII B npenenax 

OWH60K np11 pa36HeHHH scex Hal\neHHWX CJiy'laeB no rpynnaN S 3aBHCHNOCTH OT K8KOro-nH60 napa-

MeTpa, yKa3aHHOrO SbiWe . 

IT -Me30HOS COnpOSOfi\LlanHCb 198 y -KsaHTaMH, KOTO-

!Jbi e o 6paaoearu-1 ane KTpOHHbie -no3HTpOHH bie napbt s acj:lcj:leKTHsnoA o6nacTH KaMepbi. Bepoi!THOCTb 

HaXOfi(LleHHII 3JleKTpOHHO-n 03HTpOHHb!X nap paSHa 99%, 

3 a pei' IiCTpuposaHH bie co6bi TH51 H3M e pHnHCb Ha MHKpocKonax YHM-21 11 o6c 'lHTbisanHCb Ha 

aneKTpoHHo-c<JeTHOA MaW VI He 0 H H H. Dn11 Ka>Knoro Y -KeaHTa, KOTOpbiA o6paaosan napy, onpe-

nenilnCII "noTeHUVIanbHbili npo6er" B 3cj:lcj:leKTHBHOn o6naCTH K8Mepbl /9gpaCC'lHTbiS81lCII "cTaTVICTH'le-

111 2 
CKiiii Bee"- Wj ( CM, pa6oTy 6VIprep H np. ). 0Ka3anOCb, '!TO i=l Wj = !968~:_160, T,e, 

CpeLlHIIII acj:lcj:leKTifBHOCTb perVICTpaUHH Y -KBaHTOB B Bhl6paHHOH o6naCTVI KaMepbi pasHa ( 10!_0,8)%. 

0TCIOLla cpeLlHee 'lHCno IT
0 

-Me30HOB Ha OLlHO HOJlb-ny'leBoe B3aHMOLleliCTBHe p8BHO 2,8!_0,2, rpy-

6aH OUeHKa MHOfl(eCTBeliHOCTH TT
0 

-Me30HOS, llOJiy'leHHal! 113 COOTHOWeHHII CJiy<Jaes HC'le3HOBeHHII 0 

COilpOBO>KLlaiOWHXCII LlBYM51 aneKTpOHHO-n03HTpOHHbiMH napaMH ( 38 C06b!THA) 0 K CJiy'lai!M C OLlHOA 

napoli ( 98 co6biTHA), naeT senH'lHHy 4 ;t.l. CpeLlHIIII MHO>KecTBeHHOCTb rr
0 

-Me30HOB, Bbt'lHcneH-

121 
Hall no cTaTHCTH'lecKoA Teop1111 MHOf!(eCTBeHHOro po>KneHHII, pasna TpeM Yrnosoe pacnpenene-

HHe y -KsaHTOB B CIICTeMe ueHTpa liHepUHII, npaKTH'leCKII COBilaLl810Wee npH 3THX 3Hepr11SiX C yr-

noBhlM pacnpeneneHHeM TT
0 -Me30HOB, aHH30TpOnHO li HMeeT pe3KHn MaKCHMYM B HanpasneHHH 

enepen (pHc. I). 0TMeTHM TaK>K'e, '!TO yKa3aHnoe yrnosoe pacnpeneneHHe Y -KB8HTOB He OTJIH-

TT <JaeTCH B npe nenax own6oK oT ananorH'IHoro pacnpeneneHHH nn11 
, I II 

-Me30HOB B LlBYX1lY'l8ShlX 

3Se3nax, nony'leHHOrO B pa6oTe 611prep 11 Llp. Rpll H3y'leHHH HeynpyrHX B38HMOLleACTBHA TT -

Me30HOB C npOTOH8MH, 3HepreTH'leCKOe pacnpeneneHHe 

llOK83aHO H8 pHC, 2. 

Y -KsaHTOB B na6op8TOpHOlt CHCT8M8 

2. HaMH 6bina onpeneneHa rpaHHUa ce'!eHHII nepe3api!LlKH rr -Me30HOB Ha npoToHax. OueH

Ka 6bina cnenaHa TpeMI! pa3JIH'IHbiMH CROCo6aMH, KOTOpb!e nanH llpHMepHO 0LlHHaKOBbl8 pe3y1lbT8-

Tbl, 

a) npeLlllOJlO>KHM, 'ITO 
170 

-Me30Hbl 0 o6p830B8HHbl8 B peaKUHIIX nepe3apHLlKH (a npH 60nb-

WHX 3HeprHIIX 1T
0 

-Me30HOB If HX paCR8LlH bie Y -KB8HTbl) JieTHT B OCHOBHOM B TOM )1<:8 HHTep-

sane yrnoe, 'ITO H rr- -Me30Hhi , ynpyro pacceHHHbie ua npoToHax, T,e . B o6nacTb yrnos cooTseT

CTBYIOWHX LlHcj:lpaKuHOHHOMY pacceHHHIO, Dn11 rr -Me30HOB C 3HeprHeA 7-8 638 pe'lb HLl8T 06 

yrnax 

300 

0- 20° B CHCTeMe UeHTpa HHepUII!: 

y -KsaHTos (eM. pHc,l ). OnHaKo, 

131 B HaweM cnyqae B 3TOT HHTepsan yrnos Jl8THT 

'18CTb H3 HHX 06p830B8Ha B peaynbTaTe HeynpyrHX 

B31SifMOLl8ltCTSiflt TT -M830HOB C npOTOHaMR, B KOTOpb!X pO>KLlaiOTCII HeCK01lbKO rr0
- M830HOB 

TT -Me30HOB, CORpOBO>KLlaiOWR8CH TpeMH II 



'leTblpbMSI 3JieKTpOHHO-fi03KTpOHHblM!i n a paMii ( nSJTb C06 b!T!ilt) lillli CTp8 HHb!Mii 'l8CT!iU8Mii ( 'leTb!pe 

coobiTHSJ), npeacTaBJISJ IOT co6olt Heynpyrae npoueccbi B381iMOJJ e ltcTBiiSJ q acTau. J].nSJ Hon b-ny'leBbiX 

3Be3Jl, KOTOp bie ConpOB0)KJl810TCSI JJBYMSI 3JieKTpOHHO-n031iTp0 1! H blM!i nap8Mii, 6blll npoBeJJeH KliHe-

MBTH'IecKalt aHaJIH3. OH 38KJIIO'l8JICSJ B Bbi'lliCneHHH s<JocjJeKTHBHOlt MaCChi aayx y -KB8HTOB, KOTO-

pbte o6pa3oaana S T!i napbi. EcnH scjJcj:leKTHBHaSJ Macca B npeaenax 3KcnepHMeHT8JibHbiX owa6oK 

IOIIY'f8118Cb p8BHOlt M8CCe 1T
0 

-Me30H8 ( T.e. H86 JIIOJJ8eMbie 31leKTpOHHO-fi03HTpOHHbie napbl MOrJIH 

6biTb 06p830B8Hbl y -KB8HT8MH OT pacna,lla OJlHOrO tr
0 

-Me30H8), TO Bbl'tHCIISIII8Cb ero 3HeprHSI 

H yron no OTHOWeHiiiO K nepBH'fHOMy 7T-""Me30HY • 0TCIOJJ8 MO)KHO 6biiiO onpeJJeJIHTb SIBJISJeTCSI 

IIH Jl8HHbllt CJiyqalt HeynpyrHM C06biTHeM HIIH He ilpOTHBOpe'lliT nepe38pSIJJKe. 8 pe3yllbT8Te T8KO

ro 8H8JIH38 14 CJiyqa e B HC'Ie3HOBeHHSI C .llBYMSI nap8MH, H3 KOTOpblX OJJH8 H8XOJJHTCSI B 06JI8CTH 

yrnoa, COOTBeTCTBYIOUlHX .ll!icppaKUHOHHOMY pacceSIH!iiO, OK838JIHCb HeynpyrHMH C06biTHSIMH. npea-

f!OJIO)KHM, 'ITO ace OCT8BWHeCSJ Clly'lali eCTb CJIY'I8H nepe38pS1JlKii, TOr.ll8 

~;: 0,32 t.0,06 M6. 

0 0 
~3MeHeHHe aw6paHHolt o6nacTH yrnoa Ha 5 -10 MeHSJeT nony'leHHhllt pe3ynbTaT Ha - 10%. 

6) CpeJJH HaltaeHHbiX HOnb-nyqeabiX 3Be3JJ, conpoBO)K.ll810UlHXCSJ JJBYMSJ napaMa
1 

HMe!OTCSJ 

TOIIbKO TPii C06biTiiSI, KOTOpb!e He npOTHBOp.e'18T KHHeMaTHKe peaKUHii nepe38pS!JlKH: 

"- + p -+ 1To + n. (2) 

0wH6Kii B H3MepeH!iSIX HMnyJibCOB H yrnoa 38pS!)KeHHb!X '18CTHU He Jl810T B03M O)K HQCTH CJleJI8Tb 

O.llH03H8'1HOe 38KIIIO'IeH!ie 0 TOM, 'ITO 3TH CIIY'18H COOTBeTCTByiOT pe8KUHH ( 2). 0JJH8KO, OTCIOJl8 

MO)KHO fiOJiy'lHTb JJpyryro, He38BHCHMyiO OUeHKY aepxHelt rpaHHUbl Ce'leHHSI nepe38pSI.llKH. C yqeTOM 

aepOS!THOCTH perHCTp8UHH T8KHX Clly'laea 6y.lleM HMeTb 

~ ... ~ 0,3 M6. 

a) HaKoHeu, aepxHIOIO rpaHHUY ceqeuaSJ o6MeHuoro pacceSJHHSJ ( 2) MO)K HO nony'IHTb, 3H8SJ 

K8KOe 'lliCIIO C06biT!ilt li3 376 COOTBeTCTByeT npoueCC8M pO)KJJeHHSI HeCKOIIbKHX 1T
0 

-Me30HOB. 

OnpeaenaM sTo qacno ueynpyrax co6wTalt no HC'Ie3HOBeHHSIM 1T -Me30HOB, KOTOp bie COnpOB0)KJl8-

IOTCSI JJBYMSJ sneJtTpOHHo-no3HTpOHHbiMH napaMH. KtfHeMaTii'lecKaA auanH3 noKa3an, 'ITO 35 cnyqaea 

sToro Tana cooTaeTCTByiOT ueynpyraM npoueccaM. OueHHM scj:lcpeKTiiBHOCTb peracTpauHH STHX cny

qaea. JlnSI s Toro caenaeM rpy6oe npeanono )K eHHe o ToM, 'ITO aepoSJTHOCTb perHcTpauHH Y -Kaau

TOB B K8Mepe He 38BiiCHT OT HX SHepreT!i'leCKOrO H yrJIOBOrO pacnpeJJeJieHHSI H p8BH8 CpeJJHelt 

sq)cpeKTHBHOCTH HX 06 Hapy )Ke HHSI ( 10%) • 0TCIOJl8 JierKO nO.llC'IIiT8Tb, 'ITO BepOSITHOCTb 06Hapy)Ke-

HHSI HC'Ie3HOB9HHSI 1T- -Me30H8, COllp080)KJl8IOUlerOCSI JlBYMSI ll8p8MH, npH CpeJJHelt MHQ)KeCTBeH-

H OC Tli p O)KJJeHH SI tr0 -Me30HOB B HOJib-ny'leBbiX 3Be3JJ8X p8BHOlt TpeM C OC T8BJISJeT 0,1. Cneaoaa-

TGIIbHO, 'lliCIIO Heynpyrax B38HMOJJeltCTBHlt TT -Me30HOB C llpOTOH8MH B H8WeM Cnyqae paBHO 

350. 0TC IOJl8 

oe ~ 0,1 +0,25 -0,1 M6. 

~TaK, pa3 JIIi'lH hle cnoco6w onpeaeneHaSJ aepxuelt rpaHHUhl ce'leHHSJ nepe3apSJJJKH aanH 

OllH H8KOBhle pe3yllbT8 Thl. 

B li3JIO)KeHH bi X Bbtwe cnoco6ax ace cny'laH acqe3HCB eHHSJ nepB!i'lHbiX 1T -Me30H OB OTHOCH-

JII!Cb K Clly'l8SIM B38IiMOJJeltCTBHSI Hll B OJJOpOJJe. 3TO TOIIbKO 38Bb!W81IO OUeHKy B epx Helt rp8Hl!Ubl 

ce'leHHSJ. H eco MHeHHo, 'ITO qaCTb H3 S THX co6biTalt ecTb B38HMoaeltcTaae " - Me30HOB c yrnepo-
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Ll0M 1 BXOLlSILLUIM B COCT8B npon8H8 (C
3

H
8 

), Y!Me!OTCSI LlOBO!lbHO rpy6 bie o ueHKH LlO!!H 

3THX cnyqaes. 

/4/ 
B pa6oTe 6aHHHK8 11 ap. 6htno noKaqaHo, 'ITO npH coyaapeHiiSIX rr 

yrnepOLl8 1 B KOTOpblX OHO nonyqaeT M8!lbil!. l!Mily!lbC OTLl8'1H 1 MO)!(HO C'iHT8Tb, 'iTO SILlpO yrnepo

Ll8 seaeT ce6SJ scpcpeKTHBHO K8K cso6oLlHbil!. HyKnoH. B 3TOM cnyqae aonH co6btTHl!. Ha yrnepone 

COCT8B!!SieT OKO!!O 30%, 

/51 
AHanorH'iHbll!. pe3y!lbT8T 6bin nony'leH B pa6oTe WarraMoBa 11 We6aHoBa • 01m HawnH, 

'iTO LlO!!SI HOnb-nyqeBbiX 3Be3Ll no OTHOWeHHIO K ilO!!HOMY 'iHCny B38HM'bLlel!.CTBHl!. TT -Me30HOB 

C S!Llp8MH cppeOH8 ( A"' 20) H KCeHOH8 (A= 131) COCT8B!!SieT COOTBeTCTBeHHO (0,9±_0,1)% H 

(0,5 ±_0,2 )% npH HMnynbCe 2,8 6ss/c, HaMH 6hl!l8 H8l!.LleH8 Be!lli'iHH8 3TOI'O OTHOWeHIHI Ll!TSI 

. ( ) x) 
B38HMOLlel!.CTBHSI rr--Me30HOB C HMnynbCOM 7 6ss/c C S!Llp8MH KCeHOH8 - 0,7 ±_0,2 % , Yl3 

3THX Ll8HHbiX MO)!(HO CLle!l8Tb 38K!!IO'ieHHe, 'iTO LlO!!SI HOnb- ny'ieBbiX 3Be3Ll no OTHOWeHHIO KO 

BCeM B38HMOLlel!.CTBHSIM 

MHWeHH H OT 3Hep!'HH 

TT -Me30HOB C BeWeCTBOM Cna6o 38BHCHT OT 8TOMHOI'O HOMepa S!Llep 

rr -Me30HOB B HHTepsane 3-7 6ss. 

0TCIOLl8, npeLlil0!!81'8SI 1 'iTO LlO!TSI HOnb- nyqeBbiX 3Be3Ll no OTHOWeHHIO KO BCeM Heynpyi'HM 

B38HMOLlel!CTBHSIM TT -Me30HOB C 3HeprHel! 7- 8 63B C S!Llp8MH yrnepOLl8 COCT8B!!SieT (0, 7-0,9 )% 

H 3H8SI nO!!HOe Ce'ieHHe HeynpyrHX B38HMOLlel!.CTBHl!. rr - Me30HOB C yrnepOLlOM ( Uln "' 200 M6/
4
/), 

MO)!(HO H8l!.TH 'iHC!!O HC'ie3HOBeHHl!. H8 yrnepoae B H8WeM cnyqae , 0HO COCT8B!!SieT OKO!!O 30% no 

OTHOWeHHIO KO BCeM H8l!LleHHbiM HC'ie3HOBeHHSIM , 

CnenosaTenbHO, ceqeHwe nepe3apSILlKH 

6yaeT MeHbWe 0,2 M6, 

TT -Me30HOB C 3Hepruel! 7- 8 63B H8 BOLlOpOLle 

3. MO)!(HQ oueHHTb HH)!(HIOIO rp8HHUY ceqeHHSI nepe38pS!LlKH, HCTIO!lb3YSI Ll8HHbie 0 Ce'ieHHSIX 

ynpyroro pacceSJHHSI rr + H rr -Me30HOB H8 npOTOH8X, 

KaK H3BeCTHO, B cuny H30TOnH'iecKol!. HHBapuaHTHOCTH .LlHcjJcpepeHUH8nbHbie ce'!eHHSI 3THX 

npouecCOB CBSI38Hbl Me)!(Lly C060l!. COOTHOWeHHeM: 

2u.,. ( e ) > ( va:;:TIJJ -..; u_ (8)} ~ . ( 3) 

8 H8CTOS!wee BpeMSI He HMeeTCSI .Ll8HHbiX no .LlHcPcpepeHUH8!lbHOMY Ce'ieHHIO ynpyroro pacceSJ· 

+ 
HHSI TT -Me30HOB H8 npOTOH8X npH 60!!bWHX 3Hep!'HSIX, 003TOMy HeT B03M0)!(H0CTH C.Lle!l8Tb 38-

K!!IO'ieHHSI 0 Ce'!eHHH nepe38pS!.LlKll, HCXO.LlSI u3 HepaBeHCTB8 ( 3), 

B.Yl. OrweseuKu.A: yKa3an H8M Ha B03MO)!(HOCTb nony'ieHHSI HepaseHCTBa .Ll!!SI non.HhiX ceqe

Hnl!., nepeqwcneHHbiX Bbiwe npoueccos. Llel!cTBHTenbHO, HHTerpupy>. HepaseHCTBO ( 3) no TenecHo

MY yrny 11 ucnonb3YSI HepaseHCTBO KowHJ nony'iHM: 

2 

2u > (..ju - .Ju ) , 
ex + - (4) 

0TCIOLl8 MO)!(HO OUeHHTb HH)!(HIOIO l'p8HHUY nO!!HOI'O Ce'ieHHSI nepe38pS!.LlKH, 3H8SI u_, O.Ll -

H8KO, nonHoe ce'!eHue rr P -pacceSJHHSI HeH3BeCTHO. EcnH npe.LlnonO)!(HTb, 'ITO oHo oTnuqaeTCSI 

x) 
ABTOphl npH3H8Te!lbHhl COTPYLlHHK8M rpynnw KCeHOHOBhlX K8Mep na6opaTOpHH BhlCOKHX 

sHeprw.A: OYIHYI 38 npeaocTasneHHe KaMepHbiX cpoTorpacjJul!., 

5 



OT n OJJHOI'O Ce'!eHH51 TT p - p acce51HH51 Ha Ty )K e BeJJH'lHHY 1 'iTO H nOJJHble Ce'!eHH51 B3aHMO.lleit-

( ( - ) ( + 171 CTBU51 T1 -Me30HOB C BO.llOpO.llOM at TT P -at TT P ) "' 1,8 M6 1 TO noJJy'lHM 

•aex ~ 0.07 M6. nony'leHHaH oueHKa HIDKHeit rpaHHUbi a 
ex 

yKa3biBaeT Ha TO, 'iTO Ce'!eHHe nepe-

3llp51.llKH MO)KeT 6b!Tb B HeCKOJlbKO pa3 MeHbWe, '!eM onpe.neneHHa51 BeJJH'lHH8 aepxHelt rpaHHUbl, 
+ 

~3MepeHHe nonHoro ce'leHHH ynpyroro pacceHHHH TT -Me30HOB Ha npOTOHaX n03BOJJHJJO 6bl TO'!-

HO yKa3aTb HH)KHJOIO rpaHHUy Ce'leHH51 nepe3ap51.llKH, 

ABTOpbl 6naro.napHbl 6.n. 6aHHHKy, ~ . M. rpaMeHHUKOMy, B.6. nJ06HMOBy, B.~. OrHeseuKo

MY, M. ~. n o.nropeuKoMy 3a o6cy )K.lleHHe pe3y n bTaToB pa6oTbr H ueHHbre coseTbr, coTpy .llHHKBM rpynnb. 

nponaHOBblX KaMep nB3 0~51~ 3a npe.nocTaBJJeHHe KaMepHblX cpoTorpaqmlt, a TaK)Ke M.A.6ana

WOBOlt, T.A.)Kypasnesolt, O.B.Konbre, M.~. <PHnHnnosolt, B.ll.WonKosolt H H.B.WapHKOBOlt 3a 

npOCMOTp CTepeOCHHMKOB H H3MepeHH51, 
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